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SYMPOSIUM. MOLECULAR MECHANISMS OF AXON GUIDANCE.
M. Tessier-Lavigne. Univ. of California, San Francisco (Chairperson); L
Culotti. Samuel Lunenfeld Res. Inst., Mt. Sinai Hosp.; C. Goodman. Howard
Hughes Med. Inst., Univ. of California, Berkeley; J. Raper. Univ. of
Pennsylvania Sch. of Medicine.
Developing axons are guided to their targets in the embryo by both
attractive and repulsive cues, which can be either short-range or diffusible.
This symposium will review recent progress in the molecular identification
and in vivo characterization of axon guidance cues.
Dr. Raper will discuss two inhibitory cues in vertebrates that induce
selective growth cone collapse. Collapsin, purified from adult brain, causes
collapse of sensory axons and is a member of the Semaphorin family, which
is conserved between arthropods and vertebrates. Erase is an apparently
novel serine protease that induces collapse of some CNS axons.
Dr. Culotti will discuss three genes required for dorsal and ventral
circumferential axonal migrations in the nematode, C. elegans. unc-6
encodes a putative guidance cue distantly related to laminin that is required
for both types of migrations; unc-5 encodes a transmembrane receptor
required for dorsal migrations; unc-40 is required for ventral migrations.
Dr. Tessier-Lavigne will describe the purification from embryonic brain
of the netrins, a family of chemotropic factors for commissural axons in the
vertebrate spinal cord. The netrins are homologues of C. elegans UNC-6,
suggesting that axons in the vertebrate spinal cord and the nematode are
directed by similar molecular cues.
Dr. Goodman will discuss several genes required to navigate the midline
of the CNS and for motor axon targeting in the PNS of the fruit fly, D.
melanogaster. Some encode proteins conserved between flies and
vertebrates (e.g. Semaphorins/Collapsin); others encode proteins for which
homologues are not yet known (e.g. Connectin, Commissureless). Analysis
of their function reveals both attractive and repulsive mechanisms
controlling guidance and connectivity.

SYMPOSIUM.
GENES WITH TRIPLET REPEATS IN NEUROPSYCHIATRIC DISORDERS. C.A. Ross. Johns Hopkins (Chairperson);
C.T. Caskey. Baylor & Howard Hughes Med. Inst.; K. Fishbeck. Univ.

Pennsylvania; H. Zoghbi. Baylor; C.A. Ross. Johns Hopkins.
Triplet repeat expansion mutations cause seven inherited
neuropsychiatric diseases. We will review what is known about the genes
causing these diseases, their possible functions in the nervous system, and
implications for neurobiology.
Christopher A. Ross will briefly introduce genes with triplet repeats and
their possible functions in the brain. C. Thomas Caskey will describe the
triplet repeat expansion mutation and genetic anticipation. He will discuss
Fragile X syndrome and myotonic dystrophy. Kenneth Fishbeck will
discuss spinal and bulbar muscular atrophy (SBMA), which is caused by an
expanding CAG repeat in the androgen receptor. He will describe
experiments in cell culture and with transgenic animals. Huda Zoghbi will
discuss spinocerebellar ataxia type 1 (SCAD, an autosomal dominant
neurodegenerative disorder caused by expansion of a CAG repeat on the
short arm of chromosome six. She will present data on expression analysis
of its gene (ataxin-D and hypotheses regarding its role in
neurodegeneration. Christopher A. Ross will discuss Huntington's disease
(HD) and DRPLA or Smith's disease. Both of these, like SBMA and SCA1,
are CAG repeat expansions, presumably coding for polyglutamine. Data on
gene expression and preliminary data on the HD protein will be discussed.
In addition (with Melvin McInnis, et al.), we have proposed that bipolar
affective disorder and schizophrenia may also be caused by triplet repeat
expansion.
Since all of the polyglutamine repeat diseases cause death of neurons,
elucidating the neurobiology of these gene products may clarify molecular
mechanisms of neuronal degeneration.

BASAL GANGLIA AND THALAMUS I

7.1

7.2

HISTOCHEMICAL ARCHITECTURE OF THE VENTRAL STRIATUM IN
THE CAT. E. Mengual. S. Rivas. S. de las Heras and J. M. Gim^nez-Amaya*.
Departamento de Morfologfa, Facultad de Medicina, U.A.M., 28029 Madrid,
Spain.
The ventral striatum is a component of the mammalian striatum which is widely
associated with the limbic information reaching the basal ganglia. The chemical
anatomy of the ventral striatum has been extensively studied in the rat and, to
some extent, in the primate. In this study we have tried to delineate the ventral
striatum of the cat by means of different histochemical techniques. Four animals
were used for this study. Adjacent series of tissue were processed for the
histochemical techniques of the acetylcholinesterase (AChE), cytochrome oxidase
(CO) and nicotinamide-adenine dinucleotide phosphate diaphorase (NADPH-d).
Nissl and myelin methods were used in every case as well. The main findings of
our analysis are: 1) The nucleus accumbens was well-delineated with AChE, CO
and NADPH-d activities. We have observed a heterogeneous histochemical
distribution of AChE in medial, central and ventral territories of the caudal twothirds of the nucleus accumbens. CO delineated very clearly the medial border of
the nucleus accumbens. and, as a whole, the staining was more homogeneous than
AChE. High staining of NADPH-d was found in dorsal and ventral portions of the
nucleus accumbens. 2) The olfactory tubercle was heterogeneously labeled with
AChE, CO and, very remarkably, with NADPH-d. 3) The medial island of Calleja,
identified by Nissl staining, showed very high AChE and NADPH-d activities and
conversely displayed a poor CO activity. The septo-olfactory junction was
determined by means of AChE and NADPH-d markers. 4) Interestingly, we have
detected a global increase of NADPH-d in ventral and lateral areas of the ventral
striatum. These findings suggest a different histochemical ordering between the
dorsal and ventral parts of the striatum reflecting, perhaps, distinct assignments in
the functional realm of the basal ganglia.
This work was supported by FIS 93/0337.

HETEROGENEOUS MOTOR ROLES OF GLUTAMATE RECEPTOR
SUBTYPES IN THE RAT’S STRIATUM . M. Pisa* and D. Bosilievac. Dept.
Biomed. Sci., McMaster Univ., Hamilton, Ont., Canada, L8N 3Z5.
This study tested the hypothesis of heterogeneous functional roles of distinctive
glutamate receptor subtypes of the rat’s striatum. The approach was to examine
mouth movements (pseudochewing and jaw tremors), locomotion, rearing and
grooming of rats in a bare, 22-cm diameter cylindrical chamber after bilateral
microinjections (0.2 - 0.5
of either of the following drugs into the ventrolateral
striatum (VLS): the competitive NMDA-receptor antagonists CPP (0.4 -10 nmoles),
CGS 19755 (.03-10 nmoles), and AP5 (1-200 nmoles); the NMDA-gated channel
blocker dizocilpine (MK801: 1-200 nmoles); the AMPA receptor blockers DNQX
and NBQX (1-10 nmoles). Compared with vehicle injections, all competitive NMDA
antagonists reliably increased mouth movements, but both CPP and CGS19755 were
about 100 times more powerful and 10 times more efficacious than AP5. Neither
dizocilpine nor any of the AMPA receptor blockers reliably increased pseudochewing
at any doses. Also, dizocilpine increased locomotion at high doses, whereas both
DNQX and NBQX decreased it. Thus, the results support the hypothesis.
Selectively blocking the NMDA receptors of the VLS increases nontargeted
behaviors, i.e. oral and locomotor activities not aimed at any specific external
objects, and decreases targeted behaviors such as grooming, an action sequence
aimed at specific parts of the rat’s own body. In contrast, blocking the AMPA
receptors of the VLS induces a generalized hypokinesia. In addition, the different
profiles of effects of AP5 and dizocilpine compared with CPP and CGS19755 may
suggest a special kind of NMDA receptor subtype in the striatum. (Supported by
NSERC and the Scottish Rite Schizophrenia Research Program. M. Pisa is a
Research Associate of the Ontario Mental Health Foundation).

7.3

7.4

MEMBRANE PROPERTIES RESPONSIBLE FOR THE FIRING
INCREASE OF NEOSTRIATAL CELLS AFTER DOPAMINE
DENERVATION. H. Klta* Dept. of Anat. and Neurobiol., Untv. of
Tennessee, Memphis, TN 38163
Unit recording studies reported that lesion of the nigro-striatal
pathway causes an increase in the firing rate of Str neurons. To
investigate changes of the physiological properties which are
responsible for the firing Increase, Intracellular recording of striatal
neurons were performed In anesthetized rats. Adult rats with or
without 6-OHDA lesion of the nigro-striatal pathway at least 3 weeks
prior to the physiological recording were anesthetized by Urethane
supplemented by Ketamine and Xylazine. Neurons recorded from both
DA-lesioned and unlesloned striatum exhibited a frequent shift of the
membrane potential between a hyperpolarized level and a depolarized
level. The nature of the membrane potential shifts has been reported
(Wiison, 1993). The firing frequency of neurons measured during
depolarized level was in average 1.8 times higher hi DA-denervated
striatum than control striatum. The input resistance of the neurons
and the size of the membrane potential shift (i.e., depolarized levelhyperpolarized level) was approximately 20% larger for neurons in *
DA-denervated striatum than control striatum. The spike threshold
and the hyperpolarized level were not different between the two groups.
The firing frequency and the level of the membrane depolarization to
depolarizing current injections was also larger in DA-denervated
striatum them control striatum. The results of this study indicated
that changes of membrane properties are responsible for the increase
in the firing rate of striatum neurons after DA-denervation. Supported
by NS-25783, NS-26473, and Human Frontier Science Grant.

EFFECTS OF GABA AND GLUTAMATE-ANTAGONISTS"ONTOPTTCAL
RESPONSES INDUCED IN RAT NEOSTRIATAL SLICE PREPARATIONS
BY LOCAL STIMULATION. H. Yamada. H. Klta. M. Tanlfull. and K.
Murase*. Fukui Univ. Dept. Inf. Sci., Bunkyo, Fukui 910, Japan. &
Univ. Tennessee, Dept. Anat. and Neurobiol., Memphis, TN 38163 (HK).
Effects of GABA and glutamate antagonists on the responses of neostriatal (Str) slices to local stimulation were examined using 128x128
pixels, 0.6 msec resolution Image sensor. Str slices (400 pm thick)
obtained from adult rats were stained with a voltage sensitive
absorption dye RH-482. Electrical stimulation (single 40 psec pulse, up
to 3 mA In Intensity) of Str through a parallel bipolar electrode evoked
optical responses lasting for 40-80 msec and propagating in every
direction up to about 1.5 mm In radius. Bath application of bicuculline
methiodide (BMI, 10-20 pM) Increased the intensity and duration of
optical responses but only slightly Increased the responded area. Bath
application of CNQX (10 pM) strongly reduced responses occurring
about 4 msec after stimulation, but the early part of responses were
unaffected by CNQX. Bath application of TTX eliminated all response.
Bath application of NMDA antagonists CPP (1-10 pM) or APV (30 pM)
increased the Intensity of responses with effects similar to BMI.
Thereafter, an additional application of BMI into NMDA antagonist
containing Krebs only slightly Increased optical responses. The results
suggest 1) that responses seen less than 4 msec after stimulation were
due to direct activation of the neural membrane, and that following
responses were due mainly to glutametergic EPSPs, 2) that blockade of
GABAa responses alter temporal but not spatial patterns of responses,
and 3) that the main origin of GABAa response is the GABAegic
intemeurons which might be activated through NMDA receptors.
Supported by NS-25783, NS-26473 and Jpn Min. Edu. ScL Cul.
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PRIMATE STRIATUM: NEURONAL ACTIVITY IN RELATION TO
ATTENTIONAL VS INTENTIONAL PROCESSES. 7. Kermadi and D.
Boussaoud*. Vision et Motriatl, INSERM U94, 69500 Bron, France.
Many neurons in the striatum (caudate and putamen) respond to the appearance
of visual stimuli which direct motor acts. Whether their activity reflects attention
shifts, in addition to or instead of motor intention still needs investigation.
We recorded single neuronal activity from the striatum of two rhesus monkeys
while they performed a visuomotor task designed to distinguish activity related to
spatial attention vs that reflecting motor intention. The monkeys were trained to
begin the trials by putting their hand on a touch pad and fixate a central fixation
point throughout the trials. During fixation, a 2°x2° spatial attentional cue (SAC)
appeared at one of nine peripheral locations on a monitor screen. After a variable
delay, a motor instructional cue (MIC) appeared which can be made of one square
of equal size and at the same location as the SAC, or two adjacent squares one of
which is at the same location as the SAC. In both cases, the monkey was required
to use the color of the square presented at the SAC location and prepare to move
its hand to a touch pad located to the left, if the color was red, or to the right if
green. The offset of MIC served as the go signal, and the monkey had to contact
the correct pad within 0.6 s in order to receive a liquid reward. In some trials,
SAC and MIC were presented at the same location and had identical physical
attributes, but their behavioral significance varied: they either directed attention or
instructed a limb movement. We found that the majority of task-related striatal
cells (59%) had greater activity in relation to intentional than to attentional cues,
whereas others (41 %) either preferred attentional cues, or responded equally. For
many attention-related neurons, the activity depended on the spatial location of the
cues. The results resemble those from dorsal premotor cortex (Boussaoud and
Wise, *93) and suggest that the striata] activity reflects both the visuospatial
attributes of the stimuli and their behavioral significance.

ROLE OF NIGROSTRIATAL DOPAMINE SYSTEM IN LEARNING SEQUENTIAL

MOTOR TASKS. N. MATSUMOTO. T. HANAKAWA. S. MAKI and M.
KIMURA*. Division of Higher Brain Function, Faculty of Health and Sport
Sciences, Osaka University, Toyonaka, Osaka 560, Japan
In order to study the role of the basal ganglia in learning motor tasks,

nigrostriatal dopamine was depleted unilaterally by infusion of

MPTP

(4mg/2OOpl saline/2weeks) into border region between the putamen and
caudate nucleus in one monkey (Macaca fuscata). After the MPTP infusion, the

monkey showed hemiparkinsonism, such as slowness and reluctance to use

contralateral hand and tendency to turn ipsilateral side to the dopamine
depletion. The monkey was trained to perform visually guided sequential 3

push button movements using right and left hand independently. Training of
right and left hand task occurred alternately and with equal opportunity. Through
repeated training, the time to accomplish all the sequence of

movements

decreased significantly in the ipsilateral hand task in about 3 weeks, but not in

the contralateral hand task. After the learning, in the ipsilateral hand task,

release of hand from one button was always preceded by saccadic eye
movement toward the next button, while there was no fixed time relations

between the eye and hand movement in the contralateral side. When 2 push
task was introduced, monkey did not stop at the second button and pushed
third button automatically and gradually stopped at the second button in 60-80
trials, while in the contralateral hand, monkey always stopped at the second

button. These results suggested that the basal ganglia are involved in automatic
execution of learned sequence of movements, which includes coordination of
movement of different body part for the purposeful behavior.

Supported by

grants from Japanese Ministry of Education (03NP0101,05267106).

7.7

7.8

PROTECTIVE EFFECTS OF ZINC AND METALLOTHIONEIN IN OXYGEN
FREE RADICALS-MEDIATED OXIDATIVE STRESS IN BRAIN. P..
Roias Castaneda, D.R. Cerutis, H.S. Blaxall, H.K. Happen
L.C,-■ Murrir. . .and _M_. .Ebadi* . Dept. Pharmacology, Univ.
Nebr. Coll. Med.,
600 S. 42nd St. Omaha, NE 661986260.
In addition to studying the roles of catalase,
superoxide dismutase, and glutathione peroxidase, we have
also investigated the roles of zinc and metallothionein
(MT), a low molecular weight zinc binding protein,
containing 30% cysteine, in conditions causing oxidative
stress both in vivo and in vitro. Destruction of
striatal neurons by 6-hydroxydopamine (icv, 8 pg in 4 pl
0.02% ascorbic acid), which, as judged by electron spin
resonance (ESR) spectrometry, causes the generation of
free radicals, reduces the levels of zinc,
metallothionein, and Mj mRNA selectively in striatum,
but not hippocampus, cerebral cortex, or cerebellum.
In
addition, in vivo studies involving hybridization of MT I
mRNA have shown that 6-hydroxydopamine induces the
synthesis of MT in brain regions containing no dopamine
but having high concentrations of MT such as the
cerebellum.
In addition, studies of cellular elements in
culture have shown that 10 pM H?p»2 along with 10 pM Fs SO4
enhanced the incorporation of [55SJcysteine into MT.
Furthermore, zinc decreased the amount of OH* trapped by
5.5 dimethyl-l-pyrroline N-oxide (DMFO).
The results of
these studies are interpreted to suggest that A) MT is
able to regulate the intracellular redox potential and B)
areas of brain containing high concentrations of iron,
but low levels of zinc MT such as the striatum, are
susceptible to oxidative damage (supported in part from a
grant by USPHS ES 03949).

MECHANISM OF ACTION OF STN STIMULATION IN ALLEVIATION OF
PARKINSON’S DISEASE SYMPTOMS. A.L. Benabid*. P. Poliak. P. Limousin. A
BenazzQuz* D.M. Gao. 1, Li, B. Piallat, E>, Hoffmana. IF, LeBas. l.C. HuaiINSERM U.318, University Hospital, Grenoble, 38043 France.
The striatal dopaminergic deafferentation responsible for
parkinsonian symptoms results in an hyperactivity of Subthalamic nucleus
(STN) cells of which glutamatergic outputs excite neurons of the Globus
Pallidus intemus (GPi) in primates (or the Entopeduncular nucleus (EP) in
rodents), and of the Substantia Nigra pars reticulata (SNr). Lesions (fergmann,
&cience,1990) or inhibition of STN by high frequency stimulation (STNS)
(^nazzouz, Eur J Neurosc, 1993) reverse parkinsonian symptoms in MPTP
monkeys. We successfully applied STNS in five patients with Parkinson's
disease (PD) and long-term follow-up has produced major improvement, which
challenges neural grafts. In order to understand the mechanism of STNS, data
from animal experiments and from human tests were analyzed.
In rats, STNS (130 Hz, 6Qis PW, 5 second trains) induced long lasting (10 to 50
seconds) inhibition of 95% of cells in SNr, 80% in EP and 80% in Reticularis
thalami (rTh), and excitation of 95% of Globus Pallidus cells. In monkeys, STNS
abolished rest tremor secondary to brain stem lesions.
In patients, acute STNS alleviated rigidity and akinesia and allov
decreasing levodopa dosage by more than 50%. Hemiballistic movements (HM)
were not observed during or after surgery, but can be induced by STNS after a
long delay (10 to 60 minutes) at higher voltages than those needed to suppress
rigidity and akinesia which are relieved within a few seconds.
These data suggest that STNS produces similar effects than STN destruction
The basic mechanism of action of STNS (GPi and SNr inhibition by block of
depolarization, or back firing of GPe or jamming of a neural network) is being
investigated. Similarly, the mechanism by which long lasting STNS can induce
HM might be deciphered.

7.9

7.10

A COMPUTATIONAL MODEL OF BASAL GANGLIA FUNCTION WITH
OUTPUT SELECTION AND REINFORCEMENT LEARNING. G.S.
and T.I. Seinowski. Howard Hughes Medical Institute, Salk Institute, PO Box
85800, Son Diego, CA 92186-5800.
We propose a computational model of the basal ganglia based dosely on
known anatomy and physiology. First, we assume that thalamic output targets
of the basal ganglia, which relay ascending information to cortical action and
planning areas, including motor, supplementary motor, and prefrontal cortices,
are tomcaUy inhibited. Second, we assume that the output stage of the basal
ganglia, the internal segment of the globus pallidus (GPi), selects a winner from
several potential actions. The potential actions are represented as parallel
streams of information, each competing for access to the cortical areas that
implement them. The requirement for both tonic inhibition of thalamic nuclei
and winner-selection leads to a circuit, that in the simplest possible form, has
neurone in exactly the configuration found in the basal ganglia. In our model,
striatal GABAergic neurons project in a parallel fashion to the GPL The striatal
neurons also converge on the external segment of the globus pallidus (GPe),
which in turn inhibits the subthalamic nucleus (STN). STN neurons project in a
divergent fashion to the GPi targets. The winner neurons in the GPi are the first
to be inhibited, which in turn releases the inhibition of the corresponding
thalamic target neurons. Simultaneously, the striatal neurons also inhibit targets
in the GPe, which disinhibit the STN and excite all the GPi neurons within a
localized region. This prevents further release of GPi neurons within a certain
time period. Thus only one action is selected at a time. We combine this
mechanism with reinforcement learning through dopaminergic neurons in the
substantia nigra and the ventral tegmental area to modify the cortico-striatal
synapse efficacy. The model successfully mimics behaviors such as risk
aversion as well as the Wisconsin Card Sorting Test Realistic lesions and
transmitter imbalances can be performed to test specific disease hypotheses.

FUNCTIONAL MEANING OF THE BASAL GANGLIA - THALAMOCORTICAL CIRCUIT. K.V. Baev*. Dept of Neurosurgery,
Barrow Neurological Institute, Phoenix, Arizona 85013.
A hypothesis is posed that the basal ganglia - thalamocortical
circuit is a neural optimal control system containing the model of the
controlled object because of its optimal nature. To predict the
behavior of the object the model uses the language of afferent signals
that enter the system. Based on these ideas it is suggested that the
"skeletomotor" basal ganglia - thalamocortical circuit is necessary to
model the behavior of the body of the animal and the environment
during motor planning and performance. "Association" basal ganglia
- thalamocortical circuits are able to model the behavior of abstract
objects (thoughts).
Within the limits of the proposed theory, the dopaminergic system
distributes an error signal across the striatum. These error signals are
signals about mismatch between model (predicted) afferent flow and
real 5fferent flow coming from the controlled object An error signal
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is necessary to tune the model on the object and is delivered to that
part of the circuitry responsible for the error. An error signal is
minimal when the model properly describes the object behavior.
Parkinson's disease is the consequence of incorrect model
functioning because of deterioration of error distribution system.
Other clinical applications of the proposed theory will be also
discussed.
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CORTICAL INPUT MAY ABOLISH SYNCHRONY IN A
COMPUTER MODEL OF 2-4 Hz THALAMIC OSCILLATION. W. W. Lytton*. D. Contreras. A. Destexhe. T. J. Sejnowski. and
M. Steriade. University of Wisconsin, Madison. WI: HHMI. The Salk Institute. La Jolla. CA, Laval University, Quebec City. Canada.
In vivo study of spike-wave (SW) complexes at 2-4 Hz shows that only
a subset of thalamocortical cells (TC) fire spike-bursts in synchrony, while
60% of TCs undergo sustained hyperpolarization (Steriade and Contreras,
this meeting). We performed computer simulations to determine conditions
that would allow some TCs to oscillate while others are inactive. A pair
of interacting neurons, consisting of a model TC and a model reticularis
neuron (RE), oscillated in synchrony at 2 Hz, driven by the TC. A single simulated cortical shock disrupted this rhythm, resulting in an isolated
RE intrinsic oscillation that hyperpolarized the TC continuously. The efficacy of this disruption depended primarily on the degree of activation of
the RE, a function of the strength of the NMDA component of its cortical
synaptic input. Alternatively, in the absence of cortical input, different parameters produced TC-leadIng synchrony that eventually disappeared as the
RE asserted its intrinsic rhythmicity. With these parameters, the transient
TC rhythm was abolished prematurely even with relatively weak cortical
synaptic input. Rhythmic cortical stimulation was also effective in altering
the oscillation frequency. Cortical driving at 4 Hz resulted in patterns where
the TC followed on every other cycle or where the TC was driven in sets of
about 10 bursts followed by a quiescent period. We suggest that variation
in synaptic strength or intrinsic properties among TC cells could produce
subpopulations of TC cells that would not participate in an apparently generalized SW process.
Supported by VA. NIH NS32187. EFA. MRC (MT-3689). HHMI.

NEURAL NETWORKS INVOLVED IN MIDLINE THALAMIC REGULATION
REVEALED BY TRANSNEURONAL TRANSPORT OF A NEUROTROPIC
VIRUS.
D .A. Ruggiero* . D.J. Reis, and K. Otake. Div. Neurobiol., Dept.
Neurol. & Neurosci., Cornell Univ. Med. Coll., New York, NY 10021.
The paraventricular thalamic nucleus (Pvt), a periventricular constituent of
the midline 'non-discriminatrve' thalamus, linked to the visceral cortex and
archistriatum, plays a role in food intake (Robinson and Mishkin, Exp. Brain

Res. 4, 1968: 330) and addictive (Brown et al., J. Neurosci. 12, 1992: 4112)
behaviors. Neural networks regulating the outflow of Pvt are unknown.
Deposits (100 nl) of an attenuated vaccine strain of swine a-herpes DNA
virus (pseudorabies Bartha [PRV-Ba], -1 x 109 PFUml'1) were centered
stereotaxically on Pvt in chloral-hydrate-anesthetized rats (n=4). After 2-3
day survival periods, tissues were processed immunocytochemicaliy with
antisera raised against acetone-inactivated wild type (Becker) virus.
Transfected neurons were segmentally organized in columns at every level
of CNS. Forebrain. Insular (laminae ll/lll and V/VI) and piriform (lamina ll/lll)
cortical areas; fields CA1-3 of Ammon's horn and entorhinal area; central and
medial amygdaloid nuclei; bed nuclei of stria terminalis; lateral,
suprachiasmatic and arcuate hypothalamus; subfornical organ; habenular,
metathalamus, reticular and posterior intralaminar thalamic nuclei. Midbrain/
Pons. Superior colliculus, stratum griseum intermedium. A continuum of
pontomesencephalic neurons was heavily infected in periaqueductal gray
and mesopontine tegmentum: locus ceruleus, pedunculopontine, laterodorsal
tegmental and parabrachial n.; raphe (dorsal, median, magnus and obscurus
n.) and A5 area. Medulla. General and special viscerosensory divisions of
nucleus tractus solitarii, intermediate band of lateral tegmental field; spinal
trigeminal/
paratrigeminal nuclei and area postrema. Spinal cord.
Superficial and deep layers of dorsal horn and lamina VII were moderately
labeled. The Pvt, a target of multimodal sensory afferents lies in a pivotal

position between the sensorium and visceral brain. (HL18974, NS28200)

7.13
STRUCTURAL EVIDENCE
FOR
INTERACTIONS BETWEEN
MONOAMINES AND NITRIC OXIDE IN THE MIDLINE THALAMUS.
K. Otake*, M. Anwar, and D.A, Ruggiero. Div. Neurobiol., Dept. Neurol. &
Neurosci., Cornell Univ. Med. Coll., New York, NY 10021.
The paraventricular thalamic nucleus (Pvt), a recipient of viscerosensory
afferents is a constituent of the midline-intralaminar complex. The Pvt is
reciprocally linked to the visceral cortex and subcortical centers engaged in
parallel distributed afferent processing and behavioral expression (Otake et
al., J. Neurosci., 1994, in press). We sought to determine whether the Pvt is
regulated by afferents employing classical neurotransmitters and a labile
transcellular messenger, nitric oxide (NO). Deposits of 1 % cholera toxin B
or 2% FluoroGold were centered stereotaxically on the Pvt in chloral-hydrateanesthetized Sprague-Dawley rats (n=5). After 3-5 day survival periods,
tissues were processed immunocytochemicaliy with antisera raised against
5HT, catecholaminergic enzymes, tyrosine hydroxylase (TH) and
phenylethanolamine N-methyftransferase (PNMT), and the cholinergicsynthesizing enzyme, choline acetyltransferase (ChAT).
In another
experiment, tissues were stained histochemically for a NO synthase,
NADPH-diaphorase (NADPHd). Prethalamic afferents principally derive from
serotonergic neurons in dorsal and median mesopontine raphe; adrenergic
(TH+; Pn Mt +) neurons in C1 and C3 areas of medullary reticular formation
and periventricular gray, respectively, and 'C2-dorsar general viscerosensory
field of nucleus tractus solitarii; noradrenergic A5-6 and dopaminergic A14A11 (TH+; PNMT-) cell groups. NO in Pvt is generated predominantly by
NADPHd+, non-cholinergic neurons in rostral-lateral hypothalamus and

mesopontine tegmentum.
Processes in Pvt were heavily labeled for
NADPHd, 5HT, TH and PNMT but not for ChAT (n=2). We conclude; The
visceral-limbic outflow of the Pvt is modulated by extensive interactions
between monoaminergic afferents implicated in behavioral modulation
(Arango et al., Brain Res. 630. 271, 1993), and a membrane-permeant neural
messenger engaged in multimodal sensory processing. (HL18974, NS28200)

GENETIC MODELS

8.1
MORPHOLOGICAL CHANGES OF LAYER 5 PYRAMIDAL NEURONS IN
THE CORTEX OF mdx MICE. D. Minciacchi1* A. Grahato? . A. Sbriccoli3. M.
Santarelli1, M.E. Dell’Anna4. and F. Pinto1. 1Dept. Neurol. Psychiat. Sci.,

Univ. of Florence; 2Inst, of Anat., 3Lab. of Exp. Neurol., Catholic Univ.,
Rome; 4lnst. of Neurol., Univ. of Udine, Italy.
Mdx mouse is characterized by congenital lack of dystrophin, a
membrane protein normally present in muscle tissues and in the central
nervous system, and represent an animal model of Duchenne Muscular
Dystrophy. Recent data indicate that most of layer 5 pyramidal neurons,
including those of the motor cortex, are immunoreactive for dystrophin in
normal C57 mice. Observations from our laboratory indicate that, in the
cortex of mdx mice, there is a dramatic reduction of layer 5 pyramidal neurons
labeled after horseradish peroxidase injections in the spinal cord. In the
present study we investigated the morphology of these pyramidal neurons.
Brains of mdx and control mice were processed for Golgi Cox staining.

Comparisons of data in the two experimental sets can be summarized as
follows: layer 5 neurons of mdx appear mostly round shaped; in this context
pyramidal-like cell bodies are still recognizable, particularly on the basis of
dendritic tree properties. Cell bodies of pyramidal-like neurons appear
smaller than in normal animals. In addition, pyramidal-like neurons of mdx
possess very short and poorly branched dendritic trees. Finally, the number
of inverted-pyramidal neurons (i.e. neurons with apical dendrite directed
toward layer 6 and axon directed toward the superficial layers) is impressively
increased in the cortex of mdx mice.
Our present observation indicates that layer 5 pyramidal neurons in the
sensori-motor cortex of mdx mice are different from those of normal animals
and further support the notion that the cortico-spinal tract of mdx and normal
C57 mice are different. It is thus likely to hypothesize that lack of dystrophin
expression is able to induce multifaceted alterations of morphological and
functional properties of central nervous structures.
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8.2

MYELIN-DEFICIENT RAT: ROLE OF THE CEREBELLUM IN
TONIC SEIZURES AND TREMOR. J. Rosenbluth*, W.L.
Liang and R. Schiff, Depts. Physiology ft Rehab.
Med. N.Y.U. School of Med, New York, NY 10016.
The md rat mutant, which is virtually
devoid of central myelin, displays an action
tremor (3-5Hz) beginning at ~2wk, generalized
tonic seizures beginning at "3wk and death by
*2261.
Deep lesions of the cerebellar vermis not
only eliminate the tremor, which is replaced by
ataxia,
but also eliminate the seizures and
prolong lifespan significantly, suggesting that
cerebellar output plays a role in the seizure
activity, perhaps by amplifying and/or
synchronizing spontanous activity (Brain Res.,
1994, in press).
A new, long-term surviving
(LTS) md rat strain (Csiza) normally lives ^*mo
instead of ~26d despite an equally profound
central myelin deficiency.
In our LTS colony,
the action tremor begins to abate at ~lmo and is
soon replaced by an ataxia like that seen after
cerebellar lesions.
Tonic seizures continue
but are less frequent, briefer and less intense.
These observations suggest a spontaneously
developing abnormality of the LTS cerebellum or
its interconnections.
In view of the spontanous
activity accompanying central myelin deficiency,
excitotoxicity may play a role in development of
this abnormality.
Supported by NIH and NMSS.
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receptors

in a genetic

rat

model

of

absence

seizures

(G2A5RS) . R. Bernasconi*. P. Mathivet. C. Marescaux and
H. Bittiaerl- Unit6 INSERM U-398, Strasbourg, l Ciba, CH4002, Basel.
Blockade of GABAb receptors by antagonists dose-dependently suppressed the spontaneous spike-and-wave
discharges in GAERS. Conversely, the GABAB-receptor
agonist R(-) baclofen (4 mg/kg) enhanced absence seizures
in GAERS to the point of status epilepticus. Taken
together, these findings suggest that enhanced GABAb receptor-mediated responses may play a central role in
the pathophysiology of absence seizures. To test this
hypothesis, we measured the affinity
(Kd) and density
(Bmax) of GABAb receptors in cortical membranes prepared
from GAERS and age-matched control rats. Saturation
experiments with the GABAb receptor antagonist 3h -CGP
54626 revealed 2 populations of GABAb receptors (Kdi =
0.15 nM, Bmaxl 921 fmol/mg prot. ; Kd2 = 2.30 nM, Bmax2 2510
fmol/mg prot.). We observed no difference in the Kds or
the Bmaxs for these 2 subtypes between GAERS and controls.
We also examined the regulation of GABAb binding by
Gpp(NH)p. At concentrations from 0..1 nM to 1 mM Gpp(NH)p
inhibited the binding of the GABAb agonist 3h -CGP 27492 in
a dose-dependent and biphasic manner,
indicating 2
populations of GABAb receptors with IC5 os of 31.9 ± 2.5 nM
and 161 ± 33 pM, respectively. Similar results were
obtained with Gpp(NH)p in GAERS and in controls;. These
findings indicate that there is no alteration of GABAb mediated inhibition in GAERS and that the pharmacological
basis for the efficacy of GABAb antagonists in absence
seizures lies elsewhere.

HIPPOCAMPAL SEROTONIN RELEASE IS INCREASED BY INTERLEUKINla IN SEROTONIN-DEFICIENT FAWN-HOODED RATS. P.A. Broderick1*.
R.F. Coico1. C.S. Aulakh2. and J.F. Reinhard. Jr.3. CUNY Med.
Sch.i, N.Y. 10031, Nat’l Inst. Mem. Health (NIH)2, Bethesda, MD
20892 and Burroughs Wellcome3, Res. Triangle Park, NC 27709.
L-tryptophan (LTP) is a precursor for the neurotransmitter, serotonin
(5-HT) and neuroactive kynurenines such as quinolinic acid and
kynurenic acid. The Fawn-Hooded (FH) rat strain displays a
hemorrhagic disorder, known as platelet storage pool deficiency, in
which the blood platelets from FH rats have decreased numbers and
contents of dense granules and decreased concentrations of 5-HT. This
is a genetic disorder analogous to Chediak-Higashi Syndrome in
humans. The FH rat has recently been suggested to represent a genetic
model of depression (Aulakh, C.S. et al., JPET, 262:1038,1992). We
studied the effect of Interleidcin-la (IL-la) on 5-HT release in CAi
region of hippocampus in the freely moving and behaving FH rat with

in vivo microvoltammetry using stearate mieroeleetrodes (Broderick,
PA., Brain Res., 495:115,1989). CAi hippocampal 5-HT release was
studied concurrently, in vivo and on line with the study of behavioral
changes using infrared photocell beam detection. The results showed
that Se (IP) administration of the cytokine, IL-la (10 and 100 ng/kg),
increased 5-HT release and produced a 5-HT behavioral syndrome in
these animals. However, cytokines can also affect the formation of the
kynurenine pathway metabolites of L-TP, such as kynurenic acid and
quinolinic acid. Thus, studies are underway to test these possibilities.
SUPP: A grant for AIDS research from the Aaron Diamond Foundation.

8.5
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DIFFERENTIAL SUSCEPTIBILTY OF MURINE TRISOMY 16 AND
EUPLOID CEREBRAL CORTICAL CULTURES TO THE TOXIC
EFFECTS OF BETA-AMYLOID FRAGMENT 25-35. M.T Caserta* and
J.W. Paul. Depts. of Psychiatry and Neurology Northwestern University
Medical School, Evanston Hospital, Evanston, IL 60201 and HoechstRoussel Pharmaceuticals, Somerville, NJ 08876
Murine trisomy 16 (ts 16) is a well-accepted model of human trisomy
21 or Down Syndrome (DS). Individuals with DS develop the
neuropathology of Alzheimer’s disease (AD) in their third and fourth
decades, presumably because they have a 1.5 fold increase in dosage in
the amyloid precursor protein (APP) gene. APP is cleaved into the beta
A4 protein, a 42 aa protein that forms the major component of the
amyloid plaques. This protein has been demonstrated to be neurotoxic
both in vivo and in vitro. The 25-35 aa fragment of this protein has also
been shown to be neurotoxic in vitro.
It is not known whether murine ts 16 neurons are more or less
susceptible than eupioid neurons to the neurotoxic effects of this peptide.
To investigate this question, we added varying concentrations (5uM-50
uM) of the 25-35 aa fragment dissolved im .01% DMSO into the culture
media of 2 day in vitro cerebral cortical ts 16 and eupioid cultures.
Vehicle alone was used as a control. The fragment was re-applied daily
until day 6 in vitro when all cultures were fixed, stained
immunocytochemically and neurons counted. Ts 16 neurons displayed an
increased susceptibility to the toxic effects of the peptide when compared
to eupioid neurons. This effect was seen at concentrations of 15 uM and
above. Ts 16 glia were also adversely affected by the peptide fragment
These results may shed some light on the mechanism of development of
AD neuropathology in individuals with trisomy 21.

APOLIPOPROTEIN E IS A SUSCEPTIBILITY GENE CONTROLLING
THE EXPRESSION OF ALZHEIMER DISEASE.
A.D. Roses*.
E.H.Corder. A.M. Saunders. W.L. Strittmatter. D.E.Schmechel. P.M.
Conneallv. K.E. Schmader. G.W. Small. N. J. Risch, J.L Haines, MA
Pericak-Vance . Joseph and Kathleen Bryan Alzheimer's Disease
Center, Duke University Medical Center, Durham, NC 27710.
Previous hazard risk analyses of apolipoprotein E-e4 had shown an
inherited dose-related increase in risk of Alzheimer disease (AD) and a
lowering of the age of onset distribution in late-onset families. We studied
115 AD case subjects and 243 controls as well as 150 affected and 197
unaffected members of 66 AD families. As expected, a substantial
proportion (65%) of AD was attributable to the presence of e 4 alleles.
However, we found that the risk of AD was lowest in subjects with the
e 2/e 3 allelotype and that an additional 23% of AD was attributable to the
absence of the e2 allele, thereby suggesting a protective role of e2. The
pattern of risk in relation to APOE genotype was common to familial and
sporadic AD. The many e4 alleles and few e 2 alleles in the AD families
suggested that APOE genotype contributed to the familial aggregation.
Single amino acid changes in apoE affects the clinical expression of AD by
up to 20 years: with the mean of the onset distribution of e 4/e 4 individuals
= 69 years and that of E2/E3 >90 years. Studies of the interactions of apoE
isoforms with tau, a microtubule-associated protein, suggest a protective
effect of apoE3 compared to apoE4. Recent immunoelectron microscopy
has localized apoE to the cytoplasm of neurons in human

neurodegenerative diseases, some aged primates, and aged rats. While
the mechanism of protection from clinical expression of AD is under active
investigation, the genetic model suggests a strong role for inherited
APOE alleles as susceptibility genes. In this model, mutations of APOE do
not cause disease, rather polymorphisms of APOE determine risk and
mean age of onset of clinical expression.

8.7

8.8

MOTOR NEURON DEGENERATION IN TRANSGENIC MICE
EXPRESSING A GLY93-» ALA MUTATION OF HUMAN CU, ZN
SUPEROXIDE DISMUTASE

THE PARALYSE MOUSE MUTANT: A NEW ANIMAL MODEL OF
ANTERIOR HORN MOTOR NEURON DEGENERATION. L.J. Houenoue.
L. LiL R.V/WZtet^^re^e^im\ M. MurawsksAF. Riege?.& B. B lon^c^^te 'Deptof
Neurobiology B Anatomy, Bowman Gray Sch. of Med., Wake Forest Univ.,
Winston-Salem, NC 27157, USA, and bD^vel., Pathol., Rdgdndration du Syst.
Nturomasealairt, INSERM Unitd 153/CNRS ERS 64, Paris, France.
The survival and morphometric analysis of lumbar spinal motoneurons
(MNs) was examined in the paralyse mouse mutant. Affected (par/par) mice
can be first identified at postnatal day (PN)7-8 and are characterized by their
smaller body size than normal and a progressive generalized muscle weakness.
Mutant mice die by PN16-18 of almost complete pandysis. We have recently
shown that this mutation involves alteration of many developmental aspects of
the neuromuscular system, including impaired synaptic terminals, failure of
intramuscular axons to become myelinated, and lack of regression of
polyneuronal innervation. However, whether spinal MNs degenerate and die
during the course of the disease has not been documented. We report here that
at the time the mutant phenotype can be first identified (i.e., PN7-8), lumbar
MN numbers in paralyse mice were similar to those of controls. In contrast, by
PN14, there was a 30-35% decrease in MN numbers in mutant, compared to
control mice. Furthermore, MN nuclear and somal sizes were significantly
decreased in the mutants on both PN8 and PN14. These results show that the
paraysd mutation involves atrophy and subsequent death of anterior horn MNs.
Together with the rapid progression and the severity of the disease, these results
suggest that the paralyse mouse represents a new good model for studying
human motor neuron diseases such as Spinal Muscular Atrophy and
Amyotrophic Lateral Sclerosis.
Supported by MDA, NIH, IRIP, AFM, and INSERM.

Mark E. Gumev*. Haifeng Pu. Arlene Y. Chiut. Mauro C. Dal Canto.
Cynthia Y. Polchow. Jan Caliendo. Afif Hentati. Young W. Kwon.
Han-Xiang Deng. Wenje Chen. Ping Zhai. Robert L. Sufit. and Teepu
Siddique Departments of Cell & Molecular Biology, Neurology and
Physiology, Northwestern University, Chicago IL 60611 and
tBeekman Research Institute, City of Hope, Duarte CA 91010

Two mutations of human SOD occurring in patients with familial
amyotrophic lateral sclerosis (ALS) were expressed in transgenic mice.
These were a substitution of alanine at position four by valine (A4V)
and glycine at position 93 by alanine (G93A). The G93A mutation had
little discernible effect on the activity of human SOD, while the A4V
mutation severely reduced enzymatic activity. Both mutations appeared
to alter the stability of human SOD in transgenic mice. The line of
G93A transgenic mice expressing the highest level of human SOD in
brain developed a stereotyped clinical syndrome indicative of motor
neuron disease. Mice became pardyzed in one or more limbs and died
by 5-6 months of age. Severe loss of motor neurons from the spinal
cords of affected mice was coupled with extensive sprouting and
reinnervation of denervated muscle fibers by surviving motor units.
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CONSTRUCTION OF RETROVIRAL VECTORS CONTAINING THE
HUMAN p-GALACTOSIDASE GENE FOR USE IN ANIMAL MODELS
OF Gm ! GANGLIOSIDOSIS. M. Sena-Esteves. K.B. Sims*. X.O.
Breakefield. E.M. Kaye. Molecular Neurogenetics, Massachusetts General
Hospital-East, Department of Neurology, Harvard University School of
Medicine, and Division of Pediatric Neurology, Tufts University School of
Medicine, Boston, MA.
Three vectors were constructed using a Moloney Murine Leukemia Virus
backbone with the human p-galactosidase gene inserted under the control of
different promoters. The vector pMFGHumpGal uses the LTR promoter;
pGl vector is the pActin promoter; and vector pPGK(IRES)Neo, the PGK
promoter with emcv(IRES)Neo, an internal ribosome entry site which allows
the expression of a NeoR selectable marker under the same promoter. These
vectors were successfully transfected into fibroblast strains from individuals
with Gmi gangliosidosis, which are deficient in the human p-galactosidase
gene, and controls using a liposome forming reagent (Lipofectamine).
Expression of p-galactosidase activity in mutant cell lines was achieved with
all three vectors using X-GAL staining, pH 5.0 in order to detect the human
lysosomal p-galactosidase activity. Further studies to monitor transplantation
and long term transgene expression by these cells into the central nervous
system of a canine model for G^i gangliosidosis are underway. It is
believed that these vectors may potentially be useful for the treatment of
neurological involvement of animal models for Gjyi gangliosidosis.

COGNITION:

IMAGING I

9.1

9.2

OPTICAL IMAGING REVEALS ALTERNATING POSITIVE AND NEGATIVE
CHANGES DURING COGNITIVE OR SENSORY EVOKED CORTICAL
ACTIVITY IN AWAKE HUMANS. D. W. Hochman*. G.A. Oiemann. M.M.
Haglund. Department of Neurological Surgery, University of Washington, Seattle,
WA 98195.
Previously, we have reported that optical imaging of changes in the lightabsorption properties of cortical tissue can be used to study language, sensory and
epileptiform activity in awake human patients (Haglund et al, Nature, 1992).
Recently, we have extended our studies to include activation of temporal lobe in the
non-dominant hemisphere during face recognition tasks and in temporal lobe of the
dominant hemisphere during memory and learning trials. In these studies (n > 20)
we have acquired images averaged over 1 second intervals with a spatial resolution of
approximately 70 pm x 70 pm per pixel. Each of these cases, regardless of function,
consistently shared certain features in their patterns of optical change: cortical fields
of several centimeters showing an increase in optical absorption (+) were
immediately adjacent to cortical areas of similar size simultaneously showing a
decrease in optical absorption (-).
Others have shown a tight coupling between changes in synaptic activity and
changes in regional cerebral blood flow, volume, oxygenation, and metabolic rates.
As well, single unit recordings in awake humans during tasks similar to those used
in our studies have revealed some neurons with consistently decreased activity, others
with increased activity. Thus, depending on the physiological mechanisms
underlying the optical changes that we report, the "patchwork" of (+) and (-) could
imply that committed patterns of neuronal inhibition and excitation are consistently
evoked by cortical activation, or that activation induced changes in regional blood
flow, volume, or oxygenation are organized into these patterns.
Supported by Optimedx Inc. (D.H.), NIH grant #NS21724 (G.A.O.), and
Klingenstein Foundation (M.M.H.).

IMPLICIT MOVEMENT ENABLES DISCRIMINATION OF
VISUAL OBJECT SHAPE: EVIDENCE FROM PET STUDIES.
L.M. Parsons*. P.T. Fox. J.H. Downs. T. Glass: T. Hirsch. C,
Martin. P. Jerabek. and JL. Lancaster. University of Texas Health
Science Center, San Antonio, TX, 78284.
Brain locations of mental representations enabling the
discrimination between left and right handed objects were mapped
with positron-emission tomography. Seven humans made a leftright judgment of a randomly .oriented hand, without seeing or
moving their hands. Dissociation of visual hemifields from
somatic hemisomas was allowed by presenting mostly right hands
in the left field and mostly left ones in the right field.
Somatosensory, somatomotor, and visual brain regions were
strongly activated. For right hands, activations were exclusively,
or more strongly, in left brain in prefrontal areas, in superior and
inferior parietal areas, and in subcortical motor structures; for left
hands, there were corresponding right brain activations. In
addition, for both hands, there were left supplementary motor area
activations, and bilateral superior premotor, inferior premotor, and
cerebellar ones. For both hands, primary and early extraprimary
areas were active contralateral to visual field, but ventral lateral
occipital areas were active bilaterally and dorsal lateral occipital
activations were primarily contralateral to the visual field. The
results indicate that somatosensory and somatomotor
representations participate in a "visual perception" task and that
they enable imagined movement of the corresponding limb to match
the orientation of the stimulus.

9.3

9.4

A DISTRIBUTED CORTICAL NETWORK FOR OBJECT KNOWLEDGE
A. Martin.J.V, Heh Ox /.F.M, Latokde. CL, Wiqqs.R, Parasuraman*, araJ
L.G. Unaerieider. Notional institute of Mental Health, Bethesda, MD,
20892
The hypothesis that object knowledge is stored as a discrete network
of cortical areas was tested by measuring local changes in cerebral
blood flow (150-aiteiled water PET scans) while subjects (n=12)
generated words in response to objects. Black and white line drawings

FUNCTIONAL MAGNETIC RESONANCE IMAGING OF
FRONTAL LOBES DURING OVERT VERBAL FLUENCY

of objects were presented at fixation (180 msec, 1 per 2 second).
Conditions included generation of; 1) the object's name, 2) an
associated color, and 3) an associated action.
Generating color and action words were equally difficult as measured
on-line by voice RT, yet activated unique regions of cortex.
Subtraction of one condition from the other revealed bilateral midfusiform activation for color word generation, and left mid-temporal, left
inferior frontal (Broca's area), and right cerebellum activation for action
word generation. The findings were the same when a common
baseline (object naming) was subtracted from each condition, with the
addition of left prefrontal activation, anterior to Broca's area, when

generating colors and when generating actions, possibly reflecting
retrieval demands (p<.001 for all comparisons).
Taken together with previous findings from human lesion studies and
PET studies of normals, these data suggest that knowledge of physical
(e.g., color) and functional (e.g., action) attributes is represented near
the tissue normally active during perception and action.
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EA Phdp£AF. Hyder, AA.M, Blamire, AD,L. Rothman, AR.G,

Shulman. Departments of Psychology, AMolecular Biophysics and
Biochemistry, Yale University, New Haven, CT.
Blood flow changes in four coronal slices of the frontal lobe
were assessed using fMRI during four behavioral tasks: Baseline the subject was told to relax during the scan; Repeat - the subject
heard a word and was asked to repeat the word aloud (e.g, mild MILD); Opposite - the subject heard a word and was asked to
respond with the opposite (e.g., cold - HOT); and Letter - the
subject was cued with a letter and was asked to respond with a
word which begins with the letter when cued by a number (e.g., R
1 - RABBIT, 2 - RAISE). There were a total of 16 echo planar
images acquired per slice in each sequence, 4 aquired prior to the
task (pre-task), 8 during the task, and 4 following the task (post-

task). In each sequence, there were 16 trials of the behavioral task.
Each task was repeated with new stimuli 2 or 3 times per session.
Data from 6 (of 11) subjects were free of movement artifacts.
For each subject a ftnap was generated for each task by comparing
the pre-task images and post-task images. The ROI was revealed
by subtracting the Repeat ftnap from the Letter ftnap. In all
subjects, bilateral activation in Brodmann's areas 45,46,8, and 9
were observed. In subjects where area 47 was imaged (N=3), right
activation was also observed. ■ These results are consistent with
and extend the PET results of Frith et al. (1992).
Supported by NIH Grant DK34576 to RGS.
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A COMPARISON OF LETTER AND CATEGORY FLUENCY: CEREBRAL ACTIVATION
WITH POSITRON EMISSION TOMOGRAPHY. M.L GOUROVITCH. B. KIRKBY. J. GOLD.
G. ESPOSISO, J. VAN NORN, J. OSTREM*, T. T. GOLDBERG, D ,D. WEIEBERGER, & K. K
BERMAN. Clinical Brain Disorders Branch, NIMH, Washington, DC 20032.
Word generation during category versus letter cues has been shown to be differentially
impaired in patients with different cortical lesions. To evaluate the functional anatomy of these
fluency tasks, 10 middle aged normal controls were studied using the PET oxygen-15 water
method for measuring regional cerebral blood flow (rCBF). There were three counterbalanced

ACTIVATION OF LEFT FRONTAL OPERCULUM AND MOTOR
CORTEX WITH FUNCTIONAL MRI OF LANGUAGE PROCESSING
S. L. Small1*. D. C. Noll2. C. A. Perfetti3. B. Xu3, and W. Schneider3
Departments of Neurology, 2Radiology, and ^Psychology; University of
Pittsburgh, Pittsburgh, PA 15261.
Functional magnetic resonance imaging (fMRI) permits the study of
neurobiological structure/function relationships in cognition. Local
increases in neocortical activity during performance of cognitive tasks
produces concomitant increases in tissue oxygenation due to changes in
blood flow. This increases the apparent transverse relaxation time (T2*)
leading to a higher MRI signal for more activated tissue.
We used fMRI to investigate the neural basis of receptive language in
the visual modality in the left hemisphere of a normal subject. Using a left
temporal surface coil, T2* gradient echo sequences were obtained using a
conventional l.5T MRI scanner during 2 Hz visual presentation of single
word conditions: (a) rhyme judgement (phonology); (b) grammaticality
judgement (syntax); and (c) category assignment (category). The control
stimuli consisted of consonant strings. On each condition of ten trials,
group split-half t-test analysis compared the activations with the control.
Activation in the posterior aspect of the superior and middle temporal
gyri occurred in all three conditions. Statistical image differences for the
three linguistic tasks included increased activation in the pars triangularis
and pars opercularis of the inferior frontal gyrus with the syntax task and
in the primary and supplementary motor cortices with the phonology task.
The category task produced diffuse lower intensity activation throughout
the temporal lobe, particularly anteriorly. FMRI activation thus correlates
with expectations of classical neuropsychology and has promise to define
further the functional anatomy of language.
(Supported by NIH DC00054)

conditions, consisting of six 45 sec. trials: 1) letter fluency--) letters 2) category fluency-6
categories, K 3) a control condition where the subjects alternated trials between generating

week days and months for six trials. Frequency was controlled by having the subject only
produce words when an asterisk appeared on a CRT every 3.5 seconds. rCBF data were
normalized as a percentage of the whole brain mean activity values and regions of interest
were drawn on co-planar MRI's for each subject and applied to the individual PET studies to
obtain mean rCBF values for each region. As expected, letter and category tasks, as
compared to their controls, activated several similar brain regions. These included the left
anterior cingulate (p<.007, .02, respectively), left frontal regions (p<.O2, .03, respectively), and
the left thalamus (p<.005, .007, respectively). Category fluency uniquely activated the right
thalamus (p<.O4). During both tasks there were significant deactivations in the parietal and
temporal regions. Suprisingly few areas differed when the two tasks were compared to each
other. Activity was greater in the right middle and inferior frontal gyrus (p<.008, .03
respectively) for letter cues, while category cues elicited less deactivation in the left superior
temporal gyrus (p<.04). These results suggest that in contrast to findings from the cortical
lesion literature, the neural pathways normally recruited to complete letter versus category
fluency differ in only subtle features.

9.7

9.8

Lateralization and Localization of Language Using FMRI. R.R.

A
FUNCTIONAL
MRI
(fMRI)
STUDY
OF
LANGUAGE
LATERALIZATION IN NORMAL AND WADA-TESTED SUBJECTS.
J.E. Desmond*. J.D.E. Gabrieli. J.B. Demb. A.D. Wagner. J.R. Mendius.
J.M. Sum. A.T. Lee. J. Hies, and G.H. Glover. Depts. of Radiology,
Psychology, and Neurology, Stanford University, Stanford, CA 94305.
Wada test data suggest that over 95% of right-handed people are lefthemisphere dominant for speech. We investigated lateralization of languagerelated brain activation with fMRI using a word repetition task. Subjects
received 4 cycles of visually-presented stimuli (1 s duration, 1/1.5 s
presentation rate), with each cycle consisting of 28 low-frequency words,
which were read aloud, and 28 unpronounceable consonant strings, which
were viewed silently. Subjects were scanned continuously during this task
using a T2* sensitive gradient echo spiral sequence (TR=75 ms, TE=4O ms,
flip angle=23°) in a l.5T GE Signa scanner. Three 7-mm-thick horizontal
slices (one slice/scan) were obtained at 7, 14, and 21 mm above the AC-PC
line. Inplane resolution was 1.78 x 1.78 mm, and images were collected at a
rate of 1/1.5 s. The timeseries for each pixel was correlated with a sinusoidal
reference waveform at the frequency of word/honword cycle presentation, and
the spatial distribution of pixels exceeding a correlation threshold of 0.2-0.4
was inspected. Preliminary results obtained from 3 healthy right-handed
male control subjects (presumed to be left language dominant) and 3 Wada-

Benson. J.Wi.Bellivsau. K,K. Kwong. B.R. Buchbinder, H. Jiang. B.R, Rosen*

Massachusetts General Hospital Dept, of Radiology, Charlestown, MA, 02129
The goal was to evaluate whether fMRI is a reliable non-invasive method
lateralizing and localizing language in the brains of neurosurgical patients . We
studied 15 subjects in all, including 10 healthy volunteers (7 strongly RH, 3 LH) and 5
patients (3 RH, 2 LH) with perisylvian lesions with fMRI while they performed tasks
involving processing of single words. High speed echo-planar MRI imaging (EPI) was
used (l.5T) combined with an asymmetric spin echo sequence to obtain effective
whole brain functional imaging. Subjects performed: 1) passive word reading, 2) verb
generation to nouns, 3) visual object naming. Each experiment lasted 2.5-4 min. with a
typical scanning session consisting of 6-13 experiments. Paradigms consisted of
alternating blocks of (30 sec/block) of fixation and one of the activation conditions.
Statistical maps were generated using the Kolmogorov-Smirnov statistic. Two brains
were anatomically parcellated (Caviness, et al. in press) for accurate anatomic
localization of activated foci. Results from all right handed subjects demonstrated, in
addition to midline foci of activation from cingulate and SMA, left lateralization of
activity from inferior frontal cortex, Broca’s Area, dorsolateral prefrontal cortex,
premotor cortex, posterior superior temporal gyrus and inferior parietal lobule. More
consistent activation was seen for anterior regions while posterior temporal and parietal
foci were less often present. Compared to the word generation paradigm, the passive
word task showed weaker activation and less lateralization. The visual object naming
task produced similar activation to the generation task but was less lateralized and
showed greater activation of occipital cortex. One left-handed volunteer showed a
right hemisphere lateralization pattern which mirrored the others while the other lefthanded subjects were left dominant or indeterminate (one). Two patients were tested
with amobarbital testing of lateralization (Wada) and were concordant with fMRI
lateralization. One patient, a 23 yr. old male with a left rolandic tumor, went to surgery
4/07/94 and had electrocortical mapping of language cortex guided by fMRI results. In
general, there was excellent agreement between fMRI and stimulation induced speech
arresL. Conclusions: These data strongly suggest that fMRI is able to reliably
lateralize language. The data also suggest that discrete language regions which are part
of a distributed network are present whose activation levels vary according to task
demands.

tested epileptic patients (2 left-dominant females, 1 right-dominant male)
suggest that the number of pixels meeting criterion in left and right superior
temporal gyrus is correlated with the side of language dominance. Supported
by grants from the NIH (F32NS09628), the Alzheimer's Association,
Stanford Office of Technology and Licensing, and the Lucas Foundation.

9.9

9.10

DISSOCIATION AND INTERACTION OF HUMAN NEURAL SYSTEMS FOR
OBJECT AND SPATIAL VISUAL WORKING MEMORY: A PET rCBF
STUDY S.M. Courtney. L.G. Ungerleider*. K. Keil. J.V. Haxbv. National
Institute of Mental Health, NIH, Bethesda MD 20892.
To determine if object and spatial visual working memory are mediated by
dissociable neuroanatomical systems in humans, task-related changes in regional
cerebral blood flow (rCBF) were measured in ten healthy volunteers with positron
emission tomography (PET). Separate scans were obtained while subjects
performed either a sensorimotor control task, or one of three tests of working
memory: (1) face identity, (2) spatial location, or (3) a combination of face
identity and spatial location. All three working memory tasks used identical
stimuli, the only difference being the type of information that the subjects were
asked to remember. During the working memory task for faces, increases in rCBF,
relative to the control task, were seen in bilateral fusiform gyrus, bilateral inferior
frontal gyrus, and the anterior cingulate cortex. In the memory task for spatial
location, increases in rCBF, relative to the control task, were seen bilaterally in the
superior occipital gyrus, the superior parietal cortex, and the precentral sulcus.
During the combined task, subjects showed increases in rCBF, relative to the
control task, both in areas which showed increases during the face memory task
(bilateral fusiform gyrus) and in areas which showed increases during the location
memory task (right superior parietal cortex). The combined task was additionally
associated with increased rCBF in the anterior lingual gyrus, an area not activated
by working memory for faces or locations alone. The combined task showed no
increased rCBF in frontal cortex. Reaction time and accuracy data demonstrated
improved memory for faces in the combined task, relative to the test for face
memory alone, indicating a significant interaction of the two types of information.
These results demonstrate dissociable neural systems for object and spatial visual
working memory. These neural systems may interact to associate object identity
with location through activation of the anterior lingual gyrus.

ACTIVATION OF DORSOLATERAL PREFRONTAL CORTEX
DURING A DUAL-TASK WORKING MEMORY PARADIGM USING
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FUNCTIONAL MRI.
M. D'Esposito*! J.A. Petrel.2, D,c . a Isop 2.
J. Listerud2. S.W. Atlas2. M. Grossman1. Departments of Neurology! and

Radiology2, University of Pennsylvania, Philadelphia, PA 19104.

Baddeley (1986) has proposed a model of working memory that
comprises several components that act together to temporarily store and
process information. One component, a limited capacity central executive
system (CES), is thought to control the coordination of information within
working memory subsystems. Dual-task paradigms have been used to test
the functioning of the CES which has been proposed to rely on frontal lobe
function. In order to test this hypothesis, we studied 6 normal subjects using
functional MRI during a dual-task paradigm that required simultaneous
performance of a visuospatial matching task and an auditory semantic
judgment task. The control task for each single task required subjects to
merely respond to the occurrence of each visuospatial or auditory stimulus.
Two experiments were performed, each with four 45 second conditions.
Exp. 1 - semantic control task, semantic task, semantic + visuospatial task
(dual-task), semantic control task. Exp. 2 - visuospatial control task,
visuospatial task, v^uospatial + semantic task (dual-task), visuospatial control
task. Scanning was obtained using a 1.5T g E magnet from four 8 mm axial
slices through dorsolateral frontal cortex (echoplanar sequence, 64 x 64
matrix, FOV=24 cm, TR=3 sec, TE = 50 msec). Activation images were
obtained by performing pixel by pixel t-tests (p<0.001) between images
acquired during the single and dual-task conditions following motion
correction and 2-point smoothing. All 6 subjects showed significant
activation in either unilateral or bilateral dorsolateral prefrontal cortex during
the dual task condition. These studies provide evidence for a role of
prefrontal cortex during the performance of working memory tasks.
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SPATIAL DELAYED RESPONSE IN NORMAL HUMANS:
A PET 150
STUDY.
T.E. Goldberg? C. Randolph. J.M. Gold. K.F. Berman. D.R.
Weinberger. National Institute of Mental Health, Clinical Brain Disorders
Branch, Washington, D.C. 20032
Recent lesion evidence has suggested that there are intraspecies parallels
in the function of prefrontal corrtex among the rat, monkey and human.
These parallels appear to involve maintaining spatial information over short
delays. In this study, we used PET 015 to characterize neural systems
involved in spatial delayed response in normal humans. Fourteen subjects

(eight males: six females) participated. The task involved the presentation of
an array of 16 circles, four of which were targets. This was followed by a
delay of seven seconds, followed by another array of 16 circles of which there
were four targets. At this point, the subject was requested to indicate whether
the targets were in the same spatial location as the stimulus or whether they
were in a different location. In the control condition, the response array
immediately followed the stimulus array; thus no delay was present. After a
response was made, seven seconds elapsed before the next trial. Thus, the
control task was completely isomorphic to the activation task and the role of
spatial encoding was minimized, thus emphasizing the mnemonic component
of the task. Moreover, difficulty was equated in the control and activation
tasks. Using region of interest analyses, we found significant activation in the
left inferior frontal gyrus and the left middle frontal gyrus. We also found
significant activation in left lateral occipital cortex. No areas of subcortical
activation were discerned using this type of analysis. The pattern of activation
suggested that prefrontal cortex appears to be involved in maintaining spatial
information over short delays and/or possibly recruiting and holding on line a
network.
Activation in lateral occipital cortex suggests that “imagery"
processing may also be an important component of the task.

SUBCORTICAL VISUAL PATHWAYS:
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10.1

10.2

TEMPORAL DECORRELATION: A THEORY OF LAGGED AND
NONLAGGED RESPONSES IN THE LATERAL GENICULATE
NUCLEUS (LGN). Dawei \V. Dong and Joseph J. Atick'. Computational
Neuroscience Lab.. The Rockefeller Univ.. 1230 York Ave.. NY'. NY 10021.
Natural time-varying images possess significant temporal correlations which
persist even after retinal processing and hence, under natural activation conditions, the signal sent to the LGN is temporally redundant or inefficient . We
explore the hypothesis that the LGN is concerned, among other things, with
improving efficiency of visual representation through temporal decorrelation of
the retinal signal much in the same way that the retina improves efficiency by
spatially decorrelating incoming images. Using some recently measured statistical properties of motion pictures, we predict the spatio-temporal receptive
fields that achieve this decorrelation. It is shown that, because of neuronal
nonlinearities, temporal decorrelation requires two response types, the lagged
and nonlagged, just as spatial decorrelation requires on and off response types.
The tuning and response properties of the predicted LGN cells compare quantitatively well to what is observed in recent physiological experiments as shown
below. The solid curves are the theoretical predictions and the data points are
from Saul and Humphrey (1990). (Supported by Seaver Institute.)

INTRINSIC BIOPHYSICAL PROPERTIES AND NETWORK CONNECTIVITY

10.3

10.4

VISUAL EFFICIENCY OF MACAQUE LGN NEURONS. A.M. Skoczenski.
L.P O'Keefe. L. Kiorpes, C. Tang. M.I. Hawken, and I.A. Movshort*.
Howard Hughes Medical Institute and Center for Neural Science, New
York University.
Spatiotemporal noise elevates visual contrast thresholds. Noise masking
measurements can be used to estimate visual efficiency, and to partition it
into a peripheral equivalent input noise and a central calculation efficiency. We
have extended these methods to analyze the efficiency of single visual
neurons. We recorded the responses of neurons in the P and M divisions of
the LGN in paralyzed macaque monkeys under opiate anesthesia. We
measured the mid-photopic spatiotemporal properties and contrast gain of
the neurons using achromatic sinusoidal gratings, and examined the effect
of spatiotemporal white noise on contrast gain and response variability.
Most M neurons showed reduced contrast gain in the presence of noise
masks, as well as an increase in the variability of spontaneous and evoked
responses. These two factors combined to elevate most M neurons'
thresholds in a manner identical to that seen in human and macaque
observers. The contrast gain of P neurons was little affected by even the
most potent noise masks; but an increase in firing variability produced a
modest elevation of threshold in many neurons. The different effects of
masking on M and P neurons are related to the lower contrast gain of P
neurons. The absent or modest elevation of thresholds in these neurons
suggests that their low contrast gain may be viewed as a consequence of
high levels of equivalent input noise, and does not result from lower
calculation efficiency. These higher levels of noise might be expected to
result from the cone input selectivity of P cells, which restricts the number
of cones contributing signals to their receptive fields.
Supported by NIH EY02017, EYQ5864, F32 EY06371 and HHMI.

METABOTROPIC GLUTAMATE RECEPTORS SWITCH FIRING MODE OF CAT
LGN CELLS IN VIVO FROM BURST TO TONIC. D.W. Godwin*. J,W. Vaughan, and
S.M. Sherman. Dept. Neurobiology, SUNY, Stony Brook, NY 11794-5230.
Not only does glutamate promote fast synaptic transmission in the central nervous
system through activation of ionotropic receptors, it also elevates neuronal excitability
through metabotropic receptors (mGluRs) that act through second messengers.
Evidence from in vitro studies of guinea pig lateral geniculate nucleus (LGN) indicates
that mGluRs depolarize relay cells and eliminate low threshold (LT) spike activity and
that oortioogenioulate but not retinogeniculate axons activate these receptors (PNAS
89:2774-2778, 1992). To determine what effects mGluRs have in vivo in the cat, we
analyzed responses of LGN neurons to flashed spot stimuli recorded before, during, and
after iontophoretic application of (+/-) trans-ACPD, a mGluR agonist, and several
putative mGluR antagonists. The data are derived from 25 X and 24 Y cells recorded
from the A-laminae of the LGN. ACPD decreased burst firing (measured with a burst
index) of LGN neurons, with the magnitude of the decrease highly correlated with the
burstiness evident before ACPD application (r=+0.99; p<0.001). In tandem with the
decrease in LT spike activity, ACPD decreased signal detectability (measured with
receiver operating characteristic curves) of LGN neurons (r=+0.49, p<0.05), which is
in agreement with previous data from our laboratory. We analyzed visual responses on
a trial-by-trial basis and determined that ACPD application had no effect on response
variability (p>0.1). Antagonists to mGluRs were either suppressive or antagonistic to
ACPD-evoked activity, but application of NMDA receptor antagonists at rates
sufficient to eliminate NMDA-evoked responses were ineffective in antagonizing
ACPD effects (n=4). These data are consistent with an important role for
corticogeniculate axons emanating from layer VI of visual cortex in the control of the
relay of information through the LGN to visual cortex. This role is similar to that of the
parabrachial region (PBR) of the brainstem in a broad sense, because both are capable
of diminishing burst firing of LGN cells, which decreases signal detectability while
improving linear summation in visual responsiveness (see following abstract).
However, in contrast to the relatively diffuse nature of the PBr projection to LGN, the
corticogeniculate projection is retinotopically quite precise. (Supported by USPHS
grant EYO36O4 plus NRSA grants NS09163 to DWG and EY06340 to JWV.)
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REGULATE LGN SIGNAL TRANSMISSION FROM RETINA TO VISUAL CORTEX.

P. Mukherjee*. E. Kaplan and T. Ozaki. The Laboratory of Biophysics. The
Rockefeller University. NY. NY. 10021
The lateral geniculate nucleus (LGN) is strategically placed to gate or filter visual information as it flows from the retina to the visual cortex. The transmission of
such signals is influenced by both the stimulus properties and the animal’s arousal
state. Typically, LGN responses are more transient than the retinal input. We investigated the mechanisms of this high-pass filtering of retinal signals by the LGN.
The retinal input to the LGN was recorded extracellularly as synaptic (S)
potentials together with the output discharge in LGNs of anesthetized and
paralyzed cats. Spots and gratings were square-wave modulated cm a CRT. The S
potential firing times were then fed into a compartmental model of the LGN relay
cell, and the model’s output was compared with the output recorded from LGN
neurons. The model incorporated the known biophysical properties of thalamic
neurons, but included no synaptic circuitry.
We found that LGN neurons differentiated (high-pass filtered) the retinal input
significantly more than did the computer model. The degree of filtering seen in the
model depended strongly on the resting membrane potential of the simulated ' cell.
The difference between the model’s results and the cell's response is primarily due
to the various inhibitory interactions within the LGN. The simultaneous
physiological recordings of input and output, together with quantitative computer
modeling, allows us to compare the relative importance of the intrinsic biophysical
properties of relay cells with the network connectivity in regulating thalamic
filtering and transmission.
Supported by EY 4888,4128 and NRSA GM07524-17
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METABOTROPIC GLUTAMATE RECEPTORS INCREASE VISUAL RESPONSE
LINEARITY OF LGN CELLS IN THE CAT. J.W. Vaughan, D.W. Godwin, and S.M.
Sherman*. Dept. Neurobiology, SUNY, Stony Brook, NY 11794-5230.
As described in the previous abstract, activation of metabotropic glutamate receptors
(mGluRs) mediate a change in the visual response pattern of cells in the lateral
geniculate nucleus (LGN) to flashing spots. This change is associated with a
pronounced decrease in the level of low threshold (LT) spike activity, presumably due
to the depolarizing effects of mGluR activation. In order to characterize further the role
of this receptor system on the relay of visual information through the LGN to visual
cortex, we recorded the responses of LGN neurons to sinewave gratings before, during,
and after the iontophoretic application of (+/-) trans-ACPD, a mGluR receptor agonist.
The data were obtained from 14 cells (6 X, and 8 Y) recorded in the LGN A-laminae,
As noted in the previous abstract, application of ACPD significantly decreased LT
spike activity (p<0.01), In addition, ACPD increased spontaneous discharge rates,
which served to reduce nonlinear distortion that may result from half-wave rectification
of the response. This, combined with decreases in LT spike activity (LT spikes
represent a highly nonlinear response amplification step), resulted in an increase in
response linearity of LGN cells (p<0.001) as measured from the ratio of nonlinear to
linear Fourier components in their responses. We also analyzed response variability by
measuring FI amplitudes on single trials of visual stimulation. While the standard
deviation of the response went up slightly with ACPD administration (p<O.O2), so did
the FI respon e amplitude (p<D.OO5), and increases in these two variables were
correlated (p<0.05). When response variability was measured by analysis of variance,
there was no effect of ACPD (p>O. 1). Overall, we conclude that activation of mGluRs
depolarize LGN neurons, thereby mediating a change in their response mode from one
predominated by LT spiking to one in which retinal signals are more faithfully and
linearly relayed to the visual cortex. Recent evidence (PNAS, 89:2774-2778, 1992)
suggests that mGluR activation is mediated primarily by corticogeniculate afferents in
the LGN. Our results thus suggest that cortical afferents provide an important
mechanism for mediating retinotopically precise changes in the response pattern of
LGN cells. (Supported by USPHS grant EYO36O4 plus NRSA grants EY06340 to JWV
and NS09163 to DWG.)
~

10.7
PGN AND RELAY NEURONS FORM RECIPROCAL MONOSYNAPTIC
CONNECTIONS IN THE LGNd T.._BaT. and-D^A^McCormick Section of
Neuroblology, Yale Univ. Sch. Med., New Haven, CT 06510.
Relay neurons of the mammalian LGNd are innervated by two types of
GABAergic neuron; Perigeniculate (PGN) neurons and intrageniculate
intemeurons. Simultaneous dual intracellular or extracellular recordings of
neurons in slices of the ferret LGNd maintained in vitro revealed relay and
PGN neurons to form reciprocal monosynaptic connections.
A.

A rebound burst of action [wtentials

produced in a relay cell is followed by a
burst in a single PGN neuron recorded
extracellularly that in return induces feedback IPSPs in the relay cell. B. Induction
of a burst of action potential in a PGN
neuron is followed in an all or none
fashion after a delay of 145 ms (+/- 3 ms,
S.D.) by a burst of feedback EPSPs that
presumably results from the firing of a
single reciprocally coupled relay cell. The
organization of the geniculate network in
overlapping
monosynaptic loops is
involved in the generation of spindle
waves in vitro and might play a role in
sensory processing during waking. The
precise retinotopic distribution of these
monosynaptic loops has yet to be
delineated. Supported by NIH.

10.9
PHARMACOLOGICAL AND ELECTROPHYSIOLOGICAL PROPERTIES OF
LOCAL CIRCUIT INTERNEURONES IN BRAIN SLICES OF THE RAT
DORSAL LATERAL GENICULATE NUCLEUS. S.R. Williams. J.P. Turner and
V. Crunelli*. Dept. Physiology, University of Wales, Cardiff, CF1 1SS, U.K.
Intracellular recordings were made from putative intemeurones (n=l5) of the
dLGN. Single shock electrical stimulation of the optic tract evoked an excitatory
postsynaptic potential (EPSP), while no sign of an inhibitory postsynaptic potential
was observed at any level of membrane polarisation. The early fast rising phase of
the EPSP was abolished by the bath
CONTROL CNQX 10/iM SUPERIMPOSITION
aplication of the non-NMDA receptor
antagonist CNQX (lOpM),upper panel,
leaving a slowly rising late EPSP that
was sensitive to the NMDA receptor
antagonist
D-APV
(lOOpM).
The
iontophoretic application of GABA to
these neurones, led to a hyperpolarisation of the resting membrane
potential and a decrease in input
resistance, with a reversal potential of 65/-70mV, lower panels. Bath application
of the selective GABAg receptor agonist
(±) baclofen (up to lOOpM) was found to
be without effect. We show that the
optic tract input to intemeurones is
mediated by the activation of NMDA
and non-NMDA receptors and that
intemeurones
express
functional
GABA^, but not GABAg receptors.
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THALAMIC RETICULAR NUCLEUS SYNAPTIC TARGETS IN THE CAT LGN.
M.E. Bickford*, A.E. GUnlQk, S.C. Van Horn. J.W. Vaughan, D.W. Godwin, and S.M.
Sherman. Dept. Neurobiology, SUNY, Stony Brook, NY 11794-5230.
The visual sector of thalamic reticular nucleus (TRN) in cat includes the
perigeniculate nucleus and a more dorsal rim of cells. We examined the lateral
geniculate nucleus (LGN) targets of TRN cells dorsal to the PGN. Small injections of
biocytin in the dorsal TRN resulted in overlapping anterogradely labeled fibers and
retrogradely labeled cells in all LGN laminae. Using an electron microscope, we
examined biocytin labeled profiles in lamina A in a section that contained a column of
labeled cells and terminals directly ventral to the TRN injection site. We identified 67
TRN terminals using postembedding, immunocytochemical localization of GABA
tagged with gold particles. Of the biocytin labeled, GABAergic terminals, 52 contacted
dendrites and 13 contacted somata, both GABA negative and thus presumably of relay
cells. Two contacted glomerular GABAergic F2 profiles, presumably of mtemeurons.
Dendrites postsynaptic to TRN terminals varied in diameter (1. l±O.4 ^m; range, 0.292.3^m). Of the TRN terminals contacting dendrites, 44 contacted peripheral dendrites,
based on the presence of adjacent RSD terminals (presumably cortical) and other
criteria. Five were found on proximal dendrites, based on the presence of adjacent RLP
(retinal) terminals, and 3 were adjacent to other GABAergic FI terminals not labeled
with biocytin. Somata postsynaptic to TRN terminals received input from other
GABAergic FI terminals unlabeled for biocytin. Four cells with somatic TRN contacts,
3 retrogradely labeled and 1 unlabeled, were located within lOO/zm of the column
center, while TRN contacts on 9 other unlabeled somata were located >2OO^m from the
center. From these results, we conclude: 1) the majority of TRN terminals contact the
distal dendrites of LGN relay cells; 2) the TON is also a source of GABAergic contacts
onto somata and proximal dendrites of LGN relay cells, 3) GABAergic input to
intemeurons must arise primarily from sources other than the TRN (e.g., axons from
intemeurons and/or the pretectum); and 4) the TRN may participate in both reciprocal
and nonreciprocal connections with LGN relay cells. (Supported by USPHS grant
EYO36O4 and NRSA grants EYO6473 to AEG, EY06340 to JWV, and NS09163 to
DWG.)

10.8
INTERLAMINAR INTERNEURONS IN THE LGNd ARE SIMILAR TO
PERIGENICULATE NEURONS M_yen^noMk1X_Bal2.a.nd.D..A,.McGormick:.
Kinsmen Lab. Neurol. Sci., Univ. British Columbia, Vancouver, B.C., Canada; Sec.
Neurobiology, Yale Univ. Sch. Med., New Haven, CT 06510, USA.
In Vitro intracellular recordings of ferret dorsal lateral geniculate (LGNd)
interlaminar intemeurons, located between laminae A and A1 and A1 and C,
revealed recurring (0.1 Hz) spontaneous spindle wave oscillations (6-10 Hz) lasting
2-6 seconds. During this activity, interlaminar intemeurons received barrages of
EPSPs that were synchronous with activity in neighboring relay neurons. These
EPSPs activated low threshold Ca2+ spikes and action potential ' bursts in the

interlaminar intemeurons. In contrast, LGNd intralaminar intemeurons did not
exhibit oscillatory activity, large EPSP barrages during spindle wave oscillations,
or prominent low threshold Ca2+ spikes. Activation of relay neurons located in
adjacent laminae with local application of glutamate resulted in bursts of EPSPs in
interlaminar intemeurons, indicating that these cells are preferentially innervated
by axons of relay neurons. These electrophysiological and synaptic properties are
similar to those of PGN neurons. In addition, both interlaminar intemeurons and
PGN neurons were strongly excited by serotonin and inhibited by acetylcholine,
while serotonin had only weak effects on intralaminar intemeurons. Together with
previous data that have shown similar synaptic profiles within the PGN and
interlaminar intemeurons (Montero, '89; Exp. Brain Res., 75, 65-72) and similar
patterns of corticothalamic innervation (Claps and Casagrande, '90, Brain Res.
530,126-129), these data demonstrate that interlaminar intemeurons are 1) distinct
from mfralaminar intemeurons of the LGNd, and 2) share anatomical connections
and physiological responses similar to those found in perigeniculate neurons. We
suggest, therefore, that interlaminar intemeurons may function, in fact, as
displaced PGN neurons. Supported by NIH and Klingenstein Fund.
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HUMAN FETAL DOPAMINE CELLS SURVIVE AND DEVELOP PROCESSES
AFTER IMPLANTATION INTO HUMANS WITH PARKINSON *S DISEASE .
C.R. Freed1*. R.E. Breeze1. S.A. SchnecL. C.F. O'Bnen. J .C . Mazziotuf .
M.Hutchinson:, and A.A. Ansari3. Univ. of Colo. Sch. of Med.. Denver. CO ::
UCLA Sch. of Med.. Los .Aieeles. CA2: and Emory Univ. Sch. of Med.. Atlanta.
GA3.
~
'

FETAL NIGRAL TRANSPLANTATION IN PARKINSON'S DISEASE:
THE USF
EXPERIENCE T. B. Freeman*. P. R. Sanberq,' B. J. Snow, F.J.G.
Vinqerhoets. D. A. Smith. C.V. Borlonqan, and C. W. Olanow. Div.
of Neurosurgery, Department of Pharmacology, U. of South
Florida, Tampa, FI.
Clinical trials of neural transplants for the treatment of
Parkinson's disease have been performed in at least ten
countries, with at best moderate improvement noted in some
patients. The variability and modest improvement is likely due
to numerous differences in techniques.
The OSF Program has
attempted to optimize several variables including:
1) use of
donors with ages ranging from post-ovulatory weeks 6-9; 2) use
of multiple donors; 3) bilateral stereotactic transplantation;
4) use of solid intraparenchymal grafts; 5) inter-tract distance
of 5 mm; 6) transplantation through staged procedures into the
posterior (postcommissural) putamen and 7) use of cyclosporin
immunosuppression.
Patients have Parkinson's disease without
dementia, are at least Grade III or better in the "on" period,
and are less than 65 years of age. They are evaluated according
to CAPIT criteria and also undergo neuro-psychological testing
and fluordopa (FD) PET scans. Five patients have undergone this
protocol, and four have been followed for at least six months.
Each has experienced a clinically meaningful functional
improvement.
Each has experienced a decline (improvement) in
total UPDR5 score during the "off" stage, improved motor scores,
a decrease in "off" time during waking hours and diminution in
dyskinesias either spontaneously or in association with Levodopa
dose reduction. The four patients that have received PET scans
both at baseline and six months postoperatively demonstrated a
statistically significant increase in striatal FD uptake in the
region of the grafts. No clinically significant adverse effects
were encountered. We conclude that fetal nigral transplantation
utilizing a series of parameters designed to maximize clinical
response is feasible, safe and can provide at least short-term
benefits for patients with advanced Parkinson's disease. Based
on this data, further clinical trials are warranted.

Since we performed the first fetal dopamine cell implant into an .American patient
with Parkinson's disease in November 1988. we have operated on l7 patients.
Fifteen patients received implants bilaterally into putamen with 14 to 22 needle
passes into brain. Tissue from 1 to 2 embry os of 7 to 8 weeks gestation has been
used. As we have reported previously, immunosuppression appears to interfere with
transplant success in man and experimental animals. In non-immunosuppressed
patients, Hoehn and Yahr scores improve by more than one stage (mean 1.31.
generally from Stage 4 to Stage 3, and patients have reduced their Sinemet doses b\
50%. The 17th patient was a 55 year old man with an 8 year history. of Parkinson's
disease. At the time of surgery, he suffered a hemorrhagic stroke in the right
hemisphere. Even after subsequent surgical evacuation of die Jot. he had dense left
hemiplegia and severe cerebral edema. He was treated with high doses of
dexamethasone. Despite intensive medical efforts, his mental status did not improve
and he died 30 days after surgery. At autopsy. he had near> total loss of dopamine
cells in the substantia nigra pars compacta and loss of pigmented neurons in die locus
coeruleus. Sections through the needle tracts in the putamen revealed numerous
tyrosine hydroxylase positive cells with process outgrowth into adjacent host brain.
In summary, fetal mesencephalic dopamine cells survive transplantation, grow into
host brain, and relieve signs of advanced Parkinson's disease.

11.3

11.4

CELL BIOLOGY OF HUMAN NEURAL TRANSPLANTS. M Peschanski*.
Genv. S. Naimi-Sadaoui. D. Riche. S.L. Juliano. A,M. Belkadi. R. Jenv. INSERM
CJF 91-02, Faculte de Mededne, 94010 Crete^ France; Dept. Anatomy, Cell
Biology & Neuroscience, USUHS, Bethesda, MD 20814.
Human neural transplants have been developed as therapy for Parkinson's
disease and are being considered for use in Huntington's Disease. Little is known,
however, about the development of human neural cells after transplantation, and
their glial and vascular environment. To address these issues, we began a series of
studies based on xenografting of human neural cells obtained by routine suction
abortions from fetuses of 6-8 wk gestation into the brain of immunosuppressed
adult rats.
Results obtained using various neuroanatomical techniques at the light and
electron microscopic levels show that: i) Human neurons develop very slowly and
few synaptic contacts are established up to three months after grafting. Metabolic
and oxidative activity are almost undetectable at this stage. Immunocytochemical
analysis of specific striatal grafts demonstrate progressive neuronal differentiation
of striatal neurons, which are still immature three months after grafting, ii)
Human transplants remain devoid of blood vessels for more than a month and
are still poorly vascularized at three months, iii) Human microglia are scarce and
tend to decrease in density over time. In contrast, host (rat) microglia enter the
graft within weeks and differentiate as quiescent microglia.
In conclusion, human neural transplants in the adult brain develop very slowly,
including the fetal neurons themselves, as well as glial and vascular elements,
which originate largely from the host. Over a period of three months, the human
neural graft becomes a chimera of host and donor elements in which the
microglia, particularly, are of host origin. Supported by INSERM, AFM, AHF
and Sandoz labs.

LONG DISTANCE GRAFT GROWTH OF FETAL DONOR GLIAL
FIBERS INSIDE HOST WHITE MATTER AXONAL TRACTS BUT
NOT INTO AXONAL GREY MATTER TARGET ZONES. .Isacson.
Tatter. S-Bh LeBlanc. C.1 and Park. J.l.lNeuroregeneration Lab., McLean Hospital,
Belmont. MA 02178 and Harvard Medical School, 2Daacrin Inc., Charlestown, MA.

To determine events related to axonal extension from fetal neural grafts placed into
the adult CNS. we investigated the fate of fetal graft glial cells and the axonal
component of neuronal growth. Fetal donor cell suspensions derived from embryonic
pig brain were transplanted into immunosuppressed (CSA) or immunomodulated
(Tab) rats with prior denervation lesions modelling degeneration in Parkinson’s and
Huntington’s disease. Following early maturation of the transplanted porcine tissue
the rats were sacrificed for histological analysis including specific markers for donor
glia and axons. The developing porcine glia (incl. astroglia) were defined
immunohistochemically by antibodies against CD44, GFAP and vimentin and
oligodendrocytes by GalC. The porcine neurons were defined by a specific antibody
for neurofilaments (NF-7OkD).
Remarkable donor long-distance extensions of CD44-vimentin positive (but GalC
negative) glial fibers were found penetrating throughout host brain white matter fiber
bundles for at least 10 mm. Donor axons tracked in directions towards host target
neurons primarily inside host myelinated fiber bundles. We found two fiber patterns
of donor glia and axons. In the first pattern, donor CD44-positive glial fibers grew
alongside porcine NF-7OkD stained axonal fibers inside myelinated fiber bundles. In
contrast, transplanted neuronal axonal fibers usually penetrated into grey matter target
zones without associated donor astroglial processes. These findings may have
relevance to mechanisms of axenal growth and target selection in adult CNS repair.

11.5

11.6

DOPAMINERGIC FIBER SPROUTING IN RATS WITH
INTRASTRIATAL NON-NEURAL GRAFTS: Association with graft
rejection M. Bresjanac*! C.L. Paino2. J. Sagen3 and D.M. Gash4

CORTICAL GRAFTS OF CELLS MODIFIED TO PRODUCE ACETYLCHOLINE
IMPROVE COGNITIVE FUNCTIONING IN A RAT MODEL OF ALZHEIMER’S
DISEASE. L.J. Fisher*. J. Winkler. L,L Thai. S. Suhr and F.H. Gage. Dept Neurosci,
UCSD, La Jolla, CA 92093 & Dept Neurol, VA Medical Center, San Diego, CA.
We previously reported that primary Fibroblasts modified to express the Drosophila
choline acetyltransferase (dChAT) transgene produce and release acetylcholine
(ACh) both in vitro and in vivo. In the present study, we explored whether
intracerebral grafts of these engineered cells could influence the cognitive
performance of rats with bilateral ibotenic acid (ibo) lesions of the nucleus basalis
(nbM). Male Fischer 344 rats with ibo lesions of the nbM received one of 3
treatments: 6 bilateral grafts of ACh-producing fibroblasts in the frontal and parietal
cortices (N=1O); 6 bilateral grafts of B-galactosidase-expressing fibroblasts in the
frontal and parietal cortices (N=IO) or no grafts (N=1O). A fourth group was
untreated (N=IO). Rats were tested on a range of behavioral tasks between 1 and 4
wks post-grafting, including the Morris water maze, open field, passive-avoidance
and startle. The only behavioral task that revealed a difference between the groups
was the water maze. In this task, the ibo rats showed a significant deficit in
acquisition (latency = 62±3 sec vs. 29±3 sec for intact controls) that was not
improved by intracortical grafts of B-gal fibroblasts (lat. = 58±3 sec). In contrast,
there was a significant improvement in cognitive performance in ibo rats that
received grafts of dChAT Fibroblasts (lat. = 44±3 sec). A spatial probe revealed a
retention level in the dChAT-grafted group that did not differ from intact animals

University of Ljubljana, Ljubljana, Slovenia! Hospital Ramon y Cajal, Madrii
Spain2; University of Illinois, Chicago, IL3; University of Kentucky, Lexington, KV

Intrastriatal grafts of adrenal medulla have been used in a
number of rodent, primate and human studies of transplantation
treatment for parkinsonism. Functional effects and graft survival in
such studies have varied, but the treatment has often been
associated with an extensive tyrosine hydroxylase immunoreactive
(TH-IR) fiber network around the graft site. Such sprouting has
been ascribed to specific graft-derived trophic signals. However, the
recipient response to the graft may play an important role.
This study aimed to elucidate the connection between graft
rejection and TH-IR fiber sprouting. Young male Fischer 344 rats
were tested for spontaneous and amphetamine-induced rotation
before grafting. They received intrastriatal injections of bovine
adrenal medullary cell suspensions or vehicle solution. Half of the
animals in each group received cyclosporin A daily throughout the
study. The other half were not immunosuppressed. All the animals
were re-evaluated for rotation, and sacrificed at 28 days. The brains
were processed for immunocytochemistry. The preliminary results
indicate a strong association between graft rejection and TH-IR
fiber sprouting.
The study was funded by UPF Individual Resarch Grant (M.B.) and NS25O54 (J.S.).
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whereas the ibo control groups both remained impaired. Rats were sacrificed 5 wks
post-grafting and some of the grafts were dissected to assess ChAT mRNA, ChAT
activity and ACh levels. The remaining brains were sectioned for histological
analyses. Preliminary data thus far has revealed high levels of ACh in the dChATgrafted rats that averaged 5-6-fold higher than the ibo groups and 3-fold higher than
intact animals. These data reveal a direct link between learning and memory deficits
in a spatial maze and cortical cholinergic dysfunction. Further, site-specific delivery
of ACh to ibo-lesioned cortices with engineered cells is effective in ameliorating
cognitive deficits. Supported by NIH (AG 10435) and VA Research Service.
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Fibroblasts and Schwann Cells Genetically Modified to
Secrete Neurotrophic Factors Induce Robust Neuritic
Growth after Transplantation to the Spinal Cord. M H

ELECTROPHYSIOLOGICAL PROPERTIES OF REINNERVATED MOTOR
UNITS BY TRANSPLANT OF EMBRYONIC SPINAL CORD IN RAT. J. H.
Kim*L D. E. Erb^, J.H. Sohn^, R. P. Bunge^ ^Dept. of Neurosurgery, New

Tuszynski*. S Meyer. Y Nakahara. K Gabriel, K Murai, J Rav. M-C
Senut. FH Gage. Dept. Neurosciences, Univ. Calif.-San Diego, La
Jolla, CA. 92093-0627 and Veterans Affairs Med Ctr, San Diego, CA.
The combined provision of neurotrophic factors and permissive
substrates for neurite growth has proven useful for inducing CNS
recovery from injury. We genetically modified both primary rat
fibroblasts and Schwann cells to produce human NGF, embedded the
cells into collagen matrices, and grafted them to dorsally hemisectioned
adult rat spinal cords (n=64). Survival times ranged from 2 weeks to 6
months. On histological analysis, sensory neurites of dorsal root origin
(CGRP+) robustly and rapidly penetrated NGF grafts within 2 weeks of
grafting. Alpha motor neurites (ChAT+) also extensively penetrated NGF
secreting grafts, but after a protracted period of 6 months. Recipients of
control, non-modified fibroblasts showed little neuritic growth. Previous
studies have shown that sensory neurites are NGF-dependent for
survival during development, robustly penetrate NGF-secreting grafts to
the intact adult cord, and (we now show) robustly and rapidly penetrate
NGF-secreting grafts to the lesioned adult cord. In contrast, motor
neurites evidence modest NGF responsiveness during development, do
not sprout into NGF-secreting grafts in the intact adult cord, but
eventually do penetrate NGF-secreting grafts in lesioned adult cords.
Thus, patterns of developmental NTF responsiveness are maintained in
adults and can be utilized to predict and promote recovery from injury.
We are studying whether neurotrophin-secreting grafts promote neuritic
extension beyond lesion sites and influence functional recovery.

York Univ., New York, NY 10016, 2p>ept. of Neurological Surgery, Univ. of
Miami, Miami, FL 33136, ^Dept. of Psychology, Choong Nam Univ., Korea.
Recently, we have demonstrated that embryonic ventral spinal cord
motor neurons (ESMNs), transplanted into the distal stump of the
axotomized tibial nerve, can grow into the denervated gastrocnemius muscle
and form neuromuscular junctions (Exp. Neurol. 124: 372-376, 1993). Our
interest in this study was to see whether these newly formed neuronal
connections are physiologically active, and to electrophysiologically
characterize the reinnervated motor units. Three to eight weeks after
transplantation rats were prepared for electrophysiology. Motor unit (MU)
action potential and gross EMG were monitored. In eleven out of sixteen
transplanted animals single unit and gross EMG were recorded after
electrical stimulation of the transplant site. Total of 63 motor units were
analyzed for their stimulus threshold (ST), latency, stimulus intensity, which
is required to produce maximum firing. ST intensities activating MUs were
significantly higher in transplanted animals than in controls. Maximum
firing of MUs occurred at less than l.2xT in the control but greater variation
was observed in the transplanted animals ranging from l.lxT to l.6xT. No
significant differences were found in the latencies of MU's firing following
stimulation. MU firing was reversibly blocked by infusion of cholinergic
antagonists. In conclusion, MUs reinnervated by the ESMN transplant were
physiologically active, with some properties similar to the MUs of the
normal. (Support: The Miami Project Research Fund, NIH NS28O59,
Hollfelder Foundation, The Muscular Dystrophy Association)

11.9

11.10

TRANSPLANTATION OF ft-GLUCUEONIDASE-EXPEESSING (GUSB)
IMMORTALIZED NEURAL PROGENITORS FOR GENE TRANSFER INTO
THE CNS OF THE MUCOPOLYSACCARIDOSIS (MPS) VII MOUSE, A
PROTOTYPE OF A GENETIC NEUROVISCERAL LYSOSOMAL STORAGE
DISEASE. E.Y. SivderT R ,M. Taylor.# J.H. Wolfe.# Dept, of Neurology, Harvard
Med. Sch., Boston MA 02115<l & U. of Penn. Sch. of Vet. Med., Phila. PA 19104#
The C17-2 multipotent immortalized neural progenitor cell line has been
demonstrated previously by us to engraft & participate in development of mouse CNS
in a nontumorigenic, cytoarchitecturally appropriate manner. Furthermore, engrafted
cells could stably & robustly express an exogenous reporter gene (lacZ). These data
suggested that using such immortalized progenitors as transduction agents for
exogenous gene products as integral members of CNS cytoarchitecture may be
feasible. The MPS VII mouse, which lacks the secreted enzyme GUSB, is an ideal
model for neurovisceral lysosomal storage diseases where a single gene defect has
been defined & where CNS manifestations remain uninfluenced by peripheral
therapy. We report diffuse integration within MPS VII mouse brain of C17-2 cells
expressing GUSB. We developed techniques for diffuse engraftment of GUSBexpressing progenitors throughout the neuroaxis of newborn mutants. At maturity,
recipient brains were analyzed for lacZ & GUSB expression, GUSB enzymatic
activity, & reduction in lysosomal storage in neural tissue. 94% of transplanted
mutants successfully engrafted; of these, all had evidence of GUSB activity diffusely
throughout the brain. Activity was at least 2-12% of normal in various regions, &, in
some regions of some animals at virtually carrier levels (~4O% normal). Engraftment
& expression could be detected at least 8 mos. post-transplant. These enzyme levels
were sufficient to decrease or forestall accumulation of lysosomal storage in neural
tissue. Transplanting neural precursors endogenously secreting missing gene
products, or genetically engineered to do so, may provide an adjunctive strategy for
sustained therapy of c Ns manifestations of other neurovisceral diseases. Furthermore,
this study provides a paradigm for using transplantation of immortalized neural
progenitors for the transfer of other types of exogenous genes or factors into the CNS.

TRANSPLANTATION OF IMMORTALIZED CEREBELLAR PROGENITOR
CELLS INTO NEWBORN MEANDER TAIL (mea) MUTANT MICE C. M.
Eosario$*. B. D. Yandava§. B. Kosarast. r . l . Sidman*. & E. Y. Snydcr§■ Div. of
Neurogenetics, Harvard Medical School, New England Regional Primate Research
Center, Southborough MA 01772$ and Depts. of Neurology & Pediatrics, Harvard
Medical School, Children's Hospital, Boston MA 02115§
The autosomal recessive mouse mutation, mea, causes a kinked tail skeletal defect,
and a neural developmental defect restricted to the anterior lobe of the cerebellum,
featuring a cell-poor external granular layer that generates a markedly reduced number
of granule cell neurons (Ross et al., PNAS 87:4189, 1990). We previously
demonstrated that neural progenitor cells derived from normal neonatal mouse external
granular layer, immortalized by retrovirus-mediated v-myc transfer and labeled by lacZ
expression, could integrate orthotopically and differentiate into various neuronal and
glial cell types after transplantation into the cerebellum of normal newborn mice
(Snyder et al., Cell 68:33,1992). Segregating pups from mea/+ x mea/+ matings were
injected at birth with 1-2x104 cells of immortalized neural cell line C17-2 into vermis
and into each cerebellar lateral hemisphere. When cerebellar development was
complete 3 weeks later the brains were processed for Xgal histochemistry to detect and
characterize donor-derived lacZ+ cells at light and electron microscopic levels. The
mealmea vermis was crowded with labeled cells, more than 95% of them astrocytes,
but contained only 1-2 granule cells/section. By EM criteria, most sections through the
vermis contained several small clusters of unlabeled granule cells, as did nongrafted
controls of about the same age. Many more labeled granule cells were seen in the
granular layer of the mutant's unaffected lateral hemispheres than in the poorly layered
cortex of the vermis. No macrophages were seen, and the rare microglial cells present
were unlabeled; a few labeled oligodendroglial cells were noted in the white matter.
Tentative conclusions: the abnormal anterior lobe phenotype was not rescued, perhaps
because mea gene action is extrinsic to the severely compromised granule cells in this
region. In general, graft rescue is most likely to succeed when the metabolic defect is
intrinsic to the cell type(s) being replaced. Supported by NIH Grant NS20820.

11.11
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MIGRATION PATTERN AND DESTINATION OF HOMOTOPICALLY
TRANSPLANTED NEURONAL PROGENITOR CELLS DERIVED FROM THE
POSTNATAL SUBVENTRICULAR ZONE. T. Zigova* and M.B. Luskin. Dept, of
Anatomy and Cell Biology, Emory Univ. Sch. of Med., Atlanta, GA 30322.
The anterior part of the postnatal subventricular zone (SVZa) contains neuronal
progenitor cells whose progeny traverse a stereotypical pathway to the olfactory bulb
(OB), orthogonal to the orientation of radial glial fibers. The SVZa-derived cells

IMPLANT OF CULTURED PHYTOCELLS IN THE BRAIN OF
RATS. I. Madrazo*. X. Lozova. G. Guizar-Sahagun.__ I. Grijalva, JL
Salgado-Ceballos. A. Ibarra and M.L.Villarreal. Med. Res. U. Neurol.
Diseases, Pharm. Nat. Prod., Cellular Biotech. Mexican Institute Social
Security and Proyecto Camina. Mexico City, 14050 Mexico.
In a previous work we reported the survival during four months of
cultured phytocells grafted in the subcutaneous tissue of rats and the
implications of phyto-zoo transplants in biological and medical research
(Lozoya, Madrazo, et al., submitted ). As a preliminary work to evaluate
the possible survival of plant cells when grafted into the CNS of mammals
as well as the host reaction to the plant graft, calli of cultured plant cells
from a Mexican medicinal plant ( Mimosa tenuiflora Poir.), were
implanted in the brain of adult rats. A pice of plant calli tissue, that is
routinely cultured in an sterile defined medium in an incubator room at 28°
C with a daily photoperiod of 16 h. was implanted into the brain cortex of
the anaesthetized rat. Over periods up to one month grafted plant cells were
found viable according to histological criteria.The inflammatory infiltrate
surrounding the grafts was significantly smaller compared with the
inflammatory reaction observed in controls implanted subcutaneously.
These preliminary observations open a new line of research suggesting the
potential use of medicinal plant grafts in the CNS of mammals if once
accepted by the host plant cells continue to produce phairnacologically
useful compounds.

destined for the OB differentiate into interneurons of the granule cell or
pcriglomerular layer (Luskin, Neuron 11:173, 1993). To elucidate the mechanisms
underlying the directed migration of SVZa-derived neurons, we investigated the
migratory behavior of homotopically transplanted SVZa-derived cells. We
dissociated and labeled SVZa-derived cells with the fluorescent lipophilic dye, PKH26 in order to identify transplants taken from the neonatal SVZa. The labeled cells
were stereotaxically implanted into the SVZa of neonatal animals of the same age
(PI). The position and morphology of labeled cells were examined in 100 pm thick
vibratome sections. After short survivals (6 days), in accordance with the previously
characterized spatio-temporal migration pattern of SVZa-derived neurons, there
were numerous PKH-labeled cells in the subependymal zone and granule cell layer
of the OB, as well as in the pathway leading to it. Many of the labeled cells
exhibited a leading process typical of migrating neurons, After longer survival times
there was a shift in the distribution of labeled cells; we observed that fewer labeled
cells were present in the pathway and that some had reached the periglomerular
layer. These results suggest that the homotopically transplanted SVZa-derived cells
adopt a mode of migration indistinguishable from that ordinarily utilized by SVZaderived neurons. Examination of the migratory behavior of SVZa-derived neurons
transplanted into other locations is in progress.
Supported by Pew Charitable Trusts, NIH and March of Dimes.
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NOVEL TYROSINE HYDROXYLASE mRNA FORMS IN RHESUS MONKEY
TESTIS AND OVARY. A. Mayerhofer. G.A. Dissen*. K.Y.F. Pau and S.R. Oieda.
Div. Neuroscience, OR Regional Primate Res. Cr.. Beaverton. OR 97006.
The primate gonads are innervated by the sympathetic nervous system,
which participates in the regulation of gonadal function. In addition, the
primate ovary has been found to contain a network of tyrosine hydroxylase
(TH) positive cells endowed with low-affinity NGF receptors. TH-immunoreactive cells also appear to be present in the human testis. We have initiated
experiments to verify the molecular basis of these findings. Using reverse
transcription-PCR and oligodeoxynucleotides complementary to highly
conserved sequences in exons 1 and 3 of the human and macaque TH genes,
we isolated from rhesus monkey testis and ovary two cDNAs (179 and 171 bp,
respectively), which proved to be homologous, but not identical, to the
corresponding regions of the gene encoding rhesus monkey type 1 TH
isolated from the adrenal gland (81 -85% sequence homology at the nucleotide
level, 85-87% homology at the protein level, respectively). Although the
nucleotide sequences of these cDNAs were not identical to each other (96%
homology), bothTH cDNAs encoded almost identical amino acid substitutions,
including the addition of an extra serine residue within exon 3, next to serine
62. Using the testis-specific TH cDNA form as a template for the generation
of riboprobes, we detected in Northern blots a transcript of approximately 2.5
Kb in both testis and ovary. The result indicates that the primate testis and
ovary express novel, and possibly tissue-specific, variants of the type 1 TH
form. Since phosphorylation of TH occurs at serine residues, the presence of
a serine duplex in the N-terminal region of the protein raises the possibility that
regulation of gonadal TH isoforms may be different from that of the classical
type 1 TH form. Supported by a Heisenberg grant from DFG (Ma1080/4-1 to
A.M.) and by grants from NIH (HD2487O, HDO7438, HD18185, RR00163).

DIFFERENCES IN INDUCTION OF TYROSINE HYDROXYLASE
GENE EXPRESSION BY ELEVATED CALCIUM WITH NICOTINE
AND DEPOLARIZATION IN PC12 CELLS. BHjremagaJurl-^.
Menezes. B. Nankova. R. Zeman and E. L. Sabban. New York Med.
Coll. Valhalla, NY 10595
Nicotinic stimulation and depolarization of PC12 cells rapidly
raise intracellular calcium which remains significantly above control
values for several hours of continuous exposure. Both treatments have
been found to elevate tyrosine hydroxylase (TH) gene expression
transcriptionally via a CRE/CaRE mapped at -45 to -38. Both treatments
lead to phosphorylation of CREB within 10 min, as well as induction
of c-fos.
However there are large differences in the time course and the
mechanisms mediating their effect on TH. Depolarization activates TH
gene expression by 2-3 hrs while nicotine is maximal after 1-2
days.Nicotinic stimulation of TH gene expression is found to require
activation of the protein kinase A pathway. Addition of 2’, 5’
deoxyadenosine, an inhibitor of adenylate cyclase as well as the
calmodulin antagonist, W7 each prevented the rise in TH mRNA by
nicotine treatment. Protein kinase A deficient cells increased TH gene
transcription in response to calcium ionophores but not to nicotine. It is
proposed that nicotinic stimulation leads to localized influx of calcium
and activation of CaM kinase/calmodulin dependent adenylate cyclase
and that this rise in cAMP is essential for mediating the effect of
nicotine.
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ENDOGENOUS EGR-1 ACTIVATION OF PHENYLETHANOLAMINE
N-METHYLTRANSFERASE GENE EXPRESSION. D,L. Wong* and K.
Morita. Department of Psychiatry & Behavioral Sciences, Stanford
University School of Medicine, Stanford, CA 94305-5485.

MUSCARINE AND CAFFEINE INDUCE EXOCYTOSIS FROM RAT
CHROMAFFIN CELLS BY MOBILIZING INTERNAL CALCIUM.
X Guo. DA Przywara TD Wakade, RG Pourgho* and AR Wakade. Dept. of
Pharmacology and Anatomy, Wayne State University, Detroit, MI 48201.
We tested the hypothesis that Ca2+ entry from the external environment, but not
that released within cells, is utilized for exocytosis of catecholamines from cultured
rat chromaffin cells. We developed two protocols that identify the contribution of
internal and external Ca2' sources to exocytosis and elevated [Ca2+]j. In a Ca2+
containing medium the environment surrounding single cells was controlled by
ejecting agonist with or without Ca2+ for a short duration from a pressure ejection
pipette. In another protocol, intracellular stores of Ca2+ were depleted by soaking
chromaffin cells in Ca2*-free (1 mM EGTA) solution before transient exposure to
agonist plus Ca2* Exocytosis from individual cells was measured by microelectrochemical detection using an 8 pm carbon fiber electrode held at 650 mV, and
[Ca2*], measured using indo-1. KC1 (35 mM) for 500 msec or 10 sec caused an
immediate increase in [Ca2+], and exocytosis in cells with or without internal Ca2+
stores, but only when applied with Ca2+ in the ejection pipette. Caffeine (10 mM)
and muscarine (30 pM) evoked exocytosis whether or not Ca2+ was included in the
pipette, but neither produced elevated [Ca2+], or exocytosis in cells depleted of
internal Ca2" stores. Elevated [Ca2+], and exocytosis exhibited long latency (hundreds
of msec to several sec) after stimulation by caffeine or muscarine. Fluctuations in
[Ca2’], were caused by caffeine and muscarine, but not by KC1, and were associated
with exocytotic events. The prolonged increase in [Ca2+], was accompanied by
exocytosis in cells stimulated by muscarine but was brief in duration after caffeine.
We conclude that internally mobilized Ca2+ by muscarine (or caffeine) is coupled to
exocytosis in rat chromaffin cells. These results and conclusions are consistent with
our original observations in the perfused adrenal gland.

Two consensus sites for the transcription factor Egr-1 are present in the
5‘ upstream promoter/regulatory sequences of the phenylethanolamine
N-methyltransferase (PNMT) gene (-165 and -45 bp). We have previously
found that reporter gene activity can be stimulated from a PNMT promoterluciferase gene construct (pRP863LUC) when cotransfected with an Egr-1
expression plasmid (pCMVEgr-1) into RS1 cells (PC12 derivative). Studies
with Egr-1 mutant PNMT reporter gene constructs show that the distal Egr-1
site (-165 bp) is essential for Egr-1 activation. Moreover, dexamethasone
(1 pM) was shown to enhance Egr-1 stimulated reporter gene activity,
although it does not independently activate the PNMT promoter. The role
of Egr-1 in PNMT gene expression was further investigated by stimulating
endogenous Egr-1 levels with phorbol 12-myristate 13-acetate (PMA).
When RS1 cells transfected with pRP863LUC are treated with 50 ng/ml
PMA, luciferase activity rapidly increased, reaching a plateau at 6 hr.
Enzyme activity remained at this level up to 12 hr, declining to basal levels
by 36 hr. Dose response studies show that 25 ng/ml PMA is sufficient to
achieve maximum luciferase expression. In transfections with an Egr-1
mutant PNMT-luciferase construct (pRPmutALUC, distal Egr-1 site
mutated), PMA failed to fully activate luciferase activity by comparison to
pRP863LUC. These findings suggest that even at physiologic levels, Egr-1
may be able to activate the PNMT promoter, supporting a possible
involvement of Egr-1 in the regulation of PNMT gene expression in vivo.
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VASOACTIVE INTESTINAL PEPTIDE AND CATECHOLAMINES
REGULATE EXTRACELLULAR ADENOSINE LEVELS IN CORTICAL
CULTURES THROUGH SECRETION AND EXTRACELLULAR
HYDROLYSIS OF CYCLIC AMP. P.A. Rosenberg* and Ya Li. Dept.
Neurol., Children's Hosp. & Harvard Medical School, Boston MA 02115.
We have previously shown that stimulation of cortical cultures with the
beta-adrenergic agonist isoproterenol (ISO) results in secretion of cAMP
that is hydrolyzed extracellularly to adenosine (J. Neurosci. in press). In
this study we examined the effects of the endogenous monoamines as well
as vasoactive intestinal peptide (VIP).
Epinephrine (EPI), and norepinephrine (NE), but not dopamine,
serotonin, or histamine, all at 10 pM, significantly stimulated intracellular
cAMP accumulation (cAMPinra), cAMP secretion (cAMPctrra), and
extracellular adenosine accumulation (ADENeora) in cortical cultures.
Detailed dose-response experiments were performed for ISO, EPI, and NE.
The potencies of each catecholamine in evoking cAMPmmr, cAMPcora,
and ADENetfra were similar. This provides additional evidence that a
single common mechanism, namely activation of adenylyl cyclase, underlies
each of these three responses. The order of potency for the catecholamines
was ISO > NE * EPI, suggesting a predominance of beta 1-adrenergic
receptors.
VIP stimulated cAMPi'n/ra, cAMPetfra, and ADENetma all with an
EC50 of approximately 75 nM.
It appears that regulation of extracellular adenosine levels via cAMP
secretion and extracellular hydrolysis to adenosine may be a final common
pathway of neuromodulation in cerebral cortex for catecholamines, VIP,
and, indeed, any substance whose receptors are coupled to adenylyl cyclase.

HEPATOMESENTERIC PRODUCTION AND METABOLISM OF DOPAMINE
AND NOREPINEPHRINE IN SWINE. G. Eisenhofer*. A. Aneman. D. Hooper
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and P. Friberq. Clinical Neuroscience Branch, NINDS, NIH, Bethesda, MD
20892 and Dept. Physiology, University of Gdteborg, Gbteborg, Sweden.
Differences in concentrations of catecholamines and their metabolites in
plasma flowing into and out of mesenteric organs, the liver and kidneys were
examined to establish the importance of these organs in the production and
metabolism of norepinephrine (NE) and dopamine (DA). Higher
concentrations of NE and its metabolites, dihydroxyphenylglycol (DHPG) and
methoxyhydroxyphenylglycol (MHPG), in portal venous than in arterial
plasma indicated substantial production of NE by mesenteric tissues (7.6±O.8

nmoL/min). Considerable mesenteric organ production of DA and its
metabolites (8.9±1.2 nmol/min), dihydroxyphenylacetic acid (DOPAC) and
homovanillic acid (HVA), indicated that most DA produced in mesenteric
tissues was not metabolized to NE. Concentrations of NE, DHPG, MHPG,
and normetanephrine were higher in the plasma flowing into than out of the
liver, whereas the final end-product of NE metabolism, vanillylmandelic acid
(VMA), was higher in outflowing than inflowing plasma. Production of VMA by
the liver (5.3±O.7 nmol/min) was similar to its removal by the kidneys (5.6±O.5
nmol/min) indicating its predominant hepatic source. Substantial extraction of
DOPAC and HVA by the liver (11.611.8 nmol/min), without appreciable
production of other DA metabolites (i.e. methoxytyramine and conjugates),
suggests that the renal extraction of these metabolites (8.310.6 nmol/min)
may not be the only means for their removal from the body. The results show
that mesenteric organs produce substantial amounts of DA and NE (45-50%
of total body production). Most of the NE and its metabolites are
subsequently converted to VMA within the Uver. The substantial extent of
mesenteric organ DA production is hidden by the efficient extraction of
DOPAC and HVA by the liver and is not apparent from measurements of
these metabolites in the systemic circulation or in hepatic venous plasma.
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HUMAN SPECT STUDIES OF IN VIVO DOPAMINE ACTIVITY
P. Simkowitz. G.S. Smith . J.D. Brodie. D. Landsman. E. L. Kramer. J. J.
Sanger. M. Noz. S.L. Dewev. E. Bartlett. J. Platt*. S. Vallabhaiousula.
H. Kuiun Depts.of Psychihtay and Radidiogy(Nudear Medicine),NewWoro
University School of Medicine; Dept. of Chemistry, Brookhaven National
Laboratory; Dept. of Nuclear Medicine, Mount Sinai School of Medicine,
Dept. of Radiology, University of Pennsylvania
Previous studies in the baboon and human brain have demonstrated that changes
in dopamine activity can be measured in vivo using Positron Emission Tomography
(PET) and radiotracers for the dopamine (D2) receptor (Dewey et al., 1991,
Volkow et al., 1994). To develop a similar experimental paradigm with Single
Photon Emission Computed Tomography (SPECT), normal healthy young males
underwent dynamic SPECT scans using either the D2 raCtotranrr, 1231toCobrnzamide ((-)-IBZM) or the inactive enantiomer (+)-IBZM (to acctcc the nonspecific binding component). After measuring baseline clearance rates,
dextroamphetamine (AMPH), 0.3 mg/kg IV, or saline was administered and
scanning was continued to determine whether AMPH produnrs an acceleration of
radiotracer washout, as has been demonstrated previously in the baboon (Innis et
al., 1992). The regions of interest analyzed were the basal ganglia (BG) and
cerebellum (CE). The (+)-IBZM studies revealed similar levels and clearance rales
of nonspecific binding in the BG and CE before and after AMPH challenge. In
the (-)-lBZM studies, the CE IBZM binding was subtracted from the BG IBZM
binding to yield the density of specific binding of the (-)-IBZM in BG. The
clearance rate of the (-)-IBZM specific binding after AMPH challenge was
markedly inaeased while the saline placebo had no fecL These results support the
feasibility of using SPECT and IBZM to measure dopamine activity, in vivo, in
normal function and neuropsychiatry disease. Supported by MH49165,
MH49936, MH47277, RR00096, the Whitehead Foundation and NARSAD.

THE CELLULAR BASIS OF CONDITIONAL BURSTING IN MESENCEPHALIC
DOPAMINE-CONTAINING NEURONS. Paul D. Shepard*. Kenneth C. Grobaski
and Stephen T. Connelly. Maryland Psychiatric Res. Cntr., Baltimore, MD 21228.
Dopamine (DA)-contai.ning neurons in vivo exhibit a continuum of patterned
activity ranging from a single spike discharge to a repetitive burst firing pattern.
Several lines of evidence indicate that changes in the temporal organization of DA
neuronal spike trains represent a mechanism through which these cells modulate their
effects on target neurons. The emergence of a "pacemaker-like" firing pattern among
mesencephalic DA neurons recorded in brain slices suggests that affermt input is
required for expression of the normal repertoire of activity patterns observed in vivo.
This could occur through two general classes of mechanisms. First, excitatory
aPrrentc may direntlh activate ligand-gated conductances which in turn initiate and
maintain phasic activity. Implicit in.this hypothesis is the assumption that addition
of the appropriate agonist would reinstate normal phasic activity in vitro.
Alternatively, loss of phasic discharge patterns in vitro may reflect the activity of
ligand-gated conductances ordinarily suppressed by modulatory afferents in vivo. In
the present crrtec of experiments, single unit recording techniques were used to begin
to explore the cellular mechanisms underlying conditional bursting in DA neurons in
the rat substantia nigra. As previously reported, DA neurons recorded in brain slices
were found to exhibit a pacemaker-like firing pattern. Local application of excitatory
amino acid (EAA) agonists including NMDA and quisqualate increased neuronal
firing rate but failed to affect firing pattern even when cells were driven into
depolarization block. These findings, together with the results of in vivo experiments
indicating that competitive NMDA antagonists fail to significantly affect neuronal
firing pattern suggest that EAA afferents to DA neurons are not solely responsible
for the expression of normal patterned activity in vivo. Rather, expression of these
patterns may depend on the cooperative effects between excitatory inputs and
inhibitory afferents capable of tonical^ modulating other ligand-gated conductances.
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DOSE RELATED EFFECT OF INSULIN ON SUBSEQUENT D-AMPHETAMINE INDUCED
DOPAMINE OVERFLOW IN THE NUCLEUS ACCUMBENS AND STRIATUM. G. M, Potter
and T. W. Castonquay*. Dept. of Nutrition & Food Science, Univ. of MD, College Park, MD
20742.
D-amphetamine was administered to male Sprague-Dawley rats in order to test neuronal
viability subsequent to at least 4 h of in vivo microdialysis monitoring in the nucleus
accumbens (NAC; n=15) and the striatum (STR; n=l7). Awake intact rats were prepared
with CMA 12 microdialysis probes and allowed to acclimate for at least 12 hours. Four
baseline samples were subsequently collected and analyzed by HPLC-EC. Each rat was
then injected with insulin (200 mU, 400 mU, or 600 mU regular insulin i.p.). After 2-3 more
hours, each rat was injected with d-amphetamine (2 mg/kg i.p.) Two post amphetamine
(PA) dialysate samples were collected at 20 and 40 minutes after injection. Insulin dose
had a significant effect on amphetamine-induced dopamine overflow in the NAC at 20 mm.
PA but not at 40 min. PA. In the STR insulin dose did not have a significant effect at either
time point. Dopamine overflow was significantly greater than baseline in both areas at both
times. In both areas, the largest increase over baseline was observed in the group
pretreated with 400 mU insulin. At 20 min. PA, overflow in the 400 mU group was
significantly greater than the increased overflow observed in the group pretreated with 600
mU insulin. At 40 min. PA the difference was no longer statistically significant. The group
pretreated with 200 mU insulin had dopamine overflow concentrations between those of the
400 mU and 600 mU insulin pretreated groups, and was not significantly different from
either. In the STR, overflow concentrations were similar to those in the NAC at 20 min. PA,
however at 40 min. dopamine overflow in the groups pretreated with 200 and 400 mU was
significantly larger than overflow in the group pretreated with 600 mU insulin.

TARDIVE
DYSKINETIC
SYNDROME
IN
RATS
INFECTED WITH BORNA DISEASE VIRUS. M. V. Solbria.

12.11
REDUCED TYROSINE AND L-DOPA BLOOD TO BRAIN TRANSPORT
IN CATECHOLAMINE DEPLETED MICE.
G.M. Alexander*. J.R. Grothusen. S.W. Gordon and R.J. Schwartzman.
Department of Neurology, Jrffercon Medical College, Philadelphia PA
19107.
Male C57Bl/6 mice were used in this study. Depletion of CNS
catecholamines was accomplished in these animals by intraperitoneal
injections of the neurotoxins MPTP and U-2-chlororthhl-N-ethhl-2bromobrnzhlaminr (DSP-4). Twenty-one days following neurotoxin
injections, the mice were injected intraperitonrallh with saline, 100 pCi/kg
^C-tyrosine, L-dopa (100 pmoles/kg), or L-dopa (100 pmoles/kg) preceded
by the P2-adrenergic agonist albuterol (100 pmoles/kg). Thirty minutes later,
the mice were sacrificed by decapitation, the brain removed and
homogenized in buffer. The neurotoxin exposed groups demonstrated
statistically significant decreases (p< 0.001) in whole brain levels of • both
dopamine and norepinephrine as compared to the control animals. These
animals also demonstrated statistically significant decreases (p< 0.005) in
the cerebral uptake of tyrosine (picomoles of ^C-tyrosine per gram of whole
brain). The decrease in brain uptake of tyrosine demonstrated good
correlation to both the brain dopamine (r=0.77) and norepinephrine
(r=O.68) depletion. Following the administration of L-dopa, the sum of
brain L-dopa and its metabolites (L- dopa, S-O-methyldopa, dopamine,
DOPAC and HVA) demonstrated a significant increase in both controls and
MPTP mice (p<0.001), however the increase was signtfinandh less in the
MPTP-DSP4 animals (p<0.01). The prior administration of albuterol
significantly increased brain L-dopa and its metabolites in both controls and
MPTP mice (p<00^1).
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G. F. Koob. J. H. Fallon. W. I. Lipkin*. Neurdvirology Laboratory, Dept, of
Neurology, Univ. of CA-Irvine, Irvine CA 92717.
Borna Disease Virus (BDV) is a neurotropic RNA virus causing movement
and behavior disorders in a wide variety of vertebrate hosts. Experimentally
infected rats have an extrapyramidal disorder with prominent orofacial
dyskinesias, similar in appearance to the human condition, tardive dyskinesia
(TD). Studies of these rats 'revealed the presence of elements to support
both the dopamine (DA) and GABA hypotheses of TD. The syndrome is
aggravated by d-amphetamine or the D1 agonist SKF 82958 and improved by
clozapine; d A D2 receptor-expressing GABA neurons are lost from caudate-

putamen.
In addition, there is evidence of DA deafferentation and
heterogeneous reduction of D2 binding in the caudate-putamen. We
suggest DA denervation combined with functional loss of striatal D2 neurons,
particularly from sites implicated in oral behavior, contribute to the dyskinetic
syndrome. This virus-induced movement disorder offers novel insights into
the pathogenesis of TD.
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THE y3 SUBUNIT OF THE GABAa RECEPTOR FAMILY
CONFERS A NOVEL CLASS OF BENZODIAZEPINE BINDING
SITE TO RECOMBINANT RECEPTORS. H. Luddens, P. H.
Seeburg, K. Nave*, and E. R. Korpi, Center for Mol. Biology, D69120 Heidelberg, Germany, and Biomedical Research Center, Alko
Ltd., Helsinki, Finland (E.R.K.)
Historically the Benzodiazepine (BZ) receptors were classified according to their affinity to so-called "BZ type I selective" compounds
like CL 218,872, 2-oxoquazepam and zolpidem. High affinity for
these compounds defined BZ type I receptors. Recently we described
aip3y3 and a5P3y3 receptors, characterized by high affinity to CL
218,872, but low affinity for 2-oxoquazepam and no affinity for

OPENING RATES OF GABA-A RECEPTOR CHANNELS ARE
DETERMINED BY SUBUNIT COMPOSITION: ULTRAFAST GABA
APPLICATION TO EXCISED PATCHES OF TRANSFECTED 293
CELLS. R.E. TWYMAN*1 A.M. LAVOIE1 D.B. PRITCHETT M.V.
JONES3 & N.L.HARRISON3 Programs in Neuroscience, Human Molecular

zolpidem. We transfected the human embryonic kidney cell line 293
(HEK 293) with vectors coding for the GABAa /BZ receptor subunits
a2 and a3 together with Pl, P2 or P3 and the y3 subunit. Most of the
combinations yielded BZ receptors detectable with high nanomolar
affinity by the partial inverse BZ agonist [3H]Ro 15-4513. However,
the axPxy3 BZ receptors were insensitive to zolpidem, but displayed
high affinity to CL 218,872 and low affinity to 2-oxoquazepam. Our

out patches from transfected 293 cells contained >10 channels and were
voltage clamped at -75mV in symmetrical chloride solutions at room
temperature. GABA (1-10,000 pM) was exposed to patches using either a
series of repeated brief pulses (8O0ps duration) or a single step application
(2s). Chloride currents were sampled at 20-100kHz and filtered at 2-

results suggest that the majority of all native BZ receptor subtypes is
zolpidem insensitive with the affinities for CL218,872 and 2-

oxoquazepam further distinguishing between the various subtypes.
However, zolpidem recognizes most BZ receptors, as the zolpidem
sensitive alpxy2 receptors constitute the majority of all GABAa /BZ
receptors in the mammalian brain, while the y3 containing receptors
are expressed at very low levels.

13.3

Characterizati
on
Receptor
Currents

Biology & Genetics, Depts. of Neurology & Pharmacology, U. of Utah, Salt
Lake City, UT'; Dept. of Pharmacology, U. of Penn., Philadelphia, PA2;
Dept, of Anesthesia, U. of Chicago, Chicago, IL3

The role of subunit composition in opening rates of the GABA receptor
ion channel is unknown. In this study, an ultrafast ligand exchange system
(1OOps exchange time) was used to examine the effects of subunit
composition on GABA activation kinetics. Plasmids for a1p1, a2p1 and y2
were acutely transfected (ratio of 2 ap to 1 y) into HEK 293 cells. Outside-

10kHz. Results indicated that channel activation rates were similar across
different transfections of the same subunits and also reproducible across
several GABA applications in the same patch. Patches containing aipiy2
and a2piy2 subunits exposed to a saturating concentration (1 mM) of
GABA evoked currents with 10-90% rise times of -1.2 ms and -0.5 ms,
respectively. The results indicate that opening rates of the chloride ion
channel is influenced by the a subunit expressed and suggest that a
subunits may influence kinetics of GABA-A inhibitory post-synaptic
currents.
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Rat Dentate
Granule
Cell GABAa
Jaideep Kapur* and Robert L Macdonald.

University of Michigan, Ann Arbor, Ml 48104.

The properties of the GABAa receptor (GABAR) of dentate granule cells and
its subunit composition are not well described. In situ hybridization studies
reveal expression of multiple GABAR subunit subtypes (a1, 2 and 4, pland 3,
y2 and 8) mRNAs in dentate granule cells. Multiple GABARs with different
pharmacological properties could be assembled from these mRNAs. We
wished to characterize the properties of native GABARs on the soma of dentate
granule cells in an attempt to identify their possible subunit composition.
Dentate granule cells were acutely isolated and GABAR currents were
recorded using conventional whole cell patch clamp methods. An ATP
regeneration system was used to prevent run down of GABA currents. Drugs
were applied by a multipuffer system.
The threshold for GABAR currents was 3 pM and the maximal response
occurred at 300 pM with ECS0of 42 pM. The GABAR currents were sensitive to
Zn++: 10 pM GABA currents were inhibited 67% by 100pM Zn. Inhibition by
100pM Zn++ could be overcome by increasing the GABA concentration. The
GABAR current concentration response curve was shifted to right by 100 pM
Zn++. Diazepam (100nM or 1pM) failed to enhance GABAR currents in all
dentate granule cells tested. GABAR currents were sensitive to pentobarbital
showing a reduction of EC*, but no enhancement of maximal currents.
Thus, dentate granule cells express a GABAR insensitive to diazepam and
moderately sensitive to Zn++. While the molecular basis of these properties of

ACTIVATION DOMAINS AND MECHANISMS OF HOMOMERIC
p! GABA CHANNELS. D.S. Weiss* and J. Amin. Department of
Physiology and Biophysics, Univ. of South Florida College of Medicine,
Tampa, FL 33612-4799.
Human p, GABA channel subunits form homomeric GABA channels
with activation and pharmacological properties very different from
typical heteromeric GABA channels (i.e., aiP2y2) Using site-directed
mutagenesis and oocyte expression, we have identified five amino acids
in the amino-terminal domain of the homomeric p j GABA channel, that
when conservatively mutated, impaired GABA-mediated activation.
These five amino acids (Y198, Y200, Y24l, T244, and Y247) are
grouped into two domains and are in the same general location as the
previously identified activation domains of the P2 subunit that appear
to form part of the agonist binding site of
GABA channels
(Amin and Weiss, Nature, 366:565-569). There are some key
differences, however. For example, Y198, T244, and Y247 correspond
directly to crucial residues identified in the p2 subunit, Y200 and Y24l
do not. These differences may account, in part, for the distinct
activation features of pj and a,P2Y2 GABA channels. At present, we
are coexpressing wild type and mutant pj subunits to gain further
insight into the GABA-mediated activation mechanism.

the native dentate granule cell GABARs is uncertain, further experiments may
determine if recombinant GABARs containing a4, P,y2 and 8 subunits will
mimic these properties.
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DEPENDENCE OF GABAa RECEPTOR GATING KINETICS ON THE aSUBUNIT ISOFORM: IMPLICATIONS FOR STRUCTURE-FUNCTION
RELATIONS. KJ. Gingrich*. W.A. Roberts, and R . S . Kass. Departments of
Anesthesiology and Physiology, University of Rochester, Rochester, N . Y. 14642.
Y-Amino butyric acid (GABA) activates a pentameric hetero-oligomeric
GABAa receptor resulting in a CT current (Iqa BA) • The dependence of
GABAa receptor function on subunit composition may represent a critical
molecular determinant of synaptic transmission, yet it has only been coar<elly
described. We investigated the subunit dependence of macroscopic current gating
(*6OmV, symmetrical CT) of HEK-293 cells transiently transfected (lipofection)
with cDNAs coding for either rat brain aip2y2 (al) or a3p2y2 (a3) GABA
subunits during rapidly applied GABA (1-5000pM) pulses (1-10s). Peak Iqa BA
dose response relations indicate that apparent activating site affinity is greater for
al (EC5O = 7pM vs. 8OpM for a3) consistent with previous reports (Sigel et al,
1990, 1992). However, at equally activating GABA concentrations (based on
Iqa BA dose response relations), activation, desensitization, and deactivation
kinetics were markedly faster for al. To confirm genuine differences in gating,
an explicit gating mechanism was developed for al describing activation and
desensitization in terms defined by Castillo & Katz (1957) and Katz & Thesleff
(1957). On the basis of this gating mechanism, differences in gating kinetics
could not be accounted for by changes in binding parameters alone, but also
required alterations in gating parameters. These results indicate that the gating of
al differs from a3 and suggest that the a subunit contains structural determinants
for gating, in addition to ligand binding. Furthermore, these explicit gating
mechanisms point to specific gating transitions influenced by the structural
determinants present on the a subunit.

CLONING, SEQUENCE ANALYSIS AND EXPRESSION OF TWO FORMS OF
mRNA CODING FOR THE HUMAN & SUBUNIT OF THE GABAa RECEPTOR. D.D.McKinlev. D.J.Lennon. and D.B.Carter*. CNS Diseases Research,
The Upjohn Company, Kalamazoo, Ml 49001.
Two forms of mRNA coding for the human homologue of the rat GABAa p2
subunit have been cloned from human brain mRNA and sequenced. The two
different mRNA sequences differ by a 114 base pair (38 amino acid) insertion■
into the 3' end of the coding region of the mRNA. An EMBL/Genbank
database search for the presence of the 38 amino acid insertion resulted in
no match. The insert does contain a phosphorylation consensus sequence for
calmodulin-dependent protein kinase II with threonine as the acceptor. The
short form of the human pa subunit differs from the rat p2 subunit by a single
amino acid substitution (S->N) at position 347 of the protein. The 38 amino
acid insertion occurs at position 360 of the short form of human p in the third
intracellular domain. PCR analysis of human brain cDNA indicates that both
forms of human p mRNA are expressed. Preliminary quantitative estimates
of hpjL and hp2S mRNA present in whole human brain mRNA indicate that
hpjL represents 15% of total h( mRNA. Complementary DNA from ten
human brain substructures was analyzed by PCR using primers designed to
differentiate the two species of p. Subsequent phosphorimage analysis of
PCR mediated [”P1 dATP uptake into amplified DNA was performed. All ten
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brain substructures tested show that hpL cDNA represents 10-15% of total
h(2 cDNA. When homologous rat PCR primers were used on whole rat brain
mRNA, no rat Pj L message could be detected by either RT-PCR or PCR from
cDNA. Analysis of human genomic southern blots hybridized with either h^S
cDNA or with a cDNA probe specific for the 114 base pair insert suggests that
the two forms might arise by differential splicing of the human p primary
transcript.
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EXPRESSED SEQUENCE TAGS (ESTs) REVEAL A NOVEL SUBUNIT OF
THE GABAa /GLYCINE RECEPTOR FAMILY
E.F. Kirkness* The Institute for Genomic Research, 932 Clopper Road,
Gaithersburg, MD 20878.
Cloning strategies that employ cross-hybridization of receptor cDNA
sequences are generally able to detect only closely related homologues of
known receptor genes. For GABAa receptor subunits, the identification of
novel subunit classes (y, 8, p) has relied on the existence of an invariant
octapeptide sequence within the 2nd putative transmembrane domain.
However, it is possible that additional subunit classes have remained
unidentified owing to minor variations within this conserved motif. We
have therefore used a database of -100 000 ESTs, derived from -100 human
and rat cDNA libraries, to search for more distantly related homologues of
known GABAa receptor subunits that would not be detected by crosshybridization.
An EST that displayed significant homology to consensus sequences of
GABAa receptor subunits was derived from a 3.3kb transcript. The
transcript was detectable in human lung and placenta, but not in whole
brain mRNA preparations. An open reading frame (440 amino acids)
encodes a polypeptide with the predicted structure of a ligand-gated ion
channel subunit (signal sequence, cys-cys loop and four hydrophobic
domains). The polypeptide sequence shares 36% and 29% identity with
GABAa and glycine receptor subunits respectively. It is therefore likely to
represent a new class of inhibitory receptor subunit. Notably, the invariant
octapeptide sequence within the 2nd hydrophobic domain is only

TISSUE-SPECIFIC TRANSCRIPTION OF mRNAs ENCODING FOR
TWO
DIFFERENT
DIAZEPAM
BINDING
INHIBITOR
(DBI)
POLYPEPTIDES IN HUMAN.
M. Kolmer, A, Rovio and H. Alho*.
Department of Biomedical Sciences, University of Tampere, Finland.
The diazepam binding inhibitor (DBI) is a 10 kDa polypeptide that
was first purified from rat brain on the basis of its ability to displace
diazepam from GABAa receptor. DBI has also been purified also from
many peripheral organs such as porcine intestine and bovine liver (named
as acyl-CoA binding protein). This polypeptide has been shown to be
involved in mitochondrial steroidogenesis, insulin secretion, metabolism of
the medium-chain acyl-CoA, GABAa receptor modulation and several
other biological processes. In mammals DBI consists of 87 amino acids
as revealed by protein sequencing and deducing amino acid sequences
from cloned cDNAs. However, two different cDNAs have been cloned
from human that are able to encode polypeptides consisting of 87 and 104
amino acids. So far there is no evidence of the presence of 104aa DBI
polypeptides in human tissues.
Reverse transcriptase assisted polymerase chain reaction (RT/PCR)
revealed two different DBI mRNAs in all human tissues tested. Several
human tissue culture cell lines were also shown to express both of the
mRNAs. These results were confirmed by RNase protection assays. The
presence of two different DBI polypeptides in several human tissues and
cell lines was demonstrated by Western blot technique. The existence of
two different DBI polypeptides in human could be explained by the
different tasks of the DBI protein in different tissues and cell types.

partially conserved in this novel subunit. The effects of the subunit on
receptor pharmacology have been examined following transfection into
HeLa cells, either alone or with multiple subunit combinations.
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PREGNENOLONE SULFATE ENHANCES THE DESENSITISATION OF
NATIVE AND RECOMBINANT GABAa RECEPTORS. C. Wetzel. C. Hauser.
R. Rupprecht. T. Trapp. R. A. Deisz. F. Holsbocr and W. Zieglgansberger*.
Max-Planck-Institute of Psychiatry, Clinical Institute, 80804 Munich, Germany.
The modulatory action of neurosteroids on GABA-mediated Cl' currents seems
to depend on the subunit composition of the GABAa receptor.
Here we report the effect of the neurosteroid pregnenolone sulfate (PS) on the
kinetic of GABA-mediated Cl* currents in cultured hypothalamic neurons (HYNs)
and cerebellar granule cells (CBGCs), as well as in transfected 293 human
embryonic kidney cells (HEK 293), expressing recombinant a6p2y2 GABA
receptors. Cells were recorded employing the whole-cell voltage-clamp technique.
GABA (0.3 -100 pM) and PS (1 pM) were locally applied from a multibarreVsingle
tip superfusion device. The amplitude and kinetic of the GABA-induced currents
were measured under control conditions, and after preincubation with PS. The
a602y2 receptors had a higher affinity to GABA than the native receptors expressed
in HYNs and CBGCs, which manifests in a marked shift of the dose-response
relationship to the left: application of 0.3 pM GABA induced nearly half-maximal
Cl" conductance (12.7 ± 7.3 nS; n = 6; compared with 27.9 ± 11.9 nS induced by 30
pM GABA; n = 7; mean ± s.e.m.) in HEK 293 cells, wheras the native GABA
receptors in HYNs and CBGCs were hardly affected by 0.3 pM GABA. Cl" currents
induced by 10 and 30 pM GABA desensitized with a time constant, which was
markedly reduced by 1 pM PS to 42% in transfected HEK 293 cells, to 52% in
HYNs, and to 66% in CBGCs, of control. In all three cell types investigated, PS
reduced the amplitude of currents induced by 10 and 30 pM GABA to on average
80% of control (range 52 - 93%). In our study, PS (1 pM) acts as a negative
modulator of GABA-mediated currents by enhancing the desensitisation of GABAa
receptors. These finding suggests, that PS in micromolar concentrations may also
act as a negative modulator on native G ABAa receptors in vivo.

EFFECTS OF POSITIVE ALLOSTERIC MODULATORS ON THE
RAPIDLY DESENSITIZING GABA RESPONSE. LI. Celentano*. and
R.K.S. Wong. Dept, of Pharmacology, SUNY Health Science Center,
Brooklyn, NY 11203.
We recently reported that the response to rapid application of 1 mM
GABA to outside-out patches desensitizes with fast, intermediate, and slow
kinetics (Biophys. J. v 66, 1994). Here we examine the effects of positive
GABAa receptor modulators on desensitization kinetics. Patches were
excised from acutely isolated guinea pig CA1 hippocampal neurons, and
drugs were applied by a 7-barrel flow-tube (< 1 ms exchange time).
Pentobarbital (PB, 50 pM) did not significantly affect the peak response to 1
mM GABA, but shifted desensitization towards the slower phases. In 7
patches, 7.3% of the peak response desensitized with rapid kinetics and
50.4% with intermediate kinetics, which was significantly different from
control (27.1% and 30.4%, respectively). Chlordiazepoxide (CDPX, 300 mM)
modestly decreased the peak response (15.7%), and shifted desensitization
towards the fast phase. In 10 patches, 73.7% of the peak response
desensitized with rapid kinetics and 8.3% with intermediate kinetics, which
was significantly different from control (35.7% and 27.0%, respectively).
Neither drug significantly affected the desensitization time constants. The
effect of PB may be a general property of barbiturates as similar effects were
observed with phenobarbital (500 pM), while the effects of CDPX may be
unique to partial agonists as the full agonist diazepam (500 pM) had no effect
on the response to 1 mM GABA in 5 patches. Lanthanum (1 mM), and 5Bpregnan^a-Gl-ZD-one (1 pM) were also without effect. Experiments are
planned to examine the effects of these drugs on the complete GABA doseresponse curve and to characterize their mutual interactions. The wide
variety of modulators capable of enhancing the activity of the GABAa
receptor suggests the existence of more than one mechanism of potentiation.
Our results illustrate one aspect of this diversity.
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THE 8 SUBUNIT OF THE GABAa RECEPTOR IS A SPECIFIC TARGET FOR
THE DIRECT ACTION OF THE GENERAL ANESTHETICS PROPOFOL AND
PENTOBARBITAL. F. Sanna*. M.P. Mascia. F. Garau. P.J. Whiting anH R .A .
Harris. Dept. of Pharmacology, Univ. Colorado HSC and VAMC, Denver, CO
80262, and Merck, Sharpe & Dohme Res. Lab., Essex, UK.
Although the molecular mechanism of anesthesia is still unknown, enhancement
of y-aminobutyric acid- (GABA) mediated synaptic inhibition in brain has been
shown to be a common property of many general anesthetics. The present study was
undertaken to determine the influence of subunit composition on the direct effects of
propofol (Pro), pentobarbital (PB), and alphaxalone (Ax) on recombinant human
GABAa receptors expressed in Xenopus oocytes. cDNAs coding for human Bp
ajflp or a1B1Y25 GABAa receptor subunits were expressed in Xenopus oocytes and
responses induced by either GABA or anesthetics were measured by two-electrode
voltage clamp. Expression of only Bj subunit resulted in a Cl" channel that was
sensitive to picrotoxin and strychnine, and could be activated, with relatively low
affinity (EC50 = 115 pM), by GABA. GABA currents in Bj receptors were
completely insensitive to bicuculline. Perfusion of oocytes expressing a, jBjy^
receptors with Pro (25pM), PB (50 pM), or Ax (10 pM) induced inward Cl"
currents whose amplitude was 32, 11, and 42% of the control 5pM GABA response,
respectively, ojfij receptors were much less sensitive to these compounds. In
contrast, Bj receptors showed a dramatic sensitivity to the direct action of Pro and
PB; in fact, the currents evoked by these two anesthetics were 744 ± 77 (n=29) and
940 ± 112% (n=l2) of the control GABA responses. However, the response
induced by Ax was only 12% (n= 10) of the control. These data indicate that the B
subunit forms a functional Cl" channel that is activated by GABA, contains the site(s)
for the action of Pro and PB but not that of the steroid Ax, and is insensitive to
bicuculline.

NMDA-MEDIATED MODIFICATION of GABAa RECEPTOR FUNCTION IN
CEREBELLAR GRANULE NEURONS W.J.Zhu*. S.Vicini, & D.RGravson1
Georgetown Univ., Wash. D.C.; 1 Allegheny Singer Res. Institute, Pittsburg, PA.
GABAa receptors are ligand-gated Cl" ion channels with multiple clinically
important drug-recognition sites. We have previously shown that stimulation of NMethyllDasgartic Acid selective glutamate receptors (NMDA, 10 pM)
quantitatively changes selected GABAa receptor subunit mRNAs and proteins in
primary cultures of rat cerebellar granule neurons. In the present study, using
whole cell recordings of Cl" currents in cerebellar granule neurons, we investigated
the changes in the GABA sensitivity of GABAa receptors and allosteric
modulation of receptors by the agent acting at the benzodiazepine recognition site
following NMDA treatment. After maintaining these cultures for 5 days in half
the normal K+ concentration (12.5 mM), the Ec5Q obtained from the doseresponse cure for GABA shifted from 1.4 pM (25 mM) to 13.8 pM (12.5 mM). In
culturing conditions maintained in the low K+ media (12.5 mM) with the addition
of NMDA (10 pM) , the decrease in GABA sensitivity of cerebellar granule
neurons was reverted and the Ecsq was 3.2 pM. However, compared with cells
grown in normal K+ media (25 mM), neither the low K+ concentration nor the
addition of NMDA significantly altered the maximal current elicited by GABA. In
addition, neurons cultured in a medium containing a low K+ concentration (12.5
mM) showed a dramaticlly reduced benzodiazepine-mediated potentiation of
GABA responses, which was enhanced by the addition of NMDA(IO pM) to time
matched low K+ concentration maintained cultures. These findings suggest that
NMDA receptor activation alters the GABAa receptor pharmacological profile
which may be related to subsequent signal transduction events mediating the
selective regulation of GABAa receptor subunit composition. Supported, in part,
by grant #RO1 NS3O53
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ACETYLSALICYLIC AND SALICYLIC ACID SUPPRESS PH
INDUCED EXCITATION OF RAT NOCICEPTORS, IN VITRO.
D. Stefanidis, P.W. Reeh. H.W. Kreysel, K.H. Steen*. Dept, of
Dermatology, Univ. of Bonn, D-53105 Bonn; Dept, of Physiology &
Biocybemetics, Univ. of Erlangen, D-91054 Erlangen, Germany.
Low pH induces sustained nociceptor excitation and sensitisation to
mechanical stimulation (Steen et al 1992, J Neurosci 12, 86-95). Pressure
infusion of acidic buffer into human skin produces pain and hyperalgesia
(Steen & Reeh 1993, Neurosci Lett 154, 113-116) which is dosedependendly blocked by topical acetylsalicylic (ASA) and salicylic acid
(SA) (Steen et al 1994, this meeting).
We employed our skin-saphenous nerve preparation, in vitro, where
isolated receptive fields of 110 identified mechano-heat sensitive
(polymodal) C-fiber terminals were superfused at the corium side for at
least 30 min with CO2-saturated synthetic interstitial fluid (pH = 6.1).
Out of these fibers, 79 (72%) responded to acid pH. After 10 min. SA or
ASA were added for a 10 min-period in various concentrations (SA: 10<
up to 10’3M; ASA: 10’5 up to 10'3M), but only one cone, to each fiber. A
bell-shaped dose response curve of reversible, moderate supression of
discharge resulted from SA, with a maximum effect at 10-5JM (n=l6,
p<0.01; Wilcoxon-test); at 10‘3M an excitatory action of SA became
apparent (n.s). In contrast, the application of ASA led to a linear dose
response curve, with a significant reduction in discharge rate (lO~Ml:
15%, n=l3, p<0.02; 10-3M: 40%, n=9, p<0.03)), which was irreversible
within the observation period up to 50 min. The threshold to punctate
mechanical stimulation (von Frey) remained unchanged.
Plasma cone, of l(HM are normally reached with therapeutic ASA
doses, and much higher cone, appear in acidic tissues. Our results may.
thus, add to explain aspirin's antinociceptive effect (DFG. grant Ste 593 1-2).
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SUBSTANCE P (NK-1) AND CGRP RECEPTORS ARE INVOLVED
IN INFLAMMATION-INDUCED HYPEREXCITABILITY OF RAT
DORSAL HORN NEURONS. V. Neugebauer*. F. Weiretter. P. ROmenapp and H.-G. Schaible. Dept, of Physiology, WGrzburg University,
97070 Wurzburg, Germany.
To further elucidate the mechanisms of spinal cord functional plasticity during prolonged nociception we evaluated the effects of NK-1
and CGRP receptor antagonists on the hypereocitnbility of spinal neurons during acute hnolin/cnrrnggg5nn-inducgd knee joint inflammation.
Nociceptive dorsal horn neurons receiving input from the knee joint
were recorded extracellular^ before and during development of the
acute knee joint inflammation in rats anesthetized with sodium thiopentone. The NK-1 receptor antagonist CP96,345 and its inactive enantiomer CP96,344 (gifts from Pfizer, Groton, CT) and the CGRP receptor
antagonist CGRP(8-37) (Bachem) were applied ionophoretically before,
during, and 4-8 hours after the induction of inflammation.
CP96,345 selectively blocked the responses to substance P (SP),
CGRP(8-37) selectively those to CGRP. In the control period before
inflammation CP96,345 reduced the responses to noxious but not to innocuous pressure onto knee joint and ankle. CGRP(8-37) reduced the
responses to noxious and, in some cases, to innocuous pressure. In neurons rendered hspgrgxcitnble by the joint inflammation CP96,345 and
CGRP(8-37) reduced the responses to noxious and innocuous pressure
onto the inflamed knee and the non-inflamed ankle. The applications of
CP96,345 or CGRP(8-37) during the induction phase of the inflammation (from 15 min before to 95 min post kaolin) attenuated and modified the development of hypereocitnbility. CP96,344 had no effects.
Conclusion: spinal cord functional plasticity during acute joint inflammation involves the activation of SP (NK-1) and CGRP receptors.
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Intact Noxious Stimulation-Induced Neuroplasticity in Transgenic Mice
Deficient in Neuronal Nitric Oxide Synthase.
G. Crosby*. JJ.A Marota, C. Root. P. Huang. Departments of Anesthesia and
Medicine, Massachusetts General Hospital and Harvard Medical School, Boston,
MA 02114
Nitric oxide (NO) is thought to play an important role in multiple forms of usedependent synaptic plasticity, including that which follows noxious peripheral
stimulation1. For example, inhibitors of nitric oxide synthase (NOS) attenuate
pain-induced central sensitization and hypersensitivity behaviors. This suggests
that development of noxious stimulation-induced neuroplasticity should be
impaired in transgenic animals lacking the neuronal form of NOS. To test this
hypothesis, we used the formalin model to study the response to noxious
stimulation of wild type and homozygous transgenic mice that lack the neuronal
form of NOS (NOS knockouts)2. Injection of formalin into the hindpaw produces
a biphasic response in pain-related behaviors, with phase 1 (0-5 min after
formalin) and phase 2 (20-60 min) reflecting, respectively, acute C-fiber
activation and sensitization of central nociresponsive neurons.3 Wild type mice
(n = 6) demonstrated a typical biphasic behavioral response to formalin. Prior
administration of the NOS inhibitor L-NAME (75 mgAg i.p.; n = 5) attenuated
phase 1 and eliminated phase 2 pain behaviors in these animals (P < 0.01).
Surprisingly, the phase 1 and phase 2 responses to formalin were intact in the
knockout mice (n = 5) and, furthermore, phase 2 pain behavior was not reduced
by L-NAME. These data suggest, therefore, that NO is sufficient but not essential
for development of pain-induced neuroplasticity and that a parallel pathway may
account for intact central sensitization in NOS knockout mice.
1. Malmterg AA, YakshTT. Pain54:291, 1993; 2. HuanggL,et al. Oil
75: 1273, 1993; 3. MellerST, Gebhart GF. Pain 52: 127, 1993.

INTRATHECAL INTERFERON-^ FACILITATES THE SPINAL NOCICEPTIVE
FLEXOR REFLEX IN THE RAT. Z. Wiesenfeld-Hallin.1* X.-J. Xu.1

Hao.1 T. Qlsson2 and K. Kristensson3. KaroHnska Institute, 1Section of Clin.
Neurophysiol., 2 Depts. of Clin. Neurosci. and 3NeuroscL. 1-2Huddinge and

3stockholm, Sweden.

Rats infected with the Trypanosoma brucei brucei, the parasite that
causes African sleeping sickness, develop severe thermal hyperalgesia
(Wiesenfeld-Hallin et al., Acta Tropica, 1991). This parasite, which spreads to
sensory ganglia, releases a factor that triggers the production of the cytokine
interferon y(IFN-y) (Olsson et al., Parasitol. Today, 1992). We examined the
possible role of this cytokine on spinal nociceptive mechanisms.
The effect of intrathecal (i.t.) IFN-y on the spinal nociceptive flexor reflex
was examined in decerebrate, spinalized, unanaesthetized rats. IFN-y , 104
units in 10 pl, elicited an intense, brief facilitation of the flexor reflex followed
by a sustained phase of reflex facilitation lasting 40 ± 5 min (range 20 - 65
min). The initial and prolonged reflex facilitation by IFN-y was partially and
totally blocked, respectively, by i.t. pretreatment with ni^^r^^l^^arginin^-ester,
an inhibitor of nitric oxide (NO) synthase, at doses which did not influence
spinal cord blood flow. Systemic MK-801, the non-competitive N-methyl-Daspartate receptor/channel blocker, had no effect upon IFN-y-irduced reflex
facilitation.
We conclude that spinal application of IFN-y produces powerful and
prolonged facilitation of the spinal nociceptive flexor reflex, possibly reflecting
a hyperalgesic action of this cytokine. The facilitatory effect of IFN-y was
mediated, at least in part, by the activation of the L-arginine - NO pathway.
Thus, IFN-y released in the central and peripheral nervous system may
participate in eliciting pain and hyperalgesia in infectious or
neuroinflammatory diseases where there is increased production of this
cytokine.
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REDUCED EFFECTIVENESS OF MK-801 IN BLOCKING WIND-UP AND
SENSITIZATION OF THE FLEXOR REFLEX IN RATS AFTER AXOTOMY. X.-J.
Xu1*. X. ZTang2. T. Hfikfelt2 and Z. Wiesenfeld-Hallin L Ss«ttion of Clin. Neurophysiol. and 2Dept of Neurosci., Karolinska Institute, ^Huckiinge and ^Stockholm,
Sweden.
The release of excitatory amino acids and activation of NMDA receptors play an
important role in mediating the activity-dependent increase in spinal cord excitability
after conditioning stimulation (CS) of Cfer-ents in rats with intact sciatic nerves.
Peripheral nerve injury leads to profound morphological and functional changes in
spinal nociceptive systems. The present experiments were conducted to examine the
effect of the NMDA antagonist MK-801 on the flexor reflex in rats after peripheral
nerve section.
The magnitude of the polyssmaptic flexor reflex in response to activation of high
threshold afferents in the sural nerve was examined in decerebrate, spinalized,
unanesthetized rats by recording the EMG from the hamstring muscles. The effect of
MK-801 on the baseline reflex, the the successive increase in response to repetitive
stimuli (wind-up) during a CS train and the facilitation of the flexor reflex by the CS
were studied and compared in rats with intact sciatic nerves and 13-16 d after axotomy
of the sciatic nerve at midthigh level.
In rats with intact sciatic nerves, MK-801 (0.5 mg/kg, i.v.) consistently depressed
the baseline flexor reflex, reduced the development of wind-up by about 50 % and
blocked the facilitation of the flexor reflex induced by the CS by 90 %. 13-16 d after
nerve transection, the baseline flexor reflex was depressed by MK-801 similarly to
normal rats, but in contrast to normal rats, MK-801 had no effect on either wind-up or
maximal reflex facilitation evoked by CS of the sural nene.
Activation of the NMDA receptor may be no longer involved in the generation of
spinal cord Typereocitnbility following C-fiber input after axotomy, which may be
related to the substantial loss of synaptic vesicles in primary afferent terminals in
axotomized rats. It is possible that our results reflect the inability of C-afferent
terminals to release glutamate upon repetitive stimulation after peripheral nerve
section.

A TONICALLY ACTIVE ASCENDING PATHWAY SUPPRESSES ANTINOCICEPTION MEDIATED BY SUPRASPINAL ENDOGENOUS OPIOIDS. R.W.
Gear* and J.D. Levine. Depts. of Stomatology, Oral and Maxillofacial Surgery,
Medicine, and Anatomy, University of California, San Francisco, CA 94143-0452
Studies in mice and rats have shown that antinociception produced by intrathecal
(i.t.) administration of opioids can be partially inhibited by intracerebroventricular
(i.e.v.) naloxone. In this study we tested the hypothesis that this inhibition by i.e.v.
naloxone results from antagonism of supraspinal endogenous opioid-mediated
antinociception evoked by the action of i.t. opioids on an ascending pathway. In
Sprague-Dawley rats, i.t. [D-Ala2, N-Mg-PTg4,Gly^-ol]-gnhgphalin (DAMGO),
0.075-7.5 pg, dose dependendy suppressed a supraspinal nociceptive reflex, the jaw
opening reflex (JOR). This suppression of the JOR was also produced by i.t.
lidocaine or spinal transection at T5-T5. Suppression of the JOR by each of these
treatments was antagonized by i.e.v. naloxone (2 pg). To localize the supraspinal
site at which the putative ascending pathway controls endogenous opioid mediated
antinociception, we microinjected naloxone (2 pg, 0.5 pl) into either the
periaqueductal gray (PAG) or the rostral ventral medulla (RVM), two sites known to
be important in descending antinociceptive controls; both failed to antagonize the
ability of i.t. DAMGO to suppress the JOR. Since i.t. lidocaine and spinal
transection mimic the effects of i.t. DAMGO on the JOR, we suggest that the
putative ascending pathway (i.e., from the spinal cord to the brainstem) tonically
inhibits antinociception mediated by supraspinal opioids. Suppression of activity in
this ascending pathway (e.g., by spinally administered, opioids or local anesthetics or
by spinal cord transection), disinhibits supraspinal opioid mediated antinociception.
Neither the PAG nor the RVM appear to contain the opioidergic circuits that mediate
the antinociception produced by suppression of the ascending pathway. Supported by
NIH grants T32-DE07204 and DE08973.
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CROSS-CORRELATIONS BETWEEN RAPHE MAGNUS OFF-CELLS AND

TRANSCRANIAL ELECTROANALGESIA (TEA) : PARTICIPATION OF
SEROTONINERGIC MECHANISMS. V.P.Lebedev* _ and At B ? Savchenko
Lab. of Electroanalgesia, Pavlov Institute of Physiology,
St.-Petersburg 199034, Russia.
As it was demonstrated previously the activation of
opioid component of antinociceptive system (ANS) ■ plays
an important role in development of TEA elicited by
stimulation with special electrical parameters. Since
opioid and 5-HT components of ANS
are
intimately
interconnected present study was done to elucidate the
role of 5-HT mechanisms in TEA development. TEA in rats
was quantitavely estimated by reduction of integral
intensity of pain vocalization. TEA was reduced or abolished by blockers of 5-HT neurons or receptors (5,7-dihydrotryptamine, methergoline). 5-HT agonists including
precursors ( TRP, 5-HTP ) and TRP pyrrolase inhibitor
milurit effectively enhanced TEA. Potentiation of TEA by
ihibitors of MAO and 5-HT reuptake ( niamid,imipramine )
were lesser intensive.Maximal TEA potentiation was achieved by combination of some 5-HT agonists with different
modes of action.Therefore 5-HT mechanisms of ANS are involved in development of TEA. The application of 5-HT
agonists without addictive potential is the perspective
way to increase of TEA efficacy in clinical practice.

TRIGEMINAL WIDE-SENSITIVITY NEURONS SHOW MUTUAL INHIBITION.

Ian D. Hentall*. University of Illinois College of Medicine, Rockford, IL 61107.

The hypothesis that nociceptively-inhibited cells (off-cells) of the raphe

magnus suppress pain transmission by inhibiting spinalArigeminal neurons
of wide cutaneous sensitivity was tested by single-unit cross-correlation. In

female rats under pentobarbital anesthesia, simultaneous recordings were

made in the raphe magnus and trigeminal subnucleus interpolaris;

recording sites were deduced from dye-marks. Trigeminal cells were excited

by both innocuous and noxious mechanical stimuli on the lower jaw; offcells were inhibited from the lower jaw and other widespread body areas.
The raphe cells had preferred firing frequencies (6-29 Hz) which were

linearly corrected (p< <0.01) with the somewhat tower-frequency peaks in
the spectrum of their spontaneous cross-correlations with the trigeminal

cells. The presence of a trigeminal spike significantly slowed the raphe
oscillation (p<0.05). Individual cross-correlations were insignificant, but

averages of pairs with similar sharp raphe periodicities or with time scaled to
individual periodicities revealed lower trigeminal activity shortly (<30 ms)

after a raphe spike (p<0.01), a finding that supports the above hypothesis.
Computer models, incorporating only the demonstrated mutual raphe-

trigeminal inhibition, spontaneous trigeminal activity and intrinsic raphe
oscillations resettable by action potentials (also shown experimentally),
generated cross-correlations like these averages. Cross-correlations are

weak because the raphe oscillators are unsynchronized and vary around a
shifting preferred interval; transient phase alignment can unlock either

stimulation-produced analgesia or ascending nociceptive transmission.

14.9

THE CORTICALIZATION OF PAIN. H. Flor*L N. Birbaumer2, and T.
Elbert3. !Dept of Psychology, Humboldt-University Berlin, 2Inst. of
Medical Psychology, University of Tubingen, 3 Inst. of Experimental
Audiology, Univ. of Munster, Germany
The development of chronicity in pain sufferers is conceptualized as a
conditioning process which moves in time from a peripheral to a central
representation. Once established, central pain memories are capable of
"pain recall" and lead to chronic suffering even without peripheral
correlates of nociception. A modification of the central representation of
pain-related neuronal processes is the underlying physiological process
resulting in a) increased responsivity of neural structures responsible for
the processing of pain stimuli in pain patients, b) permanent changes of

cortical representational areas or cell-assembly size in the somatosensory
system (cortical reorganization), c) enhanced classical (and instrumental)
conditioning of pain-related stimuli at a peripheral muscular and central
nervous system level.
A series of experiments with chronic low back pain, facial, and phantom
limb patients as well as subjects at high risk for developing chronic pain
and healthy controls confirmed these hypotheses: a) electrically and

magnetically evoked responses to nociceptive stimuli are enhanced already
in the 100-150 ms range. This was not only found for nociceptive stimuli
but also for pain-related word processing, b) magnetically evoked
responses to tactile stimuli in amputees showed a reorganization of the
somatotopic map at the postcentral gyrus, c) in high risk subjects classical
conditioning to pain stimuli is enhanced and accompanying cortical
processes point towards automatization of the learned response.
Supported by the Deutsche Forschungsgemeinschaft.

STRESS:

NEUROTRANSMITTER AND ENDOCRINE STUDIES

15.1

15.2

EXPOSURE TO A CRF RECEPTOR ANTISENSE OLIGONUCLEOTIDE
DECREASES CRF RECEPTOR BINDING IN VITRO. M.J. Owens*, J.J.
Mulchahey, J.H. Kasckow. P.M. Plotskv and C.B. Nemeroff. Laboratories of
Neuropsychopharmacology and Stress Neurobiology, Department of Psychiatry
& Behavioral Sciences, Emory Univ. Sch. Med., Atlanta, Georgia 30322.
Corticotropin-releasing factor (CRF) neurons appear to integrate the
endocrine, autonomic, immunologic, and behavioral responses of mammals to
stress. In order to further investigate the role of CRF in the CNS, we are
developing and validating a CRF receptor antisense knockdown strategy. The
ability to selectively and discretely decrease CRF receptor concentrations
(theoretically similar to decreasing functional CRF neuronal activity) in the rat
will permit further investigation of the role for CRF in the CNS.
Our initial studies have examined the viability of using this technique
utilizing dispersed rat anterior pituitary cell cultures. 15-mer antisense and
"scrambled" oligonucleotides were synthesized based on the rat CRF receptor
cDNA sequence just distal to the 5' initiation codon. In our first experiment,
exposure of cultures to 10
antisense for 40 or 67 hours significantly
decreased CRF binding to pituitary cells by 17% and 31%, respectively,
compared to control (no oligonucleotide) cultures; 67 hour exposure also
resulted in complete blockade of the ACTH response following a 30 minute
challenge with 100 pM oCRF. SimUarly, a second experiment found a
significant 16% decrease in CRF binding following 40 hour exposure when
compared to control. A third experiment using HPLC purified antisense
found a significant 38% decrease in CRF binding following 44 hour exposure
versus a scrambled oligo control (10 ^.M). Dose-response, time-course, and
second messenger responsiveness studies are currently underway. It would
appear that treatment with CRF receptor antisense nucleotides reduce
functional expression of CRF receptors. Supported by NIMH MH-42088.

EFFECTS OF STRESS ON AMYGDALA CRH mRNA CONTENT.
N.H.Kalin*. F.Chen. and L.K.Takahashi. Dept. of Psychiatry and
Psychology, W.S. Middleton VA Hospital and Univ. of Wisconsin
Medical School, Madison, Wl 53705
Corticotropin releasing hormone (CRH) plays a critical role in
integrating endocrine, autonomic, and behavioral responses to
stress. CRH containing neurons and receptors are located in the
amygdala, a region that is a critical component of the neural
circuitry underlying stress-related responses. In earlier studies we
established that infusion of a CRH antagonist into the central
nucleus of the amygdala attenuates the expression of stressinduced behavior. Therefore, we hypothesized that stress activates
amygdala CRH systems which plays a role in the expression of
stress-related behavior.
First, we examined the effects of 1 hr of restraint on CRH mRNA
levels in the amygdala and the paraventricular nucleus (PVN) using
a RNase protection assay. PVN was assessed because it is the site
of origin of CRH neurons which regulate the pituitary release of
ACTH. CRH mRNA was elevated in both amygdala and PVN 1 hr
after restraint.
Three hours later, PVN CRH mRNA remained
elevated but returned to baseline at 48 hr. These data support the
role of amygdala CRH neurons in mediating aspects of the stress
response.
Other data examining the effects of acute and
conditioned footshock on CRH mRNA levels will be presented.
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INCREASED CEREBROSPINAL FLUID CRF CONCENTRATIONS IN ADULT
NON-HUMAN PRIMATES PREVIOUSLY EXPOSED TO ADVERSE
EXPERIENCES AS INFANTS. J.D. Coplan, L.A. Rosenblum, MJ. Owens. M.W.
Andrews. J.M. Gorman, and C.B. Nemeroff*
Primate Behavior Lab., Dept.
Psychiatry, SUNY/Hlth. Sci. Ctr., Brooklyn NY 11203. Dept. Psychiatry, Columbia
University, New York, NY 10032. Lab. Neuropsychopharmacology, Dept. Psychiatry
& Behavioral Sciences, Emory Univ. Sch. Med., Atlanta GA 30322.
Corticotropin-releasing factor (CRF) neurons are believed to integrate the
endocrine, autonomic, immunologic, and behavioral responses of mammals to stress.
Based on the considerable evidence that early trauma contributes to the development
of mood and anxiety disorders, and the evidence that CRF neuronal systems are
dysregulated in these disorders, we have hypothesized that early life stressors may
result in long term alterations in CRF systems throughout the brain. The subjects
(bonnet macaques; M. radia[a)m the present study (2-3 years of age) had been raised
by mothers required to expend varying periods of time and energy obtaining food
during an early period of their infants life. This foraging demand places maternal and
foraging activities in varying degrees of conflict. The groups consisted of Low
Foraging Demand (LFD; N = 7), High Foraging Demand (HFD; N = 7), and
Variable Foraging Demand (VFD; N = 10). VFD mothers experienced a variable
environment they could not predict and, presumably because of the uncertainty of
their environments, appeared to be more anxious and less consistently responsive to
their young infants than mothers in the other conditions.
Measurement of
cerebrospinal fluid (CSF) CRF concentrations revealed that monkeys raised by
mothers in the VFD group had significantly elevated CSF CRF concentrations
compared to the LFD or HFD groups (P < 0*.0003; df = 2;2l). Data expressed as
CRF (pg/ml); MEAN ± SE; VFD - 108.5 ± 5.9; HFD - 80.8 ± 4.6; LFD - 76.8 :r 4.8.
These findings suggest that early life stressors can lead to persistant, long-lasting
alterations in CRF neuronal systems, a system implicated in the pathophysiology of
mood and anxiety disorders. Supported by NIMH MH-42545 (L.A.R), MH-01039
(J.D.C), and MH-42088 (C.B.N, MJ.O). '

CSF levels of Corticotropin Releasing Factor in
Chronic Post-Traumatic Stress Disorder.

A. Darnell. l.D. Bremner. I. Licinio. I. Krvstal, C.B. Nemeroff. M.
Owens, I. Erdos*. D.S. Charnev. West Haven VAMC, National
Canter or PTSD, Department of Psychiatry, Yale University
School of Medicine, West Haven CT 06516
Objective: Dysregulation of the HPA axis has been well
documented in PTSD. CRF has central anxiogenic effects in
addition to its role in the regulation of the HPA axis. CRF has
also been found to stimulate Locus Coeruleus activity which
may relate to its anxiogenic properties. It has been
hypothesized that CRF may be elevated in PTSD. Method: CSF
was obtained from 11 patients with PTSD and 17 healthy
controls, and CRF levels were measured using oc33 antibody.
AH subjects were free of psychotropic medications and drug
free for at least 3 weeks. Subjects were excluded if affective
disorders was present. Results: The PTSD group had
significantly higher levels of CRF (22.0 pg./ml vs. 29.0 pg./ml,
p<O.O25) Conclusion: These preliminary findings suggest that
CRF levels are elevated in PTSD. These results may relate to
recent reports of increased responsiveness of PTSD patients to
yohimbine.

15.5

15.6

PET AND MRI MEASUREMENT OF STRUCTURAL AND
FUNCTIONAL CORRELATES OF EXPOSURE TO EXTREME
STRESS IN HUMAN SUBJECTS. J.D. Bremner*, C.K. Ng, L,
Staib, P. Randall. J.H. Krystal,_____ S.M. Southwick, D.S. Charnev,
R.B. Innis. West Haven VAMC (116a), Department of Psychiatry,
Yale U. School of Medicine, National Center for Posttraumatic Stress
Disorder, West Haven, CT 06516.

REGULATION OF TYROSINE HYDROXYLASE AND .PNMT GENE
EXPRESSION
INDUCED BY A SINGLE IMMOBILIZATION STRESS:
EFFECT OF HYPOPHYSECTOMY AND ACTH. R. Kvetnansky*1'2. B.B.

Preclinical studies have shown a relationship between stress and
damage to hippocampal neurons, as well as alterations in
noradrenergic brain system function. Administration of the alpha2
antagonist, yohimbine, which stimulates brain norepinephrine release,
is associated with a decrease in brain glucose metabolism in rats in
neocortex and caudate. We have used magnetic resonance imaging
(MRI) and positron emission tomography (PET) in the assessment of
structural and functional correlates of posttraumatic stress disorder
(PTSD) in Vietnam combat veterans with a history of exposure to the
extreme stress of combat. Patients with PTSD (N=26) were found to
have an 8% decrease in MRI-based measurement of right
hippocampal volume in comparison to controls (N=22) matched for
factors which could affect hippocampal volume (p<0.05). We have
also shown a significant difference in metabolic response to
yohimbine (0.4 mg/kg) in patients with PTSD (N=IO) in comparison
to controls (N=IO) as measured by PET with coregistered MRI and
[18F]2-fluoro-2-deoxyglucose (FDG) in temporal, prefrontal,
orbitofrontal, and parietal cortex (p<0.05). These findings are
consistent with alterations in brain structure and function in patients
with a history of exposure to extreme stress and the diagnosis of
PTSD.

Nankova3. E. Viskupic1^. B. Hiremagalur3. I. VtetorU M. Rusnak13.
I.J. Kopin2 and E.L. Sabban3. 1Irnst. Exp. Endocrinology, Bratislava,

Slovakia; 2NIH, NINDS, Bethesda, MD 20892; 3Dept. Biochem. &
Mol. Biol., New York Med. College, Valhalla, N.Y. 10595.
We have shown previously that immobilization (IMO) stress
caused a severalfold increase in tyrosine hydroxylase (TH) and
phenylethanolamine N-methyltransferase (PNMT) mRNA levels in the
adrenal medulla (AM). Splanchnicotomy did not affect this increase
significantly, indicating that the neuronal component is not essential in
the regulation of this system. In the presented work we studied
hormonal regulation of IMO-indhced changes in TH and PNMT gene
expression. Hypophysectomy (hypox) did not affect TH mRNA
levels in AM significantly either in control rats or in rats sacrificed 3h
after the end of IMO lasting 2h. PNMT mRNA levels were reduced by
hypox in control animals and the IMO-induced elevation was

completely abolished. Pretreatment of hypox animals with ACTH (4
IU, sc, 7 days) fully restored (sometimes even potentiated) the control
and IMO-induced PNMT mRNA levels, and tended to increase TH
mRNA levels. Repeated ACTH administration elevated PNMT mRNA
but not TH mRNA levels in AM of intact control rats. These data
suggest that during a single immobilization stress, neither pituitary nor
splanchnic factors seem to play a significant role in regulation of TH
gene expression in the rat adrenal medulla. Immobilization-induced
PNMT gene expression depends primarily on intact pituitaryadrenocortical axis and splanchnic innervation does not seem to play a
significant role. Supported by Fogarty Award (TW-00108) and Slovak Grant
Agency for Science (2-543/93).

15.7

15.8

POSSIBLE MOLECULAR MECHANISMS OF ELEVATED
TYROSINE HYDROXYLASE WITH SINGLE IMMOBILIZATION
STRESS. B. Nankova1*. B. Hiremagalur1. R. Kvetnansky21-3. M.
Rusnak1’2. L Kopin3. P. Blazicek2 E.L. Sabban1. ‘Dept, of Biochem.
& Mol. Biol., New York Med. Coll., Valhalla, NY 10595, W
Exp. Endocrinol. Bratislava, Slovakia, 3NIH, NINDS, Bethesda, Md
20892.
There is a transcriptional activation of rat adrenomedullary (AM)
tyrosine hydroxylase (TH) gene expression with as little as 30 min
immobilization (IMO) stress. It was not prevented by any of the
treatments
examined
(Splanchnicotomy,
hypophysectomy,
chlorizondamine, atropine, VIP antagonists) except L-nitro arginine
methyl ester (L-Name). This inhibitor of NO synthetase reduced the

EFFECTS OF OPIOIDS ON EXPRESSION OF A
PROENKEPHALIN FUSION GENE IN THE
PARAVENTRICULAR NUCLEUS

stress-elicited induction by at least 50%.
To characterize the early non-pituitary, non-neuronal mediated
response to IMO, blood concentrations of lactate were analyzed at
different times of IMO. Greater than 2-fold increases were found
after 5-30 min of stress. Levels of cGMP, often a second messenger
for NO-mediated signal transduction, were elevated in AM of rats
exposed to IMO (maximal in the first 5-30 min). Other early AM
responses to IMO include increased phosphorylation of the
transcription factor CREB (10 min-lhr IMO) and induction of c-fos
protein (maximal at about 30 min IMO). These changes could be
involved in mediating the induction of TH with a single IMO stress.
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D. Borsook*. O. Falkowski .Haim Rosen. M. Comb. S. E. Hvman
Molecular and Developmental Neurobiology Laboratory, Mass. Gen.
Hospital, Boston MA 02l 14
Stressful stimuli strongly induce proenkephalin gene expression within
the paraventricular nucleus of the hypothalamus.
A human
proenkephalin-B-galactosidase fusion gene has previously been shown to
give correct phenotypic expression and appropriate stress-regulation
within the hypothalamus of transgenic mice; this model provides high
sensitivity, cellular resolution, and ready quantification of levels of
proenkephalin gene expression. Here we describe use of this transgenic
model to study modulation of stress-regulated gene expression in the
PVN by opioids. Acute or subacute morphine administration prior to a
hypertonic saline stress produced marked superinduction of transgene
expression compared with hypertonic saline stress alone. In contrast,
chronic morphine administration decreased basal expression of the
transgene, and inhibited stress-induced expression of the transgene. The
endogenous proenkephalin mRNA was induced in parallel with the
transgene. These data suggest that acute or subacute morphine
administration sensitizes proenkephalin neurons within the PVN and
other regions of the hypothalamus to stress and that chronic morphine
administration desensitizes this response. Because the molecular
mechanisms regulating the expression of the transgene are well
understood, this model provides a useful tool for investigating cellular
and molecular effects of opioids on the hypothalamus.

17

18

STRESS:

NEUROTRANSMITTER AND ENDOCRINE STUDIES

MONDAY AM

15.9

15.10

BEHAVIORAL AND ENDOCRINE CONSEQUENCES OF FLUOXETINE
INTERVENTION IN A MODEL OF SOCIAL STRESS C.R. McKittrick+.D.C.
Blanchard. R.J. Blanchard. B.S. McEwen and R.R. Sakai. The
Rockefeller University, New York, NY 10021, University of Hawaii,
Honolulu, HI 96822 and University of Pennsylvania, PA 19104.
Adult male rats housed in mixed sex groups (5 male, 2 female) in a
visible burrow system (VBS) quickly form dominance hierarchies;
subordinates show physiological, behavioral and neurochemical
evidence of severe stress. Subordinates can be divided into stressresponsive subordinates (SRS) and nonresponsive subordinates
(NRS), based on their corticosterone (CORT) responses to a novel 1 h
restraint stress. We examined the effects of antidepressant treatment
on behavior and endocrine measures in VBS animals. Three days after
colony formation, the dominant males (DOM) were identified.
Thereafter, 2 subordinates in each group received fluoxetine (FLU;
10 mg/kg, s.c.) daily for 14 days. The DOM and other 2 subordinates
received saline (SAL). Control males (CON) were pair-housed with a
female and received either SAL or FLU. FLU treatment did not increase
offensive behavior, but tended to decrease defensive behavior. In 3 of
the 7 colonies, a FLU animal became the new DOM. None of the
endocrine parameters were altered by FLU, however. NRS had lower
CORT responses to stress than CON, DOM and SRS. Free and total
testosterone (T) were lower in NRS than CON and DOM; the free/total
T ratio and corticosteroid binding globulin (CBG) were lower in NRS
than CON, DOM or SRS. In SRS animals, stress CORT responses, CBG
and all T measures were lower than CON. Dominants who were
replaced had endocrine profiles similar to the final DOMs. In this
paradigm, fluoxetine appears to alter behavior independently of
effects on endocrine systems.

EFFECTS OF CHRONIC SOCIAL STRESS ON TYROSINE
HYDROXYLASE mRNA AND PROTEIN LEVELS. B.S.
McEwen*. Y. Watanabe. C.R.McKittrick. D.C.Blanchard. R.J.
Blanchard and R.R. Sakai. Rockefeller University, New York, N.Y.
10021, University of Hawaii, 2430 Campus Road, Honolulu HI
96822 and University of Pennsylvania, Philadelphia, PA 19104.
Mixed-sex rat colonies (5 male, 2 female) housed in a visible
burrow system for l4d were used to determine the effects of chronic
social stress on tyrosine hydroxylase (TH) mRNA and protein levels,
using in situ hybridization and quantitative autoradiography,
respectively. The male rats quickly form dominance hierarchies
consisting of one dominant (DOM) and four subordinates. The
subordinates may be further subdivided into stress responsive
subordinates (SRS) and nonresponsive subordinates (NRS) based on
analysis of corticosterone responses to lh of novel restraint stress.
NRS, SRS and DOM all showed lower thymus and larger adrenal
weights than males living alone or in pairs with females (CON); NRS
have lower levels of plasma corticosterone binding globulin and
lower levels of plasma testosterone than SRS. In two replications,
TH mRNA levels were elevated in locus coeruleus (LC) in both NRS
and SRS compared to DOM and CON. TH protein levels in LC were
not significantly higher in SRS or NRS versus DOM or CON. There
were no significant differences in TH mRNA or protein levels in
midbrain dopaminergic nuclei between groups. These results suggest
that TH mRNA levels are a means to discriminate the effects of
subordination stress vs DOM and CON but that they are not able to
detect a difference between NRS and SRS rats. [Supported by:

NARSAD (RRS), NSF BNS9111524 (DCB) and MH41256 (BMc)].

15.11

15.12

CHRONIC SOCIAL STRESS INHIBITS CORTICOTROPIN-RELEASING
HORMONE mRNA IN THE PARAVENTRICULAR NUCLEUS OF A
SUBPOPULATION OF SUBORDINATE RATS.
D.S. Albeck*. C.R.

PSYCHOLOGICAL DISTRESS AND NUTRITIONAL
STATUS IN HIV-1 DISEASE. G. ShoF^osner*, N. Blanev. D.
Feaster. M. Miguez-Burbano. K. Goodkin. C. Eisdorfer and
M.K. Baum. Departments of Epidemiology and Psychiatry,
Univ. Miami School of Medicine, Miami FL 33101
Serotonergic abnormalities have been associated with
depressive and anxiety disorders. As patients with AIDS appear
to exhibit disturbances in serotonin/tryptophan pathways, which
may involve vitamin B6-dependent reactions, this longitudinal
study evaluated the relationship between vitamin B6 status and
psychological distress in HIV-1 disease.
Measurements of nutritional status and psychological distress
(Profile of Mood States) were obtained in HIV-1 infected,
homosexual men (CDC Stages II,III, n=7O; Stage IVA, IVC2,

McKittrick. D.C. Blanchard. R.J. Blanchard. B.S. McEwen. and R.R.

Sakai. Rockefeller University, New York, NY 10021, University of
Hawaii, Honolulu, HI 96822 and University of Pennsylvania, PA
19104.
Dominance hierarchies are quickly established among male
rats housed in a mixed sex colony (5 males, 2 Females). The
subordinate animals show physiological and behavioral effects of
stress in these colonies. The subordinates may be divided into two
groups, subordinate responders (SRS) and non-responders (NRS).
This division is based upon the animal's ability or inability to show
an increase in plasma corticosterone in reponse to a novel stressor
(1 h restraint stess). Using in situ hybridization we examined
relative levels of corticotropin-releasing hormone messenger RNA
(CRH mRNA) in the hypothalamic paraventricular nucleus.

Dominants and SRS animals showed a significantly higher number
of grains per cell than the NRS or the control groups (males housed
alone). These findings suggest that the inability of the NRS animals
to mount a plasma corticosterone response to restraint stress
maybe due, in part, to decreased CRH mRNA levels. Effects upon
CRH mRNA levels in extra-hypothalamic areas are currently
unknown.
[Supported by:
NRSA 1F32 MH 10232-01A1 (DA), NARSAD
(RRS), NSF BNS9111524 (DCB) and MH41256 (BMc)].

n = l8), and were compared at six month intervals.
A significant decline in psychological distress was
demonstrated with normalization of vitamin B6 status from
inadequate to adequate levels (p<0.02), and with increased
tryptophan intake in vitamin B6-adequate subjects (p<0.02).
Significant effects for the nutritional variables remained even
when life stressors, social support and coping style were
controlled, suggesting that vitamin B6 status may be an
important co-factor in determining level of psychological
distress over time in HIV-1 infected individuals.

CATECHOLAMINE RECEPTORS I
16.1

16.2

DOPAMINE RECEPTOR SUBTYPE-SPECIFIC REDISTRIBUTION BY
AGONIST IN Sf9 CELLS.
G.YK.Ng, J.Troqadis. J.Stevens, M.Bouvier,
B.F.O'Dowd and S.R.George*. Dept, of Pharmacology, University of Toronto
ON, Toronto Western Hospital ON, and Dept, of Biochemistry, University of
Montreal QC, Canada.
Cellular trafficking of epitope tagged D1 dopamine receptors between the
plasma membrane and the light vesicular compartment (believed to contain
sequestered receptors) was assessed in Sf9 cells. Dopamine treatment for
15 min resulted in a complete loss of dopamine detected high affinity D1
receptor sites, no change in affinity for antagonist ([3H]SCH-2339O), and an
8% sequestration of D1 receptors (~48 kDa) from the plasma membrane into

CONSTTTUnVELY ACTIVE catalytic
domain
of
the
insulin
RECEPTOR PROMOTES PHOSPHORYLATION AND DESENSITIZATION OF THE
^-ADRENERGIC RECEPTOR IN Sf9 CELLS. P. Chidiac, M. Valiquette, and M.
Bouvier* Department of Biochemistry, University of Montreal, Montreal, Quebec H3C
3J7 Canada.
Insulin has been shown to modulate the responsiveness of (^-adrenergic stimulated
adenylyl cyclase in numerous systems. It has been proposed that such
changes result from the insulin-promoted phosphorylation of the (^-adrenergic receptor
(&AR). In addition to being a tyrosine kinase, the insulin receptor can promote the
activation of other kinases. Thus it is unclear whether the insulin receptor modifies
&AR function through direct interaction between these two proteins. The expression
of specific proteins using the baculovirus/Sf9 cell system provides an ideal model to
characterize regulatory post-translational modifications. The &AR expressed in Sf9
cells has been shown to undergo desensitization and phosphorylation upon exposure of
cells to the ^-adrenergic agonist isoproterenol. To further characterize the effect of
insulin receptor activation on &AR function and phosphorylation, we co-infected Sf9
cells with recombinant baculoviruses encoding the &AR and the constitutively active,
intracellular catalytic domain of the insulin receptor (IRCD). The IRCD had no effect
on the number of &AR expressed. However, the basal level of &AR phosphorylation
was increased in cells co-infected with the IRCD. This increase does not appear to
reflect a direct effect of the IRCD on the &AR, since no phosphotyrosine was detected
in either the absence or presence of the constitutively active tyrosine kinase domain.
The increase in ^AR phosphorylation associated with the IRCD was accompanied by
a 51 ± 9% decrease in the maximal isoproterenol-stimulated adenylyl cyclase activity.
The decrease suggests a change in ^AR-G protein coupling, since forskolin-stimulated
cAMP production in the same membranes was decreased by only 21 ± 5%. Taken
together, the present results suggest that the constitutively active IRCD decreases the
responsiveness of the &AR to agonists in Sf9 cells, and that this desensitization
involves phosphorylation of the &AR via an enzyme other than the IRCD.

the light membrane fraction. Following 30 min, 60 min and 6 hr incubation
periods, 12%, 25% and 40% of plasma membrane receptors were
sequestered, with total receptor density remaining constant. D1 receptor
sequestration was not observed in cells pretreated with concanavalin A or with
sucrose which inhibit dathrin mediated endocytosis. In fixed cells visualized
by confocal fluorescence microscopy, plasma membrane D1 receptors
appeared as a continuous ring, which in the presence of dopamine, changed
to discontinuous aggregates. On dopamine exposure for 15 min, D2 receptor
high affinity binding for dopamine was not affected, with no affinity change for
antagonist ([3HJsp|xsrone), and no translocation of D2 receptors (~ 44 kDa)

between membrane fractions. Dopamine exposure for 4 hr induced a 17%
translocation of D2 receptors from the light membrane fraction to the plasma
membrane.
Sustained treatments with membrane permeable cAMP
analogues or PKA inhibitors had no effect on membrane populations of D1 or
D2 receptors. An abundance of dathrin immunoreadive-like material (-180
kDa) was deteded in Sf9 cells, which may be involved in the molecular
mechanisms of dopamine receptor trafficking.
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CELLULAR EXPRESSON OF G PROTEIN-COUPLED RECEPTOR
KINASE AUGMENTS THE AGONIST-DEPENDENT PHOSPHORYLATION
AND DESENSITIZATION OF DOPAMINE D1A RECEPTORS. M. Tiberi*. L
Bertrand. S. R. Nash and M. G. Caron. HHMI Labs, Department of Cell
Biology, Duke University Medical Center, Durham, NC 27710
G protein-coupled receptors have been shown to undergo dynamic
regulation upon continuous agonist stimulation that requires the actions of
specific G protein-coupled receptor kinases (GRKs) which phosphorylate
agonist-occupied receptors. Following 30 min. of exposure to agonist,
dopamine D1A receptors expressed stably in Ltk- cells or transiently in
human embryonic kidney cells (293) displayed a typical pattern of
desensitization with a loss of dopamine (DA) responsiveness characterized

INHIBITION OF ADENYLYL CYCLASE BY A HOMOGENEOUS POPULATION
OF DOPAMINE D2 RECEPTORS: SELECTIVE BLOCKADE BY ANTISERA
DIRECTED AGAINST G( AND/OR Gj2. S. Izenwasser* and T.E. Cote1.
Psychobiology Section, NIDa Intramural Research Program, NIH, Baltimore;

by a rightward shift of the dose-response curve and diminution of the
maximal stimulation . To investigate the putative role of GRKs in the
phosphorylation and desensitization of D1A receptors, we coexpressed
transiently an epitope-tagged rat D1A receptor with different GRKs (GRK2,
GRK3 and GRK5) in 293 cells. Cells overexpressing tagged-rat D1A
receptors alone or with GRKs were exposed to 10 pM DA (2 to 30 min.),
solubilized and the receptors immunoprecipitated using the 12CA5
monoclonal antibody. The results showed that D1A receptors can serve as
a substrate for GRK2, GRK3 and GRK5. Under conditions of high receptor
expression to minimize the contribution of endogenous processes, D1A
receptors alone displayed little agonist-dependent phosphorylation.
However, cells overexpressing GRK2, GRK3 and GRK5 showed an
increase ef the agonist-dependent phosphorylation (2 to 4 fold) of the D1A
receptor. Accumulation of cAMP in 293 cells overexpressing the D1A
receptor alone or with GRKs was monitored and showed that
overexpression of GRKs decreased the accumulation of cAMP upon DA
stimulation suggesting an augmentation of receptor desensitization. Thus,
this cellular expression system can be used to assess the specificity of
different GRKs for the agonist-occupied D1A receptors.

1Department of Pharmacology, Uniformed Services University, Bethesda, MD.
The 7315c pituitary tumor cell expresses a homogeneous population of
dopamine receptors that appear to be functionally similar to brain dopamine D2
receptors. Thus it was possible to characterize the effects of dopamine D2
agonists without the confounding influence of other dopamine receptor
subtypes. [3H]Sulpiride binding to 7315c cell homogenates was specific and
saturable, and the Kj values for compounds to compete for these sites were
highly correlated with values for the same compounds at D2 receptors in brain
tissue.
Dopamine maximally inhibited approximately 65% of forskolinstimulated adenylyl cyclase activity in 7315c cell membranes, and this inhibition
was blocked by the D2 receptor antagonist sulpiride. Other D2 receptor

agonists also inhibited adenylyl cyclase activity with varying maximal efficacies
for inhibition, suggesting that some compounds are partial agonists at this
receptor. Binding affinities of dopamine D2 receptor agonists correlated well
with IC50 values for inhibition of adenylyl cyclase. Removal of GTP from the
assay buffer, or pretreatment of the tissue with pertussis toxin abolished the
inhibition of adenylyl cyclase activity by dopamine. Immunodetection of most of
the known Ga subunits revealed that Gm , Gj2, Gj3, G0, Gq, and Gs are all
present in the 7315c membrane. Pretreatment with the AS antibody (which
recognizes the C-terminal regions of Gji and Gj2) blocked the inhibition of
adenylyl cyclase activity by dopamine, while antibodies to the other G-protein a
subunits had no effect. These findings suggest that the dopamine D2 receptor
regulates adenylyl cyclase activity via Gjj anchor Gj2. These cells can be used to
characterize the pharmacology of dopamine D2 receptor agonists and provide a
useful model for the study of naturally expressed dopamine D2 receptors in the

absence of other dopamine receptor subtypes.

16.5

16.6

ACTIVATION OF THE D2 DOPAMINE RECEPTOR STIMULATES
PHOSPHOLIPASE D ACTIVITY S.E. Senoeles* and S.L.Hendon.
University of Tennessee, Memphis, TN 38163.
Agonist activation of the D2 dopamine receptor (D2R)
results in the stimulation of phospholipase D
(PLD) activity in
GH4ZR7 cells.
The PLD activity was measured by labeling
cells with [3H] myristic acid. and measuring the
transphosphatidylation using ethanol.
D2R
agonists, such as
N-propylnorapomorphine (NPA), quinpirole and
bromocryptine
stimulate PLD activity by approximately 3-4
fold over basal.
PLD activity could be stimulated by 8 fold
over basal by treatment of the cells with 100 nM phorbol
myristate acetate . The stimulation of PLD showed agonist dose
dependence, and was maximal by 10 nM NPA. The stimulation
by NPA could be blocked by the inclusion of D2R
antagonists,
such as 1 pM sulpiride or 10 nM spiperone. The stimulation of
PLD by agonists was not blocked by prior overnight
treatment of the cells with up to 50 ng/ml pertussis toxin,
indicating that PLD activity was not modulated by one of the
classical D2R signaling pathways.
Previous work in GH4ZR7
cells (Senogles, Endo. 134. 783.) has suggested that the

TISSUE AND NEPHRON SEGMENT SPECIFIC REGULATION OF
PROTEIN PHOSPHATASE ACTIVITY BY DOPAMINE. E.Slobodwmslk'.

mechanism for D2R mediation of
growth inhibition may
involve protein kinase Ce (PKCe). Under conditions weere
PKCe is down-regulated by phorbol ester or thyrotropin
releasing hormone, D2R stimulation of PLD activity is
abolished, as well as the D2R mediated inhibition of growth.
These results suggest that both PLD activity and PKCe may be
involved in the dopamine induced inhibiton of
growth.

G.M. Eisner and P. A. Jose. Dept, of Pe^ii^tricss'E^epit. of Physiology and
Bicphysics,Gecrgetowo Univ. Med. Center, Washington, D.C. 20007
Sdriod-threcoiod phosphatases (STPP) participate in the regulation of ion transport
by dephosphor^^'labon of transporters. Io the brain, dopamine (DA), by occupying
D, receptors, stimulates protein kinase A leading to the phosphorylation of a cAMPdependent phosphoprctdio (DARPP-32); DARPP-32 inhibits STPP, keeping the
sodium pump in its phosphorylatdd, inhibited state. Although a similar processs has
been suggested to be operative in the kidney, the effect of dopamine on STPP has
not been tested. We studied the ability of DA to inhibit STPP in proximal tubules
(PT), where DARPP-32 mRNA is not expressed, in medullary thick ascending limb
(mTAL) and in striatum, where DARPP-32 is expressed to a lesser and greater
degree, respectively. Io PT, STPP activity was decreased neither by the D, agonist
fenoldopam nor DA, but was decreased in striatum by 25% and mTAL by 16%,
pardlldllog the reported expression of DARP-32 mRNA in these tissues. Io spite of
the inability of DA or feoclncpam to inhibit STPP activity in PT, 10 nM okadaic
acid (an inhibitor of STPP-2A and STPP-1) was inhibitory (35%). Since in PT, 3
o M ^moreycm (a preferential STPP-1 inhibitor at this concentration) inhibited
STPP activity by 33%, most of the STPP activity io PT measured under these
conditions is STPP-1. To selectively determine the effect of DA on STPP-1 or
STPP-2A, we also studied io PT the effect of DA on STPP io the presence of 3 nM
rautcmysio or 1 nM okadaic acid (a preferential inhibitor of STPP-2A at this
ccnsdntraticn). Even under these conditions, DA had minimal inhibitory effect
(<5%) m PT. Our studies suggest tisssue aod nephron segment specificity of STPP
activity aod may relate to the reported tissue specific expression of DARPP-32.
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AGMATINE (DECARBOXYLATED ARGININE): A NOVEL ENDOGENOUS
LIGAND FOR c—ADRENERGIC AND IMIDAZOLINE RECEPTORS.
S. Requnathan*. G. Li. D.L. Feinstein. S. Bramwell, D.J. Reis. Div. of
Neurobiol., Dept. of Neurol. & Neurosci., Cornell Univ. Med. College, New York,
NY 10021.
The amine agmatine (Agm), an endogenous clonidine-displacing substance
in brain, binds to a-adrenergic (AAR) and imidazoline receptors (IR) (Li et al.,
Science, 1994). We sought to determine whether the interactions of Agm with
AARs and/or IRs are specific for subclass, competitive and functional. The
binding of 3H-rauwolscine, which binds with high affinity to all subclasses of
AARs, was inhibited by Agm in membranes of: (a) COS-1 cells transfected with
pBCc—-C10 (c— A subclass): (b) rat cerebral cortex (o—A and c—B subclasses);
and (c) opossum kidney (OK) cells (c— C subclass). The potency of inhibition
of binding to membrane transfected COS-1 cells or cerebral cortex (K*
500+15OnM) was greater than for OK cells (K/. 7pM). Agm also potently
inhibited the binding of 3H-idazoxan to IRs of the l2 subclass in mitochondrial
membranes of adrenal medulla and cerebral cortex (KjS: 0.8-1pM). Binding to
AARs and IRs were competitive: Agm (luM) decreased the affinity (Kq ) but not
numbers of binding sites (B,^) for both 3H-ligands. Agm did not affect binding

GLOMUS CELLS OF CAROTID BODY AND ADRENAL CHROMAFFIN
CELLS OF RAT EXPRESS IMIDAZOLINE RECEPTORS AND
AGMATINE, AN ENDOGENOUS LIGAND. C. Younoson. S. Requnathan,

of appropriate radioligands to a,- (3H-prazosin), ^-adrenergic (Vl-propranolol)
or 5-HT (3H-ketanserin) receptors. The effects of Agm on cAMP production was
measured in OK cells and rat brain slices to assess whether the interaction
between Agm and AAR was functional. Agm (lOOpM) failed to decrease the
forskolin-stimulated production of cAMP in both tissues and, hence, was not an
agonist. Comparably, it did reverse and sometimes potentiate the action of UK
14304, an AAR agonist, in rat brain slices. We conclude: (a) Agm is a novel
and selective endogenous ligand selective only for the c-family of adrenergic
receptors and also l-receptors; (b) it interacts competitively with ligand binding
sites; and (c) it does not influence accumulation of cAMP. Although Agm may
modify some cellular functions in chromaffin cells (Li et al., Science, 1994), the
signal transduction pathways mediating the actions are unknown.
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H. Wanq. G. Li. L. Lvandvert and D.J. Reis*. Div. of Neurobiol., Dept, of
Neurol. & Neurosci., Cornell Univ. Med. College, New York, NY 10021.
We sought to determine whether glomus (type I) cells of carotid body

and chromaffin cells of rat, both two neural crest derivatives, express
imidazoline (l-) receptors and contain agmatine (decarboxylated arginine).

Carotid bodies were harvested from rat pups (P6-10) and maintained in

culture. These expressed o--adrenergic and l-receptors of the l2 subclass
as defined by ligand binding with 3H-idazoxan (K^: 20 nM; Bmax: 810

fmol/mg protein), l-receptors were localized immunocytochemically by a

specific polyclonal antibody to an l-receptor protein (Wang et al., Mol.
Pharmacol. 43:509, 1993) to the majority of the type I cells. All of these
contained immunoreactive tyrosine hydroxylase. Agmatine localized

immunocytochemically with a specific polydonal antibody (Wang et al.,

Soc. Neurosci. Abstr, 1994) was present in all type I cells. Carotid bodies
examined in situ contained immunoreactive agmatine and the l-receptor

protein.

Immunocytochemical^, rat adrenal medullas expressed

I-

receptors in approximately 50% of cells and contain immunoreactive and

chemically assayed (HPLC) agmatine. We conclude; (a) glomus cells of

the carotid body and chromaffin cells express ^-receptors; (b) the same
cells also contain agmatine suggesting that agmatine may act as a

paracrine and/or autocrine message; (c) agmatine may be a
neuromodulator in periphery as it is in CNS (Wang et al., Soc. Neurosci.

Abstr, 1994).
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DRD4 DOPAMINE RECEPTOR
VARIOUS PRIMATE SPECIES

ALLELE

FREQUENCIES

IN

M.D. Adamson. S. O'Brien. D. Higlev. U. Pesonen*. D. Goldman. Laboratory of
Neurogenetics, NIAAA, Rockville, Md. 20852
The DRD4 dopamine receptor is structurally unique in that it contains a 48 bp

repeating segment in the coding region (Exon III). Different DRD4 alleles are
produced by the presence of additional repeats. Each repeat adds 16 amino acids to the

length of the receptor protein within the 3rd intracytoplasmic loop. As a result,
certain DRD4 alleles exhibit different in vitro binding affinities (Nature 358;
1992). The highly polymorphic nature of the DRD4 gene and resulting changes in
the structure and, possibly, function of the DRD4 receptor makes this gene an

intriguing candidate to be a genetic determinant of dopamine-related behaviors.

The DRD4 alleles and allelic frequencies in several human populations are known.

DRD4 genotypes in several nonhuman primate species were determined using PCR

followed by agarose electrophorersis. The following species were genotyped: gorilla
n=4, chimpanzee n=2, pygmy chimpanzee n=2, Bornean orangutan n=5, Sumatran

orangutan n=5, spider monkey n=l, rhesus macaque n=8 and vervet monkey n=28.
The degree of DRD4 polymorphism varied significantly among the primate species

as did the frequencies of different alleles. For example, rhesus macaque monkeys
were monomorphic but both orangutan subspecies exhibited multiple alleles. It is of

interest that the two most abundant alleles in the human (the 4 and 7 repeat alleles)
were not the most abundant in any other primate tested. Genotyping of other primate
species and sequencing of the individual DRD4 repeat alleles in different species may
help us determine the ancestral DRD4 repeat length.

CEREBELLUM
17.1

17.2

DIFFERENTIAL PROJECTIONS OF THE DORSOLATERAL PONTINE
NUCLEI AND NUCLEUS RETICULARIS TEGMENTI PONTIS TO THE
CEREBELLAR CORTEX OF MACAQUES. M. Glickstein. J. Baizer*. N.
GerritsL I. Krali-Hans. B. Mercier, and J. VoogdF Dept, of Anatomy,
University College London, Gower Street, London WC1E 6BT. +Dept. of
Anatomy, Erasmus University, Rotterdam. *Dept. of Physiology, SUNY.
Visual input to the cerebellum plays a role in the guidance of the eyes and
limbs, but the differential pathways to the cerebellum from cortical and midbrain
structures remains incompletely understood. Previous studies using retrograde
transport of HRP confirmed that lobule VII of the macaque has a visual input
which is relayed in part by the nucleus reticularis tegmenti pontis (NRTP). In the
present experiments we injected wheatgerm agglutinin horseradish peroxidase
(WGA-HRP) into NRTP of two monkeys, and studied retrogradely filled cells
and orthogradely labelled fibre terminals. There was a dense sheet of labelled
cells in the deeper layers of the superior colliculus and heavy reciprocal
connections with the lateral and interpositus cerebellar nuclei. Orthograde
projections were scattered diffusely on the cerebellar cortex including a bilateral
projection to lobules VI and VII. In nine other cases we injected selected sites
on the cerebellar cortex. Injection into vermian lobule VII or the ventral
para/locc^as confirmed a projection to these areas from NRTP. Although the
pathways are not completely segregated, there are at least two relatively
independent routes whereby visual information may reach the cerebellar cortex
of monkeys. One pathway arises from cerebral cortex and superficial layers of
the colliculus and relays via the dorsolateral pons to the dorsal paraflocculus and
adjacent uvula and paramedian lobule. The other has its origin in deeper layers
of the superior colliculus and relays principally by way of NRTP to lobule VII
and ventral paraflocculus.

FUNCTIONAL ACTIVATION OF CEREBELLAR OUTPUT DURING
COGNITIVE PROCESSING. K. I5gurt>il1. S.-G. KimkP. Andersen1 and
P.L. Strick2*. *CMRR, Univ. of Minn., Minneapolis, MN 55455; 2Res. Ser., VA
Med. Ctr & 2Depts of Neurosurg. and Physiol., SUNY-HSC, Syracuse, NY 13210.
There has been considerable controversy about the participation of the cerebellum
in non-motor, cognitive operations. In order to examine this issue, we used
functional magnetic resonance imaging to study activation of the dentate nucleus
during a task that included a significant cognitive component
Seven healthy human volunteers participated in these experiments. During
imaging subjects were asked to use their dominant limb to perform two different
tasks. For the first task ("Visually guided task"), a small pegboard with 9 holes was
securely positioned over each subject's cheat The board contained four red pegs in the
holes at its right end. The task was to move each peg, one hole at a time, to the
holes at the opposite end of the board. The second task ("Insanity task") used the
same pegboard as the Visually guided task. However, in this task, 4 red pegs were
placed in holes at the right end of the board, and 4 blue pegs were placed in holes at
the left end. Subjects were instructed to move the 4 pegs of each color from one end to ,
the other using three rules: 1) move one peg at a time, 2) move to an adjacent open
space or jump an adjacent peg (of a different color), and 3) move forwards, never
backwards.
Our major result is that all 7 subjects showed a large bilateral activation in the
dentate during attempts to solve the Insanity task. Furthermore, in every subject, the
extent of this activation was 3-4 times larger than that found during the Visually
guided task. These results suggest that the cognitive processing associated with
attempts to solve the Insanity task leads to dentate activation. The dramatic increase
in the size of activation with the Insanity task implies that the regions of the dentate
involved in cognitive processing are separate from those involved in the control of eye
and limb movements.
Supported by NIH grants RR08079 (KU) and NS24328 (PLS) and the VA Medical
Research Service (PLS).
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FUNCTIONAL MAGNETIC RESONANCE IMAGING (fMRI) OF CEREBELLAR ACTIVATION WHILE LEARNING TO CORRECT FOR VISUOMOTOR ERRORS. D. Flament*. J. Ellemnann. K. Ugurbil and T.J. Ebner.
Depts. of Neurosurgery, Physiology & Radiology, University of Minnesota,
Minneapolis, MN 55455.
Using fMRI (4T scanner, gradient echo T2* imaging) we measured cerebellar activation during the performance of 3 variants of a step-tracking task
that required superposition of a cursor, linked to movement of a joystick,
onto 8 targets displayed one at a time on a projection screen. The variants
introduced the following different visuomotor relationships between movement of the joystick and cursor: 1) control relationship, i.e. movement of the
joystick in a given direction produced movement of the cursor in the same
direction, 2) random changes of joystick/cursor relationship and 3) reversed
but constant joystick/cursor relationship (learning task). The random task, in
which performance was severely impaired, was associated with the highest
levels of activation in all subjects. Repeated practice at this task did not
produce much improvement in performance and, on average, cerebellar
activation remained higher than during the control task. Six of 7 subjects
improved their performance with repeated exposure to the learning task, as
measured by changes in movement trajectory, path length, movement time
and number of movements completed in a fixed time period. In these
subjects the intensity and area of activation measured over each hemicerebellum declined to values equal to or sometimes lower than those measured in the control task, as performance improved. In the subject that did
not acquire a high level of skill at the learning task cerebellar activation remained high. These data are consistent with the view that the cerebellum is
involved in the acquisition of motor skill, but the low levels of cerebellar' activation measured after learning occurred suggest that the cerebellum is not
the site of storage of the learned process. Support: NIH ROM 8338.

A PET STUDY OF THE EFFECTS OF ALCOHOL ON
ESSENTIAL TREMOR. A.J.Wills. P.D. Thompson. L.J. Findley
and DJ Brooks* MRC Cyclotron Unit, Hammersmith Hospital,
London, UK; MRC Human Movement and Balance Unit, Institute of
Neurology, London, UK; University of Adelaide, Australia.
Alcohol is an gffgdtiyg treatment for essential tremor (ET). The
aim of our study was to examine the effects of alcohol on the
abnormal patterns of cerebral activation in a group of ET subjects with
alcohol-sensitive tremors.
Six ET patients had regional cerebral blood flow (rCBF) measured
with H2150 PET during postural tremor of the right arm and at rest.
The field of view ranged from medulla to thalamus. Abnormal
bilateral cerebellar activation was seen. The subjects were then given a
dose of oral alcohol to completely suppress the postural tremor. rCBF
was then measured during posture (without tremor) of the right arm
and at rest. Global cerebral blood flow was increased in the presence
of alcohol but the bilateral cerebellar activation was completely
suppressed. Activation persisted in the cerebellar vermis.
Our Fndings suggest that alcohol ameliorates ET by a specific
effect on cerebellar rCBF and accords with our hypothesis that the
cerebellum is the site of tremorgenesis in a variety of pathological
tremors.
(Supported by the Wellcome Trust)
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ELECTROPHYSIOLOGICAL STUDY OF THE NUCLEUS INCERTUS BURSTTONIC NEURONS PROJECTING TO THE FLOCCULUS IN THE ALERT CAT.
G.Cheron. S.Saussez. E.Godaux*. Laboratory of Neuroscience, University of MonsHainaut, Mons, Belgium.
The aim of this study was to characterize, in the alert cat, the nature of the signals
sent by the medial pontine reticular formation (PRF) to the middle zone of the flocculus. The present study was more particularly focused on the floccular projecting
neurons situated in and around the nucleus incertus (NIC).
Animals were chronically implanted with stimulating electrodes on both abducens nerves and on the middle zone of the flocculus. Eye movements were measured
using the scleral search-coil technique in the head-restrained condition. Neuronal activity were recorded with glass microelectrodes. The antidromic field potential evoked by stimulating of the abducens nerve was used to map out the location of the
abducens nucleus which was then used as a land mark to find the middle zone of the
flocculus and the NIC. The sensitivity to eye position and eye velocity were determined during spontaneous saccades and during the vestibulo-ocular reflex (VOR).
A total of 65 neurons antidromically activated from the flocculus were recorded
in the PRF. Same proportion of neurons were activated from the ipsilateral and the
contralateral flocculus. Among these neurons, the main type (60 %) is represented by
the burst-tonic units that were concentrated just beneath the floor of the fourth ventricule in the nucleus incertus. Some of these units were also found in the medial longitudinal fasciculus. The mean latency of the antidromic response was 1.15 ± 0.26
ms. Their sensitivity to horizontal position during intersaccadic fixation (Kt) and during the VOR (Kv) was 8.6 ± 4.5 spikes s'l/deg and 7.6 ±3.5 spikes s'*/deg, respectively. These neurons resembled the burst-pause-tonic neurons of the prepositus
hypoglossi nucleus (NPH) which also project to the same floccular module. This result shows that two same types of signal, elaborated in the NPH and in the NIC, converge to the horizontal zone of the flocculus.

MODULATION OF OLIVARY SENSITIVITY DURING REACHING.
K.M. Horn*. P.L.E. van Kan, and A.R. Gibson. Div. of Neurobiology,
Barrow Neurol. Inst., Phoenix, AZ 85013.
Neurons in the inferior olive are the source of climbing fiber input to
the cerebellum. Olivary neurons are sensitive to somatosensory stimuli, and
neurons in the rostral dorsal accessory olive (rDAO) are very sensitive to
light cutaneous stimuli. Yet, during movement rDAO neurons fire at low
rates and show no clear responses when the limb actively contacts objects:
Motor behaviors appear to modulate olivary sensitivity. In this study, we
investigated responses of rDAO neurons to cutaneous stimulation delivered
at specific times during a reaching task. Are neurons with receptive fields
on the paw inhibited at the time of contact with an object?
Cats were trained to reach, grasp, and retrieve a lever. Cutaneous
receptive fields were mapped in the rDAO. Brief, electrical stimuli were
applied to the rDAO receptive fields during different phases of the reaching
task. The stimuli reliably evoked rDAO activity during stance, but the
responses were attenuated during movements. Periods of decreased
sensitivity were broad and corresponded to periods of movement.
Reduction of sensitivity was largest for neurons with receptive fields on the
reaching forelimb (average reduction 73%), somewhat less for other
supporting forelimb (average reduction 48%), and least for neurons with
fields on the hind limbs (average reduction 10%). The data support the
hypothesis that motor behaviors alter olivary sensitivity, but the modulation
is not precisely timed for contact.

17.7

17.8

IMPORTANCE OF THE INFERIOR OLIVE IN TIMING A SKILLED
MOVEMENT: A ROLE FOR COHERENT COMPLEX SPIKE ACTIVITY.
J.P. Welsh* Dept of Physiology & Biophysics, New York University Medical
Center, New York, NY 10016.
Multiple Purkinje cell (PC) recordings have demonstrated a temporal correlation
between rhythmic complex spike activity and rats' repetitive protrusion of the
tongue. The present study investigated the role that coherent complex spike activity
plays in motor learning and motor timing. The inferior olive of 8 rats was
destroyed by chemical lesion produced by systemic injection of 3-acetylpyridine
(sparing some subnucleus fi). After acute effects of the lesion had subsided, the rats
were trained to protrude their tongue 6 mm in response to a tone. Compared to
controls (n=5), no IO-lesioned rat was impaired in its ability to either associate the
tone with the reinforcer or to learn to extend its tongue, requiring the same number
of sessions (12 ±1) as controls to attain a high frequency of 6-mm protrusions.
However, at each distance from 2 to 6 mm, IO-lesioned rats required at least 140
ms longer to reach the target (p<.05 at all distances). Latency histograms
indicated that IO-lesioned rats had broader response functions, with 21% of
responses occurring at the modal latency of controls but 30 % occurring greater than
300 ms after this time. The complex spikes of 33 PCs within a 3 mm2 region of
crus Ila were recorded from a naive rat during conditioning. As compared to when
the tone was presented alone and the rat did not move, there was an increase in
synchronous complex spike firing in an ensemble of 10 PCs while the response was
acquired to the tone (max cross correlation 0.43 between PC pairs). The degree of
synchrony was reduced by 54% when responding was extinguished by withholding
reinforcement and reinstated in a later conditioning session when responses were
initiated promptly. It is concluded that complex spike synchrony may facilitate
skilled movements by inducing a coherent activation of motoneurons at the time
that movement is commanded by higher motor centers. (NIH NS31224)

EFFECTS OF INACTIVATING THE DEEP CEREBELLAR NUCLEI ON
THE LEARNING OF A COMPLEX FORELIMB MOVEMENT.
Vu, Shimansky*. J.-J , Wang. J , R. feloedeL V. Bracha.
Barrow Neurological Institute, Phoeuix, AZ 85013.
The purpose of this study was to determine the effects of iuactivatiug
concurrently the interposed and dentate nuclei on the capacity of cats to learu a
complex forelimb movemert. Cats first were trained to move a vertical bar to a
target zone through a single posterior-anterior groove. These animals then were
injected with muscimol in all of these nuclei and required to learn to move the
bar through a new two-segment template. They were exposed to progressively
more difficult templates created by decreasing die angle between the initial
medial-lateral segment and the final anterior-posterior segment of the template.
After determining the most difficult template die injected animals could leam
within specified time constraints, their capacity to leam more difficult templates
in the absence of any injection was assessed. Next, die capacity to perform the
most difficult learned template following muscimol injection was determined.
The kinematics and the temporal characteristics of the movements as well as the
EMG of forelimb muscles were recorded during all trials.
The findings show that, during nuclear inactivatiou, die animals developed a
movement strategy suitable fin learning the more difficult templates and were
able to adjust movement kinematics to achieve better performance. They also
could change the temporal relationships among the EMGs of different muscles.
Although the animals could adjust the amplitude of individual muscle EMGs,
they were unable to significantly change their pattern. Animals with inactivated
cerebellar nuclei always were able to perform die most difficult template learned
in the absence of any nuclear injection. The data suggest that die cerebellum is
not required for learning this type of complex voluntary movement, although it
can facilitate this process. Supported by NIH grants NS30013 and NS2l958.
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VISUOMOTOR LEARNING IN CEREBELLAR PATIENTS.
D. Timmann! Yu. Shimansky*. P.S. Larson2. D.A. Wunderlich*. G.E. Stelmach1.
J.R. Bloedel**. 'Department of Exercise Science and Physical Education, Tempe,
AZ, 85287; Division of Neurobiology, 2Barrow Neurological Institute, Phoenix,
AZ, 85013.
The aim of the present study was to demonstrate that patients with cerebellar
pathology are capable of improving their performance in a complex series of twodimensional tracing tasks, supporting the view that damage of substantial cerebellar
regions does not eliminate the capacity to acquire and improve the performance of
complex voluntary movements. Eight patients (mean age= 50.7 y; range= 18-74 y)
with chronic, isolated cerebellar lesions and eight age- and sex-matched healthy
controls (mean age= 47.6 y; range= 24-76 y) were tested. Three patients had mild,
five moderate upper limb ataxia. In the first task subjects traced an irregularly
shaped outline over 20 consecutive trials (trace task 1). Next, subjects were asked to
redraw the object without any underlying template as a guide (memory task 1). In
the second task subjects were asked first to trace a different irregularly shaped
outline 20 times (trace task 2) and then to redraw it with its axis rotated without an
underlying template (memory task 2). After each trial in the memory tasks the
template was placed over the drawn image and shown to the subjects.
The error of performance was determined by calculating the area (A) between the
desired path and the actual path traced by the subject. In the first task the area error
decreased for the controls (linear regression analysis, R=0.81, p<0.001) and for
patients with mild ataxia (R=0.63, p<0.01). In the second more difficult task the
area error decreased dramatically for all patients and controls (cerebellar: R=0.81,
p<0.001; controls: R=O.85, p<0.001). These decreases in the area errors show that
both cerebellar patients and controls improved their performance on both memory
tasks, indicating that visuomotor learning occurred in both groups. This research
was supported by NIH grant R01N521958 and P01NS30013 and Flinn Foundation.

METABOTROPIC GLUTAMATE RECEPTOR ANTAGONIST (L-AP3)
INHIBITS VESTIBULO-OCULAR REFLEX ADAPTATION WHEN
ADMINISTERED INTO GOLDFISH VESTIBULO-CEREBELLUM.
T.L. Carter* and J. G. McElligott. Dept, of Pharmacology, Temple University School
of Medicine, Phila., PA 19140.
Antagonists to glutamate receptors (NMDA and/or non-NMDA) have been
found to interfere with many neuroplastic phenomena, such as, hippocampal
long-term potentiation, cerebellar long-term depression, and developmental
visual cortical plasticity. Our previous work has shown that MK-801, an
NMDA antagonist acting at extra-cerebellar sites, delays the onset and
reduces the rate of adaptive vestibulo-ocular reflex (VOR) gain increases
(McElligott and Carter, 1992) but not gain decreases (Carter et al., 1992).
Other studies from our lab have shown that CNQX, the non-NMDA receptor
(AMPA & kainate) antagonist, injected into the vestibulo-cereb^llum prevents
VOR adaptive gain increases and decreases (Carter & McElligott, 1993). The
study reported here examines the role of the glutamatergic metabotropic
receptor, on VOR gain adaptation. Goldfish restrained in a cylindrical
aquarium were sinusoidally rotated about the vertical axis (1/8 Hz ± 20°) and
were trained to increase or decrease gain over a 3 hour period. During this
period, VOR in the light and the dark was measured at 15 minute (1st hour)
and 30 minute intervals (2nd and 3rd hour). After initial VOR measurements,
L-AP3 was infused bilaterally into the vestibulocerebellar region (0.25
ul/side @ 0.025 ul/min). L-AP3 (2.0 mM) administered into the vestibulocerebellum of goldfish inhibited both VOR adaptive gain increases and
decreases without altering the pre-adapted VOR. The effect of L-AP3 was
also found to be dose-dependent (range 0.1, 2.0, & 10 mM) for adaptive VOR
gain increases. This work suggests that the metabotropic glutamate receptors
located in the vestibulo-cere^lum of the goldfish are an important component
for VOR adaptation. (Supported by a grant from NIDCD-NIH # DC 01094)
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PRE- AND POST-ADAPTIVE VESTIBULO-OCULAR REFLEX GAIN
CHANGES AFTER CEREBELLAR NITRIC OXIDE INHIBITION IN THE
GOLDFISH.

EFFECTS OF GABA BLOCKADE IN THE INFERIOR OLIVE ON THE
ACTIVITY OF PURKINJE CELLS IN THE GENETICALLY DYSTONIC (dt)
RAT. J. F. Lorden* and M. H Thorstad. Dept, of Psychology, Univ. of Alabama
at Birmingham, Birmingham, AL 35294.
The dt rat shows behavioral insensitivity to harmaline, a drug known to induce
rhythmic activation of the olivo-cerebellar pathway. Although harmaline induces
rhythmic activation of the cells of the inferior olive in the mutant, vermal Purkinje
cells do not display normal responses to the drug. Purkinje cells are, however, able
to follow electrical stimulation of the inferior olive over a wide range of
frequencies. Because the inferior olive receives a dense GABAergic innervation
which plays an important role in olivo-cerebellar function, the effects of GABA
blockade on the spontaneous and harmaline-stimulated activity of Purkinje cells
was studied in urethane-anesthetized normal and dt rats, 20-23 days old.
Extracellular single unit activity was recorded from Purkinje cells before and after
injection of .2 ^l of 2 mM bicuculline methiodide (BIC) into the inferior olive.
The spontaneous firing rate of Purkinje cells was significantly lower in dt than
normal rats. BIC increased the complex spike rate in both groups. The dt rats,
however, showed a significantly greater sensitivity to BIC than did normal rats.
Despite this, administration of BIC to animals pretreated with intravenous
injections of harmaline revealed a significantly greater effect of BIC following
harmaline in normal than dt rats. This was observed even when the doses of
harmaline were adjusted in the two groups to equate the average complex spike
rate at the time of BIC administration. Both BIC and harmaline decreased simple
spike rate in both groups. Only harmaline increased the duration of pauses that
followed complex spikes. Although harmaline increases the firing rate of olivary
neurons in dt rats, the drug may also interfere indirectly with GABAergic
mechanisms in the inferior olive. (Supported by a grant from the Dystonia
Medical Research Foundation.)

I.G. McElligott^* L Lj2 and S.S. Smith^ ^Dept. of Pharmacology, Temple
University School of Medicine, Phila., PA 19140, and ^Dept of Anatomy, Inst of
Neuroscience, MCP-Hahnemann University, Phila., PA 19102
Nitric oxide (NO) has been associated with diverse neurological phenomena
including neuroplastic changes and blood flow regulation. After inhibition of NO
within the vestibulo-cerebellum by a localized injection of L-lN^’-monomethylarginine (L-NMMA; bilateral, O.5ul/side @ 100 mM), goldfish were trained to
alter vestibulao-ocular reflex (VOR) gain over a three hour period. A
statistically significant (P<0.01) and marked reduction (- 74%) in the ability to
produce adaptive gain increases but not decreases was observed during the entire
period. For adaptive VOR gain decreases, there was a small reduction in the
overall gain change during the 2nd half of adaptation period. Inhibition of
cerebellar NO by L-NMMA, after an adaptive VOR gain increase, did not
significantly disrupt the normal decay during the first half of post-adaptive
recovery period (3 hours). However, during the latter half of this postadaptation period, the rate of the recovery was reduced. Compared to controls,
this resulted in the partial maintenance of the adapted VOR gain during the
post-adaptation period. During these studies, NO inhibition by L-NMMA did
not change the baseline pre-adapted VOR gain in either the light or the dark.
In addition, inhibition of NO did not alter the cerebellar blood flow, as
indicated by direct visual observation via a dissection microscope or by laser
Doppler blood flow measurements. This would rule out that these results are due
to a generalized disruption of the pre-adapted VOR or due to a decrease in
cerebellar blood flow. Thus, these results indicate that nitric oxide production
within the cerebellum is an essential component for adaptive VOR gain changes
especially for gain increases. (Supported by a grant from NIH-NIDCD DC 01094
& AFOSR #93-0136)

17.13

DEVELOPMENT OF PROJECTIONS FROM THE CEREBRAL CORTEX TO THE
PONTINE NUCLEI. A Dil AND COMPUTER 3-D RECONSTRUCTION STUDY IN THE
RAT. T.B. Leergaard,'2 E.A.J.F. Lakke1 and J.G. Biaalie? 1Lab. of Physiology,
University of Leiden, 2300 RC Leiden, The Netherlands and 2 Dept. Anatomy, University
of Oslo, N-0317 Oslto, Norway
The corticopontine projection is topographically organized and cortical axons reach
the pontine level in a temporal sequence around birth. The fibers develop as collaterals
from corticospinal axons and are seen to enter the pontine nuclei at rostral and caudal
levels (O'Leary and Terashima, Neuron 1:901,1988). To further investigate the basic
principles determining the spatial arrangement of corticopontine axons, we made in vivo
implantations of the earbocyanine tracer Dil at various cortical locations in newborn rats.
Survival time was one to seven days. The distribution of anterogradely labeled fibers
were computer reconstructed as point clouds inside a solid model representing the
pontine nuclei. Using anatomical landmarks, the distribution patterns from different
experiments were superimposed in a standard model. Inspection of this model as well
as direct comparisons of individual cases demonstrated a topographically organized
shell-like arrangement of the labeled axons. Our findings indicate that early arriving
corticopontine axons originate in the lateral cortex. These fibers grow into the only
available zone of pontocerebellar neurons at that time (a central core region of the
pontine nuclei, cf. Altman and Bayer, J.Comp.Neurol. 257:529,1987). Later arriving
axons, originating in more frontal and occipital cortical regions, grow into zones of the
pontine nuclei containing later arriving and more external contingents of pontocerebellar
neurons. They grow around the central core, bridging the rostral and caudal entrance
zones. Thus, our findings indicate that the complex corticopontine topography is
determined by the interaction of simple spatial and temporal gradients, operative within
source (cortex) and target (pons) areas.
CIRCUITRY AND PATTERN GENERATION I
18.1

18.2

REPEATED PATTERNS IN LGN, VISUAL CORTICAL & TEMPORAL
DISCHARGES: A FREQUENCY INSENSITIVE MEASURE. R6mv
Lestienne.* CNRS Office 4101 Reservoir Road NW, Washington, DC 20007
Several authors have shown that spike trains are not information-free
renewal processes. In particular, they usually contain a large excess of
precisely repeating patterns. However, assessing the significance of the
presence of such favored patterns has been thus far impaired by several
observations: 1) The emission of repeated patterns is extremely "labile." The
propensity for a cortical neuron to emit copies of a given triplet seems to die
off within about 25 ms. 2) The production of those repeated patterns by pure
chance is a highly non-linear function of the frequency of discharge (1).
In short, we face the problem of decoding a temporal code based on
autocorrelations between spikes, but whose symbols are constantly varied, and
where the a priori probability of the appearance of symbols is a highly nonlinear function of the frequency. A frequency insensitive measure of temporal
correlations is suggested by noticing that, in Poisson-type spike trains
(provided that certain conditions are fulfilled) the average number of triplets
repeated twice (NT2) and the number of doublets repeated three times (ND3)
are both proportional to X 6. Similarly, the number of replicating quadruplets
(NQ2) and the number of doublets repeated four times (ND4) both rise like
X 8. NT2/ND3 and NQ2/ND4 measures seen quite appropriate for the
detection of significant temporal correlations of a Markovian type, since they
compare the probability of occurence of adjacent intervals between spikes,
with the probability of occurence of more dispersed, "floating" intervals.
In a comparative study between spike trains recorded in the LGN, the
visual and infero-temporal cortices of cats and monkeys, a large excess of
repeated triplets and quadruplets is observed mostly in layer VI of the cortex,
at a rate which is essentially independent of the discharge frequency.

NEURAL BASIS OF REGURGITATION ELICITED BY AN
EMETIC IN HELISOMA. B.C.Arnett and A.D. Murphy*
Biol. Sci. Dept., Univ. of IL. at Chicago, 60607
Feeding and regurgitation in Helisoma arise
from a pattern generator comprised of neuronal
subunits 1, 2, and 3.
Each subunit is an
independent oscillator that can be temporally
linked to one or two of the other subunits to
produce diverse motor patterns.
A 1-2-3 neural
pattern underlies feeding behavior, characterized
by protraction, retraction, then hyper-retraction
of the buccal mass and odontophore. Motoneurons
(Mns) of muscles that are diagnostic for each
phase of the feeding cycle have been identified.
These Mns and muscles were monitored as an
emetic, that causes regurgitation in intact
snails, was perfused through the buccal cavity
and
esophagus
of
semi-intact
snails.
Regurgitation,
characterized
by
sustained
protraction then retraction of the buccal mass
and odontophore, is mediated by intense and
prolonged bursts of action potentials in phase 1
Mns followed by excitation of phase 2 Mns.
Emetics or superfusion of arginine vasotocin
(AVT)
in semi-intact preparations activated
buccal A cluster neurons that elicited similar
neuromuscular
patterns.
AVT-immunoreactive
neurons are found in the esophageal wall.
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IDENTIFICATION OF A CATECHOLAMINERGIC NEURON IN THE BUCCAL
GANGLIA OF APLYSIA THAT INITIATES RHYTHMIC NEURONAL ACTIVITY
INDICATIVE OF INGESTION. E.A.Kabotvanski*. D.A.Baxter and J.H.Bvme. Dept,
of Neurobiology and Anatomy, Univ. of Texas Medical School, Houston, TX 77030.
Bath application of L-3,4-dihydroxyphenylalanine (DOPA), the metabolic precursor
of catecholamines (CAs), induces patterned rhythmic activity in isolated buccal
ganglia (Kabotyanski et al., 1993). In the present study, we extended our previous
observations and have identified a pair of CAergic cells whose activation reproduces
some of the effects of DOPA. In addition, we have developed a semi-intact
preparation to examine the behavioral significance of the CA-dependent rhythm.
We focused on the most lateral pair of large CAergic neurons in the buccal ganglia
(Goldstein and Schwartz, 1989). We refer to these cells as B65. Double-labeling with
a fluorescent dye and glyoxylate-induced histofluorescence confirmed that B65
contains CA. B65 is an intemeuron that branches extensively in the ipsilateral
neuropil. Its single axon ends in the contralateral ganglion. B65 fires rhythmically
during patterned activity elicited by radular nerve shock as well as during DOPAinduced activity. The cell fires in phase with B31/32 and in anti-phase with B4/5 and
B64. B65 elicits EPSPs in B31/32, B64, B8 and B4/5, and it receives IPSPs from B64.
Long duration (>15 sec) depolarization of B65 results in patterned activity in the
above mentioned neurons and in B65 itself. Some features of this activity are typical
of the pattern induced by DOPA. For example, both patterns are characterized by a
gradual decrease in the firing rate of B4/5 neurons during successive cycles of activity.
In a semi-intact preparation consisting of the head with the attached CNS, perfusion of
the canulated aorta with DOPA (40-80 pg/ml) induced rhythmic movements of the
buccal mass, which were associated with a force directed into the mouth.
The newly identified CAergic neuron B65 seems to be a part of the buccal pattern
generator capable of both initiating and modulating an ingestive motor program in
Aplysia. Supported by Grant from the AFOSR.

MODULATION OF OUTPUTS OF A MECHANOAFFERENT NEURON
BY SENSORY, MOTOR, AND INTERNEURONAL ELEMENTS IN THE
FEEDING PATTERN GENERATOR NETWORK OF APLYSIA.
S. C. Rosen*. M. W. Miller, E. C. Cropper and I. Kupfermann. Cntr.
Neurobiol. & Behav., NYS Psychiat. Inst.. New York, NY 10032; Inst,
of Neurobiol., Univ. of Puerto Rico, San Juan, PR 00901; Dept.
Physiol. & Biophys.. Mount Sinai Sch. of Med., New York, NY 10027.
Sensory feedback in motor pattern generation is often gated, so
that afferent input occurs only at appropriate phases in a motor
program. Since the mechanisms of sensory gating are poorly
understood, we investigated the problem in Aplysia feeding where
many circuit elements have been identified. B21 is a peptidergic,
mechanoaiferent neuron that provides input to the feeding system
from the radula, the structure that grasps food and moves it through
the buccal cavity during rhythmic, ingestive and egestive feeding
movements. Monosynaptic outputs of B21 are to two groups of
neurons that control closure and backward rotation of the radula (14
muscle motor neurons, B8a and B8b; 15 motor neurons, B15 and B16)
and a motor neuron (B82) that controls dorsal muscles of the buccal
mass that act conjointly with radula movements to move food
between the jaws and the esophagus. Chemical synaptic outputs of
B21 are enhanced or depressed during different phases of ingestive
and egestive motor programs. Four cell types contribute to B21
modulation: (1) sensory neurons, e.g. B22; (2) intemeurons, e.g. B19;
(3) motor neurons, e.g. B82; and (4) multifunction neurons, B4 and
B5, that have sensory, motor, and interneuronal functions.
Inhibitory chemical synapses mediate the modulation produced by
B4 and B5, whereas electrical synapses are implicated in the other
instances. The results indicate that multiple and highly diverse
elements of the feeding pattern generator network are involved in
phase-specific modulation of sensory input to the feeding circuits.

18.5

18.6

A FORMAL APPROACH TO THE FUNCTION AND BEHAVIOR
OF THE STOMATOGASTRIC NERVOUS SYSTEM.
P.Roberts and G.McCoIlum*, R.S.Dow Neurological Sciences Institute,
Good Samaritan Hospital & Medical Center, Portland, OR 97209.
The foregut of decapod Crustacea is noted for its discrete behavior
modes which follow from the activity of the stomatogastric nervous system (STNS). We apply a mathematical formalism to this system which
is designed to emphasize the discrete aspects of behavior. Discrete regions in the position space of the foregut along with discrete activity
modes of the STNS are combined by relations of inclusion and continuity into a mathematical object called a d-space. The inclusion relation
follows from the allowable behaviors under a given set of mechanical
or physiological constraints. Contiguity respects physical contiguity of
the foregut in position space as well as the temporal contiguity of the
behavioral phases of the STNS. This formalism allows us to address the
question of how physiological and anatomical constraints limit the behavior to the activities that are reported in the literature, and help to
clarify the functional interaction between the STNS and the foregut of
decapod Crustacea.

DISTINCT RESPONSES OF ELECTRICALLY-COUPLED PACEMAKER NEURONS
TO ACTIVATION OF A MODULATORY PROJECTION NEURON. B.J. Norris*.
M.J. Coleman & M.P. Nusbaum. Neurobiology Research Center, Dept, of
Physiol. & Biophys., Univ. of Alabama at Birmingham, B'ham, AL 35294/Dept. of

Fig. d-Space representation of the cut
and grind mode of
chewing.

- fodusion
- Contiguity

Neuroscience, Univ. of Pennsylvania Medical School, Philadelphia, PA 19104.
The pyloric motor pattern, produced in the crustacean stomatogastric ganglion
(STG), is a three phase motor pattern whose cycle frequency is primarily
determined by the rhythmic activity of an ensemble that includes three types of

electrically coupled pacemaker neurons. In the crab, Cancer borealis, these
pacemaker neurons are the single anterior burster (AB), the paired pyloric dilator
(PD) and the paired lateral posterior gastric (LPG) neurons.
Previously, we showed that stimulation of modulatory commissural neuron 5
(MCN5) increases the pyloric cycle frequency and inhibits all pyloric neurons not
in the pacemaker ensemble (Nusbaum et al., Soc Neurosci Abstr 18:1056,1992).
The increased pyloric cycle frequency appears to result primarily from the MCN5
excitation of AB. While AB is excited by MCN5 activity, PD activity is slightly
reduced. Additionally, following MCN5 stimulation, PD activity increases above
pre-stimulus levels for one or two cycles, further suggesting the presence of an
inhibitory component to the PD response. The response of LPG to MCN5
activity includes increased activity and a periodic uncoupling from the pyloric
rhythm. During these times, LPG fires longer duration bursts that are time-locked
to a reduced form of the gastric mill motor pattern. This pattern includes
coordinated bursting in LPG and the dorsal gastric (DG) neuron.
Thus MCN5 stimulation alters the activity of three electrically coupled
pacemaker neurons in distinct ways. It enhances the rhythmic activity of one
neuron, inhibits a second neuron and excites the third in such a manner that
enables it to become rhythmically active with a separate motor pattern.
Supported by NS29436 and HFSP (MPN).

18.7

18.8

MOTOR PATTERN SELECTION BY A MODULATORY PROJECTION NEURON.
D. M. Blitz* and M.P. Nusbaum. Neurobiology Research Center, Dept, of
Physiology & Biophysics, Univ. of Alabama at Birmingham, B'ham, AL 35294/
Dept, of Neuroscience, Univ. Penn. Medical School, Philadelphia, PA 19104.
The neurons within the stomatogastric ganglion (STG) of the crab, Cancer
borealis, comprise a neural network which produces the pyloric and gastric mill
rhythms. Distinct forms of these STG motor patterns are elicited by activity in
different modulatory projection neurons. One such projection neuron is the
modulatory proctolin neuron (MPN). MPN stimulation elicits a specific pyloric
rhythm, inhibits the gastric mill rhythm, and enhances pyloric-timed activity in
most gastric mill neurons. MPN excites the pyloric rhythm by acting directly on
STG network neurons (Nusbaum & Marder, J Neurosci 9:1600-1607,1989). In
contrast, we found that MPN activity inhibits the gastric mP rhythm indirectly.
Specifically, MPN activity removes excitatory drive to the gastric mill neurons by
inhibiting modulatory projection neurons which excite the gastric mill rhythm.
Thus, MPN inhibits activity in modulatory commissural neurons 1 and 2 (MCN1
& MCN2), two previously identified projection neurons (Coleman & Nusbaum,
J Neurosci, in press; Norris et al., submitted). The enhancement of pyloric-timed
activity in gastric mill neurons results from their receiving stronger synaptic input
from pyloric neurons that are excited by MPN activity.
MPN exhibits proctolin- and GABA-like immunoiabeling. Bath-application of
proctolin mimics the pyloric rhythm response to MPN activity (Nusbaum &
Marder, 1989). However, whUe MPN stimulation inhibits the gastric mP rhythm,
bath-applied proctolin excites this rhythm. We are working to determine if the
inhibition of MCN1 and MCN2 by MPN is mediated by GABA Thus, the neural
network response to stimulation of a modulatory projection neuron will not
necessarily be mimicked by bath-application of any single neurotransmitter.
Supported by IBN-9309804 & HFSP (MPN).

SEROTONIN MODULATION OF CALCIUM AND CALCIUMACTIVATED SLOW INWARD CURRENTS UNDERLYING PLATEAU
POTENTIALS IN A CRAB MOTONEURON. B. Zhang* and R.M.
Harris-Warrick. Section of Neurobiology and Behavior, Cornell
University, Ithaca, NY 14853.
Stimulation of a set of serotonergic/cholinergic mechanosensory cells
or focal application of 5HT evokes plateau potentials in the dorsal
gastric (DG) motoneuron in the stomatogastric ganglion (STG) of the
crab, Cancer borealis. Plateau induction depends in part on reduction
of Ca2+-dependent potassium currents dK(Ca)) and enhancement of
hyperpolarization-activated inward currents (Ir ) (Kiehn and HarrisWarrick, 1992). We have used current and voltage clamp techniques
to further address the role of Ca2+ and its dependent inward currents.
The involvement of Ca2+ is evident since the plateau response was
blocked with Co2+ or Cd2+. Furthermore, intracellular injection of the
Ca2+ chelators EGTA or BAPTA reduced the plateau response, and
photolytic release of Ca2+ from caged Ca2+ triggered a plateau
potential. Voltage clamp studies revealed a voltage-dependent, slowlyinactivating, Co2+-sensitive Ca^+ current. This Ca^+ currrent evoked
a slow inward current that was blocked with either extracellular Co2+
or intracellular EGTA The slow current has an extrapolated reversdal
potential o^ -28 mV and a voltage-independent time constant for decay
of 626 msec. Serotonin (10 pM) enhances the Ca2+ current, and either
directly or indirectly enhances the Ca2+-activated slow inward current.
These experiments show that Ca^+ and Ca2+-activated inward
currents play important roles in maintaining the plateau. Supported
by NIH NS 17323.
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18.10

CHARACTERIZATION OF THE SHAL SUBFAMILY IN THE SPINY LOBSTER.
D.J Baro*. C.L. Cole. L.M. Coniglio. M. Kim. J. Lubell. H.E. Rodriquez, M.L.
Herrera. T.R, Podleski. and R.M. Harris-Warrick. Section of Neurobiology and
Behavior, Cornell University, Ithaca, NY 14850.
We are interested in the molecular basis for the unique "fingerprints"
(Hartline et al., 1992) of potassium (K+) currents in different identified
neurons of the lobster pyloric network, and so we have begun to clone K+
channel genes from the Shaker gene family in the spiny lobster Panulirus
interruptus. We have obtained the complete sequence of the lobster shat
protein. Like other shal proteins, the amino acid conservation across species
extends to the amino end of the protein but not the carboxy end; for
example, the first 490 amino acids of the lobster shal protein are 89%
identical to the first 490 amino acids of the Drosophila shal proteins, while the
last 85 amino acids are only 34% identical to the Drosophila shal 1 protein.
These changes result in differences in the activation and inactivation
properties of the lobster and Drosophila shal currents as determined by 2electrode voltage clamp recordings of currents obtained in a Xenopus oocyte
expression system. We have compared the activation and inactivation
properties of the pure lobster shal current to the A-current observed in
different pyloric cells. The currents show a similar voltage dependence of
activation but a very different voltage dependence of deinactivation.
Currently we are examining shal gene expression in the various cells of the
pyloric network using in situ hybridization and single cell PCR. Supported by
NIH grant NS25915.
Hartline, D.K. SGraubard, K. (1992) Cellular and synaptic properties in the
Crustacean Stomatogastric nervous system. In Dynamic Biological Networks:
The Stomatogastric Nervous System. R.M. Harris-Warrick, E. Marder, A.I.
Selverston, & M. Moulins, eds. (Cambridge, MA: MIT Press), pp. 31-87.

DYNAMICAL MODELS OF GLIAL NETWORKS. J.M. Kowalski.
B.K.Rhoades and G.W. Gross*. Depts. of Physics and Biological
Sciences, Univ. of North Texas, Denton, TX 76203.
Ensembles of coupled glial cells have received much less attention in
dynamical models than have neuronal networks, where at least small
networks have been modeled with considerable biological realism. Glial
syncytia play important roles in homeostasis of the extracellular ionic
environment and development of neuronal cytoarchitecture, and there is
growing evidence for a direct glial role in CNS signal processing.
Some aspects of glial behavior, such as the lack of excitability under
physiological conditions and direct electrical coupling via gap junctions,
indicate that systems of non-linear, strongly overdamped oscillators
with linear coupling and parametric drives are good initial models of
glial network dynamics. We consider a network composed of
mammmalian astrocytes, where each cell unit has delayed rectifier
potassium channels, inwardly rectifying potassium channels, and
sodium channels of glial type. Coupling between cells is assumed to be
purely ohmic and the network is immersed in a medium with
extracellular ionic concentrations which fluctuate in both time and space.
We study the stability of the syncytial resting state with perturbations of
both the network and the medium and estimate the speed of relaxation
toward equilibrium. Numerical simulations of large scale glial networks
are carried out for a range of network interconnection patterns and
strengths. For syncytia of simplified cellular units we also consider
propagation of potassium percolation waves through the network as a
model of spatial potassium buffering.

MENTAL ILLNESS
19.1

19.2

SPECT IMAGING OF BENZODIAZEPINE RECEPTORS IN
SCHIZOPHRENICS AND HEALTHY SUBJECTS A. Abi-

BENZODIAZEPINE RECEPTORS IN HUMAN POST-MORTEM
BRAIN: EFFECT OF SCHIZOPHRENIA, SUICIDE AND NEURO-

Pargham*. J. Krystal, M, LarueHe. S, Zoghbi, E, P'Souza. L.
Brsonsr. M, Scmyak, R,M, Baldwin; G, Ztfbal, P,B. Hoffer,

D.S. Chamev and R.B. Innis. Yale University VA Medical Center,
West Haven, CT 06516.
SPECT imaging with [123I]iomazenil was performed in 7
patients with schizophrenia and 7 sex, age and race matched healthy
controls to measure the benzodiazepine receptor distribution volume,
Vt (= CT/Ca, where Ct is the concentration of radiotracer in the
region of interest and Ca is the metabolite-corrected radiotracer in the
plasma). Subjects were injected with [i23I]iomazenil (3.6 ± 0.6
mCi as an i.v. bolus, followed by an i.v. infusion of 1.0 ± 0.1
mCi/h for 420 min). Four 10 min brain acquisitions were obtained
on the CERASPECT camera from 380 to 420 min. Subjects were
studied in pairs of one patient and one matched control per
experimental day to reduce the impact of day to day variability in the
calibration of the counting devices. The following regions were
analyzed: occipital, temporal, cingulate, frontal and cerebellar poles.

LEPTIC DRUG TREATMENT.

G.N. Pandev*. S.C. Pandev. R.R.

Conley, R. Roberts and C.A. Tamminga. Department of Psychiatry,

College of Medicine, University of Illinois, Chicago, Illinois 60612.
The role of benzodiazepine receptors in schizophrenia and their

modulation by antipsychotic drugs has not been investigated. We
have

therefore

determined

the

benzodiazepine

receptors

in

postmortem brains of 18 schizophrenic patients, 6 suicide victims,
and 10 normal controls using LH]-RO15-1788 as the ligand. We
observed that the mean Bmax of the central benzodiazepine receptor
binding sites in the frontal cortex (Brodmann Area 10) of suicidal
subjects (nonschizophrenics) were significantly higher than of

control.

The mean Bmjlx in the brains of schizophrenics were not

significantly different than those of control subjects, however, the
mean Bmax in the brain of schizophrenics treated with neuroleptics

were lower than those patients who were free of neuroleptics. The
mean Bmax in the frontal cortex of drug-free suicidal schizophrenics

Benzodiazepine receptor Vt was higher in the temporal cortex
(p<0.05, paired t test) and the occipital cortex (p<0.01) of patients
with schizophrenia as compared to controls. These results are
consistent with previous reports of possible post synaptic
upregulation of the GABAa receptors in cortical regions of

was higher than control subjects.

schizophrenic patients.

benzodiazepine receptors are increased in both suicidal schizo-

There were no significant

differences in the Kg values of benzodiazepine receptor binding

sites between the various groups. These results thus suggest that
neuroleptic drug treatment may decrease benzodiazepine receptor

binding in the post-mortem brain of schizophrenic patients and that
phrenic and nonschizophrenic subjects.

19.3

19.4

DECREASED FRONTAL SIZE IN SCHIZOPHRENIA MEASURED WITH
VOLUMETRIC MAGNETIC RESONANCE (MR) IMAGING. N.C.Andreaserrf
L.FIashman. D.S.O'Leary. M.FIaum. V.Swavze. Mental Health Clinical
Research Center, Dept, of Psychiatry, Univ. Iowa Coll, of Med., Iowa City, IA
52242
Evidence converges from functional imaging studies and cognitive
neuroscience to suggest the presence of frontal abnormalities in
schizophrenia. In 1986 we reported decreased frontal size using MR imaging;
subsequent studies have indicated the importance of correcting for possible
confounds, such as IO or parental education, head size, plane of view, and
variation in head position. We report herein the first volumetric MR study of
frontal size in schizophrenia using measurements based on 3D visualization of
the central sulcus, volumetric measurements of other brain areas using
automated and validated techniques, and controls matched for parental
education, . The sample consisted of 47 healthy normal male volunteers and
39 male patients suffering from schizophrenia. All were scanned using a 1.5T
GE Signa scanner with a SPGR sequence. Scans were realigned using the
ACPC line and revisualized 3-dimensionally using the locally developed family
of BRAINS software. Patients had decreased brain tissue volume and
increased intracranial CSF. Seven specific brain subregions were measured:
frontal, temporal, parietal, occipital, subcortical, cerebellar, and brainstem.
Comparison between groups on these regions without correcting for the overall
decrease in brain size indicated a diffuse decrease in all four cortical areas.
When a correction was introduced for brain size, however, a specific decrease
was seen in frontal volume. These findings are consistent with an abnormality
in brain development that affects the frontal lobes at some time during its
maturational process.

EFFECTS OF NMDA-RECEPTOR ANTAGONISM ON CORTICAL
METABOLIC ACTIVITY IN SCHIZOPHRENIA: A. Malhotra. J.
Hsiao. I. Chung. J. Hidarv. T. Su. D. Pinskv. D. Pickar. A. Breier*.
NIMH, ETB, NIH, Bethesda, MD 20892.
Several lines of data indicate that a deficit in NMDA function may
underlie the pathophysiology of schizophrenia. These data include
evidence that phencyclidine (PCP), an NMDA antagonist, produces
symptoms that mimic core psychopathologic characteristics of
schizophrenia, including delusions, hallucinations and formal thought
disorder. We have hypothesized that a dysfunction in frontal and
temporal cortical NMDA/glutamate systems produce these symptoms in
schizophrenia. The present study uses subanesthetic doses of the
NMDA receptor antagonist ketamine and FDG/PET to examine the
effects on NMDA receptor antagonism in cortical regions in
schizophrenic patients and healthy controls. Preliminary findings from
a “challenge” study demonstrate that ketamine (.12 mg/kg bolus,
followed by .65 mg/kg constant infusion for one hour) produces
qualitatively and quantitatively different behavioral and cognitive
responses in schizophrenic patients compared to controls. In the
FDG/PET study of healthy volunteers (N=7), ketamine, in comparison
to placebo (saline), increased frontal and temporal cortical glucose
utilization. We will present a comparison of ketamine-induced effects
on glucose utilization in 10 healthy volunteers and 8 neuroleptic-free
schizophrenic patients, and determine if ketamine induced increases in
psychosis is related to cortical metabolic changes.
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19.6

DOPAMINE MODULATION OF ACETYLCHOLINE ACTIVITY
MEASURED WITH POSITRON EMISSION TOMOGRAPHY (PET) AND
11C-BENZTROPINE IN THE HUMAN BRAIN
G.S. Smitl^S.L. Dewey, J. Logan. J.D. Brodie. P. Simkowitz. S. Vitkun.
N.D. Volkow. D. Alexoff. T. Martin, D. Jenkins. C. Shea. J.S. Fowler. A.P.
Wolf Dept. of Psychiatry, New York University School of Medicine; Depts.
of Chemistry and Medicine, Brookhaven National Laboratory; Dept. of
Anesthesiology, SUNY/Stonybrook
To address issues of pathophysiology and treatment response in
schizophrenia, we have used PET to measure neurotransmitter interactions in
the baboon and human. These studies have focused on the modulation of
dopamine by other neurotransmitters (GABA, acetylcholine, serotonin,
opiates), as well as dopamine's ability to modulate other neurotransmitters.
The present study was undertaken to develop an experimental paradigm in
norma! subjects for measuring dopamine’s modulation of acetylcholine.
PET studies were performed in normal male subjects, using the CTI 931
tomograph. Two "C-benztropine scans were performed, two hours apart,
prior to and following drug intervention with the dopamine reuptake inhibitor,
methylphenidate (MP, 0.5 mg/kg, IV, 30 minutes pre-injection). The data were
analyzed with the distribution volume method (Logan et al., 1990). Receptor
availability was decreased after MP administrations in frontal cortex, striatum
and cerebellum. These changes exceeded the test-retest variability of nCbenztropine (less than 10%). The rate of metabolism of the radiotracer was
unaltered. PET studies of dopamine modulation of acetylcholine activity may
have implications for the study of extrapyramidal side effects and cognitive
deficits in schizophrenia. Supported by DOE/OHER, NIH: NS15638,
NS15380, MH 49936, MH49165, MH47277, RROOO96, the Whitehead
Foundation and NARSAD.

IN VIVO ESTIMATES OF SYNAPTIC DOPAMINE
CONCENTRATIONS IN SCHIZOPHRENIA USING "CRACLOPRIDE/PET: A. BreierE R. CarsonAW. Eckelman2.A. de
Bartolomeis*1 -R. C. SaundersET. Su1. D. Weinberger^. D. Pickar1,
‘NIMH, ETB, 2PET, CC, 3NIMH, CBDB, NIH, Bethesda, MD 20892.
Dopamine is the most extensively investigated neurotransmitter
system in schizophrenia. However, there is currently no conclusive
evidence confirming a dopamine abnormality in this illness. Our
laboratories are developing a method to derive in vivo estimates of
synaptic dopamine concentrations using HC-raclopride, a highly
selective Di receptor ligand, with PET, and apply this method to test the
hypothesis that schizophrenia is associated with abnormally high
dopamine release following challenge with a dopamine agonist. The
method involves calculating the difference in HC-raclopride binding
between a baseline scan and second scan that is immediately preceded by
administration of the dopamine agonist amphetamine. Amphetamine
increases synaptic dopamine which then competes with nC-raclopride for
Di receptor sites resulting in decreased raclopride binding compared to
the baseline scan. The ratios of specifically bound tracer distribution
volume values between baseline and post-amphetamine scans gives a
measure of the increase in tissue' dopamine due to amphetamine as a
percentage of the dissociation constant for dopamine. Preliminary studies
in nonhuman primates have demonstrated approximately 50% reductions
in "C-raclopride binding following amphetamine (,4mg/kg). These data
along with further validation data from primates (e.g., simultaneous in
vivo microdialysis) and initial experiments in schizophrenic patients and
controls will be presented.

19.7

19.8

CLOZAPINE, BUT NOT D1/D2 DOPAMINE ANTAGONISTS, REVERSES
SENSORIMOTOR GATING DEFICITS AND HYPERMOTILITY INDUCED BY AN
NMDA ANTAGONIST: PATHOPHYSIOLOGIC IMPLICATIONS.

DOES P3 TOPOGRAPHY DISCRIMINATE SCHIZOPHRENIC PSYCHOSIS
FROM AFFECTIVE PSYCHOSIS? D.F. Salisbury, M.E. Shenton, R,W. McCarlev.
M. Tohen, S.W. Matthysse*, D.A. Yurgelun-Todd and W. Chang.
Harvard Medical School/McLean Hospital, Belmont, MA 02178.
Chronic schizophrenics display an abnormal topography of the P3 event-related
potential (ERP), with a voltage deficit over the left temporal lobe. The present
study examined P3 topography in psychotic subjects at the time of first
hospitalization. These ’first psychotic break’ patients comprise two general groups:
Schizophreniform psychosis (Sz) and Affective psychosis (Af). If left-temporal
deficits in P3 are associated with psychosis and thought disorder, then both groups
should show abnormal topography. If left-temporal deficits are specific to
schizophrenic pathology, then deficits should be present in Sz, but not Af.
ERPs were elicited by frequent 1 kHz tones (85%) and infrequent 1.5 kHz tones
(15%) at 97 dB against a background of 70 dB white noise. Subjects covertly
counted the infrequent stimuli. For each subject, responses to the infrequent tone
were averaged, with P3 amplitude measured as the integrated voltage from 300-400
ms post-stimulus. Ten SCID diagnosed subjects were run (4 Sz; 6 Af). P3
amplitudes from left and right temporal sites (T3 and T4) were analyzed. P3
topography was significantly different in each group (F1>8 =5.88, p =.04). The Sz
group showed a smaller P3 on the left than on the right (1.64 vs. 2.98 gv, Fu
= 28.7, p = .01), whereas the Af group was largely symmetrical (1.10 vs 1.14 gv, F,>
= 0.01, p =.93). Although preliminary, these results suggest that left-temporal
deficits in P3 amplitude are present in ’first break’ schizophrenia, but are not
present in ’first break’ affective psychosis. Left-temporal P3 amplitude deficits
correlate with left-sided temporal lobe pathology in chronic schizophrenics.
Therefore, these results further suggest that left-sided temporal lobe pathology may
be present at initial manifestation of schizophrenic psychopathology.

S.B. Schwarzkopf , H.A. Al-Amin. & J.R. Ison. Departments of Psychiatry and
Psychology, University of Rochester, Rochester, NY 14627.
Dopaminergic hyperactivity (DaH) and glutamatergic deficiency (GluD) have each
been implicated in the pathophysiology of schizophrenia. Sensorimotor gating
abnormalities (prepulse inhibition of acoustic startle response, PPI) are present in
schizophrenic patients and animals given agents that induce DaH and GluD. Typical
neuroleptics reverse the DaH abnormalities of PPI in rats, consistent with the DaH
theory of schizophrenia, but appear ineffective in reversing GluD effects.
This study compared animals injected with:
1) a relatively selective D2 dopamine antagonist
(Haldol/HAL) 2) a selective D1 antagonist
(SCH23390/SCH) 3) combined HAL+SCH
(“balanced” D1/D2 DA antagonism) 4) the
“atypical” neuroleptic Clozapine (CLOZ), or
5) vehicle; 15 minutes before injection with
MK801, a potent NMDA antagonist. Acoustic
startle testing for PPI (and PPF, reflex facilitation)
and automated motility testing followed. MK801
significantly reduced PPI/PPF and increased motility. All pre-injections blocked the
hypermotility response, but only Clozapine prevented the reduction of . PPI/PPF
(Figure), a finding that points to methods for future identification of atypical
antipsychotic drugs.
Clozapine’s corrective action on PPI following an NMDA antagonist seems
unrelated to its D2 or “balanced” D1/D2 antagonism. These findings are not consistent
with DaH as a final common pathway for NMDA related psychosis, and is suggestive of
aetiologic heterogeneity of schizophrenia. (Supported by MH00859)
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AN ERP STUDY OF P3A TO NOVEL SOUNDS AND P3B TO
TARGET TONES IN SCHIZOPHRENIA
B.F. O’Donnell*. H. Hokama. R.W. McCarlev. M.E. Shenton. S.E. Law.
P.G. Nestor. F.A. Jolesz, R. Kikinis. Psychiatry, Harvard Med.
Sch./Radiology, SPL, Brigham and Women’s Hospital/ 116A, VAMC,
Brockton, MA 02401.
The P3a component of the auditory event-related potential (ERP) in
humans is elicited by novel, task-irrelevant sounds, while P3b only appears
to target stimuli. On the basis of scalp voltage topography, and depth
recordings, both P3a and P3b may reflect activity in the superior temporal
gyrus, while P3a additionally reflects activity in frontal lobe and cingulate
structures. We evaluated the P3b to infrequent (15%), target tones and
P3a to novel sounds (15%) in 12 male, right-handed medicated
schizophrenic patients and 10 controls. EEG was recorded at midline
(Fz,Cz,Pz) and lateral (T3,T4) sites. A 2(group) X 2(P3a vs. P3b) X
5(electrode site) ANOVA on amplitude showed a main effect for task (P3a
> P3b). In controls, P3b showed the largest amplitude at Pz, while P3a
was largest at Cz; in patients, both P3b and P3a were largest at Cz (Group
X Task X Electrode interaction, p = .02). In patients, but not in controls,
P3b was smaller at T3 than T4. P3a and P3b latencies were earlier in
patients. Four patients had quantititive MRI volumes for temporal and
frontal grey matter structures. The volume of frontal grey matter was
correlated (p < .05) with P3a amplitude. These findings suggest that
schizophrenic patients fail to show differential processing to novel and
target auditory stimuli; and that P3a amplitude in patients may be related to
frontal grey matter volume.

BLUNTED REGIONAL BRAIN SEROTONERGIC RESPONSES
DEMONSTRATED IN UNMEDICATED DEPRESSED PATIENTS IN
VIVO BY PET. J, J. Mann*, KM. Malone. Mark A. Mintun.
Laboratories of Neuropharmacology, University of Pittsburgh,
Pittsburgh, PA 15213.
The indoleamine hypothesis of depression states that depression is due
to impaired serotonergic transmission in specific brain regions. This could
be due to a transmitter deficiency and/or receptor complex subresponsivity.
No studies have tested this hypothesis directly. We have imaged the
regional glucose metabolic responses (rCMRglu) to serotonin release by
fenfluramine relative to placebo using ^FDG and PET to study regional
brain responses to serotonergic activation. Statistical Parametric Mapping
analysis of fenfluramine-placebo differences on a pixel-by-pixel basis,
controlling for changes in global metabolism, found areas of significant
increases (left prefrontal cortex and temporoparietal areas) and decreases
(right prefrontal cortex) in rCMRglu in health volunteers. The same brain
regions did not show significant responses to fenfluramine in unmedicated
patients with major depression. SPM pixel by pixel analysis of depressed
patients confirmed the absence of significant areas of increased or decreased
rCMRglu. This study provides the first direct evidence of blunted brain
regional responsivity to serotonin in depression and supports the
indoleamine hypothesis.
Supported by MH46745, MH49815, and
MH4O695.
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LOCALIZED ALTERATIONS IN PRE* AND POSTSYNAPTIC SEROTONIN BINDING SITES IN
PREFRONTAL CORTEX OF SUICIDE VICTIMS. V. Arango* M.D. Underwood, P.J. McDevitt,
A. V Gubbi and J. J. Mann. Labs of Neuropharmacology. Univ. of Pittsburgh, Pgh, PA 15213.
Altered serotonergic indices have been reported in the brain of suicide victims. We

PRE-AND POST-ECT BLOOD FLOW IN THE BASAL GANGLIA
ASSESSED BY TC99M-HMPAO SPECT. F.J. Papatheofanis, P.
Shirazi, L.M. Konopka*, J.W. Crayton, K. Kumar, T. Milo,
R.E. Henkin. Neuroimaging Group, Loyola University Med.
Ctr., Maywood, IL
60153, and Hines VA Med. Ctr.,
Hines, IL
60141.
This investigation examined changes in perfusion of
the clinically significant basal ganglia in depressed,
drug-refractory patients and correlated these findings
with electroencephalographic (EEG) changes after a
course of electroconvulsive therapy (ECT). Eighteen
(n=l8) severely depressed, drug-refractory patients
underwent Tc-99m HMPAO SPECT imaging before and within
four days after a course of ECT. The patients underwent
a newly developed method of quantitative EEG acquisition
during SPECT. Significant clinical improvement (GCIS)
occurred in 83% of patients after ECT. SPECT imaging
demonstrated enhanced perfusion of the basal ganglia in
8/15 (53%) clinical responders, one demonstrated no
perfusion change, and six demonstrated decreased perfusion. Both responders and non-responders demonstrated
a significant shift in the peak of the dominant
frequencies (p=0.0081) and an increase in the total
global power (p=0.002) on EEG. The results obtained
here suggest there is an intricate relationship between
cerebral perfusion of the basal ganglia and neuronal
activity before and after ECT in depressed patients.

sought to determine whether changes in pre- and postsynaptic serotonin (5-HT) receptors
were localized to specific subregions of prefrontal cortex (PFC) that may be more directly
involved in suicide risk. Quantitative autoradiography was performed on adjacent sections
of PFC (2Opm) from the right hemicerebrum to determine whether and where
3H-8-OH-DPAT (2nM, 5-HT1A receptors) and 3H-cyanoimipramine (O.4nM, 5-HT

transporter) binding are different in suicide victims (n=22) compared to matched controls
(n=22). Binding was measured separately in each sulcal and gyral Brodmann area (BA),
including isodensity bands across cortical layers. We employed a stepwise, multivariate
regression model on log transformed data (103 variables for 5-HTM sites) and on 43

untransformed variables for transporter sites, followed by post-hoc paired f-tests for
significant variables. Levels of 5-HT, its precursors and metabolite were determined by

HPLC. The groups did not differ in age, postmortem delay (PMI), freezer storage time or
sex ratio. For 5-HT a suicides had higher binding in 85 of the 103 brain regions studied.

The logistic procedure identified the 2 groups with 92% accuracy. The difference was
more pronounced in BA 45 and 46 (17-30%). Sex was identified with 97% accuracy
(females had higher binding than males). 5-HT transporter binding was lower in 42 of 43
regions in suicide, with the difference being greater in BA 45 and 46 (15-27%). The
accuracy of the group identification was 71%, and sex was 73% (females had lower
binding than males). 5-HTu and 5-HT transporter binding were negatively correlated in
BA 45 and 46 suggesting an inverse functional relationship in the binding to the two
receptors. No differences in the levels of 5-HT or 5-HIAA were detected between groups
and there were no correlations with binding. We conclude that the 5-HT system
abnormality in suicide involves primarily the lateral PFC and hypothesize that this
dysfunction contributes to suicide risk (MH40210, MH46745, AA09004).
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CHARACTERIZATION OF THE 5' FLANKING REGION OF THE MURINE
GENE OF THE Y-l RECEPTOR FOR NEUROPEPTIDE Y. Carola Eva*, Rita
Musso, Maria Grazia Grill* and Enrico Genazzani.Inst. of Pharmacology,Univ. of
Torino,Italy and aInst. of Pharmacology,Dept. Biomedical Sciences and
Biotechnology,University of Brescia,Italy.
The murine gene of the Y-l receptor for neuropeptide Y (NPY) contains a 1.3 Kb
genomic fragment which drives the expression of the LacZ reporter gene in a cellspecific manner. Sequence analysis of the promoter region of this gene revealed the
presence of two identical KB-related sequence in tandem, two AP-1 motifs and a
putative cAMP responsive element The ability of seven deletion mutants of the 1.3
Kb fragment to modulate transcription of the heterologous luciferase gene in the
promoterless plasmid pGL2 was determined. All mutants demonstrated substantial
transcriptional activity in the Y-l receptor-expressing neuroblastoma glioma NG
108-15 cells, but not in the Y-l receptor-deficient human embryonic kidney 293 cells.
The region downstream nucleotide -189. relative to the first transcription initiation
site, contains the minimal upstream active region of the gene and sufficient
information to confer its cell-specific expression. Transient expression assays also
suggested the presence of two positive modulators between nucleotides -631 and -500
and between -331 and -189, and of a negative modulator between -993 and -693.
Moreover, deletion to nucleotide -500 did not affect the capability of forskolin and
12-O-tetradecanoylphorbol-13-acetate to stimulate the luciferase activity, suggesting
the presence of cAMP and phorbol ester responsive elements downstream nucleotide 500. We also demonstrated that an oligonucleotide comprising the two KB-related
motifs of the Y-l receptor gene, located between -1089 and -1068, specifically binds
a NFKB-like complex in nuclear extracts from various rat brain areas and from a
murine T cell clone. Transient transfection studies also demonstrated that the same
sequence by itself behaves as a transcriptional activator in a cell-specific manner,
strongly suggesting its functional role in regulating the Y-l receptor gene expression.

ISOLATION OF A cDNA ENCODING A FUNCTIONAL HUMAN
GALANIN RECEPTOR. E. Habert-Ortoli. B. Amiranofff. L Loauet. M.
Laburthe-K L. Pradier* and JF Mavaux. Rhone-Poulenc Rorer,
D6partement Biotechnologies, 13 quai J. Guesde, 94400 Vitry sur Seine,
France. + Institut National de la Sante et de la Recherche Medicale,
Neuroendocrinologie et Biologie Cellulaire Digestives, INSERM U 410,
Faculte de Medecine X. Bichat, 16 rue H. Huchard, 75018 Paris, France.
The ubiquitous neuropeptide galanin controls numerous functions such as
endocrine secretions, intestinal muscular motility and behavioral
activities. These regulatory effects of galanin are mediated through the
interaction with membrane specific receptors and involve pertussis toxinsensitive Gi/Go proteins as transducing elements. We report here the
isolation of a cDNA coding for a human galanin receptor from a Bowes
melanoma cell line cDNA expression library, using a radioligand binding
strategy. The nucleotide sequence of the cloned receptor reveals an open
reading frame encoding a 349-amino acids protein with seven putative
hydrophobic transmembrane domains, and significant homology with
members of the G-protein coupled neuropeptide receptor family. The
cloned receptor expressed in COS cells specifically binds
human/portine/rat galanin with high affinity (Kd in the nanomolar range)
and is functionally coupled to adenylate cyclase. Northern blot analysis
indicates a galanin receptor transcript ot 2.4 kb in Bowes cells and the
human small intestine.

20.3

20.4

BASIC RESIDUE IN THIRD TRANSMEMBRANE DOMAIN OF THE
GONADOTROPIN-RELEASING HORMONE RECEPTOR IS

CLONING OF cDNAs ENCODING A BOMBESIN-PREFERRING RECEPTOR
DISTINCT FROM THE GRP RECEPTOR FROM THE FROG BOMBINA
ORIENTALS. S.R. Naqalla. B.J. Barry, K. Creswick, J.A. Brown* and E.R.
Spindel. Div. Neurosci., Oregon Rgl. Primate Res. Ctr., Beaverton, OR 97006.
Bombesin (BN) is a tetradecapeptide originally isolated from frog skin.
Gastrin-releasing peptide (GRP) a 27 aminoacid peptide has been considered
the mammalian homolog of bombesin. BN has many potent effects and is
widely distributed in the CNS, lung and the Gl tract. Our laboratory’s recent
discovery that frogs have both GRP and bombesin (J. Biol. Chem.
267:6916-6922:1992) has raised the possibility that mammals may also have
a true BN distinct from GRP. To further support this hypothesis we have
attempted to clone a BN receptor distinct from the GRP receptor. RT-PCR
with degenerate oligonucleotides was performed on RNA isolated from
Bombina orientalis skin, stomach and brain. The resulting products were
subcloned and sequenced. Sequence analysis revealed 3 distinct receptors.
Amino acid homology greater than 80% suggested two of these receptors
were likely the amphibian counterparts of the mammalian GRP and NMB
receptors. The third receptor subtype showed 60% homology. A full length
clone encoding this receptor was isolated from a frog brain cDNA library and
expressed in Xenopus oocytes. Oocytes microinjected with 5.0 ng RNA
transcribed from this clone gave a log-linear response from 10'10 to 10‘6M BN
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The expanding family of G protein coupled receptors
includes receptors for both neurotransmitters and larger
peptide hormones. Studies of neurotransmitter receptors
suggest that the ligands interact with an aspartate located
in transmembrane nelix 3 (TMH 3; DI 13 in B-adrenergic
receptor). Less is known about the TMH sites required for
ligand interaction with peptide receptors. We previously
reported the cloning of the first mammalian gonadotropinreleasing hormone receptor. The receptor has now been
cloned in five mammalian species and all homologues
contain a lysine (K121) at the TMH 3 position corresponding
to DI 13 of the B-adrenergic receptor. The role of K121 in
ligand binding and receptor activation was studied by
substituting R, Q, D, and L for K121 using site-directed
mutagenesis. Ligand binding and coupling of all constructs
were studied in COS-1 cells. Binding was oelow the limits of
detection with Q, D and L in this position. The R121 mutant
had an affinity identical to that of the wild-type receptor.
When the function of the mutant receptors were assayed by
measuring
GnRH-stimulated phosphatidylinositol
(PI)
turnover, the R121 receptor was similar to wild-type, Q121
mediated submaximal PI turnover with an EC50 three orders
of magnitude greater than that obtained with the wild-type
receptor. GnRH elicited no response following transfection
with the D121 and L121 constructs. These data are consistent
with the hypothesis that the TMH 3 lysine of the GnRH
receptor,
similar to
its
aspartate
counterpart
in
neurotransmitter receptors, serves a critical role in
I?K46943n W*th thC Ilgand' SuPPortcd by NIH grant ROI
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and showed consistently higher responses than did the control human GRP-R.
The potent response to BN and the difference in structure from the GRP-R
suggests this may be a true BN receptor distinct from the GRP receptor and
raises the possibility that mammals may also have this new bombesin receptor
subtype. Receptor levels were highest in brain consistent with the known
distribution of bombesin. Homologous receptors were present in the brains of
the frogs Rana pipiens and Phyllomedusa sauvagei suggesting variants of
this receptor encode the ranatensin and phyllolitorin receptors respectively.
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[3H]SR 48692, A NEW NONPEPTIDE NEUROTENSIN ANTAGONIST
RADIOLIGAND, REVEALS DISTINCT AGONIST AND ANTAGONIST
BINDING DOMAINS ON THE RAT NEUROTENSIN RECEPTOR.
P. Kitabgi1*. C. Labbe-Jullie1. M.V. Mas1. J.M. Botto1. J. ChabrvL
MazellaT D. Gullv2 and J.P. Maffrand2. MPMC-CNRS, 06560 Valbonne,
France; 2Sanofi Recherche, 31036 Toulouse, France.
The binding of [3H]SR 48692, a new potent and selective
nonpeptide neurotensin (NT) receptor antagonist, was characterized in
membranes from mouse fibroblast LTK- cells stably transfected with the
G protein-coupled rat brain NT receptor (rNTR). The binding of [3H]SR
48692 was specific, time dependent, reversible and saturable.
Scatchard analysis of saturation experiments indicated that SR 48692
bound to a single population of sites with a K<j of 6 nM and a B^ax
value that was 2-3 times greater than that observed in saturation
experiments with 125I-NT. The two SR 48692-related enantiomers, SR
48527 and SR 49711, were 10 and 1000 times less potent than
unlabelled SR 48692 in inhibiting [3H]SR 48692 binding to the rNTR.
Unlabelled NT was 10 times less potent in inhibiting [3H]SR 48692
binding than 125I-NT binding to the rNTR. Furthermore, a 10-20% fraction
of specific [3H]SR 48692 binding was not displaceable by up to 10 pM
NT. In contrast, unlabelled SR 48692 totally inhibited 12s |-NT binding
with a potency that was only 2-fold lower than that for inhibiting pH]SR

PEPTIDE BINDING RESIDUES IN THE EXTRACELLULAR
DOMAIN OF THE AT1 RECEPTOR.
S. A. Hjorth1. H. T. Schambve1. W. J. Greenlee2 and T. W. Schwartz1*.

48692 binding. Mutants deleted in the extracellular domains of the rNTR
and transiently expressed in COS-7 cells revealed distinct binding
epitopes for NT and SR 48692. In particular, a mutant rNTR deleted in a
region of the N-terminal extracellular domain near the first transmembrane
helix was devoid of 125I-NT binding whereas it retained the same affinity
for [3H]SR 48692 as the wild type rNTR. In conclusion, [3H]SR 48692,
the first nonpeptide NT antagonist radioligand, represents a useful tool
to study the pharmacology of NT receptors at the molecular level.

Lab. Mol. Endocrinology, Rigshospitalet 6321, Copenhagen, and Merck
Research Laboratories, Rahway, NJ.
The major physiological actvities associated with the octapeptide angiotensin
are excerted via interaction with the G-protein coupled (7TM) angiotensin
receptor, AT1. To locate essential determinants for peptide binding we have
performed a systematic mutational analysis directed at the extracellular domain
of the AT 1 receptor.
Two domains located outside transmembrane segments (TM) I and VII were
identified by conservative segment exchange as being particularly important
for peptide binding (>1000 fold decrease in affinity), while substitutions
outside TM-V and TM-VI had no effect on peptide binding. A systematic
substitution of evolutionarily conserved amino acids in the AT1 receptor
furthermore identified three residues outside TM-I, one residue in extracellular
loop 1, and two residues positioned on the same face of an a-helical
extension of TM-VII, as important for angiotensin binding. Individual Ala
substitution of two of these residues decreased peptide binding by > 100
fold. Interestingly, only two of these 'contact points' for angiotensin binding
are conserved in the 34% homologous AT2 receptor. Substitutions at
positions identified as important interaction points for peptide binding did not
affect the binding of non-peptide angiotensin antagonists, which were shown
in a parallel study to interact with residues located deep in the transmembrane
domain.
It is concluded that angiotensin binding to the AT1 receptor is crucially
dependent on residues located around the outer portion of TM-I, -II, and VII,
which in the folded structure of the receptor are presumed to be in close
spatial proximity.

20.7

20.8

MUTATIONAL ANALYSIS OF THE BINDING SITE FOR NON-PEPTIDE
ANGIOTENSIN ANTAGONISTS ON THE AT, RECEPTOR
H.T.Schambye*, S.A.Hiorth. and T.W.Schwartz. Lab. Mol. Endocrin.,
Rigshospitalet, Copenhagen, Denmark.
The recently developed AT, non-peptide antagonists either belong to the
biphenylimidaz?leor the imidazoleacrylicacid class. We here map the bindingsite for
both classes of antagonists using a battery of fourteen compounds (including losartan,
L158,8O9, BIBR277, and SK&FIO8,566) developed at eleven different companies.
Initially, interaction sites for non-peptide antagonists were identified in transmembrane
segments (TM) VI and VII, especially Asn295, by construction of chimeric receptors
between the human and the homologous Xenopus AT, receptor, which does not bind
the non-peptide antagonists, followed by point mutations of non-conserved residues
in the identified epitopes. Subsequently, ’Ala-scan’ of conserved residues surrounding
the identified residues in TM-VII was performed.
A molecular model of the human AT, receptor was then built over the electron
density map of bovine rhodopsin. The helices were rotated based on conventional
rules and vertically positioned and docked on the basis of information on ligandbinding in monoamine receptors and on supposed hydrogen-bond interactions between
conserved residues. Using the identified residues in TM-VII as starting point,
opposing faces of the helices in the AT, receptor were analyzed by Ala substitutions.
With a surprising success-rate new residues important for binding of the non-peptide
antagonists were identified this way. Substitution of these residues led to a 10 to >
100 fold decrease in binding affinity of non-peptide antagonists, without in the
majority of cases affecting peptide agonist binding. These presumed contact-residues
for non-peptide antagonists were scattered in the primary structure of the receptor,
but clustered in the molecular model around a putative binding pocket.
It is concluded that the biphenylimidazoleand imidazoleacrylicacid AT, antagonists
bind in distinct ways to an overlapping site between TM-II, -III, -VI, and -VII.

INTERACTION BETWEEN THE NON-PEPTIDE ANGIOTENSIN ANTAGONIST
SK&F 108,566 AND TWO RESIDUES IN TRANSMEMBRANE SEGMENTS VI
AND VII OF THE AT, RECEPTOR. S.Perlman. H.T.Schambve, S.A.Hiorth. T.L.Yue1*, J.Wemstock1, T.W.Schwartz. Lab. of Mol. Endocrin., Rigshospitalet,
Copenhagen, Denmark and 'SmithKline Beecham, King of Prussia, PA.
His2* located in transmembrane segment (TM) VI of the rat AT, receptor was
targeted for mutagenesis due to its potential ligand interaction properties - hydrogen
bond formation or charged interactions with acidic groups on angiotensin II or AT,
non-peptide antagonists - and because it corresponds to a known ligand binding
residue in the cholinergic receptors. Surprisingly, substitution of His25 with Ala, Phe,
Gin, or Asn did not affect the binding of angiotensin II or of thirteen different
biphenylimidazole antagonists. In contrast, the binding of the imidazoleacrylic acid
SK&F 108,566, having two carboxyl groups, was reduced more than 15 times by the
exchange of His2* with Ala. Exchange of His25 with Asn or Phe yielded the same
results, whereas Gin was able to substitute for His, indicating that the y-nitrogen of
His interacts with the antagonist. Exchange of an asparagine residue in TM-VII
(Asn2,s) with Ser has previously demonstrated this residue to be of great importance
for the binding of both biphenylimidazoles and imidazoleacrylic acid non-peptide
antagonists, but not for peptide ligands. To identify the chemical groups on
SK&FIO8.566, which interacts with His25 and As^95 we tested the binding of 17
analogs of SK&FIO8,566, where different chemical moieties were systematically
exchanged, to both wildtype and the mutant receptors. The results indicated that the
carboxyphenyl group of SK&FIO8,566 interacts with the imidazole sidechain of His256
and that Asn29 interacts with a core pan of the antagonist molecule.
It is concluded that the imidazoleacrylic acid, SK&FIO8.566, shares some
interactions on the AT, receptor with the biphenylimidazole antagonists, but that it has
specific, unique interactions with His256 in TM-VI - conceivably through a
carboxyphenyl to imidazole interaction.

20.9

20.10

SEQUENCE HOMOLOGY BETWEEN AN ANTI-SUBSTANCE P ANTIBODY
AND THE SUBSTANCE P RECEPTOR REVEILS THE BINDING SITE FOR
THE TACHYKININ CONSENSUS C TERMINUS. TM. Weree. R . delCarmme*°
and D. Riitano. Istituto Superiore di Sanity ; ‘’University of Rome, Tor Vergata Roma, Italy.
Tachykinins are a family of biologically active neuro-peptides which share the
consensus carboxy core sequence Phe-X-Gly-Leu-Met-NH2. The core is essential for
binding and activation of the tachykinin receptors.
The substance P receptor (SPR) and the anti-substance P (SP) antibody, NCI, share
the capacity to bind the carboxy terminus of SP. Sequence analysis identified a common sequence of five amino acids in these two molecules, which, although being
species conserved, exhibited minor receptor subtype variations. Thus, while the
common sequence identified by comparison between the receptor and antibody might
reflect common determinants in the tachykinin core binding site, the non-conserved
residues might indicate distinct ligand specificities among the receptor subtypes.
To test this hypothesis the divergent residues in SPR consensus sequence
substituted with the corresponding substance K receptor residues, and the binding characteristics of the resultant receptor were determined. These analysis revealed that the
binding constant for SP was enhanced two fold by the mutation, whereas those of
substance K (SK) and neurokinin B were increased 11 and 20 fold, respectively.
Further investigation demonstrated that progressively shorter C terminal peptide fragments of SP and SK display an even greater mutation induced increase in affinity.
We conclude, that the identified common penta peptide of the receptor is directly involved in or controls the binding of the tachykinin C terminus and that the
tachykinin receptors utilise distinct residues to create distinct core landing pockets.
Analysis of a chimeric SP/SK peptide demonstrated that the N terminal tails generates selectivity for the receptor subtypes through specific modulation of the core conformation.

HETEROLOGOUS DESENSITIZATION OF THE HUMAN
ENDOTHELIN A AND NEUROKININ A RECEPTORS IN
XENOPUS LAEVIS OOCYTES
Curt R. Cv t . Bernardo Rudv**and Richard M. Kria* Department of
Pharmacology and Physiology** New York University Medical
Center,550 First Avenue, New York, New York 10016
Stimulation of endothelin A and neurokinin A receptors produces
vasoconstriction of smooth muscle as well as other activities in
several tissues. These two receptors are members of a large family of
receptors that are coupled to G-proteins and mediate
phosphatidylinositol hydrolysis through activation of phospholipase
C-P. Cloned human endothelin A and human neurokinin A receptors
were expressed in Xenopus laevis oocytes in an effort to characterize
heterologous desensitization of this class of receptors. It was
previously established in the Xenopus system that endothelin 1
desensitizes endothelin A receptor for 90-110 minutes while
neurokinin A desensitizes neurokinin A receptors for 25-35 minutes.
In the present study, endothelin 1 desensitized neurokinin A receptor
for a time period greater than 60 minutes while neurokinin A
desensitized endothelin A receptor for a time period less than 40
minutes. Endothelin 3 was able to desensitize endothelin A and
neurokinin A receptors for only 15 minutes. Each of these ligands
desensitized the other receptor for a time period similar to their own
homologous resensitization times. A novel regulatory model for the
heterologous desensitization of G-protein coupled receptors that
activate phospholipase C-P is proposed that involves protein kinase C
and continual activation o^ receptor.
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A G protein-coupled receptor containing LDL-binding motifs suggests a
role for lipoproteins in neuronal signal transduction.
IF Burke*1, K Cox1, CP Tensen2, H van Heerikhuizen2 and E Vreugdenhil2
'Sussex Centre for Neuroscience, School of Biology, University of Sussex,
Brighton BN1 9QG, UK and *Vrije Universiteit, de Boelelaan 1083, 1081 HV
Amsterdam, The Netherlands.
To identify proteins involved in G protein-mediated signal transduction in
Lymnaea we have isolated cDNAs encoding neuronal G protein coupled
receptors. We will report the cloning of a cDNA encoding a neuronal protein
of which the C-terminal end displays typical characteristics including seven
putative transmembrane domains. The N-terminal, extracellular part of the
deduced protein, however, is clearly distinct from all previously published G
protein coupled receptor sequences. It is exceptionally long and contains a
large region which exhibits sequence similarity to the binding site of the low
density lipoprotein (LDL) receptor, a protein involved in receptor-mediated
endocytosis of cholesterol-carrying lipoproteins. The mRNA encoding this
receptor is expressed in specific cells in the Lymnaean CNS. Together with the
chimaeric character of this putative receptor this suggests that large
(lipo)proteins may play a role in neuronal signal transduction in the
molluscan CNS via this novel type of receptor-protein. In order to determine
the ligand for this receptor sequence, and other cloned Lymnaea receptors, we
have used transfected CHO cells expressing the receptor. Addition of HPLC
peptide proteins allows the purification of putative ligands based upon a
calcium mobilization assay. These data will be discussed. Supported by EU
Biotechnology and Concerted Action Programmes.

A NOVEL SUCCESFUL STRATEGY TOWARDS THE IDENTIFICATION OF
ENDOGENOUS LIGANDS FOR CLONED 'ORPHAN NEUROPEPTIDE
RECEPTORS' CP, Tenscn*t. KJA, Coxt. JF. Burket. RC. van der SchorslW.
Meverhof». D. Richter§. RJ. PlantaT, E. VreugdenhilT and H. van HeenkhuizenT
Graduate School of Neurosciences Amsterdam, Res. Institute Neurosciences Vrije
Universiteit, TFaculty of Chemistry, Dept, of Biochem. & Mol. Biol., ^Faculty of
Biology, Dept, of Organismic Zoology, De Boelelaan 1083,1081 HV Amsterdam,
The Netherlands; tSussex Neuroscience Research Centre, School of Biological
Sciences, Univ. of Sussex, Falmer, Brighton BN1 9QG, U.K.; §Instit. fur
Zellbiochemie & klinische Neurobiologie, Universitats-Krankenhaus Eppendorf,
Martinistrasse 52, 20246 Hamburg, F.R.G.
We are interested in the role of neuropeptides, their receptors and corresponding G
proteins in neuronal, G protein-mediated signal transduction. We use the simple
central nervous system (CNS) of the mollusk Lymnaea stagnalis to unravel these
processes since it presents an attractive model for in vivo studies.
For the isolation of cDNAs encoding neuronal G protein-coupled receptors
(GPRs), we used combinations of degenerate oligonucleotides corresponding to
amino acid sequence motifs conserved in transmembrane regions of known GPRs to
perform PCR on Lymnaea CNS cDNA. PCR fragments seemingly encoding part
of a GPR were used to isolate the corresponding full-length clone from a Lymnaea
CNS-specific cDNA library. Thus, we obtained fourteen clones encoding GPRs,
five of which were likely to encode receptors for neuropeptide ligands.
To find the cognate ligands for these 'orphan neuropeptide GPRs' we expressed
the corresponding cDNAs either in Xenopus oocytes or (stably) in CHO cells. A
total CNS extract from Lymnaea was size-fractionated using HPLC. Fractions that
generated a Ca++-dependent chloride current (GPRs expressed in Xenopus oocytes),
or were influencing cAMP production (GPRs expressed in CHO cells) were further
purified. Purified peptides were subjected to amino acid sequence analysis and mass
determination and subsequently chemically synthesized. The generation of a (dosedependent) response identical to that obtained by the purified CNS fraction was
taken as proof that the synthetic peptide represents the endogenous ligand for the
cloned receptor. Thus, we identified the cognate ligands for two receptors, while for
the remaining three we are in the process of HPLC-purification.
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PROPERTIES OF ION CURRENTS IN DIFFERENTIATING MOUSE
TERATOCARCINOMA CELL LINES . I.D. Dietzel, J.H. Schlattjan, C. Bury,
V. LeBmmin. R. HeumanniSSON-Furopean neuroscicnceesscxiction).

PROLIFERATION OF STEM CELLS IN VIVO CAN BE
SIGNALED BY THE TGF-a/EGF-R PATHWAY Cynthia
Shannon Weickert* ..and M.ariapn Blum Fishberg Research
Center for Neurobiology Mount Sinai School of Medicine, New
York, NY 10029

Dept, of Molecular Neorobiochemistry, Rohr- Universitat Bochum, NC7170, D-44780 Bochum, FRG
We studied the expression of ion currents in teratocarcinoma cells induced to differentiate by retinoic acid (RA: 10'6 -10*7 M for 1-4 days). The

currents were investigated in PCC7 cells which differentiate into several
cell types and a selected clone differentiating into neurons (Lang et at.,
1989). Undifferentiated PCC7 cells showed no signs of ion currents. Five

days after induction of differentiation by RA cells with neuronal morphology
displayed Ca2+, Na+ and K+ currents of 150 - 600 pA. During the follow-

ing two weeks the amplitudes of all three types of current increased up to
10-fold, while the somatic geometry remained constant. As reported for
other cell lines low-vollage-activated (LVA) Ca2+ currrents were transiently
expressed during the first days after neurogenesis, in contrast to highvoltage activated (HVA) currents, which increased continuously. The expression of LVA-currents was independent of the substrate (laminin versus
uncoated plastic dishes). HVA-currents were reduced by 64 +/- 13%
(n=5) with 200 pM verapamil. K+ currents were of the outward rectifier and
D-current type. No fast inactivating A-currents were seen. Na+ currents
were blocked by 3 x 10*6 m TTX. The cells responded to serotonin and
glycin, not to glutamate or acetylcholine. Ca2+ currents from the selected

neuronal subclone were smaller than those from the original PCC7 cells.
Neurons induced by RA from PCC7 cell lines thus display a variety of ion
currents developing similarly to those known from primary neurons. These
cells could thus be used to study pharmacological properties of neuronal
ion channels.

EGF and TGF-a can regulate the proliferation of glial and
neuronal precursors in vitro.
We provide immuno-histochemical evidence that EGF-R protein exists on proliferating
cells in the developing subependymal layer (SEL), from which
glial eells are known to arise during development. The SEL is
particularly thick at the rostro-dorsal extent of the striatum.
Since, TGF-a mRNA has been reported to be abundantly
expressed in the striatum, we hypothesize that TGF-a is the
physiological ligand for the EGF-R in this region. Therefore, we
quantitated TGF-a mRNA during postnatal development and
found a threefold higher level of expression in neonates as
compared to adults. The elevation in TGF-a expression correlates
with the height of astroglial division but not differentiation, as
evidenced by the fact that we found striatal GFAP mRNA levels
to peak one week following TGF-a mRNA. We found that the
adult SEL, which has the potential to give rise to new neurons
and glia, to be EGF-R immunoreactive.
We also have
determined that a TGF-a deficient mutant mouse, waved-1, has
significantly reduced GFAP mRNA levels (p<Ol), which we
interpret to represent a decrease in the number of astroglial cells.
Taken together, our findings suggest that precursor proliferation
in vivo is regulated by the TGF-a/EGF-R signaling pathway.

21.3
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SELECTIVE IN VITRO BLOCKADE OF NEUROEPITHELIAL
STEM CELL PROLIFERATION BY METHYLAZOXYMETHANOL
M, Pi Luca, B. Reinach. A, CaputL F. Cattabeni* and E. Cattaneo.
Inst, of Pharmacol. Sciences, University of Milano, 20133 Milano,
Italy
Methylazoxymethanol (MAM) has proved to be a useful tool to
induce targeted neuronal ablation in vivo (Di Luca and Cattabeni,
1991), but its selectivity for neuroblasts has never been supported by in
vitro studies. Eighteen hour exposure to MAM of E 14 striatal
neuroblasts in culture elicited a blockade of cell proliferation (MAM
treated cultures: 23 ± 6 % of ^Htthymidine incorporation with respect

CONTINUOUS CULTURES OF NON-TRANSFORMED STEM CELLS FROM
EMBRYONIC MOUSE BRAIN MAINTAIN BOTH NEURAL AND GLIAL
POTENTIAL. K.J.N. Seidman*. A,L. Teng. J.A. Crawford. P. Nolan. C.
Holloway. J.H. Barsuk. PJ, Spilotro, and J.A. Weyhenmever, Neuroscience
Program and Dept. of Cell and Struc. Biol., Univ. of Illinois, Urbana, IL 61820.
We have established non-transformed, continuous stem cells cultures from E14
and E16 fetal murine brain that can differentiate into neurons or glia. Cells from
several regions of E14 fetal mouse brain were induced to proliferate with EGF,
bFGF, and TGF-a. Long term cultures of stem cells are possible with all three
factors, however, only TGF-a was able to promote growth of cells on a plastic
substrate. EGF and bFGF treated cells only proliferate when plated on a substrate of
collagen, poly-ornithine, or poly-omithine/laminin. Cell morphologies were
distinctly different depending upon substrate, suggesting that different populations
of stem cells may be selected for based upon the molecular cues. In the presence of
EGF, stem cells derived from E16 murine cerebellum divide and form adhesive
monolayers when grown on poly-omithine and laminin. These cells have the
capacity for long-term self renewal, as indicated by the ability of single cells to
divide and form new stem cell colonies ' in the presence of EGF. Continuous
culture of these cells have been maintained for >5 months. Undifferentiated
cultures derived from single cells proliferate in the presence of EGF, however,
distinct neuronal morphologies result following daily changes of half the medium
with fresh EGF. Presumably, a factor secreted by the cells themselves is
responsible for the induction of neuronal differentiation. Stem cells treated in this
manner express functional voltage gated sodium channels. In addition, treatment of
these stem cells with CDF/LIF for 4 days results in cells with primarily glial
morphologies that are immunoreactive for GFAP. Our results suggest that
multipotent stem cells may be isolated and grown in vitro, and that their ultimate
fate may be differentially regulated by specific combinations of substrates and
growth factors.
K.J.N. Seidman is supported by NSF Fellowship GER-9253864.

to control cultures) at the dose of 10 pg/mL. This dose did produce
neither changes on protein concentration nor on LDH released in the
medium, suggesting that the blockade of proliferation is not
accompanied by acute toxic effects.
Proliferation of astrocytes derived from postnatal day 1 striatum was
not affected by an identical dose of MAM. By using quiescent cells
obtained after synchronization in serum free medium or utilizing
shorter exposure to MAM (1 and 3 h), we found that the
antiproliferative effect correlates with the number of cells actively
dividing. Finally we demonstrated that MAM only transiently affects
smooth muscle cell division, whose proliferation is completely restored
after its removal, further supporting that MAM is selectively acting on
neuroepithelial cells.
M. Di Lucc aad F. Cattabbei, Neurosci. Res. Commuu. 9, 122-133,
1991
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LIF SUPPORTS THE DIFFERENTIATION OF PLURIPOTENTIAL STEM
CELLS OF THE HUMAN EMBRYONIC CNS IN VITRO. A.L.VescoviL A.Gritti.
LCova and E.A.Parati. Natl. Neurol. Inst. "C.Besta", Milan, Italy.

ISOLATION OF bFGF-RESPONSIVE MULTIPOTENTIAL STEM-LIKE
CELLS FROM THE ADULT MOUSE CNS. A.Gritti. E.A.Parati. M. Mora*.
L.Cova. R.Galli and A.L.Vescovi. Natl. Neurol. Inst."C.Besta", Milan, Italy.
Proliferation of pluripotential precursor cells possessing stem-like features
has been achieved by using e Gf as mitotic agent in serum-free cultures of

We have isolated non-transformed EGF-responsive stem cells from the
embryonic human diencephalon, cortex and spinal cord which, in vitro.
undergo extensive proliferation and self-renewal and continuously generate
neurons and glia. In our cultures, the population of cells retaining stem
features is constantly expanding in size, thus providing a plentiful source of
undifferentiated CNS cells suitable for studying the differentiation of human
brain precursor cells in vitro. We sought to establish whether members of the
neurotrophin, cytokine and heparin binding families could influence the fate of
human embryonic CNS stem cells. Diencephalic EGF-responsive stem cells
were washed free of EGF and plated (10,000 cells/cm2) in serum-free
medium in the absence or presence of saturating concentrations of NGF,
FGF1, FGF2, and LIF. After 12 days in vitro (DIV), cells growing in control or
NGF-containing medium were degenerating, after extending short processes
labelling with antibodies which recognise dendritic (MAP2) or axonal (Tau1)
markers. In agreement with previous findings on embryonic mouse CNS stem

cells (A.L.Vescovi et at., Neuron 1993, 11: 951), FGF-2 and FGF-1 supported
the proliferation of a minor subset of human EGF-generated nestin-IR cells.
LIF was the most effective factor among those tested . The presence in the
medum of 20 ng/ml of LIF fully prevented the death of EG F-generated cell
which, in turn, extended very long processes (> 700 pm) that, by 12 DIV,
formed a complex network of Tau1-IR fibres; shorter processes were also
found labelling with anti-MAP2 antibodies. These findings show that multiple
growth factors differentially affect the development of human embryonic CNS
stem cells and account for LIF playing an essential role
in the
differentiation/maturation of human e G F-generated neuronal precursors. The

the adult mouse striatum (Reynolds and Weiss, Science 1992, 255: 1707).
bFGF has been shown to support the division of adult mouse progenitors
possessing a narrower potential fate (neuronal) and a limited proliferative
capability in the presence of unknown molecules of the foetal bovine serum
(FBS). We report here for the first time that bFGF induces the proliferation of
multipotential (neuronal/glial) stem-like cells of the adult mouse brain under
serum-free conditions. Striata were dissected from 6-8 month old CD1 mice,
dissociated and plated in a defined serum-free media either in the absence or
presence of 20 ng/ml of bFGF. Single dividing cells were observed after 5-7
days in vitro (DIV) only in bFGF containing cultures, and gave rise by 12 DIV
to spherical clones of cells (bFGF-spheres). Micromanipulation of single
bFGF-spheres (15-20 DIV) onto poly-ornithine coated glass coverslips under
differentiating conditions (control media containing 2%FBS), followed by
immunocitochemistry using antibodies raised against neuronal (MAP2 and
Tau1) and glial antigens (GFAP), revealed the multipotential nature of the
bFGF-responsive cells. These cells also displayed self-maintenance
properties. In fact, when single bFGF-spheres were dissociated and replated
in the presence of bFGF, single cells were seen to undergo proliferation and to
generate new spheres. Surprisingly, bFGF-spheres were found to embody
cells that, when exposed to EGF, expressed the functional features of typical
adult CNS EGF-responsive stem-like cells. Our findings demonstrate the
existence of multipotential bFGF-responsive stem-like cells in the adult murine
CNS and indicate that their fate is under multiple environmental control in

influence of LIF on the expression of specific neuronal phenotypes is currently
being investigated.

vitro.
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ISOLATION OF POTENTIAL STEM CELLS OF THE EMBRYONIC MOUSE
CNS THAT REQUIRE PRIMING WITH bFGF TO BECOME RESPONSIVE
TO EGF IN VITRO. L.Cova. A.L.VescovL P.Frolichsthal. E.Liboit, M.DanovaS.
A.Riccardi§i A.Gritti. and E.A.Parati*. National Neurological Institute "C.Besta"

bFGF or EGF. After 1, 3, 6, 24 or 48 hours, cultures were switched to EGFcontaining media and the number of EGF-responsive cells was assessed by
counting the number of isolated clones they had generated six days later. Two
to five times more clones (i.e.EGF-responsive cells) were found in bFGFprimed/EGF-grown cultures as respect to cultures continuously grown in the
presence of EGF. The effect was dependent on the lenght of the priming time
with bFGF and peaked at 24 hours. Serial passaging of single clones, cell
cycle analysis and multiple immunocytochemistry with antibodies recognising
neuronal and glial antigens showed that the stem cells composing the two
types of clones were functionally indistinguishable from each other. These
findings suggest the existence, in the developing mouse CNS, of potential
EGF-dependent stem cells which require priming with bFGF to upregulate the
expression of the mRNA for the EGF-receptor and to exhibit stem-like
features in response to EGF in vitro.

FLUORESCENCE
ACTIVATED
CELL
SORTING
OF
NEUROEPITHELIAL STEM CELLS FROM EMBRYONIC MOUSE
TELENCEPHALON. K.S.Shindler*. N.A.Flaris and K.A.Rothj. Dept,
of Pathology and JDept. of Molecular Biology and Pharmacology,
Washington University School of Medicine, St. Louis, MO 63110.
Lectins have successfully been used to identify subsets of lymphocytes
and to purify- hematopoietic cells based on the differential expression of
cell-surface carbohydrates. We have examined lectin labeling of viable,
dissociated embryonic mouse telencephalic cells in an attempt to
identify' subsets of neuroepithelial cell precursors. Using a panel of over
forty- different fluorescein conjugated lectins and flow cytometry, we
observed both developmental regulation and cellular heterogeneity in
cell-surface carbohydrate expression. Cell labeling with cholera toxin-B
subunit (CTB), which recognizes several gangliosides including GM1,
was particularly heterogeneous and showed over a 1000-fold difference
in individual cell labeling. To determine if this marked heterogeneity in
CTB binding reflected different subpopulations of neuroepithelial cells,
cells with the least and most intense CTB labeling were separated using
a fluorescence activated cell sorter and their proliferative state and
immunophenotype was assessed. The population of cells with the most
intense CTB labeling exhibited greater numbers of differentiated cells,
fewer cells in S-phase, and less responsiveness to serum supplemented
media than the population of cells with the least intense CTB labeling.
This latter population may represent an enriched source of
neuroepithelial precursor cells.
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EFFECT OF OCULAR RETARDATION MUTATION ON CELL
PROLIFERATION IN THE MOUSE RETINA. M.-Y. Liana* and M.H .
Hankin. Dept. Anatomy, Medical College of Ohio, Toledo, OH 43614.
Ocular retardation (alleles incl. or, orj & or2J) is a recessive mutation
in mice which is associated with abnormal eye development. Although
the cause of this mutation is unknown, specific pathologies have been

NEUROGENESIS AND POSTNATAL DNA SYNTHESIS IN THE ANTERIOR
HYPOTHALAMUS
OF
THE
RHESUS
MONKEY.
F.J.C.M. van
Eerdenburq * and P. Rakic. Section of Neurobiology, Yale
School of Medicine, 333 Cedar street, New Haven Ct 06510,

Milan, § II Med. Clin., U of Pavia, t Dept. of Pharmacy, U of Milan, Italy .

Embryonic day 14 (E14) mouse striatal EGF-responsive cells are
classifiable as actual stem cells in terms of their capability to undergo selfrenewal and to produce neurons and glia in the presence of EGF in vitro.
Potential stem cells, which take over stem-like features under peculiar
conditions, have been found in tissues other than CNS. We found that a 24
hour treatment with bFGF increased the expression of the mRNA for the EGFreceptor in E14 mouse striatal cultures, thus, we sought to establish whether
pre-treatment with bFGF could influence the number of E14 mouse striatal
cells expressing stem-like properties when exposed to EGF. E14 striatal cells
(2500 cells/cm2) were plated in the absence or the presence of 20 ng/ml of

observed in the developing retina (Trusiove, J Embryol Exp Morphoi 10:652;
Theiter et al., Anat Embryol 150:85; Silver & Robb, Dev Bkb 68:175), including Optic
nerve aplasia, reduced necrosis associated with normal morphogenesis,
decreased (90%) extracellular spaces and increased (30%) cell
density. 1 Here we used BrdU labeling, immunohistochemistry and in
situ hybridization to determine when the orj retina diverges from normal,
and whether cell proliferation and differentiation are effected. Compared
to normal, the rate of cell proliferation in orJ retina remains relatively
constant from E1 1-16: i t is already significantly diminished by E11, and
by 74.0 ± 8.9% from E12-14. Normal and orj retinae show increased
cell proliferation after E16, although orj is still dramatically lower. During
this prenatal period, the orJ retinal thickness is relatively constant (78.3

± 8.0 pm), whereas normal retinae show a large increase (E11-18:100178 pm). In spite of this early effect on cell proliferation, the orJ retina
does show some cell differentiation. Antibody staining for L1 and ptubulin demonstrate the presence of ganglion cells (confirming earlier
morphological evidence) whose axons faithfully form an optic fiber layer
adjacent to the inner limiting membrane and an optic disc centrally.
These axons fail to leave the eye, although they persist into the
postnatal period. f Our data indicate that ocular retardation has a major
effect during the earliest phases of retinal development, perhaps
primarily affecting the mitotic cycle of neuroblasts. We are presently
exploring genes and molecules expressed during optic vesicle and cup
formation, as well as the differentiation of otter retinal cell types.
Supported by NIH Grant NS26777 (MHH).
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The time of formation of neurons of the various nuclei
of the anterior hypothalamus of the rhesus monkey has
been
determined using 3H-thymidine
autoradiography.
Neurons were found to be generated during three weeks
between
the 27th
and 48th day of the 165
days
gestational period in this species. The individual nuclei
generally display two waves of neuronal generation.
Furthermore a caudolateral to rostromedial gradient of
neurogenesis has been observed in the supraoptic nucleus,
and a dorsal to ventral gradient in the paraventricular
nucleus. Thus, neurons of the primate hypothalamus are
generated at much earlier part of gestation, and their
generation lasts about three times longer than
in
rodents.
However,
most
of the basic neurogenetic
gradients are remarkably similar, in spite of species
specific differences in cytoarchitecture of specific
nuclei. Although no neurons were labeled between the 48th
day of gestation and birth, a third wave of DNA synthesis
in
the neurosecretory magnocellular neurons of the
supraoptic nucleus is observed that occurs 34 days after
birth.
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MAPPING OF PROLIFERATIVE AND DIFFERENTIATING STAGES OF
EMBRYONIC CNS DEVELOPMENT BY BROMODEOXYURIDINE AND
FLOW CYTOMETRY I. Marie*. D. Marie. S.V. Smith and J.L. Barker.
We evaluate here specific proliferation/differentiation patterns in the embryonic (E)
rat central nervous system (CNS) at a single cell level using in vivo incorporation of
a thymidine analogue bromodeoxyuridine (BrdU), Percoll density fractionation,
immunocytochemistry and flow cytometry. Timed pregnant Sprague-Dawley rats
(El l-E22) were given a single intraperitoneal injection of BrdU (50 pg/g b.w.) and
sacrificed two hours later. Spinal, subcortical and cortical regions of the embryonic
CNS were dissociated into single cell suspensions and further separated into
proliferative and differentiating subpopulations based on their specific buoyant
densities using discontinuous Percoll gradients. Cell proliferation was assessed by
anti-BrdU-FITC immunoreaction, propidium iodide staining and two color flow
cytometry. Cell differentiation was evaluated microscopically using antibodies
against neuroglial, neuronal and glial cell markers. Number of cells recovered from
the embryonic CNS after dissociation was quite reproducible and reflected
distinctive changes in estimated cellular abundance during histogenesis of the CNS
and was highly age-, region- and cell cycle-dependent. Flow cytometric analysis
revealed stereotypical patterns of cell proliferation which were embryonic age- and
CNS region-dependent. The early period (El 1-13) of logarithmic cell number
increase at all levels of the developing neuroaxis occurred when 50-80% of the cells
were in proliferative phase of the cell cycle. After El 4 progressively fewer cells
were found in the proliferative phase. At E22, there was a modest increase in number
of cells recovered from all CNS regions which was accompanied by a parallel
increase in the number of proliferative cells. The flow cytometric analysis and
immunostaining revealed that, throughout embryogenesis, subpopulations of cells
separated according to their buoyant densities showed a good correlation between
proliferative and differentiating stages of CNS development. The results provide
important guidelines for further investigations of the physiology of CNS
development at a single cell level.

POSTNATAL CELL DIVISION IN THE TELENCEPHALON OF CORN SNAKES.
D.A. Holtzman* & D.T. Kuhar. Neuroscience & Biopsychology Program,
Oberlin College, Oberlin, OH 44074.
The extent of neurogenesis is limited in mammals but has been shown to be
more widespread in lizards and birds. This study quantifies the number of cells
dividing in the ependymal layer of the telencephalon of corn snakes and
examines the locations where these cells migrate. To date, nine, 4-6 month old
corn snakes (Elaphe guttata) have been injected with 1 pCi of 3H-thymidine /g
of snake. Snakes were divided equally into three survival groups: 1 h, 24 h, and
2 mo. The animals were then anesthetized with a lethal dose of sodium
pentobarbital, fixed in 4% paraformaldehyde, embedded in paraffin, and
processed for standard emulsion autoradiography. Ten micron sections were
stored for 25 days at 4°C before developing and counterstained lightly with
cresyl violet. For analysis, the ependymal layer of the telencephalon (from just
caudal to the accessory olfactory bulbs through the caudal extent of the entire
telencephalon) was divided into 8 regions which correspond to likely origination
sites for migrating cells that go to areas where labelled cells were found after 2
mo survival. For all three groups, most labeled cells are found in the two most
anterior regions of the ependymal layer. In these regions, there is a doubling of
labelled cells from 1-24 h post-3H-thymidine injection, suggesting a single cell
division within 24 h. From 24 h to 2 mo post-injection, the number of labelled
cells decreases by 25-30% in the region bordering the anterior lateral cortex
and dorsal ventricular ridge (Region I) and in the region bordering the septum
(Region II). In the 2 mo survival snakes, labelled cells were found in many
telencephalic areas, including the olfactory gray, nucleus of the lateral olfactory
tract, lateral cortex, nucleus of the accessory olfactory tract, nucleus sphericus,
dorsal ventricular ridge, rostral septal nucleus, dorsal cortex, and medial cortex.
These data suggest that the ependymal layer of postnatal snakes gives rise to
neurons in telencephalic structures involved in processing sensory information,
with a majority involved in processing olfactory and vomeronasal information.
This work was supported by NCRR grant RR08700 to DH.
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ONTOGENETIC CHANGES IN THE ACTIVITY OF TWO CYTOKINETICALLY
DISTINCT POPULATIONS OF STRIATAL PROGENITORS. P. G. Bhtte’LT.
Takahashi
and S. Mivama
''Neurology, Massachusetts General Hospital,
Boston, MA 02129 & 2Pediatrics, Keio University Medical Sch, Tokyo, Japan.
The striking cellular diversity in the corpus striatum arises during development by virtue of a systematic and transient variation of the number and type
of cells produced at different cytogenetic intervals. Such a variation ensures
the generation of a full complement of every cell type by the end of striatal
cytogenesis. The identity of any genetic or environmental “signal” that may
orchestrate the variability in cellular output is unknown. However, cytokinetic
analyses have demonstrated ontogenetic changes in proliferative activity of
striatal progenitors. These changes - which correlate well with variation in
cellular output - must reflect the action of the putative signals and may provide
insights into their identity. We analyzed the activity of striatal progenitors in
mice from embryonic day 11 (E11; day of conception=EO) to E17 using
BUdR-, 3h thymidine- and lUdR-labeling methods. The data revealed two,
spatially distinct populations of progenitors, namely, the pseudostratified
ventricular epithelium (PVE) and the secondary proliferative population
(SPP). PVE lies closer to the ventricular border than the SPP and its cells
display interkinetic nuclear movements. PVE constitutes nearly 95% of the
progenitor pool on E11 and less than 20% on E17. Over this period, the size
and activity of the SPP progressively increase and eventually, the SPP
replaces PVE. SPP activity is predominant at a time when striatal neurons are
thought to be generated, unlike in the cerebral cortex where the SPP is
active during glk)$p3nesis. Taken together with data from others, it appears
that striatal neurons generated when SPP activity is predominant may differ in
their morphology, migration pattern, clone size and eventual patch or matrix
localization from those generated earlier when PVE is active. Thus,
cytokinetic differences among progenitors in the PVE and SPP may be a
prelude to imminent phenotypic differences among the progeny.

PROLIFERATIVE BEHAVIOR IN THE CULTURED EXPLANTS OF THE
MURINE CEREBRAL WALL: CELL CYCLE PARAMETERS. T.Takahashi*1-2,
S.Mivama1,2 P.G.Bhide1 and V.S.Caviness. Jr.1 'Dept. of Neurology, Massachusetts
General Hospital, Harvard Medical School, Boston, MA 02114.2Dept. of Pediatrics,
Keio Univ. School of Medicine, Tokyo, Japan.
Full-thickness, lmm-diameter explants were "punched out" by capillary glass
trochar from the embryonic day 13 (El 3, E0 = day of conception) mouse cerebral
hemisphere and immediately transferred to ice-cold collagen gel. Following 1 hr
incubation at 37°C (5% CO2), DMEM7F12 containing 20 pM/ml of IUdR was added
and "the explants were cultured for variable intervals up to 24 hr. The architectonic
features of the cerebral wall are well preserved in such cultures. Mitoses at a distance
from the ventricular surface are rare, suggesting that the secondary proliferative
population is minimally active in these explants as in vivo at El3. The labeling index
(LI) in the ventricular zone (VZ) increased to a maximum value of 0.7 during the
initial 10 hr of continuous exposure to IUdR. Thus, a combined length of G2, M and
G1 phases is about 10 hr and the apparent growth fraction (GF, fraction of cells that
is proliferative) is approx. 0.7 for the first in vitro cell cycle. In a separate set of
experiments a second S-phase marker, BUdR (10 pM/ml) was added 10 hr after the
addition of IUdR; the tissue was fixed 12 hr after BUdR was added. The IUdR-only
cohort, under such conditions, represents the fraction of daughter cells that leaves the
cell cycle after the first cell cycle in vitro. Approx, half of these exited the VZ; the
others remained within the VZ. The out-of-cycle cells, whether remaining within or
exiting the VZ, are assumed to represent a mix of young neurons and radial or other
glial forms. The presence of these out-of-cycle cells within the VZ indicates that the
maximum LI of 0.7 after cumulative exposure to IUdR is an overestimate of the GF
in the VZ under these in vitro conditions. Because these out-of-cycle cells persisting
in the VZ represent approx. 10% of cells in the VZ, the actual GF of the PVE in the
culture condition here may be estimated at about 0.6 after the first cell cycle in vitro.
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IN VIVO GROWTH FACTOR INFUSION INDUCES PROLIFERATION AND
MIGRATION OF NEURAL STEM CELLS IN THE ADULT MAMMALIAN
FOREBRAIN, C.G. Craig!. C. Morshead, B. Reynolds!1.. S. Weiss1 and D. van derKooy,
Depts. of Anatomy, Univ. of Toronto, Toronto, Ontario M5S 1A8 and 'Univ. of
Calgary, Calgary, Alberta.
The adult mammalian brain has been shown to contain clonally derived CNS
stem cells which proliferate in response to epidermal growth factor (EGF) in vitro and
can differentiate to form both neurons and glia. The in vivo adult source of these in
vitro EGF-responsive stem cells is the subependymal layer lining the forebrain lateral
ventricles. Infusion of EGF for six days directly into the lateral ventricles of adult mice
in vivo results in a 17-fold increase, compared to vehicle infusion, in the number of
retrovirally (RV) labeled subependymal cells (infected 1 day prior to EGF
administration). The EGF-induced expansion of the RV labeled cell population is
apparently clonal in that the labeled cells appear in localized groups of cells which
migrate up to 400 pm away from the ventricle wall. TGFa mimics the effects of EGF,
NGF has no effect, and bFGF causes only a 2.5 fold increase in the number of RV
labeled subependymal cells with no accompanying migration. The EGF effect also can
be observed as an increase in the number and migration of cells immunoreactive for the
EGF-receptor and bromodeoxyuridine. The demonstration that EGF (but not bFGF)
maintains its effects when growth factor administration is delayed for six days following
RV infection, suggests that EGF can act on the constitutively proliferating population,
whereas bFGF may act on a relatively quiescent cell population given that RV can infect
quiescent cells and maintain stable non-integrated RV-DNA for one but not six days.
We hypothesize that bFGF acts on a relatively quiescent adult subependymal stem cell
which gives rise to a multipotential constitutively proliferating population, and that EGF
acts on the constitutively proliferating population possibly promoting the survival of
progeny that normally undergo cell death. The finding that in vivo EGF treatment
results in a 3.5-fold increase in the yield of in vitro EGF-responsive stem cells suggests
that EGF also may act on the relatively quiescent neural stem cell.

IN VITRO OBSERVATIONS OF CELL PROLIFERATION IN THE
VENTRICULAR ZONE OF THE EMBRYONIC RAT NEOCORTEX
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Richard AdamS MRC Research Centre in Brain and Behaviour, University

Laboratory of Physiology, Parks Road, Oxford OX1 3PT, UK.

The ventricular zone is the major proliferative layer generating cells
destined for the adult cerebral cortex. We have used optical techniques
to observe directly some aspects of this proliferation in vitro. Sheets of
neocortex, dissected from rat embryos between the■ ages of E14 and
E19, were observed directly or cultured for 1 or 2 days in Petriperm
dishes. A chromatin stain, acridine orange (3.3pM), was applied to the
cortical sheets to reveal the nuclei of cells in the ventricular region.
Confocal microscopy was used to collect 2D and 3D time-lapse movies
over periods of several hours during which time the preparation was
maintained at 37°C on the microscope stage. Movies clearly revealed the
final stages of the cell cycle - passage through mitosis. Nuclei appear at
the ventricular surface with their chromatin condensing as they enter
prophase. Chromosomal alignment progresses in metaphase followed by
separation through anaphase and de-condensation in telophase.
Metaphase is the longest phase with the alignment of the presumed axis
of the mitotic spindle changing continually until the chromosomes finally
separate in anaphase. These events were most clearly visible in cells
dividing with their principle axis of division within the plane of the cortical
sheet, as appeared to be the case for many dividing cells. Nuclei may be
seen leaving the ventricular surface after cytokinesis, some presumably
to migrate to the cortical plate whilst others remain within the
neuroepithelium.
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CONTINUED PROLIFERATION OF CORTICAL GLIA DERIVED FROM
THE NEONATAL SUBVENTRICULAR ZONE. S.W. Levison* and J.E.
Goldman. Dept. of Neuroscience and Anatomy, PSU School of
Medicine, Hershey, PA, and Dept. of Pathology, Columbia
University College of P & S, NY, NY, USA.
Gliogenesis continues into adulthood in the mammalian CNS,
but the source of the new glia is unclear. We analyzed
gliogenesis in the adult by injecting a low titer mixture of 2
retroviral vectors, expressing either p-galactosidase or alkaline
phosphatase, into the anterior forebrain subventricular zone
(SVZ) of P2 rats. Over a 2 week period, labeled cells leave the
SVZ, migrate into gray and white matter and differentiate.
When analyzed at 1 month or 6*8 months after injection,
astrocytes were evident in neocortex and striatum, while
oligodendrocytes were present throughout the forebrain at the
coronal level of injection. Morphologically immature cells also
were present in gray and white matter.
Clusters were defined as
groups of cells in which each cell was within 200 pm of another.
At both time points, homogeneous and heterogeneous clusters
containing astrocytes and oligodendrocytes were observed.
At
6-8 months, oligodendrocyte clusters were 5 times larger than at
1 mo, while the size of the astrocyte clusters was constant. We
suggest that glial progenitors that migrate early from the SVZ
continue to divide and preferentially generate
oligodendrocytes.
Their progeny do not synchronously
differentiate, but clones persist that contain both mature and
immature cells, the latter continuing to give rise to glia over
prolonged periods. Supported by NS 17125 and AG00189.

PROLIFERATIVE BEHAVIOR IN THE MURINE CEREBRAL VENTRICULAR
ZONE IN VITRO: PARTITION OF P AND Q FRACTIONS AT Gl/S PHASE
TRANSITION. S.Miyama*1-2, T.Takahashi1'', P.G.Bhide1 and V.S.Caviness, Jr.1
‘Dept, of Neurology, Massachusetts General Hospital, Harvard Medical School,
Boston, MA 02114. 2Dept. of Pediatrics, Keio Univ. School of Medicine, Tokyo,
Japan.
Full-thickness explants of the embryonic day 13 (E13; E0 = day of conception)
mouse cerebral wall were cultured ('Takahashi et al. 1994, Soc. Neurosci.. Abstr.) for
variable intervals up to 14 hr. The pseudostratified ventricular epithelium (PVE), coextensive approximately with the ventricular zone (VZ) is, practically, the only
proliferative population of the cerebral wall at this stage of development. The S-phase
marker, IUdR (20 pM/ml; IUdR-labeled cells stain pink with alkaline-phosphatase
reaction) was added at the outset of incubation. A second S-phase marker, BUdR (10
pM/ml; BUdR-labeled cells stain black after immunogold reaction followed by silver
enhancement) was added to the cultures 4 hr later. Cells labeled only with IUdR
(IUdR-only cohort) are in a synchronous cohort in that they have left S phase during
the initial 4 hr period of incubation. After 6 hr of incubation (6 hr IUdR, 2 hr BUdR),
most of the IUdR-only cells, assumed to be in G1 phase, were appropriately
distributed through the ventricular or inner half of the VZ. Following 8 hr of
incubation, IUdR-only cells were distributed throughout the full radial dimension of
the VZ with some observed above the VZ (postmitotic cells exiting the VZ).
Following 10 hr of incubation, the number of cells still labeled only with IUdR begins
to decline. This is because, as the leading edge of the IUdR-only cohort passes the
Gl/S transition, the P fraction (proliferative component, Takahashi et al. Proc. Natl.
Acad.. Sci. USA (1993) 91, 735) of the cohort separates from the Q fraction (quitting
component) to reenter S phase and become labeled with BUdR.
Supported by NS 12005
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-sensitive
(ts) ST14A NEUROEPITHELIAL CELLS COMPARTMENTALIZE
FOLLOWING TRANSPLANTATION INTO THE FETAL RAT BRAIN.
S,Efizz2llaH^MaBr^s^^iBuii^L^tnt^SxG^^^AAu_^avazzl#1Lx
Conti# and E. Cattaneo#* #lnst. of Pharmacol. Sci., Univ. of Milano,Via
Balzaretti 9, 20133 Milano; HDept of Surgery, Section of Neurosurgery,
University of Pavia, IRCCS Policlinico San Matteo, Italy.
We previously showed that conditionally immortalized neuroepithelial
cell lines derived from the embryonic striatum can be transplanted into the
E16 fetal rat brain and donor cells can be found by means of BrdU
immunocytochemistry 5 days after transplantation (23rd Neuroscience
Meeting, Abstr. 107.6). By following the same experimental strategy,
primary cells dissociated from the medial and/or lateral E14 ganglionic
eminences have also been transplanted. We now present data regarding the
evolution of engrafted primary and ts ST14A cells at shorter times after
transplantation (6, 24, 48 and 64 hours). In our experimental conditions,
94% of the implanted fetuses survived the surgery (95 fetuses were
utilized, a total of 8 pregnant rats). Eightynine percent of the transplanted
brains contained identifiable grafted cells. We found that the majority of
the BrdU labelled cells segregate into clusters 24h after transplantation.
These clusters were not visible at earlier times. Scattered cells were also
found dispersed into the parenchima, mainly at the longer survival times.
These findings were common to both primary cells and ts ST14A cells. We
followed nestin expression and PCNA immunostaining in the clusters of
grafted cells. The number of nestin positive and PCNA positive cells was
found to decrease proportionally to the time following transplantation.
Large T-Antigen disappeared from the ts cells between 6 and 24 hours
after transplantation as judged by immunohistochemical staining. Our
approach demonstrates that striatal primary cells and immortalized cell
lines placed into the embryonic brain can survive, migrate and/or
compartmentalize into clusters while changing their antigenic properties.
striatal

primary

and

immortalized

temperature

FACTORS INVOLVED IN THE PHENOTYPIC DETERMINATION OF RODENT
MESENCEPHALIC PRECURSOR CELLS. J. Segovia*. J. Santa-Olalla and L.
Covarrubias. Departamento de Fisiologia, CINVESTAV-IPN, Mexico, 07000, D.F., and
Instituto de Biotecnologia. UNAM, Cuernavaca, Mor., 62271, Mexico.
A large number of neuronal cell types with a wide variety of phenotypes are present in
the mature CNS; this diversity is a consequence of the orderly differentiation of neural
precursor cells. The processes involved in the establishment of mature neuronal
phenotypes remain poorly characterized. Classical growth factors are likely to play a
critical role in these processes. For example, EGF and bFGF increase the number of
dopaminergic neurons in primary mesencephalic cell cultures, and PDGF affects both
dopaminergic and GABAergic neuronal differentiation and/or cell survival. We have
established conditions that permit us to culture mouse precursor cells that respond to
classical mitogens (e . g. EGF, TGF-a,bFGF). Maturation of neurons from these precursors
is determined by the presence of growth factors in the culture medium. Here, we report
the effect of growth factors, on the phenotypic determination of the expanded neural
precursor cells. For these experiments, we subcultured our colonies, derived from putative
mesencephalic precursor cells, in the presence of different growth factors or conditioned
medium, and determined the expression and levels of mRNA for tyrosine hydroxylase
(TH), phenylethanolamine-N-methyl transferase (PNMT), and both isoforms of glutamic
acid decarboxylase (GAD6? and GAD65) by RT-PCR. Our results show that TH mRNA
is preferentially expressed in cells derived from precursors originally obtained in the
presence of EGF, whereas GAD67 is present in the majority of proliferating precursor
cells. Under the conditions tested to date, we have not detected mRNA for PNMT. We
have also co-cultured colonies from mesencephalic neural precursors with fetal striatal
primary cells, and we are currently transplanting these precursor cells into the adult brain.
(Supported by grants from CONACYT and PADEP-UNAM 30364)
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DIFFERENTIAL REGULATION OF THE GLUTAMATE DECARBOXYLASES
GAD65 AND GAD67, DURING DEVELOPMENT AND IN THE LESIONED
RAT SPINAL CORD. S. Feldblum*. M. Anoal. A. Dumoulin. F. Sandillon
and A. Privat. INSERM U336, ENSCM, 8 rue de l’Ecole Normale, 34053 Montpellier
cedex 1, FRANCE.
The early and transient detection of GABA during embryogenesis has
suggested its involvement as a trophic factor in the maturation process of
the CNS. GABA synthesis depends on the activation of at least two
different isoforms of the glutamic acid decarboxylase (GAD65, GAD67).
The present study compares the pattern of expression of the two isoforms
and the detection of GABA during embryogenesis, postnatal development
and after deafferentation of the rat spinal cord. We have used RT-PCR and
in situ hybridization to locate and quantitate the GAD65 and GAD67
transcripts, and immunocytochemistry to detect the corresponding peptides
and GABA. The quantitative analysis was done on a gaseous detector of pparticles. From El 5 to birth, only GAD67 mRNA, were detected in dorsal
and ventral horns of the rat spinal cord. During postnatal development,
levels of GAD67 transcripts decreased and were progressively restricted to
the dorsal hom. GAD65 transcripts appeared postnatally in the dorsal horn,
only, and mRNA levels increased progressively throughout development
but remained 2 fold lower than that of GAD67. After a neonatal capsaicin
treatment, a dorsal rhizotomy or a thoracic spinal cord transection we have
noticed the appearance of a GABA phenotype in a greater number of
dorsal hom spinal cells. The GAD67 isoform was selectively induced in
the lesioned area. These data suggest that some spinal cells retained their
embryonic ability of expressing the GAD67 gene and that a lesioned
environment favours this expression. These findings raise the functional
significance of GABA production in lesioned structures. Supported by
IRME, AFM and DRET.
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POSTNATAL DEVELOPMENT OF THE GABAp MEDIATED INHIBITION
IN THE RAT CA3 HIPPOCAMPAL REGION.

TL. Gaiarsa. V. Tseeb. B. Berger* and Y. Ben-Ari. INSERM U29, 123 Bd de
Port-Royal, 75014 PARIS, FRANCE.

In a previous study from this laboratory (Ben-Ari et al., J.
Physiol.416, 303-325, 1989), , it was shown that GABAa receptors provide
most of the excitatory drive during the first postnatal week of life in the rat
CA3 hippocampal region. We now present a further characterization of the
GABAergic inhibition at early stages of development.
Intracellular and whole cell recordings were made from adult (P30P4O), young (P6-P8) and pups (PO-P3) CA.3 hippocampal neurons. In the
presence of glutamatergic antagonists, direct stimulation of the interneurons
induced a biphasic GABAa and GABAp mediated IPSP in adult and young
pyramidal neurons, while the same stimulation only induced a depolarizing
GABAa potential between PO-P3. At PO-P3, the postsynaptic currents
induced by bath application of baclofen (30 pM) and serotonine (50 pM) were
4 to 5 times smaller compared to those induced between P6-P4O. Baclofen
reduced calcium currents in young but not in pups pyramidal cells. At all
stages of development, baclofen reduced the amplitude of the GABAergic
and glutamatergic synaptic events and the frequency of the miniature
postsynaptic currents recorded in whole cell configuration.
It is concluded that the postsynaptic GABAp mediated inhibition is
poorly developed at birth, while the presynaptic GABAp inhibition is
already present. The delayed maturation of the postsynaptic GABAp
inhibition could be explained by the absence of the GABAp receptors or GTPbinding protein, or by the uncoupling of the GABAp receptors to its effectors.
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V. TSEEB, X. LEINEKUGEL. Y. BEN-ARL F,. CONDE*. P. BREGESTOVSKI
INSERM Unite 29, 223 Bd de Port-Royal, 75014 Paris
GABAa provides most of the excitatory drive in neonatal rat
hippocampal neurons (Y. BEN-ARI et al., J. Physiol., 416: 303-325, 1989):
in contrast to adult cells, the reversal potential for GABAA-activated
currents (Ecr) in immature pyramidal cells is more positive than the resting
potential. To evaluate whether in immature brain GABA is also an
excitatory agonist of interneurons (which are more developed at this age)
we studied the action of the GABAA-agonist isoguvacine (iso) on neurons
in hippocampal slices obtained from two age groups: P2-P4 (“young”)
and P12-P13 (“juvenile”). The intracellular calcium concentration [Ca2+]£
was monitored with a confocal laser scanning microscope MRC BIO Ra D
600 using extracellular loading of cells with Fluo-3AM. Cells were loaded
by pulse pressure application of Fluo-3 AM (3.3 pM, 5-10min) into the
desired region of the slice. This allowed a better control of the staining than
incubation of slices in oxygenated saline with Fluo-3AM (0,5-10pM). In
“young” slices, pressure application of iso (lOOpM) induced an increase
in (Ca2+]j in interneurones (n=9) and pyramidal cells (n=8). The effect of
iso was blocked by bicuculline (2OpM), suggesting a specific activation of
GABAa receptors (n=7). The iso-induced rise in [Ca-+]i was blocked by
D6OO (2OpM), indicating the involvement of voltage-dependent calcium
channels (n=5). In 4 cells from “juvenile” slices, iso did not induce an
increase in [Ca2+]; while glutamate did. Local pressure application of Fluo3AM allowed us to demonstrate, without interfering with the intracellular
Cl- concentration, that GABAa is an excitatory neurotransmitter in young
cells and cause a Ca2+ influx trough voltage-dependent calcium channels in
interneurons as well as in pyramidal cells. This fact may underlie the
trophic role of GABA in development of the hippocampus.

DEVELOPMENTAL CHANGES IN TRANSCRIPTS ENCODING GAD
AND GABAa RECEPTOR SUBUNITS IN RAT HIPPOCAMPUS.
W. Ma*, L, Zhirng and J. L. BBker. I.at^. of Newuphysioiogy, NINDS, NIH,
Bethesda, MD 20982
Little is known about the embryonic appearance and development of
GABAergic systems in the hippocampus. The expressions of mRNAs
encoding GAD (GAD^ and GAD^j), the two GABA-synthesizing enzymes,
and 13 GABAa receptor subunits (al-6, Pl-3, yl-3 and 5) were investigated
in the prenatal (E12, E13, E15, E17, E2O), postnatal (P0, P7, P14, P2l) and
adult Rat hippocampus by in situ hybridization. Both GAD mRNAs were first
detected at E17 in the oubventricular zone, stratum oriens and stratum
radiatum of the CA region. The mRNAs became abundant in the stratum
radiatum at E2O. By birth, GAD mRNA-labeled intemeurons were widespread
in all layers of the CA1, CA3 and DG at low levels of expression. The
number of grains per cell increased steadily during the postnatal period and
peaked in adults. The transcripts for GABAa receptor a2,4,5, 02,3, y2
subunit mRNAs were also detected at E17 in a narrow ban of cells in the
stratum pyramidale of the CA except for a4 mRNA, which was exclusively
found in the ventricular zone. Granule cells in DG began to express the same
subunit mRNAs at birth. During postnatal development, al, 0l and 5 mRNAs
appeared in both pyramidal and granule cells with steadily increasing levels.
The (x3 and yl ,3 mRNAs were transiently present in the early postnatal period
at very low levels and disappeared in adults. The prenatal detection and
developmental changes in expression of the transcripts for GAD and GAB Aa
receptor subunits implicate GABA in the development of rat hippocampus.
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MODULATION
OF
GABA
MEDIATED
GIANT
DEPOLARIZING
POTENTIALS BY METABOTROPIC GLUTAMATE RECEPTORS IN
NEONATAL CA3 RAT HIPPOCAMPAL NEURONS. F. Strata* and E.
Cherubini. Biophys. Lab., Int. Sch. Adv. Studies (SISSA), 34013 Trieste,
Italy.
During the first two postnatal weeks, CA3 pyramidal neurons exhibit
network-driven Giant Depolarizing Potentials (GDPs), mediated by GABA
acting on GABAa receptors and presynaptically modulated by ionotropic
glutamatergic receptors (Cherubini et al. TINS 14,515-519,1991). We have
used intracellular recordings to study the effects of the metabotropic
glutamate receptor (mGluR) agonist frans-1 -aminocyclopentane-1,3dicarboxylic add (f-ACPD) on GDPs. Experiments were performed with 2 M

CHANGE IN GABAa RECEPTOR SUBUNITS DURING IN VITRO
MATURATION OF RAT CEREBELLAR GRANULE CELLS. T. Zheng*. W.J.hhu.
H.J. Caruncho, G. Puia, S. Vicini D.R. Grayson1 and E. Costa. FGIN, Washington,
DC 20007 and ASRI1, Pittsburgh, PA 15212.
Using quantitative RT-PCR with competitive internal standards, freeze-fracture gold
immunolabelling histochemistry, and whole cell patch clamp recordings, we have
monitored the changes in selected GABAa receptor subunit mRNAs, their translation
products and receptor functional properties during in vitro maturation of cultured rat
cerebellar granule cells. The contents of al, a6, and 02 receptor subunit mRNAs
were significantly increased from 9O±31, 97±54, and 97±4 amol/pg of total RNA
at day 3 in vitro to 338±4O, 462 ±32, and 225 ±23 amol/pg RNA at day 7 in vitro,
respectively. At day 14 in vitro the levels of the al and a6 subunit mRNAs increased
to 524±3O and 685±44 amol/pg RNA, respectively. While the level of 0l subunit
mRNA was 276±21 amol/pg RNA and failed to change significantly during the
second week. The density of colloidal gold particles labelling the al, a6 and 02/03
subunits increased approximately 4 to 5 fold from day 3 through day 14 in vitro.
However, the increase of the various subunits was asynchronous: the density of the
al and a6 receptor subunit labelling remained virtually unchanged from days 3 to 7
in vitro, while that of the 02/03 receptor subunits increased two fold during the same
time frame. During the second week in vitro the density of 02/03 labelling doubled,
while that corresponding to the al and a6 receptor subunits increased around 3 fold.
The maximal Cl' current observed did not significantly increase in cells cultured for
two weeks. In contrast, the EC» for GABA channel gating as well as the sensitivity
to a benzodiazepine (diazepam) tends to decrease in cells maintained for two weeks
in vitro with respect to those cultured for one week. These results suggest that the
GABAa receptor subunit mRNAs and their translation products are differentially
regulated and the functional properties of GABAa receptor in cerebellar granule
neurons developing in vitro might be related to an increasing proportion of receptors
containing the a6 subunit (Supported, in part, by grant #ROl NS3053).

CsCI filled microelectrodes (to block most of potassium and calciumdependent potassium currents) on CA3 hippocampal neurons in slices
obtained from neonatal (P0-P11) rats. In the presence of the broad spectrum

ionotropic glutamatergic antagonist, kynurenic acid (1 mM), GDPs were
abolished. However they reappeared (at a frequency of 0.1-0.4 Hz for a
period of 1 to 2 min) when xynurenic add was applied with f-ACPD (20 pM,
2 min). This effect was partially and reversibly antagonized by the specific
mGluR antagonist (+)-a-methyl-4-carboxyphenylglydne (MCPG 1mM). In this
condition the frequency of GDPs was reduced to 0.04-0.08 Hz. f-ACPDinduced GDPs were also blocked in a reversible manner by bicuculline (10
pM). In two neurons f-ACPD (20 pM) slightly (20%) reduced or did not affect
the response to exogenously applied GABA (300 pM) in the presence of
tetrodotoxin (TTX 1 pM). These results suggest that mGlu receptors present
on GABAergic interneurons potentiate GABA release during a critical period
of postnatal development.
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GABA AND GAD IN THE EYE OF THE DEVELOPING ZEBRAFISH. E. Lee. F.J. Dalv and J.H. Sandell*. Department of Anatomy and
Neurobiology, Boston University School of Medicine, Boston, MA 02118.

PRE AND POSTNATAL ONTOGENY OF GABA* RECEPTORS IN THE RAT
brain . Borodinsky. LN and ffiszman ML* . IBC, Facultad de Medlclna,
Universidad de • Buenos Aires, Argentina.
We have studied the binding of 3H-muscimol and its regulation by

GABA is transiently expressed in the optic nerve and retinal ganglion cell
layer of the developing zebrafish eye between 2-4 days postfertilization
(Sandell, et al., in press). To further characterize this transient expression,
the following methods were used: 1) immunohistochemistry with an antibody
directed against glutamic acid decarboxylase (GADe7), an enzyme which
synthesizes GABA; 2) immunoprecipitation and western blots of GADe7 from
whole zebrafish embryos and larvae; and 3) direct injection of GADe7
antiserum into the yolk sac or blastomeres of the 1 - or. 2-cell stage embryos in
order to interfere with GABA synthesis.
In cryostat sections of larval retinae, GADe7 and GABA were co-tocalized.
Labelling of embryonic retinae is currently under way. Immunoprecipitation
with the GADe7 antibody followed by western blots demonstrated that this
antibody recognizes a protein of the correct molecular weight in the zebrafish
as early as 1 day post-fertilization. The results of the antibody injections
included the retarded growth and differentiation of the central nervous
system, and gross body malformations. Deformed notochords, markedly
truncated bodies with hooked tails, and aberrant organization of distal
musculature were consistently observed. Control injections of vehicle or
purified rabbit IgG did not produce malformations.
Thus far we conclude that at least one GAD isozyme, GADe7, is de-tectable
in the embryonic zebrafish. Furthermore, normal develop-ment is affected
when antiserum to this isozyme is injected directly into young embryos.
Supported by EY09081 and T32NS07152-14
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pregnenolone (5e-pregnan-3a-ol-2O-one) in pre and postnatal rat brain
membranes. Cerebral hemispheres excised from E16 (gestational day 16)
and E18 embryos, or from brain cortices taken from 5-day old rats (PN5)
or young adults were quickly removed after sacrifice, transferred to O.32M
sucrose at 4° C and homogenized at 1:10 W/v. Membranes were obtained

by pelleting the homogenate (2,750 rpm (10 min). The supernatant was
centrifuged at 9,750 rpm (20 min). The pellet was suspended in bidistilled
water, centrifuged at 13,000 rpm (30 min), resuspended in buffer Tris-HCI
5OmM pH 7.4 and spun down at 40,000 rpm (20 min) twice. Membranes
were subjected to a freezing and thawing procedure to remove the
endogenous GABA from the sample.
In PN5 animals equilibrium experiments showed a high (bd: 1.8 nM, B^:
72 fmol/mg prot) and a low affinity site (Ka: 47 nM, B
■ 117 fmol/mg
prot). In PN5 animals, the specific binding of 30 nM 3H-mu!cimol was
about 50% of adult levels (adult: 6O7±67 (n=6), PN5 304±42 (n=8),
mean±SE, fmoles/mg prot . ). In prenatal tissues detectable amounts of
specific binding were observed with 3 and 30 nM 3H-muscimol. We
explored the effect of pregnanolone at different developmental stages. In
adult animals, pregnanolone 1 pM increased 3H-muscimol binding around
30% over controls, and around 50% in PN5. Under our experimental conditions pregnanolone 1 or even 10 pM did not significantly potentiate 3h -

muscimol binding to prenatal membranes.
Authors present address: Lab. de Naurociancias, Fac. Med.
Supported by Fundacidn Antorchas and CONICET, Argentina.

MONDAY AM

AMINO ACIDS

NEUROTRANSMITTER SYSTEMS AND CHANNELS:

22.9

22.10

PROLONGED DEPOLARIZATIONS ARE EVOKED BOTH BY
SYNAPTIC TRANSMISSION AND ACPD IN DEVELOPING
CENTRAL AUDITORY NEURONS. V. C. Kotak* and D. H. Sanes.
New York University, Center for Neural Science, NY, NY 10003
In the present study we describe a novel form of developmental plasticity in
response to afferent stimulation. Whole-cell current clamp recordings were
obtained from lateral superior olivay- (LSO) neurons in 300 pM slices from
postnatal day 8-14 gerbils (Meriones ungucuilatus). Excitatory afferents were
activated either with low frequency (1-8 Hz; -1-5 minutes) or tetanic (1(00-400 Hz:
60-400 ms) stimulus paradigms. Approximately 50% of the sampled neurons
(n=5O) underwent a prolonged depolarization (PD) that reversed after a period of
1-30 minutes. The amplitude of PDs varied from 3 to 30 mV above resting
potential, and often led to repetitive firing (< 6Hz) . LSO neuron input resistance
decreased in every cell that displayed PD, from a mean value of 400 MQ before PD
to 250 MQ after PD (n=23). In control experiments, depolarizing current injection
to 25 mV above V^t for -3 minutes induced a repetitive discharge of ~5Hz. but
did not produce PDs (n=5). This suggested that excitatory synaptic transmission is
necessary to produce a PD. In all cases examined. PDs could be reversed by bath
perfusion of 2 mM nickel (400 pM calcium; n=4). Bath perfusion of the
metabotropic glutamate receptor agonist t-ACPD (20-40 pM) produced
depolarizing responses of up to 25 mV. and triggered repetitive firing (< 4Hz:
n=O). ACPD-induced depolarizations were also reversed by 2 mM nickel (n=2).
Together, these observations demonstrate a new form of developmental plasticity
that appears to be coupled to glutamatergic transmission and calcium entry
(Supported in part by Basic Research Grant No. 1FY93-0236 from the March of
Dimes Birth Defects Foundation, and Grant No . IBN9308377 from the NSF).
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GLYCINE

SENSITIVE

COM-

PONENTS OF VAGAL EPSPs IN THE EARLY EMBRYONIC

AVIAN BRAINSTEM.

T.

Hirota and K. Kamino*.

Sakai,

K.

Sato, Y. Momose-Sato, A.

Dept. of Physiol. Tokyo Med. Dent. Univ.

Sch. of Med. Tokyo 113, Japan.
Multiple-site voltage-sensitive dye recording of transmembrane

potential was employed to monitor brainstem slice preparations
from

early chick embryos,

at

the

level

of

nerve.

the vagus

Potentiometric optical signals evoked by a brief square current

pulse applied with a micro-suction electrode to the vagus nerve
were recorded simultaneously from many sites in the preparation.

The evoked optical signals consisted of a spike-like component
related to the action potential and a slow component that reflects

the glutaminergic excitatory postsynaptic potential(EPSP).

We

have found that glycine has dual effects on the EPSP: at lower

concentrations, glycine enhances the EPSP-related signal, and
at higher concentrations, it reduces the EPSP-signal.

effect

was

blocked

by

strychnine,

suggesting

The latter

that

glycine

behaves as a positive modulator of the NMDA-receptor at the
lower concentration, and as a Cl" channel agonist at the higher
concentration.

We have traced the embryonic origin of these

dual effects of glycine, and we have constructed developmental

maps of the spatial distribution of the glycine sensitivity.

22.11

22.12

ONTOGENY OF METABOTROPIC GLUTAMATE RECEPTORS IN RAT
BARREL FIELD CORTEX. M.E. Blue*. LJ. Martin and M.V. Johnston. Kennedy
Krieger Research Institute and Depts. of Neurology, Neuroscience and Pathology,
The Johns Hopkins Univ. Sch. of Med. Baltimore, MD 21205.
Using receptor autoradiography and immunocytochemistry, we have examined the
development of metabotropic glutamate receptors (mGluR) in rat barrel field cortex.
In flattened sections of cortex, 3H-glutamate with AMPA and NMDA displacers and
quisqualate (QUIS) or trans-ACPD blanks, was used to label QUIS-sensitive and
QUIS-insensitive mGluR sites. A vibrissa-related map of both mGluR sites was
seen by P5, with higher densities of receptors in barrel centers than in barrel septa or
surrounding tissue. Densities of mGluR sites increased to their highest levels on
P14 and then declined. Over time, the difference in density between barrel centers and
surrounding tissue became less striking so that in the adult, a somatotopic pattern
was absent At all ages examined, the density of QUIS-insensitive mGluR sites was
higher than that of QUIS-sensitive sites.
By immunocytochemistry, the ontogeny of mGluRlo and mGluR5 proteins was
examined using highly specific antibodies. The developmental expression of
mGluRs was similar to that of the autoradiographically localized mGluR sites,
whereas that of mGluRla was not. Like the overall pattern of binding sites, mGluR5
showed a heightened expression in the immature brain, with greater concentrations of
mGluR5 immunoreactivity (IR) in barrel centers than in septa and surrounding
cortex. Within barrel centers, there was dense neuropil IR around what appeared to be
dendrites cut in cross-section; cell-body staining was absent. Unlike the
autoradiographically visualized receptors, the somatotopic pattern of mGluR5 IR was
maintained throughout development, although the density of staining in barrel centers
decreased dramatically after the second postnatal week. We conclude from the
developmental patterns of mGluR expression that these receptors, particularly
mGluR5> participate in barrel formation. Supported by NIH grant NS29167.

TRANSIENT POSTNATAL INCREASE IN GLUTAMATE
BINDING WITHIN AUTONOMIC AREAS OF THE RAT
MEDULLA. H. Rao, A. Jean* and J.P. Kessler. Neurobiologie et
Neurophysiologie fonctionnelles, URA CNRS 1832, Case 351,
Fac Saint-Jerome, FI3397 Marseille, France.
Changes in [3H]-glutamate binding occurring in the caudal
medulla of the rat between the day of birth (P0) and adulthood
(P72) were investigated on cryostat sections using in vitro receptor
autoradiography. Densitometric measurements were performed
within 3 areas involved in autonomic regulations: the nucleus
tractus solitarii (NTS), the dorsal motor nucleus of the vagus
nerve (DMN) and the ventrolateral medulla (VLM) including the
nucleus ambiguus. Results indicated a significant increase in
binding densities in all 3 regions between days P0 and P9. Peak
values measured in the NTS, the DMN and the VLM at P9 were
155%, 150% and 136% of birth levels, respectively. Then,
binding densities progressively declined and values close to those
measured in adult animals were obtained by days P23-P30. The
decrease was particularly prominent in the VLM where binding
level at adulthood was only one third of that measured at birth.
These data indicate that glutamatergic neurotransmission
within medullary autonomic areas undergoes maturational changes
during the early postnatal period.

22.13

FUNCTIONAL CHARACTERISTICS OF HUMAN FETAL NEURONS IN
CULTURE. R. Rozental. F.-C, Chiu. M, Urban. C. BassaUo, S.U. Walkley’ and
D.C. Spray. Depts. of Neuroscience and Neurology, Albert Einstein College of
Medicine, Bronx, NY 10461.
We have established high density primary cultures of neuronal cells from
second trimester human fetal brains (see Chiu el al.). Here, the interrelationship
among gap junctions, voltage- and ligand-gated responses in these fetal neurons
were evaluated using patch clamp, dye-coupling and Ca2+ imaging techniques. By
7 DIV, clusters and pairs of neurons exhibited dye and electrical coupling (dual
whole cell voltage-clamp). Intercellular diffusion of LY occurred in 36%c of the
injections. In most cases, patterns of dye spread indicated that the neurons were
primarily connected by dendro-somatic and dendro-dendritic contacts. 25% of the
neuron pairs examined were electrically coupled. Mean junctional conductance
in these cells was 7.0 ± 1.5 (median 6.0) nS, supporting the indication from the
dye-coupling studies that coupling strength was high. Robust tetrodotoxin-sensitive
(1 pM) inward currents were found in all neurons examined. [Ca2T], levels were
measured ratiometrically after incubation of <ells for 1 hr in Fura-2 AM at 37° C.
By 7 DIV, the mean neuronal steady state [Ca" + ], level was ~ 110 nM. These cells
responded consistently to glutamate with increased intracellular Ca2+ (92%) in
a concentration-dependent manner, although sensitivities varied among cells. 20
pM MK801, a selective noncompetitive antagonist of the NMDA channel,
reduced the glutamate-elicited responses by 70% and co-application of 10 pM
glycine potentiated the glutamate responses by 55%; thus NMDA receptors
appear to be primarily responsible for the transient changes in [Ca2 + ] levels
evoked by glutamate. In addition, transient Ca2+ responses were observed
following application of GABA (< 1 mM) in 20% of the cells. Responses to
acetylcholine (< 1 mM)(n= 70) were lacking. We conclude from this study that
excitability and ligand-gated responses coexist with a high incidence of
intercellular communication during early human neuronal development.
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EXPRESSION OF FUNCTIONAL TRK A RECEPTOR TYROSINE
KINASE IN HUMAN MAST CELL LINE HMC-1. S.-Y. Tam*. M.
Tsai. J.H. Butterfield, and S.J. Galli. Depts. of Pathology, Beth Israel
Hospital & Harvard Med. Sch., Boston, MA 02215 and Dept. of Internal
Med., Mayo Clinic, Rochester, MN 55905.
Mast cells are critical effector cells in allergic diseases and other IgE-dependent
responses. In rodents, nerve growth factor (NGF) has been shown to increase the
number of mast cells in vivo, and to promote mast cell differentiation and/or mediator
release in vitro. As part of an effort to evaluate the significance of nerve/mast cell
interactions in humans, we examined the expression of NGF receptors in a human
mast cell leukemia cell line, HMC-1. Using the RT-PCR technique, we detected the
expression of the gene transcript for trk A, but not p75 LANGFR, in HMC-1 cells.
Nucleotide sequence analysis of PCR products spanning the putative alternatively
spliced region of trk A mRNA revealed that HMC-1 cells exclusively expressed a
single subtype of trk A transcript lacking the 18-nucleotide exon. The expression of
TRK A protein on HMC-1 cells was demonstrated by flow cytometry using an antiTRK A polyclonal antibody. The TRK A receptors detected in HMC-1 cells are
functional. Northern analysis showed that NGF at 100 or 500 ng/ml significantly
increased the mRNA levels for early response genes such as c-fos and NGF1-A, with
a time course similar to that observed in other cell types stimulated with growth
factors. Furthermore, we showed by substrate peptide kinase assay that MAP kinase
activity was significandy elevated, by 4-6 fold, in HMC-1 cells which had been
stimulated with NGF for 5 or 15 minutes. Our results thus indicate that the human
mast cell line HMC-1 expresses functional TRK A receptor tyrosine kinase. This
finding is consistent with the hypothesis that neurotrophins can influence the
activation and/or development of mast cells in humans. Supported by USPHS Grants
AI-22674, AI-23990, and AI-31982.

trkA IMMUNOHISTOCHEMISTRY IN ADULT RAT DORSAL
ROOT GANGLIA. S. Averill, S .B. McMahon, 'D .O . Clary, *L. F.
Reichardtt and JV Priestley*, Dept. Physiol., UMDS, London, SE1 7EH,
UK, and ’HHMI and Dept. Physiol., UCSF, San Francisco, U .S .A.
Sections of paraformaldehyde-fixed L5 DRGs were stained for
immunofluorescence using a rabbit polyclonal antibody to trkA (Clary et al.,
1994, Mol. Biol. Cell., in press), 5 ^g/ml. 41.2% of all neurons showed
distinct immunostaining, which was present over the entire cell soma. Cells
were predominantly small, although some large cells were also clearly
labelled. The number and size of cells labelled therefore agrees closely with
the results of in situ hybridisation for trkA mRNA (McMahon et al., Neuron,
in press, May 1994). Some non-neuronal satellite cells were also labelled.
Other sections were double stained for
trkA and additionally CGRP, RT97, or
the lectin GSA-IB4.
trkA positive
cells: 94% (225/239) were also positive
for CGRP, . 13% (38/284) were positive
for IB4, and 18% (74/407) were
positive for RT97 (see figure).
Individual cells double stained for trkA
and CGRP showed a very significant
correlation
in
their
degree
of
immunofluoressence for the two
antibodies
=0.63, P<0.001).
Supported by the MRC.

23.3

23.4

IMMUNOHISTOCHEMICAL EVIDENCE OF NERVE GROWTH
FACTOR (NGF) AND NEUROTROPHIN RECEPTORS (trk and p75)
IN THE TRIGEMINAL BRAINSTEM OF ADULT RATS. J. Jacobs. R.
Waziri* and M.W. Miller. Neuroscience Prog., Depts. Psychiatry
and Pharmacology, Univ. of Iowa Coll, of Med., Iowa City IA

TRK A IMMUNOREACTIVE PROFILES IN THE RAT CENTRAL
NERVOUS SYSTEM: COLOCALIZAJION WITH ChAT AND THE
LOW AFFINITY p75 NERVE GROWTH FACTOR RECEPTOR
T. Sobrevielel! * D.Q.Clarg2.L .L.ReK^ha^^td.24MlMimraaburu;^nclEJ. Mufsos1.
Dept, of Neurol. Sci.1, Rush Presbyterian Med. Ctr., Chicago, IL 60612 and Howard
Hughes Med. Ctr.2, Univ. of California, San Francisco, CA 94143. USA.
Nerve growth factor (NGF) mediates its biological activity by interacting with the
receptor tyrosine kinase trkA. Using a polyclonal antibody directed against the trkA
extracellular domain, the distribution of this protein was evaluated in the rodent
CNS. Rostrally, /vkA-immunoreactiee (ir) neurons were observed within the
olfactory tubercle, striatum, nucleus accumbens, scptodiagonal band complex,
nucleus basalis, thalamic paraventricular and reuniens nuclei and the periventricular
hypothalamus. Caudally, trkA-ir neurons were seen within interpeduncular,
prepositus hypoglossal, ventral cochlear, medial vestibular, raphe and solitary nuclei,
as well as in the dorsal portion of the nucleus of the lateral lemniscus, mesencephalic
nucleus of the V nerve and oral portion of the nucleus of spinal V nerve. Trk A-ir
fibers were observed within the olfactory bulb, medial septum, diagonal band,
hypothalamus, anterior cingulate, tetrosplenial, subicular and entorhinal cortices as
well as CA1, CA4, enbopitiform n, intetpendunculat n, thalamus, periaqueductal
gray, and spinal laminae 1 and 2 of Rexed. Sections dual labeled for trkA, ChAT and
the low affinity p75 NGFR revealed colocalization of these proteins only within the
subl'ield of the basal forebrain. In addition, adjacent sections were also stained using
a pan-tr* antibody (Oncogene Sci) which revealed a pattern of staining similar to that
seen with the trkA antibody with the exception that label neurons were also observed
in the supraoptic nucleus, hippocampus, superior colliculus, ventral tegmental area,
substantia nigra and cerebellum. These findings indicate that trkA has a widespread
central distribution, that all trkA neurons do not coexpress p75 NGFR and that the
different members of the trk family of signal transducing high affinity receptors may
mediate neurotrophic function(s) at multiple levels of the CNS.

52242 and Research Serv., V.A.M.C., Iowa City IA 52246.
The organization of the neurotrophic support system (a) in the
first and second order sensory neurons and (b) in the motor nucleus

of the trigeminal system were examined. Tissue from mature
brainstems was processed immunohistochemically using antibodies
specifically directed against NGF (thanks to E. Johnson, Wash.
Univ.), trk (Oncogene), and p75 (Oncogene). NGF was expressed
by many (myelinated) axons in the sensory root of the trigeminal
nerve as well as 1 /4 of the cell bodies of neurons in the principal
sensory nucleus (PSN).
Both neurotrophin receptors were
expressed generally within the neuropil of the PSN and weakly by
less than a quarter of the neuronal somata.

Note, however, that

no receptor immunostaining was evident in the sensory root.

In

the motor nucleus, at least 2/3 of the neurons were NGF-positive.
In addition, (myelinated) axons bundled in fascicles within the
motor nucleus expressed NGF. Interestingly, more than 2/3 of the
motor neurons were intensely trk- and p75- immunoreactive. Thus,
neurons in the trigeminal system are supported (a) anterogradely by
extrinsic afferents, (b) by intrinsically produced NGF, and/or (c) by
autoregulatory mechanisms.
Supported by the Department of Veterans Affairs and the N.I.H.
(DE 07734, AA 06916, and AA 07568).

23.5

23.6

AXOTOMY INDUCES A DIFFERENT EXPRESSION OF ChAT AND LOW
AFFINITY NGF RECEPTOR BETWEEN ADULT SCIATIC AND
HYPOGLOSSAL MOTONEURONS. M.Rende*. I. Giambanco and M. Buratta.
Dept. Exp. Med., Sect. Anatomy, Univ. of Perugia Sch. of Med., Italy 06126
At early development brainstem and spinal cord motoneurons (MN) normally
express choline acetyltransferase (ChAT) and low-affinity nerve growth factor
receptor (LNGFR) and both respond with a cell death to transection of their axons
due to a deprivation of target-derived trophic factors. In adult animals both types of
MN lose immunoreactieity (Ir) for LNGFR, but they reexpress this receptor after an
injury of the peripheral nerve. However, at adult age axotomy does not induce a
peculiar cell death in spinal cord MN, whereas it induces a variable percentage of
cell death among the brainstem MN. This suggests that some degree of target
dependence of brainstem MN may persist in maturity. To investigate further
blfOetences between adult brainstem and spinal cord MN we analyzed the timecourse of expression of ChAT and LNGFR following a cut or a crush of the sciatic
and hypoglossal nerves. A crush injury induced a similar time-course of
reexpression of LNGFR and a slight decrease of ChAT-Ir in both types of MN.
Peculiar bifferences were evident after transection of the nerve: sciatic MN showed
only a slight decrease of ChAT-Ir, whereas hypoglossal MN showed an important
decrease of ChAT-Ir peaked at day 7 with a total loss of Iv and a successive increase
by day 15. A cut of the sciatic nerve induced a reexpression of LNGFR peaked at
day 7 with a progressive decrease up to day 30 when few MN were It. Differently,
hypoglossal Mn responded to the same injury with a reexpression of LNGFR that
lasted at a plateau level from day 7 to day 30 with a successive decrease. In
conclusion, we report further biOerenaes between adult sciatic and hypoglossal MN
after a total disconnection from the muscular target. These biOerenaes may depend
from a biOerent sensibility to tatget-detieeb factors or a different possibility to
acquire such factors from the environment. Support: Telethon-Italy Grant.

CHANGES IN LEVELS OF LOW AFFINITY NGF RECEPTOR IN
HIPPOCAMPAL AND FOREBRAIN CHOLINERGIC SYSTEMS
OF DEVELOPING HYPOTHYROID AND REHABILITATED
RATS. A Farahvar* and E. Meisami (Dept, of Physiology &
Biophysics, Univ. of Illinois, Urbana, IL 61801).
The growth of hippocampus is retarded in hypothyroid rats.
Recovery from this condition marikedly increases hippocampal growth
rate (Farahvar & Meisami, Soc. Neursoci. Abst. 18: 228, 1992 &
19:1312,1993). In view of the high NGF expression in hippocampus
we determined the levels of low affinity NGF receptor
(p75NGFR=NGF-R) in hippocampus and other anterior forebrain
regions of developing hypothyroid rats and those allowed to recover.
Thyroid deficiency was produced from birth by adding propylthiouracil
in the drinking water (lg/L). This markedly suppresses plasma thyroid
hormones and body and brain growth. Recovery was initiated by
withdrawal of propylthiouracil at P25. NGF-R levels were determined
immunocytochemically using a mab to NGF-R (192-IgG, BoehringerMannheim). Compared to controls, NGF-R levels were significantly
elevated in following brain areas of P25 hypothyroid rats:
magnoceullar basal forebrain nuclei, septo-hippocampal pathway, fiber
bundles terminating on hippocampal CA2 and CA3 pyramidal cells and
supragranular cell layer of dentate gyrus as well as fibers within zona
incerta and internal capsule. These areas are cholinergic, projecting to
targets which express NGF in high levels, such as hippocampal
formation. The data regarding recovery animals will be presented.
The above results suggest that thyroid hormones regulate NGF-R in
developing forebrain cholinergic systems, particularly those projecting
to hippocampus. Supp: NIH-SITG Funds & UIUC Research Funds.
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ANALYSES OF P75 AND TRKA/B EXPRESSION FUNCTION IN
XENOPUS OOCYTES. S.L. Skirboll. L. Ramos. D. French. T. Bale. W,
Crill*. and M.B. Bothwell. Dept. of Physiol, and Biophys., Univ. of
Wash., Seattle, WA 98195.
To further discern the signal transduction characteristics and relationship
between the low-affinity NGF receptor, p75, and the neurotrophin receptors
trkA and trkB, we have employed various analyses following injection of
mRNA of each of these receptors into Xenopus laveis oocytes. The cDNA
encoding such full-length receptors was subcloned into the PSP64
expression vector, and mRNA was generated using in vitro transcription.
Transcript for each receptor was injected into oocytes and allowed to
translate for 36-48 hours. Western Blot and immunoprecipitation analyses
showed direct evidence of p75 and trkA expression in the oocytes. Binding
studies using 125I-labeled NGF and BDNF demonstrated specific binding of
NGF and BDNF to trkA and trkB respectively and to p75 in both cases. A
Ca+2 efflux assay in oocytes was employed to examine the signal
transduction of neurotrophin-stimulated receptors. TrkA or trkB injected
oocytes, but not p75, demonstrated a markedly elevated Ca+2-efflux which
was neurotrophin and mRNA-dose dependent. We have also co-injected
oocytes with trkA and p75, or trkB and p75 to examine the role of p75 in
modulation of trk single transduction. Results indicated a trend in p75

modulation of trkA with an increased release of Ca+2 from cells co-injected
with p75 and trkA. No significant enhancement of Ca+2 release was seen in
the cells co-injected with p75 and trkB. In addition, we have begun to utilize
Fura-2 Ca+2-imaging to visualize mobilization of intracellular calcium and
initial studies have corroborated the Ca+2-efflux assay results. These assays
will be employed to assess the functional consequences of structural
alterations of p75 achieved by in vitro mutagenesis.
(Supported by NIH grant NS30305.)

23.8

Mutagenesis of NGF Reveals Distinct Binding Surfaces for trkA and
p75. J. W. Winslow*. G.R. Laramee. Ai Shih. R. Urfer, L.E. Burton.
D. L. Shelton. Depts. of Neuroscience, Process Sciences, and Protein
Engineering, Genentech, Inc., South San Francisco, CA 94080
To determine the structural basis of neurotrophin receptor
binding specificity and activation, we have mapped residues of human
NGF which interact with trkA and p75 receptors. Homolog-scanning
and alanine point mutagenesis reveals that the N-terminus (H4) is critical
for trkA binding and activation; the first seven residues of NGF can
convert NT3 into a potent trkA agonist. However, additional regions
were found to contribute trk specificity, particularly variable region 4.
Using the murine NGF crystal structure as a guide, we generated 45
point mutants of hNGF that test the contribution of surface residues to
receptor interactions. We find 3 distinct regions that may form a trkA
binding/activation surface: neighboring residues of beta-sheets 3 and 4,
the N-terminus, and variable region 1. These results suggest a possible
mechanism of trkA receptor dimerization/activation which depends on
the structure of the N-terminus and involves residues both conserved
and variable among the neurotrophins. Two neighboring patches of
NGF residues are found to interact with p75; one is contributed by
variable region 1 of one protomer and beta-sheet 2 of the other
protomer. The other surface is formed by mostly conserved residues
within the C-terminus and beta-turn 3, also from different protomers.
This information allows the generation of NGF and NT3-based
trkA+trkC agonists, as well as selective trkA and p75 ligands. These
variants can be evaluated as novel neurotrophic factors within multiple
neuronal populations or as probes of p75 function.

23.9

23.10

DNA-BINDING PROTEIN ZIF268 REGULATES p75 NGF
RECEPTOR TRANSCRIPTION. S. S. Nikam. G.I. .Tennekoon, B.
Christy, and J.L. Rutkowski*. Dept. of Pediatrics, Univ. of Michigan,
Ann Arbor, MI 48109 and Inst. of Bio-Technology, Univ. of Texas, San
Antonio, TX 78245.
We examined signals and molecular mechanisms which might regulate
Schwann cell responses to nerve injury. Zif268 is an early response
gene encoding a zinc-finger DNA binding protein. Diverse signals
initiating growth or differentiation induce Zif268 expression, which in
turn regulates gene transcription in a variety of cell types. Zif268 mRNA
levels increased in the distal segment of rat sciatic nerves 3 days after
transection, and preceded the increase in p75 NGF receptor mRNA
which reached maximum levels 7 days post-transection. Axonal
degeneration and infiltrating macrophages signal functional changes in
vivo, and treatment with axonal membrane fragments or IL-1 in vitro
induces the transient expression of Zif268 in MT4H1 Schwann cells.
Since the p75 promoter contains putative Zif268 binding sites, we
investigated whether Zif268 plays a direct role in regulating p75
expression.
In transient transfection assays, Zif268 increased
transcription from a p75 promoter-reporter plasmid 5-fold. High basal
levels of p75 mRNA in secondary Schwann cells or MT4H1 cells were
similar to those in stable cell lines overexpressing Zif268. However, no
p75 mRNA was detected in MT4H1 cells overexpressing antisense
Zif268, indicating that Zif268 is essential for p75 expression.
Furthermore, a ~4OObp fragment of the p75 promoter containing two
GC-rich sequences specifically bound to protein on southwestern blots.
These data strongly indicate that Zif268 regulates p75 receptor gene
expression. (Supported by NS21700 and the United Cerebral Palsy Foundation.)

RECOMBINANT ADENOVIRUSES CARRYING THE CDNAS
FOR THE NGF RECEPTORS, TRK A AND P75. S. O. Yoon*.
M. Alvlra. E . Falck-PePereon, and M.V, CIco . Dept. o f
Microbiol., and Dept, of Cell Biol. & Anatomy, Cornell Univ.
Medical College New York, NY 10021
Among neurotrophins, NGF is unique in that its actions are
restricted to a subset of neurons including sensory, sympathetic
neurons, and cholinergic neurons of the basal forebrain. The
expression pattern of the Trk A NGF receptor and the p75
neurotrophin receptor correlates with the target population of
NGF. In the tissue culture, the action of Trk A can result in either
mitogenic or differentiate phenotype depending upon the cell
type used. Since neurons become terminally differentiated once
exiting the cell cycle, how Trk A participates in the differentiation
process in vivo remains a central question. One main obstacle in
studying the differentiation process in neurons lies in the difficulty
of introducing a recombinant construct into post-mitotic neurons in
an efficient manner. In order to overcome this difficulty, we
employed a replication-defective adenovirus as a vehicle to
introduce both the NGF receptors either in the sense or antisense
orientation into primary neurons in culture. Infection of cultured
cells and primary neuronal cultures with recombinant NGF
receptor adenoviruses results in efficient and stable cell surface
expression. Current experiments are directed toward following the
functional consequences of receptor expression after adenovirus
infection and assessing the efficacy of recombinant virus carrying
Trk A in an antisense orientation.

23.11

23.12

A TRUNCATED FORM OF THE LOW-AFFINITY NGF RECEPTOR
REVEALS THAT IT CAN FUNCTIONALLY COLLABORATE WITH
EACH OF THE TRKS AND POTENTIATE THEIR RESPONSES TO
THE NEUROTROPHINS. P. A. Hantzopoulos*. C. Suri. D. T. Glass. M. R.
Goldfarb. and G. D. Yancopoulos. Regeneron Pharmaceuticals, Inc., 777
Old Saw Mill River Road, Tarrytown, NY 10591.
Nerve growth factor (NGF) and the other neurotrophins all bind to a cell
surface protein known as the low-affinity NGF receptor (LNGFR). Early
studies suggested that the LNGFR was absolutely required for the formation
of a functional neurotrophin receptor, and that activation of the LNGFR's
cytoplasmic domain was sufficient to induce signaling responses. Current
evidence, however, indicates that the Trk family of receptor tyrosine
kinases, in the absence of the LNGFR, can directly bind to and mediate
responses to the neurotrophins. Efforts to pursue the possibility that,
although not required, the LNGFR might in some way interact with the
Trks and contribute to the formation of higher-affinity neurotrophin
receptors have been quite frustrating: detection of physical association
between the LNGFR and the Trks has not yet been achieved, and binding
approaches to determine whether the LNGFR/Trk combination leads to
higher-affinity neurotrophin binding have proven to be very controversial.
In this study we describe a functional approach, in fibroblasts, designed to
assay for the ability of the LNGFR to potentiate Trk-mediated growth
responses to the neurotrophins. We report that while the full-length LNGFR
could collaborate only weakly with the Trks in this system, a truncated
form of the LNGFR displayed a remarkably dramatic ability to functionally
interact with each of the Trks, potentiating masked autocrine loops as well
as responses to limiting amounts of exogenously provided neurotrophins.
Our studies, consistent with a "passing" role for the LNGFR, (as suggested
for the LNGFR-reiated TNF type II receptor), together with recent studies
of the LNGFR knock-out mouse, provide functional evidence for a
collaboration between the LNGFR and the Trks. Our system should allow
for further exploration of the mechanisms underlying this collaboration.

Generation and characterization of a marine p75 receptor blocking
antibody. L. J. Huber^K.-F. Lee. C.F. Dreyfus and M.V. Chao. Dept. AnaL&
CeU Biol. Cornell Univ. Med. Sch., NY, NY 10021, Whitehead Institute for
Biomedical Research, Cambridge, Mass. 02142 and Dept. Neuro. & Cell Biol.,
UMDNJ/Robert Wood Johnson Med. Sch., Piscataway, NJ. 08854
An extracellular fragment was generated from sequences from the third
exon of the mouse p75 neurotrophin receptor (NTR) gene. The 347 base pair
product was sequenced and subcloned in the BamHl site of pGEX-2T.The GSTp75 fusion protein was purified using glutathione agarose and injected into
rabbits and the resulting antisera (9651) was purified by chromatography over
GST-p75 conjugated to Sepharose-4B.
The 9651 antibody specifically recognizes the murine and rat but not the
human version of the p75 NTR as determined by immunoprecipitation analysis
and immunocytochemistry. Affinity binding and crosslinking studies determined
that the 9651 antibody was capable of immunoprecipitating receptor-ligand
complexes derived from mouse tissues. Specific complexes were absent from
cell lysates derived from mice that lack p75 NTR expression as the result of a
targeted mutation to the p75 gene. In vivo , the p75 NTR was shown to be
expressed in neuronal and non-neuronal cell types based upon
immunolocalization analysis with the 9651 antibody.
The p75 receptor sequence employed encodes the third and fourth
cysteine rich repeats which are believed to be necessary for binding to the nerve
growth factor (NG1F . We tested the effects of die antibody on the interaction of
the p75 NTR with neurotrophins and found a dose dependent inhibition of 1^1NGF binding to cells expressing only the low affinity NTR receptor. Similar
results were obtained in experiments performed in PC 12 cells. Based upon
chemical crosslinking studies, the binding of NGF to the trk receptor was not
altered in these cells. These results suggest that the 9651 antibody may be useful
in the elucidation of the specific role of the p75 NTR.
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p75, THE NEUROTROPHIN RECPTOR'. MEDIATES ACTIONS
OF NGF BUT NOT BDNF IN BASAL FOREBRAIN (BF)
CULTURES. C.F. Dreyfus*. L.S. Aibel. J. Horn, LJ. Huber. M.V. Chao
and I . B. Black. Dept. Neuro. & Cell Biol.. UMDNJ/Robert Wood Johnson Med.
Sch.. Piscataway. NJ. 08854. Rutgers Univ, New Brunswick. NJ 08903 and
Dept. Anat. & Cell Biol. Cornell Univ. Med. Sch.. NY. NY 10021
Our previous work indicated that NGF elevates the biosynthetic enzyme
choline acetyltransferase (CAT)/ cell. while BDNF increases cholinergic cell
number in BF cultures (Friedman etal. 1993). The present study examined the
role of p75.
BF neurons were cultured in the presence of pre-immune serum or anti-serum
against a p75 fusion protein; the antiserum is known to block binding of NGF
to p75 in PC 12 cells without affecting binding to trkA (Huber et al). Exposure
to anti-p75 selectively blocked binding of NGF to p75 in cultured BF as well.
When exposed to anti-p75. BF cultures exhibited a significant decrease in basal
CAT activity. The anti-p75 also blocked increases in CAT activity normally
elicited by NGF. Exposure to affinity purified anti-p75 reproduced these effects.
The effect on NGF was apparently specific. Cholinergic neuron numbers and
morphology were unchanged by anti-p75. Moreover. CAT activity was increased by bFGF. a factor that does not interact with p75. Our data suggest that
p75 plays a role in mediating influences of NGF.
To define p75's role in other neurotrophin action. cultures were exposed to
BDNF. Anti-p75 did not block the normal BDNF-elicited increases in cholinergic neuron number. suggesting that responsivity to this neurotrophin is not influenced by the p75 receptor.
Our studies suggest that p75. the common neurotrophin receptor. plays
different roles for different neurotrophins. Although p75 appears critical for
NGF action in the BF. it does not have a similar role in mediating actions of
BDNF. (Supp: NIH: HD23315. Henry Rutgers Scholars Prog. the UMDNJ Fdn)

p75, THE LOW AFFINITY NEUROTROPHIN RECEPTOR,
MEDIATES EFFECTS OF NGF ON CULTURED PURKINJE
CELL NUMBER. H.T.J. Mount*1. W.J. Friedman!. l .j . Huber2. MX
Chao2. C.F. Ibanez3. C.F. Drevfus1, & JB, Black1.

Dept. Neuroscience &

Cell Biol., RWJMS, UMDNJ, Piscataway, NJ 088541, Dept. Cell Biol. &
Genetics, Cornell Univ. Med. College, NYC, NY2 and Laboratory of
Molecular Neurobiology, Karolinska Institute, Stockholm, Sweden3.
NGF and a metabotropic receptor agonist (ACPD) together increase sur-

vival of cultured Purkinje cells, while NT-3 alone is effective. In the present
study, we examined the role of the low affinity neurotrophin receptor (p75)
in these two effects. We report that p75 plays a critical role in the effect of
NGF and ACPD, but is not required for the response to NT-3.
Cells were grown and identified as described in the accompanying
abstract (Black et al. 1994). In initial experiments, Purkinje cell numbers
were examined after a 6 day exposure to rabbit antisera to p75. These antibodies block binding of neurotrophins to p75, but not to the trk family high
affinity neurotrophin receptors. Anti-p75 antisera both increased numbers
of Purkinje cells in control cultures and blocked the survival-promoting
interaction between ACPD and NGF. In addition, ACPD and a mutant form
of NGF that binds to trk-A, but not to p75, failed to increase cell number.
While the response to NGF and ACPD was blocked by anti-p75, the
NT3-elicited increase in cell number was potentiated by the antibody.
Thus, p75 apparently does not mediate the survival-promoting effect of
NT-3 on this cell population.
In sum, the data suggest that p75 mediates the effect of NGF on in vitro
Purkinje survival. p75 may also play a role in reducing Purkinje cell number
in the absence of exogenous NGF, since antibodies to this molecule
increase survival of the Purkinje cell population. (Supp: Medical Research
Council of Canada, NIH grant HD 23315).

23.15

23.16

PKC INHIBITION BLOCKS THE TROPHIC EFFECT OF NGF
AND METABOTROPIC RECEPTOR ACTIVATION ON
CULTURED PURKINJE CELLS.
LB. Black*. S. Elkabes. C.F.
Drevfus. & H.T.J. Mount.Dept. Neurosci. & Cell Biol., RWJMS, UMDNJ,
Piscataway, NJ 08854.
We previously reported that NGF and the metabotropic receptor (mGluR)
agonist, (1S,3R)-ACPD, together increase survival of cultured Purkinje
cells, whereas neither agent is effective when tested alone (Mount et al.
1993 J Neurosci 13:3173). In contrast, NT-3 by itself increased Purkinje
cell number (Mount et al. 1993 Boc Neurosci 19:661). We now present
data that suggest a role for a Pi-linked metabotropic receptor (mGluR) subtype in the effect of (1 S,3R)-ACPD. We also show that PKC activation may
be required for the trophic effect of NGF, but not that of NT-3.
Dissociated cultures of embryonic day 18 rat cerebellum were grown for
6 days in the presence of tested reagents. Purkinje cells were identified

THE LOW-AFFINITY BUT NOT THE HIGH AFFINITY
NEUROTROPHIN-RECEPTORS ARE REGULATED BY NGF IN
POSTNATAL DRG SENSORY NEURONS. D .H . Gntmann*. I. SilosSantiago. W.D. Snider. Dept. Neurology. CSNSI. Washington Univ.. Med. Sch.. St.
Louis. MO. 63110.

by staining with antisera to calbindin, a specific marker of this cell type in
cerebellum. NGF and (S)-3-hydroxyphyenylglycine, a selective agonist of
Pl-linked receptors (mGluRI and 5), increased Purkinje survival. However,
NGF and frans-azetidine-2,4-dicartooxylic acid, an agonist of mGluR3 and
mGluR5, were ineffective. Given the abundant expression of mGluRI by
Purkinje cells, it seems probable that the survival-promoting effects of
metabotropic agonists are mediated by this receptor. To examine requisite
downstream sequelae of mGluR activation, NGF and (1S,3R)-ACPD were
retested under conditions of PKC btockade. Down-regulation of PKC by
phorbol ester treatment, or antagonism of PKC with calphostin-C,
attenuated the survival-promoting interaction between (1S,3R)-ACPD and
NGF. However, PKC inhibition did not decrease the response to NT-3.
Our observations are consistent with a model whereby PKC activation,
subsequent to mgluRf stimulation, selectively regulates Purkinje responsiveness to NGF. (Supp: MRCC and NIH grant HD 23315).

Exogenous neurotrophins are known to regulate the levels of neurotrophin-receptor
mRNA in neurons when applied during the period of naturally-occurring cell death.
when sensory neurons compete for neurotrophins for their survival. To determine
whether neurotrophins regulate their respective receptor gene expression after the
period of programmed cell death. we treated PN4 rats daily with NGF and NGFantibody (NGF-Ab) during a period when neuronal survival is not affected (Lewin et
al.. J. Neurosci. 12: 1896 (1992)). We then examined the levels of neurotrophinreceptor RNA in PN12 rats by semiquantitative RT-PCR. Northern blot and in situ
hybridization.
We have determined the effect of these treatments on both high and low-affinity
(p75) NGF receptors and observed that NGF and NGF-Ab treatment regulate only the
levels of p75 RNA. p75 RNA increases with NGF injections and decreases with
NGF-Ab treatment. In contrast. levels of trkA RNA do not change with NGF or
NGF-Ab treatments. We also examined the RNA levels of cyclophilin (internal
control). intermediate molecular weight neurofilament protein (Nf-M). GAP-43 (as
marker for axonal outgrowth) and substance P (SP). Our results indicate that SP RNA
is upregulated by NGF treatment and downregulated by NGF-Ab. Surprisingly. GAP43 is downregulated by NGF injections. Nf-M RNA levels are not modified by these
treatments. These observations suggest that NGF is necessary for the maintenance of
the nociceptive phenotype of DRG neurons and that p75 may be an important
mediator of this biological effect.

23.17

23.18

INTRODUCTION OF RAT TRKA INTO THE HUMAN
MEDULLOBLASTOMA CELL LINE D283MED. J. Valletta. D.
Lowenstein*, and W,C. Mobley. Depts. of Neurology, Pediatrics and
the Neuroscience Program, UCSF, San Francisco, CA 94143.

GM1 GANGLIOSIDE ACTIVATES THE HIGH AFFINITY NERVE
GROWTH FACTOR RECEPTOR TRKA. S. Rabin. A.M. Colangelo and I.
Mocchetti*. Dept. Cell Biology. Georgetown Univ.
School of Med..
Washington D.C. 20007.
The monosialoganglioside GM1 has been shown to possess neurotrophic
activity in vitro and in vivo and is now used as an experimental treatment for a
variety of neurological disorders and trauma. Moreover. several studies have
shown that GM1 antagonizes excitatory amino acid toxicity. However. little is
known about the mechanism of action utilized by GM1. nor it is clear whether
a common mechanism underlies the neurotrophic activity and the antineurotoxic effects. Since GM1 appears to enhance nerve growth factor (NGF)
activity. we have used C6-2B glioma cells transfected with the high affinity
receptor trkA to determine whether the neurotrophic effects of GM1 could
occur through induction of trkA activity. Exposure of C6trk+ cells to NGF (10
ng/ml) resulted in a 5 fold increase in trk tyrosine phosphorylation within 5
min. Incubation of cells with GM1 resulted in a 3 fold increase in trkA
phosphorylation beginning within one hour and peaking between 3 and 6 hrs.
Optimal responses to GM1 were obtained using 80-100 pM concentrations.
Moreover. tyrosine phosphorylation of known trkA target proteins. such as
extracellular signal-regulated kinase (ERK). and suc-associated neurotrophic
factor-induced t^osine-phosphaiylated target (SNT) were activated upon
stimulation of cells with GM1 or NGF. NGF and GM1 failed to induce
phosphorylation of trkA or of the other target protein in mock transfected cells.
Thus. our data demonstrate that GM1 mimics the effect of NGF. and suggest
that the neurotrophic properties of GM1 may be attributed to its activation of
trkA signal transduction. Supported by Research Career Development Award
NS 01675 to I.M. and H.H.S. grant NS 29664.

Medulloblastomas are poorly differentiated cerebral tumors which
account for about 20% of all pediatric CNS neoplasms. In this study
we examined the human medulloblastoma cell line D283Med, which
has been previously described to be of a neuronal phenotype,
expressing both NFP and NSE, but not the NGF receptor p75. We
found that these cells also express a small amount of TrkA protein
which readily phosphorylates in the presence of NGF. These cells,
however, show no apparent changes in cell morphology or cell
division rate in response to NGF treatment.
In order to generate an NGF-responsive medulloblastoma cell line,
we transfected D283Med with a cDNA construct encoding both
neomyocin resistance and rat TrkA. Clones were selected in the
presence of G418. Five clones were examined by Western blot
analysis for TrkA protein levels. Most showed a several-fold increase
in expression, with one clone, D283-Trk2, having the highest levels of
both Trk protein and NGF-induced Trk tyrosine phosphorylation.
Cultures of D283-Trk2 showed a significantly decreased rate of cell
division in response to NGF treatment. Cells grown in NGF for ten
days grew at a rate which was less than 5% that of cells grown in
vehicle-treated dishes. D283-Trk2 cells continued to divide even after
3 weeks of continuous NGF treatment. Our study shows that TrkA
transfection can be used to modify the biology of a medulloblastoma
cell line.
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A
NERVE
GROWTH
FACTOR-SENSITIVE
KINASE
PHOSPHORYLATING THE DNA-BINDING DOMAIN OF THE
ORPHAN NUCLEAR RECEPTOR NGFI-B. Y.Hirata\ M.Whalin.
J.MilbrandL and G.Guroff. Section on Growth Factors, NICHD. NIH,
Bethesda, MD 20892, 'Bio-mimetic Control Research Center, RIKEN,
Nagoya, Japan and 2Department of Pathology and Internal Medicine.
Washington University School of Medicine, St. Louis, MO 63110.
NGFI-B is an orphan member of the nuclear receptor superfamily encoded
by an immediate-early gene. It is rapidly synthesized and phosphorylated
in PC 12 cells in response to nerve growth factor (NGF) and other agents
and is differentially phosphorylated dependent upon the inducing stimulus.
It has been shown in previous work that phosphorylation at Ser35O in the
DNA-binding domain by protein kinase A inhibits its binding to the NGFI-B
response element and that an NGF-sensitive kinase in PC 12 cells also
phosphorylates this serine. The present work describes the kinase (termed
NGFI-B kinase I) from PC 12 cell extracts that catalyzes this
phosphorylation. It has been shown that NGFI-B kinase I is rapidly
activated by NGF treatment and that the activation lasts for at least several
hours. The molecular mass of the kinase is 95-100 kDa, as estimated by gel
filtration and by the activity gel method, and it is clearly different from
protein kinase A, Fos kinase, or p90^k. The enzyme has been partially
purified and it has been shown that phosphorylation of the DNA-binding
domain of NGFI-B with this partially purified enzyme inhibits its binding
to the NGFI-B response element. These findings demonstrate that a novel
kinase which is activated by NGF may regulate the phosphorylation of a
transcriptional factor, NGFI-B, in PC 12 cells.

K252 COMPOUNDS, TRKA AND NEURONAL DIFFERENTIATION. A.H.
Ross*. D.K. Poluha. W. Poluha. M.-C. Daou. C.A. McKinnon. K. Ratliff and
D.E. Wolf. Worcester Foundation for Experimental Biology, 222 Maple Ave.,
Shrewsbury, MA 01545.
K252a and K252b are protein kinase inhibitors which inhibit or
potentiate effects of neurotrophic factors. Despite similar structures, K252a
has more potent effects on intact cells and is more toxic. Based on
partitioning between organic and aqueous phases, K252a is more
hydrophobic than K252b. The fluorescence spectrum of K252a, but not
K252b, shifted in the presence of phospholipid vesicles, indicating that
K252a dissolved in the hydrophobic interior of the membrane. Using
fluorescence video microscopy, K252a labelled intracellular membranes of
Sf9 and PC 12 cells. K252b quickly entered Sf9 and PC12 cells, but staining
of membranes was much weaker. Hence, K252a and K252b both rapidly
enter cells but greatly differ in membrane solubility.
Neuroblastoma cell line SH-SY5Y was transformed with a TrkA
expression vector or a control vector. K252a induced TrkA-overexpressing
cells to aggregate cell bodies, to extend neurites and to cease cell
proliferation. K252a induced aggregation of control cell bodies and to cease
cell proliferation, but little neurite extension was observed. No
phosphorylation of TrkA was detected for cells treated with K252a. The
effects of K252a on TrkA cells, but not control cells, were irreversible.
K252b, KT572O and KT5823 had no effect on control or TrkA cells. These
data suggest an interaction between NGF and K252a signal transduction
pathways.
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INHIBITION OF TRK-B AUTOPHOSPHORYLATION OF RAT EMBRYONICFRONTAL CORTEX NEURONS AND HUMAN NEUROBLASTOMA SY5Y CELLS
BY MONOAMINE-ACTIVATED a2-MACROGLOBULIN. Y.-O. Hu, D.J.
Liebl and P.H. Koo*. Department of Microbiology and
Immunology, Northeastern Ohio Universities College of
Medicine, P.O. Box 95, Rootstown, OH 44272.
Monoamine-activated human a2-macroglobulin (MN-a2M) has
been demonstrated to inhibit NGF-promoted phosphorylation
of trJc-a, PLC-y-1, and ERK-2 of rat pheochromocytoma PC12
cells (P.H. Koo and W.S. Qiu (1994) J. Biol. Chem. 269:
5369). Since MN-a2M also decreases the function of adult
corpus striatum dopaminergic neurons, and since BDNF can
partially block the inhibitory action of MN-a2M on
embryonic basal forebrain neurons, we also investigated
the effect of MN-a2M on BDNF/NT-4-promoted trk-b autophosphorylation and signal transduction in human and rat
neurons. Our studies show that both MN-a2M and normal a2M
can carry BDNF about equally well and by far more
efficiently than NGF, NT-3, or any other seven common
cytokines tested.
MN-a2M (at <2 mg/ml) can effectively
block phosphorylation of trk-b of human SY5Y cells
stimulated by either BDNF or NT-4, whereas normal a2M
produces little or no effect.
Rat embryonic basal
forebrain neurons stimulated by NT-4 also fail to express
phosphorylated trk-b in the presence of MN-a2M.
In
contrast to MN-a2M's effect on trk-a's signaling pathway,
MN-a2M up to 2-4 mg/ml appears to produce very little or
no effect on BDNF/NT-4-]promoted activation of ERK-2. We
conclude that MN-a2M appears to inhibit BDNF/NT-4responsive neurons by blocking trk-b receptor phosphorylation and the intracellular signaling pathways respectively regulated by fcrk-a and trk-b are not identically
affected by MN-a2M.
(NIH grant NS-30698) .

SIGNAL TRANSDUCTION BY THE TRUNCATED trkB ISOFORM, fkB.Tl.
Monte J. Radeke*, Gregory BaxteeH, Richard Kuof, Angelica Medina-Selbyt, Doris
Coitf, Pablo Valenzuela^ and Stuart C. Feinstein. Neuroscience Research Institute,
Univ. of California, Santa Barbara, CA 93106; ^Molecular Devices Corporation,
Menlo Park, CA 94205 and JChiron Corporation, Emeryville, CA. 94608.
The trk family of proteins serve as receptors for the neurotrophin family of
ligands. Alternative splicing of trkB mRNA generates three known trkB isoforms,
each possessing the same extracellular and transmembrane domains but varying
intracellularly. While "full length" trkB (trkBFL) has a tyrosine kinase domain and
initiates typical tyrosine kinase responses, the "truncated" trkB isoforms trkB.Tl and
frkB.T2 have extremely small intracellular domains (23 and 21 amino acids,
respectively) and appear not to elicit typical tyrosine kinase responses.
Several possible functions have been suggested for the truncated receptors. They
might reduce responsiveness of expressing cells by acting as "sponges" to remove
excess or unwanted BDNF ligand, or by acting as naturally occurring dominant
negative effectors of trkB.FL. They might serve to present ligand to fkB.FL.
Alternatively, they could transduce a signal, but by presently unknown
mechanism(s). To assess this latter possibility, we used a Cytosensor
m&rophysiometer to compare the ability of frkB^FL and trkB.Tl cDNA transfected
fibroblasts to signal intracellular events. The Cytosensor microphysiometer is a
biosensor-based instrument that detects changes in the physiological state of cultured
cells by monitoring the rate at which the cells release acidic metabolic products.
BDNF treatment of /rkBFL cells induces a biphasic response characteristic of other
known receptor tyrosine kinases, i.e., an initial transient acidification burst followed
by a sustained increase in metabolic activity. Non-transfected controls show no
effect. Most importantly, BDNF treatment of trkB.Tl transfected cells induces a
marked change in the media acidification rate, similar to the long term component of
the fkB.FL response but without the initial bust of acidification. We conclude that
the trkB.Tl isoform of the trkB receptor mediates BDNF signal transduction via an
unknown mechanism and will discuss possible implications. Supported by grants
from the NSF (IBN-9120836) and ARPA (MDA-972-92-C-0005).

24.3

24.4

DEVELOPMENTAL PATTERNS OF LOCALIZATION OF FULL-LENGTH
AND TRUNCATED TRKB PROTEINS IN THE MAMMALIAN VISUAL
SYSTEM. RJ,Cfbfilli*,_M,I,Radeke#. A.WrighLXL,^endofirfer,
S.C.Feinstein#. and C.T.Shatz. Department of Molecular and Cell Biology,
UC Berkeley, CA 94720 and #Neuroscience Research Institute, UC Santa
Barbara, CA 93106.
TrkB, a receptor tyrosine kinase for the neurotrophins BDNF and NT-4/5,
is present on axon fiber tracts and on the cell soma and dendrites of maturing
neurons in the mammalian visual system. During development a shift occurs
within numerous brain structures from a predominance of the full-length
receptor to an isoform (trkB.Tl) in which the intracellular tyrosine kinase
domain has been deleted by alternate splicing. Here we have used antibodies
directed against a trkB-specific region within the kinase domain and against
the peptide encoded by the exon specific for the T1 isoform to address the
localization of these forms of trkB during ferret visual system development.
Ascending and descending axonal fiber tracts in the intermediate zone of
the cerebral cortex express exclusively the full-length form of trkB during
prenatal development. During early postnatal development, increasing
amounts of trkB.Tl are expressed on these fibers tracts, although full-length
trkB predominates. Shortly after birth (P2), subplate neurons express
primarily full-length trkB on their cell bodies and dendrites, as do both the
axons of the optic tract and neurons within the LGN. The expression of
trkB.Tl on these and other neurons within the visual system greatly increases
during subsequent development. These observations suggest that the
transition from full-length to truncated (T1) trkB that accompanies the
maturation of visual system pathways is associated with a systematic
change in the cellular localization of trkB from axon fibers to somata and
dendrites. Supported by EYO6327 (RJC), ACS grant S-68-91 (MJR), NSF grant
IBN-9120836 (SCF), and NIH grants EYO2858 and MH48108 (CJS).

RAT TYROSINE PHOSPHATASE RPTP^/p mRNA IS
ALTERNATIVELY SPLICED AND CO-LOCALIZED WITH TRK B
J. Li. S. E. Snyder, and S. R. J. Salton*. Fish berg Research Center for
Neurobiology, Mount Sinai School of Medicine, New York, NY, 10029.
We have cloned the rat receptor protein tyrosine
phosphatase RPTP£/p and previously demonstrated that
RPTP£/0 mRNA is expressed almost exclusively and abundantly
in the rat CNS and PNS. Three major RPTP£/p transcripts are
expressed relatively selectively in the developing nervous
system, in similar regional distributions.
In the present
study, analysis of additional rat cDNA and genomic RPTP£/p
clones indicates that alternative RNA splicing produces an
mRNA encoding a truncated form of RPTP£/p that lacks both
phosphatase domains and the membrane spanning region.
Sequence comparison suggests that this truncated RPTP^/p
molecule is identical to the recently cloned rat brain proteoglycan 3F8(phosphacan). Comparison of in situ hybridization
using a probe specific for the RPTP£/P phosphatase domain to
adjacent sections hybridized to probes specific for the extracellular domains of trks A, B, & C revealed that while the
distribution of RPTP£/p signal overlaps somewhat with trk A
and trk C, it is strikingly similar to, although consistently less
intense than, that of trk B. In mid-gestation, both are found
in developing dorsal root ganglia and in the ventricular zone
of the brain and spinal cord. Later in development, both
RPTP£(P and trk B are found not only in these regions, but also
in the subependymal zone, the cortical plate, diencephalon,
midbrain, brainstem, cranial ganglia, and retina.
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GENERATION OF ANTIBODIES TO ACTIVATED TRK RECEPTORS. A,
Phattacharyya*. L. Rua. D.R, Kaplan, c ,d . StiiesU&A^Segal, Dept.
Microbiology and Molecular Genetics, Harvard Medical School and Dana-Farber
Cancer Institute, Boston MA 02115; NCI-Frederick Cancer Research & Development
Center, Frederick MD 21702; Dept. Neurology, Beth Israel Hospital and Harvard
Medical School, Boston MA 02115.
In order to analyze receptor activation and signal transduction that occurs when
neurons respond to neurotrophins via their tyrosine kinase (trk) receptors, we have
generated polyclonal antibodies to activated trk receptors. Rabbits were immunized
with phosphopeptides (12-14 mers) corresponding to potential SH2 recognition
motifs within die tyrosine kinase domain of activated trk receptors. Antibodies were
made against peptides corresponding to the SHC binding site of trkB (amino acids
507-516) with a single phosphorylated tyrosine at tyrosine-514 (analogous to tyr
490 in trkA). Antibodies were also made against peptides corresponding to an
autophosphorylation site of trkB (amino acids 700-711), either singly phosphorylated
on tyrosine-705 or doubly phosphorylated on tyrosines 705 and 706 (analogous to tyr
674, 675 in trkA). The antisera were first depleted of antibodies that recognize the
unphosphorylated peptide, then affinity purified using the phosphorylated peptide.
The antibodies specifically recognize activated trk receptors, as indicated by
Western blot analysis and immunoprecipitation studies in trk-PC 12 cells. Activated
trk was detected in trk-PCI2 cells that had been treated with NGF at a level greater
than activated trk detected in trk-PC 12 cells that had not been treated with NGF,
consistent with in vitro kinase activity of stimulated versus unstimulated trk-PCI2
cells. No signal was delected in src-transformed fibroblasts, verifying that the
antibodies do not recognize phosphotyrosine. Experiments with primary cerebellar
extracts demonstrate that the antibodies recognize both activated trkA and trkB.
These activation specific antibodies will be used to study neurotrophin activity
during cerebellar development, and to study the anatomy of signal transduction in the
sciatic nerve.

DESIGN AND CONSTRUCTION OF CHIMERIC TRKA-TRKB RECEPTORS
FOR THE STUDY OF LIGAND INTERACTIONS. P. Perez , P. M. COll
M.V. Chappy and D. Martin-Zanca. Instituto de Microbiologia
Bioquimica CSIC-Univ. de Salamanca, Spain and Dept. of Cell
Biol, and Anatomy. Cornell University Med. College. N Y.
The Trk family of tyrosine kinase receptors constitute the signal
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neurotrophic

factors.

The
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Trk
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share

approximately 50% homology in their extracellular region. This

region is distinguished by a number of putative binding domains
including three tandem leucine-rich repeats which are bounded by

two clusters of cysteine residues and two immunoglobuline-like
C2 domains. The sites of interaction with their specific ligands in

the Trk receptors and the mecanism whereby these receptors are

activated are unknown. To study neurotrophin-receptor binding

sites, we have carried out a comparative analysis of the amino
acid sequences from the rat TrkA, TrkB and TrkC receptors. We
have

introduced
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new

motifs of

structural
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singly
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molecules to
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receptors. The chimeric TrkA-TrkB molecules will

be used to

define the structural elements involved in the interaction of TrkA
and TrkB with their respective ligands, NGF, BDNF, NT-3 and NT-

4, by evaluating the effect of the different mutations.
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24.8

CHIMERIC TNFR2-Trk RECEPTORS: A TOOL TO INVESTIGATE
TRK-MEDIATED GENE EXPRESSION. M. Canossa, A.N. Verity, G.
Rovelli and E.M. ShootetfDEPT. NEUROBIOLOGY, STANFORD
UNIVERSITY, STANFORD, CA. 94025.
PC 12 cells express TrkA and p75LNTR neurotrophin receptors. We
have previously demonstrated that chimeric receptors consisting of the
extracellular domain of human TNFR2 and the transmembrane and
cytoplasmic domain of rat TrkA or TrkB showed a TNF-dependent
neurotrophin-like biological response in PC 12 cells. Similar constructs
containing the cytoplasmic domain of p75LNTR showed no obvious
effect. To understand the contributions of TrkA, TrkB and p75LNTR
receptors in mediating the biological activity of neurotrophins, we
created PC12 cell lines expressing the chimeric receptors.
Subsequently, we evaluated the TNF-dependent transcriptional
activation of early response genes and the expression of specific late
genes. We first detected comparable induction of c-fos, c-jun, NGFla
and NGFlb mRNA transcripts by activation of TNFR2-TrkA and
TNFR2-TrkB receptors. Similar findings were obtained examining the
TNF-mediated induction of the late genes Transin, Peripheran, SCG10
and GAP-43 after 24h and 48h of TNF treatment. The results suggest
that, in the same cellular background, TrkA and TrkB receptors induce
similar patterns of gene induction. Interestingly, in the same cells, the
level of TNF induced early gene mRNAs was significantly lower than
that mediated by NGF, whereas TNF induced late gene mRNA levels
were higher relative to that observed with NGF treatment. Our results
suggest that neurotrophin signaling via different Trk receptors use
similar transduction mechanisms and that the p75LNTR receptor may
modulate TrkA-dependent NGF signaling in PC12 cells.

DISTRIBUTION OF THE HIGH-AFFINITY NEUROTROPHIN
RECEPTORS, TRKA, TRKB AND TRKC, WITHIN THE
TRIGEMINAL BRAINSTEM COMPLEX IN THE ADULT RAT.
R.X. Zhang. D.P. Crockett, and M.D. Egger*. Dept. Neuroscience and
Cell Biology, UMDNJ-Robert Wood Johnson Med. Sch., Piscataway, NJ
08854-5635.
The proto-oncogene products, trkA, trkB and trkC, are the preferred
high-affinity receptors for nerve growth factor (NGF), brain-derived
neurotrophic factor (BDNF) and neurotrophin-3 (NT-3), respectively.
NT-4/5 also binds with high-affinity to trkB. Within the trigeminal
brainstem complex (TBC) of the adult rat, immunocytochemical
reactivity for trkA, trkB and trkC is found on neurons in nucleus
caudalis, interpolaris, oralis and principalis, as well as on trigeminal
motoneurons. Within the trigeminal mesencephalic nucleus, trkB and
trkC, but not trkA, immunoreactivity is found on cell bodies. While
there is little evidence of vibrissae-related patterning of trk expression
anywhere within the TBC, intense trk expression in many cells within
the TBC suggests a complex role for neurotrophins and their receptors
in the TBC.

24.9

24.10

DISTRIBUTION OF THE LOW-AFFINITY NEUROTROPHIN
RECEPTOR (p75) IN THE TRIGEMINAL BRAINSTEM
COMPLEX (TBC) OF THE ADULT RAT:
VIBRISSAERELATED PATTERNING IN NUCLEUS PRINCIPALIS. D.P.
Crockett*. R.X. Zhang and M.D. Egger. Dept Neuroscience and Cell Biology,
UMDNJ-Robert Wood Johnson Med. Sch., Piscataway, NJ 08854-5635.
p75, associated with neural crest-derived primary sensory neurons,
binds all members of the neurotrophin family. In the rat, p75 is
expressed in a somatotopically organized pattern within the cuneate
nucleus of the rat (Foschini et al., Brain Res., in press). Within ventral
portions of the nucleus principalis of the TBC, p75-like immunoreactive
fibers are distributed in a pattern related to the trigeminal projections
from the vibrissae, similar to the vibrissae-related pattern of cytochromeoxidase (CO) staining. This vibrissae-related staining pattern is observed
only in the nucleus principalis, although p75-like immunoreactivity is
detectable throughout the TBC most intensely, within the superficial
laminae of the nucleus caudalis and in the mesencephalic nucleus.
Sectioning the infraorbital nerve within the first 24 h postpartum disrupts
p75 and CO patterning within the nucleus principalis in adult rats. The
close correspondence between p75 expression and the topographic
organization of dorsal column and trigeminal somatosensory nuclei
suggests a role for neurotrophins in central pattern formation.

THE UP-REGULATION OF TRKA AND TRKB IN DORSAL
COLUMN ASTROCYTES FOLLOWING PARTIAL DORSAL
RHIZOTOMY. D.R. Foschini*. A.M. Kestler. M.D. Egger and D.P.
Crockett. Dept. Neuroscience and Cell Biology, UMDNJ-Robert
Wood Johnson Med. Sch., Piscataway, NJ 08854-5635.
One week after severing cervical root fibers (C7-C8) in adult rats,
immunoreactivities for the high affinity nerve growth factor receptor,
trkA, and the high affinity brain derived neurotrophic factor receptor,
trkB, were up-regulated on glial cells in the spinal cord dorsal column.
Immunoreactivity for glial fibrillary acidic protein (GFAP) also
increased. In contrast, no changes in immunoreactivity for trkA, trkB,
or for GFAP were observed in the brainstem cuneate nucleus, a principal
termination site for many of the severed dorsal root fibers.
An additional consequence of severing the cervical dorsal roots was
that expression of p75, the low affinity binding site for all neurotrophins,
increased on motoneurons in the cervical ventral horn.
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NEUR0TR0PHIN-3 ACQUIRES NGF-LIKE ACTIVITY AFTER EXCHANGE
TO FIVE NGF AMINO ACID RESIDUES: MOLECULAR ANALYSIS OF THE
SITES IN NGF MEDIATING HIGH-AFFINITY RECEPTOR BINDING. Klas
Kullander* and Ted Ebendal Department of Developmental Biology, Box
587, Biomedical Centre, Uppsala University, S-751 23 Uppsala, Sweden,
Tel: +46-18-174386 Fax: +46-18-559017.
Despite the considerable sequence similarity (60 %) among the
neurotrophins of the NGF family, the members display different activities on
different subset of neurons. Recent studies have shown that the various
neurotrophins are ligands with high affinity to different tyrosine kinase
receptors of the Trk family. Earlier studies defined five n Gf amino-acid

NEUROTROPHIN RECEPTOR mRNA EXPRESSION DEFINES DISTINCT
POPULATIONS OF NEURONS IN ADULT RAT DORSAL ROOT GANGLIA.
D.E. Wright* and W.D. Snider. Dept, of Neurology, CSNSI, Washington
University., St. Louis. MO. 63110.
The biological actions of neurotrophins on dorsal root ganglion neurons (DRG) are
mediated through specific neurotrophin receptor tyrosine kinases (trks) with
modulation by the low-affinity receptor p75. It has been recently demonstrated that
these receptors are expressed in distinct patterns in the DRG. However, the extent to
which different neurotrophin receptors are coexpressed in individual DRG neurons is
unknown. The question of coexpression is important since it would suggest that
DRG neurons are regulated by multiple members of the neurotrophin family. To
address this question, we performed a combination of isotopic and colorimetric in situ
hybridization in rat thoracic DRG's using riboprobes specific for trkA, trkB trkC and
p75. We have found that neurons which express trkA are distinct from those that
express trkC. except for a small population that coexpresses both genes, representing
< 5% of trkA neurons and 15% of trkC neurons. Surprisingly, trkB expression also
defines a distinct population. We observed little if any coexpression of either trkA or
trkC in trkB neurons. As expected, p75 is coexpressed in nearly all neurons that
express trkA.. We found that p75 is also coexpressed in 90% of trkB neurons, but
surprisingly is coexpressed in only 50% of trkC neurons. Importantly, p75 was not
expressed in DRG neurons independent of trk mRNA expression. Finally, a
population of DRG neurons appears not to express any of the receptor mRNAs
examined, suggesting that these neurons, at least in adulthood, are not responsive to
any of the known neurotrophins. Our results demonstrate that distinct subsets of
DRG neurons express different trk receptor mRNAs and supports the hypothesis that
expression of a single trk receptor determines a DRG neuron’s neurotrophin
dependence. In addition, the coexpression of p75 with virtually all trkA- and trkBexpressing neurons lends strength to the idea that the actions of neurotrophins in the
DRG may be mediated through both high and low affinity neurotrophin receptors.
Interestingly, however, p75 expression may be less important for primary sensory
neurons that require NT-3.

residues bringing NGF-like activity to neurotrophin-3. The most efficient
NGF-like transformation was obtained by the exchange of Pro-Val and LeuVal-Gly in NT-3 to the NGF residues Val-Phe and Gln-Ala-Aia. This mutant
reached 90 % NGF activity, based on survival of sympathetic neurons,
stimulation of fibre outgrowth from sympathetic ganglia, the ability to block
high affinity NGF binding to PC 12 cells and phosphorylation of gp140t™ . The
mutated sites are situated in two p-loops at one end of the NGF molecule,
forming a cleft that could specifically interact with high affinity to the
signalling NGF receptor complex. To further be able to dissect amino-acids
important for NGF specificity, we have tested and confirmed the published
results describing the N-terminal as important for gp140trk binding. We now
wanted to elucidate whether these specific parts of NGF replaced in BDNF
also would result in NGF-like receptor binding and biological activity. In
addition, we wanted to decide whether it is the absence or presence of vital
amino-acid residues that is crucial for NGF specificity. To establish the

importance of the inserted NGF amino acids, alanines were exchanged in
the NT-3 backbone. Furthermore, a closer analysis of the five NGF aminoacid residues involved in the specificity is undertaken where combinations of
two residues at the time is introduced into the NT-3 skeleton.
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EXPRESSION OF trk AND NEUROTROPHIN mRNA IN EARLY QUAIL
EMBRYOS. D. Zhang. L. Yao. and P. Bemd*. Department of Anatomy and Cell

DIFFERENTIAL REGULATION OF NEUROTROPHIN RECEPTOR
EXPRESSION IN CULTURED SYMPATHETIC NEURONS BY
RETINOIC ACID. I, Matsuoka*, M. Kobayashi, and K. Kurihara. Faculty
of Pharm. Sci. Hokkaido Univ. Sapporo 060 Japan
Expression of high affinity neurotrophin receptors (trkA, trkB, and trkC)
determines the neurotrophin responsiveness of different population of neurons.
Recently it has become apparent that neural crest-derived cells, such as sensory
and sympathetic neurons, undergo a developmental switch in trophic factor
dependence from neurotrophins (BDNF, NT-3) produced by autocrine and/or
paracrine mechanism to neurotrophins (NGF, BDNF) produced by target
tissue. Retinoic acid (RA), which has been shown to induce neurotrophin
dependence of immature sympathetic neurons, may be involved in such
developmental switch. In the present study, we questioned whether retinoic
acid affects expression of neurotrophin receptors in cultured sympathetic
neurons. By using either northern blot analysis or RT-PCR, it was revealed
that treatment of neurons isolated from newborn rat superior cervical ganglia
(SCG) with all-framr-RA (10 nM) for 6 days suppressed the expression of
trkA-mRNA which was at high level in untreated neurons, while full length
trkB-mRNA with tyrosine kinase domain was induced by the RA-treatment. In
addition, mRNA level of p75 low affinity neurotrophin receptor, which was
originally very high in these neurons, was also further increased by the RAtreatment. These results suggest that RA in vivo acts on sympathetic neurons
at particular developmental stage to regulate expression of neurotrophin
receptors. Studies are now underway to examine whether the induction of
trkB-mRNA leads to emergence of trophic dependence of SCG neurons on
either BDNF or NT-3 in the absence of NGF.

Biology, State University of New York, Health Science Center, Brooklyn, NY
11203.
In order to speculate as to the role of neurotrophins in the early development of
avian embryos, RT-PCR was used to detect the initial expression of mRNA for
trkA, trkB and trkC, as well as the neurotrophins NGF, BDNF and NT-3. Trk A,
BDNF, trkB, NT-3 and trkC mRNA were expressed in whole embryos as early as
stage 1 ("pre-streak" stage). In contrast, NGF mRNA was not expressed until later
in development (stage 5, "notochord" stage). RNA controls showed that there was
no genomic DNA contamination. Whole-mount in situ hybridization was done to
localize mRNA expression within these early embryos. Preliminary results
revealed that, at stage 4, trkC mRNA expression was confined to the caudal region
of the embryo, including a portion of the primitive streak. In all cases, full-length
(non-truncated) trk receptors were detected with the primers or riboprobes used.
This data suggests that early avian embryos may be responsive to the NGF family
of neurotrophins, although only BDNF and NT-3 are likely to be available in vivo.
Our current studies are examining whether trk proteins are present in early embryos
and whether these trks are phosphorylated in response to their respective
neurotrophins. Supported by grants from the Dysautonomia Foundation and the
National Science Foundation (IBN 92-22027).

24.15
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IN VIVO DEVELOPMENT OF SYMPATHETIC NEURONS IN MICE
LACKING MEMBERS OF THE TRK FAMILY OF NEUROTROPHIN
RECEPTORS. AM. Fagan*. A. Lewin. L. Long. J.D. Wallace. M .
Barbacid, R.J. Smevne. Department of Molecular Biology, BristolMyers Squibb Pharmaceutical Research Institute, Princeton, n J 08543
The neurotrophic hypothesis states that neuronal survival is governed
by competition for limiting quantities of trophic factors produced in
neuronal target regions. In order to test this hypothesis in vivo, we
examined the development of sympathetic neurons located within the
superior cervical ganglion (SCG) of mice lacking either Trk or TrkC, the
signalling receptors for NGF and NT-3, respectively. These neurotrophins support SCG neuronal survival in vitro. Mice homozygous for
the Trk mutation exhibit severely reduced numbers of neurons (~9O%)
within the SCG by postnatal day 9 (P9). In order to test whether
NGF/Trk signalling is necessary for differentiation as well as neuronal
survival, we examined the SCG during its entire developmental time
course. We find no difference in SCG cell numbers between Trk-deficient
and wildtype mice at E13.5 (the time by which the SCG has coalesced),
suggesting that NGF/Trk signalling is not required for neurogenesis in
the SCG. Trk-deficient mice have significantly fewer neurons than
wildtype animals by E15.5, coincident with the onset of Trk expression
in the normal SCG. This difference in cell number is attributable to
increased cell death, not to a decrease in mitotic rate. In P9 TrkCdeficient mice, preliminary data demonstrates a 20-30% decrease in the
number of SCG neurons, consistent with observations of TrkC
expression in a subset o^ SCG neurons in wild-type animals. Additional
analyses of the SCG in the Trk- and TrkC-deficient mice should provide
further information regarding the role of growth factors in development.

NEUROTROPHIN RECEPTOR EXPRESSION IN TRIGEMINAL
GANGLIA OF MICE OVEREXPRESSING NGF IN SKIN. T.P.
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of Anatomy & Neurobiology1, Dept, of Pathology2, University of
Kentucky Medical Center, Lexington KY 40536.
Target derived NGF promotes the survival of sensory neurons, and
specifically those cells expressing the trk A neurotrophin receptor.
Consistent with this, Crowley et al., (1994) have shown that mice
lacking NGF do not have sensory neurons containing trkA, but do
have trkB and trkC containing neurons. Previously, Albers et al.,
(1994) have shown that transgenic mice (K14-NGF mice) that
overexpress NGF in the skin have approximately twice as many
neuronal cell bodies in the trigeminal ganglion than control mice. To
determine if this change is reflected in an increase in neurons
expressing trkA, in situ hybridization using riboprobes for the trkA,
trkB and trkC receptors was performed. In the K14-NGF transgenic
mice, the number and overall percentage of trkA expressing neurons
increased (control =23%, n=3; K14-NGF =53%, n=3). No significant
change was detected in the number of cells expressing trkB.
Surprisingly, the number of sensory neurons expressing trkC also
doubled, although the overall percentage of trkC positive cells did not
change (control and transgenic =27%) as K14-NGF ganglia have twice
as many total neurons. This result was unexpected since NGF does
not act directly on the trkC receptor. Current studies are being
performed to determine if some trkC cells also express trkA and
whether the level of NT-3 (the ligand for trkC) is elevated in the K14NGF mice. Supported by NS31826 (BMD) and AR4O873 (KMA).
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DIFFERENTIAL EXPRESSION OF FGFR1 - R4 IN THE RAT
NERVOUS SYSTEM. C. Andersson*. S. Reed A. Ho. K.
Kuzis, and F- Eckensteln. Dept. Cell' biology & Anatomy,
Oregon Health Sciences University, Portland? OR 97201
Fibroblast growth factors (FGFs) are multifunctional
polypeptide gromh factors which have a wide variety of
mitogenic and neurotrophic effects in cells of mesenchymal, epithelial, and neuroectodermal origin. They also play
a role in other processes, including angiogenesis, differentiation, and wound healing. FGFs mediate their biological
responses by binding to and activating specific cell surface,
transmembrane tyrosine kinase receptors (FGFRs). Four
different genes coding for FGFRs are currently known. The
underlying basis for the diversity of FGF actions in CNS
cells is not understood, but may be related to cell-type specific expression of FGFRs. In this study, we examined FGFR
mRNA expression in developing rat brain as well as in purified cultures of neurons, astrocytes, and microglia, using
Northern blot analysis with rat-specific clones generated
from the tyrosine kinase 1 and 2 domains, using reversetranscriptase PCR. Early findings indicate that purified astrocytes cultured with fetal calfserum (FCS) express both
FGFR1 and FGFR2 mRNA. This result contradicts other
published data, which shows that astrocytes in situ express
only FGFR2. Our hypothesis concerning this discrepancy
is that astrocytes cultured in the presence of FCS may lie
reactive astrocytes and as such, express both FGFR1 and
FGFR2.

COMPARISON
OF c-neu
ONCOPROTEINS
WITH
NEUROTROPHIN RECEPTORS IN THE MATURE RAT:
CEREBRAL CORTEX AND BASAL FOREBRAIN. A.F. Pitts*,
P.E. Kuhn, and M.W. Miller.
Depts. Psychiatry and
Pharmacology, Univ. Iowa Coll. Med., Iowa City IA 52242,
Dept. Psych., Res. Serv., V.A.M.C., Iowa City IA 52246, Cell
and Devel. Biol., Rutgers Univ, Piscataway Nj 08854.

25.3
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CHARACTERIZATION OF INSULIN-LIKE GROWTH FACTOR-I, -II AND
INSULIN BINDING SITES IN PRIMARY RAT HIPPOCAMPAL CULTURE.
S. Dor6*. S. Kar. J.-A. St-Pierre. and R. Quirion. Douglas Hosp. Res. Ctr., McGill
University, Montreal, Quebec, Canada, H4H 1R3.
IGF-I, IGF-II and insulin are structurally related peptides with a wide spectrum
of functions. Their physiological responses are mediated by specific receptors
which are uniquely distributed throughout the brain, being especially concentrated
in the hippocampus. However, their respective role in this brain region is mostly
unknown. In order to obtain cellular evidence. In that regard, a primary
hippocampal cell culture model was developed. Thereafter, we studied the characterization, localization and process of internalization of the IGF-I, IGF-II and
insulin receptor binding sites in this model. High density primary hippocampal
cultures from fetal (E18) rat brain plated with serum and then cultured m serumfree conditions for 6 days, possessed high affinity binding sites for IGF-I, IGF-II
and insulin. 12SI-IGF-I binding was specific with an apparent K, of O.lnM and
48X10 sites/cell, and 1C values for unlabelled IGF-I, IGF-II and insulin of 0.2,
2.2 and23.6nM, respcctivelelCommpitton bymsulm suggests Oiat this sepresentn
the type I IGF receptor and not the IGF binding proteins. 12SI-IGF-II binding
showed a Kj of O.lnM and 27X103 sites/cell, and IC» values for IGF-II and IGF-I
of 0.1 and 34,5s M; insulin being inactive. This profile is characteristic of the type II
IGF receptor. As for ^I-issulib, Kj of 7.7sM and 7.3X103 sites/cell were approximated, 1C® values for uslabelled i GF-II and IGF-I being of 60 and lO4sM, respectively. Using emulsion receptor autoradiography on hippocampal cultures, we
observed that leecifsc binding for IGF-I, iGF-II asd iusuliu localized mainly to
neurons. The miernalszatios process of the ligand/receptor complex was studied by
incubating the cells at 4C for 4h with each radioligand, followed by a transfer at
37C. The internalization process was stop at different times (10 to l20min) by
washing with as acidic cold strspeine buffer asd the internalized radioligand was
then counted. Apparent internalization was more pronounced for the IGF-II
receptor complex than for IGF-I or insulin receptors. The use of a type II IGF
receptor antibody costumed our data on this receptor class. Hence, primary hippocampal neuron cultures are endowed with IGF-I, IGF-II asd iusuliu receptors
allowing for a detailed study of their respective cellular role iu this model.
(Supported by MRCC and The Alzheimer Society of Canada).

EPIDERMAL GROWTH FACTOR RECEPTOR mRNA IS
INCREASED IN THE STRIATUM A>F RATS WITH 6OHDA
LESIONS OF THE SUBSTANTIA NIGRA AND INTRASTRIATAL
TRANSPLANTS IN THE CAUDATE PUTAMEN. J.H. Fallon*,
J.Baratta, T. Lee, D. Machalik, M.S. Kobrin, M. Korc and S.E. Loughlm.
Department of Anatomy asd Nrurobioloey, University of California., Irvine,
Irvine, CA 92717.
We have previously shows that the precursor for transforming growth factor
alpha (TGFa), which binds to the epidermal growth factor receptor (EGFr), is
increased with ibtraltriatal transplants. Is the normal adult asd developing rat,
TGFa- asd EGFr- mRNA have bees localized is the basal forebrais asd substantia
nigra (SN) using in situ hybridization trchnsqurs. We have shows that ibtraltriatat
infusions of TGFa peptide improve motor behavior asd produce a marked increase
is EGFr mRNA. Is the present study, we used in situ hybridization to examine
tyrosine hydroxylase (Th ), TGFa asd EGFr mRNA is rats receiving 6OHDA
lesion alone, 6OHDA lesion asd istrastriatal transplant combined, or istrastriatal
transplant alone. Animals were also tested for appropriate changes is amphetamine
or aeomorphibr induced rotation behavior. All of the transplant litrl exhibited TH
mRNA. Is the lesion alone asd the lesion with transplant conditions, TH mRNA
asd EGFr mRNA were only present is the ublrsiobr2 side of the SN. SN TH- asd
EGFr-mRNA were decreased by 6OHDA lesion, suggesting that EGFr mRNA is
normally expressed is SN cells. Striatal EGFr- asd TGFa- mRNA differed between
trsiobr2 asd ubtesiosr2 animals, though a lack of TGFa mRNA was noted at the
core of transplants. Is 6OHDA animals, transplants caused as increase is EGFr
mRNA is striatum asd some areas of cerebral peduncle, while TGFa mRNA
increased is the ovrrtyibe corpus callosum asd external capsule. These data suggest
that EGFr may also play a role is the efficacy asd survival of dopamine cell
transplants. This work supported by NS 15321, NS 26761 asd the Parkinson
Disease Foundation.

Mature brains were processed immunohistochemically with
primary antibodies directed against the carboxyl ends of the
c-neu and c-trk oncoproteins and p75 (Oncogene), c-neu
oncoprotein was produced by layer V pyramidal neurons
distributed throughout the cortical mantle.
In the basal
forebrain, oncoprotein-immunoreactivity was expressed by
neurons in the lateral septal nuclei, the diagonal band of
Broca, the substantia innominata and the basal nucleus. In
both locations, immunostaining was restricted to neuronal
perikarya and their proximal dendrites. Likewise, p140trk- and
p75-immunoreactivity was expressed by pyramidal neurons
in layer V of cerebral cortex and throughout the basal
forebrain. This spatial pattern of staining is reminiscent of
the reported distribution of neurons expressing epidermal
growth factor receptor. Thus, the neurons in cortex and the
basal forebrain may be supported by multiple neurotrophic
receptors. Funded by the V.A. and the N.I.H. (DE07734,
AA06916, and AAO7568).
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POSTNATAL ONTOGENY OF TRANSFORMING GROWTH FACTOR
ALPHA AND EPIDERMAL GROWTH FACTOR mRNA IN RAT BRAIN.
SJ3. Loughhb*T. Lee, C. Griffith, M.S. Kobrin, M. Korc asd JH. Fallon. Dept.
AsaL asd Neurobio., Uuiv Calif., Irviue, Irvine CA 92717.
Transforming growth factor alpha (TGFa) acts by binding to the
epidermal growth factor receptor (EGFr), and has bees shows to support the
growth of neurons, including dopaminergic cells. Using in situ nucleic acid
hybridization, the localization of TGFa asd EGFr mRNA was studied is the
forebraiu and midbrain of rats at postnatal days 0 (P0), 1,4,10, asd 21. At P0,
both TGFa and EGFr mRNA are expressed iu many braiu regions asd are
present iu much greater abundance than the adidt. TGFa is expressed at high
density is olfactory bulb, olfactory tubercle, striatum, perirhinal cortex,
hippocampus, asd at moderate density is thalamus and midbrain. EGFr is also
present iu many of the same regions at P0, but is expressed at highest density in
germinal zones extending along the ventricular walls. At P10, expression of both
TGFa and EGFr mRNA remain high, especially is regions of postnatal
beusogebrssl, including olfactory bulb, lubvebtricular zone, hippocampus and
cerebellum. In striatum, the distribution of TGFa is soshomogebeous, with
areas of moderate expression superimposed by regions of 3 fold higher
expression. By P21, TGFa mRNA remains high in olfactory bulb, and
hippocampus, but is decreased in striatum. Increased expression is observed is
major myelinated fiber tracts, including the corpus callosum. EGFr mRNA is
greatly decreased by P21, though it remains detectable iu the striatum,
hippocampus, substantia nigra asd zones bordering the lateral ventricle. We have
previously shows that TGFa infusions cause a marked increase iu EGFr mRNA
along the borders of the lateral ventricle, including the subventricular zone.
These data suggest that TGFa may play a role iu the ontogeny asd plasticity of
the sigrostsiatal system. Supported by NS 26761, NS 15321 and the PaSkiulOb
Disease Foundation.

TYROSINE HYDROXYLASE IMMUNOREACTIVE CELLS IN ADULT
RAT STRIATUM AFTER TRANSFORMING GROWTH FACTOR ALPHA
INFUSION AND 6-HYDROXYDOPAMINE LESION S. Reid*. J.H. Fallon.
J. Baratta and S.E. Loughlm. Department of Anatomy asd Neurobiology,
University of California, Irvine, CA 92717
Transforming growth factor alpha (TGFa) infused into the striatum can
significantly reduce aeomorphibr-ib2uce2 rotation behavior is the 6-hydroxydopamise (6-OHDA) lesion model of Parkinson's disease is the adult rat
(Loughlis et al., 1992). Is that experiment, 6-OHDA lesions were performed
first asd apomorphisr-ib2ucr2 rotatios behavior quantified over the subsequent two-to-three week period. Ibtrasiriatat isfusioss of 200 p.l TGFa (0.05
^g/^l) were then delivered via Alzet misipump for a period of two weeks. Is
follow-up experiments to assess the ability of TGFa to protect striatal dopaminergic afferents from seurotoxic damage, the isfusioss were begun 48 hrs
prior to 6-OHDA lesion. In these studies, a dense plexus of tyrosine hydroxylase immusoreactive (TH-IR) fibers was sees is the otherwise denervated
striatum is a restricted region around the infusion site. Surprisingly, TH-IR cell
bodies were also observed is the striatum near the infusion. In the present
study, we document the morphology and location of these cells. The morphologies observed are characteristic of neuronal rather than glial cell types. The
cells occur is the striatum at distances up to 1.5 mm from the infusion cannula
implantation site. Although the source of striatal TH-IR cells is still under
ibvrstieatiob, several possibilities are discussed, including the interesting
prospect that infused TGFa might induce proliferation asd differentiation of
adjacent lubventsicutar zone (SVZ) progenitor cells. Is our recent related
studies, TGFa isfusioss caused a marked increase in epidermal growth factor
receptor (EGFr) mRNA is the SVZ, suggesting that the receptor to which
TGFa binds might be upreeutatrd. Ongoing experiments are being conducted
to characterize further the TH-IR cells' beurochrmicat phenotypes and to
distinguish between various possible sites of origin. Supported by NS2676l,
NS 15321 and the Parkinson's Disease Foundation.
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LAR TYROSINE PHOSPHATASE RECEPTOR: EXPRESSION OF NOVEL
EXTRACELLULAR DOMAIN SPLICE VARIANTS IS REGULATED BY
DEVELOPMENT, DENERVATION, NGF and CELL CONFLUENCE. F.M.
Longo*. I.S. Zhang. F.C. Compagno. T. Yang, Z. Cheng and T.M.
Martignetti!. Dept. of Neurology, UCSF, San Francisco, CA 94143 and Dept.
of Pediatricsl, Mt. Sinai Med. Ctr., NY, NY 10029.
Receptor-linked tyrosine phosphatases regulate cell growth by
dephosphorylating proteins mediating tyrosine kinase signal transduction.
The Leukocyte Common Antigen-Related (LAR) tyrosine phosphatase
receptor has sequence similarity to the neural cell adhesion molecule NCAM. Studies demonstrating that LAR is expressed by neurons in
drosophila (Tian et al, Cell 67:675, 1991) and rat (Longo et al, SNS Abst.
17:762, 1991; Longo et al, JBC 268:26503, 1993) and that its expression is
developmentally regulated (Longo et al, 1993) led to the hypothesis that
LAR represents a novel class of receptors regulating neural development.
We identified rat LAR cDNA clones demonstrating complex combinatorial
extracellular domain alternative splicing not previously demonstrated for
tyrosine phosphatase receptors. Isoforms included: deletions of the fourth,
sixth and seventh fibronectin type Ill-like domains, one alternatively
spliced 27 bp novel cassette exon (LASE-c, LAR Alternatively Spliced
Element-c) and a retained intron predicting a secreted LAR isoform (LASEd). Isoforms occurred preferentially in neuromuscular tissue, were
developmentally regulated and regulated in PC12 cells by NGF, in 3T3
fibroblasts by cell confluence and in sciatic nerve and muscle subsequent to
nerve transection. These studies suggest specialized functions of LAR
isoforms in the nervous system and support the hypothesis that the LAR
receptor plays a role in neural development and regeneration. Supported by
United Cerebral Palsy, American Paralysis Association and NLA.

LAR TYROSINE PHOSPHATASE RECEPTOR: LAR ALTERNATIVELY
SPLICED ELEMENTS-A AND -C (LASE-A, LASE-C) ARE EXPRESSED IN
SPECIFIC SUBPOPULATIONS OF NEURONS. I.S. Zhang*. I. Honkaniemi
and F.M. Longo. Dept, of Neurology, UCSF, San Francisco, CA 94143.
Tyrosine phosphatase receptors modulate cell growth and differentiation
by dephosphorylating targets of tyrosine kinases. The Leukocyte Common
Antigen-Related (LAR) tyrosine phosphatase receptor contains
extracellular Ig-like and fibronectin type Ill-like domains resembling those
in cell surface molecules mediating cell attachment and neurite outgrowth.
Developmentally-regulated expression of rat LAR and its preferential
expression by neurons suggests that LAR regulates mammalian neural
development (Longo et al. SNS Abst. 17:762, 1991; Longo et al, JBC
268:26503, 1993). LASE-a is a 33 bp alternatively spliced exon in the
juxtamembrane domain and LASE-c is a 27 bp alternatively spliced exon in
a fibronectin type III LAR domain. Splicing of these exons is regulated by
development, NGF and denervation. In-situ hybridization studies with
LASE-a and LASE-c oligonucleotide probes revealed highest LASE-a
signal in dorsal root ganglion neurons and highest LASE-c signal in
vestibular and reticular thalamic nuclei neurons. Most other neurons and all
non-neurons examined thus far had much less or no signal. Northern blot
studies showed that probes were specific to the ~7 and ~8 kb LAR isoforms.
Antiserum raised against a LASE-a 11 aa peptide immunoprecipitated LAR
and preferentially identified neurons rather than non-neurons in dorsal root
ganglia. Splicing of LAR alternative exons in specific subsets of neurons
supports our hypothesis that highly-regulated alternative splicing of
LAR-type tyrosine phosphatases constitutes a novel mechanism regulating
neurite outgrowth and synapse formation. Supported by United Cerebral
Palsy, American Paralysis Association and NIA.

25.9

25.10

EXPRESSION OF FGF-RECEPTOR 1 AND FGF-2 mRNAs IN THE DEVELOPING RAT ADRENAL MEDULLA AND PC12 CELLS. C, Meisinger. A. Hertenstein. and C. Grothe*. Institute of Anatomy, University of
Freiburg, D-79104 Freiburg, Germany.
In the adult rat adrenal medulla FGF-2-immunoreactivity
is present in the noradrenergic chromaffin cell subpopulation. The physiological function of the medullary Fg F is
still unclear. We are investigating the mRNA expression of
FGF-receptor 1 (fig) and FGF-2 in the developing rat adrenal medulla.
For this^^i^jpo^e we established aJRNAase protection assay using J~P-labelh0i riboprobes. JP probes represent a
good alternative to jz p probes since they are less critical
to handle while providing similar sensitivity and
resolution.
With this technique we demonstrate that FGF-receptor 1
mRNA is present in preparations of the adult rat adrenal
medulla and in PC12 cells. Our results suggest that FGF-2
may act as an autocrine or paracrine factor in the adrenal
medulla. We are currently quantifying the mRNAs of
FGF-receptor 1 and FGF-2 during the postnatal development. In situ hybridization analysis will show whether these mRNAs are expressed in all chromaffin cells or
are restricted to a subpopulation.

Immunohistochemical Localization of thn Fibroblast Growth

A. Matsuo. O, Yasuhara.
I. Tooyama1, K.HanaiJ H.Kimura1 and P. L, MMjG^i^e* Kinsmen
Lab. of Neurol. Res., U. of British Columbia, Vancouver, Canada,
V6T1Z3; ilnstitute of Mol. Neurobiology, Shiga U. of Med. Sci.,
Otsu, Shiga, Japan
The localization of fibroblast growth factor receptor-1 (FGFR1)
was investigated in rat brain by immunohistochemistry using a
polyclonal antibody against FGFR1. For raising the antisera in
rabbits, we synthesized an oligopeptide, EDDDDEDDSSSEEnEAD,
from a highly acidic region of chicken FGFR1. The oligopeptide was
used as a haptenic antigen by conjugating with poly-L-glutamate as a
carrier protein. When rat brain homogenate was examined by
Western blots, the antiserum revealed two bands with molecular
weights of 145 kDa and 75 kDa corresponding to known sizes of the
membrane bound and secreted forms of the rat receptor, respectively.
Immunohistochemistry in rat brain demonstrated that FGFR1
immunoreactivity was present in neurons, tanycytes and ependymal
cells. Positive neurons were distributed widely in various brain
regions, and were particularly abundant in monoaminergic systems.
The results of WGA-HRP retrograde transport labeling showed that
almost all long projection neurons in these aminergic systems
expressed FGFR1. The present study suggests the importance of
fibroblast growth factors to long projection aminergic neurons.
Factor Receptor-1 in the Rat Brain

Supported by DFG Gr 857/8-1

25.11

PRK-IMMUNOREACPIVIPY IN THE FOREBRAIN OF
YOUNG AND AGED NONHUMAN PRIMATES. R. Martinoff1.
E*iY. Chen2.. E.H. Polley*L J.R. Sladek Jr..3, E.J. Mufson? and 2JL
Kordower^ *Dept. of Anatomy and Cell Biology, University of Illinois
Medical Center, ^Dept. Neurological Sciences, Rush Presbyterian Med.Ctr.,
Chicago, IL 60612; 3Depl. Neurosci. Chicago Med. School, North Chicago,
11. 60064
The present study employed a polyclonal antibody to characterize the
distribution of trk-immunoreactive (ir) neurons within young adult Cebus
monkeys (d12 years old) and young (dt5 years old) and aged (24-31 years old)
Rhesus monkeys. All monkeys displayed trk-ir neurons within each
subdivision of the basal forebrain. Colocalization studies revealed that between
66%-76% of trik-ir basal forebrain neurons also expressed immunoreactivity for
the low-affinity p75 NGF receptor, an excellent marker for cholinergic basal
forebrain cells. In this experiment, most single labeled basal forebrain neurons
contained only trik-ir whereas 4% of basal forebrain neurons expressed only the
low affinity p75 NGF receptor. There were no age-related differences in the
number of trk-ir neurons or the percentage of trik-ir neurons which colocalized
p75 NGFr. Additionally, morphometric analyses of neurons within each
subdivision of the nucleus basalis failed to reveal age-related changes in cell
area or immunoreactive optical density. Scattered trik-ir neurons also were
observed within the caudate and putamen in a manner similar to that seen with
ChAT-immunocytochemistry. Lightly stained trk-immunoreactive neurons
were observed within the hippocampal formation and hypothalamus. These
data elucidate the distribution of the high affinity trik receptor in the monkey
forebrain and based upon the techniques employed suggest that the expression
of this receptor is unaltered during aging.
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INTERLEUnIN-1 RECEPTORS IDENTIFIED ON RAT
CORTICAL ASTROCYTES AS POSSIBLE MEDIATORS
OF IL-1 INDUCED NGF SECRETION. M. Carman-irzan*
V. Pahor. Dept. Pharmacology, Medical Faculty, norytkova
2, Ljubljana, Slovenia.
Interleukin-1 B (IL-1 B) is a potent activator of NGF
secretion from rat neonatal cortical astrocytes in primary
culture (3 fold over a basal level). Our previous study also
showed that IL-lB
stimulatory action is specific and not
due to a generalized action on cell proliferation and growth
but suggested glial IL-1 receptor mediated mechanism
(Carman-irzan M and Wise BC, J Neurosci Res 34, 1993,
225-232). Furthermore the results suggested an involvement
of the phospholipase A^-lipoxygenase pathway as an early
mediator of the IL-1 signal transduction process leading to
the stimulation of NGF secretion from cultured cortical
astrocytes. Using iodinated recombinant human IL-1 B we
have identified and characterized IL-1 receptors on rat
cortical astrocytes. Radiolabeled
IL-1 B binds specifically
and in a saturable fashion to homogeneous population of
glial IL-1 binding sites (ip = 2.58 nM, Bm = 2.6 ± 0.6
fmol/mg protein). The binding is blocked in a concentration
dependent manner by human recombinant IL-1 receptor
antagonist. The results are consistent with the hypothesis
that IL-1 B stimulated NGF secretion from rat cortical
astrocytes is specifically regulated by IL-1 receptor mediated
cascade of intracellular events.
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Separation of neurotrophin mediated fiber outgrowth and survival in PC 12
cells at the receptor level K.S. Erdmann. F.J. Klinz and R. Heumann , RuhrUniv., Dept. of Molecular Neurobiochemistry, 44780 Bochum, Germany
The neurotrophic factors nerve growth factor (NGF), brain derived neurotrophic factor (BDNF) and neurotrophin 3,4/5 promote differentiation and survival
of responsive neurons carrying the tyrosine kinase receptors trkA,B,C and the
pan-neurotrophin receptor p75. In order to allow the selective activation of the
trkB-receptor we constructed a chimeric trkB-tyrosine kinase receptor carrying
an extracellular CSF-1 receptor domain. Heterologous activation of trkB in
PC12 cells that were transfected with the chimeric receptor results in a dosedependent induction of fiber outgrowth. In the presence of K252a, a specific
inhibitor of trk tyrosine kinase, NGF- and CSF-1 induced fiber outgrowth was
completely inhibited indicating that morphological differentiation depends on
receptor tyrosine kinase activity. Subsequently, we compared the NGF and
CSF-1 mediated survival response of these cells after withdrawal of serum.
Although NGF promoted a nearly 100 % survival, all cells died within a week
using even high concentration of CSF-1 (6*10* U/ml). The overall intensity of
substrate tyrosine phosphorylation was, however, lower in response to CSF-1 as
compared to NGF. To investigate a possible involvement of the p75-receptor in
neurotrophin mediated survival of PC12 cells, we tested the effect of BDNF
which has to bind to the p75-receptor in the absence of native trkB-receptor. In
addition we generated double transfectants expressing chimeric CSF-1/trkB
receptor and chimeric CSF-1/p75 receptor. Neither coactivation of both
receptors by CSF-1 in the double transfectants nor separate activation of trkB by
CSF-1 and of p75 by BDNF (100 ng/ml) influenced the survival response as
compared to the selective heterologous activation of trkB alone. We conclude
that selective activation of trkB tyrosine kinase by CSF-1 is sufficient for fiber
outgrowth but not for survival of PC12 cells.

NT-3 ELICITS NEURONAL GROWTH INDEPENDENT OF
NEURONAL SURVIVAL. I.Krivko and F.D. Miller*. Centre for
Neuronal Survival, Montreal Neurological Institute, McGill University,
Montreal, Canada.
Cultured neonatal sympathetic neurons that are maintained in 10 ng/ml
NGF respond to increased NGF with increased neurite extension and
increased expression of the mRNAs encoding tyrosine hydroxylase (TH),
p75 NGF receptor and Tal a-tubulin (Ma et al. J Cell Biol., 1992, 117). To
determine whether neurotrophins other than NGF could modulate some or
all of these biological responses the NGF-dependent population sympathetic
neurons cultured from neonatal rat SCG was exposed to NT-3 and BDNF.
Northern blot analysis of equal amounts of RNA revealed that NT-3, but
not BDNF, at concentrations of 30 ng/ml elicited increases in the
expression of Tal a-tubulin and TH mRNAs. NT-3 also led to increased
neurite outgrowth on the presence of low NGF. In contrast, NT-3 alone at
the same concentration was not sufficient to support neuronal survival in
the absence of NGF. Dose-response studies revealed that NT-3 at lower
concentrations (10 ng/ml) was insufficient to induce neurite outgrowth or
gene expression. Moreover no significant changes in trk tyrosine
autophosphorylation were observed after NT-3 addition at concentrations
that are sufficient to increase neuronal growth and gene expression. Thus,
in the NGF-dependent population of sympathetic neurons, NT-3 regulates
neuronal growth independent of survival. The molecular mechanisms
responsible for this differential response are currently under investigation.

25.15

25.16

EFFECTS OF OPTIC NERVE LESIONS ON NEUROTROPHIN AND
NEUROTROPHIN RECEPTOR mRNA IN THE ADULT RAT OPTIC NERVE.
T.N. Jelsma, H. C. Hyman Friedman, Y.-C. Wang, R. J. Dunn*, G.M. Bray,
and A.J. Aguayo. Centre for Research in Neuroscience, The Montreal

frWB/GAPDH, these results suggest that the decreased amounts of trkB* and
neurotrophin mRNA reflect glial cell damage after ON cut lesions.
Subsequent increases may derive from cell proliferation or trkB* upregulation
from surviving glia.

MEMBERS OF THE STAT AND C/EBP TRANSCRIPTION FACTOR
FAMILIES MEDIATE CNTF-INDUCTiON Of VIP GENE EXPRESSION
A.J.SvmesV L. Corpus, and J.S. Fink. Molecular Neurobiology
Laboratory, Mass. Gen. Hosp. and Dept. of Neurology, Harvard
Medical School, Boston, MA 02114
Transcription of the neuropeptide gene VIP is induced by the
cytokines CNTF, LIF and Oncostatin M in the human neuroblastoma
cell line NBFL. We have previously mapped the cytokine response
element (CyRE) of the VIP gene to a l8Obp region, l33Obp upstream
of the transcription start site. This CyRE is highly conserved between
mouse and human, suggesting a functional role for the entire
element. CNTF rapidly induces members of the Stat transcription
factor family to bind to a site at the extreme 5' end of this element.
Within the l8Obp CyRE, there are also three consensus sequences
for C/EBP transcription factors. NBFL nuclear proteins bind
specifically and constitutive^ to all three potential C/EBP sites. After
one hour of CNTF treatment a different C/EBP-like, protein complex
is induced to bind to one of these sites. This inducible nuclear
protein binding is inhibited by cycloheximide. Antibodies to known
C/EBP proteins do not
recognize any of these proteins.
Additionally, CNTF induction of a VIP CyRE-Iuciferase plasmid is
inhibited by transfection of expression vectors encoding known
C/EBP proteins. These results suggest that novel C/EBP-like
complexes may be mediating the CNTF response in NBFL cells.
Thus members of both the STAT and C/EBP transcription factor
famllies are involved in regulating VIP gene expression in response
to the cytokines CNTF, LIF and OM.

25.17

25.18

REGULATION OF CHOLINE ACETYLTRANSFERASE (ChAT)
EXPRESSION BY CILIARY NEUROTROPHIC FACTOR (CNTF) AND
LEUKEMIA INHIBITORY FACTOR (LIF). J.A. Johnson* and N.M .
Nathanson. Dept, of Pharmacol., Univ. of Wash., Seattle, WA 98195.
CNTF and LIF are neurokines that regulate the survival of neurons in culture
and induce sympathetic neurons to change from a noradrenergic to cholinergic
phenotype. This study has evaluated the transcriptional regulation of the choline
acetyltransferase (ChAT) gene by CNTF and LIF using promoter-driven reporter
fusion gene constructs to determine if either phorbol-12-mynstate- 13-acetate
(PMA)-sensitive protein kinase C (PKC) isoenzymes or p2l ras participate in the
signalling pathways for induction of ChAT-luciferase by CNTF and LIF. IMR-32
cells were transiently transfected with a ChAT-luciferase fusion gene and the
luciferase activity was standardized by co-transfection with RSV-fi-galactosidOse.
LIF and CNTF increased the expression of ChAT-luciferase reporter in a dosedependent manner and the regulation of this construct by CNTF and LIF was not
altered by coexpression of dominant-negative mutant p21rayN17(Ha-rasN17). While
the induction of the ChAT-luciferase reporter by LIF was also not significantly
changed in cells with lowered PKC, the response of ChAT-luciferase to CNTF
was attenuated, but not completely blocked, by PKC down-regulation. The extent
of inhibition of CNTF-induced ChAT-luciferase reporter gene expression reduced
the maximal response to a level equivalent to that seen for the PKC-independent
stimulation with LIF. Co-transfection of Ha-ra$Ni7 or PKC down-regulation
blocked nerve growth factor (NGF)- or PMA-mediated induction of c-/<s-Bgalactosidase, respectively, but neither treatment affected induction of c-/os-Bgalactosidase or vasoactive intestinal peptide-luciferase by CNTF and LIF. Thus,
in contrast to the action of NGF, gene induction by CNTF and LIF is p2lrasindependent in IMR-32 neuroblastoma cells, and while LIF induction is also PKCindependent, the induction of ChAT-luciferase by CNTF appears to proceed by
both PKC-dependent and -independent pathways.

IN VIVO SIGNAL TRANSDUCTION REVEALS NOVEL SITES OF ACTION FOR
CILIARY NEUROTROPHIC FACTOR. P.S. DiStefano*. J. Stark. K.M.

General Hospital Research Institute, McGill University, 1650 Cedar Ave.,
Montreal, Quebec, H3G 1A4.
To examine the possible role of optic nerve (ON) glia in providing trophic
support for retinal ganglion cells after axotomy, we compared the effects of
different ON lesions on the levels of various mRNAs in relation to a control
gene, GAPDH. In the segment of optic nerve beyond an intraorbital (IO) ON
cut, the ratio of mRNA encoding the non-catalytic form of TRKB (fT)
(probe provided by Regeneron Pharmaceuticals Inc.) to GAPDH mRNA
decreased to approximately 40% of controls at 1 -3 days, returned to control
values by 7 days, and increased approximately two-fold at 30 days. After
intracranial (IC) ON cut, MB7GAPDH in the ocular stump of the ON

decreased to approximately 20% of control at 1-2 days and returned to
control ratios at 14 days.
In contrast, IC ON crush did not alter
MB7GAPDH for up to 14 days. NT-4 and CNTF mRNA levels were also
decreased 2 days after IC cut but not after crush. Histological examination
of ONs 2 days after IC cut showed extensive degeneration and propidium
iodide staining revealed many apoptotic nuclei throughout the ON.
Furthermore, because GFAP/GAPDH and S100/GAPDH mRNA parallelled
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Adryan R, Curtis,. T. Famiqgalla. H Stahl and RM, Lindsay-

Regeneron
Pharmaceuticals, Inc., Tarrytown, NY 10591.
Ciliary neurotrophic factor (CNTF) initiates its responses by
binding to a high affinity receptor complex (CNTFRa, gp130, LIFRB),
resulting in phosphorylation of gp130 and LIFRB.
Further
downstream signaling events include induction of the immediate-early
gene, f/s11. We have measured tyrosine phosphorylation of CNTF
receptor subunits and the induction of f/s11 mRNA in a variety of
tissues following systemic administration of CNTF to rats. In skeletal
muscle, CNTF caused a dose-dependent induction of f/s11 mRNA 1 hr
after subcutaneous injection. This effect was more pronounced in
denervated skeletal muscle. These enhanced responses after axotomy
are coincident with increased expression of CNTFRa in muscle and
increased soluble CNTFRa (sCNTFRa) in the plasma.
Tyrosine
phosphorylation of CNTF receptor subunits and/or f/s11 mRNA
induction were also induced in spinal cord, DRG, adrenal, heart, fat and
sciatic nerve after injection. Tissues expressing no detectable levels
of CNTFRa (kidney, liver and spleen) were not activated by CNTF.
However, when these experiments were carried out 24 hr after sciatic
nerve transection, f/s11 mRNA was induced in response to CNTF in
tissues lacking CNTFRa. We are testing the hypothesis that these
tissues become responsive to CNTF after peripheral nerve axotomy
through the collaboration of plasma sCNTFRa (probably released from
muscle) with gp130 and LIFRB already present in these tissues. These
sensitive methodologies allow for the identification of novel sites of
CNTF action, both before and after peripheral nerve lesions.
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MOLECULAR CLONING, EXPRESSION AND FUNCTIONAL STUDIES
ON THE CHICKEN GPA/CNTF RECEPTOR AND ITS SIGNAL
TRANSDUCER GP130.
S.Heller, J.Huber#, A. Puschel, T.P.Finnf, R. Nishif and H. Rohrer*
Max-Planck-Institute for Brain Research, Dept, of Neurochemistry, 60528
Frankfurt/M., Germany. #LMU Munich, Dept. for Genetics and
Microbiology, Munich, Germany. fOregon Health Sciences University,
Portland, Oregon 97201, USA.
There is considerable evidence to indicate that the phenotypic diversity of
sympathetic neurons is determined by differentiation factors that are produced
in the different peripheral targets during development. In culture, cholinergic
properties (ChAT, VIP) are induced in immature (E7) chick sympathetic
neurons by ciliary neurotrophic factor (CNTF), growth promoting activity
(GPA) and by undefined factor(s) in chick heart cell conditioned medium.
Gp A was found to be more active than CNTF and to differ from CNTF with
respect to its interaction with the corresponding receptor(s) on sympathetic
neurons.
To characterize the interaction of cholinergic differentiation factors with
their receptor(s) in more detail, we have cloned both the binding and signal
transduction subunits of the putative chicken GPA/CNTF receptor complex,
GPA/CNTFRa and gpl3O. They share about 70% and 65% homology with
their human counterparts, respectively. The expression of the cloned chick
GPA/CNTFRa will allow us to study its interaction with GPA and CNTF.
The cloned receptor components will also serve as tools to prove their
participation in the signaling of GPA, CNTF and undefined factors in heart
cell conditioned medium on sympathetic neurons.
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NEUROTROPHIN STIMULATION OF RAS IN SENSORY NEURONS:
DESENSITIZATION OF BDNF AND NOT NGF SIGNAL. B. D. Canter* and
Y.-A. Barde. Department of Neurobiochemistry, Max-Planck-Institute for
Psychiatry, 82152 Martinsried, Germany.
During selective stages of development, chick sensory neurons are
dependent on neurotrophins for survival. As studies using antibodies to
ras have suggested that this signal transduction pathway is involved in
survival of sensory neurons (Borasio et al., JCB 121:665. 1993), the
ability of neurotrophins to activate GTP binding to ras in these cells was
investigated at several developmental stages. Dorsal root ganglion (DRG)
cells from E6, E9 or E12 embryos were cultured with a neurotrophin
mixture containing 5 ng/ml of NGF, BDNF and NT3. Following thorough
rinsing, acute addition of NGF produced a maximum stimulation of ras 23 fold over basal levels. The maximum effect was dependent upon the
developmental stage, peaking at E9. While NT3 weakly activated ras,
BDNF addition was without effect despite the fact that trkB mRNA was
detected in the cultured neurons. No acute ras signal by this
neurotrophin was observed even when DRG neurons were selected by
culturing with BDNF alone. However, when cells were cultured with a
low concentration of NGF (0.05 ng/ml), both NGF and BDNF stimulated
GTP binding to ras, as reported by Ng and Shooter [JBC, 268:25329,
1994). These results indicate a developmental regulation of neurotrophin
signalling which, in some cases, is independent of receptor expression.
They also suggest that exposure of DRG neurons to BDNF causes
desensitization of acute ras activation by this factor; however, cells
cultured with NGF remain responsive to NGF stimulation.

MITOGEN ACTIVATED PROTEIN KINASE CASCADE
IS ACTIVATED BY B-RAF IN RESPONSE TO NERVE
GROWTH FACTOR THROUGH INTERACTION WITH

P21ras. R. K. Jaiswal. S. A. Moodie. A. Wolfman. and Gary E.
Landreth*. Case Western Reserve University, Cleveland, OH 44106
and Cleveland Clinic Foundation, Cleveland, Oh 44195.
Nerve growth factor (NGF) activates the MAP kinase cascade
through a p21ras-dependent signal transduction pathway in PC12
cells. The linkage between p21ras and MEK was investigated to
identify those elements which participate in the regulation of MEK.
We have screened for MEK activators using a coupled assay in which
the MAP kinase cascade has been reconstituted in vitro. We report
that we have detected a single NGF-stimulated MEK activating activity
which has been identified as B-raf. PC12 cells express both B-raf and
c-rafl, however, the MEK activating activity was found only in
fractions containing B-raf. C-rafl containing fractions did not exhibit
a MEK activating activity. Gel filtration analysis revealed that the Braf eluted with an apparent Mn=55O-3(X),COO, indicating that it is
present within a stable complex with other unidentified proteins.
Immunoprecipitation using B-raf-specific antisera quantitatively
precipitated all MEK activator activity from these fractions. We also
demonstrate that B-raf, as well as c-rafl, directly interacts with
activated p2iras immobilized on silica beads. NGF treatment of the
cells had no effect on the ability of B-raf or c-rafl to bind to activated
p21 ras, indicating that this interaction is not dependent upon the
activation state of these enzymes. These data provide direct evidence
that NGF-stimulated B-raf is responsible for the activation of the MAP
kinase cascade in PC12 cells, whereas c-rafl activity was not found to
function within this pathway.

26.3

26.4

THE PHOSPHOPROTEIN STATHMIN IS ESSENTIAL FOR NERVE GROWTH
FACTOR STIMULATED DIFFERENTIATION AND SURVIVAL. Gilbert di
Paolo. Julie Staple. Stefan Catsicas. and Gabriele Grenninyloh*. Glaxo Institute for
Molecular Biology, Geneva, Switzerland.
We are interested in the molecular basis of neuronal death and in the mechanisms
that underlie neuronal selection during development. To identify novel genes involved
in these major steps of brain development we used differential DNA-DNA
competitive hybridization during specific developmental stages. We have cloned 55
partial cDNAs of genes expressed in the chick retina during synapse formation and
developmental cell death. One of the subtracted clones encoded the phosphoprotein
stathmin whose expression showed two transient peaks, one during proliferation, and
the other at the stage of synapse formation/cell death. As a first step towards a
functional analysis of stathmin during neuronal differentiation, we designed antisense
experiments in PC12 cells. To block stathmin expression, we added phosphorothioate antisense oligonucleotides (PONs) to the culture medium. Controls included
nonsense and unrelated PONs. Specific inhibition of stathmin expression reached 90% and was dose-depenttent. We found that PC12 cells treated with antisense PONs
lost their ability to respond to NGF. The cells continued to proliferate and did not
extend processes. PC12 cells can also be used to study neuronal survival and cell
death. In serum-free medium, terminally differentiated PCl2 cells die by programmed
cell death, which can be prevented by addition of NGF or other survival factors. We
found that stathmin antisense treated PC12 cells cannot be rescued by NGF in serumfree medium.
Phosphorylation of stathmin is known to be stimulated in response to NGF
(Doye V. et al., J Biol. Chem. 265, 11650, 1990), and recent evidence suggests that
it is a good substrate for MAP kinase in vitro and also in vivo for MAP kinase
activated in reponse to NGF in PC12 cells (Leighton, I.A. et al., Mol. and Cell.
Biochem. 127/128: 151, 1993). Therefore, stathmin most likely lies immediately
downstream of MAP kinase is in the signalling pathway of NGF.

NERVE GROWTH FACTOR INCREASES THE BINDING OF3 H-INOSITOL
1,4,5-TRISPHOSPHATE IN PC12 CELLS. M. L. Contreras*. Dept, of
Pharmacology and Toxicology, and the Neuroscience Program, Michigan State
University, East Lansing, MI 48824.
Previous studies have demonstrated that nerve growth factor (NGF)
stimulates the production of inositol 1,4,5--risphosphate (IP3).' Using PC12
cells, the present studies were performed to determine whether NGF also
affects the receptors for IP3. In PC12 cells, specific binding of D-’H-inositol
1,4,5 trisphosphate (’H-IP’) was detected. The specific binding of’H-IP’ was
characterized by a Kd value of 34 _+ 5 nM and a density of 346 _+ 49 fmol/mg
protein. The binding of’H-IP’ was stereoselective, as the D-isomer of 1,4,5-1 P3
was more potent than the L-isomer in inhibiting the binding of the
radioligand. Further, D-1,4,5-IP3 was more potent than □-2,4,5-^ in
inhibiting the binding of the radioligand, suggesting that the radioligand was
binding to the specific IP3 receptors that are involved in recruiting
intracellular calcium. When PC12 cells were incubated with NGF, there was
an increase in the binding of’H-IP’ that was apparent as soon as 1 hour after
the addition of NGF. The maximal increase was approximately 230% of the
level of binding seen in NGF-untreated cells, and was attained by 24 hours of
incubation with NGF. This increase in binding was not due to a change in the
affinity for the radioligand, but due to an increase in receptors. There was a
doubling in the density of receptors with pretreatment of the PC12 cells with
NGF for 24 hrs.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

43

44

NEUROTROPHIC FACTORS:

RECEPTORS AND CELLULAR MECHANISMS IV

MONDAY AM
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26.6

LOCALIZATION OF PKCy IN THE DEVELOPING RAT BRAIN
FOLLOWING EXPOSURE TO METHYL MERCURY. N. Havkal-Coates' T. J.
Shafer2* .W.R. Mundv 2, H.A. Tilson2. & S. Barone Jr. ' ' ManTech Environmental

DOMINANT NEGATIVE RAS MUTANT BLOCKS bFGF AND NGF
INDUCTION OF CALCIUM BUT NOT SODIUM CURRENT IN PC 12 CELLS.
J.P. Pollock1*, W.A. TwitchelF and S.G. Rane2. *Dept. of Physiol. & Biophys.
Indiana Univ. Sch. Med., Indianapolis, IN 46202 and 2Dept. of Biol. Sci., Purdue
Univ., W. Lafayette, IN 47907.
The PC 12 pheochromocytoma cell line is an excellent model system for studying
the effects of growth factors on neuronal differentiation. Both NGF and bFGF
cause PC 12 cells to cease division, extend neurites, and become electrically
excitable by increasing the number of voltage dependent Na and Ca channels.
However, the signaling pathways which mediate the actions of NGF and bFGF are
not yet understood. Recent work by other labs suggests that some NGF and bFGF
effects are mediated ffy the small GTP binding protein, p2lras. Constitutive
expression of a dominant negative p2lras mutant, Nl7ras (Ser 17 substituted with
Asn), blocks NGF induced neurite outgrowth but does not affect induction and
expression of Type II Na channel (Fanger et al., 1993, J.Neurochem. 61:1977).
Here, we examine whether Nl7ras blocks NGF or bFGF induction of Ca current in
PCI2 cells. The whole cell patch clamp technique was used to record Ca channel
currents with 10 mM barium as the charge carrier. Cells were treated with growth
factors for 5-8 days under standard tissue culture conditions. In agreement with
Fanger et al. we observe a growth factor induced increase in Na current density in
PC12 cells transfected with either Nl7ras or the antibiotic resistance plasmid
control. In contrast, Nl7ras cells do not respond with the three-fold increase in Ca
current density induced by NGF and bFGF that is observed in plasmid control
cells. We are now both characterizing the Ca channel type induced in this p2lrasdependent manner, and investigating whether inhibition of channel expression
occurs at the transcriptional level. Our results suggest that expression of Ca
channels, like neurite extension, is closely linked to the p2lras signaling pathway,
whereas Na channel expression is part of a distinct signaling pathway activated by
NGF and bFGF. The expression of Ca channels will be an excellent functional
assay for dissection of the signaling cascades actuated by p2lras.

Technology,2 NTD/HERL, US EPA, RTP, NC 27711.
Protein Kinase C (PKC) mediated phosphorylation has been implicated in
neuronal growth and differentiation (Turner et al., Proc. Natl. Acad. Sci. USA, 1984).
Using immunohistochemistry, we examined the effects of gestational exposure to the
neurotoxicant, methyl mercury (CH3Hg) on the developmental profile of
immunoreactivity (IR) for PKC isoforms and PKC enzyme activity. Long-Evans
dams were dosed on gestational days 6-15 (po) with 0 or 2 mg/kg CH3Hg dissolved in
saline. Pups were sacrificed and perfused with buffered paraformaldehyde on postnatal
days (PND) '4, 10, and 21 . The brains were sectioned sagittally, stained immunohistochrmically, and examined throughout the medial to lateral extent of the brain. The
greatest density of IR for PKC isoforms in neural cell bodies was seen in the
hippocampus, and in cerebellar, cerebral, and piriform cortices, whereas axonal staining
was prominent in the cerebellum, brainstem, internal capsule, corpus callosum, and

fornix. In contrast to PKC a and e in controls, the IR for the PKCy isoform was
highest at the latest time-point examined (PND2l) with the greatest regional density
apparent in the cerebellum. Gestational CH,Hg exposure decreased postnatal PKC a
and e IR. Similar to PKC P there were no conclusive difference in PRCy IR between
control and CH3Hg-treated pups at any of the time points examined. We also examined
PKC activity in homegenates of both the cortex and cerebellum on PND 10. There
was a non-significant 10% decrease in PKC activity in CH3Hg exposed neonates. The
relationship between PKC IR and enzyme activity will require time-course data.
Our results characterize the cellular and regional ontogeny of the PKC isoenzymes, and
suggest that developmental exposure to CH3Hg can alter the ontogeny of some PKC
isoforms.
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STIMULATION OF PI-HYDROLYSIS BY BDNF IN CULTURED
CORTICAL NEURONS IS INDEPENDENT OF PKC AND
CALCIUM INFLUX.
Hans R. Widmer*. Fujio Isono. Klaus D. Beck.
Janet Valverde-Beck and Franz F. Hefti.
Andrus Gerontology Center,
University of Southern California, Los Angeles, CA 90089
BDNF stimulates rapidly and in a dose dependent manner through the
phosphorylation of phospholipase-Cyl (PLC) PI-hydrolysis in primary
cultures of rat cortical neurons. This stimulation was observed in neuronal
cultures and was absent in cultures of non-neuronal cells. K252b which
blocks neurotrophin actions by inhibiting trk-type receptors prevented the
BDNF induced stimulation of Pi-hydrolysis. Similar effects were obtained
when cultures of cortical brain neurons were exposed to NT-4/5. ED50
values were similar for BDNF and NT-4/5 (20 ng/ml). We further
investigated the role of PKC and calcium in the signal transduction
mechanism of BDNF. While the absence of extracellular Ca2+ decreases
the Pi-response to BDNF, the Ca2+-channel blockers Nifedipine and
Lanthanum as well as the Ca2+-ionophore A23187 were ineffective,

INTRACELLULAR CALCIUM LEVELS INFLUENCE TROPHIC FACTOR
DEPENDENCE FOR SURVIVAL IN MATURE DRG NEURONS J.X. Tong.*
M.E. Eichler, A.S. Villadiego, and K.M, RICH. Department of Neurological
Surgery, Washington University School of Medicine, Saint Louis, MO 63110
Immature dorsal root ganglion (DRG) neurons require nerve growth
factor (NGF) for survival in vitro. In cell culture, sensory neurons become
progressively less dependent on NGF as they age. Embryonic-day-15 (E-15)
DRG neurons remain dependent upon NGF during the first two weeks in culture,
but by day twenty-one completely lose their dependence upon NGF for survival.
During this period, the intracellular calcium concentration ([Ca2*],) progressively
increases to the higher levels found in mature DRG neurons.
Dissociated sensory neurons prepared from DRG of E-15 rats were
maintained in cell culture for up to 30 days. After 5, 10, or 21 days in culture,
the neurons were acutely deprived of NGF and maintained in medium containing
either standard or low levels of calcium. [Ca2*], measurements were determined
after various periods in cell culture. Neurons were examined by phase-contrast
microscopy for morphological changes indicative of neuronal death. After 5 days
in culture, those neurons maintained with standard levels of calcium died within
18-24 hours after NGF deprivation; however, after 10 days in culture, neurons
died about 72 hours. Neurons after 21 days in culture were NGF independent.
By maintaining DRG neurons in medium with low calcium, we lowered
[Ca2*], levels in mature neurons to levels similar to those found in immature
neurons. These mature neurons, normally NGF independent, became highly
dependent upon NGF for survival. Thus, [Ca2*], is a major influence that
determines neuronal dependence upon NGF in vitro throughout the life of the
DRG.

indicating that the BDNF induced Pi-response is not directly dependent on
Ca2+influx. Treatment of cultures with phorbol esters reduced the basal

Pl-tumover (by 40%) but did not alter the BDNF induced Pi-response.
Administration of K252a or K252b blocked the BDNF mediated
stimulation of Pi-hydrolysis in control and phorbol ester treated cultures.
K252a alone stimulated Pi-hydrolysis in phorbol ester treated and
untreated neuronal cultures. K252b had no comparable effects, compatible
with the view that K252b does not cross the membrane.
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IMPROVED GROWTH OF SYMPATHETIC NEURONS MAINTAINED IN
HIGH KQ AND LOW CALCIUM CULTURE MEDIUM
I. S.Kulkami.T. D. Wakade. X. Guo. P.A. Przywara , A. R. Wakade & P.
Knapp* Dept, of Pharmacol, Wayne State Univ. School of Medicine,
Detroit, MI 48201.
Chick sympathetic neurons (SN) are known to be supported in culture by
diverse molecules such as NGF, forskolin, phorbol esters,excess KC1, etc,.
Recently we have shown dramatic improvement in growth, long-term
survival, and transmitter release properties of SN grown in 0.1 mM Ca2+
medium supported by NGF. Here we examined effects of 35 mM KC1 on SN
maintained in very low Ca2+ culture medium. Survival and neurite
growth was markedly improved in medium devoid of CaCl2 or containing
0.1 mM CaCl2 and continued to develop a dense neurite outgrowth. 35 mM
KC1 - supported SN in 0.1 mM Ca2+ survived for weeks in culture.
Intracellular Ca2+was analysed in SN grown in 2 mM Ca2+ medium and
then exposed to high KC1 in 2 and 0.1 mM Ca2+. In 2 mM Ca2+, continued
KC1 depolarization caused a 5-fold increase in[ Ca2t-]i which returned to
basal level in about 30 min. In 0.1 mM Ca2+ medium 35 mM KC1 increased
[Ca2+]i by about 20% of that in 2 mM Ca2+ and returned to basal level in a
few minutes. Thus increase in [Ca2+]i does not appear to be the only main
event in neurotrophic action of excess KC1. It is likely that other signalling
pathways (i.e.phosphatidylcholine,Wakade et al., JBC 266: 6424,1991)
are also important in survival and growth of SN by excess KQ.

LOW Ca2* MEDIUM IMPROVES GROWTH, DEVELOPMENT AND
TRANSMITTER RELEASE PROPERTIES OF CHICK SYMPATHETIC
NEURONS IN CULTURE. DA Przywara*. JS Kulkami. TD Wakade and AR
Wakade. Dept. of Pharmacology, Wayne State University, Detroit, MI 48201.
Elevated [Ca2*], can promote neuronal survival or lead to arrested growth
and Ca2*-mediated neurotoxicity. Here we determined the effects of external
Ca2* on morphology and [3H]norepinephrine ([3H]NE) release properties of
chick sympathetic neurons (SN) in culture. SN in Ca2*-free medium (100 pM
EGTA) survived without growth up to 24 hrs and died after 48 hrs. If 0.1
mM Ca2* was added after 24 hrs these SN grew neurites and survived for
several weeks. SN grown in high Ca2* medium (0.6 to 2 mM) had thick
neurites, aggregated cell bodies and began to detach after 6 to 8 days in
culture. SN in low Ca2* medium (no added Ca2* to 0.3 mM) grew as single
cells with intense, thin branching neurites; remained firmly attached to the
substrate and survived for several weeks. Effects of low or high Ca2* were
reversed after change to the alternate medium for several days. Effects of
low Ca2* medium occurred in SN supported by 35 mM KC1 or 30 nM
phorbol 12,13-dibutyrate instead of nerve growth factor. Uptake of [3H]NE
in SN grown in low or high Ca2* medium was similar, but electrically
stimulated (10 pulses at 1 & lOHz) [3H]NE release was not. Unlike SN in
high Ca2*, SN grown in low Ca2* had a positive frequency-release response,
low fractional release , (<l%) and greater sensitivity to TEA; all characteristic
of mature sympathetic neuroeffector organs. We conclude that low Ca2*
medium improves growth, long-term survival and transmitter release
properties of cultured SN.
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SPATIAL HETEROGENEITY OF Ca2+ SIGNALLING BY BRAINDERIVED NEUROTROPHIC FACTOR IN HIPPOCAMPAL
NEURONS Benedikt Benringer*. Naovuki Inagaki. Hans Thoenen
& Dan Lindholm Department of Neurochenistry, Max-PlanckInstitute for Psychiatry, Am Kloferspitz 18a, 82152 Martinsied, FRG
We have previously demonstrated that brain-derived neurotrophic
factor (BDNF) induces an elevation of [Ca2+]j in a subpopulation of
hippocampal neurons. Using fura-2 fluorescence microscopy we
investigated, whether the [Ca2+]j rise is restricted to the neuronal
soma or also occurs in neurites. BDNF bath application was found to
induce Ca2+ mobilization in both soma and neurites of hippocampal
neurons This distribution is in accordance with the cellular
localization of the BDNF receptor Trk B as shown by
immunocytochemistry. Interestingly, we observed, that within a
neuron, BDNF did not affect [Ca2+j levels homogeneously, as
responses in neurites were often more prominent than in the soma of
the cell. A locally restricted [Ca2+]j rise by BDNF may provide a
mechanism by which the effect of BDNF may be restricted to specific

sites such as within neuronal processes.

MOTOR SYSTEM I
27.1

27.2

IDENTIFICATION OF THE CELL BODIES OF THE DORSAL
LONGITUDINAL MOTONEURONS OF DROSOPHILA. Yi-an Sun*
and R. J. Wyman.DepT Biology, Yale University, New Haven, CT 06511
The Dorsal Longitudinal muscle in Drosophila is a stack of six muscle
cells (named a to f, dorsal to ventral) which powers the downstroke of the
wings. The anatomy of the motoneurons innervating these six muscle fibers
has been studied several times. Five motoneurons have been identified.
One dorsal motoneuron has been reported to innervate the 2 dorsalmost
muscle fibers (a and b) on the contralateral side. Coggshall (J. Comp.
Neurol. L77:707-720, 1978) reported that the innervating motoneuron
(MNa/b in his terminology) is lateral in the ganglion, while Ikeda and
Koenig (J. Comp. Neurol. 273:436-444. 1988) reported that the innervating
motoneuron (MN5 in their terminology) was located next to the midline. We
have found, when filling the two dorsalmost musle fibers, in both CantonSpecial and Oregon-R wild type flies, that cell bodies are stained which are
on the dorsal surface, but which can lie in various positions between the
midline and the lateral edge.
Each of four ventrolateral motoneurons (MNc-MNf) innervates a single
one of the four ventral muscle fibers. When viewed sagittally, MNs c-f form
a nearly square array (Keonig and Ikeda, 1988). By placing HRP crystals
in individual muscle cells, thus staining the muscle cell and backfilling its
motoneuron, we have found that each cell body has a fixed position in the
square. MNc is the antero-dorsal member of the square; MNd is posterodorsal; MNe is antero-ventral and MNf is postero-ventral. These are
different positions than those assigned by Ikeda and Koenig.
Supported by NIH NS-07314 and NSF BNS IBN-9213387.

AXOTOMY INDUCES THE EXPRESSION OF VASOPRESSIN
RECEPTORS IN CRANIAL AND SPINAL~MOTOR NUCLEI.
E. Tribollet. J.J. Dreifuss. G. Kato*. and Y. Arseniievic. Dept, of
Physiol., Univ. Med. Center, 1211 Geneva 4 and *Neurotech, 1228
Plan-les-Ouates, Switzerland.
Vasopressin (AVP) receptors are expressed transiently in the
rat facial nucleus during the perinatal period (Tribollet et al., Dev.
Brain Res., 58, 13-24, 1991). In the present study we report that, in
the adult rat, unilateral section of a facial nerve results in a massive
and transient re-expression of AVP receptors in the deefferented
facial nucleus.
Data were obtained by quantitative film
autoradiography. During the first two postoperative weeks, binding
of an iodinated AVP ligand selective for the Vla receptor showed a
biphasic, about ten-fold increase. Maximal levels of binding were
maintained for 1-2 weeks and then started to decrease. Binding was
not strictly restricted to the facial nucleus but included the neuropile
between motoneuronal pools and the perifacial area, which may
indicate a dendritic localisation of AVP receptors. To investigate
whether other motor nuclei also react to axotomy by up-regulating
AVP receptors, we sectioned either an hypoglossal nerve or a sciatic
nerve. In both cases, binding of the iodinated AVP ligand increased
massively in the hypoglossal nucleus or in the sciatic motoneuronal
pool, with a time-course similar to that found in the facial nucleus.
Altogether, our data suggest that AVP receptor expression in motor
nuclei may depend upon neuromuscular contacts and thus, that AVP
may be involved in the establishemnt of neuromuscular connections
during development, and in their restablishment following nerve
injury.

27.3
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DEVELOPMENT OF NOREPINEPHRINE (NE) AND TRH
POTENTIATION OF INSPIRATORY-RELATED HYPOGLOSSAL
(XII) NERVE DISCHARGE IN NEONATAL AND JUVENILE MICE
IN VITRO. G.D. Funk* & J.L. Feldman. Systems Neurobiology Lab,
Department of Physiological Science, UCLA, Los Angeles, CA, 90024
From birth to at least P14, medullary slices from neonatal and
juvenile mice that contain the pre-Botzinger Complex (like neonatal rats;
Smith et al. Science, 254:726,'91) generate rhythmic inspiratory (I)
bursts in XII nerve discharge. XH motoneuron (MN) responses to
thyrotropin releasing hormone (TRH) mature during this period (Bayliss
et al. J. Neurosci. 14: 821, '94). To examine the significance of these
changes for respiratory control of the upper airway, and explore
developmental changes in sensitivity to NE, we examined the effects of
TRH and NE on I-related XII nerve activity in slices from mice (P0-P3;
500-550 pm; P11-P14; 650-700 pm). NE (1-100 pM) and TRH (0.1-10
pM) were focally applied over x Ii nuclei. Neonatal mice were minimally
responsive to 1 pM NE. 10 and 100 pM NE evoked tonic discharge on
XII nerve and small potentiation of I burst amplitude (10 pM; 2O±5%;
n=5). In juvenile mice, 1.0 pM NE evoked 92±55% potentiation (n=4)
of I amplitude. In neonatal mice, TRH produced dose-dependent
increases in tonic discharge of XII nerve but did not potentiate I
amplitude at any concentration (n=4). Whole-cell recordings (n=4)
showed that TRH causes a reversible depolarization with minimal changes
in MN input resistance (Rn ), and does not affect I synaptic drive.
In juvenile mice, TRH produced increases in XII nerve tonic
discharge but also increased I burst amplitude (0.1 pM; 85±35%; n=6).
Increases in MN Rn following TRH (n=3) may underlie the potentiation
of I activity. We conclude that the modulatory impact of NE and TRH on
I-related XII activity increases developmentally. Supported by NIH
Grants HL4O959 & HL02204 and Parker B. Francis Foundation.

RESISTANCE TO ATROPHY IN AN INSECT MUSCLE: INTRINSIC OR
DETERMINED BY INNERVATION? A.S. Clinton* and E.A. Arbas. ARL,
Division of Neurobiology, University of Arizona, Tucson AZ 85721.
In the grasshopper Barytettix psolus, hind-limb autotomy severs the nerve
innervating structures intrinsic to the leg and, transneuronally, induces atrophy of a
group of thoracic muscles which are neither damaged nor denervated during
autotomy. We use this phenomenon to study regulatory interactions such as
intercellular communication, neuronal plasticity, and trophic support at the level of
identified cells and synapses.
Following autotomy, the muscle fibers atrophy differentially, both within a single
muscle and between muscles. A bundle of fibers in the posterior region of one muscle
(m. #120) exhibits a pronounced resistance to atrophy, while remaining anterior fibers
degenerate completely. Our recent studies suggest differences in muscle properties
between the anterior and posterior fibers of m. #120: 1) Immunohistochemical
staining reveals the presence of a proctolin-like substance associated exclusively with
posterior fibers. HPLC analysis of the muscle extract and bioassay of the fraction coeluting with authentic proctolin support the presence of this peptide in the muscle.
2) Histochemical staining of the muscle for oxidative and glycolytic enzymes and
myosin ATPase reveals that the fibers in the posterior region are of the slow,
oxidative fiber type. In contrast, the staining pattern of the rest of the muscle is
characteristic of fast/intermediate type fibers. In addition to our evidence, Hale and
Burrows (1985) reported that innervation of m. #120 by the common inhibitor
motomeuron (Cl) is restricted to the posterior fibers. Of the remaining thoracic
muscles studied that atrophy, none are innervated by the CI. We aim to determine
whether resistance to atrophy is intrinsic to the posterior fibers, or, alternatively,
whether extent of atrophy is dictated by the innervation pattern. (Supported by NIH
T32 MSO7363 and NSF IBN 9210394).
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MATURATION AND FUNCTIONAL RECOVERY IN THE LOCUST
FLIGHT SYSTEM. C. E. Gee*. V. C. Russell and R. M. Robertson.

M-CADHERIN EXPRESSION IN ADULT MOUSE PERIPHERAL
NERVOUS SYSTEM. Carmen CIFUENTES-DIAZ±: Marc NICOLET^;
Daniele GOUDOU-: Francois RIEGER- and Rene Marc MEGE—
+ 1NSERM U 153. CNRS ERS 064, 17 rue du Fer a Moulin, 75005 Paris,
France and fLaboratoire de Physiologie Animale, Universite de FrancheConite. 25030 Besanfon Cedex, France.
M-cadherin is a recently described cadherin, cloned from a C2C12 mouse
muscle cell line cDNA library. The M-cadherin messenger RNAs have been
show ■ n to be expressed in skeletal muscle early during development but not in
cardiac and smooth muscles and M-cadherin was thought to be a specific
marker for skeletal muscle tissue. We found, using two anti-M-cadherin
antibodies that the M-cadherin protein is specifically expressed during
secondary myogenesis in the mouse skeletal muscle. This molecule is
accumulated at the areas of contact between primary and secondary myotubes.
However, we also observed that M-cadherin is not restricted to skeletal muscle.
We detected and localised the molecule in the adult peripheral nervous system.
M-cadherin immunoreactivity was associated with both unmyelinated and
myelinated fibres in the sciatic nerve. It was accumulated at the node of
Ranv ier and present on mononucleated cells associated with the neuromuscular
junction. In addition, the molecule was detected on the cell body of spinal
motoneurons. This cadherin was not strongly over-expressed in injured sciatic
nerve but was re-expressed on the sarcolemma of denervated muscle fibres.
Immunoreactivity was also detected in non-neuronal tissues: blood vessels and
eosophagus epithelium. These results show that during skeletal muscle
development. M-cadherin expression is closely related to the formation of
secondary myotubes. However. M-cadherin expression is not specific of skeletal
muscle in the adult. This cadherin is expressed also in peripheral nervous
tissue where it could be involved in motoneuron/ Schwann cells interactions.

Dept. of Biology, Queen's University, Kingston, ON, Canada, K7L 3N6.
The neuronal circuitry that generates flight in the locust is present
during all stages of development but is not used until after the final molt
to the adult. After adult ecdysis, there is a two week period when
wingbeat frequency increases as the flight system matures. We
monitored maturation of the flight system by measuring the wingbeat
frequency of tethered, male, Locusta migratoria flying in a wind tunnel.
The output of the flight central pattern generator was also measured
using extracellular recordings of motor neuron activity in functionally
deafferented dissected preparations.
Following ablation of the hindwing tegulae, the flight system recovers
due presumably to sprouting of the forewing tegulae. We found that
recovery after ablating the hindwing tegulae proceeds more rapidly and
is more complete in immature adult locusts than in mature adult locusts.
We conclude that maturation is a period of increased plasticity in the
locust flight system.
Insulin has been shown to promote sprouting of locust neurons in
vitro. We are treating adult locusts with antibodies to bovine insulin to
determine whether development, of the flight system, and recovery, after
ablation of the hindwing tegulae, is due to neuronal sprouting.
Preliminary results suggest that anti-insulin slows maturation of the
flight system in vivo while control injections of anti-IgG has no effect.
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REMODELING OF THE PERIPHERAL MOTOR SYSTEM DURING POSTEMBRYONIC DEVELOPMENT OF THE PROTHORACIC LEGS IN MANDUCA
SEXTA. C. Consoulas. M. Anezaki and! R. B. Levine*. Div. of Neurobiology, Univ.
of Arizona, Tucson, AZ 85721
During metamorphosis of the hawkmoth Manduca sexta, the small larval legs that
execute simple extension and flexion movements are replaced by adult legs that are
used for walking in an alternating gait. The larval leg-motoneurons do not follow the
fate of their target muscles but persist to innervate the new adult muscles (Kent and
Levine 1988a, b, 1993). To investigate the physical relationship between nerves and
muscles at different points during muscle differentiation, the peripheral nervous
system was stained with either cobalt or biocytin backfill techniques and whole leg
sections were stained with hematoxylin-eosin. To follow myoblast proliferation, cells
that incorporated BrdU were revealed in whole leg section that were counterstained
with hematoxylin-eosin while biotin staining of the nervous system was viewed in
alternate leg sections. Finally, conventional electrophysiological techniques were
used to examine neuromuscular connectivity at different points during development.
During the wandering period of the last larval instar, different leg muscles break
down in a proximal-to-distal progression. The basic organization of the peripheral
nerves remains unchanged, but the motor branches are retracted. Presynaptic boutons
remain during this period. During the last two days of the larval stage and the early
pupal stage, the presynaptic boutons disappear and primary nerve branches expand
as the imaginal leg grows. During this period of development two types of putative
muscle precursor cells, spindle-shaped and eosinophilic round cells, are spatially
associated with nervous and tracheal systems. As these precursor cells fuse and the
adult leg muscle fibres appear, the retracted larval motor branches expand to form
elaborate neuromuscular terminals. Electrophysiological studies reveal that the loss
and re-establishment of neuromuscular transmission is correlated temporally with the
morphological changes observed.
This work was supported by NIH grant N524822 to R.B.L. and a Fogarty
fellowship to C.C.

CORTICORUBRAL PROJECTIONS FOLLOWING GANGLIOSIDE
TREATMENT IN HEMISPHERECTOMIZED CATS. P. Carlson-Kuhta*. JR.
Villablanca, and L.D. Loopuiit. Mental Retardation Research Center, Depts. of
Psychiatry and Anatomy, UCLA, Los Angeles, CA 90024.
Previously we reported that after a cerebral hemispherectomy in neonatal (NHEMI) and adult (A-HEMI) cats, there were novel crossed corticorubral and
corticothalamic projections.from the intact sensorimotor cortex to the lesioned side of
the brain (Brain Res. 410. 219-231, ’87 & 453: 17-31, ’88). A greater amount of
crossed projections occurred in N-HEMI versus A-HEMI cats. We tested if a
monosialoganglioside (GM1) treatment in hemispherectomized cats would result in a
change in the amount of crossed projections. A cerebral hemispherectomy was
performed in kittens (5-13 days of age) and adult cats, with half of the N-HEMI and
half of the A-HEMI cats receiving GM1 treatment. The GM1 injections (50 mg/kg,
i.p.) began 3 days before the resection, continued daily for 1 week, and thereafter
every other day for 60 days. About 1 year after treatment the cats were injected with
pHJleucineproline in the remaining sensorimotor cortex (6 pericruciate sulcus sites).
Terminal field densities were estimated in 4 coronal histology sections per cat and for
each quadrant of the red n. (using video analysis software, Jandel Scientific). Bilateral
corticorubral projections were found in all 4 groups with the more terminals located
in the ventral than dorsal red n. The amount of label on the lesion side, which
normally receives minimal contralateral innervation (Brain Res., 453: 17-31,’88),
was expressed as a percentage of the amount on the intact (injected) side and the
following mean values, standard deviations (and ranges) were calculated: A-HEMI,
treated, 27± 17 % (11 - 49 %, N = 4) and nontreated, 15 ± 8 % (9 - 27 %, N = 4); NHEMI, treated, 65 ± 44 % (29 - 115 %, N = 3) and nontreated, 49 ± 28 % (12 - 85%,
N = 5). Similar analysis is currently being performed for thalamic nuclei. These
results showed a tendency of GM1 treatment to increase the number of crossed
corticorubral projections; although this difference did not reach statistical
significance, because of large variations between cats. Results of extensive
behavioral testing for the same cats (in preparation) indicated a lack of significant
effects after GM1 administration. (Grants: ROl NS2578O and HD 04612)
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NEURONS IN THE RAT SPINAL CORD SYNTHESISE TENASCIN.

EARLY UP-REGULATION OF NEUROFILAMENT MEDIUM
SUBUNIT IN WOBBLER MUTANT PROGENY’S SPINAL CORD.
R- Pernas-Alonso. A. Schaffner* C. Hansen*_and U. di Porzio*

Yi Zhang. P.N. Anderson. J. Winterbottom. A.R. Lieberman, G. Campbell*. R.
Martini^ M. Schachner^ Dept. of Anatomy and Dev. Biol., University College

London, WC1E 6BT and Neurobiol., Swiss Federal Inst, of Technology, Zurich^.
We have investigated the expression of tenascin by immunofluorescence (IF) and
in situ hybridization in the lumbar spinal cord of unoperated neonatal and adult rats
and in adult rats following either unilateral crush or transection of the L4/5 dorsal
roots or unilateral sciatic nerve crush (both procedures under halothane anaesthesia).
At postnatal days 0 (PO) and P3, small tenascin mRNA-containing cells (all
presumptive glial cells) and tenascin IF were common in the grey and white matter
with exception of the dorsal columns where mRNA containing cells were rare and IF
almost absent. At P7 and P14, small tenascin mRNA-containing cells were far
fewer, but tenascin mRNA was found in motor neurons in the ventral horn. Strong
tenascin IF was found in the white matter and moderate IF in the grey matter, with
concentrations around motor neurons. In the adult, tenascin mRNA was restricted
to a subpopular of medium-sized neurofilament-positive neurons in the ventral horn.
Tenascin IF was concentrated around ventral horn neurons, but was also found
around the central canal. Crushing the sciatic nerve had no apparent effect on the
distribution or expression of tenascin in any part of spinal cord. Crushing the
dorsal roots had no effect on tenascin or tenascin mRNA expression in the grey
matter. However, both in the injured dorsal roots and in the ipsilateral dorsal column
tenascin IF was significantly increased, but in the later region cells expressing
tenascin mRNA were very rare. Excision of dorsal roots revealed the same results as
dorsal root injury demonstrating that the tenascin found in the dorsal column did not
originate from the injured roots. Thus, the accumulation of tenascin in the dorsal
column may indicate that reactive astrocytes upregulate a tenascin receptor which
binds tenascin secreted by neurons in the ventral horn, the most likely source for
tenascin in the adult spinal cord. These results provide evidence that neurons
synthesise tenascin and show that tenascin expression by both neurons and glial cells
in the spinal cord is differentially developmentally regulated.
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Internatl. Inst. Genetics Biophys. CNR, Naples, Italy; +Lab.
Neurophysiol, NINDS, ^Vet. Res. Branch, NIH, Bethesda, MD.
The mouse wobbler mutant is the animal model for infantile
spinal muscular atrophy (ISMA), a fatal autosomal disease of
childhood (incidence of 1:30,000). Using semi-quantitative,
RT-PCR analysis (Perrone-Capano et al. Neuroreport, 1994, 5:9)
we have examined the expression in the spinal cord (sp.c.) and
skeletal muscles of genes necessary for development and
maintenance of functional motoneurons from E13 to the third
week postnatally in wild-type and wobbler mice. Here are
shown acetylcholine metabolic enzymes; BDNF, NT3, trkC; F3
adhesion molecule; light, medium and heavy neurofilament
subunits,
peripherin
expression
patterns.
Due
to
the
impossibility of identifying homozygous mutant before three
weeks postnatally, we have studied each member of the entire
progeny at the various stages of development. In about 25% of
each wobbler progeny NF-M mRNA is increased throughout
development as well as in homozygous postnatal individuals.
Correspondingly, ACH metabolic enzyme expression were also
altered in the same individuals. Our data strongly suggest that
up-regulation of NF-M may contribute to the insurgence of
motoneuron degeneration in the wobbler mutant. These
results can help to understand the onset and etiopathogenesis
of human ISMA.
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L-TYPE CALCIUM CHANNELS IN THE CHICK LIMB BUD.
Y. YQSHIMOTQ. M. YAMASHITA. AND K. KANQSUE*. Dept. Physiol.,

DEVELOPMENT OF SEROTONIN- AND NMDA-INDUCED POTENTIALS
RECORDED FROM IDENTIFIED NEURONS IN AN EMBRYONIC CHICK
SPINAL CORD SUCE PREPARATION. T. Muramoto. B Mendelson. K.D.

Osaka Univ. Med. Sch., Osaka 565, Japan
Development of membrane excitability takes place during muscle cell
differentiation. We studied functional expression of Ca2+ channels in the

chick limb bud by Ca2+ fluorescence measurements and whole cell patchclamp techniques. The limb bud was isolated from embryonic day 4 (E4,
stage 22-25) chicks and was loaded with a Ca2+ sensitive fluorescent dye
(Fura-2AM), and intracellular Ca2+ concentrations were measured at the

proximal part of the limb bud. In the patch-clamp experiment, the limb bud
was dissected into pieces and dissociated by pipetting in a Ca2+,Mg2+-free

solution containing 1mM EDTA.
Increases in [Ca2+]j were evoked by depolarization with 100mM K+. This
response was abolished by removal of Ca2+ from the external medium. This

indicated that the influx of Ca2+ through membrane channels was necessary

to cause the response.

The Ca2+ response to 100mM K+ was also

abolished by 2mM Co2+ added to the normal medium.

These results

suggested that the Ca2+ response was caused by voltage-gated calcium

channels.
Then the type of calcium channel was identified
pharmacologically. The Ca2+ response to 100mM K+ was blocked by 10pM

nifedipine and was enhanced by 5pM Bay K 8644, which suggested the
existence of L-type Ca2+ channels.
By whole cell patch-clamp techniques, long lasting inward currents were
recorded at -45mV by step depolarization from -9OmV. These currents were
recorded from round cells of which diameter was 10pm.
We found that L-type Ca2+ channels were already present in the E4 chick

limb bud.

Phelan. M. Abraham and E. Garcia-Rill*. Dept, of Anatomy, Univ. of Arkansas for
Med. Sci., Little Rock, AR 72205.
Intracellular recordings were obtained from motoneurons and other cells in the
lateral motor column (LMC) of an embryonic chick spinal cord slice preparation
over a series of developmental stages (E12-E18). These time points bracket the
critical period of development (E14) where the ability of the spinal cord to recover
from injury is lost. Embryos were anesthetized by cooling the eggs for 20 min in
ice water. The spinal cords were dissected in cooled, oxygenated Tyrode's
solution and transverse slices, about 1 segment thick (less than 1 mm) were
isolated from lumbosacral segments 1-3. Ventral and dorsal roots were
maintained for stimulation. The temperature was slowly increased to 22-24°C
and was maintained at this level for the duration of the recording session.
Motoneurons were identified by antidromic stimulation of the ventral root. During
the stages examined, the amplitudes of both current evoked and antidromic
action potentials increased while the action potential durations decreased. The
average resting membrane potential did not vary considerably (-64.7 ± 12 mV at
E12 vs. -63.1 ± 9 mV at E18). All of the neurons examined were depolarized by
bath application of 50 pM NMDA. This response persisted in the presence of
tetrodotoxin and, therefore, was at least partially due to a direct action of
NMDA. Bath application of 50 pM serotonin induced a depolarization in about
1/2 of the neurons at E15. At this stage, there is a dense serotonergic projection
confined primarily to the medial portion of the lumbar LMC. Therefore, we have
recorded direct responses to a neurotransmitter used by a major descending
projection and responses to a transmitter used by local circuit neurons in a spinal
cord slice preparation. Supported by NSF grant Rll 8922108, USPHS grants
NS2O246 and AA09205.
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SINGLE Ca2+ CHANNEL RECORDINGS FROM ADULT AND AGED
RAT
HIPPOCAMPAL
SLICE NEURONS:
PRESENCE OF
REPOLARIZATION OPENINGS. O. Thibault*, andP.W. Landfield. Dept.
Pharmacol., Univ. Kentucky Cott. Med., Lexington, KY, 40536-0084.
Single Ca2+ channels recordings in cultured neurons from rat hippocampus
in the celt-attached patch configuration have recently revealed the presence of
high open activity of the L-type Ca2+ channel following repolarization to
negative potentials (Repolarization openings, ROs, Thibault et al., 1993
PNAS). This activity mode can last up to seconds following a depolarization
and is most prevalent when low or near physiological concentrations of
divalent cations are used as the charge carrier. ROs may underlie the long
Ca2+ tail currents we have described previously (also see Mazzanti and
Landfield, this meeting), and may well govern the Ca2+ influx that mediates
the Ca2+-dependent K+-mediated afterhyperpolarization. However it is not
yet clear whether ROs are a property solely of cultured neurons or whether
they also occur in adult neurons (in which the long Ca2+ tail-like currents and
AHPs are prominent).
The present studies investigated single Ca2+ channel activity in adult and
aged neurons of the partially dissociated hippocampal slice preparation. The
"Zipper" technique (Gray et al., 1990) was used to expose CA1 hippocampal
neurons from mature as well as aged rats. The observed patterns of Ca2+
channel activity, which included the presence of ROs, were highly similar to
the patterns obtained in culture. Thus, these patterns appear to be largely
unaffected by the enzymes used during the mild dissociation. Initial data will
be presented on channel conductance, probability of opening, availability of
channels and average ensemble currents as a function of age in the
hippocampus. (Supported by AG 10836, AGO4542 and Miles, Inc.).

CONSEQUENCES OF AGING FOR INTRACELLULAR pH
REGULATION IN RAT HIPPOCAMPALSLICES. E.L. Roberts. Ir.u,
T.T Sicku, and Z.-C. Feng! 'Department of Neurology, University of
Miami School of Medicine, and Gkriatric Research, Education, and
Clinical Center, Miami VA Medical Center, Miami, FL 33136
Aging brain tissue is more vulnerable to anoxic damage. Although
a decreased ability to regulate intracellular pH (pFty may contribute
to this vulnerability, very little is known about how aging affects pH4
regulation in brain tissue. We examined the hypothesis that aging
decreases the resting pH and the intrinsic buffering capacity of brain
tissue. Hippocampal slices from young adult (6-7 month old) and
aged (27-28 month old) Fischer-344 rats were loaded with the fluorescent pH indicator dye carboxy-SNARF-1 AM acetate (Molecular
Probes, Inc.). The slices were then transferred to an interface chamber
where they were exposed to a physiological solution buffered with 26
mM HEPES and bubbled with 100% Oj to limit the contribution of

28.3
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BASAL EXPRESSION OF FOS, JUN AND EGR-1 PROTEINS IN THE
HIPPOCAMPUS OF OLD RATS. D.N Abrous*. S. Desjardins. M. Vallee. M
Kharoubi, D Hancock! .M. Le Moah H. Simon, and W. Mayo INSERM U259,
Rue C. Saint Safins, 33077 Bordeaux, France. Imp. Cancer Res. Inst. Lincoln's
Inn Fields, London, U . K.
Ageing is accompanied by a decline in cognitive functions and by a more
general modification of cerebral activity. It has been suggested that long term
modifications of cell function during senescence may be linked to an alteration
of the intracellular signalling cascade affecting genomic events via the
immediate-early gene (IEGs). We examined the effect of ageing on the
hippocampal basal expression of three different IEGs (c-Fos, c-Jun, Egrl).
Parallel investigation on astrocytes was included to test whether modifications
in this marker of degenerative changes may be correlated with alterations in the
expression of IEGs. Nine young adult rats (4 months) and twenty five old rats
(22 months) were sacrificed and adjacent sections were processed for Fos, Jun,
Egr-1 and glial fibrillary acidic protein (GFAp) immunohistochemistry. In
young adults, basal levels of Jun, Egr-1 but not Fos proteins were observed
within the hippocampal formation. Constitutive expression of c-jun was seen in
the dentate granule cells and in the pyramidal cells of the ventral hippocampus,
whereas Erg-1 was highly expressed in the CA1 pyramidal cells of the dorsal
hippocampus. Ageing was accompanied by a decrease of Egr-1 expression and
by a loss of astrocytes in CA1 subfields. In contrast, basal expression of Fos, Jun
as well as astrocyte density within the dentate gyrus were not affected. It is
concluded that ageing differently affects IEGs basal expression in the
hippocampus suggesting that senescence-induced decline of brain functions
involves a complex pathway.

DENDRITIC ALTERATIONS IN AGED HIPPOCAMPAL CA1 PYRAMIDAL
NEURONS. G.K. Pvapali*. J. Ovelmen-Levitt and D.A. Turner. Neurosurgery and
Neurobiology, Duke Univ. Med. Ctr. and Durham VAMC, Durham, NC, 27710.
Aging may lead to synaptic reorganization in the CNS. One hypothesis suggests
that this reorganization may resemble a slow and diffuse lesion, possibly with
reactive dendritic growth, such as after lesions (Pyapali and Turner, Brain. Res., in
press). We investigated dendritic alterations in healthy aged CA1 neurons (22-24
month male F344 rats) using Neurobiotin staining during in vitro physiological
recording and 3D reconstructions on a computerized microscope (Neurolucida).
Total dendritic length in the aged neurons (21.5 ± 9.7 mm; n= 9) was
significantly longer compared to young neurons (14.5 ± 4.70 mm; n= 12; p =
0.02). A significant difference persisted for basal dendritic length: aged= 6.79 ±
1.62 mm and young= 4.4 ± 1.2 mm (p< 0.01), though not for apical dendritic
length (agod= 14.71 ± 8.53 mm, young = 7.83 ± 5.4 mm). Sholl analysis for
density of terminals and branches (40 ^m radii) only revealed a diffuse increase in
the aged neurons compared to the young group. Mean electrotonic distance to all
terminals (calculated from die dendritic structure and input resistance) was longer in
the aged neurons: young = 0.53 ± 0.13 X(n= 12) and aged= 0.82 ± 0.25 X(n=
11; p < 0.01). Thus, both geometric and functional dendritic lengthening was noted,
suggesting changes in the synaptic integration of dendritic signals and possible
sprouting in the aged animals, though diffuse over apical and basilar dendrites.
Unlike the specific denervation-induced changes in the apical dendrites noted in
response to kainic acid, the aged CA1 neurons exhibited more diffuse changes,
particularly concentrated on the basal dendrites. These diffuse changes suggest a
modest denervation and possibly dendritic expansion for maintaining synaptic
contacts. Synaptic reorganization with aging may also include alterations in
presynaptic axons onto CA1 neurons and changes in postsynaptic electrotonic signal
integration. Supported by NIA (GKP), NINDS (DAT) and VAMC (DAT).
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CO2/HCO3' to pHj buffering. The intracellular compartments of slices
were alternatively alkalinized and acidified by addition and removal
respectively of 20 mM ammonium chloride (NH4C1). pH* was approximately 0.1 unit less in aged slices before exposure to NH4C1. The
magnitudes of alkalinization and acidification were greater in aged
slices, which supports the hypothesis that aging reduces the intrinsic
buffering capacity of brain tissue. These results show that aging
decreases the ability of hippocampal slices to buffer pH via nonbicarbonate buffering systems. (Supported by AG08710 (NIA) and by
NSO582O (NINES))
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INDUCTION OF /3-AMYOID CONTAINING POLYPEPTIDES AND
CONCOMITANT CHANGES IN SYNAPTIC PROPERTIES IN RAT
HIPPOCAMPUS.
BA. Bahr*1, B. Abai1. C.M. Gall2. P.W. Vanderklish1.
K.B. Hoffman1 & G. Lynch1. 1Center for the Neurobiology of Learning & Memory,
2DepL of Anatomy & Neurobiology, University of California, Irvine, CA 92717.
Long-term cultures of brain slices were used to test i) if the lysosomotropic agent
chloroquine induces /3-amyloid containing peptides in hippocampus as it does in
dissociated neurons, ii) if such effects are accompanied by other manifestations of
brain aging, e.g. the loss of synaptic proteins, and iii) if induction of the peptides
is influenced by other potential contributors to brain aging, in particular by
excitotoxicity. Chloroquine administration resulted in the appearance of a carboxylterminal fragment of the /9-amytoid precursor protein (APP); the 27 kDa antigen
was detectable after 24 hours, increased rapidly for 6-10 days, and was eliminated
upon drug washout /3--Anyioid immunocytochemistry showed accumulation in the
perikarya of pyramidal neurons, primarily in the form of punctate bodies. These
effects were accompanied by a correlated loss (and recovery) of the presynaptic
marker synaptophysin and by a delayed reduction of postsynaptic glutamate
receptors, while cytoskeletal proteins were unchanged. Acute administration of
chloroquine had no evident effects on synaptic responses but prolonged applications
caused a decrease in the maximum amplitude of field potentials. Finally, a brief
pretreatment with the excitotoxin kainic acid had little effect with regard to APP
fragments or synaptophysin, but altered the events following from a subsequent
infusion of chloroquine. Build-up of the A27 fragment and loss of synaptophysin
were more rapid and, more importantly, did not reverse upon washout. These
findings indicate that lysosomal dysfunction in hippocampus results in the
accumulation of a particular fragment of the /3-amyloid precursor and suggest that
this event, or a variable correlated with it, is linked to the loss of synaptic proteins.
They also raise the possibility that certain aspects of brain aging reflect a synergism
between lysosomal disturbances and exdtotoxidty (supported by NIA grant AG-00538).

NEUROPHYSIOLOGICAL EVIDENCE FOR DECREASED EXCITATION IN
AGED NEOSTRIATAL NEURONS: NMDA RECEPTOR ACTIVATION AND
PAIRED-PULSE
Z. Li*. C. Cepeda. I.P. Walsh1. N.A. Buchwald
and M.S. Levine. Ment. Retard. Res. Center, UCLA School of Medicine, Los
Angeles, CA 90024 & ’Andrus Gerontol. Center, USC, Los Angeles, CA 90089.
Our laboratories have shown decreased excitation in aged neostriatum [n
vivo and in vitro. The present experiment further examined this decrease by
studying both postsynaptic (the abi l ity to unmask synaptic responses mediated
by activation of N-methyl-d-aspartate (NMDA) receptors) and putative
presynaptic (paired pulse facilitation) contributions. Neostriatal brain slices
were prepared by standard techniques. Local electrical stimulation was used
at 3 ascending intensities to evoke depolarizing synaptic potentials (DPSPs).
These DPSPs are primarily mediated by activation of non-NMDA glutamate
receptors. When cells are bathed in Mg2+-free artificial cerebrospinal fluid
(ACSF), a component of the DPSP that is mediated by NMDA receptor
activation is unmasked . Data were obtained from young (2-3 mos, N = 2O) and
aged (2 yrs, N = 15) rats. In young cells, after 15 min in Mg2' -free ACSF, DPSP
amplitude increased at low (39%) and medium (27%) but not at high (-13%)
intensities. Minimal changes in DPSP amplitude occurred in aged neurons (1,
1 and -16% at each intensity, respectively). Response duration displayed a
proportionately greater increase at high intensities in young cells (76 vs 25%).
Similar effects occurred after 30 min exposure to Mg^-free ACSF. In young
cells, paired-pulse amplitude facilitation was observed at both 30 (24%) and
50 ms (16%) interpulse intervals. In aged cells this facilitation was markedly
decreased (12 and 3%, respectively).Together, these findings provide evidence
for both presynaptic and postsynaptic changes in aged neostriatum that could
contribute to decreased excitation. Supported by USPHS AG 10252.
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ALTERATIONS IN GLUTAMATE RECEPTOR (GluR) DISTRIBUTION IN THE
DENTATE GYRUS OF AGED MACAQUE MONKEYS. A ,H. Gazzalev*l. S.J.
Siegell. J.H. Kordower2. E.J. Mufson2. J.R. Sladek Jr.3 and J.H. Morrisonl.
lFishberg Res. Ctr. for Neurobio., Mt. Sinai Sch. of Med., New York, NY 10029;
2Dept. Neurol. Sci.,Rusf-Presbyterian-St.Luke's Med. Ctr., Chicago, IL 60612;
3Chicago Med Sch., Chicago IL
Age-associated memory impairments in primates may, in part, be due to
perturbations in the distribution of GluR subunits in particular hippocampal circuits.
In the present study, immunofluorescence and optical density measurements were
employed to investigate changes in the GluR profile within the dentate gyrus of
young adult (4-8 years old) and aged (26-32 years old) macaque monkeys. In young
adult monkeys, a relatively homogeneous pattern of immunoreactivity was observed
throughout the extent of the dentate gyrus molecular layer (ML) for NMDAR1, GluR
2/3 and GluR 5/6/7, such that the inner and outer portions of the ML were labeled
with equal intensity. In contrast, aged monkeys exhibited a decreased ratio of the
intensity of immunoreactivity in the outer two thirds of the dentate ML relative to the
inner third, for all GluR subunits examined. Further analyses employing
synaptophysin as a reflection of synaptic density as well as MAP2 and calbindin as
additional markers for dentate granule cell dendrites, demonstrated no such dramatic
shift in staining intensity between the inner and outer portions of the ML in aged
animals. Such patterns of immunoreactivity for GluR subunits and the other markers
suggest that, in aged monkeys, specific changes in GluR content or localization may
occur, without concomitant gross structural changes in dendritic morphology or a
significant change in the synaptic density across the inner and outer portion of the
ML. Since dentate granule cells receive segregated inputs within the ML, such that
the inner third corresponds to the termination zone of commissural/associational
pathways and the outer two thirds receives the perforant pathway from the entorhinal
cortex, these observations may reflect functional alterations in specific hippocampal
circuits, which could underlie memory impairments associated with aging.
(Supported by The Charles A. Dana Foundation & NIH AG05138)

EFFECT OF LONG-TERM TREATMENT WITH EGb 761 ON AGE
DEPENDENT STRUCTURAL CHANGES IN THE HIPPOCAMPI OF THREE
INBRED MOUSE STRAINS. C. Cohen-Salmon. M. Barkats. P. Venault. and Y,
Christen*. G6n6tique, Neurog6n6tique et Comportement, URA 1294 CNRS, Univ.
Paris V, 45 rue des Saints Pfcres 75270 Paris Cedex 06, France.
Female mice of the strains C57BL/6J, BALB/CJ and DBA/2J were used to
determine the possible existence of a genetically-based differential susceptibility to
the effects of treatment with an extract of Gingko Biloba (EGb 761). Timm’s

silver-sulphide staining method was used to visualize and determine changes in the
areas of hippocampal projection fields of the mossy fibers which appear to decrease
in function of age. Treated animals received EGb 761 (50 mg/kg/day, p.o.) for 7
months; controls received no treatment. Observations started at 22 months old.
Inter-strain differences existed for the areas of the whole region inferior, stratum
pyramidale, stratum lacunosum moleculare and hilus (CA4), and for the projection
field of intra and infrapyramidal mossy fibers (iipMF) in the CA3 region. Chronic
treatment significantly increased the projection fields of iipMF and reduced the area
of stratum radiatum, as compred with control animals. No differential sensitivity to
EGb 761 existed among the mouse strains tested. As the mossy fibers, particularly
the iipMF, which relay the information from the entorhinal area of the dentate
gyrus to Ammon’s horn, appear sensitive to the effects of ageing, it is envisaged
that EGb 761 could help to maintain this intervation of hippocampus in ageing
mice. EGb 761 may both protect the iipMF against the possible degeneration that
occurs with ageing and stimulate compensatory processes of synaptic plasticity
(“sprouting”) that follow the age related destruction of these fibers. Since mossy
fibers may be particularly sensitive to the oxidation provoked by an age-related
excess of free radicals, the antioxidant properties of EGb 761, especially its
inhibitory action on lipid peroxidation, could oppose the age-related modification of
mossy fibers.
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ENHANCED GLIAL RESPONSE TO NIGROSTRIAL LESION EN AGED
RATS LA. Holcomb*. M,N. Gordon. WA Schreier & D.G. Morgan Dept, of
Pharmacology, Univ. of South Florida, Tampa, FL 33612-4799
Changes in glial responsiveness to injury with aging may be one factor
reducing the ability of the brain to recover from trauma later in life. In order
to study the effect of aging on the reaction of astrocytes after injury, unilateral
6-hydroxydopamine (6-OHDA) injections were made into the nigrostriatal
bundle of male F344 rats ages 6,15 and 24 mo. Rats were sacrificed at different
time intervals, 0 (no surgery), 2, 4, 7 or 14 d. after lesion. Immunocytochemical
staining with tyrosine hydroxylase (TH) to quantify lesion severity showed
extensive loss of dopaminergic cells within the substantia nigra (SN) beginning
2 d. after surgery and reaching a maximal decrease by 14 d. No age related
difference in the number of TH+ cells lost was seen. The effects of age and
time after lesion on astrocyte reactivity was investigated in the SN, as this area
experienced massive cell death after nigrostriatal lesion. Immunostaining for
glial fibrillary acidic protein (GFAP), an indicator of astrocytic reactivity, was
quantified by microscopic video-densitometry. When the three ages were
compared, no effect of aging on GFAP intensity was seen in the control (0 d)
animals. However, an elevation in GFAP occurs in all age groups over time
after 6-OHDA lesion. The largest GFAP induction was seen in the 24 mo. old
rats. At the 7 d. timepoint, the induction in old rats was significantly greater
than young rats (2.5 fold higher). Middle aged rats had GFAP induction in
between the young & old values. Thus, in areas with significant cell death such
as the SN after 6-OHDA lesion, the astrocytic response to injury varies only in
the oldest animals at a single time point. However, the increased astrocyte
response at 7 d. may be sufficient to inhibit recovery of function in the aged
animal after injury. Supported by AFAR to M.G., D.G.M is an Established
Investigator of the American Heart Assn.

IDENTIFICATION OF NEURONAL PROGRAMMED CELL DEATH IN SHU
IN THE STRIATUM OF NORMAL ADULT RAT BRAIN AND ITS
RELATIONSHIP TO NEURONAL DEATH DURING AGING. L. Zhang* and
G. S. Roth Molecular Physiology and Genetic Section, GRC, NIA, Baltimore,
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Loss of neurons and increase of glia have been reported for many brain
regions in both normal aging and age-associated neurodegenative diseases.
We have previously observed an approximate 20% loss of striatal neurons
during the rat adult lifespan (Han et al., Brain Res. 298: 299, 1989).
Unfortunately, it is not clear whether this neuronal loss occurs via necrosis
or apoptosis (programmed cell death). In the present study, we have used
the TUNEL technique to visualize apoptotic cells in rat striata by specifically
labeling nuclear DNA fragmentation in situ. In our study of 6 young (6
months) and 6 old (24 months) Wistar rats, there is a significant difference in
the staining of typical large neuronal nuclei: young 0.8±0.4/105 cells; old
4.2±1/105 cell (p<0.01, Mann-Whitney test). For small neurons and glia cells
the staining rates are 3.8±0.6/105 cells in young and 6.2±0.5/105 cells in old

(p<0.05, Mann-Whitney test). Based on the rapid clearance time of apoptotic
cells reported by Ellis et al., (Annu. Rev. Cell Biol, 7:663, 1991), and our

observed apoptosis occurrence rate, 8% of the total striatal neuronal
population would appear to undergo programmed cell death during the rat
adult lifespan. Thus, necrosis and neuronal shrinkage may also contribute
to the remainder of the 20% loss we reported previously. We conclude that
(1) apoptosis does exist in the normal adult rat brain; (2) aging associated
neuronal death may involve neuronal programmed cell death which starts at
the earlier stage of adult life; and (3) aging itself up-regulates the speed of

neuronal apoptosis.
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AGE-RELATED NEURONAL LOSS IN THE SUBSTANTIA
NIGRA OF THE RHESUS MONKEY. Z.A. Siddiqi. T.L. Kemper
and G.J. Blatt*. Dept. of Anat. and Neurobiology, Boston Univ.
Sch. of Med., Boston, MA 02118.
Age-related changes in the number and size of the neurons within
substantia nigra, pars compacta, were determined in rhesus monkeys
ages 7, 12, 15, 22, 23 and 24 years. The analyses were made using
every 10th section in 3Op thick, Nissl stained serial frozen sections.
The exact extent of the pars compacta of the nigral complex was
demarcated using an immunohistochemical stain for dopamine. The
morphometric method used was three dimensional cell counting
system of Williams and Rakic (J. Comp. Neurol. 278:344-352, 1988).
Due to the regional variation in packing density, the pars compacta
was divided into equal thirds with the help of camera lucida drawings
and cells counted with a uniform protocol in each of these zones.
The surface extent of the soma of eight to ten randomly selected
neurons was also measured in these regions, at each level.
A progressive decrease in the mean neuronal packing density
was noted with increasing age. This ranged from 10 percent reduction
in the middle aged monkeys to up to 40 percent in the older monkeys
as compared with the youngest monkey, aged 7 years. No significant
age-related change in the size of the neuronal soma was found.
These results suggest a progressive neuronal loss in the pars compacta
of the substantia nigra of the rhesus monkey with increasing age.
(Supported by NIH Grant 2 P01 AG00001-17A2)

ADMINISTRATION OF FGF-1 BY TRANSFECTED FIBROBLASTS IN AN
MPTP MODEL OF PARKINSON’S DISEASE. RN. McLav. S.M. Freeman.
RE. Harlan, and J.E. Zadina*. Tulane Univ. Med. Center and VA MecL
Center, New Orleans, LA 70146.
The use of transfected cells to deliver growth factors has been proposed as
a possible therapy for neuro-degeneration, including Parkinson’s disease. To
establish a model of Parkinsonism, balb-c mice were given 2Om(g/kg injections
of 1-methyl-4-phenyi-1,2,3X6tetr!aiy(dropyri<line HC1 (MPTP) once every twelve
hours for two days (4 inj. total.) Two days alter MPTP treatment, control
fibroblasts (3T3) or stably transfected, fibroblast growth factor-1 (FGF-1)
secreting fibroblasts (3T3-FGF) were stereotaxically implanted into the striata
of the MPTP treated mice. Two weeks after surgery, animals were sacrificed
for evaluation of the area surrounding the grafts. Dopamine concentrations
were measured by HPLC with electrochemical detection in the striata of mice
that had received grafts of 3T3-FGF and 3T3 cells in opposite hemispheres.
The mean dopamine concentrations in 3T3-FGF grafted striata were 218% of
those in the 3T3 grafted striata. In a second group of animals, which had
received grafts of either 3T3 or 3T3-FGF cells into their right striata, tyrosine
hydroxylase (TH) fibers were measured by densitometry after
immunocytochemistry. TH staining in the 1 mm2 around the 3T3-FGF grafts
showed a mean increase of 150% over the non-grafted (left) striatum, as
opposed to only a 25% mean increase in the mm2 surrounding control, 3T3,
grafts. Examination of the immunostained sections also showed that increased
staining was limited to the area around the graft and did not diffuse to the
other hemisphere. These experiments demonstrate that FGF-1, derived from
implanted, transfected fibroblasts, is an effective way of creating a localized
increase in dopamine and TH in an MPTP model of Parkinson’s disease.
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TESTOSTERONE TREATMENT OF OLD RATS RESTORES
OXYTOCIN BINDING SITES IN SEVERAL AREAS OF THE
BRAIN, BUT NOT IN THE STRIATUM. Y. Arseniievic. J.J.
Dreifuss* and E. Tribollet. Dept. of Physiol., Univ. Med. Center,
CH-1211 Geneva 4, Switzerland.
Previous studies in which we mapped vasopressin (AVP) and
oxytocin (OT) binding sites in the rat brain revealed marked changes
of the number of OT binding sites during development and in
relation to gonadal steroids. In the present work, we labelled AVP
and OT receptors throughout the brain of young (3 month old, n=4)
and senescent (20 month old, n=4) male rats using two ^I-labelled
ligands, one specific for Vla AVP receptors, the other for OT
receptors. Analysis of autoradiograms by quantitative image analysis
revealed a reduction of OT binding in various areas, but not of AVP
binding. OT receptors were decreased by 90% in the caudate
putamen (CPu), by 68% in the islands of Calleja (ICj), and by 41%
in the hypothalamic ventromedial nucleus (VMH). The expression of
OT receptors in the latter two regions is known to be sensitive to
sex steroids. So, we treated 20 month old rats (n=4) during one
month with testosterone propionate (2 Mg/kg s.c., 1/3 days). Three
old rats injected with oil served as controls. Analysis of
autoradiograms revealed that testosterone treatment restored OT
binding sites in the VMH and in the ICj. In the CPu, however, the
reduction of OT receptors was not compensated. In conclusion, while
the decrease of OT receptors occurring in VMH and ICj with aging
can be reversed by administration of gonadal steroids, the loss of OT
receptors in the striatum appears to depend on another mechanism.

ESTROGEN INDUCTION OF GLIAL HEAT SHOCK PROTEINS:
ROLE IN HYPOTHALAMIC AGING MB.- Mvdlarski*. A. Liberman
and HM. Schipper. Dept, of Neurology and Neurosurgery, McGill Univ.,
Lady Davis Institute and Bloomfield Centre for Research in Aging,
Jewish General Hospital, Montreal, QC, Canada, H3T 1E2
Background: Administration of estradiol valerate (EV) to female
rodents markedly accelerates the age-related accumulation of
hypothalamic astrocyte granules and the onset of reproductive failure.
Cysteamine exposure induces identical peroxidase-positive astrocyte
granules in the context of a glial stress response. Objective: To
determine whether activation of glial heat shock proteins (HSPs) plays a
role in the biogenesis of astrocyte granules following chronic
eserogenizaeion. Methods: Young, adult rats received three consecutive
monthly intramuscular injections of EV (0.2 or 2mg). Brains were
sectioned for peroxidase histochemistry and glial HSP immunolabeling.
Results: EV treatment induced HSPs 27 and 90 and peroxidase-positive
granules in astrocytes of the arcuate nucleus and third ventricular
subependymal zone, but not in the corpus callosum.
Conclusions: Estrogen induces HSPs and cytoplasmic inclusions in
astrocytes residing in estradiol receptor-rich brain regions. HSPs 27 and
90 are commonly upregulated in response to oxidative stress suggesting
that estrogen-induced and senescent-dependent changes in the rodent
hypothalamus are mediated, at least in part, by free radical reactions.
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EFFECTS OF AGE AND SUPRACHIASMATIC NUCLEUS (SCN) TRANSPLANTS ON THE DIURNAL RHYTHM ON PITUITARY PROOPIOMELANOCORTIN (POMC) GENE EXPRESSION. A. Cai* and P.M. Wise* *U MD,
Sch. Med., Baltimore, MD 21201; *U. KY, Sch. Med., Lexington, KY 30536.
Aging alters the diurnal rhythm of several aspects of the hypothalamic-pituitaryadrenal cortex axis. In this study we tested whether pituitary POMC gene
expression, which encodes for ACTH, changes with age and transplantation of
fetal SCN into middle-aged hosts restores expression to that of young rats. Young
(3-4 mo) and middle-aged (12-13 mo) female rats were housed on a L:D cycle.
Middle-aged rats received SCN or control tissue implanted into the 3rd ventricle.
After 1 mo, rats were ovariectomized and implanted with estradiol capsules on day
7. Animals were killed at 23OOh on day 8 and 0600, 1000, 1400, 1600, 1800 and
23OOh on day 9. Cytoplasmic and nuclear RNA were extracted from the anterior
pituitary; primary transcript, processing intermediates and mature mRNAs were
measured using an RNAse protection assay. The level of primary transcript was
used as an index of the rate of transcription. Four protected bands (470, 200, 180,
150 bp) were detected in nuclear RNA, which represented primary POMC, intermediate POMC and 2 mature mRNAs, respectively. Only mature POMC mRNAs
were detected in the cytoplasm. In young rats, cytoplasmic POMC mRNA
exhibited a daily rhythm: levels peaked at lOOOh and reached a nadir at l8OOh. In
middle-aged rats cytoplasmic mRNA levels decreased and the diurnal rhythm was
abolished. Transplantation of fetal SCN tissue restored both the level and the
rhythm of cytoplasmic POMC mRNA to that of young rats. In the nucleus, POMC
primary transcript, processing intermediate and mature mRNAs did not exhibit
diurnal rhythmicity in any group. POMC RNA levels were higher in young than
middle-aged and SCN-transplanted rats. We conclude that (1) in young rats, the
diurnal rhythm in cytoplasmic POMC mRNA does not result from a rhythm in the
rate of transcription but may result from daily changes in the rate of degradation
of cytoplasmic mRNA, (2) aging decreases the rate of transcription of the POMC
gene and abolishes the diurnal rhythm in cytoplasmic mRNA expression and (3)
SCN transplants restore the diurnal rhythm of POMC cytoplasmic mRNA, but do
not restore the rate of transcription of the POMC gene.

DIFFERENTIAL
DEVELOPMENT
OF
ACETYLCHOLINESTERASE IN
INTRACORTICAL POLYMORPHIC
AND
PYRAMIDAL NEURONS OF RAT BRAIN. C. Geula*, M.-M.
Mesulam and H. Tokuno. Harvard Medical School, Boston, MA 02215
and Northwestern University Medical School, Chicago, IL 60611.
The development of acetylcholinesterase (AChE) activity within
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intracortical polymorphic and pyramidal neurons of the rat brain was
investigated using a histochemical method. We designated neurons with
medium to high staining intensity as AChE^ and those with low
staining intensity as AChEL. AChEp intracortical polymorphic neurons
were absent at birth, appeared at P3-P4 in deep cortical layers and by
P9 were present in layers II-VI. They continued to increase in number
through P11-P14 at which time they displayed the adult pattern and
were evenly distributed in all cortical areas. A large population of
AChEp cortical pyramidal neurons appeared at Pl-P4, peaked at P8P10 and was no longer visible at P2l. Only a small population of
AChEL pyramidal neurons remained in the adult. At the peak of
staining, the density of AChEp cortical pyramidal neurons was high in
paralimbic cortical zones and quite low in primary sensory areas.
These results demonstrate the presence of distinct populations of
cortical AChE-rich neurons with different patterns of distribution and
development. The transient expression of AChE activity within cortical
pyramidal neurons suggests a role for AChE in development.
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ACETYLCHOLINESTERASE-REACTIVE
PYRAMIDAL
NEURONS OF THE HUMAN CEREBRAL CORTEX: A
QUANTITATIVE STUDY IN YOUNG AND AGED BRAINS.
M. Rezaki. C. Geula and M. Mesulam*. Harvard Medical School,
Boston, MA, 02215 and Northwestern University Medical School,
Chicago, IL, 60611.
The density of acetylcholinesterase (AChE) -reactive pyramidal
neurons in entorhinal, motor-premotor, prefrontal, superior
temporal, posterior parietal and peri striate cortices was quantitated
with the help of a histochemical method in 12 human brains

CHOLINESTERASES ASSOCIATED WITH AMYLOID DEPOSITS IN
THE CEREBRAL CORTEX OF AN AGED RHESUS MONKEY. £L
Mestre. S. Weintraub*. C. Geula and M.-M. Mesulam. Harvard Medical
School, Boston, MA 02215, Northwestern University Medical School,
Chicago, IL 60611, Ecole Pratique des Hautes Etudes, F-34095
Montpellier.
Association of cholinesterases with amyloid deposits in the cerebral
cortex was investigated in the brain of one aged rhesus monkey using
acetylcholinesterase (AChE) and butyrylcholinesterase (BChE)
histochemistry, thioflavin-S staining and B-amyloid
immunocytochemistry.
Plaques stained with the three methods were counted in matching
sections, B-amyloid immunocytochemistry stained the largest number of
plaques. The number of thioflavin-S, AChE and BChE-positive plaques
was, respectively, 40%, 30% and 35% of the number of B-amyloidimunoreactive plaques. The optimum pH for visualization of
cholinesterase activity in plaques was 6.8 while the optimum pH for
normal neural elements was 8.0. Selective cholinesterase inhibitors
resulted in complete inhibition of cholinesterases in plaques, fibers and
neurons whereas 5-hydroxytryptamin and bacitracin inhibited the
cholinesterases associated with plaques only.
These preliminary results suggest that plaque cholinesterases in the
rhesus monkey brain are identical to those observed in the aged human
brain.

ranging in age from 20 to 86 years. The density of these neurons
was significantly (p<0.05) higher in motor-premotor cortex
(73/mm. sq.) than in other neocortical areas (50-36/mm. sq.), and

significantly (p<0.05) lower in entorhinal cortex (11 /mm. sq.)
than in any of the other areas included in this study. The densities
in 6 younger specimens (mean age 38 yrs) was not statistically
different from the densities in the 6 older and non-demented
specimens (mean age 76 yrs). In most areas that were examined,
there was a statistically insignificant trend for the densities of these
neurons to be slightly higher in the older brains. These results
provide quantitative confirmation of our previous qualitative
observations (Mesulam and Geula, J Comp Neurol, 1991,
306:193-220).
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LIFE-LONG DIETARY RESTRICTION ATTENUATES AGE-RELATED
INCREASES IN GLIAL FIBRILLARY ACIDIC PROTEIN (GFAP) mRNA IN
THE RAT HIPPOCAMPUS. D.E. Major1. J.P. Kesslak2. C.W. Cotman2. C.E.
Finch3, and J.R. Day1*. Dept. of Biology, The Pennsylvania State University, State
College, PA 1^1^021, Dept. of Psychobiology, The University of California, Irvine,
CA 927172, and The Andrus Gerontology Center, The University of Southern
California, Los Angelos, CA 900893
Dietary restriction increases life span and delays the appearance of many agerelated changes in rodents. GFAP mRNA and immunoreactivity increase with age
in many regions of the rodent and human brain, including the hippocampus, but the
mechanism responsible for this age-related increase is not known. However, GFAP
mRNA and immunoreactivity also increase after trauma and experimental lesions,
and have been used as markers of the astrocyte reactivity known to accompany
neurodegeneration. This study was conducted to determine if life-long dietary
restriction influenced the age-related increase in GFAP mRNA in the hippocampus.
Six male Fischer 344 rats were subjected to a dietary restriction regimen (50% of
the ad libitum feeding level). Animals were sacrificed at 24 months of age and brains
were removed and frozen for subsequent cRNA in situ hybridization. Grain densities
per cell were assessed on emulsion coated slides for the stratum moleculare (Dentate
gyrus), stratum radiatum (CA1), and stratum orierts (CA1). GFAP mRNA
expression was significantly lower in diet restricted animals relative to ad libitum fed
animals in each region examined (p<0.05). Clusterin mRNA expression (another
astrocyte marker) was also determined from a duplicate set of sections and showed
no significant difference between diet restricted and ad libitum fed animals
(p>0.10). These data demonstrate that the beneficial effects of reduced caloric
intake during aging may include reducing neurodegenerative changes in the brain.
Supported by the John D. and Katherine T. MacArthur Foundation for Successful
Aging to C.W.C. and C.E.F. and NIH grant AG7909 to C.E.F.

ORGANOTYPIC

SLICE

CULTURE

0F

3-4

WEEK-OLD

RAT

NEOCORTEX. K. YAMADA. T. SHIROKAWA*. and T. Ogawa. Dept. of

Physiology, Akita Univ. Sch. of Med.. Akita. 010 Japan.

In making slice culture of mammalian cerebral cortex with
conventional culturing techniques. it is critically important to use

brain of fetal, neonatal or very young animals. Actually, with the
conventional methods, dissected cortices of juvenile or adult
animals became opaque, and extreme swelling of the whole slice

was observed within several hours tol -2 days. Complete neuronal

death occurred in these slices by at most one week after dissection.
To prevent this. we have slight^ modified the culturing technique.
The major modified points are to make thinner sections and to

exchange medium more frequently than in conventional methods.
Coronally-sectioned

visual

cortical

explant

(approximately

100-150 microns-thick) was prepared from young adult (3-4
week-old) rat. It was cultivated in normal CO2 incubator at

37c. Serum-free N2 medium was exchanged at least once a
day. After 7 days in vitro (DIV). the expbnt was fixed and a small

Dil crystal was placed in it. After incubation at 37c for more than
1

week. we checked neuronal

morphology under fluorescent

microscopy. In the slice made by the modified procedure. clearly

labeled axons having branches were visibte. In contrast. with the
conventional procedure. no axons were visible in the explant.

These results and other morphological observations indicated the

possibility that some cortical neurons obtained from juvenile

animals had remained alive for at least 7 days after dissection.
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ISOLATION AND CHARACTERIZATION OF A RAT SlOOa GENE.
W.Sonq and D.B.Zimmer*.
Dept, of Pharmacology, College
of Medicine, University of South Alabama, Mobile, AL
36688
In order to elucidate the molecular mechanisms which
target expression of the S100 proteins to particular
cells in the nervous system and skeletal muscle, we have
isolated and characterized a rat SlOOa gene which is
located in an 8.5 kb BamH I genomic fragment. The SlOOa
gene contains 3 exons plus 1.6 kb of 5'-upstream and 0.37
kb of 3'-downstream flanking sequence.
Exons I and II,
and exons II and III are separated by a 2.0 kb intron and
a 2.5 kb intron, respectively. Exon I contains 58 bp of
5'-untranslated sequence, exon II contains 13 bp of the
5'-untranslated sequence and codons for the first 47
amino acids, and exon III contains codons for 46 amino
acids and 158 bp of the 3'-untranslated sequence.
A
single polyadenylation signal (AATAAA) is located at 134
bp downstream from the termination codon. A putative nonclassical TATA box sequence (AGTAAA) is located at
position
-28 bp relative to a single transcription
initiation start site.
Analysis of the 5' flanking
region of rat SlOOa gene revealed two AP-1 elements, two
reverse AP-2 elements and a 20 GCT trinucleotide repeat.
Trinucleotide repeat mutations have been identified in
several neuropsychiatric genetic diseases.
A putative
cAMP regulatory element consensus sequence was found in
the 5'-untranslated region.
A series of SlOOa gene-CAT
constructs are currently being used to confirm the
functionality of the gene as well as identification of
DNA sequences which target SlOOa expression to particular
cell types.
Supported by NIH grant NS-30660.

CR16 IS A CYTOSOLIC PROTEIN EXPRESSED IN THE CELL
BODIES AND DENDRITES OF HIPPOCAMPAL NEURONS. S.L.
Cotman. M.C. Weiler. M.S. Beattie*. J.N. Masters. Department of Cell
Biology, Neurobiology and Anatomy and the Ohio State Biotechnology
Center, The Ohio State Univ., Columbus, OH 43210
CR16 is a glucocorticoid responsive gene expressed in
subpopulations of CNS neurons, including the hippocampus. The
CR16 ORF is differentially spliced (at aa 419) and codes for two
proline-rich, basic proteins containing 451 and 485 amino acids. The
ORF encompassing aa 370-438 of the smaller protein was cloned into
the pRSET vector system, the E. coli fusion protein was purified by
chromatography on a nickel column and used to generate a rabbit
polyclonal antibody. Protein blots of hippocampal extracts using this
antibody identifed a 70 kD doublet, consistent with the two differentially
spliced forms of the protein. Immunohistochemistry using the affinitypurified antibody showed punctate staining localized within the
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cytoplasm of the cell bodies and the dendritic processes throughout the
hippocampal pyramidal layer and the dentate gyrus granule layer. The
protein distribution in the hippocampal formation correlated to the
expression of CR16 mRNA as determined by in situ hybridization, but
with some quantitative differences. Although in situ hybridization
showed small quantitative changes in mRNA levels, the protein levels
showed a striking enrichment of CR16 in CA 2 and the most medial
region of CAi while very little specific cell body staining was seen in
CA 3-CA4. Further experiments using immunofluorescence and EM will
be used to more precisely determine the intracellular localization of
CR16. This work was supported by NIH AGO9425
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CR16 IS AN SH3 DOMAIN BINDING PROTEIN EXPRESSED IN
SUBPOPULATIONS OF CNS NEURONS. M.C. Weiler. S.L.
Cotman. J.L. Smith. J.N. Masters*. Department of Cell Biology,
Neurobiology and Anatomy and the Ohio State Biotechnology Center,
The Ohio State Univ., Columbus, OH 43210
CR16 is a novel glucocorticoid regulated gene expressed in
subsets of CNS neurons including the hippocampus. CR16 contains
approximately 30% proline with no obvious homology to other genes in
GenBank or protein databases. CR16 contains several proline-rich
sequences which correspond to the general hydrophobic consensus
sequence XPXXPPPyXP known to bind to SH3 domains. This
consensus sequence was found in multiple regions of the CR16 open
reading frame. Glutathione-S-transferase fusion proteins containing the
SH3 domains of src, N-src, abl, ACK, and the full length sequence of
the p85 subunit of PI3 kinase where bound to glutathione agarose beads
and incubated with 35S-labeled in vitro translated CR16.
Autoradiographic results of the glutathione-agarose bound proteins
showed specific binding between CR16 and src, abl, and N-src. The
biotinylated GST-abl fusion protein also bound specifically to the
endogenous CR16 protein immunoprecipitated from rat brain
hippocampal extracts using a protein blot assay. Future studies will
determine the number of SH3-binding sights on CR16 and their relative
affinities and specificity's for the various SH3 domains, as well as
determine which binding interactions have in vivo relevance. These data
suggest that CR16 is involved in signal transduction in hippocampal
neurons. This work was supported by NIH AG09425

BRAIN CYTOCHROME OXIDASE SUBUNIT GENES:
ISOLATION, SUBCLONING, SEQUENCING, IN SITU
HYBRIDIZATION OF TRANSCRIPTS, AND REGULATION BY
NEURONAL ACTIVITY. M. Wong-Rilev*. M. Mullen. M. Neitz.
and Z. Huang. Dept of Cellular Biology & Anatomy, Med. Coll.
Wisconsin, Milwaukee, WI 53226.
Mammalian cytochrome oxidase (CO) is a bigenomic enzyme of the
inner mitochondrial membrane. Of its 13 subunits, the largest 3 are
encoded by mitochondrial DNA (mtDNA) and are highly conserved,
while the rest are derived from the nuclear genome and manifest
interspecies and interorgan variability. To determine if brain CO
subunit genes share sequence homology with sequences from other
organs, we isolated CO III (mitochondrial) and CO Via (nuclear)
subunit cDNAs from a murine brain cDNA library by PCR. These
were subcloned into the plasmid vector pBluescript II KS(+) and
transformed into DH5a cells. Sequence analysis indicates that CO III
is highly conserved, but CO Via is only 92% homologous with
published sequence from the rat liver (Schlerf et al., 1988).
Riboprobes were generated by in vitro transcription, labeled with 35SdUTP, and applied to murine brain sections by in situ hybridization.
The pattern of mRNA labeling resembles, but is not identical to, that
of CO histochemistry. Monocular enucleation in mature mice induced
a down-regulation of both subunit messages in the contralateral
superior colliculus and lateral geniculate nucleus, indicating that
neuronal activity plays an important role in regulating the expression
of cytochrome oxidase genes derived from both mitochondrial and
nuclear sources. (Supported by NIH grant NS 18122).
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PATTERNS OF DNA METHYLATION IN THE GLIAL FIBRILLARY ACIDIC
PROTEIN GENE DURING DEVELOPMENT AND POST-MATURATIONAL
AGING. B.D. Teter*. H.H. Osterburg. C.P. Anderson. C.E. Finch.

BRN-4 POU PROTEIN: DNA BINDING PREFERENCE AND PROTEINPROTEIN INTERACTIONS. K.F. Malik*. J. Kim. E. Kim. A. L. Hartman. C.
LeMoine. and W. S. Young. HI. NIMH and NINDS, NIH, Bethesda, MD 20892.
Bm-4 is a member of the POU domain family of transcription factors whose
distribution is limited to specific brain regions (LeMoine and Young, PNAS
89:3285-3289). The expression pattern of Bm-4 overlaps the expression pattern of
other POU proteins including Bm-1, Bm-2 and SCIP. To date, Bm-4 DNA binding
specificity and protein-protein interactions have received little study.
DNA site selection analysis, using a pool of random oligonucleotides, recombinant
Bm-4 and PCR amplification of selected sequences, revealed the major consensus Bm4 binding motif CAATATGCTAAT in three selection rounds (N=4O oligos). By
round 5 of selection, this motif was selected nearly exclusively. The Bm-4 promoter
region contains elements similar to the site selection consensus. Mobility shift
analysis using a Bm-4 DNA probe from -148 to +22 relative to the putative
transcriptional start site demonstrate Bm-4 binding. DNase I footprint analysis up to
-457 relative to the putative transcription revealed three regions protected by Bm-4
(CTTAGTTAGAAAT, AAAGGTTTAAT, and CTAGTTATAAT). However,
transient transfections with the -475 to +22 Bm-4 DNA driving firefly luciferase
expression revealed no consistent pattern of positive or negative regulation in the
presence of Bm-4 expression.
POU proteins are known to form DNA-dependent and -independent homo- and
heterodimers. Far Western blot analysis with full length recombinant 32P-labeled
Bm-4, Bm-1 or SCIP demonstrated DNA independent interaction of these probes with
Bm-4, Bm-1, Bm-2 and SCIP but not recombinant glutathione-S-transferase or
C-terminal truncated Bm-4 lacking the POU domain.

Neurogerontology Division, Dept. Biol. Sci., University of Southern
California, Los Angeles, CA 90089
The astrocyte-specific gene encoding glial fibrillary acidic protein
(GFAP), an intermediate filament, increases in expression in the brain
with age and is responsive to hormones and neuronal activity. Survey of
5'-upstream sequence provided by N. Sueoka (U. Colorado, Boulder)
showed that the rat GFAP gene contains numerous CpG sites in the
promoter and a dense island of CpG sites in the first exon.
CpG
dinucleotides are rare in eukaryotic genomes and are sites of cytosine
methylation, which is generally inversely correlated with transcription
activity. Seven of the GFAP promoter CpG sites are less methylated in
brain DNA than in non-expressing liver. Methylation levels change during
rat development, particularly at the conserved -1308 CpG site,
suggesting that methylation may play a role in the early activation of
GFAP expression. Perinatal demethylation of seven promoter CpG sites
correlates maximal GFAP expression. The spatial pattern of changes in
methylation suggests a role for local DNA sequences (and their
conformation) in determining the susceptibility of CpG sites to methylation
changes. Moreover, demethylation appears to spread over hundreds of
base-pairs to neighboring CpG sites in a distance-dependent manner. We
found no change in the methylation levels of twenty CpG sites in the
promoter and first exon in brain DNA from 24 month old compared to 6
month F344 rats. Supported by PHS grant AG 00093 and AG 7909
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ALTERNATIVE SPLICING OF THE HUMAN AROMATIC L-AMINO ACID
DECARBOXYLASE
GENE
GENERATES
DIFFERENT
PROTEIN
ISOFORMS. S.C. Wong*. M.A. Moffat. S.K. Harmon and K.L. O'Malley. Dept, of
Anatomy and Neurobiology, Washington Univ. Sch. of Med., St. Louis, MO 63110.
Aromatic L-amino acid decarboxylase (AADC, EC 4.1.1.28) is widely expressed
and catalyzes the decarboxylation of several substrates including L-dopa in
catecholaminergic neurons. In order to create expression vectors encoding the AADC
gene, reverse transcription-polymerase chain reaction (RT-PCR) was utilized to clone
the AADC coding sequence from a human neuroblastoma cell line (SK4). Several
AADC-positive clones were obtained which were subsequently sequenced to confirm
the fidelity of the amplification process. Surprisingly, two types of AADC clones
were obtained. The first type (AADC-1) corresponded to the full-length AADC
coding sequence while the second type (AADC-2) was 114 base pairs shorter.
Comparison with the known genomic structure revealed consensus donor and acceptor
sites flanking these sequences. Thus, AADC-2 resulted from alternative splicing of
the AADC pre-mRNA. To determine the prevalence of the truncated AADC-2
message, oligonucleotides flanking the alternative splice site were used in conjunction
with RT-PCR to screen various human tissues. Both AADC-1 and AADC-2 were
expressed in liver, adrenal gland and kidney in ratios of 1.5/1, 1/5 and 1/2,
respectively, whereas AADC-2 was much more highly expressed than AADC-1 in
cerebellum, substantia nigra and pons. To test whether AADC-2 was functionally
active, both AADC-1 and AADC-2 cDNA were cloned into the pcDNAIneo
expression vector (Invitrogen) and were transiently transfected into Cos cells.
Western blots showed that both clones were correctly transcribed and translated.
Enzymatically, the AADC-l-encoded enzyme was capable of converting L-dopa to
dopamine whereas the AADC-2-encoded enzyme was not. The significance of an
alternatively spliced form of the human AADC gene (AADC-2) that appears to
encode an inactive enzyme is not known at present.

A SEVEN TRANSMEMBRANE RECEPTOR (ORPHAN RECEPTOR)
PREDOMINANTLY EXPRESSED IN BRAIN TISSUES. Deng-Fu Guo.
TfttQ Lamakuko and Tadashi Inagami*. Dept. Biochemistry,
Sch. of Med., Vanderbilt Univ., Nashville, TN, 37232
Angiotensin (Ang) II receptor show low but finite levels of
homology among isoforms ATI and AT2. Pharmacological
studies indicate that the brain may contain other isoforms of
Angll receptor. In search of new receptors related to the type
1 Angll receptor, ATI, we screened a cDNA library from rat
brain using rat ATI cDNA as a probe under a low stringency
hybridization conditions. One clone was isolated, and expressed
predominantly in the brain of rat by northern blot
hybridization muaysis. It was detected in the medulla,
hypothalamus and pituitary, but not in the adreral, heart,
kidney, liver, lung, spleen and testis. Its amino acid sequence
consisting of 352 amino acid residues aageee with the
structural motif of a seven transmembrane domain receptor.
The sequence of the new cDNA shares at most 30-32% sequence
identity with other known receptors such as those for
somatostatin receptors or dopamin receptors. The length of this
receptor cDNA was 2.2 kilobases, similar with the northern blot
result. Southern blot hybridization analysis shows that it is a
single copy gene. Expressed in mammalian COS-7 cells by using
an expression vector pCDNAI, it did not show specific binding
to Angll, somatostatin-14, or -28. Since this receptor
predominantly expressed in brain tissues, particularly in
hypothalamus mnd pituitary, it mma bb impprtaan in this
system.
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CORE DOMAIN AMINO ACID SUBSTITUTIONS MAY DICTATE
HOMOPOLYMERIC VS. HETEROPOLYMERIC ASSEMBLY OF
INTERMEDIATE FILAMENT SUBUNITS. AJ Jacobs*. ME Selzer. Dept, of
Neurology and David Mahoney Institute of Neuroscience, University of
Pennsylvania, Philadelphia, PA 19104
Cytoplasmic intermediate filaments (EFs) are constructed by the polymerization of
subunit proteins into 10 nm filamentous structures. Five classes of cytoplasmic IF
subunits have been identified which share a highly conserved 40 kDa core about
which filament assembly takes place. Despite the conserved nature of this core,
certain IF subunits self-assemble into filaments (e.g. desmin, vimentin) while others
are obligate heteropolymers of different subunits (e.g. keratins, neurofilaments). In a
search for molecular features that might explain this dichotomy, we analyzed the
amino acid structure of 22 intermediate filament subunits. Complete coding
sequences of 9 published homopolymeric IF subunits (i.e., desmin, vimentin,
GFAP, alpha-intemexin) and 13 obligate heteropolymeric IF subunits (i.e., vertebrate
NF-Ms and NF-Hs) were aligned with CLUSTAL V and analyzed for sites where
amino acid residues conserved among homopolymers were different from analogous
heteropolymeric sequences. Of 18 such locations, three sites contained substitutions
that were conserved among the heteropolymers. For example, all homopolymeric
subunits were found to have a proline at the amino end of coil II, whereas all NF-M
and NF-H subunits contained a threonine or cysteine, respectively, at this location.
Similarly, within coil II all heteropolymeric subunits contained a basic amino acid
(lysine or histidine) at a location occupied by a neutral or acidic amino acid in selfassembling subunits. To further test the hypothesis that these residues are related to
subunit self-assembly, we analyzed lamprey NF180, a primitive neurofilament that
we have cloned. Although NF18O’s sequence is most similar to mammalian NF-M,
it is believed to be a homopolymer since it is the only NF subunits in the lamprey.
NF180 had the identifying amino acid residues characteristic of homopolymers.
Thus, it is likely that these conserved amino acid moieties contribute to the assembly
properties of ffs, possibly through small alterations in subunit conformation or
through electrostatic interactions of charged residues. (NIH Grant # NS 1-4837)

ONTOGENIC EXPRESSION OF A BRAIN ENRICHED PROTEIN
TYROSINE PHOSPHATASE.
A.Ra$hunathanl. GMatthews1.
P .J Lombroso2and J.R.Naeeele* J -2. 7 Dept. of Biology,
Wesleyan University, Middletown, CT 06459, 2Yale
University, School of Medicine, New Haven, USA.
Studies on striatal enriched phosphatase (STEP), a brain
specific protein tyrosine phosphatase, were conducted to
examine
the
developmental
changes
in
patterns
of
expression in striatum. Western blots, immunocytochemical
staining and in situ hybridization studies were carried out.
Three variants of STEP (MW 46, 37 & 33 kDa) were present in
the cytoplasm and a fourth in the membrane fraction (65
kDa) of adult striatum. Additional studies suggest that these
variants are generated through alternative splicing of a
single STEP gene. Although none of these variants were
detected prenatally (embryonic day 17), by birth STEP3 3
appeared and gradually the other isoforms were detected and
reached adult levels by PND-30. In situ hybridization studies
were carried out with a 2.4 kb cRNA probe generated against
STEP cDNA which was labelled with digoxigenin.
Immunocytochemical studies were performed using a monoclonal
antibody mAb 23E5, as well as antibodies against DARPP-32
and tyrosine hydroxylase. STEP mRNA and protein were
distributed in a patch-like fashion from birth until 2 weeks
postnatally. By 2-3 weeks postnatally, the expression of STEP
mRNA and protein extends homogeneously through out both
the patch and matrix compartments. (Supported by POl MH
49351)
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CLONING OF XENOPUS B-5O (GAP-43) cDNA AND 5' UNTRANSLATED

cDNA CLONING AND CHROMOSOMAL LOCALIZATION
OF THE HUMAN SYNAPSIN II GENE. L- Li*. L.-S. Chin.
Y. Xie and P. Green gard.
Laboratory of Molecular and
Cellular Neuroscience, The Rockefeller University,
New York, NY 10021
The synapsins are a family of neuron-specific
phosphoproteins that are specifically associated with
the cytoplasmic surface of small synaptic vesicles.
cDNA clones containing the full-length human
synapsins Ila and lib were isolated and sequenced.
The deduced amino acid sequences of the human
synapsins Ila and lib show extensive homology with
the rat synapsin II sequences.
Restriction enzyme
and genomic blotting analysis demonstrated that the
human synapsins Ila and lib are encoded by a
single-copy gene.
The chromosomal location of the
human synapsin II gene was determined by Southern
blot analysis of human-rodent somatic cell hybrids
using two different synapsin II-specific cDNA probes.
The results show that the synapsin II gene resides on
human chromosome 3.
Supported by U. S. Public Health Service Grant
MH39327.

J.G. Koster2. O.H.J. Dcstree2 and W.H. Gispen1. ‘Rudolf Manus Institute,
Physiol. Chemistry, Utrecht University, Universiteitsweg 100, 3584 CG,
2Hubrecht Laboratory, Uppsalalaan 8, 3584 CT Utrecht, The Netherlands.
The expression of the B-5O protein is restricted to neural cells. In search
of elements directing the neural-preferred expression of the protein we
injected an 8.4 kb 5' untranslated region (UTR-LacZ construct in X. laevis
zygotes (Verhaagen et al., 1993). H^est expression of the construct was
observed in neural cells at the developmental stages tested (16-42),
indicating functional conservation of expression of the B-5O gene in
vertebrate evolution.
Since no expression of B-5O protein and mRNA could be detected with
heterologous antibode/probes, degenerate oligonucleotide probes were
developed to screen an adult brain cDNA library (3x10 clones). 75 Positive
phages were identified 7 of which contained a 5' UTR of more than 50 nt.
Sequencing of these longest cDNA clones revealed a striking homology
with other B-5O species in the first 10 amino adds and the calmodulinbinding domain/PKC phosphorylation site. Moncodona NM2 recognized
X. laeaesB-5-), whweas NM6 (C-termingdly direrecd) did not.In title adult
stage B-5O mRNA is only expressed in brain and eye, but not in non-neural
tissues. Genomic Southern blotting revealed that the B-5O gene in X.
laevis, similar to human and rat, also contains 3 exons. A part of the 5'
UTR has been used to isolate exon 1 containing bacteriophage X clones,
which are currently being characterized. This will allow comparison of
B-5O expression directing dements of 3 spedes (human, rat and Xenopus).
Ref: Verhaagen J. et aL (1993) Tie rat B-5O (GAP-43) promoter directs
neuryl-praferren expression of a reporter gene in Xenopus laevis embryos.
NeuroscL Res. Commun. 13, 83-90.
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ISOLATION AND CHARACTERIZATION OF cDNA CLONES ENCODING
ENOLASE FROM THE SQUID NERVOUS SYSTEM. J.T. Chun. A.E. Gioio*.
A. Giuditta and B.B. Kaplan. Dept. of Psychiatry, Univ. of Pittsburgh Sch. of
Med., Pittsburgh, PA 15213.
Enolase (2-phospho-D-glycerate hydrolase; E.C. 4.2.1.11) is a glycolytic
enzyme whose amino acid sequence is highly conserved across a wide range of
animal species. In mammals, several isoforms of enolase are encoded by three
distinct but closely related genes: a (non-neuronal), P (muscle-specific), and y
(neuron-specific). However, little information is available on the primary
sequence of enolase in invertebrates. Recently, the screening of a cDNA library
constructed from squid (Loligo Pealii) giant fibre lobe total RNA yielded a cDNA
clone encoding the 3’ terminal half of enolase. Northern analysis using this
cDNA as a probe yielded a highly abundant single RNA species (1.6 kb) in
various tissues including egg, gill, mantle, and optic lobe. In giant fibre lobe,
enolase mRNA abundance is approximately 0.004% of the total RNA, as judged
by quantitative PCR. The remaining 5’ terminal region of the cDNA sequence
was acquired by anchored PCR methodology using the 5’ RACE system. The
complete cDNA sequence is 1575 bp in length and contains the entire coding
region (1302 nucleotides), as well as 66 and 207 bp of 5’and 3’non-coding
sequences, respectively. The deduced amino acid sequence manifests over 70%
sequence identity with a, P, and y isoforms of mammalian homologues of the
enzyme. The greatest sequence similarity was observed with the human isoforms
of the enzyme. For example, the 3’ terminus (amino acids 365 to 410) of the
squid and human enolases share 100% sequence identity. Although it is not yet
known whether multiple isoforms of enolase exist in this cephalopod mollusk, the
result derived from a computer-aided dendrographic analysis suggests that squid
and vertebrate enolase may have evolved from a common progenitor.

A STRIATAL ENRICHED TYROSINE PHOPHATASE CONTAINS A SRC
HOMOLOGY 3 BINDING DOMAIN. A. Bult*. F. Zhao, and P. J. Lombroso.
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Child Study Ctr., Yale Univ. Sch. of Med., New Haven, CT 06520.
Tyrosine phosphorylation is an important mechanism for the
regulation of intracellular signaling within neurons. The level of
phosphoproteins within the CNS is controlled by the opposing actions
of protein tyrosine kinases (PTKs) and protein tyrosine
phosphatases (PTPs). Signals from specific ligands are thought to
exert their biological effects through protein-protein interactions
facilitated by two important domains. Src homology 2 (SH2) domains
bind to phosphorylated tyrosine residues on target proteins. Src
homology 3 (SH3) domains bind to polyproline rich sequences. Both
of these domains have been found on many proteins, and their
presence is an indication of possible involvement in tyrosine phosphorylation signaling pathways. Several PTKs contain SH2 domain(s)
with or without an SH3 domain and these domains have been shown to
be important in modulating the functional properties of PTKs. A few
of the intracellular PTPs contain SH2 domains but PTPs containing
SH3 domains or SH3 binding domains have not been reported.
We have identified an alternatively sliced variant of a PTP which
contains a polyproline rich domain corresponding to the binding site
for SH3 domains. This PTP is highly enriched in the basal ganglia and
related structures and

is termed STEP for striatal enriched

The variant of STEP interacts with brain specific
proteins enriched in brain regions where STEP itself is enriched. The
proteins that interact with STEP are enriched both within nuclear
fractions as well as membrane associated fractions. We are in the
process of purifying and identifying these proteins.
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MOLECULAR DIVERSITY AT THE CARBOXYL TERMINUS OF HUMAN
AND RAT TAU. A. Sawa. F. Ovama#. S. Muravama*. M. Matsushita. Y. Ihara#.
Departments of Neuropsychiatry, NeiuopaUtology*, and Neurology*, Faculty of
Medicine, University of Tokyo, Tokyo 113 Japan.
Although a long terminal isoform of tau was historically the first identified
clone (Lee et al. Science 239: 285-287,1988), no such an isoform has been thus far
reported among species other than mouse by cDNA library screening. Using reverse
transcriptase coupled PCR(RT-PCR), we identified homologues of the long terminal
isoform in human and rat. Comparison of the sequences of these clones with the
genomic structure showed that these splice variants are produced by conjunction of
two exons, with the intron between them being spliced out. On the other hand,
short terminal isoform previously reported retained the intron. These splice variants
have a new splicing mode of tau, that is, a combination of multiple splice donor and
acceptor sites, which results in molecular diversity at the carboxyl terminus of
human and rat tau.

cDNA CLONING OF TWO RELATED GENES WHICH MAY ENCODE
NEURON SPECIFIC PROTEINS IN DROSOPHILA. B. Sun and P. M.
Salvaterra.* Division of Neuroscinces, Beckman Research Institute of the
City of Hope, 1450 E. Duarte Rd., Duarte, CA 91010.
We are interested in identifying neuron specific genes since they may be
important for nervous system function and/or development. Recently we have
purified a 42kd glycoprotein (dNGP-42) from Drosophila. This glycoprotein
was originally identified by immunological recognition by anti-HRP
antibodies. A panel of anti-dNGP-42 monoclonal antibodies (mAbs) was
prepared and immunocytochemical staining of Drosophila embryo cell
cultures and whole-mount embryos reveals specific staining of neuronal soma
and processes in a pattern similar to anti-HRP staining. In this study we have
used the mAbs to screen a cDNA expression library made from Drosophila
embryo mRNA. Two cDNA clones (2.1 and 1.9 kb) have been isolated and
both express proteins which are recognized by most of the anti-dNGP-42
mAbs on Western blots. DNA sequence analyses revealed a homology of
52.2% between the two clones. Each clone had an open reading frame of 283
amino acids and they are 55.1% homologous at the amino acid level. They
contain 7 cysteines in conserved positions. In situ hybridization to polytene
chromosomes using digoxigenin labeled RNA probes revealed that the clones
map to the third chromosome near 92C-D. Southern blot hybridization of
Drosophila genomic DNA using each clone as a probe indicated that they are
different genes. Our result indicate that we have identified two new closely
related neuron specific proteins in Drosophila melanogaster. (Supported by
the N1H-NINDS)

29.17

IDENTIFICATION OF DIFFERENTIALLY EXPRESSED
UNTRANSLATED RNAs IN MANDUCA SEXTA CNS.
M. M^szdros* and D.B. Morton. Arizona Research Labs.
Div. Neurobiology, Univ. of Arizona, Tucson, AZ 85721
In recent years several reports have implicated untranslated
RNA molecules and untranslated regions of mRNAs in the
control of cell fate and differentiation. We have been interested in
identifying genes in Manduca sexta nervous system whose
expression requires first exposure of the nervous system to
ecdysteroids followed by the removal of the hormone. The role of
the ecdysteroids is to regulate the molting cycle and initiate
metamorphosis. During each molting cycle the level of
ecdysteroids rise and then fall and is the lowest at ecdysis. We
have used subtractive hybridization to isolate cDNA clones that
represented transcripts upregulated prior to ecdysis. Given the
time of their expression, these transcripts are expected to play a
role in either ecdysis or in the initiation of metamorphosis. We
have identified several cDNA clones that are upregulated as the
ecdysteroid levels decline prior to metamorphosis. Two of the
clones do not encode an open reading frame and represent
transcripts localized to identified cells or structures in the nervous
system. We propose, that these cDNA clones represent RNA
species with regulatory function. The developmental expression
pattern, localization of the transcripts and possible structure of
these molecules will be presented. Supported by a Flinn
Foundation training grant to MM and an Alfred P. Sloan
Research Fellowship and NIH grant NS 29740 to DBM.
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DMA BINDING OF HYPOTHALAMIC AMD PITUITARY NUCLEAR PROTEINS
ON ERE AND PROBNKEPHALIM (Penk) PROMOTER. Y.-S. Zhu*. M.
Freidin and D.W. Pfaff.
Lab. of Neurobiol. & Behav., The
Rockefeller Univ., NY, NY 10021
Estrogen(E)
regulates
gene
expression
through
Ereceptor(ER) complex interacting with estrogen response
elements(ERE) of target genes. Penk gene expression is upregulated specifically by E
in hypothalamus ( HYP)
of
ovariectomized(OVX) females better than male rats. To study
E actions on gene regulation, we have characterized proteinDNA interactions by use of a consensus ERE and a putative
ERE from Penk gene, with nuclear extracts from neuronal and
non-neuronal tissues. By use of gel shift assay, ERE binding
activity was detected in nuclear extracts from HYP,
pituitary (PIT) and uterus of OVX female rats with a consensus ERE, as well as a 129-base PCR fragment and a hairpin
oligonucleotide that contain a putative ERE of the rat Penk
gene. This ERE binding activity was characterized by
competition, immunodepletion and super-shift assays. The
levels of specific ERE binding activity in -the HYP and PIT
were comparable between castrated male and OVX female rats.
E treatment,
either estradiol or estradiol benzoate,
produced a rapid conformational change, and an increase and
then a decline in the intensity of a slow mobility band of
ERE binding activity of nuclear extracts from female but not
male rat tissues. An overexpressed ER can also bind to the
putative Penk ERE and a consensus ERE. These results show:
1) specific ERE binding activities on the Penk promoter and
consensus ERE are present in rat HYP, PIT and uterus nuclear
proteins; 2) specific ER-ERE interaction may contribute to
the -upregulation of Penk gene expression by E; 3) the sex
difference in E induction of Penk gene expression may be
related to an E-induced , conformational change, but not to
the initial level of ERE binding activity.

NUCLEAR EXTRACTS FROM RAT BRAIN REGULATE
PPE PROMOTER ACTIVITY IN AN IN VITRO
TRANSCRIPTION ASSAY. M. Freidin*. C. Priest. & D.W.
Pfaff. Lab. of Neurobiology and Behavior, Rockefeller
University, New York, NY 10021.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

To understand the factors which regulate rat brain
preproenkephalin (PPE) gene promoter activity, we are
developing an in vitro transcription assay using nuclear extracts
from different brain areas. Using a 7.4 kb PPE template, Hela
cell extract, &/or nuclear extracts from caudate-putamen (C-P),
transcripts of expected size were generated with 2-10 mM
[Mg++] and 1-7 units Hela extract or 20-50 pg protein from C-P
extracts. Maximal levels were reached by 60 min incubation at
3OOC. Assays conducted with C-P extracts required 5X more
RNase inhibitor to obtain product than with Hela cell extract. In
addition, extracts from cerebellum and hypothalamus yielded
variable results with lower activity than in C-P. We are further
defining the minimum conditions required for reliable and
specific in vitro transcription with extracts from different tissues
and templates of different sizes.
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POSITIVE AND NEGATIVE REGULATORY ELEMENTS IN THE CHOLINE
ACETYLTRANSFERASE GENE COOPERATE TO DIRECT
DEVELOPMENTAL AND TISSUE-SPECIFIC EXPRESSION IN
TRANSGENIC MICE.
P. Lonnerberg. U. Lendahl. H. Funakoshi. L Arhlund-Richter, H.
Persson and C.F. Ibanez* Lab. of Mol. Neurobiol., Dept. of Medical
Bi<^<ch^i^i^t:ry and Biophysics , Karolinska Inst., Stockholm,
Sweden.
We previously isolated a 2342 bp-long upstream region from
the rat ChAT gene promoter containing a silencer-like element that
restricts ChAT gene expression to cholinergic cells in vitro. We
here demonstrate the presence of regulatory elements within this
sequence cooperating to direct cell type-specific expression. One of
these elements is a neural-restrictive silencer element previously
found to control neuron-specific expression of SCG10 and type II
Na channel genes. The 2342 bp-long regulatory region, combined
with a heterologous basal promoter, was used to target expression
of a reporter gene in transgenic mice. The pattern of transgene
expression paralleled qualitatively and quantitatively that
displayed by endogenous ChAT mRNA in different rat CNS regions,
indicating that transgene expression was accurately targeted to
cholinergic neurons. In the lumbar enlargement of the spinal cord,
85-90% of the transgene expression was targeted to the ventral
part of the cord. The transgene developmental regulation and
response to nerve injury in the spinal cord mimicked those
displayed by the endogenous gene, indicating that the 2342 bp-long
regulatory sequence contains elements controlling the plasticity of
the cholinergic phenotype in developing and injured neurons.

PRODUCTION OF SEROTONERGIC CELL LINES FROM
TRYPTOPHAN HYDROXYLASE-SV4O T ANTIGEN TRANSGENIC
MICE. S.O. Huh*. D.H. Park. S.H. Cho. J.H. Chung, R. Blum. T.H.
Joh AND J.H. Son. Cornell University Medical College at The
W.M.Burke Medical Research Institute, White Plains NY, 10605.
Tryptophan hydroxylase (TPH) catalyzes the first step of serotonin
biosynthesis in serotonergic neurons of the central raphe nuclei and in
neuroendocrine cells of the pineal gland. TPH gene expression in the
raphe nuclei and the pineal gland is differentially regulated at both the
transcriptional and translational levels.
The lack of immortalized
serotonergic neuronal cell line and pineal gland-derived cell line, has
been a major obstacle to the study of the tissue-specific differential
regulation of TPH gene expression in these serotonergic tissues.
Previously, we demonstrated that a 6.1 kb 5’ upstream region of the
mouse TPH gene directs the restricted expression of lacZ reporter gene
expression to the pineal gland and the median and dorsal raphe nuclei
in transgenic mice. Therefore, we established transgenic mice carrying
a construct consisting of 6.1 kb of 5’ flanking region fused to the SV4O
T-antigen. These animals developed pineal tumors and died at 14
weeks of age. The pineal tumors obtained from the transgenic mice
now be utilized to derive immortalized cell lines for the study of tissuespecific regulation of TPH expression.
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BRAIN- AND GUT-SPECIFIC EXPRESSION OF A 0GALACTOSIDASE FUSION GENE DRIVEN BY 1.4 KB OF RAT
NEUROTENSIN GENE 5' FLANKING SEQUENCES: HIGH LEVEL
EXPRESSION IN HIPPOCAMPUS. Dobner. P.R.* Department of
Molecular Genetics and Microbiology, University of Massachusetts
Medical Center, Worcester, MA 01655.
The neurotensin/neuromedin N (NT/N) gene is expressed in a complex
pattern in the limbic regions of the rat central nervous system, including
the hippocampus and subiculum. To define the czs-regulatory sequences

FUNCTIONAL ANALYSIS OF CELLULAR AND ENVIRONMENTAL
FACTORS REGULATING TRANSCRIPTION OF THE a-SUBUNIT OF
CALMODULIN-DEPENDENT PROTEIN KINASE II (a-CK2). J. Chen. T.
Masse. N. Olson and P.T. Kelly*. Dept, of Neurobiology and Anatomy, UT

required to establish this pattern, a P-galactosidase (0-gal) fusion gene
driven by rat NT/N gene 5' flanking sequences (-1414 to +56) was
constructed and used to generate transgenic mice. Transgenic lines (15)
were screened for transgene expression in the brain resulting in the
identification of seven expressing lines (containing from 1-4 copies of the
transgene). RNA blot analysis revealed that transgene expression was
restricted to the brain, small intestine, and testis. To examine brain
expression in more detail, brains were dissected after prefusion fixation,

sectioned, and stained in situ for 0-gal activity. High level expression
was observed in the hippocampus and subiculum of all seven lines
examined, suggesting that the cw-regulatory sequences required for
expression in these regions lie between -1414 and +56. Transgene
expression was also observed in the piriform cortex in all seven lines,
another prominent site of NT/N gene expression in the rat. Most lines
also displayed sites of ectopic expression, particulary in the cerebral
cortex. These transgenic lines should provide valuable models for
understanding the mechanisms that underlie high level and
developmentally regulated NT gene expression in the hippocampus.

Medical School, Houston TX 77225.
Transcription of the gene encoding a-CK2 is very active in the
mammalian brain, a-gene expression increases sharply during the postnatal
development of the hippocampus and cerebral cortex, whereas its expression
remains low in cerebellum. These properties indicate that its transcription is
carefully regulated during brain development, and in the adult CNS. We have
previously identified the core promoter of the a-gene (N. Olson et al., SN '93
Abstr. #35.15).
To further examine its regulation in a cellular and
developmental setting, the core promoter was inserted into a p-galactosidase
(P-gal) reporter plasmid and p-gal enzyme activities were analyzed in both
transiently transfected NB2a neuroblastoma and PC-12 cells, as well as in
stable transformants (clones selected based on neomycin resistance) of the
same cell lines. Promoter activities were analyzed using histochemical
staining of whole cells, and quantitative enzyme assays of cell extracts. By
transient transfection assays, the a-gene core promoter was very active in
NB2a cells compared to a number of control reporter constructs. Surprisingly,
a-gene promoter activity could not be detected in transfected PC-12 cells
(stable or transient), under standard growth conditions. However, addition of
retinoic acid (5-75 pM) to culture media, even in the presence of high serum
concentrations, resulted in significant cellular differentiation as well as a-gene

promoter activity based on detectable p-gal enzyme activity. These results
suggest that the a-promoter reporter construct in PC-12 cells is either (a)
actively repressed, or (b) not sufficiently stimulated to produce detectable
amounts of gene product. Retinoic acid reverses this mechanism.
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TRANSCRIPTIONAL SUPPRESSION BY AN UPSTREAM REGULATORY
ELEMENT (URE) IN THE PROMOTER OF THE PRODYNORPHIN GENE.

c-JUN ACTIVATION THROUGH THE DYNCRE3 SITE OF
THE PRODYNORPHIN PROMOTER. D.J. Messersmith*1. M.J.
Birrer2. R. Dubner1. M.J. Iadarola1. ‘Neurobiology and
Anesthesiology Branch, NIDR, NIH, Bethesda, MD 20892 and
2BPRB, DCPC, NCI, Rockville, MD 20850.
To understand the molecular mechanisms of the increase in
prodynorphin gene expression observed during persistent pain
and inflammation, the transcriptional regulation of the
prodynorphin promoter has been examined.
An
AP-l/CRE-like
element, the DYNCRE3 site, with the sequence TGCGTCA, has been
characterized in transient transfection assays as a positive
transcriptional element which is activated through the cAMPdependent second messenger pathway (Mol. Cell. Neurosci. 5(3)
1994). To examine transcription factors acting at this site, a cjun expression vector was co-transfected with a DYNCRE3
reporter construct. This addition of wild type c-jun expression
vector resulted in a 5-fold increase in transcriptional activity
over control.
Co-transfections with increasing concentrations
of mutant c-jun expression vector in which the transactivation
domain was deleted resulted in concentration-dependent
reductions in activity in both basal and forskolin-induced
conditions as compared to control. Co-transfections with the
wild type c-jun expression vector decreased the blocking effect
of the mutant c-jun vector. These studies implicate c-Jun as a
potential transcription factor acting at the DYNCRE3 site to
activate prodynorphin gene transcription and suggest
multifactorial regulatory mechanisms controlling
prodynorphin gene expression during pain processing.

J. Gu, R. Dubner *and M.J. ladarola. Neurobiology and
Anesthesiology Banch, NIDR, NIH, Bethesda, MD 20892.
We previously Identified a DNA binding element at -208 in the
promoter region of the rat prodynorphin gene, termed upstream
regulatory element (URE), that contains a consensus sequence of
an initiator element (Inr). The URE displays specific binding to the
protein, upstream regulatory element binding protein (UreBl), a
novel DNA binding protein. Here, we report that the URE acts
functionally as a suppressor element. We constructed a series of
chloramphenicol acetyltransferase (CAT) reporter constructs by
subcloning wildtype and mutated Ure sequences 5' to a 200 bp of
DNA sequence from -135 to +58 of the prodynorphin gene as a
promoter. This promoter-reporter construct (pCAT 0.2) has robust
transcriptional activity in Chinese hamster ovary (CHO) cells, but not
in rat pheochromocytoma (PC 12) cells. The transcriptional activity

exhibited nearly complete suppression when evaluated with a
construct (pCAT URE0.2) containing the wildtype URE fused
immediately 5' to the prodynorphin promoter. Similar constructs
containing mutations of the URE do not produce suppression of
transcription. Consistent with the idea that the suppressor protein(s)
interacting at the URE site are sequence specfic, gel mobility shift
assays showed that the complex formed by URE-containing
oligonucleotides and CHO cell protein extract was competed by
addition of wildtype URE oligonucleotide but not by mutated URE
oligonucleotides. These data suggest that the URE may function as
a suppressor element in the regulation of prodynorphin transcription.
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THE RAT GAD65 GENE CONTAINS SEQUENCE ELEMENTS
THAT CONFER CELL-TYPE SPECIFICTY. C.S. Pinal*.
V. Cortessis. and A. J. Tobin , Department of Biology, Life
Sciences Building, University of California, Los Angeles,
California, 90024.
Two forms of glutamic acid decarboxylase (GAD65 and GAD67)
catalyze the decarboxylation of glutamate into y-aminobutyric acid
(GABA). The GAD mRNAs and proteins are present in many of
the same cell types in brain, though they differ in their relative
concentrations.
In addition, the GAD proteins also have
distinctive intracellular localizations.
In order to study the regulatory elements responsible for the
regulation of GAD65 mRNA production, we have subcloned the 5'
flanking region of rat genomic GAD65 DNA into a luciferase
reporter vector. The constructs were transfected into the P19
embryonal carcinoma cell line which, upon treatment with retinoic
acid, differentiates into neurons and astrocytes. Our findings
suggest that the genomic sequence between -1720 to-304 from
the initiating methionine contains individual DNA sequences
which (1) serve as a functional promoter, (2) demonstrate celltype specificity, and (3) may suggest the role of a silencer in
transcriptionally regulating GAD65.

PUTATIVE REGULATORY ELEMENT(S) IN INTRON 1 OF
THE PROTEOLIPID GENE. A. M. Watabe. and W. B. Macldin*
Ment. Retard. Res. Ctr., UCLA Med. Ctr., Los Angeles, CA 90024.
Expression of the myelin proteolipid protein (PLP) gene is temporally
and spatially restricted to differentiating CNS oligodendrocytes and

PNS Schwann cells. In previous studies, we found that mouse PLP
genomic elements within 2.5 kb 5'-upstream DNA and intron 1 were
sufficient for appropriate PLP gene expression. To assess whether there
were regulatory elements within intron 1 of this gene, transfection, gel
retardation and DNase footprinting studies were conducted. Two cell
lines were transiently transfected with promoter vectors to test intron
1 fragments as putative enhancers/suppressors: N20.1, an immortalized
oligodendrocyte cell line, which expresses the PLP message, and COS1, which does not. A 250 bp fragment from within intron 1 suppressed
luciferase gene activity in COS-1 cells while it had little effect in N20.1
cells, suggesting that this fragment might contain a regulatory element
that reduces PLP gene expression in non-neural cells.
In gel
retardation assays, nuclear protein extracts from both cell lines bound
the fragment, but the banding pattern was different, suggesting that the
two extracts contained proteins that interacted with this fragment, but
that the complex formed by them was different. When the fragment was
analyzed by DNase I footprinting, both extracts protected a similar
region of this fragment. Further studies to delineate the protein-binding
domain of this fragment are underway. (Supported by NS29538).
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ANALYSIS OF JUN AND FOS FAMILY MEMBERS BINDING TO THE
AP-1 SITE OF THE HUMAN GFAP GENE PROMOTER Q. Zhang and
M. Brenner*. Stroke Branch, NINDS, NIH, Bethesda, MD 20892, USA.
Activation of the GFAP gene is one of the defining features of both
astrocyte development and the gliotic response to CNS injury. By understanding how transcription of this gene is controlled, insights should be
obtained into these important processes. Using cell transfection with reporter gene constructs, this laboratory previously showed that an AP-1
binding site (TGACTCA) present in the human GFAP promoter is essential for its activity. Studies in other systems have revealed that AP-1
sites bind members of the Jun and Fos families of proto-oncogenes. We
are seeking to determine the specific factors that act via this site in the
GFAP promoter.
Gel mobility shift assays were conducted in the presence of antibodies specific for various Jun and Fos family members (c-jun, junB, junD, cfos, fosB, fra-1, and fra-2). Nuclear extract from the human astrocytoma
cell line U251 produced strong and specific binding to a labeled AP-1
probe. Treatment of extracts with the antibodies indicated that the proteins primarily responsible for binding were c-jun, junD and fra-2, and this
was supported by the results of "Shiff-Western" experiments, in which the
gel mobility shift complex is transferred to a membrane and probed with
antibodies. To further test this conclusion, Northern analyses were
performed on RNA isolated from U251 cells at intervals following plating
to compare the kinetics of appearance of mRNA for Jun and Fos family
members to that of GFAP mRNA. Consistent with the above results, the
kinetic profile for GFAP mRNA was matched by that for c-jun, junD and
fra-2, but not by those for the other family members. We are presently
testing the effects of these three proteins on GFAP transcription by cotransfecting a GFAP reporter gene construct with expression vectors
carrying either sense or antisense copies of their genes.

CELL-SPECIFICITY OF B-5O (GAP-43) PROMOTER CONSTRUCTS IN
NEUROECTODERMALLY-DIFFERENTIATED P19-EC CELLS. Bart J.L.
Eggen1* M.F. H<eyn<Hn1 J . Verhaaycn2*. W.H. Giapen1 and L.H. Schram al
'Rudolf M^igius Institute, Physiological Chemistry, Utrecht University,
Unnversieitsweg 100, 3584 CG Utrecht, Netherlands Institute for Brain
Research, Meibergdreef 33, 1105 AZ Amsterdam, The Netherlands.
The B-5O gene contains two promoters (PI, 4.7% of RSV and P2,6.6%
of RSV) as determined by transient transfections in neuroectodermally
differentiated murine P19 embryo carcinoma (EC) cells (Eggen et al., 1994).
Here we show the cell-specificity of these B-5O promoters in these cells,
which contains fibrobkasts, astroglial cells and neurons (1% of the cells).
The endogenously expressed B-5O is restricted to neurons as shown by
the co-localization of B-5O and neurofilament. The expression pattern of
B-5O Pl and P2 was determined by transfecting the mixed cell culture
with B-5O promoter constructs fused to the bacterial LacZ gene as reporter,
and the results were compared to those of RSV-LacZ and neuron-specific
enolase (NSE)-LacZ. After transfection the cells were stained for B-5O
and P-galactosidase. Transfection of promoter constructs containing PI
did not result in cells expressing detectable amounts of P-galactosidase,
whereas constructs containing P2 showed neuron-specific expression.
Thus it is concluded that PI activity is not restricted to neuron, whereas
P2 directs B-5O specific and thereby neuron-specific expression in
neuroectodermally differentiated P19-EC cells, as was also observed with
the NSE promoter.
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STUDIES OF THE PROMOTER OF THE HUMAN MONOAMINE OXIDASE A
GENE. Richard M. Denney , Sanat K. Dave and Ann Waguespack. Dept. of Human
Biological Chemistry and Genetics, University of Texas Medical Branch, Galveston,
TX 77550. Genetic deficiency of the X-linked gene for monoamine oxidase A is
associated with extreme impulsive aggressive behavior in affected males of a large
Dutch kindred (Brunner et al., Am. J. Hum. Genet. 42:1032, 1993). Most processed
MAO A transcripts in RNA preparations from human brain, liver, placenta and kidney
are initiated at or near an A residue (+1), 39 bp 5’ to the ATG codon. A series of
luciferase reporter constructs extending upstream from +35 were tested for promoter
activity by transient expression in mouse L cells and human HeLa cells. A construct
extending to -44 drove no more luciferase expression than the promoterless luciferase
control vector. Constructs extending to -166, -420, -900 and -3400 exhibited promoter
activity 5- to 10- fold over background. Although a segment present in all constructs
which extended beyond -420 matched seven of the eight residue consensus for a
cAMP response element (CRE), this segment did not confer dibutyryl-cAMP
regulation on luciferase expression by constructs which contained it. MAO A activity
(Edelstein and Breakefield, BBRC 98:836,1981) and mRNA in human fibroblasts is
inducible by the synthetic glucocorticoid dexamethasone, which can act at a variety of
levels including transcriptional initiation. However, none of the luciferase constructs
tested thus far exhibited any specific alteration in luciferase expression in the presence
of of 10*7 M dexamethasone. We conclude that the basal promoter of the human
MAO A gene lies between +30 and about -200, a region which contains an Inr
element and four Spl sites. The mechanisms which regulate this promoter have yet to
be elucidated.
[Supported by NS 19543.]

CHARACTERIZATION OF CREB PHOSPHORYLATION BY CAM-KINASE
n AND IV, REGULATION OF TRANSCRIPTION.
H£nslen*. P. Sun, and T. R-SoderUog. Vollum Institute and Dept Cell Biol.
AnaL, Oregon Health Sciences University, Portland OR 97201.
CaM-kinase II, the most extensively characterized member of the CaM-kinase
family has been proposed to mediate c-fos induction by Ca2+ in neuronal cells. It
is clear that CaM-kinase II can be involved in transcriptional regulation through
phosphorylation of C/EBPB, but its role in transcriptional regulation through the
CRE/CREB system remains unclear even though CaM-kinase n can phosphorylate
CREB on Seri 33 in vitro. It is known that phosphorylation of CREB at Seri 33
by PKA is responsible for transcriptional activation. Another member of the
CaM-kinase family, CaM-kinase IV, has been recently characterized, and its
significant nuclear localization renders it an attractive candidate for mediating
traiscripltonal activation by calcium. We and others have recently shown that the
cell-permeable CaM-kinase inhibitor, KN-62, can strongly suppress calciumdependent transcription of a CRE-reporter gene or of several endogenous IEGs. We
report here that CaM-kinase IV is also inhibited by KN-62. Thus, it was of
importance to determine which member of the CaM-kinase family may be involved
in transcription. We have focused on the ability of CaM-kinase II and IV to
phosphorylate CREB in vitro and to mediate transcriptional activation through the
CRE/CREB system in mammalian cells. Our results include the kinetic parameters
of CREB phosphorylation by CaM-kinase II and IV. In addition we demonstrated
that CaM-kinase IV phosphorylates Serl33 in CREB, whereas CaM-kinase II
catalyzed equal phosphorylation of 2 sites, one of which was Serl33. The
dephosphorylation of each site by the major protein phosphatases was investigated.
Co-transfected cDNAs for truncated, constitutively active kinases and GAL4-CREB
constructs demonstrated that CaM-kinase IV gave a 3-fold stimulation of the
GAL4-reporter gene, whereas CaM-kinase n was ineffective. These results indicate
that CaM-kinase IV stimulated transcription through the CRE/CREB system and
that the second CaM-kinase II phosphorylation site may act as a negative
determinant of tna^^jpt<onal activation.
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Eggen B.J.L. et al (1994). Identification of two promoter regions in the
rat B-5O/GAP-43 gene. MoL Brain Res. (in press).
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STRUCTURE/FUNCTION ANALYSIS OF THE cAMP RESPONSE
ELEMENT IN TRANSCRIPTIONAL ACTIVATION OF THE TYROSINE
HYDROXYLASE GENE C. TintL* T ,H, Joh and K.S. Kim Cornell Univ.
Med. Coll, at the Burke Med. Res. Inst., White Plains, NY 10605.
The cAMP response element (CRE), residing at -45 to -38 bp
upstream of the transcription initiation site, is a crucial cis-regulatory
element for both basal and cAMP-inducible transcription of the TH gene
(Kim et al., JBC 268:15689, 1993; Kim et al., J. Neurochem. 1994, in
press). To define structure/fimction relationships of the CRE motif in TH
gene transcription in detail, we performed saturated mutagenesis to isolate
at least one mutation in each of the 13 nucleotides ' which encompass the
CRE motif. Then, after mutating the native CRE, we inserted the CRE
motif (1, 2, or 3 copies in either orientation) at different positions of the
TH promoter region. The effect of these mutations in the TH-reporter
constructs were assessed in regard to basal and cAMP-stimulated
transcription. Mutations of any single base of the octamer CRE motif
resulted in significant reduction of the promoter activity of the TH
upstream sequence. In contrast, except for the base just 3' proximal to the
CRE, the surrounding nucleotide sequences appeared unimportant for
promoter activity. Finally, the CRE exerts strong promoter activity only
when it resides within a certain distance from the transcriptional initiation
site. This study shows that intact nucleotide sequence and appropriate
relative position in regard to the transcription initiation site are important
determinants of CRE activity in TH gene transcription. Supported by
MH48866 (KSK) and MH24285 (THJ).

TYROSINE HYDROXYLASE EXPRESSION IN PC8B CELLS:
INTERACTIONS BETWEEN PROMOTER AND ENHANCER ELEMENTS.
S. Patankar! M. Lazaroff2* and D. M. ChikaraishiL 2 . Molecular Biology and
Microbiology Dept.1 and Neuroscience Program2, Tufts University School of
Medicine, Boston, MA 02111.
Sites responsible for transcriptional activation of the tyrosine hydroxylase
gene have been mapped in different cell lines to the API, CRE and E-box
enhancer elements found within 205 bp upstream of the start site of TH
transcription. In Pc8b cells, the API and E-box sites at -205 to -182 are essential
for TH expression and act in a synergistic manner (Yoon et al, 1992, Neuron 9,
55). The API and E-box sites have also been shown to require the TH promoter
region from -441+21 bp using a deletion construct in which 70 bp encompassing
the API/ E-box region are fused to the TH minimal promoter (-44/+27) (Fung et
al, 1992, J. Neurochem. 58:6,2044).
To determine which elements in the TH promoter work with the APl/E-box
enhancer, we have generated mutations between -44/+10 bp in a plasmid bearing
272 bp of TH 5' flanking DNA driving a CAT reporter. These mutations consist
of a systematic replacement of TH promoter sequences with corresponding
sequences from a ubiquitously expressed promoter, the Rous sarcoma virus
(r Sv ) promoter. Transfection of these constructs into Pc8b cells showed that the
RSV promoter is highly dependent on the CRE element whereas the TH promoter
is activated preferentially by the API and E-box elements. These data confirm the
work using the 70 bp deletion construct. Mutational analysis of the TH promoter
has narrowed the API and E-box dependent region to -18/+10 bp. Interestingly,
this region contains binding sites recognised by bHLH proteins i.e. a half E-box
and potential initiation site (Inr) elements. Thus, the E-box in the enhancer may
synergise with the API site by forming a bridge between the API proteins and
the basal transcription machinery. Preliminary experiments addressing the nature
of the API proteins point to members of the Jun/Fos family. Mapping of the
specific promoter element is also ongoing.

30.17
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MULTIPLE ELEMENTS CONTROL PROMOTER ACTIVITY AND ITS
STIMULATION BY ACETYLCHOLINE IN THE BOVINE TYROSINE
HYDROXYLASE GENE. E. Kim and M,K, Stachowiak*. Barrow
Neurological Inst., Phoenix AZ 8513.
Expression of the TH gene in sympathoadrenal catecholaminergic
cells is stimulated by acetylcholine receptors. To identify the underlying
molecular mechanisms (-42J8+25bp)TH promoter-ludferase construct and its
deletion mutants were transiently expressed in neuron-like TE671 cells in
which expression of endogenous TH gene is activated by carbachol. Three
functional promoter regions were identified I (-428/-300bp), II (-300/-52bp),
and III (-52/+25bp). Deletion of region I significantly reduced basal promoter
activity and its stimulation by carbachol. Subsequent deletion of region II
nearly completely abolished promoter activity. No stimulation by carbachol
was detected. When region I was linked directly to region III the wild type
basal promoter activity was restored but no stimulation with carbachol was
observed. This shows that regions I and II support basal promoter activity, and
are both required for carbachol stimulation. Region III which contains a CRElike element does not constitute a minimal promoter in the bovine TH gene.
Region I lacks potential binding sites for common transcriptional
factors. SI nuclease mapping revealed that a novel dyad symmetry element
(DSE) in region I forms a crudform-like structure in supercoiled DNA. DSE
capable of forming secondary DNA structures were also found in regions II
and III. In region II a GC-rich sequence formed triple-stranded H-DNA.
Deletions of restriction fragments containing DSE or mutagenesis of DSE
affected basal promoter activity and its stimulation by carbachol. The role of
the secondary DNA structures in the regulation of TH gene expression is
under investigation. Supported by NIH, HL 49376.

CHRONIC
COMPLEX
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CHRONIC

COCAINE
INDUCES
CONTAINING NOVEL

A
LONG
LASTING
AP-1
FOS-RELATED PROTEINS,

INCLUDING AFOSB. B.T. Hope*. H.E. Nve. M. Kelz. L. Genova. D.W. Self.
M.J. ladart^o^^. R ,S. Duman. and E.J. Nestler. Laboratory of Molecular

Psychiatry, CMHC, Yale Univ. Sch. of Med., New Haven, CT, 06508,
1Neurobiol. and Anesthesia Br, NIDR, NIH, Bethesda, MD 20892.
This study examines the effects of chronic cocaine treatment on the
AP-1 transcription factor complex in the rat nucleus accumbens (NAc) and
striatum (Str), two important targets of cocaine's behavioral effects. We have
shown previously that a single acute cocaine stimulus rapidly, but transiently,
induces AP-1 binding in these regions, with AP-1 binding returning to control
levels 12-18 hours later. Eighteen hours after the last chronic cocaine
treatment, however, AP-1 binding levels were at peak acute levels. We now
show that this chronic increase in AP-1 binding develops gradually over
several days and persists for a relatively long time, with 50% of maximal levels
observed in the NAc and Str 7 days after the last cocaine exposure.
Supershifts indicate this chronic AP-1 complex contains Fos-related antigens
(Fra's). One- and two-dimensional Western blots show that these Fra's are
induced strongly by chronic treatment, with no significant induction
detectable at any time point following a single acute treatment. Preliminary

evidence indicates these chronic Fra's are formed, at least in part, by AFosB.
Western btots show further that the same chronic Fra's are induced by several
other chronic treatments in a region-specific manner in the brain: by chronic
electroconvulsive seizures in the cortex; by chronic apomorphine in
dopamine-depleted striatum; or by chronic tranylcypromine in the frontal
cortex. Since the AP-1 complex induced by chronic cocaine, or by the other
chronic treatments, has different DNA binding characteristics and temporal
properties compared to that for the acute AP-1 complex, the chronic Fra's and
chronic AP-1 complex could mediate some of the long-term changes in gene
expression unique to the chronic, vs. acute and normal, state.

30.20

MORPHINE

ELICITS

PERSISTENT

AP-1

BINDING

AND NOVEL FOS-RELATED-PROTEINS, INCLUDING AFOSB,
IN RAT STRIATUM H.E. Nve*. M.J. ladarotal and E.J. Nestler.
Laboratory of Molecular Psychiatry, Depts. of Psychiatry and Pharmacology,
Yale Univ. Sch. of Med., New Haven, CT 06508, iNeurobiol. and

Anesthesia Br, NIDR, NIH, Bethesda, MD 20892.
It has been shown previously that repeated exposure to cocaine
induces novel 35-37 kDa Fos-related-antigens (chronic Fras) as well as
persistent AP-1 binding in rat striatum (Str) and nucleus accumbens (NAc)
(see Hope et al, this volume). Recent evidence suggests that these Fras

consist, at least in part, of AFosB. Since the NAc and Str are known to
mediate some of the addictive properties of several drugs of abuse, it is
possible that other such drugs elicit similar responses. Therefore, we
examined the ability of morphine to induce the chronic Fras and long-lasting
AP-1 binding. Following five days treatment with subcutaneous morphine
pellets (75 mg/day), robust induction of chronic Fras was seen in rat Str by
Western blot analysis. This was accompanied by a corresponding and
persistent increase in AP-1 binding. Cotreatment with naltrexone
(l00mg/kg) prevented induction of these proteins. The chronic Fras were
shown by two-dimensional gel analysis to be identical to those observed
following chronic cocaine and other treatments. Unlike these treatments,
where there was no induction of acute Fras, chronic morphine increased
levels of certain acute Fras in addition to the chronic Fras. Intermittent
exposure to morphine sulfate (10 mg/kg, twice daily, 5 d) also appeared to
increase chronic Fras in the NAc. Single acute morphine challenge (10 and
20 mg/kg, 2 hr) did not consistently alter levels of Fra proteins or AP-1
binding in either Str or NAc. These findings further establish chronic Fras as
unique to paradigms of repeated exposure. Such proteins could lead to
alterations in gene expression that underlie long-term changes in behavior.
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ESTROGEN REGULATION OF THE RAT PROGESTERONE
RECEPTOR (PR) GENE. X.S.Wu-Pene and D.W.Pf Lab. of
Neurobiology and Behavior, Rockefeller Univ., New York, NY 10021
Estrogen (E) and progesterone can act to facilitate female sex
behavior. Previous studies in our laboratory found that E elevated rat
PR mRNA in specific neurons, such as in ventromedial nucleus and
arcuate nucleus. Such elevation was restricted to females. Now,
using slot blot hybridization, we found PR levels were significantly
increased as early as 3 hours after estrogen administration in rat uterus
and ventromedial hypothalamus. The levels reached peak in 6 hours.
We could not identify any sequence perfectly matching the
consensus ERE, GGTCAnnnTGACC, in the rat PR gene we cloned.
One motif was found having two bases deviant from the ERE
consensus. It is conserved among species. This potential ERE
overlaps with a motif, TGACTGA, matching 6 out of 7 of the
consensus TPA response element (API binding site), TGACTCA. Gel
shift experiments showed that ERE/API compound fragment was
capable of binding hypothalamic nuclear proteins. The binding can be
competed away by the ERE/AP1 probe itself. It also can be competed
by individual consensus ERE or API sequences, but to a less extent
and without the expected order of affinities. This indicates that ER
may interact with API proteins in hypothalamic nuclei.
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ESTROGEN RECEPTOR AND THYROID RECEPTOR IN VENTROMEDIAL
HYPOTHALAMUS BIND TO THE PROGESTERONE RECEPTOR GENE
SEQUENCE. REM Scott*1, S Wu-Peng1, PM Yen2, WW Chin2 and
DW Pfaffl. iNeurobiology and Behavior, Rockefeller University, NY,
NY 10021, ^Brigham and Women's Hospital, Boston, MA 02115;.

TWO cis-DNA ELEMENTS BIND THE SAME NUCLEAR FACTOR AND
PROMOTE
CELL
SPECIFIC
EXPRESSION
OF
THE
PROOPIOMELANOCORTIN GENE IN THE PITUITARY GLAND OF
TRANSGENIC MICE. B. Liu. M. Mortrud and M. J. Low*. Vollum Institute for
Advanced Biomedical Research, L474, Oregon Health Sciences University, 3181
SW Sam Jackson Park Road, Portland, OR 97201, USA
Proopiomelanocortin (POMC) is expressed at the highest levels in the
corticotroph and melanotroph cells of the pituitary gland. Earlier data from our
laboratory demonstrated that three short DNA regions located on the 5’-end of the rat
POMC gene interacted with corticotroph tumor cell (AtT 20) nuclear proteins and at
least two of these elements were required for detectable transgene cell-specific
expression in transgenic pituitaries. (Mol. Cell. Biol. 12 (l992):3978). We report
here the biochemical characterization of proteins binding to these DNA elements.
Transcriptional activator SP1 binds POMC gene footprints site 1 and site 2 and an
unidentified protein factor which we term PP1 (putative POMC 1) binds to site 2
and site 3. In gel-retardation assays the PP1 protein was detected only in the nuclear
extracts of cells expressing the POMC gene. The functional significance of the
binding of PP1 to the POMC promoter was examined by further transgenic
experiments. Reporter gene luciferase activity was still detected in all founder mice
pituitaries after one of the PP1 binding sites (site 3) was deleted from the 290 bp
DNA promoter, although the expression level was dramatically reduced by
approximately 50-fold. Site-directed substitutional mutation of the DNA bases
which interact directly to the PP1 protein abolished in-vitro PP1 binding to the other
remaining site (site 2), and these mutations also reduced the transgene expression in
8 of 9 founder mice pituitaries to background levels. In addition, site-directed
mutagenesis of the SP1 contact bases did not show an obvious influence on the
promoter activity. Our data demonstrated that the two PP1 binding sites act
synergistically and are required for the maximum promoter activity of the 290 bp
promoter. We conclude that PP1 is the transcriptional activator responsible for the
cell-specific expression of the POMC gene in the pituitary gland.

Estrogen (E) acts with progesterone (P) to regulate reproductive
behavior in the female rat, while levels of progesterone receptor (PR) are
regulated by E in a tissue and sex-specific manner. Several lines of
evidence suggest that gene regulation mediated by E, and its cognate
response element (ERE) involve not only estrogen receptor (ER), but also
other transcription factors.
We have begun to examine factors modulating response of the PR gene
to E in the ventromedial hypothalamus using the electrophoretic mobility
shift assay. Protein isolated from the rat hypothalamic nuclear fraction
bound to this PR ERE from the rabbit PR gene. Demonstrating specific
binding, the signal could be competed away by cold probe as well as by
the consensus ERE oligo. Further, a supershift is observed when the ER
antibody H222 is added together with hypothalamic proteins and the PR
ERE. Strikingly, the signal could also be competed away by
preincubation with the high affinity thyroid hormone receptor (TR)
response elements DR4 and F2H. Furthermore, preincubation with TRa
antibodies significantly decreased binding of nuclear extract. These
results suggest that both ER and TR interact with the PR promoter in
ventromedial hypothalamic cell nuclei to regulate expression of the PR
gene.

30.23

CHARACTERIZATION OF A NOVEL NEURONAL MARKER IN
TRANSGENIC MICE CARRYING AN EPITOPE-TAGGED THY-1
GENE. J.A. Coleman. A. Sonshine. X. Li. and K.A. Kelley*. Fishberg Research

Center for Neurobiology, The Mount Sinai School of Medicine, New York, NT'
10029.
Attempts to use the Thy-1.2 promoter to regulate neuronal expression
of a marker protein in transgenic mice have met with only moderate
success (Soc. Neuro. Abst.. 19: 1260, 1993). In contrast to this
observation, transgenic mice produced from an "RNA-tagged" Thy-1
gene express the transgene in a position-independent manner in the brain
and thymus (Soc. Neuro. Abst.. 19: 1260, 1993). Thus the regulatory
elements that are required for appropriate expression are located within
an 8.2 kb Thy-1 gene fragment. This information was used to design a
transgene which expresses an easily detectable, modified Thy-1 protein.
Site-directed mutagenesis resulted in replacement of the Thy-1 signal
sequence with a unique 8 amino acid sequence ("FLAG" epitope; IBI,
New Haven, CT). Due to the removal of the signal sequence, the
protein encoded by this modified Thy-1 gene is predicted to have a
cytoplasmic localization. One transgenic mouse line has been established
from the cytoplasmic, epitope-tagged Thy-1 (CET) transgene. Northern
analysis of tissue RNAs from these transgenic animals revealed
significant expression of the CET transgene transcript exclusively in
adult thymus and brain, as expected. Immunofluoresence studies of
adult brain sections using the M2 monoclonal antibody which
specifically recognizes the FLAG epitope revealed that the " tagged "Thy-1 molecule is indeed localized within the cytoplasm of neurons in
the adult CNS. The utility of this neuronal marker as a tool for the study
of cell lineage and cell maturation is being investigated.
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MODULATION OF QUANTAL TRANSMITTER RELEASE
FROM CHO FIBROBLASTS BY TRANSFECTION WITH
SYNAPTOTAGMIN. T. Morimoto. S. Popov. K. Buckley . and
M-m. Poo*. Dept. of Biol. Sci., Columbia Univ., N.Y., N.V. 10027
and *Dept. of Neurobiol., Harvard Med. Sch. Boston MA 02115
Fibroblasts exhibit spontaneous quantal release of ACh after
endocytic uptake of ACh, as shown by the appearance of
miniature endplate current like events in a myocyte manipulated
into contact. We have examined the quantal ACh release from
CHO cells transfected with synaptotagmin cDNA (CHO-p65). The
frequency of quantal release was reduced 3-fold in CHO-p65 cells
compared to control cells transfected with the vector alone, while
the mean and distribution of quantal sizes are not significantly
different. Assays of endocytic uptake showed a 2-fold higher HRP
accumulation in CHO-p65 cells after 10 min incubation in solution
containing HRP and 5min washing with ice-cold solution.
Together with physiological data, these results suggest that
synaptotagmin inhibits spontaneous exocytosis anoreleasable
vesicles are left more in CHO-p65 cells. Finally, we found that
quantal ACh release can be elevated by ATP, which induces
elevation of rCaz+k Interestingly, while similar [Caz+j elevation
was observed in both cell types, ATP-induced elevation of quantal
secretion was 3-fold higher m CHO-p65 cells. Taken together,
these results suggest that synaptotagmin inhibits spontaneous
exocytosis of enfosome-derived vesicles at resting [Caz+]j, but
enhances the Caz+-dependence of the exocytotic process.
Synaptotagmin thus may be a key molecule involved in the
biogenesis of Caz+-dependent secretion pathways in neurons.

MOLECULAR STUDIES OF TRANSMITTER RELEASE AT THE CRAYFISH
NEUROMUSCULAR JUNCTION S-Y Hua and M.P. Charlton* Dept, of
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Physiology, Univ. of Toronto, Toronto, ON, Canada M5S 1A8.

The large diameter of presynaptic axons at the crayfish neuromuscular
junction allows penetration by intracellular microelectrodes to record action
potentials. We wondered whether these microelectrodes could be used to
microinject large molecules into presynaptic terminals. Fluorescein coupled to
70 kd dextran was injected by pressure into presynaptic axons of inhibitory and
excitatory synapses. Using fluorescence confocal microscopy we could detect
spread of this large molecule into the finest branches and boutons of both axons.
We also injected a Ca2+ indicator, calcium green coupled to 70 kd dextran.
This molecule diffused to presynaptic boutons where stimulus dependent Ca2+
signals could be detected.
To determine the importance of VAMP (synaptobrevin) in transmitter release,
we microinjected into the excitor axon isolated light chains of tetanus toxin (50
kd) which is known to cleave vesicle protein VAMP. The toxin was coinjected
with 70 kd fluorescein-dextran so we could see the approximate rate of diffusion
into boutons. Using intracellular recording in the muscle fiber we found that
evoked transmitter release declined drastically within 2 hr of injection. The
frequency of spontaneous miniature potentials also decreased but their amplitude
was not affected. Similar but earlier effects were detected with focal recordings
from boutons near the injection site. Total blockade was very difficult to
obtain. Injection of the whole toxin had no effect.
The results show that this preparation, with large presynaptic axons and an
interesting array of plasticities can be used for molecular studies of transmitter
release and its modulation. As in synapses of Aplysia and squid, cleavage of
VAMP largely blocks transmitter release.
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MUTANTS OF SYNAPTIC TRANSMISSION IN C. eleqans.
J. B. Rand*, K. G. Miller, J. S. Duerr, K.
Grundahl, and M. Nguyen.
Program in Molecular
and Cell Biology, Oklahoma Medical Research
Foundation, Oklahoma City, OK 73104.
We have so far identified 21 genes in the
nematode C. eleqans which, when mutated, confer
recessive resistance to inhibitors of cholinesterase.
These include previously described
genes as well as newly identified genes; they
encode essential as well as nonessential
functions.
In the absence of cholinesterase
inhibitors, the mutants display a wide range of
behavioral deficits, including defects in
locomotion, pharyngeal function, and defecation.
Many of these genes lead to excess
unreleased acetylcholine, suggesting that the
gene products act presynaptically.
Measurements of GABA function suggest that many of
these genes affect the release of multiple
transmitters.
Some of the gene products are
known to be synaptic vesicle proteins such as
synaptotagmin fsnt-1) and the vesicular acetylcholine transporter (unc-17); molecular
analysis of other genes reveals that they
encode previously undescribed proteins.
Supported by grants from MDA and OCAST.

HYPEROSMOTICALLY-INDUCED INCREASE IN SPONTANEOUS RELEASE
FROM FROG MOTOR NERVE TERMINALS IS SUPPRESSED BY INTEGRININHIBITING RGD-PEPTIDES.
B.-M. Chen* and A. D. Grinnell. Jerry Lewis Neuromuscular
Research Center and Ahmanson Laboratory of Neurobiology,
UCLA, Los Angeles, CA 90024-1770
Since the work of Fatt & Katz (J. Physiol., 117, 109128, 1952), it has been known that moderate increases in
the osmolarity of the bathing solution cause a large
increase in spontaneous quantal release from frog motor
nerve terminals. Often there is a sharp transient increase
subsiding over 10-30 minutes to an elevated plateau level.
To date there has been no satisfactory explanation for the
sustained increase in release. We now report that RGDcontaining peptides, which block the binding of integrins
to ligands in the extracellular.matrix (ECM), sharply
reduce or eliminate the sustained increase in mEPP
frequency in response to an increase in osmolarity. We
postulate that shrinkage of the terminal causes increased
tension on the same integrin-ECM connections that are
responsible for the enhancement of transmitter release by
muscle stretch (Chen & Grinnell, Soc. Neurosci. Abs. 19,
611, 1993.
Supported by NS 30673
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SUBCELLUAR LOCATION OF HEAT SHOCK PROTEIN 70 IN ELECTRIC
ORGAN OF TORPEDO CALIFORNICA Jie Lu*. Stanley M. Parsons*
and Cameron B. Gundersen. Dept. of Pharmacology, University of
California, Los Angeles, CA 90024, and *Neuroscience Research

Institute,

University

of

California,

Santa

Barbara,

California

93106.
The molecular chaperone heat shock protein 70 (HSP7O) has
been implicated in essential cell functions under both normal and
stress conditions.
HSP7O is involved in transporting proteins
across membranes of the endoplasmic reticulum and mitochondria.
The subcellular location of HSP7O in Torpedo californica has not

been studied.
The synaptic terminal of the electric organ of
Torpedo contains the resting synaptic vesicles (VP1) and active
vesicles (VP2).
Fractions along the purification scheme of
synaptic vesicles of electric organ were taken and assayed for
HSP7O immunoreactivity by Western Blot using commercially
available monoclonal antibody (Sigma). HSP7O immunoreactivity
was visualized by avidin-conjugated alkaline phosphatase. The
final stage in the purification of these vesicles is a
chromatographic step that resolves the synaptic vesicles from the
heterogeneous membrane fragments. Preliminary data suggest that
HSP7O copurifies with VP2 vesicles, while little or no HSP7O
copurifies with VP1 vesicles.
Conditions that promote HSP7O
association with VP1 vesicles are under investigation. The results
suggest that HSP7O is involved in vesicle function.

THE GTPASE Rab3a INHIBITS THE CALCIUM-DEPENDENT
EXOCYTOSIS IN CHROMAFFIN CELLS P.-M. Lledo*. L.
Johannes1. J.-D. Vincent & F. Darchen1 Inst. A Fessard, CNRS, 91198
Gif-sur-Yvette, France & Unst. Biol. Phys. Chim, 75005 Paris, France.
There is accumulating evidence that low molecular weight GTPases,
proteins of the Rab family, regulate intracellular vesicle traffic along
biosynthetic and endocytotic pathways in eukaryotic cells. We have
previously reported Rab3b in anterior pituitary cells stimulates the
molecular processes which govern the interaction between exocytotic
granules and plasma membrane. It has been suggested that Rab3a, which
is associated with synaptic vesicles and secretory granules in adrenal
. chromaffin cells, also could regulate exocytosis. We report here that
overexpression in PC 12 cells of Rab3a mutant proteins defective in GTP
hydrolysis inhibited exocytosis, as measured by a double indirect
immunofluorescence assay. Moreover, injection of the purified mutant
proteins, blocked in the GTP-bound conformation, into chromaffin cells,
also inhibited exocytosis as monitored by membrane capacitance
measurements. This electrophysiological approach showed that
chromaffin cells which were intracellularly injected with antisense
oligonucleotides targeted to the rab3a mRNA, led to an increased
responsivity to repetitive stimulations. In contrast, similar depolarizing
pulses in control cells readly depressed secretory responses. From these
results, we suggest that Rab3a is a regulatory factor that prevents
exocytosis to occur unless secretion is triggered. We also propose that
Rab3a could adapt the secretory response to a given stimulus and thus
may be involved in adaptative processes such as response habituation.
Finally, Rab proteins should be considered as candidates for inhibition or
stimulation (i.e. Rab3a and Rab3b respectively) of specific steps involved
in intracellular organelle traffic.
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CHANGES IN ENDOCYTIC RECYCLING ACTIVITY
DURING SYNAPTOGENESIS BETWEEN HIPPOCAMPAL
NEURONS. H-j, Song*, Y„ Pag, and M-m, Pq q . Dept. Biol. Sci.
Columbia U.,N.Y.,NY 1OO27
Endocytic recycling activity in developing hippocampal
neurons in culture was examined by a sensitive
electrophysiological assay. The neurons were incubated in a
medium containing acetylcholine (ACh, 40 mM) and high K+ (20
mM) for a few min at 3 rC for endocytic uptake of ACh.
Spontaneous exocytotic secretion of ACh was then monitored by
manipulating a whole-cell clamped Xenopus myocyte into contact
with the hippocampal neuron. Membrane currents resembling
miniature excitatory postsynaptic currents (MEPCs) were
recorded in the myocyte immediately after the contact with the
neurite process or the soma of the hippocampal neurons. The
dynamics of endocytic membrane recycling through the
intermediate compartments was anabysedby studying the
frequency and amplitudes of the MEPCs. For 5-10 d cultures, the
frequency of MEPCs from hippocampal neurons that had made
apparent synaptic connections showed substantial reduction in the
mean amplitude at both the soma and the extrasynaptic regions of
the neurite, as compared to that of isolated hippocampal neurons
in the same culture. These results suggest (1) tne presence of
active endocytic recycling over the entire surface of the
hippocampal neurons before and after synaptogenesis, and (2)
synaptogenesis is accompanied by a modification of endocytic
recycling activity, leading to the disappearance of exocytotic events
of larger quantal sizes from the extrasynatic region of the neuron.

INVOLVEMENT OF NEUREXIN IN HIPPOCAMPAL SYNAPTIC
TRANSMISSION. T. A. Basarsky*! Y. Hata^. V. ParnurJ-. T,C, Sudhof2.
& P.G. Haydoiyk. --ID:pt. Zoology & Genetics, Iowa State University, Ames,
IA 50011. " ^Department of Molecular Genetics, The University of Texas
Southwestern Medical Center, Dallas, TX 75235, HHMI.
A direct interaction between the a-latrotoxin receptor, a member of the
neurexin family of neuronal cell surface proteins, and the synaptic vesicle
protein synaptotagmin has been previously demonstrated (1). These studies
have shown that the cytoplasmic domain of neurexin is capable of binding to
immobilized synaptotagmin.
To probe the involvement of the neurexin-synaptotagmin interaction in
hippocampal synaptic transmission, monosynaptic inhibitory connections
were recorded using dual whole-cell recording techniques in cell culture.
Fluorescently labeled cytoplasmic domains of neurexin 2a were introduced
into presynaptic hippocampal neurons through the whole-cell recording patch
pipette. Fluorescence measurements revealed that protein could be visualized
in processes within 5 minutes after achieving whole-cell access. Neurexin 2a
caused a significant inhibition of action potential evoked synaptic
transmission within 15 minutes after achieving the whole-cell configuration
when compared to control buffer. Control neurexin proteins that do not bind
to immobilized synaptotagmin did not significantly inhibit synaptic
transmission. Immunocytochemistry performed at the conclusion of these
experiments revealed that these neurexin proteins had dialyzed to sites that
were immunoreactive for synaptotagmin.
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(1) Y. Hato, B . Davletov,A.A.PePenko, R . Jahn,andT.C.Siidhof.(1993)
Neuron. 10,307-315.
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SYNAPTOTAGMIN I IS ESSENTAIL FOR Ca2+-INDEPENDENT
RELEASE OF NEUROTRANSMITTER INDUCED BY a-LATROTOXIN.
M. Takahashi*. Y. Shoii-Kasai. A. Yoshida, A, Ogura, R.
Kuwahara and A. Grasso. Mitsubishi Kasei Inst. of Life Sci.,
Machida, Tokyo 194, Japan and Inst. of Cell Biol., CNR, viale
Marx, 43, 00137 Roma, Italy
a-Latrotoxin (a-LTX), a polypeptide neurotoxin from black
widow spider venom, causes release of neurotransmitter from
neurons and PC 12 cells both in the presence or absence of
external
Ca2 + . Recently, a-LTX receptor was isolated,
characterized as a neurexin and its cytoplasmic domain was
shown to bind to synaptotagmin, a synaptic vesicle protein.
Previously, we have isolated variant subclones of PC 12 cells
deficient in rat synaptotagmin I and II. a-LTX induced a
marked
release
of
norepinephrine
(NE)
from
both
synaptotagmin-expressing and synaptotagmin-deficient PC12
cells in the presence of external Ca2 + . In the absence of

EFFECT OF ALPHA-LATROTOXIN (a-LTX) ON QUANTAL RELEASE
PARAMETERS AT MOTOR NERVES: SUPPORT FOR INOSITOL-1,4,5TRISPHOSPHATE (IP3)-MEDIATED RELEASE OF Ca2+ FROM ENDOPLASMIC RETICULUM (ER). S. D. Provan and M. D. Miyamoto* Dept, of

external Ca2 + , a small but the significant release was induced
by a-LTX from synaptotagmin expressing PC12 cells. In
contrast, NE release from the synaptotagmin-deficient cells
was scarcely affected by a-LTX. The secretion was rescued
after transfecting synaptotagmin I gene into the variants and
there was a good correlation between the extent of
synaptotagmin expression and the amount of NE released.
These results indicate that synaptotagmin I is essential for the
a-LTX induced NE release from PC12 cells in the absence of
external Ca2+.

Pharmacology, East Term. State Univ. Col. of Med., Johnson City, TN 37614.
a-LTX produces a massive increase in transmitter release by Ca2+ -dependent
and -independent mechanisms. It appears to act by binding to neurexins and
facilitating docking of synaptic vesicles. It may also produce hydrolysis of
phosphoinositides and formation of IP3. We examined the effect of a-LTX on m
(no. of quanta released), p (probability of release), n (no. of functional release
sites), and varsp (spatial variance in p), using miniature endplate potentials from
frog cutaneous pectoris and a new method of analysis (Am. J. Physiol. 264:
1051-1060, 1993). Combined results from 5 single junction experiments showed
a progressive increase in m to a-LTX (15 nM), following a 10 min. lag period.
The response peaked after 35 min. at ~65O% of control. This was mirrored by a
similar increase in p that peaked after 35 min. at ~4OO% of control. There was
also a smaller increase in n, which peaked after 20 min. and remained fixed at
~2OO% of control. Most noteworthy, however, was a striking increase in varsp
that lagged behind the increases in the other parameters by 5 min. All parameters
returned to control levels after 10 min. of wash. These results suggest that: (a)
the increase in p may be due to Ca2+ influx through voltage-gated Ca2+ channels,
(b) the increase in n may reflect recruitment of vesicles to the active zone
(docking), and (c) the delayed (5 min. lag time) increase in vars p may represent
IP3-mediated release of Ca2+ from the ER. Whether this explains the "Ca2+indepcndent" release of transmitter with a-LTX and whether phosphoinositides
are involved in vesicular trafficking remain to be seen. (Supported by NS22457).
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KINETICS OF THE LAST STEP IN EXOCYTOSIS IN RAT
ADRENAL CHROMAFFIN CELLS

SYNAPSIN ANTIBODIES BIND TO SYNAPTIC VESICLES IN
LIVING AXONS AND REDUCE THE NUMBER OF VESICLES
AT ACTIVE ZONES

Frank T. Homgan & Richard J. Bookman* Dept. of Pharmacology,
Box 016189, University of Miami, Miami, FL, 33101

The early time course of exocytosis was examined in rat adrenal
chromaffin cells by measuring the capacitance response to brief
depolarizations. Brief pulses provide little time for vesicle translocation
or priming and should permit us to isolate the last step in exocytosis.
After correcting for changes in capacitance due to Na channel gating
charge movements (Biophys. J., M2, AlOl, 1993), ’jump’ increases in
capacitance were measured immediately following variable duration

depolarizations to +20 mV. The responses to 10-lOOms pulses indicate
that exocytosis follows an exponential time course (x = 76 ms). The
kinetics can be accounted for by a first order process as though this
initial phase of exocytosis occurs with <lms delay from a depletable
pool of only 15-30 releasable vesicles. The response to repetitive brief
pulses (25ms at 2OHz) confirms the size of this pool. The small size of
the releasable pool limits the response to br^^^ stimuli. In contrast, a
larger pool appears to limit the response to low frequency prolonged
pulses (100ms at lHz) or rapid elevation of Ca via flash photolysis of

caged Ca. These differences suggest that brief depolarization, by
restricting the elevation of Ca to the vicinity of Ca channels, may
access only a subset of the "regeasablg" or “fusion competent” vesicles
near the membrane.

V. A H<ih^rione^* Q. Shnpliafcoyl. L. Broodi! A J. Czzmik. S. Ihlfikerr
Rothenfluh. h. Grillnerl and P. Greengard. Lab. of Mol. and Cell. Neurosci., The
Rockefeller Univ., NY, NY 10021; *Dept of Neurosci., The Karolinska Institute,
Stockholm, Sweden.
The synapsins are abundant brain pnospnnprotries bound to the cytoplasmic
surface of synaptic vesicles. These proteins appear to serve several important roles
in synaptic function (Greengard et al., Science 259:780-785, 1993). The present
study was aimed at examing the effects of interfering specifically with synapsin in
living axons in a lamprey spinal cord. For this purpose, we have made intraaxonal
injections of an affinity-purified anti-synapsin Ia/IIa antibody . (On immunoblots
of lamprey CNS extracts, these antibodies label a single 80 kD band which comigrates with rat synapsin la. Using immuno-gold staining of ultrathin section,
these antibodies stain only synaptic vesicle clusters.) Following intraaxonal
injections of fluorrscrntly tagged anti-synapsin antibodies, highly fluorescent spots
form within the axons. Using a confocal microscope, these spots were found to be
located on the cytoplasmic face of the axon membrane. No spots were seen when
the antibodies were pre-absorbed with the immunogen. Ultrastructural analysis of
injected axons revealed that antibody injections altered the organization of the
synaptic vesicle clusters. Both the number of synaptic vesicles as well as the
vesicle density within the clusters was lower than in adjacent control axons. These
studies suggest that anti-synapsin antibodies bind to a synapsin-like protein located
on synaptic vesicles, and that this protein is required for maintenance of the
structure of the vesicle cluster. Supported by: Us Ph S MH15125, MH39327 and

MFRpron.# 10378.
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SNAPS, PROTEINS NEEDED FOR CONSTITUTIVE SECRETION,
ARE ALSO ESSENTIAL FOR TRANSMITTER RELEASE W.M,
DeBello*. V, O'Connor. T, Dresbach. S.W. Whiteheart. S.S-H. Wane, H.

A ROLE FOR THE GTP-BINDING PROTEIN, RAB3, IN SYNAPTIC
VESICLE DOCKING Marie E. Burns*. Gilbert J. Chin. Delia Tang. Michele
Kladakis. George J. Augustine. hven Beus^usen Department of Nrurnbinlogy,
Duke University Medical Center, Durham NC 27710, National Institutes of
Health, Bethesda, MD and Marine Biological Laboratory, Woods Hole, MA.
Rab3, a ras-like GTP-binding protein, is associated with synaptic vesicles.
Although the specific function and site of action o^ Rab3 in the synaptic vesicle life
cycle has not yet been determined, this protein has been proposed to regulate
synaptic vesicle traffic within the nerve terminal. We have used the squid giant
synapse system to evaluate the role of Rab3 in neurotransmitter release. We first
used recombinant DNA techniques to clone and sequence the squid homolog of
Rab3. The inferred primary amino acid sequence of squid Rab3 was used to
predict the secondary structure of the protein. Two peptides from regions predicted
to have high surface exposure were microinjected into the giant presynaptic
terminal of the squid. Injection of a 13-amino acid peptide from the vicinity of the
effector domain rapidly and reversibly inhibited neurotransmitter release evoked by
presynaptic action potentials. Another peptide from Rab3's C-terminus had no
effect on transmission when injected to comparable intracellular concentrations
(approximately 100 pM). The fluorescent indicator Calcium Orange was used to
measure rises in calcium concentration produced by brief trains of action potentials
(50 Hz, 3 sec). The inhibition of neurotransmitter release by the 13-mer peptide
was not associated with any change in these presynaptic calcium signals. Electron
microscopy revealed a significant reduction in the number of vesicles docked at the
presynaptic plasma membrane of terminals injected with the 13-mer, in
comparison to control terminals. These results suggest that the 13-mer peptide
inhibits neurotransmitter release by preventing vesicle docking. Thus, Rab3
apparently participates in the synaptic vesicle life cycle by directing the docking
step which precedes neurotransmitter release. Supported by NIH Nh-21624.

Betz. J.E. Rothman. G.J. Augustine Dept. Neurobiology, Duke University,
Durham, NC 27710, Max-Planck Institute, Frankfurt, Germany, Memorial
Sloan-Kettering Cancer Center, NY and MBL, Woods Hole, MA 02543.
a-SNAP is a soluble protein that plays a critical role in vesicle-membrane
fusion in constitutive secretory pathways. Recently it has been found that the
major SNAP-binding proteins in mammalian brain are all associated with
synaptic vesicles (SVs) and synaptic plasma membranes. This suggests a
mechanism for transmitter release in which formation of a SNAP-dependent
complex leads to SV exocytosis. To test this model we have microinjected
reagents designed to perturb SNAP function into the giant synapse of squid.
First, we identified a form of squid SNAP (s-SNAP) that is highly
homologous (67% identity) to mammalian a-SNAP. Second, injection of aSNAP protein into the giant presynaptic terminal rapidly enhanced transmitter
release, suggesting that a-SNAP is normally a limiting component for SV
exocytosis. Third, injection of a peptide mimicking a coded-coil domain in sSNAP led to a rapid, complete, and reversible inhibition of transmitter release.
This peptide also inhibited in vitro ER-Golgi transport and altered a-SNAPbinding to membranes containing endogenous SNAP-binding proteins. Fourth,
EM revealed that the peptide caused an accumulation of docked vesicles, but a
depletion of undocked vesicles. This indicates that the peptide interferes with
a step downstream of SV docking, and possibly with other steps needed to
replenish the reserve pool of undocked Sv . Our results are the first direct
demonstration that SNAPs are essential for transmitter release.
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SYNAPTOBREVIN FUNCTIONS DOWNSTREAM OF SYNAPTIC VESICLE
DOCKING IN EXOCYTOSIS. J.M. Hunt*, K. Bommert, M.P. Charlton, A.
Kistner, E. Habermann, G.J. Augustine, and H. Betz. Dept, of Neurobiology, Duke
Univ. Med. Center, Durham, NC 27710.
Synaptobrevin is an 18 kD, intrinsic membrane protein of small synaptic vesicles.
It extends into the presynaptic cytoplasm and has been shown to form multimeric
complexes with proteins from the cytoplasm and plasma membrane. Via these
specific protein-protein interactions, synaptobrevin could participate in the docking
and fusion steps of exocytotic neurotransmitter release. We have investigated these
possible role(s) for synaptobrevin using the giant synapse of the squid, Loligo pealei.
cDNA cloning of the squid synaptobrevin gene revealed a single isoform of
synaptobrevin which is highly homologous to mammalian isoforms and contains the
tetanus toxin cleavage site. A His-6 fusion protein construct of the cytoplasmic
portion of squid synaptobrevin is sensitive to tetanus toxin proteolysis.
Microinjection of this fusion protein into living nerve terminals reversibly inhibited
neurotransmitter release, suggesting that specific protein-protein interactions
involving synaptobrevin are, indeed, necessary for neurotransmitter release.
Microinjection of short peptides mimicking conserved cytoplasmic regions
synaptobrevin suggest that other regionsof synaptobrevin may be involved in these
protein-protein interactions. Microinjection of the light chain of tetanus toxin
produced an irreversible inhibition of neurotransmitter release without altering the
Ca2+ signal which triggers release. Co-injection of a short peptide (ASQFETS)
containing the tetanus toxin cleavage site prevented tetanus toxin from inhibiting
release. Electron micrographs of squid nerve terminals revealed an increased
number synaptic vesicles with the number of docked vesicles nearly doubled
following microinjection with tetanus toxin. Our data suggest that intact
synaptobrevin is not necessary for synaptic vesicles to dock with the plasma
membrane, but is required for these docked vesicles to fuse with the plasma
membrane and release their contents.

ABNORMAL INTRACELLULAR CALCIUM SIGNALING IN TWO
TRANSGENIC MOUSE LINES C.-R Jan. T.J. Ribar. G.J Augustine* and A.R.
Means. Depts. Pharmacology and Neurobiology*, Duke Univ. Medical Center,
Durham, NC 27710.
Two transgenic mouse lines are diabetic because their pancreatic P cells do
not secrete insulin in response to glucose: one mouse (CAM) overexpresses
calmodulin, while the other (CAM-8) expresses a mutant calmodulin which lacks 8
amino acids from its central helix and cannot activate calmodulin-dependent
proteins although it binds Ca normally (Endocrinology 130:1387). We have
performed physiological experiments to determine the underlying mechanisms for
these secretory defects. Using the fluorescent Ca indicators, indo-1 or fiira-2, we
have found that the glucose-induced rises in intracellular Ca concentration in P cells
of both CAM and CAM-8 mice are much smaller than those from control mice.
These defects in Ca signaling presumably are responsible for the defects in insulin
secretion in both mice. Whole-cell patch clamp techniques were used to measure the
properties of voltage-gated Ca currents, voltage-gated K currents, and ATP-sensitive
K currents in P cells from mutant mice. In CAM-8 cells, Ca currents were 50%
smaller than those from control mice while the K currents of these cells were
indistinguishable from controls. In contrast, Ca and K currents of CAM cells were
not different from those of control cells. However, the CAM cells exhibit a 40%
decrease in their ability to convert glucose to ATP. This decreased glucose
utilization could quench closure of ATP-sensitive K channels required for normal
activation of Ca channels and Ca entry. Collectively, our data suggest that the
reduced glucose-induced insulin secretion from CAM cells could be secondary to an
impairment of glucose metabolism while the CAM-8 cells appear to suffer from
reduced Ca entry through voltage-gated Ca channels. Our identification of the
sources of the secretory defects in these two mouse lines could make them useful
systems for studying intracellular Ca signaling. Supported by NIH grants NS-21624
and DK-43071.
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DIFFERENTIAL DISTRIBUTION OF BOTH SYNAPTOPHYSIN AND
SYNAPTOBREVIN
AFTER
CADMIUM
OR
POTASSIUM-INDUCED
ACETYLCHOLINE RELEASE AT THE FROG MOTOR NERVE TERMINAL. C
Colasantc and M. P&cot-Dechavassine. (SPON: European Neuroscience Association).
Inst. Neurosciences, Dept. Neurobiol. (URA CNRS 1488), Univ. Paris VI, 7 quai St
Bernard 75252 Paris, Cedex 05, France.
Although synaptic vesicle fusion and exocytosis are generally accepted as the
mechanism for the quantal acetylcholine (ACh) release at the neuromuscular
junction (NMJ), the precise molecular events that take place during exo-endocytotic
cycle is not yet established. Synaptophysin and synaptobrevin, two synaptic vesicle
integral proteins, have been used as markers of the synaptic vesicle membrane during
cadmium (Cd2+) or potassium (K*-induced ACh release at the frog NMJ.
ACh release was stimulated in cutaneous pectoris nerve-muscle preparations with a)
1 mM Cd2+ in Ca2+-free medium for a period of 3 h after 1 h exposure to EGTA, b)
25 or 60 mM K" in Ringer’s solution. After fixation synaptophysin or synaptobrevin
were immunolabelled in dissociated muscle fibres using rabbit antisynaptophysin and
antisynaptobrevin antibodies revealed with fluorescein-conjugated IgG. The
postsynaptic ACh receptors were simultaneously labelled with rhodaminated abungarotoxin. Muscle fibers were examined using confocal laser microscopy.
Controls and K*-$stmulated preparations showed synaptophysin and synaptobrevin
immunolabelling only after membrane permeabilization with 0.1% Triton X-100,
whereas in Cd2+-stimulated preparations the immunofluorescence was observed also
in non pcrmcabilized muscle fibers. Moreover, the confocal microscopy analysis
showed that in controls and ^-stimulated preparations synaptophysin and
synaptobrevin distribution coincides with the distribution of the ACh receptors, while
after Cd2+ stimulation synaptophysin and synaptobrevin labelling becomes irregularly
distributed, being more intense at the lateral edges of the swollen nerve terminals.
The results show that when ACh release is stimulated and synaptic vesicle recycling
is inhibited, synaptic vesicle membrane become incorporated into the axolemma.

DIFFUSION CAN NOT GOVERN THE DISCHARGE OF NEUROTRANSMITTER IN FAST SYNAPSES. R.Khanpi, H.Parnas*
and L.Segel. Dept, of Appl.Math., Weizmann Inst, of Science, Rehovot,
Israel 76100; * Dept, of Neurobiology and Otto Loewi Center for Cellular
and Molecular Neurobioiogy, Hebrew Univ., Jerusalem, Israel, 91904.

In the present work we show that, in contrast to the commonly held
view, diffusion through the fusion pore is not the mechanism underlying
the discharge of neurotransmitter in fast synapses, mainly because it is
not sufficiently rapid nor sufficiently temperature dependent. Discharge
via hindered diffusion, wherein the actual diffusion coefficient of large
transmitter molecules in the narrow pore is much lower than that in an
unbounded fluid, would last longer than the minimal delay at room temperature (0.5 msec). Even with the highest reported diffusion coefficient
of ACh (4 • 10”6C7n2/^ec), discharge would be the time-limiting step, yet

it does not exhibit marked temperature dependence.
Using postsynaptic data, we have determined that the discharge from
the vesicle into the cleft should occur in 50 - 75 psec, to provide the
observed high concentrations (10~3 M) of transmitter at the critical
zone. Simple diffusion would be of this duration only if the fusion pore
in small synaptic vesicles is several times larger than the pore observed
in mast cells.
As an alternative to diffusive discharge, we propose the mechanism
of ion-exchange: charged transmitter molecules are exchanged for ions
of the same sign entering the vesicle through the pore and the vesicle
membrane channels.
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PRESYNAPTIC INHIBITION OF EXCITATORY SYNAPTIC
TRANSMISSION BY MUSCARINIC AND METABOTROPIC GLUTAMATE
RECEPTORS IN THE HIPPOCAMPUS IN VITRO.
M. Scanziani, B. H. Gdhwiler, andS. M. Thompson*.
Brain Research Institute, University of Zurich, CH-8029 Zurich, Switzerland.

MECHANISMS OF ACTION OF DYNORPHIN AT MOSSY FIBER
SYNAPSES. P.E. Castillo*. M,G. Weisskopf and R. A, Nicol! Depts.
Pharmacol, and 'Physiol., UCSF, San Francisco, CA 94143-0450.

Activation of either muscarinic cholinergic and metabotropic glutamate receptors
inhibits both voltage-dependent Ca2+ current and synaptic excitation in the
hippocampus. Whole-cell recording from CA3 cells in hippocampal slice cultures was
used to examine whether the presynaptic inhibition of transmitter release results from
an inhibition of voltage-dependent Ca2+ channels in the axon terminal, a direct effect
on exocytosis, or both. Miniature excitatory synaptic currents (mEPSCs) were
recorded in the presence of 40pM bicuculline, 40pM AP5, and O.5pM TTX under two
conditions. When [K+]o was 2.7mM, the frequency of mEPSCs was decreased by
application of either lOpM t-ACPD (45±6%, n=6) or lOpM methacholine (49±3%,
n=5), but was unaffected by blocking voltage-dependent Ca2+ influx with lOOpM
Cd2+. None of these substances affected mEPSC amplitude, indicating a purely
presynaptic mechanism of action. Inhibition of Cd2+-insensitive transmitter release
under these conditions must occur at some point subsequent to voltage-dependent
Ca2+ influx. When [K+]0 was increased to l6mM, mEPSC frequency increased from
1.7 to <5.3Hz, ana 100pM Cd2+nowrausod a 67±2%decrcee in mEPSCfrequeuey.
Thus, in the presence of TTX and elevated K+, some spontaneous release is mediated
by voltage-Cepeyaryt Ca2+ influx. If activation of these receptors leads to an
inhibition of presynaptic Ca2+ influx, than their effects should be greater in the
presence of 06mM K+. The mean decrease in mEPSC frequency produced by t-ACPD
(47±6%, n=4) and mrthacholiyr (52±ll%, n=4), however, was not significantly
different under these conditions. We suggest that activation of these receptors leads to
an inhibition of glutamate release in the hippocampus solely by a direct action on the
exocytotic machinery at some point subsequent to voltage-dependent Ca2+ influx.
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In the hippocampus. the synaptic release of dynorphin from mossy

fibers (mfs) causes a presynaptic inhibition of neighboring synapses

and inhibits the induction and expression of mf long-term potentiation
(LTP) (Weisskopf et al. Nature 362:423, 1993). We have used field

recordings in guinea pig slices to investigate in more detail the
mechanism of action of dynorphin as well as the dependence of its
release on various types of calcium channel.
A number of previous studies have found that dynorphin inhibits
N-type calcium channels. The inhibitory action of dynorphin (500 nM)
on mf transmission, however, was unaltered in the presence of the

N-type calcium channel blocker, uoCgTx (1 pM), indicating that these
calcium channels are not necessary for dynorphin's effects at mf
synapses. Furthermore, the heterosynaptic depression induced by

tetanic stimulation, which is mediated by dynorphin, was not reduced

by nifedipine (30 pM) or w-CgTx (1 pM). These results indicate that
neither dynorphin release nor its inhibitory effect depends on L or N-

type calcium channels. This raises the possibility that dynorphin
decreases mf transmitter release either by reducing calcium entry
independently of N or L type calcium channels (for example by
inhibiting presynaptic P-type calcium channels or enhancing

potassium channels), or by inhibiting transmitter release at some

step after calcium entry.
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ATTENUATION OF HIPPOCAMPAL SYNAPTIC TRANSMISSION BY
CELL-PERMEANT Ca2+ CHELATORS IN VITRO. I. Sp.velman1*. M.
Tvmianski2. C. M. Wallace2. P. L. Carlen2 and A. A. Velumian2. 'UCLA School of
Dentistry & Brain Research Institute, Los Angeles, California, USA, 90024-1668;
and 2Playfair Neuroscience Unit, University of Toronto, Toronto, Ontario M5T 2S8
Ischemic central nervous system injury causes neurons to experience
excessive increases in intracellular Ca2+ load, an event which is widely held as a
trigger for neuronal death. Recently, a novel strategy was developed for the
treatment of ischemia, involving the application of exogenous cell-permeant Ca2+
buffers (Neuron 11: 221-235, 1993). We showed that certain Ca2+ buffers are highly
neuroprotective against neurotoxin application in vitro, and focal cerebral ischemia
in vivo. Since the mechanism of neuroprotection by cell-permeant Ca2+ chelators in
vivo may involve a reduction in neurotransmitter release, we assessed the effects of
AM ester analogs of various Ca2+ chelators on synaptic responses of CA1 neurons in
rat hippocampal slices. The mobile Ca2+ chelator with fast binding kinetics, BAPTAAM (5OgM), markedly attenuated responses to synaptic stimulation after a 30 min
application. We estimated intracellular BAPTA accumulation at 60-75/iM after
loading slices for 30 min with 5OgM 14C-BAPTA-AM. EGTA-AM, which has similar
affinity for Ca2+ but slower binding kinetics, and the selective Zn2+ chelator, TPEN,
were both without effect on evoked synaptic responses. Intracellular perfusion of
lOOgM BAPTA salt during whole-cell patch clamp recordings did not reduce evoked
synaptic responses, indicating that cell-permeant Ca2+ chelators attenuated synaptic
responses by acting on presynaptic terminals. The ability of other cell-permeant
BAPTA and APTRA analogues with fast Ca2+-binding kinetics to attenuate responses
to synaptic stimulation correlated with their affinity for Ca2+, such that chelators with
Kd ’s above 90 gM had little effect on synaptic responses.
Based on these results we propose that the neuroprotective actions of
BAPTA-AM in vivo may involve attenuation of synaptic transmission. The results
also suggest that [Ca2+] in sub-membrane regions of mammalian central terminals
rises to levels that exceed 25 gM during normal synaptic transmission.

CALCIUM
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ACTIVE ROLE OF PRIMARY AFFERENT DEPOLARIZATION IN
PRESYNAPTIC INHIBITION : A COMPUTER STUDY
B. Lamotte decamps!. M-L. Monpet2. C. Meapier2 and D. Zytpic^k 1 *.
1 URA CNRS 1448, UFR des Saints-Peres , 75270 Paris, France
2 UPR CNRS 014 , Ecole ^^technique, 91128 ,Paiaiseau , France
Ip a previous study, declining inhibitory potentials, ascribed to the action of lb
afferents, were recorded in homonymous and synergic motoneurons during sustained
subtotal contractions of gastrocnemius medialis (GM) (1). Primary afferent
depolarizations (PADs) were subsequently recorded iptra-axopally from the
iptrasalpal portion of homonymous lb fibers during similar GM cgptrautlops. This
supported the assumption that aressnnatiu inhibition of lb fibers accounted for the
decline of uoptrautlop-lpdaued inhibition in motoneurons (2). In the present study, a
compnrtmeptnl model of myelinated fiber was designed, using a fully object-oriented
nearoslmalntor, to investigate whether the PAD might by itself contribute to
presynaptic inhibition by reducing the spike height (see 3). The effects on an afferent
action potential of the activation of an axo-axonic synapse located at the "central"
end of the fiber were computed. When the afferent action potential travelled during
activation of an axo-axon^ synapse, its amplitude, observed from the synaptic
compartment, decreased. The reduction in spike height was more important when
synaptic activation induced a PAD than when it did not. Since the PAD propagated
plectrotopiunlls, reduction of the spike height also occurred at some distance from
the synapse. An increased inactivation of the voltage-gated sodium current partly
accounted for the reduction observed in presence of PAD. On the other hand, an
increase in the slope of the inward sodium current at the onset of the action potential
can still explain the Usperexcitnbilits of the fiber. Our study supports the assumption
that PAD is not a simple correlate of presypaptiu inhibition but can by itself act as a
mechanism of prpsspaatlu inhibition.
(1) Zytnicki, D. et al. (1990) J. Neurophysiol. 64: 1380-1389.
(2) Lafleur, J. et al. (1992) J. Physiol. 445: 345-354.
(3) Graham, B. & Redman, S. (1994) J. Neurophysiol. 71: 538-549.
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DIFFERENTIAL DEVELOPMENT OF DUAL PRESYNAPTIC
CALCIUM CHANNELS AT EXCITATORY HIPPOCAMPAL
SYNAPSES. K. P. Scholz* and R. J. Miller. Dept, of Pharmacol, and
Physiol. Sci., Univ. of Chicago, Chicago, IL. 60637.
Evoked synaptic transmission at synapses from CA3 to CA1 pyramidal
neurons in the rat hippocampus has been shown previously to be sensitive to
two calcium channel toxins with non-overlapping specificity, w-CgTx GVIA
and to-Aga-IVA (c.f. Wheeler et al., Science 264:l07). In contrast, our
previous results indicated that excitatory synapses between hippocampal
pyramidal neurons in cell culture were more sensitive to oo-CgTx and less
sensitive to w-Aga-IVA (Scholz and Miller, Soc. Neurosci. Abstr. 18:9). We
have now examined the possibility that this discrepancy arises from a
developmental switch in the complement of presynaptic Ca2+ channels
contributing to release. Neuronal cultures were prepared from embryonic rat
hippocampus at 17 days gestation. Experiments were performed at various
stages of synapse development. Whole-cell voltage-clamp recordings from
postsynaptic neurons utilized either autaptic connections or cells receiving
sparse synaptic input. From 10 to 13 days in culture (approx. 3-6 days after
electrically detectable synapses begin to form) evoked excitatory postsynaptic currents (EPSCs) were blocked by aoCgTx (1-5 uM) by 90-100%
(n=5). ooAga-IVA (1 uM) had no effect in many cells but blocked EPSCS by
no more than 30% in any of the cells tested (n=6). After 20 days in culture,
the efficacy of block by w-CgTX was reduced to 20-50%> (n=l 1) while that of
w-Aga-IVA was increased to 60-80% (n=12). Synapses observed during the
intervening period (13-20 days) showed a gradual switch from the properties
observed during early synapse development to those of more mature synapses.
These results suggest that synapses utilize w-CgTx sensitive channels when
they first develop and incorporate coAga-IVA sensitive channels later.

PRESYNAPTIC CALCIUM-ACTIVATED POTASSIUM
CONDUCTANCE AND CALCIUM CONDUCTANCE AT THE
CRAYFISH NEUROMUSCULAR JUNCTION. LA* Blundon*. S.N.
Wright, M. Brodwick. and G.D. Bittner. Dept. Biology, Rhodes College,
Memphis, TN 38112; Dept. Zoology, Univ. Texas, Austin, TX 78712;
and Dept. Physiology and Biophysics, UTMB, Galveston, TX 77550.
The presynaptic terminal region of the excitatory motor neuron which
innervates the crayfish walking leg opener muscle was current clamped
using two intracellular microelectrodes. Postsynaptic potentials were
intracellularly recorded from a muscle fiber near the presynaptic
recording site. When voltage-activated Na+ and K+ conductances (g),
and gK(v)) were blocked, presynaptic depolarization with an initial
(conditioning) pulse attenuated the amplitude of the depolarization of a
second (test) pulse. The attenuation of the test pulse by the conditioning
pulse increased with increasing magnitude or duration of the conditioning
pulse, and was eliminated by the Ca2+ channel blocker funnel web spider
toxin or by injection of the presynaptic terminal with the Ca2+ chelator
BAPTA. These data confirm previous reports that these crayfish terminals
contain a Ca2+-activated K+ conductance (gKO*))- When gKC«) was
blocked, the amplitude of the depolarizing afterpotential of action
potentials was increased. When gK(v) was blocked, the duration of action
potentials was increased. Presynaptic intracellular injection of BAPTA
reduced evoked neurotransmitter release before gK(Ca) was affected,
suggesting that the K^a) channel has a greater affinity for Ca2+ than does
the transmitter release machinery. Finally, when blocking gN„ gK(v) and
gK(Ca). we detected a Ca2+ depolarization in the terminal region that was
eliminated by 2 mM Cd2+ or 0 mM Ca2+.

32.7

32.8

PRESYNAPTIC CALCIUM CURRENT IN YOUNG AND OLD C57BL
MOUSE
W. B. Alshuaibt ann M.A.Fahinnm, Departmeet of Physiology, Faculty of
Medicine, Kuwait University^, and Department of Physiology, FMHS, UAE
University, United Arab Emirctps2.
An increase in transmitter release was found at neuromuscular junctions
(NMJ's) of old mice but the underlying mechanism is poorly understood. The role
of altered ion channel function in the aging of nervous system is controversial.
There is, however, indirect evidence that altered calcium homeostasis is a
concomitant of nervous system aging. The NMJ of mouse provides a system in
which the relation between synaptic transmission and channel function can be
evaluated as a function of age. Ip order to determine whether the age-related
increase in evoked transmitter release results from altered Ca buffering, extrusion
or influx through ionic channels, we utilized two methods to examine Ca current in
muscles of mature (10 months) and old (24 months) C57BL mice. In the first
method, external nerve terminal current peaks in curare-blocked preparations were
recorded by inserting microplputrgdps inside the aprinpuropal space along the
superficial nerve bundles. Slow and fast positive-going Ca currents were generated
by blocking the negative fast Na and K currents with tetrodotoxin and 4aminoayridipp respectively. Ip aged muscles, the rise and half-decay times of Na,
K and fast Ca currents were similar to those of young muscles. The magnitude of
the slow calcium current, however, was considerably prolonged in old muscles
compared to that obtained from young animals. The labile nature of Ca channels
and instability of their current under conventional whole cell voltage clamp, led us
to the use of a second method, namely, perforated patch whole cell technique. The
role of the slow Ca current, at the present, remains unclear. However, the results
obtained suggest that extrusion of Ca may be impaired during aging.

INHIBITION OF PROTEIN KINASE C (PKC) INACTIVATES Ca+2
CHANNELS IN ISOLATED HIPPOCAMPAL NERVE TERMINALS
T.E. Rhodes* and D.K, Bartsuhnt Dept. of Physiology, Eastern Virginia Medical
School, Norfolk, VA 23501
Isolated presy^^ nerve terminals (sypnatosgmes) were prepared from rat
yiaaouamaas, were loaded with the fluorescent Ca*2 indicator Fura-2, and were
mixed in a stopped flow naahrhtus with various [K+]o to measure changes in Ca+2
permeability evoked by depolarization on a millispugpd time scale (Lentzaer, et al.,
J. Physiol. 450:613). We observe three components of Ca+2 uptake: i) rapidly
innutivating Ca* channels (t ~ 30 -60 msec; fast component); ii) slowly
ipnutivnting Ca+2 channels (t ~ 1-2 sec; slow component); and iii) Na/Ca exchange
operating in the reverse mode (Na component).
The aygrbol ester (and PKC activator) PMA had little effect on Ca* uptake
except at 10 gM, when a selective reduction of the slow component was seen,
probably reflecting a direct effect on these channels. When the phosphatase inhibitor
okadniu acid was included, PMA (10 - 100 nM) increased the fast and slow
components 10 - 30% with no effect on the Na component.
The PKC inhibitors cnlahostin C (Cal) and diyydrosayingosipe (DHS) produced a
rapid and nearly complete block of both the fast and slow components of Ca*
uptake, with virtually no effect on the Na component. The effect of DHS was rapid
and complete within 1-5 minutes. Inclusion of o^dmc acid slowed the effect of
DHS by at least 10 fold. Interestingly, the cAMP agonist Sp-cAMPS and antagonist
Rp-cAMPS had little effect by themselves, but Sp-cAMPS was able to restore much
of the DHS-blocked slow component, but not the fast component.
These results suggest aresypaatiu Ca* channels may be under a tonic activation
by PKC, and that changes in PKC activity or protein phosphatase activity may be
important regulatory mechanisms to modify aresypaatiu Ca* influx, and Uppcp
neurotransmitter release, in the hippocampus. Supported by NEH NS21758.
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OVEREXPRESSION OF CALBINDIN D28K IN CULTURED RAT
HIPPOCAMPAL NEURONS: EFFECT ON SYNAPTIC TRANSMISSION.
P.S. Chard*. 1. lordW. C.M. Marcuccilli. T. Iwama. J. Leiden. R. Roos. RJ.
Miller and G. Ghadge. Depts. of Pharmacol. & Physiol. Sci., Neurology, and
Medicine, Univ. of Chicago, Chicago, Illinois 60637, U.S.A.
Calbindin D28K (CABP), a Ca2+-binding protein widely distributed in the
CNS, has been shown to modulate depolarization-induced changes in somatic
lCa2+]j (Chard et al., (1993) J. Physiol. 472,341-357). However, calbindin D28k 's
effects on synaptic physiology remain unclear. In order to examine whether
calbindin D28K modulates synaptic transmission in cultured hippocampal neurons,
we have constructed a recombinant, replication-defective, CABP expressing
adenovirus (AdCABP-1) and have compared its effects on hippocampal neurons to
those of a P-galactosidase expressing adenovirus (Adpgal). Approximately 10% of
control, cultured hippocampal neurons were weakly immunoreactive for CABP.
However, 96 hrs after infection with AdCABP-1, up to 95% of the neurons
robustly expressed calbindin D28K (The percentage of cells immunoreactive for
CABP and its level of expression depended on the multiplicity of viral infection).
Calbindin D28K expression developed between 20-48 hrs, remained stable for at
least 10 days, and was shown to be a specific increase in CABP by western blot
analysis. We compared the effects of AdCABP-1 expression with that of Adp-gal
expression on evoked EPSCs and post-tetanic potentiation (PTP). Using lOOps,
0.5mA, field stimulation every 30s (STD stim.) to evoke neurotransmitter release
we recorded EPSCs in a post-synaptic hippocampal neuron. PTP was frequently
induced in Adb-gal infected neurons (10/22 cells tested) by inserting a Is, 50 Hz
stimulation between the STD stim. In contrast, PTP was evoked in only 2/11
AdCABP-1 infected neurons. Interestingly, there was no significant difference
between the size of EAA activated (kainate & NMDA) currents in the Adp-gal and
AdCABP-1 infected post-synaptic cells. These results indicate that calbindin D28K
may play a role in regulating neuronal communication. We thank Dr. D. Dowd (St.
Louis Univ.) for her gift of calbindin D28K cDNA. Supported by a NATO grant.

TIME COURSE OF RELEASE OF CONTENT OF INDIVIDUAL
VESICLES IN BOVINE CHROMAFFIN CELLS.
M,I. Glavrnovic1*
A. Walker1 and J.-M, Trifaro2. Depts of Anaesthesia Research and
Physiology! McGill University, Montreal, Que. H3G 1Y6, and Dept, of
Pharmacology2, University of Ottawa, Ottawa, Ont., CANADA.
Carbon filament electrodes have been shown to be sensitive enough as
electrochemical detectors to measure concentrations of catecholamine
occurring from a release of a single vesicle (Wightman et al., PNAS 88,
10754, 1991; Chow et al., Nature, 356, 60, 1992), which are observed as a
series of current spikes. It is still disputed however, what determines the
amplitude and the time course of current spikes, but the contribution of the
difusional broadening is clearly important (Schroeder et al., Anal. Chem. 64,
3077, 1992). Based on the paucity of the current spikes of short duration and
on the comparative abundance of the spikes with long duration, it has been
argued that factors involved in the exocytotic process are not negligible. In
this study we examined the relationship between the amplitudes (A), rise times
(Tr-s), and decay times (Td-s) of spontaneously occurring current spikes.
Experiments have been done at 19-22 °C in Locke solution with LaCl3 (10-500
pM) added. Histograms of both Tr-s and Td-s had low frequency of occurrence
at short durations. A scatterrogram of Tr-s vs Td-s shows a positive correlation

with a slope of (+SD): 1.3+0.5, and the intercept at zero Tr of ( + SD):
11.5+3.5 ms (n=5). Time course of current spikes therefore cannot be
explained exclusively by diffusional broadening. The duration of exocytosis of
individual vesicles is also important and appears to last approximately 10 ms,
thus much longer than in neuronal synapses.
Supported by Medical Research Council (Canada).
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CALCIUM
DEPENDENCE
OF
THE
RATE
OF
EXOCYTOSIS IN SINGLE SYNAPTIC TERMINALS R,
Heidelberger*1. C. Heinemann2. E. Neher1. and G.
Matthews^ ^MPI fur biophys. Chemie, Gottingen
Germany, 2Depts. of Molec. & Cell Biology, UC Berkeley
CA 94720, and 3 Neurobiology & Behavior, SUNY at Stony
Brook NY 11794.
Transmitter release at neuronal synapses is triggered by
an increase in presynaptic [Ca]i.
However the quantitative
relationship between
[Ca]i and the rate of neuronal
exocytosis is not known.
Using single synaptic terminals
isolated from goldfish retinal bipolar neurons, we
combined high time-resolution capacitance measurements,
flash
photolysis of caged
calcium,
and
furaptra
measurements of [Ca]i to address this issue. After a brief UV
flash liberated Ca from DM-nitrophen, the capacitance in
most terminals rose exponentially following a brief delay.
Between 10 and 100 pM, the rate constant of the exponential
fit increased with at least the third power of calcium,
suggesting that binding of 3 or more calcium ions are
needed to trigger exocytosis.
Compared to neuroendocrine
cells, exocytosis in bipolar synaptic terminals required a
-10-fold higher [Ca]i; threshold being at least 10 pM .
Furthermore, at the limit of high [Ca]j, secretory rates in
bipolar synaptic terminals were faster by a factor of 5-20,
reaching values of 2000-4000 sec’ *. These features meet the
requirements for fast neuronal signalling.

PHOTOLYSIS OF CAGED-CALCIUM REVEALS A POOL OF
READILY RELEASABLE VESICLES IN PITUITARY
GONADOTROPES. F.W. Tse* A.Tse. B. Hille & W. Aimers.
Dept. Pharmacol.,U. of Alberta, Edmonton, Canada; Dept.
Physiol. & Biophysics, U. of Washington, Seattle, USA; MaxPlanck-Inst. f. Medizin. Forschung, Heidelberg, Germany.
Single identified rat gonadotropes were loaded via a whole-cell
pipette with the photolabile Ca-DM-nitrophen chelator (Ca-DMn)
plus the calcium indicator mag-fura-2 or fura-2. We rapidly raised
cytosolic [Ca2+], [Ca2+]i, by flash photolysis of Ca-DMn, and
tracked the ensuing exocytosis by measuring the membrane
capacitance (Cm). A rise in [Ca2+]i beyond 5 pM triggered a rapid
burst of exocytosis lasting < 160 ms which was sometimes
followed by up to two slower phases. The amplitude of the
exocytic burst (ACm = ~^10 fF or 4% of initial C,p) was
independent of [Ca2+]i between 15 and 70 pM, while the inital rate
of exocytosis increased from 1.7 to 4.6 pF/s over that range. We
attribute the exocytic burst to a finite pool of about 160 readily
releasable vesicles that is depleted by Ca-dependent exocytosis.
During hormone-induced Ca oscillations, the number of vesicles
released during each Ca wave is typically less than 160. Hence the
rhythmic episodes of gonadotropin-releasing hormone-induced
exocytosis (Tse et al., Science 260:82) may represent cycles of
nearly complete exhaustion and replenishment of a small pool of
releasable vesicles.
Supported by Canadian MRC & AHFMR, NIH-HD-12629 & -AR17803, A.W. Mellon & W.M. Keck Foundations.
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PRESYNAPTIC CALCIUM AND EXCITATORY POSTSYNAPTIC
CURRENTS IN THE RAT SPINAL CORD CLARKE'S COLUMN.

IN VITRO MODULATION OF RAT CORTICO-H3PPOCAMPAL
SYNAPTIC TRANSMISSION BY PRESSURE, [Ca2+]0, AND 4AMINOPYRIDINE. A. Talpalar* and Y. Grossman. Department of
Physiology, Faculty of Health Sciences, Ben Gurion University of the Negev,
Beer Sheva 84105, Israel.
The pressure induced hyperexcitability in the CNS (High Pressure Nervous
Syndrome), is characteriZed by increase in the electrical activity of the
neurons together with decreased synaptic transmission. Extracellular field
potentials recorded in cortico-hippocampal slices under pressure of helium
(0.1 to 10 MPa) showed that in the perforant path connection to the dentate
gyrus this is expressed by a shift in die output input relationship (Population
Spike/population EPSP) towards excitability, concurrently with a raise in the
frequency response to short train of pulses at 50 Hz. Similar responses were
observed when [Ca2+]owas reduced from 2 to 1 mM in the Ringer's solution.
Increasing [Ca2+]0 to 4 mM, partially reversed the effects of 10 MPa helium,
suggesting that the pressure suppression of synaptic transmission is due to
a decreased Ca2+-entry into the terminals. Low concentrations of 4aminopyrydine (4-AP) (10 pM) increased the population EPSP slope and
amplitude at normal pressure, and fully restored synaptic transmission at
high pressure, suggesting the involvement of a highly 4-AP-sensitive transient
K+ conductance (I*,), in the process. I*, probably regulates synaptic release
by shunting part of the action potential at the synaptic terminal. Pressure may
slow the inactivation of this current, therefore attenuating the action potential
which normally activates the voltage gated Ca2+-channels. 4-AP blocks this
ha» thus restoring full action potential invasion, regular Ca2+ influx, and
synaptic transmission. Supported by US ONR grant No. N 00014-91-J-1908.

XL__Hori* and K. Kanda, Dept. Physiol., Kyorin Univ. Sch.
Med., Mitaka and Dept. CNS, Tokyo Met. Inst. Gerontol.,
Itabashi, Tokyo, JAPAN
The
relationship
between
presynaptic
calcium
concentration ([Ca2+]i) and the frequency of miniature
excitatory
postsynaptic
currents
(mEPSCs)
was
investigated in slices of the neonatal rat spinal cord.
For selective
loading of the
presynaptic terminals,
fura-2 solution was applied to the cut end of fibers in
the dorsal column. After 1-2 hours of incubation,
fluorescence emerging from Clarke’s column, several
hundreds micrometers away from the application site, was
detected by a SIT camera and ratio measurements were
performed. Miniature EPSCs were recorded from large-sized
neurons visually located in the Clarke’s column using
patch-clamp whole-cell methods.
Electrical stimulation of the dorsal column induced a
transient increase in lCa2+]i, which was not affected by
bath application of glutamate receptor antagonist (2-3 mM
kynurenic acid). Thus, the response is of presynaptic
origin. In the presence of tetrodotoxin, strychnine and
bicuculline, spontaneously arising mEPSCs were recorded.
A brief application of high-potassium solution increased
both the frequency of mEPSCs and presynaptic lCa2+]i.
These observations indicate the selective loading of
the presynaptic terminals with calcium indicator fura-2,
and the observed elevation in presynaptic lCa2+]i is
involved in an increased release of neurotransmitter.
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Inhibitory synaptic transmission at the crayfish neuromuscular junction
mediated by controlled presynaptic depolarizations. J.-W. Lin* and A.
Vyshedskv, Dept. Biology, Boston University, Boston, MA 02215.
Studies of transmitter release at neuromuscular junctions (NMJ) have
traditionally focused on action potential activated releases. Our aim is to
study transmitter release by controlling waveforms of presynaptic
pulses. A controlled presynaptic depolarization allows one to manipulate
the number of presynaptic calcium channel openings and to investigate
the dynamics of transmitter release during prolonged presynaptic
depolarizations. We chose crayfish NMJ because of its reasonably large
motor axons and the extensive background knowledge already exists.
We have so far succeeded in impaling inhibitory presynaptic (In-pre)
axons with two electrodes and use current clamp to control presynaptic
potential. Transmitter release is monitored by intracellular recordings of
muscles near the presynaptic voltage recording site. In the presence of
TEA (1OftnM), 4-AP (5 mM) and TTX
"
(0.5 pM), In-pre axons show calcium
spikes when they are depolarized, with
200 ms current pulses, beyond -50 mV.
IPSPs are observed when In-pre axons
are depolarized beyond -57 mV. The
dynamics of transmitter release during
prolonged presynaptic pulses,
controlled by voltage clamp circuits, is
under investigation. (Supported by
NIH grant NS31707)

RAPID EXOCYTOSIS AND ENDOCYTOSIS IN PEPTIDERGIC NERVE
TERMINALS. Shvue-fanq Hsu and Mever B. Jackson*. Dept. of

32.17
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Physiology, University of Wisconsin, Madison, Wl 53706.

We

have

used

phase

techniques

tracking

to

measure

depolarization-induced capacitance changes in nerve terminals from

thin slices of the posterior pituitary. Pulses from -90 to +10 mV

induce increases in capacitance ranging from 5 to more than 100

fF. The increases are complete immediately after the pulses end;
and pulses as short as 100 msec produce detectable changes.
Longer duration pulses produce larger changes in capacitance.

Membrane reuptake begins as soon as the stimulus pulse ends, and
has a time constant of approximately two seconds (Fig). Trains of

100

or

more
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to

10

capacitance increases.

causes
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discontinuous

msec

continuous

stepwise

pulses

Dialysis with

Ca
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continuous

concentration

interrupted
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> 1

by

pM

large

The

stepwise

increases probably reflect compound exocytosis. The

stimulus-

induced capacitance change is maintained in recordings lasting

more than one hour, without completely running down. Stimulating
at rapid intervals facilitates the secretory response. A 600 msec

pulse was used in the trace below of capacitance versus time.
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J. L. Rotter* and M. B. Jackson. Department

of Physiology, Univ. of Wisconsin, Madison, Wl 53706.
Depolarization-induced
changes
in
intracellular

Ca2 +

concentration ([Ca2 + ]j) were studied in thin slices of the pituitary

neurointermediate lobe.

A

patch

pipette introduced Fura-2

into

single cells and nerve endings. In both nerve terminals and
secretory cells, [Ca2 + ]j increased rapidly during depolarization, and
showed two

phases of recovery.

The

rapid

phase

had

time

constants of 77 msec and 101 msec in secretory cells and nerve
terminals, respectively. Peak spatially averaged [Ca2 + ]j reached
300 to 600 nM (pre-stimulus [Ca2 + lj

=

50 to

100 nM). The

slower phase of recovery lasted approximately 10 seconds. Longer
pulse durations resulted in saturation of the rapid recovery process
so that only the slower recovery process was observed. The rapid
phase of recovery may reflect the dynamics of Ca2 + redistribution

between cytoplasmic Ca2 + buffers. The slow phase may reflect
Ca2 + extrusion by pumping. These two processes will shape the

[Ca2 + lj profile during stimulation and thus influence secretion.

MULTIPLE TYPES OF PRESYNAPTIC CALCIUM CHANNELS MEDIATE
SYNAPTIC TRANSMISSION AT CA3 TO CA1 SYNAPSES OF HIPPOCAMPUS
L.G. Wu* and P. Saggau. Div. Neurosci., Baylor Coll. Med., Houston, TX 77030
The effects of different voltage-dependent Ca channel (VDCC) antagonists
including coconotoxin-MVIIC (oCgTX-MVIIC) on synaptic transmission were
investigated at CA3 to CA1 synapses of guinea pig hippocampal slices. Following
a selective loading of presynaptic structures in area CA1 with the calcium indicator
fura-2, we simultaneously recorded a presynaptic calcium transient ([Ca]t) and the
corresponding field excitatory postsynaptic potential (fEPSP) evoked by a single
stimulus given to the Schaffer collateral-commissural pathway (Wu and Saggau,
J. Neurosci., 14:645, 1994). Similar to previously tested VDCC blockers such as
ooc(^i^(^(^t^:xin-^VlA (M-CgTX-GVIA) and co-agatoxin-IVA (co-Aga-IVA) (Wu and
Saggau, J. Neurosci., in press), oCgTX-MVUC blocked the fEPSP by reducing the
presynaptic Ca transient ([Ca],). Sequential application of these VDCC blockers
revealed five pharmacologically distinct components of the presynaptic [Ca],:
1) (It-CgTXcGvIA-sensitiye (39%, mean),
2) w-Aga-IVA-sensitive but CCgTX-MVIIC-resistant (9%),
3) Q)Aga-IVA- and (lHCgTX-MVIIg-sensitiye (16%),
4) Clt-CgTX-MV^C-sensitiye, but O-CgTX-GVLA- and
(15%),
5) w^TX-GVIA-, co-Aga-IVA- and coCgTX-MVIIC-resistant (21%).
Based on this pharmacological evidence, a functional classification of presynaptic
voltage-dependent Ca channel types at CA3 to CA1 synapses of the guinea pig
hippocampus is proposed: N-type (39%), P-type (9%), Q-type (31%) and R-type
(21%). We also found that these Ca channel types trigger transmitter release with
similar efficacy, suggesting that they are randomly distributed around transmitter
release sites.

SODIUM CHANNELS I
33.1

33.2

SPURIOUS PERSISTENT CURRENTS CAUSED BY IMPERFECT
SPACE CLAMP. A.R. Kav*. N.S. Sekar. and J.A. White, Dept, of

THE PERSISTENT NA+ CURRENT IN CEREBELLAR PURKINJE CELLS
HAS A SINGLE CHANNEL CONDUCTANCE DISTINCT FROM THE
INACTIVATING CURRENT. M.Sugimori*. A. R. Kavt & R. Lllnas. Dept.
Physiology & Biophysics, NYU Med. Ctr.. New York, NY 10016 and tDept.
of Biol. Sci., Univ. of Iowa. Iowa City, IA 52242
There have been recurrent questions as to the origin of the persistent
sodium current ( In -p ) in Purkinje cells of the cerebellum. Particularly as to
whether it is distinct from the inactivating channel or whether it might
represent an alternative gating mode of the inactivating channel ( "modeswitching"' ).
Cell-attached patch-clamp recordings were performed on the somata of
Purkinje cells in slices of the guinea-pig cerebellum. Persistent single
channel currents ( 7 pS conductance ) were activated by depolarizing
voltage steps. In some patches the current was activated by all
presentations of the voltage pulse, while in others random alternation
between a silent and persistent mode was observed. The current exhibited
considerable lability, often disappearing after a few minutes of recording.
The single channel data argues for the existence of a channel distinct from
the conventional inactivating Na+ channel associated with I^p .

Biological Sciences, Univ. of Iowa, Iowa City, LA 52242 U.S.A.
In voltage-clamp experiments, failure to impose a uniform space
clamp can lead to distortions in the recorded membrane current.
We have simulated voltage-clamp responses in a "ball-and-stick"
neural model with uniformly distributed Na+ and leak conductances
to examine quantitatively the magnitudes and sources of errors
related to a breakdown of space clamp.
In addition to errors in the kinetics and peak current-voltage
relationships of simulated Na+ currents, we observed a spurious
persistent component of the current that was as much as five times
larger than would be predicted from the "window" current in the
perfectly space-clamped condition. The false persistent component
was not due to an artifactual slowing of inactivation kinetics but
rather resulted from the steady-state flow of current from the distal
portion of the neuron to the soma. This axial current occurred
when the window current in the distal portion of the neuron
established a steady-state potential more positive than the clamp
potential. The size of this reversed potential gradient varied with
time, exerting complex effects on the measured fraction of Na+
current that persisted. Because these results apply to inward
currents, caution should be exercised in interpreting persistent Na+
or Ca2+ currents in electrotonically extended structures.
Supported by grants from the ONR andNIlH
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Hepes, pH 7.4. Scale bar
100 ms, 1 pA

Supported by grants from NIH (NS13742 to MS & RR) & NIH and ONR (to ARK)
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MOLECULAR CHARACTERIZATION OF THE SODIUM CHANNELS
EXPRESSED IN MAMMALIAN CEREBELLAR PURKINJE CELLS. R
Rudy1-"- E. Vega-Saenz de Miera*. M. Sugimori1. and R. LlinAs** Department of
Physiology and Biophysics and "Department of Biochemistry. ; New York University
Medical Center, New York, N.Y. 10016
Voltage gated (VG) Na+ channels are responsible for the fast depolarization
phase of the action potential and for the prolonged plateau potentials in Purkinje
cells (PC) via two different VG Na+ currents, one inactivating and one noninactivating (Llinds and Sugimori. (1980) J. Physiol. 305: 174). To investigate
whether these currents are produced by different channels we perform single cell
rtPCR in mRNAs from guinea pig PC in cerebellar slices with a set of degenerate
oligonucleotides designed to amplify all known sodium channel sequences. The
primers were derived from separate exons to prevent genomic DNA amplification.
Individual PC, PCR generated bands, were ligated into Blue Script, color selected,
restricted, and sequenced. These were found to contain products from two different
sodium channels, one a homologue of Rat Brain I, while the second appears to be a
novel Na+ channel.

CHARACTERIZATION OF IONIC CURRENTS IN CHICK
EMBRYO SYMPATHETIC NEURONS. Alberto L. Rivera
Rentas* and Gladys Escalona de Motta. University of Puerto
Rico, Dept, of Biology and Inst, of Neurobiology, 201 Blvd. del
Valle, San Juan, PR 00901.
Ionic currents were elicited in cultured chick embryo
sympathetic neurons applying depolarizing stimuli and using the
whole-cell configuration of the patch clamp. Recorded currents
were studied in terms of their ionic nature, time course,
current-voltage relationships, and voltage dependences.
Outward components of these currents were partially blocked
by Cs ions and completely blocked by N-methyl glucamine.
Inward currents had a minor Ca2+ component abolished adding
Co2+ to the external solution, and a major Na+ component
sensitive to TTX. Genesis of these currents was examined after
24, 48 and 72 hrs of incubation at 36°C and 5% CO2. After 24
hrs, amplitude of inward currents was l.5X smaller than after
48 and 72 hrs. After 48 hrs, breyetoxin-1 reduced current
amplitude, shifted the voltage dependence of activation (by -9
mV) and of inactivation (by -6 mV), and changed current
reactivation t50% from 3 to 10 ms. These cells, thus, are good
models to study biotoxins active on voltage gated channels.
(Supported by NIH grants GM08102, MH48190 and in part by
MH19547.)
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Single Cell rtPCR. 2% agarose gel. Samples
amplified with Na+ channel specific degenerate
oligonucleotides. A) 50 ng of reverse transcribed cerebellar RNA. B) chamber solution in
presence of RT (control 1). C) <X174-HaaHI
molecular weight Std. D). Not reverse transcribed RNA from a single PC (control 2). E).
Reverse transcribed RNA from a PC.
Supported By NIH grants NS3O989 to B.R. and
NS 13742 to R.L.
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CELL SPECIFICITY FOR INDUCTION OF SODIUM CHANNEL CLUSTERS IN
MYELINATED AXONS. Barrv W. Hicks* and Kimon J. Angelides Department of
Cell Biology, Baylor College of Medicine, Houston, TX 77030'
The creation of plasmalemma micro-domains with selectively enriched protein
constituents, or clustering, is a phenomenon commonly observed on the surface of
cells that perform spatially segregated tasks. Examples of clustering include
acetylcholine receptors at neuromuscular junctions, NMDA receptors at dendritic
spines, and sodium channels (NaChs) at nodes of Ranvier. Previously it was observed
that metabolically active Schwann cells (SCs) are capable of inducing NaCh clusters in
the axons of dorsal root ganglia neurons (DRGs). The NaCh clusters persisted for
several weeks in vitro, but neither the mechanism inducing clusters nor the functional
significance of this phenomenon are known. Because DRGs extend neurites into both
the periphery and the spinal cord, they encounter glia in both the PNS and CNS. If
NaCh clustering is an important intermediate in the development of the high NaCh
density at mature nodes of Ranvier, axonal contact with CNS glia might also induce
this change in the axolemma. Oligodendrocytes (OLs) and astrocytes (ASs) are
candidates, because both cells interact directly with the myelinated axon in the CNS.
To determine if there was cell specificity for inducing NaCh clusters, primary cultures
of SCs, OLs, ASs or control fibroblasts were added to cultures of pure DRGs and
NaCh distributions were monitored by immunofluorescence microscopy and quantitated
by digital image analyses. In addition, the distribution of NaChs in neurons from the
superior cervical ganglia (SCG) were monitored in culture. SCG axons, although
ensheathed by SCs, are not myelinated in vivo. It was hypothesized that SCs would
not induce persistent NaCh clusters in these axons. To date results indicate that only
SCs are capable of inducing NaCh clusters in the DRG axolemma. SCs also induced
NaCh clusters in the axons of SCG neurons, but they did not persist beyond one week
in vitro. These results suggest that NaCh clustering is an intermediate step in axonal
maturation in the PNS. However, the long-term fate of the clusters depends upon the
nature of the SC-axon interaction and whether the axon possesses the molecular signals
required to initiate SC differentiation and myelination. Supported by NIH NS28O72
and the MS Society. BWH is an NIH extra mural postdoctoral fellow NS09196.
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EXPRESSED IN GLIAL CELLS.

Department,

of

Younqsuk Oh* and Stephen G,

Neurology,

Yale

University,

School of

Medicine, New Haven, CT 06510, and Neuroscience Research Center,

V.A. Medical Center, West Haven, CT 06516.
Although the molecular characteristics of glial Na+ channels are not

well understood, recent studies have demonstrated the presence of
mRNA for rat brain Na* channel a subunits in astrocytes and Schwann

cells. In this study, we asked whether the mRNA for the rat brain Na*
channel pi subunit is expressed in glial cells.

We performed in situ

hybridization using a cRNA probe for the coding regions of the rat brain
Na* channel pi subunit mRNA, and detected pi subunit mRNA in
cultured rat optic nerve astrocytes and sciatic nerve Schwann cells.

The pi subunit was amplified by RT-PCR in rat optic and sciatic
nerves, which lack neuronal
Schwann cells, respectively.

somata but contain astrocytes and

Doublet bands of the pi subunit mRNA

were amplified from both optic and sciatic nerves. Through the cloning
and sequencing of these bands, we confirmed the amplification of the

previously cloned rat brain Na* channel pi subunit (pi#) and a novel
form of the pi subunit mRNA (p*2), which is closely homologous to
pi# but contains an additional 86 nucleotide insert in 3' non-coding

regions.

of excitable tissues, and have been implicated in the gating properties of the
Na* channel a-subunit when they are coexpressed in Xenopus oocytes.

Recently, the cloning and sequencing of Napi cDNAs derived from the rat and
the human brain were described.
In the present study, we used non-radiolabeled cRNA probes against the rat
brain Napi to investigate the regional distributions of Napi mRNA expression
in developing rat brain by in situ hybridization histochemistry, In embryonic day
i6 rat fetus, very weak or little hybridization was detectable in areas of
neuronal differentiation and synapse formation. Transcript levels were
subsequently up-regulated during postnatal development throughout the CNS,
with differential labeling of specific neuronal populations. For example, at
postnatal day 4 rat, labeling was observed in large motoneurons in spinal cord,
pyramidal and dentate gyrus cells in hippocampus, both external and internal
granular cells in cerebellum and mitral cells in olfactory bulb. The labeling in
these regions became progressively more intense with maturation. At postnatal
day i6 rat, relatively strong labeling was observed in pyramidal cells of
neocortex as well as neurons of thalamus, brain stem and hypothalamus. In
adult (>i0 weeks), labeling was observed in most, if not all, neurons in rat
CNS.
These data suggest that the expression of Napi mRNA is regionally regulated
in the developing CNS. Napi may play a significant role in CNS development
on the basis of its effects on Na* channel deployment and function. [Supported
in part by the VA and NMSS]
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THE pi SUBUNIT mRNA OF THE RAT BRAIN Na* CHANNEL IS
Waxman.

NERVOUS SYSTEM. S. Sashihara*. Y.. Oh. J.A. Black, and S.G. Waxman.
Dept, of Neurology, Yale Univ. Sch. of Med., New Haven, CT 065i0 and
Neuroscience Research Center, West Haven, CT 065i6
Voltage-dependent Na* channel pi-subunits (Napl) are found in a variety

Two pi subunit mRNAs were also amplified from rat brain

and skeletal muscle, but not from rat liver or kidney. These results
indicate that rat brain Na* channel pi subunit mRNAs are expressed

in glial cells as well as in neuronal cells. [Supported in part by the VA
and NMSS]
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DISTRIBUTION OF GLIAL VOLTAGE-GATED SODIUM CHANNEL IN RAT
BRAIN: IN SITU HYBRIDIZATION STUDY. H. ...Chen. J. . Tong . M. A.. Peters
and W.S. Agnew!. Dept of Physiology and Neuroscience, Johns Hopkins School
of Medicine, Baltimore, MD 2i205.
Gautron et al. (PNAS, USA, i992, 89:7272-6) have reported cloning an
atypical voltage sensitive sodium channel from a glial cDNA library. This
isoform, related to the atypical heart channel of Tamkun et al. (PNAS, USA,
i992, 89:4893-7) differs markedly from conventional sodium channel
isoforms, notably in the charged S-4 sequences associated with voltage
sensing. We recently assigned the gene for this isoform to chromosome 2
(Potts, BBRCJ993, i97:i00-4). We have here used in situ hybridization to
examine the distribution of transcripts of this channel in rat brain. An
antisense RNA probe to a 700 nt fragment of domain IV and the carboxyl
terminal was used in a digoxiginin-based co loro metric reaction. Negative
controls Included the sense probe, RNase pretreatment of tissues and
competition by the unlabeled probe.
Strong labeling was detected in restricted numbers of cells in the cortex
and hippocampus. Cortical staining was intense in the internal granular
layer. Although granular cells and glial are difficult to distinguish, a few
pyramidal cells were strongly labeled and easily distinguished from glia. In
cortical white matter almost all macroglia were labeled strongly.
In
hippocampus, a single cell layer was labeled in CAi; staining in CA2 was
more widespread, while only a few cells were stained in CA3. Cerebral
aqueduct ependymal cells (neuroglia) were not labeled. Throughout the rest
of the serial sections of the brain labeling was sporadic.
We conclude the “glial" isoform is expressed in a small subset of glia and
some neuronal cell types.
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ISOFORM-SPECIFIC EXPRESSION OF SODIUM CHANNELS IN

TYPE III SODIUM CHANNEL mRNA IS RE-EXPRESSED IN ADULT RAT
DORSAL ROOT GANGLION NEURONS FOLLOWING AXOTOMY. S.G.
Waxman*. J.D. Kocsis and J.A. Black. Dept. of Neurology, Yale University
School of Med. & Neuroscience Center, VA Medical Center, West Haven, CT
06516.
In situ hybridization with subtype-specific probes was used to ask whether
there is a change in the types of sodium channels that are expressed in adult
rat dorsal root ganglion (DRG) neurons following axotomy. Types I and II
sodium channel mRNA were found at moderate-to-high levels in control DRG
neurons from adult rats, but type III mRNA was not detectable. 7-9 days
following axotomy, in situ hybridization revealed expression of type III sodium
channel mRNA at moderate-to-high levels, in addition to types I and II mRNA
which was expressed at relatively high levels. To determine whether the
expression of type III sodium channel mRNA following axotomy represents upregulation of a gene that had been expressed at earlier developmental stages,
we also studied DRG neurons from E-17 rats. In these embryonic DRG
neurons, type I sodium channel mRNA is expressed at low levels, type II
mRNA at high levels, and type III at high levels. These results demonstrate
altered expression of sodium channel mRNA in DRG neurons following
axotomy and suggest that, in at least some DRG neurons, there is a dedifferentiation following axotomy which includes a reversion to an embryonic
mode of sodium channel expression. Different channel characteristics, as well
as an altered spatial distribution of sodium channels, may contribute to the
electrophysiological changes that are observed in axotomized neurons.
[Supported in part by Dept, of Veterans Affairs.]

EMBRYONIC AND ADULT SPINAL CORD ASTROCYTES
J.A. Black*1,2. R. Westenbroek3. B.R. Ransom1, W.A. Catterall3 and S.G.
Waxman1,2. 1Dept. of Neurology, Yale Univ. Sch. of Med., New Haven, CT,
2Neurosci. Res. Ctr., VA Med. Ctr., West Haven, CT 06516 and 3Dept. of

Pharmacology, Univ. of Washington, Seattle, WA 98195.
Astrocytes have been shown to express voltage-sensitive Na currents in
vitro and in situ, of which two distinct forms have been described. In situ
hybridization studies on cultured spinal cord astrocytes have shown rat
brain Na channel mRNA II and III expression in both fibroblast-like and
stellate astrocytes (Black et al. 1994), while RT-PCR studies have detected
Na channel mRNA I, II and III (Oh et al. 1994). The present study examined
the expression of Na channels in astrocytes in situ, within E17 and adult
spinal cords, with isoform-specific antibodies (Gordon et al. 1987;
Westenbroek et al. 1989,1992) utilizing PAP immunocytochemistry.
In the E-17 spinal cord, radial glia exhibited Na channel immunoreactivity
with antibody SP2O, which was generated against a conserved region of rat
brain Na channels. No detectable staining of radial glia was observed with
the Na channel isoform-specific antibodies SP11-I, SP11-II and SP32-III,
which recognize Na channel types I, II and III, respectively. In the adult
spinal cord, astrocytes in the dorsal and ventral funiculi exhibited SP2O
staining, and the astrocytes were also immunolabeled by SP11-II. No
detectable staining of astrocytes with SP11-I and SP32-III was observed.
These data demonstrate that spinal cord astrocytes in situ express rat brain
Na channels early in development and express a specific Na channel
isoform (II) in the adult. [Supported in part by VA, NMSS and NINDS]
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CHRONIC
HYPOXIA
MODULATES
THE
EXPRESSION
OF
VOLTAGE-SENSITIVE
Na + CHANNELS IN THE DEVELOPING
RAT BRAINSTEM. Y. Xia* and G.G. Haddad . Dept, of Pediatrics (Section
of Respiratory Medicine), Yale Univ. Sch. Med., New Haven, CT 06520
Previous observations from our laboratory have demonstrated that rat
neurons subjected to chronic hypoxia are less tolerant to acute subsequent
stress (e.g. low Oj) than are naive control neurons. Since the size of the Na +
current or Na+ channel density is an important determinant of anoxiatolerance or susceptibility, we wished to investigate the effect of chronic
hypoxia on Na + channel expression. In the present study, we used saxitoxin
(STX) as a Na+ channel ligand to examine STX-Na + channel binding
properties and channel density in fetal and postnatal brains subjected to
chronic hypoxia by means of receptor binding and autoradiography. Fetal
rats were exposed to low O 2environment (8-9%) from embryonic day 10
to birth and postnatal rats, from postnatal day 14 to 35. Control litters were
maintained in room air and studied simultaneously with hypoxic rats. We
showed that 1) the binding properties were different between hypoxic and
control fetal brains with alinear Scatchard plots in hypoxic brain versus
linear ones in the control, suggesting two binidng sites in the hypoxia
group; 2) binding properties between hypoxic and control postnatal brains
were similar with a Kd value of around 2.5 nM; 3) STX binding density
increased greatly in response to hypoxic stimulation in both fetal and
postnatal brainstem (more than double) and 4) hypoxia-induced
increase
in STX binding was heterogeneous with no increase or even a decrease in
some areas (e.g. the cerebellum). We conclude that chronic hypoxia
modulates Na + channel density as a function of brain area. This modulation
may be at the basis for the neuronal susceptibility to acute hypoxic stress.

PRIMARY STRUCTURE AND EXPRESSION OF A VARIANT OF HUMAN
BRAIN TYPE n SODIUM CHANNEL cDNA. H. A. Hartmann1’, R. H. Joho2
and D. Aryee3. Baylor College of Medicine, Dept. of Moleffilar Phys. and Biophys.,
Houston, TX1 77030, Dept, of Cell Bio. and Neurosci., Univ. of TX., Southwestern
Med. Ctr., Dallas, TX2, Children’s Cancer Research Institute, Vienna, Austria3.
A variant of human brain type II sodium channel has been cloned from human
brain cortex. Poly(A)-RNA was used to construct a cDNA library in bacteriophage
lambda ZAP. The random-primed library was screened with probes made from rat
brain type III cDNA (rBIII). From initial DNA sequence analyses, over 50 positive
clones were identified which had homology (>80°%) to the three types of rat brain
cDNA homologues. Five overlapping cDNAs with highest homology to the rBII
cDNA (87%) were sequenced in entirety (both strands). A full-length human type
II variant was constructed by the sequential ligations of the cDNAs into the pGEM-3
expression plasmid. The cDNA clone, hB2, is 99.8% identical (primary structure)
with hBA, another human brain type II sodium channel variant. The four amino acid
differences between hBA and hB2 and their location in the putative structural regions
are as follows: L524R (intracellular loop between domain I and II, A1325V
(transmembrane segment IIIS4), R1744G (pre-transmembrane segment IVS6) and
L1768V (transmembrane segment IVS6). Expression of the cRNA in Xenopus
oocytes produced currents typical for the a subunit of brain sodium channels in this
expression system. The peak of the current-voltage relationship was -lOmV and
currents were sensitive to nM concentrations of tetrodotoxin. The steady-state
voltage-dependence of inactivation curve had a midpoint potential of -4l.4mV
(Boltzmann fit). This work was supported by a Department of Defense Grant
DAMD 17-91-C-1093.
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TRANSCRIPTIONAL REGULATION OF HUMAN BRAIN SODIUM
CHANNEL GENES: EFFECT OF DEXAMETHASONE IN THE LA-N-5
NEUROBLASTOMA CELL LINE. S.D. Schade* and G.B. Brown.
Psychiatry and Behavioral Neurobiology, Univ. of Alabama at
Birmingham, Birmingham, AL 36294.
Voltage-gated sodium channels (NaCh) are responsible for the
rising phase of the action potential in excitable cells. Previous studies
have shown that a glucocorticoid agonist, dexamethasone (dex),
increases the number of cells expressing these NaCh currents when
applied to PC12 cells (Garber etal, 1989). Dex also has been shown
to up regulate a voltage-gated potassium channel mRNA, Kv1.5, and
the current from its translation product in clonal pituitary cells, but
does not affect Kv1.4 (Takimoto etal., 1993). To date, however, no
studies have addressed possible regulatory effects of steroids on
transcription of human brain sodium channel genes. In this study, we
tested whether dex could modulate expression of two NaCh subtypes
in a human neuroblastoma cell line, LA-N-5.
LA-N-5 cells were grown to confluency and maintained in culture
for 3-6 additional days prior to analysis. Using the ligase detection
reaction previously described (Lu etal, 1992), the cells were found to
express both human brain NaCh subtype I and II mRNA in a ratio of
approximately 1:10. The presence of functional TTX-sensitive sodium

TRANSCRIPTIONAL REGULATION OF HUMAN BRAIN
SODIUM CHANNEL GENES: SEQUENCE AND ANALYSIS OF
THE 5'-FLANKING REGION OF THE SUBTYPE II GENE. J.S.
Eichelberger*. C.-M. Lu. M.L. Beckman, and G.B. Brown.
Psychiatry and Behavioral Neurobiology, Univ. of Alabama at
Birmingham, Birmingham, AL 35294.
Previous studies have demonstrated that sodium channel subtype I
and II mRNAs are unequally distributed in the human brain (Lu et
al., 1992), suggesting that these subtypes are differentially regulated
at the level of transcription. To further study the possible regulatory
mechanisms involved, we have isolated a 14 kb genomic clone that
includes approximately 12 kb of the 5'-untranslated flanking region of
SCN2A, the gene encoding human brain sodium channel subtype n.
The clone overlaps the coding region at the 3' end and is identical to
the cDNA sequence reported by Ahmed et al. (1992) in the overlap
region. An intron is present between the cDNA 5'-end and the
translation start site at 60 bp 3' to the cDNA end.
Initial primer extension and 5'-RACE experiments map several
potential transcription start sites. Sequence analysis of two
subclones, representing 2.4 kb of sequence upstream of the cDNA 5'end, revealed the presence of several putative enhancer and promoter
elements. These include a canonical TATA box sequence at 508 bp
upstream, multiple CAAT boxes, and an AT-rich direct tandem
repeat of 38 nucleotides. In order to assess the in vivo relevance of
these putative promoter and enhancer elements, functional
transcription assays will be performed using a luciferase reporter
construct, (Supported . by USPHS grant DAO7237)

channels was verified by 22Na flux measurements. The cells were
treated acutely in culture with dex (final concentration = 1 gM) and
harvested 24 hours later for analysis. Initial results revealed little
effect of dex under these conditions on the ratio of NaCh subtype I
and II mRNA compared to untreated sister control plates. The
possibility that dex induces a more rapid response which normalizes
bv 24 hours will be further tested by analysis at several time points.
(Supported by USPHS grant DA 07237).
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EXPRESSION OF CARDIAC AND BRAIN ISOFORMS OF
VOLTAGE-DEPENDENT SODIUM CHANNELS DURING
NEURONAL DIFFERENTIATION. D. Zeng*. E. Eves. K. Ambler.
M. Tucker. M. Rosner and D. Hanck. University of Chicago,
Chicago, IL 60637
The specific isoforms of voltage-dependent sodium channels
expressed in an immortalized rat hippocampal neuronal cell line (H197), embryonic (E17) and adult rat hippocampus was investigated.
Transcripts for both the cardiac and brain type sodium channels were
detected by RT-PCR in undifferentiated as well as differentiated Hl 97 cells. However, no INa was detected electrophysiologically in
whole cell voltage clamp studies in undifferentiated cells. After
differentiation with bFGF in defined medium, TTX-sensitive (brain)
or TTX-insensitive (cardiac) INa could be detected by voltage clamp.
The presence of surface protein was confirmed by 3H-STX binding,
which produced a biphasic Scatchard Plot indicative of the presence of
both high and low affinity STX binding sites. Analysis of E17 and
adult rat hippocampal mRNAs by RT-PCR revealed the presence of
cardiac as well as brain messages at both stages of development.
These results suggest that the cardiac sodium channel is a normal
component of the complement of voltage-dependent sodium channels
expressed in hippocampus, and raise the possibility that the
expression of functional channels is regulated by the state of neuronal
differentiation.

FUNCTIONAL EXPRESSION OF VOLTAGE DEPENDENT SODIUM
CHANNELS IN XENOPUS OOCYTES INJECTED WITH mRNA FROM
NEONATAL OR ADULT RAT BRAIN. C. Vinginio and E. Cherubini*. Biophys.
Lab., Int. Sch. Ady. Studies (SISSA), 34013 Trieste, Italy.
The levels of mRNA encoding different a subunits
of the voltage
dependent Na* channel (which are essential for its basic functioning ) exhibit
different temporal patterns during rat brain development (G. Mandel, J.
Membrane Biol. 125: 193-205, 1992). We have used the two electrode
voltage clamp technique to study voltage dependent Na* currents (IJ in
Xenopus laevis oocytes injected with mRNA extracted from adult (A-mRNA)
or neonatal (N-mRNA) rat brain. In the presence of niflumic acid (300 pM) to
block endogenous Ca2*-activated Cl ' currents, depolarizing voltage steps from
a holding potential of -100, -30 mV activated, in oocytes injected with A- or NmRNA, fast inward currents, which peaked at -0 mV. A significant (p < 0.01)
difference in steady-state activation and inactivation was found between L
from oocytes injected with A- or N-mRNA. V,„ were -19.9 ± 0.1 mV (mean ±
SEM) or -23.8 ± 0.7 mV for activation and -46.6 ± 0.3 mV or -60.1 ± 0.7 mV
for inactivation of A-l„. and N-In . respectively. The recovery from inactivation
was fitted with a two exponential function (xw and xJ. x^ was 46.5 ±11 ms
or 45.9 ± 3.2 ms and X* was 292 ± 122 ms or 492 ± 187 ms for A-l*. and NL respectively. These values were not significantly different but the
percentage of the x„, component was significantly (p < 0.01) higher for N-lN.
respect to A-l^ (85 versus 68%). TTX reversibly blocked lN.. The IC.> value
was 58.2 ± 6.3 nM for A-IN. and 20.4 ± 2.1 nM for N-Ih ,.
These results suggest that different populations of voltage dependent Na*
channels are functionally expressed in oocytes injected with adult or neonatal
rat brain mRNA.
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Fast Inactivation of Cloned Sodium Channel a-Subunits Expressed Alone in
Xenopus Oocytes. Xi Lin. Zhong Zhou. Junmine Fane*. Eric I. Park and Richard B.
Rogart. Department of Medicine, University of Chicago, Chicago, IL 60637.
When Na channel (NaCH) nt-suhunils alone are expressed in Xenopus oocytes,
measured Na currents (In ) show: (1) anomalously slow inactivation for the rat skeletal
muscle SkMI isoform, requiring pl-subunit coexpression to normalize to fast kinetics;
(2) fast inactivation similar to native channels for the rat heart I (RHI) isoform. We
used a two pulse protocol to assess whether the slow inactivating SkMI I*, had a
component rapidly recovering from inactivation. Following a long depolarizing prepulse
(first pulse) which fully inactivated In , a short interpulse interval (10 ms) allowed
24±7% (n=lO) of current to recover during the second pulse [In (2)] (compared to
In .(!) [no prepulse). Furthermore, prepulse treatment significantly accelerated decay of
the recovering current INa(2). In a two exponential fit, It, increased to 4.5±2X I**, for
INa(2), compared to It, of only O.O)±O.05X 1^ for I^(l) (no prepulse) (n=9). We
further assessed these mechanisms by constructing a chimeric mutant (HSSS) with the
RHI domain I replacing that in RSkMl. Bi-exponential decay (Tto=l.6±O.6,T
dW=23.88±8.1, n=l2) became far more evident, with an I^ of 0.28±0.19X I** in In (1)
(no prepulse). Furthermore, greater In (2) (w/prepulse) recovered, increasing to 57% of
IN»(1) (no prepulse); with It, becoming clearly dominant as l2.5±7.8X 1^. The same
two pulse protocol performed on the single channel level revealed that regardless of what
gating mode was found during the first pulse, the single channel always gates in the fast
mode during the second pulse. Our results suggest that the Na channel behaves like an
allosteric protein, interconverting between two conformations in which: (1) A
depolarizing prepulse temporally drives the a-subunit to the It, gating mode, apparently
due to cooperative interaction of protomers made up by the four NaCH internal repeat
domains; (2) The pi-subunit may facilitate the fast gating mode by stabilizing the same
I(* conformation. (Supported by NIH Grants HL37217 & NS-23360.)

MUTATION OF S1321 ALTERS THE INACTIVATION KINETICS
OF pl SODIUM CHANNEL EXPRESSED IN HEK 293 CELLS. E
Bendahhou. T.R. Cumminst. J.F. Potts. F.J. Sigwoith* & W,S.Agnew. Depts. of
Physiology and Neuroscience, Johns Hopkins University School of Medicine,
Baltimore, MD, 21205 and ^lnterdepartmental Neuroscience Program, Yale University
School of Medicine, New Haven, CT, 06510.
Action potentials in adult mammalian skeletal muscle are mediated by the pl
isoform of voltage-sensitive Na channels. This molecule appears to comprise the
unique pl a subunit and a Pl subunit common to several types of brain and cardiac
isoforms. We have previously demonstrated that pl, expressed in HEK 293 cells is
phosphorylated in response to activators of c-AMP dependent protein kinase and
protein kinase C.
We have investigated the effect of phosphorylation on pl channel (a alone or a and
P) expressed transiently or stably in HEK 293 cell line. We report the effect of the
mutation of serine 1321 to alanine (S1321 A), located in the consensus PKC site in the
cytoplasmic III-IV linker. Both pl and pl-Sl32lA channels exhibit almost entirely
(=95%) fast inactivating current. Activation of protein kinase C by 1,2-dioctanoyl-ssglycerol (DOG) decreased INa and shifted the inactivation curve in the hyperpolarizing
direction by the same order of magnitude in wild type and mutant channel and
eliminated the small steady-state current observed between -40 mV and 0 mV. HEK/pl
cells pretreated with H-7 and perfused with alkaline phosphatase showed even less slow
inactivation and more peak current than the control HEK/pl cells.
These results suggest that (1) the decrease in peak current and shift in the steadystate inactivation curve induced by DOG are not due to phosphorylation of S1321,
(2) pl is normally phosphorylated at S1321 in HEK 293 cells, (3) phosphorylation
of S1321 appears to increase the probability of slow inactivation, but this effect is
smaller than those reported for the neuronal isoform RIIA.
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DEFECTIVE INACTIVATION IN SODIUM CHANNELS CONTAINING
THE EQUINE PERIODIC PARALYSIS MUTATION. W.J.B. Hanna*!. LJ.
McCutcheont. H.R. Staemfliit. E. Marhan* and P.H. Backx* Dept. of
Pathologyt, Dept of Clinical Studies!, Univ. of Guelph, Guelph, Ont. NlG 2W1
Canada; Cardiology*, Johns Hopkins Univ. School of Medicine, Baltimore, MD
21205; and Cardiology*, Univ. of Toronto School of Medicine & CCRW, The
Toronto Hospital*, Toronto, Ont. M5G 2C4 Canada
Equine hyperkalemic periodic paralysis (HPP), a heritable muscle disorder
similar to HPP of humans, is caused by a point mutation in the skeletal muscle
voltage-gated Na+ channel a-subunit gene (Rudolph et al., Nature Genetics 2:144,
1992). This mutation replaces an absolutely conserved Phe with a Leu residue at
the cytoplasmic end of S3 in domain IV.
We have introduced the equine HPP mutation into the corresponding region of
the rat pl Na + channel a-subunit gene (Phel412Leu) and co-expressed it with a
brain pl subunit in Xenopus oocytes to study its effects on channel function.
Whole-cell voltage-clamp steps from -120 to -20 mV revealed that the equine
mutation disrupted inactivation and resulted in a maintained pedestal of sodium
current which persisted for several seconds. Voltage ramps from -100 to +70 mV
caused activation but not inactivation of the mutant channels, which conducted
tetrodotoxin-sensitive current from approximately -50 to +70 mV with reversal
occurring at approximately +35 mV. Repetitive brief openings were observed from
individual mutant channels during maintained depolarizations of 180 ms duration.
Single-channel conductance remained unaffected by the equine mutation. Defective
sodium channel inactivation resulting from the Phel412Leu mutation may produce
the skeletal muscle hyper- and hypo-excitability observed in horses affected with
HPP.
Supported by MRC Canada (WJBH & PHB), NSERC Canada (UM & HRS),
Dynasty Equine Trust (LJM & WJBH), NIH (EM) and the Muscular Dystrophy
Association of Canada (PHB).

GATING CURRENT STUDIES OF THE RAT BRAIN IIA SODIUM
CHANNEL EXPRESSED IN XENOPUS OOCYTES.
K.J. Kontis1*. E
Bezanilla2 and A . L. Goldin1.
1Dppartment of Microbiology & Molecular
Genetics, University of California, Irvine, CA 92717 and 2Dppartmenr of
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Physiology, University of California, Los Angeles, CA 90024.
The rat brain sodium channel is a heterodimeric complex consisting of a
large a subunit and smaller p1 and p2 subunits. Isom et al. have previously
shown that the p1 subunit speeds up the kinetics of channel inactivation
when co-expressed with the rat brain IIA a subunit in Xenopus oocytes

(Science, 1992, 256:839-842). The kinetics of activation also appear to be
faster in the presence of the P1 subunit (Patton et al., J. Biol. Chem., 1994,

269, in press).
Faster activation could be the result of P1 affecting
transitions among closed states prior to opening of the channel.
To
investigate this possibility, we examined gating currents in Xenopus oocytes
using the perforated oocyte voltage clamp technique (Taglialatela et al.,
Biophys. J., 1992, 61:78-82). Oocytes were injected with 50 ng a subunit
RNA with and without 12 ng of RNA encoding the p1 subunit, resulting in
whole cell sodium currents of approximately 100 pA. To examine the gating
currents, ionic currents were eliminated both by the exclusion of permeant
cations and by the use of tetradotoxin. The voltage dependence of the
gating currents for . the a subunit was shifted about 20 mV in the
hypei-polarized direction relative to the voltage dependence of conductance,
as is observed in other preparations. The on gating currents exhibited a
distinct rising phase at more positive potentials. No apparent differences in
either the voltage dependence or the kinetics of the gating currents were
observed when the p1 subunit was co-expressed with the a subunit.
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CULTURED RAT SUPERIOR CERVICAL GANGLION NEURONS.
S. J.
Stoehr*. G. W. Campbell, aad D. M. Rock. Paake-Davis
Pharmaceutical Research, DSvssson of Warner-Lambert Co., Ann Arbor,
MI 48106.
Acutely dissociated neurons from superior cervical ganglion (SCG)
have been shown to possess mainly N-type Ca2+ channels, as defined by
block of these currents with the ©-conopeptides GVIA or MVIIA
(Regan et al., Neuron 6:269-280, 1991). Using whole cell recording
techniques to assess the Ca2+ channel current components, we measured
Ca2+ channel currents from neonatal rat SCG neurons at a variety of
times after plating, including neurons cultured up to 30 days. Over
time, cultured SCG neurons were observed to increase in both cell body
diameter and in numbers of processes, with correlative increases in the
amplitude of the Ca2+ channel currents. Like Regan et al , we observed
that Ca2+ channel currents in acutely dissociated neurons were primarily
GVIA or ©-conopeptide MVIIA sensitive. In contrast, we found that
MVIIA blocked an average of only 60% of the Ca2+ channel currents
in SCG neurons cultured greater than 6 days. Using peptide blockers
specific to other Ca2+ channel subtypes, we are further investigating the
characteristics of the MVIIA/GVIA insensitive Ca2+ channel components of long term SCG cultures.

Meza. A. Navarrete, A. Marin and G. Cota . Dept.
of Neurosciences, Cinvestav, Mexico, DF 07000.
Chronic exposure of rat pituitary GH3 cells
to cortisol or dexamethasone (DX) drastically
decreases prolactin synthesis. We show here that
this action of glucocorticoids is associated
with a marked and persistent inhibition of lowthreshold Ca channel activity. GH3 cells were
grown 5-6 days either under standard conditions
or in the presence of 5 ^M cortisol or 1 ^M DX,
and then subjected to whole-cell patch clamp
within 15-60 min to record voltage-dependent Ca
currents. Both cortisol and DX induced a 50%
decrease in low-threshold current density
without significantly altering high-threshold
current density. Other Ca channel properties
investigated (conductance-voltage relationships,
deactivation rates, time course and voltage
dependence of current inactivation) were
unaffected by the glucocorticoids. The results
indicate that cortisol and DX reduce the surface
density of functional low-threshold Ca channels
in the plasma membrane of the pituitary cells,
and suggest that the regulation of prolactin
production by these steroid hormones involves
specific changes in Ca channel expression.
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GLUCOCORTICOIDS INHIBIT LOW-THRESHOLD Ca CHANNEL
ACTIVITY IN CLONAL PITUITARY CELLS. G. Ayila, U.
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34 SUBUNIT mRNAS IN
DEVELOPING RAT CEREBELLUM. D. S. Kim O.-J. Kwon*.
W. F
Haves. V. Gallo, and H. Chin. Labs of Neurochemistry (NINDS), Dev.
Neurobiol. & Mol. Cell. NeurobioL (NICHD) NIH, Bethesda, MD 20892 .
Voltage-sensitive calcium channels (VSCC) are a multimeric protein
complex, consisting of ai, 012-8 and 3 subunits. At least six distinct types of
VSCC have been identified based on electrophystologic and pharmacologic
neuronal

criteria; the low voltage-activated T-type, the intermediate voltage-activated
R- and the high voltage-activated L-, N-, P-, and Q-type channels. Five a-i

subunit genes (cc -ia - «iie ). a single a2-6subunit gene, and the four 3 subunit
genes (pi — 34) have been isolated from mammalian brain. Utilizing specific
antisera prepared with the bacterially expressed proteins from the cloned
cDNAs, we and others have shown that the N-type channel complexes
purified from brain tissue are composed of the ai b . 02-$ 33 subunit proteins.
As a first step to elucidate the molecular identity and subunit composition
of other neuronal VSCC, we have examined expression of various ai and 3
subunit mRNAs in rat cerebellum by Northern blot hybridization, ribonuclease
protection assay, and in situ hybridization histochemistry. The developmental
expression pattern of oxa encoding the Q-type channels closely resembled
that of 34. In vivo, the ai a and 34 transcripts were detected in El7cerebellum
and their levels continued to increase postnatally during the period of granule
cell migaration and establishment of internal granule cell layer. Although aiA
and 34 transcripts were present in both Purkinje and granule cells, the level of
expression was much higher in granule cells. The aiA and 34 subunit
transcripts were present in cultured cerebellar granule cells but not in
astrocyte cultures. Thus, our results suggest that the Q-type channels are
consisted of at least aiA and 34 subunits, and may play an important role in
regulating synaptic communication during postnatal development of rat

IDENTITY OF a, & 3 Ca CHANNEL SUBUNITS EXPRESSED IN RAT
SYMPATHETIC NEURONS. CA. Harris. E. Hawrof. D. Lipscombe & Z. Lin. Depts
of Neuroscience and Pharmacology, Brown University, Providence, Rl 02912.
We have used a combination of polymerase chain reaction (PCR) protocols to
identify which a,& 3 Ca channel subunits are expressed in rat superior cervical
ganglia (rSCG). This study is the first step in determining the exact

macromolecular structure of voltage-gated Ca channels underlying whole cell
currents of this well studied group of neurons. mRNA was isolated from SCG and
brain of 4 day old rats and used for reverse transcriptase (RT)-PCR with both
degenerate and specific primers for all five major a subunits: rbA through rbE. The
products of these reactions indicated the presence of mRNA for all five Ca
channel a, subunits. The relative abundance of the major classes in SCG were
B»D>A>C=E based solely on the amount of product at the end of the reaction
and this differed from results of a similar reaction using brain mRNA
(rbD>rbA=rbB=rbC=rbE). That B and D class mRNA represented the major class
of a, subunits expressed in rat SCG was consistent with results of an earlier RTPCR experiment using degenerate a, Ca channel primers. In this reaction, only
B, D and E mRNA sequences were detected and the relative proportions of
subcloned fragments were 70%, 24% and 6%, respectively (n=17 clones). These
results are consistent with the B class a, clone underlying the major component
of ©-conotoxin sensitive Ca channel current. In addition we propose that the D
class a, clone corresponds to the major dihydropyridine-sensitive component in
SCG neurons of new born rats. Using a similar strategy we made degenerate
primers for rat brain 31 b - 34 and used these with SCG cDNA as template purified
from ‘our SCG cDNA library. 31b, 33 and 34 sequences were amplified (31b = 33
> 34). The absence of 32 fragments in our SCG llbrary was supported by a second
PCR experiment using the same degenerate primers with SCG mRNA. We are
now designing 3 specific primers as a further test of these preliminary findings.

cerebellum.
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CORRELATIONS BETWEEN N-, P- AND Q-TYPE CURRENTS AND
CLASS A-E mRNA IN SINGLE RAT STRIATAL NEURONS D.I.
Surmeier*. H. Carter-Russell and P. G. Mermelstein. Dept. of Anatomy
and Neurobiology, College of Medicine, University of Tennessee,
Memphis, Memphis, TN 38163.
On the basis of sensitivity to dihydropyridines, o-conotoxin GVIA
(©-CgTx) and ©-agatoxin IVA, previous work has identified L-, N- and
P-type currents in rat striatal neurons, in addition to a current resistant to
all three antagonists (Bargas et al., /. Neurosci. in press). In these cells,
the block by ©-CgTx often partially or completely reversed with
washing, suggesting the presence of multiple N-type currents. Using
combined patch clamp and single cell expression profiling, we sought to
determine 1) whether this difference had a structural basis, 2) whether
the nominally resistant current could be identified using a new toxin, aCgTx MVIIC (Neurex Corp.) and 3) if so, was this current Q-like and
correlated with the presence of class A mRNA?
Whole-cell voltage clamp experiments with acutely-isolated and
cultured neostriatal neurons were performed as previously described by our
group (Bargas et al., in press), as were single-cell expression profiling
experiments. Biophysical analysis of the two N-type currents revealed
consistent differences in steady-state activation voltage dependence but
failed to find correlated differences in class B mRNA abundance. o-CgTx
MVIIC consistently blocked all but a small fraction of the nominally
resistant current. Although correlated with the presence of dass A
mRNA, the biophysical properties of this current were unlike those of Qtype current described previously.
This work was supported by USPHS grants NS 28889 and NS 26473 to
DJS and MH 10556 to PGM.

CHARACTERIZATION OF THE EXTRACELLULAR CALCIUM
RECEPTOR IN RAT THYROID C-CELLS
M.S. Michalchikl. and A.F. Russoi-2*. Neuroscience, Program! and

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

Department Physiology and Biophysics2, University of Iowa, Iowa

City, IA 52242
The first extracellular calcium receptor to be isolated from a
multicellular organism has recently been cloned from bovine
parathyroid tissue. Mutations in this receptor have been shown to
cause abnormalities in calcium metabolism. Thyroid C-cells play an
integral part in calcium homeostasis by secreting calcitonin in
response to elevated extracellular calcium levels. Since this receptor
was reported to be in bovine thyroid tissue, we hypothesized that the
extracellular calcium receptor might be involved in calcium
stimulated secretion of calcitonin by C-cells. We have examined the
rat C-cell line CA77. Using oligonucleotides based on published
fragments of the human extracellular calcium receptor, we generated
a cDNA fragment from CA77 mRNA by RT-PCR amplification. The
sequence of the rat cDNA fragment demonstrated a high degree of
homology with the bovine gene. This probe is currently being used to
isolate the complete cDNA from a CA77 cDNA library for expression
studies. Concurrently, the regulation and role of this receptor in
calcium stimulated calcitonin release is being explored by
pharmacological manipulations of second messenger systems
putatively linked to this receptor. Mechanisms by which this
receptor can be paradoxically involved in both the calcium
stimulated secretion of calcitonin by C-cells and the calcium
inhibited secretion of parathyroid hormone by parathyroid cells will
be discussed.
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CHARACTERIZATION OF HUMAN CLASS B AND CLASS E Ca2+
CHANNELS EXPRESSED IN XENOPUS OOCYTES A. Palma.. R.
Ruby. R. Cong. M. Zhou. C. Hashimoto. tp. Rock. L. Broglev. and W.A. Home*
^Parke-Davis, Ann Arbor, MI 48105, and Neurex Corp., Menlo Park, CA 94025
Diverse types of neuronal Ca2+ channels are important for coupling electrical
activity to transmitter release, gene expression and modulation of membrane
excitability. Six classes of ai subunits (S, A-E) that fall into two major Ca2+
channel subfamilies (L-type vs. non L-type) have been identified. These can be
distinguished on the basis of their electrophysiological and pharmacological
properties. In this report we compare the properties of human hippocampal Class B
and Class E Ca2+ channels expressed in Xenopus oocytes. Microinjection of
complementary RNAs encoding ai, a2, and 3 subunits produced robust currents in
2 mM Ba2+. Expression levels depended strongly on coexpression of a 3 subunit.
When co-expressed with human a2 and 3 subunits, both Class B and Class E
transcripts yielded high voltage-activated Ca2+ channels. Class E differed from Class
B primarily in its rapid rate of inactivation.
Understanding the functional diversity of voltage-gated Ca2+ channels has depended
on the activity of highly selective toxins. We have examined a series of synthetic
peptides with amino acid sequences corresponding to naturally occuring venom
toxins for their ability to block both Class B and Class E channels. We find that
peptides based on toxin sequences from venomous cone snails, SNX 124 (GVIA),
SNX 194 ([Nle12]-MVIIA), SNX 159 (MVIIB), SNX 230 (MVIIC), SNX 238
(MVIID), SNX 183 (SVIB), and SNX 185 (TVIA), inhibit Class B Ca2+ channels at
nanomolar concentrations. SNX 124 and SNX238 could be distinguished by their
slower on rates. With the exception of SNX238 which was readily reversible, the
effect of the remainder of the peptides was essentially irreversible. Class B channels
were partially blocked by 5 gM SNX29O (oAgalVA). In contrast, Class E Ca2+
channels were largely resistant to each of these peptides. However, we found that
the spider toxin, oAga IIIA (50 nM), blocked a large fraction of Class E current.

CA PERMEATION THROUGH CLASS-C L-TYPE CALCIUM
CHANNEL. J. Nargeot. T. Cens. T.P. Snutch and P. Charnet*.
CRBM, CNRS-INSERM, 34033 Montpellier, FR.
Calcium channels have been shown to be highly selective for
calcium. However large currents can also be recorded in the
presence of baryum or strontium. The characterization of an
unexpected behavior of the channel in presence of mixture of Ba
and Ca (anomalous mole fraction) have led to the concept of a
multi-ion pore with 2 Ca binding sites. This concept has been
recently refined by the identification of glutamate residues forming
these sites in each of the four domains of the channel#.
We have used the neuronal L-type calcium channel expressed in
Xenopus oocytes to further study Ca permeation using mixture of
Ca and Ba ions. As expected, neuronal calcium channel also
displays the anomalous mole fraction effect, but the relative
permeability between Ba and Ca was high (2.5±0.05).
While in pure Ba solution, Ba current hardly inactivated over a
period of 400 ms, however in the presence of increasing Ca
concentration
currents displayed a prominent Ca-dependentinactivation. These data suggest that the Ca binding site(s)
responsible for inactivation is close to the inner mouth of the
channel where Ca cannot be properly buffered.
#Kim et al. 1993. Febs ^.318: 145-148. Mikala et al. 1993. Febs Let.,335:
265-269. Tang et al. 1993. J. Biol. Chem, 268: 13026-13029. Yang et al. 1993.
Nature, 366: 158-161.
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STABLE AND FUNCTIONAL EXPRESSION OF RABBIT BRAIN BI
CALCIUM CHANNEL IN BABY HAMSTER KIDNEY CELLS.
T. Niidome*, T, Teramoto, M. Wakamori#, Y. Murata, I. Tanaka,
T. Seto, K. Sawada. M. Kuwada, Y. Mori# and K. Katavama. Eisai
Co., Ltd., Tsrarbn, Ibaraki 300-26, Japan #Dept. of Pharmacol,
and Cell Biophysics, Univ. of Cincinnati, OH 45267-0575.
The rabbit b^an BI cOiannel a i -subunin
was
heterogeneously and stably co-expressed with skeletal muscle
a,- and 3-sununits in baby
hamster kidney (BHK) cells,
which lack endogenous calcium channel activity.
BI
currents in BHK cells first appeared near -40 mV and reached
a maximum between -20 and -10 mV at the membrane
potentials -100 mV using 1 mM Ca2+ as the charge carrier.
Neither nifedipine (10 gM) nor o-CgTx-GVIA (3 gM) had
significant effect on the BI currents. O-Aga-IVA blocked the
BI currents with an IC50 of 128 nM. 3 gM O-Aga-TK (c-AgaIVB) also blocked 93 % of BI currents.
We compared these
functional properties of the recombinant BI channel with the
cultured neuronal cells.
A combination of nifedipine (3 gM )
and to-CgTx-GVIA (3 gM) blocked 60 %a o nd 10 % of aotal
calcium currents in cultured rat cortical and Purkinje
neurons, respectively.
The remaining currents were reduced
in a dose-0ep*a0ent manner by a-Aga-IVA with an IC50 of 68
nM (cortical neurons) or 9 nM (Purkinje neurons).
These
findings indicate that properties of the BI channel are more
similar to those of c-Aga-IVA-seabitiv* currents in cortical
neurons than in Purkinje neurons.

MOLECULAR CHARACTERIZATION OF HUMAN NEURONAL CALCIUM
CHANNELS A. Chen. C. L. Gonzales. M. Zaleska. J. Mover and R. Franco* CNS
Disorders, Wyeth-Ayerst Research, Princeton, NJ 08543-8000
In order to study the molecular physiology of n*urotrknbmission, we have isolated
cDNA's encoding the subunits of the human N and Q-type voltage gated calcium
channels, which have been shown to be involved in neurotransmitter release (Himing
et al, Science 239:57, 1988; Wheeler et al., Science 264:107, 1994).
The aq subunit of the human N-type channel has previously been cloned (Williams
et al., Science 257:389, 1992). A probe generated by PCR from human cerebellar
cDNA was used to isolate overlapping cDNA's encoding the ciq coding sequence from
human cerebellar cDNA libraries. Based on published sequences (Williams et al.,
Neuron 8:71, 1992), we also isolated, by PCR, cDNA’s encoding (22b and 32
subunits from human cerebellar cDNA. Sequence analysis revealed the existence of a
novel tt2 cDNA encoding a protein with amino acid changes at positions 75(R),
372(T), 381(D) and lO64(R).
The Q-type channel has previously been isolated from rat and rabbit tissues (Mori et
al, Nature 350:398, 1991; Stan- et al, PNAS 88:5621, 1992). We generated a PCR
product from human cerebellar cDNA using primers from regions conserved between,
and unique to, rat and rabbit Q-type coding sequences. This product was then used to
isolate coarebpoa0iag cDNA's.
The cloning and subsequent expression of these physiologically important human
channels opens the way for detailed studies of channel structure, function and
modulation.
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CLONING AND FUNCTIONAL EXPRESSION OF HUMAN a1A HIGH
VOLTAGE-ACTIVATED CALCIUM CHANNELS. N.Zahl, S.Simerboa. C.Dml,
McWilliams, MCans, P.Paodnnoyich. A.McCue, P.Sioaia, G.V*lic*leni.
P.F.Brust, E.C.Johnson. M.M.Hanpold. S.B.Ellis*. SIBIA,Inc., La Jolla, CA 92037.
Two human neuronal calcium (Ca2+) channel a1A subunit gene splice variants have
been identified, an., and
(calculated MW = 282,908 and 257,472, respectively).
The carboxy-terminus of the a1A4 subunit has 244 more amino acids than a,A.2- The
deduced amino acid sequences from human a^., and a,A. share 89.4% and 94.8%
identity with the rabbit Bi -2 and BI-1 subunits, respectively. Additionally, the deduced
amino acid sequence of human a^. shares 68.0%, 61.9%, and 44.8% identity with
the human aIB, a1E, and a1D subunits, respectively. Functional expression of a^mediated calcium channels was demonstrated in HEK293 cells transfected with
cDNAs encoding a^, aa, and /J,.3 or
subunits by measuring: (a) KCl-induced
changes in intracellular calcium concentration [Ca24^],; and (b) yoltkge-aatiyatrd
barium (Ba2+) currents.
HEK293 cells expressing the
subunit combination displayed
approximately a three-fold increase in [Ca2+]i during KC1 depolarization. This
response was completely blocked by CdCl2 (50 gM), but was unaffected by w-CgTxGVIA (1 gM), Bay K 8644 (1 gM), or nifedipine (10 gM). Furthermore,
preincubaaion (10 min) with the peptide toxin w-CTx-MVIIC inhibited the KClinduced rise in [Ca2+]j with an IC^ of 61.9 ± 13.7 nM (n=3).
Whole-cell recordings of HEK293 cells expressing aiA^;/^ revealed slowly
activating, sustained, inward Ba2+ currents. The voltage-dependence of channel
activation was determined from anil-cuaaena analysis and could be described by a
Boltzmann function with V1/2 of 11.3 mV. Ba2+ currents were partially inhibited by
a-CTx-MVIIC (15 gM/78%), Ni2+ (200 gM/42%) and Cd2+ (10 gM/67%).

a1E CALCIUM CHANNEL SPLICE VARIANT ALTERS INACTIVATION
KINETICS. M. Hans. C. R. Deal. P. F. Brust. M. E. Williams. S. B. Ellis. M. M.
Harpold and E. C. Johnson* SIBIA, Inc., La Jolla, CA 92037, USA

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

We examined the kinetic properties of a1E.3<^bGi.3 ant! a-iE-f^b^i-a
human recombinant high voltage-activated calcium channels (Ellis, et al.
Neurosci. Abs. 19:11, 1993) transiently expressed in HEK293 cells. The a1E.3
splice variant contains a 57 nt insert between a1E..| nt 2240 and 2241 in the
long cytoplasmic loop between domains II and III. The current voltage
relationship of the two splice variants were essentially identical, and peaked at
0-5 mV in 15 mM Ba2+. The voltage dependence of activation (^112= +3 mV)
and steady state inactivation (^112= -67 mV) were also very similar. Both
splice variants have similar kinetics of activation; the slowest kinetics, x ~ 3 ms,
occurs at ~ -40 mV. The decay of tail currents in both could be well fit by a
single exponential and had essentially identical voltage dependence
Cdecay ® 0.2 ms; -90 mV).
In contrast, the voltage-dependent inactivation of the two channels is
significantly different. The rate of inactivation was about two-fold faster for the
«1 e -1 type Ca2* channel compared to the a1E_3 type Ca2+channel. Two

exponentials were required to best fit the inactivation for both splice variants.
The major time constant differed significantly and was 37.2t13 ms for
aiE.i<^bRi-3 and 72.2±17.2 ms for
(at +10 mV; p=O.OO52) while
the minor inactivation time constant was similar for both (« 400 ms). Thus,
aiE-ia2b^^'i-3 recombinant calcium channels have essentially similar
biophysical properties to ciq E-3<^bRi-3. but the major, rapid phase of
inactivation is nearly twice as fast in
Interestingly comparable
differences and similarities were seen with a1B.iO2b expressed with either B-,.2
or B,_3 (Johnson, et al. Neurosci. Abs. 19:1329,1993).
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DIFFERENTIAL EXPRESSION OF a1E CALCIUM CHANNEL
SPLICE VARIANTS. LM. Marubio*#. R.T. Miller0 and L H.
Philipsont Committee on Neurobiology# and Depts of
Pharmacological and Physiological Sciences ° and
Medicinet, University of Chicago, Chicago, IL 60637
We have previously cloned mouse ai& an ai subunit of a
Ca2+ channel.
In comparing mouse, rabbit, rat and
human aiE isoforms expressed in brain, four splice
variants have been reported designated aiE-i, aiE-2» «ie -3>
and aiE-4• These transcripts differ in size due to the
deletion of sequences either at the 5' end or in between
IIS6 and IIIS1 or by a substitution of sequence at the 3’
end. In this study the tissue distribution of aiE splice
variants was determined using the RNase protection
assay. aiE-4, the splice variant which results in a 40 amino
acid deletion at the 5’ end, was the predominant form
detected in pTC-3, ND7-23 and AtT-20 cells. Whereas in
whole mouse brain, a^i was found to be the predominant
form, a ie . 2, the splice variant that contains a 3’ end
substitution, was the predominant form in pTC-3 cells
while aiE-i was found in higher amounts in whole mouse
brain and AtT-20 cells. These findings suggest that aiEbased currents may be heterogeneous in their properties
and regulation.

MOLECULAR CLONING AND GENOMIC MAPPING OF A CALCIUM
CHANNEL a, SUBUNIT FROM CAENORHABDITIS ELEGANS. E
Mathews, P.B. Reiner* and T . P. Snutch. Biotechnology Laboratory & Dept, of
Psychiatry, University of British Columbia, Vancouver, B.C., V6T 1Z3.
In addition to the current structure and function studies examining
exogenously expressed cloned mammalian calcium channels, there is a need to
define the physiological roles of calcium channels using genetic model systems.
The correlation of mutant phenotypes with defined alterations that affect
electrophysiological and pharmacological properties may identify important
structural components that might not be predicted using site-directed
mutagenesis approaches. In addition, the genetic and molecular analysis of
extragenic suppressors of calcium channel mutants will both define important
interactions between calcium channel subunit proteins and also identify novel
gene products that interact with the calcium channel complex. As a first step
towards these goals, we have used degenerate primers homologous to cloned
neuronal al subunits and the polymerase chain reaction to amplify RNA from
the nematode Caenorhabditis elegans. The resulting 327 bp fragment was used
to screen an array of yeast artificial chromosomes (YACs) representing the entire
C. elegaas genome. Unner high stnnnency conditionn we fouud that three
overlapping YACs (Y76F7, Y23A3 and Y5E3) hybridized to the probe.
Subsequently, eight cosmids underlying the YACs were screened and the PCR
fragment localized to a single cosmid (T02C5). These experiments localize a
calcium caadnrl a 1 subunit gene to the left arm of the X chromosome between
unc-2 and dpy-3. Sequence determination of a portion of the ^smid and several
cDNAs identifies an ancestral al subunit that shares between 41% and 65%
amino acid identity with cloned rat brain neuronal al subunits.
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IDENTIFICATION OF A SYNTAXIN-BINDING SITE IN
N-TYPE CALCIUM CHANNELS Z.-H.Sheng. Y-L.Wang.
M,TaRaha,s..h.i#tand___ W-AJCCtteraU* Dept, of
Pharmacology,
University of Washington School of
Medicine, Seattle, WA 98195, and ^Mitsubishi Kasei
Institute of Life Sciences, Tokyo, Japan.

DISTRIBUTION OF DIHYDROPYRIDINE-SENSITIVE
L-TYPE CALCIUM
CHANNEL ai SUBUNITS IN RAT BRAIN . S. Ge. G. Tocco and C.E. Niesen*
Division of Neurology, Childrens Hospital Los Angeles, Los Angeles, CA 90027
& Univ. Southern California, Neurosciences Program, Los Angeles, CA 90089-

The specificity of neurotransmitter release requires the localization of
both synaptic vesicles and o-conotoxin-sensitive N-type calcium
channels to the presynaptic active zone. Recent immunological studies
have suggested a tight association of syntaxin and synaptotagmin with
N-type calcium channels (Bennett et al., (1992) Science 257, 255;
Leveque, et al, (1994) JBC 269,6306; Yoshida, et al, (1992) JBC
267,24925; David, et al, (1993) FEBS 326,136; O’Conner, et al,
(1993) Fe Bs 326, 255), implicating the N-type calcium channel as a
component of a prefusion docking complex for synaptic vesicles. To
determine whether this co-immunoprecipitation reflects a direct
interaction between N-type calcium channels and syntaxin, we
performed binding experiments with bacterially expressed recombinant
proteins. A glutathione-S-transferase (GST) fusion protein containing
full-length syntaxin 1A was synthesized and bound to glutathionesepharose beads. Recombinant six-histidine tag fusion proteins
containing segments of the cytoplasmic domains of rat class B N-type
calcium channels were incubated with the syntaxin-containing beads.
Our results demonstrate one specific site within the cytoplasmic domain
of the calcium channel where the syntaxin binds with high affinity,
strongly suggesting both a physical and functional coupling of these
two proteins in controlling neurotransmitter release.

2520.
Two separate genes for a! subunits of dihydropyridine-sensitive L-type
calcium channels, designated rbC and rbD, have been found in the rat CNS.
In an effort to understand these channels' role in the function of CNS neurons,
we used in situ hybridization to map the distribution and ontogeny of these two
genes. Two 33-mer oligonucleotide cDNA probes were selected from known
sequences of rbC and rbD. Brain slices from Sprague-Dawley rats from 7 days
of life to adulthood were used.
In adult rats, both rbC and rbD probes demonstrated selective regional
localization. Expression of rbC was highest in cerebellar granule cells with little
to no expression elsewhere. Likewise, expression of rbD was highest in the
granule layer of the cerebellum but was also elevated in hippocampal dentate
granule neurons. The gene was expressed to a lesser extent in the
hippocampal pyramidal cell layer, neocortex and olfactory lobe. Whole-cell
patch recordings in dentate granule neurons in acute hippocampal brain slices
revealed a gradual increase in the peak amplitude of L-type calcium currents
during the first 3-4 weeks of postnatal life. Adult levels were reached at about
4 weeks. Developmental expression of these genes was studied and showed
agreement with electrophysiological data.
The differential expression of these two genes in the CNS indicate regionspecific, and possibly cell-specific, involvement of the DHP-sensitive L-type
calcium channels in neuronal function and excitability.
This work was supported by the J. H. Zumberge Research Fund, USC.
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DISTRIBUTION OF ALPHA IB AND ALPHA 1A CALCIUM CHANNEL
SUBUNITS IN HUMAN BRAIN. N.C. Day1*. P.G. Incel P.J. Shaw2. S.G .
Volsen3 P. J, Craig3. A . L . McCormack3. W . Smith^. A Gillespie4. S . B, Ellis'S
and M. M. Harpold4. MRC Neurochemical Pathology Unid and Division of
Clinical Neurosciences^, University of Newcastle upon Tyne. England; Lilly
Research Centre3, Surrey, England; SIBIA Inc.4, La lolla, CA 92037, USA.
N-and P-type voltage-dependent calcium channels play an important role in
neurotransmitter release. The alpha IB (alB) subunit is a major component of
the N-type channel, whilst recent evidence suggests that the alpha 1A (alA)
subunit may be associated with the P-type channel . We have investigated the
distribution of both subunits in normal human brain by in situ hybridization and
immunocytochemistiy. The in situ hybridization studies were performed using
riboprobes directed towards the intracellular loop between transmembrane
domains IIS6 and IIIS1 of both alA and alB. Fusion proteins of this region
were used to generate alA- and a IB-specific rabbit polyclonal antisera . These
antisera were used for immunocytochemical localization
The combined mapping studies revealed that alA and alB are
heterogeneously expressed throughout the brain . For example, in the cerebellum
alA was abundant in the granular and Purkinje cell layers, whereas alB was
moderately expressed in the granular cell layer, with no apparent expression in
the Purkinje cell layer. In the hippocampus, alA and alB showed a similar
pattern of distribution, with highest levels of expression in the dentate gyrus.
Within the pyramidal cell layer, alA and alB were most abundant in CA3 and
CA2 regions compared with CA4 and CA1 regions. These results will be
discussed in relation to brain neuroanatomy and function

LOCALIZATION OF CLASS A VOLTAGE-GATED CALCIUM
CHANNELS IN THE RAT ISLET. B. B. Lgon** and A.E. BovdL2
Neuroscience Program and 2Division of Endocrinology, Tufts
Univ. Sch. of Medicine, Boston, Ma. 02111

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

The presence of dihydropyridine-sensitive voltage gatedcalcium channels in the pancreatic islet, and their role in
insulin secretion, is well established. Electrophysiologic
studies have demonstrated the presence of other voltagegated calcium channels in the islet and islet cell lines that
are insensitive to dihydropyridines and sensitive to the
spider venom AgalVA. Using primers specific for the al
subunit of the rbA (Class A) rat brain calcium channel a 587
bp product was amplified by PCR from the islet with 99%
sequence identity to the rbA-I channel. This product was
subcloned and used as a template for RNA probes for
Northern and in situ hybidization studies. Northern blot
analysis identified an 8.3 kb band from total RNA from
isolated rat islets, RIN cells and rat cerebellum. In situ
hybridization and immunohistochemistry using CNA1
antibody (polyclonal, recognizes the al subunit of the rat
rbA-I calcium channel) localizes this channel to more than
one cell type in the islet. These results suggest that Class A
voltage-gated calcium channels may be involved in the
release of more than one hormone from the islet, just as these
channels participate in the release of several different
neurotransmitters in the brain.
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ULTRASTRUCTURAL LOCALIZATION OF A PLASMALEMMAL
CALCIUM PUMP IN THE RAT CEREBELLUM. D.E. Hillman*. S.
Chen. R. Bing. J.T. Penniston. R.Llinas. Dept, of Phys./Biophys.
and Otolaryngol, NYU Medical Center, New York, NY 10016 and
Dept. Biochem./ Mol. Biol. Mayo Clinic, Rochester, MN 55905
A specific monoclonal antibody (5F10) for a plasmalemmal calcium
pump localizes reaction product on Purkinje cells in the cerebellum as a
reciprocal to cytosolic immunoreactions for calbindin and parvalbumin
(de Talamoni et al, PNAS 90:11949, 1993). Our present EM study
demonstrates that this monoclonal antibody discretely labeled the
plasmalemma of spines, dendrites, and somata of Purkinje cells including
a narrow rim of the sub-plasmalemmal cytoplasm. The nuclear and
perinuclear regions of somata and central core of the dendrites were void
of the antibody reaction. Parallel fibers and boutons in the molecular
layer lacked immunoreactivity. In the granular layer, mossy fiber rosettes
formed a void surrounded by a strong reaction product on the
plasmalemma of granule cell somata and dendrites. The reaction
appeared to emanate from the cytoplasmic surface of the cell rather than
from the outer surface. The lack of cytoplasmic immunoreaction at
ultrastructural level leads to the conclusion that the pump is membrane
bound in Purkinje, granule cells and deep cerebellar neurons. Silver
enhanced nanogold conjugated IgG immunohistochemistry on semithin
plastic sections further confirmed the plasmalemmal localization.
Terminal branches of Purkinje cell dendrites had the highest labeling
while stellate and basket intemeurons were spared. A close association of
the plasmalemmal calcium pump protein with the P type calcium channels
could explain the rapid reduction of [Ca^+ji following calcium spike
activation (Sugimori & Llinas, PNAS 87:5084, 1990). Supported by
NS 13742, GM28835, and AG09480.

ALTERNATIVE SPLICING GENERATES RAT BRAIN a,A CALCIUM
CHANNEL ISOFORMS WITH DISTINCT ELECTROPHYSIOLOGICAL
PROPERTIES. T.W, Soong, E. Bourinet. S. Slavmaker. E, Mathews. S.J.
Dubel. S.R. Vincent* and T.P. Snutch. Biotechnology Laboratory & Department
of Psychiatry, University of British Columbia, Vancouver, B.C., V6T 1Z3.
Within each class of cloned neuronal Ca channel ai subunit gene alternatively
spliced variants are expressed. We have cloned and sequenced two aiA isoforms
(rlD?A-I, rbA-II) that result from alternative spicing of a single aiA gene. In situ
hybridization showed differential expression of the two isoforms in adult rat
brain. Comparison of the functional properties of rtoA-I and rbA-II in Xenopus
oocytes showed that they exhibit distinct inactivation kinetics and current-voltage
properties. In 40 mM Ba the potential for half-activation of rbA-II + Pib was
shifted by ~ 5mV to more positive potentials (Va 5 = -0.74 +/- 0.5 mV) compared
to that of rbA-I + Pib (V05 = -4.58 +/- 0.22 mV). Of particular interest, while
rbA-I + Pib showed a significant degree of inactivation during a test pulse to +10
mV for 2 sec (% current remaining = 5.04 +/- 2.55%), rbA-II + Plb displayed a
dramatically slower inactivation (% current remaining = 57.5 +/- 6.5%). The
slow inactivation of rbA-II is similar to that observed for P-type currents,
although both rbA-I and rbA-II were only partially blocked by 2OOnM a-AgaIVA (~2O%). Our results show that Ca channels with distinct inactivation
properties can be generated by alternative splicing. While aiA Ca channels have
been variously suggested to encode Q- and/or P-type currents, the exact
relationship between the properties of rbA-I and rbA-II and Ca currents in rat
neurons will likely require further biochemical studies. This is especially
apparent since we also find that while some p subunits increase the inactivation
rate of rtt^-A-I and rbA-II, other p subunits remove inactivation of both aiA
isoforms

34.21

NEURONAL a1E CALCIUM CHANNELS DISPLAY PERMEATION
CHARACTERISTICS SIMILAR TO LOW VOLTAGE ACTIVATED
CHANNELS. E. Bourinet. A. Stea. T. W. Soong. and T.P. Snutch*.
Biotechnology Laboratory, University of British Columbia, Vancouver, B.C . ,
V6T 1Z3.
To date six different genes encoding Ca channel aq subunits have been
described. The aiS, otlc and aiD subunits encode for dihydropyridine-sensitive L
type Ca channels while aiA and a1B correspond to Q- and N- type channels,
respectively. The aiE subunit encodes for a channel that shares some properties
with native Ca channels with mid to low activation thresholds. Among the cloned
channels, ajE currents show more negative current-voltage properties, a high
sensitivity to Ni, and the fastest inactivation kinetics. Nevertheless, the properties
of aiE do not match exactly those of classical T-type currents. Another
characteristic often used to discriminate between Ca channel subtypes in native
cells is their permeation properties. In order to examine the relative
permeabilities of cloned Ca channels expressed in Xenopus oocytes the
endogenous Ca-activated Cl current was supressed by injection of BAPTA (2-5
mM final concentration). Comparison of the permeabilities of Ba and Ca showed
that Ba is the more effective charge carrier for ajA, aiB, and alc channels (Ba:Ca
current ratio: 1: 0.66; 1: 0.64; 1: 0.33, respectively). In contrast, the aiE channel
is significantly more permeable to Ca over Ba (Ba:Ca: 1: 124), a property often
utilized to distinguish low-threshold from high-threshold channels. These results
provides further evidence for the notion that aiE represents a novel type of low to
mid threshold Ca conductance expressed in a variety of central neurons. Since
a)E contains all four conserved glutamate residues identified as being critical for
Ca binding in the channel pore (Yang et al Nature, 1993, 366, 158-161) the
difference in Ca and Ba permeability suggests that the 3-dimensional architecture
of the pore region of ajE differs from other cloned Ca channels.
CALCIUM CHANNELS II
35.1

35.2

USE-DEPENDENT BLOCK OF 3H-GUUT?M1ATE RELEASE FROM RAT
BRAIN NERVE TERMINALS. K. Subbarao. D. Berlove*. G. Durant J. B.
Fischer. N. L. Reddv. L.-Y. Hu. and S. M. Goldin. Cambridge NeuroScience Inc.,
Cambridge, MA, 02139.
Excessive glutamate release is a primary initiator of neuronal cell death in
ischemic/hypoxic brain injury. We have originated a family of N,N'-disubstituted
guanidines that preferably block glutamate release under conditions of persistent
depolarization relative to their ability to block of glutamate release elicited by brief,
transient depolarizations characteristic of normal physiological release events in nonischemic brain. This study differentiates these actions from those of venom peptide
antagonists of presynaptic Ca channels.
Glutamate release was measured with 300 msec time resolution over a 5 second
period of high K+-depolarization, using a rapid superfusion technique [Turner et al.
(1989) Anal. Biochem. 178, 8,1989). We have characterized the block of high-K+
induced persistant 3 H-glutamate release by these compounds. Selected compounds,
tested at [1-3 p,MJ, accelerated the decay of glutamate release by 40-70 %. At these
concentrations, reduction of the initial amplitude of glutamate release ranged from
0% to 50%. This phenomenon is analogous to the classical observation of the
acceleration of decay of action potentials by the use-dependent Na channel blocker
lidocaine (Bean et aL, J. Gen. Physiol. 81613,1983).
In contrast, blockade of glutamate release by the Ca channel antagonist toxins
©-Aga IVA (from spider venom) and ©-Conotoxin MVIIC (from cone snail
venom)exhibited "reverse-use-dependence": at concentrations [0.3 pMJ which
blocked the initial amplitude of glutamate release by 40-60%, the decay time
constant for glutamate release was significantly increased. These observations are
consistent with depolarization-induced relief of P-type Ca channel block by co-Aga
IVA (Mintz, I.M. et al. (1992), Neuron 9:85 J and frequency-dependent relief of
3H-NE release inhibition by the N-channel blockers w-conotoxin M-VIIA and GVIA
[Wurster, S. and Dooley, D. J. (1993) Abs. Soc. forNeurosci. 19,1750J.

DEVELOPMENT OF A SERIES OF NOVEL N,N’-DIARYLGUANIDINES AS
POTENT GLUTAMATE RELEASE BLOCKERS.
N. L Reddy. D. Dalv.
G. J. D urant.S . M, Goldin.L .-Y.H uandK . S ubbarao*.
Cambridge NeardScience, Inc., Cambridge, MA 02139 USA.
Blockers of glutamate release have been shown to limit the extent of
nerve cell death following global or focal ischemic insalts to the brain, such
as occurs in stroke, myocardial infarction, or traumatic head injury. We
report here the development of a series of substituted guanidines that block
the voltage-activated Ca2+ and/or Na+ channels which control glutamate
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release from nerve terminals.
Preliminary results from screening of our library of substituted guanidine
compounds in a synaptosomal glutamate release assay employing a novel
rapid super-fusion system [Turner etal. (1989) Anal. Biochem. 178, 8,1989],
led us to synthesize a series of N,N’-diarylguanidines. The first major
structural lead to emerge from these studies, N,N'-bis-acenaphth-5-yl
guanidine, effectively blocked potassium evoked glutamate release at micromolar concentrations. In structure-activity studies, we initially focused on a
series of N-acenaphth-5-yl-N’-substitued naphthyl guanidines (shown below)
and studied the influence of
naphthalene ring substituents on
the blockade of glutamate
release.
One compound of
particular
interest
is
N-acenaphth^-yl-NM-methoxynaphthyl guanidine which
blocked glutamate release with
an IC50 of ~2 pM, and
possessed appropriate physicochemical characteristics for further
pharmacological investigations. The results of this structure-activity
investigation will be presented at the meeting.
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COMPARATIVE BLOCKING ACTIONS OF o-AGATOXIN IVa AND cCONOTOXIN MVIIC ON RAT FOREBRAIN SYNAPTOSOMES AND
NEUROMUSCULAR JUNCTIONS. C.H. Yan. Y.F. Xu and W.D. Atchison*.
Dept. Pharmacol. Toxicol., Mich. State Univ., E. Lansing, MI 48824.
Using rat brain synaptosomes and phrenic nerve terminals, we compared the
relative effectiveness of the Ca2+ channel blocking toxins a -agatoxm IVa (< - Aga
IVa), and c--conotoxin MVIIC (a-CgTx MVIIC). Uptake of 45Ca2+ during 1 sec
of KCl-induced depolarization was used to assess the effects of the two toxins on
Ca2+ channel function in rat synaptosomes, while conventional intracellular
microelectrode recordings of end-plate potentials (EPPs) and miniature end-plate
potentials (MEPPs) from cut-fiber preparations of the diaphragm were used to
examine effects of the toxins on phrenic nerve terminals. In rat brain
synaptosomes, both o-Aga IVa and a-CgTx MVIIC caused a concentrationdependent and time-dependent reduction in 45Ca2+ uptake during depolarization
(56 mM KC1). When synaptosomes were preincubated with toxin for 10 min, the
IC^s were 10 nM (a -Aga-IVa), and 0.1 p M (to -CgTx MVIIC), respectively. In the
absence of preincubation, a-Aga-IVa was much less effective at reducing 45Ca2 +
uptake into synaptosomes. In phrenic nerve terminals, a long incubation was also
required before effects on EPP amplitude were seen. Twenty min incubation with
a -Aga-IVa could totally block the EPP at 250 nM, with the IC^ at 50 nM. No
effects were observed on MEPPs. For S- -CgTx MVIIC, effects on EPPs were only
observed after 25 min incubation with 5 p M. Thus similar concentration ranges
of co -Aga-IVa and co -CgTx-MVHC are required to block Ca channels in forebrain
synaptosomes and neuromuscular junctions of the rat, although Aga-IVa is more
potent in each system. Supported by NIH grants NS2O683 and ESO5822.

VOLTAGE-DEPENDENT CALCIUM CHANNELS IN NEURONAL
CELLS DERIVED FROM THE HUMAN CELL LINE NT2: HIGHAFFINITY BLOCK OF L-TYPE CHANNELS BY NIMODIPINE. D.E.
Johnson. R.P. Fracasso. A. Unterbeck and R.T. McCarthy*. Institute for
Dementia Research, Miles Inc., West Haven, CT 06516.
The human teratocarcinoma cell line (NT2) can be terminally
differentiated by retinoic acid into a neuronal-like phenotype. Using single
channel current recordings we have examined the different types of voltage
sensitive calcium channels (VSCC) of the NT2 cell line in both the
undifferentiated (NT2) and differentiated state (NT2N). Undifferentiated
cells expressed a single type of VSCC; a 9.6 pS channel which required
hyperpolarized holding potentials to activate upon weak test depolarization.
Such properties are characteristic of T-type calcium channels. Cells
terminally differentiated by retinoic acid assumed a neurotypic phenotype
and expressed multiple types of VSCC's. At least three types of VSCC's
were recorded. One of these was a T-Type channel while another was a
large (19.7 pS) conductance channel which resisted inactivation by
depolarized holding potentials and was enhanced by the calcium channel
agonist (-)Bay K 8644. Such properties are characteristic of L-type calcium
channels. L-type channels could be potently inhibited by racemic and
(+)nimodipine (lOnM; n=6). However, block was not completely
reversible by hyperpolarized voltages suggesting a large component of
resting state block by nimodipine. Low concentration nimodipine block of
L-type calcium channels in human neurons may contribute to the
therapeutic efficacy of the drug for treatment of neuronal pathologies such
as Alzheimer's disease.

35.5
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THE EFFECT OF RUTHENIUM RED ON NEURONAL VOLTAGE SENSITIVE
CALCIUM CHANNELS.
P.M. Lundy* R. Frew and M,G. Hamilton.
Pharmacology
and
Therapeutics,
Defence
Research
Establishment Suffield, Box 4000, Medicine Hat, Alberta,
Canada TlA 8K6.
The organometallic dye ruthenium red (RR) inhibited K+evoked Ca2+ influx (ED50 68^M and 247^M), c-ccnotoxin-GVIA
sensitive binding (IC5o 2. O^M and 48.5^M) ,
and Ca2+dependent neurotransmitter ( [ 3H]dopamine) release in a
qualitatively similar manner in both rat and chicken brain
synaptosomes respectively. RR had no effect on Ca2+dependent processes mediated via the dihydropyridinesensitive Ca2+ channel.
The above effects appear to be
specific for the RR complex as Ru C13 was ineffective, but
did in contrast to RR displace pH]nitrendipine binding.
RR, in a manner similar to a-conotoxin-MVIIC and uagatoxin-IVA, effectively inhibited the response of the rat
isolated phrenic nerve - diaphragm preparation to nerve
stimulation.
RR also inhibited ^-ag^Mim-IVA sensitive
Ca2+ influx in rat brain suggesting an interaction with P
type Ca2+ channels.
Effects of RR suggest that this amino
acid complex interacts with both the N and P domain of the
chicken brain Ca2+ channel, and both the N and P channels
coupled to Ca2+ influx and neurotransmitter release in rat
brain.
The ability of RR to completely inhibit Ca2+
influx, and effects at the neuromuscular junction, suggest
an interaction with the P type Ca2+ channel similar to that
following u-conotoxin-MVIIC or a-agatoxin-IVA.

SNX-325, A NOVEL PEPTIDE CALCIUM ANTAGONIST FROM
THE VENOM OF THE SPIDER Segestria florentina. R. Newcomb*.
A. Palma. L. Nadasdi. J. Bell. W. Home. J. Fox. !?. Gaur. K. Lau. D.
Chung. L. Broglev. and J. Ramachandran. Neurex Corp., Menlo Park,
CA 94025
Venom fractions were screened for their ability to block barium
currents through cloned calcium channels expressed in Xenopus
oocytes, and to displace the binding of radioiodinated omegaconopeptides to rat brain synaptosomes. A 49-amino acid peptide
calcium antagonist was identified, sequenced, and synthesized. The
peptide, SNX-325, has a novel sequence with the disulphide pattern of
(O-AGA-IVa. At high concentration (2uM), the peptide blocks class B
(N), A (Q) and C (cardiac L) calcium channels. The peptide is a potent
blocker of the potassium induced release of norepinepherine from
hippocampal slices, but does not affect the release of d-aspartate.
Although the peptide is 2-5 fold more potent than the N-channel
blocker SNX-111 (a--conopeptide MVIIA) in blocking
norepinephrine release (IC5o=O.2-O.5 nM vs. 1-2 nM), it is 3-4 orders
of magnitude less potent at displacing radioiodinated SNX-111 from
rat brain synaptosomes (IC5o=7O nM vs. 10 pM).
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35.8

NIMODIPINE TREATMENT EFFECT ON CLASSIC ETHER STRESS AND
PLUS MAZE PERFORMANCE. L.A. Becker1*. J,A. Varner1. L, Dokas2 and
R.L. Isaacson1.1Dept. of Psych., Bing. Univ., Binghamton, N.Y. 2Dept. of

oAgatoxin-Sensitive Calcium Currents in the Somata and Axon
Terminals of a Mammalian Central Neuron. T.E.
and
C.W. Bourque. Centre for Research in Neuroscience, Montreal

Neurol., Med. Col., Ohio, Toledo, OH.

We examined the effect of nimodipine (NIM) administered via
sustained release pellets on basal and ether-induced corticosterone
(CORT) levels of rats.
From previous research with NIM, we
believed this drug might reduce some of the biological
consequences of stress. Both the basal and stress-induced CORT
levels were measured. Animals with a 10 mg NIM slow release
pellet were compared to animals that received a placebo pellet
and those with no pharmacological treatment. An elevated plus
maze (Durcan and Lister, 1988) was used to measure anxiety.
Rats experiencing greater anxiety spend less time in the open
arms. Stress CORT levels did not vary among treatment groups,
but baseline levels were significantly different. The placebo rats
had higher levels than the other groups. Also, the NIM-treated rats
spent more time in the closed arms of the plus maze than the
other groups. Although NIM seems to modulate the baseline levels
of CORT artificially raised by some factor of the surgery involved
in the pellet implantation or by the presence of the pellet, it does
not seem to modulate the CORT response to an ether stressor.
Conversely,
animals that have received placebo pellets had
increased basal CORT levels while showing no indication
of
anxiety-related behavior in the plus maze.
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General Hosp. and McGill University, Montreal, Canada, H3G 1A4.

o>Agaaoxin-sensitive calcium channels, either P-type or the
recently identified Q-type, have been proposed to mediate the
presynaptic influx of calcium required for neurotransmission at
several synapses, yet little is known about their distribution withip
neurons. We have therefore studied whole-cell calcium currents in
isolated somata and axon terminals of the magnocellular neurosecretory cells of the rat hypothalamus. In somata, which also
express T-, N-, and L-type channels, a high-threshold, noninactivating (P-type) current was blocked when either 50 nM
(3O±4% of total non-inactivating current; SEM; n=4) or 500 nM
(28±6%; n=3) m-agatoxin was applied. In the terminals, which also
express N- and L-type currents, co agatoxin blocked an inactivating
current (x=567±8O ms; n=lO). The magnitude of the block was
greater at 500 nM (29±4% of current measured at t= 200 ms; n=l3)
than at 50 nM (16±4%; n=lO) indicating that this current is less
sensitive to coagatoxin than is the P-type current in the soma. The
dose dependence and inactivation properties of the co-agatoxinsensitive current in the terminals are thus more similar to those
reported for Q-type channels, suggesting that oagatoxin-sensitive
channels may be differentially distributed within neurons.

Supported by the Heart and Stroke Fdtn and MRC of Canada.
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REVERSIBLE 125-w-CONOTOXIN(MVIIA) BINDING TO NTYPE CALCIUM CHANNELS EXPRESSED BY IMR-32 CELLS.
L.Q. Tottrup* and M.A. Scheideler Pharmaceuticals Division,
Novo Nordisk A/S, 2760 M&lov, Denmark
Previous studies have demonstrated that the human
neuroblastoma cell line IMR-32 expresses functional N-type
calcium channels following morphological differentiation (Gotti,
C. et al. (1987) Differentiation 34, 144). Using the selective,
reversible N-channel ligand 125l-w-Conotoxin(MVIIa) we have

w-CONOPEPTIDES AND u-AGATOXINS: CORRELATION OF IN
VITRO EFFECTS IN MAMMALIAN AND AVIAN NEURONAL PREPARATIONS. D.J. Dooley*1. G.P. Milianich2. M.E. Adams3, J.R. Bell2, S.
Gaur2. J.J. Geer1. R. Kristipati2 and S. J. Stoehr1. ‘Dept, of Neuroscience,
Parke-Davis Pharmaceutical Research, Warner-Lambert Co., Ann Arbor, MI
48105; 2Neurex Corp., Menlo Park, CA 94025; and ’Depts. of Entomology
and Neuroscience, Univ. of California, Riverside, CA 92521.
Naturally occurring peptides like a—c^-w^-t^^in GVIA and u-agatoxin IVA
have been useful pharmacologic tools for defining the function of neuronal
voltage-sensitive calcium channels (VSCCs) including those of the N and P/Q
subtypes. A series of ten a--c>no-x5pttdes, including analogs of naturallyoccurring sequences, and three u-agatoxins were used to characterize the
VSCCs in four in vitro assays: ['^IJ-w-conotoxin MVIIA binding to rat
neocortical membranes, K+-evoked 45Ca2+ flux into rat neocortical synaptosomes and into chick whole brain synaptosomes, and K+-evoked [3H]-noradrenaline release from rat hippocampal slices. The rank potency order of the
^>-cono-Xiptides to inhibit [^Ij-w-conotoxin MVIIA binding was similar to that
for inhibiting 43Ca2+ flux into chick synaptosomes; many of these u--cc^nopeptides were inactive at 100-fold greater concentrations for inhibiting 45Ca2+
flux into rat synaptosomes. The u-conojpptides MVIIC CSNX-23O- and
MVIID (SNX-238) and the a)-agatoxins IIIA, IVA, and IVB were active in
both45Ca2+ flux assays, the latter two being weaker, however, in chick
synaptosomes. Peptides active in either or both45Ca2+ flux assays inhibited
[3H]-noradrenaline release indicating a role for both N- and P/Q-VSCCs in this
process. These results suggest that the predominant VSCC phenotype in chick
neuronal terminals is an N-like VSCC, contrasting with the predominance of
the P/Q-VSCC phenotype in rat neuronal terminals.

evaluated the binding characteristics of the channels expressed
by these cells, and correlated changes in the binding kinetics
with the appearance of functional calcium channel activity as the
cells
are
differentiated.
Membrane
preparations from
undifferentiated cells express a low number of binding sites
(Bmax=22frnol/mg) which cooperatively (nH=2) bind radioligand
with high affinity (K1/2=7pM). Following differentiation in the
presence of BrdU a large increase in binding site expression
was observed (Bmax=200fmol/mg), as well as a change in affinity
(KV2=20pM). This binding was also cooperative (nH=2), and
could be displaced by the channel-selective Conus peptides
MVIIa>MVIIc>G1, but not by conotoxin-M1, agalVa and
nimodipine. The appearance of functional channels, measured
in 45Calcium uptake experiments, correlated with the increased

expression of toxin binding sites.
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INHIBITION OF SPONTANEOUS CALCIUM TRANSIENTS BY THE NTYPE CALCIUM CHANNEL BLOCKER wCONOTOXIN GVIA IN
NEURONAL CULTURES. M.G. Vartanian* and P.A. Boxer. Neuroscience
Pharmacology, Parke-Davis Research, Division of Warner-Lambert Co., Ann
Arbor, MI 48105
One function of neuronal voltage-sensitive calcium channels (VSCCs) is to regulate
neurotransmitter release by affecting calcium entry at the presynaptic terminal. A
variety of VSCCs have been described and the primary subunits cloned and
expressed. N-type VSCCs (Class B) have been shown to regulate biogenic amine
release in both central and peripheral neurons. Blockers of N-type VSCCs including
c-conotoxin GVIA (c-CTX-GVIA) and coconotoxin MVIIA (SNX-111) have been
shown to be neuroprotective in models of cerebral ischemia. Consistent with the
excitotoxin theory of neuronal injury, this suggests that N-type VSCCs may also
modulate release of excitatory amino acids (EAAs), although there is little direct
evidence to support this. The current experiments describe the effects of coCTXGVIA on a naturally occurring measure of EAA release in primary cerebrocotrical
cultures. Most neurons loaded with the [Ca2+1 indicator dye FURA-2 (2 pM)
showed spontaneous calcium transients (SCTs) each lasting several seconds with a
frequency of 2 to 12 Hz. These SCTs were dependent on action potentials (blocked
by tetrodotoxin) and the activation of non-NMDA receptors because NBQX, but not
Mk -801, could completely block their occurrence. Pretreatment for 2 min with 10
nM co-CTX-GVIA blocked SCT frequency by about 50%, while higher
concentrations (100 nM and 1 pM) produced greater, but rarely complete, inhibition.
coCTX-GVIA (100 nM) did not reduce the amplitude of the remaining SCTs nor
significantly reduce increases in [Ca2+]j in response to 10 pM AMPA, demonstrating
that coCTX-GVIA does not block the postsynaptic VSCCs responsible for the SCTs.
These results indicate that the reduction in the frequency of SCTs is the result of
blockade of N-type VSCCs acting presynaptically to inhibit EAA release.

PHARMACOLOGICAL PROFILE OF THE RAT ciE CALCIUM
CHANNEL SUBUNIT EXPRESSED IN XENOPUS OOCYTES. A_
Kondo1. T.W. Soong3. D.N. Mbungu1 . B.M. Olivera^-T-P. Snutch3. and M.E.
Adams! 1 Depts. of Entomology and Neuroscience, University of California,
Riverside, CA 92521, 2Dept. of Biology, University of Utah, Salt Lake City, UT
84112, and ^-oeKhnology Laboratory, University of British Columbia, Vancouver,
B.C. V6T 1Z3.
The aiE Ca2+ channel subunit (rbE-II cDNA) is the most recent of the ai
subunits cloned from rat brain. Its distinctive properties include similarity to low
threshold Ca2+ channels and resistance to drugs and toxins diagnostic for L-type
(DHPs), N-type (rn-CEX-GVIA), and P-type (co-Aga-IVA) high-threshold Ca2+
channels. We are attempting to develop pharmacological probes for the aiE channel
expressed in Xenopus oocytes as a strategy for associating it with native channels in
brain neurons.
Nuclear injections of the ai£ clone (PMT2 vector) into Xenopus oocytes yielded
large inward Ba2+ currents (200-900 nA) 2-4 days post-injection. aiE currents were
resistant to nifedipine (1 pM), and c-CDC-GVIA (1 pM), but were blocked -^2’C-30%
by co-Aga-IVA (200 nM) and -50% by c--^jg^^;iIIA (50 nM).
Preliminary screening of various arthropod and molluscan venoms has revealed
pharmacological activity from two species. Venom of the cone snail Conus distans
applied at 0.24 pg/ml blocks Ba2+ current in aiE-injected oocytes by -^80%; partial
recovery (~15%) of the current was obtained upon washout. Venom of the fishhunting spider Dolomedes gertschi blocks -60% of the ai£ current at a dilution of
1:1000, with 20% recovery obtained upon washout. Purification and characterization
of active fractions responsible for block of the ai£ current are currently underway.
Supported by NIH grant NS24472.
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BLOCK OF MAMMALIAN CA2+ CHANNELS AND SYNAPTIC
TRANSMISSION BY (0-AGA-IVA AND STRUCTURAL ANALOGS.
T.M. Norris! W.R. Gray2, and M.E. Adams1*. 1 Depts. of Entomology and
Neuroscience, University of California, Riverside, CA 92521 and 2Dept. of Biology,
University of Utah, Salt Lake City, UT 84112.
The funnel web spider toxins caAga-IVA and c-Aga-IVB are structurally similar
ligands that block P-type Ca2+ channels in rat Purkinje neurons with high affinity
(Kd ~2-3 nM). Although these toxins have similar affinities for P-type channels,
Aga-IVA blocks faster than Aga-IVB, and recovery following removal of toxin is
also faster for Aga-IVA (Mintz and Bean, Neuropharmacol. 32: 1161,1993; Adams
et al., Mol. Pharm. 44: 681, 1993). These differences are correlated with divergent
N-terminal amino acid sequences and predicted pi values (9.1 for Aga-IVA, 7.1 for
Aga-IVB) for the two toxins, and suggest starting points for probing structurefunction relationships of Aga-IVA-like Ca2+ channel blockers.
As an initial step in the preparation of peptide analogs, we have prepared the parent
m-Aga-IVA and an analog containing norleucine substituted for methionine at
positions 30 and 42. These substitutions were designed to eliminate instability in
the peptide arising from methionine oxidation. Synthetic (0-Aga-IVA and its
norleucine analog were found to block synaptic transmission at the rat diaphragm
neuromuscular junction with approximately equal potencies. These peptides also
were similar in their rates of block of high-threshold Ba2+ current in rat dorsal root
ganglion neurons.
Preparation of an Aga-IVA/Aga-IVB hybrid was accomplished by replacement of
amino acid residues 1-7 of Aga-IVA with the corresponding amino acids from AgaIVB. These substitutions change the predicted pi value of Aga-IVA from 9.1 to 7.2.
This hybrid peptide is biologically active, but blocks P-type channels in cerebellar
Purkinje cells significantly more slowly than does Aga-IVA. These studies may lead
to improved versions of Type IV (o-agatoxins useful in the classification and
pharmacological analysis of Ca2+ channel subtypes in the brain.
Supported by NIH grant NS24472.

BIOCHEMICAL CHARACTERIZATION AND IMMUNOCYTOCHEMICAL LOCALIZATION OF THE CLASS E CALCIUM
CHANNEL FROM RAT BRAIN. C.T- Yokovamal. R.EWestenbroekl *, J.W, Hell1. T.P. Snutch*. and W.A. Catterl^
1 Department of Pharmacology, University of Washington, Seattle, WA
98195, and ^Biotechnology Laboratory, University of British
Columbia, Vancouver, B.C. V6TIW5.
Soong et. al. (Science 1993, 260, 1133-1136) described the
structure and functional expression of the class E calcium channel al
subunit gene from rat brain. We report here the use of a polyclonal
anti-peptide antibody (CNE2) in the characterization of the class E
polypeptide. Immunoblotting of rat brain extracts with CNE2 revealed
a single polypeptide of 250-255 kD. The class E polypeptide was a
substrate for phosphorylation by several second-messenger-activated
protein kinases, and reprecipitation with CP15, a polyclonal antibody
directed to a peptide conserved in rat calcium channel al subunits,
confirmed it's identity as a calcium channel al subunit. The
pharmacology of the class E polypeptide matched that of the expressed
channel from Soong et. al. No high-affinity binding of labelled PN200-110 or coCgTx-GVIA and only weak binding of ©-Aga-IVA was
observed. Immunocytochemical studies reveal that the class E channel
is localized predominantly in the cell soma of neurons throughout the
rostro-caudal extent of the rat brain. The most prominent staining is
observed in the striatum, thalamus, hypothalamus, and a variety of
other ventral nuclei in the mid-brain region.
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Affinity purification of rat cortical and chicken forebrain
synaptosomes using a biotinylated derivative of w-conotoxin GVIA.

DHP- AND AGATOXIN-SENSITIVE CALCIUM CURRENTS IN RAT
CEREBELLAR GRANULE CELLS C.Amico, C.Marchetti, and C.Usai*. Istituto
di Cibemetica e Biofisica, CNR, via Dodecaneso,33, 16146, Genova, Italy.
Several families of pharmacological distinct neuronal calcium channels have
been identified, but both the distribution and the role of these different channels
are still a subject of investigation. We have measured voltage-dependent calcium
currents in cultured cerebellar granule neurones from 8 day old rats by whole-cellrecording in 10 mM BaCl2 or CaCl2 and the internal calcium rise induced by
superfusion with high KC1 solution in Fura2 loaded cells by optical measurements.
The calcium current contains a DHP-sensitive component, which represents «25%
of the current from Vh = -80 mV. With Vh = -50 mV, the current was reduced to
«5O% of the value from -80 mV and nimodipine (lOpM) depressed this residual
current by 44%. However, from both holding potentials, the DHP-sensitive current
had the same amplitude and IC50 was close to 50 nM. In contrast, agatoxin,
fraction IVA (agatx, 200 nM), inhibited the current from Vh = -80 mV by «5O%,
but considerably less current from -50 mV. In addition, the DHP-sensitive current
hardly showed any sign of inactivation during long (1 sec) depolarizations, while
the agatx-sensitive current inactivated with t «2OO ms. These results suggest that
the DHP-sensitive channels are less influenced by voltage-dependent inactivation
than agatx-sensitive type. In Fura2 loaded cells, nimodipine (0.01 - 10 pM)
potently antagonized the response to 25-75 mM KC1 in dose-dependent manner.
Both the peak level and the plateau value were significantly depressed. In contrast,
agatoxin (0.2-2pM) did not modify the response in any respect. It is possible that,
as cells are gradually depolarized by high KC1 superfusion for t - 10 sec, the
agatx-sensitive calcium current is inactivated and the main contribution to Ca
influx is determined by DHP-sensitive channels. All these results support the view
of the DHP-sensitive current as a tonic current that leads calcium entry during
long, small depolarizations. (Supported by CNR and Bayer Italia S . p. a.)

D. Bowman. W Smith. A. McCormack. & D. Lodge* Lilly Research
Centre , Erl Wood Manor, Windlesham, Surrey. GU2O 6PH UK

We have developed a method for the affinity purification of rat
cortical, and chicken forebrain, synaptosomes expressing ©-CgTx
GVIA-sensitive, N-type VDCCs. The method utilises a biotinylated
derivative of ©-CgTx GVIA which retains its ability to displace
©•
CgTx GVIA from its binding sites on rat cortical synaptic membranes.
This biotinylated ©-CgTx GVIA has been coupled to magnetisable beads
and used successfully to bind deaggregated synaptosomes. The effect of
©-CgTx GVIA on the KCl-induced increase in free intracellular Ca2+
([Ca2+]i) elevation in parent, bound and unbound synaptosome fractions
was investigated using fura-2 based fluorimetry.
In the chicken parent fraction ©-CgTx GVIA (O.lnM-lpM)
produced a concentration-dependent block with an IC5O of 28nM. All
chicken synaptosomes appeared to be captured by the affinity ligand
because KC1 failed to increase free [Ca2+]i elevation in the unbound
fraction. In rat synaptosomes, both parent and unbound fractions
displayed an increase in free [Ca2+]j elevation and the block obtained
with ©-CgTx GVIA (lpM) was l7±2% and 3±2%, respectively. No
increase in free [Ca2+]j elevation was observed in the bound fraction but
synaptosome-like structures (which stained for synaptophysin-like
immuno- reactivity) were clearly visible at the electron microscope level.
We conclude that ©-CgTx GVIA-sensitive N-type calcium
channels are present on all chicken forebrain synaptosomes but only a
subpopulation of rat cortical synaptosomes.
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BEHAVIOURAL EFFECTS OF N- AND P-TYPE CALCIUM CHANNEL
BLOCKERS IN MICE H.C. Jackson*, H. Klitgaard & M. Scheideler
(SPON: Brain Research Association) Novo Nordisk A/S, Maaloev, DK2760, Denmark.
A number of different neurotoxins have recently been isolated from natural
sources and shown to block N- and P-type voltage-dependent calcium
channels. These compounds include w-conotoxin GVIA (N and P); wconotoxin MVHA (N); coconotoxin MVIIC (P) and w-agatoxin IVA (P). Nand P-calcium channels are involved in regulation of neurotransmitter release
therefore it is possible that N or P channel blockers may influence seizure
threshold. This study investigates the effects of N- and P-type calcium
channel blockers against audiogenic-induced seizures in male DBA/2 mice.
Mice (7-9; n=lO) were injected i.c.v. with different doses of the neurotoxins
and observed for 30 min for drug-induced behavioural changes. Animals
were then exposed (in pairs) to a high intensity sound (111 dB) for 30 sec
during which they were observed for the presence of clonic and tonic
seizures. All toxins were dissolved in 0.9% saline containing 0.1 mg/ml
BSA. Intense shaking was induced in DBA/2 mice by both w-conotoxin
GVIA and w-conotoxin MVIIA in doses of 0.1-10 pg/mouse i.c.v. In
contrast, ^conotoxin MVIIC (up to 1 pg) and w-agatoxin IVA (up to 0.3 pg)
did not produce shaking. Higher doses of the P channel blockers were toxic.
^Conotoxin MVIIC and ^agatoxin IVA prevented tonic seizures in the
DBA/2 mice (ED5O values of 0.07 and 0.08 pg i.c.v. respectively; similar
values were obtained for protection against clonic seizures). w-Conotoxin
GVIA (but not w-conotoxin MVIIA) also prevented sound-induced seizures.
a-Conotoxin GI (0.01-0.3 pg) and a-conotoxin SI (0.3-3 pg) did not
produce shaking and were not anticonvulsant. The results of this study
confirm other reports that selective blockade of N-channels produces
shaking. Moreover, they suggest that P-channel blockers increase seizure
threshold - an interesting observation that warrants further investigation.

CALCIUM CHANNELS IN HUMAN LEUKEMIC HL-60 CELLS:
ACTIVATION AND/OR BLOCKADE BY ECONAZOLE AND OTHER
IMIDAZOLES, AND BY PENFLURIDOL, FLUSPIRILINE AND
LOPERAMIDE. Y. Shin. W.L. Padgett. F. Gusovskv* and T.W. Dalv
NIDDK, NIH, Bethesda, MD 20892 and Eisai Research Institute,
Andover, MA 01810.
ATP, fmLP and histamine elicit an initial increase in
[Ca2+]j, linked to phosphoinositide (PI) breakdown, release of
Ca2+ from storage sites and a subsequent sustained elevation
of [Ca2+]i, due to activation of Ca2+-release-activated calcium
(CRAC) channels in differentiated HL-60 cells. Thapsigargin also
causes an activation of CRAC channels. Maitotoxin (MTX)
elicits an marked influx of Ca2+, accompanied by PI breakdown.
A series of imidazoles (econazole, miconazole, SKF 96365,
clotrimazole, calmidazolium) block such CRAC channels and
MTX-elicited influx, but also elicit per se an influx of calcium. A
variety of other calcium channel blockers show disparate
inhibitions of CRAC channels and MTX-ehcited influx.
Loperamide, bepridil, proadifen, fluspirilene and penfluridol are
potent blockers (IC50 2-7 pM) of MTX-ehcited influx, while being
ineffective at CRAC channels. Loperamide, while having no
effect on [Ca2+]j alone, appears to enhance CRAC channelelicited influx. Nifedipine is ineffective versus CRAC channels
or MTX-ehcited influx of Ca2+, but does partially block
imidazole-elicited influx of Ca2+.
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©-GRAMMOTOXIN

SIA

INHIBITS

©-AGA-IVA-SENSITIVE/

NITRENDIPINE-INSENSITIVE
K+-EVOKED
INCREASES
OF
INTRACELLULAR Ca2+ IN CORTICAL NEURONS. R. A. Keith*. T. J.

Manaano and R. A. Lampe.
Dept, of Pharmacology, Zeneca
Pharmaceuticals Group., Wilmington, DE 19897.
The effects of the selective voltage-sensitive calcium channel (VSCC)
antagonists nitrendipine (NIT; L-type VSCC), ©-conotoxin GVIA (CgTx; Ntype VSCC), and ©-Aga-IVA (Aga; P-type VSCC) on 50 mM K+-evoked
increases of intracellular Ca2+ ([Ca2+]j) in neonatal rat cortical neurons in

primary culture were determined and compared to the effects of
©-grammotoxin SIA (GsTx; inhibits N- and P-type VSCC). All compounds
inhibited the evoked increase of [Ca2+]j in a concentration-dependent
manner with less than complete inhibition. IC50 and % maximal inhibition
values were: NIT, 20 nM, 41 ± 5%; CgTx, 330 nM, 24 ± 3%; Aga, 150 nM,
46 ± 2%; GsTx, 105 nM, 48 ± 4%. Inhibition induced by each compound
was partially reversed by 15 min of washing the cells. Maximally effective
concentrations were combined to determine the relative additivity of
inhibitory effects. The addition of CgTx with NIT, Aga or GsTx resulted in
no further inhibition than was observed with NIT, Aga or GsTx alone. The
addition of Aga and GsTx resulted in no further inhibition than was
observed with either compound alone. NIT added with either Aga or GsTx
resulted in virtually additive inhibition (approximately 90% inhibition of
evoked increase in [Ca2+],-), with no further inhibition by the addition of
CgTx. The results suggest that the K+-evoked increases of [Ca2+]j in

cortical neurons are mediated primarily by L- and P-type VSCC. Under
these conditions, N-type VSCC, if involved, play only a minor role. GsTx
inhibited only Aga-sensitive evoked increases in [Ca*+j suggesting GsTx
inhibits P-type but not L-type VSCC in cortical neurons.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

EFFECTS OF ANTIMIGRAINE DRUGS AND CALCIUM
CHANNEL BLOCKERS ON IN VIVO GLUTAMATE RELEASE.
B.A. Donzanti*. M.J. Hyde and L.E. Ross. CNS Pharmacology,
Zeneca Pharmaceuticals Group, Wilmington, DE 19897.
The neurotransmitter glutamate has been proposed to be a
critical component of spreading depression (SD), a neuronal
state which may be responsible for the aura phase preceding a
migraine attack. The hippocampus, which contains substantial
neuronal glutamate, appears to be the most sensitive area to SD
which can be induced by a depolarization stimulus such as high
K+. Thus, we used in vivo microdialysis to analyze K+-evoked
glutamate release in the rat hippocampus. Animals were
anesthetized with urethane (1.5 g/kg) and placed in a stereotaxic
frame for the implantment of 3 mm long microdialysis probes
into the hippocampus. Probes were perfused with artificial CSF
at a rate of 2.5 pl/min for 2 hours prior to experimentation. Ten

min microdialysate samples were collected before, during, and
after high K+ (145 mM) perfusion. Sample analysis was
performed using automated HPLC-ECD following precolumn
derivatization with o-phthalaldehyde and p-mercaptoethanol.
Data will be presented which compares the effects of
dihydroergotamine, sumatriptan, emopamil, flunarizine, and
KB2796.
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l -serine in a carboxy
-terminal
region
©-AGATOXIN-TK is essential
for
blockade
of p -type
CALCIUM CHANNELS T. Teramoto*. M. Kuwada, K. Y. Kumagayflt,
K. Nakajima#, T. Watanabe, T. KKwai, Y. IKwakami, T. Niidome,
K.Savaadd, Y. Nishizawa, and K. KKayama Eisai TsukuUa RRje;arch
Laboratories, 5-1-3 ToUodai, Tsukuba, Ibaraki 300-26 and # Peptide
Institute Inc., Protein Research Foundation, Osaka 562, Japan
a>Agatoxin-TK (©-Aga-TK), a 48-amino acid peptide isolated from
the aenom of funnel web spider Agelenopsis aperta , is a selective and
potent inhibitor of P-type calcium channels in the nervous system. We
synthesized ©-Aga-TK according to the amino acid sequence identified
with a native peptide. Synthetic ©-Aga-TK, however, showed only 90fold less potent inhibition against P-type calcium channels than that by
native ©-Aga-TK. Native ©-Aga-TK appeared to contain D-Ser at the
position of 46 by an analysis of amino acid enantiomers and synthetic ©Aga-TK (o-Ser46) has the same potency as native ©-Aga-TK for blocking
P-type calcium channels in cultured cerebellar Purkinje neurons. In
addition, two peptide fragments of ©-Aga-TK, namely ©-Aga-TK (1-43)
and a C-terminal peptide fragment (44-48), did not produce any significant
inhibition of P-type calcium channels. Moreover, the fragment peptides
did not affect the inhibition of P-type current by native toxin, indicating
that each fragment peptide alone does not form the binding domain of ©Aga-TK to calcium channels. These results suggest that the specific
structure of C-terminal region of ooAga-TK, particularly the configuration
of Ser46, together with P-sheet structure formed by four disulfide bonds
might be essential for blockade of P-type calcium channels.
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eukaryotic potassium channels and partial homology with

the corresponding domain of cyclic nucleotide-gated non-

selective cation channels. A hydropathy plot of IctB reveals
2-3 putative membrane-spanning helices in addition to

the P-like region. Thus, IctB topologically resembles the

inwardly-rectifying (IRK)

and

ATP-sensitive

(ROMK)

classes of potassium channels. Based on this, one of the IctB
genes was amplified by PCR from a large template (kindly

provided by Dr. Nigel Minton) and subcloned into a pGEM
vector. Voltage-clamp analysis of Xenopus oocytes injected

with RNA derived from this construct strongly suggests
IctB is an inward-rectifier. These expression studies and a

phylogenetic analysis point to a prokaryotic evolutionary

origin for several classes of eukaryotic ion channels.

THE MOST HIGHLY CONSERVED VOLTAGE-GATED K+ CHANNEL: A
JELLYFISH SHAL HOMOLOG. T. Jecla. A. Wei*, and L. Salkoff. Dept, of
Anatomy and Neurobiology, Washington University Sch. of Med., 660 S. Euclid
Ave., St. Louis, MO 63110.
Shal is the most highly conserved voltage-gated K+ channel in triploblast
metazoans. Using a PCR-based screen, we have now isolated a highly conserved
Shal K+ channel homolog, jShal, from the diploblastic jellyfish Polyorchis
penicillatus. This organism, a cnidarian, represents the most primitive phylum
to contain a nervous system. Because the diploblast and triploblast lineages
separated nearly one billion years ago, comparison of their natural Shal K+
channel variants provides a valuable opportunity to identify functionally
important residues. The substantial sequence conservation from the N-terminal
through the membrane-spanning core results in a high degree of functional
conservation. The jShal current expressed in Xenopus oocytes has typical Shal
kinetics, and the conservation of N-terminal recognition domains is highlighted
by jShal's ability to form functional heteromultimeric channels with both
Drosophila and mouse Shal homologs. However, a small number of differences
in the S4 and adjacent regions may underly differences in the voltage-dependent
properties of jShal, which has a -30mV shift in the Vj/2 of steady state
inactivation (-97mV) and the activation threshold (-8OmV), relative to
triploblastic Shal homologs. Because of the early evolutionary split between
diploblastic jellyfish and triploblasts such as Drosophila and mouse, our results
suggest that Shal potassium channels have been conserved in an essentially
unchanged form since the advent of the nervous system. Shal channels may set
interspike intervals, and thus may have been an important evolutionary
adaptation for the generation of patterned neuronal output.
Supported by an NIH grant to L. Salkoff.
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CLONING, CHARACTERIZATION AND FUNCTIONAL EXPRESSION OF A
SHAKER-RELATED VOLTAGE-GATED POTASSIUM CHANNEL GENE
FROM THE FLATWORM SCHISTOSOMA MANSONI. E. Kim, T. A. Dav. J.
L Bennett and R. A. Pax*. Department of Pharmacology and Toxicology

MOLECULAR DIVERSITY OF APLYSIA POTASSIUM CHANNELS. F.A.
Rassendren. B. ZhaoL R.D. Hawkins*, and T. Kubo*. Ctr. Neurobiol. &
Behav., Columbia Univ., NY, NY 10032; *Dept. Physiology, Univ. California,
San Francisco, Calif. 94143; *lntl. Inst. Advanced Studies, Shimadzu, Kyoto,
Japan.
In an attempt to better understand the molecular events underlying
short-term facilitation in Aplysia, we have cloned several potassium
channels from Aplysia cDNA library. In addition to members of the Shaker,
Shab, Shal and Shaw families, four other channels have been isolated. Two
of them show a very high degree of homology and may therefore belong
to the same new family. These two genes encode noninactivating

and the Department of Zoology, Michigan State University, E. Lansing, Ml
48824.
In order to study the structure of a Shaker homolog from a lower
invertebrate, we have isolated a cDNA (SKv1.1) encoding a Shaker-related
1C channel from an adult cDNA library of the human parasitic trematode

Schistosoma mansoni. SKv1.1 is grouped in the Shaker family, but forms
a unique branch within this family, on the basis of dendrogram analysis.
SKv1.1 shows significant sequence identity with most other Shaker
channels, with 64-74% identity in the core region (S1-S6). It has the
highest sequence identity with the K+ channel (Ak01a) from Aplysia
(Pfaffiger et al. 1991. J. Neurosci. 11, 918-927). Northern blot analysis
detects a single primary transcript of 2.8 kb. Southern blot analysis
indicates that SKv1.1 is present as a single copy in the genomic DNA of S.
mansoni. Expression of SKv1.1 in Xenopus oocytes produces a rapidly
activating and inactivating outward 1C current which is highly sensitive to 4aminopyridine, but is insensitive to tetraethylammonium, mast cell
degranulating peptide, dendrotoxin and charybdotoxin. The presence of a
Shaker homolog in Schistosoma indicates that the gene duplication event

that generated four distinct Sh subfamilies happened at least before the
emergence of the flatworm. Also, if the duplication event happened before
Schistosoma, other Sh subfamilies may be present in Schistosoma and
other lower invertebrates.
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potassium channels, and are likely to coassemble in Xenopus oocytes. A
third channel does not have homology with any other potassium channel
cloned to date. The fourth channel has a high degree of amino acid
similarity with the calcium-activated potassium channel (CaKch) already
isolated from Drosophila and mouse, but also some interesting differences.
First, in the highly conserved sequence GYGD in the pore region, Y is
substituted by F as in the ether-a-gogo channel. Second, the sixth
transmembrane domain shows very little homology when compared to the
two other CaKch already cloned. This unusual region may have some
interesting consequences for the electrophysiological phenotype of this
channel. Aplysia CaKch also has several splice variants in the long carboxy
terminus tail of the protein. Overexpression of these channels in Aplysia
neurons will allow us to better understand their role in the control of cell
excitability.
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IDENTIFICATION OF A NEW SHAB K+ CHANNEL mRNA IN PC12 CELLS
AND RAT ATRIA. D. Lau1 E. Vega-Saenz de Miera! K. Sen! B. Rudv*1. M
Bin Wu2 and W. Thornhill. 1. Dept. of Physiology & Biophysics and Dept. of Biochemistry, New York University Medical Center, N.Y. 2. Dept. of Physiology &
Biophysics, Mount Sinai Medical Center, N.Y.
Close to 20 genes related to the Drosophila Shaker gene (the Sh family), encoding
putative subunits of voltage-gated K+ channels, have been identified in mammals.
These genes can be organized into four subfamilies based on sequence similarities
to four related Drosophila genes: Shaker, Shab, Shaw and Shal. Multiple genes of
each subfamily are known in mammals indicating that in the chordate line
(Deuterostomia) the precursors underwent extensive duplication and subsequent
variation. In the case of the Shaw subfamily alternative splicing also contributes to
the generation of diversity. Two Shab homologues have been identified in mammals: KV2.1 or DRK1 and KV2.2 or cDRKl. Transcripts of these two genes express delayed rectifier-type K+ channels in Xenopus oocytes. We have identified a
new Shab related transcript found in PC12 pheochromocytoma cells and rat atria.
The predicted protein is identical to KV2.1 from the starting methionine to residue
455, just after the sixth membrane spanning domain. After this residue KV2.1 and
the new sequence (KV2.lb) completely diverge. C-terminal to the point of divergence KV2.1 (thereafter called KV2.la) contains a long domain of 397 aminoacids
thought to be intracellular but KV2. lb terminates shortly after the point of divergence. The sequence relationships between KV2.1a and KV2.lb suggest that they
are alternative spliced products of the same gene. The alternative splicing proposed
for KV2.1 is similar to that seen in Shaw related genes which also generates isoforms with divergent C-termini. Alternative splicing of 3' end exons is also seen in
Drosophila Sh genes. The functional significance of this alternative splicing remains to be elucidated but the similarities between genes of different K+ channel
subfamilies is intriguing.

ULTRASTRUCTURAL LOCALISATION OF A VOLTAGE GATED K CHANNEL
a SUBUNIT (K, 1.2) in the rat cerebellum
. N.M.C. McNamara2,

S. AveriH. G.P. Wilkin2, J.O. Dolly2 and J.V. Priestley1. (SPON: European
Neuroscience Association). 'Departments of Physiology & Biochemistry,
U.M.D.S: St. Thomas’s Hospital Medical School Campus, London and
'Department of Biochemistry, Imperial College, London, England
The distribution in the rat cerebellum of a K* channel containing the a
subunit K, 1.2 has recently been reported using light microscopic
immunocytochemistry (McNamara et al., 1993, Neuroscience 4: 1039-1045).
Heavy staining was seen in the basket cell terminal pinceau and light staining
occurred in unidentified structures in the granule cell layer. We have now
extended this study to the ultrastructural level using pre-embedding ABC
immunocytochemistry and a well characterised monoclonal antibody (mAb 5)
specific for the Kv 1.2 a subunit.
Consistent with the light microscopic results, the heaviest immunostaining
was seen in basket cell terminals in the pinceau region where they surround
Purkinje cell axon initial segments. Staining also ocurred in basket cell soma
and the descending basket cell axon collaterals which wrap around Purkinje cell
bodies. However staining was not uniformly distributed in these structures but
concentrated in patches. The main axon collateral shafts were only lightly
stained but were associated with adjoining heavily stained fine processes. Many
fine processes were also stained in the molecular layer. In the granule cell layer,
staining was present in myelinated axons and in certain mossy fibre terminals
where it assumed a very characteristic pattern. Staining was absent from the
main body of the terminal but prominent in the peripheral processes which
form the mossy fibre rosette.
The heterogeneous distribution of the K, 1.2 a subunit in cerebellar neurones
suggests that it plays a more specialised role than simply action potential
repolarisation.
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SPATIALLY DISTINCT LOCALIZATION OF TWO DELAYED RECTIFIER
K+-CHANNELS (Kvl.5, Kv2.1) IN CORTICAL PYRAMIDAL CELLS. JLL
Rhodes*. N.X. Barrezueta and J.S. Trimmer. CNS Biol. Res., American Cyanamid
Co., Pearl River, NY 10965 and Dept. Biochem. and Cell Biol., SUNY, Stony
Brook, NY 11794.
Voltage-gated K+ channels play an important role in neuronal function by
controlling the membrane potential. In the present study we used immunocytochemical techniques to localize two delayed rectifier K+ channels (Kvl .5 and
Kv2.1) in rat cerebral cortex. Mouse monoclonal anti-Kvl.5 and affinity-purified
rabbit polyclonal anti-Kv2.1 antisera, raised against bacterial fusion proteins
containing the C-terminus of the rat Kvl.5 or Kv2.1 proteins, were examined for
specificity on immunoblots and subsequently used for light microscopic
immunocytochemistry. Sections of paraformaldehyde fixed rat brain were reacted in
0.010 M NaPO4 buffer containing 4% goat serum, 0.1% triton X-100, 1% BSA, and
anti-Kvl.5 (tissue culture supernatant diluted 1:10) or anti-Kv2.1 (1:100) antisera.
Binding of the primary antisera was visualized using either the PAP procedure, or for
double-labeling, affinity purified FITC and TRSC conjugated secondary antibodies.
Immunostaining with Kvl.5 and Kv2.1 antisera labeled cortical pyramidal cells in
layers n, III, V and VI. Immunoreactivity for Kvl.5 was most dense in layers II and
II and was concentrated within the cell soma, along the membrane of the apical
dendrite and apical dendritic tufts. In contrast, immnunoreactivity for Kv2.1 was
most dense in layer V and concentrated in patches along the membrane of the
proximal portion of the apical and basal dendrites. Double-label immunofluorescence studies revealed that many pyramidal cells expressed both Kvl .5 and
Kv2.1 and that these two channel subunits were segregated to distinct regions of the
dendritic tree. High-resolution confocal imaging of double-immunofluorescence
stained sections confirmed this spatial segregation and revealed that most of the
immunoreactivity for Kvl.5 and Kv2.1 was associated with the neuronal membrane.
Together, these findings suggest that Kvl.5 and Kv2.1 are involved in responses to
afferent inputs within distinct domains of cortical pyramidal cells.

CLONING AND EXPRESSION OF A HUMAN G-PROTEIN ACTIVATED
POTASSIUM CHANNEL FROM CEREBELLUM. Oscar Schools! Kav-Tsz
Yuet, David R. Hampsont, John F. MacDonald§, Philip Seeman* and Hubert
H.M. Van Tol5. §Dept. of Physiol.; tDept. of Pharmacy and *Dept. of Pharmacol.,
U of Toronto, fClarke Inst, of Psychiatry, Toronto, Ont. Canada, M5T 1R8.
Upon stimulation of the vagus nerve, acetylcholine is released and activates
muscarinic receptors which results in the opening of muscarinic K* channels in
atrial cells. Opening of these channels is directly coupled with G-proteins and
does not involve cytoplasmic intermediates. Based on sequence homology with
the rat atrial G-protein-coupled muscarinic potassium channel (GIRKl or KGA),
a human cDNA encoding a G-protein activated inwardly rectifying K* channel
was isolated. By reverse transcription and amplification of rat atrium total RNA
a full length rat GIRKl cDNA of 1.6 kilobases was obtained. This cDNA was
used as a probe to screen a human cerebellum library. A cDNA clone of 2.9
kilobases was isolated, sequenced and found to encode a human homologue of
the rat GIRKl. The predicted secondary structure of GIRKl includes intracellular
amino- and carboxy termini and a putative pore forming region flanked by two
hydrophobic membrane spanning domains. The human GIRKl homologue shares
99% identity with the rat in its total amino-acid sequence. GIRKl also shows
considerable homology with the inward K’ rectifier IRK1, and the ATP-regulated
potassium channel ROMKl (43% and 39% total amino acid respectively). For
expression and functional characterization, both GIRKl cDNA as well as a
cDNA encoding for the 5HTlA receptor were subcloned in the expression vector
pCIS2 and co-injected into Xenopus oocytes. Inwardly rectifying K’ currents were
observed after activation of the 5HTlA receptor with serotonin. Injection of
either GIRKl or 5HTlA alone showed no currents upon activation by serotonin.

36.9

36.10

PRIMARY STRUCTURE AND FUNCTIONAL EXPRESSION OF A
RAT INWARD RECTIFIER K+ CHANNEL AND ITS DISTRIBUTION
IN RAT BRAINSTEM. J.S. Lai*. T.N. Tran. G ,D. Funk. S.M. Johnson.
J.C, Smith. C.T. SchulteisT. D.M. Papazian?. & J.L. Feldman. Depts
Physiologic^, & Physiology', UCLA, Los Angeles, CA 90024-1527.
We postulated that an inwardly rectifying K+channel (IRK) plays an
important role in the modulation of respiratory rhythm in vitro (Johnson et
al, Soc Neurosci Abstr 18: 488, '92). Preliminary evidence, using
oligonucleotides identical to the Ml and M2 regions of mouse IRK1
(Kubo et al, Nature 362: 127, ’93) as polymerase chain reaction (PCR)
primers to amplify cDNA from neonatal rat brainstem (Lai et al, Soc
Neurosci Abstr 19:704, '93), suggested that an IRK is present in rat
brainstem. In the present study our goals were to: i) perform molecular
and physiological characterization of the rat IRK, and ii) characterize its
distribution within the medulla relative to known respiratory areas.
Rat IRK DNA sequence was constructed by a combination of cDNA
library screening and cDNA/PCR cloning. Rat IRK shares 94% sequence
homology with mouse IRK1, thus the protein sequence for rat IRK is one
amino acid shorter than i RK1 and differs in 6 of 428 amino acids.
Injection of cRNA of rat IRK into frog oocytes revealed a strong, inwardly
rectifying K+ current that is highly sensitive to Ba++ and Cs+ (pM range)
but much less sensitive to Rb+ (mM range). Distribution of rat IRK was
determined using cDNA/PCR analysis of mRNA from various medullary
regions. Rat IRK was found in many areas, including the ventrolateral
reticular formation, an area important in respiratory rhythm generation
and pattern formation. Supported by NIH Grants HL3794l and NS24742.

CELLULAR LOCALIZATION OF THE G PROTEIN-COUPLED INWARDLY RECTIFYING K+ CHANNEL KGA IN THE RAT. C. Karschin.1 W.
Schreibmayer3 N. Pascal? H.A. Lester,3 N. Davidson3 and A. Karschin2*.
Max-Planck-Inst. for 1 Experimental Medicine and 2 Biophysical Chemistry,
Gottingen, FRG and 3Division of Biology, Caltech, Pasadena, CA 91125.
A G protein-coupled muscarinic K+ inward rectifier, KGA (GIRKl), has
recently been cloned from rat heart. KGA represents a member of the K+
channel subfamily with a subunit structure comprised of two
transmembrane helices surrounding the pore region h 5. Using in situ
hybridization we have performed a systematic study of the gene expression
pattern of KGA channels in adult rat tissue. Antisense riboprobes transcribed
from the full length KGA cDNA and from a 3' fragment including 291 bp of
the C-terminal tail of KGA showed identical labeling profiles. Abundant
expression of KGA mRNA could be observed in parasagittal, coronal and
horizontal sections of the brain. Most intense hybridization signals were
found in the hippocampus, cortex, cerebellum, the anterior pituitary and
distinct nuclei of the lower brainstem. Moderate to strong labeling of KGA
was seen in the olfactory bulb, thalamus, and the amygdala nuclei; low level
expression was observed in the basal ganglia, raphe nuclei, retina and
hypothalamus. In peripheral tissues KGA mRNA was expressed solely in the
atrium, but not in the ventricle, skeletal muscle, lung and kidney. In contrast
we found highly abundant expression of ROMKl mRNA in the inner
medulla of the kidney, while it was basically absent from nervous tissue.
From negative control experiments and distinct hybridization patterns
obtained with KGA, ROMKl and IRK1 mRNAs we conclude that our data
show specific localization of KGA and/or closely related channels. The wide
and highly selective expression in many brain regions supports its important
role as a major target for G protein mediated receptor function.
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EXPRESSION OF VOLTAGE-DEPENDENT K+-CHANNEL

SHAW-RELATED SUBFAMILY OF VOLTAGE-GATED POTASSIUM
CHANNEL GENES ARE EXPRESSED BY NEONATAL RAT
SYMPATHETIC AND SENSORY NEURONS. A,B, Fraser and E. Cooper*,
Dept. of Physiology, McGill University, Montreal, Quebec, H3G 1Y6.
Previously, we have characterized three different voltage-gated K+ currents
on neonatal rat peripheral neurons: a rapidly inactivating current (IAf), a
slowly inactivating current (IAs), and a non-inactivating current (IK). To
further our understanding, we have set out to identify which of the 16 known
voltage-gated K+ channel genes are expressed by peripheral neurons.
Our results from PCR experiments suggested that members of the Shawrelated subfamily (Kv3.1-Kv3.4) are highly expressed in peripheral neurons.
To quantify the mRNA levels of Kv3.1 (Kv4, RKShHIB), Kv3.2 (RKShHIA),
Kv3.3 (RKShllID), and Kv3.4 (Raw3) in P7 rat superior cervical ganglia
(SCG), trigeminal ganglia, and nodose ganglia, we have used RNase protection
assays. Of the four genes, Kv3.4 is expressed at the highest level in all three
ganglia. In sensory neurons, the Kv3.3/Kv3.4 mRNA ratio is 1/2 in neurons
from both nodose and trigeminal ganglia; the Kv3.1/Kv3.4 mRNA ratio is 1/6
in nodose ganglia and U4 in trigeminal ganglia; the Kv3.2/Kv3.4 mRNA ratio
is 1/20 in nodose ganglia while Kv3.2 mRNA is not detectable in trigeminal
ganglia. In SCG neurons, the Kv3.3/Kv3.4 mRNA ratio is 1/5, the
Kv3.1/Kv3.4 mRNA ratio is 1/20, and Kv3.2 mRNA is not detectable.
Furthermore, using in situ hybridization, we have determined that some
peripheral neurons express more than one Shaw-related subfamily gene,
suggesting that functional K+ channels on these neurons may be heteromeric
proteins. Currently, we are correlating changes in mRNA level of these genes,
with the appearance of functional K+ currents. (Supported by CHSF and
MRC).

GENES IN DEVELOPING MOUSE BRAIN. K. Nakahira. Y.

Wakazono, T. Kurahashi and S. Yuasa. K. Ikenaka*. Natl.
Inst. Physiol. Sci., Myodaiji, Okazaki, 444 Japan.

Expression of voltage-dependent K+-channel genes is an
important step for differentiation of neuron. We examined

their expression in developing mouse brain. To detect
mRNAs in early embryonic brain, we performed RT-PCR

using synthetic primers corresponding to conserved region

among the Kv1 gene family. Products were analyzed by

specific probes. mRNAs of Kv1.1, Kv1.2, Kv.1.3, Kv1.4 and
Kv1.6 were detected in E12 mouse brain. The amount of

mRNAs increased and reached to several fold at P2.
To analyze localization of K+-channel mRNAs in developing brain, we cloned mouse cDNAs and performed in situ

hybridization analysis. Mouse Kv1.6 mRNA was localized in
Purkinje cells. The mRNA was first detected at postnatal day

2 in immature, differentiating Purkinje cells, and the intensity
of signal increased as the cell maturated.

36.13

36.14

EXPRESSION OF SHAKER-LIKE PROTEINS
IN DYSMYELINATING
SCIATIC NERVE AND AN IMMORTALIZED SCHWANN CELL LINE.
S.S.
Kang, S.Y. Chiu , M. Blonski, and A. Messing.
Dept s.
Pathobiological
Sciences
and
Neurophysiology,
Univ.
Wisconsin-Madison, Madison, WI 53706.
We recently showed that transcripts of the Shaker
potassium channel gene family, among them Kvl.l, are
expressed in rat and mouse sciatic nerves. The pattern of
Kvl.l transcripts during development and regeneration
suggests that this gene is expressed in myelinating Schwann
cells, and that its expression depends on normal myelin
formation.
We now report the expression of Shaker-like
channel proteins in nerves rendered hypomyelinated by
transgenic over-expression of SV4O T-antigen, and in a
Schwann cell line derived from such nerves.
To detect
multiple Shaker-like channel proteins, we generated a
polyclonal antiserum against a highly conserved region of
Shaker K channels, the N-terminal. Northern blot analysis
showed that Kvl.l transcripts were detectable in normal
sciatic nerves, but not in the proliferating Schwann cell
line
(SCT-1
cells)
derived
from the
hypomyelinated
transgenic nerves. Western blot analysis with the crossreactive Shaker antibody revealed various protein species
in normal sciatic nerve, in hypomyelinated nerve, and in
the SCT-1 cell line.
Intriguingly, a new protein species
was seen in the SCT-1 cells.
Patch-clamp analysis of the
SCT-1 cells revealed a large delayed rectifying potassium
current.
Addition of potassium channel blockers blocked
mitosis in the SCT-1 cells. These observations suggest the
existence of multiple Shaker-like proteins in sciatic
nerves.
Further, novel Shaker-like proteins may be
activated in proliferating Schwann cells.

THE KV3.2 POTASSIUM CHANNEL PROTEIN IS EXPRESSED IN
THALAMO-CORTICAL PROJECTIONS. C. Kentros*! A. Ponce1. E. Bueno1.
M. Weiser! D. Hillman1. W. Thornhill. M. Ellisman3 anti B. RudvL 1. Dept, of
Physiology & Biophysics and Dept, of Biochemistry, New York University Medical
Center, NY; 2. Dept, of Physiology & Biophysics, Mount Sinai Medical Center,
NY; 3. Dept. Neuroscience, UCSD La Jolla, CA.
The KV3.2 gene encodes four alternatively-spliced K+ channel subunit isoforms
differing only in their carboxy terminal regions. The localization of KV3.2 proteins
was investigated by comparing the patterns of expression of KV3.2 mRNAs by in
situ hybridization with the patterns elicited by staining brain slices with an antiKV3.2 antisera. The most notable result is that while KV3.2 RNA is expressed
primarily in thalamic relay neurons of the dorsal thalamus, there is little labeling of
the dorsal thalamus with the antisera. Rather, the antisera primarily labels the
reticular thalamic nucleus and layer IV of the cerebral cortex, areas which show
little RNA signal. Furthermore, this labeling is diffuse and apparently not cellassociated. Given that the axons of thalamic relay neurons project primarily to
cortical layer IV and send off collaterals to the reticular thalamic nucleus, it is likely
that the KV3.2 protein synthesized in thalamic relay neurons is primarily if not
exclusively axonal, and thus may be present in thalamocortical and thalamoreticular
synapses. However, in other neurons expressing KV3.2 mRNA (such as
intemeurons in the neocortex and the hippocampus) the protein is clearly somatodendritic. Thus it appears that proteins encoded by the KV3.2 gene can be either
axonal or somato-dendritic depending upon their cell-specific expression. Both the
probes used for the RNA in situ hybridization and the antisera do not differentiate
between the four alternatively spliced KV3.2 isoforms. We are currently pursuing
the possibility that cell-specific alternative splicing may underlie the phenomenon
of differential subcellular localization of KV3.2 K+ channel subunits. Supported by
NIH Grant NS30989.

36.15

36.16

POTASSIUM CHANNEL EXPRESSION IN THE DEVELOPING
HIPPOCAMPUS. INFLUENCE OF GAMA-AMINOBUTYRIC
ACID AND VASOACTIVE INTESTINAL POLYPEPTIDE.
M.M.Maletic-Savatic*. N.J.Lenn and J. S. Trimmer. Depts of Neurology
and Biochemistry and Cell Biology, SUNY at Stony Brook, NY 11794
We investigated the developmental expression of cloned brain K+
channels, Kv1.5 and Kv2.1, during differentiation of rat hippocampal

DIFFERENTIAL DISTRIBUTION OF CLOSELY RELATED
SHAKER-LIKE K+ CHANNELS IN RAT SCHWANN CELLS.
H,. Mi. T. Deerinck1. M.H. Ellisman1 and T.L. Schwarz*. Dept, of
Molecular and Cellular Physiology, Stanford University, Stanford CA 94305 and
^ept. of Neurosciences, UCSD, La Jolla CA 92093.
Cells can fine tune their electrophysiological properties by selecting
from a wide array of K+ channels. The demonstrated ability of
closely related K+ channel subunits to coassemble as heteromultimers
increases the potential for diversity. If, however, the mixing of
subunits occurred randomly and inevitably, the ability of a cell to
specialize particular membrane domains would be Emitted. We have
investigated in vivo whether closely related K+ channel isofoms can be
segregated and targetted independently in Schwann cells. Three
Shaker like K+ channels transcripts, Kvl.l, Kv1.2 and Kvl.5, were
found in adult rat sciatic nerve. By light and electron microscopy,
Kvl.l and Kvl.5 were found to have distinct patterns of distributions.
Kvl.5 is localized in Schwann cell membranes near the nodes of
Ranvier on the external surface that curves in towards the node. The
channel containing membranes were not densely packed myelin but
were associated with cytoplasm-filled zones, Kvl.5 was also found
along the cytoplasm-associated longitudinal incisures of the canaliculi
and in perinuclear cytoplasmic structures. Kvl.l, on the other hand,
was only intracellular in the perinuclear region and not on Schwann
cell membrane near the node or on canaliculi On axonal membranes,
Kvl.l was localized to juxtaparanodal regions while no Kvl.5 staining
was observed. These results provide evidence that closely related
channels from the same family need not coassemble and can be
localized differentially within a cell. Their distributions have implications for the hypothetical role of K+ channels in Schwann cells.

neurons in situ and in vitro, using subtype-specific antibodies.
Developmental patterns of expression were defined biochemically by

immunoblots and morphologically by immunohistochemistry. In situ, the
brain Kv1.5 polypeptide pool is seen on immunoblots as a 63 kD band
after postnatal day (P) 7, and persists at the same level until adult stage.
The Kv2.1 pool is observed as 105-110 kD and 120-125 kD bands which
increase in density from P1 to adult stage. The developmental time
course of expression of Kv1.5 and Kv2.1 detected by immunostaining of
hippocampal sections parallels that observed in immunoblot analyses,
expression of these polypeptides is restricted to neurons at all ages. The

results obtained in situ were recapitulated in cultured hippocampal
neurons. Kv2.1 appears in the form of patches on the plasma membrane

of cell body and proximal dendrites by 14 days in vitro (DIV). Kv1.5
immunostaining is positive by 18 DIV, but less intense than Kv2.1
immunostaining. The influence of neuromodulators on Kv1.5 and Kv2.1

expression was investigated in vitro. The substances were applied at 6 or
10 DIV and their effects were evaluated at 10 and 14 DIV, and 14 and 18
DIV, respectively. GABA and VIP were found to enhance neuronal
differentiation in a dose-dependent manner, at the same time differentially
up-regulating the expression of Kv1.5 and Kv2.1 polypeptides.
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EMBRYONIC XENOPUS SPINAL NEURONS EXPRESS MULTIPLE
POTASSIUM CHANNEL GENES. D. Gurantz*. C, Burger* A.B. Ribera*
and N.C. Spitzer. Department of Biology, UCSD, La Jolla, CA 92093 &
Department of Physiology-*, UCHSC, Denver, CO 80262.
The developmental increase in delayed rectifier K+current density of
Xenopus spinal neurons converts their action potential from a prolonged
Ca++-dependent to a short Na*-dependent impulse. As a first step in
understanding the molecular basis for developmental regulation of K+
current, we looked for expression of known Xenopus K+ channel genes within
single neurons using the reverse transcription (RT) -polymerase chain
reaction (PCR) technique. Specific PCR primers were designed for detection
of members of the Shaker (XShal, Kvl.l) and Shab (XShabl2, Kv2.2)
subfamilies of voltage-dependent K+ channel genes.
Following whole-cell recording of K+current, the internal contents of a
single cultured neuron were aspirated into the recording pipette and
transferred to a reaction mixture containing DNase to remove genomic
DNA. cDNA synthesis was achieved with reverse transcriptase, and
specific cDNAs were amplified by two rounds of PCR. Successful mRNA
amplification was assessed by the presence of transcripts of a housekeeping
gene, EF-la. K* channel gene PCR products were identified on the basis of
their predicted size, use of nested primers for the second PCR, and
restriction digest analyses. Nearly one third (6/22) of neurons expressed
XShal mRNA and one third of neurons (4/12) expressed X^l^^tbl2 mRNA.
Our data indicate that embryonic spinal neurons are a heterogeneous
population, with respect to K+channel gene expression, and set the stage for
determination of the mechanisms by which differential gene expression
regulates the apparently homogeneous development of delayed rectifier
Recurrent. Supported by NS25916 (NCS) & NS25217 (ABR).

SHAKER-LIKE SUBUNITS CONTRIBUTE TO FUNCTIONAL POTASSIUM
CURRENTS IN A SUBSET OF SPINAL NEURONS. A.B.Ribera* and
A.D.Hofmann. Dept. of Physiology,UCHSC, Denver, CO.
In developing amphibian spinal neurons, delayed rectifier potassium
currents determine the extent of calcium ion influx which occurs during action
potentials and influences subsequent neuronal differentiation. Although
embryonic spinal neurons include motor-, inter- and sensory neurons, their
delayed rectifier currents undergo similar developmental regulation. In
addition, single cell RNA analyses (Gurantz et al., 1994) demonstrate that
potassium channel gene expression is also heterogeneous within this mixed
population of neurons. In order to determine whether this molecular diversity
is evident at the functional level, specific suppression of Shaker-like currents
was achieved by overexpression of a mutant subunit that forms a nonconducting channel.
A single amino acid mutation (W to F) in the putative pore region of a fly
Shaker sequence results in block of ionic but not gating currents (Perozo et al.,
1993). Coexpression of a Xenopus Shaker-Mke (Kyl.1) RNA containing this
pore mutation with wild type RNA in oocytes indicates that the resultant
mutant peptide behaves as a dominant negative subunit in a multimeric
potassium channel. Thus, overexpression of mutant Xenopus Kvl.l in
developing embryos would be expected to block functional expression of
endogenous Shaker-like potassium currents. Following microinjection of
mutant Xenopus Kvl.l RNA into cleavage stage embryos, diverse effects were
observed ranging from complete (5/25) to little or no (6/25) suppression of
delayed rectifier potassium currents recorded from embryonic spinal neurons.
These findings suggest that only a subset of neurons functionally express
Shaker-like potassium current despite similar developmental regulation of
delayed rectifier potassium current in all embryonic spinal neurons. Supported
by NS25217 and NS01531 to ABR.

36.19

36.20

EXPRESSION OF SLO TRANSCRIPTS IN THE EMBRYONIC
XENOPUS LAEVIS NERVOUS SYSTEM. H.Chouinard. J.H.
Caldwell* and A.B. Ribera. Program in Cellular & Developmental
Biology and Department of Physiology, UCHSC, Denver, CO, 80262.
Calcium-activated potassium currents (iKca) are recorded from
Xenopus laevis spinal neurons at early stages of differentiation. Their
calcium sensitivity undergoes developmental regulation (Blair &
Dionne, 1985). In fly and mouse, the slo gene encodes a calcium
activated potassium channel; calcium sensitivity is conferred by a region
in the carboxy end (Solaro et al., 1994). In order to understand the
developmental regulation of Ikc .’ Xenopus slo (XSlo) genes that are
expressed in the embryonic nervous system are being characterized.
The most 3' region of mouse slo cDNA (kindly provided by
Dr.L.Salkoff) was used as a probe for the screening of a Xenopus
tadpole brain cDNA library. Two different Xslo cDNAs were isolated:
XSlo2 and XSlo6. Sequence analysis of XSlo2 and XSlo6 confirms
their identity as slo homologues. XSlo6 is a 2.4 kb clone and 92%
identical at the amino acid level to mouse slo (mSlo); its 5' end begins at
the S6 putative transmembrane region. Sequence information for XSlo2
indicates that its 5' end is just 3' to S8; it is 91% identical at the amino
acid level to mSlo. Both clones contain approximately 1 kb of
3'untranslated region.
Reverse transcription-polymerase chain reaction studies indicate that
one isoform of XSlo is present in abundance throughout early
development, whereas larger PCR products are present at some
developmental stages. Alternative splicing of specific regions of XSlo
may be developmentally regulated. This may provide the molecular
basis for differential regulation of calcium sensitivity. Supported by
NIH NS25217 and NS01531.

IDENTIFICATION OF MOLECULAR COMPONENTS OF A-TYPE K+
CHANNELS ACTIVATING AT SUBTHRESHOLD POTENTIALS. P. Serddio*
and B, Rudv. Dept. Physiology & Biophysics and Dept.«Biochemistry., NYU Med.
Ctr., N.Y. 10016.
Xenopus oocytes injected with rat brain poly (A) RNA from whole brain,
thalamus or cerebellum, express a fast-inactivating K+ current which starts
activating below the threshold for Na+ action potential generation (IgA). In order to
investigate the molecular components of IgA we performed hybrid-arrest with
antisense oligonucleotides designed specifically to hybridize with unique K+
channel sequences. An antisense oligonucleotide complementary to a sequence
common to the three known mammalian homologues of the Shal subfamily of K+
channel proteins (KV4.1, KV4.2 and KV4.3) was efficient in blocking the
expression of IgA, but not other currents expressed by poly (A) RNA. However,
there are significant differences between the IgA expressed from brain poly (A)
RNA and those expressed by KV4.1 or KV4.2 cRNA in Xenopus oocytes. These
differences are eliminated if KV4.1 or KV4.2 cRNA is co-injected with poly (A)
RNA treated with antisense oligonucleotides which arrest the expression of IgA or
with a 2-4Kb rat brain poly (A) RNA fraction which does not express any detectable
current on its own. We conclude that the IgA channels expressed from brain mRNA
contain Shal proteins which are modified by other proteins which do not appear to
share sequence identity with Shal proteins. In order to further investigate the nature
of the modification, we have constructed a series of sucessive deletions of the Cterminal region of KV4.2. Deletion of most of the C-terminal region following the
sixth membrane spanning domain does not have a dramatic effect in the kinetic
profile of the currents, but it interferes with the ability of the channel to be altered
by poly (A) RNA treated with antisense oligonucleotides. Supported by NSF grant
IBN 9209523.
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DIFFERENTIAL INPUT TO BASAL FOREBRAIN CHOLINERGIC CELLS FROM
DOPAMINERGIC MIDBRAIN: A COMPUTER-ASSISTED THREEDIMENSIONAL
RECONSTRUCTION. R.P.A. Gavkema* and L. Zaborszkv. Ctr. Molec. and

3-D COMPUTER GRAPHIC RECONSTRUCTION OF BASAL FOREBRAIN
CHOLINERGIC NEURONS FOR ANATOMICAL DATA INTEGRATION.
L. Zaborszkkv, R.P, Gavkema and J . Somogyi. CC. Mol. & Behav. Neurosci.,
Rutgers University, Newark, NJ, Vrije Universiteit, Amsterdam, The
Netherlands and Semmelweis University, Hungary.
Computer aided digital reconsCuction of forebrain cholinergic projection
neurons proved to be invaluable in supporting the notion that these
neurochemically defined cells, despite being located in heterogeneous forebrain
structures, may constitute a functional entity (SJhwaber et al., 19f37). However,
in order to gain a more realistic view about the functional organization of this
system, the 3-D knowledge of the dendritic arborization, as well as the pattern
of the synaptic input of these neurons, has to be taken into consideration.
Choline acetyltransferase positive dendrites and cell bodies from eight
regularly spaced forebrain coronal sections were traced using the EUTECTIC
Neurone Tracing System (NTS). To overcome the limitations of NTS in handling
large amount of data, the NTS files were converted into NEUROLUCIDA
compatible file format using a software developed by MicroBrightField, Inc.
The distribution and location of putative noradrenergic and dopaminergic
terminals in relation to BFC neurons were mapped from double immunostained
sections processed for ChAT/dopamine-beta-hydroxylase (Zaborszky et al.,
Progr.Brain Res., 98:31,1993) or ChAT/PHA-L (Gaykema et al., Soc. Neurosci.
Abst., 288, 1993). Putative contacts were confirmed by serial section electron
microscopy. For data acquisition of the double-labed material the
NEUROLUCIDA for Microsoft Windows was used. An attempt was made to
develop a reference data base using the NEUROLUCIDA and other
commercially available software programs, enabling the integration of
multidimensional data related to the structure and function of BFC neurons.
Supported by USPHS grants NS23945, NS300249.

Behav. Neurosci., Rutgers University, Newark, NJ, Vrije Universiteit,
Amsterdam, The Netherlands.
As demonstrated with anterograde tracing in the rat brain, we identified
projections to the basal forebrain from the dopaminergic cell groups in the
ventral tegmental area (VTA) and the substantia nigra pars compacts (SNc).
We sought to determine if these projections directly terminate on cholinergic
cells and if specific subpopulations of the basal forebrain cholinergic system
(BFC) receive input from different parts of the VTA-SNc. Double-labeling
immunocytochemistry of the tracer PHAL and ChAT was carried out at both
light and electron microscopic levels. PHAL-labeled presynaptic terminals
were identified to make symmetrical synaptic specializations with largely
proximal dendritic shafts of BFC neurons.
From 4 representative cases, a series of twelve, regularly spaced, sections
were systematically analyzed in the light microscope. With the did of a 3-D
computerized reconstruction system supplied by MicroBrightField, Inc., BFC
cell bodies were plotted and labeled when identified as recipients, together
with the sites of contact. The 3-D-like images clearly revealed distinct, albeit
overlapping, subpopulations of cells receiving input from medial VTA (mainly
in VDB and HDB), lateral VTA and medial SNc (VP and anterior half of SI),
and lateral SNc (caudal half SI and GP). The cholinergic cells innervated by
the VTA and medial SNc are larger in number and are distributed over a
much wider area than those innervated by more lateral aspects of the SNc.
The present results show that, based on differential, presumably dopaminergic input, the BFC can be considered as a functionally heterogenous
system.
Supported by USPHS grants NS23945 and NS300249.
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THE ORGANIZATION OF THE PONTOMESENCEPHALIC
CHOLINERGIC PROJECTIONS TO MIDBRAIN
SEROTONERGIC NUCLEI (DORSAL AND MEDIAL RAPHE).
P.E. Kerr. C. Cozzari. P.L. Fans. S.A. Oakman and B.K.
Hartman*. Division of Neuroscience Research in Psychiatry, Univ.
of Minn. Med. School, Minneapolis, MN 55455, and Inst. Biologia
Cellulare CNR, Roma, Italy.
Cholinergic cells of the Laterodorsal (LDTg) and
Pedunculopontine Tegmental (PPTg) Nuclei which project to either
the Dorsal Raphe (DR) or Median Raphe (MnR) differ in location to
cholinergic cells that do not project to those nuclei. Stereotaxic
injections of FluoroGold (FG, 30 nl) were administered in rats to the
MnR and DR nuclei. Cholinergic cells in the pons and midbrain
were labeled with immunoflourescence. The cholinergic cells were
digitally mapped at multiple levels through the midbrain and pons and
simultaneously analyzed for presence of retrograde tracer.
Frequency distribution of cell locations were studied using
hierarchical log-linear analysis, comparing cholinergic cells that
project to the serotonergic nuclei versus the cholinergic cells which
did not. Analysis of injections to both nuclei revealed significant
differences in cell location distribution for projection versus nonprojection cells. This was found to be true when analyzing location
distribution along the dorsal-ventral axis, the rostral-caudal axis, as
well as the medial-lateral axis on the side ipsilateral to the injection
site. The location distribution along the medial-lateral axis on the
side contralateral to the injection site was not found to be significantly
different for projecting versus non-projecting cells, however.

MORPHOLOGICAL
EVIDENCE FOR
INNERVATION OF
CORTICAL MICROVESSELS
BY
CHOLINERGIC
BASAL
FOREBRAIN NEURONS. E. Vaucher* and E, Hamel. Montreal
Neurological Instit., McGill Univ., Montreal, QC, Canada H3A 2B4
In addition to their role in cognition, basal forebrain cholinergic neurones
have been involved in regulation of cortical cerebral blood flow. We
recently reported (chedoui et al., 1994, Brain Res., in press) that cortical
cholinergic neurons innervate local microvessels but the possibility that basal
forebrain neurons, which represent the primary source of cholinergic
afferents to the cerebral cortex, also participate in this innervation was
raised. To address this issue, we performed microiontophoretic injections
of the anterograde tracer Phaseolus vulgaris leucoagglutinin (PHA-L) in the
substantia innominata (SI), ibotenic acid lesion of the SI, and light (LM) and
electron microscopy (EM) immunocytochemistry of choline acetyltransferase
(ChAT) and PHA-L. At the LM, PHA-L immunoreactive varicose fibers
were seen to approach and surround the wall of microvessels observed in the
parietal and perirhinal cortices. When studied in single thin sections at the
EM level, perivascular (located within 3 pm from the vessel wall) PHA-L
terminals were similar in size (0.38 ± 0.03 and 0.34 ± 0.03 pm2,
respectively) in the two cortical areas, but those in the parietal cortex were
located significantly (p < 0.01) closer to blood vessels than PHA-L
terminals in the perirhinal cortex (average distance from the vessel wall of
0.98 ± 0.09 and 1.34 ± 0.07 pm, respectively). Peri-vascular ChAT
terminals, although similar in size to PHA-L varicosities in the two cortical
areas (this study and Ch6dotai et al., 194, j . Comp. Neurol., in press), were located
significantly (p < 0.001) closer to blood vessels than those immunostained
for PHA-L only in the perirhinal cortex. In 2 pm thick sections, a reduction
in the density of perivascular ChAT terminals was clearly apparent 10 days
after SI lesion. The results show that the SI neurons project to the cortical
microcirculation and suggest that some of these perivascular projections are
cholinergic; however, other neuro-transmitter systems may also be involved.
Supported by the MRC of Canada and "Le Minist&re de fa Recherche et de
l’Espace" of France. We thank Dr. B.K. Hartman for the ChAT antibody.

37.5

37.6

FLOW CYTOMETRIC IDENTIFICATION OF ISOLATED ADULT BASAL
FOREBRAIN CHOLINERGIC NEURONS USING FLUORESCENT
NEUROTENSIN AS A CELLULAR MARKER M.J. Odell. D. Nouel. A.
Gonzalo-Ruiz, T. Owens, M.P. Faure. A. Alonso and A. Beaudet*. Montreal
Neurological Institute, Montreal H3A 2B4.
Basal forebrain (BF) cholinergic neurons have been shown to selectively bind
and internalize the neuropeptide neurotensin (NT, Alonso et al., 1994). In the
present study, we took advantage of these properties to identify BF cholinergic cells
in dissociated tissue from adult rat basal forebrain by tagging them with a FITCconjugated derivative of NT (fluo-NT, Faure et al., 1994). Rat BF neurons were
enzymatically and mechanically dissociated as described (Kay and Wong, 1986)
and incubated with 2OinM fluo-NT for 30 min at 4°C or 37°C. Confocal
microscopic analysis indicated that, at 4°C, neurons were labelled exclusively on
the cell surface whereas, at 37°C, labelling was primarily intracellular. This
labelling was specific since it was completely abolished by the addition of lpM nonfluorescent NT in the incubation medium. The proportion of labelled cells was
maximal when the incubation was carried out two hours following the dissociation
procedure, at which time over 60% of the neurons excluded trypan blue. More than
90% of fluo-NT-labeled cells were immunopositive for choline acetyltransferase,
confirming that they were cholinergic. Neurons labelled with fluo-NT at 4°C could
be differentiated from non-labclled ones by flow cytometric analysis of FITCemitted fluorescence. The results suggest that BF cholinergic neurons may be
purified using fluorescence activated cell sorting (FACS). This approach could
prove useful not only for in vitro studies of adult BF cholinergic cells, but also for
the purification of embryonic neuronal populations for surgical grafting. Supported
by the MRC of Canada.

PET IMAGING OF HUMAN BRAIN ACETYLCHOLINESTERASE.
S. Pappata. B, Tavifian*.A. Jobert.L, Travkov.J .F.ManginiC, CrouoelandL,
Pi Giamberardino. INSERM U334, CEA, SHFJ, Orsay, France.
A profound decrease in regional brain acetylcholinesterase (AChE) activity has
been reported in post-mortem studies of patients with degenerative brain disorders,
namely Alzheimer's disease, or epilepsy. This loss of brain AChE activity mainly
reflects central cholinergic system dysfunction, although it may also reflect the
involvement of non-cholinergic systems. Thus, in vivo visualization of human brain
AChE could provide a powerful tool for the study of degenerative diseases in which
cholinergic and non-cholinergic dysfunction play a role. For this purpose we have
labeled physostigmine (PHY), a potent inhibitor of AChE, with nC for the imaging
of AChE activity in the living brain using Positron Emission Tomography (PET).
Previous studies performed in non-human primates have shown that [nCJPHY
specifically binds to brain AChE sites (Tavitian et al., NeuroReport 4, 535-538,
1993). Here we report the distribution of ["CJPHY in the normal human brain.
In vivo regional brain kinetics of [nC]PHY were obtained using the PET-ECAT
953B camera in three male healthy volunteers 35 to 57 years-old (mean: 49 ± 13).
After i.v. injection of [nC]PHY, the radioactivity was rapidly taken up in the brain
tissue and reached the maximum uptake within a few minutes, followed by a gradual
decrease which was slower in the caudate and putamen than in the other structures
(half life=3O min). Images obtained later than 10 minutes after the injection showed
a distribution of the tracer in favor of regions known to have the highest AChE
activity such as the caudate-putamen. The relative order of regional uptake at t= 20
min after the injection was striatum > cerebellum > cerebral cortex. Regional brain
distribution of [nClPHY activity is consistent with the cerebral AChE activity as
measured in post-mortem human brain. The relatively high uptake of [nC]PHY in
the cerebellum suggests that, in contrast to rats and non-human primates, AChE
activity is high in human cerebellum. Work is now in progress to investigate the
use of [nC]PHY for in vivo imaging of human neurodegenerative disorders.
Supported in part by the Mutuelle Gendrale de l’Education Nationale and CNAMTS.

37.7

QUANTITATIVE BRAIN IMAGING OF ACUTE REGIONAL CHANGES
OF CHOLINERGIC ACTIVITY IN VIVO USING HIGH-RESOLUTION
AUTORADIOGRAPHY OF TRITIATED HEMICHOLINIUM-3 BINDING.
T.P.Durkin*. Lab. Neurosciences Comportementales et Cognitives, CNRS URA n°
339, Univ. Bordeaux I, Ave. des Facultes, 33405 Talence, France.
The utility of a quantitative high-resolution autoradiographic brain imaging
technique to study acute changes of regional cholinergic activity in vivo in mouse
brain was assessed. By adapting the technique of QUIRION, (Synapse; 1, 293-303,
1987), describing the regional distribution of Hemicholinium-3 high-affinity
choline uptake sites in mammalian brain, it is possible to quantify acute changes in
cholinergic activity in vivo induced by pharmacological treatments. 3 groups of
male C57Bl/6 JICO mice were studied. 1) injected with lmg/Kg i.p. (20 min) of
scopolamine HC1, to activate central cholinergic neurones. 2) injected with 65
mg/Kg i.p. (30 min) of sodium pentobarbitone to inhibit cholinergic neurones.
Group 3 (controls) received a saline injection (20 min). Brains were dissected,
frozen, cut into serial sections (14 microns) at -18°C and collected on slides precoated with 2% TESPA. Alternate sections were incubated (60 min) on ice with 153OiM of tritiated Hemicholinium-3 (150 Ci/mMol) ± 10 micromolar unlabelled
Hemicholinium-3, to assess non-specific binding. After 3-4 weeks exposure to
tritium-sensitive film (Hyperfilm), specific binding was quantified via tritiated
microscales (Amersham) and computerised densitometric image analysis.
Treatment-induced increases or decreases in O.D. were observed in the
hippocampus, frontal cortex and other brain regions. Initial data show that these
changes in O.D. correlate with changes in regional high-affinity choline uptake
velocity previously observed after these same treatments. Using this brain imaging
technique a global and simultaneous visualisation of memory test-induced
activations of defined central cholinergic pathways may now become possible.
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BASAL FOREBRAIN CHOLINERGIC LESIONS INDUCED BY 192 Ig-G
SAPORIN: EFFECTS ON HIPPOCAMPAL ACTIVITY DURING SLEEP
AND WAKEFULNESS IN THE RAT. M.H. Bassant*. E. Apartis, F. lazat,
R.G. Wilev^and Y. Lamour,. INSERM U 161, 2 Rue d'Alesia, 75014, Paris,
France and (*) Neurology Service, DVAMC, Nashville, TN 37212, USA
Intracerebroventricular (icv) injection of the toxin 192 Ig-G saporin
destroys the nerve growth factor receptor (NGFr)-containing cholinergic
neurons of the basal forebrain. We studied the effects of this cholinergic
denervation on the hippocampal theta rhythm and the neocortical ECoG
during sleep and wakefulness. Rats received an icv injection of 192 IgGsaporin (4gg). Lesioned (n=lO) and control (n=6) rats were implanted with
hippocampal and occipital electrodes and observed under freely-moving
conditions while collecting EEG. Recording sessions lasted 3 hours (2 to 5
p.m.) from 5 to 21 days after injection. Theta activity was classified as type
I (6-8 Hz) associated with movement; type II (4-6 Hz) associated with alert
immobility and REM sleep-associated theta (7-8 Hz). In the lesioned rats,
wakefulness and slow waves sleep episodes durations were similar to that
of controls. In contrast, the REM sleep was altered: the total length was
reduced (p<0.01); bouts of REM sleep were more numerous but shorter. The
frequency of the REM sleep-associated theta was lower and its amplitude
was reduced (p<0.01). Type I theta (presumably non-cholinergic) was
similar to that of controls. Type II theta (presumably cholinergic) was not
abolished but occured with shorter and less regular bouts. Abnormal slow
waves (2-4 Hz) were observed in hippocampus and neocortex during
wakefulness in 75% of the lesioned rats. Histology showed a dramatic loss
of NGFr-positive neurons in the basal forebrain and a decline in
acetylcholinesterase staining in the hippocampus and the neocortex .

PROPERTIES OF CA1 HIPPOCAMPAL NEURONS IN RATS PRETREATED
WITH 192-IgG-SAPORIN: A MODEL OF CENTRAL CHOLINERGIC
DENERVATION. P. Dutar, A. louvenceau, R.G. WileyV Y. Lamour* and
MM. Billard. INSERM U161, 2 rue d'Alesia, 75014 Paris, France and (1)
Neurology service, DVAMC, Nashville, TN 37212 USA.
The toxin 192-IgG-Saporin binds to the low affinity NGF receptor and
destroys the cholinergic neurons of the basal forebrain projecting to the
cerebral cortex and the hippocampus. Sprague-Dawley rats were injected
icv with this toxin (tox-rats, n=16). Intracellular recordings from CA1
hippocampal neurons in the in vitro slice preparation were performed 3 to 8
weeks following injection. Neuronal properties were compared with those
of control rats (n=l3). We found anatomical and electrophysiological
evidence of a specific loss of hippocampal cholinergic innervation in toxrats: 1) the acetylcholinesterase staining was lost in the hippocampal
slices; 2) the slow cholinergic EPSP following stimulation of the cholinergic
afferents, present in control rats (5.6 ± 0.8 mV, n=6) was strongly depressed
in tox-rats (0.3 ± 0.2 mV, n=7); 3) miniature IPSPs recorded with KC1 filled
electrodes were not activated by cholinergic afferents stimulation while
they were activated by carbachol application. Moreover, we observed an
increase in AHP duration (1.8 ± 0.2s, n=l5 in tox-rats versus 1.2 ± 0.1 s, n=9 in
control rats; p=0.05, t-test; AHP induced by 3 spikes at -60 mV). In contrast,
other membrane parameters such as membrane potential, membrane
resistance, sodium spike amplitude and duration, EPSP and IPSP amplitude
and duration showed little change in tox-rats.
The presence of specific alterations of the cholinergic neuronal properties
indicate that rats injected with the toxin 192 IgG-saporin are a good model
for the experimental study of central cholinergic denervation.
Supported by a grant from BAYER-Pharma France.

38.3

38.4

INTRASEPTAL 192-SAPORIN PRODUCES A DOSE-RELATED
DESTRUCTION OF THE CHOLINERGIC BASAL FOREBRAIN (CBF).
T.J. Walsh*, R.W. Stackman, C.C. Gandhi and R. G. Wiley1.
Department of Psychology, Rutgers University, New
Brunswick, NJ, 08903 and 1 VAMC, Nashville, TN, 37212.
192-saporin is an immunotoxin that combines an antibody
for the p75 nerve growth factor receptor on cholinergic
neurons of the basal forebrain with a ribosomeinactivating poison. In this study adult rats were
injected into the medial septum (MS) with 100, 237.5, or
375 ngs of 192-saporin in 0.5 gl. There was a dose-related
decrease in choline uptake (HAChU) in targets of the CBF.
100 ngs selectively decreased HAChU in hippocampus 55%
without altering this measure in olfactory bulb (OB),
striatum (S), frontal cortex (FCx), or cingulate gyrus
(CG). There was also a loss of acetylcholinesterasepositive cells (AChE+) in the MS that exhibited a regional
selectivity (79% loss in dorsal group, 54% in ventral
group, and an insignificant 26% loss in the intermediate
group). This dose did not decrease the number of AChE+
cells in the nucleus basalis. The two higher doses
decreased HAChU (40-88%) in the targets of the entire CBF
(HPC, FCx, CG, OB, entorhinal cortex) and reduced AChE+
cells in both the MS and nucleus basalis. Regional DA,
DOPAC, HVA, NE, 5-HT, and 5-HIAA content were not affected
by any dose. These data demonstrate that low doses of 192saporin injected into the MS affected only the cholinergic
septohippocampal pathway while higher doses affected the
entire CBF and its targets.

LOSS OF ChAT IMMUNOSTAINING IN FOREBRAIN NEURONS AFTER
LESIONING OF THE NORADRENERGIC SYSTEM. H. HashemzadehGargari*, P.B. Anderson. M.I. Picklo. D. Robertson, R.G. Wiley and L.
Zaborszky. Ctr. Mol. & Behav. Neurosa., Rutgers University, Newark, NJ
07102 & Vanderbilt University, Nashville, TN 37212 .
In Alzheimer's diseases, reductions in cell number have been reported both
in the locus coeruleus and in basal forebrain areas containing corticopetal
cholinergic neurons (BFC). The extensive distribution of noradrenergic
terminals on cholinergic neurons together with the fact that 6hydroxydopamine lesions of the ascending catecholaminergic pathways
resulted in reduction of ChAT activity in forebrain areas suggest that
deprivation of catecholaminergic afferents could be a factor in the
deterioration of BFC neurons (Zaborszky et al., 1993). This notion was tested
in these experiments. Rats were injected intraventricularly with antidopamine beta-hydroxylase-saporin (10 gl 1 gl=2.6 gg), an immunotoxin
that selectively destroys noradrenergic and adrenergic neurons. After a
three month survival period, choline acetyltransferase (ChAT) positive
neurons were mapped and quantified on 9 coronal sections. Cholinergic
neurons showed differential vulnerability in various parts of the forebrain:
while the septum-diagonal band complex showed about 80-90% cell loss,
cholinergic neurons in the ventral pallidum, globus pallidus and the rest of
the forebrain showed only 38-54% reduction in cell number. After a short
survival time (10-15 days), silver staining revealed little cell degeneration
in the basal forebrain, although the locus coeruleus was consistently
affected. This suggests that the observed effect is in part due to
transneuronal degeneration. In addition, it is likely that the heavy
involvement of septal cholinergic neurons is caused by a combination of the
direct effect of the toxin and the potential mechanical injury to the
hippocampus. (NS23945, NS3OO249).

38.5

NUCLEUS BASALIS LESIONS DO NOT DISRUPT EEG
REGULATION DURING NON-REM SLEEP L IL Benington*.
R. Szvmusiak. D, L McGinty and L M. Siegel. V. A. Medical
Center, Sepulveda, CA, and University of California, Los Angeles.
Acetylcholine release in the neocortex promotes EEG desynchronization during waking. The intensity of EEG slow-wave activity (SWA) in non-REM (NREM) sleep is a function of the magnitude of accumulated sleep propensity. One could hypothesize that
the intensity of NREM-sleep EEG SWA is inversely related to the
level of acetylcholine release in the neocortex during NREM sleep,
mediated by the activity of cortically-projecting nucleus basalis
(NB) cholinergic neurons.
To test this hypothesis, unilateral NB lesions were made in adult
rats via micro-injections of NMDA. One week post-lesion, EEG
recordings were obtained and Fourier analyzed for 72 hours of
normal sleep/wake behavior and for 72 hours in which 12-hour
sleep deprivations were performed during the active period. In
agreement with previous reports, we found increased EEG delta
(0.5-4 Hz) power during wakefulness in the hemisphere ipsilateral
to the damaged NB. A similar EEG asymmetry was observed
during REM sleep. No hemispheric difference in delta power was
evident in baseline NREM sleep, and the sleep deprivation-induced increase in delta power was unaffected by the NB lesion.
These findings suggest that sleep-deprivation related increases in
NREM-sleep EEG SWA are not mediated by further reductions in
the activity of NB cholinergic neurons relative to baseline NREMsleep levels, as unilateral NB lesions had no effect on expression of
SWA in NREM sleep in the lesioned hemisphere.
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A POU HOMEO DOMAIN PROTEIN RELATED TO dPOU-19/pdm-1
BINDS TO THE REGULATORY DNA NECESSARY FOR VITAL
EXPRESSION OF THE DROSOPHILA CHOLINE
ACETYLTRANSFERASE GENE. T. Kitamoto and P. M. Salvaterra R.
E. McCaman* . Division of Neurosciences, Beckman Research Institute of
the City of Hope, Duarte, CA 91010.
Expression of the choline acetyltransferase (ChAT) gene in Drosophila
melanogaster is necessary for production of the neurotransmitter
acetylcholine and is essential for viability. Using fusion constructs composed
of the wild type ChAT cDNA and various lengths of 5' flanking DNA, we
have defined a 0.3 kb region of the cis-regulatory DNA which is essential for
restoring viability of Cha mutants. DNase I footprinting analysis of this 0.3
kb DNA revealed a protected 22 base sequence which contains an octamerlike motif (ATTCAAAT) with one base difference from the consensus
octamer motif (ATGCAAAT). Electrophoretic mobility shift assays and
South-western blot analysis confirmed the presence of specific binding
factor(s) for the 22 base sequence in embryo nuclear extracts and competition
studies established the importance of the octamer-like motif for high affinity
binding. Using the protected 22-mer as a probe, we have isolated a cDNA
clone encoding a sequence essentially identical with the Drosophila POU
homeo domain gene dPOUl9/pdm-1. We propose that vital expression of the
Drosophila ChAT gene is regulated by a member of the dPOU19/pdm-1
putative transcription factor family. (Supported by NIH-NINDS).

TRANSLATION
START
SITES
OF
HUMAN
CHOLINE
ACETYLTRANSFERASE (ChAT). D.D.Grosman*. A.C.Trinidad, and W.L
Strauss. Dept, of Molecular and Cellular Pharmacology, Univ. of Miami
School of Medicine, P.O.Box 016189, Miami, FL 33101.
Our laboratory has reported that alternative splicing produces 2 transcripts
from the human ChAT gene: a 2500 nt mRNA that encodes the 68 kDa
ChAT enzyme and a 6000 nt mRNA that encodes a 27 kDa protein which

may activate ACh synthesis. Both transcripts encode a threonine (ACG) in
the position that serves as the translation start site for other mammalian
ChAT mRNAs. Potential ATG start sites lie at positions +324 and -30 from
this ACG codon in both human ChAT gene transcripts. To identify the site
at which translation of the human ChAT gene transcripts begins, cDNAs
containing either both of the ATG codons or only the ATG located at position
-30 were generated for both the 2500 nt and 6000 nt mRNAs. In vitro
translation of clones containing the upstream ATG produced 2 proteins with
sizes consistent with initiation at both +324 and -30. In vitro translation of
clones lacking the upstream ATG gave only the smaller protein for both the
2500 nt and 6000 nt mRNAs. Notably, the enzyme translated from the ATG
at -324 had a lower specific activity than that translated from the downstream
initiation codon. Each construct also was expressed in Sf9 cells using
baculovirus vectors. The majority of the protein translated from constructs
containing both the +324 and -30 start sites corresponded to the larger of the
2 proteins produced by in vitro translation. As expected, only the smaller of
the 2 proteins was detected in Sf9 cells infected with constructs lacking the
+324 ATG. These data suggest that translation of human ChAT can initiate
at two sites. The 80 kDa protein translated using the upstream ATG would
have to post-translational processed to yield the 68 kDa enzyme that has
been purified from human brain.

39.3

39.4

AN OCTAMER-LIKE MOTIF MAY PLAY AN IMPORTANT ROLE IN
ChAT GENE REGULATION: CLONING THE ChAT GENE
REGULATARY REGION OF D. VIRILIS S. J. Liana: T. Kitamoto* and P. M.
Salvaterra. Division of Neurosciences, Beckman Research Institute of the City of
Hope, Duarte, CA 91010.
Choline acetyltransferase (ChAT, EC 2.3.1.6) catalyzes the production of the
neurotransmitter acetylcholine, and is an essential factor for neurons to be
cholinergic. Using Drosophila melanogaster as a genetic model, the cis-regulatory
elements in the 5’ flaking region of the ChAT gene have been identified (T.
Kitamoto and P. M. Salvaterra, J. Neurosci. 12:1628, 1992).
We have now cloned the first exon and 8.7 kb of 5’ flanking DNA from the
Drosophila virilis ChAT gene by screening a genomic library with D.
melanogaster probes. The DNA has been subcloned into phagemid vectors and
partially sequenced. The coding region of the first exon is more than 90%
conserved, while other parts of the 5’ untranslated region of the first exon, or the
proximal flanking DNA contain little or no homology between these two species.
We have noted, however, the presence of a 55 base similarity and a 36 base identity
in the proximal 5’ flanking DNA for both species. Since evolution tends to
conserve important regulatory sequences, we expect these to be key regions
involved in regulating ChAT gene expression. In addition to evolutionary
arguments, the 55 base region is of particularly interest because it contains an
octamer-like motif which may be important in ChAT gene regulation. DNA
footprinting experiments show strong protection in the octamer-like region.
Several mutations have been introduced into the region of the octamer-like motif of
D. melanogaster and will be analyzed in transgenic fly lines to assess the
biological relevance of the presumed regulatory sequences. Supported by NIHNINDS.

CLONING AND ANALYSIS OF THE ACETYLCHOLINESTERASE
GENE FROM THE MOSQUITO AEDES AEGYPTL
N.M. Anthony*, T. Rocheleau, R.H. ffrencft-Constant, Dept, of
Entomology, University of Wisconsin, Madison, WI 53706
Acetylcholinesterase is the target site for organophosphorus and
carbamate insecticides. We are interested in studying point mutations
affecting the sensitivity of this enzyme to these inhibitors and in
creating an insecticide insensitive mini-gene for potential use in
genetically transforming mosquitos.
The cloning of an
acetylcholinesterase cDNA using a probe derived from degenerate PCR
will be described and progress in site directed mutagenesis studies
designed to increase insensitivity to these insecticides will be discussed.

39.5

39.6

ACTIVATION OF RETINOIC ACID RECEPTOR ALPHA (RARa)
MEDIATES THE EFFECTS OF ALL-TRANS- AND 9-CISRETINOIC ACID ON THE CHOLINERGIC PROPERTIES OF A
MURINE SEPTAL CELL LINE. W. A. Pedersen and J. K. Blusztain.*
Dept. of Pathology, Boston Univ. Sch. of Med., Boston, MA 02118.
We previously reported that retinoids enhance the cholinergic properties of a murine cell line (SN56.B5.G4) derived from the fusion of
septal neurons and N18TG2 neuroblastoma cells. Treatment of the
cells with 1 pM of either all-trans -retinoic acid (t-RA) or 9-cw-RA
(9c-RA) for 48 h resulted in 3-fold increases in cellular levels of
acetylcholine (Ach), choline acetyltransferase (CAT) activity, and the
expression of CAT mRNA compared with controls. A combined
treatment with t-RA and 9c-RA did not enhance the effects observed
with either isomer alone, suggesting a common mechanism of action
for the two isomers. Using an antagonist selective for the RARa isoform (Ro 41-5253; 10 pM for 48 h), we found that the effects of t-RA
and 9c-RA on the levels of Ach in these cells were completely abolished. An agonist selective for RARa (Ro 40-6055;. 100 nM for 48 h)
elevated Ach concentrations to a similar extent as t-RA and 9c-RA, and
this effect was blocked by Ro 41-5253. These results suggest that t-RA
and 9c-RA enhance the cholinergic properties of SN56.B5.G4 cells by
activating RARa. Although 9c-RA is a ligand for both RAR and the
retinoid X receptor (RXR), the effects of 9c-RA on the cholinergic
properties of SN56.B5.G4 cells do not appear to involve activation of
RXR.
Supported by NIMH MH46O95 and Center for Alternatives to
Animal Testing grants.

Activation Of Mammalian Choline Acetyltransferase By Limited
Proteolysis. D.H. Wu. N.S. Ahmed. W. Lian, and L.B. Hersh*
Department of Biochemistry, Univ. of Kentucky, Lexington, KY
40536-0084
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Mammalian choline acetyltransferase (ChAT, E.C. 2.3.1.6), which
is responsible for the biosynthesis of the neurotransmitter
acetylcholine (ACh) and the most specific marker for cholinergic
neurons, is a very low abundant protein (0.0001% of mammalian
brain proteins) and has been a difficult protein to purify.
Conventional purification schemes have resulted, more often than
not, in fragmented species of the enzyme. The nature and possible
function of these forms of ChAT, if any, have not been well
understood. Using a high level bacterial expression system,
recombinant rat ChAT in its active form has been purified to
homogeneity. The purified enzyme was found to be activated to ~ 5
fold by limited proteolysis with either trypsin or chymotrypsin but
not proteinase K. The activated ChAT shows an increased Km for
both substrates, diminished sensitivity to salt activation and shifted
pH optimum by half a pH unit. On a denaturing SDS-PAGE gel, the
activated ChAT is composed of three to four polypeptides; however,
it migrates as an intact 68 kDa protein species on gel filtration. In
order to delineate the site of cleavage by proteolysis, the newly
generated fragments have been subjected to N-terminal sequencing
and the possible activation mechanism is currently being addressed
by site-directed mutagenesis. Possible roles of this activation in
controlling ACh biosynthesis are also under investigation.
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BASAL AND RETINOIC ACID INDUCED ACETYLCHOLINE
SYNTHESIS IN A SEPTAL CELL LINE IS MODULATED BY ACETYLCO-A PRECURSORS. C.E. GreenwredlH J.K. Blusztajn2 W.A. Pedersen*,
and A. Szutwviagl Baycrest Centre for Geriatric Care, & Dept. Nutr. Sci,
Univ. of Toronto, Tor., Ont. M5S 1A81 Dept. Path., Boston Univ. Sch of Med,
Boston, MA, 021182, and Medical Academy, 80211 Gdansk, Poland3.
These studies examined the ability of different glucose metabolites to support
acetylcholine (Ach) synthesis in the septal cholinergic cell line SN56.B5.G4.
Intracellular Ach levels were measured 2 hrs after incubating cells in the presence
of 10 mM glucose (normal conditions) or 5 mM glucose plus 5 mM acetate, citrate
or pyruvate. Decreasing glucose levels from 10 mM to 5mM was without effect
(1623 ± 39 versus 1407 + 442 pmol/mg protein). However, Ach production was
reduced by pyruvate (1235 ± 41) and acetate (1208 + 187) and enhanced by citrate
(1828 ± 82), the putative precursor for cytosolic acetylCoA production. One
interpretation of these results is that Ach production in SN56 cells may be limited
by their ability to produce acetylCoA from glucose and that these effects would be
magnified under conditions where choline acetyltransferase (ChAT) activity was
enhanced. Thus, we examined the impact of increasing ChAT expression and
activity by growing cells in the presence of 1 uM all-/ra/w-retinoic acid (RA) for 2
days on Ach production. RA increased Ach levels by 1.7 to 2 fold. Once again,
pyruvate and acetate decreased and citrate enhanced Ach production: however, the
proportional change in Ach synthesis in the RA-induced state was comparable
under all conditions. Thus it would appear that cytosolic acetylCoA production
can meet the needs for Ach production even under conditions where ChAT activity
has been enhanced. These results open the possibility that ATP-citrate lyase
activity is also induced by RA in order to support cytosolic acetylCoA production,
(supported by NSERC-Canada and NIMH #MH 46095-USA)

RECIPROCAL REGULATION OF CHOLINE KINASE AND CHOLINE
ACETYLTRANSFERASE IN RAT SYMPATHETIC NEURONS. M,
Bussiere*, D. Ure, R. B. Campenot and D. E. Vance. Lipid and Lipoprotein
Group, Dept, of Biochem., Dept, of Anat. and Cell Biol., Univ. of Alberta,
Edmonton, Alberta, Canada T6G 2S2.
In cholinergic neurons, choline serves as a precursor for the
synthesis of the neurotransmitter acetylcholine (ACh), as well as for the
synthesis of phosphatidylcholine (PC), a major constituent of membranes.
The regulatory mechanisms underlying choline utilization in cholinergic
neurons, however, remain obscure. We have chosen to study the long term
regulation of these two divergent pathways. Cultured rat sympathetic
neurons were treated with leukemia inhibiting factor (LIF) (10 ng/ml) for
12 days at which time the enzyme activities of choline kinase (CK), the
enzyme catalyzing the first step of PC biosynthesis, and choline
acetyltransferase (ChAT) were assayed. LIF-trcatment resulted in a 4-fold
increase in ChAT activity and a concurrent 50% decrease in CK activity. As
well, LIF-trcated sympathetic neurons were pulse-labeled with [3H]-choline
for 4 hours followed by the isolation of intracellular choline, ACh,
phosphocholine, CDP-choline and PC by thin-layer chromatography. A 4fold increase in radioactivity incorporated into ACh was observed with little
or no detectable change in the incorporation into the intermediates of the
PC pathway. Similar results were obtained with retinoic acid treatment (5
gM), which induced cholinergic differentiation, as well as dramatically
inhibiting the axonal elongation of our cultured rat sympathetic neurons.
These results are consistent with the relative activities of CK and ChAT
regulating the long term allocation of choline between ACh and PC
synthesis. During cholinergic ’switch’ the decrease in CK activity observed
is sufficient to compensate for the increased demand of choline for ACh
synthesis due to the rise in ChAT activity.
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EFFECT OF NIFLUMIC ACID ON ACETYLCHOLINE SYNTHESIS AND
SYNAPTIC VESICLE ASSOCIATED CHOLINE-O-ACETYLTRANSFERASE
DURING HIGH K+ DEPOLARIZATION OF RAT HIPPOCAMPAL TISSUE.
P.T, Carroll*. TTUHSC, Lubbock, TX 79430.
When rat hippocampal synaptosomal (P2) fractions are
incubated under resting conditions in the presence of the
Cl” channel inhibitor niflumic acid (NA), membrane-bound
choline-O-acetyltransferase (ChAT) is selectively inhibited
but acetylcholine (ACh) synthesis is not affected (Schmidt
& Rylett, 1993). The intent of the present study was to
determine how NA might affect synaptic vesicle associated
ChAT and ACh synthesis when rat hippocampal synaptosomes
are incubated under depolarizing conditions. P2 fractions
were first incubated under resting conditions in the
absence or presence of NA.
Subcellular fractions were
prepared and subjected to Triton X-114 phase separation.
NA selectively inhibited the amphiphilic ChAT associated
with the synaptic vesicle enriched O.4M sucrose fraction
and the high speed pellet but did not affect ACh
synthesis.
High
K+
depolarization
of
hippocampal
synaptosomes not only stimulated ACh synthesis but also
the activity of the amphiphilic ChAT associated with the
O.4M sucrose fraction. NA abolished both of these
increases. These results suggest that synaptic vesicle
associated ChAT becomes functional during depolarization
of hippocampal nerve terminals. (2ROl NS 21289-10 NINDS)

DOES DOPAMINE PLAY A TONIC INHIBITORY CONTROL ON THE RELEASE OF
STRIATAL ACETYLCHOLINE IN VIVO ? A. Imperato*. M.C Obinu.M.A. Casu. M.S. Mascia.
G. Carta. M. Battiata and G. L. Gessa. Department of Neuroscience, Bernard B. Brodie,
University of Cagliari, Via Porcell, 4, 09124 Cagliari, Italy
Many studies in the last decades have led to the concept that nigro-striatal dopaminergic
neurons inhibit the activity of cholinergic interneurons in the striatum by action of dopamine
(DA) on D2 receptors located on the same neurons. This concept is mainly based on the finding
that acetylcholine (ACh) release is enhanced by drugs that block and reduced by drugs which
stimulate DA D2 receptors. However, more recently, microdialysis studies have indicated a role
also for DA D( receptors in the control of cholinergic transmission in the striatum suggesting that
they can play a fadlitatory control on Adi release when they are stimulated by the selective
agonists SKF 38393 or CY 208-243 or by an increased DA tonus as after cocaine and
amphetamine.
The aim of our study was to evaluate, by means of brain microdialysis, whether ACh release
is tonicaliy inhibited by endogenous DA acting upon D2 receptors or is tonically activated by DA
acting on D, receptors. We found that depletion of DA stores with a-methyltyrosine (150 mg/kg)
+ reserpine (5 mg/kg) reduced ACh release by the same extent (30%) as that induced by
blockade of D, receptors with SCH 23390 (0.1 mg/kg) pointing to the existence of a stimulatory
action of DA, through Dt receptors, on the output of ACh. Stimulation of DA D2 receptors with
LY 171555 (quinpirole) at a low, sedative dose (0.05 mg/kg), reduced ACh release by about 30%
with no further reduction at higher doses up to 1 mg/kg. Moreover, LY 171555 (0.1 mg/kg) given
to SCH 39166 (0.5 mg/kg) or SKF 38393 (20 mg/kg) pretreated rats did not decrease ACh release
suggesting that its effect is through a DA Dt receptor-mediated mechanism. In contrast, in DA
depleted rats, LY 171555 0.1 mg/kg became more effective in decreasing ACh release (about
70%) also after SCH 39166 (0.5 mg/kg) pretreatment (about 80%), thus acting now independent
of DA Dt receptor mechanisms.
These results indicate that, in normal circumstances, endogenous DA fadlitates striatal ACh
release through DA Dt receptors while they argue against the commonly accepted view that DA
D2 receptors exert a tonic inhibitory control on ACh release. Moreover, they indicate that DA D2
receptor-mediated inhibition of DA release might become relevant in case of DA depletion and
DA receptor supersensitivity suggesting that this can occurr in pathological conditions as
Parkinson's disease. Therefore, our results suggest that differences may exist in the dopaminergic
regulation of striatal ACh release in normal conditions and in states of altered DA D2 receptor
sensitivity.
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INSULIN-UKE GROWTH FACTORS I AND II (IGF I AND IGF n): RECEPTOR
LOCALIZATION AND EFFECTS ON ACETYLCHOLINE RELEASE IN THE RAT
HIPPOCAMPUS

AMYLOID ^-PROTEIN INHIBITS IN VITRO ACETYLCHOLINE RELEASE FROM
THE RAT HIPPOCAMPAL FORMATION. R. Ouirion*. S. Kar. D. Seto and P.

S. Kar*. D. Seto. U. K. Hanisch and R. Ouirion. Douglas Hospital Res. Centre,
Depts of Pharmacol. & Psychiatry, McGill Univ., Montreal, Canada H4H 1R3.
Insulin-like growth factors I and II (IGF I and IGF II) are structurally related
mitogenic polypeptides with potent growth-promoting effects. These peptides are
selectively localized in the brain and their physiologic^ responses are presumed to
be mediated by two receptors: the type I and type II receptors. Functionally, IGFs,
besides being involved in growth and differentiation, are considered to play an
important role in the modulation of hormone and neurotransmitter release. In the
present study, we have characterized the distribution of [l25I]IGF I and [l25I]IGF
II receptor binding sites in the adult rat hippocampus by in vitro quantitative
receptor autoradiography and measured the effects of IGF I and IGF II on the
release of endogenous acetylcholine (ACh) from supervised hippocampal slices.
High levels of specific [l25I]IGF I binding sites were noted particularly in the
dentate gyrus (DG) and in the CA3 sub-field of Ammon’s horn. CA1-CA2 subfields contained relatively low amounts of [l25I]IGF I binding sites (Araujo et
al., 1989, Brain Res. 484: 130-138). As for [l25I]IGF II, high amounts of
binding were localized primarily in the pyramidal cell layer of the CA1-CA3 subfields and in the granular layer of the DG whereas other laminae exhibited a
relatively low density of specific labelling. In the superfusion experiments, IGF I
(10’14 - 10‘8M) inhibited whereas IGF II (10**4 - 10*8M) potentiated K+(25
mM)-evoked ACh release from hippocampal slices. Using tetrodotoxin (TTX, 10
gM) it was observed that the response to IGF II was unaltered suggesting a direct
action of IGF II on the cholinergic terminals. Selective responses to i Gf I (10*
8M) and IGF II (10"1°M) were also noted in frontal cortical slices. Taken
together, these results reveal the differential localization of [l25I]IGF I and
[l25I]IGF H binding sites in the hippocampal formation and the contrasting
effects of these peptides on the endogenous ACh release suggesting differential
functional role for the two related trophic factors in the rat hippocampal
formation. (Supported by FRSQ, MRCC and HFSPO)
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Gaudreau* Douglas Hospital Res. Centre, Depts of Pharmacol. & Psychiatry,
McGill Univ., %Hopital Notre-Dame, Univ. Montreal, Montreal, Canada.
The 4 kD amyloid E-protein, a major component of cerebral and
cerebrovascular plaques in Alzheimer’s disease, is derived from proteolytic
cleavage of a larger membrane-bound precursor, the 8-amyloid precursor protein
(Mullan and Crawford, TINS, 1993, 16:398-402; Selkoe, D.J. Annu. Rev.
Neurosci. 1994, 17:489-517). Assimilated evidence suggests that deposition of
E-amyloid possibly initiates the events in the pathological cascade leading to
plaque formation and death of neurones particularly of the cholinergic phenotypes
(Selkoe, D.J. Annu. Rev. Neurosci. 1994, 17:489-517). However, in recent
studies, a soluble form of E-amyloid has been detected in the cerebrospinal fluid
and plasma of normal individuals thus raising the possibility that E-amyloid may
have roles under normal, non-pathological conditions (Haass et al., 1992,
Nature, 359:322-325; Seubert et al., 1992, Nature, 359:325-327; Shoji et al.,
1992, Science, 258:126-129; Selkoe, D.J. Annu. Rev. Neurosci. 1994, 17:489517). Ih the present investigation, we have measured the response to Eamyloi^12g of the release of endogenous acetylcholine (ACh) from hippocampal
slices using a model of super-fusion followed by radioenzymatic assay (Seto et
al., 1993, Methods in Neuroscience, 16:173-184). E-amyloidj^- *h a
concentration (10*12 -10*8 M) dependent manner, was found to potently inhibit
K+-evoked ACh release from the hippocampal slices. These data provide an
evidence that E-amyloid under normal conditions can acutely induce the
hypofunction of the septo-hippocampal cholinergic pathway. (Supported by
MRCC and FRSQ)
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KETAMINE ANESTHESIA CAUSES DOSE-DEPENDENT ALTERATIONS OF
ACETYLCHOLINE (ACh) RELEASE IN THE MEDIAL, PONTINE RETICULAR
FORMATION (inPRF). R. Lvdic. H.A. Baghdovan. L. Becker, and J.F. Biebuvck*.
Dept. Anesthesia, Penn State University, College of Medicine, Hershey, PA 17033
Microinjection of carbachol into the mPRF of cat causes a REM sleep-like state
(DCarb), respiratory depression, and increased ACh release in the contralateral
mPRF (Am. J. Physiol. 254:R544, 1993). REM sleep is inhibited by mPRF
injections of morphine (Anesthesiol. 77: 973, 1992), and ACh release in the mPRF
is significantly decreased by morphine (Anesthesiol. 79:1003, 1993) and by
halothane (NeuroReport 5: 577, 1994). The present study is testing the hypothesis
that levels of ACh release in the mPRF are altered by ketamine, a phencyclidine that
produces a dissociative anesthetic state. Cats (n=3) were implanted with electrodes
for measuring sleep and wakefulness. For each experiment a microdialysis probe
was placed in die mPRF and dialysis samples were collected every 10 min and
analyzed for ACh using HPLC. To date, dialysis samples have been collected
during 210 min of ketamine anesthesia. Following 15.0 mg/kg ketamine (IM),
mean (±SD) ACh release (0.25 ±0.089 pmol) was significantly less (t=-6.93,
d.f.=33, p<0.001) than ACh release during REM sleep (0.53 +0.12 pmol). At a
higher dose of ketamine (33.3 mg/kg) ACh release (0.58 ±0.087 pmol) was not
significantly different from ACh release during REM sleep. The present results
show for the first time that ACh release in the mPRF is altered in a dose-dependent
manner during ketamine anesthesia. Since ketamine is known to block NMDA
receptors, these data suggest a role for NMDA receptors in the regulation of
consciousness. Furthermore, these data comprise another line of evidence suggesting
that the mPRF plays a key role in mediating the loss of wakefulness caused by three
different classes of anesthetic agents.
Support: Dept. Anesthesia, MH-45361 (HAB). and HL-4O881 (RL).

MODULATION OF ACETYLCHOLINE FUNCTION IN VIVO BY OPIATE
RECEPTOR-SELECTIVE PEPTIDES. A. Zocchi* and A. Pert NIMH/BPB,
Bethesda, MD 20892
The effects of opiate agonists on brain acetylcholine function are
rather complex and somewhat inconsistent. Some of these
inconsistencies are probably related to the nature of the in vitro and

in vivo preparations and the diversity of receoptor-specific ligands
that have been employed. Relatively few studies have evaluated the
effects of opiates on ACh release in the intact brain. The purpose of
these studies was to characterize the ability of mu, delta and kappa

receptor-selective opioids peptides to modify basal ACh overflow in
the hippocampus and striatum of the unanesthetized rat. Animals were
prepared with CMA microdialysis guide cannulae aimed for either of
the two structures. One day prior to testing, dialysis probes were
introduced into striatal and hippocampal tissue through the guides.
Following baseline stabilization, 10 pM concentrations of mu (DAGO),
delta (DPDPE) and kappa (Dynorphin 1-10) receptor-selective
peptides were applied focally via reverse dialysis. None of the
peptides had any discernible effects on basal hippocampal ACh release.

Application of DAGO and DPDPE to the striatum, on the other hand,
significantly decreased ACh overflow in this structure. Dynorphin
again was ineffective. Focal applications of naloxone to the striatum
increased basal ACh levels, suggesting that the striatal cholinergic
intemeurons are under tonic opioid inhibitory control. Naloxone was
also effective in antagonizing the inhibitory effects of DAGO and
DPDPE supporting the pharmacological specificity of these agonists on
ACh function.

40.9

40.10

SEROTONERGIC REGULATION OF ACETYLCHOLINE
RELEASE IN THE RAT FRONTAL CORTEX: EFFECT
OF INDIRECT SEROTONIN AGONIST.

H. Hirano*, J. Day, and H.C. Fibiger. Dept of Psychiatry, The
University of British Columbia, Vancouver, B.C., Canada V6T
1Z3
The serotonergic regulation of cortically-projecting cholinergic
neurons was studied using in vivo microdialysis to measure
extracellular concentration of acetylcholine (ACh) in the frontal
cortex of freely moving rats.
Systemic administration of serotonin (5-HT) releasing agent
fenfluramine (FEN: 3, 10 mg/kg, i.p.) increased ACh release to 210230% of basal values. The FEN-induced increase in ACh release
was significantly attenuated by pretreatment (60 mm) with the
selective 5-HT uptake inhibitor fluoxetine (10 mg/kg, i.p.).
Pretreatment with the selective dopamine Di receptor antagonist SCH
23390 (0.3 mg/kg, s.c.) failed to block the FEN-induced increase in
ACh release. In contrast, the selective 5-HT2 receptor antagonist
ketanserm (5 mg/kg, i.p.) blocked FEN-induced increases in ACh
release. The results indicate that FEN increases cortical ACh release
indirectly by its ability to enhance 5-HT transmission and that
endogenous 5-HT produces these effects via its actions at 5-HTt
receptors.

ACETYLCHOLINE (ACh) RELEASE IN THE MEDIAL PONTINE RETICULAR
FORMATION (mPRF) INCREASES DURING NATURAL RAPID EYE
MOVEMENT (REM) SLEEP. L. Becker. H.A.
and R, Lvdic*,
Department of Anesthesia, The Pennsylvania State University, College of Medicine,
Hershey, PA 17033
Microm'lection of carbachol into the mPRF of cat causes a REM sleep-like state
(DCarb), respiratory depression and increased ACh release (Am. J. Physiol.
254:R544, 1993). A previous study reported ACh levels during natural REM sleep
in the rostral pons (Neurosci. Letts. 114:277, 1990) but not in the mPRF. The
present study is testing the hypothesis that mPRF ACh release increases during
natural REM sleep. Cats (n=4) were implanted with electrodes for measuring sleep
and waking (W). For each experiment a microdialysis probe was aimed for the
mPRF and animals were allowed to sleep and wake spontaneously. Samples from
the microdialysis probe were collected every 10 min and analyzed for ACh using
HPLC. Respiratory frequency was measured with a nasal thermistor. To date,
dialysis samples have been collected during 531 min of W, 402 min of non-REM
(NREM) sleep, and 176 min of REM sleep. Mean (±SD) ACh release in NREM
sleep (O.27±O.O9) was not significantly different from ACh release during W levels
(O.3O±O.O9). ACh release during REM sleep (0.53 ±0.12) was significantly greater
than during NREM sleep and W (p<0.001). Analysis of 1109 breaths found mean
(±SD) respiratory frequencies of 25.2 (±8.3) in W, 17.7 (±2.7) in NREM, and 25.9
(±5.2) in REM sleep. The present results found for the first time that ACh release
in the mPRF significantly increased during natural REM sleep. Although DCarb is
not equivalent to REM sleep (Neurosci. Letts. 102:211, 1989), mPRF ACh release
is increased in both states. Support: MH-45361 (HAB) and HL-4O881 (RL).
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DURING EXPOSURE TO ENVIRONMENTAL COLD STRESS. P.A. Shea*.
S.T. Ahlers, J.L. Davis. Naval Medical Research Institute,
Bethesda, MD ani Office of Naval Research, Arlington , VA.
Systemic adidnistration of glucose has been shewn to
alleviate a variety of performance decrements, presumably
by increasing endogenous levels of acetylcholine (ACh).
In our laboratory we have de^nnsrated that glucose
adainiitratioi amliorates deficits in working mamboy when
rats
perform
test
procedures
during
exposure
to
liviroimenial cold stress. In order to better understand
the effects of glucose and cold stress on cholinergic
neur□transmission,
the present study ms undertaken to
determine the effects of cold stress on the release of ACh
from
the
prefrontal
cortex
(PFC)
using
in
vivo
mcroddalysis in freely mbving awake rats.
Adult rats
were implanted with a guide cannula into the PFC.
After
several days a 3mm dialysis probe ms inserted through the
guide into the PFC. Dialysis occurred at least 18 hours
after the probe was implanted. The flow rate m.s 2 pl/min
and sam>les were collected every 20 minutes.
^ter an
hour of baseline collection rats were exposed to one of 4
conditions;
inrm3ther]m.c (23°C) control, 23°C + 5mM
glucose perfused through the probe; cold stress (l°C), and
cold stress and glucose combined.
The duratoon of
exposure to glucose and cold stress ms 90 minutes.
Infusion of glucose in the normbthermic control condition
had no effect on extracellular ACh. Exposure to cold
stress produced a 2-fold increase ACh.
ACH levels also
increased during the exposure to cold stress in the
condition in which glucose was infused through the probe
during cold stress.
Hn^e^^lr, the increase in ACh when
glucose ms infused was about half of what it ms during
the cold stress without glucose.
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WHOLE CELL VOLTAGE-CLAMP STUDY OF ANTICONVULSANT
MECHANISMS OF OXOTREMORINE-M IN ACUTE HIPPOCAMPAL
SLICES. S.P, Duntlev. K.A. Yamada..and J.W. Miller*. Department of
Neurology, Washington University, St. Louis, Mo 63110
Arousal dependent activity o^ sepal cholinergic projections affects
hippocampal susceptibility to seizures. In the electrically kindled rat
hippocampal slice, muscarinic Mi agonists are proconvulsant, while the
M2 and M4 agonist oxotremorine-M (Oxo-M) is anticonvulsant.
To investigate this anticonvulsant effect, blind patch clamp recording
was performed on acute hippocampal slices in a submersion chamber,
with standard techniques. Pyramidal cells were clamped at -60 mV. At
baseline, occasional fast, 30-100 pA inward currents were seen with high
Cl- electrodes. These reversed with low Cl- electrodes and were blocked
by picrotoxin, and presumably are GABAa inhibitory post synaptic
currents (IPSCs). Addition o^ 5.5 pM Oxo-M markedly increased the
frequency of IPSCs despite addition of MK-801 and CNQX to block
excitatory neurotransmission. This increase was blocked by 25 pM
picrotoxin. Slow outward currents were recorded with high K> electrodes
in the presence o^ Oxo-M. These reversed with low K+ electrodes, were
blocked by 200 pM 2OH-saclofen but not picrotoxin and thus appear to be
summated GABAs mediated currents. Both fast and slow currents were
blocked by 50 pM atropine and tetrodotoxin but not 50 pM pirenzepine.
These results suggest Oxo-M directly activates hippocampal interneurons with resultant GABAa and GABAb inhibition of pyramidal
cells. The seizure resistance animals in wakefulness and REM sleep
may be due in part to septal activation of hippocampal inhibitory neurons
through M2 or M« receptors, causing anticonvulsant effects through
GABAa and GABAb receptors. Supported by NIH Grant NS14834
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PHARMACOLOGICAL CHARACTERIZATION OF GLUTAMATE RECEPTORS
IN THE SEPTO-HIPPOCAMPAL CHOLINERGIC SYSTEM OF THE RAT.
E. Mm QQ.F, Auth hUd. RC. Wrataink. Dpt. of MMecinalChemmtiy.Uruversity
Centre fot Pharmacy, A. Deusinglaan 2,9713 AW, The Netherlands.
Iv this study, the basic pharmacology of glutamate receptors in the septohippocampal cholinergic system was investigated using macrodaalysis in freely
moving rats. I-shaped dialysis probes were implanted in the medial septal area
(MSA), and in the ventral hippocampus (Hippo). Drugs were locally administered via
the dialysis probe in the MSA, while Acetylcholine (ACh)-release was measured in
the Hippo. ACh was quantified 'on-line' by HPLC with post-column enzymatic
conversion and electrochemical detection.
Infusion of the N-methyl-D-aspartate (NMDA) receptor antagonist 2-amino-5phosphovopevtdvoic acid
100 pM) in the MSA did not effect ACh-release in
the Hippo, but blocked completely the increase in ACh-telease caused by an infusion
of 50 pM NMDA. Infusion of the non-NMDA antagonist 6-cyano-7nitroquinoxaline^J-dione (CNQX, 100 pM) in the MSA did not effect ACh-telease
in the Hippo. However, an increase in ACh-telease which was induced by infusion of
the non-NMDA agonist a-amino-3-hydrox^-5-^^thyl-4-^xazolepropionic acid
(AMPA, 10 pM), was fully antagonized by 100 pM CNQX. Infusion of another nonNMDA agonist, kainic acid (5 pM) in the MSA also caused an increase of AChrelease in the Hippo, but this effect was only partially antagonized by 100 pM CNQX.
In conclusion, cholinergic septo-hippocampal neurons express functional NMDA
and non-NMDA glutamate receptors. The failure to block the effect of kainic acid
with CNQX completely is an indication that more than one type of non-NMDA
receptor is involved. In addition, the results show that glutamate receptors in the
MSA-cholinetgic neurons are not activated under the present experimental
conditions.

COADMINISTRATION OF CHOLINESTERASE INHIBITORS AND
ADRENERGIC DRUGS: EFFECT ON ACETYLCHOLINE AND BIOGENIC
AMINE LEVELS IN RAT CORTEX: A MICRODIALYSIS STUDY. G. Cuadra.
D. Caspatv* and E. Giacobini. Department of Pharmacology, Southern Illinois Univ.
Sch. Med., P.O. Hox 19230, Springfield, IL 62794-9230 USA
Clinical and experimental evidence shows an involvement of cholinergic and
biogenic amines systems in the cognitive impairments observed in Alzheimer disease
(AD). Cholinesterase inhibitors (ChEI) ate the only drugs showing clinical efficacy
in the treatment of AD. In a previous study (Cuadra et al., 1994), we used a
mictodialysis technique to investigate the effect of different ChEI on the extracellular
levels of acetylcholine (ACh), norepinephrine (NE), dopamine (DA) and serotonin (5HT) in the cortex. Levels of these neurotransmitters were assayed simultaneously in
dialysates with two different HPLC systems. No ChEI was added in the ptobe to
increase detection of ACh. Cholinesterase inhibitors elicited a significant and
simultaneous increase in ACh and NE levels. Biochemical, behavioral and
electrophysiological studies have shown a close interaction between cholinergic and
noradrenergic systems.
Norepinephrine decreases the release of ACh from
cholinergic terminals in cortex. Therefore, it is possible that the NE elevation seen
in our studies could down-regulate ACh levels and decrease the therapeutical effect
of these drugs. In order to investigate this interaction, we administered ChEI in
animals pre-treated with adrenergic drugs. Idazoxan (IDA) (20 mg/kg, i.p. or lO" M
in the ptobe), a selective ^-antagonist, did not produce major changes on basal
release of ACh. On the other hand, NE and DA levels were increased after both
types of administration. Physostigmine (PHY) (0.03 mg/kg, s.c.), administered to
tats pretreated with IDA (systemically and locally), induced a similar increase in the
ACh levels as demonstrated for PHY (0.03 mg/kg) alone.
Conversely,
^administration of heptylphyrortigmIvs (HEP) (2 mg/kg, s.c.) with IDA (20 mg/kg,
i.p.) produced a mote sustained effect on ACh cortical levels than HEP (2 mg/kg)
alone. These data suggest that a combination of cholinergic-adrenergic drugs may
improve the pharmacological effect of ChEI.
(Supjxtrted by Mediolnnum
Faemacsutici, Milan, Italy)
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EFFECT OF MF-268, A NEW CHOLINESTERASE INHIBITOR, ON
ACETYLCHOLINE AND BIOGENIC AMINE LEVELS IN RAT CORTEX: A
MICRODIALYSIS STUDY. E. Giacobini1*, X-D. Zhu1, A. Maggi2 M. Htufani1.
P.G. Pagella1 and G. Cuadta1. 'Dept. Pharmacology, Southern 111. Univ. Sch. Med.,
P.O. Hox 19230, Springfield, IL 62794-9230 USA; ^Mediolanum Farmaceutici,
Via S.G. Cottolengo, 15/31, 20143 Milan, Italy.
MF-268 bitarttate [(3a S, 8a R)-l,2,3,3a,8,8a-hexahydro-l,3a,8-tnmethyl pytrolo
[2,3-b]indol-5-ol [8-(cis 2,6-dimethyl-motpholin-4-yl) octyl]-catbamate L-bitaetrate
hydrate; Mediolanum Farmaceutici, Milan, Italy] is a pseudo-tevetsible carbamatetype cholinesterase inhibitor (ChEI) which interacts with the catalytic and regulatory
anionic site of the enzyme. Its effect on extracellular levels of acetylcholine (ACh),
norepinephrine (NE), dopamine (DA) and serotonin (5-HT) was studied in tat cortex.
A modified mictodialysis technique without ChEI in the ptobe was used in fteely
moving tats. Subcutaneous doses of 0.5 and 2 mg/kg elicited a maximal increase of
522% at 9 hrs and 3270% at 5.5 hts, respectively. Norepinephrine release was
increased between 0.5-12 hrs only after the 0.5 mg/kg s.c. dose. A maximum of
136% was observed at 9.5 hrs. Dopamine release was also increased between 1.5
and 11.5 hrs only after the 0.5 mg/kg dose with a maximal increase of 172% at 9.5
hrs. There were no changes in 5-HT levels fot the two doses of MF-268. Changes
in ACh release were also seen with oral doses of 0.5 and 5 mg/kg. In a model of
passive avoidance in tats, single oral doses of 0.5 and 4.0 mg/kg reversed a
scopolamine-induced amnesia by 25% and 90%, respectively. After 6 hts the latter
dose still manifested a 53 % inhibition. The 4 mg/kg dose produced a 60% inhibition
of RHC-AChE 2 hrs after oral administration. A 0.5 mg/kg dose s.c. inhibited RHCAChE by 66%. The effect of MF-268 injected inttacottically through the
mictodialysis ptobe was also investigated. MF-268 shows a strong and sustained
effect on cortical ACh release after s.c. and oral administration. (Supported by
Mediolanum Farmaceutici, Milan, Italy)

EFFECTS OF METRIFONATE ON ACETYLCHOLINE AND
MONOAMINE LEVELS IN RAT CORTEX. F. Mori. G. Cuadra. E.
Williams. E. Giacobini and R. Becker1*. Depts. Phar^^t^ology &
‘Psychiatry, Southern Illinois Univ. Sch. Med., P.O. Box 19230,
Springfield, Illinois 62794-9230 USA.
Metrifonate (MTF) represents a potential drug in the treatment of
Alzheimer disease (AD). This disorder involves a loss of cholinergic
as well as monoaminergic synapses in cortex. We used transcortical
dialysis to evaluate the effect of systemic and local administration of
MTF on extracellular levels of acetylcholine (ACh), norepinephrine
(NE), dopamine (DA) and serotonin (5-HT).
No cholinesterase
inhibitor (ChEI) was used in the probe to increase HPLC detection.
Cholinesterase activity was determined in whole brain. Metrifonate
administered subcutaneously (80 mg/kg), increased in a dose-dependent
manner ACh levels above the baseline, with a maximal effect at 60 min
after the injection (1775%). This dose elicited a significant elevation
of NE levels (166%). Cortical administration of 50 gM MTF via the
dialysis probe caused a slow increase of ACh concentration, that
reached the maximum of 638% at 360 min; a short-lasting elevation of
NE levels was detected (149% at 240 min), while DA increase (172%
at 240 min) was still significant after 360 min. No consistent changes
in 5-HT level were measured after either local or systemic MTF
administration. Since it is known that the cortical ACh and biogenic
amines reciprocally modulate each other, a better characterization of
the mechanism of action of MTF or other ChEI may suggest new
approaches in the treatment of AD and in the design of new efficient
drugs. (Supported by a grant from Miles Inc. and NIA #P3O AG8014)
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CELLULAR LOCALIZATION OF NEUROKININ RECEPTOR GENE
EXPRESSION WITHIN THE HUMAN SUBSTANTIA NIGRA.
C.J. Whitty*. B. Cassin and M.J. Bannon. Depts. of Psychiatry and
Pharmacology, Wayne State University, Detroit, MI 48201; and Wayne
County Medical Examiner’s Office, Detroit, MI
The diverse biological effects of substance P (SP) and related peptides are
mediated through interaction with multiple neurokinin receptors (NKR). The
substantia nigra (SN) is one of the highest SP-containing areas in both rat and
human brain, although in the past few NKR binding sites have been localized
to this region. Our group has recently demonstrated NK1, NK2, and NK3
receptor mRNAs in the rat SN and localized NK3 receptor mRNA to
dopamine cells in the SN and adjacent ventral tegmental area by in situ
hybridization. In the human brain much less is known about neurokinin
receptor localization. Died and colleagues (Brain Research, 539:211-222,
1991) has suggested that there is an increased NK1 and decreased NK3
expression during the course of evolution. In the present study, NKR gene
expression in rat and human SN was compared using in situ hybridization.
Despite the high degree of NK3 gene expression in dopamine cells of the rat
midbrain, we were unable to detect NK3 mRNA in human SN. In contrast,
NK1 receptor mRNA was localized to human midbrain dopamine cells, as
evidenced by colocalization with melanin and the presence of tyrosine
hydroxylase mRNA in the same cells in serial SN sections. The distribution
and density of NK1 mRNA in the different midbrain dopaminergic nuclei
will be presented. Therefore SP appears capable of modulating human and
rat dopamine cell activity via distinct NKR subtypes.

THE RELATIONSHIP BETWEEN THE CALCIUM BINDING PROTEIN
CALBINDIN AND THE NK-1 RECEPTOR IN THE RAT SPINAL CORD: AN
IMMUNOHISTOCHEMICAL STUDY. C. Cdacitd. R. Sxrsdficx*, P. W. Mantvh
and G. Battaglia. Dept. of Neurophysiology, Istituto Neurologico "C. Besta", 20133
Milano, Italy, and Molecular Nshtxbixlogb Lab., VA Med. Cnte., MN, USA.
A selective anatomical relationship between substance P (SP) immunopositive
nerve fibets and terminals and neurons expressing the calcium-binding protein
Calbindin (Cb) was tecentlb demonstrated in selected thalamic nuclei and in a
rubpophlatixn of spinal neurons in the rat (Battaglia et al., *)2 and 93). The
anatomical overlap between SP-ImmuvxredctIve fibers and Cb-immunxrsdctive (Cb-it)
pstikaebd was taken to hypothesize that Cb could play a buffeting role for calcium ions
m neurons contacted by SP endings and expressing the receptor for SP, NK-1. This
hypothesis was verified in the present study by comparing, at diffstsvt spinal cord
levels, the distribution of Cb-it neurons with that of nshexnr expressing the NK-1
receptor.
Young adult eats (4 to 8 weeks of age) were perfused with 1% paraformaldehyde
followed by 4% paraformaldehyde oe 4% pdedfxrmdldehbde and 0.5% glutaraldehyde.
The spinal cords were dissected out, and cut with a vibratome, or with a rotary
microtome after embedding in Paraplast, in horizontal or coronal planes. The sections
were then processed for single or double labeling immhvxhirtxchemistrb with a
monodon! antibody against Cb, and a polyclonal antiserum against the intracellular
C-tenmnus of the NK-1 receptor (Vigna et al., 94).
At all spinal levels, the NK-1 receptor is more widely expressed than Cb. However,
spinal regions rich in NK-1 Immunxrsdctivitb (NKl^ir), like lamina I, V, and DC the
lateral spinal nucleus, the intermediolateral cell column (IML), are all characterized by
the presence of Cb-ie neurons. The cx-lxcalizatixn of the receptor and the protein was
verified in consecutive 4 pm thick paraffin sections in the IML. A subpxphlatixn of
IML neurons display Cb-ie in the cell bodies, and the petikaiyal expression of Cb is at
least in part age dependent, teaching its maximum at 5 weeks of age. At that age, only
a fraction of Cb-ir neurons display NKl-ir in the cell bodies, but many dendrites
radiating to the central canal display both Cb-ie and NKl-ir. The present data suggest
that IML neurons may coexpress Cb and the NK-1 receptor, and that the coexptesrixv
may be confined to the dendritic compartment of the cell. Further experiments are in
progress to verify tins pattern of cx-localizatixv in other spinal areas.
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THE ANATOMICAL DISTRIBUTION OF THE NK-1 RECEPTOR IN THE RAT
THALAMUS: AN IN SITU HYBRIDIZATION AND IMMUNOHISTOCHEMICAL
STUDY. A, Princivalle. S. DeBiasi*. P.W. Mantyh and G. Battaglia. Dept. of
Neurophysiology, Neurological Institute "C. Bcsta", Milano, Italy; Dept. of General
Physiology and Biochemistry, University of Milano, Italy; and Molecular
Neurobiology Lab., VA Med. Cntr., MN, USA.
Substance P immunoreactive (SP-ir) nerve terminals are unevenly distributed in
the rat thalamus, concentrated in the midline nuclei, and organized in clusters in the
somatosensory nuclei, the ventroposterolateral (VPL) and posterior (Po) nuclei
(Battaglia et ai., ’92). The present study employes in situ hybridization (ISH) and
immunocytochemical (ICC) techniques to reveal the thalamic distribution of the SP
receptor, NK-1, and the anatomical relationship between SP and NK-1. For ISH,
young adult rats were killed by decapitation, the brains quickly removed and frozen
with powdered dry ice. Cryostat coronal thalamic sections were incubated with an
antisense radioactive riboprobe complementary to the exon 5 of the NK-1 receptor.
For ICC, young adult rats were perfused with 1% paraformaldehyde followed by 4%
paraformaldehyde. Vibratome coronal thalamic sections were incubated with an
antiserum against the intracellular C-terminus of the NK-1 (Vigna et al., *94).
The thalamic expression of NK-1 is rather low if compared with other brain areas
(i.e., the caudate nucleus or the hippocampal formation). Positive cells were however
detected with both methods in the habenular nuclei, in the caudal paraventricular
nucleus, in the parafascicular nucleus, and in the ventral lateral geniculate, mainly in
the intrageniculate leaflet. Positive neurons were moreover present in the ventral part
of the rostral reticular nucleus, and ICC revealed intensely labeled dendrites along its
medial border. No positive neurons were detected in VPL by ICC, and ISH
experiments revealed a moderate increase of the background staining, without clear
evidence of labeled perikarya. In Po, few neurons were labeled with both techniques,
mainly confined in its ventral parts. By contrast, a dense band of immunoreactivity
was detected close to Po, along the lateral border of the anterior pretectal area (APT),
a region not receiving a SPergic input. The absence of NK-1 in VPL may be due to a
low expression of the receptor in physiological conditions. The anatomical mismatch
between SP and NK-1 in Po suggests a non-synaptic action of the neuropeptide, that
could diffuse away from the release site to exert its action. EM studies are now in
progress to reveal the ultrastructural localization of NK-1 in Po and APT neurons.

SUBSTANCE P RECEPTOR DISTRIBUTION IN THE HEART. R.J.
Walsh* and W.B. Weglicki. Departments of Anatomy and Medicine,
George Washington University Medical Center, Washington, D.C. 20037.
SP receptor localization is usually described from low resolution, filmbased autoradiography. The binding of radiolabelled SP to frozen sections
of adult male rat hearts was assessed using two types of autoradiograms
generated from each tissue section. The sections were used first to create
Hyperfilm-B-max film autoradiograms. The sections were then post-fixed,
coated with Kodak NTB-2 liquid emulsion, and stained with H&E, thus
generating light microscopic autoradiograms. Binding was assessed with
0.1 nM I-125 Bolton-Hunter labelled SP in the absence (total binding) or
presence (non-specific binding) of a 500-fold excess of unlabelled SP.
Film autoradiograms revealed prominent collections of intense
autoradiographic reactions on the periphery of the great vessels,
particularly the ascending aorta. Smaller intense focal reactions occurred
among the connective tissue between the vessels and within the lumens of
the aorta and ventricles. All reactions were abolished in the presence of
excess unlabelled SP. Light microscopic autoradiograms revealed that the
SP receptors occurred within collections of connective tissue resident type
cells lying within the adventitia of the vessels. SP binding observed within
lumens resided on basophilic, connective tissue type cells comprising
portions of the aortic and ventricular valves. Parasympathetic ganglia also
exhibited specific binding while endothelial cells did not. The results
reveal a prominent population of connective tissue resident type cells that
reside within the adventitia of vessels and valves of the heart and which
possess SP receptors. The exact cell types and their significance in the
heart is yet to be defined. Supported by NIH grants HL36418 and
HL49232.

41.5

41.6

CELLULAR LOCALIZATION OF NEUROTENSIN RECEPTORS IN THE
CAT STELLATE GANGLION. M.A. Morales. R. Carbo. M, Bachoo. C.
Polosa* and A. Beaudet. Departments of Neurology & Neurosurgery and
Physiology, McGill University, Montreal, Quebec H3A 2B4 and Inst. Invest.
Biomed., UNAM, 70-221 Mexico, D.F. 04310.
Preganglionic axons in the stellate ganglion (SG) of the cat release
neurotensin (NT) in a calcium-dependent manner (Maher et al., 1994). NT
injected into the SG produces cardioacceleration (Bachoo and Polosa, 1988).
To elucidate the anatomical substrate for this effect, we have examined the
cellular localization of NT receptors in the cat SG using high resolution
autoradiography. Frozen sections from control ganglia (n=3), and from
ganglia in which the preganglionic trunk (n = 3) or the postganglionic cardiac
nerve (n = 3) had been ligated 24 h before removal, were incubated with r25INT and processed for autoradiography (Hamel and Beaudet, 1984). In control
ganglia, no specific ’^I-NT binding was apparent. Following preganglionic
trunk ligation, no specific binding was evident either within the ganglion or
around the ligature. By contrast, in ganglia with cardiac nerve ligation,
specific ‘25I-NT binding was detected over a subset of ganglion cells. These
autoradiographically labeled cells were less numerous than, but showed the
same distributional pattern as, ganglion cells retrogradely labeled after
application of fluorogold to the crushed cardiac nerve. It is concluded that in
the SG of the cat i) high-affinity NT receptors are exclusively post-synaptic;
ii) the receptor density in control conditions is very low; and iii) the receptors
are expressed by ganglion cells projecting to the cardiac nerves. Supported
by the MRC of Canada.

3H-SR 48692 BINDING SITE DISTRIBUTION IN THE GUINEA PIG
BRAIN: COMPARISON WITH NEUROTENSIN BINDING. VL
Rostene*. C. Betancur. G. Vela. M. Azzi. D. Pelaorat and D. Gully.
INSERM U.339, HOp. St Antoine, 75012 Paris; SANOFI Recherche

31036 Toulouse, France.

SR 48692, a selective non-peptide antagonist of neurotensin
receptors was recently developed (Gully et a/. PNAS USA 90: 65,
1993). It binds with a nM affinity to neurotensin (NT) binding sites in
the guinea-pig brain and inhibits in that species NT facilitation of K+induced dopamine release from striatal slices. In order to study the
binding properties and the localization of SR 48692 binding sites in
-the guinea-pig brain, a 3H-ligand was developed. 3H-SR 48692 bound
to adult guinea-pig brain homogenates with high affinity (Kd: 2 nM)
and with a maximal binding capacity of 1 pmol/mg. This binding was
dose-dependently inhibited by unlabeled SR 48692 with a Ki of 3 nM,
whereas unlabeled NT inhibited 3H-SR 48692 with a 20-fold higher Ki
value. In vitro receptor autoradiography demonstrated high binding
site densities in regions rich in 125I-NT binding sites such as the
anterior olfactory nuclei, medial septum, anterior cingulate, entorhinal
and insular cortices as well as the striatum and several nuclei of the
amygdala. Both layers I and VI of the parietal cortex, as well as CA1,
CA2 and the dentate gyrus of the hippocampus were highly labeled
with 3H-SR 48692. In the midbrain, an intense labeling was observed
in both the ventral tegmental area and the substantia nigra (mainly
pars compacta). However, we observed that NT did not displace 3HSR 48692 binding identically among the brain structures, which may
support the hypothesis of distinct central NT receptor subtypes.

41.7

41.8

WIDESPREAD DISTRIBUTION OF NEUROTENSIN RECEPTOR mRNA IN
RAT BASAL FOREBRAIN. M.T. Alexander,* E. Bartolak-Suki. and S.E.
Leeman. Department of Pharmacology & Experimental Therapeutics, Boston
University School of Medicine, Boston, MA 02118.
The peptides neurotensin and neuromedin N exert effects on neurons
through at least one type of high-affinity receptor (NT-R) belonging to the
family of G-protein coupled receptors. We have used a sensitive in situ
hybridization assay with 33P-labeled cRNA probe (from a cDNA provided by
S. Nakanishi) to investigate the distribution of NT-R mRNA in the basal
forebrain of the adult female rat. In agreement with previous studies in
which ^S-labeled oligomeric probes were used, we observed intensely
labeled cells in the medial septum, diagonal band of Broca, magnocellular
preoptic nucleus and substantia nigra, as well as moderate labeling in the
suprachiasmatic nucleus, medial habenula, supramammillary region, and
ventral tegmental area. In addition, we observed low-to-moderate labeling in
telencephalic and diencephalic regions where NT-R mRNA had not been
detected previously. Labeled telencephalic regions included the medial
prefrontal cortex, lateral septum, globus pallidus (medial division), bed
nucleus of the stria terminalis (many divisions), and amygdala (particularly
its central and intercalated nuclei). In the hypothalamus, labeling occurred in
most neuroendocrine regions, including the peri-OVLT region,
paraventricular nucleus (magnocellular and parvocellular), supraoptic
nucleus, and arcuate nucleus. Appreciable hypothalamic labeling also
occurred in the medial preoptic nucleus, anterior hypothalamic nucleus,
dorsomedial nucleus, ventrolateral part of the ventromedial nucleus, and
lateral hypothalamus. Finally, pronounced labeling occurred throughout the
zona incerta. We conclude that the gene encoding this high-affinity NT-R is
widely expressed in rat basal forebrain, and we are currently investigating
hormonal regulation of its expression, as well as some of the specific cell
types in which this expression occurs. Supported by NIH Grant DK-29876.

HIGH AFFINITY BINDING OF [125I]B-ENDORPHIN TO
NALOXONE-INSENSITIVE RECEPTOR SITES ON HUMAN
SMALL CELL LUNG CANCER CELLS.
J. E. Taylor*.
Biomeasure Inc, 27 Maple St., Milford, MA 01757
In addition to the classical neuropharmacological actions of
opioids, several studies have suggested a growth-regulatory activity
with respect to neural development and tumor cell proliferation.
While examining the potential role of opioids in the regulation of lung
tumor growth, we observed that human small cell lung cancer cell
lines (SCLC) were generally devoid or expressed very low levels of
mu, delta, and kappa opioid receptor binding. However, the SCLC
lines, NCI-H69, NCI-H345, and NCI-N417 were observed to be
highly-enriched in saturable, high-affinity binding sites which are
labeled by [ 125I]B-endorphin. In contrast to conventional opioid
receptors, [ 125I]B-endorphin SCLC binding was insensitive to
naloxone and other mu, delta, . or kappa opioid ligands. A similar
observation has been previously made for peripheral mononuclear
cells and murine splenocytes. The receptor concentration was in the
range of 3000-3500 fmol/mg protein for the NCI-H69 and NCIN417 cell lines, and approximately 1600 fmol/mg protein for the
NCI-H345 line.
Detailed analysis of the NCI-H69 cells
demonstrated that specific (naloxone-insensitive) binding was dependent on receptor concentration, reversible, and sensitive to
sodium. This is the first observation of naloxone-insensitive Bendorphin binding sites on tumors, and suggests a role in modulating
SCLC growth and metabolism.
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THE EXPRESSION OF ARGININE-VASOPRESSIN BINDING SITES IN THE
DEVELOPING BRAZILIAN OPOSSUM BRAIN. M. C. Kuehl-Kovarik,* J. Iqbal,
and Carol D. Jacobson. Department of Veterinary Anatomy and Neuroscience
Program, Iowa State University, Ames, IA 50011
We have previously reported the transient expression of cholecystokinin (CCK)
binding sites in the facial motor nucleus (FMN) of the developing Brazilian opossum,
Monodelphis domestica, and the neonatal rat. Since arginine-vasopressin (AVP)
binding sites are reportedly also expressed transiently in the FMN of the neonatal rat,
and we have recently described the ontogeny of AVP immunohistochemistry in the
developing opossum brain, we are currently utilizing tritiated AVP and a V, receptor
antagonist (New England Nuclear, NET-945) to examine the development of AVP
binding sites in the neonatal Brazilian opossum.
Few binding sites are present in the 10 day postnatal (PN) opossum (comparable to
an ED 18 rat brain), although the anterior pituitary labels heavily, and light to moderate
binding levels are present in both forebrain and hindbrain regions. By 25PN, binding
is present in many regions, including septal and basal forebrain areas, the medial
geniculate nucleus, the parabrachial nuclei, and the spinal trigeminal nucleus. In
agreement with others, our V, antagonist does not bind to sites in the anterior
pituitary, nor does it bind to receptors in the medial geniculate, suggesting that these
binding sites are not typical VIA receptors.
Notably, no binding is evident in the FMN of the 10 or 25PN Brazilian opossum,
although it remains to be seen if binding sites are expressed in this region in older
animals. However, cholecystokinin receptors are present in the Monodelphis FMN by
lOPN and persist until 6OPN. Thus it appears that, in contrast to the rat, the
expression of CCK and AVP binding sites do not overlap in the facial motor nucleus
of the developing Brazilian opossum. However, the significance of the transient
expression of single or multiple receptor types in the FMN is unknown at this time.

DISTRIBUTION OF PROLACTIN RECEPTORS IN THE RAT
BRAIN: AN IMMUNOHISTOCHEMICAL STUDY. R. Rokv. J. L.
Valatx. L. P. Paeano. K. Kitahama. P. A. Kelly. L. Denoroy* and M.
Jouvet. Lab de Mededne Experimental, INSERM U52, CNRS UA
1195, Univ Claude Bernard, 8, Avenue Rockefeller, 69373 Lyon
Cedex 08, France.
Prolactin affects brain functions, e.g. the regulation of paradoxical
sleep circadian rhythm. We, therefore, hypothesized that prolactin
receptors would exist in structures that are involved in this regulation.
To test this hypothesis, we performed immunohistochemical studies
using specific monoclonal antibodies raised against PRL receptors
extracted from rat liver. Twenty male OFA Sprague Dawley rats were
anesthetized and perfused via the aorta with 300 ml of 2%
paraformaldehyde in a cold 0.1 M phosphate buffer, pH 7.5. After
freezing, brains were cut coronally into 20 pm thick sections. The
immunohistochemistry was performed using the PAP method of
Stemberger. In order to demonstrate if PRL receptors were located at
the level of neuron or glial cell, some sections were incubated with Glial
Fibrillary Acidic Protein (GFAP) antibody revealed by fluoresceine IgG.
This reaction was done after the identification of PRL receptor
immunoreactivity. Specificity of the antibody was demonstrated using
three tests: 1) western blot anOysis, 2) preabsorption with antigen, and
3) incubation with immunoglobulin (IgGl) similar to the antibody.
PRL receptor immunoreactive neurons were found in numerous brain
areas: suprachiasmatic, supraoptic, paraventricular, dorsomedial nuclei
of the hypothalamus, cerebral cortex, amygdal, habenula, substantia
nigra, choroid plexus. This distribution is consistent with the hypothesis
of an action of prolactin in the regulation of paradoxical sleep circadian
rhythm.

41.11

41.12

CHARACTERIZATION OF NEUROPEPTIDE Y RECEPTOR SUBTYPES IN THE NORMAL HUMAN BRAIN.
D. Jacques* . Y. Dumont! N. Rouissi*, S. St-Pierre?, A. Fournier? and R.

CHARACTERIZATION OF NPY/PYY RECEPTOR SUBTYPES IN
PRIMARY HIPPOCAMPAL CELL CULTURE. t-A. St-Pim-e. Y. Dumont.
N. Rouissii M Thakuri, and R. Ooision■ Douglas Ho^s. RR-Ctr .nd Dept.
Neurol, and Nruersueg., and Psychiatry, McGill University, Montreal,
Quebec, Canada, H4H 1R3.
The adult rat hippocampus is enriched with the Y2 receptor subtype
(Dumont et al., J.Neurosci.13: 73-86, 1993). Moreover, accumulated evidence
suggests that neuropeptide Y (NPY) may have an important
grueomrdulatoey role in the CA1 (Comers et al. J.Neurosci.8: 3827-37,
1988) and CA3 (Monnet et al. JPET 263: 1212-18, 1992) hippocampal
subfields. Thus, the present study aims to investigate whether primary
hippocampal neuronal cultures could be used as a model to characterize
NPY receptors and their neuronal targets. Dissociated neuronal cultures of
embryonic day 18 rat hippocampus were grown for 11 days on cover-slips in
presence of 20 pM U-FDU (inhibitors of glial cell perlrfeeatrrn). Receptor
autoradiography on cover-slip mounted neurons was then prefremrd using
selective Y1 and Y2 radioligands ([125II[Leu3i,Pco34lPYY and [125IIPYYm 6,
respectively) and the grg-srlrctivr probe [125i ]PYY (50 pM). Non-specific
binding was determined in the presence of 1.0 pM NPY. Quantitative
emulsion autoradiography revealed distinct enrichments in specific
[125i ]pyy and [125II [Leu3*,Pro34]PYY signals over P^JP'YY^ binding, the
latter representing only 5-10% of the labelling seen for P25IIPYY. Glial cell
cultures were not enriched with specific [125IIPYY binding. Moreover,
[125JIPYY binding was competed with high affinity (nM range) by
unlabelled PYY and [Leu3l,eer34IeYY but only by pM concentrations of
PYY3-36. Taken together, these results show that primary hippocampal
neuronal cultures are highly enriched with Y1 but not with Y2 receptors.
The functional role of these Y1 receptors is currently under investigation.

Ouirion* (1) Douglas Hosp. Res. Ctr., Dept. Psychiatry, McGill Univ., Verdun,

P.Q., Canada, H4H-1R3. (2) INRS-Sant6, Pointe-Claire, P.Q., Canada, H9R-1G6.
The existence of at least three neuropeptide Y (NPY) receptor subtypes have

been proposed on the basis of distinct pharmacological profiles in brain and

peripheral tissues. We have recently shown that the Y| receptor subtype is
particulaly enriched
contains
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Binding assays were performed

using post-mortem frontal
cortex homogenates and
radioligands , [*25I] [Leu3*,Pro34]PYY and [*25I]PYY 3.35

our newly developed
as highly selective Yj

and Y? receptor probes, respectively. Scatchard analyses of saturation
isotherms revealed that [*23I][Leu3*,Pro34]PYY and [*23I]PYY3_3g bind to single
class of sites with affinities (Kd) in the .4-1 nM range. Significantly higher
binding capacities (Bmax) were evident for ^^^^^I]PYY3_3g as compared to

[*2^I] [Leu3*,rro34]rYY suggesting that the human frontal cortex, in contrast to
the rat,

is mostly enriched in Y? receptors. Autoradiographic studies further

demonstrated that

cortical areas are mostly enriched with Y? receptors with

only low amounts of Yj sites being detected. Hence, the rat may not be the best
animal model to study the significance of NPY receptors in the human brain
cortex.

41.13

41.14

NEUROPEPTIDE Y RECEPTOR SUBTYPES IN PRIMARY SEPTAL NEURONS
N. Romssi1, J ,-A. St-Pierre1. Y, Dumont1*. R.Kemgstere22ndR. Qdrion1. ( n
Douglas Hosp.Res.Ctr., Dept. Psychiatry, McGill University, Montreal, Quebec,
Canada, H4H 1R3. (2 Hdpital Ste-Justine, Montreal, Quebec, Canada H3C 1C5
Quantitative autoradiographic studies in the adult rat brain demonstrated that the
septum is highly enriched with the Y2 receptor subtype (Dumont et al., J. Neurosci.
13: 73-86, 1993). However, the possible role of NPY and its receptors in this brain
region is unknown. Among various possibilities, NPY could act as a modulator of
the release of transmitters known to be enriched in the septum such as amino acids
and acetylcholine. In order to investigate this research avenue, we first examined if
cultured septal neurons are enriched with NPY receptors of known pharmacological
profiles. The septal area from 17-day old embryos was dissected out and cells were
digested enzymatically (trypsi^^ %) and dissociated mechanically. Cells were then
plated for 6 days in a serum free medium in order to obtain a highly enriched
neuronal preparation (Mazzoni and Kenigsberg, Neuroscience 45: 195-204, 1991).
The presence of NPY receptors was determined by binding assays using newly
developed selective Y, (p’IHLeu^Pro^JPYY) and Y2 (['“IJPYY^) radioligands,
and the non selective probe [^IJPYY, each at 50 pM. [125I][Lru31,Pro *]PYY,
[125I]PYYM6 and p^IjpYY were found to bind with high affinity (Kd in low nM
range) and low capacity to homogenized septal neurons. Additionally, quantitative
emulsion receptor autoradiography using the two selective radioligands at 50 pM
confirmed homogenate binding data. Taken together, these results suggest that
primary septal neurons in culture are enriched in both Y, and Y2 receptors; the Y2
subtype apparently predominating. We are now investigating if these two receptor
subtypes mediate differential effects in this model (eg. release of transmitters,
trophicity) and if each subtype is preferentially associated with a given neuronal
phenotype (GABA, ACh). Supported by MRCC.

CHOLECYSTOKENIN-B RECEPTOR GENE EXPRESSION
IN HYPOTHALAMIC NEUROSECRETORY NEURONS
AFTER EXPERIMENTAL MANIPULATIONS.
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M. Villar. T. HQdfefe. B.Meieter * .

of

Karolonska

Instituted 171 77 Stockholm, Sweden.
Chrlecystrainm (CCK) coexists mainly with oxytocin (OXY) in the
magnrcellulae hypothalamic neurons of the paraventricular (PVN)
and supraoptic (SON) nuclei and has been shown to stimulate the
release of the classical hormones OXY and vasopressin (VP). CCK
mRNA levels rise in tandem with stimuli that increase VP and OXY
mRNA, e.g. salt-loading and hypophysectomy (HPX). The cDNAs for
the CCK-A and CCK-B receptors were recently cloned and their mRNAs
shown to be present within the hypothalamus. In this in situ
hybridization study we have analyzed CCK-B receptor mRNA levels in
the rat SON and PVN after salt-loading (i.e. animals given 2% NaCl
instead of tap water to drink) and after HPX. CCK-B receptor mRNA
levels increased more than ten-fold in both nuclei after three days of
salt-loading, with high levels continuing through five and seven days,
but decreasing after 14 days. HPX five days prior to sacrifice resulted
in a significant increase in CCK-B receptor mRNA in the PVN. Levels
of CCK-B receptor mRNA in the reticular nucleus of the thalamus were
not affected by either treatment.The mRNA increase induced by saltloading was mainly confined to the OXY-connaining neuronal
population, whereas the increase after HPX was mainly seen in VP
neurons. In conclusion, these results show an increase of CCK-B
receptor mRNA by the same stimuli that increase CCK mRNA.
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DIFFERENTIAL EXPRESSION OF TYPE-1 ANGIOTENSIN II (ATI)
RECEPTOR SUBTYPES IN THE RAT FOREBRAIN AND ANTERIOR
PITUITARY. C. Llorens-Cortes*. Z. Lenkei. C. Moreau. A. Enialbert. C.
Kordon and P. Corvol INSERM U36 College de France and INSERM U159,
Paris, FRANCE.
Stimulation of brain or pituitary ATI receptors by angiotensin II (Angll)
produces pressor, dipsogenic, cardiovascular and neuroendocrine responses.
Recently, cDNAs for two ATI receptor subtypes (ATla and ATlb) have
been cloned in rat tissues. The two receptors subtypes cannot be
distinguished by classical binding studies. In order to study their
distribution and regulation, we have developed two approaches for studying
the specific expression of their respective mRNAs: 1) specific quantification
by reverse transcriptase polymerase chain reaction amplification in the
presence of a 63 bp deleted ATI receptor mutant cRNA as an internal
standard ; 2) visualization by in situ hybridization using specific cRNA
probes. Predominant expression of ATla receptor mRNA (85%) has been
found in the subfornical organ, the vascular organ of the lamina terminalis,
the median preoptic nucleus, and the paraventricular and arcuate nuclei.
In contrast, predominant and strong ATlb receptor mRNA expression
(85%) was detected in the anterior lobe of the pituitary. Analysis of normal
pituitary cells separated on unit gravity gradients or of pituitary cell lines
shows that the ATlb receptor subtype is mainly expressed in lactotropes
and corticotropes. In conclusion, in the rat forebrain the predominant
expression of the ATla receptor subtype could account for brain Angll
effects on blood pressure and fluid and electrolyte homeostasis. Moreover
ATlb receptor subtypes expressed in pituitary cells could be involved in
pituitary hormone release in association with brain ATla receptors.

IMMUNOHISTOCHEMICAL LOCALIZATION OF RAT
ANGIOTENSIN II AT? RECEPTOR IMMUNOREACTIVITY
X.-Y. Lu. R. Seitz. R.C Speth*. Dept. VCAPP, Washington State
University, Pullman, WA 99164-6520 and Research Genetics, Huntsville,
AL 35801
Immunohistochemical methods were used to investigate the distribution
and cellular localization of angiotensin II receptor-like immunoreactivity
(AT7-ir) in the rat brain and adrenal. Antibodies to the peptide
RKHl Lk TNSYGKNRITRD corresponding to amino acids 235-252 of
the putative 3rd cytoplasmic loop of the rat AT2 receptor, were generated
in rabbits and purified through affinity chromatography. This fragment
shows little homology with other known proteins including G protein linked
receptors. Western analysis of rat adrenal and brain tissue showed a major
band of -66,000 KDa recognized by this antibody. Immunohistochemical
analysis of tissues was done at antibody dilutions ranging from 1:10 to
1:100. In the rat adrenal, the greatest number and the most intense staining
in cell bodies was localized to the zona reticularis. Staining was less
intense and more sparse in the zona fasciculata. A moderate amount of
staining was present in the zona glomerulosa. Staining in the adrenal
medulla was limited primarily to fibers, and few immuno-positive cell
bodies could be observed. Immunohistochemical analysis of the rat brain
demonsitrated that immunoreactive staining cell bodies were distributed in
the reticular and laterodorsal thalamic nuclei, red nucleus, external cortex,
inferior colliculus, trapezoid body, motor trigeminal nucleus, superior
olivary nuclei (LSO, LVPO, DPO), facial nucleus and medial cerebellar
nucleus. The dissimilarity of the distribution of AT2-ir and angiotensin II
receptor binding sites displaceable by AT2 selective ligands by in vitro
receptor autoradiography may indicate antibody recognition of more than
one protein, or it could indicate that AT2 receptors that do not bind
radioiodinated ligands were recognized.
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ANGIOTENSIN II (ANG II) RECEPTORS AND AREA POSTREMA
(AP) ASTROGLIA. F.M. Consolim Colombo1. M. HavkC.F. Phelix2.
T. Smith* and V.S. Bishop**. 1 Dept, of Physiology, Univ. Texas Hlth.
Sci. Ctr. at San Antonio, TX 78284, and 2 Dept, of Anatomy and
Neurobiology, Univ. Texas at San Antonio, TX 78249.
Recent investigations suggests that astroglia may not only play a
supportive role in the central nervous system, but may be involved in
astrocyte/neuronal cell signaling. This study was designed to determine
if AP astroglia possess ANG II receptors and describe the effects of ANG
II receptor activation on cytosolic calcium {Ca++ }i. AP neurons were
isolated from 10 day-old pups, dissociated and cultured on poly-lysine
coated coverslips. These cultures contained both AP neurons and glia.
AP astroglia were morphologically categorized into two primary groups
1) those that were large (20-30 pM) with thin, sheeted, fanlike processes
and 2) those with flat, thin somas with 2-3 long processes. AP microglia
were also identified in these cultures using a fluorescent Dil conjugated
ac-LDL. Localization of ANG II receptors on both AP neurons and
astroglia was achieved through the use of immunohistochemistry with
ATI antibody. Positive secondary fluorescence staining against the ATI
antibody was observed in AP neurons, in the long, thin astroglia, and in
microglia. Using Fura-2 imaging techniques, the effect of ATI receptor
activation in AP astroglia was investigated in 25 glial cells. ANG II
significantly increased {Ca++}i to a peak value 13 X greater than resting
values. This response was extracellular Ca++ independent and blocked
by the ATI receptor antagonist Lostartan. These studies suggest that AP
astroglia, like AP neurons, possess ATI receptors and are physiologically
responsive to ANG II. (Supported by NIH HL36080 and HL12415).

DEVELOPMENT OF SITE-DIRECTED POLYCLONAL ANTIBODIES
AGAINST THE ADENOPITUITARY GROWTH HORMONE-RELEASING
FACTOR RECEPTOR. P. Gaudreau*. L. Boulanger, R. Gallego and G.
Morel. Neuroendocrinology Laboratory, Notre-Dame Hospital Research
Center and University of Montreal, Montreal, Canada, H2L 4M1 and
Neuroendocrinology Unit, CNRS URA 1454, Lyon-Sud Medical School,
Lyon 1 University, France.
The rat, mouse, porcine and human pituitary growth hormonereleasing factor receptor has recently been cloned. This 47kD plasma
membrane protein possesses the structural characteristics of a Gprotein-coupled receptor. GRF receptor binding sites have also been
identified in the hypothalamus, ovary, spleen and thymus. In order to
help the characterization of these pituitary and putative extrapituitary
receptors, site-directed polyclonal antibodies were developed against
the pituitary GRF receptor. Hexadecameric multiple antigenic peptides
systems, corresponding to specific sequences of the N-terminus and
the third cytoplasmic loop of the protein, were used to produce rabbit
antisera. The crude antisera labeled major bands at ~45kD and
«52kD, in rat pituitary homogenates while no signal was detected with
pre-immune sera.
In rat pituitary ultrathin cryosections, the
immunocytological labeling obtained with these antisera was selective
for the somatotrophs. The ultrastructural distribution of gold particles
correlated with the reported distribution of 125I-GRF. Highest densities
were associated to the plasma membrane and secretory granules,
moderate densities were found in the cytoplasmic matrix and nucleus.
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DO FLRFAMIDE PEPTIDES INFLUENCE EMBRYONIC MUSCLE
DEVELOPMENT IN THE TOBACCO HORNWORM, MANDUCA
SEXTAT M.C. Gruhl and J.L. Witten*. Dept, of Biol. Sci., Univ. of
Wisconsin-Milwaukee, Milwaukee, WI. 53201.
Evidence suggests that neuropeptides may play important roles in the
development of the neuromuscular system in vertebrates, functioning as
growth factors or regulatory molecules. FLRFamide peptides are present in
the dorsal, anterior set of intersegmental muscle (ISM) motoneurons in the
larval stage of the tobacco homworm, Manduca sexta. Therefore, we
investigated whether peptides may influence the embryonic development of
the neuromuscular system in insects.
Using immunological methods, we mapped the distribution of
FLRFamide-like immunoreactivity (FLI) during embryogenesis. Our
results indicate that FLI is not present in the ISM motoneurons or their
target muscles. This suggests that FLRFamide peptides do not influence
the development of this . neuromuscular system through synaptic
mechanisms.
However, FLI is expressed in distinct temporal and spatial patterns in
other CNS neurons during embryogenesis. Of particular interest is its
presence in large cells in thoracic and abdominal ganglia, which project into
peripheral neurohaemal organs. Thus, it is possible that FLRFamide
peptides may modulate embryonic muscle development or growth through
non-synaptic mechanisms.

COMPARATIVE ASPECTS OF FMRFamide GENE ORGANIZATION.
D.A. Price*1, S.I. Tomarev2. and M.J. Greenberg1.
‘The Whitney
Laboratory, University of Florida, St. Augustine, FL 32086
2LMDB, NEI, NIH, Bethesda, MD
The FMRFamide gene of pulmonate molluscs is alternatively spliced to give
two different transcripts: one encodes primarily the tetrapeptides FMRFamide
and FLRFamide and the other encodes primarily heptapeptides of the form
XDPFLRFamide. The splice junction in the only known non-pulmonate
FMRFamide precursor is located in the same position as its pulmonate
counterpart, but no heptapeptides have been isolated from any non-pulmonate.
We are searching for an alternatively spliced transcript in non-pulmonates.
The decapeptide ALAGDHFFRFamide, isolated from a mussel, is similar
in sequence to the heptapeptide GDPFLRFamide, so it is a candidate mussel
"heptapeptide". But it is not; we show that the peptide ALAGDHFFRFamide
is encoded on the same exon as FMRFamide and FLRFamide.
Peptides ending in LFRFamide have been isolated from gastropods (Aplysia
and FusinusL but not from any pulmonate gastropods. This is the distribution
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one would expect if these peptides were homologs of the pulmonate
heptapeptides. We have amplified part of a cDNA encoding these FRF
peptides from an Aplvsia ganglion library, and this fragment has no sequence
in common with the known FMRFamide precursor cDNA. However, we
have not yet found the signal sequence for the FRF cDNA, and it is the signal
sequence we would expect to match the FMRFamide cDNA.
We have also amplified a fragment of the FMRFamide precursor cDNA
from squid optic lobe. We are using it to probe for a genomic done which
we will sequence to search for additional novel exons.
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A FMRFAMIDE-RELATED PEPTIDE MODULATES
CONTRACTION OF CRAYFISH MUSCLE. P.A. Quigley and A. J.
Mercier*. Dept. of Biol. Sci., Brock University, St. Catharines, Ont.,
L2S 3A1.
A FMRFamide-like peptide with the sequence ''DRNFLRF-NH2" was
recently isolated from neurosecretory pericardial organs of crayfish
(Mercier et al, Peptides 14, 137-143, 1993). This peptide, referred to
as "DF2", has already been shown to elicit cardioexcitation and to
enhance synaptic transmission at neuromuscular junctions.
Possible effects of DF2 on muscle were investigated using
superficial extensor muscles in the abdomen of the crayfish,
Procambarus clarkii. These muscles are of the "tonic" type and
generate slow contractions that affect posture. DF2, at concentrations of
lO8 M or higher, increases muscle tonus and induces spontaneous,
rhythmic contractions, each lasting up to 2 s. These effects are
antagonized by 5 mM Mn2+ but not by 10-7 M tetrodotoxon (TTX).
Thus, they represent direct actions on muscle cells (rather than effects
on motor neurons) and are likely to involve calcium influx.
Spontaneous contractions can also be induced if the temperature is
decreased to 11-13°C. Such contractions are also TTX-insensitive, but
they are not generally as regular or as synchronized as in the presence of
the peptide. Possible mechanisms for the contractions and for the
peptide effects are being studied. In contrast, deep abdominal extensor
muscles, responsible for rapid swimming movements, do not generate
contractions in response to temperature or to the peptide.
Supported by NSERC Canada.

REGULATION AND FUNCTION OF FMRFamide-LIKE
PEPTIDES IN CAENORHABDITIS ELEGANS. L. Nelson. T.
Foley. and C. Li.* Dept. of Biology, Boston University, Boston,
MA 02215
FMRFamide-like peptides have been found throughout
the animal kingdom. and have been implicated in functions
including cardiovascular control and neuromodulation. The
flp-1 gene of Caenorhabditis elegans encodes multiple
copies of FMRFamide-like peptides. and FMRFamide-like
immunoreactivity has been localized in about 10% of its
neurons. To examine the regulation of flp-1, lacZ reporter
constructs containing different fragments 5' to the start site of
flp-1 transcription were microinjected for production of
transgenic animals. These transgenic strains have led to the
identification of one region responsible for flp-1 expression
only in the anterior of the animal. Regions further upstream
are being isolated to identify other regulatory regions. A flp-1
deletion mutant. or "knockout". is also being isolated to
characterize flp-1 function in the animal. A strain containing a
transposon insertion in the flp-1 gene was kindly provided by
Dr. Ronald Plasterk. Subsequent imprecise excision of the
transposon. which can be screened for using PCR
techniques. can inactivate the gene.
We present data
showing that a deletion strain has been generated. This
strain is presently being characterized.
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FUNCTIONALLY ANTAGONISTIC ROLE OF FMRFa AND SCPB IN
FEEDING BEHAVIOR OFTHE FTEROPOD MOLLUSC, CLIONEL1MACINA.
T.P.Norekian* and R.A.Satterlie. Dept of Zoology, ASU, Tempe, AZ 85287 and
Friday Harbor Lab., Univ. of Washington, WA 98250.
Clione limacina is an actively swimming predatory carnivore that catchs its
prey (shelled pteropods) using specialized oral appendages called buccal cones.
A group of motoneurons that control extrusion of the buccal cones has been
identified in the cerebral ganglia. Buccal cone motoneurons were electrically
coupled and normally silent. Any changes in the activities of these neurons
produced significant changes in the behavioral output. FMRFamide in
concentrations 1-5 gM produced powerful hypeirpolarization of buccal cone
motoneurons. The effect was directly connected with the sensitivity of neurons
to FMRFamide since it persisted in high Mg** solution and on isolated somata.
Hyperpolarization produced by FMRFamide appeared to be connected with an
increase in K* permability since it had a reversal potential -75mV and was
blocked by TEA and 4-AP. SCP„ in concentrations 10 gM and higher produced
direct activation of buccal cone motoneurons. SCPB in lower concentrations did
not have a noticeable effect on the membrane potentials of these neurons,
however, it significantly increased their responsiveness. The responsiveness of
these neurons was tested by measuring their response to sensory inputs and their
afterdischarge activity. FMRFamide and SCPb immunoreactivity has been
observed in the central ganglia and peripheral tissue of Clione. Cell bodies have
been found in buccal, cerebral, pedal and intestinal ganglia. Intensively staining
fibers were observed in the buccal cones. A subset of central neurons, including
intestinal cells, demonstrated co-localization of both neuropeptides. These
electrophysiological and immunohistochemical data suggest that SCPb and
FMRFamide may have a physiological role in activation or inhibition of feeding
behavior.

THE CARDIOEXCITATORY EFFECT OF SCPs ON HELIX HEARTS IS
MEDIATED BY cAMP. G. Reich. K.E. Doble., P.A. Price and M.J.
Greenberg*. The Whitney Lab of the University of Florida,
St. Augustine, FL 32086.
In Helix aspersa, 10 cardioactive peptides have been
shown to be present. They belong to the families of _smill
cardioactive _eptides (SCPs) and FMRFa related peptides. To
understand how these different factors regulate heartbeat,
we studied the effect of cardioactive peptides on cAMP
levels in isolated Helix hearts. Apart from SCPb and FMRFa,
we applied the 3 analogs FPRFa, FPRMa and FMRMa in which
carboxyterminal properties of both families are combined.
In a dose dependent manner, SCPb increased the cAMP level
in Helix hearts by ten fold over control level. Stimulation
of cAMP by SCPb followed a distinct time course with a
maximum response after 1.5 minutes. The time course of
mechanical recordings of hearts perfused with SCPb did not
correlate with that of cAMP levels. Thus a long lasting
mechanism, such as activation of a cAMP dependent protein
kinase, must be assumed. In contrast with these findings,
FMRFa produced no changes in cAMP. The analogs FPRMa and
FPRFa increased cAMP but were less potent than SCPb. Like
FMRFa, hearts treated with FMRMa did not show a cAMP level
different from controls. The cardioexcitatory effect of
SCPb is clearly mediated by cAMP and can be distinguished
from that of FMRFa where the second messenger is not yet
known. At least two distinct types of receptors for the
currently known excitatory peptides have to be present.
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BAG
CELL
NEURON-MEDIATED
SLOW
HYPERPOLARIZATION OF LUQ CELLS IN CULTURE. M.D. Whim*

TRANSLOCATION OF mRNA FOR A NEUROPEPTIDE
IN NERVE FIBERS OF THE MARINE MOLLUSK,
Aplysia californica . V. Khurana and J. K. Ono*. Dept, of
Biological Science, California State University, Fullerton, CA 92634.
Previous studies have shown the presence of mRNA for specific
proteins in neuronal fibers, but the precise function of this mRNA is
not known. We are developing a system favorable for the study of the
possible functions of neuronal mRNA located in the pleural-visceral
connectives (PVC) that connect the abdominal ganglion to the anterior
pleural ganglia in the CNS of the marine mollusk, Aplysia californica.
The bilaterally symmetrical clusters of neurons, known as the bag cells,
synthesize and release the neuropeptide, egg-laying hormone (ELH),
from terminals located some distance away in the PVC. The nucleotide
sequence for ELH is known and previous in-situ hybridization studies
suggested the presence of ELH mRNA in the PVC. We were able to
detect low levels of ELH mRNA using reverse-transcription and the
polymerase chain reaction (RT-PCR) of PVC RNA with primers to part
of the ELH sequence in one PVC. Dividing the PVC into 3 similar
length pieces indicated that ELH RNA appears to be lowest in the
middle section and highest in the portion closest to the bag cells. The
PCR products were verified as being part of the ELH-coding sequence
by restriction enzyme analysis. Based on our current data we conclude
that very low amounts of ELH mRNA is present in the nerve fibers.
Further studies are underway to determine if this mRNA is translated
into ELH protein.
Acknowledgments: NIH grant NS2957O to JKO and CSUF Biology
Department graduate funds.

and L.K. Kaczmarek. Dept. of Pharmacology, Yale University
School of Medicine, New Haven. CT 06510.
Following brief stimulation the bag cell neurons (BCNs) of
Aplysia fire repetitively for up to 3Omin (the "afterdischarge")
resulting in the release of several neuroactive peptides. During
this time BCN action potentials increase in height and width. We
are interested in whether these changes modulate the secretion of
endogenous peptides. To monitor peptide release we cultured
pairs of BCNs and left upper quadrant neurons (LUQs). The
latter cells normally hyperpolarize during an afterdischarge.
due in part to their response to alpha bag cell peptide (a-BCP)
released from the BCNs (Sigvardt et al, 1986). After 48hrs
each cell had regenerated a dense neuritic tree. Stimulation of
the BCN at frequencies as low as 1Hz resulted in a slow
hyperpolarization of the LUQ which recovered over the next few
min. Increasing the spike frequency or spike number resulted in
a larger hyperpolarization. When current was injected into the
LUQ to induce tonic firing, the BCN-mediated hyperpolarization

was often sufficient to suppress this tonic activity. There was
little or no electrical coupling betweeen the two cells.
Superfusion
with
exogenous
a-BCP
resulted
in
a
hyperpolarization of the LUQ neuron. These results suggest that
a-BCP is released from the cultured BCN. Using this preparation
it may be possible to monitor peptide release and its modulation
from a single presynaptic neuron.
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PURIFICATION AND SEQUENCE ANALYSIS OF A NEW,
PROMINENT NEUROPEPTIDE FROM THE CEREBRAL
GANGLION OF APLYSIA. G. A. Phares* and P. E. Lloyd. Comm,
on Neurobiol., Univ. of Chicago, Chicago IL 60637.
We are investigating peptidergic neurotransmission between
ganglia in the Aplysia CNS. Lloyd (1989) demonstrated that cerebral
ganglia synthesize [35]S-methionine containing peptides that are
transported to other central ganglia, primarily the abdominal and
pedal ganglia. We have purified one of these peptides, termed
cerebral peptide 1 (CPI).
We used [35]S-CPl as a probe for the purification. This was
obtained by incubating the cerebral ganglion in [35]S-methionine
allowing time for synthesis and transport of CPI to the abdominal
ganglion which was extracted and the labeled CPI was purified by
RP-HPLC. This [35]S-CPl was added to the pooled extracts of 700
cerebral and 340 abdominal ganglia and CPI was purified using 3
sequential modes of RP-HPLC. Amino acid sequence analysis by
automated Edman degradation yielded the following sequence:

This sequence is consistent with data from amino acid analysis which
indicated that CPI was composed of 13 amino acids with the same
composition as the proposed sequence. FAB mass spectrometry of
CPI gave a m/z value of 1314.7 (calculated value 1315.4). In
addition, a synthetic peptide with the proposed sequence coelutes
with [35]S-labeled CPI using the three RP-HPLC conditions used in
the purification. We have now begun to investigate the biological
activity of CPI.

IMMUNOCYTOLOGICAL
AND
BIOCHEMICAL
LOCALIZATION OF CEREBRAL PEPTIDE 1 IN APLYSIA
CNS. P. E. Llovd* and G. A. Phares. Comm, on Neurobiol., Univ. of
Chicago, Chicago IL 60637.
The purification and sequence analysis of cerebral peptide 1 (CPI)
is presented in an accompanying abstract. In order to locate CP1synthesizing neurons and potential target cells, we raised 2 rabbit
antisera against synthetic CPI conjugated to porcine thyroglobulin.
Using these antisera the location of CPI-like immunoreactive (CP1lir) elements in the Aplysia CNS was studied using standard
techniques for wholemounts and sections. The majority of CPl-lir
cell bodies were found in the cerebral ganglion. Within this ganglion
the density of CPI immunoreactive somata varied from the H cluster
in which essentially all cells were positive, to the ventral B and G
clusters in which a majority of the cells were positive to other clusters
(C, D, E, L and M) in which a few positive somata were observed.
The neuropil regions of the cerebral ganglion contained a large
number of CPl-lir fibers.
CPl-lir cell bodies and fibers were also found in the pleural, pedal,
abdominal, and buccal ganglia. In the abdominal ganglia, several
cells had fibers with varicosities on their cell bodies or the initial
segments of their axons.
To confirm that some CPl-lir neurons synthesize CPI, cerebral
ganglia were incubated with [35]S-methionine. After a chase period
individual cells from the B, G and H clusters were dissected extracted
and analyzed by RP-HPLC. A radiolabeled peak coeluted with
synthetic CPI from H cluster cells, ventral B cluster cells and some
large, ventral G cluster cells using 2 modes of RP-HPLC. In all of
these cells, we also found a second major peak of radiolabel which
was also observed in the transport experiments. We have purified
and are currently attempting to sequence this peptide.

Phe-Ser-GIy-Leu-Met-Ser-GIu-Gly-Ser-Ser-Leu-Glu-Ala
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THE SCPS AND 5HT DIFFERENTIALLY MODULATE EJPS
EVOKED IN THE SAME MUSCLE FIBERS BY 2 IDENTIFIED
GLUTAMATERGIC MOTOR NEURONS. Lvle E. Fox* and
Philip E. Llovd. Comm, on Neurobiol., Univ. of Chicago, Chicago IL
60637.
Buccal muscle 13 is innervated by several identified motor neurons
which express peptide cotransmitters. We have investigated the fast
excitatory transmitters used by these neurons and find that some are
cholinergic and some are glutamatergic. ACh was implicated as a
transmitter using hexamethonium as an antagonist and by measuring
choline acetyltransferase activity after injecting labeled choline into
identified somata. Glutamate was implicated as a transmitter using
specific cross desensitization with glutamate and immunocytology
using an antisera to glutamate. We found that motor innervation is not
segregated since individual muscle fibers receive EJPs from both
glutamatergic (B3) and cholinergic (B9) motor neurons.
Anterior 13 is innervated by 2 glutamatergic motor neurons. One of
these (B38) expresses the SCPs while the other (B3) expresses
FMRFamide. Intracellular stimulation of B38 or B3 evokes EJPs in
the same muscle fibers that are modulated very differently. B38
evoked EJPs were increased dramatically by 1 pM SCPs (~5-fold
increase) or 1 pM 5HT (~3-fold increase). Simultaneous recordings
from the same fibers indicate that the SCPs and 5HT actually slightly
reduced the size of the B3-evoked EJPs. Judging from the time
constant, the input resistance was decreased about 20% by either the
SCPs or 5HT. Thus, the SCPs or 5HT markedly change the relative
efficacy of 2 motor neurons innervating the same muscle fibers.

IS GLUTAMATE THE NEUROTRANSMITTER AT THE SALIVARY
NEUROSECRETORY SYNAPSE IN HELISOMA! F.H. Bahls* andP.G.
Havdon. Signal Transduction Training Group, Department ofZoology &
Genetics, Iowa State University, Ames IA 50011
The salivary glands of the pulmonate snail Helisoma trivolvis are innervated by
an symmetric pair of identified buccal ganglion neurons, neurons B4 (Bahls, et al.,
J Neurobiol 11:365-379,1980). The identity of the neurotransmitter at this
neurosecretory synapse has remained undetermined. Previous work suggested
that acetylcholine (ACh) might be the transmitter (Bahls, Cell Mol Neurobiol
7:35-47,1987), however antagonists which block the response of the gland cells
to ACh do not block the neurosecretory synapse between B4 and the gland.
Therefore, we have examined the effects of other neurotransmitters on the salivary
gland.
Puffs of glutamate produce a large, rapid depolarization that rapidly
desensitizes. The response is primarily dependent on extracellular calcium ions.
The gland cell response is blocked by the presence of bath applied D-glutamate or
L-glutamate. There was no consistent effect of CNQX, DNQX, DGG, D-AP5,
aspartate or L-AP3 on the response of the gland cells to glutamate.
The amplitude of the B4-salivary gland epsp is markedly reduced by the
presence of either D-glutamate or L-glutamate in the bath. This reduction is
coincident with the reduction in the response of the gland cell to puffs of
glutamate. In contrast, the response of gland cells to puffs of ACh was not
significantly affected by the presence of D-glutamate or L-glutamate in the bath.
Taken together these results make glutamate a candidate for the neurotransmitter
at the B4-salivary cell synapse in Helisoma.
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POSSIBLE ROLE FOR GLUTAMATE AS A TRANSMITTER IN THE LYMNAEA
CNS. Nesic.O.. Maaoski.N.S.. Lukowiak. K,, Sved. N.l. and Bulloch. A.G.M.*
Department of Medical Physiology and Neuroscience Research Group, The
University of Calgary, Calgary, Alberta, Canada, T2N 4N1.
The effect of L-glutamate on identified neurons from the CNS of the mollusc

PHARMACOLOGICAL CHARACTERIZATION
OF
DOPAMINERGIC
TRANSMISSION BETWEEN IDENTIFIED LYMNAEA NEURONS. Maaoski.
N.S.*. Bauce. L.G.. Sved. N.l. and Bulloch. A.G.M. Department of Medical
Physiology and Neuroscience Research Group, The University of Calgary,
Calgary, Alberta, Canada, T2N 4N1.
The giant pedal neuron, designated Right Pedal Dorsal one (RPeD1), from
the mollusc Lymnaea staanalis. makes chemical synapses with many identified
follower neurons (Nature 268:263; J Exp Biol 94:137). RPeD1 has a direct role
in respiratory pattern generation (Science 250:282, J Comp Physiol 169A:557)
and is believed to use dopamine as its neurotransmitter. -Previous studies,

Lymnaeastagnalis was investigated. Bath applied glutamate (ranging from 10
pM to 1 mM) produced excitatory, inhibitory, and biphasic responses.

Glutamate excited the mantle cavity motor neurons (Right Parietal A group
cells), and the large pedal neurons designated as Right Pedal dorsal two and
three (RPeD2/3). Glutamate produced inhibitory effects on three respiratory
intemeurons, namely, Right Pedal Dorsal one (RPeDI), Visceral Dorsal four
(VD4), and Input Three Intemeuron (Ip.3). In the case of VD4, glutamate
decreased the neuron's excitability, i.e., it reduced the number of action
potentials evoked by depolarizing current injection. Glutamate also inhibited
the respiratory motor neurons, the Visceral J cells (VJ). Finally, glutamate
evoked a biphasic (excitation followed by inhibition) response in the electrically
coupled, neurosecretory cells Visceral Dorsal one and Right Parietal Dorsal
two (VD1 and RPD2). Although VD1 and RPD2 are electrically coupled, the
effect of glutamate was observed on neurons which were surgically
uncoupled.
A more thorough investigation of glutamate pharmacology was pursued
using the excitatory response of RPeD2/3, in situ and in vitro. The glutamate
agonists (100 pM) had the following rank order of potency: kainate >
quisqualate > ibotenicacid > AMPA> NMDA. The effects of glutamate could
not be blocked by the glutamate antagonists AP-4, MK-801, CNQX, kynurenic
acid, aipha-aminopimelic acid, and kethamine. This pharmacological profile
suggests that the glutamate receptor on RPeD2/3 is not similar to any
particular subtype of vertebrate glutamate receptor.
In general, glutamate has inhibitory effects on neurons involved in the
respiration. This suggests that glutamate may have a suppressive role in
modulating Lymnaea’s respiratory behaviour.
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using immunohistochemistry and enzymatic analysis, have indicated the
presence of dopamine in the soma of RPeD1 (Neurosci 4:685; J Neurochem
32:1111; Comp Biochem Physiol 81 A:359; Exp Brain Res 85:1, J Comp Neurol
307:214).
In this study we provide chemical, pharmacological, and

electrophysiological evidence that RPeD1 uses dopamine as its
neurotransmitter at synapses with a selection of follower cells.
High
performance liquid chromatography of isolated RPeD1 somata and growth
cones yielded —0.9 and —0.1 pmol of dopamine per soma and growth cone
respectively. Bath (100 pM) and pressure application (10 mM in pipette) of
dopamine to the follower cells of RPeD1, in situ and in vitro, mimicked the
effects of RPeD1 stimulation. Follower cells used in this study were: giant
neurons visceral dorsal two and three (VD2/3), cardio-respiratory intemeuron
visceral dorsal four (VD4), and cardio-respiratory motor neurons visceral H, I,
J and K cells (VH, VI, VJ, VK). Bath application, in situ, of the general
dopaminergic agonists, deoxyepinephrine (100 pM) and 2-amino-6, 7dihydroxy-1,2,3,4-tetrahydronapthlene (100 pM), also mimicked RPeD1
stimulation. Furthermore, the D-2 dopamine antagonist, (±) sulpiride (100
pM), reversibly blocked synaptic transmission between RPeD1 and its follower
cells. Sulpiride (100 pM) was also capable of blocking the effects of bath
applied dopamine (100 pM). This suggests that dopamine may elicit its
effects via a D-2-like dopamine receptor. Collectively, this data lends further
support to the hypothesis that RPeD1 uses dopamine as its neurotransmitter.
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CLONING, EXPRESSION AND CHARACTERIZATION OF TWO

CHARACTERIZATION OF RESPOSES TO BACLOFEN IN THE
HERMISSENDA'S B-PHOTORECEPTOR. I. A. Muzzio. L. D. Matzel (*). and
R. F. Rogers. Psychology Department, Rutgers University, New Brunswick, NJ,
08903.
Conductances targeted by baclofen, a selective agonist for GABAg receptors,
vary across different cell types. Work with other systems indicates that baclofen
inhibits synaptic transmission by either decreasing Ca2+ currents, or by
stimulating K+ currents in the presynaptic membrane, and likewise, may induce
postsynaptic hyperpolarization through the stimulation of a K+ efflux. Here, we
report that baclofen affected multiple conductances in the Hermissenda's Bphotoreceptor. Baclofen (lOOp.M) increased the amplitude, decreased the rate of
inactivation, and produced a negative shift in the voltage dependence of a slow,
voltage-dependent K+ current (IK). Baclofen also reduced the amplitude and rate of
inactivation of a voltage dependent Ca2+ current (I^^) as well as the amplitude of
a Ca2+ dependent K+ current (I^-Ca) • A current-voltage analysis indicated that
baclofen directly reduced I{(_ca rather than as a secondary effect of the reduction of
Ica. Neither the amplitude, nor the steady-state inactivation, of a fast, transient
K+ current (IA) was affected by badofen.
The observed changes in ionic conductances resulted in a decrease in the
amplitude, duration, and after-hyperpolarization (AHP) of evoked action
potentials. While the magnitude and duration of the action potential was
unaffected by removal of extracellular Ca2+, the reduction of the AHP was
eliminated, suggesting that the baclofen-induced increase in j was responsible
for the decrease in amplitude and duration of the action potential, while the
reduction of the AHP was probably the result of a combined action of baclofen on
and IK_CaIn total, these results elucidate a somewhat novel mechanism of GABAergic
inhibition that incorporates components of pre- and postsynaptic mechanisms
observed in other systems.

DOPAMINE RECEPTORS FROM APLYSIA CALIFORNICA. X. Lo
and K. R. Weiss*

Dept. Physiol. & Biophysics, Fishberg Ctr. for

Research in Neurobio., Mt. Sinai Med. Schl., NY, NY 10029.
Dopamine is present in the nervous system and peripheral tissues
of Aplysia and has been implicated in diverse behaviors, e.g.,

feeding and defensive withdrawal. Despite the potential importance
of this transmitter in Aplysia little is known about Aplysia dopamine

receptors.

We now report cloning of two

G-protein coupled

receptors from Aplysia genomic DNA. The sequences of these two
clones are very similar, especially in their N-termini. Clone 2
encodes 463 amino acids and clone 3 encodes 432 amino acids.
Clone 3 has a shorter C-terminus and contains 16 extra amino
acids in the third extracellular loop. This 16 amino acid stretch
contains a classical PKA phosphorylation site, a possible target for

PKA-like ectokinases.

Database searches demonstrated a high

homology of clone 2 and clone 3 to dopamine receptors of the

D1/D5 receptor subtype, which are known to mediate stimulation of
cAMP synthesis in response to dopamine.

cells,

which

normally

do

not

contain

transfected with clones 2 and 3.

To test this idea CHO

D1/D5

receptors,

were

Application of dopamine to

transfected cells produced significant increases in cAMP levels.

This suggests that Aplysia dopamine

receptors

coupled to the adenylyl cyclase pathway.

are

positively

Preliminary analysis

revealed different pharmacological properties of clone 2 and clone

3 receptors.
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DISTRIBUTION OF DOPAMINE AND SEROTONIN, THEIR PRECURSORS
AND
METABOLITES
WITHIN
THE
SCALLOP
PLACOPECTEN
MAGELLANICUS. A. K. Pani*and R. P. CrolL Dept, of Physiology, and
Biophysics., Faculty of Medicine, Dalhousie Univ., Halifax, N. S., Canada B3H 4H7.

COMPLEX VOLTAGE RESPONSE TO DISCRETE APPLICATION OF 5-HT IN
HERMISSENDA PHOTORECEPTORS
R.F. Rogers(*). A.C. Talk, I. Muzzio and LD. Matzel
Department of Psychology, Rutgers University, New Brunswick, NJ 08903

Biogenic monoamines have long been known to be present in bivalve molluscs where
they serve several roles. The best studied of these involve ciliary function in gills and
reproduction. Although one of the standard methods for inducing spawning is to
inject 5-HT, and seasonal changes in monoamine content may predict reproductive
state in bivalves, yet little is known about the distribution of monoaminergic
precursors and metabolites in these animals. This study was undertaken to disclose
the monoamine contents in different tissues and to explore possible monoaminergic
mechanisms of neuroendocrine function in a representative species, the scallop.
The HPLC-ED analysis of scallop tissues such as CNS, gill, gonad, kidney, mantle,
liver, heart, labial palp, muscle and foot indicates the presence of seven monoamine
fractions. Among detected amines, DOPA, DA, NE, E, HVA and 5-HT were present
in all tissues, except DOPAC, which was only detected in CNS. The concentration of
DA was highest in CNS (3500 pg/mg) followed by foot (856.03 pg/mg). Taken
together the highest content of DA and its metabolite HVA, also specific distribution
of DOPAC in CNS suggests presence of a dominant dopaminergic metabolic cascade
in scallop CNS. The amount of NE (655.11 pg/mg) was highest in CNS followed by
labial palp, heart and gonad, suggest a possible noradrenergic control of cardioactive
and reproductive mechanism in this animal. The indolamine, 5-HT was present in
considerable amount in all tissues, highest in foot (2508 pg/mg) followed by the CNS
and gonad, suggest possible neuroendocrine function in scallop.
The presence of these neuroactive compounds in scallop suggest that vertebrate-like
catecholaminergic oxidation and methylation pathways were conserved in bivalves.
Future studies will focus on precursors and metabolites of 5-HT in scallop.

42.19

5-HT FACILITATES CYCLIC AMP-GATED Na+ CURRENTS IN
THE PEDAL GANGLION LOCOMOTOR NETWORK OF
PLEUROBRANCHAEA: A NOVEL POSITIVE FEEDBACK
MECHANISM R. Gillette* and L. Sudlow. Dept. of Physiology
and Biophysics, Univ. of 111. Urbana 111 61801
I(NtcAMP) activated by cAMP injection and I5.HT activated by 5-HT
application both exhibit a voltage-dependent inactivation with nearly
identical time constants. In half of the cells studied, 5-HT occluded
95% of the I(N^cAi4p) response to 5 sec iontophoretic injections of
cAMP. cAMP also occluded the test pulse I^amp ) responses during
the steady-state cAMP injections. We conclude that 5-HT is
stimulating cAMP production competing with iontophoresed cAMP
for I(n ..camp ) channels. In contrast, other cells do not show occlusion
but actually show facilitation of I^camp response during 5-HT
treatment. These cells show a 20-30%o increase in the I^amp )
response to cAMP during 5-HT application. These cells also exhibit
voltage-dependent inactivation indicative of increased basal I^amp )
during 5-HT appliation. These data suggest a novel pathway in
which 5-HT regulates the responsiveness of the current to cAMP.
The facilitation of the I^amp ) response would provide a forward
feedback loop increasing the excitability of these neurons. Supported
by NIH grant ROl NS26838-01 to R.G.
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In the marine mollusc Hermissenda crassicornis, Type B photoreceptors
respond to bath application of serotonin (5-HT) by the complex modulation of
several classes of C currents, including Ia , lK, and a putative inward rectifier (lir;
Acosta-Urquidi & Crow, J.Neurosci., 70:541-548; Farley & Wu, Brain Res.Bull., 22:335-351). Using

discrete pressure microapplication (2 s), we have demonstrated a long-lasting
depolarization (LLD; 10-15 s) to 5-HT that is localized to the B cell soma and is
G-protein mediated.
This 5-HT-induced LLD displays a steep voltage
dependence, increasing under hyperpolarization and decreasing at depolarized
membrane potentials. At potentials more negative than EK (—80 mV) the
response is characterized by two phases of depolarization, a rapid phase (0-8
sec) and a delayed phase (>8 s). The LLD is not sensitive to changes in JNa+]0,
but exhibits a slight attenuation of the delayed phase upon removal of Ca from
the external medium. In contrast, the LLD displays a strong and complex
sensitivity to external [K*]. As [K+^ is increased (2, 10, 30 & 100 mM) the

reversal potential shifts to more negative potentials. These observations are
consistent with the 5-HT-induced LLD resulting from a reduction of basal K+

currents (i.e., Ia & I*) at positive potentials and an activation of an inward rectifier
(lir) at more negative potentials (c -60 mV). Further support for 5-HTs activation
of ljr at potentials c -60 mV comes from the observations that, 1) the LLD is
associated with a decrease in input resistance (i.e., increased conductance) and
2) is greatly attenuated by the addition of Ba2+ (5 mM) to the bathing medium.

in total, these results suggest that 5-HT, acting at the B cell soma through a
regulatory G-protein, induces an long-lasting depolarization through a complex
voltage-dependent modulation of several classes of neuronal K+ channels.
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COMPUTER-ASSISTED RECONSTRUCTION REVEALS DIFFERENCES
IN ACTIVATION WITHIN SUBGROUPS OF LHRH NEURONS IN
ASSOCIATION WITH THE PREOVULATORY LH SURGE. B,S. Rubin*.
S.C. Mitchell. C.E. Lee and J.C. King. Dept of Anatomy and Cellular
Biology, Tufts Medical School, Boston, MA 02111.

SEASONAL CHANGES IN THE MORPHOLOGY OF GONADOTROPINRELEASING HORMONE (GnRH) NEURONS IN THE HOUSE SPARROW. C.A.
Meseke* and P.A. Melrose. Dept. of Veterinary Anatomy and Cell Biology,
Louisiana State University, Baton Rouge, LA. 70803.
Analyzing changes in morphology of GnRH neurons helps to identify cell
groups involved in various functions of the reproductivfc axis and may help
to elucidate mechanisms involved in photorefractoriness. This study was
performed to determine if immunoreactive (ir) GnRH neurons differ in
songbirds during the breeding (June) and non-breeding (January) seasons.
Standard immunocytochemistry techniques were used to stain perikarya
within the septum, preoptic, and tuberal areas. During the breeding
season, 642 ir-neurons were counted (58% of ceils were in the preoptic
area). Morphological subsets in June samples included multipolar (59%)
and bipolar (41%) neurons. Samples collected in January contained 226
ir-neurons (75% of cells were in the preoptic area) and significantly more
bipolar cells (59%) (F = 5.355, DF-1,20, P<0.05) than multipolar or
unipolar cells (20.8% and 20.4% respectively). These results indicate that
numbers of ir-cells and neurites are reduced in the nonbreeding season.
Site specific reductions in cells that stained suggest that functionally
distinct cell groups are affected differently by seasonal changes in breeding
activity. Seasonal alterations in neurite development imply that synaptic
remodeling
may
also
occur
in
relation
to breeding activity.

Double immunocytochemical protocols were used to examine the pattern
of LHRH neuronal activation in conjunction with the spontaneous LH surge
in female rats. Activated LHRH neurons were identified by the detection of
immunoreactive Fos protein within the nucleus. Every fourth 40 micron
section through the rostral-caudal extent of the basal forebrain of proestrous
females was incubated first with an antiserum to Fos protein and then with
an antiserum to LHRH. Nickel-intensified DAB was used as the chromogen
to reveal Fos protein and DAB was used to reveal LHRH. Double-labeled
LHRH neurons were characterized by a brown cytoplasm and a black
nucleus, whereas single-labeled LHRH neurons appeared brown with a pale

nucleus. Each tissue section was examined and assigned a z level based on
its anterior-posterior position within the basal forebrain. The x and y
coordinates of every single-labeled (LHRH only) and double-labeled
(LHRH/Fos) LHRH neuron at each z level were bit-mapped, and the population of LHRH neurons was reconstructed for each animal using a VAX
3500 workstation and Movie BYU. The computer-generated reconstructions
reveal differences in neuronal activation within subgroups of the population
of LHRH neurons at different times on proestrus. The superimposition of
the double-labeled LHRH neurons on the total population illustrates a
changing pattern of activation in association with the preovulatory LH surge.
Supported by HD-19174 (BSR) and IBN-9310267 (JCK).
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ULTRASTRUCTURAL EVIDENCE FOR NEURONAL CONTROL OF THE SCN
AND PERICHIASMATIC AREA BY GNRH NEURONS V.M. Wiegant1'4*.
E.M. van der Beek2-4. H.J.C. van Oudheusden3. and R.M. Buiis5 'Dept of
Med Pharmacol, 2Dept of Cell Biol, Med Fac; 3Dept of Funct Morphol, Vet Fac,
Utrecht Univ, Utrecht, and 4Dept Human & Animal Physiol, Agric Univ,
Wageningen, ’Netherlands Inst for Brain Res, Amsterdam, The Netherlands
Recently, we demonstrated the presence of a direct neuronal pathway from
the suprachiasmatic nucleus (SCN) to gonadotropin-releasing hormone
(GnRH) cell bodies in the female rat hypothalamus that may be involved in
the transmission of circadian signals. In addition, we observed apposition of
GnRH fibers and SCN-efferents at the ultrastructural level close to the SCN.
The GnRH fibers in this area most likely represent fibers "en passage" to the
median eminence. The aim of the present study was to investigate the
presence of synaptic interaction between GnRH fibers and structures in the
*SCN and the surrounding perichiasmatic area (peri-SCN) at the LM and EM
level. At the LM level, the immunoreactivity for GnRH in these areas
showed a considerable overlap with that for vasopressin (VP) and vasoactive
intestinal polypeptide (VIP), two neuropeptides synthesized by SCN neurons.
At the e M level, synaptic input of GnRH-containing axons on unlabelled

A RETROSPECTIVE OF GONADOTROPIN-RELEASING HORMONE (GnRH)
NEURONAL AND AXONAL DEVELOPMENT IN THE MOUSE. T.J. Wu*. M.J.
Gibson. M.C. Rogers and A.J. Silverman. Dept of Anatomy,*Columbia University,

dendrites, axons and cell bodies was frequently found in the peri-SCN, and
within the SCN itself. Also, apposition of GnRH axons and VP- and VIPcontaining dendrites was observed within the SCN.
The presence of axo-axonal contacts between GnRH-containing and
unlabelled terminals in the peri-SCN suggests that modulation of GnRH
output can occur along the neurohumoral projections to the median eminence.
Furthermore, the results indicate that the SCN and peri-SCN are postsynaptic
targets of GnRH fibers, thus identifying an anatomical substrate for potential
feedback-control between these two systems.

NY, NY 10032 and Dept of Med, Mt Sinai Sch of Med, NY, NY 10029.
Using a modification of our immunocytochemical protocol with enhanced
sensitivity we have been able to visualize GnRH neuronal elements earlier and in
greater detail than previously reported. Mice (E9.75 to newborns, morning of plug =
EO.5) were fixed in 4% paraformaldehyde for 6 h. At least 6 mice from 2 separate
litters were used. Microscopic studies were conducted using 100 urn sections in 3
different planes. GnRH cells were first detected at E10.75 (16±3 cells); 50% of
these cells were located in the epithelium of the olfactory placode, 25% along
olfactory nerve fascicles and the rest within the telencephalic vesicle. The number
of GnRH cells increased (p<0.05) to 777±183 at E11.75 and increased further
(p<0.05) to 1859+133 at E12.75 before decreasing (p<0.05) to a stable plateau of
about 1400 cells. At E11.75, GnRH neurons could be seen wrthin nerve fascicles
that form a path from the olfactory epithelium into the CNS. In the CNS, GnRH
cells were found as far caudally as the presumptive preoptic area. At this stage,
axons were fine and straight, and generally forward of the cell bodies. After this
initial phase of elongation, the axons acquired, by E13.75, a rrbbonedbeaded
morphology and occasionally exhibited complex growth cones. These axons
remained loosely fasciculated and followed a meandering course within these
fascicles. By E 14.75, GnRH axons were seen at the presumptive median eminence
in all animals. At the same time, GnRH axons began to branch profusely and more
were observed with growth cones. Branching, as well as the presence of growth
cones continued post-natally. This study provides further insights into the
pathfinding mechanisms of GnRH neurons and axons.
NS 20335 (MJG), HD 10665 (AJS), and AG 00189 (TJW).
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COMBINATION IMMUNO- IN S/TU-HISTOCHEMICAL
EXAMINATION OF ACTIVIN RECEPTOR mRNAs WITH GnRH
NEURONS. L.A. MacConell and V. J. Roberts*. Dept. Repro. Med.,
UCSD, La Jolla, CA 92093
Activin has been shown to exert both autocrine and paracrine effects on
reproductive functions and is best known for its involvement as a regulator
of FSH biosynthesis and release. Data suggests that activin may be exerting
this effect at the hypothalamic level in addition to its known action at the
pituitary level, as activin has been shown to increase GnRH secretion from
cultured cell lines (Gonzalez-Manchon, C., et al. Neuroendocrinol., 1991).
In light of these studies, the present investigation tested the hypothesis that
activin acts directly on GnRH neurons.
We employed combination immunohistochemistry and in situ
hybridization with 35s-labeled RNA probes encoding the activin receptors
ActRII and ActRIIB, together with antisera generated against GnRH.
Further, 35S-label<ri activin receptor RNA probes were applied to GnRH
neurons of an immortalized hypothalamic cell line (GT1-7) to examine
whether these cells possess the activin receptor subtypes.
As previously demonstrated (Cameron, V., et al. Endocrinol., 1994), it
was found that activin receptor mRNA-containing cells are distributed
throughout the rat brain. The present study shows, however, that the activin
receptor mRNAs are not localized to GnRH-immunopositive cells. This
observation is supported by results of the immortalized hypothalamic
neuronal cell line, which reveal no hybridization for either the ActRII or
ActRIIB probes to GT1-7 cells.
The results of the present study suggest that activin does not act directly
on GnRH neurons. The presence of activin receptor mRNAs in the medial
preoptic area and lateral septum, areas known to localize GnRH-immunoreactive neurons, supports the proposal that, in vivo, activin may indirectly
influence GnRH secretion, possibly via intemeurons in these regions.

Regulation of rat pituitary gonadotropin-releasing hormone
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receptor mRNA levels by in situ and slot Mot analysis. V±
Quiflones-Jenab*, S. Jenab. S. Ooawa. T. Funabashi. G.

Weesner.

and

D.

W.

Pfaff.

Neurobiology

and

Behavior,

Rockefeller University, 1230 York Ave, NY, NY 10021.

It is well known that the level of pituitary gonadotropinreleasing hormone binding varies during the estrus cycle of the

rat.

The mechanisms underlying

hormonal

regulations of

gonadotropin-releasing hormone receptor (GNRH-R) are not

known.

Kaiser et.aKEndocrinol 133:931-934) found a non-

significant increase in GNRH-R MRNA levels during 2 days of

estrogen (EB)-replacement in rat pituitary tissue. Slot blot
analysis utilizing a riboprobe complementary to rat GNRH-R
confirmed this. GNRH-R mRNA only non-significantly increased

after

24

and

48

hours

of

EB

treatment

of

ovx

rats.

Quantitative in situ hybridization assays showed a 3 fold
increase in GNRH-R mRNA levels after 48 hours of EB

treatment when compared to ovx rats. No difference at 12 hr

was observed.

GNRH-R

mRNA

cells showed

a

clustered

distribution in pituitary tissue. This increase in GNRH-R mRNA
could be due to enhanced GNRH-R transcription within these

clusters of cells. The effects of estrogen on GNRH-R mRNA
levels detected in certain brain regions are currently being
studied.
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LUTEINIZING HORMONE-RELEASING HORMONE (LHRH) GENE
EXPRESSION IS INCREASED IN THE HYPOTHALAMI OF
POSTMENOPAUSAL WOMEN. N. E. Rance* and S. V. Uswandi. Dept,
of Pathology, University of Arizona School of Medicine, Tucson, AZ.
Menopause is associated with ovarian failure, gonadotrophin
hypersecretion and hypertrophy of hypothalamic neurons containing
substance P and neurokinin B gene transcripts (Ranee et al.,
J.Clin.Endo.Metab. 71:79, 1990, Ranee et al. Endo.l28:2239,199l). It is
not known if the rise in plasma gonadotropins in postmenopausal
women is secondary to increased hypothalamic LHRH secretion. In this
study, we use in situ hybridization and computer-assisted microscopy to
determine if LHRH gene expression is increased in the hypothalami of
postmenopausal women. Sagittal hypothalami were collected from 8
premenopausal women and 9 postmenopausal women who had died from
sudden unexpected causes. Hypothalamic blocks were snap frozen in
isopentane and serially sectioned at 2O/xm.
Every tenth slide was
incubated with a “S-labeled 48-base cDNA probe complementary to
LHRH mRNA. As a test .for specificity, sections were hybridized to a
probe targeted to a different region of the LHRH gene. We found a 50%
increase in the number of autoradiographic grains/LHRH neuron in the
postmenopausal group (222 +. 30.2 vs 333.9 +. 38.8 grains/labeled
neuron, premenopausal vs postmenopausal group, respectively, p< 0.05).
Although the profile area of LHRH neurons was greater in the
postmenopausal women, this change was not significantly different. The
finding of increased LHRH gene expression suggests that elevated
hypothalamic secretion of LHRH contributes to the rise of plasma LH and
FSH in postmenopausal women, (supported by NIH AG-09214)

TRANSLATION
GnRH mRNA.

GNRH

OF THE HUMAN

91

REPRODUCTIVE

SPECIFIC

K.W. Dona*. J.L. Roberts. Jones Institute, Eastern

Virginia Medical School., Norfolk, VA 23507.

Fishberg Center,

Mount Sinai Medical School, New York, NY 10029.
Our previous studies revealed the presence of different GnRH

mRNAs in human reproductive tissue.

The question arises as to

whether these mRNAs could be translated into the GnRH precursor.

Computer translation analysis of the reproductive tissue specific
mRNA transcribed from the up-stream transcription start site with

intron 1 reveals a series of possible translation start sites, however,
none of these could be translated to any peptides larger than 30
a.a., except the GnRH precursor.

To prove this observation, the

human GnRH cDNA clones encoding the hypothalamic mRNA and

reproductive specific mRNA were created by PT-PCR cloning and
subsequently transcribed

and translated

in vitro

reaction. Analysis of the products by SDS

in a coupled

polyacryamide

gel

showed that both cDNA clones produced a 10.1kD GnRH precursor

protein,

but the translation efficiency of the reproductive tissue

specific mRNA is 3-fold lower than that of the hypothalamic one.
Sequence analysis of the 5’-untranslated leader of the reproductive
tissue specific mRNA revealed three inverted repeat sequences that

can potentially generate stem-loop structures. These secondary
structures may cause the difference in translation of efficiency of the

two mRNAs.
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MULTIPLE FORMS OF GnRH RELEASED FROM IN VITRO
HYPOTHALAMIC PREPARATIONS. J.R. Millam*1 M.A, Ottinger2,
Y. Fan2. C. Craig-Veit1 C. Yupapom3 and M. E. El Halawani3. 'Dept
Avian Sciences, Univ Calif, Davis, CA 95616,2Dept Poultry Science,
Univ Maryland, College Park, MD 20742 and 3Dept Animal Science,

SALMON AND CHICKEN-II TYPE GNRH CDNA FROM THE SEX
REVERSING FISH THALASSOMA DUPERREY. M.S. Grober*. R. Sawbv
and C. Morreyf. Department of Biological Sciences, University of Idaho,

Moscow, ID 83844-3051, and fHawaii Institute of Marine Biology.

The saddleback wrasse Thalassoma duperrey is a diandric protogynous
hermaphrodite. Individuals begin life in the initial phase (IP) as either
females or males. Dependent upon specific social stimuli, IP fish may
transform into terminal males via sex or role change. In a congener, T.

Univ Minn., St. Paul, MN 55108.
Evidence is mixed on whether • chicken gonadotropin-releasing
hormone II (cGnRH II) occurs in the median eminence to stimulate
gonadotropin release in a manner similar to cGnRH I. To investigate
this question, hypothalamic slices from either female turkeys or male
Japanese quail were maintained in superfusion chambers and
superfusates were assayed for cGnRH I and cGnRH II by either EIA
or RIA. cGnRH II was present in superfusates of both species
although at a lesser concentration than cGnRH I, and, in quail, only
cGnRH I levels increased in response to norepinephrine stimulation.
cGnRH II was also measured in extracts of hypothalamic tissue
fragments. Fragments including only median eminence and the basal
portion of the tuberal hypothalamus contained undetectable amounts of
cGnRH II (< 1 pg) while mediobasal hypothalamus/preoptic fragments
from which the median eminence and basal tuberal hypothalamus were
removed contained 211.1 ±51.5 (mean, SE, n=6) pg cGnRH II. These
results suggest that cGnRH II released from in vitro hypothalamic
systems may be released primarily from sites other than the median
eminence and that regulatory control of these peptides is distinct.

complementary to a conserved region of the GnRH message. This
suggests the presence of at least two distinct GnRH transcripts within the
brain of Thalassoma duperrey. These cDNAs are being cloned for use as
RNA probe templates to examine the differential expression and potential
function of both s- and clIGnRH in relation to sex reversal. Supported by
NSF (IBN-9309555 to MSG), a University of Idaho Seed Grant, and Hawaii
Sea Grant (NA36RG0507).
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MAMMALIAN GnRH AND CHICKEN GnRH II CONTENT IN
MICRODISSECTED BRAIN AREAS OF AN AMPHIBIAN,
TARICHA GRANULOSA . L.E. Muske*. J.A. King. F.L. Moore
and R.P. Millar. Franklin & Marshall College, Lancaster, PA; Univ.
Cape Town Medical School, Cape Town, South Africa; Ore. State
Univ., Corvallis, OR.
Mammalian GnRH (mGnRH) and chicken GnRH II (cGnRH II)
were extracted from 100 um diameter brain punches, and measured
by means of radioimmunoassay (RIA) with specific antisera.
Measureable quantifies of both peptides were found in the lateral
pallium, subpallium (which includes the terminal nerve or TN), in the
preoptic area (POA), habenula, optic tectum, infundibulum (INF),
paraventricular organ/posterior tubercle of the caudal diencephalon
(PVO/PT), medulla, and cerebrospinal fluid. Highest concentrations
of both peptides were in the POA and INF, suggesting a role in
gonadotropin release. In most extrahypothalamic regions, cGnRH II
concentrations exceeded those of mGnRH, suggesting that cGnRH II
may function as a neurotransmitter in many sites, perhaps to control
reproductive behaviors. Results are largely consistent with immunocytochemistry (ICC), except that RIA revealed small amounts of both
peptides, not found by ICC, in some areas of the brain. These data
support the view that in amphibians, GnRH neurons in the TN and
POA, which project mainly to the median eminence and habenula,
express mGnRH, whereas neurons in the PVO and PT, which
project widely throughout the CNS, express cGnRH L
(Supported by NSF grants IBN-92090643 and BNS-8909173, and
grants from Univ. of Cape Town and Medical Res. Council of S.A.)

PRO-LHRH INTERMEDIATE PRODUCTS ARE PRESENT IN
NERVE
TERMINALS
OF
LHRH
NEURONS
AND
IN
HYPOPHYSIAL PORTAL BLOOD. W.C. Wetsel1’* and M. Ching2.
'Hormone Action Workgroup, Lab. of Cell, and Mol. Pharmacol.,
NIEHS, Research Triangle Park, NC 27709, and 2Dept. of Biology,
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bifasciatum, IP indr^kdu^ls have lower numbers of preoptic GnRH cells
relative to terminal males (Brain Behav. Evol. 38:302,1991). Treatment of
either IP sex with androgens, to mimic naturally occurring increases in
androgens that accompany sex reversal, causes a rapid increase in GnRH
cell number to levels seen in terminal males (J. Neurobiol. 22:73-4,1991).
One of several hypotheses that could explain this rapid increase in preoptic
GnRH cell number is up-regulation of GnRH production in previously

quiescent cells. To address this hypothesis, we are generating
homologous RNA probes to examine GnRH mRNA expression. Reverse
transcriptiornPCR technology was applied to extracts of total mRNA from T.
duperrey brains. Using distinct oligonucleotide primer sets derived from
previously published salmon GnRH (sGnRH) and Chicken-ll GnRH (clIGnRH)
sequences, we have identified putative amplification products for sGnRH
and clIGnRH respectively. Southern blot analysis revealed that both
amplification products hybridize with an oligonucleotide probe that is

James Madison University, Harrisonburg, VA 22807.
The purpose of the present study was to determine whether proLHRH peptides are present in LHRH nerve terminals in vivo and
whether these same peptides are secreted into the hypophysial portal
circulation. Materials from the median eminence (ME) and from portal
and peripheral blood were separated by HPLC and the fractions were
screened with antiserum to LHRH and to gonadotropin-releasing
hormone-associated peptide (GAP). All three samples contained proLHRH, GAP-(l-56) and LHRH.
The quantities of LHRH were
extremely low in peripheral blood. While the ME and the portal blood
also contained low levels of [Q'J-ILDRHGGk Kr ^, LHRH[GH,K12,R13], [Q']-LHRH-[G",k 12], LHRH-IG'^K^], [Q'j-LHRH[Gn], [Q']-LHRH and LHRH-[Gn], their distribution in these samples
was different. These data indicate that under normal physiological
conditions, processing'of the LHRH prohormone is relatively complete.
The differential concentration of the pro-LHRH intermediate products
in the ME and the portal circulation may be due to differences in the
susceptibility of these products to degradation in blood.

92

HYPOTHALAMIC-PITUITARY-GONADAL REGULATION:

STEROID HORMONES

MONDAY AM

44.1

44.2

ESTROGEN REGULATES GLUR1 mRNA IN GnRH IMMUNOREACTIVE
NEURONS OF THE RAT. C. Ulibarri*. Z. Cao. and T.R. AkessoJ Dept of
VCAPP, Washington State Univ., Pullman, WA 99164-6520.
Glutamate is implicated in hypothalamic processes that regulate reproductive
function, including regulation of production of gonadotropin releasing hormone
(GnRH) and release. To determine if glutamate could be acting directly on GnRH
producing neurons, we combine immunohistochemistry to visualize GnRH
(Peninsula) with in situ hybridization to visualize the glutamate receptor subunit
1 (GluRl. An antisense 2.8 kb riboprobe for GluRl was transcribed in the
presence of ^^S^-UTP from a cDNA insert in pBKS (gift of Molecular
Neurobiology Lab, Salk Institute). In addition, we wished to determine if estrogen
regulated the steady-state levels of GluRl mRNA in GnRH immunoreactive
(GnRHir) neurons. Adult (60 days old) female Long-Evans rats (n = 12) were
ovariectomized and allowed to recover for 5 days. 48 hrs before perfusion they
received an infusion of colchicine into the lateral ventricle. 24 hrs before perfusion
they received an injection of 10 pg estradiol or vehicle (safflower oil). After
aldehyde perfusion, the brains were collected, cryoprotected, and sectioned
coronally (30 pm). Free-floating sections were processed for immunohistochemical
visualization of GnRHir with a standard avidin-biotin reaction with DAB as
chromogen. They were mounted onto glass slides, allowed to airdry and processed
immediately for in situ visualization of GluRl mRNA. In vehicle-treated rats
28.9% ± 1.18% of GnRHir neurons contained GluRl mRNA. Estradiol treatment
significantly increased the percentage of GnRH neurons containing GluRl mRNA
[t(lO)=6.54,p< 0.001]. In estradiol-treated females 47.5% ± 2.8% of GnRHir
neurons contained GluRl mRNA. Both groups contained similar numbers of
GnRH neurons. These data suggest that glutamate may act directly on GnRH
neurons, and further, that estrogen effects on GnRH could be regulated via
glutamate receptors. Supported by HD 22869 to TRA. ^Posthumously.

ESTROGEN REDUCES EXPRESSION OF NEUROTENSIN RECEPTOR
mRNA IN THE SUPRACHIASMATIC NUCLEUS OF THE FEMALE RAT.
E. Bartolak-Suki, M.I. Alexander, and S.E. Legman*. Dept. of Pharmacology &
Exper. Therapeutics, Boston Univ. School of Med., Boston, MA 02118.
In the female rat, estrogen reduces binding of neurotensin (NT) significantly in the rostral but not caudal part of the suprachiasmatic nucleus (SCN)
(Moyse et al., ’88). This effect could represent a change in the number of NT
receptors (NT-R) on SCN neurons themselves or on- afferent fibers. To
investigate the former possibility, we have used in situ hybridization with 3%labeled cRNA probe to determine whether estrogen alters expression of the
gene encoding the high-affinity NT-R in the SCN. Adult females were
ovariectomized and left otherwise untreated (n = 4) or treated continuously
with supraphysiological levels of estradiol for 7 days (n = 3). Serial sections
from each brain were processed to determine the distribution of NT-R mRNA
within the SCN as a function of rostrocaudal level. In agreement with the
distribution of NT binding sites reported previously, labeling for NT-R
mRNA was generally limited to the ventral part of the nucleus, regardless of
hormonal condition. However, densitometric analysis indicated that estradiol
treatment reduced the intensity of labeling by 30% (P < 0.005) in the rostral
SCN. Estradiol did not significantly alter labeling intensity at other levels of
the SCN. In the majority of brains, the rostrocaudal profile of labeling
intensity was bimodal, thus providing further evidence for regional
specialization within tHe SCN. Together with previous findings, these results
indicate that estrogen reduces the number of NT-R located on cells of the
rostroventral SCN, a down-regulation most likely caused by estrogenstimulated release of NT from preoptic neurons. We hypothesize that
estrogen-dependent effects of NT on GnRH neurons are mediated, in part, by
NT-R-expressing VIP neurons in the rostroventral SCN, since VIP neurons in
this region appear to provide direct synaptic input to GnRH neurons (Vian der
Beek et al., Soc. Neurosci. Abstr. ’93). Supported by NIH Grant DK-29876.

44.3

44.4

OXYTOCIN RECEPTOR mRNA REGULATION BY ESTROGEN IN THE
VENTROMEDIAL HYPOTHALAMUS (VMH) OF FEMALE AND MALE
RATS. T. L, Bale and D. M. Dorsa*. Departments of Pharmacology and
Psychiatry and Behavioral Sciences, University of Washington, Seattle,
WA 98195.
CNS oxytocin receptors have been previously detected using
radioligand binding techniques in several brain regions, including the
ventromedial hypothalamus (VMH). In addition, estrogen treatment
has been reported to enhance binding in this brain region. In order to
examine distribution and regulation of mRNA encoding the receptor, a
rat oxytocin receptor (OR) clone isolated from a rat genomic library
was used to amplify by PCR a 300 bp fragment encoding a segment
of the 5' translated region. This fragment was used to make a cRNA
probe used in In situ hybridization assays that showed sexual
dimorphism of mRNA expression in the VMH of male and female adult
rats. Males showed significantly greater expression than that of the
females in the VMH. In combination with previous binding studies,
these results suggested a possible role of estrogen in regulation of the
OR mRNA in the VMH.
In order to investigate this hypothesis, female Wistar rats (n=5) were
ovariectomized (ovx), ovariectomized and treated with 10pg estradiol
benzoate for 3 days (ovx+E), or left intact. In situ hybridization assays
revealed an intense hybridization signal for OR mRNA in the VMH of
ovx+E rats. The intact cycling females showed a detectable but varied
expression, while ovx females exhibited a consistant low expression.
These data support the hypothesis that OR mRNA expression in the
VMH is regulated by estrogen. Continued sequencing of the promoter
region of the genomic clone will provide evidence as to the direct or
indirect nature of this effect. Supported by NS20311 and VA.

MECHANISM OF CHRONIC LH SUPPRESSION BY A BRAIN TARGETED
ESTRADIOL-CHEMICAL DELIVERY SYSTEM (E2-CDS). J, W . Simnkins and
W. J. Millard*. Dept of Pharmacodynamics, Univ. of Florida? Gainesville, F1.32610
We assessed the mechanism by which E2-CDS causes the chronic suppression
of LH secretion by determining 1) the effects of E2-CDS on pulsatile LH secretion; 2)
the extent of LH suppression in animals with suppressed prolactin (PRL); and 3) the
effects of E2-CDS on the AP responce to LHRH. The effects of E2-CDS on pulsatile
LH secretion was evaluated by cluster analysis at 1 and 7 days after the administration
of 10, 100 or 1000 pg E2-CDS/ kg BW or equimolar doses of E2. At 1 day posttreatment, both E2 and E2-CDS were equally effective in suppressing the mean,
amplitude and through values of LH pulses, but not pulse freguency. At 7 days of
exposure to the E2, there was no effect on any parameter of LH secretion. In contrast,
for E2-CDS, all parameters of pulsatile secretion were dramatically reduced. We tested
the possibility that this effect of E2-CDS on LH secretion was due to the observed
stimulation of PRL secretion. Animals were treated with bromocryptine at a dose
which effectively reduced PRL secretion, then were administered the E2-CDS and
blood samples were taken at 1 and 4 days later. Bromocryptine treatment blocked most
of the PRL increase, but did not effect the suppression of LH induced by E2-CDS.
Finally, we assessed the effects of E2-CDS on the pituitary LH response to graded
doses of LHRH. E2-CDS was administered at a dose of lmg/kg and one week later,
LHRH was given at a dose of 0.1, 1. 0 or 10 pg/kg, iv. In both E2-CDS and vehicle
treated animals, LHRH caused a dose-dependent increase in the amplitude and duration
of the LH secretory response. In the vehicle treated rats, the peak responses to LHRH
ranged from 2.5 to a 6.5-fold increase in LH levels; in the E2-CDS treated rats, LHRH
caused a 13- to 71-fold increase in LH secretion. Thus, treatment with E2-CDS
dramatically increases the responsiveness of the pituitary to LHRH. Collectively, these
data indicate that the observed chronic reduction in LH secretion in response to E2CDS is not due to elevations in PRL or the reduction in sensitivity of the pituitary to
LHRH. Rather, the data indicate that the reduction in LHRH secretion in response to
E2-CDS must be even more dramatic then would be indicated on the basis of
monitoring LH secretion alone. Supported by HD 22540 and AG 10485.

44.5

44.6

MECHANISM OF ESTROGEN’S RAPID MODULATION OF pOPIOID PHARMACODYNAMICS. A.H. Lagrange*. M.J. Kelly. Dept,
of Physiology, Oregon Health Sci. Univ., Portland OR 97206
Estrogenic modulation of the hypothalamic /3-endorphin system is a key
regulator of the female HPG axis, p-opioid peptides (e.g. /3-endorphin)
hyperpolarize the majority of hypothalamic cells by opening a K+ inwardrectifier (IK(ir))- Intracellular recordings were made in in vitro slices of the

RAPID EFFECTS OF ESTROGEN ON THE PHOSPHORYLATION OF THE
RESPONSE ELEMENT BINDING PROTEIN (CREB) IN THE RAT
BRAIN. Y. Zhou* and D.M. Dorsa. Departments of Pharmacology and
Psychiatry and Behavioral Sciences, University of Washington, Seattle, WA
98195.
Estrogen may rapidly alter neuronal function and behavior through poorly
characterized, non-genomic mechanisms. Estrogen has also been shown to
regulate expression of immediate early gene products such as c-fos, but this
has been suggested to involve the classical estrogen receptor mediated
effects at an estrogen response element (ERE)-like sequence on the c-fos
gene. Since occupancy of the CRE site of the c-fos gene also appears to be
important in transcriptional regulation, we have investigated the possible
effects of estrogen on the phosphorylation of CREB in the rat brain. Adult rats
were ovariectomized and injected with either 100 ug estradiol or oil, sc., Rats
were sacrificed at 15', 30', 1h, 4 h and 24 h after injection.
Immunocytochemistry was used to detect ser133 phosphorylated CREB

arcuate hypothalami of ovariectomized guinea pigs. We have shown a
brief application of I^ (100 nM, 20 min) results in a four-fold decrease
in the potency of the p-opioid agonist, DAMGO, in about 40% of
neurons tested. The effect of E2 is stereoisomer-specific and
concentration-dependent (EC50=9 nM). Presently, Schild analysis
revealed the Kc for naloxone after I^ treatment (5.6 nM, n=3) was not
different from what has previously been reported for these cells prior to
E2. The AVmax (pre-E2:post-E2=i2 ± 1: 12 ± 1 mV), Ag (1.0 ± 0.2:
1.0 ± 0.4 nS) and reversal potential (-94 ± 2: -94 ± 4 mV) of the
DAMGO responses were also unchanged by I^. The GABAb receptor is
coupled to the same IK(ir). Following I^, the EC50 of the GABAb agonist,
baclofen, was also increased 4.2 fold ±1.0 over pre-I^ (n=5) in 40%
of the cells tested, similar to that seen with DAMGO (3.9 ± 0.7; n=6).
Although E2 application reduced the potency of both p-opioid and GABAb
agonists in the same cell, some cells with a high post-Ej DAMGO EC50
showed no change in baclofen potency (n=3). Modulation of p-opioid
potency by E2 seems to occur between the receptor and the channel.
Furthermore, alteration of the p-opioid but not GABAb system in some
cells implies the site of I^’s action is not shared by the two systems.
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(PCREB) and c-fos. Estradiol rapidly increased nuclear PCREB-IR in the
preoptic area and bed nucleus of the stria terminallsl 5' after injection. The
effect subsequently declined after 1 h. In contrast, the induction of c-fos-IR by
estradiol in the same regions of the brain was not observed until 30' to 1 h after
estradiol injection. Since phosphorylation at ser133 is important for CREB

activation and can be catalyzed by both CaM/kinase II and Protein Kinase A,
the results provide further evidence for cross-talk between steroid receptors
and other signal transduction pathways, perhaps relating to the rapid
membrane effects of estrogen. Moreover, since the c-fos gene contains both
an ERE and a CRE, the finding that phosphorylation of CREB precedes the
induction of c-fos in response to estrogen treatment suggests that its effect
on c-fos may be mediated through interactions with both estrogen and cAMP
response elements. Supported by the VA and NS20311.
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THE INHIBITION OF GONADOTROPIN-RELEASING HORMONE
(GNRH) PULSE GENERATOR ACTIVITY BY ESTRADIOL IS NOT DUE
TO DESYNCHRONIZATION OF ITS COMPONENT UNITS. T. Qrdog.
K.T. O’Bvrne. M-D. Chen. J.R. Goldsmith and E. Knobil*. Laboratory for
Neuroendocrmology, Medical School, The University of Texas Health Science
Center, Houston, TX 77225.
In mammals, gonadal function is controlled by a hypothalamic signal generator
that directs the pulsatile release of GnRH and the consequent pulsatile secretion
of luteinizing hormone (LH). In female rhesus monkeys, the electrophysiological
correlates of the activity of this GnRH pulse generator are abrupt increases in
multiunit activity (MUA volleys) in the mediobasal hypothalamus that represent
the simultaneous increase in firing rate of individual neurons. The activity of the
GnRH pulse generator is profoundly inhibited or arrested by estradiol during
spontaneous and estrogen-induced LH surges. This loss of MUA volleys could
result from either the inhibition or the desynchronization of single-unit bursts. 26
single units associated with GnRH pulse generator activity were identified by
cluster analysis in multiunit recordings obtained from a total of 6 electrodes
implanted in the mediobasal hypothalamus of 3 ovariectomized rhesus monkeys
and their activity monitored throughout estrogen-induced LH surges. Estradiol
administration resulted in a dramatic, simultaneous, inhibition of bursting in all
26 units. This inhibition lasted from 7-22 days. In any one animal, the bursting of
most units "recovered" at approximately the same time, a few were delayed by 1-3
weeks and one remained inactive for the duration of the study (43 days). The
results indicate that estradiol inhibits but does not desynchronize the bursting
activity of neurons associated with the functioning of the GnRH pulse generator.
(Supported by NIH grants HD-17438, HD-08610 and T32-HD-07324-07, and by
The Clayton Foundation for Research and The Ellwood Foundation.)

ESTROGEN REGULATION OF GONADOTROPIN RELEASING
HORMONE RECEPTOR mRNA IN THE RAT PITUITARY AND THE GT1
GnRH CELL LINE. J.M.Moore*. O.K. Ronnekleiv. Dept, of Physiology,
Oregon Health Sci. Univ., Portland, OR 97201.
The steroid regulation of gonadotropin releasing hormone receptor (GnRHr)
mRNA was studied in the rat pituitary and in the immortalized GnRH neuronal
cell line, GT1. Total RNA was probed for GnRHr mRNA with reverse
transcription polymerase chain reaction (RT/PCR) using primers designed to
detect a 459 base pair product spanning from the coding region of
transmembrane region II (TMII) to the cytoplasmic loop between TMV and
TMVI in both rat and mouse. Analysis of rat pituitary RNA indicates that
ovariectomized (OVX) animals given estrogen replacement show an increase
in receptor mRNA compared to OVX controls. Mean serum levels of
estradiol and progesterone in the OVX + E groups were 66 pg/ml and 6
ng/ml respectively. Initial experiments with GT1 cells using these same
primers revealed the presence of GnRHr mRNA. The effects of estrogen
were investigated. Preliminary analysis using static cultures of GTl-1 cells
grown for 24 h in DMEM followed by a 24 h treatment with l7p-estradiol
(140 pM and 270 pM) show a biphasic effect. The lower concentration of
estrogen (n=2) decreased and the higher concentration (n=3) increased
GnRHr mRNA above untreated control levels (n=3). Therefore, these
results indicate that the pituitary and the GT1-1 cells are both sensitive to
changes in estrogen concentration and that estrogen may be a regulator of
GnRHr gene transcription via a yet unidentified factor. (Supported by
5T32-HDO-7133 and HD-16793)

44.9

44.10

EFFECTS OF ESTROGEN ON OPIOID g,-RECEPTOR mRNA DISTRIBUTION
IN THE FEMALE RAT BRAIN. M.A. Bosch*. J.R. Bunzow. D.K. Grandy.
O.K. Ronnekleiv Dept, of Physiology and Vollum Institute, Oregon Health
Sciences Univ., Portland, OR 97201, and Oregon Regional Primate Research
Center, Beaverton, OR 97006
Experiments were designed to examine the effects of estrogen benzoate (EB)
and progesterone (P) on the distribution and content of g,-opioid receptor
mRNA in rat brain. Adult female Sprague Dawley rats, ovariectomized
(OVX) for one week, were treated with oil, 25 gg EB for 50 h, or 25 gg EB
for 50 h and 2.5 mg P for 2 h. Brains from each group were dissected 4-5 h
prior to the LH surge, and either immediately frozen on dry ice (n = 3 each),
or fixed in 4 % paraformaldehyde (n=3 each). Ribonuclease protection assay
(RPA) and in situ hybridization (ISH) were performed according to standard
procedures using the TS11 probe specific for gj-receptor. Using ISH, gr
receptor mRNA was detected in the preoptic area (POA), hypothalamus
(HYP) including the arcuate nucleus, and thalamus (THAL). Using NPA on
20 gg total RNA from each area, a significant decrease (p< 0.05) in g,receptor mRNA was detected in the POA of the OVX + EB group as
compared to OVX rats. No significant changes were found in either the
THAL or HYP areas. These studies indicate that in the female rat, estrogen
acts to reduce the g,-receptor mRNA levels in the POA prior to the surge of
gonadotropin releasing hormone and LH. (supported by PHS grant HD
16793).

HYPOTHALAMIC ESTROGEN RECEPTOR (ER) mRNA AND PROTEIN
IN STEROID-TREATED RHESUS MACAQUES. C.L. Bethea. H.G. Spies*
and S.G. Kohama. Division of Reproductive Sciences, Oregon Regional
Primate Research Center, Beaverton, OR 97006.
Chronic administration of estradiol (E) followed by an overlapping
treatment with progesterone (P) increases prolactin secretion in primates.
Since pituitary lactotrophs do not contain progestin receptors (PR), the
effect of P on prolactin is due to controlling factors at the CNS level.
Therefore, sufficient levels of ER and PR must be available to mediate
steroid effects in the brain. However, binding of P to PR is traditionally
viewed as leading to the downregulation of ER and PR. We previously
reported that hypothalamic levels of PR mRNA and protein are
maintained with chronic E+P in monkeys. To examine the regulation of
ER, sets of spayed, E- and E+P-treated female monkeys were processed for
ER protein (3 sets) and ER mRNA levels (2 sets). Sections from perfused
brains were cut on a cryostat and immunostained for ER with the
monoclonal antibodies H222+D75 (10 gg/ml), or processed for in situ
hybridization with S^-labeled cRNA directed against the hormone
binding domain of the rhesus macaque ER. Counts of ER-positive nuclei in
the arcuate nucleus (ARC) and ventromedial nucleus (VMN) showed a
moderate reduction (20-30%) following E or E+P versus spayed levels. ER
mRNA was also reduced by about 40% in the VMN of the E+P group, but
not in the ARC. In summary, P does appear to moderately downregulate ER
in the VMN and ARC hypothalamic nuclei. This action may be regulated
at a transcriptional level in the VMN, but not in the ARC. However, the
ER remaining during P treatment are sufficient to maintain PR expression
and PR-mediated events. Supported by HD17269, HD18185, RR00163.

44.11

44.12

ESTROGEN RECEPTOR (ER) mRNA IN THE PRAIRIE VOLE
FOREBRAIN. O.C, Hnatczuk*1, C.K. Wagner2, J.L Morrell2. lInst. Animal
Behav., 2Cnt. Mol. & Behav. Neuroscience, Rutgers University, Newark, NJ
07102.
Using in situ hybridization, we examined the distribution of ER mRNA
containing neurons in the prairie vole forebrain. An 850 base 35S-labeled
probe, subcloned from full length rat ER cDNA (gift of M. Muramatsu),
complimentary to the mRNA encoding the steroid binding domain of the 3’
untranslated region was used to recognized ER mRNA. The hybridization (1
X 106 cpm/slide) took place at 6O°C for 20 hrs; autoradiographic exposure 2 weeks. The distribution of ER mRNA neurons in the vole resembled that
of other rodents, with subtle differences in behaviorally relevant regions. In the
vole, the distribution of neurons containing ER mRNA and ER
immunoreactivity was comparable. The greatest concentrations of ER mRNA
containing neurons were in the anteroventral periventricular & medial preoptic
nuclei, the arcuate & ventromedial hypothalamus, and limbic regions
(encapsulated bed nucleus of the stria terminalis (BNST) & the medial &
cortical amygdala). Fewer ER mRNA containing neurons were in the lateral,
median, & periventricular preoptic nuclei, the anterior, lateral, & dorsal
hypothalamic nuclei, limbic nuclei (lateral BNST, lateral septum, anterior
amygdaloid area, cortex-amygdala transition zone, and medial basal & central
amygdala), and the subfornical organ. Effects of male sensory stimulation,
estradiol, and genetic sex on ER mRNA steady state levels are under
investigation. (HD 22983 J.I.M.)

SUPRACHIASMATIC NUCLEUS AFFERENTS SYNAPSE ON ESTROGEN
RECEPTIVE NEURONS IN THE ANTERIOR PREOPTIC REGION OF
THE FEMALE RAT. R,E. Watson. Jr*. B.E. Malev. and M.C. Laneub. Jr. Dept,
of Anatomy and Neurobiology, University of Kentucky Medical Center, Lexington,
KY 40536-0084.
Previous studies have shown that the anteroventral periventricular nucleus
(AVPv) is of critical importance to steroid-mediated control of the preovulatory
gonadotropin surge (Wiegand et al., 1980). It is believed that estrogen receptorimmunoreactive (ER-ir) neuronal systems, possibly including those in the AVPv,
play an important role in transducing the steroid signal to the LHRH system. In
addition, the timing of the preovulatory LH surge is evidently regulated also by a
circadian signal from the suprachiasmatic nucleus (SCN) since it occurs at a specific
time of day relative to the light-dark cycle to which the animal is entrained. We
have previously shown that ER-ir neurons in the AVPv receive vasopressinergic
input (Watson and Langub, 1992) and suggested that the SCN may be the source of
such input. Thus, to determine whether the SCN provides direct synaptic contact to
ER-ir neurons in the AVPv, PHA-L injections were made into the SCN of intact
female Sprague-Dawley rats and double label immunocytochemistry for PHA-L-ir
terminals and ER-ir neurons was performed. Sections through the AVPv were
immunostained sequentially for ER-ir using monoclonal antibody H222 (Abbott
Laboratories) with tetramethylbenzidine (TMB) as the chromogen, and PHA-L-ir
using diaminobenzidine (DAB) as the chromogen. Ultrastructurally, ER-ir neurons
were characterized by intranuclear TMB crystals while diffuse DAB reaction
product coated organelles within PHA-L-ir terminals. The AVPv contained
abundant PHA-L-ir synaptic terminals, the majority of which were axodendriticHowever, labeled terminals also synapsed on neuronal soma of both ER- and
nonER-ir neurons. Thus, these results suggest that SCN circadian information is
transmitted to the AVPv where it is integrated differentially by ER- and nonER-ir
neurons for proper elaboration of gonadotropin secretion. (Supported by HD
29050}
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ANDROGEN RECEPTOR mRNA AND GALANIN ARE COLOCALIZED IN
THE NEURONS OF DBB, BNST, MPOA. AND SON IN THE MALE RAT.
Z. Cao*. C. Ulibani and T.R. AkessonL Department of Veterinary and
Comparative Anatomy, Pharmacology, & Physiology, College of Veterinary
Medicine, Washington State University, Pullman, WA 99164-6520.
We have previously shown that the neuropeptide, galanin and glutamate receptor
subunit 1 (GluRl) mRNA are colocalized in cells located in the diagonal band of
Broca, the medial preoptic area (MPOA), and the bed nucleus of the stria
terminalis (BNST). Recent studies have shown that galanin neurons within the
MPOA are responsive to testosterone (T) for the regulation of male sexual
behavior. To identify sites where galanin and androgen may interact in the
hypothalamus, we combined immunohistochemistry to visualize galanin and in situ
hybridization to localize androgen receptor (AR) mRNA within the same cells.
Young adult male Sprague-Dawley rats were castrated, and given T capsules (9
mm long per 100 g of body weight) to maintain T levels within physiologic levels.
Two weeks later, rats received colchicine infusions into the lateral ventricle. Two
days later they were killed by aldehyde perfusion. Their brains were removed,
sectioned coronally (30 pm), immunostained for galanin by standard avidin-biotin
procedure using DAB as a chromogen. The sections were then processed by in
situ hybridization to visualize AR mRNA by using DIG-labeled antisense RNA
probe (courtesy of C. Chang, Univ Wisconsin-Madison Medical School). DIGlabeled sense probe produced no hybridization.
Coexistence of galanin and AR mRNA was observed in the DBB, MPOA, BNST,
and supraoptic nucleus (SON). These results suggest that T could influence galanin
production via direct action on galanin neurons in the DBB, BNST, MPOA, and
SON. We will next test whether there are sex differences of AR mRNA expression
in the GAL neurons of the hypothalamus.
Supported by HD 22869 to TRA.
^Posthumously.

EXPRESSION OF ANDROGEN RECEPTOR (AR) IN THE
LUMBOSACRAL SPINAL CORD AND COLOCALIZATION WITH p75NGFR
IN SEXUALLY DIMORPHIC MOTOR NEURONS. RR Sukhov*4, MH
Cavouette4, DL Price1'4 and VE Koliatsos1'4. Departments of 'Pathology,
2Neurology, and 3Neurology, 4Neuropathology Laboratory, The Johns

Hopkins University School of Medicine, Baltimore, MD 21205.
Androgens and trophic factors play an important role in the
development and regeneration of motor neurons. We have previously
shown that p75NGpR is a specific marker for sexually dimorphic motor
neurons in the rat and primate lumbosacral cord. In the present study,
we characterized further the same populations of sexually dimorphic
neurons using immunocytochemistry for AR. AR was found in the
majority of neurons in the dorsomedial (DM), dorsolateral (DL), and
cremaster (CRE) nuclei and in some motor neurons of the
retrodorsolateral (RDL) nucleus. In male rats, AR localization was
predominantly nuclear. In females, AR was localized in the cytoplasm.
Gonadectomy in males resulted in the translocation of AR
immunoreactivity to the cytoplasm. Dual-labeling immunocytochemistry
with AR and p75NGf:R showed near-complete colocalization in the majority

of DM, DL, and CRE neurons and in some motor neurons of the RDL.
Currently, we are assessing whether the differential localization of AR
between males and females and between intact and gonadectomized
males is a result of different quantities of expressed AR. The precise
colocalization of p75NGpR and AR may suggest specific interactions
between the low-affinity neurotrophin receptor and the AR.

44.15

44.16

DETECTION AND LOCALIZATION OF ANDROGEN RECEPTOR IN THE RAT
BRAIN BY IN VITRO AUTORADIOGRAPHY AND WESTERN BLOT
IMMUNOQUANTITATION: A CORRELATIVE ANALYSIS. N. Karsan. N.J.
MacLuskv. M. Sharma and T.J. Brown*. Division of Reproductive Science, The
Toronto Hospital Research Institute, Toronto, ON M5G 1L7
The detection and measurement of androgen receptor protein (ARp) in the brain
has been complicated by heterogeneity of the tissue and by the possible presence of
non-receptor androgen binding proteins.
Immunocytochemical studies have
occasionally detected androgen receptor-like immunoreactivity in regions of the brain
where conventional autoradiographic and biochemical studies have failed. The
present studies were performed to compare regional ARp expression in the rat brain
using a new in vitro autoradiographic technique with immunoquantitation of ARp by
Western blotting. Frozen 20 pm thick coronal brain sections from a gonadectomized
rat were incubated for 24 hr at 4 °C with 4.0 nM [3H]RI88I in the presence of 1 pM
triamcinolone acetonide and protamine sulfate. Adjacent sections were incubated
under identical conditions with the addition of 1 pM unlabeled R1881. After
incubation, sections were rinsed, fixed in 4% paraformaldehyde, washed and
subsequently dried. The sections were placed against Amersham Hypeifiim-3H for 3
months and analyzed by computer-assisted densitometry. ARp binding was measured
in the hippocampus, ventromedial nucleus, medial amygdala, lateral septum, bed
nucleus of the stria terminalis, and premamillary nucleus. To verify AR presence in
these regions, the hippocampus, preoptic area, medial basal hypothalamus, amygdala,
cerebellum, and pituitary from intact rats were dissected, lysed and
immunoprecipitated with an affinity purified rabbit polyclonal anti-human AR
antibody. Western blot analysis demonstrated a protein of approximately 110 kD in
all regions examined except for the cerebellum. These results unequivocally validate
the regional distribution of ARp as detected by in vitro autoradiography in neural
tissue. Supported by MRC Canada.

PROGESTERONE INHIBITS NORMAL ACTIVATION OF SUPRAOPTIC
NEURONS
DURING
PARTURITION
AND
ALTERS
TYROSINE
HYDROXYLASE (TH) IMMUNOREACTIVITY IN BRAINSTEM NEURONS.
LA. Antoniievic. R.J. Bicknell*. G. Lena, J.A. Russellt, S.M. Luckman. Dept .
Neurobiology, Babraham Institute, Cambridge CB2 4AT, UK, JDept. Physiology,
Medical School, University of Edinburgh, Edinburgh EH8 9 AG, UK.
Parturition in rats follows progesterone withdrawal at the end of pregnancy. During
parturition, secretion of neurohypophysial oxytocin is accompanied by increased Fos
expression, detected with immunocytochemistry (ICC) in the supraoptic nucleus
(SON) and in catecholaminergic afferent neurons in the nucleus tractus solitarii
(NTS). Progesterone (5 mg, s.c.) one day before (= day 20) expected parturition
delayed the onset of pup birth by 28 hr (n=lO, vs control parturient rats, n=ll,
p<0.05 U-test) and blocked Fos expression in the SON (4±3 Fos-positive
nuclei/section vs l6±4 in control parturient rats, n=6, p<0.05 U-test), but not in the
NTS (l7±5 Fos-positive nuclei/section vs l4±3 in control parturient rats). Thus the
delay of delivery after progesterone seems to involve a lack of normal SON activation
and hence oxytocin secretion. As catecholaminergic neurons in the NTS are a major
excitatory input to the SON and as the number of TH containing neurons detectable
with ICC increased during normal parturition (9Otl9 TH-positive cells/NTS vs l4±3
in prepartum rats, p<0.01 U-test), we investigated the effects of progesterone in these
neurons. In contrast to controls, in progesterone-treated rats the number of THpositive cells was already higher on day 22 before delivery compared to day 21
(37±I2 vs 8±3 TH-positive cells/NTS, n=4), and did not rise further during
parturition (58±I7 TH-positive cells/NTS, n=6). These data indicate that
progesterone treatment at the end of pregnancy disrupts the timing of the increase in
TH immunoreactivity in NTS neurons and thus possibly the excitatory input to the
SON. For a quantitative assessment of TH expression in the NTS, we are currently
measuring the level of its mRNA. Supported by the AFRC.
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CORTICOSTERONE DOWN-REGULATES CALRETONN
mRNA IN 3 DISCRETE BRAIN NUCLEI AND THE TESTES
Kenneth I. StramssVTay Sohulkin and David M. Tacobowitz
Lab of Clin. Sci., NI&H, Bldg 10, 3D-48, Bethesda, MD 20892
Calretinin mRNA levels were measured in 10 discrete
brain areas from vehicle and corticosterone treated (0.1, 1, 10
mg/d, S.C., n = 8) rats using a quantitative micropunch
ribonuclease protection assay. Treatment with high dose
corticosterone caused a 93% decrease in calretinin mRNA. levels
in the hypothalamic paraventricular n. (7 d at 10 mg/d, p<0.05,
Scheffe F-test). The medial amygdaloid n. and the n. reuniens
showed about 40% reduction in cdretinin mRNA following high
dose treatment (p<0.05, Scheffe F-test). Neither adrenalectomy
nor diurnal changes in corticosterone altered calretinin mRNA
in these brain areas. In addition, corticosterone treatment
decreased testicular calretinin protein in a dose dependent
fashion (81%, 68%, 39% at 10, 1, 0.1 mg/day, respectively,
p<0.05, Scheffe F-test).
Parallel decreases in testicular
testosterone were also observed. Low dose corticosterone
decreased testicular but not neuronal calretinin mRNA, whereas
high dose treatments reduced calretinin (but not fi-actin) mRNA
in Doth testes and several discrete brain areas. This suggests
that corticosterone's effects on brain calretinin may be due to its
pathological effects, e.g. energy depletion of brain cells or
interference with the normd support functions of glia.
Alternatively, calretinin mRNA levels in these areas may be
governed (directly or indirectly) by input from hippocampal
neurons that are endangered by excessive corticosterone.

B -Endorphin Contribution to Progesterone-Induced Prolactin Secretion in
Monkeys. M. Pecins-Thompson. A.A. Widmann. C.L. Bethea*. Div. of
Reproductive Sciences, Oregon Reg. Primate Res. Ctr., Beaverton, OR 97006
Progesterone (P) increases prolactin secretion in estrogen (E)primed female monkeys through a neural mechanism. Since B-cndorphin
(BE) is a potential prolactin stimulatory factor, it was of interest to
examine (1) the regulation of progestin receptors (PR) in BE neurons of
steroid-treated monkeys, (2) BE levels in the hypothalamus of intact,
juvenile and spayed monkeys and (3) the effect of naloxone on P-induced
prolactin secretion. Sections (lOp) at 2OOp intervals through the medial
basal hypothalamus (MBH) were immunostained for BE and PR in spay, E
treated (28 days) and E+P treated monkeys (14 days E + 14 days E+P). In
perfusion fixed-hypothalami, the percent of BE+PR neurons equaled 2%,
25% and 33% in spay, E and E+P treated monkeys, respectively. A similar
induction was observed in immersion-fixed specimens. Thus, E-treatment
increased the percent of double-labeled cells in the arcuate nucleus and
this increase was maintained with supplemental P treatment. BE levels
in 4 hypothalamic regions of monkeys in various physiological states
were determined. BE (pg/mg wet wt) in the MBH was significantly
greater in adult females (1941 + 645; n=6) as compared to spay females (761
+500; n=4), and juvenile females (140+95; n=3). These results suggest
induction of BE by gonadal hormones. To determine the contribution of BE
to P-induced prolactin secretion in vivo, naloxone was infused into an E
primed, P treated monkey. Naloxone reduced serum prolactin levels in a
dose-related manner with an ICsoof 0.84 pg/kg/nun. Taken together these
data support a role for BE in the neural regulation of P-induced prolactin
secretion in primates. Supported by HD17269, HD18185, RR00163.
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IDENTIFICATION OF AROMATASE IMMUNOREACTIVE CELLS IN THE
QUAIL BRAIN BY ANTIBODIES RAISED AGAINST RECOMBINANT QUAIL,
MOUSE AND HUMAN AROMATASES A. Foidart*. J. Reid. N. Yoshimura. N.
Harada. and J. Balthazart. Lab. Biochemistry, Univ. Liege, B-4020 Li£ge, Belgium
and Fujita Health University, Molecular Genetics, Toyoake, Aichi 470 11, Japan.
Mouse and quail aromatase cDNA were isolated from cDNA libraries of mouse
ovary and quail brain using a human aromatase cDNA fragment (hA-24) as a probe.
These 3 cDNA were inserted into expression plasmid vectors (pQE9, pQElO, pQEl 1)
and expressed in Escherichia coli. The recombinant proteins were purified and 200 pg
of each were used as antigens to immunize rabbits. The antisera were then purified by
ammonium sulfate fractionation and by affinity chromatography with recombinantantigens conjugated to Sepharose 4B. This produced 3 antibodies directed against
recombinant proteins (Human: HRl; Mouse: MRl; Quail: QR1) which were used to
visualize aromatase-immunoreactive (ARO-ir) cells in the quail brain. They were
compared with the antibody raised against human placental aromatase (HP1) used in
previous experiments and with another antibody recently developed against the same
antigen by similar methods (HP3). The 4 new antibodies produced here (HRl, MRL
QR1 and HP3) identified the major groups of ARO-ir cells previously described using
HP1. These cells groups were, however, stained much more densely with antibodies
MRl and QR1 than with HP1, HP3 and HRL MRl and QR1 identified more positive
cells in these groups. These 2 antibodies also revealed the presence of additional cell
groups that had not been previously seen in intact males. In sections stained with
MRl or QR1, ARO-ir cells were consistently seen in the nucleus accumbens, the
paleostriatum ventrale, under the lateral forebrain bundle, above the nucleus ovoidalis,
in the caudal part of the tuber around the nucleus mammilaris medialis and in the
central grey. The signal obtained with all antibodies was completely abolished by
preadsorbtion with the homologous antigens and the signal produced by HP1 and HP3
was similarly abolished by a preadsorbtion with recombinant quail aromatase. These
new preadsorbtion controls and the similarity between the results obtained with 5
different antibodies bring strong support to the idea that HP1 actually recognizes the
endogenous aromatase in the quail brain. The enhanced sensitivity provided by the new
homologous antibody (QR1) will permit a more complete analysis of the aromatasecontaining neurons in quail.

AROMATASE INDUCTION BY TESTOSTERONE IN THE QUAIL BRAIN IS
BLOCKED BY STEROIDAL BUT NOT BY NON-STEROIDAL INHIBITORS.
J. Baltaa/azt*. Q. Tlemcani, A . Foidart. S, AtA-Dohmae and N . H^ada. Lab.
Biochemistry, Univ. Ltege, B-4020 Lidge, Belgium and Fujita Health University,
Molecular Genetics, Toyoake, Aichi 470 11, Japan.
Treatment of castrated quail with testosterone (T) reliably activates male copulatory
behavior and, at the sime time, increases the aromatase activity (AA), the number of
aromatase-immunoreactive (ARO-ir) cells and the concentration of aromatase mRNA
as measured by RT-PCR in the brain. All these effects can be mimicked . by estrogens.
The behavioral effects of T can be blocked by a variety of aromatase inhibitors and, in
parallel, the AA is strongly inhibited in the preoptic area (POA). We showed recently
that the steroidal inhibitor, 4-OH-LnNosteneNione (OHA) markedly decreases the
immunostaining density of brain ARO-ir cells while the non-steroidal inhibitor,
R76713 (racemic Vorozole) unexpectedly increased the density of this staining, despite
the fact that the enzyme activity was completely inhibited. To generalise these
findings and identify the underlying mechanism, we compared here the effects of two
steroidal (OHA and androstatrienedione [ATD]) and two non-steroidal (Vorozole and
Fadrozole) aromatase inhibitors on the aromatase immunostaining and aromatase
mRNA concentration in the brain of castrated quail concurrently treated with T. The 4
inhibitors significantly blocked the activation by T of male copulation. The two
steroidal inhibitors decreased the immunostaining of brain ARO-ir cells but both
Vorozole and Fadrozole markedly enhanced the density of this staining. In parallel,
OHA and ATD completely blocked the T-induced increase in aromatase mRNA
concentration, while Vorozole and Fadrozole had no effect on these RNA
concentrations in the POA-anterior hypothalamus and they decreased them only partly
in the posterior hypothalamus. This fits in nicely with immunocytochemical data
showing that Vorozole decreases the number of ARO-ir cells in the caudal
hypothalamus but not in the POA. Taken together these results suggest that the
inhibition of AA by ATD or OHA and the subsequent removal of locally produced
estrogens blocks the synthesis of aromatase presumably at the transcriptional level.
By contrast, the two non steroidal inhibitors tested here block AA but in parallel
increase the aromatase immunostaining. This effect does not result from an enhanced
transcription and it is therefore speculated that these compounds increase either the
translation of the aromatase mRNA or the half-life of the protein itself.

44.21

PURIFICATION AND IDENTIFICATION OF ESTROGEN-BINDING PROTEINS
FROM NEURONAL MEMBRANES OF FEMALE RAT BRAIN.
Jianbiao
Zheng* & Victor D. Ramirez. Neurosci. Program & Dept, of Molecul. &
Integrat. Physiol., Univ. of Illinois, Urbana, IL 61801
Putative membrane receptors have been suggested as an explanation
for the rapid action of steroid hormones on the CNS, but their identity is
not known.
Using a novel radiolabeled ligand, l73-estradiol 6-(Ocarboxymethyl)oxime: 125I-BSA conjugate (E-6-125I-BSA), we have
demonstrated the presence of specific membrane binding sites for
estrogen in the hypothalamus (HYP), olfactory bulb (OB) and cerebellum
(CB) (Zheng et al. (1994)). In this study using Western blot analysis, we
have identified three estrogen-binding proteins of 30, 27 and 23 kDa in
crude membrane (P2) fractions of HYP, OB and CB with E-6- 125I-BSA.
The binding is specific since 1 pM unlabeled E-6-BSA displaced the
binding. An E-6-BSA affinity column was used to partially purify the
estrogen binding proteins from 1% digitonin-solubilized P2 membranes
of CB (CB-P2). About 0.5% of added soluble proteins were recovered.
The partially-purified proteins were then applied to SDS-PAGE and 5
major protein bands were revealed.
Three of them have identical M.W.
as those identified by Western blotting in P2 membranes. Two other
protein bands of about 62 and 38 kDa were also co-purified.
In
contrast, a 17a-E-6-BSA affinity column failed to recover these proteins
and SDS-PAGE only showed a faint band with M.W. of 87 kDa. This is
consistent with the lack of competition of 17a-E-6-BSA with E-6-125IBSA binding to the CB-P2. Studies are currently under way in our
laboratory to determine the N-terminal and/or internal amino acid
sequence of these partially-purified proteins.
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VAGINOCERVICAL STIMULATED RELEASE OF OXYTOCIN INTO
SPINAL CORD SUPERFUSATES AFTER HYPOPHYSECTOMY. C.A.
Gerdes*. G. Sansone. I.T. Winslow^, I.E. Ottenwellei-l. B.R.
Komisaruk and T,R. Insel^. Institute of Animal Behavior,

INCREASED GALANIN-IMMUNOREACTIVE CELL NUMBER IN
THE ANTERIOR PITUITARY OF hGHRH TRANSGENIC MICE.
J.P. Moore. Jr. and J.F. Hyde*. Dept. of Anatomy and Neurobiology,
University of Kentucky College of Medicine, Lexington, KY 40536.
Wd recently reported that galanin gene expression is markedly
increased in the anterior pituitary gland of male human growth
hormone-releasing hormone (hGHRH) transgenic mice.
These
increases in galanin mRNA and peptide levels could be due to
either 1) an increased number of pituitary cells producing galanin
or 2) increased galanin gene expression in the same number of
galanm-producing cells. To ascertain which of these conditions
occurs, we used 4-month old maae
hGHRH transgenic mice.
Transgenic mice were identified by PCR and non-transgenic
siblings were used as controls. Pituitary glands were immersion
fixed in Bouin’s solution and imbedded in paraffin. Tissue sections
(10 pm) were mounted on ssides and stained for galanin
immunorssntcyity using NiLminobDnriNinD as the chromagsn. The
galanin antiserum was used at a ffrnd dilution of 1:2000. The
anterior pituitariss of control mice oanSaiDdd few and widely
scattered galanm immunopositivs cells. In contrast, the anterior
pituitary glands of ths hGHRH transgenic mice contained numerous
galanin positive cells, at times occurring in clusters. Thsss results
suggest that ths increase of galanin peptide in ths anterior pituitary
of hGHRH transgenic mice is due to a hyperplasia of galanincontaining cells. It is likely that these galanm cells also produce
GH, as previous studies have demonstrated a somatotroph
hyperplasia in hGHRH transgenic mice. (Supported by DK-45981)

Rutgers University, Newark, N.J. 07102, DVA Medical Center,
East Orange, N.J.l and NIMH, Laboratory of Neurophysiology,
Poolesville, MD 208372.
This study demonstrates that vaginoce^ca! stimulation (VS)
releases oxytocin (OXY) into spinal cord superfusates after
hypophysectomy (HYPOX), indicating a direct release of OXY
into the spinal cord rather than diffusion from blood. OXY was
measured both in spinal cord superfusates (5 min/ sample)
and in blood, (300 ul/sample) pre-, during-, and post-VS (300 g
intermittent force for 5 min) in 8 ovariectomized, urethaneanesthetized rats (5 HYPOX, 3 control). HYPOX was verified
morphologically and by RIA. After CRH administration,
plasma corticosterone was significantly lower in the HYPOX
group than in the control group. In response to VS, plasma
OXY levels increased 167% in the control group, which
differed significantly from a decrease of 34% observed in the
HYPOX group. Although baseline levels of plasma OXY were
significantly higher in the HYPOX (50.1 pg/ml ±- 11. 2 sem)
than the control group (11.2 pg/ml 4. 5.6 sem), there was no
significant correlation between OXY levels in plasma and
spinal cord superfusates; hence, these two measures are
evidently independent. Support: Busch Fdtn (BRK).
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CYCLIC NUCLEOTIDE INDUCED CHANGES OF PITUICYTE
MORPHOLOGY. K.D.Ramseli* & P.Cobbett Dept Pharmacol &

PARTIAL PURIFICATION AND CHARACTERIZATION OF
PEPTIDERGIC COMPOUNDS FROM THE RAT AND BOVINE
PITUITARY GLAND WHICH BIND TO APPARENT RAT BRAIN
SULFONYLUREA RECEPTORS. T. Torda, R. Dauod. M. Linnoila*
and R. Eskav. NIAAA, NIH, Bethesda, MD 20892.
Antidiabetic sulfonylurea drugs are used widely in the treatment of
non-insulin dependent diabetes mellitus. ' Sulfonylurea compounds
inhibit specific ATP-sensitive K+ channels in pancreatic B-cells,

Toxicol & Neuroscience Prog, Michigan State Univ., East Lansing
Ml 48824
Pituicyte movements appear to underlie plasticity of
neurohypophysial neuroglial relations in vivo. Cultured pituicytes
also exhibit morphological plasticity in response to receptor
activation or membrane depolarization (Bicknell et al. Brain Res
Bull 22, 379-388,1989; Zhao & Cobbett Ann NY Acad Sci
689,696-698,1993). We have now examined the involvement of
cAMP and cGMP in controlling pituicyte morphology.
Neurohypophysial explants were cultured for 14 days; cells were
then incubated in experimental medium (9Omin) and fixed so that
the fraction of cells that were stellate and non stellate could be
determined. In control medium the fraction of stellate cells was
0.16J3±0.052 n=6 (mean ±SEM, # cultures). This fraction was
significantly increased by inclusion of forskolin (6.25/xM,
0.99 ±0.005, n = 4) or of the nitric oxide donors nitroprusside
(10ax M; 0.532±0.006, n = 6) or SIN-1 (10xM; O.642±O.OO8, n = 6).
These effects were not induced by 1,9-dideoxyforskolin or by
nitroprusside and methylene blue together. We conclude that
increases of intracellular cAMP or cGMP can induce the same
changes of pituicyte morphology.
Supported by NIH grant NS282O6.

leading to enhanced insulin secretion.
In addition to B-cells,
sulfonylurea binding sites appear to be present in the brain, heart, and
pituitary gland. Recently, it has been shown that rat and ovine brains
contain endogenous peptidergic sulfonylurea-like (EPSL) compounds.
The ability of endogenous compounds to inhibit [sH]-glibenclamide

binding to rat brain membranes was used to follow our purification
procedures. In an attempt to determine if EPSL compounds are
present in the anterior pituitary gland, rat and bovine pituitaries were
first subjected to heat coagulation and acid extraction, followed by
cationic exchange chromatography (S-Sepharose), size exclusion
chromatography (Supperose) and HPLC. Partial purification of rat and
bovine EPSL compounds revealed that 1) both species contained
pepsin sensitive compounds able to inhibit pH]-glibenclamide binding
to rat frontal cortex membranes, 2) EPSL compounds are present in
at least two forms, and 3) EPSL compounds isolated from bovine
pituitary tissue enhanced insulin secretion from insulinoma B-TC3
cells.
Our results suggest that pituitary glands contain EPSL
compounds which may function as physiological regulators of
sulfonylurea receptors.
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LOSS OF GAP-43—IMMUNOREACTIVE INNERVATION IN THE
AGING RAT PITUITARY. L.C. Saland*. N.I. PerroneBizzozero+. A. Samora. D.Ramirez and A. Apodaca.
Depts. of Anatomy and Biochemistry+, Univ. of New
Mexico Sch. Med., Albuquerque, NM 87131.
GAP-43, a growth and regeneration-associated
protein found in neuronal membranes, is present
in nerve fibers innervating the rat pituitary.
GAP-43 immunoreactivity (IR)
is lost during
neurotoxin-induced
nerve
degeneration,
and
recovers
during
reinnervation
of
pituitary
tissue. In aging pituitary, we find that GAP-43IR is reduced, with little or no staining in the
oldest group. Male rats aged 8 to 17 months were
perfused
intracardially
with
buffered
paraformaldehyde after halothane anesthesia.
Paraffin sections of pituitary were stained with
anti-GAP-43
(1:1500)
as previously described
(Saland et al,'93, Mol. Cell. Neurosci. 4: 576).
Fiber staining in the neurointermediate lobe
(NIL) was observed in 8 month old rats, with a
gradual decline. At 17 months, few or no fibers
were observed. Loss of GAP-43-IR may suggest
reduced ability of pituitary fibers to modify
connections
on
target
cells.Support:
NIH
NS2I256(LS),NS3O255(NPB),GMO8I39(LS,NPB).

LOCALISATION OF NITRIC OXIDE SYNTHASE IN THE
ANTERIOR PITUITARY AND THE ROLE OF NITRIC OXIDE
IN REGULATION OF ANTERIOR PITUITARY- HORMONE
SECRETION. S. Ceccatelli*, A.L. Hutting, X. Zhang, E.
Theodorsson and T. Hokfelt. Dept. of Neuroscience and
Molecular Medicine, Karolinska Institute, S-171 77 Stockholm,
Sweden.
Using immunohistochemistry and in situ hybridisation, the
nitric oxide (NO)-synthesising enzyme NOS has been
demonstrated in rat gonadotrophs with a marked increase in NOS
protein and mRNA levels after gonadectomy. In addition, NOS
was also found in folliculo-stellate cells of rat anterior pituitary.
In monkey anterior pituitary, NOS is present in corticotrophs.
Analysis of the effect of NO on rat LH secretion in vitro showed
that the NOS inhibitor MeArg markedly potentiated GnRH
induced LH secretion, and NO donor SNP reduced the GnRH
stimulated LH release. In cultivated monkey anterior pituitary
cells, MeArg had no clear effect on ACTH release. In addition,
Hb, which binds NO, markedly stimulated ACTH secretion.
These observations suggest that NO may be synthesised in the
anterior pituitary playing a role in the control of anterior pituitary
hormone secretion. The results also point at an autocrine action of
NO, both in rats and monkeys, NO being produced in rat
gonadotrophs and monkey corticotrophs influencing LH- and
ACTH secretion respectively.
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GLIAL-LIKE CELLS IN THE RAT PITUITARY INTERMEDIATE LOBE
RESPOND TO CHRONIC HALOPERIDOL AND BROMOCRIPTINE
TREATMENTS. S.A. Sands* and B.M. Chronwall. School of Biological
Sciences, University of Missouri-Kansas City, Kansas City, MO 64108.
This study was conducted to determine if intermediatelobe glial-likecells
are affected by compounds which regulate melanotrope biosynthetic activity
by binding to the dopamine D2 receptor. Glial-like cells were stellate, and
expressed glial fibrillary acidic protein (GFAP), vimentin, and S-100 in cell
bodies and processes as revealed by immunohistochemistry. Following
haloperidol treatment, immunoreactivity of these proteins in both cell bodies
and processes was less intense, with no change in number of cell bodies.
Following bromocriptine treatment, S-100 and GFAP immunoreactivities
increased in intensity while that of vimentin decreased. The number of cell
bodies expressing vimentin or S-100 did not change. However, the number
of GFAP cell bodies increased. The number of processes expressing GFAP
increased, with no changes observed in vimentin and S-100. The percent of
cells and processes co-expressing GFAP/vimentin or GFAP/S-100
increased. Thus, bromocriptine induced GFAP expression, while glial
protein expression decreased with haloperidol.

LUTEINIZING HORMONE RELEASING HORMONE (LHRH) AND
GROWTH HORMONE RELEASING HORMONE (GHRH) FAIL TO EXERT
A TROPHIC EFFECT
ON
ADULT HYPOPHYSIAL TISSUE
TRANSPLANTED INTO THE HAMSTER CHEEK POUCH. G.T. Campbell.
L.P. Liu. M.J. Woller and C.A. Blake*.
Dept. of Cell Biology and
Neuroscience, Univ. of South Carolina Sch. of Med., Columbia, SC, 29208.
We have shown that LHRH and GHRH exert trophic effects on
gonadotrophs and somatotrophs in hypophysial tissue removed from adult
hamsters and allografted beneath the renal capsules of host hamsters. Similar
allografts placed in the hamster cheek pouch die. We tested if LHRH or
GHRH, by virtue of their presumed trophic effects on specific cells, would
enhance survival of allografts of adult hypophysial tissue in the cheek pouch.
Donor tissue removed from neonatal hamsters, which survives, was used as
control tissue. Donor hypophysial tissue was placed in pockets in the cheek
pouches of hypophysectomized-ovariectomized hamsters. Hosts were given
subcutaneous injections of vehicle, LHRH (2.5gg), or GHRH (4.O^g) every. 12
hours for 15 days. Excised grafts were studied histologically. Allografts of
hypophysial tissue removed from adult donors consisted almost entirely of
fibrous tissue with evidence of immunological attack. Neither LHRH nor
GHRH improved the survivability of the allografts. Effective LHRH and GHRH
concentrations reached the allografts of neonatal hypophysial tissue as evidenced
by LHRH inducing intracellular follicle stimulating hormone and GHRH
increasing the percentage of somatotrophs in the allografts.
Neither
neurohormone exerted a growth-promoting effect on allografts in any group.
Thus, responses of target hypophysial cells to LHRH or GHRH may not include
release of agents which are trophic for hypophysial tissue in general. Supported
by NIH grant HD-22687 (CAB) and NRSA Postdoctoral Fellowship (MJW).
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TRANSFORMING GROWTH FACTOR Bl (TGF-Bl) AND TGF-B
TYPE II RECEPTOR EXPRESSION, AND TGF-Bl INHIBITION
OF CELL GROWTH ARE REDUCED IN THE TRANSFORMED
LACTOTROPES. M. Pastorcic. O.-W. .Xie, S. Hentges.
N. BBvadiieva. A. De, and D.K. SSrk^*,Departmentof Veterinary
and Comparative Anatomy, Pharmacology and Physiology;
Washington State University, Pullman, Wa 991(44-6520.

SOMATOSTATIN RECEPTOR SUBTYPE GENE EXPRESSION IN
PITUITARY ADENOMAS. G.M.Miller*. J.M.Alexander. A.Klibanski.
Neuroendocrine Unit, Mass. Gen. Hosp. and Harvard Med. School,
Boston, MA 02114.
Hypothalamic somatostatin (SMS) exerts diverse biological effects
through a family of membrane-bound receptors and its analogues are
used in the treatment of human pituitary adenomas. There are diverse
responses to SMS analogue administration in different tumor types. We
hypothesize that differential SMS receptor (SMS-R) expression in such
tumors may predict clinical responses to SMS and may reflect
underlying mechanisms of tumorigenesis. Of the five cloned SMS-R,
types 1 and 2 have been identified in pituitary tumors. Other SMS-R
subtype expression in neoplastic or normal pituitary tissue is unknown.
We therefore determined SMS-R expression in pituitary adenomas

We have previously shown that TGF-Bl is produced in lactotropes
of the anterior pituitary gland and inhibits both the secretion of prolactin
and the growth of lactotropes {Mol. Endo. 6:1825, 1992; Endocrinology
133:1444, 1993). We have also shown that the mRNA level of this
growth factor is reduced in pituitary tumors. In order to further investigate the role of TGF-Bl in tumorigenesis, we have studied the alteration
in TGF-Bl and TGF-B type II receptor (TBR-II) expression and function
during the development of pituitary tumors induced by estrogen in
Fisher 344 female rats. We have determined the protein and mRNA
levels of TGF-Bl and mRNA levels of TBR-II in normal and tumor
pituitaries. TGF-Bl protein and mRNA levels decreased progressively
during tumor development. TBR-II mRNA levels also decreased
during tumor progression, but at an earlier time than TGF-Bl protein.
Transformed lactotropes, GH3 cells and PR1 cells (obtained from a
clone of tumor cells of an estrogen-treated rat), were also examined.
Both GH3 and PR1 had low levels of TGF-Bl and TBR-II mRNA as
compared to non-transformed pituitary cells. Comparison of the
growth-inhibiting effect of TGF-B on normal and transformed pituitary
cells revealed that the transformed lactotropes were less responsive to
TGF-Bl than the non-transformed lactotropes. These results suggest
that a loss of the TGF-Bl growth-controlling mechanism may play a
part in transformation of lactotropes. Supported by the National
Institutes of Health Grant CA 56056.

using RT-PCR as follows;:
Tumor type

SMS receptor subtype
4
3
2
1
nd
7/7
2/8
0/8
0/6
nd
6/6
0/6
5/8
3/10 0/10 0/7
7/10
11/15 0/15 4/15
0/6
6/6
5/5
0/6

5.
5/5
Non-functioning
7/8
Growth Hormone
nd
Adrenocorticotropin
13/14
Prolactin
5/5
Normal Human Pituitary
We conclude that 1) pituitary adenomas and normal pituitary tissue

express multiple SMS-R gene transcripts, and 2) SMS5-R, which has
not been reported in other endocrine tumors, is expressed in neoplastic
and normal pituitary tissue. Further understanding of SMS-R gene
expression in pituitary adenomas will facilitate our understanding of the
pathogenetic mechanisms of tumorigenesis and may provide the
rationale for the use of specific SMS analogues for clinical application.

45.11

45.12

EFFECTS OF WATER BALANCE RESTRICTION ON BASIC FIBROBLAST
GROWTH FACTOR (FGF-2) and its high
affinity
receptors
in the
HYPOTHALAMO-HYPOPHYSEAL AXIS. A.m . Gonzalez*. W. Yine. and A.

MORPHOLOGICAL PLASTICITY OF ASTROCYTES FROM THE
ADULT SUBFORNICAL ORGAN (SFO). P. Cobbett* & K.D.
Ramsell Dept Pharmacol & Toxicol & Neuroscience Prog,
Michigan State Univ., East Lansing Ml 48824
Astrocytes from the
adult
neurohypophysis
exhibit
morphological plasticity in culture (Bicknell et al. Brain Res Bull
22, 379-388,1989; Zhao & Cobbett Ann NY Acad Sci 689,696698,1993). Since the neurohypophysis is a circumventricular
organ (CVO), we reasoned that astrocytes of SFO might also
exhibit morphological plasticity. Explants containing the SFO
were attached to coverslips with thrombin-plasma clots and
maintained in serum containing medium. Astrocytes, which
immunocytochemically stained for glial fibrillary acidic protein,
began migrating out of the explants within 3-4 days: these cells
were non stellate (without processes or a distinct soma). At day
14, when cultures were incubated in HEPES balanced salt
solution (9Omin) few cells (10.8 ± 4.5%, n = 5 cultures) were stellate
(with processes and a distinct soma). Inclusion of forskolin
(10m M) in this solution induced a significant decrease in the
percentage of cells that were stellate (85.8±3.7%, n = 5). We
conclude that astrocytes from CVOs are particularly amenable to
culture conditions and that morphological plasticity is a common
feature of these cells.
Supported by NIH grant NS282O6.

45.13

45.14

INTERMITTENT STIMULATION OF THE ANTERIOR PITUITARY
GLAND (APG) BY LUTEINIZING HORMONE RELEASING HORMONE
(LHRH) IS
NECESSARY FOR THE DEVELOPMENT OF
IMMUNOREACTIVE FOLLICLE-STIMULATING HORMONE (FSH)
IN THE ECTOPIC APG. M.J, Woller*. G.T. Campbell and C.A. Blake.
Dept. of Cell Biology and Neuroscience, Univ. of South Carolina Sch. of
Med., Columbia, SC 29208.
Synthetic LHRH given sc at 12 h intervals induces the appearance of
cells containing FSH in perinatal APG removed from hypothalamic input by
grafting beneath the renal capsule of adult host hamsters (Gregerson and
Campbell, Biol. Reprod. 27:169, 1982). The present study compares the
efficiency of continuous vs. intermittent stimulation of the APG with LHRH
on inducing FSH immunoreactivity. Perinatal APGs were allografted
beneath the renal capsules of hypophysectomized-ovariectomized hosts with
a cannula implanted into the external jugular vein. Saline or LHRH (6 ng/h)
was infused continuously through the cannula or LHRH was pulsed through
the cannula at l2h (72 ng) or lh (6 ng) intervals for 8 days. At sacrifice,
grafts were removed and prepared for immunocytochemical staining of
sections of APG tissue for FSH. The % of APG cells containing FSH in
grafts in hosts continuously infused with saline or LHRH (< 2%) was similar
to that in donor APG. Both LHRH pulse regimens were highly effective in
increasing the % of APG cells that contained FSH. Thus, the appearance of
immunoreactive FSH during development appears to require intermittent
stimulation of the APG with LHRH. Supported by NIH grant HD-22687 (to
C.A.B.) and National Research Service Award Postdoctoral Fellowship (to
M.J.W.).

"VGF" GENE PRODUCT IN RAT PITUITARY: CHANGES IN
OESTRAL CYCLE AND AFTER GONADECTOMY. G-L.
Ferri*, R.M. Gaudio. M. . . Cooa u... A. Rinaldi#.,. J.M.
Polak#, P. Berger*, R. Possenti# Univ. Dept.
Cytomorphology, Cagliari & Oasi IRCCS, Troina,
#CNR Inst. Neurobiology, Rome, Italy; ##Dept.
Histochemistry RPMS, London, UK; 'Inst. Biomed.
Aging, Austrian Acad. Sciences, Innsbruck, A.
The "VGF" gene product shows selective neuroendocrine localisation. Thus, we studied VGF
expression and distribution in rat anterior
hypophysis (females: proeutruu, estruu, metestrus, dyeutrus, n=l5 each; males, n = l5;
gonadectomy, n=l5/sex), using antisera to 5
regions of VGF in immunocytochemistry and RNAse
protection. In females, VGF-immunoreactivity
(all sera) was almost confined to gonadotrophs
at proestrus, then decreased in such cells and
became distinct in a proportion of lactotrophs.
mRNA showed a parallel increase after proestrus.
A subpopulation of secretory granules of female
gonadotrophs was VGF-immunoreactive. In males,
gene expression
was low and immunostaining
limited to a few lactotrophs. After gonadectomy,
mRNA was high and gonadotrophs showed highly
varied VGF-immunoutaining (intense to absent).
Selective localisation and cyclic modulation
suggest involvement of VGF gene product/s in
pituitary gonadotroph and lactotroph function.

Baird. Department of Molecular and Cellular Growth Biology, The Whittier Institute
For Diabetes and Endocrinology, La Jolla, CA 92037.
There is a specific and selective distribution of FGF-2 and its high affinity
receptor(s) (FGFR) in the hypothalamo-pituitary axis. These results, in conjunction
with our previous studies showing the high le\ els of FGF-2 and FGFR in the
subfornical organ (SFO), a circumventricular organ involved in salt and water
regulation, led us to suggest that FGF-2 and its high affinity receptors are involved in
neurohypophyseal functions, possibly water balance. This hypothesis is supported
by the results from the studies described here using two models of fluid imbalance:
diabetes insipidus and chronic dehydration. For the diabetes insipidus model, we
used adult male homozygous Brattleboro rats (dildi). Chronic dehydration was
produced by water deprivation for three days. Pituitary, brain, kidney, and adrenal
tissues were processed for immunohistochemistry, in situ hybridization, and Western
blot analyses. Histological analyses establish that in the Brattleboro rat and
following chronic dehydration, the increased number of pituicytes in the neural lobe
is accompanied by an increase in the levels of immunoreactive FGF-2 in these cells.
Three days of water deprivation also produces an increase in their FGFR1 mRNA
expression. In the extracellular matrix, and specifically in the basement membranes
underlying blood vessels, there is a decrease in the levels of immunoreactive FGF-2
and an increase on the surface of the cells. Western blot analyses indicate that after
chronic dehydration, organs closely involved in fluid balance such as kidney and
brain show modified levels of FGF-2 and FGFR1.
These studies indicate the impairment of water balance (i.e., diabetes insipidus
and chronic dehydration) is accompanied by significant changes in the content and
distribution of FGF-2 and FGFR in the neurohypophysis and in tissues involved in
fluid regulation. (Supported by NIH POl DK18811)
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45.16

NEUROPHYPOPHYSIAL
and
TUBEROHYPOPHYSIAL
DOPAMINE
METABOLISM
IN
HAMSTERS
WITH
PHOTOPERIOD-INDUCED
TESTICULAR REGRESSION.
R.W, Steger*. M. Juszczak. L.
Fadden, A. Bartke.
Department of Physiology, Southern
Illinois University School of Medicine?, Carbondale, IL

ON THE MECHANISM OF ACTION OF HEXARELIN, A NOVEL

62901.

Exposure of golden hamsters to a short photoperiod (<l2.5h
light/day) leads to suppression of gonadal fUnction secondary to
reduced gonadotropin and prolactin secretion. Prolactin secretion is
decreased despite a reduction of tuberoinfundibular dopaminergic
(DA) activity. In the present study the ability of photoperiod to
affect tuberohypophysial DA turnover was evaluated in long day
(LD, 16:8 light:dark) and short day (SD, 8:16) male hamsters.
Exposure to SD led to decreases in testicular weight within 10 wks
and plasma levels of prolactin within 1 week. Steady state levels of
DA in the posterior pituitary were elevated at 1 and 4 wks of SD
exposure but returned to LD levels within 10 wks. DA turnover, as
estimated by measuring the depletion of DA 60 minutes after
tyrosine hydroxylase inhibition with a-methyl-p-tyrosine (aMPT;
25Omg/kg), was significantly elevated at 1, 4 and 10 weeks after
transfer to SD. Similarly to previously published studies, DA
turnover in the hypothalamus was depressed at these same time
periods. DA content of the anterior pituitary was not significantly
affected by photoperiod. The data from this study suggests that
decreases in Prl secretion associated with the transfer of hamsters
from LD to SD conditions are caused by an increase in dopamine
release by the neurohypophysis.
(Supported by a Fulbright
fellowship (MJ) and NIH HD20033).

GHRP-6 ANALOG. A. Torsello*. V. Locatelli. R. Grilli. M. Luoni. MC
Ghigo. R. Deghenqhi. C. Battisti and EE Muller. Dept. of
Pharmacology,

University

of

Milan.

Milan

20129

Italy

and

Europeptides, Argenteuil. 95108 France.

Previous studies have indicated that in the infant rat GHRP-6 and

Hexarelin

(HEXA.

a

novel

GHRP-6

analog

more

stable

and

hydrophobic than the parent compound) stimulate GH secretion
independently from endogenous GHRH and SRIF. Our aim was to
further investigate the mechanism of action of HEXA on the two
specific neurohormones in either normal or GHRH impaired infant

rats. Neonatal rats were passively immunized against GHRH or given
normal rabbit serum from the day of birth to postnatal day 10. In 10day old GHRH-Ab treated rats. pituitary GH and hypothalamic SRIF

mRNA levels were reduced (40% and 18% reduction vs controls for
GH and SRIF. respectively; p<0.05) while GHRH mRNA levels were

increased (28% over controls. p<0.05). HEXA (80 pg/kg. sc. twice
daily. from postnatal day 5 to 10) significantly (P<0.05) increased GH
mRNA levels in GHRH-Ab treated but not in control rats. At the
hypothalamic level. following HEXA there was an higher increase in

SRIF mRNA levels in control (20% increase; P<0.05) than GHRH-Ab

treated rats (8% increase). HEXA did not significantly modify GHRH
mRNA levels neither in GHRH-Ab or control rats. These and our
previous findings in the infant rat suggest that HEXA: 1) increases G H

mRNA levels independently from GHRH; 2) does not inhibit SRIF
function. and 3) does not stimulate GHRH function.

NEUROENDOCRINE REGULATION: NEUROPEPTIDES
46.1

46.2

ESTROGEN REGULATION OF NEUROPEPTIDE Y SECRETION FROM
MEDIAL BASAL HYPOTHALAMUS IN VITRO. A .C. Thompson*& JK
McDonald. Dept. of Anatomy & Cell Biology, Emory Univ. Sch. of Med., Atlanta,
GA 30322.
The involvement of neuropeptide Y (NPY) in the neuroendocrine regulation of
the female reproductive axis has lead to the hypothesis that NPY secretion from the
medial basal hypothalamus (MBH) is regulated by plasma levels of estrogen.
Ovariectomized Sprague-Dawley rats were treated s.c. with estradiol benzoate (235
pg/ml, high dose = 2 20mm Silastic implants, low dose = 1 10mm implant) or oil
vehicle approximately 72 hrs prior to sacrifice at 0900, 1500, or 1800 hr. These
implants produce physiological plasma levels of estradiol comparable to proestrous
and diestrus levels, respectively. MBH fragments were dissected and incubated 2 per
tube in vitro to evaluate NPY release under basal and K+(40mM>stimulated
conditions. Incubation medium was collected every 15 min and subsequently
assayed for NPY by RLA (sensitivity 10 pg/tube). The effects of estrogen dose and
time of day were evaluated by ANOVA and Newman-Keuls pairwise comparisons.
A significant interaction between estrogen treatment and time of day was found
for K+-stimulated release of NPY (p < 0.001). K+-stimulated release of NPY
increased significantly during the day in the high estrogen treatment group (1800
hrs >1500 & 0900 hrs, p < 0.05) and was statistically greater than low estrogen and
vehicle treated groups at 1800 hrs (p < 0.05).
These results demonstrate that prior estrogen treatment significantly increases the
sensitivity of NPY release mechanisms in the MBH to K+ stimulation in vitro and
suggest that estrogen regulates NPY secretion from the MBH during the estrous
cycle.
Supported by NIH HD 26833, NRSA T32 DK 07298, & NRSA F32 NS 09430.

NEUROTENSIN MODULATES GLUTAMATERGIC RESPONSES IN
RAT SUPRAOPTIC MAGNOCELLULAR NEUROENDOCRINE CELLS
(MNCs) IN VITRO K. Kirkpatrick* and C.W- Bourque. Montreal
General Hospital and McGill University, Montreal, Canada.
We have previously reported the ability of neurotensin and it's
carboxy-terminal fragment (NT 8-13) to modulate the excitability of
MNCs via activation of a non-specific cationic conductance and the
suppression of the GK(Ca) that underlies the afterhyperpolarization
(AHP) evoked by trains of action potentials. This apamin sensitive
Gk (cb ) is necessary for the induction of NMDA-evoked "clustered" firing
in MNCs (Hu & Bourque, J. Physiol.) as well as playing a role in
spike frequency adaptation. We hypothesized therefore that through
suppression of the AHP neurotensin may modulate the excitatory
effects of glutamatergic agonists on MNCs. Recordings were obtained
from MNCs in superfused rat hypothalamic explants. In response to
application of the glutamatergic agonists NMDA (100 pM; n=9) or
AMPA (100 pM; n=4) MNCs depolarized. Additionally in 7 MNCs held
at hyperpolarized potentials the application of NMCs induced a
clustered pattern of cell firing as previously described by Hu &
Bourque (J. Physiol.). The excitatory responses of 5 MNCs to
application of NMDA (100 pM) or AMPA (100 pM) were enhanced
in the presence of NT 8-13 (.2 - 3 pM). Additionally application of
NT (.2 - 3 pM; n=5) attenuated the ability of MNCs to fire in a
clustered manner in response to NMDA application. Since glutamate
is a predominant excitatory neurotransmitter in the SON, neurotensin
may represent an important modulator of synaptic transmission in
this nucleus. Supported by the MRC of Canada and FCAR.

46.3

46.4

EFFECT
OF
EXOGENOUS
ADMINISTRATION
OF
NEUROPEPTIDE Y (NPY) ON THE PLATYFISH. L. MagliuloCepriano, M.P. Schreibman* and Shellv-Ann Salandv. Graduate
School-University Center and Brooklyn College Biology
Department, C.U.N.Y., Brooklyn, New York 11210.
To determine the effects of neuropeptide Y, sexually
immature and mature male and female adult platyfish were given
five intraperitoneal injections of NPY (1 microgram/0.5 gram body
weight) per week. Control animals were given saline injections.
Animals were measured (standard length) prior to every fifth
injection. Immature animals were given a total of 25 injections
before being sacrificed at age 10 weeks. Mature animals were
given a total of 10 injections before sacrifice at age 19 weeks.
Tissue specimens were processed for histological and
immunocytochemical evaluation. Statistical significance of results
was determined by use of the student T test with p< .05 (95%
confidence range) taken as significant. Results demonstrate that
while NPY injections did not significantly alter the overall growth
rate of platyfish, there was a significant increase in the number of
immunoreactive-growth hormone containing cells in the pituitary
glands of the immature fish. Mature fish did not demonstrate this
effect These results suggest that NPY plays a significant role in
somatotrope physiology. [Supported by NASA (NAGW-1704) and BARD.]

CONCOMITANT VARIATION IN IMMUNOREACTIVITY FOR
ENKEPHALINS AND NEUTRAL ENDOPEPTIDASE IN THE MEDIAN
EMINENCE OF LACTATING RATS. F. Vandenbulcke, P. Ciofi and J.C.
Beauvllain*. U156 INSERM, Place de Verdun, 59045 Lille (France).
In the central nervous system, neutral endopeptidase (NEP, E.C.3.4.24.11.) is
capable of inactivating enkephalins (ENK) and substance P. The presence of NEP
in a given region suggests a local action of NEP’s target peptides in that region.
During lactation, the expression of ENK is increased in the hypothalamic
dopaminergic tubero-infundibular system (Soc. Neurosci. Abs. 15:702, 1989;
Endocrinology 133::2645,1993; J. Neuroendocrinol. 5:599,1993).
We compared the distribution of NEP, ENK and tachykinins (TK), using semiquantitative immunoradioautography (NEP) or immunofluorescence (En K and TK),
in the median eminence (ME) of post-partum day 8 (PP8) lactating rats either freely
nursing or pup-deprived since PP6.
In both animal groups, TK-immunoreactivity (ir) was undetectable in the external
zone of the ME whereas ENK-ir was strong in this region in freely nursing rats.
Pup-removal resulted in a striking depletion of ENK-ir from the external ME. This
variation in ENK-ir was accompanied by a statistically significant 50% reduction of
the radioautographic signal for NEP in that region.
These observations sugg^t: (1) a relationship between NEP and ENK in the ME,
(2) a local action of ENK in the ME, and (3) the involvement of ENK in the
suckling-induced prolactin release.
Supported by INSERM.
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46.6

INSULIN MODULATES GALANIN GENE EXPRESSION IN THE
HYPOTHALAMIC PARAVENTRICULAR NUCLEUS. C. Tang*. A.
AkabayashL A. Manitiu. and S.F. Leibowitz. The Rockefeller University,
New York, N. Y. lOO21.
The neuropeptide galanin (GAL) exists in dense concentrations within the
hypothalamus and has been shown to inhibit the secretion of insulin, as well
as preferentially stimulate the ingestion of fat. The relationship between
hypothalamic Gal and circulating insulin was further explored through

COLCHICINE INJECTION RESTORES THE GALANIN mRNA
EXPRESSION IN THE PVN OF ADULT HYPOTHYROID RATS.

analyses of GAL peptide (via RIA) and mRNA (via RNase protection
assay/solution hybridization)
concentrations
in
control,
diabetic
(streptozotocin, STZ) and insulin-replaced diabetic rats. The STZ-treated
animals were hyperglycemic (+320%, pCOXKH), hyperphagic (+149%,
p<0.01), and hyperdipsic (+390%, p< O.C0)1) intake, and showed decreased
body weight gain (-75%, p<0.(X>1). These changes were completely
reversed by chronic insulin replacement (10 U/kg/day). In dissections of the
mediodorsal hypothalamus, but not the mediobasal hypothalamus, GAL
immunoreactivity was elevated 2-fold (p<0.05) and GAL mRNA increased
6-fold (p < 0.01) in STZ rats compared to controls. In both cases, peptide and
mRNA levels were returned to normal with insulin replacement. Analyses of
8 micropunched brain areas showed GAL levels to be increased significantly
(+172%, p <0.01) only in the PVN, particularly its lateral division, of St Z
rats and to be reduced by insulin replacement. These findings provide
evidence for an anatomically-localized change in GAL gene expression in
relation to circulating insulin, consistent with results from studies of intact
rats (Leibowitz et al.,) presented at this meeting.

L. Giardino. #S. CeccatellL §M, Schalling*. #T. Hokfelt. L. Calza. Inst.
of Human Physiology, University of Cagliari; #Dpt. of Neurosci.,
Karolinska Institutet and §Dpt. of Clinical Genetics, Karolinska
Hospital, Stockholm, Sweden.
. The galanin (GAL) mRNA expression is suppressed in both
magnocellular and parvocellular components of the paraventricular nuc.
(PVN) of rats which were made hypothyroid in postpuberal age
(Neuroendocrinol., 1992,56:694-703). Since the colchicine injection
has been shown to up-regulate the g Al mRNA in almost all the brain
areas including the PVN, we investigated the effect of colchicine ivc
injection on the GAL'mRNA expression of hypo-, eu- and hyperthyroid
rats. The rats were thyroidectomized 60 days after birth, and
hyperthyroidism was induced by T4 dietary administration. Groups of
hypo-, eu- and hyperthyroid rats were icv injected with colchicine
(75pg/5pl/animal, survival time 24hrs). GAL mRNA expression was
investigated by means of in situ hybridization using a 35S-dATP 3' end
labeled 48-mer oligoprobe (nucleotides 230-277). Colchicine injection
restored the GAL mRNA expression in the PVN of hypothyroid rats.
The labeling of parvocellular neurons after colchicine injection was
comparable in the 3 experimental groups, whereas the labeling of
magnocellular neurons in hypothyroid rats was still lower as compared
to eu- and hyperthyroid rats, at least at the investigated survival time.
The up-regulation of GAL mRNA expression in other brain areas,
including the thalamus and the dentate gyrus, was not affected by
peripheral levels of thyroid hormone. These data support an indirect role
of thyroid hormone in the regulation of GAL gene transcription at the

PVN level.

46.7

46.8

CAPILLARY ELECTROPHORESIS (CE) COUPLED TO FLUORESCENCE
DETECTION FOR THE DETERMINATION OF IN VIVO NEUROPEPTIDE
RELEASE FROM THE EWE MEDIAN EMINENCE (ME). S.S. Park. N.A.
Guzman. J. Rabii* and J.P. Advis. Department of Animal Sciences, Rutgers
University, New Brunswick, NJ 08903, Department of Biological Sciences,
Rutgers University, Piscataway, NJ 08855, and The R.W. Johnson Pharma-

Differential regulation of hypothalamic neuropeptide Y (NPY) Y1
and Y2 receptors by ovarian hormones in female rats

ceutical Research Institute, Raritan, NJ 08869.
The link between brain and reproduction is the release of LHRH from
the ME, a release modulated by other neuropeptides such as B-endorphine
(BEND) and neuropeptide Y (NPY) impinging on the LHRH neuron. Analysis
of push-pull cannula (PPC) or microdialysis perfusates is the method of
choice to determine in vivo neuropeptide release from discrete brain areas.
However, sample volume is a limiting issue when attempting to measure by
radioimmunoassays (RIA) in vivo release of multiple neuropeptides in these
samples. We developed a CE-based assay for the simultaneous determination of LHRH, BEND and NPY in PPC samples from the ewe ME. This assay
uses CE for the separation of these neuropeptides and their derivatization
with the fluorogenic chromophore fluorescamine to amplify their signal. A
similar temporal profile was obtained when 10-min interval ME-PPC samples
obtained before, during and after a synchronized preovulatory surge of LH
were assayed for NPY and BEND by RIA and CE (r=.91). The CE-based assay (120 nl of PPC perfusate injected into the system) allows the simultaneous electrophoretic assessment of endogenous NPY and BEND (found at
levels between 10-100 pg /100 pi PPC perfusate /10 min as resolved by
RIA). However, simultaneous detection of endogenous LHRH (present at
levels between 0.1-1 pg / 100 pl PPC perfusate / 10 min) might only be
achieved when laser-induced fluorescence detection of derivatized neuropeptides is coupled to additional sensitivity enhancers already in existence. An
appealing aspect of this technology is the simplicity of the methodology and
its ability to separate and detect multiple neuropeptide components in a single sample (NJAES-Hatch 06108 and USDA 89-37240-4587 to JP Advis).

W. R. Crowley * a, S.L. Parker a, S.P. Kalra b A. Fournier^ and S. St-Pierrec
Dept. of Pharmacology, Univ. of Tennessee College of Medicine,Memphis, TN 38163 a,
Dept. of Neuroscience, Univ. of Florida College of Medicine, Gainesville, FL 32610 *, and
INRS-Sante, Pointe-Claire, Quebec, Canada H9R1G6 c
There is strong evidence that NPY systems participate in the neuroendocrine
regulation of luteinizing hormone (LH) secretion by stimulating the release of LHreleasing hormone (LHRH) and by enhancing LHRH-induced LH release. Ovarian
hormones also affect the concentrations of NPY and preproNPY mRNA in the
hypothalamus. This study examined the effects of estradiol (E2) and progesterone
(P4) on NPY receptor binding in membranes from medial preoptic nucleus (MPO)
and arcuate-median eminence (AME), using [l25I]pepride Yy (PYY, a nonselective
NPY agonist), [125I]PYY3.36 (a selective Y2 receptor agonist) and [I25I]Pro34PYY
(selective Y1 receptor agonist). NPY receptor binding in both hypothalamic nuclei
did not change substantially over time in OVX rats. E2 treatment of OVX rats
resulted in upregulation of NPY receptors in the MPO and also in the AME, while no
consistent changes were found in the parietal cortex. Two-four hours after
administration of P4 at 1.5 mg/animal on the third day of E2 treatment the total
NPY receptors (as quantitated by [l25I]pPYY) were reduced in both the MPO and the
AME below the density found after E2. In the MPO, P4 decreased Y2 receptors while
Y1 receptors were increased. No parallel changes of NPY receptors were detected in
parietal neocortex, or in piriform paleocortex. The number of cryptic Y2 sites that can
be made available for [l25I]pPYY or [125I]hPYY(3-36) binding by guanosine-5'-O(thiodiphosphate) was increased after P4 treatment. These findings suggest that P4
enhances NPY transmission through Y1 receptors, which are known to mediate NPY
stimulation of LHRH release, and may decrease NPY actions at Y2 receptors, which
are coupled to inhibition of neurotransmitter and neuropeptide release. Neuronal
membrane stabilization by P4 could contribute to the observed changes in NPY
receptor density, e.g. through reduction of the lateral mobility and internalization of
Y1 receptors, and via increased association of NPY receptors (especially of the Y2
subtype) with membrane and cytoplasmic interactants.

46.9

46.10

GALANIN AND NEUROPEPTIDE Y IMMUNOREACTIVITY IN BRAIN
NUCLEI OF FEMALE AND MALE RATS IN RELATION TO PUBERTY.
J.T. Alexander*. A. Akabavashi. S.M. Gabriel. B.E. Thomas and S.F.
Leibowitz. The Rockefeller University, New York, N. Y. 10021 and Mt.
Sinai School of Medicine, New York, N.Y. 10029.

ALTERATION OF NPY mRNA LEVELS IN THE ARCUATE NUCLEUS IN
ASSOCIATION WITH STEROID-INDUCED LH SURGES IN PREPUBERTAL
RATS. H. J. Wang*. B. Attardi. G. E. Hoffman and M. S. Smith. Depts of
Neurobiology and Medicine, Univ. of Pittsburgh, Pittsburgh, PA 15261.
The LH surge can be induced in prepubertal rats treated with estradiol (E2)
followed by progesterone (P). Whether increases in NPY neuronal activity in

The peptides, neuropeptide Y (NPY) and galanin (GAL), are believed to
be involved in controlling gonadal function, as well as energy balance. This
investigation examined peptide levels within discrete brain areas in relation to
the onset of puberty. Male (n=3O) and female (n=29) Sprague-Dawley rats,
obtained from 5 pregnant females, had food and water freely available until
sacrifice, which occurred on either day 30 (pre-puberty), day 45 (puberty),
or day 60 (maturity). Nine hypothalamic nuclei, including the paraventricular
nucleus (PVN) and median eminence (ME), as well as the medial preoptic
area (MPO), were microdissected, and peptide levels were measured by RIA.
At puberty, the primary changes detected in NPY were in the MPO and ME
for both females and males. From days 30 to 45, NPY levels in female rats
increased significantly (+KX)%, p<0.05) in these two areas. In males,
however, NPY levels showed a small decrease in the MPO on day 45 (-30%,
p < 0.05) and in the ME on day 60 (-65%, p < 0.05). Measurements of Ga L
also revealed changes around puberty in the MPO and ME. Between days 30
and 45, GAL levels increased in the MPO and ME in females (+400%,
p<0.05) and in the ME of males (+95%, p<0O5). In contrast to NPY,
GAL in the lateral division of the p Vn (1PVN) also changed at puberty, with
both females and males exhibiting a marked rise (+250%, p<0.05) at days
45 and 60. These findings identify 3 closely linked brain areas, the MPO,
ME and 1PVN, as showing strong changes in peptide levels in relation to
puberty.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

the arcuate nucleus (ARC) are associated with the LH surge in these animals,
as has been described during proestrus, was determined by assessing the
changes in NPY mRNA and the expression of cFos in NPY neurons before
and during the LH surge. After receiving E2 implants sc at 0900 hr on day 28,
prepubertal female rats were implanted with a P capsule 24 hr later. Blood
samples were collected at different time intervals thereafter and the animals
were perfused with brain fixative. Brain sections (25 pM) were subjected to
double label ICC for cFos protein and GnRH or to ICC for cFos protein and in
situ hybridization for NPY mRNA, using an 35S-labeled riboprobe. LH
secretion in these animals was low at 1200 hr, peaked at 1500-1600 hr and
declined thereafter. Little cFos staining was found in NPY mRNA-containing
neurons, regardless of the LH concentration, whereas greater than 70% of
GnRH neurons expressed cFos at the peak of the LH surge. NPY mRNA
levels did not change at any time in the more rostral portions of the ARC. In
the caudal portions (starting at the level of the dorsal medial hypothalamic
nucleus), NPY mRNA levels did not change until the time of the peak of the
LH surge. Thereafter, in association with the decline in LH secretion, NPY
mRNA was significantly decreased at 1700 hr (73%) and at 1900 hr (54%),
when compared to levels at 1200 hr. Whether these changes in NPY mRNA
levels are regulated by steroids is unclear, but the changes are confined to
the caudal population of neurons in the ARC. The lack of cFos expression in
NPY neurons and of a significant increase in NPY mRNA levels during the LH
surge suggest that NPY neuronal activity is not increased in this steroidinduced LH surge model, as has been reported during proestrus.
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Neuropeptide Y GENE EXPRESSION IN THE ARCUATE
NUCLEUS IN SHEEP: SEASONAL EFFECT.
C.S.J. Yang*.
H.-J. Wang, M.S . Smith and R. A. Dailey. Division of
Animal
& Veterinary
Sciences,
West Virginia
University, Morgantown, WV 26505 and Department of
Neurobiology, University of Pittsburgh, Pittsburgh,
PA 15261 (HJW and MSS) .
Secretion of neuropeptide Y (NPY) from the
median eminence varies during the estrous cycle of
ewes as well as with seasons. Whether or not NPY
mRNA levels differed with day of the estrous cycle
or in anestrus was examined in this study.
Crossbred ewes were assigned at random to be
euthanized at Day 3 (n=3), Day 8 (n=3), onset of
estrus (Day 0, n=3) and during anestrus (AS, n=5).
In
situ
hybridization
with
an
35S-antisense
riboprobe for human NPY was used to identify
neurons containing NPY mRNA in the arcuate nucleus
(ARC, 40 pm sections) . Concentration of mRNA for
NPY was estimated by average grains in a given
marked area (0.98 or) in the ARC of each section,
where most cells were located. Compared to ewes
sampled during the estrous cycle, NPY mRNA was
decreased by 87% in AS ewes (p<0.001), whereas no
significant differences were observed among the
three groups of cycling ewes. In summary, NPY gene
expression in neurons in the ARC was suppressed
during anestrus. (Supported by Hatch 321 and HD
14643.)
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17P-ESTRADIOL MODULATION OF CALCIUM CHANNELS IN
RAT STRIATAL NEURONS. P.G. Mermelstein*. J.B. Becker and
D. J. S urnneier. Neuroscience Program, Reproductive S ciences
Program and Psyehclcgy Dept., Univ. cf Michigan, Ann Arbcr, MI
48104 and Dept. cf Anatomy and Neurcbiclcgy, Univ. cf Tennessee,
Memphis, Memphis, TN 38163.
Recent advances have provided evidence that steroid hcrmcnes
may directly affect membrane ecnductancs, independent cf
intracellular receptors. Using whcte-cell reccMing, we have
previcusly repcrted that piccmdar ccncentraticns cf l7p-estradicl
sterecspecific ally btocks N-type calcium channels in rat striatal
neurons (Mermelstein et al., Scc. Neurosci. Abst. 627.17, 1993). The
effects are rapid. Estradicl decreases calcium currents within sec^ds
cf stercid administraticn. Mcrecver, the actins cf sstnadicl appear
restricted to the cellular membrane, as estnogsn ccnjugated to bcvine
serum albumen (E-BSA) is equally effective in reducing calcium
currents. Estradid appears to mediate this reduct^ in calcium

MORPHOLOGICAL EFFECTS OF ESTRADIOL VALERATE ON
PRESYNAPTIC CATECHOLAMINERGIC AND GABAERGIC NERVE
TERMINALS. C ,F . Lewis* & F. Naftolin. Dept of Ob. 6yn., Yale University
Medical School, New Haven, Ct. 06510
We utilized immunostaining for either glutamic acid decarboxylase (GAD) or
tyrosine hydroxylase (TH) on sections containing the arcuate nucleus to
immunolabel TH or GAD-containing terminals. Experimental groups included
controls, intact estradiol-treated females, ovariectomized females, and
females that were simultaneously ovariectomized and injected with estradiol
valerate. Morphological measurements were conducted on electron
micrographs of immunostained tissue. At eight weeks estradiol-treated
females demonstrated a 27% decrease (p<.O5) in the total number of axosomatic synapses as compared to untreated controls at this same time period.
These animals exhibited a 14% decline in GAD immunopositive axo-somatic
synapses and a 43% (p<.O5) decrease in TH-immunolabeled synapses below
timed controls. Estradiol-treatment plus ovariectomy caused a 27% decrease
(p<.O5) in the total number of a*o-somatic synapses, with a 27% decrease
(p<.O5) in GAD-immunolabeled pre-synaptic terminals and a 36% decrease
(p<.O5) in TH-immunoreactive terminals compared to intact controls. The total

channels through a G-prctein mechanism, as estrogen's effects beccme
irreversible when GTPyS is added tc the intracellular reccMing
electrode. The effect cf estradtol upcn calcium channels is seen in
bdh acutely disscciated and primary cultured striatal neurons.
Preliminary evidence suggests bcth a sex and age difference in the
effect cf estradicl upcn calcium eonduetanee. These data atong with
stercid and regtonal specificity will be discussed. The G-prctein
mediated pathway by which estrogen affects calcium channels is alsc
under examinaticn.
Spcnscred by BNS9021966, NS28889 and MH10556

number of axo-somatic synapses did not differ significantly between
untreated ovariectomized females and intact controls at eight weeks;
however, the number of synapses that contained TH were 31% lower (p<.O5)
than the intact controls and GAD-immunopositive presynaptic terminals
increased 22% (p<.O5) above timed controls (p<.O5). By thirty-two weeks,
the total number of axo-somatic synapses in all treatment groups was similar
to the untreated controls. The number of TH-containing presynaptic axons
were similar to the controls in all groups except the estradiol-treated females
whose TH-immunopositive presynaptic terminals had increased 70% above
control values (p<.O5). The number of GAD-immunolabeled synapses only
differed from controls in the estrogen plus ovariectomized animals, being
31% higher (p<.O5) than timed intact controls.

47.3

47.4

STEROIDAL MODULATION OF MESOLIMBIC DOPAMINERGIC
HYPERACTIVITY. T.L, Thompson* and R.L. Moss. Dept.Physiol. U. T.
Southwestern Medical. Center, Dallas, TX 75235.
There is experimental evidence to suggest that a complex interaction occurs
between the A10 dopaminergic (DAergic) neurons innervating cortical regions and
those innervating subcortical regions. Using in vivo voltammetry and a 6hydroxydopamine (6-OHDA) lesion paradigm, we have examined the ability of DA
containing medial prefrontal cortical (mPFC) neurons to modulate DAergic activity
in the nucleus accumbens. K+-stimulated DA release was significantly potentiated in
the nucleus accumbens of ovariectomized (ovx) rats following bilateral 6-OHDA
lesions of the mPFC (283% increase over sham controls). Significant increases were
also observed in re-uptake and clearance times. These results clearly suggest that
DAergic nerve terminals in the nucleus accumbens are hyperresponsive following
cortical DAergic denervation. This is of obvious clinical interest, it has long been
hypothesized that mesolimbic DAergic hyperactivity is part of the underlying
pathology associated with the manifestation of schizophrenia, psychosis and mania.
Interestingly, clinical observations have suggested that steroidal hormones may
modulate the symptomology of these same disorders. The ability of circulating
steroids to modulate DAergic activity was determined. K+-stimulated DA release was
measured in intact, cycling animals following sham or bilateral lesion surgery.
Cyclicity and estrous phase were determined by daily vaginal smears. A significant
difference was observed in the magnitude of the response over the estrous cycle.
Release was greatest during diestrus I(l.S^M4^g K4) and lowest during diestrus II
(6/tMKg K+). Cycling animals did not express uniform DAergic hyperactivity
following lesion of the mPFC. Both the magnitude and the direction of the response
were dependent on the stage of estrus and hence on the hormonal milieu. These data
indicate that mesolimbic hyperactivity can be modulated by endogenous circulating
steroids and may have implications in the expression of psychiatric disorders.
MH7718-03.

EVIDENCE THAT THE AMPA RECEPTOR-MEDIATED TONIC INHIBITION OF
HYPOTHALAMIC DOPAMINERGIC NEURONS OCCURS BY ACTIVATION
OF INHIBITORY NEURONS. E.J. Wagner*. K.E. Moore and K.J. Lookineland.
Dept. of Phann. & Tox., Michigan State Univ., E. Lansing, MI 78827.
Blockade of a-amino-3-hydroxy-5-methylisoxazole-7-propionic acid (AMPA)
receptors with 6-nitro-7-sulfamoyl-bernK)[f|quinox8ainne2,3(lH,7H)-dione (NBQX)
increases the activity of tuberoinfyndibular dopaminergic (TEDA) and periventricularhypophysial dopaminergic (PHDA) neurons in both male and female rats. This
suggests that these neurons are tonically inhibited by endogenous excitatory amino
acid neurotransmitters acting at AMPA receptors, possibly via stimulation of
inhibitory interneurons. The purpose of the present study was to determine
pharmacologically the identity of prospective inhibitory neurotransmitters by
examining the ability of 7-aminobutyric acid (GABA)a and x-opioid receptor activation
to prevent the stimulatory effects of AMPA receptor blockade on these neurons. The
activity of TIDA and PHDA neurons was estimated by measuring the concentration
of the dopamine metabolite 3,7-dihydroxyphenyiacetic acid (DOPAC) in the median
eminence and intermediate lobe, respectively. In both male and female rats, the
GABAa receptor agonist isoguvacine counteracted the NBQX-induced increase of
DOPAC concentrations in the median eminence but not in the intermediate lobe. In
contrast, the x-opioid receptor agonist U-50,788 attenuated the NBQX-induced
increase of DOPAC concentrations in the intermediate lobe but not in the median
eminence of male rats. Taken together, these results reveal that the tonic inhibition
of TIDA neurons by endogenous excitatory amino acid neurotransmitters acting at
AMPA receptors is mediated by GABA acting at GABAa receptors. In contrast, the
tonic inhibition of PHDA neurons by endogenous excitatory amino acid
neurotransmitters acting at AMPA receptors is mediated, in part, via endogenous xopioids. (Supported by NIH Grant m H 72802.)
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The
differentiation/maturation
of
CNS
stem
cells
is
accompained by an increase of 5alpha-reductase activity.
R.C.MelcanaiS, L.Martini*§. L.Cova0, E.A.Parati0 and A.L.Vescovi0. §Dep.
Endocrinology,University of Milan, and°Natl.Neurol. Inst. C.Besta, Milan, Italy.
In the CNS, testosterone (T) may be converted into the 5alpha-reduced
derivative dihydrotestosterone (DHT) by the action of the 5alphareductase(s) (5a-R). The metabolism of testosterone (T) and other androgens
is well documented in cultures of differentiated brain cells (neurons,
astrocytes etc.); very little is known about the presence of metabolic
pathways metabolizing androgens in undifferentiated progenitor cells of the
developing CNS. We have used a novel "in vitro" system which allows
extensive culturing of multipotential stem-like cells in the presence of EGF
(derived from the embryonic mouse striatum). This is in order to assess the
changes occurring in androgenic metabolism when such precursor cells
undergo differentiation, generating neurons, astro- and oligodendroglia.
EGF-responsive stem cells were plated onto poly-d-ornithine coated dishes
either under conditions preventing cell differentiation (i.e. serum-free
medium containing 20ng/ml of EGF), or in situations which facilitate a
progressive differentiation (in the absence of exogenous growth factor and in
the presence of 2-3% FBS). Metabolism of labeled T was determined by
measuring DHT formation 1 hour as well as 7, 10, and 14 days after plating. In
undifferentiated cells, the low DHT formation found at zero time (6439±1972
pg/mg prot.) remains unchanged at all time points considered. A progressive
increase of 5a-R activity is observed in differentiating cells: this becomes
significantly different, vs. the undifferentiated cells, 14 days after plating

ESTRADIOL AND PROGESTERONE ALTER TYROSINE HYDROXYLASE
ACTIVITY IN FETAL HYPOTHALAMIC CELLS. L.A, Arbogast* and J.L,
Voogt. Physiology Dept, Univ. of Kansas Med. Ctr., Kansas City, KS 66103.
The ovarian steroids, 17B-estradiol (E) and progesterone (P), regulate tuberoinfundibular dopaminergic (TIDA) neurons in vivo. The acute E-induced rise in tyrosine
hydroxylase (TH) activity is mediated by prolactin, whereas chronic E-treatment
suppresses TH activity and TH mRNA levels in the TIDA neurons. In contrast, P
initially reduces TH activity and TH mRNA levels, whereas long-term P-treatment is
stimulatory by reversing the E-induced decrease in TH activity and TH mRNA levels.
The aim of this study was to examine the short- and long-term effects of E and P on
TH activity in fetal hypothalamic cell cultures. Ventral hypothalamic cells of fetal
day 18-20 rats were dispersed with trypsin, plated at 150,000 cells/well and
maintained in serum-free defined medium for 14 days. At the end of the experiment,
TH activity was determined by a lh incubation with Earles' Balanced Salts containing
100 pM brocresine, a dihydroxyphenylalanine (DOPA) decarboxylase inhibitor, and
assessing DOPA in the medium. Exp, 1: Hypothalamic cells were incubated for 24h
or 13 days with E (1 pM, 10 pM, 100 pM or 1 nM) or vehicle (0.01% ethanol) in a
phenol red-free medium and TH activity determined during the final lh. E did not alter
TH activity within 24h. Long-term (13 days) E-treatment reduced TH activity in a
dose-dependent manner with 20% and 42% decreases observed with 1 pM and 1 nM,
respectively. Exp 2: Hypothalamic cells were incubated for 24h or 13 days with P
(10 nM, 25 nM, 50 nM or 100 nM) or its vehicle (0.1% ethanol) in either phenol redcontaining medium or phenol red -free medium. With phenol red, short term (24h) Ptreatment reduced TH activity in a dose-dependent manner with 20% and 60% decreases
observed with 10 nM and 100 nM, respectively. However, TH activity was not
altered after long-term (13 days) P-treatment. In contrast, P in phenol-red free medium
did not reduce TH activity after short- or long-term treatment. Conclusions: 1) The
long-term inhibitory effects of E on TH activity are observed in fetal hypothalamic
cell cultures. 2) The short-term inhibitory actions of P on TH activity are detected in
vitro, but are dependent on exposure to phenol red. Supported by HD24190.

(25292±7967 pg/mg prot.)
These observations show for the first time that a component of the
androgenic metabolic pathway in the CNS can undergo developmental
changes, since an increase of 5a-R activity parallels the process of
differentiation/maturation of progenitor cells of the mammalian. (Supported
by CNR through BTBS n. 93.01103.PF70 and ACRO n. 93.0297.PF39)
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EXPRESSION OF PERIPHERAL BENZODIAZEPINE RECEPTOR IN
NEUROIMMUNE SYSTEM.
J. Leinonen, A. Laqerstedt, P. HeldrT,
I. Podkletnova and H. Alho. Department of Biomedical Sciences and
Neurosurgery, University of Tampere, Finland.
A recognition site for benzodiazepines, structurally different from that
linked to the GABA^ receptor or the "central type" benzodiazepine
receptor, has been located mainly in the outer membranes of
mitochondria and designated as peripheral benzodiazepine receptor
(PBR). Ligand binding studies have shown that PBRs are found in
several peripheral organs. This peripheral-type receptor is also found in
nervous tissue, where it seems to be localized mainly in glial cells, and in
the immune system, but the exact localization and distribution of this
receptor is still not sure.
Here we report the expression and
immunohistochemical localization of MBR in human brain and peripheral
blood leukocytes and leukemic cells.
Immunohistochemistry was performed with affinity purified PBR
antisera raised against the synthetic peptide YGSYIIWKELGGFTE, an
internal sequence of PBR. The specificity of the PBR antibody was
demonstrated in SDS-PAGE using rat adrenal mitochondria. In human
brain the PBR was localized scattered way in glial cells in all brain regions
and highly concentrated in gliomas and astrocytomas.
All types of
leukocytes expressed PBR but with variable density. The highest PBR
density was observed in monocytes, polymorphonuclears and U937 cells,
while the lowest density was observed in B-lymphocytes and Namalwa
cells. LA- or Con-A-stimulation of mononuclear cells increased PBR
density. Since the peptide DBI, the endogenous regulator of PBR, is also
expressed in the same cells and CNS, these elements may share a
relevant interaction between the immune and nervous system.

OHM3295:
A NOVEL g-OPIOID ANALGESIC COMPOUND WHICH
AUGMENTS SPLENIC NATURAL KILLER (NK) ACTIVITY. M.L. Baker*,
L.L. Brockunier1, J.R. Bagley1, C.P. France** and D.J.J. CAT*. +LSU Neuroscience
Center, Departments of “Microbiology and *Pharmacology, LSU Medical Center, New
Orleans, LA and fOhmeda Inc., Murray Hill, NJ.
Recently, we have shown a fentanyl-related compound OHM3295 to induce a
naltrexone-sensitive, dose-related analgesia in CD1 mice. Unlike morphine or
fentanyl, which are potent immunosuppressive drugs, we have found OHM3295 to
augment splenic NK activity in a dose-related and naltrexone reversible manner. The
present study investigated the type (g, 6 or k ) of opioid receptor involved in analgesia
(tail flick latency test) and immunomodulation (NK assay) following acute OHM3295
administration. Specific doses of compounds were used, (B-funaltrexamine (B-FNA),
naltrindole, and norbinaltorphimine (NORBNI)), which antagonize selectively at one
type of receptor {fi, 6 and k respectively). CD1 mice (n=10/group) pretreated with
40.0 mg/kg B-FNA showed 8.4 ± 3.7% of maximal analgesia following 3.2 mg/kg
of OHM3295. Mice pretreated with vehicle, 20 mg/kg NORBNI, or 10 mg/kg
naltrindole exhibited analgesia (42.5 ± 8.4%, 40.2 ± 9.6%, 48.0 ± 8.6%
respectively). Consistent with previous results, the administration of 3.2 mg/kg of
OHM3295 increased splenic NK activity from 8.2 ± 0.72 to 20.7 ± 3.4 lytic units
(LU). This increased lytic activity was not due to a redistribution of NK cells, as
determined by phenotypic analysis of NK1.1+ cells. Pretreatment with 40 mg/kg of
B-FNA displayed lytic activity at 9.0 ± 1.9 LU. In addition, pretreatment with
NORBNI partially blocked the augmentation while naltrindole pretreatment had no
effect (15.8 ± 2.2 LU and 32.3 ± 4.2 LU respectively). These results indicate k and
g involvement in OHM3295-mediated augmentation of splenic NK activity. (This work
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KAPPA OPIOID SITES ON CD4 LYMPHOCYTES. L.C. Band*. J.R, West.

EFFECTS OF [MET5]-ENKEPHALIN (ME) AND NALOXONE ON
INTERLEUKIN-1/3 SECRETION FROM CULTURED MOUSE
MICROGLIA K.P.Das.M.K.McMillian.K.S.Sundar*, P.M,Hudson*
and J.S.Hong NIEHS/NIH, RTP, 27709,+DUMC, Durham, NC
27705
Cytokines have been implicated in the pathogenesis of CNS diseases.
Among the proinflammatory cytokines IL-1/3 is synthesized and
released mainly by microglia. Neuropeptides influence various
immune functions of the CNS. In the present study, functional
interactions between ME, naloxone and lipopolysaccharide (LPS) on
IL-1/3 release was studied in vitro in mixed glial cultures from (E-17)
mouse fetuses. When ME was added alone and/or with LPS in the
culture, there was a dose dependent increased release of IL-1/3 after
48h of exposure. The enhanced release of IL-1/3 by LPS alone or
together with ME was partially blocked by naloxone. Simultaneously,
morphological effects of LPS, with or without ME, and effects on IL1/8 immunocytochemistry, are partially blocked by naloxone.These
results suggest that ME and endogenous opioids have specific roles
in inducing the synthesis and release of IL-1/3 from microglia. These
studies provide potential insights for understanding neuroimmune
mechanisms in the CNS.

B.R, de Costa. K.C, Rice and R.T, Cook. Veterans Administration Medical

Center, Iowa City, IA 52242; Laboratory of Medicinal Chemistry,
NIDDK, NIH, Bethesda, MD 20892; "Department of Anatomy and
Neurobiology, Texas A&M University, College Station, TX
778431114
Alcohol exposure, both prenatally and in alcoholics, is associated
with immunodeficiency. Fetal alcohol exposure has been shown to have
a lasting impact on the opioid peptide system (Nelson et al, 1986), a
system which demonstrably mediates cellular immunity. In order to
examine possible opioid mechanisms for alcohol effects on immunity,
we have begun to identify opioid receptors on lymphocyte subsets.
A fluorescent label highly selective for k -i opioid sites was applied

to human blood mononuclear cells.
Three-color flow cytometric
analysis revealed two distinct subsets of CD4 lymphocytes labeled by
the ki ligand. Pretreatment with naloxone eliminated higher intensity

fluorescence, causing all CD4 cells to fluoresce at the lower intensity.
In comparison with specific labeling of other lymphocyte phenotypes, a
larger subpopulation of CD4 cells was labeled reliably in the nonpatient population sampled.
These findings are consistent with iq receptors located on a subset
of CD4 lymphocytes. CD4 lymphocytes may be critically involved in
the development of certain immunodeficiencies, including AIDS.
In
adding to existing information concerning neuroregulation of CD4
lymphocytes, identification of a k -|/CD4 subset may make it possible to

determine the effects of alcohol exposure on the expression and
function of these cells.-Supported by Children's Miracle Network
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MORPHINE-INDUCED ALTERATIONS IN IMMUNOGLOBULIN CLASS
SWITCHING MECHANISMS. L.L. Lockwood*L.H. Silbert, M.R. Fleshner,
L.R. Watkins, AM.L. Laudenslager, & S. F. Maier. Department of Psychology,
University of Colorado, Boulder, CO 80309 ADept. of Psychiatry, University
of Colorado-Health Sciences Center, Denver, CO 80204
We have previously demonstrated that an acute intravenous injection of
morphine (lOmg/kg) decreased subsequent Keyhole limpet hemocyanin (KLH)
specific IgG antibody (ab) levels. At this dose of morphine, decreases in IgG
levels were not accompanied by decreases in IgM levels. To begin to investigate
these effects, antibody secreting cells (ASC) for KLH-specific IgG & IgM were
enumerated in a sandwich-like assay (ELISPOT). Decreases in ASC's for IgG
were observed in morphine treated rats while IgM ASC’s were increased. These
data may indicate that morphine can alter the ability of IgM secreting cells to
genetically switch to IgG secreting cells. There are two primary pathways by
which IgM secreting cells switch to IgG secreting cells. One pathway requires
Thl cells to secrete interferon-gamma (IFN-gamma) to stimulate IgM secreting
cells to switch to IgG2a secreting cells. Another pathway requires Th2 cells to
secrete interleukin-4 (IL-4) & stimulate IgM secreting cells to switch to IgGl
secreting cells. To investigate these pathways rats were given KLH followed
immediately by morphine or saline. Samples to measure IgGl & IgG2a via
ELISA were taken 7,9, & 14 days after immunization. Only IgG2a levels were
decreased in response to a peripheral injection of morphine. To determine if
these changes are the result of reduced availability of Thl cells, B cells, Th2
cells, or IFN-gamma, rats were given KLH followed immediately by saline or
morphine. Either 1, 24,48, or 96 hrs after injection, rats were sacrificed & their
spleens removed. Splenocytes were then double-labeled to enumerate Thl, Th2,
total T, & total B cells. FACS analysis revealed no changes between saline &
morphine treated rats of any of the cell types. Alterations in IFN-gamma levels
will also be investigated. These studies taken together would indicate that a
lOmg/kg dose of morphine alters the genetic switch from IgM secreting cells to
IgG2a secreting cells. NIH MH45045

INVOLVEMENT OF IMMUNOCYTE BETA-ENDORPHIN IN
THE IMMUNOSUPPRESSION INDUCED BY CENTRALLY
INJECTED INTERLEUKIN-1 IN THE RAT. P.Sacerdote*.
B.Manfredi.M.Bianchi, A.E.Panerai. Dept.Pharmacology,
University of Milan, Milano, Italy.
The central administration of IL-1 induces a peripheral
immunosuppression and this effect is mediated by the
activation of the Corticotropin releasing hormone (CRH). The
opioid peptide Beta-endorphin (BE) is synthesized in the cells
of the immune system and participates in the modulation of
immune responses. Since CRH stimulates immunocyte BE, we
checked whether .i.c.v IL-1 could modulate the peptide in the
rat. Two hours after the administration of h-IL-1_ (1 ng i.c.v.),
the splenocyte, lymph-node, and peripheral blood mononuclear
cell BE levels are significantly elevated, and this increase is
blocked by a CRH antagonist. Two hours after IL-1 both
splenocyte proliferation and NK activity are suppressed: the
pretreatment with a CRH receptor antagonist prevents this
effect. The IL-1 induced immunosuppression is prevented also
by the intravenous administration of specific anti BE IgG. These
data suggest that the IL-1 induced elevation of BE
concentrations in the cells of the immune system can be
involved in the immunosuppression induced by central IL-1.

48.7

48.8

GLIAL NITRIC OXIDE SYNTHASE INDUCTION BY ENDOTOXIN

MODULATION OF CHOLINERGIC ENZYMES BY THE OCULAR
IMMUNE SYSTEM. M.T. Ivy*. D. Ghosh, and S.K, Ghosh. Department of

D.L. Feinstein*, E. Galea, D.J, Reis. Division of Neurobioiogy, Cornell

University Medical College, 411 East 69th street, New York, NY 10021.
Incubation of primary rat astrocyte cultures with bacterial endotoxin

lipopolysaccharide (LPS), or of the C6 glioma cells with LPS plus interferon-y
(IFN) results in expression of the inducible form of the Nitric Oxide Synthase

(iNOS) gene and protein. We seek to further characterize the mechanisms

mediating LPS effect. In serum-free glial cultures, LPS increased iNOS
expression (as assessed by nitrite production) in a dose-dependent manner,

with half maximal expression achieved at 250 ng/ml LPS. However, in the
presence of fetal calf serum (FCS, 1-2%), half maximal effect occurred at 5
ng/ml LPS. Similar results were obtained with human serum (HS, 0.1%).

Soluble CD14, a 55 kd receptor protein needed for monocyte activation by
LPS, accounted for serum effects, because mAb60b, directed against human

CD14, blocked all LPS-dependent iNOS expression obtained in HS.
Pre-exposure of glial cells to low doses of LPS resulted in

desensitization

to high doses of LPS. When cells were incubated for up to 24 hr with 0-10
ng/ml LPS, the media replaced, and fresh media containing 1000 ng/ml LPS

added back, little or no expression of iNOS was observed 1 day later. On the

contrary, iNOS was expressed when cytokines rather than LPS were used as
inducers. The desensitization to LPS was partially reversed by addition of FCS

or HS, suggesting a role for CD14 in this phenomenon. These results indicate
that glial cells can be made refractory to LPS effects, and suggest a role for

serum-derived factors in their responses to LPS. The characterization of

endogenous rat CD14 on glial cells is in progress.

Life Sciences, Indiana State University, Terre Haute? Indiana 47809.
Previous studies indicated that autonomic nerve fibers serve a role in
modulation of lymphocyte activity and consequently influence the secretory
immune system. Whether stimulation of the immune system exerts similar
modulatory effects on the nervous system is currently unknown. Our studies
are designed to address this possibility in a mammalian system. Following
local, but not systemic immunization with a hapten-protein conjugate,
namely 4-Aminophthalate Keyhole Limpet Hemocyanin (XMP-KLH), the
activities of both acetylcholinesterase (AChE, EC 3.1.1.7), and choline
acetyltransferase (ChAT, EC 2.3.1.6) in the mouse lacrimal gland display
biphasic effects with a low and high dose of antigen. In contrast, only the
high concentration of antigen could stimulate conjunctival AChE, but not
ChAT. Brain and spleen, being distant from the site of antigenic intrusion,
show no changes on AChE and minimal effects on ChAT. The immune
system responds to the antigen by production of anti XMP-KLH antibodies in
circulation. Interestingly, topical application causes significant anti-hapten
antibody production in 8 out of 9 cases, although the magnitude of this
response is less than that elicited by intraperitoneal immunization. These
results suggest that the ocular microenvironment is capable of promoting
antigen-induced polyclonal humoral response. Thus, it is evident that the
antigenic assault not only induces a humoral response as expected, but also
significantly alters activity in the cholinergic nervous system. Supported by
ISU Research Funds (Drs. S.K. Ghosh and M.T. Ivy).

48.9

48.10

EXPRESSION OF NEUROKININ B IN HUMAN PERIPHERAL

ROLE OF SPINAL EXCITATORY AMINO ACID RECEPTORS IN
ENDOTOXIN-INDUCED SYMPATHETIC OUTFLOW TO THE SPLEEN.
B. MacNeil*, A. Jansen, A.H. Greenberg and D.M. Nance. Dept. of Pathology
and Manitoba Institute of Cell Biology, Univ. of Manitoba, Winnipeg, MB,
Canada, R3E 0W3.
We have shown that intravenous (i.v.) administration of endotoxin induces
the expression of c-fos protein in rat brain areas related to autonomic
function. To assess if sympathetic activity directed toward an immune organ
is altered in response to endotoxin, splenic nerve activity was measured in
rats following lipopolysaccharide (LPS) injection. Intrathecal (i.t.) catheters
were inserted through an opening at the base of the skull such that the tip of
the catheter reached the T8-T9 level. Following 7-10 d of recovery, rats were
anesthetized (urethane/chloralose) and the splenic nerve was dissected and
placed on wire electrodes to record whole nerve activity. After 30 min of
baseline recording, LPS injections (100 pg i.v.) induced a 75.2±7.2%
increase in splenic nerve activity in 26 of 34 animals. The average onset time
of the LPS effect was 18.4±2.0 min and reached a peak by 73.2±3.2 min. 8
of 34 animals did not show a detectable response following LPS injection.
During the peak LPS effect, i.t. injection of the NMDA excitatory amino acid
(EAA) antagonist AP-5 (200 nmol) reduced the splenic nerve activity in 7 of 7
animals to 5.6±13.4% below baseline levels. In contrast, only 8 of 14 rats
displayed a reduction in the LPS response after injection of the nonNMDA
EAA antagonist, CNQX (200 nmol)(8.9±8.5% above baseline levels). The
LPS response in 6 of 14 animals was not affected by i.t. CNQX. These data
indicate that i.v. endotoxin activates sympathetic outflow to the spleen and
this effect is mediated in part by spinal cord EAA receptors. Given that the
spleen is an immune organ, this activation may represent functional
neuroregulation of the immune system in response to endotoxin challenge.
Supported by MRC, NIMH, and MCTRF.

BLOOD MONONUCLEAR CELLS STIMULATED WITH
INTERLEUKIN-2. R. Kage*1, C. Felsch2, and A. Kage2.
department of Pharmacology and Experimental Therapeutics, Boston
University School of Medicine, Boston MA 02118, U.S.A., and ^University

Hospital Rudolf Virchow, Institute for Clinical Chemistry and Biochemistry,
14050 Berlin, F.R.G.
Neurokinin B (NKB) is tachykinin decapeptide sharing with the other
tachykinins substance P and neurokinin A a common C-terminus. NKB is
mainly found in the CNS and to a much lesser extent in the peripheral
and enteric nervous systems. This study describes for the first time the
detection of NKB in cells of the immune system.
Peripheral blood mononuclear cells (PBMC) were isolated from blood
from a healthy male donor using density gradient centrifugation. After
stimulation in vitro with interleukin-2 (IL-2), the cells were homogenized in
ice cold acidified ethanol. The supernatant was lyophilized, reconstituted
in water/ethanol/trifluoroacetic acid, and extracted with a C18-silicagel
cartridge. Using a RIA specific for the amino-terminus, NKB-like
immunoactivity (NKB-LI) was detected. Unstimulated PMBC did not
contain NKB-LI. Extract from IL-2 stimulated PBMC was subjected to
reversed-phase HPLC and the eluate collected in one minute fractions,
lyophilized, and NKB-LI measured by RIA. The retention time of NKB-LI
from PMBC was identical to the retention time of synthetic NKB.
The finding of NKB expressed in IL-2 stimulated PBMC cells suggests
a role of this tachykinin peptide in the regulation of the immune system.
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THE INTERACTION BETWEEN THE IMMUNOSUPPRESSANT
CYCLOSPORIN A AND THE ANTIDEPRESSANT DESIMIPRAMINE
AFFECTS LYMPHOCYTE PROLIFERATION. Blom.
Perez. J.L..

CHRONIC CYCLOPHOSPHAMIDE TREATMENT INCREASES
CARDIAC NOREPINEPHRINE IN MRL MOUSE STRAIN.
S.M. Breneman*, A Wei, J.A. Moynihan. L.J. Grota. S.Y. Felten.
Depts Neurobiology & Anatomy, Psychiatry and Immunology, Univ.
Rochester Sch. Med., Rochester, NY 14642.
The MRL mouse strain is considered an autoimmune strain with the
MRL-lpr/lpr (Zpr) genetic designation developing an early onset disease
similar to human systemic lupus erythematosus. The wild type
MRL+/+ (+/+) develops a similar disease at a much later age. Weekly
cyclophosphamide (Cy) injections (lOOmg/kg i.p.) starting at 9 weeks of
age in both female +/+ and Ipr produced an increase in cardiac
norepinephrine (NE), both total organ amounts and density, by 16 to
21 weeks as measured by HPLC. The experiment was conducted on
two populations of animals with the first group treated until 15 weeks
of age and then sacrificed one week later. Heart weight was not
significantly decreased. NE density was increased by 27% above
controls in both the Ipr and +/+ hearts and total NE was increased by
22%. The second group of animals were treated until 18 weeks of age
and sacrificed at 21 weeks. Although there was a slight but significant
decrease in heart weight (15%), NE density was increased by 73 to 93%
above controls in both + / + and Ipr, respectively and total NE was
increased by 50% in both substrains. In both experiments, the low
dose of Cy produced no visible change in appearance or behavior in
these animals other than reduced body weight (15 to 20%) relative to
controls. Acute high doses of Cy (800 mg/kg) have been shown to
produce cardiotoxicity in rat, but in humans it has been seen with
doses as low as 180 mg/kg. It should be emphasized that splenic NE
was not increased by Cy treatment in the +/+ animals suggesting that
the effect may be localized to the heart. This work is supported by
NIMH grants F30 MH10501(SMB), R37 MH42076(DLF) and a
generous grant from the Whitehall Foundation.

and Racagni, G. University of Milan, Center for Neuropharmacology, Via Balzaretti
9, 20133 Milan, Italy.
Half of all cancer patients have a psychiatric disorder, the most common
of which is depression. Both depression as well as immunodepression play a
potential important role in the onset and progress of cancer. Pharmacologic
treatment of depression is effective in reducing depressive symptoms, but might
simultaneously affect certain aspects of effective immune functioning. Therefore, we
tested the hypothesis that antidepressants affect immune function and might
consequently interact with the effectiveness of immunosuppressant drugs. Adult
mice (C57BL/6 strain) were assigned to four experimental groups and treated i.p
either with Cyclosporin A (CsA) (30 mg/kg) and/or Desimipramine (DMI)(10
mg/kg), or with the respective vehicles, daily for 10 days. After ten days of
treatment animals were bled and killed by cervical dislocation. Spleens were
removed aseptically and cells were harvested. Splenic lymphocytes from primed and
controls animals were plated in 200 pl culture medium in flat-bottom 96 well
microtiter plates at a concentration of 106 cells/ml and were cultured for 48 h of
which the last 18 h in the presence of 3HTdR (lp Ci/well). The cultures were then
harvested and the amount of radioactivity associated with cellular DNA was
determined. CsA markedly reduced the proliferation of splenic lymphocytes
compared to the vehicle treated animals. In vivo treatment with DMI significantly
enhanced proliferation. Moreover, mice treated with both DMI and CsA displayed
a remarkable increase in proliferation when compared with Csa or vehicle treated
animals. Proliferation did not differ from mice exposed to DMI only. These results
suggests that the clinically relevant immunosuppressive properties of CsA might be
affected by the action of antidepressant drugs such as DMI.

48.13

48.14

TUMOR NECROSIS FACTOR MEDIATES PRESYNAPTIC ALPHA2ADRENERGIC RESPONSIVENESS OF HIPPOCAMPAL SLICES ON 3HNOREPINEPHRINE RELEASE. R.C. Chou. T.A, Ignatowski. C.M. Smith* and
R.N, Spengler, Depts. of Pathology, and Pharmacology and Therapeutics, State
University of New York at Buffalo, Buffalo, NY 14214.
Stimulation of pre-synaptic a2-adrenergic receptors produces an inhibition of 3Hnorepinephrine (3H-NE) release from noradrenergic nerve terminals. In addition,
the cytokine tumor necrosis factor (TNFa) also regulates 3 H-NE release from

OPTICAL STUDIES OF A SIMULATED IMMUNE RESPONSE IN AN ENTERIC NERVOUS
SYSTEM: MEASUREMENTS OF ELECTRICAL ACTIVITY AND [Ca*-], WITH SINGLE CELL

noradrenergic nerve terminals. The present study demonstrates that presynaptic a2adrenergic receptor responsiveness is associated with pre-synaptic sensitivity to
TNFa. During field stimulation of male Sprague Dawley rat hippocampal slices at 4
Hz, the a2-adrenergic agonist, clonidine, induced a dose-dependent inhibition of 3HNE overflow. Addition of lOng/ml TNFa produced a downward shift of the
clonidine concentration-effect-curve (CEC). Blockade of pre-synaptic a2-adrenergic
receptors by graded concentrations of idazoxan, a selective a2-adrenergic antagonist,
potentiated ■’H-NE overflow.
This potentiation was further enhanced by
simultaneous addition of lOng/ml TNFa. While TNFa added to field stimulated
hippocampal slices produced a concentration-dependent inhibition of 3H-NE
overflow, blockade of a2-adrenergic receptors with idazoxan produced a large
upward shift and to the left in the TNF CEC. This demonstrates an increased
responsiveness by TNFa when the a2-adrenergic receptors are blocked. Further
studies revealed that chronic administration of Sprague Dawley rats with clonidine
(0.6mg/kg) for 14 days decreased the TNFa levels in different brain regions
examined, as compared to saline-treated controls. These results demonstrate an
interactive role of the nervous and the immune systems in regulating NE release in
the central nervous system.

48.15

INVOLVEMENT OF CGRP AND NITRIC OXIDE (NO) IN ULTRAVIOLET
RADIATION (UVR)-INDUCED LOCAL IMMUNOSUPPRESSION IN RATS.

F. Gillardoo. S. Michel^, J. Benrath. E. Weihe^. M. Zimmermann*. II. Physiolog.
Institut, Universitat Heidelberg and tAnatom. Institut, Universitat Mainz, Germany.
Cutaneous exposure to UVR decreases contact hypersensitivity (CHS) response to
haptens. Reduced antigen-presenting activity of epidermal Langerhans cells (LC) and
release of suppressive cytokines from keratinocytes have been implicated in local
immunosuppression. In our previous studies a contribution of neurogenic mediators
CGRP, SP, NO to inflammation in high-dose UV-exposed rat skin has been demonstrated. Since CGRP and NO inhibit antigen-presenting cells in vitro, we looked for
neurogenic mechanisms underlying UV-induced suppression of CHS. Depilated skin
of anesthetized rats was exposed to UVR (280-380 nm, 3.5 J/cm^). One group of
animals was killed after different survival times and skin specimen were removed.
CGRP content of skin samples was analysed by RIA. In another experiment, the
CGRP-receptor antagonist CGRP(8-37), the NO-synthase inhibitor L-NAME (10‘3
M each) or vehicle were topically applied at the UV-irradiated skin area. One day after
exposure, rats were sensitized with 0.5% dimtrofluombenzene (DNFB) on irradiated
skin and five days later CHS response was elicited by applying 0.25% DNFB to both
ears. Ear thickness was measured with a micrometer before and 24 h after challenge.
The effect of topical CGRP(8-37) on UV-induced decline in Ia+ LC numbers was analyzed by immunostaining epidermal sheets with antirat la antigen mAb. Analysis of
skin CGRP levels by RIA revealed a decrease starting 2 h following UV exposure
with a minimum after 6-12 h and a partial recovery' thereafter. UVR resulted in a 42%
depression of CHS response to DNFB. In contrast, UV-exposed animals treated with
topical CGRP(8-37) and L-NAME demonstrated a minor decrease in ear swelling by
12% and 21%, respectively. Topical CGRP(8-37) accelerated recovery of Ia+ LC in
irradiated epidermis. These results indicate that mediators released from peptidergic
neurons after cutaneous UV-exposure contribute to local immunosuppression and that
CGRP may inhibit LC antigen presentation in vivo. Supported by Sandoz-Stiftung.
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RESOLUTION. A.L, Qbaid*, T, Koyano, J.A, Connor and B.M, Salzberq. Dept. of
Neuroscience, UPENN Sch. of Medcine, Phila., PA 19104-6074, and The Roche Inst, of
Mol. Bid., Nutley, NJ 07110-1199.
The mammalian enteric nervous system is an autonomous network. Its neurons are

arranged in plexuses [submucous and myenteric) confined to distinct planes in the gut wall;
their coordinated activity controls major gastrointestinal functions and plays an important role
during an immune response and in neurogenic diseases. We have studied the behavior of
the submucous plexus of the guinea-pig small intestine, during the onset of a simulated
allergic reaction, to analyze which cells in a given ganglion are excited and/or inhibited by
histamine, and the role that H2 and H3 histamine receptors may play in the emergence of an
’alarm" program summoned by the immune system (Wood, NIPS 6:64, 1991). We used
Multiple Site Optical RecorcSng of Transmembrane Voltage [MSORTV], and the
potentiometric dye Di-8-ANEPPS (Bedack et al., Neuron 9: 393, 1992) to monitor action
potentials [1 kHz] with single cell resdution (Obaid et al., Biol. Bull. 183:344, 1992), during
exposure to various histamine agonists and antagonists. To study slower responses [<2 Hz]
of the network to the same stimuli, we measured calcium transients after loading cells with
the fluorescent indicator Fura-2/AM (Grynkiewicz et al., J. Biol. Chem 260: 3440, 1985;
Connor, Cell Calcium 14: 185, 1993). Histamine [10-100 pM] increased the spontaneous
activity measured using MSORTV, and induced intracellular calcium oscillations in discrete

cells within the ganglia, in a reversible manner. The H3-receptor agonist N-a-methylhistamine
[100 pM], significantly reduced both effects. Since histamine activation of the submucous
network mediates cyclical chloride secretion (Wang and Cooke, Am J. Physiol. 258: 887,
1990), experiments at the network level may provide a window into the neural basis of
microscopic colitis and other forms of chronic diarrhea.
Supported by NS16824, UPENN Research Found, and the Oki Electric Co.

48.16
CATECHOLAMINE INHIBITION OF LYMPHOCYTE-ENDOTHELIAL CELL
INTERACTION IS NOT MEDIATED BY A CHANGE IN ADHESION
MOLECULE EXPRESSION. S.L, Carlson*. D, Beitina, K, Abell. J.P, McGillis
Dept. of Anatomy & Neurobiology, and Microbiology & Immunology,
University of Kentucky Medical Center, Lexington, KY 40536
The catecholamines of the autonomic nervous system have been shown to
modulate many immune responses, including modulation of lymphocyte
migration.
Numerous studies have shown that systemic infusion of
catecholamines results in a significant increase in lymphocytes in the

peripheral blood, particularly CD8+ T-cells. One potential mechanism for this
response could be a decrease in the adherence of lymphocytes to
endothelial cells, thus decreasing lymphocyte margination and subsequent
migration into lymphoid or other tissues. We have examined this possibility
by studying T-cell adhesion to IL-1 stimulated human umbilical vein
endothelial cells (EC) in vitro. These studies showed that catecholamines
decreased T-cell-EC binding by up to 50%. Lymphocyte-EC adhesion is
mediated by adhesion molecules such as LFA-1 and VLA-4 on T-cells
binding to ICAM-1 and VCAM-1 on endothelial cells, respectively. To
determine if the decrease in T-cell-EC binding was the result of
catecholamine-induced modulation of adhesion molecule expression, ECs or
T-cells were incubated with catecholamines for various lengths of time and
the surface expression the adhesion molecules determined by FACS or
ELISA analysis. IL-1 significantly enhanced the expression of ICAM-1 and
VCAM-1 by endothelial cells, but this was not modulated by the presence of
catecholamines. T-cells constitutively expressed LFA-1 and VLA-4, and this
level of expression also was not altered by catecholamines. Thus, the
mechanism of catecholamine-induced inhibition of T-cell-EC binding may
involve alterations in the affinity of the adhesion molecule interactions.
(Supported by R29 MH48644)
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ELECTRICAL
STIMULATION
OF
THE
DORSAL
MIDBRAIN
PERIAQUEDUCTAL GRAY SUPPRESSESPERIPHERAL BLOOD NATURAL
KILLER CELL ACTIVITY IN A NON-OPIATE MEDIATED MANNER. M.K.
Demetrikopoulost S.J. Schleifer, A. Siegel. J. Obedi, and Steven E.

The effect of electrical stimulation of the sciatic nerve on
amino acid and neuropeptide profiles and lymphocyte
migration in the hind paw of the rat. A. T. Beitz*. M. A.
Mullet, T, M. Hautman, M. Murtaugh and U. Herzberg. Dept.
Vet. PathoBiology, Univ. of Minnesota, St. Paul MN 55108

Keller Dept. of Neurosciences, Grad. School of Biomedical Science, and
Dept. of Psychiatry, N.J. Med. School, UMDNJ, Newark, NJ 07103
We previously reported that electrical stimulation of the dorsal
periaqueductal gray (PAG) leads to suppression of peripheral blood
natural killer cell (NK) activity ( Soc. for Neuroscience Ab., 1993). The
present study examined the mechanism of this phenomena by
administering naltrexone (10 mg/kg) prior to the dorsal PAG simulation.
This study measured the effect of PAG stimulation on both splenic and
peripheral blood NK function as well as the blastogenic response of
lymphocytes to phytohemagglutinin (PHA) mitogen.
Male SpragueDawley rats were implanted with bipolar electrodes in rostral aspects of
the dorsal PAG.
Two weeks following recovery, bipolar electrical

stimulation was delivered once per min. for 30 min. to the freely moving
rats [biphasic, rectangular electrical pulses (0.4 mA, 62.5 Hz, 1ms half
cycle duration) from a Grass S-88 stimulator]. This study replicated our
previous results; 1) no effect of dorsal PAG stimulation on mitogen
proliferation, 2) no suppression of splenic NK activity due to dorsal PAG
stimulation, and 3) a marked decrease in peripheral blood NK response
due to dorsal PAG stimulation (T=2.56, p<.02). There was no overall
affect of naltrexone pretreatment, nor no drug by group interaction. This
suggests that the suppression found for peripheral blood NK activity by
dorsal PAG stimulation is not opiate mediated.

We have previously demonstrated that loose ligation of the sciatic nerve
induces a neurogenic increase in local immune responses (Herzberg et al.
1994). To further investigate the possible mechanisms by which peripheral
nerves mediate events in peripheral target tissues an experimental
paradigm combining electrical stimulation of the sciatic nerve with
subcutaneous microdialysis was devised. Following a 12 minute electrical
stimulation train (5 milliseconds, 1 volt and 10 Hz) changes in both
excitatory amino acid and neuropeptide profiles were observed in
dialysate samples collected from the paw innervated by the stimulated
nerve compared with samples collected from the contralateral paw.
Electrical stimulation of the sciatic nerve induced a marked hyperemia and
swelling of the paw innervated by the stimulated nerve. Quantitative
immunocytochemical analysis of CD4 and CD8 cell surface antibodies in
paraffin embedded sections of the hind foot pads harvested from
experimental animals demonstrated T lymphocyte migration into the foot
pad ipsilateral to the stimulated nerve. These findings, together with our
previous results point to several potential ways by which peripheral nerves
can modulate local immune responses and inflammatory events. (NIH
DA06687, DE06682, DAO7239-03).

49.3

49.4

NEURAL-IMMUNE INTERACTIONS REGULATE HERPESVIRUS
REPLICATION IN THE BRAIN. G. Lewandowski* and F.E. Bloom. Dept. of
Neurophannacology, The Scripps Research. Institute, La Jolla, CA 92037.
Previously we investigated the neural-immune interactions that occur in the brain
following ocular inoculation of mice with either a lethal herpes simplex virus type 2
(HSV-2) or a non-lethal HSV-1. We observed that the lethal strain of HSV inhibits
MHC class Il-restricted antigen presentation and consequently mediates a selective
inhibition of IFN-y and IL-6 in the brain and trigeminal sensory ganglia.
To extend these observations we began evaluating the impact of HS V-2-mediated
inhibition of selective intercerebral cytokines on HSV replication in the brain and
host survival. Following ocular inoculation of immunocompetent mice, both HSV1 and HSV-2 invaded the trigeminal ganglia and the brain. While, HSV-1 underwent a restricted replication in the brain that was shut-off by 6dpi, HSV-2 replicated
in an unrestricted manner. Importantly, in immunodeficient athymic mice, HSV-1
was also able to replicated in an unrestricted manner in the ganglia and brain,
ultimately killing the host
Additionally, we have developed an in vitro system to examine the neuralimmune interactions that occur during neurotropic viral infections. Essentially,
trigeminal ganglia explants (TG) were removed from mice (2-3 weeks of age) and
infected with either HSV-1 or HSV-2 in vitro. HSV-1 and HSV-2 replicated
equally well in the TG cultures, as determined by titration of infectious virus and
immunohistochemistry for HSV antigens. However, co-culturing HSV-1- or -2infected TG explants with slices of whole spleen, from uninfected (naive) donor
mice, resulted in a striking restriction of HSV replication and virtual clearance of
infectious virus from the TC. Migration of CD4+ and CD8+ lymphocytes from the
intact spleen to the HSV-infected TG was observed microscopically. Currently, we
are determining if the eradication of infectious HSV from neurons is mediated
through cell-cell contact or through soluble mediators (such as the type I and II
interferons).
(Supported by NIH grant R29MH51926-01)

THE NEU ROAN ATOMICAL BASIS OF THE ACUTE FEBRILE REACTION.
J, K, Elmauist*, T, E, Scammell, C, D, Jacobson, and C, B, Saper. Dept. of
Neurology, Harvard Medical School/Beth Israel Hospital, Bo'ston, MA 02115,
and Dept. of Veterinary Anatomy, Iowa State University, Ames, IA 5001
Previous experiments have demonstrated that systemic administration of
lipopolysaccharide (LPS) mimics various aspects of the acute febrile reaction
(AFR) or the cerebral component of the acute phase response. We have
recently demonstrated that i.p. administration of LPS induces the
expression of Fos-like immunoreactivity (Fos-IR) in nuclear groups of the rat
brain thought to be involved in regulation of autonomic homeostasis. In the
present study we have used i.v. LPS as a model of sepsis and provide a
detailed map of the nuclear and subnuclear distribution of the resultant
Fos-IR. Two hours following i.v. LPS, Fos-IR was observed in many nuclei in
the rat brain including the infralimbic and insular cortices, central nucleus of
the amygdala, bed nucleus of the stria terminalis, paraventricular nucleus of
the hypothalamus (PVH; magno- and parvicellular portions), supraoptic
nucleus (SON), parabrachial nucleus (external lateral subnucleus),
ventrolateral medulla (VLM), and medial subnuclei of the nucleus of the
solitary tract (NTS). In addition, Fos-IR was observed in circumventricular
organs including the organum vasculosum of the lamina terminalis (OVLT),
subfornical organ (SFO), and the area postrema. We have also begun to
characterize the phenotypic identity of cells expressing Fos-IR. Subsets of
cells in the VLM, NTS, and PVH contained both Fos-IR and tyrosine
hydroxylase-like immunoreactivity. In addition, subsets of cells in the OVLT,
SFO, PVH and SON contained both Fos-IR and NADPH diaphorase staining
(nitric oxide (NO) synthase activity) indicating a possible role of neuronal NO
in regulation of the AFR. The use of immunohistochemistry for Fos as a
marker of participation in the AFR coupled with tract tracing techniques will
greatly enhance our understanding of the neuroanatomical basis underlying
the complex responses following immune system activation.

49.5

49.6

THE HUMAN IMMUNE SYSTEM IS DIFFERENTIALLY INFLUENCED
BY MAGNETIC STIMULATION OF LEFT VS RIGHT CEREBRAL CORTEX.
V.E. Amassian*, K. Henry, H. Durkin, S. Chice, J.B.
Cracco, M. Somasundaram, N. Hassan, R.Q. Cracco, P.J.
Maccabee and L. Eberle. Dpts. of Physiol., Neurol.,
and Pathol., SUNY Hth Sci. Ctr., Brooklyn, NY 11203.
The effects of transcranial magnetic coil
(MC)
stimulation of left vs right temporo-parieto-occipital
(T-P-O) cortex on lymphocyte subsets were compared,
with subjects identifying flashed words and pictures
(J.
Physiol., 1994, 475.-22P).
In 5 of us, 3 males
(M) and 2 females (F), 36-68 yrs old, a given hemisphere
was stimulated by 100 individual MC pulses at 100% (M)
and 90% (F) of output, respectively, at an interval
of 1-8 weeks.
Venous blood was drawn (1) just before,
and (2) just after stimulation, lasting 1-5-2-5 hrs,
(3) 4-5 hrs
later and (4) daily for up to 6 days.
Cells were counted by flow microfluorimetry.
The peak
% changes from control values with left minus rightsided MC stimulation for CD16+ (Natural Killer) cells
were +108 (M), +54 (M), +199 (F), +54 (M) and -27 (F)%;
for CD8+ (Suppressor-Cytotoxic) cells were +72 (M),
+50 (M) +109 (F), +5 (M) and -43 (F) %; for CD4+ (HelperInducer) cells were +66 (M), +31 (M), +66 (F), -40 (M),
-5 (F) %.
Thus, left vs right T-P-0 stimulation
differentially effects lymphocyte subsets , but with
individual variation.
Possibly, MC stimulation may
provide a test of immunological competence.

ALTERED IMMUNE SYSTEM IN GENETICALLY EPILEPSY-PRONE RATS.
J.J. Ahn. P.C, Jobe. J.J, Stewart* and R.J, Weber, Immunopharmacology
Laboratory, Department of Basic Sciences, University of Illinois College of
Medicine, Peoria, IL 61605. Department of Pediatrics, LSU Medical Center,
Shreveport, LA 71130.
Two strains of genetically epilepsy-prone rats (GEPRs) have been
developed through selective inbreeding of Sprague Dawley rats. Indices of
seizure predisposition are more pronounced in one of these strains (GEPR-9s)
than in the other (GEPR-3s). In addition to providing a model for epilepsy,
GEPRs also present an opportunity to explore further the communication
between neuroendocrine and immune systems due to their unique
immunological defects. A previous study (S. Razani-Boroujerdi, et al, J.
Neuroimm. 37:93-97, 1992) of spleen and lymph node populations in GEPR-9
rats has shown increased T-helper cells but unchanged T-suppressor cell and
macrophage populations. Similarly we examined immune function in GEPR3s. Results indicate a decrease in the number of CD3 TcR (T-cell receptor)*
cells. There was no significant difference in CD4+ cells populations between
GEPR-3 rats and controls. These results appear in contrast to previous results
found in GEPR-9s that may reflect differences in seizure severity.
Flow cytometric analysis also revealed a significant increase in the
expression of certain activation markers in GEPRs. Lower percentages of
CD54+ (ICAM-1 receptor) and CD71+ (transferrin receptor) splenocytes were
seen in GEPR-3s than controls. The mean fluorescence intensity, was
increased for both markers, and is indicative of cell activation. In addition, a
50% increase in natural killer activity was observed in GEPR-3s compared to
controls.
Further experiments are planned to determine whether these
differences are intrinsic to GEPR-3s.
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49.7

49.8

THE ROLE OF THE HYPOTHALAMIC PARAVENTRICULAR NUCLEUS IN
MEDIATING THE EFFECTS OF INTERLEUKIN-1 ON BEHAVIOR AND ON
TUMOR DEVELOPMENT. R. Avttsur*, O, Donchin and R. YirmivaDeDt. of
Psychology, The Hebrew Univ. of Jerusalem, Mount Scopus, Jerusalem, Israel.
Administration of interleukin-1 (IL-1) into the cerebral ventricles produces
marked effects on behavior (e.g., suppression of locomotor and exploratory
activity) and the immune system (e.g., suppression of the cytotoxic activity of
natural killer (NK) cells). However, the precise locations within the CNS that
mediate these effects have not been studied yet. Previous results indicated
that IL-1 induces neurophysiological, neurochemical and neuroendocrine
changes within the hypothalamic paraventricular nucleus (PVN), suggesting
that this structure is also involved in mediating the behavioral and
immunological effects of IL-1. This hypothesis was examined by studying the

CHEMICAL SYMPATHECTOMY WITH 6-OHDA DOES NOT ALTER
SKIN ALLOGRAFT REJECTION IN THE METAMORPHIC OR ADULT
FROG XENOPUS. K.S. Kinnev*, S.Y. Felten, and N, Cohen.
Neuroscience Graduate Program and Departments of Microbiology &
Immunology and Neurobiology & Anatomy, Center for
Psychoneuroimmunology Research, Univ. of Rochester Sch. of Medicine and
Dentistry, Rochester, NY 14642.
Chemical sympathectomy (SyX) of rodents using the selective neurotoxin
6-Hydroxydopamine (6-OHDA) has been reported to have a variety ol
effects on in vivo and in vitro parameters of immunity. To examine the
effects of SyX on cellular immune responses in an amphibian, Xenopus
were injected i.p. with 100 pg/gBW 6-OHDA and grafted 2 days later with
skin from adult donors who were incompatible either at major
histocompatibility complex (MHC) plus multiple minor histocompatibility
(H) loci or only minor H loci. Frogs received additional weekly injections ol
6-OHDA to prevent regeneration of sympathetic nerve fibers; control frogs
received weekly injections of 0.1% ascorbic acid vehicle. In experiment 1,
outbred adult recipients received a skin graft from an unrelated outbred
donor. Also included in this experiment was a control group which
received desipramine 30 min prior to 6-OHDA injection to prevent
destruction of noradrenergic nerve terminals by 6-OHDA. In experiment 2,
isogeneic adult LG-15 cloned animals received skin grafts from the MHC
compatible, but minor H locus disparate LG-6 clone. In experiment 3,
perimetamorphic LG-15 frogs were also grafted with LG-6 skin. Hosts at
this age invariably become tolerant of minor H-locus disparate grafts.
Despite the fact that immunocytochemistry of the spleen of 6-OHDAtreated animals revealed a complete absence of sympathetic nerve fibes,
and regardless of the donor-host immunogenetic disparity and the
developmental stage of the host, there was no difference in survival times
of grafts on SyX vs. control animals. Whether chemical SyX affects other
parameters of immunity in Xenopus remains to be determined.

effects of intra-PVN administration of IL-1 p on open-field activity and on
metastasis of the MADB106 tumor, which reflects the activity of NK cells in vivo.
In addition, the behavioral and tumor enhancing effects of i.c.v. administration
of IL-1 were examined in PVN-lesioned rats. Administration of IL-1 p (10 ng/rat)
into the PVN significantly decreased open field activity. This effect is specific to
the PVN because an identical dose of IL-1 administered i.c.v. or to other
hypothalamic locations had no effect, and because when injected peripherally,
a much higher dose of IL-1 was needed to produce a similar effect. I.c.v.

administration of IL-1 pin PVN-lesioned rats caused a significant increase in
open-field activity, suggesting that in addition to the PVN-mediated
suppression of activity, IL-1 also increases activity via another CNS location.
Administration of IL-1 p into the lateral ventricles, but not into the PVN,
enhanced tumor metastasis. PVN lesion did not alter this effect, suggesting
that the tumor enhancing effect of IL-1 is not mediated by the PVN. Supported
by the Volkswagen Foundation and the Israel Foundation Trustees.
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CALCITONIN GENE RELATED PEPTIDE (CGRP) CAUSES
APOPTOSIS IN THE MOUSE THYMUS. K, Bulloch1’2*, B.S.
McEwen1. J. Nordberg2, A, Diwa2 and S. Baird2. Lab, of Neuroend. The Rockefeller University, New York, N.Y 10021 (1) and
Depts. Psych.& Path. UCSD, San Diego, CA 92093(2).
CGRP -has been identified by immunocytochemistry in cell
bodies and nerve fibers of the murine thymus. Receptors for
CGRP have been characterized within the gland, and their activation by nanomolar levels of CGRP was found to suppress Con A
stimulated proliferation of mature virgin CD 4 thymocytes. This
suppression is blocked by an antagonist for CGRP (CGRP 8-37).
CGRP also inhibits the proliferation of Con A and antigen stimulated splenic T cells but to a lesser degree than that observed in
the thymus. Given the magnitude of difference between the effects
of CGRP on thymocytes vs splenocytes we wanted to determine if
some or all of the CGRP induced suppression in the thymus was
due to apoptosis. Thymocytes were plated out with the appropriate
reagent ana evaluated for apoptosis using FACS analysis and
propidium iodide to distinguish apoptotic cells. At 8 and 24 hours
Con A did not significantly induce apoptosis in thymocytes whereas CGRP alone p<0.04 and in the presence of Con A induced a
greater than two fold increase in apototic cells p< 0.008. The
antagonist, CGRP(8-37), did not cause apoptosis alone or in the
resence of Con A, nor did it block programmed cell death caused
y Con A or CGRP. This data suggests that apoptosis is mediated
by a CGRP receptor not sensitive to the antagonist. Since Con A
induced proliferation of thymocytes and splenocytes is blocked by
the antagonist, CGRP appears to mediate at least two separate
functions on thymocytes via two different CGRP receptors.

IDENTIFICATION OF A TARGET FOR FKBP12-RAPAMYCIN FROM
MAMMALIAN BRAIN. D.M, Sabatini»t. H. Erdiument-BromaaeY. M. Lui¥.
Paul Tempst¥. and S.H. Snvdert. tDept. Neuroscience, Johns Hopkins
Univ. Sch. of Med., Baltimore, MD 21205; and ¥Molec. Biol. Prog.,
Memorial Sloan-Kettering Cancer Center, New York, NY 10021.
The structurally related drugs rapamycin and FK506 were first identified
as powerful immunosuppressants which block cell-mediated immunity.
More recently, these drugs have been used as probes in a variety of cell
types, including those of neuronal origin, for studying intermediate steps
in signaling pathways from the cell surface to the nucleus.
FK506 acts by initially binding to an intracellular receptor, FKBP12, and
endowing this drug-receptor complex with the capacity to interact with
and inhibit the Ca++-activated protein phosphatase, calcineurin.
FKBP12 and calcineurin are enriched in the mammalian central nervous
system and may modulate several neuronal functions, such as
neurotransmitter release and play a role in excitatory neurotoxicity.
Recent evidence suggests that rapamycin also binds to FKBP12 and
allows it to interact with a third molecule, which is not calcineurin and
remains unidentified. A crosslinking assay using 32P-FKBP12 is able to
detect two targets for FKBP12-rapamycin in soluble extracts from PC12
cells and rat brain. Using this assay we have purified one of the proteins,
called RAFT-1 (for Bapamycin And EKBP12 Iarget), obtained partial
amino acid sequence, and a cDNA clone. Preliminary evidence indicates
that RAFT-1 is homologous to the yeast TOR2 gene product. We are
localizing this protein in the developing and adult rat central nervous
system with in situ hybridization and immunohistochemistry.
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DORSAL ROOT GANGLION (DRG) NEURONS REGULATE THE

IN VIVO SPLANCHNIC NERVE ELECTRICAL STIMULATION ACTIVATES
MESENTERIC MAST CELLS. Y.H, Wang, V.L.W, Go, and J.Y, Wei*.
CUREZGastroenteric Biol. Ctr., VA Wadsworth MC, Dept. of Medicine and Brain
Research Institute, UCLA, Los Angeles, Ca 90024-1761.
Thin primary afferent terminals and sympathetic post-ganglionic neurons are
thought to participate in the release of mast cell mediators (activation) during
neurogenic inflammation. We have developed a technique for visualizing the
activation of mesenteric (MMCs) and peritoneal mast cells (PMCs) using video
microscopy and the vital fluorescent probe, sulforhodamine B (SFRM-B) (Neurosci
Abst 19:325, 1993; Neuroimage 1994, in press). In this study the technique was
used to determine the effect of splanchnic nerve stimulation on MMCs and PMCs.
The left splanchnic nerve of anesthetized rats (150-250g) was exposed via
dorsolateral incision at L2 - T12 and cut. The distal cut end was isolated and laid
on an implanted bipolar stimulating electrode. After the first 1.5 min of 5 min of
electrical stimulation suprathreshold for C-fiber excitation, SFRM-B (200 gg/ml)
was injected intraperitoneally. The dye was kept in situ for 20 min and laparotomy
was then performed. Pieces of mesentery were mounted on teflon tambours and
peritoneal lavage was harvested for MMC and PMC examination, respectively.
Images of 40-140 MMCs and PMCs were randomly captured from each tambour
or dish. For each experiment the stained cells of two tambours and two dishes
were counted, normalized and expressed as Mean ± SEM. Three sham
experiments were compared to three experimental trials. The results demonstrate
Stained MMC (%)
Stained PMC (%)
Exp Trial
62.7 ± 4.1
2.3 ± 0.6
Sham Exp
24.2 ± 2.6
3.3 ± 1.5
that electrical stimulation of the splanchnic nerve results in the activation of
MMCs, but not PMCs. This study provides the basis for further research on the
roles of the thin primary splanchnic afferents and the post-ganglionic neurons in
MMC activation. (Supported by NIH grant NS28433)

ANTIBODY SECRETION OF SPLEEN CELLS. N, Hikawa* and T,

Takenaka, Dept. of Physiol. Yokohama city Univ., Sch. Med.,

3-9

Fukuura. Kanazawa-ku Yokohama 236 Japan.

DRG-CM (conditioned media from cultured mouse DRG neurons
stimulated by cultured spleen cells) increased the number of antibody

secreting cells (ASC) in the spleen. The additive Spantide (tachykinin
antagonist) into DRG-CM or immunoprecipitation with antibody

against NKA (Neurokinin A) eliminated ASC inducing activity of
DRG-CM. The injection of Spantide with KLH into mouse spleen

inhibited the ASC response for KLH compare to the injection of KLH
alone. This observation suggests that tachykinin enhanced antibody

secretion in vivo. The CM of DRG neurons

cultured

in

the

immunosuppression media from Con A-stimulated spleen cells

decreased the number of ASC in the spleen cells. This activity was
blocked by the immunoprecipitation with antibody against VIP. The

results indicate that DRG neurons release NKA or VIP in response to
helper or suppressor condition of the antibody production respectively

and these neuropeptides intensify these immune responses.
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HIPPOCAMPAL THETA RHYTHM INDUCED BY NOVEL STIMULI IS LINKED
TO ACUTE INCREASES IN SYMPATHETIC CUTANEOUS VASOMOTOR
ACTIVITY W.W. Blessing* and Ying-Hui Yu Centre for Neuroscience, Flinders
University, Bedford Park, SA 5042, Australia.
Novel or threatening stimuli cause regular activity (theta rhythm) to appear in
the hippocampal EEG (Green and Arduini, J. Neurophysiol. 1 7 1954 533). Similar
stimuli may cause sympathetically-mediated blood flow changes (Zbrozyna,
Cardiovas. Res. 10 1976 295). We have examined the relationship between stimulusinduced theta rhythm and changes in cutaneous blood flow in conscious rabbits.
Under halothane anesthesia New Zealand White rabbits were instrumented with a
bipolar recording electrode in the hippocampus and an ultrasonic flow probe around
the central ear artery. Electrode connectors were attached to the skull, and wires
from the flow probe were left subcutaneously. After 1 week the animal was placed
in a small cage. The EEG was recorded with MacLab (A-D Instruments) and ear
flow recorded with a directional pulsed Doppler Flowmeter (University of Iowa).
A recorded whistle was played every 2 min. This produced regular 7-10 Hz theta
rhythm in the EEG, followed approximately 1 s later by a large fall in ear artery
blood flow (see Fig), lasting approximately
1 min. With repeated stimuli the fall in blood
flow was no longer observed and theta rhythm,
of lower frequency (5-7 Hz), disappeared
after 5-10 whistles. The blood flow changes wer<
greatly reduced by local anesthetic applied to the
L • (arbitrary units)
ear nerve. Our data indicate that arousal stimuli
tie
inducing theta rhythm also acutely increase
cutaneous sympathetic vasomotor activity,
possibly reflecting the action of CNS circuitry
Time from onset of whistle (s)
integrating the arousal response.

CONVERGENCE OF AORTIC AND ABDOMINAL VAGAL INPUTS ON
BULBOSPINAL BAROSENSITIVE NEURONS IN RABBIT ROSTRAL
VENTROLATERAL MEDULLA Z.J. Gieroba*, T.P. Messenger, and W.W.
Blessing. Centre for Neuroscience, Flinders University, Bedford Park, SA
5042, Australia.
Bulbospinal, sympathoexcitatory, barosensitive neurons in the rostral
ventrolateral medulla (RVLM) are excited by electrical stimulation of the
abdominal vagus and inhibited by stimulation of the aortic depressor
nerve. We have tested, in rabbits anesthetized with urethan (1.5 g/kg,
i.v.), whether there is an interaction between changes in discharge rate of
RVLM neurons evoked by stimulation of the abdominal vagus (cuff
electrode at the level of the diaphragm, 0.5 ms, 200 Hz, 1-3 cathodal
pulses) and aortic depressor nerve (ADN, 0.5 ms, 600 (lA, 200 Hz, 1-3
pulses). RVLM neurons were identified by antidromic activation from the
thoracic spinal cord, and by collision test. Peristimulus time histograms
relating vagal and/or ADN stimulation to RVLM neuronal discharge were
constructed (46 RVLM neurons). Of 26 neurons tested by stimulation of the
abdominal vagus nerve, 22 (85%) were excited (onset latency 210 + 5 ms,
conduction velocity 0.6 m/s). Of 34 neurons tested by stimulation of the
ADN, 24 (71%) were inhibited (latency 125 ± 12 ms, conduction velocity 0.8
m/s). In 5/24, inhibition was followed by excitation and in 12/24
excitation preceded the inhibition. Seven neurons were only excited by
ADN stimulation. Of 13 neurons tested by stimulation of both nerves (with
the delay of ADN stimulation such that inhibition evoked from the ADN
covered excitation evoked from the abdominal vagus) vagally-induced
excitation was reduced by ADN inhibition in 9 neurons. Abdominal vagal
and ADN inputs therefore converge onto RVLM neurons. Stimulation of the
ADN reduces the excitatory effect of abdominal vagal stimulation.

50.3
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EXCITOTOXIC LESIONS OF THE CENTRAL NUCLEUS OF TOE
AMYGDAIA (ACe) AND TOE DEVELOPMENT OF HYPERTENSION
IN SHR. AJ. Gelsema* and N.B, Sharma. University of Ottawa Heart
Institute and Dept. of Physiology, University of Ottawa, Ottawa, Ontario,
CANADA, K1Y 4E9.
The ACe has been implicated, based on the attenuating effect of electrolytic
lesions, in the development of hypertension in SHR. Whether this attenuation
is due to destruction of local neurons and/or fibers had not been determined.
In the present study, neuronal perikarya in the ACe of 4 week-old (prehypertensive) spontaneously hypertensive rats (SHR) were selectively lesioned
bilaterally with microinjections of ibotenic acid. Following surgery, body weight
(BW) was recorded weekly. In two experimental groups, each consisting of
lesioned and sham-lesioned SHR, direct arterial blood pressure (BP) was
measured 7 and 15 weeks after lesioning; in the second group also at 22 weeks.
In the first group, fed ad libitum, BW of the lesioned rats was slightly but
significantly (p< 0.001) lower vs. sham-operated SHR from 5 weeks after
lesioning onwards. Average BP in the lesioned SHR (173 mmHg ± 7 SE) was
significantly (p<0.01) lower vs. sham-lesioned SHR (201 mmHg ± 4) 15 weeks
after lesioning. In the second experimental group, food intake of shamlesioned rats was equalized with that of the lesioned rats. Average BP in the
lesioned SHR of the second group (156 mmHg ± 10, 168 mmHg ± 9) was not
different vs. sham-lesioned SHR (161 mmHg ± 8, 167 mmHg ± 6) at 7 and 15
weeks post-operation, respectively, but was significantly (p<0.01) higher vs.
sham-lesioned rats (191 mmHg± 6 vs. 164 mmHg ± 5) 22 weeks after
lesioning. These results indicate that selective destruction of neuronal
perikarya in the ACe in young SHR does not attenuate the development of
hypertension, but merely delays its occurrence. This effect appears to be
secondary to a reduced weight gain in lesioned animals.

THE ROLE OF AMYGDALA IN CENTRAL CARDIOVASCULAR REGULATION
AND IMPORTANCE OF ANESTHESIA. U. Ozkutlu*, T. Coskun, F. Onat, J.P.
Lone. S, Oktay and B.C. Yegen Depts. of Physiology and Pharmacology, Marmara
Univ. Sch. of Med., Istanbul, Turkey. Dept. of Pharmacology, Univ. of Iowa Coll, of
Med., Iowa City, IA, 52242.
Cholinomimetic agents (iv or icv) elevate blood pressure and heart rate via central
muscarinic receptors. These effects of cholinomimetic agents appear contradictory,
producing pressor as well as bradycardic/tachycardic responses, which can largely be
attributed to the dose, site and anesthesia.
Cholinergic nerves were localized by immunocytochemical methods employing a
monoclonal antiserum agonist for choline acetyltransferase, the enzyme synthesizing
Ach. The central nucleus of the amygdala plays an important role in cardiovascular
responses to cholinergic stimulation. The amygdaloid complex has rich neuron
connections with structures in the hypothalamus and medulla oblongata, believed to
have an important role in central cardiovascular regulation.
The purpose of this study was to determine the differences between the
cardiovascular responses of IV administration of the cholinesterase inhibitor,
physostigmine, to anesthetized and conscious rats. The present study also attempts to
clarify the role of the amygdala in central cardiovascular regulation.
In the first part of the study, the pressor responses (30.4_+2.8 mm Hg) following iv
60 /xg/kg physostigmine in anesthetized rats were found to be larger than the pressor
responses obtained with unanesthetized rats (14.8+4.5 mm Hg). Also iv injections of
physostigmine to conscious rats produced noticeable bradycardia while in anesthetized
rats tachycardia was noted. Results indicate that the central nervous system, especially
involving baroreceptor mechanisms which play an important role in cardiovascular
regulation, can be depressed by urethane anesthesia.
In the second part of the study, the cardiovascular effects of 250 ng/rat of carbachol
administered icv were observed using rats with unilateral lesions of the central nucleus
of the amygdala. The pressor responses that were observed from the rats with lesions
(18.5+2.5 mmHg) were smaller than the control and sham lesioned group (p<0.01).
These results indicate that the central nucleus of the amygdala has an important role in
the pressor responses produced by central cholinomimetic stimulation.
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CHRONIC EXPOSITION TO STRESS INDUCES HABITUATION IN
CARDIOVASCULAR
BUT
NOT
IN
SYMPATHOADRENAL
RESPONSES
TO
A
NOVEL
STRESS
IN
BORDERLINE
HYPERTENSIVE RATS. J, Mansi* and Guy Drolet. Unit6 d'Hypertension,
Centre de Recherche du CHUL, Universit6 Laval, Qudbec, Canada, G1V 4G2.
Chronic exposure to stressful situations induces compensatory mechanisms
that attenuate the deleterious effect of repetitive stress. The present study
investigated the effect of chronic stress exposure on cardiovascular and
sympathoadrenal responses induced by a novel stress in borderline
hypertensive rats (BHR, Taconic). Chronic stress (30 min/day of air jet, AJ
group) for 8 weeks failed to induce a significant (p<0.05) increase in mean basal
arterial pressure (MAP) when compared to maturation BHR rats (MAT group
132±2 vs AJ 138±3 mmHg) although MAP for both BHR groups was
significantly higher than MAP of maturation Wistar Kyoto rats (WKY, 121 ±2
mmHg). Chronic stress induced a significant increase in basal heart rate (HR) in
BHR (AJ 366±9 vs MAT 341 ±6 bpm) that was associated with a significant
increase in basal plasma norepinepherine (NE) levels (+ 65 %) in AJ vs MAT
rats. Exposure to a novel stress, i.e. footshock (0.8 mA, 0.5 sec/10 sec for 15
min), induced a rapid increase in MAP (plateauing at +16±1 mmHg) lasting the
entire session in MAT rats. In contrast, the same paradigm in the AJ rats
induced a smaller increase in MAP (+12±1mmHg) that declined during the
stress session. However, these cardiovascular changes were associated with a
significantly higher increase in plasma NE and epinephrine levels in AJ rats vs
MAT rats. Footshock stress did not induce a significant increases in any of
these variables except for a small increase in HR in WKY rats. These results
suggest that chronic stress in BHR rats induced a habituation of the MAP
response to a novel stress despite a larger increase in catecholamine levels.
The absence of attenuation of catecholamine responses may represent a
functional hyperreactivity of the sympathoadrenal system in BHR that may lead
to development of a mild hypertension when exposed to severe stress.
Support: MRC, HSFQ.

ACTIVATION OF OXYTOCIN CELLS BY DECREASED ARTERIAL
PRESSURE. J, C, Graham*. G, E. Hoffman+ and A, F, Sved. Departments of
Neuroscience and Neurobiology+, Univ. of Pittsburgh, Pittsburgh, PA 15260.
A previous experiment examining the response of vasopressin (VP) and
oxytocin (OT) cells in the hypothalamus to hemorrhage found that the
response of both cell types correlated with the amount of blood withdrawn
assessed by either plasma hormone levels or cellular expression of cFos
(Roberts et al., Neuroendocrinology, 57:388-400, 1993). The present study
sought to determine whether OT cells, which are generally considered to be
insensitive to changes in arterial pressure (AP), would respond to a decrease
in arterial pressure that was not accompanied by a decrease in blood volume.
Intravenous injection of hydralazine (10mg/kg) was used to decrease arterial
pressure in chronically-catherized rats (n=4). This treatment decreased
arterial pressure from 112±2 to 72±2 mmHg within 5 minutes and arterial
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pressure remained at this level for the remainder of the experiment. This
protocol has already been shown to induce Fos expression within the
hypothalamus. Ninety minutes after injection, rats were perfused and doublelabel immunocytochemical techniques were used to localize Fos and OT or
VP in the hypothalamus. Within the supraoptic nucleus, 76±7% of VP cells

contained Fos and 46±5% of OT cells were double labelled. Within the
paraventricular nucleus (PVN), 59+12% of VP cells and 66±9% of OT cells
were double labelled. Within the PVN, there was a trend for most of the
double labelled OT cells to be located in the more anterior and magnocellular
portions of the nucleus. 45±5% of the VP accessory magnocellular neurons

expressed Fos, whereas 65±11% of OT accessory neurons expressed Fos.
Thus, both VP and OT magnocellular neurons were activated by decreased
arterial pressure suggesting that OT cells as well as VP cells are regulated by
arterial baroreceptor afferents.
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BARORECEPTOR RESPONSIVE NEURONS IN THE ANTERIOR
HYPOTHALAMIC AREA OF THE RAT. KA. King*, T. van Grocn
and J.M. Wyss. Department of Cell Biology and Hypertension Program,
University of Alabama at Birmingham, Birmingham, AL 35294-0019
Our previous studies indicate that the anterior hypothalamic area (AHA)
plays an important role in blood pressure regulation. In the present study,
we investigated the responses of neurons in the AHA to baroreceptor
stimulation. Extracellular single unit recordings were made from 63 neurons
located in the AHA of urethane anesthetized Sprague Dawley rats.
Baroreceptors were activated by i.v. administration of tramazoline (50 y.g/ml,
0.1 ml) and were deactivated by i.v. nitroprusside (30 pg/ml, 0.1 ml). These
doses reliably produced changes in blood pressure (BP) of 20-30 mm Hg.
Approximately 60% of the AHA neurons that were recorded responded to
baroreceptor activation or deactivation with a significant change in firing
rate. Of the responding neurons, about 70% were depressor units
(responding to increased BP with an increase in firing rate or to a decrease
in BP with a decrease in firing rate). The remaining 30% were pressor units
(i.e. they responded to increased BP with a decrease in firing rate or to
decreased BP with an increase in firing rate). We also determined the
distribution of the responsive neurons within AHA (i.e., rostral, central or
caudal subnuclei). In the caudal AHA, all responsive cells were depressor
units; in the rostral and central subdivisions of AHA, both pressor and
depressor units were recorded, with 80% of units in the rostral AHA being
depressor and 77% of units in the central AHA being pressor. These results
indicate that the AHA is involved in reflex control of blood pressure in
normotensive rats, and suggest that different areas within AHA may serve
distinct roles in blood pressure regulation.

THE KIDNEYS PROVIDE A SIGNAL FOR HEMORRHAGE-INDUCED
VASOPRESSIN
SECRETION
IN
CHRONIC
BARORECEPTOR
DENERVATED RATS.
A, M. Schreihofer* and A. F.
Sved. Dept. of
Neuroscience, Univ. of Pittsburgh, Pittsburgh, PA 15260.
We previously demonstrated that chronic removal of arterial and cardiac
baroreceptor input by lesioning the nucleus tractus solitarius (NTS) does not
alter the rat's ability to secrete vasopressin (VP) in response to hemorrhage.
The present study examined whether the kidneys play a role in the stimulation
of VP secretion during hemorrhage in the chronic NTS-lesioned (NTS-X) rats.
One week following bilateral electrolytic lesions of NTS, conscious rats were
tested for baroreceptor reflexes; a complete absence of heart rate changes to
phenylephrine and nitroprusside, and phenylbiguanide-induced hypotension
and bradycardia was necessary for rats to be considered NTS-X. On the next
day both kidneys were removed under halothane anesthesia, and the rats
were alllowed to .recover for 6 hrs. Then, rats were serially hemorrhaged (4
samples of 2 ml/300g bwt.); samples were drawn through the arterial catheter
over a 1-min period with 10 min between samples. In control rats, bilateral

1

Hemorrhage Sample # 4

nephrectomy enhanced hemorrhageinduced VP secretion compared to
control and chronic NTS-X rats
(P<0.05). However, in chronic NTS-X
rats,
nephrectomy
markedly
attenuated hemorrhage-induced VP
secretion, compared to the other
three groups (P<0.05). These results
demonstrate that in the absence of
the NTS the kidneys, possibly thorugh

renal afferents or secretion of renin,
play a necessary role in hypovolemia-induced VP secretion. In contrast, in
baroreceptor intact rats such a role of the kidneys is not apparent.
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DETECTION OF IMMUNOREACTIVE SUBSTANCE P FROM
BRAINSTEM SITES IN RESPONSE TO ERGORECEPTOR AND
BARORECEPTOR INDUCED CHANGES IN BLOOD PRESSURE.C.A.
Williams*, R. Gopalan and J. Cook. Dept. Physiology, College of
Medicine, East Tenn. State Univ., Johnson City, TN 37614.
Glass microelectrodes, coated with antibody to substance P, were
inserted into various sites in the brainstem of cats (n=10) anesthetized with
a-chloralose (75mg/kg) in order to determine whether immunoreactive
substance P-like substances (irSP) were released during the pressor
responses induced by either fatiguing isometric contractions of the triceps
surae (ergorcceptor activation) or carotid artery occlusions (CAO)
(baroreceptor inactivation). Probes were inserted into the medulla for 15
min each during periods of rest, contraction or CAO, washed and
incubated with 0.01 pCi/5pl 125I-SP for 24 hrs. Autoradiographic images
of the probes were analyzed for differences in optical density, thus a
competition of binding of 125I-SP to the antibody-coated probe by
endogenously released irSP. Sites of release of irSP were determined from
histological sections of the brainstem and identification of the tip
placements. Isometric contractions raised the mean arterial pressure
(MAP) by 68 + 11 mmHg and CAO (applied for 30s every 2min for 15min)
raised the MAP by 63+41 mmHg. irSP were released from sites in the
medial subnucleus of the solitary tract(SM) during both contractions and
CAO. These findings suggest that the SM and irSP may play a role in the
integration of both the muscle pressor response and the pressor response
caused by CAO. (Work supported by AHA-TN Affiliate grant in aid.)

METABOTROPIC L-GLUTAMATE RECEPTOR MODULATION OF
BAROREFLEX FUNCTION. M. Hay and E.M. Hasser* Dept. Physiol. Univ.
TX. Hlth. Sci. Ctr., San Antonio, TX., *Dept. VeJ. Biomed. Sci., Univ.
MO., Columbia MO 65211
Glutamate (L-glu) is believed to be the primary neurotransmitter of
baroreceptor afferents. Metabotropic L-glu receptors (mGluR) have been
localized to baroreceptor neurons, where they may presynaptically
modulate L-glu release. We hypothesized that prolonged baroreceptor
activation inhibits L-glu release via a presynaptic mGluR. If so, activation
of this receptor would attenuate the reflex. Conversely, blockade of this
receptor would prevent hypertension induced baroreflex resetting. Rabbits
were anesthetized, arterial and venous catheters inserted, electrodes
placed to record renal sympathetic nerve activity (RSNA), and the
brainstem exposed. Baroreflex curves relating changes in RSNA to
increases in mean arterial pressure (MAP) with phenylephrine (PE) and
vasopressin (AVP) were obtained before and during microinjection of the
mGluR agonist L-AP4 unilaterally into the nucleus tractus solitarius (NTS).
Application of L-AP4 to the NTS did not alter resting MAP, HR, RSNA, nor
did it appear to alter baroreflex responses to PE. Control baroreflex effects
of AVP were augmented compared to PE. Injection of L-AP4 into NTS
attenuated baroreflex responses to AVP (MAP/RSNA slope = 11.8, control;
8.6, L-AP4). In a second experiment, baroreflex resetting was induced by
holding MAP for 15 min at a level that inhibited RSNA by-50%. This reset
the reflex to the right (midpoint 81 vs 92 mmHg after resetting).
Application of the mGluR antagonist MCPG into the NTS attenuated the
hypertension induced resetting (midpoint 85 vs 85 after resetting during
MCPG). Data suggest that mGluRs may not be involved in normal
baroreflex function but may be important in modulation of the baroreflex
as in hypertension. Supported by AHA-TX#93G-1183 and HL-43700.
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CAN COMPLEXITY ANALYSIS OF HEART RATE VARIABILITY DETECT
A PERTURBATION IN NEURAL CONTROL OF THE HEART? G Kedem, M.
Shelhamer. L. Fleisher, W. Martin,
S. M. Oppenheimer . Lab. of
Neurocardiology, Johns Hopkins University School of Medicine, Baltimore, MD
21287.
The left insular cortex is a site of cardiac representation and its damage may
perturb the neural control of the heart. Heart rate variability (HRV), a window on
cardiac autonomic tone, may detect this perturbation. Previously, power spectral
analysis of HRV revealed that lesions of the left insular cortex shift the spectral
content to lower frequencies, suggesting an increase in the sympathetic to
parasympathetic ratio.
The present study examined HRV through the
complementary technique of mathematical complexity. Using electrocardiograms
of 7 patients with damage to the left insular lesion and 17 controls, a time series
of RR intervals was extracted for each patient. Suggesting stationarity of each
time series, (1) an overlapping series of histograms spanning successive 5 min.
intervals revealed no significant changes in distribution over time; (2) phase
plane plots spanning successive 5 min. intervals exhibited complexity throughout
the time series. Three measures of complexity were applied to each time series:
correlation dimension (a measure of chaotic determinism),
(a measure of the
distance from white noise) and approximate entropy ( a measure of randomness).
Correlation dimension and approximate entropy were inversely correlated with age
(p=.O12 and p=.003, respectively). The correlation dimensions of the lesion group
were significantly lower compared to a sex and age matched control group (p=.O4).
While not statistically significant, the lesion group displayed a higher mean
and lower mean approximate entropy than the control group. The results suggest
that a loss of complexity may accompany left insular lesion. However, the nature
of the heart rate signal-a blend of determinism, inherent randomness and noisemay make one descriptor alone ineffective.

CENTRAL COMMAND AND THE CARDIOVASCULAR ADJUSTMENTS TO
EXERCISE. S.I. Chefer, M.I. Talan* and B.T. Engel. Lab. of
Behavioral Sciences, National Institute on Aging, NIH, GRC,
Baltimore, MD 21224.
A monkey was operantly conditioned to slow its heart
rate (HR), to exercise (lift weights), and to attenuate the
tachycardia of exercise by combining these two skills.
During counterbalanced, 17-min sessions of exercise (E) or
exercise and attenuation of HR (C), brain stimulation (0.5sec trains, 45 imp/sec, 2.5 msec, 0.2-0.4 ma) was delivered
to one of several brain regions that was involved in
cardiovascular regulation.
Each site was selected
independently on the basis of its effect on HR. On each
experimental day, there were two, E, and two, C, sessions
consisting of 32, 32-sec blocks; brain stimulation was
delivered during every third block. HR change was compared
between the E and C sessions with and without brain
stimulation using ANOVA. Without brain stimulation, HR was
always lower in C than in E. Stimulation of one site in
the central amygdaloid nucleus produced an increase in HR,
and in another site, caused a slowing of HR. Nevertheless,
during C, HR always slowed even more. Tachycardia during
E was not affected or was exacerbated by electrical
stimulation of these sites.
During stimulation of the
nucleus amygdaloid basalis, an increase in HR was
superimposed on the tachycardia, evoked during E and C, and
did not interact with attenuation of HR in C. In contrast,
stimulation of anterior and posterior hypothalamic nuclei
exacerbated the tachycardia in both E and C, and eliminated
the differences in HR responses between E and C.
This
technique will enable us to map the brain areas involved in
central command, and to characterize the central neural
mechanisms mediating conditioning of cardiac behavior.
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TRANSCRIPTIONAL CHANGES IN THE EXPRESSION OF CENTRAL
MUSCARINIC RECEPTORS IN THE SPONTANEOUSLY HYPERTENSIVE
RAT (SHR). J. Wei and J.J. Buccafusco*. Dept Pharmacology and Toxicology
Medical College of Georgia and Dept. VA Med. Ctr., Augusta, GA 30912.
Central cholinergic neurons play an important role in the development and
maintenance of hypertension in the SHR, a genetic model of this disease. Our
purpose was to determine whether muscarinic receptor expression in hypothalamus (HYP) and medulla (MD) are different between SHR and their
normotensive genetic counterpart (WKY). Indirect systolic pressures averaged
96 and 102 mmHg respectively, for 4 week old SHR and WKY rats, and 147
and 197 mmHg for 12 week old rats. The expression of mRNAs encoding each
of the 5 known muscarinic receptors subtypes was determined by quantitative
RT/PCR. The HYP from 4 week old pre-hypertensive SHR expressed a 53%
greater level of ml RNA compared with WKY. m4 receptor mRNA was
slightly but significantly reduced by 15% in SHR. Expression of the other 3
subtypes in the HYP was not different between strains. There was no
difference between 4 week old SHR and WKY with respect to the 5 subtypes
in the MD. In 12 week old SHR with established hypertension, the enhanced
expression of the ml subtype was maintained (34%), and expression of the m4
subtype continued to decrease (54%). Hypertensive SHR also exhibited
alterations in medullary mRNAs encoding the 5 muscarinic receptor subtypes.
SHR exhibited increases in the levels of both the ml (72%) and m2 (42%)
subtypes compared with age-matched WKY. Expression of a control gene
G3pDH was not different between strains of either age group. These changes
in muscarinic mRNA levels in the HYP and MD were reflected by significant
increases in the binding of [3H]methylscopolamine to membranes derived from
the same tissues. This increase in muscarinic receptor density was not
observed in the cerebral cortex of SHR. Such alterations may form part of the
genotypic profile of inherited hypertension. Supt: Med. Res. Service DVAMC.

P-ENDORPHIN IS INVOLVED IN THE REGULATION OF
CARDIOVASCULAR FUNCTION IN FEMALE RATS. T. Bailey, J, Janik, R,
Cox, R. Wiley, K. Killian* and P. Callahan. Dept of Zoology, Miami
University, Oxford, OH 45056.
It is known that the endogenous opiate peptides (EOP) play a role in
central regulation of cardiovascular function. However, the role of each
opiate peptide has yet to be determined despite repeated attempts with
various methods and animal models.
We have attempted to elucidate the role of p-endorphin on
cardiovascular function through immunoneutralization of this peptide.
Female Sprague-Dawley rats were surgically prepared by implanting a
cannula into the left lateral ventricle (ivt) as well as a cannula into the
femoral artery. Heart rate (HR) and blood pressure (BP) were
continuously monitored via the chronic femoral arterial catheter. On the
day of the experiment, animals were placed in the experimental cage and
allowed to acclimate for 1 hour. Following acclimation, resting HR and BP
were recorded for 1 hour prior to administration of 5 gl of vehicle (50 gg

normal rabbit serum) or p-endorphin antiserum. HR and BP responses
were recorded for an additional 1 hour after injection.
Animals treated with p-endorphin antiserum showed an increase in mean
arterial pressure (MAP) with a concomitant decrease in HR compared to
their own pretreatment levels or to control values. The response to pendorphin antiserum was immediate and persisted for approximately 30
minutes.
This is the first study, of which we are aware, to attempt to elucidate the
role of a particular EOP by immunoneutralization. These results indicate
that central p-endorphin plays a physiologically significant role in
cardiovascular function. (This work was supported in part by a grant from
the Committee for Faculty Research of Miami University to JJ).

51.3

51.4

EVIDENCE THAT LOW BUT NOT HIGH DOSES OF I.C.V. 5-HT
CAUSES THE RELEASE OF VASOPRESSIN IN ANAESTHETIZED
RATS. M. Gallacher and A.G. Ramage.* Department of Academic
Pharmacology, Royal Free Hospital School of Medicine, Hampstead London,
NW3 2PF., U K.
5-HT given i.c.v to anaesthetized rats activates 5-HT2 receptors to release
vasopressin and 5-HTreceptors to cause sympathoexcitation resulting in a
rise in blood pressure (Anderson et al., 1992). The present study investigates
the regional haemodynamic changes underlying these two different central 5HT receptor mediated pressor responses using pulsed Doppler flow probes.
In Sprague-Dawley rats (250-35Og) anaesthesia was induced with halothane
and maintained with a-chloralose (80 mg kg"l) and artificially ventilated
following neuromuscular blockade with decamethonium. BP and HR were
measured from the carotid artery. Flow probes were placed on the mesenteric
(M) and renal (R) arteries and the abdominal aorta (H) below the ileocaecal
artery (hindquarters flow) from which changes (%) in conductance (C) were
calculated. Drugs were given i.v. (jugular vein) or i.c.v.(5gl over 20s).
5-HT, 4 nmol kg‘1 (n=4), caused a significant (p < 0.05; ANOVA) increase
in BP (21±4 mmHg) and decreases in MC (25±3), RC (21±3) and HC (28±4).
5-HT, 120 nmol kg’l (n=6), also caused a significant rise in BP (1 l±4mmHg)
and a decrease in HC (19±4), however there was no change in MC and RC.
The Vj-vasopressin antagonist d(CH2)5Tyr(Me)AVP (10 pg kg'l i.v.)
attenuated the low dose 5-HT induced decrease in MC (12±3) and increase in
BP (10+3mmHg) but caused no change in MC or BP for the high dose.
These results suggest that 5-HT has a biphasic effect on vasopressin release
when administered i.c.v causing release at low while overriding at high doses.
We wish to thank the Wellcome Trust for support.
Anderson et al., (1992). Br.J.Pharmacol., 107, 1020-1028.

CHOLECYSTOKININ-INDUCED RELEASE OF DOPAMINE IN THE
NUCLEUS ACCUMBENS OF THE SPONTANEOUSLY HYPERTENSIVE
RAT. G.J. Kirouac* and P.K Ganguly. Division of CardiovaStular Sciences, SL
Boniface General Hospital Research Centre, University of Manitoba, Winnipeg,
Manitoba, Canada, R2H 2A6.
Dopamine neurotransmission in the striatum of the spontaneously
hypertensive rat (SHR) may be involved in the pathogenesis of hypertension.
We recently demonstrated an increase in cholecystokinin (CCK) receptor density
in the striatum of the SHR. In light of the role CCK plays in modulating
dopamine release, we tested the hypothesis that CCK-induced release of
dopamine in the nucleus accumbens (NA) is more pronounced in the SHR than
in its normotensive control the Wistar-Kyoto rat (WKY). Dopamine and its
metabolite DOPAC and HVA were sampled using microdialysis in the NA of
anesthetized 8-10 week-old SHRs and WKYs. Two hours after implanting the
microdialysis probe, 15-min samples were collected in the following order: 3
baseline, 3 CCK (105 M CCK dissolved in perfusate) and 3 postdrug samples.
Microdialysis samples were injected directly into an HPLC-EC system. The data
was converted to percent change from baseline and analyzed using ANOVA with
repeated measures. Baseline values for dopamine, DOPAC, and HVA were
similar in the SHR and WKY. CCK increased dopamine release in both the
SHR and WKY (F(8,72) = 33.7, p < .0001) without causing any changes in
DOPAC and HVA CCK caused a larger increase in dopamine release in the
SHR (main effect for strain, F(l,72) = 17, p < .0002) during the second CCK
sample (SHR, 577 ± 44%; WKY, 326 ± 37%; p < 0.05) and third CCK sample
(SHR, 289 ± 59%; WKY, 187 ± 22%; p < 0.05). These results show that CCKinduced release of dopamine is increased in the SHR. Changes in CCK control
of dopamine release may be involved in the SHR’s hyperreactivity to stimuli in
the environmemt. (Supported by the Manitoba Medical Service Foundation)

51.5

51.6

INVOLVEMENT OF ATi RECEPTORS IN THE MEDIATION OF THE
PRESSOR RESPONSE TO THE INJECTION OF ANG II AND ANG III
INTO THE SUBFORNICAL ORGAN IN UNANESTHETIZED RATS. D.S.A.
Colombari and__ F.M.A. Correa* Dept. Pharmacology, School
of Medicine of Ribeir&o Preto, University of SAo Paulo,
14049-900, SP, Brazil.
Previous evidence from our laboratory indicate that the
pressor response to the injection of ANG II into the
subfornical organ (SFO)
of unanesthetized rats
is
mediated by ATi receptors. In the present experiment we
verified the effect of the injection of ANG III and the
subtype of receptor involved.
Guide cannulas were
implanted into the SFO and the femoral artery cannulated.
The injection of 10 pmol of ANG III caused pressor
reponses (18 ±2 mmHg) equivalent to those caused by 10
pmol of ANG II (17 ± 2 mmHg). The injection of 20 pmol
of ANG III caused pressor responses of 18 ± 2 mmHg, that
were less intense than those to 20 pmol of ANG II (27 ± 2
mmHg).
Pretreatment with the ATi blocker Losartan (0.5
or 1.0 pmol) blocked the pressor effects of ANG II and
ANG III.
Our results suggest that ATi receptors are
involved in the responses to ANG II and ANG III injected
into the SFO and that ANG III generation may be partially
responsible for the pressor effect of ANG II.
Technical
support : Ms.
I.I.B. Aguiar and I.A.C.
Fortunato
Grants: FAPESP and CNPq

VASOPRESSIN MEDIATES THE PRESSOR EFFECTS OF ENDOTHELIN IN
THE SUBFORNICAL ORGAN OF THE RAT. R. Mosqueda-Garcia*. R.
Stainback and M. Appalsamv.
Department of Pharmacology, Vanderbilt
University, Nashville TN.
We have previously reported that microinjection of endothelin-1 (ET) into the
subfornical organ of the rat (SFO) evokes a dose-dependent pressor effect that
seems to be independent of sympathetic activation. In the present studies we
investigated the potential involvement of vasopressin.
Sprague-Dawley rats were anesthetized with urethane, and blood pressure was
recorded intraarterially. A group of rats (n = 7) was pretreated with saline whereas
two different groups were pretreated with one of two different doses of the
vasopressin antagonist Manning compound (10 /xg/kg, n=10, MAN 10; 20 figfcg,
n=4, MAN20). An additional group was pretreated with prazosin (1 mg/kg, i.v.,
PRAZ) to evaluate the role of sympathetic activation. After 30 minutes the animals
received a stereotaxic microinjection of ET (1 pmol/60 nl) into the SFO and the
cardiovascular effects were followed during the next 60 minutes.
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ABP (mmHg)

AHR (bpm)

15 ±3

-♦1 ± 12

MAN 10 + ET-1

10 ± 4*

-36 ± 12

MAN 20 + ET-1

8 ± 4*

-33 ± 6*

PRAZ + ET-1

20 ± 5*

-58 ± 12*

Sal + ET-1

I

These results suggest that the pressor effects evoked by microinjection of ET-1
into the SFO involves the release of vasopressin.
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CARDIOVASCULAR EFFECTS ELICITED BY MICROINJECTION OF 5-HT1A
AGONISTS INTO THE PREOPTIC AREA. A. Szabo, S.J, Enna* and R.H,

Alper. Dept. of Pharmacol., Univ. of Kans. Med. Ctr., Kansas City, KS 66160.
The present study was to determine: 1) do the 5-HT1A agonists buspirone
and 8-OH-DPAT elicit cardiovascular responses when microinjected into the
preoptic area (POA)? and 2) does desensitization to any response occur?
Studies were performed in freely-moving rats with a guide cannula in the POA
for drug injections (250 nl/10 sec) and an arterial catheter to monitor blood
pressure (BP) and heart rate (HR). Artificial cerebrospinal fluid did not alter BP
or HR. By contrast, 20 nmoles of buspirone or 8-OH-DPAT similarly increased
BP (10-15 mmHg) and HR (60-75 bpm). The HR response to buspirone
decreased to +42 ± 12 bpm following the fourth injection at 48 hr intervals.
Repeated injections with 8-OH-DPAT also produced desensitization: on the
fourth injection 8-OH-DPAT did not affect BP and produced a mild bradycardia

(-26 ± 13 bpm). To determine if down-regulation of 5-HT1A receptors was
responsible for the decreased responses, rats treated 4 times with buspirone
were injected with 8-OH-DPAT and vice-versa. In buspirone-treated rats,
8-OH-DPAT did not affect BP and produced a bradycardia (-20 ± 28 bpm).
When microinjected into 8-OH-DPAT-treated rats, buspirone increased HR by
46 ± 13 bpm, more similar to the fourth rather than the first exposure to the
drug. Additionally, injections of agonists (20 nmoles) at the 5-HT2 (DOI) or
5-HT3 [1-(m-chlorophenyl)-biguanide] receptor into the POA did not affect BP
or HR. The data suggest that 5-HT1A, not 5-HT2 or 5-HT3 receptors in the POA
increase BP and HR, differing from previous reports using other routes and
sites of administration. The data further suggest that repeated administration
of either drug leads to desensitization of 5-HT,A receptors mediating these
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51.8
CARDIOVASCULAR RESPONSES TO BICUCULLINE IN THE
PARAVENTRICULAR NUCLEUS IN MALE AND FEMALE RATS. I.C.
Chapa, J.R, Havwood. L.H. Mortensen. R.H, Huffman* and C. HinojosaLaborde. Dept. of Pharmacology and Physiology, The Univ. of Texas
Health Science Center, San Antonio, TX. 78284-7764.
Previous studies suggest that, in the paraventricular nucleus of the
hypothalamus (PVN), GABA exerts a tonic inhibitory action on the
sympathetic nervous system. The purpose of this study was to
determine if the extent of GABAergic inhibition differed between male
and female animals. Age-matched (10-12 week) male and female
Sprague-Dawley rats were stereotaxically prepared with bilateral guide
cannulae directed at the PVN. Femoral arterial catheters were implanted
for the measurement of mean arterial pressure (MAP) and heart rate (HR).
Baseline MAP and HR were not significantly different (p<0.05) between
males and females during the initial control period.
Bilateral
microinjections of bicuculline, a GABA-A receptor antagonist (50
pmoles/50nl/site) dissolved in artificial cerebrospinal fluid (aCSF),
produced significant (p<0.05) increases in MAP (males, 10.01 ± 2.11
mmHg; females, 11.64 ± 2.32 mmHg) and HR (males, 55.11 ± 8.80
beats/min: females 69.8 ±7.67 beats/min). These increases in MAP and
HR were not significantly different between male and female rats.
Bilateral microinjection of aCSF produced no significant changes in MAP
and HR. These findings suggest that there is no observable sexual
dimorphism in the regulation of arterial pressure and heart rate by GABA
in the PVN. (NIH support HL 36080)

responses, even though buspirone may elicit cardiovascular effects mediated,
in part, by non-5-HT1A-dependent mechanisms. [Supported by NS 29765]

51.9

51.10

STIMULATION OF HYPOTHALAMIC GLUTAMATE METABOTROPIC
RECEPTORS ELEVATES HEART RATE IN ANESTHETIZED RATS.
J, A. DiMicco* and A, J. Monroe. Department of Pharmacology & Toxicology,
Indiana University School of Medicine, Indianapolis, IN 46208.
Our previous studies have demonstrated that blockade of inhibitory GABAa
receptors or stimulation of glutamate ionotropic receptors in the region of the
dorsomedial hypothalamic nucleus (DMH) evokes marked tachycardia and
modest elevation of arterial pressure (BP) in anesthetized and conscious rats.
Recently, anatomical studies have reported that glutamate metabotropic
receptors are found in this same region. The present study was undertaken to
test the hypothesis that stimulation of glutamate metabotropic receptors in the
DMH of anesthetized rats would increase heart rate (HR) in urethaneanesthetized rats. Microinjection of 10-200 pmol (1S,3R) trans-ACPD, a
selective agonist at metabotropic receptors, in a volume of 50 nL evoked
immediate dose-related increases in HR ranging from 7+2 to 45±7 beats/min
without increasing BP (n=7-10); at the same sites, injection of BMI 5
pmol/15 nL increased HR by 98+5 beats/min and BP by only 7+5 mmHg. To
establish the role of metabotropic receptors in mediating these changes, we
examined the effects of microinjecting 100 pmol of (a) (1S,3R) trans-ACPD,
(b) (1 R,3S) trans-ACPD, its relatively inactive stereoisomer, and (c) (+) transACPD, a racemic mixture of the active and inactive compounds. The effects
of injecting BMI 5 pmol/15 nL at the same site were also assessed in each
experiment. Below are maximal changes + SEM (n=8).
BMI (1S,3R)-tACPD (+)-tACPD (1 R,3S)-tACPD Vehicle
HR beats/min +80±6
+55 ±10
+29+8
+8 ±3
+6+2
BP mmHg
+7±2
+6 + 2
+3 ± 1
+2 + 1
+2 ± 1
The results suggest that stimulation of metabotropic receptors in the DMH
activates the same hypothalamic mechanism "disinhibited,, by blockade of
inhibitory GABAa receptors in this region.
(Supported by USPHS Grant NS-19883)

NEUROPEPTIDE Y (NPY) INVOLVEMENT IN PRESSOR
RESPONSE TO CARBACHOL (CCh) ADMINISTRATION INTO
POSTERIOR HYPOTHALAMIC NUCLEUS«(PHN) OF a-, B-, AND
V,-RECEPTOR BLOCKED RATS. J.R. Martin*. Dept. of
Pharmacol., Kirksville Col. Osteop. Med., Kirksville, MO 63501.
CCh administered into the PHN of conscious rats evokes an
increase in arterial pressure (AP) that is inhibited by combined a- and
Vj-receptor blockade. Rats were instrumented with femoral arterial
and venous catheters, and a cannula directed toward the PHN. CCh
(3.3, 5.5, 13.2 nmol) evoked an increase in AP in rats pretreated i.v.
with prazosin (PRAZ; 0.2 mg/kg), yohimbine (YOH; 0.3 mg/kg),
[d(CH2)5Tyr(Me)]AVP (AVPX; 20 Mg/kg), and propranolol (PRO; 1
mg/kg), showing that addition of B-receptor blockade to a- and V,receptor blockade uncovers a latent pressor response. Administration
of the M, receptor agonist McN-A-343 (i.v.) to rats pretreated with
pentolinium (PENT; 10 mg/kg), PRAZ, YOH, and PRO also evoked
an increase in AP. The increased AP evoked by CCh, McN-A-343
and i.v. NPY was identically attenuated by the putative NPY receptor
antagonist benextramine (BNXT; 20 mg/kg). The All AT, receptor
antagonist losartan (LOS; 10 mg/kg) had no effect on the increased
AP evoked by CCh, McN-A-343, or i.v. NPY. It appears that NPY
released from postganglionic sympathetic neurons is responsible for
the pressor response evoked by CCh microinjection into the PHN of
a-, B-, and V,-receptor blocked rats. (Supported by HL 44531.)

51.11

51.12

CHARACTERIZATION OF THE BRADYCARDIC EFFECTS
OF 5-HT1A RECEPTOR AGONISTS. N.A, Escandon, R.B,
McCall*, L.T. Harris and M.E. Clement. Cardiovascular
Pharmacology, The Upjohn Company, Kalamazoo, MI.
The bradycardic effect of 5-HT1A receptor agonists was
evaluated in chloralose anaesthetized, Cl transected spinal cats.
Compounds studied included the 5-HT1A receptor agonists 8-OH
DPAT, buspirone, gepirone, flesinoxan and U-93385E. All these
compounds reduced heart rate by 20-30% in the spinal cat.
Atropine reversed and vagotomy prevented the bradycardia
produced by a single dose of U-93385E. The decrease in heart
rate produced by intravenous flesinoxan or U-93385 was reversed
by administration of the 5-HT1A receptor antagonists spiperone
or WAY 100135. Administration of a single dose of U-93385E
(either 0.3, 1.0 or 3.0 mg/kg, i.v.) resulted in a 20-30% decrease
in heart rate. In contrast, cumulative dosing of U-93385E (0.013.0 mg/kg, i.v.) failed to lower heart rate in the spinal cat.
Similarly, infusion of 1 mg/kg of U-93385E over a 2 hour period
failed to lower heart rate and prevented the bradycardic effect of
a single bolus dose of U-93385E or flesinoxan. In contrast, the
c^-receptor agonist clonidine decreased heart rate in animals
receiving the U-93385E infusion. Finally, single bolus doses of
flesinoxan or U-93385E failed to decrease heart rate in cats
treated for 7 days with U-93385E and then saline for three days.
Partial tolerance was evident up to 10 days following treatment.
These data indicate that 5-HT1A receptor agonists stimulate vagal
nerve activity to decrease heart rate. Moreover, rapid and longlived tolerance develops to the vagal bradycardic effects of 5-HT1A
receptor agonists.

HEMODYNAMIC ACTIONS OF CENTRAL AND PERIPHERAL STIMULATION
OF 5-HT2 RECEPTORS. L.A. Fisher* and A. Dedeoalu. Dept. of Physiology,
The Ohio State Univ. Col. of Med., Columbus, OH 43210.
Previous studies demonstrated that different mechanisms mediate the
cardiovascular responses to intracerebroventricular (icv) versus intravenous (iv)
injections of (±)-1-(2,5-dimethoxy-4-iodophenyl)-2-aminopropane (DOI), a
selective 5-HT2 agonist. Icv administration of DOI increases arterial pressure
(AP) by altering sympathetic nervous outflow and vasopressin release whereas
the pressor response to iv administration of DOI is mediated at vascular 5-HT2
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receptors. The present study investigated whether icv and iv administration of
DOI would produce differential actions on cardiac output (CO) and regional
blood flow distribution.
All experiments were performed in conscious
unrestrained rats instrumented with icv cannulas, iliac arterial and venous
catheters, and miniaturized Doppler flowprobes on the ascending aorta and
superior mesenteric and iliac arteries. Icv administration of DOI (30 nmol)
increased AP (17 mm Hg), total peripheral resistance (TPR; 17%), mesenteric
vascular resistance (MVR; 41%) and iliac blood flow (IBF; 37%) and decreased
CO (3% - not significant), heart rate (HR; 23 beats/min), iliac vascular
resistance (IVR; 10% - not significant) and mesenteric blood flow (MBF; 13%).
Iv administration of DOI (100 nmol/kg) elevated AP (22 mm Hg), TPR (31%),
MVR (44%) and IBF (38%) and decreased CO (11%), HR (25 beats/min) and
MBF (19%); variable and nonsignificant changes in IVR occurred. After
ganglionic blockade with chlorisondamine, iv administration of DOI produced
an enhanced pressor response (39 mm Hg) attended by equal increases (52%)
in MVR and IVR. These data suggest that 5-HT2 receptors are evenly
distributed throughout the vasculature and that 5-HT2 receptors within the
central nervous system mediate preferential stimulation of sympathetic outflow
to the mesentery.
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CENTRAL NERVOUS
SYSTEM
ACTIONS
OF
SEROTONIN
ON
CARDIOVASCULAR FUNCTION: NON-ADRENERGIC, NON-CHOLINERGIC
MECHANISMS? A. Dedeoalu* and L.A. Fisher. Dept. of Physiology, The Ohio
State Univ. Col. of Med., Columbus, OH 43210
We have previously shown that intracerebroventricular (icv) administration of
serotonin (5-HT) elevates arterial pressure (AP) over a wide range of doses
whereas low doses of 5-HT increase heart rate (HR) and high doses of 5-HT
decrease HR in conscious rats. The present studies were performed to
investigate further the mechanisms mediating the cardiovascular changes
induced by icv injection of a high dose (100 nmol) of 5-HT. Icv injection of 5HT elevated AP (15 mm Hg) and decreased HR (50 beats/min) at 5 min postinjection.
The pressor response was abolished by either prior bilateral
adrenalectomy (ADX) or pretreatment with the ganglionic blocker
chlorisondamine (CHL) plus a vasopressin V, receptor antagonist (VPA). The
bradycardic response was abolished by pretreatment with a combination of
either methylatropine (ATR) plus propranolol (PROP) plus VPA or CHL plus
VPA. At 15-20 min post-injection, AP had returned to baseline levels but HR
was reduced by 35-45 beats/min. This reduction of HR was not blocked by the
following pretreatments given alone or in combination to rats subjected to
sham or ADX surgeries: ATR, PROP, VPA and CHL. These results, consistent
with previous reports, suggest that immediately after icv injection of 5-HT, AP
is elevated due to the release of epinephrine and vasopressin and HR is
reduced as a result of increased cardiac vagal outflow together with some
action of vasopressin. In contrast, the adrenergic, cholinergic and vasopressin
systems do not account for the bradycardia observed at 15-20 min postinjection. Studies are currently underway to assess the involvement of nonadrenergic, non-cholinergic mechanisms in mediating this delayed bradycardia
in response to icv injection of 5-HT.

EVIDENCE OF HYDROXYL FREE RADICAL GENERATION BY
CALCIUM OVERLOAD IN RAT HEARTS: AN ANALYSIS
USING A NEW DIALYSIS TECHNIQUE T. Obata57? S.
Shigematsu2, Y. Yamanaka1 and M. Arita2. ^-Dept.
of
Pharmacol,
and
2Dept.
of
Physiol.,
Oita
Medical Univ., Hasama-machi, Oita 879-55, Japan
We examined whether calcium overload generates
hydroxyl free radical (-OH) in the rat ventrical
myocardium,
by measuring the levels of DHBA
(vide
infra).
Ouabain
was
used
to
make
a
condition of
calcium overload.
The
hydroxyl
free radical (-OH) reacts with salicylate and
enerates
2,3and
2,5-dihydroxybenzoic acid
DHBA) which can be measured electrochemically
in picomole quantity, by HPLC. For this purpose,
Ringer's
solution
containing
salicylic
acid
(0.5 n mol/pl/min) was infused directly through
a microdialysis probe in the area of LAD of rat
ventricle. We constructed a new microdialysis
probe which was able to perfuse the tissue at a
rate of 1 pl/min. The average relative recovery
rate of norepinephrine (NE) was 16.5±0.66 %. We
designed the microdialysis probe holding system
which enabled a loose fixation of the probe and
its
synchronized
movement
with
each
heart
motion. After the probe implantation, NE concentration of dialysate decreased over the first
90 min and reached a steady level of 0.154:0.02
n mole/ml. The administration of 2 mg/kg i.p.
of ouabain from the femoral vein significantly
increased the levels of 2,3- and 2,5-DHBA in 45
min. These data suggest that calcium overload
may generate -OH free radicals in the rat heart
(perhaps via indirect mechanisms).

51.15

51.16

ALPHA ADRENERGIC CONTROL OF THE ARTERIOVENOUS
ANASTOMOSES IN A RABBIT EAR MODEL OF DIGITAL
PERFUSION. D.C. Pollock, T.L. Smith*, L.A. Roman, E.S. Gordon.
Department of Orthopaedic Surgery, Bowman Gray School of Medicine,
Winston-Salem, NC 27157.
Thermoregulatory blood flow in the skin is regulated by arteriovenous
anastomoses (AVA) which shunt blood directly from arterioles to venules.
Dysfunction of AVA control may contribute significantly to cold intolerance
and digital ischemia. Understanding the control of AVA's is fundamental in
determining the treatment of thermoregulatory abnormalities. A unique acute
rabbit ear preparation developed in our laboratory was used to study AVA's
in order to characterize pharmacologically a adrenergic receptor subtypes
participating in peripheral microvascular control. The AVA's were studied
in vivo in a tissue bath in anesthetized male, New Zealand white rabbits
using compound videomicroscopy. Earlier work completed in our laboratory
has suggested that alpha 2 receptors predominate functionally in the AVA.
In the present experiment, the effects of a adrenergic stimulation were
studied using Norepinephrine (NE, a, and a2 agonist), UK 14304 (a2 agonist)
and Prazosin («, antagonist). Percent maximal constriction is noted below.
lO^M
10’6M
10’5M
10~7M
Drug
100
63
27
7
NE (n=7)
49
21
33
1
NE with Prazosin (n=5)
88
78
47
28
UK14304 (n=6)
These results provide additional evidence that 1) the AVA's contain a
heterogeneous mixture of both a, and a2 receptors and 2) there is significant
functional contribution of a2 receptors to AVA control.

EFFECTS OF DIETARY CALCIUM AND SODIUM ON HYPERTENSION IN
SHR AND WKY RATS. A.D Dalhouse,* S. Roise, N. Benson and
Kami Kessler, Moorhead State University, Moorhead, MN
56563.
In a series of experiments to investigate the effects
of dietary electrolytes on blood pressure (BP) 20 spontaneously hypertensive (SHR) and 20 Wistar Koyoto (WKY)
male rats were placed on combination diets of high and low
calcium (HCa, LCa) and high and low sodium (HNa, LNa) for
7 weeks after 7 days of base rate data. BP and pulse were
collected daily during base rate and once weekly during
the 7 weeks. Blood was collected via heart puncture for
red blood cell (RBC) Na flux analysis. No pre- or postdiet BP differences were seen in the WKY rats. The BP of
HCaLNa SHRs rose from 155 nrnHg to 181 nmHg (p<.001). The
HCaLNa WKYs showed no change. All SHRs had higher pre(p<.05) and post- (p<.01) diet BP than WKYs. The SHRs and
HCa WKYs showed no pulse changes. Post-diet pulse of
LCaHNa WKYs fell from 410 to 390 (p<.07), and of LCaLNa
WKYs rose from 350 to 390 (p .05). The RBC Na flux data
showed no significant diet related differences, but all of
the WKYs, except the LCaHNa, showed slightly higher RBC
sodium flux than the SHRs. HCa diets seem to have an elevating effect on the BP of the hypertensive rats but no
effect on that of normotensive rats, while LCa diets have
an elevating effect on the pulse of WKYs that are also on
HNa but a reducing effect on the pulse of WKYs that are
also on LNa diets.

51.17

THE NOVEL PRESSOR ACTIONS OF SODIUM FLUORIDE
ADMINISTERED INTRAVENTRICULARLY IN RATS. N. Ono* H.
Ohtat and W, T, Talmant. Dept. of Pharmacol., Fac. of
Pharmaceut. Sci., Fukuoka Univ., Fukuoka, 814-01, Japan
and tDept. of Neurol., College of Medicine, The Univ. of Iowa,
Iowa City, IA 52242.
The effects of sodium fluoride (NaF) administered
intraventricularly (icv) on cardiovascular responses, renal
sympathetic nerve activity (RSNA) and release of
acetylcholine (ACh) from hypothalamic area were studied
in anesthetized male SD rats. 2 pmol of NaF administered icv
produced marked pressor
and positive chronotropic effects
with monophasic pattern. The pressor action in 4 pmol
changed in polyphasic fluctuation patterns constituted
early 2-4 irregular sharp fluctuations, continuously, train
regular fluctuations of 5-13 peaks (about 3 min cycle and
40-60 mmHg difference between high and low peak) and
bradycardia, and the decrement of wavy fluctuations in
high pressure maintained in 50-70 mmHg higher than the
control level. RSNA increased to 251 ± 49 % and 295 ± 36 %
by 2 and 4 pmol of NaF administered icv, respectively.
Oscillation of arterial pressure corresponded with that of
RSNA. In 8 pmol, the fluctuations appeared moreover
obviously. These responses to NaF were inhibited by i.v.
phentolamine. While, NaCl, NaBr 8 pmol icv and NaF 160
pmol i.v. did not elicit above mentioned responses. The
release of ACh from hypothalamus using brain microdialysis method in vivo was increased by 4 pmol of NaF icv.
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ADRENERGIC, NEUROGENIC CONSTRICTIONS OF THE UTERINE
VASCULATURE ELICITED BY ELECTRICAL STIMULATION OF THE
OVARIAN AND HYPOGASTRIC NERVES IN THE RAT. S.M. Hutchison,
A.E.Tietz, K.A. Trostel, , E.B. Haase*, and L.P. Schramm. Departments of
Biomedical Engineering, Neuroscience, and Gynecology and Obstetrics, The Johns
Hopkins School of Medicine, Baltimore, MD. 21205.
The nerves carrying vasoconstrictor fibers to the uterine horns have not been
identified, and the effects of activation of these nerves on the vasculature have not
been described. The present experiments represent the first attempt to study
sympathetically-mediated changes in dynamically-measured uterine arterial blood flow
in the rat. Virgin, virus-free, Sprague-Dawley rats, weighing 280-3 lOg, were deeply
anesthetized with sodium pentobarbital. The hypogastric and perivascular ovarian
nerves were ligated rostrally and stimulated at intensities ranging from 1 to 20 volts
and frequencies of 0.5 to 20 Hz. Uterine arterial blood flow was measured with a
Transonic flowmeter and probe. Arterial pressure and intrauterine pressure were
measured continuously. Electrical stimulation of the ovarian and hypogastric nerves
elicited comparable uterine vasoconstrictions, sometimes accompanied at longer
latencies by uterine contractions. Vasoconstrictions began within ls after onset of
stimulation and reached maximum levels within 10s. Most vasoconstrictions exhibited
stimulation frequency thresholds of approximately 1Hz, and they saturated at
approximately 15 Hz. Vasoconstrictions were substantially reduced or abolished by
15 mg/kg phentolamine or 0.6 mg/kg prazosin. Phentolamine did not elicit large
changes in baseline uterine vascular resistance. We conclude that the blood vessels
of the uterine horn receive an adrenergic innervation via both the hypogastric and
perivascular ovarian nerves. Although activity in these nerves is capable of
substantially increasing uterine vascular tone, the uterus in the pentobarbitalanesthetized rat does not appear to be tonically vasoconstricted. Supported by NIH
Grant HL16315.

SYMPATHETIC POSTGANGLIONIC INNERVATION OF THE RAT
UTERUS. P.L.VERA*, E.B.HAASE, AND L.P.SCHRAMM. Departments of
Biomedical Engineering and Neuroscience, The Johns Hopkins University,
Baltimore, MD 21205 and Department of Neurosurgery, The George
Washington University, Washington, DC 20037.
These experiments were conducted to describe the sympathetic innervation
of the uterine hom of the rat. A total of 7-10 ul of fast blue were injected at
multiple sites near the cervical end of the uterine hom in 4, virgin, female,
Sprague-Dawley rats under ether anesthesia. Seven days later, the rats were
reanesthetized with 40mg/kg pentobarbital and perfused transcardially. The
following structures were dissected and examined for the presence of
retrogradely-labeled neurons: the inferior mesenteric ganglion (IMG), superior
mesenteric ganglion (SMG), suprarenal ganglion (SRG), and the sympathetic
chain (SC) from T5-S3. Labeled neurons were distributed as follows.
Sixty-eight percent were located in the SC. Eighty-one percent of the SC
neurons were contained in the L2 through L5 ganglia. Twenty-eight percent
of the total labeled neurons were located in the SMG. Only 3 percent and 0.2
percent were located in the IMG and SRG respectively. We conclude that the
majority of the sympathetic innervation of the caudal uterine hom originates
from the lumbar, sympathetic, paravertebral ganglia and the superior
mesenteric ganglia. The routes by which these neurons innervate the uterus
are currently under investigation. Supported by NIH grant HL16315.

52.3
SPINAL CORD NEURONS RELATED TO THE UTERINE CERVIX
REVEALED BY PSEUDORABIES VIRUS TRACING. R.E. Papka.*
D.L. McNeill and B.D. Thompson. Dept. Anatomical Sciences,
University of Oklahoma HSC, Oklahoma City, OK 73190.
This study was directed to identify spinal cord neurons
involved with the innervation of the uterine cervix. Ultimately,
we want to use this data to assemble information regarding
central neural circuits related to uterine innveration. Injections of
pseudorabies virus (PRV, 2pl volumes of Bartha's K strain, titer
of 2.2x107 pfu/ml) were made in the uterine cervix and the

animals perfused with paraformaldehyde 96 hours later. To
specifically
identify
some
parasympathetic
preganglionic
neurons, the retrograde axonal tracer fluorogold (FG) was
injected into the pelvic ganglion at the same time as PRV was
injected into the cervix. Spinal cords were removed and
sectioned
transversely
and
horizontally.
Sections
were
immunostained with a swine anti-PRV antibody. Sites of PRV
localization
were
visualized
with
an
ABC
reaction
or
immunofluorescence. Neurons double-labeled with PRV/FG were
identified as preganglionic parasympathetic neurons and were
present in the sacral parasympathetic nucleus (SPN). PRV-labeled
neurons also were near the central canal of the lumbosacral
cord. In the thoracolumbar cord, PRV-labelled neurons were
distributed in the intermediolateral (IML) nucleus, in the dorsal
commissural nucleus (DCN) and in intermediate gray between
the IML and DCN. (Supported in part by NIH grant NS-22526).

52.5

ULTRASTRUCTURAL AND CYTOCHH4ICAL EVIDENCE OF SECRETORY
ACTIVITY OF THE SMOOTH MUSCLE CELLS OF RAT VAS DEFERENS
A.Pellegrino de Iraldi*, J.P.Corazza, R.Tomds, C.Iraldi.
Instituto de Biologia Celular, Facultad de Medicina, UBA.
Paraguay 2155, 1121 Buenos Aires, R.Argentina.
It has been demonstrated that the muscle of rat vas
deferens is able to release ATP via the stimulation of
adrenoceptors by noradrenaline. In this work the possibility of a related secretory activity was investigated. Rat vas deferens were studied with the electron microscope after glutaraldehyde-osmium tetroxide fixation
and after formaldehyde-uranaffin reaction. The most conspicuous finding was the presence of small vesicles (4060 nm) with an osmiophilic electron dense core interspersed among myofibrils or related with the plasma membrane. Complex systems of endoplasmic reticulum cisterns,
endocytotic-like vesicles, some of them with an electron dense core, and mitochondria, were frequent along
the plasma membrane. The uranaffin reaction was positive
at the level of the cores, in conditions compatible with
the presence of adenine nucleotides. These findings
strongly suggest that the smooth muscle of the rat vas
deferens has, besides the contractile function, an additional secretory activity possibly involved in the regulation of the organ physiology and tht ATP is involved
in the secretory process.
Work supported by CONICET and UBA, R.Argentina.
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IMMUNOREACTIVITY FOR TYROSINE HYDROXYLASE AND
VASOACTIVE
INTESTINAL
POLYPEPTIDE
IN
NERVE
PLEXUSES IN AN AUTONOMIC GANGLION FOLLOWING
CHRONIC DECENTRALIZATION
R. Galindo. W. G.
Pail*, L. Leyba and V. Barba. Depart, of Anatomy,
Univ.
New
Mexico,
School
of
Medicine,
Albuquerque, New Mexico 87131
Stimulation of the hypogastric nerve results in
penile erection only after chronic interruption
of the pelvic nerve in the rat (Dail et al. J.
Auton. Nerv. Syst. 28:251, 1989).
As altered
connectivity may account for the different
functional response, the appearance of plexuses
immunoreactive for tyrosine hydroxylase (TH) and
vasoactive intestinal polypeptide (VIP) has been
used as markers to assess plasticity in partially
decentralized major pelvic ganglia (MPG).
Two
weeks
after
nerve
lesion,
TH+
and
VIP+
pericellular plexuses are increased in the MPG on
the side of injury.
However, penile neurons
(identified by retrograde dye transport) , did not
acquire additional enveloping plexuses.
While
these results document significant reactive
changes
in
decentralized
ganglia,
the
relationship of morphological changes to an
altered
functional
status
remains
unclear.

52.6

THE EFFECT OF CASTRATION ON NADPH DIAPHORASE
STAINING IN PENILE NERVES. W. G. Pail, V. Barba.
L, Leyba, R, Galindo and E. Reyes*. Dept. of
Anatomy,
Univ.
New
Mexico
Sch.
of
Med.,
Albuquerque, NM 87131.
In addition to their trophic influence on
reproductive tissues,
sex hormones regulate
neurotransmitter synthesizing enzymes. A recent
study found that castration enhanced nitric oxide
(NO) mediated relaxations in penile smooth muscle
(Andersson et al., Acta Physiol. Scand. 146:405,
1992).
To further investigate this issue, the
penes and pelvic ganglia of normal and castrated
rats were stained for NADPH diaphorase (ND), a
marker for nitric oxide synthase. Variations in
the time course of incubation and in substrate
concentration
were
used
to
provide
semiquantitative comparisons. Staining intensity of
ND+ fibers in erectile tissue of castrated rats
(5 weeks post-surgery) was equal to or greater
than that in sham operated controls. This result
was most marked in intrinsic smooth muscle, but
was also true of penile arteries. Paradoxically,
ND staining was decreased in the somae of penile
neurons of castrates. If increased staining for
ND in erectile tissue signifies a greater ability
to release NO, our results could account for the
enhanced effect of nerve mediated relaxation
after castration.
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TELEMETRIC MEASUREMENT OF INTRACAVERNOUS PRESSURE
DURING REFLEXIVE ERECTIONS IN THE RAT. J, Bernabe. O, RampiifrF.
Giuliano and G, Benoit. Lab. Neurobiologie Vegetative, I.N.R.A., 78352 Jouyen-Josas Cedex. France and Dept. of Urology, Hopital de Bicetre, 94270 Bicetre
Cedex, France.
In the rat erections ex copula appear in response to penile sheath retraction.
The penile responses observed in these conditions comprise glans erections and
cups, due to engorgement of the corpus spongiosum, and lengthening of the
penile shaft and flips, due to a straightening of the penile shaft. Exact
involvement of the corpus cavernosum in these reflex responses remains
indefinite. In ten male rats, a fluid filled catheter was implanted in the corpus
cavernosum and connected to a pressure transducer located subcutaneously.
Pressure signals were recorded and computerized during ex copula tests. Before
the first penile response intracavernous pressure (ICP) was 19.8 + 6.3 mm Hg.
Lengthening of the penile body, glans erection, cup. and flip were characterized
by a specific ICP variation. Mean maximal ICP increase during lengthening of
the penile body was 58.6 + 12.9 mm Hg, during glans erection 67.3 + 14.5 mm
Hg, during cups 99.1 + 23.3 mm Hg and 215.2 + 50.4 mm Hg during flips. ICP
increases lasted 2.47 + 0.47 sec. during lengthening of the penile body, during
glans erection 1.28 + 0.13 sec., during cups 1.57 + 0.14 sec. and 1.02 + 0.20
sec. during flips. ICP increases to 35.1 + 7.1 mm Hg immediately preceeded
each cluster of penile responses. This study provides quantitative data on the
involvement of the corpus cavernosum during reflexive erections. ICP increases
occurred during glans erection and suprasystolic ICP peaks occurred during
flips. ICP measurements during reflexive erections should bring new insights
into the analysis of their neurophysiological control.

EFFECTS OF PRENATAL MORPHINE AND COCAINE ON SPINAL
SEXUAL REFLEXES. K.E. McKenna*, L. Marson, R.C. Eaton1 and I.
Vathyl. Dept. Physiology, Northwestern University School of Medicine,
Chicago, IL 60611. 1 Dept. of Psychiatry, Albert Einstein College of

Medicine, Bronx, NY 10461.
In utero morphine and cocaine (10 mg/kg twice a day on days 11-18 of
gestation) differentially modify male and female sexual behavior. To
understand the basis of behavioral changes induced by prenatal morphine
and cocaine we investigated the urethrogenital reflex (UG) in intact and
spinalized adult male and female rats. The UG reflex is a gonadal
hormone independent, spinal sexual reflex which is tonically inhibited by
neurons in the ventral medulla. The neural components of the UG reflex
are similar in both sexes. The reflex is evoked in spinalized rats by saline
infusion and brief occlusion of the urethral meatus. The UG reflex
consists of rhythmic bursting of autonomic and somatic efferents. The
threshold pressure, latency, number of bursts and burst duration of the UG
reflex were recorded prior to and after spinalization. The UG reflex was
not present in the intact rats. In the spinalized preparation, prenatal
morphine, but not cocaine increased the onset latency of the UG reflex at
threshold pressure in exposed males. At 2x threshold both prenatally
morphine and cocaine exposed males had a shorter onset latency than
saline treated controls. These data suggest that the normal inhibitory
control of the UG reflex may be differentially affected by prenatal
morphine and cocaine. Supported by DA 05833 to I.V. and NS 29420 to
L.M.

52.9

CNS CIRCUITS PROJECTING TO THE CLITORIS LABELLED WITH
PSEUDORABIES VIRUS (PRV). L. Marson* Division of Urology,
Dept. of Surgery, University of North Carolina, Chapel Hill, NC 27599.
The clitoris is a vestigial penis thought to be involved in sensory input
during intercourse. However, its exact function is unclear. The present
study examines the CNS neurons projecting to the clitoris. An
understanding of the innervation of female reproductive organs will aid
our understanding of the neural components and mechanisms of climax
and reproduction in the female.
We previously reported the CNS circuits projecting to the penis;
comparisons of the CNS circuits labelled after clitoral and penile
injections may elucidate sexual dimorphism within the CNS. Female rats
were anesthetized with ketamine/xylazine and injected with PRV (2pi)
into the clitoris. Rats were also injected with Fluorogold into the left
major pelvic ganglia in order to identify the spinal preganglionic neurons.
Four or 5 days later rats were reanesthetized and perfused with 4%
paraformaldehyde and the brain and spinal cord removed. Sections were
cut (30-50pm) and processed with swine polyclonal antibody to PRV and
visualized with avidin-biotin HRP complex. PRV labelled cells were
found in the intermediolateral cell column (IML) and midline of T13-L2
and in the IML of L5-S1. Brainstem labelling will be discussed.
Comparisons between the penile and clitoral PRV labelling will also be
discussed. Supported by NS 29420.
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INFLAMMATION INDUCED NEURAL PLASTICITY IN AUTONOMIC
PATHWAYS SUPPLYING THE BLADDER MAY DEPEND ON NGF.
M.C. Dupont, W.D. Steers, and J.B. Tuttle*. Department of Urology, University
of Virginia, Charlottesville, VA 22908.
Morphologic and physiologic responses of neural pathways supplying the
inflamed bladder were examined and correlated to tissue levels of nerve growth
factor (NGF). Female Wistar rats were inflamed with 2.5% intravesical formalin
weekly (2 times) and compared to controls. Area profiles of afferent and
efferent neurons were measured 1 week after inflammation. A 2-site ELISA
quantitated bladder NGF at 1 and 4 wks after the 2nd instillation. Levels of NGF
were also measured after 3 wks of chronic mechanical inflammation by a suture
in the bladder wall. Bladder pressure responses to hypogastric (HN) and pelvic
nerve (PN) stimulation (1-20V, 20 Hz) were measured after inflammatory
stimuli. Efferent and afferent neuronal soma increased in size with inflammation.
Mean area profile of efferent major pelvic ganglion neurons increased 106%
over control. Sizes of dorsal root ganglion (DRG) afferents in L6 and SI
supplying input to parasympathetic pathways increased 39% and 65%,
respectively. Afferents in the LI and L2 DRG, supplying sympathetic pathways,
increased 14% amd 35%, respectively. Chemical and mechanical inflammation
also increased bladder tissue NGF. Four wks after chemical inflammation, NGF
levels were approximately twice that of controls. Mechanical inflammation for 3
wks tripled NGF levels. Stimulation of the parasympathetic PN caused the
expected bladder contractions in control and inflamed rats, while stimulation of
sympathetic HN did not cause contraction in controls. Following chemical
inflammation, HN stimulation evoked a contraction with an amplitude 85% of
that observed with PN stimulation. The HN contraction was abolished by
prazosin blockade of a-adrenoceptors.Thus, bladder inflammation results in
pronounced changes in the morphology and physiology of neural pathways
associated with increased levels of NGF. These findings implicate neural
plasticity and NGF in the pathophysiology of inflammatory visceral pain
disorders. (Supported by NIH, AFUD, ICA, F.C Valentine Fnd)

PERIPHERAL EXCITATORY REFLEXES TO COLON AND URINARY
BLADDER INVOLVE MECHANOSENSITIVE NEURONS IN MALE GUINEA-PIG
PELVIC PLEXUS GANGLIA. J. Lin* and J. Krier. Dept. Physiol., Michigan State
Univ., East Lansing, Michigan 48824.
Intraluminal pressure recording techniques were used to study in vitro the reflex
contractile responses of the colon and urinary bladder. The in vitro preparations
consisted of pelvic ganglia (PG), pelvic nerves, hypogastric nerves with either two
isolated segments of distal colon attached via colonic nerves (CN) or with one segment
of distal colon and urinary bladder attached via the CN and urethra/urinary bladder nerves
(UUN), respectively. The two colon segments or one segment of the colon and urinary
bladder were placed in separate compartments of an organ bath. Each compartment was
perfused separately with a modified Krebs solution. Passive distension of one colonic
segment or electrical stimulation of CN (5-20 Hz) evoked contractile responses of the
other colonic segment and the urinary bladder. Electrical stimulation of UUN (5-20 Hz)
also evoked colon contractile responses. The contractile responses were abolished by:
1) sectioning the CN or the UUN, 2) hexamethonium (10-100 pM), 3) tetrodotoxin (1
pM) and 4) atropine (1 pM). These data indicate that the reflex contractions are
neurogenic, involve fibers in CN and UUN and involve nicotinic and muscarinic
acetylcholine receptors. Intracellular recording techniques were used in vitro to study
mechanosensitive neurons in pelvic plexus ganglia in preparations where a segment of
distal colon was attached by CN to PG. Some mechanosensitive neurons were
spontaneously active, exhibiting fast excitatory postsynaptic potentials (f-EPSPs) and
action potentials (APs) (26.7%, 54 of 202). The frequency of APs and f-EPSPs was
increased by colon distension. Other mechanosensitive neurons were electrically silent
(73.3%, 148 of 202) but f-EPSPs and APs were initiated by colonic distension (24 %,
35 Of 148) or by superfusing the colon with a Krebs solution containing bradykinin (10
nM). Electrical activity of mechanosensitive neurons was abolished by superfusing the
ganglia with a Krebs solution containing hexamethonium (10-100 pM). The data
suggest that mechanosensitive neurons in pelvic plexus ganglia mediate peripheral
reflex contractions between segments of colon and between the colon and urinary
bladder. (NIH-DK-29920)
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DO DC ELECTRIC FIELDS ENHANCE MICTURITION IN THE SPINAL CAT?
J.M. Kerns", T.T. Truong, J.S. Walter, M.F. Dauzvardis and T. Khan. Dept.
Anatomy, Rush Medical College, Chicago, IL 60612 and Rehabilitation R & D

BLADDER AND EXTERNAL URETHRAL SPHINCTER (EUS) RESPONSES
ELICITED BY MICROSTIMULATION (MSTIM) OF THE SACRAL SPINAL
CORD (SSC) IN CHRONIC SPINAL CORD TRANSECTED (CSCT) CATS.
J.R.Roppolo*, A.M.Booth & W.C. de Groat Dept. of Pharmacol., Sch. of
Medicine, University of Pittsburgh, Pittsburgh, PA 15261.
The location and response characteristics of sites in the SSC where MSTIM
activates the bladder and EUS were examined in a-chloralose anesthetized cats
6-8 weeks following spinal cord transection at Tg-T10. Bladder (recorded
isovolumetrically) and EUS pressure were recorded via catheters placed in the
bladder dome and urethra. The SSC segment (usually Sa) in which ventral root
stimulation produced the largest bladder contraction was used for focal MSTIM
(15Hz, 0.2msec, 10-150pA) with fine tipped (200 p2) activated iridium
microelectrodes. As in intact cats, bladder filling induced large (30-60cmH20)
rhythmic bladder contractions, but EUS contractions were usually large and
occurred spontaneously. Perigenital stimulation (PGS) that inhibits bladder
contractions in intact animals, induced bladder contractions in partially filled
non-contracting bladder of the CSCT cat. MSTIM in the dorsal horn (200-800p
deep) produced large EUS contractions accompanied by small bladder
contractions. Sites deeper (1000-1600/j ) and lateral, with microelectrode passing
through the sacral parasympathetic nucleus and activating bladder
preganglionic axons and cell bodies produced high amplitude bladder responses.
The fast EUS response was usually small at these sites, but slower urethral
pressure responses which could reflect activity of the urethral smooth muscle
were larger in CSCT animals compared to intact cats. This study suggests that
in the SSC of CSCT animals the location and response characteristics of
MSTIM sites for activating bladder and EUS are similar to those in animals
with an intact neuraxis. The most noticeable difference seems to be the high
level of spontaneous EUS activity and the enhanced urethral smooth muscle
responses in CSCT animals. [Supported by NINDS N01-NS-2-2374].

Center, Hines VA Hospital, Hines, IL 60141.
Changes in micturition behavior were studied in spinal cats prior to
histological examination to determine the effects of DC electric field treatment
at the lesion site. In the experimental group adult male cats received either
a complete spinal transection or contusion at T8. The spinal cats receiving
treatment had platinum disc electrodes positioned on either side of the lesion
site and connected to an 15pA DC source implanted subcutaneously. A third
group was an unoperated control. The bladder was able to be emptied with
Crede one week earlier and more effectively in stimulated cats compared to
non-stimulated cats. Neurological tests comparing the two groups showed
little difference. However, contractures were noted in some stimulated animals
possibly contributing to greater spasticity and clonus, as observed In the
nocioceptive leg and pelvic floor reflexes. Urodynamic procedures were
performed after one month recovery. The high urethral resistance and pelvic
floor activity following spinal injury was partially reduced in stimulated cats
indicating inhibition of the urethral sphincter.
The lower motoneuron
innervation of this muscle in the S1 spinal cord was confirmed by applying the
retrograde tracer HRP to the pudendal nerve. Preliminary results suggest
comparable synaptic input on the soma and proximal dendrites in all three
groups. In conclusion, possible activation of inhibitory processes and/or
neural plasticity, rather than spinal cord regeneration, best explain the early
improvement of bladder function following electrical stimulation.
Supported in part by a grant from the Hines VA Rehab. R & D Center

53.5

53.6

Central Adrenergic Regulation of Sympathetic (SYM) and Somatic
(SOM) Reflexes to the Lower Urinary Tract (LUT). K.B. Thor* and
Hansiore Danuser. Lilly Research Laboratories, Eli Lilly and Co.,
Indianapolis, IN 46285
Storage of urine by the LUT is dependent upon SYM and SOM
reflexes that are carried by the hypogastric (HGN) and pudendal (PUD)
nerves, respectively. Previous studies have indicated an involvement of
central norepinephrine (NE) in the regulation of these reflexes. The
present study examined the following questions: 1) Do al adrenergic
receptors (ARs) maintain SYM tone to the LUT? 2) Are inhibitory a2
ARs tonically active along SYM and SOM pathways? 3) Since both
facilitatory al and inhibitory a2 ARs are associated with both
pathways, what is the net effect of increasing NE levels with a selective
NE re-uptake inhibitor? 4) Is inhibition of SYM and SOM reflexes
during micturition contractions mediated by ARs? Prazosin (al AR
antagonist), idazoxan (a2 AR antagonist) and tomoxetine (NE re-uptake
inhibitor) effects on reflex activity were determined by measuring the
area of the evoked reflex that was recorded from the central ends of the
HYP and PUD nerves in response to electrical stimulation of the pelvic
and PUD nerve in chloralose-anesthetized cats. It was concluded that 1)
al ARs are tonically active along both SYM and SOM pathways. 2) a2
ARs were not tonically active along either pathway. 3) NE re-uptake
inhibition suppresses SYM reflexes through relatively greater activation
of inhibitory a2 ARs compared to facilitatory al ARs, while SOM
reflexes are unchanged due to equivalent activation of al and a2 ARs.
4) There was no evidence that ARs are involved in inhibition of SYM
and SOM reflexes during micturition.

MULTIPLE ROLES FOR GLUTAMIC ACID IN THE CONTROL OF
MICTURITION IN RAT. M. Yoshivama*, J.R. Roppolo & W.C. de Groat. Dept.
of Pharmacol., Univ. of Pittsburgh, Sch. of Med., Pittsburgh, PA 15261.
Studies have suggested that NMDA receptor mediated glutamatergic
neurotransmission may be important in the micturition reflex (MR) pathway.
In addition, some evidence suggest that the anesthetic agent urethane (URE),
may alter glutamate mediated responses. The present study was designed to
determine: (1) the role of AMPA glutamate receptors in the MR, using GYKI
52466 (GYKI), a non-competitive AMPA receptor antagonist which enters the
CNS and (2) the effects on MR of URE, an anesthetic reported to block NMDA
and AMPA receptors. Small doses of URE (0.003-0.03 g/kg) in unanesthetized
decerebrate (DEC) rats decreased volume threshold (VT) for inducing MR,
while larger doses (0.1-0.3 g/kg) reversed this decrease and increased the VT
above control levels.The effects of GYKI on bladder and external urethral
sphincter (EUS) EMG activities were examined in URE-anesthetized intact
(INT) and unanesthetized (DEC) rats. GYKI (0.5-8 mg/kg i.v.) decreased in a
dose-dependent manner, the amplitude, intercontraction interval and duration
of bladder contractions, and EUS EMG activity in INT rats. In the DEC rat,
GYKI (0.5-8 mg/kg i.v.) had little or no effect on bladder contractions but
markedly (70%) inhibited EUS EMG activity. A single large dose of GYKI (4
mg/kg i.v.) given to either INT or DEC rats produced an inhibition of EUS
EMG activity which returned to control values in 15 to 25 min. Although
GYKI (4 mg/kg i.v.) alone had no or little effect on the MR in DEC rats, the
same dose of GYKI in combination with MK-801, an NMDA receptor antagonist (1 mg/kg i.v.) produced a large (60%) reduction in amplitude of bladder
contractions. The present study suggests that AMPA receptor mechanism are
involved in bladder and EUS reflexes in the rat. Since URE can enhance the
inhibitory effects of GYKI and alter VT in DEC rats in a similar manner to
MK-801, the effects of URE may be mediated in part by NMDA receptor block.

53.7

53.8

ROLE OF NMDA AND AMPA GLUTAMATERGIC TRANSMISSION IN
THE DESCENDING EXCITATORY PATHWAY FROM THE PONTINE
MICTURITION CENTER IN THE RAT. G-Matsumoto*1’2, M.Kawateni2.
T.Hisamitsu2, W.C.de Groat1, ^ept of Pharmacology, University of
Pittsburgh & 2Dept of Physiology, Showa University, Tokyo, Japan.
The present experiments have analyzed the effects of MK801, a noncompetitive NMDA receptor antagonist, and GYKI-52466, a non-competitive
AMPA receptor antagonist, in the descending excitatory pathway from the
pontine micturition center in urethane anesthetized rats. Electrical
stimulation (20-70V, frequency 50Hz, duration 0.2ms) with a bipolar
stainless steel electrode placed stereotaxically into the dorsal pontine
tegmentum induced bladder contractions (mean 38.9±5.0 cmHjO). MK801
(10-3000 pg/kg i.v.) or (12-48 pg i.t.) significantly inhibited the amplitude of
isometric bladder contractions in a dose dependent manner. The mean
threshold dose of MK801 was 23.4±13.2 pg/kg i.v. and 10.3±l.l pg i.t..
Bladder contractions were completely inhibited at doses of 300-3000 pg/kg
i.v. and 18-48 pg i.t. The inhibition persisted for more than 120 min. GYKI52466 (2-8 mg/kg i.v.) significantly inhibited the PMC evoked bladder
contractions in a dose dependent manner, detectable inhibition (10-15%
decrease) occurring at threshold doses 1-4 mg/kg and maximum inhibition
(mean 57.7±8.2, range 24-83.3 %) occurring at doses of 4-8 mg/kg. The
effects of moderate doses of GYKI-52466 persisted for 10-15 min. These data
indicate that NMDA as well as AMPA glutamatergic receptors are involved
in bulbospinal excitatory pathway from pontine micturition center in the rat
It is assumed that both types of receptors are present at synapses in the
spinal cord between descending axons and the parasympathetic
preganglionic neurons, and that NMDA and AMPA receptor mechanisms
interact synergistically and mediate excitatory transmission in the sacral
parasympathetic neurons.

MUSCARINIC FACILITATION OF TRANSMITTER RELEASE OPERATES
VIA A PROTEIN KINASE C (PKC) MEDIATED PATHWAY IN THE RAT
URINARY BLADDER. G.T. Somogyi*, M. Tanowitz and W.C, de Groat,
Department of Pharmacology, University of Pittsburgh, Pittsburgh PA, 15261.
The contribution of PKC to muscarinic receptor mediated facilitation of 14Cacetylcholine (ACh) and 3H norepinephrine (NE) release was studied in
isolated muscle strips from the body of the rat urinary bladder. In strips
prelabelled with 14C-choline and 3H-NE, two periods of electrical field
stimulation (SI and S2) were applied at 10 Hz frequency and 0.25 ms
duration to increase the outflow of ACh and NE from intramural nerves.
Control strips yielded an average Sa/S! ratio of 0.88 for ACh and 0.71 for NE.
Drugs were administered 20 min before Sa. Muscarinic facilitation was
elicited by the cholinesterase inhibitor, eserine (5pM) (Somogyi and de Groat,
J. Auton. Nerv. Syst. 37, 89-98, 1992) which produced an Sa/Sj value of 23.9
for ACh and 6.4 for NE. This facilitation was profoundly reduced by 0.1 pM
atropine (Sa/S,; ACh:1.04, NE:1.18). H-7 (50pM) which inhibits PKC (as well
as PKA) also reduced the eserine-induced muscarinic facilitation (ACh:2.1,
NE:1.4). When PKC was activated by phorbol dibutyrate (0.5pM) the Sa/S,
ratio was significantly increased for both transmitters (ACh:6.1, NE:2.3). This
effect was inhibited by both H-7 (ACh:1.6, NE:1.8) and atropine (ACh:1.3,
NE:1.5). HA-1004 (50pM), a potent inhibitor of PKA but not PKC, failed to
inhibit the eserine-evoked facilitation of transmitter release. These results
indicate that in the urinary bladder activation of PKC facilitates transmitter
release and that presynaptic muscarinic facilitation is dependent upon the
activity of PKC. It is possible that PKC-induced phosphorylation of Ca2*
channels is an essential link in presynaptic muscarinic facilitation. Thus,
inhibition of either muscarinic receptors or PKC activity will prevent the
facilitation.
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ULTRASTRUCTURAL EVIDENCE FOR THE PAUCITY OF
PROJECTIONS FROM THE LUMBOSACRAL CORD TO THE MREGION IN THE CAT; A NEW CONCEPT FOR THE ORGANIZATION
OF THE MICTURITION REFLEX. B.F.M, Blok, H. DeWeerd and G.
Holstege* Dept. Anatomy and Embryology, University of Groningen, The
Netherlands
During voiding or micturition the activity of the detrusor muscle of the
bladder and the external urethral sphincter are coordinated by a cell group
in the dorsolateral pontine tegmentum, called M-region, pontine
micturition center, or Barrington's nucleus. Until recently, it was assumed
that the information concerning the rate of bladder filling was conveyed
from sensory neurons in the lumbosacral cord directly to the M-region.
This assumption was based on light microscopic retrograde tracing and
physiological recording experiments. The present study was done to
determine whether monosynaptic projections from the lumbosacral
neurons to neurons of the M-region indeed exist.
In 3 cats WGA-HRP injections were made in the lumbosacral cord. After
a 3 day survival time, the animals were perfused and the brainstems were
cut on a cryostat into 40 jxm sections. The sections were processed for
either electron- or light microscopy using tetramethyl benzidine as
chromagen.
The results demonstrated the absence of anterogradely labeled
lumbosacral terminals on retrogradely labeled neurons and dendrites in the
M-region. Furthermore, a small number (<1% of all terminals in the Mregion) anterogradely labeled terminals had synapses on unlabeled
dendrites in the M-region. In contrast, five to twenty times as many
anterogradely labeled terminals were found in ventrolateral part of the
periaqueductal gray (vlPAG). Recently, it has been shown that the vlPAG
projects specifically to the M-region (Neurosci. Lett., 166 (1994) 93-96).
We propose a new concept for the organization of the micturition reflex in
which the PAG plays a central role.

THE DISTRIBUTION OF PSEUDORABIES VIRUS (PRV) LABELED
NEURONS IN THE CENTRAL NERVOUS SYSTEM (CNS) FOLLOWING
INJECTION INTO EXTERNAL URETHRAL SPHINCTER (EUS).
V. L.Erickson, S.L.Erdman, M.A.Vizzard, Y.B.Yu, J.R.Roppolo, J.P.Card,
W. C.de Groat & A.M.Booth.* Depts. of Pharmacol. & Beh. NSci., Univ. of
Pittsburgh, Sch. of Med., Pittsburgh, PA 15261.
The coordination of EUS and urinary bladder activity involves neurons at
various levels of CNS. The present study used transneuronal PRV tracing to
determine the location of neurons in the CNS which are involved in the
control of EUS activity. PRV (lpl; 7xl08pfu/ml) was injected unilaterally into
EUS striated muscle of male Wistar rats. Animals were perfused 52-84hrs
later. Labeled motoneurons were located ipsilaterally in the Lg dorsolateral
motor nucleus. PRV labeled neurons were also present in the dorsal
commissure (DCM) and bilaterally in the area of the sacral parasympathetic
nucleus (SPN) in the Lg & S, segments and in the intermediolateral nucleus
(IML) and the DCM in L, & 1^. Some of the cells in the area of SPN were
preganglionic (PGN) neurons determined by retrograde dye transport from the
mqor pelvic ganglion. In the Lg & St segments, 15% & 10% of PGN were
colabeled with PRV, respectively. Few or no neurons were seen in the dorsal
horn (DH) at short (52-58hrs) survival times, but increased in number
especially in the superficial layers of the DH at 84hrs survival time. Longer
survival times (58-84hrs) labeled brainstem neurons as well. At 58hrs PRV
infected neurons were only in Barrington’s Nucleus (BarN). At 84hrs PRV
neurons were located bilaterally in BarN, dorsal raphe, A7 & A5 and reticular
formation ventral to BarN. A few positive neurons were also seen in red
nucleus and lateral parabrachial nucleus. These data indicate that the
regulation of EUS activity depends on neurons at various levels of the CNS
including the lumbosacral spinal cord and brainstem.[Supported by NRSA
1F32DK08916-01 and NINDS N01-NS-2-2374].

53.11

53.12

IDENTIFICATION OF BLADDER PREGANGLIONIC (PGN) AND
INTERNEURONS (INTs) IN THE L6-S1 SPINAL CORD OF THE ADULT
RAT USING PSEUDORABIES (PRV) AND FLUOROGOLD (FG) DYE
TRACING TECHNIQUES. W.C, de Groat, N, Yoshimura*, J.R. Ronnolo. S.L.
Erdman, V.L, Erickson. Y.B. Yu. J.P, Card and M.A, Vizzard. Departments of
Pharmacology and Behavioral Neuroscience, University of Pittsburgh, Pittsburgh, PA
15261.
PRV transneuronal and retrograde dye tracing were used to determine the distribution
of bladder PGNs and INTs in the L6-S1 and L1-L2 spinal cord in male Wistar rats.
FG was first injected into the major pelvic ganglion (MPG) followed, 3 to 5 days
later, by PRV injection into the bladder wall. Animals were perfused 52-58 hours
later. PRV labeled neurons in L6-S1 were distributed in: 1) the region of the sacral
parasympathetic nucleus (SPN), 2) the dorsal commissure (DCM) and 3) the
superficial laminae (I-II) of the dorsal hom. FG labeled PGNs in L6 (8 cells/section)
and SI spinal segments (7 cells/section). In L6 and SI, 14% and 17%, respectively,
of FG labeled PGNs were also PRV-immunoreactive. PRV labeled cells in the region
of the SPN that were not colabeled with FG were distributed dorsal to labeled PGN
and represent bladder INTs. Bladder INTs (round or oval, 8-15 pm diameter) were
morphologically different from bladder PGNs (stellate or spindle, 20-30 pm
diameter). Processes of the INTs projected dorsally along the lateral edge of the DH
and ventrally toward the SPN, whereas those of bladder PGNs projected medially
toward the DCM, laterally into the white matter as well as ventrally. In L1-L2, PRV
labeled cells were distributed in the intermediolateral cell column (IML) and DCM
but not in the DH. FG labeled PGNs were present in the IML and the DCM of the
L1-L2 segments. PRV labeling at 72 hours was also observed in the following
brainstem sites: Barrington's Nucleus (N), dorsal raphe, A5, A7, ventrolateral PAG,
Red N and lateral parabrachial N. These results suggest that: 1) several levels of the
CNS are involved in bladder reflex mechanisms and 2) various populations of INTs
some of which are located in the SPN also contribute to micturition reflexes.
[Supported by NIH grants DK 37241, DK 422369, NRSA 1 F32 DK 08916-01 and
NEH contract #N01-NS-2-2374],

SPINAL CORD INTERNEURONS LABELLED BY PSEUDORABIES VIRUS (PRV) INJECTED INTO THE RAT
URINARY BLADDER, David Sacks? Cl)r and I. Nadelhaft
(1,2,3), *VA Med Ctr
Depts of ^Pharmacology &
^Neurosurgery, University of Pittsburgh Medical School,
Pittsburgh, PA.
Following the transection of one pelvic nerve, the urinary
bladder of male Sprague-Dawley rats was injected with PRV
(Bartha strain). In some cases the hypogastric nerves and
sympathetic chains were also transected. The central stump
of the transected pelvic nerve was labelled with fast blue
(FB). Rats were maintained for 2, 2.5 and 3 days following
viral infection. Tissue was processed with antisera against
PRV and choline acetyl transferase. In the L6-S1 spinal cord,
neurons in the ipsilateral intermediolateral area (IML) and
dorsal root ganglia (DRG) were labelled after 2 days. After 2.5
days labelled neurons were also found in the dorsal gray commissure (DGC) and in the contralateral IML area. After three
days labelled neurons appeared in the superficial dorsal horns
and in the contralateral dorsal root ganglia. In both IMLs two
groups of PRV-labelled neurons were found: 1) CAT positive
preganglionics and 2) smaller, CAT negative cells located
slightly rostral to the preganglionics. Contralateral DRG
neurons stained for either PRV, FB or both. Ipsilateral DRG
neurons stained only for PRV. No other double stained
neurons were found.

53.13
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NEURAL PATHWAYS TO THE EXTERNAL URETHRAL
SPHINCTER (EUS) OF THE RAT EXPLORED WITH
PSEUDORABIES VIRUS (PRV), I. Nadelhaft* (1,2,3) and
David Sacks (1), WA Med Ctr & Depts of ^Pharmacology &
^Neurosurgery, University of Pittsburgh Medical School,
Pittsburgh, PA.
Male Sprague-Dawley rats with their pelvic and hypogastric
nerves transected, were infected with PRV injected into the
EUS. Animals were sacrificed at 2, 2.5, 3 and 4 days postinfection. Spinal cord and brain tissue was sectioned and processed by immunohistochemical techniques with antisera
against PRV and choline acetyl transferase (CAT). At two
days post infection, virus-labelled neurons were found in the
ventrolateral divisions of Onufs nucleus (ON) and in the dorsal gray commissure. At progressively later incubation times
labelled neurons were found in the intermediolateral regions
(IML), the superficial layer of the dorsal hom and the
brainstem, in particular, the pontine micturition center. After
four days, virus had spread to neurons in the paraventricular,
preoptic and even cortical regions. The distribution of these
PRV-labelled brain neurons strongly resembled that obtained
following the injection of PRV into the urinary bladder
[Neurosci Lett 143:271(1992)]. PRV/CAT positive neurons
were only found in ON. Preganglionic neurons in the L6-S1
IML were CAT positive but PRV negative. The data therefore
suggest that supraspinal neurons are labelled via rostrally
projecting spinal cord intemeurons.

INTERNEURONS IN THE SACRAL SPINAL CORD OF THE CAT
L,E, Akporiave and C.W, Morgan.* Depts. of Anatomy and Neurobiology
and Urology, Eastern Virginia Medical School, Norfolk, VA 23501.
Extracellular and intracellular recordings were obtained from sixteen
intemeurons neurons (INT) in the S2 spinal cord chloralose anesthetized male
cats. INT in the lateral dorsal hom of were identified by failure to respond
antidromically to ventral root stimulation, by excitation from dorsal root
stimulation, and by their response to peripheral stimulation. Nearly all INT
had multiple receptive fields but have been tentatively classed according to one
major field. Eight INT were correlated with bladder filling or with reflex
bladder contractions. Seven INT responded primarily to perigenital stimulation
and to gentle squeezing of the testicles or penis. Many of these neurons also
responded to rectal stimulation and one INT only responded to rectal
stimulation.
Six INT were also injected intracellularly with neurobiotin or with
horseradish peroxidase in order to determine their precise locations and their
dendritic and axonal structure. Their cell bodies were located in lateral
laminae III, IV, V, and VII while their dendrites extended to adjacent ipsilateral
laminae. Two bladder INT had axon collaterals. Neuron A, a large cell
located in lamina VII, increased firing during bladder contractions, was
inhibited by rectal stimulation, had limited collaterals and a large parent axon
that extended rostrad in the contralateral ventral medial funiculus. These
characteristics are consistent with intersegmental functions that could serve the
primary bladder reflex. Neuron B, a large cell located in lamina V, was
inhibited during reflex bladder contractions and was excited by perigenital and
rectal stimulation.. An intersegmental parent axon was not observed but this
cell had extensive axon collaterals that would be consistent with local circuit
functions and with the reciprocal reflexes known to exist between the bladder,
colon, and sex organs.
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PATCH CLAMP AND MORPHOLOGICAL ANALYSIS OF SYNAPTIC
TRANSMISSION IN THE LUMBOSACRAL PARASYMPATHETIC
NUCLEUS (SPN) OF NEONATAL RATS. I. Araki* and W.C. de Groat,
Dept. of Pharmacol., Univ. of Pittsburgh, Pittsburgh, PA 15261 and DepL of
Physiol., Kyoto Univ., Kyoto 606, Japan.
Lumbosacral parasympathetic preganglionic neurons (PGNs) are regulated
by bulbospinal and segmental pathways. This study was undertaken to
examine segmental interneuronal inputs to these neurons in 5 to 12 day-old
rats. PGNs in the L6-S1 spinal cord were identified by retrograde labelling
with fluorescent dyes applied to the cut end of the pelvic nerve or injected i.p.
prior to the experiment. Whole cell patch clamp recordings were obtained from
labeled PGN in 120 pm spinal slices. Monosynaptic postsynaptic currents
(PSCs) were elicited in PGNs at latencies of 1-3 msec by focal stimulation of
non-labelled interneurons (INT) dorsal or medial to the labeled cells. Inhibitory
PSCs (IPSCs) recorded in the presence of CNQX were mediated by chloride
ions and consisted of both strychnine(STRY)-sensitive and bicuculline(BIC)sensitive currents (46% and 53%, respectively of the total IPSCs). Exogenous
GABA or muscimol elicited similar chloride currents that were blocked by BIC.
In the presence of STRY and BIC, evoked excitatory PSCs (EPSCs) recorded
at a holding potential (HP) of -60 mV were almost completely blocked by
CNQX, an AMPA glutamatergic antagonist. However, at more positive HPs or
in Mg2* free solution more prolonged EPSCs remained in the presence of
CNQX. These were blocked by APV, an NMDA antagonist. Intracellular filling
of PGN with Lucifer Yellow revealed processes extending medially toward
dorsal commissure, laterally into funiculus and dorsally into lateral lamina 1.
INT in the region of the SPN sent processes into lateral lamina 1 and into the
area of the SPN, the latter processes are presumably axons projecting to dye
labeled PGN. It is concluded that INT in the region of the SPN mediate
glycinergic and GABAergic inhibition as well as AMPA and NMDA
glutamatergic excitation of PGN.

RECONSTRUCTION OF THE INNERVATION OF THE URINARY
BLADDER OF THE CAT. C.-L. Cheng*, J.-C, Liu, C.-P. Ma and C.-Y,
Chai. Division of Urology, Department of Surgery, Tri-Service General
Hospital and Department of Anatomy and Biology, National Defense
Medical Center and Institute of Biomedical Science, Academica Sinica,
Taipei, Taiwan, R.O.C.
Dysfunction of the urinary bladder (UB) is a topic of particular
concern in the management of spinal cord injury patients. Ideally, the
treatment of neurogenic bladder would involve a reconstructive method
allowing restoration of micturition through central control.
In this project nerve crossover surgery with anastomoses of obturator
to pelvic nerves unilaterally or bilaterally was conducted in cats. After
periods of 4 to 8 months for axonal regeneration and bladder
reinnervation, the animals underwent axonal horseradish peroxidase
(HRP) tracing studies to localize a posssible "new micturition nucleus".
The animals were sacrificed and fixed 4-5 days after HRP injection to
the UB. The location and distribution of afferents and efferents to the
UB were studied. HRP labelled afferent neurons were detected in L5L7 dorsal root ganglia. Efferent neurons were located in the ipsilateral
medial aspect of lamina IX of segments L5-L7. L6 contained the
majority of the cells. Bladder function recovered 2-6 months after
nerve transplantation.
These reults indicate that there was a reorganization of innervation
to UB after nerve transplantation.
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• Ascending pathways of the spibal card in the Cyprinus Carpio.
• Y. D. Xu*, Sh. Q. Zhong, X,Ch.Xu and L. S. Ha. Department of
Anatomy. Harbin Medical University, Harbin, PJLCHINA.
• The ascending pathways of the spinal cord in the Cyprinus
Carpio was studied using anterograde labelling with cobatltic lysine
method. Following injection of the tracers at 1th to 3th spinal cord
segment, labelled terminal of axons were found. The terminals
situated in the spinal tract of trigeminal nerve, the reticular
formation, the vagus motor nuclei and the torus semicicrcularis.
There is only the dorsal funiculus in the ascending pathway of the
spinal cord. The ascending fibers terminated in the vagus motor
nuclei. The pathway may play important roles in the reflexive
control of functions executed by the medullary motoneurons, such
as respiratory, cardiac, oculomotor functions, etc. We found that
the fibers fromspinal cord terminated in the reticular neurons. In
the ealier experiment we also found that the descending fibers of
the reticular formation terminated in the spinal cord. This may
suggest that there is spinal cord-reticular formation-spinal cord
Circle in CNS. In our experiment the ascending fibers from the
spinal cord terminated in the nucleus lateralis of the torus
semicircilaris. The projection from the spinal cord may be
mechanoreceptive.
This projection may be involved in the
processing of tactile sensation mediated by the spinal cord dorsal
roots. The labelled terminals in the spinal tract of trigeminal nerve
■were nerve reported in the fishes.

VARIATION OF PERIPHERAL INNERVATION DENSITY ON
THE CAT HINDLIMB. U Wang, R. Millecchia*, and R R Brown.
Dept. Physiol., W. Va. Univ., Morgantown, WV 26506.
Myelinated fiber innervation densities were determined for hindlimb
cutaneous nerves of the cat, as a prelude to correlation of peripheral
innervation density and dorsal horn map scale.
Adult cats were anesthetized with sodium pentobarbital, 35 mg/kg,
supplemented as needed for surgical anesthesia. Cutaneous nerve signals
were recorded from bipolar hook electrodes. Innervation fields were
mapped by stroking the skin and outlining the area from which afferent
action potentials could be elicited. After recording, a 5 -10 mm segment
of nerve was removed and immersed in 10% formalin for one week.
Nerves were embedded in paraffin, sectioned at 6 -10 /xm, and stained
with hematoxylin and Fast Green. Under high magnification light microscopy, a camera lucida was used to mark the locations of all A fibers.
Nerves studied were anterior, lateral, and posterior femoral cutaneous,
saphenous, medial and lateral sural, medial and lateral plantar, and
superficial peroneal. Some were subdivided in order to study smaller
branches (and therefore smaller areas of skin), such as the dorsal and
plantar proper digital nerves, innervating portions of the toes.
Innervation densities were calculated as number of myelinated axons /
innervation field area. An exponentiaUy smoothed curve fitted to these
data declined from 250 - 200 axoqs/cm2 on the toes to 5 cm from tips of
toes, down to about 75 axons/cm2 at 7.5 cm from tips of toes, and then
more gradually down to about 30 axons/cm2 on the proximal thigh, a
maximum/minimum ratio of almost 10:1.
This research was supported by USPHS grant R01-NS30725.

54.3

CORRELATION OF DORSAL HORN MAP SCALE WITH PERIPHERAL INNERVATION DENSITY. P. B. Brown*, R. Millecchia
and L. Wang, Dept. Physiol., W. Va. Univ., Morgantown, WV 26506.
In order to test whether dorsal horn map scale is proportional to innervation density, map scale was determined by calculating the numbers of
cell receptive fields (RFs) on different parts of the leg.
Adult cats were anesthetized with sodium pentobarbital, 35 mg/kg,
supplemented as needed. Stainless steel microelectrodes were used to
record from mediolateral rows of tracks on both sides of the spinal cord,
at intersegmental boundaries and at midsegment, in L4 - S2 segments.
Dorsal horn cell low threshold skin RFs were mapped. Small electrolytic
lesions were made for histological localization of recording sites. Cell
locations in laminae III and IV were plotted for a representative sample
of sections throughout the map. The data from each animal were shifted
rostrocaudally to compensate for interanimal variation due to pre- or
post-fixation of the map. Probabilities of RFs centered within 1 cm bands
at different distances from tips of toes were calculated for points on the
rostrocaudal, mediolateral plane of the map. These were multiplied by
the densities of cells in laminae III and IV at the same points. When
summed across the map, these density-probability products represented
the number of cells whose RFs were centered in each 1 cm band. These
sums were divided by the areas of the 1 cm bands to obtain map scales.
Map scale declined from a maximum of 300 cells/cm2 at the tips of the
toes to about 35 cells/cm2 on the proximal thigh. Correlation of map
scale with peripheral innervation density was very significant (r = 0.91, p
< IO’5).
This research was supported by USPHS grant R01-NS30725.
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ELECTROPHYSIOLOGICAL STUDY OF CO
LASER-EVOKED
POTENTIALS IN THE SPINAL CORD OF THE RAT. B.-C, Shyu*.R.-J.
Fan. M-M Hsu. Institute of Biomedical Sciences, Academia Sinica, Taipei,
Taiwan, 11529, ROC
Previous studies in unanaesthetized rats have recorded cortical evoked
potentials with both short and long latencies following laser stimulation of
the hind paw. The present study aimed to investigate the characteristics of
the spinal processing mechanism underlying laser-evoked potentials.
Rats were decerebrated and spinalized under general anaesthesia. A CO2
surgical laser system was used to stimulate the peripheral receptive fields.
Dorsal column potentials and single units were recorded and analyzed.
A single short laser pulse applied to the plantar foot activated dorsal
column potentials with maximum amplitude and positive polarity in the L4L5 segment. The range of conduction velocity of the laser-evoked spinal cord
potential was between 0.5 and 1.4 m/sec. The amplitude of the laser-evoked
potential was positively correlated with the output energy of the laser pulse.
The positive potentials were reversed at a depth of about 1mm below the
surface and maximum negative potentials were obtained at a depth of 1.4
mm. Most of the dorsal hom units activated by laser pulse stimuli were
wide-dynamic-range neurons. The laser-evoked dorsal column potentials and
dorsal hom units could be suppressed by fentanyl (2 pg/kg, i.v.) or morphine
(2 mg/kg, i.v.). This effect could be fully reversed by Narcan (0.2 mg, i.v.).
Our results indicate that CO2 laser stimulation of glabrous skin in the rat can
activate non-myelinated C-fibres. They also imply that laser-evoked spinal
nociceptive responses might be modulated by a spinal opioid mechanism.
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IMMUNOCYTOCHEMICAL LOCALIZATION OF AMPA-type GLUTAMATE

MODULATORY EFFECTS OF NEUROTRANSMITTERS IN TURTLE DORSAL
HORN NEURONS. R.E. Russo, F. Naav and J. Hounsgaard*. Dep. of Medical
Physiology, University of Copenhagen, DK-2100, Denmark.
In deep dorsal horn cells of the turtle, windup of the response to repeated
primary afferent stimulation is mediated by a plateau potential produced by
increasing activation of nifedipine sensitive Ca2* channels. This mechanism
opens several possible avenues for regulation. In the turtle spinal cord in vitro, v/e
have explored the modulatory effects of neurotransmitters known to participate in
processing of nociceptive information.
Gamma-aminobutyric acid (GABA) is an inhibitory transmitter in the spinal cord.
Baclofen (10-50 pM) -an agonist of GABAb receptors- reversibly blocked the
synaptic response to dorsal root stimulation and produced a large
hyperpolarization (8-16 mV) with a decrease in input resistance of the
postsynaptic cell. The duration of the plateau was significantly reduced by
baclofen. Consequently, the windup induced with intracellular pulses decreased
or even disappeared. The presynaptic effect was resistant to Ba2+ (1 mM) and
was blocked by 2-Hydroxysaclofen. Postsynaptically Ba2* reduced the
hyperpolarization but failed to affect the reduction in the duration of the plateau
and the decrease in windup.
Glutamate is the main excitatory transmitter used by primary afferents. Activation
of the glutamate metabotropic receptor with trans (±) ACPD (10-50 pM)
depolarized dorsal horn cells and prolonged the plateau potential, facilitating
windup. This potentiation of the response was independent of the change in
membrane potential. In some cells an increase in input resistance was observed.
Substance P (1-2/vM) produced similar effects as ACPD, except for the transient
nature of the depolarization induced by Substance P. These results show that the
intrinsic properties of deep dorsal horn cells can be modified by neurotransmitters,
affecting greatly the way in which sensory information is processed.

RECEPTOR SUBUNITS IN IDENTIFIED SPINOTHALAMIC CELLS.

J.C. Holsteee, D, Jaarsma. M de Jons. C.J. Vechti and T.J.H. Ruierok

(SPON: European Neuroscience Association). Dept of Anatomy, Erasmus University
Medical School, P.O. Box 1738, 3000 DR Roterdam, The Netherlands. 1 Dept of
Neurology, 1Dr. Daniel den Hoed Kliniek, 3075 AE Rotterdam, The Netherlands.
Glutamate is generally considered as the main excitatory transmitter
in pain transmission. Therefore we have investigated whether spinothalamic cells contained specific AMPA-type glutamate receptor
subunits (GluRl, GluR2/3 and GluR4 ). For this purpose we have
combined retrograde tracing with receptor immunocytochemistry.
Rats received thalamic injections with 1-3 pL of a wheat-germ
agglutinin-BSA-gold complex. After 14 days survival, the rats were
perfused with 4% paraformaldehyde. The next day, injection sites and
spinal cords were cut in 40 pm frozen sections. Spinal cord sections
were reacted with antibodies (Chemicon) against the GluRl, the
GluR2/3 or GluR4 subunits. The sections were then treated with the
ABC technique, fixed with glutaraldehyde and silver-intensified in
order to visualize the goldparticles of the retrograde tracer.
In the spinal cord, retrogradely labeled cells were found mostly in
high cervical and much less in low cervical or lumbar segments. Few
lamina I cells were labeled. A preliminary analysis showed that about
10% of the retrogradely labeled cells were immunoreactive for the
GluRl subunit; about 60% for the GluR2/3 subunits and about 50% for
the GluR4 subunit. Weakly labeled cells were included in this count.
These data suggest that few spinothalamic cells contain GluRl
immunoreactivity, while many more, but not all, contain the GluR2/3
and GluR4 subunits. We are presently investigating whether spinothalamic cells in different spinal locations, contain different
receptor subunits or different combinations of these subunits.

Supported by grants from: EEC, Lundbeck Foundation and Danish medical Research Council.
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EVIDENCE FOR PRESYNAPTIC MODULATION OF PRIMARY AFFERENT TERMINALS
BY SEROTONIN IN THE SPINAL DORSAL HORN REVEALED BY AN OPTICAL
METHOD. J.B.Park, H. Yamada, P.D.Ryu**, M. Tanifu.ii, and K. Murase.
Dept.Info.Sci., Fukui Univ., 3-9-1 Bunkyo, Fukui, 910, Japan, and
’Dept. Vet. Pharm. Toxicol, Seoul Nat’1. Univ., Suwon, 441-744 Korea.
High-resolution optical recording of neuronal activities was
performed in spinal cord slices, and presynaptic actions of
serotonin were investigated. Transverse slices of the rat spinal
cord with attached dorsal roots were stained with a voltagesensitive absorption dye RH-482 (Nippon Kankoshikiso), and the
optical response at the dorsal horn area was recorded by an
128Xl28-pixels, 0.6ms resolution image sensor (SD1001, Fuji Film
Microdevices). Single dorsal root stimuli, which activated both A
and C fibers, evoked optical response whose spatio-temporal
nature seemed to coinside well with the anatomical distributions
of A and C fibers considering their conduction velocities. By
adding excitatory amino acid (EAA) antagonists APV and CNQX in
the perfusate, while the initial raising phase of the optical
response persisted, the later phase was completely abolished.
Since the same response was left in a zero-Ca++, Cd++-containing
perfusate where the synaptic transmission was blocked, the fast
synaptic transmission from the primary afferents is mostly
mediated by EAA receptors. Serotonin 5HTi A receptor agonist 8-0HDPAT strongly suppressed the optical response under the presence
of APV and CNQX, whereas the 5HT2zic agonist DOI augmented it and
the 5HT3 agonist 2-methyl-5HT showed no effect. These results
directly indicate the presence of presynaptic
actions
of
serotonin through 5HTiA and 5HT2/ic receptors.
Supported by grants from Jpn.Min. Edu. Sci.& Cul.

CHANGE IN THE DEGREE OF INTERLAMINAR CORRELATION
BETWEEN DORSAL HORN NEURONS IN THE SCIATIC INJURED
(CCI) RATS. G.Biella and M.L.Sotgiu*. VlthChair of Neurology, H
S.Raffaele, University of Milan; Istituto di Neuroscienze e Bioimmagini,
CNR, Via Mario Bianco, 9, 20131 Milan, ITALY.
A chronic constriction injury (CCI) to the sciatic nerve by a stable multiple
ligature (Bennett-Xie technique) triggers a number of events readable both
at behavioral level and at neuronal level with a unit hyperactivity and a
hyperresponsiveness with a receptive field enlargement recordable at the
level of several laminae of the dorsal horn. Degenerative areas are
histologically detectable. These patterns implicate a different wiring in
the circuitries of the dorsal horn involved in the processes of nociceptive
information. We were interested to analyse the possiblity that in the CCI
model a diverse degree of connectivity among neurons in the different
laminae could be detected. Sinultaneous extracellular recordings were made
at depths corresponding to lamina I/IIq (100-120 pm) and lamina V (600800 pm) in the same segment of the lumbar dorsal hom of both normal and
CCI rats (four ligatures under barbiturates 2-3 weeks before). Crosscorrelations between the discharge activities following repeated
peripheral noxious stimuli were made after recording of the data by an
acquisition/analysis system (Work-Bench 3.2 by Brain Wave). 60 couples
were recorded in the normal animals and 87 couples were recorded in the
CCI animals. The Index and the frequency of correlation was significantly
(p<0.001) higher in the CCI animals than in the normal animals, where
only sporadic episodes of correlation were detectable. From these
preliminary data it seems evident that a chronic injury of a peripheral
nerve is able to change the synaptic weight in the dorsal horn circuitry and
to induce different connection activities among neurons in diverse laminae.

54.9

POSTNATAL DEVELOPMENT OF NOS IN THE RAT SPINAL CORD, A
COMPARISON WITH C-FOS INDUCTION BY NOXIOUS CHEMICAL
STIMULATION. Z. Soyguder and R. Morris. (SPON: Brain Research
Association). Dept. Veterinary Preclinical Sciences, University of Liverpool, POB
147, Liverpool, L69 3BX, UK.
The neuronal isoform of the enzyme nitric oxide synthase (NOS) is present in
several distinct groups of spinal cord neurone it the rat. Its distribution and several
other lines of evidence suggest a role in nociception. Responses to noxious
mechanical and thermal stimuli develop rapidly in the early postnatal period
whereas responses to noxious chemical stimuli develop more slowly. In view of this
we have compared the development NOS in the spinal cord with the development
of c-fos expression to noxious chemical stimulation.
Neonatal rats were anaesthetized (induced with 4% halothane, maintained with
urethane lOOmg/lOOg i.p.) and one hind paw was painted with 10% mustard oil in
liquid paraffin. After 2hrs the animals were perfusion fixed and their spinal cords
removed. Sections through the lumbar spinal cord at 200/xM intervals and sample
ones from the thoracic cord were processed to reveal the distribution of either NOS
or c-fos, by standard immunocytochemical procedures.
From birth onwards clear NOS staining was seen in large neurones around the
central canal and in the intermediolateral cell column. No staining was seen in
laminae II in animals under 7 days old but then gradually increases to adult
densities by 20 days postnatally. This parallels very closely the development of cfos expression in the nuclei of laminae II neurones in response to mustard oil
stimulation of the skin. Virtually no c-fos staining is induced by this stimulus in the
spinal cord prior to 7 days postnatally, then numbers of stained nuclei steadily rise
in treated animals through the next two weeks. This parallel pattern of development
for both NOS and c-fos in laminae II may point to a role for NOS in chemical
nociception.
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54.10
SOMATOSTATIN AND GAP-43 EXPRESSION INCREASE IN THE DORSAL
HORN FOLLOWING UNILATERAL INFLAMMATION OF THE RAT HINDLIMB.

G. Wotherspoon1, J.M. Castro-Lopes2, A. Coimbra2, A. Mihaly1, M. Rattray1* and
J.V. Priestley1. 'Departments of Physiology & Biochemistry, U.M.D.S. St
Thomas’s Hospital Campus, University of London, England and ’Institute of
Histology & Embryology, Faculty of Medicine, Porto, Portugal
Expression of the opioid peptides dynorphin (DYN) and enkephalin (ENK)
and of the GABA synthesising enzyme GAD increases in the dorsal horn
following local inflammation or polyarthritis. We have examined whether
expression of the neuropeptide somatostatin (SOM) and the growth associated
protein GAP-43 also changes.
Under brief halothane anaesthesia, 0.1ml complete Freund’s adjuvant was
injected into the pad of the left hindpaw of Wistar rats. After survival times of
between 2 days and 4 weeks animals were either perfused with 4%
paraformaldehyde or killed by decapitation. L4/L5 Fixed or fresh frozen spinal
cord was taken and processed using immunofluorescence or ,sS labelled
oligonucleotide in situ hybridization. Expression of DYN, ENK, SOM and GAP43 was analysed with each technique. Sections were quantified for number of
silver grains (mRNA level/cell) or immunofluorescence intensity using image
analysis.
At all time points, a large increase in the number of cells expressing DYN
mRNA was seen in the dorsal horn ipsilateral to the inflammation compared to
the contralateral side. A modest increase in ENK mRNA expression was also
evident. In lamina II many cells expressing SOM mRNA were present bilaterally,
but the number of grains per cell was 60% greater ipsilateral to the inflammation
compared to the contralateral side. GAP-43 mRNA expression in lamina I cells
was also increased ipsilaterally, in the same location as the increase in DYN. The
immunofluorescence paralleled the mRNA results but changes were more modest
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ELECTROPHYSIOLOGICAL CHARACTERIZATION OF SYNAPTICALLY
CONNECTED NEURONS IN CULTURES OF POSTNATAL RAT SPINAL
CORD AFTER 16 TO 35 DAYS IN VITRO. L. Kehl*. G. Poliac and G, Wilcox,
Program in Neuroscience and Dept. of Pharmacology, University of Minnesota,
Minneapolis, Minnesota, U.S.A.
We have developed a method for culturing dissociated spinal cord from 16 day old
rats in order to study electrophysiologically a subset of neurons (spinothalamic tract
neurons) which can only be identified after about 15 days of age. Since cells with a
"neuronal" appearance (phase-bright and process-bearing) frequently demonstrated
current and voltage profiles consistent with a glial cell phenotype in these cultures,
responses to NMDA were of interest to assist in the identification of neurons in
these cultures. NMDA responses proved to be variable at early times in culture.
Therefore we targeted later time points for study .
Primary cultures of spinal cord tissue were obtained from 14-16 day old Sprague
Dawley rats in the following manner. Spinal cords were removed, treated with
enzymes, mechanically dissociated, and plated onto laminin-coated coverslips.
These were incubated at 37°C (10% CO2) in conditioned MEM with 10% FBS and
10% horse serum.
At about 14-20 days in vitro (DIV) a population of small (5-20 pm diameter) dark
NMDA-responsive neurons with phase bright luminescence appears in these
cultures. They are extensively arborized, occur individually or in clusters and
immunostain for neuron-specific [3-tubulin (see Fairbanks et al., this issue).
The whole cell patch clamp technique was used to characterize these cells
electrophysiologically at 20-35 DIV. Neurons were identified on the basis of
demonstrating substantial voltage-gated inward currents in voltage clamp and action
potential generation in current clamp. Many of the neurons identified in this way
exhibited dose-dependent excitation in response to local application of NMDA. The
majority of cells demonstrating these characteristics had formed synaptic contact
with themselves or cellular networks as evidenced by evoked currents that were not
directly time-locked with the voltage steps. (Supported by NIH/K15-DE00225 to
UK and NIH/K02-DA-00145 and NIH/RO1 -DA-04274 to GLW.)

DEVELOPMENT OF PERIPHERAL NERVE PROJECTIONS TO THE EMBRYONIC
RAT SPINAL CORD. K. Mimics*. R R. Pindzola and H.R. Koerber. Dept. of
Neurobiology, University of Pittsburgh, School of Medicine, Pittsburgh, PA 15261.
Individual peripheral nerves of the lumbosacral outflow were isolated in rat embryos
(E14-P0) fixed with 4% paraformaldehyde in PBS and labeled with one of two
earbocyanine dyes (Dil or DiA). The labeled nerves included cutaneous (lateral
femorocutaneous, saphenous), muscle (obturator) and mixed nerves (ilioinguinal,
iliohypogastric, genitofemoral, femoral, sciatic). The spatiotemporal relationship between
the projections of different nerves was examined within the same embryo by using
different dyes. Reduced preparations were stored in the same fixative at 37°C for 3-60
days depending upon the diffusion distance and age of the embryo. Once diffusion was
judged to be complete the spinal cords and dorsal root ganglia (DRG) were dissected and
serial vibratome sections (50 pm) collected and observed under fluorescent microscopy.
Throughout this embryonic period a high degree of topographic organization was found
for somata in the DRG and fibers in the dorsal roots. This topography of fibers within the
roots was maintained as they entered the cord. Following their entry into the dorsal hom
and during their initial growth (E15-E17) cutaneous fibers projected to distinct and nonoverlapping locations. By the time dorsal hom laminae were readily identifiable (El8),
these projections occupied exclusive regions of neuropil with sharply defined
mediolateral boundaries. At this stage projections were relatively diffuse with most
projections found in lamina IV. Lamina III contained fewer projections, while only
occasional fibers supported swellings in lamina II. At later stages (E19-P0) fiber density
gradually increased in the nucleus proprius and the putative small diameter afferents filled
the substantia gelatinosa. During the same period of development, proprioceptive fibers
also projected to limited locations in the spinal gray and their projections in die ventral
hom were restricted to the appropriate motor pools. In summary, these results suggest
that viewed at this level of resolution the developing central projections of primary
afferents grow directly into their somatotopically appropriate locations, which undergo
little or no refinement during the postnatal period. Supported by NS23725 (HRK).

54.13

MORPHOLOGY OF LONG-RANGING SPINAL PROJECTIONS OF CUTANEOUS
AFFERENT FIBERS INNERVATING RAPIDLY ADAPTING MECHANORECEPTORS IN CAT. H R. Koerber* and K. Mimics. Dept. of Neurobiolog)', Univ. of
Pittsburgh, School of Medicine, Pittsburgh, PA 15261.
Primary afferent fibers were impaled in the dorsal columns of a-chloralose anesthetized
cats using microelectrodes filled with 5% neurobiotin in 1M KC1. After determining its
adequate stimulus, each fiber was activated by current pulses injected via the
microelectrode and the resulting cord dorsum potentials (CDPs) were recorded at four
locations. Neurobiotin was then injected into the fibers, (+ 11-18 nA current pulses, 75%
duty cycle, 130-380 nA»min ). After allowing 2-6 hrs for diffusion, the animals were
perfused with saline (37°C) followed by 4% paraformaldehyde (4°C). Frozen 50 pm
sections were cut in either the sagittal or transverse plane, processed using standard
avidin-biotin protocols and visualized by the nickel-enhanced DAB reaction. To date a
total of 9 AP afferent fibers innervating rapidly adapting receptors (5 hair follicle; 3 RA
pad; 1 Pacinian corpuscle) have been adequately injected and recovered. The main
collateral axons in the dorsal columns were visible for 20-25 mm and supported 9-23
collateral branches penetrating the gray matter at intervals of 0.05-2.2 mm. Rostrocaudal
extent of the projections in the spinal gray ranged from 10.2-15.6 mm (12.5 ± 1.7 mm),
more than twice the distance visualized for similar HRP-stained fibers. While collateral
arborizations in the central part of the projections were identical to those previously
described (e.g. flame-shaped arbors), those located towards the ends of the projection
often displayed a very different morphology. In general, these projections were located in
more ventral laminae (V-VII) and often occupied a larger mediolateral extent of the
neuropil. At ends of the distribution, fibers routinely terminated in a characteristic medial
location in laminae VI-VII. Although these collateral fibers were often small in caliber,
they always supported en passant and terminal boutons. Correlation of monosynaptic
CDP amplitudes with bouton distributions suggested that boutons throughout the
distribution contributed to the observed potentials. These results suggest that afferent
fiber projections can influence sensory information processing over a greater rostrocaudal
extent than predicted by dorsal hom somatotopic maps. Supported by NS23725 (HRK)
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MORPHOLOGICAL AND ELECTROPHYSIOLOGICAL PROPERTIES OF
CAT VENTROBASAL THALAMIC NEURONES IN VITRO.
J.P, Turner* .
C. Anderson and V. Crunelli. Dept. Physiology, University of Wales College of
Cardiff, Cardiff, CF1 1SS, U.K.
Intracellular recordings using biocytin-filled microelectrodes were obtained
from neurones in slices of the cat ventrobasal thalamus (VB), in order to correlate
electrophysiology with the dendritic morphology of type I and II VB neurones,
as described by Yen, Conley and Jones (J. Neurosci. 1, 1316-1338, 1985).

CROSS-CORRELATION ANALYSIS OF CUNEOTHALAMIC INTERACTIONS

CELL TYPE

INPUT RESISTANCE(Mfi)

RECTIFICATION*

I (n=9)
67 .TiTl .1
4.6i0.6
nn<
II (n=7)
77.2±11.0
1.9±0.3
(* Ratio of the steepest voltage/current plot slope and that measured at threshold)
Although the input resistances of
the neuronal types were not
significantly
different,
type
I
neurones
exhibited
greater
rectification at depolarized membrane
potentials relative to Vm, than type
II. In addition, the firing pattern of
type I, but not type II neurones,
showed marked accommodation.
These observations are consistent
with those apparent in vivo (Yen et
al., 1985), where type I neurones
were found to respond transiently to
peripheral stimulation, while type II
responded in a sustained manner.
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K.D. Alloway* and G.B, Aaron Jr. Dept. of Neuroscience & Anatomy,
Hershey Medical Center, Penn State University, Hershey, PA 17033.
Topographically-matched neurons in nucleus cuneatus and nucleus
VPL of thalamus were simultaneously recorded during spontaneous and
stimulus-induced activity to characterize neuronal interactions as a
function of activating different populations of neurons in these brain
regions. Hairy skin on the forelimb of halothane-anesthetized rats was
stimulated at equally-spaced sites by an interleaved series of air jets of
1000 ms duration. After acquiring simultaneous cuneate and thalamic
responses, a discrete microlesion was made at the cuneate recording site
and air jet stimulation was repeated.
Cross-correlation analysis revealed strong interactions between
cuneate and thalamic neurons when both neurons displayed vigorous air
jet responses to a given stimulation site. Functional interactions were
usually found at only a minority of sites and connection strength varied
from one site to another. Discrete cuneate microlesions always
produced a substantial decline in stimulus-induced thalamic
responsiveness at sites associated with significant interactions. Air jet
stimulation at neighboring (non-interacting) sites elicited thalamic
responses that were less likely to be affected by discrete cuneate
microlesions. Among neuron pairs showing functional interactions,
cuneate microlesions produced a striking increase in spontaneous
thalamic activity. Supported by NIH grant NS29363
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Subharmonic bursting of an RE-TC thalamic network during spindle oscillations D. Golomb1, X. - J. Wang2, and J. Rinzel1*.
*MRB,
NIDDK, NIH, 5190 Wisconsin Ave., Bethesda, MD 20814; 2Department
of Mathematics, University of Pittsburgh, Pittsburgh, PA 15260.
In vivo (Steriade and Deschenes, 1988) and in vitro (von Krosigk et al.
(Science, 261, 361, 1993)) experiments show that during spindle rhythmicity (8-14Hz) thalamocortical (TC) cells fire only occasionally for each
cycle of the reticular thalamic nucleus (RE) population. We explore these
subharmonic bursting pattern with a model. RE neurons inhibit other RE
cells and thalamocortical (TC) cells with GABAa and GABAb synapses,
and are excited by AMPA synapses from TC cells. A fully connected
network exhibits n:l subharmonics, as TC cells burst once for every n
RE bursts. When TC cells are moderately hyperpolarized, a 2:1 ratio is
achieved. We are interested in the parameters that affect this n:l ratio.
In most cases, the slowly activated sag current needs more than one cycle to accumulate, causing the slower pace of TC cells. As in in vitro
experiments, blocking GABAa transfers the system to 1:1 oscillations
(see figure). Additional blocking of GABAb makes the network queiscent. Blocking only GABAb maintains the 2:1 ratio but increases the
oscillation frequency. This increase occur because the TC cells are less
hyperpolarize; therby, they avoid voltage regimes where channel kinetics
80 0
TCCSl1
are slow. Further hyperpolarization of TC
cells or partial blocking of their sag current leads to higher ratios (3:1 or 4:1), as
eoo
TC cell, GABA, blocked
in in vivo experiments. Noise or sparse
MLUEJl
connectivity causes TC neurons to skip
bursts and leads to a broad histogram of
inter-burst interval.
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SINGLE CELLS IN RETICULAR THALAMIC NUCLEUS OF THE

RAT. X.-B.Liu*. R.A.Warren and E.G.Jones. Department of Anatomy
& Neurobiology, University of California, Irvine, Irvine, CA 92717.
The reticular thalamic nucleus ( RTN ) plays an important role in
regulating peripheral information processing and state-dependent activities
of the thalamus. The morphological features of RTN cells, particularly
data on synaptic inputs to single cells is still lacking. This study examined
the morphology and synaptic inputs of identified RTN cells in different
locations. Intracellular injection in fixed slices was combined with
confocal laser microscopy and electron microscopy. The labelled cells
located in the dorsal part of RTN have oval cell bodies and symmetrical
dendritic fields. Cells in the middle or ventral part of RTN have fusiform
somata with dendrites deriving from two poles of the somata extending up
to 100-150/im along the dorsal-ventral axis. EM observations show that
dendritic shafts of injected RTN cells are targeted by a number of RS
type, F type and some RL type terminals. Occasionally, RS type terminals
contact on labelled somata as well. The distribution pattern of RS type
terminals accords with our observations of cortico-thalamic terminals in
RTN labelled by PHA-L anterograde tracing. PHA-L labelled fibers and
terminals from somatosensory cortex form patch-like plexuses around
RTN cells. These labelled axonal plexuses are in parallel with the
orientation of the dendrites of RTN neurons.
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THE SOMATOTOPIC ORGANISATION OF EFFERENT PROJECTIONS FROM
THE CAT’S THALAMIC RETICULAR NUCLEUS. J.W. Crabtree*
Department of Anatomy, School of Medical Sciences, University of Bristol, U K.
A previous study (Crabtree, J.W., Europ. J. Neurosci., 4:1352, 1992)
showed that, in the cat, somatosensory cortical area 1 (SI) conveys a topographically
accurate map representing adjacent large areas of the body surface to the thalamic
reticular nucleus (TRN). In the present study of the cat's TRN, injections of WGAHRP were made into the ventroposterior (VP) and posterior (PO) nuclei of the
thalamus. The resultant retrograde labelling in TRN was analysed.
Injections restricted to VP result in labelled somata that occupy a discrete
centroventral sector of TRN. Following large injections in VP, most neurons across
the entire thickness of TRN are labelled. Small injections restricted to each of the
main divisions of VP produce a thin sheet-like slab of labelled somata, usually only
one cell wide, that lies in the plane of TRN parallel to its borders and occupies a
fraction of its thickness. Further, medial to lateral shifts in injection sites in
VP, which engage respectively the head, forelimb, and hindlimb representations,
produce medial to lateral shifts in reticular slabs along the thickness of TRN.
Following injections restricted to the medial division of PO, most neurons across the
entire thickness of TRN in the same VP-related sector are labelled. However, this
sector is not labelled following injections restricted to the lateral division of PO.
Taken together with previous findings in the cat, the present results
demonstrate that the efferents conveyed by reticular neurons from the somatosensory
sector to VP preserve the somatotopic organisation of SI afferents to this sector.
However, efferents from this sector to PO appear to lack a topographic organisation.
This suggests that, via axon collaterals, individual reticular neurons in the
somatosensory sector are capable of providing either a mapped or nonmapped output
depending on the target nucleus in the dorsal thalamus.
[Supported by the UK MRC, Grant No. G9224531N]

SPINAL-SUPRATHALAMIC PROJECTIONS FROM THE UPPER CERVICAL
AND THE CERVICAL ENLARGEMENT IN RAT AND SQUIRREL MONKEY.
H.M, Newman. R.T. Stevens, C.M, Pover* and A.V, Apkarianr Dept. of
Neurosurgery , SUNY Health Science Center, Syracuse, N.Y. 13210.
The upper cervical spinal cord (UC) has distinct physiologic properties and
projects heavily to the thalamus. In this study we compare the suprathalamic
projections of UC to those of the cervical enlargement (CE) in rat and monkey.
Large or small pressure or iontophoretic injections of biotin-dextran were made in
UC or CE. Rats survived 1-3 weeks, monkeys up to 5 weeks. Frozen sectioned tissue
was reacted with ABC and DAB. Labeled bouton density was measured for 50
micron thick sections in each nucleus. In rat and monkey with injections in UC or
CE the contralateral label was mainly observed in lateral and medial hypothalamus
(L/MHA), globus pallidus (GP), ventral pallidum (VP), amygdala as well as in
lateral preoptic area, dorsal and posterior HA, Broca's band and bed of stria
terminalis. Terminal iabel was found ipsilaterally in equivalent regions but with
lower densities. Terminal location and density differences are found between the two
species, between the segments studied and between laminae in each segment. In the
monkey, MHA and LHA are equally innervated, while in the rat LHA is the main
terminal site in HA. Suprathalamic terminal label was much greater from UC than
from CE (rat). With UC injections, the highest terminal density was from injections
that extended from medial lamina VI to lamina X and from injections centered on
the lateral cervical nucleus (rat).
These results show a very large suprathalamic projection from the upper cervical
spinal cord in the rat and the monkey. This may help explain the unusual and highly
variable symptoms and signs found in patients with upper cervical spinal cord
compression.
Partially funded by a grant from the Whiplash and Headache Clinic, Toronto, Ont.

55.7

55.8

CORTICOTHALAMIC PROJECTIONS FROM THE CORTICAL BARREL FIELD
TO THE SOMATOSENSORY THALAMUS IN RATS: A SINGLE FIBER STUDY
USING BIOCYTIN AS AN ANTEROGRADE TRACER. Didier Pinault .Jacques
Bourassa and Martin Deschenes? Centre de Recherche en Neurobiologie, Hopital de
lEnfant-J6sus, Universit6 Laval, 1401,186me rue, Quebec G1J 1Z4, Canada.
The pattern of axonal projections of single corticothalamic (CT) neurons from
the cortical barrel field was investigated in rats. Microiontophoretic injections of
biocytin were performed in cortical layers V and VI to label the axons of a small
pool of CT cells. Four types of CT projections were identified. (1) Cells of the
upper part of layer VI project exclusively to the ventral posteromedial (VPm)
nucleus where they arborize in long rostrocaudally oriented bands or 'rods'. (2) All
cells of the lower part of layer VI project to the thalamic posterior group (POm)
but the vast majority of them also collateralize in VPm where they participate to
the formation of rods. (3) A minority of CT cells in the lowermost portion of layer
VI and possibly located under the interbarrel spaces (septae), arborize exclusively
in POm. (4) The CT projection of layer V cells arises from collaterals of
corticofugal cells whose main axons project below thalamic level. These
collaterals arborize exclusively in POm or in the central lateral nucleus. All CT
cells from layer VI display the same type of axonal network made of long
branches decorated by terminal boutons emitted 'en passant' at the tip of fine
stalks. CT fibers arising from layer V pyramids, however, remain smooth as they
run across the lateral thalamus and they form in POm one or two clusters of large
boutons. All CT axons derived from layer VI cells, but not those derived from
layer V cells, give off collaterals as they traverse the thalamic reticular complex.
On the basis of previous studies carried out in that a similar cellular specificity
and a similar organizational plan may characterize the CT relationships in other
sensory systems. Supported by the MRC of Canada.

THALAMOCORTICAL RELAY NEURONS IN THE RAT VENTROBASAL
COMPLEX DISCHARGE IN THE BURST-MODE THROUGH ALL STAGES OF
SLEEP. G. A. Marks*. Southwestern Med. Center, Dallas, TX 75235.
Thalamocortical relay neurons alter their discharge pattern with changes
in state of arousal. The prototypic, spontaneous firing of these cells has been
described for slow wave (SW) sleep as a burst-mode pattern, while in REM
sleep and wake, the pattern is one of single spikes. We have observed that
thalamocortical relay neurons in the ventrobasal complex (VB) of the rat
continue to discharge in bursts of spikes in the REM stage of sleep. We now
report on the quantification of this unusual state-related pattern of activity.
Neurons were extracellularly recorded in freely moving, unanesthetized,
Long-Evans Hooded rats as previously described. VB neurons were identified
by response to shocks of the medial lemniscus. When possible, a two minute
sample of spontaneous activity was collected for each cell during each of the
polygraphicaily identified states of wake, SW and REM sleep. An additional
set of samples were collected during SW sleep 30 sec before REM sleep
onset, transition to REM. Interspike interval histograms (ISIH) with 1 ms bins
and autocorrelograms were generated for each sample obtained from every
VB neuron. A burstiness index was computed as the percent of spikes in a
sample occurring at the mode of the ISIH. When the mode of the ISIH was
4 ms or greater, an index of 0.0 was assigned.
Confirming our original subjective observation, mean burstiness indexes in
SW and REM sleep were comparable and significantly higher than in wake.
The index was highest in the transition to REM sleep. State-related
excitability was tested by responses to near threshold levels of lemniscal
stimulation. Excitability was found to be highest in REM and wake,
significantly lower in SW, and lowest in transition to REM sleep. These data
indicate that tonic inhibition may be the mechanism mediating burst-mode
discharge in SW sleep and the transition to REM but not within REM sleep.
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THE ROLE OF NMDA AND NON-NMDA RECEPTORS IN MEDIATING
SENSORY INPUTS TO RAT VENTROBASAL THALAMUS. S. Mittman'1. L.H.
Rowland2. C.P. Elliott2 and P.M. Dougherty*. Departments of Anesthesiology and
Critical Care Medicine1 and Neurosurgery2, The Johns Hopkins University School

HUMAN THALAMIC NEURONS DEVELOP NOVEL RECEPTIVE
FIELDS WITHIN MINUTES OF DEAFFERENTATION. Z.H.T. Kiss,
K-D. Davis, R.R. Tasker, W.D. Hutchison, J.O. Dostrovsky*.
Departments of Surgery and Physiology, University of Toronto,
Toronto, Ontario, Canada.

of Medicine, Baltimore, MD 21287.
Despite the key role of the thalamus in integrating noxious and innocuous
somatosensory information, only Salt and his coworkers have studied the
excitatory synaptic processes underlying this integration. The excitatory
synaptic inputs to neurons of ventrobasal thalamus were reexamined in
urethane-anesthetized rats using multi-barrel micropipettes. The center barrel
contained a carbon fiber for extracellular recording of the activity of single
neurons. The surrounding barrels contained excitatory amino acid receptor
agonists (AMPA, kainate, NMDA) and antagonists (DNQX, AP7) for
iontophoretic application. The neurons studied responded to non-noxious
mechanical stimuli with no additional response to stimuli of noxious intensity.
All neurons responded to AMPA, kainate and NMDA.
DNQX nearly abolished the response of all neurons to mechanical stimuli.
DNQX was also effective in blocking the responses of these same neurons to
AMPA and kainate. However, NMDA-evoked responses were unaffected by
DNQX. AP7, in contrast, had different effects on different neurons. In some
neurons, AP7 was effective only in blocking the response to NMDA; the
responses to mechanical stimulation and to AMPA and kainate were
unaffected. In other neurons, AP7 blocked both responses to NMDA and to
mechanical stimulation while sparing the responses to AMPA and kainate.
These results raise the possibility of heterogeneity in the mechanisms
underlying synaptic transmission in the somatosensory thalamus.

Both acute and chronic deafferentation can produce significant alterations
in somatosensory organization at various levels of the CNS. Although such
plasticity has been studied in experimental animats, the acute effects of
denervation on receptive field (RF) properties have not been investigated in
humans. The aim of this study was to determine whether reversible
denervation is capable of inducing immediate changes in tactile RFs of
neurons in the human somatosensory thalamus.
During stereotactic thalamic exploration in patients being treated for tremor
or pain, microelectrode recording identified neurons responsive to tactile
stimulation of one digit. Reversible denervation of these neurons, produced
by lidocaine ring block, resulted in changes in spontaneous activity, RF
location and/or modality specificity within 10 to 15 minutes. In 2 cases where
the activity of a single cell was followed, the block produced a change in the
RF of the cell: the RF moved to a site proximal to the original in one case
and to an adjacent digit in the other. In 3 of 6 experiments where multiunit
activity was followed, clear shifts in RFs were demonstrated.
These results indicate that rapid RF alterations can occur in the human
thalamus following acute deafferentation. Possible mechanisms for such
reorganization include changes in synaptic efficacy, disinhibition or unmasking
of previously existing excitatory and convergent synaptic inputs and/or
changes in intracellular processes, (supported by MRC of Canada and

University of Toronto Surgeon-Scientist Program]

55.11

55.12

Functional differences in GABAA-mediated inhibition in nucleus Reticularis
thalami and somatosensory relay nuclei of the rat. S..J. Zhang*, J.fL
Hupuenarrl. D.A. Prince. Dept. Neurol., Stanford Univ. School of Medicine,
Stanford University, CA 94305.
GABA-mediated inhibition from nucleus Reticularis thalami (nRt) is critical in
controlling intrathalamic oscillations related to spindle-stage sleep and
absence epilepsy. It has been hypothesized that nRt output to relay neurons
promotes slow oscillations, while intra-nRt inhibition has the opposite effect.
To assess nRt-mediated inhibition, we examined GABAa spontaneous and
evoked inhibitory postsynaptic currents (sIPSCs and elPSPs) in neurons of the
ventrobasal (VB) complex and in nRt. Thalamic slices (300pm) were prepared
from postnatal 8- to 14-day rats and visualized with Nomarski DIC optics
under infrared illumination. nRt and VB cells were readily recognized, and
patch clamp recordings were obtained with CsCI in the patch pipette. NMDA
and non-NMDA synaptic currents were blocked with 20pM CNQX and 200pM
APV. sIPSCs occurred in all neurons, and elPSCs could be evoked in both cell
types with constant current stimuli (1.5X threshold; 50-350pA, 80-200ps)
from a bipolar tungsten electrode placed within 100pm of the soma. elPSCs
reversed at 0.34±0.72mV (n=12) as expected for a GABAa Cl-mediated
current, and were completely blocked by 20pM bicuculline (n= 15), leaving no
residual synaptic current. sIPSCs in nRt and VB cells had similar rise times (16ms), however, in nRt cells they had much slower decay time constants
(t 0 = 89.0 ± 13.4ms, n = 7) than in VB cells (t d = 30.1 ±2.7ms, n = 9, p<0.005). elPSCs had slower decays than sIPSCs in both cell types, with To
values of 132 ±12.3 ms (n = 5) for nRt and 57.8 ±9.0 (n = 6) for VB. Peak
elPSC amplitude in VB cells was larger (298±85pA, n = 6) than in NRT cells
(119±41pA, n = 5, p<0.005). Midazolam (200nM), a mixed BZ1/BZ2 agonist
increased xD of both elPSCs and sIPSCs by about the same proportion (2030%) in both cell types, without affecting rise times or amplitudes. This
effect was only slowly reversible with wash, but complete recovery was
obtained within 10 minutes with the BZ antagonist flumazenil (10pM, n = 3).
We speculate that the t 0 differences result from heterogeneity in the
underlying GABA receptor subunit composition, and that prolonged GABAa
inhibition in nRt may contribute to the synchronization of nRt neurons during
spindles, and possibly the intra-nRt mechanisms that dampen slower absence
oscillations. Supported by NIH grants NS06477 and NS12151.

POSTNATAL DEVELOPMENT OF PHYSIOLOGICAL AND ANATOMICAL
CHARACTERISTICS OF THALAMIC VENTROPOSTERIOR AND
RETICULAR NEURONS. R.A. Warren* and E.G. Jones. Dept of Anatomy and
Neurobioiogy, Univ. of California, Irvine, CA 92717.
Thalamic neurons oscillate during periods of drowsiness and the early stages of
slow wave sleep. These oscillations generate cortical spindling and depend on both
the physiological properties and synaptic connectivity of thalamic neurons. In
newborn animals, cortical spindling is virtually absent and this may be indicative of
immature thalamic function. We used whole-cell recording and lucifer yellow (LY)
labeling of single cells in an in vitro mouse slice preparation to study the postnatal
development of thalamic ventroposterior (VP) and reticular (RTN) neurons in
animals aged 3 to 21 days (P3-P21).
Rebound low threshold spikes (LTS) following an hyperpolarizing intracellular
current pulse were already present in VP and RTNneurons of the youngest animals
but usually failed to generate a burst of Na+ action potentials in animals younger
than Pl2. Both VP and RTN neurons at resting membrane potential fired tonically in
response to depolarizing current in the youngest animals whereas in P12 and older
animals they responded with a LTS-Na+ spike burst complex to similar current
pulses. Electrical stimulation of the internal capsule evoked inhibitory postsynaptic
potentials (IPSPs) in VP neurons and excitatory postsynaptic potentials (EPSPs) in
RTN neurons at all ages but recurring postsynaptic potentials were not observed in
animals younger than P12. The physiological characteristics and synaptic response
of VP and RTN neurons did not change significantly between P12 and P21.
Confocal microscope imaging of LY filled VP and RTN neurons in the same age
groups showed significant growth of the cell bodies and dendritic arborizations of
VP and RTN neurons before P12. After P12, they displayed the typical anatomical
characteristics of mature thalamic neurons. We conclude that the synaptic
connectivity between RTN and VP neurons is present very early during postnatal
life and that the immaturity of the physiological characteristics of thalamic neurons
is responsible for the lack of thalamic oscillations in early postnatal life. The
postnatal development of the physiological characteristics of thalamic neurons is
paralleled by important morphological changes in individual VP and RTN neurons.
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EM OF DOUBLE-LABELED NEUROTRANSMITTERS IN
TRIGEMINAL SYNAPTIC GLOMERULI. B. Iliakis1. N.L. Anderson1.
P.S, Irish1. M.A. Henry.5 and L.E. Westrum1-4*. Depts. Neurol. Surg.1,
Biol. Struct.2, Psychol.3, Restor. Dent.4, Univ. of Wash., Seattle, WA
98195; Dept. Basic Sci.5, Univ. of Colo., Denver, CO 80262.
We are studying the ultrastructure of the synaptic organization in the feline
trigeminal nuclei emphasizing specific neurotransmitter patterns within
laminae I and II of pars caudalis (PC). Normal adults were perfused and
vibratome sections from PC processed for electron microscopy (EM).
Ultrathin sections were reacted with antibodies for the excitatory
neurotransmitter glutamate (GLU) and the inhibitory neurotransmitter gamma
amino butyric acid (GABA) using postembedding immunogold techniques.
Both single and double labeled preparations were examined. Results with
single labeling show that GLU-immunoreactive (IR) terminals have round
synaptic vesicles and form asymmetric synaptic contacts onto dendrites.
GABA-IR axon terminals and vesicle-containing dendrites have flattened
vesicles and symmetric contacts. Double labeling on a single section shows
glomeruli with central GLU-IR terminals presynaptic to dendrites, including
GABA-IR vesicle-containing dendrites. These GLU-IR central terminals are
postsynaptic to GABA-IR axon terminals, and these GABA4R terminals
may also be presynaptic to the GABA-IR vesicle-containing dendrites. The
results show that a subpopulation of excitatory (GLU) primary afferents
have complex synaptic interactions with intrinsic inhibitory (GABA)
elements. Supported by NIH Grants NS30305 & DE04942. LEW is a
research affiliate of CDMRC at the Univ. of Wash.

EM IMMUNOLABELING STUDIES OF IDENTIFIED AFFERENTS IN
THE TRIGEMINAL NUCLEUS. L.E. Westrum14 N.L. Anderson1.
L.R. Johnson5 and M.A. Henry6*. Depts. Neurol. Surg.1, Biol. Struct.2,
Psychol.3, & Restor. Dent.4, Univ. of Wash., Seattle,. WA 98195; Depts.
Surg. Dent.5 and Basic Sci. & Oral Res.6, Univ. of Colo. HSC, Denver,
CO 80262.
We are studying the normal synaptic organization within the feline
trigeminal nucleus with emphasis on laminae I-II of pars caudalis (PC).
Here we use multiple labeling techniques to identify trigeminal primary
afferents and to define the neurochemical associations of the afferents within
synaptic glomeruli. WGA-HRP was injected into the trigeminal ganglion of
adult cats and the WGA-HRP was visualized using TMB as the chromagen.
Then postembedding immunogold protocols using antibodies to both
glutamate (GLU) and gamma-amino butyric acid (GABA) and different sizes
of immunogold were used to produce a triple labeled specimen. At the light
microscopic level, results show WGA-HRP-TMB reaction product in cell
bodies located in divisions II and HI of the ganglion. Electron microscopic
examination of PC I-II shows the WGA-HRP-TMB reaction product within
axons and terminals, the latter with round (R) vesicles, type I contacts onto
dendrites and receiving contacts from presynaptic processes containing
flattened (F) vesicles. The reaction product is also seen in the synaptic cleft
and adjacent extracellular space. Immunogold preparations show that the
HRP identified primary R afferents are immunoreactive for GLU and are
postsynaptic to F terminals, some of which are immunoreactive for GABA.
The results convincing show that some trigeminal primary afferents located
in laminae I-II of PC are GLU positive and are modulated by GABA
presynaptic terminals. (Supported by NIH grants NS30305 and DE04942;
LEW is a research affiliate of the CDMRC at the Univ. of Wash.)
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IMMUNOGOLD STUDIES OF LESION-INDUCED CHANGES IN THE
SYNAPTIC ORGANIZATION OF THE FELINE TRIGEMINAL NUCLEUS.
p. s. Irish1. L, Ex. Wgstium1’2’3. B. Iliakis
and p, F. Farrell4*,
Depts. of Neurolog. Surg.1, Biol. Struct2, Rest. Dent.3 ,and Child Develop. &
Ment. Retard. Ctr.4, Univ. of WA, Seattle, WA. 98159.
Lesions of the trigeminal nerve often result in neuronal hyperactivity. This
phenomenon may be related to degenerative changes in synaptic structures or
reoccupation of the vacated synaptic site of the degenerating afferent by other
axons. To investigate these possibilities, we are using lesion and immunogold
protocols to examine the ultrastructural details of the synaptic organization within
lamina II of the brainstem trigeminal pars caudalis (PC). Primary afferents are
caused to degenerate by performing lesions of trigeminal nerve or ganglion in
adult felines. After survival times of 1-2 days, animals are perfused and
vibratome sections of PC are processed for postembedding immunogold labeling
with antibodies to the neurotransmitters gamma aminobutyric acid (GABA) and
glutamate (GLU). The results show: (1) degenerating primary afferent terminals
are easily identified by electron microscopy in various stages of degeneration, (2)
GABA -immunoreactivity (IR) is located in axon terminals, most of which form
symmetric, type II synapses onto dendrites and axon terminals, including the
degenerating primary afferents, (3) GLU-IR is present in axon terminals with
round vesicles, most of which form asymmetric, type I synapses, (4) GLU-IR also
is observed in degenerating primary afferents with clumped and depleted vesicles
and in dense, degenerating terminals, and (5) asymmetric, type I synaptic sites,
partially vacated by degenerating primary afferent terminals, sometimes are seen
with closely apposed GABA-immunoreactive axon terminals. These results
suggest that degenerating primary afferent terminals retain GLU-IR in early
stages of degeneration, and some asymmetric postsynaptic sites of degenerating
primary afferents are reoccupied by GABA-ergic neurons, a possible basis for
neuronal hyperactivity following deafferentation. (Supported by NIH grant
NS3O3O5. LEW is an affiliate of the CDMRC at Univ. Wash.)

RAPID SHIFTS IN RECEPTIVE FIELDS (RF’s) OF CELLS IN TRIGEMINAL
SUBNUCLEUS INTERPOLARIS (SpVi) FOLLOWING INFRAORBITAL NERVE
(ION) TRANSECTION IN ADULT RATS. B.G. Klein, C.F, White and J.R.
Puffin. Dept. of Biomedical Sciences, College of Veterinary Medicine, Virginia
Polytechnic Institute and State University, Blacksburg, VA 24061.
Transection of the ION in adult rats results in an array of chronic functional
anomalies in SpVi, including changes in normal RF organization. This work
examined whether the long-term maintenance of acute modifications, such as
unmasking or strengthening of normally ineffective inputs to SpVi cells, contribute
to the anomalies noted above. Using glass micropipettes, extracellular isolation of 37
SpVi cells, with infraorbital RF’s, was maintained following intraorbital transection
of the ION in 37 rats. Using hand-held stimuli, RF’s and dynamic response
properties were characterized immediately before and after the cut and throughout the
post-transection isolation period. Orthodromic latencies to trigeminal ganglion shocks
and antidromic activation from thalamus or cerebellum were also examined. Of the
37 cells, 21.6% exhibited RF shifts to non-maxillarv regions after cutting the ION.
Using the normal probability of observing an SpVi cell with more than one trigeminal
division in it’s RF, the probability of observing this shift by chance was .0013. The
representation of local circuit (LC), thalamic-projecting (TH) and cerebellar-projecting
(CB) cells did not differ in the total sample, however, the projection neurons were
significantly more likely (X2(l) = 14.2, p < .001) to exhibit RF shifts, compared to LC
neurons. In comparing the sample of cells that exhibited RF shifts with those that did
not, prior to ION cut, there was no difference in mean latencies and thresholds for
activation from the stimulating electrodes or in mean depth at which the cells were
isolated. In addition, no difference was evident in RF size, effective receptor surface,
dynamic response characteristics or spontaneous activity. These data suggest that
maintenance of acute RF changes, following ION cut, may contribute to the chronic
functional alterations observed after such damage. Support: NIH DE08966 to B.G.K.

56.5

56.6

ROUTES CARRYING INFORMATION FROM PELVIC REPRODUCTIVE
ORGANS TO GRACILE AND SOLITARY NUCLEI IN FEMALE RATS.
C.H. Hubscher* and K.J, Berkley. Neuroscience Program, Dept. Psychology,
Florida State Univ., Tallahassee, FL 32306-1051.
Neurons in gracile (NG) and solitary (NTS) nuclei respond to mechanical
stimulation of female pelvic reproductive organs (Hubscher and Berkley, Soc.
Neurosci. Abstr., 1992; 1993). The present study sought to determine routes by
which pelvic organ information is conveyed to NG and NTS. Responses of
neurons to distension of uterus and vagina, to probing the cervix and to gentle
mechanical skin stimulation were recorded in NG before and after various spinal
lesions and in NTS before and after bilateral cervical vagotomy and/or spinal
transection in 22 rats in estrus anesthetized with halothane/nitrous oxide. In NG,
lesions of dorsal columns eliminated responses to skin and uterine stimulation and
altered responses to cervix/vaginal stimulation. Larger lesions that included the
dorsolateral funiculus (DLF) eliminated responses to cervix/vagina. In NTS,
vagotomies eliminated uterine responses and altered cervix/vaginal responses.
Spinal cord transections eliminated responses to all pelvic organ stimuli. These
results demonstrate that dorsal column and vagal inputs influence responses of NG
and NTS neurons, respectively, to stimulation of cervix/vagina, and implicate the
DLF as a route by which the information is carried to both regions. The results
also demonstrate that the dorsal columns and vagus either convey information from
uterus to NG and NTS, respectively, or facilitate neuronal responses to uterine
distension conveyed to NG and NTS via DLF. Taken together with other studies
on NG and NTS, the findings here suggest that both nuclear groups are important
components of neural systems significant for coordinating different aspects erf
somatic and visceral activities during various reproductive behaviors.
Supported by NIH grant NS 11892.

PROPERTIES OF MOVEMENT-RELATED NEURONS WITH CUTANEOUS
RECEPTIVE FIELDS IN SUBNUCLEUS INTERPOLARIS. J. Ro* and N.
Capra. Dept of Physiol., Univ. of MD, Baltimore, MD 21201.
Neurons with orofacial cutaneous receptive fields were recorded
extracellularly in the trigeminal subnucleus interpolaris (V,) in cats. Units that
showed reproducible responses to 3-4 mm ramp and hold jaw displacement
in the vertical axis were analyzed for their potential to signal certain kinematic
variables.
Thalamic projection neurons were identified by antidromic
stimulation of the ventroposteromedial nucleus (VPM). Thirty-nine units with
hair (26), skin (9), or convergent (4) receptive fields were studied. The
receptive fields of hair units were located mainly around the angle of the jaw
and on the chin. The receptive fields of skin units were smaller than hair units
and were concentrated around the angle of the mouth. Convergent units had
discontinuous receptive fields that included hair or skin. Maximum and mean
instantaneous frequencies, dynamic index, and total number of spikes were
assessed at four different rates of displacement for 30 units. Statistical
analysis of these variables was used to classify the units as velocity, speed,
direction, or transient detectors. All hair units responded with bursts of action
potentials. Mean bursting frequenccies were linearly related to rate of jaw
displacement. Although they responded during both opening and closing,
most units showed greater activity during opening. The 5 units that did not
show bursting activity had skin receptive fields. Two of these were biphasically
active, 2 responded to opening, and 1 was tonically active during maintained
stretch. Both hair and skin units could provide some information regarding the
occurrence, direction, and the rate of jaw movement. Although our sample
was small, skin units seemed better suited to signal velocity. Thirteen units
projected to VPM. These results suggest that orofacial cutaneous inputs
relaying in V, may contribute to kinesthesia. Supported by NIH, DE06027.

56.7

56.8

LATENCY AND RECEPTIVE FIELD PROPERTIES IN THE RAT
NUCLEUS PRINCIPALIS. D.W Doherty*, H P. Killackey and M.F. Jacquin.
Dept. of Psychobiology, University of California, Irvine, CA 92717, Dept. of
Anatomy and Neurobiology, St. Louis University School of Medicine, St. Louis,
MO 63104.
The response properties of single neurons in the rat nucleus principalis
(PrV) are being studied using controlled whisker stimulation and quantitative
analysis. Whiskers were deflected for 200ms in each of 4 directions (rostral,
caudal, dorsal, and ventral). The mean latency to the first spike in the on
response (1st 20ms after stimulus onset) and the average number of spikes per
stimulus have been determined for each direction. Out of a total of 51 units, 32
units (63%) responded to stimulation of a single whisker and 19 units (37%)
responded to stimulation of 2 or more whiskers (range 2-20 whiskers). Four
units responded to stimulation of 2 whiskers so that 15 units (29%) responded to
stimulation of more than 2 whiskers. Single whisker units respond with a
relatively broad range of spikes per stimulus (mean 1.31 ±1.06 spikes/stimulus,
n=93) and narrow range of mean latencies to first spike (mean 4.73 ±3.34 ms,
n=93). Multi-whisker units responed with a relatively narrow range of spikes
per stimulus (mean 0.86 ±0.90 spikes/stimulus, n=104) and broad range of
mean latencies to first spike (mean 9.71 ±4.65 ms, n=104). The mean latency to
the first spike usually differed with the direction of stimulus. The cumulative
mean latency to first spike histogram for all units and all whiskers stimulated in
all 4 directions shows a bimodal latency distribution with early responses
between 2 and 6 ms and late responses between 8 and 15 ms. These data
suggest that sensory signal integration occurs within the nucleus principalis.
Supported by NSF BNS90-22168, NIH DE 07662, and NIH DE 07734.

ORGANIZATION AND DISTRIBUTION OF AFFERENTS TO THE DORSAL
COLUMN NUCLEI OF THE MONKEY. S. Warren*. E Perkins, and D. Andrew.
Dept. of Anatomy, University of Mississippi Medical Ctr., 2500 North State Street,
Jackson MS 39216-4505.
The dorsal column nuclei (DCN) play an integral role in the initial processing
of tactile signals entering the dorsal column medial lemniscal (DCML) pathway.
In marked contrast to the cat and rat, the organization and distribution of
afferents to the DCN in the monkey have received limited study. In order to
define the presence of terminal boutons, the distribution and configuration of
axonal arbors and their relationship to the neurons and neuropil, axonal tracers
were placed in the dorsal funiculus, the primary somatosensory (SI) cortex
and/or the dorsal column nuclei. An injection into the dorsal funiculus labelled
axonal arbors located at the periphery of the nucleus primarily in the neuropil.
Labelled corticofugal fibers passed into the cerebral peduncle to reach the DCN
following injections into SI cortex. These cortico-DCN fibers had a torturous
course within the nucleus and displayed limited branching. They were encrusted
with boutons limited to the neuropil. However, no obvious terminal arbors were
associated with any of these fibers. It is unclear at present if these axons are
direct projections or are collateral fibers arising from the corticospinal axons. As
expected, heavily-labelled fibers and terminal arbors were seen in the
contralateral ventral posterior lateral (VPL) nucleus following DCN injections.
Large fibers were seen to branch at acute angles and form thin terminal arbors
decorated with en passant boutons and terminal puncta. They are more
numerous in the neuropil rather than associated with the neuron soma or
proximal dendrites. Within the VPL nucleus, they formed puffs dorsally and
ventrally. In addition, retrogradely labelled neurons in the contralateral SH cortex
following DCN injections provide a possible source for descending cortical input
to the DCN. These data support the concept that in the monkey, the DCN are
more than just a relay center for tactile signals. NINDS NS27996.
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WHISKER CIRCUITS IN NUCLEUS PRINCIPALIS: INTRAAXONAL
HRP, GABA, RETROGRADE AND ANTEROGRADE LABELING.
J.A. DeMaro. P.J. Shortland. J.P, Golden. J.J.A, Arends* & M.F. Jacquin.
Dept. Neurology, Washington Univ. Sch. Med., St. Louis MO 63110;
Anatomy & Neurobiology, St. Louis Univ. Sch. Med., St. Louis MO 63104.
Trigeminal nucleus principalis (PrV) is necessary for the formation of
barrels and single whisker receptive fields in the thalamus and cortex. Yet,
little is known of how single whisker responses are produced in PrV,
although much is known of its development, somatotopy, connections and
morphology. To reveal PrV circuits, EM multiple labeling methods are being
used in adult rats. HRP was injected in the thalamus to retrogradely label
VPM-projecting PrV cells, and the SI cortex was ablated to anterogradely
label cortico-PrV terminals. After 3-5 days, whisker primary afferents were
recorded, impaled and stained with HRP. After HRP and EM processing,
immunogold histochemistry was used to identify GABA immunoreactive (+)
structures. VPM-projecting cells were small-to-medium sized, GABAnegative, and received asymmetric synapses from round vesicle-containing
primary afferent and cortical terminals. These cells also received symmetric
synapses from pleomorphic vesicle-containing GABA+ terminals. Cells not
labeled by VPM injections tended to be large-sized and GABA+, some of
which also received GABA+ inputs. GABA+ terminals were therefore
distinct from all other endings in PrV. They consituted about 25% of all
terminals and sometimes were contacted by other GABA+ terminals and by
cortical endings. GABA+ terminals also made synaptic contacts with whisker
primary afferents, providing a substrate for presynaptic inhibition. Insofar as
VPM-projecting PrV cells lack recurrent collaterals, and the only substantive
input to PrV not labeled here is from the spinal V nucleus and it is GABAnegative (Haring et al., Somatosens. Mot. Res. ’90), these data suggest that
GABA+ cells within PrV have a major role in information processing at the
first-order "relay" in the whisker-barrel neuraxis. Support: NIH DE07662.

EFFECTS OF OPPOSED SPINAL HEMISECTIONS ON DETECTION
THRESHOLDS AND CUTANEOUS REFLEXES IN THE PRIMATE. R, M.
Friedman*, and C. J. Vierck, Jr. Department of Neuroscience, Univ. of
Florida Health Science Center, Gainesville, FL 32610
Previous studies of opposed lateral hemisections in the spinal cords of
cats and rats have found that short propriospinal fibers that course around
the lesions can relay nociceptive information and modulate locomotor
function (Basbaum, 1973; Kato et al., 1985; Stelzner and Cullen, 1991). In
an effort to understand the capacities of the propriospinal system in
primates, we investigated the consequences of serial hemisections, placed
at opposite sides of the sacrocaudal spinal cord, for somesthetic detection
and reflex responses to cutaneous tail stimulation.
Four Macaca fascicularis monkeys were trained on a nociceptive
avoidance paradigm in order to measure detection thresholds and
suprathreshold nocifensive responses to electrocutaneous tail stimulation.
Once stable detection thresholds were obtained, the monkeys received
spaced (8-10 mm) contralateral hemisections placed in the sacrocaudal
spinal cord below the S3 level. In 3 of the 4 monkeys, detection thresholds
were found to be higher in caudal dermatomes. In one monkey, a stable
detection threshold level was not measurable. The stimulation level
required to produce suprathreshold nocifensive responses was also higher.
These preliminary findings suggest that the propriospinal system can relay
detectable somatosensory information. In addition, segmental tail reflexes
were altered. A cutaneous hyperreflexia was observed that may be similar
to the hyperreflexia seen in spinal cord injured patients. Supported by
grants NS 27511 and NS 07261.

56.11

56.12

THE EFFECTS OF BOMBESIN ON THE AFFERENT SENSORY
TRANSMISSION IN THE SPINAL TRIGEMINAL NUCLEUS OF
ANESTHETIZED RATS. H.S. Park, C.K. Won, H.C. Shia J. Kim*,
H.J. Park Dept Physiol., Col. Med., Hallym Univ., Chunchon, Korea,
Dept. Physiol. & Biophys., Col. Med. Seoul Natl. Univ. Seoul, Korea.
Several studies have suggested that bombesin (BBS) may play a
role in sensory transmission (O'Donohue et al. '84: De-Koninck &
Henry, '89). Although BBS-like immunoreactivity and BBS receptor
have been localized within neuronal cell bodies and/or terminals in the
spinal trigeminal nucleus (Ladenheim et al., '92), the actions of the BBS
on the somatosensory processing in the neurons of the spinal trigeminal
nucleus (STN) have not been demonstrated. Therefore, the present
study was carried out to determine the effects of intracisternal (IC)
administration of BBS (0.001, 0.01, & 0.1 ng, 40 min) on the afferent
somatosensory transmission in single neurons (n=21) of the STN of
anesthetized rats. Lower doses of BBS did not change the afferent
sensory transmission (n=7). However, middle doses of BBS significantly
(p <0.01, Newman-Keuls Test) facilitated afferent sensory transmission
from 6 to 30 min post-drug period (26.6±7.5% at 25 min, n=7), but
higher doses inhibited responsiveness of STN neurons (-20.9±4.6%, n=7)
from 16 to 35 min post-drug period. These results indicate that
endogenous BBS-like peptide present in the STN may participate in the
processing of the somatosensory information arising from the face (This
study was supported by Basic Medical Research Fund granted to Dr.
H.J. Park).

BOMBESIN MODULATES
AFFERENT
SOMATOSENSORY
TRANSMISSION IN THE DORSAL COLUMN NUCLEI OF
ANESTHETIZED RATS C.K. Won, H.C. Shin,*J.W, Leem, H..J Park
DepL of Physiol.. Col. Med., Hallym Univ., Chunchon, Korea, #200-702,
Dept of Physiol., Col. Med., Yonsei Univ., Seoul, Korea.
Central administration of bombesin induces many behavioral
changes, such as increased locomotor activity, grooming, bite/scratch
response, and facilitation of tail reflex. These bombesin-induced
hyperactivity and sensory stimulatory effect suggest that bombesin may
exert either inhibitory or facilitatory influence on somatosensory inflow
through tiie neurons of the dorsal column nuclei (DCN). Fuihtermore,
bombesin-like immunoreactivity and bombesin receptors have been
localized within neuronal cell bodies and/or terminals in the brainstem
nuclei, which send axonal projections to the DCN. In this study,
bombesin (0.01, 0.001 ng) was intracistemally administered to see the
effects on tiie neuronal activities of the DCN of anesthetized rats.
Qunatitative determination of the effect of bombesin on the afferent
sensory transmission to the DCN neurons was carried out by
generating post-stimulus time histograms of single unit responses to
tiie subcutaneous electrical stimulation of the receptive field located
either in the forepaw or in the hindpaw. Although the afferent sensory
transmission through 22 DCN neurons did not appear to be altered in
the average (-1.11±3.5%), ten of them were actually inhibited (-26.15±
4.9%), and 12 of them were facilitated (+17.15±2.7%) during 40 min
after bombesin (0.01 ng) administration. Significant inhibition (-37.72±
16.3%, p <0.05) of the afferent sensory transmission was noted from 20
to 30 min post-drug period. The facilitatory effects (peak, +26.53±8.2%,
p <0.01) were observed from 25 to 40 min following bombesin
administration. Lower dose of bombesin (0.001 ng) did not exhibit any
heterogeneous modulatory influences on the afferent sensory
transmission in 9 DCN neurons tested (+1.39±1.0%). These results
suggest that bombesin may heterogeneously influence somatosensory
inflow through tiie brainstem of rat (This study was partially
supported by 93 Basic Medical Research Fund granted to Dr. HJ.
Park).

56.13

56.14

THE C2 NERVE INNERVATION EXTENDS FROM LAMINA I OF THE
TRIGEMINAL N. CAUDALIS TO THE SPINAL CERVICAL ENLARGEMENT.
R.T Stevens*. H.M. Newman and A.V. Apkarian. Neurosurgery Research
Laboratories, SUNY Health Science Center, Syracuse, N.Y. 13210.
The upper cervical spinal cord (UC) has the highest concentration of
spinothalamic neurons, has widespread suprathalamic connections, and unique
physiologic properties. Still, little is known about the primary afferent inputs to this
region. In this study we investigate the central terminations of the C2 nerve.
The C2 nerve was cut and the end soaked in 10% biotin-dextran with DMSO for
20 minutes. Animals survived one week. Tissue was reacted with ABC and DAB.
Anteriorly, fibers coarsed within the spinal trigeminal tract and terminated in the
external cuneate nucleus, the ventral cuneate nucleus and dorsal portions of the
rostral trigeminal n. caudalis and caudal n. interpolaris. The terminals in the
trigeminal nucleus were confined to lamina I. Labeled fibers entering the C2 grey
matter could be separated into two groups: The lateral group terminated in the
ventral part of lamina I, III, IV and dorsal V primarily at the C2-C3 region. No
lamina I labeling was seen caudal to these segments but terminals in laminae ni-V
were found as far caudal as C5. The medial group terminated in the central cervical
nucleus (CCN). This terminal zone extended from Cl to C4 and then gradually
diminished through C7. At the C2 level, fibers were seen, which passed through the
CCN, then turned ventromedially to terminate around lamina IX neurons.
These results show that C2 primary afferent inputs extend from precerebellar sites
involved in proprioceptive functions to distant trigeminal relay nuclei, regions
involved in processing innocuous as well as noxious cutaneous information.
Parially funded by a grant from the Whiplash and Headache Clinic, Toronto, Ont

EXPOSURE TO A CHEMOSENSORY IRRITANT ALTERS CFOS EXPRESSION IN THE VENTROLATERAL MEDULLA OF
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PRAIRIE VOLES. S.A. Waqer-Paqe* and J.R. Mason. USDA/
APHIS/ADC/DWRC and Monell Chemical Senses Center,
Philadelphia, PA 19104

The immediate early gene, c-fos, an indicator of neuronal activation is induced in the brainstem of rodents following noxious or
aversive stimulation. Studies indicate that the chemosensory irritant, o-aminoacetophenone, decreased ingestive behavior in birds via
a trigeminally mediated mechanism. The effect of o-aminoacetophenone on c-fos expression in brainstem sites of prairie voles
(Microtus ochrogaster) was evaluated utilizing immunocytochemical

techniques. C-fos expression was increased in the principal sensory
trigeminal nucleus and catecholinergic tracts in the ventrolateral
medulla of voles following exposure to o-aminoacetophenone on apple
slices. In another set of studies, preweighed apple slices were presented to singly-housed nondeprived voles in their home cages in a two
choice test. Voles decreased their 2 hour intake when o-aminoacetophenone (0.1% v/v) was applied to apple pieces (0.75 ± 0.12g)
compared to control intake (1.3 ± 0.2g ), (p<0.05). O-aminoacetophenone (0.01% v/v) inhibited 2 hour apple intake (0.5 ± 0.1g)
compared to control intake (1.0± 0.1g), (p<0.003). The inhibition
of ingestive behavior of voles by o-aminoacetophenone may be
mediated via an aversive effect of this chemosensory irritant.
Increased expression of the immediate early gene product, c-fos, in
brainstem sites of voles following exposure to o-aminoacetophenone
provides additional support for this mechanism of action.
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57.1
RECEPTIVE FIELD ORGANIZATION AND SPATIAL SUMMATION OF
WHISKER INPUTS IN RAT BARREL CORTEX. J.C.Brumberg* and D.J.
Simons. Dept. of Neurobiology, Univ. of Pittsburgh Sch. of Med., Pittsburgh,
PA 15261.
Previous work in the rat barrel cortex has demonstrated both excitatory
and inhibitory interactions among inputs from nearby whiskers. We made
microelectrode recordings in fentanyl-sedated adult rats to examine how
inputs from multiple whiskers are integrated within the receptive fields of
individual cortical neurons. One or more (up to 9) whiskers were
simultaneously vibrated using a ’pink’ noise conditioning stimulus and
concurrently another whisker was discretely displaced using a ramp-andhold deflection (test stimulus). Results of single unit recordings show that
small vibrations of the whiskers immediately adjacent to the columnar, or
principal, whisker (PW) suppress responses to PW deflections and that
these inhibitory effects summate. Adjacent whisker inhibition is stronger in
regular-spike units (RSUs) than in fast-spike units (FSUs). For some
neurons combined vibrations of adjacent and far whiskers (those located
at least one arc or row from the PW) disinhibit the suppressive effect of the
immediately adjacent whisker(s), even if the far whiskers by themselves
exert little or no influence on the PW response. Adjacent whisker effects are
accompanied by increases in background levels of activity evoked by the
’pink’ noise stimuli in (inhibitory) FSUs. Noise stimuli applied to the PW
produces potent inhibition of adjacent whisker excitatory responses in
RSUs. Thus, effective receptive field size depends on how many and which
vibrissae are activated by a peripheral stimulus. These findings suggest
that during active touch the receptive fields of cortical neurons are
continually modified according to both (local) textural and (global)
contextual features of the palpated surface. Supported by NIH NS19950
and NSF BIR9014347.
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57.2

NEURONAL RESPONSES IN RAT VIBRISSA CORTEX DURING BEHAVIOR
M.S. Fee* and D. Kleinfeld. AT&T Bell Laboratories, Murray Hill, NJ, 07974
The vibrissal system in rat is an inherently active sensory system; the rat
actively and repeatedly brushes its long facial whiskers into objects of interest. To study
the nature of cortical responses during behavior, we have constructed an apparatus in
which a rat discriminates the orientation of a flat surface with its vibrissae. We record
from several stereo-electrodes implanted into the vibrissal region of SI cortex and classify the multi-unit signals into presumptive single-unit waveforms. As a measure of
active whisking, we record the electromyogram from the facial musculature. Images of
the whiskers during the discrimination are video-recorded. Thus, single-unit activity can
be correlated with aspects of whisker motion and contact with the discriminanda.
The figure shows a histogram of activity in two simultaneously recorded units
relative to first contact of contralateral whiskers DI and D2 with the surface; these whiskers led to short latency response under anesthesia
and all whiskers except bilateral DI and D2 were
trimmed. A sharp rise in activity after contact is
observed. However, both units show features that are
unrelated to contact with the surface. Unit 1 shows
low activity as the rat approaches the object and sustained activity after the discrimination. Unit 2 shows
high activity during approach, a drop in activity as the
rat perches beyond the platform to reach the object
and a rise in activity ~ 0.2 s prior to contact (arrow).
As each presentation of the object was at the same
position, the later activity may be an anticipatory
response or a response to pre-contact whisking.
Collectively, we observe a variety of neuronal responses during this discrimination task.

57.3

57.4

DISTRIBUTED PATTERNS OF ELECTRICAL ACTIVITY IN RAT
SOMATOSENSORY CORTEX IN RESPONSE TO WHISKER DEFLECTION.
K. R. Delaney and D. Kleinfeld*. AT&T Bell Laboratories, Murray Hill, NJ 07974;
Simon Fraser University, Burnaby, BC V5A 1S6.
While there is knowledge on the topography of afferent input into primary sensory
cortex, less progress has been made in identifying the processed output from these
regions. To address this issue, we used optical and extracellular electrode techniques
to measure the spatial distribution and dynamics of electrical activity from vibrissa
cortex in anesthesized, juvenile rat The cortex is stained with voltage-sensitive dye
and imaged onto a CCD camera. The optical signal is likely to reflect activity in
pyramidal cells whose dendrites project to layer 1 and superficial layer 2/3. In response
to brief (100 ms), weak deflection of a row of whiskers, we observed simultaneous
depolarization of SI and S2 vibrissa cortex. Maps of activity in the two regions appear
as mirror images. The response in SI was studied in detail by moving single whiskers.
Two patterns were distinguished based on the magnitude of the depolarization. The
major depolarization (upper quartile of amplitude) was contiguous for whiskers in row
C and D and was centered on the afferent input from the appropriate whisker, as
observed with electrodes in layer 4. The response for different whiskers formed an
interlocked pattern with little overlap. The minor part of the depolarization (middle
quartiles) appeared distributed for all whiskers. This response tended to overlap with
the major response observed for motion of a neighboring whisker and, in some cases,
formed a partial lattice of depolarization across SI. These overlaps may correspond to
efferent driven interactions between regions whose afferent input arrives from different
vibrissa. The minor response disappears with repetitive stimulation; this is suggestive
of a cortical mechanism for adaptation. Collectively, our results suggest that the
"output" layers of cortex exhibit patterns of depolarization that are highly distributed
and stand in contrast to the localized pattern of afferent input inferred from extracellular
measurements of spiking or with optical techniques that map slow, activity-induced
changes in light scattering. Supported by AT&T and NSERC grant OPGO121698.

2DG-IMMUNOSTAINED BARREL CORTEX REVEALS REGIONAL
ORGANIZATION OF STRONG-INHIBITION AND WEAKINHIBITION ZONES. J.S. McCasland* and L.S, Hibbard*. Dept. of
Anatomy, SUNY HSC at Syracuse, Syracuse, NY 13210*, and Div. of
Neurology and Neurological Surgery, Washington Univ. Sch. of Medicine,
St. Louis, MO 63110+.
We have used high-resolution 2-deoxyglucose/immunostaining and
automated data collection to analyze the spatial distribution of excitation
and inhibition in barrel cortex of normal behaving hamsters. Our
GAD/2DG double-labeled materials show that GAD+ neurons are much
more active during normal behavior than GAD- neurons, so that energy
budgeting is heavily biased toward inhibition (Soc. Neurosci. Abstr.
18:1546). In this study we examined regional patterning in the strength of
this inhibitory bias. In double-labeled preparations we computed the ratio
of mean 2DG label in GAD+ neurons to mean 2DG in GAD- neurons for
each 50gm x 50pm region of barrel cortex, then made maps of this
"inhibition index" corresponding to the original tissue sections. These
maps revealed a regional organization reminiscent of the classical centersurround receptive fields of neurons in the visual pathway. In animals with
all whiskers except row C trimmed acutely, core regions of the activated
row C zone at all cortical depths showed low indices of inhibition, while the
edges of the active zone showed dramatically enhanced inhibition as did
adjacent rows not directly stimulated. In normal animals the maps showed
a mosaic of low-inhibition core zones ringed by high-inhibition
perimeters, with no obvious correspondence between "modules" in the
mosaic and individual barrels. The results suggest that information
processing in barrel cortex involves coordination of large ensembles of
excitatory and inhibitory neurons which operate somewhat independently
of the underlying cytoarchitecture, creating high-transmission and highinhibition domains within the barrel field. Supported by NIH grants
NS31829 and NS 17763.

57.5
CHRONIC OPTICAL IMAGING OF INTRINSIC SIGNALS ENABLES
QUANTITATIVE LONG TERM ASSESSMENT OF FUNCTIONAL VARIABILITY
IN RAT BARREL CORTEX. S.A, Masino*. K, H. Tran. C, H, Chen, and R, D,
Frostig. Dept. of Psychobiology, Univ. of California, Irvine, CA 92717.
Although numerous studies have demonstrated the plasticity of cortical sensory
representations following various manipulations, few have assessed their baseline
functional variability over time. In order to use imaging to study plasticity in the rat
barrel cortex, we first felt that it was necessary to evaluate the ongoing baseline
variability in the areal extent of the functional representation of a whisker. The
whiskers serve as a useful system for such quantification because they provide a
discrete cortical representation and an independent peripheral unit to stimulate.
To this end we have further developed the thinned skull preparation (Masino et al.
PNAS, 90:9998-10002,1993) to a chronic preparation which is non-invasive to the
cortex. This chronic preparation has allowed us to repeatedly image from individual
animals - thus far for more than one month. For the duration of the experimental
period the animals were individually housed and only removed from the housing
environment on experimental days. All animals were imaged using identical
stimulation of whisker C2 (5 Hz for 1 second) and analysis of imaging data. A
computer algorithm quantified the areal extent of the whisker representation for each
data session for each animal. Such quantification determined that the areal extent of
whisker representations in individual animals varied 1-13% around their respective
means. In all cases this variability in area was not significant (p>.05).
These results show that in the absence of any deliberate manipulation to the system
there is no significant change in the areal extent of a whisker representation over
time. Furthermore, this study establishes the baseline functional variability in the
sensory representation as assessed under our experimental conditions. Such repeated
imaging, which is non-invasive to the cortex, is uniquely suited for providing ongoing
assessment of a whisker representation before, during, and after manipulations to the
sensory system. Supported by the Beckman Foundation and NIH grant MH-50362.
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OPTICAL IMAGING OF STIMULUS-EVOKED INTRINSIC
SIGNALS IN SOMATOSENSORY CORTEX. M, Tommerdahl*, O,
Favorov, and B. Whitsel. Departments of Biomedical Engineering and
Physiology, University of North Carolina, Chapel Hill, NC 27599.
Patterns of stimulus-evoked intrinsic signals (IS) in SI of cats were
examined in order to characterize the cortical response to repetitive
vibrotactile stimulation. In anesthetized cats, a recording chamber
containing an optical window was mounted over the contralateral
forelimb region of SI cortex. The cortex was illuminated with near
infrared light (840 nm), and images were obtained (slow scan CCD
camera ) before and during periods of vibrotactile stimulation.
Stimulus - nostimulus averaged difference images were examined to
detect the effects of changes in stimulus location, frequency or
amplitude. The results were compared to images/maps obtained in
previous neurophysiological and metabolic mapping experiments using
comparable stimulus conditions. A discrete vibrotactile skin stimulus
initially evoked signals within an extensive region of SI, but as the time
of exposure to the stimulus increased (5-30 seconds), a modular pattern
of activation emerged, usually within 3-10 seconds of stimulus onset.
The intrinsic signal patterns typically consisted of multiple abovebackground regions often surrounded by below-background regions
(resembling in many respects properties described previously for 2DG
"modules"). The intrinsic signal patterns were highly reproducible when
identical stimulus conditions were used, and while the patterns evoked
in the same cortex by stimuli differing in modality and position could be
very different, all patterns shared a number of common features. This
work was supported in part by NIMH R01 MH48654 and the Whitehall
Foundation.
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ANALYSIS OF THE FUNCTIONAL ARCHITECTURE OF WHISKER BARREL
FIELD OF THE RAT SI CORTEX WITH OPTICAL RECORDINGS;
IMPORTANCE
OF
INHIBITORY
NEURAL
SYSTEM
FOR
THE
DISCRIMINATION OF EACH WHISKER. Ichirou Takashima and Toshio lijirna*
Molecular and Cellular Neuroscience Sect., Electrotecniocal Lab., 1-1-4
Umezono, Tsukuba, lbaraki305, Japan
We analyzed the functional architecture of a whisker barrel field of the rat
primary sensory cortex with an optical recording technique using a voltage
sensitive dye(RH795). Male Long Evans rats were used for the experiments.
We monitored evoked signal in response to whisker stimulation by an optical
recording system with a time resolution of1.2 msec and a spatial resolution of
about 75 pm. The optical recording covered an area of about 5mm x 5mm.
Each whisker was stimulated mechanically at 30 Hz.
After an application of single mechanical stimulation to a whisker, a fast
optical signal appeared in a focal region in about 8 msec. The region of
activation was about 500 pm in diameter. It was confirmed that the location and
the area of activation corresponded very well to a specific whisker barrel of a
"barrel map" obtained with an anatomical study after the measurements. We
also confirmed the functional somatotopy through this type of measurements.
The duration of half maximal amplitude of the fast optical signal was about 9
msec. The fast signal representing the membrane deporarizations of neurons
was followed by a long lasting (about 160 msec) signal reflecting the membrane
hyperpolarizations. With an application of bicuculline(10 pM) on the cortical
surface, the second component of the optical signal totally disappeared, and
the first component largely increased in amplitude and in duration. By the
application of bicuculline, the activated area detected with an optical imaging
began to expand and cover more than a single barrel, and finally it expanded to
the putative banal SI. The banal SI is thought to be the region where the
sensory inputs from the common fur surrounding a mystacial vibrissa are
projected.

OPTICAL IMAGING OF INDIVIDUAL VIBRISSA ACTIVATION ZONES IN
RAT BARREL CORTEX: TEMPORAL SHARPENING OF SPATIAL
BORDERS. B.R. Sheth*. C.L Moore and M. Sur. Dept. of Brain & Cog. Sci.,
M.I.T., Cambridge, MA
As a prelude to studying representational plasticity in the rat somatosensory
cortex, and in conjunction with identifying the pattern of vibrissae that provide
input to a single cortical neuron studied with whole-cell recording (Moore &
Nelson, this vol.), we have imaged the cortical zones within SI activated by
stimulation of a single vibrissa. We thinned the skull over the cortex (Masino et
al., 1993) and imaged intrinsic signals with light at 632.8nm while focused
450|im beneath the cortical surface. Single vibrissae were deflected at varying
stimulus frequencies (1Hz, 5Hz and 10Hz) for 2.2s with a piezoelectric stimulator.
Signals were averaged over 30 trials, each lasting 4.5s following onset of
stimulation. For all frequencies, activity was analyzed within the period .6-2.3s
following onset of stimulation. Signals were found to be largest in this time frame
and their spatial localization following stimulation of different vibrissae accurately
reflected the known pattern of representation in barrel cortex.
Stimulation at 5Hz or 10Hz evoked a sharp focus of activity about 150pm in
radius.. At these frequencies, activity within this center spot was significantly
greater than activity observed at a 200pm radius (paired t-test, p < 0.05), indicating
a clear border to the activated zone. At a stimulus frequency of 1Hz, the level of
activity in the center spot was not different from that seen at 5Hz or 10Hz.
However, at 1 Hz the activity declined more gradually with distance, providing a
greater lateral spread of signal. These results indicate significant sharpening of the
signal with increasing frequency of vibrissa stimulation. Such sharpening is
consistent with the frequency-dependent firing of specific populations of thalamic
neurons (Diamond et. al. '92) or with a decrease in the lateral spread of
polysynaptic excitation in the barrel cortex. Supported by EY07023.
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IN VIVO WHOLE CELL RECORDING OF VIBRISSA-EVOKED SYNAPTIC
RESPONSES IN RAT SOMATOSENSORY CORTEX Christopher I, Moore and
Sacha B, Nelson*. Department of Brain and Cognitive Sciences, M.I.T.,
Cambridge, MA 02139.
We are interested in the contribution that the spatial and temporal pattern of
sub-threshold events play in the shaping of cortical receptive fields (RFs).
Therefore, we have used whole-cell techniques to record from neurons in the barrel
cortex of urethane-anesthetized rats during stimulation of individual vibrissa.
Neurons had input resistances of 60-180 mOhms and 80% fired overshooting action
potentials. Mean resting membrane potentials were 60.8mV +/- 6.9mV (mean +/s.d.; n = 25 neurons). In many cells, membrane potentials were biphasic, oscillating
between —55mV and -70mV at l-2Hz.
Synaptic responses to vibrissa deflection (n = 17 neurons) were multiphasic,
consisting of a short, constant-latency initial EPSP (latency 4-14 ms), followed by
a later, more variable latency EPSP (10-20 ms). In some cells, stimulus-evoked
IPSPs occurred after the initial EPSP and reversed near rest. However, inhibition
evoked by single vibrissa deflection was typically less prominent than excitation.
In 11 cells we examined responses evoked from 3-10 different vibrissae. Subthreshold RFs were much larger than supra-threshold (action potential) RFs:
Reliable EPSPs could be elicited by stimulation of vibrissae located up to 3 rows
and 4 columns from the primary-vibrissa.
Increasing frequency of vibrissa stimulation from 0.5Hz to 5Hz led to a
roughly 40% decrease in EPSP amplitude (n=3). Increasing frequency also led to
an apparent decrease in the frequency of stimulus evoked IPSPs. These findings are
consistent with a decrease in the firing of lateral intracortical projections, an
hypothesis we are currently testing.
We are also currently pairing different patterns of sensory stimulation with
post-synaptic depolarization and hyperpolarization to examine pre- and post-synaptic
mechanisms of RF modification.
Supported by EY06363 (SN) and EY07023 (to M. Sur).

ANESTHESIA-SENSITIVE COMPONENTS OF THE SI NEOCORTICAL
RESPONSE TO FOREPAW STIMULATION IN CHRONICALLY IMPLANTED
RATS. Mark. E. Jackson* and Larry L Cauller. GR4l, Neuroscience Program,
University of Texas at Dallas, Richardson, TX 75083.
In previous studies using monkeys, the amplitude of the anesthesia-sensitive
surface-negative component of the SI neocortical response to hand stimulation
predicted behavioral responses during a touch discrimination task. Current sourcedensity analysis determined that this behaviorally relevant component of the
somatosensory-evoked potential in monkeys was generated by synaptic excitation of
the most superficial layers I/II (Cauller and Kulics, 1991 Exp. Br. Res. 84:601).
We concluded that the most likely sources of this behaviorally relevant superficial
excitation were the backward cortical projections from motor and higher-order
cortical areas. To employ intracellular and neural tracing techniques, subsequent
studies of SI neocortex have employed rats to demonstrate: (1) backward
projections extend horizontally in layer I (Clancy and Cauller ibid.) and (2) these
layer I afferents mediate powerful excitation of deep pyramidal neurons (Cauller
and Connors, 1994 J. Neurosci. 14:751). This study developed an intact rat
preparation with chronically implanted electrodes in SI and MI neocortex to further
examine the role of layer I cortical inputs during somatosensory processing. During
deep Nembutal anesthesia, depth profiles (0.1 mm increments) of the field
potentials evoked by stimulation of the forepaw were recorded in SI neocortex. The
anesthetized response consisted of a primary, surface-positive potential that was
maximally negative in layer IV. The SI response to SH stimulation consisted of a
surface-negative potential associated with unit activity through layers II-V. In
chronically implanted, unanesthetized rats, the primary potential evoked by forepaw
stimulation was followed by a surface-negative potential that resembled the SIIevoked response and the behaviorally relevant component found in monkeys.

57.11

57.12

EFFECTS OF INACTIVATION OF THE PRIMARY SOMATOSENSORY
AREA (SI) ON TACTILE RESPONSIVENESS IN THE THIRD
SOMATOSENSORY AREA (Sill) OF THE CAT. A.B. Turman** J.W, Morley
and M,J, Rowe. Sch. Physiol. & Pharmacol., Univ. New South Wales and ADept.
Bio. Sci., Fac. Health Sci., Univ. Sydney, Sydney 2141, Australia.
Tactile information from the periphery is conveyed to multiple areas (SI, SII,
SIII and SIV) in the cerebral cortex of the cat. Each area receives direct subcortical
input from the thalamus and there are also substantial intracortical connections
between these spatially separate somatosensory areas of cortex. In our earlier
studies, using a very rapid, reversible procedure based on localized cooling, we
established that, in the cat, the SI and SII areas are organized in parallel for the
processing of tactile information (J. Neurophysiol. 67: 411-429, 1992). However,
there was also evidence for reciprocal facilitatory influences between SI and SIL In
the present study we have analysed the evoked and single unit responses in the
forelimb area of SIII in anesthetized cats while the SI area was inactivated by
means of localized cortical cooling. The distal forelimb areas in SI and SIII were
initially mapped by recording surface evoked potentials and the circular metal
cooling block (6 mm diameter) equipped with a Peltier thermal cooling device was
positioned over the distal forelimb focus of SI. Cooling of the block from 38‘C to
around 13’C was enough to inactivate the SI forelimb area. Although the evoked
potentials recorded over the forelimb representation of SIII were reduced in most
experiments by SI inactivation, they were never abolished. The responsiveness of
individual SIII neurons to controlled tactile stimuli whose receptive fields were on
the distal forelimb were also investigated before, during and after SI inactivation.
During SI inactivation most SIII neurons showed a reduction in their
responsiveness. These observations suggest that the processing of tactile
information in the SIII area of the cat is in part dependent on the functional
integrity of SI. (Supported by National Health & Medical Research Council of
Australia and Australian Research Council)

LAMINAR ANALYSIS OF RESPONSE LATENCY TO TACTILE
STIMULATION OF NEURONS IN CAT SI CORTEX. M.J. Johnson*
Aaron, Jr. and K.D. Alloway- Dept. of Neuroscience & Anatomy,
M.S. Hershey Medical Center, Penn State University, Hershey, PA
Ventrobasal thalamic projections to primary somatosensory (SI)
cortex terminate primarily in granular layers Illb and IV. This study
was designed to extend previous work in rat (Alloway et al., L
Neurophysiol.. 70:892-908, 1993) indicating parallel routes of
information transmission within a cortical column. Extracellular
responses from isolated neurons in different layers of primary
somatosensory (SI) cortex were recorded during cutaneous stimulation
of halothane-anesthetized cats to determine if there was a discernible
sequence of laminar activation.
Latency of cortical cell responses to mechanical indentation and
electrical stimulation were measured. Preliminary studies of 9
supragranular, 15 granular, and 12 infragranular neurons indicated that
inffagranular and granular neurons were activated nearly simultaneously
by peripheral stimulation (minimal latencies = 9.2, 9.3 ms respectively)
followed by supragranular activation (minimal latency = 10.4 ms).
Response probability was highest for granular neurons (0.80) and lower
for both supra- (0.70) and infragranular (0.70) neurons. Crosscorrelation analyses of thalamic and cortical neuronal interactions as a
function of cortical neuronal position are currently in progress.
Supported by NIH grant NS29363.
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LATERAL ASYMMETRY OF THE RODENT SOMATOSENSORY
CORTEX. D.R. Riddle* and D. Purves. Department of Neurobiology, Duke
University Medical Center, Durham, NC 27710.
We have evaluated lateral asymmetry of a major cortical area by comparing
the primary somatosensory cortex (SI), revealed by succinate dehydrogenase
histochemistry, in the two hemispheres of adult rats. Our choice of the rat was
dictated by the accuracy with which one can measure SI and its component
parts; our larger interest is in the rules that govern the allocation of cortical
space and in how that allocation is manifested in behavior. There was no
consistent lateral bias in the size of SI or its component parts in the sample as a
whole (N=53 rats). Within individual rats, however, the overall area of SI
(defined here as the sum of the major somatic representations) in the two
hemispheres differed by an average of 6.8+0.7% (mean+SEM).
This
asymmetry of SI was not associated with an overall asymmetry in cortical area.
Lateral differences in the size of the individual somatic representations were
7.9+0.8% for the whisker pad representation, 11.6+1.3% for the rest of the
snout, 15.4+1.6% for the furry buccal pad, 13.9+1.4% for the lower jaw, and
13.3+1.2% for the forepaw. These average lateral differences were at least three
times as large as the average difference in repeated measurements of the
representations in individual hemispheres, ruling out measurement error as an
explanation. Furthermore, the lateral differences in the size of the individual
somatic representations in any given animal varied independently. Thus the
lateral differences were not an artifact of the necessary separation of the two
sides of the brain for analysis. It seems likely that these lateral differences in
the normal allocation of cortical circuitry are reflected in behavior.

MONDAY AM

57.14

THALAMOCORTICAL RHYTHM GENERATION STUDIED IN RAT
THALAMOCORTICAL SLICES USING WHOLE CELL PATCH
TECHNIQUES.

Douglas A, Coulter* and Yun-fu Zhang. Department of Neurology,
Medical College of Virginia, Richmond, Va 23298.
Rat thalamocortical slices maintain reciprocal synaptic
connections between somatosensory thalamus, somatosensory
cortex, and nucleus reticularis (NRT), when cut using the slice angle
developed by Agmon and Connors (Neuroscience 41: 365, 1991).
When perfused with a low Mg2 + medium, these slices generate
spontaneous thalamocortical bursts of rhythmic activity every 15-30
s. This activity consists of generalized thalamocortical discharges
with a frequency of 4-15 Hz, lasting 2-10 s. Slice patch recordings
from thalamic recordings during thalamocortical spontaneous activity
revealed large IPSPs coincident with cortical bursting activity
(presumably due to cortical activation of NRT neurons) and these
IPSPs elicited rebound low threshold calcium spikes in thalamic
neurons on the IPSP decay phase, which initiated further activity, and
drove the subsequent oscillation. Slice patch recordings from NRT
neurons during low Mg2 + activity revealed large depolarizations and
burst firing in these neurons coincident with cortical activity.
Similarities between in vitro and in vivo thalamocortical
oscillations make the thalamocortical slice a promising system in
which to study normal and pathophysiological mechanisms involved
in generation of thalamocortical oscillatory activity. Supported by
NIH-NINDS Grant NS 31000.

57.15

57.16

COHERENT SPINDLE (7-14 HZ) AND FAST (20-50 HZ) OSCILLATIONS IN
CORTICOTHALAMIC NETWORKS.
D, Contreras* and M. Steriade, Lab. of
Neurophysiol., Laval University, Quebec, Canada GIK 7P4.
Operations in neural networks exhibiting oscillatory behavior depend critically on
phase relations assumed by their constituent elements. Here we report that cortical,
thalamocortical (TC) and reticular thalamic (RE) neurons oscillate together at intervals
constrained by long-lasting hyperpolarizations. Intracellular recordings were performed
in ketamine-xylazine anesthetized cats from motor and somatosensory cortical areas,
ventrolateral and ventroposterior thalamic nuclei, and appropriate sectors of the RE
nuclear complex. The time reference used to align neuronal activities was the EEG
recorded through coaxial electrodes from the cortical surface and depth (~0.6 mm).
Dual intracellular recordings from cortical-cortical, cortical-TC and cortical-RE
neuronal pairs demonstrated that a prolonged hyperpolarization (up to 0.8 s) in all
these cell-types was correlated with a depth-EEG positive wave. The inhibitory period
terminated with a sharp depth-negative EEG wave, associated with excitation in
cortical and thalamic cells. Between the hyperpolarizing phases, RE and cortical cells
were depolarized and showed oscillatory behavior at the frequency of spindles or fired
tonically at higher frequencies. During the depolarizing phases of the oscillation, fast
rhythms (20-50 Hz) were observed sub- or suprathreshold in cortical cells, in
conjunction with a similar EEG activity betraying synchronization at that fast
frequency. A subpopulation of cortical cells from either motor or somatosensory
cortices, with fast spikes and small AHPs, discharged spike-doublets or triplets at 2050 Hz when depolarized by current pulses. During periods of spontaneous fast EEG
oscillations, the Vm of TC and RE cells was modulated at that rhythm. No functional
significance for information processing can be ascribed to these fast oscillations as
they appear in a state of deep anesthesia. We propose that a general inhibitory
mechanism is at the basis of the synchronization in corticothalamic networks.
Supported by MRC of Canada (grant MT-3689) and the Savoy Foundation.

MECHANISMS UNDERLYING OSCILLATORY ACTIVITY IN THE THALAMIC RETICULAR NUCLEUS. A. Destexhe*, D. Contrerasjj, T.J. Sejnowski
and M. Steriade§. The Salk Institute, Computational Neurobiology Laboratory,
PO Box 85800, San Diego, CA 92186, USA; § Laboratory of Neurophysiology,
Laval University, Quebec, CANADA G1K 7P4.
Single compartment models of thalamic reticular (RE) cells with HodgkinHuxley-like kinetics were developed based on in vivo and in vitro recordings.
Single RE cells displayed a sequence of rebound bursts following current injection
or orthodromic stimuli. The three currents It , Ik [Co ] and Ican could generate
the rhythmic bursting behavior of RE cells reported in thalamic slices (Bal and
McCormick, 1993).
Network models of RE cells interacting with feist and slow inhibition were
developed based on kinetic models of GABAa and GABAg receptors. Twodimensional arrays of RE neurons interacting with their neighbors exhibited
waxing and waning oscillations at spindle frequency of 6.5-9 Hz, as observed in
the isolated RE nucleus in vivo (Steriade et al. 1987). These oscillations were
accompanied by wave-like spatiotemporal patterns.
The model predicts that oscillatory activity depends critically on the level
of the resting membrane potential relative to the chloride reversal potential.
For sufficiently negative resting levels, interconnected RE cells do not sustain
oscillatory behavior. This may explain why the isolated RE nucleus in vitro
does not exhibit spontaneous oscillations (von Krosigk et al. 1993). We suggest
that RE cells in vitro may show spontaneous oscillations if their resting levels
were brought to more depolarized values, such as those seen in vivo. We propose
that the regulation of the resting level of RE cells by neuromodulatory systems
may provide a mechanism for controlling the efficiency of the RE nucleus to
synchronize oscillations in the thalamus.

57.17

57.18

OSCILLATION AND NOISE DETERMINE TRANSDUCTION
CHARACTERISTICS IN A NEURONAL MODEL. M.T.Huber*. H.A. Braun.
K.Voigt, Inst, of Physiology, University of Marburg, Deutschhausstr.1-2,

Norepinephrine
-Like Neuromodulation
Increases
Signal -To -Noise ratio in
a Computer
Model
of the
Somatosensory
System .
J.P. Utz*. B.D.

35033 Marburg, Germany.
Intrinsic oscillators and their modulation by synaptic or sensory input pose

interesting questions for neuronal signal processing. Some neurons possess ionic
mechanisms which allow them to transduce stimuli into partially
subthreshold oscillatory activity. Here we present a noisy five conductance

model based on findings from cortical stellate cells (Alonso and Klink, J
Neurophysiol 1993, 70:128). The model has a persistent gNa> a subthreshold
gK, a gleak and conductances for Na/K-action potentials. On depolarization

the model exhibits subthreshold oscillations, which increase in amplitude
and sometimes reach spike-threshold with increasing current input. The
oscillation frequency remains almost unaffected. The electrical behaviour of
the model neuron is similar to that observed in subtreshold oscillating

cortical neurons. In addition to voltage traces we computed interval
interspike histograms from longer simulation runs. These interval
distributions with respect to different values of depolarizing currents show
clearly that the current modulates the probability of spike initiation per
oscillation cycle. This finding is physiologically relevant as it indicates
that a cortical model neuron can reproduce transduction characteristics
which have very recently been described for peripheral electroreceptors
(Braun et al. 1994, Nature 367: 270).
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Waterhouse, F.M. Sessler and J.K. Chapin. Department of Physiology &
Biophysics, Hahnemann University, Philadelphia, PA 19102-1192.
A computer model of the rat somatosensory system, ENGINE, was developed
as a tool for understanding the impact of norepinephrine (NE) on the
operation of intact neuronal networks. ENGINE consists of four layers, each
containing a 30x30 sheet of neuron-like units. The layers are connected in a
pattern which resembles, in a simplified manner, connections between the
ventral posterior thalamus (VP), the thalamic reticular nucleus and the
primary somatosensory cortex. Each unit incorporates several biologically
realistic properties, including a membrane potential calculated from
membrane conductances and Nernst potentials for ionic conductances,
membrane capacitance, leak conductance, a voltage-triggered spike generator
and axonal conduction delays. The VP is driven by a 30x30 array of
randomly-timed input fibres, with one or more bars of input activity serving
as focal stimuli. Each connection fans out from one layer to the next. To
simulate the effects of NE, the synaptic strength of all excitatory synapses, all
inhibitory synapses, the voltage-sensitivity of the spike threshold and/or the
strength of the afterhyperpolarizations were changed systematically.
Increasing both inhibition and excitation increased the propagation of the
signals through the network. However, increasing inhibition more than
excitation increased the propagation of the signals while the noise in the
system was reduced. The strength and duration of reverberations within the
system was increased by increasing excitation, while increasing both
excitation and inhibition, the strength of reverberations remained the same
or was reduced. These effects are consistent with known physiologic
properties of NE in this sensory system. These results demonstrate the utility
of a computer model for predicting ways in which NE could alter signal
processing in sensory networks. (Supported by NS23722 to JKC and NINDS
32461 to BDW).
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57.19

57.20

DECODING SENSORIMOTOR POPULATION CODES USING DISCRIMINANT
AND CANONICAL CORRELATION ANALYSIS. John K. Chapin* and Miguel A.L
Nicolelis. Dept. of Physiology and Biophysics, Hahnemann University, Philadelphia, PA 19102
To investigate the mechanisms by which large populations of neurons encode
sensory information up to 48 single neurons were simultaneously recorded at
brainstem, thalamic and cortical levels of the somatosensory system in awake
rats. Discriminant (DA) analysis was used to derive multi-neuronal population
codes (discriminant functions) for predicting experimental parameters on a single
trial basis. Canonical correlation analysis (CCA) was used to define the optimal
multivariate space for representing these population functions. Simultaneous
recordings in the facial whisker representations revealed that population codes
for whisker location in the principal (PrV) trigeminal nuclei are sparse: neurons
code mainly for single whiskers. By contrast, codes in the ventral posterior (VP)
thalamus and SI cortex are spatiotemporally distributed: short and long latency
responses of each neuron participate in nearly all of the discriminations. Increasing the number of neurons in the data set always improved the overall discrimination between a large number of whiskers. In awake animals the correctness
of the trial-by-trial discrimination by VP and SI neuronal ensembles was subject
to periodic non-random fluctuations, possibly reflecting spontaneous changes in
the brain's discrimination of its sensory inputs. This possibility was more directly
addressed by other experiments in which SI cortical neuronal ensembles were
recorded in rats trained to move their forelimb upon receiving a vibratory stimulus
on the forepaw. The discrimination of this vibratory cue by SI cortical neuronal
populations was also found to fluctuate periodically over trials, and these correlated with the animal's success or failure in making the proper conditioned
forelimb motor response to the cue. Thus, the processing of the sensory cue in
the SI cortex may play a major role in the coordination of a correct conditioned
motor response to the cue. In conclusion, this method for reconstruction of
multi-neuronal population vectors provides a powerful tool for analysis of sensorimotor neural processing. Supported by NS26722 to JKC.

NEONATAL IMPAIRMENT OF
ACTIVE
WHISKER
MOVEMENTS
DISRUPTS THE SPATIOTEMPORAL ORGANIZATION OF RECEPTIVE
FIELDS IN THE RAT SOMATOSENSORY THALAMUS. M.A.L. Nicolelis*.

R.C.S. Lin, and J, K, Chapin. Department of Physiology and Biophysics,
Hahnemann University, Philadelphia, PA 19102.
Recently, we have demonstrated that thalamic neurons within the
ventral posterior medial (VPM) nucleus often exhibit, during the time course
(100 ms) of a discrete stimulus, shifts in the spatial domain of their receptive
fields(RFs) from caudal to rostral whiskers, but rarely in the opposite direction
(Nicolelis et. al., 93’,94’). This observation led us to propose that sensory
maps across the rat trigeminal system may reflect a functional bias imposed
upon sensory neurons, since early postnatal life, by unique spatiotemporal
patterns of peripheral receptor activation, produced by the continuous
expression of active synchronous whisker movements used by rats to explore
their surrounding environment. To test this hypothesis, one week old rats
were subjected to a complete unilateral section of the main trunk of the facial
nerve at the level of the stylomastoid foramen. This motor denervation
prevented the expression of active and synchronous whisker movements,
which usually appear around PND 10-15, throughout the animal’s life. Chronic
and simultaneous recordings of ensembles of many single neurons performed
in adult animals revealed profound disruptions in the normal spatiotemporal
organization of sensory RFs in the VPM. These alterations included: RF
discontinuities, presence of large face-body RFs (including caudal whiskers,
neck and shoulder), and higher than normal incidence of sustained
responses. Moreover, RF shifting was either absent or rarely observed in the
VPM of these animals. These results suggest that the expression of normal
motor experience during early postnatal life is fundamental for the
establishment of a normal somatosensory representation in the rat thalamus.

PAIN PATHWAYS I
58.1

58.2

Peripheral neuropathy and disturbances in pain sensation in the non-obese diabetic
(NOD) mouse. G. Davar*, S.S. Waikar, M, Hattori, J.G. Thalhammer. Department of
Anesthesia, Brigham and Women's Hospital, and Joslin Diabetes Center; Harvard
Medical School, Boston, MA 02115.
Painful peripheral neuropathy is a frequent complication of Type 1 diabetes
in humans. The mechanisms underlying this condition could be understood by
examining experimental animals with inherited diabetes that have peripheral
neuropathy and disturbances in pain sensation. Recently, the genetic and immunologic
features of inherited diabetes have been extensively studied in the non-obese diabetic
(NOD) mouse. While many complications of diabetes have been observed in NOD
mice, there have been no reported investigations of peripheral neuropathy, or
disturbances of pain sensation.
Age- and sex-matched mice (n=52) with (NOD+) and without (NOD ) diabetes
(1-3 months duration), and non-NOD mice (ILI strain) (n=8) were examined for
evidence of peripheral neuropathy and changes in pain sensation. All NOD mice
displayed gait disturbance, weakness and muscle atrophy. These signs were increased
with the duration and severity of diabetes. In initial experiments, NOD+ mice
demonstrated significantly reduced latencies to hindpaw withdrawal from a painful
thermal stimulus (50-53°C hot plate) (p<0.05, df=9, one-tailed t-test) when compared
with NOD' mice. Significant differences were also observed between groups when
hindpaw withdrawal latencies for NOD+, NOD' mice and ILI mice were compared
(ANOVA, p<0.05, F=3.38). Post-hoc analysis (Tukey's test) revealed a significant
difference between latency measures for NOD+ and ILI mice. In addition to these
changes in pain sensation, decreases in the motor nerve conduction velocity were
observed in NOD+ mice compared to NOD' mice.
These data provide evidence of peripheral neuropathy in NOD mice and
disturbances in pain sensation in the presence of diabetes. Since these abnormalities
may partly be the result of a change in the excitability of primary afferent neurons,
we are examining dorsal root ganglia removed from NOD+ for changes in gene
expression by Northern analysis and differential hybridization.

INTRACOLONIC ZYMOSAN PRODUCES INFLAMMATION
AND VISCERAL HYPERALGESIA IN THE RAT. S.V,
Coutinho. S.T, Meller and G.F, Gebhart.* Department of
Pharmacology, University of Iowa, Iowa City, IA 52242, USA
Intraplantar zymosan (from Saccharomyces cerevisiae) has been
developed as a reliable and quantifiable model of cutaneous
hyperalgesia in rats. The present study aims to determine whether
intracolonic zymosan produces visceral hyperalgesia. Visceromotor
responses (VMR) to colorectal distension (CRD) at increasing
pressures (10, 20, 40, 60 & 80 mm Hg, 20 s, 4 min apart) were
measured in awake, chronically instrumented male Sprague-Dawley
rats. In the initial experiments, three groups of rats were tested; one
received no treatment at all, while the others received a bolus (1 ml)
of intracolonic saline or zymosan (25 mg/ml) respectively, and were
tested three hrs post treatment. Zymosan produced a decrease in the
VMR threshold and an increase in the magnitude of responses at all
intensities of CRD. Qualitative histological examination
(characterized with respect to the general architecture, heights of the
crypts, nature of the epithelial lining and leucocytic inflammation)
revealed that zymosan-producd colonic inflammation was timedependent and progressive, was manifest at one hr and persisted
beyond 72 hrs. These studies suggest that intracolonic zymosan is a
good model for inflammation and visceral hyperalgesia.

58.3

58.4

BLOCKADE OF THE INBUCTION OF PERSISTENT HINDLIMB
FLEXION IN SPINALIZED RATS BY THE BILATERAL
APPLICATION OF AN ELECTRICAL STIMULUS.
M.F.
Anderson* and K.E. Sanzenbacher
Department of
Psychiatry,
St.
Elizabeth's
Medical
Center,
Boston, MA 02135 & Department of Neurology, York
Hospital, York, ME 03909.
Unilateral stimulation (2mA, 7ms, 100Hz, 60min)
across the upper hindlimb in the spinalized rat
produces persistent hindlimb flexion.
After
spinalization at T-7 of urethane anesthetized Long
Evans rats, wound clips were applied bilaterally
to the musculature of the right and left upper
hindlimbs. Current (2mA, 7ms, 100 Hz, 60min) was
delivered across the clips of both limbs in the
experimental rats and only across those of the
right limb of control rats.
After stimulation,
measurements of
leg lengths were taken and
compared to those taken just prior to stimulation.
In control rats, the right hindlimb appeared
flexed and pre- and poststimulation
lengths
differed significantly.
In experimental rats,
there was no evidence of flexion or significant
difference
between
preand
poststimulation
lengths of either limb.
These data suggest that
induction of persistent hindlimb flexion
in
spinalized rats is inhibited by the bilateral
application of an equivalent stimulus. (Support:
Mead Johnson & St. Elizabeth's Medical Center)
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FOCAL FREEZE INJURY OF PERIPHERAL NERVE: A REPRODUCIBLE
MODEL OF NEUROPATHIC PAIN. R.R. Myers and C. Sommer*.
Departments of Anesthesiology and Pathology
(Neuropathology), VA Hospital and the University of California,
San Diego, CA 92093, USA.
Several experimental models of peripheral nerve injury have
been developed recently to explore the pathogenesis of neuropathic pain. We have demonstrated that Wallerian degeneration is an important prerequisite to the development of thermal
hyperalgesia and that there must be some surviving fibers
conducting through the lesion site; interruption of all fibers
produces analgesia to thermal stimuli applied to distal
dermatomes. Previously developed models meet these criteria
but are difficult to create reproducibly. In order to better
control the magnitude of the lesion and the extent of nerve
fiber injury so that we could systematically explore the relationship between the kind and degree of fiber injury and
hyperalgesia, we used focal freeze injuries of various durations
to injure rat sciatic nerves. A Spembley cryoprobe with a 2 mm
tip was used to freeze nerves for periods ranging from 2
seconds to 60 seconds. This produced nerve injuries affecting
10-100% of nerve fibers, respectively, and these data were
correlated with the magnitude and duration of hyperalgesia.
Preliminary analysis indicates an inverse linear relationship
between 2-30 second duration freeze lesions and degree of
hyperalgesia. Sixty second lesions useful in the management of
cancer pain injured essentially all nerve fibers and produced
analgesia to thermal stimuli.
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A ROLE FOR GLIA IN SPINAL MECHANISMS OF
HYPERALGESIA. G.F, Gebhart, S, Murphy* and S.T, Meller.
Department of Pharmacology, University of Iowa, Iowa City, IA
52242, USA.
While the central neural mechanisms that underly hyperalgesia
produced by peripheral injury have been extensively studied, the
role of glia in nociceptive processing and hyperalgesia have not
been explored.
In the present studies, we have found that (1) selective inhibition
of glia metabolism using intrathecal (i.t.) fluorocitrate (1 nmol)
results in a marked, but reversible, attenuation of the persistent
thermal, but not mechanical hyperalgesia produced by intraplantar
carrageenan (2 mg). I.t. fluorocitrate did not alter baseline thermal
withdrawal latencies or mechanical withdrawal thresholds in noninflammed rats. (2) Selective inhibition of iNOS using i.t.
aminoguanidine produced a dose-dependent (100 fmol-1 nmol)
inhibition of the persistent thermal but not mechanical hyperalgesia
produced by intraplantar zymosan (5 mg). I.t. aminoguanidine did
not produce any alteration in baseline thermal withdrawal latencies
or mechanical withdrawal thresholds in non-inflammed rats. (3)
Induction of iNOS in glia using i.t. lipopolysaccharide (LPS; 150
Mg) or combined interleukin lo (IL1; 10 ng) 4- interferon gamma
(IFN; 1000 units) produced a time-dependent thermal hyperalgesia
compared to saline treated-rats (15 /xl). There was no change in
mechanical hyperalgesia over time.
These intriguing data suggest a role for glia in spinal nociceptive
processing of cutaneous thermal hyperalgesia.

58.7

LOCALIZATION OF NOS AND SOD IMMUNOREACTCVITY IN RAT
TOOTH FOLLOWING PULP EXPOSURE. A.S. Law*. K.R,
Baumgardner. L.W, Oberiey. S.T. Meller and G.F. Gebhart. Depts.
Pharmacol., Endo. and Rad. Biol. Univ. of Iowa, Iowa City, IA, 52242.
Inflammation of the dental pulp is characterized by changes in blood
flow, immunocompetent cell function, and neuronal activity. As both nitric
oxide (NO) and superoxide have been implicated in these events following
tissue insult, the purpose of this study was to examine the distribution of
NO synthase (NOS) and superoxide dismutase (SOD) in the rat tooth
following pulp exposure.
Pulp exposures were made on the maxillary right first molars of
anesthetized rats. Four days later the rats were perfused with 2%
paraformaldehyde and maxillary jaw segments were removed, post-fixed,
decalcified, cryoprotected and serially sectioned (20 pm). Sections were
reacted for neuronal or inducible NOS (nNOS-1:4,000; iNOS-1:1,000),
Manganese-SOD (MnSOD-l:4,000), or Copper-Zinc SOD (CuZnSOD1:4,000) immunoreactivity, or H&E. The H&E sections showed an increase
in inflammatory cells in the pulp tissue adjacent to the site of exposure.
nNOS-immunoreactivity (nNOS-i) was not apparent in pulpal nerves or
other pulpal cells. iNOS-i was increased in pulpal cells bordering the
inflammatory lesion when compared to pulp tissue further from the
inflammatory lesion and unexposed pulps. Both MnSOD-i and CuZnSOD-i
were increased in a distribution similar to iNOS-i; however, CuZnSOD-i
was limited to fewer cells within the affected tissue. These results suggest
that both NO and superoxide may play a role in the production of pain and
inflammation in the tooth pulp following pulp exposure.

58.9

AUTOTOMY FOLLOWING SCIATIC CRYONEUROLYSIS: RELATIONSHIP
TO PERIPHERAL NERVE PATHOLOGY. R. Wagner1 *.H, M, Heckman3J. A,
DeLeo1’2.D. W, Coombs2. R. R, Myers3 Depts. of Pharmacology1, Anesthesiology2 at
Dartmouth-Hitchcock Med. Center, Lebanon, NH 03756 and Anesthesiology and
Pathology (Neuropathology)3 at Univ. of Calif., San Diego, La Jolla, CA 920939151. We employed a model of mononeuropathy, sciatic cryoneurolysis (SCN), in
female rats to assess whether pathological changes in the peripheral nerve positively
correlate with autotomy. SCN is performed by applying a cryoprobe to the sciatic
nerve in a freeze/thaw/freeze cycle. Autotomy occured 1-3 days after SCN and
peaked in severity and incidence (using Wall’s scoring method) between 14-21 days.
Temporal pathological changes (3,7,14,21,28,35 days post-SCN; n = 8 each group)
at the lesion site were quantified using light microscopy. Axon diameters were
measured and grid morphometry of the fascicle was performed. Axon diameter
histograms displayed a complete loss of large A-myelinated diameter fibers and a
substantial loss of smaller myelinated fibers as early as 3 days following SCN.
Regeneration by 35 days was incomplete, as suggested by increased numbers of
smaller myelinated fibers and decreased larger fibers when compared with normal
sciatic nerves. Morphometry calculated the percentage of edema, degenerating or
demyelinating neurofilaments, blood vessels, normal-appearing neurofilaments, or an
“other” category including immune cells and Schwann cells. Autotomy positively
correlated with axonal sprouts [p < 0.07] and the “other” group [p < 0.02] using
Spearman rank correlation assessment This work strongly supports the involvement
of immune and/or Schwann cell factors in autotomy behavior following a peripheral
nerve injury.
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THE ROLE OF CARBON MONOXIDE (CO) IN ACUTE AND
PERSISTENT THERMAL AND MECHANICAL HYPERALGESIA. S.T.
Meller* and G.F. Gebhart. Department of Pharmacology, University of
Iowa, Iowa City, IA 52242, USA.
Carbon monoxide (CO) has recently been suggested to be a labile intraand intercellular neuronal messengers. Recent studies have suggested that a
class of protoporphyrins are potent and selective inhibitors of the enzyme
that produces CO, hemo oxygenase 2 (HO2). These studies show that
intrathecal administration of tin protoporphyrin IX (SnPPIX) produces a
dose-dependent (100 fmol-100 pmol) inhibition of die acute mechanical
hyperalgesia produced by quisqualate (100 pmol), but even the greatest dose
of SnPPIX tested (100 pmol) did not affect the acute thermal hyperalgesia
produced by NMDA (1 pmol). These data suggest that CO may be involved
in acute mechanical but not thermal hyperalgesia.
To determine if the same mechanisms were involved in the persistent
mechanical hyperalgesia produced by intraplantar zymosan, we examine the
effect of SnPPIX (100 fmol-100 pmol). SnPPIX produced a dose-dependent
abolition of the mechanical hyperalgesia produced by intraplantar zymosan
without affecting thermal hyperalgesia. SnPPIX did not affect baseline
thermal withdrawal latencies or mechanical withdrawal thresholds of the
uninflammed paw. In none of the studies did SnPPIX produce any overt
observable motor effects. In addition, SnPPIX did not produce any evidence
of touch-evoked allodynia or convulsant-like effects.
These data support the observations made with respect to acute
hyperalgesia and suggest that CO is involved in mechanical, but not thermal
hyperalgesia. This is consistent with our previous data in which another
labile intra- and intercellular messenger, nitric oxide was shown to be
involved in thermal hyperalgesia.

58.8
DYSESTHESIAS IN THE RAT FOLLOWING SPINAL CORD LESIONS.J,
Ovelmen-Levitt, T. Harris, K.T. Nquven, B. Iskandar, J.Gorecki, B.S. Nashold.Jr*
Div. Neurosurgery, Duke Univ. Med. Ctr., Durham, N.C. 27710
Spinal cord traumatic injury can be followed by chronic pain in human patients.
We have been developing a surgical model in the rat of spinal cord injury to study
mechanisms of central pain. Spontaneous dysesthetic or painful sensations are
manifested in the rat by scratching, licking or biting the affected body part.
Hypersensitivity to peripheral stimuli is also observed. Sixteen female SpragueDawley rats with unilateral spinal cord lesions were studied. Eleven rats had
cervical spinal cord lesions, while 5 animals had mid-thoracic cord lesions. These
aseptic surgical lesions were made under pentobarbital anesthesia after
hemilaminectomies. There was daily monitoring of signs of spontaneous
dysesthesias and sensory and motor status.
Histological analysis with
reconstruction of all lesions was performed. All rats with thoracic cord lesions
exhibited signs of spontaneous dysesthesias within 50 post-surgery days. The
contralateral hind limb was hypoalgesic with light touch usually being preserved.
Hypersensitivity to touch was observed in proximal body parts. After cervical
lesions, the signs of spontaneous pain developing in the contralateral hindlimb
were delayed (> 90 days) compared to those after thoracic lesions. Contralateral
forelimb signs were observed in several cases of cervical tractotomies. These
results in the rat are similar to those reported in the monkey after spinal
cordotomies( Levitt and Levitt, Pain, 1981, 10:129- 147), and likely correspond
to postcordotomy dysesthesias in the human.

58.10

P-ARRESTIN HOMOLOGOUS PROTEINS IN CAT & RAT
DORSAL ROOT GANGLION. N. Komori*1. K. Miller2, and H.
Matsumoto1. Dept. of Biochemistry and Molecular Biology1 &
Anatomy2, Univ. of Oklahoma HSC, OKC, OK 73190.
Arrestin and its homologs, P-arrestin 1 & 2, are known to
inactivate light-activated rhodopsin and P-adrenergic receptors,
respectively, after receptor phosphorylation. P-arrestin 1 & 2 are
predominantly expressed in innervated tissues, and their
localization patterns in the brain suggested that they have broad
receptor specificity. We hypothesize that pain sensations are also
regulated by a member of the arrestin protein family in the dorsal
root ganglion (DRG). Our Western blot analyses of cat DRG, cat
retina, and rat DRG detected two protein bands by both anti-rat p
-arrestin 1 & 2 and a few additional bands by anti-P-arrestin 2.
Immunohistochemical analyses from cat and rat DRG revealed
two distinct staining patterns. For P-arrestin 1, a few small sized
neurons were stained as well as many satellite cells. For P-arrestin
2, many small and large sized neurons were stained. These
proteins may be important regulators of pain or other sensory
modalities. Supported by NS27213 (KEM) and by Presbyterian
Health Foundation (HM).
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DOES THE INTENSITY OF NOXIOUS STIMULATION
INFLUENCE C-FOS ACTIVATION PATTERNS IN RAT BRAIN?
HB Gutstein.* WE Cullinan. JL Thome. H Akil. and SJ Watson, Department of
Anesthesiology and MHRI, University of Michigan, Ann Arbor, MI, 48109.
Our previous work has described brain c-fos activation patterns after noxious
stimulation, and compared these patterns to non-noxious stressors. In this study,
we wished to determine if stimulus intensity either induced c-fos expression in
novel areas or increased the amount of expression in previously activated regions.
Fourteen male Sprague-Dawley rats served as either sham-handled subjects or
underwent right hindpaw heating to 48, 50, 55, or 60’C for 15 seconds, and were
sacrificed by rapid decapitation 30 minutes later. Four animals served as
unhandled controls. Brains were quickly frozen, then sectioned and subsequently
fixed in paraformaldehyde. In situ hybridization histochemistry was then
performed using a cRNA probe for c-fos.
Many brain regions were activated by both pain and non-noxious stress.
Areas differentially activated by noxious stimulation included agranular insular
cortex, septohippocampal nucleus, caudal lateral arcuate nucleus, dorsal central
gray, rostroventrolateral medulla, and caudal nucleus tractus solitarius. The
lateral septal dorsal nucleus appeared to increase expression with greater
stimulation, but was also activated by non-nociceptive stressors.
These data suggest that graded noxious stressors appear to induce c-fos
expression in several brain areas. However, in most of these areas, the degree of
expression does not appear to be proportional to stimulus intensity. Studies are
currently underway to quantitate and further characterize c-fos response patterns of
areas that are differentially activated by noxious stimulation, and those appearing
to demonstrate graded responses to nociception.

Approved by the Animal Care Committee, University of Michigan
Supported by Foundation for Anesthesia Education and Research and DA 02265.

58.12

ALTERATIONS IN IMMEDIATE EARLY GENE EXPRESSION IN THE
PARABRACHIAL NUCLEUS IN A CFA MODEL OF PERIPHERAL
INFLAMMATION, L.L. Bellavance* and A.J. Beitz. Department of
Veterinary PathoBiology, University of Minnesota. St. Paul, MN 55108.
Increases in the expression of immediate early genes (IEGs) have been
shown to occur in the lumbar spinal cord dorsal horn after peripheral
inflammation. Given that the Parabrachial Nucleus (PBN) has been
implicated in nociceptive and antinociceptive processes and is reciprocally
connected with the spinal cord dorsal horn, it seems likely that peripheral
inflammation will cause alterations in IEG expression in this nucleus. To
test this hypothesis we examined IEG immunoreactivities in a CFA-induced
peripheral inflammatory model of nociception.
Circumference
measurements showed significant inflammation of affected hind paws of
CFA rats when compared to saline controls. This inflammation developed
by 6 hours, was maxmal at 12 hours and was maintained until 72 hours. At
72 hours post-injection CFA rats displayed decreased withdrawal latencies of
the affected paw from a noxious thermal stimulus. Qualitative analysis of cfos immunoreactivity in saline control versus CFA rats showed a bilateral
increase in the number of c-fos immunoreactive neurons in the middle but
not caudal or rostral levels of the lateral PBN (1PBN) at 6 and 12 hours postinjection. At 24, 48 and 72 hours post-injection an increase in the number of
c-fos immunoreactive neurons was greater contralaterally in the middle
regions of the 1PBN. By 192 hours post-injection c-fos immunoreactivity in
the 1PBN returned to control levels. Interestingly, withdrawal latencies of
the affected paw from a noxious thermal stimulus in CFA rats also returned
to control values by 192 hours post-injection. These data suggest that the
PBN is active during the period of hyperalgesia and inflammation produced
by this model. However, it is not known whether those neurons active in the
PBN are participating in nociceptive or antinociceptive mechanisms.
Supported by NIH grant DA06687.

58.13

58.14

Gender differences in immediate early gene expression in the trigeminal
complex induced by chronic pain. C.S. Dohrn,* J.J. Sanderson and A.J.
Beitz. Dept of Vet PathoBiology, Univ. of Minnesota, St Paul, MN 55108
Temporomandibular disorder (TMD) is a significant chronic pain syndrome
that afflicts women much more frequently than men. Although a few clinical
remedies exist (e.g., surgery) and the neuroanatomical pathway from the
temporomandibular joint (TMJ) to the spinal trigeminal nucleus (STN) has
been established, very little is known about the underlying biological and
neurochemical alterations associated with long-term exposure to the pain
incurred in this disorder. To identify STN neurons activated by TMD, the TMJ
was injected with 30 pl 20% mustard oil in 4 experimental groups at different
time points. Each experimental group consisted of 6 Sprague-Dawley rats (3
males, 3 females); a control group was injected with saline and evaluated
simultaneously. At 3, 12, 48 hrs and one week after injection, the treated
animals were killed via transcardial perfusion with 4% paraformaldehyde.
Brainstem sections from these rats were then processed with
immunocytochemical techniques. The induction of c-fos, c-jun, and KROX-24
after TMD was assessed using cell counts taken with an image analysis
system. The number of neurons labeled for c-fos in the STN ipsilateral to the
mustard oil injection was significantly greater than the number of neurons on
the contralateral side at all timepoints examined. Immediate early gene
expression was significantly greater in experimental animals than controls. A
larger number of c-fos, c-jun and KROX-24 stained neurons was observed in
the nucleus caudalis of the STN than in other subnuclei of the STN. More cfos neuronal staining was seen in the female trigeminal nucleus caudalis and
hypoglossal nucleus while the solitary nucleus showed more c-fos staining in
males. These data indicate that mustard oil injection into the TMJ provides a
useful model for assessing changes in neurochemical markers of chronic
nociception in the STN, and will be helpful in the investigation of the
underlying biological gender differences associated with TMD.
Supported by NIDR DE06682

TEMPORAL AND QUALITATIVE DIFFERENCES IN HEAT AND COLD PAIN. O
Morin*, L. TenBokum and M.C. Bushnell. University de Montreal, Montreal,
Quebec, Canada H3C 3J7.
Physiological data indicate that noxious cold is transmitted by multimodal
spinothalamic tract (STT) cells responsive to a variety of noxious stimuli,
including heat, whereas noxious heat is also transmitted by specific
nociceptive cells responsive only to noxious heat and/or mechanical stimuli
(Kenshalo et al, 1982; Craig & Kniffki, 1985). This study evaluates the
perceptual role of these pathways by comparing sensations produced by
noxious heat and cold.
Eight subjects rated the sensation produced by 30s heat and cold stimuli
applied to the non-dominant hand (thenar eminence) by a 9 cm2 contact
thermode. Five levels each of cold (23°, 16°, 9°, 2° and -5°C) and heat (41°,
43°, 46°, 47° and 48 °C) were used. Subjects continuously rated the sensation
using a computerized VAS, and gave summary ratings of maximum stimulus
intensity and unpleasantness, as well as qualitative descriptions, using words
from the McGill Pain Questionnaire. For one subject, temperature was
recorded 2 mm below the skin surface using a subcutaneous thermocouple.
Equal differences in pain perception required temperature variations about
four times greater for noxious cold than for noxious heat. Further, the onset
of heat pain was earlier than cold pain (-5°C and 48°C produced equal
maximum pain, but the 48° pain asymptoted 7s earlier than the -5° pain). At
stimulus offset, heat pain subsided with decreased skin surface temperature,
whereas cold pain persisted until deeper tissue rewarmed. Subjects chose a
wide variety of qualitative descriptors for cold pain, whereas they described
heat pain primarily as "burning". Our temporal data support the hypothesis
that cold nociceptors are localized deeper than heat nociceptors, and the
qualitative data support the hypothesis that cold pain is transmitted via a less
specific STT pathway than heat pain. Supported by the Canadian MRC and
Quebec FR3Q.

58.15

58.16

NOXIOUS AND INNOCUOUS COLD DISCRIMINATION IN HUMANS. C.C.
Chen*, P. Rainville and M.C. Bushnell. Universite de Montreal, Montreal,
Quebec, Canada, H3C 3J7.
Recent data indicate that noxious cold perception is mediated by polymodal
nociceptors of veins whereas innocuous cool is mediated by cutaneous
thermoreceptors (Klement and Arndt, 1992). This hypothesis predicts that
cutaneously applied cold should more reliably activate superficial cool
receptors than deep cold nociceptors and thus produce more precise, less
variable detection of temperature changes in the innocuous cool than in the
noxious cold range. The current study tested this prediction psychophysically.
Ten human subjects (4 female, 6 male; 25-55 years old) performed the same
cooling detection paradigm used for our monkey studies (Rainville et al,
accompanying abstract), but also gave VAS ratings of cool and pain sensation
at 5m intervals throughout each session. Five subjects also described the
quality of sensation to which they responded.
All subjects rated 22°C and 16°C as cool but not painful. In contrast, 0°C
was usually rated as painful and 10° and 6°C were sometimes rated as painful
and sometimes cool. Subjects detected temperature decreases of 0.35°, 0.40°,
7.5°, 8.9° and >10.0° from baselines of 22°, 16°, 10°, 6° and 0°, respectively,
indicating that discrimination was better in the cool (22°, 16°) than in the
noxious and near-noxious range (10°,6o,0°) (p<0.05). Latencies for detecting
cooling shifts were less variable from innocuous cool baselines than from
noxious and near-noxious baselines. Temperature decreases from 22° and 16°
always produced a sensation of cooling, whereas decreases from baselines
of <10° produced primarily sensations of painful and nonpainful pricking or
tickling. These data indicate that different afferent channels mediate cool and
noxious cold perception and add support to the hypothesis that noxious cold
is mediated by deep nociceptors. Supported by the Canadian MRC and
Quebec FCAR.

PSYCHOPHYSICAL STUDY OF COLD DISCRIMINATION IN THE MONKEY.
P. Rainville*, C.C. Chen, G.H. Duncan and M.C. Bushnell. Universite de
Montreal, Montreal, Quebec, Canada, H3C 3J7.
In primate, separate populations of primary afferents are maximally
responsive in different temperature ranges. Cool sensitive primary afferents
show the most static activity between 20° and 30°C and produce a phasic
discharge to rapid temperature shifts as low as 15°C (Dubner et al., 1975;
Dykes, 1975; Kenshalo et Duclaux, 1977). High threshold cold sensitive
afferents show increasing static activity to stimuli below 20°C, and some
respond specifically to extreme cold while others respond to several modalities
of noxious stimuli (Georgopoulos, 1976; LaMotte and Thalhammer, 1982). The
present study evaluates the ability of monkeys to discriminate temperature
differences in the cool and cold range.
Two monkeys were trained to detect
a decrease in the temperature of stimuli applied to the maxilla (1cm2
thermode; 5° decrease/s). For one monkey, baseline temperatures were 22°,
16°, 6° and 0°C, and temperature decreases occurred 4-7s after trial initiation.
Detection thresholds were determined using an adaptive psychophysical
paradigm, and data were compared for six daily sessions at each baseline
temperature.
Mean detection thresholds were 1.3°, 1.4°, 4.5° and 5.4°, respectively, for
baselines of 22°, 16°, 6° and 0°, with thresholds being significantly higher in the
noxious and near noxious cold range (0° and 6°C) than in the innocuous cool
range (16° and 22°C) (p<0.05). The effect of baseline temperature was
confirmed in a second monkey using temperatures between 22° and 6°C, as
well as in humans (Chen et al. companion abstract). These data show that
thermal discrimination is better in the range where predominantly cool
sensitive primary afferents are active than in the operating range of highthreshold cold sensitive fibers. Our findings contrast with heat discrimination,
for which performance improves in the noxious range. Supported by the
Canadian MRC and NSERC.
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COMPARISON OF BEHAVIORAL AND NEURAL COMPONENTS OF THE
FORMALIN TEST. S.E. Abram. C. Dean* and T. O'Connor. Departments of

DESCENDING MODULATION OF CENTRAL NEURAL PLASTICITY IN

Anesthesiology and Physiology, Medical College of Wisconsin and
Department of Veterans Affairs Medical Center, Milwaukee Wl 53295.
Subcutaneous (SC) injection of formalin into the hind paw of the rat results
in a biphasic behavioral response consisting of flinching of the injected paw.
The response peaks within 5 min of injection, subsides for 10 to 15 min, and
recommences, lasting an additional 40 to 60 min. It is postulated that the
second phase response is related to sensitization of spinal cord neurons
rather than resumption of peripheral nociceptor activity. Few-fiber peroneal
afferent nerve activity was recorded in sodium pentobarbital anesthetized,
paralyzed, and artificially-ventilated rats. The responsiveness of dissected
peroneal afferent fibers to noxious stimulation was tested by stroking or
pinching localized regions on the ipsilateral hind paw, and observing an
activation of afferent nerve discharges. After identifying responsive nerve
fibers, 50 pi formalin was injected SC into the identified receptive field of the
hind paw. Nerve activity and blood pressure were observed for 60 min post
injection. Peroneal afferent nerve activity demonstrated a response of similar
duration to the primary behavioral response, increasing significantly within 1
min post injection and peaking at 1-4 min. Activity declined to control levels
or less by 6 min post injection and remained constant for the rest of the
observation period. Arterial blood pressure, measured simultaneously,
showed a similar pattern and time course to that of the neural discharge. In
addition, oscillations in blood pressure were evident during the period from
30 to 45 min post injection, coincidental with the timing of peak phase 2
activity. The results are consistent with the hypothesis that the initial
behavioral response to formalin injection is mediated by high peripheral
nerve activity while the second phase is mediated by sensitization of dorsal
horn neurons in conjunction with tow persistent levels of afferent activity.
Funded by Mr. and Mrs. Joseph Uilien, Jr.

THE FORMALIN PAIN TEST. Diane A. Chornev*and Anthony L.
Vaccarino. Department of Psychology, University of New
Orleans, New Orleans, LA 70148.
Peripheral tissue and nerve damage often leads to
pathological pain syndromes such as phantom limb pain,
hyperalgesia and allodynia. There is good evidence that
the pain or hyperalgesia that develops after peripheral
nerve or tissue damage is related to long-lasting
changes in central nervous system function produced by
the injury (i.e., central sensitization). Subcutaneous
injection of dilute formalin produces a characteristic
biphasic profile of pain response: a transient early
phase of pain followed by a tonic late phase of pain. A
number of studies have indicated that the late phase of
the formalin test is dependent upon prolonged changes in
central neural function produced by neural activity that
is generated during the early phase. In support of this,
we now demonstrate that blocking the early phase by
analgesia produced by periaqueductal gray stimulation
(60 seconds with 0.5 msec monophasic square wave pulses
at a frequency of 50 Hz and a current intensity of 50
uA) , or by analgesia produced by morphine microinjection
(3 ug) into the periaqueductal grey, attenuates the
development of the late phase. The same treatments given
after the early phase, however, have no effect. These
results suggest that descending mechanisms of pain
inhibition can attenuate the development of central
neural plasticity thought to contribute to the late
phase of formalin pain. This research was supported by
a LSU Neuroscience Incentive Grant and a UNO Research
Council Grant.
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59.2

PITUITARY ADENYLATE CYCLASE ACTIVATING
PEPTIDE (PACAP) RELEASE CAN BE EVOKED FROM
RAT SPINAL CORD BY CAPSAICIN. B. Siolund*, Y-Z, Zhang,
A. B. Malmberg. T, L. Yaksh, F. Sundler, R. Hftkanson. Dept.
Rehab. Lund Univ. Hosp. S-22185 Lund, Dept. Anesth., Malmo
Gen. Hosp., Univ. Lund, S-21401 Malmo, Dept. Clin. Pharmacol.,
Sahlgren's Hosp., Gothenburg, Dept. Med. Cell Res., Univ. Lund, S22362 Lund, Dept. Pharmacol., Univ. Lund, S-22362 Lund, Sweden
and Dept. Anesth. Univ. California, San Diego, La Jolla, CA 920930818, USA
Capsaicin-evoked release of PACAP-like immunoreactivity (LI)
from rat spinal cord was examined in vivo. In anesthetized rats, a
catheter (PE-10) was inserted through the atlanto-occipital
membrane into the subarachnoid space at the level of the sacral
spinal cord for infusion of artificial cerebrospinal fluid (CSF).
Another catheter was placed in the cisternal opening for outflow.
Blood pressure was monitored and kept stable during the
experiment. Perfusion samples were analyzed for PACAP and
CGRP by radioimmunoassay. The addition of capsaicin to the
perfusate increased mean levels of PACAP-LI in the CSF by
45±16% (P<0.05) and CGRP-LI by 692±191 % (P<0.05). Relative
to CGRP-LI, PACAP levels were 17 times higher before adding
capsaicin (0.05 & 0.9 pmol/ml respectively) and 3 times higher after
(0.37 & 1.43 pmol/ml respectively). In conjunction with previous
data, concerning the anatomic distribution of PACAP and the effect
of PACAP on a C-fiber evoked flexion reflex, the present findings
indicate that PACAP is released after activation of C-fibers in the
spinal cord.

CHARACTERISATION OF THE VANILLOID RECEPTOR IN RAT ISOLATED
VAS DEFERENS.
K.A, Wardlc. G. Furey, D.C. Rogers* and G.J Sanger
SmithKline Beecham Pharmaceuticals, Harlow, Essex, U.K*.
A specific receptor (termed the vanilloid receptor) has recently been identified on
the cell membrane of primary afferent neurones which recognises capsaicin and
other natural pungent agents including resiniferatoxin (RTX, Szallasi and Blumberg,
1990). Stimulation of this receptor results in neuropeptide release and the sensation
of pain. In the present study, the vanilloid receptor present in the rat vas deferens
(Maggi et al., 1993) has been further characterised.
In the electrically field stimulated (efs, 0.2Hz, 0.5ms, maximally-cffective
voltage) rat vas deferens, capsaicin (1-1000 nM) produces a concentration-dependent
inhibition in the amplitude of efs (PEC50 7.6 ± 0.03, n = 8). Responses to capsaicin
were fast in onset (peak within 5 min) and faded rapidly over a 30 min exposure
period. RTX (0.1-1000 pM) also inhibited efs (pEC50 12.3 ± 0.2,1.A, 0.6 ± 0.03, n
= 6). Responses to RTX were slow in onset (peak at 15 min) and well maintained
over a 30 min exposure period. Responses to RTX and capsaicin displayed mutual
cross-desensitisation. Olvanil (0.01-10 pM) was a weak partial agonist (I.A. 0.2 ±
0.2, n = 4) with a slow rate of onset (peak at 15 min) which subsequently produced a
partial and non-surmountable antagonism of the responses to capsaicin.
Responses to capsaicin were also antagonised in a competitive manner by
capsazepine (3-10 pM, pA2 5.7 ± 0.2, n = 6) and in a non-surmountable manner by
ruthenium red (1-10 pM, pD>2 5.3 ± 0.2, n = 6). At these concentrations,
capsazepine had no effect on efs, while ruthenium red produced a concentrationdependent inhibition of efs (35% inhibition at 10 pM).
These results confirm the presence of a vanilloid receptor in the rat vas deferens.
Maggi, C.A. et al., (1993). Br. J. Pharmacol., 108, 801-805.
Szallasi, A. and Blumberg, P.M. (1990). Brain Res., 524,106 - 111.

59.3

59.4

BRADYKININ SENSITIZES SENSORY NEURONS IN
CULTURE TO CAPSAICIN. C.L. Stucky* and V.S. Seybold.
Grad. Prog, in Neurosci., Univ. of Minn., Minneapolis, MN 55455.
Populations of sensory neurons defined by size may be differentially
sensitized by inflammatory mediators. We examined whether
bradykinin (BK) sensitizes populations of sensory neurons defined by
size to capsaicin (CAP). Cultures of sensory neurons were prepared
from 1-2 day old neonatal rats and maintained for 4-10 days before
use. Changes in intracellular calcium concentration ([Ca2+]j) were
measured using the Ca2*-sensitive dye Indo-1. CAP (100 nM) and
BK (30 nM) were applied in 20 mM HEPES-Hanks buffer via
superfusion. Viability of unresponsive neurons was determined by
treatment with 50 mM potassium. Neurons were grouped into two
sizes, those with cell areas between 160-240 pm2 and those with areas
between 240-320 pm2. In a population of naive neurons of 160-240
pm2, 81% (n = 36) responded to CAP with a 10-fold increase in
[Ca2+]j. However, in a population of naive neurons of 240-320 pm2,
a smaller proportion of neurons, 54% (n = 52) responded to CAP.
Interestingly, in the population of neurons 240-320 pm2, pretreatment
with 30 nM BK enhanced the frequency of responses to CAP from
54% (n = 52) to 83% (n = 48). The net increase in [Ca2*h evoked by
CAP was the same in naive neurons and neurons pretreated with BK.
In contrast, no changes in frequency of response to CAP were
observed in the group 160-240 pm2 following pretreatment with 30
nM BK. Therefore, distinct sizes of sensory neurons are differentially
sensitive to CAP and are differentially sensitized to CAP by BK.
Studies supported by DE10414 and T32DA07239.

ANANDAMIDE SUPPRESSES CAPSAICIN-EVOKED iSP
AND iCGRP RELEASE IN THE DORSAL HORN OF RAT
SPINAL CORD. J.D. Richardson*. M.G. Garry. D.L. Jackson.
L.M. Aanonsen1. K.M. Hargreaves. Depts. Res. Sci. & Pharm., Univ.
of MN and ‘Dept of Biology, Macalester College, Mpls, MN 55455.
Although anandamide, an endogenous ligand at the cannabinoid
receptor, has been reported to be antinociceptive, its mechanism of
action is unknown. We evaluated whether anandamide inhibits
capsaicin-evoked release of immunoreactive substance P (iSP) and
calcitonin gene-related peptide (iCGRP). Rat spinal cords were
removed, the dorsal horn of the lumbar region was dissected, chopped
into 200pun cubes, and placed in chambers for in vitro superfusion.
Tissue was pretreated with vehicle (oxygenated Krebs buffer), or
anandamide (InM), arachidonic acid (lpM), or palmitylethanolamide
(lpM; a structurally related inactive analog). Tissue was then stimulated
with capsaicin (3pM). Both iSP and iCGRP were measured by
radioimmunoassays. Data were analyzed by ANOVA and Duncan's
test As compared with vehicle, InM anandamide significantly inhibited
capsaicin-evoked release of both iSP (471±83 vs. 222±39 fmol/g/3min,
p<0.05) and iCGRP (2233±405 vs. 1182±166 fmol/g/3min, p<0.05).
In contrast, neither arachidonic acid nor palmitylethanolamide inhibited
capsaicin-evoked peptide release. These results indicate that anandamide
inhibits neurosecretion from certain capsaicin-sensitive primary afferent
fibers. Anandamide-evoked antinociception may be due, in part, to
presynaptic inhibition of certain primary afferent fibers. This research
was supported by a Predoctoral Fellowship from the Howard Hughes
Medical Institute, DE09860, DE05606, and K16-DE0027.
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59.6

CAPSAICIN INDUCES MULTIPLE CURRENTS IN RAT
TRIGEMINAL GANGLION CELLS. L. Liu.
Y. Wang and S,A. Simon*. Department of Neurobiology,
Duke Univ. Durham, NC 27710.
Whole cell patch-clamp records of cultured rat trigeminal
ganglion cells having soma diameters ranging from 20-50 pm
revealed that 0.25 pM capsaicin can activate up to three
inward currents and an outward current. The three inward
currents can be activated independently and are distinguished
by their kinetics, reversal potentials and conductances. One of
the inward currents activates and inactivates much more
repidly than the other two inward currents. The threshold
concentrations for both the rapid and slow currents exhibited
considerable variability. Dose-response profiles indicate that
the slow currents have lower threshold concentrations than
the rapid currents. The concentration dependence of the rapid
current covers its entire range for about fourfold increase in
concentration. These data show that cultured trigeminal
ganglion cells produce heterogeneous responses to capsaicin.
Therefore, the physiological responses produced by capsaicin
may not simply arise from the activation of a single receptorchannel. This work is supported by grants from the
Smokeless Tobacco Research Council and National Institutes
of Health.

Capsazepine reverses effect of intradermal capsaicin on formalin-induced fos like
immunoreactivity in the dorsal horn of the rat spinal cord.

59.7
EFFECTS OF IBUPROFEN ON HEAT HYPERALGESIA INDUCED BY
DIFFERENT TYPES OF INFLAMMATION IN HUMAN SKIN.
S. Kilo. C. Forster and H O. Handwerker, (SPON: Europ. Neurosci. Ass ).
Inst. f. Physiologie u. Biokybemetik, Univ. Erlangen/Niimberg, D-91054
Erlangen, Germany
In a double blind cross-over study, 24 healthy volunteers took three doses of
ibuprofen (400 or 800 mg) or placebo orally, at intervals of two hours before
sensory testings.
Hyperalgesia to heat was produced by two different inflammation models, (a)
17 hrs before the first drug intake, a patch of skin was frozen by contact with a
-28 °C copper bar resulting in hyperalgesia within one day. (b) Following
ibuprofen intake, capsaicin (1% in 70% ethanol) was topically applied under
occlusion for 30 min. Heat pain thresholds were determined with a Peltier
device, 5 times in sequence, each stimulation starting from an adapting
temperature of 30 °C.
The mean heat pain thresholds (at first determination) were lowered in the
freeze lesioned skin by 4.2 °C and in capsaicin treated skin by 6.4 °C as
compared to control skin sites. In uninflamed skin, heat pain thresholds
increased by about 3 °C from the first to the fifth test stimulus in sequence.
The same increase was found in the freeze lesioned skin. In contrast, no such
increase was found in capsaicin treated skin. Both ibuprofen dosages did not
affect the sensitising effect of capsaicin. In the previously frozen skin, the heat
sensitisation was significantly reduced by the higher, but not by the lower dose
of ibuprofen as compared to placebo.
The results indicate that occurence of an anti-hyperalgesic action of
ibuprofen critically depends on the type of inflammation.

U.T. Oh*, Y.K. Cho, J.Y. Kwak, and K.H. Ko. Seoul National University, College
of Pharmacy. Kwanak, Shinlim San 56-1, Seoul 151-742, Korea
Capsaicin (CAP) produces an analgesia. It increases cationic conductance and
depolarizes the sensory neurons, leading to a prolonged desensitization. CAP also
reduces responses of spinal neurons to c-fiber stimulation and other noxious stimuli.
In the present study, we tested if CAP action on spinal neurons was reversed by a
competitive capsaicin antagonist, capsazepine (CPZ) in vivo. To do this, we counted
fos-like immunoreactivity (FLI) induced by formalin (FOR) in the spinal cord as a
marker for neuronal activity. To induce FLI in the spinal cord, FOR solution (5%,
150 ul) was injected into the foot pad of left hind paw. CAP (5 pmol, 100 pi) or
CAP+CPZ (0.5 pmol, 100 pi) were injected into the foot pad intradermally one hour
before FOR injection. Three hours after FOR injection, animals were deeply
anesthetized with sodium pentobarbital (60 mg/kg, i.p.) and perfused with the
fixative transcardially. Thin sections (50 pm) of the lumbar spinal cord were made
and stained with c-fos antibody by using ABC technique. FOR injection (n=5) alone
produced a significant increase in FLI cells in the dorsal horn (74.4 ± 9.5/section)
when compared to the intact side (12.2 ± 3.9/section). CAP pretreatment reduced
number of the FOR-induced FLI significantly. Average number of FLI per section in
the CAP and VEH pretreated side were 35.6 ± 3.81 and 69.8 ± 6.47 (n=6),
respectively. When, however, CPZ was co-administered with CAP, CPZ reversed the
reduction by capsaicin of FOR-induced FLI. Average numbers of FLI in the
CAP+CPZ and VEH side were 40.2 ± 8.4 and 44.2 ± 9.3, respectively. These
results suggest that CAP reduces responses of dorsal horn neurons to the noxious
stimuli in the periphery, and CPZ antagonizes the CAP action on the spinal neurons
in vivo.
Supported by RCNDD grant of KOSEF.

59.8
CARBAMAZEPINE EXERTS ANTI-INFLAMMATORY EFFECTS IN THE
RAT. M, Bianchi and A.E, Panerai.* Dept. Pharmacology, University of
Milan, 20129 Milan, Italy.
Carbamazepine (CBZ) is a an antiepileptic drug originally approved for
the treatment of trigeminal neuralgia. The mechanism by which CBZ
exerts its analgesic action is unknown, such as its biochemical effects. We
have previously shown that different antidepressant drugs with tricyclic
molecular structure reduce the inflammatory edema and pain in rats. Since
also CBZ presents a tricyclic structure and it seems reasonable to take
into account an inflammatory component of neuropatic pain, we evaluated
the effect of CBZ (10, 20 and 40 mg/kg) on nociceptive thresholds (by tailflick test) and on inflammatory hyperalgesia (by Randall-Selitto test), in
rats. Moreover, we studied the effect of CBZ on the inflammatory edema
by plethysmometry. After oral administration, CBZ does not modify tailflick latencies, but dose-dependently reduces the hyperalgesia and edema
induced by the brewer's yeast injection in the paw. Interestingly, the
antiepileptic drug phenytoin (150 mg/kg p.o.) does not interfere with the
development of the inflammatory edema and hyperalgesia, suggesting that
anti-inflammatory activity is not related to anticonvulsant properties of
CBZ. These preliminar results indicate that CBZ can modulate
inflammatory processes and suggest that such action contributes to its
analgesic effect in clinical situations. It is now under investigation whether
CBZ administration modifies the concentrations of some algogenic
substances in the inflammatory exudate.
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SYSTEMIC L-NAME DOSE-RELATEDLY INHIBITS SPINAL CORD C- FOS
EXPRESSION INDUCED BY CARRAGEENIN INFLAMMATION IN THE
RAT Jaroslava Buntova. Victoria Chanman. Prisca Honorg. Brigitte Onteniente* and
Jean-Marie Besson. INSERM U.161, 2 rue d’Atesia, 75014 Paris, France.
The effect of systemic L-NAME, an inhibitor of the nitric oxide (NO)
synthase, on inflammatory evoked lumbar spinal cord expression of Fos-like
immunoreactivity (FLI) was studied. We have previously shown that basal spinal cord
FLI is very low. Three hours after the administration of carrageenin (6 mg/150 pi) into
the hindpaw, maximal FLI is observed in L4 and L5 segments, with both superficial (III) and deeper laminae (V, VI and ventral horn) with numerous labelled neurons.
Drugs were administered 30 minutes prior to the injection of carrageenin,
drug effects are expressed as percentage reduction of controls± s.e.m. L-NAME (10,
25, 50, lOOmg/kg) dose-relatedly reduced the total number of FLI neurons (20±3%,
p<0.001, 43±5%, pcO.OOOl, 55±3%, pcO.OOOl and 67±3%, pcO.OOOl) respectively,
the effects of L-NAME (lOOmg/kg) were not reversed by systemic co-administration
of the equivalent dose of L-Arg (68±3% inhibition, pcO.OOOl). Further analysis
revealed that the effect of these doses of L-NAME on FLI was similar for the
superficial neurons, 23±4%, pcO.OOOl, 41±5%, pcO.OOOl, 55±3%, pcO.OOOl, 63±2%,
pcO.OOOl and deep neurons, 18±3%, pc0.05, 44±5%, pcO.OOOl, 56±3%, pcO.OOOl,
72±4%, pcO.OOOl. The L-NAME mediated reductions of FLI were associated with
sequential decreases in paw and ankle diameter. Neither lOOmg/kg of L-Arg (11±8%
reduction) alone or lOOmg/kg D-NAME (10+5% reduction), an inactive isomer of LNAME, altered the total number of FLI neurons.
These results suggest NO contributes to FLI expression induced by
inflammatory nociceptive states. Both paw and ankle swelling were reduced by the
blockade of NO synthesis, suggesting that the reduction of FLI is in part a
consequence of reduced inflammatory processing and a diminished nociceptive input
from the site of the carrageenin injection. Previous studies have shown a spinal
nociceptive role of NO during inflammatory processing, and therefore it is likely that
the reduction of FLI neurons is as a consequence of both a peripheral and spinal effect
of L-NAME.

NON-STEROIDAL ANTI-INFLAMMATORY DRUGS DEPRESSED FOS
EXPRESSION INDUCED IN THE RAT SPINAL CORD BY CARRAGEENIN
INFLAMMATION Prisca HononL Jaroslava Buritova and Jean-Marie Besson*.
INSERM U.161, 2 rue d'Aldsia, 75014 Paris, France.
This study evaluated Fos-like immunoreactivity (FLI) in lumbar spinal cord
neurons following intraplantar carrageenin-induced inflammation and the
modifications induced by indomethacin, aspirin or proacetaminophen pretreatment, in
freely moving rats.
FLI was not observed after the intraplantar injection of the control vehicle saline.
In previous data, we have shown that three hours (h.) after the administration of
carrageenin (6 mg/150 pi) into the hind limb, a maximal FLI was observed in L4 and
L5 segments. Both superficial (I-II) and deeper laminae (V, VI and ventral horn) were
densely labelled.
The number of FLI neurons induced by the carrageenin inflammation (6 mg, at 3
h.) was clearly reduced (43%) by an oral pretreatment of indomethacin (20 mg/kg p.o).
In addition, i.v. indomethacin (1, 2.5 or 5 mg/kg) dose-dependently reduced FLI
neurons (reduction of 27%, 46% and 60 % of control respectively). There is a strong
relationship between the effect of indomethacin on the expression of Fos and its effect
on inflammatory processes. Indeed 1, 2.5, 5 mg/kg i.v. indomethacin reduced the
increase, induced by the inflammation, of paw diameter (reduction of 16, 34 and 54%)
and ankle diameter (reduction of 48,75 and 90%) respectively.
Aspirin (i.v. 75 or 150 mg/kg) reduced the number of FLI neurons induced by the
carrageenin-inflammation (6mg, 3h.) of 28 and 45 % respectively as well as
proacetaminophen (i.v. 150 or 300 mg/kg) which induced a reduction of 19 and 43%
respectively. They both act on the clinical signs of the inflammation. Indeed 75, 150
mg/kg i.v. aspirin or 150, 300 mg/kg i.v. proacetaminophen reduced the increase,
induced by the inflammation, of paw diameter (reduction of 44, 69 and 28, 51%) and
ankle diameter (reduction of 65,96 and 64, 86%) respectively.
These results suggest that FLI induced by carrageenin inflammation may be a
very useful tool to study the effects of potentially anti-inflammatory drugs.
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INTRATHECAL 1-NAPNA, A NITRIC OXIDE SYNTHASE INHIBITOR,
ATTENUATES THE HYPER-REFLEXIA OF VISCERAL INFLAMMATION.

LOCAL CONCENTRATIONS OF IMMUNOREACTIVE cGMP (icGMP) IN THE
DENTAL IMPACTION MODEL
OF
INFLAMMATORY PAIN. M.T. Rnszkowski*. J.O. Swift K.M. Hargreaves.
Depts. of Rest Sci, Diag. and S;irg. Sci., and Pharmacology, Univ. of Minnesota,
Mpls, MN 55455.
Recent studies suggest that levels of extracellular cGMP parallel intracellular levels
of cGMP within both central and peripheral tissues (Luo et al.J Neurosci
1994;14(1):263), possibly via an active exocytototic mechanism. This pilot study
has attempted to measure the extracellular levels of i-cGMP following surgicallyinduced tissue injury and determine if these levels are altered by the synthetic
glucocorticoid, methylprednisolone. ASA Class I-II patients in need of removal of
impacted third molars were randomly administered, on a double-Wind basis, either Lv.
saline (placebo) or 125 mg methylprednisolone prior to surgery. Immediately postop, a calibrated 3 KDa cut-off polysulfone microdialysis probe was implanted into
one of the mandibular surgical wounds and perfused at a flow of 10 pl/min. For the
four-hour post-operative period, dialysate samples and pain levels (VAS and category
scale) were collected at 30 min. intervals. Microdialysis samples were frozen,
lyophilized, and assayed for i-cGMP with an established RIA. Data were analyzed
with repeated measures ANOVA and Duncan's multiple range test with significance at
p < 0.05. Results of the in vitro probe calibration show that i-cGMP is detectable
with the polysulfone probes at 10 pl/min flow with 6.0 % recovery (n=6 tested).
Pilot data from the in vivo probe implantation in oral surgery patients reveals that icGMP is detectable within the surgical wound. When corrected for recovery, the
tissue concentrations of i-cGMP in placebo patients shows a 2-fold increase over
baseline levels (1.64 ± 0.2 nM at 90 and 180 min. vs. 0.64 ± 0.2 nM at 60 min.
post-op) and in the steroid-pre-treatment group, i-cGMP shows a slight reduction,
attaining concentrations of 1.45 ± 0.3 nM at 150 min. post-op. This pilot study
suggests that peripheral tissue concentrations of i-cGMP within the surgical wound
are detectable in low nM range and may reflect intracellular activation of vasoactive
and inflammatory mechanisms. Supported by P30 DE09737 and K16 DE0027.

A. Rice* & S. McMahon. Physiology Dept, UMDS, London SE1, U.K.
Intrathecal (i.t.) NMDA receptor antagonists prevent the hyper-reflexia associated
with chemical inflammation of the urinary bladder. Nitric oxide (NO) is known to
participate in other NMDA-mediated effects. Therefore, we have examined the effects of
i.t. l-N*-nitro arginine p-nitroanilide (1-NAPNA) on the chemically inflamed urinary
bladder.
Bladder catheterisation followed by lumbar laminectomy was performed in
anaesthetized Wistar rats. After a baseline cystometrogram (CMG)(infusion rate 0.025
ml/min to 0.7 ml), 50 pl of drug solution was injected onto the spinal cord: The control
group received vehicle solution. Rats in the experimental groups received 1-NAPNA 250
or 500 pg i.t.; 10 mins later a 2nd CMG was performed. The bladder was then inflamed
with turpentine for 2 hours, after which a final CMG was performed and the animals
sacrificed. Vesical inflammation was associated with an excitation of bladder reflexes, as
measured by increases in the area under the bladder compliance curve (AUC) and
cumulative duration of active micturition (Md). Comparison of the post-drug and postinflammation CMGs to the baseline CMG was made (paired t test). The rise in AUC was
attenuated by i.t. 1-NAPNA. The increase in Md was partially prevented by i.t. 1-NAPNA.
Spinal NO is involved in the induction of hyper-reflexia following vesical
inflammation. Further studies are being performed to ascertain the full dose/effect
relationship.
This study was supported by the Medical Research Council.

59.13

EFFICACY OF PRE-EMPTIVE ANESTHESIA ON NOCICEPTIVE RESPONSES
TO FORMALIN IN RATS: EFFECTS OF PERIPHERAL INFLAMMATION AND
BARBITURATE/OPIOID PRE-MEDICATIONS. T.J, Coderrc*. K, Yashpal. J.L.
Henry and J, Katz. Pain Mechanisms Laboratory. Clinical Research Institute of
Montreal. Dept. of Physiology. McGill University. Montreal. Quebec, and Dept. of
Psychology. The Toronto Hospital (General Division). Toronto. Ontario.
We have assessed the degree of inflammation produced by increasing
concentrations of formalin injection (50 gl) into the rat hind paw, and the
effectiveness of lumbar intrathecal (i.t.) lidocaine (LIDO. 30 gl. 2%) in blocking the
resultant nociceptive and autonomic responses. We also examined the efficacy of
pre- vs post-treatment with i.t. bupivacaine (BUPIV. 30 gl. 0.75%). in combination
with pentobarbital (PENTO. 13 mg/kg. s.c.) and morphine (MOR. 0.5 mg/kg. i.v.)
pre-medication, on post-injury nociceptive responses to intra-articular formalin (KM)
gl. 10%) injection. LIDO pre- (-5 min), but not post-treatment (+5 min) reduced
persistent nociceptive responses to hind paw injections of 2.5% formalin, but was
less effective on the responses to 5 and 10 % formalin. A concentration-dependent
plasma extravasation was produced by 5 and 10fX formalin, but not by 2.5%.
suggesting that the LIDO resistant nociceptive responses may have been associated
with peripheral inflammation. Lumbar i.t. LIDO blocked increases in arterial
pressure produced by hind paw, but not fore paw injection of formalin, indicating
LIDO did produce an effective spinal block. BUPIV pretreatment (with PENTO +
MOR pre-medication) significantly reduced nociceptive responses to intra-articular
formalin, while PENTO or PENTO + MOR pre-medications, or BUPIV posttreatment (with PENTO + MOR pre-medication), did not. The results highlight the
significance of ongoing inputs from inflamed tissue, and the use of pre-medications
in the anesthetic regimen, as important factors influencing the efficacy of preemptive treatments for the alleviation of post-operative pain in humans.

59.14

INHIBITION OF LIPID OXYGENASES BY ANESTHETIC
ALCOHOLS. O.M.Chen, G. Queen and F.S. LaBella*.
Dept. of Pharmacology & Therapeutics, Fac. of
Med. Univ. of Manitoba, Winnipeg, MB, R3E 0W3,
Canada

We reported that a wide array of compounds
at
anesthetic
concentrations
inhibited
cytochrome P450 (P450)-mediated metabolism of
arachidonic acid (AA) and proposed that other LO
i.e.
lipoxygenases
(LP)
and cyclooxygenases
(CYC), might be equally sensitive to hydrophobic
agents.
We
now
show
that
n-alkanols
(Cl,2,4,5,8) inhibit the metabolism of AA by LP
from blood platelets, CYC from seminal vesicles,
and P450 IA1 and IIB1 in liver microsomes. [3H]AA metabolites were separated by TLC and
quantified with an imaging scanner.
IA1 and
IIB1 activities were estimated by the use of
specific resorufin derivatives as substrates.
The mean Ki/EC50 for LP, CYC, IA1, and IIB1 were
1.7, 1.9, 1.8, and 0.9, respectively. Thus, the
global inhibition of lipid oxygenases of the AA
cascade by n-alcohols may contribute to the
general anesthesia state.
(Supported by the
Medical Research Council of Canada).
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DIFFERENTIAL NERVE BLOCK IN DORSAL AND VENTRAL ROOT AXONS.
R.A. Jaffe* and F.B. Dietz. Department of Anesthesia, Stanford University School of
Medicine, Stanford, CA 94305.
Among the commonly used local anesthetics, bupivacaine (BUP) uniquely can provide
excellent sensory anesthesia with minimal impairment of motor function. The
mechanism underlying this differential block is unknown. In the present study, we report
the first measurements of the steady-state blocking concentration of BUP for individual
mammalian dorsal root (DR) and ventral root (VR) axons, and examine the role of
calcium channel blockade in the production of differential nerve block.
Adult male Sprague Dawley rats were anesthetized, and single lumbar dorsal or ventral
roots were excised and transferred to a perfusion/recording chamber. The roots were
continuously superfused with artificial CSF at 37° ± 0.3°C. Single-fiber dissection and
recording techniques were used to isolate activity in individual axons. Following 30-60
min of control measurements, the threshold concentration of BUP for conduction block
was determined. BUP concentration was increased in a step-wise manner and held at
each step until the conduction velocity stabilized (usually within 10 min) or until
conduction block occurred (>50% conduction failure at 0.3 Hz). Recovery was followed
in drug-free perfusate to ensure reversibility of the effect. Only one series of
measurements was obtained from each nerve root The effects of verapamil (20-40 gM)
were examined in a separate set of experiments.
The minimum BUP concentrations for steady-state conduction block (Cm) were
measured in 58 myelinated DR axons (CV>3 m/s), 10 unmyelinated DR axons (CV<1.5
m/s), and 15 VR axons (CV>3 m/s). VR axons blocked at a significantly lower BUP
concentration (19.6 gM) than that required for myelinated DR axons (38.6 gM;
p<0.002). Unmyelinated DR axons were blocked at a slightly lower concentration (32.6
gM) than myelinated DR axons. The length of axons exposed to BUP varied from 15-23
mm. Within this range there were no significant correlations between exposed length
and minimum blocking concentrations or change in conduction velocity. Interestingly,
verapamil (a calcium channel blocker with local anesthetic properties) reversibly blocked
conduction only in a subset of myelinated DR axons.
BUP appears to preferentially block motor (VR) axons in the rat. However, the
existence of a subgroup of VR axons with increased sensitivity to BUP, and a subgroup
of DR axons with decreased sensitivity to BUP can be demonstrated. We hypothesize
that differences in sensitivity to local anesthetics may depend primarily on modalityspecific characteristics of a neuron rather than diameter (conduction velocity) or
exposure length.

SYSTEMIC, BUT NOT INTRATHECAL, MIDAZOLAM BLOCKS POST-INJURY
CENTRAL SENSITIZATION IN THE RAT. T. Goto* and S, Morita, Dept. of
Anesth., Teikyo Univ. Ichihara Hospital, Ichihara, CHIBA 299-01 JAPAN

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

Injection of formalin into the hindpaw of a rat induces a biphasic response in painrelated behaviors such as paw flinching. Thus, the acute phase (0-5 min following
formalin injecion) triggers a state of central sensitization characterized by a longerlasting delayed phase (10-60 min). Our previous work demonstrating pentobarbitalinduced preemptive analgesia in this model[ 1] prompted us to examine the effects of
another GABAa agonist midazolam (MDZ). The formalin test consisted of subcutaneous injection of 50 gl of 5% formalin into the left hindpaw of male Sprague-Dawley
rats. The total number of flinches of the injected paw observed during phase 1 and 2
(defined as 0-5 and 30-60 min after formalin injection, respectively) were recorded as a
measure of pain. MDZ 5 mg/kg administered intravenously (iv) 15 min before or 5
min after formalin suppressed phase 2 flinching 84% and 73%, respectively, without
affecting phase 1. Flumazenil (FMZ) 5 and 10 mg/kg iv administered 5 min after
formalin immediately produced complete clinical reversal of MDZ-induced sedation and
reversed phase 2 suppression by pre-formalin MDZ 48% and 90 %, respectively.
However, when its administration was delayed until 25 min after formalin, FMZ 5
mg/kg iv failed to attenuate phase 2 suppression produced by both pre- and postformalin MDZ. Thus, MDZ's action between 5 and 25 min after formalin injection
appears critical to the establishment of MDZ-induced phase 2 analgesia. Morevoer,
FMZ 10 mg/kg or picrotoxin 1 mg/kg iv given simultaneously with MDZ 5 mg/kg iv
5 min after formalin reversed MDZ's effect 69% and 55%, respectively, while none of
these antagonists affected phase 2 flinching when administered alone. Intrathecal MDZ
had no effects on phase 2 flinching even at a dose of 50 gg that is three times the
reported antinociceptive dose on the electric current threshold for pain in the rat[2]. In
conclusion, midazolam suppresses behavioral manifestation of post-injury central
sensitization. This midazolam-induced analgesia is mediated at least in part via
GABAA/benzodiazepine receptors, and appears unlikely to occur at the spinal level.
[1] Br J Anaesth in press. [2] Anesthesiology 70:780,1989.
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A NEW PAIN TEST IN THE RAT BASED ON QUANTITATIVE ANALYSIS OF
AUDIBLE AND ULTRASONIC VOCALIZATIONS ELICITED BY ACTIVATION
OF A8- AND C-FIBRES. D, Le Bars. D. Jourdan. D. Ardid. E. Chanuis and A.
Eschalier (SPON : European Neuroscience Association) INSERM U-161, 2, rue
dAlCsia, 75014 Paris, France; and Laboratoire de Pharmacologie M6dicale, Faculty de
Mddecine, 63000 Clermont-Ferrand, France.
We analysed at a quantitative level both audible and ultrasonic vocalizations of rats
submitted to a short nociceptive stimulus. Male Sprague Dawley rats were placed in
a contention box at the centre of a dark sound attenuating chamber. Two ms electrical
single square pulses were delivered to the tail at 10 min intervals from a constant
current stimulator and the vocal responses were recorded with a microphone
(frequency response flat within ± 3 dB, from 5 Hz to 100 kHz) placed 10 cm in front
of the head. The signal was amplified, digitized (50.4 kHz) and processed for
calculation of latencies, durations, frequencies, enveloppes and construction of
frequency spectrograms and sonograms.
Complex vocal responses in both the audible and ultrasonic frequency ranges were
recorded. The two first peeps, without sharp fundamental frequency, were recorded
with stable latencies (38.1 ± 0.5 and 229 ± 4ms) and durations (57 ± 3 and 313 ± 16
ms) when 20 mA were applied to the base of the tail. They were followed by
sequences of audible chatters (pure sounds with a mean 2.47 + 0.03 kHz fundamental
frequency and corresponding harmonics) and pure ultrasound emissions (mean 24.5 ±
0.2 kHz). The first two peeps were studied in more detail: 1- They were triggered by
activation of peripheral fibres with conduction velocities of 7.3 ± 0.8 and 0.7 ± 0.1
m/s. 2- They appeared with 1 and 2.5 mA threshold, respectively. 3- Their durations
and enveloppes were intensity-dependent in the 1-10 mA range. 4- They were
depressed, dose-dependently and in a naloxone-reversible fashion, following
intravenous morphine in die 0.1-1 mg/kg range.
The two first peeps are reminiscent of first and second pain triggered by AS- and Cperipheral fibres in humans and are very sensitive to low systemic doses of
morphine, as seen lor clinical pain. Such a model could represent a useful tool for
bodi neurological and ptuumacological studies of nociception in the rat.

NERVE GROWTH FACTOR EVOKES iCGRP RELEASE
BY A PHOSPHORYLATION-DEPENDENT MECHANISM.
W.R. Bowles*. D.L. Jackson, and K.M, Hargreaves Depts Rest Sci &
Pharmacology, Univ of Minnesota, Minneapolis, MN, USA.
Recent studies indicate that hindpaw injections of NGF produce
hyperalgesia (Lewin et al. J Neurosci 13:2136,1993), and peripheral
levels of NGF increase during inflammation (Byers et al., Proc Finn
Dent Soc 88(Supp 1):73,1992). These findings suggest that NGF may
activate certain primary afferent fibers. Accordingly, the present study
evaluated the effect of recombinant human NGF (rh-NGF) on evoking
release of the neuropeptide calcitonin gene-related peptide (CGRP) from
dental pulp using a previously validated method of in vitro bovine dental
pulp superfusion. Fresh pulp tissue from mandibular bovine incisors
was chopped into 200 pm cubes and perfused with oxygenated Krebs
buffer. After a baseline recovery period, rh-NGF (a gift of Genentech)
in concentrations of 0.1 pM - 1000 pM, (n=8-16/group) was added to
the buffer. Separate experiments evaluated the effects of AG879 (60
pM), a tyrosine kinase inhibitor, on NGF-evoked release of iCGRP.
The superfusate was collected and immunoreactive CGRP (iCGRP) was
measured using radioimmunoassay. Data were analyzed by ANOVA.
Administration of rh-NGF produced a dose-related increase in iCGRP
release, with peak effects at 10 pM (173 ± 73% over basal). In
contrast, pre-treatment with AG879, a selective tyrosine kinase
inhibitor, blocked NGF-evoked release of iCGRP. These data support
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the hypothesis that NGF can evoke iCGRP release Yia a protein

phosphorylation mechanism. This research was supported in part by
Genentech, DE10096, P30DE09737, K16DE0027, andDE07014.

59.20

NGF-INDUCED, NK1 RECEPTOR MEDIATED RESPONSES IN THE NEONATAL RAT
SPINAL CORD IN VITRO Urban.L, Drav.A., Winter.J*, & Thompson.S.W.N. Sandoz Institute
for Medical Research, 5 Gower Place, London, WC1E 6BN, UK.
The contribution made by NK1, NK2 and NMDA receptor activation to the generation of the Aand C-fiber evoked ventral root potential (VRP) has been examined in spinal cords prepared
from 12-14 day old rat pups, 4 and 24 hours after pretreatment with NGF (1 pg/g, i.p.).
Hemisected spinal cords were maintained in vitro and synaptic activity recorded as a VRP
from the L5 ventral root following electrical stimulation of the ipsilateral L5 dorsal root. Two
hours following a single NGF injection a significant decrease in the von Frey threshold (vFT)
for hindlimb paw withdrawal was recorded. This drop in vFT was maximal at 6hrs and
persisted up to 24hrs following the NGF injection. The NK1 receptor antagonist RP67580
(100nM) had no significant effect upon the VRP evoked following C-fiber strength stimulation
of the L5 dorsal root in naive animals (104±2.2% of control respectively). In spinal cords of
NGF pretreated animals the C-fiber evoked VRP was significantly reduced by RP67580 at
both 4hrs and 24hrs following NGF injection (90.3±1.3 and 61.7±4.3% of control). In spinal
cords of naive animals the NK2 receptor antagonist MEN10376 (100nM) and the NMDA
receptor antagonist D-AP5 (20pM) significantly reduced the area of the C-fibre evoked VRP.
The effects of these antagonists were not significantly different in spinal cords of animals
pretreated with NGF from those of naive untreated animals.
These data indicate that NGF induces specific alterations in spinal NK1 receptor mechanisms
responsible for the transmission of high threshold afferent information. This may directly
contribute to the mechanical hyperalgesia produced by NGF.

PERIPHERAL INJURY OR NERVE GROWTH FACTOR ENHANCES A-FIBER EVOKED
SPINAL REFLEX ACTIVITY AND INDUCES A-FIBER MEDIATED WINDUP IN THE
NEONATAL RAT SPINAL CORD IN VITRO. Thompson.S.W.N. Drav.A. & Urban!?.

Sandoz Institute for Medical Research, 5 Gower Place, London, WC1E 6BN, UK.
Touch-evoked alkxJynia occurs following peripheral tissue injury or inflammation. We have
investigated some of the mechanisms which underlie the generation of this condition.
Brief exposure of the plantar surface of the left hindpaw of the neonatal rat (PND12-14) to
UVA irradiation induces a prolonged mechanical and thermal hyperalgesia. This behavioural
hypersensitivity is mimicked by a single injection of NGF (1pg/g, i.p.). Hemisected spinal
cords were maintained in vitro prepared from animals pretreated 4hrs and 24hrs earlier with
NGF or following UVA irradiation 24hrs earlier and from age-matched naive rat pups.
Synaptic activity was recorded as a ventral root potential (VRP) from the L5 segment
following low intensity (5V 20ps) electrical stimulation of the ipsilateral L5 dorsal root (DR).
Single shock stimulation of the L5 DR evoked a brief VRP. The duration of this response was
significantly greater in both UV-treated (4.28±0.65s) and 4hrs NGF pretreated animals
(3.56±0.27s) than in the spinal cords of naive animals (1.64±0.31s). In naive animals,
repetitive Ap fibre stimulation (max. 20 Hz) did not evoke any significant cumulative
depolarization. In contrast, in spinal cords from animals pretreated with either NGF or UVA
irradiation a significant cumulative response was recorded (492.3±61.6% and 683.3±67.3% of
control value respectively). This "windup" response was significantly reduced by the NK1
receptor antagonist, RP67580 (100nM), the NK2 receptor antagonists MEN10376 (100nM)
and the NMDA receptor antagonist D-AP5 (20pM).
We have demonstrated that following peripheral injury or injection of NGF, A-fibre activation
may result in novel responses which resemble those normally evoked by C-fiber activation.
These novel responses may underlie the phenomenon of touch-evoked allodynia.

RETINA AND PHOTORECEPTORS I
60.1

60.2

PROTEIN PHOSPHATASE TYPE 2A ACTIVITY REMOVES ARRESTIN FROM THE
MEMBRANES OF LIMUL US PHOTORECEPTORS AND IS INHIBITED BY PKA
PHOSPHORYLATION. A.M.N. Tsibris. T.H. VanDyke, and S.C. Edwards", Dept. of
Biology, Inst, for Biomolecular Sciences, University of South Florida, Tampa, FL 33620.
The phosphorylation of rhodopsin or arrestin is believed to modulate their interaction in
both vertebrate and invertebrate organismsj-espectively. In Limulus and Drosophila
photoreceptors, arrestin is phosphorylated rapidly in response to light. It has been
postulated that in invertebrate systems the phosphorylation of arrestin is involved in its
binding to and inactivation of rhodopsin (Richard and Lisman, 1992). Recently, we have
shown that arrestin from both Limulus and Drosophila is a substrate for protein
phosphatase type 2A (PP2A). Using an arrestin monoclonal antibody for quantitative
western blots (C10C10 provided by L.A. Donoso, Wills Eye Hospital, Philadelphia), we
now find that incubation of resuspended membranes from light-adapted Limulus lateral
and ventral eyes with PP 2A causes removal of arrestin from the membrane fraction. PP
2A caused a 50-60% reduction in the amount of membrane-associated arrestin. This
removal is prevented by 10 nM okadaic acid. These findings suggest that phosphorylation
of arrestin is important to its membrane association with rhodopsin and that PP 2A may
play a key role as a regulator of that interaction.
We have previously shown that PP 2A activity is greater in light- than in dark-adapted
Limulus lateral eyes. Various mechanisms by which light regulates this activity are being
explored in our laboratory using chromatographically enriched PP 2A from light- and
dark-adapted eyes. Preincubation of PP 2A with PKA and ATPy S causes an 80%
reduction in activity of PP2A from light-adapted eyes. No such reduction was observed in
the dark-adapted preparation. These results suggest that PP 2A is phosphorylated by PKA
and that this phosphorylation causes a reduction in its activity. We propose that in darkadapted eyes cAMP-levels are elevated and PKA activity causes PP 2A to remain in a
phosphorylated, inactive state. Light stimulation may then lead to the dephosphorylation
of PP 2A by another phosphatase resulting in an increase in its activity.
(Supported by NIH EY08765)

STRUCTURAL BASIS OF LATERAL INHIBITION IN THE LIMULUS LATERAL
EYE: INTRACELLULAR STAINING WITH NEUROBIOTIN. J.J, Bromka and S.C,
Chamberlain*. Institute for Sensory Research, Syracuse University, Syracuse, NY
13244-5290.
The lateral eye of the horseshoe crab has been the premier model system for the
study of lateral inhibition in the visual system. The underlying inhibitory field
functionally associated with a single ommatidium was mapped out 25 years ago {JGP
5 4:383). Efforts to elucidate the structural basis for lateral inhibition have been slower
to bear fruit. Intracellular injection of fluorescent dyes (e.g. J. Neurobiol. 2:129)
proved insufficient to resolve fine collaterals. Fahrenbach’s monumental serial EM
study {Proc. Royal Soc. Lond. B 225:219) used a small animal with a smaller number
of ommatidia (155) than the adults used for mapping the physiological inhibitory field
(800-1000).
Recently new dissection procedures {Vis. Neurosci. 10:597) have enabled us to
inject Neurobiotin routinely into eccentric cells. Cells were injected for 1 hr with 4
nA from a micropipette filled with 5% Neurobiotin, incubated overnight in organ
culture, and fixed in 5% buffered paraformaldehyde. Serial 115-pm sections were cut
with a cryostat. Vectastain Avidin/Biotinylated HRP and DAB were used to visualize
the injected cell, its axon, and its collateral processes.
Examination of 6 injected eccentric cells from the centers of adult lateral eyes
revealed that the collaterals from a single eccentric cell extend over an oval region of
plexus that is from 13 to 16 ommatidia long in the anterior-posterior direction and 5 to
9 ommatidia wide in the dorsal-ventral direction. This represents about 12% of the
ommatidia in a compound eye. A single branch in this array of collaterals may
contribute to synaptic glomeruli under as many as 15 ommatidia.
It appears that the structural substrate for lateral inhibition consists of eccentric cell
collateral arrays which are smaller than the corresponding functional inhibitory fields.
This implies that collateral-collateral contacts are involved in lateral inhibition in
Limulus.
Supported by NIH Grant EY03446.
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RETINAL STRUCTURE IN HYDROTHERMAL VENT SHRIMP FROM THE
MID-ATLANTIC RIDGE. S.C. Chamberlain. R.C. Lakin. D.N.Wharton, D.J.
Nuckley. R.O. Kuenzler, J.T, Kwasniewski. P.J. O’Neill, R.N. Jinks. E.D. Herzog,
and R.T, Verrillo*. Department of Bioengineering and Neuroscience and Institute for
Sensory Research, Syracuse University, Syracuse, NY 13244-5290.
At present four hydrothermal vents fields with black smokers are known along the
Mid-Atlantic Ridge: TAG, Snake Pit, Lucky Strike, and Broken Spur. Six species of
Caridean shrimp unique to this environment were collected with DSV Alvin during
cruise 129 of R/V Atlantis 11 in May and June, 1993. These shrimp inhabit an unusual
photic environment wherein light intensity is extremely low and no day/night or
summer/winter cycles exist. Light emanates from the tops of black smoker chimneys
probably as a result of black body radiation from the 350°C vent water. Shrimp live on
the sides and at the bases of the black smoker chimneys where they feed on sulfide
oxidizing bacteria or on other shrimp.
Two of the species, Rimicaris exoculata and an unnamed orange species, live in
extensive masses of hundreds or thousands of individuals, and both have hypertrophied
eyes on their dorsal surfaces. The other species — Chorocaris chacei, Alvinocaris
markensis, an unnamed small species from Broken Spur, and an unnamed large species
from Lucky Strike — live solitary lifestyles and have anteriorly directed eyes.
All six species have lost the dioptric structures associated with individual ommatidia
and have developed a white matrix of high albedo behind the photoreceptors. Some,
e.g. R. exoculata and C. chacei, have photoreceptors with hypertrophied rhabdoms
consisting of well organized arrays of microvilli. The enlarged rhabdomeral segments
and attenuated arhabdomeral segments of these photoreceptors would appear to preclude
daily rhabdom turnover and we have found no ultrastructural evidence that such turnover
occurs. This might be correlated with the absence of seasonal changes in the light
environment. Other species, e.g. A. markensis, appear to be below the quit point and
have lost their photoreceptors as they adapted to the low light intensity of this
environment.
Supported by NSF grant BNS 91-11248 and NIH grant EY03446.

DIACYLGLYCEROL AND INOSITOL TRISPHOSPHATE ACT IN SYNERGY TO
INITIATE PHOTORECEPTIVE MEMBRANE TURNOVER IN LIMULUS.
R.N. Jinks1. R.H. White*2, and S.C. Chamberlain1. ^Dept. of Bioengineering &
Neuroscience and Inst, for Sensory Research, Syracuse University, Syracuse, NY
13244; 2Dept. of Biology, University of Massachusetts at Boston, Harbor Campus,
Boston, MA 02125.
Transient shedding of photoreceptive membrane in the Limulus lateral eye is
triggered by light onset at sunrise each morning under natural lighting. Activation of
protein kinase C (PKC) by phorbol esters initiates photoreceptor membrane turnover in
the lateral eye in the absence of a light trigger. If light-triggered membrane shedding is
mediated by a diacylglycerol (DAG)/protein kinase C transduction cascade, DAG
analogs of the 1,2-sn configuration should induce shedding in the absence of light.
Adult male horseshoe crabs, maintained under natural lighting, were placed in the
dark at sunset. At dawn the following morning one eye of each animal was injected
subretinally in the dark with 1-1.5 ml of either 1,2-dioctanoyl-sn-glycerol (DOG) or 1oleoyl-2-acetyl-sn-glycerol (OAG; 30 pM to 5 mM), while the other eye served as an
internal control. Animals remained in darkness for 30 min after which both eyes were
fixed by subretinal injection of our standard EM fixative in the dark.
No evidence of photoreceptive membrane shedding was observed for retinas treated
with DOG or OAG alone. These retinas maintained their dark-adapted ultrastructure and
were indistinguishable from untreated controls. Diacylglycerol activation of classical
PKC isozymes (a, pi, pil, & y) is Ca2+-dependent. D-myo-inositol trisphosphate
(IP3) has been shown to stimulate the intracellular release of Ca2+ in Limulus
photoreceptors (7. Cell Biol. 104: 933). Eyes injected with 0.5-5 mM DOG + 1.2
mM IP3 shed their photosensitive membrane in a [DOG]-dependent manner with 5 mM
DOG + 1.2 mM IP3 producing a robust shedding burst. Light-triggered membrane
shedding appears to be mediated by the synergistic activation of a classical PKC by
DAG and elevated intracellular Ca2+ concentration stimulated by light-driven IP3
production. Of the four classical PKC isozymes, only PKC pil shows strong
immunoreactivity in the rhabdomere, suggesting that it may be responsible for the
light triggering of shedding.
Supported by NIH EY03446 and Syracuse University.
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VISUAL PROCESSING IN THE BRAIN OF
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LIMULUS

CL Passaglia*. ED Herzog. FA Dodge and RB Barlow

Institute for Sensory Research, Syracuse University, Syracuse, NY
13244
What are the neural codes for vision? How does the brain decipher
the code it receives from the retina? We are exploring these questions
in the horseshoe crab, Limulus polyphemus, whose visual system has
yielded much information about basic visual mechanisms. We are
making substantial progress in understanding how the retina encodes
visual information (see FA Dodge et al, these meetings), but we know
very little about how the brain processes the information.
We report here the first intracellular recordings from the lamina
which is the first synaptic region of the brain. In general, illumination
of a single receptor unit (ommatidium) in the retina evokes
depolarizing potentials and action potentials in the brain, whereas
illumination of the entire retina elicits hyperpolarizing potentials and
reduces the rate of discharge of action potentials. In both cases, the
discharge pattern of action potentials in the brain resembles that
recorded from optic-nerve fibers. On occasion, illumination of a
single ommatidium also evokes a spike-dependent hyperpolarization
suggesting the presence of self inhibition in the brain. Functionally,
Limulus appears to have constructed a second retina in the brain.

Supported by NSF grant BNS9309539 and NIH grants MH49741
and EY00667.

60.7
DISTRIBUTION OF LIMULUS ARRESTIN AS REVEALED BY A NEW MONOCLONAL ANTIBODY. B-A. Battelle*. B.G. Caiman. W.C. Smith
and A.W. Andrews. Whitney Lab. and Dept. Neuroscience,
University of Florida, St. Augustine, FL 32086
A monoclonal antibody (MAb Arr2A6) directed against the
N-terminal portion of Limulus arrestin was used to examine
the tissue distribution of arrestin-like immunoreactivity
(Arr-LI) in Limulus. The antigen used for immunizations was
prepared from heterologous expression of the amino-terminal
half of Limulus arrestin in E. coli. This fragment does not
contain the highly antigenic sequence GIALD which is
conserved in most arrestin-like proteins. MAb Arr2A6
revealed Arr-LI on Western blots of extracts of Limulus
lateral and median eyes and optic nerves,
ventral
photoreceptor cell bodies and axons, the lamina, and the
central body region which contains the ocellar ganglia. No
Arr-LI was detected in extracts of brain minus the optic
centers, the circumesophageal ring, or in abdominal, leg,
or tail nerves.
MAb Arr2A6 appears specific for the
Limning protein. It does not cross react with bovine or
Drosophila arrestin, and no specific staining was seen on
Western blots of extracts from the eyes of lobster, squid,
octopus, or spider. On frozen sections of Limulus tissue,
only photoreceptors stained with MAb Arr2A6. They stained
in their entirety, but most intensely at the rhabdom. These
results show that the arrestin we have cloned is specific
to photoreceptors and suggest that it is involved in the
photoresponse. (Supported by NSF and NIH)
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VISUAL PROCESSING IN THE RETINA OF UMULUS

F, A. PQdge*.E,D, Hgffogi C,U PassagUa,..and KB, .Barlow

Institute for Sensory Research, Syracuse Univ., Syracuse, NY

How is a behaviorally significant scene encoded for transmission
to the Limulus brain? We address this question by recording from and
modeling an ensemble of receptors in the Limulus eye. The eye is
well-suited for computational analysis because it consists of a
relatively small number of similar retinal units, arranged in a 2-D array
and fixed on the carapace of the animal. Thus, we can determine with
precision the stimulus to each retinal unit.
We record the activity of 1-5 optic fibers while an animal moves
past a visual target in the Atlantic Ocean or in an indoor "ocean".
During the mating season, males turn and approach these visual targets
(Powers et al, 1991, Vis. Neurosci. 7: 179-89) seeing them with only a
few retinal units at behavioral threshold (Herzog and Barlow, 1992,
Vis. Neurosci. 9:571-580). We have found that die modulation of the
ongoing retinal activity by visual targets depends on the size and
contrast of the target and on the velocity of the animal.
We simulate with a cell-based model the activity of optic nerve
fibers in response to the same scenes used in the physiological
experiments. The computed spike trains match well those recorded
physiologically. Thus, we can confidendy use the model to generate a
map of the neural input from the whole eye to the brain.
The spatiotemporal pattern of optic nerve activity places specific
constraints on the information processing in the brain. The model of
the retinal array of receptors suggests that the activity of only a few
adjacent receptors are sufficient to detect objects of behavioral interest
Supported by grants: BNS 9309539 & NIH MH49741 & EY00667.
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COMPARATIVE MOLECULAR STUDIES OF WAVELENGTH
REGULATION: CLONING OF HONEYBEE RHODOPSIN.
B.S.W, Chang1*, and N.E. Pierce2. 1 Biological Labs, Harvard
University, 16 Divinity Ave., Cambridge, MA 02138; 2MCZ Labs,
Harvard University, 26 Oxford St., Cambridge, MA 02138.
The vast diversity of rhodopsin absorption maxima
throughout the animal kingdom is thought to be largely the result
of differences in the opsin binding pocket within which the
protonated Schiff base chromophore resides. In order to further
elucidate which amino adds within the transmembrane domains
of the opsin are important in wavelength regulation, a
comparative sequence approach was employed. Previous
phylogenetic analyses have targeted certain residues cis being
evolutionarily important in wavelength regulation; this analysis is
strengthened by the characterization of functionally diverse types
of opsins. Honeybees, Apis mellifera, are known to have at least
three different opsins. A strategy using RT-PCR with degenerate
primers on RNA isolated from honeybee heads resulted in the
isolation of several dones. One of these has been characterized as
a rhodopsin sequence in the insect Rhl/Rh2 family. Phylogenetic
analysis indicates that this novel honeybee opsin sequence is most
closely related to the mantid opsin within the Rhl/Rh2 family;
and preliminary results of our comparative sequence analysis
indicate that this is probably the green opsin (~540nm).
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PRESYNAPTIC GABAb RECEPTORS REGULATE RAT AND CAT
RETINO-GENICULATE TRANSMISSION IN VIVO AND IN VITRO.
Z. Emri1,2. J.P, Turner1. G, Juhasz2. E. Asprodini1* and V. Crunelli1.
^ept. Physiology, University of Wales, Cardiff, CF1 1SS, UK and 2Dept.
Comparative Physiology, University Eotvos Lorand, Budapest, Hungary
Previous studies (Crunelli & Leresche, TINS 14, 1991, 16-21)
demonstrated a role for postsynaptic GABAb receptors in the burst firing
excitation of thalamocortical (TC) neurones that involves the activation of
low threshold Ca2+ potentials. We have now studies the contribution of
presynaptic GABAb receptors in the rat and cat dorsal lateral geniculate
nucleus (LGN) in vivo and in vitro.
Intracellular recordings from TC neurones in vitro show that baclofen (110 /xM) decreases (70-90%) the amplitude of the optic tract evoked EPSP,
an effect that is fully antagonized by the GABAb antagonist CGP 35348
(0.3-1 mM). In addition, application of CGP 35348 alone increases (1530%) the amplitude of the EPSP, indicating a tonic activation of GABAb
receptors by endogenous GABA in vitro. The putative GABA„ receptor
antagonist 2-OH-saclofen (0.5-1 mM) decreases the amplitude of the EPSP
(15-30%) and only partially (65-80%) antagonizes the action of baclofen.
Interestingly, the effects of 2-OH-saclofen are not fully blocked by CGP
35348 (1 mM). Thus, the partial agonist action of 2-OH-saclofen probably
occurs on CGP 35348-insensitive GABAb receptors. Using microdyalisis
coupled with HPLC amino acid analysis, CGP 35348 (1 mM) was found to
increase (20-35%) the ambient glutamate concentration in the LGN of
anaesthetized rats. These results indicate a functional role for presynaptic
GABAb receptors in the control of retinal input to the thalamus.

RELAY CELLS AND LOCAL GABAERGIC CELLS CONTRIBUTE TO
RESPONSES MEDIATED BY METABOTROPIC GLUTAMATE RECEPTORS IN
CAT LGN. O, Zhou*. D.W. Godwin. M.E, Bickford. S.M. Sherman, and P.R, Adams.
Dept. of Neurobioiogy, SUNY, Stony Brook, New York 11794-5230.
Glutamate, in addition to mediating fast neurotransmission via activation of
ionotropic receptors, also produces longer-term depolarization through activation of
metabotropic receptors (mGluRs). In the guinea pig lateral geniculate nucleus (LGN),
stimulation of mGluRs with the agonist trans-ACPD yields a depolarization of relay
cells through decrease of a K+ "leak" conductance, thereby increasing neuronal input
resistance (R) and eliminating low threshold (LT) Ca2+ spike activity (PNAS 89:27742778, 1992). We sought to perform similar studies on slices of cat LGN with
conventional in vitro techniques. Intracellular recordings were obtained from cells in
the A-laminae. We identified relay cells by their expression of LT spikes, and a subset
of these were injected with biocytin and confirmed histologically as relay cells. ACPD
produced a 10.7±1.4 mV depolarization (p<0.0I), in agreement with previous studies.
However, ACPD also yielded a 33% decrease in R (p<0.01). We repeated these
experiments in the presence of GABA blockers (bicuculline, n=5; or picrotoxin, n=2),
or by blocking synaptic transmission by lowering [Ca2+]0 in the artificial cerebrospinal
fluid to 0.1 mM and raising [Mg2+]0 to 4 mM (n=2). In these environments, the ACPDevoked depolarization (8.9±0.6 mV; p<0.01) was accompanied by a 52% increase in
R (p<0.01). This suggests either that local, GABAergic, inhibitory cells are sensitive
to mGluR agonists, or that ACPD indirectly activates these cells due to activation of
relay cells; activation of these inhibitory cells would decrease R of the relay cells. We
thus conclude that: 1) cat LGN relay neurons are sensitive to the mGluR agonist
ACPD; 2) by depolarizing LGN relay neurons, activation of mGluRs inactivates LT
spiking, in agreement with our in vivo observations (see abstract by Godwin et al.);
and 3) GABAergic neurons are activated by mGluR agonists, either directly or
indirectly, and through such activation will secondarily affect relay cells. (Supported
by USPHS grant EY03604 and the HHMI plus NRSA grant NS09163 to DWG.)

61.3
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WAKING UP THE SLEEPING SLICE: NEUROMODULATION OF SPINDLE
WAVES IN VITRO K. Lee*. T. Bal. D.A. McCormick Section of Neurobioiogy,
Yale Univ. Sch. Med. New Haven, CT 06510
The transition from sleep to waking is associated with the abolition of spindle
waves and the appearance of tonic, spike activity in thalamic relay neurons and
nucleus reticularis/perigeniculate GABAergic neurons. We tested the possibility
that these changes may arise from the release of acetylcholine (ACh),
norepinephrine (NE), serotonin (5-HT), histamine (HA), or glutamate through
examining the effects of these agents on spindle wave generation in the ferret LGNd
maintained in vitro. In the PGN, local application (500 pM in micropipette) of these
putative neurotransmitters (except for ACh) resulted in a slow depolarization of the
membrane potential, an abolition of spindle wave generation, and repetitive single
spike activity (A). Similarly, when applied to the LGNd, these neurotransmitters
also abolished spindle wave generation (B) with (ACPD - a glutamate metabotropic
receptor agonist, NE, ACh) or without (5-HT, HA) a marked depolarization of the
membrane potential. Previous A. Intracellular, PGN cell
Tonic Firing
results have demonstrated that
these
neurotransmitters can
either decrease a resting K+
conductance (Ijq ^) or enhance: I
NE. ACRE, HA
the hyperpolarization activated
j
cation current, lh. Our results g. Intracellular, LGNd Relay cell
suggest that both decreases in
Irl a°d enhancement of Ijj can
abolish spindle wave generation, 1
while only decreases in Ij^ can
result in the switch to single
spike firing.

SPINDLE OSCILLATIONS IN THE FERRET LGNd ARE TRAVELING
WAVES. U. KIM*, T, BAL, and D.A. McCormick Section of Neurobioiogy,
Yale Univ. Sch. Med., New Haven, CT 06510.
Travel of spindle waves was recorded from sagittal slices of ferret LGNd
maintained in vitro. Extracellular multi-unit recordings through an array of 8
electrodes positioned in the A laminae along the entire length of the LGNd
revealed spindle waves to travel along the D-V axis at 0.5-1.0 mm/sec (see
Figure). Spindle waves could travel in either direction, and the bursts of
action potentials were electrode 8 (dorsal end of LGNd)
synchronized through- LU.kk.LJi..kJA^...|.l, “..... r-M.v ff|—ri-

111 lljiww"

out the slice. When
spindle waves started I

7

from I
simultaneously
both ends, they collided 6
in
the
middle
and
became synchronized.
j
bursts w
,1,1111 ilikldii
Local application of the
AMPA/kainate receptor
antagonist CNQX into
the perigeniculate nucleus (PGN) prevented
spindle
waves
from
traveling beyond that 2
point,
indicating that
excitation of PGN cells electrode 1 (ventral end of LGNd)
by relay neurons is 1
critical to the generation
of this phenomenon.
1 sec
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spindle wave
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SYNCHRONIZED OSCILLATIONS ACROSS LAMINAE IN THE
CAT LATERAL GENICULATE NUCLEUS ARE STIMULUSDEPENDENT. S. Neuenschwander and W. Singer* MaxPlanck-Institut fur Hirnforschung, Deutschordenstrafie 46, 60528 Frankfurt a. M., Germany.

SLOW OSCILLATIONS OF SPONTANEOUS ACTIVITY IN
VISUALLY RESPONSIVE THALAMIC NEURONS OF
URETHANE ANESTHETIZED RATS. D, Albrecht* and S, Gabriel.
Institute of Physiology, Charite, Humboldt University Berlin, 10115,
Germany.
It has been argued that some thalamic cells may oscillate
endogenously based on their intrinsic membrane properties. We
examined the spontaneous activity of neurons of the dorsal and
ventral lateral geniculate nucleus (LGN) and the nucleus lateralis
posterior (LP) for the presence of slow oscillatory activity. In dark
adapted, urethane anesthetized rats two thirds of the neurons studied
in these visually responsive thalamic structures displayed strong
oscillatory activity in the 0.02 to 0.03 Hz range. With higher
background luminance this slow oscillatory activity was more seldom
detected. Diffuse light stimuli dampened or blocked these oscillations
in nearly all cells tested. N-methyl-D-aspartate and/or kainate
administered iontophoretically in the vicinity of the neuron recorded
extracellularly also suppressed this slow oscillatory activity. The
absence of slow oscillations in the 0.025 Hz range in hippocampal
and striatal neurons confirm the results obtained in vitro 1, concerning
the existence of a thalamic pacemaker generating these slow
oscillations in the absence of specific extrathalamic inputs.
Reference 1: Leresche et al., J. Physiol. 441: 155-174 (1991).

It has been suggested that synchronization of neuronal activity in the millisecond
range may serve as a mechanism to enhance the saliency of selected neuronal
responses and to define relations among them. In the present study we have
investigated the occurrence of synchronous firing in the dorsal lateral geniculate
nucleus (LGN).
Simultaneous recordings of single- and multi-unit activity were made in lightly
anesthetized cats by means of two electrodes placed in different LGN laminae. Autoand cross-correlograms computed from the spike trains revealed that geniculate
neurons may show strongly synchronized oscillatory responses which are absent
from the shift predictor controls. Synchronized oscillatory responses were seen for
recording sites located within the same lamina but also between different laminae
receiving inputs from the same eye (between lamina A and C). The oscillations
observed in the LGN are faster than those described in the visual cortex (50-100 Hz,
generally above 60 Hz) and show much less variability within and across trials. The
oscillation strength but not the frequency appeared to be dependent on contrast and
stimulus size. Stationary flashed bright or dark spots or bars were more effective in
inducing oscillatory responses than drifting gratings or bars.
Contrary to the proposal of Ghose and Freeman (J. Neurophysiol., 1992), our
results show that in the LGN oscillatory responses may arise in a stimulusdependent manner and that cells both within and between different laminae (lamina A
and C) may show tightly coupled activity. The fact that these oscillatory responses
are contrast-dependent and readily induced by stimuli that are non-optimal for cortical
cells suggests a retinal or thalamic origin.
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CAN OSCILLATORY ACTIVITY IN THE LGN ACCOUNT FOR THE
OCCURRENCE OF SYNCHRONOUS OSCILLATIONS JN THE VISUAL
CORTEX? H. Ito. C.M. Gray and G. Viana Di Prisco . The Center for
Neuroscience, Univ. of Calif., Davis, CA 95616.
A large fraction of cells in the visual cortex of the cat display stimulusdependent, 30-60 Hz, oscillatory firing patterns that are often synchronous over a
range of spatial scales: locally, inter-columnarly, inter-areally, and interhemispherically. Spontaneous and stimulus-evoked rhythmic activity also occurs
in the lateral geniculate nucleus (LGN) in a similar frequency range. It has been
hypothesized that cortical oscillatory activity may arise as a result of this
rhythmic afferent input. To further test this notion we have recorded
spontaneous, and visually-evoked, unit activity in the LGN of anesthetized cats,
and evaluated the spike trains using correlation and spectral analyses. At present
we have performed 45 single and 13 multiple unit recordings in all layers of the
LGN. Significant oscillatory activity, determined for each recording by
comparison to an equivalent random spike train, occurred in 16 of the 58
recordings. Five of these cells displayed oscillations as a result of entrainment to
the 80 Hz refresh rate of our computer monitor. Two of the cells, recorded in
the perigeniculate nucleus, displayed a clock-like oscillatory firing pattern at 50
and 68 Hz, that was not influenced by visual stimulation. The remaining cells
(9/58) displayed stimulus-evoked oscillations that ranged in frequency from 24140 Hz, showing no tendency to cluster in the range of 30-60 Hz. Using spike
separation techniques and cross-correlation analysis we found that adjacent cells
were capable of oscillating in phase at 55, 84 and 100 Hz. These data confirm
earlier reports of oscillatory activity in the LGN, and suggest that synchronous
cortical oscillations are unlikely to arise solely due to rhythmic input from the
LGN. Supported by the Human Frontiers Science Program Organization

BURST RESPONSES OF LGN NEURONS IN THE AWAKE BEHAVING
CAT. W. Guido*, T. Weyand, and J. Hewitt. Dept. of Anatomy and Center for

Neuroscience, LSU Medical Center, New Orleans, LA 70112.
Burst firing in neurons of the dorsal lateral geniculate nucleus (LGN) is due
to the activation of a low threshold calcium conductance at hyperpolarized
membrane potentials. In anesthetized paralyzed cats, burst responses are visually
evoked and provide a form of nonlinear signal amplification for a hyperpolarized
relay cell. Here we examined whether visually driven burst responses occur in
awake cats trained in oculomotor tasks. Head position was fixed, and gaze was
monitored using the scleral search coil technique. The cat faced a rear projection
screen onto which we could present various visual stimuli. LGN cells responded
vigorously to spots of light and drifting gratings (n=25) placed in the receptive
field. More than half of the cells showed some form of bursting activity during
visual stimulation. Burst responses were more prevalent during trials or time
periods in which the cat was not actively engaged in a task that required
fixation. However, some cells also showed visually evoked burst responses
during periods of fixation. These usually occurred early within the fixation
period after which time the cell switched from a burst to tonic firing mode. The
activity of some LGN neurons was also greatly affected by eye movements.
Typically, these cells showed a decrease in visual activity during an eye
movement and a marked increase immediately after an eye movement. Burst
responses were prevalent during such post-saccadic activity. Overall, these
results suggest that burst responses may have further significance for
retinogeniculate transmission, perhaps amplifying visual activity during states
when the cat is orienting towards a visual target or scanning a visual scene.
(Supported by LSUMC Neuroscience Incentive Grant and USPHS grant
EY06818)

61.9

61.10

VISUAL INFORMATION AT THE LEVEL OF THE DORSAL GENICULATE NUCLEUS
(dLGN) OF THE CAT IS MODULATED BY NITRIC OXIDE ACTING ON NMDA
RECEPTORS. C. Rivadulla, R. Rodriguez, S. Martinez-Conde, C. Acufia- and J. Cudeiro.
Dep. of Physiology, Univ. of Santiago de Compostela and Dep. of Health Sciences, Univ. of
La Corufia, Spain.
In the dLGN of the cat, visual responses resulting from retinal stimulation are known to be
the result of activation of aminoacid receptors on receiving dLGN cells including a significant
component mediated via NMDA receptors. We have recently shown, that visual responses at
this level are reduced by application of inhibitors of nitric oxide (NO) production, suggesting
a postsynaptic locus of action (1). In order to examine the mechanisms of this effect more fully
we have derived dose-response curves for excitatory amino acids and for the non-aminoacid
excitant ACh in the presence and absence of the competitive inhibitor of nitric oxide synthase
(NOS), Na-nitro-L-arginine (L-NOArg). Experiments were carried out on adult cats
anesthetized with a gas mixture of70%N20-30%02 and halothane (. 1 -.5%) and paralyzed with
gallamine (lOmg/kg/h). Seven barrelled micropipettes were used for recording single unit
activity and the iontophoretic application of a selection of the following drugs in the A laminae
of dLGN of the cat: NMDA, AMPA, Quisqualate (Quis), Kainate (Kain), ACh, L-NOArg, LArg and 8-bromo-cGMP. For each cell, visual responses were tested before, during and after
application of L-NOArg, alone or in combination with L-Arg. Pulsatile application of excitatory
aminoacids and ACh were also examine in tire same manner.
In all tested cells visual responses were effectively decreased by ejection of L-NOArg, and
this action was reversed by simultaneous application of L-Arg. The effect of ejection of LNOArg upon NMDA mediated excitation was similar to that on visual responses. Responses
to the other aminoacids and ACh were much less reduced. Reduction in background activity
can clearly account for the small effects seen on Quis, AMPA, Kain and ACh. Application of
the cGMP membrane permeable analogue, 8-bromo-cGMP was unable to alter the effect of LNOArg.
We suggest that within the dLGN of the cat, the NO activity represents a system for tire
gating of NMDA mediated excitation, required for normal physiological visual function
(1) Cudeiro J. etal., (1994). J. Neurophysiol. 71:146-149.
Supported by XUGA, DGICYT and Fundacion Rich Spain.

METACONTRAST AND FORWARD MASKING PARADIGMS
DEMONSTRATE X CELL AND Y CELL CORRELATES OF
SACCADIC SUPPRESSION IN CAT dLGN. D. Impelman*
and B. Brooks-Eidleberg. UCSF Ophthamology, SF,
CA 94103 and UTHSC Physiology, SA, TX 78284
The masking paradigms used in human psychophysics studies of saccadic suppression are
applied to dLGN X and Y units in the cat dLGN.
The role of channel processing differs for X
and Y responses which are identified by their
spatial summation properties, velocity responses an'd periphery effect. Units are tested
under simulated saccadic conditions with full'
field and peripheral gratings for the timecourse of sensitivity changes. X units summate
local luminance effects within the RF and
demonstrate a parametric dependence on the
unit's spatialtemporal tuning properties. Vertical gratings centered on the RF and displaced
at saccaddic velocities produce backward and
forward masking responses consistent with human
psychophysical findings.
Suppressive effects
of Y-cell center responses are produced with
broad-band full field or peripheral gratings
and velocity bars. Cross-correlation analysis
of spike frequency response profiles show the
absence of X and Y inhibitory interactions. A
parametric model is used to summarize the
integrative effects of X and Y properties,
luxotonic units and corollary discharge in
visually evoked saccades.
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EFFECTS OF OCULOMOTOR BEHAVIOR ON VISUALLY-

RESPONSES OF CELLS IN THE DORSAL LATERAL GENICULATE NUCLEUS
(LGN) DURING INACTIVATION OF THE PERIGENICULATE NUCLEUS.
H.E. Jones* and A.M. Sillito. Dept. of Visual Science, Inst, of Ophthalmology, Bath
St., London ECIV 9EL, UK.
The perigeniculate nucleus (PGN) receives visual input from the LGN and visual
cortex, and receives extensive modulatory inputs from the brainstem. It provides a
major source of inhibitory input to the LGN. Thus the PGN has the capacity to
influence strongly the transmission of retinal input through the LGN. However,
there is little direct evidence for the contribution of perigeniculate inhibition to the
response properties of LGN cells. We have explored this issue by examining the
responses of LGN cells to visual stimulation during inactivation of the PGN. We
recorded from single cells in lamina Al of the LGN of anaesthetized, paralysed,
adult cats using a tungsten in glass electrode. A multibarreled glass electrode
containing 3M NaCl (for recording) and GABA (0.5M, pH3) was inserted in a
retinotopically matching location in the PGN. We quantitatively documented the
responses of LGN cells to flashed and moving stimuli of varying spatial extent.
After establishing stable control responses, we reversibly inactivated the PGN by
iontophoretic ejection of GABA (current range 150-250nA). The visual responses
of most LGN cells were increased during PGN inactivation. In some cases, the
sustained and transient components of the responses to flashing stimuli were equally
affected, but in others the sustained response component appeared more susceptible
to PGN inactivation. While in some cases PGN inactivation resulted in a
generalized response increase to all visual stimuli with no change in the sharpness
of the area/length tuning profile, in others the tuning curve shape was radically
altered. These results show that the perigeniculate nucleus exerts a potent inhibitory
influence on LGN cells. For some cells, it exerts a global effect on responsiveness,
whilst in other cases, its pattern of influence appears to be strongly determined by
the visual stimulus parameters used.

LGN. D. Lee* and J. G, Malpeli,
Neuroscience Program and Department of Psychology, University of
Illinois, Champaign, IL 61820.
Proprioceptive information from the extraocular muscles is conveyed to
the LGN (Donaldson & Dixon, Exp. Brain Res. 38:245, 1980), and eye
position affects the visually-evoked responses of geniculate cells (Lal &
Friedlander, J. Neurophysiol. 63:502, 1990; Lehmkuhle & Baro, Soc.
Neurosci. Abstr. 17:629, 1991). In this study we examined the effects of
oculomotor behavior on the activity of LGN cells in awake cats trained to
make saccades to, and maintain fixation on, small spots of light. Eye
position was monitored with the scleral search-coil technique. Various
behaviorally irrelevant images (drifting sinusoidal gratings or bars) were
introduced to evoke sensory responses in LGN neurons. Cells were
classified as X or Y, using contrast-reversing sinusoidal gratings.
The visually-evoked responses of most LGN cells (37 of 48) were
affected by direction of fixation. Most cells (21 of 31) also increased
activity following saccadic eye movements, usually with directional bias
(14 cells). Both effects were common for X and Y cells. Besides relaying
purely sensory information to cortex, the LGN serves as an important site
where incoming sensory inputs are combined with oculomotor signals.
Supported by NIH grant EY02695.
EVOKED ACTIVITY IN THE CAT
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QUANTITATIVE SYNAPTIC ANALYSES OF INTRACELLULARLY LABELED
INTERNEURONS IN THE DORSAL LATERAL GENICULATE NUCLEUS OF
SQUIRREL MONKEYS. J.R. Wilson*, R.P. Cramer and D.M.
Forestner. Emory University, Atlanta, GA 30322.
Three interneurons were recorded in the dLGNs of
squirrel monkeys (Saimiri sciureus) and then intracellularly injected with horseradish peroxidase (HRP).
Their receptive field properties were similar to relay
neurons except that they had center responses opposite to
those of the relay cells of that lamina (i.e., OFF centers
in laminae 5 or 6). The somata were small (avg.=178 pm2)
and the dendritic trees were large (avg.=9200 pm total)
with
extensive
branching
of
the
thin
dendrites.
Examination with the electron microscope of the synaptic
inputs and outputs of the presynaptic dendrites found
retinal synapses accounted for 25-43% of the input to the
neurons, cortical synapses 16-34%, and GABAergic synapses
the remaining 23-59%. All of these types were distributed
throughout the dendritic trees, unlike relay neurons. One
of the interneurons has an estimated 1532 output synapses
contacting presumed relay neuron dendrites (85%), somata
(2%), and other F profiles (12%).
We conclude from these data that interneurons in the
dLGN have synaptic input distributions that differ from
relay cells and that their synaptic connections and
physiology form part of a circuit that could inhibit the
receptive field surround responses of nearby relay neurons.
Supported by grants EY04976 and RR00165.

SYNPATIC TARGETS OF AREA 18 TERMINALS IN THE LATERAL
GENICULATE NUCLEUS OF THE CAT. A. E. Gunltik*, J.W. Vaughan, S. C. Van
Hom, M. E. Bickford, and S. M. Sherman. Dept. Neurobiology, SUNY, Stony Brook,
NY 11794-5230.
Roughly half the input to the lateral geniculate nucleus (LGN) derives from the visual
cortex. However, despite the obvious importance of this massive input, there have been
relatively few electron microscopic anatomical investigations of cortical terminals in
the LGN, and no studies of terminals from single visual cortical areas. Therefore, we
have begun to examine the synaptic targets of cortical terminals labeled from small
iontophoretic injections of biocytin into area 18. These resulted in a band, 800/2m wide,
of anterogradely labeled axons and terminals in the LGN A-laminae. Contained in the
center of the column was a considerably narrower band of relay cells that were lightly
labeled by the retrograde transport of biocytin. At the EM level, biocytin labeling was
found in RSD (round vesicles, small profile, rfark mitochondria) teminals, contacting
exclusively small to medium size dendritic shafts (mean diameter 1.01 ±0.06 ^m, with
a range of 0.36- 1.53/zm). Area 18 terminals are invariably located outside of
glomerular zones and none contact somata or dendritic appendages. Postembedding
GABA immunocytochemistry with an immunogold tag on adjacent ultrathin sections
revealed that the dendrites postsynaptic to biocytin labeled RSD terminals included
both GABAergic and GABA negative profiles. Analysis of a sample of 30 biocytin
labeled RSD terminals showed that 24 (80%) of such terminals contacted GABA
negative dendrites, presumably from relay cells. When the postsynaptic profile was
GABAergic, as it was for 6 (20%) of the labeled RSD terminals, it frequently displayed
a small number of loosely packed vesicles. These results suggest that geniculate input
from area 18 can exert a dual effect on relay cells: a direct excitatory effect and an
indirect inhibitory one via intemeurons. Also, a recent study (Weber et al., JCN, 289:
156-164,1989) found that RSD terminals labeled from areas 17 and 18 contacted many
more interneurons than relay cells. We find, in contrast, that axons from area 18 alone
seem to make more direct contacts on geniculate relay cells and that the ratio of relay
cells to intemeurons amongst the postsynaptic targets is close to the ratio between relay
cells and intemeurons known to exist in die A-laminae. (Supported by USPHS grant
EY03604 plus NRSA grants EY06473 to AEG and EY06340 to JWV.)

61.15

ANALYSIS OF THE SPATIAL DISTRIBUTION OF CAT-301-POSITIVE
CELLS IN THE LATERAL GENICULATE NUCLEUS OF THE CAT
A, Truchard1, S.A, Langer1, C.A. Gilson1, K.M, Murphy*2 & R,Q, Van
Sluvters1. School of Optometry1, University of California, Berkeley, CA
94720, and Department of Psychology2, McGill University, Montreal PQ
H3A1B1.
The functionally and morphologically distinct X and Y retinal ganglion cells of the cat have been proposed to give rise to two parallel
systems for visual processing. The distinction between these systems
appears to be generally preserved in the A laminae of the lateral geniculate nucleus (LGN), where X and Y-cell subtypes can be distinguished
on morphological, anatomical, and physiological grounds. Because the
ratio of the density of Y retinal ganglion cells to the density of X ganglion cells increases as a function of eccentricity, it is of interest to
determine whether a comparable pattern of variation with eccentricity
can be found in A laminae of the LGN, as has been suggested by prior
electrophysiological data. To examine this issue, we have made use of
the monoclonal antibody Cat-301, which on the basis of several criteria
appears to selectively stain Y cells, rather than X and W cells, in the cat
LGN. In a preliminary analysis, we examined variations of absolute
density of Cat-301 -positive cells across the full extent of the A laminae
in a total of 23 coronal sections from 3 LGN’s. In these sections, taken
from the middle third of the LGN, we find little or no variation in the
absolute density of Cat-301-positive cells with azimuth in the visual
field. We plan to extend this analysis by using parasagittally-cut sections to examine the variation of cell density with respect to visual field
elevation.

61.17

A THREE-DIMENSIONAL MODEL OF RHESUS LGN MORPHOGENESIS:
INTERACTIONS OF THE BLIND SPOT WITH A WAVE OF DEVELOPMENT.
S. Tzonev, K. Schulten and J.G. Malpeli* Beckman Institute and Department of
Psychology, University of Illinois, Urbana, IL 61801.
In the rhesus LGN, cells are sorted by type into 6, 4, or 2 distinct layers, depending
on visual-field eccentricity. The transition from 6 to 4 layers always coincides with
small laminar gaps representing the blind spot. We present a 3-D model in which the
formation and segregation of initially unspecified geniculate receptive fields are driven
by local cell interactions. Combined with strict retinotopy, these interactions propagate
a 6-layered pattern (initially localized to the posterior, foveal pole) in a wave of
development that sweeps through the LGN. Although a 4-layered pattern is more stable
than the initial pattern, without a blind spot the 6-layered pattern tends to be propagated
by local interactions to the anterior pole. However, with a blind spot, when the
developmental wave reaches the gaps, the disruption of strict retinotopy triggers a
transition to 4 layers.
Final laminar structure is determined by several factors, including initial pattern
established at the posterior pole, cell interaction distances, and the size and location of
the blind spot. The shape of the developmental wave front plays a crucial role: realistic
transitions are obtained only when the speed of the wave is anisotropic (fastest along the
horizontal meridian). The model is general enough so that it should be possible to
extend it to other primate geniculate patterns.
This model differs radically from the thermodynamic model of Lee and Malpeli
(Science 263: 1292, 1994), but both predict that the optic-disc gaps uniquely locate the
transition between 6 and 4 layers. It is possible that structural singularities play a
similar role in morphogenesis of other biological structures. Supported by grants PHS
2P41 RR05969, NIH EY02695, and Beckman Institute Research Assistantship.
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MORPHOLOGY OF SINGLE CORTICOFUGAL AXONS FROM AREA 17 OF
CAT VISUAL CORTEX TO THE LATERAL GENICULATE NUCLEUS (dLGN).
P.C. Murphy* and A.M. Sillito. Dept. of Visual Science, Inst, of Ophthalmology,
London ECIV 9EL. U.K.
The cat dLGN receives a massive projection from cortical areas 17, 18 and 19.
This pathway contributes 40-50% of the synapses in the dLGN, yet its anatomy is
relatively poorly understood. The morphology of corticofugal axons has been studied
previously by injecting tracer into the optic radiation. This allowed detailed study of
axon segments thought, but not shown, to be of cortical origin, and limited reconstruction. It was not possible to define the extent of an entire axon, or to distinguish
between axons from different areas. We have now used intracellular pressure and
extracellular iontophoretic injections of biocytin into layer VI of area 17, in order to
fully label single corticofugal axons of known origin. Injected cells were mapped and
classified, and extracellular injections were made in regions of known orientation and
ocular preference. We confirm that corticofugal axons are of type 1 morphology;
each collateral has a constant width, with small (<lgm) terminal swellings at sparse
and irregular intervals on the ends of short side-stalks or, occasionally, attached to
the otherwise smooth surface. However, the axons are much more extensive than
previously shown. Most split into several branches above the dLGN, and continue
to branch repeatedly and to give off finer collaterals throughout their course. Some
branches follow the projection columns, but a single axon can give rise to many of
these spread over a relatively wide area. Others have an oblique or horizontal
trajectory, or even curl back towards the surface. The result is a lateral spread of
500-1000gm, so although the pathway is retinotopically organized each cortical locus
projects to a substantial region of the visual field. Single branches can pass through
and innervate more than one layer, but the extent and density of many arbors varies
greatly with depth. In some cases there is a strong bias in the innervation of layers
A and Al, that is matched by the ocular dominance of the cells of origin.
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IN VITRO ASSESSMENT OF OPTIMAL INPUTS FOR PHASE-LOCKING
AND BINAURAL MODULATION OF FIRING IN N. LAMINARIS NEURONS
A.D, Reyes*, E.W Rubel and W.J. Spain. Seattle VA Med. Ctr., Dept. of Med.

&Virginia Merrill Bloedel Hearing Res. Ctr.,U. of Wash. Seattle WA 98195.
Neurons of the avian N. laminaris (NL) form the neural substrate for sound
localization. NL is bilaterally innervated by N. magnocellularis and is the first
nucleus to receive binaural information. NL neurons fire action potentials
(APs) that are phase-locked to the acoustic stimulus. The firing rate is
modulated by microsecond differences in the arrival of sound to the two ears.
This study examines the optimal stimulus conditions for these responses.
Whole cell recordings were performed using an in vitro slice preparation.
A computer program was used to simulate the activities of NM neurons and
calculate the net synaptic current that reaches the soma of NL neurons
during acoustic stimulation. This waveform is injected into the recorded NL
cell and the resulting firing documented. The APs of each simulated NM
neurons were phase-locked to a specified stimulus frequency (0.4-3.2 kHz)
and fired at a specified rate (100-500 Hz). The distribution of the interspike
intervals was either uniform or Poisson. Each AP generates post-synaptic
potentials (PSP) whose shapes were matched to stimulus-evoked PSPs
using an alpha function. To simulate the synaptic current during binaural
acoustic stimulation, two current waveforms were injected at various delays.
Two aspects of NL firing during acoustic stimulation were duplicated with
the stimulus paradigm: 1) reliable phase-locking occurred at stimulation rates
as high as 2.4 kHz; and 2) two inputs introduced simultaneously caused the
greatest firing whereas two inputs applied 180° out of phase decreased firing
rate below that caused by a single input. At high stimulus frequencies, firing
was evoked only when few (<5) NM neurons were used in the simulation,
suggesting that NL neurons in the high frequency end of the tonotopic axis
receive few inputs. During low frequency stimulation, the phase-dependent
modulation of firing improved when the number of NM neurons was
increased. Supp. by VA Merit Review, Blethen fellowship, DC00395.

A MODEL FOR THE ROLE OF INHIBITION IN THE PROCESSING
OF INTERAURAL TIME DIFFERENCE IN BARN OWL. Yehuda
Albeck* Division of Biology 216-76, California Institute of
Technology, Pasadena, CA 91125
Bam owls use interaural time difference (ITD) to detect the horizontal
angle of sounds. The first binaural nucleus in the owl is Nucleus Laminaris
(NL) , which receives bilateral projections from Nucleus Magnocellularis
(NM) . NL neurons also receive many inhibitory synapses, probably from
the Superior Olive (SO). The role of this projection is unknown. I
hypothesize that this inhibition is needed to control the gain in NL
coincidence detectors, allowing NL to cope with a wide range of sound
intensities.
When sound intensity is low, NM neurons send few spikes, most of which
are not phase-locked to the sound. In this case, NL neurons must respond to
the coincidence of two spikes, otherwise no response will be elicited. At
higher intensities, NM neurons fire faster, and phase-locking improves. In
that case coincidence of two homolateral spikes becomes likely. The NL
threshold must be raised, otherwise the neurons will saturate and the ITD
curve will flatten. I assume that NL excites SO, which in turn inhibits NL.
This negative feedback effectively controls NL gain, and allows ITD
sensitivity over a wide range of sound intensities.
I simulated the effect of sound intensity on NL response to ITD. Inhibition
comes from non-ITD sensitive SO neurons that average the response of
many NL cells. Their terminals in NL have a long time constant, and they
effectively raise NL neurons' threshold. The following physiologically
testable predictions are made: (1) When SO is anaesthetized and sound
intensity increases, NL neurons become more active, and less sensitive to
ITD, (2) NL inhibitory projections come from binaural, non-ITD sensitive
neurons, (3) those SO neurons respond proportionally to the average activity
in NL.

62.3

62.4

EFFECTS OF 4-AMINOPYRIDINE ON BRAINSTEM AUDITORY

BRAINSTEM INFUSION OF CNQX AFFECTS CENTRAL
COMPONENTS OF THE AUDITORY BRAINSTEM EVOKED
RESPONSE IN GERBILS. M.D, McGinn*, B.Tt Faddis. Dept.
of Otolaryngology, University, of California, Davis, CA 95616
The non-NMDA glutamate receptor antagonist, CNQX, was
chronically infused into the gerbil brainstem medial to the cochlear
nucleus. ABR responses were recorded to tone bursts at
frequencies of 2, 4, 8 and 16 kHz and 80 dB SPL both before and
six days after the cannula was implanted.
Statistical comparisons were conducted on peak area of ABR
wave 1, thought to originate from the auditory nerve, and ABR
wave 4, thought to originate from the lateral lemniscus/inferior
colliculus. Post-CNQX infusion resulted in a significant decrease
in the size of wave 4, but no significant effect on wave 1. The
effects of CNQX treatment were significant at each frequency (for
each, F(l,25)>31.6, p<0.00005).
These results support the hypotheses that glutamate is an
excitatory neurotransmitter in the gerbil auditory brainstem, that
a non-NMDA receptor contributes to central auditory functional
activity, and that the effects of CNQX on the ABR is not the result
of diffusion from the brainstem to the cochlea.

EVOKED POTENTIALS IN THE RAT. EL.Moore*. and C.E, Kling

U.S. Army Medical Research Institute of Chemical Defense, Aberdeen Proving Ground,
MD21010.

4-Aminopyridine (4-AP) is known to increase neurotransmission and
has been used clinically to reverse non-depolarizing neuromuscular
blocking agents and to treat various conditions including myasthenia
gravis, botulism, Eaton Lambert syndrome and Huntington's chorea. The
present study was designed to examine the central actions of 4-AP using
brainstem auditory evoked potentials (BAEPs) recorded from rats. Male,
Long-Evans rats (250-350 grams) were anesthetized with sodium
pentobarbital (42 mg/kg; i.p.) and implanted with stainless steel screws
to serve as ground, reference and recording electrodes. Electrodes were
secured to the skull with dental acrylic. Animals were allowed to recover
from surgery for approximately 1 week. Rats were restrained and placed
in a sound attenuating chamber where BAEPs were recorded before and
after injection of 4-AP (2 mg/kg; i.p.). 4-AP increased the amplitudes of
peaks III and IV with peak II being affected to a lesser degree. No
changes were found in BAEPs prior to 4-AP administration or with saline
controls. These results suggest that 4-AP given at non-seizurogenic doses
affects auditory processing at the more rostral parts of the brainstem. In
summary, BAEPs appear to be a sensitive tool for assessing the degree
of central effects of 4-AP.

62.5
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HISTOLOGIC AND PHYSIOLOGIC EFFECTS OF PROLONGED MICROSTIMULATION
WITH CHRONICALLY IMPLANTED IRIDIUM MICROELECTRODES
ILJL—Msgre.ery(*I—I.-G.H Yuen w,f.___ Agnew and L.A.
Bullara
Huntington Medical Research Institutes, 734 Fairmount Avenue
Pasadena, Ca. 91105
These studies were conducted as part of a program to
develop an auditory prosthesis based on microstimulation within
the cochlear nucleus
(cn).
Activated iridium stimulating
microelectrodes were implanted chronically (for up to 12 months)
into the cochlear nucleus of cats.
We have shown in earlier studies that damage to the
neuropil of the ventral cochlear nucleus may occur when an
electrode is pulsed for 7 hours at 500 Hz, if the charge per
phase exceeds 3 nanocoulombs. In the present studies, the
threshold for histologically detectable neural damage did not
decrease when the stimulation was extended to 5 days.
Stimulation-induced changes in neuronal excitability were
assessed from the changes in the recruitment characteristics of
the
compound
potentials
evoked
by
the
stimulating
microelectrodes. Continuous microstimulation in the cn, using
parameters that are safe in the sense that they do not induce
detectable histologic changes, may still induce prolonged
depression of the excitability of neurons near the stimulating
microelectrodes. The severity of the depression is proportional
to the duty cycle of the stimulation, and ranges from minimal to
severe and prolonged. Virtually all of the depression of
neuronal excitability occurred during the first 7 hours of
stimulation, and the amount of depression did not become greater
during subsequent days of stimulation.
These histologic and physiologic findings indicate that a
good estimate of the range of safe and effective parameters for
chronic microstimulation can be determined on the basis of
relatively short periods of stimulation, perhaps as little as
seven hours of stimulation delivered in a single session.
(Supported by Contract NOl-DC-2400 from NIDCD of the NIH)

INTRACELLULAR RECORDINGS OF CARTWHEEL AND GIANT CELLS IN
DORSAL COCHLEAR NUCLEUS (DCN) OF UNANESTHETIZED, DECEREBRATE GERBILS (Meriones unguiadatus) J. Dine. T, E. Benson*, and H. F, Voigt.
Dept. of Biomedical Engineering, Boston Univ., Boston, MA 02215.
The gerbil DCN consists of a diversity of neurons including projection (giant and fusiform
or pyramidal cells) and interneurons (cartwheel, Golgi, granule, vertical, and stellate cells)
(Benson et al, 1991). We aim to associate the physiology and morphology of DCN neurons
using in vivo intracellular recording and labeling with HRP-filled micropipettes. Herein we
focus on one of three labeled cartwheel cells and a labeled giant cell.
The cartwheel cell's soma and the recurving spinous dendrites are confined to the
molecular layer. The cell had a resting potential (RP) of -64 mV, spontaneous rate (SpAc)
of < 5 spikes/s, and best frequency (BF) of 2 kHz. Action potentials were both single and
complex, the latter, bursts of spikes superimposed on slow depolarization. It responded
weakly to 50-ms tones and wide-band noise bursts, with a maximum rate of 66 spikes/s at
80 dB SPL for BF tones. The cell was excited by 50-ms depolarizing current pulses of 0.2
nA or higher, but action potentials became irregular at higher current levels. Weak acoustic
response of the cartwheel cell suggests enhanced significance of nonauditory input The
giant cell's large soma is situated in deep DCN. Its dendrites extend into the molecular layer,
and its axon could be traced out of the DCN via the dorsal acoustic stria without visible
collaterals. The cell had type IV unit response properties (RP = -45 mV, SpAc - 83
spikes/s, BF = 7.5 kHz, and threshold = 5 dB SPL). The rate vs. level curves for BF tone
and noise bursts were nonmonotonic and the driven rate for BF tone reached 110 spikes/s
at 15 dB SPL before it started to be inhibited. In contrast, the response to depolarizing
current pulses increased monotonically with increasing current level. This suggests that the
nonmonotonic behavior for BF tone and noise hursts is the result of inhibitory inputs and not
due to the cell's membrane properties. This result also supports the hypothesis that some
gerbil DCN projection neurons are associated with type IV unit response properties.
[ Supported by NIDCD and The Deafness Research Foundation]
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ARE THE DIFFERENCES IN UNITINCIDENCE BETWEEN GERBIL AND CAT
DORSAL COCHLEAR NUCLEI (DCN) THE RESULT OF A WEAKER BROADBAND INHIBITOR? KA Davis and H.F. Voigt*. Depts. of Biomedical Engineering and
Otolaryngology, Boston University, Boston, MA 02215-2407.
The responses of 159 units in the DCN of unanesthetized, decerebrate Mongolian gerbil
(Meriones unguiculatus) were recorded with platinum-iridium electrodes. Units were
classified according to the response map scheme of Evans and Nelson (1973) as modified
by Young and Brownell (1976), Young and Voigt (1982), and Shofher and Young (1985).
The major unit-types (type II, type I/III, type III, type IV-T and type IV) found in the
decerebrate cat (Shofher and Young, 1985) are found in the gerbil (Davis and Voigt, 1993).
However, the percentages of type II (6%) and type IV (20%) units encountered are smaller
and the percentage of type III (60%) units is larger in gerbil than in cat. In comparison,
Shofher and Young (1985) found 18.5% type II, 30.6% type IV and 23.1% type III units.
Similar to cat type II units, the few gerbil type II units have little or no spontaneous activity,
respond vigorously to best frequency (BF) tones in a consistently non-monotonic fashion
(normalized slopes < -0.02/dB) with a median maximum discharge rate of 250 spikes/sec,
and respond comparatively weakly to broad-band noise (p values typically < 0.25, although
a few values are greater than 0.3).
It has been hypothesized that the relatively weak response of type II units to noise could be
produced by a strong wide-band inhibitor (Young and Voigt, 1982). Palmer et al. (1993)
have suggested the Onset-C units of the P VCN as the candidate in cat. If this inhibitor were
weak, nominal 'type II' units might exhibit spontaneous activity, weak sideband inhibition,
and inhibition to low-level noise. This type of unit, called the Ill-i unit, is prevalent in the
gerbil ( 23% of type III units). In turn, type IV units might exhibit inhibition to high-level
noise. Such units, called type IV-i, are also prevalent(47%). In cat, few of these subtypes are
present (Kim et al., 1990, Nelken and Young, 1994). Based on the paucity of classic type II
units and the reciprocal noise responses of type Ill-i and type IV-i units, we postulate that
type m-i units may be functionally equivalent to type II units reflecting a weaker wide-band
inhibitor in gerbil. [Supported by NIDCD.]

INTRINSIC OSCILLATIONS OF UNITS IN THE DORSAL COCHLEAR
NUCLEUS (DCN) OF BARBITURATE-ANESTHETIZED GERBIL.
G.T. Gdowski*, K.E. Hancock, and H.F. Voigt. Dept. of Biomedical Engineering, Boston
University, Boston, MA 02215.
The regularity of firing rates in the CN are thought to be affected by several factors
including: cell membrane properties, synaptic architecture, and the auditory nerve discharge
rate (Banks and Sachs, 1991) Intrinsic oscillations (IO) have been reported for DCN units
in the decerebrate cat with regular steady state discharge rates (Parham and Kim. 1992).
Here we report that most single-units recorded in the DCN of barbiturate-anesthetized
gerbil {Meriones L 'nguiciilatus) exhibit IOs of their sustained discharge rate that are not
stimulus related. Responses to multiple presentations of short duration tone bursts (200 ms
duration, 1 s tnal) at the unit's best frequency (BF) at 2()dB re threshold were recorded. The
PSTHs of 169 units were classified (Pfeiffer, 1966) using a decision tree described by
Maghirang et al (1990). The relative power spectrum is the fourier transform of the
autocorrelogram normalized by the total power where the total power is equivalent to the
average discharge rate (101og(P($)/avg. rate))
Power spectral analysis was performed on 136 units that had sufficient sustained rates (16
onset and 17 unusual units were excluded). IOs w ere observed for 86% (117/136) of these
units as peaks (>0.5dB) in the relative power spectrum (20-600 Hz). These included: 77%
BU (10/13), 76% Pa (31/41), 100% PaC (15/15), 100% Pa-like (11 /11), 100% CS (15/15),
84% CT+ (27/32), 100% CT- (6/6), and 66% CPa (2/3) units. Some units exhibited as
many as 6 harmonics of the IO. CS units had the largest IOs (4.7 dB, avg) with the most
harmonics (3.3, avg). Other PSTH types exhibited smaller IOs, these include: PaC (3.6dB,
2.3 harm ), CT- (3.4dB, 1.5 harm ), Pa-like (2.5dB, 2.2 harm.), Pa (2.4dB, 1.7 harm.), BU
(2.0dB, 2.0 harm ), CT+ (1 5dB, 1.3 harm.), and CPa (0.9dB, 1.5 harm.). Low BF units can
have power spectral peaks for both IOs and phase locking. IOs are very common in the
anesthetized gerbil. Perhaps the anesthesia reduces the effect of inhibitiory inputs, thus
yielding more units that fire regularly. The increase in regularity permits IOs of units to be
detected more readily with power spectral analysis. [Work suppported by NIH.]

62.9
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RESPONSE PROPERTIES OF COMPLEX-SPIKING NEURONS OF THE
DORSAL COCHLEAR NUCLEUS (DCN) IN UNANESTHETIZED
DECEREBRATE CATS. K. Parham* and P.O. Kim. Div. Otolaryn., Surg.
Res. Ctr., Ctr. Neurol. Sci., Univ. Conn. Health Ctr., Farmington, CT 06030.
Intracellular in vitro studies of the mammalian DCN have revealed a
characteristic complex-spiking response of superficially located cartwheel
cells to strong depolarizing currents consisting of a burst of 2-5 action
potentials superimposed on a slow depolarization (e.g., Oertel & Wu, 1989;
Zhang & Oertel, 1993; Manis et al., 1993). Cartwheel cells are inhibitory
interneurons (e.g., Osen et al., 1990) that principally target the fusiform cells
(Berrebi & Mugnaini, 1991) and are nearly twice as numerous as fusiform
cells (Spirou et al., 1994). In vitro extracellular recordings from neurons in
the superficial DCN have also revealed complex-spiking discharge behavior
where the spike size attenuates within a burst (Waller & Godfrey, 1994). In
this report we describe an in vivo extracellular single-unit study of 19
complex-spiking neurons in the DCN of 15 unanesthetized decerebrate cats.
Spontaneous rates ranged from 0-30 spks/sec, with 50% < 10 spks/sec. All of
these neurons were responsive to acoustic stimulation and their characteristic
frequencies (CF) ranged from 0.46 kHz to 27.7 kHz. A majority (14/19) had
low discharge rates (max. rate 10-78 spks/sec), long response latencies (>10
msec), poorly defined CFs and tended to be inhibited by broadband noise
and vowel stimuli. A minority (5/19) had higher discharge rates (max. rate
110-370 spks/sec), shorter response latencies (<10 msec), well defined CFs
and were excited by broadband noise and vowel stimuli. The former and
latter groups tended to be at depths less than and greater than 400 pm,
respectively. We suggest that at least some of the complex-spiking neurons
recorded in our study represent cartwheel cells. [Supported by NIDCD-NIH)

RELEASE OF GLUTAMATE FROM COCHLEAR NUCLEUS OF RAT BRAIN
STEM SLICES BY ELECTRICAL STIMULATION OF PARALLEL FIBERS.
H. J. Waller1*. D. A. Godfrey2. K. Chen2, and T. G. Godfrey2. Depts. of Neurological Surgery1 and Otolaryngology2, Medical College of Ohio, Toledo, OH
43699.
There is substantial evidence that glutamate may be a transmitter at parallel fiber
synapses of the dorsal cochlear nucleus (DCN) arising from granule cells.
However, release of glutamate from parallel fibers has not been demonstrated. In
this study, we have used HPLC to measure amino acids (including ASP, GLU,
GLN, GABA, GLY, TAU) released from rat brain stem slices of cochlear nucleus
in an interface chamber. The position of a microsiphon (Godfrey and Waller, J.
Neurosci. Meth. 41:167, 1992) was optimal for although not limited to collection of
effluent from the DCN molecular layer. Parallel fibers were electrically stimulated
(5 or 10/sec, 0.1 ms, 1.5-2 min) by a concentric bipolar electrode. Responses to
stimuli were recorded at a distance of 0.8-1.8 mm. During stimulation, 40-sec
effluent samples were collected continuously. In 6 of 11 experiments, the perfusion
medium included 30 or 100 /xM L-trans-pyrrolidine-2,4-dicarboxylic acid (PDC),
an inhibitor of GLU reuptake.
GLU concentrations before stimulation were increased 5 to 100% by the addition
of PDC. GLU release increased during stimulation in 5 of 6 slices (10 to 300%)
with PDC, and in 4 of 5 slices (100 to 500%) without PDC. During exposure to
0.2 mM Ca2+, 7.8 or 11.8 mM Mg2+, stimulation increased GLU release from 0 of
2 slices with PDC, from 1 of 4 slices without PDC. Stimulation did not initially
increase GLU release in the presence of 30 gM tetrodotoxin (2 slices), although a
possible delayed increase of approximately 30% was observed.
Our results show that GLU is released during stimulation of parallel fibers,
although they do not permit the conclusion that the release is only from the parallel
fibers or is exclusively synaptic.
(Supported by NIH grant DC00172)

62.11

IDENTIFICATION OF SHORT LATENCY AUDITORY RESPONSIVE NEURONS
OF THE DENTATE NUCLEUS IN THE CAT. M.-C. Xi*, C. Woody and
E. Gruen. UCLA Medical Ctr., MRRC, Los Angeles, CA 90024.
A previous study (Wang et al., NeuroReport, 1991) found
neurons of the subcerebellar dentate nucleus with responses
to auditory stimuli as short as 4-14 ms, but the specific
cell types with short latency responses were not identified. The present study was performed to identify these
cells and their locations in the dentate nucleus. Spike activity to 70 db clicks and hisses was recorded intracellularly from 71 neurons of the dentate nucleus of conscious
cats. Sixteen units with short latency (4-14 ms) auditory
responses were injected intracellularly with biocytin.
Twelve were recovered and identified morphologically. The
identified cells were small, relatively aspinous, multipolar neurons with diameters <20 /im. Most had beaded dendritic varicosities. Six were located centrally, and five were
on the border of the nucleus. One appeared to be an axonal
process. The results provide direct evidence that small
cells of the dentate nucleus can respond at short latencies
to acoustic stimuli. We suggest that these cells constitute
part of a primary ascending auditory pathway between cochlear nuclei, rostral thalamus, and motor cortex. (Supp. by
HD05958 and Deafness Research Foundation.)

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

138

OLFACTORY SENSES: PERIPHERAL MECHANISMS

MONDAY AM

63.1

63.2

VOLTAGE AND ODOR-ACTIVATED CURRENTS OF ZEBRAFISH
(BRACHYDAN1O RER1O) OLFACTORY RECEPTOR NEURONS. W.C. Michel*
and D.R. Piper. Dept. of Physiology, Univ. of Utah School of Medicine, Salt Lake
City, UT 84108.
The olfactory sensitivity and specificity of adult zebrafish was recently
characterized utilizing the underwater electro-olfactogram recording technique (Michel
et al., 1994, Chemical Senses, in press). In general, the sensitivity and specificity of
the zebrafish olfactory system was similar to other fish species examined. Amino
acids and bile acids were particularly effective odorants. Although no differences in
olfactory specificity were observed, female zebrafish were more sensitive to most
odors than male zebrafish. Towards understanding the physiological basis for this
sex-based difference in sensitivity we have begun an examination of the voltage and
odor-activated conductances of acutely dissociated olfactory receptor neurons (ORNs)
utilizing patch clamp techniques. Olfactory rosettes were held in divalent-free fish
Ringer’s solution for ca. 20 min and mechanically dissociated with insect pins onto
ConA-coated coverslips. ORNs were identified by their typical goblet-shaped
appearance (diameter and length, approximately 2 pm and 5-6 pm, respectively). An
apical dendritic knob was generally present but cilia were not observed at the
magnifications utilized. The average input resistance and capacitance for cells from
which reasonable voltage-activated currents have been obtained were 1.1 ±0.8 (SD)
GQ and 1.8 ±0.8 pF (n=25), respectively. Depolarizing steps elicited transient inward
and sustained outward currents. The average magnitude of the outward current was
570 ± 340 pA. At least two distinct potassium currents were identified. When
present, the magnitude of a fast, TTX-sensitive inward (presumably sodium) current
was -90 ± 54 pA. The half-inactivation potential for the sodium current was -88.2
± 2.6 mV (n=4). The magnitude of the odor-evoked inward (depolarizing) currents
ranged from 40-80 pA. Sex-based differences in voltage- and/or odor-activated
currents, if identified, will be considered. (Supported by NIH DC-01418.)

PERSISTENCE OF THE OLFACTORY RECEPTOR CURRENT
IN A WIDE VARIETY OF EXTRACELLULAR MEDIA. S.J.
Kleene* and R.Y.K. Pun. University of Cincinnati Medical Center,
Cincinnati, OH 45267-0521.
In some vertebrates, the olfactory receptor current has at least
two components. A primary current enters the neuron through
cation-selective channels gated by, cyclic nucleotides. Ca2+
entering the cell through these channels can gate Cl" channels,
producing a secondary current. The receptor current is generated
in the neuronal cilia, which lie in an extracellular mucus whose
composition may vary. We find that the two sets of ciliary
channels allow generation of a depolarizing (inward) current
despite extreme changes in composition of the extracellular
medium. Cationic and Cl" currents were elicited in excised single
cilia of the grass frog by adding 100 pM cAMP to the cytoplasmic
solution. In the absence of extracellular Ca2+, cAMP activated a
large cationic current. There was no secondary Cl" current, which
requires entry of extracellular Ca2+ to activate the Cl" channels.
Addition of extracellular divalent cations greatly reduced the
primary cationic current, with half-maximal effects near 0.3 mM
Ca2+ or 1 mM Mg2+. At the same time, the secondary Cl" current
increased with increasing extracellular Ca2+. In fact, a large
cAMP-activated inward current was generated with no permeant
extracellular cations except 1 mM Ca2+. This current was almost
entirely due to Cl" efflux. We are now verifying in intact
olfactory receptor neurons that the odorant-induced current also
persists in a wide range of extracellular media.
This work was supported by NIH grant ROI DC00926.

63.3

63.4

OLFACTORY RECEPTORS MAY DISCRIMINATE ODOR UGANDS THROUGH
DIFFERENT RESIDUES IN A BINDING POCKET ANALOGOUS TO THAT IN
OTHER G PROTEIN-COUPLED RECEPTORS. M.S. Singer and G.M,
Shepherd*. Sect, of Neurobioiogy, Yale Medical School, New Haven, CT
06510.
We have recently reported molecular modeling of the interactions
between the OR5 odor receptor (Raming et al, 1993) and lyral, an
odor ligand which preferentially activates the receptor within a
binding pocket similar to that formed by other members of the G
protein-coupled receptor (GPCR) superfamily. We have suggested that
other members of the large gene family of odor receptors may share
this binding pocket motif, and that variations in the residues in the
pocket may account for differing sensitivities to odor ligands.
We are testing this hypothesis using molecular modeling techniques
similar to those used for the 8 adrenergic receptor and other members
of the GPCR superfamily. Analysis of docking of menthone, found in
Raming et al's experiments not to activate OR5 in a specific manner,
showed a low binding affinity for OR5. Analyses of other ligands tested
by Raming et al. are in progress. We are also modeling the interactions
of another receptor, I9 of Buck and Axel (1991), with a test panel of
odor ligands. These studies together suggest that interactions between
odor ligand determinants (odotopes) and receptor residues result in
differential activation of receptors. This could explain the broad
spectrum of graded receptor cell responses to different odors. The
modelling approach may have practical value in directing studies using
expression systems and site-directed mutagenesis to those residues
critical for binding of different odor ligands
Supported by NIDCD and the Human Brain Project.

DICHLOBENIL AFFECTS EXPRESSION OF THE G-PROTEIN, Gq, IN
THE OLFACTORY NEUROEPITHELIUM OF THE CHANNEL
CATFISH (ICTALURUS PUNCTATUS) L Andreini,1^ C. DellaCorteJs.
HughesJ ^and L Kalinoski-.^f^Monell Chemical Senses Center,
Philadelphia, PA, 19104, USA; * School of Veterinary of Pisa, 56124 Pisa,
Italy; 3 Nat'l. Biological Survey, Philadelphia, PA, 19104).
Chemosensory transduction regulates communication between organisms and
their environment. In fish the sense of smell plays a fundamental role with
many contaminants affecting the ability to discriminate among olfactory
stimuli. Yet, little is known about how pollutants interfere with signal
transduction pathways.
G-proteins play a crucial role in olfactory signal transduction through
activation of adenylyl cyclase and phospholipase C (PLC) with subsequent
formation of the second messangers cAMP and inositol 1,4,5-trisphosphate
(InsP}). Olfactory transduction cascades have been shown in many species
including rat, bullfrog, catfish and lobster. Recently a pertussis insensitive
class of G-proteins, Gq, has been suggested to mediate the phospholipase C
(PLC) response to some odors. Our study focuses on changes in expression of
Gq and the well-known stimulatory cAMP G-protein, Gs, in the olfactory
neuroepithelium of channel catfish. Gq and Gs immunoreactivity decreased at
the apical surfaces of the olfactory neurons as a consequence of unilateral
bulbectomy. While short, chronic pesticide exposure (Dichlobenil 12,6
DicholorobenzonitrileJ; 8 day) resulted in a marked decrease in the
immunohistochemical localization of Gq; Gs was not found to change.
Western blots confirmed the presence of both Gq and Gs in the olfactory
epithelium of this species. Our data suggest a specific action of the toxin
Dichlobenil on Gq expression in the channel catfish.
Supported by NIH grants DC01228 and USDI Coop. Grant 14-48-0009-92-972

63.5

63.6

OLFACTORY RECEPTORS AND THE DESENSITIZATION
PROTEINS BARK-2 AND B-ARRESTIN-2 COLOCALIZE IN
MAMMALIAN SPERM. L.D. Walensky*. J. Roskams. R.J,
Lefkowitz. G.V. Ronnett. and S.H, Snyder. Department of Neuroscience,
Johns Hopkins University School of Medicine, Baltimore, MD 21205
The identification of transcripts encoding putative olfactory receptors in
mammalian germ cells has generated the hypothesis that olfactory receptors may
serve a chemosensory role in sperm chemotaxis during fertilization. We have
sought to identify these receptors and their regulatory machinery in sperm in order
to gain further insight into odorant receptor physiology in general.
We have detected transcripts encoding putative olfactory receptors in the adult rat
testis using PCR primers directed against sequences conserved across members of
the known odorant receptor family. Western blot analysis using antibodies raised
against peptide sequence conserved among odorant receptors identified a 66 kD
protein in the membrane fractions of rat, hamster, and human sperm. Using
indirect immunofluorescence microscopy, we have localized the putative olfactory
receptors to the midpiece of mammalian sperm.
Specific antibodies to Bark-2 and B-arrestin-2 have been used previously to
identify these rare desensitization protein isoforms in both rat olfactory
neuroepithelium and testis. Indirect immunofluorescence microscopy using these
antibodies revealed that Bark-2 and B-arrestin-2 colocalize with olfactory receptors
in mammalian sperm. Given the importance of chemosensory responses in the
reproductive behavior of invertebrates and vertebrates, it is reasonable that the
signal transduction components of cells responsible for olfaction and gamete
chemotaxis may be evolutionarily conserved. Based on the colocalization, Bark-2
and B-arrestin-2 may function in sperm to regulate receptor activity in response to
potential chemotactic agents produced by the egg.

EFFECTS

OF

RAT

ODORANT

BINDING

PROTEIN

ON

ODORANT INDUCED SECOND MESSENGER CASCADES IN
RAT OLFACTORY CILIA. N.A.Coheri* J.T. Chen, and S.H. Snyder.

Dept. Neuroscience, Johns Hopkins Univ. Sch. of Med., Baltimore,
MD 21205.

Odorant Binding Protein (OBP) binds a vast array of structurally
diverse odorants.

OBP shares amino acid homology with several

lipophilic carrier proteins in the lipocalin family.

OBP has been

proposed to function in solubilizing hydrophobic odorants and

facilitating their transport through the hydrophilic mucus to the site of
odorant receptors on the cilia of olfactory neurons. We have examined
the effects of OBP on odorant induced second messenger cascades in

purified rat olfactory cilia.

Recombinant rat OBP was expressed in

large quantities and purified to homogeneity. Odorant induced second

messenger cascades were generated utilizing a rapid kinetic device
which allowed for quantification of second messenger responses at

subsecond time points. Preliminary data documents an effect of OBP
only at low odorant doses and suggests that OBP increases the
effective concentration of odorants in the perireceptor environment.
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KINETIC MODEL OF A CYCLIC AMP-GATED ION CHANNEL
MEDIATING RAT OLFACTORY TRANSDUCTION IN RESPONSE TO
BRIEF PULSES OF AGONIST. F. ZufallTR. V. Jensen and G. M. Shepherd.
Section of Neurobiology, Yale Univ. School Med., New Haven, CT 06510.
In vertebrate olfactory transduction activation of a cAMP-gated cation
channel (CNG-channel) contributes substantially to the initial large and
rapid response to odor ligands. A complete understanding of the functioning of this cAMP-mediated second messenger cascade requires detailed
knowledge about its kinetic behavior, especially under nonstationary conditions. To analyse this problem we have initiated a series of experiments
in which rapid pulses of known concentrations of second messengers were
applied to inside-out patches containing a cloned rat CNG-channel at
high density. Agonists were applied using a piezo-switch device. We
have analysed the effect of a broad range of cAMP-concentrations on both
the rate of rise and the rate of decay of cAMP-gated currents. The effect of
pulse duration at different agonist concentrations has also been explored.
A kinetic model has been constructed which shows that gating of olfactory
CNG-channels is a slow process involving a concentration-dependent binding step and a second conformational step. To a first approximation, the
association rate constant for binding of cAMP to the channel was
estimated from activation and deactivation current time courses to be < 10^
M'^s'1. If the physiological cAMP pulses are much shorter than 0.7-1 s,
then a nonequilibrium, time-dependent description of the channel response
must be used to describe the odor-response kinetics. This model gives
further support to our hypothesis that after rapid and transient cAMPproduction, slow channel activation would determine the onset time course
of the electrical response, and therefore would control the integration
time of olfactory receptor cells. Supported by grants from the NIDCD.

OLFACTORY NEURONS EXPRESS NON-NMDA GLUTAMATE RECEPTOR
ISOFORMS. V. Thukral. D. Chikaraishi, D. Hunter. J.S. Kauer*. J.K.T.Wang,
Neuroscience Program, Tufts University School of Medicine, Boston, MA 02111.
The ionotropic glutamate receptors of both the NMDA and the non-NMDA
subtypes are present on catecholaminergic nerve terminals, where they have been
shown to regulate neurotransmitter release. There are at least four distinct genes
for the NMDA, and nine distinct genes for the non-NMDA, receptors.
Combinations of the different receptor isoforms result in unique channel
properties and distinct pharmacological profiles. It is not known which of these
receptor isoforms constitute presynaptic glutamate receptors, or whether a specific
combination of the isoforms would favor a presynaptic localization. To address
this issue we have investigated the olfactory neurons (ON) as a potential model
system. ON reside in the nasal sensory epithelium (SE), with their dendrites
projecting into the mucosal layer to transduce odorant responses, and their axons
projecting to, and synapsing in, the olfactory bulb. Since there is no known
glutamatergic innervation to the SE, there is no obvious functional role for
glutamate receptors on the ON dendrites. Thus, if glutamate receptors were to be
detected in the ON, they would be likely to be found presynaptically. By PCR
amplification of olfactory epithelium RNA and by in situ hybridization, we show
that the KA2 isoform of the kainate receptor is expressed in the ON and is absent
from the respiratory epithelium and the lamina propria. Within the SE, KA2 is
found in both maturing and mature neurons, but not in the basal horizontal cells.
It was difficult to resolve whether KA2 is present in the sustentacular cells. We
also detected the GluR5 isoform of the kainate receptor by PCR amplification.
Since it has been shown that KA2 forms functional ion channels only in
combination with GluR5 (or GluR6), these data suggest that there may be a
functional kainate receptor in the ON. Further studies are underway to determine
if these subunits are localized presynaptically. (Supported by NS 30590 to JKTW)

63.9

63.10

IS SELECTIVE TRANSPORT OF RNA PRESENT IN SENSORY
NEURONS OF THE OLFACTORY NEUREPITHELIUM?

C. DellaCorte*, W.H. Hwan, L. C. Johnson, and D.L. Kalinoski
(Monell Chemical Senses Center, Philadelphia, PA 19104)

Principles of cell biology suggest the complex subcellular organization of
eukaryotic cells requires selective transport of macromolecules to particular
cells compartments. Specificity of sorting is largely achieved by particular
signals that target proteins to appropriate destinations after the processing of
transcripts at nuclear-associated compartments. Recent studies in neurons,
however, suggest some particular mRNA’s and associated polyribosomes are
translocated to specific cellular positions distant from nuclear locations, near
utilization sites.
Signal transduction in olfactory neurons is initiated by stimulation with
odorants, resulting in a rapid G-protein-mediated increase in the second
messengers adenosine 3’5'-monophosphate (cAMP) and inositol 1,4,5trisphosphate. The proteins that mediate these processes are believed to be
localized in cilia that extend from the olfactory knob at the apical end of
olfactory neurons. Studies in our laboratory using isolated cilia preparations
suggest the presence of selective RNA "trafficking" within these sensory
neurons. Electron micrographs reveal polyribosomes localized to apical
compartments within the olfactory neuroepithelium. Furthermore, RNA can be
isolated from cilia preparations and used to generate cDNA for PCR studies.
Examination of the subcellular distribution of specific mRNAs is currently in
progress. This work was supported by National Institutes of Health Grant DC01228.

139

IDENTIFICATION OF G PROTEIN-COUPLED RECEPTORS
FROM MANDUCA SEXTA ANTENNAE. A, Nighorn. D.B.
Morton, and J.G, Hildebrand*, ARL Division T>f Neurobiology,
University of Arizona, Tucson, AZ 85721.
Putative olfactory, G protein-coupled receptors have been
identified in a variety of vertebrate species using a RT-PCR approach
with degenerate oligonucleotides first successfully used by Buck and
Axel in rats (Buck, L. and Axel, R.; 1991 Cell 65 : 175-187).
Although there is evidence that olfaction in invertebrates is also
mediated by G protein-coupled receptors (Boekhoff et al.; 1990 J.
Comp. Physiol B. 160: 99-103), the putative invertebrate olfactory
receptor genes have yet to be found. We have used a RT-PCR
approach to amplify G protein-coupled receptors from male Manduca
sexta antennal RNA, using degenerate oligonucleotides (kindly
supplied by J. Kauer, Tufts Medical School) that were successfully
used to amplify putative olfactory G protein-coupled receptors from
Ambystoma tigrinum (Jesurum, A. et al. 1993, Soc. Neurosci. Abst.
19 118). We have identified twelve clones whose partial sequence
shows weak homology to vertebrate olfactory G protein-coupled
receptors. A Northern-blot analysis of these 12 clones identified 8 that
hybridized to bands present in male and female antennal RNA but were
not detectable in muscle or brain RNA. Complete sequence analyses are
in progress to determine the exact degree of similarity of these clones to
published putative olfactory receptors. In-situ hybridization techniques
will also be used to determine the distribution of the RNA from these
clones within Manduca sexta antennae.
Supported by the NIH (AN: NS07363, DBM: NS29740, JGH: NS23253)

63.11

63.12

FUNCTIONAL ORGANIZATION OF THE MACROGLOMERULAR
COMPLEX IN THE ANTENNAL LOBE OF MALE MANDUCA SEXTA. T.

USE OF IMMEDIATE-EARLY GENES FOR MAPPING NEURAL
PATHWAYS MEDIATING PHEROMONE-INDUCED BEHAVIOR
IN A CRUSTACEAN. E. Orona, A. Barnhart, and R. A. Gleeson*.
Whitney Lab., Univ. of Florida, St. Augusine, FL 32086.
Members of the "immediate-early" gene (IEG) family, such as the
proto-oncogenes c-fos and ojun, are nuclear transcription factors
involved in stimulus-response coupling. We are utilizing IEG
expression to identify neurons in the olfactory system of the blue crab,
Callinectes sapidus, that may play a role in the induction of
pheromone-specific behavior. The male of this species exhibits a
courtship display which is normally triggered by a pheromone present
in the urine of pubertal females; detection of this signal is mediated
by olfactory receptor cells on the antennules. It was previously shown
that bilateral eyestalk ligation of male crabs alters hormonal levels
such that courtship display will occur spontaneously in the absence of
any pheromonal cue (Gleeson et al., Biol. Bull. 172: 1-9, 1987). In
this study we are examining where IEG levels might change within the
olfactory system following bilateral eyestalk ligation. Basal expression
of the IEGs was observed immunohistochemically (with antisera
against their protein products) on Western blots and tissue sections of
the blue crab brain. The objective of this study is to identify putative
pheromone-specific elements that can be subsequently examined using
pheromone stimulation.
(Supported by the NSF and Whitehall Foundation).

Heinbockel*. T.A, Christensen, and J.G, Hildebrand. ARL Division of
Neurobiology, University of Arizona, Tucson, AZ 85721.
The macroglomerular complex (MGC) in the antennal lobe (AL) of the male
moth Manduca sexta is the site of primary processing of olfactory information
from pheromone-specific antennal olfactory receptor cells. The MGC has 2
glomeruli, the cumulus and toroid, each receiving input from axons of receptor
cells tuned to one of 2 essential components of the sex pheromone. The presence
of neurites of an MGC projection neuron (PN) in the cumulus and/or toroid
correlates with responsiveness of that PN to antennal stimulation with one or both
essential pheromone components (J. Comp. Neurol. 312:264, 1991). Mixed
inhibitory/excitatory responses may be evoked by stimulation with a blend of both
components and correlate with enhanced ability of the PN to follow intermittent
stimuli (J. Comp. Physiol. A 173:385, 1993). We now find that mixed responses
can be evoked by stimulation with only one component in another subset of PNs.
Currently we are exploring further anatomical subdivision of MGC glomeruli
by means of intracellular recording and staining and laser scanning confocal
microscopy. Single pheromone-specific sensory axons project to a restricted area
of the cumulus or the toroid, as shown by Dil or cobalt backfills. Massive backfills
of primary-afferent axons have further revealed distinct projection zones within the
2 MGC glomeruli. Some MGC-PNs, stained intracellularly with Biocytin, have
arborizations restricted to these distinct zones, whereas others have more extensive
arborizations. The main neuritic branches of PNs often have a columnar pattern of
arborization in the MGC, suggesting that PN neurites sample input from a subset
of functionally distinct columns of neuropil within the MGC glomerulus. Possible
relationships between the anatomical findings and the physiological responses of
PNs and effects of different pheromone components, tested at various concentrations and ratios, are under investigation. (Supportedby NIH grant AI-23253 to J.G.H.]
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ENCODING OF OLFACTORY INFORMATION WITH OSCILLATING NEURAL

INCREASED CELL DIVISION IN MOUSE OLFACTORY
EPITHELIUM FOLLOWING INTRANASAL APPLICATION OF
WHEAT GERM AGGLUTININ-HORSERADISH PEROXIDASE.
Y.W. Moon, S. Cho* and H. Baker. Cornell Univ. Med. Coll, at Burke
Med. Res. Inst., White Plains, NY 10605.
Internalization and transneuronal transport of a variety of
substances and pathogens including the lectin-conjugate, wheat germ
agglutinin-horseradish peroxidase (WGA-HRP) occurs in the
olfactory system. One hypothesis suggests that uptake of large
concentrations of substances causes cell death and subsequent
replacement of olfactory receptor cells. To examine potential
modification of receptor cell turnover by internalized molecules,
either 1% WGA-HRP or saline was applied in adult mice by
unilateral intranasal irrigation. The dynamics of receptor cell genesis
was investigated with 3H thymidine (IP, 2gCi) injected 3 times over
16 hours either 1 or 2 weeks post-lectin treatment. Two hours after
the last injection, mice were perfused, tissue decalcified, embedded
in paraffin, sectioned (6 p), dipped in emulsion and developed after
2 weeks. Labelled cells (>5 silver grains per cell) were counted in
random regions of both the turbinal and septal epithelium on the side
ipsilateral to the lectin application. At 1 week, labelled cells
increased more than 3-fold (7.4 ± 0.6 versus 2.2 ± 0.1 cells/mm in
lectin-treated and control mice, respectively). The increase in labelling
persisted after 2 weeks, but at a reduced level, in WGA-HRPcompared to saline-treated animals (4.7 ± 0.8 versus 2.6 ± 0.2/mm,
respectively). The WGA-HRP-induced increase in cell division
suggests that the lectin damages receptor cells resulting in cell death
and subsequent genesis of new neurons. Supported by DC 01710.

California Institute of Technology, Biology Division, 139-74, Pasadena,
CA91125.
Fast oscillations of brain local field potentials, thought to arise from
the coherent and rhythmic activity of large numbers of neurons, were
first observed in the olfactory system and have since been described
in many neocortical areas of the vertebrate brain. Their potential role
in the encoding of information, however, is controversial and largely
hypothetical. We report that 20Hz odor-evoked oscillations in the
mushroom bodies of an insect, the locust, result from the formation of
odor-specific ensembles of coherently firing projection neurons in the
antennal lobe. All experiments were performed in vivo, and the
coherent activity of antennal lobe neurons was assessed using
multiple intracellular recordings and cross-correlation techniques.
The components of the oscillating assembly formed by an odor
changed in an odor-specific manner over the duration of a “sniff*.
Odor information, therefore, appears to be contained in the specific
succession of oscillating ensembles. The phase of firing of individual
projection or local neurons relative to the rest of the oscillating
population did not depend on the odor presented, suggesting that
potentially independent “phase channels* do not exist. We therefore
propose that oscillations serve as a temporal substrate for the
formation of odor-specific cell assemblies, allowing combinatorial
coding and potentially, facilitating associative learning in the
mushroom bodies. Supported by McKnight and NSF-PFF awards to GL
and the Chaim Weizmann Fellowship to HD.

63.15

63.16

VARIABLE TRANSPORT OF LECTIN-CONJUGATES IN THE RAT
OLFACTORY SYSTEM. H. Baker* and Linda Franzen. Cornell Univ.
Med. Coll, at Burke Med. Res. Inst., White Plains, NY 10605.
Following intranasal application, olfactory receptor cells
internalize and transport a variety of small molecules such as dyes
and metals, as well as pathogens, such as viruses. Larger molecules,
including lectin conjugates also are found in the brain after intranasal
instillation. These findings suggest that almost anything placed in
contact with the receptor epithelium could be internalized and
transported. This assumption was tested for a diverse group of 10
lectins, conjugated to either horseradish peroxidase (HRP) or biotin
(B). Lectins (.1% to 1% in 50 pi) were applied by intranasal irrigation
and visualized 5 days post-application by either standard TMB
(HRP conjugates) or avidin-biotin HRP (B conjugates) histochemistry.
For similar lectin concentrations, HRP conjugates proved more
sensitive. The lectins Triticum vulgaris and Maclura pomifera exhibited
the most robust transport to olfactory bulb glomeruli. These two
lectins alone showed labelling in mitral cells, terminals in the piriform
cortex and cells in the horizontal limb of the diagonal band,
indicative of transneuronal transport. Limited labelling in some
glomeruli occurred for Canavalia ensiformis, Lens culinaris, Glycine max
and Ulex europaeus. Label could not be demonstrated for Arachis
hypogaea, Psophocarpus tetragonolobus, and Urtica dioica. Transport
did not correlate with either sugar specificity, protein content or
amount of conjugated HRP. Lectins which bind to receptor cells, in
vitro, were not transported preferentially. These data demonstrate
that there is specificity of transport following lectin contact with
olfactory receptor cells. Supported by DC 01710.

Functionally mature olfactory neurons from two patients with Kallmann
Syndrome. Nancy E. Rawson1, Joseph G. Brand13. Beverly J. Cowart1’2. Christian
DellaCorte1. Louis D. Lowry2, Vijay M. Rao? and Diego Kfestrepo*1,4. (‘Monell
Chemical Senses Center, 2Thomas Jefferson University, ’Veterans Affairs Medical
Center, and 4University of Pennsylvania, Philadelphia, PA)
Kallmann syndrome (KS) is characterized by hypogonadotropic hypogonadism
and anosmia. These symptoms appear to be caused by failure of both gonadotropinreleasing hormone producing neurons to migrate from the olfactory placode to the
brain, and by the insufficiency or absence of synaptic connections between olfactory
neurons (ON) and overlying brain associated with hypoplasia or aplasia of the
olfactory bulbs. It has been assumed that ON from individuals with KS are
immature on the basis of studies in animals showing that lack of synaptic connection
of ON with the olfactory bulb results in expression of immature ON.
To test this assumption, we obtained olfactory tissue samples from two males
diagnosed with KS on the basis of medical history and MRI studies. Both patients
scored in the anosmic range on unilateral odor threshold tests with
phenylethylalcohol and lyral. Biopsies were obtained under local anesthesia from
the high middle turbinate and the septum. Cells were dissociated with methods used
to study ON function in tissue from normosmics, and isolated cell responses to
odorants were tested by measuring changes in intracellular Ca2+ ([CaJ). Biopsies
from both patients yielded cells that morphologically appeared to be ONs. In at least
three instances these putative ONs responded to stimulation with mixtures of
odorants known to elicit changes in [CaJ in normosmic individuals. These studies
show that at least some ONs in KS individuals are functionally mature and suggest
that complete development of the olfactory bulbs is not required for differentiation
of mature human ON.
These studies were supported by NIH grants DC-00566, DC-00214 and DC00014, and by a grant from the Veterans Affairs Department.

63.17

GENDER-SPECIFIC ACTIVITY IN NERVES FROM THE ADULT RAT
VOMERONASAL ORGAN. H. Mack Brown, Zhian Wang and Larry Stensaas*.
Dept. Physiol., Univ. Utah Sch. Med., Salt Lake City, UT.
Reports of gender-specific behavioral responses to putative pheromonal substances
are common. It is uncertain if this function lies in the sensory components of the
VNO or is due to interpretation of VNO output by the CNS. We have explored this
problem in terms of coding of chemical stimuli by nerve recordings from the isolated
VNO of male and female rats in response to representatives of 3 classes of stimuli:
(1) heptanone, (2) n-pentylacetate, and (3) dimethyldisulfide (10'3 M to 10'5 M). The
discharge frequency from individual nerves from rostral, middle and caudal regions
of the VNO was analyzed for a 50 sec interval by integrating consecutive 10 sec bins
with an electronic frequency counter. Data from 34 male and 33 female VNO
preparations indicated a demonstrable preference for certain sequences of the test
compounds, and it was possible to distinguish the sex of the VNO donor based on
these sequences. Male VNOs had a preferred sequence of 3>1>2 (P<.05), whereas
female response to this sequence was not different from chance. VNO nerve
discharge from female rats had a preferred sequence 1>3>2, whereas the male
response was at the chance level for this sequence. VNOs from both sexes had a
preferred sequence 3>2> 1 (P<.05). There was also some evidence that the VNO has
spatial specificity as well as sequence coding since the majority (70-80%) of the
sexually specific sequences were obtained from the rostral and middle VNO nerves
with little response from the posterior VNO nerve. Thus, while there is no sexual
distinction based on individual compounds, there appears to be information coding
in the preferred sequence of response to different classes of compounds which
indicates that the rat VNO encodes meaningful gender-specific information at the
sensory level.
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FUNCTIONAL IDENTIFICATION OF NEURONS IN THE MONKEY SUPERIOR
COLLICULUS THAT PROJECT TO THE PARAMEDIAN PONTINE RETICULAR
FORMATION. P.J. Istvan*, M.C. Dorris, and D.P. Munoz MRC Group in SensoryMotor Physiology, Queen's University, Kingston, Ontario, Canada, K7L 3N6.
The monkey superior colliculus (SC), which is critical for the control of visual
fixation and the generation of saccadic eye movements, has projections to the
contralateral paramedian pontine reticular formation (PPRF) where rapid eye
movements are generated. Different types of saccade-related cells have recently
been described in the monkey SC but it is unclear which of these cells project
to the PPRF. In order to determine which collicular cells project to the PPRF,
we recorded saccade-related activity from cells in the monkey SC and
stimulated electrically the contralateral predorsal bundle in the omnipause
region to activate antidromically cells projecting to the PPRF or more caudally.
Antidromic responses were verified using a number of standard criteria
including collision testing.
We identified 4 functional classes of cells within the monkey SC that project
to the PPRF. 1) Burst cells discharged a high frequency burst of action
potentials for saccades of specific amplitudes and directions (closed movement
fields) and lacked long-lead anticipatory discharges. 2) Buildup cells discharged
for a larger range of saccade amplitudes and directions (open-ended movement
fields) and had long-lead discharges preceding saccade onset. 3) Fixation cells,
located in the rostral pole of the SC, discharged tonically during active visual
fixation and paused for saccades. 4) Other cells, located deeper than the first
3 categories of cells, had phasic responses to novel visual and auditory stimuli,
and were not related in any obvious way to saccade generation.
We hypothesize that the SC exerts powerful control over the saccade
generating circuitry in the PPRF via these efferent projections.
Supported by MRC Canada and the Sloan Foundation.

CONTROL OF TRAJECTORY OF SACCADIC EYE MOVEMENTS BY
MONKEY SUPERIOR COLLICULUS. H. Aizawa* and R. H. Wurtz. Laboratory
of Sensorimotor Research, National Eye Institute, Bethesda, MD, USA 20892.
Recent experiments in both the cat and the monkey have suggested that there is
a moving wave of activity (cat) or a spread of activity (monkey) across the
superior colliculus (SC) during the generation of saccadic eye movements. In the
monkey this spread is confined to a layer, of cells referred to as the buildup layer;
activity in the other layer (burst layer) does not spread, but remains centered on
the area of the SC related to the amplitude and direction of the impending saccade.
One possible consequence of this spread from the more caudal SC (related to
larger saccades) to the more rostral SC (related to smaller saccades) is that this
spread influences the output from SC including the trajectory of the saccade. To
test this idea, we injected muscimol and ibotenic acid into the movement related
cells within the SC and determined how this altered the trajectory.
Injections in the rostral SC at the site of the burst cells active for small
saccades changed both the amplitude and trajectory of the small saccades, as
reported previously. The same injection had minimal effect on the amplitude of
large saccades but did alter the trajectory. Commonly the trajectory was altered so
that the initial direction of the saccade was shifted upward. We interpret the
minimal amplitude change as largely due to the unchanged activity of the caudal
burst cells active during the large saccade, and the change in trajectory as resulting
from the change in activity of the buildup cells that were active during the rostral
spread of activity.
We conclude that the SC contributes to determining the trajectory of the
saccade and that this trajectory is likely to be influenced by activity in the buildup
cell layer.

64.3

64.4

CONTROL OF TRAJECTORY OF SACCADIC EYE MOVEMENTS IMPLIED
BY COMPUTATIONAL FIELD THEORY OF THE SUPERIOR COLLICULUS.
L. M. Optican*. Laboratory of Sensorimotor Research, National Eye Institute,
Bethesda, MD 20892.
Most models of the saccadic system select a goal (A) and use a resettable
integrator to keep track of the eye’s displacement (A7). Munoz & Wurtz have
shown that the locus of activity in SC burst neurons (BNs) correlates with a
saccade’s movement vector, whereas the distribution of activity in SC buildup
neurons (BUNs) spreads during a saccade. A new model of the SC uses lateral
inhibition among the BNs to select A, and uses the spread of activity in BUNs as a
spatial version of the resettable integrator to compute A'.
The BUN update requires a computational motor map that forms a twodimensional vector field. If saccades are to be accurate, this vector field must be
kept in exact register with the scalar field of the visual map. Furthermore, this
vector field must change dynamically, because it depends on the current eye
velocity. This suggests a new hypothesis based on the gradient vector operator
(which finds the direction of steepest slope on a surface): The SC computes a

NEURAL NETWORK MODEL OF THE SACCADE-RELATED ACTIVITY IN
THE SUPERIOR COLLICULUS (SC). T, P. Ma*1 and R. E. Dorsev2. (1) Depts.

dynamic scalar potential field based on the visual map and velocity feedback,
and generates the dynamic vector field as the gradient of that velocity
potential. This field theory of the SC has many advantages: The motor and visual

maps are automatically in register. Variations in the visual map alter the scalar
field, but the gradient operator still determines the appropriate vector field.
Control of saccade trajectory is implied because the SC is inside the local
feedback loop, and provides A'. If the saccade deviates from the nominal (straight)
trajectory, its image, represented by the locus of activity in the BUNs, will also
deviate from normal. This will cause a vectorial error in the downstream pathway
that will be corrected by the local feedback loop. The converse is also true: if the
spread of activity across the BUNs is perturbed, e.g., by muscimole injections, a
spurious error signal will be sent downstream. This will make the saccade curved.

of Anatomy and Neurology, Univ. of Miss. Med. Ctr* Jackson, MS 39216 and
(2) Dept. of Economics and Finance, Univ. of Miss., Oxford, MS 38677.
Physiological studies indicate there are at least two types of collicular
saccade-related neurons, buildup neurons (BUNs) and saccade-related burst
neurons (SRBNs). SRBNs are located more dorsally and have activity most
similar to the motor error signal in systems models of saccadic function
(clipped cells). Along the same penetration, both groups of cells have the
same movement field centers. However, BUNs have somewhat larger
movement fields and begin their activity before SRBNs. We have hypothesized
that there is a ventral-to-dorsal flow of saccadic information within the SC. The
current study examines the relationship between BUNs and SRBNs on the
basis of their neural activities and the putative signals represented in the SC
using neural networks optimized with the genetic algorithm. A neural network
was generated to represent a single neuron (BUN or SRBN) with the same
movement field center as the other. Input to the BUN consisted of a static error
signal, its own activity, and a 7 ms lagged eye position signal. The SRBN, in
turn, received the output of the BUN, its own activity, and the lagged eye
position signal. The networks were trained for a series of saccadic
eccentricities. When tested using novel eccentricities, the activity was similar
to that recorded in animals. We then trained pairs of networks, each pair
optimized to a different eccentricity, and added their respective contributions
for an eye movement to a single eccentricity. The activity profiles are similar to
the those expected. Therefore, we conclude that neural networks are a
reasonable basis for interpreting the function of individual collicular neurons.
Morever, by using this technique, it is possible to examine how populations of
tectal saccade-related neurons function without making prior assumptions of
the population response. Time on Cray X-MP and Y-MP provided by MCSR.

64.5

64.6

INTERPRETING THE ROLE OF COLLICULAR BUILDUP NEURONS IN
SACCADIC EYE MOVEMENT CONTROL. N.J. Gandhi. E.L. Keller* and K.E. Hartz.
Graduate Group in Bioengineering, University of California, San Francisco and Berkeley,
and Smith-Kettlewell Eye Research Institute, San Francisco, CA 94115.
The activity of buildup neurons (BUNs) in the ventral intermediate layers of the superior
colliculus (SC) has been hypothesized to control a saccade’s trajectory through a spatially
organized shift of discharge profile toward the rostral pole. To further test this idea
quantitatively, we studied two-dimensional activity of BUNs for 20 deg and smaller saccades.
We limited statistical considerations to a sample of BUNs whose movement field centers
(MFCs) were 2-8 degrees in amplitude and almost a hemifield in direction. This region
constitutes the crucial sample for testing the rostral shift of activity hypothesis, since cells
centered outside this range were already at their highest discharge level before saccade onset
and further declined during large saccades. The temporal BUN activity in this sample was
somewhat different from previous descriptions, in that it was partially suppressed at saccade
onset for saccades considerably larger than the cells' MFCs and was reactivated during or
after the movement. We tested the spatial shift hypothesis by determining when each cell
reached 50% of its firing rate measured at saccade end for 20 deg saccades in its optimal
direction. A non-parametnc statistic was used to test the null hypothesis that this measure of
spatiotemporal organization in the sample of BUNs constituted a random sequence. For our
sample of BUNs the test indicated that this hypothesis could be rejected, supporting the
notion of a rostral shift of activity, but only at a very low level of statistical significance
(P<0.1). Similar tests in other directions found evidence of a temporal shift in the ensemble
activity of these cells, laterally across the SC (P<0.05). Taken together, this equivocal
evidence for a well organized intra-saccadic spatial shift of activity in BUNs suggests an
alternative hypothesis, one still consistent with a model using ensemble BUN activity for
saccadic control: The low level BUN discharge present in this region of the SC is suppressed
around saccade onset, reactivating gradually in a non-spatially organized manner during or
after saccades. Supported by NIH grant EY06860 and the ARCS Foundation.

CHANGES IN REFERENCE COORDINATES FROM STIMULATION OF THE
SUPERIOR COLLICULUS OF THE MACAQUE. Alexander A. Kustov and
David Lee Robin sort*Laboratory of Sensorimotor Research, National Eye Institute,
Bethesda, MD 20892.
The present experiments were conducted in order to determine if the
oculomotor system uses a spatial coordinate system and in what ways it might be
recalibrated. Experiments were conducted in an awake monkey trained to make
saccadic eye movements under various conditions. First we recorded from neurons
in different layers of the superior colliculus and determined their visual,
enhancement, and eye movement properties. Next, we electrically stimulated at
the sites of identified neurons before, during, and after the monkey made visually
guided saccadic eye movements. Stimulation was also applied during saccades
made spontaneously.
Stimulation of the colliculus at twice threshold with trains of 40 msec while
the monkey fixated a spot of light evoked contralateral, fixed-vector saccades.
When stimulation was applied during the course of visually guided saccades, there
was a shift in the direction of the evoked eye movement. This shift was continual
when tested during the progression of the saccade. The duration of this shift lasted
considerably longer (at least 150 msec) than the duration of the saccade. Even
soon after the completion of the primary saccade, the direction of the evoked
saccade did not return to fixed-vector. There was no qualitative difference in this
effect for stimulation at the sites of visual or burst cells nor for the different
experimental contexts.
These data appear to be best explained by a shift in the reference of the
coordinate system or a spatial re-mapping. This process does not appear to be the
same as the shift of gaze since they have different time constants. The neuronal
substrate of the shift remains to be investigated.
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ELECTRICAL STIMULATION OF SUPERIOR COLLICULUS (SC) AFTER
VISUALLY-GUIDED SACCADES YIELDS INSIGHT INTO PROPERTIES OF
THE LOCAL FEEDBACK CIRCUIT. M. James Nichols and D.L. Sparks*.
Institute of Neurological Sciences, and the Department of Psychology,
University of Pennsylvania, Philadelphia, PA 19104

DISRUPTING THE SACCADIC FEEDBACK BY MICROSTIMULATION IN THE MONKEY SUPERIOR COLLICULUS. B Breznen,

One conservative modification of Robinson’s local feedback model simply
replaces desired and current eye position with desired and current eye
displacement (e.g., Jurgens et al., 1981), so that the value on a “leaky”
displacement integrator (DI) is subtracted from desired displacement like
that emerging from SC and FEF. If DI decays gradually after saccade
offset rather than being actively zeroed, it could alter the amplitude of
subsequent saccades occurring during the decay time, an event that may
rarely occur naturally. In Robinson’s model (as in others), however, the
system is immediately set for the next saccade at movement offset. Thus,
saccade amplitude would be unaltered by preceding saccadic activity.

To test these predictions, we stimulated SC of rhesus monkeys
immediately after visually-guided vertical or horizontal saccades (VSAC).
For a single site with fixed stimulation parameters, the amplitude of the
manipulated component of stimulated saccades varied systematically
(including overshoots and direction reversals) with the amplitude of the
preceding VSAC. There was no systematic effect on the unmanipulated
component. These results suggest both vector subtraction between the two
movements and independent component feedback loops. As latency to
stimulation onset increased, the effect decayed gradually over 80-100 ms.
Our findings seem most consistent with a variation on the Jurgen’s model,
may account for apparent discrepancies between SC and FEF signals
(Schlag-Rey et al., 1992), and may pose challenges to several existing
models.

S-M Lu, and JW Gnadt‘, Department of Neurobiology & Behavior, SUNY,
Stony Brook, NY 11794.
Prolonged microstimulation in the intermediate and deep layers in monkey
superior colliculus (SC) resulted in conjugate smooth movements of the eyes.
We used low intensity stimulation to elicit a typical single saccade or staircase of saccades and thus localized the motor map in the SC. By increasing
the intensity and/or the frequency of the stimulating current the latencies of
the individual saccades in the staircase became shorter and the amplitudes
smaller. For sufficiently high stimulation parameters the eyes moved in apparently smooth fashion. These movements started with a single saccade that was
characteristic for each site in the motor map. Then the eyes continued to move
in the same direction as the initial saccade. The velocity of this movement was
much slower than that of the saccade. Analysis revealed that the movement
consisted of a chain of small saccades, each of them starting before the previous
one ended. Current threshold for producing this effect was usually 2-3 times
higher than the threshold for eliciting single saccades (30-50 pA. vs. 10-15 pA).
The effect could be produced at frequency values between 300 and 667 Hz. In
the deep layers the relative threshold was lower than in the intermediate layers.
The effect was present in rostral as well as in caudal SC, however, it vanished
in the superficial layers of SC.
We conclude that the apparent smooth movement was caused by disrupting
the internal feedback loop controlling the generation of saccades. Stimulation
by high intensity and/or frequency resulted in an unstable mode of operation
for this circuit. We propose a computational model of the feedback loop that
can explain the phenomenon and compare its predictions with the experimental
data. Supported by NIH grant EY08217 and the Sloan Foundation to JWG.

64.9

64.10

RESPONSE PROPERTIES OF SACCADE-RELATED BURST CELLS IN THE SUPERIOR
COLLICULUS OF THE MONKEY DURING LARGE, HEAD UN-RESTRAINED, GAZE
SHIFTS. Edward G. Freedman*, and D. L, Sparks. Institute

COMPARISON OF THE DISTRIBUTIONS OF TECTOTECTAL NEURONS IN
THE CAT AND MACAQUE. E. Olivier*1, J.D. Porter2 and P.J. May3. Dept. of
Neurophysiology, U. of Louvain, Brussels, Belgium1, Dept. of Anatomy and
Neurobiology, U. of Kentucky Med. Ctr., Lexington, KY 405362, Depts. of Anatomy
and Neurology, U. of Mississippi Med. Ctr., Jackson, MS 392163.
The collicular control of saccadic eye movements in primates has been attributed
to saccade-related burst neurons (SRBNs) located in the dorsal portion of the
intermediate gray layer (SGI) and adjacent stratum opticum (SO). Intracellular
staining suggests that in addition to their contralateral paramedian pontine reticular
formation projection, SRBNs have commissural collaterals that terminate in the
contralateral superior colliculus (SC), making them tectotectal neurons. Neurons
with similar properties have been described in the cat. However, their destribution
should be different because this species has a more limited oculomotor range and
more commonly moves the head. In light of these differences, we compared the
distribution of tectotectal neurons in 2 cats and 3 Macaca fascicularis monkeys that
had WGA-HRP injections involving most of the SC. In the macaque, labelled cells
were found throughout the medio,ateral and rostrocaudal extent of the SC, except its
caudal pole. These cells were mainly distributed in the dorsal part of SGI and in SO.
This laminar distribution correlates with that of SRBNs, but differs from that of
tectospinal cells. In contrast, following similar injections in cat, labelled cells were
constrained to the rostral half of the SC. These tectotectal cells were widely
distributed from SO to the periaqueductal gray. In conclusion, the rostrocaudal
extents of the tectotectal cells in cat and monkey correlate with the different
oculomotor ranges these two species possess. This supports the hypothesis that many
tectotectal cells represent SRBNs involved in control of eye saccades. In monkey
this view is strengthened by the correspondence of the tectotectal laminar distribution
to that of SRBNs. However, it is unlikely that all tectotectal neurons are SRBNs.
Further experiments are necessary to determine which tectotectal neurons also project
to the pons. Supported by NIH grant EY09762 (pjm).

for Neurological Studies, and Dept. of Psychology, Univ.
of Pennsylvania, Phila., PA 19104.
Rhesus monkeys, without head restraints, made large
amplitude gaze shifts to targets ranging in amplitude
from 0°-90° and in direction from 0°-360°. Eye-in-space
(gaze), and head-in-space were measured using standard
scleral and head mounted coils, respectively.
Standard
physiological techniques were used for recording single
units in the intermediate and deep layers of the superior
colliculus (SC) during these large, head-unrestrained
gaze shifts. Cells were isolated throughout the rostrccaudal extent of the SC. Many cell types that have been
reported from recordings in the rostral SC with the head
restrained were also found in the caudal SC. Here we are
primarily concerned with cells that responded before and
during combined, eye-head gaze shifts.
In order to characterize the response properties of
single units, movement fields were generated by recording
the cell's response to a wide range of gaze amplitudes
and directions. Burst cells in the caudal SC had maximal
responses before movements which were larger than the
oculomotor range (e.g. 80°) . Coupled with our stimulation
results at these caudal sites (which produced large, eyehead gaze shifts; Freedman et . al, Neurosci. Abstract,
1993) these data provide additional evidence that the
primate SC is involved in generating shifts in gaze of
all amplitudes, including those that require combined
eye-head movements.

64.11

64.12

STRATUM OPTICUM — A FUNCTIONALLY DISTINCT
LAYER OF THE SUPERIOR COLLICULUS? P. Lee and W. C.
Hall*. Department of Neurobiology, Duke University,
Durham, NC 27710
Studies using extra- and intracellular injections of
biocytin in the tree shrew indicate that the stratum opticum
is anatomically distinct from the adjacent layers. It contains
an extensive population of medium sized neurons that are
located in the gray matter surrounding the large fiber fascicles
that traverse this layer. The dendrites of these cells also are
confined for the most part to this gray matter, and do not
appear to extend into either the fascicles or the adjacent tectal
layers. The stratum opticum receives input from both
narrow and wide field cells in the lower part of the superficial
gray layer; these cells give rise to descending axons that
branch extensively before terminating in the gray matter of
the stratum opticum. Some intermediate gray layer cells give
rise to prominent apical dendrites that ascend into the
stratum opticum, but not as high as the superficial gray layer.
These apical dendrites also are confined for the most part to
the gray matter intercalated among the fascicles of stratum
opticum, and may receive input from the descending axons
of the superficial gray layer and/or from the stratum opticum
cells. Supported by NIH Grant EY08233.

SACCADE-RELATED ACTIVITY IN CAT SUPERIOR COLLICULUS
C. K. Peck*. L.-J. Yao and S. M. Warder. School of Optometry, University
of Missouri-St. Louis, St. Louis MO 63121
The contributions of the superior colliculus (SC) to saccadic eye
movements have been studied in detail in the monkey, but less data are
available for the cat. In monkey, individual saccade-related neurons
(SRNs) have bounded movement fields, and the locus of active SRNs
within SC determines the direction and amplitude of saccades. Recently,
Munoz and colleagues have reported that SRNs in cat SC exhibit
distinctive temporal gradients of activity during gaze (eye/head) saccades:
While SRNs begin to discharge shortly before the onset of gaze saccades of
optimal direction and amplitude, they begin after the onset of larger
saccades, as if activity were spreading from loci involved in initiating
larger saccades.
We have investigated the activity profiles of SRNs in cats whose heads
were restrained while they made eye saccades to visual and auditory
targets within their oculmotor range. We considered only saccades within
±10° of a given cell’s optimal direction. The neurons studied had optimal
amplitudes ranging from 2° to 15°. All of the SRNs studied showed
bounded movement fields, and for both larger and smaller saccades than
optimal, SRNs were less active before peak saccadic velocity. Activity
occuring after the peak of saccade velocity either did not change with
saccade amplitude or increased for both larger and smaller saccades.
Most SRNs showed weaker discharges when saccades were made
spontaneously or when elicited by auditory targets than when elicited by
visual targets.
Supported by NS-21238
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BINOCULAR SUPPRESSION OF EYE MOVEMENTS (EM) ELICITED BY
SUPERIOR COLLICULUS (SC) STIMULATION AFTER RETROBULBAR
MONOCULAR PARALYSIS. R.S. Pauly, & M.A. Berkley*, Program in
Neuroscience, Florida State University, Tallahassee, FL 32306-1051
In the anesthetized cat, monocular paralysis via retrobulbar injection of a
paralytic agent not only reduced the spontaneous EM of the treated eye, but
also the untreated eye (O'Keefe & Berkley, JN, 1991). This phenomenon
appears to involve proprioceptive feedback from the extraocular eye
muscles (EOM), possibly gated by motor signals to the muscles from
various CNS sites. To help identify the site of interocular EOM-feedback,
binocular SC-elicited EM were studied before and after monocular paralysis
or anesthesia.
EM measurements were made in 6 anesthetized cats using a binocular
search coil technique. Saccade-like EM were elicited by brief electrical
stimulation of the SC via a visually placed bipolar stimulating electrode,
usually ipsilateral to the treated eye. Resultant EM were evaluated under
three conditions: 1) no eye treatment; 2) monocular retrobulbar paralysis;
and 3) monocular retrobulbar anesthesia.
After monocular anesthesia or paralysis, spontaneous EM were reduced
or eliminated in both eyes. Binocular immobilization was observed with
stimulation of the SC after monocular paralysis, but not after monocular
anesthesia. Binocular immobilization to SC stimulation, however, did not
occur immediately after administration of the paralytic agent, but required
some seconds to develop in the untreated eye. As the effects of the paralytic
faded, EM were again recorded in response to stimulation.
The results demonstrate that binocular proprioceptive interaction is; 1) not
limited to spontaneous EM observed under anesthesia; 2) indicative of some
role for tonic EOM feedback in normal EM; and 3) likely occurring late in
the final EOM motor path.
Supported by NSF Grant IBN09302548

CONVERGENCE OF MOTOR AND MULTISENSORY INPUTS IN THE CAT
SUPERIOR COLLICULUS. M. A. Meredith*. Department of Anatomy, Virginia
Commonwealth University, Richmond, VA 23298-0709
While it is well known that many superior colliculus (SC) neurons exhibit eye
movement related discharges as well as sensory responses, little attention has been
directed toward the sensory character of these sensorimotor neurons. Therefore, the
present study examined the patterns of sensory convergence exhibited by SC neurons
that had inputs from the Frontal Eye Field (FEF) oculomotor region.
A week prior to recording, cats (n=2) were implanted with a recording well that
permitted access to the SC and arrays of electrodes (2 banks, 4-5 each) were placed
in the FEF (cruciate and presylvian areas). Standard extracellular methods were used
for recording in anesthetized (Ketamine-Acepromazine) animals. Once a SC neuron
was isolated, stimulation (single, monopolar cathodal pulses) of the FEF was used to
elicit orthodromic responses. Next, the neuron’s sensory properties were examined
using visual, auditory and somatosensory stimuli and their combinations. Neurons
were accepted for further analysis only if they were encountered during a penetration
in which at least 1 neuron was activated from the FEF.
A total of 134 deep layer (below stratum opticum) neurons were tested for the
presence of inputs from the FEF, but surprisingly few (27%; 37/134) were activated
by FEF stimulation. Neverthless, the overwhelming majority (92%; 34/37) of
neurons that were stimulated from the FEF were responsive to sensory cues. Of the
sensory nerons activated from the FEF, all (100%; 34/34) were multisensory: visualauditory= 12, visual-somatosensory = 10, visual-auditory-somatosensory = 12. Only
a few (8%, 3/37) neurons with FEF inputs could not be activated by any sensory
stimuli or their combinations; none showed unimodal (e.g., visual only, auditory
only) sensory properties. These data indicate that the multisensory SC neuron is not
only a site of sensory convergence, but of sensorimotor convergence as well.
Supported by IBN 9308576 and NS 22543.

64.15

AFFERENT
AND
EFFERENT
CONNECTIONS
OF
ACCOMMODATION-RELATED AREA
IN
THE
SUPERIOR
COLLICULUS OF THE CAT.

A, Sato and K, Ohtsuka*. Dept. of Ophthalmology, Sapporo Medical
Univ. Sch. of Med., Sapporo, Hokkaido 060, Japan.

We previously indicated that the circumscribed area in the
superior colliculus (SC) is involved in the control of lens
accommodation in the cat (Vision Res. 1994).
In this study, we
investigated afferent and efferent connections of the accommodationrelated area in the SC. WGA-HRP or biocytin was injected into the
accommodation-related area in the SC where accommodative responses
were elicited with low-threshold in 10 cats.
Accommodative
responses were monitored by an infrared optometer.
Retrogradely labeled cells were found mainly in the ipsilateral
posteromedial lateral suprasylvian area (PMLS), where is
comparable to the cortical accommodation area, and the substantia
nigra pars reticulata.
Fewer labeled cells were found in the
ipsilateral pretectal nuclei, the inferior colliculus and the
contralateral SC.
Anterogradely labeled terminals were located
mainly in the ipsilateral pretectal nuclei (PT), the lateral posterior
nucleus of the thalamus (LP), the mesencephalic reticular formation
(MRF), the pontine raphe and the contralateral paramedian pontine
reticular formation (PPRF).
These findings suggest that the accommodation-related area in the
SC receives inputs from the cortical accommodation area and projects
to the PT and the MRF, where are thought to be involved in the control
of lens accommodation.
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Response of LIP neurons to auditory targets for saccadic eye movements: a
distributed coding for sensorimotor transformation. B. Stricanne*. ,1. Xing.
Mazzoni & R.A. Andersen Division of Biology, Caltech, Pasadena, CA 91125
Neurons from the Lateral Intraparietal area (LIP) are known to respond to visual
targets for saccades in eye-centered coordinates and the strength of their response is
often modulated by the starting eye position. We recently reported (Stricanne et al.,
Neurosci. Abstr. 1993) how, when the target for the saccade is an auditory stimulus,
the response of these neurons is modulated by eye position. We have now examined
more closely the effect of eye position, with particular attention on the coordinates of
the response. We have recorded single units in a rhesus monkey performing delayed
saccades to auditory targets from various initial eye positions with the head fixed.
We found that during the delay period, LIP neurons respond selectively to
different sound sources. In a majority of neurons, this auditory receptive field (ARF)
shifts when the initial eye position is moved. In most cases the shift of the ARF is
equal to the displacement of the eyes, leading to an eye-centered representation of
auditory stimuli. In the remaining cases when they are not equal, the representation of
the stimuli is intermediate between eye- and head-centered, and is usually very broad.
On the other hand, some neurons do not shift their ARF at all, thus representing the
auditory stimuli in an head-centered coordinate frame. Independently of the type of
representation, the strength of the cell response is also often modulated by a gain field
due to the initial eye position. In addition, we found that LIP neurons also respond
selectively during the sound presentation though it concerns a much smaller
proportion of neurons. This sensory selectivity follows the same categories of coding
described for the delay response. By immobilizing the pinnae we demonstrated that
the shift of ARFs was not an artifact of the monkey moving his ears during the task.
These results are similar to the activity of hidden units from neural network
models trained to convert auditory and visual signals to motor error signals like those
found in the superior colliculus, to which LIP projects (Jing et al., Neurosci. Abstr.
1994). We conclude that LIP neurons integrate sensory information from both visual
and auditory modalities and that, at the population level, LIP transforms sensory
signals into motor coordinates.

A neural network model for sensorimotor transformation in macaque area LIP
J.Xing* B.Stricanne & R.A.Andersen Division of Biology, 216-76, California
Institute of Technology, Pasadena, CA 91125
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Neurons in macaque area LIP respond to both visual and auditory saccade targets. The evoked responses of LIP neurons are often modulated by
initial eye positions and target locations, and many of the auditory receptive
fields move with eyes (Stricanne et al., Neurosci. Abstr. 1993). It is interesting to know whether LIP is involved in transforming the sensory information
into the abstract spatial representation or motor plans. We investigated this in
a three-layered neural network using the back-propagation learning.
Previously a similar network had been trained to locate targets in headcentered coordinates given eye positions and retinal inputs (Zipser & Andersen, Nature, 1985). In this new model, the input layer of the network has
access to eye position, visual and auditory signals. We trained our network
to code motor errors topographically at the output layer. This resembles the
map of motor errors found in the superior colliculus to which LIP projects.
The response properties of units in the hidden layer were examined after
the network learned to map motor errors correctly at the output layer. We
found that hidden units developed localized receptive fields in both visual
and auditory input maps. Nearly all units displayed planar gain fields. Furthermore, over 50% of the hidden units were tuned for movement directions in
eye-centered coordinates, and the motor fields of such units to visual or auditory targets are aligned. These features of the hidden units are strikingly
similar to what we observed in LIP neurons, suggesting that neurons in this
cortical area can perform sensorimotor transformation and in the process
bring into register two sensory systems with dissimilar coordinate frames
through distributed population activities.
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CORTICOCORTICAL INPUTS TO TWO FUNCTIONALLY DEFINED
SUBREGIONS OF THE FRONTAL EYE FIELD IN CEBUS MONKEY
J.-R. Tian*1 and J.C. Lynch2. Depts. of Anatomy1,2 Ophthalmology2, and
Neurology2, University of Mississippi Medical Center, Jackson, MS 39216
We used retrograde transport of fluorescent dyes to study the neural input
to subregions of the frontal eye field (FEF) in two Cebus apella monkeys.
A saccadic eye movement region (SAC) and a slow eye movement region
(SEM) were localized in the anterior and posterior banks, respectively, of the
arcuate sulcus using standard low-threshold (<50pA) electrical
microstimulation procedures and Telazol anesthesia. Fluorescent dyes were
then injected into the two subregions. Eye movements and stimulation
parameters were recorded and analyzed using a video recording system.
Neurons labeled by both injections were observed in the supplemental eye
field (SAC-labeled cells generally more anterior than SEM-labeled cells); in
area 7ip (including both LIP and VIP), and in area MST. In 7ip, SAClabeled cells were more ventral than SEM-labeled cells. Neurons in the
superior bank and fundus of the principal sulcus were labeled only by SAC
injections; neurons in area DM in parietal cortex were labeled predominantly
by SAC injections; and neurons in area 7m were labeled predominantly by
SEM injections. Neurons were also labeled in premotor cortex and in area
5 by SEM injections and in insular cortex by both injections (SAC cells more
ventral). These results demonstrate that much of the corticocortical input to
both the rapid and slow eye movement regions in the FEF is similar.
Nevertheless, the differences that were observed in their inputs represent
important distinguishing characteristics of the two systems.
Supported by USPHS EY-04159 and the Joe Weinberg Research Fund

PREFRONTAL NEURONAL ACTIVITY CODING SACCADE
DIRECTION DURING A DELAY PERIOD IN AN OCULOMOTOR
DELAYED MATCHING-TO-SAMPLE TASK
R Hasegawa, T. Sawaguchi*
and K. Kubota. Dept. of Behavioral and Brain Sciences, Primate Res Inst..
Kyoto Univ . Inuyama. Aichi 484. Japan
To understand how the prefrontal cortex (PFC) represents the direction of
forthcoming saccadic eye movements, neuronal activities were recorded from the
dorsolateral PFC (pen-pnncipalis and pre-arcuate areas) of a rhesus monkey while the
monkey performed an oculomotor delayed matching-to-sample task with eye fixation.
The task consisted of 6 periods: fixation (on a central spot; ls), sample cue
(presentation of a figure at the fixation point; 0 5s). 1st delay (fixation on the central
point: 1 5s). matching (presentation of a figure identical to the sample and of another
figure at two of four peripheral locations 15° from the central spot, i.e., left and right or
upper and lower: 0 5s). 2nd delay (fixation on the central point; 1.5s), and go (saccade
to one of the four target points: < ls). A saccade was considered to be correct if it was
directed tow ard the location of the figure in the matching period which matched the
sample We analyzed a total of 159 neurons that responded during the 2nd delay
(N=72) and/or go (N=139) periods Among the neurons that responded during 2nd
delay period, 24 showed a selective increase in activity for one of the four saccade
directions (left. N=2: right. N= 10: Upper. N=7. Lower. N=5). Of these. 10 showed a
directional selectivity during both the 2nd delay and go periods. Furthermore, we failed
to observe any visual activity, during either the 2nd delay or matching period, that
coded physical features of the matching cue These data indicate that neurons of the
PFC retain information concerning the direction of forthcoming saccades. The
direction-dependent activities during the 2nd delay period, most of which persisted
from the matching period to the go period, can be considered "set-related" activities
associated with eye movement. It is likely that "set-related" activities convey
information on eye movement to saccade-related activities during the go period.

65.5

65.6

PREDICTIVE VISUAL RESPONSES IN MONKEY FRONTAL EYE FIELD
M, M, Umeno and M, E, Goldberg; Laboratory of Sensorimotor Research, National
Eye Institute, Bethesda, MD 20892.
Primates can make accurate sequential saccades to rapidly flashed targets, even
when, by virtue of an intervening saccade, there is a dissonance between the retinal
location of a target and the vector of the saccade needed to acquire that target.
This requires that the system adjust the retinal information by the metrics of the
intervening saccade. We have previously demonstrated that neurons in the lateral
intraparietal area and the intermediate layers of the superior colliculus solve this
problem by a predictive mechanism: they respond to stimuli that will be brought
into their receptive fields (RF) by a saccade before the saccade occurs. This is
equivalent to a transient shift in the retinal receptive field (RF) of the neuron. We
now demonstrate a similar mechanism in the arcuate frontal eye field (FEF).
Presaccadic neurons in the FEF were classified as visual, visuomovement, or
movement according to their responses in a delayed saccade task. We then
recorded from these cells during visually guided saccade tasks in which a target
and an irrelevant stimulus appeared at the extinction of the fixation point. The
irrelevant stimulus could be positioned so that the saccade brought its spatial
location into the RF. Some cells with visual activity began to discharge 40-50ms
before the beginning of the saccade. Cells which yielded this presaccadic
predictive response were studied in a pardigm in which the monkey would do one
of five pseudorandomly interleaved tasks: interleaved manner: a saccade into the
RF; a saccade that brought a stimulus currently outside the RF into it; a saccade
that brought a stimulus currently outside the RF into a location still outside it; and
the latter two saccades without the stimulus present. After each saccade the
monkey made a second saccade outside the movement or receptive field of the
cell. The predictive response was seen only when the saccade brought the spatial
location of the stimulus into the RF. Predictive responses were never seen in
movement neurons, suggesting that the phenomenon is a property of the visual
input to the FEF and not a premovement response.

NEURAL ACTIVITY IN THE FRONTAL EYE FIELD ANTICIPATES THE TARGETS FOR A SERIES OF SCANNING EYE MOVEMENTS. D. D. Burman* and M.
A. Segraves. Dept. of Neurobioiogy and Physiology, Northwestern Univ., Evanston, IL
60208.
The visual activity of many frontal eye field cells is modulated when scanning images, such that activity increases preceding saccades to targets within the cell’s receptive field, and is suppressed preceding saccades to targets outside of the receptive field
(Burman and Segraves, 1994). We have investigated whether or not this activity anticipates the successive targets of a series of saccades generated during visual scanning.
Eye position of 2 rhesus monkeys was sampled at 1 kHz with a search coil during
a scanning paradigm and during performance of conventional oculomotor tasks. Eye
movements were unrestricted during the scanning paradigm, while images of primates,
other animals, and natural scenery were displayed. Only frontal eye field cells active
during the scanning paradigm and identified as visual during conventional tasks are reported here.
The activity of 19 out of 26 cells increased during the fixation period prior to a saccade directed toward a target in the receptive field (Fig. A: F7\). These bursts occurred
when any portion of the projected image lay within the receptive field and the following
saccade was directed to that region. For about 25% of the cells, a weaker burst of activity also occurred during the prior fixation period (Fig. A: FP*.,), preceding the saccade to FP*. In other words, during a series
B
of scanning saccades, the cell was active
during the fixation before the movement to
Inactive
a feature within its receptive field and also
during the preceding fixation. When the
saccade following FPK would be directed
outside of the cell’s receptive field, no increase in activity was seen during the fixation at FP^., (Fig. B).
These findings suggest that the frontal eye field is involved in the planning of saccade targets at least 2 eye movements in advance of the saccades that will capture those
targets.

©

Supported by NIH Grant EY08212.
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SCANNING EYE MOVEMENTS DIFFER PARAMETRICALLY FROM EYE
MOVEMENTS MADE IN THE DARK. M. A. Segraves* and D. D. Burman. Dept. of
Neurobioiogy and Physiology, Northwestern Univ., Evanston, IL 60208.
Saccadic activity within the frontal eye field while scanning images is absent during unrestricted eye movements made in the dark (Burman and Segraves, 1994), suggesting that different mechanisms exist for the control of saccades under these two conditions. Here we examined the population of fixations and saccades generated during
scanning and in the dark, with die aim of identifying differences that might shed light
on the contribution of neural structures to the generation of these behaviors.
Eye position of 2 rhesus monkeys was sampled at 1 kHz with a search coil, with
the monkeys permitted to look anywhere they desired. During the scanning paradigm,
the monkeys faced a tangent screen displaying rear-projected images of primates, other
animals, and natural scenery. Fixation and saccade parameters when the monkeys first
scanned the images were compared with those obtained when the images were presented on subsequent days or altered in position or clarity, as well as when the monkeys
scanned the laboratory environment and made unrestricted saccades in the dark.
Saccades and fixations made while scanning an image varied little from those
made while scanning the environment, but differed in several respects from those generated in the dark. When scanning an image, the incidence of fixations was elevated at
localized regions corresponding to discrete features, whereas fixations in the dark were
broadly scattered. Subsequent presentations of an image resulted in the same features
being preferentially targeted, except when the image was inverted or blurred. The distribution of saccade directions was similar to that observed in the dark, but the incidence of saccades smaller than 12-15° was elevated during scanning. Intersaccadic intervals during scanning were primarily in an intermediate range of 200-700 ms, whereas longer intervals and intervals <100 ms were more common in the dark. The
distribution of intersaccadic intervals did not appear to be dependent upon the image
that was scanned.
These findings point out differences between eye movements generated during
scanning versus those made in the dark, and provide a basis for examining the neural
mechanisms responsible for the control of these two distinct behaviors.

CORTICOSTRIATAL AND OTHER NEURONS IN THE FRONTAL EYE FIELDS
OF AWAKE, BEHAVING CATS. A.C. Gafka* and T.G. Wevand. Dept.
Anatomy, LSU Medical Center, New Orleans, LA 70112.
We are presently recording the activity of neurons in the frontal eye fields
(FEF) of cats trained in oculomotor tasks. Head is fixed and gaze is
monitored using the scleral search coil technique (resolution >0.2°).
Stimulating electrodes are stereotaxically implanted in the caudate nucleus
to antidromically activate neurons in the FEF projecting to the neostriatum
(corticostriatal cells). Using the test of impulse collision, we have isolated
and recorded from 5 corticostriatal (CS) cells in this region of cortex. CS
neurons have myelinated axons; the average conduction velocity time was
1.28 msec (15.6 m/sec). Spontaneous activity is low compared to
neighboring cells. None of the CS neurons appeared to have pre-saccadic
activity. Two of the cells showed some post-saccadic response that was
independent of the direction of eye movement; this signal did not persist in
the dark. Two of the cells were clearly modulated by visual stimuli and
appeared to have large receptive fields encompassing virtually the entire
contralateral visual field. One of these cells preferred visual stimuli moving
away and one towards central gaze. We have also isolated neighboring, nonCS cells. Like CS cells, visually responsive non-CS cells have huge receptive
fields with many showing strong post-saccadic responses. When "looming"
stimuli are used, some cells are preferentially responsive to the approach or
to the retreat of the looming object. Some non-CS cells increase or decrease
firing rates dependent on eye position and/or direction and velocity of
saccade. In contrast to primate FEF, pre-saccadic neurons in the cat are rare.
Present and previous work in our laboratory indicates that cells in this region
have interesting "cognitive" properties, such as suppression of the visual
responsiveness when the animal must attend, and increased firing rates in
anticipation of reward. (Supported by MRC-Canada and NIH Grant EY068181.

Supported by NIH Grant EY08212.
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COMPARISON OF ORIGINS OF PROJECTIONS FROM LIP
TO SEF AND FEF IN PRIMATE. J.Yin*, M.Schlag-Rey and
J.Schlag. Dept. of Anatomy & Cell Biology, UCLA, Los Angeles,
Ca. 90024 .
Connections between the supplementary eye field (SEF), the arcuate
frontal eye field (FEF) and the lateral intraparietal eye field (LIP) have
been previously described but not analyzed in relation to the saccade
vectors represented. To investigate this organization, WGA-HRP was
injected in 1 SEF site (large fixed-vector saccades) and 2 distant FEF
sites, representing small (sFEF) and large (1FEF) saccades, after
electrophysiological determination of saccade-related properties in 3
trained monkeys.
For all cases, the general location and overall amount of labeling in
LIP was quite similar, notwithstanding some differences in tracer
volume (smallest in SEF), but the pattern differed. The SEF case had
a widespread distribution of labeled cells (mostly in layer III)
throughout the bank of LIP whereas both FEF injections yielded
dense columnar labeling in selective sectors of the bank (sFEF: middle
and bottom, 1FEF slightly more dorsal than sFEF but not so dorsal as
SEF; both SEF and FEF labels slightly encroached upon VIP but not
upon 7a.). The distribution of terminals in supra- and infragranular
layers also distinguished the SEF from the FEF cases.
A similar contrast (widespread vs selective) also characterized the
projections of SEF and FEF to the IVth (oculomotor) layer of the SC.
Taken together, these results point to a functional difference between
the contribution of SEF and FEF to oculomotor control.
(Supported by USPHS grants EY02305 & EY05879)
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MACAQUE OCULOMOTOR THALAMUS: TEMPORAL CHARACTERISTICS
OF VISUAL AND SACCADE RELATED ACTIVITY. K.G. Thompson & J.D.
Schall. Dept Psychology, Vanderbilt University, Nashville, TN 37240
The group of nuclei associated with the internal medullary lamina (IML) in the
central thalamus form an important link between subcortical and cortical oculomotor
structures. The activity of IML neurons was recorded while a monkey (Macaca
mulatta) performed visual detection and visual search tasks. Periods of significant
activation and bursts were determined quantitatively cm a trial-by-trial basis using a
Poisson spike train analysis. Neurons with visual and movement related activity
were analyzed. The onset of the visual-evoked activity generally occurred between
45 and 80 ms after the onset of the target with little variability within each neuron.
The duration of the visual-evoked activity ranged from 5-100 ms. For many neurons
with a presaccadic burst, a prelude of activation began about 50 ms after target onset.
Ibis low frequency prelude of activation led up to a high frequency burst of activity
(up to 800 Hz) that began as early as 30 ms before saccade initiation. The end of
the burst generally occurred at about the saccade midpoint The burst rarely
continued past saccade termination and by the time the saccade ended, the firing rate
was usually at baseline levels. The latency of the presaccadic burst was often
different for saccades of differing amplitudes and directions. Saccades into the
movement field elicited bursts that began earlier and lasted longer than saccades
landing near the border of the movement field. For pause-rebound cells, the onset of
the pause and onset of the rebound also differed for saccades of different directions.
For contraversive saccades there was often little or no pause with strong rebound-like
activity beginning at or before saccade onset and as saccades became more
ipsiversive, the pause started earlier (up to 40 ms before the saccade), the rebound
started later and die firing rate decreased. These results indicate that IML neurons
can predict oculomotor behavior as early as FEF and the superior colliculus. Further
work is needed to elucidate the role of the oculomotor thalamus in saccade initiation
and gaze control. Supported by F32-EY06495, McDonnell-Pew and R01-EY08890.
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MACAQUE OCULOMOTOR THALAMUS: SACCADE TARGET SELECTION.
J.D. Schall* & K.G. Thompson. Vanderbilt University, Nashville, TN 37240
How the brain selects the target for a saccade is not known. We investigated
target selection by training a rhesus monkey in a visual search task. Eight stimuli
were presented in a circular arrangement; the target was distinguished from distractors by color. Neurons were recorded in the central oculomotor thalamus
(internal medullary lamina); cells with visual and movement related activity were
analyzed. Tonic visual cells were activated equally by the target or the distractors
during visual search; discharge duration was prolonged if the target was in the
receptive field. Certain visuomovement cells with phasic visual responses had equal
visual responses for target or distractors, and the activation evolved so that the
movement related discharge was the same as that observed when the target was
presented alone. Other phasic visuomovement cells exhibited a different result.
When the target was presented alone, these cells discharged vigorously when the
target was in the contralateral hemifield and were either suppressed or weakly
activated when the target was in the ipsilateral visual field. During visual search
these cells were activated when distractors filled the contralateral hemifield but the
activation was significantly less than when the target was in the contralateral
hemifield. This difference in activation related to target position was evident as soon
as these neurons became active. The movement-related period of activation of these
cells during visual search was the same as when the target was presented alone.
These data resemble what we have observed in frontal eye field (Schall & Hanes,
1993; Thompson, Hanes, Tu & Schall, 1993). However, we note two differences.
First, we have not observed visuomovement cells in the thalamus with presaccadic
activity suppressed when the target falls beside the response field. Second, die
phasic visuomovement cells with visual responses varying with target location were
not found in FEF. (Supported by R01-EY08890, McDonnell-Pew and F32EY06495)

CYTOARCHITECTURE OF THE PRIMATE MEDIAL PULVINAR NUCLEUS.

65.13
THE PUPILLARY LIGHT REFLEX: THE CENTRAL PATHWAY IS DIRECT.
W. Sun*1 and P.J. May1,2. Departments of Anatomy1 and Ophthalmology2, University
of Mississippi Medical Center, Jackson, MS 39216.

The proposed pathway mediating the pupillary light reflex is a four neuron arc:
retina -* olivary pretectal nucleus (OPN) -* Edinger-Westphal nucleus (EW) -* ciliary
ganglion. However, a monosynaptic connection between the OPN and EW has not been
directly established. To address this issue, a combined anterograde and retrograde
axonal tracing study was undertaken in cats at both light and electron microscopic
levels. Following ciliary ganglion' injections of WGA-HRP, retrogradely labeled
preganglionic motoneurons were found in the ipsilateral anteromedian nucleus (AM),
supraoculomotor area (SOA), and ventral to the oculomotor nucleus. A few labeled
cells were present in EW. Biocytin injected into the OPN of the same animal
anterogradely labeled pretectal axons that projected to all these motoneuron locations.
Fine diameter axons and terminal puncta were bilaterally distributed in AM and SOA,
often immediately adjacent to retrogradely labeled somata and dendrites. In addition,
labeled commissural axons terminated in the opposite pretectal area and nucleus of the
posterior commissure. Ultrastructural examination revealed biocytin labeled terminal
profiles (0.85-2.08 /zm, long axis) in AM and SOA. In some cases, they formed
asymmetric synapses on retrogradely labeled preganglionic motoneurons within AM.
Pretectal profiles contain round dark mitochondria, and tightly packed, spherical, clear
vesicles (30-40 nm in diameter), suggesting an excitatory action, but have few or no
dense-cored vesicles. The biocytin labeled terminals represented the minority of
terminal profiles contacting the labeled preganglionic motoneurons. Most terminals
were unlabeled, and some of them made symmetric synapses, with loosely distributed
dense-cored vesicles (70-90 nm in diameter) and either pleomorphic or round clear
vesicles. This suggests that input from sources other than OPN is also important for
‘controlling pupillary function. In conclusion, these results provide direct evidence that
in the cat, the pupillary light reflex is mediated by a monosynaptic pathway from the
pretectum to the preganglionic motoneurons. Supported by NEI grant EY09762 (PJM).
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H, Atlallab4,

A.

J, C, Lvnch*1,2,3.
J,
Rafols4 and T, P, Ma1 2. Depts, of
Anatomy1, Neurology2, and Ophthalmology3, Univ. Mississippi Medical
Center, Jackson, MS 39216 and Dept. of Anatomy and Cell Biology4, Wayne
State Univ. School of Medicine, Detroit, Ml 48201.
We studied the cytoarchitectural organization of the medial pulvinar nucleus
using Nissl, fiber-stained, and Golgi preparations of the rhesus monkey
(Macaca mulatta). It was possible to distinguish the medial pulvinar nucleus on
the basis of its myeloarchitecture and the morphology of its neurons, in
particular, giant thalamic relay cells were not found in the medial pulvinar, but
only in the lateral and inferior pulvinar nuclei. We identified two types of medial
pulvinar cells, thalamic relay and local circuit neurons. The cell body of relay
neurons gave rise to a variable number of short and thick dendrites which
branched up to the fourth or fifth order. Second to fifth order branches were
thin and wavy, extended uniformly from the soma and formed a compact
arborization. At the periphery of the nucleus, dendrites tended to be directed
centrally. One subpopulation of relay neurons had a more sparse dendritic tree
which extended over twice the distance of the more common variety. We
identified three varieties of local circuit cells on the basis of their soma size and
dendritic morphology: tufted, radiating, and beaded. Tufted cells had long, thin
dendrites which terminated in complex arbors. Radiating cells had long
dendrites with apparent boutons en passant. A few dendrites had tufted
endings, but these were less complex than those of tufted cells. Beaded cells
had varicose and thicker dendrites. We also distinguished examples of
cortical- and retinal-like afferent arbors. In general, the cytoarchitecture of the
medial pulvinar nucleus was not significantly different from that of the lateral
and inferior pulvinar nuclei. Thus, the major functional differences between
these nuclei are probably related to their connections. Supported in part by
EY04159 (JCL), GM08167 (JAR), andNS32924 (TPM).

65.14

RESPONSE PROPERTIES OF OMNIPAUSE NEURONS IN THE MACAQUE
PRETECTUM M.J, Mustari*. M. Pong and A.F, Fuchs, Marine Biomedical
Institute, Department of Anatomy and Neuroscience, Univ. of Texas Medical
Branch, Galveston, TX; Dept. of Physiology and Biophysics and Regional Primate
Research Center, Univ. of Washington, Seattle, WA.
With the exception of the nucleus of the optic tract (NOT), little is known
about the role of the pretectum during eye movements. However, recently we have
discovered that neurons concentrated in a thin sheet just dorsal to the NOT exhibit a
pause in firing associated with saccades to target steps in all directions. Pause onset
occurs at a relatively fixed latency well after saccade onset (-50.1 ±10.2 ms; N=31)
and is independent of the size of the saccade. Because saccade duration increases
with amplitude, the pause begins nearer the end of large saccades than small
saccades. For each unit, pause duration is relatively constant for saccades of
different sizes but ranges from 48 to 203 ms (N=30) for different units. The pause
is not visual in origin since it was still present for saccades in the dark for each of
the 20 units tested.
In general the steady firing that preceded the saccade was higher than that
reached after the pause (72 vs 50 spikes/s; N=16). Before the pause, 55% of the
units (N=31) also exhibited a burst of spikes, which started 12 ms ±4.2 (N=17)
before saccade onset. Especially for small saccades, the burst often was the
culmination of a gradual increase in firing that began up to 80 ms (N=8) before the
saccade. The duration of the burst did not appear well correlated with the duration of
the saccade. Occasional pretectal pause neurons also discharged a burst of spikes
that was best timed with the target step and thus reflected a visual input.
Some NOT neurons also paused for saccades, especially those neurons with
receptive fields that covered the entire tangent screen (70 x 50 deg); small-field NOT
units did not pause for saccades.
The existence of neurons related to rapid eye movements suggests an hitherto
unexpected pretectal role in saccade generation.
Supported by grants EY06069, EY00745, EY07031 and RR00166.
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EFFERENT PATHWAYS OF THE NUCLEUS OF THE OPTIC TRACT IN

THE MONKEY AND THEIR ROLE IN EYE MOVEMENTS.
J.A. Buttner-Ennever1*, B. Cohen2, A.K.E. Horn1 and H. Reisine2.
Inst. Neuropathology, LMU Munich, 80337 Munich, F.R.G.1, Dept.

Neurology, Mount Sinai Medical School, New York 10029, USA2

The nucleus of the optic tract (nOT) in the pretectum plays an important role in
the generation of the horizontal optokinetic response (OKR). In this study we injected
3[H]-leucine into the nOT to study all its efferent pathways in the monkey. Although
it projects to structures important for the generation of the OKR (the accessory optic
nuclei, nucleus prepositus hypoglossi and adjacent structures, and the dorsal cap of
the inferior olive), it also has major projections to all visuomotor systems, whose
activity must be supressed to achieve a good OKR. These regions are: the superior
colliculus, which controls saccade generation and gaze-fixation: the pregeniculate,
peripeduncular, parabrachial, and lateral geniculate nuclei, which modulate the
thalamic input to the primary visual cortex, and promote visual attention: medial
rectus motoneurons and probably the lateral visceral nucleus of the Edinger-Westphal
complex, which control convergence and pupillary constriction respectively, operations essential for the focussing on a target: and the dorsolateral pontine nuclei and
nucleus reticularis tegmenti pontis. The latter provide cerebellar control of
visuomotor functions, such as smooth pursuit, which could augment the OKR. No
projections to nucleus Darkschewitsch and interstitial nucleus of Cajal were found.
On the basis of these findings we suggest that the function of nOT is to supress all
visuomotor systems, whose activity would disrupt the OKR and facilitate those
leading to its generation - under control of the cerebral cortex and retina. Its
proximity to the dorsal terminal nucleus results in a particularly tight coupling with
the horizontal component of the OKR.
Supported by the DFG SFB220 (JAB, AKEH) and EY02296, EY01867 (BC, HR).
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INCREASED EXPRESSION OF GLUTAMATE DECARBOXYLASE
(GAD67) mRNA IN FELINE LUMBAR SPINAL CORD AFTER
COMPLETE THORACIC SPINALIZATION.

N.J.K. Tillakaratne*, J.A. Hodgson. A.J. Tobin. R.R, Roy and V.R.
Edgerton. Departments of Biology and Physiological Sciences, UCLA,
CA 90024.
Adult cats completely spinalized at the T12-13 level can execute full
weight-bearing stepping if appropriately trained postoperative!y.
Inhibitory neuromodulators such as GABA and glycine in the spinal
cord play an important role in controlling locomotion. 18-25 months
after spinalization, animals were perfused and spinal cords removed to
examine changes in GABAergic neurons. In situ hybridization
histochemistry showed that GAD67 mRNA was present at varying levels
throughout layers I-X at L5-L7 levels. Laminae I-III contained
intensely labelled cells, while moderate to heavy labeled cells were
present in the medial parts of laminae IV-VII and the area around the
central canal. Motoneurons contained low levels of GAD67 mRNA.
Compared to control cats (intact spinal cord), the spinal animals
showed increased levels of GAD67 mRNA in many of the GAD positive
neurons in both the dorsal and ventral horn. The increase in GAD67
mRNA expression suggests increased inhibitory influence in the
segments of the spinal cord below the lesion after spinalization.
Supported by grants to AJT (NS 22256) and VRE (NS 16333)

66.2

CHRONIC SPINAL CORD INJURY RESULTS IN A REVERSAL OF
PUDENDAL/PELVIC NERVE AFFERENT ACTIVATION OF
PUDENDAL MOTONEURONS.
R.P. Johnson*? Department of
Physiological Sciences, University of Florida, Gainesville, FL 32610.
In male rats, chronic spinal cord injury results in ejaculatory
dysfunction. The striated perineal muscles, innervated by pudendal
motoneurons, participate in the ejaculatory response. Previous work
has shown that following acute spinal cord transection (4-6 hours),
polysynaptic reflex discharges in pudendal motoneurons can be elicited
by stimulating myelinated afferents in the pudendal and pelvic nerves.
Quantitation of these discharges shows that the reflex activation by
bilateral dorsal nerve of the penis (DNP) stimulation is stronger than by
bilateral pelvic nerve (PN) stimulation.
To determine if this activation differential changes after chronic
spinal cord injury, mature male rats were spinalized at T8 under aseptic
conditions and allowed to recover for 1-2 months. After urethane
anesthesia, recording electrodes were placed bilaterally on the motor
branch of the pudendal nerve and stimulating electrodes placed
bilaterally on the DNP and PN. Data from the chronically transected
animals demonstrated that the DNP-mediated reflex activation was
significantly weaker than the PN-mediated activation, particularly with
respect to crossed reflexes. This suggests that chronic injury results in
a decrease in reflex input by pudendal nerve afferents and possibly an
increase in pelvic nerve afferent input.
Because the ejaculatory
response is dependent on DNP input, the reduction after chronic injury
may contribute to the ejaculatory dysfunction. Supported by NS 27511.

66.3

66.4

TRANSIENT CHANGES IN ISOLECTIN GSAI-B4 BINDING IN RAT SPINAL
CORD AND DORSAL ROOT GANGLIA AFTER UNILATERAL PUDENDAL
NERVE TRANSECTION OR CASTRATION. T. J, Brown*. J.C. Bresnahan and
M. S, Beattie, Dept. of Cell Biol., Neurobiol., and Anatomy. The Ohio State
University, Columbus OH 43210.
The dorsolateral (DL) and dorsomedial (DM) motor nuclei innervate the perineal
muscles of the rat via the pudendal nerve (PN), are androgen sensitive, and exhibit
synaptic plasticity in response to lesions or castration. We asked whether changes
in synaptic input induced by castration were accompanied by microglial activation
thought to be involved in "synaptic stripping". GSA I-B4, conjugated to HRP, binds
to microglia and primary afferents, particularly those carrying nociceptive and
visceral afferent information. We examined the effects on GSA I-B4 staining in
microglia, primary afferents and dorsal root ganglia (DRG) cells in rat lumbosacral
cord. Animals were allowed to survive for 3, 10, 21 or 30 days following castration
or PN section. Castrated animals had activated microglia in the DL, DM and
retrodorsolateral (RDL) nuclei 3 days post-op. Few activated microglia were
present after 10 days and none were seen 21 or 30 days. Three days after PN
section, activated microglia ipsilateral to the lesion in the DM and DL, and less
often RDL, were seen in some cases. In the SI and L6 DRG a few cases exhibited
differential right-left staining densities. Ten days post-PN section, all cases had
activated microglia in DL and DM and a decrease in substantia gelatinosa (SG) and
DRG staining ipsilateral to the lesion. At 21 days no activated microglia were seen
but a decrease in staining in the ipsilateral SG was seen in all cases. We conclude
that deprivation of androgen and axotomy may have similar effects on pudendal
motoneurons. In addition, axotomy may downregulate the binding sites for GSA IB4 on pudendal primary afferents. (Support:NS10165 & NS07291).

MICROSTIMULATION OF THE SACRAL SPINAL CORD FOR MICTURITION
CONTROL. RJL Carter*. D.B. McCrary. L.A. Bullara. B.J. Woodford, and W.F.
Agnew. Neurological Research Laboratory, Huntington Medical Research Institutes,
Pasadena, CA 91105.
Hyper-reflexive bladder paralysis and detrusor/extemal urethral sphincter (EUS)
dyssynergia is common following spinal cord injury. It may be possible to effect
micturition through direct stimulation of appropriate neural elements of the sacral
spinal cord. For effective bladder voiding, the bladder lumenal pressure must be
increased and, perhaps, the tone in the EUS decreased simultaneously. Elevation of
EUS pressure may be necessary for continence. We have performed studies in
adult cats aimed at producing elevation of bladder pressure and elevation and
depression of EUS pressure using electrical stimulation.
Results from these studies have revealed a complex pattern of EUS pressure
changes elicited by stimulation of the spinal cord at the SI level. This stimulation
produced elevation of EUS pressure, usually without simultaneous elevation of
bladder pressure. In some cases, the EUS pressure increase was maintained for
several minutes without apparent fatigue or adaptation. Often, after several periods
of stimulation, the EUS pressure response gradually changed to a two-phase
response. This consisted of a transitory elevation of EUS pressure followed by a
decrease in pressure below the baseline. Higher stimulation frequencies produced a
more rapid and profound EUS pressure decrease than did lower frequencies.
An array of two microelectrodes was implanted chronically into the S2 level of the
spinal cord in one cat. The position of the electrodes at the time of implantation
may not have been optimal since closing of the dura over the array reduced the
ability of each electrode to elevate bladder pressure. Despite this, we were able to
generate significant (three-fold) elevation of bladder lumenal pressure, without
simultaneous activation of the EUS, two weeks after implantation. Supported by
NIH Contract No. N01-NF-2-2376.
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EFFECTS OF DEXTRORPHAN ON RECOVERY OF HINDLIMB FUNCTION
FOLLOWING THORACIC CORD CONTUSION. J.K. Kim, M. Dyer, W.D.
Snider, C.Y.Hsu, D.W. Choi. C.R. Almli*. Center for the Study of Nervous
System Injury. Wash. Univ. Sch. Med., St. Louis, MO, 63110
Dextrorphan (DXT) has been shown to be effective in the treatment of
experimental ischemic brain injury. This study examined the effects of
dextrorphan on recovery of hind limb function following thoracic spinal cord
injury. Locomotor function was assessed using the Ohio State U. scale.
Other tests, placing greater functional demands on the hind limbs, included
ascending/descending an inclined wire ramp (30°, 2 cm grid openings),

traversing a horizontal rod (1.5 cm dia, 67 cm length), and descending a
vertical pole (1.5 cm dia, 87 cm length). Prior to surgery, female LongEvans rats were adapted to the apparatus and achieved maximum scores on
all tests. Rats received laminectomies (T9/T10), and spinal cord contusions
(NYU impactor) were produced by a 10 g weight dropped 25 mm. DXT (30
mg/kg, IP) or saline was injected 15 min before impact. Behavioral testing
resumed 2 days post-injury, continued daily for one week, then twice a week
for 4 weeks. No differences between DXT and saline groups were found for
hind limb function tests through 4 weeks post-injury. Although improvements
were seen in hind limb locomotor scores (plateau after 14 days), ramp scores
(plateau after 24 days), rod scores (plateau after 17 days) and pole scores
(plateau after 14 days), the rats did not reach pre-injury levels of hind limb
function. Results suggest different time courses of hind limb recovery for
tasks with different functional demands, possibly implicating different
functional or anatomical mechanisms. The single DXT dosage used was not
effective in improving hind limb performance, and hind limb deficits
persisted. Longer recovery periods and analyses of cord change are under
investigation. (Supported in part by a grant from Hoffmann-LaRoche.)

EVALUATION OF BEHAVIORAL TESTS AFTER LASER-INDUCED
ISCHEMIC SPINAL CORD INJURIES. M. von Euler*A. Seieer. E,
Jakobsson and E. Sundstrom Dept. of Clin. Neurosci. and Family Med.,
Karolinska Institutet, Huddinge Hospital, S-141 86 Huddinge, SWEDEN
Rats with laser-induced ischemic lesions of the spinal cord were used to
study how various behavioral tests change over time and how well they
correlate with the morphological outcome. We found that the mean scores
of all tests stabilizes within three weeks, irrespective of the severity of
the lesion. Of the tests used to evaluate various complex functions, we
found that the motor score (open field performance) correlated well with
the size of the lesion volume (r=0.90) as did a modified beam walk test
(r=0.92). The motor score is not sensitive for small lesions while the beam
walk could only be used for animals that can use all four limbs. Results
from inclined plane test correlated less well with lesion size (r=0.68). In
the swim test, which is scored 0-2, a distinct threshold for pathological
behavior was seen but the subgrouping of pathological swimming was of
no discriminative value.
Six different reflex-triggered behaviors were evaluated by comparing
the lesion volume of animals with different scores and comparing the
overlap between the groups. All tests had approximately the same
threshold for pathological score. In the righting test, we found no overlap
between the groups (p<0.01). Placing and withdrawal to pain also showed
acceptable results with just slight overlap. Withdrawal to pressure and
extension as well as toe spread were of little value due to the considerable
overlap between the groups.
In conclusion we found that testing for motor score, beam walk and
righting and/or placing are the most useful behavioral tests to study the
outcome of laser-induced spinal cord lesions.

66.7

DIFFERENTIAL SPARING OF RUBROSPINAL (RST) AND VESTIBULOSPINAL TRACTS (VST) AFTER MILD OR MODERATE SPINAL CORD
CONTUSION IN RATS. D.M. Basso*. M, VanMeter. M.S. Beattie. J.C. Bresnahan.
Dept. of Cell Biol., Neurobiol., and Anatomy. The Ohio State University, Cols., OH
43210.
Rats with Mild spinal cord contusions (SCI) had more extensive recovery of
locomotion and more retrogradely labeled cells in the red nucleus (RN) and lateral
vestibular nucleus (LVN) than rats with less locomotor recovery after Moderate
(Mod) SCI. The purpose of the present experiment was to verify the extent of
damage to the RST and VST at the lesion center and the resultant changes in
terminal labeling in the lumbar cord using the anterograde tracer, FluoroRuby (FR)
after locomotor recovery had plateaued. Twenty-four rats were divided into six
groups according to contusion severity and injection site: Mild RN, Mild LVN, Mod
RN, Mod LVN, Control RN, Control LVN. The contusion groups had mid thoracic
SCI which displaced the cord 0.8mm in the Mild and 1.1 mm in the Mod groups.
Recovery of locomotion and air/contact righting was tested for 6 weeks using the
BBB locomotor rating scale and a vestibular righting scale. Unilateral injections of
10% FR (0.1 pi) were made into the RN or LVN and survival was 28-31 days.
Comparison between Mild and Mod groups showed that Mild groups had: a)
greater locomotor recovery; b) a faster rate of recovery for contact righting; c) greater
sparing in the lumbar cord of the RST and VST along the extreme peripheral rim of
the dorso- and ventrolateral funiculi, respectively; d) more terminal labeling
primarily in laminae 5-6 for RN and 7-8 for LVN; e) more retrogradely labeled large
neurons in the lumbar cord of the LVN group. Based on our anterograde and
retrograde labeling studies, it appears that RN and LVN may play a role in
behavioral recovery. (Support NS 07291, NS 10165 and APA BB29302)
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fMRI OF RAT MOTOR CORTEX FOLLOWING PHYSICAL EXERCISE.
R.A. Swain, A.B. Harris, E.C. Wiener, H.D. Morris, C.R. Swain*, P.C.
Lauterbur, & W.T. Greenough. Beckman Institute and Biomedical Magnetic
Resonance Laboratory, University of Illinois, Champaign, IL and Logicon
Technical Services, Inc., Dayton, OH.
Vigorous physical exercise has previously been demonstrated to induce
angiogenesis in the adult rat cerebellum (Black et al., 1990). We decided in
the present experiment to examine hemodynamic changes in the motor
cortex following long-term behavioral exposure to exercise using functional
magnetic resonance imaging (fMRI).
Adult male Long Evans rats were chronically implanted with headstages
and allowed voluntary access to a running wheel for 30 days (group VX) or
were housed individually (group IC) under standard laboratory conditions.
The rats were then anesthetized and affixed inside a radio frequency (RF)
birdcage coil. The rat and RF coil were then inserted into a 4.7T 33 cm bore
SISCO small animal imaging magnet. A common reference slice was
selected in forelimb regions of somatomotor cortex for each animal.
128X128 (.312mm X .312mm in plane resolution) fast 2D gradient echo
images (four transients) were then obtained (1.6mm slice thickness) from
this region.
Signal deficits were noted in forelimb motor cortex of VX rats but not IC
rats. Signal deficits are known to occur in the vicinity of blood vessels due
to susceptibility differences between vessels and parenchyma (Blood
Oxygenation Level Dependent contrast). This suggests that forelimb motor
cortex may undergo angiogenesis following vigorous physical exercise.
Supported by Retirement Research Foundation.

MOVEMENT RATE DETERMINES CEREBRAL BLOOD FLOW CHANGES AS
ASSESSED BY PET AND FUNCTIONAL MRI. G. Schlaue*. J. N. Sanes. RJ,
Seitz. U. Knorr. H. Steinmetz, R. R. Edelman. S. Warach. Dept. of Neurology,
Univ. of Duesseldorf, Germany; Dept. of Neuroscience, Brown University, RI
02912; Depts. of Neurology and Radiology, Beth Israel Hospital, Harvard Medical
School, Boston, MA 02115.
Positron emission tomography (PET) and functional magnetic resonance
imaging (fMRI) can assess regional cerebral blood flow (rCBF) changes related to
brain neuronal activity. To extend the analysis of stimulus intensity effects on
cerebral cortical neuronal coding shown by the covariance of rCBF and visual
stimulus rate revealed by PET, we investigated if different rates of repetitive finger
movements modified rCBF. Two separate groups of normal subjects (PET, n=6;
fMRI, n=6) performed repetitive, externally paced finger movements at 1Hz and 3Hz.
rCBF was assessed in transaxial brain slices for individual subjects with [150]butanol PET techniques or a newly developed EPISTAR fMRI technique. EPISTAR
(echo planar imaging and signal targeting with alternating radiofrequency)
magnetically tags arterial blood supplying neural structures; the relative blood flow
then can be measured in local brain tissue following a brief delay. rCBF changes
obtained with PET and fMRI were mapped onto coregistered anatomical MR images.
Changes of rCBF within the contralateral precentral gyrus as determined with PET
averaged 26% higher for 3 Hz in comparison to 1 Hz movements. Additionally, the
PET data indicated an expansion of the activated region (axially as well as rostrally)
for 3 Hz in comparison to 1 Hz movements. For fMRI, activation sites most often
spanned 2-3 slices and clustered from the middle to the fundus of the central sulcus.
The current experimental analysis of the fMRI data indicated an expansion of the
activated region in the posterior precentral gyrus for 3 Hz in comparison to 1 Hz
movements. This study demonstrates that movement rate determines local intensity
of CBF responses in the posterior precentral gyrus as detected with PET and fMRI,
and the results have implications for understanding the effect of stimulus rate in
functional neuroimaging experiments. Support: NIH AG10634, NIH NS01634,
Harcourt General Charitable Foundation, DFG (SFB 194, A7 and A8).
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SIGNAL CHARACTERISTICS IN FUNCTIONAL MRI OF THE BRAIN UPON
VISUAL STIMULATION R. Menon, X. Hu, P. Mitra, S. Ogawa* and K Ugurbil,
Center of Magnetic Resonance Research, University Minnesota Medical School,
Minneapolis, MN 5545, AT&T bell Laboratories, Murray Hill, NJ 07974
We have examined the signal activation in functional MRI in terms of the
vasculature at the signal site by measuring the time course of the response to stimuli
and the moving spin signal contribution. The signal characteristics are consistent with
the interpretation by BOLD(blood oxygenation level dependent )contrast model with
induced hemodynamic changes. Using an echo planer imaging method at 4T field with
a time resolution of 0.1 sec/ image, we followed the time course of the signal
activation (echo time of 30 msec) in the visual area upon photic stimulation (binocular
whole field with LED red light lasting for 20 sec). The results were averaged within
single subject experiments and compared at four sites in VI: (a) cortical tissue, (b) a
local drainage vein, (c) sagittal sinus, (d) white matter. The time course of the signal
response in (a) showed an initial dip (0.5% down) ~ 2 sec after the start of the
stimulation and then the signal increased to reach a plateau value in several seconds. At
site (b) and (c), there was no dip but the signal rise followed the rise at (a). There was
no activation at (d). Upon the cessation of the stimulation, the signals stayed high for
about 5 sec. The initial dip at (a) was observed in all 30 experiments with 5 subjects.
This dip indicated the increased deoxyhemoglobin due to the increased metabolic load.
This is consistent with the reported initial decrease in the hemoglobin oxygenation
observed in optical measurements of capillary beds in experimental animals (R. D.
Frostig et al . Proc. Natl. Acad. Sci., USA, 87 6082 1990). The subsequent increase of
r-CBF exceeded the oxygen demand, resulting in the signal intensity increase. The
contribution of blood water signal to the signal activation was examined by imposing
extra field gradients (crushing moving spin signal) during spin echo image acquisition.
The stimulus induced signal increase in areas which contained large vessels (i.e. site
(b)) was reduced due to the crushing gradient but the tissue activation signals as in
site(a) did not. The tissue signal activation appeared to remain even with higher
crushing gradients enough to influence signals with diffusional motion.
Supported by NIH grant RR08079

BRAIN ACTIVATION MAP ANALYSIS: ANATOMICAL REGIONS OF
INTEREST VERSUS STATISTICAL PARAMETRIC MAPPING.
F. Crivello. B. Mazoyer*. N. Tzourio. E. Mellet. L. Petit M. Joliot
Groupe d'lmagerie Neurofonctionnelle, Service Hospitalier Frdddric Joliot, C.E.A.,
Orsay and University Paris 7, France.
We compared two approaches for the analysis of regional cerebral blood flow (rCBF)
difference maps obtained with PET. The first is based on a parcellation of each subject
brain MRI into anatomical regions of interest (AROI) for which rCBF t-statistics are
calculated (Mazoyer et al., J Cogn Neurosci, 1993). The second is the so-called
statistical parametric mapping (SPM, Friston et al., J Cereb Blood Flow Metab, 1991)
which consists in creating t-maps of stereotactically averaged brain rCBF activation
maps. Data used for this comparison were collected from 2 different protocols in
which subjects either performed a visual exploration task (VE, n=15), or executed selfpaced saccades (SPS, n=10), both tasks being contrasted with a rest control state.
Detection sensitivity of both methods were compared at various type I errors (a) after
Bonferroni correction. In each protocol, a common set of activations was detected at
a=l by both methods; however, when lowering a at 0.05 or 0.01, some of these
activations remained significant with the AROI approach oily. In addition, in the VE
protocol multiple foci were detected by SPM in AROIs found not significantly
activated using the AROI approach. These foci belonged to the lowest planes for
which the t threshold is underestimated due to the reduced number of pixels in these
planes. These results demonstrate that accounting for individual brain anatomy may
enhance detection sensitivity and specificity in brain activation map analysis.

67.5

67.6

MEASUREMENT OF BRAIN ACTIVITY USING PET AND H2’5O IN
UNANESTHESIZED MONKEYS. H. Takechi*, H. Onoe, K. Imamura, T.

Kakiuchi, S. Nishiyama, E. Yoshikawa, S. Mori, T. Kosugi, H. Okada, H.
Tsukada and Y. Watanabe.

Subfemtomole Biorecognition Project, JRDC and

Dept of Neuroscience, Osaka Bioscience Institute, Suita 565 and Central Research

Lab., Hamamatsu Photonics Co. Ltd., Hamakita 434, Japan
Measurement of regional cerebral blood flow (rCBF) using positron
emission tomography (PET) and 15O-labeled H^O is a useful method for mapping

the functional organization of the human brain.

However, use of human

volunteers should have some limitations. We have established the system for PET

activation study with unanesthetized monkeys. Subjects are male adult rhesus
monkeys weighing around 6.5-8 kg. Data were collected on the SHR2400 PET
scanner (Hamamatsu Photonics) which has transaxial resolution of 3.2 mm full

width at half maximum. Gantry of the scanner was tilted 75 degree from vertical
position, and subjects were set in sitting position using monkey chair. To assess

the system, we executed vibratory stimulation to right hand, right foot or lower
lip. The activated foci were clearly separated and corresponded to somatosensory

map in the postcentral gyrus. We also tested olfactory stimulation and observed
activation of piriform cortex. Combination of PET with some invasive techniques

WITHIN SUBJECT COMPARISON OF PET & fMRI TO VISUALIZE ACTIVATION OF PREFRONTAL CORTEX (PFC). S.DJorman. J.D, Cohen. D. C.
Noll, M. A. Mintun. B. J. Casey.* of the Univ. of Pittsburgh*and Carnegie- Mellon
Univ., Pittsburgh, PA 15213.
Although functional magnetic resonance imaging (fMRI) has evoked
considerable research interest, to our knowledge no direct, quantitative comparison
has been made to more highly validated imaging methods such as PET. We used
both modalities to visualize PFC activation in a series of single subjects,
performing the identical working memory task. Methods. We used the same
cognitive activation paradigm and fMRI procedure as previously reported [1]. The
PET scans were obtained in a Siemens ECAT 95 lr/31 (Knoxville, TN USA) using
H215O. Reconstructed images (128 x 128) had an in-plane resolution of 8 mm
FWHM after gaussian smoothing. Equivalent smoothing was applied to the fMRI
dataset. A high resolution T1-weighted MRI volume scan was used to cross-align
the fMRI and the PET studies for each subject[2]. After cross-alignment mean
difference (memory - control) images were made in both modalities at six coronal
planes through the PFC. Because PET and fMRI do not measure equivalent
signals, to facilitate comparison, we equivalently scaled the distribution of mean
differences for each modality. Results. Single-subject, pixelwise correlations between PET & fMRI mean difference images across the six image planes (n ~ 1800
pixels/plane) ranged from 0.21 - 0.48 (p«.0001). For areas independently
identified as significantly active in fMRI, the correlations increased to 0.3 - 0.7
(p«.0001). Conclusion. fMRI provides an equally valid assessment of cortical
activation as PET at higher resolutions and with the possibility of single-subject
longitudinal designs.
1. Cohen JD, et al., Soc Neurosci Abstr, 19, Part 2, p. 1285,1993.
2. Woods, R.P., et al., J Comp Assis Tomog, 1992.16; p. 620-633.

such as electrophysiology and microdialysis can give us more precise information
about brain function, sometimes about interrelation of brain regions.

67.7
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MRI INDEPENDENT NON-STEREOTAXIC REGISTRATION OF
PET IMAGES WITH A STANDARD ANATOMICAL ATLAS. A.Z.
Snyder, T.O.Videen , M.E. RaichleT Departments of Neurology and
Radiology, Washington University Sch. of Medicine, St. Louis, MO 63110.
Images acquired by positron emission tomography (PET) represent
physiological function, e.g., cerebral blood flow (CBF). In order to
properly interpret and average such data across multiple subjects it is
necessary to determine the correspondence with anatomical structure.
Previously described methods for accomplishing this depend on auxiliary
anatomic imaging (e.g., skull X-ray) in PET subjects or require that PET
image landmarks be identified for each subject by a human observer.
The present method is entirely automatic and utilizes only PET data. Its
basis is maximization of correlation between images representing CBF in a
given individual with a standard CBF image, the correlation measure being
summed over all volume in which both images are defined. Deformation is
accomplished by a 12 parameter linear coordinate transformation. The
standard CBF image was made from whole brain CBF scans of 6 normal
human subjects acquired with an effective z axis field of view of 18 cm,
interactively deformed to match outline tracings representing the 1988 atlas
of Talairach and Toumoux.
In comparison with the skull X-ray based stereotaxic method, the new
method localized motor (right hand) activation foci in primary motor,
supplementary motor and ipsilateral cerebellar cortex with less inter-subject
variability (5.92 mm vs 8.54 mm, p = 0.05, F variance ratio test). In
summed primary visual cortex responses, the new method preserved
activation intensity in the average (N=5) image whereas the stereotaxic
method showed 11% + 5% (95% confidence interval) intensity loss.

COMPARISON OF STATISTICAL PARAMETRIC MAPPING (SPM) AND HIGH-RESOLUTION
REGION OF INTEREST (ROI) ANALYSIS OF PET DATA. M. Varga, C.L. Ludlow and
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A, R. Braun* Voice and Speech Section, NIDCD, NIH, Bethesda, MD 20892
We performed a direct comparison of two alternative methods of analyzing H2^O PET

data. PET scans were acquired on a Scanditronix PC2048-15B positron camera (15 slices, 65
FWHM axial and in-plane) while subjects (4 males, 3 females) were at rest and during the
execution of two behavioral tasks. During the first (non-language) task, subjects made
random movements of lips, tongue and jaw with humming; during the second (language) task,
they related a story or series of events from memory.
Statistical parametric maps were created using software developed at Hammersmith
Hospital: images were interpolated, roll-yaw corrected, stereotaxically normalized and
smooted using a Gaussian (20,20,12 mm) filter. Analysis of covariance was perfomed to
adjust for changes in global means, and single group omnibus comparisons (p < 0.05) were
carried out. Significant changes with the highest z-scores (z > 4) identified increases in
cerebral blood flow in the inferior Rolandic cortices (greater in the left hemisphere) for the
rest - non-language comparison, and in the region of Wernicke's area for the non-language language comparison.
MRI scans were acquired for each subject on a GE Signa 1.5 tesla scanner. The subjects'
original PET scans were registered with these images using a surface matching algorithm
(ANALY2T, Mayo Clinic) and irregular regions of interest were drawn on the MR images.
Multiple gyral regions of interest were selected to include and bracket the coordinates in
which significant changes had been identified using SPM. Regional data were normalized
using global blood flow rates and paired t-tests were carried out to detect significant
differences (p < 0.05) between tasks. In the inferior Rolandic regions, significant increases in
blood flow were again detected when rest and non-language tasks were compared. As in the
SPM analysis, these were more frequent and associated with the lowest probabilities of
error (p < .005) in the left hemisphere. On the other hand, when the language and nonlanguage studies were comparied, an increase in blood flow in regions bracketing Wernicke's
area was detected in only a single instance, and this was of borderline significance (p <.03).
These results suggest that the high-resolution RCX approach may be of value when
applied to regions such as the primary motor and somatosensory cortices, where functionalanatomical relationships are relatively invariant, but may not be as sensitive in association
areas in which there may be considerable inter-subject variation.
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fMRI STUDIES OF SENSORY AND MOTOR CORTEX STIMULATION:
CORRELATION WITH ELECTROPHYSIOLOGICAL METHODS. A.Puce*,
M.E. Luby, T.C. Constable. G.McCarthy, A.C.Nobre. T.Allison. D.D.
Spencer and J.C.Gore. Neuropsychology Laboratory, VA Medical Center,
West Haven, CT 06516, and Depts of Neurology, Diagnostic Radiology and
Section of Neurosurgery, Yale University School of Medicine, New Haven, CT
06510.
Functional magnetic resonance imaging (fMRI) studies to motor stimulation
have previously been performed using a 1.5T clinical MR system in our
laboratory (Constable et al 1994, Mag Res Imag 11:451,1993). Here we
present data from six normal subjects using axial gradient echo images with a
motor task and one or more of 3 sensory tasks: median nerve electrical
stimulation, brushing, and compressed air flow over the palmar digits.
Activation was in or near the central sulcus (CS), consistent with the location of
primary sensory and motor cortex in the bank of the CS. Median nerve
electrical stimulation did not produce consistent activation of sensory cortex.
Two patients with a lesion impinging on sensorimotor cortex and focal
refractory seizures were studied with the motor and sensory brushing tasks and
echoplanar imaging sequences. Activation seen on fMRI studies was
coextensive with subsequent intraoperative mapping of somatosensory evoked
potentials and electrical stimulation of sensorimotor cortex prior to resection.
In both cases fMRI activation identified a larger area of sensorimotor cortex
than that seen in electrophysiological studies. A third case in which technical
difficulties were encountered is also presented.
The relative ease with which fMRI studies can be performed non-invasively
should provide a valuable method for preoperative patient assessment in the
future.

LEARNING AND MEMORY:

NEURAL NETWORKS IN THE ANALYSIS OF
FUNCTIONAL BRAIN IMAGES
J.D. Hidary*, T. Vogl, R. Litman, J, Hsiao. D. Pickar
Experimental Therapeutics Branch, NIMH, NIH. Bethesda,
MD 20892 and ERM, Arlington, VA, 22209.
In previous work, we examined the utility of
backpropagation neural networks in the analysis of functional
brain images. In the current study we extend this work to
alternative network topologies. Specifically, we apply adaptive
resonance theory networks (ART) as well as a recently
developed network topology, the dynamically stable
associative learning network (Dystal). We apply these
topologies to sets of H^O and '*F-DG positrons emisson
tomographic (PET) images of two groups: schizophrenic
subjects and normal controls. We first establish the utility of
the topology in the classification of the groups. Subsequently,
we extract the relative weighting of each input in the
classification analysis. This analysis aids in the understanding
of the underlying discriminant pattern in the image data sets.
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MECAMYLAMINE-INDUCEDDEFICITS IN EYEBLINK
CONDITIONING: REVERSED BY NICOTINIC AGONISTS Y.T. Li*. I. Alvarez. & D. S. Woodruff-Pak. Lab. of Cognitive
Neuroscience, Phila. Geriatric Cntr. & Temple Univ., Philadelphia,
PA 19122.
Previously, we demonstrated that mecamylamine (MEC), a drug
that blocks nicotinic cholinergic receptors, impairs eyeblink classical
conditioning (EBCC) in young rabbits. The nicotinic agonist, GTS21, ameliorates the deficit in EBCC in older rabbits. The present
experiment aimed to test whether the effects of MEC on EBCC could
be reversed with nicotinic agonists (GTS-21 and nicotine). Fifteen
EBCC sessions were run in the 750 msec delay paradigm. Young
female New Zealand white rabbits (N=48) were tested in 6 groups of
8 rabbits each with sc injections of: 1) saline vehicle; 2) 0.5 mg/kg
MEC; 3) 0.5 mg/kg MEC, 1.0 mg/kg GTS-21; 4) 0.5 mg/kg MEC,
0.5 mg/kg nicotine. Explicitly unpaired control rabbits were injected
with: 5) saline vehicle; 6) 0.5 mg/kg MEC, 1.0 mg/kg GTS-21.
Dependent measures (trials to learning criterion, % of conditioned
responses) indicated that GTS-21 and nicotine reversed the effect of
MEC. Rabbits treated with MEC alone took significantly longer to
learn, but the effect of MEC on EBCC was reversed by both GTS-21
and nicotine. MEC-induced impairment of EBCC is reversed by
GTS-21 and nicotine suggesting that these nicotinic agonists function
as cognition-enhancing compounds in EBCC. Supported by Taiho
Pharmaceutical Co., Ltd., Tokyo, Japan.

EFFECTS OF POST-TRAINING INTRAHIPPOCAMPAL AND
AMYGDALOID INJECTIONS OF SCOPOLAMINE ON
CONTEXTUAL AND CUED-FEAR CONDITIONING. I.P. Stoehr*,
E.J. Markus, L. Nadel and G.L. Wenk. Division of Neural Systems,
Memory and Aging, University of Arizona, Tucson, AZ 85724.
In Pavlovian fear conditioning paradigms the hippocampus is
involved with the acquisition of contextual information, whereas
the amygdala is more generally involved with the acquisition of all
conditioned stimuli (Kim & Fanselow, 1992; Phillips & LeDoux,
1992). However, no studies have investigated the neurochemical
substrates involved in the consolidation of contextual and discrete
conditioned stimuli in conditioned freezing paradigms. Eighteen
male Long-Evans rats were fitted with bilateral cannulae in the
amygdala or dorsal hippocampus. Injections of scopolamine (1 Jig/
1 pi) or vehicle were made immediately following training, which
consisted of 15 footshock (1 mA/ 2 sec) and tone pairings in a
Skinner box. Ten days later, the conditioned fear to the same
context (original Skinner box), a novel context, and to the discrete
CS (tone) was measured. Scopolamine injections in either the
hippocampus or amygdala had no effect on fear conditioning.
These results suggest that the cholinergic system does not
significantly influence the consolidation of cued and contextual
fear-related information in the amygdala and dorsal hippocampus.
Additional studies will further investigate the role of cholinergic
neurons in conditioned freezing. Supported by NSF BNS89-14941
and McDonnell JSMF#9 2-57.

68.3

68.4

IMPAIRMENT OF SPATIAL LEARNING INDUCED BY INTRA-HIPPOCAMPAL
SCOPOLAMINE; ITS REVERSAL BY ARECOLINE, ONDANSETRON AND
INTRA-HIPPOCAMPAL (+)WAY 100135. Samanin R, Luschi R.,Vezzani A*, and
Carli M; Istituto di Ricerche Farmacologiche “Mario Negri” via Eritrea 62, 20157
Milan, Italy.

DELAYED SPATIAL ALTERNATION PERFORMANCE OF RATS IN A PHIMAZE: SCOPOLAMINE EFFECTS. W.J. Wilson*, D.W. Peters, M.L.
Felton, & P.H. Galloway. Dept. of Psychological Sciences, Indiana-Purdue
University Fort Wayne, IN 46805 USA
Seven female Sprague-Dawley rats were trained to alternate between
the left and right arms of a phi(0)-maze. The 0-maze is similar to a Tmaze except that the arms serve as alleys that return to the start box,
where reinforcers are delivered. After initial training, rats were exposed
to sessions consisting of a trial in which either arm was reinforced,
followed by 96 trials in which reinforcers were delivered only if the rat
returned to the start box via the arm not used on the previous trial. Four
different delays (0, 10, 20, & 40 sec) were imposed between the end of
one trial and the beginning of the next. The effects of three doses (0,
0.25, & 0.50 mg/kg i.p. 15 min prior to the session) of scopolamine or
methyl scopolamine were then assessed in a digram-balanced Latin
Square design.
Both the delay and the muscarinic antagonist scopolamine reduced
the accuracy of the alternation performance. In the absence of drugs,
rats alternated correctly on approximately 95% of the trials at the 0 sec
delay, and on 75% of the trials at the 40 sec delay. Scopolamine at 0.25
or 0.50 mg/kg significantly reduced
the
accuracy
at
all
delays.
Peripherally acting methyl scopolamine
had
no
effect
on
alternation,
suggesting that central blockade was
responsible for this working memory
deficit.
However,
both
drugs
increased the tendency for the rats to
wander about in the maze rather than
rapidly completing each trial.

This study examined the effects of intra-hippocampal infusion of
scopolamine on spatial and non-spatial learning in a water maze using
two tasks which were equated for difficulty and had the same motor,
motivational and reinforcement demands. The infusion of various doses
of scopolamine or saline (1 p\ at 0.5 //1/min) to rats equipped with
bilateral cannulae in the CA1 field of dorsal hippocampus was made 10
min prior each training session. In the first experiment, infusion of 3.7
(but not 1.8) pg scopolamine impaired choice accuracy of a spatial
discrimination task with no effect on latency. In the second experiment,
intra-hippocampal infusion of 3.7 or 15 pg)p\ scopolamine did not impair
rats ability to learn a non-spatial (visual) discrimination in a water maze.
These results suggest that blockade of muscarinic receptors in the CA1
region of dorsal hippocampus impairs spatial but not visual learning in
rats. The muscarinic receptor agonist arecoline at the dose of 2 mg/kg
SC and the 5-HT3 receptor antagonist ondansetron at a dose of 1 //g/kg
SC reversed the spatial learning deficit induced by 3.7 pg/p\ scopolamine
infused into the dorsal hippocampus. The infusion of 1 and 5 pg!p\ but
not 0.2 pgjp\ of (+)WAY100135, a 5-HT1A receptor antagonist, in the
CA1 region of the dorsal hippocampus reversed the impairment caused
by 3.7 pg!p\ scopolamine. These results suggest that blockade of 5-HT3
or 5-HT1A receptors attenuates the deficit of spatial discrimination
associated with impaired cholinergic transmission, a condition considered
to contribute to cognitive deficits in patients with Alzheimer disease.
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SPATIAL LEARNING IMPAIRED BY N6-CYCLOHEXYLADENOSINE
(CHA), DIAZEPAM, OR SCOPOLAMINE: A WATER MAZE TESTING
BATTERY FOR POTENTIAL COGNITION-ENHANCING COMPOUNDS.
J.M. Hitchcock* and S.F. Chaney. Marion Merrell Dow Research Institute, 2110
E. Galbraith Rd., Cincinnati, OH 45215.
Spatial learning in the Morris water maze has been used extensively as a test for
potential treatments for the cognitive impairments associated with Alzheimer’s
disease and aging. Cholinergic agonists and benzodiazepine inverse agonists have
been proposed as potential cognition enhancers. Recent evidence indicates that
adenosine Ai antagonists also have potential cognition-enhancing effects, which
may be due to enhancement of release of acetylcholine and other transmitters. The
present studies were carried out to develop a water maze testing battery that would
expedite the preliminary evaluation of potential cognition enhancers.
Rats were given i.p. injections of either CHA (adenosine Ai agonist), diazepam
(benzodiazepine agonist), or scopolamine (cholinergic antagonist) 20 min prior to a
single training session. The session consisted of 12 consecutive 60-sec trials
separated by 30 sec stays on the platform, which was in the same location
throughout die test. Each drug dose-dependently impaired learning (measured by
latency and path length) at doses that did not impair swimming ability (measured
by swim speed). Previously reported results demonstrated that the adenosine Ai
antagonists MDL 102,234 and KFM 19 prevented the scopolamine-induced
learning impairment (Hitchcock et al., 1992, Soc. Neurosci. Abs., 18: 867);
studies with the CHA- and diazepam-induced impairments are planned.
Scopolamine- and diazepam-induced water maze impairments (thought to be due
to blockade of acetylcholine receptors or enhancement of GABAergic inhibition of
cholinergic neurons, respectively) have been reported previously with different
training protocols. The CHA-induced impairment of water maze learning, which
has not been reported previously, may result from its reduction of the release of
acetylcholine and other transmitters. The present water maze testing battery could
be used to provide a profile of the ability of potential cognition-enhancing
compounds to prevent these different learning impairments.

CHOLINERGIC AGENTS AND DELAY-DEPENDENT
PERFORMANCE IN THE RAT. A. Buxton, E. H. F. Wong*, and D. J.
Fontana. Department of Neurosciences, Institute of Pharmacology, Syntex
Discovery Research, Palo Alto, CA 94303, U.S.A.
We tested cholinergic agents in the rat in delayed matching and
nonmatching to position paradigms. Each task consists of trials that have
a delay between the presentation of information and the opportunity to act
on it later. The rat determined the number of trials it completed each
session and performed those trials either correctly or incorrectly. We used
a titrating procedure, new to experiments with rats, to set the delay to the
duration at which the rat performed about 75% of the trials correctly.
Linopirdine (DuP 996, 0.1 mg/kg. i.p ), which releases acetylcholine, and
physostigmine (0.1 mg/kg, i.p.), a cholinesterase inhibitor, ameliorated the
impairment of accuracy produced by the muscarinic receptor antagonist
scopolamine hydrobromide (0.1 mg/kg, i.p.). In cases where scopolamine
hydrobromide decreased the number of trials, physostigmine and
linopirdine did not block that effect. Both scopolamine hydrobromide (0.1
and 0.3 mg/kg, i.p.) and the peripherally acting scopolamine
methylbromide (0.1 and 0.3 mg/kg, i.p.) decreased accuracy. The
impairment produced by scopolamine methylbromide suggests that the
deficit produced by muscarinic receptor antagonism may have both a
central and peripheral component. In addition, the effect of scopolamine
hydrobromide on the number of trials suggests that some its action
involves non-mnemonic performance factors.

68.7

68.8

MUSCARINIC ACTIVATION OF THE MEDIAL SEPTAL
AREA IN AGING RATS: EFFECTS ON SPATIAL MEMORY
AND CHOLINERGIC MARKERS. K.M, Frick*. L.K. Gorman,
& A.L. Markowska.
Dept. of Psychology, Johns Hopkins
University, Baltimore, MD 21218.
Decreased cholinergic markers in the septohippocampal system
are correlated with spatial memory deficits in aging rats, suggesting
that cholinergic degeneration in this system may underlie agerelated mnemonic impairments. Intraseptal infusions (ISI) of the
muscarinic agonist, oxotremorine (OXO), improved spatial working
memory (SWM) in aged (22 month old) rats. The generality of this
effect of OXO was assessed in the present study by examining
spatial reference memory (SRM) in middle-aged (17 months old)
male Fischer-344 rats.
SRM was assessed using place
discrimination and repeated acquisition tasks in the Morris water
maze. Previous studies have demonstrated that middle-aged rats
are impaired on both tasks. OXO (2 gg) improved performance
during the variable-interval probe trials in PD, decreased forgetting
of the previously correct platform position during the first trial of
RA, and facilitated acquisition of a new platform position in RA,
suggesting improved SRM. The effects of 0X0 on presynaptic
cholinergic markers in these rats are currently being examined.
These results demonstrate that in addition to improving SWM in
aged rats, ISI of 0X0 improves SRM in middle-aged rats.

DESTRUCTION OF THE CHOLINERGIC BASAL FOREBRAIN BY 192SAPORIN: BEHAVIORAL AND NEUR0BI0L0GICAL CORRELATES.
R.M. Kelly*, T.J. Walsh. K.D. Opello. R.W, Stockman. C,L,
Kutscher1 and R. G. Wiley2. Rutgers University. New
Brunswick, NJ, 08903, 1 Syracuse University, Syracuse, NY
13210, and 2 VAMC, Nashville, TN, 37212.
192-saporin is an immunotoxin that is taken up by the
low affinity nerve growth factor receptor (p75) on
cholinergic neurons of the basal forebrain. It disrupts
ribosomal function and induces the death of neurons that
contain the p75 receptor. This compound can be used to
explore the functions of the cholinergic basal forebrain
(CBF) and develop models of cholinergic hypofunction.
Adult rats were bilaterally injected icv with CSF or a
total of either 2 or 4 /ig of 192-saporin. The high dose
produced a persistent impairment in the acquisition and
performance of both a spatial and cued version of the
Morris water-maze task and these deficits were associated
with dose-related decreases (40-76%) in high affinity
choline uptake in the hippocampus (HPC; 40-76%) and
frontal cortex (CX; 50-60%). Neither dose altered either
choline uptake in the striatum or serotonin or dopamine
content in any brain area examined. A separate group of
rats injected with 4 jLig of 192-saporin exhibited an
extensive loss of AChE-positive fibers (Tago stain) in the
targets of the CBF (HPC & CX) without alterations in
either the targets of the upper brainstem cholinergic
complex, or in the cholinergic internerons in the striatum
or nucleus accumbens.

68.9

68.10

COMPARISON OF 192 IgG-SAPORIN IMMUNOTOXIN (192-SAP)
VERSUS IBOTENIC ACID (IBO) LESIONS OF NUCLEUS BASALIS
AND MEDIAL SEPTUM : COMPARABLE DEFICITS IN DELAYED
NONMATCHING-TO-SAMPLE (DNMTS) PERFORMANCE IN RATS

BEHAVIORAL EFFECTS OF NICOTINIC CHOLINERGIC RECEPTOR
(nAChR) BLOCKADE WITH DIHYDRO-^-ERYTHROIDINE (DHpE)
AND METHYLLYCACONITINE (MLA). P. Curzon*. J.D. Brioni. and
M.W. Decker. Neuroscience Research, Dept. 47W, AP-10, Pharmaceutical
Products Division, Abbott Laboratories, Abbott Park, IL 60064-3500.
(-)-Nicotine can improve performance in a variety of learning and memory
tasks in rodents; whereas mecamylamine, a nAChR antagonist, impairs
performance in many of these same tasks. Mecamylamine is a nAChR channel
blocker that reportedly also blocks NMDA-receptor associated channels at high
concentrations. Thus, mecamylamine-induced impairment could be related to its
effects on NMDA receptor function. In contrast, DHpE and MLA are competitive
nAChR antagonists that are not channel blockers. DHPE is a potent antagonist at
nAChRs that bind (-)-nicotine with high affinity, whereas MLA is more potent at
nAChRs that bind alpha-bungarotoxin (aBTX). Because the behavioral effects of
these competitive nAChR antagonists have not been well-characterized, we
examined their ability to block the nicotine-induced prostration effect and their
effects on spatial learning in the Morris water maze using male, Long Evans rats.
DH(3E and MLA were administered ICV. Pretreatment with DHpE (30 and
300 nmol) or MLA (3 and 10 nmol) did not alter the profound reduction of
locomotor activity produced by (-)-nicotine (6.2 (imol/kg, IP), an effect that is
attenuated by the nAChR channel blockers, mecamylamine and chlorisondamine
(Decker and Majchrzak, Behav Neur Biol, 60: 163). When administered prior to
training sessions in the Morris water maze, DHPE (300 nmol) increased latencies
to find the hidden platform. MLA (3 and 10 nmol), in contrast, produced a
transient reduction in escape latencies on the invisible platform task. Only a
DHpE-induced impairment was observed during a probe trial with no platform
present that was conducted upon completion of training. Neither MLA nor DH pE
significantly affected escape latencies when the rats were subsequently trained to
find a visible platform. These results suggest that the acquisition of spatial
information may be differentially modulated by different nAChR subtypes.

§Section on Behavioral Neuropharmacology, Experimental

Therapeutics Branch, NIMH, Bethesda, MD, 20892; tVAMC, Nashville,
TN, 37212; $The Whittier Institute, La Jolla, CA, 92037.

Rats were extensively pretrained in an operant, spatial DNMTS, then
given combined lesions of the medial septum (MS; IBO, 0.6 pg in 0.6 pi)
and nucleus basalis magnocellularis (NBM; IBO, 0.1 pg in 0.1 pi
bilaterally into four sites encompassing anterior-posterior extents of
NBM), or the selective immunotoxin 192-SAP (75 ng/0.1pl same sites
and volumes as IBO injections). Post-surgical trauma and mortality were
lower for 192-SAP (7 out of 8 survival) than IBO (12 out of 16 survival).
Compared to sham operated controls, both IBO and 192-SAP lesions
produced significant delay-independent reductions of DNMTS choice
accuracy, decreased rates of trial completion, increased latencies to emit
sample-phase discrimination responses, and increased perseverative
choice responding. These findings suggest that 192-SAP, an
immunotoxin selective for nerve growth factor receptors on basal
forebrain cholinergic neurons, is as effective and less problematic than
excitotoxins for producing behavioral deficits in rats, when administered
directly into cholinergic basal forebrain sites.
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COMPARISON OF CHRONIC NICOTINE AND MECAMYLAMINE
EFFECTS ON WORKING MEMORY PERFORMANCE IN THE
RADIAL-ARM MAZE AND T-MAZE ALTERNATION. E.D,
Levin*. N.C. Christopher and S.J, Briggs. Neurobehavioral Res. Lab.,
Psychiatry Dept., Duke University Medical Ctr., Durham, NC 27710.
Many studies have found nicotine-induced improvements in
memory performance, but others have not. Differential task demands
and the complex pharmacology of nicotine may underlay the contrasting effects. In 7 separate studies (Control N=60, Nicotine N=63),
we found that chronic nicotine infusion (12 mg/kg/day) significantly
(p<0.0001) improves choice accuracy of rats in the radial-arm maze.
Control rats average 6.38±O.1O entries to repeat while the nicotinetreated rats average 7.05±0.09 entries to repeat. Chronic mecamylamine
(3 mg/kg/day), a nicotinic antagonist, reversed the nicotine effect, but
did not by itself impair choice accuracy. In fact, during week 1 it
caused a paradoxical improvement in performance. In a T-maze spatial
alternation task, we did not find a significant effect of the same dose of
chronic nicotine on choice accuracy. The rats not given nicotine
(N=ll) averaged 83.8±2.2 percent correct, while those given nicotine
(N=10) averaged 80.4±1.5 percent correct. Mecamylamine improved
performance at the 10 second delay (p<0.05) during week 1, but later
caused a deficit at the 0 delay during week 4 (p<0.05). The effects of
nicotine appear to be dependent upon the specific nature of the memory
task. Nicotine-induced increased proactive interference may have
attenuated its effect on memory performance in the T-maze.
Paradoxical mecamylamine-induced improvements suggest that the
antagonistic effects of nicotine may be important for its effects on
memory. (Research supported by the Council for Tobacco Research)

NICOTINE
ENHANCES
MORRIS
WATER
MAZE
PERFORMANCE
OF
YOUNG
AND
AGED
RATS.
G.W.Arendash1 ■2.D.J.Socci1,M.F.Nolan3*.and P.R.Sanberq2.
Dept. of Biology1, Surgery2, & Anatomy3, University of
South Florida, Tampa, FL 33620.
We
have
recently
demonstrated
that
nicotine
administration consistently improves the acquisition
and/or memory retention of aged rats in 17-arm radial
maze, Lashley III maze, and one-way active avoidance
testing. The present study extends our evaluation of
nicotine's cognitive-enhancing potential by determining the
effect of nicotine on acquisition and retention of the Morris
water maze in young adult (3 month old) and aged (25-26
month old) Sprague-Dawley rats. Three days prior to the
onset of testing, and 15 minutes prior to daily testing, rats
were treated ip. with 0.2mg/kg nicotine or saline vehicle.
Compared to the performance of young adults, vehicletreated aged rats were impaired in maze acquisition.
Nicotine substantially enhanced the acquisition of aged
rats. Furthermore, nicotine significantly improved the
memory retention of young rats.
These cognitive
improvements may involve a nicotine receptor-induced
increase in generalized alertness and/or a facilitation of
higher integrative function
related to
cognition.
(Supported by STRC).

68.13

68.14

THE EFFECTS OF ACUTE SUBCUTANEOUS NICOTINE
ON SHORT-INTERVAL TIMING IN RATS. W.H. Meek*** and

POSTTRAINING INTRA-AMYGDALA OXOTREMORINE INFUSION
ENHANCES RETENTION OF A REWARD DECREASE. J.A. Salinas*. I.B.
Introini-Collison. C. Dalmaz & J.L, McGaugh, Center for the Neurobio. of
Learning & Memory and Dept. of Psychobio., U. of Calif., Irvine, CA 92717-3800.
Previous reports from our laboratory have shown that: 1) the amygdala's
muscarinic cholinergic system is involved in regulating memory storage and 2)
posttraining lidocaine inactivation of the amygdala attenuated the response to
reward reduction (negative behavioral contrast). The present investigation examined
whether behavioral contrast could be modulated by posttraining muscarinic agonist
treatment expected to enhance memory retention. Male Sprague-Dawley rats (175200g) surgically implanted with bilateral intra-amygdala cannulae were food
deprived and maintained at 80% of body weight and trained to run a straight alley
(six trials/day) for either ten 45 mg food pellets or one 45 mg food pellet until
asymptote was reached. On day eleven of training, the animals in the high reward
group were shifted to a one pellet reward. Immediately following shifted trials, the
animals received intra-amygdala injections of either 10 ng oxotremorine or
phosphate buffer (0.5 ul/side). Shifted training continued four more days and no
further injections were given. Shifted animals that received a buffer injection
displayed a characteristic increase in response latencies but returned to preshift
latencies by the fifth day of shifted training. In contrast, animals that received
oxotremorine exhibited increased latencies through the fifth day. The findings
indicate that post-training activation of the amygdaloid muscarinic system enhanced
behavioral contrast, suggesting that the amygdala is involved in regulating memory
for reductions in reward magnitude.

P. Crosby*. Depts. of Psychology, Columbia University*, New York,
NY 10027 and Duke University*, Durham, NC 27708.
Adult male rats were trained on a peak-interval timing procedure in
which one signal modality (e.g., light) was paired with a 20-s interval
and another signal modality (e.g., sound) was paired with a 60-s
interval. For drug evaluation the experiment used a within-subject
repeated measures design in which rats (N = 10) were acutely
administered (sc, 20 min before testing) saline for 5 consecutive daily
sessions followed by 2 consecutive daily sessions of 0.2 mg/kg (0.43
gmol/kg) nicotine ditartrate (Sigma, St. Louis, MO). This testing
sequence was repeated 4 times for a total of 28 consecutive daily
sessions. The data from the saline sessions just prior to drug sessions
were averaged and compared separately with the averages of both the
first and the second nicotine sessions in the pair of drug sessions as well
as with the saline sessions immediately following the pair of nicotine
sessions. The results indicated that nicotine produced an immediate
horizontal leftward shift (10% + 3%) in the timing functions that was
proportional to the signal duration and independent of the signal
modality. Furthermore, this effect diminished with repeated testing within
a pair of test sessions and displayed a rebound effect during the saline
sessions immediately following drug testing. Taken together, these
results suggest that the interaction of nicotinic systems with dopamine D2
receptors in the frontal cortex and basal ganglia produces a pattern of
behavioral effects indicative of an increase in the speed of an internal
clock used to time in the seconds-to-minutes range.

Supported by APA fellowship 2-T32 MH18882 (JAS) and PHS MH12526
(NIMH and NIDA) (JLM).
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ESTRADIOL REPLACEMENT IMPROVES RADIAL-ARM
MAZE PERFORMANCE OF PERINATAL CHOLINE
SUPPLEMENTED AND UNTREATED OVARIECTOMIZED
RATS. C.L. Williams**. E. Raines*. & W.H. Meek*. Depts. of
Psychology, Barnard College*, NY, NY 10027 and Duke University*,
Durham, NC 27708.
Work from our laboratory has shown that: 1) choline chloride
administered during ED 12-17 and PD 16-30 produces a long-term
improvement of visuospatial memory in rats which is greatly enhanced if
rats are exposed to gonadal steroids perinatally and 2) in female rats,
perinatal exposure to estradiol improves performance during acquisition
of a radial-arm maze task.The current study was designed to determine
whether activational effects of estradiol influence maze performance of
perinatal choline-treated or untreated female rats. Choline was given
prenatally through the dam’s drinking water (1 mM) and postnatally by
injection (250 mg/kg/day). Female offspring were housed in pairs until 8
months of age and then ovariectomized. At 9 months of age, 8 cholinetreated and 8 untreated rats received a 7 mm silastic implant of estradiol,
and 8 choline-treated and 8 untreated rats received blank implants. Rats
were trained once a day, for 24 days, on a radial-arm maze with 8 baited
and 4 unbaited arms beginning 2 weeks after estradiol implantation.
Results revealed that rats with replacement estradiol, both choline-treated
and untreated, showed more accurate overall choice performance. This
effect was due to a significant decrease in working memory errors.
Estradiol did not appear to influence turning bias. These results suggest:
1) perinatal choline and estradiol do not interact in adulthood as they
appear to do during development, and 2) activational effects of estradiol
appear to enhance spatial abilities under some circumstances. (AG 09525)

NEUROSTEROIDS SYNCHRONIZE HIPPOCAMPAL NEURONAL
ACTIVITY BY MODULATING CHOLINERGIC MECHANISMS

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

Steffensen, S.C.*, Scripps Research Institute, La Jolla, CA 92037

Several neurosteroids have been shown to have proconvulsant and memory
enhancing properties and to be potent modulators of the GABA-benzodiazepine
receptor/chloride-ionophore complex. We have previously demonstrated that the
neurosteroid dehydroepiandrosterone-sulfate (DHEAS) suppresses recurrent inhibition
and induces neuronal synchrony to the theta rhythm in the dentate gyrus and CA1
hippocampus. In this study, we sought to identify the neurotransmitter and synaptic
hodology mediating these effects. We studied the effects of various GABAergic,
cholinergic or glutamatergic agents on DHEAS actions on evoked field responses and
single-unit activity recorded from the hippocampus of halothane-anesthetized rats.
Microelectrophoretic application of DHEAS into the dentate or CA1 suppressed
paired-pulse inhibition of population spike amplitudes and increased the spontaneous
firing rates of hilar intemeurons (210%), pyramidal cells (110%) and oriens/alveus
intemeurons (167%). All cell types increased their synchrony to spontaneous and
tail-pinch induced theta (3.5-5.5 Hz) rhythmic EEG during application of DHEAS.
While DHEAS had no significant effect on amplitudes or slopes of the early phase of
dendritically-recorded monosynaptically-evoked population EPSPs (pEPSPs), it
markedly increased the amplitude, duration and area of the late phase of pEPSPs in
both hippocampal subfields. Microelectrophoretic application of sodium
pentobarbital, the GABAa agonist, muscimol, or the NMDA antagonist, APV, had
no significant effect on DHEAS actions on paired-pulse responses, single-unit
activity or pEPSPs. However, microelectrophoretic application of the M2
cholinergic antagonist gallamine blocked the effects of DHEAS on all measures.
These findings demonstrate a role for acetylcholine in mediating neurosteroid actions
on hippocampal physiology and suggest that neurosteroids are involved in the
latching of hippocampal neuronal activity to extrahippocampal input

LEARNING AND MEMORY:

152

PHARMACOLOGY—ACETYLCHOLINE

MONDAY AM

68.18

68.17

EFFECTS OF T-588, A NEWLY SYNTHESIZED COGNITIVE
ENHANCER, ON THE CENTRAL NERVOUS SYSTEM. S.Ono*,
M.Maekawa, H.Miyazaki, T.Kimura, Y.Nakada, H.Kurimoto, C.Kozasa,
S.Hoki, W.Ukai, T.Hiraiwa and H.Narita. Research Laboratory, Toyama
Chemical Co. Ltd., Toyama 930, Japan.
We investigated the effects of T-588 on scopolamine-induced EEG
changes in rabbits, on memory impairment after transient cerebral ischemia in
rats and on methamphetamine or apomorphine-induced increases in
spontaneous motor activity and rearing in rats compared with those of tacrine
(THA). In addition, the effect of T-588 on ethanol or pentobarbital-induced
sleeping time in mice was examined. Scopolamine (0.05 mg/kg,i.v.) increased
the appearance rate of delta waves and decreased the appearance rate of beta
waves. T-588 at 0.1 mg/kg (i.v.) improved these scopolamine-induced EEG
changes, tacrine at 0.1 mg/kg (i.v.) also improved them. Rats with selective
neuronal death in the hippocampal CA1 subfield after 15 min transient four
vessel occlusion were allowed to recover for 10 days. Postischemic rats
tended to have a persistent working memory deficit. T-588 (3 mg/kg,p.o. i
significantly improved this working memory deficit, but tacrine (0.3 and 3
mg/kg,p.o.) had no effect. T-588 (10 and 30 mg/kg,p.o.) significantly
shortened the ethanol (4 g/kg,i.p.)-induced sleeping time, and T-588 did not
affect the pentobarbital-induced sleeping time. T-588 (3 and 30 mg/kg,p.o.)
significantly enhanced the action of methamphetamine (1 mg/kg,i.p.) on
motor activity, while T-588 (1-30 mg/kg,p.o.) did not affect the apomorphine
(2 mg/kg,i.p.)-induced increases. These results suggest the usefulness of T588 in clinical treatment of memory deficit due to cerebrovascular disorders
and Alzheimer's disease.

WITHDRAWN
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LINOPIRIDINE FAILS TO IMPROVE MATCHING PERFORMANCE IN
THE TITRATING-MATCHING-TO-SAMPLE PARADIGM.
A.F,
Nordholm. E, Moore, and G.R, Wenger- Department of Pharmacology and
Toxicology, University of Arkansas for Medical Sciences, Little Rock,
Arkansas 72205-7199.
Linopiridine (DUP 996) has been proposed as a cognitive enhancing
agent. In vivo linopiridine enhances stimulation-induced acetylcholine
(ACH) release without increasing baseline levels of ACH release
(Nickoloson, el al., 1990). Behaviorally this compound has been shown to
increase active avoidance in rats and mice, increase the acquisition of a
lever pressing response for food in rats and improve performance of septallesioned animals in a water-maze task. Clinical trials with healthy human
subjects given linopiridine have shown significant changes in
electroencephalograph (EEG) activity consistent with an increase in
vigilance.
The purpose of our study was to determine if this compound would
improve matching performance under a titrating-matching-to-sample
paradigm (TMTS). Four squirrel monkeys (Saimiri sciureus) and five
White Cameau pigeons were given doses of linopiridine (0.001 mg/kg to 10
mg/kg) 15 minutes prior to testing in the TMTS paradigm. Matching
performance was not affected as measured by changes in mean delay values
or percent accuracy even at doses which significantly effected rate of
responding. Based on our results we would predict that linopiridine would
not improve memory performance in clinical studies with humans.
Supported by the National Institutes of Drug Abuse, Grants DA 07864 and
DA 5815.

AMELIORATING EFFECT OF VA-045, A NOVEL VINCAMINE DERIVATIVE,

LEARNING AND MEMORY:

ON AMNESIA INDUCED BY CONCUSSIVE BRAIN INJURY (CBI) IN MICE.
T, Nabeshimaf S, Hayashi and T, Hasegawa Dept. ot Neuropsychopharmacol.

& Hosp. Pharm., Nagoya Univ. Sch. of Med., Nagoya466, Japan.
Cerebral concussion is usually defined as a loss of consciousness with an

associated amnesia in the absence of overt morphologic brain damage. The
terms post-traumatic anterograde and retrograde amnesia have been used

broadly to describe the memory deficits associated with CBI. We investigated
that effects of VA-045, MK-801 (non-competitive NMDA receptor antagonist),

scopolamine (muscarinic acetylcholine receptor antagonist), and TRH on 2
amnesic models; one is that CBI was delivered into mice 5 days before

acquisition as post-traumatic anterograde amnesia (PTA), and another is 1 day
after acquisition as retrograde amnesia (RA). In the PTA model, VA-045, like
MK-801

and SCP, reversed prolonged finding and drinking latencies,

indicating protective effect. In the RA model, when MK-801 and VA-045 were
administered 30 min before injury, although MK-801 or high-dose of VA-045

(1.0, 3.0 mg/kg) had no effects, alow dose of VA-045 (0.3 mg/kg) reversed
prolonged finding and drinking latencies indicating protective effect. Further,
TRH or VA-045 improved finding and drinking latencies when they were
administered 15 min after injury, indicating ameliorating effect. When VA-045

was administered 30 min before test, finding and drinking latencies were
improved indicating ameliorating effect. These results suggest that VA-045 as
well as MK-801,

TRH, SCP has

the ameliorated/protective effect

disturbances of memory following CBI.
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EFFECTS NORADRENERGIC DRUGS ON SPATIAL LEARNING.
l.D. Limon and V. Aleman* Dept. Physiology, CINVESTAV-IPN, A.P. 14-740, 07100 Mexico, D. F.
In this study we investigated the effects of
a-noradrenergic receptors agonistic and antagonistic drugs on spatial learning. One hundredTwelve 90-day-old male Wistar-Porton rats, were
food deprived to 85% of their body weight. Eight
groups of 14 animals each were divided in two
subgroups: a learning control, and a learning
subgroup with drug. For the learning procedure a
radial maze of eight arms was used. The conditions (No of assays/No of opportunities) for restrained learning were: 3/8,5/5,8/4 and for optimal learning, 4/8,4/7,4/6,4/5,4/4 and 8/3 were
used. Amphetamine 1.5 mg/kg, Prazosin 1.0 mg/kg,
Aminoclonidine 0.12 mg/kg, Idazoxan 6 mg/kg and
Atipamazole 2.5 mg/kg were administered i.p.
either every 12 hr during 10 days or in a single
dose. We found not significant changes in optimal learning to semichronic amphetamine, idazoxan and atipamazole, but both prozosin and amino
clonidine significatively decreased learning
under these conditions. However, when we admini_s
tered acute doses of amphetamine, idazoxan or
atipamazole, spatial learning was significatively
improved in the restrained acquisition
conditions.

THE EFFECTS OF L-DEPRENYL ON SPATIAL SHORTTERM MEMORY

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

on

CBI-induced PTA and RA, and may be a novel cognitive enhancer for

IN THE DOG. E.Head*, J, Hartley, R, Mehta, A.M. Kameka. G.O. Ivy,

W.W. Ruehl1, and N.W. Milgram. University of Toronto, Scarborough
Campus, Scarborough, Ontario, Canada M1C 1A4.,1 Deprenyl Animal
Health Inc., Overland Park, KS, 66210.

We have developed a version of a spatial non matching to sample

task for measuring spatial learning and memory in young and aged
dogs. (Head et al, Soc. Neurosci. Abstr. 19:1046,1993; B.J. Cummings
et al, Soc. Neurosci. Abstr. 19:1046,1993). Animals were trained on
the task until criterion, and were subsequently tested in a variable
delay condition using delays of 20,70 and 110 seconds. Testing
continued until the animals reached a stable level of accuracy at each

of the delays. Four aged Beagles, 1 aged pound source dog, and 3
young pound source dogs were administered capsules containing I-

deprenyl (an irreversible MAO-B inhibitor) daily at dosages of 0,0.5
and 1.0 mg/kg. Animals were tested for 5 days at each dose
proceeded by a 2 day wash in period. A percent change score

comparing the placebo condition to the l-deprenyl condition was

computed for the young and old animals at each dose for each delay.

L-deprenyl had either little effect or produced a performance
decrement in young dogs. Aged dogs showed an overall improvement
while on the drug, with the most favorable effect occuring at the

longest delay interval (15.5% average increase in accuracy at 0.5
mg/kg). The optimal dose varied among individual dogs. These results

may reflect either a direct effect of l-deprenyl on working memory or a
nonspecific effect of l-deprenyl on behavioral arousal..
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7-OH-DPAT PRODUCES PLACE CONDITIONING IN A DOSEDEPENDENT MANNER IN RATS. P. E. Mallet* and R. J. Beninqer.

EXAMINATION OF ALPHA j-ADRENERGIC AGENTS ON COLDINDUCED IMPAIRMENT OF DELAYED MATCHING-TO-SAMPLE
PERFORMANCE IN RATS. S.T. Ahler^D. Shurtleff and O. A. Morgan

Although much is known regarding the role of D. and D, dopamine receptor
families in incentive learning, little is known about the recently characterized D,
receptor subtype. The present investigation examined the role of the putative
D,-selective agonist, 7-OH-2-/V,/V-di-z»-propylaminotetralin (7-OH-DPAT), in
incentive learning using a place conditioning paradigm. Testing consisted of three
distinct phases: preconditioning (three undrugged 15-min exposures to an apparatus
consisting of two visually and tactually distinct compartments joined by a tunnel),
conditioning (four 30-min pairings of one compartment with drug and four 30-min
pairings of the other compartment with saline), and test (one undrugged 15-min
exposures to the same apparatus). Time spent in each chamber was recorded during
preconditioning and test; activity (photocell beam break counts) was measured during
all experimental phases Rats (A = 44) received one of five treatments: saline (0 9%,
s.c), 7-OH-DPAT (0.5, 2.0 and 5.0 mg/kg, s.c), or amphetamine (2 0 mg/kg, i.p.)
during the conditioning phase of the experiment A significant increase in
unconditioned activity was found following amphetamine, and a significant decrease in
unconditioned activity was found following all doses of 7-OH-DPAT Amphetamine
produced a place preference, as indexed by a significant increase in time spent on the
drug-paired compartment from the preconditioning phase to the test phase Moreover.
7-OH-DPAT produced a dose-dependent increase in time spent in the drug-paired
compartment, the 2.0 mg/kg and 5.0 mg/kg doses being statistically significant;
neither 0.5 mg/kg nor saline produced a place preference. Although the receptor
subtype specificity of 7-OH-DPAT is not yet fully characterized, these results suggest
that the dopamine D, receptor subtype may be involved in incentive learning
(supported by NSERC).

Naval Medical Research Institute, Bethesda, MD 20889-5607.
Modulation of adrenergic receptors has been reported to effect working
memory performance. The present study examined the effects of prazosin
and ST587 administration in rats, both alone, and under conditions in which
performance was impaired by exposure to cold air stress. A delayed
matching-to-sample (DMTS) task was used to measure working memory.
Under the DMTS task rats were required to respond on one of two levers
cued by an illuminated light above the lever on the front wall of an operant
chamber. Following a variable delay ranging from 1-16 sec, both lights were
illuminated and rats were required to correctly respond on the lever
previously cued for a food reward. Rats responded on the back wall lever
during the delay interval to prevent position bias. Prazosin (1.0-4.0 mg/kg),
ST587 (0.1-1.0 mg/kg), or saline, administered (ip) in a mixed sequence, was
given 30 min before a 75-minute session in which rats performed the DMTS
task (180 trials). During test sessions the ambient air temperature was either
23°C or 2°C. Administration of prazosin produced impairment of matching
accuracy at the two longest delays when rats were exposed to 23°C. ST587

Dept Psychol, Queen's Univ, Kingston, Canada, K7L 3N6.

did not impair matching accuracy at any dose under normothermic
conditions. Exposure to 2°C impaired matching accuracy at all delays. The
lowest dose of prazosin did not affect the cold deficit, whereas the 2.0 and
4.0 mg/kg doses further decreased matching accuracy accross all of the
delays. ST587 had marginal effects on matching accuracy during exposure
to cold stress.

69.5

69.6

DOPAMINE (DA) DI-LIKE RECEPTOR AGONISTS DOSEDEPENDENTLY DECREASE RESPONDING FOR CONDITIONED
REWARD IN RATS. N.G Rolfe. B.J. Frost* and R.J Beninger. Dept
Psychology, Queen’s Univ, Kingston K7L 3N6, Canada.

INTRASEPTAL INJECTIONS OF THE /^-ADRENERGIC ANTAGONIST
PROPRANOLOL IMPAIR SPONTANEOUS ALTERNATION PERFORMANCE
BUT NOT INHIBITORY AVOIDANCE RETENTION. R.C. Lennartz*, K.L.
Hellems, and P.E. Gold. Department of Psychology, University of Virginia,
Charlottesville, Virginia 22903.
Intra-amygdala injections of the opiate agonist morphine impair
retention for inhibitory avoidance; performance on spontaneous alternation,
a spatial task, is unaffected. However, injections of morphine into the
medial septum impair performance on both tasks. These findings suggest
an anatomical, but not pharmacological, specificity for these two tasks.
We have similarly shown that intra-amygdala injections of the /?-adrenergic
antagonist propranolol impair inhibitory avoidance retention but not
spontaneous alternation performance. The present experiment tested the
effects of intra-septal injections of propranolol on performance in these two
tasks.
Injections of the drug into the septum 10 minutes before
spontaneous alternation testing (8 minute, nonrewarded test in a three arm
maze) impaired performance at doses from 2.5-10 //g, but not at 1.0 //g.
However, none of these doses impaired retention when injected 10 minutes
before training on a inhibitory avoidance task (1.0 mA, 1 sec footshock,
with testing 24 hrs later). In fact, the 2.5 pg dose appeared to enhance
memory for inhibitory avoidance training.
Thus, there may be a
pharmacological as well as anatomical specificity with regard to learning
and memory in inhibitory avoidance and spontaneous alternation tasks.
Supported by NSF (BNS-9012239), NIA (AG 07648) and ONR (N0001489J-1216).

69.7

69.8

EFFECT OF SKF 81297 IN CONTROL AND LEAD-EXPOSED RATS:
EVIDENCE THAT DI DOPAMINERGIC ACTIVITY MODULATES ATTENTION. L.E. Bayer*, K, Snow, & B.J. Strupp, Dept. of Psych.
& Div. of Nutr. Sci., Cornell Univ., Ithaca, NY 14853
The present study was conducted with a dual objective:
(1) to assess DI receptor involvement in Pb-induced
cognitive dysfunction; & (2) to examine the role of the DI
dopaminergic system in selective attention & distractibility. Pb-exposed and control rats were administered the
DI agonist SKF 81297 (0, .05, .1, .5 mg/kg) and tested on
a distraction task. This task assessed the ability of the
S's to monitor an unpredictable light cue and maintain
performance when presented with olfactory distractors.
Preliminary analysis did not provide evidence for a
differential effect of SKF 81297 in Pb-exposed and control
rats but did reveal a specific effect of the drug on
cognition. Drug treatment had no effect on performance in
the absence of distractors, but did significantly alter
the S's ability to inhibit inappropriate responses when
presented with distractors. The absence of a drug effect
on the nondistraction trials rules out nonspecific
alterations in performance. This pattern of results
provides evidence for DI dopaminergic modulation of
executive functions such as selective attention and/or
distractibility, consistent with the importance of DI
activity in prefrontal cortex.
Supported by grants from NIEHS (ES05950-03) and the
March of Dimes Birth Defects Foundation (12-FY93-0730).

LOCUS COERULEUS INFUSION OF CLONIDINE IMPAIRED RETENTION
AND ATTENUATED MEMORY ENHANCING EFFECTS OF EPINEPHRINE.
K. C. Liang* & T.-C. Chiang. Psychology, Natl'. Taiwan Univ., Taipei, R. O. C.
Posttraining systemic injection of epinephrine (E) enhances memory. Previous
evidence suggests that this enhancing effect of peripheral E may involve release of
norepinephrine (NE) in the amygdala. The locus coeruleus (1. c.) could play a role
in mediating this effect because it projects to the amygdala and responds to peripheral somatic or visceral stimuli. This study was thus designed to examine whether
suppressing the 1. c. activity by clonidine, an a2 agonist, could impair retention as
well as attenuate the E-induced memory enhancement, and whether the amnesic
effect of clonidine, if found, could be blocked by intra-amygdala infusion of NE.
Male Sprague-Dawley rats with cannulae implanted into the 1. c., and amygdala
in some cases, were trained in a one-trial inhibitory avoidance task and tested for 1
day retention. They received pre- or posttraining intra-1. c. infusion of clonidine.
Some animals also received immediate posttraining systemic injection of E or intraamygdala infusion of NE. Results indicated that pretraining intra-1. c. infusion of
0.1 or 0.3 ng clonidine impaired retention, while 0.01 or 1.0 pg had no effect. Immediate, but not delayed, posttraining intra-1. c. infusion of 0.3 ng clonidine also
caused a retention deficit, indicating that suppressing the 1. c. activity impaired
memory formation. Posttraining systemic injection of 0.1 mg/kg E enhanced retention. This memory enhancement was readily blocked by pretraining intra-1. c. infusion of 0.01 or 0.3 ng clonidine. However, posttraining intra-amygdala infusion
of NE at several doses failed to attenuate the amnesic effect of 0.3 ng clonidine.
These findings suggests that the 1. c. may mediate other learning-induced influences in addition to that of peripheral E and affect memory formation more than
simply through its amygdala projection. Conversely, the 1. c. may only play a permissive role in the memory effect of peripheral E, which could be mediated by
elevating plasma glucose and/or activating the nucleus of the solitary tract.

DA receptor agonists have differential effects on responding for
conditioned reward (CR). Unlike the enhancement produced by D2like agonists, the Dl-like agonist SK&F 38393 impaired responding for
CR. To evaluate the generality of this phenomenon, the present
research examined the effects of several other Dl-like agonists. Rats
(N=142) were tested in a CR procedure consisting of 3 phases. In preexposure (5 40-min sess) rats were exposed to an operant chamber with 2
levers; one produced a tone (T) and the other lights off (LO), each for 3
s. In conditioning (4 60-min sess) the levers were removed and the LO
stimulus (80 per day) was paired with food. The test phase (2 40-min
sess) was like pre-exposure. Responding on each lever was recorded
during pre-exposure and test. A ratio was calculated based on mean
responding on each lever in the test divided by mean responding on
that lever during pre-exposure. Drugs were administered s.c. prior to
each test session. No injection (n=13) and saline (n=8) groups showed
an increase in responding on the LO lever (ratio > 1) indicating that the
LO stimulus had become a CR. Gps (ns= 12-21) treated with SK&F 82958
at a dose of 0.01 mg/kg also showed the CR effect but treatment with 0.1
and 1.0 mg/kg impaired the effect. Similarly, the gp receiving 0.01
mg/kg of SK&F 81297 (ns= 12-16) showed the CR effect, but not gps
receiving 0.1 or 1.0 mg/kg. Finally, gps treated with SK&F 77434
(ns=8-12) at doses of 0.1, 1.0 or 2.5 but not 0.01 mg/kg failed to show a CR
effect. These results suggest that a DI receptor-mediated reward signal
may play a role in responding for CR. (funded by NSERC)
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AMINO ACIDS AND DOPAMINE IN IMPRINTING
RELEVANT AREAS OF CHICK BRAIN: AN IN VIVO
MICRODIALYSIS STUDY. M. GRUSS1, B. HQSE*2-and K, BRAUN1

STEREOSELECTIVE EFFECTS OF (R> and (S)- ZACOPRIDE ON
PERFORMANCE IN THE MORRIS WATER MAZE SPATIAL
NAVIGATION TASK. D. J. Fontana*, S. E, Daniels, R. M. Eglen and
E. H. F. Wong. Department of Neurosciences, Institute of Pharmacology,
Syntex Discovery Research, Palo Alto, CA 94303
In the present studies we investigated the actions of the potent 5-HT3
receptor antagonists, (R)- and (S>zacopride, on performance in a spatial
memory task in male rats. Specifically, we assessed the ability of these
compounds (0.001-100 pg/kg, IP) to reverse the performance deficit
produced by the muscarinic receptor antagonist atropine (30 mg/kg) in the
Morris Water Maze test Atropine produced a significant performance
deficit, as indicated by the increased latency to find the submerged
platform across a two day test (veh=12-23 s, atropine=42-55 s). In
atropine-treated rats, (R)-zacopride (0.001 pg/kg - 1 pg/kg) significantly
reduced the latency to find the hidden platform compared to rats treated
with vehicle ((R)-zacopride=28-33 s, veh=44 s). Doses of 10 and 100
pg/kg of (R)-zacopride were ineffective, indicating a bell-shaped doseresponse curve. Interestingly, (S)-zacopride had no significant effects
over the entire dose range examined. Pretreatment with (S)-zacopride (1
or 100 pg/kg) did not alter the pro-cognitive effects of (R)-zacopride (1
pg/kg). These data demonstrate that the cognition enhancing properties
of zacopride are exclusive to its (R)-enantiomer. Furthermore, based on
the pharmacology and stereoselectivity of (R)- and (S)-zacopride, the
present finding suggests that the improvement in spatial learning and
memory by (R)-zacopride is unrelated to 5-HT3 receptor antagonism.

I Federal Institute for Neurobiology, D-39118 Magdeburg, FRG
2Cochlear AG, CH-4053 Basel, Switzerland
The rostral forebrain area medio-rostral neostriatum/hyperstriatum ventrale
(MNH) is relevant for auditory filial imprinting. In successfully imprinted chicks
the MNH and also the lobus parolfactorius (LPO) show an increased excitability
elicited by exposure to the acoustic imprinting stimulus. Previous studies suggested
that glutamate-mediated neuronal excitation is at least in part responsible for this
enhanced sensitivity of MNH.
Using the in vivo microdialysis technique we wanted to gain more detailed
informations about the actual changes of glutamate and other amino acids in these
brain regions of imprinted chicks during different behavioural situations. A CMA
II microdialysis probe was stereotaxically implanted into the right MNH or LPO
of 3 day old chicks. The presentation of the imprinting stimulus leads in both
regions to a slight increase of glutamate. A gradual 200% to 700% increase
compared with the baseline level was noted for glutamate in the LPO if Ute
animals were put under distress. An increase in taurine and a slight decrease of
glutamine were also observed under tiiese conditions.
Since iliere is increasing evidence for a dopaminergic input into the MNH and LPO
(Metzger et al.; this meeting) we examined Ute modulation of amino acid levels by
dopamine infusion Uirough Ute probe. A rapid decrease (20 % of Ute baseline level)
of glutamate widtin 10 minutes after starting die infusion widi 4 mM dopamine
and a delayed decrease of taurine were observed. This modulation of die
glutamatergic padiway by dopamine may play a role in die synaptic changes,
which occur during imprinting.

Supported by BMFT, GSF 07 NBL 06
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EFFECTS OF TFMPP AND 8-OH-DPAT ON LEARNING AS
ASSESSED USING A NOVEL WATER MAZE.
G.J.
Kant*.,__ G_.R,__ Meininqer t__ K.R_.__ Maughan^__ W_.L.,
Wright, T.N. Robinson III and T. M. Neely.
Dept. Medical Neurosciences, Walter Reed Army
Institute of Research, Washington DC 20307.
We evaluated the effects of two serotonin
agonists,
8-hydroxy-2-(di-n-propylamino)
tetralin
(8-OH-DPAT)
and
N-3-trifluoromethylphenyl) piperazine HC1 (TFMPP), thought
to act at 5HT1a or 5HT 1B/1C serotonin subtype
receptors respectively, on performance using
a novel water maze previously characterized
in our laboratory.
Rats given 0.25 mg/kg 8OH-DPAT 30 min prior to single daily learning
trials
on
the
maze
were
significantly
impaired in learning the maze, while rats
given 0.25 mg/kg TFMPP performed similarly to
controls.
A second study was conducted at
0.5
mg/kg
using
a
different
maze
configuration.
Both drugs impaired learning
at this dose with the 8-OH-DPAT group being
most affected.
All rats learned a 3rd maze
equally well when no drugs were administered.
These data suggest that stimulation of 5HTt
receptors impairs learning.

EFFECTS OF THE 5-HTi a RECEPTOR AGONIST, 8-HYDROXY-2(DI-N-PROPYLAMINO)TETRALIN, AND THE SILENT 5-HTi a
RECEPTOR ANTAGONIST WAY-100635 IN TWO TESTS OF
WORKING MEMORY IN THE RAT. K.J, Stanhope. A.P,
McLenachan. M.L, Choules, C.T, Dourish*. Department of
Neuropharmacology, Wyeth Research (UK) Ltd., Taplow, Maidenhead,
Berks., U.K. SL6 0PH.
Agonists at the 5-HTia receptor such as 8-hydroxy-2-(di-npropylamino)tetralin (8-OH-DPAT) have been claimed to impair
learning and memory in animals. We examined the effects of 8-OHDPAT (given s.c.) in two models of working memory in rats, the operant
delayed matching to position (DMTP) test and the T-maze reinforcedalternation test. In addition to assessing cognitive performance, motor
and/or motivational effects of 8-OH-DPAT were assessed by measuring
the number of trials completed and/or the latency to complete trials. In
the DMTP test, doses of up to 0.1 mg/kg s.c. of 8-OH-DPAT did not
significantly impair cognitive performance although the 0.1 mg/kg dose
of 8-OH-DPAT did reduce the number of trials completed. In the Tmaze test, 8-OH-DPAT (0.1 and 0.3 mg/kg s.c.) significantly impaired
cognition, but these doses also impaired performance latency. Thus, the
'cognitive' impairment induced by 8-OH-DPAT in the T-maze test may
be secondary to the motor/motivational effects of the drug. The potent
and selective 5-HT i a receptor antagonist, WAY-100635 (0.03-0.3
mg/kg), had no effect on performance in either test when given alone.
However, WAY-100635 completely reversed the effects of 8-OH-DPAT
in both the DMTP and the T-maze tests. Thus, the disruptive action of
8-OH-DPAT in these tests appears to be mediated by 5-HTi a receptors.

69.13
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EFFECTS OF
AGONISTS AND ANTAGONISTS ON
LEARNING. E. Hong*& A. Meneses Terapeutica Experimental,
Depto. Farmacologia y Toxicologia, CINVESTAV-IPN. Ap. Postal
22026, Mexico, D.F., 14000. MEXICO.
The effect of post-training i.p. injection of DOI and 1(naphthyl)piperazine (1-NP), 5-HT^^c agonists, ketanserin (K),
a 5-HT^ antagonist, ritanserin (R) a 5-HT2A/2B/2c antagonist or
mesulergine (M), a 5-HT2C antagonist was determined on
autoshaping. Animals were individually trained to find 30 pellets,
unconditioned stimulus (US) in the food magazine. Each session
had 20 trials and a trial consisted of illumination of a retractable
lever for 8 sec (conditioned stimulus, CS) followed by the delivery
of an US after the 8 sec period that were carried out every 60
sec. If the animal pressed the lever (conditioned response, CR)
the trial was shortened and the lever was retracted, the light was
turned off and US was delivered immediately. The increase in the
number of CRs was interpreted as an enhancement of learning.
Results showed that DOI (0.1-0.01 mg/Kg) increased, while 1-NP
(0.1 -1.0 mg/Kg) impaired CR, the two effects were dose related.
The 6-HT2 antagonists did not affect CR by themselves. The 1-NP
effects were prevented by all 5-HT2 antagonists. Whereas DOI
effects were potentiated, reverted or not affected by K, R, and M,
respectively. Present results showed that DOI and 1-NP did not
act in the same subtype of 5-HT2 receptors.

EFFECTS OF 5-HT4 AGONISTS AND ANTAGONIST ON
LEARNING. A. Menese^S E. Hong Terapeutica Experimental,
Depto. Farmacologia y Toxicologia, CINVESTAV-IPN. Ap.
Postal 22026, Mexico, D.F., 14000. MEXICO.
In the present work, the effect of post-training i.p. injection of
BIMU1, BIMU8 (5-HT4 agonists), or SDZ 205-557 (S) a 5-HT4
antagonist was determined on associative learning task
(autoshaping). Animals were individually trained to find 30
pellets (unconditioned stimulus, US) in the food magazine. Once
the animal ate the USs, the session began. Each session had
20 trials and each trial consisted of illumination of a retractable
lever for 8 sec (conditioned stimulus, CS) followed by the
delivery of an US after the 8 sec period that were carried out
every 60 sec. If the animal pressed the lever (conditioned
response, CR) the trial was shortened and the lever was
retracted, the light was turned off and US was delivered
immediately. The increase in the numberof CRs was interpreted
as an enhancement of learning. Results showed that BIMU8 (1030 mg/Kg) decreased and BIMU1 (10-30 mg/Kg) impaired CR,
in a dose dependent fashion. Whereas, S (1.0-10.0 mg/Kg) did
not affect CR. When BIMU1 or BIMU8 were administered to rats
treated with S (10 mg/Kg), the later blocked the effect of BIMU1
and BIMU8. Therefore, 5-HT4 receptors seem to be involved in
learning.
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PROTECTIVE EFFECT IN MOUSE OF HYPERCAPNIA INDUCED AMNESIA BY ICS-205930 AND MDL-72222
C. Ghelardini, N. Galeotti, P. Malmberg-Aiello, A. Giotti and A. Bartolini Dept. of Pharmacology, University of Florence, 1-50134 Firenze, Italy. SPON: European Brain and Behaviour Society
ICS-205930 and MDL-722222, two 5-HT3 antagonists are endowed
with antinociceptive activity due to an amplification of cholinergic
neurotransmission (Ghelardini et al., Br.J.Pharmac. 104,375P, 1991).
The cholinergic system plays a primary role in learning and memory
processes; therefore the effect of ICS-205930 and MDL-72222 was
evaluated in a condition of cognitive deficit induced by hypercapnia.
The two substances were tested in the pass-through passive avoidance
test (punishing shock adopted was of 0.22 mA for 1 s.) in mice whose
learning and memory processes had been impaired by hypercapnia.
Hypercapnia was performed soon after the training test by placing
each mouse into a box (1 1) in which the air had previously been replaced with pure CCL at a constant flux. Mice remained in the box for
exactly 25 s, which was the minimum time necessary to cause a statistically significant amnesia. With this procedure control mice had 75
% retention, while mice exposed to CO2 only 40 %. ICS-205930 and
MDL-72222 starting at the doses of 1 mg/kg i.p., were able to reverse
the amnesic effect. Retention was dose-dependent up to a maximum
of 10 mg/kg i.p. (32.4% - 87.5%). ICS-205930 and MDL-72222 were
not used at higher doses than 20 mg/kg i.p. since collateral side effects
became visible. Piracetam (30 mg/kg i.p.) completely reversed the amnesia. All drugs were administered 20 min before the training session.
The present results show that the two 5-HT3 antagonists prevent amnesia following exposure of mice to a hypercapnic environment.

EFFECTS OF ANTIPSYCHOTIC AND ANTICONVULSANT DRUGS ON
REPEATED ACQUISITION LEARNING IN NORMAL AND
MICROENCEPHALIC RATS. (P.S, Loupe**, S.R. Schroeder*, S. Ahuia,
D.M, Moles & R.E. Tessel. Depts. of Human Development & Family Life*,
and Pharmacology & Toxicology, University of Kansas, Lawrence, KS 66045.
Antipsychotic and anticonvulsant drugs are used to reduce the
incidence of aberrant behaviors and/or seizures in the mentally retarded.
However their use may also impair learning of desired skills, and the extent
to which the anatomical (e.g., microencephaly) and/or biochemical
abnormalities present in such individuals alters the effects of drugs on learning
is not known. In the present study, pregnant Sprague-Dawley rats were
injected ip with methylazoxymethanol (MAM; 25 mg/kg) on gestational day
15 to induce microencephaly in the pups; controls received saline. Beginning
at 3 months of age, the male offspring were then trained to press each of three
pigeon keys in a new sequence (e.g., Right-Center-Left; Left-Right-Center)
each day to obtain food pellets. After baseline performance had been
established such that only 25 % of total key selections were incorrect in each
30 min session, dose-effect curves for haloperidol (H), thioridazine (T),
carbamazepine (C) and valproic acid (V) were constructed. The antipsychotic
drugs H and T both dose-relatedly increased errors and decreased response
rates. However, both drugs were significantly more potent in MAM than in
control rats. In contrast, the effects of C and V on errors and rates were
biphasic in both control and MAM animals; low doses decreased errors and
increased rates while higher doses did the opposite. These observations
suggest that the neurobiological dysfunctions present in the mentally retarded
can alter the effects of some drugs on learning but that others can still
facilitate learning despite such dysfunctions. (Supported by grant PO1
HD26927).
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THE MEMORY-ENHANCING EFFECT OF AMPHETAMINE IS ABOLISHED
BY THE CORTICOSTEROID SYNTHESIS-BLOCKER METYRAPONE.
Carmi*. B, Roozendaal, and J.L. McGaugh. Center for the Neurobio. of Learning
& Memory, and Dept. of Psychobiology, Univ of Calif., Irvine CA 92717-3800.
Amphetamine (AMPH) is a well-known memory-enhancing drug. High levels
of corticosterone potentiate the stimulating effect of AMPH on locomotor activity,
while adrenalectomy reduces this AMPH effect. However, it is unknown whether
the influences of AMPH on learning and memory processes depend on the
availability of circulating corticosteroids.- The present study examined such
possible interaction on acquisition and consolidation. Male Sprague-Dawley rats
(330-370g) were trained on a continuous multiple-trial inhibitory avoidance
(CMIA) task. Upon entering the dark compartment, the rat received a 0.25mA
footshock until it escaped to the starting compartment. The number of trials
required before the rat remained in the starting compartment for 200 consecutive
seconds was recorded as a measure of acquisition. On a 48 hours retention test, the
step-through latency was measured. Circulating levels of corticosterone were
reduced in half of the rats by s.c. injection of steroid synthesis-blocker, metyrapone
(50 mg per kg of body weigh), 90 minutes before the acquisition phase of the
experiment. The remaining rats received vehicle (40% polyethylene glycol; 60%
saline) injections. One hour following the metyrapone pre-treatment (i.e. 30
minutes prior to start of task acquisition), AMPH (1.0 mg/kg b.wt.. s.c.) or saline
injections were administered. AMPH facilitated the acquisition of the CMIA task
by reducing the number of trials required in both metyrapone- (p< 0.01) and
vehicle-treated animals (p<0.01). Metyrapone had no effect on the CMIA
acquisition. During the retention test, AMPH prolonged step-through latency
(p<0.05), but this memory enhancement was completely blocked by metyrapone.
Metyrapone alone impaired retention (p<0.05). These findings indicate that, in
contrast to the effect of AMPH on acquisition, the effect of AMPH on retention is
dependent on circulating corticosteroids.
Research supported by USPHS MH12526, NIMH AND NTDA (JLM).

INTRAHIPPOCAMPAL ADMINISTRATION OF CP-55,940
IMPAIRS RADIAL MAZE PERFORMANCE* IN RATS. A.H.
Lichtman* and B.R. Martin. Department of Pharmacology and
Toxicology, Medical College of Virginia-Virginia Commonwealth
University, Richmond, VA 23298.
The cannabinoids have long been known to produce a wide range
of pharmacological effects, including impairments in learning and
memory. The high concentration of cannabinoid receptors in the
hippocampus suggests that this neural structure may mediate some of
the deficits in cognitive function produced by the cannabinoids.
Therefore, the purpose of this study was to investigate whether
bilateral administration of CP-55,940, a potent cannabinoid analog,
into the hippocampus would impair performance in the eight arm
radial maze. Following the intracerebral injections, the subjects were
also evaluated for antinociception, catalepsy, and hypothermia.
Systemic administration of CP-55,940 significantly increased the
number of errors committed (ED50 = 0.13 mg/kg), and retarded the
amount of time required to complete the maze (ED50 = 0.20 mg/kg).
Intrahippocampal injections of CP-55,940 also significantly
increased the number of errors committed in the maze (ED50 = 8
pg/rat). However, the drug had not effect on the amount of time
required to compete the task and no other cannabinoid
pharmacological effects were detected. This dissociation between
choice accuracy in the radial maze and other cannabinoid
pharmacological effects suggests that the hippocampus may mediate
memory deficits produced by cannabinoids. This research was
supported by NIDA grant DA-03672.
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SLEEP CHARACTERISTICS AMONG MEXICAN UNIVERSITY
STUDENT. P Vergara* 1, M Valencia2, R. aguilar3, R. Campos2, A.
Castano2. lFac. Med. 2PUIS-Psic., 31ns. Fis. Cel., UNAM. Mexico D.F
AP 07250 CP.04510 MEXICO.
The aim of the present research was to study sleep/wake activity
questionnaire. This was a longitudinal study of sleep characteristics of
a group of 250 subjets enrolled in a Psichology, medicine and ingeniery
course at the National University of Mexico. Students were asked to fill
a sleep habits questionnaire (SWAI). The Swai has been shown to be a
valid multi-dimensional self-report measure of day time sleepiness. Eighseven percent of students completed the evaluation, means 19.7 to 2.5
students with sleepines scores out side one standard deviation from the
sample mean were compared in order to establish wheter they differ in
their sleep habits. The results show that (15.6%) of the samplel n=28)
rated themselves as being sleep (scale 1 = always 2,3,...9= never). The
degree of sleepiness was correlated with the number of naps during the
daytime (r= 19, PL. 02) and with sleep time (TST) on week days (r=. 18,
p < 02) but not with snoring. These data suggest that taking a nap and
over sleeping on weekends is not an optimal adjustment for the sleepy
group. More research is needed to determine if an extension of TST on
DWs might reduce the level of sleepiness or if this level of sleepiness is
due to the presence of others factors. We support sleepiness among
university students may be not only related to a sleep lost.
Support. UNAM-DGAPA/IN210693.

REM SLEEP IN FREELY MOVING CATS IS INCREASED BY LOW AMPLITUDE
ELECTRICAL STIMULATION OF THE DORSAL MESOPONTINE TEGMENTUM. M.
Thakkar C. Portas and R. W. McCarley*. VAMC/Harvard Med. School, Brockton, MA 02401.
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Considerable and converging lines of evidence indicate an important role in
REM sleep production for cholinergic neurons of the latero-dorsal (LDT) and pedunculopontine (PPT) tegmental nuclei. However, the important question of whether electrical
activation of these neurons would enhance REM sleep, as would be predicted, has not
been tested. Under surgical anaesthesia male adult cats were implanted with sleep
recording electrodes and a bipolar stimulating electrode (0.5 mm tip separation), was
unilaterally targeted either at the LDT, which has a higher density of cholinergic neurons
than PPT, or at control sites at the pontine reticular formation (PRF). After 7-10 day
recovery, the cats were acclimatized to the recording environment for at least 7 days.
Baseline recordings (from 10.00 am to 8.00 pm) of the normal sleep-wake cycle were
carried on the day before the stimulation. On the day of the stimulation, recording was
started at 10.00 am and stimulation was started at 12.00 noon and continued until 5.00
pm. Recording was continued for an additional 3 hrs until 8.00 pm. The stimuli consisted
of 0.5 mS pulses of 1 uA amplitude at a frequency of 8 Hz, and were delivered throughout
the stimulation period. On the day following stimulation recording was carried out from
10.00 am until 8.00 pm. Three cats received LDT and 3 PRF stimulation, with each cat
having 3 separate stimulation experiments, each separated by at least two days.
Histological verification of the stimulation site has been obtained for 1 PRF site but is
pending for the rest. RESULTS; 5 hrs of chronic low amplitude stimulation of the LDT
caused a 55% increase in total REM sleep (p < 0.001). There was a decrease in waking
and a minimal change in slow wave sleep (neither statistically significant). In contrast,
stimulation of control sites in the PRF did not increase REM sleep. This study indicates
that electrical stimulation, presumptively of cholinergic LDT, causes an increase in the
percentage of REM sleep. To our knowledge, this is the first study in which a low
amplitude (1 uA) current stimulation has led to a robust increase in REM sleep percentage
in freely moving cats.
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PHAEMKXXDGY Q£ IP-100-9, A NOTHJ HYENCTEEC.

INTER AND INTRAHEMISPHERIC EEG CORRELATION
DURING SLEEP AND WAKEFULNESS. M.A.Guevara, I.
Lorenzo, C. Arce, J. Ramos, M. Corsi-Cabrera. * Departamento de
Psicofisiologia, Facultad de Psicologfa, and Escuela Nacional
Preparatoria, Universidad Nacional Autonoma de Mexico. Mexico,
D.F. Mexico, D.F. Mexico 04510.
Inter (INTERr) and intrahemispheric (INTRAr) EEG correlation
were assessed in 8 young male adults during wakefulness, with eyes
closed before going to sleep, and during stage 2, stage 4 and
paradoxical sleep (PS) of the first three sleep cycles during the
second night spent at the laboratory. Pearson product-moment
correlation was calculated between EEG signals of every pair of
electrodes (C3, C4, F3, F4, T3, T4) for 6 bands and for every 0.5
Hz from 1.5 to 15 Hz. INTERr and INTRAr of 1.5-6.5 and 11-15
Hz was significantly higher during stage 2 and 4, INTERr of
1.5-6.5 Hz was also higher during PS in cycle 1 and 2 than during
wakefulnes. INTERr of 1.5-6.5 declined from cycle 1 to 3, while
INTERr and INTRAr of 11-15 Hz did not change. These data show
that cortical changes during sleep are also observed in functional
differentiation between cortical sites. Inter and intrahemispheric
differentiation is attenuated during stage 2 and 4 while during PS
only
interhemispheric differentiation
is
attenuated
but
intrahemispheric differentiation
maintains similar levels of
wakefulness. The attenuation of cortical differentiation may be of
relevance for the understanding of mental activity changes during
sleep.
Partially financed by CONACYT 0663-H9III, DGAPA IN502392.

K.L. Jorgenson*, K.M. Barbieri and T.R. Levesque.
Interneuron Pharmaceuticals Inc., Lexington, MA 02173.
Melatonin analogs have therapeutic potential as
hypnotics. Computer modeling was used to design
compounds that were synthesized and screened for hypnotic
activity in a hexobarbital (HEX)-induced loss of righting
reflex assay in mice and rats. IP-100-9, a substituted
tryptamine, was orally active and 10 times more potent
than melatonin. Onset of action was within 15 min.
Measurement of serum HEX levels over 90 min shewed that
IP-100-9 did not interfere with HEX metabolism. Unlike
the benzodiazepine hypnotic, triazolam (TRI, 0.3 mg/kg
i.p.), IP-100-9 (up to 100 mg/kg i.p.) did not impair
performance of rats in a passive avoidance learning and
memory task. IP-100-9 did not potentiate motor
impairments due to 15% ethanol in mice in a rotarod
assay. As expected, an interaction between TRI (0.01
mg/kg i.p.) and ethanol (10% or greater) was seen. A
NovaScreenP binding assay revealed that IP-100-9 does
not bind to the GABA/benzodiazepine receptor complex. In
addition, daily administration of IP-100-9 (up to 100
mg/kg i.p.) for 1 week did not produce tolerance in the
mouse rotarod test. Mice treated for 14 days with 100
mg/kg IP-100-9 exhibited no overt toxicity or
histopathology. IP-100-9 appears to be a safe hypnotic
that lacks the side-effects of benzodiazepines.

70.5
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MODULATION OF SLEEP-WAKE STATE AND CORTICAL
ACTIVITY FOLLOWING INJECTIONS OF AGONISTS INTO THE
REGION OF CHOLINERGIC BASAL FOREBRAIN NEURONS.
E. Cape and B.E. Jones*. Montreal Neurological Inst., McGill Univ.,
Montreal, Quebec H3A 2B4, Canada.
In order to assess the role of cholinergic basal forebrain neurons in
the modulation of state and cortical activity, agonists of the major
neurotransmitters that are contained in the brainstem afferents to these
neurons, were injected locally (in volumes of 0.5 /xl) via bilateral
indwelling cannulae into the basal forebrain of rats.
Whereas
serotonin (500 mM) had little effect upon the diurnal cyclic alternation
of slow wave sleep and wake states or EEG, noradrenaline (150 mM)
produced a prolonged state of waking marked by a relative increase in
high frequency EEG activity and decrease in low frequency (delta)
EEG activity. The cholinergic agonist, carbachol (50 mM), also
produced a waking state, marked by an increase in high frequency
EEG and decrease in delta. The glutamate agonist, NMDA (10 mM),
produced the most marked state of arousal accompanied by the largest
increase in high frequency EEG (gamma and beta) and reciprocal
decrease in delta activity. These results reveal the capacity of the
basal forebrain cholinergic neurons to modulate the state and EEG
activity of the animal and the potential activating influence of the
major brainstem afferent systems to these cells via their chemical
neurotransmitters. (Supported by the Canadian MRC.)

FRACTAL TIME IN THE REM SLEEP OF FETAL SHEEP: THE
HURST EXPONENT AS A DEVELOPMENTAL MEASURE OF
BEHAVIORAL STATE ORGANIZATION C M. Andersont*. A.J,

S.S, Robertson* and P.W, Nathaniselszz. tDepts.of Psychology, Mathematics & Ctr. for
Complex Systems, Florida Atlantic Univ., Boca Raton, FL. 33431. {Laboratory of Perinatal Neuroethology,
Ctr. for Developmental Psychobiology, Binghamton Univ., Binghamton, NY 13902. tDept. of Human
Development and Family Studies & ^College of Veterinary Medicine, Cornell Univ., Ithaca, NY 14853.

The mammalian fetus spends more time in REM sleep than any other behavioral
state. We hypothesized (Anderson and Mandell, in press) that fetal REM sleep and
associated spontaneous patterns of motility generate fractal temporal correlations that
facilitate normal neural and behavioral development Hurst’s Rescaled Range Analysis
(Range normalized by S.D.; R/S) affords comparisons between natural time series with
short- and long-term erratic fluctuations (e.g., annual patterns of riverflow, rainfall, tree
rings, etc.; Feder, 1988). These phenomena display “memory” or self-similar
fluctuation patterns over short timescales statistically similar to longer timescales (i.e.,
fractal correlations in time) and have a Hurst exponent of H > 0.5 termed “persistence”
because increases are likely to be followed by increases. Values of H = 0.5 are random
and uncorrelated in time. Nuchal EMG from fetal sheep (121-133 days of gestation)
was averaged over 1-sec intervals and digitized. The duration of REM events (signified
by loss of nuchal tonus) was estimated for five subjects. R/S Analysis of 24 hour
records containing 2K to 5K REM events yielded H values of 0.62 to 0.77 (r2 = 0.99),
estimated from the slope of log(R/S) vs log(fraction of points per interval) line,
indicating that REM events are correlated over 24hrs. Randomized data sets had H
values of 0.52 to 0.57. Generally, longer runs of short and clusters of long REM
events were observed over longer time periods. We propose that the Hurst exponent
and other measure theoretic approaches may be useful in characterizing the development
of behavioral state dynamics and in investigating the origins of their pathology,
(supported by NIMH-MH19116, NICHD HD-28014 and ONR Biological Intelligence Div.)
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LOW DOSES OF PARA-CHLOROPHENYLALANINE INDUCES A PARTIAL
INSOMNIA IN THE FERRET BY REDUCING REM SLEEP AMOUNTS. James P.
Shaffery* and Gerald A, Marks. U.T. Southwestern Medical Center, Dallas,
TX 75235.
We have previously reported upon daily sleep amounts in the ferret; to our
knowledge this is the only polygraphic study of sleep in the ferret. In the
laboratory setting, adult male ferrets spend more than 60% of their time
asleep. Ferrets devote greater than 25% of the day to REM sleep (more than
40% of total sleep time(TST)). This is highest REM sleep proportion of TST
thus far reported for mammals. In the cat, high doses of PCPA, a serotonin
biosynthesis inhibitor, induces a profound insomnia. With continued
administratiqn of PCPA, sleep amounts will recover even though brain
serotonin levels remain low. In humans, low doses of PCPA results in a
decrease in REMS sleep without change in nonREM sleep. In cats, low doses
of PCPA alters waking and sleep. High amplitude SWS without sleep
spindles was most reduced compared to the light SWS and REM sleep was
reduced 2-3 days after PCPA. To further our understanding of ferret sleep
patterns and their neuropharmacological bases, we gave adult ferrets a low
dose of PCPA.
Two adult male ferrets were given a single dose (200 mg / kg, P.O.) of
PCPA after a 48 hour baseline recording of standard electrophysiological
indicators of sleep. Sleep registration continued for 72 hours after the PCPA.
We found that PCPA produced a partial insomnia that ensued 24 hrs after
PCPA administration, continuing for a subsequent 24 hours before beginning
to return to baseline levels. Sleep reduction was most pronounced in REM
sleep quantities. This effect was more prominent in one animal. Sleep
amounts in the ferret, overall, were reduced. Unlike in the cat, however,
PCPA appears to reduce REM sleep amounts rather than SWS quantities.

FOS-IR IN THE VENTROLATERAL PREOPTIC REGION IN
ASSOCIATION WITH RECOVERY SLEEP THAT FOLLOWS
SLEEP DEPRIVATION . J.E, Sherin*.P.Shiromani, and C.B, Saper.
Comm, on Neurobiology, Univ. of Chicago, Chicago II 60637 and BIHHarvard Medical School, Boston, MA 02115 and Brockton VA-Harvard
Medical School, Brockton, MA 02401.
Stressors, including sleep deprivation (SD), produce increased
levels of immunostaining for the immediate early gene product Fos in a variety
of structures in the brain. In addition, REM sleep induced by a cholinergic
agonist or auditory stimulation produce Fos-ir in discrete brain regions. It was
recently reported that recovery sleep, following total sleep deprivation, led to
a rapid decline in Fos-ir throughout the brain. Here we report preliminary
evidence that recovery sleep, following a stress-induced sleep deprivation
paradigm, gives rise to a selective increase in Fos-ir in the ventrolateral
portion of the preoptic area (VLPO). The increase in Fos-ir in the VLPO is
dependent on sleep bouts of extended duration and peaks after 2-3 hrs of
mostly uninterupted sleep. In addition, the induced Fos-ir in VLPO is not
related to the intensity or duration of the SD paradigm itself which fails to
produce the staining if not followed by recovery sleep as described.
Additional paradigms which increase the drive to sleep are under
examination to see if this immediate early gene signal is generalized to the
recovery of sleep from sleep debt.
Evidence accumulated over the past few decades (reviewed by
Sterman and Shouse, 1985) suggests a role for elements of the preoptic
region in contributing to sleep-induction. In addition, the hypothalamus is
known to be responsible for maintaining the equilibrium of the internal milieu
through autonomic, endocrine, and behavioral effector mechanisms. We
suggest, therefore, that the increase in Fos-ir in the VLPO associated with
recovery sleep may serve as a probe for specific elements in the preoptic
region which actively contribute to sleeping behavior under conditions which
challenge sleep homeostasis.
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ACETYLCHOLINE RELEASE OF MESOPONTINE PGO-ON CELLS IN THE
LATERAL GENICULATE NUCLEUS IN SLEEP-WAKING CYCLE AND
SEROTONERGIC REGULATION. T. Kodama*. Y. Honda and M.
Watanabe. Dept. Psychol., Tokyo Metropol. Inst, for Neurosci.,
2-6 Musashidai, Fuchu, Tokyo 183, JAPAN
A large number of experimental evidences indicate that
the neuron group located in the mesopontine tegmentum is
responsible for generation of ponto-genicu1o - occip i t a 1
(PGO)-waves and that these PGO-executive neurons are
cholinergic. This study was conducted with m i c r o d i a 1 y s i s
technique to clarify whether there are changes of
acetylcholine(ACh) release during sleep -waking cycle in the
lateral geniculate nucleus(LGN) and whether ACh release is
regulated by the mesopontine PGO-on cells.
Cats are chronically implanted with standard sleep
electrodes, cannulae for microinjection in the mesopontine
tegmentum (X-area) and guide cannulae for m i c r o d i a 1 y s i s
probes in LGN. Dialvsates are collected at 5 min intervals
during slow wave sleep(SWS), rapid eye movement (REM) sleep
and wakefulness, or at 5 min intervals during pre- and
post-stimulation periods of 5MeODMT microinjection in X-area.
A REM sleep-specific increase of ACh was observed in LGN
and ACh release was depressed by both carbachol and 5
MeODMT microinjection.
Our and other observations indicate that PGO-on cells of
X-area release more ACh in LGN during REM sleep by burst
discharge than during wakefulness and SWS and that PGO-on
cells are regulated by serotonergic inputs.

THE ONTOGENY OF VIGILANCE STATES: IS NEONATAL ACTIVE
SLEEP REALLY PARADOXICAL SLEEP? M. G, Frank H, C. Heller and W,
Dement*, Dept. of Biological Sciences, Stanford University, Stanford, CA 94305.
In order to characterize the emergence of sleep states in the infant rat, we have
developed a state scoring system which minimizes the effects of maternal
separation. The recording chambers were filled with home cage material and
heated to nest temperatures. Rat pups were implanted with an indwelling cheek
cannula and periodically fed an enriched formula previously shown to provide for
normal growth. The pups were regularly groomed in order to stimulate normal
elimination and reduce the stress response due to maternal deprivation. EEG (.3
to 35 Hz) and integrated EMG signals were continuously recorded (24 hours) in
10 second epochs, digitized (100 Hz) and subjected to off-line analyses. A
computer algorithm was used to score vigilance states on the basis of state-specific
spectral and motor patterns. Spectral profiles, bout-lengths, state proportions and
light-dark differences were then computed for active/paradoxical sleep, (APS),
slow-wave sleep (SWS) and wakefulness (W) from postnatal day 10 to 20 (P10P20).
Under these conditions SWS emerged from a state behaviorally indistinguishable
from APS. A transient SWS with myoclonia and rapid eye movements was
eventually replaced with the mature SWS pattern. Delta power in SWS rapidly
increased to adult values from P12-P20 and was best fit by a linear function.
Surprisingly, SWS demonstrated light-dark organization as early as P12. However,
APS did not achieve an adult spectral profile nor display light-dark organization
until after P20. These findings do not support the traditional model of sleep
ontogeny in which a mature APS state develops early, presumably in the prenatal
period, while SWS gradually appears postnatally. Our work suggests that neonatal
APS bears only a superficial resemblance to mature paradoxical sleep (PS) and is
best considered as a proto-state from which both SWS and PS develop.

70.11
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INTRACEREBROVENTRICULAR (ICV) INJECTION OF THE
NITRIC OXIDE DONORS SNAP AND SIN-1 INDUCES SLEEP IN
RATS. Levente Kapas- and James M, Krueger. Department of Physiology
and Biophysics, University of Tennessee, Memphis, TO 38163
Systemic or icv injection of NO synthase inhibitors suppresses spontaneous
sleep and interferes with the somnogenic effects of interleukin 1 suggesting
that endogenous NO is involved in the maintenance of physiological sleep (1).
The aim of the present study was to provide more direct evidence for the role
of NO in the sleep regulation by testing the effects of two NO agonists on
spontaneous sleep. Male rats were implanted with EEG electrodes and icv
guide cannula. After a habituation period of 7-10 days (12:12 h light-dark
cycle, 22 °C ambient temperature) the animals were injected icv with isotonic
NaCl (5 pi) on one (control) day, and with S-nitroso-N-acetylpenicillamine
(SNAP, 400 pg, n=5) or molsidomine (SIN-1, 70 pg, n=7) on another (test)
day. Sleep-wake activity was recorded for 24 h after the treatments. Both
SNAP and SIN-1 promoted non-rapid-eye-movement sleep (NREMS) with a
latency of 8-10 h after the injections. SNAP increased NREMS by -42%
between h 10 and 17. This increase was accompanied with simultaneous
decrease in rapid-eye-movement sleep (REMS). SEN-1 enhanced NREMS
between h 8 and 20 by -39%; REMS was not significantly affected. These
results indicate that activation of NO receptive brain mechanisms by two
separate NO donor substances results in excess sleep. This is in accordance
with our hypothesis that NO has a fundamental role in the regulation of
vigilance.

ANTI-TUMOR NECROSIS FACTOR ANTIBODY SUPPRESSES
SPONTANEOUS SLEEP IN RABBITS. S.Takahashi. L.Kapa*.
J.Fang and J.M.Krueger*, Dept of Physiology and Biophysics, Univ.
of Tennessee, Memphis, TN 38163.
Previously we showed that non-rapid-eye-movement sleep
(NREMS) was inhibited by blocking endogenous tumor necrosis
factor (TNF) using the TNF soluble receptor I or a synthetic
fragment of it. The aim of the present study was to determine the
effect on spontaneous sleep of blocking endogenous TNF using an
anti-TNF antibody. Male New Zealand White Pasteurella-free
rabbits (3.5-5.5 kg) were surgically implanted with a lateral cerebral
ventricular (icv) guide cannula, EEG electrodes, and a brain
thermistor. The rabbits were kept on a 12:12 h light-dark cycle (light
on at 0600 h) at 21 ± 1 °C. Hamster anti-murine TNF antibody,
which also recognizes rabbit TNF, was injected icv in a volume of 25
pi (2.5 pg, n=7; 25 pg, n=7) between 0845 h and 0945 h. On a
separate control day, the rabbits were injected with the same dose of
hamster IgG. EEG and brain temperature (Tbr) were recorded for
23 h after injection. Percent time of NREMS was significantly
decreased after the injection of 2.5 pg (from 43.4 ± 1.4 % to 41.7 ±
1.2 %; p<0.05) and 25 pg (from 42.3 ± 1.4 % to 37.2 ± 1.4 %; p<0.01)
anti-TNF antibody. Tbr was also slightly decreased by anti-TNF
antibody. These results support the hypothesis that TNF is involved
in the regulation of physiological sleep.
Supported by NIH R01NS-31453.

1. Kapds et al., Am. J. Physiol. 1994 266:R151-R157
Supported in part by NIH (NS-25378, NS-27250, NS-31453, NS-30514).

70.13
INFLUENZA VIRAL INFECTION INDUCES SLEEP CHANGES IN MICE.
J.Fang*#,.K.BRenegar*.J.A.Maide+ and J.M.Krueger#. #Dept. of Physiology
and Biophysics, ’Dept. of Comparative Medicine, Univ. of Tennessee, TN
38163 and +Office of Naval Research, Arlington, VA22217-5000.

Recently, we observed that influenza virus (H1N1) infection in mice
suppresses rapid eye movement sleep (REMS) and increases non-REMS
(NREMS). In the present experiment we further study this phenomenon by
using a nonlethal strain of influenza virus (H3N2).
Methods: SPF male Swiss-Webster mice, 90-95 days of age, were
implanted with EEG and EMG electrodes. After surgery mice were kept on
a 12:12 hr light:dark cycle (light onset at 5:00 am) at 30+/-1°C 7 days before
data collection and during the experiment. After 2-3 days of baseline sleep
recording, mice were anesthetized with methoxyfluorane and inoculated
nasally with H3N2 influenza virus between 10:30-11:00 am. Each mouse
received 107 EID50 of infectious virus grown in 50 pi of undiluted alantoic
fluid. After inoculation, sleep was recorded for an additional 3-4 days.
Results: NREMS increased after infection with a latency of 2-3 hrs and
remained above the baseline thereafter (+14% during hr 3-6 after infection,
p<0.05; +23.18% during day2 (starting from hr 7 after infection), p<0.01;
+20.91% during day 3, p<0.01; and +23.70% during day 4, p<0.01). REMS
significantly decreased during the light period on day 2 (-38.57%, p<0.05)
and returned nearly to the baseline thereafter.
Our results show that H3N2 viral infection also increases NREMS and
supresses REMS. However, the sleep changes were less dramatic after
H3N2 than after H1N1 viral infection.
Supported by Office of Naval Research grant # -N00014-90-J-1069.

70.14

A SUBSET OF HYPOTHALAMIC WARM-RESPONSIVE
NEURONS RETAIN THERMOSENSITIVITY DURING REM
SLEEP. M.N. Alam. &. Szymusiak* and D, McGinty. Research
Service, V.A. Medical Center, Sepulveda, CA 91343 and UCLA.
Thermoregulatory responses are retained during nonREM sleep,
but are lost during REM sleep. Previous work suggested that the
thermosensitivity of preoptic/anterior hypothalamic (POAH)
neurons was also lost during REM sleep. In a recent analysis of
POAH neuronal thermosensitivity in nonREM sleep we had the
opportunity to examine responses during REM sleep as well.
Adult cats were surgically prepared for chronic recordings of
sleep and wakefulness, POAH unit activity, and for manipulation
of POAH temperature with a water-perfused thermode. To date,
29 POAH thermosensitive neurons have been examined in waking,
nonREM and REM sleep.
The mean Q10 values for 13 warm responsive neurons (WRNs)
were 3.0+0.3 in waking, 3.3+0.6 in nonREM, and 2.6+0.9 in
REM sleep. In cold responsive neurons (CRNs) as a group,
thermosensitivity decreased progressively across the sleep cycle.
For 16 CRNs, Q10 values were -2.5 +0.6 in waking, -1.1 +0.5 in
nonREM sleep and 0.44+0.9 in REM sleep.
These findings indicate that temperature responses of CRNs are
much more strongly modulated by sleep-waking state than are
WRNs. They support the hypothesis that warm sensitivity is an
intrinsic property of neurons, while cold-sensitivity results from
synaptic input. The latter would be more likely to be modulated
by sleep state-related changes in excitability.
Supported by the Department of Veterans Affairs and MH 47480.
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70.15

SLEEP ARCHITECTURE CHANGES INDUCED BY THE FELINE
IMMUNODEFICIENCY VIRUS (FIV) IN CATS AND FIV SU-Env IN RATS.
0, Prospero-Garcia*, N. Herold. L. Gold. I. Polis. A. K. Waters, T, R,
Phillips, J, H, Elder and S, J, Henriksen, Depts. Neuropharmacology
and Molecular Biology, The Scripps Res. Inst. La Jolla, CA 92037.
Five specific pathogen free cats inoculated with 1000 TCID50 units
(i.v.) of the Mount Airy strain of FIV, and three sham-inoculated controls
were studied to evaluate potential sleep disturbances comparable to those
observed in HIV+ subjects. Cats were studied 10-12 months postinoculation. All infected cats exhibited FIV in plasma and CSF and antiFIV
antibody positivity by eight weeks post-infection. FIV-infected cats also
showed low CD4 counts, lymphadenopathy, anisocoria and demostrated
transient abnormalities in righting and pupillary reflexes, as well as BSAEP
and VEP abnormalities. Sleep recordings of the FIV group exhibited a
prolonged latency to sleep and REM sleep onset, a significant increase of
waking, and a reduction of REM sleep. FIV cats also exhibited a remarkable
increase in spindle activity. In separate studies, the FIV envelope
glycoprotein (SU-Env), selectively reduced REM sleep in adult rats when
injected i.c.v., vs. saline and a virus protein control. In addition, the
administration of SU-Env to neonates (5 ng/50 pl s.c., daily for 14 days)
caused, in the adult rat, a reduction of REM sleep and changes in the
hippocampal population spike responses. As the changes in sleep
architecture and EEG patterns induced by FIV and derived envelope proteins
resemble those observed in HIV-infected patients, the FIV model provides a
unique opportunity to study the mechanisms by which retroviruses may
alter brain function.
Supported by MH47680 granted to SJH
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71.1

71.2

THE SUPRACHIASMATIC NUCLEUS IN ALZHEIMER’S DISEASE R. Y.
Moore*, J. C. Speh and N. Suhan. Dept. of Psychiatry, Neurology and Neuroscience
and Alzheimer’s Disease Research Center, University of Pittsburgh, Pittsburgh, PA
15261.
The clinical manifestations of Alzheimer’s disease (AD) often include disruptions
of the sleep-wake cycle (Vitiello and Prinz, 1990) and individual patients have been
described who appear to lack circadian control of behavioral state (Witting et al,
1990). Studies of the organization of the circadian pacemaker the suprachiasmatic
nucleus (SCN) of the hypothalamus in AD have reported a decrease in total neuron
number and in the number of vasopressin (VP)-containing neurons (Swaab et al,
1985; Hofman et al, 1988). The present study was undertaken to further characterize
possible changes in the SCN in AD and, particularly, to determine whether there is
preferential loss of any of the known subpopulations of neurons in the SCN. Serial
sections through the anterior hypothalamus from 14 control and 10 clinically and
pathologically characterized AD patients were stained with antisera to VP,
neurotensin (NT), vasoactive intestinal peptide (VIP) and neuropeptide Y (NPY).
Neurons were counted for each population. The neurons stained with these antisera
represent 4 distinct populations (Moore, 1992) and together comprise the majority of
the neuronal population of the human SCN That is, the total of 4 populations in
controls closely approximates total neuron number determined from cresyl violet
stained material by unbiased stereological counting methods. Mean counts (± S.E.)
for the control brains are as follows: NT, 16118 ± 703; VP, 8283 ± 569; NPY, 4943
± 384; VIP, 2988 ± 304. For the AD brains: NT, 17011 ± 1011; VP, 10177 ± 777:
NPY, 4814 ± 529; VIP, 4404 ± 520. Total counts for controls is 32073 ± 1478 and
for AD brains is 35597 ± 2589. Thus, in contrast to prior studies, we find no
significant difference between control and AD SCN with respect to either total neuron
number or number of any chemically defined subpopulation. Supported by the
AFOSR and AG05133.

SCN VASOPRESSIN NEURON LOSS IN ALZHEIMER'S DISEASE
IS ASSOCIATED WITH AN JNCREASED ASTROCYTE/NEURON
RATIO. E.G, Stopa. D, Harper. V. Kuo-LeBlanc. A, M, Rodriguez-Wolf.L.
Volicer and A. Satlin.* Dept. of Pathology, Brown Univ. Sch. of Med./Rhode Island
Hospital, Providence, RI,E.N. Rogers Mem. Veterans Hosp.,Bedford MA and Dept.
of Geriatric Psychiatry .McLean Hosp.,Belmont,MA
Clinical studies have suggested that circadian rhythms may be disrupted in
Alzheimer's disease.A previous study of the human SCN has demonstrated a
significant decrease in the vasopressin-containing neuronal subpopulation as a
function of aging, which is even more pronounced in Alzheimer's disease (Brain Res.
342:37-44, 1985). In the present study, we examined the ratio of SCN
astrocytes/neurons (an index of neuronal loss) and compared it to the mean
vasopressin neurons/mm2 in Alzheimer brains and aged matched controls. Formalinfixed (10% NBF) paraffin-embedded human hypothalami were serially sectioned at
10pm and stained with cresyl violet and specific antibodies against argininevasopressin (AVP) or glial fibrillary acidic protein (GFAP).The immunoreactive
neurons and astrocytes were counted in 10 randomly selected 1mm square microscopic
fields, from a single section taken through the center of the SCN,and averaged.
Patients with Alzheimer's disease exhibited a significant decrease in vasopressin
neurons (10.10 ± 2.35 vs 18.38 ± 8.35, p<.0003), as well as a corresponding increase
in the GFAP-staining astrocyte/cresyl violet-staining neuron ratio (.564 ± .48 vs .09
± .05, p<.045). These studies provide additional evidence that vasopressin neurons are
lost in Alzheimer's disease, and indicate that the astrocyte/neuron ratio may be a
reliable indicator of disease-related pathology within the SCN. (Supported by
AG09301)

71.3

71.4

THE SUPRACHIASMATIC NUCLEI (SCN) OF BABOONS
ARE RESPONSIVE TO LIGHT AT BIRTH. S.A, Rivkees*.
Riley Hosp., Indiana Univ. Sch. of Med., Indianapolis, IN 46202.
Little is known about how the human circadian system develops
anatomically and functionally. To provide insights into the
development of the human circadian system, we have identified
baboons (Papio sp.) as a favorable model. To assess when the
primate SCN becomes responsive to light, the 2-deoxy[14C]glucose
(DG) method was used. After birth, term animals (gestation 185
d) were maintained in a light-dark cycle for two days. Animals
were then placed in constant darkness and injected with 100
uCi/kg of DG iv at either mid-day, mid-night, or after 5000 lux of
light-at-night. Autoradiographs were generated from brain
sections to assess DG uptake. Adjacent tissue sections were
probed with 123I-melatonin to verify the location of the SCN, and
with 15S-cRNA probes to detect c-fos mRNA. Autoradiographic
images from DG studies showed a day-night difference in SCN
activity. A dark image was present over SCN sections from
daytime studies, but not over sections from nighttime studies.
Following light-at-night, a dark image was present over the SCN
indicating photic responsiveness. Baboon c-fos mRNA expression
also was induced by light-at-night. These data provide direct
evidence that the SCN of a primate is responsive to light at birth.

ROLES OF SUPRACHIASMATIC NEURONS CONTAINING VIP
IN CIRCADIAN RHYTHM, REGULATION OF AUTONOMIC
NERVOUS SYSTEM AND HOMEOSTASIS. K. Nagai*, N. Nagai,
K. Shimizu, Y. Isoiima, K. Sugahara, K. Takezawa, A. Niiiima and H.
Nakagawa. Inst, for Prot. Res., Osaka Univ., Suita, Osaka 565, Japan
Previously using rats we found evidence suggesting that neurons
receiving retinal neural input in the suprachiasmatic nucleus (SCN) of
the hypothalamus are involved in the regulation of glucose homeostasis
through the control of the autonomic nervous system (ANS) besides
acting as a circadian oscillator. Thus, we examined whether SCN
neurons containing vasoactive intestinal peptide (VIP) are involved in the
mechanism, because these neurons receive the retinal neural input. We
found following things in rats. 1) Intracerebroventricular (ICV) injection
of VIP synergistically enhanced hyperglycemia due to intracranial
injection of 2-deoxy-D-glucose (2DG), and ICV injection of anti-VIP
antiserum markedly suppressed this response to 2DG. 2) ICV injection
of VIP elicited a synergistic increase in the plasma vasopressin (VP)
concentration after ip injection of hypertonic saline. 3) Bilateral lesions
of the SCN suppressed the increase in the plasma VP concentration and
in the expression of Fos in the paraventricular nucleus after water
deprivation for 24 h. 4) Illumination of the left eye induced increases in
neural activities of sympathetic efferents and decreases in those of
parasympathetic efferents to peripheral organs, and these changes were
eliminated by bilateral lesions of the SCN. 5) Infusion of anti-VIP anti-
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body conjugated with a-ricin into the SCN eliminated a circadian rhythm
of drinking. These findings suggest that the VIP neurons in the SCN are
involved in the mechanism of not only circadian oscillation but also of
homeostasis of glucose and body water through the regulation of ANS.
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CARBACHOL DIRECTLY RESETS THE CIRCADIAN RHYTHM OF SCN
NEURONAL ACTIVITY IN VITRO DURING SUBJECTIVE NIGHT THROUGH
A cGMP/PKG-DEPENDENT MECHANISM. C, Liu* and M.U. Gillette. Neurosci.
Prog. & Dept. of Cell and Structural Biol., Univ. of Illinois, Urbana, IL 61801.

In mammals, the suprachiasmatic nucleus (SCN) is responsible for the generation
of most circadian rhythms and their entrainment to environmental cues. The ACh
agonist carbachol can alter circadian rhythm phase in animals when injected intracerebroventricularly. However, the site of action and underlying transduction
mechanisms for carbachol are unknown. Since fibers immunoreactive for choline
acetyltransferase, the biosynthetic enzyme for ACh, and receptors for ACh are
present in the SCN, a direct cholinergic regulation of the SCN is possible. This was
examined by direct treatment of the SCN brain slice preparation with carbachol in

vitro.

Coronal hypothalamic slices containing the SCN were prepared from 8-10 wk old
male or female Long Evans rats housed in a 12L:12D cycle. We found that the
phase of SCN oscillation is reset by a 5 min treatment with a carbachol microdrop
(1 /il, 0.1 mM) to each SCN, but only during the subjective night. Carbachol
induced large phase advances at midnight (CT 18, 6.3 ±0.2 hr, n = 3). The effect of
carbachol was dose-dependent at CT 18, with half-maximum response concentration
at 1 /iM. The phase response curve of carbachol for resetting the SCN rhythm is
almost identical to that of a cGMP analog described previously (Prosser et al.,
1990). Furthermore, the phase advances induced by both carbachol and the cGMP
analog at CT 18 were blocked by a specific protein kinase G inhibitor, KT5823.
These results demonstrate that carbachol can directly act on the SCN to regulate
the phase of its rhythm during the subjective night, through a cGMP/PKGdependent mechanism. (Supported by PHS NS 22155.)

SUPRACHIASMATIC NUCLEUS
71.6

METABOTROPIC GLUTAMATE RECEPTOR
AGONISTS
MODULATE NEURONAL ACTIVITY IN THE HAMSTER
SUPRACHIASMATIC NUCLEUS IN VITRO. George Scott and

Beniamin Rusak* Department of Psychology, Dalhousie University,
Halifax, Nova Scotia, CANADA B3H 4JL
Glutamate is the principal neurotransmitter candidate of the
retinohypothalamic tract, and may mediate light effects on SCNgenerated circadian rhythms. Recent reports have demonstrated the
presence of both ionotropic and metabotropic glutamate receptors in
the mammalian suprachiasmatic nucleus (SCN). We have examined
the effects of the metabotropic receptor agonist (1S,3R)-1aminocyclopentane-l,3-dicarboxylic acid (ACPD) on neuronal activity
in the Syrian hamster in vitro. Neuronal activity of SCN cells was
monitored using extracellular recording and drugs were administered
ionophoretically. Application of ACPD (5-40nA; 5-60s duration) or
NMDA (5-40nA; 10s duration) increased the firing rates of single
SCN cells in a current-dependent manner. In cells responsive to both
antagonists, recovery of firing rates to baseline levels after a 10s
application of NMDA was rapid (2-5s), in contrast to the prolonged
recovery from a ACPD application («120s for applications of 5s and
>300s for 60s applications). Co-application of the selective
metabotropic glutamate receptor antagonist RS-a-methyl-4carboxyphenylglycine (MCPG) attenuated ACPD-evoked responses in
a current-dependent manner (0-80nA), but had no effect on NMDAevoked activity in the same cells. These results suggest that the effects
of presumed glutamatergic inputs to hamster SCN cells may be
mediated via both NMDA and metabotropic receptors.
Supported by grants from the U.S. AFOSR and NSERC of Canada.

71.7

71.8

CLONING OF DIFFERENTIALLY EXPRESSEO GENES WITHIN HAMSTER SUPRACHIASMATIC
NUCLEUS (SCN) IN RESPONSE TO LIGHT ENTRAINMENT. M.G. Er^ander,,. PE. Foye',
P.E. Danielson1, M.J, Carson1, M.P. Cagle2, R.L. Gannon'*, M.A. Rea^ and J.G.
Sutcliffe'. 'The Scripps Research Institute. La Jolla. CA 92037. JArmstronq
Laboratory. Brooks Air Force Base, TX 78235.
The suprachiasmatic nucleus (SCN) is the anatomical seat of the mamnalian
endogenous biological clock which regulates the temporal expression of
hormonal and behavioral circadian rhythms.
Previous studies indicate a
strong correlation between the rapid and transient expression of mRNAs
encoding immediate early genes (e.g., c-fos) and the time of day in which
light is able to reset the endogenous pacemaker.
Because most immediate
early genes encode transcriptional factors.
We speculate that a
transcriptional cascade may be required for photic entrainment. Therefore,
we have initiated a study to identify/clone differentially expressed mRNAs
within the hamster SCN in response to photic entrainment. Hamsters were
maintained under LD 14:10 for 14 days and then exposed at ZT19 to light for
15 minutes and then placed back into darkness.
Micropunched SCNs of
sacrificed hamsters at 30-60 minutes (labeled 30C = 30 min control; 30S = 30
min stimulated) and 180-225 minutes (180C and 180S) after light treatment
were collected and poly(A) selected RNA extracted.
To identify
differentially expressed mRNAs a scheme devised for the construction of PCRbased cDNA libraries from small amounts of RNA (30-50 ng) was coupled to a
newly developed subtractive hybridization procedure.
The cDNA libraries
appear representative of mRNA populations; concentrations of c-fos and NGFI-A
cONAs are induced >10X in 30S vs. 30C and return to near baseline in 180C vs
180S whereas concentrations of c-jun and cyclophilin cONAs remain unchanged
among all four cONA libraries. 97% of the mRNA mass which was in common
between control and light-stimulated libraries was removed by subtractive
hybridization. In our initial analysis, several cDNAs unique to 30S and 180S
have been obtained and differential expression verified.
This molecular
approach has the potential of identifying the molecular substrate(s) by which
light entrains the pacemaker cells within the SCN.

LONG-TERM PERSISTENCE OF CIRCADIAN RHYTHM
REGULATED BY SCN GRAFTS IN HAMSTERS: SHORTENING OF
PERIOD WITH AGE N.Viswanathan* and F.C.Pavis. Department
of Biology, Northeastern University., Boston, MA 02115.
Suprachiasmatic nucleus (SCN)-ablated hamsters showed
restoration of circadian rhythms following transplantation (TP) of
fetal hypothalamic tissue containing the circadian pacemaker (SCN).
The present study examined 1.Whether restored circadian rhythm
persists for a significant period of time and if so, 2. whether the
period of the restored rhythm shows any change in the course of time.
Fetal hypothalamic tissue with the SCN(E15) was transplanted into
SCN-Iesioned Syrian hamsters (18 weeks old). The wheel running
activity was continuously monitored under constant dim light in order
to determine the freerunning period. About 85% of the animals showed
restoration of circadian rhythms that persisted for several weeks.
Those animals that survived for atleast 35 weeks after TP were
included in the study for period estimation. The average periods at 6
wk and 33 wk after TP were 24.08+0.06 (SE) and 23.91+0.05
respectively (P <0.01). This result suggests that the circadian rhythm
regulated by the SCN graft shortened with age. A shortening of
period with age has been previously reported in intact hamsters.The
cause for the shortening of period in the present study may be due to
age-related changes that occur within the SCN graft or age-related
changes in some aspect of the host physiology that influences the
graft. Supported by PHS grant P01 AG09975.

71.9

EFFECTS OF SOCIAL STIMULI ON GONADAL GROWTH AND BRAIN
CONTENT OF cGnRH-I IN FEMALE STARLINGS ON DIFFERENT
PHOTOPERIODS G, E Ball* H, R, Besmer. 0, Li and M.A. Ottmger Dept.of
Psychology, Johns Hopkins University, Baltimore, MD 21218; Dept of Poultry
Science, University of Maryland, College Park, MD 20742
The presence of a mate stimulates gonadal growth and associated endocrine activity in
males and females of many avian species. In photoperiodic species, such as the European
starling (Sturnus vulgaris), the enhancing effects on gonadal growth provided by a mate
are usually tested in photosensitive birds Kept on long days characteristic of Spring. In this
experiment we tested whether the augmenting effects of a mate occur in starlings that are
short-day photosensitive or long-day photorefractory. Female starlings (N=48) were
in three different photoperiodic conditions: photosensitive on a photoperiod of
3; photosensitive on a photoperiod of 1 IL: 13D; and photorefractoiy on a
photopenod of 16L:8D. Photosensitive starlings kept on a photoperiod of 8L: 16D and
1 IL 13D exhibit very slow or moderate gonadal growth but do not go refractory. In each
group of 16,8 of the females were pairedwith males in individual cages that were in large
rooms with other starlings present, and 8 of the females were kept in groups of 4 females
with no males present. Biros were laparotomized periodically and 20 weeks after pairing
the experiment ended. In both groups of photosensitive females there was evidence of
enhanced follicular growth in the females paired with males as compared to the females
kept in female-only groups. The effect was more pronounced in the 8L: 16D group. In the
photorefractory birds, there was no appreciable follicular growth in either group. Brain
content of chicken gonadotropin-releasing hormone-I (cGnRH-I) was measured in
cGnRH-I. cGnRH-I is die form of GnR?Nn the^^g brain that is thought to control
seasonal changes in pituitary gonadotropin secretion. In the 8L: 16D group and the
11L:13D group there was evidence of higher cGnRH-I content in the preoptic area and
median eminence in the paired birds as compared to the unpaired birds. These data
suggest that photosensitive female starlings on short photoperiods can respond to male
stimulation and that photorefractory females are refractory to the effects of a mate as well as
to the effects of long days.

S
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72.2

EFFECTS ON SLEEP AND WAKEFULNESS OF C-FOS ANTISENSE
INJECTIONS
IN
THE MEDIAL
PREOPTIC AREA.
C.Cirellil,
M.Potnpeiano2* and G.Tononi IDept. of Physiology and 2Inst,
of Biol Chemistry, Univ. of Pisa, Italy, 1-56100.
We have shown that periods of both spontaneous and
forced wakefulness are associated with c-fos induction in
the medial preoptic area (MPA) (Pompeiano et al., Arch
ital Biol 130:325,1992; J Sleep Res 3:65,1994), a region
that has been involved in the control of sleep. This study
examines whether the induction of c-fos associated with
wakefulness plays a causal role in the homeostasis of
sleep. Male WKY rats were implanted with chronic EEG and
EMG recording electrodes and guide cannulae were aimed at
the MPA
(A-0.5,
L0.5,
H7.0).
c-Fos phosphorothioated
antisense (5'-gaa cat cat ggt cgt-3'; 2nmol in lpl/side)
or
sense
(5'-acg
acc
atg
atg
ttc-3';
same
dose)
oligonucleotides were injected bilaterally at 3 PM. A
short lasting disruption of normal sleep patterns, with
recurrent awakenings and abolition of REM sleep was seen
immediately after the injection of both antisense and
sense
probes.
During
the
night,
percentages
and
distribution of waking and sleep had returned to normal in
all cases.
During the following day,
rats that had
received antisense injections (n=4) showed a significant
and prolonged increase in waking time (from 8AM to 8PM:
61±8% vs 32±1%; P<0.01), which was not accompanied by any
sign of distress. This was followed by a recovery of sleep
during the night and the subsequent day. Rats that had
received sense injection (n=3) or antisense injections in
a slightly more caudal location (n=2) showed normal sleepwaking patterns. Histological controls are being performed
to assess whether antisense but not sense injections
interfered with the expression of Fos protein. These
preliminary results suggest that the expression of c-fos
In the MPA after wakefulness may be involved in a cascade
of
events
controlling
homeostatic
aspects
of
sleep
regulation. (Supported by ASI 93 RS-150, MURST 40% and by
a grant of ESRS-Synthelabo)

MODIFICATION OF SLEEP CYCLES AFTER AN ACUTE INJECTION OF
CALCITONIN INTO THE PARAVENTRICULAR/PERIFORNICAL AREA.
Y. Slisli, P. Bustany*, P. Denize and R. de Beaurepaire. Lab. de Pharmacol.,
de Physiol., & INSERM U-320, CHRU, 14032 Caen, FRANCE.
We have previously shown that an injection of salmon calcitonin into the
hypothalamic paraventricular/perifornical area (PVN/PFA) produces an
anorexia and a decrease in locomotor activity in the rat. The aim of the
present study was to explore the effects of calcitonin on sleep. SpragueDawley rats were implanted with electrodes for chronic EEG recordings, and
with a cannula directed into the lateral ventricle (ICV, n = 6), into the
PVN/PFA (n = 6), or into other parts of the hypothalamus (n = 10). All
animals were injected twice, once with calcitonin and once with saline. ICV
(7ng) injections produced a robust (3 hours recording) increase in slow waves.
Into the PVN/PFA, calcitonin (7ng in 0.3pl) produced dramatic changes:
During the 5 first hours animals did not sleep (no slow waves and no REM
sleep), and some (but not all) of them had short bursts of high amplitude
rapid waves (8-10 cycles/sec); between the 5th and, approximately, the
18th hour, there was a REM sleep rebound, and the high amplitude rapid
waves became more frequent and durable; between the 18th and the 30th
hour, REM sleep, wakefulness and high amplitude rapid waves did
alternate quite constantly, with fugitive apparitions of slow waves; between
the 30th and the 48 th hour wakefulness remained predominant, the rapid
waves tended to disappear, while the slow waves became more frequent.
After the 48th hour the tracing did progressively normalize. These effects
were selective to the PVN/PFA (no effects in other parts of the
hypothalamus). Therefore, a very low dose of calcitonin in a selective brain
site produces long lasting sleep changes with predominant wakefulness.

72.3

72.4

THE EFFECTS OF ANTERIOR HYPOTHALAMIC LESIONS ON SHORT
DAY RESPONSES IN SIBERIAN HAMSTERS GIVEN TIMED
INFUSIONS OF MELATONIN. Song, C.K.* and T.J. Bartness
Departments of Biology & of Psychology Georgia State University,
Atlanta, GA 30303.
The suprachiasmatic nucleus (SCN) of the hypothalamus exhibits
dense I r25-melatonin (IMEL) binding in Siberian hamsters,
implicating it as a site of reception/transmission of melatonin (MEL)
signals. Indeed, in male Siberian hamsters given short day (SD) MEL
signals via the timed infusion paradigm (TIP), SCN lesions (SCNx)
block SD-type responses (i.e. testicular regression and decreases in
body and fat pad mass), responses seen in hamsters with sham
lesions treated identically.
In contrast, Syrian hamsters bearing SCNx and given SD MEL
signals exhibit SD-like gonadal regression despite comparable IMEL
binding in the SCN. However, in this species anterior hypothalamic
lesions (AHx) block the effect of SD MEL signals delivered via the TIP.
One way to reconcile these results is to postulate that the SCN
lesions in Siberian hamsters may have included ancillary damage to
the neighboring AH. Therefore, the purpose of this experiment was to
explicitly lesion the AH, sparing the SCN and provide SD MEL signals
via the TIP. We found that hamsters with AHx that had no evidence
of anatomical or functional damage to the SCN, responded to SD
MEL signals by exhibiting SD-type responses as did sham lesion
controls. Therefore, it appears that the SCN is critical in the
reception/transmission of SD MEL signals in Siberian, but not Syrian
hamsters. This research was supported by NIMH ROI 48462 &
NIMH RSDA MH 00841 to TJB.

A RHYTHM IN POTASSIUM (RUBIDIOM) UPTAKE BY THE HYPOTHALAMUS
IN GOLDEN HAMSTERS Harry Klemfuss* and Shahrzad S. Nazarian Veterans

Affairs Medical Center, San Diego, CA 92161 and Departments of Psychiatry
and Biology, University of California, San Diego.
Research in plants, algae, invertebrates, and more recently in mammals has
suggested a role for potassium (K) ions in the control of circadian rhythms.
We tested the possibility that K flux may vary in the hypothalamus, site of the
mammalian circadian oscillator system, as a function of time of day. Rubidium
(Rb), an alkali metal, was used as a marker for K uptake into cells.
Adult hamsters were housed individually on a 14:10 LD schedule with
standard food and water. At a time referenced to lights out (Zeitgeber Time
12), each hamster was injected ip with 1 ml/kg of 1 M RbCl at either ZT 4, 6,
8, 10, or 12, then overdosed with pentobarbital 4 hours later. Rb and K were
measured using atomic absorption spectrophotometry.
Hypothalamic Rb uptake was increased after ZT 8 injection compared to ZT
4, ZT 6, or ZT 12 injection (p<.05, Newman-Keuls). In contrast, plasma Rb
concentration increased monotonically over this time, and was 25% lower after
ZT 8 injection compared to ZT 12. Therefore, the decrease in hypothalamic Rb
uptake is not due to alterations in circulating Rb. Rb uptake rates in cerebral
cortex, striatum, cerebellum, and erythrocytes were not affected by time of
injection. The increase in hypothalamic Rb uptake at ZT 8 vs. ZT 12, and
relative decrease in plasma Rb, has been replicated using a different protocol.
These results suggest that hypothalamic K uptake varies as a function of
time of day, strengthening the hypothesis that K uptake is a component of the
mammalian circadian system. Also, this hypothesis opens up a new area for
further research in the roles of K uptake by the hypothalamus in
pathophysiology of psychological disorders.
Supported by the Dept. of Veterans Affairs
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EFFECTS OF TEMPERATURE, PROSTAGLANDIN D2 AND
PROSTAGLANDIN E2 ON NEURONAL FIRING RATES IN
PREOPTIC AREA RAT BRAIN SLICES. S.R, Morairty.* IL
Szymusiak and D, McGinty. Neurophysiology Res. (151 A3),
V.A.M.C., Sepulveda, CA 91343 and UCLA.
A recent theory hypothesizes that prostaglandin D2 (PGD2) and
E2 (PGE2) are major endogenous sleep regulating substances.
Microinjections of PGD2 into the preoptic area-anterior
hypothalamus (POAH) promote sleep and decrease body
temperature while microinjections of PGE2 promotes wakefulness
and increases body temperature. We hypothesize that PGD2 and
PGE2 must effect separate populations of cells in the POAH or
have opposite effects on the same cells. The present study
investigates the effects of temperature, PGD2 and PGE2 on
extracellular unit recordings in POAH rat brain slices.
Of the 56 units studied, thermosensitive units tend to be more
sensitive to PGD2 and PGE2 than non-thermosensitive units.
PGD2 excited 30% of the warm sensitive units, inhibited 20% and
did not effect 50%. PGE2 excited 15% of the warm sensitive
units, inhibited 47% and did not effect 38%. PGD2 excited 19%
of the cold sensitive units, inhibited 19% and did not effect 62%.
PGE2 excited 20% of the cold sensitive units, inhibited 30% and
did not effect 50%. Non-thermosensitive units tended to be
unaffected by PGD2 (76%) and PGE2 (61%). These results are
consistent with the theory that a subset of thermosensitive neurons
may be involved in integrating temperature and other sleep and
circadian factors which may include prostaglandin levels.

IDENTIFICATION OF RETINAL GANGLION CELLS
PROJECTING TO THE LATERAL HYPOTHALAMIC
AREA OF THE RAT R.K.Leak*. J.C.Speh & R.Y.Moore Dept. of
Psychiatry and Center for Neuroscience, Univ. of Pittsburgh,
Pittsburgh, PA 15261
The circadian pacemaker of mammals, the suprachiasmatic nucleus
(SCN) receives direct retinal afferents, the retino-hypothalamic tract
(RHT) (Moore & Lenn, ‘72). There are also RHT projections to the
lateral hypothalamic area (LHA; Johnson et al.’88) and this develops
before those to the SCN (Speh and Moore, ‘93), suggesting that it may
arise from a different set of retinal ganglion cells (RGCs) than those
projecting to the SCN. The RGCs projecting to the SCN belong to
Perry’s (‘79) class III with a mean diameter of 14.5±2.2 pm. They
have thin, radiating dendrites and are distributed over the entire retina
(Moore et al, ‘94). To identify RGCs projecting to the LHA,
Fluorogold (FG; Schmued and Fallon, ‘86) was injected into the LHA
and retrogradely labeled RGCs were identifed with an antiserum to FG.
Injections restricted to the LHA label a population of RGCs that also
conforms to type III characteristics with a mean diameter of 14.1±2.7
pm. They have one to four thin, radiating dendrites and are confined
largely to peripheral temporal retina, unlike those projecting to the SCN.
Comparison injections into the medial terminal nucleus labelled RGCs
with a mean diameter of 15.6 ± 2.0 pms and type II dendritic patterns,
in accord with those described by Dann and Buhl (‘87). We conclude
that the RGCs projecting to the LHA are a subclass of type HI cells that
differs from those projecting to the SCN. Supported by NS-16304.

Supported by the Department of Veterans Affairs and MH 47480.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

MONDAY AM

BIOLOGICAL RHYTHMS:

LIMBIC SYSTEM AND REPRODUCTION

72.7

72.8

CELL TYPE SPECIFIC AMINO-ACIDS-MEDIATED RESPONSES OF RAT
HYPOTHALAMIC PARAVENTRICULAR NEURONS FOLLOWING
SUPRACHIASMATIC NUCLEUS STIMULATION. M.L.H.J. Hermes*, D,
Spanswick and L.P. Renaud. Neuroscience Unit, Loeb Reseach Institute, Ottawa
Civic Hospital, Ottawa, Canada K1Y 4E9.
Functional connections exist between the suprachiasmatic nucleus (SCN) and
neurons in the hypothalamic paraventricular nucleus (PVN), which may relay
circadian information to certain endocrine and autonomic functions. We here present
an extension of our previous intracellular electrophysiological findings and show
that synaptic responses of electrophysiologically and morphologically characterized
PVN neurons to single pulse SCN stimulation in an in vitro slice preparation are
cell type specific but always mediated by GABA and/or glutamate.
Four putative cell types were encountered in the medial parvocellular and
posterior magnocellular subnucleus of the PVN. Type I neurons (putative
magnocellular neurosecretory neurons), showed predominantly GABAa receptor
mediated IPSPs following SCN stimulation. Type II PVN neurons (putative
parvocellular neurons), exhibited complex synaptic responses that consisted of nonNMDA and NMDA glutamate receptor mediated EPSPs that were partly shunted
by simultaneously occurring GABAa receptor mediated IPSPs. Type m neurons,
characterized by a typical low input resistance, a large somatic diameter and
extensive dendritic tree, showed essentially similar responses to SCN stimulation
as type II. Type IV neurons, exhibiting large low threshold potentials, responded
mostly with a mixture of amino-acids-mediated IPSPs and EPSPs. Control
experiments revealed that the effect of stimulation was specific to the SCN and
probably due to activation of cell bodies.
It is concluded that the amino acids GABA and glutamate play a role in synaptic
transmission of SCN information to neurons in the PVN (Supported by The Heart
and Stroke Foundation of Canada).

ONTOGENY OF ANDROGEN RECEPTOR-IMMUNOREACTIVE (AR-IR)
CELLS DURING PUBERTY IN THE MALE FERRET BRAIN IS
INFLUENCED BY PHOTOPERIOD. M.L. Kashon & C.L. Sisk, Neuroscience
Program and Dept. of Psychology, Michigan State Univ., E. Lansing, MI 48824.
Male ferrets experience the onset of puberty at 18-20 wks of age when raised in
short day lengths (SD), however early onset of sexual maturation can be induced
by transferring ferrets from SD to long day (LD) conditions at 12 wk of age. As
male ferrets undergo pubertal maturation in either SD or LD, they become more
sensitive to the activational effects of testosterone (T) on reproductive behavior.
Furthermore, sensitivity to T in adulthood is modulated by photoperiod: ferrets
which mature in LD are more sensitive to T than ferrets which mature in SD.
Compared to prepubertal males, 20 wk old ferrets raised in SD have larger
numbers of AR-IR cells in several brain regions, e.g.,the preoptic area (POA), but
not in others, e.g., the bed nucleus of the stria terminalis (BNST). This
experiment was designed to examine the ontogeny of AR-IR cells during pubertal
maturation in SD and LD conditions, and to determine if increased sensitivity to T
is correlated with an increase in AR-IR cell number. Male ferrets underwent
pubertal maturation either following a transition from SD to LD at 12 wk, or in
continuous SD, and groups of ferrets in each photoperiod were perfused at 12,
13.5. 15, 17.5, or 20 wk of age. Brain sections were processed for AR immunocytochemistry, and the number of AR-IR cells was quantified in the POA and the
BNST. The number of AR-IR cells increased in the POA as a function of
pubertal maturation in ferrets in both SD and LD, but at 20 wk of age, ferrets in
LD had significantly more AR-IR cells than did ferrets in SD. The number of
AR-IR cells in the BNST did not differ over the course of pubertal maturation in
SD or LD. These data indicate that photoperiod conditions during pubertal
maturation may alter sensitivity to T by influencing the number and/or timing of
the appearance of AR-IR cells in specific brain regions. Supported by HD26483.

72.9
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TIME COURSE EFFECTS OF SHORT PHOTOPERIOD EXPOSURE ON
TUBEROINFUNDIBULAR DOPAMINE (TIDA) NEURONAL ACTIVITY
IN MALE SYRIAN HAMSTERS. A.A. Nunez1’, K.J. Lookingland2 & K.M.
Krajnak’, ’Dept. of Psychology, ^ept. of Pharmacology and Toxicology-, &
Neuroscience Program. Michigan State University, East Lansing, MI 48824.
Prolonged exposure (8-12 wks) to a short photoperiod (SD; less than 12.5
hrs of light/day) results in a significant decrease in circulating prolactin and
median eminence dopamine (ME DA) concentrations. This SD induced
decrease in ME DA is not associated with a change in TIDA neuronal
activity. It is however possible that an earlier change in TIDA neuronal
activity is responsible for the decrease in ME DA seen after prolonged
exposure to SD. In two separate experiments, we tested the hypothesis that
there is a decrease in TIDA neuronal activity after shorter exposures to SD
(i.e., 3-42 days) which is responsible for the SD induced decrease in ME
DA. Circulating prolactin concentrations, ME DA concentrations and indices
of DA metabolism (DOPAC concentrations) and TH activity (DOPA
accumulations) were measured in males housed in either a long photoperiod
(LD) or after 3, 7, 14, 28 or 42 days of exposure to SD. SD had no
consistent effects on ME DOPAC concentrations or DOPA accumulations,
but, circulating prolactin and ME DA concentrations were reduced in animals
housed in SD at 28 days. These results indicate that at least 28 days of SD
exposure are needed to see a significant decrease in ME DA concentrations
and that this decrease in ME DA is not associated with a change TIDA
neuronal activity. (Supported by BNS 9008576 to A.A.N. and MH 42802
to K.J.L.).

PHOTOPERIOD AND AGE MODULATE THE*NUMBER OF GnRHIMMUNOPOSITIVE NON-NEURONAL CELLS IN THE HAMSTER BRAIN.
C.M, Novak*. K.M, Krainak, and A.A, Nunez. Dept. of Psychology &
Neuroscience Program, Michigan State University, East Lansing,
Ml, 48824-1117.
Non-neuronal GnRH-immunopositive (GnRH+) cells have been
found in brains of ring doves after courtship (Silver et al, 1992,
J. Neuroendocrin., 5.) and have been identified as mast cells
(Zhuang et al, 1883, Proc. Natl. Acad. Sci. USA, 91; and
Silverman et al, 1994, Hormones and Behavior, 2 7).
In our
experiment, male hamsters born in a short photoperiod (SD;
6L:18D) were either maintained in SD or transferred to a long
photoperiod (LD; 16L:8D) at 22 days of age. Animals from both
photoperiods were then perfused at either 57 or 157 days of age,
and their brains were processed for GnRH immunocytochemistry. .
Non-neuronal GnRH+ cells, which have a spherical shape and lack
axonal and dendritic processes, were seen near the ventricles, in
the habenula, the septal region, and the hippocampus. Both age and
photoperiod significantly affected the number of GnRH+ cells:
animals housed in LD had significantly more GnRH+ cells than
animals housed in SD, and 157 day old animals had more GnRH+
cells than 57 day old animals. These cells resemble the GnRH+
mast cells found in the dove brain and may play a role in the
control of photoperiod-dependent seasonal cycles in hamsters.
(Supported by NSF grant IBN9209437 to A.A.N.)
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PREOPTIC/ANTERIOR HYPOTHALAMIC WARMING
INCREASES EEG DELTA POWER WITHIN NREM SLEEP.
D, McGinty.* R.Szymusiak. and Darrell Thomson, Dept.
Veterans Affairs, Sepulveda, CA 91343 and Depts. of
Psychology and Medicine, UCLA.
EEG delta (0.5-4.0 Hz) power within NREM sleep is a good
index of homeostatically-regulated sleep drive, being elevated at
the beginning of sleep and after sleep deprivation. The
expression of delta power results from hyperpolarization of
cortical and thalamic neurons, but the control of this mechanism
is not established. It is known that preoptic/anterior
hypothalamic (POAH) warming may trigger or sustain NREM
sleep. The present study assessed the effects of POAH warming
and cooling on EEG delta power within sustained NREM sleep.
Five cats were prepared with POAH thermodes and standard
sleep EEG recording electrodes. We compared EEG spectral
power during 1 hour baseline, treatment, and recovery periods.
Treatments included local POAH warming of 1.0 or cooling of
2.0°C. POAH warming elevated delta power by 48% within
sustained sleep epochs, but had no effect on 6-9 Hz (theta) or
10-14 Hz (sigma) frequency bands. Increased delta was not due
to increased NREM sleep or reduced awakenings. Delta power
was also significantly elevated in the recovery period. No EEG
spectral changes were induced by cooling. These findings
support the hypothesis that POAH thermosensitive mechanisms
participate in regulation of EEG delta power within NREM
sleep.

IMAGING OF VENTRAL MEDULLARY SURFACE CHANGES
DURING SLEEP-WAKING STATES IN THE GOAT. R.M. Harper*,
P.M. Rector. H.V. Forster. P.J. Ohtake. L.G. Pan. T.F, Lowry and D,
Gozal, Dept. Anatomy and Cell Biology, UCLA, Childrens Hosp.,
USC, Los Angeles, CA 90024; Dept. Physiol., Medical College of
Wisconsin and Zablocki VA Hospital, Milwaukee, WI 53226.
We examined activity changes on the rostral ventral medullary
surface (VMS) during sleep-waking states and halothane anesthesia
with imaging procedures. Under sterile surgery, five adult goats were
instrumented with electrodes to monitor sleep physiology and with a
miniaturized video camera coupled to a coherent fiber probe and a
narrow bandwidth illuminator (660 nm). The probes were placed
over a rostral VMS region which elicited ventilatory depression when
cooled. Quiet sleep increased activity and reduced variation from
waking levels, while rapid eye movement sleep (REM) decreased
activity to levels near waking, but substantially increased variability.
Halothane decreased activity and moment-to-moment variation. We
speculate that (1) increased activity during quiet sleep indicates a
significant VMS role in cardiorespiratory patterning during that state,
and (2) transient increased activity during REM sleep may coincide
with respiratory variability. Other structures may exert a more
substantial influence on respiration during waking. (Supported by HL22418, N1DR DE-07212, USPHS-25739 and Parker B. Francis Foundation.)

(Supported by the VA and MH 47480)
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NITRIC OXIDE SYNTHASE INHIBITOR BLOCKS LIGHTINDUCED PHASE SHIFTS THE FREE-RUNNING ACTIVITY
RHYTHM TN HAMSTERS .E.T.Weber. M.U. Gillette and M.A. Rea*
Dept. of Cell & Structural Biol., Univ. of Illinois, Urbana, IL 61801,
BRAIN Res. Inst., Armstrong Laboratory, Brooks AFB, Tx 78235
The suprachiasmatic nuclei (SCN) are the site of localization of the
primary light-entrainable circadian pacemaker in mammals.
Considerable evidence suggests that excitatory amino acids (EAA)
released from retinohypothalamic tract terminals convey photic
information to the SCN pacemaker. Since many of the effects of EAA
appear to be mediated through the activation of nitric oxide synthase
(NOS), we investigated the role of the NOS pathway in the photic
regulation of the SCN. The NOS inhibitor N-nitroarginine methyl ester
(NAME; 0.1 -1.0 mM, icv) was administered into the third ventricle of
hamsters 10 minutes prior to a light pulse (20 lux for 5 min) during the
subjective night. In vehicle-treated controls, light stimulation at CT19
resulted in stable phase advances of 89 ± 7 min (mean ± SEM; n=7).
Pretreatment with 1 mM NAME (0.5 p.1, icv) significantly attenuated the
phase advance by 65% (30 + 8 min; n=l 1; p<0.001). This effect was
reversible and completely blocked by co-administration of 4 mM
arginine (95 + 17 min; n=7). Injection of 1.0 mM NAME at CT14
significantly attenuated light indue ed phase delays as well (vehicle +
light = -71 + 20 min, n=4; NAME + light = -12 + 5, n=6; p<0.001).
Neither NAME nor arginine injection alone at either CT altered the phase
of the circadian activity rhythm. In preliminary experiments, NAME
injection did not appear to attenuate light-induced Fos expression in the
SCN. These results suggest that photic regulation of the SCN circadian
pacemaker is mediated through the NOS pathway and that light-induced
Fos expression is not. Supported by AFOSR 2312W6 (MAR).

PREGNANCY ALTERS SLEEP-WAKE PATTERNS IN RATS

M. Kimura*, S. Q. Zhang and S. Inoue. Inst, for Med. Dent.
Engin., Tokyo Med. Dent. Univ., Tokyo 101, Japan.

Pregnancy-associated sleep disorder is recently recognized in human
sleep medicine. However, the underlying mechanism of pregnancyassociated sleep disorder remains undetermined, and sleep changes
during normal pregnancy have not been recorded under controlled
circumstances. The aim of the present study was to describe changes in
sleep-wake patterns before and after fecundation in an animal model.
Baseline sleep changes were recorded throughout a normal estrous
cycle in female rats implanted with EEG and EMG electrodes and a
brain thermistor. After the baseline recordings, the rats were divided
into two groups; one group was subjected to mating with males and
then the recordings continued until the rats delivered pups (pregnant
group). In the other, non-pregnant group, the recordings continued for
three weeks including 5 estrous cycles. The sleep patterns of nonpregnant rats did not change for entire three weeks, which was
characteristic to 4-d estrous cycle as reported earlier. Compared to the
baseline sleep in non-pregnant group and to that before mating in
pregnant group, both non-rapid-eye-movement sleep (NREMS) and
rapid-eye-movement sleep (REMS) increased significantly during the
night on pregnant day 1 (PD1). Nighttime sleep remained enhanced
throughout the early-pregnancy period. Subsequently, REMS returned
to the baseline level. However, NREMS stayed increased in the dark
period of the mid- and late- pregnancy. Daytime sleep and brain
temperature were not altered significantly across the whole pregnant
period except for PD1. Thus, the results indicate that pregnancy
induces increases in NREMS and REMS in rats.

72.15

72.16

LACK OF SEASONAL VARIABILITY IN HORMONES AND IN
SEMEN QUALITY OF SPINAL CORD INJURED (SCI) MEN.

ANTAGONIZING SEROTONIN IN THE AMYGDALA RELEASES PONTINE PGO
WAVES IN RATS. L, D. Sanfoid\-R. J. Rosa aad A. R. Morrison. Sch of Vet. Med. and
Sch of Med., Univ. of Penna. and VAMC, Phila., PA. 19104.
PGO waves can be recorded from the pons of rats, with greater frequency in REM sleep than
in non-REM sleep. Serotoain (5-HT) has a demonstrated modulatory role in the generation of
PGO waves, putatively via a direct projection from the dorsal raphe nudeus (DRN) to the
pontine generator region in the pedunculopontine tegmentum (PPT). However, local
microinjection of various 5-HT agonists and antagonists into PPT of both cats and rats has, in
our hands, produced no consistent effects on PGO waves. DRN projects to the amygdala. The
central nudeus of the amygdala (CE) projects to pontine regions thought to be important in the
generation of PGO waves; aod electrical stimulation of CE increases PGO waves during REM
sleep in cats. This suggests an alternate pathway by which 5-HT could modulate PGO wave
generation. We implanted rats (N=5) with EEG electrodes and with electrodes in the pons for
recording PGO waves bilaterally. Cannulae were aimed into CE bilaterally. The 5-HT
antagonist, methysergide (1 Mm), or saline was microinjected (0.4 pl) into CE during non-REM
sleep after the rats had exhibited at least one complete sleep cycle. Methysergide significantly
increased (p < .02) PGO wave rate (10.1 ± 5.4) compared to saline (3.6 ± 1.9) in non-REM
sleep. No significant increase in PGO wave rate was observed during REM sleep. Because DRN
is normally more active during non-REM sleep, antagonizing 5-HT in non-REM sleep would
be expected to produce a relatively greater increase in PGO wave rates. Methysergide
significantly increased (p < .004) sleep efficiency (sleep time/iecording time) but no other
significant changes in sleep architecture were observed. These findings demonstrate a role for
CE in the modulation of PGO waves and suggest that one should not focus entirely on the
brainstem to delineate the mechanisms underlying PGO waves. Supported by MH42903.

N.L. Brackett*, O.F. Padron, C.M. Lynne. The Miami Project to Cure
Paralysis and The Dept. of Urology, Univ. of Miami Sch of Med,
Miami, FL 33136.
Seasonal variability is a well-established phenomenon that occurs in
humans. In healthy men, the following variables vary with season, and
peak in the spring months: serum levels of testosterone (T), luteinizing
hormone (LH), follicle-stimulating hormone (FSH), sperm count, sperm
motility, semen volume and sexual activity.
Over a three year period, we analyzed the ejaculates of 78 SCI men,
all of whom were subjects in the Miami Project to Cure Paralysis Male
Fertility Research Program. A total of 383 ejaculates were analyzed.
Serum levels of T, LH, and FSH were measured once for each subject.
All semen samples were obtained via electroejaculation or vibratory
stimulation. Rhythmicity was assessed using cosinor regression.
In our population of SCI subjects, there was no variation by season
in serum levels of T, LH, FSH, total sperm count, percent sperm
motility (antegrade and retrograde), antegrade semen volume or sperm
morphology (antegrade and retrograde).
The mechanism of seasonal variability is thought to involve an
interaction between longer photoperiods and the hypothalamicpituitary-gonadal axis. Our data indicate that spinal cord integrity is
necessary for seasonal variation to occur.
Supported by The Miami Project to Cure Paralysis.
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ASYMMETRIES IN SYRINGEAL CONTROL DURING PLASTIC
SONG IN JUVENILE COWBIRDS. S.E. Allan* and R.A. Suthers.
Medical Sciences Program and Center for the Integrative Study of Animal
Behavior, Indiana University, Bloomington, IN 47405.
Bronchial airflow and subsyringeal air sac pressure were recorded during
plastic song production in juvenile brown-headed cowbirds (Molothrus ater
ater). Juveniles were 5-7 months of age and sang a mixture of highly
variable phrases characteristic of plastic song, as well as full formatted
adult-like song. Most plastic song has the same basic respiratory pattern of
adult song, which consists of 3 or 4 respiratory cycles. The plasticity of
juvenile song is reflected in the variability of the motor patterns within each
of these cycles. Whereas adult song consists of 2-3 stereotyped note clusters
followed by a whistle, plastic song may at times contain only a series of
variable note clusters, a series of whistles, or a combination of both. The
asymmetries in syringeal control characteristic of adult cowbird’s motor
correlates are already present in juveniles as young as five months of age.
(1) Inspirations during song are higher in relative amplitude and begin
earlier on the left side of the syrinx, as compared to the right side. (2) The
left side of the syrinx produces low frequency (300-2000 Hz) notes, while
the right side produces higher frequency (1.5-10 kHz) notes, and the high
frequency (8-12 kHz) whistles. The alternating production of left and right
side notes within the introductory note clusters of adult song, is also
apparent throughout plastic song production.
These data suggest that
juvenile cowbirds are capable of utilizing both sides of the syrinx in a
coordinated fashion, characteristic of adults, during the plastic phase of song
development. Supported by NIH 0NS29467 & NS09229.

REGULATION OF VOCAL CONTROL REGION VOLUMES IN DARK-EYED
JIJNCO: TESTOSTERONE. PHOTOPERIOD. AND OPIOIDS C.C. Gulledee*
and P. Deviche. Inst, of Arctic Biol.. Univ. of AK Fairbanks. Fairbanks AK 99775.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

Avian vocal control regions change with photoperiod and/or testosterone
(T) treatment in many adult songbirds and some of these regions contain
opioid peptides and their receptors. The present studies used male juncos
(Junco hyemalis) to evaluate the influence of photoperiod/T treatment and
of opioid antagonist (nalmefene, N) administration on the volumes of vocal
control regions (Area X, Higher Vocal Center, HVC; magnocell. n. of the
ant. neostriatum, MAN, robust n. of the archistriatum, RA). Juvenile juncos
were caught in September and kept on short days (SD; 10L,14D) for 2
months. One group was then exposed to long days (LD, 20L,4D) and the
remaining birds left on SD. The SD birds received T-filled (SD-T) or empty
(SD-C) Silastic implants (2cm). Birds in each group (SD-T, SD-C, LD)
received daily i.m. injections of either N (75pg daily) or saline for one
month. At this time all birds were euthanized, brains were fixed, cryostatsectioned (50pm) and thionin-stained. Only SD-T birds began singing. The
testes of LD birds remained small, suggesting that they were photorefractory. HVC volumes were smaller in LD than in SD-T birds. Area X
volumes were smaller in LD than in SD birds, indicating a possible
influence of the photoperiodic condition on the size of this region. MAN
and RA volumes did not differ across treatments. N injections induced no
effect, so the role of opioids in the vocal control system remains
speculative. Supported by NSF award BNS-9121258 to P.D.
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SEASONAL CHANGES IN THE AVIAN SONG NUCLEUS HVC AS
DEFINED BY MULTIPLE LABELS G.T. Smith*1. E.A. Brenowitz^. and
J.C, Wingfield1 Depts. of 1Zoology and Psychology, University of
Washington, Seattle, WA 98195
The Nissl-defined volumes of song control regions, including the higher
vocal center (HVC), are greater in breeding than in nonbreeding males of
several songbird species. The volume of HVC as defined by cellular labels
other than Nissl staining, however, does not change seasonally in male
canaries (Gahr’90). We used 3 cellular labels to determine whether the
volume of HVC changes seasonally in male Gambel’s white-crowned
sparrows (GWCS): (1) Nissl staining; (2) Acetylcholinesterase (AChE)
histochemistry; and (3) Retrograde labelling of Area X-projecting neurons.
Twelve male GWCS were held initially on short days (SD, 8L16D). Six
males were transferred to long days (LD, 20L4D) and given testosterone (T)
implants, while the other six were kept on SD and given empty implants. One
month later, all birds received bilateral injections of cholera toxin B (CTB)
into Area X. The birds were sacrificed 3 days after CTB injection. Blood
samples were taken every two weeks to measure plasma T concentrations.
Alternate 30 gm brain sections were processed for (1) Nissl staining;
(2) AChE histochemistry; and (3) CTB immunocytochemistry.
The mean volume of HVC was ca. 50% greater in LD than in SD males
for each of the 3 labels (t-tests, p<0.05). This result suggests that the seasonal
change in HVC volume observed in numerous species may not simply be a
function of changes in the Nissl staining properties of cells in this nucleus.
GTS is an HHMI predoctoral fellow.

TESTOSTERONE INDUCTION OF MALE-LIKE VOCALIZATIONS IN
FEMALE BUDGERIGARS (MELOPSITTACUS UNDULATUS). A, A, Nespor,
M, L, Doit M. J. Lukaszewicz, R. J, Dooling.* & G. F, Ball. Dept. Psychology,
Univ. Maryland, College Park, MD, 20742 & Dept. Psychology, Johns Hopkins
Univ., Baltimore. MD 21218.
Budgerigars possess a complex learned vocal repertoire that includes a long
rambling song called the warble. Both males and females warble, but there are
marked sex differences in the amount of song produced. Males warble daily at a
high rate, while females rarely sing. Both the quantity and quality of male warble
is testosterone (T)- dependent and males have higher circulating levels of T than
females. In this study we asked whether administering T to adult female
budgerigars would activate male-like vocal behavior. Further we are interested
in the effects of T on the morphology of the vocal control nuclei of the implanted
females. Six females were implanted with 8 mm silastic implants filled with T
and were recorded before and after implantation. Within 10-14 days, all six birds
1) showed changes in cere color to the male-like condition (blue), 2) exhibited
male-typical patterns of precopulatory behavior, and 3) increased their rate of
warbling to male-like levels. These data suggest that sex differences in
budgerigar vocal behavior are not based on early organizational effects of steroid
hormones but rather on adult sex differences in circulating T levels. A similar
finding has been described for certain song bird species (e.g., canaries). Neural
specializations for vocal learning have evolved independently in budgerigars and
song birds. The neural sites mediating the T-induction of male-like vocal
behavior in female budgerigars may be very different from what has been
described for female songbirds. This work was supported by National Institutes
of Health Grant DC-00198 and MH00982 to Robert J. Dooling.

73.5

DEVELOPMENTAL CHANGES IN a2-ADRENERGIC RECEPTOR
DENSITY, CELL DENSITY AND THE VOLUME OF NUCLEUS
ROBUSTUS ARCHISTRIATALIS IN EUROPEAN STARLINGS
J. M. Casto* and G.F, Ball Department of Psychology, Johns Hopkins
University, Baltimore, MD 21218, USA
In male and female European starlings (Stumus vulgaris) the volume
of the vocal control nucleus robustus archistriatalis (RA) increases to
near adult size between 50 and 100 days of age. There is an increase in
a2-adrenergic receptor density within RA between days 20 and 50
followed by a decrease between days 50 and 100. Developmental
increases in RA volume have also been reported in male zebra finches
between day 20 and adulthood. These increases in zebra finch RA
volume appear to be associated with a decrease in RA neuron density
and the onset of innervation of RA by the High Vocal Center (HVC)
neurons. We wished to assess the developmental timing of changes in
receptor density in relation to changes in cell density and the pattern of
nucleus innervation in starlings. We, therefore, measured developmental
changes in neuron density ana the occurrence of the innervation of HVC
by RA in 20, 50, 100, and 150 day old male and female juvenile
starlings. We used the florescent carbocyanine dye, dil to assess when
HVC neurons innervate RA. As in zebra finches, efferent projections
from HVC do not innervate RA by day 20, however, by day 50 HVC
innervates the full extent of RA in males and females with efferent
projections entering RA via its dorsal border. Based on examination of
Nissl stained tissue there is also a significant reduction (34%) in neuron
density within RA of males and females between 20 and 150 days of
age. Therefore it appears that both the increase in nuclear volume and
the decrease in o^-adrenergic receptor density occur in close association
with the onset of the innervation of RA by HVC.

73.7
LMAN LESIONS IN ADULT SPARROWS PERMIT THE REINTRODUCTION OF SONG SYLLABLES PRACTICED IN
DEVELOPMENT. S. Benton*. P. Marler. D.A. Nelson. T.J. DeVoogd.
Neurobiology & Behavior, Cornell University, Ithaca, NY, 14853
To assess the function of 1MAN in adult birds, bilateral lesions of 1MAN
were made in tape-tutored (N=7) and isolate (N=5) adult male whitecrowned sparrows (subsp. oriantha). At the time of surgery, the birds were
on short days (L:8h) and were not singing. White-crowned sparrows
typically crystallize a single song type that is maintained in its stereotyped
form throughout adulthood. Even birds isolated from conspecific song
during development crystallize and maintain one song, though they take
longer to do so. By comparing the songs produced in the pre- and postlesion song seasons, we examined the role of 1MAN during the restricted
period of song onset. In the post-lesion song season, six of the birds
(3 isolates and 3 that did not fully copy tutor song) changed their songs. In
all cases, the changes involved the reintroduction of a syllable or syllable
combination sung during the plastic phase of song development but not
retained in the final crystallized song. The remaining males made no substantial changes to the pre-lesion song structure during the post-lesion
singing period. Three conclusions can be drawn: 1) Differences in the
neurobiology of the song system arising during developmental isolation
from song are long lasting. Not having copied a tutor song as a juvenile
renders a male's song more susceptible to disruption by 1MAN lesion.
2) 1MAN is important for song maintenance in isolate and isolate-like
adults. Given the initial instability of isolate song, prolonged activity of
1MAN may be required in these birds. Such activity may not be required,
or to a lesser extent, in tutored birds. 3) Memories for song notes
practiced during development but not sung after crystallization are
maintained into adult-hood, at least in isolate and isolate-like birds.
Supported by NSF Graduate Research Fellowship.
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TESTOSTERONE-DEPENDENT AND -INDEPENDENT EFFECTS OF
PHOTOPERIOD ON THE VOLUME OF SONG CONTROL NUCLEI IN
AMERICAN TREE SPARROWS D.J, Bernard*. G.F. Ball, F.E, Wilson Department
of Psychology, Johns Hopkins University, Baltimore, MD, 21218 USA, Division of
Biology, Kansas State University, Manhattan, KS 66506 USA
Several songbird species exhibit “seasonal” changes in the volume of song control nuclei.
Birds housed on long, spring-like days have larger nuclei than birds maintained on short,
fall-like days. Athough testosterone (T) has been implicated as the main factor causing
changes in volume, this still has not been shown directly. We attempted to establish if T is
solely responsible for seasonal changes in the song system, or if photoperiod can influence
this system independent of T. Forty-seven male American tree sparrows (Spizella arborea)
were placed in 1 of 3 photoperioaic conditions. Short-day, photosensitive birds were
housed on 8L: 16D for the entire experiment. Sparrows maintained on this photoperiod
rarely have detectable T levels. Long-day, photostimulated birds were maintained on 8L:16D
until 3 weeks prior to sacrifice, then they were placed on 20L:4D. Three weeks of
photostimulation typically leads to increased T. Long-day, photorefractory birds were
maintained on 20L:4D for no less than 4 months. These birds seldom have detectable levels
of T. though they are on long days. Within each of the 3 photoperiodic conditions there were
two groups: intact and castrated. Castration removes circulating T in this species. The
castrated photostimulated birds were castrated 2 weeks before transfer to zOL:4D. The
volumes of three song control nuclei (HVC, area X, RA) and one nucleus not involved in
song (SpM) were measured. All three song nuclei were larger in the intact photostimulated
bircfs than in all of the other groups. The three other long-day groups (castrated
photostimulated, intact and castrated photorefractory) had larger song nuclei than intact or
castrated short-day, photosensitive birds and did not differ from each other. SpM volume did
not differ among the groups. These data suggest that, while a combination of T and long
days has the most pronounced effect, a T-independent long-day mechanism contributes to
the increase in the volume of song control nuclei.

73.8

SPECTRAL DIFFERENCES IN CALLS PRODUCED BY THE
BUDGERIGAR IN AIR AND HELIUM. E, F, Powell. R. J, Dooling
and O, N, Larsen-. Department of Psychology. University of Maryland,
College Park, MD 20742 & Institute of Biology, Odense University,
DK-5230 Odense, Denmark.
Studies of songbirds vocalizing in a helium environment show that
vocalizations are affected by resonances of the vocal tract. It has been
suggested that these resonances act as an acoustic filter which attenuates
some frequencies and enhances others. In helium, this filter may be
shifted upward, revealing more energy at higher frequencies. In this
study, we extend these findings using a psittacine, the budgerigar
(Melopsittacus undulates). Stereotyped contact calls (highly frequency
modulated calls with fundamentals ranging from 2-4 kHz) from each of
six birds were recorded in air and heliox (70/30). Using a click
generator, we measured the speed of sound in the chamber, while the bird
vocalized, and calculated the percent difference. The propagation
velocity of sound in heliox was 39.5% higher than in air. Budgerigars
vocalizing in helium showed increased energy at higher frequencies as
predicted. We conclude that resonances normally play a role in
budgerigar vocal communication. This work was supported by National
Institutes of Health Grant DC-00198 and MH-00982 to Robert Dooling.
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LESIONS OF TELENCEPHALIC VOCAL CONTROL NUCLEI IN THE
BUDGERIGAR (Melopsittacus undulatus) DISRUPT BOTH CALLS
AND WARBLE SONG. J, T. Heaton, S. E. Brauth*, and W. Liang.
Dept. of Psychology., UMCP, College Park, MD 20742-4411.
Male and female budgerigars come to produce contact calls and
warble song through learning processes thought to depend on a
telencephalic vocal control circuit, similar to that described in oscines,
consisting of a neostriatal "higher vocal center" (HVC) and an
archistriatal "robust" nucleus (RA). We placed unilateral and bilateral
kainic acid or electrolytic lesions in these nuclei in order to test this
proposition, and to compare the vocal functions of these nuclei in the
budgerigar with counterparts in oscines.
Unilateral HVC or RA lesions yielded a slight decrease in contact
call fundamental frequency, however patterns of frequency modulation
for both calls and warble song were largely unchanged. This is
consistent with the fact that RA projects bilaterally to the brainstem in
budgerigars. Bilateral lesions of RA caused an immediate and dramatic
loss of call frequency modulation, a significant increase in call
duration, and the cessation of warble song. Bilateral HVC lesions had
surprisingly little immediate effect, although within 2-4 days calls came
to resemble those produced by RA-lesioned birds. Vocal production
improved markedly over time in some subjects sustaining only
incomplete bilateral ablation of RA or HVC.
These results suggest that, as in oscines, the neural circuit consisting
of HVC and RA in budgerigars is necessary for expression of all the
learned characteristics of calls and songs. In these respects, the vocal
functions of these nuclei appear to be highly similar in psittacines and
oscines, reflecting either common descent or convergent evolution.
Supported by MH10417-02 (J.T.H.) and MH40698 (S.E.B.)

CONNECTIONS AND VOCAL FUNCTIONS OF NUCLEUS
DORSOMEDIALIS POSTERIOR IN THE BUDGERIGAR. W. S, Half,
J. T. Heaton, S. E. Durand, S. Amateau & S, E. Brauth. Dept. of
Psychology, Univ. of MD., College Park, MD. 20742.
We investigated the connections and vocal functions of the lateral,
magnicellular portion (DMM) of nucleus dorsomedialis posterior thalami
(DMP) in budgerigars. DMM receives auditory input from the midbrain
(Durand et al, 1993) and projects to vocal control nuclei including the
magnocellular nucleus of the anterior neostriatum (MAN), robust nucleus
of the archistriatum (RA) and higher vocal center (HVC) (Streidter, 1993;
Brauth et al, 1994).
Histochemical staining reveals higher levels of cytochrome oxidase, but
conspicuously lower levels of acetyl cholinesterase in DMM, compared to
adjacent areas in DMP. Double label experiments using fluorescent dyes
indicate that DMM neurons projecting to RA and HVC comingle but show
little, if any collateralization. Thus DMM contains at least two different
populations of projection neurons. Bilateral DMM lesions in adults do not
immediately disrupt expression of previously learned calls, however
lesioned birds show little, if any, proclivity for imitating the calls of new
cagemates or modifying their repertoire in relation to the calls of cagemates.
The functions of DMM may be similar to DLM of oscines in which
lesions disrupt vocal learning during critical or sensitive periods but do not
affect call maintenance. Since budgerigars are "open learners", DMM
lesions may affect call learning throughout adult life, in contrast to the
condition in many oscines.
Supported by MH40698 (SEB), Whitehall Grant J91-17 (WSH).
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MORPHOLOGY OF SONG CONTROL NEURONS IN DIFFERENTIALLY
TUTORED EASTERN MARSH WRENS (Cistothorux palustris ). P.C. Airev1.
TJ, DeVooed1 \ P.E. Kroodsma2. ’Cornell University, Ithaca, NY 14853.
^University of Massachusetts, Amherst, MA 01003.
Many aspects of oscine song are learned. Intriguing positive correlations between
the amount of song learned and the amount of brain space dedicated to this behavior
have been demonstrated both across (DeVoogd et al., 1994) and within certain oscine
species (Nottebohm et al., 1981; Canady et al., 1984; Kroodsma et al., 1985). It is
likely that genetic differences between species set bounds for song learning. Within
species, it is not known whether genetically-derived differences in brain structure lead
to differences in capacity for learning, or whether the act of learning has lasting,
observable effects on the neural substrate.
We are studying this issue by observing brain structure while altering the
opportunity to learn. The amount of song learned, as measured by repertoire size, has
been successfully manipulated by tutoring marsh wrens with small (1 or 5 songs) or
large song (45 songs) repertoires. We are examining whether the differential auditory
and motor learning is associated with differences in the anatomy of the song system.
If we find no consistent differences in neuroanatomy, despite large behavioral
differences, our data would suggest previous intraspecific correlations between
repertoire size and brain space are a result of genetic variation within the population.
Quantification of dendritic spine densities of Golgi stained Type IV neurons in
nucleus robustus archistriatalis (RA) reveals no significant differences between
experimental groups. Thus, for one measure of neuronal complexity in one area of
the song system, differential learning does not produce differences in the brain. We
are presently determining whether there are group differences in more central song
control nuclei such as HVC and 1MAN.

DEVELOPMENT OF DESCENDING PROJECTIONS IN THE
ZEBRA FINCH VOCAL CONTROL PATHWAY. D.S. Vicario*,
C.M, Cortes and G.E, Vates. The Rockefeller University, New
York, NY 10021.
In songbirds, a defined forebrain pathway is necessary for the
production of learned vocalizations. Nuclei of this pathway develop
post-natally, in parallel with vocal learning in young male zebra
finches. The final output nucleus of this pathway, robustus
archistriatalis (RA), contains subdivisions that project to the
midbrain, and to medullary areas that control respiration (VLM)
and the syrinx, the bird's vocal organ (nXIIts). The present study
examined the development of descending projections 1) from RA to
brainstem targets and 2) from the high vocal center (HVC) to RA.
Young male birds aged 16-50d and adult males received either
injections of anterograde tracers (dextran amines, biocytin, Dil) in
HVC or RA, or injections of retrograde tracers (Fluorogold, beads)
in nXIIts. Although RA projected to DM in all age groups,
projections to nXIIts and to VLM were sparse in 20-30d birds,
denser in 34-36d birds, and very dense in birds > 40d old. The most
dorsal part of RA (which innervates DM) did not project to nXIIts in
birds as young as 20d. HVC projected to RA at all ages, but in birds
<30d, this was limited to the most dorsal portion of RA.
Others have shown that, in the period from 25-40d, neurons are
added to HVC, RA grows in size, and young males start producing
sounds that will develop into learned vocalizations. The present data
show that, prior to this period, the dorsal anatomical subdivision of
RA is already established and receives input from HVC (cf. Konishi
& Akutagawa, 1985); however, RA's medullary targets are only
sparsely innervated. Subsequently, as ventral parts of RA form
denser connections with syringeal motor neurons in nXIIts, HVC
expands its projection to include all of RA. (Supported by MH40900)

74.3

74.4

VISUAL MODULATION OF AUDITORY RESPONSES IN A FOREBRAIN
VOCAL MOTOR NUCLEUS IN THE ZEBRA FINCH. S J.Chew* and
D.S.Vicario. The Rockefeller University, New York, NY 10021.

Isolation of song-induced genes in zebra finches by mRNA differential
display. C. V, Mello, E. D. Tarvis, N. Denisenko, M. Rivas and A.
Barnea*. Lab. of Animal Behavior, The Rockefeller University, New
York, N. Y., 10021.
The immediate-early genes ZENK and c-jun are induced in the
forebrain of songbirds by stimulation with tape-recorded song (Mello et
al. '92; Nastiuk et al., in prep). To determine whether other genes are
also induced, RNAs isolated from specific brain areas of zebra finches
stimulated with song or of unstimulated controls were analysed by the
PCR-based mRNA differential display technique developed by Liang
and Pardee (’92). Brain areas studied were: 1- a large portion of the
caudo-medial telencephalon including the caudo-medial neostriatum
(NCM) and caudo-medial hyperstriatum ventrale, where ZENK
induction after song is most pronounced, and medial portions of Field L;
2- song control nuclei HVC (High Vocal Center) and RA (robustus
archistriatalis), where no ZENK induction is detected after song
stimulation, although these nuclei are known to respond to song. T12MN
oligonucleotides were used for cDNA synthesis and the same oligos plus
arbitrary 10-mers of random sequence were used to amplify the cDNAs
by PCR. Resulting PCR fragments were analysed in 6% polyacrylamide
gels; differentially expressed fragments were cloned in TA-cloning
vectors and analysed by in situ hybridization for indudbility by song
and for their brain expression patterns. At least two fragments showed
a significant induction by song in NCM; preliminary sequence analysis
showed no significant homology to genes in Genebank. Full length dones
are being isolated from an NCM cDNA library and will be further
analysed by sequencing and in situ hybridization.

In oscine songbirds, a defined neural pathway exists for the production of
song. Robustus archistriatalis (RA) is the final common forebrain nucleus of this
system in the male zebra finch. Auditory responses can be elicited from RA, with a
preference for the bird's own song (BOS). These responses arc variable in the awake
animal, being dependent on its attentional state. This is partly determined by the
visual environment. Similarly, spontaneous singing is dependent on motivation by
visual cues. We asked if visual stimulation elicits responses in RA, and if they
interacted with auditory responses.
Recordings were made from RA in awake adult male birds who were played
recordings of BOS, noise, conspecific songs, and calls. A strobe source of white light
was presented to both eyes simultaneously. The illumination was timed either to
coincide with each syllable of the auditory stimulus, or to occur at regular preset
intervals. Strobe illumination alone did not elicit any detectable responses in RA.
When presented synchronously with auditory stimuli, the multiunit auditory
responses were increased in half of the birds tested. This increase was independent of
the song presented, resulting in a loss of selectivity for BOS and increased preference
for the other sounds. This potentiation persisted for 5 to 15 min. after cessation of
the visual stimulus. In contrast, regular strobing at 8-10 Hz caused a reduction in the
amplitude of all the auditory responses, which lasted similar duration. This
phenomenon was observed in 90% of the birds tested.
Although strobe lighting can change the attentional state of awake birds,
our finding of bidirectional effects on auditory responses supports a more complex
interaction. We suggest that short term changes in learned auditory responsiveness
can be induced by visual stimuli. (Supported by MH40900,D.S. V)
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CHANGES IN BRAIN CIRCUITRY ASSOCIATED WITH STAGES IN
VOCAL LEARNING IN SONG BIRDS *G, E. Vates, B. M. Broome,

Effects of Area X lesions on HVC and selective laser photolysis of
the HVC-to-Area X projecting neurons. C. Scharff?#. J. Kirn°, J.D.Macklist

and F. Nottebohm* Lab. of Animal Behavior, The Rockefeller
University, New York, NY 10021.
Young zebra finch males learn their song and long call once,
during a "sensitive period" that ends at sexual maturity. During
this time they acquire auditory memories which they then
imitate. Thereafter the long call and song of adult males remain
stable. We wondered whether there may be a special anatomical
relation between auditory and vocal pathways during the sensitive
period for vocal learning, and if so, whether this relation might
change as vocal development progresses from subsong to plastic song
to stable song. Neural tract tracers (biocytin and biotinylated
dextran amines) were used to examine connections in the auditory
and vocal motor nuclei of zebra finches at different stages of
development (20 days old, 35 d.o., 50 d.o., 70 d.o., and >120 d.o.).
Our interest focused on two different telencephalic auditory areas,
the Field L complex and the HVC "shelf." The HVC "shelf
appears to be connected in a reciprocal fashion with Fields LI and
L3 in juvenile males; in adults, Fields LI and L3 continue to project to
the HVC shelf, but the shelf no longer sends connections back to
Fields LI and L3, or to any other portions of Field L. Ongoing
studies will determine whether these developmental changes
depend on auditory experience. A similar relation between these
developmental changes and stages in song learning is being studied
in canaries.

and F. Nottebohm#. “Wesleyan U.,Middletown. CT 06457,tHarvard Med. School and
Children's Hospital, Boston,MA 02115, #The Rockefeller U.,New York, NY10021

Area X participates in the development of learned avian song; it receives a
projection from the high vocal center, HVC. Lesions of Area X in young male zebra
finches prevent the development of normal adult song. Two experiments assessed if
these effects are in part due to retrograde degeneration of the Area X projecting neurons
in HVC (HVC-Xn). The HVC-Xn of 15 young birds (X 37 days) were retrogradely
labeled bilaterally from Area X with rhodamine latex microspheres; 8 birds then
received a unilateral electrolytic Area X lesion (x46 days). At adulthood, (x 101
days) the density of labeled cells in HVC did not vary sign, between hemispheres in
control birds without Area X lesions. In contrast, the density of labeled cells was
sign, lower (42%) in HVC with an ipsilateral Area X lesion. This first experiment
suggests that retrogradely labeled cells in HVC degenerated as a result of the Area X
lesion. A second experiment addressed the effect of selective elimination of the HVCXn on song, using the approach of targeted photolytic cell death. Young (x 34 days)
birds were injected in Area X with nanospheres conjugated with the singlet oxygen
producing chromophore chlorin e6. After 10 days (x44 days) HVC was noninvasively
exposed to 674 nm laser light, photoactivating the chlorin e6 and effecting targeted cell
death to a portion of HVC-Xn. These birds modified song past 90 days of age, a very
rare finding in normal birds. In addition, their song motifs contained fewer notes but
longer note complexes than control birds. Overall, song was less strikingly altered
than in birds that received Area X lesions as juveniles, but was different from intact
birds. Control injections of nanospheres in Area X did not affect song development.
Additional experiments showed that in adults (1) 674 nm illumination of HVC alone
did not alter song, (2) illumination of HVCs previously retrogradely targeted with
chlorin e6 nanospheres from Area X resulted in death of approximately 50% of HVCXn. The combined results suggest that HVC-Xn contribute significantly to song
acquisition in zebra finches and that perturbations may effect behavioral plasticity.
Supported by NSF and the Milton Fund

74.7

SYNCHRONOUS ACTIVITY IN HVc STUDIED WITH
ELECTRODE ARRAYS A. Dave, E, S, Fortune, and D, Margoliash*.
Dept. Organismal Biology and Anatomy, Univ. of Chicago, Chicago, IL.
HVc is the major site of convergence of song system forebrain
pathways and has auditory neurons that exhibit selective responses. The
selectivity of HVc auditory neurons is based in part on specificity for
acoustic parameters of the individual’s own song. Recently, it has been
shown that auditory responses in HVc are similar over large distances
within the nucleus.
Using pairs of extracellular electrodes in preliminary experiments we
demonstrated that spontaneous activity is correlated over large distances
(>750 pm) that essentially cover the entire extent of HVc. We are now
taking advantage of the new technique that permits direct visualization in
vivo of HVc’s dorsal surface to extend these studies. After exposure of
HVc in urethane-anesthetized preparations, we can apply arrays of
electrodes under visual guidance directly to HVc. These will be used to
record spontaneous activity, response to own and conspecific songs, and
systematic modifications of own song. By retrogradely labeling
populations of X-projecting or RA-projecting HVc cells using a
. phototoxic dye, we will explore the functional contributions and spatial
organization of interactions of these two populations of HVc neurons.
Supported by grants from NIH and NSF.

74.8

CHARACTERIZATION OF IDENTIFIED HVc
NEURONS IN THE ZEBRA FINCH. E.S. Fortune* and D.
Margoliash, Organismal Biol, and Anat., Univ. Chicago., Chicago, IL 60637.
We have developed a new technique that allows us to reliably
identify and study specific neurons and neural populations in the
living zebra finch. The efferent pathways from HVc have different
roles in song learning and production. HVc projects to two nuclei, RA
and area X. We retrogradely label the X and RA-projecting HVc
neurons by injecting fluorescent tracers into X or RA. After retracting
the overlying parahippocampus, it is possible to visualize the entire
dorsal component of labeled cells in HVc, or single cells, by placing
the bird under an epifluorescence microscope.
HVc auditory neurons in this preparation respond preferentially to
the bird's own learned song (BOS). During recordings we have
optically lesioned either RA or area X projecting cells that were
retrogradely filled with a phototoxic dye. Preliminary evidence
suggests that the intrinsic projections of both RA and X projecting
neurons contribute to the selective auditory responses. We have
confirmed that the optical lesions spare unlabeled cells by subsequent
injection of other retrograde tracers into RA and area X.
In single experiments we have intracellularly labeled and recorded
retrogradely labeled neurons from each of the three morphological
classes of neurons in HVc, and from both area X and RA projecting
neurons. Intracellular labeling revealed portions of the intrinsic
arborizations. We have preliminary intracellular recordings from
more than one cell within a cluster of HVc neurons, and will examine
the synaptic interactions between cells. With these techniques we are
examining the function of identified neurons in the song circuit.

IN VIVO

Supported by NSF grant IBN-9309771.
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ELECTROPHYSIOLOGICAL RESPONSES TO SONG PRESENTATION IN CAUDOMEDIAL NEOSTRIATUM OF ZEBRA
FINCHES: LINKS TO ZENK GENE INDUCTION. R. Stripling*1.
S.F, Volman2. and D.F, Clayton1. Beckman Institute, Urbana, IL,
61801 & 2Dept. of Zoology, Ohio State Univ., Columbus OH 43210.
Transcription of the ZENK gene is activated in the caudomedial
neostriatum (NCM) of songbirds, in response to the sound of
birdsong (PNAS 89:6818). Repetition of one song results in a
selective decline in the response to that particular song, suggesting
that ZENK activation may be somehow linked to the acquisition of
song-related discriminations and memories (Clayton & Mello, Soc.
Neuro. Abstr., 1993). These observations raise two questions about
the relationship between the ZENK gene response and
electrophysiological activity in NCM: 1) are neurons in NCM tuned
to respond electrophysiologically to specific acoustic elements of
song?; 2) are there changes in the electrophysiological response that
are associated with the induction and/or subsequent selective decline
in the ZENK response? To address these questions, we recorded the
electrophysiological responses of NCM units in awake,
unanesthetized zebra finches. We find that units in NCM respond to
a broad range of acoustic stimuli, but paralleling the selectivity of the
ZENK response, they are excited more by conspecific song than by
heterospecific song, white noise or pure tones. Preliminary evidence
indicates that some proportion of these units undergo changes in
response selectivity with repeated stimulation, also paralleling the
previously observed selective decline in ZENK induction.
(Supported by NIH grants R29-MH47330-02 and NS25742)

DIFFERENTIAL
MODULATION
OF
EXCITATORY
SYNAPTIC
TRANSMISSION BY NOREPINEPHRINE AND BACLOFEN IN ZEBRA
FINCH NUCLEUS RA. D, J, Perkel* Division of Biology 216-76, California
Institute of Technology, Pasadena, CA 91125.
Neurons in nucleus RA of songbirds receive convergent synaptic input from
nuclei HVc and L-MAN. Both connections are thought to use glutamate as a
neurotransmitter, but they may activate different postsynaptic receptors; earlier
studies found that HVc inputs use primarily AMPA/kainate receptors and LMAN inputs use primarily NMDA receptors (Mooney & Konishi, 1991; Kubota
& Saito, 1991). Norepinephrine (NE) and acetylcholine are present in RA and
are candidate modulators of synaptic strength during song learning. I have used
whole-cell recording to study aspects of synaptic transmission from HVc and LMAN onto neurons of RA in brain slices from male zebra finches (30 - 45 d old).
Voltage-clamp analysis of excitatory postsynaptic currents (EPSCs) revealed
that, with sufficient depolarization, the HVc input exhibits a substantial NMDA
receptor-mediated component in addition to the reported AMPA/kainate
component. The L-MAN input is predominantly mediated by NMDA receptors.
Bath application of NE (10 pM) caused an 80 ± 4% reduction of the L-MAN
EPSC and a 28 ± 8% reduction of the HVc input (n = 11). The GABAb receptor
agonist baclofen (30 pM) caused only a partial inhibition of the L-MAN input (42
± 6%), but reduced the HVc EPSC by 91 ± 3% (n = 8). The action of NE was
blocked by the <X2 adrenergic antagonist yohimbine (10 pM, n = 4). The
cholinergic agonist carbachol (10 pM) did not modulate either input (n = 4).
This differential effect of NE and baclofen on the two synaptic inputs to RA
raises the possibility that arrival of sensory information from L-MAN and motor
information from HVc during song learning may be differentially modulated,
perhaps depending upon the behavioral state of the animal.
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INTRINSIC INTERACTIONS BETWEEN ZEBRA FINCH HVc
NEURONS INVOLVE NMDA-RECEPTOR ACTIVATION. E. T. Vu*
and M S. Lewicki. Division of Biology, Caltech, Pasadena, CA 91125.

A COMPUTATIONAL MODEL OF SONG LEARNING IN THE
ANTERIOR FOREBRAIN PATHWAY OF THE BIRDSONG CONTROL
SYSTEM. K. Dova* and T. T. Sejnowski. Howard Hughes Medical Institute,
Salk Institute, PO Box 85800, San Diego, CA 92186-5800.
The birdsong control system has two pathways: the direct pathway
[HVc->RA-»nXIItsJ is involved in motor pattern generation and the
anterior forebrain loop [HVc—»area-X—»DLM—» L-MAN—»RA] is essential
in learning but is not responsible for execution of the motor program. We
propose the following hypotheses: 1) L-MAN modulates the synaptic
connections from HVc to RA to promote the exploration of motor patterns;
2) area-X provides an evaluation signal for each syllable produced; 3) the
synapses in RA are potentiated based on the contingent modulation from LMAN and the evaluation from area-X. These hypotheses are compatible
with the findings from lesion studies and the locations of NMDA receptors
in RA. We constructed a computer model of the song control system to
examine the above hypotheses. A sound synthesizer with harmonic and
noisy sound sources was used as a model of the vocal organ syrinx. RA units
with different motor projection and temporal response profiles were driven
by HVc units that code syllable sequences. The temporal pattern of motor
command was determined by the connection strengths from HVc units to RA
units. The reinforcement pathway from area-X to L-MAN modulates the
connection strengths to RA based on the estimated error gradient from a
previously learned song template. Using a recorded zebra finch song as the
template, this learning system achieved 90% accuracy in a spectrographic
measure after 200 trials. When a model song was used as the template, it
was reproduced with 96% accuracy, a virtual bird offspring. The results
confirm that the anterior forebrain pathway could serve as a reinforcement
learning system. The model makes predictions for further experiments.

Area HVc of the songbird forebrain is important for the acquisition, perception,
and control of learned vocalizations. We are characterizing the intrinsic
physiological properties of neurons in HVc and their synaptic interactions.
Whole-cell patch recordings of HVc neurons were obtained in acute brain slices
prepared from 37-55d old male zebra finches.
Electrical stimulation in the area ventral and posterior to HVc, which is known
to contain the axons of HVc neurons that project to area RA, evoked multi-phasic
postsynaptic potentials in most HVc neurons. This antidromic activation of one
class of HVc neurons led to a monosynaptic EPSP in HVc neurons followed by a
polysynaptic IPSP. The IPSP was reversibly abolished by applying to the
perfusing solution the GABAA-specific antagonist bicuculline methiodide (BMI; 5
gM; N=5 out of 5). In the presence of 5 gM BMI and 5 pM CNQX (a specific
antagonist of AMPA/kainate receptors) and with no Mg* in the perfusing
solution, stimulation of the HVc-to-RA tract evoked a slow-rising (time to peak >
10 ms) and long-lasting EPSP that was reversibly abolished by 10-20 pM DLAPV, a specific antagonist of NMDA receptors (N=6/6). Thus, excitatory synaptic
transmission between HVc neurons involve activation of NMDA receptors.
HVc neurons participate directly in organizing the stereotyped pattern of zebra
finch song (Nottebohm et al., 1976; McCasland, 1987; Vu et al., 1993). NMDAreceptor activation might contribute to this pattern-generating function.
Additionally, activation of NMDA receptors in HVc might be an important neural
mechanism subserving song learning.

74.13

74.14

Topographic Organization of a Forebrain Pathway Involved
With Vocal Learning in Songbirds

COMPARISON OF THE MASCULINIZING EFFECTS OF
TESTOSTERONE, ESTROGEN, ANDROSTENEDIONE,
AND PROGESTERONE ON THE ZEBRA.FINCH SONG
SYSTEM William Grisham* & Arthur P. Arnold. Dept. of Psych.and
Brain Research Institute, UCLA, Los Angeles 90024-1563
Both estrogen (E2) and testosterone (T) have been reported to
masculinize the song system in developing female zebra finches.
Androstenedione (AE) is the most effective hormone in activating adult
song behavior and is readily converted to estrogens in hatchling zebra
finch brain. Progesterone (P) is a precursor of AE, T, and E2.
We implanted hatchling females with E2 (75gg, n=9), T (75-88gg,
n=13), AE (75gg, n=7), and P (117gg, n=10), or nothing (blanks,
n=10) and compared these to unimplanted males (n=7). Implants
consisted of hormone in Silastic encased in PE tubing placed under the
skin of the breast Brains were removed at 58-68 days of age, sectioned
at 30 gm and stained with thionin. A blind observer measured volumes
of Area X, HVC, and RA; measured soma sizes in MAN, HVC, and
RA; and counted RA neurons.
E2 masculinized (increased) all measures in the song system. T
masculinized volumes of nuclei and soma sizes but not the number of
RA neurons. E2 was significantly more effective than T in
masculinizing all measures except for HVC and MAN soma areas.
Males differed significantly from all groups on volume and soma size
measures except for RA soma size in E2 treated females. AE and P did
not significantly masculinize any measure. These data indicate that E2 is
more potent than aromatizable androgens or P in masculinizing the
female song system in development, nih i F32 NS09040 and usphs dcoo 217

Frank Johnson*, Michelle M. Sablan, & Sarah W, Bottjer
Department of Biological Sciences, USC, Los Angeles, CA 90089-2520

A serial pathway from the thalamus (DLM) to a pre-motor cortical region
(IMAN) to a motor-cortical region (RA) is necessary for vocal production during
song learning in juvenile male zebra finches, but is not necessary for the recitation
of already-learned song by adults. To obtain new information about the possible
function of the DLM-*/A4AN-*R4 pathway in vocal learning, we used antero- and
retrograde tract-tracing techniques (pressure injections of Dil and DiA) to map
the pattern of axonal connections between these brain regions in adult male zebra
finches. Results revealed that two topographically-organized pathways are nested
in parallel within the DLM-*/AL4N-*R4 pathway. An oval-shaped dorsolateral
portion of DLM projects solely to the central core of IMAN (IMANcore), whereas
the surrounding ventromedial crescent of DLM projects exclusively to a
parvicellular shell that encircles IMANcore (IMANshe//). In turn, IMANshe//
neurons project solely to an arc-shaped region of the dorsal archistriatum (DA)
just lateral to RA, whereas IMANcore neurons project exclusively to RA. All
projections show strong mediolateral topographic organization (e.g., medial
IMANshe// projects to medial DA and lateral IMANshe// projects to lateral DA).
Our data raise the question of what is being mapped within these forebrain songcontrol regions. Because RA projection neurons are organized myotopically with
respect to the major vocal (syringeal) muscles (Vicario, 1991), one possibility is
that syringeal myotopy is preserved “upstream” within either or both pathways.
Similarly, the presence of song-selective auditory neurons in DLM, IMAN, and RA
(Doupe & Konishi, 1991) suggests that auditory or auditory-motor mapping might
occur within the DLM-*iMAN-*RA pathway.

74.15

SELECTIVE EXPRESSION OF ONGOING BILATERAL
MOTOR PATTERNS BY UNILATERAL GATING IMPLICATIONS FOR LATERALIZATION OF BIRDSONG.
F. Goller* and R.A. Suthcrs. School of Medicine, Indiana Univ.,
Bloomington, IN 47405.
In songbirds, asymmetries in song production range from a clear
dominance by one side of the vocal organ, the syrinx, to approximately equal contributions from each side. The nature and significance of this functional asymmetry remains controversial. We
have monitored the activity of syringeal muscles in spontaneously
singing brown thrashers (Toxostoma rufum) which often produce
sound with only one side of their syrinx at a time. Only the motor
output to the muscles that gate sound production (m. syringealis
dorsalis, m. tracheobronchialis dorsalis}, by permitting or preventing
airflow through each side of the syrinx, is lateralized. The motor
pattern to other muscles that control sound parameters, such as
the frequency of the sound (zn. syringealis ventralis}, is provided to
both sides of the vocal organ, regardless of which side is
generating sound. This finding is consistent with the absence of
clear laterality in either the morphology or activity of the central
nuclei controlling song production, but fails to support hypotheses
suggesting song lateralization evolved in response to selective
pressures favoring a single "executive" command center or to free
brain space for other tasks. (PHS R01 NS29467).
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ACTIVATION OF LOCOMOTION BY LATERAL LINE PHOTORECEPTOR
STIMULATION IN THE LAMPREY. G.N.Orlovskv*. T.G.Deliagina. F.Ullen.
M.J. Gonzalez and S.Grillner. Dpt of Neuroscience, Karolinska Institutet, S-171 77
Stockholm, SWEDEN

COMPARATIVE HEARING ABILITY OF TWO CENTRARCHID
FISHES: BLUEGILL (Lepomis macrochirus) AND LONGEAR
(Lepomis megalotis). H. Y. Yan* School of Biological Sciences,
University of Kentucky, Lexington, KY 40506-0225
Male members of several species of sunfish are known to
produce a rasping sound during agonistic and reproductive behavior.
It is likely that these acoutic signals could be used as isolating
mechansim for sexual reproduction. However, hybridiztions among
sunfish species have been reported, especially after man-made
introductions into same habitats. It is hypothesized that the breakdown
of isolating mechanism is largely due to inability of acoustic signal
discrimination ability among species. As the first step to test this
hypothesis, comparative hearing ability of two centarachids, bluegill
{Lepomis macrochirus) and longear (L. megalotis) were investigated
using an automated positive reward method.
Five adult males
(standard lengths: 9-10 cm) from each species were trained using
physchoacoutic procedures. It was found that auditory sensivities of
both species overlaped in the frequency ranges (up to 1500 Hz) and
thresholds. Similarities of auditory ability provided supports to the
proposed hypothesis. Frequency and intemsity discrimination abilities
of these two species are currently being investigated to further test the
hypothesis.

This study was performed to characterize the response to tail lateral line
photoreceptor illumination (TI) and its neuronal correlates in lamprey. TI in
quiescent lampreys evoked swimming wihout any preferred direction relative to the
light source. In both adults and larvae the locomotor response in the great majority
of cases started with a yaw turn, which was performed by propagating a mechanical
'turning wave' rostrocaudally along one side of the body. In electromyographical
recordings from adult animals the 'turning wave' was reflected as a unilateral,
propagating burst of activity in the somatic musculature of the side towards which
the turn was made, appearing immediately after detachment, and of higher intensity
and burst length than the subsequent locomotor bursts. Burst intensity was
positively correlated with turning angle. In some cases a tonic activation of somatic
musculature was seen before detachment, giving the body an S-like shape. In larval
lampreys, TI simultaneously activated neurons in the middle rhombencephalic
reticular nucleus (MRRN) on the left and right sides. Tonic activity or slow bursts
(< 0.5 Hz) were evoked, in some cases lasting more than 20 s after stimulation.
Transection of one lateral line nerve, or the cerebellar commissure did not affect the
response. Afferents on one side thus activate the MRRN bilaterally through a
pathway outside the cerebellar commissure. Cells in other reticular nuclei were
activated less consistenly than MRRN cells. This bilaterally symmetrical activation
of reticulospinal neurons, is presumably responsible for the activation of spinal
locomotor networks, without any directional bias to the left or right side.

75.3

75.4

POST-TECTAL CONTROL OF VISUALLY ELICITED ESCAPE TURNING IN
Rana pipiens. EVIDENCE FOR A MIDBRAIN TEGMENTAL RELAY. J.M.
Roche* and C.M. Comer Dept. of Biological Sciences, Univ. of Illinois at Chicago,
Chicago, IL 60607
Frogs respond to small moving objects by turning towards the objects and then
snapping, and respond to large looming objects by turning away and jumping. Both
of these directed, spatially organized behaviors are dependent upon the optic tectum.
We and others have recently become interested in post-tectal processing of visual
information. Unilateral lesions of tectal efferent pathways in the brainstem disrupt the
turning component of prey capture in the ipsilateral visual hemifield, i.e. affecting a
crossed descending pathway (Masino & Grobstein, 1989). We have found that
lesions of this type also disrupt the turning component of visually evoked escape, but
only in the contralateral hemifield, i.e. affecting an uncrossed descending pathway.
Also, small lesions can affect one behavior while leaving the other intact. This
indicates that the pathways which underlie turning for each type of behavior are
different and run in distinct trajectories through the brainstem.
Masino and Grobstein (1989) have shown that the pathway controlling prey capture
turning does not travel directly from the tectum to the brainstem, but instead relays in
the midbrain tegmentum. To determine the connectivity of the escape turning
pathway, we placed HRP in brainstem lesions producing behavioral deficits in escape
turning only, or in prey orienting and escape. Labeling patterns and cell counts were
obtained by examining serial sections of HRP reacted brains. In all cases virtually no
cells in the optic tectum were labeled. This indicates that, similar to prey capture,
escape turning information from the tectum does not descend directly to the brainstem.
In contrast, various nuclei in the midbrain tegmentum were heavily labeled in
association with both lesion effects. Thus, although tectofugal signals underlying
turning for prey capture and for escape descend in separate pathways, they each reach
the brainstem indirectly by way of midbrain tegmental relays.

SEEING BEYOND THE MIDLINE: THE ROLE OF
CONTRALATERALLY PROJECTING ISTHMOTECTAL FIBERS IN
Rana pipiens. B.C.Weber and E.R.Gruberg*. Biology Dept., Temple
University, Philadelphia., PA 19122
The visual field for each eye of Rana pipiens extends over a 235°
field at ground level: 180° ipsilaterally and 55° contralaterally in the
frontal field. This can be shown by placing an opaque patch over one
eye and carrying out visual perimetry using a live cricket as a prey
stimulus. We have shown that a unilateral optic tract cut close to the
optic chiasm eliminates responses to prey stimuli in the visual field
ipsilateral to the cut. What accounts for the difference in visual field
size? In both patched and optic tract cut animals there are intact
projections from one eye to the contralateral tectum. We suggest that
visual field size depends on whether contralaterally projecting
isthmotectal input is normal or compromised. Nucleus isthmi, whose
input is primarily from the ipsilateral tectum, projects to both tectal
lobes. The contralaterally projecting isthmotectal fibers decussate in
the posterior part of the optic chiasm and are then admixed with optic
fibers. After a cut of the posterior part of the chiasm and with an
opaque patch over one eye, an animal only responds to prey stimuli in
the hemifield. After cut of the anterior part of the chiasm and with
an opaque patch over one eye, an animal can respond almost as far
across the midline as an intact animal with a patch over one eye. In
preliminary experiments, frogs with unilateral ablation of nucleus
isthmi and a patch over the contralateral eye respond to stimuli only
in the hemifield. Our results are consistent with the view that input
from contralateral and ipsilateral nucleus isthmi influences tectal
function in different parts of the visual field.

75.5

75.6

LEFT-RIGHT ASYMMETRIES IN THE LARYNX OF MALE AND FEMALE
CRICKET FROGS (ACRIS CREPITANS). B.E. McClelland*1 Department of

PHARMACOLOGICAL CHARACTERIZATION OF D1 & D2 DOPAMINE
RECEPTORS IN RANA PIPIENS. J, CHU*1. R.E. WILCOX2 AND W.

Psychology, University of Texas, Austin, TX 78712.
Many animals show left-right asymmetry in structural or functional
characteristics of vocalization.
Recent evidence suggests that the
pretrigeminal area, implicated in the control of anuran vocalizations, is
lateralized in Rana pipiens (Bauer, 1993, Psychobiology. 21: 243-248). I
compared the right and left volumes of laryngeal components in male and
female cricket frogs (Acris crepitans) to assess whether the peripheral anatomy
for vocalization in this species might also be asymmetric. Significant
asymmetric trends are seen in this sample, as arytenoid cartilages from both
males and females are significantly larger on the right than the left (Male, n=76,
68.4% right-biased, sign test p<.01, t-statistic=3.094, p<.01; Female, n=40,
82.5% right-biased, sign test p<.01, t=6.381, p< 01). Total muscle volume,
however, shows a right-side bias in males but not females (Male, 71.4% rightbiased, sign test p<.01, t=3.275, p<.01; Female, 55% right-biased, sign test
p>.05, t=1.158, p>.05). The arytenoid cartilage asymmetries in both sexes
suggest that this is a monomorphic genotypic trait, not the result of hormonal
or sex-limited influence that might be the case for laryngeal muscle
development. Most (but not all) animals in this study are right-biased in
contrast to the cited study of neural lateralization, implying that species (and
individuals) probably differ in which side is dominant and/or to what extent a
trait is asymmetric. (Supported by NSF BNS-9021185 to W. Wilczynski and M.
J. Ryan)
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WILCZYNSKI1. Depts. of 1 Psychology and 2Pharmacology, University of

Texas, Austin, TX 78712.
The dopaminergic system plays an important role in mediating many
natural behaviors in mammals and birds. In particular dopamine (DA) is involved
in reproductive behavior, especially in males. Currently, five DA receptor
subtypes are known, belonging to either the D1 or D2 receptor subfamily.
Each subfamily possesses a distinct pharmacological profile. We investigated
whether similar DA receptor types are present in amphibians. The binding
kinetics of D1 and D2 receptors subtypes were characterized in saturation
binding assays using pooled fore- and midbrain homogenates from male Rana
pipiens. For the D2 receptor, the equilibrium dissociation constant (Kd) was
determined to be 0.3± 0.1 nM, and the Bmax for these receptors was 54±30
fmoles/mg protein, using 3H-spiperone as ligand. For D1 receptors, the Kd
was 1 .Q±0.4 nM, and the Bmax was 66±22 fmoles/mg protein, using 3H-SCH23390 as ligand. These Kd values are consistent with previously reported
binding studies using rat striatum, as well as with the rat striatum controls
performed simultaneously with the R. pipiens assays in our laboratory. D1 and
D2 Bmax values are significantly lower in Rana pipiens than rat striatum. Our
results indicate that there are at least two distinct DA receptor subtypes
present in anurans, leaving similar steady state equilibrium dissociation
constants to mammalian receptors. Further investigation using competitive
binding assays will confirm whether these receptors exhibit the
pharmacological profile consistant with true D1 and D2 receptors. Supported
by NIMH T32MH18837, NIH RR08579A, and NSF BNS9021185
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HOW

GENERAL

DO

SMALL

FROGS

CAPTURE

LONG

EARTHWORMS?

A. Weerasuriva*, C.R. Baker and N.A. Ball. Division of Basic Medical Sciences,
Mercer University School of Medicine, Macon, GA 31207.
Frogs capture prey with a rapidly executed ballistic motor pattern. After prey
identification and orientation toward it, the subsequent consummatory phase
includes a lunge toward the prey with the jaws and tongue being used to
retrieve the prey into the mouth. The objective of this study was to analyze the
strategy employed by frogs (Rana pipiens) of varying sizes, to capture prey of
different lengths (mealworms - 25 to 34 mm, earthworms - 55 to 85 mm). The
frogs were divided into three groups according to their weight. The behavioral
sequences were recorded with a high resolution video camera and
subsequently analyzed frame-by-frame. Two modes of tongue protraction were
acts the prey. Mode B identified. Mode A - A partially protracted tongue
The bifid end of the
Large
Medium
Small
Body weight (g) 20.7 ± 4.6 40.6 ± 4.3 56.2 ± 6.8 completely protracted
tongue contacts the
Gape width (mm) 21 ± 1
29 ±2
26 ± 1
worm and substrate.
Snout-Vent (mm) 64 ± 2
84 ±3
90 ±3
Grasping of prey by
35%
72%
71%
E’wms - Mode A
jaws
without
any
preceding
contact
65%
28%
29%
E’wms - Mode B
between
tongue
and
54%
M’wms - Mode A
66%
prey was not observed.
46%
34%
M’wms - Mode B
The
results
are
summarized in the table. There were 33 to 52 observations in each group. To
capture earthworms, the small and medium sized frogs used a partial tongue
protraction more often; the large frogs relied more on a fully protracted tongue
to retrieve the prey. Both small and medium frogs used a fully protracted
tongue more often to retrieve mealworms than they used it to capture
earthworms. Therefore, the mechanisms used in the consummatory phase of
anuran prey capture is a function of the relative sizes of predator and prey.

AN INTEGRATED SYSTEM FOR ANALYSIS OF CONDITIONED
AND UNCONDITIONED PECKING RESPONSE PARAMETERS
R, Bermeio*, D. Houben, R. Panteon and P. Zeigler.
Biopsychology
Program, Hunter College (CUNY), New York, NY 10021.
Pecking behavior in pigeons involves transport of a prehensile effector
(the beak) towards biologically significant targets, and the generation of jaw
movement patterns (grasping, manipulation, drinking) whose topographies
are appropriate to the stimulus properties of the target. Ingestive pecking
involves coordination of multi-joint (neck) and single-joint (jaw) effector
systems under visual and somatosensory control. Because pecking may also
be brought under associative control, pecking response rate is widely used
as an indicator response in conditioning studies. However, the conventional
pecking response key provides minimal information on the topography,
coordination, or localization of pecking behavior. We describe a computercontrolled system which, in addition to recording response rates, permits
simultaneous "on-line" monitoring of head acceleration, jaw movement,
terminal peck location, and pecking response duration. The system makes
possible controlled stimulus presentation and the establishment of response
contingencies with respect to peck location and gape, and provides data on
both conditioned and unconditioned pecking behavior. It will be useful in
neurobehavioral studies of brain mechanisms mediating visuomotor and
somatosensorimotor control.
(Supported by NSF Grant BNS-88-10722, NIMH Grant MH-08366 and
Research Scientist Award MH-00320 to H. P. Z.)
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IN
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AND
REAL
VS
PICTURE

EFFERENT PROJECTIONS OF THE AVIAN NUCLEUS TAENIA AS
REVEALED BY PHAL METHOD SUPPORT HOMOLOGY OF MAMMALIAN
AMYGDALA. M.-F, Cheng*, M, Chaiken and M, Zuo.
Institute of Animal Behavior, Rutgers University, Newark,
NJ 07102
Nucleus taenia (n. Tn) is a discrete subgroup of
limbic archistriatum (LA) that constitutes the avian
amygdala homologue (Zeier and Karten, 1971). As in the
mammal, an amygdala-hypothalamus pathway has been
identified and is thought to originate from the LA. The
n. Tn can be clearly demarcated from the other LA
structures by presence of estrogen binding sites, and
perikarya and processes of met-enkephalin and Substance P
suggesting that n. Tn may be the homology to mammalian
amygdala. In the present study we determine efferent
projections of the n. Tn in two distant species of birds,
starlings and doves, by iontophoretically injecting the
PHAL into n. Tn. In both species, we found hypothalamic
projections as well as massive projections to the
neocortical regions. In contrast to mammals, however,
the "cortical” projection did not include hippocampus.
Instead the pathways travel along the lateral ventricle,
from its anterior edge continuing along dorsal edge of
lateral ventricle; the highly arborized terminal fields
can be seen along the ventricular zone. Supported by
NIMH 47010 to MF Cheng.

DISCRIMINATION

TASKS.

5. Watanabe*,

Department

of

Psychology, Keio University, Tokyo, Japan
We have reported visual concept of food and non-food in pigeons

(Watanabe,! 991,Visual

Nuerosci.),

object-to-picture

and

picture-to-object transfer of visual discrimination (Watanabe,
1993, Behavioural Proc.). In the present experiment, we trained

pigeons on the following two tasks;
1) Discrimination between real objects and their pictures (either

category consisted of food and non-food objects).
2)
Discrimination between food and non-food (either category

consisted of real objects and and pictures).
After the behavioral training, they received bilateral lesions of the
ectostriatum or visual Wulst.

After 5 days of resting, they were

retrained on the same task again.
Neither the ectostriatal lesions
nor Wulst lesions caused
deficits in the object vs picture discrimination. It means that the

discrimination dose not need processing at the telencephalon level.
On the other hand, the ectostriatal lesions caused deficits in the food
vs non-food discrimination. It means that classification of visual
stimuli consisted of real objects and their picture needs an
“integration” processed in the ectostriatum.

75.11

75.12

EVIDENCE FOR OLFACTORY FORAGING BY ANTARCTIC
PROCELLARIIFORM SEABIRDS. G.A. Nevitt*. Institute of Neuroscience,
University of Oregon, Eugene, Oregon, 97403
Although the olfactory acuity of Antarctic procellariiform seabirds has been
suspected, little is known about how these birds use their keen sense of smell, or
what specific odors they can detect. As part of a study on seabird foraging, I
conducted experiments designed to test the olfactory sensitivities of these birds
to potential volatile substances associated with a primary prey species, Antarctic
krill (Euphausia superba). Working at sea, I presented birds with perfumed
vegetable oil slicks paired with unscented control slicks. My aim was to
produce a plume of odor emanating from the slicks which would approximate
aromatic concentrations typical of what birds might naturally encounter
(nanomolar range). Olfactory stimuli included: crude krill extract, cod liver oil
(fishy), trimethyl amine (fish and krill), pyrazine (krill), and one foreign
odorant, phenyl ethyl alcohol (rose scent). Once slicks were deployed, two
teams of "blind" observers (one team per slick) simultaneously recorded
numbers, behaviors, and species identities of new arrivals. A bird was counted
as showing interest if it 1) flew upwind directly over the slick within
approximately 1 m of the surface, 2) alighted or 3) pattered on the slick. Results
indicate that many (but not all) procellariiform species were attracted in
significantly higher numbers to perfumed over control slicks (G- test, P < 0.05),
and that the relative attractiveness of odors varied between species. I found no
relationship between the attractiveness of odorants and prevailing weather
conditions, suggesting that these differences were not strictly due to
discrepancies in odor volatilities or transport These results support an olfactory
foraging strategy for a subset of procellariiform species occurring in the
Antarctic. Supported by NSF Polar Programs.

SENSORIMOTOR INTEGRATION OF SPATIAL INFORMATION IN THE
SUPERIOR COLLICULUS OF THE ECHOLOCATING BAT. D.E. Valentine*. R.
lannucci and C.F. Moss. Prog, in Neurosci. and Dept of Psychol., Harvard Univ.,
Cambridge, MA 02138.
Echolocating bats orient in the environment and capture prey with the use of an active
acoustic imaging system. The bat's vocal apparatus functions as a sonar transmitter, and
the bat's auditory system functions as a sonar receiver that extracts spatial information from
features of echoes returning to its ears. When a bat approaches a target, it continuously
modifies its echolocation sounds, and it relies on incoming echo information to shape the
characteristics of its subsequent sonar cries. In addition, acoustic information about the
azimuth and elevation of a sonar target elicits orienting movements of the head and pinnae
towards the sound source. All of this requires a common sensorimotor interface, where
echo information is used to guide motor behaviors.
Our research examines the functional organization of the superior colliculus (SC) of the
echolocating bat, Eptesicus fiiscus. We have previously shown that the SC of the bat is
organized to represent the spatial location of a target in three-dimensions: azimuth,
elevation and range (Valentine & Moss, '93, Neurosci. Abstr.). Encoding of azimuth and
elevation in the SC may be important for guiding head aim towards a target Encoding of
target range, a dimension not previously studied in the SC, may be important for the
coordination of sensory and motor signals that drive this animal's acoustic orientation,
since changes in the bat's echolocation behavior are closely tied to changes in target range.
In the current study, we report on microstimulation experiments in which we elicit pinna
and head movements via electrical pulse trains in the bat SC. In addition, we have elicited
vocalizations by microstimulation, a result not observed in other species. The elicited
vocalizations are echolocation sounds which are modulated by the features of our
stimulation parameters, and are often coupled to a fixed-direction translation of the head.
The directional control of vocal behavior in the bat is an integral part of its acoustic
orientation, and our data fit the general notion that the SC is involved in coordinating
species-specific orienting behaviors. Supported by Sadder, Whitehall &NSF.
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FREQUENCY MODULATED SOUND PATTERN ANALYSIS IN
BATS. R.C. Roverud*. Dept. of Biology, Univ. of Calif., Riverside,
CA 92521.
A stereotyped approach phase vocalization response ofNoctilio
albiventris to artificial echoes simulating a virtual approaching
object was used to assess the ability of the bat to analyze and
extract distance information from the artificial echoes. The
performance of the bats depended on the temporal pattern of
frequency change ofthe continuously sweeping frequency modulated
(FM) component of the signals. When the bats were presented with
a CF/FM signal containing a time-reversed upward FM sweep, they
responded with approach phase behavior at a performance level that
was significantly below that seen with a CF/FM signal containing
a naturally structured downward FM sweep. When the FM sweep
was divided into a series of brief pure tone steps, the bats
effectively processed downward but not upward FM sweeps when
the difference in frequency between pure tone frequency elements
of the FM sweeps was from about 100-200 Hz, but they effectually
processed both downward and upward FM sweeps when the tonal
elements composing the FM sweeps were separated by more than
about 200 Hz. This suggests that the ability of the bats to
effectively process downward but not upward FM sweeps is based
on local interactions between adjacent frequency elements of the
complex sounds. Supported by NIH DC02034.

DETERMINING THE SOURCE OF PCP-INDUCED SOCIAL
WITHDRAWAL IN THE RAT. R.E. Steinpreis*, H.E.
Kuppinger, J.J. Panos, & D. Hollenberg. The
Department of Psychology, University of Wisconsin-Milwaukee, Wisconsin 53211.
PCP has been shown to produce psychosis and
social withdrawal in humans and rats. Studies
using freely moving rats have made it difficult
to determine whether the social withdrawal is
due to the effects of PCP in the drugged animal
or avoidance on the part of undrugged animals
in response to unusual behavior.
In the present
study, pairs of animals were placed into an
observation chamber and time spent in contact
was recorded. One of the rat’s movement was
restricted to half of the chamber via a tether
and conditions included tethering the drugged
rat, the undrugged rat and neither rat.
PCP
reduced social interactions when neither rat
was tethered and when the undrugged rat was
tethered, but not in the condition where the
drugged rat was tethered. Therefore, the
social withdrawal is initiated by the drugged
rat and not the undrugged rat. The tether
paradigm may be a useful assay to index druginduced social withdrawal.

75.15

75.16

WEIGHT/AGE OF ADULT MALE RATS PREDICT ACTIVITY LEVELS IN AN

ROTATIONAL SWIMMING TENDENCIES IN THE DOLPHIN
N. SobeP. A, Ya, Supin^and M, Myslobodskv1 ♦. Psychobiology
Research Unit^, Department of Psychology, Tel-Aviv University (Israel) and
Russian Academy of Sciences Institute of Evolutionary Physiology^ (Russia)
Anecdotal evidence suggests that dolphins placed in a pool tend to
swim in circles. These observations were validated on a sample of 13 freshly
captured Bottle Nosed dolphins (torsiops truncatus) (10 females and 3 males)
tested at the Otrish sea station on the Black Sea. Their weight ranged from
111 Kg to 225 Kg (X=155±30 kg) and length varied from 196 cm to 245 cm
(X=222±17 cm). Each dolphin was isolated in a pool and its behavior was
repeatedly observed during 24 hour periods. The majority of dolphins, 11 of
13 cases, appeared to exhibit persistent swimming in counterclockwise circles
(%2 =6.23, a=0.02). This direction persisted throughout the circadian cycle,
and was unaffected by direction of water current, ocular dominance, pool size,
or priming effect (the direction in which the dolphin was introduced to the
pool). The distribution of the sample did not permit exploring any role of sex
in rotation. Test-retest reliability evaluated for directionality of circling
computed for the whole period of observation reached an impressive r of 1
for all dolphins with the exception of two which reached r=.99 and r=.96. The
directionality preference was altered only in the course of group swimming
and then in the presence of a dominant dolphin with opposing circling
directionality. This stereotypic behavior represents a paradox in view of
alternating electrophysiological signs of sleep (Mukhametov, Supin, &
Polykova, 1977). We therefore noninvasively recorded auditory evoked
potentials (AEP) from the left and right auditory cortex in two randomly
allocated dolphins who were previously rated as consistent "lefters". The
recovery cycles of AEPs were separately computed for each hemisphere for
early (P20) and late (P50) components. The recovery curves obtained from
the two sides appear to be practically symmetrical and thus unrelated to
circling directionality.

AUTOMATED OPEN-FIELD. E.L Hargreaves*, K.-P. Ossenkopp, M, Kavalios, and D.P,
Cain, Neurosciences Program, Departments of Psychology and Oral Biology, University of
Western Ontario, London, Ontario, Canada N6A5C2.
Open-field activity levels make up a substantial proportion of the behavioral data examined
after pharmacological and/or lesion manipulations. It is accepted practice in these studies to
employ controls accounting for drug delivery, and surgical procedures. Here we report that
weight of the animal appears to be another important variable to control for, accounting for over
30% of the variance of some activity measures.
The Digiscan Animal Activity monitor System is an automated open-field system, based on
the breaking of infrared beams, mounted every 2.54 cm along the bottom of the monitors (40 X
40 X 30.5 cm). A number of measures can be recorded: Total Distance Travelled (TD),
Average Distance per Movement (AD), Average Speed per Movement (AS), Number of
Horizontal Movements (NM), Time Spent in Horizontal Movement (MT), Time per Horizontal
Movement (TM), Number of Vertical Movements (VM), Time spent in Vertical Movement (VT),
and Time per Vertical Movement (TV).
A standard protocol employed by us for recording exploratory activity has been the collection
of 12 consecutive, 5 minute samples. Fa most rodent species this pattern is characterized by
initially high activity levels which quickly drop down to basal levels after 30 minutes, where they
remain until the end of the session. Work in our laboratories has shown various dug and lesion
manipulations, can alter this basic pattern, with cffferent measures being sensitive to the
various manipulations often allowing fa subtle dissociations. Throughout these studtos care
has been taken to match the experimental animals with control animals of the same
weight/age.
A re-analysis of such control data collected from 44 adult (mean=358.75g; S.D.=133.72;
range=266-782) Long-Evans male rats that were naive to the procedure, revealed that weight
(confounded with age) was significantly related to activity levels, with stronger relations at the
beginning of the session, which became weaker as the animals approached basal activity
levels. Quadratic regressions indtoated that of the 9 measures assessed (aggregated ova the
first 30-min.), weight/age accounted fa ova 30% of the variance of TD, NM, MT and TM, but
less than 5% of the variance of AS, VT and TV, with weight/age accounting fa 15% of AD
and 25% of VM. These results suggest betta predictability during high activity levels, and fa
horizontal measures ova vertical, and movement characteristic measures.
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LINKAGE ANALYSIS FOR A GENE PREDISPOSING TO BIPOLAR
AFFECTIVE DISORDER NEAR D18S32: A PRELIMINARY REPORT.
D.K. Lahiri, T. Guscar, T. Foroud*, P.M.Conneally*, J.I.Numberger* and
J.I.Numberger. Jr. Department of Psychiatry,+Medical and Molecular
Genetics, Indiana University School of Medicine, Indianapolis, IN 46202.
Genetic factors appear to contribute to the development of both bipolar
(BP) and unipolar (UP) affective disorder The mapping of genetic loci for
these disorders has been difficult due to the presence of genetic heterogeneity
as well as nongenetic forms of the disorder
We have used a molecular genetic approach to localize gene(s) for affective
disorder in clinically well characterized families from Indiana. Berrettini et al.
(1993; 1994) have reported linkage to a locus on chromosome 18 using sibpair analysis. Genotyping for the chromosome 18 marker (cMS615),
D18S32 (Armour et al.,1990) was performed on 212 individuals from a total
of 20 families. When Hz'n/I-digested DNA samples from different individuals
were hybridized with the radioactive probe, six different DNA band sizes
ranging from 4.5 kb to 3.35 kb, were observed in the following frequencies
(in decreasing order of size): 43%, 7%, 6%, 40%, 3% and 2%. The band
sizing was determined independently by two raters, blind to clinical
phenotypes. Clinical phenotypes included BPI, schizoaffective (BP type),
UP-recurrent or BPII and are based on working diagnoses. Final best
estimate diagnoses are being performed by clinicians blind to genotyping
information. An autosomal dominant disease model with gene frequency of
0.021 and age and sex specific penetrances (Egeland et al., 1987) was used to
calculate LOD scores. The maximum LOD score was 1.29 at theta of lx 10-6
obtained by combining values from all 20 families. Non-parametric analyses
are being performed. Our results warrant further investigation in this region
of chromosome 18.
We thank Drs. E. Bowman, A. Mayeda, M. Miller
and N.L. Rau for working diagnoses, and Dr. A. Jeffreys for providing the
probe. Help from C. Smiley, D. Raasch and W. Song is also acknowledged.

CANDIDATE GENES FOR TORSION DYSTONIA X.O. Breakefieltl1’2
LJ. Ozelius1*2. G, Cox2**. J, Hewett1. C, Shalish . S.B. Bressman . P.L.
Kramer. N. Risch0 S. FahnT Kunkel L.M.2*3. and The Dystonia Research
Group 1Massachusetts General Hospital, Boston, MA 02114, ^Harvard Medical
School, Boston, MA 02115, ^Howard Hughes Medical Institute, Boston, MA
02114, ^Columbia Presbyterian Hospital New York, NY 10032, 5Oregon Health
Sciences University, Portland, OR 97201-3098, ”Yale University School of
Medicine, New Haven, CT 06510
Torsion dystonia is a syndrome characterized by loss of voluntary
movements appearing as sustained muscle contractions and/or abnormal
postures. Dysfunction is believed to originate in the basal ganglia, but, at least in
hereditary cases, has not been associated with neurodegeneration. The DYT1
gene is responsible for a subtype of torsion dystonia in which onset of symptoms
tends to occur in a limb at an early age (mean 13 yrs) and to progress to a
generalized state. Expression of the disease gene follows an autosomal
dominant mode of inheritance with reduced penetrance. We initially mapped
this gene to human chromosome 9q34 and have now defined its location to a 500
kilobase (kb) region based on historic recombination events around a founder
mutation in the Ashkenazic Jewish population. Using exons trapped from the
critical genomic region we have identified a cDNA candidate for the DYT1
gene. This cDNA corresponds to a 6 kb transcript which is enriched in brain.
Analysis of partial cDNA sequence has revealed several interesting features,
including: a src homology 3 (SH3) domain that is a common feature of proteins
in the tyrosine kinase signal transduction pathway and of some cytoskeletal
proteins; a proline-rich region that may function as a SH3 binding site; weak
homologies to rod domains of dystrophin, myosin and spectrin; and alternate
splicing of exons in the basal ganglia. Mutational analysis of this and other
cDNAs in the region are underway to determine the identity of the DYT1 gene.
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SCHIZOPHRENIA AND THE GENETICS OF NEURODEVELOPMENT.
A.M.Vicente, T.Sasaki, N.King, C.L.Barr, L.Dixon*, A.Bassett, W.Honer,
F.Macciardi, J.L.Kennedy. Clarke Institute of Psychiatry, Toronto, Ont M5T 1R8.
Several lines of evidence implicate aberrant neurodevelopment as a possible
etiological factor in schizophrenia. Advances in the neuroimaging and
neuropathology of the disease have revealed brain abnormalities with origins in the
early stages of neurodevelopment which can be attributed, in some cases, to
disruptions of neural cell migration. The correct functioning of the nervous system
is dependent upon formation of very precise patterns of neural connectivity. These
are not definitively established during embryonic development. Refinement of the
initial connections occurs throughout the life of the individual, and alterations in the
synaptic plasticity mechanisms during later development could partially explain the
adult onset of schizophrenia. Growing evidence suggests that adults and embryos
may use common molecules and mechanisms to regulate the correct formation of
neural connections. We and others have proposed that defects in the expression or
function of a number of genes involved in brain development could lead to the
symptomatology of schizophrenia. We selected several candidate genes based on
their role in neurodevelopment and are currently evaluating their putative function
in schizophrenia: NGFR, HOX2®, integrin, NCAD, NCAM, BDNF, NT3,
NMDA receptor. NGFR and HOX2@ map close to each other on chromosome
17q. We have mapped the a3 integrin subunit gene to the same region (Z = 3.99 at
6=0 for HOX2; Z = 5.96 at 6=0 for NGFR). We used several polymorphic
dinucleotide repeats and PCRable RFLPs markers in the region for linkage analysis
to schizophrenia in five Canadian pedigrees and one Italian family, and have
excluded NGFR, HOX2@ and cr3integrin (LOD<-2). A triplet repeat
polymorphism for the N-cadherin gene has also been typed in the five Canadian
families, giving a low positive LOD score. A Haplotype Relative Risk strategy is
also being employed to assess the role of these genes in schizophrenia.

Latent inhibition
in a genetically
heterogeneous
rat stock
(N/NIH): RESPONSE TO BEHAVIORAL SELECTION R. Gross, A Mandell*,
C. Kilts, Emory Univ. Sch. of Med., Atlanta, GA. 30322
The latent inhibition (LI) of conditioned responses by stimulus preexposure (PE) represents an animal model of selective attention/stimulus
filtering functions and of the psychophysiological construct of information
processing deficits in schizophrenia. Deficits in LI task performance and
related blocking paradigms have been demonstrated in schizophrenia. A
selective breeding program involving bidirectional selection for LI
phenotype was initiated using the N/NIH stock as a genetically segregating
foundation stock. The prodigy from 15 N/NIH breeding pairs were
allocated to (1) define the relationship between number of CS-US pairings
and resulting response suppression, (2) establish the relationship between
numbers of stimulus PE and resulting LI of condition suppression and (3)
furnish potential breeding pairs for formation of the first selection
generation. Four CS (houselight) pairings with the US (footshock 1mA,
lsec) resulted in reproducible response suppression. Increasing numbers
of stimulus PE (10-40) resulted in a proportional increase in LI of
conditioned suppression. The effect of 25 PE was associated with a
reliable yet submaximal LI effect Characterization of the LI phenotype of
the selection generation using four CS-US pairings in conditioning and 25
PE demonstrated a wide range of variability in the effect of stimulus PE on
conditioned suppression. Individual LI task performance was reassessed
using an identical LI paradigm employing a distinct CS (tone). The
processing of irrelevant and relevant stimuli was additionally assessed using
a Kamin blocking paradigm. Bidirectional selection was initiated by
establishing breeding pairs exhibiting a low or high LI and blocking
phenotype. The genetic heterogeneity of the outbred N/NIH line and the
genetic control of LI performance is suggested by these findings.

76.5

76.6

EXPRESSION OF ANTISENSE CALBINDIN D28K IN TRANSGENIC
MICE AND EFFECTS ON WORKING MEMORY:- A PUTATIVE
MODEL OF ALZHEIMER’S DISEASE W.A. Baker, S. Molinari, A S.
Killcross, L. Pozzi, R. Battini, S. Ferrari, T.W. Robbins and P.C.
Emson. *
MRC Molecular Neuroscience Group, Dept. Neurobiology, BBSRC
Babraham Institute, Cambridge, CB2 4AT, UK.
The calcium binding protein calbindin D28K (CaBP) may act as an
intracellular calcium buffer, protecting cells against excitotoxicity.
Perturbation of calcium homeostasis may contribute to neuronal
damage and cell death associated with Alzheimer’s disease (AD).
Transgenic mice have been generated following insertion into the
genome of a shortened reverse orientation CaBP cDNA, flanked by
the 5’ terminal of the neurofilament L promoter and a 3’ SV40
polyadenylation signal. In situ hybridization studies show that this
antisense construct abolishes CaBP mRNA in the forebrain of
homozygous mice. A dose dependent effect is observed, with the
level of CaBP mRNA being reduced markedly in heterozygotes.
Spatial learning and memory capacities which are known to depend
on the integrity of the hippocampus have been assessed.
Homozygous and control mice were tested in an eight-arm radial
maze using a spatial working memory paradigm with sucrose
reinforcement. Homozygous mice were significantly slower to achieve
asymptotic levels of spatial working memory performance than control
mice. These findings are compatible with the activation of calcium
proteases, a reduction of CaBP mRNA and cell loss in AD indicating,
that these transgenic mice may be valuable in the study of AD.
WAS is supported by Bayer Aktiengesellschaft.

The mutation of the NF1 GTPase activating protein (NF1-GAP) gene in
mice affects performance on learning tests. lR. Bourtcfculadze^Z. Wang.

Learning And Memory, Cold Spring Harbor Laboratory, New York
11724, ^Massachusetts Institute of Technology, Boston MA, 02139.
Neurofibramatosis type I is an autosomal dominant genetic disorder
affecting 1/3500 humans. The manifestations of this disorder are complex,
but they have a clear impact on the CNS: in 30-50% of children affected,
the partial loss of the NF1 protein leads to cognitive deficits and learning
disabilities. The NF1 protein is the most abundant GAP in the brain, and it
is known to be highly enriched in dendritic endoplasmic reticulum of CNS
neurons. We have a studied a mouse with a targeted disruption of the NF1
gene. Just as in humans, the homozygous mutation is lethal in mice.
Strikingly, similar to humans, the mutant mice have subtle but significant
learning deficits: Performance in the hidden-platform version of the
Morris water maze is impaired, while performance of the mutant mice in
the visible-platform version is indistinguishable from controls.
To confirm that the NF1 protein has an impact on brain function, we
generated mice with heterozygous mutations on NF1, and on either the
NMDA receptor 1 (NMDAR1), or the a-calcium calmodulin kinase II
(aCaMKII). Strikingly, the addition of the NF1 heterozygous mutation
exacerbated significantly the learning deficits of the NMDAR1 or
aCaMKII-heterozygous mice. These data demonstrate that the NF1
mutation affects brain function in mice just as it does in humans, and it
strongly suggests that the mutant mice are an important model to
investigate the etiology of the NF1 disorder.

76.7

76.8

DIFFERENTIAL MODULATION OF ENDOGENOUS OPIOID PEPTIDES
IN CONGENITAL LEARNED HELPLESS RATS. E. Edwards*M. Jones ,
L.R. King, E. Moreton. Dept. Pharmaceutical Sciences, Pharmacology &
Toxicology Program, University of Maryland, Baltimore, MD 21201.
We have demonstrated that in selected central nervous system cortical
regions, the Mu opiate receptor of the congenital learned helpless rat (cLH)
shows a consistent 3 to 5 fold up-regulation (Clin. Neurosci., 1:152, 1993). In
addition, the cLH rat displays increased opioid receptor neurosensitivity in a
morphine self-administration protocol (ACNP 32:102,1993). We now present
data on the differential regulation of endogenous opioid peptides (EOPS) in
cLH rats in response to morphine. Baseline plasma levels of Met-Enkephalin
(Met-ENK) and Dynorphin (DYN) were similar in the cLH and the LHresistant strain (cNLH) rats. However, plasma B-Endorphin (B-END) of the
cLH rats were decreased by 30% (p< 0.05). Following exposure to morphine,
plasma B-Endorphin levels were increased by 118% in the cLH rats and to
lesser extent in the cNLH rats (60%). Measures of B-END, Met-ENK, and
DYN in brain tissue extracts of cLH and cNLH rats, revealed marked
differences between the two strains but only in the hippocampus. cLH rats
show a 1.5 to 2 fold decrease in baseline Met-ENK and B-END as compared
to cNLH rats. By contrast, hippocampal DYN levels were 60% higher in the
cLH rats. After exposure to morphine, Met-ENK levels were decreased in in
both cLH and cNLH rats but to a lesser extent in the cLH rats (-69% cLH vs 80%, cNLH). B-END and DYN hippocampal contents were significantly
increased in the cLH rats (159% and 222% respectively as compared to 35%
and 33% for the cNLH rats). These marked differences in EOPS regulation
between the cLH and cNLH strain rats suggest that this congenital model of
depression may be useful in investigating the neurobiological basis for comorbidity of depression and opioid abuse.

ALTERED BRAIN DOPAMINERGIC FUNCTION IN AN ANIMAL
MODEL OF ATTENTION-DEFICIT HYPERACTIVITY DISORDER
- THE SPONTANEOUSLY HYPERTENSIVE RAT.
V.A.
Russell*, A.S. de Villiers, T. Sagvolden, M.C.L.
Lamm and J.J.F. Taljaard. Dept Chemical Pathology
Univ of Stellenbosch, P 0 Box 19113, Tygerberg
7505, South Africa.
Regional differences in dopamine (DA) and
acetylcholine (ACh) release and DA D2-receptor
function were investigated in spontaneously
hypertensive rats (SHR) and their normotensive
Wistar-Kyoto (WKY) controls. The electricallystimulated release of 3H-DA was significantly
lower in caudate-putamen and prefrontal cortex
slices of SHR than WKY. This could be attributed
to increased autoreceptor-mediated inhibition of
DA release in caudate-putamen slices but not in
prefrontal cortex where the difference was possibily due to increased uptake into noradrenergic
terminals.
DA D2-receptor blockade caused a
significantly greater increase in 3H-DA release
from nucleus accumbens slices of SHR compared to
WKY suggesting increased efficacy of DA autoreceptors at low endogenous agonist concentrations.
No differences were observed in ACh release,
suggesting that postsynaptic DA D2-receptor
function is not altered in the nucleus accumbens
or caudate-putamen of SHR.
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DELETION MUTATION OF THE SNAP GENE
MODELS ATTENTION DEFICIT HYPERACTIVITY

IN MOUSE
DISORDER.

M.C. Wilson*. K.A, Collins and EJ. Hess. Dept. of Neuropharmacology, The
Scripps Research Institute, La Jolla, CA 92037 and Dept. of Neuroscience and
Anatomy, The Penn. State University College of Medicine, Hershey, PA 17033.
The coloboma (Cm) mouse mutation on chromosome 2 is a deletion mutation that
includes the Snap gene and results in a triad of neuropathologies including head
bobbing, ophthalmic deformation and profound hyperactivity. Because the locomotor
activity expressed by Cm!+ mice exceeds four times that of their +/+ littermates,
these mice represent a clearly defined genetic defect that could serve as a novel animal
model for attention deficit hyperactivity disorder (ADHD) in children. If Cm!+ mice
are an accurate model of ADHD, psychostimulant administration should reduce
locomotor activity in these mice, as it does in ADHD-affected children. To test this
hypothesis, coloboma mice were treated with several doses of amphetamine (AMPH)
and locomotor plus behavioral responses assessed. Low doses of AMPH (2 & 4
mg/kg) reduced coloboma mouse locomotor activity to control mouse levels without
inducing stereotypy. In contrast, at these same doses, control mouse locomotor
activity increased, consistent with the typical activating effects of AMPH. Thus,
Czn/+ mice appear to be an accurate animal model of ADHD, reducing motor activity
without inducing stereotypy. To address the biologic basis of this hyperactivity, we
have attempted to correct the coloboma phenotype by complementing the deleted
Snap gene using transgenic technology. A Snap mini-gene construct consisting of
13 kb of genomic DNA 5’ to the Snap transcriptional start site was used to drive the
expression of a Snap cDNA in transgenic mice. Expression of the Snap mini-gene
in coloboma mice significantly reduced the Cm/+ mouse locomotor activity, but had
no effect on head bobbing or ophthalmic deformation. Thus, it appears that the Snap
gene deletion contributes to the expression of hyperactivity that resembles
pharmacologically ADHD, whereas other genes likely contribute to other aspects of
the Cm/+ phenotype. Supported by PHS MH48989.

ENHANCEMENT OF FREQUENCY POTENTIATION IN THE
HIPPOCAMPAL SLICES OF EPILEPSY-PRONE EL MICE. Y. Fueta1*,
K. Ohno2 and T. Mita3. School of Medical Technology,
departments of Physics, and 3Molecular Biology, School of
Medicine, Univ. of Occup. and Environ. Health, Kitakyushu 807,
Japan
Neuronal activity in the hippocampus plays a key role in the
epileptic nature of El mice. However, little is known about the
responsiveness of the neurons to the excitatory input.
Frequency potentiation was examined in the CA1, CA3 and the
dentate gyrus (DG) of the hippocampal slices from El mice, as
compared to those of control ddY mice.
Intensity of the
stimulation to evoke the maximal population spike (PS) was
lower in El than in ddY mice only in the CA3. Potentiation (%)
was calculated as the increase in PS amplitude. Frequency
potentiation induced by repetitive stimulations (2Hz, 15s) in El
mice was different from ddY mice in the three areas (two-way
ANOVA, p<0.05). The difference was the largest in the CA3 (El:
400±73%; ddY: 169±24%, t-test, p<0.05). Dose-dependent
suppression of the potentiation in the CA3 area by non-NMDA
antagonist CNQX (l-5pM) showed that EC50 in El mice was about
twice as great as that in ddY mice. CPP (5, lOpM) did not have
any effect. GABAb agonist baclofen (5pM) suppressed the
potentiation from 476% to 112% in El mice.
Inhibitory
mechanisms mediated by activation of the GABAg receptor may
be altered in the CA3 area of El mice.
Supported by the Japan Epilepsy Research Foundation.

76.11

76.12

DEGENERATION OF GABAERGIC INHIBITORY SYSTEM IN
EPILEPTIC EL MICE. T. Ono* 1>4, Y. Fueta2, K. Ohno3, Y. Murai1,
and T. Mita4 Depts. of Neurology, 3Physics and 4Mol.
Biol. Sch. of Medicine, and ^ch. of Medical Technology,
Univ. of Occup. and Environ. Health,
Yahatanishi-ku,
Kitakyushu 807, Japan.
El mouse, a mutant strain of ddY mouse, is a genetic model
of epilepsy. Paired-pulse inhibition was investigated in the
dentate gyrus of the hippocampal slice from El mice at the
ages of 5, 10 and 15 weeks and compared with the control of
age-matched ddY mice. Stimulation to the lateral perforant
pathway was provided to evoke the maximal population spike.
The interpulse intervals (IPI) were given at a range from 10
to 1,000ms. A statistical difference of inhibition was observed
between El and ddY mice at short IPI (10-30ms), at the ages
of 10 and 15 weeks, but no difference was observed at the age
of 5 weeks. The inhibition was approximately 30% in El and
90% in ddY mice, respectively. Bicuculline, a GABAa receptor
antagonist, attenuated the inhibition, while flunitrazepam
and phenobarbital, GABAa receptor agonists, increased the
inhibition at the short IPI. The decrease in inhibition as
growth in El mice was associated with the increase in
susceptibility to epileptic seizure. Based on these
electrophysiological results, we speculate that degeneration
of GABAergic inhibitory system occurred in the hippocampus
in El mice.
Supported by the Japan Epilepsy Research Foundation.

A QUANTITATIVE GENETIC STUDY OF KAINATE-INDUCED SEIZURES IN
INBRED MICE. T.N. Ferraro*, G.G. Smith, W.H. Berrettini, G.T. Golden.
Dept. of Psychiatry, Thomas Jefferson University, Philadelphia, PA 19107 and
Research Service, DVAMC, Coatesville, PA 19320.
Mature DBA/2J (D2) mice are very sensitive to seizures induced by
various chemical and physical stimuli whereas C57BL/6J (B6) mice are relatively
seizure-resistant. We reported previously that administration of kainate (KA) at a
dose of 25 mg/kg (sc) provoked a seizure response in 80% of D2 mice tested; no
B6 mice exhibited seizures at this dose. No strain differences in KA metabolism
or transport into the brain were documented. In order to search for genetic
elements involved in KA seizure responsiveness, we have initiated a quantitative
trait loci (QTL) study involving an F2 intercross population of D2 and B6 mice.
Seizure testing occurs at 8-10 weeks of age. Mice are injected with KA (25
mg/kg, sc) and observed for 2 hours. Latencies to clonus, tonic/clonic seizure
and status epilepticus are recorded and an overall seizure score is calculated.
Mean (± SD) seizure scores are as follows: D2: 1.17±1.00 (n=10); B6; 0 (n=10);
B6D2F1/J (FI): 0.93±0.58 (n = 10); and F2: 1.06±0.99 (n=182). There were no
significant gender differences within any of the groups. Of the F2 mice tested,
maximum seizure responses were normally distributed (status epilepticus: n=53;
tonic/clonic: n=50; clonus: n=33: no seizure: n=46). Results indicate that the
difference in KA seizure susceptibility between the D2 and B6 mice is a
polygenic phenomenon with approximately two-thirds of the variance due to
genetic factors and one-third due to environmental influences. Following
completion of F2 seizure testing, the extreme responders (highest and lowest
seizure scores) will be genotyped using PCR-based microsatellite DNA markers
spaced at 10 cM intervals across the genome. Analysis of data using
Mapmaker/QTL will permit chromosomal localization of genes contributing to KA
seizure susceptibility and resistance in D2 and B6 mice, respectively.

DEGENERATIVE DISEASE: ALZHEIMER'S: COGNITIVE
FUNCTION—IMAGING AND COGNITIVE FUNCTION
77.1

77.2

DISSOCIATION BETWEEN MEMORY SYSTEMS MEASURES AND MR
VOLUMETRIC ESTIMATES IN ALZHEIMER’S DISEASE. R.S. Wilson*.
M.P. Sullivan. L. deToledo-Morrell. G.T. Stebbins, D.A. Bennett, and R
Morrell. Department of Neurological Sciences and Rush Alzheimer’s Disease
Center, Rush Medical College, Chicago, IL.

CROSS-SECTIONAL MRI ANALYSIS OF THE ANATOMIC PROGRESSION
OF ALZHEIMER’S DISEASE. Leyla deToledo-Morrell*. M.P. Sullivan. F,
Morrell, R.S, Wilson, and D.A. Bennett. Dept. of Neurological Sciences & Rush
Alzheimer's Disease Center, Rush Medical College, Chicago, IL 60612.
In post mortem studies, it has been difficult to document the earliest sites of
anatomical pathology in Alzheimer's disease (AD) or the sequential
involvement of different brain regions. With the advent of new quantitative MRI
techniques, it is now possible to determine in vivo the extent of involvement
of different anatomical regions during the progression of the disease. In the
present study, we compared the extent of atrophy in the hippocampal
formation (HF), the parahippocampal gyrus (PHG) and the temporal lobes (TL,
excluding PGH) in three groups of AD patients who were at different stages
of the disease process. Subjects consisted of: 1) 26 aged controls, 2) 9
patients with a clinical diagnosis of probable AD and very mild dementia
(MMS=26-30), 3) 13 probable AD patients with mild dementia (MMS=20-25)
and 4) 14 probable AD patients with moderate to severe dementia (MMS<20).
A 3-D reconstruction program was used to compute the volume of regions of
interest from MRI scans df gapless 5mm coronal slices taken perpendicular to
the long axis of the HF. individual differences in cranial size were corrected
for by dividing the volume of each person's region of interest by total
intracranial volume. Normalized HF volume for each of the three AD groups
differed significantly from that of the controls (p<.01), indicating that this region
is involved during the earliest stages of the disease. However, only AD groups
3 and 4 differed significantly from the controls (p<.01) in PGH volume and
only group 4 showed significant TL atrophy. These in vivo cross-sectional
data provide strong evidence that the anatomical pathology in AD progresses
differentially thereby accounting for the sequential cascade of clinical
symptoms that develop with disease progression.
Supported by NIA grants PO1 AG9466 and P30 AG10161.

MR-based volumetric estimates were generated for temporal neocortex (TN;
excluding parahippocampal gyrus), hippocampal formation (HF), and lateral
ventricles (LV) in 32 patients with a clinical diagnosis of probable Alzheimer’s
disease (AD). A 3-D reconstruction program was used to estimate the volume
of regions of interest from MR scans of gapless 5mm coronal slices taken
perpendicular to the long axis of the HF. Each volume was divided by total
intracranial volume to adjust for individual differences in skull size. Eight
standard clinical tests were used to measure episodic memory (explicit recall and
recognition of verbal material), semantic memory (visual confrontation naming,
verbal category fluency), and constructural praxis (copying designs). The three
volumetric measures were not significantly correlated with one another (all
p> .10). To evaluate the specificity of cognitive-structural associations, each
of the eight test scores were regressed on the HF and TN volumetric estimates,
with age and LV serving as covariates. Measures of immediate (p<.05) and
delayed (p< .001) story recall were associated with HF but not TN volume. In
contrast, a measure of verbal category fluency was associated with TN (p < .01)
but not HF volume. The observed double dissociation suggests differing
pathophysiologies for episodic and semantic memory impairment in AD, with
structural changes occurring in HF and neocortex implicated in the former and
latter, respectively.
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CONVENTIONAL MRI VOLUMETRIC MEASURES OF
TEMPOROPARIETAL AND INSULAR CORTEX IN ALZHEIMER'S
DISEASE. A.L. Foundas, K.F. Eure, B. Seltzer*.
Department of Psychiatry and Neurology, Tulane
University School of Medicine, New Orleans, LA 70112
Although previous 3-D MRI studies suggest regional
cortical atrophy in Alzheimer's disease (AD), none have
focused on temporoparietal and insular cortex. In a
preliminary study (Foundas et al., 1993), however, we
identified selective involvement of these regions in
patients with mild AD, a finding compatible with
functional neuroimaging studies. To further
investigate this potential early marker of AD, we
computed volumetric measures of these regions on
conventional axial MRI sections in 25 patients who met
NINCDS-ADRDA criteria for "probable AD" and 25 age- and
sex-matched controls. Regions of interest (ROIs) from
Tl-axial images (5 mm) were scanned into a PCX format
(400 dots/inch) and volume of CSF calculated using an
Autocad program. AD patients showed significantly more
insular (p<.005), but not temporoparietal atrophy as
compared to controls. These findings suggest that
selective atrophy of the insular cortex may occur early
in AD, and that some quantitative measures on
conventional MRI may discriminate AD patients from
controls.

PREMORBID INTELLECTUAL ABILITY IS ASSOCIATED WITH CEREBRAL
METABOLIC DYSFUNCTION IN ALZHEIMER DISEASE. G.E. Alexander, M.L.

77.5

MOTOR LEARNING IN AD: EFFECTS OF PRACTICE AND
RETENTION INTERVAL. K. A, Nielson.* M, B. Dick. R. E, Beth, and

C. W, Cotman. IRU in Brain Aging, University of California, Irvine, CA , 92717.

The dissociation between declarative or explicit memory and implicit forms of
memory have been repeatedly demonstrated in a variety of populations. Research in
clinical populations has demonstrated further dissociations between different implicit
memory systems. For example, recent studies show that in Alzheimer's disease
(AD), procedural learning is spared, particularly in the motor domain, while verbal
implicit memory (i.e., semantic priming) is not. To date however, studies have not
evaluated the duration of retention or the effects of different amounts of practice on
learning and retention. The purpose of this study was threefold: 1) to determine
whether AD subjects learn a rotary pursuit task as effectively as normal elderly
subjects when task difficulty is controlled, 2) to determine whether the amount of
practice affects learning, and 3) to determine the endurance of retention over time.
Elderly subjects (12 normal, 12 prob. AD) were randomly assigned to either one
day (40 trials), two days (80 trials), or three days (120 trials) of practice on a rotary
pursuit task. Speed was determined individually by preliminary trials where speed
was increased or decreased to find performance at or near 25% time on target. After
learning, each subject was given 15-trial retention tests at delays of 20 minutes, 2
days, 7 days, and 1 month post-training. First, normal and AD subjects showed
significant and equivalent learning. Second, there was continual learning through
the first 40 trials, but those who received more training showed little additional
benefit in either learning or retention. Finally, there was no significant forgetting in
either group for any of the retention tests.
The results indicate that when difficulty is controlled, AD subjects can effectively
learn a new motor procedure with no significant forgetting for at least one month
post-training. Further, there is significant learning of the task across 40 trials of
practice, but practice beyond 40 trials may represent overlearning for which there is
no further benefit to learning or retention.

Kurkiian, C.L. Grady, P. Pietrini*, M.J. Mentis and M.B, Schapiro. Lab.
Neurosci., Natl. Inst, on Aging, NIH, Bethesda, MD 20892.
Premorbid functioning has been implicated as a factor affecting the
clinical expression of Alzheimer disease (AD). We investigated the
relation between premorbid intellectual ability and cerebral metabolic
rates for glucose (rCMRglc) in 50 otherwise healthy patients (29
male, 21 female) with possible/probable AD (NINCDS-ADRDA
criteria). The AD group had a mean age of 68.3 and a mean illness
duration of 5.3 years (mean Folstein Mini-Mental = 18.6±6).
Cerebral metabolism was assessed with positron emission tomography
(PET, Scanditronix PC1024-7B, 6mm FWHM) using 18-fluoro-2deoxyglucose in a resting state (eyes closed, ears occluded). Estimates
of premorbid intellectual ability were derived from demographics and a
measure of reading ability from the Wide Range Achievement Test
(WRAT). In a group of healthy controls (n=41), both the demographic
and WRAT reading scores were significant predictors (p<0.0001) of
intellectual functioning. In the AD group, linear regression was used to
adjust the WRAT reading score for dementia severity. After controlling
for dementia severity and illness duration, both the demographic
premorbid estimate and adjusted WRAT scores were negatively
correlated (p<0.025) with rCMRglc in the prefrontal, premotor, and
superior parietal association regions. These results show that among AD
patients with similar dementia severity, higher premorbid function is
associated with greater cerebral metabolic deficits, suggesting that
premorbid intellectual ability may reflect a cognitive reserve which
can influence the clinical and neurophysiological expression of AD.

77.6
COORDINATE SYSTEM ABNORMALITY IN ALZHEIMER'S DISEASE

MITSURU FUJnVuiCHIROHAYASHlKUMIKOUTSUMINORlHITONAKANO.
RVOFUK ATSUNAOHtKOTAKAHATAXnWHO YAMADA*

Department of Neuropsychiatry,School of Medicine,Sapporo Medical

College,Sapporo,JAPAN;/NHK Science t Technological Laboratories,Tokyo,JAPAN

In the visual cognition deficit in the early stage of Alzheimer’s disease,a deficit arises
in visual information processing which is the medium for language,and it is also thought

that there may be a deficit in the designation of the reviewer-centered coordinate system.
The results from the observation of 30 patients with Alzheimer's disease over a period of
several years from the early stage of the disease suggest that with the progress of the

disease,a deficit arises in the reviewer-centered coordinate system(Marrl982).From studies

on the visual cognition process,Marr(1982) has shown that the process of direct formation

of shape information from a picture,and the cognition-formation process in which the stored
T-dlmen. 1 final model becomes gradually more detailed,are mixed.Also,Arbib(1989) has suggested
the existence of two processesia series process which acts as a medium for language,and a
parallel information process,language acts as a bias in a sensory-motor apparatus.As for

the connection to damaged regions of the brain .Warrington and Taylor(1973)have shown from

psychological observation of patients with damaged parietal lobe blood vessels,that they
can accurately describe the objects of vision in terms of shape,space,and spatial

arrangement.Also,Marr and Nishihara(1978(have pointed out that the object-centered
coordinate process is important in object cognition.Thus,for moderate stage patients with

Alzheimer'8 disease whose early stage diseased region was in the posterior association
cortex centered in the parietal lobe,we observed their cognitive ability of ocamon objects
in daily life when viewed in conventional situations and unconventional situations,as well

as their head and eye movements,using the vision analyzer(TKK939)and head movement device)
Polhemoua 3 space).The results showed a significant decline in the cognitive ability of
objacts in unoonventional situations,very few head movements,and Ballot'syndrom.The results
suggest that parallel processing is difficult in the visuo-spatial deficit of the patients

with Alzheimer's disease,and also deficits in the various coordinate systems,including the
reviewer-centered coordinate system,and a deficit in the symbolizing process are deeply
involved.

77.7

77.8

ALZHEIMER-LIKE VISUAL DEFICITS IN DOWN
SYNDROME. F.J. Roccd* A. Cronin-Golomb.
Department of Psychology, Boston University,
Boston MA 02215.
Patients with Alzheimer's disease (AD) have
a visual profile distinct from that of normal
aging, with impairments in color vision
(especially for blue hues), stereoacuity, and
contrast sensitivity. Because individuals with
Down syndrome (DS) show AD neuropathology by
the age of 40, we asked whether the AD-type
visual profile would also occur in adults with
DS. We tested 18 DS subjects and 22 subjects
with mental retardation of non-DS etiology
(MR). Although mean IQ was lower for the DS
than the MR group, both groups gave reliable
results. Relative to MR subjects, DS subjects
made more tritan (blue) errors on color
discrimination (£<.003), performed more poorly
on stereoacuity (£<.002), and had reduced
contrast sensitivity at one spatial frequency
(6 cycles/degree) (£<.03). DS performance did
not correlate significantly with age or IQ for
any test. These preliminary data indicate that
DS subjects show an AD-like profile of visual
deficits. We infer that DS, like classic AD,
may be associated with pathological change in
visual association cortex.

AMYLOID DEPOSITION IN VARIOUS BREEDS OF DOGS.
M. Bobik*. T. Thompson, and M. J. Russell. Dept. of Anesthesiol.
& Otolaryngol., Univ. of Calif. Davis, CA 95616.
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This laboratory has previously demonstrated that 67% of aged
beagles develop diffuse amyloid plaques in their brains, but only 9%
of St. Bernards develop plaques. To determine if the breed
differences observed are related to the lineage of the animals and
genetic factors we examined brains from a number of dogs. These
included but were not limited to: beagles, St. Bernards, German
shepherds, poodles, Labrador retrievers, golden retrievers,
dachshunds, schnauzers, greyhounds, Doberman pinschers, and
Brittany spaniels. We found that there were significant differences
between breeds. Of the animals we have observed to date, the breeds
with the highest percentage of amyloid plaques were: beagles,
poodles and schnauzers. The breeds with the least number of
plaques were golden retrievers, Labrador retrievers, Doberman
pinschers, and St. Bernards. The primary reasons for differences in
the incidence of plaques appears to be due to variation in the life span
of these dogs. St. Bernards have a life span of 9-10 years while
beagles live to 17-18 years. The second factor in the incidence of
plaque formation is the genetic differences between breeds of dogs.
German shepherds develop plaques at an earlier age than other
breeds we have examined (supported by NIA RO1 AG11350-01).
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ELEVATION OF G0 IN THE POSTSYNAPTIC DENSITY
ISOLATED FROM FRONTAL CORTEX OF ALZHEIMER’S
DISEASE BRAINS. S. Zhong*. K. Wu. T. W. Kim and I. B,
Black. Dept. Neurosci. and Cell Biol., UMDNJ/RWJ Med. Sch.,
Piscataway, NJ 08854
Alzheimer's disease (AD) is characterized by impaired
memory, cognitive and behavioral function. Despite
intensive research, the etiology of AD remains largely
unknown. We examined Go expression in the postsynaptic
density (PSD) isolated from AD brains, since Amyloid
Precursor Protein (APP) reportedly complexes with Go;
therefore abnormal APP-Go signaling may be involved in
AD. Previous studies have shown that Go is an intrinsic
component of the PSD, a disc-shaped proteinaceous
structure that appears to be central to synaptic function.
Further, levels of Go are increased in Drosophila mutants
suffering from learning and memory loss.
Moreover, a
postsynaptic
G
protein
is
involved
in
long-term
potentiation, a model of memory. Using Western blot
analysis with specific antibodies against Go, we found that
there is a 10-fold increase (n=3) in levels of Go in the PSD
isolated from AD brains compared to normal aged/
postmortem time controls.
Since increased expression of
APP has been reported in AD, the elevation in Go may
reflect on increase in APP-Go complexes in AD brains.
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IMPROVEMENT IN PERFORMANCE OF A DELAYED RESPONSE TASK BY
MONKEYS GIVEN ABT-418, A nAChR ACTIVATOR FOR MEMORY
ENHANCEMENTS. P. Americ*4*. J J. Buccafusco13. W. J, Jackson2. A.V. Terry.
Jr.1,3, KC. Marsh4, and M.W. Decker4. Dept. Pharmacol. Toxicol., 2Dept. Physiol.
Endocrinol., Medical College of Georgia, 3V.A Med. Ctr., Augusta, Georgia,
4Neuroscience Discovery, Abbott Laboratories, Abbott Park, Ilinois.
ABT-418, a newly characterized centrally-acting nicotinic acetylcholine
receptor (nAChR) activator, was evaluated for its ability to improve performance
in a delayed matching-to-sample (DMTS) task by mature macaques well trained
in the task. Previous studies in rodent models have indicated that ABT-418 has
memory/cognitive enhancing actions with few adverse side effects. The DMTS
task provides a measure both of general cognitive function and of recent memory.
I.m. administration of ABT-418 significantly enhanced DMTS performance at
low (nmol/kg) doses. In fact, the drug was slightly more potent than nicotine in
this regard. Unlike nicotine, however, the enhanced performance to ABT-418 was
observed only on the day of administration, whereas, nicotine's effects were still
evident on the next day's testing session. This difference in the apparent duration
of action between the two drugs could not be attributed to a longer plasma halflife for nicotine. ABT- 418 produced a delay-dependent increase in DMTS
performance with the greatest improvement observed for the longest delay
interval. DMTS performance increased on average by 10.1 ± 3.5 percentage
points correct, which was equivalent to an increase of 16.2% over baseline
performance. ABT-418 did not significantly affect the latencies to make a choice
between stimuli, or the latencies to initiate new trials. Significant tolerance to the
drug's mnemonic actions was not observed and no overt toxicity or side effects
were noted. Thus, ABT-418 represents a new class of nAChR activator designed
for the treatment of human dementias having a preclinical profile of reduced
toxicity.

ABT-418 DISPLAYS DIFFERENTIAL ACTIVITY TOWARDS
PUTATIVE
NEURONAL
ACETYLCHOLINE
RECEPTOR
SUBTYPES J.P. Sullivan*, D. J. Anderson. D. Dpnnellv-Roberts. J, L.
Raszkiewicz, D.S. Garvey, M. Williams, and S.P. Americ. Neuroscience Research
(D47W), Abbott Laboratories, Abbott Park, IL, 60064-3500.
An emerging diversity of neuronal nicotinic acetylcholine receptor
(nAChR) subtypes with different pharmacological properties have been identified in
brain. Accumulating preclinical and clinical evidence data suggests that compounds
that selectively activate nAChR subtypes may have therapeutic utility in the
treatment of a number of neurological disorders including Alzheimer’s disease (AD).
In the present study, the in vitro pharmacological properties of the novel cholinergic
channel ligand with cognitive enhancing and anxiolytic-like activities, ABT-418
[(S)-3-methyl-5-(l-methyl-2-pyrrolidinyl)isoxazole), are described. ABT-418 was a
potent inhibitor of [3H](-)-cytisine binding to nAChRs ,in rat brain (Ki = 3.0 ± 0.1
nM) but was inactive (Ki > 10,000 nM) in 37 other receptor binding assays
including those for alpha-bungarotoxin sensitive nAChR subtypes (af}8y and a7)
and muscarinic receptors. In IMR 32 cells, cation efflux studies indicated that ABT418 was a less potent activator of ganglionic-like nAChRs than (-)-nicotine (EC50:
ABT-418, 300 ± 80 pM; (-)-nicotine, 21 ± 5 pM); an effect prevented by the
nAChR channel blocker, mecamylamine. ABT-418 was also approximately ten-fold
less potent than (-)-nicotine in evoking [3H]dopamine release from rat striatal slices,
an effect that was attenuated by the nAChR antagonist, dihydro-P-erythroidine (10
pM). In contrast, ABT-418 was more efficacious than (-)-nicotine in stimulating
cation efflux from mouse thalamic synaptosomes, thought to reflect activation of
the a4(}2 nAChR subtype- the major subtype in rodent brain.
The ability of ABT-418 to activate selectively nAChR subtypes may
account for the substantial separation between the cognitive enhancement/anxiolytic
benefits and the reduced CNS side-effect liabilities observed in vivo (Decker et al.;
Brioni et al., see accompanying abstracts).

78.3

78.4

NEURONAL NICOTINIC ACHR SUBTYPE SELECTIVITY OF ABT-418 IN
TRANSFECTED COS CELLS. B.A. Dodson*. J.R. Forsaveth, J.P, Sullivan
and L.M. Braswell. Dept. of Anesthesia, UCSF, C450, San Francisco, CA
94143-0648 and Neuroscience Research, D-47W, Abbott Labs, Abbott

THE EFFECT OF CHRONIC ABT-418 AND (-)-NICOTINE ON
NEURONAL NICOTINIC ACETYLCHOLINE RECEPTOR BINDING
PROPERTIES IN RAT BRAIN D.J. Anderson*. C.H. Kane. J.E, Campbell,
J, L. Raszkiewicz. S.P. Americ. and J.P. Sullivan. Neuroscience Research, D-47W,
Pharmaceutical Discovery Division, Abbott Laboratories, Abbott Park, IL 60064.
ABT-418 is a cholinergic channel activator with anxiolytic-like properties and
cognition enhancing activities in rodents and primates (Decker, et al., Soc for
Neurosci, 1994). Studies have demonstrated that some subtypes of the nAChR
undergo an increase in receptor density (upregulation) in rat and mouse brain upon
repeated exposure to (-)-nicotine (NIC). In the present study, the effects of
continuous administration of ABT-418 and NIC on neuronal nAChRs was studied.
Initial studies demonstrated that NIC is more readily accumulated into rodent brain
(plasma:brain ratio = 1:4) than ABT-418 (plasma:brain ratio = 1:1.3). Therefore,
doses of NIC and ABT-418 that produced equivalent steady-state whole brain levels
(NIC, 80 ± 6 ng/g brain; ABT-418,81 ± 9 ng/g brain) were administered via Alzet
mini-osmotic pumps implanted in rats for two weeks. Binding of [3H]cytisine was
determined on washed membranes from the frontal cortex (CX), hippocampus (HP),
striatum (STR), and thalamus (TH). In CX and HP, ABT-418 elicited a significant
increase (25% and 45%, respectively, p < 0.05, n = 3) in nAChR binding density
while NIC had no effect In contrast NIC induced a modest yet significant increase
(20%, p< 0.05, n = 3) in [3H]cytisine binding sites in TH while ABT-418 had no
significant effect At these brain levels, neither compound significantly altered the
receptor density in STR.
These data indicate that the density of nAChRs labeled by [3H]cytisine can be
differentially modulated by equivalent brain levels of activators and that the effects are
region-dependent. Possible explanations could be differences in the ability of ABT418 to acummulate into brain regions or a differential ability to activate/desensitize
nAChR subtypes.

Park, IL 60064.
ABT-418 is a novel cholinergic ligand that differentially activates putative
subtypes of neuronal nAChR (Arneric et al., JPET, in press, 1994). The
present study further explores ABT-418 subtype-selectivity in binding
studies utilizing 04^2 and 04^4 nAChR subunits transiently expressed in
COS cells. Briefly, cDNA plasmids for 04, P2 and p4 were subcloned into
pCDLSRa296 as blunt fragments inserted between the Pst 1 and Eco R1
cloning sites. COS cells were transfected by a DEAE-dextran/DMSO
technique (Gu Y, Neuron 5:147-157, 1990). 3H-ACh (15 nM) or 3H-ABT-

418 (15 nM) binding to (X4P2 or <*404 nAChR subunit-containing COS cell
suspensions (-80 pg protein) with and without ABT-418 (10'® to 10'®) was

determined by filtration assay (Dodson B, Ann NYAS 625:649-652, 1991)
with non-specific binding defined as that occurring in the presence of 10
pM L-nicotine. For both the 014P2 and 014P4 subtypes, ABT-418 inhibited
3H-ACh and 3H-ABT-418 binding in a competitive fashion with riHills 58 1 •
ABT-418 was equally potent in inhibiting 3H-ACh and 3H-ABT-418 binding

to the a4|32 subtype with IC50 values similar to those obtained in rat brain
membranes under similar conditions (IC50 = 30 nM using 3H-cytisine).

ABT-418 was 10-fold less potent in inhibiting 3H-ACh binding to the a4(34
subtype as compared to the a4|32 subtype (IC50 = 445 nM and 54 nM,
respectively). These findings support preferential binding of ABT-418 to
a4p2, the predominant putative subunit of nAChR in rat brain.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

173

174

DEGENERATIVE DISEASE: ALZHEIMER'S: NEUROPHARMACOLOGY AND
NEUROTRANSMITTERS—CHOLINERGIC SYSTEMS

MONDAY AM

78.5

78.6

ABT-418: A NOVEL CHOLINERGIC CHANNEL ACTIVATOR WITH
COGNITIVE ENHANCING PROPERTIES. M.W. Decker. J.D. Brioni*.

ABT-418: THE ANXIOLYTIC AND DISCRIMINATIVE STIMULUS
PROPERTIES IN RODENTS. J.D, Brioni. A.B, O’Neill. D.J.B, Kim*,
M.W. Decker and S.P. Americ. Neuroscience Discovery (D-47W), Pharmaceutical
Products Division, Abbott Laboratories, Abbott Park, EL 60064-3500.
ABT-418 [(S)-3-Methyl-5-(l-methyl-2-pyrrolidinyl)isoxazole] is a novel neuronal
nicotinic receptor agonist for the potential treatment of Alzheimer’s disease (AD).
ABT-418 displays potent binding to the a402 subunit (Ki=4.2 nM), with >10.000
nM affinity to the a 7 or al subunits of the nicotinic receptor. ABT-418 has
efficacy in rodent and monkey tests indicative of a cognition enhancer with
anxiolytic-like activity. Preclinical data suggest that it is the first of a new class of
cholinergic channel activators (ChCA) with a wider safety margin than (-)-nicotine.
In the elevated plus-maze model of anxiety, ABT-418 increased open-arm
exploration in both mice (0.19-0.62 gmol/kg, i.p.) and rats (0.62 (imol/kg, i.p.).
The anxiolytic-like effect of ABT-418 was present after oral administration in rats,
and it was effective in a population of aged rats (1.9 gmol/kg, i.p.). The
anxiolytic-like effect persisted after a 14-day treatment via subcutaneous minipumps
(4 gmol/kg/day); the acute administration of ABT-418 also reduced the anxiety
elicited by withdrawal from a chronic (-)-nicotine treatment. In drug discrimination
studies, ABT-418 (0.62-6.2 gmol/kg, i.p.) induced a partial response (31%) in
nicotine-trained rats, an effect blocked by mecamylamine (15 pmol/kg, i.p.). Rats
were able to discriminate (-)-nicotine (1.9 pmol/kg, i.p.) from saline in 39 days but
they were not able to discriminate a saline solution from ABT-418 (1.9 and 6.2
pmol/kg) even after a significantly longer period of time. These data indicate that
ABT-418 exerts anxiolytic-like actions without sharing the discriminative stimulus
properties of (-)-nicotine. ABT-418 may be a safe and effective ChCA for the
potential treatment of the cognitive and emotional impairments associated with AD.

M.J. Buckley. P. Curzon. M. Williams, and S.P. Americ'. Neuroscience
Research, Dept. 47W, AP-10, Pharmaceutical Products Division, Abbott
Laboratories, Abbott Park, IL 60064-3500.
Agonists, such as (-)-nicotine, that act at acetylcholine-gated ion channels in
the brain improve performance in a variety of models of cognitive function in rats
and mice. (-)-Nicotine, however, produces several adverse physiological effects
that limit its potential therapeutic value in conditions characterized by impaired
cognitive function, such as Alzheimer’s disease (AD).
ABT-418 [(S)-3-methyl-5-(l-methyl-2-pyrrolidinyl) isoxazole] is a bioisostere
of (-)-nicotine that binds at neuronal nicotinic cholinergic receptors but has a
biochemical profile different from that of (-)-nicotine (Americ' et al. JPET, in
press). In this study, ABT-418 improved retention of inhibitory avoidance
learning in normal mice at 0.062 gmol/kg, IP, a dose lower than the 0.62
gmol/kg of (-)-nicotine required to improve performance. ABT-418-induced
enhancement was stereoselective and was blocked by the nAChR channel blocker,
mecamylamine. In contrast to the higher potency of ABT-418 relative to
(-)-nicotine in improving inhibitory avoidance performance in mice, ABT-418 was
less potent than (-)-nicotine in producing adverse effects, such as hypothermia,
seizures, and reduction of locomotor activity. ABT-418 also improved the spatial
discrimination water maze performance of rats with lesions of the septal area [a rat
model of the cholinergic hypofunction found in Alzheimer’s disease]. Septallesioned rats trained after receiving 1.9 gmol/kg ABT-418 IP performed as well as
sham lesioned rats on this task. This dose of ABT-418 also prevented lesioninduced hyperactivity in an open field without significantly affecting the open
field behavior of sham-lesioned rats.
These results suggest that the beneficial effects and adverse effects of nAChR
stimulation can be dissociated and that ABT-418 could prove to be a safe and
useful agent in the treatment of the cognitive impairments associated with AD.

78.7

TRANSDERMAL ABT-418: PHARMACOKINETIC AND PHARMACODYNAMIC PROPERTIES OF A CHOLINERGIC CHANNEL
ACTIVATOR (ChCA).
C.H. Kang*, J.L. Raszkiewicz, J. Turek, J.D.
Brioni. S.P. Arneric, and J.P, Sullivan, Neuroscience Research (D47W), Abbott
Laboratories, Abbott Park, IL, 60064-3500.
ABT-418 significantly attenuates lesion-induced learning deficits and
hyperactivity in the spatial discrimination version of the Morris water maze and
displays anxiolytic-like effects in the elevated plus maze paradigm in rats following
i.p. and p.o. administration; effects that are over in less than 2 hours. This study
sought to determine the pharmacokinetic properties of ABT-418 in rodent and
establish whether transdermal administration is an effective means of maintaining
behavioral efficacy.
The pharmacokinetic properties of ABT-418 were characterized by a rapid
elimination half-life (tj/2 = 23 ± 2 min) and a high clearance value (4.24 ± 1.3
L/hour/kg) following i.v. administration, and only modest bioavailability (-27%)
following oral administration. Doses of ABT-418 that enhance cognitive efficacy in
the Morris water maze were correlated with brain levels of 5 - 56 ng/g and plasma
levels of 4 - 45 ng/ml plasma. This range of brain and plasma levels defines the
behaviorally effective levels required to enhance cognitive performance in rat. Peak
plasma levels of approximately 30 ng/m’ plasma were attained within 3 h following
administration of a Hill Top™ chamber containing ABT-418 (-72 jlmol/kg).
Importantly, ABT-418 displayed behavioral efficacy in the elevated plus model of
anxiety at 4 h following transdermal administration - a time when plasma levels of 25
± 5 ng/ml are achieved. Correlations with pharmacokinetic studies suggest that the
duration of efficacy is related to the maintenance of plasma levels of ABT-418 and that
transdermal delivery is able to sustain these levels in a behaviorally effective range for
up to 48 h in rat. Prediction of behavioral efficacy in other tasks may follow a
similar range of levels. However, further experiments would be required to define
these limits and to extrapolate them to other species.
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ACUTE EFFECT OF DOPAMINE NEUROTOXINS ON URIC
ACID LEVELS IN THE NIGRO STRIATAL SYSTEM OF GUINEA
PIGS. J. Yung and W.H. Church*, Dept. of Chemistry, East Carolina
Univ., Greenville NC 27858
We have hypothesized that uric acid (UA) can function as a
neuroprotector within the nigro-striatal dopamine system via radical
scavenging and iron chelation. In a previous study from this lab, UA
levels in human parkinsonian substantia nigra (SN) tissue were found
to be significantly lower than age-matched controls.1 In addition, UA
levels in the SN of male guinea pigs were significantly increased 2
weeks following nigral injection of FeCl3.2 The present study was
carried out to determine whether this increase in UA was a response to
fhe neurotoxic agent or a by-product of neuronal degradation.
The neurotoxins FeCl3, 6-OHDA, and MPP* were infused into the SN
of guinea pigs via a microdialysis probe and uric acid levels in dialysate
were measured by HPLC/ED. Additionally, striatal and SN tissue
samples were analyzed for UA and dopamine (DA) levels 3 hours postinfusion. Infusion of FeCl3 produced a significant decrease in
extracellular nigral UA levels which slowly increased towards baseline
levels when the infusion media was switched back to artificial CSF.
Ipsilateral nigral UA tissue levels increased while ipsilateral striatal
UA levels decreased. Infusion of 6-OHDA caused a rapid increase in
extracellular UA levels as well as an ipsilateral increase in nigral UA
tissue levels. MPP’ infusion resulted in a delayed increase in
extracellular UA levels and ipsilateral UA and DA nigral tissue levels
were significantly increased over controls. These results are discussed
in relation to the putative neurotoxic mechanisms of each compound.

SEXUAL
DIFFERENCES
IN
SENSITIVITY
TO
METHAMPHETAMINE TOXICITY.
Y.-L.Yu* and
G.C.Wagner.
Dept. of Psychology, Rutgers
Univ., New Brunswick, NJ08903.
The
administration
of
high
doses
of
methamphetamine to mice causes long-term depletions
of dopamine to a greater degree in males than in
females. Likewise, the incidence of Parkinson's
disease is higher in males than in^females. The
present study investigated the role of estrogen and
testosterone in mediating the dopamine depletion
induced by methamphetamine. Male or female mice
received four SC doses of methamphetamine (10
mg/kg) at two hour intervals and were sacrificed
two weeks later for HPLC analysis of striatal
monoamines. Intact males were found to have a 7 6%
dopamine depletion, which was significantly greater
than the 37% depletion exhibited by the intact
females. Neither removal of the ovaries 4 weeks
earlier nor removal of the testes 3 weeks earlier
significantly altered the magnitude of
the
methamphetamine-induced dopamine depletion. Thus,
the reduced sensitivity of females to the dopamine
depletion induced by methamphetamine may be
independent of physiological gonadal hormones.

1 - Church WH and Ward VL. Brain Res Bull 33 (1994) 419-425
2 - Ward VL, McGinty JF and Church WH Neuroreport 4 (1993) 787-790
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NIGRAL CELL LOSS AFTER METHAMPHETAMINE TREATMENT
IN MICE.
P.K. Sonsalla*. N. Jochnowitz. G.D.
Zeevalk and +D.C. German.
Dept. Neuro1ogy,
UMDNJ-RW Johnson Med. Sch., Piscataway, NJ 08854
and+Dept. Psychiatry, UT Southwestern Med. Sch.,
Dallas TX 75235.
The degeneration of striatal dopaminergic
nerve terminals after methamphetamine (METH)
treatment is we11-documented.
The purpose of
the present studies was to determine if METH
treatment could also produce nigral cell death.
The administration of METH (4 X 10 mg/kg, ip, 2h intervals) to Swiss-Webster mice produced, 5
days later,
a 90 % depletion of striatal
dopamine (1.2 ± 0.4 vs control of 11.8 ± 2.0
gg/g tissue, mean ± SD of 5 and 6 mice,
respectively) and a 40% loss of dopaminergic
cell bodies (METH-treated, 574 ± 166; control,
950 ± 153, Pc.Ol).
The number of TH positive
neurons represent counts summed from 12 (20 gm)
sections,
with every fifth section counted
throughout the extent of the nigra.
Cell loss
was greater in the anterior than the posterior
SNpc. It is concluded that METH, at doses which
produce
extensive
degeneration
of
dopamine
terminals, also causes dopaminergic cell death.
These findings indicate that the METH-treated
mouse may be an excellent model for Parkinson's
Disease.

NBQX ENHANCES L-DOPA-INDUCED TURNING BEHAVIOUR BUT NOT
STRIATAL C-FOS EXPRESSION IN 6-OHDA LESIONED RATS.
M.G, Hong*. K.M.A, Murphy and H.A, Robertson. Department of
Pharmacology, Dalhousie University, Halifax, N. S., B3H 4H7 Canada
Since degeneration of the nigrostriatal dopaminergic pathway, a hallmark of
Parkinson’s disease (PD), results in overactivation of excitatory amino acid (EAA)
pathways to the basal ganglia, EAA receptor antagonists may provide therapeutic
benefit in this neurodegenerative disease. Although previous studies have shown in
animal models of PD that EAA receptor blockade restores locomotor activity and
reverses rigidity thought to involve dopaminergic function, and that dopaminergic
drugs are known to stimulate immediate early gene (IEG) expression, few have
examined the effects of EAA receptor blockade on cellular mechanisms underlying
the glutamatergic-dopaminergic interactions in the animal PD brain. To investigate
the effects of EAA receptor blockade on L-Dopa-induced IEG expression in the
basal ganglia, c-Fos immunoreactivity was examined 2 hours following
co-administration of the AMPA receptor selective antagonist NBQX (6-nitro-7sulfamolylbenzo[f]quinoxaline-2,3(lH,4H)-dione) and the dopamine precursor
L-Dopa in rats bearing unilateral 6-hydroxydopamine (6-OHDA) lesions pretreated
with carbidopa (25 mg/kg i.p.). Co-administration of NBQX (12.5 mg/kg i.p.)
potentiated the L-DOPA (10 mg/kg i.p.) induced contralateral turning behaviour by
50% but had no apparent effect on L-Dopa-induced c-Fos expression in the
6-OHDA lesioned striatum. NBQX in saline treated animals had no effect on
turning behaviour or c-Fos expression. The results suggest that NBQX at the dose
tested enhances L-Dopa mediated behaviour without altering IEG expression and
that EAA receptor antagonists may be important adjuncts to current drug therapy in
Parkinson’s disease.
[Supported by the Parkinson Foundation of Canada]

79.5

79.6

BEHAVIORAL ASYMMETRIES AND RECOVERY RELATED WITH
DIFFERENT DEGREES OF UNILATERAL STRIATAL DOPAMINE
DEPLETION. J.Fornaguera. R.Carey*. J.Huston and R.Schwarting*. Inst.
Physiol. Psychol., Univ. Dusseldorf, 40225 Dusseldorf, Germany,'Research
and Development Service, VA Medical Center, Syracuse, NY 13210, USA.
A detailed behavioral analysis was performed in rats which had sustained
various degrees of unilateral neostriatal dopamine (DA) lesions by the
neurotoxin 6-OHDA. These animals were assigned to different groups according to their residual DA levels in the damaged neostriatum: < 10, 10-20, 2030, 30-40, 40-50, 50-60, and >60 (as % of the intact side). On the first day
after toxin injection into the substantia nigra, all groups (except 50-60) showed
an ipsiversive asymmetry in tight turns (within a diameter of < 30cm), but not
in intermediate (30-55cm) or wide turns (>55cm). On day 7, the asymmetry
in tight turns had recovered to symmetry in all groups except those with
residual DA levels of less than 20%. Recovery was manifested by a decrease
in ipsiversive, together with an increase in contraversive turns. Thigmotactic
scanning also showed an ipsilateral asymmetry in all lesion-groups on day 1
and recovery to symmetry on day 7 except in animals with severe lesions.
Asymmetry was evident in the amount of scanning and its speed. Turning on
day 7 was correlated to residual DA levels in the neostriatum and to the
HVA/DA ratio. Furthermore, the analysis of net turns allowed the prediction
of lesion size in animals with residual DA levels of less than 15%. The behavioral and physiological study of animals with different degrees of DAergic
lesion may be relevant for the analysis of recovery mechanisms, such as
compensatory increases in DA availably. Furthermore, animals with moderate
DA lesions may serve as a model for a preclinical state of Parkinson’s disease.

SUPERIOR CERVICAL GANGLION REGENERATING AXONS THROUGH
AUTOLOGOUS NERVE GRAFTS REVERSE CLINICAL DEFICITS IN
6-OHDA LESIONED RATS.
L. Lauretti (»), R. Pal I ini (»), G. Tamburrini (*), A. Tancredi (*),
E. Dell’anna (°), A. Sbriccioli (°) and E. Fernandez C*).*
Depts. of Neurosurgery (*) and Neurology (°), Catholic
University, Rome, Italy.
Previously (1), we described a model of central
catecholaminergic (CA) innervation in which neurons of the
superior cervical ganglion (SCG) regenerate axons from the
cervical region to the cerebral cortexthrough peripheral nerve
bridges. Presently, we tested the efficiency of the SCG
regenerated axons in reducing the clinical deficits in
hemiparkinsonian rats. In right substantia nigra 6 OHDAlesioned rats, with positive apomorphine-induced rotational
test, the right SCG’s postganglionic branch was cut and
connected to a cortico-ventricular cavity using an autologous
nerve graft. After surgery, the response to apomorphine was
tested monthly for 5 months. The nerve graft, the SCG and the
brain were studied under light and electron microscopy,
horseradish peroxidase (HRP) and tyrosine hydroxylase (TH)
immunoistochemistry. Five months after surgery there was a
72.5% (+ 11.3 s.d.) reduction in apomorphine-induced rotations.
About 40% of the axotomized SCG cells regenerated axons that
entered the cortex and elongated in the CA depleted striatum
for about 800 um. Ref. 1. E. Fernandez et al, Soc. Neurosci.
Abstr, 17, 1991,25.11.
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POTASSIUM-EVOKED RELEASE OF "PRE-LOADED" DOPAMINE IN
THE 6-HYDROXYDOPAMINE (6-OHDA) LESIONED RAT STRIATUM.
M. Friedemann*, G. A. Gerhardt, B. Bjelke, K. Fuxe and I. Stromberg. Dept.
of Neuroscience, Karolinska Intitute, Stockholm, Sweden, and Dept. of
Psychiatry, Univ. of Colorado Health Sciences Center, Denver, CO 80262.
In this study, we have investigated the clearance of exogenous dopamine
(DA) in the 6-OHDA denervated striatum and observed that a cellular
component is capable of taking up DA and releasing it upon potassium (K+)
stimulation. In order to characterize this DA "loading" effect, we used a
combination of in vivo electrochemical and pressure ejection techniques.
Male Sprague-Dawley rats were unilaterally lesioned with 6-OHDA. Rats
that responded with greater than 300 tums/hour to 0.05 mg/kg apomorphine
were used as subjects (n=18) for in vivo electrochemical recording. Recordings
were carried out in urethane anesthetized animals, using Nafion-coated
carbon fiber electrodes. The electrodes were attached to double-barrel
pipettes which contained solutions of 0.2 mM DA and 70 mM KC1. At various
sites in the lesioned striatum we recorded electrochemical signals during the
following sequence of applications: K+, DA, K+. In nearly every case, the
first application of K+ resulted in no detectable signal, showing that the
sites were indeed depleted of DA nerve terminals. Application of DA
resulted in an average 5.0±0.8 gM signal. Subsequently, the same dose of K+,
which had no effect before, now elicited DA-like signals with an average
amplitude of 2.2±0.6 gM. The temporal aspects of the DA and K+ signals
differed in that the K+ signals had a more rapid onset and rise time: 13±2 sec
for K+ versus 17±1 sec for DA. This phenomenon was observed in 40% (31/75)
of the brain sites recorded from. We hypothesize that this is a
compensatory response to depletion of DA in the striatum.

NEUROANATOMICAL AND BEHAVIORAL EFFECTS OF CHRONIC L-DOPA
ADMINISTRATION IN DA-DEPLETED RATS. A, Mura. D. Jackson*. S.J, Young, and P.M.
Groves. Dept. of Psychiatry, Univ. of California at San Diego, La Jolla, CA 92093-0603.
L-dihydroxyphenylalanine (L-DOPA) still has some effectiveness in parkinsonian patients
despite a major loss of nigrostriatal dopamine (DA) afferents providing the primary source
of aromatic amino-acid decarboxylase (AADC) required for conversion of precursor to DA.
However, the duration of action of L-DOPA is limited to only several years and side-effects
are commonly observed. We previously discovered striatal cells immunoreactive for AADC
and DA in DA-depleted rat striatum after acute L-DOPA treatment and hypothesized that
DA produced by these cells may be implicated in L-DOPA-induced dyskinesia. In the present
study, we examined the effects of chronic L-DOPA treatment (3x/week for 1 month, 50
mg/kg L-DOPA preceded by 25 mg/kg benserazide, ip.) in adult male rats given unilateral
medial forebrain injections of 6-hydroxydopamine (6-OHDA, 8 gg) 5 days earlier. As with
acute L-DOPA, we observed a comparable number (2-7 per 35 gm coronal section) and
distribution (dorsomedial) of AADC- and DA- immunoreactive cells in DA-depleted
striatum and no detectable cells in the heavily stained intact striatum after chronic
L-DOPA. DA staining in these cells was more intense after acute than chronic L-DOPA
treatment (P<.027, n=5 per group) while the intensity of AADC staining was comparable
after these treatments. Measurements of contralateral rotations induced by L-DOPA 30
and 60 min after the onset of turning revealed that turning increased over the first 2 weeks
and then declined to the initial level by week 4. Induction of c-fos was present throughout
the DA-depleted striatum after acute L-DOPA but reduced in non-dorsolateral DAdepleted striatum in animals treated with chronic L-DOPA. In non-lesioned striatum, the
distribution of c-fos stained neurons was sparse and patchy after acute L-DOPA and these
neurons were even rarer after repeated treatments. Collectively, these results suggest
that chronic L-DOPA does not increase the number of AADC and DA immunoreactive cells
but does appear to result in diminished effectiveness of DA by week 4 as suggested by the
decrease in rotations and c-fos immunoreactivity. These results may have important
implications in regard to the decreased effectiveness of L-DOPA over time. Supported by
grants NIDA DA 02854 and NSF BNS 9006155
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PROTECTIVE EFFECTS OF GLUTATHIONE PEROXIDASE
OVEREXPRESSION ON THE RESPONSES OF HUMAN
CATECHOLAMINERGIC NEUROBLASTOMA CELLS TO FREE
RADICALS GENERATING AGENTS. D. Furling, N, Barden*. J. Puvmirat
and M.-E, Mirault. Medicine and Molecular Genetics, CHUL Research Center
and Laval University, Sainte-Foy, Quebec, Canada GIV 4G2.
Parkinson’s disease is characterized by the death of the dopaminergic neurons
of the nigro-striatal pathway. In this site, many factors including dopamine
autoxidation and metabolism by monoamine oxidases, as well as iron
enrichment favor the production of H2O2, and hydroxyl radicals. Toxic radicals
generated by endogenous processes or neurotoxins may act by triggering
peroxidation in membrane lipids, and inducing oxidative damage to proteins and
DNA. Seleno-glutathione peroxidase (GSHPx) is the principal enzyme of the
cellular antioxidant defense system which eliminates H2O2 in the brain. In order
to evaluate the role of GSHPx as protective agent against oxidative injury in
neurons, we have transfected human catecholaminergic neuroblastoma cells
BE(2)-M17 with HCMV-GSHPx and control vectors, and several transfectants
were isolated which contained up to 10-fold GSHPx activity found in control
transfectants. No significant difference in dopamine uptake was detected in the
differents transfectants. We have then investigated the responses of these cells to
oxidative injury induced by 6-hydroxydopamine (6-OHDA). The control
transfectants showed a 50% growth inhibition at 10-15 pM 6-OHDA after a 48h
treatement. In contrast, growth of HCMV-GPx transfectant cells containing a
10-fold increase in GSHPx activity was 50% inhibited at 30-35 pM. Moreover,
DNA breakage observed in control transfectants one hour after 50pM 6-OHDA
treatement was completely suppressed in the GSHPx overexpressing BE(2)-M17
cells. This model is currently used to investigate the role of free radicals and
cellular redox in the responses to neurotoxins and in the induction of apoptosis.
Supported by the Parkinson Foundation of Canada.
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CELLS. C, Bencsics*1. K,
Hatakeyama3. S,
Milstien^.A.L. Cahill* and U.J. Kang J 1 Committees on Virology and
Neurobiology, Univ. of Chicago, Chicago, IL 60637, ^NIMH,
Bethesda, MD, 3 Osaka Medical College, Osaka, Japan.
In previous studies, primary fibroblasts were genetically engineered to
express tyrosine hydroxylase (TH). However, these cells do not
produce L-DOPA unless the cofactor 5,6,7,8-tetrahydrobiopterin (BH4)
is added. Primary fibroblasts constitutively express all the enzymes
needed for BH4 production except for GTP cyclohydrolase 1
(GTPCH1). Therefore, we engineered primary fibroblasts to produce
GTPCH1 and TH by sequentially infecting cells with recombinant
retroviruses that express TH and GTPCH1 and selecting with two
different selection agents. The ability of these cells to produce TH was
demonstrated by an enzymatic assay and immunostaining. GTPCH1
activity was 35.8 pmol/min/mg by enzymatic assay and BH4 levels were
30-40 pmol/2X105 cells by HPLC analysis. These cells release 2.62
nmol of L-DOPA/106 cells/hr in culture in the absence of exogenous
BH4. This ability to produce L-DOPA spontaneously was reduced by
65% when 5mM 2,4-diamino-6-hydroxypyrimidine (an inhibitor of
GTPCH1) was added. Double infection with retroviruses had no
transforming effect on the fibroblast cells and these cells survived well in
vivo in rat striatum. In conclusion, we have produced a cell which
synthesizes L-DOPA spontaneously in vitro that would not rely on the
tenuous supply of BH4 in vivo and can be grafted into animal models of
Parkinson's disease.
MODIFIED
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IN VITRO ASSESSMENT OF NEUROTROPHIC AND
NEURITE PROMOTING ACTIVITY FROM THE RAT
STRIATUM FOLLOWING TRAUMA. H. Asada*, P. A.
Kaseloo, R. J. Plunkett. Dept. of Neurosurgery, School of Med. and
Biomed. Sci., SUNY at Buffalo, Buffalo, NY 14203
We have previously reported that CNTF and BDNF mRNAs were
up-regulated in the hemiparkinsonian rat striatum after trauma. In the
traumatized striatum, these neurotrophic factors may be involved in the
dopaminergic fiber sprouting. This study was undertaken to further
characterize the neurotrophic and neurite promoting activity in the
traumatized rat striatum using bioassays. Adult rats underwent
stereotaxic biopsy of the right striatum and gelatin sponge (gelfoam;
GF) was placed in the resultant cavity. The rats were sacrificed at
intervals and the GF were collected and stored at -8O°C. After
homogenization, the GF extracts (with equal protein concentrations)
were used for explant dorsal root ganglion (DRG), dissociated ciliary
ganglion (CG), and human dopaminergic neuroblastoma celt (SHSY5Y) cultures. The GF extracts had significant neurite promoting
activity for DRG and CG, as well as SH-SY5Y cells, and the maximum
effect was seen on day 7 after trauma. This activity was not blocked by
anti-NGF Ab, but anti-BDNF Ab partially blocked the activity for
DRG. The GF extract protected SH-SY5Y from the cyto-toxic effects
of 6-OHDA and MPP+, as do NGF and BDNF. This protective effect
of GF was not blocked by anti-NGF Ab.
This work suggests that the neurotrophic activity in GF extracts is
CNTF-like and BDNF-like and has another, as yet undefined,
component. It is clearly not NGF.

COMBINATION OF IGF-1 AND bFGF IMPROVES SURVIVAL OF RAT
MESENCEPHALIC DOPAMINE NEURONS IN VITRO. W.M.Zawada*.

P.Bell. C.R.Freed. Div. Clin. Pharmacol., Depts. Med. and Pharmacol., Univ.
Colorado Sch. of Med., Denver, CO 80262.
IGF-1 and bFGF, when applied individually, have been shown to increase
survival of dopaminergic neurons in culture. IGF-1 is required for bFGF-induced
proliferation of embryonic mouse neuroepithelium and both synergistically
stimulate chromaffin cell proliferation.
We have studied effects of the
combination of these growth factors on embryonic dopamine cell survival.
Primary cultures originated from El5 rat ventral mesencephalon (RVM), a
developmental stage frequently used for neurotransplantation into rats with striatal
dopamine depletion. Dispersed cells were treated with IGF-1 (150ng/ml), bFGF
(15ng/ml), or both upon plating and on day 3 in vitro. All cells were grown in
polyethylenimine coated wells (lmg/ml) in F12 medium with 5% human placental
serum and heparin (1/xg/ml). At 7 days in vitro the number of surviving THimmunoreactive cells was elevated in treated cultures: IGF-1 (3 fold), bFGF (4
fold), and IGF-l/bFGF (6 fold). Concurrently, TH-activity was assessed by
measuring levels of homovanillic acid (HVA) in all cultures. The HVA
production increased with the growth factor treatment: IGF-1 (1.4 fold), bFGF
(1.3 fold), and IGF-l/bFGF (1.7 fold). In cells derived from E14 RVM and
cultured in serum free N2 medium, IGF-1 failed to induce pH]-thymidine uptake,
whereas treatment with bFGF and IGF-l/bFGF augmented the uptake by 8 and
19 fold, respectively. These results indicate that IGF-1 and bFGF act in an
additive fashion to promote survival of dopaminergic neurons in culture, possibly
by inducing proliferation of multiple cell types, which may provide an improved
neurotrophic environment. Application of this growth factor combination may
improve the viability of dopaminergic neurons used for neurotransplantation in
Parkinson’s disease.

79.13
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DRUG4NDUCED ALTERATIONS IN STRIATAL NEUROTROPHIC
ACTIVITY. E.S. Lot D. H. Lin, and P.M. Carvev. Dept. Neurological
Sciences, Rush-Presbyterian-St.Luke’s Med. Ctr. Chicago, IL 60612
Soluble extracts of normal rat striatum promote neuronal viability and
process extension when added to cultures of fetal rat mesencephalon.
Unilateral 6-hydroxydopamine (6-OHDA) lesions of the nigrostriatal tract as
well as chronic haloperidol (HAL) treatment increases while chronic levodopa
(LD) treatment decreases this neurotrophic activity. The present study was
designed to establish the dose-dependency, time course, and reversibility of
HAL and LD-induced changes in striatal neurotrophic activity. 168 SpragueDawley rats were treated with HAL for 14 or 28 days (0.25, 0.50, 0.75, 1.0, or
1.25 mg/kg/d; i.p.) and withdrawn from drug for 14 or 42 days. 112 6-OHDA
or sham-lesioned rats were fed a diet containing LD (10, 35, 50, 75, or 100
mg/kg/d) for 7 or 28 days and withdrawn from drug for 14 or 42 days. At the
appropriate treatment duration/withdrawal times,
individual striata and
cerebellums were collected, homogenized, centrfuged at 100,000g and the
supernatants (extracts) added to fresh cultures of fetal rat mesencephalon.
After a 24 hr incubation, the cultures were fixed and stained for tyrosine
hydroxylase immunoreactivity (THir). The number of THir cells/well was
counted and used as an index of neurotrophic activity. Both 14 and 28 days
of HAL treatment produced a dose-dependent increase in striatal neurotrophic
activity (14d - R2=0.89, p<.005; 28d - R2=.85, p<.01). Conversely, LD
treatment (7 or 28d) resulted in a dose-dependent decrease in neurotrophic
activity (7d-ipsi/contra, R2=0.84/.65, p<.01/.05; 28d - ipsi/contra, R2=.92/.93,
p<.003/.002). Evaluation of striatal extracts from animals withdrawn from either
HAL or LD for 42 days indicate that striatal neurotrophic activity eventually
reverts back to pretreatment levels. These data suggest that HAL and LD
produce dose-dependent changes in striatal neurotrophic activity which are
duration of treatment dependent and reversible.

ROLE OF CULTURED STRIATAL ASTROCYTES IN
METHAMPHETAMINE-INDUCED NEUROTOXICITY. T. KITA1.
M.A, Philbert1. G.C. Wagner2* and H.E. Lowndes1 . 1Neurotox. Labs.,
Depts. Pharmacol. & Toxicol, and Psychology, Rutgers Univ., Piscataway,
NJ 08854.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

Although the mechanism of methamphetamine (METH)-induced
neurotoxicity is poorly understood, it is thought to involve the release of
dopamine in the striatum. The subsequent role of striatal astrocytes in the
metabolic processing (by deamination) of this dopamine is unknown, but
the high affinity uptake mechanisms for dopamine present in these cells
suggest that they may mediate METH neurotoxicity. To investigate the
relationship between METH and dopamine metabolism, we examined
6-hydroxydopamine (6-OHDA) formation and changes in levels of
dopamine, 3,4-dihydroxyphenylacetic acid (DOPAC) and total glutathione
(TGSH) after METH treatment of cultured striatal astrocytes prepared
from 1 d old Sprague-Dawley rats and incubated in 0.1 mM dopamine.
Addition of METH (0.01 - 1 mM) decreased DOPAC levels in a
dose-dependent fashion, compared to controls. Although METH-induced
formation of 6-OHDA was not detectable, TGSH levels decreased in
METH-treated cultured astrocytes. It is speculated that METH may
inhibit activity of monoamine oxidase in astrocytes and loss of enzymatic
activity may lead to enhanced autoxidation of dopamine. (Supported by
ES05022, ES05955 and ES06103)
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LONG-TERM ASTROCYTE CULTURES FROM PARKINSONIAN RATS
SECRETE NEURITE-PROMOTING FACTORS. T.J. Laugan*, R.J.
Plunkett, H. Asada, K. Kelly and P. Kaseloo. Depts. Neurol, and
Neurosurg., School of Med. and Biomed. Sci., SUNY, Buffalo, N.Y., 14222.
Behavioral recovery after surgical cavitation in a rat Parkinsonism model
(nigral 6-OH-dopamine) indicates neurotrophic effects of the host tissue
response. Type 1 astrocytes can be cultured from gelfoam implants into the
cavitated areas (Soc Neurosci Abst 19:1054,1993). To study the potential of
these cells as mediators of recovery, the neurite-promoting activity of
conditioned media from the astrocyte cultures (ACM) was determined in a
chick dorsal root ganglion assay. Activity increased from 0.5 standard units
at 3 d in vitro to over 2.0 units at day 7, and then decreased gradually after
14 d. This paralleled the responses to antibodies against vimentin and GFAP
in the astrocyte cultures, and also in the gliosis adjacent to the cavities. No
increase in promoting activity occurred with medium lacking astrocytes, with
medium conditioned by early or long term newborn rat astrocytes, or with
medium from extraneural cell lines. Around 50% of the neurite-promoting
activity persisted after incubation of ACM with anti-NGF neutralizing
antibodies. Astrocytes from the gelfoam were stable in vitro for up to one
year, and could be passaged by tiypsinization and DNAse treatment. This
yielded secondary cultures that were 86+^12% GFAP-positive, and that
produced ACM that stimulated neurite outgrowth over 3-fold after 1 week.
Thus astrocytes obtained from cavities in 6-OH-dopamine-lesioned rat
brain release multiple neurite-promoting factors during the early weeks in
vitro and are amenable to passage after months, whereupon a surge of
neurotrophic factors is repeated. These results suggest that astrocytes
contribute to neurotrophic host responses that, to the extent that they are
expressed in vitro, could be exploited for therapeutic purposes.

GENE TRANSFER AND EXPRESSION OF SEQUENCES ENCODING
NEUROTROPHIC FACTORS INTO MESENCEPHALIC PRIMARY CELL
CULTURE. C, Gravel. E. Roy * and P. J, Bedard. Neurobioiogy Res. Center,
Fac. of Med., Laval Univ., Quebec, Canada, G1J 1Z4.
The functional potential of intrastriatal grafts of fetal mesencephalic cells in
partially restoring dopaminergic function in animal models of Parkinson's disease
is now well established, and clinical trials of intrastriatal grafting in humans have
given encouraging results. However, the low survival rate of the grafted cells
(< 10%) and their restricted outgrowth into the host striatum may significantly
limit the restorative potential of this technique. Fetal dopaminergic cells in vitro
and dopaminergic cells in vivo have been found responsive to a variety of trophic
factors, among which basic Fibroblast Growth Factor (bFGF), Brain-Derived
Neurotrophic Factor (BDNF), Ciliary Neurotrophic Factor (CNTF) and GlialDerived Neurotrophic Factor (GDNF). It has been suggested that administration of
neurotrophic factors to grafted dopaminergic cells may increase their survival and
stimulate their growth in situ, and some positive results have been obtained with
bFGF and BDNF administration: however tonic intraparenchymal delivery of
trophic factors is very difficult to achieve and requires very invasive techniques.
To overcome these problems, we are investigating the possibility of using gene
transfer techniques in vitro to confer expression and release of neurotrophic factors
to fetal mesencephalic cells before their grafting into the host striatum. To test
this approach, we have used recombinant adenoviral vectors containing expression
cassettes for a marker gene (bacterial LacZ) or for the CNTF gene to infect cultures
of the rat ventral mesencephalic cells. Our results show that these vectors can
direct the expression of the high levels of the LacZ or CNTF genes in a significant
number of these cells. Both vectors show low toxicity following infection of cell
suspensions, and the expression is stable at least for a few weeks. Infections
carried with similar numbers of transducing particles from each vector result in
more CNTF-positive cells than LacZ-positive cells, which suggests that the
CNTF-transducing vector is less toxic to infected cells. However, both vectors
appear to reduce the number of tyrosine-hydroxylase-positive cells in these cultures
following this route of infection. [Supported by MRC and the Canadian Network
of Centers of Excellence]
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A SCANNING ELECTRON MICROSCOPIC (SEM) INVESTIGATION OF PC 12
CELLS TRANSPLANTED INTO THE CORPUS STRIATUM OF AN ANIMAL
MODEL OF PARKINSON'S DISEASE. AJ. Griess\ N.S. Norton1, B.L. Morley3,
R.C. Starlin1, A.-A. Patil2, and J.F. Rodriquez-Sierra1* Departments of Cell
Biology and Anatomy1, and Surgery2, University of Nebraska Medical Center,
and Boys Town National Research Institute3, Omaha, NE 68198-6395.

IMPROVED HSV-1 VECTORS FOR GENE THERAPY OF PARKINSONS
DISEASE: EXPRESSION OF TYROSINE HYDROXYLASE FROM CELL TYPE
SPECIFIC PROMOTERS AND COEXPRESSION 0R80TH TH AND AROMATIC
AMINO ACID DECARBOXYLASE TO DIRECT EFFICIENT PRODUCTION OF
DOPAMINE. A.I. Gelleri *. S.Y, Bakl. S. Harmon^, and K.L. O'Mallev2.

Parkinson's disease is a debilitating illness associated with destruction of
dopaminergic neurons within the nigrostriatal pathway. Previous studies in this
laboratory have shown that estrogen seems to have beneficial effects in a
Parkinson animal model (PAM). Recently, studies have indicated that
pheochromocytoma cells (PC 12) have beneficial effects in PAMs. The purpose
of this study was to examine morphologically the effect of the administration of
PC 12 cells in a PAM. In this study, animals were divided into a control, sham,
and PC 12 treated group. PAMs were produced by stereotactic administration
via cannula of 6-OHDA into the substantia nigra. Behavioral tests were
performed for the next three weeks after IP injections of apomorphine (10
mg/kg) to confirm the presence of a behavioral response. After the initial three
weeks of behavioral testing, PC 12 cells were transplanted stereotactically into
the corpus striatum. Behavioral tests were performed an additional three weeks.
Twenty-four hours prior to sacrifice, all animals were injected with colchicine
stereotactically into the lateral ventricle. Upon sacrifice, the brains were prepared
for
light
microscopy
or
scanning
electron
microscopy
(SEM).
Immunocytochemistry (ICC) staining for tyrosine hydroxylase showed that the
PC 12 cells were actively secreting catecholamines. The SEM analysis showed
that the transplanted PC 12 cells were viable in the PAM. The PC 12 cells
were observed to cluster at the base of the implantation site. Neurites with
terminal boutons are seen synapsing on the PC 12 cells. These results suggest
that the PC 12 cells were responsible for the improvement observed in the
PAMs.

79.19

HSV-1 GENE TRANSFER AND EXPRESSION OF A FUNCTIONAL
TRANSCRIPTIONAL ACTIVATOR (GAL4:VP16) IN THE BRAIN.

M.A, Bender1*. P, Marconi1. K. Soares1. K. Vrana2. S. Triezenberg3. T. Sherman4.
M, Zigmond4. D. Fink5 and J.C. Glorioso1. ’Dept. of Molecular Genetics and
Biochemistry and 4Dept. of Behavioral Neuroscience, Univ.of Pittsburgh, Pittsburgh,
PA 15261; 2Dept. of Physiology and Pharmacology, Wake Forest Univ., WinstonSalem, NC 27157;3 Dept. of Biochemistry, Michigan State Univ., East Lansing, MI
48824; 5Dept. of Neurology, The Univ. of Michigan, Ann Arbor, MI 48109 USA.
We have employed a non-replicating Herpes simplex virus (HSV-1) vector (mutant
dl20: DeLuca, et. al. (1985) J Virol. 56:558) to deliver foreign genes to the brain and
have confirmed that the vector establishes a nonpathogenic latent state within CNS
neurons. However, foreign gene expression from strong promoters is transient and
does not persist in latency. The HSV genome associates with nucleosomal proteins
in a chromatin-like structure during latency (Deshmane and Fraser. (1989) J Virol.
63:943) which may play a role in promoter shut-down. To overcome this potential
block in promoter function, we have constructed vectors which express the
GAL4:VP16 transcriptional activator which has been demonstrated to stimulate
nucleosome-bound quiescent promoters. A strong viral (HCMV IE) promoter was
modified to respond to GAL4:VP16 stimulation and was used to drive both
GAL4:VP16 and tyrosine hydroxylase (TH) expression in separate constructs placed
within the dl20 virus. Full function of the vector-produced GAL4:VP16 was
demonstrated by its ability to: 1) stimulate expression of TH from the THproducing virus in co-infection experiments; and 2) activate expression from a
GAL4-sensitive promoter which had been stably integrated into cellular
chromosomes. In the brain, strong GAL4:VP16 expression was observed within the
hippocampus for only several days post-injection, demonstrating a loss of function
during viral latency. We are currently applying this activation system to the LAT
promoter region of the HSV genome which remains weakly active during latency.
By site-directed mutagenesis we have characterized elements of that promoter
critical for transcription which may be used for effective gene therapy approaches.
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1 Children's Hosp., Boston MA and 2Wash. Univ. Schl. Med., St. Louis MO.
An alternative therapeutic approach to Parkinsons Disease (PD) is to convert a
fraction of the striatal cells into catecholamine producing cells by introducing
catecholamine biosynthetic enzymes into these cells with a defective HSV-1
vector. We have previously found that a HSV-1 vector that expresses human
tyrosine hydroxylase (type II, TH) from the constitutive HSV-1 immediate early
(IE) 4/5 promoter directed efficient (65 % average) behavioral recovery in the rat
model of PD, for up to one year. This initial study, while encouraging, illuminated

several areas in which this approach could be improved.
Using pHSVth, the degree of behavioral recovery did not correlate with the
number of cells expressing TH, presumably because the constitutive IE 4/5
promoter supported TH expression in multiple cell types, and specific cell types
may support different levels of L-DOPA production. Therefore, it is desirable to
restrict expression of TH to specific striatal cell types. Vectors which place the
TH gene under the control of the rat neuron specific enolase or glial fibrillary
acidic protein promoters (pNSEth and pGFAPth, respectively) are being
packaged into HSV-1 particles and will be tested in cultured neural cells.
pHSVth directed efficient production of L-DOPA in cultured striatal cells, but
only low levels of dopamine were found. Coexpression of TH and AADC might
increase the level of dopamine production. Vectors which express both TH and
AADC are being packaged into HSV-1 particles and will be tested in cultured
cells for expression of both enzymes and production of L-DOPA and dopamine.
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FOCAL CEREBRAL ISCHEMIA-REPERFUSION AND LEVELS
OF ENERGY METABOLITES J.P, Zhang and G.Y, Sun*
Biochemistry Department, Univ. Missouri, Columbia, MO 65212
Cerebral ischemia is known to cause rapid depletion of energy
stores although, in most instances this event can be reversed upon
reperfusion. In this study, focal cerebral ischemia was induced to
rats by ligation of the middle cerebral artery (MCA) together with
temporary occlusion of the common carotid arteries. The levels of
energy metabolites (ATP, ADP and AMP) in left and right MCA
cortices were analyzed at different times after ischemia and
reperfusion. Animals under isoflurane anesthesia showed lower ATP
levels and higher AMP levels in the cortex as compared to nonanesthetized controls. After 15 min MCA ligation, ATP and ADP
levels in the right (ischemic) MCA cortex were decreased
dramatically, and AMP levels were increased by 2-fold. At 4 hr
after a 60 min MCA occlusion, ATP levels in the right MCA cortex
returned to 60% of that in the left MCA cortex but recovery was not
complete even after 16 hr reperfusion. At 24 hr after a 60 min
ischemia, however, a near complete recovery of ATP was found in
the left MCA cortex, but ATP in the right MCA cortex was
dramatically reduced. Therefore, energy recovery in focal ischemia
depends on the time of ischemic insult. Incomplete recovery of
energy metabolites after prolonged ischemic insult may be an
important factor in explaining the delayed neuronal cell death.

PRE-PULSE INHIBITION AS A MODEL FOR PSYCHOTOMIMETIC SIDE EFFECTS OF
TREATMENTS FOR CEREBRAL ISCHEMIA. C.G, Markdraf*. M.P, Johnson. D. Braun,
T.C, McCloskey and J.H, Kehne, Marion Merrell Dow Research Institute, Cerebrovascular
Disorders, Cincinnati, OH, 45215.
Recent evidence from clinical research with NMDA antagonists in both stroke and
epileptic patients indicates an increased sensitivity (compared to normal people) to the
psychotomimetic side effects of these drugs. To date, no animal model or behavioral
indication has been described that can accurately predict such effects. Pre-pulse
inhibition (PPI) is thought to be one means to measure sensory gating, the absence of
which has been linked to hallucinations. For instance, in schizophrenic patients PPI is
disrupted. In addition, PPI can be disrupted in rats by psychotomimetic drugs, and some
of these drug effects can be blocked by the administration of proven anti-psychotics. To
examine whether the increased sensitivity to these side effects could be modeled
following stroke, PPI was tested in rats 3 h after a focal ischemic insult in the presence of
one of three NMDA antagonists: MK-801, CPPene or MDL100,453, or saline.
Permanent MCA occlusion was performed on Wistar rats by the intraluminar
monofilament method, 8 rats served as sham controls and 8 rats were unoperated
controls. At 2.5 h post-ischemia, rats were divided into the following treatment groups
(n=8 each, ip administration): MK-801 (0.03125 mg/kg), MK-801 (0.25 mg/kg), CPPene
(2.5 mg/kg), CPPene (5.0 mg/kg), MDL 100,453 (20.0 mg/kg), MDL 100,453 (40.0 mg/kg)
and saline. PPI was measured 30 min. after dosing using a sound pre-pulse that
preceded an acoustic startle stimulus. The lower doses were previously determined not to
disrupt PPI in normal animals. The high dose of MK-801 disrupted PPI in normal animals;
the high doses of CPPene and MDL 100,453 decreased baseline startle responses but did
not disrupt PPI in normal animals. Focal ischemia tended to disrupt PPI in rats; there did
not appear to be an increased sensitivity to the test drugs relative to their effects in normal
animals. Studies will be presented that further investigate PPI as a model for increased
psychotomimetic potential in compromised rats.

80.3

80.4

DIFFERENTIAL METABOLIC STATES IN THE CORTEX
FOLLOWING FOCAL ISCHEMIA IN NORMOTENSIVE RATS.
Pundik. W. D. Lust*. . W. R, Selman, T.S. Whittingham. Y. Zhou and
R.A. Ratcheson. Lab. of Experimental Neurological Surgery, Case Western
Reserve University, Cleveland OH 44106
The onset of irreversible damage of the ischemic core occurs several
hours earlier than that for the penumbra. Nevertheless, both regions become
necrotic by 1 day following middle cerebral artery (MCA) occlusion in the
rat. In this study, we examined the energy state in various regions of the
cortex destined for infarction. The MCA was occluded in two groups of six
male Wistar rats using the monofilament method and the brains were frozen
in situ at 1 and 2h of focal ischemia. The brains were sectioned, lyophilized
and pieces of tissue weighing 1 gg were dissected from the dorsolateral
(DLC), lateral (LC) and ventrolateral (VLC) cortex in the MCA perfusion
field. Although the ATP and P-creatine levels were not significantly different
from those of control in any of the tissues at 1 and 2h of ischemia, the tissue
energy reserves were reduced. The rate of high-energy phosphate equivalent
loss (HEPE = P-creatine + ATP + ADP + 2 glucose + 2.9 glycogen) was
13.9, 45.3 and 64.6 nmol/mg dry wt/h in the DLC, LC and VLC,
respectively. It is estimated that the energy reserves in the DLC, LC and
VLC would be exhausted in 12, 4 and 2.5h after the onset of ischemia.
Concomitantly, the rate of lactate accumulation was 6.2, 22.4 and 36.2
nmol/mg dry wt/h in DLC, LC and VLC, respectively. In the absence of
reperfusion, it would appear that the deterioration of the penumbral region
encompassing the ischemic core can be attributed to energy failure and
lacticacidosis secondary to an ever increasing energy debt.

INTRATHECAL KAINIC ACID BUT NOT NMDA, AMPA OR RSERINE POTENTATE MOTOR DYSFUNCTION AFTER SHORT
LASTING SPINAL ISCHEMIA. M.Marsala*, V.V.Wang and
T.L.Yaksh. Anesthesiology Research Lab., Univ.California, San Diego,
La Jolla, CA. 92093-0818

80.5

CHRONIC ISCHAEMIA CAUSES PROGRESSIVE DEMENTIA IN
MIDDLE AGED RATS. B.A. Pappas*, J.C. de la
Torre. M.T. Keyes, C. Davidson and T. Fortin.
Life Sci. Res. Centre, Carleton Univ., Ottawa,
Ont. K1S 5B6.
Ten month old rats underwent permanent
bilateral carotid artery occlusion,
causing
moderate, chronic reduction of cerebral blood
flow. The rats had been trained pre-operatively
on a reference/working memory version of the 12
arm radial maze (6 arms never baited) and were
retested for up to 6 months post-operatively
(post-op). They showed increased working memory
errors beginning 9 weeks post-op. Increased
reference memory errors were apparent at 15
weeks post-op. The rats were impaired in the
Morris water task as early as 7 days and this
continued until at least 175 days post-op. This
may reflect an exaggerated stress response
rather than a spatial learning impairment.
Chronic low-grade ischaemia seems to cause a
rapidly emerging hypersensitivity to stressful
Procedures and a much more slowly elaborating
progressive loss first of working (declarative?)
memory and then reference
(habit?)
memory.
Chronic low grade ischaemia in rats may model
human dementing diseases such as Alzheimer's.
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Activation of excitatory amino acid (EAA) receptors have been shown to be
involved in the development of neurological dysfunction after reversible cerebral
and spinal cord ischemia. In the present work we characterize the effect of
intrathecal (IT) injection of kainic acid (lpg), NMDA (3(ig), AMPA (10|±g) or
R-Serine (lOpg) on the development of neurological dysfunction when combined
with short lasting spinal cord ischemia in the rat. In halothane anesthetized
animals which had previously implanted IT catheters one of the above drug was
injected IT 10 min before induction of reversible spinal cord ischemia ( 10 min ).
In control animals spinal cord ischemia was induced or the drug was injected
IT. After ischemia, animals were allowed to recover for 8 hr. During this period
motor and sensory function were assessed and animals were perfused for light
microscopic analysis. Section were processed with Nauta or Nadler silver
impregnation technique. Intrathecal injection of kainic acid (but not NMDA,
AMPA or R-Serine) in combination with 10 min spinal ischemia evoked
pronounced motor dysfunction expressed as a spastic extensor-type of paraplegia.
Histologically these animals displayed extensive degeneration of a-motoneurons
as expressed by neuronal vacuolization and/or complete loss of neurons. Ten min
ischemia alone or injection of all of the above drugs but without ischemia, was
without effect upon neurological function and was no detectable
histopathological changes at 8 hr. These data suggest that kainic acid receptor
activation may play an important role in the development of neurological deficit
seen after transient spinal cord ischemia. ( Work supported by Fogarty
International Center 1 F05 TWO 4649-01 NSS-M.M., and by Grant NS 16541 T.L.Y., V.C.W).

80.6

QUANTITATIVE ANALYSIS OF HYPERTROPHY IN BRAINS OF ADULT
ANIMALS FOLLOWING NEONATAL ISCHEMIC-HYPOXIA. EM. Jansen* and
W.C. Low. Departments of Neurosurgery and Physiology, Graduate Program in
Neuroscience, University of Minnesota, Minneapolis, MN 55455
Injury to specific areas of the immature brain, in both humans and animals, can
result in compensatory reorganization in undamaged areas. The function of this type
of plasticity is not known, but may be responsible for recovery of function in some
cases. In these studies, we utilized a model of neonatal ischemic-hypoxia that creates
unilateral injury in the striatum and cortex (Rice, et al., Ann. Neurol., 9:131-141,
1981) in order to investigate changes in the hemisphere contralateral to injury in the
animals as adults. Seven day-old Wistar rat pups underwent unilateral carotid artery
ligation and were then exposed to 2.5 hours of hypoxia (8% O2, 92% N2, 37°C).
Following this ischemic-hypoxic event, animals were reared normally. As adults,
the animals were perfused with 2% paraformaldehyde and brains were removed.
Brains were cut into 40pm sections and Nissl-stained with thionin. Measurements
were taken from coronal sections representing areas of striatum and cortex using the
image analysis program, NIH Image (W. Rasband, NIH). Area (in mm2) was
computed for the striatum and overlying cortex corresponding to plates 12-14 in a
rat atlas (Paxinos and Watson). Animals that underwent neonatal ischemic-hypoxia
showed significant hypertrophy in the hemisphere contralateral to the ligation;
specifically, the mean striatal area was 13% larger than control animals, and the
mean cortical area was 22% larger than control animals. These data suggest that in
this model of neonatal ischemic-hypoxia, there is hypertrophy in the hemisphere
contralateral to the side of injury which may mediate some recovery of function.
(Supported by grants from the United Cerebral Palsy Association, the American
Heart Association, PHS grant R01-NS-24464, and NRSA 1F31MH10617-01.)
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CONTRALATERAL NEGLECT OF EXTRAPERSONAL SPACE
FOLLOWS TRANSIENT MIDDLE CEREBRAL ARTERY OCCLUSION
IN THE RAT. LA. Rothblaf.T.C. Gleason1. N. Vnek1. R. Barrientos1.
JA. Thornton1. L.F. Kromer4. R.E. Rosenthal23 and G, Fiskum23.
’Depts. of Psychology, 2Biochemistry and ’Emergency Medicine, George
Washington University, Washington, DC 20052, and 4Dept. of Cell
Biology, Georgetown University, Washington, DC 20007.
Models for producing focal cerebral ischemia in animals which result
in neuropathological changes comparable to that found in human
patients have recently been developed. In rats, the middle cerebral
artery (MCA) can be temporarily occluded by passing a 4-0 nylon suture
through the internal carotid artery (Longa et al., Stroke, 1989). Sixty
min of ischemia produces an infarct localized in the ipsilateral
caudoputamen which in some cases extends to the overlying cortex. To
examine the cognitive impairments which follow reversible MCA
occlusion, we tested rats with MCA infarcts on a landmark
discrimination task, a measure of allocentric spatial ability (Gleason &
Rothblat, Behav. Neurosci. 1994). Occlusion of the right MCA for 60
min led to a significant impairment on the landmark test. Examination
of the error pattern revealed that the responses of MCA and control
rats were similar when the landmark was on the right, but the MCA
animals made more errors when the landmark was on the left. These
results suggest that MCA strokes in the rat can result in a contralateral
neglect of extrapersonal space which may be similar to that seen in
humans. Supported by Souers Stroke Fund, Sigma Tau, S.pA., and
GWU Facilitating Fund.

ALTERATION OF LCBF IN RAT BY “MINISTROKES”. L. Wei*.
GRovainen. J. Fcnsicrmachcr and T.Woolsey. Dept, of Neurol. Neurol.
Surg., & Dept. Cell Biol. Physiol., Washington Univ., Sch. Med., St.
Louis, MO 63110, and Dept. Anesthesiology, Henry Ford Hospital,
Detroit, MI 48202
A focal stroke model was developed to test the hypothesis that
the cerebral microcirculation has parallel arteriolar and capillary
pathways for redistribution of flow during local ischemia. Cranial
windows were opened over the "barrel" cortex in rats anesthetized with
ketamine hydrochloride and xylazine. Transits of fluorescein and
Patent Blue in arterioles and venules were recorded during
videomicroscopy before and after ligating branches of the middle
cerebral artery (MCA). Mean control arteriovenous latency was 0.71
sec. After occlusion, the mean latency in the same pairs of arterioles
and venules was significantly increased to 3.1 sec. The entire transit
times in the venules were prolonged 2-3 X during ischemia. Flow was
dramatically redistributed through arteriolar collaterals. Quantitative
autoradiography after *4C iodoantipyrine showed significantly
decreased local cerebral blood flow (LCBF) in ischemic regions.
Staining fresh brain sections at 24 hr with TTC (Triphenyl Tetrazolium
Chloride) showed neuronal death localized to the ischemic cortical
regions in half of the rats with multiple MCA ligations. This model
allows direct visualization / imaging of changed microvascular flow
after local occlusion of surface arterioles and is suitable for the study of
local ischemic damage in brain.
This work was supported by NIH grants NS 26004, HL 41075 and NS 28781, the
McDonnell Center of Studies of Higher Brain Function, and the Spastic Paralysis
Foundation of the Illinois-Eastern Iowa District of Kiwanis International.
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LOSS OF SENSORY, BUT NOT MOTOR RESPONSIVENESS IN
INTACT CORTEX SURROUNDING A FOCAL ISCHEMIC INFARCT IN
AREA 4. S.M, Humphrey*. G.A, Gardner. R, Raiszadeh & R.J. Nude.
Department of Neurobiology and Anatomy, University of Texas Medical
School, Houston, Texas 77030.
Detailed representational maps of both sensory inputs and motor
outputs were derived in the area 4 distal forelimb field of adult squirrel
monkeys before and several weeks after a small ischemic infarct.
Intracortical microstimulation techniques were used to derive maps of
movement representations; multiunit recording techniques were used to
derive maps of sensory (cutaneous & muscle/joint) representations. Preinfarct motor maps were similar to those previously described. Prior to
infarct, neurons throughout the explored region responded either to light
touch or hair bending, light taps, or joint manipulation. Cutaneous
responses were found in caudal portions and muscle/joint responses in
rostral portions of area 4. Infarcts were made by electrocoagulation of a
small vascular bed (1-2 mm2) within the area 4 hand representation.
Post-infarct motor mapping revealed that distal forelimb
movements could still be evoked from stimulation of intact portions of
area 4 using low current levels (<30|iA). Hand representations decreased,
while elbow and shoulder representations increased in total areal extent.
In contrast, post-infarct sensory mapping revealed that neurons at most
sites in the intact area 4 hand representation were spontaneously active,
but could no longer be driven by sensory stimulation. By comparison, the
properties of sensory neurons in areas 3a and 3b were unaffected,
including their receptive field size, location and threshold. These results
suggest that reduced sensory input to intact hand representations in
primary motor cortex may drive subsequent reorganization of motor
outputs.
Supported by NIH NS 30853. This work was done during the tenure of
an Established Investigatorship from the American Heart Association.

NEUROBEHAVIORAL
CONSEQUENCES OF NON-OCCLUSIVE COMMON
CAROTID ARTERY THROMBOSIS IN THE RAT.
N.E. Alexis, E.J.
Green, R. Prado, W.D. Dietrich .
Dept.» of Neurology and
Psychology, University of Miami, Miami, FL 33101.
Thromboembolic events are a major cause of ischemic
stroke.
The purpose of this study was to document the
acute and more chronic neurobehavioral consequences of
non-occlusive common carotid artery thrombosis (CCAT)
in
Wistar rats.
CCAT was induced by a laser-driven rose
bengal-mediated photochemical insult to the vascular endothelium.
Sham-operated animals underwent all surgical
procedures, excluding the thrombotic insult.
Starting 24
hrs after injury, animals were given a battery of tests
that assessed sensorimotor integration, muscle strength
and activity until day 28.
Four days of cognitive testing on the learning set version of the water maze task
were given between days 30 and 35.
Following behavioral
testing, animals were perfusion-fixed for histopathological assessment.
Thrombosed rats exhibited significant
neurobehavioral impairments including deficits on tactile
placing
(p <
0.01)
and beam balance tasks (p < 0.05
Mann-Whitney).
Unilaterally
and
occasionally
bilaterally, these deficits showed variable recovery rates
starting at 5 days.
In contrast, no chronic deficits in
acquisition of the water maze task were documented at one
month.
In this model of embolic stroke,
transient
platelet embolization, in some cases leading to small infarcts,
results in widespread and reversible neurobehavioral consequences.
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NEUROTROPHIN-4/5 AND trkB RECEPTORS IN FOCAL CEREBRAL
ISCHEMIA IN THE RAT. KM, Chan, H.R. Widmer, J.L. Venero and F.
Hefti. Andrus Gerontology Center, Univ. of Southern California, Los
Angeles, CA 90089-0191.
We arc studying the effects of neurotrophin-4/5 (NT-4/5) treatment
on a rat model of focal cerebral ischemia induced by middle cerebral artery
occlusion (MCA occlusion). We tested for neuroprotective effects of NT-4/5
by measuring the infarction volume after administration of this neurotrophin.
One day prior to MCA occlusion, a cannula was implanted into the right
lateral ventricle of 2-month old rats. In a series of experiments, 0.87/*g of
NT-4/5 or a control protein was administered immediately after cannula
implantation and again immediately after MCA occlusion. The animals were
taken for analysis 1 day thereafter. The volume of infarction was determined
from Nissl-stained sections using a computer-aided morphometric analysis
system. Infarct volume was 109.2mm3 in NT-4/5 treated animals and 175.1
mm3 in control animals indicating a 37.7% reduction induced by NT-4/5. We
currently study the consequences of delayed NT-4/5 infusion on the size of
infarcts caused by MCA occlusion. In addition, we characterized the effects
of ischemia on the expression of NT-4/5 and trkB receptors, and markers
reflecting the integrity of specific transmitter systems. Mazindol binding,
which reflects the pre-synaptic re-uptake sites of dopaminergic neurons was
found to be only weakly affected. Compared to the non-infarcted hemisphere,
mazindol binding decreased to 76.1 % after 1 day and remained at 68% from
day 4 to day 7. The density of muscarinic receptors as measured by N-3HMethylscopolamine (NMS) decreased to 55.7% at day 7 after the insult.
Preliminary findings suggest an overall decrease in trkB mRNA expression
in the infarcted area.

LOCALIZATION OF IRON IN THE BRAIN OF THE DEVELOPING
RAT: RELATIONSHIP TO HYPOXIC-ISCHEMIC (HI) INJURY.
Charles Palmer? Geno Pavlick, Rebecca L. Roberts, and James R.
Connor Penn State U. Coll, of Med., M.S. Hershey Med Center,
Depts of Pediatrics, Neuroscience and Anatomy, Hershey PA.
Transition metals like iron catalyze the formation of cytotoxic
reactive oxygen species during cerebral ischemia and reperfusion.
We hypothesized the Hl brain injury to immature rats would occur
preferentially in iron rich regions. Aims: l)To describe the normal
distribution of iron in the cerebral hemisphere of the developing
rat. 2)To correlate the distribution of iron with cortical injury following a standard HI insult. Method: Brain iron was stained by a
modified Peris’ reaction in 50g coronal brain sections from rat
pups aged 3-51 days. Other 7 day old pups underwent an HI insult
to the right cerebral hemisphere by right common carotid artery
ligation and 2.25hr hypoxia in 8% oxygen. We stained for iron at
0, 15, 24, 48, 72h and at 7, 14, 21, and 28d of recovery. Results:
l)In normal development, four major foci of iron positive cells are
present; the SVZ and 3 white matter regions. The cortical arterioles and capillaries stained strongly positive for iron in the 3 and
7 day old pups. Vascular staining was less prominent in the older
animals. Post HI: Neurons overlying the cortical patches were the
first to be injured at 0-15 hrs of recovery. After 7 days recovery,
iron staining was intense in the damaged cortical layers V & VI.
Columns of intensely stained damaged cortex extended from layers
V & VI towards the pial surface. In many instances iron accompanied cortical blood vessels. Conclusion: These results support
the hypothesis that iron rich structures are susceptible to reperfusion injury. Penetrating cortical blood vessels stained preferentially for iron following HI suggesting they are involved in the
injury process.
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THE EFFECT OF HEMODILUTION WITH A PURIFIED MONOMER OR
PURIFIED POLYMERIZED HEMOGLOBIN ON INFARCT SIZE IN
FOCAL ISCHEMIA IN RABBITS. D. Chu, l.C. Saikali, P.
Yanez, C.S. Oailw*. Neurosurgical Service,
Massachusetts General Hospital & Harvard Medical
School, Boston, MA 02114.
Reducing viscosity can enhance blood flow and
potentially protect against cerebral ischemia by
improving collateral circulation. This is achieved,
however, at the expense of a decrease in the oxygencarrying capacity by reducing hemoglobin content in
blood. We examined the protective effects of
hemodilution (hematocrit < 15%) in a rabbit model of
focal cerebral ischemia using either a purified
monomer (PuHb) or purified polymerized (PoHb)
hemoglobin solution (Biopure Inc.) designed to
decrease hematocrit, but not oxygen-carrying
capacity. Both PuHb (n=5) and PoHb (n=5) increased
infarct volume (979±326 and 1026±622 mm3, P<0.05,
respectively) relative to controls (427±116 mm3,
n=5). There were no significant differences in mean
arterial blood pressure, pH, pCO2, pO2 and brain
temperature between groups during the ischemic
period. This outcome may be due to autoregulatory
constriction of collateral vessels when the
intraluminal flow is at a low viscosity. We conclude
that at this level of hemodilution, the use of these
blood substitutes is not effective in avoiding stroke
as a result of focal cerebral ischemia.

EMBOLIC STROKE: MR IMAGING OF RBC OXYGENATION.
K. H. Taber*, R.C. Herrick, S.R. Northrup, L.A. Hayman. Dept. of
Radiology, Baylor College of Medicine, Houston, TX 77030
BOLD (Blood Oxygenation Level Dependent) is a new method
of magnetic resonance (MR) imaging in which deoxygenated intravascular blood becomes a naturally-formed MR contrast agent.
BOLD MR imaging was performed 30-180 minutes after induction
of embolic stroke in rabbits. Areas of infarction were present upon
TTC staining in 8 out of 12 subjects. Most subjects (6/8) had some
areas of markedly reduced signal intensity on the initial set of BOLD
images within the regions that evolved into infarction. These areas
maintained that appearance over time, with only minor increases or
decreases in signal intensity. In all cases some areas that were infarcted at 4-6 hours appeared of normal signal intensity on the initial
set of BOLD images. Areas that displayed a normal appearance ini-

tially were quite variable in their evolution. In two subjects areas
of clearly increased signal intensity were present initially. These
areas gradually decreased in signal intensity. These results indicate
that the BOLD method has limited utility for the reliable early delineation of clinical stroke. The sensitivity of the technique to presence
of deoxyhemoglobin give it definite potential, however, for investigations into the dynamic pathophysiological changes that occur as

stroke evolves.
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XH IMAGING OF NEONATAL RAT BRAIN: IN VIVO
EVALUATION OF HYPOXIA-ISCHEMIA. B. C. Albensi*1, S,

THROMBOLYSIS AND DIFFUSION MRI IN A RABBIT MODEL OF EMBOLIC
STROKE. M. Yenari. A. de Crespigny. H. D’Arceuil, J, Palmer. S. Roberts. G.
Albers. S. Schrier. M. Moseley and G, Steinberg*.-Depts. of Neurology,
Neurosurgery, Radiology and Hematology, Stanford Hospital Stanford, CA 94305
Embolic stroke models are ideal for evaluating thrombolytic agents but are limited
because of lesion variability. Diffusion-weighted MRI (DWI) is a novel technique
which can image areas of ischemia minutes from stroke onset. Perfusion MRI
(PMRI) can identify regions of impaired blood flow. We conducted a preliminary
study using sequential DWI and PMRI to evaluate the efficacy of thrombolysis in an
embolic stroke model with tissue plasminogen activator (tPA) and hirulog, a novel,
direct acting antithrombin. Right internal carotid arteries of rabbits were embolized
using aged heterologous thrombi. Baseline DWI and PMRI scans were obtained to
confirm successful embolization. Treatment with tPA (3 mg/kg over 16 hr.), tPA
plus hirulog (6 mg/kg over 1 hr.) or placebo was begun 1 hour after stroke
induction. MRIs were performed at 1 and 24 hours following treatment. Brains
were harvested and gross sections were examined for hemorrhage, then stained with
TTC to delineate infarct. 80% of infarcts were seen in the middle cerebral artery
distribution, 10% in the posterior circulation and none in 10%. DWI at 24 hours
and TTC staining showed excellent correlation. PMRI reliably showed areas of
decreased perfusion in medium to large but not small lesions. Hemorrhage was seen
in several brains on gross section, but was not reliably visualized by DWI. Some
animals treated with tPA and hirulog showed decreased infarct size but increased
wound site hemorrhage. DWI and PMRI are useful techniques in studying stroke
therapy as sequential images can be obtained to follow the evolution of stroke and
response to treatment and are especially suited to embolic stroke models as each
animal saves as its own control. Therapy with tPA and hirulog is promising; but
further studies are needed.

80.17
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Hendee6, M. P. Schweizer26 and F. Filloux13,4,3. Neurosci. Prog.1, Depts. Med.
Chem.3, Neurol.3, Pediatr.4, Psychiat.3, & Radiol.6, Univ. Utah, SLC, Utah 84112
Human infant brain damage resulting from hypoxia-ischemia (HI) is a major
recognized cause of mortality and morbidity in the newborn. Previously developed
neonatal rat models of HI utilizing unilateral and bilateral carotid artery ligation
followed by hypoxic exposure are incorporated here for the first time in a magnetic
resonance imaging (MRI) study. MRI was employed to study the appearance and
evolution of an HI induced lesion in the neonatal rat brain in vivo as a method for the
evaluation of putative neuroprotective compounds.
Proton images of neonatal rat brains were obtained on a 2T Oxford magnet
configured with SMIS instrumentation and software. Images were collected at various
time points following HI. Multi-slice transverse images were obtained from neonatal
pups that were neither ligated nor exposed to hypoxia (controls) and from rat pups (7
d. old) that were unilaterally or bilaterally ligated and exposed to hypoxia (7.6-9%).
T2-weighted scans demonstrated hyperintensity over much of the cerebral cortex
as early as 24 hours after the HI procedure indicating the presence of tissue infarction.
This hyperintensity suggested increased water content (edema) in affected regions of
the left hemisphere when compared to the nonlesioned right hemisphere, which
served as an internal control in animals subjected to a unilateral ligation. Nonligated
animals showed symmetrical hemispheric images and therefore no evidence of a
lesion. Unilaterally ligated animals that demonstrated lesion formation with MRI
were sacrificed for gross anatomical examination (1-3 d. post HI). The presence of a
lesion in the left hemisphere was confirmed by: 1) vascularization changes, 2) edema
(loss of tissue integrity), and 3) tissue pallor. The right hemisphere showed no
evidence of these changes. Proton imaging of HI induced lesions, therefore, is well
suited for examination of cortical infarction in the neonatal brain and thus serves as a
good method for the in vivo evaluation of putative neuroprotective compounds.

IMAGING INTRINSIC OPTICAL SIGNALS ASSOCIATED WITH BRIEF
HYPOXIA/HYPOGLYCEMIA IN RAT HIPPOCAMPAL SLICE. Akef S. Obeidaft

lohn R. Adams and R. David Andrew, Dept. of Anatomy & Cell Biology, Queen's
University, Kingston, Ontario K7L 3N6.
A brief period of hypoxia-hypoglycemia quickly depolarizes cortical neurons in
brain slice preparations. In addition, this simulated stroke condition may inhibit
metabolic re-uptake of released glutamate, further promoting excitotoxicity. We
have found that large intrinsic optical signals elicited by glutamate agonists can be
imaged in the rat hippocampal slice (J.R. Adams and R.D. Andrew/T.M. Polischuk
and R.D. Andrew, this meeting). Reversible increases both in light transmittance
(T) and in extracellular resistance, particularly in CA1 dendritic regions, implicated
cell swelling as a cause. In the present study, replacing 40 mM Na+ with K* for
5 min, which should depolarize and swell cells, reversibly increased T in all
dendritic regions (n-5). Therefore we predicted that exposure to aCSF bubbled
with 95% N2, 5%CO2 and with glucose reduced from 11 to 1 mM should increase
T in slice regions that are vulnerable to ischemic injury. In 15 slices exposed to
hypoxic/hypoglycemic conditions for 5 min at 32°C, T increased 4 to 8% in CA1
dendritic regions following loss of the evoked CA1 field potential. Smaller
increases in T occasionally arose in dendritic regions of dentate and CA3. In 7 of
these slices, the responses partially reversed during 10-15 min in normal aCSF. In
4 other slices left in normal conditions and imaged for 20 min, the max a T was
less than ±2%. We conclude that brief hypoxia/hypoglycemia elevates light
transmittance, particularly in CA1 dendritic regions which suggests cell swelling,
an early excitotoxic event. Spectroscopic analysis should reveal if these intrinsic
optical signals are continuous (indicating swelling) or wavelength-specific
(indicating, for example, cytochrome alterations).
Supported by the Canadian MRC
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MRI STUDY OF MULTIPLE CEREBRAL INFARCTIONS AND IRON
DEPOSITS IN THE GLOBUS PALLIDUS IN AGED RHESUS
MONKEYS. H. Uno*, Y, Kao, E. Baker. S. Shelton and J. Holden.
Wisconsin Regional Primate Research Ctr. and Depts. of Pathology,
Psychiatry, and Medical Physics, School of Medicine, Univ. of Wisconsin,
Madison, WI 53715.
Using magnetic resonance image (T-l weighted, 1.3 mm thick, 60 serial
coronal images), multiple cerebral infarctions and a reduced signal of the
globus pallidus and substantia nigra were detected in 8 aged rhesus
monkeys (age 25 to 37 years), and equivalent pathological lesions were
studied in autopsied brains. The multiple infarctions were found in the
parietal and temporal cortices, cerebellum, and thalamus. MRI of 11
young monkeys (2 to 13 years) showed no such abnormal images. Two
of 8 aged animals had suffered from paralysis of the limbs. The
postmorteum brains of 3 aged animals manifested multiple infarctions in
the regions corresponding with MRI and a distinct brownish discoloration
of the globus pallidus and substantia nigra. The iron deposition was
detected in both formalin-fixed brain slices and microscopic sections of
the globus pallidus and substantia nigra by means of the ferric
ferrocyanide method (Berlin blue test). The iron was positive in the
perivascular macrophages and in scattered micro glia cells. Depletion of
the neurons, softening, and fresh hemorrhage were not seen in these
regions. In 32 brains from autopsy cases (ages 6 to 32 years), iron
positivity of the globus pallidus was found in all brains of ages over 15
years (26 brains). The lesions appeared to be caused by minor insidious
hemorrhage in die perivascular spaces. Iron pigments in the substantia
nigra were found less often than in the globus pallidus. The iron deposits
of the globus pallidus developed much earlier than other age-related
lesions such as multiple infarctions or senile plaques in the macaque
brain.
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HYPOTENSION AND MAC OCCLUSION DURATION: EFFECT IN
TRANSIENT FOCAL ISCHEMIA IN RATS. C.Z.Zhu’.R.N.Auer.
Department of Neuroscience, University of Calgary, Canada, T2N 4N1
The purpose of this study was to define the time course of middle cerebral
artery (MCA) infarction during the first 2 hours at varying blood pressures
(BP), and to define the minimum time of focal cerebral ischemia before
neuronal damage becomes observable at each BP. Male Wistar rats (n= 150)
had intraluminal suture occlusion of the right MCA. Quantitative
neuropathology was performed at 16 coronal planes after one week survival.
Variations of 20 mm Hg influenced infarct volume at occlusion durations of
one hour or more. At a BP of 80 mm Hg infarct volumes were 33±35,
21±13, 29±14, 57±43, 81 ±70 mm3 (mean±SD) for 40, 60, 80, 100 min
respectively. At a BP of 60 mm Hg the respective infarct volumes for the
same durations of occlusion were 29±34, 46±32, 82±44, 116±66, 98±47
mm3, and at a BP of 40 mm Hg infarct volumes were 54±51, 103±51,
118±42, 148±43, 174±54 mm3. Thus, at BP 80, infarct size increased only
after 80 minutes, but at lower blood pressures the effects of hypotension and
time of occlusion acted independently in determining the size of the cerebral
infarct, ie there was no interactive effect. Selective neuronal necrosis in the
cortical penumbra was positively correlated with the longer MCAO duration
(p<0.0000l, F=107) only at higher BP; lower BP enlarged the penumbra at
all occlusion times (p<0.00001, F=22) contrasting with the findings in
pan-necrosis. Ipsilateral hippocampal damage was found in 14 animals, and
contralateral neocortical necrosis was seen in the neocortex and hippocampus
in two animals. We conclude that infarcts enlarge earlier and more rapidly
at lower blood pressures during the first 2 hours of occlusion, with minimal
damage at 40-60 minutes at normal blood pressure. Trans-synaptic effects can
produce necrotizing damage in the hemisphere opposite to the ischemia.

EARLY HISTOPATHOLOGICAL CHANGES IN CORTICAL
NEURONS IN RAT MODEL OF TRANSIENT FOCAL CEREBRAL
ISCHEMIA. K.Onizuka1 ^KJshida1 ,K1Muramatsu1, A.Takaku3.
M.Sasaki^M.Kunimatsu^H.Nishino*1. Dept. of ^Physiol, and
^Biochem. , Nagoya City Univ. Med. Sch., Mizuho-ku, Nagoya 467,
Japan, 3 Dept. of Neurosurg., Toyama Med. and Pharmaceut. Univ.,
Sugitani, Toyama 930-01, Japan.
We examined the early histopathological changes in the cortex and
striatum after transient focal ischemia in the rat by silver staining and
immunohistochemistry for tubulin, MAP2 as well as //-calpain. After
one hour embolization of the unilateral middle cerebral artery (MCA)
with different reperfusion time, we used argyrophilic DI method for
the demonstration of ’’collapsed" neurons according to Galiyas.
’’Collapsed" neurons appeared in the MCA supplied ipsilateral cortex
(in a columnar fashion) and striatum at 30 min to 3 days after the
reperfusion. They had shrunken somata and corkscrew-like dendrites
suggesting changes in cytoskeleton especially in dendrites. In these
ischemic areas, the disappearance of the immunoreactivity for tubulin,
MAP2 as well as //-calpain was detected. The anti-calpain antibody
used in the present study was raised in rabbits against the N terminal
peptides of 80 K subunit of human //-calpain. It detects endogenous
inactive calpain before autodigestion into an active form. Based on
these data we propose that following ischemia/reperfusion,
endogenous inactive calpain is first transformed into an active form,
then damages in cytoskeleton mainly microtubules would be induced,
and neurons fell into ’’collapsed" state.

ISCHEMIA:
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INTRAVENOUS BASIC FIBROBLAST GROWTH FACTOR
(bFGF) REDUCES INFARCT SIZE FOLLOWING FOCAL
CEREBRAL ISCHEMIA IN RATS. S.P. Finklestein*, M.E.
Meadows. M. Fisher. T. Do. and M. Charette.
Massachusetts General Hospital, Boston, MA 02114
Basic fibroblast growth factor (bFGF) is a potent
neurotrophic agent that promotes neuronal survival and protects
neurons against a number of insults and toxins. Moreover, recent
data show that this factor is also a potent dilator of cerebral pial
arterioles. In previous studies, we showed that bFGF, delivered
intraventricularly before ischemia, reduced infarct size in a model of
focal cerebral infarction in rats. In the current study, bFGF (45 |i
g/kg/h) or vehicle was administered intravenously to mature
Sprague-Dawley rats, starting at 30 min. after permanent intraluminal
suture occlusion of the middle cerebral artery, and continuing for 3 h.
Core temperature was kept constant during surgery and infusions.
After 24 h, neurological deficit was assessed by rating scale and
infarct volume was assessed by TTC staining. Both neurological
deficit and infarct volume were reduced in bFGF vs. vehicle-treated
rats (1.5 ± 0.4 vs. 2.6 ± 0.3, and 144 ± 36 vs. 283 ± 17 mm3,

respectively, N=12 vs. 12, data are mean ± SEM, both p<0.05). The
mechanisms of reduction in infarct size following intravenous bFGF
administration require further investigation.
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THE INFLUENCE OF PLASMA GLUCOSE CONCENTRATIONS ON
ISCHEMIC BRAIN DAMAGE IS A THRESHOLD FUNCTION.
K.
Pahlmark*. P.-A. Li. M. Shamloo. K. Katsura, and.B, K.Biesio.
Lab. for Experimental Brain Research, Experimental Research
Center, Lund University Hospital, Sweden, Lund S-221 85.
To investigate whether aggravation of damage in hyperglycemic
subjects is a continuous function of changes in intra- and extracellular pH during ischemia or whether there is a threshold
value, preischemic plasma glucose was varied from 8.3-20.0
mM. Ten min forebrain ischemia was induced in male Wistar rats
(S.P.F. Strain). Seizure incidences were recorded and tissue
damage was assessed after 7 days recovery. The result showed
that no animal with plasma glucose below 13 mM developed
seizures and all animals with glucose exceeding 16 mM died in
status epilepticus. Half of the animals with glucose 13-16 mM
showed seizures and 50% of these died. In surviving animals,
histological brain damage
occured in CA3, cingulate cortex,
thalamus and substantia nigra, structures normally not injured
by 10 min ischemia. The result demonstrate that there is a
glucose threshold of 10-13 mM, above which seizures develop
and additional damage appears, and another one (>16 mM), above
which seizures are invariably fatal. Since the severity of tissue
acidosis correlates to plasma glucose concentration, the results
suggest that hyperglycemia aggravates damage by reducing intraand extracellular pH, and that the critical pH range is narrow.

81.3
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SYSTEMICALLY INDUCED HYPERMAGNESEMIA INCREASES
THE BIOAVAILABILITY OF MAGNESIUM IN RAT BRAIN
Lars-GOran SjftstrOm and Per Wester*. UmeS Stroke Research Group, Dept
Medicine, Univ. of Ume&, S-901 87, Sweden
Most NMDA-receptor antagonists have psychotomimetic side effects
which limit there clinical use as neuroprotectors in acute stroke. Magnesium
(Mg), a naturally occurring bivalent cation, acts as a voltage-dependent
NMDA-receptor blocker as shown in vitro. However, it is unknown whether
systemically induced hypermagnesemia increases the bioavailability of Mg
at the neuronal level in vivo.
MgCl2 [0.625 mM, total amount 2.0 mmol/kg] was infused
intravenously (i.v.) in adult male halothane-anesthetized Wistar rats (n=15)
at a flow rate of 1.0 ml/hr (appr. 60 min infusion period). Microdialysis
probes were placed in the jugular vein, the lateral ventricle and the
frontoparietal cortex. Mg in dialysate was analysed by atomic absorption
spectrophotometry.
Mg in blood dialysate (BD) increased to a maximum of 553% compared
with baseline values (p<0.05 by ANOVA) 60 min after onset of i.v. Mginfusion. The increased BD-Mg then gradually decreased but remained
significantly elevated for 120 min after its peak value (p<0.05 by ANOVA
and post-hoc tests). Mg in cerebrospinal fluid from the lateral ventricle
increased to 162% of baseline recordings 80 minutes after started i.v. Mginfusion (p<0.05) and remained significantly elevated for 60 min (p<0.05).
Mg in brain extracellular fluid increased to 192% of baseline values 80 min
after onset of i.v. Mg-infusion and was significantly increased for 100 min
(p<0.05)
These data demonstrate a significant accumulation of Mg in
cerebrospinal fluid and brain extracellular fluid after intravenously induced
hypermagnesemia with a short time lag of Mg increase between blood
versus CSF and brain. This gives optimism of Mg, which is clinically well
tolerated, as an efficient neuroprotector in acute cerebral ischemia.

THE EFFECT OF NBQX ON NEURONAL CELL LOSS
FOLLOWING GLOBAL ISCHEMIA UNDER CONDITIONS OF
PROLONGED TEMPERATURE CONTROL. G.P. Schielke*. A.W.
Probert. N.C. Kupina and J.J. Cordon. Parke-Davis Pharmaceutical
Research, Division of Warner-Lambert Company, Ann Arbor, MI.
48106
The AMPA antagonist, NBQX, reduces selective neuronal death
following global ischemia in the rat. Recently, it has been demonstrated
that delayed, moderate hypothermia can show a similar protective effect,
pointing to the importance of prolonged maintenance of temperature in
studies assessing the neuroprotective actions of drugs. Thus, we have
studied the effect of NBQX after 10 min of 4-vessel occlusion with
prolonged (21-29 hr.) post ischemic control of body temperature.
NBQX (30 mg/kg x 3, IP) was administered at 15 min intervals
beginning at the time of reperfusion. Body temperature was maintained
by a telemetry-based feedback system at a set point of 37.5°C.
Hippocampal cell loss was determined from histological sections after 7
days of reperfusion. In 2 independent studies, NBQX reduced the CA1
damage scores (Study 1, 5.0±0.5 vs 3.6±.5 n=20, p=0.04; Study 2,
7.1±0.3 vs 5.7±.6 n=28, p=0.05). The 24 hr mean body temperatures
did not vary between groups.(NBQX vs vehicle, 37.58±0.05 vs
37.66±0.16; 37.60±0.03 vs 37.66± 0.14; Studies 1 and 2 respectively)
We conclude that NBQX can mitigate a portion of the selective neuronal
loss when hypothermia is prevented during the first day following
ischemia.
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THE AMPA ANTAGONIST NBQX PROTECTS PURKINJE
CELLS AFTER CARDIAC ARREST IN RATS.

J. Brasko*

Neurosurgery, University of Pennsylvania, Philadelphia, PA 19104.
Cerebellar Purkinje cells die following global ischemia in experimental animals
as well as following cardiac arrest in humans. Delayed post-ischemic Purkinje cell
death appears to involve an excitotoxic component. We performed a double blinded
examination of the neuroprotective efficacy of NBQX, a competitive AMPA
antagonist, for Purkinje cells following a 10 minute duration cardiac arrest and
resuscitation in adult male Long Evans rats. One group of animals received NBQX
(30 mg/kg, i.p.) 1, 3, and 6 hours after cardiac arrest; a second group received cardiac
arrest and saline injections. Seven days after cardiac arrest experimental and normal
control animals were sacrificed and their cerebella cut in 40pm sagittal sections
stained with cresyl violet or processed for parvalbumin, glutamic acid decarboxylase
(GAD) or glial fibrillary acidic protein immunohistochemistry. The Purkinje cell
layer border was traced at 40X using a drawing tube and counts made of Purkinje cells
at 100X through the vermis and hemisphere of Nissl stained sections in each case.
Neuronal density per mm2 Purkinje cell layer area was compared across groups.
NBQX produced a significant sparing of Purkin je cells following cardiac arrest,

Normal
CA

TREATMENT I

Purkinje density
536 + 67
167 ± 67*
320 ± 881-2

% Spared
31.2%
59.7%

% Lost
68.8%

% Rescued
41.5%

NBQX
40.3
* CA< normal, p<.0001; 1 NBQX > CA, p<.001; 2NBQX<Normal, p<.001
consistent with reported results in other rodent global ischemia models, suggesting
that the degenerative process involves sustained overexcitation mediated by AMPA
receptors. AMPA antagonist treatment following cardiac arrest may produce similar
neuroprotection for human cardiac arrest victims (Supported by NS-28852-03).

Glucocorticoid effects on epileptic seizures and brain damage after
hypoxia/ischemia.

R.H.A. Kemper, S. Knollema. G.J. Ter Horst*. J. Korf. H.J. Krugers.
Dept. Biological Psychiatry and Groningen Institute for Behavioural and
Cognitive Neuroscience (BCN), University and Academic Hospital of Groningen,
Netherlands.
In vivo and in vitro studies indicate that glucocorticoids can potentiate
neuronal damage induced by a variety of stimuli. This study evaluated the effect
of vehicle (CONT), the steroidogenesis inhibitor metyrapone (MET, 150 mg/kg,
s.c.) and the major glucocorticoid corticosterone (CORT, 40 mg/kg, s.c.) on the
occurrence of epileptic seizures and brain damage after transient
hypoxia/ischemia in male Wistar rats (304 ± 2 g ). MET and CORT were injected
respectively 4 and 1 h. before 20 minutes of combined hypoxia and unilateral
ischemia. Hypoxia/ischemia was followed by 10 minutes normoxia. One day
before, during and 1 day after hypoxia/ischemia, bloodsamples were taken
through a permanent cannula to measure pO2, pCO2, glucose and corticosterone
levels. After 24 h., in which the occurrence of epileptic seizures was registered,
rats were perfused and brain damage was determined using silver impregnation.
During normoxia plasma corticosterone levels in CONT, MET and CORT rats
were 59.9 ± 2.7, 17.3 ± 3.5 and 72.7 ± 4.8 pg/dl respectively. Ninety percent of
the CORT rats and 50 % of CONT showed epileptic seizures while MET rats
showed no seizures at all. Rats with seizures had significantly higher
corticosterone levels during normoxia compared with rats without seizures. MET
rats showed significantly less brain damage compared to CORT rats. Moreover,
there was a significant positive correlation (r=0.49, p<0.05) between
corticosterone levels during normoxia and the amount of brain damage.
These results suggest that reduction of glucocorticoid levels during
hypoxia/ischemia and subsequent normoxia prevents the occurrence of epileptic
seizures and decreases brain damage one day after hypoxia/ischemia.

81.7
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Hypoxia/ischemia induced brain damage is decreased by treatment with LDeprenyl.
S. Knollema*, W, Aukema, J, Korf and G.J. Ter Horst.
Departement ofBiological Psychiatry and Groningen Institute for Behavioral and
Cognitive Neuroscience (BCN), University and Academic Hospital of Groningen,
P.O. Box 30.001, 9700 RB Groningen, The Netherlands.
L-Deprenyl (selegiline) protects animal brains against toxic substances such as 1methyl-l,2,3,6-tetrahydropyridine (MPTP) and 6-hydroxydopamine (6-OHDA) and
may be used in man to prevent neurotoxic damage. Experiments were conducted to
test whether L-deprenyl prevents or reduces damage in a transient hypoxia/ischemia
rat model. Wistar rats were treated for 14 days with 2 mg/kg, 10 mg/kg L-Deprenyl
or saline. Rats were endotracheally ventilated with an infant ventilator and placed on
a heating pad to maintain body temperature at 37° C. The transient hypoxia/ischemia
consisted of 10 min normoxia (70% N2O; 30% O2), 20 min hypoxia (90% N2O; 10 %
O2) with simultaneous unilateral carotid artery occlusion induced by an artery clamp,
followed by 10 min normoxia after removal of the clamp. After 24 hours of reperfusion
animals were perfused transcardially. Silver staining was used to reveal degenerative
changes in several forebrain regions.
The percentage damaged area, when averaged over several levels, showed that the
forebrain as a total and all regions studied except the hippocampus had significantly
less silver stained surface. In the striatum, thalamus and cortex this damage reduction
was at least 62 % and at most 92 %. The precentage total damaged area in the
forebrain was 27% in controls and this was decreased in the L-Deprenyl treated groups
to 6% (2 mg/kg) and 12% (10 mg/kg).
The results suggest that L-Deprenyl is effective as a prophylactic treatment for brain
tissue at stroke risk.

MUSCIMOL ATTENUATES EXCITOTOXICITY, BUT EXACERBATES
OXYGEN-GLUCOSE DEPRIVATION NEURONAL INJURY IN CORTICAL
CELL CULTURES. J.K. Muir*. D. Lobner and D.W. Choi. Dept. of Neurology
and Center for the Study of Nervous System Injury, Washington Un>v. School of
Medicine, St. Louis, MO 63110.
We examined the effect of muscimol, a GABAa receptor agonist, on the neuronal
death induced by excitatory amino acids or oxygen-glucose deprivation. Mouse
mixed cortical cell cultures were exposed to submaximal injurious concentrations of
NMDA (100-200 pM, 5 min), AMPA (10 pM, 24 hr) or kainate (30 pM, 24 hr) in the
presence or absence of muscimol (1-1000 pM). Neuronal death was assessed 20-24
hrs after initiation of excitotoxic exposure. Although we have previously reported
little protective effect of 1 mM GABA against rapidly-triggered glutamate
neurotoxicity when glutamate was added at saturating concentrations (J. Koh and D.
Choi, Neurol. 9837: 319, 1987), a modest (20-30%) reduction of neuronal death was
observed against the submaximal NMDA-induced injury evoked in the present
experiments. Similar neuroprotection was also seen against slowly-triggered, AMPA
or kainate-induced injury (see also H. Monyer et al., Soc. Neurosci. Abstr. 16: 288,
1990). These protective effects of muscimol were reversed by addition of 100-1000
pM bicuculline.
In contrast to the protective effects of muscimol on excitotoxicity, muscimol
potentiated the cortical neuronal injury induced by oxygen-glucose deprivation.
Deprivation times between 30-45 minutes resulted in 10-30% neuronal
degeneration by the next day. Addition of muscimol (l-100pM) during deprivation
resulted in a muscimol concentration-dependent increase in glutamate release to the
bathing medium associated with a marked increase in neuronal death. Muscimol
potentiation of neuronal injury was prevented by 10 pM MK.-801, suggesting that
the increased injury required NMDA receptor activation. Supported by NIH Grant
NS 30337.

81.9

MULTIPLE BOLUSES OF DYNORPHIN IMPROVE OUTCOME
FOLLOWING FOCAL CEREBRAL ISCHEMIA IN THE CAT.
M.A. Widmayer. J.L. Browning. T.D. Turner and D.S. Baskin*.
Dept. Neurosurgery, Baylor College of Medicine and VAMC,
Houston, Texas 77030.
Although kappa opioids improve outcome following experimental
ischemia, there have been reports of less than optimal results
following kappa treatment. To try to find a superior treatment
regimen we undertook the following study of experimental focal
cerebral ischemia. 20 cats underwent occlusion of 2mm of the right
middle cerebral, anterior cerebral and internal carotid arteries. At 6,
9, and 12 hours post-occlusion, animals were administered saline
(Sal) or 0.5,1.0 or 2.0 mg/kg dynorphin (Dyn) i.p. Nine of the
animals also received continuous drug infusion of 50 Jig/hr via an
osmotic pump. Cats were sacrificed on day 8. The brains were
stained with triphenyltetrazoleum chloride (TTC) and assessed for
infarct and ischemia.
Multiple bolus treatment increased survival from 0% to 53% (p <
0.05). At the optic chiasm infarct was reduced from 69% to 51% (p
< 0.05). Ischemia tended to be higher in Dyn treated animals (16%
vs 8%) but the increase was not statistically significant (p < 0.2).
Although multiple bolus treatment improved outcome, it was not
more effective than single bolus treatment (1991 SFN abst Survival: Dyn - 50%, Sal -10%; Infarct: Dyn - 43%, Sal - 67%).
Continuous infusion did not boost survival or tissue damage.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

81.10

BMS-181102, A 5-HT2 AND CALCIUM ANTAGONIST, IS
NEUROPROTECTIVE IN RODENT MODELS OF GLOBAL AND
FOCAL CEREBRAL ISCHEMIA. S.L. Moon*, M, Kapin. L, DeVore,
L. Lombardo, G. Poindextcrt Neurodegen. Disorders Dept. and
^Central Chemistry, Bristol-Myers Squibb, Wallingford CT06416
We undertook a drug discovery effort aimed at combining the neuroprotective effects of 5-HT2 and L-type Ca++ channel antagonism for the
treatment of stroke. BMS-181102 was identified as a compound that
displayed these antagonist activites1 along with polyamine-like
antagonism2. It was neuroprotective in in vitro2 and in vivo models.
In a model of transient global forebrain ischemia, gerbils were subjected to a 15-min. bilateral carotid occlusion. BMS-181102 or vehicle
was administered at -1, 1, 24, 48, and 72 hrs relative to the time of
occlusion. A damage rating scale of Nissl-stained sections was used to
evaluate hippocampal histopathology. BMS-181102 (40 mg/kg, i.p.)
significantly reduced hippocampal damage. BMS-181102 was also
evaluated in a 15-min. 4 vessel occlusion model in the rat. Cerebral
damage was assessed at 7 days after ischemia through the use of 3H-PK
11195 autoradiography (a ligand for the peripheral benzodiazepine
receptor). BMS-181102 (5 mg/kg, i.p.) administered 30 min. before
ischemia significantly reduced hippocampal damage by 43%.
In a permanent focal ischemia model, middle cerebral artery occlusion
in the rat, BMS-181102 significantly reduced cortical infarct volume
determined by means of a vital dye 24 hrs after occlusion. In this model
BMS-181102 was neuroprotective after i.p. and i.v. administration and
also, when it was delivered at 1 hr post-occlusion.

1 D. Taylor et al., Soc. Neurosci. Abstr. ('94). 2 D. Needels et al., Soc.
Neurosci. Abstr. (’94).
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BMS-181102: POLY AMINE ANTAGONIST PROPERTIES MAY MEDIATE

PROTECTION FROM NMDA NEUROTOXICITY. D

TREATMENT I

L.

Needels*,

N. G. Below, and Duncan P. Taylor. Neurodegenerative Disorders and
Psychobiological Disorders, Bristol-Myers Squibb, Wallingford, CT 06492.
BMS-181102 is a neuroprotective agent designed to combine antagonist
properties at L-type Ca++ channels and the 5HT2 receptor (see adjacent poster,
D.P. Taylor, et al.). During the course of exploring the breadth of its
neuroprotective properties, BMS-181102 was found to protect cultured hippocampal
neurons from continuous 24 hr exposure to NMDA, with an IC50 = 5.7±0.8 pM
(n=6). This somewhat surprising activity was not related to the compound's known
receptor binding properties, as shown by the lack of correlation between binding
affinity at these sites and potency of protection in a series of standard agents.
Neither 50 pM glycine nor higher NMDA concentrations caused any shift in the
BMS-181102 dose-response curve, arguing against direct antagonism at either of

these sites on the NMDA receptor.
BMS-181102 is structurally similar to ifenprodil (Synthelabo), which has been
reported to protect neurons from NMDA toxicity by interaction at the polyamine site
of the NMDA receptor. The neuroprotective effects of both ifenprodil and
BMS-181102 were blocked by non-toxic concentrations of the polyamine agonist
spermine. Moreover, both the ifenprodil analog Eliprodil and BMS-181102
inhibited the spermidine-enhanced binding of [3H]dizocilpine (MK-801) in rat brain
cortical membranes in a concentration-dependent manner. Interestingly, the
structurally related sigma agent BMY-14802 lacked effect on both spermidineenhanced dizocilpine binding and protection from NMDA toxicity. Schild analysis
indicated that Eliprodil was a non-competitive inhibitor (Kg = 0.99±0.25 pM) while
BMS-181102 was a competitive inhibitor (Kb = 4.71±0.68 pM). These data
suggest that BMS-181102 may protect cultured hippocampal neurons from NMDA
toxicity through antagonism at the polyamine site.

BMS-181102: NEUROPROTECTION WITH 5-HT2 ANTAGONISM
AND L-TYPE CA++ CHANNEL BLOCKADE. Duncan P, Taylor*.
Qraham S, Poindexter, Diana Marrero. S.V, D'Andrea. P.L. Dolan. J.E, Lawson.
GJ, Roth. P.A. Tenthorey. R.L. Cavanagh. M.A, Kapin. G.P. Gog sins, and F.D.
Yocca. Psychobiological Disorders and Division of Chemistry, Bristol-Myers
Squibb Company, Wallingford, CT 06492-7660.
The influx of extracellular Ca++ and vasoconstriction resulting from the release of
5-HT contribute to cell death in cerebral ischemia. Emopamil was used to explore
the potential of a combined approach to neuroprotection exploiting these
mechanisms (Drug Res. 39: 314, 1989). Employing a similar approach, we
synthesized 89 aminoalkyl sulfides, sulfones and sulfoxides, and tested them for their
affinity for sites labeled in vitro with [^Hjdevapamil (phenalkylamine site of the Ltype Ca++ channel) and [^Hjspiperone (5-HT2 receptors) in rat brain. Functional
antagonism was assessed in isolated tissue preparations by the antagonism of 5-HT
(rabbit aorta) and calcium (rat dorsal aorta or rabbit basilar artery). There was a
statistically significant correlation between in vitro affinity and antagonism for the
analogs and standards tested. BMS-181102 [(4-fluorophenyl-thiopropyl)-N-methylN-phenethylamine] was identified as a potent inhibitor of the 5-HT2 receptor
(IC50=60 nM, Kg=0.8 nM) and a blocker of the Ca++ channel (IC50=330 nM,
Kg=57 nM). It was also found to have affinity for 5-HTi a receptors and o binding
sites (IC50=150 nM and 2 nM) but not sites labeled by [<HJnitrendipine (8000 nM).
Support for this approach was evidenced by the ability of BMS-181102 to be
neuroprotective in models of cerebral ischemia such as protection from NMDA
toxicity in cultured hippocampal pyramidal cells, anoxic depolarization in the rat
hippocampal slice, nitrogen-induced lethality (rat), reduction in infarct size in
bilateral carotid occlusion in the gerbil or middle cerebral artery occlusion in the SH
rat.

81.13
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DEXTRORPHAN REDUCES INFARCT SIZE, POST-ISCHEMIC BRAIN EDEMA,
AND VASCULAR PERMEABILITY IN A RAT MODEL OF FOCAL ISCHEMIAREPERFUSION. J. Xu*. C. Du. Y.Y. He. D.W. Choi and C.Y, Hsu. Dept. of
Neurology and Center for the Study of Nervous System Injury, Washington Univ.
School of Medicine, St. Louis, MO 63110.
We tested the protective effects of the NMDA antagonist dextrorphan in a rat model
of focal cerebral ischemia-reperfiision, featuring a consistent infarct confined to the
cerebral cortex of the right middle cerebral artery territory. Dextrorphan given IP, 15
min before ischemia reduced infarct size in a dose-dependent manner: control, 144 ±
26 mm3 (SEM, n=6); 20 mg/kg dextrorphan, 87 ± 20 (n=6); 30 mg/kg dextrorphan, 51
±28 (n=5); 40 mg/kg dextrorphan, 85 ± 13 (n=7). With a dose of 30 mg/kg IP, a
therapeutic window was also defined: control, 152 + 8 (n=34); 15 min before
ischemia, 46 ± 13 (n= 10); 30 min post ischemia, 96+11 (n=22); 60 min post
ischemia, 134+12 (n=l 1). When given 15 min before ischemia at 30 mg/kg IP,
dextrorphan also reduced post-ischemic brain edema as determined by brain water
content: control, 86.043 + 0.874% (n=8); dextrorphan, 83.310 + 0.010% (n=8),
(p<0.01). Injury of the blood brain barrier plays an important role in the pathogenesis
of brain edema in this stroke model. Dextrorphan also blunted the increase in vascular
permeability seen in ischemic cortex. Vascular permeability based on the extent of the
extravasation of fluorescein isothiocyanate-conjugated dextran was 3.96 ± 0.43 (pl/mg
protein) (n= 11) in control and 1.58 ±0.37 (n=l3) in the dextrorphan (30 mg/kg IP)
group. Present results suggest that dextrorphan is efficacious in reducing the
infarction, increased vascular permeability, and brain edema induced by focal
ischemia-reperfusion in rats. Whether the therapeutic effect of dextrorphan on
vascular injury and brain edema can be separated from that on infarct size remains to
be determined. Supported in part by a grant from Hofftnann-La Roche.

DOSE-DEPENDENT CEREBROPROTECTION BY DEXTRORPHAN IN
PERINATAL HYPOXIA-ISCHEMIA. M.M. Lozeron, J. Sepinwall*, A.R.

Shah, J.C. Fitzgibbons, T.S. Park, J.M. Giddav. Department of Neurology
and Neurological Surgery, and the Center for the Study of Nervous System
Injury, Washington University School of Medicine, St. Louis, MO 63010 and
*Hoffmann-La Roche, Nutley, NJ 07110
We undertook a systematic assessment of the protective effect of the
non-competitive NMDA antagonist dextrorphan in a well-established postnatal-day 7 rat model of perinatal cerebral hypoxia-ischemia. Following
unilateral carotid ligation under halothane anesthesia, animals recovered for
90 min with the dam, and were then subjected to 3 h of normothemnic
hypoxia. Dextrorphan was administered intraperitoneally (10 p.l/g) using six
different dose regimens. Unilateral injury/protection was quantified on postnatal-day 14 by comparison of hemispheric weights. Animals receiving
dextrorphan (n=13) at 0.5 h post-ligation (15 mg/kg) and at t=0, 2, and 4 h
post-hypoxia (10 mg/kg) showed 50 % less injury than saline-treated
littermates (n=12; p=0.019 unpaired t-test; 4 litters). No significant neuroprotection resulted from dextrorphan administration at the following five
dose regimens: Post-ligation alone (15 mg/kg; n=4 litters), post-ligation (25
mg/kg) and post hypoxia (25 mg/kg at t=0; n=3 litters), post-hypoxia alone
(10, 20, or 30 mg/kg at t=0 [n=4 litters each]), post-hypoxia alone (30 mg/kg
at t=0; 10 mg/kg at t=1, 2, 3, and 4 h; n=3 litters), and pre-ligation (25
mg/kg) and post-hypoxia (25 mg/kg; n=6 litters).
Thus, dextrorphan
treatment before and after ischemia was necessary to achieve neuroprotection. As in adult models of cerebral ischemia, dextrorphan's efficacy
in reducing injury in this perinatal model is critically dependent on dosage
and timing of administration.
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NEUROPROTECTION WITH POST-OCCLUSION, ADMINISTRATION OF
CALPAIN INHIBITOR IN FOCAL BRAIN ISCHEMIA. R.T. Bartus*1. NJ.
Havward1, P.J. Elliott1, S.D, Sawyer1, K.L. Baker1, R.L. Dean1, A, Akiyama1,
J.A, Straub1. S.L, Harbcsonk Z. Li2. J, Powers2. 1 Alkermes, 64 Sidney St,
Cambridge, MA 02139 Georgia Tech, Atlanta, GA.
Following brain ischemia, excessive extracellular glutamate and intracellular
calcium encompass a biochemical chain reaction leading to cell death. The interval
of time that transpires between the occurrence of an occlusion to the brain and
neuronal death may represent a window of opportunity for pharmaceutic
intervention. One pharmaceutic target that has generated recent interest is the
unregulated activation of, and proteolysis by, the calcium-dependent, cytosolic
protease, calpain.
A series of studies was performed to determine whether selective inhibitors of
calpain could reduce ischemia-associated brain damage when peripherally .
administered following a vascular occlusion. A variation of die rat middle cerebral
artery occlusion (MCA-0) model was employed. The results of these studies
demonstrate significant reduction (roughly 50%) in the size of the MCA-O-induced
infarct with peripheral dosing (1.5-3.0 mg/kg/hr) of AK295, a novel calpain
inhibitor. Moreover, this protection was observed when the drug was administered
hours after the occlusion. These data provide further support for an important role
of calpain proteolysis in brain degeneration and suggest that selective calpain
inhibitors provide a novel and viable means of treating stroke and other acute
neurodegenerative conditions.

LACK OF NEUTROPHIL PARTICIPATION DURING INFARCT FORMATION
FOLLOWING FOCAL ISCHEMIA. NJ. Hayward*. PJ, Elliott. S.D. Sawyer.
R.T. Bronson & R.T. Bartus. Alkermes Inc., 64 Sidney St, Cambridge, MA 02139
& School of Veterinary Medicine, Tufts Univ., N. Grafton, MA 01536.
Although neutrophils have an established role in propagating myocardial ischemic
injury, their role in cerebral ischemia remains controversial. To address this issue we
monitored the time course (8-72h; n =71) of infarct formation and neutrophil
infiltration in a focal ischemia model involving partial reperfusion of the infarcted
cortex. The left middle cerebral artery of male Sprague-Dawley rats (250-300g) was
permanently ligated, with bilateral occlusion of the carotid arteries for lh (MCAO).
Cortical infarct volume was calculated from 7 forebrain (2mm) sections using TTC
and computer-assisted image analysis. Neutrophils were identified with H&E staining.
Ischemic injury was found to be maximal at 12h (n=8), whereas clear evidence of
marginated neutrophils was not observed until 72h (n=4). In no instance was
parenchymal infiltration of neutrophils evident.
In a separate study, administration of cyclophosphamide (CTX; lOOmg/kg ip) 5
days prior to the MCAO caused a 98% depletion of circulating neutrophils and yet had
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Group
(n)

Neutrophil count / pl of
blood (mean +S.E.M.)

Cortical Infarct
(mm^)
(mean ± S.E.M.)
52.3 ± 18.0

593 ±118
Vehicle
(7)
69.4 ± 20.7
12 ±5
CTX
J9
In sum, cell death occurs within 8-12h in this focal ischemia model, whereas
neutrophil infiltration may occur later than 72h. Furthermore, the removal of
neutrophils by CTX did not significantly alter infarct size. Therefore, these data fail to
support an important role of neutrophils in infarct formation following focal ischemia
with partial reperfusion.
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EFFECTS OF Na+ CHANNEL BLOCKERS ON THE ANOXIC DEPOLARIZATION IN NEOCORTICAL PYRAMIDAL NEURONS. A.S.
Rosen*, M.E. Morris and D.F. Weaver. Department of Pharmacology, University of Ottawa, Ottawa, Canada K1H 8M5.

SNX-111, A NOVEL N-TYPE CALCIUM CHANNEL ANTAGONIST, IS
NEUROPROTECTIVE AGAINST FOCAL CEREBRAL ISCHEMIA IN
RABBITS. D. M, Kunis*. M. A. P6rez-Pinz6n. G, H, Sun. CL K^Steinberg.
Dept. of Neurosurgery, Stanford University Medical Center., Stanford, CA
94305.
Cytosolic Ca+2 overload has been proposed as one of the main causes of
pathogenesis during cerebral ischemia. Different sources for this overload
include NMDA receptors, voltage dependent calcium channels and cytosolic
calcium stores. SNX-111, a synthetic product of the naturally occuring
conotoxin MVUA, has been characterized as a novel N-type Ca+2 channel
antagonist and to be neuroprotective in different models of cerebral ischemia.
We attempted to ascertain if SNX-111 was neuroprotective in a rabbit model
of focal cerebral ischemia. We also studied its effects on regional cerebral
blood flow (rCBF), as measured with a Laser-Doppler flow probe, and
electrical activity, as determined with somatosensory evoked potentials
recorded over both hemispheres using skull screws positioned 5 mm to either
side of the sagittal suture at bregma. New Zealand white male rabbits (2.5-3.5
kg) were given 1 mg/kg/h i.v. SNX-111 or normal saline 10 min after onset of
a 2 h period of transient focal cerebral ischemia induced by occlusion of the
left middle cerebral, anterior cerebral and internal carotid arteries in rabbits
followed by 4 h reperfusion. Magnetic resonance scans of the fixed brains
obtained using a 1.5 Tesla Signa scan magnet showed that SNX-111
significantly attenuated cortical edema formation. No significant difference
was found between SNX-111 and saline treated rabbits, in either rCBF or
SEPs. We conclude that SNX-111 is neuroprotective in this model of focal
cerebral ischemia, however its mechanism of neuroprotection remains
undefined.

The depolarization evoked by brief anoxia in layer Il-Ill pyramidal
neurons of rat neocortical slices is significantly depressed (« 50%)
by fast Na+-channel blockers (TTX), partial extracellular Na+ replacement, and the non-specific glutamate antagonist, kynurenic
acid. Novel, FMRFamide-like cyclic dipeptides, such as cyclo-Lalanyl-D-phenylglycine (CDP 15), have been designed as Na +
channel blockers, show significant anti-epileptic activity in vivo,
and may also prove to be effective as anti-anoxic/ischemic agents.
To test this hypothesis, intracellular recordings in neocortical slices
have been assessed the effects of CDP 15 (100 pM in Ringer) on
electrophysiological properties of neocortical pyramidal neurons
and their response to brief anoxia. In normoxic conditions, resting
membrane potential, input resistance, synaptic potentials and the
action potential -- evoked orthodromically or by current injection -are not influenced. Both the anoxic depolarization (AD) and synaptic depression induced by N2 (5') also appear to be resistant. It is
concluded that CPD 15 may act on TTX-insensitive Na+ channels
which make no/minimal contribution to the early AD of these
neocortical neurons. However, the cyclic dipeptides (CDP 15 and
other more potent compounds which have been recently synthesized) may more effectively attenuate the larger depolarizations
which can be observed in the hippocampus and ischemic models.

Supported by Neural Regeneration & Functional Recovery NCE & MRC.
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EFFECT OF NIMODIPINE IMPLANTED PELLETS ON FOCAL CEREBRAL
ISCHEMIA IN RATS
A.D. Perez-Trepichio*. J Joyce and S.C. Jones Cerebrovascular Research
Laboratory, Cleveland Clinic Foundation, Cleveland OH 44195

THE NEUROPROTECTIVE EFFECT OF THREE NOVEL NMDA RECEPTOR
GLYCINE SITE ANTAGONISTS IN A RAT MODEL OF FOCAL CEREBRAL
ISCHEMIA
P. MarekyG. Eilon, J. F.W. Keana**E. Weber*** ACEA Pharmaceuticals, Inc.,
Irvine, CA 92715,* **Dept. of Pharmacology, University of California, Irvine, CA
92715** Dept. of Chemistry, University of Oregon, Eugene, OR 97401
Male Sprague-Dawley rats were anesthetized with halothane and subjected to
permanent occlusion of the middle cerebral artery and ipsilateral common carotid
artery. The contralateral common carotid artery was occluded with an arterial clip
and reperfused after 2 hours. Three highly potent glycine site antagonists were
tested for neuroprotective efficacy in this model. 5-nitro-6,7-dichloro-l,4-dihydro2,3-quinoxaline-dione (5 mg/ml, dissolved in 0.05M Tris, 0.5 % Tween and 5%
glucose) and 5-nitro-6,7-dimethyl-l,4-dihydro-2,3-quinoxalinedione (5 mg/ml,
dissolved in 0.1 M 1-arginine, and 5% glucose) were given IV as a 10 mg/kg bolus
followed by an infusion at the rate of 7 mg/kg/h for 22 hours. 5-nitro-6-methyl-7chloro-l,4-dihydro-2,3-quinoxalinedione (1 mg/ml, dissolved in 0.05M Tris, and
5% glucose) was given as a 2 mg/kg bolus followed by 1.4 mg/kg infusion for 22
hours. The drug administration was started immediately after MCA occlusion.
Animals were sacrified 22 hours after the middle cerebral artery occlusion, the
brains were sliced into 2 mm blocks and stained with TTC (2,3,5-triphenyl
tetrazolium chloride). The areas of brain damage were assessed using an image
analyzer to determine the volume of cortical and subcortical infarction by
integration of areas and the distance between each level. 5-nitro-6,7-dichloro-l,4dihydro-2,3-quinoxalinedione produced a significant reduction in cortical and
subcortical infarct volumes (89%, and 42%, respectively), whereas 5-nitro-6,7dimethyl-l,4-dihydro-2,3-quinoxalinedione and 5-nitro-6-methyl-7-chloro-l,4dihydro-2,3-quinoxaline-dione provided a significant reduction in cortical infarct
only (72% and 75%, respectively). Supported by grant DA 06726 to E. W. and J.
F. W.K

Calcium homeostasis is known to be altered during cerebral ischemia.
Pretreatment with nimodipine, a calcium channel blocker, has been shown to
greatly reduce infarct volume and improve neurological outcome in
experimental cerebral ischemia in animals.
However, the post-ischemic
treatment window for this agent is neither well understood nor defined. Also
the evaluation of methodologies to reduce the complexity of continuous drug
administration in awake animals is needed.
Sprague-Dawley rats were anesthetized (halothane, N2O, O2). The middle
cerebral artery (MCAO), and both common carotid arteries were permanently
occluded. One hour after occlusion the animals were randomized into two
groups; one received 15 mg nimodipine pellets (NP; n=7) and the other
placebo pellets (PP; n=7).
After pellet implantation anesthesia was
discontinued and animals regain consciousness. Twenty four hours after
MCAO occlusion, while anesthetized, animals were decapitated and brain
slices (2 mm thick) were stained with tetrazolium and used to calculate
edema-corrected infarct volume.
Infarct volume was significantly reduced in
the NP group in comparison to the PP group: 118 ± 30 mm3 and 169 ± 51
mm3 (p < 0.05), respectively. These results indicate that pellets are suitable
delivery systems to evaluate stroke treatment in awake animals during early
hours post ischemia. In addition, nimodipine administered 1 hour after MCAO
and continued for 24 hours can achieve a 30% infarct volume reduction in
rats. (Supported by National AHA 91013150 and Miles, Inc.)
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INTRATHECAL TREATMENT WITH U-74389G SUPPRESSES
NEUROLOGICAL DEFICIT AND THE EXTENT OF
HISTOPATHOLOGICAL CHANGES AFTER TRANSIENT
SPINAL CORD ISCHEMIA IN RAT. V.C.Wang , M.Marsala,
X.Y.Hua* and T.L.Yaksh. Anesthesiology Research Lab., Univ.Califomia,
San Diego, La Jolla, CA. 92093-0818
Excessive production of reactive oxygen metabolites have been implicated
in the development of irreversible neuronal damage after transient cerebral
and spinal cord ischemia. In the present work we characterize the effect of
intrathecal (IT) treatment with U-74389G (1, 15 or 50 pg) on the
development of neurological dysfunction after 20 min of spinal ischemia in
the rat. In halothane anesthetized animals which had previously implanted IT
catheters one of the above doses was injected IT 10 min before induction of
reversible spinal cord ischemia. In control animals vehicle (10pl) was
injected IT. After ischemia, animals were allowed to recover for 8 hr.
During this period, motor and sensory function were assessed using 6 point
grading system. After reperfusion the animals were perfusion fixed for light
microscopic analysis. Sections were processed with Nauta or Nadler silver
impregnation technique and evaluated for the presence of argyrophilic
neurons and/or the presence of gray matter necrosis. Intrathecal treatment
with 15 pg but not 1 or 50 pg of U-74389G suppressed the degree of
motor dysfunction during the 8 hr of reperfusion. In control (vehicle treated)
animals no protective effect were observed. Histopathological analysis
showed a reduced necrotic changes in central gray matter, if compared with
vehicle treated animals. These data show that IT treatment with U-74389G
and corresponding inhibition of iron-catalyzed lipid peroxidation can provide
significant protection against irreversible spinal cord damage after transient
ischemia. In addition the spinal delivery' of these compounds may provide an
alternative route of treatment. ( Work supported by Upjohn Company
-M.M.,V.C.W. and by Grant NS 16541-TLY).

GLUTAMATE RECEPTOR ANTAGONISTS DO NOT PROTECT
CA1 PYRAMIDAL NEURONS FROM ANOXIC DAMAGE.
DW Newell, AT Malouf*. Department of Neurological Surgery,
University of Washington School of Medicine, Seattle, Washington
98195.
Degeneration of CA1 pyramidal neurons in hippocampal slice
cultures was observed following either oxygen deprivation alone
or combined oxygen and glucose deprivation. NMDA receptor
blockade was highly effective in protecting CA1 pyramidal cells
from combined oxygen and glucose deprivation, but was
ineffective at protecting them from pure oxygen deprivation.
Blockade of both NMDA and non-NMDA receptors also failed to
protect neurons against pure oxygen deprivation. Significant
protection of CA1 pyramidal neurons against both insults was
observed using hypothermia or by lowering the extracellular
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CA++ and Cl-ion concentrations. Thus, NMDA receptors appear
to be involved in mediating CA1 neurodegeneration following
oxygen and glucose deprivation, but these receptors do not
mediate neurodegeneration following oxygen deprivation alone.
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FELBAMATE EFFECTS ON HYPOXIC CULTURES OF
MIXED NEURONS AND GLIA. T. B, Wollack* and R. M.
Collins. Jr,. Department of Pediatrics and Neurology, University of
Maryland School of Medicine, Baltimore, MD 21201.
Felbamate is a new dicarbamate anticonvulsant which displays some
ability to protect neurons in certain models of against hypoxia and
ischemia (Wallis et al., Stroke 23:547-551,1992; Wasterlain et al.,
Neurology 43:2303-10,1993). In order to further delineate this
apparent neuroprotective action, felbamate’s effects in a cell culture
model of cerebral hypoxia were investigated. Mixed cultures of
neurons and glia were derived from embryonic day 15 mice and grown
in 96 well microplates. After 14-17 days in vitro, the culture medium
was replaced by a salt solution containing various concentrations of
felbamate ranging from lOuM to 2mM. The cultures were then
exposed to an atmosphere of 88% N2, 7 % H2, and 5 % CO2 for up to
4 hours, after which the cultures were returned to their normoxic
incubator. After 24 hours, loss of the integrity of cell membranes, a
sign of cellular injury or death, was assessed by propidium iodide
binding to nucleic acids within the cell. A dose-related decrease in
fluorescence was noted for cultures treated with felbamate. For
example, cultures treated with ImM felbamate and exposed to three
hours of hypoxia showed 33% less fluorescence than did untreated
cultures (3 separate experiments, each with n=8,/><0.01). These results
confirm felbamate’s protective effect on neurons exposed to hypoxia.
Supported by NS01514.

DIFFERENTIAL EFFECT OF MC801, NBQX, AND SEMISYNTHETIC GANGLIOSIDE ON
STROKE-INDUCED ALTERATIONS IN MAP2IMMUNOREACTIVITY. D.M. Armstrong, A
Kharfamw, R. Sheffield. P,R, Grayson*. H. Mangy- Allegheny-Stoger Research Institute, Medical
CoBege of Pennsytvania, Pittsburgh, PA 15212.
Microtubules play a critical role in maintaining cellular function and thus it is reasonable to
consider that the disintegration of these cytoskeletal elements may contribute to the degeneration
or death of neurons following stroke. In order to investigate this concept further, we employed an
to vivo model of focal brain ischemia using the photosensitive dye, rose bengal, and examined
changes to MAP2 immunoreactivity at various times after the lesion. With this model we have
demonstrated that to regions adjacent to the ischemic corp (i.e., the area penumbra) neurons
undergo a relatively slow degenerative process and often die. As early as 1 hr postlesion, MAP2
labeling was conspicuously reduced within the cell bodes and dendrites of large pyramid^
neurons within the area penumbra. Often the dendrites appeared fragmented and highly
varicose. The loss of MAP2 immunoreactivity was maximal by 24 hrs and persisted for at least six
months. Although a number of mechanisms may contribute to the loss of MAP2 labeling, it is
thought that increases to intraceflular cafcon, posstoty mediated through the stimJation of
ionotropic glutamate receptors (iGluRs), and the subsequent activation of several calcium
dependent enzymes, such as protein kinase C (PKC), may contribute to cytoskeletal breakdown.
Thus, to subsequent experiments we examined changes to MAP2 immuioreactivity 3 hrs
following stroke and the i.v. administration of iGluR antagonists, MK-801 and NBQX as wen as the
PKOinhibiting semisynthetic ganglioside, LIGA 20. MK-801 (82 mmol/kg, 1 hr prior to lesion)
was toeftective to inhibiting the lesion-induced reduction in MAP2. to contrast, treatment of
animate 1 hr prior to surgery with 35mmol/kg of LIGA20 resulted to a significant increase to MAP2
immunotabefing, approximating that observed in controls. Treatment with 89.2 mmol/kg of the
non-NMDA glutamate receptor antagonist NBQX also resulted in increased MAP24abefing
although not to the extent observed foBowing LIGA-20 treatment Coflectivety, these data suggest
that the abusive stimulation of non-NMDA glutamate receptors and the consequent alteration of
PKC activity may play an integral role to the breakdown of the neuronal cytoskeleton.
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LUBELUZOLE, A NOVEL BENZOTHIAZOLE, PROTECTS NEUROLOGIC
FUNCTION AFTER CEREBRAL THROMBOTIC STROKE IN RATS: AN
APPARENT STEREOSPECIFIC EFFECT.
M, De Ryck*, R, Keersmaekers, G. Clincke. M, Janssen and S, Van Reet.
Janssen Research Foundation, Department of
Neuropsychopharmacology, 2350 Beerse, Belgium.
Photochemically induced thrombotic infarcts, placed unilaterally inside
the hindlimb (HL) area of the rat sensorimotor neocortex, produce deficits
in tactile/proprioceptive placing reactions of the contralateral hindlimb.
When administered as a single iv bolus at 5 min after infarct induction,
lubeluzole, the S-isomer of a 3,4-difluoro-benzothiazole, protected
sensorimotor function (HL score > 5, max. =10) with an ED50 of 0.16
mg/kg. The racemate was 3 times less potent, whereas the R-isomer was
virtually inactive in this model. When posttreatment delay was varied (timewindow), lubeluzole showed near-maximal protection for delays up to 1 hr
post-infarct. Thereafter, efficacy progressively decayed as measured at 3
and 6 hrs post-infarct. However, with a delay of 6 hrs, 1.25 mg/kg iv still
protected 60% of infarcted rats. Lubeluzole became equi-effective for the
6- and 3-hr delays, when treatment consisted of an iv bolus (0.31 mg/kg)
followed by a 1 -hr infusion (0.31 or 0.63 mg/kg). With this regimen, started
at 5 min post-infarct, lubeluzole produced 22-24% reduction of infarct
volume (infarcts measured at 4 hrs post-infarct). The neurologically inactive
R-isomer did not reduce infarct size. Lubeluzole’s apparent stereospecific
protection in this model (in which MK-801 was inactive) is reflected in
stereospecific inhibition of the glutamate-activated NOS pathway, but
multiple properties may contribute to its in vivo neuroprotective effect
(Lesage et al., this meeting).

LUBELUZOLE, A NOVEL NEUROPROTECTANT, INHIBITS THE
GLUTAMATE-ACTIVATED NOS PATHWAY. A.S. Lesaae*. K.L. De
Loore, B, Osikowska-Evers§, L, Peeters, J.E, Leysen. Janssen Research
Foundation, B-2340 Beerse, Belgium, §Neuss, Germany

Lubeluzole [(+)-S] is a novel drug with strong protective activity against
neurological deficits in a model of photochemically induced stroke in rats
(De Ryck et al., this meeting). We studied in primary hippocampal cultures,
treated with the drugs for 7 days, the protective actions against glutamate
(glu) toxicity and the effects on the glu-activated NOS pathway. Lubeluzole
was neuroprotective with an IC50= 32 nM, whereas R91154, the (-)-R
isomer, was 10 times less active. The drugs did not affect the glutamateinduced rise in intracellular Ca2+. However, they inhibited glu-activated
cGMP elevation (a consequence of glu-activated NO production) at
concentrations similar to those for neuroprotection. It was verified not to be
due to a direct inhibition of the NOS enzyme activity. We further studied
the receptor binding profile of the compounds. Lubeluzole and R91154
did not interact up to 10'5 M with the NMDA receptor (neither the MK801

site, nor the glycine or spermidine sites). Lubeluzole showed moderate
affinities (10-100 nM) for 5HT1A receptors, sigma sites 1 and 2, and
histamine H1 receptors. It weakly bound (100-1000 nM) to batrachotoxinlabeled Na+- and dihydropyridine-labeled Ca2+- channel sites and to p2-

and a1 adrenoceptors. In HeLa cells, expressing cloned human 5HT1A
receptor, agonist activity in signal transduction was found. We conclude
that lubeluzole [(+)-S] is a potent neuroprotective drug in primary cell
culture. Protection is probably not directly related to the interaction of the
drugs with the above-mentioned receptors or ion channel sites.
Neuroprotective activity is reflected in potent inhibition of the glu-activated
NOS pathway, but multiple properties may contribute to the overall
neuroprotective activity of lubeluzole in vivo.
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PROTEIN KINASE C (PKC) INHIBITOR, CHELERYTHRINE,
PREVENTS CYANIDE-INDUCED PKC TRANSLOCATION AND
REDUCES LDH RELEASE IN DIFFERENTIATED PC 12 CELLS. &
Pavlakovid*. C.L. Ever and G.E. bom. Department of Pharmacology and
Toxicology, Purdue University, West Lafayette, IN

NEUROPROTECTION IN CA1 HIPPOCAMPUS BY THE GABA
UPTAKE INHIBITOR, TIAGABINE, WHEN ADMINISTERED
AFTER CEREBRAL ISCHEMIA. Jon R. Inglefield*. Jean M. Perry,
and Rochelle D. Schwartz. Dept. Pharmacology, Duke University
Medical Center, Durham, NC 27710

Chemical hypoxia induced by cyanide results in PKC translocation and
activation. It has been hypothesized that the activated PKC contributes to
neuronal cell damage and death in a variety of neurodegenerative processes,
including ischemia. Down-regulation of PKC levels by overnight exposure to
phorbol myristate acetate (PMA) has been shown to protect against excitotoxic
cell damage. However, the lack of highly specific inhibitors of PKC prevented
inhibitor studies of the role of PKC in neurodegenerative processes. In this study,
a highly selective PKC inhibitor, chelerythrine, prevented PKC translocation and
cell damage following chemical hypoxia. Cell damage was monitored by
determining the levels of lactate dehydrogenase (LDH). Confocal laser scanning
microscopy of differentiated PC12 cells, using an anti-PKC antibody, showed that
30 min following potassium cyanide (KCN, 100 /xM) adminstration, PKC is
translocated to cellular membranes. The translocation is still present 60 min
following cyanide exposure. The PKC inhibitor chelerythrine (1 /xM) blocked the
translocation of PKC induced by cyanide. Analysis of LDH levels in the
extracellular medium showed that 100 /xM KCN doubled the LDH levels 24 hr
following the exposure and 1 mM KCN increased the LDH levels 3.2-fold.
Inhibition of PKC with chelerythrine (1 /xM), as well as down-regulation of PKC
levels by overnight pretreatment with PMA (100 nM), reduced LDH release
induced by 100 /xM KCN by 53% and 65%, respectively.
However,
chelerythrine and overnight PMA pretreatments were able to reduce LDH release
induced by 1 mM KCN by only 31% and 34%, respectively. Furthermore,
increased concentration of chelerythrine (10 /xM) did not further decrease the
cyanide-induced LDH release. These results suggest that PKC activation may
contribute to, but is not the only intracellular second messenger pathway leading
to cell damage in hypoxic conditions. (Supported by NIH grant ES04140)
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In previous studies we showed that enhancement of GABA
neurotransmission by diazepam protects hippocampus from cerebral
ischemia-induced injury. In this study, we determined if enhancement
of GABA neurotransmission using a GABA uptake inhibitor would also
be neuroprotective. Initially, in vivo microdialysis and HPLC were used
to determine the effects of the GABA uptake inhibitor, tiagabine (NO328; 45 mg/kg i.p.) on GABA, glutamate, aspartate and 7 other amino
acids. Tiagabine elevated GABA levels in CA1 hippocampus 4-fold
above baseline levels by 30 min following injection. GABA remained
elevated 2-fold for 120 min after injection. No changes were observed
in the levels of other amino acids measured. In gerbils subjected to 5
min bilateral carotid occlusion (BCO), GABA increased rapidly in CA1
hippocampal dialysates from basal levels of 0.14 ± 0.04 pM to 1.57 ±
0.20 pM. GABA levels returned to baseline by 20-40 min after BCO.
Tiagabine (45 mg/kg) was injected into gerbils 10 min after ischemia so
that the GABA accumulation could be prolonged. Four days later, there
was complete neuroprotection of the CA1 pyramidal cell layer in 33%
of gerbils and partial protection (50-75% of control) in 33% of gerbils.
Protection was absent in 33% of gerbils injected with tiagabine. These
results suggest that enhancement of GABA neurotransmission early
following ischemia may offset excessive excitatory neurotransmission
and protect neurons from ischemia-induced degeneration.
This work was supported by NIH Grant NS28791.
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DIAZEPAM ADMINISTERED INTO THE HIPPOCAMPUS AFTER
CEREBRAL ISCHEMIA: NEUROPROTECTION INDEPENDENT
OF HYPOTHERMIA. Rochelle D. Schwartz*. Xiao Yu. Melanie R.

AMPHETAMINES PERMANENTLY PROMOTE RECOVERY FOLLOWING
CORTICAL INFARCTION R.P. Stroemer*, T.A. Kent and C.E. Hulsebosch.
Depts. of Anat. and Neurosci., Marine Biomed. Inst., Neurol., Univ. of Texas
Med. Br., Galveston, TX 77550.
Amphetamine therapies have been shown to promote short term motor recovery
following cortical lesions. While these acute effects have been well examined, the
chronic effects of amphetamine therapy and its cessations, on recovery are not
well known. A better understanding of these effects may lead to better therapies.
SHR rats had a permanent tandem occlusion of the right distal middle cerebral
artery and ipsilateral common carotid artery. Animals were injected with either
d-amphetamine sulfate, (amph), (2mg/kg), or vehicle every third day for a period
of one month. Animals were administered a Hernandez Schallert foot fault test
with small and large opening grids one hour and 24 hours following injections.
To evaluate the persistence of recovery, the animals were rested for a month,
following the therapy program, then tested twice without injections. While both
groups showed recovery on the small grid, amph treated rats performed significantly better than vehicle treated animals on both foot fault tests during amph
intoxication and after the washout period at the end of the first month. The amph
treated animals also performed significantly better after the one month rest. This
demonstrates that the promotion of behavioral recovery seen with amph therapy
is permanent and not dependent upon its constant administration.
This, coupled with previous work conducted by this group demonstrating acute
acceleration and promotion of recovery with amph administration following
stroke with increased expression of GAP-43, a protein associated with axonal
sprouting, supports the hypothesis that amph therapy following cortical infarction
promotes anatomical plasticity resulting in increased behavioral recovery.
This work supported by NS 1 1255 and NS 071850.

Katzman, Diane Hayden-Hixson and Jean M. Perry. Dept. Pharmacology,
Duke University Medical Center, Durham, NC 27710

Previously we found that diazepam (DZ), administered after
cerebral ischemia, protects hippocampal neurons from degeneration in
gerbils and in rats. We determined whether the neuroprotection was
related to the ability of diazepam to produce hypothermia. DZ, was
administered (10 mg/kg, i.p.) to rats 1 and 2 hr following 15 min of global
ischemia. At this time, the ischemia-induced rise in GABA levels returned
to basal, as shown by in vivo microdialysis. 90 min following ischemia, rats
became hypothermic and hypothermia lasted for at least 2 hrs. Four days
later, there was susbstantial neuroprotection of hippocampal CA1
pyramidal neurons (as well as striatal neurons). In addition, DZ
prevented the loss of [35S]TBPS binding sites in the dendritic fields of the
CA1 hippocampus. To determine if hypothermia was required for
neuroprotection by DZ, it was microinjected (50 ng-1.25 /ig) into the CA1
hippocampus 1 and 2 hr following ischemia. No hypothermia was
produced, and 4 days later, there was substantial protection of
hippocampal neurons.
Thus, delayed enhancement of GABA
neurotransmission directly at the site of vulnerability following an ischemic
event protects the vulnerable neurons from death.
This work was supported by NIH grant NS28791.
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NEUROPROTECTIVE ACTIVITY OF HU-211: DOSE RESPONSE
AND THERAPEUTIC WINDOW IN GLOBAL ISCHEMIA
Avi Bar-Joseph, Ludmila Belay ev, Yafit Berkovitch, Jana Adamchik and
Anat Biegon*, Pharmos Corp., Kiryat Weizmann, 76326 Rehovot, Israel.

SERUM AND BRAIN CONCENTRATION OF 14C-BAPATA-AM AFTER
INTRAVENOUS ADMINISTRATION IN THE RAT. K. Shinno, M, P. Charlton
and M. C. Wallace* Cerebrovascular Research Lab., Playfair Neuroscience
Unit, University of Toronto, Toronto, ONT M5T2S8
The intracellular calcium chelator, BAPTA-AM, has been demonstrated to
exert a significant neuroprotective effect in vitro and in vivo (Neuron 11,
211-235, 1993). To optimize cerebral ischemic treatment strategies, the
delivery of BAPTA-AM to the brain and an understanding of the serum
pharmacokinetics of BAPTA-AM is necessary. Male Wistar rats (250-350 g,
n = 18) were anesthetized and ,4C-BAPTA-AM (1.93 mCi/mmol; 20 mg/kg;
50 >uCi/kg), dissolved in pure DMSO (10 mg/ml), was administered
intravenously (10J/min). Serial arterial samples were taken at intervals prior
to decapitation. Samples were counted by liquid scintillation.
The serum clearance curve was best represented by a double exponential
decay pattern. Non-linear regression analysis calculated the serum half-life
of distribution (6.1 min) and elimination (103 min). Brain 14C-BAPTA-AM
concentrations are shown in Figure. The kidneys revealed the highest level
of ligand at each sampling.
Concentrations similar to
brain were found in heart,
liver, spleen and aorta.
This study demonstrates
1) BAPTA-AM is rapidly
absorbed by the brain within
the first hour, 2) BAPTAAM is swiftly filtered by the
kidneys, and 3) BAPTA-AM
readily enters and leaves
other organs.

HU-211, a synthetic non-psychotropic cannabinoid acting as a functional noncompetitive NMDA antagonist was found in the past to induce neuroprotection
in global ischemia in rodents. In the present work, we tested two
pharmacological aspects of HU-211: dose response and therapeutic window in
two models - bilateral common carotid artery (CCA) occlusion and 4-vessel
occlusion (4VO) in rats. Mongolian gerbils were subjected to 10 min CCA
occlusion. HU-211 2, 4 or 6 mg/kg was administered I.V. 30 min post-insult
and compared to vehicle treated animals. Animals were killed a week later,
brains removed and sections stained with hemotoxylin-eosin. HU-211 at
4 mg/kg demonstrated significantly more viable pyramidal cells in the CA1
field of the hippocampus, compared to all other treatment groups. Injection of
this dose 60 min after ischemia was equally beneficial, but the neuroprotection
was lost 2 and 3 hours post-ischemia. In rats, transient global ischemia was
induced by 20 min 4VO. HU-211 at the same dose levels was administered
I.V. 30 min post-ischemia insult. A significant improvement in neurological
deficits was elicited by HU-211, 4 and 8 mg/kg, as compared to vehicle and
HU-211, 2 mg/kg treated rats. Neuronal counts in the CA1 field of the
hippocampus demonstrated complete rescue of cells with the 4 mg/kg dose.
Injection of 4 mg/kg of HU-211 60 min post-insult was as effective as injection
delayed by 30 min, but neuroprotection was lost when treatment was delayed
by 3 hrs. These results demonstrate that HU-211 may be an efficacious
treatment after ischemic brain damage.

82.13
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CEREBRAL PROTECTIVE EFFECT OF INTERLEUKIN-1 BLOCKER (ZINC
PROTOPORPHYRIN). C. Kadova, EF. Domino* G-Y. Yang. LD. Stem,
A.L Betz. Dept. of Pharmacology, Surgery (Neurosurgery),
Pediatrics and Neurology, Univ. of Michigan, Ann Arbor,
MI48109-0626.
Interleukin-lp may contribute to ischemic injury. However,
whether blocking of interleukin-1 (IL-1) function is more effective pre- or post-ischemia, as well as whether IL-1 is more
important in temporary or permanent cerebral ischemia is unknown. Therefore, we investigated the effect of the IL-1 antagonist zinc protoporphyrin (ZnPP) on infarction and edema in a
rodent model of permanent and temporal focal cerebral ischemia. Two groups of Sprague-Dawley rats were pre-treated with
either ZnPP intraperitoneally or saline and 30 min later subjected to permanent middle cerebral artery occlusion (MCAO)
followed by 22 hr of reperfusion. Two of these groups were pretreated 30 min before MCAO with either ZnPP or saline. The other groups received ZnPP at either 2 or 4 hr after MCAO. Regional cerebral blood flow (rCBF) was monitored with laser doppler flowmetry. Infarct size and brain water were measured 24
hr after the onset of either form of ischemia. The rCBF after occlusion was approximately 13-20 % of baseline following either
permanent or temporary ischemia. ZnPP had no effect on rCBF,
infarct size, or edema formation in permanent ischemia. In
contrast, pre-treatment significantly reduced infarct size and
edema formation in the model of temporary ischemia, but posttreatment had no effect. We conclude that IL-1 plays an
important role in ischemic brain injury early in reperfusion.

EFFECTS
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Discovery

Research

Laboratories, Minase Research Institute, Ono Pharmaceutical CO., Ltd.,
Osaka 618, Japan.

Earlier studies have demonstrated that prostaglandin E/a-cyclodextrin
(PGE/CD) exhibits potent anti-platelet and vasodilatory effects in various

species. However, little is known about the central action of PGE,*CD. In this
study, we examined the effects of PGE/ CD on ischemic behavioral

changes and cerebral energy metabolism in rats subjected to middle
cerebral artery (MCA) occlusion. We have intravenously infused PGE,* CD

(0.1,0.3 and 1 gg/kg/min for 2 hrs) or vehicle to freely moving rats (1 week

after the MCA occlusion) for a period of 2 weeks. PGE,« CD significantly

accelerated the recovery of the behavioral deficits and attenuated the
movement dysfunctions. PGE,« CD also inhibited the increase in the

lactate/pyruvate ratio and decrease in the levels of ATP, energy charge

potential and

cortical

norepinephrine

content.

Furthermore,

cerebral

concentration of f’HjPGE, was found to be 2.5 - 7.3 fold elevated after
1 week in MCA occluded rats than that of sham operated rats when f’HjPGE,*

CD was intravenously infused. These results suggest that PGE,* CD

ameliorates behavioral disturbances in the model of chronic cerebral
ischemia, presumably mediated by the modulation of cerebral circulation and
energy metabolism. Possible involvement of the direct action on the

neuronal cells was also suggested.
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INTERLEUKIN-9 AMELIORATES NEURONAL DEATH FROM
HYPOXIA IN CULTURE. D. M. Rosenbaum*, M. D. Michaelson, M.
F. Mehler and J. A. Kessler. Depts. of Neurology & Neuroscience,
Albert Einstein College of Medicine, Bronx, New York 10461
There is new and emerging literature demonstrating a role for a
number of neurotrophic factors and cytokines in the brain’s response
to injury and in neurodegenerative disorders. There are also recent
data showing that the hematopoietic cytokines/lymphokines
influence neuronal progenitor cell proliferation and differentiation.
By RT-PCR analysis we have demonstrated interleukin-9, but not
interleukin-7 mRNA expression in superior cervical ganglia neurons.
We therefore employed a tissue culture model of hypoxia utilizing
superior cervical ganglia neurons to determine if the interleukins
play a role in hypoxic cell injury. The cells were exposed to hypoxic
conditions for a period of 24 hrs followed by a 2 hr period of
reoxygenation. Determination of neuronal survival was measured
by trypan blue exclusion. Cells exposed to hypoxia alone resulted
in death of 37% of the neurons. Pretreatment (1 hr prior to hypoxia)
with interleukin-9 (50 U/ml) reduced death to only 19.1 % of neurons.
These findings provide evidence of a potential role of the
hematopoietic cytokines in neuronal survival after hypoxia. Studies
utilizing other cytokines are presently underway.

PERSISTENT POST-ISCHEMIC ACIDOSIS ABOLISHES DELAYED CA1
HYPEREXCITABILITY IN GERBIL HIPPOCAMPAL SLICES. G.C.
Tombaugh* and G.G. Somien. Dept. of Cell Biology, Duke. Univ. Med. Ctr.,
Durham, NC 27710.
Brief global cerebral ischemia in gerbils is followed by a period of enhanced
synaptic efficacy in hippocampal CA1 neurons. Such hyper-transmission can be
observed in hippocampal tissue slices prepared shortly after transient ischemia
(Urban et al.. 1989). As this enhanced transmission appears to be limited to
selectively vulnerable neurons that eventually degenerate, excessive post-ischemic
excitation may be a causal factor in cell injury. Excessive acidosis may also
aggravate ischemic necrosis, but recent evidence suggests that moderate acidity
protects neurons against acute hypoxic injury. We examined the effect of mild
post-ischemic acidosis on evoked potentials from the CA1 region in hippocampal
slices prepared either from untreated gerbils or 30' after 5' of bilateral carotid
occlusion. Slices (400pm) were distributed in two wells of a duel-well interface
chamber, one perfused with control ACSF (pH 7.4), the other w'ith ACSF acidified
to pH 7.1 with HC1. After 90'. input-output data were collected at 30' intervals until
8.5hrs post-occlusion. In post-ischemic slices at pH 7.4 orthodromically evoked
population spikes (PS) increased dramatically and reached maximum 5hrs after
occlusion. This increase was not observed in post-ischemic slices at pH 7.1, not at
either pH in slices taken from untreated animals. In slices from untreated gerbils,
single orthodromic volleys frequently evoked double PS responses at both pH 7.4
and 7.1. Such double spikes were not seen in post-ischemic slices. Antidromic PS
remained constant at pH 7.4 but increased at pH 7.1, reaching 130% of their initial
amplitude at 8.5hr after ischemia. These results indicate that persistent acidosis
prevents the post-ischemic enhancement of synaptic transmission, perhaps by
increasing gK and favoring membrane hyperpolarization. Whether this effect
offers protection against delayed degeneration remains to be determined.
(Supported in part by the National Stroke Association)
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PROTECTIVE EFFECTS OF ACIDOSIS ON METABOLISM a ND A IP
LEVELS IN CULTURED CORTICAL NEURONS J. A. Trafton, and R.M.
Sapolsky*. Dept. of BioSciences, Stanford University, Stanford, CA 94305
Traditionally, ischemic brain damage was thought to be caused by ac'dosis
which developed due to the use of glycolytic metabolism in the absencof
oxygen. Among other things, acidosis was thought to disrupt metabolic enzymes,
making them work at their non-optimum pH and damaging neurons energetically.
Evidence for this was found in the observation that acidosis reduced cellular
metabolism in a wide variety of tissues. This emphasis eventually shifted to
focus on excitotoxins and selective neuronal necrosis as the primary mediators of
damage, and acidosis was viewed as central only in pannecrotic infarct damage.
Recently, however, it has been shown that acidosis may even be neuroprotective.
Moderate acidosis, ranging between approximately pH 6.4-7.4, has been shown to
protect cultured cortical and hippocampal neurons from ischemic and excitotoxic
insults. Possible explanation for this was provided by the finding that moderate
acidity blocks signaling via the NMDA receptor. Our study examines the role of
acidosis on cellular metabolism and energy levels, and suggests that acidity may
protect neurons energetically as well. Using silicon microphysiometry, i technique
which measures real time rates of cellular proton extrusion, decreasim pH was
shown to lower cellular metabolic rate in mixed cortical cultures. Greater acidity
caused greater rate decreases, and in all cases, metabolic rates showed complete
recovery upon return to pH 7.4. Using NMDA receptor antagonists, this decrease
was shown to be partially due to the reduction in NMDA mediated cuitsi . ts. ' he
amount of reduction due to NMDA blockage increased with decreasing pH e* en in
the presence of APH. These results suggest that acidosis may improve rathv than
disrupt cellular energy levels, possibly due to its antagonizing effects on the
NMDA receptor and subsequent reduction in cellular energy demands. The APH
studies, however, indicate that the protective effects of acidity are not solely due to
its role in NMDA blockage. Nevertheless, whatever the mechanism, it appears
again that acidosis may benefit rather than damage endangered neurons.

ACIDOSIS EXAGGERATES HYPOGLYCEMIC BRAIN DAMAGE
T. Kristian, G. Gidd. B.K. Siesid*. Lab. for Exp.*Brain Res.,

University Hospital, S-221 85 Lund, Sweden.
The objective of the study was to find out whether hypoglycemic
brain damage is affected by superimposed acidosis. To that end,
animals with insulin-induced hypoglycemic coma, defined in terms
of a negative DC potential shift, or of cellular uptake of Ca2+, were
exposed to excessive hypercapnia (PaCO2 ~ 200 mm Hg) during the

last 25 min of the 30 min coma period. Animals were allowed to
survive for seven days before their brains were fixed by perfusion,
and the cell damage was assessed by light microscopy. Other animals
were analysed with respect to changes in extracellular pH (pHe)
and calcium concentrations (Ca2+e).
The increase in PaCO2 to 190 ± 15 (means ± SD) reduced pHe

from a predepolarisation value of about 7.4 and a postdepolarisation
value (after the first 5 min of coma) of about 7.3 to 6.8. The
hypercapnia increased Ca2+e during coma from about 0.05 mM to

0.12 mM.
Normocapnic animals with induced hypoglycemic coma of 30 min
duration showed the expected neuronal lesions in neocortex,
hippocampus, and caudoputamen. Hypercapnia clearly aggravated
this damage, particularly in the caudoputamen, subiculum, and CA1
region of the hippocampus, and caused additional damage to cells in
the CA3 region and piriform cortex. The results thus demonstrate
that relatively moderate acidosis aggravates damage to the neuronal
population, sparing glia cells and vascular tissue.

82.19
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RELATIONSHIP BETWEEN ANOXIC pH CHANGES AND SYNAPTIC
TRANSMISSION FAILURE IN DENTATE GRANULE NEURONS. M. Patil
J. LaManna. D, Durand, and T. Whittingham*. Depts. of Biomedical Engineering,
Neurosurgery, Neurology, Case Western Reserve University, School of Medicine,
Cleveland, OH-44106
Changes in metabolic functions of the brain due to anoxia directly affect its
electrical activity. A reduction in phosphocreatine is observed after the onset of
anoxia followed by a decrease in ATP, altered intracellular pH, increase in
cytosolic Ca4* and increase in concentration of unsaturated fatty acids. Synaptic
transmission failure may be caused by ATP related failure of pre-/post-synaptic
mechanisms, or alternatively, by intracellular acidification altering enzyme
activation, or by both these factors. This work was conducted to determine if
intracellular acidification may be a direct cause of failure in synaptic transmission..
Hippocampal slices were prepared and stained with neutral red. Intracellular pH
was measured optically in the dentate granule region. An extracellular electrode
was placed in the dentate granular layer to simultaneously measure the evoked
orthodromic population spike. On exposure to anoxia, the temporal changes in pH
and population spike were monitored. Recordings from 13 slices showed that
orthodromically evoked population spike was abolished within 10 minute of
exposure to anoxia. A small, but significant decrease in [pH]* was observed (0.243
± .08) at that time. However, the initial decrease in the population spike occurred
at 4.3 ± 1.5 minutes after the onset of anoxia, whereas the onset of decrease in pH
occurred 5.56 ± 2.01 minutes after the onset of anoxia.
These results suggest that the change in pH occurs after the loss of transmission
failure, and hence pH change is probably not be the prime factor involved in
synaptic failure in anoxia.
Supported by NIH grant # HL25830

NEUROPHYSIOLOGICAL RECOVERY FROM HYPERGLYCEMIC HYPOXIA
DEPENDS ON CYTOPLASMIC PH DURING RE-OXYGENATION.
I. Euchncr-Wamser*. U. Schneider and P. Grafe. Dep. of Physiology, University of
Munich, D-80336 Munich, Germany.
Enhanced tissue acidification has been implicated in the deleterious effects of hyperglycemia on neurophysiological outcome from transient hypoxia and/or ischemia.
In the present study we analysed the role of cytoplasmic pH homeostasis for functional recovery during re-oxygenation after normo- and hyperglycemic hypoxia.
Isolated rat dorsal spinal roots pre-incubated in 5 or 25 mM D-glucose were labelled with the fluorescent pH-sensitive dye SNARF-1 to follow qualitative changes in
intracellular pH (pHj) during hypoxia and subsequent re-oxygenation under various
conditions. Simultaneously, peak height of compound nerve action potentials
(CNAP) was continuously recorded to determine post-hypoxic functional recovery.
Hypoxia in solutions buffered with 5 mM HCO3'/1% CO2 caused a decrease in
pHj that was pronounced by hyperglycemia. Recovery of CNAP and pHj from
normoglycemic hypoxia was complete within 20 min of re-oxygenation. In contrast,
hyperglycemic spinal roots failed to recover from hypoxia; CNAP only reached 38%
of its pre-hypoxic value and pHj recovery was incomplete even after 60 min of reoxygenation. However, addition of the weak base trimethylamine (TMA, 20 mM) at
the onset of re-oxygenation caused a large alkaline shift in pHj that was accompanied by improved recovery of CNAP to 91% of control value. Application of 25 mM
HCO3'/5% CO2 was less effective than TMA, whereas 20 mM of the weak acid
propionate did not support recovery at all. Protection against functional damage from
hyperglycemic hypoxia by passive alkalinization was provided in a brief time
window only: application of TMA or 25 mM HCC>3'/5% CO2 15 min after the onset
of re-oxygenation did not improve functional recovery.
In summary, the beneficial effect of passive alkalinization emphasises the importance of cytoplasmic pH homeostasis during re-oxygenation for neurophysiological
recovery of rat peripheral axons from hyperglycemic hypoxia.

Supported by the Deutsche Forschungsgemeinschaft (SFB 220/BJ)
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ENDOTHELIN AND ITS ROLE IN THE CEREBRAL CIRCULATION.
M.A. McAulev & J. McCulloch.
(SPON:Brain Research
Association) Wellcome Surgical Institute and Hugh Fraser
Neuroscience Labs., University of Glasgow, G61 1QH, U.K.
A novel endothelin receptor antagonist (ET-A/ETB)
Bosentan (Ro 47-0203), which is capable of penetrating
the blood brain barrier in biologically active amounts
[1], has provided the means to explore in vivo the
putative role of endogenous endothelins in the maintenance
of normal cerebral vascular tone. Studies were carried out
on halothane-anaesthetized ventilated male Sprague-Dawley
rats. Physiological parameters throughout the study
remained within the normal range. Intravenous Bosentan
(15mg/kg) or vehicle was administered 45 mins before the
measurement of cerebral blood flow (CBF) using the 14CIodoantipyrene technique [2].
In the Bosentan-treated
group CBF (ml/1OOg/min) in the frontal cortex (190±8),
caudate nucleus (192±7) and the internal capsule (82±4)
was not significantly different from the CBF in the
vehicle-treated group in the same areas (191±20, 213±26,
80±5, respectively). CBF was not altered in any of the
other 29 structures measured. The inability of Bosentan to
alter CBF in the present study suggests that endothelin,
under the present conditions, does not play a major role
in the maintenance of normal vessel tone.
Studies are
underway to determine whether endothelin contributes to
the abnormal vascular perfusion associated with the
pathogenesis of focal ischemia.
1. Patel TR, McAuley MA & McCulloch J.
(1994) Eur J
Pharmacol (in press).
2. Macrae I, et al. (1991) Eur J Pharmacol 203:85.
This work was supported by a Wellcome Trust Grant to
M.McA. (036802-Z-92-Z) and Bosentan was a kind gift from
Hoffmann-La Roche AG.

NEFIRACETAM (DM-9384), A NOOTROPIC AGENT, INCREASES CYCLIC
AMP AND INHIBITS CALCIUM MOBILIZATION IN NG108-15 CELLS.
M. Yoshii*1, S. Watabe2, Y. L. Murashima1, T. Shinozaki1,
T. Shiotani2 and M. Tanaka2. 1Dept. of Neurophysiology,
Tokyo Institute of Psychiatry, Tokyo 156 and 2Tokyo R & D
Center, Daiichi Pharmaceutical Co. Ltd., Tokyo 134, Japan.
We have recently shown that the cognitive enhancer,
nefiracetam (DM-9384), enhances the intracellular level of
cyclic AMP and facilitates the activity of high voltageactivated (type II or N/L-type) calcium channels in NG10815 cells (Yoshii et al., Soc. Neurosci. Abstr. 19, 1126,
1993; Yoshii and Watabe, Brain Res. 642, 123-131, 1994).
In the present study, we have investigated whether or not
nefiracetam influences cytosolic free Ca2+ levels under
resting or stimulated conditions. NG108-15 cells were
incubated with fura-2/AM (5 pM) for 60 min and cytosolic
Ca2+ activities were monitored by microscopic fluorometry.
Resting levels of free Ca2+ were not affected by
application of nefiracetam (1-10 juM), whereas transient
increases of Ca2+ in response to a brief application of
bradykinin (200 nM) were reduced to a various extent by
pretreatment with nefiracetam (1 /iM). The inhibitory
effect of nefiracetam on the bradykinin-induced Ca2+
mobilization was mimicked by pretreatment of cells with
dibutyryl cyclic AMP (1 mM). The results suggest that
nootropic agents may interfere with Ca2+ signalling
pathways by activating cyclic AMP-dependent processes.
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TAXOL REDUCES INFARCT SIZE IN RAT STROKE MODEL. K
Stadlan. C A. Schmitt, H D. Chung*, W.J. Burke. Div. Neurosurg.
and Dept. Neurol., St. Louis Univ. Med. Sch., St. Louis, MO 63110
We have shown that taxol protects against calcium-mediated PC-12
cell death in a tissue culture model (Neurology 43.A293,1993). Since
Ca++ plays a role in neuronal death in stroke we investigated whether
taxol would be protective in a rat stroke model. Taxol was injected
intraventricularly using an Alzet pump for 24 h prior to stroke
induction. Stroke was induced in Sprague Dawley rats by occluding
the middle cerebral artery with a fine thread for 2 h. After 24 h rats
were sacrificed and their brains perfused with tetrazolium dye. In
damaged areas of brain the dye is not reduced to its dark red color.
Brains were sectioned using a rat brain sheer to produce comparable
sections. Photomicrotraphs of slices were taken of 51 sections from 5
taxol treated and 21 sections from 2 control rats. Each photo was
analyzed for area of the unreduced dye (stroke size) using a Bio Rad
GS670 imaging densitometer by an investigator blinded to the
treatment. The results are expressed as % of brain involved by the
stroke. Stroke size was decreased by 35% in taxol treated rats
compared to controls (control:23.7% ±2.1 vs. taxol: 15.5% ±1.2,
p<0.001). Results suggest that taxol may protect brain from ischemic
damage in rat brain model.

OPIOID NEUROTOXICITY:FENTANYL:DOSE-RESPONSE
STUDIES AND EXACERBATION OF FOREBRAIN ISCHEMIA IN
RATS.
WA Kofke*. RH Garman, R Garman, R Stiller, ME Rose. Depts of
Anesthesiology/CCM and Pathology, University of Pittsburgh,
Pittsburgh PA 15261
In high doses fentanyl (F) and its congeners produce brain damage
in rats. We determined the relation between F dose and brain damage
and whether F can exacerbate ischemic brain damage. METHODS:
S-D rats underwent intubation, mech ventilation, art/ven cannulation,
and temp probe/EEG insertion. Five rats/grp received one of 8 2-hr F
infusions, varying from saline control to loading dose (LD) 3200ug/kg
with infusion (MD) 128ug/kg/m. An additional 10 rats/grp received one
of three F doses varying from saline control to LD 800ug/kg & MD
32ug/kg/m for 30 mins. After 18 min F rats underwent 2-vessel
occlusion forebrain ischemia with Arfonad/phlebotomy-induced
hypotension. Rats were recovered 10schemia study)-7(dose study) days
and underwent perfusion-fixation followed by histologic evaluation
graded 0(normal)-5(marked damage). RESULTS:With increasing F
dose severity and frequency of lesions increased becoming maximal with
LD800ug/kg, decreasing at the two higher doses tested. No lesions
occurred with the LD 50ug/kg group. Both low dose (LD 50 ug/kg) and
high dose (LD 800ug/kg) F exacerbated cortical and striatal lesions after
forebrain ischemia. CONCLUSIONS: These data indicate a nonlinear
F-brain damage dose-response relation. In addition, forebrain ischemia
is exacerbated when it occurs in the setting of either low or high dose
F anesthesia.

83.5

83.6

EFFECT OF SELEGILINE ON THE HIPPOCAMPAL CA1 LAYER FOLLOWING
TRANSIENT ISCHEMIA IN GERBIL.
venius *i_J^_Kuhmoneni

IN VIVO AND IN VITRO NEURGFROTECT1ON USING THE NMDA
ANTAGONIST CGS 19755. M. A. P6rez-Rnz6n*. G. Sun. C. Maier. R. G.
Giffard. G K. Steinberg. Dept. of Neurosurgery and Anesthesiology, Stanford
University Medical Ctr., Stanford, CA 94305-5327.
While other investigators have demonstrated CGS 19755 neuroprotection
against in vivo brain ischemia, we performed the current study to determine in
vitro neuroprotective levels in neuronal culture cells and to determine if a single
post-ischemic dose of 40 mg/kg CGS 19755 would afford protection against
focal cerebral ischemia in a rabbit model. Dissociated mixed neocortical
cultures, containing both neurons and glia, were prepared from fetal Swiss
Webster mice at 14-17 days of gestation. Cell cultures were exposed for 10 min
to 500 pM NMDA and to 45 min of oxygen-glucose deprivation (OGD)
solutions using different doses of CGS 19755. Injury was assessed by phase
contrast microscopy and quantitatively by lactate dehydrogenase (LDH) release.
Forty mg/kg i.v. CGS 19755 or normal saline was given 10 min after onset of a
2 h period of transient focal cerebral ischemia induced by occlusion of the left
middle cerebral, anterior cerebral and internal carotid arteries in rabbits
followed by 4 h reperfusion. This data demonstrated excellent CGS 19755 in
vitro neuroprotection with an ED50 of 25.4 and 15.2 pM against NMDA toxicity
and OGD, respectively. CGS 19755 also proved to be efficacious in vivo, as seen
in edema formation and ischemic neuronal damage. Magnetic resonance scans
of the fixed brains showed that CGS 19755 significantly attenuated edema
formation by 49%. Histopathology analysis also showed that CGS 19755
decreased overall cortical ischemic neuronal injury by 76%. Somatosensory
evoked potentials and local CBF measurements during both ischemia and
reperfusion suggested that CGS 19755 protected by blocking NMDA-mediated
excitotoxicity, without altering of cerebral blood flow.

ie11ineA^—Haapa 1 inna^-P^J^_Riekkinen_SrDepartment
of Neurology, University of Kuopio, Finland.
Neuroprotective effects of selegiline were investigated in
a gerbil transient cerebral ischemia model, involving bilateral
carotid occlusion of 5 min in ether inhalated normothermic
animals. Selegiline was administered in this dose-finding
study to gerbils in three different dose alternatives. After
one week the animals were killed and the brains fixed by
transcardiac perfusion. Delayed neuronal death of sector CAl
pyramidal cells was evaluated after silver staining, and the
data were analyzed by Mann-Whitney U-test. Most effective

dosage was 0.25 mg/kg of selegiline for one week once a day,
with first injection 3 hours after the induction of ischemia.
There was a percentage reduction of 33% in neuronal cell

damage in drug treated animals (n=8) compared with saline
treated animals (n=8). In the subsequent experiment with
this dosage in 15 durg-treated and 15 control gerbils there
was a reduction of 23% in CAl pyramidal cell damage in
comparison with saline treated animals. There was a statistically

significant difference between the combined drug-treated
and saline treated groups (p=0.031). These data demonstrate
that selegiline may have neuronal rescue on hippocampal CAl
neurons after global ischemia. Influence on trophic factors
may be one of the protection mechanisms of selegiline after
acute ischemia. Thus, survival of neurons might improve, if
the duration of treatment is continued beyond one week.
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POSTISCHEMIC BRAIN HYPOTHERMIA COMBINED WITH DELAYED MK801 CONFERS LASTING BEHAVIORAL PROTECTION FOLLOWING
TRANSIENT GLOBAL ISCHEMIA IN RATS. M.D. Mayberry. A.J. Pazos, E.J.
Green. P.M. McCabe. N. Schneiderman*. B. Lin. R. Busto. M.Y-T, Globus.
M.D. Ginsberg. W.D. Dietrich. Dept. of Psychology and Cerebral Vascular
Disease Research Center, University of Miami, Coral Gables, FL 33124
Intraischemic hypothermia can attenuate neuronal mortality in the
hippocampus and reduce behavioral deficits following transient global
ischemia (Green et al., Br Res 580:197-204, 1992). However, postischemic
hypothermia alone only delays neuronal death in the hippocampus (Dietrich et
al., JCBF 13:541-549, 1993). The present study was designed to determine
whether a combination of postischemic hypothermia and delayed MK-801
administration provides lasting behavioral and histopathological protection in
rats following a global ischemic insult.
Twenty-six rats were subjected to 10 minutes of normothermic (37°C)
ischemia (Nl) induced by 2-vessel occlusion or sham procedures (S). In some
animals ischemia was followed by either: a) 3 hrs of postischemic brain
hypothermia at 30°C (H), b) hypothermia coupled with MK-801 (4 mg/kg, i.p.)
on postischemic days 3, 5 and 7 (H-MK), or c) postischemic MK-801 treatment
alone (MK). Six to eight weeks following surgery, animals were evaluated
behaviorally by assessing spatial navigation in the Morris water maze. Analyses
of swim path length data revealed a significant effect of treatment group (P <
0.05; ANOVA). Post-hoc tests indicate that path lengths for S and H-MK
animals did not significantly differ from one another; however, both S and HMK rats exhibited shorter path lengths than did animals in the Nl group (P <
0.05). The present results indicate that neither delayed MK-801 nor
postischemic hypothermia alone are effective in attenuating ischemic - related
behavioral deficits. However, a combination of postischemic hypothermia and
delayed MK-801 injections can provide long-lasting protection from behavioral
deficits induced by transient global ischemia. Supported by NS 05820.

EFFECT OF HYPOTHERMIA ON THE EXPRESSION OF
IMMEDIATE EARLY GENES FOLLOWING BRAIN
ISCHEMIA. F.Kamme* and T. Wieloch. Lab for Exp. Brain
Research, Lund University Hospital, 221 85 Lund, Sweden.
Using in situ hybridization we studied the expression of c-fos,
fosB, fra-1, fra-2, c-jun, junB and junD in the hippocampus
following 15 min transient forebrain ischemia in the rat, with or
without intraischemic hypothermia (33°C). A biphasic induction
was seen. During the early phase (up to 2hrs of recirculation) all
but fra-1 and fra-2 in CA1 and CA3, were induced, strongly in
the dentate gyrus and moderately in the CA1 and CA3.
Hypothermia increased the induction of fosB, junB and junD. In
the late phase (12-36hrs of recirculation), induction was seen
mainly in vulnerable areas, c-jun, junB, junD, fosB, fra-1 and
fra-2 were induced in CA1. In hypothermic animals expression
peaked at 12-18hrs and declined to control values at 36hrs
whereas normothermic animals displayed a progressive increase
up to 36hrs.The differential effect of hypothermia implies that the
various IEGs are induced by different signal pathways and that
these are more or less susceptible to ischemic damage. There is no
correlation between magnitude of gene expression within 2hrs
after ischemia and cell death. We believe the late induction of
IEGs is a part of a survival promoting cascade. The delay of this
in normothermia correlates well with cell death.
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POSTISCHEMIC EXPRESSION OF INTERLEUKIN AND
NEUROTROPHIN mRNA IN HIPPOCAMPUS. EFFECTS OF
HYPOTHERMIA. Fredrik Boris-Moller*. Fredrik Kamme. and
Tadeusz Wieloch. Laboratory for Experimental Brain Research,
Lund University Hospital, S-22185 Lund, Sweden.
The expression of interleukin-IB (ILlf3) and BDNF mRNA
in the hippocampus following transient ischemia was studied by
in situ hybridisation. We compared the effects of ischemia in
normothermic (NT) (37°C) and hypothermic (HT) (33°C)
animals subjected to 15 min of transient forebrain ischemia.
IL1B: Expression varied with sensitivity of the region to
ischemia and time of reperfusion. In NT ischemia, a weak to
moderate induction was seen in the DG, while no expression
was observed during HT. A marked induction was seen at 12 hrs
postischemia in CA3 and at 14hrs and 36hrs in CA1. In the HT
animals no expression was seen in CA3, but a marked induction
at 12hrs in CA1. BDNF: Markedly expression was induced
during the first hours postischemia, with an increasing
expression with increasing resistance of the area to ischemia.
During later phases of reperfusion BDNF showed a complex
pattern of expression presumably due to variability in
translational efficiency of the cells and due to the release of
factors from non neuronal cells. The increased BDNF expression
in HT animals may be due the preservation of cellular signal
transduction, compromised by NT ischemia.

DOES PROLONGED POSTISCHEMIC HYPOTHERMIA CONVEY
PERMANENT NEUROPROTECTION? F. Colbourne* and D.
Corbett. Memorial University o£* Newfoundland,
St. John’s, NF, CANADA AIB 3V6
A brief period (5 min) of global ischemia in
the gerbil produces extensive (98%) delayed
neuronal death in the hippocampal CA1 sector
with concomitant spatial mapping and working
memory impairments. Previously, we reported
that postischemic hypothermia (HYPO) (12 hr at
32 °C) starting 1 hr after ischemia reduced both
CA1 loss (15% savings with 1 month survival)
and the spatial mapping impairment. We now find
that 24 hr of HYPO initiated 1 hr after
occlusion is remarkably neuroprotective (90%
savings) when assessed with 1 month survival.
Histological results with 6 month survival will
be discussed at the meeting. Spatial mapping
and working memory impairments were also
significantly reduced. Spatial mapping was
determined by open field tests given 5, 10 and
30 days after ischemia while working memory was
measured in a T-maze from 1 month to 5.5
months. The present data suggest that HYPO may
be a potent and permanent neuroprotectant.
Research supported by the MRC of CANADA.
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MODULATION OF ANOXIC NEURONAL DAMAGE BY MODERATE HYPOTHERMIA AND HYPERTHERMIA IN THE CA1 REGION OF THE RAT
HIPPOCAMPAL SLICE. ROLE OF NA, K AND ATP. P. Amorim, G. Chambers, J.E.
Cottrell, I.S. Kass*. Anesthesia Dep. SUNY Brooklyn, NY 11203.
Adult rat hippocampal slices were subjected to various periods of anoxia at
34, 37 and 40°C. Post-anoxia recovery of evoked post-synaptic population
spikes and Na, K and ATP were measured in the CA1 region. Population spike
recovery at 37°C, after 3, 5 and 7 m. of anoxia was 94±12%, 51 ±11% and
.4±.4%. When the temperature was lowered to 34°C, recovery after 5 and 7m.
of anoxia was 83 ±5% and 73 ±18%, significantly better than at 37°C. At 40°C,
after 5 and 3m. of anoxia recovery was 0±0% and 7 ±7%, significantly worse
than at 37°C.
Hypothermia attenuated the fall in K that occurs with anoxia. K fell to 68%
of its normoxic level after 5m of anoxia at 37°C. At 34° with 5m of anoxia
there was no fall in K levels. Hypothermia also attenuated the fall in ATP seen
with anoxia at 37°C. ATP fell to 44% after 5m of anoxia at 37°C; at 34°C ATP
fell to 66%. The increase in Na that occurs with anoxia at 37°C was
significantly attenuated by hypothermia only after 10m. of anoxia. There was
no significant effect of hypothermia on Na after 5m of anoxia. Hyperthermia
significantly increased the fall in K only after 3m of anoxia. After 3m of anoxia
at 37° intracellular K fell to 92% of its normoxic level, at 40°C K fell to 79%.
Normoxic Na levels at 40°C were higher (118%) than at 37°C. The increase in
Na during anoxia with hyperthermia was significant only with 5m of anoxia
(145% at 37°; 175% at 40*5. ATP levels at 4O°C were significantly lower than
at 37°C after 3m of anoxia (81% at 37°C; 34% at 4O°C) and after 5m of anoxia
(45% at 37°; 14% at 40°). In conclusion, hypothermic protection appears
related to an attenuation in the changes of K and ATP levels. Hyperthermic
damage appears related to an exacerbation of the increase in Na and decrease
in ATP and K.

THE EFFECTS OF MK-801 AND IFENPRODIL ON PK 11195 RECEPTOR
BINDING, NITRIC OXIDE SYNTHASE (NOS) ACTIVITY AND INFARCT
VOLUME IN A MOUSE MODEL OF FOCAL CORTICAL ISCHAEMIA.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

B. Earley*1. M .Cannev1. B. Cl tine1. M. Caldwell1. B.E. Leonard1, and J-L Junien2.

Pharmacology Department1, University College, Galway, Ireland and Institut de

Recherche Jouveinal2, 94265, Fresnes, France.
Middle cerebral artery occlusion (MCAO) is a widely used surgical procedure for
inducing focal cortical ischaemia in mice. In the present study, all experiments were

performed on 4-week old, male Swiss mice, (OF-1 Iffa Credo, France) 20-25 g at the
time of surgery. Sham-operated mice were subjected to simple exposure of the middle
cerebral artery. Mice were injected with either MK-801 (0.3 mg/kg i.p.) or Ifenprodil

(10.0 mg/kg i.p.) at the following time points after surgery; 5 min, 15 min, 45 min, 3
h, 6 h, 24 h, 30 h, 48 h and 54 h. Mice were sacrificed 72 h after surgery and both

ipsilateral and contralateral cortices were dissected in their entirety, weighed, and
assayed for nitric oxide synthase (NOS) activity and [3H] PK 11195 binding. In a

separate experiment the area of ischaemic damage was determined planimetrically by
means of an image analysis system. Coagulation of the middle cerebral artery induced

a marked enhancement of the ipsilateral cortical C03 peripheral-type benzodiazepine
site (PTBB’S) densities, an increase in NOS activity in the brain-stem, cerebellum and

left cortex and an increase in the cortical infarct area. Both MK-801 and Ifenprodil
demonstrated comparable neuroprotective effects on all three indices of cortical
damage. Thus, the measurement of 003 PTBB’S densities, NOS activity and infarct
volume represents a reliable way to evaluate the neuroprotective effects of compounds

against ischaemic brain damage.
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NITRICOXIDE ANDTETRAHYDROBIOPTERlN METABOLISM FOLLOWING
CEREBRAL ISCHEMIA IN THE RAT. R.L. Shoemaker'17'3, Z.G. Zhang3, P.Z.
Anastasiadis2,3, B. Imerman2,3, M. Chopp3, and R.A. Levine1,2,3. Veterans
Administration Medical Center, Allen Park, Ml; 2William T. Gossett
Neurology Labs, 3Dept. of Neurology, Henry Ford Hospital, Detroit, Ml.
Nitric oxide synthase (NOS) converts L-arginine to L-citrulline and nitric
oxide (NO). Tetrahydrobiopterin (BH4) is an essential cofactor for NOS
activity. The first and purported rate-limiting enzyme in rat BH4 biosynthesis
is GTP cyclohydrolase (GTP-CH), although the last enzyme, sepiapterin
reductase (SR), also has a postulated regulatory role. Brain and endothelial
cells express NOS activity which can be induced by lipopolysaccharide (LPS)
or cytokines.
Cultured endothelial cells stimulated with LPS show an
induction of NOS activity, which can be blocked by inhibitors of BH4
biosynthesis. Nitric oxide has been implicated as a causative agent in the
neuronal damage following cerebral ischemia. Therefore, changes in NO
and BH4 metabolism following cerebral ischemia in the rat were studied.
The suture model of ischemia was used to occlude the middle cerebral artery
for 2 hours, followed by reperfusion for various times prior to sacrifice. The
contralateral, non-ischemic cortex served as control for the ischemic cortex.
Cortices were assayed for NOS, GTP-CH, and SR activities, and BH4 levels.
After a 2 hour reperfusion, there was approximately a 30% reduction in
NOS, GTP-CH, and BH4 levels in the ischemic cortex, whereas SR activity
was unchanged. This suggests that there is a coordinate regulation of NO
and BH4 metabolism following cerebral ischemia, and that the level of BH4
is regulated solely by alterations in GTP-CH activity. A full time course of
changes following ischemia is being examined to determine the degree to
which there is coordinate regulation of NO and BH4 synthesis in ischemia.
These results will be discussed in light of NO's posulated involvement in
neuro-degeneration caused by ischemia.

L-ARGININE (L-arg) DOES NOT IMPROVE CORTICAL PERFUSION
IN SHR RATS SUBJECTED TO DISTAL MIDDLE CEREBRAL ARTERY
OCCLUSION (dMCAO)
R.
Prado, M.D.
Ginsberg, W.
Zhao, H.
Yao, R.
Busto,
B.D,
Watson,* CVD Research Center and Dept.
of Neurology, Univ.
of Miami Sch.
of Med., Miami, FL 33101.
The purpose of this study was to determine the hemodynamic effect of L-arg following permanent photothromtj>^tic dMCAO.
CBF was assessed in three dimensions by
C-iodoantipyrine in SHR rats (n=ll) 30 min following
dMCAO by rose bengal-induced photothrombosis at 562 nm.
L-arg (300 mg/kg i.p.) was administered 18-20 hr and 3
hr before and 5 min after dMCAO.
The last dose was
given i.v.
Control animals
(n=5) were treated in a
similar fashion but given sterile water.
Brain volumes
having CBF within the ranges of core ischemia (0-0.2
ml/g/min), penumbral ischemia (0.2-0.45), and above were
computed from the mean 3D image data-set of each group.
Chi-square
analysis
revealed
larger
zones
of
core+penumbral flow in the L-arg group than in controls
(46.8 vs.
37.4% of volume analyzed, p=0.05).
The 3D
difference image revealed a zone of positive (control >
L-Arg)
difference in the dorsolateral frontoparietal
neocortex.
These findings differ from recent reports
showing that L-arg supplementation reduces tissue injury
and improves tissue perfusion in rodent models of cerebral
ischemia.
Whether substances released during
thrombosis counteract the vasodilatory effect of nitric
oxide synthesized from L-arg remains to be determined.
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DIVERGENT EFFECTS OF POSTISCHEMIC TREATMENT WITH SPECIFIC AND NON-SPECIFIC NITRIC OXIDE SYNTHASE (NOS) INHIBITORS ON HISTOPATHOLOGICAL OUTCOME FOLLOWING TRANSIENT GLOBAL
ISCHEMIA. M.Y.-T. Globus. W.D. Dietrich. B. Lin*, S. Kraydieh,
I. Valdes, and R. Busto. CVD Research Center, Univ. of Miami, Sch. of
Med., Miami, FL, 33101.
NO may play an important role in modulating ischemic damage because of its vasodilatory action and its mediation of excitotoxic damage.
We evaluated the effects of Nitro-L-Arginine-Methyl ester (L-NAME, a
non-specific NOS inhibitor) and 7-Nitroindazole (7-NI, a neuronal NOS
inhibitor) on histopathological outcome following 10 min of 2-vessel occlusion plus systemic hypotension in the rat. L-NAME (lmg/kg, i.p.) or
7-NI (25mg/kg, i.p.) were administered immediately following ischemia,
and histopathological assessment was performed after 7 days of reperfusion by regional ischemic cell counts. Compared to vehicle-treated
rats (n=6), postischemic treatment with L-NAME (n=4) significantly
(ANOVA, p<0.01) increased the number of ischemic cells in the dorsolateral striatum (mean±SE, 4.8T4.8 vs. 30.8T10), CA3 hippocampus
(2±1.2 vs. 33.3±14.4), and cortex (51±14 vs. 173±30). In contrast,
compared to vehicle-treated animals (n=5), 7-NI (n=5) did not affect
the degree of ischemic damage in these regions (17.8±8.6 vs. 11.8T9.5;
1.4±0.2 vs. 10±7.4; and 30.6±6.7 vs. 76.6T25.2, respectively). Treatment with both drugs did not affect the magnitude of ischemic damage
in the CA1 hippocampus. Data indicate that NO plays a beneficial role
during the acute postischemic period through hemodynamic mechanisms.

EXTRACELLULAR LEVELS OF cGMP AND TISSUE NITRIC OXIDE SYNTHASE (NOS) ACTIVITY FOLLOWING TRANSIENT GLOBAL ISCHEMIA. R. Busto*. R, Prado,
M.D. Ginsberg, E. Martinez, I. Valdes, and M.Y.-T. Globus. CVD Research Center, Univ. of Miami Sch. of Med., Miami, FL 33101.
To evaluate the influence of transient global ischemia on indices reflecting nitric oxide (NO) generation, we examined the effects of 20
min of 2-vessel occlusion plus hypotension on extracellular cGMP levels and regional NOS activity. Using microdialysis, striatal extracellular cGMP levels were measured before and during ischemia and up
to 4h of recirculation in animals perfused with vehicle or L-NAME
(lOOuM). Vehicle-treated animals (n=12) showed significant elevation in
cGMP levels during ischemia (mean±SE expressed as fmol/ul/perfusate,
baseline=0.10±0.01, ischemia=0.20±0.03) and up to lh of recirculation
(0.15±0.02). L-NAME treatment (n=13) significantly reduced cGMP
levels at all time points (0.042±0.002, 0.070±0.005, and 0.060T0.004,
respectively ). In separate groups of animals, NOS activity was measured
(by the conversion of 3H-L-arginine to 3H-L-citrulline) in tissue samples
taken from the hippocampus, striatum, cortex and thalamus of sham
animals and from ischemic rats at the end of ischemia or at lOmin, and
1, 3, and 24h, and 7 and 30 days of reperfusion. Overall, no significant changes in NOS activity were detected; however, enzyme activity
tended to decrease (by 20-30%) during reperfusion in the hippocampus
and striatum. These data demonstrate that ischemia induces an increase
in cGMP which is associated with NO production without a coincident
increase in the constitutive NOS activity during early recirculation.
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THE EFFECT OF N-ACETYLCYSTEINE ON INFARCT SIZE AND NITRIC
OXIDE PRODUCTION DURING FOCAL CEREBRAL ISCHEMIA IN THE RAT
A Kader, R Solomon, EA Bolan, R Gubits*and RR Trifiletti* Department of

MARKED INDUCTION OF CALCIUM-INDEPENDENT NITRIC
OXIDE SYNTHASE ACTIVITY AFTER
FOCAL CEREBRAL
ISCHEMIA X. Xu*, F. Zhang, and C. ladecola, Dept. of Neurology, Univ. of
Minnesota, Minneapolis, MN 55455.
We studied the effect of focal cerebral ischemia on inducible (iNOS)
and constitutive (cNOS) nitric oxide synthase enzymatic activities in the
affected brain. The middle cerebral artery (MCA) was occluded in
spontaneously hypertensive rats. Animals were sacrificed 1, 2, 4 and 7 days
later. Calcium-dependent (cNOS) and calcium-independent (iNOS) activities
were determined in the infarcted cortex using the assay of Bredt and Snyder
(PNAS 86:9030, 1989). In sham-operate rats cNOS activity was 6106±700
dpm/150pg protein/45 min whereas iNOS activity was not different from
blank (p>0.05). After MCA occlusion, cNOS activity was markedly reduced in
lesioned cerebral cortex at day 1-7 (-96±4% at day 1; p<0.001; analysis of
variance) and was not affected contralaterally (p>0.05). In contrast to cNOS,
iNOS activity was induced substantially in the area of the infarct. The activity
peaked at day 2 (3262±591 dpm; n=4; p<0.001), remained elevated at day 4
(2717±352 dpm; n=7; p<0.001) and was not different from baseline at day 7
(p>0.05). iNOS activity was not induced in the neocortex contralateral to the
infarct (p>0.05). NADPH diaphorase-positive neurons disappeared from the
area of the lesion at day 1 through 7. Macrophages were seen at day 2 and
invaded the infarcted tissue by day 7. At this time, numerous GFAP-positive
astrocytes were observed in the infarct. The findings indicate that the decline
in cNOS activity within the lesion is a consequence of loss of NOS neurons
whereas the induction of iNOS activity reflects expression of iNOS in nonneuronal cells. Because iNOS activity peaks 2 days after stroke, iNOS
induction cannot participate in the acute phase of cerebral ischemic damage.
Rather, sustained NO production by iNOS may contribute to the late phase of
tissue damage in focal cerebral ischemia (see ladecola et al., Soc. Neurosci.
Abstr., 1994). (Supported by the L. Sklarow fund and the AHA)

Neurosurgery and Neurology, Columbia University College of Physicians and
Surgeons, New York NY 10032 & Department of Neurology/Neuroscience,
The New York Hospital-Cornell Medical Center New York, NY 10021.
Nitric oxide and oxygen radicals have been implicated in secondary
cellular injury during ischemia. N-acetylcysteine(NAC), used clinically as a
mucolytic agent and to treat acetaminophen toxicity, can scavenge both
oxygen free radicals and nitric oxide. We explored the effects of NAC in a
model of focal cerebral ischemic injury.
Male Wistar rats were administered 175 mg/kg N-acetylcysteine or
saline vehicle. Thirty minutes later, they underwent bilateral common carotid
occlusion and (R) middle cerebral artery occlusion (RMCAO). Body
temperature was servo-controlled at 36.5 deg throughout. 24hrs later, infarct
volume was determined, using the TTC method. The infarct size in animals
pretreated with NAC was smaller than vehicle controls (7.8 ± 2.1 % vs. 16.1 ±
1.7%, P<0.01). Post-treatment with NAC 30min after RMCAO did not
significantly reduce infarct volume, as compared to saline control.
We also examined brain nitrite and cGMP levels in (R)MCA cortex
pretreated with NAC or saline 10 min after RMCAO, using (L)MCA cortex as
control. Brain nitrite and cGMP were signifcantly elevated in (R)MCA cortex in
control animals but not those pre-treated with NAC, consistent with the
possiblity that NAC may exert its effects, at least in part, by scavenging NO.
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THE EFFECTS OF INTRASPINAL INJECTIONS OF NITRIC OXIDE
SYNTHASE (NOS) INHIBITORS ON THE SPINAL GRAY AND WHITE
MATTER IN THE RAT R.P. Yezierski*, S. Liu, and G.L. Ruenes, Dept. of
Neurological Surgery and The Miami Project, University of Miami, Miami, FL
33136.
Nitric oxide is thought to be involved in the control of cerebral blood flow.
Considering the importance of restoring normal blood flow to the injured spinal
cord, the present study was carried out to determine if NOS-inhibitors affect
spinal cord blood flow and cause damage to spinal tissue. Animals were
anesthetized and following a laminectomy the dura was cut and reflected. The
pia was removed at 3 sites and intraspinal injections were made through a
micropipette attached to a Hamilton microliter syringe. Injections were made at
depths ranging from 600-1200/xm below the surface of the cord at volumes
ranging from 0.3-0.6/xl. To date the effects of L-NAME (50-500 mM) and DNAME (50-500 mM) have been evaluated. After survival periods of 2 days
animals were perfused transcardially with 10% formalin. Spinal segments
containing injection sites were cut on a freezing microtome and serial sections
were collected through the epicenter of injection sites.
Spinal segments injected with NOS-inhibitors showed extensive damage,
including cell death, spinal cavitation and white matter damage. Injections of DNAME resulted in significantly less damage when compared to the same dose of
L-NAME. In conclusion, intraspinal injections of NOS-inhibitors produce
damage to spinal tissue in a dose-dependant manner. These data suggest
(indirectly) that nitric oxide is involved in the control of spinal cord blood flow.
In the present study NOS-inhibitors are thought to cause a decrease in blood
flow and tissue damage resembling that observed with ischemic spinal cord injury.
This work was supported by NS28059 and by The Miami Project.

OPPOSITE EFFECT OF NITRIC OXIDE INHIBITOR : DETERMINATION OF
AMINOACIDS, ARGININE AND CITRULLINE IN HIPPOCAMPUS OF GERBIL.
G. Delbarre*, B. Delbarre and F. Calinon, F. de M6decine,37032 Tours.
Numerous studies demonstrate that nitric oxide (NO) participates in
the pathogenesis of cerebral ischemia damage, but NO may have both
beneficial and detrimental effects. The action of No-Nitro-L-Arginine
(L-NNA), an inhibitor of NO synthase (NOS), was studied on 5 groups
of 7 Mongolian gerbils (9 month old) : 1 control, 3 L-NNA (25 - 2.5
or 1.25 mg/kg, i.p., during 5 days) and 1 sensible ischemic (60 min.
left carotid occlusion, 30 min. reperfusion). We determined levels of
Glutamate (Glu.), Aspartate (Asp.), Arginine (Arg.) and Citrulline
(Cit.) in left hippocampus, by HPLC/electrochemical method.
Glu.Asp.Arg.Cit
144 a
239 b
215 a
153a
Ischemic
190 a
185 a
324 a
224 a
L-NNA 25
-92 a
-106 a
-175 a
L-NNA 2.5
-63 b
-245 a
-450 a
-240 a
-190 a
L-NNA 1.25
Percentage of modifications versus Control Group (Unpaired Student t
test, a : P < 0.001 . b: p < 0.01).___________________________________
L-NNA (25 mg/kg, i.p.) significantly increased levels of Glu., Asp.,
Arg. and Cit. and levels were similar to ischemic, but at 2.5 and 1.25
mg/kg, L-NNA significantly decreased levels of Glu., Asp., Arg. and Cit.
Arg. is the precursor of NO and Cit. is formed through the action of
NOS. Their modifications are the reflect of NO and NOS activities.
This study confirms the complex role of NO in cerebral ischemia :
protective effect at low doses and destructive effect at high doses.
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Induction

of
NADPH-diaphorase
activity
in the rat
brain
infarction
of the cerebral
cortex
. Z.-C. Peng1.

after

focal

C. Pietra2*. A.
Sbarbati1. X.-B. Yan1 L, Ziviani2 and M. Bentivoglio1 1 Institute of Anatomy,
University of Verona and 2Glaxo Research Laboratories, Verona, Italy
Nitric oxide synthase (NOS) is the synthetic enzyme of the free radical nitric
oxide, which has been related to neurotransmission, cerebral blood flow regulation,
neuroprotection and neurotoxicity. NADPH-diaphorase (NADPH-d) histochemistry
selectively stains NOS-containing cells, since NADPH-d has been found to
correspond to NOS. In the cerebral cortex of the adult rat NOS is constitutively
expressed by a subset of non-pyramidal neurons. In our paradigm, the right middle
cerebral artery (MCA) was occluded in adult rats, which were sacrificed 2,7 and 14
days later. All surgical procedures were performed under chloral hydrate
anesthesia. NADPH-d staining variations were investigated in the brain after the
ischemic lesions. As compared to intact side, 2 and 7 days after MCA occlusion
weak NADPH-d-positivity was induced in the neurons at the periphery of the
necrotic area that involved to a variable extent of the frontoparietal cortex. In
addition, subsets of pyramidal neurons in the deep layers of the anterior cingulate
and infralimbic cortices were intensely NADPH-d-positive in these animals.
NADPH-d histochemistry combined with glial fibrillary acidic protein
immunofluorescence indicated that some astrocytes at the periphery of the necrotic
area were also NADPH-d-positive. Weakly NADPH-d-positive cells (presumably
macrophages) were also seen in the subcortical white matter on the lesioned side
and corpus callosum. No NADPH-d induction was evident 14 days after MCA
occlusion. The present results suggest that focal cerebral ischemia may induce NOS
in cortical neurons adjacent to the necrotic region as well as in distant ones, in
astrocytes surrounding the lesion and macrophages in fiber tracts. Such NOS
induction may be related to blood flow regulation at relatively early post-ischemic
stages, and it may decline when collateral circulation is established.
ischemic
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PROGESTERONE REDUCES BBS DAMAGE FOLLOWING
BILATERAL, MEDIAL FRONTAL CONTUSION. R.L. Roof*. R.
Duvdevani. J.W, Heyburn, and D.G. Stein. Brain Res. Lab, Inst, of Anim.
Behav., Rutgers Univ., Newark NJ 07102
We have previously reported that progesterone (P) reduces cerebral
edema associated with cortical contusion!. This, in turn, leads to an
amelioration of cognitive deficits as well as a reduction of neuronal death
in the thalamus2. We had hypothesized that one mechanism by which P
might reduce edema is by repairing or protecting the BBB. By measuring
the abnormal presence of albumin, a blood protein, in brain tissue, we
assessed BBB integrity in contused rats treated with P or the oil vehicle .
Male Sprague-Dawley rats were given bilateral, medial frontal cortical
contusions. P or oil injections (4 mg/kg,) were given at lh, 6h, 24h and
48h. Rats were killed at 3 days. The presence of albumin in brain
parenchyma was detected by anti-albumin using the peroxidaseantiperoxidase method. The area of albumin staining was determined
using a microprojector and computer digitizing system.
Brains from rats treated with P (n=7) contained significantly less
albumin staining than those treated with the oil vehicle (n=6),
F(l,ll)=27.05, p<0.001. This finding can be taken to suggest that P has
either a protective or reparative effect on the brain after traumatic brain
injury. There are several possible mechanisms by which P may work,
including stabilizing membranes or protecting membranes from free
radical attack. We have previously demonstrated that P treatment reduces
free radical lipid peroxidation of membranes, providing support for the
latter hypothesis. Our finding that P has a beneficial effect on BBB
recovery further supports its potential as an effective and new treatment
for traumatic brain injury.
! Restor. Neurol. & Neurosci. (6)25-427, 1992. 2 Soc. for Neurosci.
Abstr., 1993. Supported by CDC (R49/CCR208836).

GMI DECREASES ACTION POTENTIAL OUTPUT IN CULTURED
MAMMALIAN SPINAL CORD NETWORKS. R.S, Jordan*.1 J.H. Lucas.2
and G.W, Gross.1 Center for Network Neuroscience, Univ. of North Texas,
Denton, TX 76203-5218 and 2Dept. of Physiology, Ohio State Univ.,
Columbus, OH 43210.
GMI has been reported to enhance neurologic recovery after spinal cord (SC)
injury, and a multicenter study of GMI administered after initial treatment with
methylprednisolone (MP) is in progress (Geisler et al., Ann. Emerg. Med. 22,
1993). GMI at concentrations > 100 gM causes stress and death of cultured
murine SC glia and neurons (Fiorini and Lucas, Soc. Neurosci. Abst. 24, 1994).
The present study evaluated the effect of GMI on the spontaneous activity of SC
neural networks.
Monolayer cultures were grown on multimicroelectrode plates (MMEPs)
which contain 64 photoetched electrodes. The MMEPs allow simultaneous
recording of spontaneous spinal cord network activity. The conditioned medium
of a culture was replaced with serum-free medium (SFM), and GMI in SFM was
added incrementally to 5 cultures at 20 min intervals to achieve 25, 50, 100,
200, and 300 gM concentrations. Action potentials on 14 electrodes were
recorded and counted with a computerized discrimination system, and standardized
as a percentage of the pre-GMl activity. Activity was also recorded from 5
matched (same seeding date) control cultures that received serial additions of
SFM.
Concentrations of GMI > 100 gM consistently reduced action potential
output by up to 60%. The difference from the control group was statistically
significant at 300 gM (Student t-Test, p < 0.05). Activity remained
significantly lower than matched controls 20 min after the medium containing
GMI was replaced with SFM. Because previous studies found MP to
significantly increase SC network spike activity (Jordan et al., Soc. Neurosci.
Abst. 23. 1992), experiments will be performed to determine the combined
effects of GMI and MP. Supported by NINDS grant NS29683-04.
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KAPPA OPIOIDS AND VASOPRESSIN (AVP)
J.L. Browning*. T.D. Turner. M.A. Widmayer and D,S, Baskin Dept.
of Neurosurgery, VAMC Houston and Baylor College of Medicine,
Houston, TX 77030.
AVP may be involved in exacerbation of cerebral injury by enhancing
development of edema. Animal studies have demonstrated that central
administration of AVP increases water content of normal (Rosenberg
‘90) and injured (Reeder ‘86) brain that can be reversed by AVP antagonists. Administration of kappa opioid agonists also reduces postinjury edema (Silvia ‘87). We have begun to investigate the reduction
of AVP release as a mechanism of kappa opioid neuroprotection. Water
loaded animals received i.p. injections of saline, 1 or 10 mg/kg U50488
(U50), lOpg/kg AVP, 10 pg/kg dDAVP or lOpg/kg of the V2 antagonist [d(CH2)5» D-Ile2, Ile^-AVP. In cats, compared to saline (19±19
ml per 6 hr), U50 dose dependently increased (54±18 and 124±30)
urine output (UO) and plasma sodium levels (pNa), whereas the antagonist had no effect on UO (9±7 and 18± 12 respectively) or pNa. Interestingly, AVP administration resulted in increased UO (68+21), although dDAVP resulted in no UO (0±0) and decreased pNa. The antagonist had no significant effect on UO (18±12) or pNa. Rabbits
demonstrated similar findings, but no treatment reached significance.
In another line of investigation, we measured AVP levels in ventricular CSF in patients with head injury (HI) and control patients undergoing shunt implantation for hydrocephalus. CSF AVP levels were elevated in HI patients (1.81±0.20 vs 1.19±0.12), and correlated with
intracranial pressure. These results suggest that AVP levels are
increased in HI, and may be involved in the mechanism of brain edema.
Kappa opioids induce a powerful diuresis, which may be
neuroprotective in cerebral injury.

EFFICACY OF INSULIN-LIKE GROWTH FACTOR (IGF-1) IN THE TREATMENT
OF BEHAVIORAL AND COGNITIVE DEFICITS FOLLOWING EXPERIMENTAL
BRAIN INJURY. Tracy K. McIntosh. Lei Fan, Douglas H, Smith, Madhu Voddi,
Patricia Contreras* and Thomas A. Gennarelli, Department of Neurosurgery,
University of Pennsylvania, Philadelphia, PA and Cephalon, Inc. West Chester,
PA.
Both insulin and IGF-1 are biologically active in the central nervous system
(CNS) and IGF-1 administration has been shown to be neuroprotective in models
of cerebral ischemia and hypoxic-ischemic injury. In the present study, we
examined the potential efficacy of IGF-1 administration in the treatment of
experimental concussive brain injury in the rat. Male Sprague-Dawley rats (250300g, n-29) were anesthetized (sodium pentobarbital, 50mg/kg) and subjected
to lateral fluid percussion brain injury of moderate severity (2.3-2.5 atmospheres).
Beginning 15 minutes following brain injury, animals received either IGF-1 (1
mg/kg i.p., n -15) or saline vehicle (equal volume i.p., n-14) administered twice
daily at 12 hour intervals for 14 days. One subgroup of injured animals
receiving IGF-1 (n-9) or vehicle (n-8) were evaluated for neurologic motor
function at 24h, 48h, 1 week and 2 weeks following trauma using a battery of
5 composite tests. A second subgroup receiving IGF-1 (n-6) or vehicle (n-6)
were evaluated for post-traumatic learning ability in a Morris Water Maze
paradigm. IGF-1 administration did not significantlyenhance the ability of braininjured animals to learn a visuospatial task two weeks following injury.
However, IGF-1 administration significantly improved neurologic motor deficits
at 1 and 2 weeks postinjury. Post-traumatic administration of IGF-1 may
therefore have some therapeutic value in the treatment of experimental brain
injury (Supported, in part, by NS26818 and NS08803).

84.5

84.6

RESPONSES OF CORTICAL, HIPPOCAMPAL AND BRAINSTEM NEURONS
TO CONTUSION INJURY: EFFECTS OF NMDA AND AMPA/KAINATE
INHIBITORS. M.Matthews*, J.Soblosky. J.Davidson.
C.McInnis. M.Fogg and M.Carey. Dept. Anatomy and
Neurotrauma Res. Lab., Dept. Neurosurgery, LSU Med. Ctr.,
New Orleans,LA 70119
An Impact injury to the rat somatomotor cortex with
subsequent light and EM analysis following a survival
period of 3.5 minutes revealed darkened neurons within
the lesion (60.3-75.8X/totai) neurons) and in a l-2mm
penumbra. Reduced concentrations (20.2-43.6X/total)
occurred in the lateral and pyriform cortex.
Contralateral cortex displayed a spatially similar
incidence of such cells. The ipsilateral hippocampal CAl
region and polymorph layer of the dentate gyrus, PAG and
pontine reticular core also displayed scattered darkened
cells. Examination of animals allowed to survive 2 hrs-12
wks revealed 15.4-37.8X/total darkened neurons in ipsiand contralateral cortices. Their incidence in
hippocampus, PAG and brainstem increased through 24 hours
but dwindled thereafter. C-fos expression was apparent by
3.5 minutes, widespread within 10 minutes and sustained
for up to 4 hours in register with regions displaying
darkened cells. MK-801 partially reduced the incidence of
c-fos expression whereas GYKI 52466, an AMPA/Kainate
receptor inhibitor, was minimally effective in preventing
the response. A pressure wave transmitted through the
brain may cause much of the initial cell degeneration.

THE ADENOSINE DEAMINASE INHIBITOR, EHNA, PROVIDES CA1
NEUROPROTECTION FROM TRAUMA, HYPOXIA AND NITRIC OXIDE J.M.
Girard*, K.L, Panizzon, J, Parsons and R.A. Wallis. Dept. of Neurology,
UCLA, Los Angeles, CA 90024 and Sepulveda VAMC, Sepulveda, CA
91343.
Extracellular increases in adenosine concentrations during hypoxia-ischemia
have been found to be neuroprotective. Erythro-(2-hydroxy-3-nonyl)adenine
(EHNA) acts as an adenosine deaminase inhibitor and produces further
increase of extracellular adenosine concentrations during cerebral ischemia.
Mechanical trauma and secondary hypoxia-ischemia are thought to mediate
neuronal injury from head trauma, and nitric oxide (NO) has been shown to
play a prominent role in both forms of injury. To assess the possible
neuroprotective role of adenosine in these forms of neuronal injury, we
investigated the ability of EHNA to prevent injury from trauma, hypoxia, and
nitric oxide using the hippocampal slice. Treatment with 20 pM EHNA begun
30 mins, before hypoxia, improved recovery of CA1 antidromic population
spike (PS) after one hour from a mean 4% ±4 to 94% ± 1 when hypoxia
was continued 5 mins, beyond the disappearance of the hypoxic injury
potential. Similar protection was seen with CA1 traumatic neuronal injury.
When 20 //M EHNA treatment was begun within one min. after trauma,
recovery of CA1 antidromic PS improved from 19% ± 1, to 94% ± 3.
Additionally, 20 pM EHNA increased CA1 antidromic PS recovery from 6%
± 3 to 87% ± 4 in slices exposed to 150 /j M NO for 10 mins, under
conditions of hypoxia and increased glucose concentration. These findings
indicate that EHNA is neuroprotective against several forms of neuronal injury
which occur with head trauma, and that elevations of extracellular adenosine
concentrations may be a preventive factor against the development of
neuronal injury after head trauma. Supported by the VA Research Service.

84.7

84.8

U-74389G TREATMENTS APTER CORTICAL CONTUSION IN
THE RAT. R. L. Sutton* Surgery Dept., Hennepin
County Med. Center and Dept. of Neurosurgery,
Univ. of Minnesota, Minneapolis, MN 55415 U.S.A.
The effects of intraperitoneally administered
U-74389G (a 21-aminosteroid) on behavioral and
neuropathologic outcome was studied in rats with
contusion of the right sensorimotor cortex
(TBI).
Sham operates (N=20) and rats with TBI
(N=30) received vehicle or 1 of 2 doses (2 or 10
mg/kg) of U-74389G at 3 times (1, 3 and 5 hr)
postsurgery.
No effect of drug treatments on
significant TBI-induced beam-walking deficits
(Increased traversal time and worsened ratings
of locomotor ability for 1 week postinjury, were
found.
The ability of TBI rats (vs shams) to
locate a submerged platform in a water maze task
(14 to 29 days postsurgery; platform moved to a
new location on 12 test days) was significantly
impaired; drug and vehicle treated groups were
similarly impaired. A small, nonsignificant,
reduction in cortical cavitation necrosis was
noted in TBI rats treated with a total of 6 or
30 mg/kg of U-74389G.
Thus, at the dosages
utilized above, intraperltoneal U-74389G does
not alter TBI-induced dysfunctions in rat.
Support: The Upjohn Company, Minneapolis Medical
Research Foundation and PHS Grant P2O NS3O322.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

TRAUMATIC NEURONAL INJURY IN CORTICAL CELL CULTURE IS

ATTENUATED BY 21-AMINOSTEROIDS. R.F. Regan* and S.S.Panter. Division

of Emergency Medicine, Thomas Jefferson Univ., Philadelphia, PA 19107 and Dept.
of Neurosurgery, UCSF, San Francisco, CA 94143

The effect of the 21 -aminosteroids U74389F and U74500A, alone and in combina-

tion with the NMDA receptor antagonist MK-801, was determined in an in vitro
model of traumatic neuronal injury. A traumatic insult was delivered to mixed murine
cortical cell cultures (DIV 14-16) by evenly tearing the culture monolayer with a ster-

ile needle in a grid pattern. Afteramedium exchange, cultures were incubated for 2428 hours; neuronal death was then quantified by measurement of lactate

dehydrogenase in the culture medium. As noted previously, many neurons near a tear
developed acute swelling, and then degenerated over the next day. Within two hours

of injury, neuronal fluorescence was noted in some of these cells after incubation of
cultures with 2’,7’-dichlorofluorescin diacetate, consistent with the production of re-

active oxygen species. U74389F (lOpM), which is structurally very similar to Tirilazad, provided significant but modest neuroprotection, reducing neuronal death by

about 20%. Similar results were noted with 3-10 pM U74500A. In agreement with

prior observations (Brain Research 633:236-242, 1994), 10 pM MK-801 alone
blocked cell death by about 50%. Both 21 -aminosteroids consistently provided addi-

tive benefit when combined with MK-801. Approximately 30% of the neuronal death

occurring in the presence of MK-801 was prevented by 10 pM U74389F or U74500A.
The results of these experiments suggest that free radicals may contribute to neuronal

death in this in vitro model of traumatic neuronal injury.
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METABOTROPIC GLUTAMATE RECEPTOR ANTAGONIST, L-AP3,
INCREASES MORTALITY AND MORBIDITY IN TRAUMATIC BRAIN
INJURED RATS.
B.G. Lveth*, J.Y, Jiang, T.M. Delahuntv, L.L Phillips, T.M. Reeves, R.J.
Hamm. Division of Neurosurgery, Medical College of Virginia/Virginia
Commonwealth University, Richmond, Virginia 23298
Glutamate activates two major groups of receptors, ionotropic and
metabotropic. Although blockade of ionotropic glutamate receptors provides
significant protection in traumatic brain injury (J Neurotrau 5:259-274,1988), the
role played by metabotropic glutamate receptor activation in traumatic brain
injury is unclear. This experiment was designed to assess the dose-response
effects of administration of the metabotropic receptor antagonist, L-AP3 (100
uM, 500 uM; i.c.v. 5 min before injury) on mortality, sensorimotor deficits and
spacial memory deficits following moderate (2.0 ATM) fluid percussion TBI.
Brain temperature was recorded by temporalis muscle temperature
measurements and maintained at 37° ± 0.5°C during surgical preparation, drug
injection and injury (J Neurosurg 74:492-496,1991). The mortality rates for 500 uM
L-AP3, 100 uM L-AP3, and vehicle groups were 50.0% (8/16), 21.4% (3/14),
and 12.5% (2/16) respectively (P<0.05). L-AP3 significantly worsened beamwalking latency deficits (P<0.05), beam-balancing deficits (P<0.01) and
rotarod latency deficits (P<0.05) assessed on days 1-5 after injury. L-AP3 did
not significantly affect Morris water maze performance deficits assessed on
days 11-15 after injury. These results demonstrate that central administration
of L-AP3 markedly increases the mortality and morbidity in traumatic brain
injured rats and leads to the speculation that metabotropic receptor activation
may have a neuroprotective effect in traumatic brain injury. Supported by
NIH NS 29995, NS 12587

INTERLEUKIN-1 RECEPTOR ANTAGONIST SUPPRESSES NERVE
GROWTH FACTOR UPREGULATION FOLLOWING BRAIN INJURY
S.T, DeKoskv*, S.D. Stvren, J. R. Goss. M.E. O’Malley. C.H. Evans, P, D.
Robbins. Depts. of Psychiatry, Neurology, Orthopedic Surgery, Molecular
Genetics and Biochem., Univ. of Pittsburgh Sch. of Med. and Western
Psychiatric Inst. & Clinic, Pittsburgh, PA 15213.
A number of metabolic cascades are induced following brain injury,
including elevation of brain interleukin-1 B (IL-1) and nerve growth factor
(NGF). We previously demonstrated that IL-1 can directly induce NGF in
hippocampal neuron culture and that NGF is elevated in cortex after cortical
trauma, perhaps due to IL-1 elevation. To test the hypothesis that NGF
elevation is mediated by IL-1 we utilized interleukin-1 receptor antagonist
protein (IRAP) which binds to, and blocks, the IL-1 receptor. We used a
cortical stab wound paradigm of brain injury (3 groups; n=6 per group).
Animals were immediatiy injected with either 50,000 transfected synovial
fibroblasts (transfected with a murine leukemia virus carrying the IRAP
gene) or the same number of vector only transfected fibroblasts or vehicle;
injections were made directly into the lesion site. Three days later the
cortical lesion penumbra was assessed for NGF protein by ELISA. Animals
treated with vector only transfected cells or vehicle had significantly
elevated NGF protein concentration relative to animals treated with IRAP
producing cells(p<.022, p<.0034 respectively). Thus NGF upregulation
following traumatic brain injury is, at least partially, regulated by IL-1 and can
be suppressed by IRAP. Abatement of NGF by IRAP secreting cells
illustrates the potential role for gene therapy in human brain trauma.

84.11
BEHAVIORAL AND HISTOLOGICAL CHANGES AFTER
TRAUMATIC BRAIN INJURY IN RATS:
EFFECTS OF

T. Yamaguchi’. Y. Ozawa’.
M, Yamamoto’, A. Iwai2*, T, Nakamura3 and A, Yamaura-3. ’Clin.
Pharmacol. Res. Lab., Yamanouchi Pharm. Co., Ltd., Tokyo 174,
2Institute for Drug Discovery Res., Yamanouchi Pharm. Co., Ltd.,
Tsukuba 305, 3Dept. of Neurological Surgery, Sch. of Med., Chiba
Univ., Chiba 280, Japan.
We studied 1) behavioral and histological changes after fluid
percussion brain injury and 2) effects of indeloxazine hydrochloride
(IND), a cerebral activator currently used for patients in the chronic
phase of cerebral vascular disease, on these post-traumatic changes in
rats. 1) Acquisition trial of passive avoidance task was conducted 3
days after injury. Latency of step-through in injured rats was
significantly shorter than that in sham-operated rats on the 4th and 10th
days after operation. Injury induced neurological deficits on days 1-4
post-injury. Histological changes, such as neuronal damage and glial
proliferation, were observed in the ipsilateral cerebral cortex to the
injury on the 10th day. 2) IND was administered once a day from the
3rd (30 min prior to the acquisition trial) to 9th day after injury. IND
(10 and 20 mg/kg, p.o.) significantly improved the learning behavior
without affecting locomotor activity. IND showed no significant effects
on neurological deficits and cortical lesion area. These results suggest
that IND attenuate learning impairment following fluid percussion brain
injury and this model may be useful for investigating drug actions in the
chronic phase after trauma.
INDELOXAZINE HYDROCHLORIDE.

84.13

HYPOTHERMIA ATTENUATES THE NORMAL INCREASE IN NERVE
GROWTH FACTOR FOLLOWING TRAUMATIC BRAIN INJURY IN THE
RAT. J,R, Goss*, SxD. Stvren, P.D. Miller. P.M. Kochanek, D, Marion. &
S.T. DeKoskv. Depts. of Psych., Neurol. Sung., Anesth., Neurology, an<
Neurobiology. Univ. of Pitt. Sch. of Med. & WPIC. Pittsburgh, PA 15213
Post-trauma inflammatory complications have been associated with
significant morbidity and mortality following traumatic brain injury (TBI).
Hypothermia (HT; 32*C) has been suggested as a possible treatment to
decrease these inflammatory reactions. Previously we demonstrated
that the inflammatory cytokine, interleukin-1 B, can induce the
upregulation of nerve growth factor (NGF) in rat cortex, hippocampus,
and cerebellum if infused directly into the lateral ventricle. Because we
were concerned with the possibility that the anti-inflammatory effect of
HT may also inhibit IL-1 B-induced NGF upregulation, we examined the
effect of HT on NGF protein and RNA concentrations following a
controlled cortical contusion (CCC) model of TBI in the rat. Adult male
Sprague-Dawley rats were randomized into two groups: normothermic
(NT) or HT (4 hours following trauma). Rats were sacrificed at 5.5 hours,
1-, 3-, and 7-days post lesion and the cortical tissue surrounding the
wound cavity was assayed for NGF protein by ELISA. NGF RNA was
examined in a separate set of identically treated animals. The CCC
resulted in an significant two-fold increase in NGF protein by 7 days post
lesion in the NT group. This increase was completely abolished in the
HT group. Northern blot analysis revealed a 10-fold increase in NGF
RNA by 1 day post lesion in the NT group. Again, HT completely
abolished this increase. Considering the dramatic effects we observed
following 4 hours of HT in rats, and the fact that human studies utilized
24 to 48 hours of HT, the need for more basic studies in this treatment
becomes evident. These results suggest that HT treatment may need
to be supplemented with NGF administration for optimal outcome.
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NEUROPROTECTIVE EFFECTS OF IL-1 RECEPTOR
ANTAGONIST (IL-lra) AFTER BRAIN TRAUMA IN THE RAT.
S. Toulmond, E. McGowan* and N. J. Rothwell, Neuroscience
Division, 1.124, School of Biological Sciences, University of
Manchester, Manchester Ml3 9PT, UK.
Increased expression of IL-1 has been observed in human and rodent
after closed head injury, where delayed, ischaemic-type neuronal
damage frequently develops. IL-1 has been implicated in ischaemic and
excitotoxic brain damage in the rat. These data suggest that
neurodegeneration caused by brain trauma may be mediated by local
IL-1 production and action. We have therefore investigated the effects
of central injection of recombinant human interleukin-1 receptor
antagonist (rhlL-lra) on brain damage induced by fluid percussion
trauma in the rat. Injection of rhlL-lra (Synergen; 10/xg, icv) 15 min
and 2, 4, 6, 8, 24 and 48h after injury significantly reduced, by 44%,
the extent of damage measured 3 days later (histological examination).
Similar protection was observed in animals killed 7 days after injury.
Delayed administration of rhlL-lra (4, 6, 8, 24 and 48h) after injury
also significantly reduced (by 30%) neuronal damage. No significant
protection was detectable when the first injection of IL-lra was delayed
to 8h. These results indicate that endogenous IL-1 mediates damage
induced by traumatic brain injury, and that its action occurs within the
few hours following the trauma.

84.14
CHRONIC ADMINISTRATION OF PENTYLENETETRAZOL AFTER
TRAUMATIC
BRAIN
INJURY
IMPROVES
COGNITIVE
PERFORMANCE OF INJURED RATS. R.J, Hamm*, D, O’Dell. B. Pike, M,
Temple. B.G. Lveth. Departments of Psychology and Neurosurgery,
Virginia Commonwealth Univ./ Medical College of Virginia, Richmond,
VA 23284.
Impairment of cognitive abilities is a frequent and significant
sequelae of traumatic brain injury (TBI). Pentylenetetrazol (PTZ) is a
GABA antagonist that has been shown to have cognitive enhancing
effects (Science, 152:100-12). The purpose of this experiment was
to examine the efficacy of PTZ in reducing the cognitive deficits
observed after TBI. Rats were either injured at a moderate level (2.1
atm) of fluid percussion brain injury (n=16) or surgically prepared but
not injured (sham-injured control group, n=8). The injured PTZ-treated
rats (n= 8) were injected with 25 mg/kg of PTZ on Days 1-10 after
injury. The remaining injured rats (n=8) were injected with saline. On
Days 11-15, all animals were tested in the Morris water maze.
Analysis of the Morris water maze performance indicated that injured
animals chronically treated with PTZ performed better in the maze
than untreated injured animals (p<0.01). In fact, the injured animals
treated with PTZ performed as well as sham-injured animals. The
mechanisms by which PTZ improves recovery after TBI are not
known.
However, these results show that a chronic,
pharmacological intervention that is begun 24 hrs after TBI is
effective in reducing the cognitive impairment that follows TBI.
Supported by NS12857
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CANNABINOID

HU-211

ATTENUATES 45CA2+

ACCUMULATION IN RAT BRAIN AFTER HEAD TRAUMA V. Nadler*. A.
Biegon, E. Beit-Yannai* and E. Shohami*. Pharmos Ltd., Rehovot 76326 and

*Departement of Parmacology , The Hebrew University, Jerusalem, Israel.
The synthetic cannabinoid (+)-(3S,4S)-7-hydroxy-A6-tetrahydrocannabinol 1,1-

dimethylheptyl (HU-211) that lacks cannabimimetic effects, has been shown to act
as a noncompetitive NMDA-receptor antagonist in vivo and in vitro. Ca2+
accumulation in rat brain following head trauma and the possible effects of HU211 on Ca2+ accumulation were examined. Head trauma was induced by dropping
a calibrated weight from a specific height onto the exposed skull (left side, anterior
to bregma) of ether anesthetized rats. One hour after trauma, rats received an i.v.
injection of HU-211 (5mg/kg) in emulsion or appropriate vehicle 19 hours after
trauma, rats received an i.v. injection of 45Ca2+ (lpci/gr) in saline, and 5 hours later
they were sacrificed. Brains were quickly removed and placed in powdered dry ice.
Coronal sections (40|xm thick), at 200 pm intervals, were produced on a cryostat
at -15°C, and exposed to X-ray film for 14 days. Autoradiographs were quantified
by measuring optical density using a computerized image analysis system. Massive
43Ca2+ accumulation was detected in various regions of brain, the amount of 45Ca2+
varied among the different regions. While no differences were detected between
the left and the right hemispheres in the sham animals (n=2), marked accumulation
of 45Ca2+ within structures ipsilateral to the site of injury were detected in injured
animals. However, in rats that were treated with HU-211 (n=4), both the amount
of 45Ca2+ accumulated and the size of the area with increased 45Ca2+ content were

significantly smaller relative to the control animals (n=5). The ability of HU-211
to decrease Ca2' accumulation after head trauma is probably one of the
mechanisms by which HU-211 improves neurological outcome following closed
head injury in rats. HU-211 therefore shows promise as a therapeutic agent for
head trauma in humans.

TRAUMA:

COMBINED DIMETHYL SULFOXIDE-FRUCTOSE 1,6-DIPHOSPHATE IN
EXPERIMENTAL HEAD INJURY. J.C. de la Torre*. University of Ottawa, Faculty of
Medicine, Ottawa, Ontario Canada KIH 8M5.
Traumatic brain injury can result in hypoxia-ischemia and swelling of the cerebral
tissue. This outcome reduces oxidative phosphorylation and ATP production while
generating cytotoxic free radicals in the brain. Fructose 1,6-dlphosphate (FDP), an
intermediate in the glycolytic pathway can prevent ATP loss after brain ischemia and
dimethyl sulfoxide (DMSO), a free radical scavenger known to reduce intracranial
pressure and increase blood flow after head injury, were tested on a head injury model.
CF-1 mice were subjected to moderate (800 gm-cm) or severe (900 gm-cm) head
injury induced by the weight-drop method. Five minutes after trauma, mice were
separated into 4 groups to receive the following compounds intravenously: 350 mg/Kg
of 10% FDP +1 g/Kg of 28% DMSO (Group DD); 350 mg/Kg of 10% FDP (Group FS);
Ig/Kg of 28% DMSO (Group DS) and the vehicle saline (Group VS). One and 2 hours
after 800 gm/cm force head injury, mice were tested for sensory-motor function. A
second group of mice were similarly tested 1 hour after 900 gm/cm force head injury.
After evaluations, brains were examined histopathologically.
Results show that group DD significantly prevented sensory-motor deficits after head
injury. Morphometry of parietal cortex and hippocampal CA1 neuron damage was
markedly reduced in the DD group when compared to either FS, DS or VS groups.
Mild protection from sensory-motor deficits was observed in the FS and DS groups
when compared to vehicle-treated VS group. Significant survival after (900 gm/cm)
head injury was seen in the DD group only. These results suggest that combining
fructose 1,6-diphosphate with DMSO can best reduce sensory-motor deficits, neuronal
damage and mortality than either treatment alone following moderate or severe head
trauma.
MODELS

85.1

85.2

TRAUMATIC BRAIN INJURY OF RAT HIND AND FOREPAW
SENSORY/MOTOR AREAS. J.S. Soblosky*. J.F. Davidson, S.L.
Tabor and M.E, Carey.. Neurotrauma Res. Lab., Dept.
Neurosurgery, LSU Medical Cntr, New Orleans, LA 70112
In our model of brain injury using isofluraneanestbetized rats the sensory/motor cortices of the left
hind and forepaw are injured by a piston with an
elliptical tip (4mm X 8mm). The impact speed is 5 M/sec.
This results in a unilateral long-lasting limb deficits.
Both
.5mm and 1mm dural depressions resulted 10 sec
hypotensive response; MABP, heart rate, respiratory rate
and blood gases were normal up to 2 hrs after injury. A
2mm and 3 mm dural impact resulted a brief hypertensive
response within 10 sec. while the 3 mm injury had an
additional delayed hypertensive response lasting up to 40
min. A 3mm impact also caused a reduction in respiratory
rate for up to 4 mins. Motor deficits were evaluated in
injured rats after a lorn impact.
Significant and long
lasting motor deficits occurred and evaluated by:
performance traversing a flat narrow beam (p<.002); number
of footslips on a pegged narrow beam (p<.001); number of
forepaw foot-faults on a grid platform (p<.OOI) and paw
preference test (pC.OOl). This injury appears well suited
for testing drugs which may ameliorate somatosensory/motor
impairments in rats because it provides long-lasting
reproducable motor deficits which can be evaluated with
several motor tests measuring different aspects of motor
performance.

EXPERIENCE IMPROVES RECOVERY OF FUNCTION
FOLLOWING FRONTAL CORTICAL CONTUSION IN RATS.
Con_d$ D., PMyJevaniR.\ Glacier M. M, and D.G, $tein- Brain Res. Lab, IAB,
Rutgers Univ., Newark, NJ 07102, USA.
Previous studies with intact rats have shown that training and enriched
environment lead to improved performance on cognitive tasks. We studied whether
post-injury cognitive training on the Hebb-Williams maze (HWM) can reduce
deficits in spatial learning caused by bilateral medial frontal cortex (MFC)
contusion. Rats were separated into 4 experimental groups: two groups consisting
of sham-operated rats and rats that had MFC contusion, were tested in the HWM
for food reward beginning 2 weeks after surgery. The other two groups, consisting
of sham rats and contused rats, were not given any training. In the HWM the rats
solved a different problem each day for 12 days, and each problem had 6 trials. The
number of errors, according to standard protocol for the maze, was scored. Ten
days following HWM testing (66 days post injury), all 4 groups of rats were
tested in a new task, the Morris water maze (MWM) for 10 days, 2 trials per day.
Rats with contusions made more errors in the HWM compared to shams (p<0.03).
In the MWM, lesion rats used a longer path to platform than sham rats
(p<0.0001). However, lesion animals with prior HWM experience performed
significantly better in the MWM compared to lesion animals that did not have
HWM training (p<0.01). The training effect was true for both animals with MFC
contusion and for sham animals. These results show that MFC contusion
produces both deficits in HWM performance, and long lasting deficits in MWM
performance. Our findings can be also taken to indicate that prior testing
experience in brain damaged rats can produce beneficial effects in the later learning
tasks. We suggest that rehabilitation should be considered during the recovery
process, in addition to pharmaceutical treatment Supported by GenRe Co.

85.3

85.4

IMPLICIT VERSUS EXPLICIT MEMORY DURING THE
EARLY STAGES OF RECOVERY FROM MILD CLOSED
HEAD INJURY. K.E. McGuthry*. H.S. Levin. L. HicksL and
J.A. Kufera. Neuropsychology Laboratory, The University of
Maryland, Medical System, 21201; §Howard University,
Washington, DC, 20059.

MIDDLE LATENCY AUDITORY EVOKED POTENTIALS IN A MODEL OF HEAD
INJURY IN THE RAT. Bt Andersen*, K IWyqzato.M, Cobb, _R,. Sjdnnaf^tKLL
Garcia-Rill, Departments of Anatomy and Neurosurgery, University of Arkansas
for Medical Sciences, Little Rock, AR 72205
The P1 middle latency auditory evoked potential in the human peaks at a
50-60 msec latency, is present during waking and REM sleep but absent during
slow wave sleep, i.e. it is present during periods of cortical desynchronization.
Recently, we described the presence of the P13 potential (peak 11-15 msec) in
the rat which correlates with the human P1 potential and wave A in the cat, the
feline equivalent of the P1 (Skinner, et al. 1993). The present study was
undertaken to determine the behavior of the P13 in a model of head injury in the
rat which causes, in a controlled manner, periods of transient unconsciousness
and behavioral suppression (Marmarou, et al. 1994).
Auditory evoked (intensity 103 dB, rate 0.2 Hz) P13 potentials referenced
to a frontal sinus screw were recorded and averaged in male rats before and after
a controlled closed head injury. Cortical leads were implanted at the vertex and
covered by an impactor cap embedded in acrylic cement. Rats were first
anesthetized with halothane, the halothane discontinued, and, when the
withdrawal reflex reappeared, were administered a weight-drop (450 g at 2.0 m)
impact injury. The P13 potential was absent in all rats at 5 min post-injury and
recovered at 45 min in 50% of the rats. In 17%, the P13 potential partially
recovered by 60 min but was not fully recovered until 1 -4 days post-injury. Control
studies to assess the effects of halothane on the P13 potential showed that the
P13 potential was fully recovered by 15-30 min after reappearance of the
withdrawal reflex. Thus, the use of halothane did not disguise the long term
effects of impact injury on this potential.
Our results suggest that the P13 potential in the rat is not present when
the rat is unconscious, partially recovers while the rat appears obtunded, and
substantially recovers when the rat appears fully alert.
Supported by NSF grant RII8922108 and USPHS grant NS20246.

This study investigated implicit and explicit memory for
verbal material during the early stages of recovery from mild
closed head injury (CHI). Twenty mild CHI patients (i.e., with a
Glasgow Coma Scale score _> 13 and an injury-test day interval <
3 weeks) and twenty matched normal controls processed words
under semantic and graphemic conditions. Implicit memory testing
was conducted with two perceptual tasks (Word Fragment & Word
Stem) and one conceptual task (Word Generate).
The implicit memory results showed that the mild CHI
individuals had normal implicit memory when tested with
perceptual tests but not when tested with the conceptual test.
Additionally, the explicit memory results showed that the mild CHI
patients had deficits on tests of recall and recognition.
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EFFECTS OF TRAUMATIC BRAIN INJURY ON THE
CHOLINERGIC SYSTEM IN THE RAT. L.K, Gorman*. K, Fu,
D. Hovda. M. Murray.
and R, Travstman. Dept. of
Anesthesiology, The Johns Hopkins University School of Medicine,
Baltimore, MD 21205 & Dept. of Neurosurgery, UCLA, L.A.,
CA 90024.
Traumatic brain injury is associated with deficits in memory
similar to those observed following lesions of the septohippocampal
cholinergic system.
We studied the kinetics of choline
acetyltransferase (ChAT) activity at 1 hr, 24 hr, or 5 days
following a moderate fluid percussion (FP) injury. Control
(n=10), sham operated (n=30), and FP (n=30) rats were
decapitated, the brains subdissected and assayed for ChAT activity.
At one hour, ChAT activity in the dorsal hippocampus of FP rats
was decreased 28% (p < 0.05) compared to sham rats. At 5 days,
ChAT activity in the medial septal area of FP rats was increased
75% (p < 0.05) compared to sham rats. No difference between
groups was observed at 24 hrs.
Previous studies have
demonstrated both reference and recent memory deficits 1 hr after
FP, and only recent memory deficits at 5 days. These data provide
evidence that a moderate FP injury produces prolonged changes in
ChAT activity in brain areas related to memory. (Supported by
NS3O3O8).

A QUANTITATIVE SPATIAL ANALYSIS OF BLOOD BRAIN BARRIER PERMEABILITY IN
P.J. Homer.
FETAL TRANSPLANTS FOLLOWING SPINAL CONTUSION INJURY
Popovich. RB. MnlHn. p, WeL and B.T. Stokes*. Departments of Physiology and
Neurosurgery, The Ohio State University, Columbus, OH 43210
It Is currently accepted that neural suspension grafts placed Into the CNS are able to

acquire a functional blood-brain barrier (BBB). Abnormal vascular permeability has
primarily been observed In grafts placed In close proximity to meninges, In a region of
the brain which normally lacks a BBB (e.g. median eminence), or during graft
rejection. However, a quantitative analysis of vascular permeability In spinal

transplants has not been performed.

For this study adult rats received a spinal

contusion lesion (Tg) followed 10 days later by the Injection of an embryonic day 14
suspension graft

At 7, 14 and 28 days post-transplantation (p.t) animals were

injected with [14CJlabeled a-amlnolsobutyric acid (AIB). The blood to spinal cord
transfer of this tracer was calculated autoradlographlcally (Blasberg, et aL. 1983). In

addition, an Immunohistochemical analysis of activated Inflammatory cells was

conducted. At 7 days p.t permeability was Increased In the central region of the graft

Changes were most notable In the dorsal aspect of the transplant and host spinal cord
up to 18mm from the Rejection site. By 14 and 28 days p.t, grafts exhibited Increased
permeability over either adjacent host or non-lnjured control gray matter. All groups

exhibited BBB leakage more prominently in dorsal than In ventral cord. This was
most notable at 28 days where ventral cord permeability 6mm from the transplant site
approached control levels. Due to the nature of the contusion lesion, transplants come

In close proximity to meningeal blood vessels. This may contribute to the abnormal

BBB as late as 28 days after grafting. The present experiments do not support data

using less quantitative techniques and, provide an Important spatial analysis of

transplant permeability In a clinically relevant contusion model. This work was
supported by NS 10165-21 (BTS) and T32 NS07291-05 (PGP), and the American Paralysis

Association.

85.7

85.8

A QUANTITATIVE SPATIAL ANALYSIS OF BLOOD-BRAIN BARRIER PERMEABILITY AFTER
SPINAL CONTUSION INJURY P.G, Popovich*. P.J, Homer, B.B. MnlHn. P, Wet, and B.T.

A SIMPLE DEVICE FOR REPRODUCIBLE AND CONSISTENT
INDUCTION OF CONTROLLED CORTICAL IMPACT IN RATS &A.
Sabo, P.C, Jobe. J, R. Lister. L.E, Adams-Curtis^ D.E. Dolen and P.K,
Mishra*. Departments of Neurosurgery and Basic Sciences, University of
Illinois College of Medicine, Peoria, IL 61656.

Stokes, Ohio State University, College of Medicine, Columbus, OH 43210.
Previous reports of blood-brain barrier (BBB) damage after spinal cord (SC) injury

have not allowed both a quantitative and spatial assesment of vascular permeability.
Using (MCJlabeled a-aminoisobutyric add fl14C}-AIB), an amino add analogue with
limited diffusion across the intact BBB, we measured regional changes in BBB

permeability following a moderate spinal contusion injury-

Our current data

describes the dynamic nature of the ensuing vascular lesion and provides sensitive
quantitative resolving capadty that estimates BBB damage in defined regions of the

SC. Adult female rats were injected with 50gCl of [I4C]-AIB via an l.v. femoral catheter

at 3, 7, 14, and 28 days post-injury (pi).

SC's were removed and frozen, serially

sectioned in either the coronal or horizontal plane, and exposed to autoradiographic

film. Developed films were then quantitated densitometrleally for the amount of
extravasated (l4CJ-AIB in the spinal tissue. Beginning at 3 days pi, sections from the
dorsal and ventral SC show Increased (14CfAIB only within the lesion epicenter. By 7

days pi, the vascular lesion begins to progress rostral and caudal to the epicenter

with significant differences obvious throughout the lesion as far as 2cm from the
Impact site. There is also a dorsal to ventral gradient of BBB damage at these early

pi time periods. By 14 days pi, the BBB at the epicenter appears to be re-established,
however, focal regions (1mm x 2mm) in the rostral and caudal extensions still appear
to be leaky.

More subtle changes were obvious by 28 days pi The fine resolving

power of this technique (~ lOOp.2) can be used to study small focal changes in BBB
integrity which may occur as a result of therapeutic intervention (e.g. transplantation,

growth factor administration) or ongoing host responses (e.g. macrophage/mlcrogllal

release products) to the traumatic insult. This work was supported by by NS 10165-21
(BTS) and T32 NS07291-05 (PGP), and the American Paralysis Association.

In order to elucidate the mechanisms involved in traumatic brain injury (TBI),
identify treatment protocols that may be clinically useful, and investigate the
relationship of epilepsy to trauma, a reproducible experimental method for the
induction of injury is necessary. The often used fluid percussion apparatus
produces a diffuse axonal injury, is bulky, and results do not parallel the human
TBI. Weight-drop techniques are easy to employ but suffer from insufficient
velocity and inconsistent duration of impact. Some workers have utilized air
cylinders successfully to produce a consistent and reproducible cortical contusion,
which is an important element of human TBI. Use of such controlled cortical
impact (CCI) devices has allowed study of the biochemical processes of the
secondary cascade of neuronal injury following human TBI.
We are presenting a simplified air cylinder apparatus that can be easily
assembled for producing CCI in the small animal. This device controls the
velocity or force of the piston rod impact with a common two stage pressure
regulator for compressed gas. A two-way solenoid valve, operated with a twointerval timer is used to initiate the impact and withdrawl of the piston rod. A
magnetic velocity transducer is attached to the cylinder to monitor the impact
interval and velocity on a standard oscilloscope. The cylinder is mounted on a
stereotaxic apparatus for precise control of the depth of the injury.
Results of post-injury performance assessed by a beam walking task and
histopathologic assessment following the modified CCI are presented. This device
should prove useful for further elucidation of the mechanisms of secondary injury
and identification of effective treatment protocols.

85.9

86.10

EXPRESSION OF hsp7O and c-fos mRNA AFTER TRAUMATIC BRAIN
INJURY IN TRANSGENIC MICE OVEREXPRESSING CuZnSUPEROXIDE DISMUTASE. Sx.Mikawj, ILKamii. H. Kinouchi. S. F.
Chen*. F, R, Sharp, C, J, Epstein. P, H. Chan. Depts. of Neurosurgery,
Neurology, and Pediatrics, Univ. of California, San Francisco, CA 941430112
The heat shock gene hsp70 and proto-oncogene c-fos are induced following
various stimuli including traumatic brain injury. Oxygen-derived free radicals,
superoxide in paticular, are involved in brain injury after trauma. The purpose
of this study is to investigate the involvement of oxidative stress in gene
expression of hsp70 and c-fos after traumatic brain injury, using transgenic
(Tg) mice overexpressing CuZn-superoxide dismutase (SOD-1). Male Tg
mice and nontransgenic (nTg) littermates were subjected to traumatic brain
injury. Following removal of a bone flap, a piston was placed on the dura, and
a 15 g free fall weight was dropped from 10 cm height on to the piston. Hsp70
and c-fos mRNA expression were investigated at 1, 4, and 24 hre after injury.
At each time point, the brain of both Tg and nTg mice (n=4) were processed
for in situ hybridization with a [35S]-labeled hsp70 or c-fos oligonucleotide
probe. At 1 hr post injury, induction of hsp70 mRNA was detected weakly
around the lesion. At 4 and 24 hrs, the signal was still localized but the
intensity was stronger. At each time point, the hsp70 mRNA signal intensity in
Tg mice was less than in nTg littermates. C-fos mRNA induction was seen
throughout the ipsilateral cortex (some was seen in the contralateral cortex),
hippocampus, and ventricle wall. At 1 hr and 4 hrs, the c-fos mRNA signals
were highly intensed in Tg mice. At 24 hr, nTg mice demonstrated more
increased c-fos mRNA expression than at 1 and 4 hrs, while the signal in Tg
mice had almost disappeared. These data suggest that an increased level of
superoxide dismutase activity influences the degree and the time of the hsp70
and c-fos expression. Superoxide radicals may play an important role in
modulating the induction of expression of these genes after traumatic brain
injury. Supported by NS-14543, NS-25372, and AG-08938

RELATIONSHIP BETWEEN DURATION OF UNCONSCIOUSNESS AND
HISTOPATHOLOGY IN AN ANIMAL MODEL OF MODERATE CONCUSSION.
M, Morehead1. R, T, Bartus^. R. L, Dean^» J. A. MiotkeL S. Murphvk
H. Goldman*1. 1 Department of Pharmacology, Wayne State University School of
Medicine, Detroit, MI ^Alkermes, Inc., Cambridge, MA, ^Department of
Development and Cell Biology, University of California, Irvine, CA
While duration of unconsciousness is commonly used as a prognostic index
following traumatic brain injury (TBI), few controlled studies have directly evaluated
the relationship between unconsciousness and histopathology. This issue was
addressed using a pendulum-stricker concussive device which provides a reproducible
model of TBI in rats (Goldman, et al, J. Neurotrauma, 1991). This model is
uncomplicated by skull fractures, contusions or experimenter-induced craniotomies.
Male Wistar rats subjected to moderate closed-head injury (N-19) were evaluated for
brain histopathology at 48 hr and 1 week post-trauma in a blinded study. The
primary degeneration associated with this model involves extensive axonal injury,
rather than specific cell body damage.
The severity of the histopathology observed in this rat model at 48 hrs posttrauma is linearly related to the duration of unconsciousness (pc.OOOl). The
pathology, assessed via silver stain for neuro-degeneration, is particularly striking if
unconsciousness continues for four or more minutes. The relationship between
unconsciousness and histopathology at 1 wk post-trauma is less clear. To our
knowledge, this is the first report of such a correlation in any experimental model of
traumatic brain injury and suggests that the initial duration of unconsciousness may
be a good predictor of clinical brain histopathology associated with moderate closedhead injury.
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KINETICS AND INJURY PATTERNS IN A RODENT ACCELERATION
INDUCED MODEL OF BRAIN INJURY. M S. Grady*, D O. Maris, T.J.
Stewart, J. R. Leonard. Dept. of Neurological Surgery, Univ. of Washington,
Seattle, WA 98104.

QUANTITATIVE MORPHOLOGICAL ANALYSIS OF CORTICAL
CONTUSION INJURY IN RATS R. Sindt, S.L von Stuck, S.M. Lee, M.H.
Friedberg , and D.A. Hovda?
Division of Neurosurgery, UCLA Sch. of Med., Los Angeles, CA 90024.
The gross morphology and the integrity of the blood brain barrier (BBB)
were studied following a cerebral contusion produced by a pneumatic piston.
Morphological analysis was conducted in 8 adult male Sprague Dawley
rats at 14 days after injury with BBB analysis conducted in 5 animals
studied 1 hour and 1 day following trauma with horseradish peroxidase
(HRP). Under general anesthesia (1.5-2.0 ml/min; 100% O2) a cortical
contusion was produced using a 5 mm diameter tip (centered at -3,4 mm from
bregma) driven to a depth of 2 mm beneath cortical surface at a velocity of
1.6 m/s. For BBB animals, HRP (100 mg/kg) was injected intracardially
and then allowed to circulate for 30min. All brains were fixed in
paraformaldehyde/ glutaraldehyde (0.5-4%/2%) and 20 gm thick sections
were stained with cresyl violet or cytochrome oxidase to determine the
dimensions of the cavity. HRP sections were reacted with TMB/DAB. The
cavity was confined tothe cortex. The morphological results indicated the
average sagittal length of the cavity was 6.08±1.34 mm. Cavity volume of
19.71± 9.37mm3 and area of 50.0± 20.0mm2 was determined. The percent of
spared cortex was examined at 1 mm intervals from midline to quantify the
injury laterally. Measurements taken at -1,-3, -5 mm from bregma had an
average width of 5, 7,and 9 mm respectively. The BBB results indicated
that extravasation was present up to 2 days post injury, but was restricted
to the rim of the contusion site rarely evident more than 1mm away. This
study supports the reliability of the injury model in terms of morphological
and BBB changes, and provides the baseline for conducting further studies
focusing on metabolism, protein synthesis, and cerebral blood flow.
Supported by: NS30308, Lind Lawrence Foundation

Diffuse axonal injury (DAI) in human traumatic brain injury (TBI) is associated
with prolonged coma, severe cognitive deficits, and high mortality. Inertia (nonimpact) animal models of TBI have been used in primates but have been difficult
to develop in rodents. Two separate experiments were done to continue work with
our inertia model of angular acceleration in the rodent: (1) demonstrate that
velocity and acceleration achieved by the device are predictable and reproducible
and (2) examine histologic changes due to the effects of angular acceleration in
neuroanatomic regions pertaining to memory.
Kinetic analysis of angular acceleration and velocity was achieved by varying
the amount of energy put into the system. This was done by varying the mass and
height of a metal weight which was dropped in order to drive the system.
Rotational velocities achieved were reproducible and could be predicted using
conservation of momentum as a rough mathematical model (p=mv). Morphologic
studies were performed on brain tissue from anesthetized adult rats subjected to
angular accelerations exceeding 1000 G’s. Groups were sacrificed either 1 or 10
days post-injury. Brains were sectioned and processed with Toluidine Blue, 68 kD
antibody to detect axonal injury, or Fink-Heimer stain for degeneration studies.
Mean arterial blood pressure in five of the six injured animals showed a
hypotensive response at time of injury. Injured animals regained their righting
reflex at 21.8 + 4 min post injury as compared to 8.4 + 3.1 min in control animals.
Bilateral terminal degeneration was identified in the outer 2/3’s of the molecular
layer of the dentate gyrus at 10 days post injury in the region where projections
from the entorhinal cortex terminate. This model of angular acceleration continues
to show promise as an inertia (non-impact) model of brain injury.

85.13

85.14

UNCOUPLING OF GLUCOSE METABOLISM AND BLOOD FLOW IN
DEGENERATING CORTICAL AND HIPPOCAMPAL AREAS
FOLLOWING UNILATERAL CORTICAL CONTUSION H.M, Le, 1,
Lifshitz, M.L. Smith, P. Pinanong, S.M. Lee, D.P. Becker*, D.A. Hovda,
Division of Neurosurgery, UCLA Sch. of Med., Los Angeles, CA 90024.
To assess the relationship between cerebral blood flow (CBF) and glucose
metabolism following cortical contusion, [ 14C] 2-deoxy-D-glucose and [14C ]
iodoantipyrine studies were conducted in 24 rats at 1 hour and 1 day
following a lateral pneumatic piston-induced cortical contusion. After
induction of general anesthesia (1.5-2.0 ml/min enflurane; 100% O2) a
craniotomy was performed and a 5 mm diameter contusion tip was
positioned over the exposed dura (-3.5 mm AP, 4.0 mm ML from bregma). A
pneumatic piston drove the contusion tip to a depth of 2 mm beneath the
surface of cortex at a velocity of 1.6 m/s. Local cerebral metabolic rates for
glucose (lCMRglc; pmol/100g/min) and CBF (ml/lOOg/min) were
calculated within the cerebral cortex at 1 mm intervals, medial to lateral
from the midline. These measurements were taken within 3 coronal planes;
anterior to posterior (-2, 0, +2 mm) relative to the center of the impact site.
The results indicate that: (1) CBF is only marginally reduced at the injury
site (CBF= 83.8% ±10.3 of sham control) with evidence of increased flow at
more distal regions (CBF= 222.45%±50.3). (2) lCMRglc is markedly reduced
throughout the injured cortex (lCMRglc=58.5%±10.2 to 98.7%±15.1 of sham)
being most affected within the contusion site. These data indicate that
CBF and glucose metabolism are uncoupled following cortical contusion,
demonstrating the presence of hyperemia.
Supported by : NS30308, Lind Lawrence Foundation

CEREBRAL PROTEIN SYNTHESIS FOLLOWING CORTICAL
CONTUSION IN RATS
T.A. Tishler*, M.L. Smith, S.M. Lee, and D.A. Hovtla
Division of Neurosurgery, UCLA Sch. of Med., Los Angeles, CA 90024.
To determine the extent of protein synthesis disruption following cortical
contusion, 14C leucine autoradiography was conducted in rats 1 hour (N=3)
and 1 day (N=3) following a lateral pneumatic piston induced injury. The
contusion tip (5 mm diameter) was positioned over the left parietal cortex
(centered at -3 mm AP, 4 mm ML from bregma) and was driven 2 mm into the
cerebral cortex (velocity= 1.6 m/s) while the animals were under general
anesthesia (1.5-2.0 ml/min enflurane, 100% O2). Both sham (N=10) and
injured animals were administered 14C leucine (200 gCi/kg, i.v.) at
predetermined times and local cerebral protein synthesis (1CPS,
nmol/g/min) was calculated within the cerebral cortex at 1 mm intervals,
medial to lateral beginning from the midline, within 3 coronal planes;
anterior to posterior (+2, 0, -2 mm) relative to the center of the impact site.
The results indicate that compared to sham-operated controls, 1CPS in the
cortex proximal to the injury was depressed by 60% (1CPS=O.95-1.47) 1 hour
after injury which recovered by 1 day to 80% of control values (1CPS=2.443.02). This depression was less pronounced at more distal regions where
1CPS increased to 50% above control values, 1 day after insult (1CPS=4.55).
Measurements within the hippocampus revealed that this trauma-induced
depression of 1CPS was greater in the CAl region, after 1 hour (60%) and
1 day (35%), with CA3 also exhibiting some evidence of increase 1 day
following injury. This work compliments our morphological and metabolic
measurements further describing the cellular pathophysiology following
cortical contusion.
Supported by : NS30308, Lind Lawrence Foundation

85.15

ACCUMULATION OF 4Y?A++ IN PARIETAL CORTEX AND
HIPPOCAMPUS FOLLOWING CORTICAL PNEUMATIC PISTON
INJURY: SYSTEMATIC STUDY OF THE SITE OF INJURY I.Fineman*,
M.L. Smith, P, Pinanong, S.M. Lee, and D.A. Hovda,
Division of Neurosurgery, UCLA Sch. of Med., Los Angeles, CA 90024.
Previous work from our laboratory has demonstrated that Calcium
(45Ca++) accumulates diffusely around the region of insult following a fluid
percussion concussive injury. In order to determine the regional distribution
of calcium immediately and 1 day in cortical areas known to degenerate
following a lateral pneumatic piston injury, 45Ca++autoradiography
(lpCi/gm, i.v.) was conducted on 10 Sprague Dawley rats (Sham N=4,
Immediate N=3, 1 Day N=3). Optical densitometry values were measured
within the cerebral cortex in 3 coronal planes, anterior to posterior (-2, 0, +2
mm) in relation to the center of the contusion site. From the midline to the
most lateral extent (15mm) the cerebral cortex was measured at 1 mm
intervals sampling upper, middle, and deep layers. All values were
expressed as a percentage of the contralateral side. In addition, the
accumulation of 45Ca++ was determined for the hippocampus (CA1,CA3).
The results demonstrate that 45Ca++ accumulates at the center of impact
immediately (cortex: 200%± 7.2, CAl: 129% ±15.5) and 1 day
(cortex:180%±19.8, CA1:118%±3.9) following the injury. The distribution of
45Ca++ accumulation seen in the ipsilateral cortex extended across the
injury foci (5 mm piston diameter) and extended 4 mm laterally.
Quantitative analysis of neuronal degeneration following a pneumatic
piston injury indicates that the area of cortical necrosis is localized to the 5
mm impact site. These findings suggest that at least some of the 45Ca++
accumulation in the regions surrounding the impact site represent a
sublethal level of calcium concentration.
Supported by : NS30308, Lind Lawrence Foundation
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LONG-TERM BEHAVIORAL SEQUELAE OF LATERAL FLUID-PERCUSSION
BRAIN INJURY IN THE RAT. J.E.S, Pierce*, D.H, Smith J.Q., Troianowski and
T.K. McIntosh, Ctr. for Neurological Sciences, Univ. of Conn. Health Ctr.,
Farmington, CT 06032; Div. of Neurosurgery and Dept. of Pathology and
Laboratory Medicine, Univ. of Penn., Philadelphia, PA 19104.
Survivors of traumatic brain injury (TBI) experience long-lasting behavioral
symptoms, including prolonged learning and memory impairment. We have
previously demonstrated a post-injury spatial learning impairment at 1 week and
retrograde amnesia lasting up to 2 weeks following lateral (parasagittal) fluidpercussion (FP) brain injury, using a Morris water maze paradigm. In addition,
injured animals show deficits on tests of neuromotor function, lasting up to 4
weeks following injury with partial recovery. In the present study, we have
characterized the long-term behavioral changes which occur and persist up to one
year following parasagittal FP brain injury. Male Sprague-Dawley rats (340-400
g) were anesthetized and subjected to moderate-severe FP brain injury or sham
surgery. Animals were then tested repeatedly for neuromotor function at 24 hours,
1 week, 2 weeks, 1 month, 2 months, 6 months, and 1 year after injury. Deficits
measured by a set of composite neuroscore tests (grip strength, forelimb and
hindlimb flexion, and resistance to lateral pulsion) remain significant up to 2
months following injury, but appear recovered by 6 months and 1 year.
Importantly, evaluation of spatial learning ability in the Morris water maze reveals
that deficits in cognitive ability are sustained up to 1 year following injury. These
findings further demonstrate the clinical relevance of this experimental model of
TBI and increase the window of opportunity for pharmacologic intervention.
Supported, in part, by NS26818, NS08803, and AG10124-03.
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THE ANATOMICAL AND PHYSIOLOGICAL EFFECTS OF FLUID
PERCUSSION INJURY ON THE SEPTOHIPPOCAMPAL PATHWAY IN THE
RAT. J.R. LEONARD*1, M.S. GRADY1. M.E. LEE2. J.C. PAZ1, and
WESTRUM1’2. Depts of Neurological Surgery1 and Biological Structure2, Univ. of
Washington, Seattle, WA 98195.
Fluid percussion injury (FPI) model is an extensively studied model of human
traumatic brain injury (TBI). This model causes spatial memory deficits and loss of
hippocampal and basal forebrain cholinergic neurons in rats. Interruption of transport
of hippocampally derived nerve growth factor (NGF) in the septohippocampal
pathway (SHP) may cause loss of basal forebrain cholinergic neurons following FPI.
Our hypothesis is that FPI interrupts axonal transport in the SHP, Halothane
anesthetized rats received either a sham-injury or a 3.5 + 0.4 atm parasagittal FPI.
Fink-Heimer degeneration studies were done on animals 1, 5, and 10 days following
FPI and compared to sham-injured animals. Physiological characterization was
accomplished using bilateral injections of WGA-HRP into the dorsal horn of the
hippocampal formation 1,4, and 9 days following either FPI or sham-injury.
Considerable argyrophilic CA3 pyramidal neurons are present 1 day following FPI.
Terminal degeneration is also present in the molecular layer of the dentate gyrus
bilaterally 5 days following FPI. Fiber and terminal degeneration is present in the
basal forebrain 10 days following FPI. Sham-injured animals and animals injected 1
day following FPI show no difference in number of WGA-HRP labeled septal
neurons ipsilateral to cannula placement WGA-HRP labeled septal neurons decrease
significantly (P<0.05) ipsilateral to injury in animals injected 4 days and 9 days
respectively following FPI. The appearance of neuronal damage in the hippocampus
1 day following FPI illustrates the rapid effects of FPI on the hippocampus. The
significant reduction in axonal transport 5 days following injury correlates with the
appearance of terminal degeneration in the molecular layer of the dentate gyrus.
These studies illustrate that FPI produces injury early, and complex processes
continue to induce neuronal damage 10 days following injury. Supported by
NS3O3O5 and Howard Hughes Medical Student Research Training Fellowship (JRL).

85.19

NO DIFFERENCE IN BEAM-WALKING (BW) RECOVERY
AFTER RIGHT OR LEFT SENSORIMOTOR CORTEX (SMCTX)
ablation
IN the rat , lb . Gflldsteiif and S, BullmanV.A & Duke Medical Centers, Durham, NC 27705

The ability of rats to traverse a narrow elevated beam has been used to
quantitate recovery of hindlimb motor function after unilateral SMCTX
injury. To both limit variability and control for interhemispheric differences
in neurotransmitter levels, previous studies have almost exclusively
employed right SMCTX injuries. However, a differential effect of
amphetamine on motor recovery based on the side of contusion injury has
been reported (Soc, Neurosci, Abstr. 1993:19:1878). We tested the
hypothesis that the rate of spontaneous BW recovery varies with the side
of cortex ablation.
Groups of rats that were trained at the BW task underwent suctionablation of either the left (n=11) or right (n=12) hindlimb SMCTX. The rats
were tested on the beam hourly for 6hrs beginning 24hrs after surgery
and then serially over the following 2wks. There was no difference in
hindlimb motor function between the groups on the first post-operative
BW trial (Mann-Whitney U=55, p=0.44) or on the final trial 13 days later
(Mann-Whitney U=53, p=0.42). There also was no difference between
the groups in the overall rates of BW recovery (Mann-Whitney U=63,
p=0.85; p>0.8). Subsequent analysis of lesion parameters showed no
difference in lesion size as measured from the cortical surface (11.0±0.9
vs. 11.2±0.9mm2 for left and right hemisphere lesions, respectively:

p=0.86). Lesions extended to involve the cingulate cortex in each animal.
We conclude that the side of ablation injury does not influence
spontaneous motor recovery as measured with the BW task.
Supported by the Department of Veterans Affairs.
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MOTONEURON DEATH FOLLOWING AVULSION INJURY IN THE
MOUSE: A MODEL OF LATE ONSET NEURONAL
DEGENERATION. L. Li*< W. Wub, R. W. Oppenheim*, M. Lei1 and L. J.
Houenou* *Dept. of Neurobioiogy and Anatomy, Bowman Gray Sch. of
Med., Wake Forest Univ., Winston-Salem, NC 27157, and bDept. of
Neurosurgery, Eastern Virginia Med. Sch., Norfolk, VA 23510.
In neonatal mammals, axotomy results in a substantial loss of motoneurons
(MNs). The extent of MN death following axotomy varies according to
species, the age of the animal, the character of the lesion, and the distance
between the site of injury and neuronal cell body. In contrast, extensive
neuronal death does not result from peripheral nerve injury in adult mammals.
Recently, it has been reported that nitric oxide synthase (NOS) can be
induced in spinal MNs by avulsion lesion in adult rats and the induction of
NOS coincides with the death of the lesioned MNs. The present study was
aimed at determining the time-course of MN death following avulsion in adult
mice and comparing the expression of NOS in MNs of rats and mice
following injury. Results indicate that there was a 20% MN loss after 1 week
and a 70-80% loss by 4 weeks following the avulsion lesion in adult mouse.
However, in contrast to rats, no NOS expression was detected in MNs of
avulsed mice at any time period examined (1 day to 8 weeks) after surgery
or in any age group (1 to 20 month old) examined. Avulsion may provide
a good animal model for the study of mechanisms involved in late onset
(adult) MN degeneration and to test the role of neurotrophic factors in adult
MNs. These data also suggest that adult MNs may depend more on nontarget derived trophic support than embryonic and neonatal MNs. Supported
by grants from NIH and MDA.

85.20
EVALUATION OF WORKING MEMORY FOLLOWING TRAUMATIC
BRAIN INJURY USING THE MORRIS WATER MAZE. M.D, Temple*.

R.J, Hamm. D.M, O’Dell, B.R, Pike, and B.G, Lveth. Depts. of
Neurosurgery and Psychology, Virginia Commonwealth Univ.,
Richmond. VA 23284.
Traumatic brain injury (TBI) is associated with a wide range of
cognitive deficits. This study was designed to examine working
memory following fluid percussion TBI using the Morris water maze.
The rats were injured (n=9) at a moderate level of fluid percussion
injury (2.1 atm.) or were prepared for injury but were not Injured
(sham injury) (n=10). On days 11-15 post-injury, performance of the
working memory was assessed. Each animal received 8 pairs of trials
per day. For each pair of trials, the animal was randomly assigned
a start point (N.S.E.W) and an escape platform position (1,2,3,4,
located in different quadrants of the maze). On the first trial, the rat
was placed in the maze, facing the wall and was given 120 seconds to
locate the hidden escape platform. They were allowed to remain on
the platform for 10 seconds. Immediately afterward, they were placed
back into the maze for the second trial of the pair. The platform
position and the start position remained unchanged. Again, they
were allowed 120 :jeconds to find the platform. After the second trial,
the animal was given a 4 minute inter-trial rest. Between pairs of
trials, both the start position and the goal location were changed.
Multifactor repeated measures analysis indicated that sham animals
performed significantly better on the second trial than on the first
trial of each pair. However, injured animals did not significantly differ
between first and second trial goal latencies. In fact, the mean of the
first and second trial goal latencies of injured animals were equivalent.
These results indicate that injured animals have a profound and
enduring deficit in working memory function. Supported by NS 12857.

85.21

85.22

TRAUMATIC BRAIN INJURY CAUSES PERMANENT, SELECTIVE LEARNING
IMPAIRMENTS IN RATS. D.M. Feeney*. M.P, Weisend, and R.J. Sutherland
Depts. of Psych, and Physiol., Univer. of New Mexico, Albuquerque, NM 87131.
Rats, like humans, have learning and memory impairments after traumatic brain
injury (TBI). This study utilized multiple tasks and long-term survival to assess the
selectivity and permanence of learning impairments in rats with TBI. Adult male
hooded rats (n = 12) received unilateral weight-drop focal cortical impact to the right
anterior parietal cortex under halothane anesthesia or sham injury (n=4). This TBI
produces cortical contusion, selective loss of hippocampal CA3 and hilar neurons,
and normal responsivity of dentate granule cells to perforant path stimulation with
deficient hippocampal LTP all confined to the injured hemisphere (Weisend and
Feeney, 1994; Sutherland, Sutton, and Feeney, 1993). At 100 days after surgery rats
began 10 days of hidden platform training in the Morris water task with the platform
in a new location each day. Rats were trained for one additional day in a second
room. The hidden platform was removed and quadrant preference measured on trial
80 in room 1 and trial 9 in room 2. In the same water maze rats were also trained to
discriminate between two distinct visible platforms. In both rooms the mean latency
to find the hidden platform for rats with TBI was significantly longer than controls
when all trials were averaged on each day. However, when individual trials were
averaged across days 6-10, rats with TBI had escape latencies similar to controls on
the last trial of each day. When the platform was removed preference for the correct
quadrant was similar for rats with TBI and shams in both rooms. Likewise, rats with
TBI were as fast and accurate as controls in discriminating between visible platforms.
Taken together these results indicate that rats with TBI do not have a global
leaming/cognitive impairment. Rats with TBI learn visual discrimination as well as
normals but are slower to learn spatial information and possibly deficient in some
other ability related to navigation or search strategy.

EFFECT OF RECEPTOR ANTAGONISM ON BEHAVIORAL MORBIDITY
PRODUCED BY COMBINED FLUID PERCUSSION INJURY AND
ENTORHINAL CORTICAL LESION. L.L, Phillips*. B.G. Lyeth. R.J. Hamm
T.M, Delahunty. T.M, Reeves and J.T. Povlishock, Div. Neurosurgery and Dept.
Anatomy, Medical College of Virginia, Richmond, VA 23298.
We have developed an animal model of traumatic brain injury (TBI) which
combines excessive neuroexcitation produced by central fluid percussion TBI
(FPTBI) with focal deafferentation of bilateral entorhinal cortical (BEC) lesion.
This model produces profound and persistent behavioral deficits, which are major
components of the behavioral morbidity seen clinically after moderate to severe
human TBI. We examined the effects of blockade of cholinergic or glutamatergic
receptor pathways prior to FPTBI on behavioral morbidity following the combined
injury. Fifteen minutes prior to moderate (1.9-2.0 atm) FPTBI, rats were given IP
injections of either scopolamine (1.0 mg/kg) or MK-801 (0.3 mg/kg) and then, 24
hrs later, animals receive BEC lesions. Each group was assessed for motor deficits
with beam balance, beam walk and rotorod testing. Control groups included
combined insult animals administered IP saline injections in lieu of drug. Both
scopolamine and MK-801 ameliorated loss of body weight and the magnitude of
beam walk deficits after FPTBI + BEC lesion when compared to saline treated
rats. Our results suggest that, as with FPTBI alone, both cholinergic and
glutamatergic pathways can be manipulated to improve motor dysfunction after
combined insults. Future studies which test the effects of these drugs on
cognitive outcome, as well as drug efficacy when given prior to the BEC lesion
component, will better define treatment strategies. Supported by funds from: BTF
and NIH 12587.
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MEASUREMENTS OF ICP FOLLOWING MILD, MODERATE, AND
SEVERE CONCUSSIVE HEAD INJURIES IN NEONATAL AND ADULT
RATS M.L.Smith*, S.M. Lee, C.L.Y. Cheng, D.A. Hovda, D.P.Becker.
Division of Neurosurgery, UCLA Sch. of Med., Los Angeles, CA 90024.
In order to assess intracranial pressure (ICP) changes in response to injury
severity in neonatal and adult rats, a total of 29 Sprague Dawley rats (9
Postnatal Day 17,10 PND28, 10 Adults) were anesthetized (1.5-2.0 ml/min
enflurane,100% O2) and a 20 G spinal needle was positioned in the right
lateral ventricle. Ventricular ICP was recorded during a lateral (left) fluid
percussion injury, delivered at three levels of severity (mild 1.35-1.45 atm;
moderate 2.65-2.75 atm, severe 3.65-3.75 atm). At all levels of injury
histological analyses indicated no significant cell loss.
Peak ventricular ICP and duration of unconsciousness increased with
increasing injury severity in both the PND 28 (peak ICP: 20.06-43.32 mmHg
above pre-injury baseline, unconsciousness: 0.49-3.37 min.) and adults (peak
ICP: 8.01-49.35 mmHg above baseline, unconsciousness: 1.31-5.10 min.), but
increased only slightly from mild to moderate injury levels in PND17 rats
(ICP: 10.97-14.63 mmHg above baseline, unconsciousness: 0.63-2.16 min). In
all age groups and injury severities the ICP remained elevated above
preinjury baseline levels 5 minutes following the insult (mild=63.7%,
moderate=54.7%, severe= 62.5%). Mortality rate also increased from 0%
(mild injury) for all age groups to 25% (adults), 13% (PND28), 100%
(PND17) in severe injuries. These findings show that ICP, unconsciousness
periods, and mortality rate increase with injury severity in the fluid
percussion model. However, in the young CNS this relationship appears
only to exist at the lower levels of injury severity, while more severe
injuries result in death. This indicates the important factor of age-at-injury
in the fluid percussion model of traumatic brain injury.
Supported by : NS30308, Lind Lawrence Foundation

EXPERIMENTAL INTRACEREBRAL HEMORRHAGE IN THE RAT:
REGIONAL CHANGES OF ENERGY METABOLISM. A.Mautes.
H.Zhao, H.Ludt, W.Feiden, A.C.Nacimiento* and
W.-I.Steudel. Neurosurgical Research Laboratory,
and Departments of Neurosurgery and Neuropathology,
Saarland
University
Medical
School,
66421
Homburg / Saar,
Germany.
Intracerebral bleeding was induced in anesthetized adult Sprague-Dawley rats by stereotactic microinjection of
0.25IU bacterial collagenase
(Type VII,Sigma)
in 2/il saline into the right
caudate
nucleus
(cf. Rosenberg, G. A. et al.,
Stroke, 21:801-807,1990). We used computer assisted analysis of bioluminescent imaging of ATP,
glucose and lactate in serial brain tissue sections 4,12 and 24h after collagenase application.
Results: a) ATP increased bilaterally after 4, 12
and 24h;
b)
glucose increased bilaterally at
the same time points, without reaching significance level; c) lactate increased ipsilaterally
after 4h, significantly after 12h, and returned
to control levels after 24h.Contralateral similar
changes were not significant.
Conclusions: i) the lesion impaired bilaterally brain energy metabolism;
ii)
the altered
profile of energy
metabolites is compatible
with the presence of reperfusion damage.
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86.1

86.2

Effect of Zidovudine on Proliferation and Maturation of Myoblasts
A.J.Waclawik*. J.Vann and B.R.Brooks. Dept. of Neurology, UW
Medical School, Madison Wl 53792 and Neuromuscular Research
Laboratory VAMC Madison, Wl 53705

LOCALIZATION
AND
IMMUNOCHEMICAL
ANALYSIS
OF
a-2MACROGLOBULIN-RELATED
IMMUNOREACTIVITY
IN
MOUSE
SKELETAL MUSCLE. L. Fumaqalli, A. Toesca, S«Nori, R. Businaro, C.
Emmons, E. Pompili and G. De Renzis*. Dept. Cardiovascular Sci., Univ. "La
Sapienza", 00161 Rome, Italy.
Neutral (non-lysosomal) proteases are of special interest in skeletal muscle,
being involved in important selective proteolytic steps including myofibril
degradation. These proteases are thought to be regulated by endogenous
inhibitors, which are poorly known at present. Here we refer about a-2macroglobulin (a-2-M), a major plasma proteinase inhibitor which is also
distributed in some tissues and cells (macrophages, epatocytes, neural cells,
etc.). The present experiments were carried out on mouse skeletal muscle, a
model for studying muscular pathology (e.g. muscular dystrophy). C57 normal
mice were perfused with PBS (containing heparin) under deep anesthesia
(diazepam 0.012 mg plus ketamine 0.125 mg pro gr body weight i.p.) to
remove serum a-2-M.
Cryostat fresh sections were fixed
(4%
paraformaldehyde plus 0.5% monomeric glutaraldehyde) and processed for
light microscope immunohistochemistry (ABC Elite,Vector) using an antihuman a-2-M antibody. In all muscles examined (extensor digitorum I.,
plantaris, soleus) specific immunoreactivity was localized at endomysial level
as well as inside the muscle fibers. This immunoreactivity was tissueassociated and was solubilized by 0.3% Triton X-100. Preliminary
immunogold (15nm) ultrastructural experiments indicated that the intracellular
labelling was associated to myofibrils and mitochondria (postembedding
technique, LR White resin). Western blotting experiments on Tritonsolubilized homogenates (under unreduced conditions) revealed three bands
of 168,166 and 30 KDa, suggesting that the inhibitor we have detected is
murinoglobulin, a single chain proteinase inhibitor of the a-2-M family.
The financial support of Telethon-ltaly is gratefully acknoledged.

To study the myotoxic effect of ZIDOVUDINE (AZT) on muscle
tissue we performed an in vitro, quantitative study of AZT toxicity on
ATCC CRL 1772 mouse muscle cell line.
The ED50 for inhibiting myoblast proliferation was defined in
cultures where the myoblasts were plated into a 24-well tissue culture
plate at 25x103 cells/ml. AZT was added to the culture medium at 12

different concentrations (0.03^M - 3mM).
The myoblasts were
maintained in the culture medium for 3 and 5 days and afterwards
dissociated and counted. The estimated AZT ED50 concentration for
cell proliferation was approximately 10//M.
The ED50 for inhibiting the muscle cell differentiation was defined
in cultures where the myoblasts were grown to confluence in the
feeding/proliferation medium for 7 days and then changed to the fusion
medium to which AZT was added at the same concentrations as in the
first experiment. As a measure of differentiation creatine kinase was
determined in tissue homogenates after 8 days in fusion medium. The
estimated AZT ED50 concentration for muscle cell differentiation was
approximately 500 pM.
The AZT impairs the proliferation and differentiation of muscle
cells in vitro. The quantitative analysis of this in vitro model will be used
in the study of cellular mechanisms of AZT myotoxicitySupported in part by VA Merit Review.

86.3

86.4

QUANTITATIVE ASSESSMENT OF VOLUNTARY DRIVE AND MUSCLE
FATIGUE IN PRIOR POLIO PATIENTS. G.M. Allen. S.C, Gandevia* and J,
Middleton, Prince of Wales Medical Research Institute, Sydney, 2031,
Australia.
A number of patients initially affected by the polio virus at least 20 years
ago, are suffering from a complex of new symptoms including increased
weakness and fatigue. However, the mechanisms responsible for these
symptoms are not well understood. In this study muscle strength, voluntary
activation and endurance were assessed during maximal voluntary
isometric contractions (MVCs) of the elbow flexors in 112 prior polio
patients referred from a post-polio clinic. Using a sensitive version of twitch
interpolation, maximal voluntary drive was assessed without the influence
of fatigue in all patients and in 94 patients during an endurance test of 45
min of submaximal isometric contractions (30% MVC, 60% duty cycle).
Twitch amplitude (single and paired stimuli, 10ms interval), voluntary drive
and maximal voluntary torque were assessed at 5 min intervals during the
test. In unfatigued muscles 24 of the 112 patients had levels of maximal
voluntary drive that were below the 95% confidence limit for control
subjects. Of the 94 patients who performed the exercise test, abnormally
large declines occurred in 25 patients for maximal voluntary torque, in 8
patients for the twitch amplitude in response to a single stimulus, in 14 for
the twitch amplitude for paired stimuli and in 14 patients for level of
voluntary drive. Thus this study provides quantitative evidence of a
peripheral and central abnormality in patients with impaired muscle
performance. However, it is interesting that the central deficit in voluntary
activation occurred more commonly. The latter deficit may involve damage
to paths rostral to motoneurons, or abnormalities in reflex support to muscle
contractions, and it may have an important role in the genesis of the postpolio syndrome.

DUCHENNE-LIKE REDUCED GROWTH KINETICS, PROLIFERATIVE
CAPACITY, Ca2+ TOLERANCE, FUSION RATE AND LIFE SPAN IN MYOBLASTS FROM CHF-146 STRAIN DYSTROPHIC HAMSTERS (DH). S. K.
Bhattacharya*, H. I. Li, and P. L. Johnson. Departments of Surgery,
Anatomy and Neurobiology, University of Tennessee, Memphis, TN 38163.
Because of variability and experimental limitations in some of our in
vivo studies in DH, we studied the myoblasts from two-day old DH and CHF148 strain albino normal hamsters (NH), to explore the pathogenetic roles of
intracellular Ca2+ (Ca2+j) in hereditary muscular dystrophy (HMD).
Inherent differences associated with cellular growth kinetics, Ca2+-tolerance
and viability have been reported in myoblasts of Duchenne (DMD) origin
(PNAS, 80:4856, 1983). Also, [Ca2+j] has been shown to be significantly
elevated with greater open probability of Ca2+-leak channels in dystrophic
myotubes from DMD and mdx-mice. In our preliminary studies, the myoblasts
from DH exhibited the following characteristics, compared to those from
NH: slower growth kinetics with increased population doubling time;
diminished proliferative capacity with shorter life span; lowered
differentiation activity with reduced fusion rate; and reduced stress tolerance
with diminished Ca2+ tolerance, plating efficiency and cell viability. Also,
the younger dystrophic myoblasts (cultured for 3-4 hours) were much more
sensitive to higher media [Ca2+] with lower fusion rate, compared to the
older ones (cultured for 3-4 days). Fluo 3-AM loading studies revealed that
dystrophic myoblasts from DH have significantly higher [Ca2+il. These
dystrophic characteristics of the DH myoblasts are remarkably parallel to
those reported in DMD. We suggest that myoblasts from DH may be used as
an in vitro model to explore the pathogenetic roles of Ca2+i, and
pharmacologic regulation of membrane-mediated excessive intracelluar Ca2+
accumulation and associated dystrophic pathobiologies in HMD by slow Ca2+channel blockers (JNS, 115: 76,1993). (Supported by NIH Grant #AR-38540)
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DYSTROPHIN AND UTROPHIN EXPRESSION IN NORMAL AND
DUCHENNE HUMAN FETAL BRAIN.
F.Gremo*.V.Sogos.F.Muntoni.S.Torelli.M.G.Ennas and I.Mussini
Med.School, CAGLIARI; Musc.Unit,PADOVA (Italy)

POSTNATAL NEUROMUSCULAR DEGENERATION IN A TRANSGENIC
MOUSE MODEL OF MOTOR NEURON DISEASE. L.A, Goldstein*, E.J.
Kasarskis, B.T, Spear and J.D, Porter. Depts. of Neurol., Microbiol. &
Immunol., and Anat. & Neurobiol., Univ. of Kentucky Coll, of Med.,
Lexington, KY 40536 and VAMC, Lexington, KY 40511.
Animal models of neuromuscular disease provide an opportunity to
study the mechanisms of pathogenesis. We describe a transgenic mouse
that develops paralysis due to motoneuron degeneration. The MNDlex
mouse was produced by insertion of a hybrid gene containing the mouse
alpha-fetoprotein enhancer, linked to the human 3-globin promoter,
linked in turn, to the mouse H-2 Dd structural gene (E1-Bgl-Dd). The
MNDlex mouse harbors an autosomal recessive mutation, and its
phenotype is characterized by limb paralysis beginning on postnatal
(P) day 10 and progresssing rapidly to death by P20.
Examination of semithin sections of fore- and hindlimb muscles from
affected mice at P20 revealed severe atrophy of myofibers.
Ultrastructurally, angulated, basophilic fibers showed myofilament
loss, vacuolation, mitochondrial swelling, and chromatin condensation.
Central nucleated fibers and activated satellite cells were absent,
suggesting that the degeneration is neurogenic. In contrast, tongue and
extraocular muscles from affected mice appeared normal.
Cell counts in the ventral lumbar spinal cord revealed a 60%
reduction in the number of neurons >200 sq pm. Work is in progress
to fully characterize the degree of motoneuron loss throughout the
brainstem and spinal cord. These results suggest that MNDlex is an
important model for the study of neuromuscular disease, particularly
those of neurogenic origin. This work was supported by VA Research
Service to E.J.K., CTR3512 to B.T.S., and EY05464 to J.D.P.

Dystrophin is the protein encoded by the Duchenne muscular
dystrophy (DMD) gene. The hypothesis has been advanced that its
deficiency in brain might be related to the cognitive impairment
observed in a high percentage of DMD patients. Since very little is
known about the expression and localisation of DMD gene product
in the developing human brain, we attempted to study it with
immunocytochemistry at light and electron microscope, Western
blot and polymerase chain reaction (PCR). Results showed that
dystrophin synthesis was developmentally regulated. The protein
was detectable at week 10 of gestation and its amount steadily
increased up to birth. It was partially associated with the plasma
membrane of neurons, but the most was observed in the
cytoplasm. In the processes it appeared organised into polymers.
These data were compared with those obtained on the 6chromosome linked dystrophin-related protein called utroohin.
Utrophin expression was also developmentally regulated but its
amount peaked at week 15 of gestation, after which it gradually
decreased. Utrophin could be localised both in neurons and astrocytes, but its distribution was only partially similar to that of
dystrophin. Interestingly, DMD brain showed absence of dystrophin
as well as of utrophin.
These results help in enlightening the role played by these proteins
during the development of the normal and DMD human brain.
(Supported by Telethon '93 to F.G.)
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THE DYNAMICAL STRUCTURE OF TARDIVE DYSKINESIA. R.L.
Sprague and K.M. Newell*. Institute for Research on Human Development,
University of Illinois, Champaign, IL 61820.
A key issue in tardive dyskinesia is early detection of the emergent side
effects that can arise from prolonged regimens of neuroleptic medication. Our
ongoing research program is examining the dynamics of movement in tardive
dyskinesia, in part to determine if the quantification of movement properties may
be used to detect the early signs of this movement disorder. In this poster we
present data from a recent study examining the variability of postural dynamics
of patients diagnosed as having tardive dyskinesia. Variability of movement is
usually examined by the traditional measure of standard deviation and conceived
of as a reflection of system error or a problem with the integrity of the CNS. In
this research new measures of movement variability are developed and it is
shown that these measures are useful to discriminate between normal and tardive
dyskinetic groups. The data show that the dimensionality of the center of
pressure time series is lower than that of normals, and furthermore, that
dimensionality measures can discriminate between population groups when
natural observation of the movement time series failed to detect movement
differences. These findings suggest that prolonged neuroleptic medication over
contrains the organization of the motor system as reflected in the reduced
dimensionality of the center of pressure dynamic. Variability in the control of
balance can reflect greater flexibility in system control and the ability to adapt to
changing system and environmental demands. These data also suggest that
dynamical analyses of movement can detect the early onset of tardive dyskinesia,
although a strong test of this claim awaits an examination of these measures
under direct manipulations of neuroleptic medication addition and withdrawal
conditions.

IMMUNOHYSTOCHEMICAL EVIDENCE FOR A CALCIUM HANDLING
IMPAIRMENT OF PURKINJE NEURONS OF mdx MICE. A. Buffo. F,
Tempia. F, Rossi*. P. Strata. Dept. of Human Anatomy and Physiology, 10125
Torino, Italy.
Lack of dystrophin is responsible for Duchenne muscular dystrophy. This
protein is also present in the soma and dendrites of cerebellar Purkinje neurons
(PNs) of normal mice. However, in PNs of mdx mutant mice, in which the
expression of dystrophin is absent, no morphological or functional alteration
has been reported so far. The pathogenesis of Duchenne muscular dystrophy
has been related to an impairment of Ca2+ homeostasis. Therefore, we focused
our research on a Ca2+ binding protein abundantly present in PNs, D-28k
calbindin. In previous experiments we found that in mdx mice subsets of PNs
are immunonegative to the reaction for this Ca2+ binding protein. It has been
recently reported that in animals treated with harmaline, a drug that greatly
enhances the spontaneous activity of the cells of the inferior olive, cerebellar
PNs degenerate. This could be related to the sustained Ca2+ influx that takes
place in PNs in this condition. In order to uncover a latent impairment in the
Ca2+ handling capabilities of PNs lacking the expression of dystrophin, we
compared the immunoreactivity of D-28k calbindin following an intraperitoneal
injection of harmaline in control and mdx mice. One week after administration
of a single dose of 90 or 100 mg/kg of harmaline, in both groups of animals
PNs of some patches of cerebellar cortex were not detectable with the
immunoreaction for D-28k calbindin. However, while the absence of stained
cells was restricted to small areas in controls (n=4), in mdx mice (n=6) PNs
were unstained in large zones of cerebellar cortex. This result is the first report
of an alteration pointing to a functional impairment of Ca2+ homeostasis in
cerebellar PNs of mdx mice. (Supported by Telethon)
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ALTERATIONS IN POLYADENYLATED mRNA LEVELS FOLLOWING
ADMINISTRATION OF ALUMINUM. C.B, Chambers*, S.M, Singer, and
N.A. Muma. Loyola University Chicago, Sch. of Med., Maywood, IL 60153.
The administration of aluminum (Al) to susceptible animal species elicits
changes in the organization of certain neuronal cytoskeletal proteins. In rabbits,
Al-treatment induces a pathology characterized by an abnormal accumulation of
neurofilaments (NF) in the cell body and proximal axonal region. NF message
levels are transiently decreased following Al-intoxication and the time-course of
the decrease depends on the model (the treatment regimen and animal age).
Northern blot analysis of newborn rabbit spinal cord showed transient decreases
in several neuronal mRNA levels, including the low molecular weight NF
subunit (NF-L) and the high molecular weight NF subunit (NF-H), while another
using adult rabbit tissue demonstrated a reduction in both NF-L and NF-H levels
at 7-14 days post Al-injection. In situ hybridization was performed to analyze
neuronal polyadenylated (polyA+) mRNA as well as NF-H mRNA levels.
Rabbits treated with Al or saline (2 intraventricular injections of 100/d on
consecutive days) were sacrificed 7 days following the first injection, and
cervical and lumbar enlargements were removed. Preliminary data indicate that
the levels of polyA+ mRNA are statistically different from NF-H mRNA levels
in ventral horn motor neurons (Al-treated/control). PolyA+ levels in Al-treated
animals were approximately 50% lower than in control animals. This decrease
in polyA+ mRNA and lack of change of NF-H could suggest that alterations in
polyA+ mRNA precede alterations in NF-H mRNA levels. Alternatively,
changes in mRNA levels may be cell-type specific, i.e. ventral horn motor
neuron NF-H levels (but not polyA+ levels) may be relatively resistant to Alintoxication while those of other regions of the spinal cord are not. Later time
points after Al-treatment and other regions of the spinal cord enlargements will
be examined to address these possibilities.

IN VIVO PROTON MAGNETIC RESONANCE SPECTROSCOPY
REVEALS NEURONAL DEGENERATION IN WOBBLER
MOUSE BRAIN. E.P.J. Pioro*. B. Klinkosz. Y. Wang. T. Ng and
H. Mitsumoto. Cleveland Clinic Foundation, Cleveland, OH 44195.
The autosomal recessive mutant wobbler mouse (wr/wr) is considered an animal model of human amyotrophic lateral sclerosis
(ALS) because of similarities in the progressive degeneration of
CNS motor neurons. Although the clinical and histological features
of neuronal degeneration in the brainstem and spinal cord of the
wr/wr have been characterized, cerebral pathology (present in ALS)
has not been well documented. Proton magnetic resonance spectroscopy (’H-MRS) has recently shown in vivo evidence of neuronal
degeneration in the neocortex of ALS patients. We have applied this
technique, using a 4.7 Tesla GE imaging spectrometer, to study the
cortex and subjacent region (72 mm3) of wr/wr brain. The ratio of
N-acetylaspartate (NAA) to creatine (Cr) signals (NAA/Cr), a
putative marker of neuronal integrity, was significantly lower
(p=0.02, two-tailed f-test) in 3 (2 month-old) mutant animals
(0.79±0.04; mean±SD) than in 3 unaffected littermates (1.04
±0.10). This is the first report of in vivo ^-MRS of mouse brain
and its use to demonstrate metabolic evidence of neuronal dysfunction in the wr/wr cerebral hemispheres as occurs in ALS.
Temporal monitoring of neuronal degeneration in wr/wr brain and
effect of treatment (e.g. neurotrophic factors) is therefore possible.
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EXPRESSION OF A MUTANT NEUROFILAMENT SUBUNIT
LEADS TO EXTENSIVE MOTOR NEURON DEATH. M. K. Lee*,
J. Marszalek*, P. Hoffman*, and D. W. Cleveland**. Departments of
Biological Chemistry*, Neuroscience* and Opthalmology*, The Johns
Hopkins University School of Medicine, Baltimore, MD 21205.
Neurofilaments (NFs), the major 10 nm intermediate filaments of
most mature neurons, are essential for the radial growth of axons that
occurs concomitant with myelination. Two lines of evidence have
combined to suggest a direct role of aberrant NF accumulation in the
etiology of human motor neuron disease, including amyotrophic lateral
sclerosis (ALS). First, abnormal accumulations of NFs are often an
early hallmark of the pathogenic process.
Second, forcing overexpression of wild type NF subunits in transgenic mouse models leads
to motor neuron dysfunction, albeit without the widespread loss of
motor neurons typical of human disease. Using transgenic mice, we
now show that accumulation of a modest level (=50% of endogenous
NF-L in the sciatic nerve) of a point mutant in the smallest NF subunit
(NF-L) causes massive, selective degeneration of the largest spinal
motor neurons, leading to severe denervation-induced atrophy of
skeletal muscles. In the few remaining motor neurons, perikaryal and
axonal accumulations of NFs are prominent. As in human motor
neuron disease, some sensory neurons display only modest signs of
degeneration. These findings prove that neurofilament mutations can
cause selective motor neuron death. Further, the fact that mutations in
the superoxide dismutase-1 can lead to neurofilament accumulation in
humans indicate that abnormalities in NFs directly contribute to the
pathogenesis of human motor neuron disease.

THE EFFECT OF DAILY ADMINISTRATION OF CILIARY NEUROTROPHIC FACTOR (CNTF) OR BRAIN-DERIVED NEUROTROPHIC
FACTOR (BDNF) IN WOBBLER MICE. B. Klinkosz. H. Mitsumoto.* Dept
Neurology, Cleveland Clinic, Cleveland, Ohio 44195, J.M. Cedarbaum. V, Wong,
R.M. Lindsay Regeneron Pharmaceuticals, Tarrytown, NY
We have previously shown that a systemic administration of CNTF or BDNF
3 times/week for 4 weeks slowed the clinical and histological progression of
motor neuron disease in wobbler mice. We now studied the effects of daily (6
times/week) subcutaneous administration of CNTF (1 mg/kg) or BDNF (5
mg/kg) in wobbler mice, beginning at the time of clinical diagnosis. Grip
strength and running speed were measured weekly. At the end of 1, 2, 3, and 4
weeks of the treatment, at least 5 animals were studied histometrically.
Untreated wobbler mice lost grip strength nearly 100% in 4 weeks, whereas the
grip strength reduced only 18% in CNTF-treated mice and 50% in BDNF-treated
mice (both P<.0001). The difference in maintaining the grip strength was
significantly better with CNTF than with BDNF (P<.0001). The running speed
was also significantly greater in trophic factor-treated animals than in untreated
wobbler mice (P<.001). The total myelinated fibers at the C5/C6 ventral root
in untreated mice steadily diminished over 4 weeks, but those in BDNF-treated
animals reduced at a slower rate (P<.005). In contrast, the myelinated motor
nerve fibers in CNTF-treated mice increased in number from 3rd week to 4th
week (P< .01). Acute axonal degeneration (myelin ovoids) was markedly reduced
in the ventral roots in CNTF or BDNF-treated mice (P<.001). The proportion
of small (presumed regenerated) fibers was not significantly increased in treated
mice. Our study suggests that the daily administration of CNTF may be more
beneficial than that of BDNF in slowing disease progression and preserving
myelinated motor axons.

87.7

POLYMER
ENCAPSULATED
CELL
LINES
SECRETING
NEUROTROPHIC FACTORS CAN RESCUE MOTONEURONS IN AN
ANIMAL MODEL OF MOTONEURON DISEASE. Y.Sagot+. S, Tan#. E,
Baegtet. H. Schmalbruch0. L, Bemheim*. A, Kato+ and P, Aebischer#, +Dept
Pharmacology, Geneva University, Switzerland; #Division of Surgical Research,
Lausanne University, Switzerland; tCytoTherapeutics Inc., Providence, RI, USA;
°Institute of Neurophysiology, University of Copenhagen, Denmark; *DepL
Physiology, Geneva University, Switzerland.
Ciliary neurotrophic factor (CNTF) has recently generated great interest due to
its potential as a therapeutic agent for the treatment of amyotrophic lateral
sclerosis (ALS). Because CNTF systemic half-life is very short (i.e. order of a few
minutes), continuous delivery of this trophic factor could be warranted for its
clinical application in motoneuron diseases. One promising technique involves
the polymer encapsulation of cells which have been genetically modified to
secrete neurotrophic factors. The implanted polymer capsules allow the continous
slow release of the protein without rejection or tumor formation of the
transplanted cells.
In this study, we have used pmn/pmn mice, a mutant mouse model showing an
ALS-like phenotype to determine whether such encapsulated cell lines secreting
CNTF could alter the course of the disease. We found that CNTF delayed the
disease progression by increasing the survival time by 40% and by improving
motor function. In parallel, histological counts of myelinated axons in the
phrenic nerve and motoneuron cell bodies in the facial nucleus indicate a
significant reduction of motoneuron loss. These results show that polymerencapsulated cells releasing neurotrophic factors may provide a potential delivery
system for treating neurodegenerative diseases such as ALS.
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NEUROSCIENCE AND THE CULTURAL ELITE: HOW
HOLLYWOOD VIEWS BRAIN SCIENCE J, S. Bakin*
and D. A. South. Center for the Neurobioiogy of Learning
and Memory, and Department of Psychobiology,
University of California, Irvine, CA 92717
An extensive, yet informal, survey of major “Hollywood”
motion pictures that have in some manner dealt with
neuroscience theory or techniques has resulted in this
video-documentary containing scenes from over 50
movies. Topics covered in Part 1 include the mind,
dreams, higher intelligence, conditioning, selfstimulation, brainwaves, sensory deprivation,
neurosurgery, transplants, long term potentiation, slices,
lesions, and the scientific method. Part 2 covers
scientists, their egos and their lives, professor/graduate
student interactions, graduate school, science and the
general public, science and government, and scientific
ethics.
In addition, a search of the relevant literature revealed a
skewed distribution of negative portrayals of scientists
when compared to other professionals, including medical
doctors, lawyers, athletes, murderers, and honemakers.
This video is rated R for violence, language and nudity.
Screening of the video will be on-going. In addition, poster
viewers will be able to scan to the section of their choice.
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THE LIGHTER SIDE OF NEUROSCIENCE: A COLLECTION OF
NEUROSCIENCE-RELATED COMICS ET AL., Jeffrey S. Mogil*.
Oregon Health Sciences University, Portland, OR 97201.
This collection of over 50 comics and other assorted humorous items were
culled over the past three years largely from the syndicated comic pages of the
Los Angeles Times and The Oregonian, and various magazines including The
New Yorker. Topics deemed relevant to this collection include: brains,
scientists, graduate school, laboratory animals, M.D. vs. Ph.D. degrees, and the
scientific method. Admittedly, the sample is biased by the personal humorous
sense of the author; this fact may hinder generalization to the wider population of
neuroscientists. Nationwide, 74% of daily newspaper readers peruse the comic
pages (Simmons Market Research Bureau, The 1993 Study of Media and
Markets), and the excellent comics in The New Yorker may be the only reason
this publication is read at all (J.S. Mogil, personal observation). Thus, we as
neuroscientists should be concerned about our portrayal in this powerful medium
just as we are about our portrayal on television and in the cinema. Furthermore,
comics provide an interesting representation of how neuroscientific concepts filter
down to the lay level. A brief examination of these comics revealed the following
topics to be of particular interest to cartoonists and humor columnists: 1) "brain"
as "mind"; 2) brains vis-a-vis intelligence, especially of animals; 3) percentages
of cortical tissue devoted to different concerns; 4) the social inadequacies and
self-absorption of scientists; 5) the poverty and misery of graduate students; 6) the
status of Ph D s versus that of M.D.s; 7) brain transplants; 8) the thoughts of
laboratory animals; 9) brain lateralization; 10) neurobiological sex differences;
and, 11) counterintuitive research findings.
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THE BRAIN'S STORAGE OF INFORMATION: SCIENCE OR
SCIENCE FICTION?,
Shapiro*. Eastern Oregon
State College, La Grande, OR 97850.
Perception stamps in - Aristotle argued the "sense-impression" stored thereafter as
"the residual sensory process" which appears
in the variety of distinct mental Faculties as
a "presentation" of memory. But if Perception
is necessary for Memory and Memory is necessary for each and every Faculty, what is to be
done? Bothered by this circular and imprecise
thinking as every serious scientist would,
Aristotle opted for a metaphysical solution to
his puzzle of storage being both the cause and
effect of perception. His postulates - there
must be mental "presentations" of objects;
they must be stored in the brain as "residual
sensory processes"; there must be a one to one
correspondence between a "presentation" and
its "residual sensory process"; there must be
"inner perception" - and his puzzle were
inherited by cognitive neuroscience. This presentation traces the evolution of Aristotle's
theory of memory to both its stunning success
as a blueprint for information processing
automata and its spectacular failure as an
empirical proposition tested in neuroscience.

ALBERT THE GREAT AND THE INNER SENSES: A CONCEPT
OF BRAIN PHYSIOLOGY IN THE 13TH CENTURY. P, Theiss.
O.-J. Grusser and S. Mirring*. Dept. of Physiology, Freie Universitat,
14195 Berlin, Germany.
The Dominican friar Albert the Great (Albertus Magnus, ca.11971280) played a prominent role in the assimilation and intergration of
Peripatetic thinking into the Christian tradition of the Latin West. In
various books he developed a highly elaborate model of cognitive
processes, relying heavily on Aristotelian psychology, Galenic brain
physiology and a combination of the two, as had been provided by
Arabian medico-philosophers like Avicenna (Ibn Sina) and Averroes
(Ibn Rushd). Albert postulated a number of internal senses (sensus
interiores), located successively on the inner surfaces of the three
cerebral ventricles. In man they comprised common sense, imagination,
estimation, phantasy, cognition, memory and reminiscence. The spiriius
animalis served as the dynamic principle and carrier of information,
entering the brain in the frontal portion of the first "brain cell",
thereby conveying the specific sense data (species sensibilis) obtained
in the sense organs. Flowing towards the rear of the brain, the spiritus
became increasingly subtle and refined, thus supporting a progressive
degree of abstraction granted by the inner senses. In the specifically
human power of cognition Albert saw the relay mechanism between
the material sensus and the immaterial intellectus, as is necessarily
postulated in any dualistic system. This model served as a biological
explanation of such neuropsychiatric disorders as epilepsy and
melancholy. Albert also contributed to neuroanatomical knowledge of
the brain and sense organs, e.g. he distinguished the grey from the
white matter.
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DID DESCARTES DENY THE PINEAL GLAND TO ANIMALS?
ANOTHER LOOK. S. Finger*. Dep't. of Psychology, Wash. Univ., St. Louis
63130.
Rene Descartes (1596-1650) proposed that the rational soul of human
beings interacts with the material body through the pineal gland. In his books,

LOCALIZATION OF BRAIN FUNCTION: THE LEGACY OF FRANZ
JOSEPH GALL (1758-1828). S. Zola-Morgan? V.A. Medical Center,
San Diego, and Dept, of Psychiatry, U.C.S.D. School oT Medicine, La
Jolla, CA 92093.
During the 19th century, ideas about brain function focused on the
issue of how mental activities (or cognitive processes) were organized in
the brain. One idea, developed by Franz Joseph Gall, came to be known
as the localizationist view and proposed that specific mental functions
were carried out by specific parts of the brain. Gall's view became mixed
with and transcended by the views of Johann Spurzheim, with whom Gall
eventually had a major schism. A new hypothesis is presented to account
for the schism. Gall has not been given appropriate credit and recognition for his views, which were much closer to contemporary ideas about
localization of function than has been supposed. Several of Gall's lesser
known specific contributions to brain sciences will be described. Gall's
major contribution, however, will be emphasized: he moved the issue
from one which asked whether the brain supports cognitive function to
the question of what specific parts of the brain support specific cognitive
abilities. A substantial portion of contemporary neuroscience research
continues to be guided by this fundamental question.

several reasons were mentioned for his choice of this tiny structure. Some are:
(1) It is singular, rather than double, so as to give us a unitary consciousness;
(2) It is a centrally-located midline organ; and (3) It is close to the ventricles
that house the animal spirits.
Many secondary sources state that Descartes also chose the pineal
gland because he believed only humans possess this structure. Several lines of
evidence suggest this is a misinterpretation. First, Descartes never stated in so
many words that only humans possess a pineal gland. Second, he was familiar
with the writings of Galen and Vesalius, both of whom described the pineal in
animals. Third, he did many animal dissections, giving him ample opportunity
to see the pineal gland himself. And fourth, he mentioned the pineal gland in
animals in his letters. For example, in 1640, he wrote: "Having become
accustomed to find it without any difficulty in freshly killed animals, it was
however impossible to recognize it in a woman who was being anatomized" in
Leiden.
Descartes obviously knew that animals have pineal glands. His point
was that the human pineal gland is only functionally unique. It is through the
pineal that the distinctly-human rational soul interacts with the physical
machinery of our bodies. Because animals do not possess a rational soul, their
pineal glands can only release animal spirits automatically or reflexively.
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ANTIVIVISECTION AND NEUROSCIENCE IN THE 19th CENTURY. R.A, Johnson1*
and T.W. Farris2. Neuroscience History Archives1, Brain Research Institute, UCLA, Los
Angeles, CA 90024-1761 and Department of Neurology2, Hahnemann University School
of Medicine, Philadelphia, PA 19102-1192.
Francois Magendie (1783-1855), the pioneer of experimental physiology in France, was
one of the first neuroscientists to serve as a lightning rod for public and collegial antivivisection sentiment. His insistence that experiments on living animals were an indispensible research procedure was borne out in his momentous paper on spinal cord function
(1822). Magendie’s discovery that the posterior or dorsal roots appeared more specifically
related to sensation, and confirmation of Charles Bell’s description of the motor role of the
ventral nerve root, came at the expense of a litter of conscious, unanesthetized puppies.
It wasn’t until much later in the century, coincidental with the discovery and acceptance
of general anesthesia, that organized anti-cruelty societies began to address the issue of
animal experimentation through meetings and publications, and to influence legislation that
restricted but did not abolish vivisection. David Ferrier (1843-1928) was vilified for
practicing the faradic stimulation experiments or "Ferrieristic brain surgery" which helped
to lay the foundations of knowledge concerning the localization of cerebral function. His
arrest following the Seventh International Medical Congress in London (1881), for violating the Cruelty to Animals Act of 1876 by "operating without a license," received immoderate attention in the popular and scientific press; he was, however, acquitted at trial.
Victor Horsley (1857-1916), the founder of neurosurgery in England and co-inventor of
the Horsley-Clarke stereotaxic instrument, was notorious for his public battles with Frances
Power Cobbe (1822-1904), co-founder in 1875 of the Victoria Street Society for the Protection of Animals Liable to Vivisection. Horsley, Henry Dale, and others testified at the
1903 "Brown Dog Affair" trial in which William Maddock Bayliss (1860-1924) of University College, London, successfully sued an antivivisection advocate for libel.
We will examine published and archival documents pertaining to these and other events
in an attempt to understand the adversarial missions, motives, passions and politics of
antivivisectionists and many neuroscientists of the 19th century.

HISTORICAL FACTORS DELAYING THE CLINICAL
INTRODUCTION OF COCAINE LOCAL ANESTHESIA.E. C.
Stroud and G.A. Condouris*. Amer. Inst, of the History of
Pharmacy, Madison, WI 53706 and New Jersey Med. Sch.-
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UMDNJ, Newark, NJ 07103.
Cocaine was crystallized from the leaves of the coca plant in
1858. It took 26 years from that historic event for cocaine to be
used clinically by Roller and Freud as a local anesthetic. This
delay occurred despite several scientific reports describing its
"numbing" effect on the tongue. Why was there this enormous
delay in applying the scientific evidence to medical use? This
report examines the factors that impeded an earlier clinical
introduction of this pain-relieving drug, and contrasts this lag with
the successes of other pharmacological advances during the same
period. With cocaine, the exploitation of the behavioral effects
overshadowed the interest in developing as an anesthetic, despite
active investigation of its properties, and the availability of the
hypodermic syringe (1853). The bold use of cocaine in
ophthalmology by Roller and Freud in 1884 opened Pandora's
box, and led to an explosive, world-wide use of cocaine as an
anesthetic.
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THE LABORATORY OF CAMULLO. GOLGI AND
INFECTIOUS DISEASES. M. Bentivoigia- and F.' Osculati.
Institute of Anatomy and Histology, University of Verona, Italy
Besides his well-known reazione nera for the impregnation
of neurons, Camillo Golgi (1843-1926), a very creative
investigator, provided and promoted contributions in other
scientific fields, and in particular in the study of infectious
diseases. In a series of publications that appeared between 1886
and 1893, Golgi established the cycle of monogonic
development of the Plasmodium in the quartan and tertian forms
of malaria, the specific differences between the parasites in
these two forms, the constant coincidence between the phases
of parasite development and the clinical manifestations of the
disease. On the basis of his observations Golgi pointed out that
necessity of a blood examination and established the rules to
perform it in the patients affected by malaria. Of major
therapeutical importance is Golgi’s discovery of the mode of
action of auinrne on the malaria parasites. The strict
relationship between neuroscience and infectious diseases is
also well documented by the researches stimulated by Golgi in
his lab. Adelchi Negri (1876-1912), a student of Golgi, gave a
fundamental contribution to the etiology of rabies with his
descriptions of infected neurons, published between 1903 and
1905. Original aquerelles from Golgi on the malaria cycle in
blood cells and Negri on rabies infection in neurons will be
presented in the poster.

CENTENNIAL OF FOUR EARLY NEUROSCIENTISTS Norbert

R. Mvslinski* Oral Neuroscience Group, Department of
Physiology, School of Dentistry, University of Maryland,
Baltimore, MD 21201
This is the centennial of the deaths of 4 great neuroscientists:
Herman Hemholtz, Ludwig Mauthner, Vladimir Betz and CharlesEdouard Brown-Sequard. All died 100 years ago in 1894. All of
them made independent contributions to the early knowledge of
nervous system pathways. Betz was a Russian histologist who
studied what would become known as Brodmann Area 4. In 1874 he
described in animals and man the giant cells that give rise to the
pyramidal tract. These cells are now known as Betz cells.
Hemholtz is most widely known for his trichromatic theory of
vision and his resonance theory of hearing. However, he also
provided the groundwork for future electrophysiologists by
measuring the velocity of impulses in frog nerves using the
pendulum myograph that he invented in 1850. In addition, he is
also credited with developing the idea of dividing the skin senses
into several sensory modalities. Brown-Sequard proposed that
some sensory pathways crossed in the spinal cord and not all
sensory information was carried in the dorsal columns. He also
challenged Broca on the concept of cortical localization. Mauthner
was an ophthalmologist from Vienna, who proposed the
deafferentation theory of sleep. Other neuroscientists who died in
1894 were Antonio Quaglino who helped describe prosopagnosia;
Robert Lawson who preceded Karsakoff in describing memory loss
due to alcoholism; and Friedrich Bidder who first reported the
inverted nature of the retinal receptors.
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LEWELLYS F. BARKER AND HIS TEXTBOOK "THE NERVOUS SYSTEM"

KARL KLEIST’S CONTRIBUTION TO A GENERAL UNDERSTANDING OF INTEGRATIVE VISUAL FUNCTIONS OF THE
HUMAN CEREBRAL CORTEX. O.-J. Grussef? Dept, of Physiology,
Freie Universitat, 14195 Berlin, Germany
Karl Kleist studied many patients during and after the First World
War suffering from circumscribed brain lesions. He summarized his
findings
in
"Kriegsverletzungen
des
Gehirns"
(1923)
und
"Gehirnpathologie” (1934) and deduced a general scheme on the
contribution of different cortical visual areas (Fig. 1): the occipital
visual areas are retinotopically organized and transmit the signals to
the inferior temporal lobe, the inferior parietal lobe and the
prefrontal cortex. The temporal pathway serves visual object
recognition ("what object is there?"), the parietal visual association
areas object location ("where is an object located?"), the connections
to prefrontal regions the control of spatially directed motor acts.
Kleist’s concepts will be
related on the
poster to modern
neurophysiological
studies in the
primate brain
(e.g. Mishkin,

(1899). B. QuinnfDivision of Neuropathology & Laboratory of Neuroimaging,
UCLA Medical School, Los Angeles, CA 90024.
L.F. Barker's encyclopedic textbook The Nervous System (1899) provides
an exceptional resource for understanding the exponential development of
neuroscience shortly after 1880. Barker himself was a remarkable figure, who
trained in medicine, pathology, and anatomy at Johns Hopkins before
becoming Chair of Anatomy at the University of Chicago in 1900.
Remarkably, in mid-life Barker returned to clinical medicine, serving as
president of the American Neurological Association, succeeding William Osier
at Hopkins, and becoming known in his sixties as one of North America's
foremost internists.
The Nervous System provides an exhaustive yet lucidly written summary of
neurocytotogy, neuroembryology, and neurologic anatomy, with digressions
on neurotechnique, toxicology, and philosophy of brain function; it comprises
1122 pages with roughly 700 figures, citing over 700 authors and probably
more than 1500 individual papers. Higlights from the book will be presented,
including a description of medical student Gertrude Stein's work on neonatal
rhombencephalon and examples of Barker's prose style ("The raison d'etre of
the centrosome in the nerve cell is at first thought difficult to find.") Sponsored
by the CorText Institute.

Ungerleider,
Rizzolatti).

88.13

88.14

"I SHALL CALL THESE SEGMENTS LOBULES l-X...": OLOF LARSELL
(1886-1964) AND THE EVOLUTION OF CEREBELLAR TERMINOLOGY.
D.E. Haines? Department of Anatomy, The University of Mississippi Med.
Ctr., Jackson, MS 39216.
In the late 1800’s and early 1900’s the terminology used to describe
the structure of the cerebellum was a hodge-podge of names, numbers,
letters (upper and lower case), and combinations of letters and numbers.
It remained for a Professor of Anatomy from a modest medical school in
the northwestern U.S. to devise a cerebellar terminology that, by the late
1900’s, would be universally recognized and accepted. Olof Larsell
(3/13/1886-4/8/1964) received his B.S. degree in 1910 and entered
graduate school at Northwestern in 1913. Although Larsell received his
Ph.D. degree in 1918 on studies of lung development, his research
interests shifted during his graduate training to the field of comparative
neurology after stimulating encounters with the great American
neurologist, C. Judson Herrick. Larsell’s first paper on a neurologic topic
was dated 1918 and by 1920 he was conducting detailed analyses of
cerebellar development and structure. These studies culminated in a
schema for dividing the mammalian cerebellum into lobules l-X (called
folia l-X in birds), with the hemisphere part of each vermis lobule being
designated Hill, etc. Larsell also consolidated the names of the various
cerebellar lobules and fissures given by many previous investigators into
the list widely used today. Even though Larsell conducted studies on a
wide range of topics, his method of dividing the cerebellum is an enduring
contribution. This poster highlights the life and work of Olof Larsell with
special attention to his cerebellar studies.

HISTORY OF SCIENTIFIC ENDEAVORS TO IMPROVE
BRAIN PHYSICALLY. S. Zamenhof*. Dept. of Microbiology
and Immunology, and Brain Research Institute, UCLA School of
Medicine, Los Angeles, CA 90024.
The history of scientific efforts for physical improvement of the
brain, possibly even "above the species level", is not long. Before
the 20th century not enough was known about basic brain
functioning, much less about deliberate ways to improve it. From
the results of comparative anatomy, one safe recommendation to
improve CNS appeared to be the increase of brain size (number of
neurons). Selections for existing favorable genes and for mutants
appeared to be the only available experimental approaches. In 1935
Hermann J. Muller (Nobel Prize 1946 for induction of mutations)
wrote a little known booklet "Out of the night":
His
recommendations to get better brains were sperm banks, and
avoidance of harmful mutations. After Muller, more than 30 books
on brain improvement appeared; however, they were not the
accounts of experimental work with scientific facts, and therefore,
they are not counted here. Recently, new approaches are becoming
feasible: Genetic (directed mutations, gene replacement) and nongenetic (improvement of brain growth by optimal prenatal nutrition,
or by mobilization of maternal nutrient reserves, or by manipulation
of number in the litter).

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

HISTORY OF NEUROSCIENCE

MONDAY AM
88.15

88.16

R.H. CLARKE-PIONEER NEUROPHYSIOLOGIST AND INVENTOR OF HORSLEY-CLARKE STEREOTACTIC INSTRUMENT*. J.R.B. Nashold*. B.S.
Nashold. Dept, of Anatomy, Cambridge University,Cambridge,
U.K. CB2 3DY.
In 1906 the first stereotactic instrument was described
in the British Medical Journal by Robert Clarke and Victor
Horsley. Horsley received much of the credit for this instrument but it was Clarke who single-handedly was responsible for the concept, design, construction and refinement
of this instrument. For over a decade Clarke carried out
experiments which included the first minute electrical
stimulations and ablations of deep structures of the brain
including all the cerebellar lobes, basal ganglia, cerebellar nuclei, brainstem and vestibular nuclei, cerebral
cortex and white matter. Clarke created the first detailed
atlases of the cat and monkey brain.
In 1920 the Johns
Hopkins Medical Journal published an entire volume based on
Clarke’s investigations. Clarke's original concept of the
stereotactic instrument was as a research tool but also as
an important instrument which would enable improved neurosurgical treatment of tumors and pain. While Clarke’s reputation as a neuroscientist and his instrument suffered a
period of obscurity, he should be remembered as a pioneer
and visionary in the early, golden age of neurophysiology.

HISTORIC SURVEYS IN NEUROSCIENCE. L.H.MarshalK
Neuroscience History Archives, Brain Research Institute, UCLA, Los
Angeles, CA 90024-1761.
A scientific discipline has attained a viable mass when its practitioners decide to count its members and describe their collective
demographic character. The results, admirable as they are, have
neglected to respect one cardinal requirement: data compatibility,
thus eliminating the possibility of rigorous comparisons.
Survey ofNeurobiology (1952, NRC Committee on Neurobiology,
Paul Weiss, chair) responded to fears that the education of
neuroscientists was too fragmented and suggested a core curriculum.
A Medical Discipline Takes Stock (1967, funded by NINDB,
conduct- ed by A.B. Severinghaus) through site visits ensured 100
percent participation and assessed the clinical programs but found
the basic scientists too difficult to count. The IBRO Survey of

Research Facilities and Manpower in Brain Sciences in the United
States (1968-1969, funded by NIMH, conducted by the NRC

Committee on Brain Sciences) found 7 percent net increase in
personnel in 2 years.
Manpower in Basic Neurologic and
Communicative Sciences (1977, funded by NINCDS, conducted by .
the NRC committee of that name) reported new doctorates increased
10 percent annually 1969-1973.
Only one set of data can be relied on for solid conclusions: counts
of doctoral dissertations fulfilling rigorous neuroscience criteria.

88.17

25 YEARS OF STUDY ON VISUAL CIRCADIAN
RHYTHMICITY IN INVERTEBRATES: A
CHRONOBIOLOGICAL PHENOMENON. B. Barrera-Mera*
and O.A. Barrera-Calva. Depto. de Flsiologfa, Fac. de Medicina,
UNAM. Apdo. Postal 70-250, 04510 Mexico, D. F.
Direct recordings of visual circadian activity have been under
study since the Ar^chiga & Wiersma’s original experiments on
crayfish optic tract in 1968. These findings were ready to be
published before Jan 9, 1969 (Science 164, 562, 1969). Thus, the
circadian activity of the sustaining response fibers of the optic
tract of the crayfish (J. Neurobiol. 1, 71-85, 1969) became a
landmark in the Neurobiology of Circadian Rhythms. Visual and
procencephalic circadian pacemakers of mollusks, insects,
crustaceans and in more complex systems were soon partially
understood. Judged by the number of reports in the Society for
Neuroscience, the interest in the visual circadian research has not
always been the same during the last 25 years. The data for the
present communication started in 1969 on both the Science
(164,562) and the J. Neurobiology (1,71) publications. These data
continued with a few reports from 1971 to 1975, and were
completed with information from the Society for Neuroscience.
The scholars’ interest on this subject is variable. Every ten years
(1982-83 / 1992-93) it increases. A decrease in the number of
such communications was observed during 1976-78 and 1986-88.
TEACHING OF NEUROSCIENCE:

LABORATORY COURSES AND EXERCISES
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89.2

DISCOVERING NEURONS: A LABORATORY MANUAL.
To be published by Cold Soring Harbor Laboratory Press in 1995
CA-Paul B^BsHz* and. J Berger-Sweeney. Dept, of Biological
Sciences, Wellesley College, Wellesley, MA 02181.
Overview: Due to the upsurge of interest in teaching introductory
neuroscience, this manual is intended to refresh and enhance laboratory
instruction at the undergraduate and first year graduate school level.
The goal of the manual is to introduce students to modem methods, to
help them think criti^lly and develop investigative skills. Each exercise
is contributed by instructors who are currently teaching in Neuroscience
programs, thus each procedure has been thoroughly 'student-tested,*
Most of the exercises are outgrowths of current research and therefore
are new to the undergraduate lab setting.
Organization: The manual is organized into three themes: cellular
neurobiology, integrative neurobiology and behavioral neurcbiiotogy.
Topics range from studies of receptor expression, properties of the
action potential and distribution of neurotransmitters to neural coding,
synaptic plasticity and effects of lesions on behavior. Some of the
methods included are intracellular recordings from invertebrate neurons,
immunocytochemistry, recording from mammalian neurons and many
behavioral analyses. Appendices list vendors of equipment and
supplies, suggest sources of funding for equipment, review software that
could complement the laboratory exercises and discuss issues related
to the use of animals for experimentation.

BUILDING A BRAIN MODEL IN THE CLASSROOM. M. Potuhi*
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Harvard-MIT Division of Health Sciences and Technology, Harvard
Medical School; and Department of Neurology, Massachusetts General
Hospital, Boston MA 02139.
To facilitate teaching the three-dimensional aspects of neuroanatomy, I have designed a 150X60X40 brain model.
In one side of the model, lateral ventricle,
striatum, thalamus, hippocampus, hypothalamus, and fornix appear in distinct
colors such that students can appreciate
the shape, size, and the relationship of
individual structures to each other. In the
other side, a horizontal cut through the
model shows how the same structures
appear in cross-section. Under the instruction of the teaching faculty, two groups of
Harvard medical students built small
versions of this model with clay. They
made each part separately and assembled
them together in a 2-hour lab session. In
their course evaluations, the majority of
students in both groups report enthusiastically that this hands-on experience eased
their fear of neuroanatomy, allowed them
to form a clear three-dimensional understanding of the brain, and encouraged
them to follow brain atlases with more
interest.
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CONCEPT-DRIVEN LABORATORY COURSE IN BEHAVIORAL
NEUROSCIENCE. G.L. Dunbar*. C.L.
and
M.A. Kent. Department of Psychology, Central
Michigan University,
Mt. Pleasant, MI 48859.
We developed a highly successful laboratory
course in behavioral neuroscience based on
addressing conceptual issues. Students tested
for a double-dissociation of function between
septal and caudate nucleus lesions (Packard and
McGaugh.
Behav. Neurosci.
106:4 3 9-4 4 6)
for
spatial vs. nonspatial learning in a radialarm-water-maze task.
Each student performed
three
surgical
operations,
assisted
in
behavioral testing, perfused their three rats,
prepared and histologically processed the brain
tissue, reconstructed the lesion, analyzed the
pooled data, and wrote up the experiment.
Through this project, the students learned
basic
techniques
within
the
context
of
addressing an interesting conceptual question.
The level of excitement and enthusiasm for this
project was exemplified by the subsequent
enrollment by all the students in courses
offering
further experience
in behavioral
neuroscience
research.
(This
project
was
supported by NSF grant DUU——352355.)

LABORATORY COURSES AND EXERCISES

MONDAY AM

89.4
BRAINUNK:CORTEX AND MOTOR PATHWAYS. Leo Veenman*. Pat
Dalv. and Nancy Pearson Moreno. Dept. Anatomy & Neurgbiglggy,
Univ. Tennessee, Memphis, TN 38163; St. George's Day School,
Germantown, TN 38138; Div. School-Based Programs, Baylor
College of Medicine, Houston, Texas, 77030.
High school dropout is a continuing problem. One reason is that
students often lack a motivating environment. This can be partly
solved by offering elementary and middle school children captivating
activities to obtain insights into science problems. BrainLink of
Baylor College provides a 5th and 6 th grade level neuroscience
course which offers both theoretical and hands on activities that can
be done at school, at home, and in museum settings. As a test, we introduced parts of this course to two 6 th grade classes of 20 students
each at the Episcopal St. George's Day School. The students had to fit a
23x23” newspaper sheet on top of a 9x9” square piece of paper in
such a way that the lettering on one side still could be seen. By solving this problem (harmonica folding, wrinkling) the students found
out why and how the cerebral and cerebellar cortices are folded.
After this activity, the students were shown how to make a model of
the nervous system (including the brain, spinal cord, muscle innervation, and spinal column) from Play Doh, string, and a drinking
straw. Each student then made a model. These models were used to
explain the functions of several elements of the nervous system, how
it is vulnerable to insults, and how it can be protected. At the end of
the day, the students proudly took their self made models home. In
conclusion: cooperation between scientists and teachers can provide a
positive influence on the motivation and performance of the students,
and involve parents in the learning process of their children.

89.5

89.6

LEECH IDENTIFIED NEURON NEUROBIOLOGY LABORATORY
SEQUENCE FOR UNDERGRADUATES. K. M. Raley-Susman* Vassar

CELLULAR AND MOLECULAR NEUROBIOLCOGY--UNIT II:
NORTHERN BLOT ANALYSIS OF G PROTEIN EXPRESSION IN
CULTURED NEUROBLASTOMA CELLS. M.E. Mortofl*. Dept, of
Biology, College of the Holy Cross, Worcester, MA 01610.
The Cellular and Molecular Neurobiology labs at College of the Holy
Cross are set up in four general units designated on the basis of the
excitable tissue studied: nerve and brain, heart muscle, skeletal muscle,
and a short, student designed independent project. The second unit in
the semester introduces undergraduate students to the culture of
established neuronal cell lines, RNA isolation, and non-radioisotopic
Northern blot analysis. This unit on neural cells and tissue is divided
into three separate weekly labs— RNA isolation and quantitation, RNA
denaturing gels and probe biotinylation, and chemiluminescent analysis
of the Northern blot. Each year, the experimental design changes,
although the techniques used remain the same. For example, one year
cells might be cultured in serum-containing or defined media, another
year in defined medium containing different concentrations of a given
hormone, and in a subsequent year different cells might be used. The
questions asked depend on student interest, availability of reagents, and
recent published literature. After the three week unit, each group of 3-4
students submits a full-length “manuscript” based on the combined
class data. Students are provided with a ■ series of detailed referenced
protocols, a few required journal articles, and a list of suggested
additional reading to assist them in their own literature searches and
manuscript preparation. Therefore, in addition to serving as a lab
report, these manuscripts enable students to gain experience in scientific
writing and analysis of the primary literature. Supported by grants
from NSF # USE-9250833 and the Howard Hughes Medical Institute.

College Dept. of Biology, Poughkeepsie NY 12601
The objective of our neurobiology course, taken by undergraduate
science majors, is to provide a hands-on and in-depth approach to
neurobiological investigations using the medicinal leech (Hirudo
medicinalis) as a model system. For the first half of the semester,
students master the dissection and isolation of individual ganglia from
the ventral nerve cord of the leech and create camera lucida maps of
identified neurons. Using their maps as guides, the students
characterize several neurons electrophysiological^, using
intracellular recording techniques. The students learn how to pull
microelectrodes and to impale and record from individual neurons.
Small groups of 2 or 3 students consult the primary literature and
develop a testable hypothesis about an aspect of leech neurobiology.
They write a proposal styled after a predoctoral fellowship
application detailing the hypothesis they are testing and the
materials and supplies they need. Independent projects this year
included immunocytochemical analysis of serotonergic neurons and
electrophysiological characterization of head ganglion neurons coupled
with Lucifer Yellow dye injection. Students present their findings to
their peers at our Neurobiology Symposium and write a manuscript
formatted for submission to a neurobiology journal. The advantages of
this approach are that 1) the students become familiar with state-ofthe-art neurobiological techniques, 2) the students become "experts" in
a specified area of leech neurobiology and 3) the students learn to
develop, carry out and present a complete research project. This project
was supported by an NSF-ILI grant.

89.7

89.8

HR1: A PROGRAM THAT SIMULATES HODGKIN AND RUSHTON'S
CLASSICAL EXPERIMENTS TO OBTAIN THE ELECTRICAL
PROPERTIES OF A NERVE FIBER A. Reves. E. Galarraga. J.
Fiores-Hemandez and J. Bargas*. Instituto de Fisiologia Celular, UNAM.
POBox: 70-253. Mexico City DF 04510 and Instituto de Ciencias, UAP.
Puebla. MEXICO.
An educational program based on the classical study by Hodgkin and
Rushton (HR; Proc. Royal Soc. B 133: 97-132, 1946) is presented. The
HR paper described fundamental experiments, and obtained the passive
electrical constants of a nerve fiber. Although the original experiments did
not use intracellular recording techniques, the results obtained have been
amply confirmed by modem methods. Moreover, much of the HR
terminology and theoretical framework form the basis of modem Cable
Theory. The program is IBM-PC-based and is written in Visual Basic. The
student moves through a series of interactive windows which display
different experimental set-ups. Through the simulation of some
experiments, the cable equation is resolved with respect to time and
distance. Records, graphs and results are displayed in a Windows
environment. Input data includes: fiber diameter (gm), stimulus strength

DEVELOPMENT OF COMPUTER-BASED NEUROPHYSIOLOGY
LAB EXERCISES. R.R. Bennett” M. Pollard and C. Kevsers.
Department of Biology, University of Mass.-Boston, Boston, MA 02125.
Apple Macintosh HSI and Centris 650 computers were equipped with
National Instruments Lab VIEW 2.2.1 virtual instrumentation software, a
National Instruments NuBus Lab-NB multichannel A/D-D/A converter and
interface board. We have mostly used or slightly modified existing
modules which are part of the software but it is also quite possible to
design very powerful modules for the recording and processing of
electrophysiological signals.
Some of the modules which we will be illustrating are:
a. Recording the human EKG: Einthovan's law is tested by trying
different electrode positions (right arm to left leg, right arm to left arm,
etc; right leg is ground). A Grass P8 amplifier with lOOO amplification
is needed; students study the effect of altering low and high frequency
filtering.
b. Recording from a frog sciatic nerve: A Grass S44
stimulator is used to provide stimulation and a trigger signal. The
LabVIEW program can be used to make measurements of conduction time,
strength-duration curves, and the like, c) Habituation in the cockroach
nerve cord: A sucrose gap chamber allows stimulation of the cereal nerves
and recordings from postganglionic fibers leaving the sixth abdominal
ganglion. The LabVIEW program is used to drive a stimulator at various
frequencies, record the response, and evaluate the response amplitudes over
time. Both longer and shorter term habituation can be demonstrated, using
various stimulation frequencies and intervals between bouts of stimulation.

(m A), specific membrane capacitance (Cm in nA/cm*), axoplasmic and fluid
resistances per unit length (r, & r, in Q/cm)), and membrane resistance per
unit length (rm in Gem). Output data includes: membrane's specific
resistance (Rm in Ocm2), axoplasmic resistivity (R, in Ocm), membrane

time constant (xm in ms), length constant (X in cm), parallel resistance of
internal and external fluids (m), and an equivalent of the input resistance
of the whole system including r, (y). A glossary of terms is included.
(Supported by DGAPA-UNAM and CONACyT-MEXICO).
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IMPORTANCE OF ELECTRON MICROSCOPIC (EM) CONFIRMATION IN
INTERPRETATING LIGHT MICROSCOPIC FINDINGS: THE TRAINING OF
CRITICAL THINKING IN GRADUATE AND MEDICAL STUDENTS. G.H.
Kagevama*. Dept. Anatomy and Neurobiolology, Univ. Calif., Irvine, CA 92717.
In recent years, high resolution light microscopic histochemical methods have
been used routinely to demonstrate axon pathways and axon terminal fields, and
conclusions have been drawn based upon the close correlation with the expected or
"known" projection patterns of these pathways. However, histochemical EM
localization tells a different story. 1. Acetylcholinesterase (AChE) histochemistry of
cerebral cortex results in the staining of "axons" originating from basal foerebrain.
However, choline acetyltransferase (ChAT) immunostaining reveals that ChAT+
axons are much thinner than AChE+ "axons". EM analysis reveals that AChE
reaction product is distributed within extracellular "tracts" surrounding basal forebrain
axons. 2. A transient AChE pattern has also been described within layer IV of the 1°
sensory cortices of the rat around P7-P14. Based on the localization of this transient
AChE within the axon terminal fields of 10 sensory thalamocortical (TC) axons, and
the disappearance of the transient AChE with denervation, it has been assumed that
the AChE is localized within TC terminals. Again EM analysis of layer IV in
neonatal primary sensory cortex reveals that the ACHE is localized extracellular to
TC axons. AChE is also found in the endoplasmic reticulum of potential target
cortical neurons, revealing that AChE can be released into the extracellular space
either by TC axons or by cortical neurons upon synaptic activation. 3. Oxidative
metabolic enzymes such as succinate dehydrogenase (SDH) and cytochrome oxidase
(CO) have also been localized within the TC terminal fields. It has also been assumed
by many that the localization is within TC axons due to their assumed "high"
metabolic activity. Again, EM analysis has revealed that the assumed localization of
high CO was incorrect and that most (60-70%) of the CO activity in layer IV is
localized within dendrites. TC terminals themselves contribute only a small fraction
of the overall CO activity in layer IV. These examples emphasize the importance of
EM localization to confirm the interpretation of light microscopic results.

THE CRAYFISH ABDOMINAL STRETCH RECEPTOR:
A MODEL STUDENT PREPARATION ILLUSTRATING
PRINCIPLES OF SENSORY NEUROBIOLOGY.

R.A. Wvttenbach*. B.R. Johnson, and R.R. Hoy.
Neurobiology and Behavior, Cornell University, Ithaca, NY 14853.
We are organizing a series of undergraduate laboratory modules for
neurobiology using the crayfish. Here we describe a simple preparation
for extracelluar recording of stimulus-response and adaptation properties
of a sensory receptor. The crustacean abdominal stretch receptor is one
of the classic preparations in neurophysiology. It has been used to
examine such basic properties of sensory function as generator
potentials, spike initiation, efferent control, and neural integration.
The crayfish tail has two muscle receptor organs in each segment, one
fast-adapting and one slow-adapting. Both have their axons in the same
nerve, which is easily accessible for suction electrode recording after a
simple ventral dissection. The anterior of the tail is fixed in position and
a controlled stimulus is applied by pulling the posterior end, making the
tail curl and thus stretching the dorsal receptor muscles.
Students first demonstrate that there are two receptors with different
response properties by comparing the spike responses to a maintained
stimulus and a sharp pull. Second, the stimulus-response properties of
the slow-adapting receptor are examined by applying different amounts
of pull. Students note a frequency of firing code for stimulus intensity.
Third, adaptation of the slow-adapting receptor is demonstrated and its
rate quantified for different magnitudes of stimulation by graphing
interspike interval vs. time after stimulus onset. These results lead to
discussions of stimulus range fractionation, intensity coding, and sensory
adaptation.
Supported by NSF grant 9051880, the Howard Hughes Medical
Institute, and the Grass Foundation.

89.11

89.12

A SIMPLE STAINING PROCEDURE TO EXAMINE NEURONAL
STRUCTURE IN STUDENT LABORATORY PREPARATIONS. B.R.
Johnson*, R.J. Bayline and R.R. Hoy. Neurobiology and Behavior,
Cornell University, Ithaca, NY 14853.
We adapted a simplified cobalt staining and intensification procedure
(Davis, N.T.. Stain Tech. 57:239,1982) to the undergraduate neurobiology
laboratory. Students use standard cobalt backfilling with a modified
intensification procedure to examine the structure of identified
invertebrate neurons. The advantages of this protocol are that
intensification is carried out at room temperature, students control its
progress under the dissecting microscope, and the results are less
capricious than other protocols (Hoy et al. Neurosci Abst. 17:516,1991).
Students examine the structure of neurons from 3 different preparations.
Cobalt backfilling of nerve 3 from crayfish abdominal ganglia reveals
the somas and synaptic neuropil of a population of motor neurons.
Morphology is matched with the extracelluarly recorded firing patterns
of these neurons (Hoy et al. 1991). Backfilling of the anterior branch of
the dorsal nerve in abdominal ganglia of tobacco hornwork (Manduca
sexta) larvae clearly illustrates the position of the soma and dendritic
aborization of single motor neurons innervating body wall musculature. In
addition, iontophoretic injection of cobalt into identified snail brain
neurons (Helix aspera), our standard student preparation for
intracellular recording (Johnson et al. Neurosci Abst. 17:516,1991), can
follow physiological characterization. By visualizing neuronal
morphology in their electrophysiological preparations, students gain an
appreciation of integrated neuronal form and function. Supported by NSF
grant 9051880, the Grass Foundation and the Howard Hughes Medical
Institute.

THE IN-VITRO HIPPOCAMPAL SLICE: A MODEL SYSTEM FOR
EXAMINING PRINCIPLES IN NEUROPHARMACOLOGY. D, A Smith*-.
Neuroscience Program, Oberlin College OberlinrOH 44074.
The quality of the experience students have in laboratory courses and
ultimately their interest in science can depend on an instructor's ability
to implement laboratories that are both interesting and representative of
current approaches used by research scientists. Moreover, to work well,
a laboratory experience must produce reliable and robust results in
student hands. As part of an undergraduate neuropharmacology
laboratory, we have recently added a 5 session laboratory experience
that uses the hippocampal slice as a model system for studying the
effects of drugs on the brain. The laboratory focuses on field potential
recording in the CA1 region of the hippocampus. Compared to other
electrophysiological procedures, evoked field potential recording is
relatively easy for students to learn and has fewer technical problems
(movement, finding spontaneously active cells) compared to other
commonly used intracellular and extracellular recording procedures. Any
student laboratory with standard equipment (oscilloscope, extracellular
amplifier, stimulator, binocular scope) can implement the lab. We have
found it particularly useful to collect and analyze data using computers
running the Neuropro software from R.C. Electronics, although this is
not required. The labs cover the following topics: a) Basic recording
procedures and advantages of slice recording b) Dose-response curves,
the effects of antagonists c) Distinguishing receptor subtypes using
agonists and antagonists d) Allosteric modulation of receptors e)
Synaptic plasticity. (Supported by NSF-ILI USE 9359674 and the
Howard Hughes Medical Foundation).

89.13

A CATEGORY ERROR TO AVOID IN QUANTAL ANALYSIS.
J. Vautrin*. Lab. of Neurophysiology, NINDS, NIH, Bethesda, MD 20892.
Quantal analyses are used to discriminate pre- from postsynaptic roles
in synaptic plasticity and long-term potentiation. Such analyses are based
on the assumption that transmitter is released by packets of standard size,
the quanta. According to the vesicle hypothesis, spontaneously occurring
miniature synaptic signals result from the all-or-none release of a quantum
of transmitter packaged in a single presynaptic vesicle. Authors reporting
changes in miniature amplitude generally conclude in favor of a change in
postsynaptic membrane sensitivity to the transmitter, assuming that
alteration of quanta is unlikely since they are preformed in numerous
vesicles (and that the store is not readily depleted). However, as a number
of investigators have recently proposed, miniature signals may actually
reflect several rather than a single discharge of transmitter. It is not clear
whether such multiple-discharges represent near-synchronous exocytoses
of several vesicles or a burst of openings in a pore that couples a vesicle
with the outer membrane, or another mechanism entirely. In any case, the

changes reported in the miniature average amplitude are often associated
with alterations in miniature rise-time and in the shape of the frequency
distributions of both of these characteristics. These are unexpected if only
the postsynaptic sensitivity to the transmitter would have changed.
Alternatively, this is readily explained by changes in the rate and number
of discharges producing a miniature, which may reflect changes in the
properties of the presynaptic “neurogenic" activity underlying quantal
secretion as initially imagined by Fatt and Katz (J. Physiol. 117,1952,109128). Two published examples (Nature 355,1992,50-55; Ann. Meet. Soc.
Neurosc. 2, 1993, Abstr.703.2) illus^r^^e how disregarding the subunitary
composition of miniatures may lead to an erroneous conclusion.
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A SIMPLE SPREADSHEET MODEL ILLUSTRATING THE MECHANISM OF
ACTION POTENTIAL CONDUCTION. J.S. Thomas*. TLRC, Meharry
Medical College, Nashville, TN 37208
Students often have difficulty in rationalizing the change in membrane
potential which should result from specific changes in multiple varieties
of channels sensitive to various classes of activators, and providing
conductances to different ions. Previous spreadsheet implementations
of Vm vs. changes in Gion's illustrated the changes in lion's and steady
state Vm to be anticipated from any defined combination of changes to
static Gion's or Istim and the further complexities of Vm change
produced by Vm sensitive channels. This model has been expanded to
illustrate the passive longitudinal spread of local differences in membrane
potential and the currents responsible for action potential propagation in
membranes endowed with voltage sensitive channels.
The advantages of using a Windows spreadsheet (Excel) are its wide
availability, use of standard spreadsheet notation, multiple windows, and
ability to incorporate macros for display of help information or
commentary -and • to'sequence presentation of standardized exercises.
These features allow even a programming bozo (the author) to produce
a vivid and effective display of the Vm consequences of defined changes
in multiple types of Gion's for use in a computer animated lecture, selfpaced learning module, or small group tutorial.

A SPINAL ARM-CONTROL CIRCUITRY SIMULATOR (SpArCCS)
S. Maw. G. Greig, J. Frank* and D. Loop. University of Waterloo, Waterloo,
Ontario, Canada N2L 3G1
SpArCCS simulates a user-defined slice of spinal cord that can be used to control
a one degree-of-ffeedom, single-joint arm. The simulator includes component
models of neurons, muscle fibers, sensory receptor organs and an arm. This
arrangement allows for flexible systems simulations of biological motor control.
The nature of the components in the network, the strengths and propagation delays

of interconnections between them, and the topology of the network models
themselves may be altered quickly and easily from one simulation run to the next.
The component models are of moderate complexity and incorporate many basic
tenets of neuromuscular physiology. The program also incorporates data analysis
routines that allow users to monitor cells and cell populations during simulations.
SpArCCS was developed for educational purposes and for research, primarily in
the areas of population coding and spinal reflex circuitry. Its success thus far is
attributable to the ease and flexibility of the modeling, the speed of the simulator
and the nature of the data output that the program provides. SpArCCS achieves a
balance between simulation speed and accuracy through its simulation strategy. It
is primarily a discrete-event simulation that emphasizes cellular events such as
neuron/fiber firings as opposed to sub-cellular processes such as voltage-gated
ionic flows. For processes that cannot be accurately approximated discretely, such
as arm movement, continuous simulation techniques are employed.
Classroom and lab trials show that SpArCCS performs well in educational and
research settings. Simulations of more than 200 components in a 10 second
simulation on an 80486 PC take less than 5 minutes. The simulator easily and
effectively illustrates many aspects of neuromuscular physiology such as spinal
reflexes, CPGs, tetanus, population coding and various motor control strategies.

90.3

90.4

MacRETINA 2: SIMULATED MAPPING OF RETINAL
GANGLION CELLS. Richard F. Olivo*, Biological Sciences,
Smith College, Northampton MA 01063 and Center for Educational
Computing Initiatives, MIT, Cambridge MA 02139.
Version 2.0 of MacRetina adds new features to a Macintosh-based
simulated experiment in which students map the receptive fields of
retinal ganglion cells. The stimulus now can be a dark spot or a light
spot, the receptive-field maps can be stored in memory and recalled,
the maps can be saved as disk files, and the maps and current window
can be printed.
MacRetina 2 is intended for undergraduate neuroscience courses
where students learn about retinal ganglion cells, but where a real lab
experiment is impossible because of its technical demands. The
simulation presents realistic extracellularly-recorded spikes, which are
seen on an oscilloscope and heard as clicks, recorded from any of ten
available ganglion cells (8 X-cells and 2 Y-cells). By sweeping a spot
of light across a small region of retina with the mouse, students can
evoke on- and off-responses from a unit and thereby map the receptive
field's center and surround. A dot appears at the stimulus's location
each time a spike occurs, allowing students to "paint in" the receptive
field. Other features include an optional simultaneous spike-rate
histogram, a brief introductory tutorial, and on-line help files that
instructors can customize.
Supported by the New England Consortium for Undergraduate
Science Education. MacRetina is distributed by the Intellimation
Library for the Macintosh, 800 346 8355.

MICROCOMPUTER WORKSTATION FOR NEUROBIOLOGY
TEACHING LABS. J. D. Vrieslander. J. F. Skovirat. R .A. Wvttenbach. R.
R. Capranica and A ,H. Bass*. Ncurobiology and Behavior, Cornell Univ., Ithaca,
NY 14853; t Accelerator Technology Development, IBM Corp., Endicott, Ny

90.5

90.6

LABORATORY EXERCISES ASSISTED BY COMPUTER IN
HUMAN PHYSIOLOGY COURSE FOR MEDICAL STUDENTS.
Lastiri, L. Cartas, X. Garcia *. and E. Gi~i6n.
Research Center and Educational Services and Sch.
Med. UNAM. Mexico, D. F. 04510. Mexico.
During the 1993-1994 human physiology course
for medical students the traditional laboratory
practices with experiments in living biological
material, has been substituted by laboratory
exercises assisted by com^utfer using simulator
programs.
As
the
lbboratory
exercises
of
physiology
has
a
formative
character
and
stimulates the critical thinking of the student
through
the
analysis
and
solving
problem
technique, the student is guided by the professor
and must propose solutions and explain his
results and design new experiments, with the
resources available in the program. We applied
two open inquest of opinion between students
exposed
to
this
educative
alternative.
The
evaluation showed indicators of restrictoons for
free navigation of the students through the
programs, difficults with the foreign language
used in some programs, a lack of time dedicated
to each program, using the programs suggest new
problems to the student and there is a 50%
acceptance
by
the
students,
while
others
recommend to include some experiments with living
biological materials.

MacMUSCLE • A MULTIMEDIA SIMULATION OF THE FROGMUSCLE EXPERIMENT. M.C. Hirsch*, H.A. Braun, R. Rieder, Ch.
Koch, C. Eichmann, M. Wickermann. Institute of Physiology,
University of Marburg, Deutschhausstr. 1-2,35033 Marburg,
Germany..
At the Neuroscience-Meeting 1993 we presented MacFrog, a
multimedia-simulation of the frog-nerve-experiment. A lot of colleagues asked, whether we would develop a simiiar application
for the frog-muscle experiment - here it is.
MacMuscle allows all the classical experiments on isometric and
isotonic muscle-contractions and consists of three parts: The first
section is primarily to appetize the students by presenting them
a gallery of frogs (photographs and sounds). The second section documents the dissection of the frog's muscle in the form of
digital video. The third and main section provides a virtual laboratory in a 3D-perspective including a stimulator, an oscilloscope and a muscle-specific recording equipment. Stimulation
and oscilloscope parameters can be adjusted by mousecontrolled buttons at the front panels of the devices. Muscle
contractions are calculated in accordance to the actual stimulation and recording conditions by a set of specially designed algorithms. The individual tissue parameters vary within a
physiological range and are set at each program startup.
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The CASSIE project (Computer-Aided Stimulus Synthesis in an Interactive
Environment) is an inexpensive workstation for auditory research that can also be
used for teaching labs that include both behavioral and neurophysiological
.
experiments. The system is based on the Apple Macintosh and our own custom
software. Additional, commercially available, analysis software and data acquisition
hardware may be required for some applications.
CASSIE provides standard analyses for spike data: automated tuning curves,
histograms, rate plots and rasters. There are also mechanisms for exporting data to
other analysis programs via files, copy/paste, and automatic transfer (“hotlinks”).
A CASSIE experiment is designed by selecting and configuring: a stimulus
module (if required), a response module (for data recording), and the graphic displays
used for online analysis. Instructors can provide students with script files that
simplify the configuration process. The workstation outputs two 16-bit waveform
channels at sampling rates up to 100k samples/sec. Existing software modules
generate many of the most common auditory stimuli, e.g. tones, pulses, noise,
modulations, prerecorded waveforms. New modules can be created to produce other
stimuli. Stimulus levels can be adjusted by software processing, or by external
programmable hardware attenuators.
Several response recording modules are available. Response waveforms can be
digitized concurrently with stimulus presentation. A highly optimized crosscorrelation is available for identifying and timing repeated features (e.g., spikes) in a
digitized response waveform. Alternatively, an S-channel event recorder can be used
to time stamp discrete events with 10 gs. resolution. A user can also record notes or
data entered from the keyboard (e.g., descriptions of stimulus-evoked behaviors).
Supported by NIH grant DC-00092, and tIBM Corp.
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USING COMPUTER CONFERENCING TO TEACH NEUROSCIENCE. W. R. Klemm.* Lab. Neuroscience, College Veterinary Medicine, Mail Stop 4458, Texas A&M University, College
Station, TX 77843-4458.
I used a computer conferencing environment to teach a graduate course on the neuroanatomical basis for common brain functions and behavior. The class met face-to-face once per week for
traditional lectures. The rest of the week the students worked as a
collaborative group in a software conferencing environment called
FORUM.® Each week each student wrote a summary of a brain
area and also participated in "insight exercises" in which they
posted insights about the summaries and circuits. Students were
expected to integrate presented didactic information with outside
reading and their own educational background and use critical,
creative thinking. Then each student posted critiques on the
insights of each of the other students, followed by iterative debate. A built-in, Hyper-text logic structure ordered the conference
so that students always knew the context and could readily navigate the documents. Using a different Hyper-text logic structure,
students also prepared a group-based grant proposal. The experience was a marked success, in the view of both students and
professor. I plan to use it again in a general neuroscience course.

THE USE OF MACROMEDIA® DIRECTOR™ FOR
NEUROANATOMY AND NEUROPHYSIOLOGY
TUTORIALS. J. Diaz*. Dept, of Psychology, University
of Washington, Seattle, Wa 98195.
The use of interactive computer software tutorials has
allowed entry into the very private final phases of the
learning process. For the last seven years I have been
developing tutorials for neuroanatomy and neurophysiology
and the following issues appear to be important: 1) the
tutorials must run on less than state of the art machines ; 2)
the tutorials should allow the student control of the material
; 3) the tutorials should be written so as to run on either
Macintosh or IBM platforms; and 4) the illusion of three
dimensional presentations by rotations and animations helps
the student grasp structural concepts more easily. I wrote
my initial neuroanatomy tutorials using HyperCard but
have since found that Macromedia’s Director™ has all of
the interactive features of HyperCard, has more powerful
features than HyperCard, and Director™ can reach both
IBM and Apple platforms.

90.9

90.10

UNDERSCORING THE CLINICAL RELEVANCE OF BASIC NEUROSCIENCE
USING COMPUTER-SUPPORTED PROBLEM-BASED LEARNING. NJ
Schor*. P.Troen. B.B. Sorrows. LN. Skogseid. D. Mahliny. J.G. Williams, and S.
KantSC. School of Medicine and School of Library and Information Science,
University of Pittsburgh, Pittsburgh, PA 15213.
The difficulty for medical students of understanding the relevance of basic science
information for clinical decision-making makes them view the first two years of
medical school as a "rite of passage", rather than as a critical component of their
medical education. We have attempted to underscore the clinical relevance of the
neurosciences in the final course of the 2nd year of medical school at the University
of Pittsburgh. The course consists of 13 iterative case studies which "unfold" in the
context of computer-driven small group (9 students/group) sessions. The cases are
designed specifically to make use of basic science information to form a clinical
judgement, to encourage the students to think in an analytical manner, to identify for
each student those areas of basic science information in which they need review, and
to train the students to think both as part of a "team" and as individuals. Each group
of students is asked to formulate its own set of "Learning Objectives" for each case.
At the close of each two- or three-session case, students are given the "Learning
Objectives" generated for that case by the case author. These "Learning Objectives"
stress the basic science concepts upon which die case draws, reminding die students
that the object of the course, is to understand the relevance of such concepts for
clinical decision-making, rather than to "get the right diagnosis". Each group is
equipped with a DEC X-TermiiaL, and the 16 terminals are linked via a local area
network to a central server. Each student has a password linked to the passwords of
the other students in the group, and has access to the computer 24 hours a day, 7
days a week. Students can enter information in an on-line "notepad" which serves as
both record-keeper and communication device. In addition to die neuroscience
educational objectives met by this system, the students become computer-literate and
more comfortable retrieving pictorial information (e.g., EEGs, MRI scans,
histologic images) from an electronic repository.

CAI TUTORIALS IN BASIC NEUROLOGICAL ANATOMY: INTERACTIVE
PROGRAMS THAT INCLUDE ANATOMICAL RELATIONSHIPS, ANIMATED
CONNECTIONS AND CLINICAL SIMULATIONS. R.A. Young*. P.H. Young.
S.L. McClain. J.C. Young. Department of Anatomy and Neurobiology, St.
Louis University School of Medicine, St. Louis, MO 63104.
A series of interactive programs have been produced to enhance

207

Supported by grants from the Graduate School and the Department of Psychology
of the University of Washington, and from Apple Computer, Inc.

the understanding of the anatomical basis for CNS disorders. This
cerebral cortex program allows the user to access five different
topics: functional histology, anatomical features, functional areas,
vascular supply and clinical correlations. The functional histology
section includes the types of cortical neurons, their arrangements
into layers and columns, and the connections of the cortical layers. In
the section on anatomical features the lobes and gyri are named and
located and the principal numerical areas of Brodmann are identified.
The functional areas section demonstrates the primary and association
areas and describes their functions. The brainstem and spinal cord
paths that connect with the primary areas and the mapping of areas
associated with various functions are shown using animated graphics.
The vascular section shows the major cerebral vessels and their
distributions. The abnormalities resulting from cortical lesions are
described and clinical simulations are used for clinical correlation.
An interactive quiz containing multiple choice questions, the
identification of structures and their functions in gross specimens and
magnetic resonance images, as well as problem solving in the form of
clinical illustrations is included. (Supported in part by Practical
Anatomy and Surgical Technique Workshop of St. Louis, a non-profit
institution dedicated to innovative medical education.)

90.11

90.12

AUTHORING OF GUIDED TOURS THROUGH BRAINSTORM, AN
INTERACTIVE ATLAS OF NEUROANATOMY. E.Tancred. G.P.Coppa.
and P.Dev*. Stanford University School of Medicine, Stanford, CA 94305
BrainStorm is an interactive computer-based atlas of human
neuroanatomy developed at Stanford and in use at over thirty universities
and organizations in U.S.A. and Australia. It contains digitized color
images of the dissected brain, myelin-stained cross-sections, diagrams and
textual descriptions of over 500 brain structures. It is used as a supplement to
existing neuroanatomy lecture and laboratory courses. Feedback from
faculty, and investigation of student learning after use of BrainStorm,
indicated a need for a "guided tour" mode in addition to the current free
exploration mode of use. The guided tour would take the user through a
predetermined series of screens with highlighted structures and annotation.
The guided tour would not reduce the user's ability to browse information.
To support this teaching need, a tour editor has been developed that
allows recording of a sequence of interactions with BrainStorm. Each step of
the interaction can be annotated using a simple text editor. A rewind
facility allows the author to return to earlier steps, to annotate or erase any
of the steps, or to insert a recorded sequence of interactions. The annotation
capability can be used to make a point or to construct a complete lecture
based on BrainStorm images. In the user mode, a new button, "Guide", is
visible. Selection of this button brings up a list of available guided tours.
On selection of a tour, navigation arrows allow the user to move forward or
backward through the lecture. At any point in the tour, the user is free to
interact with the image and to explore the network of information.
Clicking on the navigation arrow takes the user back into the lecture
irrespective of where he may have reached in his exploration. Acceptance
of this new Guide capability will be tested at existing BrainStorm sites.

INSTRUCTIONAL PROGRAM FOR GENERATING DIDACTIC
UPDATE MATERIALS BY PROFESSORS. E. Giion *. A.
Lastiri, L. Cartas, D. V^l.azquez. M. Lopez and X.
Garcia. Sch. of Medicine, Research Center and
Educational Services and Sch. of Phychology.
UNAM. Mexico D. F. 04510. Mexico.
We propose educational computing to provide
instructions to professors of neuroscience for
using platforms, to generate and edit up to date
graphic educative materials, as there is scanty
up to date educative support material. An ever
expanding universe of
information shows the
growing volume of scientific publications,
each
week
Reference Update
users
receive
issues
containing 5,000 citation from the table of
contents of over 1,200
of the leading journals
in the fields of biology and medicine science.
The instructional program explains the project
and suggests how to use it from the main menu.
This program was proposed first as a paper
prototype
developed
from
the
analysis
and
evaluation program mapping technique and then
developed using Hyper Card software and Macintosh
platform, to train professors to select, prepare,
image scanning, image edition, text selection
and/or writing, ending with image printing as
color slide, color paper print or color acetate,
that can be immediatly used in their classes
improving the teaching-learning process.
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DESIGNING COMPUTER-BASED MULTIMEDIA LECTURES
IN NEUROSCIENCE. Corev L. Cl^l^ncjDepartments of
Pharmacology, and Physiology and Biophysics, University
of Iowa, Iowa City, IA 52242
Traditional lecture formats, such as overhead projection,
slides, chalkboard, video and audio, are each limited in the
types of information that they can convey. Although combining
different formats in the same lecture may overcome some of
these difficulties, the logistics can be formidable.
Computer-based multimedia lectures have the potential to
surmount these difficulties by seamlessly integrating different
media into a continuous presentation. Furthermore, computerbased presentations can offer formats, such as interactive
simulations and animations, that cannot be duplicated by
conventional approaches. However, computer-based lectures
have their own complexities. In addition, many powerful
advantages of using computers only become apparent with
detailed knowledge of the hardware and software tools.
The aim of this poster/computer presentation is to elucidate
the hardware, software, and especially the logical design
required to produce computer-based multimedia lectures.
Examples will be drawn from a series of Neuroscience lectures
delivered to a class of 220 Physiology and Biophysics students
in a large auditorium.

TUTORIAL PROTOTYPE FOR BIOMEDICAL
TEACHING
USING
MULTIMEDIA COMPUTER TECHNIQUES.
NEUROPHYSIOLOGICAL
BASIS. Zarco de Coronado* I., Ninomiva Alarc6n J.G. , Ortega

TEACHING OF NEUROSCIENCE:

Villalobos M. and Guerrero Briseno P. Departamento de Fisiologfa.
Facultad de Medicina, UNAM Apartado Postal 70250. Mexico, D.F.
COdigo Postal 04510. MEXICO.

Medical students need to reach advanced levels of knowledge in
human physiology to acquire the skills to make diagnosis and adequate
decisions to correct the pathological deviations. This process is learned
and allows to integrate new information to the previous cognitive
condition by the repetitively amplified neural activation. The use of
multimedia computer techniques provide visual, auditive and tactil
stimuli for the activation of afferent channels participating in the basic
information transference for learning. Our aim was to develop one
tutorial prototype for teaching a topic of the physiology program in the
curiculum of medical students. We created two versions of the
prototype named The Cardiac Cycle using animated figures including
graphics and questions about the automatization and dominance of
each section. One version is running in a IBM 486 DX2 with sound.
The other version is running without sound.
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POSTDOCTORAL IBRO
WORKSHOP
ON
BASIC
NEUROSCIENCES IN HONG KONG. K.I. Baumann and Y.S.
Chan*. The Hong Kong Society of Neurosciences, c/o Dept, of
Physiology, University of Hong Kong, Sassoon Road, Hong Kong.
In recent years, the IBRO Commission on Pan-Asian Oceanic
Neuroscience has organized a number of Postdoctoral Workshops in
different Asian countries to foster contacts between neuroscientists in
the region and assist less well developed countries in training of their
young neuroscientists. The Hong Kong Society of Neurosciences held
a Postdoctoral Training Workshop from 6 to 25 April, 1994 in
conjunction with the 15th Annual Scientific Conference allowing
participants also to present their own research at the Conference. The
85 abstracts of the Conference will be published as supplement to the
Neuroscience Letters. Sixteen participants had been selected from
China, India, Iran, Korea, Malaysia, Singapore and Vietnam for the
Workshop concentrating on 3 topics: a) Immunohistochemistry &
Molecular Neurobiology, b) Neural Cell Culture & Calcium
Fluorimetry, and c) Iontophoresis, Microinjection, Microdialysis,
Brain Slice Technique, Human Electrophysiology & Computer
Applications. Apart from lectures and group discussions, participants
were given 2 weeks of hands-on experience in small groups of 3 to 4 in
15 research laboratories of Chinese University of Hong Kong and
University of Hong Kong with the aim to enable them to establish
those techniques in their home laboratories. The poster will give
details of the organization and content of the various teaching sessions.
(Support from a large number of members of The Hong Kong Society
of Neurosciences, Prof. Masao Ito, the Brain Science Foundation, and
Croucher Foundation is gratefully acknowledged.)

THE CLINICOPATHOLOGIC CONFERENCE (CPC) FORMAT:
AN EFFECTIVE EDUCATIONAL METHOD IN MEDICAL NEUROSCIENCE.
J.J. Warnef*M.D., Dept. of Neuroscience, University of Florida

College of Medicine, Gainesville, FL. and Neurology Section, VA
Medical Center, Lake City, FL.
The Clinicopathologic Conference (CPC) has long been a traditional format for analysis of the correlation between clinical signs,
symptoms, laboratory data, and actual pathologic findings. Significant advances in our knowledge of structure-function relationships in
the human nervous system have been based on neuropathologic
case analysis, analogous to the "lesion paradigm" in basic neuroscience research.
The CPC format has been integrated with lectures and laboratory
activity in our Medical Neuroscience courses. Case presentations,
including neurologic findings, neuroradiologic studies, and pertinent
laboratory data are discussed in terms of (1) anatomy (2) physiology and (3) pathogenesis. Subsequently, the actual neuropathologic findings are presented with a final discussion of neuroanatomic
and systems correlations. Cases are selected to demonstrate specific anatomic and/or systems neuroscience relationships.
Based on teaching experience, evaluations by medical students
as well as neuroscience graduate students, and oral examination
results, this modality has proven to be an effective component of the
medical neuroscience course. The CPC presentation bridges basic
and clinical neuroscience as well as reinforcing concepts of neuroanatomy and systems organization.

91.3

91.4

AN HONORS SEMINAR IN THE NEUROSCIENCES AT A
LIBERAL ARTS UNIVERSITY . M . R. Fov* . Dept . Psychology,
Loyola Marymount University., Los Angeles, CA 90045.
A current overview of the field of neuroscience designed to blend
the disciplines of psychology and biology was recently developed as
an honors seminar course at Loyola Marymount University. The
course was designed for honors students who were interested in
obtaining an integrative understanding of brain function and
behavior, but who also may not have taken any prior psychology or
biology coursework. What made this course particularly different
from a traditional undergraduate biological-psychology course was
its interactive nature. Each week, course meetings were divided
into two components: 1) discussion based on the instructor’s lecture
of a specific topic for the week (assigned text); 2) discussion based
on current journal articles pertinent to the specific topic facilitated
by the student participants. An attempt was made to ensure that
assigned journal articles were controversial within the field of
neuroscience, and that the articles lent themselves to critical
evaluation by the students in their discussion of the assigned
material. Laboratory exercises, demonstrations, and texts published
by the National Academy of Sciences and the Society for
Neuroscience were used to great advantage to further stimulate the
students' scientific curiosity about the neurosciences.

AN INTERACTIVE CASE METHOD FOR TEACHING INTRODUCTORY
NEUROSCIENCE. A.E. West. C.C. Overly. K.E. Sorra. M.J. Belliveau. M.J.
Bianchetta. J.M. Schwalb, J.D, Griffin and J.E. Dowling*' Department of
Cellular and Molecular Biology, and the Program in Neuroscience, Harvard
University, Cambridge, MA 02138.
A case method approach was designed to assist students in the
conceptual and experimental aspects of basic neuroscience. This approach
was used as an integral part of the introductory neurobiology course offered
to undergraduates at Harvard College. All students attended two lecture
sessions per week where fundamental concepts in neuroscience were
presented. Once a week, students met in groups of 12-15 students with a
teaching assistant to discuss a case. The purpose of each case was to
promote problem solving based discussions that reinforce the concepts
presented in lectures and allow students to direct discussions towards topics
of interest. We have designed four cases focusing on the following
principles: neuronal structure and physiology, synaptic transmission and the
neuromuscular junction, synaptic plasticity, and integrative neural pathways.
Each case spans two weeks and is meant to work as an open discussion.
During the first week of the case, the central problem is presented. As a
group, students identify relevant issues and questions. They then generate a
list of topics needing further research. From this list, three or four students
select topics for an independent library project. The project consists of a
written summary and a presentation during the second week of the case.
Week two involves individual student presentations and further group
discussion. The discussion focuses on presented information and
experimental methods, in an attempt to solve the central problem of the
case. The students are evaluated on their written summaries, their oral
presentations and their participation in all group discussions.
Along with examples of the cases, we will present examples of written
summaries and the results of a student evaluation of the case method.
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NEUROSCIENCE LABORATORY EXPERIENCE WITHIN AN
INTRODUCTORY PSYCHOLOGY COURSE. E.P. Wiertelak*.
Dept of Psychology, Macalester College, St Paul, MN 55105.
A laboratory in neuroscience was developed for introductory
psychology courses, to enhance the lower-division curriculum. Such
an experience within an introductory course highlights the relevance
and importance of neuroscience research to the many subdisciplines of
psychology. Moreover, by providing students across the psychology
curriculum with experiential-based learning in neuroscience, interest in
completing neuroscience-related coursework may also be augmented.
The present laboratory exercise, which examines the role of ACh in
spatial/ navigational learning in the rat, does not require costly
equipment or extensive training, and is modularized, to allow for
completion in steps across weeks; typically within three class sessions.
In session one, students are brought together to examine how
neuroscientists formulate research questions. Following a review of
neuronal function, the discussion turns to the evidence for central ACh
activity in spatial learning tasks. A research design drawing on aspects
of recent publications in this area is formulated during the session.
The study is then run during session two by the students, with
prompting/commentary from the instructor. All students participate in
some way during the course of the session. Session three brings the
students back together to discuss the results of the experiment,
organize their findings, learn to complete an appropriate statistical
analysis, and receive instruction on how to report their findings in a 35 page journal article format report.

DEVELOPMENT OF AN INTERDISCIPLINARY NEUROSCIENCE
MINOR FOR UNDERGRADUATES. A. Harver* and D. Bashor.
Department of Psychology and Department of Biology, University of
North Carolina-Charlotte, Charlotte, NC 28223.
We have worked to develop a curriculum designed to provide
students from psychology, biology, and related fields coursework and
laboratory experiences in the neural sciences at a medium-sized state
university. The development of such a curriculum has involved both
the creation of new courses and the inclusion of existing courses from
throughout the University [e.g., Philosophy (Philosophy of Mind);
Computer Science (Introduction to Artificial Intelligence); and,
Nursing (Pharmacology in Health and Illness)]. Core offerings from
Biology include two introductory neurobiology courses, Cellular and
Molecular Neuroscience, and Systems Neuroscience. Core offerings
from Psychology include Neuropsychology (designed as a writing
intensive course), and Brain and Behavior (emphasizing the
representation of mental processes from brain imaging techniques,
from clinical neurology, and from computational science). Optional
specialty seminars (e.g., event-related potentials; sleeping and waking)
complete the 18-credit hour requirement for a Neuroscience Minor.
Students fulfilling the requirements for a Neuroscience Minor should
be well-prepared for graduate training in the neural sciences in
Departments of Psychology, Biology, or Neurosciences.
Supported in part by funds from the Foundation of The University of
North Carolina at Charlotte and from the State of North Carolina.
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A NEUROBIOLOGY COURSE INCLUDING LABORATORY AND
RESEARCH EXPERIENCE AS PART OF A PROGRAM EMPHASIZING
UNDERGRADUATE RESEARCH. G. Atkins* and J. Stout Dept, of Biology,
Andrews University, Berrien Springs, MI 49104
With a NSF Instrumentation and Laboratory Improvement grant (USE
9152620) we established a laboratory-intensive neurobiology course that is part of
our research experience for undergraduates program (Stout and Atkins, this
session).
The three quarter credit lecture portion of the course covers cellular
neurobiology principles including some molecular and developmental concepts.
The course reviews models of sensory/motor integration, development and
introductory human neuroanatomy. The two quarter credit laboratory is divided
into two parts. The first involves intracellular recording and staining techniques
in leech neurons and insect muscle, and extracellular recordings from insects.
Each workstation is equipped with Macintosh computers and GWI SuperscopeTM
for data collection and analysis. The labs are open-ended and require that the
student designs experiments before execution and analysis. A written report in
the form of a “scientific paper” is required of each lab. The second part of the lab
sequence is an independent project which utilizes techniques learned in the first
part of the lab, however other techniques (such as electron microscopy) can also
be incorporated. Those interested in medical programs can substitute the
independent project with independent study of neuroanatomy. This activity
includes tutorials like Hyperbrain™ software and Slice of Life™ video disk.
The goal of the course is to provide a strong background in neurobiology and
most importantly, instill an interest in the process of science within this
discipline. Undergraduates who have taken this course frequently choose to
pursue graduate careers in the neurosciences.

INTEGRATION OF NEUROBIOLOGY TRAINING AND RESEARCH INTO A
ZOOLOGY MAJOR. J. Stout* and G. Atkins. Biology Department, Andrews
University, Berrien Springs, MI. 49104
We have developed and implemented a program to attract undergraduate Biology
majors into professional careers and research centered in modem Biology, including
Neurobioiogy. In their first course in Biology, students can elect (with approval of
the appropriate staff members) to take a more advanced laboratory sequence in
Neurobiology (or Electron Microscopy, Molecular Genetics, Immunology, etc.) in
place of more traditional laboratories. For Neurobiology, this includes recording
intracellularly from Retzius and other large neurons in leech (Hirudo medicinalis)
ganglia and iontophoretic staining of these cells with Lucifer yellow. Both the
recordings (Superscope II) and the stained neurons (NIH Image) are evaluated
qualitatively and quantitatively using Macintosh computer-based hardware and
software. The laboratories in Neurobiology attract students into an undergraduate
Neurobiology course, which, in addition to presenting modern Neurobiology,
emphasizes research, especially in the laboratory (see Atkins and Stout poster). This
course is used as a bridge to attract students into a full-time summer and/or part-time
academic year-long research project, supported by a stipend (provided by alumni, NSF
REU fellowships, NSF RUI research grants and university funds) through an
undergraduate research traineeship.
More than 80 per cent of the students who have elected to become involved in the
extensive Neurobiology research experience that this program provides have chosen
careers involving graduate training in Neurobiology or a combined MD/research
training program. The undergraduate research experience and inclusion as an author
on one or more publications has consistently opened opportunities for acceptance
into and support by the best graduate programs and medical schools. (The equipment
used for undergraduate training in Neurobiology was provided by NSF ILI grant
USE 9152620.)
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AN AESTHETIC SUPPLEMENT TO A LECTURE COURSE IN THE
HISTORY OF NEUROSCIENCE. J. Pratt. S. Finger. D, G. Joseph, C.
Robert Almli*. Washington University, Psych. Dept., Biol, and Hist.
Depts., St. Louis, MO 63130.

STIMULATE CREATIVITY IN USING THE SCIENTIFIC METHOD IN
NEUROSCIENCE. P.B. HERNANDEZ.*. Biology Department, Abilene,
TX 79699.
The objective of this project was to: 1) convey a basic understanding
of the nervous system and 2) stimulate creative thinking utilizing the
scientific method. This project consisted of 2 parts-a brief program
conveying the basics of the nervous system and a subsequent visit to
evaluate their understanding using the scientific method.
In the initial visit, discussion concerning the function and importance
of the brain was stimulated by considering why we wear bike helmets.
How the brain communicates with the spinal cord and muscles via
synapses was considered next. To evaluate their comprehension of
these concepts we simulated what happens when a snake touches
one's leg. We traced the neuronal sensory and motor routes on the
board. Afterwards, we outlined a student's body on butcher paper. The
students received neuronal name tags and stood at their appropriate
position on the outlined body. They simulated the synapses by passing
a "pop-ice" neurotransmitter. To convey the idea that practice makes
perfect, the ruler test (does one catch a ruler faster with practice) was
tested using the scientific method.
In the subsequent visit, the students had formulated several exercises
to evaluate if practice made perfect. They evaluated the reading of a
tongue twister and solving an abstract puzzle using the scientific
method. They randomly selected the participants and determined the
control conditions themselves. With some guidance, they can develop
their own experiments and are excited about it!

Understanding brain structure and function has interested
scholars in many different historical periods (e.g., Egypt, Greece, and
Rome in antiquity, the Golden Age of Islam, the Middle Ages, the
Renaissance, the Enlightenment). Artifacts and art relating to the
neurosciences from these eras can be found in many museums.
Examples of such historical items include instruments (e.g., tumis used
for trepanation), statuary and painting depicting important individuals
(e.g., Imhotep, Aristotle, Descartes), and paintings depicting the social
and scientific milieu (e.g., teaching of anatomy, healers treating their
patients). One method that we used to take advantage of such resources
involved giving our graduate and undergraduate students a number of
questions concerning neuroscience items at the St. Louis Art Museum.
The students were asked
specific questions to identify the
various items, and then had to locate the items in the museum. For
example, they had to find an object depicting the teacher of Asklepios.
In this case, theirjob was to realize that this was the centaur Cheiron
and then to find the museum's statue of this mythological figure. This
"neuroscience scavenger hunt" provided a welcome diversion from the
lecture course format and proved very successful.
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BRAINLINK: TEACHING NEUROSCIENCE TO CHILDREN.
L. M. Miller*. J. Dresden. N. Moreno. K. Taber and B. Tharp.
Division of School-Based Programs, Baylor College of
Medicine, Houston, TX 77030.
BrainLink, a three-year science education project, provides
a unique vehicle for teaching neuroscience to elementary and
middle school students. Created collaboratively by scientists,
clinicians and educators, BrainLink materials are designed to
teach children about the brain and nervous system, while
fostering awareness of science and health careers, promoting
healthy behaviors, and allowing teachers and students to
explore science concepts through hands-on, discoveryoriented approaches. Each BrainLink unit focuses on a
central neuroscience topic that is maintained throughout
three interrelated components: Adventures in Neuroscience,
a science adventure story featuring a group of children
known as the NeuroExplorers; Explorations in Neuroscience,
a colorful mini-magazine; and Activities in Neuroscience, an
activity guide for teachers. Four BrainLink units (Brain
Comparisons, Motor Highways, Sensory Systems and
Memory and Learning) have been field tested with over 600
students in Houston-area schools and are now available as
revised editions. Supported, in part, by funds from the
National Institutes of Health, Science Education Partnership
Award Program.

BRAIN EXPLORATIONS: MULTIMEDIA NEUROSCIENCE
EDUCATION. K. H. Taber*. Dept. of Radiology, Baylor College
of Medicine, Houston, TX 77030
BRAIN EXPLORATIONS is a multimedia neuroscience education program under development that is targeted for the 4-6
grade level. The program is designed to make learning about
the brain an enjoyable, exciting activity. The learning of concepts rather than terminology is emphasized. Games, activities
and both thought and hands-on experiments will be integrated
with the basic information to provide a rich exposure to fundamental concepts in neuroscience. The relation and importance
of these concepts to everyday life and the maintenance of physical and mental health will be emphasized. A “gaming” type of
environment is being created for BRAIN EXPLORATIONS, in
which students are motivated to seek out and integrate/synthesize
information in order to complete “missions” and gain points. The
goals of the program structure are the development of both science literacy and cognitive skills. The basic structure of BRAIN
EXPLORATIONS will be presented, as well as examples from
the first two units.
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SYMPOSIUM. NEUROSCIENCE IMPLICATIONS OF INBORN ERRORS OF
METABOLISM. A. Diamond. Univ.. of Penn. (Chairperson); H . Levy. .
Harvard Med. Sch.; P. Rakic. Yale Univ.. Sch. of Med.; Ft. Roth. Yale Univ.
Sch. of Med.) H. Moser. Kennedy Krieger Inst., Johns Hopkins Univ .

SYMPOSIUM.
MECHANISMS CONTROLLING K+ CHANNEL
DIVERSITY AND DSSTRIBUTION USf THE NERVOUS SYSTMM.
J.M.Nerbonne . Washington Univ. (Chair); L■B■Salk.oOf. Wathinaton Univ
J.S.Trimmer. SUNY Stony Brokk; B.L.Templl. Umv. Washington.
t l iy geneaally acceptel that neuronal respnnse properties are
m^l^ort^itl^^ influonred by hee ^ess , donsities ndd distriUutions o f K+
channds . Etectrohhnstotnginal nnd moteeulur suddies aaee sevaaled
numeroui and diveere tippm <ff neuronal K+ thonpels . Avail^e wienne e
suggests that K+ channels are oligomeric steuceures coesposed (ff ouu r
subunits, and in the past several years., several of the feaeuses imporaan l
in controlling subunit oligomerization, channel gating and the propertiey
of the pore, have been defined. What has been lackting to daee si an
attempt to correlate the properties and the steuceusel of ctoned K+
channels with those of the K+ channess expreesed m real neurons . Thse
is the focus of thss symposium . It willl begm w^h a briff n^^e^w o , K+
channel molecular biokjgy and potential mechanisme ft), geneaating K+
channel diversity. L. Salkoff wlll dsscuss Ca2+-activated K+ channais.
Comparisons will be made to voltage-gated K+ channess , and tiee
mechanisms generating diversity and hhe Ca2+ sensitvvtyy of there
channels will be discussed . J. Trimmer wlll dsscuss postataonslational
modifications of K+ channel prote^s in the n^r^<^us syseem . He wlll aho
present paiepnce for the presence of accessory proseilss Uhae copurffy whli
some types of K+ channel proteins. B. Tempel wlll dsscuss heteromeric
K+ channel expression and ^Jiet^)^^r>elt<r^n in the mammalian central newo^
system. J.Aerbonne will discuss the functtoilal K+ channess m cortical
neurons and explore the relationship between K+ channel subuntl
expression patterns noe the functional properties of the K+ channess nn
different cortical cell types.

Genetic metabolic disorders raise new questions & provide unique opportunities for hypothesis testing. In turn, neuroscience has the potentiaI to
shield light on the causes, & possible cures, of these disorders.
Pheny'ketauuria (PKU) is caused by mutations of the phenyaalanine
hydrooxylase gene in ct^irr^r^<^^<^rme 12.
Harvey Levy will discuss the
mooecular &. cllmcal features of PKU, how the genetic defect causes an
imbaaance between phenylalanine (Phe) & tyrosine (tyr) in plasma that is
kept within m<^<^^r^^t:e Hmits by dietary treatment, & how a moderate Phe:
tyr Imbaaance in plasma can result in mild reductions in CNS levels of tyr.
Robert Rooh will ddscuss the special characteristics of the dopamine
prooection to prefrontal cortex & how it is especially vulnerable to • mild
reductions in tyr.
Small reductions in tyr that have little effect on
dopamine synthesis in, e.g., the striatum, profoundly reduce dopamine
synthesis In prefrontal cortex. This pi^r^'vi^es a mechanism to account for
why chiidren treated eaby &. continuously for PKU show a selective
impaarment in the cognitive functions dependent on prefrontal cortex.
Pasko R^a^i<c will speak about tine cellular & molecular mechanisms of

neuronaa migration, especiaHy as these pertain to cerebral cortex & .cerebeHum. He'll discuss the timing of these events, touching on the roles of
radiaa gll^a & oo iin channe's, surface recognition, & adhesion molecules
in neuuonaa migration. Hugo Moser will speak on peroxisomal disorders,

pprticulariy the
syndrome, in which there is a characteristic &
ssveee de'e^ in neuronaa migration that affects many parts of cerebral
cortex, as we'l as the inferior ohvary nucleus & cerebellum.
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CYCLOTHIAZIDE ACTS AT A SITE ON THE AMPA RECEPTOR
COMPLEX THAT DOES NOT RECOGNIZE COMPETITIVE OR
NON-COMPETITIVE ANTAGONISTS. M.A. Desai*. J.P. Burnett.
P.L. Ornstein and D.D. Sc^eDD.
Central Nervous System
Research, Eli Lilly & Co., Indianapolis, IN 46285.

IDRA 21: A BTAZOTHIADIAZIDT (BZTD) THAT ENHANCES
COGNITION BS ATTENUATING AMPA RECEPTOR
DTSTAI^SIZASIOA. I. Ziakoaic. D. Shomsero. M.. Beutrlioo*. E. Costa noe
A. Guidoth: FGIN and Department of Pharmacology, Gprrnrtowo University
Medical Center, 3900 Rpsruaoiu Road, N.W., Washington, D.C. 20007
A newly efothrsizrd BZTD erriantiar, IDRA 21 (3,4 hfero-2-H-1,2,4beozothineinzior) nrossre the blood brain barrier, rrducrs the rapid nutoeeseoeitizntioo of DE-a-nmior-3-hferoxf-5-methfl-4-ieoxazoie prosriooic acid
(AMPA)-rrcestor and increases excitatory synaptic strength (Brrrriioo et al.
Rpnestors and Chnoorle 4: 267, 1994). IDRA 21 was te^t^ for its rffrct on
cognition (lraroion and memory) in behavioral tasks in rati and monkeys. Rats
trninpe to rapidly (15-20 etc.) reach the exit platform in an water maze with only
three
choices naniinrir were treated with IDRA 21 or vehicle and
exposed to a erlnfrd rrtrotioo trial in a maze with esaro ionrrrrct choices
naniinrir. The IDRA 21 treated rats performed eignificaotlf better than those
rpcriaion the arhinlr. Moreover, IDRA 21 potently attenuated the behavioral
impairment induced by 2,3-dihfdr■oxf-6-oitro-7-sulfaofl-brozo (/) quinoxaline
(NBQX), alprazolam and scopolamine in rats and alprazolam in monkeys
subjected to narrsiae or nspptitiae tasks (i.e. water maze and passive avoidance
for rats; multiple echrdele of respatee acquisition and performance for monkeys).
Io these experiments approximately lmg/kg/po of IDRA 21 was capable of
pohnocion cognition with a potency comparable to that of aniracetam 10
(monkeys) to 50 (rats) times larger. IDRA 21 is a racemic compound but only
the (+) form is shnrmanrionicailf ^6^; thus, IDRA 21 is about one to two
orders of magnitude more potent than aoiraceram. Shrsp rreuite indicate that a
drug that srsitiarlf modulates nletamntrrnic trnoemissiro, by eowo-rrguintion the
rapid netr-deseositizatioo of AMPA receptors, rohaocps performance erpeoeion
on memory sroceeses across eearrai behavioral tasks in two animal species.

Desensitlzation of the a-amint-3-hydrtxy-5-methyl-4-istxaztlt

propionic acid (AMPA) subtype of ionotropic glutamate receptors
is profoundly inhibited by the benzothiadiazide diuretic,
tytltthiaz^de.
We previously reported that tytltthiazidt
potentiates AMPA-induced [3H]NtroDintDhrine (pHJNE) release
from rat hippocampal slices. We used this system to investigate
the possible Interaction of tytltthiazidt with various AMPA
receptor antagonists, including the competitive antagonist
LY293558 and the 2,3-btnztdiaztDine non-competitive
antagonist GYKI 53655. Cytltthiazide significantly potentiated
both AMPA- and KA-induced pHJNE release from slices of the rat
hippocampus.
LY293558 and GYKI 53655 inhibited potentiated
and non-potentiated AMPA- and KA-induced pHJNE release in a
ttntentratitn-dtDtndtnt manner.
However, the ICso's for
inhibition of AMPA- or KA-induced pHJNE release by either

antagonist were not affected by the presence of tytltthiazidt.
The ICso for GYKI 53655 inhibition of AMPA-induced pHJNE
release was 6.6 ± 1.97 pM against 100pM AMPA alone, and 8.19

± 1.08 pM against 100 pM AMPA in the presence of 50 pM

cyciothiazide. Thus, cydothiazide appears to interact at a site on
the AMPA receptor complex that differs from either the glutamate
recognition site or the 2,3-benztdiaztDint allosteric site.
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A SERIES OF FUSED PIPERAZINYLQUINOXALINE-2>3-DIONES ARE
POTENT AMPA RECEPTOR ANTAGONISTS WITH ANTICONVULSANT
(NEUROPROTECTIVE) ACTIVITY. C. F, Bigge*. T. C. Malone. F.
Watien. P, A. Boxer, R. D. Schwarz. S. A. Boroskv. G. W. Campbell, L. J.
Robichaud. M. G. Vartanian. Parke-Davis Pharmaceutical Research, Ann
Arbor, Ml 48105 and NeuroSearch, Copenhagen, Denmark.
Known AMPA receptor antagonists, such as NBQX and GYKI 52466,
have demonstrated neuroprotective activity in vivo in both focal and
global ischemia models. Herein a novel series of AMPA receptor
antagonists as defined by their generic structure (1) is described.
Synthetic methodology used in their preparation will be discussed. One
example compound. iPNQX (R = Me, X = NO2) has high affinity at nonNMDA glutamate receptors: [3H]-AMPA (IC50 = 0.27 pM); [3H]-kainate

DIFFERENT RATIOS OF SUBUNIT EXPRESSION CRITICALLY
DETERMINE CALCIUM PERMEABILITY AND KINETICS OF THE
AMPA RECEPTORS IN THE CNS. H Monver* Th. Melcher. P.H.
Seeburg.J. Geiger. B.Sakmann and P, Jonas. Center for Molecular
Biology (ZMBH) and Max-Planck-lnstitut fur medizinische Forschung, D69120 Heidelberg, Germany.
The main excitatory neurotransmitter L-glutamate activates in native
brain membranes catkon--conducting channels with distinct biophysical
and pharmacological properties. Selective agonists and antagonists
permit a distinction between ionotropic glutamate receptor classes. One
selective agonist is AMPA (a-amino-3-hydroxy-5-methyl-4isoxazolepropionate), which activates channels with fast kinetics.
Expression of the GluR-B subunit critically determines the divalent ion
permeability of recombinantly expressed AMPA receptors. Hence, it can
be surmised that cells with little or no expression of the GluR-B gene
relative to that of other AMPA receptor subunits should possess Ca2+
permeable AMPA channels. In most neurons AMPA channels are
characterized by low Ca2+ permeability. However, we have identified
several types of interneurons in hippocampal and neocortical brain
slices that carry AMPA receptors with a high Ca2* permeability. Thus,
we investigated the molecular basis of the Ca2+ permeability of AMPA
receptors in these interneurons that contrasts with the low Ca2+
permeability of principal neurons. A modified single cell PCR protocol
(Jonas et al., Neuron in press) permitted the quantification of the relative
amounts of AMPA receptors subunits in identified and
electrophysiologically characterized neurons. The results indicate that
GluR-B levels are significantly lower in the types of interneurons
mentioned above compared to the levels expressed in principal neurons.
Additional studies address the question of flip/flop ratios (the
alternatively spliced variants of AMPA receptors) and the degree of
editing in these cells on the biophysical properties of the channels.

(IC 50 = 0.37 pM); [3H]-glycine (NMDA sensitive binding, IC 50 = 10 pM).

iPNQX was effective as a neuroprotective agent in cultured cortical
neuronal cells against both AMPA and kainate-induced excitotoxicity,

and inhibited AMPA-induced depolarizations in a cortical wedge assay.
More importantly, iPNQX prevented seizures in mice induced by maximal
electroshock. The activity of additional analogs will also be described.
These data support the hypothesis that AMPA receptor antagonists are
likely to be useful neuroprotective agents for acute neurological trauma
resulting from disease or injury.
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A NOVEL ACPD-EVOKED CURRENT IN THE RAT CENTRAL NERVOUS
SYSTEM. F. Zheng*, H, Hasuo and J. P. Gallagher, Dept. of Pharmacol.

GLUTAMATE METABOTROPIC RECEPTORS ACTIVATE A CAN
CURRENT IN CA1 HIPPOCAMPAL NEURONS. C. Hammond.
L. Aniksztein. V. Crepel. Y. Ben-Ari and B. Esplin* - INSERM U29,123 Bid
de Port Royal, 75014 Paris (France).
The currents evoked in CA1 pyramidal neurons by the selective
metabotropic glutamate receptor agonist lSr^R-ACPD were studied with
the single electrode voltage-clamp technique in the continuous presence of
TTX (1 pM), CNQX (15 pM), bicuculline (10 pM) and APV (50 pM) to
block Na+ action potentials and ongoing synaptic activities. With CsCl
(3M) filled microelectrodes, bath application of lS,3R-ACPD (100 pM,
2-5 min) induced an inward current associated with a mean 27%
conductance decrease. The I/V relation of this current was investigated
using a ramp voltage command from -130 mV to +10 mV. This current
had a V shape and reversed polarity at two potentials (around -100 mV
and around -20 mV). This indicates that 1S,3R-ACPD decreases K+
outward currents and increases a current which reverses at »-20 mV. In
the presence of K+ channel blockers (including Ba2+,2 mM), lS^R-ACPD

& Toxicol., Univ. of Texas Medical Branch., Galveston, TX 77555-1031
The family of metabotropic glutamate receptors (mGluRs) is a glutamate
receptor family coupled to various second messenger pathways via a Gprotein. (1 S,3R)-1 -aminocyclopentane-1,3-dicarboxylic acid (1 S,3R-ACPD)
has been suggested to be a selective agonist for mGluRs. Here we report
that, in rat dorsolateral septal nucleus (DLSN) neurons, a 1S,3R-ACPDpreferring inward current accompanied with a conductance increase
persists in pertussis toxin-treated rats. This ACPD-current is not blocked
by ( + )-a-methyl-4-carboxy-phenylglycine (MCPG) (100-600 pM). The EC5c
value of 1S,3R-ACPD, IBO, or QA are 3.6, 11,19 pM, respectively. This
novel ACPD-current is dependent on extracellular sodium and calcium, and
is most likely using both as charge carriers. The ACPD-current also exhibits
a negative slope region in its l-V relationship and is not altered by removal
of extracellular magnesium. The amplitude of this ACPD-current was
significantly increased when the holding potential was between -60 mV and
-20 mV. Furthermore, the ACPD-current persists in neurons injected with
GTPyS and shows no dependency on temperature; therefore it is likely to
be mediated by an ionotropic receptor. Further pharmacological data
suggest that this current is mediated by a novel type of ionotropic EAA
receptor, since it is insensitive to AP5 or CNQX. This ACPD receptor may
play an important role in the induction of long-term potentiation and other
neurological processes attributed previously to the NMDA receptor in the
central nervous system. (Supported by NIMH Grant MH39163.)
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generated an inward current (I^cpd ) associated with a mean 40%
conductance increase. The I/V relation of IAcpd showed that it varied
linearly with the voltage and reversed polarity around -20 mV. The analysis
of this current revealed that i) it is Ca2+ sensitive since it is blocked when
recorded with microelectrodes containing BAPTA (50 mM); ii) it is a
cationic current since both its amplitude and its reversal potential are
dependent upon [Na+]o and not [Cl*];; iii) it is a non selective cationic
current since Li* can substitute for Na* as charge carrier; iv) it has a low
sensitivity to temperature since its Qw at all potentials is 1.2. Therefore we
conclude that in addition to blocking K+ currents, activation of mGluRs
stimulate a Ca2+-activated non selective cationic (CAN) current
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AND

DIHYDROLIPOIC

REDOX
MODULATION
OF
RESPONSES IN CORTICAL

NMDA-EVOKED
Ca2 +
NEURONS. Won-Ki Kim*

Department of Neurology, Children's

and Stuart A. Upton.

Hospital and

ACID-MEDIATED

Program

in

Neuroscience,

Harvard

Medical

School, Boston, MA 02115.

NMDA-evoked responses can be modulated by redox
agents (Aizenman, Lipton & Loring, Neuron 1989).

In the

present study in rat cortical neurons, the effects of the biological

oxidant lipoic acid (LA, R & S enantiomers) and its reduced
form dihydroiipoic acid (DHLA) on NMDA-evoked increases in

[Ca2+]i were studied using a fura-2 digital imaging system.

While this study was in progress, DHLA and a racemic mixture

of LA were shown to modulate NMDA-activated currents (Tang
and Aizenman, Neuron 1993). Here, DHLA (2 mM exposure
for 2 min) increased 50 pM NMDA-evoked responses to a
similar extent to that of dithiothreitol (DTT, 2 mM).

the DTT and DHLA effects were not additive.

Moreover,

In contrast, (S)-

LA (2 mM) reversed the effect of DTT on the NMDA response.
Pretreatment of the neurons with 5,5’-dithio-bis-(2-nitrgbenzgic

add) (DTNB, 0.5 mM) occluded this effect of (S)-LA. (R)-LA did

not alter NMDA responses of neurons previously treated with

either DTT or DTNB.

The stereospecificity of the redox effects

of LA on the NMDA receptor may be important
consideration of potential therapeutic applications.

Supported by ASTA Medica, Frankfurt, FRG.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

in

the

MULTIPLE ACTIONS OF A POLYAMINE TOXIN ON THE NMDA
RECEPTOR. Sean D. Donevan* and Michael A. Rogawski. Epilepsy

Research Branch, NINDS, NIH, Bethesda, MD 20892.
The arthropod toxin argiotoxin 636 (ARG 636) is known to block the
NMDA receptor by an open channel mechanism. However, having a
polyamine backbone, ARG 636 could conceivably also interact with the
NMDA receptor’s polyamine facilitatory site. Here we demonstrate that the
toxin not only produces channel block, but does indeed induce a polyaminelike facilitation which is observed at high NMDA concentrations and
additionally has a non-voltage dependent blocking action at low NMDA
concentrations. Whole cell voltage clamp recordings were carried out from
cultured rat hippocampal neurons. As observed previously, ARG 636
produced a use- and voltage-dependent block of responses evoked by 10
pM NMDA [Kd(-60 mV) = 1 pM). The blocking effects, however, were not
completely reversed at positive holding potentials, indicating an additional
non-voltage dependent blocking mechanism [KJ + 6O mV)~20 pM],
Subsequent experiments were carried out at + 60 mV to avoid the voltage
dependent component of block. At high concentrations (>2O pM)
ARG 636 produced an increase in the response to saturating
concentrations of NMDA (300 pM). The characteristics of this potentiation
were similar to those reported for the polyamine spermine (Benveniste et
al., J. Physiol. 464:131-163, 1993). Thus, at saturating glycine
concentrations, 100 pM ARG 636 produced a variable (5-100%)
potentiation of NMDA responses whereas more consistent effects were
observed at low glycine concentrations (100 nM). The potentiation
observed with low glycine concentrations may, in part, be due to an
increase in the affinity for glycine by ARG 636. This was confirmed in
subsequent experiments demonstrating that ARG 636 shifts the glycine
concentration-response curve to the left. Thus, in addition to its two
blocking effects, ARG 636 can potentiate NMDA currents in a manner
similar to that produced by spermine.
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TRAPPING OPEN CHANNEL BLOCK AND NONCOMPETITIVE ANTAGONISM
OF NMDA RESPONSES BY AMANTADINE AND MEMANTINE T. A. Blanpied*
and J. W. Johnson. Dept. of Neuroscience, Univ. of Pittsburgh, Pittsburgh, PA 15260
The antiparkinsonian adamantane derivatives amantadine and memantine are
known to block the nicotinic channel and to displace [?H]MK-801 binding to NMDA
receptors. Memantine also has been reported to inhibit NMDA-activated currents
following an untrapping open channel block model. In whole-cell recordings from
cultured rat cortical neurons, we found that amantadine blocked responses to 5 pM
NMDA+lOpM glycine at -60 mV with an ICW of 38±5 pM (nH = 1.01). The affinity
of amantadine was reduced at more positive membrane potentials, with voltage
dependence typical of a singly charged molecule that sensed 70% of the membrane
electric field. The ICM of memantine at -60 mV was near 1 pM. After blocking,
these drugs could be trapped in the closed channel for at least 10 min, and their
unblocking rates depended on the concentration of agonists.
The drugs also had effects when the channel was closed. Application of
NMDA+glycine, after washoff of the blocker applied alone, evoked a reduced
response which slowly grew to a steady state level. In the absence of NMDA and at
-60 mV, the IC50 of amantadine in the absence of NMDA was near 3 mM and that
of memantine was 107 pM (nH = 0.92). This effect was mediated by action at a site
distinct from that of open channel block, since the inhibition was reversible in the
absence of NMDA. The antagonism was not competitive at the glutamate or glycine
recognition sites of the NMDA receptor, since coapplication of d -APV or 7-chlorokynurenate had no effect on the degree of block. Addition of 10 mM extracellular
Mg~ did not substantially reduce the closed channel effect of amantadine, and
amantadine had no apparent effect when applied from the inside of the cell.
In cultured conical neurons, amantadine and memantine are trappable blockers
of the NMDA-activated channel. This property- must be taken into account in models
used to explain the clinical utility' and limited psychotomimetic effects of these drugs.
(Supported by NIMH and a Mellon Graduate Fellowship to TAB)

ION FLOW CONTRIBUTES TO THE VOLTAGE DEPENDENCE OF OPEN
CHANNEL BLOCK OF THE NMDA-ACTIVATED CHANNEL. S.M.Antonov* and
J.W Johnson. Dept, of Neuroscience, Univ. of Pittsburgh, Pittsburgh PA 15260.
Recently, the ability of four novel adamantane derivatives to block the open
NMDA-activated channel was described. We have studied the dependence on membrane voltage (Vm) of the rate constant of block (k+), the rate constant of unblock
(k_), and the dissociation constant (Kd=k_/k+) for each of four drugs: IEM 1754,
1460, 1592 and 1857. Single NMDA-activated channel currents were recorded from
outside-out patches excised from cultured rat brain neurons. Measurements were made
at two different concentrations of permeant intracellular ion (Cs+): control ([Cs+]in=
130 mM) and with intrapipette Cs* partially substituted by the impermeant cation
NMDG+ ([Cs+]jn=20 mM). For each drug, k+ increased and k_ decreased with hyperpolarization at both [Cs+]jn, as would be expected for an externally applied blocker

96.11

96.12

[Ca2+]i OSCILLATIONS IN CORTICAL ASTROCYTES AS A NEW FORM OF
GLUTAMATE-MEDIATED PLASTICITY. G. Carmignoto*. L. Pasti and T.
Pozzan . Dept, of Biomedical Sciences, University of Padova, 35127 Padova, Italy.
The increase of cytosolic [Ca2+] represents one of the critical factors for

INTACT UNROLLED HIPPOCAMPAL PREPARATION: AN
ALTERNATIVE TO ACUTE SLICE. A.H. Comeli-Bell. R.
Villalba. and R. Selinfreund*. Yale Univ. Sch. of Med. and Lion
Imaging, Inc., New Haven, CT 06510.
Neonatal rat hippocampus (P0-P10) was dissected from cortex.
The presubiculum was carefully separated from the dentate gyrus
and die hippocampus was "unrolled" without slicing in order to
preserve morphology. Live Cell/Dead Cell assays indicated little
damage from the unrolling procedure. Tissue was loaded with Ca2*
indicator Fluo-3AM (40 pM with Pluronic in ACSF) at 37°C for 45
min; both neurons and glia, as confirmed by immunohistochemistry,
take up Fluo-3. The unrolled hippocampus was imaged with timelapse confocal laser microscopy. Superficial cells and cells deep
within the 300-400 um thick structure responded to glutamate (250
pM) with increases in Ca2+jn that propagated from cell to cell (50
separate recordings). Pyramidal cell body layers of CA1 and CA3
were prominent and their projections were seen as linear arrays.
Ca2+ transients traveled along processes to cell bodies as well as
between cell bodies within the same layer. An initial glutamate induced Ca2* spike traveled extensively through the tissue involving
neurons as well as astrocytes. Fast Ca2* waves spread radially
between fields of astrocytes involving 25-50 cells (Kim et al., 1994)
and intercellular Ca2* waves propagated over long distances.
Multiple oscillatory patterns and elevations of Ca2*jn were also
observed (Comeli-Bell et al., 1990). Astrocytic endfeet impinging
on blood vessels exhibited increases in Ca2+jn in response to
glutamate. This preparation is ideal for studying neuron-glial
interactions and glutamate-induced Ca2* changes in an intact tissue.

triggering long-term changes of synaptic strength in the central nervous system.
By means of fura-2 digital fluorescence microscopy, we investigated the change of
[Ca2_r]j in mixed cultures of astrocytes and neurons from neonatal rat visual cortex
following applications of L-glutamate. We here report that successive prolonged
applications of 20 pM L-glutamate induce long-term changes in the response of
astrocytes, represented by a progressive increased frequency of oscillations (1st
application, mean period 13 ± 0.3; 2nd, 10 ± 0.3; 3rd, 8.3 ± 0.4; n=65; paired t test,
p > 0.001). A time interval of at least 2 min was given between successive Lglutamate applications. The increased oscillation frequency represents a relatively
long-term change, being present also when the second L-glutamate application was
performed 60 min after the first. This increase was observed also in the absence of

extracellular calcium, in the presence of ionotropic glutamate receptor antagonists
and when L-glutamate was substituted by the selective glutamate metabotropic
receptor agonist l-aminocyclopentane-l,3-dicarboxylic acid (r-ACPD). In addition
local brief (64-320 msec) applications of 100 pM L-glutamate were performed to
mimic the pattern of stimulation which is presumably exerted on astrocytes under
physiological conditions. L-glutamate pulses applied at 1 Hz elicited oscillations
whose frequency was characteristic of that particular cell. The frequency of these
oscillations increased following a second series of pulses. The finding here reported
represents the first example of a long-term change induced by a neurotransmitter
on a non-neuronal cell population, raising the intriguing question of its functional
significance in information storage and signal processing of the neural network.

with positive charge that unblocks to the extracellular medium. k+ at Vm=0 for each
drug was at least 3 times higher in low [Cs*]^ than in control. This difference
became smaller with hyperpolarization so that at Vm’s from -80 to -140 mV it disappeared. As a result, the voltage dependence of k+ in control had a higher slope (efold change (V^ =50 mV) than that obtained in low [Cs+]jn (Ve=90 mV), suggesting
a contribution of Cs* efflux to the voltage dependence of k+. The effect of [Cs+]m on
k _ differed between drugs. The voltage dependence of k_ for IEM 1592 and 1857 was
exponential at all Vm’s tested and was unaffected by changing [Cs*]^. The voltage
dependence of k_ for IEM 1754 and 1460 exhibited two exponentials, only one of
which, found at Vm’s from -20 to -60 mV, did not change in low [Cs*]^ Because of
the influence on k+ of Cs* efflux, k+ and k. obtained with low [Cs*]^ were used to
calculate Kd. The voltage dependence of Kd for IEM 1592 and 1857 at any Vm and
for IEM 1754 and 1460 at Vm’s from -20 to -60 mV were similar (Ve=35 mV),
suggesting the same electrical location of the binding site in the channel (8=O.72). A

model of channel block based on these data will be presented. Supported by NIMH.
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CD9 OF MOUSE BRAIN IS IMPLICATED IN NEURITE
OUTGROWTH AND CELL MIGRATION IN VITRO AND IS
ASSOCIATED WITH THE a6/pi INTEGRIN AND THE NEURAL
ADHESION MOLECULE LI C. Schmidt. E.-S. Wintergerst, V.
Kunemund and M. Schachner*. Dept, of Neurobiology, Swiss Federal
Institute of Technology, 8093 Zurich, Switzerland
We describe here a novel monoclonal antibody (mab H6) which recognizes CD9, an
integral cell surface constituent previously described in cells of the hematopoietic
lineage. Mab H6 was raised against membranes of immature mouse astrocytes and
reacted with a protein of 25-27 kD in detergent extracts of adult mouse brain
membranes. Sequence analysis of the N-terminal ammo acids revealed an idenuty or
92% with CD9 from human platelets. CD9 was localized in the central and
peripheral mouse nervous systems: In the spinal cord of 11-day-old mouse embryos,
CD9 was strongly expressed in the floor and roof plates. In the adult mouse sciatic
nerve, myelin sheaths were highly CD9 immunoreactive. Mab H6 reacted with the
cell surfaces of both, glial cells and neurons in culture and inhibited migration of
neuronal cell bodies, neurite fasciculation and outgrowth of astrocytic processes
from cerebellar microexplants. Neurite outgrowth from isolated small cerebellar
neurons was increased on substrate-coated laminin, but not on substrate-coated polyL-Iysine, in the presence of mab H6. Addition of mab H6 elicited an increase in
intracellular Ca2* concentration in these cells. Immunoprecipitates of CD9 from
cultured mouse neuroblastoma N2A cells contained the a6/^l integrin. Moreover,
preparations of CD9 immunoaffinity purified from adult mouse brain using a mab
H6 column contained the neural adhesion molecule LI, but not other neural
adhesion molecules. CD9 bound to LI, but not to NCAM or MAG. Both, the
a6/pl integrin and LI could be induced to co-redistribute with CD9 in the surface of
cultured neuroblastoma N2A cells. The combined observations suggest that CD9
can associate with LI and a6/pl integrin to influence neural cell interactions in
vitro.

ANTI-IDIOTYPIC ANTIBODIES TO GM1 PROMOTE NEURITE
OUTGROWTH ON SIMPLE AND COMPLEX SUBSTRATES. M.J.
Riaaott* and W.D. Matthew. Dept, of Neurobiology, Duke University
Medical Center, Durham, NC 27710

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

Exogenously added gangliosides are potent stimulators of
neuritogenesis and sprouting and facilitate cell adhesion. Gangliosides
may act by direct interaction of their carbohydrate moieties with
membrane proteins.
We have generated putative anti-idiotypic

antibodies that bind the functional sites of GM1 binding proteins. These
antibodies were tested for their ability to promote neurite outgrowth from
embryonic hippocampal neurons and adult dorsal root ganglion neurons.
The cells were plated onto poly-l-lysine or poly-l-lysine coated with
Schwannoma cell conditioned media containing extracellular matrix
molecules in the presence or absence of anti-idiotypic GM1 antibodies.
Results show that the four antibodies tested promote neurite outgrowth
on poly-l-lysine, and that one of the antibodies enhances outgrowth on
the substrate coated with the conditioned media. In addition, neurons
treated with the antibodies show changes in protein tyrosine
phosphorylation that mimic the effects of GM1 treatment. This implies
that the ganglioside GM1 may promote neurite outgrowth by binding
neuronal cell surface proteins that are associated with protein tyrosine
phosphorylation. Anti-idiotypic GM1-antibodies that mimic GM1 action
can be used to probe the cellular mechanisms underlying the interactions
between GM1 and cell surface receptors during development and
regeneration. This work was supported in part by a grant from the
Paralyzed Veterans of America Spinal Cord Research Foundation.
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EFFECTS OF PERTUSSIS TOXIN ON LAMININ-MEDIATED NEURITE
GUIDANCE IN VITRO. R.M. Kindt* and A .D. Lander. Dept, of Biology and
Dept, of Brain and Cognitive Sciences, MIT, Cambridge, MA 02139
We recently developed an assay to identify pharmacological agents that
perturb neurite guidance (Kindt and Lander, Soc. Neurosci. Abstr. 1£:436):
Chick dorsal root ganglia are allowed to extend neurites onto a field of parallel
laminin (LN) stripes (40 pm wide; 120 pm spacing) created by UV-inactivation
of a LN substratum. Some LN stripes are periodically interrupted (every 20 pm)
by gaps (either 5, 10, or 20 pm) of UV-inactivated LN. Under normal
conditions, neurites closely follow the LN stripes, progressing at different rates
along stripes with different sized gaps, but rarely departing from the stripes. In
contrast, pertussis toxin (PTX; 0.5 pg/ml) causes neurites to cross from the LN
stripes onto surrounding UV-inactivated LN. This is especially apparent for
neurites growing along interrupted stripes; the likelihood of neurite
"wandering" is greatest when the gaps are largest. On uniform, unpattemed
LN substrata, PTX has little effect on the rate of neurite elongation, nor does
PTX stimulate neurite elongation on uniform inactivated LN. The results
suggest that PTX interferes specifically with the ability of growth cones to make
navigational choices. To test whether PTX acts directly via G proteins, we
tested the B oligomer of PTX, which lacks the ADP-ribosyltransferase that
inactivates G proteins such as Go and Gj. Surprisingly, the effects of this
compound were qualitatively and quantitatively identical to those of native
PTX. Since PTX binds cells via specific, complex-type N-linked carbohydrates,
we verified that deoxymannojirimycin (1 mM), an inhibitor of the synthesis of
such carbohydrates, blocked the effects of PTX on neurite behavior. Thus,
binding of PTX to cell surface proteins (rather than to LN, for example) is
essential for its action on neurite guidance, despite the fact that inactivation of
G proteins is not. These results indicate that the lectin-like action of PTX can
mediate effects on neurons, and raise the possibility that PTX binds cell
surface glycoprotein(s) specifically involved in neurite guidance.

AXONAL SYNTHESIS OF PHOSPHATIDYLCHOLINE IS REQUIRED FOR
NORMAL AXONAL ELONGATION IN CULTURED RAT SYMPATHETIC
neurons
l i , PQ§£g de Qhavgs*. R -B, Gampenot. D,E. Vance and J,E,
Vance. University of Alberta, Edmonton, Alberta, Canada, T6G 2S2.
During neurite elongation the growth cone margin expands and much
surface membrane has to be incorporated. How the membrane expands at
the nerve tip is controversial. Studies in our laboratories [Vance et al.
J.Neurochem. (1994) 62: 329-337] have demonstrated that in cultured rat
sympathetic neurons, axons themselves have the capacity to synthesize
the major membrane lipids. The contribution of axonally synthesized
phosphatidylcholine (PC) to the mass of PC in axons was investigated in
compartmented cultures of rat sympathetic neurons. In a double labeling
experiment [mefhy/-3 H]choline was added to the compartment containing
cell bodies and [mefhy/-14C]choline was added to the distal axon-containing
compartments. The data showed that at least 50% of axonal PC had been
synthesized in situ in distal axons. The requirement of axonal PC synthesis
for neurite elongation was investigated by inhibition of PC biosynthesis in
either the compartments containing only distal axons or in the compartment
containing cell bodies with proximal axons. A highly specific way in which to
inhibit PC biosynthesis is to eliminate choline from the culture medium. In
cultures that had been deprived of choline in the distal axon-containing
compartment, neurite extension was 40 to 50% less than in controls. In
contrast when choline was eliminated from medium supplied to the cell
body-containing compartment, growth of distal neurites was not affected.
Similar results were found using an alternative method for decreasing the
rate of PC biosynthesis by the addition of 50 pM alkylphosphocholines. In
combination these experiments strongly imply that local synthesis of PC in
distal axons is required for their elongation. (Supported by Rick Hansen
Fund and Alberta Paraplegic Foundation)
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NEURITE OUTGROWTH OF CULTURED APLYSIA NEURONS AND NEURO TROPHIC
FACTORS C. Besshc*, H, Ishihara, H. Kawada, M. Yanaura# and S. Shiono?.
Dept.of Physics, Kyoto Sangyo Univ. and #Central Research Lab.,
Mitsubishi Electric Corp. Kyoto 603 and #Afflagasaki 661, Japan
A primary goal of our study is to identify Aplysia neurotrophic factors and to know their roles in learning and memory.
Neurons from a ganglion of Aplys_ia kurodai regenerate neurite
in L15 medium containing adult Aplysia hemolymph (HL). The extract of the HL was applied on sephadex G100 column and elution
pattern was monitored at 280 nm. First low peak and second high
peak of fractions were observed. Ie have found that the fractions of first peak and the fraction near the end of second peak
stimulate neurite outgrowth. Murine 2. 5S Nerve Growth Factor
NGF) at 250 ng/ml weakly stimulates neurite outgrowth of pedal
and cerebral neurons. Antisera generated against NGF was found
to- block'the sprouting-activity of the HL when the mixture of
the antisera and HL was incubated at 4°C for two hours. But
when the mixture was done at 4°C overnight, the antisera stimulates the neurite outgrowth, fe also have observed that Aplvsia
ganglia derived conditioned media(CM) strongly promote neurite
sprouting using a variation of the protocol reported by Fejtl,
I. etal. (Stoc For Neurosci. Abstraats It, 411.5, 1190). Ie are
trying to purify factors from fractions of HL and CM and to
characterize the proteins inducig neurite outgrowth.

REACTIVE AND MATURE GLIA SUPPORT PRIMARY
DENDRITIC BUT NOT AXONAL OUTGROWTH PROM MOUSE
CORTICAL NEURONS IN VITRO. P. D. le Roux* and T. A. Reh.
CNRS Ecole Normale Superieure, Paris, France and Departments
of Neurosurgery and Biological Structure, University of
Washington, Seattle, WA 98195, USA.
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Neuron-glial interactions are critical for the regulation of
process outgrowth from central nervous system neurons. To
determine whether mature or reactive astrocytes differ in their
ability to support axons or dendrites, embryonic (E18) mouse
cortical neurons were cocultured with early (P4) or late (P12)
postnatal rat cortical astroglia or reactive astrocytes derived from
P4 and P12 lesioned cortex. After 5 days in vitro, axon and
dendrite outgrowth from isolated neurons was quantified with
double-labelling immunohistochemical techniques. Reactive
astrocytes from both immature or mature lesioned animals and
mature astrocytes from nonlesioned animals exhibited a reduced
capability to support axon growth. By contrast, mature and
reactive astrocytes were able to support the primary dendritic
arbor. These results suggest that mature and - reactive astrocytes
may exhibit separate mechanisms to control dendrite and axon
growth.
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Yool*. Raven Reitstetter, and Y. Li Muller: Dept.
Physiology, Col. of Medicine, Univ. of Arizona, Tucson AZ 85724.

Cerebellar Purkinje neurons developing in culture show a
sequence of expression of properties similar to that observed in vivo;
thus, these cultured neurons offer an excellent system for our studies.
We have combined molecular, immunohistochemical and electrophysiological techniques for analyzing the role of transmembrane
signaling in the maturation of the spontaneous pacemaker-like activity
and in the elaboration of dendritic arborization of the Purkinje neuron.
The cerebellar cortex is cultured from rat pups taken at one day before
birth, a time by which Purkinje neurons have gone through final
mitosis but before the postnatal differentiation process has begun.
Purkinje neurons are uniquely identified by morphology and by
fluorescence-tagging with antibody to calbindin. From previous
studies (Yool el al., 1988. J. Neurosci. 8:1971), we know that activation of
a large-conductance Ca2+-dependent K+ channel (Kq J correlates with
the stage of dendritic outgrowth. Our current studies use molecular
and pharmacological techniques for assessing and modifying the
expression of selected classes of K+ channels. By Northern analysis
with polyA-enriched RNA from postnatal rat cerebella, we have
demonstrated that the appearance of Kca is transcriptionally regulated,
and does not simply reflect the activation of latent channels in the
membrane. Preliminary data suggest that changes in the developmental
activation of Kca have significant consequences for the morphological
and physiological differentiation of the Purkinje neuron.
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OUTGROWTH PATTERNS OF IDENTIFIED LEECH NEURONS
ON GANGLION CAPSULES, SKIN,
LAMININ AND
CONCANAVALIN A. Francisco Fem3ndez-de-Miguel* and John G.
Nicholls. Insituto de Fisiologia Celular, UNAM. Mexico and Biocenter,

University of Basle, Switzerland.

An isolated leech neuron grows in a characteristic pattern that
depends on its identity and on the substrate. Thus Retzius, AP and P
cells each branch on a distinctive manner on laminin extract and in a
quite different distinctive manner on the plant lectin Con A. To test
how these cells grow on surfaces they normally encounter in the leech,
we plated them on ganglion capsules and skin. On these substrates the
patterns were again different. After a few hours, Retzius cells plated on
capsules extended a bundle of thick elongated processes with few
branching points and a tangle of fine neurites in the opposite direction;
the same cells on skin also sprouted profusely but with many more
branch points. AP cells on capsules extended two single processes, in
opposite directions, that later bifurcated; on skin, they failed to grow.
By contrast, the neurites of P sensory cells exhibited numerous
varicosities on capsules; on skin two long thick branches grew over the
deep surface. These results suggest that multiple growth promoting
molecules anchored in extracellular matrix cooperate to regulate the rate
of neurite outgrowth, as well as branching and formation of varicosities.
Supported by grants from CONACYT, PAPIID and PUIS to FE.M. and from the
Swiss Nationalfonds to J.G.N.
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SPROUTING IN FASCIA DENTATA AFTER ENTORHINAL LESION IS
LAMINA-SPECIFIC: TRACING OF SPROUTED COMMISSURAL FIBERS
WITH PHAL. T. Deller*(l), R. Nitsch (2), and M. Frotscher (1). Anatomical
Institute, University of Freiburg, P.O. Box 111, D-79001 Freiburg, F .R . G. (1),
Center of Morphol., University of Frankfurt, D-60596 Frankfurt, F. R. G. (2).
Following entorhinal cortex lesion (ECL), commissural fibers to the inner
molecular layer of the fascia dentata are believed to leave their lamina and to
sprout into the deafferented outer molecular layer. However, this has only been
demonstrated indirectly. To study the response of commissural fibers to ECL
directly, the anterograde tracer PHAL was used. Controls and rats 2, 4. 8 weeks
after ECL received PHAL (2,5%, iontophoretically delivered) into the hilus of
the fascia dentata contralateral to the ECL. In control animals, a novel
commissural projection to the outer molecular layer could be visualized in
addition to the well known projection to the inner molecular layer. This novel
projection reached the outer molecular layer without branching and was
restricted to the hippocampal lamella corresponding to the septo-temporal level
of the contralateral PHAL deposit. After ECL, sprouting from the inner
molecular layer into the deafferented zone was almost absent in all groups. On
the contrary', fibers of the commissural projection to the outer molecular layer
were more abundant and appeared to sprout along the longitudinal axis of the
hippocampus. These data indicate a high degree of laminar specificity in the
response of commissural fibers to ECL: the commissural projection to the
unaffected inner molecular layer remains in its original termination zone,
whereas the commissural projection normotopically terminating in the
deafferented outer molecular layer reacts to the lesion with sprouting (supported
by DFG: Fr 620/4-1, Leibniz Program, Ni 344/1-1; Ni 344/5-1).

IDENTIFICATION AND CHARACTERIZATION OF G PROTEINS IN
CULTURED IDENTIFIED LYMNAEA NEURONS. Jaco CJKnol1. Apama Rao2.
Rudi J. Planta1 Emo Vreuedenhil1. Harm van Heerikhuizen1 , Kpn Lulrowiak2 and
Naweed I. Sved2.1 Graduate School of Neurosciences Amsterdam, Research Institute
Neurosciences Vrije Universiteit, Faculty of Chemistry, Department of Biochemistry
and Molecular Biology, Vrije Universiteit, De Boelelaan 1083, 1081 HV
Amsterdam, The Netherlands, ^Department of Anatomy and Medical Physiology,
Faculty of Medicine, The University of Calgary, Hospital Drive 3330 N.W.,
Calgary, Alberta, T2N 4N1 Canada
Through molecular cloning we have identified Lymnaea homologues of the G
protein a subunits Gao, Gai, Gas and Gaq, as well as a G protein p subunit and a
novel, hitherto not described a subunit, Gaa. Western blot analysis reveals that
polyclonal antibodies raised against C-terminal decapeptide sequences of the
respective proteins can specifically recognize G proteins from the Lymnaea central
nervous system. We have used these antibodies in indirect immunofluorescence
studies to characterize the expression of G protein subunits in identified Lymnaea
neurons in culture. These proteins appear to be expressed in a highly localized
fashion, i.e. in varicosities and in growth cones. Moreover, they also appear to be
expressed differentially in that immunostaining exhibits a marked ceil typespecificity.
We have evidence that follower neurons of a giant identified dopaminergic
Lymnaea neuron (RPeDl, to which they make synaptic contacts both in vitro and
in vivo) are endowed with a different repertoire of G proteins as compared to nonfollower cells (exhibiting growth cone collapse in vz/rowhen they encounter an
RPeDl growth cone). The significance of such a differential expression for the
mechanisms underlying synaptogenesis and growth cone collapse is currently being
explored using antisense oligonucleotides to repress the expression of specific G
protein subtypes and antibodies to block their action.
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HIGH RESOLUTION LITHOGRAPHY OF CULTURED
HIPPOCAMPAL NEURONS D.A. Stenger.*. D.H. Cribbs1.
C.W, Cotmanl and T.J. Hickman^ Center for Bio/Molecular
Science and Engineering, Naval Research Laboratory,
Washington, DC 20375; 1: Dept. of Psychobiology; University
of California, Irvine, CA 92717, 2: Science Applications
International Corporation, McLean, VA 22102
Previous studies have shown that a variety of techniques
can be used to define growth pathways for cultured
embryonic neurons (1-4). Recently, more advanced goals for
neuron patterning have been targeted, including spatial
determination of axonal/dendritic polarity and selective
placement of individual neuronal phenotypes. In this
presentation we will describe our recent work toward these
goals through the design of lithographic masks, substrate
material optimization and chemical derivatization,
comparative lithographic strategies, and culture protocols for
high resolution growth of rat hippocampal neurons.
1. D. Kleinfeld, K. H. Kahler, P, E. Hockberger, J. Neuroscience 8, 4098-

4120 (1988).
2. A. S. G. Curtis, P. Clark, Crit. Revs, in Biocompatibility 5, 343-362
(1990).
3. J. M. Corey, B. C. Wheeler, G. J. Brewer, J. Neurosci. Res. 30, 300-307
(1991).
4. D. A. Stenger, et al., /. Am.Chem.Soc.114, 8435-8442 (1992).
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LAYER 5 NEURONS ESTABLISH THE FIRST CORTICAL
PROJECTION TO THE DORSAL THALAMUS IN FERRETS.
F. ClascC*. A.Anaelucc't and M, Suu Dept ofBrain & Cognitive Sci., MIT,
Cambridge, MA 02139.
Wp have investigated the early development gf cgrtical projections to the
thalamcs id ferrets. Specifically, we have studied the projections to the ventral
(MGv) and medial divisions of the medial geniculate nucleus, the dorsal lateral
geniculate nucleus, dorsomedial and ventromedial nuclei, as well as the
cpdtrompdiad-parafascicclar complex (CM-Pf), between 36 to 62 days
pgstcgdcpptiod (PC). Fortracing connections we have used Dil in fixed brains,
and WGA-HRP or dextran-biotin injections in living postnatal animals.
Cortical projections to the various thalamic nuclei show some remarkably
consistent features. Our main finding is that cortical projections do not start to
invade the dorsal thalamus until about PC5O. Surprisingly, the first axons to
invade the thalamus are those of pyramidal layer 5 neurons. This projection is
consistently observed after Dil implants in all the nuclei studied and shows a
gross topographical organization. Analysis of the terminal labeling in the
brainstem indicates that at least part of these projections are collaterals of
corticotectal or corticopontine axons. Layer 6 neurons start to invade the
thalamus in significant numbers only after PC60. We have not found evidence
for a substantial projection from the subplate zone (SP) to the dorsal thalamus
in any of the ages studied. Although occasional SP cells are labeled following
Dil implants limited to the thalamus, this labeling is inconsistent between cases,
and appears to be related to long (o10wk) periods of dye diffusion. A
population of neurons in the deep SP and external capsule, however, is
consistently labeled after tracer injections involving the internal capsule and
perireticular nucleus. Thus, our results show that early corticothalamic
projections from layer 5 cells may constitute a critical step in the development
of precise connections between thalamus and cortex. On the other hand, our
findings support the notion that the connections of SP neurons are largely
confined to the ipsilateral cerebral hemisphere and internal capsule.

CHRONIC OPTICAL IMAGING OF THE DEVELOPMENT OF ORIENTATION
DOMAINS IN FERRET AREA 17. B. Chapman* and T. Bonhoeffer. Max Planck
Institute for Psychiatry, 82152 Munich-Martinsried, Germany. 'Present address:
Division of Biology, 139-74, Caltech, Pasadena, CA 91125.
Optical imaging of intrinsic signals has been used to study the emergence of isoorientation domains in kitten visual cortex. However, in previous studies it was
difficult to obtain recordings closely spaced in time due to the fragility of kittens at the
early age at which orientation domains form. Ferrets are considerably older and more
robust when their visual system is at the same developmental stage. In the present
study we therefore used ferrets to obtain more precise information about map formation
in the visual cortex.
Chronic recordings were performed to study the developing maps over time in
individual animals. The earliest age at which orientation domains could be visualized
varied considerably between animals (PND 31 to 36). In every animal the earliest map
observed was a low contrast map with areas of orientation-specific activity which were
difficult to distinguish from noise. These early maps matured over the next few days
into the high contrast, patchy patterns of iso-orientation domains seen in adult animals.
In contrast to earlier results obtained in kittens, where initially crude patches were
found to refine, a striking characteristic of the development of orientation-specific
activity maps in ferret striate cortex was the constancy of the maps over time. Features
which could barely be discerned in the earliest activity maps were always seen as
patches of the same size, shape and location in the images obtained from subsequent
recording sessions. Fine features of the more mature maps, including the relative
intensities of individual patches of iso-orientation activity, were also constant from one
recording session to another, over a period of many weeks. A curious but repeatable
result in some, but not all, animals was that maps in response to stimuli at 0 and 90
degrees developed considerably earlier than the maps for the oblique orientations.
We conclude that the pattern of orientation-specific domains in ferret striate cortex is
established early in postnatal development, and that the orientation maps are very stable
over time and are unaffected by the segregation of eye-specific response domains which
is thought to occur during the period of development studied here.

Support: EY07719 to MS and Fogarty 1FO5 TWO 4881-01 to F.C.
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KITTENS WITH ALTERNATING MONOCULAR EXPERIENCE
FROM BIRTH DEVELOP IDENTICAL CORTICAL ORIENTATION

DEVELOPMENT OF MODULAR ORGANIZATION IN AREA V2 OF
MONKEY AND HUMAN VISUAL CORTEX. M.A.Sesma* and

PREFERENCE MAPS FOR LEFT AND RIGHT EYE.

Tobias Bonhoeffer* and Imke Godecke. Max-Planck Institut fur Psychiatrie,
Am Klopferspitz 18a, D-82152 Munchen-Martinsried, FRG.
In kittens, monocular deprivation during the critical period results in a loss
of the cortical orientation preference map for the deprived eye. We have
previously shown that a subsequent reverse occlusion procedure leads to a
complete restoration of the original orientation preference mapl
In the present study we examined whether this re-appearance of the original
map could be explained by reactivation of inactive geniculo-cortical afferents
remaining in place after monocular deprivation, or whether it was indeed
genuine restoration from scratch that we observed.
To this end we raised kittens with exclusively monocular experience up to
the fifth postnatal week. At this time we used optical imaging to record the
orientation preference map that the open eye had formed in the visual cortex
(area 18). Subsequently the eyes were reverse-sutured and the newly opened
eye was allowed to establish an orientation preference map. Seven to fourteen
days after the reverse suturing we recorded the newly formed orientation
preference map by stimulating the now open eye.
To our surprise we discovered that both eyes had formed virtually identical
orientation preference maps in the visual cortex. Considering that the two eyes
never had common visual experience, activity dependent mechanisms as
usually invoked to explain map formation do not seem to be able to account for
this result.
Two explanations are conceivable: (1) orientation maps could be
predetermined for both eyes by some yet unknown intrinsic factor. (2) Alternatively, one could envisage that intrinsic cortical connections - left behind by
the first orientation preference map - reflect the original organization and form
a scaffold for the now establishing map from the initially deprived eye.

A.Burkhalter. Dept. of Anatomy and Neurobiology, Washington Univ.

Sch. of Med., St. Louis, MO 63110.
Our understanding of mechanisms underlying the development of
distinct areas within cerebral cortex is incomplete. Evidence from
rodent cortex suggests an important role for thalamocortical afferents
(Schlaggar and O'Leary, 1991). We have applied this idea to the
development of areas in macaque and human visual cortex. Specifically,
we have used acetylcholinesterase histochemistry (AChE) to determine
the sequence in which putative thalamocortical (pulvinar) afferents
form clusters in area V! and stripes in area V2.
Flattened occipital cortices from fetal macaques and humans were
stained for AChE reactivity. In 26 week human fetuses staining in the
cortical plate of areas VI and V2 is uniform. By 38 weeks gestation V2
shows distinct stripes of dense and poor AChE staining in layers 3 and
4. In contrast by 38 weeks, though VI exhibits the distinctive
lamination, clusters have not yet emerged, but begin to form by 1 week
postnatal.
In an E123 macaque V2 shows distinct AChE staining of ~1.2mm
wide stripes with a center-to-center spacing of ~2.4 mm that run
perpendicular to the VI/V2 border. At this age staining in upper
layers of VI is uniform and shows none of the clustered pattern
associated with projections to blobs seen in adults (Horton, 1984).
The results suggest that thalamocortical afferents in V2 become
segregated into stripes before they form patches in VI and before
geniculocortical afferents segregate into ocular dominance stripes
(Rakic, 1977). In addition the results suggest V2 assumes its modular
organization several weeks before VI.
Supported by NIH AG 11455.

'Bonhoeffer et al., Neurosci. Abstr. 1993, 737.4
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EARLY DEVELOPMENT OF MODULAR CONNECTIONS IN
VI AND V2 OF MACAQUE MONKEYS. T.A. Cooean* and
D.C. Van Essen Dep't. Anat. & Neurobiol., Washington Univ.
Sch. Med. St. Louis MO 63110
We have studied the development of connections within and
between visual areas VI and V2 by making injection of di-I
crystals into brains taken from fetuses and neonatal animals of
different ages. Material has been studied from eleven brains at
ages ranging from embryonic day 118 (El 18, out of a 165 day
gestation) to postnatal day 21.
At E155, connections in V2 are organized in a clearly modular
pattern. Clusters of labeled fibers and neurons were seen at
distances up to 3.5mm from the injection site; the clusters
range in size from 0.2-0.8mm across, with a gaps of 0.1-1.5mm,
in good correspondence with results of studies of adult
connections. The labeled neurons were found in layers 3 and 5,
while the labeled fibers extended through all cortical layers.
Modular connections within V2 were also found at E140,
though these clustered connections were more rudimentary,
involving
fewer
neurons
and
less
extensive
fiber
ramifications. A modular pattern was also observed at E140, but
not at earlier ages, in the neurons in the superficial layers of
VI which project intrinsically and in those which project to
V2. This corresponds well with reports of the earliest
appearance of cytochrome oxidase blobs. We are grateful to Dr.
Anita Hendrickson of Univ. of Washington and to Dr. Charles
Ducsay of Loma Linda Univ. for making tissue available.

SEGREGATION OF FUNCTIONAL VISUAL PATHWAY IN THE PRENATAL MONKEY. P
Barone*C. Dehav. M. Berland and H. Kennedy. INSERM U37l Cerveau et Vision. BRON
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DEVELOPMENT OF HORIZONTAL CONNECTIVITY REVEALED BY
OPTICAL IMAGING OF FERRET VISUAL CORTEX IN VITRO. D. A.
Nelson* and L. C. Katz. Department of Neurobiology, Duke University
Medical Center, Durham, NC 27710.
The emergence of functional horizontal connections mediating the
horizontal spread of activity in layer 2/3 of ferret visual cortex was monitored
using real-time optical imaging with voltage sensitive dyes. To monitor the
spread of activity at high resolution over large regions of brain slices, "montage
imaging" was developed. Montage imaging combines asynchronously recorded
images of different regions of a stimulated slice into a single animated map of
activity patterns. Dye-loaded coronal slices from the visual cortex of P2O to P71
ferrets were electrically stimulated at the layer 6/white matter boundary, and the
patterns of evoked activity analyzed for the extent of horizontal spread of
activation in layer 2/3 (n=82). Until approximately P30 (just prior to eye
opening), the spread of activation is largest within an approximately columnar
region; activation spreads approximately 500 pm lateral from the stimulus site.
During the week following eye opening, horizontal spread increases to over 1000
pm. This distance stays constant through P7O.by which time the cortex has
reached its adult state. Thus, until the time immediately prior to eye opening,
evoked activity patterns are dominated by local interactions, despite the presence
of long, unbranched collaterals from pyramidal cells. Significant horizontal
interactions emerge when secondary branches and crudely clustered projections are
first detectable (see Durack & Katz, this volume). Thus, the limited horizontal
interactions present in the youngest cortices are weaker than local interactions; in
mature cortex, the two are at least roughly equivalent. Supported by NIH grant
EY07690 (L.C.K.) and a Howard Hughes Predoctoral Fellowship (D.A.N.)
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We have analysed the development of the two functional visual pathways that link area V2
with areas V4 and V5. The parietal directed pathway -via area V5- deals with'motion analysis
whereas the temporal directed pathway -via area V5- deals with form and colour analysis. In
the adult, area V2 neurons which project to ipsilateral area V4 occupy cortical territories
which avoid the stripes of high levels of cytochrome oxidase (CO) activity. We have
demonstrated that these V2 neurons projecting to V4 are located in regions corresponding to
bands of high acetylcholinesterase (AchE) activity which are expressed transiently in the
developing primate (1). We have used this anatomical landmark to study the segregation of
the connections linking areas V2 and V4 in pre- and postnatal monkeys.
Injections of retrogradely transported fluorescent dye in area V4 on the lateral suriace of
the prelunate gyrus were performed in adult, new-born and fetal monkeys. Adult-like patterns
of distribution of V2 projecting neurons are observed at birth. In the fetus of embryonic day
129 (E129), neurons projecting to area V4 present a patchy distribution, and the majority of
these neurons are located in regions of high AchE activity. Following dye injection at
El 12, retrogradely labelled neurons in V2 are also distributed in a discontinuous pattern.
Regions of low AchE activity contain a lower density of projecting neurons than AchE
bands. These results indicate that early in development, there is a high degree of segregation
in the ipsilateral connection between areas V2 and V4. In the same brains, we have also
analysed the development of the V2 callosal connectivity directed to area V4. In the adult,
area V4 receives an important projection arising from the contralateral areas V4, V3 and
from a small number of neurons in V2 located near the VI border. In fetuses, following a
injection in V4, callosal neurons in V2 occupy a large territory throughout the dorsal and
the ventral extent of this area.
In conclusion, in the primate, the ipsilateral visual pathways are segregated early in the
development, right from the onset of axogenesis. Therefore, it seems that selective
elimination plays only a minor role in the emergence of the ipsilateral adult pattern of
connectivity in the primate. The role of selective elimination in the developmental
restriction of cortical pathways appears to be largely confined to the callosal pathways
linking the two hemispheres.
(1) Barone et al. Dev. Brain Res. 77 (1994):290-294.
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NEURONAL DYE-COUPLING AND SPONTANEOUS ACTIVITY ARE
INVERSELY RELATED IN DEVELOPING FERRET VISUAL CORTEX.
K. KKidlear* S.B.
and I ,.C. KKat. Deppment of Neierobtology, DDce
University Medical Center, Durham, NC 27710.
Neurons in the developing rat neocortex are coupled via gap junctions (Lo Turco
& Kriegstein, Science 252:563,1991; Peinado et al., Neuron 10:103, 1993). To
investigate the relationship between non-synaptic and synaptic communication in the
developing cortex, we recorded from neurons in acute slices from ferret visual cortex
(PO-P64) using the whole cell patch clamping and biotin ethylenediamine (BE), a
tracer which passes through gap junctions.
Filling individual neurons with BE frequently labelled neighboring neurons (1-65
labelled cells per injection, n=l73). Coupling was suppressed by the gap junction
blocker 16-doxyl-stearic acid (50 pM), indicating that BE spread through gap
junctions. Dye transfer occurred only between neurons in the cortical plate; neurons
in the subplate were not coupled (n=lO, P0-P19). Coupling was age dependent, with
a peak at P10-14 at which 52% (n=29) of neurons were coupled. Coupling gradually
declined thereafter (P15-P19:31%, P20-P26:20%, P36-P64: 0%). In contrast,
spontaneous synaptic activity recorded in the same cells was very low during the first
two postnatal weeks but increased sharply between P10 and P19 (P0-P10:0.25 Hz ±
0.04 SEM, n=72; P14: 0.64 Hz ± 0.14, n=16; P19-P26: 2.83 Hz ± 0.41, n=28).
Therefore, the increase in spontaneous activity occurs at the same time when dye
coupling decreases. Furthermore, the transition from a cellular communication
based on gap junctions to a communication based on synapses occurs when
thalamocortical axons invade the cortical plate (AUendorfer et al., J. Neurosci.
14:1795, 1994). Thus intercellular communication via gap junctions is prominent
during early stages of development when synaptic activity is very low and when the
cortical plate is devoid of thalamic input, and declines as synapse number and fiber
ingrowth increase. Supported by NIH grant NS32396 and DAAD/NATO.
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NEUROTROPHINS MODULATE DENDRITIC GROWTH IN DEVELOPING
FERRET VISUAL CORTEX. A.K. McAllister*. T.R, White.ner,_L,C., Katz,
and D.C. Lo. Department of Neurobiology, Duke University Medical Center,
Durham, NC 27710.
The laminar specificity of dendritic arbors is crucial for establishing precise
local circuits in visual cortex but the molecular signals that regulate elaboration
and stabilization of dendrites are unknown. The temporally restricted laminar
distribution of neurotrophins and their receptors make them attractive candidates
for such molecular signals. To determine possible influences on dendritic growth,
exogenous neurotrophins were added to organotypic slices of P14 ferret visual
cortex for 24-48 hours and the dendrites of pyramidal neurons were visualized
using a particle-mediated gene transfer technique. Up to 70 neurons per slice were
successfully transfected with a B-galactosidase expression construct using this
technique in which micron-size gold particles coated with DNA were accelerated
at high velocity into slices by high pressure helium. The dispersed distribution of
transfected cells allowed detailed analysis of individual neurons and their
processes. Addition of neurotrophin-3 (NT-3), neurotrophin-4 (NT-4), nerve
growth factor (NGF), or brain-derived neurotrophic factor (BDNF) to these slices
modulated dendritic differentiation in a neurotrophin-specific and layer-specific
manner. The effects of NT-3 were restricted to pyramidal neurons of layer 6
resulting in an increase in the total amount of basal dendrite, the number of
branches, and the number of dendritic "protospines." In contrast, the effects of
NT-4 were less specific, exhibiting more generalized trophic support of the entire
slice; in addition to a dramatic increase in neuronal survival throughout the slice,
dendritic growth and differentiation of pyramidal neurons were enhanced in all
cortical layers. Thus, neurotrophins play multiple roles in the growth, survival,
and differentiation of dendrites of specific populations of visual cortical neurons.
Supported by NIH Grant EYO7S6O (L.C.K.) and the Klingenstein Fund
(D.C.L.).

POSTSYNAPTIC METABOTROPIC GLUTAMATE RECEPTORS DO NOT
MEDIATE OCULAR DOMINANCE PLASTICITY. Takao K. Hensch* and
Michael P. Stryker. W.M. Keck Center for Integrative Neuroscience, Univ. of
California, San Francisco, CA 94143.
Increases in intracellular calcium concentration trigger correlation-based changes
of synaptic efficacy in vitro. Release of calcium from intracellular stores has
recently been implicated in the induction of both long-term potentiation in the
hippocampus and long-term depression in visual cortex of rats. In order to assess
the requirement of metabotropic glutamate receptor activation for plasticity in vivo,
we infused the novel specific antagonist R,S- a -Methyl-Carboxyphenylglycine
(MCPG) into kitten striate cortex during a period of monocular visual deprivation
near the peak of the critical period (P27-34).
Osmotic minipumps filled with either drug (>25mM) or vehicle solution were
surgically implanted into both hemispheres 2 days prior to eyelid suture. Following
5 days of deprivation, the ocular dominance of cells within 2mm of the infusion
cannulae was determined physiologically by an experimenter blind to the minipump
contents. Initially the drug and vehicle solutions were adjusted to physiological pH
7, and ocular dominance shifted profoundly in both hemispheres (Contralateral Bias
Index, CBI=0.92; 93 cells in 3 animals). Subsequent whole-cell analysis in vitro,
however, revealed this drug preparation to be ineffective in antagonizing the
blockade of after-hyperpolarization current produced by the specific metabotropic
agonist t-ACPD. Basic solutions of MCPG (5-50mM, pH 11) were effective in the
in vitro assay, as well as in selectively antagonizing the excitatory effect of
iontophoretically-applied t-ACPD in vivo (>5x elevation of t-ACPD threshold with
no effect on kainic acid threshold). In the same region of cortex, ocular dominance
plasticity and visual responsiveness were normal (CBI=0.86; 171 cells in 4 animals).
We conclude that postsynaptic metabotropic glutamate receptor activation is not
required for ocular dominance plasticity in the kitten. Thus, coincident peaks in
glutamate-induced cortical PI turnover and the critical period cannot account for the
Hebbian plasticity of developing geniculocortical connections in vivo.
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FEEDBACK MAKES OCULAR DOMINANCE COLUMN DEVELOPMENT VERY
ROBUST. K.P. Unnikrishnan* and H.S. Nine. GM Research Labs, 30500 Mound,
Warren, MI 48090-9055, and The University of Michigan, Ann Arbor, MI 48109.
In spite of the inherent variability in biological processes, the development of
columns in mammalian sensory systems is very robust. For example, the average '
width of ocular dominance columns in normal cats is very uniform (1). Here, through
computer simulations, we show that feedback pathways active during the development
of the visual system are primarily responsible for this robustness.
Our model contains two arrays of LGN neurons (one for each eye) and an array of
cortical layer IV neurons. Locally correlated retinal activity drives the LGN neurons.
Feedback pathways carry locally summed cortical activity to the dendritic arbors of
layer IV neurons, providing post-synaptic depolarizations at geniculocortical (GC)
NMDA synapses. A correlation-based, biophysically plausible algorithm called
Alopex (2) is used to modify GC synaptic strengths.
Preliminary results and the possible role of subplate in forming the feedbackpathways have been presented earlier (3). Here we present recent results that show that
the average width of columns developed in the model remains almost constant for a
wide range of values of anatomical and physiological parameters. These include (i) the'
initial strengths of GC synapes, (ii) the initial pattern of GC connections, and (iii) the.
constraints on synaptic strengths. The figures below show that for case (i), the ocular
dominance patterns look almost identical.

MONOCLONAL ANTIBODIES DEFINE GROWTH-PROMOTING
MOLECULES SPECIFIC FOR THALAMIC AXONS . S. Henke-Fahle*L
M. Gbtz2. K. WiltP and J. Bolz4. !Dept. Ophthal., Univ. Tubingen, Germany;
2SmithKline Beecham, Harlow, Great Britain; ^MPI Entwicklungsbiologie,
Tubingen; 4INSERM U.37l, Cerveau et Vision, Bron, France.
Thalamocortical afferents arrive in the cortex before their target cells in layer 4 are
bom. Shortly before these cells have migrated to their final position thalamic fibers
invade the cortex. Growth-promoting molecules for thalamic axons are up-regulated
during this period (Gbtz et al., 1992). As a first step towards identification of such
molecules, we generated monoclonal antibodies (mab) against membrane preparations
from postnatal cortex. Three antibodies with similar staining patterns were examined.
At E19, expression of the respective antigens was restricted to the subplate and
intermediate zone (IZ). Staining with mab 111 (IgG) and mab 942 (IgM) was
distributed throughout the IZ, while staining with mab 10 (IgM) was concentrated in
the outer region of the IZ. By P6 all three antigens had spread into all cortical layers.
We analyzed the growth of thalamic and cortical axons on postnatal cortical
membranes and on laminin in the presence and absence of these antibodies. Mab 10
exerted a significant inhibitory effect on thalamic axons, reducing growth to 48%
(p<0.001%-). In contrast, outgrowth of cortical axons was enhanced (140%, p<0.01%).
On laminin, mab 10 had no effect on cortical axons, but slightly impaired the growth
of thalamic axons (p<0.05%). Mab 111 led to a reduced outgrowth of thalamic fibers
on cortical membranes (64%, p<0.01), but showed no significant effect on cortical
axons or when laminin was used. Mab 942 had no significant effect on both axon
populations growing on either substrate. All three antigens could be extracted with
urea, suggesting that they might be components of the extracellular matrix. Western
blots revealed aa broad smear extending from 190-260 kD for mab 10 and 111, mab 942
recognized a band of 69 kD app. mol. weight after chondroitinase ABC incubation.
Our results suggest that components of the extracellular matrix, defined by mabs 10
and 111, contribute to establish the pathway for thalamic axons and to regulate their
cortical invasion. At the same time, at least one epitope recognized by mab 10 might
play a role in segregating afferent and efferent cortical projections.

1. Shatz et.al. Brain Res. 131,103 (77). 2. Unnikrishnan & Venugopal, Neural Comp. 6,469
(C4); Unnikrishnan & Sekar, Soc. Neurosci. Abstr. 19,241 093). 3. Unnikrishnan & Nine, Soc.
Neurosci. Abstr. 17,1135 (*91); Nine & Unnikrishnan, Comp. & Neural Sys. (Kluwer), 389 (93).
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EFFECTS OF MONOCULAR DEPRIVATION ON DENDRITIC MORPHOLOGY
OF VISUAL CORTICAL NEURONS. L. Domenici* and A. Burkhalter. Department
of Anatomy and Neurobiology, Washington University Medical School, St. Louis ,
MO 63110.
"
'

EFFECT OF EARLY MONOCULAR ENUCLEATION UPON
CYTOCHROME OXIDASE ACTIVITY IN MONKEY AND HUMAN
VISUAL CORTEX. J.C. Horton*. Department of Ophthalmology, UCSF,
San Francisco, CA 94143-0730.
Early unilateral eyelid suture results in uniform cytochrome oxidase (CO)
staining of layer IVc in macaque striate cortex, despite severe shrinkage of
ocular dominance columns serving the deprived eye (Horton & Stryker,
PNAS. 1993). In this present study, I tested the pattern of CO activity
produced by early monocular enucleation. The right eye was removed in 2
macaque monkeys a week after birth, followed by survival times of 1 & 3
years. Both animals showed drastic loss of CO activity in denervated,
atrophic laminae of the lateral geniculate body. However, in layer IVc of
striate cortex, CO activity appeared homogeneous. In layer IVa, the
honeycomb CO pattern was organized into pale and dark stripes. In layers
II,III alternating rows of pale and dark CO patches were visible. In V2, the
typical pattern of alternating thick, thin, and pale CO bands was preserved.
In an analogous human case, I examined the visual cortex of a boy whose
right eye was enucleated at age 1 week for retinoblastoma. Several tumors
were treated in the periphery of the left eye, but good visual acuity (20/50)
was maintained until death at age 4 from a brain tumor. In layer IVc of
striate cortex, CO activity appeared homogeneous. Patches were present in
the upper layers, but alternating pale and dark rows were not clear.
The absence of any CO columns in layer IVc of monkey and human striate
cortex following early monocular enucleation might be explained if this
procedure leads to complete obliteration of the eye's ocular dominance
columns. We are investigating this possibility with [3H]-proline transneuronal
autoradiography. (Supported by NEI EY10217)

Binocular cortical neurons acquire their mature pattern of synaptic inputs through
competition between afferents from the left and the right eye for a set number of
postsynaptic sites. This conception assumes that manipulation of the visual input
early in life, such as monocular deprivation (MD), alters the balance between
competing inputs without changing the number of postsynaptic sites. To test this
model directly we have compared the density of dendritic spines in pyramidal
neurons of rat visual cortex in normal and MD rats. Because the number of inputs
to mature neurons depends on the dendritic arborization we compared cells with
similar properties: deep layer 2/3 cells in area 17 that project to LM and feedback
projecting cells in LM.
Rats were monocularly deprived by eyelid suture at the beginning of the critical
period (P14). After two weeks of MD a mixture of N-methyl-aspartic acid (NMDA)
and biotinylated dextran amine (BDA), was injected in either area 17 or area LM.
Normal rats were treated the same way. Five days after the injection the animals
were perfused and sections through visual cortex were processed to visualize Golgilike retrogradely labeled neurons in areas LM and 17, respectively. The results
show that basal dendrites of layer 2/3 neurons in area 17 have smaller diameters. In
addition, in large caliber dendrites, spine density is reduced compared to normal
animals. These effects seem largely confined to area 17. Cells in LM are in every
respect comparable to controls.
These results suggest that the effects on dendritic morphology are mediated via
geniculocortical afferents. Whether these plastic processes lead to a change in the
total number of postsynaptic sites in binocular cortical neurons is under investigation.
Supported by a grant from HFSP.
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Feedback to Cones by Luminosity Horizontal Cells Controls the
Depolarizing Response of Chromatic Horizontal Cells. P. Witkovsky*1,2.
R. Gabriel*. D. Knzai*. A. Akopian! Depts. Ophthalmology4 and Physiology &
Biophysics2, New York University Medical Center3 Dept. Zoology, Janus
Pannonius Univ. Pecs, Hungary
The chromatic horizontal cell (C-HC) of the Xenopus retina is hyperpolarized by
blue light and depolarized by red light. In a parallel study, (Zhang, Kleinschmidt,
Sun and Witkovsky, submitted) Xenopus cones were classified into red (87.7%),
blue (8.7%) and mini (UV?, 3.6%) types by immunocytochemistry and
lectin/stilbene dye staining. We first filled either L-HC or C-HC networks with
neurobiotin, then reacted the retina with peanut agglutinin which stains red/mini
cones, but not blue cones. L-HCs contacted every cone type, but C-HC's synapsed
only with blue cones. Simultaneous intracellular recordings from L-HC and C-HC
showed that a saturating red field hyperpolarized the L-HC, suppressing all flash
responses. The C-HC depolarized and its response to a red flash was abolished,
while that to blue light was increased, indicating a direct input from blue cones.
Weak Co2+ (0.4-0.7 mM) increased the red light response of the L-HC but reduced
that of the C-HC, implicating a Ca channel, perhaps located in the cone
(Burkhardt, Vis. Neurosci. 10: 981 1993), in C-HC response generation. Glycine
abolished the depolarizing response. Whole cell patch clamp studies showed that
the C-HC lacks a glycine receptor, whereas the L-HC has one. These data support
a dependence of the red light -induced depolarization of the C-HC on L-HC
feedback to blue cones, in agreement with Stell's (Science 190:989, 1975) model.
Supported by EY 03570 to P.W.

THE INWARD RECTIFYING POTASSIUM CONDUCTANCE CAN
ACCELERATE THE RATE OF ONSET OF THE LIGHT RESPONSE IN
RETINAL HORIZONTAL CELLS. C.-J. Dong* and F. S. Werblin, Dept,
of Molecular and Cell Biology, University of California, Berkeley, CA
94720.
This study investigated the functipnal role of the inward rectifying
conductance (IRPC) in horizontal cells (HC's) acutely isolated from the
catfish retina. We measured the activation range of the conductance using
the whole-cell patch clamp technique. The Ca~ and Na+ currents were
blocked with Cd~ and TTX. When cells were bathed in the normal Ringer
(E* = -88 mV) the IRPC was fully activated at -120 mV and about 30 to
40% activated at the resting potentials of isolated HC's (-70 to -80 mV).
The conductance decreased to zero as the membrane was further
depolarized to about -25 mV, the dark potential of HC's in the intact
retina. Because the activation range of the conductance partially
overlapped the physiological response range (-25 to -75 mV) the IRPC
could contribute to a regenerative hyperpolarization of the membrane
during the normal light response. To test this, we drove isolated HC's with
hyperpolarizing current ramps and examined the rate of the potential
change of the membrane between -25 and -75 mV. Under these
conditions the rate of potential change was about 8 times faster when the
IRPC was present than when it was blocked with Cs+ or Ba++. These
results show that the IRPC, activated over the physiological potential
range of the HC, can accelerate the rate of onset of the hyperpolarizing
light response of the cell.
Supported by EYO6482 to CJD and EY00561 to FSW
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TWO TYPES OF GABA-INDUCED CURRENTS IN CATFISH
RETINAL HORIZONTAL CELLS. K.-I. Takahashi, S. Miyoshi(1) and A.
Kaneko*. Dept. Physiol, and
Dept. Int. Med., Keio Univ. Sch. Med.,
Shinjuku-ku, Tokyo 160, JAPAN.
It has been shown that GABAergic retinal horizontal cells are sensitive
to GABA. To learn about the role of GABA in horizontal cells, the GABAinduced current (Igaba ) was studied in cone-driven horizontal cells
dissociated from the retina of the catfish (Jctarulus punctatus) under
whole-cell voltage-clamp conditions with almost symmetrical Cl" on each
side of the membrane. At a holding potential of -50 mV, 100 pM-GABA
induced a sustained inward current, which consisted of 2 components; a
picrotoxin (PTX)-sensitive main (75 - 95 %) component, and a Na+dependent minor (5 - 25 %) component.
PYX-sensitive current: The reversal potential of the PTX-sensitive Igaba
agreed well with the equilibrium potential for Cl', indicating that the
receptor gates Cl~ channels. The current was not influenced by bicuculline
(500 pM), pentobarbital (100 pM) and diazepam (100 pM). Baclofen (500
pM), a GABAb agonist, had no effect. Cis- and /rans-4-aminocrotonic
acid (CACA and TACA), GABAc receptor agonists, were effective. These
results suggest that the PTX-sensitive Igaba flows through a GABAc
receptor channel. It is likely that this receptor in the cone-driven horizontal
cell contributes to regulation of GABA release from horizontal cells per se.
Na+-dependent current: This current component was abolished by
substituting LiCl for NaCl. The Na+-dependent Igaba was also dependent
on the extracellular Cl" concentration. The current was suppressed by
nipecotic acid (100 pM) or SKF89976A (100 pM), neuronal-type GABA
transporter inhibitors, while ^-alanine, a glial-type GABA transporter
inhibitor, at mM concentrations blocked the Na+-dependent Igaba to some
extent. These results suggest that horizontal cells express a neuronal type of
GABA transporter which takes up GABA from the synaptic cleft.

MULTIPLE GABA RECEPTOR SUBTYPES MEDIATE
INHIBITION OF CALCIUM INFLUX AT RAT RETINAL
BIPOLAR CELL TERMINALS. Zhuo-Hua Pan* and Stuart A.
Lipton. Dept, of Neurology, Children's Hospital and Program in
Neuroscience, Harvard Medical School, Boston, MA 02115.
Terminals of retinal bipolar cells receive synaptic input from
GABAergic amacrine cells. Recently, a novel GABA receptor, termed
C-type, was reported in the retina (Feigenspan et al., Nature 1993; Qian
& Dowling, Nature 1993). In the present study, we investigated the
pharm^ological properties of multiple GABA receptor subtypes and
their inhibitory effects on K+-evoked calcium influx at mammalian
bipolar cell terminals. A confocal imaging system and Ca2+ indicator
dye, fluo-3/AM, were used. Bipolar cells were acutely dissociated from
2 to 3 week-old rat retinas. We found at least two components of
inhibition of Ca2+ influx by GABA, with distinct time courses and
pharmacological profiles. The first component, activated by £1 pM
GABA, was slow in onset. This component was also activated by
muscimol, trans- and cis-4-aminocrotonic acid (1 pM TACA and £100
pM CACA, respectively). It was blocked by neither bicuculline nor
picrotoxin, but was blocked by 3-APMPA (3-aminopropal-[methyl]phosphinic acid), and partially by I4AA (imidazole-4-acetic acid). Most
of these properties are reminiscent of the GABAc receptor. However,
the 3-APMPA-sensitive effects of GABA were observed even at very
low concentrations of extracellular Cl' (6 mM). The second component
was present only at higher concentrations (~5 pM) of GABA and
activated more quickly. This component was readily blocked by
bicuculline or picrotoxin, indicating the involvement of the conventional
GABAa receptor in addition to a GABAc-like component
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DYNAMIC IMAGING OF FUNCTIONAL SUBDIVISIONS WITHIN THE
SALAMANDER RETINA INNER PLEXIFORM LAYER. D ,P. Wellis* and F. ft .
Werblin. Division of Neurobiology, Dept. of Molecular and Cell Biology,
University of California, Berkeley, CA 94720.
The salamander inner plexiform layer (IPL) is functionally divided into ON
and OFF sublaminae but preliminary evidence suggests that lateral and
vertical gradients of fast and slow, On and OFF activity may also exist. For

MORPHOLOGICAL AND PHYSIOLOGICAL BASIS OF STARBURST-ACH
AMACRINE INPUT TO DIRECTIONALLY SELECTIVE (DS) GANGLION
CELLS IN RABBIT RETINA. F.R. Amthor* and Norberto M. Grzywacz1
*Dept. of Psychology, University of Alabama at Birmingham 35294
‘Smith-Kettlewell Eye Research Institute, San Francisco, CA 94115.
We report results from visually guided recordings and staining of multiple DS
ganglion and starburst amacrine cells to determine their connectivity. On-Off DS
ganglion cells of the same preferred direction form exclusive, tiling-like domains in
which dendrites of neighboring cells terminate at close appositions at their first point
of contact, similar to that of Neurobiotin coupled cells shown by Vaney and
collegues. DS ganglion cells also appear to be contacted asymmetrically by
starburst amacrine cells depending on their preferred direction.
Are spikes reported to occur in starburst amacrine cells, or ganglion-ganglion
cell electrotonic coupling, important in DS ganglion cell physiology? We report that
spike times are not closely correlated between nearest neighbor On-Off DS ganglion
cells having the same or different preferred-directions. This suggests that (1)
individual spikes from neighboring DS ganglion cells do not drive spikes in each
other through gap junctions, and (2) individual starburst amacrine cell spikes do not
produce correlated spikes in adjacent DS ganglion cells. However, extracellularly
recorded starburst spikes are often directionally selective, and tightly correlated with
spikes in On-Off DS ganglion cells. We report a number of control experiments to
confirm the characteristics and identity of the extracellularly recorded starburst
spikes, such as effect of electrode movement, change in stimulus position, and
analysis of spike waveforms and coupling failures. We consider the strong
implications • these findings have for models of directional selectivity such as
proposed by Borg-Graham, Grzywacz and Amthor, and by Vaney and collegues.
Supported by NEI EY05070, EY08921 and ONR N00014-91-JH280.

example, transient activity may be carried along amacrine cell processes
that ramify exclusively within the mid-IPL (Werblin et al., 1988). To further
explore the sublamination of the IPL in space and time, optical recording
techniques were applied to retinal slices stained with the Ca-sensitive dye
fura-2AM. Synaptic activity within the IPL was initiated by depolarizing
bipolar cell dendrites with localized puffs (30ms) of KCI (110mM) or
glutamate (1mM) directed at the OPL. Fura-2 was excited at 38Onm and
activity was monitored with a SIT camera. The widespread signals within
the IPL rose rapidly and decayed over a period of many seconds.
Evidence obtained from single whole-cell clamped, fura-2-filled cells
indicated that bipolar, amacrine and ganglion cell processes contributed to
these signals. KCI puffs evoked activity across the full width of the IPL,
consistent with the activation of all types of bipolar cells. Glutamate puffs,
however, evoked activity only within the distal half of the IPL, consistent
with the selective activation of OFF bipolar cells. IPL activity was reversibly
suppressed by bath perfusion of GABA (2OOj M), consistent with evidence
showing that GABA acts at bipolar terminals to reduce transmission to third
order cells. In a few cases, a transient band of activity appeared along the
midline of the IPL. These data indicate that optical recording can reveal
the spatk>temporal dynamics of the sublamination of the IPL.
Supported by NIH grants to DPW and to FSW.
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RECEPTIVE FIELDS AND VOLTAGE GATED CURRENTS OF DISPLACED
STARBURST AMACRINE CELLS IN THE RABBIT RETINA B.N.Peters and

WHOLE-CELL PATCH-CLAMP RECORDINGS FROM TISSUE-PRINTED
RETINAL GANGLION CELLS. Toshihide Tabata & Andrew Ishida*. Section
of Neurobiology Physiology & Behavior, University of California, Davis CA
95616; Department of Physiology, Osaka University, Osaka 565 Japan.
More than a dozen different ion channels and neurotransmitter receptors have
been characterized with patch-clamp methods in dissociated proximal retinal
neurons, transretinal slices, and whole retinae. Vertical slices permit broadside
drug application, but orthogonally transect laterally arborizing dendrites:
dendritic trees are truncated wherever their diameters exceed slice thickness,
and dendrites of somata at the slice surface are lopped off altogether. To
record from retinal ganglion cells with intact dendritic trees, with the advantage
of reduced diffusion barriers in slices, we have used the peeling method of
Shiosaka et al (1984) and the tissue-printing method described by Barres et al
(1990) to separate distal and proximal layers of goldfish (Carassius auratus)
retina, forming 'horizontal slices' or 'tissue-prints' of retina. With rhodaminecoupled dextran transported retrogradely via the optic nerve, we have identified
retinal ganglion cell somata, and mapped multipolar dendrites extending
hundreds of urn from these somata. With tight-seal patch electrodes, we have
measured voltage-gated and neurotransmitter-sensitive whole-cell currents (e.g.
TTX-sensitive Na" current and GABA-activated Cl' current) from identified
ganglion cells in these tissue-prints.
This approach should facilitate
pharmacological and electrophysiological analyses of dendritic trees.
Supported by NIH grant EY 08120

R.H.Masland* Program in Neuroscience, Harvard Medical School and Howard
Hughes Medical Institute Boston, Ma. 02114
Starburst amacrine cells directly influence the receptive fields of many retinal
ganglion cells, but few studies have directly examined the receptive fields of starburst
cells themselves. We have developed techniques for making patch-clamp recordings
of displaced starburst amacrine cells in the whole mount retina.
Starburst cells were labeled by intraocular injection of
4,6-diamidino-2phenylindole (DAPI). One to two days later, retinas were dissected and maintained in
conditions known to preserve physiological function. Labeled cells w'ere located under
the microscope using brief pulses of fluorescent light. Electrodes were guided using
dim red light and Hoffman optics. Visual stimuli were focused onto the retina from a
video monitor. Vigorous responses to light were routinely recorded from these cells.
Whole-cell recordings of displaced starburst cells revealed frequent, spontaneous
rapid inward currents. Photic stimulation demonstrated ON-center, OFF-surround
receptive fields. ON responses consisted of two components; a large, slow inward
current and a burst of smaller, rapid inward currents. OFF responses consisted of
delayed, slow outward currents. Combined center and surround responses were
evoked when stimuli were presented at the border between the center and surround.
No directionally selective responses to moving stimuli were observed.
Voltage clamp experiments have revealed the presence of transient inward
(depolarizing) currents and multiple classes of outward (hyperpolarizing) currents.
We conclude: 1) Displaced starburst cells have an ON-center, OFF-surround
receptive field. 2) Mechanisms within the IPL contribute to the displaced starburst
cell’s receptive field surround inhibition. 3) Displaced starburst cells show no evidence
of ‘axon-like’ propagated action potentials.
Supported by EY01075.

99.9

99.10

LIGHT-EVOKED CURRENTS OF CAT AND FERRET
GANGLION CELL TYPES IN A
RETINAL SLICE
PREPARATION. E,D, Cohen* Dept, of Ophthalmology and Visual
Science, Yale Univ. Med. School, New Haven, CT 06520-8061

SIMULATION OF DYNAMICS AND SPATIAL INFORMATION CODING IN SPIKE TRAINS
OF GANGLION
CELLS IN THE CAT RETINA A .W. Przybyszewski* . M. J. M.
LankheeL and W. A. van de Grind. Dept. of Cognitive and Neural
Systems, Boston University, Boston, MA 02215 and Utrecht Biophysics
Research Institute, Dept, of Comparative Physiology, Utrecht University,
3584 CH Utrecht, The Netherlands.
Ganglion cell activity was recorded intracellularly in the optically intact in
vivo eye of the cat. We showed previously (Przybyszewski et al., Vis.
Res ., 33 (1993): 861- 875) that the generator (G) potential in response to
sinusoidally modulated light spots shows at least two kinds of oscillation
and can be simulated by the modified van der Pol oscillator. Local membrane properties and spike generation have been simulated by coupling
extended Hodgkin-Huxley equations to the van der Pol oscillator.
Responses to light spots were quantified by the following parameters: a.
burst duration relative to the silent period, b. phase difference between light
stimulus and beginning of the burst, c. irregularities of the spike burst, d.
number of spikes per period. Only coefficients a and c varied significantly with changes of stimulus frequency for different spot sizes. Coefficient
a showed a very strong modulation (about a factor of 50) for a spot size of
0.7 deg with a minimum at a frequency of 8Hz. For a spot size of 0.2 deg
changes were about a factor of 10 smaller. This effect was simulated by
decreasing the nonlinear properties of the van der Pol equation describing
the G-potential. Irregularities of the spike burst increased by about a factor
of 5 when the spot size decreased from 0.7 to 0.5 or 0.2 deg. This effect is
simulated by changing the mode of oscillation from periodic to chaotic or
quasiperiodic.
Supported by Whitehall grant S93-24.

The role of EAA receptors in the light-evoked responses of a and
P ganglion cells has been examined in a retinal slice preparation using
the whole-cell recording technique. Cat and ferret retinal slices were
prepared by a procedure similar to Edwards et al. (Pflugers Arch.
1989 414:600-612) and recorded using Ames media in the presence
of physiological concentrations of Mg2+[1.2mM]. The bath contained
lpM strychnine and 2OpM picrotoxin to block inhibitory currents and
TTX to block Na+ channels. To a 1 sec light flash, all ganglion cell
types showed a series of inward currents at either light onset or offset.
At a holding potential of -7OmV, inward currents of up to 5OOpA were
observed. These currents appeared to reverse near OmV, and were
often enhanced in the presence of strychnine and picrotoxin. The lightevoked currents were often composed of a fast initial transient and a
sustained component. At a holding potential of -7OmV, inward
currents persisted in the presence of the NMDA antagonist DAP5
lOOpM. These currents were often blocked in the presence of 1-10pM
NBQX or 5pM CNQX, and at more depolarized holding potentials
(-3OmV), an NMDA-mediated component to the ganglion cell EPSC
was seen. Thus EAAs play a critical role in the light-evoked responses
of a and P cells.

99.11

99.12

STRUCTURE-FUNCTION RELATIONSHIPS FOR CLASSES OF
GANGLION CELLS IN THE MUDPUPPY RETINA. R.F. Miller*
and T.J. Velte. Department of Physiology, Graduate Program in
Neuroscience, University of Minnesota, Minneapolis, MN 55455.
We have analyzed widely different classes of retinal ganglion cells
from the mudpuppy retina, which were stained with horse radish
peroxidase or Neurobiotin (Vector). The three-dimensional structure of
each cell was entered into a computer (Eutectic ENTS) and converted to
a compartmental model for detailed simulation analysis using either
Saber (Analogy) or a simulator acquired from Lawrence Livermore
National Laboratory. We compared the efficiency of dendritic integration
of bipolar-like conductance changes inserted into different dendritic
compartments. For each cell class, we used a membrane resistance (Rm)
ranging from 5000 to 100,000 Q cm2. The internal resistance was kept at
110 Q cm. For the smallest cells, the length constant (A) ranged from >
0.2 to < 0.1 A, while for the largest cells, the range was > 1.2 to < 0.4 A
depending on R,,. By placing the simulated bipolar input into different
regions of the soma dendritic tree, we derived quantitative parameters of
dendritic integration for peak and steady-state components of the
response. When high values of Rn are used, both small and large cells
effectively integrate from all regions of their dendritic trees. However,
the integration of transient vs steady-state components favors relative
enhancement of the latter.
(Supported by NIH grant EY00844 to RFM and EY-07133 to TJV)
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Maynard*, A, Anr. HI,
C.S, Oailw. Neurosurgical Service, Massachusetts
General Hospital, Boston, MA 02114.
Studies have shown that nitric oxide (NO) synthase
has been localized in the retina, and that NO can affect
conductances in isolated retinal neurons. We examined
the effect of altering NO production on the function of
the intact retina by monitoring changes in light-evoked
compound action potentials (CAPs) from the optic nerve.
Nitro-L-arginine (L-NA., 1 or 10 pM), a NO synthase
inhibitor, reduced the light-evoked CAPs to 68±8 % (n=7,
P<0.05) of control responses. L-Arg (1, 10, 100, 1000
pM), the endogenous NO precursor, also reduced CAPs to
84±4, 74±10, 29±11 and 8±2 % of control responses
respectively (n=3), whereas D-arginine (1 mM) had no
significant effect (87±6 %, n=3). L-NA (100 pM)
administered 15 min before 1 mM L-Arg, however,
prevented the reduction of CAPs (96±7 %, n=3). Sodium
nitroprusside (SNP, 1 mM), a NO donor, also reduced
control CAPs to 28±1 % (n=3, P<0.01). In conclusion,
light-evoked CAPs in the rabbit retina are modulated by
NO, and the detrimental effects of NO overproduction may
be prevented by pretreatment with L-NA.
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TRANSCRIPTIONAL REGULATION OF THE RAT
NMDAR1 GENE BY THE HUMAN TRANSCRIPTION
FACTOR MEF2C. Dimitri KrainC^Guang Bai. Maria Carles. John
W. Kusiak and S tutul A. Lipton. Depmment of Newoloiog, Children’s
Hospital, Program in Neuroscience, Harvard Medical School, Boston,
MA 02115, and Molecular Neurobiology Unit, Gerontology Research
Center, NIA, NIH, Baltimore, MD 21224.
We recently cloned human MEF2C, a transcription factor that has
homology to serum response factor and is expressed in brain and muscle
(Dana LeiNer et al., PNAS 1993). MEF2C activates transcription by
binding to the AT-rich DNA regulatory element found in specific genes
expressed in the nervous system. Here we report that the recently
cloned 5' flanking sequence of the rat NMDAR1 gene (G. Bai and J.W.
Kusiaa, BBA 1993) also contains a putative MEF2C binding site.
Forced expression of MEF2C in HeLa cells markedly enhanced the
expression of a luciferase reporter gene driven by the NMDAR1 5'
flanking region. To localize more precisely the MEF2C responsive
positive regulatory elements, we constructed a series of non-overlapping
NMDAR1 promoter fragments and tested them in the cotransfection
experiments. Most of the MEF2C enhancing activity (-70% ) was
quantitatively recovered in a 118 bp GC-rich fragment that contains two
Spl motifs, a GSG motif, but, interestingly, no AT-rich motifs. We
next showed that a mutation in one of the two Spl sites diminished
MEF2C-mediated transcriptional activation of the reporter construct.
Therefore, it appears that MEF2C regulates the activity of the NMDAR1
promoter, at least in part, via an Spl motif in addition to the putative
MEF2C regulatory element,
'

THE B-ZIP PROTEIN, C-MAF, INTERACTS WITH A B-ZIP-HLH
PROTEIN ON THE L7 PROMOTER: IMPLICATIONS FOR THE
ORGANIZATION OF CEREBELLAR PURXINJE CELLS.
C. Kuuchner and S J. Morgan, Roche Institute of Molecular Biology,
Roche Research Center, Nutley, NJ.
In the cerebellum, the gene, L7, is expressed in a dynamic temporal
and spatial pattern that is manifested as parasagittal bands, or
domains, of Purkinje cells. At least some of theses bands seem to
represent functional compartments of cells projecting to specific
cerebellar nuclei. One approach to identify the mechanisms that
orchestrate the genesis of functionally integrated compartments of
neurons is to investigate the regulation of genes that define these
compartments by identifying the responsible transcription factors.
Using a yeast expression screening system, we have identified the bzip protein c-Maf as a transcription factor binding to the L7 promoter:
An L7-lacZ fusion reporter gene is activated by c-Maf, if it contains
L7 nucleotides -198 to -219. The transact^^on domain of c-Maf is in
the N-terminal 122 amino acids of the protein. Among other
consensus sites, the L7 promoter contains an AP-1-like site,
downstream of the c-Maf binding site. Wo tested the ability of c-Fos
and/or c-Jun to activate expression (in the yeast system) of a reporter
gene containing both the c-Maf binding site and the AP-1-like site.
We found that neither c-Fos, nor c-Jun, nor both proteins together,
could activate the reporter gene, nor could they enhance the activity of
c-Maf. This suggests that c-Maf does not interact with c-Fos or c-Jun
on the L7 promoter. In contrast, using the two-hybrid cloning system,
we ident^ed a b-zip-HLH protein that interacts with c-Maf and
amplifies its tranaacttvattenal activity on the L7 promoter.

100.3

100.4

AP-1
DNA BINDING ACTIVITY DURING BRAIN
ONTOGENY.
K.R.Pcnnvoacacr*.P.M.Hedaesl.J.S.Hong.
LMerchantfaaler.and M.K,McMimanrMIN/NIEHS.RTP.NC 27709.
Brain regions during the early postnatal period contain high
levels of AP-1 DNA binding activity which decline to low basal
levels found in the adult by the third postnatal week. This DNA
binding complex contains cAMP responsive element binding
protein (CREB) immunoreactivity and recognizes the CRE
element. The 45 kDa CREB is detected at high levels early
postnatally and follows the same developmental pattern of AP-1
DNA binding. Both CRE and AP-1 DNA binding activities are

A FAMILY OF ALTERNATIVELY SPLICED PROTEIN
TYROSINE PHOSPHATASES ENRICHED IN THE CNS.
P. Lombroso*. Feisha Zhao. Ela Sharma and Abel Bull. Child Study
Center, Yale University School of Medicine, New Haven, CT
06510.
Tyrosine phosphorylation is an important mechanism for the
regulation of cellular differentiation and the modulation of signal
transduction events. The level of phosphoproteins is controlled by
the opposing actions of protein tyrosine kinases (PTKs) and
protein tyrosine phosphatases (PTPs). An increasing number of
PTPs have been isolated and found enriched within the central
nervous system. Two classes have been identified on the basis of
structural analyses, and these are the intracellular or receptorlike PTPs. Further analyses of these classes have revealed domains
outside the catalytic phosphatase domain that are thought to
determine subcellular localization or substrate specificity.
Here, we report the isolation and characterization of a neuronspecific family of PTPs. The various isoforms are produced
through alternative splicing of a single gene. The original cDNA,
termed STEP for striatal pnriched phosphatase, was determined to
be highly enriched within the basal ganglia and related structures.
The variants of STEP contain novel nucleotide sequences that have
been confirmed by sequencing of the genomic clone. One of the
novel isoforms contains a polyproline rich domain corresponding
to the binding site for SH3 domains. This variant interacts with
neuronal proteins enriched within regions of the CNS where STEP
itself is enriched.

positively correlated with the stage of maturation of a particular
brain region. The olfactory bulb differs from other brain regions
in that the DNA binding activity only partially declines and the
DNA binding complex begins to express fra around the third
postnatal week. The fra-containing complex only recognizes the
AP-1 element while the CREB complex can bind to either CRE or
AP-1. Thus, crosstalk exists between the signal transduction
systems that activate CREB and AP-1 transcription factors. This
elevated DNA binding activity could be involved in modulating the
genomic program in differentiating cells. Although the functional
significance needs to be elucidated, this binding activity could be
a sensitive index to study the development of the brain.

100.5

100.6

HEL-N2: A NOVEL ISOFORM OF HEL-Nl WHICH IS CONSERVED IN
RAT NEURAL TISSUE AND EXPRESSED IN EARLY
EMBRYOGENESIS. PH. King and l.N. Whitaker*. Dept. of Neurology,
University of Alabama, Birmingham, AL 35294.
Hel-Nl belongs to a family of highly conserved, neural-specific RNA
binding proteins identified by their homology to elav, the Drosophila
prototype which is vital for neural growth and development. Here we
demonstrate alternative 5' splicing of Hel-Nl mRNA characterized by
insertion of a novel exon which potentially expands the open reading frame
(ORF) of Hel-Nl. This splicing event is conserved in rat neural tissue and
occurs in rat embryogenesis as early as day 12.
5' RACE (rapid amplification of cDNA ends) was ocNermcd on reversetranscribed human frontal cortex RNA using Hel-Nl-specific primers. The
resultant PCR product was sequenced. RT-PCR using Hel-Nl-specific primers
was also pe^rmed on rat RNA extracted from adult and pup brain as well
as tissue from days 12, 14, and 18 of embryogenesis. The PCR products were
analyzed by gel electrophoresis and Southern blotting.
Analysis of the 5' RACE product revealed a novel upstream exon (91 base
pairs) which was confirmed by human genomic sequencing. Within this exon
resides another potential methionine translation-initiation site which would
expand the N-terminal region of Hel-Nl by 29 amino acids. RT-PCR of rat
neural and embryonic tissue RNA revealed highly conserved homologues of
both isoforms (Rel-Nl and Rel-N2) as determined by sequencing. RT-PCR
products corresponding to both isoforms could also be detected as early as
E12 by Southern blot analysis.
In summary, alternative 5' mRNA splicing of Hel-Nl results in a novel
isoform, Hel-N2, which potentially expands the ORF of Hel-Nl by 29 amino
acids. This splicing event is conserved in rat neural tissue and occurs early in
embryogenesis, supporting the notion that mammalian counterparts of elav
might also be involved in early neural growth and differentiation.

EXPRESSION OF DNA METHYLTRANSFERASE mRNA
AND ENZYMATIC ACTIVITY IN THE ADULT MOUSE
BRAIN. P.J Brooks*. Cheryl Marietta, anS DaviS Goldman.
Section
of
Molecular
Neeaobiology,
Laboratory
of
Neeregencttcs, NIAAA, NIH, Rockville, MD 20852
DNA methylation has been impllcated in the contt^r3l of
eukaryotic
gene expression, chromatin
structure,
and
genomic imprinting. The enzyme responsible for DNA
methylation is DNA mothyltranafoaaao (MTase).
DNA
methylation is normally tightly linked to DNA replication;
however, there is one rer^ort of relatively high levds of
MTase mRNA in adult human brain (Yen et al., NAR 20:2287).
Wo examined the distribution of MTase mRNA and
enzymatic activity in different mouse brain regions.
Using
reverse transcriptase-PCR, we amplified a MTase cDNA from
adult mouse cerebellum RNA.
Northern blot analysis of
different ttssuca revealed cleaiTy detectable MTass mRNA in
brain anS testis, with much lower levels in adult liver. RNase
protection aaasya detected MTAse mRNA in all brain regions
examined
(cortex,
striatum,
cerebellum,
brainstem,
hippocampus, anS olfactory bulb), with some evidence for
highest levels in the cereeellem.
MTase enzymatic activity
in tissue extracts paralleleS MTase mRNA levels.
Taken
together, these data show that MTase is synthesized in
sovcis I regions of the adult mouse eaain.
Ongoing work will
address the cellular localization as well as the possible
functions of MTssc in the adult eaatn.
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A CAM-LIKE PROTEIN TYROSINE PHOSPHATASE WITH A POTENTIAL
ROLE IN AXONOGENESIS. A.W. Stoker. B. H. Bav and B. Gehrig. Dept, of
Human Anatomy, University of Oxford, Oxford, 0X1 3QX, England.
SPON: Brain Research Association.
Protein tyrosine phosphorylation triggers key intracellular signalling events in
embryonic nerve cells. We are studying the neural role of a chick, receptor-like
protein tyrosine phosphatase (R-p Tp ), CRYPa (A. W. Stoker, 1994, Meehan,

alternatively-spliced mRNAs encode proteins with three Ig-like domains, and
either four (CRYPal) or eight (CRYPa2) extracellular fibronectin type III
repeats. CRYPal RNA appears in brain tissue after E6, replacing CRYPa2
RNA; this switch does not occur in non-neural tissues. These CRYPa isoforms
may therefore have distinct signalling functions during brain development. We
have identified two CRYPa proteins in the embryonic brain whose sizes and
expression correlate with the alternate mRNAs. CRYPa proteins are
glycosylated, and also apparently cleaved near the plasma membrane; related
cleavage occurs with human LAR. CRYPa immunolocalises to a subset of
embryonic axons,- including those in the dorsal and ventral roots of the spinal
cord. In cultured DRG neurons CRYPa is located in neurites and within growth
cones. These data collectively suggest that CRYPa is a signalling enzyme with
a major function in developing axons, where it may interact biochemically with
tyrosine kinases such src, abl, or trk. The axonal location also positions CRYPa
to respond to adhesion cues found at the growth cone and in nerve fascicles.
Research is supported by the Royal Society, the Cancer Research
Campaign, and The Association of Commonwealth Universities.

PREDOMINANT LOCALIZATION OF ZINC FINGER GENE RKR1 IN MOTOR
NUCLEI OF THE ADULT CNS. S.J. Hasan*. U. Pott, and M.E. Schwab.
Brain Research Institute, University of Zurich, August Forel-Str. 1, 8029
Zurich, Switzerland.
Proteins which share zinc finger DNA binding motifs comprise one of
the main families of transcription factors. We have previously described a
new Cys2/Hys2 zinc finger gene now known as rKrl (Pott et al., Soc.
Neurosci. Abstr. 19:265, 1993). Northern blot analysis has shown that
this gene is predominantly expressed in the nervous system. We have
also shown that rKr1 Is expressed with highest abundance in neurons &
with lower abundance in developing oligodendrocytes. In an attempt to
begin to define a role for this gene, we have undertaken a detailed anatomical analysis of rKr1 expression In the adult brain of the rat using tn
sttu hybridization. Our results show that rKr1 is expressed in a specific
manner in many regions of the adult brain. Moderate levels of rKr1 mRNA
were detectable in some structures of the telencephalon (e.g. cerebral
cortex & hippocampus) & a few nuclei of the thalamus. The highest
degree of labelling was seen In both upper & lower motor neurons of the
mesencephalon & rhombencephalon (e.g. red nucleus, gigantocellular
reticular nuclei & motor nuclei of the cranial nerves). In order to determine
If rKr1 gene expression can be regulated, we have examined the
expression pattern of rKr1 in the facial nucleus in response to facial nerve
lesion. The expression of rKr1 in the facial nucleus showed a differential
downregulation, reaching lowest levels one week after transection of the
facial nerve. By three weeks after lesion, expression of rKr1 on the
operated side of the brain reached normal levels & was identical to that of
the unoperated side. These data suggest that rKr1 could contribute to
long term changes occuring after peripheral nerve lesion.

100.9

100.10

BRAIN AROMATASE CYTOCHROME P-450 mRNA TRANSCRIPTS ARE DERIVED FROM A
DIFFERENT PROMOTER COMPARED TO RAT OVARY OR A RAT LEYDIG TUMOR CELL
LINE. E.D. Lephart*, M.A. Herbst, M.J. McPhaul. Depts. of Psychiatry and Internal Medicine,
Univ. Texas Southwestern Med. Ctr., Dallas, TX 75235-9070.
The biosynthesis of estrogens from androgens is catalyzed by a specific microsomal
cytochrome P-450 enzyme termed aromatase cytochrome P-450 (P-45^A(KM) Recent
evidence suggests that the tissue-specific regulation of the human P^SO^ gene is due,
in part, to utilization of tissue-specific promoters in adipose, ovary and placental tissue.
It is well established that the central nervous system is able to aromatize androgens to
estrogens via P-450kBo»r Estrogens formed locally is specific brain areas are involved In
the sexual differentiation of neural structures perinatally that in turn establishes the
functional regulation of gonadotrophin secretion patterns and sexual behavior. In the
current study, we have determined the sequence of the 5' end of the aromatase mRNA in
three rat tissues p.e. perinatal amygdala (AMY), the medial basal hypothalamic-preoptic
area (MBH-POA) and adult rat ovary] and the rat Leydig tumor cell line, R2C, which each
show different patterns of aromatase expression. S, nuclease protection and primer
extension analyses establish that the site of transcription Initiation of the aromatase mRNA
present in rat ovary and the rat Leydig tumor cell line, R2C, Is located approximately 97
nucleotides upstream from the initiator methionine. By contrast, although aromatase
mRNA was detected In S, nuclease protection experiments using a probe derived from the
aromatase open-reading frame, transcripts initiating at this site were absent from RNA
samples prepared from perinatal rat AMY and MBH-POA tissue. S, mapping and
sequencing of the 5' end of AMY and MBH-POA aromatase cDNAs indicate that the
aromatase mRNA transcripts present In these rat neural tissues from perinatal animals
contain a distinctive 5' terminus and are derived from a different promoter. While
alternative splicing has been reported in the regulation of human P-450rrow this is the first
report to identify this mechanism of P4^om regulation In the rat.

IN SITU PCR FOR IN VIVO DETECTION OF FOREIGN GENE
TRANSFER IN RAT BRAIN 1 Yin. M.G. Kaplitt. A.D. Kwong. S.P.

of Dev. In press). CRYPa is related extracellularly to the Ig superfamily of cell
adhesion molecules (CAMs ), and is a member of the LAR subfamily of RPTPs. CRYPa is expressed strongly in the embryonic nervous system, with
elevated levels in spinal motor horns and dorsal root ganglia (Dr G). Two

Kleopoulos*. D.W. Pfaff. Laboratory of Neurobiology and Behavior,
Box 275, The Rockefeller University, New York, NY, 10021.
In situ PCR has been used in cell suspensions and surgical tissues
for target DNAs. Here we describe the use of in situ PCR to detect viral
transgene in rat brain. We have previously reported in vivo gene transfer
by using a defective herpes simplex viral vector in mammalian brain
(Kaplitt et al, 1991). We used histochemical staining for transgene
product, p-galactosidase, and in situ hybridization for mRNA, whereas
the DNA itself can not be reliably detected with conventional methods.
Using in situ PCR technique, we can detect low number copies of target
DNA after PCR amplification with specific primers. The brain sections
prefixed with 2% paraformaldehyde were treated with PBS-detergent
(0.01% DOC, 0.02% NP-40) before PCR amplification to increase the
permeability of peptides and oligonucleotides across cellular barriers in
brain tissue. Pretreatment with detergent retains better brain morphology
than protease treatment. PCR mixture containing dNTPs, primers,
digoxigenin-dUTP (dig-dUTP) and buffer was loaded onto each brain
section. Slides containing brain sections were placed in an aluminum
boat and then on the block of the thermal cycler. Temperature was
brought to 82°C before adding Taq polymerase (hot start method)
followed by coverslipping and PCR amplification with 35 cycles at
55°C, 72°C and 94°C, 2 min. each. Dig-labeled PCR fragments were
then detected by alkaline-phosphatase-linked anti-dig-antibody. Positive
signals were seen within nucleus of transfected neurons, indicating
presence of viral DNA, which then serves as an internal control for
transgene presence during comparisons of experimental groups.

100.11

100.12

EXPRESSION OF PROTOCADHERINS IN DEVELOPING AND ADULT RAT
BRAIN. N. Mori*. S. Obatat. M. Cao. S. SuziUat Division of Neurogerontology,
Andrus Gerontology Center, University of Southern California, Los Angeles, CA
90089 and fDepartment of Opthalmology and Microbiology, University of Southern
California School of Medicine, Los Angeles, CA 90033.

Relative RNA Message Abundance In Control and Alzheimer's Disease (AD)
Affected Human Neocortex 12W.J. Lukiw* 1D.R.C.McLachlan and 2N.G. Bazan.
1 Center for Research in Neurodegenerative Disease, Tanz Neuroscience
Building, University of Toronto, Toronto Canada M5S IA8, 2LSU Neuroscience
Center, Louisiana State University School of Medicine, New Orleans, Louisiana,
U.S.A. 70112
One major control point in the expression of class II genes is the generation
of specific RNA message. This RNA message includes the primary RNA
transcript, heterogeneous nuclear RNA (hnRNA), which is then processed into
messenger RNA (mRNA) signal. In this study, we have measured RNA message
levels for 27 genes of neurobiological interest in 19 post-mortem (0.7 to 16 hr)
human temporal lobe neocortices, and have analyzed their relative abundance,
post-mortem stability and variation amongst individual human brains. Our results
indicate that in the temporal lobe neocortex (a) certain immediate early genes
(lEGs; ZIF268, TIS10 and cJUN), the general gene repressors (H1 and H1°),
vimentin, Apo-E, NGF and the prion protein (PrP) constitute a low abundance
RNA message group, (b) the RNA messages for the metal ion neuromodulators
metallothionine and calmodulin, amyloid precursor protein (APP),
the
cytoskeletal elements tau, beta-actin, NF-M and NF-H, the IEG cFOS as well as
BC200 and GAP43 occupy an intermediate message abundance and (c) the
RNA messages coding for the cytoskeletal and synaptic forming elements alphatubulin, GFAP, NF-L, and synaptophysin constitute a particularly abundant RNA
class. Each RNA message exhibits characteristic stabilities, and this may be
related to their individual requirements and capacities for the transmission of
brain genetic information. In the neurodegenerative condition Alzheimer's disease
(AD), cells of the temporal lobe neocortex show selective alterations in specific
RNA message populations, and in particular RNA messages which are required
for the maintenance of both the neuronal cytoskeleton and the synapse.

Protocadherins are a family of cadherin-related membrane proteins identified
recently by the polymerase chain reaction. In contrast to the classical cadherins, the
extracellular domains consist of more than five repeats of a unique cadherin motif,
and their cytoplasmic domains have no apparent homology with those of cadherins.
Like typical cadherins, protocadherins seem to exert homophilic interactions that are
involved in specific cell adhesion. Protocadherins are likely to constitute a large
protein family that belongs to the cadherin superfamily. To determine possible roles
of protocadherin members in the development of the nervous system, we analyzed
expression profiles of protocadherin members by in situ hybridization in both
developing and adult rat brain. A series of coronal, sagittal and horizontal brain
sections of rat brains at post-natal days 0, 6, 14, 30 (P0 through P30), and at 3
months (young adult) were hybridized with [35S]-labelled cRNA probes of various
protocadherin members, i.e. pc42, pc43, pc2l2, pc2l4, pc2l8, pc41l, pc4l3. In
developing brains, pc41l was expressed at high levels in neurons of the olfactory
bulb, i.e. mitral cells and periglomerular cells. The expression of pc41l mRNA was
transient: expression appeared at P0, peaked at P6, diminished by P14, and was
undetectable at P30 and in adult brains. In the adult, pc43 mRNA was found to be

expressed predominantly in Purkinje cells in the cerebellum. Die expression of pc43
mRNA in Purkinje cells was observed from the beginning of Purkinje cell
differentiation at around P6. Other protocadherin members were expressed at very
low levels in various areas of developing and adult brains. These results indicate that
protocadherin members are differentially expressed during the development of the
central nervous system, and suggest that pc41l and pc43 have specific roles during
the development of olfactory bulb neurons and Purkinje cells, respectively.
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INCREASED MU-OPIOID RECEPTORS IN COCAINE ABUSE:
DETECTION WITH [nC]CARFENTANIL AND PET.
LK. Zubieta*. D. Gorelick. R.F. Dannals. H.T. RavCTt JJ. Frost The
Johns Hopkins Medical Institutions and NIDA Intramural Research
Program, Baltimore, MD
Cocaine's reinforcing properties have long been ascribed to its
action on the central dopaminergic system. Interactions between cocaine
and the endogenous opioid system have also been described. Currently,
the opioid partial-agonist buprenorphine is used in the treatment of
opiate and cocaine dual-dependent patients. Four cocaine abusers (age
34±4, mean±s.d.) and five age-matched controls (age 35±7) were
scanned with a GE4O96 PET camera after i.v. administration of 2C±2
mCi ^Cjcarfentanil. Subject positioning in the PET scanner, and
region of interest placement in the PET images, were standardized by
coaligning the PET imaging plane with MR and CT images of the
subject. Cocaine abusers were studied after chronic use, within 36 hours
of the last cocaine binge.
Specific [UClcrffenUnil binding was significantly increased in
various brain regions of the cocaine addicts (coc), compared with
healthy controls (ctr) (unpaired, two-tailed t-test, p<0.05). These
included the frontal cortex (2.tttO.3 coc, 1.4±0.4 ctr), caudate nucleus
(5.liO.6 coc, 4.CO.7 ctr), putamen (4.4±0.6 coc, 3.2±0.8 ctr) and
thalamus (4.7±0.2 coc, 3.8±0.5 ctr). No significant changes were
observed in cerebellum, amygdala, temporal, parietal or
cortex.
These results suggest that chronic cocaine abuse is associated with
increased mu-opioid receptor binding in specific brain regions. Changes
in the opioid system during cocaine abuse may be associated with the
development of cocaine addiction, craving or withdrawal symptoms.

CLUSTERS OF REGIONAL ACTIVATION ACROSS TIME OF ABSTINENCE
IN COCAINE USERS. D.L. Flowers*, F.B. Wood, A.S. Garrett,
L.J. Porrino, and J.W. Keyes. Section of Neuropsychology,
Bowman Gray School of Medicine, Winston-Salem, NC 27157.
Chronic cocaine abusers (N=18) were recruited from
rehabilitation programs for measurement of glucose metabolism using [18j-F-2-deoxyglucose (FDG) while performing
a visual letter discrimination task. Local maxima and
regional averages were computed for regions of interest in
the PET image.
For analysis, subjects were divided into 3 groups of 6
subjects each based on time of abstinence: 7-20 days,
21-41 days, or 100 days to 10 years since last cocaine use.
A factor analysis of basal ganglia and anterior cortical
regions shows that early in abstinence a mesolimbic factor
including the ventral striatum, orbital frontal cortex,
and amygdala show increased metabolism which then declines
in activity in middle abstinence. Another factor which
includes the dorsal caudate and the putamen is less activated early in abstinence, but peaks in middle abstinence.
A third factor which includes the anterior cingulate and
dorsolateral frontal cortex declines only late in abstinence. Affective state also changes during abstinence.
Depression is highest in the early and late phases, while
state anxiety peaks at midterm. These preliminary data
suggest that clusters of anatomical regions show changes
in activation related to day of abstinence.
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Seeking

AND CRAVING. S.E. Lukas*. R.D, Weiss and M.B. Sholar. Alcohol and

EFFECTS OF HALOPERIDOL ON CUE-INDUCED COCAINE CRAVING.

Drug Abuse Research Ctr & Alcohol and Drug Abuse Treatmenl Ctr,
McLean Hospital/Harvard Medical School, Belmont, MA 02178, USA.
Alterations in brain electrical activity covary with specific behavior. ,
Using a non-verbal joystick device, we previously reported that cocaine
produces paroxysmal increases in electroencephalographie (EEG) alpha
activity during self-reported euphoric episodes. The present study was
c o nducted to measure brain electrical activity before cocaine was seif,
administered by volunteers and during presentation of visual cocame
cues to patients who were being treated for cocaine dependence.
Subjects were given opportunities to obtain either placebo or intranasal
coccine ((0.45 or 0.9 mg/kg), and were- aware of the dose of cocame .
Access was contingent upon completing an operant schedule which
ictivated an “oddball” auditory P3 event-related potential (ERP) task,
(or placebo) was given immediately after the ERP task. During
pre-placebo trials, P3 amplitude and distribution over the scalp was
significantly increased. Pre-cocaine P3 amplitudes were markedly
reduced and craving scores were elevated. A similar procedure was
used to measure craving in recovering cocaine-dependent patients.
Sponnaneous EEG activity and P3 ERPs were measured after patterns
viewed three different videotapes: a benign nature film, clips of horror
Ifhms and one containing cocaine-related cues. The data, from these
shidies suggest that cocaine-seeking and craving are paralleled by
stgnificant changes in brain electrical activity. These alterations in
neurophysiologic activity may provide insights to the nature of human
mechanisms and could help define new treatment sltt•^tc^g^^t^tr
(Supported by NIDA Grants DAO3994 and DA00115

S. Paul Berger*. Kevin H. Souza. Stephen Hall, Cynthia Crawford. Wendy
Brooks. Joanne Mickalian. Malcolm S. Reid
UCSF/VAMC, Psychiatry Service 116N, 4150 Clement St., San
Francisco, CA 94121
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CHARACTERIZATION OF THE D3 RECEPTOR IN THE HUMAN
BRAIN: REGULATION BY COCAINE ABUSE. TK. Staley*. M.
Basile. O. Ouvang, and D.C. Mash. Departments of Neurology and
Pharmacology, University of Miami School of Medicine, Miami, FL
33101.
The D3 dopamine receptor is distinguished by its high affinity for
dopamine and discrete localization to mesolimbic dopamine pathway.
The D3 receptor has been suggested to play a role as a primary
modulator of cocaine reinforcement (Caine and Koob, 1993). In the
present studies, in vitro binding and autoradiographic conditions were
established to selectively label the D3 receptor with [3h ](+) 7OH
DPAT. In Tris buffer (50 mM, pH 7.4) containing 2 mM MgCl2, 50 mM
NaCl and 100 uM GTP, (3h ](+) 7OH DPAT labeled a single high
affinity binding site (Kd = 1 nM) in the human nucleus accumbens with
a density of 2.5 pmol/g tissue. The rank order of potency [(-) eticlopride
> spiperone > pimozide > raclopride > (+) butaclamol > domperidone
> quinpirole > dopamine > clozapine > (+) pentazocine > (-)
pentazocine] for inhibition of [3h ](+) 7OH DPAT binding to the
human nucleus accumbens was consistent with the pharmacological
profile previously described for the cloned D3 receptor expressed in
transfected cell lines (Sokoloff et al, 1990). Using these assay
conditions, the status of the D3 receptor was examined in the human
brain postmortem from cocaine fatalities. Ligand binding and receptor
autoradiographic studies demonstrated a significant elevation of the
binding of [3h ](+) 7OH DPAT to the D3 receptor
throughout
mesolimbic target areas. These studies demonstrate a neuroadaptive
regulation of D3 receptors by cocaine abuse. (Funded by DA06227).

REINFORCING EFFECTS OF D1 DOPAMINE RECEPTOR AGONISTS IN
RHESUS MONKEYS. M.R. Weed and WL. Woolverton* Dept, of Psychiatry
and Human Behavior, Univ. of Mississippi Medical Center, Jackson, MS 39216.
The reinforcing effects of reportedly selective D1 dopamine receptor agonists
were evaluated in rhesus monkeys. In one experiment, 10 monkeys were prepared
with chronic venous catheters and lever pressing was maintained by cocaine (COC,
0.01-0.03 mg/kg/inj, FRIO, 1 hr/day) in daily baseline sessions. When responding
was stable (+/- 15% of 3 session mean) saline was substituted for COC.
Responding declined to low levels (<10 inj/hr) within 4-7 sessions. Doses of D1
agonists were then made available for at least 4-7 sessions or until responding was
stable for 3 consecutive sessions. Baseline conditions were reinstated between D1
agonist doses. A dose of COC or test drug was considered to be a reinforcer if the
mean of the 3 stable sessions was above the mean for saline and the ranges did not
overlap. The low-efficacy D1 agonists (as measured by cAMP stimulation in rat
striata) SKF 38393 (0.01-0.3 mg/kg/inj) and SKF 77434 (0.0003-0.1 mg/kg/inj)
were not positive reinforcers in any of the monkeys tested (N=4). In contrast, at
least one dose of the high-efficacy D1 agonists SKF 81297 (N=4, 0.01-0.1
mg/kg/inj), SKF 82958 (N=4, 0.003-0.03 mg/kg/inj) and Br-APB (N=3, 0.01-0.1
mg/kg/inj) was a positive reinforcer in all monkeys tested. Responding maintained
by these three D1 agonists was evenly spaced over the session, and the maximum
rates of self-administration of each were comparable to or higher than those with
COC. In an additional experiment, 2 monkeys with no exposure to COC were
prepared with venous catheters and SKF 81297 was made available in daily sessions
(FR1, 1 hr/day, 0.1 and 0.03 mg/kg/inj). Responding increased over the course of
7-14 sessions until SKF 81297 acted as a reinforcer in these animals as well.
Therefore, a history of COC self-administration was not necessary for SKF 81297
to have reinforcing effects in monkeys. These data indicate that some but not all
selective D1 agonists can act as positive reinforcers in monkeys, and these results
are consistent with the involvement of D1 dopamine receptors in the reinforcing
effects of drugs which increase dopaminergic transmission. (Supported by NIDA
grant DA-00250, and NIGMS grant GM-07151-17).
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Studies of cocaine-dependent humans by Childress, O'Brien and
colleagues have shown that re-exposure to environmental cues
previously associated with cocaine use produces a strong conditioned
response characterized by autonomic hyperarousal and increases in
subjective measures of cocaine craving. To evaluate the role of
dopamine release by cues conditioned to cocaine, 22 cocaine-dependent
inpatients were randomized using a single-dose, crossover, placebo
controlled design to haloperidol or placebo, and plasma HVA , ACTH
and cortisol assayed after cue exposure. Craving and anxiety were
measured pre- and post-cues with visual analogue scales for desire to
use cocaine now and for mood changes. Cocaine cues were significantly
anxiogenic, significantly increased ACTH and cortisol and haloperidol
significantly antagonized both cue induced anxiety and craving ( p <
.05). Although some have hypothesized that dopamine depletion may
be important to cue-induced cocaine craving this data supports the
alternative hypothesis that dopamine release may mediate the
various conditioned responses to cocaine cues.
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EFFECTS OF PHENTERMINE, FENFLURAMINE AND
BOTH IN COMBINATION ON FOOD- AND COCAINEMAINTAINED RESPONDING OF RHESUS MONKEYS.
J.R. Glowa*. F.H.E.Woinicki and R.B. Rothman. LMC/NIDDK/NIH,
Bethesda, MD 20892.
Phentermine/fenfluramine drug combinations have been used
recently to treat cocaine abuse in humans. The current studies attempt
the pre-clinical assessment of the combined effects of these drugs
(0.3-3.0 mg/kg, i.v. slow infusion) using cocaine-maintained
responding in 8-9 kg male rhesus monkeys. Lever-pressing was
maintained under multiple FR 30-response schedules of food and
intravenous cocaine delivery. Low unit doses of cocaine (3-10
pg/kg/inj) maintained high rates of responding in the drug delivery
components, comparable to those maintained by food presentation.
Cumulative doses of fenfluramine produced slight, dose-related
decreases in both behaviors that were non-selective. Cumulative doses
of phentermine produced selective decreases in cocaine-maintained
responding. When assessed as a single bolus dose (i.v., given over 15
min, 15 min before the session) the effects of both agents in
combination (1 mg/kg fenfluramine + O.3-3.O phentermine) failed to
produce a selectivity of effect greater than that produced by
phentermine alone. The effect of phentermine assessed as a single
dose confirmed the selective decreases seen with cumulative dosing.
These results suggest that dopaminergic releasers, but not
serotonergic releasers, can selectively attenuate cocaine selfadministration, without affecting alternative behaviors. These results
support the use of phentermine as a replacement therapy for cocaine
abuse.

COCAINE INCREASES EXTRACELLULAR ASPARTATE AND
GLUTAMATE IN RAT NUCLEUS ACCUMBENS (N. ACC.). S.E.
RpbinSfDJt.H, Quq , Q, Mq , J.A, Smith, J.R, Mqhgr, M,J, Wallace,
and P.M. Kunko. Department of Pharmacology & Toxicology, Medical
College of Virginia, VCU, Richmond, VA 23298-0613.
Several laboratories have suggested involvement of excitatory amino
acids in certain behavioral effects of stimulants. Effects of cocaine HC1
were studied on extracellular concentration of the excitatory amino acids
aspartate and glutamate using intracerebral microdialysis of the N. Acc.
of male Sprague-Dawley rats (225-350 g). Five days prior to
microdialysis, rats under Equithesin anesthesia were implanted
stereotactically with guide cannulas aimed at the N.Acc. On the day of
the experiment, a CMA/12 concentric microdialysis probe (dimensions of
exposed dialysis membrane = 0.5 mm x 2 mm) was inserted through the
guide cannula into the N. Acc. Probe sites were confirmed
histologically. Probe buffer was pumped at a flow rate of 2 p.l/min.
After an equilibration time of 2.5 hr, samples were collected in 10-min
fractions for an additional 2 hr to establish baseline values in the awake
rat. Cocaine (7.5, 15 or 30 mg/kg) or saline was injected i.p., and
samples collected for an additional 2 hr. Rats were videotaped and
stereotypic behavior scored on a six point scale. Cocaine increased
aspartate and glutamate concentrations in the microdialysate. The
increases in aspartate concentration were more pronounced than those in
glutamate concentration, when expressed as % baseline. Saline injection
had no significant effect on the concentrations of either of these two
excitatory amino acids. Thus, cocaine appears to activate the excitatory
amino acid innervation of the N. Acc. (Supported by DAO4746,
DAO5274, and DA07027).
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COCAINE-INDUCED TOXICITY IS MODULATED BY L-ARGININE
AND INHIBITORS OF NITRIC OXIDE SYNTHASE. Yossef Itzhak* and
Jonathan Winogard. Department of Biochemistry & Molecular Biology,
University of Miami School of Medicine, Miami, FL 33101.
Evidence suggests the involvement of glutamatergic neurotransmission
in psychostimulant-induced sensitization. Stimulation of the NMDA type of
glutamate receptors leads to the activation of brain nitric oxide synthase
(NOS) and the accumulation of nitric oxide (NO), a putative retrograde
messenger. We have previously reported that NOS inhibitors abolish the
development of sensitization to the toxic effects of cocaine in mice (Itzhak,
Neuropharmacol. 32: 1069, 1993). The present study was undertaken to
further establish the role of NO in the process of sensitization to cocaine.
Male Swiss Webster mice were divided into 6 groups and the following
drugs were administered i.p., once a day for 7 days: 1) saline before cocaine
(40 mg/kg); 2) L-NAME (NOS inhibitor; 100 mg/kg) before cocaine; 3) LNAME + L-arginine (NOS substrate; 300 mg/kg) before cocaine; 4) LNAME + D-arginine (300 mg/kg) before cocaine; 5) saline before Larginine + cocaine; 6) saline before D-arginine + cocaine. The following
results were observed: (1) L-NAME completely abolished the sensitization
to the convulsive effect of cocaine. (2) L-Arginine, but not the D-isomer,
partially reversed the protective effect of L-NAME. (3) L-Arginine, but not
the D-isomer, intensified the development of cocaine-induced seizures. The
present study supports the involvement of NO in the process of sensitization
to cocaine, and suggests that manipulation of NO/NMDA pathway may
provide protection against cocaine toxicity.

MATERNAL COCAINE TREATMENT ALTERS mRNA LEVELS
IN MOUSE EMBRYOS. S.A.Mackler*.V.Tsuei.Univ, of PA/Phila
VAMC 19104 & G.Bennett.R.H.Finnell Texas A&M Univ.77843
Cocaine is thought to adversely affect mammalian CNS
development, although few direct observations support this
hypothesis. We examined the effects of cocaine treatment on the
relative levels of candidate mRNAs involved in neural development.
Pregnant LM/Bc mice received daily i.p. injections (6Omg/kg of
cocaine or equal volumes of saline) on gestational days 6-8. The
embryos were collected on days 9(12 somites) and 9.5 (18 somites),
sonicated and the polyA+ RNA amplified into antisense (a)RNA by
incorporation of the T7 RNA polymerase promoter sequence.
Multiple cDNA clones encoding neural and vascular proteins were
screened with the aRNA under specific stringency conditions.
Hybridization signals demonstrated many differences in mRNA
abundances between embryos from cocaine-treated and saline-injected
mothers. Relative mRNA amounts for several subunits of the
GABAa alpha and beta and glutamate receptors increased at the 12
and 18 somite stages in cocaine-exposed embryos. The neurotrophin
BDNF and the second messenger enzyme phospholipaseA2 also
increased. However, in cocaine-exposed embryos Hox7.0 mRNA
levels were elevated at the 12 somite stage but then decreased to below
control levels at the 18 somite stage.
These results demonstrate that cocaine exposure in utero alters the
levels of multiple mRNAs integral to synaptic transmission and CNS
development. Future work will determine which cells contain these
altered mRNAs and examine the mechanism(s) of their regulation by
cocaine abuse.
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TRANSPLACENTAL COCAINE EXPOSURE: A MOUSE MODEL
DEMONSTRATING GROWTH AND BEHAVIORAL ABNORMALITIES. Aaron
S. Wilkins. Steven E. Hvman*. and Barry E. Kosofskv. Lab. of Molecular and Dev.
Neuroscience, Mass. General Hospital, Harvard Medical School, Boston, MA 02114.
Despite numerous clinical studies, the independent role that gestational cocaine
exposure plays in affecting fetal growth and infant behavior remains unclear. We have
developed a mouse model of transplacental cocaine exposure to differentiate the effects
between cocaine and cocaine-mediated malnutrition on neonatal head and body growth
and behavior. We created three prenatal treatment groups: a cocaine group (COC: 20
mg/kg sc cocaine HC1 injected twice daily from E8-term), a saline-injected pair-fed
group (SPF), and a saline-injected group with food available ad lib. (SAL). On PI,
each litter was fostered to an untreated surrogate dam that had given birth within the
preceding 24 to 72 hours. Pup weight and biparietal diameter were recorded on PI, as
well as on first-order conditioning testing days P9 and PI2, in which mice were tested
for their ability to learn an aversion to an odor paired with footshock. We observed a
tiered effect of treatment on Pl weight, with SAL pups weighing the most and COC
mice the least (p<.01). By P9, COC pups weighed as much as SPF pups and by P12
as much as SAL pups. SPF pups still weighed less than SAL pups on P12 (p<.05).
We also observed a tiered effect of treatment on PI biparietal diameter, with SAL pups
having the widest and SPF pups the narrowest diameters (p<.01). SPF biparietal
diameter increased to that of COC pups by P9 and to that of SAL pups by P12. On
P12 COC pups still had a narrower biparietal diameter than SAL pups (p<.01). Both
SAL and SPF pups were able to first-order condition on P9 and P12. COC pups were
unable to learn an aversion to the paired odor on P9 (p<.01 compared with SAL and
SPF pups), but were able to demonstrate that skill by P12 (consistent with Heyser et
al., 1992). We conclude that prenatal cocaine treatment is independently associated
with impaired prenatal and postnatal growth (with brain growth more affected than
body growth), and with transient delay in acquisition of first-order aversive
conditioning. The transient behavioral dysmaturation in learning a conditioned
response, and selective impairment of postnatal brain growth have clinical correlates in
human infants exposed to cocaine in utero. (BEK was supported by DA00175)

PERSISTENT BEHAVIORAL DEFICITS IN MICE EXPOSED TO COCAINE IN
UTERO. Barry E. Kosofskv* and Aaron S. Wilkins. Lab. of Molecular and Dev.
Neurosci., Mass. General Hospital, Harvard Medical School, Boston, MA 02114.
We have developed a transplacental mouse model of cocaine exposure to evaluate
the effects of cocaine and cocaine-mediated malnutrition on adult mouse behavior.
We established three prenatal treatment groups: a cocaine group (COC) injected with
20 mg/kg sc cocaine HC1 twice daily from E8-term, a saline-injected pair-fed group
(SPF), and a saline-injected group with food available ad lib. (SAL). Each litter was
fostered to an untreated surrogate dam on PI, and pups were separated into individual
cages during the fourth week of life. On behavioral testing day P100, pups were
randomly assigned to one of four test condition groups: 1) first-order conditioning, 2)
compound conditioned stimulus, 3) unpaired control, or 4) second-order conditioning
(blocking). Group 1 and 2 mice were tested for their ability to learn an aversion to
one (group 1) or two (group 2) odors paired with footshock. Group 3 mice, exposed
to two odors serially and then footshock, served as unpaired controls. Group 4 mice,
exposed first to one odor (A) paired with footshock, and then two odors (A+B) paired
with footshock, were tested for their ability to block. Blocking reflects selective
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attention: conditioning to one stimulus (B) of a compound stimulus (A+B) may be
prevented (blocked) by prior conditioning to the other stimulus (A). Following
exposure to odors and shocks, mice were preference tested for a paired odor (B in
groups 1, 2, and 4) or unpaired odor (group 3) vs. a novel odor during a 180 sec.
trial. Regardless of treatment, group 1 and 2 mice learned an aversion to one or two
odors paired with shock, whereas Group 3 mice (unpaired control) did not
demonstrate odor aversion. Group 4 SAL mice were able to block as they did not
demonstrate an aversion to odor B (mean= 83 sec.). However, both SPF mice
(mean= 64 sec.) and COC mice (mean = 44 sec.) showed deficits in blocking in that
both pup groups spent less time on the paired side of the preference chamber. COC
mice displayed a significantly stronger aversion that SPF mice (p<.06). The
persistent deficit in blocking of second-order aversive conditioning suggests that
prenatal cocaine exposure may permanently alter attentional mechanisms in a subset
of exposed offspring. (BEK was supported by DA00175)
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INTRAUTERINE EXPOSURE TO COCAINE SELECTIVELY INHIBITS
STEREOTYPED HEAD-BOBBING TO AMPHETAMINE IN ADULT RABBITS.
K. J. S immsky* and W.J. Kachelria;. Dept. of Ptprmmology, MMical College of
Pennsylvania, PhiloCelphia, PA 19129.
We used C-omphetomine sulfate (CAMPH) for probing Punetionol ePPoets of
intrauterine exposure to eoeoine on the subsequent integrity oP eentrol monoaminergie
systems in oCult rabbits. Two experiments assessed anoreetie onC stereotyped motor
responses to CAMPH. In the first stuCy, 8 rabbits that were exposeC ropootoCly to
eoeoine os fetuses (COC) anC 8 soline-exposeC eontrols (SAL) were houseC
inCiviCuolly with soliC ehow available Prom 1400 to O9OOh (lights on 0700-1900).
Beginning at 180 Coys oP age, eoeh rabbit was testeC in its home cage oPter s.c.
injeetion oP 0 (vehiele), 0.3, 1.0, 3.3 anC 6.0 mg salt/kg oP CAMPH. Injections were
given at 1330 h anC PooC intake was measureC Prom 1400-1430. We also reeorCeC
observations eaeh min oP PeeCing anC other behaviors. Baseline intakes CiC not CiPPer
(SAL, 2.5 + O.7g; COC, 2.9 + O.7g). C-AMPH reCueeC PooC intake anC observations
oP PeeCing in a Cose-reloteC manner. Exposure to eoeaine in utero CiC not alter the
anoreetie aetion oP CAMPH (ED*, = 1.8 mg/kg in eaeh group) but CiC reCuee
observations oP stereotypeC heaC-bobbing olieiteC by the highest Cose oP CAMPH:
SAL, 12.9 + 4.0; COC, 1.0 + 1.0, p < 0.02. In a separate group oP rabbits (7 COC anC
7 SAL; 140 Coys olC), we ehhroetorizeC Purther the motor responses to 5 mg/kg oP
CAMPH in on open PielC. CAMPH stimuloteC 386 + 117 heoC bobs in SAL eontrols
Curing the 90-min test session but only 31 + 26 in COC rabbits (p < 0.02).
Furthermore, other stereotypeC motor responses to CAMPH were less intense in COC
rabbits over the eourse oP the session as CetermineC by a rating seolo (F [1, 12]= 10.0,
p < 0.01). The overall results Cemonstrote that prior, intrauterine, exposure to eoeaine
seleetively reCuees behavioral responses oP oCults to a high Cose oP CAMPH. Thus,
these Cota suggest that Petal eoeoine permanently impairs meehanisms involveC in
Copaminergie or serotonergie neurotransmission in the brain. NIDA Grant DA 06871.
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ISCHEMIC CHANGES IN [K+k AND DIFFUSION PROPERTIES OF
NEONATAL AND ADULT RAT CORTEX E. Sykova*. A.
Lohmenkuhler. I. Vorisek. L. Vargova. E. Skobisova. C. KauCor anC C.
Nieholson. Inst. Exp. Mo C. ASCR, M2 20 Prague 4, Czoeh Rep.; Univ.
Munster, W-4000 Munster, FRG; NYU Mo C. Ctr., New York, NY 10016.
Extrseollular CiPFusion oP substanees in the CNS alters Curing isehomis
(Sykova et sl., J. Cereb. Blood Flow Me tab.. 14: 301, 1994). Using ionsoloctiyo microoloctroCos (Nieholson, J. Neurosci. Meth. 48: 199, 1993), we
measureC [K+]o (extraeellular K+) anC CiPusion oP totromothyl- or tetraothylammonium in the noocortox oP rats at P4-5 or P10-12 anC OCults Curing
global isehemia anC ostimatoC tortuosity (X) anC volume Proetion (a).
Global isehomis was inCueeC in snosthotizeC rots by i.p. injeetion oP KC1 or
MgCl2. Measurements (mean ± S.E.M.) were mSCe in layers V anC VI
(eontrol values Prom Lohmenkuhler et al. Neuroscience, 55: 339, 1993).
After eossstion oP heartbeat in both P4-5, snC P 10-12, [K+]o rose Prom 3
mM to either 40 or 70 mM but the CiPPusion Cota were insensitive to the Pinal
value. In P4-5 the rise took about 30 min while at P 10-12 it took about 19
min. In aCults [K+]o rose to 70 mM in 4-5 min. DiPPusion parameters haC s
similar timocourso. At P4-5, X inereaseC Prom s eontrol level oP 1.65 ± 0.03
to s maximum post-isehomie value oP 2.15 ± 0.08 while a Pell Prom 0.36 ±
0.02 to 0.06 ± 0.01 (3 rats, 6 samples). At P10-12, X inereaseC Prom 1.51 ±
0.04 to 2.21 ± 0.08 snC a Pell Prom 0.27 ± 0.02 to 0.058 ± 0.005 (5 rats, 15
samples). In the sCult, X inerossoC Prom 1.64 ± 0.02 to 2.03 ± 0.07 while a
Pell Prom s eontrol oP 0.23 ± 0.01 to 0.07 ± 0.02 (5 rats, 15 samples). We
eoneluCe that the isehemie response oP neonatal animals is slower than that in
the sCult but Pinal values oP a snC X sre similar. FunCeC by U . S. - Czoeh
Seieneo & Teehnology Joint FunC Project 920 48 snC NIH grant NS 28642.

ANOXIC HYPERPOLARIZATION OF HIPPOCAMPAL NEURONS IS
PROBABLY MEDIATED BY ACTIVATION OF SLOW-AHP K CHANNELS.
K. KIKreviyG. Erdemli and C. T. Tans. aLnaestisthos Oeseaosh DepL, MMUI1
Univ., Montreal, PQ, H3G 1Y6 CanaCo.
BrieP anoxia (2-3 min), inCuees s eharaeteeistie hyperpolarization anC
conCuctanco (G) inereose in CA1 neurons. That it is Gc-m^^i^^teC is
generally aeeepteC. Whether it is mainly eauseC by aetivation oP Ca-sensitive
or ATP-sensitive Gc remains uneertain. The striking Copeession oP the
anoxie response by earbaehol (Krnjovie & Xu 1990, Can. JPhysioL Pharmac
68:1609) inCieateC a likely involvement oP M- or AHP-type K ehannels. But
equally peoCietsble Cepeessions by tolbuthmiCo (though not glyburiCe)
soemeC to Pavour K^tp ehannols (GodPrainC & Crnjovie 1993, Neurosci. Lett.
162:101).
In the present experiments on CA1 neurons in slieos (Prom Sprague-Dawky
rats) - mostly by wholo-eell reeoeCing with KMeSO4 + HEPES-containing
electrodes • bath applieotions oP isopronalino oe aCrenalino (8-10 pM)
abolisheC or greatly roCueoC the anoxie hyperpolarization (or the
eorrosponCing outwarC eurrent unCor voltage-clamp) - by 84 % (SE ± 9.5 %,
n = 8) - anC the anoxie rosistanee Pall or G inereoso, by 86 ± 9.6 %. These
PinCings strongly point to KAHp as the relevant ehannels. In Pour eolls,
tolbutomiCe (0.5-1 mM) peoveC to be a powerful blocker (by 95 ± 2.5 %) oP
the slow AHFs evokeC by spike Cisehargos. This previously unreporteC
aetion oP tolbutamiCe may well seeount Por its ability to suppress the anoxie
Gk inerease. While not exeluCing a minor paetieipotion oP other - ineluCing
Katp * X ehannels, those results suggest that the anoxie Gc ineeeose is
prOCominantly eauseC by a rise oP eytosolie [Cs 2+] that aetivatos G^p.
Supported by the Medical Research Council of Canada.
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EFFECT OF CEREBRAL ISCHEMIA ON CA2+/CALMODULIN-DEPENDENT
PROTEIN KINASE II ACTIVITY, SUBCELLULAR DISTRIBUTION, AND
PHOSPHORYLATION.
D.A. Shackelford1*. R.Y. Yeh1, M. Hsu2. G. Buzsaki2. and J.A. ZivinL
1Dept. of Neurosciences, UCSD, La Jolla, CA 92093-0624 and 2 Center
for Molecular and Behavioral Neuroscience, Rutgers, Newark, NJ 07102.
Our previous studies using a rabbit model of spinal cord ischemia and
studies of others using rat or gerbil models of cerebral ischemia have shown
that transient ischemia causes a rapid reduction in CaM kinase II activity. CaM
kinase II is a multifunctional protein kinase and the loss of activity may play a
critical role in initiating changes leading to delayed cell death. We used the rat
four-vessel occlusion model to study the mechanism of inactivation of CaM
kinase II during ischemia. We show that ischemia leads to a decrease in CaM
kinase II activity within 5 min in the cytosol and particulate fractions of the
neocortex, striatum, and hippocampus. The loss of activity from the cytosols
correlated with a decrease in the amount of CaM kinase a and p isoforms
detected by immunobtotting. In contrast there was an increase in the amount
of CaM kinase a and p in the particulate fractions indicating that ischemia
causes an inhibition of CaM kinase II activity and a redistribution of the enzyme
from the cytosol to the particulate fraction. To identify a structural basis for the
decrease in enzyme activity, tryptic peptide maps of CaM kinase II

FROM WHICH INTERNAL STORE IS Co2+ RELEASED IN HYPOXIC
HIPPOCAMPAL NEURONS? A. Belousov. - J.M. GodPrainC anC K. CrnierieaAnaesthesia Res. Dept., MeGill Un., Montreal, PQ H3G 1Y6 CanaCo.,
In previous experiments - also on sliees Prom Spe^uio-Dawky rots Krnjovie & Xu (1989; Can. J. PhysioL Pharmac. 67:1602) PounC that
Cantrolone Na suppresses tho hyperpolarizotion anC eonCuetonco inereaso
elieitoC by 2-3 min oP anoxia, inCieoting that release oP internal Co2+ is a
major element in the anoxie response. To iContify tho relevant internal
store, we have examinoC tho effects oP other bloelkeirs oP Ca2+ release,
applieC either externally or internally Curing wholo-eell reeoeCing Peom
CA1 nourons. When eloctroCos eontaineC only KMoS04 anC HEPES,
2-3 min oP anoxia evokeC a eonsistent hyperpolseizotion (AV -42 ± 0.75
mV, n=72) anC roCuetion in input rosistanee (AR -18.9 ± 1.6%). Dho %
roCuetions (or ineroasos) Peom those eonteol ehangos peoCueeC by various
agents are listoC in the Table (± SEs), in CoseonCing oeCer oP potoney.
L(AR)%
A(AV)%
(n)
Dantrolene Na [10 pM, ext]
-74 ± 11
-57 ± 40
(7)
Heparin [10-20 pg/ml, inti
-55 ± 17
-48 ±32
(20)
Dbapsigaegin [10 pM, e^tl
-38 ± 13
-67 ±25
(ID
Ruthenium RoC [50 pM, inti
-26 ± 15
+20 ± 34
(24)
RyonoCine [10 pM, oxt!
-20 ± 17
+ 7 ±30
(13)
Proeaino [1.0 mM, ini]
+28 ± 33
+98 ± 84
(7)
In view oP tho moekoC roCuetions oP AR by hoparin anC thapsigargin, anC
tho non-signiPieant effects oP ryanoCine anC internal peoeoino, we eoneluCo
that anoxie Ca2+ release is peeCominontly Peom an IP3- eathor than a
Ca2+-sensitiye store. Also noteC was sharp Cepression by external
peoeoino, presumably aeting at s superPieiol trigger oe moCulating site.

phosphorylated in vitro were analyzed. Peptide maps of CaM kinase a from
the particulate fractions of control and ischemic samples revealed not only less
incorporation of phosphate into a but the absence of a limited number of
peptides in the ischemic samples. This suggested that certain sites are
inaccessible possibly due to a conformational change, covalent modification
of a, or steric hinderance by another molecule. The sites affected are being

mapped using CaM kinase a mutated at various phosphorylation sites.
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CALCIUM DEPENDENCE OF THE MICROTUBULE DISAGGREGATION
IN DENDRITES OF CA1 STRATUM RADIATUM CAUSED BY IN
VITRO ISCHEMIA IN THE RAT HIPPOCAMPAL SLICE.
S. Feia,
Y.Zhana & P.Lipton*.
Depts of Anatomy and Physiology
and Center for Neuroscience, University of Wisconsin,
1300 University Avenue, Madison, Wi. 53706.
Microtubule (MT) disaggregation occurs early
during ischemia in situ.
The rat hippocampal slice was exposed to in
vitro ischemia (deprivation of 02 and glucose,termed
IVI),then fixed, either immediately after IVI or
following a 1 hr reoxygenation period. Dendritic
profiles and dendritic MT's in CA1 stratum radiatum
were examined by EM and scored semi-quantitat ively
from 1-5 (1 excellent,5 very poor). Free cytosolic Ca
was measured using confocal imaging.
Immediately after 5'IVI 60% of MT's were mildly
disrupted; this increased to 100% after 60'
reperfusion. 60'after IVI in 0-Ca only 40% of MT's
were mildly disrupted. Immediately after 10'IVI all
MT's were mildly(2) or quite severely(3) disrupted;
60' after IVI all MT's were severely disrupted
(4/5).The damage was slightly less when IVI was in 0Ca(30% in 2/3, 70% in 4/5) and was much less if ImM
ketamine was included during IVI in 0-Ca (3O%=l, 70% =
3/4). In 0-Ca, cytosolic Ca is strongly elevated,
presumably exclusively from intracellular stores. In
0-Ca + ketamine there is no elevation in cytosolic Ca.
Damage to MT has the same calcium dependency as
damage to synaptic transmission but MT disaggregation
is influenced by factors in addition to Ca.

FAILURE OF CHANGES IN CEREBRAL PERFUSION PRESSURE TO
ACCOUNT FOR ISCHEMIA CAUSED BY SUBARACHNOID HEMORRHAGE:
A NEW EXPERIMENTAL MODEL
J. B. B&Jereon*. L. Guarino, and I, M, Germam^ De|^t^rnnca^t of N eurosurgere.
Mount Sinai School of Medicine, New York, N.Y. 10029

102.7

102.8

Acute cerebral ischemia after subarachnoid hemorrhage (SAH) has been
attributed to decreased cerebral perfusion pressure (CPP). We tested this
hypothesis using a new model of SAH in which a sharpened intraluminal
suture is advanced from the extracranial circulation to transiently perforate the
intracranial internal carotid artery. CPP (arterial - intracranial pressure), cortical
laser doppler ftowmetry (LDF), and eleetroeorticography (ECoG) were
continuously recorded for 60 min during and after SAH in 19 ventilated S.D.
rats. 6 rats (32%) died, and the rest were snecNieeC after 24 h for histology.
Blood was consistently distributed throughout the basal, mesencephalic,
convexity, and interhemispheric subarachnoid spaces, as well as the
ventricles. There were no differences in distribution of blood between rats
dying and rats surviving. Acute (peak) and late (50 - 60 min after SAH)
changes in CPP, LDF, and ECoG were compared. CPP fell from 87 ± 3.6 (mm
Hg, mean ± s.e.) to 61.3 ± 8.5 acutely (p o .05, ANOVA) and the late value
was 64.1 ± 8.1 (p = NS). Neither acute nor late CPP were significantly lower
in rats that died vs rats that survived. LDF fell acutely to 41.6 ± 9.3% of
baseline (po .05) and late LDF rose to 76.3
14.2% (po .05 vs acute). Linear
regression analysis failed to demonstrate a correlation between acute or late
LDF and CPP. Late LDF was signNienntly greater in rats that survived (81.9 ±
16 vs 64.2 ± 15%, p o .05). ECoG activity paralleled LDF, decreasing acutely
then rising, and like LDF remained depressed in rats that later died.
These data demonstrate that early cerebral ischemia after SAH is not due
primarily to decreased CPP. Use of our non-craniotomy model of SAH allows
undisturbed physiological monitoring during the acute phases of SAH.

N0RDIHYDR0GUAIARETIC ACID AND RHC 80267 POTENTIATE
ASTROGLIAL
INJURY DURING COMBINED GLUCOSE-OXYGEN
DEPRIVATION.
SE Haun*. VL Trapp. MA Clotz and LA
Horrocks. Depts. of Peds. and Med. Biochem., The Ohio
State University, Columbus, OH 43210.
Plasma membrane phospholipid degradation may play a
key role in hypoxic-ischemic brain injury. We tested
the hypotheses that both nordihydroguaiaretic acid
(NDGA), a phospholipase A2 and lipoxygenase inhibitor’,
and RHC 80267, a diacylglycerol lipase inhibitor, would
decrease the release of [3H]arachidonic acid metabolites
([3H]AAM)
from prelabeled cultures of astroglia
subjected to combined glucose-oxygen deprivation (CG0D)
and that these inhibitors would also decrease astroglial
injury during CG0D. Both NDGA (100 pM) and RHC 80267
(100 pM) significantly inhibited the release of [3H]AAM
during CG0D. This suggests that two separate enzymic
pathways, the phospholipase A2 pathway and the
phospholipase
C/diacylglycerol
lipase
pathway,
contribute to astroglial [3H]AAM release during CG0D.
Contrary to our second hypothesis, both of these lipase
inhibitors (100 pM) significantly increased astroglial
injury (quantified by lactate dehydrogenase efflux)
during CG0D. These results suggest that inhibition of
arachidonic acid release potentiates astroglial injury
during CG0D.
Supported by NIH KO8 NS 01523 and CHRF
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NEUROPROTECTION BY THE NMDA RECEPTOR ANTAGONIST CGP
40116: IN VIVO AND IN VITRO STUDIES C .M. Maier*. G.H. Sun . D .M .
Kunis. R.G, Giffard. and G.K. Steinberg. Depts. of Neurosurgery and
Anesthesia, Stanford University Medical Center, Stanford, CA 94305.
The goal of this study was to evaluate the effects of a novel competitive
N-methyl-D-aspartate (NMDA) receptor antagonist, CGP 40116 [D-(E)2-amino-4-methyl-5-phosphono-3-pentoic acid], on neuronal damage

NEUROPROTECTIVE EFFECTS, MECHANISM OF ACTION AND SAFETY
PROFILE OF EIEPRODIL. J. Benavides*. J.P. Nowicki, F. Borg. A. Cudennec. D.
Duverger, D. Lekiefffe, D. Sanger, X. Vig6 and B. Scatton. Synth&abo Recherche,
Preclinical Research Department, B.P. 110, 92225 Bagneux Cedex, France.
Eliprodil is a neuroprotective agent which, in vitro, antagonizes L-glutamate- and
glucose deprivation-induced death of cultured cortical neurons from newborn rats. In
vivo, eliprodil displays marked neuroprotective effects following focal cerebral ischemia
and brain trauma. Thus, when given therapeutically, eliprodil decreases the volume of
infarction induced by occlusion of middle cerebral artery in the cat (-37% at 3.0 mg/kg
i.v.), rat (-48% at l0 mgAg p.o. and -34% at 0.3 mg/kg i.v.) and mouse (-72% at 10
mg/kg i.p.). In a model of fluid percussion-induced brain trauma in the rat, the extent
of cerebral damage was decreased by 60% following the administration of 10 mgAg, ip.
of eliprodil. Significant neuroprotective effects of eliprodil were still observed when the
first administration was delayed by 3 h after focal cerebral ischemia in the mouse or by
18 h after brain trauma. Eliprodil (1 mg/kg iv) also reduces the size of the infarction and
the neurological deficit induced by thrombotic occlusion of the middle cerebral artery
in the rac In contrast eliprodil did not reduce hippocampal neuronal death in a model
of global cerebral ischemia induced by 4-vessels occlusion in the rat. These
neuroprotective effects seem to result from the antagonism of the activation by
polyamines of some NMDA receptor subtypes and from the inhibition of neuronal
voltage-operated calcium channels. This particular mechanism of action may explain why
eliprodil, unlike NMDA channel blockers, does not induce hypertension and tachycardia
in the rat, does not alter learning in a passive avoidance test in mice, nor reinforces
phencyclidine self-administration in primates. Moreover, eliprodil is devoid of neurotoxic
effects in the rat and does not increase cerebral glucose use in the limbic system.
The potent neuroprotective effects of eliprodil and the absence of the undesirable
cardiovascular, psychostimulant and neurotoxic side-effects seen with other NMDA
antagonists suggest that this compound could be of value in the treatment of stroke and
CNS trauma in man.

in vivo and in vitro. We studied 20 rabbits that underwent a two hour
occlusion of the left internal carotid, anterior cerebral, and middle
cerebral arteries followed by four hours of reperfusion. Ten minutes
after occlusion the animals were treated with either normal saline (n = 7)
or CGP 40116 at two different doses (20 mg/kg, n = 6; 40 mg/kg, n = 7)
administered over a five minute period. Somatosensory evoked
potentials were used to confirm adequate ischemia and neuronal injury
was assessed by histopathology and magnetic resonance imaging.
CGP 40116 decreased cortical ischemic neuronal damage by 74% and
77% (control 37.8 ± 4.9%, CGP 20 mg/kg 9.9 ± 1.5%, CGP 40 mg/kg
8.7 ± 1. 4%; p p 0.01) and reduced cortical iscsemic edema ay 52 2nd
35% (control 42.3 ± 3.9%, CGP 20 mg/kg 20.1 ± 2.8%, CGP 40 mg/kg
27.5 ± ±. 5%; p p 0.050 butddd dotprotect ^ge^in^t st riateHnjury. We
carried out a second study using primary cell cultures from mouse
nuoeortex to determine the effects of CGP 40116 on neuronal death
induced by a 10 minute exposure to 500 pM NMDA and also by 45
minutes of oxygen-glucose deprivation (OGD). Our results
demonstrate that CGP 40116 is effective at attenuating neuronal death
in a concentration-dependent manner (ED5O of 3.2 pM against NMDA
toxicity and 231 pM against OGD) as measured by lactate
dehydrogenase levels 24 hours following the insult. The
neuroproteetivu effects of CGP 40116 in vivo and in vitro suggest it
may be of potential therapeutic value.
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NBQX PROTECTS THALAMIC RETICULAR NEURONS
FROM DEGENERATION AFTER CARDIAC ARREST IN
RATS. D.T. Ross. A-C. Duhaime* J. Brasko. M.K. Sahol. and P. Patrikios.

MELD, INTRAISCHEMIC HYPOTHERMIA PROTECTS AGAINST FOCAL
CEREBRAL ISCHEMIA. E. T. Yx^n,* G. K. Steinberg. Dpartment of ^urosurgery, Stanford University School of Medicine, Stanford, California 94305.
We examined the effect of mild (32°C) hypothermia in
a rat suture model of focal cerebral ischemia. Twentytwo rale Sprague-Dawley rats were subjected to 2 hours of
ischemia and 22 hours of reperfusion. Ischemia was produced by insertion of a nylon suture through the common
carotid artery, occluding the middle cerebral artery and
reducing collateral blood flow frem the anterior and posterior cerebral arteries. Eleven rats underwent ischemia
while raintained at 37°C brain tempera ture. Eleven other
rats were cooled to 32°C brain temperature within 10 minutes after onset of ischemia and raintained at 32°C
throughout ischemia, then warmed to 37°C after the suture
was removed. Mean arterial blood pressure, pCL, pCO_ pH,
rectal and brain temperature were carefully controlled
throughout the duration of ischemia. Rats were sacrificed
at 24 hours and starrned with TTC to determine infarct
volume. In normothermic rats, infarct volume occupied
30.3 ± 6.9% of hemispheric voolure, while in hhyotherTmc
rats, infarct volume was 2.4 ± 1.5% of hemispheric volume (p
.01, Student's t-test). Mild hypothermia, when
instituted soon after ischemic onset, significantly reduces the extent of ischemic infarct 24 hours after the
onset of focal cerebral ischemia.

Head Injury Center, Div Neurosurg, Univ of Pennsylvania, Philadelphia, PA 19104.
The GABAergic neurons of the thalamic reticular nucleus (RT) are among those
most vulnerable to degeneration following global ischemia in man and other
mammals. In rats resuscitated following 10 minutes of cardiac arrest, extensive
degeneration of neurons occurs from a portion of the RT, including the region
associated with the somatosensory cortex and the thalamic ventrobasal complex.
Extracellular microdialysis during global ischemia suggests that ischemia induced
glutamate release may contribute to the degenerative process but also suggested that
glutamate levels in the RT remained elevated following ischemia as well, indicating
that sustained overexcitation after the ischemic episode may also contribute to the
degenerative process. In the present study the selective competitive AMPA type
EAA antagonist NBQX (30 mg/kg) was administered to adult male Long Evans rats
1, 3, and 6 hours after resuscitation from a 10 minute cardiac arrest episode. Seven
days later animals were sacrificed and parallel sets of coronal 40 pm sections were
stained with cresyl violet or processed few parvalbumin or glutamic acid decarboxylase
(GAD) immunohistochemistry. The density of Nissl stained neurons in the middle
region of the RT was determined for n=8 r T in normal, arrested, and arrested/NBQX
treated groups. NBQX treatment resulted in a 2 fold increase of spared RT neurons,
from a mean density of 3.6 ± 0.8 x 103 neurons /mm3 in cardiac anest cases to 7.4 +
1.1 x 103 neurons / mm3 in the NBQX treated group (p<.0001), sparing 41.7% of
the normal neuronal population, and rescuing 26.9% of the vulnerable RT neurons.
Partial protection afforded by post-arrest administration of NBQX suggests that a
phase of post-arrest sustained excitation mediated by AMPA receptors is an important
component in the process of ischemic degeneration of RT neurons. AMPA
antagonists may prove to be efficacious as clinical agents for the prevention of RT
neuronal death in human cardiac arrest victims. (Supported by NS-28852O3).

PSYCHOTHERAPEUTIC DRUGS:

ANTIPSYCHOTICS AND ANTIDEPRESSANTS

103.1

103.2

ONTOGENY OF THE EFFECT OF ANTIPSYCHOTIC DRUG
TREATMENT ON REGIONAL CNS NEUROTENSIN
CONCENTRATIONS IN THE RAT BRAIN. B. Kinkead*, M.J. Owens and
C.B. Nemeroff. Lab. of NeurfpsycefpeaTmacflfgy, Dept. of Psychiatry and
Behavioral Sciences, Emory Univ. Sch. of Med., Atlanta, GA 30322.
Neurotensin (NT) is a tridecapeptide which has been implicated in the
mechanism of action of antipsychotic drugs. The effect of treatment with the
"typical" antipsychotic haloperidol on NT concentrations in the adult rat brain
i.e., specifically increasing NT concentrations in the nucleus accumbens and
caudate nucleus has been well documented. However, the NT system has
been found to undergo distinct age-related changes in the rat brain, and for
this reason it was of interest to investigate the ontogeny of the effect of
antipsychotic drug treatment. In order to determine when, or if,
antipsychotic drug treatment has an effect on NT-containing neurons in the
developing rat, rat pups received a single dose of haloperidol (2.0 mg/kg,
s.c.) or vehicle at 9, 14 or 20 days after birth. NT concentrations were
examined in 7 brain regions using a sensitive and specific RIA. Treatment
with haloperidol had no significant effect in any brain region studied in 10
day old rat pups. At 15 days of age, haloperidol significantly increased NT
concentrations in the anterior (120% of control, P<0.05) and posterior
caudate (121% of control, p<0.05). At 21 days of age, haloperidol
increased NT concentrations in the anterior caudate (208% of control.
P<0.001), posterior caudate (192% of control, P<0.001) and nucleus
accumbens (126% of control, P< 0.005), an effect similar to that observed
in adult animals. These findings represent the first study of the ontogeny of
the responsiveness of NT neurons to antipsychotic drugs. Supported bv
NIMH MH-39415.
'

DECREASES IN DOPAMINE D2 RECEPTOR mRNA LEVELS IN THE
ACCUMBENS
FOLLOWING • SUBCHRONIC
NUCLEUS
ANTIPSYCHOTIC DRUG ADMINISTRATION IN RATS. R. E. See*.
B ,A. Sorg and A . M. Lynch. Department of Psychology and Department of
VCAPP, Washington State University, Pullman, WA, 99164-4820.
Several recent studies have characterized changes in dopamine D2
receptor mRNA following repeated antipsychotic drug (APD)
administration, with some studies reporting an increase and others reporting
no changes in striatal tissue mRNA levels. Since APDs are believed to exert
many of their antipsychotic effects via limbic system structures, the present
experiment examined changes in D2 mRNA levels in the nucleus
acccumbens following administration of unique profile APDs in a clinically
relevant, oral dosage regimen. Male, Sprague-Dawley rats were
administered haloperidol, clozapine, irtfclfpramidr, or no drug in their
drinking water for 3 weeks. Average oral drug consumptions in mg/kg/day
were: haloperidol, 1.17; clozapine, 26.1; and irttclfpTaildr, 14.1. Twenty
four hrs after withdrawal, animals were rapidly decapitated and tissue
samples removed. RNA was isolated and Northern blot analysis was
performed using an oligonucleotide probe for the dopamine D2 receptor.
Bands were quantified with computerized oidrtdrnsitfirtry. Levels of D2
mRNA in the nucleus accumbens were significantly lower (p<0.05) in the
haloperidol and clozapine treated groups (76.5 and 70.2 % of control group,
respectively), but not the irttcltpramidmtreatrd group (94 % of control
group). These findings suggest that clinically effective APDs may exert
unique changes in limbic structures that are different from those effects seen
in striatal regions and which may relate to their therapeutic efficacy.
(Supported by NIH DEO9678).
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EFFECTS OF ATYPICAL AND TYPICAL NEUROLEPTICS ON
PHENCYCLIDINE(PCP)-INDUCED STIMULATION OF A10 DOPAMINE
(DA) NEURONS. Edward D.French*. Dept.Pharmacology, UnivArizona,
CoIlMedicine, Tucson, AZ 85724.
The psychotomimetic drug PCP has been extensively studied in animals for its
possible relevance to the nrurtbioltgy of schizophrenia. Electrophysiology has
shown that low doses of PCP increase dopamine cell firing, while higher doses
attenuate this response. Prior studies had shown that haloperidol blocked the PCPinduced stimulations. However, the effects of other neuroleptics, especially
atypicals, with receptor binding profiles distinct from haloperidol have not been
examined.
Single unit-extracellular recordings were made from A10 dopamine neurons in
chloral hydrate anesthetized rats during i.v. infusion of PCP. Dose-response
determinations were made following pretreatment with haloperidol (0.1 mg/kg),
Trifxipride (10 mg/kg), clozapine (20 mg/kg), or vehicle given i.p. 15 min before.
In vehicle treated animals p Cp produced a dose-dependent increase-decrease in
firing rate. Haloperidol and Tritxipridr treatments had no effect on the PCPinduced increases but they did abolish the high-dose attenuation of firing.
Clozapine, on the other hand, markedly reduced the low-dose excitatory effects,
while generally leaving intact the slowing component. Recent experiments suggest
that clozapine’s unique effect on PCP may be related to a 5-HT2 receptor
mechanism, although more data are needed to confirm this. Further studies will
be needed to determine if this PCP model could provide a means by which novel
atypical nruTtlpetics can be identified. Also, they may provide some insight into
the mechanism by which atypical neuroleptics produce their antipsychotic effects
but are relatively devoid of extrapyramidal side effects.

CLOZAPINE'S INABILITY TO INDUCE EXPERIMENTAL
CATALEPSY IS NOT ALTERED BY CHANGES IN
SEROTONERGIC TRANSMISSION G.E laskiw*. D. Uboyy.
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H.Y. Meltzer. Brecksville VAMC, Brecksville, OH 44141 and
Department of Psychiatry, Case Western Reserve University,
Cleveland, OH 44106.
Unlike haloperidol (HAL) and other typical antipsychotics,
clozapine (CLZ) does not induce classical catalepsy. Clozapine's
atypical effects may be mediated by antagonism of D2 as well as
5HT2 receptors. To test the latter, in experiment I, rats received
injections of HAL 0.75 mg/kg and 60 min later, vehicle or the partially
srlrctlor 5HT2 antagonist ritanserin (0.5, 1.0, 2.5 or 5 mg/kg).
Rtanserin did not reduce HAL catalepsy. In experiment 2, rats
received injections of CLZ 30 mg/kg and 60 min later, vehicle or the
partially selective 5HT2 agonist DOI (0.1, I or 5 mg/kg). CLOZ
preheated animals did not display catalepsy after any injection. In
experiment 3, whole brain 5HT was depleted by iev infusions of 5,7DHT (150 pg/2Opl). 21 d later, animals were injected with vehicle,
HAL 0.75 mg/kg or CLZ 30 mg/kg. 5HT depletion augmented HALinduced catalepsy but did not elicit CLZ induced catalepsy. Our data
do not rule out a possible contribution of 5HT2 antagonism to
clozapine's inability 'to induce catalepsy, but do suggest that other
mechanisms are also involved. Supported by VAMC grant.
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REGULATION
OF
GLUTAMATE
RECEPTOR
SUBUNIT
EXPRESSION BY ANTIPSYCHOTIC DRUGS. L.W. Fitzgerald*. AX

SULPIRIDE IS SELF-INJECTED IN THE LATERAL HYPOTHALAMUS
(LH) WHERE IT RELEASES ACETYLCHOLINE (ACh) AND INDUCES ALSO
DOPAMINE (DA) RELEASE IN THE NUCLEUS ACCUMBENS. M.A.
Parada*. M. Puia de Parada. P. Rada. L Hernandez and B.G. Hoebel,
Department of Psychology, Princeton University, USA, and
Laboratory of Behavioral Physiology, Medical School, Los Andes
University, Merida, Venezuela.
This study shows that sulpiride injections in the LH induce reward
and DA release in the nucleus accumbens (NAc), and suggests that
those effects are mediated by ACh release in the LH. Brain microdialysis showed that sulpiride (4, 8 and 16 pg/0.3 pl) injected bilaterally in the pf-LH increased extracellular DA, DOPAC and HVA in the
NAc of freely moving rats in a dose-dependent fashion (R=0.74,
F=17.6, p<0.001 for DA). Either ipsilateral or contralateral LH
sulpiride (8pg) increased DA turnover in the NAc suggesting some
crossover of the LH-NAc pathways. Sulpiride injections controlling
for diffusion to the VTA had no effect. Five animals self-administered
(21 nl/2 sec) sulpiride (10pg/pl) in the LH and pressed a lever for
the drug (111 resp/2 hr) as opposed to a blank lever (20 resp/2
hr). Sulpiride infusion (1.5, 3, 6, 12 mMol) through reverse microdialysis dose-dependently increased LH ACh (R=0.64, F=12.5,
p<0.005). Sulpiride (8 pg) injected in the LH increased locomotor
activity and atropine sulphate blocked this effect. Carbachol injected
in the LH increased also locomotor activity
and increased DA
turnover in the NAc. These results support that LH cells connect with
DA neurons involved in reward and that DA inhibits hypothalamic
cells and thereby inhibits behavior reinforcement. The results
further suggest a DA-ACh interaction in the LH.

Deutch. G. GasicA S.F. HeinemannA and E.J. Nestler. Lab. of Molecular

Psychiatry, Depts. of Psychiatry and Pharmacology, Yale University School
of Medicine, New Haven, CT; AMolecular Neurobiology Laboratory, The
Salk Institute, La Jolla, CA.
Dopaminergic-glutamatergic interactions have been suggested to be
altered in schizophrenia. We therefore examined the effects of chronic
antipsychotic drug (APD) treatments on glutamate receptor subunit
expression. Using antibodies to individual subunits, we found by Western
blot that haloperidol (HAL) increased GluR1 levels in the prefrontal cortex
(PFC) and NMDAR1 levels in the striatum. In contrast, chronic clozapine
(CLZ; 35 mg/kg/day, po) did not alter striatal NMDAR 1 levels but did
increase GluR1 levels in the PFC. Since CLZ is a more potent Di receptor
antagonist than HAL, we also examined the effects of chronically
administered SCH 23390. This Di antagonist actually decreased PFC
GluR1 levels, suggesting that the effects of HAL and CLZ in the PFC may
be due to D 2-like receptor blockade, and that D1 and D 2 antagonism exert
opposite effects on GluR1 levels in the PFC. This interpretation is
consistent with our observation that 6-OHDA lesions of the nigrostriatal
pathway, although decreasing TH protein levels by >95%, have no effect
on GluR1 or NMDAR1 levels in the striatum. Finally, we observed that CLZ,
but not the other treatments increased GluR2 levels in the parietal cortex
and nucleus accumbens but not the striatum. The regionally distinct
effects of various APDs on levels of particular glutamate receptor subunits
may be related to cell-specific expression patterns of these subunits in
different forebrain sites. Regulation of glutamate receptor subunits may be
an important mechanism through which APDs exert their long-term effects
on brain function.

103.7

103.8

CLOZAPINE AND OLANZAPINE ENHANCE LATENT INHIBITION AT
LOW, BUT NOT HIGH DOSES IN RATS. L. A. Dunn* and R.I. Sdbilia.
Department of Psychiatry, Duke University Medical Center, Durham,
North Carolina 27710.
Latent inhibition (U) is an indirect behavioral measure of selective
attention that is sensitive to dopaminergic and serotonergic receptor
modulation. Although LI enhancement by systemic drug administration
models the clinical effect of many antipsychotic drugs, clozapine, an
atypical antipsychotic, does not enhance LI at a lOmg/kg dose (Dunn et al.,
1993, Psychopharmacology, 112315-323). As part of an effort to understand
this finding, a dose response curve for dozapine was measured. U was
measured for groups of rats according to the above referenced protocol.
Clozapine was administered ip for 7 days. LI was significantly reduced at
doses of 1 and 3 mg/kg. U was unaffected at 0.01, 0.03 and 03 mg/kg but was
enhanced at the 0.1 mg/kg dose. Olanzapine, a chemically related
atypical antipsychotic was also evaluated. Olanzapine given acutely, ip
had no effect at 0.1, 03, or 1.0 mg/kg. It reduced LI at a 3.0 mg/kg dose.
When given ip for 7 days, olanzapine had no effect at 0.03 mg/kg, enhanced
LI at 0.1 mg/kg and reduced U at 03 mg/kg. Both olanzapine and clozapine
have dose related biphasic effects on Li. This low dose effect may be the
result of dopaminergic antagonism combined with serotonergic autoreceptor
antagonism effects causing enhanced Li. At high doses serotonergic
antagonist effects predominate resulting in reduced LI. (Supported by
NIMH #47503)

BIOCHEMICAL EFFECTS OF CLOZAPINE IN TREATMENT
RESISTANT SCHIZOPHRENIA JA. Lieberman*. A.Z. Safferman. S.
Szymanski. M. Kronig. T. Cooper. M. Iodarola. G. Bissette. C. Nemeroff
Albert Einstein College of Medicine, Glen Oaks, NY 11005
The atypical antipsychotic drug clozapine has been the most significant
development in the pharmacotherapy of schizophrenia since the advent of
chlorpromazine. Despite extensive investigation its mechanism of action
remains unknown. One hypothesis is that clozapine's unique clinical effects are
due to its actions on specific neurotransmitter systems (5-HT and NE) in
addition to DA.
To investigate this hypothesis plasma and CSF were obtained from 19
patients with schizophrenia (13 male, age 29.5 [6.3] yrs) treated with clozapine
in a standardized protocol. Specimens were collected under controlled
conditions after a 21 day washout pretreatment and at day 21 during
treatment. Plasma was analyzed for HVA, NE, PRL and clozapine
concentration; CSF was analyzed for HVA, NE, MHPG, 5-HIAA,
neurotensin, 5-MET-enkephalin and clozapine concentration by HPLC, GCMS
and RIA methods.
Notable results were clozapine’s lack of an effect on HVA and 5-HIAA
despite its high affinity for those receptors, and on neurotensin and 5-METenkephalin which typical neuroleptics substantially increase. NE levels in CSF
and plasma increased substantially with treatment (F = 20).7; df=l,8; p=.002).
Low pretreatment CSF HVA/5-HIAA ratio and greater increases in the ratio
from pre to post treatment was associated with therapeutic response (t = -2.3,
df=14, p = .O4) .
These results suggest that an imbalance in the relative activity of DA, 5-HT
and NE may be involved in the pathophysiology of schizophrenia and that
atypical antipsychotic drugs may exert their effects by restoring this balance.

103.9

103.10

ALTERATION OF SEROTONIN RELEASE IN THE ORBITO-FRONTAL
CORTEX BY PAROXETINE: RELEVANCE TO OBSESSIVE-COMPULSIVE
DISORDER. M. El Mansari*, C. Bouchard and P. Blier. Neurobk>logical
Psychiatry Unit, McGill University, Montreal, Quebec, Canada, H3A 1A1.
The potent and/or selective serotonin (5-HT) reuptake inhibitors (SSRI) are

THE ANTIDEPRESSANT DRUG MiLNACIPRAN MODULATES 5-HT
NEURON ACTIVITY VIA THE NORADRENERGIC SYSTEM.
C. fe Mont^ny*. R. MQ^gata
..and P. Blier- Neurobiological
Psychiatry Unit, McGill University, Montreal, Quebec, Canada, H3A 1A1.
The effect of milnacipran (MIL) was assessed on the firing activity of dorsal
raphe serotonin (5-HT) neurons using extracellular unitary recording. Acute i.v.
administration of MIL suppressed the firing activity of 5-HT neurons with an
ED50 of 6 mg/kg. Furthermore, a two-day treatment with MIL (60 mg/kg/day,
s.c.) markedly decreased the firing rate of 5-HT neurons. There was a partial
recovery of firing activity after a 7-day treatment and a complete one after a 14day treatment. However, the sensitivity of somatodendritic 5-HT autoreceptors
remained normal. Consistent with the absence of any ctesensitization of 5-HT
autoreceptors, the latter MIL treatment had no effect on [3H]5-HT uptake in
hippocampal slices; it inhbited by 35 % the [3H]NE uptake. The norepinephrine
(NE) system was thus investigated in an attempt to explain the gradual
recovery of firing activity of NE neurons. In contrast to MIL, a 2-day treatment
with the NE reuptake blocker desipramine (10 mg/kg/day, s.c.) did not suppress
5-HT neuron firing activity. Nonetheless, the possibility that MIL exerted its

the only antidepressant agents that are effective in the treatment of
obsessive-compulsive disorder (OCD), albeit acting more slowly than in major
depression. Positron emission tomography studies in humans have implicated
the orbito-frontal cortex and the head of caudate nucleus in the mediation of
OCD symptoms. Following a 3-week treatment with the SSRI paroxetine
(10 mg/kg/day, s.c.) administered to the guinea pig with a minipump (removed
48 h prior to the experiments to allow elimination of the drug), the electrically
evoked release of [3H]5-HT from preloaded slices was enhanced in the frontal
cortex (21%), but not in the orbito-frontal cortex nor in the head of caudate
nucleus of the same animals. After an 8-week treatment, however, the evoked
release of [3H]5-HT was significantly more enhanced in the orbito-frontal
(55%) than in the rest of frontal cortex (29%) and still unchanged in the head
of caudate nucleus. The effectiveness of the 5-HT autoreceptor agonist 5methoxytryptamine to decrease the evoked release of [3H]5-HT was unaltered
in the frontal cortex, orbito-frontal cortex and caudate nucleus after 3 weeks
of paroxetine, and was attenuated only in the orbito-frontal cortex after 8
weeks of treatment. The terminal 5-HT autoreceptor was thus desensitized
only in the orbito-frontal cortex and this could therefore explain the marked
enhancement of 5-HT release after the 8-week treatment in the latter brain
region. These results stand in contrast with a desensitization of this 5-HT
autoreceptor in the guinea pig hypothalamus and hippocampus occuring after
only 3 weeks of paroxetine (Neurosci. Abst. 22: 856, 1993). In conclusion,
the time course of the occurence of the adaptative changes in the orbitofrontal cortex is congruent with the therapeutic response of SSRI in OCD.
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suppressant effect on 5-HT neurons by acting on the NE system was
confirmed by the lack of effect of acute i.v. MIL on the firing activity of 5-HT
neurons in NE denervated rats (fluoxetine + 6-hydroxydopamine), as well as in
rats pretreated with the a2-adrenoceptor antagonist idazoxan (0.5 mg/kg, i.v.).
it was thus deemed crucial to determine whether a decreased sensitivity of
as-adrenocepitors could account for the recovery of 5-HT neuron firing activity
during long-term MIL treatment. Preliminary data indicate indeed that the
suppressant effect of the os-adrenergic agonist ctonidine on 5-HT neuron firing
activity is markedly reduced by a long-term MIL treatment.
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EFFECTS OF ANTIDEPRESSANT DRUGS ON THE ENHANCEMENT OF
[3H]NOREPINEPHRINE RELEASE BY 5-HT3 RECEPTORS IN THE RAT
HIPPOCAMPUS. R. Monqeau*. C. de Montigny and P. Blier. NeurcbiiotogicW
Psychiatry Unit, McGill University, Montreal, Quebec, Canada, H3A1A1.
The effect of various classes of antidepressant drugs (10 mc/kg/cdcy, s.c.
x 21 days) was studied on the electrically-evoked release of tritiated
norepinephrine ([3H]NE) as well as on its modulation by the 5-HT 3 receptor
agonist 2-methyl-5-HT. Preloaded rat hippocampus slices were stimulated
with 360 pulses (3 Hz, 2 ms, 20 mA). Treatments with either fluoxetine, a
selective 5-HT reuptake inhibitor, or moclobemide, a reversible type A
monoamine oxidase inhibitor, increased the evoked release of [3HJNE.
These two drugs did not change, however, the enhancing effect of 2methyl-5-HT on the evoked release of [3H]NE. Desipramine produced a
much larger increase of the evoked release of [3H]NE than fluoxetine or
moclobemide and desensitized the 5-HT3 receptors that modulate this
release. Trimipramine, which like desipramine has a tricyclic structure but
does not block the reuptake of either NE or 5-HT, did not increase the
evoked release of [3H]NE and did not desensitize the 5-HT3 receptors.
Maprotiline, a selective NE reuptake inhibitor, did not produce the same
changes as desipramine, but inhibited NE reuptake to a lesser extent
(50%) than desipramine (80%). These results suggest that the high
potency NE reuptake blocker desipramine desensitizes 5-HT3 receptors
modulating [3H]NE release, and that this effect is not common to all

EFFECT OF SHORT-TERM LITHIUM TREATMENT ON PROLACTIN
RESPONSE TO THE 5-HTj A AGONIST 8-OH-DPAT. V. Hadrava*. P. Blier
and C. de Montigny. Neurobiological Psychiatry Unit, McGill University,
Montreal, Quebec, Canada, H3A 1A1.
Addition of lithium to the therapeutic regimen of depressed patients,
treated with, but not responding to, an antidepressant drug, results in a
marked improvement in most patients within a remarkably short period. In
such patients as well as in healthy volunteers, short-term lithium treatment
increases the prolactin response to L-tryptophan. In rats, prolactin response
to 5-hydroxytryptophan is also enhanced after short-term lithium
administration. Electrophysiological studies suggested that a 3-day lithium
treatment enhances the sensitivity of postsynaptic 5-HT1A receptors
involved in 8-OH-DPAT-induced suppression of rat dorsal raphe 5-HT
neuronal activity. In the present study, we evaluated whether such lithium
treatment enhances the 5-HT1A-mediated prolactin release. Male SpragueDawley rats, on 3-day regular chow (control) or 0.2% lithium carbonate
containing chow, were challenged by subcutaneous administration of saline
or 100 pg/kg of 8-OH-DPAT. Blood samples were collected 15 min later.
Plasma lithium and prolactin levels were determined by flame photometry
and double antibody RIA, respectively. In control rats, 8-OH-DPAT induced
a 9-fold increase in prolactin levels. In lithium-treated rats, the baseline
prolactin levels were similar to those in control group. The lithium treatment
augmented the prolactin response to 8-OH-DPAT by 35% when compared
to control rats. Our results thus suggest that short-term lithium treatment
sensitizes a subset of postsynaptic 5-HT^ receptors involved in prolactin
response. Such sensitization of postsynaptic 5-HTM receptors may thus
potentiate the enhancement of 5-HT neurotransmission by antidepressant
treatment.

antidepressant drugs. Furthermore, the increased release of 5-HT induct

by moclobemide and fluoxetine should enhance NE release through
normosensitive 5-HT3 receptors.
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PHARMACOLOGICAL TREATMENT OF DRUG ABUSE: INTERACTIONS
WITH PRICE OF DRUG AND FEEDING CONDITIONS. M. E. Carroll*. S.
D. Comer, S, T. Llc , J. M. Rawleioh, L. K. Curtis. J.S. Rodefer ann J.J.
Hanson. Department of Psychiatry, University of Minnesota School of
Medicine, Minneapolis, MN 55455.
Buprenorphine, a partial mu receptor agonist reduces cocaine self-administration in human cocaine and opiate abusers ns well as in laboratory
animals trained to self-administer cocaine, ethanol, phencyclidine, food, or
saccharin. In rats nnd monkeys drug self-administration is also suppressed
by the addition of a nondrug alternative reinforcer (e.g., preferred dietary
substance) to the environment. The purpose of the present study was to
examine the effect of combining buprenorphine treatment with the addition of
nn alternative reinforcer (sweetened liquid) on cocaine- and phencyclidinereinforced behavior. The combined effect of these treatments wns evaluated
as the cost of drug was varied by gradually increasing the fixee-ratld (FR)
requirement for drug delivery. Three animal models were used: i.v. cocaine
self-administration in rats, cocaine-base smoking in rhesus monkeys nnd oral
phencyclidine self-aemin'istrnt'ion in monkeys. Drugs were self-aemin'isteree
during daily 3-hr (monkeys) or 12-hr (rats) sessions . Initial results indicate
that Both buprenorphine and the nondrug alternative reinforcer reduced nll
three forms of drug self-administration. However, pretrewtment with buprenorphine produced n proportionally greeter reduction indrug intake when a
nondrug alternative reinforcer wns present. Sepnrntely and together,
buprenorphine and a nondrug alternative reinforcer hnd a greater suppressant effect on drug self-neministrctidn es the FR or cost of drug increases.
These findings suggest thet the effectiveness of pharmacological treatment
of drug abuse is dependent on availability of alternative reinforcers in the
environment and the economic context of drug procurement. Supported by
R37 DA03240 and T32 DA07097.

EFFECTS OF OPIOIDS WITH VARYING DEGREES OF
INTRINSIC EFFICACY AT THE MU RECEPTOR ON FIXEDCONSECUTIVE NUMBER RESPONDING IN RATS.
M.A,
Smith. R.C. Pitts. L.A, Dykstra*. and M.J. Picker. Dept- of
Psychology, University of North Carolina, Chapel Hill, NC
27599-3270.
The effects of several mu agonists end mixed-action opioids were
assessed in rnts responding under a fixed-consecutive number (FCN)
schedule. In this schedule, e response run wes reinforced if the animal
emitted et least 12 consecutive responses on one response lever, end
then emitted one response on w second response lever. Morphine,
fentanyl, buprenorphine, butorphanol, and nalbuphine each produced
dose-dependent increases in the number of response runs per
reinforcer (i.e., decreases in accuracy) with concurrent decreases in
response rate. The dose-effect curves for morphine, fentanyl, and
buprenorphine where characterized by steep slopes with little betweensubject differences in the dose required to decrease accuracy and
response rate. In contrast, the dose-effect curves for butorphenol end
nalbuphine were shallow with large between-subject differences in the
dose required to decrease accuracy and rate of responding. At ell doses
tested, the opioid antagonist naloxone did not significantly alter
accuracy or response rate. Tolerance to the effects of these drugs was
achieved by initiating e chronic morphine regimen. Tolerance slowly
developed to both the accuracy and rete-decreesing effects of
morphine over a 4 week period. Tolerance to the rete-decreasing
effects of butorphanol was observed after one week of morphine
administration, whereas tolerance to the accuracy-decreasing effects of
butorphenol was still not observed after 4 weeks of chronic morphine
administration. (Supported by DAO7327 and DAO7244).

104.3

104.4

ANTAGONISM OF THE DISCRIMINATIVE STIMULUS EFFECTS OF 8OH DPAT BY MU BUT NOT BY KAPPA OPIOIDS. D. Morgan. Robert
MaePhail* and M. J. Picker. Department of Psychology, University of North
Carolina, Chapel Hill, NC 27599.
The ability of mu and kappa opioids to alter the discriminative-stimulus and
rate-decreasing effects of the 5-HT1A receptor agonist 8-OH DPAT was
examined in rats trained to discriminate either a low (0.1 mg/kg) or a high (0.3
mg/kg) dose of 8-OH DPAT from water in a two-lever food-reinforced drug
discrimination procedure. The mu opioids, morphine and fentanyl, and the
kappa opioids, U50.488 and bremazocine, failed to substitute for the 8-OH
d PAt stimulus, up to doses that substantially reduced rates of responding.
During antagonism tests, the mu opioids, morphine and fentanyl, attenuated the
stimulus effects of both training doses of 8-OH DPAT in a dose- and timedependent manner. Moreover, morphine and fentanyl produced dose-dependent
rightward shifts in the 8-OH d Pa T dose-effect curve that were partially
surmountable and naltrexone-reversible. Morphine and fentanyl also attenuated
the stimulus effects of another 5HT1A agonist, ipsapirone. In contrast to the
effects of the mu opioids, the kappa opioids, U50.488 and bremazocine,
regardless of dose or pretreatment time, failed to alter the stimulus effects of 8OH DPAT. The rate-decreasing effects of 8-OH DPAT were not altered
significantly by either the mu or kappa opioids examined. The present study
demonstrates that the stimulus effects, but not the rate-decreasing effects, of 5HT1A receptor agonists can be modulated by mu opioids, whereas neither
stimulus or rate-decreasing effects were changed by kappa opioids.

DISCRIMINATIVE STIMULUS PROPERTIES OF U5O.488H AND
MORPHINE IN A THREE-KEY ASSAY: A KAPPA AND MU OPIOID
DISCRIMINATION IN THE PIGEON. M. Makhav. A, Tang* and A. Poling.
Department of Psychology, Western Michigan University,
Kalamazoo, MI 49008
Opiate drugs have been classified according to their ability to generalize to
the prototypic mu opioid, morphine, or to the kappa opioid, U5O,488H, in
pigeons trained to discriminate between morphine and vehicle injections, or
between U5O,488H and vehicle injections (Picker & Dykstra, 1987). A threechoice discrimination procedure in which subjects discriminate among morphine,
U5O.488H, and vehicle injections, might afford a greater degree of precision in
characterizing the subjective effects of opioids. The feasability of such a
procedure was demonstrated in the present study, in which six pigeons were
trained to discriminate among injections of 5.6 mg/kg U5O,488H, 5.6 mg/kg
morphine, and saline. Reliable discrimination was attained by reinforcing
injection-appropriate key-pecks under a fixed-ratio 20 schedule of food delivery.
Orderly dose-response relations were obtained when doses of morphine and
U5O.488H front 0.10 to 32 mg/kg were substituted for die training doses.
Regardless of the substitution dose, dte birds almost never responded on the
U5O,488H-appropriate key when morphine was administered, or on the
morphine-appropriate key when they received U5O.488H.
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TREATMENT WITH INCREASING DOSES OF MORPHINE
DIFFERENTIALLY ALTERS THE STIMULUS AND RATE EFFECTS
OF SEVERAL OPIOIDS IN MORPHINE-DEPENDENT PIGEONS.
S.A. Vanecek*, Y. Wu and AM. Young. Dept. of Psych., Wayne State
University, Detroit, MI 48202.
Morphine (MS), buprenorphine (BP), nalbuphine (NB) and
naltrexone (NLTX) presumably range from high to zero efficacy,
respectively, at mu opioid receptors. Experiments examined whether
treatment with increased doses of MS altered the discriminative
stimlus and rate-decreasing effects of these drugs in pigeons trained to
discriminate among i.m. injections of 17.8 mg/kg MS, 0.056 mg/kg
NLTX and saline under fixed-ratio 30 schedules for food reinforcement.
Initially, pigeons received 10 mg/kg MS once daily. During this
treatment, MS (10-56 mg/kg) occasioned MS responding, BP (>1.O
mg/kg) engendered MS responding, NB (>1.O mg/kg) engendered NLTX
responding and NLTX (0.1-3.2 mg/kg) occasioned NLTX responding.
During repeated treatment with 56 mg/kg MS, b.i.d., approximately 3fold higher doses of MS were required to occasion MS responding,
whereas BP now occasioned NLTX responding, and 3-fold lower doses
of NB and NLTX occasioned NLTX responding. The rate-decreasing
effects of MS were unchanged by this treatment, whereas the ratedecreasing effects of BP, NB and NLTX were markedly enhanced.
These results suggest that repeated treatment conditions that result in

TOLERANCE AND CROSS-TOLERANCE STUDIES IN
RATS TRAINED TO DISCRIMINATE A LOW DOSE OF
FENTANYL. J. Sutherland. F. Dale. E.A. Walker, and AM.

tolerance to agonist stimulus effects also result in sensitization to

antagonist stimulus and rate-decreasing effects in highly dependent
pigeons. (Supported by DAO3796 and KO2 DA00132)

104.7
ACUTE TOLERANCE TO NICOTINE IN THE RAT: IN VIVO AND IN
VITRO ANALYSIS. J.R. James*. X. Zhang, G. Ze-Hui. C.
Li-H__ A.__ Mohammed.. anj A.__ Ngrdberg. Dept. of Clinical
Neuroscience and Family Medicine, Division of Nicotine
Research, Karolinska Institute, Huddinge University
Hospital, 141 86 Huddinge, Sweden..
Nicotine's CNS mechanism(s) of action are mediated by
a specific group of nicotinic-cholinergic receptors
(nAChRs).
This group of nAChRs are composed of specific
subtypes of alpha and beta subunits.
Desensitization of
nAChRs has been reported in the presence of nicotinic
agonists in vitro and in vivo.
A two lever operant drug
discrimination paradigm was used to investigate, i n
vivo ,
the ability of nicotine to produce acute
tolerance.
Rats were trained to discriminate nicotine
(400 ug/kg) from saline.
A challenge dose of nicotine
(800 ug/kg) administered 90-180 minutes prior to the
training dose significantly attenuated drug lever
responding in a subpopulation of the rats.
Rats
produced
individually
unique
acute
tolerance
"fingerprints" in relationship to time course and degree
of acute tolerance.
^H nicotine autoradiography and in
situ hybridization with rat a4^2 cRNA probes were
performed.
Correlations between behavioural differences
in acute tolerance and differences in receptor affinity
and density were analyzed.
These correlations were
compared to their corresponding gene expression.

104.9

MCPG,
TTX,
BUT
NOT
CIS-FLUPENTHIXOL
BLOCK
CONTRALATERAL
TURNING
CAUSED
BY
TRANS-ACPD
INJECTED INTO THE DORSAL STRIATUM OF RATS. I ,D. Smith*.
and R.J. Beninger. Dept. Psychology., Queen's Univ., Kingston, Canada.
The dorsal striatum receives massive glutamatergic (GLU) input from the
cortex. We have show previously that unilateral activation of GLU receptor
subtypes NMDA, KA and AMPA cause a directional bias in the rat, a
phenomenon also associated with an imbalance in striatal dopamine (DA)
transmission. Recent evidence suggests an involvement of metabotropic
GLU receptors in the physiology of the striatum. We examined the effects of
unilateral injections of a metabotropic agonist on turning behaviour.
Male Wistar rats received O.5J drug injections into the dorsal striatum
(A0.3, L3.0, V4.5) and turning activity over 20 minutes was measured in an
automated rotometer. Injections of the metabotropic receptor agonist transACPD (5, 50, 5OO|iM (0.4, 4.3, 43.3ng)) caused significant contralateral
turning in a dose-dependant manner. Co-injections of the metabotropic
antagonist MCPG at 1mM reversed the effects of 5OO-M trans-ACPD, but did
not affect rotation when injected alone at several doses (10pM, 100pM, 1 mM
(1.0, 10.4, 104.6ng)). Trans-ACPD-induced rotation was also blocked by coinjection of 100pM (16.0ng) TTX. Co-injections of the DA antagonist cisflupenthixol (7.8mM (2pg)) however, failed to reverse the turning effect.
These results show that stimulation of metabotropic GLU receptors in the

dorsal striatum causes contralateral turning in a receptor-specific and dosedependent manner. It appears that trans-ACPD elevates striatal unit activity,
as the action potential blocker TTX reverses this effect. In addition, rotation
does not appear to be dependent on dopamine transmission, suggesting that
the effect was not due to an increase in presynaptic DA release.
(Supported by NSERC)
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Young*. Dept. of Psych., Wayne State Univ., Detroit, MI 48202.
Two questions were examined in the present study: 1) whether
a low training dose of the high efficacy p agonist fentanyl (FT)
could serve as a discriminative stimulus; and 2) whether chronic
treatment with a lower efficacy p agonist, morphine (MS), would
produce tolerance to the discriminative stimulus effects of FT,
MS, or the low efficacy p agonist nalbuphine (NB). Male,
Sprague-Dawley rats (N=15), were trained to discriminate 0.01
mg/kg FT from saline under a FR 15 schedule of food
reinforcement. Cumulative doses of FT (0.0018-0.032 mg/kg), MS
(0.32-10 mg/kg), and NB (0.1-32 mg/kg) produced FT-appropriate
responding and decreased response rates in a dose-dependent
manner. Training was suspended, rats were administered 20
mg/kg/day MS for 14 days, and FT, MS, and NB were retested on
days 8 and 15. Chronic MS treatment decreased the potency of
FT and MS to produce FT-appropriate responding and to suppress
response rates. Whereas higher efficacy agonists FT and MS
maintained the capacity to produce FT-appropriate responding,
chronic MS treatment increased the potency of low efficacy
agonist NB to suppress response rates suggesting that NB may
exert antagonist-like effects in MS-tolerant, FT-trained rats.
(Supported by DAO3796, KO2 DA00132, and HRD 9014899).

104.8

DOPAMINE
RELEASE
IS
NOT
DETECTED
DURING
INTRACRANIAL
SELF
STIMULATION.
Z.L.Kruk,
S.Cheeta,
J.Williams
&
P.Willner*.
Dept
Pharmacology, Queen Mary & Weetfield College,
Mile End Rd, London El 4NS UK.
Dopamine (DA) release was measured by fast
cyclic
voltammetry
(FCV)
in
the
nucleus
accumbens
of
anaesthetised
rats
during
operator delivered electrical stimulation of
the ventral tegmental area (VTA). Stimulating
and
voltammetric
electrodes
were
then
permanently
secured
and
rats
allowed to
recover. The rats were then trained to deliver
intracranial self stimulation (ICSS) in the
VTA by pressing a lever in a skinner box. Rats
would deliver ICSS (15—20ai A RMS, 0.5s, 50Hz
sine wave) on a CR schedule, up to 300 times
in a 15 min session, but no DA release was
detectable at any time in a test session.
Increasing the stimulation current resulted in
disruption of ICSS behavior. The threshold
stimulus for detection of DA release was the
same in anaesthetised or conscious rats, with
operator delivered stimulations of at least
4OpA RMS, Is, 50Hz. Rats trained to perform
ICSS would not self stimulate when such
stimulation parameters were used.

104.10

GBR- 12909-INDUCED SELF-INJURIOUS BEHAVIOR AND
ALTERATIONS IN DYNORPHIN AND SUBSTANCE P SYSTEMS IN RAT
STRIATUM S. P. Sivam*. Dept, of Pharmacol. & Toxicol., Indiana
Univ. School of Medicine, NWCME, 3400 Broadway, Gary IN 46408.
GBR-12909 (GBR) is a dopamine uptake inhibitor. This study
examined a) the propensity of repeated administration of GBR to
induce self-injurious behavior (SIB) and b) the influence of GBR on
striatal dopamine, dynorphin and substance P neuronal systems.
GBR was administered daily (20 mg/kg) for four days to female
Sprague Dawley rats. The animals were observed for locomotor
activity and the occurrence of SIB. For biochemical measurements,
the striatum and substantia nigra were used. The levels of dynorphin
A (1-8) (DYN) and
substance P (SP) were determined by
radioimmunoassays. The abundance of prodynorphin (PD) and
prepro tachykinin (PPT) mRNAs was quantified by Northern blot
analysis. Repeated administration of GBR induced SIB in rats
beginning with the second day of administration. The SIB consisted
of injury to paws as well as other body areas. Male rats were less
sensitive to elicit this effect as they required higher doses (40
mg/kg/day for 4 days). GBR also induced increase in locomotor
activity. GBR decreased dopamine and its metabolite, DOPAC levels
and increased DYN and SP peptide levels in the striatum and
substantia nigra. The increases in peptide levels were associated with
an increase in the abundance of PD-mRNA and PPT-mRNA in the
striatum. Dopaminergic lesions with 6-hydroxydopimint attenuated
the occurrence of SIB and changes in DYN and SP. The study reveals
a unique property of GBR to induce SIB as other dopamine uptake
inhibitors such as cocaine do not produce this effect. The results
indicate a dopamine-neuropeptide association in the genesis and/or
expression of GBR-induced SIB. Supported by USPHS grant NS26O63
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FLUMAZENIL BLOCKS THE ANTI-DOPAMINERGIC EFFECT OF
CLONAZEPAM AND MELATONIN. C.Tenn* andL.P. Niles. Department
of Biomedical Sciences, McMaster University, Hamilton, Ontario,
Canada, L8N 3Z5.
In this study, the effects of the central-type benzodiazepine (BZ)
agonist, clonazepam, and the indoleamine hormone, melatonin, on
central dopaminergic function, were examined. Unilateral lesioning of
the nigrostriatal dopamine pathway with 6-hydroxydopamine, was
carried out in male Sprague Dawley rats. Two weeks post-surgery,
clonazepam (1 mg/kg,i.p.), melatonin and its analogs, 6-chloromelatonin and 2-iodomelatonin (1-10 mg/kg,i.p.), were found to
significantly inhibit apomorphine-induced turning behaviour. Doseresponse experiments indicated that the anti-dopaminergic effect of
melatonin is dose dependent, with a maximal effect at a dose of 5-10
mg/kg,i.p. and a half-maximal effect at about 0.40 mg/kg,i.p. A
comparison of various indoleamines indicated that 6-chloromelatonin
and 2-iodomelatonin were more potent than melatonin in blocking
apomorphine-induced turning, whereas the melatonin precursors,
serotonin and N-acetylserotonin, were ineffective.
Pretreatment with a central-type BZ receptor antagonist, flumazenil,
blocked the anti-dopaminergic action of clonazepam and melatonin.
Bicuculline (2.5 mg/kg,ip), a GABAa receptor antagonist, also suppressed this pharmacological effect of melatonin. In contrast, the
peripheral-type BZ antagonist, PK11195, caused only a slight decrease
in melatonin's effect. These results indicate that the anti-dopaminergic
effect of BZs and 5-methoxyindoles is mediated predominantly by
central-type BZ receptors in the CNS via a GABAergic mechanism.
(Supported by the OMHF, Canada).

MODIFICATION OF THE BEHAVIORAL EFFECTS OF BAY K 8644
BY L-TYPE CALCIUM CHANNEL BLOCKERS IN SQUIRREL
MONKEYS. S. Rosenzweig-Lipson* and J. E. Barrett. CNS Department,
Lederle Laboratories, American Cyanamid Co., Pearl River, NY 10965.
Behavioral effects of the dihydropyridine L-type calcium channel
activator (±)BAY k 8644 were determined alone and after pretreatment
with the structurally distinct L-type calcium channel blockers nimodipine
(dihydropyridine). verapamil (phenylakylamine), diltiazem
(benzothiazepine). and flunarizine (piperazine) in squirrel monkeys
responding under a 10-response fixed-ratio schedule of stimulus-shock
termination. When administered alone, (±)BAY k 8644 (0.01-0.56
mg/kg) produced dose-dependent decreases in rates of responding, with
an ED5o value of 0.30 mg/kg (95% CL: 0.15-0.60 mg/kg). Pretreatment
with nimodipine (3-10 mg/kg) or verapamil (1-3 mg/kg) produced dosedependent rightward shifts of the (±)BAY k 8644 dose-response curve,
indicative of surmountable antagonism.
In the presence of 10 mg/kg
nimodipine or 3 mg/kg verapamil, the ED50 value for BAY k 8644 was
increased to 0.75 mg/kg and 0.68 mg/kg, respectively.
In contrast,
pretreatment with flunarizine (3-10 mg/kg) did not antagonize the ratedecreasing effects of (±)BAY k 8644.
Rather, pretreatment with
flunarizine produced dose-dependent leftward shifts of the (±)BAY k
8644 dose-response curve, with the ED50 of BAY k 8644 decreasing to
0.13 mg/kg in the presence of 10 mg/kg flunarizine. Pretreatment with
diltiazem (10-17.8 mg/kg) did not modify the (±)BAY k 8644 doseresponse curve. In addition, stereoselectivity was evident in the behavioral
effects of BAY k 8644 with the S(-) enantiomer (ED50: 0.10 mg/kg)
being approximately 3- fold more potent than the racemate. The present
results suggest that the behavioral effects of BAY k 8644 are differentially
modified by L-type calcium channel blockers interacting with different
sites on the channel.
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THE POST-REPRODUCTIVE PHASE IN A MOLLUSC: RESULT OF A CASCADE OF
CHANGES IN IDENTIFIED PEPTIDERGIC NEURONS? C. Janse. M. van der Roest. A. ter

OPERANT CONDITIONING OF AERIAL RESPIRATION IN LYMNAEA. K
Lukow'iak*, W Wildering, G Spencer and N Syed. Neuroscience and Respiratory
Research Groups, University of Calgary, Calgary, AB Canada T2N 4N1.
Recently, we reconstructed in culture the CPG that mediates rhythmic
aerial breathing in Lymnaea. Whether this circuit was capable of mediating
associative learning was not known. We therefore attempted to operantly
condition aerial respiratory behaviour in Lymnaea. Aerial respiration, opening
and closing of the pneumostome occurs at the surface, at a frequency of 12/h in
hypoxic conditions (N2 bubbled through the aquarium). This behaviour was
recorded for 30 min (pre-test), then animals (N=6O) either received operant
conditioning training, yoked or random control training, an hypoxic insult control
period, or normoxic conditions only. Operant conditioning consisted of
stimulating the pneumostome area with a sharp wooden stick each time the
animal attempted to open its pneumostome. The stimulus was not intense enough
to evoke a whole body withdrawal reflex. Yoked and random controls received
the same number of stimuli to the pneumostome area, but the stimuli were not
contingent on the animal attempting to open its pneumostome. Hypoxic controls
were prevented from coming to the surface to breath for the entire period that
the operant control group was trained. The operant training group when tested
(30 min, post-test) following a lh training period opened their pneumostome

Maat. R. F. Jansen. C. R. Jimenez. K. W. Li. J. van Minnen, J. Klumperman.
(SPON: European Neuroscience Association). Graduate School of Neurosciences
Amsterdam, Research Institute Neurosciences Vrije Universiteit. Faculty of Biology.
Vrije Universiteit, De Boelelaan 1087, 1081 HV Amsterdam, The Netherlands.
In the pond snail Lymnaea stagnalis egg laying is induced by multiple peptides
which are released by electrically active caudo dorsal cells (CDCs). The peptides are
encoded in at least two precursor genes, CDCH-I and CDCH-II. CDCH-I is expressend
immediately after hatching and CDCH-II is expressed at about 4 weeks. During its
lifespan Lymnaea undergoes dramatic changes in egg laying behaviour. Egg laying
starts at about 8 weeks and increases initially with age to decrease again at an age of
about 10 months. From that age on the total number of animals that cease egg laying
increases with age. The maximum age of Lymnaea is about 22 months.
Detailed multidisciplinary experiments were done on the transition of the animal to the
post- (female)reproductive phase. Injections of synthetic CDCH indicated that cessation
of egg laying activity in old animals is due to changes in central CDCs. Lucifer
Yellow injections of CDCs showed that in old animals a particular group of CDCs
degenerate. EM and immunocytochemical studies confirmed the occurrence of
degeneration but also showed that in the same CNS outgrow th of CDCs occurred. This
indicates that intrinsic properties of the particular CDCs are involved in degeneration.
In animals that ceased egg laying, CDCs could still be electrically activated. The
activity lasted however considerably longer than normal, indicating that these CDCs
still function but allready are changing. Mass spectrometry showed changes in peptide
contents of the neurohaemal area of the CDCs of animals that ceased egg laying.
The present experiments thus indicate that several changes take place in the CDCs at
the age of cessation of female reproductive behaviour. Our present hypothesis is that
the different changes found so far in the CDCs are part of a cascade of events which
finally results in turning off the CDCs and thus inducing cessation of egg-laying.
Future experiments are directed towards elucidating this cascade of events from the
molecular up to the behavioural level.

significantly fewer times and for significantly shorter periods of time than any of
the control groups. Moreover, as training progressed over days, the experimental
group received significantly fewer tactile stimuli during the training period. This
"savings" persisted for at least 3 days. Control animals when tested for a similar
"savings"did not exhibit a decrease in the number of tactile stimuli received. Thus
Lymnaea' aerial respiratory behaviour is capable of exhibiting associative
learning (i.e. operant conditioning). We are now in the position to begin to
examine the changes in neuronal activity that mediate this associative learning.
Supported by MRC (Canada).
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FOOD-ATTRACTION CONDITIONING’ - A NOVEL LEARNING
PHENOMENON IN THE GASTROPOD SNAIL, HELIX POMATIA.

BEHAVIOR PATTERNS OF THE APLYSIID GASTROPOD BURSATELLA
LEACHII IN ITS NATURAL HABITAT AND IN THE LABORATORY.
M.W, Miller*. LJ. Ramos, and J.L.L. Rocafort. Institute of Neurobiology,
University of Puerto Rico, Blvd del Valle 201, San Juan, Puerto Rico 00901.
The behavior of the ragged sea hare, Bursaiellaleachii pleii Rang was examined in
its natural habitat and in captivity. An indication of the seasonal availability of
Bursaiella in Puerto Rico was obtained by making multiple observations at a single
site. From July 17 until August 20, 1993, the Bursaiella appeared in low numbers
(11.6 ± 7.9; mean ± SD). Their abundance rose sharply during late August, reaching
a plateau level that extended from August 29 until October 23 (64 ± 12.6). The
mean size of the Bursaiella did not appear to change during this period of
’recruitment’, suggesting that some form of migration may be contributing to their
seasonal occurrence at this site. Beginning in late October, their numbers dropped
fairly sharply until mid-November, when no specimens could be found. At sunrise,
the Bursaiella were typically found in stationary groups (2 to 12 specimens).
Members of an aggregate were frequently observed to be copulating. In smaller
groups, w here it was possible to determine the copulatory role (sperm donor or sperm
recipient) of each specimen, aggregate members alternated roles frequently. In
contrast, Bursaiella sighted in the afternoon were typically solitary and usually in
motion. In order to see whether such a daily rhythm persisted in animals held in
captivity, pairs of animals housed in 20-gallon aquaria were examined throughout the
day. The most notable changes in the behavior patterns of Bursaiella recorded in the
afternoon (PM) versus those observed in the morning (AM) were a decrease in the
occurrence of copulation (AM: 38.9 ± 6.5%; PM: 13.8 ± 2.2%; p < 0.01) and an
increase in the occurrence of grazing (AM: 19.9 ± 4.4%; PM: 30.4 ± 2.4%; p <
0.05). These findings indicate that some aspects of the natural daily rhythm persist
in Bursaiella held in captivity. Supported by NIMH, MIRDP Grant (MH-48190) and
RCMI (RR-O3O5l).

Thomas Tevke*. Institut fur Zoologie (III) Biophysik, Johannes GutenbergUniversitat, 55099 Mainz, Germany.

Molluscs are established animal models for the study of the neuronal
basis of behavior. Specific attention has been devoted to the identification
of various forms of learning and the mechanisms underlying learning and
memory. Here, I describe a novel learning phenomenon, FOODATTRACTION CONDITIONING, which develops as a corollary to
feeding and profoundly influences the behavior of the snails.
Naive snails (Helix pomatia) are not able to locate potential food
sources at close proximity above chance, although they readily eat the
food upon direct contact. In an open field arena given a carrot vs. potato
orientation test (at 20cm distance), the snails moved in various directions.
Only 3/24 snails located either food. After a single feeding episode, 21/24
snails located the food: 9/12 of the carrot fed snails moved directly
towards and ate the carrot; 8/12 of the potato fed snails located the potato.
Snails fed lettuce behaved like naive animals and ignored either food.
Food preferences are maintained for more than 12 days, provided that the
animals are not exposed to other foods in the interim. Changing the food
causes the snails to shift their orientation preference within 2 days. It has
been shown that orientation to food is solely based upon olfactory stimuli.
However, exposure to food odor alone is not sufficient - intake of the food
is necessary to permit food finding.
These findings demonstrate that Helix do not possess a general
predisposition for food and that food-finding requires prior experience.
Food-attraction conditioning is a robust learning phenomenon which
appears to be a crucial link between the ecology of learning and the
ecology, of foraging behavior.
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MULTI-SITE OPTICAL MEASUREMENTS OF MEMBRANE POTENTIAL
CHANGES FROM INDIVIDUAL NEURONS. S. Antic and D. Zecevtc. Univ.
Belgrade Sch. Biol., Yugoslavia; Yale Univ. Sch. Med., New Haven, CT.

CONTRIBUTIONS OF ENHANCED TYPE-B CELL EXCITABILITY AND
SYNAPTIC STRENGTH TO INHIBITION OF TYPE-A CELLS IN HERMISSENDA: A COMPUTATIONAL ANALYSIS. J.W. Fost* and G.A. Clark.
Program in Neuroscience, Princeton University, Princeton, NJ 08544.
Classically conditioned suppression of phototaxis in Herm^^aenda, involves
an increase in the excitability of the type-B photoreceptors, as well as an increase in the synaptic strength of the inhibitory connections of type-B cells
onto the type-A cells which drive phototaxis. To examine the relative contributions of these two cellular mechanisms, we first used a physiologically
realistic Hodgkin-Huxley model (Fost & Clark, 1993) to simulate a simplified
circuit having only a single pair of cells, an inhibitory type-B cell connected
to a type-A cell. We found that increasing either type-B cell excitability or
B—> synaptic strength enhanced the B—A inhibition during stimulation by
light; moreover, when both changes occurred simultaneously, they operated
synergistically to reduce type-A cell output more than the sum of the individual effects. We are currently investigating the mechanisms of this synergism,
including the possibility of an increased “hit rate” probability that an IPSP
will coincide with, and thereby inhibit, the generation of a postsynaptic spike.
We next extended this simulated circuit to include the complete Hermissenda eye (three type-B cells and two type-A cells). Qualitatively, the network performed similarly to the B-A pair: increases in type-B excitability and
B—A synaptic strength each augmented the B—A inhibition, and there was
a synergistic interaction when both occurred together. We are currently using
variations of the complete circuit to explore the functional consequences of
additional cells and specific connections between them, including a possible
distinction between the effects of A—B vs. B—B inhibition.

We carried out experiments to optically monitor the generation and spread of
action potentials and subthreshold potentials in the processes of individual
neurons in ganglia of the snail, Helix aspersa. Optical signals were detected by
a system for fast, multiple-site optical monitoring, utilizing a 464-element silicon
photodiode array. The neurons were selectively stained by intracellular
pressure injection of voltage-sensitive dyes. Satisfactory signals were obtained
in fluorescence measurements using a amino-naphthyl styryl dye, JPW1114,
specifically designed for intracellular application. There was an improvement
in sensitivity (as defined by the signal-to-noise ratio) by a factor of about 50
over previously reported absorption and fluorescence signals from neuronal
processes stained by either intra- or extracellular application of dyes.
Recordings with adequate spatial and temporal resolution were obtained
simultaneously from the cell body and tong axonal branches. From this data the
site of initiation, the direction of the spread and the propagation velocity of the
action potential were determined. Spike initiation zone was found to be in the
proximal axon. The location of the trigger zone varied with characteristics of
somatically injected stimulus current. The propagation velocity of the action
potential was calculated for different axonal segments; we found that different
regions have different velocities ranging from 0.53 m/s to 0.07 m/s. The present
sensitivity was adequate to allow the recording of a 10 mV hyperpolarizing
electrotonic response along axonal branches and to directly observe the
decline of this passive response with distance from the site of stimulation.
Relatively modest improvements in sensitivity will allow systematic analyses of
the spread and summation of synaptic potentials in individual neurons.

105.7

105.8

EVOLUTION OF LEARNING-RELATED NEUROMODULATION IN
OPISTHOBRANCH MOLLUSCS. W. G. Wright*, and B. Maynard.
Department of Biology, Colorado State University, Ft. Collins, CO 80523.
In Aplysia sensitizing stimuli induce serotonin (5HT) release which produces
facilitatory neuromodUlation, including anti-accommodation (AA) and spike
broadening (SpBr) in mechanosensory neurons. To investigate the evolution of
these processes, we applied 5HT (lO'^M) and tested for AA and SpBr in tail
sensory neuron (TSN) homologues of four aplysiomorph species.

ELECTROPHYSIOLOGICAL AND GENETIC ANALYSIS OF
BEHAVIOR IN THE NEMATODE C. ELEGANS. S, R. Lockery*.
Inst, of Neuroscience, Univ. of Oregon, Eugene, OR 97403.
The nematode C. elegans is a promising experimental system in
behavioral genetics because over 150 behavior mutations have been
isolated and the neural circuits controlling many of its behaviors are
known from anatomical reconstructions and laser ablations. It has long
been thought, however, that electrophysiological analysis of behavioral
mutations in this system was difficult, if not impossible, because the
neurons are extremely small (2 pm diam.) and the body of the worm is
surrounded by a pressurized cuticle that explodes when dissected. Using
simple variations of existing methods, I have overcome these difficulties
to make preliminary intracellular recordings from muscles and neurons in
C. elegaas. SSaqr electrooe recording from muucles of fhe pharyyn
revealed 50-70 mV depolarizations lasting 0.3-1.0 sec. These events
closely resembled action potentials previously recorded from the large
nematode Ascaris suum. Whole-cell voltage-clamp recordings from
neurons demonstrated the presence of voltage-dependent outward
currents and in some neurons additional, rapidly activating inward
currents. Thus, C. elegans neurons may be capable of regenerative
responses. Transgenic nematodes in which individual identified neurons
in living animals express a fluorescent marker have recently been
constructed. In the future, it should be possible, therefore, to extend the
analysis of behavioral mutations to the physiological level by comparing
intracellular recordings from identified neurons in wild-type and mutant
animals.
Supported by NSF-IBN9311453 and The Medical Research
Foundation of Oregon.

Anti-accommodation*

Genus
Longicomissurata: Aplysia
Longicomissurata: Dolabella
Supgrfamily;__

%Incr
1160
447
422

n
10
5

Spike Broadening*

%Incr
64.4
37.3

9
ASS
BrevicomissurataiBurraTe/Ja
2J.
22
BreyicomissurataiDofahrnera
7
*t-tests, p^0.05: Bold-within vs baseline. Underline-between vs Aplysia.
AA and SpBr were observed in Aplysia and its near relative, Dolabella, as
well as the more distantly related Bursatella. However, Bursatella's near
relative, Dolabrifera, showed no significant AA or SpBr.
Since AA and SpBr may contribute to sensitization in Aplysia, their virtual
absence in Dolabrifera led us to test this species for sensitization. We measured
the tail-mantle withdrawal reflex before and after application of strong electric
shock. No significant sensitization was observed in shocked animals (n=9)
either compared to their baseline responses (t= 1.15; NS) or to a non-shocked
control group (t=1.71, n=9, NS).
Since SpBr and AA are present in the Longicomissurata, the most
parsimonious evolutionary hypothesis is that SpBr and AA were lost in the
lineage leading to Dolabrifera, sometime after its split from the Bursatella
lineage. The lack of sensitization in Dolabrifera is consistent with a critical
mechanistic role of SpBr and AA in this simple form of learning.
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SOMATOTOPIC ORGANIZATION AND INJURY-INDUCED
SPROUTING IN PLEURAL SENSORY NEURONS OF APLYSIA.
M.E Pulin'* AT, Billy, I,. Steffensen, and EX .Walters, Dept, of Physiol.
& Cell Biology, Univ .Texas Medical School at Houston, TX 77225.
Each pleural VC cluster in Aplysia contains sensory neurons (SNs)
organized in an ordered map of the ipsilateral body surface (Walters et
al. J. Neurophys. 50:1522, 1983; Billy & Walters, Soc. Neurosci. Abstr.
13:1393, 1987; Zhang et al., ibid, 19:813, 1993). We find that SN
receptive fields (RFs) are similar throughout the body, except that
tentacle and head RFs are smaller than neck, miebmey and tail RFs.
Head SNs are grouped together at the anterior end of the cluster and send
axons out nerve pi but not p9, and rarely out p8. They never have RFs on
the tail. Tail SNs are grouped together on a distant edge of the VC
cluster, and send axons out nerve p9 but not pi, and rarely out p8. They
never have RFs on the head. However, 4 weeks after cutting pi on one

INJURY-INDUCED HYPEREXCITABILITY OF APLYSIA SENSORY
NEURONS DEPENDS ON RETROGRADE AXONAL TRANSPORT,
GENE TRANSCRIPTION AND PROTEIN SYNTHESIS. T.D. Gunstream*
G.A. Castro, and E.T. Walters. Dept, of Physiology & Cell Biology,
University of Texas Medical School at Houston, Houston, TX 77225.
Sensory neurons (SN) in Aplysia display persistent hyperexai^bility and
synaptic facilitation following injury to their peripheral branches in vivo
(Walters, et al. Science, 253:797, 1991). We have used 2 preparations to

side of the body and
on the contralateral side (under deep anesthesia),
several SNs in the pi and p9 areas of the VC cluster displayed RFs on the
"wrong" end of the body after their axons were cut. The frequency of
aberrant axons (identified elsctrmhhysimlr>gioally) sampled in nerves pi,
p8, and
was 9% from unaxotomized SNs in the head and tail sections
of the cluster and 42% for axotomized SNs in the same sections.
Although this difference might partly reflect injury-induced electrical
coupling with neurons having distant axons, axotomy-induced sprouting
of new SN axons was indicated by HRP and biocytin injections into SNs,
which filled axons entering aberrant connectives. Thus, in addition to
eleotrmhhysimlmgioal changes (Walters et al., 1991), axon injury induces
substantial mmrhhmlmgioal alterations in these SNs.
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investigate signals that inform the soma of axonal injury in vitro. In
isolated ganglia, proximal nerve crush caused hyhsrsxoitability to appear
sooner than did distal crush. The difference in development of
hyper-excitability indicated a signal transport rate of 36 mm/d. Neither
spike activity nor central nsurmmodulatmr release was required because
prolonged application of TTX to nerves and 2 mM Cd2+ to the CNS
during and after proximal nerve crush failed to reduce hyperexa^bility
observed 30 hr post-injury. Conversely, hyhsrexditability after proximal

crush did not require negative signals (e. g. interruption of retrograde
transport of trophic substances) because inhibitors of axonal transport in
uncrushed nerve segments did not alter exdtability. Positive injury signals
were implicated by block of hyperexcitability 30 hr after proximal crush by
the same inhibitors (colchicine, nmoodazmls). Close exdsion of SN somata
also produced eyhsrsxeitability after 10 hr, which lasted 17 d. Exdsioninduced hyperexa^bility probably requires mRNA and protein synthesis
because it was blocked by actinomycin D or anisomydn. Thus, axonal
injury generates molecular signals (see Ambron et al., this volume) that are
conveyed by retrograde axonal transport into the soma, where they induce
long-term alterations similar to those expressed during memory.
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AXOPLASM EXTRUDED FROM INJURED NERVES INCREASES LIFE
EXPECTANCY AND GROWTH WHEN INJECTED INTO APLYSIA
NEURONS. R. T. Ambron*. X-P. Zhang, and M.T. Povelones. Anatomy and
Cell Biology, Columbia University, New York, NY 10032.
Injury to Aplysia sensory axons elicits long lasting hyperexcitability and
synaptic facilitation and results in growth. We have identified an axoplasmic
polypeptide, sp97, that responds to crush injury by accessing the retrograde
transport/nuclear import pathway to the cell soma and therefore behaves as an
injury signal. Sp97 accumulates at a ligation placed on the injured nerve. To
assess what effects sp97 might have when it arrives in the cell body, we extruded
axoplasm from behind the ligation on crushed nerves (CA) and injected it into
neurons. Equal amounts of axoplasm obtained from ligations placed on uninjured
nerves (LA) were injected into other neurons as controls. When injected into
pleural sensory neurons, the CA elicited the same electrical changes as if the axons
of these cells had been crushed (Walters et al., this volume). To examine effects
on survival and growth, we used Aplysia neurons after 4-5 days in vitro, at which
time they had stopped growing. Cells injected with CA, LA, or cells that were not
injected, survived for 18.6+ 1.9, 14.9+ 1.2, and 10.4+ 0.64 days, respectively.

HYPEREXCITABILITY INDUCED BY INJECTING APLYSIA NEURONS
WITH MOLECULES TRANSPORTED TO THE SOMA AFTER AXONAL
CRUSH SUGGESTS A CONSERVED MECHANISM FOR INJURY
REACTIONS AND MEMORY. E.T. Walters*. M. F. Dulin. X-P, Zhang.
and R. T. Ambron. Dept. of Physiology & Cell Biology, Univ. Texas Med.
School, Houston TX 77225.
Aplysia sensory neurons (SNs) show similar hyperexcitability and
synaptic facilitation after axonal crush and learning (Walters et al.
Science, 253:797, 1991). We now ask if proteins conveyed to the nucleus
from sites of axonal injury are signals that trigger long-term alterations.
Ambron et al. (this volume) found that a soluble axonal protein, sp97, is
transported from crush sites to accumulate in SN somata. We found that
nerve crush enhances phosphorylation of an axonal protein corresponding
to sp97. We also found that injection of SN somata with axoplasm that
should be enriched in phosphorylated sp97 (by extrusion from ligated
regions of crushed nerves in separate animals) causes significant
hyperexcitability and spike broadening 18 to 22 hr later compared to the
same properties in SNs injected with axoplasm from uncrushed nerves.
These findings suggest a fundamental mechanism of plasticity that might
have initially evolved for adaptive injury reactions, but may also be used
in other forms of memory. In this model, signal proteins (SP) containing
concealed nuclear localization sequences (NLS) are dispersed in the
neuron. Second messengers released during injury or learning activate
protein kinases that phosphorylate SP, exposing the NLS and permitting
entry of SP into the nucleus via the retrograde transport/nuclear import
pathway. There SP can regulate genes that control neuronal growth,
survival, excitability, and synaptic strength.

Survival of each population was significantly different from the others (ANOVA,
p<0.05). Examination of pictures taken at various times after injection showed that
the cells injected with crush axoplasm also underwent marked changes in
morphology. First, much of the original axon was resorbed, then the cells began
to grow neurites. Most of the new growth ocurred after the 15th day when 92% of
noninjected cells had already died. LA-injected cells showed little new growth.
These results suggest that sp97 and/or other proteins that are retrogradely
transported in response to injury, can influence the growth, electrical properties,
and survival of neurons.

OSMOREGULATION AND CARDIOVASCULAR REGULATION
106.1

106.2

PROGESTERONE (P) EFFECTS ON OXYTOCIN (OT) EXPRESSION LN THE
PARAVENTRICULAR NUCLEUS (PVN) OF THE LACTATING RAT. A
Thomas. N.B. Kim. J.A. Amico*, Dept, of Med.. Univ. of Pittsburgh Sch. of Med.
and Oakland VA Med. Ctr.. Pittsburgh. PA 15261.
We previously reported that sequential administration of estradiol (E2) and P and
subsequent P withdrawal to ovariectomized rats enhanced the accumulation of OT
mRNA in the rat PVN (Soc Neuro Sci Abstr 119:665.1.1993). The data suggest that
physiological conditions involving E2 priming and P withdrawal, such as occurs on
day 12 of lactation or after a 48-72 hr hiatus in suckling, may be accompanied by
enhanced OT mRNA in the rat PVN. We questioned whether the enhanced
accumulation of OT mRNA that occurs on day 12 of lactation could be altered by
preventing the natural fall in P that occurs on this day: and if removal of the
suckling stimulus for 48-72hrs (which results in a fall in P) would correlate with
upregulation of PVN OT mRNA. Day 8 lactating rats, nursing litters of 10 pups,
were sacrificed in groups of 6 at 0, 48. and 72 hrs after interruption of the suckling
stimulus. Northern blot hybridization of PVN OT mRNA showed levels to be higher
in nonsuckled (P=0.01,72hrs;P=0.02.48hrs) vs. suckled animals. Interruption of the
suckling stimulus significantly increased plasma E2 levels (P<0.0005) and lowered
P levels (P<0.0001) compared to suckled animals. In the 2nd experiment, da> 7
lactating rats were implanted with P or sham capsules and sacrificed on day 12 of
lactation. By Northern blot hybridization. OT mRNA levels were significantly higher
in sham replaced animaJs(P<0.003), compared to P replaced animals that sustained
higher levels of plasma P. We conclude that the increase in OT mRNA that occurs
after 48-72 hrs of pup withdrawal is correlated with rising E2 and a declining P
levels.P replacement in day 12 lactating rats blunts the increase in OT mRNA
normally seen on this day. The data support a role for P withdrawal in the enhanced
accumulation of PVN OT mRNA in select lactational events.

IGF-I RESCUES NEURONS FROM HYPEROSMOTIC SHOCK. C.C.
Matthews. J. Brvant. and E.L. Feldman*. Dept, of Neurology, Univ. of
Michigan, Ann Arbor, MI 48109-0588.
Insulin-like growth factor I (IGF-I) stimulates Na+-dependent cotransport in
bone and kidney cells and may be involved with seawater adaptability in salmonid
fishes. The purpose of the current study was to determine if IGF-I can stimulate
an osmoregulatory response in neurons from the SH-SY5Y human neuroblastoma cell line. SH-SY5Y cells produce IGF-H and have functional receptors
for IGFs I and n. The rate of ^H-thymidine incorporation and direct cell counts
were measured in cultures of SH-SY5Y cells exposed to hyperosmotic media for
1 to 5 days. lOOmM mannitol or 5OmM NaCl significantly decreased the rate of
^H-thymidine incorporation and the number of attached SH-SY5Y cells within
24hrs. Detached cells lost the ability to exclude trypan blue and were not revived
by replating in serum-containing media. 4O(OnM mannitol killed all but a small
population of cells (<l%) within l2hr. The simultaneous addition of lOnM
IGF-I with either 3OOmM mannitol or l5OmM NaCl protected SH-SY5Y cells
against hyperosmotic shock. BRdU-labeling studies demonstrated that IGF-I
acted by preserving existing cells rather than by increasing the rate of cell
division of surviving cells. A blocking antibody (a-IR3) to the IGF-I receptor
inhibited the IGF-I osmoprotective effect in 3O0mM mannitol. An amiloridesensitive increase in Na+/H+-cotransport gives rise to the regulatory volume
increase that is present in some cell types. The simultaneous addition of lOOfLM
amiloride with IGF-I and 3OOmM mannitol prevented the IGF-I osmoprotective
effect. In normosmolar serum-free media, amiloride decreased the number of
viable cells over a period of days. These data imply that IGF-I rapidly activates a
regulatory volume increase in neurons initially through a mechanism involving
an increase in the rate of Na+/H+ exchange.

106.3

106.4

EFFECTS OF LOCAL TETRODOTOXIN (TTX) ON OSMOTIC
STIMULATED CENTRAL AND PERIPHERAL VASOPRESSIN
(VP) RELEASE AND MEAN ARTERIAL PRESSURE (MAP).
M. Ludwig . M. F. Callahan. M, Morris. Dept, of Physiol ./Pharmacol.,
Bowman Gray School of Medicine, Winston-Salem, NC 27157, USA.
Experiments were performed to determine whether central and
peripheral VP release is modified by local TTX blockade of synaptic
transmission. Microdialysis was used to administer TTX (10"4 M or 10"^ M)
bilaterally in the supraoptic (SON) or paraventricular (PVN) nuclei with
simultaneous monitoring of intranuclear and peripheral peptide release and
MAP. The osmotic stimuli were injected intraperitoneally (3.5 M NaCl,
0.6ml/100 g b.w.) or given via the dialysis probe (1 M NaCl-aCSF). TTX

Noradrenaline has both excitatory and inhibitory effects on a subset of
subfornical organ neurons
R A SCHMID*. F. SCHAFER and E. SIMON Max-Planck-Institute,
Kerckhoff-Institute, Parkstr. 1,61231 Bad Nauheim, Germany.
Due to its ladk of a blood brain barrier, the subfornical organ (SFO) is
accessible to blood born as well as brain intrinsic substances and is thought to
mediate angiotensin II (ANGII) induced drinking. In contrast to Noradrenaline
(NA) Isoproterenol (Iso) increased water intake as well, when applied
intravenously or directly into the SFO. Aim of our study was to investigate
electrophysiologically the effect of ANGII, NA and its selective a- and fiadrenoceptor agonists on the activity of neurons from duck SFO slices. ANGII
(10'7M) increased the activity in 64% (n=9O) of the cells and never caused an
inhibition. 82% (n=22) of the investigated neurons changed their activity in
response to NA (10'5M), half of which were excited, half inhibited. The
excitatory and inhibitory response to NA was always correlated with the
presence or absence of an ANGII sensitivity of the same cell, respectively. The
extitatoiy and inhibitory effects of NA are most likely mediated by fl- and a2adrenoceptors, because Iso (10"5M) caused excitations in 74% (n=58) and
Qonidine inhibitions in 88% (n=16) of the neurons tested. The results indicate
that the dipsogenic effect of high concentrations of Iso in in vivo experiments
might be directly mediated via the activation of SFO neurons. Because under
normal physiological conditions the NA concentration in the blood is not
sufficent to activate SFO neurons, it is more likely that noradrenergic synaptic
inputs affect drinking by their extitatoiy and inhibitory effects on SFO neurons.
Supported by DFG Si 230/1.

abolished the effect of peripheral osmotic stimulation on central and peripheral
VP release and MAP. However, intranuclear VP release was not changed
when the osmotic pulse was given directly into the SON or PVN. TTX
significantly lowered basal plasma VP levels and MAP and blocked the
peripheral endocrine and cardiovascular response to central osmotic
stimulation. The decrease in VP release and the depressor response appears to
be greater for the SON than the PVN. These results indicate that central
peptide release is a physiological response mediated by neural input. The
ability of TTX to abolish the intranuclear VP release after systemic, but not
central stimulation suggests stimulus dependent mechanisms of release.
(Supported by NIH/HL 43178; M.L. is an NIH/Fogarty International Fellow).
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106.5

ABLATION OF THE ANTEROVENTRAL THIRD VENTRICLE
(AV3V) ATTENUATES THE INCREASE IN RIGHT ATRIAL
PRESSURE DURING ACUTE VOLUME EXPANSION IN RATS.
S.L. BEALER* Dept. Physiol., Univ. Tennessee, Memphis, TN
38163.
Electrolytic ablation of AV3V (AV3V-X) tissue attenuates secretion of
atrial natriuretic peptide (ANP) during acute volume expansion (Rauch,
et al. AJP. 258.-R531, 1990). Diminished ANP release could result from
reduced right atrial stretch in animals with AV3V-X. These studies were
designed to directly measure right atrial pressure (RtAP) during acute
volume expansion. Ten-14 days following ablation of the AV3V or
control surgical procedures (CONT), animals were implanted with
catheters in the femoral artery and vein, and the right atrium via the
jugular vein. The following day, mean arterial pressure (MAP) and
RtAP were monitored before, during, and 45 min following acute
volume expansion consisting of an iv bolus of isotonic saline (2 ml/100
g BW) administered in 1 min. Urine volume and sodium concentration
were also measured. MAP did not change during this treatment, while
RtAP increased in both groups. However, RtAP increased significantly
more in CONT animals (5.4 + 0.5 mmHg) than in AV3V-X animals
(2.6 ± 0.3 mmHg). Urine volume and sodium excretion were similar
between groups. These data suggest that attenuated ANP release in
AV3V-X animals following acute volume expansion may be due to a
smaller increase in RtAP following this treatment. However, the effect
of AV3V-X on RtAP or ANP did not diminish natriuretic or diuretic
responses to an acute volume load (Sponsored by Grants USPHS-HL
25877 and American Heart Association, 91-015600).

MONDAY PM

106.6

Chemical Lesion of Bed Nucleus of the Stria Terminalis (BST)
Exasperates Hypertension in Spontaneously Hypertensive Rats
(SHR).
S. B. Giancol^and J. Ciriello. Dept. of Physiology,
University of Western Ontario, London, Canada, N6A 5C1.
Recently, we have shown that selective activation of neurons in
BST elicits decreases in arterial pressure (AP) and heart rate (HR),
and inhibits the firing rate of rostral ventrolateral medulla neurons.
In this study, we examined the effect of lesions of BST on the
development of hypertension in SHR. Four week old male SHR
received BST injections of either ibotenate or saline bilaterally. AP
was measured using the indirect tail cuff method throughout the
study except at 17 weeks of age where it was measured using
chronically implanted carotid arterial cannulae.
Weekly
measurements of food and water intake, and body weight were
made, and heart and kidney weights were determined at the end of
the study (17 weeks). AP in BST-lesioned SHR was significantly
higher compared to control sham-lesioned SHR from 6-17 weeks.
At week 17, the mean AP was approximately 36 mmHg greater in
BST-lesioned SHR. HR, food and water intake, and body and heart
weights were not different between the two groups of SHR
throughout the study. However, kidney weight was greater in the
BST-lesioned SHR. These data suggest that BST functions to
maintain a tonic inhibition on central sympatho-excitatory
mechanisms controlling AP in SHR and that a malfunction in the
normal operation of this structure may contribute to the
development of hypertension. (Supported by HSFO).

106.7

106.8

LONG-TERM ADMINISTRATION OF A CONVERTING ENZYME INHIBITOR
OR AN ANGIOTENSIN-RECEPTOR ANTAGONIST IN SPONTANEOUSLY
HYPERTENSIVE RATS (SHR): EFFECTS ON BLOOD PRESSURE, BODY
WEIGHT, FLUID INTAKE AND SEXUAL FUNCTION. A.K. Keaton and J.T.
Clark*. Dept. Physiology, Meharry Medical College, Nashville, TN 37208.
Previous studies in SHR indicate that copulatory function is unaltered (at
least until 5 months of age) despite elevated blood pressure and a deficit in
penile reflexes. We now address the question of how long-term therapy
influences sexual function. Prior to any heterosexual experience, male SHR
(Charles River, Kingston) were divided into 3 groups such that no differences
in pre-treatment body weight or blood pressure were evident. Treatment was
started at 74 days of age, with one group receiving a converting enzyme
inhibitor (enalapril, 50 mg/L, N=12), the second an AT1 receptor antagonist
(L-158,809, 25 mg/L, N=12), or tap water (N=11) as the sole fluid source.
Fluid intake was monitored daily, and body weight and blood pressure
biweekly. After 4 months treatment, enalapril and L-158,809 treated groups
had systolic blood pressures that were significantly lower than control SHR,
(140 vs 138 vs 185 mmHg, respectively), and body weights that were higher
than control SHR (377 vs 375 vs 352 g, respectively). Copulatory tests were
administered 4, 5, 6, and 7 weeks after treatment was initiated, with no
differences observed between groups. In penile reflex tests after 3.5 months
of treatment, all groups were equivalent. This study will continue until ageassociated changes in copulatory behavior are evident in the control rats.
Thus, to date, our data indicate that long-term administration of enalapril or
L-158,809 is associated with long-term reductions in systolic blood pressure
and increments in body weight without significantly influencing sexual function.
[Support - NIH HL-02482 and GM-08037; and NSF HRD-9255157 and HRD9106096. Drugs were generously provided by Dr. Sweet of Merck and CoJ

A ROLE FOR ANGIOTENSIN PEPTIDES EN THE DESCENDING AUTONOMIC
PATHWAY FROM THE PARAVENTRICULAR NUCLEUS. L.H. Mortensen and
I.R. Havwood*. Univ of Texas Health Science Center, San Antonio, TX 78284-7764.
This laboratory has previously shown that stimulation of NMDA receptors in
the hypothalamic paraventricular nucleus (PVN) elicits increases in mean arterial
pressure (MAP) and heart rate (HR); these responses are blocked by bilateral
chemical ablation of the pontine lateral parabrachial nucleus (LPBN). Since others
have demonstrated the presence of components of the renin-angiotensin system
within the PVN and the LPBN, the present study was performed in conscious
animals to elucidate a role for angiotensin peptides within this proposed
descending neural pathway. Male Sprague-Dawley rats were chronically
prepared with femoral arterial and venous catheters and left unilateral
microinjection cannulae directed to the LPBN (Group I). Other animals were also
prepared with an additional left unilateral cannulae directed to the PVN
(Group II). In Group I animals, 5OnL LPBN-microinjection of 0.02M angiotensin II
(Angll, n=6) or angiotensin 1-7 (Ang(l-7), n=6) produced significant increases in
MAP (A ^,,=+20.1 ±1.5 mmHg, AAng(b7=+21.3±1.6 mmHg); these pressor
responses were abolished by pharmacologic blockade of autonomic ganglia.
There were no significant effects on HR by either peptide. Similarly, LPBNmicroinjection of artificial cerebrospinal fluid (n=5) was without effect on either
MAP or HR. In Group II animals, 5OnL PVN-microinjections of O.5M L-glutamate
produced increases in MAP (A=+21.9±2.7 mmHg) which were blocked by
ipsilateral, LPBN-microinjection pretreatment with 0.06M sarthran, a non-specific
angiotensin receptor antagonist. Tachycardic responses to L-glutamate
(A=+48.8±12.2 bpm) were not affected by sarthran pretreatment. These results
suggest that PVN-stimulated increases in blood pressure, but not heart rate, may
be sympathetically mediated via a descending Angll and/or Ang(l-7) sensitive
pathway through the pontine lateral parabrachial nucleus. [Supported by HL36080]

106.9

106.10

EFFECT OF BRAIN NATRIURETIC PEPTIDE ON THE
ROSTRAL VENTROLATERAL MEDULLA MEDIATED
CHANGES IN ARTERIAL BLOOD PRESSURE. B. R. Dev*
and L. Philip.. Dept. of Physiology, Faculty of Medicine,
Kuwait University, P.O. Box 24923, Safat, Kuwait 13110.
The cardiovascular effects of brain natriuretic peptide
directly injected into the rostral ventrolateral medulla were
studied in urethane anesthetized Sprague-Dawley rats.
Local injection of brain natriuretic peptide into the rostral
ventrolateral medulla at the doses of 2, 4, 20 and 40 pmol
in 100 nanoliter volume produced a broader dose-related
reduction in blood pressure. With both 2 and 4 pmol, the
decrease in pressure was only 10 mm Hg. With the other
two higher concentrations (20 and 40 pmol), there was 26
and 30 mm Hg reduction in blood pressure respectively.
Interestingly, the heart rate remained unchanged with all
the doses tested. Injection of phosphate buffered saline
(control) failed to produce any significant alterations in
blood pressure as well as heart rate. The results obtained
from the studies involving the relationship between brain
natriuretic peptide, epinephrine metabolism, blood
pressure and heart rate differed from that of the study
involving atrial natriuretic peptide (Dev and Freed, 1990)
suggesting that the brain natriuretic peptide may have a
different physiological role altogether.

NONUNIFORM EFFECTS OF COCAINE ON ARTERIAL
VASCULAR BEDS AND ON BRAIN STEM STIMULATIONINDUCED CHANGES IN VASCULAR BED CONDUCTANCES.
L.W. Dickerson,* F.E. Kuhn. A.C. Willis. W.H. Panico. R.A. Gillis.
Departments of Pharmacology and Cardiology, Georgetown
University School of Medicine, Washington, D.C.
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L-glutamate stimulation of the canine subretrofacial
nucleus (SRFN) increases blood pressure and decreases arterial
vascular conductances in the femoral, renal, and mesenteric beds
in pentobarbital-anesthetized dogs. No effect on heart rate and
very little effect on cardiac contractile force were noted. Using
this as a model of sympathetic nervous system induced changes in
cardiovascular function, we set out to determine (1) the effect of
cocaine (0.25 and 1.0 mg/kg, i.v.) per se on three vascular beds,
and (2) whether cocaine pretreatment exerts a uniform effect on
neurally induced decreases in vascular conductance. Cocaine
pretreatment (0.25 mg/kg, N=7 dogs) produced an increase of 30+3
mmHg in mean arterial BP, had no consistent effect on HR, and
yielded significant decreases in renal (-24+2%), femoral (-58+6%),
and mesenteric (-20+6%) bed conductances. Following cocaine
treatment, SRFN stimulation (N=4 dogs) increased BP by 52+3
mmHg and decreased conductances in the renal (-30+8%), femoral
(-42+7%), and mesenteric (-30+3%) arterial beds. These data
indicate that cocaine produced nonuniform effects on vascular
tone and on vascular changes elicited by stimulating the SRFN.
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ANGIOTENSIN RECEPTORS ARE PRESYNAPTIC TO SOME
GLUTAMATE-RESPONSIVE
MEDIAL
NTS
NEURONS:
WHOLE-CELL RECORDINGS AND TTX SYNAPTIC BLOCKADE.
K. L. Barnes and D. M. DeWeese. Department of Neurosciences,
Research Institute, Cleveland Clinic Foundation, Cleveland, OH 44195.
We reported that both angiotensin (Ang) II and L-glutamate (Glu)
excite some medial nucleus tractus solitarii (mnTS) neurons via an
ionotropic excitatory amino acid receptor-dependent mechanism. To
determine the synaptic location o^ Ang II receptors and the effects of
Ang II and Glu on membrane properties, whole-cell current-clamp
recordings of mnTS neurons were done in rat medulla horizontal slices.
Mean resting membrane potential was -45 ± 2 mV, and input resistance
was 410 ± 25 MQ (n=22). Most cells fired spontaneously. Excitation by
either Glu or Ang II was associated with depolarization and decreased
input resistance.
In contrast, depolarization of mnTS neurons by
substance P (SP) was usually accompanied by increased or unchanged
input resistance. Tetrodotoxin (TTX, 100 JM) reversibly blocked synaptic
potentials and spikes evoked by solitary tract (TS) stimulation, but small,
broad spontaneous action potentials, shown by others to be Ca^+dependent, persisted during TTX in some cells. Excitation by Ang II was
blocked by TTX in 2 neurons, while Glu-induced excitation persisted.
Ang II continued to activate 2 other cells during TTX. In contrast, TTX
failed to prevent excitation by Glu or SP in all neurons. These findings
reveal that Ang II receptors are presynaptic to some mnTS neurons that
are excited by both Ang II and Glu, and could mediate facilitation of the
arterial baroreflex by Ang II-induced potentiation of Glu transmission at
the mnTS baroreceptor synapse. (Supported in part by NIH HL-6835 and
NSF BNS-9109673).

OCULOMOTOR: SACCADES
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DIFFERENTIAL EFFECTS OF RANDOMIZATION ON THE OCCURRENCE OF HUMAN
EXPRESS SACCADES. H. Weber*. B. Fischer and M. Biscaldi. Dept. Neurophysiol.,

SHORT-TERM SACCADIC ADAPTATION OCCURS AT A LOCUS COMMON
TO THE PATHWAYS FOR EXPRESS AND NORMAL-LATENCY SACCADES.
J. A. Edelman*and M. E. Goldberg. Laboratory of Sensorimotor Research, National
Eye Institute, Bethesda, MD 20892.
Monkeys and humans can partially adapt their saccade amplitudes to
intrasaccadic target perturbations. Previous work in this laboratory has shown that
the movement fields of saccade-related burst neurons in the deeper layers of the
primate superior colliculus (SC) change after adaptation, suggesting that adaptation
occurs downstream of the SC. Paradoxically, adaptation does not have an effect on
saccades evoked by electrical stimulation, suggesting that adaptation occurs in an
area upstream to the SC, such as the frontal eye fields (FEF) or else in some
pathway not including the SC. Since express saccades require the SC but not the
FEF we attempted to adapt express saccades using a gap paradigm modified so that
target amplitude decreased 50% after the initial saccade onset. Targets were
presented randomly at one of two locations to prevent anticipation. Monkeys were
rewarded after a final corrective saccade brought the eye to the new target position.
Results for both monkeys showed that express saccades adapt to approximately the
same extent (avg. 20% decrease in amplitude) as longer-latency saccades (15%
decrease). Adaptation was complete for both types of saccades after approximately
400 trials. The yield of express saccades decreased slightly as adaptation
progressed. These data suggest that short-term adaptation occurs at a locus
common to the generation of both express and non-express saccades. Lesion
results in this laboratory have implicated a role for the deep cerebellar nuclei in
adaptation. These data support this idea and provide further evidence that shortterm saccadic adaptation is not a cortical process. Electrical stimulation of the
superior colliculus may fail to entrain the cerebellar corrective mechanism,
explaining why such stimulation fails to evoke adapted saccades.

107.3

107.4

POPULATION CODING IN THE MONKEY SUPERIOR COLLICULUS RELATED
TO VISUAL FIXATION AND SACCADE GENERATION. D.P. Munoz1 and R.H.
Wurtz2* 1. MRC Group in Sensory-Motor Physiology, Queen's University,
Kingston, Ont., Canada K7L 3N6. 2. Laboratory of Sensorimotor Research,
National Eye Institute, NIH, Bethesda, MD USA 20892.
During saccade generation, a large ensemble of neurons in the monkey
superior colliculus (SC) is active and contributes to the coding of saccade
direction and amplitude. We have identified two functional sublayers of saccade
cells within the SC: a burst layer and a buildup layer. In order to determine the
size of the ensembles of active cells, we recorded the activity of cells in different
rostral to caudal positions in these layers while monkeys generated saccades
of different amplitudes. The consistency of the monkey’s saccades allowed us
to compare the activity of many cells at different positions in the SC for the
generation of the ^me amplitude saccade. During active visual fixation, we
found that the fixation cells in the rostral-most 0.9mm of the buildup layer were
active. The size of the active zone in the burst layer at saccade onset was
1.5mm in diameter, regardless of saccade amplitude. Since the SC spans
~5mm, this active zone includes roughly 30% of the burst cells along a line
running from the rostral pole through the center of the active zone. The size of
the active zone in the buildup layer was both larger and dependent upon
saccade amplitude. For example, it spanned ~2mm (40% of buildup cells) for

MODELLING COLLICULAR FUNCTION IN 2D GAZE ORIENTATION.
P. Lefevre *, C. Tu *, M. Missal 2, H.L. Galiana 3, A. Roucoux 2* SCESAME,

Univ. Freiburg, D-79104 Freiburg.
Rohrer & Sparks (1993) and Fischer & Ramsperger (1986) have shown that
randomization of spatial or temporal parameters does not abolish the occurrence of
express saccades in monkey and in man. Nevertheless, some specific effects were
found, for example was the express peak shifted by ~20ms, when target direction was
randomized as compared to the non-random condition. In this study we investigated
the effect of randomization of different temporal parameters on the relative frequency
of express saccades. The saccadic reaction times (SRTs) of 3 trained subjects were
measured with an infrared reflection method (resolution 1ms/. 1"). Targets (white
squares .2') and fixation point (red .1*) were computer generated on a green
background. Randomized parameters (in various blocks of trials) were: direction
(right/left, random in all blocks); intertrial interval; fixation foreperiod; gap duration
(2 or 3 different gap durations between 0 and 400 ms); gap/overlap. These test blocks
were compared with control blocks where the respective parameters were kept
constant. The relative numbers of express/regular saccades obtained in a given test
block related to the particular combination of randomized parameters: randomizing 8
parameters (right/left; gap 200/250; fixation foreperiod 1.0/1.2s) revealed express and
regular saccades in bimodal distributions. Mixing left/right and 2 or 3 gap durations,
minor effects occurred with the longest gap in a block, while SRTs were delayed in
trials with shorter gaps - as compared to the corresponding control conditions. Mixing
gap and overlap trials left the gap data almost unchanged but increased SRTs m
overlap trials. These results suggest that express saccades are visually guided saccades
that can occur when a certain state of saccade preparation is attained. This state may
be released either by external events, and/or by the subject’s internal adjustments to
the stimulus context. Our results show that randomization does not only prevent
predictive reactions, but has also very specific effects on visually guided saccades.

a 5* saccade and increased to ~3mm (60% of buildup layer) for saccades
>20*. In conclusion, the large size of these active zones emphasizes the
importance of population coding within the SC. That the size of the active zone
in the burst layer is constant suggests some invariance in the density and
weight of afferent and intrinsic connections across this layer, suggesting a
modular organization. This organization would be somewhat different in the
buildup layer since active .zone size increased for larger saccades.
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4-6 av. G. Leniait-re, B-1348 Louvain-la-Neuve, and 2Lab. of Neurophysiology,
UCL, Belgium; 3 Dept. of Biomed. Eug., McGill Univ., Canada.
Recent experimental data show evidence for dynamic motor error coding
in the Superior Colliculus (SC) (Munoz et al.. 1991). We propose here a new
2D model of gaze orientation, where the SC plays a central role. Its principal
characteristics are the following: 1) In this model, the SC contains both orientation and fixation zones; it is represented by a 2D place coded neural network
which is inside a gaze velocity feedback loop controlling gaze saccades. 2) In
addition to the properties of classical head fixed models of the saccadic system,
the model generates realistic gaze trajectories in the head free condition. The
same motor error drives both eye and head platforms and controls gaze displacement. Noteworthy, shared motor error does not imply same trajectories
and goals for eye and head, especially with non-linearities.
3) In contrast
with other models of the saccadic system, the proposed model can generate and
explain peri-saccadic Slow Correcting Movements (SCMs) and interrupted saccades (Missal et al., 1993). The SC is active both during saccades and SCMs.
The same SC output signal reduces residual gaze error, either with fast movements (saccade, Bursters active), or with slow movements (SCMs). Moreover,
interesting properties of the model, predicting characteristics of electrically
evoked (EE) eye movements were recently confirmed experimentally (Missal et
al, 1994). These predictions include the open loop control of EE saccades, as
opposed to the closed loop control of natural saccades, and the generation of
EE pure Smooth Eye Movements (SEMs). It can also explain some experimentally observed differences between species (cat versus monkey).
This research teas supported by SPPS, FNRS and Walloon Regional Govt (Belgium), MRC (Canada) and ESPRIT (EU)
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A MODEL FOR THE SENSORIMOTOR TRANSFORMATIONS
REQUIRED FOR ACCURATE 3-D SACCADES J.D.Crawford* and
D.Guitton. Montreal Neurological Institute and Department of Neurology
and Neurosurgery, McGill University, Montreal, Canada, H3A 2B4.
The visual cortex and superficial superior colliculus (SC) encode sensory
retinal error (RE) signals, whereas motor commands for eye displacement
(ED) are needed in the brainstem, probably at the level of the deep SC (Hepp
et al., J. Neurophysiol. 1993). In two dimensions RE and ED are the same,
so mapping of activity from sensory neurons to motor neurons seems trivial
for simple visually guided saccades. However, this mapping is non-trivial
from a 3-D perspective. RE is a 2-D vector in the oculocentric frame of
reference, but eye position (and thus ED = final position - current position)
is 3-D and only defineable in the craniotopic reference frame. If each RE is
mapped onto just one ED command, errors in post-saccadic gaze direction of
several degrees will occur within the oculomotor range (depending on saccade
size and eccentricity from primary position) and errors of more than 45° can
occur in the eye + head range. The correct transformation was modeled by
using the retinal error signal to rotate a desired gaze direction command,
putting this command through a Listing's law operator that computes the
desired eye position on Listing's plane (Tweed & Vilis, J. Neural Net. 1990),
and then subtracting a feedback copy of current eye position to get the ED
command. This model demonstrates that (1) Listing's law depends on several
computational steps both upstream and downstream from the deep SC, (2)
sensory and motor maps represent two fundamentally different vector spaces,
and (3) generation of the correct initial motor error commands for saccades
requires feedback of eye position signals in addition to sensory error signals.
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OCULAR ORBITAL POSITION EFFECTS ON SACCADIC
AMPLITUDE/LATENCY RELATION . J . H. Fullei*
Dept Oral Anatomy, University of Illinois, Chicago, IL 60612.
The effect of target amplitude on the latency of saccadic onset is
reasonably well established, although a minority of studies found no
effect (Fuller, 1992, in Berthoz et al. (Eds), The head-neck sensory
motor system, Oxford U. Press, pp 101-112). The majority of earlier
studies found that larger amplitudes result in longer latencies. One
possible explanation for the results of the minority of studies is the
effect of orbital starting angle: with limited visual fields the starting
position may be shifted contraversively proportionate to the total
amplitude, cancelling the amplitude/latency relation. Nine young
adult humans with head fixed (bite bar) in mesopic lighting (2.2
cd/m2) executed single-step saccades (stimuli were 0.1 deg white,
green or red lights, 4 log units above foveal threshold) of 10-80 deg
amplitude starting from 0, -20 (left), or -40 deg. In half the subjects
the linear relationship between target step stimulus and saccadic
latency response for 0 deg starting position was rescaled, with the
slope proportionately lower for more eccentric starting positions (the
other half of subjects showed l^^ttle or no orbital sensitivity). The
observations may explain the data of some studies showing no effect
of amplitude on saccadic latency. Functionally, the relationship may
exist to jump-start the ocular saccade before head movements (and
counter-rotary VOR movements) if the eye is starting the gaze shift
from a contraversively eccentric orbital position.

107.7

1UT.8

CONCORDANCE OF SACCADIC EYE MOVEMENT CHARACTERISTICS
PRE AND POST-ALCOHOL IN MZ AND DZ TWIN PAIRS. LA Abel*. JC
Christian. JJ Sorhel and RD Yee. Departments of Ophthalmology and Medical
and Molecular Genetics, Indiana University School of Medicine, Indianapolis, IN
46202.
In a pilot study (Bell et al., Biol. Psychiatry, in press) we reported that
significant correlations were seen within members of monozygotic (MZ) twin
pairs for saccadic latency, accuracy and the slope of the linear portion of the
velocity-amplitude plot. These findings were consistent with but not indicative of
genetic influence on the functioning of the saccadic system. We have now
examined saccades of 22 MZ and 20 dizygotic (DZ) twins aged 21-40 at
baseline and after ingestion of a single ethanol dose calculated to bring them to
.05% blood alcohol. Saccades to 5, 10 and 15° targets were analyzed for
latency, accuracy and peak velocity; data were transformed and normalized for
statistical analysis, which was done separately for each amplitude. Accuracy,
latency and peak velocity were significantly correlated both pre and post- alcohol
for the MZ twins; for the DZ twins, pre-alcohol accuracy at two amplitudes and
post-alcohol latency at one were the only significant correlations. Pre-alcohol,
peak velocity and latency correlations were each significantly higher in MZs at 1
target, while post-alcohol, 2 accuracies, all 3 velocities and 1 latency differed.
Similarly, a test for genetic influence on the variance was significant pre-alcohol
only for latency at one target; post-alcohol, 2 accuracy, 2 velocity and all 3
latency measures reached or (in one case) just missed significance at the p< .05
level. The results remain consistent with the possible genetic determination of
several aspects of saccadic function and suggest that changes in these functions
after administration of alcohol may also be genetically influenced.

RESPECTIVE ROLES OF THE SUPPLEMENTARY EYE FIELD AND
HIPPOCAMPUS IN THE CONTROL Of MEMORY-GUIDED SACCADE
SEQUENCES IN HUMANS. R.M. Mun*. S. Rivaud. A.I. Vermersch and C.
Pierrot-Deseilligny. INSERM 289, Hopital de la Salpetriere, Paris 13, France.
Memory-guided saccade sequences (MSS), which are under the control of the
supplementary eye field (SEF), comprise 1) a learning phase during presentation
of sequential visual targets, 2) a memorization phase, 3) an initiation phase for
launching the motor program, and 4) an execution phase for saccades. In a
previous study, transcranial magnetic stimulation (TMS) was used to explore MSS
during the initiation phase (Muri et al, Exp Brain Res, 1994 in press). It was found
that TMS of the SEF impaired the performance of MSS during a critical period
close to the go-signal (initiation phase). In the present study, single TMS was
applied during the learning, memorization, and execution phases of MSS in 10
healthy subjects. TMS of the SEF during the learning phase resulted in a
significant increase in errors, compared to the results without stimulation.
However, no increase in errors was observed with TMS of the SEF during the
memorization or execution phases, and with occipital cortex stimulation. These
results suggest that 1) SEF is involved in the learning phase of MSS, and 2) the
SEF is less crucial for the memorization phase. In relation to the second point,
patients with a focal lesion affecting the right hippocampal formation (HF) were
also studied: these patients showed a significant increase in errors of MSS,
compared to an age-matched control group. Taking into account the results of both
SEF stimulation and HF lesion studies, it may be hypothesized that MSS require
the control of, successively: 1) the SEF, for learning the target sequence during its
presentation; 2) the HF, for memorizing the chronology; 3) the SEF again, for
initiating the motor program of sequences; and 4) the frontal eye field, for
performing such intentional visually-guided saccades.

107.9

107.10

EYE MOVEMENT DISORDERS AFTER FRONTAL EYE FIELD LESIONS
IN HUMANS. C. Pierrot-Deseillignv*, S. Rivaud. R. Muri. B. Gavmard and A.I.
Vermersch. INSERM 289, Hopital de la Salpetriere, Paris 13, France.
Eye movements were recorded electro-oculographically in 3 patients with a small
ischemic lesion affecting the left frontal eye field (FEF), and in 12 control subjects.
Reflexive visually-guided saccades (gap and overlap tasks), antisaccades, predictive
saccades, memory-guided saccades, double step saccades, smooth pursuit and
optokinetic nystagmus (OKN) were studied. Latency in the overlap task (but not in
the gap task) and that of memory-guided saccades was significantly increased,
bilaterally. There was a significant decrease in the amplitude gain of all rightward
saccades programmed using retinotopic coordinates (gap and overlap tasks,
predictive, and memory-guided saccades, and the first saccade in the double step
paradigm), whereas the gain of the second rightward saccade in the double step
paradigm, programmed using extraretinal signals, was normal. The amplitude gain
of all leftward saccades was preserved. The percentage of errors in the antisaccade
task did not differ significantly from that of normal subjects. In the predictive
saccade paradigm, the percentage of anticipated rightward saccades was significantly
decreased. The left smooth pursuit gain for all tested velocities, the right smooth
pursuit gain for higher velocities, and the left OKN gain were significantly
decreased. These results show, for the first time in humans, that the FEF plays an
important role in 1) the disengagement from central fixation, 2) the control of
contralateral saccades programmed using retinotopic coordinates, 3) saccade
anticipation and 4) the control of smooth pursuit and OKN, mainly ipsilaterally. In
contrast, the left FEF does not appear to be crucial for the control of the only type
of saccades programmed using extraretinal signals studied here.

A POSITRON EMISSION TOMOGRAPHY STUDY OF VOLUNTARY
SACCADIC EYE MOVEMENTS. J. A. Sweeney*. M. A. Mintun. J.R. Carl.
S. Kwee. M.B. Steinkopf. D.R. Rosenberg. Neurobehavioral Studies Program,
University of Pittsburgh, Pittsburgh, PA 15213.
Functional neuroimaging studies provide a powerful approach for clarifying
the neural circuits involved in the control of voluntary saccadic eye movements
in humans. [150]-H20 PET studies were conducted with well-trained healthy
subjects using a Siemens 951R/31 scanner with detector resolution of
approximately 6 mm full-width half-maximum (FWHM). Analyses were
performed with SPM and MR-aligned images. Fixation, visually-guided,
memory-guided and antisaccade tasks were performed. Visually-guided
saccades, compared to fixation, activated frontal eye fields (FEF), cerebellum,
and striate cortex bilaterally, and left posterior cingulate. Comparing memoryguided saccade and antisaccade activation with visually-guided saccade
activation confirmed involvement of FEF, supplementary eye fields (SEF),
Area 46 and the lateral intraparietal area (LIP) in voluntary saccades. In the
antisaccade task, activation in right superior parietal cortex and right anterior
cingulate reflect the demand for a volitional shift of visual attention in this
task. Antisaccade and memory-guided saccade task performance require
saccade suppression, and were associated with reduced activation bilaterally in
medial orbital prefrontal cortex. Reduced excitatory output from orbital cortex
may be the mechanism through which this brain region facilitates behavioral
suppression. These results underscore the potential of eye movement activation
tasks in functional neuroimaging studies for addressing questions about spatial
working memory and the voluntary control of eye movements and visual
attention.
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H215O PET ACTIVATION STUDY IN REFLEX “EXPRESS” SACCADES

HUMAN FUNCTIONAL ANATOMY OF THE FIXATION OF A
REMEMBERED VISUAL TARGET.
Petit L.. Tzourio N.. Orssaud C.. Mazover B.. Berthoz A.*
GIN S.H.F. Joliot. CEA Orsay, Univ. Paris 7; LPPA CNRS-CoU^ge de France Paris.
The regional cerebral blood flow correlates of the active ocular fixation of a
remembered target were studied in five healthy humans using the positron emission
tomography activation paradigm. The experimental protocol was designed to limit eye
movements and restrict the attentional component to orienting. This was obtained by
asking subjiects to fixate a remembered visual central target and by comparing this task
to a resting condition, both tasks being performed in total darkness. Eye movements
were controlled by EOG. For each condition, a set of 31 80-sec-duration contiguous
PET brain slices was acquired following i.v. injection of 80 mCi of [l5O]-water.
Individual high resolution magnetic resonance images, aligned with PET slices, were
used for the delineation of regions of interest with anatomical boundaries.
Cortical • activations were found in the supplementary eye fields (4.0 ± 2.6, mean ± SD
in %, p = 0.0002, paired t-test), the median cingulate gyrus (2.2 ± 2.9, p = 0.02), and
the left precentral gyrus (0.9 ± 1.4, p = 0.035) whereas the right precentral gyrus
showed a stronger activation (1.9 ± 3.4, p = 0.07) that failed to reach significance. The
precentral activation, that may consist of both motor and premotor contributions, was
localized at the level of the frontal eye fields (FEF) in humans.
Similar activations have been previously described in PET studies during overt and
covert saccadic eye movements, accumulating evidence that these regions are involved
in different oculomotor tasks. Similarly to their homologue in the monkey, these
cortical regions may indeed contain fixation-related neurons that tonicaUy inhibit the
saccade-related neurons in each region. If so, our results would support the hypothesis
that inhibitory process can result in local increase of CBF.
(Supported by Roseau CogniSeine, CNRS, Paris)

AND VOLUNTARY ANTI-SACCADES: ROLE OF SELECTED NEURAL
NETWORKS. D.Pcrani*. F.Doricchi. F.Grassi. C.Incoccia. SF.Cappa.
V.Bcttinardi, L.Pizxamiglio, F.Fa/.io. INB-CNR, University of Milan, Brescia,
and Rome, Scientific Institute H S Raffacle.
Behavioural and neuropsychological studies in animals and brain damaged
patients suggest that different brain areas arc involved in the production of
different type of saccadcs. In this study we investigated the neural correlates of
the production of reflex saccadcs and voluntary anti-saccades with H2i 5O PET.
Six normal volunteers underwent measurements of regional cerebral blood flow
(rCBF) during two paradigms: a)rcflex "express" saccadcs were elicited in a gap
paradigm wherein the initial fixation point was estinguished 200 msec before
the peripheral target appeared; b) the subjects had to to inhibit the reflex saccade
towards the peripheral target and move the eyes from the initial fixation point to
the opposite direction (antisaccadcs). Statistical analysis of the rCBF brain
images was performed on a pixel by pixel basis, by statistical parametric
mapping (SPM). This identified bilateral anterior cingulate cortex (Ba 24, 32),
inferior and middle frontal gyri (Ba 47, 45, 46, 10), superior parietal Ba 7,
lingual gyrus, middle occipital gyrus (Ba 19) and cerebellar vermis as the
functional correlates of reflex “express” saccadcs. The anti-saccades were
associated with bilateral activation of the anterior and posterior cingulus,
prefrontal Ba 45, 46, 10 and 9, precentral gyrus (Ba 6), inferior parietal Ba 39,
40 and lingual gyrus. Our study provide in vivo a distinctive anatomical basis
for reflex saccadcs voluntary and anti-saccades, and suggests the role of a
prefrontal - superior parietal circuit for reflex eye movements with automatic
shift of attention, and, of a prefrontal premotor-inferior parietal system for
voluntary eye movements directed away from the target, which requires a
disengagement of attention.
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PROPERTIES OF KAINATE-SELECTIVE GLUTAMATE RECEPTORS
IN HIPPOCAMPAL NEURONS
J. Lerma, A.V. Paternain. M, Morales ann F. Somohann*. Depp Neural
Plasticity, Instituto Cajal, C.S.I.C., 28002-Madrid, Spain
Functional kainate-selective receptors (KSR) have been demonstrated
recently in native membranes (Lerma et al., P.N.A.S. 90, 11688-92, 1993).
We have studied desensitizing and pharmacological properties of KSR in
cultured hippocampal neurons, using a fast perfusion system and the wholeceH configuration of the patch-clamp technique. Responses to 300 gM kainate
completely desensitized following a single exponential time course (t <^=20
ms). Recovery from deseasltlzatiha was very slow (rrec=2O s). While
AMPA did not activate or desensitize KSR, the peak current varied with the
concentration of glutamate (ECjo = 360 gM). Steady-state deseasitizntiha of
KSR was evident at low concentrations of glutamate, showing a half-maximal
value at «3 gM. Responses mediated by KSR showed in all cases strong
inward rectification. Coexisting AMPA receptor-mediated responses were
linear or outwardly rectifying. Inward current through KSR was not observed
in extracellular Cs+, indicating that KSR channels are not permeable to this
ion. Inward rectification of KSR was still observed in a near symmetrical
Na+ solution, suggesting an intrinsic voltage dependency of the receptor as
the cause for channel rectification. Ca2+ permeability could not be
demonstrated for KSR. On the contrary, extracellular Ca2i induced a
chacrnt^atihn-deprndeat reduction of inward current carried by Na+. The
1C*, value was 4.5 mM. These results indicate particular properties for KSR,
and suggest that GluR6 plus other, still undetermined subunit(s), assemble
into functional receptor channels in hippocampal cells.

CYCLOTHIAZIDE AND GYKI 52466 DO NOT COMPETITIVELY INTERACT
ON RECOMBINANT GLUR6 RECEPTORS. K . A^ama^and D.Turetskv. Dept
of Neurology, Washington Uaiy.0ca. of Med., St. Louis, MO 63110.
Certain beazhthindrazides reduce AMPA receptor deseasltrzntloa produced by
rapid agonist application to cultured hippocampal neurons, and eyelhthinzide is the
most potent of these (Ynmndn and Tang, 1993). Zorumski and colleagues (1993)
and Dhaeyan and Rogawski (1993) have also demonstrated that cyclot^aizide
counteracts the inhibition by the aoa-competltrye AMPA/kainate receptor
antagonists GYKI 52466 and 53655, suggesting that the two compounds may
interact at a modulatory site on the AMPA/kainate receptor. We examined the
interaction between cyelothinzrde and GYKI 52466 in recombinant AMPA/kainate
receptors using whhfe-cell patch clamp recording, taking advantage of the fact that
ahmomerlc channels comprised of the GluR6 subunit expressed in HEK 293 cells
possess kainate responses that are unaffected by cyclotainzide (Partin, et al., 1993).
We found that cyclhthlnzide eliminated desensltizntioa and potentiated AMPA
currents in HEK 293 cells expressing aomhmeric channels comprised of GluRl-4
subunits (450-1700% of coatrof). In contrast, 300 gM AMPA did not gate a
detectable current in HEK 293 cells expressing the GluR6 subunit, even in the
presence of 100 gM cyclothia.zide. 1 mM kainate gated a rapidly desensitizing
inward current in GluR6 expressing cells, which was unaffected by 100 gM
cycfothrnzide. 15 and 100 gM GYKI 52466 blocked the kainate currents, and 100
gM cyelothlazlde was incapable of counteracting the inhibition of the kainate
current produced by 15 gM GYKI 52466. These results suggest that the site of
action of cycloth^^ is intrinsic to AMPA-preferring, but not kainate-preferring
subunits, and that cycfothia.zrde does not directly compete for the site at which
GYKI 52466 produces its inhibition against kainate-preferring receptors. Supported
by NIH NS 01443 (K.A.Y.), NS 19988 (0.M.Rhthmnn), NS 30337 (D.W.Caol).
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MOLECULAR DESIGN OF THE PHENCYCLIDINE BINDING SITE ON
GLUTAMATE RECEPTORS FROM HUMAN BRAIN. W. Sun. A. Ferrer-Montiel.
and M. Montal*. Dept, of Biology, Univ. of Cal., San Diego, La Jolla, CA 92093.
Phencyclidine (PCP) is a high efficacy open channel blocker of glutamate receptors
of the NMDA subtype but not of the AMPA/kainate subtype. To map the PCP site of
NMDA receptors, an attempt was made to reengineer a PCP binding site in an
AMPA receptor, given the high homology between the two receptors in the second

UNIQUE PHARMACOLOGICAL PROPERTIES OF NMDA RECEPTORS
IN THE SPINAL CORD AS ANALYZED ON [3H]MK-801 BINDING.

transmembrane domain (M2), the putative chnaaef-frnrng segment. Site-directed
mutagenesis was used to change amino acid residues in the M2 segment of the
AMPA receptor HBGR1 to the cmrrespmading residues in the M2 segment of the
NMDA receptor HNR1. Efficacy of PCP block was assessed by blocking kainate
induced currents in Xenopus oocytes expressing the wild-type and mutant HBGR1
receptors. Replacement of leucine 577 and glutamine 582 in the HBGR1 M2
segment with tryptophan and asparagine produced a mutant HBGR1 with increased
affinity for PCP. The IC50 of PCP block was > 150 gM for wild-type HBGR1 and
1.7 ± 0.3 gM for the L->W
and Q->N double mutant.
urnr/nutr Blocking of mutant currents
mi
by PCP exhibited voltagedependence but no usedependence. Results support
the model that PCP binds to
NMDA receptors in a cavity
formed by the M2 segments
that exposes side chains of
residues between W593 and
N598, presumably near the
[PCP] (M)
synaptic face of the ionic pore.
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G. von n ulure, Y. LiLi F. Sooveybrb and d . Sundstrom. Dq?t. o i NNUrc^cience,
Knrmllaska Institutet, S-17177 Stockholm, and Dept. of Geriatric Medicine,
Karmfiaska Institutet, Huddinge University Hospital, Huddinge, Sweden.
In order to investigate possible panrmaeolmgieaf differences between Nmethyl-D-aspartate (NMDA) receptor-coupled ion channels in the spinal
cord and in the cerebral cortex, we have investigated the binding
properties of [3h ]MK-801 [(+)-5-merhyZf-0,ll-dlaydro-5H-dlbeazo[ff^t]cycloheptea-5,10-lmlae] (2 nM) and its regulation by glutamate and
glycine in membrane preparations of the rat spinal cord and cerebral cortex.
The IC50 value of the glutamate antagonist D-^SJ-Z-carboxypiperazin^yl)-pr<rpyf-r-pahspaoaic acid (D-CPP) was, in the presence of 10 gM
glutamate (with or without added glycine), more than ten times lower in
the spinal cord than in the cerebral cortex, indicating a comparatively
high sensitivity for glutamate antagonists in the spinal cord. In contrast,
the IC50 value of the glycine antagonist 7-chlorokynurenate was, in the
presence of 10 gM glycine, similar in the spinal cord and in the cerebral
cortex. Although EC50 values of glutamate and glycine are difficult to
interpret since they depend on the concentrations of residual endogenous
amino acids, it is suggested that the glycine binding site is sl^thly more
sensitive to agonists in the spinal cord than in the cerebral cortex. The
association rate of [3h ]MK-801 binding in the presence of
glutnmate+gfyelne (10+10 gM) was lower in the spinal cord than in the
cerebral cortex, indicating that the affinity of pH]MK-801 binding is
lower in the spinal cord, possibly corresponding to a lower potency of the
voltage-dependent Mg2+ block.
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potentiate

recombinant

nmda

receptors

by relieving

proton

. Stephen F. Traynelis* and Stephen F. Heinemann. Molecular
Neurobiology Laboratory, The Salk Institute, La Jolla, CA, 92037.
NMDA receptor function is inhibited by protons with an IC5O value that
corresponds to physiological pH. An alternately spliced exon within the NR1
gene reduces the proton-sensitivity of NMDA receptors by shifting the pHinhibition curve to the left, thereby potentiating responses at physiological pH.
In this study, we used site-directed mutagenesis to test the hypothesis that
specific residues encoded by the 63bp 5th exon control the proton sensitivity
of the NMDA receptor. We exchanged each of 9 charged amino acids within
exon5 (individually and also in combination) to Gly or Ala. Analysis of the
proton-sensitivity of mutant homomeric NR1 and heteromeric NR1/NR2B
receptors expressed in Xenopus oocytes suggested that charged amino acids
in the carboxy-terminal region of exon5 control the proton sensitivity of NR1
(n=244 oocytes). Because this region shares certain structural features with
polyamines, we tested whether polyamines might mimic the effects of the 5th
exon, and potentiate NMDA receptors simply by relieving proton inhibition.
Indeed, we found that 100pM spermine increased the IC5O value for protons
~3-fold only in receptors lacking exon5 (n=5O). This leftward shift in the
proton inhibition curve increases receptor responses at physiological pH.
Moreover, the pH-profile of NR1-exon5 containing receptors could be
completely converted to that of NR1+exon5 receptors by spermine with an
EC5O value of 163pM (n=66). Such an effect is unlikely to reflect changes in
the ionization of spermine (pKa values >9) or in the ionic strength of the

solution (e.g. increased by <1% by 100pM spermine).
In summary, these data suggest that polyamines exert their voltage- and
glycine-independent potentiation of NMDA receptors by relieving the
inhibition produced by physiological concentrations of protons.
Supported by the NIH, Epilepsy Society of America, and The Milken Family Medical Foundation.

EFFECT OF INTRACELLULAR MG2+ BUFFERING ON THE BLOCK OF NMDA
RESPONSES IN CULTURED NEURONS. Y. Li-Smerin* and J. W. Johnson. Dept.
of Neuroscience, University of Pittsburgh, Pittsburgh, PA 15260.
We have quantified and compared the magnitude of the voltage-dependent block
by intracellular Mg2* (Mg2*) of the NMDA currents in whole-cell and patch
recordings, and tested possible explanations for differences. To allow comparison of
Mg2*, block between cells and patches, the response to 30 pM NMDA + 10 pM
glycine measured at +60 mV was normalized to that obtained at -60 mV, a voltage
at which Mg2+ block is minimal. The control (Mg2* = 0) I-V curves of whole-cell
NMDA current show substantial outward rectification. The normalized current at +60
mV (+60/-60 ratio) with 10 mM EGTA in the pipette was 1.6 (n = 5), which is
smaller than the ratio of the mean patch NMDA current (2.1). The smaller whole-cell
+60/-60 ratio was not due to block by residual Mg2*, since the ratio was not
significantly increased by inclusion of either 10 mM EDTA (ratio = 1.6, n = 7) or 10
mM EDTA + 5 mM Na2-ATP (ratio = 1.5, n = 4) to chelate Mg2*.
Without any divalent cation buffer in the pipette, the whole-cell +60/-60 ratio was
1.7 (n = 7) in 0 mM, 1.9 (n = 3) in 1 mM, and 1.0 (n = 3) in 10 mM Mg2*. The
difference between 0 mM and 10 mM Mg2* . is significant (P < .05). When 10 mM
EGTA was included in the pipette to help buffer the free [Mg2*] at the desired level,
the +60/-60 ratio was 1.6 in 0 mM, 1.3 (n = 4) in 1 mM, and 0.8 (n = 6) in 10 mM
Mg2",. The difference between 0 mM and either [Mg2*] is significant (P < .05). The
enhancement of the block by Mg2* with EGTA suggests that the even during wholecell recording, a neuron can maintain the free [Mg2*]s below the free [Mg2*]; in the
pipette. However, the whole-cell +60/-60 ratio in 10 mM Mg2* . and EGTA is
significantly larger than the corresponding mean patch current ratio (0.5), indicating
that either 10 mM EGTA was insufficient to fully control free [Mg2*] or other
mechanisms are involved in the differential block by Mg2*, of the whole-cell and the
mean patch currents. Supported by NIMH.
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BIOPHYSICAL AND STRUCTURAL ANALYSIS OF THE MAGNESIUM
BLOCK OF THE RECOMBINANT NMDA RECEPTORS.
GEETA SHARMA* and C.F .STEVENS
Molecular Neurobiology Laboratory, Salk Institute, LaJolla CA92O37.
An important characteristic that distinguishes NMDA receptors (NMDARs)
from other ligand-gated ion channels is a voltage dependent block of the
channel by physiological levels of magnesium. This property is essential for the
induction of long term potentiation in the hippocampus. Mutation of a single
amino acid (asparagine 598), in the putative TM2 region reduces the
magnesium block of the channel and it has been claimed that magnesium ions
bind at this position.
We have expressed heteromers of Zl and el subunits in mammalian cells, and
performed detailed electrophysiological studies to evaluate the candidacy of
this amino acid as the magnesium binding site.
Our data indicate that the characteristics of the magnesium block are
unchanged for the (N598->Q) mutant receptors if the concentration of
magnesium is increased about 100 fold. The gating properties of wild type and
mutant receptors are fitted by the same theory except that the dissociation
constant is diminished for the mutant receptor.
MK-801 is a NMDA channel blocker that is thought to bind at the same site
as magnesium. The Kd for MK-801 is reduced in the mutant channels and
preliminary data indicate that the off rate has increased.
These observations are consistent with the idea that magnesium binds at the
same physical position as it does in the wild type channel but the environment
has changed in a manner that decreases the affinity of magnesium for its
binding site.

MECHANISMS FOR PROTEIN KINASE-C POTENTIATION OF CLONED
NMDA RECEPTORS. D.A. Vagner:* and J.P. Leonard Dept.
Biol. Sci., University of Illinois at Chicago, Chicago,
IL 60607.
Activation of PKC potentiates NMDA-evoked currents
in Xenopus oocytes expressing fl homomeric, Zl/el, and
Zl/e2 heteromeric receptors.
The fl/e3 and fl/e4
receptors however,
are not
potentiated by
PKC
activation. It has been suggested that the mechanism of
PKC-enhancement may involve a reduction in the Mg2+blockade.
We have done Mg2+ dose-response curves
before and after PKC activation on oocytes expressing
each of these Zl/e combinations and found that PKC
activation has little or no effect on Mg2+ blockade and
is not likely to be the primary mechanism for PKC
potentiation.
However, we have found evidence that
PKC potentiation involves interaction between the NMDA
receptor and the cytoskeleton. When oocytes expressing
Zl/e2 receptors are injected with 35 nl of ImM
phalloidin, a stabilizer of filamentous actin, PKC
potentiation is significantly reduced compared to water
injected controls.
Also, as has been shown in
hippocampal neurons (Rosenmund and Westbrook, 1993)
phalloidin
injection
abolished
rundown
of
NMDA
activated currents.
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MODIFICATIONS OF THE PEPTIDE CONANTOKIN G RESULTS IN ANALOGS
WITH DIFFERENT CONFORMATIONS AND A WIDE RANGE OF ACTIVITIES AT
NMDA RECEPTORS. L. Otvos, Jr.1', G.l. Szendrei1, L.-M. Zhou2, P. Skolnick2, K.
Valentine3, S.J. Opella3 and M.-L. Maccecchini4.
The Wtetar Insttute1,
Philadelphia, PA 19104, Laboratory of Neuroscience, National Institutes of Health2,
Bethesda, MD 20892, Department of Chemistry, University of Pennsylvania3,
Philadelphia PA 19104 and Symphony Pharmaceuticals, Inc4, Malvern, PA 19355.
The peptide Conantokin G (ConG) with the sequence GEy y LQy NQy LIRy SKNamide (Y=Y-carboxyglutamic acid, Gla) has been shown to act as a non-

PHARMACOLOGICAL HETEROGENEITY OF NMDA RECEPTORS
FORMED FROM DIFFERING NR 2 SUBUNITS D ,R. Lvnch, J. Lawrence. S.

competitive NMDA antagonist and mediate its action on a polyamine-associated
site. In the current study, the importance of Gla residues in defining the activity
at the NMDA receptor and the conformation of the ConG peptide was assessed
by replacement of the Gla residues individually with Ala, Ser or phosphoserine.
Enhancement of [3H]MK-801 binding or inhibition of spermine-enhanced MK-801

binding studies showed that while Gla7, Gla10 and Glau can be substituted without
a major effect on the NMDA antagonist activity (although the ICW is decreased or
increased by as much as tenfold), replacement of Gla3 with any of the three amino
acids resulted in partial agonists. The phosphoserine-containing analog was the
most potent polyamine-like compound, with an ECW value in the low pmolar
range.
The peptide became inactive when Gla4 was substituted.
The
conformation of ConG and its analogs was studied by CD and 2D-NMR in the
presence or absence of multivalent cations in water and in membrane-mimicking
solvents. ConG exhibits features of helical peptides, although the geometry of the
helix is different from that of classical a-helices. The presence of the membranelike environment does not seem to considerably modify the secondary structure.
Remarkably, the conformation of the phosphoserine3-containing analog was altered
compared to that of ConG.
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Lenz,

N, Aneqawa, M,

a , BroQKs-Kayar.and p, B, Pritchett,

Departments of Pharmacology, Neurology, and Pediatrics, University of
Pennsylvania School of Medicine and Children's Seashore House,
Philadelphia, PA, 19104
The NMDA receptor is a major postsynaptic receptor for the
neurotransmitter glutamate. Pharmacological evidence from different brain
regions and different developmental stages suggests the existence of
multiple types of NMDA receptors. We have characterized the
pharmacological properties of receptors assembled from the combination of
NR 1a and NR 2B subunits expressed in transfected cells using 125i -mk
801 binding. No binding of 125|-MK 801 is detectable in cells transfected
with either NR 1a or 2B alone. Binding of 125|-MK 801 to cells transfected
with both NR 1 a and 2B is saturable with a Kd of 440 nM and a Bmax of 600
fmol/ mg protein. The binding is potently inhibited by ketamine,
dextromethorphan, phencyclidine, and MK 801 with curves consistent with
inhibition at a single site. Binding of 125|-mk 801 is stimulated by
magnesium at low micromolar concentration and inhibited by magnesium
and by spermidine at millimolar concentrations. These properties resemble
native receptors and receptors produced by NR 1a and 2A. However,
binding to membranes from cells transfected with NR 1a and 2B has a high
affinity for ifenprodil and is stimulated by spermidine, unlike receptors
assembled from NR 1a and 2A. Electrophysiologic experiments performed
in parallel agree with the pharmacologic characteristics. Spermidine also
potentiates the subunit dependent cell death of the NR 1a and 2B subunit
combination when transfected into cells. This suggests that pharmacological
heterogeneity in NMDA receptors may be explained by different subunit
combinations, and that such differences may influence excitotoxicity in vitro.
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EXPRESSION OF ENDOGENOUS NMDA RECEPTOR
TRANSCRIPTS IN PC12 CELLS: GENES AND SPLICE
VARIANTS. M. Awobuluvi*. C.L. Chi. C.L. Leclerc. and N.J.
Sucher. Children's Hosp., Harvard Med. Sch., Boston, MA 02115.
PC12 cells express abundant NMDAR1 mRNA but only trace amounts
of NMDAR1 protein and, depending on culture conditions, either no or
very few functional NMDA receptors (Sucher et al., JBC 1993; Casado
et. al, this meeting). To further investigate the mechanisms underlying
this apparent post-transcriptional regulation of NMDAR1, we
characterized the expression of seven NMDAR1 splice variants (Sugihara
et al., BBRC 1992) and four NR2 subunits in PC12 cells. Polymerase
chain reaction (PCR) and RNase protection assays revealed that PC12
cells express predominately the splice variants NMDAR1C and IE, in the
virtual absence of NMDAR1 A and ID. No transcripts containing the Nterminal insertion were detected. With RNA probes corresponding to the
NR2 subunits, only NR2C appeared to be expressed in PC 12 cells.
Trace amounts of NR2A and NR2D were identified, however, by PCR.
Xenopus oocytes that were injected with total PC12 RNA responded to
application of NMDA (200 pM) in Ca2+-Ringer (no Mg2+, 10 pM
glycine) with small inward currents (<10 nA) that were blocked by APV
or 7-Chlorokynurenate. NMDA responses were potentiated ~1000x
upon co-expression of PC12 RNA with NR2B cRNA. Less potentiation
(<lOx) was seen when PC12 RNA was injected with NMDAR1, NR2A
or NR2C cRNAs. The mechanism of potentiation is under investigation.
These data extend the evidence for post-transcriptional control of
NMDAR1 expression in PC12 cells, including the alternative splicing of
NMDAR1 transcripts. In contrast, the expression of the NR2 subunit
genes in PC12 cells appears to be regulated at the transcriptional level.
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AGE-RELATED ALTERATIONS IN trk-B mRNA EXPRESSION THAT
CORRELATE WITH MEMORY IMPAIRMENT. L.R. Williams*.
V. Cummins. A. Welcher. M.A. Cullen, and M.A. Pellevmounter. Neuroscience,
Amgen, Inc., Thousand Oaks, CA 91320.
Quantitative in situ hybridization with 33P-labelled oligonucleotides was used

DIFFERENTIAL DISTRIBUTION AND TRANSPORT OF EXOGENOUS
BDNF AND NT4/5 IN THE RAT BRAIN: A ROLE-FOR THE LOW
AFFINITY NGF RECEPTOR (LNGFR). S.J. Wiegand*. P.S.
DiStefano, C. Alexander. R.M. Lindsay, and K.D. Anderson. Regeneron
Pharmaceuticals, Inc., Tarrytown, NY 10591.
The distribution of exogenous BDNF, NT4/5 and NGF in the rat
brain was examined following acute injection of radioiodinated
trophic factors (0.5-1.0 pg) or continuous infusion of unlabeled
factors (7-12 pg/d) into the hippocampus or the lateral cerebral
ventricle. Animals were sacrificed 1 day following acute injections
of radiolabeled material or after 12 days of infusion of unlabeled
protein, and the distribution of the neurotrophins was assessed by
autoradiography or immunohistochemistry. Alternate sections were
processed for co-localization of the neurotrophins and the LNGFR.
After ICV delivery, the ependymal lining of the ventricles was
homogeneously labeled with BDNF, while NT-4/5 was differentially
accumulated by cells that expressed the LNGFR, such as tanycytes.
NT4/5 also heavily labeled those regions of the glia limitans which
exhibited high levels of LNGFR immunoreactivity. Following intrahippocampal administration, BDNF was retrogradely transported by
many populations of neurons afferent to this structure, including
cells within the medial septum, entorhinal cortex, parasubiculum
and the hippocampus itself. In marked contrast, NT4/5 was robustly
transported only by neurons of the medial septum. As for NGF, but
unlike BDNF, all cells in the medial septum which accumulated
NT4/5 also expressed LNGFR. Thus, LNGFR appears to play a
significant roll in the accumulation of NT4/5, but not BDNF, by
neurons and non-neuronal cells which express TrkB.

to determine if there were behaviorally-correlated changes in the abundance of
mRNA for brain-derived neurotrophic factor (BDNF) and its receptor, trk-B, in
aged, 24M old male Long-Evans rats, compared to young 4M controls. Animals
were trained in the Morris water maze until they met a defined spatial learning
criteria. The aged rats clearly separated into unimpaired (n=3) and impaired
(n=6) groups (young, n=6). Localization of the mRNA for the oligos confirmed
the previous reports of several labs. Of the 61 different brain areas examined, the
medial preoptic area (MPO) was the only area where aged-impaired animals
showed a decrease in mRNA specific for the extra cellular domain of the trk-B
receptor in comparison to both aged-unimpaired and young rats (p<0.01). A
similar difference was not observed for mRNA specific for the kinase domain of
the trk-B receptor. Also, a significant decrease in BDNF mRNA was found in the
olfactory cortex of aged rats, a decrease that did not correlate with behavioral
impairment. These results implicate the MPO dysfunction in behavioral
impairment in the Morris maze, and suggest that the dysfunction may be mediated
in part by decreased expression of the truncated trk-B receptor.

109.3
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Neurotrophins regulate trkC and trkA receptor expression in
developing sympathetic neuroblasts. E. DiCicco-Bloom*. WJ. Friedman.
J.S. Maltzman. D.R. Kaplan+and I.B. Black. Dept. Neurosci. & Cell Biol.,
UMDNJ/Robert Wood Johnson Med. Sch., Piscataway, NJ, 08854. and +Eukaryotic
Signal Transduction Group, NCI-Frederick Cane. Res. , Frederick, MD 21702.
Recent studies indicate that the neurotrophins, NT3 and NGF, sequentially
regulate sympathetic precursors: while NT3 promotes survival of proliferating
neuroblasts, NGF serves a trophic role after mitosis has ceased. The stage-specific
trophin effects depend on the temporal expression of rkC and trkA receptors in vivo.
Since little is known about trk regulation, we have now used a model neuroblast
system to define roles of neurotrophins in the transition in trk receptor expression.
A virtually pure population of embryonic day 15.5 rat superior cervical
ganglion precursors were cultured for 24 hrs. in the presence of the mitogen, insulin
(10pg/ml), and assayed for trkC expression immunocytochemically (Santa Cruz).
While -90% of cells had some staining, 10-15% of neuroblasts exhibited an intense,
homogeneous cytoplasmic signal. NT3 exposure increased trkC immunoreactivity
markedly: intense signal was observed in 75-88% of cells. Although NT3 had a
modest effect on survival (increased 50-100%), the 5-8-fold increase in trkC staining
indicates that upregulation of receptor expression is a major NT3 effect. Identical
results were obtained with three separate antibodies, specific for distinct extracellular
and intracellular trkC domains. Moreover, Western blot analysis of partially purified
protein confirmed an NT3-induced increase in trkC, suggesting that trophins regulate
cognate receptor expression. On the other hand, NGF, examined alone or in
combination with NT3, elicited neither an increase or decrease in trkC expression.
In contrast to trkC, both neurotrophins increased trkA expression: NT3 elicited
an approximate 4-6-fokl increase in intense immunoreactivity, whereas NGF
increased staining ~2-fold. In aggregate, the observation that NT3 and NGF regulate
cognate receptor expression suggest that local trophin availability may be critical in
governing cell responsiveness to survival factors. In addition, the markedly
increased trkA expression induced by NT3 suggests that the trophin plays a role in
eliciting the transition in trk receptors during development.

NEUROTROPHIN HIGH-AFFINITY Trk RECEPTOR mRNA EXPRESSION
WITHIN THE TRIGEMINAL GANGLION UNDER NORMAL AND
EXPERIMENTAL CONDITIONS. Reg Williams1*. Ann Grapin2. Anders
Backstrdm1. Nicole LeDouarln2 and Ted Ebendal1. 1. Department of
Developmental Biology, Uppsala University, Box 587, S-75l 23
Uppsala, Sweden. 2. Institut d’Embryologie cellulaire et moleculaire du
CNRS et du College de France, Nogent-sur-Mame, France.
The proper development of the sensory component of the avian
trigeminal nerve is dependent on the interaction between cells derived
from both the neural crest and the placodes which go to make up the
trigeminal ganglion. From in situ hybridization histochemistry studies
using oligonucleotide probes specific for the full-length receptor
isoforms, we have established that trkC mRNA is expressed very early
in chicken development. At stage 13. labelling of trkC mRNA is
detectable within cells migrating from the placodes to the site of the
ganglion anlage. The expression of trkB and trk mRNAs begins at stage
19 and stage 21/22, respectively, after the cells from the placode have
migrated to Join their neural crest counterparts. The degree of labelling
for trkC mRNA and trkB mRNA within normally-developing trigeminal
ganglion is quite extensive and it is not possible to determine whether
both neural crest and placode derived cells express both receptors. In
order to determine whether trkB and trkC mRNAs are expressed within
crest-derived neurons, and also to establish whether the interaction of
placode and neural crest-derived cells is necessary for the expression of
trk and trkB mRNA with the neural crest cells, the trigeminal placodes
were extirpated prior to cell migration and the patterns of expression of
mRNAs for Trks within the trigeminal ganglion were compared to the
unoperated contralateral control ganglion.
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MENINGEAL CELLS EXPRESS p75 AND trkA IN THE NORMAL AND SPINAL
CORD INJURED ANIMAL; IMPLICATIONS FOR SCAR FORMATION IN THE
INJURED CNS. J. Frisdn*. M. Rislinp. S. Cullheim. and D. Lindholm. Dept, of
Neuroscience, Karolinska Institute, S-171 77 Stockholm, Sweden. Dept.
Neurochemistry, Max-Planck Institute for Psychiatry, D-8033 Martinsried, Germany.
Nerve growth factor (NGF) can exert its biological effects by binding to trkA
tyrosine kinase receptors on responsive cells. Activation of trkA receptors in
postmitotic neurons stimulates differentiation and survival. In contrast, NGF is a
mitogen for proliferating non-neuronal cells ectopically expressing trkA. The role of
the low-affinity neurotrophin receptor p75 is not fully understood, but it is required
for the function of some sensory and sympathetic neurons. Here we report that
leptomeningeal cells express trkA and p75.
Northern blots of leptomeninges from new-born rats, as well as cultured vimentinpositive, GFAP-negative leptomeningeal cells from new-born rats, demonstrated high
expression of trkA mRNA. trkA-immunoprecipitates from cultured leptomeningeal
cells showed phosphorylation of trkA, as determined by Western blot with antiphosphotyrosine antibodies. Furthermore, immunohistochemistry demonstrated
trkA- and p75-like immunoreactivity (LI) in leptomeningeal cells in the adult rat and
cat. Meningeal cells are known to invade the CNS at traumatic lesions. In order to
study neurotrophin receptor expression by meningeal cells in the injured spinal cord,
an unilateral incision was made in the ventral funiculus in a lumbar segment in adult
cats, resulting in a proximal axotomy of spinal motor neurons. Many cells with long
processes showing p75- and trkA-LI were seen in the scar tissue which formed at the
lesion. These cells could be identified as leptomeningeal cells by immunoelectron
microscopy. Preliminary data on the function of NGF on leptomeningeal cells show
that addition of NGF to leptomeningeal cells in vitro does not stimulate mitosis, but
induces the formation of long processes and increases vimentin-LI.
The data show that leptomeningeal cells possess signal transducing NGF receptors.
Since NGF is produced at increased levels in the injured CNS, NGF can be an
determinant of meningeal cell features after injury and may be important in scar
formation after injury.

MICE LACKING TrkA RECEPTORS FAIL TO MAINTAIN A
NORMAL ORGANIZATION OF THEIR BASAL FOREBRAIN
CHOLINERGIC PROJECTIONS. L.F. Kromer.* M. Barbacid? and
R.J.Smevnel Dept. of Cell Biol., Georgetown Univ. Medical Center,
Washington, DC 20007 and ‘Dept. of Molecular Biology, BristolMyers Squibb Pharm. Research Institute, Princeton, NJ 08543
Recent studies using mice carrying disrupted genes for trkA or
NGF support the role of NGF activation of trkA receptors in
maintaining peripheral sensory and sympathetic neurons. However, it
is less certain as to the role of NGF and its trkA receptor in the
maintenance of central cholinergic neurons. Thus, in the present study
we further explored the development and maintenance of CNS
forebrain cholinergic neurons and their projections to limbic and
cortical structures in mice lacking a functional trkA gene. Preliminary
results from observations of mice at postnatal days 0, 5, 9, and 20
indicate that there appears to be a normal generation of forebrain
neurons expressing cholinergic markers, such as p75, AChE, and
ChAT, and that p75+ axonal processes are present within the
hippocampus and neocortex at early postnatal times in both wild type
and mutant mice. However, during later postnatal times when there is
reorganization and maturation of the cholinergic projections to these
regions there is extensive retraction of p75+ and AChE+ axons with a
gradual decrease in the number of p75+ neurons in the medial septum.
These results suggest that trkA receptors may not be necessary for the
initial induction of a cholinergic phenotype in CNS forebrain neurons
or in the early development of their projections, but that signaling
through this receptor is essential for the long term maintenance of the
forebrain cholinergic system. Supported by NIH grant NS-31445.
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Blocking antibodies to the extracellular domain of avian trkC
significantly reduce the size of brachial DRG in vivo. F. Lefcort,,* D. O.
Clary. R. Sehgal and L.F. Reichardt. HHMI & Dept, of Physiology,
UCSF, San Francisco, CA . To elucidate the role of neurotrophins and
their trk receptors in early stages of neural development, we have
generated antibodies to the extracellular domain of each of the chicken trk
family homologs which perturb their function. To do so we constructed
expression cassettes encoding the extracellular domains of each of the
three avian trk receptors, purified the expressed proteins and generated
polyclonal antibodies to each of the ectodomains. Each antibody
specifically recognizes only its respective receptor. E8 DRG neurons
when cultured in vitro in the presence of the IgG fractions from each of
the antisera survive in the absence of exogenously supplied neurotrophin;
stimulation of the trkA, B or C receptor is sufficient for promoting
survival and outgrowth. However, monovalent Fab fragments to the trkC
receptor do not support survival and instead block the ability of NT3 to
promote survival of DRG neurons in vitro. When injected into chick
embryos daily from E2.5 to 7, the trkC Fabs reduce the volume of brachial
ganglion 14 by 50% (n=4) compared to embryos receiving injections of
non-immune Fab fragments (n=3), p<0.01, Student's t-test. We are now
determining which populations are reduced: VL or DM and their trk
receptor expression pattern. By immunocytochemistry we find that trkC is
expressed during the entire injection period with an expression pattern
which is tightly regulated both spatially and temporally. Since the
injection timecourse spans several stages of DRG development, we are
now injecting over shorter time periods in an attempt to distinguish the
developmental events which are perturbed.

SUBSETS OF PRIMARY SENSORY NEURONS DIE EARLY IN EMBRYONIC
DEVELOPMENT IN THE trkA KO MICE. ‘I. Silos-Santiago*. 'D.C. Molliver. ‘L.
Zhang. iR.W. Gerfen, iM. Dhar-Karihaloo? 2R. Smevne. 2M. Barbacid. iW.D.
Snider. Dept. Neurology, CSNSI, Washington Univ. Med. Sch. St. Louis, MO.
2Dept. Molecular Biology, Bristol Myers Squibb Pharmaceutical Research Institute,
Princeton, NJ, 08543.
trkA KO mice exhibit loss of approximately 70% DRG neurons. However, the
characteristics of the DRG neurons which die and the time frame of this neuronal
death are unknown. We have characterized the subsets of neurons depleted in the trkA
KO using immunohistochemistry with different markers for DRG cells in postnatal
animals. DRG neurons labeled for the lectin BS-1 and a-internexin are absent in the
trkA KO mice, and only a very few CGRP-positive neurons remain. In contrast, NFH and parvalbumin, markers for large neurons including the proprioceptors, are
present in the KO DRGs. Surprisingly, although peripherin labelling was reduced,
extensive staining remained in the dorsal columns. These findings correlate tightly
with Dil staining data. When crystals of Dil were placed in DRG of E17.5 and
newborn mice, depletion of fibers in lamina I and II was observed, whereas other
classes of afferent fibers were present. In order to determine when DRG neurons die in
the trkA KO, we performed cell counts in El7.5 mice. We observed that KO mice
have already lost 65% of DRG neurons by this age. In situ hybridization was
performed with mRNA probes against the extracellular domain of trkA which was not
targeted for deletion and which appears to be expressed in the KOs. In the KO mice
few neurons were observed to express trkA even as early as E13.5. In addition, we
used Hoescht staining to identify DNA fragmentation. 10%o of DRG cells in the trkA
KO exhibited fragmented DNA at E13.5 compared to 1.2% in control mice. In
conclusion, distinct subsets of neurons are lost in trkA KO mice, and these neurons
undergo apoptotic cell death at an early developmental stage. We are currently
studying the relationship between neuronal death and peripheral and central target
encounter in order to define the critical period when n Gf is required for survival in
vivo.

109.9
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PROPRIOCEPTIVE DRG NEURONS DIE EARLY DURING EMBRYONIC
DEVELOPMENT IN THE trkC KO MOUSE. ‘W.D. Snider* , 'I. Silos-Santiago.
‘D.C, Molliver. 1L. Zhang. 'R.W. Gerfen. 2r , Smevne. 2m . Barbacid. ‘Dept.
Neurology, CSNSI, Washington Univ. Med. Sch. St. Louis, MO, 63110. 2Dept.
Molecular Biology, Bristol-Myers Squibb Pharmaceutical Research Institute,
Princeton, NJ, 08543.

NGF
ACUTELY
SENSITISES
PRIMARY
SENSORY
NEURONES. N. Dmitrieva and S.B. McMahon*. Department of
Physiology, UMDS, London, SE1 7EH, UK.
The role of NGF in adult animals is poorly understood, but growing
evidence suggests that it may be a mediator in some inflammatory pain states.
Here we studied electrophysiologically the properties of Ad and C fibre
afferents innervating the urinary bladder after intraluminal application of
human recombinant NGF (10 Mg/ml in 10% DMSO).
Under urethane anaesthesia, recordings were made from the L6 or SI
dorsal roots of single units responding to electrical stimulation of the pelvic
nerve. The ongoing activity and responses to constant pressure stimuli (0-60
cm H20) were determined in the control state, after 30 minutes intraluminal
exposure to vehicle, and after 30 minutes exposure to NGF.
15 Ad and 12 C fibres were studied. Vehicle solutions had no significant
effects on their properties. Within 15 minutes of peripheral NGF treatment,
ongoing activity was significantly elevated in some units. At 1 and 2 hours
after NGF exposure, the stimulus-response functions of bladder afferents
showed a significant leftward shift, with an average 121% increase in
response to 60 cm H20 stimulus (P<0.05 for both 1 and 2 hours). Nearly all
(91%) of the units studied (including some initially non-mechanosensitive C
fibres) were sensitised by this dose of NGF, consistent with the observation
that >90% of these afferents express trkA receptors (McMahon et al, Neuron,
in press, May 1994).

We have previously shown that targeted deletion of trkC results in loss of
proprioceptive DRG neurons by PN0. Conventional ideas about growth factor actions
would predict that large proprioceptive DRG neurons would be bom, extend axons to
their target fields and then die during a period of competition for growth factor
support. We have now further characterized the population of neurons missing the
trkC mutants and have investigated when, during development, these neurons die. In
adult trkC KO mice, parvalbumin, a marker for a subset of predominantly large DRG
neurons was greatly reduced in the DRG and dorsal columns when compared to wild
type mice, confirming previous suggestions that parvalbumin is a marker for
proprioceptive DRG neurons. In order to determine the time course of death of these
proprioceptive neurons, we have used Dil staining to visualize the central process of
these neurons in the spinal cord. We have found that no la axons have reached the
ventral horn of the spinal cord in the KO animals by El 5, whereas such axons are
plentiful in the wild type at this age. Since mRNA for the extracellular domain
continues to be expressed in the KO mice we have performed in situ hybridization
with pan-trkC probes. We have observed no fr&C-expressing neurons in DRG of E15
mice, and even as early as El 1.5, there is a substantial reduction in the expression of
trkC transcripts in the DRG of the trkC KO mice. By using nuclear staining for DNA
fragmentation (Hoescht staining), we have found 3.2% are pyknotic nuclei at El 1 in
trkC (-/-) mice versus 1.3% in the wild type, suggesting that increased neuronal death
is occurring even at this early age. Ganglia at even earlier stages are currently under
study. These results suggest that in the trkC KO mice axons of proprioceptive DRG
neurons never reach their central target fields, and these neurons die at an early
embryonic stage. The relationship of the neuron death to the peripheral target
encounter is currently under study.
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THE ROLE OF MAP KINASE ACTIVITY IN NEURONAL SURVIVAL.
D.J. Creedon.* J.C. Lawrence, and E.M. Johnson. Molecular Biology &
Pharmacology, Washington Univerisity School of Medicine, St. Louis MO

INDUCTION OF PC12 CELL NEURONAL DIFFERENTIATION BY THE EGF
RECEPTOR PROTEIN-TYROSINE KINASE IS CORRELATED WITH DURATION
OF INDUCED INTRACELLULAR SIGNALING. S.H. Green*, and l.M. Bayliss.
Dept. of Biological Sciences, University of Iowa, Iowa City, LA 52242.
Ras activity is sufficient to induce neuronal differentiation in PC12 cells.
Yet, activation of Ras by the EGF receptor (EGFR) does not result in neuronal
differentiation. However, activation of Ras and MAP kinase by EGF is transient while activation of Ras and MAP kinase by stimuli that induce neuronal differentiation (e.g., NGF, FGF, oncogenic Ras) is prolonged. EGFR
overexpression allows neuronal differentiation in response to EGF in a small
number of PC12 cells, consistent with a hypothesis that quantitative or temporal differences in receptor signaling account for the difference in cellular
response. Truncation of the EGFR COOH-terminal at amino acid 964
(EGFRACT) inhibits internalization. Transfection of EGFRACT into an
EGFR-dtficient cell line allows prolonged activation of MAP kinases by EGF
whereas the wild-type receptor allows only transient activation, as is the
case in PC12 cells. Remarkably, expression of EGFRACT in PC12 cells allows
robust neuronal differentiation in response to EGF. This indicates that
induction of neuronal differentiation is correlated with prolonged MAP
kinase activity and that an internalization-dependent mechanism is
important for terminating the EGFR signal. Possibly, the EGFR initiates a
process that inactivates MAP kinase or that otherwise blocks neuronal
differentiation. This is ruled out by observation that EGF co-treatment does
not inactivate MAP kinase activated by NGF or by oncogenic Ras. Also, . EGF
co-treatment does not inhibit induction of neurite outgrowth, transin
expression, or SCG10 expression by NGF or by oncogenic Ras. Therefore, lack
of neuronal differentiation in EGF-treated PC12 cells is not due to inhibition
of the differentiation pathway but rather due to an inability of EGF to
perform a function that is performed by NGF, FGF or oncogenic Ras. This
function appears to involve prolonged activation of MAP kinases.

63110
Work on pheochromocytoma cells (PC 12s) has focused attention on the role of
the MAP kinase pathway in mediating the effects of nerve growth factor
(NGF). To determine the involvement of this pathway in neuronal survival, we
have been studying the effect of survival promoting agents on the activation of
MAP kinases. Primary cultures of dissociated superior cervical ganglion
neurons obtained from neonatal rat pups were cultured in the presence of NGF
for 6-8 days and then deprived of NGF overnight. After the indicated
treatment, the neurons were lysed and the cell lysates were assayed for kinase
activity by adding myelin basic protein (MBP), a MAP kinase substrate. Readdition of NGF (50 ng/ml) induced a 4-6 fold increase in MBP kinase activity.
This activity level was dose dependent, evident after five minutes of exposure to
NGF, and remained elevated 20 hours after treatment. A similar increase was
observed if the lysates were first immunprecipitated with an antibody against
the ERK-1 isoform of MAP kinase. PMA (1 uM), which does not promote
neuronal survival, induced a 4-fold increase in MBP kinase activity after 5
minutes, but this activity was not sustained. A non-hydrolysable analog of
cAMP, cpt-cAMP, which does promote neuronal survival, caused a 2-fold
increase in activity which returned to baseline by 30 minutes. These results
suggest that a sustained level of MBP kinase activity is not required for
neuronal survival, but do not rule out the possibility that cAMP can act
downstream of MAP kinase to activate this pathway.

109.13
RTK, A NEW RECEPTOR TYROSINE KINASE IN RETINA AND

BRAIN.

PF Manesh JS. Biscardi. GF Buehler. and DA Chesnutt.

Dept Biochemistry, University of North Carolina School of

Medicine,

Chapel Hill, NC 27599.

In the vertebrate retina, phosphotyrosine-modified proteins
accumulate to high levels at sites of cell-cell contact within the
plasma membrane of Mueller glia,

the principle retinal glial cell

(Biscardi et al., Exp. Eye Res. 56 (1993) 281-289).
To identify
protein tyrosine kinases (PTKs) that were responsible for the

tyrosine phosphorylation in Mueller glia, a polymerase chain

reaction strategy was used to clone cDNA fragments encoding
the highly conserved catalytic domain of PTKs expressed in chick

Mueller glia cultures. One of the cDNAs specified a novel
receptor-class PTK, termed RTK (retina-derived tyrosine kinase),
which was expressed in retina, brain, kidney, and Mueller glial

cultures.

Larger cDNAs spanning the coding sequence of RTK

were cloned from an embryonic day 13 chick brain cDNA library.
The coding sequence revealed two immunoglobulin(lg)-like

domains and two fibronectin-lll (FN-III) domains in the predicted

extracellular region. RTK was most closely related to tyro-3, a
member of the axlAyro-3/eyksubfamily of receptor-type PTKs,
whose ligands remain to be identified. Based on the presence
Ig/FN-lll domains in neural cell adhesion molecules and certain
growth factor receptors, RTK may signal cell-cell interactions in

the brain and retina to control the growth or differentiation of glial
cells.
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MOVEMENT OF ROD PROGENITOR CELLS IN THE FISH
RETINA DURING DIFFERENTIATION
A. F. Mack* and R. D. Femald. Neuroscience Program, Stanford
University, Stanford, CA 94305.
We studied the rate and location of cell division and differentiation
of neuronal stem cells in the outer nuclear layer in the retina of the
cichlid fish Haplochromis burtoni. These cells give rise exclusively to
rod photoreceptors. We double labeled newly dividing cells with an
antibody to proliferating cell nuclear antigen (PCNA) which labels at
and beyond S-phase and bromodeoxyuridine (Brdu) which is
incorporated during S-phase. Brdu can be detected immunocytochemically in dividing cells after two or three cell divisions.
Fish were injected with Brdu and allowed to survive various times.
At 2 hrs. survival, all cells positively stained for Brdu were also
labeled with PCNA, about 50% of all PCNA positive cells. Two days
after a Brdu injection only about 10% of the Brdu+ cells were double
labeled with PCNA antibody, which indicates that many of these cells
did not divide again and were presumably differentiating. No double
labeled cells were found one week after Brdu injection. Surprisingly,
at this time point, PCNA and Brdu labeled cells were found in distinct
locations within the outer nuclear layer: All cells stained for Brdu were
at the inner edge of this layer towards the lens, and most of the
PCNA+ cells near the cone nuclei next to the outer limiting membrane.
We conclude that rod progenitors move at least during the final phase
of their last cell division within the outer nuclear layer. Supported by
NIH grant EY 05051.

EARLY EXPRESSION OF HU PROTEINS BY NEWLY GENERATED
NEURONS OF THE ADULT AVIAN FOREBRAIN B. Kirschenbaum*. K.
Barami. H. Furneaux.1 S. Goldman. Depts. of Neurology and Neuroscience,
Cornell Univ. Medical College, and ‘Program in Molecular Pharmacology,
Memorial Sloan-Kettering Cancer Center, NYC, NY 10021.
The avian forebrain exhibits persistent neurogenesis throughout adulthood,
with neuronal production from pluripotential precursor cells located in the
ependymal/subependymal zone (SZ). To follow the early commitment of newly
generated cells to neuronal lineage, we characterized the expression of Hu, a
family of putative neuronal RNA-binding proteins, by new neurons in the adult
songbird brain. Five adult canaries were injected with ’H-thymidine as a marker
of cell division, sacrificed at varying durations thereafter, and their brains cut at
14 pm by cryostat. Sections were immunostained for Hu, using the mouse
monoclonal anti-Hu antibody 16A11, which recognized a single 37-39 kD band
in immunoblots of adult canary forebrain. The Hu-stained sections were then
autoradiographed. Hu-immunoreactive (Hu*) neurons were found throughout the
brain parenchyma. In addition, Hu+ cells were also noted within the neostriatal
SZ, especially in that overlying nucleus HVC, a neurogenic region of the adult
forebrain. Within the first 4 hrs after 3H-thymidine injection, few Hu+pHthymidine* cells were seen in the SZ. The proportion of ’H-thymidine* SZ cells
that expressed Hu increased rapidly thereafter, rising to 38% by 60 hrs after 3Hthymidine injection. In contrast, Hu+^H-thymidine* parenchymal cells were not
seen within 2 days of ’H-thymidine injection, but were common by 3 weeks after
3H-thymidine labeling, suggesting their migration from the SZ. These data
indicate that Hu-proteins are expressed by new neurons within hours of their
mitogenesis, prior to parenchymal maturation, and are maintained by post-mitotic
neurons once mature. Hu expression is thus an early indicator of neuronal
commitment among SZ precursor cells and their progeny.
Supported by NINDS R29NS29813, the Mathers Charitable and Lookout
Foundations, the Irma T. Hirschl Trust and the American Paralysis Association.
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CELL AND MOLECULAR ANALYSIS OF THE DEVELOPING AND ADULT
MOUSE SUBVENTRICULAR ZONE. E. M. Howard. M. A. Gates. L.B.
Thomas. E. Laywell. B. Sajin. A Faissner. and P.A. Steindler.* Anat. &
Neurobiol., Univ. of Tenn., Memphis, and Neurobiol., Univ. of Heidelberg.
The subventricular zone (SVZ) is mitotically active into adulthood, and
previous studies have implicated it as a possible source of progenitor cells in
the adult. The present study focuses on the SVZ in ICR mice (E-15 to >P3O)
using cellular and extracellular matrix (ECM) markers to understand the SVZ
milieu and reveal its potential for generating specific CNS cell types. Markers
included nestin, NSE, MAP2, Tujl, RC2, GFa P, Gal-C, vimentin, tenascin,

postnatal SVZ, then disappeared or fell to discrete levels in adult SVZ areas
(usually lateral or dorsolateral SVZ); only Tujl appeared significantly in the
SVZ of all ages studied. NADPH reactivity was seen in postnatal and adult
SVZ. Many NADPH+ cells in the SVZ seemed immature, with few if any
processes. BrdU-labeled cells were less prominent and more restricted with
maturity, especially after P15, where they were confined to the lateral and
dorsolateral SVZ. These studies suggest that proliferative SVZ cells exhibit
markers indicative of glial and neuronal lineages, and the persistence of ECM
molecules in this zone may contribute to limited cell proliferation and
migration from adult SVZ. Funded by NIH NS2O856 and the DFG.

MIGRATION AND DIFFERENTIATION OF SVZ CELLS
FROM ADULT MICE GRAFTED TO NEONATAL
CEREBELLUM . Nevt C. and Alvarez-Buvlla A*. Rockefeller
University, New York, N.Y. 10021.
The adult rodent forebrain contains proliferating cells that can generate
new neurons. These cells are located in the subventricular zone (SVZ)
of the lateral walls of the lateral ventricle. In adult mice, SVZ cells
migrate 3-5 mm to differentiate into neurons in the olfactory bulb.
SVZ cells from adults were grafted into the neonatal cerebellum to
investigate if neuronal precursor cells in the SVZ can survive, migrate
and differentiate in the environment of the developing brain. SVZ cells
dissected from adult mice were either grafted in small tissue fragments
or as dissociated cells. We transplanted adult SVZ cells either labeled
with PKH26 (Sigma) or isolated from transgenic mice that express Bgalactosidase ubiquitously. Six days after transplantation of adult SVZ
tissue fragments on the external granular layer (EGL) of P2-P5 host,
very few cells migrated outside the graft. When solid adult SVZ grafts
were placed deeper into the white matter a few cells migrated away
from the graft and were found in the internal granule layer (IGL) or
between axonal bundles. Dissociated adult SVZ cells grafted onto the
EGL of P2 hosts, resulted in cells that migrated to the IGL and
differentiated into cells with neuronal morphology. Occasionally,
elongated cells with migratory morphology were observed in the
molecular layer. These results suggest that neural precursor cells in the
adult SVZ retain multi-potent properties and can survive, migrate and
differentiate in the developing cerebellum. Work in progress will
determine the type of cells that these adult SVZ cells generate in this
heterotopic and heterochronic environment.

chondroitin sulfate (CS), a CS proteoglycan (DSD-lpg), NADPH, and BrdU
labeling. ECM molecule expression varied spatiotemporally, e.g. the SVZ was
not labeled until E17, yet "peri-SVZ" structures were at E15. Labeling during
postnatal development fell in peri-SVZ structures and increased in the SVZ,
forming a dorsolateral "wedge" in the adult. Glial (RC2, Gal-C, and GFAP)
reactivity also changed spatiotemporally. RC2 labeling in the SVZ was seen at
embryonic and early postnatal periods; GFAP and Gal-C postnatally. Neural
markers nestin, NSE, and MAP2 were prominent in embryonic and early

110.5

110.6

DIFFERENTIATION OF MITRAL CELL DENDRITES IN THE
OLFACTORY BULB OF THE OPOSSUM MONODELPHIS DOMESTICA
AND THE RAT. D. Malun and P.C. Brunies*. Dept. of Psychology, Univ.
VA, Charlottesville, VA 22903.
Mitral cells in the main olfactory bulb of mammals are the primary central
recipients of sensory input from the periphery. The morphogenesis of these
neurons was followed in both rats and Monodelphis, a marsupial bom at an
extremely immature stage. Cells were labelled either by application of Dil or
DiO to the lateral olfactory tract or by injection of Lucifer Yellow into
individual cells in fixed brain slices. Tissue was examined with a confocal laser
scanning microscope. Glomeruli appear in the rat before postnatal day 5 (P5).
Double labelling experiments in which olfactory neurons and mitral cells were
labelled simultaneously with different fluorescent markers show that at birth,
mitral cell dendrites overlap with the glomerular arborizations of olfactory
neurons. In the opossum, glomeruli are detectable around P2O. By this stage
mitral cells have reached their characteristic morphology, with a single primary
dendrite that bears a terminal tuft and several secondary dendrites. At P10 in
the opossum, mitral cells form numerous, widespread dendrites and lack
secondary dendrites. During the following 5 days one primary persists and
develops a terminal dendritic tuft while the others retract. By P25 glomeruli are
well established and the mitral cell dendrites form a glomerular arrangement
that corresponds to that seen in P10 rats. These results indicate that compared
to rats, the differentiation of mitral cell dendrites in the opossum appears about
2 weeks later and matures more slowly.
Supported by DFG Ma 1449/2-1; NSF-BNS-8919751; NIDCD DC-00338.

GENE EXPRESSION IN DIFFERENTIATED SERUM FREE MOUSE EMBRYO
(SFME) CELLS. L. Meima. R. Shawlev. P. Roberts. J. Mather, and K.
Nikolics*. Department of Neuroscience, and Cell Biology, Genentech,
South San Francisco, CA 94080.
Serum free mouse embryo (SFME) are potential neuroglial
precursor cells that were derived from mouse embryonic brain (Loo
et al, Science, 236, 200-202, 1987). Upon treatment with TGF-B,
glial fibrillary acidic protein (GFAP) expression is induced in SFME
cells. In the present study SFME cells were treated with either 1pM
retinoic acid (RA) which has been shown to cause neuronal
differentiation of other types of progenitor cells, or 100 ng/mL of
TGF-3, and analyzed for the expression of genes involved in neuronal

110.7

110.8

LONG-TERM SURVIVAL OF BCL-2 TRANSFECTED OLIGODENDROCYTE
PROGENITORS • Hsiu-Jeng Yeh*. Yi-Ling Lu. Wei Zhang, Thomas. F. Deuel *
Division of Hematology, Washington Univ. Sch. of Med., St. Louis, MO 63110.
Pleiotrophin (PTN), a heparin binding growth related protein, induces exuberant
process outgrowth and branching from O2A lineage cells, oligodendrocyte
progenitors that were derived from postnatal day 2 rat brain and grown in primary
culture. The mechanism by which PTN activates glial cell process outgrowth and
apparent differentiation in vitro is not clear. Although basic fibroblast growth
factor (bFGF) can be used to suppress O2A cell differentiation in culture system,
the cells appear to undergo apototic cell death after a set number of divisions in
culture. In order to develop a long-term oligodendrocytic progenitor cell line, we
attempted to suppress cell death by transfecting primary cultured cells with a fulllength Bcl-2 cDNA that was driven by the LTR of the mouse spleen focus
forming virus. The cultured cells are -95% pure oligodendrocyte progenitors.
Primary cultures were transfected at 3 days and after six weeks in culture with the
human Bcl-2 cDNA. Long-term survival of the transfected population was
obtained from the six week cultures but only to a limited extent from 3 days
cultures. The transfected cells double within one week and have survived in
culture for at least five months. The cells were split and passaged continuously
on poly-L-lysine coated or non-coated dishes every 7-10 days. The Bcl-2
transfected oligodendrocyte precursors display the same typical morphology and
antigenic phenotype as the parental cells that were characterized as A2B5 (+), 04
(+), Ol (+), R45 (+) and GC (-). The cells maintained responsiveness to PTN
(100 ng/ml) as judged both by induction of branched processes and development
of GC antigen positivity. PDGF-AA blocked process formation. It is suggested
that the Bcl-2 transfected O2A cells may aquire a potential for long-term survival
and are useful for studying glial cell differentiation and perhaps myelination in
vitro.

DIFFERENTIATION OF SERUM-FREE MOUSE EMBRYO CELLS INTO
ASTROCYTES IS ACCOMPANIED BY THE INDUCTION OF GLUTAMINE
SYNTHETASE. D.T. Loo*. E.R. Whittemore and C.W. Cotman. IRU in Brain
Aging, Univ. of Calif., Irvine, CA 92717.
Serum-free mouse embryo (SFME) cells derived from E17 embryos using a
basal medium supplemented with insulin, transferrin, EGF, HDL and
fibronectin have been cultured for more than 200 generations without
undergoing growth crisis, have retained a diploid karyotype and are
nontumorigenic in vivo. We have also isolated cells which display the
properties of SFME cells from adult mouse brain. SFME cells express nestin, a
neuroepithelial stem cell marker, suggesting that SFME cells represent a
neural precursor cell type. Exposure of SFME cells to TGFp or serum downregulates the expression of nestin while inducing the expression of GFAP, an
astrocyte-specific marker. Furthermore, the regulation of both nestin and
GFAP is reversible upon removal of TGFP or serum, indicating that SFME
cells retain plasticity of their differentiation state in vitro.
In order to evaluate whether SFME cells express functional properties of
differentiated astrocytes upon exposure to TGFp or serum we examined the
expression of glutamine synthetase (GS), an enzyme specific for astrocytes in
the CNS. We report that GS enzyme activity is induced in SFME cells by
TGFp or serum in a dose- and time-dependent manner, and is accompanied by
an increase in GS mRNA level. Additionally, hydrocortisone, a classic
hormone inducer -of astrocyte differentiation also induced the expression of
GS activity. In parallel with the reversible expression of GFAP, GS activity
and mRNA induction was also reversible upon removal of the stimulus. This
study provides further evidence that SFME cells differentiate into fuctional
astrocytes upon exposure to TGFP or serum and describes a well defined system
to study GS regulation relative to astrocyte differentiation.
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differentiation. The two treatments did not cause changes in the
proliferation of SFME cells, although high concentrations of RA were
toxic to the cells. RT-PCR studies indicate that the cell death
regulatory genes interleukin-B converting enzyme (ICE) and bcl-2
were upregulated upon both RA and TGF-B treatment. These data
suggest that the expression of genes regulating apoptosis is
concomitant with early neuronal and glial differentiation. Agrin, an
isoform of which is expressed in cells of the ventricular zone in
developing embryos, was also upregulated in SFME cells upon RA
treatment. Activin, which has been proposed to play a role in early
neural induction, was present in the untreated SFMe cells, as well as

in the RA and TGF-B treated cells. The RT-PCR and the Southern
analysis data was confirmed by generating partial sequences of the
clones.
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DOWN REGULATION OF P53 ADVANCES TERMINAL
DIFFERENTIATION OF CEREBELLAR MACRONEURONS.
A. Ferreira and K.S. Kosik*. Ctr. Neurologic Diseases, Brigham and
Women's Hospital and Harvard Medical School, Boston, MA 02115.
The nuclear phosphoprotein p53 has been postulated as a key factor
m the regulation of the cell cycle and differentiation in several cell
types. In the present study we used E15 cerebellar macroneurons to
examine the pattern of expression and biological function of p53
during neuronal terminal differentiation. Here we show that p53 is
expressed in neuroblasts and is down regulated when they reach their
final destination or during the first 24 hrs of development in culture.
This decrease in p53 levels is accompanied by a translocation from a
nuclear to a cytoplasmic localization. These results suggest that p53
might prevent the transition from proliferation to differentiation in
SNC neurons. To test this hypothesis we used two non-overlapping
24 mer oligonucleotides to inhibit p53 expression. After 6 and 24 hrs
in culture p53 levels were assessed by immunocytochemistry and
immunoblot analysis. The results show that: 1) in the majority of the
cells (85%) p53 immunoreactivity is undetectable, 2) the terminal
differentiation of these neurons is advanced, and by 6 hrs in vitro they
have already elongated axons, 3) this advanced differentiation is
accompanied by an increase in tau dephosphorylation and by an early
induction of MAP-lb, 4) the levels of p34 cdc2 kinase, another cell
cycle regulatory protein, are also decreased. On the other hand, no
changes were detected in cyclin A levels. Taken collectively these
results suggest that in neuroblasts, the suppression of p53 might serve
to direct the cell toward terminal differentiation.

CHARACTERIZATION OF EGF-RESPONSIVE PROGENITOR CELLS FROM
FETAL RAT BRAIN. Y.H. Chiang* and F.C. Zhou. Program in Medical
Neurobiology and Department of Anatomy, Indiana University School of Medicine,
Indianapolis, IN, 46202
Epidermal growth factor<EGF) can support fetal brain progenitor cells for a long
term in culture. However, their multiple differentiation potentials are yet to be
characterized. The present study is to characterize the progenitor cells derived from fetal
gestation 14-day(E14) cortex, striatum and brainstem after 20 weeks in culture.
The brains of E14 Spraque-Dawley fetus obtained by Cesarian section were
dissected and dissociated into single cells. These cells were cultured in non-coated flask
with DMEM/N2 and EGF(10 ng/ml) with a plating density of 50,000/cm3. In 5
months numerous spheres (0.06-1.1 mm in diameter) were collected. For
immunocytochemical study, 1-3 spheres were plated into each well of 8 or 16 wellculture slides with glutamate-free MEM and 10% fetal calf serum. After 5-7 days
culture, they were fixed and immunocytochemically stained with antibodies against
GFAP, S-100, MAP-2, PCNA, TH, 5-HT, GAD and 5-HT1A receptor. The majority
of cells were both GFAP and S-100 positive and have the radial glial cell-liked
morphology with very long radiating processes. Their proliferative nature was
confirmed by the high density of PCNA staining. Many mitotic cells were observed.
Along with astrocytes, MAP-2 positive cells were also found, but their number were
less than that of GFAP positive cells. In cortex and striatum spheres, positive
staining of GAD and 5-HT1A were found on cells. For these 5-HT1A positive cells,
most cells were doubly stained with MAP-2 indicating their neuronal nature, and few
cells were doubly stained with GFAP. In brainstem spheres, both 5-HT and 5-HT1A
were found on cells, which were stained by MAP-2. However, there was no positive
staining of TH. These data indicate that certain but not all phenotypic expressions of
fetal astrocytes and neurons are preserved in long term cell culture with serum-free
medium and EGF supplement.
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FORSKOLIN AND ADRENERGIC AGONIST-INDUCED
CYTOSKELETAL CHANGES IN A BASAL FOREBRAIN CELL
LINE. J. Kwon*l. S. FarrelK M. Downenl. E. Eves2. B. H.Wainer!
Depts. iPath, Albert Einstein Coll of Medicine, Bronx, NY 10461;,
2Ben May Inst., The University of Chicago, Chicago, EL 60637
The expression of cytoskeletal proteins and their phosphorylation
states in neurogenesis and maturing neurons is developmentally
regulated. However, the factors influencing cytoskeletal protein
expression and their intracellular signalling mechanisms have not been
fully identified. We have previously described the immortalization of
embryonic day 14-15 rat basal forebrain neuronal progenitor cells that
respond morphologically to agents that increase intracellular cAMP, such
as 10 pM forskolin (Soc. Neurosci. Abs. 17:37, 1991). This
morphologic response is evident within 4 min and characterized by an
initial cell body retraction followed by process extension within 1 hr. A
longer treatment with forskolin, 24 hrs, results in a change in the array
of neurofilament proteins expressed by the cell lines, indicating that
neurofilament protein expression in the developing nervous system may
be regulated in part through cAMP-dependent mechanisms.
Norepinephrine, a neurotransmitter known to act via cAMP, induces a
similar morphologic change to that induced by forskolin. The effects of
specific adrenergic agonists and antagonists indicate the morphologic
response is mediated via activation of the B2 receptor. Catecholamines
have been shown to be present in the basal forebrain at a point in
development when the basal forebrain is undergoing neurogenesis. Our
studies indicate that catecholamines may play a role in regulating
cytoskeletal protein expression in developing neurons of the basal
forebrain. (Supported by NS 25787 to BHW and T32GM7288 to JK)

HIPPOCAMPAL PROGENITOR CELL* LINES IN
ORGANOTYPIC CULTURE.
M. Downen*, M. Reyes, P. K.

Stanton, and B. H. Wainer. Depts. of Path, and Neuroscience,
Albert Einstein Coll of Med., Bronx, NY 10461

The developmental cues that direct neuronal
differentiation remain poorly understood, due in part to a
lack of available models. For example, while neuronal cell
lines engrafted into the brain differentiate in response to
host cues, it is difficult to investigate the nature of these
cues in vivo. To overcome this limitation, immortalized
hippocampal progenitor cells (Eves et al., 1992, PNAS 89:
4373) were grown with primary hippocampal slices in
organotypic culture. Hippocampal slices from postnatal
days 8 - 10 rat were cultured in MEM with N2 supplements
and 5% horse serum on Millipore culture inserts.
Hippocampal transductants (either expressing a lacZ
transgene or labelled with the dye PKH26) were then
seeded onto the slices. Slices were harvested at 10 days in
culture.
Hippocampal transductants survived in the
organotypic culture and integrated into the hippocampal
neuropil.
Preliminary observations suggest the
transductants were preferentially associated with dentate
granule cell bodies. This model system should prove
useful for defining mechanisms important for the
differentiation of hippocampal progenitors. This system is
advantageous in that it is amenable to dissection of these
mechanisms at the molecular level. (Supported by NS25787
and AECOM BRSG.)
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bcl-2 AND bcl-xL

TGF-B BLOCKS AND Rb PROMOTES NEURONAL
DIFFERENTIATION OF
AN
IMMORTALIZED
HIPPOCAMPAL CELL LINE. W. Xiong, E. M. Eves. E.
Barr, T. Leiden and M.R. Rosner. * University of Chicago,
Chicago, IL 60637.
The effect of TGF-p on neuronal differentiation was
investigated in a rat hippocampal cell line H19-7
immortalized with SV4O large Tts antigen. TGF-p
inhibited proliferation of the undifferentiated cells at the
permissive temperature, and inhibited differentiation of
the cells by bFGF at the nonpermissive temperature. In
addition,
TGF-p also
reversed
bFGF-induced

ENHANCE
SURVIVAL
FOLLOWING
DIFFERENTIATION OF AN IMMORTALIZED RAT HIPPOCAMPAL
CELL LINE. E. M. Eves*. L H. Boise. C. B. Thompson. A WagnfiL
N. Hay, and M. R. Rosner. The University of Chicago, Chicago, IL
60637.
The bcl-2 oncogene has been shown to prevent apoptosis in a
number of cellular systems including some neurons that are
dependent on neurotrophic factors (e.g. NGF, BDNF, or NT-3) for
survival in vitro. H19-7, a SV4O T^-immortalized rat hippocampal
neuronal cell line, can be differentiated at the non-permissive
temperature in reduced serum medium containing 10ng/ml bFGF.
Differentiation results in a gradual attrition of cells so that by 10d
fewer than half the cells remain. Treatment with NGF, BDNF, or NT3 has not been found to substantially affect this attrition. We have
introduced the human bcl-2 gene into H19-7 cells by retroviral
transduction and isolated clonal lines. When differentiated, the H197bcl-2 cells exhibit survival levels superior to the parent cell line at
10d and can be maintained for at least 3Od in differentiation
conditions. The human bcl-x gene and its transcripts bcl-x and bclxs (long and short) have homology to bcl-2 and phenotypes that
relate to survival of growth-factor-dependent cells. Introduction of

the bcl-xL cDNA was found to eliminate growth factor dependence in
a proB-cell line while bcl-xs. although having no detrimental effect of
its own, interfered with the anti-apoptotic effects of introduced bcl-2
(Boise et al. 1993). Only the bcl-x transcript was found in mature
brain tissue. We nave used retroviral transduction to introduce the

human bcl-xl and bcl-xs cDNAs into H19-7 cells.
Upon
differentiation, cells transduced with bcl-xs exhibit the survival
characteristics of the parental cells while the introduction of bcl-Xi
results in enhanced survival similar to that of the H19-7bcl-2 cells.
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differentiation of the H19-7 cells. In many cell types, TGFP treatment leads to inhibition of Rb phosphorylation;
however, in H19-7 cells, TGF-p did not inhibit Rb
phosphorylation during differentiation. To determine the
effect of Rb on H19-7 differentiation, cells were transduced
with adenovirus containing a mutant of Rb that cannot
be phosphorylated.
The mutant Rb induced cell
differentiation, and this was reversed by TGF-p. These
results suggest a model whereby nonphosphorylated Rb
promotes H19-7 differentation, and TGF-p inhibits
differentiation through an alternative pathway.
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INDUCTION OF CALYX-LIKE CONTACTS BY CHICK CILIARY
GANGLION NEURONS. J.T. Fuiii.* Dept. of Anatomy & Cell
Biology, Wayne State U. Sch. of Med., Detroit, MI 48201
Edinger Westphal (EW) neurons form large, hand-shaped synaptic
terminals known as caliciform terminals or calyces on ciliary neurons
in the chick ciliary ganglion (CG). When cultured with CG neurons,
EW neurons form calyx-like contacts that mimic the morphology of
calyciform synaptic terminals. These contacts are immunoreactive
for the synaptic vesicle proteins SV-2 and synaptotagmin. The
incidence of calyx-like contacts is significantly higher when EW
neurons are cultured with CG neurons than when they are cultured
with sympathetic or DRG neurons, suggesting that CG neurons
induce this morphology in contacts formed by EW neurons.
This report describes experiments in which the age of CG
neurons in co-cultures was varied to determine when CG neurons
acquire the ability to induce calyx morphology. Control experiments
revealed that meaningful numbers of calyx-like contacts appear in
culture by 4 days in vitro (DIV) although at a slightly lower
incidence than found at 7 DIV. When co-cultures of EW neurons

PHYSIOLOGICAL PROPERTIES OF GAP JUNCTIONAL CHANNELS IN
RATPHEOCHROMOCYTOMA CELLS (PC12!. A. Hassan^m*, R. Rozental,

with embryonic day 6 (Hamburger Hamilton stage 29) CG neurons
were compared with control cultures containing embryonic day 10
(stage 36) CG neurons, no significant difference in the proportion of
calyx-like contacts was observed on either 4 DIV or 7 DIV. This
suggests that the ability to induce calyx morphology appears early in
ciliary neurons, well before EW neurons normally form calyces.
This work was supported by NIH ROl EYO9768 and a grant from
the Michigan Eye Bank and Transplantation center.

M. El-Sabban, M, Urban. F.-C. Chih and D.C. Spray. Dept. of Neuroscicnce
Albert Einstein College of Medicine, Bronx, NY 10461.
We have evaluated gap junctional coupling between PC12 cells, a
mammalian pheochromocytoma cell line which can be induced to express ChAT
activity and the neurofilament protein NF-66 and have been useful in studies of
phenotypic changes during neuronal maturation. We addressed the question of
whether gap junctions of these cells exhibit properties similar to those of
neuroblasts early during ontogeny (see Morales et al.) using double-whole cell
voltage clamp techniques. Histograms of microscopic junctional currents
recorded from PC12 cells revealed three major elementary conductances around
70, 150 and 200 pS. gj was steeply sensitive to Vj, and this relation could be fit by
the Boltzmann equation with Vo ~ 20 mV and &„in/gmax = 0.2. Because cells
with different morphologies were present in the parental population, we
established clonal sublines. Among the clones selected, we have concentrated
on one termed D which expressed very low gj (200 - 1000 pS), pronounced
dependence on Vj and
of ~ 200 pS. Since in IL-7 treated neuroblasts gj was
markedly voltage-sensitive and a population of 200 pS channels was also present
(see Morales et al.), studies are underway to evaluate the functional correlation
between gap junction channels expressed in the D clone and in neuroblasts
undergoing differentiation.
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DIFFERENTIAL CHANGES OF PTX-SENSITIVE G-PROTEIN aSUBUNITS UPON DIFFERENTIATION OF PC12 AND LA-N-5 CELLS.
X.Li*. and R.S .Jope. Dept. of Psychiatry and Behavioral Neurobiology,
Univ. of Alabama, Birmingham, AL 35294 and S.M.Mumbv. Dept.
Pharmacology, Univ. Texas Southwestern Medical Center, Dallas, TX
75235.
To facilitate studies of individual forms of G-protein a-subunits,
monoclonal antibodies were produced that are specific for the three major
PTX-sensitive G-protein a-subunits present in mammalian brain, ao, ail,
and ai2, using purified brain Go, Gi, and recombinant ati2, respectively.
These monoclonal antibodies were used to identify the presence of G-protein
a-subunits and to measure changes in their concentrations during
differentiation of two cells lines, PC12 cells and human neuroblastoma LAN-5 cells. In PC12 cells, ail but not ati2 increased during NGF-induced
differentiation. In contrast, ati2 but not ail increased when LA-N-5 cells
were differentiated with retinoic acid. The concentration of ao increased in
both cell lines during differentiation. Electrophoretic separation of aosubtypes with gels containing urea gradients revealed that ao2 was the major
subtype in undifferentiated cells and that its concentration did not increase
during differentiation. In contrast, aol, which was the minor subtype of ao
in undifferentiated cells, increased during differentiation of both PC12 and
LA-N-5 cells. Associated with the increase in aol in LA-N-5 cells, was a
similar rise in the concentration of GAP-43, a protein known to associate
with ao, suggesting that aol rather than ao2 is the primary subtype of ao
that interacts with GAP-43. *ADP-ribosylation of ao, ail, and ai2 with PTX
did not alter the reactivities of the monoclonal antibodies, but reduced the
concentrations of each protein after 24 hr. This effect was specific to PTXsensitive G-proteins because there was no change in the concentration of aq,
which is not ADP-ribosylated by PTX.

CHARACTERIZATION OF THE CALPAIN SYSTEM IN SHSY-5Y
NEUROBLASTOMA CELLS AFTER RETINOIC ACID INDUCED
DIFFERENTIATION. F. Grvnsnan, G. Hauser*. W, Griffin. T. Shea. R.A.
Nixon. McLean Hospital, Harvard Medical School, Belmont, MA 02178.
Calcium-activated neutral proteases (CANPs or calpains) are believed to play
an important role in post-translational modification of membrane and cytoskeletal proteins and are potential mediators of calcium-induced neuronal
degeneration. The SHSY-5Y neuroblastoma cell line, a purely neuroblastic
adrenergic subclone (Biedler et al., Cancer Res. 33:2643-2652. 1973) was
chosen as a possible model for the study of the human brain calpain-calpastatin
system. We followed the changes in the levels and in vitro activities of gCANP
(calpain I), mCANP (calpain II), and its endogenous inhibitor (calpastatin) in the
cells before and after differentiation with retinoic acid. Both calpain isoforms
displayed physicochemical characteristics including molecular weight, isoform
composition, optimum pH, and isoelectric point that matched those of their
human brain counterparts. The inhibitor was identified with three human brain
antibodies as a series of multiple bands exhibiting molecular weights between
100 and 110 kDa in the cytosol, and as three discrete bands in the membrane at
110 kDa, 90 kDa and 55 kDa. Retinoic acid differentiation produced a significant activation of the calpain system as evidenced by increased expression of
gCANP without a decrease in the ratio of activated to inactivated isoforms, and
decreased levels of calpastatin associated with the membrane. The ratio of
gCANP immunoreactivity to that of its inhibitor increased by 140% in the
membrane, and by 25% in the cytosol 3 days after the addition of retinoic acid.
The fact that most of the observed calpain and inhibitor changes were associated
with the cell membrane provides evidence for a possible role of calpains in
modulating membrane dynamics during neurite outgrowth. Support by NIH
(AG10916).

110.19

110.20

SPONTANEOUS TRANSIENT ELEVATIONS OF INTRACELLULAR CALCIUM
IN DIFFERENTIATING XENOPUS MYOCYTES. M. B. Ferrari* and N. C. Spitzer.
Dept, of Biology and Ctr. for Molecular Genetics, UCSD, La Jolla, CA 92093-0357.
Spontaneous transient increases in intracellular calcium ([Ca++]j) are required for
normal differentiation in cultured Xenopus neurons. We are therefore examining
Xenopus myocytes to test the hypothesis that [Ca++]j transients are necessary signals
for differentiation in excitable cells. Mesodermal cells are cultured from neurula stage
embryos and develop within 24 hr in vitro into electrically excitable and contractile
myocytes. Changes in [Ca++]j are monitored for 0.5-2 hr periods at various times
during differentiation in culture using fluo-3 AM fluorescence.
At early times in culture (2-9 hr in vitro) myocytes generate spontaneous [Ca++]j
transients (n=56/200 cells) with an average frequency of 6/hr, an average increase over
baseline (F/Fo) of 65%, and an average duration of 1.5 min. Mature myocytes (> 18
hr in vitro) do not generate transients (n=79 cells). Removal of extracellular calcium
does not affect the incidence or kinetics of transients, indicating that the production of
transients depends upon intracellular calcium stores. Further, cells cultured in 0-Ca'H'
develop normal morphologies and contractile responses. Caffeine (30 mM) increases
[Ca++]j in young and mature myocytes (-200% over baseline), as well as in cells

RUFFLING PLASMA MEMBRANES PREDICT DIFFERENTIATION OF
EMBRYONIC NEURONS.
Eric C Olson* Department of Biology, UCSD. La Jolla, CA 92093.
Time-lapse analysis of cells dissociated from Xenopus neural plate stage
embryos reveals subpopulations of neural ectoderm cells which demonstrate
ruffling plasma membranes (RPMs). RPMs are characterized by plasma
membrane excursions of 1-5 gM which can either present themselves
randomly or travel circumferentially around the central yolk contents of
the cell at rates of -0.5 -1 revolution/minute. These excursions generate
force since they can displace neighboring cells. They are actin-dependent
since they are blocked by 20 gM cytochalasin, and do not involve
microtubules since they are unaffected by 2.5 gM colcemid.
All neurons are derived from the -10% of cells producing RPMs. Of these
cells making RPMs, 44% differentiate morphologically as neurons; others
become electrically excitable without extending processes and a small
population undergo cytokinesis. In cultures prepared from mesoderm, all
differentiated myocytes are derived from the -10% of cells exhibiting
RPM-like movements. RPMs thus appear to be early markers for both
primary neuron and myocyte differentiation.
Cells producing RPMs are found in the deep, sensorial layer of the neural
ectoderm, which fate-maps to produce the entire population of primary
neurons. RPM cells are absent from the superficial layer of the ectoderm,
which fate-maps to secondary neurons. Time-lapse analysis of neural plate
explants reveals cells with rapid plasma membrane movements
indistinguishable in appearance from RPMs in vitro. These plasma
membrane movements may be necessary precedents of neuronal and muscle
differentiation in Xenopus embryos.
Supported by the NSF (E.C.O.) and the NIH (N.C. Spitzer).

cultured 24 hr in 0-Ca++, indicating that caffeine-sensitive stores are present throughout the developmental period of interest and are independent of extracellular calcium.
Does suppression of transients perturb differentiation? The cell-permeant calcium
chelator BAPTA-AM (5 gM) abolishes transient production (n=0/20 cells; 4-7 hr in
vitro; caffeine responses serve as positive control). Similar BAPTA treatment at 0 and
6 hr in culture reduces contractile responses to ACh at 24 hr, as compared to BAPTA
application at 12 and 18 hr, suggesting that a critical [Ca++]j-sensitive period exists

during the time of transient production. Our data suggests that [Ca++]i transients play
an important role in the differentiation of excitable cells, and may represent a common
event of developmental significance. [NIH T32O722O and NS 15918]
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TAU GENE EXPRESSION DURING THE DEVELOPMENT OF CEREBELLAR GRANULE
CELLS IN VITRO. S.A. Pfzvborski and M.A. Cambrav-Deakin. SPON: Brain Research
Association. Dept. Biomedical Science, University of Sheffield, Sheffield, S.Yorks,
England. S10 2TN.
Tau protein variants are generated by alternate splicing of a single gene and the pattern
of expression changes during process extension, in this study we have examined by in
situ hybridization (ISH) the changes in tau gene expression during the development of
cerebellar granule cell neurons in vitro. Parallel studes have also been performed to
determine the concomittent changes in tau proteins. Two 40-mer oligonucleotide probes
have been used, one (tau J, immature tau) directed against a junctional region spanning
the site of insertion of the forth putative microtubule binding domain found in mature tau
variants, the second (tau I, mature tau) to a region within the insertion.
Rat granule cell cultures were maintained in vitro for between 6Omin and 21days.
Cultures were taken at various times for ISH or Western blot analysis using anti-tau-1
(done PC1C6). Image analysis of the ISH slides revealed significant changes in tau gene
expression during development. The immature tau form (tau J) was initially some 3-4 fold
more abundant than the mature form. Tau J levels rose over the first 24hr and then fell
after 2-4 days. Tau I counts were low over the first 24hr but rose 2-4 fold over the second
day, reaching maximal levels (5-6 fold) at 7 div. Western blot analysis showed four tau
isoforms at all ages of culture together with developmental changes in 3 of these. The rise
in tau mRNA coincided with the start of increases in the two highest mol.wt. tau protein
isoforms (the dominant forms in mature cultures). The lowest mol. wt isoform gradually
decreased over time.
These results indicate that there is a significant regulation of tau gene and protein
expression in cerebellar granule cell cultures during the first 7 div. Notably, mature tau
gene expression is increased at a time when granule cell processes are making their first
contacts. These data will be discussed in relation to tau mRNA expression in vivo and tau
protein distribution in cultured granule cells.

NEURONAL POLARITY.
MOLECULAR MECHANISMS LEADING TO
AXONAL LOCALIZATION OF TAU MICROTUBULE-ASSOCIATED
PROTEINS. R. Marx-Rattner. E. Sadot. P. Litman. L. Behar, J. Barg

111.3

111.4

MIGRATING NEUROBLASTS EXPRESS NEURONAL INTERMEDIATE
FILAMENT PROTEIN mRNAs IN THE HUMAN FETAL CEREBRAL CORTEX
T. Kashima and A.T. Campagnoni*. Mental Retardation Research Center, UCLA
School of Medicine, Los Angeles, CA 90024.
The expression of the intermediate filament (IF) protein genes were examined by
in situ hybridization in human fetal cerebral cortex. Migrating neuroblasts were
observed to express neurofilament light chain (NF-L) and medium chain (NF-M)
mRNAs in the cortical plate (CP) at the mid-gestational stage of fetal brain
development (~18 weeks). However, the distribution of the NF-L mRNA+ neuroblasts
changed dramatically during the late gestational stage (19~28 weeks). At the beginning
of the late gestational stage (19-20 weeks) NF-L mRNA+ neuroblasts could be seen at
the top of the intermediate zone (IZ), or sub-cortical plate, as well as within the CP.
Surprisingly, some of these cells were oriented with their leading processes directed
away from the pial surface. This orientation of neuroblasts in this region at this stage
has not previously been described by immunocytochemical techniques. At the middle
of the late gestational stage (26-28 weeks) NF-L mRNA was observed within cells in
the whole column of the IZ, and the orientation of the neuroblasts was in three
different directions, i.e. the leading process was either parallel to (tangential), directed
toward (radial [+]) or directed away from (radial [-]) the pial surface. The existence
of radial [-] oriented neuroblasts is quite unusual. These unusually-oriented migrating
cells were not observed prior to 18 weeks but many migrating neuroblasts with a radial
[+] orientation were observed in the IZ prior to this age. The orientation of these
neurons could reflect migration direction, which would suggest that after moving into
the cortical plate some neuroblasts move back into the IZ and express NF-L mRNAs.
This movement seems to be developmentally regulated. Alternatively, the unusual
orientation of the neurons could reflect differences in the way in which these cells
form their projections to other cells. ( Supported by NIH grants NS23O22, NS23322
and MS Society RG 2233 A1).

REGULATION OF NEUROFILAMENT mRNA TRANSCRIPTION
AND PROTEIN EXPRESSION BY PROTEIN KINASE A L.A.
White^* , H.B. Rind^. G. Shaw'* & S.R. Whittemore?'-*. ^The Miami

and I. Ginzburg*. Dept, of Neurobiology, Weizmann Institute of
Science (WIS), 76100 Rehovot, Israel.
Tau microtubule-associated protein is a neuron-specific protein found
primarily in axons and is developmentally regulated. The function of tau
is in stabilization of microtubules (MTs), which is important in
establishing and maintaining neuronal morphology. Axonal localization
of tau involves a multistep process which is studied in differentiating
primary neuronal culture. The initial step involves sorting and
subcellular localization of tau mRNA into the proximal portion of the
axon. Using the transfection assay into neuronal cells, we demonstrated
that sequences located in the 3'-untranslated region include a csv-acting
sequence, which is involved in tau mRNA targeting. Moreover, using
ultraviolet cross-linking assay, two RNA-binding proteins of 43 and 38
kDa were identified, that exhibit specific binding to a minimal sequence
of 91 nucleotides. This sequence is located within the same region,
which is involved in targeting. These proteins are present in cytoplasmic
extracts, prepared from neuronal cells, and in isolated MT preparations.
Treatment of neuronal cell cultures with cytoskeletal inhibitors
demonstrates that tau mRNA is associated with the MT system and not
with actin filaments. These results support the hypothesis that mRNA
localization pathway in neurons involves recognition between cA-acting
signals and RNA-binding proteins that associate with MTs, which
ultimately will lead to axonal localization of tau protein. [Supported by the
Basic Research Foundation (Israel Academy of Sciences and Humanities), the GIF
Foundation and the Forschheimer Center for Molecular Genetics (WIS)].

Project, ^Neuroscience Program and "Dept. Neurological Surgery, Univ.
Miami, Miami, FL 33136 and ^Dept. Neuroscience, Univ. Florida,
Gainesville, FL 32160
A neuronal cell line RN46A, which was derived from embryonic
day 13 rat medullary raphe by infection with the temperature-sensitive
mutant of SV4O large T antigen, was used to investigate the regulation
of neurofilament (NF) mRNA transcription and protein expression. At
permissive temperature (33° C), RN46A cells express low (NF-L) and
medium (NF-M) Mf NF proteins which are located primarily
perinuclearly. Under differentiation conditions, NF-L, NF-M and NF-H
expression was enhanced and some NF-M was observed in neuronal
processes. Of the pharmacological effectors tested, only those which
have been shown to induce PKA could enhance NF expression and
markedly affect intracellular redistribution of NF-L and NF-M.
Enhanced PKA activity also markedly upregulates the steady state levels
of NF-L and NF-M mRNA. Present data are consistent with a role for
PKA in the regulation of NF mRNA transcription,. as well as the
translation and intracellular redistribution of NF proteins in
differentiating RN46A cells. Ongoing experiments with RN46A cells
overexpressing the catalytic subunit of PKA should directly test this
hypothesis. Supported by The Miami Project to Cure Paralysis and
NS26887, NS22695.

111.5

111.6

MOLECULAR CLONING AND ANALYSIS OF NOVEL TRANSCRIPTION
FACTOR-ENCODING mRNAs
EXPRESSED DURING
RAT
DEVELOPMENT. D.l. Luoo* and J.l. Morgan. Roche Institute of Molecular
Biology, Roche Research Center, Nutley, N.J. 07110
One of the goals of developmental biology is to investigate the molecular
mechanisms that direct the process of cellular differentiation. A strategy for
this study is to search for developmental control genes expressed around
the period of organogenesis. Two important classes of such genes include
the basic helix-loop-helix (bHLH) and POU-domain families. Members of
these families have been demonstrated to have a role in neural
differentiation (e.g. Achaete-scute complex) and pituitary cell differentiation
(e.g. Pit-1) respectively. In order to identify additional members of these
classes of molecues, we have designed degenerate oligonucleotides from
areas of homology (i.e. bHLH domain and POU-domain) and have
performed reverse transcriptase reactions coupled to the polymerase chain
reactions (RT/PCR) using RNA from developing rat brain and pituitary
gland. Various clones have been obtained and preliminary characterization
has begun. Sequence analysis of several clones have shown high
homology in the HLH region with the Drosophila gene daughterless as well
as the mouse genes ME1 and ME2. Furthermore, in-situ hybridization
analysis of one such clone has demonstrated expression in the developing
rat brain as eariy as E9 and persisting until E18 (oldest age analyzed). The
possible function of these molecules is currently under investigation.

IDENTIFICATION OF TWO NOVEL TYROSINE PHOSPHATASES
WITH SELECTIVE EXPRESSION IN BRAIN. KBodden* and J.L. Bixbv.
Dept. Pharmacology, University of Miami School of Medicine, Miami, FL
33101.
Several aspects of neural development involve the regulation of
tyrosine phosphorylation. We are examining the structure and expression of
protein tyrosine phosphatases (PTPs) in an effort to understand their
contribution to the regulation of neuronal differentiation. We generated partial
cDNA clones (300 bp) encoding PTPs by performing PCR on RNA from E10
chick forebrain, using degenerate primers directed against conserved regions of
the PTP catalytic domain. 110 clones were sequenced, yielding a total of 5
different cDNAs. Three of the clones showed high (97-98%) amino acid
sequence identity to known or subsequently cloned PTFS’-hplpd, hptpa, and
Syp/ptplD. In addition, two novel clones were isolated (y^^l3, yptl 19),
sharing 40-50% sequence identity with known PTPs in the cloned region,

including those amino acids thought to be necessary for catalysis. Northern
blot analysis (at E14) revealed that yptl 19 is expressed as a 6.6 kb mRNA in
brain, liver, and gizzard, with expression in brain being the highest. A 4.8 kb
mRNA for ypt 13 is expressed at high levels in brain (at E14), with no
detectable expression in heart, liver, muscle, gizzard, kidney, skin, or intestine.
Preliminary structural analysis showed that yptl3 is a member of the hptpP/
SAP-1 family of receptor-type PTPs, containing a single catalytic domain. Our

current efforts concern continued structural analysis and more precise
investigation of patterns of expression.
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DEVELOPMENTAL CHANGES IN METHYLATION PATTERN OF THE RAT
ENKEPHALIN GENE DURING PHENOTYPIC ESTABLISHMENT. R. Carbone.
M., Palkovils1. A. L. Dobk C. G. Palkovits. E. Santha, KL Matsumoto and D. v.
Agoston*. MCN, LDN, NICHD, N1H; LCB, NIMH; NIH, Bethesda, MD 20892.
Various parts of the rat enkephalin (ENK) gene that contain potential sites for DNA
methylation (CpG islands) may be involved in transcriptional regulation conferring
tissue- and cell specificity. In order to understand phenotypic differentiation, we have
analyzed DNA methylation of the rat ENK gene at various developmental stages
using methylation-sensitive restriction analysis of genomic DNA prepared from
different brain regions and liver at various ages followed by PCR amplification.
Methylated DNA is subject to restriction digest resulting in a disruption of the
template with consequent lack of PCR amplification, when primers were used that
flank the potential methylation sites of the rat ENK gene. In the non-expressing liver,
all three investigated methylation sites (-180, -74 and +35) of the ENK gene were
methylated at all ages (E14, E18, P2 and adult). Two brain regions, the high ENK
expressing striatum and low (or no) ENK expressing cortex, showed significantly
different patterns of methylation during development. In the striatum the -74 and +35
sites were only methylated before phenotypic commitment (E14) and then both sites
became increasingly unmethylated as phenotypic differentiation proceeded beginning
at E18 and increasing ENK expression was detected by RT-PCR. In contrast, all sites
were methylated and remained methylated at all ages in the cortex where no ENK
expression was detected. A further upstream Hpa II site at -180 was found methylated
in embryonic striatum (E18) but became largely unmethylated in the adult striatum,
but this site was found always methylated in the liver. These results suggest that
DNA methylation may play a regulatory role during phenotypic differentiation when
the neuronal precursor cell makes the critical decision to restrict its fate to the ENK
phenotype.

INVOLVEMENT OF AP2, enkCREl, enkCRE2, NF1, enkkB MOFITS IN THE
DEVELOPMENTAL EXPRESSION OF THE ENKEPHALIN GENE. A. L. Dohi* .
M. Palkovitsk C. G. Palkovits. K. Matsumoto. E. Santha. and D. v. Agoston.
MCN, LDN, NICHD; LCB, NIMH1; NIH, Bethesda, MD 20892.
Transcriptional regulation of enkephalin (ENK) gene expression involves binding of
nuclear proteins to enkCIREl(NFl), enkCRE2, AP2, enkkB motifs located on the
highly conserved core promoter region of the ENK gene. Working on the molecular
mechanism of phenotypic differentiation we investigated developmental changes in
DNA-protein interactions between the core promoter region of the rat ENK gene as
well as synthetic motifs and nuclear proteins derived from various brain regions at
various ages, primary cultures of astrocytes, C6 glioma and Hela cell lines in a
mobility shift assay system under stringent conditions. Nuclear extracts derived from
spinal cord and striatum at E14, but almost no other brain region at any ages formed
weak but specific medium and high mobility complexes with the whole core promoter
region as probe, whereas nuclear extracts derived from astrocytes, C6 glioma or Hela
cells gave very dissimilar binding patterns. No DNA binding was seen with nuclear
extracts derived from liver at any ages. Using synthetic motifs as probes showed a low
mobility complex formed between enkCREl(NFl) and extracts derived from striatum
and cortex at E18 or C6 glioma cells, while extracts from striatum and cortex at P2
formed two different mobility complexes. Nuclear extracts derived from striatum and
cortex at E18 and P2 formed highly abundant complexes with the consensus NF1
probe, whereas significantly less abundant complex formation was observed with
extracts from P28 striatum, cortex or astrocytes. Specific complexes were formed only
with nuclear extracts of Hela cells. No complex was seen with extracts from naive or
foskolin induced (enkephalin expressing) C6 cells or from any rat brain regions at any
ages if ENK-specific enkCREl(NFl) probe was used. These results indicate that the
core promoter region involved in inducibility of the ENK gene expression may not be
involved in developmental expression of the ENK phenotype, but other regions
currently under investigation contain elements that govern phenotypic differentiation.

111.9

111.10

MYOCYTE ENHANCER FACTOR EXPRESSED IN THE DEVELOPING
CEREBELLUM
X. Lin* and R.F. Bulleit. Dept, of Pharmacology, Univ. of Maryland Sch. of
Med., Baltimore, MD 21201.
MADS domain proteins, typified by SRF and MEF2, are a family of
transcription regulatory proteins that control specific programs of gene
expression during cellular differentiation. We used reverse transcription PCR
(RT-PCR) to explore the expression of this family of molecules in the
developing mouse cerebellum. A pair of degenerate primers was designed
based on two regions in the highly conserved MADS domain. Total RNA from
postnatal day 9 mouse cerebellum was used to carry out RT-PCR. A single
MADS domain sequence was identified by PCR. We used this cloned PCR
product as probe to screen a postnatal day 13 cerebellar X-gtl cDNA library
and identified a single positive clone with an insert of ~3kb (CMADS 1). The
nucleotide sequencing of CM ADS 1 appears to encode the mouse homolog of an
alternatively spliced isoforms of the human MEF2A, identified as aMEF2A.
The mouse aMEF2A protein has 498 amino acids, while its human homologue
has 505. Both mouse aMEF2A and human aMEF2 have identical MADS
domains. The remaining portion of the sequences are highly conserved with
only 25 amino acid differences. RNA blot analysis indicates that the level of
aMEF2A RNA, in the developing cerebellum, increases after birth reaching a
peak around P12 that is maintained through adulthood. Preliminary data from
the use of purified cultures of cerebellar cells suggested that aMEF2A is
predominantly expressed in cerebellar granule cells. Thus aMEF2A may be
involved in cerebellar granule neuron differentiation. Presently, we are using
cerebellar cell cultures and in situ hybridization to delineate a clearer picture of
the temporal and spatial expression of aMEF2A in the developing mouse
cerebellum. Supported by NIH ROl NS29792.

a-TUBUUN MRNA AND PROTEIN EXPRESSION IN CEREBELLAR GRANULE CELLS.
M.A. Cambrav-Deakin and S.A. Przvborski. SPON: Brain Research Association. Dept
Biomedical Science. University of Sheffield. Sheffield, S. Yorks. England. S10 2TN.
We have determined the expression of a-tubulin mRNA and protein during the
development of cerebellar granule neurons in vitro using the techniques of in situ
hybridisation (ISH) and semi-quantitative immunoblotting. respectively. Rat granule cell
cultures were prepared from 7 day animals and either harvested for Western analysis or
treated for ISH at various time points (6Omin - 21 div). For ISH. 40-mer antisense
oligonucleotides were synthesised to the 3' non-coding regions of the T-a1 and T26
mRNAs. Probes were 3'-end-labelled with [^S-dATP and their specificity checked by

111.11
MN22,
A
HEAT
SHOCK
PROTEIN-LIKE
GENE,
IS
DEVELOPMENTALLY
REGULATED
DURING
GRANULE
NEURON
DIFFERENTIATION. ML Carter* and ME Ross Dept. of
Neurology, Univ of Minnesota. Mpls. MN 55455
Heat shock proteins. well known for their involvement in physiologic
stress. are also expressed in the developing Drosophila nervous system in
the absence of heat shock (J. Cell Biol. 111:817. 1990). We report the
expression of a heat shock protein-like gene in granule cells of postnatal day
6 (P6) mouse dentate gyrus and cerebellum. A developmentally regulated

clone, MN22, was isolated from a mouse cDNA library derived from purified
P3-P5 cerebellar granule neurons. Northern blots indicate that MN22 is
expressed in 'cerebellum at P6. and is down regulated 5-6 fold in adult
cerebellum. Northerns also demonstrate selective expression of MN22 in P6
forebrain. cerebellum. kidney and lung. but not liver or spleen.Sequence
comparison of the MN22 3* end reveals a 71.5% homology to 1238 bp at the
3’ end of hsp63. a human heat shock protein related to cardiogenic shock (J
Cell Sci. 104:685, 1993). A 33 amino add open reading frame in the most 5'
available MN22 sequence is 94% identical to the carboxy terminus of hsp63.
with conservative substitutions of 2 amino acids. Whether MN22 is the mouse
homolog of hsp63 or a separate. closely related protein remains to be
determined. In situ hybridization of P6 brain revealed MN22 expression in
granule neurons in dentate gyrus. cerebellar internal granule cell layer (IGL)
and the deep zone of the external germinal layer (EGL). P6 dentate gyrus
contains both proliferating and postmitotic granule cells. whereas granule cell
distribution in the cerebellum is stratified. having proliferative cells in the
superficial zone of the EGL. postmitotic immature cells in the deep zone and
fully differentiated granule neurons in the IGL. The cerebellar pattern of
expression suggests that MN22 functions during the differentiation and
maintenance of mature phenotype of granule neurons. (Supported by NIH
and NSF)
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Northern blotting. Antibodies to total a-tubulin (YOL1/34). tyrosinated a-tubulin (YL1/2).
acetyiated a-tubulin (6-11B-1) and polyglutamylated tubulin (GT335) were used for
Western analysis.
Starting levels of T-a1 were significantly (-8-10 fold) higher than T26. however. the
grande ceils did not markedly up-regulate their level of T-a1 mRNA during the main phase
of process growth (0-2 div) but instead displayed a reduction which continued until 21 div.
In contrast. levels of the T26 a-tubulin mRNA showed a transient rise (2-3 x basal) over
the first days in vitro which fell to initial levels and below by 7-10 div. During the
developmental period studied. a-tubulin protein detected by YOL1/34 as a proportion of
total cell protein did not alter. Similarly. acetylated and tyrosinated isoform activities
remained constant. Interestingly. GT335 identified at least 3 distinct tubulin bands two of
which changed in level with time with the disappearance of the highest mol. wt form by 4
div and the gradual increase in the lowest mol. wt. variety from 2 div.
These data indicate that whilst the proportion of a-tubulin to total cell protein remains
constant during process growth and neuronal development there are subtle changes in
gene expression and some post-translational modifications particularly during the early
stages of growth (0-4 div).
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ACTIVATION OF A MITOTIC KINASE DURING STAUROSPORINEINDUCED APOPTOSIS OF PC 12 CELLS AND FIBROBLASTS. Susan F.
Brooks. Karen Philpott. Michael lacobson. Allison Gibson. Galia Rimon.
Christine Gatchalian*.Martin Raff and Lee. L. Rubin. Eisai London
Research Labs, and Dept. of Biology, University College London, Gower
Street, London. UK. WC1E 6BT
Evidence has been presented suggesting that apoptosis and mitosis
share certain morphological and biochemical characteristics. To
examine this connection in more detail, we have studied certain
biochemical events associated with re-entry into the cell cycle in nondividing cells treated with staurosporine. We have previously shown
that high concentrations of this kinase inhibitor induce death of
proliferating fibroblasts with many of the characteristic features of
apoptosis (Jacobson et. al. 1993 Nature 361. 365). In this study, we
show that staurosporine treatment of both quiescent Swiss 3T3
fibroblasts and differentiated PC 12 cells also results in their death
within hours as measured by loss of mitochondrial function and the
formation of pyknotic nuclei. Paradoxically, staurosporine was found
to induce rapid activation of the cell cycle regulated kinase p34cdc2,

which preceded the appearance of pyknotic nuclei. Furthermore,
overexpression of the protooncogene bcl-2 significantly delayed both
the induction of death as well as the activation of p34cdc2 following
staurosporine treatment. These results implicate certain components
of the cell cycle as mediators of apoptosis, even in non-dividing cells,
and suggests that bcl-2 may function upstream of p34cc*c2 in the death
pathway.
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112.2

APOPTOSIS: LINKS WITH THE CELL CYCLE? M. I. McCarthy. L. L
Rubin*, and K. L Philpott. Eisai London Research Laboratories,
University College London, Gower Street, London, WC1E 6BT, UK.
Investigations by other rrsrarcerns have noted similarities in
morphology between the process of apoptosis and that of mitosis.
We decided to investigate this further by studying
morphological changes that occur during apoptosis of
differentiated PC 12 hrllt and rat sympathetic neurones. Mitosis
is characterised by ditprrtSLl, without degradation, of the Golgi
apparatus and enhanced phosphorylation and solubilisation of
the nuclear lamins. The first change observed when apoptosis
was induced in neurons by NGF withdrawal or staurotporidr
treatment (known to induce rapid and synchronous cell death)
was that the neurites became thinner and beaded. Subsequently,
the chromatin condensed and the cell bodies atrophied.
Immudohyto-hhrmistny using anti-mannosidasr II antibodies
demonstrated that the Golgi apparatus dispersed. Western
blotting with the same antibody showed that the dispersal
occurred without protein degradation. Analysis of nuclear
lamins indicated a small decrease in levels in apoptotic neurons,
although no solubilisation could be detected. In drxamrthatonrtreated T cells undergoing apoptosis we also found a decrease in
lamin levels, but again no solubilisation. This study indicates
that there are some features in common between apoptosis and
mitosis, suggesting the activation of at least some shared
pathways. However, there may be differences, such as the
processing of nuclear lamins. This information should be useful
in identifying enzymes that are activated during apoptosis.
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TARGET-RELATED CELL DEATH IS ASSOCIATED WITH REENTRY INTO THE CELL CYCLE.
K. Heeruu* and J. BBsser Alzheimer Research LLb, Case Western
Reserve Med. School, Cleveland, OH. 44106

INDUCTION OF APOPTOSIS IN DENTATE GYRUS GRANULE

During the development of the nervous system, the final number of
neurons in a given population is often achieved by balancing excess neuK^enesis with compensatory cell death. The death of neurons during
this numerical matching process requires the active participation of the
doomed cell, specifically mRNA and protein synthesis. To date, the

Box 20708, Houston, Texas, 77225.
Traumatic brain injury (TBI) can produce both immediate and
delayed hippocampal cell death. By using unilateral cortical impact

identity of most of the specific genes involved remains elusive.
Observations of the phenotype of mouse embryos lacking a functional
retinoblastoma (RB) gene led Lee et al (Nature (1992) 359:288) to hypothesize that in the absence of RB, a cell cannot amest its cell cycle after
emigrating from the ventricular zone and, in attempting to divide, undergoes an apoptotic cell death. To determine whether this association between cell cycle and cell death applies to a broader range of developmen-

the delayed cell death occurring 24 hours after the injury.

tal events, we have analyzed two mouse neurological mutants, staggerer,
and lurcher. In both mutants the Purkinje cells me intrinsically deficient,
leading to the target-related cell death of both granule cells and inferior
olive neurons. Levels of three independent cell cycle markers, cyclin D
(a protein that is elevated during late G1 phase), proliferating cell nuclear
antigen (PCNA — a DNA polymerase subunit), and BrdU incorporation
(a measure of DNA synthetic activity) are all elevated in both neuronal
cell types before they die. The results suggest that target-related cell
death in the developing CNS is associated with re-entry into the cell cycle. The implications of this finding for late onset degenerative disorders
are also noted.
Supported by NS20591 to KH

CELLS FOLLOWING LATERAL CORTICAL IMPACT. M.A.
Colicos and P.K. Dash*.
Department of Neurobiology and

Anatomy, University of Texas-Houston Health Science Center, P.O.

injured rats, we investigated the morphology and biochemistry of

Silver

staining for dystrophic neurons indicated cell loss in a spatially
distinct region of the granule cells of the ipsilateral dentate gyrus.
EM study demonstrated that these dying cells possess condensed
chromatin, cytoplasmic vacuolization and plasma membrane blebs,
indicating that the cell death is apoptotic. The observed induction
of c-myc and p53 proteins and the detection of DNA fragmentation

by in situ labelling were also correlative with the process of
physiological cell death. Neurons in the early stages of apoptosis

appeared to possess large dendritic growth cones and were also
seen to spatially associate with dystrophic myelinated axons. This

was observed in regions with morphological similarities to senile

plaques.

The results suggest that induction of apoptosis in these

cells is associated with attempted regeneration following injury.

Supported by NS 31998.
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BROMODEOXYURIDINE INCORPORATION BY AXOTOMIZED
NEONATAL RAT FACIAL MOTONEURONS UNDERGOING
APOPTOTIC CELL DEATH. J.P.Rossiter. R.J.Riopelle & M.A.Bisbv*.
Departments of Pathology, Medicine & Physiology, Queen's
University, Kingston, Ontario, Canada.
Apoptotic cell death may involve abortive activation of the cell
cycle. Some apoptotic cell types incorporate bromodeoxyuridine
(BrdU), suggesting S-phase entry, but NGF-deprived sympathetic
neurons in vitro do not (Freeman et al., Neuron 12:343-355:1994).
Axotomized neonatal rat facial motoneurons undergo apoptotic cell
death, with characteristic morphological changes and DNA
fragmentation. We have looked for evidence of BrdU incorporation
in these dying neurons.
BrdU was injected subcutaneously at the time of facial nerve
transection in anesthetized 1 day-old rats and again 10 hours later.
Pups were killed 20 hours post lesion, at the time of peak neuronal
death. Immunocytochemistry using monoclonal anti-BrdU was
performed on brainstem sections. In the lesioned facial nucleus we
saw BrdU immunopositive neurons, including cells with apoptotic
morphology. Rare immunopositive neurons were seen in the
contralateral unlesioned nucleus.
We conclude that some axotomized neonatal rat facial
motoneurons incorporate BrdU. This may indicate entry to S-phase
prior to cell death. Alternatively, it may reflect activation of DNA
repair secondary to DNA fragmentation.
JR receives a Rick Hansen Man in Motion Foundation fellowship
and a Neuroscience Network training supplement.

p53 INDUCTION AND DNA DAMAGE IN HIPPOCAMPAL GRANULE
CELLS FOLLOWING ADRENALECTOMY. S.S. Scenribrn. S. Sakhi. M.M.
Dueihe-Diord^rvic and N.R. Nichols*. Dept, of Neurology & Andrus Gerontology
CentM, Univ. So. California, Los Angeles, CA 90033.
In the central nervous system, hontihottsnoidt have cell type-specific effects on the
survival of distinct neuronal populations in the hippocampal formation. It is wellknown that corticosteroid depletion following adrenalectomy (ADX) results in
selective injury and subsequent loss of granule neurons in the dentate gyrus while
sparing pyramidal neurons in Ammon's horn. Morphologically, ADX-inducsd
granule cell loss resembles apoptosis, or programmed cell death, a physiological
form of cellular death that is the underlying basis for the nrstrihtsd paUn-ns of cell
loss that occur during development and in mature tissues. The tumor suppnstson
gene, p53, which encodes a protein involved in the negative regulation of cell
growth, is one of the few genes implicated in apoptotic pathways in dod-drunrl
cs IIs , both in vitro and in vivo. We recently demonstrated a nrlrtiodseip between
increased p53 gene expression and hippocampal pyramidal cell death in vivo (Sakhi
et al., 1994). The present study investigated whether p53 could also play a role in
ADX-induced granule cell death.
days following ADX, p53 mRNA was
significantly idcnrrsrd in a subpopulation of granule cells that exhibited
cytoplasmic eosinophiLa and nuclear condensation, i.e., features of apoptosis. A
similar distribution was observed for injured cs IIs stained with acid fuchsin, that
contained damaged DNA by in situ end-labeling. Further, both p53 induction and
granule cell damage were prevented by daily corticosterone injections (10 mg in oil)
for 3 days. In contrast, a single corticosterone injection 3 days post-ADX did not
prevent AdDX-induced granule cell injury or increased p53 expression. These
findings indicate that elevated p53 mRNA is a harbinger of AriX-mediated granule
cell death, and could play an active role in the programmed nrunodsl death triggned
by corticosteroid depletion.
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p53 INDUCTION IS ASSOCIATED WITH EXCITOTOXIC CELL DEATH IN
THE CENTRAL NERVOUS SYSTEM. S. Sakhi, A. Bruce. N. Sun, G. Tocco,
M. Baudrv and S.S. Schreiber*. Dept. of Neurology & Neurosciences Program,
Univ. So. California, Los Angeles, CA 90033.
The tumor suppressor gene, p53, is the most frequently mutated gene in a
variety of human cancers. Experimental evidence indicates that wild-type p53
protein is a transcription factor that is induced by DNA damage, and causes cell
cycle arrest at the Gl-S boundary. The pause in cell growth could conceivably
maintain genetic stability by allowing time for DNA repair to occur prior to
replication. In some cell types, however, overexpression of wild-type p53 results
in programmed cell death, or apoptosis, suggesting that the mechanisms
controlling cell growth are intimately linked with processes that promote cell
death. To investigate the possible role of p53 in neuronal death we studied p53
expression associated with excitotoxicity in the adult rat brain. Kainic acid is a
potent excitotoxin that causes prolonged generalized seizure activity followed by
neuronal loss in selectively vulnerable limbic structures. Within hours of systemic
administration of kainic acid, p53 mRNA levels were increased only in kainatevulnerable neurons exhibiting morphological features of irreversible injury. These
neurons also exhibited DNA damage as evidenced by in situ end-labeling of
fragmented DNA. Pretreatment with the protein synthesis inhibitor,
cycloheximide, prevented both kainate-mediated p53 induction as well as
neurodegeneration. These results indicate that kainate-mediated neurodegeneration
is a form of programmed cell death. Further, the results point to a novel role for
tumor suppressor p53 as a marker of irreversible neuronal injury. Modulation of
p53 expression in the CNS might alter selective neuronal vulnerability and
thereby lead to new approaches to the treatment of stroke, status epilepticus and
certain neurodegenerative disorders.

CAMPTOTHECIN IS TOXIC TO PC 12 CELLS AND POSTMITOTIC
NEURONS E.J. Moms* and H.M. Geller
Department of Pharmacology,
UMDNJ-Robert Wood Johnson Medical School, Piscataway, NJ 08854
DNA topoisomerase I (topo-I) is an enzyme used in the relaxation of DNA
supercoiling during replication and transcription. Camptothecin and topotecan
are anticancer agents which inhibit the activity of topo-I and are thought to be
toxic only to cells undergoing the DNA replicative S-phase of the cell cycle.
These agents possess significant blood-brain-barrier permeabilities and are
therefore potential candidates for the treatment of tumors of the central nervous
system. We have therefore investigated the effects of camptothecin treatment
of post-mitotic neurons and astrocytes of the central nervous system as well as
PC12 cells. Camptothecin treatment of neurons plated on a monolayer of
astrocytes demonstrated significant, dose-dependent cytotoxicity with an ICM
value of 0.44 gM. The reduction in surviving neurons was observable at 24
hours with 3 gM camptothecin treatment and toxicity was maximal at 72 hours.
Unexpectedly, contact-inhibited astrocytes were more resistant to camptothecininduced cell death. Camptothecin demonstrated dose-dependent cytotoxicity to
astrocytes with an ICW of 6.4 gM and toxicity was significantly less than
neuronal toxicity at all time points tested. To eliminate any degree of neuronal
toxicity indirectly mediated through astrocytes, camptothecin was tested on
normal and nerve growth factor treated, growth-arrested PC12 cells.
Camptothecin was toxic to PC12 cells in both conditions with IC< values of 0.3
gM. These data demonstrate that camptothecin treatment of postmitotic cells of
the nervous system results in a significant toxicity in vitro and suggest that
camptothecin has the potential for producing significant neurotoxicity in vivo.
These data also demonstrate important roles of topo-I in the absence of cellular
replication and suggest that alternative mechanisms of camptothecin-mediated
toxicity may exist. Supported by NIH NS25168.
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REDUCTION OF NORMAL NEURONAL DEATH IN CHICK NUCLEUS
LAMINARIS BY IN OVO TREATMENT WITH CNQX, AN ANTAGONIST OF
AMPA/KAINATE RECEPTORS. N. Zhou*. D. Solum. J. Zhang and T.N. Parks.
Dept, of Neurobiology & Anatomy, Univ. of Utah Sch. Med., Salt Lake City, UT
84132.
In the chick brainstem auditory system, where deafferentation or impulse
blockade has profound negative effects on neuronal survival and morphology in
nucleus magnocellularis (NM), a spontaneous rhythmic cochlear nerve discharge
excites developing neurons in NM and nucleus laminaris (NL) before embryonic day
(E)18. Excitatory synaptic transmission in both NM and NL is mediated by AMPA
receptors and blocked by the quinoxalinedione antagonist CNQX with IC5os of 1.5-5.5
gM in vitro at E14-21. Normal neuronal death in NL, and deafferentation-induced death
in NM and nucleus angularis, occur between El 1 and E17. We studied the effects on
development of NL and NM of in ovo administration of CNQX. White Leghorn eggs
were windowed at E2 and daily injections of 200 gl of vehicle only (control) or vehicle
+ CNQX were made onto the chorioallantoic membrane from E8 until El 5; groups of
animals received doses of 10, 50, 100 or 200 gg CNQX per day (equivalent,
respectively, to concentrations of 0.7, 3.5, 7 or 14 gM in the total egg volume).
Animals were sacrificed at E17-19, staged, and prepared for Nissl or Golgi-RioHortega
staining. Viability was excellent in all CNQX-treated groups and brainstem anatomy
appeared grossly normal. Neurons were counted, and the volumes of NL and n M
measured, in serial 10 gm paraffin sections. At E17, 4 control embryos had 2446 ±
73 (X ± S.E.) neurons in NL whereas 3 animals treated with 200 gg/day CNQX had
3033 ± 184 neurons; this 24% difference was statistically reliable (2-tail MannWhitney, p = .034). No differences in NL number were seen at lower doses of CNQX.
The total volume of NL was also 34% greater with 200 gg/day CNQX than without;
NL dendrites and their spatial gradient appeared grossly normal at all doses of CNQX.
The total volume of NM was increased at the highest CNQX dose but neuronal
number and form appear unchanged. Our results suggest that AMPA/kainate receptors
are involved in the normal cell death seen in NL but do not mediate the negative effects
of otocyst removal on NM survival. Supported by USPHS grant DC00144.

L-DEPRENYL
REDUCESKAINIC
ACID-INDUCED
NEURONAL DEATH IN THE HIPPOCAMPUS. D.L. Gelowitz &
I.A. Paterson* Neuropsychiatric Res.Unit, A114 Med. Res. Bldg.,
University of Saskatchewan, Saskatoon, SK, Canada, S7N 0W0.

Following ischaemic or excitotoxic insult to the CNS, neurons
degenerate either by necrotic (acute) and apoptotic (delayed)
neuronal death. Recently, it has been demonstrated that lWeprenyl
reduced delayed, but not acute, neuronal death associated with an
ischaemic insult. The purpose of this study, therefore, was to
determine whether 1-deprenyl could ameliorate excitotoxin-induced
neuronal death. Administration of kainic add (10 mg/kg i.p.) to
male Wistar rats lead to progressive seizure activity starting at 30
minutes post-injection in approximately 70% of subjects. The
seizures lasted for approximately 5-7 hours, peaking at 2-3 hours.
Delayed neuronal death of hippocampal pyramidal cells was
observed in animals displaying ictal activity between stages 2-5
using Racine's Scale. When animals were subsequently treated with
1-deprenyl (0.25 mg/kg s.c.) 2.5 hours after kainic add injection,
continuing for the next 4 days, neural death was substantially
reduced. 1-Deprenyl did not alter ictal activity. 1-Deprenyl-treated
animals had 70% of CA1 and 85% of CA2 neurons surviving
compared to 35% and 55% in saline treated subjects.
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Kainic acid induced seizures induce the expression of multiple immediate
early genes encoding zinc finger containing transcription factors. J.
Honkaniemi, S.M. Sagar*, M.P. Hill and F.R. Sharp. Dept, of Neurology,
University of California, Department of Veterans Affairs Medical Center, San
Francisco, CA 94121.
The members of the immediate early gene (IEG) families fos and jun have
been the subject of intensive research during the past few years. However,
relatively little is known about the IEGs encoding zinc finger containing
transcription factors. In the present study we demonstrate the effect of kainic
acid induced seizures on the expression of these genes using in situ
hybridization histochemistry. In untreated rat, NGFI-A, NGFI-B, NGFI-C and
egr-3 mRNA was observed mainly in the cerebral cortex and hippocampus,
whereas the expression of Nurrl was restricted to the hippocampus, layer 6 of
the cerebral cortex and medial habenula. Only negligible staining for egr-2 was
observed in intact rat. From thirty minutes to 6 hours after kainic acid induced
seizures, the expression of all these genes was stimulated in the hippocampus,
especially in the dentate gyrus, and cerebral cortex. The expression of NGFI-A,
NGFI-B and NGFI-C was also enhanced in the thalamus. Twenty-four hours
after the seizures no clear increase in the expression of egr-2 and egr-3 was
observed. In contrast, NGFI-A, NGFI-B, NGFI-C and Nurrl continued to be
expressed in the hippocampus and piriform cortex. The expression of NGFI-C
was also increased in the amygdaloid nuclei. The present results demonstrate
that the expression of these zinc finger genes can be induced in vivo. The protein
products of these genes act as transcription factors and may mediate some of the
changes seen in epilepsy. Kainic acid induced seizures are known to kill
hippocampal neurons. The prolonged expression of NGFI-A, NGFI-B, NGFI-C
and Nurrl in hippocampus suggests that these genes, as suggested for c-fos, may
be associated with the kainic acid induced death of hippocampal neurons.

DIFFERENTIAL INDUCTION OF IMMEDIATE-EARLY GENES DURING
PROGRAMMED CELL DEATH (PCD). P.W. Mesner*. and S.H. Green. Dept,
of Biological Sdences, University of Iowa, I)wa City, IA 52242.
Several immediate early genes are induced in neuronal PC12 cells undergoing PCD as a consequence of NGF withdrawal as well as in non-neuronal
PC12 cells and Rat-1 fibroblasts undergoing PCD as a consequence of serum
withdrawal. Induction was transient and occurred several hours after
removal of trophic support, at a time when the cells appear to be committed
to PCD but are not yet showing overt signs of degeneration. In neuronal PC12
cells, mRNAs for these genes appeared at «22 hours after NGF withdrawal.
Genes induced include egr— (NGn-A/Zif 268), Tis 11, Tis 21, c-fos and c-jun.
Interestingly, other immediate-early genes, including uur77(NGFI-B), cmyc, and Tis 7(PC-4), were not induced. The level of the mRNA for the heat
shock gene Hsc68/70, an indicator of cellular stress, was not altered by NGF
withdrawal. In the serum-deprived non-neuronal cells the same pattern of
expression was observed with regard to the identity of the induced and noninduced genes. However, the temporal pattern of expression was different:
occurring instead at «10-14 hours after removal of trophic support. This
temporal difference may be relevant to our previous observation of a more
rapid rate of cell death in nonneuronal versus neuronal cells. Our findings
suggest that specific pattern of coordinated changes in the expression of
early response genes accompanies PCD. This pattern is characteristic of
PCD and differs in at least two ways from expression patterns observed following treatment of cells with growth factors, phorbol ester or agents that
increase cytosolic calcium: First, the latency between the stimulus and early
gene induction is greatly prolonged following trophic factor withdrawal.
Second, nur77 is co-induced with egr—, TIS11, and c-fos following the other
stimuli, but is not induced in cells deprived of trophic factors. These data
appear to provide a marker of nuclear events, specific to PCD, that will be
useful in future studies concerning the mechanism of induction of PCD.
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IMMEDIATE EARLY GENE EXPRESSION MAY MEDIATE DELAYED
NEURONAL DEATH AFTER STATUS EPILEPTICUS IN THE WISTAR RAT.
K Singleton, D Young. M Dragunow*. Dept of Pharmacology, Univ. of Auckland,
Auckland, New Zealand.
Status epilepticus (SE) induced by one hour of continuous stimulation of the
dorsal hippocampus, induced a temporally and anatomically specific immediate
early gene (IEG) expression as detected by in situ hybridisation and
immunocytochemistry. Those neurons which had a very rapid (30 minutes) and
transient (3 hours) IEG expression did not die, as was observed in the dentate
granule cells after histological examination. However, a more delayed and
prolonged IEG expression preceded nerve cell death and DNA fragmentation in the
CA1, CA3 and hilar neurons. C-JUN, a member of the IEG family, which has
been suggested to be involved in brain injury (Dragunow et al, 1993) had the most
delayed and prolonged expression (12 -24 hours).
Administration of the non-competitive N-methyl-D-aspartate (NMDA) receptor
antagonist MK-801 (1 and 5 mg/kg,ip) 30 minutes prior to kainic acid (lOmg/kg,
:p), induced partial SE. After the higher dose of MK-801 (5 mg/kg, ip), a small
delayed IEG expression was observed 24 hours after the onset of SE in the CA3
and hilar neurons, which was where delayed neuronal death occurred after 6 days.
After the lower dose of MK-801 (1 mg/kg, ip) a larger delayed IEG expression was
observed in the CA1, CA3 and hilar neurons (24 hours after SE onset) where
delayed neuronal death and DNA fragmentation was shown to occur at 6 days.
Thus, SE induces a prolonged NMDA receptor-mediated expression of IEG's in
neurons destined to die.
Dragunow M. et. al., Mol. Brain Res., 18 (1993) 347-352.
K. Singleton is a New Zealand Neurological Foundation, W. B. Miller scholar.
This work was funded by the New Zealand Neurological Foundation and the New
Zealand Health Research Council.

NF-kB TRANSCRIPTION FACTORS ARE INCREASED IN
BRAIN AREAS SUSCEPTIBLE TO KAINATE TOXICITY

Perez-Otano, I., Pennypacker, K.R., McMillian, M.K., Bing, G., Thai,
L., Hong*, J.S., LMIN-NIEHS, Research Triangle Park, NC 27709.
Administration of kainate (KA), a glutamate receptor agonist, to rats
causes neuronal damage and reactive gliosis in the CA1/CA3 fields of
the hippocampus and pyrifoam/cntoahinal cortex. This results in a
dramatic induction in the expression of numerous neuropeptides,
immediate early gene products and glial markers. In this study, we
examined the potential involvement of NF-kB transcription factors in
the changes in gene expression associated with this phenomena.
Immunoreactivity to NF-kB p65 was markedly increased in reactive
astrocyte-like cells 4 days after KA administration (8 mg/kg i.p.) in
the areas of selective neuronal degeneration This increase was not
observed 3 h or 1 day after injection, but was still present 8 weeks
after KA administration. A correlation appears to exist between the
increase in NF-kB p65 immunoreactivity and the extent of the lesion
induced by KA. By gel shift assays, we found an increase in DNAbinding to the consensus kB sequence in both nuclear and cytosolic
extracts from hippocampus and entorhinal cortex of KA-treated
animals. The induction of NF-kB transcription factors was
accompanied by an increase in the immunoreactivity of several
astrocytic proteins (GFAP and S-100), lectin staining (microglial
marker), enkephalin and NGF receptor in areas of neuronal damage.
These results suggest a possible participation of NF-kB in mediating
changes in gene expression occurring in areas of neuronal lesion and
reactive gliosis. (I.P.-O. was supported by a fellowship from
Fundacion Areces, Spain).
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FLOW CYTOMETRIC ANALYSIS OF APOPTOSIS IN RAT BRAIN FOLLOWING TREATMENT WITH KAINIC ACID OR N-METHYL-D-ASPARTIC ACID.
L.L.Wing*, A.J. Adams , S. Sakhj, S.S. Schreiber, N. Sun,
H. Uy, L.P.Weiner and H. Kulaga .Neuurlogy Dept., USC
School if Medicine, Lis Angeles, CA 90033, and Unit in MiOecuOar NeurobioOogy, National Institute of Mental Health @
St. Elizabeths Hospital, Washington, D.C. 20032.
Glutamate receptors have been implicated in the neuropathology of schizophrenia, which also is thought to have a
genetic, nuurodevuOopmuntaO component, due to a disruption
in development in the second trimester caused by exogenous
stimuli. In an animal model of programmed cell death, we
have studied the effects of kainic acid (KA) and the excitatory amino acid, N-methyl-d-aspartic acid (NMDA), glutamate
analogs on various brain areas.
Seven day-old rat pups were given bilateral infusions of
NMDA (25 nM) into the striatum, and sacrificed 5 days postinjection. Another group was given systemic injections of
KA (1.5 mg/kg, i.p.). The hippocampus, striatum, cerebellum, olfactory bulb, and frontal cortex were dissected out
and stored in 4% paraformaldehyde. Tissues were digested
in 0.5% pepsin for 1 hr, gauze filtered, washed with PBS,
treated with RNAse H and stained with propidium iodide
(Krishan, 1975). Flow cytometric analysis was performed
using Becton-Dickinson FACScan and Cu OOFIT software.
The hippocampi of KA- and NMDA- treated pups had significant apoptosis. NMDA-treated pups showed significant damage in the CA3 layer. Thus, apoptosis may be useful in an
animal model of neuroduvuOopmentaO disorders using KA,NWD)A.

UPREGULATION OF NMDAR1 mRNA IS ASSOCIATED
WITH MASSIVE DEATH OF AXOTOMIZED
MOTONEURONS IN ADULT RATS. C.Sanner*. JL Elliott and
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N-ACETYLASPARTYLGLUTAMATE SELECTIVELY INHIBITS NEURONAL
RESPONSES TO N-METHYL-D-ASPARTATE. A.P. Buriina1’2. S.D. Skaper*.
M R, Mazza 1. V. Ferrari1, A., Leon and A.B, Burlinah3. Rescarch///e S.c.p.A.,
Centro di Riccrca Biomcdica and ’Centro di Riccrca Biomcdica. Ospedale Civile,
Castelfranco Veneto, Italy; 2Islituto di Clinica dcllc Malattie Nervose e Mentali and
3Dipartimento di Pcdiatria, Facolta di Medicina e Chirurgia, Univcrsita di Padova,

OXIDATIVE DNA DAMAGE IN CEREBELLAR GRANULE
CELLS STIMULATED WITH GLUTAMATE. R. E. Paulsen**,
M. BiorAs2 and E, Seeberg2. ’NDRE-TQX, 2007 Kjeller, and
2Biotechnology Centre, University of Oslo, Norway.
Glutamate induces cell death when released during ischemia
in the brain in vivo or when added to cultured neurons in
vitro. A slow component of the cell death is due to Ca2+ influx
following activation of the NMDA subtype of glutamate
receptors. Recent observations suggest oxygen radical
formation as a possible excitotoxic mechanism, caused by Ca2+
activation of NO synthetase, xanthin dehydrogenase or
phospholipase A2. The target of the oxygen radicals generated

Padova, Italy.
Canavan disease is an autosomal recessive disorder characterized by a deficiency
of the enzyme aspartoacylasc and the accumulation of N-acetylaspartic acid (NAA),
leading to a severe leukodystrophy and spongy degeneration of the brain. Evidence
indicates that N-acctylaspartylglutamate (NAAG), the presumed product of NAA,
also accumulates in this disease. NAAG has been suggested to have weak
ncuroexcitant activity at N-methyl-D-aspartate (NMDA) receptors. As a first
attempt to elucidate the cellular mechanism(s) underlying Canavan disease, we
tested the actions of NAAG and NAA on NMDA-evoked responses in cultured
cerebellar granule cells. In differentiating granule cells grown in low K+ medium,
NAAG negated the survival-promoting effects of NMDA but not K+ depolarization.
Neither NAAG nor NAA alone promoted cell survival in low K+ medium. The
modest trophic action of 50 pM kainic acid in a low K+ environment was reinforced
both by the NMDA receptor antagonist dizocilpine maleate and by NAAG. In
differentiated granule cells, NAAG raised the threshold of NMDA neurotoxicity
without affecting the toxicity of kainate. The observed activities of NAAG were
overcome by excess NMDA, and were not mimicked by NAA. These data raise the
possibility that disruption of NMDA receptor processes by NAAG may play a role in
the pathophysiology of Canavan disease.
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WD Snider. Center for the Study of Nervous System Injury, Dept, of
Neurology, Washington University School of Medicine, St. Louis, MO.
63110.
We have developed a model of subacute motoneuron death in the
facial nucleus of adult rats using a combination of facial nerve transection
and brief treatment with the NMDA receptor antagonist, MK-801. In
control animals, facial nerve axotomy results in a loss of 20% of facial
motoneurons as compared to the non-transected side by 8 weeks post-op.
Facial nerve axotomy and brief administration of MK-801 for the first
week post-op only, results in the gradual progressive loss of motoneurons
over time so that by 8 weeks post-axotomy 70% of facial motoneurons are
lost. We then asked whether the increased loss of motoneurons may be
related to changes in glutamate receptor expression. Utilizing a riboprobe
to the NMDAR1 subunit, we then employed a method of quantiative in
situ hybridization to quantify changes in mRNA expression in rats treated
with axotomy only, MK-801 treatment only, or axotomy combined with
brief MK-801 administration. Quantification of the percentage of area
occupied by silver grains per motoneuron soma area indicated that
axotomy alone did not result in an increase in NMDAR1 expression.
Treatment with MK-801 alone did result in a highly significant increase in
NMDAR1 mRNA expression. However axotomy combined with MK-801
treatment resulted in a more substantial upregulation of NMDAR1 subunit
mRNA.
We hypothisize that transient blockade of NMDA receptors with
MK-801 in the setting of axotomy, results in upregulation of NMDA
receptors which after removal of the MK-801 blockade leads to death of
motoneurons.

might be proteins, lipid membranes or DNA.
We investigated glutamate (100 pM) induced cell death in
cerebellar granule cells in culture. In our assay a complete
protection was observed with the noncompetitive NMDA
receptor antagonist MK801 (1 pM), and a partial (30 %)
protection was observed with the non-NMDA receptor
antagonist CNQX (1 pM).
The glutamate-induced granule cell death correlated with the
formation of oxidative DNA damage. These results suggest
that glutamate-induced cell death may be related to oxidative
DNA damage, possibly derived from oxidative stress.
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STAUROSPORINE INDUCES APOPTOSIS IN CULTURED CORTICAL
NEURONS. J. Koh. M .B. Wie*. B.J. Gwag. S.L. Sensi. L.M.T. Canzoniero and
D.W. Choi. Department of Neurology and Center for the Study of Nervous System
Injury, Washington University. School of Medicine, St. Louis, MO 63110.
The non-specific protein kinase inhibitor staurosporine induces apoptosis in
several non-neuronal cell types. The present study examined the possibility that
staurosporine would also induce apoptosis in neurons.
Neurons in murine cortical cell cultures exposed to 100 nM staurosporine
exhibited perikaryal shrinkage and DNA fragmentation (visualizable by the TUN EL
method) after 8-12 hours. Most neurons continued to degenerate gradually over the
following 2 days. With higher concentrations (1 mM) of staurosporine, glial
degeneration was induced. Unlike glutamate agonists or the Ca~+ ionophore
ionomycin, staurosporine did not induce increases in neuronal [Ca-~]j. as measured
by fura-2 videomicroscopy. Furthermore, the protein synthesis inhibitor,
cycloheximide, blocked staurosporine-induced neuronal death, but not that induced
by excitotoxins or ionomycin. High potassium (30 mM) also attenuated
staurosporine-induced neuronal death, a protective effect that could be reversed by
20 pM nimodipine or 100 pM Co2+. The NMDA antagonist MK-801 (10 pM) did
not attenuate, but rather potentiated staurosporine-induced neuronal death.
Staurosporine treatment may prove useful as a method for inducing experimental
apoptosis in cortical neurons. This form of death appears different from that
induced by glutamate agonists. Supported by N1H NS 30337.

BLOCKADE OF GLUTAMATE RECEPTORS DURING OXYGEN OR
GLUCOSE DEPRIVATION UNMASKS APOPTOSIS IN CULTURED
CORTICAL NEURONS. B.J. Gwag*. D. Lobner. J. Koh. M.B. Wie and D.W.
Choi. Dept, of Neurology and Center for the Study of Nervous System Injury,
Washington Univ. School of Medicine, St.Louis, MO 63110.
Neurons in mouse cortical cell cultures underwent degeneration by 24 hr
following exposure to glucose deprivation (3-5 hr) or combined oxygen-glucose
deprivation (45-60 min). As previously described, these forms of neuronal
death were associated with marked swelling of cell bodies, and death could be
reduced by inclusion of NMDA and AMPA/kainate antagonists in the bathing
medium, implicating participation of excitotoxicity. If extended glucose (8 hr)
or oxygen-glucose deprivation (90 min) was carried out in the presence of 10
pM MK801 and 100 pM CNQX, neurons again exhibited gradual degeneration.
This residual neuronal death was accompanied by cell body shrinkage and DNA
fragmentation detectable by TUNEL staining, and could be blocked by addition
of the protein synthesis inhibitor, cycloheximide (1 pg/ml). Neither DNA
fragmentation nor cycloheximide sensitivity are features of excitotoxicity in
these cultures. Present data suggest that glucose deprivation or oxygenglucose deprivation can simultaneously induce both excitotoxic necrosis, and
apoptosis dependent on new protein synthesis, in cortical neurons. Under
normal conditions, excitotoxicity dominates, but when excitotoxicity is blocked,
apoptosis is unmasked. Supported by NS 30337.
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MITOCHONDRIAL TOXINS INDUCE CYCLOHEXIMIDE-SENSITIVE
NEURONAL DEATH IN MURINE CORTICAL CULTURES. M.l. Behrens.
J.Koh. B.J. Gwag. L.M.T. Canzoniero. S.L. Sensi* and D.W. Choi. Dept, of
Neurology and Center for the Study of Nervous System Injury, Washington
University School of Medicine, St. Louis, MO 63110.
Deprivation of glucose with or without concurrent oxygen deprivation induces a
necrosis-like neuronal death in cortical cell cultures, in large part mediated by
excitotoxic activation of glutamate receptors. When glutamate receptors are
blocked, neuronal death appears to occur by an apoptosis-like mechanism, that
can be blocked by cycloheximide (B. Gwag et al., elsewhere this meeting). This
study was performed to see if a similar cycloheximide-sensitive neuronal death
could be induced by pharmacological inhibition of mitochondrial energy
production.
Murine cortical and glial cell cultures exposed for 1-2 hr to rotenone (10 pM),
oligomycin (3 pM), or FCCP (1 pM) all exhibited widespread neuronal
degeneration over the following 24-48 hr. 10 pM MK-801 or 1 pg/ml
cycloheximide partially attenuated this neuronal death; combining these drugs
produced an additive protective effect. The cycloheximide-sensitive neuronal
death remaining in the presence of NMDA (MK-801) and AMPA/kainate
(CNQX) antagonists was accompanied by cell body shrinkage, and was not
accompanied by an increase in neuronal [Ca2+]; as measured by fura 2
videomicroscopy at 3 and 10 hr after initiation of the toxic exposure.
Present data support a hypothesis that inhibition of mitochondrial energy
production may trigger concurrent excitotoxic necrosis and apoptosis, the latter
possibly requiring new protein synthesis. Supported by a Fogarty International
Fellowship (MIB) and N1H grant NS 30337 (DWC).

PROTEASE NEXIN-1 AND THROMBIN INFLUENCE
CALCIUM HOMEOSTASIS AND SENSITIVITY TO
EXCITOTOXIC/METABOLIC INSULTS IN HIPPOCAMPAL
neurons
. y, .l , Smiths wnttosky .* and M, P, Mattsoo.
Sanders-Brown Research Center on Aging, University of
Kentucky, Lexington, Kentucky 40536-0230.
Protease-nexin I (PN-1) is a 44 kDa serine protease inhibitor
which rapidly inhibits thrombin by forming SDS-stable complexes
with serine at the catalytic site of the protease. It is synthesized by a
variety of cultured cells including astrocytes and is found in high
levels in the brain. PN-1 expression has been shown to increase
with injury suggesting a role for PN-1 in neurodegeneration. We
now report that PN-1 protects cultured rat hippocampal neurons
against glucose deprivation-induced damage, and the protection is
abolished by coincubation with equimolar thrombin. PN-1 reduced
resting intracellular free calcium levels ([Ca^+ft) and prevented the
elevation of [Ca^+fj normally associated with glucose deprivationinduced damage. Thrombin administration resulted in a
concentration-dependent reduction in neuronal survival and a
significant increase in [Ca^+ft. Subtoxic levels of thrombin
potentiated glucose deprivation-induced damage. Astrocytes were
immunoreactive with PN-1 antibodies, and calcium responses to
thrombin were greater in neurons not contacting astrocytes
compared to neurons contacting glia. These findings suggest that
PN-1 and thrombin play important roles in modulating neuronal
calcium responses to excitotoxic and metabolic insults. Supported
by NIH, Alzheimer's Association, Kentucky Research Foundation.
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OPPOSING EFFECTS OF THAPSIGARGIN ON THE SURVIVAL
OF DEVELOPING CEREBELLAR GRANULE NEURONS IN
CULTURE. S.R. D'Mello*. V.Levick. H.Coffev. G.Khursieara. Dept.
o^ Physiol. & Neurobiol., Univ. o^ Connecticut, Stores, CT 06269.
Elevated levels of potassium (K+) promote maturation and survival
of cerebellar granule neurons in culture. When switched from culture
medium containing high K+ (25mM) to one with low K+ (5mM) mature
granule neurons undergo death by apoptosis. Although the mechanism
by which high K+ promotes survival (and conversely, inhibits apoptosis)
is unclear, an increase in intracellular calcium (Ca2+) resulting from
depolarization mediated-influx of extracellular Ca2+ is believed to be
involved. We examined the effect of thapsigargin (Tg) on granule
neuron cultures. Tg is an inhibitor of the endoplasmic reticular Ca2+
ATPase and would therefore be expected to raise intracellular cytosolic
Ca2+. Treatment of mature neurons (7 DIV) with Tg inhibits death that
normally ensues after lowering of extracellular K+. Tg can support
neuronal survival in the absence of high K+ for at least 48 hours at doses
>lOnM. We further examined whether Tg could replace elevated K+
during the maturation of granule cells. Unexpectedly, treatment of
immature (freshly plated) neurons with the same dose of Tg (lOnM)
induced cell death. DNA fragmentation analysis suggested that death
was due to apoptosis and not toxicity. Tg induced apoptosis even when
added at 2 DIV, indicating that the biochemical machinery for the
survival promoting effect developed at a later developmental stage.
Finally, neither high K+ nor other agents capable of promoting survival
of mature neurons viz. IGF-I and forskolin, could inhibit apoptosis of
immature granule neurons by Tg.

CHEMICAL SYNTHESIS AND TOXICITY OF 3,4-DIHYDROXYPHENYLGLYCOLALDEHYDE, THE MAO METABOLITE
OF EPINEPHRINE. W.J. Burke*. S.W. Li, W.H. Elliott. C .A . Schmitt.
C. Miller. H.D. Chung. J.H. Haring. Dept. Neurol., Biochem. and Anat.,
St. Louis Univ. Med. Sch., St. Louis, MO 63110
Blashko predicted toxicity of MAO metabolites of amines (Pharmac.
Rev. 4:415,1952], We have synthesized the MAO metabolite of
epinephrine, 3,4-dihydroxy-phenylglycolaldehyde (DOPEGAL) from
3,4-dihydroxybenzaldehyde. DOPEGAL was identified by gas
chromatography mass spectroscopy. To test for in vivo toxicity to brain
we injected cortex of Sprague Dawley rats with 17 pg and 100 pg of
DOPEGAL in 1 pl of buffer. The opposite hemisphere was injected
with control buffer. After 7 days brains were removed, fixed and
stained with cresyl violet. To test for in vitro toxicity PC 12 cells were
cultured (Dulbecco's Eagle's/Ham's F12 media) in the presence of 5
ng/ml NGF to induce neuronal phenotype. DOPEGAL (1 pg/ml) or
control buffer were added to the wells. After 4 h cells were counted
using Trypan blue exclusion to determine viability. Results show large
areas of neuronal loss and gliosis in brains injected with DOPEGAL
compared to control brain. In PC 12 cells exposed to 1 pg/ml
DOPEGAL there was a 28% loss of cell exposed to DOPEGAL
(control. 139X103 ± 7.6 cells/well vs. DOPEGAL: 99X103 X
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3.8,p<0.001). We conclude that DOPEGAL is toxic to neurons.
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ANTIOXIDANTS INHIBIT NF-KAPPA B ACTIVATION AND
APOPTOSIS INDUCED BY SINDBIS VIRUS
Rajiv Ratan* SwuHua Lea, Sukathlda Ubol, Diana Griffin, Jay Baraban, J. Maria
Hardwick Dapt. Neurol., Naurosci., Johns Hopkins
Sindbis virus (SV) Is an alphavirus usad to modal human
ancaphalltldas which Is capable of inducing apoptosis In
neurons.
SV-lnduced
apoptosis
Is
blocked
by
ovaraxprassion of the proto-oncogena, bcl-2, but the
biochemical events necessary for SV-induced apoptosis
remain unclear. To Investigate whether free radical generation
is necessary for SV-induced apoptosis, we exposed infected
cells to a spectrum of antioxidants. While treatment of N18
neuroblastoma cells with a number of antioxidants fails to
protect against cell death, N-acetylcysteine (NAC, in the mM
range) or pyrrolidfnedithiocarbamate (PDTC, In the uM range)
significantly inhibit SV-induced apoptosis. To determine
whether NAC and PDTC are acting by suppressing the
production of damaging free radicals we have examined lipid
peroxidation, thiol content, glutathione levels and peroxide
production after SV infection. No differences were noted in
these parameters between Infected and uninfected cells prior
to cell death. Because of the possibility of a more subtle
effect of radicals on cell function and because NAC/PDTC are
the most effective inhibitors of the redox sensitive
transcription factor NF-kappa B, we performed mobility shift
assays. We found that SV induces a 10-fold induction of NF
kappa B-like activity in the nucleus and that this induction is
blocked by NAC/PDTC. These results suggest that a redox
sensitive pathway involving the activation of NF kappa B may
be important in SV-induced apoptosis.

IRON
CHELATORS
SUPPRESS
OXIDATIVE
STRESSINDUCED
APOPTOSIS
IN
EMBRYONIC
CORTICAL
NEURONS
Jay Baraban*, Kevin O' Donovan, and Rajiv
Ratan
Dept.
Neuroscience, Johns Hopkins Medical School
Exposure of cultured, immature rat cortical neurons
to extracellular homocysteate (HCA, 1 mM, a glutamate
analog) results in glutathione depletion and oxidative stress
-induced apoptosis. To test the hypothesis that transition
metals are necessary for the formation of damaging free
radicals under conditions of glutathione depletion we
treated HCA exposed cortical neurons with iron chelators.
Three structurally distinct chelators were each capable of
suppressing apoptosis induced by glutathione depletion.
Protection by iron chelators was not associated with a
restoration of cellular glutathione levels. Chelators could be
applied 7-9 hours after glutathione depletion to 30% of
control and still completely suppress death. These
observatons support the role of iron in the formation of
damaging free radicals in the Intact cell and define a
“commitment” point to oxidative stress induced apoptosis.
Unexpectedly, we found that Iron chelators act to increase
cell-associated lactate dehydrogenase (LDH) in both control
and HCA treated neurons. These results are consistent with
previous In vitro studies which have demonstrated that
several key metabolic enzymes, Including LDH, show
losses in activity after exposure to free radicals and suggest
that LDH may be an important target for transition metal
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ANTIOXIDANTS
PREVENT
NGF-DEPRIVATION
INDUCED NEURONAL APOPTOSIS IN PC 12 CELLS. S,
Cavallaro. D'Agata. U. Scapagnini and *PL. Canonico*
Institute of Pharmacology, University of Catania School of
MecKcine, Catania 95125 and ’Chair of Pharmacology,
University of Pavia School of Dentistry, Pavia 27100, Italy.
The generation of oxygen free radicals has been
recently considered one of the final events leading to
neuronal apoptosis. To verify this hypothesis, we have
rested the ability of antioxidants to prevent neuronal
apoptosis in PC 12 cell following nerve growth factor (NGF)deprivation. Twentyfour hours after NGF removal, PC 12
cells displayed all the morphological and biochemical
IDNA-laddering) markers of apoptotic death. When added
at the time of NGF deprivation, a-tocopherol (vitamin E),
r-glutamylcysteinylglycine (GSH), and idebenone
completely prevented cellular apoptosis. This effect was
dose-dependent and maximal at concentrations of 10 nM,
100 nM and 1
for vitamin E, GSH and idebenone,
respectively. Antioxidants were still effective when added
three hours after NGF-removal. Our data support the
hypothesis that, by interfering with oxidative stress, it is
possible to antagonize neuronal apoptosis elicited by
growth factor removal.

BIOCHEMICAL PROPERTIES OF OXYGEN-INDUCED APOPTOTIC
NEURONAL DEATH. Y. Enokido, T. Kubo, T. Yonemasu and H. Hatanaka*.
Institute for Protein Research, Osaka Univ., 3-2 Yamadaoka, Suita,
Osaka 565, Japan.
Oxygen metabolism is the most important event for the aerobic energy
metabolism and the redox-based biosynthesis in the nervous system. We
recently reported that oxygen-induced neuronal death possesses apoptotic
characteristics (Neuroscience, 57:965-972 1993). That is, protein and RNA
synthesis inhibitors prevented the death of embryonic rat hippocampal
neurons cultured in a 50% oxygen atmosphere. This cell death was also
prevented by treatment with a medium containing a high concentration of
potassium (>2OmM). In addition, DNA fragmentation, a marker of apoptosis,
was detected during the course of cell death. In this study, we focused on
this neuronal death induced by oxygen toxicity, and investigated the clue to
know its morphological and biochemical aspects. When the rat hippocampal
neurons (embryonic day 20~21) were cultured in a 50% oxygen atmosphere,
the slight shrinkage of cell body and irregular nucleus with clumped
chromatin which is accumulated at the nuclear rim were observed after 8~
10hr in culture. After 24hr culture in a 50% oxygen, some but not all
neurons undergoing apoptosis were observed. Since this cell death was also
prevented by some antioxidants, such as a -tocopherol and N-acetylcysteine,
it was expected that oxidative damage deeply related to this oxygen-induced
neuronal death. We also examined the survival promoting effect of some
kinase inhibitors. As a result, H-7 and H-8, C- and G-kinase inhibitors,
respectively, effectively prevented the cell death but genistein and herbimycin
A, both tyrosine kinase inhibitors, did not. The same results were observed
on oxygen-induced cell death of PC12h cells. Furthermore, benzamide, a
poly(ADP-ribose)polymerase inhibitor, delayed the cell death.
These results suggest that oxygen toxicity activates the intracellular signal
cascades and induce ultimate apoptotic neuronal death.

mediated radical attack in neurons.
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APOPTOSIS IN SUBSTANTIA NIGRA FOLLOWING DEVELOPMENTAL

CELL DEATH FOLLOWING EXCITOTOXIC INJURY IN
THE STRIATUM IS ULTRASTRUCTURALLY NECROTIC
BUT ALSO INVOLVES APOPTOTIC DNA LADDERING.
C. Portera-Cailliau*, L. J. Martin, J. C. Hedreen, D. L. Price, and V.
E. KoHatsos. Neuropatholooy Laboratoor, Johns Hopkins Univrneity
School of Medicine, Baltimore, MD 21205.
Excitotoxic injury following intra-ttriatal injections of
glutamate receptor agonists in rats replicates features of late-stage
Huntington Disease (HD). However, the mechanisms of cell death
involved in both HD and excitotoxic models is unknown. In the past,
two major types of cell death have been distinguished on the basis of
ultrastructural morphology and DNA fragmentation patterns on
agarose gels. Apoptosis is characterized by intemucleosomal DNA
fragmentation resulting in DNA "laddering", and ultrastructurally by
membrane blebbing, perinuclear chromatin condensation, and
organelle swelling. In contrast, necrosis results in random DNA
fragmentation resulting in "smearing" of DNA on agarose gels and
rapid cell lysis. In this study we re-examined the hypothesis that cell
death following intra-striatal quinolinic acid injections in rats is
necrotic. In addition to agarose gel electrophoresis and election
microscopy, we used the TUNEL technique for in situ labeling of
apoptotic cells. We observed ultrastructural morphological changes
consistent with necrosis, and apoptotic DNA laddering in the first few
hours of excitotoxic damage, followed by necrotic DNA smearing.
TUNEL stained necrotic cells from 16 hours to 4 days post injection.
This implies that endonuclease activation precedes protease activation
in this excitotoxic model of cell death, which may involve both
apoptotic and necrotic mechanisms.

STRIATAL HYPOXIC-ISCHEMIC INJURY. X
R.E. Burke . Dept, of
Neurology, Columbia University, NYC, NY, 10032.
We have previously observed that unilateral hypoxic-ischemic (H-l) injury
to the striatum during development is associated with a diminished adult
number of dopaminergic neurons in the substantial nigra (SN)
(Neuroscience, 1992). This decrease occurs in the absence of any direct
injury to SN and any decrease In morphologic or biochemical markers of
striatal dopaminergic terminals. We have hypothesized that early injury to
the striatum, a target of the SN dopaminergic system, may be associated
with an induced death event in SN. In support of this, we have observed that
natural cell death occurs in SN, and that early excitotoxic injury to striatum
results in induced apoptotic cell death in SN (Abstr Soc Neurosci, 1993). To
test this hypothesis, we subjected 7 day old rat pups to unilateral H-l and
examined the time course and morphology of cell death in SN by use of a

«4ver stain technique. H-l was induced by unilateral carotid ligation followed
by exposure to 8% 02- N=4 to 6 pups were examined at post-lesion days
(PLD) 0-7. Induced cell death was observed in SNpars compacts (SNpc)
and SNpars reticulata (SNpr), reaching a maximum at PLD 2. In both
regions, the number of dying ceils ipsilateral to injury was 3-fold greater than
the contralateral control side. The time course for induced cell death was
the same in SNpc and SNpr. The morphology of the dying celis was
identical in the two regions, and it was typical for apoptosis: silver-stained
cels were shrunken, and contained one or more rounded, intensely stained
chromatin clumps. By PLD 4, the number of dying cells on the lesioned side
had returned to basal levels. Thus, like excitotoxic injury, H-l injury to the
striatum during development is associated with induced
with the morphology of apoptosis. NS 26836, PDF

cell death in SN,
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PATTERNS OF TUNEL LABELING AND NON-RANDOM DNA
FRAGMENTATION IN HUNTINGTON DISEASE.
J. C. Hedreen*, C. Portcra-Cailliau. D. L. Price, and V. E. Koliatsos.
Neuropathology Laboratory, Johns Hopkins University School of
Medicine, Baltimore, MD 21205.
Huntington Disease (HD) is an inherited neurodegenerative
disorder characterized by selective death of striatal medium spiny
neurons.
Although the histopathology of HD has been well
characterized, the exact mechanism of cell death in HD is currently
unknown. Two major types of cell death have been distinguished on
the basis of ultrastructural morphology and DNA fragmentation
patterns on agarose gels.
Apoptosis is characterized by
intemucleosomal DNA fragmentation resulting in DNA "laddering",
whereas in necrosis, random DNA fragmentation results in "smearing"
of DNA. Histologically, single dying cells surrounded by healthy cells
are seen in apoptosis, whereas in necrosis whole patches of tissue are
affected. We investigated cell death in HD using terminal dUTP nickend labeling (TUNEL) for in situ labeling of DNA breaks in dying
cells and agarose gel electrophoresis. TUNEL-positive neurons and
oligodendrocytes were seen in the striatum at different grades of the
disease, but not in age-matched controls. TUNEL staining was higher
in dorsal than ventral putamen, where labeled neurons were
particularly scattered among healthy, unlabeled neurons. For most HD
cases, the DNA fragmentation detected by TUNEL was below the limit
of resolution of agarose gels. However, in some cases, non-random
DNA fragmentation was observed as distinct bands, some of which
corresponded in size with apoptotic ladder fragments. Together, these
data raise the possibility that apoptotic cell death may occur in HD.

APOPTOTIC NEURONAL DAMAGE IN HIPPOCAMPAL
EPILEPSY. H. Pollard, C. Charriaut-Marlangue. S. Cantagrel, O.
Robain, T Moreau, A. Represa* and Y. Ben-Ari. INSERM U29,
123 Bid de Port-Royal, 75014 Paris, France.
We have examined the role that apoptosis plays in the epileptic brain
damage generated by intracerebral administration of kainic acid (KA).
As soon as 6 hours following intraamygdaloid injection of KA,
argyrophilic (dying) neurons were conspicuous locally in the amygdala
and in the distant vulnerable pyramydal neurons of the hippocampal
CA3 region. In both regions, cell death has apoptotic features, including
i) nuclear chromatin condensation and marginalization with light and
electron microscopy; ii) DNA fragmentation with typical ladder pattern
indicating a regular intemucleosomal cleavage on agarose gel
electrophoresis; iii) positive nuclear labeling with a selective in situ
DNA fragmentation staining method. Combined in situ labeling and
silver staining showed that DNA fragmentation occured in dying
neurons. CA1 or granule cells which do not degenerate following
intraamygdaloid injection of KA were not stained with the in situ DNA
labeling or the argyrophilic technique. Administration of the
anticonvulsivant drug diazepam blocked the KA-induced seizures and
prevented DNA fragmentation in the CA3 area but not in the injected
amygdala. Therefore, apoptosis contributes both in the "local"
excitotoxic action of KA and in the "distant" epileptic damage
generated in the CA3 vulnerable region (Ben-Ari et al., 1979, Brain Res„
165, 362).
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APOPTOTIC LADDERED DNA IN GLOBAL AND FOCAL
CEREBRAL ISCHEMIA IN RATS. C. Charriaut-Marlangue. H.
Pollard. A. Heron. I. Margaill, M. Plotkine, B. Zivkovic* and V.
Ben-Ari. INSERM U29, 123 Bid de Port-Royal, 75014 Paris,
France.
Implication of apoptosis (or programmed cell death) in the loss of
neurons following cerebral ischemia has been suggested by the
protection offered by protein synthesis inhibitor (Papas et al., 1992,
E.J.N., 4, 758) and the early increase in protein synthesis (CharriautMarlangue et al., 1992, E.J.N., 4, 766). Apoptosis which requires RNA
and protein synthesis is characterized by the intemucleosomal cleavage
of DNA by Ca2+/Mg2-*- endonucleases. The extent of DNA damage in
the hippocampus, striatum and neocortex was analyzed by agarose gel
electrophoresis and by DNA nick-end labeling (TUNEL method). After
a 20 min 4 vessel occlusion, DNA laddering was observed in the
caudate putamen and in CA1 region of the hippocampus. After a 60
min temporary MCAO (middle cerebral artery occlusion) associated
with both common arteries occlusion, DNA laddering was observed in
the striatum and in neocortex (18 h after the insult). Necrosis then
appeared to reach a maximum at 48 h after the insult. Detection of the
initial stages of DNA fragmentation following ischemia will be
analyzed by pulse-field gel electrophoresis. This result confirms the
presence of early positively stained neurons detected by the TUNEL
method. In conclusion, our results indicate the presence of an apoptotic
component preceeding necrosis in ischemia-induced neuronal death.

CYTOSINE ARABINOSIDE INDUCES APOPTOSIS IN
CEREBELLAR NEURONS IN CULTURE. F. DessL H. Pollard. Y.
Ben-Ari, E. Tremblay* and C. Charriaut-Marlangue. INSERM
U29, 123 Bd de Port-Royal, 75014 Paris, France.
Cytosine arabinoside (AraC) is a pyrimidine antimetabolite that
prevents cell proliferation by inhibiting DNA synthesis. We
report that AraC kills cultured cerebellar neurons in a
concentration-dependent fashion with an EC50 of about 60 gM
when added shortly after seeding. This cell death has apoptotic
features since we observed i) DNA fragmentation with typical
ladder pattern on agarose gel, ii) positive nuclear labeling with
a specific in situ DNA fragmentation staining, .iii) prevention
by deoxycytidine (IC50 = 1 gM), protein and RNA synthesis
inhibitors and iv) release of DNA fragments in the incubating
medium. In addition, two groups of proteins (with M.W. of 2530 and 34-38 kDa and pHi around 5 and 6 respectively) were
overexpressed in AraC-treated cells as identified by
two-dimensional polyacrylamide gel electrophoresis. These
proteins might be putative candidates for activated
endonucleases. These results indicate that AraC could induce a
signal that triggers a cascade of new mRNA and protein
synthesis leading to apoptotic cell death in granule cell cultures.
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CELL DEATH BY APOPTOSIS AFTER LATERAL FLUID PERCUSSION
BRAIN INJURY A.D. Rink1. K.-M. Fung2. L. Fan1’. J.O. Troianowski2. T.A.
Gennadii and T.K. MeIntosh'Depts. of Neurosurgery1 and Pathology2, Univ. of
Pennsylvania, Philadelphia, PA 19104.
Introduction: Neuronal cell loss is a common event after traumatic brain injury,
but little is known about its pathophysiological background. Apoptosis is the typical
morphology of programmed cell death (PCD) and is characterized by cell shrinkage,
nuclear condensation and fragmentation as well as intemucleosomal DNA-cleavage.
PCD appears consistently in normal brain development and has been reported after
ischemia. The aim of this study was to investigate whether or not apoptosis occurs
after experimental traumatic brain injury (TBI). Methods: Male Sprague Dawley rats
(350-4lOg) were anesthetized and subjected to moderate fluid percussion injury (2.2
atm., n=12) or sham surgery (n=3). Animals were sacrificed at 12, 24, 48, or 72
hours after injury or 24 hours after sham treatment. Terminal deoxynucleotidyl transferase-mediated biotin-dUTP nick end labeling (TUNEL) was used for in situ
labeling of intemucleosomal DNA fragmentation. Hematoxylin counter staining was
used to evaluate apoptotic morphology. Results: TUNEL-positive cells were present
in the ipsilateral cortex and subcortical white matter in all injured brains and at all
time points. Less consistently, these cells were also observed medial geniculate body,
the hippocampal CA3 region and the bilateral dentate hilus. In some of the TUNELpositive cells, positive staining was accompanied by the typical nuclear condensation
or fragmentation. Additionally, some cells showed a pyramidal morphology,
indicating they were of neuronal rather than glial origin. In sham treated brains and
in most of the corresponding contralateral areas of the injured brains TUNELpositive cells were rare or undetectable. Conclusions: Detection of both
intemucleosomal DNA-fragmentation as well as nuclear condensation and
fragmentation indicates that apoptosis and therefore PCD is likely responsible for
at least some cell loss after TBI. To our knowledge, this is the first report about
apoptotic cell death after TBI. (supported, in part, by NS26818 and NS08803)

GRANULE NEURON AGE DETERMINES SUSCEPTIBILITY TO
ADRENALECTOMY-INDUCED CELL DEATH. E. Gould* and H.A.
Cameron, Laboratory of Neuroendocrinology, The
Rockefeller University, New York, NY 10021.
Granule neurons of the dentate gyrus are born during
postnatal development as well as in adulthood.
Previous
studies have shown that granule neurons require adrenal
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steroids for their survival; adrenalectomy (ADX) results in
massive death of this neuronal population.
However, it is not
known whether granule neurons born at different stages of
life are equally dependent on adrenal steroids for their
survival. In order to determine whether the age of a cell
determines its susceptibility to ADX-induced cell death, rat
pups were injected with the thymidine analog
bromodeoxyuridine (BrdU) on P6, the postnatal day of
maximal neurogenesis, and then with 3H-thymidine in
adulthood.
The rats were adrenalectomized 1 day after 3Hthymidine injection and perfused after a 7 day survival time.
The brains were processed for BrdU immunohistochemistry
and 3H-thymidine autoradiography combined with Nissl
staining.
ADX resulted in a significant decrease in the
density of BrdU labeled cells in the granule cell layer.
In
contrast, no significant difference in the density of 3h thymidine labeled cells was observed following ADX.
These
results indicate that, following ADX in adulthood, mature
cells, i.e., those born during the postnatal period, degenerate,
whereas immature cells, i.e., those born in adulthood, do not.
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DISTRIBUTION OF HUMAN CYSTATIN C IN THE RAT CORTEX AND
HIPPOCAMPUS FOLLOWING 2-10 MINUTES OF TRANSIENT CEREBRAL
ISCHEMIA. D, Palm*. N. Knuckev. A. Spangenberger. M. Primiano C. Johanson
Dept. Clin. Neurosci., Program in Neurosurg., Brown Univ. & RI Hospital,
Providence, RI 02902
Previous light microscopic studies have demonstrated a temporal profile of the
cysteine protease inhibitor, cystatin C, in degenerating hippocampal neurons after a
severe 10 min insult of transient cerebral ischemia (TCI). To assess the distribution
of cystatin C expression in rat brain following a mild to severe TCI insult, an
immunohistochemical approach was used. Primary rabbit anti-human cystatin C
(HCC) antibody (Ab), was diluted 1:5000 and incubated for 2 hr at room temp, with or
without cystatin C (60 pg). Paraffin sections (8 p) from control and animals
recovering 7 days following 2, 4, 6, 8 and 10 min of TCI were incubated overnight at
4OC with lo Ab or pre-absorbed 1° Ab. Biotinylated goat anti-rabbit 2° Ab was
applied and the slides were processed with the Vectastain ABC kit; Nickel intensified
diaminobenzadine was used as a chromagen. In the cortex, HCC-IR was observed in
morphologically necrotic, degenerative and a few normal neurons. Expression of
HCC-IR in the hippocampus was localized mainly in both the necrotic and
degenerative CA1 pyramidal neurons. A few normal neurons and glia in the stratum
radiatum and stratum oriens of the hippocampus also displayed HCC-IR.
Furthermore, the number of neurons and glia expressing HCC-IR in the cortex and
hippocampus increased relative to the severity of the TCI insult. Evaluation of brain
tissue revealed no HCC-IR in control animals or when the Ab was pre-absorbed.
These results provide additional evidence that cystatin C has an important role in
modulating neuronal outcome following TCI.
Supported by funds from R.I. Hospital

INFLAMMATORY
MEDIATORS
STIMULATE
ASTROCYTES
AND
MENINGEAL FIBROBLASTS TO INDUCE NEURONAL DEGENERATION VIA
THE NITRIDERGIC PATHWAY. S.D. Skapcr. L, Facci* and A. Leon.
Research///? S.c.p.A., Centro di Ricerca Biomcdica, Ospcdalc Civile, 31033
Castclfranco Vencto, Italy.
The role of inflammatory cytokines in the pathogenesis of neurological disorders is
not entirely clear. The ncurotoxic effects of cytokines, and perhaps indirectly
bacterial endotoxins, could be mediated by the stimulation of immunocompetent
cells in the brain to produce toxic concentrations of nitric oxide (NO) and reactive
nitrogen oxides. Both constitutive and inducible NO synthase has been described in
astrocytes in vitro. Here we demonstrate that newborn mouse cortical astrocytes,
when co-incubatcd with neonatal mouse cerebellar granule cells or hippocampal
neurons, induced neurotoxicity upon stimulation with lipopolysaccharidc (LPS).
Astrocytes were unresponsive to the cytokines tumor necrosis factorex or
interleukin-ip individually, but exhibited a marked synergistic stimulation in their
combined presence. Moreover, meningeal fibroblasts treated with tumor necrosis
factor-a, but not interleukin-1p or LPS, elaborated neurotoxicity for co-culturcd
granule cells. In co-cu'‘ures of immunostimulatcd astrocytes or meningeal
fibroblasts, neurotoxicity was blocked by inhibitors of NO synthase, and by
oxyhemoglobin which inactivates NO. Astroglial-induced neurotoxicity was not
affected by N-mcthyl-D-aspartatc receptor antagonists. Supcroxidc dismutasc. which
degrades supcroxidc anion attenuated astrocyte- and fibroblast-mediated
neurotoxicity, indicating that endogenous supcroxidc anion may react with NO to
form toxic peroxynitrite and its breakdown products. These findings suggest a
potentially important role for glial- and meningeal fibroblast-induced NO synthase
in the pathophysiology of central nervous system disease stales of immune or
inflammatory origin.

114.11
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ASTROGLIA BUT NOT MICROGLIA EXPRESS NADPH-DIAPHORASE
ACTIVITY FOLLOWING MOTOR NEURON INJURY. L. J. Chandler*,
M. R. McElhaney and W. J. Streit. Departments of Pharmacology and
Neuroscience, University of Florida College of Medicine, Gainesville, FL
32610.
NADPH-diaphorase (NADPH-D) staining was used to determine whether
enhanced expression of nitric oxide synthase (NOS) occurs in glial cells in
response to injury in the rat brain. Transection or crush of the facial nerve
produces reversible injury of facial motor neurons (FMNs), which stimulates
axon regeneration, while intraneuronal injection of the toxic lectin from
Ricinus communis (RCA60) causes irreversible injury resulting in acute
degeneration of FMNs. Light microscopic examination of sections stained
for NADPH-D showed an increase in diaphorase staining intensity in the
FMNs 3 and 7 days after axotomy (saline injection). In contrast, there was
no such enhancement of staining intensity in reactive glial cells.
Intraneuronal injection of ricin resulted in rapid degeneration of the majority
of FMNs. Reactive glial elements positive for NADPH-D were readily
distinguishable in the ricin-treated nucleus. Further, these NADPH-D
positive cells could be clearly identified as reactive astrocytes based on their
characteristic morphology. Reactive microglia, identified by staining with
GSA I-B4 -HRP, were distributed throughout the region of the facial nucleus
following axotomy. Surprisingly, NADPH-D staining of adjacent sections
showed no diaphorase staining in reactive microglia. Thus, while motor
neurons show enhanced expression of NOS following reversible injury, the
gliotic response to both reversible and irreversible motor neuron injury
involves enhanced expression of NOS in astroglia but not microglia.
Supported by NIAAA grant AA00127 and a grant from the Alcoholic
Beverage Medical Research Foundation.

EFFECTS OF SPINAL CORD HEMISECTION ON CLARK'S
COLUMN NEURON SIZE AND RETROGRADE LABELING
WITH FLUORO-GOLD. R.L. Mc Bb ide*. J.C. Morgan
and G.D. Miiler. VA Medical Center and Medical
College of Georgia, Augusta GA 30904.
In adult rats, Clarke's column (CC) neurons
are more affected by axotomy far from their
som^tta than many other central nervous system
neurons. We studied the retrograde labeling
and sterna size of CC neurons ipsilateral to a
T-l cord hemisection. Five or 15 weeks after
right T-l hemisection, CC neurons were
retrogradely labeled by placing a pledget
soaked in Fluoro-Gold into a new right
hemisection at T-3. Cross-sectional areas of
the labeled CC neurons were determined arid
were mapped according to rostral-caudal
location in the cord. Compared to controls,
the number of labeled neurons decreased by 50%
at 5 weeks but did not decrease further by 15
weeks. The size of the labeled neurons was
decreased by 45% at 5 weeks and decreased by
63% at 15 weeks compared to controls. There
was no relatoonship between the distance from
the lesion and either the number or size of
labeled neurons. Supported by the VA.
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114.14

VISUALIZATION OF DNA FRAGMENTATION AND CHROMATIN
CONDENSATION IN APOPTOTIC NUCLEI OF THE MOUSE RETINA.
G.-Q. Chang*. A.E. Gaitan. Y. Hao and F. Wong. Departments of
Ophthalmology and Neurobiology, Duke University School of Medicine,
Durham, NC 27710.

PARADOXICAL
EFFECTS
OF
PROTEIN
SYNTHESIS
BLOCKADE ON APOPTOSIS IN THE DEVELOPING RETINA
IN VITRO.
S.K. Rehen! M.H. Varel^. MO.
Moraes 12 and R. Linden1* instituto de Biofisica da
UFRJ; 2Qepto. de Biofisica e Biomeeria da UERJ,
Rio de Janeiro, Brazil.
The requirement of protein synthesis for
apoptosis was studied in the neonatal rat
retina. Retinal explants were either maintained
in an orbital shaker, or dissociated and plated
on glass coverslips for 1-2 days. Apopposis was
detected by light microscopy, biochemical and
ultrastructural criteria.
Apopposis of HRPlabeled ganglion cells, trgggered by axotomy,
was blocked by protein synthesis inhibitors. On
the other hand, blockade of protein synthesis
induced apoptosis of other cell types in the
neuroblastic layer of the retina. Both the
blockade and the induction of apoptosis in the
explanted retina were similarly dose-dependent.
The rate of cell death induced by the inhibition
of protein synthesis was reduced by either zinc
or aurintricarboxylic acid. The results suggest
the operation in the developing retina of both a
program of apoptosis dependent on the synthesis
of killer proteins, and a latent mechanism of
apoptosis that is normally blocked by repressor
proteins.
(CNPq, FINEP, CEPG-UFRJ)

The form of cell death known as apoptosis was first described in thymocytes.
The hallmarks of apoptosis are chromatin condensation, formation of membrane
blebs and apoptotic bodies, and DNA fragmentation. DNA fragmentation can be
visualized morphologically by the TdT-mediated dUTP-biotin nick end labeling
(TUNEL) method which labels the cut DNA ends. However, at the light
microscopic (LM) level, TUNEL-positive nuclei cannot be readily correlated with
the other hallmarks of apoptosis.
Chromatin condensation and DNA fragmentation are the major features of
neuronal cell death during retinal development as well as in photoreceptor
degeneration. We performed TUNEL at the electron microscopic (EM) level,
which permitted correlation of DNA fragmentation with chromatin condensation.
We studied the retinas of transgenic mice expressing the Pro347Ser mutant
rhodopsin gene, during developmental cell death (age 7 days) and photoreceptor
degeneration (age 21 days). We found that 90% of the nuclei showing chromatin
condensation were TUNEL-positive as well. Some of the TUNEL-positive nuclei
were at very early stages of apoptosis and would not have been identified
morphologically at the LM level. At the EM level, many apoptotic nuclei showed
a perinuclear staining pattern which correlated with their ring appearance at the
LM level; however, these cells were not always at the early stages of apoptosis.
Our studies demonstrated DNA fragmentation and chromatin condensation in
the same cells as they underwent apoptosis in vivo and thus confirmed that these
processes are important characteristics of neuronal apoptosis.
Furthermore,
TUNEL is a sensitive and reliable method for identifying apoptotic neurons.
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EFFECTS OF PRENATAL IONIZING IRRADIATION ON THE GANGLIONCELL LAYER OF THE MOUSE RETINA
R.W.F.Vitral (1.2)*; R.Linden (2) & S.L.Schmidt (1.3)
1 - Departamento de Ciencias Fisiologicas/lnstituto de BiologiaUERJ/Brasil; 2 Instituto de Bioffsica/UFRJ/Brasih 3 - Department of Psvchology/Biological
Sciences Building/University of Alberta/Canada
In a previous study, we reported a pronounced (35%) reduction in the total
number of neurons in the retinal ganglion cell layer of adult mice that had been
exposed to gamma radiation on embryonic day 16 (E16). This study was designed to
identify the types of neurons affected by the irradiation, whether displaced amacrine
and/or ganglion cells. Pregnant mice at E16 were exposed to a total dose of 3 Gy of
gamma irradiation (dose rate = 0.42 Gy/min.). Adult mice (n = 3, irradiated progeny:
n = 4, non irradiated controls) received bilateral injections of horseradish peroxidase
into the superior colliculus, dorsal lateral geniculate nucleus and pretectum. After
two days the paraformaldehyde-fixed retinae were whole-mounted flat and reacted in a
modified Hanker-Yates solution. The ganglion cells were counted at regular intervals
throughout the retina. In one retina each of 3 control and 3 irradiated animals,
neurons (n = 285, irradiated; n = 403. controls) were drawn with a camera lucida
(xOOO) at 4 locations sampled at 1 pm from the optic disk towards the upper nasal,
upper temporal, lower nasal and lower temporal periphery. A small (15%) but
significant reduction in the number of ganglion cells was found in the irradiated '
group when compared with the controls. In the irradiated mice, the diameters of the
ganglion cells were consistently larger than those of the controls. Taken together
with our previous study of Nissl-stained retinae, these data suggest that the small
loss of ganglion cells (15%) cannot explain the reduction in the number of neurons
in the ganglion cell layer that occurs after prenatal irradiation. Most of the loss of
neurons may be ascribed to the selective loss of displaced amacrine cells. The larger
size of the ganglion cells in irradiated animals suggests that the size of ganglion cell
somata is affected by the development of amacrine cells.
This study was supported by CNPq, Finep and FAPERJ.

EFFECTS OF PROTEIN SYNTHESIS INHIBITION ON
TWO POPULATIONS OF DYING RETINAL NEURONS.
L. ColombaionL* Istituto di Neurofisiologia del CNR,
56100 Pisa, ITALY.

Cyclohexiinide (CHX), a translational inhibitor of protein
synthesis, is known to protect developing neurons from
apoptotic death. Recently it has been suggested that
activation of an apoptotic program is also involved in
excitotoxin-induced neuronal death. The protective action
of CHX from apoptotic and from NMDA-mediated neuronal
death has been examined in a retinal preparation in which
simultaneously apoptotic and excitotoxic death can be
induced. Retinas from Long Evans rats, postnatal day 13,
were cultured in serum free medium. In these conditions
bipolar cells, at the peak of their period of programmed
death, rapidly undergo apoptosis as a result of
neurotrophin deprivation. Transient exposition to 50-100
pM NMDA produces a widespread excitotoxic damage on
amacrine cells. CHX selectively blocks apoptosis of bipolar
cells but not necrosis of amacrine cells. This suggests that
cellular mechanisms of apoptosis are different from those
underlying excitotoxicity and that the protective effect of
CHX is specific for the apoptotic form of neuronal death.

114.17
TRANSIENT BLOCK OF AXONAL TRANSPORT IN THE OPTIC
NERVE OF NEONATAL RATS INDUCES RETINAL GANGLION
CELL DEATH. M. Caleo! M. Fagiolini1, E. Strettoi2*, T. Pizzorusso2 and D
Maffei!2. WScuola Normale Superiore, (2)lstituto di Neurofisiologia CNR, Via

S.Zeno, 51

Pisa ITALY.

Section of the optic nerve induces degeneration of ganglion cells
both in the adult and developing rat retina. This process of neuronal death
has been ascribed to the interruption of the supply of trophic factors
produced by target structures. We tested this hypothesis by inducing a
transient block of axoplasmic transport in the developing optic nerve.
Since local anaesthetics inhibit reversibly rapid axonal transport, we
applied a piece of gelfoam soaked with lidocaine (Bayer, 0.2% solution)
on the intracranial portion of the optic nerve of neonatal rats. Blockade of
axonal transport was monitored by detecting on histological sections of
optic nerves the reaction product of HRP injected into superior colliculi.
Physiological solution used as control showed no effect. Axonal transport
recovered 12-15 hours after 3-hr anaesthetic application. Light and
electron microscopy showed the absence of alterations in the fine structure
of the treated optic nerves. Retinas of treated and control rats were
stained with cresyl violet and examined 24 hours post surgery. We found
that the number of ganglion cells displaying apoptotic morphology was
enhanced by a factor of three in treated (N=8) vs control animals (N=8).
We conclude that a transient block of axoplasmic transport is sufficient to
induce retinal ganglion cell death in neonatal rats probably by depleting
ganglion cells of target-derived trophic molecules.
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115.1
NEUROMERIC EXPRESSION OF R-CADHERIN AND THE FORMATION
OF NUCLEI IN THE DEVELOPING CHICKEN FOREBRAIN. C. Redies* and
S. Ganzler. Dept. of Biochemistry, Max-Planck-institute for Dev. Biology,
P.O.Box 2109, D-72011 Tubingen, Germany.
The primordial neuroepithelium of the vertebrate forebrain is a
segmented structure (Figdor & Stern, Nature 363:630, 1993; Puelles &
Rubenstein, TINS 16:473,1993). During development, neurons born in
each segmental compartment ("neuromere") aggregate in nuclei, and sets
of nuclei derived from several neuromeres become connected by fiber
tracts to form functional systems (visual system, limbic system, etc.). We
show by immunostaining techniques that, in the E3-E5 chicken embryo,
the cell adhesion molecule R-cadherin is expressed in at least six stripes or
patches in the forebrain neuroepithelium. The observed expression
pattern reflects the neuromeric organization of the forebrain. For example,
R-cadherin is expressed in the caudal area of diencephalic neuromere D1
(after Figdor & Stern, 1993) with a sharp boundary of expression at the
zona limitans which forms the boundary to the adjacent neuromere D2. In
some diencephalic neuromeres, subsets of post-mitotic neuroblasts in the
ventricular layer express R-cadherin during their migration to the mantle
layer and, in the mantle layer, during their aggregation in particular Rcadherin-positive nuclei. These nuclei are located in the immediate
neighborhood of other nuclei which express another cadherin, N-cadherin.
Some of these nuclei later form parts in particular functional systems (see
also Redies et al., J. Comp. Neurol. 333:398, 1993). Our results suggest
that cadherins play a role in the formation of nuclei and in the
developmental transition from neuromeric to functional organization in the
vertebrate forebrain.
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115.2
Expression of BF-1 and BF-2, Winged Helix Genes, in the Developing
Forebrain. V. Hatini* and L. Eseng Graduate Program of Molecular
Biology and Dep. of Cell Biology, Sloan Kettering Division and ,
Cornell Univ. Med. Coll., New York, NY 10021.
In an effort to isolate genes which control the development of the
forebrain we doned Winged Helix genes and studied their expression
pattern. We previously compared the expression of BF-1 and BF-2 in
embryonic sections(E10.5-E16.5). We found that the expression of BF1 and BF-2 demarcate the diencephalon telencephalon boundary and
divide the retina into nasal and temporal domains. Here we compare
the earliest expression of BF-1 and BF-2 using whole mount in situ
hybridization to determine: 1) the earliest time and location of BF-1
and BF-2 expression as reportes for early inductive events during
brain development, 2) to determine how the boundary between BF-1
and BF-2 is established. We find that BF-1 and BF-2 are already
expressed in the head fold stage(E8). The BF-l/BF-2 boundary is
progressively established and is sharpened during the formation of
the three vesicle brain(E9). The early expression of BF-1 and BF-2
suggest an early role in brain organization and may provide clues for
the early inductive event that form the diencephalon and
telencephalon. The sharp boundary between BF-1 and BF-2 is
established progressively and is then sharpened and maintained .
This boundary divides the optic stalk and optic cup of the three
vesicle brain suggesting that BF-1 and BF-2 each contributes half of
these structures. We are currently generating mouse models in which
the expression of BF-1 and BF-2 is perturbed to test their role in the
development of the forebrain and the visual system.

MONDAY PM
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NORMAL DISTRIBUTION OF SPINOCEREBELLAR MOSSY
FIBERS IN A TRANSFORMED FOLIA IN THE EN-2 HOMEOBOX
MUTANT. M. W. Vogel* and K. J. Millen. MPRC. Baltimore, MD
21228 and Div. of Mol. and Devel. Biology, Mount Sinai Hospital,
Toronto, Ontario M5G 1X5.
The temporal and spatial expression of molecular and biochemical
markers in Purkinje cells has focused attention on Purkinje cells as
organizers for cerebellar afferents. We have analyzed the distribution
of spinocerebellar mossy fiber terminals in a mutant (En-2hd) carrying
a targeted deletion of the engrailed (En-2) gene. LacZ expression in
En-2hd mutants crossed with p2y transgenics suggests that the mutation
alters the identity of lobe VIII to resemble lobe IX. Spinocerebellar
mossy fiber distribution is different in these two folia, so we have
examined terminal distributions in this mutant to determine how the
folial transformation affects the distribution of mossy fiber afferents.
The distribution of spinocerebellar mossy fibers in 4 homozygous
En-2hd mutants and 4 heterozygote controls was visualized by injecting
2% WGA-HRP into the anterior lumbar region of the spinal cord and,
24 hours later, processing cerebella for TMB histochemistry.
The distribution of mossy fiber terminals in folia IX and transformed
folia VIII in the homozygous mutants was similar to the distribution in
control mice. The lack of change in the innervation pattern of folia VIII
to a pattern resembling folia IX indicates that the folial transformation in
the En-2hd mutants did not affect the positional map used by afferent
fibers. This suggests either that the pattern of terminal distribution is not
dependent on Purkinje cells or that the transformation was selective in
not altering Purkinje cell positional cues used by afferent fibers.

TWO TERRITORIES WITH DIFFERENT POTENTIALITIES IN THE AVIAN 914 SOMITES EMBRYONIC PROSENCEPHALON. E. Bloch-Galle2O. C.

115.5

115.6

THE PROSOMERIC MODEL OF THE EMBRYONIC
FOREBRAIN. D. Eisenstat. K. Shimamura. A. Bulfone.
I.-K. Liu*. S. Martinez#. L. Puelles#. C.M. FanT M. TessierLavigneV. M. Schachnert. I. Rubenstein. Nina Ireland
Laboratory of Developmental Biology, 1 Program in
Neuroscience, Univ. California, San Francisco;# Univ.
Murcia, Murcia, Spain;! Swiss Fed. Inst. Tech., Zurich.
Last year, we proposed a neuromeric model of the embryonic
forebrain (Prosomeric model) based on the gene expression
patterns of Dlx-1/2, Gbx-2, and Wnt-3, as well as on
morphological and other considerations (see TINS 16: 472,
1993). This model defines the longitudinal axis of the
forebrain, as well as 6 distinct transverse domains
(prosomeres). To test this hypothesis, we have continued to
examine the expression of other regulatory molecules in the
embryonic mouse and chick forebrain. We have begun to
systematically define longitudinal, transverse and boundary
zones within the forebrain. For instance, we have used
noggin, sonic hedgehog, Sim-1 and Nkx-2.2 to define the
longitudinal axis of the forebrain. We have used Gbx-2, Nkx2.1, Dlx-2, Tes-56, Sim-1, Emx-1 and Wnt-3 to define transverse
domains. Likewise, we have used tenascin, sonic hedgehog,
Sim-1, and Nkx-2.2 to define transverse and longitudinal
boundary zones. The data are consistent with the Prosomeric
model. Finally, by examining the expression patterns at
different embryonic ages, we are studying how the
organization of the prosencephalon is established.

TES56: A NOVEL PUTATIVE TRANSCRIPTIONAL REGULATOR
THAT IS TRANSIENTLY EXPRESSED IN POST-MITOTIC CELLS OF
THE DEVELOPING TELENCEPHALON. A. Bulfone, S. Smiga, K.
Shimamura, S. Martinez and J. Rubenstein*. Nina Ireland
Laboratory of Developmental Biology, Center for Neuroscience
and Psychiatry , 401 Parnassus, UCSF, San Francisco, CA 941430984.
Several years ago, we performed a subtractive hybridization
designed to isolate genes that regulate forebrain development.
We have continued a systematic analysis of the subtracted
cDNA library using DNA sequencing and in situ RNA
hybridization to mouse embryo sections. Using this approach,
we have sequenced 180 cDNAs and have studied the expression
patterns on 60 genes. This approach has led to isolation of
several novel genes including Dlx-2 (Tes-1) (see poster by M.S.
Qju et al) and now Tes-56. This gene encodes a protein that is
homologous to the Brachyury protein, which is a putative
transcriptional regulator. Tes-56 is expressed in post-mitotic
cells of the telencephalon, and displays a rostro-caudal
gradient of expression in the cerebral cortex. Within the
forebrain, it has abrupt boundaries of expression that are
consistent with the Prosomeric model of forebrain
organization (see poster by D. Eisenstat et al.). To address
questions regarding the evolution of the cerebral cortex, we
are also studying the expression of this gene in the chicken
forebrain.

Sotelo* and R.M. Alvarado-Mai lari. INSERM U 106 Hopital de la
Salpetriere 47 bid de l'Hopital 75651 Paris Cedex 13, France.
We had previously shown that neither mes-metencephalic (mes-met) nor
prosencephalon neuroepithelia are totally committed in the 10-14 somites
avian embryo. Here, we show chick/quail transplantation experiments,
aimed at analyzing the potentialities of the various prosencephalic
territories. In this study, the expression of the homeobox containing
genes En-2 and Pax 6 were used to recognize respectively mes-met and
prosencephalic phenotypes; within prosencephalon, Emx 1 expression
was used to identify the telencephalic fate. Our results show that: 1) the
rostral most prosencephalon (telencephalon) always maintains its fatfe
{Pax 6 and Emxl expression) both when transplanted to mes-met or
when "in situ" in contact with a mes-met graft. 2) 75% of the transplants
of caudal prosencephalon integrated in the mes/met are partially induced
to express En2. The other part of the graft maintains its Pax 6
expression. However, only 2% of the grafts are Emxl positive. 3)
Expression of En-2 can be also induced in caudal prosencephalon
(sinencephalon and posterior parencephalon) under the influence of a
contiguous mes-met graft. However, the induction of En-2 is never
observed to cross the boundary separating these two neuromeres. It is
concluded that telencephalon and diencephalon have different
potentialities in the 10-14 somites embryo and that within the competent
territory, En-2 induction is stopped by intemeuromeric boundaries.

Research support provided by NIH grant NS29277.

115.7
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FUNCTIONAL ANALYSIS OF DLX-1 AND DLX-2 USING
GENE REPLACEMENT. M-S. Qiu*, A. Bulfone, S. Martinez,
J. Menses, R. Pederson and J. Rubenstein. Nina Ireland
Laboratory of Developmental Biology, Center for
Neuroscience and Psychiatry, 401 Parnassus, UCSF, San
Francisco, CA 94143-0984.
Inroads towards an understanding of the genetic control of
patterning and differentiation of the forebrain have recently
been made with the identification of a large number of
potential regulatory genes. These include many homeobox
genes from the Dlx, Nkx, Otx, Emx, Gbx, Dbx, Lim, POU and
Pax families. We identified the Dlx-2 gene using subtractive
hybridization (see poster by A. Bulfone et al.), and found
that it is expressed in regionally restricted patterns in the
forebrain. These patterns suggested to us a neuromeric
organization of the forebrain which is describe in the
Prosomeric model (see poster by D. Eisenstat et al.). To
study the function of these genes, we have used gene
targeting methods to make null alleles of Dlx-1 and Dlx-2.
Loss of Dlx-2 function leads to death of the newborn mice.
We will describe our progress in understanding the basis for
this phenotype.

CLONING AND CHARACTERIZATION OF LIM2 GENES IN
THE DEVELOPING NERVOUS SYSTEM. H. Z.Shenp*. M. Taira.
I. B.Dawid. and H. Westphal Lab. Mammalian Genes and Development
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(H.Z.S., H.W.) and Lab.Molecular Genetics (M.T., I.B.D.), NICHD, NIH, Bethesda,
Maryland 20892

LIM class genes encode the unique structure of two copies of
cysteine-rich LIM motif upstream of a homeodomain. Six members of
this family have been identified in vertebrates, most of which are
expressed in the CNS. We are interested in looking into the function of
the LIM genes in establishing the pattern and cellular diversity of the
CNS. The lira2 gene was initially identified in Xenopus laevis. and
called Xlim-2. The Xlim-2 mRNA is first detectable in the entire
animal hemisphere during early gastrulation in Xenopus, then becomes
localized to the forebrain-midbrain boundary region, and subsequently
is expressed in the spinal cord. The Xlim-2 protein is highly
homologous to another LIM protein, Xlim-1. To isolate the mouse lim2
gene, we performed RT-PCR cloning with mouse brain RNA and
degenerated oligonucleotides. We obtained a 524 bp PCR fragment
which is highly homologous to Xlim-2 but not identical to the mouse
liml gene. Using this fragment as a probe, we isolated several cDNA
clones from a mouse E12 cDNA library. We tentatively identify this
gene as lim2. The amino acid identities between the mouse and
Xenopus Lim2 are 92%, 91%, and 98% in the LIM domains 1 and 2
and the homeodomain, respectively. The mouse Lim2 is more
homologous to Xlim-2 in the linker sequence between the second LIM
domain and the homeodomain, and more homologous in the c-terminal
region than to mouse Liml. We are now examining developmental
expression pattern of this gene to compare to that of Xlim-2.
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WHERE DO RHOMBOMERES GO ? FATE MAPS IN THE CHICK
EMBRYO. R.J.T. Wingate* and A.G.S. Lumsden. MRC Brain
Development Programme, United Medical and Dental School, Guy's
Hospital, London SE1 9RT [SPON: Brain Research Association].
The embiyonic hindbrain is characterised by the transient appearance of
antero-posterior segmentation of the neural tube. Each segment, or
rhombomere, is a lineage restricted compartment: neuroepithelial cells do not
mix across rhombomere boundaries. This segmental organisation breaks down
at stage 24 in the chick. By El 1, the hindbrain has a distinctly different,
nuclear organisation. Using unilateral orthotopic transplants from isochronic
quail embryos, we mapped the fate of individual rhombomeres to assess their
contribution to adult structures. At embryonic stage 10 (E2), either
rhombomere 3,4 or 5 was removed from one side of the neural tube of a chick
embryo in ovo and replaced by a quail rhombomere dissected from a donor.
Eggs were resealed and incubated to El 1 when chimaeric brains were removed,
serially sectioned on a vibratome and processed for immunohistochemistry.
Quail cells were identified using the antibody QCPN and their 3D distribution
reconstructed by computer microscopy. Surprisingly, the individual
rhombomeres remain as coherent blocks of cells. Each block runs through the
entire dorso-ventral extent of the hind-brain. However, the blocks are skewed
such that the most dorsal cells are posterior to the most ventral. This skewing
of the basic segmental pattern reflects the overall pattern of cell migration
prior to El 1. The persistence of rhombomeric territories into the adult brain
contrasts with the reported dispersal of single clones at late stages and reveals
the significance of early patterning for the functional organisation of the adult
nuclei and cranial nerves in the hindbrain.

Regulatory Elements Controlling Hoxb-1 Expression in
the Rouse Hindbrain. Edward A. Fox* and Stephen CGorman. The
Salk Institute, La Jolla, CA 92037.
Rurine homeobox (Hox) gene expression patterns and loss of
function phenotypes suggest that Hox genes play a role in pattern
formation in the mammalian hindbrain. Others have shown that
Hoxb-1 (bi) is initially expressed in the caudal neural tube up to the
presumptive border between rhombomere 3 (R3) and R4. At about
embryonic day 8.5 (E8.5) bi expression recedes caudally but is
upregulated and persists until E12.5 in R4. It has been suggested that
this late, high-level bi expression contributes to establishing R4
identity. To define cis-acting sequences that control bi expression,
fusion transgenes comprised of a B-gnlnctos'dase (B-GAL) coding
sequence and various portions of bi coding and flanking sequences
were used to prepare transgenic mice. B-GAL expression patterns at
E10.5 were compared to the normal pattern of bi expression. We
found that sequences between -0.9 and -1.7 kb relative to the bi
translational start led to expression throughout the neural tube.
Inclusion of the adjacent 0.5 kb of 5' sequences or 5.5 kb of coding and
3' flanking sequences largely restricted expression to four domains:
caudal midbrain, R4, R6 and the caudal spinal cord. Expression in
intervening domains was markedly reduced. The 3' sequences also
partially suppressed expression in the caudal midbrain and R6.
Combining 5 kb of 5' flanking sequences with the coding and 3'
sequences further reduced (but did not eliminate) non-R4 expression.
Our results show that the widespread neural expression specified by
proximal 5' flanking sequences is restricted by more distal silencing
elements. Supported by Rathers Foundation and HD3O255.
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ROLE OF RETINOID SIGNALLING IN ABNORMAL FOREBRAIN
DIFFERENTIATION IN THE DEVELOPING MUTANT MOUSE
Small Eye. D.P. Drake, E,A, Gerwe. E. Linnev and A-S. LaMantia*.
Depts.of Neurobiology and Microbiology, Duke University Medical Center,
Durham N.C. 27710.-

We have evaluated the relationship between retinoid (RA) signalling and the
failure of both the olfactory placode and bulb to develop in the homozygous small
eye mutant mouse (sey: a mutation in PAX-6 a murine homolog of the drosophila
paired box genes). We bred a RA-sensitive transgene into the sey mutant embryos
to determine if there was still an RA signal in seylsey embryos from the lateral
cranial mesenchyme that activates RA-dependent gene expression in the placode and
ventrolateral forebrain vesicle. These domains presumably become olfactory
epithelium and bulb in normal embryos. Transgene expression is absent in the
frontonasal region of embryonic day 10.5 seylsey embryos, and the forebrain
domain is either absent or diminished and shifted posteriorly. The remaining frontonasal mesenchyme cannot induce expression of the same RA-sensitive reporter in an
indicator cell line. Furthermore, a population of lateral cranial mesenchymal cells
that is coincident with the fronto-nasal retinoid producing cells and that express
GAP-43 is absent in the seylsey embryos, even though other populations of GAP43 and NCAM positive mesenchymal cells persist. Among the apparent
consequences of the absence of retinoid signaling is the expansion of early neuronal
differentiation beyond the ventrolateral domain, where the earliest neurons in the
forebrain vesicle are usually seen. PAX-6 expression, however, is not altered in the
mutant mouse forebrain or olfactory placode. Together, our results suggest that the
PAX-6 mutation might compromise the migration or differentiation of a specific
subset of lateral cranial mesenchymal cells that provides an inductive signal. This
loss of inductive interactions compromises the differentiation of two related
structures, the olfactory placode and bulb, as an indirect consequence of the altered
function of the mutant PAX-6 protein.
Supported by HD229178 to A-S.L

CHANGES OF COMPETENCE OF THE DEVELOPING MOUSE SPINAL
CORD FOR RETINOID-MEDIATED GENE EXPRESSION. W.W. Rubin*.
T. Tseng, M.C. Colbert. E. Linnev and A-S. LaMantia. Depts. of Neurobiology
and Microbiology, Duke University Medical Center, Durham, NC 27710
We have examined the competence of cells in the developing mouse spinal
cord to respond to retinoid signals. At embryonic day 12.5 (E12.5) cells in the
cervical and lumbar regions express a retinoid-dependent LacZ reporter
transgene, while cells in the thoracic and sacral regions do not, even though a
variety of retinoid receptors are present. To determine the competence of
cells in these regions to respond to retinoid signals, E12.5 cords were cultured
in the presence of various retinoids (10"? M). Cells in the alar plate of the
thoracic and sacral region were still retinoid-responsive. The strength of this
response was ligand specific; all-trans retinoic add (RA) and retinol were the
most effective, 13-cis RA and 9<is RA were less effective and retinal was
relatively ineffective. This response is apparently cell autonomous since
single, isolated alar thoracic cells can respond to RA in low-density
dissodated cultures.
When spinal cords from E13.5 and older embryos were cultured with RA,
cells in the thoradc region were no longer competent to respond to retinoids,
regardless of concentration or isomer used. Surprisingly, the pattern of
expression of the retinoid receptors RARa and RXRy and of the retinoid
binding proteins CRBPI, CRABPI and CRABPII does not change between
E12.5 and E13.5 based upon in situ localization. Furthermore, RARp message
can be induced in the alar thoracic cord at both E12.5 and E13.5; thus the
induction of RARp expression alone cannot explain the RA-responsiveness.
Therefore, the loss of competence to respond to RA signals probably involves
fadors other than retinoid receptors and binding proteins.
Supported by NIH grant HD29178 to A-S.L.
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THE 'ret1 RECEPTOR TYROSINE KINASE IS EXPRESSED IN THE
DEVELOPING CNS AND PNS, AND IS REGULATED BY RETINOIC
ACID.
K. Robertson and I, J . Mason*. MRC Brain DwI.Prog., Div' of Anatomy
and Cell B'glggy, Guys Hmsp'tnl med'cnl school, London, SE1 9RT.

MORPHOGENETIC ACTION OF BASIC FGF IN DETERMINING
ANTEROPOSTERIOR AXIS IN THE DEVELOPING CENTRAL
NERVOUS SYSTEM OF XENOPUS LAEVIS. M. Kenaaku* and H.
Okamoto. Dept. of Neurobiology, Inst, for Brain Res., Fac. of Med.,
Univ. of Tokyo., Hongo 7-3-1, Tokyo 113, JAPAN.
Initial step of neural development in vertebrates is the inductive action of the gastrula dorsal mesoderm (Spemann's organizer in amphibians) on neighbouring ectoderm, which eventually gives rise to the
central nervous system from forebrain to spinal cord. Quantitative RTPCR analysis revealed that bFGF can mimic the action of the organizer
by inducing Xenopus gastrula ectoderm cells in culture to express
NCAM and four position-specific neural markers (XeNK-2, En-2,
XIHboxI and XIHbox6) along the anteroposterior axis. The bFGF
dose required to induce the position-specific markers was correlated
with the anteroposterior location of their expression in vivo, with lower
doses eliciting more anterior markers and higher doses more posterior
markers. bFGF never induced the expression of the organizer-specific marker goosecoid, indicating that bFGF induced neural tissue
without inducing formation of the organizer. These data indicate that
bFGF is a promising candidate for a neural morphogen for anteroposterior patterning. The anterior neural competence of ectoderm
cells in response to bFGF was lost by mid-gastrula, before the organizer mesoderm completely underlies the anterior dorsal ectoderm.
Thus, rather than acting as a vertical inducer, endogenous bFGF
emanating from the organizer may act as a horizontal inducer by forming a concentration gradient within the plane of dorsal ectoderm during the early stages of gastrulation that initiates the formation of the
anteroposterior axis of the central nervous system.

The ret gene encodes a receptor tyrosine kinase which is structurally
unique, and whose ligand is unknown. Ret has been implicated in a
number of inherited human diseases of neural crest derived tissues, e.g.
multiple endocrine neoplasia, 'C' cell - thyroid carcinoma and
Hirschsprung's disease.
We have isolated the chicken ret gene, and have determined its
expression during early embryogenisis. We find that ret is expressed in
the CNS, in a continuous domain which includes the anterior spinal cord,
and rhombomeres 6, 7 and 8 of the hindbrain. Retinoic acid (RA) is
known to disrupt patterning of the hindbrain, probably by the modulation
of regionally specified genes. We show that the pattern of ret expression
in the hindbrain is regulated by RA treatment in vivo. The effects of RA
treatment on ret expression are limited to the developing CNS.
ret is also expressed in differentiating, neural crest derived, cells in the
PNS, for example in the facial, trigeminal and dorsal root ganglia, and in
the enteric nervous system. Other sites of Gret expression include
branchial arch mesenchyme, the anterior half of the presumtive
dermomyotome of newly cleaved somites and the most anterior region of
the unsegmented plate, the intermediate mesenchyme - (which
contributes to the kidneys), and in dorso-lateral regions of the otic
vesicles.
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AXIAL ASYMMETRIES OF RETINOIC-ACID LEVELS AND
RETINOIC-ACID SYNTHESIZING ENZYMES IN THE
DEVELOPING SPINAL CORD
P. McCafferv*. D. Zhao, K.L Ivins. R.L. Neve and U.C.
Drager E.K. Shriver Center, Waltham, MA 02254 and
Harvard Medical School, Boston, MA 02115
Retinoic acid has been suggested as an endogenous regulator of
development along the anteroposterior axis of vertebrates. We have
identified an enzyme specific for the synthesis of retinoic acid from
retinaldehyde (RAsyn-1) and have followed its expression along the
developing mouse spinal cord. In the E9 embryo the enzyme is
expressed in a graded fashion along the length of the trunk with
highest expression in a rostral region at the level of the limb bud and
gradual decline towards caudal. Endogenous retinoic acid levels
follow closely the enzyme levels along the trunk. There is very little
expression of either RAsyn-1 or retinoic acid in the hindbrain. At
later ages both RAsyn-1 and retinoic acid levels decrease, but two
islands of high activity remain in the rostral and caudal regions of
the trunk. These regions colocalize with the origins of limb
innervation. Such a colocalization is also apparent in the chick
embryo. In situ hybridization indicates that RAsyn mRNA within
these regions is highly expressed in the limb motor neurons. As
retinoic acid is known to promote neuronal survival and axon
outgrowth in cultures of embryonic spinal cord, our results suggest that
the high retinoic acid levels are a factor in the increased survival in
the limb zones and promote the innervation of the limb.

ONTOGENY OF NK1 RECEPTOR-LIKE IMMUNOREACTIVITY IN THE
RAT SPINAL CORD. M.J.S. Heath. C.J. Lee, and Jane Dodd* Department of
Physiology and Cellular Biophysics, Department of Anesthesiology, and the Center
for Neurobiology and Behavior, Columbia University, New York, NY 10032.
Substance P is present in the rat embryonic spinal cord as early as gestational day
15, suggesting that it may play an important role in spinal cord development (Senba
et al, 1982). We have previously shown that neurons and immature glial cells in
the neonatal rat dorsal horn express NK1 receptors and respond to substance P by
elevating [Ca2+]i (Heath et al, 1992). In order to clarify the role of substance P in
the developing spinal cord we have examined the time course of NK1 receptor
expression in embryonic and postnatal rats. We used a polyclonal antiserum
directed against the C-terminal of the NK1 receptor to identify sites of NK1
receptor-like immunoreactivity (Vigna et al, 1994).
Embryonic and neonatal rats were fixed in paraformaldehyde and sections were
incubated overnight in primary antiserum (1:5,000) at 4°C. The ABC/DAB
protocol was used for staining.
NK1 receptor-like immunoreactivity was present in the floor plate at least as early
as gestational day 14, thus probably appearing prior to the expression of substance
P. At later stages the NK1 receptor-like immunoreactivity became more dispersed,
appearing in cells and fibers in the dorsal and ventral horns and in the surrounding
white matter. Staining in adult rat spinal cord was as previously described.
The expression of NK1 receptors in the embryonic spinal cord, particularly in the
floor plate, provides further support for a developmentally important role for
substance P.
(Supported by the Foundation for Anesthesia Education and Research with a
grant from Abbott Laboratories)
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ENDOGENOUS VOLTAGE GRADIENTS DURING AMPHIBIAN
DEVELOPMENT. R. Shi*, and R. B. Boraens. Center for Paralysis
Research, Purdue University, School of Veterinary Medicine, W. Lafayette,
IN. 47907-1244
We are interested in the production of endogenous electric fields within
the vertebrate embryo generated by the transepithelial potential of its
ectoderm. Using a non-invasive vibrating electrode for the measurement of
ionic current, we have reported such currents traversing amphibian
embryos, and a preliminary report of the internal, extracellular voltage
gradient polarizing the embryo in the rostral/caudal axis (Metcalf et al., J.
Exp. Zool. 268: 307, 1994). This gradient in electrical potential (ca. 10
mV/mm, caudally negative) occurs with a simultaneous gradient organized in
the medial/lateral axis (ca. 5-15 mV/mm, negative at the margins of the

CONTROL OF MIDBRAIN DOPAMINERGIC NEURON
DEVELOPMENT BY THE FLOOR PLATE. M. Hvnes. K.
Poulsen, T.-P. Tsai. M. Tessier-Lavigne* and A. Rosenthal.
Dept, of Neuroscience, Genentech, Inc., South San Francisco,
CA 94080, and Dept, of Anatomy, UCSF, San Francisco, CA
94143.
The vertebrate midbrain contains several clusters of
dopaminergic neurons whose degeneration or abnormal
function are linked to Parkinson's disease and schizophrenia.
The mechanisms that regulate the development and location
of these neurons are not known. We show that dopaminergic
neurons develop in the immediate vicinity of the floor plate at
the ventral midline of the midbrain. Moreover, an exogenous
floor plate placed in contact with midbrain explants in vitro can
induce dopaminergic neurons in ventral locations as well as
dorsal locations where dopaminergic neurons are never
observed. The floor plate has previously been shown to
induce motoneurons via a diffusible factor(s).
We find
however, that the development of midbrain dopaminergic
neurons requires contact with floor plate cells, suggesting that
motor and dopaminergic neurons, which are both present in

neural folds). Both gradients are not expressed until the beginning of
neurulation, and disappear at its climax.
This appearance and
disappearance correlates with the shunting of current out of the lateral
margins of the neural folds in rostral regions of the embryo and is not
associated with a more substantial current leak at the blastopore (beginning
at gastrulation). We believe the development of these extracellular electric
fields both polarize the vertebrate embryo in two, perhaps three
dimensions, and serve as cues for morphogenesis and pattern.

the ventral midbrain, are specified by mechanistically distinct
signals from the floor plate.
The ability to induce
dopaminergic neurons in culture may have applications in
transplantation therapy for neurological diseases of the
dopaminergic system.

115.19
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OPTIMIZATION OF RETROVIRAL GENE TRANSFER INTO THE EMBRYONIC
NERVOUS SYSTEM OF CHICKS. A.E. Kiernan*. S.A. Homburaer and D.M.
Fekete. Dept, of Biology, Boston College, Chestnut Hill, MA 02167.
Recombinant retroviruses that are capable of replication can effect
widespread gene transfer into the embryonic nervous system in chick
embryos infected after stage 13. Infections prior to stage 11 yield
high levels of expression in the neural crest, but not the neural tube
(Fekete & Cepko, Mol.Cell.Biol. 13:2604, 1993). This limitation
suggests that such vectors are suboptimal for gene transfer during
critical stages of segmentation and patterning of the early CNS. This
study was undertaken to ask whether the use of viruses of different
envelope subgroups (which interact with different receptors on the
host cell) would remedy the situation. The experiments used the RCAS
series of vectors (Hughes et al., J. Virol. 61: 3004, 1987) of the Aand B-subgroups, either alone or in combination. Concentrated virus
was injected into the neural tube early (stages 9-12) and embryos
were harvested 48 hours later. Because these vectors carried no
marker gene, expression was monitored with an antibody against a
viral core protein. Much higher levels of expression were obtained
with B- than A-subgroup vectors, and the combination consistently
showed very high expression. Additional experiments will determine
whether similar levels of expression can be observed with vectors that
encode an exogenous gene. These results raise the possibility that the
number and/or availability of host cell receptors is limiting.
In
addition, it may be that superinfection of host cells is possible when
vectors of both subgroups are present, leading to increased viral
production and faster spread of infection. Supported by NSF and a
Clare Boothe Luce Professorship (to DMF).

A
TWO-TIERED
SYSTEM
FOR
NEURON-SPECIFIC
GENE
EXPRESSION IN TRANSGENIC MICE
Claudia Kappen* and Paul J. Yaworskv. S. C. Johnson Medical Research Center,
Mayo Clinic Scottsdale, Scottsdale, AZ, 85259
Transgenic mouse technology has greatly facilitated the study of gene
expression and function in the developing embryo and in adult tissues. Many
transgene products, however, interfere with embryonic development precluding the
establishment of permanent transgenic mouse lines. To overcome these limitations,
we utilize a binary system of gene regulation in transgenic mice. Our system allows
transgene expression only when offspring inherit two transgenes from two
independently established transgenic parents.
One transgenic mouse strain carries a silent transgene that is activated when a
transcriptional activator is supplied by a second transgenic mouse line. This transgenic mouse line harbors the gene for the potent viral transcriptional activator VP16,
under the control of a neuron-specific promoter. The parental strains can be
maintained independently without phenotypic effects, and double transgenic embryos
and offspring can be generated reproducibly simply by breeding. This system affords
the ability to study genes that could by themselves disrupt normal embryonic
development.
To achieve transgene expression in developing neurons, we have used the
murine neurofilament light subunit (NF-L) gene promoter to direct VP16 expression.
We now present detailed studies of the NF-L promoter activity in embryonic and
adult tissue using transresponder mice with a LacZ reporter gene. The pattern of Pgalactosidase activity, both spatially and temporally, correlates with expression of
the endogenous NF-L protein as analyzed by immunohistochemistry. We are
currently applying this two-tiered transgenic system to investigate of the role of
homeobox genes in neuronal development. These transgenic mice will aid in
elucidating the molecular mechanisms that govern regional and cell-type specification
in the developing nervous system.
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HYPERBARIC OXYGEN TREATMENT AND RAT PERONEAL NERVE
INJURY, ENTUBULATION AND REGENERATION. P.M. Santos.* W.A.
Zamboni. S.L. Williams. J. Covey. M. Kienstra. Division of Otolaryngology,
Southern Illinois University, Springfield, IL 62794.
Investigations evaluating acute and long term effects of hyperbaric oxygen
treatments (HBO) during rat peroneal nerve regeneration were undertaken. Rat
peroneal nerves were transected then entubulated with a silastic chamber. HBO
was administered to the experimental group @ 100% 02 at 2.5 ATA for 90
minutes bid for one week then qd for one week. Acute edema changes (water
weight) demonstrated no difference two days after surgery between treated and
untreated groups with nerve injury. Gait analysis evaluating the peroneal nerve
and anterior tibialis muscle function demonstrated significant changes in
measured variables 7, 21, 42 and 90 days after injury between injured and non
injured groups but no difference between HBO treated and untreated groups.
Ninety days after the initial injury, peroneal nerve stimulation and muscle force
measurements for the control leg generated an average of 155.8 grams and the
injured legs generated 75.1 grams. HBO had no significant effect on elicited
force development. Hyperbaric oxygen treatments were not associated with any
acute or chronic changes in nerve muscle function based on the variables
measured within this study.

THE TRANSIENT EXPRESSION PATTERS OF THE CD 15 EPITOPE DURING
HUMAN BASAL GANGLIA DEVELOPMENT. J . K. Mai and B. Genderski
(SPON: European Neuroscience Association). Abt. fur Neuroanatomie, HeinrichHeine-Universitat, Moorenstr. 5, D 40001 -Dusseldorf.
The spatiotemporal distribution of the CD 15 epitope has been investigated
during human fetal development. We examined 45 serially sectioned brains with
ages ranging from 10 weeks of gestation (w.g.) up to 1 year postnatally.
Immunohistochemistry was performed with a monoclonal antibody (MAB) derived
from the MMA hybridoma cell line (ATCC HB78) and in addition with a
polyclonal antibody reacting with the matrix compartment of the striatum (S1515).
CDl5-immunoreactivity (IR) was detectable for the first time at 11 w.g. in the
subependymal zone of the dorso-lateral region of the ganglionic eminence. Positive
radial glia cells in this region extended their processes to the caudate nucleus and to
the lateral border-region of the putamen. At 16 w.g. fine grained CDl5-positive
material, organized as a longitudinal tubular system continuous with the
subventricular zone, specified the patch compartment of the dorsal striatum.
Around 30 w.g. CD 15-positive fibers appeared in relation with the striatal patches.
These fibers were continuous through the pallidum with the substantia nigra.
SI515-expression within the matrix compartment was related to IR within the
medial part of the ganglionic eminence which was spared by CD 15 IR. During
progressing development CD 15 IR of the complementary (matrix) compartment
increased such that at about 6 months of postnatal life both compartments became
only poorly discriminate and showed a homogeneous labelling by 1 year.
The noncongruent occurrence of the CD 15 epitope and the S1515 IR in the patch
and matrix compartments and in the subfields of the germinal layer, respectively,
suggests a different anlage for the patch and matrix compartments of the dorsal
striatal tissue. Moreover, CD 15 expression appears upregulated during the
establishment of striatal connections.

116.3
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DYNAMICS OF SYNAPTOPHYSIN-IMMUNOREACTIVITY ON
THE SOMAL SURFACE OF MOTONEURONS CAUDAL TO A
LOW THORACIC SPINAL CORD HEMISECTION.
W. Nacimiento*! T. Sappok*. L. Toth2. S.W. Schoen1. J. Noth* and
G.W. Kreutzberg3. Dept, of Neurology, Technical Univ. Sch. of Med.,
52057 Aachen, FRG1, Dept, of Medical Chemistry, A. Szent-Gyorgyi
Univ., 6720 Szeged, Hungary2, and Dept, of Neuromorphology. Max
Planck Institute of Psychiatry, 82152 Martinsried n. Munich, FRCP.
Immunohistochemistry for synaptophysin, a membrane protein of
synaptic vesicles, was used to label synapses on motoneurons in the
lumbosacral spinal cord 3 to 90 days following low thoracic hemisection
in adult rats.
A transient decrease in synaptophysin-immunoreactivity (SYN-IR)
occurs on the somal surface of motoneurons ipsilateral and caudal to the
hemisection as compared to the unoperated side. This staining in
lumbosacral segments decreases in a cranio-caudal direction from the
side of injury over a period of 42 days postoperatively.
Concommitantly, 21 days after the lesion, SYN-IR around the
motoneuron cell bodies begins to recover in the same spatial pattern.
Ninety days after the injury, normal perineuronal SYN-IR is found in all
lumbosacral segments.
The data suggest transient alterations of the predominantly inhibitory
axosomatic synaptic input on motoneurons in response to interruption of
supraspinal descending and propriospinal tracts. These synaptic changes
may be involved in the initial disturbances and subsequent partial
recovery of motor function following spinal cord injury.

NITRIC OXIDE SYNTHASE (NOS) AND cGMP IN THE RAT
MEDULLA OBLONGATA AFTER VAGOTOMY. D .A. Hopkins*. D.
Bieeer1. .1. rte Vente2and H.W.M. Steinbusch2. Dept. of Anatomy and
Neurobiology, Dalhousie University, Halifax, NS, B3H 4H7, facculty of
Medicine, Memorial University of Newfoundland, St. John's, NF, A1B 3V6,
and -Dept, of Psychiatry and Neuropsychology, University of Limburg,
Maastricht, The Netherlands.
Vagotomy increases NADPH-diaphorase activity in vagal nuclei of the
medulla oblongata (Gonzalez et al., Brain Res. Bull.. 1987) but the
distribution of NOS and the time course of enzyme changes after lesions
have not been studied. NOS was localized immunohistochemically and
with NADPH-d histochemistry in controls and 4 hrs to 105 days after
lesions of the vagus nerve and its cervical branches. NOS was present in
somata and neuropil in specific regions of the nucleus of the tractus
solitarius (NTS), dorsal motor nucleus of the vagus nerve (DMV) and
nucleus ambiguus (NA). cGMP immunohistochemistry after stimulation of
soluble guanylate cyclase with the NO donor nitroprusside revealed
regional differences in cGMP accumulation. Vagotomy resulted in striking
increases in NOS in some but not all efferent and afferent neurons and in
the neuropil of the dorsal vagal complex and NA. Increases were apparent
within 24 hours, reached high levels after 7 - 14 days, and persisted for up
to 105 days. With long survival times, dendritic staining was more intense.
Increases in NOS were highest in the DMV, compact formation of the NA
and commissural and central subnuclei of the NTS, i.e., nuclei concerned
with gastric and esophageal function. Subpopulations of visceral afferent,
parasympathetic efferent and special visceral efferent neurons respond
differentially to injury with increased levels of NOS. Whether these
changes in NOS play a role in neurotoxicity or neuroprotection in this
model remains to be elucidated. (Supported by MRC and the Scottish Rite
Charitable Foundation of Canada and NWO of the Netherlands)
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EXPRESSION OF 2X MYOSIN mRNA IN REINNERVATED RAT
SOLEUS MUSCLE. D.J. Pierotti*, R.S.Meyer, S.D. Shoemaker, and
S.C. Bodine-Fowler. Dept Orthopaedics and Biomedical Sciences
Group, UCSD and VA Medical Center, San Diego, Ca. 92161.
The normal rat soleus is composed of primarily type I fibers
with some (0-10%) Ha fibers. The effect of denervation and
reinnervation on myosin heavy chain (MHC) expression was examined
in the soleus after crush and transection injuries. Thirty adult female
Sprague-Dawley rats were randomly assigned to 1 of 3 sciatic nerve
injury groups (n=lO/group): crush injury, transection followed by
epineurial suture repair, and transection followed by repair with a
silicone nerve guide tube. After a period of 16 weeks, the soleus was
functionally tested, excised, weighed, and frozen for histologic
processing. Serial cryosections of the soleus muscles were cut and
probed for mRNA and labelled with monoclonal antibodies specific for
myosin heavy chains. After 16 weeks, the Vmax of the soleus was
similar to control in the crush group and 1.8 times greater than control
in the transection groups. The antibodies and mRNA probes revealed
that after crush the percentage of type I and Da fibers was similar to
control although the distribution of fast was different. In the transected
group, there was a significant increase in the percentage of fast fibers,
especially type Hx. The IIx MHC has not been reported in normal rat
soleus. The expression of IIx MHC after transection and repair
suggests that soleus was reinnervated by foreign motoneurons. This
was confirmed by retrograde labeling of the motoneuron pool (adjacent
poster).
This work was supported by OREF and Veteran's Administration.

SPECIFICITY OF REINNERVATION FOLLOWING CRUSH AND
TRANSECTION INJURIES TO THE RAT SCIATIC NERVE S.C.
Bofting-Fowlgr_*,.R,.$,_Meyer, and A. Moskpvitz, Dept. Orthopaedics
and Biomedical Sciences Group, UCSD and VA Medical Center, San
Diego, CA 92161
Possible explanations for the poor recovery seen following repair of
transected nerves include misdirection of the regenerating axons and a
decrease in the number of axons which successfully regenerate. The
primary objective of this study was to compare the specificity of reinnervation following crush and transection injuries. Thirty adult female
rats were randomly assigned to 1 of 3 sciatic nerve injury groups: crush
injury, transection followed by epineurial suture repair with 10-0 microsutures, and transection followed by repair with a silicone nerve guide
tube. Two-weeks prior to the nerve injury fast blue was injected into
the soleus (Sol) muscle to label the Sol motor pool. Fourteen weeks
after the injury and repair Dil was injected into the reinnervated Sol. At
16 weeks post-injury the animals were perfused intracardially with
paraformaldehyde and the spinal cord was removed and frozen in cooled
isopentane. The number of motoneurons (MNs) which were single
labeled with fast blue or Dil and double labeled with fast blue and Dil
were counted. After crush injury the Sol was reinnervated by the
appropriate MNs and the number of MNs which reinnervated was
similar to control. After a transection injury less than 10%o of the MNs
which reinnervated the Sol were from the original Sol motor pool. There
was no significant difference between the transection repair groups.
These data suggest that repair with a nerve guide tube does not increase
the specificity of reinnervation by the same MNs. This work was
supported by the OREF and the Veteran's Administration.
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LONG-TERM EFFECTS OF NEONATAL SPINAL TRANSECTION
ON CYCLIC MOTILITY IN RATS. M.Dver* & C.R. Almli. Develop.
Neuropsychobiol. Lab., Wash. U. Sch. Med., St. Louis, MO. 63110
Cyclic spontaneous motility (CSM) is displayed by fetuses and
neonates of most species. The periodicity of CSM, however, slows
with advancing postnatal age, which may be related to forebrain
development. The present study assessed the long-term effects of
neonatal spinal cord transection in rats on the CSM patterns of
forelimbs and hind limbs. On the day of birth, rats received midthoracic spinal cord transections (aspiration) or sham surgery. Pups
were individually videotaped for 20-30 min from PN1 until PN40, for a
total of 10 videotapings. Movements of individual liimbs were scored
and analyzed by computer. Time series for forelimb and hind limb
movements were analyzed with spectral analysis. Results show that
spinal cord transection severely depressed CSM in hind limbs on
PN1. CSM remained depressed for several days, the time at which
CSM patterns also decreased in control pups. A return of CSM
patterns in control rats was observed after PN7-10, while CSM
patterns in spinal transected rats remained depressed in hind limbs
until PN13. Both groups showed strong CSM thereafter until PN40.
Peak frequencies of forelimb CSM patterns at PN 40 were similar
between spinal and control rats. Hind limbs in spinal rats, however,
moved at slightly longer CSM periodicities than forelimbs. These
results suggest that isolating the caudal spinal cord and hind limbs
from higher nervous system centers in neonatal rats has long-lasting,
though subtle effects on hind limb function.

ONTOGENY OF FETAL RAT PHRENIC MOTONEURONS
D.W. Allan. A.O. Gill. R.J. Reiffenstein*. J.J. Greer. Depts. of
Physiology and Pharmacology, University of Alberta, Edmonton,
Alberta, Canada, T6G 2S2
Breathing movements have been observed in fetuses of every
mammalian species and appear to be a normal aspect of fetal
development [Jansen & Chernick, (1991) J. Appl. Physiol. 70, 1431].
This requires early maturation of the neural network controlling
breathing. We are systematically studying the sequential changes of
phrenic motoneurons pre- and post-inception of respiratory rhythm
generation in fetal rats (Ell-E2l). This period encompasses the
following events: initiation of axonal outgrowth (Ell), cell death (E14E16), onset of respiratory rhythmic activity (E16-E17), and spinal
afferent input (E16-E18). The study examines neuronal development
of breathing in light of such phenomena. Phrenic motoneurons are
retrogradely labelled from the level of the heart with Dil and HRP.
The upper limbs are left attached preventing ectopic labelling of
brachial motoneurons. To provide time for retrograde transport and
complete dendritic fills of HRP, fetal tissue is maintained in culture
medium for 1 to 2 days. Confocal microscopy is utilized to image the
3-D projection of dendritic fields and the location of cell bodies
relative to one another at all ages. Characterization of somal migration
and incorporation into a columnar organization with the putative
presence of gap junctions between developing cell bodies is of
particular interest. Immunohistochemical approaches are being used to
visualize phrenic growth cones and their extracellular matrix
environment to determine cells and molecules required for axon
guidance. Research is funded by MRC and AHFMR

116.9

116.10

ACROSS THE FLOOR PLATE, BUT DIFFERENTLY: COMPARING THE
DEVELOPMENT OF OCULOMOTOR MOTONEURONS AND INNER EAR
EFFERENTS.
D. H. Nichols*. B. Fritzsch, Creighton University,
Department of Biomedical Sciences, Omaha, NE 68178.
Adult motoneurons are located on the same side of the brain as that from
which their axons exit, with two exceptions:
the superior rectus
motoneurons of the oculomotor nucleus (all vertebrates) and the inner ear
efferents (many but not all vertebrates). Using an in vitro labeling technique
employing dextran amines as well as Dil in fixed tissue, we describe the
origin and migration (if any) of oculomotor and inner ear efferent
motoneurons in embryonic mice and chickens. Both can be backfill labeled
via axons (primary processes) beginning at embryonic day (ED) 11.5 in
mice and ED 3 in chickens. At that time labelable cells are located
ipsilateral to their axonal exit sites. At ED 12.5 in mice and ED 7 in
chickens, oculomotor cell bodies in the caudal two thirds of the nucleus can
be observed migrating within secondary processes through the floor plate to
the contralateral side. Thus, such migration can be identified in both mice
and chickens.
Inner ear efferent motoneurons are initially located in
rhombomere 4 of mice and rhombomeres 4 and 5 of chickens. Many,
though not all chicken efferent cell bodies then migrate across the floor
plate to the contralateral side, again through secondary processes (ED 3.5).
By ED 12 mice too possess axons which cross the floor plate to exit the
contralateral side. However, since no cell migration is observed, axons not
secondary processes must initiate this crossing.
Thus, contralateral
efferents in adult mice and chickens come about by different ontogenetic
mechanisms. Are these different means to the same end or do they reflect
functional differences? They are in any case potential clues as to how to
modify a developmental program while maintaining a functional adult
system. Supported by the NIH (P 50 DC 00215-09).

PHYSIOLOGICAL CHARACTERISTICS OF TROCHLEAR
MOTONEURONS FOLLOWING REINNERVATION OF CAT
EXTRAOCULAR MUSCLE. R.F.Waldeck*. E.H.Murphv and M.J. Pinter
Medical College of Pennsylvania, Philadelphia,PA 19129

116.11
DEVELOPMENT OF POSTURAL CONTROL AND THE SIGNIFICANCE
OF DENDRITE BUNDLES IN THE SPINAL CORD OF THE RAT.
A.GRAMSBERGEN*. J.IJKEMA-PAASSEN. H.C.GEISLER, J.WESTERGA Medical Physiology, Groningen, NL-9712 KZ, The Netherlands.
Since long it is known that dendrites of particular spinal motoneurones are arranged in so-called dendrite bundles. This knowledge is
based on Golgi stained material from several species. The Golgi staining does not allow to indentify motoneurones with certainty. We
used retrogradely transported CTB in adult rats to inventarise the
occurrence of dendrite bundles in pools. A total of 19 different muscles - involved in posture and locomotion - was injected (N = 136 rats).
Longitudinally oriented bundles (more than 7 dendrites, in close vicinity with a length of at least 500 ^m) specifically occur in dorsal neck
muscles, dorsal and ventral trunk muscles and in particular extremity
muscles (trapezius, flexor carpi ulnaris, glutaeus, vastus intermedius,
soleus, gastrocnemius). On basis of functional and histochemical
properties of these muscles, we conclude that dendrite bundles are
specific to muscles with a postural function: axial muscles and antigravity muscles in extremities.
In developing rats (N = 72) we demonstrated that these bundles
develop by a process of reorganisation of dendrites (which had grown
out already) at the age when effective postural control emerges.
Cerebellar lesions at neonatal age (but not at adult age) interfere
with the normal development of bundles in the soleus pool. This, and
EMG data on changes in activation patterns in the gastrocnemius and
soleus muscles indicate that the reorganisation of dendrites is induced
by virtue of functional connections with specific supraspinal systems
which pre established around the 15th day.
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We have examined the functional modifications that occur following
regeneration of a reduced neuron population into a denervated muscle.
Following axotomy of the trochlear nerve 15-70% of the motoneurons die.
Motor unit mechanical properties were measured following axotomy and
subsequent reinnervation and related to the amount of trochlear motoneuron
cell death. Intracellular stimulation of trochlear motoneurons was used to
isolate individual motor units. Motor unit properties were obtained from 4
control cats, 3 long term survival (>one year post axotomy) experimental
animals, and 3 short term (<one year post axotomy) experimental animals. The
cross sectional areas of superior oblique muscle fibers from control side and
experimental side were compared.
'
Short term survival animals had a significantly larger mean tetanic force
compared to control animals. The increase was larger then could be expected by
the amount of accompanying cell loss, was related to an increase in the number of
large force units, but was not associated with changes in muscle fiber area. The
mean tetanic force in long term animals was increased to an extent compatible
with observed cell loss, but the increase was not statistically significant. The
increase was associated to a greater number of large tetanic force units found
compared to control animals, but not related to changes in muscle fiber area.
Motor unit properties (twitch contraction time, fatigue) and relationships
(twitch/tetanus ratio) were similar in control and experimental animals.
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ADULT OLFACTORY NEURONS IN VITRO EXPRESS TWO PHENOTYPES:
BIPOLAR AND FUSIFORM.
J.S. SosnowskL M, Gupta. K. Reid and FJ,
Roisen*. Dept, of Anat. Sci. & Neurobiol., Univ. of Louisville Sch. of Med.,
Louisville, KY 40292.
Our previous studies have shown that an in situ ZnSO4 insult applied to adult
mouse olfactory epithelium prior to its removal can enhance the in vitro neuronal
population. Olfactory cultures established 4-6 days post-ZnSO4 treatment produced
the maximal neuronal yields. In the present study, the level of differentiation of
adult olfactory neurons established from epithelium 4-6 days post-ZnSO4 treatment
was studied with the following techniques: immunocytochemistry, time lapse video
and SEM. Young adult male CD1 mice were treated with 1% ZnSO4 by nasal
irrigation and sacrificed after 4 days. The olfactory epithelium was dispersed with
trypsin, resuspended in media and cultured in Maximow chambers. Microscopic
analysis demonstrated that these olfactory neurons have 2 phenotypes: bipolar and
fusiform. Both neuronal types label positive for neurofilament protein and olfactory
marker protein, a protein found in mature olfactory neurons. Neither bipolar nor
fusiform cells were immuno-positive for keratin or GFAP. Quantitative data
demonstrate that these 2 phenotypes have identical growth patterns. Time lapse
video reveals the frequent bidirectional conversion between these 2 neuronal
phenotypes, suggesting that there are different in vitro expressions of the olfactory
neurons. Many neurons had neurites with knob-like terminal endings on one or
both cell processes. A small population of olfactory neurons had terminal knobs
with cilia-like projections. Thus, these cells attained a level of maturation that
resembled adult olfactory bipolar neurons in situ. Further studies are in progress
using TEM to examine the ultrastructural organization within these projections.
These studies demonstrate that the unique regenerative capacity of olfactory
epithelium can be exploited to obtain relatively mature neurons in vitro from adult
mice. Supported by a grant from Univ. of Louisville Office of Research Admin.

TEMPORAL AND SPATIAL DISTRIBUTION OF ODORANT RECEPTOR
GENE EXPRESSION IN DEVELOPING ZEBRAFISH. C.A, Byrd1*, R.G.
Vogf2, and P.C. Brunies1. ‘Dept, of Psych., Univ. Virginia, Charlottesville,
VA 22903; 2Dept. of Biology, Univ. South Carolina, Columbia, SC 29208.
We have been examining the ontogeny and distribution of odorant receptor
gene expression in zebrafish. The rapid development of this fish and the
repeated structure of their olfactory rosette make them a good model system.
Three putative odorant receptor genes were cloned using polymerase-chainreaction primers to conserved domains from the catfish putative odorant
receptor sequences (Ngai et al., 1993, Cell 72:657). The timing and
patterning of expression of these clones has been analyzed using nonradioactive in situ hybridization methods on animals from one week of
development to adulthood. The onset of odorant receptor expression occurs
between the first and second weeks of development. At all ages examined,
labelled cells are seen scattered throughout the olfactory epithelium; in some
sections, stained apical processes are seen extending from labelled cells. No
staining is seen in the adjacent non-sensory epithelium. Therefore, the
morphology and location of labelled cells is consistent with the hypothesis that
these are olfactory sensory neurons. Differential expression patterns of the
three clones are also being examined. Staining is seen in subsets of cells
throughout the rosette (not in clusters), but we have not determined yet if
there is a distinguishable pattern for each clone. A mixture of the three clones
labels more cells/section than each individual clone, suggesting that each
receptor is expressed in a different subset of cells. These analyses should aid
the understanding of the development of olfactory-mediated behavior and
establishment of olfactory coding.
Supported by NIDCD DC-OO338 and DC-00588.

117.3

117.4

CHANGES IN EXPRESSION OF FOS PROTEIN IN THE DEVELOPING
RAT OLFACTORY BULB FOLLOWING UNILATERAL NARIS
OCCLUSION. A.Y. Klintsova*. B.D. Philpot. P.C. Brunies. Dept, of
Psychology, University of Virginia, Charlottesville, VA 22903.
c-fos immediate early gene expression has been reported both in the adult
nervous system as a result of external stimulation and in normal
development. In the latter case regionally-specific patterns of expression
have been shown (e.g., Alcantara and Greenough, J. Comp. Neurol, 334,
1993). We examined temporal and spatial patterns of Fos protein
immunoreactivity in the developing olfactory bulb via avidin-biotin
peroxidase immunocytochemistry. Tissue from both control rat pups and
animals with a single external naris surgically sealed on the day after birth
(PI) was examined. Bulbs were studied at 2, 12 and 24 hours following
occlusion, as well as at P15-P30. In tissue from the 2-24 hours group,
staining was localized in the cytoplasm of mitral and granule cells as well
as in their dendrites. Immunoreactivity was localized to nuclear regions in
the PI5, P2O and P30 pups. Fos-immunopositive nuclei were most dense in
rostro-lateral portions of the bulb with intermediate staining in the medial
portion. An increase in the number of Fos-positive granule cell nuclei across
normal development was observed. In occluded pups, no changes in
immunolabeling patterns were found in the first 24 hours. However, staining
was absent or sparse in the bulb ipsilateral to occlusion at older ages. For
example, by P30 there were 305 ±21 nuclei/mm2 in rostral parts of the bulb
on the open side vs. 50± 13 nuclei/mm2 on the occluded, suggesting radical
alterations in c-fos expression. Studies are underway to determine when
alterations in staining between normal and experimental bulbs first emerge.
Supported by NIDCD DC-OO338.

ELECTRO PHYSOLOGICAL STUDY OF CHEMORESPONSIVENESS IN
DEVELOPNG VAGAL SENSORY NEURONS OF THE RAT.

I. Schmiedel-Jakob*. Unite de Neurocybernetique Cellulaire, UPR
418 CNRS, 13009 Marseille. France.
To study chemical responsiveness during development of
peripheral sensory neurons nodose ganglion neurons derived
from embryonic (E19) and several postnatal ages (0 to 35 PN) of rat
pups were di^ociated and maintained in short-term culture
(hours to several days). Responses to putative neurotransmitter
were studied using the whole-cell patch clamp technique.
Brief application of acetylcholine, serotonin, glutamate, glycine
or GABA evoked in 72 % of the neurons a depolarizing response.
30 % of the neurons responded to 2, 5% to 3 and 2% to 4 of the
substances. Glycine and glutamate elicited responses only in
neurons derived from E19 to 12 PN.
Applications of glycine and GABA ( 100 /j M) produced
depolarizations of 10 to 40 mV from membrane potentials set to
-70 mV ( with 10 mM chloride in the recording pipette). The
depolarizations are accompanied by a decrease in membrane
resitfance. 80% of the GABA induced responses were mimicked
by muscimol, while the others were mimicked by baclofen.
Reversal potentials determined from voltage responses are
between -40 and -30 mV.
The findings indicate that chemosensitivity to putative
neurotransmitters in vagal sensory neurons is present as early as
E19.

117.5

117.6

DEVELOPMENT OF THE VAGAL LOBE IN GOLDFISH.
C.F. Lamb* (Dept. Cell. & Struct. Biol., Univ. Colorado Hlth. Sci. Ctr.,
Denver CO 80262).

SPINAL NERVES MAY SUPPORT THE DEVELOPMENT OF AMPHIBIAN
TASTE BUDS LA. Barlow* and R.G. Northcutt. Neurobiology Unit,
Scripps Institution of Oceanography and Dept. of Neurosciences, UC
San Diego. La Jolla, CA 92093.
It is generally accepted that mature taste buds of vertebrates are
maintained by innervation; denervated taste buds regress, but
reappear once they are reinervated by appropriate gustatory nerves.
Regeneration studies in rodents have revealed, however, that nongustatory nerves support the reappearance of taste buds. The role of
innervation during embryonic development of gustatory receptors is
uncertain. Although many descriptive reports suggest cranial
gustatory nerves may induce the formation of taste buds,
experimental evidence is sparse and equivocal. To determine whether
sensory nerves induce the formation of taste buds and the degree to
which this induction might be specific, we examined the ability of
salamander embryos to develop taste buds when the oral epithelium
was grafted to ectopic sites. Specifically, presumptive oral endoderm,
the embryonic source of taste buds, and accompanying mesoderm
were taken from stage 23-30 donor embryos and grafted, inside-out, to
the mid-trunk region of host embryos. Animals developed until
hatching, at which time taste buds are known to be present in the
oropharyngeal cavity. In sectioned material, we found ectopic oral
grafts possessed taste buds containing serotonergic Merkel-like basal
cells. Surprisingly, these grafts also contained neurofilamentimmunoreactive fibers, which, in whole mount preparations, appear to
arise from spinal nerves. We are currently examining whether spinal
nerves actually innervate ectopic oral taste buds, and therefore
support taste bud development and survival. Supported by DC0011401A1 to LAB and DCX1X81 to RGN.

The goldfish vagal lobe is a laminated enlargement of the dorsal medulla consisting
of superficial sensory layers overlying a layer of motoneurons. To understand the
ontogenetic development of this complex structure, I studied the temporal
relationship between the development of pharyngeal taste buds, the vagal ganglia and
nerve, and the vagal lobe in common goldfish (Carassius auratusV Early embryos

(<24 hrs old) were acquired commercially and raised to 35 days in the laboratory (at
21 C). Additional juveniles were acquired later and staged by size. Specimens were
collected every 6 hrs until hatching, then every 12 hrs, and were fixed in 4%
paraformaldehyde for subsequent analyses (silver-staining, immunohistochemistry, or
Dil labeling). Goldfish hatched at approximately 4.5 days (all times postfertilization), and were actively swimming and feeding by 6 days. At hatching, the
gustatory system is immature. The vagal ganglion forms at 3 days, with fibers
extending to the medulla and pharynx by 4 days. The fibers enter the pharyngeal
epithelium and are associated with immature taste buds by 5 days. At 2 weeks, taste
cells are transcellularly labeled by Dil application to the vagal ganglion and the vagal
lobe is evident only as a region of heightened cell proliferation on the dorsolateral
surface of the medulla. By 3 weeks, the vagal lobe protrudes from the medullary
surface and motoneurons can be labeled by Dil applied to the palatal organ; also,
mature taste buds are present in the pharynx. By 4 weeks, rudimentary sensory layers
of the vagal lobe begin forming and the gustatory epithelium thickens. Although
separate sensory, fiber, and motor regions of the vagal lobe are formed by 5 weeks,
lamination is not apparent until 3-4 months as cells migrate medially from the lateral
surface to form the sensory layers and ventrolaterally from the midline to form the
motor layers. These results show a significant delay between proliferation and
migration of neurons in the vagal lobe, suggesting different mechanisms of control.
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BEHAVIORAL RESPONSES OF FETAL SHEEP TO CHEMOSENSORY
STIMULI PRESENTED IN UTERO. W. P. Smotherman1*. S. R. Robinson1.

C. H. Wong1. S. S. Robertson2, and P. W. Nathanielsz3. ^aOoratory of
Perinatal Neuroethology, Department of Psychology, Binghamton
University, Binghamton, NY 13902; ^Department of Human Development
and Family Studies, Cornell University; 2Laboratory of Pregnancy and

Newborn Research, College of Veterinary Medicine, Cornell University,
Ithaca NY 14853.
Existing models for assessing the prenatal development of sensation
and learning typically involve acute preparation of fetal subjects at
different ages and comparison of data in cross-sectional research designs. As
part of a long-term project designed to assess development of chemosensory
responsiveness and learning, fetal sheep were surgically prepared on day
113-114 of gestation with an array of chronic instruments for recording EMG
in oral-facial, axial and limb muscles, electrocortical activity (ECoG), eye
movements (EOG) and heart rate (FHR). Fetuses also were fitted with
intraoral catheters for infusion of chemosensory fluids (saline, quinine,
colostrum, sucrose) onto the surface of the tongue. Individual subjects
received chemosensory infusions on days 134-136, or on days 127-129 and 134136, permitting comparison of age and experiential effects on responsiveness.
Data from multiple biophysical variables indicated that fetal sheep can

detect and respond to infusions, and can distinguish different chemosensory
fluids (e.g., quinine and colostrum) by days 134-136.
Detailed
characterization of fetal responses to these stimuli in utero will permit the
study of fetal habituation and associative learning in future experiments.
This research was supported by a subcontract with Cornell University
to WPS and SRR under NIH Grant HD 28014.

NADPH DIAPHORASE (NADPH-d) REACTION IDENTIFIES THE TERMINAL
NERVE IN THE BRAIN OF THE FROG, XENOPUS LAEVIS. M.J. Crowe*. T.J.
Brown. J.C. Bresnahan. M.S. Beattie. Neuroscience Program, Dept. of Cell Bio.,
Neurobio. & Anatomy, The Ohio State University, Columbus OH 43210
The NADPH-d histochemical reaction is thought to be a reliable method for

detecting cell types containing the synthase responsible for the production of nitric
oxide, NOS. Using this method, we were able to identify specific populations of
neurons within the brain of the African clawed frog, Xenopus laevis (XL).
Beginning rostrally at the XL telencephalon (Tel), we observed NADPH-d
reactive olfactory nerve (ON) fibers projecting into labeled olfactory bulb (OB)
glomeruli. Vomeronasal nerve fibers were not stained, but glomeruli within the
accessory OB were stained. Within a medial portion of the ONs, profiles of fiber
bundles were labeled more intensely than the ON fibers. Caudal to the glomerular
layer of the OB, these fiber bundles coalesced into a tract located bilaterally within ,
the ventromedial Tel walls. These discrete tracts projected caudally through the Tel
to the anterior commissure where they broke up into numerous individual fibers and
crossed to the contralateral side. Single fibers could be seen mingling with
NADPH-d reactive cells located in regions corresponding to the medial septal and
preoptic areas and the hypothalamus. We believe that these NADPH-d positive
tracts and cell populations in the tel- and diencephalon belong to the terminal nerve
(TN) and its projection sites within the XL brain. We have not observed any
NADPH-d reactive cell bodies along the TN or ON tracts. The function of the TN
is unclear, but has been regarded as having sensory and autonomic components and
may play a role in pheromone perception. The TN develops from the olfactory
placode with the olfactory and vomeronasal systems, components of which are also

highly NADPH-d reactive. The presence of NADPH-d labeling within the neural
systems responsible for innervating the nasal cavity suggests that NOS or NO may
be involved in olfactory and sensory processing. (Support: NS 10165 & NS07291).

117.9
SALINE INDUCED C-FOS EXPRESSION IN SODIUM RESTRICTED
RATS.
.
B.R. Walker'and D.L. Hill. Universityof Virginia, Charlottesville,Va 22903
Previous work from our lab has shown that dietary sodium restriction instituted
early in prenatal development produces anatomical and functional changes in
the developing gustatory system. In particular, neurophysiological recordings
from the chorda tympani nerve (CT) demonstratethat whole nerve responses to
NaCI are reduced in restricted rats while responses to non-salt stimuli are
unaffected. Furthermore, early sodium restriction causes a rearrangements the
CT terminal fields within the nucleus of the solitary tract (NTS) in restricted rats,
while glossopharyngeal (IX) terminal fields remain similar to controls.
Developmental sodium restriction also produces postsynaptic changes in the
NTS. For example, neurophysiologicalNTS recordings of restricted rats repleted
with sodium show hyper-responsive activity to only sodium salts, while Golgi
techniques have revealed dendritic alterations of the presumptive projection
neurons from the NTS.
To examine early postsynaptic cellular events related to ingestion of NaCI,
immunocytochemical techniques were used to detect the expression of c-fos in
the rostral pole of the NTS following ingestion of 0.9% saline in control and
developmentally.sodium-restrictedrats. Results show a similar topography of cfos labelled cells between the two groups; however, sodium restricted rats show
an increased number of labelled cells as compared to controls. These results
support the neurophysiotogicaldata of our model of central nuclei alterations in
response to developmental sodium restriction.
Supportedby APA Minority Fellowship (B.R.W.) and NIH DC 00407.

TRANSPLANTATION II
118.1

118.2

IS THE CNS IMMUNOLOGICALLY PRIVILEGED FOR CNS
ALLOGRAFTS? R.D. Broadwell* and B.J. Baker.
Div. Neurosurg., Univ. MD Sch. Med., Balto. 21201
The question is addressed by inunnohistochemical analysis of the host immune response to fetal
CNS grafts placed into the adult CNS parenchyma
between inbred rat strains or between outbred
Sprague Dawley (SD) rat donor and host. A CNS
graft also is placed in the testis, another immunologically privileged site, subsequent to or in
the absence of a graft to the brain. Inbred rat
strains differ in major histocompatibility complex
(MHC) and/or minor HC loci. CNS grafts are assessed as surviving if they express homogeneous Thy 1
staining, low MHC class I expression, and few MHC
class 11+ cells and T-cytotoxic/T-helper lymphocytes. Syngeneic/allogeneic grafts between inbred
strains all survive past 3Od. Viability of CNS
allografts to the testis between inbred rats is
variable; an allograft to the host brain followed
by a concommitant CNS graft to the testis of the
same host does not compromise the CNS graft to the
brain unless a prominent graft rejection occurs
in the testis. Allografts between outbred SD rats,
regardless of graft location, demonstrate a host
rejection response at 3Od. Graft rejection is
dependent upon donor antigen presentation to the
host immune system, which may occur by host CNS
perivascular microglia/macrophages or by donor
cells expressing MHC antigen. CNS immunological
privilege is not absolute, raising a question
concerning the contribution of the blood-brain
barrier to immunological privilege of the CNS.

ALLOGENEIC GRAFTS OF FETAL DOPAMINE NEURONS: BEHAVIORAL
INDICES OF IMMUNOLOGICAL INTERACTIONS. Masaki Shinoda,1 John
L. Hudson*2 Ingrid Str6maerg,1 Barry J. Hoffer,2 John W. Moorhead3 and
Lars Olson1- dDepartaent of Neuroscience, Karolinska Institute, Stockholm,
Sweden; Departments of 2Pharmacology and 3Immunology, University of
Colorado Health Sciences Center, Denver, CO, USA. (SPON - ENA)
To define the importance of passive sensitization and duration of graft
residence on transplant alloimmunization, behavioral and histochemical
parameters were examined in unilaterally 6OHDA-lesioned F344 rat hosts
which received fetal ventral mesencephalic (VM) grafts from Wistar-Furth
(WF) donors. After transplantation, all animals showed a profound decrease
in contralateral rotation induced by 0.05 mg/kg apomorphine (APO). At
eight weeks after grafting, animals alloimmunized with 108 WF lymphoid
cells manifested a slow return of rotational behavior (>500 turns/trial) over
a 3-week period. Animals passively immunized at 8 weeks with 10® lymphoid cells, taken from F344 rats alloimmunized with WF cells, maintained
their low rotation. At 18 weeks after grafting, rats given 108 WF lymphoid
cells showed a much more rapid return of APO-induced rotation, with responses of >500 tums/trial manifested within one week after immunization.
Moreover, in 18-week animals that had been passively immunized at 8
weeks, previously subthreshold levels of alloimmunization with 106~107
WF cells now induced a full restoration of APO-induced rotation. In all animals which showed a return of rotation after alloimmunization, large numbers of round cells staining positively for T cell receptor, CD8 and MHQ were
seen in the graft and in the adjacent host brain. Numbers of CD4-, CD11-, and
MHCII-positive elements were also seen. Perivascular cuffing was often
found in actively immunized animals. An increase in T cell receptor- and
MHCI-positive elements were also seen in animals only passively immunized. We conclude that established allografts can evade rejection as long as
host lymphocytes are not activated. Both increasing graft residence time and
passive immunization sensitize the host to subsequent rejection.
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REJECTION OF ALLOGENEIC DOPAMINERGIC GRAFTS IN THE
VENTRICULAR SYSTEM: ANALYSIS OF INFILTRATING CELLS AND MHCEXPRESSION. J. Oertel, C. RosenthalS, G.F. Walter, M. Samii§, G. NikkhahS,
A. Brandis*. Inst, of Neuropathology, Hannover Medical School, 30625 Hannover.
§ Neurosurgical Clinic, Nordstadt Hospital, 30167 Hannover, Germany.
The immune privilege of the brain is not absolute and the outcome of neuronal
allografts is highly variable. Rejection in the brain is supposed to be T-cell mediated
and depends on graft localization as well as donor MHC expression. The present
study investigated the time course and character of infiltrating cells and the
expression of donor and host MHC antigen in rejecting allogeneic grafts. Thirty- adult
female Lewis l.W rats received dopaminergic cell suspensions (7gl; 100000 cells/gl)
of E14 DA fetuses, implanted into the right lateral ventricle. No immunosuppression
was given. Animals were sacrificed at 4 days, 1 3,6, and 12 weeks after transplantation. Serial cryostat sections of the brains were examined immunohistochemically for macrophages (EDI), T- (OX8, 0X35), and B-lvmphocytes (HIS-14)
as well as MHC class I (MN4-91-6, 0X18) and class II antigen (F17-23-2. 0X3). At
4 days and 1 week after transplantation the grafts contained only few' macrophagelike cells. In contrast, perivascular cuffing and dense cellular infiltrates occurred at
three and six weeks, followed by a decline of the cellular reaction at twelve weeks.
Cellular infitrates were predominated by EDI-positive macrophages, the majority of
the infiltrating lymphocytes stained for CD8 and were classified as cytotoxic Tlymphocytes. Only few cells showed characteristics of B-lymphocytes. Rejecting
grafts showed strong expression of donor-specific MHC class I antigen, but were
negative for donor-specific MHC class II. The results show that (i) intraventricular

IMMUNE RESPONSES TO INTRASTRIATAL GRAFTS OF ALLOGENEIC EMBRYONIC NEURAL TISSUE IN ADULT RAT

allografts of dopaminergic cells undergo rejection without immunosuppression, (ii)
the majority of infiltrating cells are macrophages and cytotoxic T-lymphocytes,
corresponding to strong donor-specific MHC class I reactivity, (iii) allograft rejection
in the brain may not require expression of donor MHC class II antigen.

W.-M. Duan*. H. Widner. E. M. Frodl and P. Brundin. Restorative Neurology Unit,
Dept, of Neurology, University Hospital, S-22l 85 Lund, Sweden.
It is important to clarify the mechanisms that govern immune responses to intrastriatal neural allografts, because clinical neural transplantation trials in Parkinson’s
disease involve allogeneic donor tissue, which is at risk for rejection. In our allograft
rat model, we stereotaxically inject dissociated mesencephalic tissue from Lewis
(RT1/) rat embryos into the 6-OHDA-lesioned striatum of Sprague-Dawley rats
(RTlh). Function and survival of the allografts were assessed in the amphetamineinduced rotation test and by tyrosine-hydroxylase immunocytochemistry. The immune
responses were evaluated by OX-18 (antiserum against MHC class I antigen), OX-6
(MHC class II antigen), OX-42 (microglia and macrophages), GFAP (astrocytes), OX-8
(cytotoxic T lymphocytes), W3/25 (helper T lymphocytes) immunocytochemistry. The
neural allografts were assessed in various immunological settings: 1) allografts in rats
pre-immunized by either a weak (an intrastriatal neural allograft) or a strong (an
orthotopic skin allograft) stimulus. 2) established allografts challenged by a second
intrastriatal neural allograft or an orthotopic skin allograft. 3) hosts pre-immunized by a
skin allograft and treated with anti-inflammatory drugs. The results show: a) Long-term
neural allograft survival occurs without signs of rejection using the cell suspension
implantation method and the current donor/host combination, b) A weak immunological challenge does not impair the survival of an established or a subsequent neural
allograft, c) A strong immunological challenge leads to complete rejection of a
subsequent neural allograft. In contrast, in rats with an established intrastriatal allograft,
immune challenge by a skin allograft does not lead to rejection within 6 weeks,
although a more pronounced host immune response is seen, d) Whether steroid
treatment may reduce the inflammatory responses, allowing neural allograft survival
even in strongly pre-immunized animals is currently being analysed. We conclude that
the immunological reactions against intrastriatal neural allografts are dependent on
several factors, e.g., the degree and duration of donor MHC expression on the grafted
cells and the number of specific alloreactive lymphocytes in the circulation.

118.5

118.6

ASSESSING XENOGRAFT REJECTION IN BOVINE CHROMAFFIN CELL
NEURAL TRANSPLANTS USING ONE-WAY MIXED LYMPHOCYTE
REACTION. K Czech*. GJ). Pappas. P. Michalewicz and J, Sagen. Dep. of
Anat. & Cell Bio., Univ. of IL at Chicago, Chicago, IL 60612.
Despite the immune-privileged nature of the CNS, xenogeneic chromaffin cells
progressively degenerate in the CNS by an unknown mechanism that can be
attenuated with cydasporin A. Previously, we have shown in vivo that the host
response is accelerated when the graft ratio of passenger non-chromaffin (Le.
fibroblast, smooth muscle, and endothelial cells) to chromaffin cells is increased.
To further assess the host response to xenogeneic cells an in vitro test, the oneway mixed lymphocyte reaction (MLR) was employed. The experimental design
consisted of mixing responder lymphocytes isolated from Sprague-Dawley rats with
stimulator bovine chromaffin, fibroblast or endothelial cells. Chromaffin and nonchromaffin cells were isolated from the bovine adrenal medulla as previously
described. An enriched endothelial cell population was isolated from bovine aorta
and maintained in culture. Stimulator cells were mixed with responder
lymphocytes and after four days, the cultures were pulsed with 1 gCi per well of
3H-Thymidine and harvested 18-24 hours later to test for 3H-thymidine
incorporation, which corresponds to lymphocyte proliferation. Our results show
that xenogeneic chromaffin cells produced a slight stimulation of rat lymphocytes,
but insufficient to constitute an immune response. However, a greater response
was seen with non-chromaffin cell constituents of the adrenal medulla. A low
dose of cyclosporin (0.5mg/ml) abrogated the lymphocyte response to both.
Endothelial cells were round to be potent stimulators of lymphocytes.
Interestingly, only extreme high, near toxic doses (lOgg/ml) of cyclosporin A
added in vitro could abrogate the response indicating an ulterior xenogeneic
recognition mechanism independent of T-cell IL-2 production. These results
provide evidence that endothelial and fibroblast cells initiate a proliferative
response in the host and removal of these immunogenic cells should increase
survival of neural transplants. Supported by NIH grant NS25O54.

HLA EXPRESSION IN CULTURED AND TRANSPLANTED HUMAN
NEUROBLASTOMA CELLS. C. H. Martin.* C. Berger. J. Peyman and R. J.
Robbins*. Neuroendocrine Program,
of Neurosurgery and Neural Transplant
Program, Yale University School of Medicine, New Haven, CT 06510.

118.7

118.8

MHC EXPRESSION IN RAT CAUDATE NUCLEUS AFTER 6—HYDROXYDOPAMINE—INDUCED LESIONS CORRELATES WITH ULTRASTRUCTURAL
CHANGES. J.R.B. Nashold*, S.B. Dunnett, R.D.Lund. Dept. of
Anatomy, Cambridge University, Cambridge, U.K. CB2 3DY.
Ultrastructural analysis of the rat caudate nucleus indicates that the population of microglial cells increased
by 4.4-6.8% within eighteen hours after 6-hydroxydopamine
(6—OHDA) lesions and peaked at 27—32% after four to seven
days. Microglia levels returned to normal by 21-25 days
post-lesion. Major histocompatibility complex (MHC) antigen expression involving class I and class II expression
correlated with these observed ultrastructural changes.
Class I expression was stronger than class II. MHC class I
expression was seen by day 1 with a peak by day 5. Class
I expression largely disappeared by day 20. Class II expression was not seen until day 3—4, peaked later than
class I and disappeared by day 20. General reactive gliosis measured by 0X-42 antibodies showed expression from
day 1 through day 20 with greater expression in the. medial
than lateral caudate nucleus. No difference in laterality
was noted with class I or II antigen expression. Ultrastructural changes and MHC expression are compared to rats
which received embryonic (E14) mesencephalic transplants
into the caudate nucleus. Microglial cell population
changes evidenced by ultrastructural analysis and MHC expression are potentially important in neurodegenerative
diseases like Parkinsonism and in transplantation models.

CYCLOSPORINE-INDUCED BEHAVIORAL AND NEUROCHEMICAL
activities
in rats . CXMoriopgiffl, K.A, Sherman*, T.A, Scorcia, T.K,
Koutouzis. T.B. Freeman. D.W. Cahill and P.R. Sanberg. Div. of Neurological
Surgery, Dept. of Surgery, Neurology, Psychiatry and Pharmacology, Univ. of
South Florida Coll, of Med., Tampa, FL 33612-4799.
Cyclosporine (CsA) has been increasingly used as an immunosuppressant
concomitant with neural transplantation treatment for different degenerative disorders. While CsA has led to lower tissue rejection episodes, it can have a variety of
central nervous system side effects. Accordingly, the behavioral changes following transplantation may be confounded by CsA injection. The present study was
conducted to delineate CsA-induced behavioral alterations. Normal 5-week old
Sprague-Dawley rats were injected daily with CsA (15mg/kg, i.p. Sandoz) or olive
oil for about 3 weeks. Subsequent tests for nocturnal spontaneous and amphetamine-induced locomotor activity using the Digiscan Animal Activity Monitors
revealed significant hyperactivity in CsA-injected animals compared to controls,
but no significant differences were found between these two groups in their
performance in passive avoidance learning and motor coordination. In addition,
HPLC-EC analyses of the striatum of CsA-injected rats showed that CsA-induced
hyperactivity was associated with an increase of the dopamine (DA) metabolite,
homovanillic acid (HVA). However, there were no significant changes found in
other DA metabolites, in DA or in serotonin. Since the outcome measures of
transplantation studies in neurodegenerativedisorders such as Parkinson’sdisease,
Huntington ’ s disease and muscular dystrophy are partly measured by improvement
of motor functioning in the patient, the present findings would suggest that future
studies should look into the possible contribution of CsA to behavioral and
neurochemical activity changes in CsA-injected patients. (Supported, in part, by
STRC, USF President’s Council, and T. Larsen and friends).
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We have previously reported that the dopamine producing human neuroblastoma
cell line, BE(2)-M17, survives transplantation into the rat neostriatum and exhibits
a more differentiated dopaminergic phenotype. Interestingly, these cross-species
events occurred without the benefit of immunosuppression. We hypothesized that
this lack of rejection was due to the inability of the cells to express major
histocompatibility antigens (MHC). We tested this proposal by exposing the BE
(2)-M17 cells to cytokines in vitro. Plated BE (2)-M17 cells were exposed to
varying concentrations of human or mouse y-interferon and/or human or mouse
TNF-a for periods of up to 16 days. HeLa cells were used as controls. The
presence of Class I or Class II MHC antigens was determined by
immunocytochemistry using antibodies which recognize common intraclass
determinants. Control cells, not exposed to cytokines did not express Class n
antigens, although Class I staining was present in approximately 5% of the cells.
Both human y-IFN and the combination of y-INF/rMF-a markedly induced the
expression of Class I determinants but did not induce Class II. TNF-a did not
clearly change expression of either antigen. The mouse cytokines alone or in •
combination did not change MHC expression. Preliminary studies also indicated
that human TNF-<a increased cell survival and induced differentiation of cells
resulting in formation of long neuritic processes. BE (2)-M17 cells have also been
implanted into the brains of non-immunosuppressed rats and results of expression of
human MHC antigens in the implanted cells and of rat MHC antigens in the
adjacent brain will be presented. We conclude that human neuroblastoma cells can
survive long term in non-immunosuppressed rats not because of their inability to
produce MHC class antigens, but due to the fact that rodent cytokines may not able
to induce sufficient expression of these proteins.
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118.9
SYNAPTIC INTEGRATION OF RETINAL TRANSPLANTS IN
CONGENITALLY BLIND ADULT MICE.

D.D.A.Lawson. S.J.O.Whiteley* and R.D.Lund Dept. of Anatomy, University
of Cambridge, Cambridge CB2 3Dy UK.
Neonatal congenitally anophthalmic mice(o|H/oiH), whose subcortical visual
centres never receive optic input, are able to support the synaptic
connectivity of embryonic retinal transplants. This indicates that prior optic
innervation is unnecessary for graft integration(Horsburgh et al., J. Comp.
Neurol. 327, 323-40: 1993). It is nevertheless unclear whether the
mechanisms influencing substrate guidance persist in the mature brain of
such animals and to what degree this environment remains permissive for
neural regeneration. Here we investigated the ability of retinal grafts to
survive and innervate retino-recipient territory within adult or1 hosts.
Embryonic(E12-E14) retinae were transplanted over the midbrain of adult
orJ homozygous(blind) and heterozygous(sighted) mice. Half the
experimental group were immunosuppressed using cyclosporin. After two to
eight weeks the animals were processed for both light and Em , with particular
attention directed towards the host superior colliculus(SC).
In those animals without immunosuppression overt graft rejection was
evident and no optic terminals of transplant origin could be detected in the
SC. Although both blind and sighted mice receiving cyclosporin showed
some transplant features indicative of mild rejection, optic terminals were
found synaptically integrated into the upper layers of the SC, with a greater
proportion present in the anophthalmic animals.
These results suggest that factors affecting transplant incorporation in
neonatal hosts remain sufficiently intact in the mature brain to allow relevant
synaptic connectivity. It would also appear that existing host optic input may
detrimentally influence successful graft association, probably by way of a less
plastic, more competitive milieu for neural circuit reconstruction.
Supported by grants from MRC and Action Research.
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118.10
SYNAPTIC

CONNECTIONS

BETWEEN

EMBRYONIC

RETINAL

TRANSPLANTS AND HOST RETINA. M.J. Seiler* and R.B. Aramant.

Dept, of Ophthalmology and Dept, of Anatomy, University of Louisville
School of Medicine, Louisville, KY 40292.

The aim of this study was to investigate whether embryonic retinal
transplants can form synaptic connections with a lesioned adult host
retina.
Embryonic rat (E16-22) or human (9-13 wks) retinal cells were
transplanted to adult rats.
Normal Long-Evans rats received rat
transplants. The recipients of the human transplants were athymic
nude rats. After varying survival times (3 to 11 months), the animals
were perfused with 4% paraformaldehyde (and sometimes 0.1%
lutaraldehyde).
Glass microneedles, coated with Dil (1,1'ioctadecyl - 3,3,3',3' - tetramethylindocarbocyanine
perchlorate,
Molecular Probes, OR) were placed into the transplants which were
then stored at room temperature in 2% paraformaldehyde for 3-15
months.
Vibratome sections were studied under a Nikon FXA
fluorescence microscope with filters for rhodamine. Selected sections
were photoconverted and embedded for electron microscopy.
Transplant cells were heavily labelled with Dil and exhibited
fluorescent fiber outgrowth into the host retina. After photoconvertion,
it was possible to follow neuronal processes from transplants into the
host with a better resolution than with fluorescence. In the electron
microscope, photoconverted Dil was seen in the plasma membrane
and in intracellular membranes (vesicles, endoplasmatic reticulum) of
labelled fibers and cells. Synapses could be found along transplant
processes that had grown into the host inner plexiform layer.
These results indicate that neuronal fibers originating from
embryonic retinal transplants can form synapses in the host retina.
Supported by NIH grant EY08519, and The Vitreoretinal Research
Foundation, Louisville, KY.

118.11

118.12

DESYNCHRONISATION OF SLOW WAVE EEG BY LIGHT FLASHES IN
RATS WITH PERIPHERAL NERVE GRAFTS TO THE RETINA

OUTGROWTH PATTERNS FROM RETINAE TRANSPLANTED TO
IMMATURE MARSUPIAL BRAINS.
R.D. Lund! S.A. Dunlop^. M.
Tennant- and L.D. Beazley2 1 Dept. Anatomy, University of Cambridge, CB2
3DY, UK, 2 Dept. Psychology, University of Western Australia, Nedlands,

H. Sasakii .P.J. Coffey. M.J . YYung§, R, D, L und§, M.P. Villegas-Perere.
and M Vidal-Sanzt* t Dept, of Physiology, Hyogo College of Medicine,
Japan; • Dept, of Psychology, Univ. of Sheffield, UK; § Dept, of Anatomy,
Univ. of Cambridge, Cambridge, UK; f Laboratory of Experimental
Ophthalmology, Dept, of Ophthalmology, Univ. of Murcia, Spain.
Peripheral nerve (PN) grafts can convey regenerating rodent retinal
ganglion cell (RGC) axons to their main target, the superior colliculus (SC),
where functional synapses are formed (Vidal-Sanz et al., J. Neurosci. 7,
2894:1987; Keirstead et al.. Science. 246. 255:19891. Here we report the
study of several visual behavioral parameters mediated by the SC in rats
with both optic nerves (ON) transected and an autologous PN graft linking
the left retina with the ipsilateral SC. In addition, a group of control normal
animals as well as animals with bilateral ON section were also tested.
One behavior that has previously been shown to be mediated by the SC is
desynchronisation of cortical slow wave EEG by light flashes. Lesions of the
SC, but not the visual cortex, abolish this response (Dean et al., *L
Neurophysiol.. 52, 625:1984). In normal animals, light flashes of -60-300
msec were sufficient to desynchronise cortical slow wave EEG. In 4 of 6
grafted animals, light flashes of 500-740 msec resulted in EEG
desynchronisation. This response was immediately abolished following
intraorbital section of the PN graft. Bilateral ON cut rats gave no response to
light flashes. Conditioned suppression also showed evidence of learning.
These results indicate that EEG desynchronisation is an efficient way of
screening functional connections made by regenerating adult rat RGCs and
show for the first time that adult mammalian RGCs regenerating their axons
through PN grafts can mediate a complex visual response.
Supported by grants from RP Foundation, m Rc , Spanish Ministry of

6009.

We have studied development of visual pathways in the fat-tailed
Dunnart, Sminthopsis crassicaudata, a marsupial mouse. Large litters facilitate
transplantation experiments and the absence of axons in the optic stalk at
birth enables manipulation at stages well before establishment of primary
visual projections. Normal adult optic projections were revealed using
horseradish peroxidase. Developing projections were visualised by applying
Dil to the optic disk or optic nerve of fixed tissue. Axons reached the chiasm
by P10 and invaded visual nuclei by P2O. Projections were exuberant at P4O
and mature by P6O. In a second series, eyes from donors at P4 were
transplanted to the midbrain of hosts at P4 (homochronic) or P2O
(heterochronic transplants), ie prior to or after innervation of the tectum by
host eyes. At later stages, projections of host eyes were labelled with DiA
applied to the chiasm; Dil was applied to the transplanted eye. Projections
from host eyes were similar to normal. In homochronic transplants, axons
tended to grow away from the tectum and entered the optic tract; their
innervation of the host tectum was either absent or minimal. In heterochronic
transplants, axons invaded the tecta diffusely. Our findings suggest that the
signals whereby optic axons recognise the tectum are not strongly expressed
at early developmental stages, but those that define the optic tract are.
Transplanted axons do, however, enter the tectum if it is already innervated
by host axons.
Funded by NH&MRC (Australia) and Action Research, MRC (UK).

Education and Science and the British Council.

118.13

118.14

GLOMERULAR FORMATION IN TRANSPLANTED RAT OLFACTORY
BULBS: RELATIONSHIP OF UNIQUE OLFACTORY GLYCOCONJUGATES
TO OLFACTORY MARKER PROTEIN EXPRESSION. M. E. Lee*1. G. A.
Schwarting4.^. L. E. Westnim1-3. and j . e . Crandall4*5. Depts. of Biological
Structure! Neurological Surgery2, and Psychology3, University of Washington,
Seattle, WA 98195; The Shriver Center4, Waltham, MA 02254, & Program in
Neuroscience5, Harvard Medical School, Boston, MA 02115.
Olfactory marker protein (OMP) has traditionally been used to label mature
primary olfactory neurons (ONs), their axons, and the glomeruli which they
innervate. Previous studies demonstrate that the antibody 1B2 to ^-galactosyl
glycolipids and glycoproteins labels a unique subset of OMP-positive cells and
glomeruli in the normal rat olfactory bulb (OB). We have combined OMP and 1B2
immunolabeling to study glomeruli development in transplanted (TX) OBs. The
OBs from fetal rats (embryonic days 14^15) are grafted unilaterally into neonatal rats
in the site from which the host OB had been removed. OMP reacted material shows
that primary olfactory fibers are not restricted to the superficial layers of the TX OB
but penetrate deeply into this structure and sometimes extend into the host olfactory
peduncle. In TX OB rats 1B2 immunoreactivity not only colocalizes with OMP but
is also found in areas where no OMP immunoreactivity exists. A limited number of
rats show OMP and 1B2 immunoreactivity in the pathway through which cells
migrate to the OB (i.e., subependymal zone (SEZ)). The extent of both markers
increases with the age of the rat; however, 1B2 labeling is present to a greater extent
in die TX OB than in normal OBs of similar age. These findings suggest that the TX
OB may retain some properties of an immature OB even into adulthood. They also
suggest that axons from newly formed primary olfactory neurons not only invade
areas previously established as glomeruli, but also form new glomeruli in ectopic
positions as they enter the TX OB. In addition, the expression of OMP and 1B2
immunoreactivity in the host SEZ may be a consequence of the developmental
disparity between the host and donor tissue. Supported by NSO9678, NS24386, and
ND00953. Anti-OMP antibody kindly provided by Dr. Frank Margolis.

MODIFICATION OF OLFACTORY MARKER PROTEIN IN CROSSSTRAIN OLFACTORY BULB TRANSPLANTS. J. N. Kott*1 M. E. Lee2. &
D. Lund4» and L. E. Westnim1~3- Depts. of Neurological Surgery! Biological
Structure2 and Psychology! Univ. of Washington, Seattle, WA 98195 and Dept.
of Anatomy4, Univ. of Cambridge, Cambridge, England CB2 3DY.
We have previously shown that olfactory bulbs (OBs) from Long-Evans (LE)
rat fetuses can be successfully transplanted (TX) into Sprague-Dawley (SD)
neonates. By using a skin-graft technique we are able to study the characteristics
of the TX OB after induced rejection. Time-mated LE dams received injections of
tritiated thymidine on embryonic days (E) 12-14 to allow for subsequent
verification of donor tissue. The OBs from LE fetuses at E15 were immediately
transplanted into neonatal SD rats in the site from which the host OB was
removed. After 6 weeks a lcm2 patch of skin from the flank of an LE rat was
grafted onto the flank of an SD rat that received an LE OB transplant. At one
week post skin graft and later, sagittal sections of both OBs and forebrain were
stained for cells and degenerating fibers or immunoreacted fca olfactory marker
protein (OMP). The cytoarchitecture is somewhat disorganized as in SD-SD
transplants but autoradiography shows large numbers of heavily labeled donor
cells of various sizes. Fiber stains show mild to heavy degeneration in the TX OB
and ventral forebrain. Soon after the skin graft, the OMP immunoreactivity
appears to be drastically reduced in the LE TX OB, especially in rats showing
heavier degeneration. Further studies including electron microscopy may
determine whether these changes are the result of cessation of OMP expression or
degeneration and retraction of olfactory nerve fibers. Supported by NIH grant
NSO9678. LEW is an affiliate of CDMRC.
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118.16

AN IMMUNOHISTOCHEMICAL ANALYSIS OF CELL
ADHESION MOLECULES IN RAT OLFACTORY BULB
TRANSPLANTS. M.D. Gooden 1,2, J.N. Kott1. R.M. Harris* 2,
and L.E. Westrum 1.2,3 . Depts. of Neurol. Surg. 1, Biol. Struct. 2
and Psychol. 3. Univ. of Washington, Seattle, WA. 98195.
Previous investigations in this laboratory, using a variety of
histological and immunohistochemical techniques, illustrate that
transplanted (TX) olfactory bulbs(OBs) differ significantly from
normal OBs in regard to cytoarchitecture. TXs show a clustered,
disorganized pattern rather than the laminar one seen in normal OBs.
In a preliminary effort to explore the etiology of some of these
differences, various cell adhesion molecules (CAMs) are being
analyzed in the TXOBs of Sprague Dawley rats. Donor OBs are
taken from 15 day old rat fetuses and immediately transplanted into
1 day old (unilaterally bulbectomized) host rats of the same strain.
When mature, host rats are anesthetized, sacrificed, and both normal
and contralateral TXOBs are examined using antibodies to identify
various CAMs. Thus far, examination reveals that, in normal OBs,
neural (N)-CAM (antibodies from D.S Hybridoma Bank, U. Iowa) is
highly expressed in the olfactory nerve layer and within glomeruli,
where it is believed to mediate stabilization of intercellular contacts.
The pattern of N-CAM expression in TXOBs is comparable to the
contralateral, normal counterparts. This finding suggests that the
differences in TXOB cytoarchitecture may not be directly related to
irregularities in N-CAM expression at this stage of development.
Further studies of other CAMs and extracellular matrix molecules
(ECMs) at different stages are planned. (Supported by NIH Grant
NSO9678. LEW is a research affiliate of the CDMRC).

ELECTRON MICROSCOPY OF TYROSINE HYDROXYLASE EXPRESSION IN
RAT TRANSPLANT OLFACTORY BULB. 1B.L. Goheen*. H.N. Kott. *A. Kim,

and L2,3l .e . Westrum. Departments of *Neurol. Surg., 2Biol. Struct, and ^Psych.,
University of Washington, Seattle, WA 98105
Tyrosine hydroxylase (TH), the rate-limiting enzyme of the catecholamine synthesis
pathway, is expressed in the dopaminergic juxtaglomerular cells (JG) of normal
olfactory bulb (OB). The JGs are composed of a population of periglomerular and
external tufted cells, both of which receive synaptic input from axons of primary
olfactory neurons (ON). Previous studies at the light microscope level have also
shown that TH expression in rats with transplanted (TX) OBs approaches control levels
in mature animals. The current study uses the electron microscope (EM) to examine
TH expression of cells within the t X OB, as well as synaptic contacts established by
these cells. Neonatal animals receive TX OBs from donor embryonic rats (13-15 days
gestation) shortly after their own OBs are removed. Upon reaching maturity, the
animals are deeply anethesized with pentobarbital and perfused with a
paraformaldehyde/glutaraldehyde solution. Brains are removed and 75 mm vibratome
sections are taken from the TX OB. These sections are incubated with a polyclonal
anti-TH antibody and ultimately reacted with diaminobenzidine for visualization by
EM. Semithin sections are taken to visualize gross reactivity, and ultrathin, dark gold
sections are studied and photographed with a Philips EM 300. The TH reaction product
is found in both cell bodies and processes. Our laboratory has previously determined
that mature ONs are able to establish synaptic contacts within the TX OB. Processes
with a morphology similar to the ONs of the preceding study are found to make
contacts onto the TH-positive processes in the TX OBs examined. Synaptic contacts
found between TH-positive terminals and other non-ON processes may be analogous to
the reciprocal dendro-dendritic contacts formed between periglomerular and mitral cell
processes. These synaptic contacts indicate that these TH-positive cells may act in a
manner similar to the JG cells in normal OB modulating the incoming ON signals.
This study establishes that important inter-bulbar contacts in the OB are preserved in
these TX OBs. (Supported by NIH Grants NS 09678 and T-32 NS 07144-15. LEW is
an affiliate of the CDMRC.)

118.17

118.18

ENSHEATHING CELL LINES TRANSPLANTED INTO OLFACTORY BULB
Migrate
THROUGHOUT THE CENTRAL NERVOUS SYSTEM. k

IMPLANTATION OF ENSHEATHING CELLS INTO THE BRAINS
OF ADULT RATS. K. Smale. M.D. Kawaja and R. Doucette*. Dept.
Anat., Queen's Univ., Ontario & Univ. of Sask., Sask., Canada.
Ensheathing (En) cells ensheath the olfactory axons and are likely
responsible for the successful growth of these axons within the CNS of
adult mammals. When transplanted into a CNS lesion cavity, it is very
likely that En cells could also support the growth of non-olfactory
axons. We have preliminary data from experiments in which En cells
were embedded in a collagen matrix and implanted into a lesion cavity in
the cerebral cortex of adult rats; the animals were killed 3 weeks after
surgery. Cell cultures of En cells were initiated from the olfactory bulbs
of E18 rat embryos. Brain sections were cut on a freezing microtome
and stained with 192-IgG and anti-GFAP antibodies and for
acetylcholinesterase (AChE). Some of the transplanted En cells were
bipolar in morphology and were intensely 192-IgG+ve, whereas others
possessed a more flattened morphology and were only very lightly
stained with this antibody; no 192-IgG+ve cells of these morphologies
were seen outside of the graft. In spite of the fact that ensheathing cells
express GFAP in vivo, the transplanted cells remained GFAP-ve.
However, the GFAP staining revealed an intense glial reaction around
the margin of the wound, with many host astrocytes sending
cytoplasmic processes into the collagen plug. Only very rarely were
astrocytes seen within the graft itself. AChE+ve fibers co-localized with
grafted 192-IgG+ve En cells. These initial experiments are encouraging
in that transplanted En cells survive for at least 3 weeks and support the
ingrowth of what appear to be AChE+ve nerve fibers. Graft
morphology will also be studied with the electron microscope.
(Supported by grants from the MRC of Canada to M.K. and R.D.).

Neurosciences, Neurology, and Cancer Research Center, Case Western Reserve
University, Cleveland, Ohio 44106.
Ensheathing cells, the Schwann cell-like glia of the olfactory system, have
unique properties that may contribute to the regenerative capacity of the olfactory
nerve in adult mammals. Ensheathing cell lines created by transfer of the SV4O T
gene (Goodman et al., 1993) have been transplanted into olfactory bulbs (OBs) of
neonatal and adult rats to investigate their properties in the CNS environment as a
prerequisite to their use in lesion studies. Three rat cell lines, one from adult and
two from neonates, were labeled with fluorescent markers and pressure injected into
rostral OBs. Eight weeks later, tissue from the central nervous system was
removed, parasaggitally sectioned, and examined microscopically. Transplanted
cells had migrated throughout the CNS as far as the spinal cord, and they appeared
to align with and form attachments to blood vessels. Within the hippocampus,
some cells were separate from the blood vessels and appeared to be intercalated into
the granule cell layer. Fluorescent markers and antibodies against SV4O T revealed
that transplanted cells extend long processes into the CNS parenchyma and also
among the hippocampal granule cells.
This work demonstrates the migratory and interactive behavior of these
ensheathing cell lines when transplanted into the CNS. The ability of the
transplanted cells to migrate to areas of clinical interest and their potential for
genetic modification suggests the possibility of a future clinical role. Current
investigations in our laboratory are examining the properties of these cell lines as
bridge-builders and as vectors for the delivery of neurotrophic factors in the
lesioned CNS. Supported by NS 25713.

118.19
NEURAL
IMPLANTS
INTO THE
INFERIOR
COLLICULUS OF
ACOUSTICALLY PRIMED AUDIOGENIC SEIZURE-PRONE RATS. D.G.
Campbell1, J.R. Coleman*1,2 and S.L. Orezzoli. Depts. of Psychology1 and
Physiology2, Univ. of South Carolina, Columbia, SC, 29208.
The inferior colliculus (IC) is a critical site for the generation of audiogenic
seizure (AGS) activity and associated c-fos expression in acoustically primed
animals. The goal of this study was to examine the effects of neural
implants into the IC on behavioral and physiological indices of AGS. L-E
rats at postnatal day 14 (PND 14) were exposed to 10 kHz tone bursts for
8 min at 125 dB p.e. SPL. Beginning at PND 24, subjects were tested for
AGS using the priming stimulus or continuous white noise at 125 dB SPL.
Behavioral aspects of seizures were characterized by wild running (WR)
followed by generalized clonus (grade 3, Jobe et al., 1973). WR to the left
was observed in 53% of intact subjects, to the right in 29.5% while 17.5%
showed left/right combinations (n=17). Variances for seizure onset latency
(p<0.001) and duration (p<0.01) were larger in males (n=2O). Primed and
unprimed subjects were given bilateral lesions of the IC at 3 months, and
whole blocks of caudal fetal tectum (E16 to E17) implanted 7 to 10 days
later. When stimulated, lesion/graft subjects showed WR but not clonus.
Animals were stimulated and perfused after 40 min with 4% paraformaldehyde and immunohistochemistry for c-fos performed. In intact AGS subjects,
heavy labeling was observed in the DNLL, external and dorsal cortices of the
IC, and the MGB. Moderate labeling was seen in the cuneiform area and
dorsal PAG while the central nucleus of the IC showed only light staining.
Preliminary histological data showed fos labelling in graft and adjacent host
tissue.
(Supported by the Deafness Research Foundation and NSF DBS-920624.)
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B8lup AND NMDAR ARE REQUIRED FOR' THE INDUCTION OF LTP OF AMPA AND
lOIDA RECEPTOO-lffiDIATED SYNAPTIC TRANSMISSION

INCREASED POSTSYNAPTIC RESPONSE TO. MICROEJECTION OF NMDA '
BUT NOT AMPA DURING NMDA RECEPTOR-DEPENDENT SHORT-TERM
POTENTIATION. X. Xie* and T.W. Berger. Dept. of Biomedical Engineering and
Programdn Neuroscience, Univ. of Southern California, Los Angeles, CA 90089.
We previously have demonstrated that an NMDA receptor-dependent short-term
potentiation (STP) can be repetitively induced by high frequency stimulation (HFS;
50-100 Hz) even after LTP is saturated . (Xie at al., Soc. Neurosci. Abstr.. 1993). In
this study, rabbit hippocampal slices were perfused in medium containing low Mg2+
(0.1 mM) to facilitate. STP induction. Field . EPSPs and whole cell EPSCs of dentate
granule cell were evoked by stimulating perforant path .axOns. Subsequent to STP
induction, conductance changes were monitored during microejection of AMPA,
NMDA and D-APV through a multibarrel pipette. During 'the expression of STP, the
onset slope, amplitude, and area of the evoked responses were greatly increased
(152 ± 12%, 153 ± 13%, and 143 ± 9% of the control field EPSPs, respectively;
n=8). D-APV (500 pM) ejected 30 s after HFS substantially blocked an enhanced
slow, component of field EPSPs, enhancement of an early component remained,
indicating that both AMPA and NMDA components were potentiated (immediately
after D-APV, values of the above three parameters .were 123 ± 10%, 130 ± 9, and
97 ± 7% of control, respectively; n=8). Between 30 sec and 2 min after STP
induction, response to microejection of NMDA (500pM) was enhanced by 122 ± 9%
(n=8) in amplitude while no increase was detected. for AMPA (500 pM) response
(97 ± 6%; n=7) based on results from whole cell recording. Supported by ONR, NIH
BMSR, Human Frontiers Org., and NIMH.

R. Anwyl+*, J. O'Connor and M.J. Rowan . Departments of
Pharmacology and Therapeutics, and Physiology+, Trinity College,
Dublin 2, Ireland.
Whole-cell patch clamp recordings of epscs. were made from
granule cells of the ' dentate gyrus in response to proximal afferent •
stimulation. Tetanic stimulation in control media evoked a similar
LTP of both the .AMPA and NMDA receptor-mediated components (measured
at 3 ms and 25 ms from the commencement of 'the ' epsc respectively) of
the dual component epsc. . The ' LTP of the AMPA component, measured at
-70 mV and -30 mV, was 152+9%. and 164+8% respectively, n=8, of
control, and LTP of the NMDA component, measured at ■ -30 mV was
163±8% of ' control, n=8 respectively. Application of the mGluR
agonist IS, 3R-ACPD induced a rapid onset LTP (peak amplitude
attained within 8 min) of both the AMPA ' and the . NMDA receptormediated components of the dual ■ component . epsc. ' The mean ■ ACPDinluced LTP of AMPA and NMDA receptor-mediated components at 20 min
following ACPD application was 139±8% and 151±9% respectively at ■ -70 •
mV and 132±8% and 210+8% respectively at -30 mV, n=9. The . ACPDinnuced LTP of both the AMPA epsc and the isolated NMDA epsc was •
NMDA-receptor dependent. Thus in the presence of AP5, ACPD failed
to enhance the isolated AMPA epsc, with the 20 min .post ACPD epsc
measuring 98.5±6% and 95.4+4% respectively, n=4. The ACPD and the
teeannicaly--nduced LTP of the pharmacologically isolated NMDA epsc
(4 uM ■ CNQX measured 169+18% . and 172+15% at'20 . min post-induction
respectively in control media. ■. ACPD and tetanic ' stimulation,
applied in the presence of AP5, failed to induce LTP of this
isolated NMDA epsc (103+5% and 98 . +6% respectively) following
washout of AP5. These studies indicate that co-activation of mGluR
and NMDAR is required for the induction of LTP of both the AMPA and
NMDA mediated synaptic' transmission.
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A TRANSIENT INCREASE- OF EXTRACELLULAR . Ca2+ AT 17°C CAN
OFTEN ESTABLISH A NMDA .RECEPTOR-MEDIATED SHORT-TERM
POTENTIATION PRIOR TO THE DEVELOPMENT OF MAINTAINED
LTP. S. -N. Yane and J. M. Horowitz. Sec. of Neurobiol., Physiol., and
Behavior, Univ. of Calif., Davis CA 95616
Previously we reported a biphasic . pattern of Ca2+-induced LTP could often be
evoked in CA1 of . a -hamster hippocampal slice. at 17°C (Yang and Horowitz, Soc.
Neurosci. Abs., 19,1993). Here we examined the relationship between activation of
the NMDA receptor and the duration of the first peak in the biphasic pattern.
Hamster field postsynaptic potential (f-PSP) slopes -were recorded in -the CA1
dendritic layer in response. to . single-pulse stimulation of Schaffer
wllaaeraVcommissural fibers. In the control group, a 15-min increase of 4.5 mM .
[Ca2+]0 often evoked a biphasic pattern at 17°C. The second portion of this
biphasic response had the characteristics of LTP (e.g., an enhancement of 59.2% ±
6.6% seen 130 min after the high calcium pulse, n= 17). Following . the 4.5 mM
[Ca2+]o pulse, the time (x) required for the - normalized first peak f-PSPs slope, a
value "A", to decay . to one-third of its value was 22.3 ± 1.7 min (n= 17). The peak
"A" was the difference between the value of the f-PSP slope recorded at the end of
the 4.5 mM [Ca2+]o pulse and the lowest value of f-PSP slope measured within the
first 50 min of the washout .period (the maximum depression between the two
comiwnents in the biphasic pattern). In the D-APV (D-2-amino-5phosphonovvaerate) group, 70 pM D-APV was applied over an interval from 15 min
before to .30 min after the 4.5 mM [Ca2+^ pulse. . Application of D-APV blocked
Ca^-induced LTP at 17°C (f-PSP slope increased only 4.3% ± 2.3% 90. min after
the high calcium pulse, n= 8) and the x of the first peak was reduced to 12.9 ± 1.3
min (n= 8), a significant decrease (P< 0.05). These observations suggest . that, in the
absence of APV, an NMDA receptor-mediated enhancement of the first peak occurs
before the second sustained enhancement (the maintenance of LTP).

THE METABOTROPIC GLUTAMATE RECEPTOR (mGluR) IS RELATED
TO A DELAYED. ONSET OF MAINTENANCE. OF Cv 2+-INDUCED LTP AT

17°C. J. . M. Horowitz and . S. -N. . Yang. Sec. of Neurobiol., Physiol., and
Behavior,. Univ. of Calif., Davis CA .95616
Previously, we reported a biphasic pattern in the slope of field posesynaptio
potentials (f-PSPs)-- a first peak which then decayed and was followed by a
sustained potentiation throughout the remainder of the experiment. The biphasic
pattern was often observed in CA1 of a hamster hippocampal slice during the
washout of 4.5 mM [Ca2+]0 at 17°C (Yang and Horowitz, Soc. Neurosci. Abs., 19,
1993). Here, we examined the relationship between this. biphasic pattern and the
mGluR. Hamster f-PSPs slopes were recorded . in the CA1 dendritic layer in
response to the single-pulse stimulation of Schaffer collateral/commissural fibers. In
the control group, a 15-min increase . of 4.5 mM [Ca2+]0 evoked. a biphasic pattern
at 17°C. The second portion of the pattern showed a sustained . enhancement which
had the characteristics of LTP (e.g., an enhancement of 59.2% ± 6.6% measured
130 min after the high calcium pulse, n= 17). In the MCPG [(RS)--x-Methyl-4oarboxyphenylglycine] group, 0.5 mM MCPG was applied over an interval from 15
min before to 20 min after the 4.5 mM [Ca2
pulse. Application of MCPG
inhibited the generation of the second portion of the biphasic response-- there was
no sustained enhancement (the slope increased only by 2.1% ± 3.3% 95 min after
the high calcium pulse, n= 5). With MCPG present the decay of .the first peak
(measured at 1/3 of the difference between . the . height of the peak at .the . end of the
4.5 mM calaiummulue end dhe mmammumedreseionfollowingdie first peak)ww
25.3 ± 5.5 mim 0i= 5.. Thededeo'yathe nllitpran of the roolfolgroupww; s2.3 ±
1.7 mim
5 71-- a vatol non significan^y yiffrrenr(P>0.050 farm mtie MMCP.
group. These results suggest that at 17°C the first peak in the biphasic pattern is not
affected by blocking the mGluR but the second portion of the biphasic response is
essentially abolished and hence LTP is not expressed.
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ANTISENSE OLIGONUCLEOTIDE KNOCKOUT OF AMPA
GLUTAMATE RECEPTOR . SUBUNITS ALTERS LONG-TERM
SYNAPTIC PLASTICITY. IN HIPPOCAMPUS. ' Magali Reves and P.K.
Stanton*. Departments of Neuroscience & Neurology, Albert Einstein
College of Medicine, Bronx, NY 10461-1602.
It has been suggested that phosphorylation of AMPA glutamate
receptors may be responsible for increased channel conductance contributing
to the maintenance of long-term potentiation (LTP), while dephosphorylation
of the same or different site(s) could underlie long-term . depression (LTD)..
AMPA receptors consist of a heteromeric combination of different molecular
subunits, any of which might be targets of . modifications that maintain LTP
or LTD. Antisense oligonucleotides can selec^iv^^^y'block the expression of
individual gene products. To determine which AMPA receptor subunits are
possible targets for long-term modifications, we tested the effects of selective
antisense knockout of AMPA subunits on the . induction of LTP and. LJD in
hippocampal slice organotypic cultures. Hippocampal slices (400 pm) from
rats (9-11 days postnatal) were cultured in MEM plus N2 supplement for 5-9
days. Cultures were treated on days 0 and 3 in vitro with either vehicle or
140 pmoles of antisense DNA oligonucleotides • complementary to the first 30
bases coding for the signal peptide of the AMPA receptor subunit RNA
message. Cultures were harvested .on days 5 or 6, and tested for their ability
to exhibit LTP and LTD of Schaffer collateral-evoked field potentials
recorded in the. CA1 cell body layer. Antisense knockout of the GluRl
AMPA subunit significantly reduced the amount of LTP induced by highfrequency stimulation (100Hz), while not impairing the .induction of lowfrequency LTD (1Hz). In contrast, treatment with either GluR2 .antisense
oligonucleotides or vehicle did not impair the. induction of either LTP or
LTD. Our findings suggest different site(s) for modifications expressing LTP
and LTD of synaptic transmission, and demonstrate the utility of antisense
oligonucletides to down-regulate individual gene products in long-term
organotypic cultures.

NMDA- REGULATED ECTO-PROTEIN KINASE -IN HIPPOCAMPAL

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

NEURONS; ROLE IN LTP.

W. Chen. M. V. Hogan. A. Wieraszko. Z:

Eawlowska. D. .Soifer* and V.H. Ehrlich. CSI/IBR Ctr. Dev. Neurosci.

Staten Island, NY 10314,& Biol. Doc. Prog, of CUNY Grad. Sch.
A role for ATP secreted during tetanic stimulation in the induction
of long term potentiation (LTP) has been previously reported. Ecto-

protein 'kinase activity that may mediate 'this effect was studied in
pyramidal neurons cultured from the hippocampus of 16 day mice

embryos, maintained ' for 3 we,eks in serum-free Neurobasal medium
with supplement B27'(Gibco), until achieving maturation and

synaptogenesis. Among the substrates of ecto-protein kinase
(ectoPK) pho^f^l^c^ri^lated in these mature cells, two proteins (MW

48K & 5OK) could be phosphorylated by extracellular ATP in Mg++

free Krebs Ringer Buffer (KRB), a prerequisite for involvement in

LTP. Addition of the NMDA receptor 'antagonist APV (5OgM)
selectively inhibited the phosphorylation of this duplex- by scto-PK
in Mg++ free KRB. However, this inhibition was not observed when

reactions were -conducted with depolarized neurons' assayed in KRB
containing 25 mM KC1; suggesting that endogenous phosphorylation
of these proteins by ectoPK is stimulated by released glutamate and

inhibited by APV. Indeed, addition of 3OyM NMDA to the medium had'
the same -effect on surface phosphorylation as that of depooarization

We propose that under conditions that Mg++ block is removed,

magnesium -independent ecto-protein - kinase participates in the
induction of LTP via phosphorylation of 48K/ 5OK protein duplex

associated with the NMDA receptor. Supported by HD28788; NIH.
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POSSIBLE INVOLVEMENT OF EXTRACELLULAR ATP AND
ECTO-PROTEIN KINASES IN THE MAINTENANCE (LATE)
PHASE OF HIPPOCAMPAL LONG-TERM POTENTIATION.
S.FuiiP. Y.Kuroda2. K.lto3. H.Mivakawa4* and H.Kato3. iDept.of Biochem.,
Kyorin Univ. Sch. of Med., Tokyo 181, 2Dept. of Mol. and Cell. Neurobiol.,

GLUCOSE MODULATION OF SYNAPTIC TRANSMISSION AND LONGTERM POTENTIATION IN RAT HIPPOCAMPAL SLICES: ENHANCED
SENSITIVITY OF POTENTIATED RESPONSES. G.M. DiBlasi*. M. W. Fleck.
and G. Barrionuevo. Department of Neuroscience, University of Pittsburgh,
Pittsburgh, PA 15260.
We have hypothesized that the maintenance of long-term potentiation
(LTP) requires an increase in energy metabolism to maintain an enhancement of
excitatory amino acid transmitter release. This hypothesis predicts that LTP should
alter the sensitivity of synapses to changes in energy supply (i.e., extracellular
glucose). We examined the interaction of LTP and hypoglycemia by monitoring
the slope of the population excitatory postsynaptic potentials (pEPSPs) in area CA1
evoked by the stimulation of two independent Schaffer collateral-commissural
(SCC) pathways. Tetanic stimulation to one pathway, induced an LTP averaging
61 % as measured 20 minutes after tetanus (n= 13); no changes were observed in the
non-tetanized pathway. Following LTP induction, the glucose concentration in the
perfusion medium was reduced in steps from 10 to 0.4 mM. The relationship of
normalized pEPSPs slope to extracellular glucose concentration was very steep.
Glucose concentration down to 2 mM did not significantly alter synaptic responses
and concentrations < 0.6 mM nearly abolished pEPSPs. Statistical analysis
revealed significant overall effects of the extracellular glucose concentration
(F=25.44, p<0.001) and LTP induction (F=15.24, p<0.001) on the normalized
pEPSP slopes. There was also a significant interaction effect (F=2.97, p=0.02)
with potentiated pathways requiring more glucose. Neither the inducing LTP nor
the decreasing extracellular glucose concentrations had significant effects on fiber
volley amplitudes, postsynaptic membrane potentials (101±2%), or postsynaptic
input resistances (94±4%) as measured intracellularly with sharp-electrode
recording. The heightened sensitivity of potentiated over control synaptic responses
supports our hypothesis that LTP alters synaptic energy demands. Supported by
NS24288 and an NIMH Predoctoral Fellowship.

Tokyo Metropol. Inst, for Neurosci., Tokyo 183, 3Dept. of Physiol, Yamagata
Univ. Sch. of Med., Yamagata 990-23, and Lab. of Cell. Neurobiol.,4Dept. of
Biosci., Sch. of Life Sci., Tokyo College of Pharmacy, Tokyo 183, Japan.
The maintenance mechanism of the late phase of long-term potentiation
(LTP) was studied pharmacologically using guinea-pig hippocampal slices. LTP
in CA1 neurons was induced by a theta burst stimulation. Observations for
more than 90 min were carried out under conditions used previously (Fujii et
al., Brain Res.; 555,112, 1991). Application of K-252b, an ecto-protein kinase
inhibitor, during a theta burst stimulation did not block the induction (early)
phase (0-15 min after a theta burst stim.) of LTP but blocked the maintenance
(late) phase (15min~ after a theta burst stim.) of LTP, suggesting that
ecto-protein kinase activity is required not for the induction (early) phase of
LTP, but for the maintenance (late) phase of LTP. In order to stimulate possible
phosphorylation by ecto-protein kinase, extracellular ATP was applied to mimic
only the late late phase of LTP. Perfusion with ATP (10 min), after transient
depression, slowly potentiated the synaptic transmission from 15 min after the
ATP perfusion and potentiation was maintained as LTP. This ATP-induced
LTP was also blocked by the addition of K-252b to the ATP perfusate. These
findings suggest that ATP, released from presynaptic terminals during burst
stimulation, provide enough substrate for ecto-protein kinase to induce only
the late phase of LTP by the phosphorylation of extracellular domains of
synaptic membrane proteins. It is interesting to note that K-252b also blocks
synapse formation between cortical neurons in culture (Kuroda et al.,
Neurosci.Lett.;135, 255, 1992).
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BDNF AND NT-3 ENHANCE EXCITATORY SYNAPTIC TRANSMISSION IN
AREA CA1 OF THE RAT HIPPOCAMPUS. H. Kang and E . M . Schuman* . Division
of Biology 216-76, California Institute of Technology, Pasadena, CA 91125.
The neurotrophins NGF, BDNF, and NT-3 are implicated as survival factors in neuronal
development. The molecular mechanisms by which these signals promote survival remains
uncertain. Since these factors and their corresponding receptors trk a, b, and c are present
in the adult hippocampus, we have asked whether these neurotrophic factors can modify
synaptic strength. Extracellular field excitatory postsynaptic potentials (EPSP) were
recorded in stratum radiatum of area CA 1 in response to stimulation of the Schaffer
collaterals (.15 Hz). Extracellular application of NT-3 (10 ng/ml) caused an immediate
increase in the size of the field EPSP (mean percent of baseline after 30 minute exposure
± standard error of the mean = 166.5 ± 9.7%, n = 10). Upon washout of NT-3, synaptic
transmission gradually returned to baseline values (t * - 30 min). Preliminary results
indicate that the NMDA-mediated component of the field potential was enhanced to a
similar extent (x = 161% ±, n = 2), suggesting a possible presynaptic change.
Extracellular application of BDNF (10-20 ng/ml) caused a similar fast-acting increase in
the field EPSP, although the effect was lager than that observed with NT-3 application (x
= 202.2 ± 10.9%, n = 6). The synaptic potentiation induced by BDNF appears to be
quite long-lasting (mean duration of potentiation following wash-out of BDNF = 97.8
min). Whether this represents a truly persistent synaptic modification or a slow wash-off
time ofBDNF remains to be determined. Preliminary experiments with NGF (10 ng/ml)
indicate no consistent modulation of synaptic strength (5= 105.2 ±26.4%, n =3). We
are currently examining the mechanisms of the NT-3 and BDNF-induced increases in
synaptic strength including their synaptic locus and mediation by protein kinases. We are
also interested in whether the neuroltrophm-induced enhancement we have observed bears
any relationship to long-term potentiation.

HIPPOCAMPAL LONG-TERM POTENTIATION IN t-PA AND u-PA/t-PA
DEFICIENT MICE. Uwe Frev*»and Dietmar Kuhl. Inst. Neurobiol., Gene

Regul. & Plasticity, Brenneckestr.6, POB 1860, 39008 Magdeburg, Germany; Univ.
Hamburg, Martinistr.52, 20246 Hamburg, Germany.
Hippocampal long-term potentiation (LTP) is thought to serve as an elementary
mechanism for the establishment of certain forms of explicit memory in vertebrates.
As is the case with behavioral memory a longer lasting stage (L-LTP, >4 h) can be
prevented by inhibitors of RNA- and protein synthesis, suggesting that neuronal
plasticity requires gene expression. Recently, it has been demonstrated that the
tissue-plasminogen activator (t-PA), an extracellular serine protease, is induced
during LTP1. Moreover, mice deficient for t-PA showed impaired spatial learning2.
Here we present data, that hippocampal LTP lasting for at least 8 hours in the CA1
region in vitro is not affected in t-PA deficient mice. The time course for both
measured parameters, the population spike and the field-EPSP, is similar to those
observed in control animals. In addition, double knockout mice deficient for t-PA
and u-PA, another extracellular protease, exhibit equally long-lasting LTP.
Therefore, CA1-LTP does not require these proteases or their absence is
compensated for by perhaps other proteases. Whereas, LTP was not affected, we
observed physiological differences between t-PA^ and t-PAtM-mice in the
l/O-relationship and in paired-pulse behavior. In mutant mice a larger EPSP is
required to obtain a similar population spike amplitude.
In conclusion, although t-PA deficient mice show differences in the physiological
properties of their CA1 neurons when compared to wild-type mice, their induction
and maintenance of CA1-LTP is not affected.
This work was supported by the German BMFT "Nachwuchsgruppen
Biotechnologie", FKZ: 0310258A.
1 Qian, Z. et al.. Nature, 1993, 361,453-457.
2 Carmeliet, P., pers. communic.
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ROLE OF SECOND MESSENGER PATHWAYS AFTER ACTIVATION OF
GLUTAMATE
RECEPTORS
IN
HIPPOCAMPAL
LONG-TERM
POTENTIATION. T. Behnisch*1. K. Fedorov1. H. Rabe1. P. deGraan2 and
K.G. Revmann1. 1Fed. Inst. Neurobiol., P.O.B. 1860, D-39008 Magdeburg,
Germany, and 2Rudolf Magnus Inst. Neurosci., Utrecht, The Netherlands.

THE TRANSLOCATION AND INVOLVEMENT OF PROTEIN KINASE C
IN MOSSY FIBER-CA3 LONG-TERM POTENTIATION IN HIPPOCAMPUS
OF THE RAT BRAIN. H. Son, V. Madelian* and D.O. Carpenter. Wadsworth
Labs, NYS Dept. Health and School of Public Health, Albany, NY 12201.

The activation of metabotropic glutamate receptors (mGluR) during high
frequency stimulation of hippocampal CA1 neurons, can increase the
phosphatidylinositol 4,5-bisphosphate hydrolysis to produce Ins(1,4,5)p3
and diacylglycerol (DAG). Moreover, DAG together with calcium stimulates
the PKC activity, which phosphorylates different PKC substrates, such as
neurogranin. The possibility of the involvement of the metabotropic
glutamate receptor in the processes of LTP was investigated by application
of the mGluR antagonist (RS)-methyl-4-caboxyphenylglycine (MCPG) and
inhibitors of second messenger pathways. MCPG blocks the maintenance
of field EPSP-potentiation after high frequency tetanic-stimulation. The role
of postsynaptic activation of PKC on LTP was studied using intracellular
application of chelerythrine, a PKC-inhibitor, and application of antibody to
the postsynaptic PKC substrate neurogranin in the whole-cell mode. Chelerythrine could inhibit the EPSC-potentiation from 100 min onwards,
whereas anti-neurogranin IgGs abolished the EPSC potentiation within 30
min. Several blockers of intracellular calcium stores (thapsigargin) or
intracellular lns(1,4,5)P3 receptor (heparin) did not block the induction of
LTP under our conditions. However, intracellular application of 2,3diphosphoglyceric acid, an inhibitor of the lns(1,4,5)P3 3-kinase and
lns(1,4,5)P3 5-phosphatase, blocked the induction of LTP, suggesting the
possibility of an involvement of lns(1,3,4,5)P4 or lns(1,4)P2 in the early
phases of potentiation.
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The detailed mechanisms underlying long-term potentiation (LTP) are not known.
In hippocampal CA1 translocation of protein kinase C (PKC) activity from cytosol
to membrane and subsequent phosphorylation of growth associated protein-43 has
been demonstrated to be a critical event for the maintenance phase. LTP in mossy
fiber-CA3 differs from that in CA1 in that it is more presynaptic and not dependent
upon NMDA receptors, but the role of PKC in mossy fiber-CA3 LTP has not been
studied. We have investigated the role of PKC in CA3 using antibodies against
PKC isozymes and Western blots, extending previous studies showing that LTP in
CA3 is prevented by PKC inhibitors, but that the PKC activators produce a
reversible synaptic potentiation. Thus, PKC activation is an essential but not
sufficient part of LTP in CA3. We studied PKC in membrane and cytosol from
microdissected area CA3 from control slices which were stimulated only at low
frequency, from slices which had been tetanized and showed LTP and from slices
perfused with phorbol-12,13-diacetate (PDAc, 1 ^M). Western blots were done
after subcellular fractionation into membrane and cytosol by ultracentrifugation.
Immunoreactivity of PKC^a was detected at greater levels than control in the
membrane fraction of LTP and PDAc slices, indicating that both LTP and phorbol
ester treatment induce translocation of PKC from cytosol to membrane. However,
immunoreactivities of PKC-fi and PKC-r were greater only in the membrane
fraction of phorbol ester-treated slices. Thus, CA3 LTP is associated with
translocation of PKC-a to the membrane, whereas phorbol ester treatment causes
translocation of PKC-a, PKC-fi and PKC-r. Supported by NS23807-09.
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PROTEIN KINASE C AND CALMODULIN KINASE II IN LONG TERM
POTENTIATION ON THE FELINE SOMATOSENSORY CORTICES.

MUTATIONAL STUDIES OF RC3 FUNCTIONAL INTERACTIONS WITH
PROTEIN KINASE C AND CALMODULIN. j.B. Watson*, 'R.W. Cohen, 'J.E.
Margulies, 2D.D. Gerendasy, and 2J.G. Sutcliffe. ’MRRC, UCLA, Los Angeles,
CA 90024; 2The Scripps Research Institute, La Jolla, CA 92307.
RC3 is a neuron-specific, protein kinase C (PKC) substrate found in
dendritic spines of forebrain neurons and undergoes NMDA receptordependent, LTP-associated increases in PKC phosphorylation in hippocampus.
Recombinant RC3 Ser36-*Ala mutant protein is not a substrate for PKC and
binds calmodulin more tightly than wildtype RC3, while a Ser36-*Asp mutant
protein exhibits no binding to calmodulin (Gerendasy et al, submitted).
Functional studies in Xenopus oocytes show that RC3, but not SeC-^Gly RC3,
enhances IP3/Ca2+-dependent Cl' currents evoked by acetylcholine (Cohen et
al, 1993). This suggests that RC3 activates an upstream component of the
IP3/Ca2+-generating second messenger pathway. We use mutagenesis studies
in oocytes to examine the importance of RC3's interactions with PKC and
calmodulin. Oocytes co-injected with exogenous 5HT1C receptor cRNA and
either RC3 Ser36-Cly RNA or Ser36-*Ala cRNA displayed serotonin-evoked Cl'
currents (23O±33 nA, n = 12; 260±37 nA, n = 7, respectively) similar to
control oocytes injected with 5HT,C receptor RNA alone (190±25 nA, n = 2O).
Currents recorded in oocytes injected with either wildtype RC3 (325 + 25 nA,
n = 22) or Ser36-*Asp RNA (387±38 nA, n = 17) were 1.5-2 fold larger than in
control oocytes (p<0.01). We conclude that RC3:calmodulin interactions are
not absolutely required for RC3's mode of Cl' current enhancement in oocytes
and suggest that the P^CC^^armc^c^L^lln-binding domain is regulatory in nature.
In a dendritic spine, NMDA receptor-dependent PKC phosphorylation may
activate RC3 coincident with local release of calmodulin near the postsynaptic
density for activation of CAM kinase II during LTP.

- Dept.

of

Physiology .Tokyo

Women's

Med.

Coll.,Tokyo, 162, Japan.
The molecular mechanisms underlying in the
long term
potentiation (LTP) inevitably include the participation of
protein
kinases in the formation and its maintenance. In LTP
on somatosensory cortices induced by the high frequency
stimulation (HFS) of the thalami c ventral posterolateral
nucleus (VPL), PKC and Cam KII activities in the primary(SI)
and secondary(SII) somatosensory cortices were compared
between the ipsilateral and
the contra lateral side of the cat
brain. PKC activity in tite membrane fraction was elevated
450% of control value in SII 10 min after HFS. PKC activity in
the
cytosolic
fraction
under
control
low
frequency
stimulation always exceeds that in the membrane fraction
.which was inverted by LTP at 10 min and then recovered
after 60 min . The change in PKC activity of SI where LTP was
induced only in one thirds of the experimental animals , was
not detectable at 10 min, however, increased
in the
membrane fraction over cytosolic fraction
was observed at 60
min in some cases. On the contrary, the activation of Cam KII
in
the
membrane of SII
was
not
significant .
The
phosphorylation of synapsin 1 and autophosphorylation of
Cam
K II
subunits were observed in
the membrane fraction
of ipsilateral side of SII by LTP.
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POSTSYNAPTIC ADENYLYL CYCLASE HAS AN ESSENTIAL
REGULATORY ROLE IN LONG-TERM POTENTIATION R. D. Blitzer*. R.
Noufanifaf, T. Wong, R. Iyengar and E. M. Landau. Depts. of Psychiatry and
Pharmacology, Bronx VAMC and Mt. Sinai Medical Center, New York, NY

c AMP

10029.
The stimulation of postsynaptic adenylyl cyclase (AC) by tetanic
stimulation and its possible involvement in LTP were investigated in area
CA1 of rat hippocampal slices. A cyclic AMP-sensitive response (the late
Ca++-dependent afterhyperpolarization, AHP) was used to monitor
postsynaptic AC activity. LTP-inducing synaptic stimulation (three 1-s
pulses at 100 Hz, separated by 10 min) in the presence of the
phosphodiesterase inhibitors IBMX or RO 20-1724 caused a transient
depression of AHP, lasting several min after the final train. The AHP was
spared by intracellular Rp-cAMPS (an inhibitor of protein kinase A) or
bath-applied SQ 22,536 (an AC inhibitor), confirming that AHP depression
was mediated by the AC pathway. APV and calmodulin-binding peptide
also prevented AHP depression. Bath-applied Rp-cAMPS or SQ 22,536
suppressed field LTP recorded in stratum radiatum, resulting instead in a
decremental potentiation which returned to baseline within one hour.
When Rp-cAMPS was applied intracellularly, LTP in the impaled neuron
was similarly inhibited. However, the intracellular application of cAMP
or the PKA activator Sp-cAMPS did not enhance synaptic transmission,
despite blocking the noradrenergic suppression of a Hp . The data indicate

that postsynaptic Ca++/ calmodulin-sensitive AC is activated by tetanic
stimulation, that postsynaptic AC activity is necessary for LTP, and that
AC functions as a regulator of the process which produces LTP.
by NARSAD and a VA Merit grant)

(Supported

MEDIATES BOTH THE EARLY AND LATE PHASE OF LONG-TERM
POTENTIATION IN THE MOSSY FIBER PATHWAY TERMINATING IN THE CA3
REGION OF THE HIPPOCAMPUS. Yan-You Huang and E.R. kandel*.
Columbia Univ., HHMI, NY, NY 10032.
NMDA receptor-dependent long-term potentiation (LTP) in the
Schaffer collateral pathway has early and late stages (Frey et al. 1992).
Here, we examined whether NMDA-inJepenJLnt LTP in the mossy fiber
pathway has similar stages and what the second messengers are for each
stage. Whereas one tetanus produces only transient LTP, three tetani
produce potentiation that lasts more than 6 hr. Bath application of
forskolin, an activator of adenylyl cyclase that simulates the early phase
(Weisskopf et al., Soc. Neurosci. Abstr. 19, 1708, 1993), also simulates the
late phase. The fo^holm-induced potentiation occludes both the early and
late phase of LTP, suggesting that forskolin and mossy fiber LTP share
common steps for both phases. The late but not the early phase of mossy
fiber LTP and fo^talm-induced potentiation are both blocked by
anisomycin and actinomycin-D. Mossy fiber LTP and fo^holm-induced
potentiation are associated with a profound occlusion of paired-pulse
facilitation, consistent with a common presynaptic mechanism. However,
this occlusion is only present during the early stage (1-2 hr), suggesting that
the locus of LTP may only be presynaptic during this early phase. These
results suggest that (1) cAMP contributes to both the early and late phase
of mossy fiber LTP, (2) the early phase involves a presynaptic mechanism
that is protein synthesis-independent, and (3) the late phase of LTP involves
a protein synthesis- and mRNA-dependent mechanism that seems to be
postsynaptic. These findings further suggest that, although the early
phases of NMDA-JepenJent and NMDA-indesenJent LTP are different, the

late phases of LTP seem to involve a similar program of cAMP-induced gene
activation in the postsynaptic cell.

119.17

119.18

MOLECULAR ANALYSIS OF LTP BY SUBTRACTIVE HYBRIDIZATION.
L. de Lecea1*, J ,R, Criado2, S.J. Henriksen2 and J ,G. Strtcltffe1. DDpts.
of Molecular Biology1 *nJ Necrosharmacology2. The Scripps Research
Institute. La Jolla CA 92037.
Several studies have demonstrated that the late stages of long-term
potentiation (LTP) are sensitive to inhibitors of transcription thus
suggesting that gene expression is required for the maintenance of
LTP. We have utili^e^ a subtractive hybridization method to isolate
genes that are induced at different time points after tetanic stimulation
of the perforant path. Several directional cDNA libraries from
hippocampi of rats that had been stimulated at high frequency and
sacrificed after 1, 3, 6, 12 and 24 hours of verified LTP were made.
Also, control cDNA libraries from the contralateral unstimulated
hemispheres were constructed and used as drivers for the subtractive
hybridization.
After subtraction, 95% of the labeled target cDNA was removed,
which represents the population of mRNAs that are present in both
stimulated and ^stimulated tissues. Thus, we have obtained cDNA
libraries that contain a collection of genes that are upregulated at
JeeLrent stages of LTP. These libraries will allow us to further
characterize the molecular mechanisms that are responsible for the
maintenance of long-term potentiation in the dentate gyrus.

PATTERNS OF GENE EXPRESSION FOLLOWING LONG TERM
POTENTIATION (LTP). S.Sabunciyan*. S.PrasatL R.Douglas and M.Cvnader Dept,
of Ophthalmology, Univ. of British Columbia, Vancouver, BC, Canada, V5Z 3N9.
The process of LTP (long-term, enhanced responsiveness of neurons following
high frequency and high amplitude stimuli) is believed to play an important role in
learning and memory, seizure activity, and in developmental events. Several lines of
evidence indicate changes in gene expression to be an important aspect of LTP and
several transcripts upregulated during LTP have already been reported. In an effort to
identify a number of known and novel mRNA's upregulated following LTP, we have
used the technique of subtractive hybridization.
In both hemispheres of the rat brain, the dentate gyrus was stimulated via the
perforant path and field potentials were recorded. After the establishment of a
baseline response to test pulses, LTP was induced in one of the dentate gyri while the
other dentate only received test pulses and was kept as control. Two hours following
the induction of LTP the animals were perfused and the dentate gyri from both
hemispheres were dissected. Once sufficient tissue was collected, one cDNA library
was constructed from potentiated dentate gyri mRNA and another cDNA library was
constructed from unpotentiated or control dentate gyri mRNA. Using DNA obtained
from the LTP and the Control cDNA libraries, a subtracted cDNA library specific for
genes upregulated in the dentate gyrus following LTP was constructed. In order to
characterize the subtracted library, 900 of its clones were screened with LTP specific
subtracted probe. Thirty clones found to have strong positive signals when screened
with the LTP specific subtracted probe are being partially sequenced. The remaining
clones which did not possess a strong signal after screening with subtracted probe
may represent low abundance transcripts which get upregulated following LTP.
Hence, the subtracted library is being screened with various functionally known
cDNA's in order to identify some of these clones. Upregulation of genes in the
dentate gyrus following LTP not only provides evidence for the involvement of gene
expression in the process but are also supportive of an important role for the postsynaptic cells in the mechanism of LTP expression and maintenance.
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IDENTIFICATION OF STIMULATED SYNAPSES REVEALS MAJOR
MORPHOPLOGICAL CHANGES FOLLOWING LTP INDUCTION. Er

EFFECT OF EMETINE ON LTP AND HOMOS YNAPTIC LTD IN RAT
HIPPOCAMPUS CA1. H.-K. Lee* and M. F. Bear. Department of
Neuroscience, Brown University, Providence, RI 02912.
The initial expression of LTP may result from post-translational modifications
of existing synaptic proteins; however there is now good evidence that lasting
potentiation is associated with the assembly of new synaptic specializations.
Accordingly, maintenance of LTP requires protein synthesis at the time of LTP
induction. In CA1, even the early expression of LTP is sensitive to protein
synthesis inhibitors (Stanton and Sarvey, 1984), perhaps reflecting a requirement
for translation of mRNAs that exist in CA1 dendrites (Steward et al., 1988).
Recently a form of homosynaptic LTD has been described that appears to
represent a reversal of the mechanisms that lead to expression of LTP.
Conceivably this could include the disassembly of synaptic specializations. If
this is the case, then one might expect that synthesis of new proteins would not
be a requirement for LTD. We have performed an initial test of this hypothesis
in area CA1 of (4 weeks old, 75-100 grams) rat hippocampal slices, using the
protein synthesis inhibitor emetine.
Synaptic responses were evoked by stimulation of the Schaffer collaterals and
measured extracellularly from the stratum radiatum. LTP was induced by theta
burst stimulation (TBS) and homosynaptic LTD was induced by 1 Hz
stimulation for 15 min. Bath application of 1.5 pM emetine 30 min prior to
TBS blocked or suppressed the maintenance of LTP (7.7±4.5% change in initial
slope measured 40 min after TBS, n=4) compared to the controls (26±5.4%
change, n=4). In contrast, the same concentration of emetine did not affect either
depotentiation of LTP (-20+3.4% change 60 min after 1 Hz, n=4; in controls:
-20+2.0%, n=4) or homosynaptic LTD in naive slices (-23 ± 3.7% change 60
min after 1 Hz, n=5; in controls: -24±1.4% change, n=3). These data indicate
that protein synthesis is unnecessary for the formation or early maintenance of
homosynaptic LTD in CA1. LTD may result from a degradation of synaptic
proteins and the reversal of structural modfications that underlie LTP.

A. Buchs. L. Stoppini and D. Muller*. Department of Pharmacology, University

of Geneva, 1211 Geneva 4, Switzerland.
Long-term potentiation (LTP), an increase in synaptic efficacy believed to
underlie learning and memory mechanisms, has been proposed to involve
structural modifications of synapses. Precise identification of the morphological
changes associated with LTP has however been hindered by the difficulty to
distinguish potentiated from naive synapses. Here we have used a cytochemical
method which allows to visualize calcium accumulated in synaptic structures to
label postsynaptic spines activated by high frequency stimulation. A marked,
stimulation-specific, D-AP5-sensitive increase in the number of postsynaptic
spine profiles that contained calcium precipitates was observed after application
of LTP inducing trains to hippocampal organotypic cultures. This stimulationinduced labelling involved a maximum of about 10% of synapses in area CA1
and could be detected for several minutes after stimulation. Re-application of
this stimulation protocol 30 min after LTP induction allowed to relabel
potentiated synapses and proceed to a morphometric analysis of stimulated
synapses. The results show a dramatic increase from 22 to 60% in the
proportion of calcium labelled spine profiles corresponding to perforated
synapses. Labelled synapses were also characterized by a significant increase in
the length of the postsynaptic densities, the length of the pre- and postsynaptic
apposition zones and the spine head areas. We conclude that expression of
long-term potentiation in hippocampal organotypic cultures is associated with a
major ultrastructural change of spines expressed by up to 80% of the synapses
activated by high frequency stimulation (Work supported by FNRS).

119.21
ANTIBODY RECOGNIZING NEURAL CELL ADHESION MOLECULES
MODULATES LTP IN THE RAT CA1 REGION. H. Jahnsen*, L.C. B.Ronn,
D. Linnemann and E. Bock. Division of Neurophysiology & The Protein
Laboratory, The Panum Institute, Univ. of Copenhagen, Denmark.
Neural cell adhesion molecules (N-CAM) are found on neuronal
membranes throughout the CNS and are thought to be important for the
development and maintenance of neuronal assemblies. LTP is a form of
synaptic plasticity thought to be involved in memory and learning. We have
investigated the possible role of N-CAM for the induction of LTP in the rat
hippocampal CA1 region using conventional slice techniques and polyclonal
antibodies raised against N-CAM.
Preliminary experiments showed that bath application of anti-N-CAM
antibody did not result in significant antibody concentrations at the Shaffer
collateral synapses. Therefore we used pressure injection of anti-N-CAM
antibody directly into the stratum radiatum at the location of the activated
synapses. LTP was induced by high frequency stimulation of fibers in the
stratum radiatum of the CA3. LTP was measured as the increase in the field
EPSP slope at the site injected with anti-N-CAM antibody and at a control
site in the stratum radiatum of the CA1.
When anti-N-CAM was injected 15 - 20 minutes before tetanic stimulation
there was a potentiation of the EPSP both at the injected site and at the
control site. However, the potentiation at the injected site was consistently
smaller than the control potentiation regardless of the position of the two
recording electrodes with respect to each other. Injection of anti-N-CAM

antibody without tetanic stimulation had no effect on the field EPSP. Preimmune sera had no effect on LTP. Thus, N-CAM may be involved in the
induction of LTP in the CA1 region.
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ELEVATED BRAIN EXTRACELLULAR GLUTAMATE LEVELS COULD
INDUCE THE FORMATION OF HYDROXYL RADICAL AS DETERMINED
BY MICRODIALYSIS PERFUSION AND ON-LINE HPLC-ECD DETECTION
C.S. Yang. J.S. Kuo, and J. C. Liu* Dept, of Medical Research, Taichung
Veterans General Hospital, Taichung, Taiwan, Republic of China 40705.
Many results from in vitro experiments have indicated that "excitotoxicity" and
"oxidative stress" are related in causing neuronal damages. However, evidence from
in vivo studies has been relatively limited probably due to the difficulty in
determinations of free radicals. We conducted in vivo experiments to test whether
the occurence of excitotoxicity could directly induce the oxidative stress.
Excitotoxicity was induced by perfusion of glutamate solution of various
concentrations through the microdialysis probe implanted in rat (S.D.) striatum.
The perfusing solutions also contained salicylic acid to trap hydroxyl radical. Eluted
microdialysates were directly injected onto High Performance Liquid
Chromatography (HPLC) with electrochemical detector via an on-line injector.
Oxidative stress was evaluated as the increased formation of hydroxyl radical. The
increased formation of hydroxyl radical was quantitated as the increased amounts of
2,3 and 2,5dihihroxybeneoic icid (DHBA) that were the hyhroxylatlveproducus of
salicylic acid. Validity of this system in quantita^ hydroxyl radical was verified
by hydroxyl radical generating system employing hydrogen peroxide, ferrous ion and
ADP. From the results of 10 S.D. rats, we found that elevated glutamate
concentrations (150 mM, 15 mM and 1.5 mM of glutamate in perfusing solutions)
would significantly increase the concentrations of both 2,3 and 2,5 DHBA (2 to 10
fold) in the extracellular space of striatum. The finding that hydroxyl radical was
formed as a direct result of increased extracellular glutamate concentrations in brain
clearly demonstrated that oxidative stress could be induced by excitotuxicity.
Disorders such as cerebral ischemia that are known to cause the spike of glutamate
levels in brain extracellular space would also suffer the damages caused by hydroxyl
radical. Further studies are needed to find out what glutamate receptors) might be
responsible for the hxcitytObicite-inCuchd oxidative stress.

Nitric
oxide
synthase
type
I and U-activity
in the striatum
after
EXCITOTOXICALLY (QUINOLINIC ACID) INDUCED GLIOSIS. W. Schmidt*. G. Wolf
and J. Calka. Inst. Med. NeuroNo!., Univ. Magdeburg, Erich-Weinert-Str. 3, D39112 Magdeburg, Germany.
Nitric oxide (NO) is involved in pathogenetic mechanisms of glutamatemediated neuruCegeoerative processes. The constitutive isoform of NO-synthase
(NOS-I) is present in discrete populations of neurons in the brain. Io striatal
neurons NOS-I can be easily detected histuchemicdlly after aldehyde-fixation by
NADPH-Cidphorash (NADPH-d) reaction. Resting glial cells do usually neither
exhibit NADPH-d activity nor NOS-I-immuooredctivity. Neurons with intense
NADPH-d staining are reported to be relatively resistant to hxcitutoxic damage.
In the present study we examine NADPH-d containing elements in normal
striatum and in excitotoxic lesions induced by quinolinic acid (QUIN).
QUIN, micrornjected unilaterally into the rat striatum leads to a complete loss
of NADPH-d-positive neurons and of NOS-I immuooredctivite, whereas the
contralateral side appears to be unaffected. Io contrast, parallel biochemical
studies show that QUIN-lesioned striatal tissue which displays massive
excitotuxio-ioCuchC nerve cell loss (glutamate decarboxylase is used as a marker
enzyme for the success of the lesion) and a pronounced reactive gliosis, reveals a
2-fold increase in inducible NOS activity (p< 0.005 by t-test). Io the same
material a large number of reactive micro- and astroglial cells are observed to be
NADPH-d-positive. At the ultrastructurel level activated glial cells show
intensive NADPH-d staining of hoComembrdohs and cytoplasmic cisternae.
Our findings indicate that (1) QUIN causes nerve cell loss with a decrease in
NOS-I activity, and that (2) QUIN stimulates the expression of NADPH-d in
astrocytes in parallel with the increase in the inducible isoform of the enzyme,
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THE EFFECTS OF N-METHYL-D-ASPARTATE (NMDA) ANTAGONISTS
AND NITRIC OXIDE SYNTHASE (NOS) INHIBITORS ON MEPERIDINEAND YOHIMBINE-INDUCED SEIZURES IN RODENTS.
R.A.Del Vecchio. R.Casto*. and R.W.Dunn. Department of Biological Research,
Ohmeda PPD Inc., Murray Hill, NJ 07974.

NADPH-DIAPHORASE CONTAINING NONPYRAMIDAL NEURONS IN THE
RAT HIPPOCAMPUS: SELECTIVE SENSITIVITY TO KAINIC ACID IN
DIFFERENT HIPPOCAMPAL REGIONS. R. Miettinen*, T. Kotti. T. Haloncn. J.
Tuunanen. A. Toppiiren, P. Riekkinen Sr. Dept, of Neurology. Univ. of Kuopio,
P.O. Box 1627, FIN-70211 Kuopio. Finland.
"

Both the competitive N-methyl-D-aspartate (NMDA) antagonist (±)-3-(2Carboxypiperazin-4-yl)-propyl-1 -phosphonic acid (CPP), and the non-competitive
NMDA antagonist dizoclpine (MK-801) dose-dependentiy antagonized yohimbineinduced seizures (YIS) in mice, as well as meperidine-induced seizures (MIS) in
rats. The ED50 values for CPP and MK-801 in the YIS assay were equal to 0.57
and 0.09 mg/kg i.v., respectively, while the ED5o values in the MIS assay were
equal to 2.1 and 0.08 mg/kg i.v., respectively. These results show that seizures
mediated by both yohimbine and meperidine can be attenuated by antagonism at
the NMDA receptor. Likewise, the nitric oxide synthase (NOS) inhibitors N°nitro-L-arginine methyl ester (L-NAME) and 7-nitroindazole (7-NI) dosedependently antagonized YIS with ED50 values equal to 7.3 and 41.1 mg/kg i.v.,
respectively. However, these agents produced only a maximum of 50% attenuation
of MIS in rats at 300 mg/kg i.v. for L-NAME and 30.0 mg/kg for 7-NI. Therefore
the attenuation of YIS by NMDA antagonists and NOS-inhibitors suggests that
these seizures may be mediated through inhibition of NMDA receptor activation
and the resultant formation of NO. On the other hand, the limited effectiveness
of NOS-inhibitors (50% antagonism) on MIS, compared to the complete
antagonism produced by NMDA antagonists, suggests that opiate-induced seizures
may be mediated by a direct receptor activiation at NMDA sites and only partially
due to the formation of NO.

treated animals. However, the intensity of NADPH-diaphorase activity was lower
in the CA1 subfield of the kainic acid treated rats. In addition, the cell counting
revealed that the number of neurons possessing NADPH-diaphorase activity was
decreased in the CA1 and hilus of kainate treated rats compared to controls. We
did not observe any differences in the cell counts of NADPH-diaphorase neurons
in the molecular and the granule cell layer, and the CA3 subfield. The results
show that NADPH-diaphorase neurons in certain hippocampal regions are
resistant to systemically applied kainate. This partly argues with the findings in
the striatum and neocortex. where NADPH-diaphorase cells are shown to be
sensitive to kainic acid. Wc suggest that NADPH-diaphorase neurons in distinct
hippocampal regions have different distribution of kainate receptors. The
degeneration of NADPH-diaphorase cells in the hilus and in the CA1 subfield
after systemic kainic acid injection is likely to be associated to the
pathophysiological processes involved in the spreading of epileptic seizure activity
rather than direct neurotoxicity of kainic acid in the hippocampus.

267

Earlier studies suggest that nitric oxide (NO) is involved in cellular mechanisms
associated with excitotoxic cell damage. Here we investigated whether the
neuronal degeneration caused by systemic injection of kainic acid includes
damage of the hippocampal neurons producing NO. Degenerative changes in the
NO neurons of the rat hippocampus was analysed in NADPH-diaphorase stained
sections two weeks after the intraperitoneal injection of kainic acid. The pattern of
NADPH-diaphorase staining was very similar in both control and kainic acid

120.5

120.6

ROLE OF POLY AMINES IN THE EXCITOTOXIC RESPONSE
EXHIBITED BY THE NT2-N HUMAN NEURONAL CELL
LINE.
M. Munir*. L. Lu and P. McGonigle Dept. of
Pharmacology, Univ. of Pennsylvania. Phila.. PA 19104.
NT2 cells are a clonal line of human teratocarcinoma cells that are
terminally differentiated into neuron-like cells following exposure to retinoic
acid. The fully differentiated cells express both NMDA and non-NMDA
glutamate receptors and exhibit a robust excitotoxic response to glutamate.
In this study, we have examined the role of different intracellular pathways
in this phenomenon using lactate dehydrogenase release and MTT reduction
as indices of cell death and survival, respectively. Pretreatment of cells
with the polyamine synthesis inhibitor DFMO significantly inhibited the
toxicity produced by 1 mM glutamate. Treatment of cells with polyamines
alone produced a dose-dependent toxicity with a rank order of potency of
spermine > spermidine > putrescine. The response was also time
dependent and the rank order of time required to produce toxicity was
spermine < spermidine < putrescine. Moreover, administration of spermine
alone produced a significant increase in intracellular free [Ca**] measured
with the Ca^-ensitive fluorescent dye FURA-2. In contrast, treatment of
cells with several nitric oxide synthase inhibitors failed to prevent
glutamate-mediated toxicity and the oxygen free radical scavengers
hemoglobin and superoxide dismutase were also without effect. Moreover,
there was no detectable expression of nitric oxide synthase in NT2-N cells
as determined by NADPH-diaphorase staining. These results provide
support for the hypothesis that induction of polyamine synthesis following
NMDA receptor stimulation may play an important role in excitotoxicity
whereas the production of nitric oxide is not required for this response.
The NT2 cell line appears to be an ideal model system in which to study this
phenomenon. (Supported by USPHS GM 34781)

CALCIUM DEPOSIT FORMATION AND GLIAL REACTION IN
RAT BRAIN AFTER IBOTENIC ACID-INDUCED BASAL
FOREBRAIN LESION. J.Saura. M.Ll.Boatell. G.Bendahan. N.Mahv*.
Unit. Bioquimica, Fac. Medicina, Univ. Barcelona,08028-Barceiona3pain
Ibotenic acid (25mM) was injected into the rat ventral globus pallidus
(vGP) and medial septum (MS) of adult male Sprague Dawley rats. The
induced formation of calcium deposits in vGP and concomitant glial
reaction in both areas were studied one month later. vGP lesion was
associated with calcium deposits that were also observed in ventral
pallidum, substantia innominata, zonaincerta, lateral hypothalamic area,
entopeduncular nucleus and several thalamic nuclei. A three-dimensional
reconstruction of the lesion was performed. Three types of deposits were '
identified morphologically: immature, medium and mature (respective
diameters: 1.8±0.2pm, 4.1±0.2pm, 21.1±0.6nm).
Differential astroglial and microglial reaction, studied autoradiographically with the MAO-B marker [3HlRo19-6327 and the peripheral
benzodiazepine receptor (PBR) marker [3h ]Ro 5-4864 respectively, were
observed. In the GP significant increases of MAO-B (230%) and PBR
(500%) were found, whereas only an astroglial reaction (75% increase
of MAO-B) was detected in the septum. No changes were observed in
MAO-A labelled with [3H]Ro 41-1049 in any of the lesions.
Our data suggest that excitotoxic lesions lead to different neurodegenerative processes in these two brain areas that may be related to differences in their neuronal phenotypes and glial reaction. (FISss 94/1461.)

120.7

120.8

HIPPOCAMPUS AND VENTRAL GLOBUS PALL1DUS EXCITOTOXIC LESIONS ARE
ASSOCIATED WITH INTRACELLULAR CALCIUM DEPOSITS F . Bernall, J . Saural A.
Prated A. Gual3* and N. Mahy! U. Biochemistry!. Dept. Anatomy^ and Lab.
Neurophysiology^ Sch. Medicine, Univ. Barcelona, 08028-Barcelona, Spain.

GLUTAMATE-INDUCED INHIBITION OF CaM KINASE II ACTIVITY CORRELATES
WITH SUSTAINED INTRACELLULAR CALCIUM. S.B. Churn*. D. Limbrick and
R.J. DeLorenzo. Department of Neurology, Medical College of Virginia,
Richmond, VA 23298.
Glutamate-induced inhibition of CaM kinase II activity was characterized in
relationship to loss of intracellular calcium regulation and delayed neuronal cell
death. Intracellular calcium ([Ca2*],) was quantitated by lndo-1 fluorescence in
hippocampal neurons exposed to 500 pM glutamate or 50 mM KCL. Healthy
neurons displayed basal [Ca2*] levels of 50-100 nM. Excitotoxic (10 min)
glutamate exposure resulted in an initial peak of [Ca2*] up to 2 pM and a
sustained peak which remained throughout the recording period. Shorter
periods of glutamate exposure did not result in a sustained [Ca2*]( transient.
KCI exposure resulted in an initial [Ca2*], peak up to 2.4 pM with a smaller
sustained transient. In addition, the KCI transient rapidly returned to baseline
upon the removal of KCI. Removal of extracellular Ca2* abolished both the
initial and sustained [Ca2*], transients induced by glutamate or KCI exposure.
CaM kinase II activity was measured in homogenates of hippocampal neurons
exposed to the same treatments above. Under conditions where hippocampal
neurons displayed a sustained calcium transient, CaM kinase II activity was
significantly inhibited when compared to sham-treated cultures (59 +. 1.9%
control, p < 0.001, Bonferroni corrected ANOVA). In addition, sustained [Ca2*]i
resulted in a significant, delayed neuronal cell death (18.82% surviving neurons,
n =11 cultures). KCI exposure did not result in significant inhibition of kinase
activity (95.8 _+. 1.3% control activity) or significant neuronal cell death
(96.67% surviving neurons). Thus, both kinase inhibition and delayed neuronal
cell death correlated with the excitotoxic glutamate-induced, sustained [Ca2*],
transient. The results are consistent with the hypothesis that CaM kinase II
inhibition may piay a significant role in glutamate-induced, delayed neuronal cell
death.

Variation in brain area vulnerability to neurodegenerative processes
may reflect differences in neuronal phenotype as shown by the formation
of intracellular calcium deposits after ventral globus pallidum (vGP)
microinjection of ibotenic acid in adult rats and a progressive atrophy of
the medial septal nucleus (MS) after a similar treatment.
In order to establish if an excitotoxic lesion of the hippocampus could
also induce the formation of calcium deposits, adult male Sprague-Dawley
rats received a stereotaxic microinjection of N-methyl-D-aspartate
(NMDA, 4OmM) in the right CA1 hippocampus and were studied at two
month post-eesion. At this time nerve cell death was associated within CA1
and dentate gyrus with the appearance of intracellular calcium deposits.
Differences in their morphology and number were striking: high density
and large size deposits were observed in the pyramidal layer, in contrast
to their scarcity and small size in stratum radiatum; small deposits were
also present, but more abundant, in the molecular layer. A similar pattern
could be observed in the contralateral side. Comparison with NMDA vGP 2
month-lesioned rats confirmed the diversity of these calcium deposits.
In summary, our data suggest that excitotoxic lesion of hippocampus
and vGP leds to neurodegenerative on-going processes associated with
intracellular calcium deposit formation. (Supported by FISss 94/1461)
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SPINAL
NEURONS
ARE
MORE
SENSITIVE
TO
KAINATE
NEUROTOXICITY AND EXHIBIT GREATER KAINATE-INDUCED
CHANGES IN [CA2+]; THAN CORTICAL NEURONS. A ,D. Lindsav* and J.H.
Weiss. Dept, of Neurology, University of California, Irvine, Irvine, CA 92717.
The effect of chronic kainate exposure on cell death and intracellular calcium
([Ca2+]j) was compared in murine spinal and cortical cultures. Cultures were
exposed to kainate (10-100 gM) for up to 2 hr. and [Ca2+]j measured with fura-2
imaging. Cell death was assessed with trypan blue staining at the end of the
exposure. In both spinal and cortical neurons, kainate caused an initial rapid
increase in [Ca2+]j during the first 5 min., followed by a decay over the next 5 to
20 min. to a stable plateau. While there was no correlation between either peak or
plateau [Ca2+] and the likelihood of cell death, a subset of cells exhibited a
delayed (20-120 min) rise in [Ca2+]j that did correlate with cell death. Spinal
neurons had greater mean increases in [Ca2+] in response to kainate, were more
likely to exhibit a delayed rise in [Ca2+}j, and were more likely to be non-viable at
the end of the exposure than cortical neurons studied under identical conditions.
A histochemical stain, based on kainate activated Co2+ uptake, labels neurons
possessing Ca2+-permeable AMPA/kainate channels Co2+(+) neurons: Neuron 7:
509-518). In cortex, the subset of neurons (about 15%) that are Co2+(+) are
exceptionally vulnerable to injury produced by brief kainate exposures (Turetsky
et al., Soc Neurosci Abs 18:81). We have found a greater proportion (about 4050%) of spinal neurons to be Co2+(+), a feature that might explain their greater
kainate vulnerability. In both spinal and cortical cultures, Co2+(+) neurons on
average exhibited greater kainate-induced changes in [Ca2+]j than the general
population, and predominated among those cells with the highest [Ca2+]j
elevations. We hypothesize that possession of Ca2+ permeable AMPA/kainate
channels increases the rate of kainate-induced Ca2+ influx, and hastens a
irrecoverable loss of [Ca2+]j homeostasis.
Supported by grants from the Alzheimer's Association and the Paralysis Project.

CONOPEPTIDE MVIIC INHIBITS ISCHEMIA-INDUCED GLUTAMATE
RELEASE IN THE RABBIT HIPPOCAMPUS. G. Wu. M.H. ZornowT H.K.
Kim, M.A.P. Strnat. Department of Anesthesiology, University of Texas
Medical Branch, Galveston,TX 77555-1089
Neurologic injury following ischemia is due to a cascade of events
involving the release of various endogenous neurotoxins including
glutamate, an excitatory amino acid. At least some of this glutamate
release is calcium dependent and may be attenuated by administration
of calcium channel blockers. Conopeptide MVIIC has been found to
block neuronal calcium channels and preliminary studies have shown
that MVIIC markedly attenuates the glutamate release elicited by
potassium-induced depolarization in the hippocampus. Using an in vivo
model of ischemia, we studied the effects of MVIIC on hippocampal
glutamate concentrations during the peri-ischemic period.
Following institutional approval, 22 New Zealand white rabbits were
subjected to 10 minutes of global cerebral ischemia produced by neck
tourniquet inflation combined with systemic hypotension during
halothane (1-1.5%) anesthesia. Hippocampal extracellular
concentrations of glutamate were monitored using in vivo microdialysis.
Dialysis catheters were perfused with mock CSF (Control, n=8), 10
uM MVIIC (n=7) or 100 gM MVIIC (n=7). Data (mean ± SEM) were
analyzed by ANOVA.
Glutamate increased by 8 fold in the Control group in the periischemic period. This increase was markedly attenuated (P<0.05) only
in the 10 uM MVIIC group. Our results demonstrate that conopeptide
MVIIC can inhibit ischemia-induced release of glutamate. This study
was supported in part by NINDS grant # RO1-NS29403 to Dr. Zornow.
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EXCITATORY AMINO ACID INDUCED 45ca ++ FLUXES IN SYNAPTONEUROSOMES ISOLATED FROM RAT BRAIN. I. S. Sessoms. I.
Deshpande*. and T. A. Verdoorn. Departments of Pharmacology and
Pediatrics, Vanderbilt University, Nashville, TN 37232-6600.
Increases in intracellular calcium may represent one mechanism leading
to excitotoxicity following brain hypoxia or ischemia. Electrophysiology is
often used to measure the calcium permeability of excitatory amino acid
(EAA) receptors. However, other receptor properties also are likely to
contribute to the overall amount of calcium fluxed during receptor
activation. To begin to examine this issue we have compared the quantity of
calcium fluxed by various EAA agonists in a preparation of rat brain
synaptoneurosomes. Synaptoneurosomes were isolated from the forebrain of
rats (100 gms, approximately 3 weeks old). Calcium uptake (measured with
45Ca) was induced by 10 minute exposure of the synaptoneurosomes to 100 gM
L-glutamate, 100 gM AMPA, 100 gM NMDA or 20 mM K+. The mean (±
SEM) uptake of 45Ca induced by L-glutamate was 1.33 ± 0.07 pmol/mg
protein, AMPA fluxed 1.36 ± 0.76 pmol/mg protein, NMDA gave a signal of
1.85 ±1.7 pmol/mg protein, and the flux in the presence of high K+ was 1.94
± 0.18 (n = 4 for each case). Fluxes mediated by EAAs were reduced in the
presence of 10 gM CNQX to 0.27 ± 0.05 pmol/mg protein for L-glutamate,
0.095 ± 0.1 pmol/mg protein for AMPA and 1.00 ± 1.58 pmol/mg protein for
NMDA (n = 3 for each case). CNQX did not block the K+ induced flux. These
results demonstrate the feasibility of using 45ca flux as probe for EAA
receptor properties potentially relevant to excitotoxicity. Experiments are
in progress to identify the receptor or ion channel through which the
calcium flows during EAA receptor activation, to examine the 45Ca flux
properties of recombinant EAA receptors, and to determine if EAA receptor
mediated 45Ca fluxes are altered following ischemia.

NEONATAL CA1 NEURONS DO NOT RESPOND TO GLUTAMATE
CONCENTRATIONS THAT KILL ADULT NEURONS: TIME-LAPSE
CONFOCAL STUDIES IN VITRO. J.D. Marks* and G.G. Haddad. Dept.
Pediatrics, Yale University School of Medicine, New Haven, CT 06510-8064.
Prolonged activation of glutamate receptors (GluRs) causes an increase in free
intracellular calcium
a significant alteration in neuronal morphology,
and cell death. Over the first 3 weeks of life, the expression of GluR subtypes
is developmentally regulated. We hypothesized that glutamate would -cause
smaller increases in [Ca++]jMid less distortion of cell morphology in neonatal
cells than in adult cells. Using confocal microscopy and Fluo-3, we imaged
changes in [Ca*+].nd cell morphology of single hippocampal CA1 neurons that
had been acutely dissociated from mature (21-25 day old) and neonatal (1-8 day
old) rats. Simultaneous differential interference contrast and eQirluoreseenee
images were obtained at 20s intervals at baseline, during glutamate stimulation
(0.3-300 uM), and during washout. Mean baseline [Ca+^was not different
between adults (78 nM, N = 12) and neonates (75 nM, N = 12). In adults (N = 15),
glutamate caused a dose-dependent increase in volume-corrected fluorescence,
with maximal response (290% above baseline) occurring at 30 uM. This increase
was accompanied by a significant increase in somal volume and retraction of cell
processes, followed by loss of dye and cell death. In 6-8 day old neurons
(N = 12), fluorescence increased to near adult values (220%), but neither somal
volume nor process length changed. In 1-3 day old neurons (N=8), fluorescence
increased much less (34%), and cell morphology did not change. We conclude
that neonatal neurons resist glutamate levels that kill adult neurons. In the 1-3
day old, this resistance may stem from decreased gluR expression. In the 6-8
day old, however, the preservation of neuronal morphology in the face of large
[Ca+] j increases suggests that [Ca ** j increases are not sufficient to induce cell
death.
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A
NOVEL
SELECTIVE
NON-PEPTIDE
CALPAIN INHIBITOR PROTECTS CULTURED
NEURONS FROM EXCITOTOXICITY AND
OXYGEN/GLUCOSE DEPRIVATION.
K.K.W.

ROLE OF CALCIUM IN SIGMA-MEDIATED NEUROPROTECTION.
K. L. Klette1, F. C. Tortella2, J. E. Moreton3 * and M. A. DeCoster2.
Armed Forces Inst. Path., Div. Forensic Toxicology1 and Walter Reed
Army Inst. Res., Div. Neuropsychiatry2, Washington, DC 20307 and
University of Maryland, School of Pharmacy3, Baltimore, MD 21201
We have previously reported the neuroprotective effect of sigma ligands
against 80 gM glutamate toxicity in vitro (Neurosci. Abst. 19, 1993). Since
unique calcium dynamics have been reported for toxic and non-toxic
concentrations of glutamate (DeCoster et al, NeuroReport 3, 1992), we
evaluated the ability of sigma ligands to alter glutamate-stimulated calcium
flux in 12-15 day old primary rat neuronal cortical cultures. In approximately
80% of the neurons 80 gM glutamate caused a sustained calcium flux
associated with neurotoxicity. Compared to glutamate alone the majority of
sigma ligands evaluated altered glutamate-induced calcium dynamics. For
example, the major effect of maximal neuroprotective concentrations of the
sigma ligands dextromethorphan, (+)-pentazocine, (+)-cyclazocine, (+)-SKF
10047 and carbetapentane was a shift from a sustained, to a biphasic or

Wang*. P.-w. Yuen", A. Posner. K.J. Raser. M. Buroker-Kilgore.
A.W, PrQterf, F.W. Marcpux, S J, Hay$° .and I, Hajimshammadreza,
Departments of Neuroscience Pharmacology and Neuroscience
Chemistry’, Parke-Davis Pharmaceutical Research, Division of
Warner-Lambert Company, 2800 Plymouth Road, Ann Arbor,
Michigan 48105, USA.
Calpain overactivation has been implicated in excitotoxieity. Direct
demonstration of this hypothesis has been hampered by the lack of
selective calpain inhibitory agents. A series of novel non-peptide
calpain inhibitors have now been discovered with IC5o’s ranging from
high nanomolar to low micromolar against calpain I using casein as
substrate. The most potent compound identified in our in vitro assay
was PD 150606 with an IC50 of 0.4 gM and 1.1 gM against calpain I
and calpain II, respectively. These compounds are selective for
calpains as they did not inhibit cathepsin B, papain, trypsin or
thermolysin. At 5-10 gM, PD150606 also inhibited calpain-mediated
spectrin breakdown in A23l87-treated Molt-4 cells, demonstrating
sufficient cell-permeability. In the fetal rat cerebrocortical culture
model, PD150606 significantly reduced spectrin breakdown and cell
death (measured by LDH release) induced by NMDA treatment (250
gM) or by oxygen/glucose deprivation. Our results suggest that
selective inhibition of calpain is neuroprotective.
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transient calcium response indicative of neuroprotection. As expected, (+)-3PPP, previously shown not to be neuroprotective, failed to alter glutamateinduced calcium dynamics. These results indicate that alteration of the
glutamate-induced calcium response may be a common pathway towards
sigma-mediated neuroprotection. However, results of preliminary experiments
indicate that the neuroprotective sigma ligands DTG and haloperidol fail to
alter the glutamate-induced sustained calcium flux. Therefore, the role of
dynamic calcium signaling in sigma mediated neuroprotection remains
equivocal.
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COMPLEX CORRELATION BETWEEN EXCITATORY AMINO ACID
INDUCED INCREASE IN THE INTRACELLULAR Ca2+ CONCENTRATION
AND SUBSEQUENT LOSS OF NEURONAL FUNCTION IN INDIVIDUAL
NEOCORTICAL NEURONS IN CULTURE. M.-R. Witt1. K. Dekermendiian^
A. Frandsen2. A. Schousboe2 and M. Nielsen1*. ^ept. of Biochem., Res. Inst,
of Biol. Psychiatry, St. Hans Hospital, DK-4000 Roskilde, Denmark, 2pharmaBiotec Res. Center, Dept, of Biol. Sciences, Royal Danish School of Pharmacy,
DK-2100 Copenhagen, Denmark.
Using primary cultures of cerebral cortical neurons and single-cell imaging of
intracellular free Ca2+ ([Ca2+J); with the ratiometric dye fura-2, excitatory amino
acid (EAA)-induced neurotoxicity was assessed measuring the loss of neuronal
function as defined by the ability of the cells to respond to K+-induced depolarization by a transient increase in C.a2+-influx. The viability of individual neurons
was measured quantitatively as the [^2+]. values of the 2.KC1 stimulation
divided by those of the 1.KC1 stimulation, giving the ratio (2.KC1/1.KC1) value.
Exposure to EAAs led to an increase in [Ca2+j; but no simple correlation between
the increase in [Ca2+]. and neuronal viability could be demonstrated. Rather,
below a threshold level of [Ca2+]. the cell viability was largely independent of the
glutamate receptor-agonist induced increase in [C^2+].. However, when [Ca2+j;
increased above this threshold level, the neurons almost invariably lost the ability
to respond to a K+-induced depolarization particularly after exposure to glutamate. Therefore, the cortical neurons were found to be exceptionally vulnerable to
the glutamate-induced loss of function when compared to the effect induced by the
glutamate receptor subtype specific agonists, V-methyl-D-aspartate (NMDA),
quisqualate (QUIS) and 2-amino-3-(3-hydroxy-5-methyl-isoxazol-4-yl)propionate
(AMPA). The findings suggest that the loss of neuronal membrane polarization
precedes plasma membrane disruption and is a sensitive marker of EAA-induced
neurodegeneration observed at the single-cell level.
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SYSTEMIC L-KYNURENINE PROTECTS AGAINST NMDA BUT NOT
KAINATE INDUCED LESIONS IN THE ADULT RAT RETINA
C.K.Vorwerk*. M.R.Kreutz and B.A.Sabel. Otto-von-Guericke University,
Faculty of Medicine, Institute of Medical Psychology, Leipziger Strasse
44, 39120 Magdeburg, Germany

NEUROPROTECTION AGAINST NMDA
EXCITOTOXICITY BY
pCYCLAZOCINE IN HIPPOCAMPAL AND CORTICAL NEURONS. Sawver.
D.. and McLamon. J.G.* Department of Pharmacology & Therapeutics, The
University of British Columbia, Vancouver, BC V6T 1Z3.

As a model of excitotoxicity we injected N-Methyl-D-Aspartate
(NMDA) or Kainate intraoculariy (i.o.) in adult rats. To estimate the number
of surviving retinal ganglion cells (RGC), 48h later a retrograde tracer,

horseradish peroxidase, was injected into the superior colliculus. Two days
later the retinae were dissected out, whole-mounted, stained and analyzed
for HRP-positive cells using a computer based image analysis system.
In this study we investigated the effects of systemic L-kynurenine
administration prior to i.o. NMDA or kainate application. L-kynurenine
(100mg/kg administered 2hours, 30 minutes before and 30 minutes after i.o.
Injection) passes the blood-brain-barrier and is metabolized subsequently to
kynurenic acid, which is thought to act as an competitive antagonist at the
glycine binding site of the NMDA receptor complex.
A single dose of 2Onmoles of NMDA and 5nmoles of Kainate
resulted in a substantial loss of RGC. L-Kynurenine significantly reduced
NMDA induced retinal ganglion cell death in the dorsal, nasal and ventral
sector of the rat retina 96 hr postlesion (p< .018; p< .0001 and p< .0001). In
the temporal retina this effect was much smaller (p< .055). However, no
significant effect was found in kainate lesioned retinae.
These results demonstrate that the systemic administration of
L-kynurenine can affect NMDA-induced cell death in vivo. Further studies
should clarify the potential of Kynurenic acid as a neuroprotective factor in
the rat retina under conditions of uncontrolled glutamate efflux.
Supported by DFG Sa 433/3-1

Investigations into the propensity of certain drugs to inhibit NMDA receptor
activation were conducted via single-channel electrophysiological recordings
and cellular excitotoxicity assays. Outside-out patches from 7-16 day-old
primary rat hippocampal cultures were used to record unitary currents
induced by NMDA. p-cyclazocine, an enantiomer of the opiate drug acyclazocine, was applied by bath perfusion to the patches at concentrations
from 200 nM to 10 pM. At all concentrations, application of the O-tomer
reduced the open state probability of the NMDA-coupled ion channel, with
effects of the drug to lower both mean open time and opening frequency.
The (+)-isomer significantly attenuated channel open probability only at the
highest concentration. The potency to decrease channel open probability
exhibited by p-(-)-cyclazocine is of the same order as found previously for the
prototypical non-competitive NMDA ion channel
blocker MK-801.
Experiments were also carried out on both cultured hippocampal neurons (the
same as used in the electrophysiological work) and cultured neurons obtained
from rat cerebral cortex to investigate the neuroprotective actions of. both pcyclazocine stereoisomers.
Inclusion of p-(-)-cyclazocine in the culture
medium rescued both types of neurons from excitotoxic damage normally
observed following exposure to 1 mM NMDA. On the other hand, p-(+)cyclazocine was considerably less potent in protecting cells from NMDAinduced degeneration. These results indicate further investigations into the
neuroprotective properties of p-(-)-cyclazocine are warranted with respect to
its potential for treatment of excitotoxicity-related disorders such as
neurodegenerative disease and ischaemic neuronal damage.
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NMDA
ANTAGONIST
PREVENTS
PERSISTENT
DEPOLARIZATION FOLLOWING MECHANICAL INJURY OF
CULTURED CORTICAL NEURONS. S. J. Tavalin. E. F. Ellis, and L. S.
Satin*. Department of Pharmacology and Toxicology, Medical College of Virginia,
Richmond VA 23298.
In vivo models of brain injury indicate that there is widespread neuronal
depolarization and increased extracellular glutamate levels following injury. We
adopted an in vitro cellular model of injury to elucidate the mechanisms that may
contribute to brain injury. Neonatal rat cortical neurons were grown in mixed culture
on a silastic membrane substrate which could be deformed by a 50 ms pressure pulse
of varying amplitude. This deformation causes cell stretching with subsequent
morphological and biochemical alterations (Ellis et al., FASEB J. A655.1994).
Neurons (day 12-15 in culture) were subjected to stretch and then incubated at 37* C
for 0, 1, or 24 hr following injury. Resting membrane potential was measured using
the whole cell patch clamp technique. Results: 1) neurons subjected to mechanical
injury (30 psi) were significantly (p< 0.01) depolarized (-52.9 ±1.7 mV; n=8) as
compared to control cells (-60.9 ± 1.9 mV; n=8) when measured following 1 hr
incubation; 2) the extent of depolarization was dependent on the amplitude of the
membrane deformation and cell stretch; 3) depolarization was not seen in the absence
of an incubation period or following 24 hr incubation; 4) neurons remained
depolarized even up to 5 hr post injury and application of lpM tetrodotoxin (TTX)
could not repolarize these cells; 5) this depolarization was prevented by stretching
neurons in the presence of either TTX (lpM) or the NMDA receptor antagonist MK801 (lpM); Conclusions: 1) in vitro mechanical injury of cultured cortical neurons
leads to a persistent depolarization that has a characteristic time course of activation
and recovery; 2) the onset of persistent depolarization is likely to involve an increase
in neuronal glutamate release and activation of postsynaptic NMDA receptors.
Supported by NINDS 27214.

WIN 63480-2: A
OPEN CHANNEL-SELECTIVE
NMDA-ANTAGONIST WITH ANTIISCHEMIC ACTIVITY. M.S.
Miller*.
B.
Ault.
D.L.
DeHaven-Hudkins.
W.
Earley. C.Y. Hsu#. D. Luttinger. J.P. Mallamo, and
S.J. Ward. Sterling Winthrop Inc., Collegeville,
PA
19426 and #Baylor College of Medicine,
Houston, TX 77030.
WIN 63480-2 is a structurally novel, quaternary, competitive ligand for the phencyclidine
(PCP) binding site of the NMDA receptor/channel
complex.
WIN 63480-2 exhibits high affinity for
the PCP receptor (Kx = 7 nM) , and prevents NMDAinduced depolarization
(IC5q
=
600
nM)
and
neurotoxicity (IC5() = 50 nM) in cultured fetal
mouse cortical neurons.
In contrast to MK-801
and
PCP,
WIN
63480-2
displays
>150
fold
selectivity for blockade of open vs. closed NMDA
receptor ion channels. WIN 63480-2 is present in
brain after parenteral administration and reduces
infarct volume in a rat middle cerebral artery
occlusion/reperfusion model of focal ischemia by
up to 65%.
No MK-801 or PCP-like behavioral
effects have been observed at sublethal doses of
WIN
63480-2.
Selective
open
channel,
uncompetitive blockade of the NMDA receptor
complex may account for high neuroprotective
efficacy which is devoid of behavioral effects
commonly associated with NMDA receptor blockade.
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greater closed NMDA channel block by MK-801.

DIFFERENTIAL NEURONAL VULNERABILITY TO AMINOOXYACETIC
ACID AND QUINOLINIC ACID IN THE RAT ENTORHINAL CORTEX.
UT. Eid*. *F. Du and
Schwarcz. Maryland Psych. Res.
Center, Baltimore, Maryland 21228, and UJniversity of
Bergen, Bergen (Norway).
Local injection of the "indirect" excitotoxin aminooxyacetic acid (AOAA) causes selective loss of neurons in
layer III of the medial entorhinal cortex (MEC). This
treatment is commonly associated with behavioral seizures. We now examined whether the effects of AOAA could
be duplicated by quinolinic acid (QUIN), a NMDA receptor
agonist and direct excitotoxin. QUIN (25 - 60 nmol) or
AOAA (685 nmol) was injected into the EC of rats. Separate groups of animals were co-treated with a single dose
of the NMDA receptor antagonist MK-801 (2 mg/kg, s.c.).
After 7 days, the brains were processed for Nissl-staining. QUIN-injected animals did not show obvious behavioral seizures. In contrast to AOAA, QUIN caused neuronal
loss mainly in a zone around the needle tract. Neurons in
layer V of the EC were most vulnerable, while neurons in
layer II and IV were relatively resistant. Both QUIN- and
AOAA-induced neurodegeneration was completely prevented
by MK-801. Thus, direct NMDA receptor activation in the
EC by QUIN does not reproduce the behavioral and histological sequelae of indirect NMDA receptor activation by
AOAA. The neurotoxic mechanisms of QUIN and AOAA are apparently different and can be exploited in future studies
of seizure-related neuronal death in the EC. Supported
by a Fulbright Senior Scholarship (to T.E.).

WIN

63480-2,

A

AFFINITY

HIGH

UNCOMPETITIVE

NMDA

CHANNEL BLOCKER, HAS REDUCED CLOSED CHANNEL
ACCESS COMPARED TO MK-801. B. Ault* D. Luttinger. S.J.
Ward.

J.P.

Mallamo.

D. Martin1. T.E.

Salr, S.A.

Eaton2. X.

Zheng3. R.S. ZukilY*. and M.S. Miller. Sterling Winthrop Inc., College-

ville PA 19520; V'A Hospital, Durham NC 27710;2lnstituteof Ophthalmology,
London EC1V 9EL;3Albert Einstein College of Medicine, Bronx NY 10461.
WIN 63480-2 and MK-801 have high affinity for TCP sites

(Ki's of 7nM and 2 nM respectively). In mouse cortical cells both
compounds inhibited 100 gM NMDA-induced current with slow

kinetics: WIN 63480-2 IC5O=260 nM, rblock @1gM ~ 35 sec;

MK-801 IC5O=100 nM, rblock @1gM ~ 14 sec. Varying [NMDA]
(3-300gM) showed uncompetitive open channel block by 1 gM

WIN 63480 and MK-801.

In frog oocytes,

both compounds

exhibited voltage dependent NMDA open channel block. Closed
channel block was assessed by inhibition of NMDA responses
following incubation of cortical cells with inhibitor in the absence

of agonist. WIN 63480-2 (logD=-4.1) had little closed channel
access

(IC5O>100gM)

compared

to

MK-801

(logD = + 1.8;

IC50=6gM). In hippocampal slices and the thalamus of anesthe-

tized rats, MK-801 demonstrated much greater inhibition than

WIN 63480-2 of NMDA-induced cell depolarization or cell firing.
In concious

rats

MK-801,

but not WIN

63480-2,

produced

stereotypic behavioral effects. These differences may be due to
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STRIATAL IBOTENATE LESIONS DURING ONTOGENY: EFFECTS ON
QUINOLINIC ACID- AND KYNURENIC ACID-SYNTHESIZING ENZYMES.
G. Ceresoll*. M.S. Fuller and R. Schwarcz. Maryland Psych.
Res. Center, Baltimore, MD 21228.
Excitotoxic lesions of the adult rat striatum result in
reactive gliosis and an associated increase in the activities of the astrocytic enzymes 3-hydroxyanthranilic acid
oxygenase (3HAO) and kynurenine aminotransferase (K.T),
which are responsible for the biosynthesis of the neurotoxin quinolinic acid and the neuroprotectant kynurenic
acid, respectively. Unilateral ibotenate lesions were now
made in the striatum of 7-, 14-, 21- and 28-day and
3-months old rats to study the reaction of 3HAO and KAT
when injury is inflicted during ontogeny. Animals were
killed 7 days after the ibotenate injection, and all lesions caused a >50% decrease in the activity of the neuronal marker enzyme the glutamate decarboxylase. Lesioninduced elevations in 3HAO activity increased from 130 to
206, 280, 385 and 456% of the contralateral striatum in the
five age groups studied. In contrast, in the same animals
the respective values for KAT activity were 601, 350, 312,
259 and 159% (N - 6-13 per group). These data demonstrate
that substantial qualitative differences exist between the
immature and adult rat in the early response of two astrocytic enzymes to striatal injury. Long-term lesion effects,
and the potential respective roles of 3HAO and KAT in the
recovery from postnatally incurred neuronal damage are currently under investigation.
Supported by USPHS grant NS 28236.

Serum and cerebrospinal fluid(CSF) quinolinate (Quin) in
spontaneous portacaval shunts (PCS).
S. Diali. R.J.
Washabau. B. Davrell-Hart. S.A. Steinberg. D.E. Holt. M.P. Heves.
M.B. Robinson*. Children's Seashore House; Depts. of Peds., Med.,
Surg., Neurol., & Pharm., Vet. Med. U. of Penn.; Phila., PA 19104.
In previous studies, we and others have documented elevations in
brain or CSF Quin in both congenital hyperammonemias or models of
hepatic failure. In certain diseases that cause elevations in CSF Quin,
there is also an increase in serum Quin suggesting a generalized increase
in the conversion of tryptophan (Trp) to Quin. In the present study, the
levels of Trp and Trp metabolites were measured in CSF and serum in
dogs with spontaneous PCS and in control dogs on either high (32%) or
low protein (15%) diets. In the PCS dogs, the mean plasma ammonium
levels were 235 ± 48 (normal levels = 11-35 gM). Compared to both
groups of controls the levels of Trp, glutamine (Gin), 5-hydroxyindoleacetic, serine (Ser), and homovanillic acid were significantly elevated in
the CSF. CSF Quin was significantly elevated in PCS (69 ± 16 nM)
compared to the control group on low protein (47 ± 4) but not compared
to the high protein controls (52 ± 3). The levels of Trp and Ser were
not altered in serum. The levels of Gin in serum were 1180 ± 170 gM
in PCS, 970 ± 110 in low protein controls, and 930 ± 120 in high
protein controls. In contrast, the levels of Quin in serum were
significantly lower in PCS (660 ±110 nM) compared to low (1410 ±
210) and high (1280 ± 120) protein controls. These data suggest that
increases in Quin may be caused by a combination of an increase in
transport of Trp across the blood brain barrier combined with a selective
increase in the conversion of Trp to Quin in the CNS. (supported by
HD26979, NS29868)
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MODULATORY EFFECT OF IFENPRODIL ON INTERACTIONS OF JORO
SPIDER TOXIN (JSTX) AND SPERMINE WITH QUINOLINATE (QUIN) AS
ASSESSED BY CONVULSIONS AND HIPPOCAMPAL DAMAGE IN VIVO.

HUMAN 3-HYDROXYANTHRANILIC-ACID DIOXYGENASE: MOLECULAR
CLONING AND FUNCTIONAL EXPRESSION. A.M. Cesura. C. KdhlerV
M. Dq Prada. G. Oesterhelt and P. Malherbe. Pharma Div., Preclinical
Res., F. Hoffmann-La Roche Ltd, CH-4002 Basel.
Increased cerebral levels of the endogenous excitotoxin quinolinic
acid (QUIN) have been speculatively linked to neuronal damage
following neurological and inflammatory disorders. In this study we
describe the isolation of a full-length cDNA clone encoding human
3-hydroxyanthranillc-acid dioxygenase (3-HAO, EC 1.13.11.6), the
enzyme which catalyzes the synthesis of QUIN from 3-hydroxyanthranilic acid (3-HANA). Degenerate oligonucleotides designed
from the amino acid sequences of tryptic peptides of rat llver 3-HAO,
were used as primers for RT-fPCR of rat liver RNA. The resulting rat cDNA
product was used to screen a human hepatoma cell line (Hep G2)
cDNA library and to isolate a human 3-HAO cDNA clone. This clone
was found to have an insert of 1276 nucleotides encoding for a protein
of 286 amino acids (predicted molecular mass. 32,542 Da). The human
3-HAO sequence exhibits high similarity (94%) to the rat partial amino
acid sequence deduced from the rat RT-FPCR fragment. Insertion of
the human 3-HAO-coding sequence into an expression vector
yielded relatively high amounts of the active enzyme in HEK-293 cells.
The Km value of 3-HANA for the recombinant enzyme (-2 gM) was in
good agreement with that reported for native 3-HAO and the enzyme
was inhibited by the substrate analog 4-Br-3-HANA (IC50 ~10 nM). The
formation of QUIN as enzymatic product of the cloned enzyme was
confirmed by caplllary electrophoresis. Immuno-blot analysis of
recombinant 3-HAO revealed a polypeptide of 32 kDa. RNA blot
anay^is of human liver and Hep G2 cells revealed one major species
of 3-HAO mRNA of ~ 1.3 kb.

H. Kanai*..._JJL.lshida,, A. Higashihama, MMSadamalsu, A.Masui, T.

Nakajimaand N. Kato. Dept, of Psychiatry, Shiga Univ. of Med. Sci. Otsu
520-21, Japan.
While a JSTX analogue, 1-naphthylacetylspermine (1-NA-Spm)
antagonized against both convulsions and loss of CA3 pyramidal cells in
ipsilateral side following icv injection with quisqualate, 1-NA-Spm was found
to paradoxically exacerbate CA1/4 lesion induced by QUIN, a NMDA agonist
(Soc. Neurosci. Abst. 18:1146, 1992). As JSTX and 1-NA-Spm contain
polyamine moiety, we compared effects of 1-NA-Spm and spermine on the
convulsive (immediate) and cytotoxic (remote) action of QUIN, and studied
the effect of pretreatment with ifenprodil, a putative polyamine-site
antagonist.
Male Wistar rats were injected into the right ventricle with 1 -NA-Spm or
spermine at an equimolar basis (103 nmole), followed by QUIN (30 gg).
Ifenprodil (2mg/kg) was administered ip 3Omin prior to icv injection. After
behavioral changes were observed for 3Omin, animals were subjected to
histological examination a week later. The co-treatment of 1-NA-Spm with
QUIN resulted in total loss of hippocampal pyramidal cells as reported
previously, which was successfully inhibited by ifenprodil pretreatment.
However, ifenprodil appeared to aggravate the tissue damage induced by
co-administration with spermine and QUIN. Neither ifenprodil nor 1-NASpm/spermine showed any significant effect on QUIN-induced convulsions.
Spermine has been reported to have dual effects; neuroprotective in low
dose and neurotoxic in higher dose, which are more effectively blocked by
MK-801 rather than ifenprodil. Therefore it needs to be further studied
whether 1-NA-Spm acts on polyamine-site of NMDA receptor complex.
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EXACERBATION OF EXCITOTOXICITY BY THE SUCCINATE
DEHYDROGENASE INHIBITOR MALONATE. J.G. Greene*
and J.T. Greenamyre. Univ. of Rochester, Rochester, NY 14642.

We report that a subtoxic dose of the succinate dehydrogenase (SDH) inhibitor
malonate greatly enhances the neurotoxicity of three different glutamate agonists:
N-methyl-D-aspartate (NMDA), S-a-amino-3-hydroxy-5-methyl-4isoxazolepropionic acid (S-AMPA), and glutamate. In male Sprague-Dawley
rats, intrastriatal stereotaxic injection of malonate alone (0.6 gmoles), NMDA
alone (15 nmoles), S-AMPA alone (1 nmole), or glutamate alone (0.6 gmoles)
produced negligible toxicity as assessed by cytochrome oxidase histochemistry.
Co-injection of malonate with NMDA produced a large lesion (15.2 ± 1.4 mm3),
as did co-injection of malonate with S-AMPA (11.0 ± 1.0 mm3), Or glutamate
(11.9 ± 0.8 mm3). Administration of the noncompetitive NMDA antagonist
MK-801 (5 mg/kg i .p.) completely blocked the toxicity of malonate/NMDA (0.5
± 0.3 mm3). x’his dose 0f MK-801 also partially attenuated the lesion produced
by malonate/S-AMPA (9.0 ± 0.7 mm3) and markedly attenuated the toxicity of

malonate/glutamate (3.3 ±1.0 mm3). Co-injection of the AMPA antagonist
2,3-dihydroxy-6-nitro-7-sulfamoyl-benzo(f)quinoxaline (NBQX; 2 nmoles) had no
effect on malonate/NMDA or malonate/glutamate toxicity (12.4 ± 1.9 mm3 and
9.6 ± l.4 mm3, respec lively), but great/y attenuated malonateS-AMPA toxicity

'. 1.5 ± 0.9 mm3). These results indicate that metabolic inhibition exacerbates
both NMDA receptor- and non-NMDA receptor-mediated excitotoxicity. They
also suggest that the NMDA receptor may play the predominant role in situations
of metabolic compromise in vivo, where glutamate is the endogenous agonist.
(Supported in part by the National Parkinson Foundation Center of Excellence at
the University of Rochester and the Markey Foundation.)

EXCITATORY AMINO ACIDS:

INTRASTRIATAL INJECTION OF THE SUCCINATE
DEHYDROGENASE INHIBITOR, MALONIC ACID,
CAUSES A DELAYED AND PROLONGED INCREASE IN
EXTRACELLULAR GLUTAMATE (Glu). C.A. Messam*. J.T.
Greenamyre. and M.B. Robinson. Children’s Seashore House; Depts of
Peds & Pharm, Univ. of Pennsylvania., Phila., PA, 19104 and Depts.
of Neurol, and Pharm. Univ. of Rochester, NY, 14642.
There is evidence that accumulated mitochondrial dysfunction leads to
excitotoxic neuronal death which resembles the neuronal damage in
Alzheimer's, Huntington's and Parkinson's disease. Injections of
succinate dehydrogenase inhibitors cause neuronal cell loss that can be
prevented with NMDA receptor antagonists [J. Neurochem.
61(1993)1151 & J. Neurosci. 13(1993)4181]. In the present study, the
effects of intrastriatal injections of malonic acid (2 gmol) on extracellular
amino acids were examined by positioning a microdialysis probe 1.5 mm
from the site of the injection in anesthetized rats. Amino acids in the
dialysate were quantitated by HPLC. Unlike injections of Glu which
cause a rise in extracellular Glu within 10 min of injection (unpub. obs),
malonic acid caused a maximal increase in Glu (20 ± 5-fold rise, n=8 p <
0.05) 60-70 min after the injection. This increase in Glu was stiff
significant 100 min after the injections. Although malonic acid injections
also caused increases in y-aminobutyric acid (GABA) (21 ± 7-fold rise,
n=8), there were no significant effects on extracellular aspartate,
glutamine, or serine. The increases in extracellular Glu and GABA were
partially blocked by injection of MK-801 (5 mg/kg, IP) 30 min prior to
malonic acid injection. These data provide evidence that bioenergetic
defects may cause an excitotoxic insult, in part, by increasing
extracellular Glu. (supported by NS29868, P30-HD-26979)
EXCITOTOXICITY III
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PROLONGED IMMEDIATE EARLY GENE TRANSCRIPTION
CORRELATES WITH NEURONAL DEATH DURING THE
NMDA RECEPTOR-MEDIATED EXCITOTOXIC CASCADE.

INFLUENCE OF DIFFERENT CLASSES OF METABOTROPIC
GLUTAMATE RECEPTORS ON EXCITOTOXIC NEURONAL
DEATH IN PRIMARY CULTURES OF CORTICAL CELLS

Y. Shan*. L.R. Carlock & P.D. Walker. Departments of Anatomy/Cell
Biology & Molecular Biology/Genetics, Wayne State University School of

Medicine, Detroit, MI 48201.
Intrastriatal injection of toxic concentrations of the NMDA agonist,
quinolinic acid (QA), depletes neurotransmitter-specific mRNAs and induces
the transcription of glial genes during the first 24 hours after injection.
During this time, QA also triggers a massive wave of immediate-early gene
(IEG; c-fos, c-jun, jun-B, zif/268) activation that peaks at 6 hours but extends
over the first 12 hours of the excitotoxic cascade (Walker and Carlock, /.
Neurosci. Res. 36 [19931 588-595). In order to determine the relationship
between the prolonged IEG transcriptional phase and neuronal death after
QA exposure, toxic QA injections were performed with or without cotreatment with the NMDA antagonist, MK-801 (5mg/kg i.p.). When MK801 was administered concurrently with the QA injection, neurotransmitter
mRNA decline was completely inhibited at 24 hours post-lesion indicating
that neurons had been rescued by this experimental paradigm.
Interestingly, this same antagonist treatment also abolished the prolonged
IEG response wave at 6 hours. Delaying MK-801 treatment until 1-2 hours
following QA injection resulted in a partial block of neuronal mRNA decline
which corresponded exactly with the extent of inhibition of the prolonged
IEG response wave. These results provide strong evidence linking the
prolonged IEG response wave to neuronal death during the NMDA receptorinduced excitotoxic cascade. Supported by the WSU Office of Neuroscience
Programs and a 1993 WSU University Research Grant.

V. Bruno*b2. g . Battaglia*’2. A. CopanjL2. p _ Dell'Albani.3. D.F. Condorelli3.
R. GilTarcri. and F. Nicoletb3. 1Dept. Neurol. Sci., and ?Inst. Pharmacol.,
Catania Univ.; ^Inst. Biochem, Catania Univ.; *Dept. Anaesthesia, Stanford
Univ.; $Dept. Exp. Med. and Biochem. Sci., Perugia Univ.
Metabotropic glutamate receptors (mGluRs) have been implicated in the
pathophysiology of excitotoxic neuronal degeneration, although their role is still
controversial. We have tested the influence of mixed or selective agonists of
distinct mGluR subtypes on excitotoxic degeneration induced by transient
exposure to NMDA or prolonged exposure to kainate or AMPA in mixed cortical
cultures. The dicarboxycyclopropylgjycine DCG-IV, a selective agonist of
mGluR2 and 3 subtypes, was highly potent in protecting cortical neurons against
NMDA or kainate toxicity. The protective action of DCG-IV was still visible
when the drug was applied immediately or 30 min (but not 2 hours) after the
NMDA pulse and was partially counteracted by forskolin. Selective agonists of
subtypes mGluR4,6 and 7, such as L-AP4 or L-serine-O-phosphate, behaved also
as neuroprotectants, although they were weaker than DCG-IV. Trans-azetidine2,4-dicarboxylic acid, an agonist of mGluRs coupled to inositol phospholipid
hydrolysis, did not influence the toxic action of NMDA or kainate. Among the
mixed agonists, the carboxycyclopropylglycine L-CCG-I (a preferential mGIuR2/3
agonist) was more potent than 1s .3r -ACPD as a neuroprotective agent. Slow
toxicity induced by AMPA was in general more resistant to mGluR agonists
although it could be partially attenuated by DCG-IV. Present results suggest that
activation of mGluR subtypes negatively linked to adenylyl cyclase (in particular
mGluR2 and 3) protects cultured cortical neurons against excitotoxin-induced
degeneration.

122.3

122.4

CORTICAL NEUROGLIAL COCULTURES EXPOSED TO GLUTAMATE
UPTAKE INHIBITORS SHOW ENHANCED [GLUTAMATE^ AND DELAYED
NEUROTOXICITY: A CORRELATIVE STUDY. A. Volterra". P. Bezzi. D. Trotti

PRESENCE OF THE EXCITOTOXIN TOPA QUINONE IN A
CATECHOLAMINERGIC CELL LINE. TA. Newcomer.* F.R.
DePietro. PA. Rosenberg & E. Aizenman. Depts. of Neurobiol. &
Mol. Gen. Biochem., U. of Pittsburgh Sch. Med., 'Pgh, PA 15261, &
Dept, of Neurol., Children’s Hosp. & Harvard, Boston, MA 02115.
TOPA quinone is a specific non-NMDA glutamatergic agonist and
neurotoxin which can be generated from DOPA by autoxidation
(Newcomer et al. J. Neurochem. 61:911; 1993) or Fe2+-mediated
oxidizing conditions (Newcomer et al. Soc. Neurosci. Abstr. 19:1691;
1993). Here we show that endogenously produced TOPA quinone and
its precursor TOPA can be detected in a catecholaminergic cell line.
PC-12 cells plated onto collagen-coated plastic culture dishes were
incubated up to 1 hour in HEPES-HBSS containing 30 gM tyrosine
with or without the DOPA decarboxylase inhibitor NSD-1015 (30
gM). HPLC analysis was utilized to quantify the total content or
extracellular levels of TOPA and TOPA quinone in the cultures.
Both these substances were produced in the absence and presence of
the decarboxylase inhibitor (total TOPA compounds: 0.09-0.54
pmol/mg protein/min). In other studies, cultures were stimulated
with 55 mM KC1. Under these conditions, the levels of TOPA and
TOPA quinone that could be detected extracellularly were as high as
3.12 pmol/mg protein/imn. TThee rreults suggees thha neuuodegenerative disorders ievolyieg caSucholamieereic eegroes or their
targets may be associated with a DOPA-derived exciSoSoxie.

and G. Racaeni. Ctr Neuropharmacol, Inst Pharmacol Sci, Univ Milan, 20133, Italy.
The role of neuronal and glial glutamate reuptake in excitatory amino acid (EAA)
transmission and toxicity is widely debated. Arachidonic acid, oxygen radicals and
nitric oxide, agents produced by activation of EAA receptors, all decrease uptake
function. Here we investigate the consequences of inhibiting reuptake on extracellular
concentration of endogenous glutamate [GLUTL and development of neurotoxicity in
rat cortical neuroglial cocultures that show spontaneous synaptic activity, t-pyrrolidindicarboxylate (PDC) was mostly used as uptake blocker. [GLUTL was measured on
cell supernatants at the end of incubation with PDC by a bioluminescence method,
while toxicity was measured as extracellular LDH in the medium of the same cultures
24 h later. Incubation for 30 min with PDC (25-200 gM) in 1 mM Mg++ buffer
caused a dose-dependent increase of [GLUT^ from 1.1 ±0.5 gM (control, n=7) to
5.7±2.3 (200 gM PDC, n=7) starting with 100 gM PDC. Extracellular LDH was
similarly enhanced from 10.7 ±2.1 U/L/min (control, n=7) to 55.7 ±9.6 (200 gM
PDC, n=7), which represents *70% of maximal neurotoxic effect induced by 500
gM exogenous glutamate for 10 min. 100 gM PDC was the threshold concentration
also for toxicity. The effect was abolished with 10 gM CNQX+100 gM D-APV and
not seen in glial cultures. Incubation of cocultures for different times (1-30 min) with
200 gM PDC led to a [GLUTL increase that was evident at 15 min (4.1 ±2.1 gM,
n = 3) but not at 1 or 5. Likewise, LDH increased steeply in response to a 15 min
incubation (35.6± 16.6 U/L/min, n=3) but not to a 5 min one (10.9±1.6, n=3).
Therefore: (1) uptake blockers rapidly enhance endogenous [GLUTL and elicit
delayed neurotoxicity; (2) the two phenomena seem tightly correlated and a [GLUT],
shift from 1 to 5 gM is accompanied by massive neuronal damage. Our study suggests
that impairment of glutamate uptake is an important mechanism of excitotoxicity.
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Ibogaine treatment induces c-fos protein in widespread areas of the
forebrain, independent of activation of the inferior olivary nucleus.
E. O’Heern* ann M.E. MoQiver. Dept. of Neuroscience & Neurologg,
Johns Hopkins University School of Medicine, Baltimore, MD 21205
Ibogaine is an mdolamine derivative that is being tested for use in
treatment of drug addiction. We previously reported that ibogaine
produces excitotoxic degeneration of Purkinje cells in rat cerebellum,
presumably through activation of neurons in the inferior olive leading to
sustained release of glutamate at climbing fiber terminals. In this study,
induction of c-fos protein was assessed to identify brain regions
activated by ibogaine. Rats were perfused 3-5 hours after administration
of saline or ibogaine (100, 40, or 25 mg/kg i.p ). In ibogaine treated
rats, c-fos immuno^^^e cells were distributed widely throughout the
brain in a dose-related fashion: markedly activated cells were present in
most areas of cerebral neocortux, hippocampus, septum, amygdala,
striatum, hypothalamus and thalamus (primarily midline and intralaminar
nuclei, not projection nuclei). Intensely c-fos-positive cells were also
seen in inferior olive, cerebellar granule cell layer (in patches), deep
cerebellar nuclei (medial > lateral), locus coeruleus, pontine nuclei and
lateral vestibular nucleus. Following chemical ablation of the inferior
olive (with 3-AP regimen of Limas), ibogaine-induced activation of cells
in the forebrain was not altered; cerebellar c-fos induction was markedly
reduced. These results indicate that systemic treatment with ibogaine
produces widespread activation of forebram structures independent of
its action on the olivocerebellar system. [Support: NO1DA-3-7301]

GLUTAMATE SELECTIVELY KILLS DOPAMINE NEURONS IN
POSTNATAL VENTRAL MIDBRAIN IN VITRO. D.T. Anthony*,
L. Lin, J. J endrins, D. Sulzer and S. Rayport. DDpts Psychiatry'
Neurology, Anat & Cell Biol; Ctr Nuurgbigl & Behav, Columbia Univ;
Dept Neuropathology, NYS Psychiatric Institute, NY 10032.
Cultured postnatal ventral midbrain neurons are resistant to
excitotoxicity for the first 4 days in vitro (DIV). By 7 DIV, dopamine
(DA) neurons (tyrgcidu hydroxylase immudgruactive)/ which comprise
~20% of the neurons, show an LD50 of ~70 pM while other cells, which
are almost exclusively GABAergic (GABA immudgruactive), show an
LD50 of -200 pM. This difference is maintained for at least 21 DIV,
suggesting that it may persist in adulthood. Reserpine pre-treatment
(1 pM for 90 min), which eliminates greater than 95% of cellular DA

content, does not reduce DA neuron 1^, showing that the difference
is not due to DA metabolism. Nor does the difference appear to be
due to differential expression of nitric oxide synthase as ~5% of
neurons stain for NADPH diaphgracu, while dgn-DA neurons

comprise more than 70% of the nuurgdc in the cultures. NMDA and
kainate — which unlike glutamate are not subject to glial uptake — kill
DA duurgdc with LD5o's of -50 and -15 pM respectively, which are
similar to the LDcg'c for cortical nuurgdc (Koh and Choi, J Neurosci,
1988), consistent with the idea that it is not that postnatal DA
duurgdc are more sensitive, but rather that postnatal GABA nuurgdc
are more resistant to uxcitoxocity. This could be due to differences in
receptor expression or Ca2+ flux and buffering (de Erausquin et al.,
Molec Brain Res, 1994). Regardless of the mechanism, differential
sensitivity of DA duurgnc to excitotoxicity may account for selective
DA cell 1^ in several nuurgtoxic and duurgdugudurntivu disorders.

122.7

122.8

AN IN VITRO RAT RETINAL PREPARATION FOR
EXCITOTOXICITY STUDIES DURING AGING a .M.Bucz , Y.lzumi,

THE EFFECT OF ACUTE ETHANOL ON OXYGEN-GLUCOSE
DEPRIVATION NEURONAL INJURY IN CORTICAL CULTURES.
S.-I. Chi*. T.-W. Chang and T.-N. Lin. Tzu-Chi Med. Res. Ctr.,
Henliec, Taiwan and Institute of Biomedical Sciences Academia Sinica,

C.F.Z0>n^mcki, D.B.Clifford’. M.T.Pricu & J.W.OIcuv . Depts. of Psychiatry and
Neurology, Washington Univ, Medical Sch., St. Louis MO 63110
In vitro preparations of the retina offer a number of advantages for studying
mechanisms of retinal degeneration under strict ucvirocmuctal control. Although the
chicken embryo retina has been an excellent model for excitotoxicity studies (Price
and Olney, 1985), it is not suitable for a full range of developmental and aging
studies. Therefore, we have explored the feasibility of using the adult rat retina for
in vitro excitotoxicity studies.
Albino rats were anesthetized, decapitated and their eyes enucleated and placed in
artificial CSF. After excising the cornea and removing the Iucs

,

the eyes were cut

into thirds. The retinal thirds were gently separated from the pigment epithelium and
then maintained for at least 1 hour at 30°C before use in an experiment. Following
experimental procedures, the retinal thirds were fixed and embedded in araldite. One
pm thick sections were stained with methylene blue and azure II, and evaluated by
light microscopy. Control retinal thirds incubated with the standard CSF for 3 hours,
which were dissected from 7-660 day old rats, revealed intact histology, indicating
that the preparation can be used for the same purposes as the chick embryo retina but
with the important added advantage of providing an opportunity to study tissue from
the aging mammalian CNS in vitro. Additionally, we have found that rat retinae can
be incubated for up to 20 hours at room temperature, without histological
deterioration. Therefore, this model is ideal for studying slowly evolving or delayed
neurodegeneration.
Supported by the Diabetes Research and Training Center (YI), AG05681
(CFZ.JWO), and EY08089 and RSA MH38894 (JWO).

122.9
LEAD AMPLIFIES GLUTAMATE-INDUCED OXIDATIVE STRESS. J . Naaraia*,
J. Loifk^^leIu M. Ruotoalainen, andK. Savol^ne!!. NNtional Public Heltti Institute,
Department of Toxicology, Kuopio, Finland.
The effects of lead acetate, L-glutamate, protein kinase C (PKQ inhibitor, and
combinations of these compounds on the production of reactive oxygen metabolites
(ROM) were studied in human SH-SY5Y neurfblnstQmn cells. We also measured the
levels of cellular glutathione (GSH) and the cell viability. The production of ROM and
the levels of GSH were measured by using fluorescent probes, dichlQroflufrescin
(DCF) and mQnQchlfrfbimane (MBCL), respectively. The DCF and MBCL
fluorescence was recorded at various time points for 180 min. Lead acetate (1 mM),
L-glutamate (1 mM), or a PKC inhibitor Ro 31-7549 (1 pM) nlQce did not have an
effect on the production of ROM in these cells. However, co-exposure of the cells to
lead and L-glutamate, or to lead and a PKC inhibitor, always markedly increased ROM
production. Measured at 60 min, the maximal per cent increase in relative fluorescence
was 219 ± 62% for lead and L-glutamate, and 313 ± 71% for lead and PKC
inhibitor, respectively. Moreover, 1 mM L-glutamate markedly increased ROM
production if cellular GSH was depleted using 0.02% diethylmnlpnte. The maximal per
cent increase in ROM production by glutamate alone was 85% measured at 180 min.
1 mM L-glutamate or 1 mM lead acetate nlQce did not affect cellular GSH levels.
However, the GSH depletion by these substances together was 74 ± 5% of control at
60 min and 69 ± 5% at 180 min. We propose that lead-induced neuronal damage is
produced through a mechanism based on the production of ROM and that lead
markedly amplifies glutamate excitQtQxicity by increasing the ROM production elicited
by L-glutamate. The results also suggest that PKC activation, primarily by lead,
amplifies the harmful excitotoxic effects of mere L-glutamate on neuronal functions.
Also L-glutamate alone seems to be excitotoxic through the production of ROM
especially when neuronal GSH defence system is depleted. Supported by the. Research
Council for Environmental Sciences, The Academy of Finland.
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Taipei, Taiwan.
NMDA excitotoxicity has been implicated in delayed brain injury after
cerebral ischemia and hypoglycemia. Ethanol protects cuurocc from
NMDA neurotoxicity in vitro, but these studies have not been done
under oxygen-glucose deprivation conditions typical of hypoxiaischemia in vivo.
Oxygen-glucose deprivation induced progressive cuurgcnl 1^ in a
time- and pH-dependent manner, assessed by phase-contrast
microscopy and release of lactate dehydrogenase into the bathing
medium. Ethanol was given during deprivation. Application of ethanol
(1-100 mM) at pH 6.4-7.4 attenuated the neuronal death induced by
deprivation for 50-70 min. The protective efficacy of ethanol was Iuss
than the NMDA antagonist, MK-801 (5-10uM). However, this
protective effect of ethanol diminished with deprivation for longer
periods (70-90 min). Under these locger-deprivatign conditions, ethanol
potentiated neuronal injury even at low concentrations (1-10 mM).
These observations suggest that the degree of neuronal injury may
have differential sensitivity or response to acute ethanol. Supported by
Tzu-Chi Foundation grant 8207 and NSC grant 83-0412-B-303-002.

122.10
CHRONIC GLUTAMATE TOXICITY CAUSES DNA DAMAGE. S.A. Berman,
M. Didier, J.Y. Wei, R.A. Nixon, B.M. Cohen*, L.A. Passani, J.T. Covle,
S. Bursztain. Harvard Medical School. Boston and Belmnnt MA 01278.
The effect of excitntnxins on the genome has been little studied. Tn
evaluate the chronic glutamatergic effect on DNA, we increased extracellular glutamate in primary cerebellar granule cell cultures using L-alpha
amino adipate (oAA) to block glutamate re-uptake and assessed DNA by
gel electrophoresis, nick translation with 32P or biotinylated nucleotides,
3' end labeling, and nuclear morphologic examination. We checked cell
viability via fluorescein diacetate and propidium iodide uptake. After 24
hours treatment with 5OOpM o-AA, extracellular glutamate levels had
risen three fold, but cells were alive, with little morphological change. In
treated cultures, nick translation showed a 3 to 5 fold increased 32p
incorporation, blockable by NMDA receptor antagonists. Ultraviolet light
treatment of cells otherwise cultured normally also produced increased 32p
nucleotide incorporation. 32p incorporation showed a dose response effect
between 100 and 5OOpM oAA. In situ detection of nick repair with biotinylated nucleotides revealed a marked increase after a-AA treatment but
electrophoresis failed to show an apoptotic DNA ladder. Nor did nuclei
show apoptotic features. To detect apoptosis more sensitively, we
applied a 3' end labeling in situ technique (ApoTag) shown to detect
apoptotic changes. No indication of apoptosis was seen. However, early
media change (decreased K + ), a treatment known to induce apoptosis,
produced a DNA ladder pattern, 3' end labeling, and nuclear morphology
consistent with apoptosis. In sister cultures, all adipic acid treated cells
died after 48 hours of further culture, whereas control cultures lived an
additional 7 days. Thus, glutamate can damage neuronal DNA early in a
process involving NMDA receptors and eventually leading to cell death.
However, the DNA damage does not follow an apoptotic pattern.
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CALBINDINIMMUNOREACTIVITY IS REDUCED FOLLOWING
NEONATAL MSG treatment
. M-T. Romero*. A.J. Levine
and M.F. Brower. Psychology Department, State
University of New York at Binghamton, Binghamton, NY.
13902.
In rodents, neonatal treatment with monosodium
glutamate (MSG) has been shown to produce acute
degeneration of nerve cells in the hypothalamic arcuate
nucleus, the retina and other circunventricular areas.
Calcium-binding proteins, in particular calbindin-D28K
(CaBP), have been hypothesized to play a neuroprotective
role following excitatory amino acid receptor activation.
The present study examined the effects of neonatal
MSG treatment (4 mg/kg sc. on postnatal days 2,4,6,8,10)
on the number of CaBP immunoreactive cells in various
areas of the brain to determine whether CaBP-expressing
neurons were less susceptible to MSG toxicity. MSG
treated male rats and saline-injected controls were
sacrificed at 50 days of age. Preliminary data indicate
that there is a marked reduction in the number of CaBP
containing cells in the arcuate nucleus of the
hypothalamus when compared to saline-injected
controls. There seems to also be a general reduction in
the intensity of CaBP immunoreactivity in most areas
analyzed. This data suggest that CaBP-expressing
neurons are not protected against the toxic effects of
MSG.

EFFECTS OF SYSTEMIC AND ORAL MONOSODIUM GLUTAMATE
ADMINISTRATION ON EXTRACELLULAR GLUTAMATE LEVELS IN RAT
STRIATUM. M . B. Bogdanov and R. J. Wurtman*. Department of Brain and

122.13
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BRAIN C-FOS INDUCTION IS A BIOMARKER FOR THE LOWEST
OBSERVED NEUROLOGICAL EFFECTS OF DOMOIC ACID.

NEUROCHEMICAL CHANGES FOLLOWING EXCITOTOXIC LESION OF
THE INSULAR CORTEX. R.T.F. Cheung* and D.F. Cechetto. Robarts
Research Institute, University of Western Ontario, London, Ontario,
Canada, N6A 5K8.
Following experimental middle cerebral artery occlusion (MCAO) in the
anesthetized male Wistar rats, the immunoreactivity (IR) of neuropeptide
Y (NPY) increases ipsilaterally in the peri-infarct region, including the
insular cortex (IC), and the basolateral nucleus of amygdala (BLA). In
addition, the IR of leu-enkephalin (l-ENK), neurotensin (NT) and dynorphin
(DYN) is elevated in the ipsilateral central nucleus of amygdala (ACE).
These changes have similar time-courses and reach their maximum at
around 3 days. The changes in the amygdala may be related to ischemia
in the 1C, although areas outside the 1C are also affected by MCAO. In
the present work, a localised lesion is produced in the experimental
animals (n = 10) by microinjection of D,L-homocysteic acid (DLH; 2
injections; 5OOnl, 1M) into the IC and these neurochemical changes were
examined immunohistochemically at 5 days. Controls were provided by

Y.G. Pena. T.B. Taylor. R.E. Finch. H.F. Martin* and JS. Ramsdell.
Marine Biotoxins Program, U.S. National Marine Fisheries Service and
Marine Biomedical and Environmental Sciences, Medical University of
South Carolina, Charleston, SC 29412.
We have previously shown that mice treated with domoic acid
(LD50) had neuroexcitatory effects in the hippocampus, area postrema
and nucleus of the solitary tract, whereas the permanent neurotoxic
effects were limited largely to the CA1 and CA2 regions of the
hippocampus, lateral septal nucleus and olfactory bulb (NeuroReport 5,
1994). In the present study, we have determined the external and
internal doses of domoic acid that cause observable effects and examined
whether brain c-fos is a sensitive marker for the lowest observed
effects. Mice were intraperitoneally administrated 0.25 to 4 mg/kg
domoic acid. Internal dose was monitored as serum concentration and
measured at 60 min using the domoic acid radioreceptor assay.
Serum
domoic acid increased ten fold within this dose range, reaching a
maximal level at 1.2 pg/ml. Mice given 0.5 mg/kg or less domoic acid,
showed no specific abnormal behaviors except inactivity. At 1 mg/kg
domoic acid, scratching was observed, however, no convulsions were
noted. Both 2 mg/kg and 4 mg/kg domoic acid treatment induced
convulsions and seizures, and 4 mg/kg domoic acid caused death in 4 of
9 mice within 24 h. Northern analysis indicated that domoic acid at
doses as low as 1 mg/kg induced c-fos mRNA. A maximal induction was
observed at 2 mg/kg. This study indicates the dose of domoic acid that
induces brain c-fos corresponds well to the lowest dose for observed
neurological effects in the mice.

Cognitive Sciences. Massachusetts Institute of Technology, Cambridge MA 02139.
Neurotoxic effects of high doses of monosodium glutamate (MSG) depend
on its route of administration. Neuronal lesions have never been observed after ad
libitum consumption of high MSG doses, but can be produced by systemic
megadoses. We have compared the effects of MSG. administered systemically by intraperitoneal administration, or fed in the diet ad libitum, on striatal extracellular
glutamate levels in vivo, as measured using microdialysis in freely moving rats.
Microdialysis probes were implanted into the striatum 18-24 h before the start of
the experiment. Dialysate samples were collected every 20 min and analyzed by
HPLC/EC after pre-column derivatization with OPA72ME. For oral ad libitum
administration rats were pretrained for 2-3 weeks to consume their total daily food
intake within 1 h. and microdialysis probes were implanted after the training
period. After collection of basal dialysate samples, 6.6% MSG-containing or
control diet was provided to the animals for 1 h. The measurements were
continued during the feeding period and for 3 h afterwards. Basal levels of
glutamate were 1 45+0.06gM. At a 0.25 g/kg i .p. dose. 'MSG failed to affect
glutamate levels during the 3 h after its injection. MSG doses of 0.5 g/kg or greater
did increase glutamate levels. At 0.5, 1 and 2 g/kg i.p. glutamate levels rose
(maximally) to 174+47%. 485+99%, and 1021+301% of baseline, respectively.
However when the rats consumed MSG ad libitum at a dose of 1.5 g/kg during the 1
h test period, extracellular glutamate levels were not changed, nor was change
observed for the ensuing 3 h. These data show that oral MSG does not affect striatal
extracellular glutamate levels in vivo, even when consumed at very high doses.

injection of saline into the IC (n = 5) or DLH into the somatosensory
cortex (n=3). Ipsilateral neurochemical changes in the amygdala were
seen only in the experimental group in which a lesion localized to the IC
was observed. Computerized image analysis of the staining revealed the
same changes as observed following MCAO. NPY-IR increased
ipsilaterally in the IC and the BLA while IR of l-ENK, NT and DYN was
elevated in the ipsilateral ACE. These results indicate that a more
localized lesion involving the IC is sufficient to elicit these neurochemical
changes. They also suggest that glutamate receptor activation following
MCAO may be a key factor in the generation of these changes.
(Supported by Heart & Stroke Foundation of Ontario)

122.15

122.16

INSULIN-INDUCED HYPOGLYCEMIA POTENTIATES GP120
HIPPOCAMPAL (HIP) NEUROTOXICITY IN PERINATAL
RODENT BRAIN. J.D.E. Barks*. R. Sun. F.S. Silverstein. Depts of
Pediatrics and Neurology, University of Michigan, Ann Arbor, MI.
Intra-HIP injection of the HIV-1 glycoprotein gpl2O induces subtle
HIP injury and potentiates NMDA- and hypoxia-ischemia-induced injury in postnatal day 7 (P7) rats (Soc Neurosci Abstr 19:1772; Ann.
Neurol. 34: 456). These results support the hypothesis that excitotoxic
mechanisms contribute to gpl2O neurotoxicity in vivo and suggest that
gp!2O may increase susceptibility of perinatal brain to insults which
increase extracellular fluid (ECF) glutamate concentrations. Hypoglycemia (HG) is a common complication in human neonates; in P7
rats insulin-induced HG induces increased ECF glutamate accumulation (Ann Neurol 28:516). We hypothesized that insulin-induced HG
would potentiate gpl2O neurotoxicity. P7 rats (n=22) were fasted for 2
h prior to right intra-HIP injection of recombinant gp!2Omm (50 ng/0.5
gl; American Biotechnologies). 15 min later, rats were injected intraperitoneally (ip) with insulin (10 u/kg) or saline. Blood glucose was
monitored hourly for 3 h post-insulin; the nadir was 0 mg% in all insulin-injected rats. After 3.5-4 h of HG, rats received 0.1 to 0.2 ml of
10% glucose ip and were returned to the dam. Brains were removed on
P12; bilateral dorsal HIP volumes were estimated by computerized image analysis. In the non-HG group, the only abnormality noted was focal pyramidal cell loss adjacent to the injection track; in the HG group,
right HIP atrophy was also noted [mean right HIP volume (mm3)±SE:
gpl2O, 8.9±0.3; (gpl2O+HG), 8.O±O.3; p<0.05]. These results add further support to the hypothesis that gpl2O may increase susceptibility of
perinatal brain to insults that increase ECF glutamate accumulation.

REDUCTION OF THALAMIC NEURONAL LOSS IN THIAMINE
DEFICIENCY BY MK801: CORRELATION WITH ALTERED ’H-PIKLU95
binding
SITES
D.K. Leong? L. Oliva and R.F. Butterworth.
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Neuroscience Res. Unit, Hop. St-Luc (Univ. Montreal), 1058 StDenis St., Montreal, Quebec H2C 3J4
Quantitative receptor autoradiographic evaluation of binding sites
for the "peripheral-type" benzodiazepine receptor (PTBR) ligand 3HPK11195 was used to evaluate reactive gliosis and, indirectly,
neuronal cell loss in brain regions of rats made thiamine deficient by
chronic (14 days) treatment with pyrithiamine, the central thiamine
antagonist. At preconvulsive stages of thiamine deficiency, selective
neuronal loss (up to 60%) was observed in brain structures including
thalamic nuclei, inferior colliculus, and inferior olive Neuronal loss
was accompanied by gliosis and by parallel region-selective increases
in densities of 3H-PK11195 binding sites. Pretreatment of thiamine
deficient rats with the non-competitive N-methyl-D-aspartate
(NMDA)-receptor antagonist MK801 (3 mg/kg, tid., for 6 days)
resulted in significant attenuation of the 3H-PK11195 binding site
increases in midline thalamic structures but offered no protective
effect in other brain regions. The neuroprotective effect of MK801
was not related to the drug’s hypothermic or anticonvulsant actions.
Together with previous reports of selective increases of extracellular
glutamate in thalamus of pyrithiamine-treated rats, these findings
suggest that NMDA receptor-mediated glutamate excitotoxicity plays
a significant role in the pathogenesis of thalamic neuronal loss in
thiamine deficiency. Similar mechanisms could be implicated in the
pathogenesis of neuronal loss in the Wernicke-Korsakoff Syndrome
m humans. (Funded by MRC Canada)
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MECHANISMS OF TRIMETHYLTIN-EVOKED GLUTAMATE
(GLU) EFFLUX FROM RAT CORTICAL SLICES.
T.A. Patterson*, B. Epplcr, and -R. Dawson .Jr., Dept, of
Pharmacodynamics, University of Florida, Gainesville, FL 32610
Trimethyitin (TMT), a toxic alkyltin, stimulates the efflux of
the excitatory amino acid glutamate (GLU) from rat cortical
slices.
We have previously shown this release to be dose
dependent, partially calcium dependent, but not inhibited in the
presence of classical calcium channel blockers.
In the present
study we examined the ability of furosemide, 4,4'-diisothiocyanatostilbene-2,2'-dis ulfonic acid (DIDS), and DL-threo-Bhydroxyaspartic acid (HAA) to block TMT-stimulated GLU efflux
from rat cortical slices.
Brain slices (500 pM) were prepared
from rat cerebral cortex, and preincubated in Kreb's-Ringer
bicarbonate buffer (KRB) at 37°C for 25 min. The slices were
then incubated in the test compounds for 5 min. prior to the
incubation with 1 mM TMT and the test compounds for 30 min.
The slices were transferred to fresh KRB followed by two 15 min.
post-drug fractions.
Furosemide (1 mM), a Na+/K + /C* cotransport inhibitor and blocker of Cl’ channels, reduced the TMTinduced GLU efflux by 37.7%. The anion transport blocker DIDS
(1 mM), also reduced GLU efflux from TMT stimulation by
21.5%.
HAA (1 mM), a competitive GLU transport inhibitor,
increased the net TMT-induced GLU efflux by 53%. These data
suggest that cell swelling may contribute to TMT-induced GLU
efflux, and this is further substantiated by the 24% reduction of
TMT-stimulated TAU release in the presence of furosemide.
TMT does not appear to elicit GLU efflux by a mechanism
involving reversal of the GLU transporter.
(Supported by
NIA/NIH T32 AG00196)

HYPERTHERMIA- AND ACIDOSIS-INDUCED ATP DEPLETION
RELEASES
GLUTAMATE
BY
REVERSAL
OF
COTRANSPORTERS. J.E. Madl*. Dept Anatomy & Ngurobiology,
CSU, Ft. Colliss, CO 80523.
The release of excitatory amiso acids (EAAs) appears to mediate
neuronal damage induced by diverse CNS insults. The hypothesis that
hyperthermia asd low extracellular pH (acidosis) could deplete ATP
sufficiently to release the EAAs, glutamate (Glu) and aspartate (Asp) by
reversal of EAA cotrassporters was tested. Levels of ATP asd amiso
acids from rat hippocampal slices and slice supernatants were measured
by HPLC. Moderate ATP depletion (80% £ ATP £ 20% of control)
induced by hyperthermia decreased uptake of an EAA analog, D,L threo-

p-hydroxyasparlalg (OH-Asp). Is contrast, moderate ATP depletion
induced by acidosis increased OH-Asp uptake is a manner consistent
with increased cotrassporter activity. Uptake of EAAs requires the
release of OH'. Acidosis would therefore be expected to increase uptake
by increasing the ability of cells to release OH'. Severe ATP depletion (<
20% of control) released EAAs from slices. Mild hypoxia potentiated
acidosis- asd hyperthermia-induced ATP depletios asd e Aa release.
Preloadisg with OH-Asp increased EAA release without increasing the
severity of ATP depletios, strongly suggesting that much of the release
was due to reversal of cotrassporters. Immunocytochemical localization
of Glu is slices exposed to hyperthermia asd low pH revealed the loss of
Glu-like immunoreactivity primarily from puscta with axosal termisallike morphology similar to the loss induced by ATP depletios with
metabolic inhibitors. Hyperthermia- asd acidosis-isduced release of
EAAs from seuross is consistent with ATP depletion-induced reversal of
normal EAA uptake systems.

122.19
NEUROTOXICITY OF L-TRANS-PDC, A GLUTAMATE UPTAKE
INHIBITOR, IN RAT CORTICAL CULTURES. R.C. Blitzblau. S. Gupta.
X. Ggi *, P.A, Rosonterg. Departmme of Neurology, Children’s Hospital
& Harvard Medical School, Boston MA 02115.
We have shown that high affinity sodium dependent glutamate uptake
plays an important role in protecting cortical neurons against glutamate
toxicity, by comparing the neurotoxicity of transported and non-transported
agonists in cultures with and without abundant astrocytes, and by testing the
effect of sodium removal on sensitivity to glutamate neurotoxicity
(Rosenberg et al. J. Neurosci. 12: 56-61).
Another approach to investigating the effect of glutamate uptake is to use
pharmacological inhibitors. L-lrans-pyrroliding-2,4-eicarroxyric acid (PDC),
a specific competitive blocker of high affinity glutamate uptake, blocked the
uptake of 1 pM [3H]-D-aspartate with an IC50 of 163 ± 28 pM (n = 3). As
reported elsewhere (Robinson et al. J. Neurochem. 61: 2099-2103), PDC at
100 - 200 pM potentiated the neurotoxicity of glutamate in astrocyte-rich
cultures. The effect of PDC was at a maximum at glutamate concentrations
of 100 pM. Surprisingly, PDC at 200 pM potentiated the toxicity of the
non-transported agonist NMDA.
We investigated the toxicity of PDC by itself, and found that it was toxic
to neurons in astrocyte-rich cultures at concentrations above 200 pM (EC50
= 320 ± 157 pM, n = 6) and astrocyte-poor cultures (EC50 = 13 ± 8
pM; n = 3). The neurotoxicity of PDC could be completely blocked by
MK801.
Taken together, these data suggest that the ability of PDC to potentiate
the toxicity of glutamate may not be due to a simple effect on glutamate
uptake.
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NMDA AND AMPA RECEPTORS ARE POSTSYNAPTIC TO
AUDITORY THALAMO-AMYGDALA TERMINALS . C ,R. Farb*
and J.E. LeDoux. Center for Neural Science, New York University, NY,
NY 10003.
Routine sysaptic transmission is the pathway between the acoustic
thalamus and the lateral amygdala (LA) may involve activation of
NMDA receptors (Li et al., 1993, 1994). To determine whether NMDA
or AMPA receptors are postsynaptic to thalamo-amygdala projections, the
thalamus was lesioned to produce anterograde degeneration is the LA.
Immunocytochemistry was then performed using a rabbit polyclonal
antibody made against the C-terminus portion of the NMDA-R1 or
GluR2/3 (AMPA) receptor subunits (Chemicon). By electron microscopy,
NMDA receptor-immunorgactivily (NMDA-IR) in both lesioned and
unlesioned animals was seen in dendritic spines, glia and presynaptic
terminals; NMDA-IR in larger dendrites and soma was occasionally seen
but appeared in patches, usually along the endoplasmic reticulum or
Golgi bodies. AMPA-IR in the LA was seen in dendrites, spines and
soma and filled the cytoplasm of the labeled structure. Numerous
degenerating axon terminals, identified by their irregular contours and
increased electron density, were seen. While degenerating terminals
formed synaptic contacts on both NMDA-containisg and AMPA
containing dendritic spines, more contacts appeared to be made os
AMPA labeled processes. These studies identify the morphological basis
for excitatory amino acid transmision in the thalamo-amygdala pathway.
Supported by MH46516, MH38774, and MH00956.

SYNAPTIC TRANSMISSION IN THE AUDITORY THALAMOAMYGDALA PATHWAY REQUIRES JOINT ACTIVATION OF
AMPA AND NMDA RECEPTORS. X.F. Li and J.E, LeDoux*. Center
for Neural Science, New York University, NY, NY 10003.
Projections from the acoustic thalamus to the lateral nucleus of the
amygdala (LA) have been implicated in auditory fear conditioning.
Previous studies suggest that NMDA excitatory amino acid receptors are
involved in synaptic transmission in this pathway (Li et al., • 1993). The
aim of this study was to determine if synaptic transmission is mediated
by both AMPA and NMDA receptors. In rats anesthetized with urethane,
extracellular unit activity was recorded in 18 LA cells in response to
single-pulse stimulation (200-500uA, 300-500us, 0.2-1.0 Hz) of the
acoustic thalamus or is response to acoustic click stimuli (square wave,
250-500us, 70-80 dB). Microiontophoresis of AP5 (5OmM, pH 8) or
CNQX (ImM, pH 9) for 13 cells or micropressure injection of AP5
(5OuM, pH 7.4-7.8) or CNQX (10uM,pH 7.4-7.8) for 5 cells antagonized
synaptic activation produced by single-pulse stimulation of the acoustic
thalamus. Iontophoretic application of AP5 (5OmM, pH 8) or CNQX
(ImM, pH 9) also antagonized synaptic responses elicited by acoustic
stimuli in 4 of 4 cells tested. It is likely that elicitation of action
potentials in the thalamo-amygdala pathway requires joint activation of
NMDA and AMPA receptors. Supported by MH46516, MH38774, and
MH00956.
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123.4

GLYCINERGIC INNERVATION OF RED NUCLEUS. A.B, Sheldon. K. Bittman,
A.S. Berrebi, J.C. Houk*. E. Mupnaini. Dept. Physiol., Northwestern Univ. Med.
Ctr., Chicago, IL 60611; Lab. Neuromorphology., Univ. Conn., Storrs, CT 06269.
Pilot immunocytochemical studies to look for a possible glycinergic innervation
of the red nucleus were performed in the painted turtle and the rat. For light
microscopy, serial sections were immunoreacted with the PAP procedure using a
purified glycine antiserum (courtesy of drs. Storm-Mathisen and Ottersen, Oslo,
Norway) made in rabbit. For electron microscopy, ultrathin sections were incubated
with either glycine antiserum or GABA antiserum, and then immunogold. Results
from these experiments showed that red nucleus in both turtle and rat contained
glycine positive fibers and terminals, but no glycinergic cell bodies were found within
the nucleus. Glycine positive boutons seen within the red nucleus terminated on cell
bodies and dendrites of both large and small neurons. Boutons containing
characteristically flattened synaptic vesicles, and densely labeled with gold particles
after incubation with glycine antiserum but not with GABA antiserum, were seen
within the red nucleus. This bouton type was frequently seen adjacent to a
presumptive excitatory bouton, containing round synaptic vesicles and forming an
asymmetric synapse.
This glycinergic innervation of the red nucleus could act at either inhibitory
glycinergic receptors or at the glycine facilitatory site on NMDA receptors. Electrical
stimulation of spinal cord or cerebellar cortex of the in vitro turtle hindbrain elicited
bursts of discharge from red nucleus neurons. Bursts were recorded under control
conditions and during bath application of the glycine-site agonist (D-cycloserine) or
antagonist (7-chlorokynurenic acid). The agonist increased spontaneous firing of the
cell, and often burst frequency and duration as well. Concentrations above 10 pM
could increase a cell's activity to the point where it induced a depolarization block. In
one case a cell was found which showed no significant change in activity after agonist
application. Addition of antagonist (30 pM) greatly reduced bursting which then
returned after washing.
These anatomical and physiological results suggest a modulatory function for
glycine in turtle red nucleus.

DISTRIBUTION OF FREE D-SERINE IN POST-MORTEM
HUMAN CENTRAL NERVOUS SYSTEM.

S. Kumashiro. A. Hashimoto* and T. Nishikawa, Dept. of

Mental Disorder Res., Natl. Inst. of NeuroscL.NCNP, Tokyo
187, Japan.

Concentrations of free D-serine have been measured
post mortem in the frontal cortex, cerebellum and spinal

cord from indivisuals with and without neuropsychiatric
diseases using high-performance liquid chromatography

with fluorometric detection. The levels of D-serine were
found to be high in the frontal cortex and very low in the
cerebellum and spinal cord.

This

uneven distribution

pattern of the D-amino acid in the central nervous system
(CNS) resembles that observed in the rat. In the frontal

cortex, D-serine contents of the gray matter were simililar to
those of the white matter. There were no statistically

significant differences between the D-serine contents in the
frontal cortex of controls and those of patients with various

types of dementia (multiple regression analysis). Brain Dserine concentrations of other neuropsychiatric diseases

are currently under investigation.

123.5

123.6

GLUTAMATE OR ASPARTATE IS A MAJOR TRANSMITTER IN THE MAMMALIAN
OLFACTORY NERVE. M. Ennis*. M. Jiang. L.A. Zimmer. & M.T. Shipley. Dept. Aiat.. Univ.

Maryland Sch. Med., Baltimore, MD 21201.
Mtral cells of the main olfactory bulb (MOB) receive direct excitatory synaptic inputs from the
terminals of primary olfactory axons. The identity of the excitatory transmi^i^(ei-(s) in the olfactory
nerve (ON) is not known. Soluble molecules known to be present in the ON, such as camosine,
do not have an identified postsynaptic action in the bulb. Excitatory amino acids (EAAs) are
candidates at the ON->mitral cell synapse as they mediate fast excitatory transmission in other
systems and markers for EAA receptor subtypes are present in the glomerular layer.
Here, we examined the role of EAAs in rapid ON->mitral cell transmission in mammalian MOB
slices in vitro. Extracellular recordings were made in 400 pm-thick horizontal slices from 50250 g rats. Single olfactory nerve layer (ONL) shocks evoked robust excitation of most mitral
cells. Two types of responses were observed: (1) Threshold intensity ONL shocks elicited 1 or 2
driven spikes (7-l6 msec latencies) followed by 20-100 msec of inhibition; (2) Holier
intensities evoked the response sequence above followed by a burst of spikes lasting 400-1500
msec.
The broad spectrum EAA antagonist kynurenic acid (KYN, 0.5-5 mM) completely blocked
both early excitatory and burst responses to ONL shocks in mitral cells tested (n=7). Responses
began to recover approximately 5-15 min after termination of KYN. The selective NMDA
antagonist AP5 (50-100 pM) blocked the late, but not the early, component of ONL-evoked
excitation. The kainate/AMPA antagonist DNQX (20-30 pM) preferentially blocked the early
ONLevoked excitation of mitral cells.
These results suggest that glutamate and/or aspartate may be an endogenous excitatory
transmitter mediating ON->mitral cell synaptic transmission in the mammalian MOB. AP5
blocked the late burst, but not the initial excitation of mitral cells elicited by ONL stimulation,
suggesting that the prolonged excitation is mediated by activation of NMDA receptors. The ability
of both KYN and DNQX to block the early component of ONL-evoked excitation of mitral cells
suggests that this response is mediated by non-NMDA (e.g., kainate/AMPA) receptors. Current
studies will determine if camosine modulates EAA transmission in MOB. Support: NIH

STUDIES ON THE IDENTITY OF THE OPTIC NERVE
TRANSMITTER M. Sandberg. X, Li. C. Hall* and O. Orwar
Dept, of Anatomy and Cellbiology, Univ. of Goteborg, S-413 90
Goteborg, SWEDEN
Optic nerve transmission is blocked by exciatatory amino acid
(EAA) receptor antagonists. Previous neurochemical studies have
however failed to demonstrate a role for glutamate (Glu) or aspartate
(Asp) as a major optic nerve transmitter. Other EAA transmitter
candidates have included N-acetyl-Asp-Glu and several sulfurcontaining EAAs such as cysteate, cysteine sulfinate and
homocysteate. In the present work we have determined the
concentrations of sulfur-containing EAAs in the superior colliculus
and reinvestigated the possibility that Glu or Asp may be optic nerve
transmitters. The sulfur-containing amino acids were present in sub
pM concentrations in the rat superior colliculus. In agreement with
earlier work, no changes were found in the Ca-dependent potassium
evoked release of Glu or Asp from slices of superior colliculus 7
days after optic nerve cut (n=5). However, 4 days after the lesion a
dramatic selective decrease (69±17%; n=9) in Glu release was
observed. Speculatively, replacement of degenerating synapses with
other synapses using Glu as a transmitter could explain the
difference. The results suggest that glutamate is the major optic
nerve transmitter in the rat.

123.7

123.8

DC00347, NS24698, NS29218, NS29635 and DAMD 17-19-C-1071.

L-ASPARTATE AND PREACCUMULATED ANALOGS ARE RELEASED,
LIKE L-GLUTAMATE, BY VESICULAR EXOCYTSSSS. M.W. Fleck* .
C.T. Reiter. G. Barrionuevo, and A.M. Palmer. Departments of Neuroscience,
Psychiatry, and Pharmacology; University ofPittsburgh; Pittsburgh, PA 15260.

The excitatory amino acids (EAA), 1-ggutamate and 1-aspartate, are widely
regarded as the major neurotransmitters in mammalian brain. We have recently
reported that both contribute to electrically-evoked, excitatory synaptic potentials
and synaptic currents in rat hippocampus (J Neurosci 13: 3944, 1993). However,
although several groups have reported and characterized 1-ggutamate uptake into
isolated synaptic vesicles, there is little evidence for the vesicular accumulation of
1-aspartate or its exogenous analogs. Here we report on the potassium-evoked
release of both endogenous (l-glutamate and 1-aspartate) and preaccumulated (daspartate and hydroxy-aspartate) EAAs from rat cortical slices. Their release is
almost entirely calcium-dependent, as expected by the vesicular release hypothesis,
and is largely blocked by prior incubation with 50 nM tetanus toxin, a potent and
selective inhibitor of vesicular exocytosis. Interestingly, preloading slices with
exogenous hydroxy-aspartate inhibited 1-aspartate release but enhanced the release
of l-glutamate, suggesting a possible competitive interaction among several
distinct vesicular transporters. Finally, we observed that rat whole-brain
synaptosomes incubated in the presence of nanomolar concentrations of 1-[3H]glutamate, l-[3H]-aspartate, or d-[3H]-aspartate, lysed, and dissociated, had
incorporated significant amounts of radiolabel into a non-displaceable,
synaptophysin-immunoprecipitated compartment. Together these results strongly
suggest that, in contrast to isolated synaptic vesicle preparations which
specifically accumulate l-glutamate, relatively intact preparations can incorporate
other EAAs into a readily-releasable, synaptic vesicular pool. Supported by
NS24288, AGO8974, and an NIMH predoctoral fellowship.
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THE ANATOMICAL LOCALIZATION OF THE mRNAs FOR THE NMETHYL-D-ASPARTATE (NMDA) RECEPTOR SUBUNITS IN POSTMORTEM HUMAN BRAIN.
D.J.S. Sirinathsinghji* R.P. Heavens, M.
Rigby, D. Smith, S. Kelly, R. Hopkins, B. LeBourdelles, P. Whiting, R.G.
Hill and J.H. Xuereb. Merck Sharp and Dohme, Neuroscience Research
Centre, Terlings Park, Harlow, Essex, CM2O 2QR, U.K.; Dept. of
Psychiatry and MRC Brain Bank Laboratory, University of Cambridge,
Cambridge, CB2 2QH, U.K.
cDNAs encoding the human NMDAR1 (NR1a, c, d, e) and NMDAR2
(NR2A, B, C, D) receptor subunits have been isolated in our laboratories.
These sequences were used to generate specific oligonucleotide probes
(^S-ATP-labelled) for the localization of the mRNA transcripts in human
brain material (obtained from four patients with no history of

AMPA GLUTAMATE RECEPTOR SUBUNITS mRNAs AND PROTEINS IN THE
RAT CEREBRAL CORTEX. F. ContiS*. A. MinelliS. and N.C. Brecha0. §lnstitute of
Human Physiology, University of Ancona, Via Ranieri, 1-60131 Ancona (Italy), and
°Depts. of Anat. and Cell Biol, and Medicine, UCLA, Los Angeles, CA 90073 (USA)
Glutamate receptors of the AMPA subtype are presumably heteromeric assemblies of
different subunits (GluRl-4). We investigated the cellular and laminar distribution of
GIu RI-4 mRNAs and proteins in the neocortex of adult rats by in situ hybridization
histochemistry (ISH) and immunocytochemistry (ICC).
ISH. 1) Double labeling with ISH and ICC with antibodies to GFAP showed that
GFAP-immunoreactive (ir) cells labeled by the GIu RI-4 probes were 20%, 9.4%, 8.2%,
and 57.3%. respectively. 2) A semiquantitative analysis revealed that 56% of neurons
contained the GluRI subunit, 80% the GIuR2, 63% the GIuR3, and 44% the GIuR4.
The number of grains associated with every neuron was determined, the background level
was subtracted and labeled neurons were grouped in four groups: A (< 10 grains), B (1120), C (21-30), and D (> 30). GluRI: layer IV neurons were mostly in groups A and B,

neurological/neuropsychiatric
illnesses)
by
in
situ
hybridization
histochemistry. Both the caudate nucleus and the putamen expressed the
mRNAs for NR1a, d, e and NR2A and B (but not 1c or 2C). In the
hippocampal fields (dentate gyrus, CA3-CA1, subiculum, entorhinal cortex)
strong mRNA signals were obtained for all the NR1 isoforms (NR1e being

the most abundant) and for NR2A and 2B but not for 2C. The dorsal
raphe expressed NR1c, d, e and NR2C only while the temporal cortex
expressed NR1a, d, e and NR2A and 2B. All the NR1 isoforms were
expressed in the cerebellum (Purkinje cell layer). The expression for
NR2C was predominant in the granule cell layers; however, NR2A was
expressed in Purkinje cells while NR1e and 2B showed expression in the
molecular layer. No sgnal for NR2D mRNA was detectable in the above
human brain areas. More detailed studies are in progress to determine in
which human brain nuclei/cells the subunits are co-expressed, thus
providing evidence as to which subunits co-assemble to form heteromeric
NMDA receptors..

whereas neurons in layers II-III and V-VI were both in groups A-B and C-D. GIuR2:
neurons belonging to groups C-D were more numerous than those in groups A-B,
except in layers I and IV. GIuR3: the distribution of the various groups was similar to
that reported for the GIuR2 series, with a lower number of groups C-D neurons in layer
IV. GluR4: positive neurons were in groups A-B.
ICC. 1) GluRI-ir neurons were mostly layers V-VI nonpyramidal (NP) neurons.
GluRI-ir neurons appeared either darkly or lightly stained; 2) GluR2/3-ir neurons were
in all layers, but the number of ir neurons was much higher in layer II-III and V-VI;
most GluR2/3-ir neurons were pyramidal (P) neurons, although some NP cells were
observed, mostly in layer IV; 3) GIuR4-ir cells were rare and were either neurons (both
P and NP, mostly in layers V-VI) or astrocytes.
These observations indicate that in the neocortex: 1) the majority of neurons and
some glial cells express mRNA for the GIuRI-4 subunits; 2) the expression of GIuRI-4
proteins varies in different neuronal groups, both qualitatively and quantitatively; 3)
different groups of neurons expressing GluRl-4 mRNA have a differential laminar
distribution; and 4) glial cells preferentially express GluR4 mRNA and protein.

123.11
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EXPRESSION OF N-METHYL-D-ASPARTATE (NMDA) GLUTAMATE

DISTRIBUTION OF PHOSPHOINOSITIDE (PI)-LINKED
METABOTROPIC GLUTAMATE RECEPTORS (mGluRla AND
mGIuR5) IN THE CAT VISUAL CORTEX AND THEIR
INVOLVEMENT IN THE CRITICAL PERIOD FOR EYE SPECIFIC
CONNECTIONS. S.,N Jl, Beid*,-C Romano. HHughes and N.W„ Daw
Dept. of Ophthalmology, Yale Univ. Sch. of Med., New Haven, CT 06510;
Dept of Ophthalmology, Washington Univ. Sch. of Med., St. Louis, MO
63110.
One possible mechanism for activity dependent modification of eye specific
connections is the activation of Pi-linked mGluRs (Dudek & Bear, Science
246:673-675,1989). To examine if Pi-linked mGluRs play such a role, we
studied the distributions of two Pi-linked mGluRs (mGluR laand mGluR5)
in area 17 of cats before, during and after the peak of the critical period for
monocular deprivation. We also studied the effect of dark-rearing on the
distributions of these two mGluRs. Free-floating 30
thick cryostat
sections of the primary visual cortex were immunostained for mGluRlaor
mGluR5. We found that these two receptor subtypes have a nearly
complementary laminar distributions in the adult cat with mGluR5
corresponding to the major terminal arbors for the geniculate afferents (layer
IV). Both mGluRs show developmental changes, one qualitative, the other
quantitative. There is a change in the laminar distribution for mGluR5 and
a change in relative intensity for mGluRltL Dark-rearing interferes with
these developmental changes. The localization of these two mGluRs at the
peak of the critical period suggests that they are likely to play a role in the
establishment and modification of eye-specific connections. Supported by
EY 06474, EY 00053, EY 09370, EY 08362 and HFSPO.

RECEPTOR mRNA IN HUMAN BRAIN. G.B. Landwehrmever. D.G.
Standaert. J-P. Vonsattel, C.M. Testa, P.Ge, G. Velicelebi#. L.P.
Daggett#, J.B. Penney. Jr., and A.B. Young*. Dept. of Neurology, Mass.
Gen. Hosp., Boston, MA 02114; # SIBIA, Inc., La Jolla, CA 92037.
NMDA glutamate receptors are composed of several protein subunits
from two distinct gene families: NMDAR1, encoded by a single gene with
eight isoforms produced by alternative splicing; and NMDAR2, encoded by
four different genes. In rat brain NMDA receptor subunits exhibit differential
regional and cellular patterns of expression whereas their regional
distribution in human brain is unknown.
We have used RNA probes for human NMDAR1, NMDA2A, 2B and 2C to
study the expression of NMDAR in multiple regions of normal human brain.
An NMDAR1 probe recognizing all isoforms hybridized to neurons throughout
the brain. Probes for NMDAR2A-C disclosed a more restricted pattern of
expression: NMDAR2A was predominantly expressed in cortical forebrain
areas whereas NMDAR2C was enriched in cerebellum, pontine and deep
cerebellar nuclei and hippocampus. NMDAR2B was detectable in
hippocampus, cerebral cortex and striatum but not in cerebellum. This
pattern of hybridization signals is reminiscent of that observed in the rat
and suggests that NMDAR subtype expression is conserved. This
characterization of NMDAR subunit distribution provides a basis for
identifying abnormalities associated with neurological disorders.

Supported by USPHS grants NS19613, AG08671 and NS31579. GBL is supported by a
DFG scholarship (La 702/2-1) and DGS is a HHMI Physican Research Fellow and a recipient
of an AAN Research Fellowship Award in Neuropharmacology.
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NEURAL CONTROL OF GLUCOSE UPTAKE BY SKELETAL MUSCLE
AFTER CENTRAL ADMINSTRATION OF NMDA. C.H. LanoV M. Aimal
and A.G.S. Baillie. Department of Surgery, SUNY at Stony Brook,
Stony Brook, NY 11794-8191.
intracerebroventricular (ICV) injection of NMDA increases whole
body glucose uptake. The purpose of the present study was to
determine which tissues in the body were responsible for the elevated
rate of glucose disposal. NMDA was injected ICV and the glucose
metabolic rate (Rg) determined for individual tissues 20-60 min latter
using [14C--2-deoxyglucosc. NMDA decreased Rg by skin, ileum, lung
and liver (30-35%), compared to time-matched control animals. In
contrast, Rg by skeletal muscle was increased 160%. This increased
Rg was not due to an elevation in plasma insulin. In subsequent
studies, the sciatic nerve to one leg was cut 4 h prior to NMDA
injection. NMDA increased Rg in the gastrocnemius (149%) and
soleus (220%) in the innervated leg. However, Rg was not increased
after NMDA in contralateral muscles from the denervated limb. In a
third series of experiments, radiolabelled micropsheres were used to
determine regional blood flow. Data indicate that the NMDA-induced
increase in Rg and its abolition in denervated muscle can not be
explained by changes in muscle blood flow. The results of the
present study indicate that (1) central administration of NMDA
increases whole body glucose uptake by preferentially stimulating
glucose uptake by skeletal muscle and (2) the enhanced glucose
uptake by muscle is neurally mediated and not dependent on changes
in either insulin levels or regional blood flow. (Supported by NIH GM
38032).

ADMINISTRATION OF ARGININE TO RATS AND EFFECTS
ON ENDOGENOUS LEVELS OF ARGININE AND RELATED
COMPOUNDS. F. Noeh. L. Miiakofsky. J. M. Hofford and W. H.
Vogel*. Penn State Univ., Berks Campus, Reading, PA 19610 and
Thomas Jefferson Univ., Dept of Pharmacology, Phila., PA 19107.
Arginine (ARG) has been shown to have a remarkable impact
on various physiological functions per se or through generation of
nitric oxide. In this study, levels of ARG and related compounds
were determined after the injection of ARG (1 g/kg) or saline by
an HPLC-fluorometric method in rat plasma, aorta, heart, bronchi
and pancreas. ARG levels in plasma (122 vs 1971 nmol/mi), in
aorta (198 vs 21300 nmol/g), in heart (434 vs 1599 nmoi/g), in
bronchi (760 vs 2597) and in pancreas (243 vs 4541) were
significantly increased and citruliine (CIT) values were also
significantly elevated only in plasma (41.0 vs 59.2 nmol/mi) after
ARG injection Except for heart tissues ornithine (ORN)
concentrations were significantly higher in plasma (35.2 vs 380
nmol/mL), in aorta (94.5 vs 259 nmoi/g), in bronchi (290 vs 793
nmoi/g) and in pancreas (490 vs 5885 nmoi/g); however, taurine
(TAU) values (1825 vs 1315 nmoi/g) in the pancreas showed a
significant decrease following ARG administration. A number of
other compounds were also changed. Thus, increases in ARG, CIT
and ORN following exogenous ARG administration can increase
levels and metabolism in plasma, aorta, bronchi and pancreas.
(Supported in part by the Anesthesia Research Foundation,
Wilmington, DE).
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KAINIC ACID INHIBITS A HYPERPOLARIZATION-INDUCED CATION
CURRENT IN RAT VENTRAL TEGMENTAL (VTA) DOPAMINE
NEURONS. Ting Wang* and Edward D. French.
Dept. Pharmacology,
UnivArizona, Coll. Medicine, Tucson, AZ 85724.
VTA dopamine neurons have been shown electrophysiologically to respond to
kainate (KA), AMPA and NMDA, thereby implicating these receptors in the
regulation of DA neuronal activity by the neurotransmitter glutamate.
Under single-electrode voltage clamp, DA neurons in the rat brain slice respond
to hyperpolarizing voltage commands with an inward current (I-potad 6g-A) which
consists of an instantaneous current (1INct ) at the onset of the voltage command and
a time dependent developing inward current (L.). The
(fg.B) is evident in the
presence of cesium, and the 1^ (fig.C) can be revealed by subtracting
from

EFFECTS OF GLYCINE RECEPTOR ANTAGONISM ON SPREADING
DEPRESSION IN THE RAT. PS Warner*. H Martin. MM Todd.
Departments of Anesthesiolgy, Duke University Medical Center,
Durham NC and University of Iowa, Iowa City, LA
Spreading depression (SD) in the rat brain is readily inhibited by
NMDA receptor antagonists. Because the glycine recognition site must be
coagonized for activation of the NMDA ionophore, we hypothesized
that antagonism of the glycine receptor would also affect spreading
depression. Glass microelectrodes were implanted into the cerebral
cortex of halothane anesthetized rats. Spreading depression was then
initiated by electrical stimulation of the cortex. Both the stimulation
threshold necessary for initiation of SD and propagation rate of the SD
wave were recorded. Rats were then administered the glycine receptor
antagonist ACEA-1021 (0, 20, 40, or 80 mg/kg i.v.; n=6) or ketamine (50
mg/kg i.v.; n=4). Thirty min later, electrical stimulation was repeated.
Rats were then administered an anoxic respiratory gas mixture and
terminal depolarization was observed for. No differences between
groups were present for either stimulation threshold or propagation rate
prior to drug administration. Ketamine completely inhibited initiation
of SD. In contrast, all rats treated with ACEA-1021 exhibited SD.
While ACEA-1021 caused no difference in the stimulation threshold for
SD, propagation rate was decreased in a dose-dependent fashion (0
mg/kg=3.1±0.4mm/min;20mg/kg = 2.7i±).5 rmT^/mun-^O mg/kg = 2.3±0.7
mm/min;80mg/kg = 2.ft±T6rm-n/min,p<0.01). Terminal depolarization
occurred in all rats regardless of treatment group. We conclude that
agonism of the glycine recognition site is not critical for the initiation of
SD but plays a modulatory role in its propagation.

KA perfusion (10 pM, fig.D) increased the I. by 110% (fig.E), but inhibited L.
by 48% (fig.F). This effect was blocked by 100 pM NBQX, a selective non-NMDA
antagonist. NMDA does not appear to produce similar effects. The importance
of amino acid modulation of the IH current in terms of regulating dopamine cell
activity needs to be further assessed.

124.5

124.6

MECHANISM OF GLUTAMATE-INDUCED INCREASES IN
INTRACELLULAR FREE MAGNESIUM IN CULTURED RAT
CORTICAL NEURONS. S. Ra_idev* and I. J. Reynolds. Department of
Pharmacology, University of Pittsburgh, Pittsburgh, PA 15261.
We have recently shown that glutamate increases intracellular free
Mg2* ([Mg2*];) in cultured rat forebrain neurons (Neuron, 11, 751-757: 1993).

GLUTAMATE-MEDIATED SYNAPTIC INTERACTIONS IN THE
RAT TRIGEMINAL MOTOR NUCLEUS. H-W Yang, KApienteng,
S Saha. TFC Batten*. J Curtis & M-Y Min. Dept, of Physiology,

We are now investigating the possible mechanisms involved in this effect of
glutamate, using the dye magfura-2.
Modulation of extracellular Ca2* significantly affected [Mg2*];
response to glutamate. The response is significantly reduced upon removal of
extracellular Ca2+. In parallel fura-2 studies glutamate-induced [Ca2*h rise
was completely eliminated in the absence of extracellular Ca2*. Increasing
extracellular Ca2+ from 0.4 to 3.0 mM significantly increases the magnitude of
glutamate-induced [Mg2*], change. This is consistent with the hypothesis that
[Mg2*]; increases are proportional to Ca2* entry.
One possible route for increasing [Mg2*]; could be via depletion of
intracellular ATP. However, 5min. exposure to glutamate did not significantly
deplete cellular ATP. Moreover, application of 5mM KCN in glucose-free
buffer (a treatment which significantly depletes ATP within 30 min.), did not
significantly increase [Mg2*];.
It is possible that a decrease in intracellular pH could alter [Mg2*h As

glutamate causes intracellular pH to drop, we also studied the role of pH
changes in glutamate-induced [Mg2*] increases. However, in cortical neurons
the effect of glutamate on [Mg2*], is not mediated via a decrease in
intracellular pH.

University of Leeds, Leeds, LS2 9NQ, UK.
Spontaneous EPSPs recorded from rat trigeminal motoneurones in tissue
slices bathed in tetrodotoxin (0.6 pM) are abolished following application of
the glutamate receptor antagonist CNQX (10 pM). This suggests that
glutamate, acting via AMPA receptors, mediates excitatory transmission
onto trigeminal motoneurones. We have used post-embedding immunogold
labelling techniques to quantify the frequency and post-synaptic targets of
glutamate-immunoreactive (-IR) boutons in the motor nucleus. Animals were
perfused with 2% glutaraldehyde-2% para-formaldehyde, sections embedded
in LR White resin, and incubated with Amel anti-glutamate (dilution
1/4000). Boutons were considered glutamate-IR if their density of gold

particles (20 nm diameter) exceeded the mean ± 2.6 standard deviations of
the mean labelling density for the section, the latter value determined from
measurements at 40 randomly sampled sites on each grid. Glutamate-IR
boutons accounted for approximately 20% of the boutons in the motor
nucleus, contained spherical clear vesicles and formed asymmetrical synaptic
contacts with dendrites and somata. Some glutamate-IR terminals received
axo-axonic synapses from smaller terminals which contained pleomorphic
vesicles and on preliminary evidence from immuno-staining of serial sections
appear to be GABAergic. Current work involving both morphological and
electrophysiological methods is aimed at determining the receptor subtypes
present on glutamate boutons which synapse on trigeminal motoneurones.

124.7

124.8

C-FOS GENE EXPRESSION FOLLOWING ENTRAPERITONEAL
ADMINISTRATION OF THE SIGMA LIGAND (+ )-3-PPP. J.W. Sharp*. S.A.
Bailey. Dept Anatomy & Physiology, College of Veterinary Medicine, Kansas
State University, Manhattan, KS 66506-5602.
Sigma receptors are of interest because putative ligands tend to result in adverse
psychomimetic reactions or show antipsychotic properties. Cyclohexamines (PCP,
Ketamine, and MK-801) are known to interact at the sigma receptor and have also
been shown to induce the heat shock gene, hsp7O, and cause vacuolar damage in
cingulate and retrosplenial neurons (Olney et al., 1991; Sharp et al., 1990; 1991).
The purpose of this research was to determine the distribution of c-fos gene
induction in the rat brain by the sigma ligand (+)-3-PPP.
(+)-3-PPP, ( + )3[[3-hydroxyphenyl]-N-(l-propyl)piperidmehydrochloride, is a
sigma receptor ligand with little affinity for the NMDA receptor associated PCP
site. Male Sprague Dawley rats (250-350g) were injected intraperitoneally (ip) with
either 5, 15, or 5Omg/kg of (+)-3-PPP. One hour after injection, rats were
anesthetized with halothane and perfused. Brains were sectioned (100/xm) and
immunocytochemically reacted for the protein product of the c-fos gene, Fos, with
the monoclonal antibody LA041. Controls were injected with the (+)-3-PPP
diluent, 0.5ml of 0.9% saline (NaCl), ip and processed in the same fashion as the
treatment group.
Fos induction in specific brain structures of rats exposed to a single 5, 15, or
S^i^mg/-kg dose of (+)-3-PPP was significantly greater than for controls. ( + )-3-PPP
Fos induction occurred most abundantly in the anterior cingulate cortex,
paraventricular hypothalamic nucleus, anterior paraventricular thalamic nucleus,
supraoptic nucleus, lateral pre-optic area, lateral septal nucleus, septohypothalamic
nucleus, pyramidal cell layer in the CA1 area of the hippocampus, neocortex, and
piriform cortex.

NMDA RECEPTOR-MEDIATED CURRENTS IN NITRIC
OXIDE SYNTHASE-CONTAINING NEURONS OF THE
MESOPONTINE TEGMENTUM IN VITRO. R.M. Sanchez*

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

and C.S. Leonard. Center for Neural Science, New York University, 6
Wash. PL, NY, NY 10003.
We studied the glutamate receptor subtypes mediating synaptic
transmission to NOS-containing neurons of the laterodorsal tegmental
(LDT) nucleus in guinea pig brain slices using whole-cell patch-clamp
methods. Local electrical stimulation elicited a graded inward synaptic
current exhibiting a rapid decay (widths at half-peak = 6-12 msec)
followed by a slower, voltage-dependent decay lasting 40-200 msec. The
EPSCs were partially blocked by AP-5 (5^iM) and were completely
blocked by combined application of AP-5 and DNQX (lOpM), indicating
that they were mediated by both NMDA and non-NMDA receptors. For
some stimulation sites, the entire EPSC was blocked by DNQX, yet
application of NMDA (10-50pM) to the same cells in the presence of TTX
(O.5pM) elicited an inward current. This suggests a segregation of
glutamate receptor subtypes in LDT neurons. The NMDA-evoked current
was voltage-dependent in solutions containing l.2mM Mg++. This
inward current strongly increased near -7OmV and peaked near -34 mV.
The voltage-dependence confirms that these currents resulted from direct
activation of NMDA receptors on LDT cells. These data indicate that
post-synaptic NMDA receptors participate in selected synaptic pathways
to LDT NOS-containing cells. Since NO production in the CNS is
thought to be triggered by Ca++ entry through NMDA receptor-gated
channels, the results indicate a possible mechanism for the synaptic
control of NO synthesis in a brainstem nucleus important in fhe induction
of REM sleep. Supported by NS2788l.
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MITOCHONDRIA AND Na7Ca2+-EXCHANGE BUFFER GLUTAMATEINDUCED CALCIUM LOADS IN CULTURED CORTICAL NEURONS.

NMDA RECEPTOR-MEDIATED CALCIUM ACCUMULATION IN CULTURED
NEOCORTICAL NEURONS. E. C. Burgard* and J.J. Hablitz. Neurobiology
Research Center, Univ. of Alabama at Birmingham, Birmingham, AL 35294.
Neurotoxicity produced by prolonged exposures to high concentrations of
glutamate (glu) is due, in part, to calcium influx through the NMDA receptor.
However, little is known about NMDA receptor-mediated calcium influx in
response to low concentrations of glu. We have used combined patch-clamp
recording and digital calcium imaging techniques to address the role of NMDA
receptors in glu-induced intracellular calcium changes. Calcium was measured
using the indicator dye fluo-3, and membrane properties were monitored using
voltage-and current-clamp methods. Glu produced a concentration-dependent
increase in intracellular calcium with an EC5O of approximately 3pM. This
glu concentration produced a significant calcium response while inducing only
a small inward current (25+llpA) and a correspondingly small membrane
depolarization (7+3mV) from -65 mV. Hill coefficients of the concentrationresponse curves for both glu-induced calcium increase and depolarization were
greater than unity (njj=2-3), indicating cooperativity between processes.
Addition of the NMDA receptor antagonist APV (10-50pM), or removal of
extracellular calcium both blocked the calcium response.
Higher glu
concentrations (100-500pM) produced sustained increases in intracellular
calcium which outlasted the accompanying membrane depolarization. These
results indicate that low concentrations of glu can preferentially activate
NMDA receptors, producing an influx of calcium. Subsequent activation of
calcium-induced intracellular calcium release and activation of voltagedependent calcium channels may contribute to intracellular calcium
accumulation at higher glu concentrations. (Supported by NS 118145)

R. J. White' and I. J. Reynolds. Centerfor Neuroscience and Dept, of
Pharmacology, Univ. ofPittsburgh School ofMedicine, Pittsburgh, PA 15261.

Utilizing Indo-1 microfluorimetiy, we have investigated the role of mitochondria
and Na7CaJ+-exchange in buffering calcium loads induced by glutamate
stimulation or depolarization of cultured rat forebrain neurons. A fifteen-second
pulse of 3 pM glutamate or 50 mM potassium with veratridine was followed by a
two minute wash with a solution containing either Na*-free buffer or the
mitochondrial uncoupler FCCP, or both. For glutamate-induced Ca2* loads, a
Na+-free wash delayed recovery to baseline by twofold, mitochondrial
uncoupling delayed recovery by greater than four fold, and the combined
treatment essentially prevented recovery of [Ca2*], for the duration of the wash.
Although the depolarization stimulus was able to elicit a larger peak [Ca2+L, the
neurons required less time to recover from depolarization-induced Ca2+ loads
after identical wash manipulations, possibly indicating less reliance on
mitochondria and Na7Ca2+-exchange for buffering that Ca2+ load. We show
evidence that the delayed recovery is not primarily the result of perturbations in
intracellular pH regulation and have also demonstrated that a substantial portion
of the delayed recovery is independent of Ca2+ entry during the washout phase.
We conclude that both of these stimuli induce Ca2* loads whose buffering is
critically dependent on functional mitochondria and secondarily reliant on
Na7Ca2*-exchange. The two systems overlap and seem to be responsible for
buffering most of the glutamate-induced Ca2+ load, because manipulations that
compromised both systems completely disabled the neurons' ability to recover
[Ca2+], to baseline.

124.11

124.12

THYROTROPIN-RELEASING HORMONE (TRH) INHIBITS GLUTAMATESTIMULATED INCREASES IN INTRANEURONAL CALCIUM. M.L. Koenig,*
A.E. Gray, and J.L. Meverhoff. Dept, of Medical Neurosci., Div. of
Neuropsych., Walter Reed Army Institute of Research, Washington, DC
20307-5100.
Thyrotropin-releasing hormone (TRH) has been shown to have
neuromodulatory effects on the central nervous system, and it has been
suggested that the tripeptide may be an endogenous anticonvulsant.
Renaud et al. (Science 205:12715,1979) have reported that microiontophoretic
application of TRH onto rat cortical neurons selectively reduces glutamate
(Glu)-stimulated excitation. Further, Meyerhoff et al. (Brain Res. 525:144,

TRH-INDUCED UPREGULATION OF NMDA RECEPTOR MEDIATED
SYNAPTIC POTENTIALS OF RAT HIPPOCAMPAL NEURONES. G. Stocca.
A. Nistri*. Biophys. Lab., Int. Sch. Adv. Studies (SISSA), 34013 Trieste, Italy.
The neuropeptide TRH largely and selectively enhances responses of
hippocampal neurones to NMDA. To assess whether a similar potentiation
may take place in the case of responses mediated by synaptic NMDA
receptors, experiments were carried out on CA1 neurones of the adult rat
hippocampal slice preparation bathed in Mg2* containing solution.
Intracellular recording with 3 M KCI electrodes was performed during focal
electrical stimulation of stratum raaiatum (0.05 Hz; 50 ps)which evoked
minimal EPSPs (1-2 mV) with frequent failures. In the presence of
continuous pharmacological block of AM PA and GABA receptors by a
combination of CNQX (10 pM), bicuculline (20 pM) and CGP35348 (1 mM),
evoked EPSPs were considered to be due to glutamate induced activation
of NMDA receptors. In 7 cells at -73±3 mV membrane potential bath-applied
TRH (tartrate monohydrate; 10 pM) enhanced, within 80 s, the peak
amplitude of EPSPs by 36+20% and their area by 49±28% with no
detectable change in resting potential or input resistance. The rate of EPSP
decay was prolonged as is monoexponential x increased by 42±29% In
some cells the rise in EPSP amplitude was large enough to reach spike
threshold. On 6 of these cells after 1 h washout of TRH, replacing CNQX with
CPP (10 pM) allowed detection of AMPA receptor mediated EPSPs (1-5 mV)
with a much faster timecourse. These latter EPSPs were not enhanced by
TRH as their peak, area and x values were 97±4, 98±10 and 122±19 % of
controls, respectively. These data suggest that TRH can selectively facilitate
excitatory synaptic transmission mediated by glutamate via NMDA receptors.
This phenomenon may be relevant to account for some behavioural effects
of the neuropeptide. Supported by INFM, Cyanamid and EEC Science Plan.

1990) have found that the concentration of the tripeptide increases in
proportion to seizure severity in electrical kindling. To determine if the
anticonvulsant effects of TRH were attributable to a reduction in the size of
Glu-stimulated increases in intraneuronal Ca2+ ([Ca],), we have studied Gluand NMDA-stimulated Ca dynamics in the presence and absence of TRH in
primary neurons derived from fetal rat forebrains. Neurons were loaded with
the Ca2+-sensitive fluorescent dye indo-1, and changes in [Ca], were
measured in individual neurons using the ACAS 57OC interactive laser
cytometer. At a concentration of 400 pM, TRH significantly reduced Glustimulated peak increases in [Ca],. 500 nM Glu in the absence of TRH
elicited a peak increase in [Ca], of 1.49 ± 0.14 pM (n=18); following a 2
min. pre-treatment with TRH, the Glu-stimulated increase was reduced by
26% to 1.10 ± 0.07 pM (n=29). In contrast, 400 pM TRH had no effect on
NMDA-stimulated increases in [Ca],. 5 pM NMDA stimulated a 1.49 ± 0.14
pM peak increase in [Ca], in the absence of TRH (n=11), whereas following
a 2 min. exposure to TRH, the change was 1.48 ± 0.18 pM (n=11).

124.13

124.14

PHARMACOLOGICAL PROPERTIES OF METABOTROPIC GLUTAMATE
RECEPTORS WHICH INHIBIT SYNAPTIC TRANSMISSION AND
VOLTAGE-GATED CALCIUM CURRENTS. D.M. Lovinger*. S. Choi and B .A.
McCool. Dept. Mol. PhysiolTBiophys., Vanderbilt Univ. Med. School, Nashville,
TN 37232.
Activation of metabotropic glutamate receptors (mGluRs) inhibits synaptic
transmission at corticostriatal synapses and mGluR receptor-mediated inhibition of
voltage-gated calcium currents (VGCCs) has been observed in cortical neurons.
Several mGluR subtypes have been identified. As a first step toward identifying
which receptor subtypes mediate the aforementioned physiological processes we
have examined the effects of selective agonists on excitatory transmission in
striatal slices and VGCCs in acutely isolated deep-layer cortical neurons.
Application of t-ACPD or the mGluR2-3 selective agonists L-CCG-I or DCG-IV
inhibited the synaptically-driven population spike during field potential recording
or the monosynaptic EPSP during whole-cell recording in striatal slices. Inhibition
increased in a concentration-dependent manner and the IC5O values were 5OpM tACPD, 6pM L-CCG-I and O.7jiM DCG-IV. L-CCG-I and DCG-IV did not alter
postsynaptic neuron input resistance (99±4% of baseline in 5pM DCG-IV, n=7,
104±8% of baseline in 2tyiM L-CCG-I, n=5), action potential firing in response to
current injection, or ion current elicited by activation of AMPA/kainate ionotropic
receptors (<10% inhibition). The mGluR antagonist R,S-a-MCPG (O.5-lmM)
reduced the inhibitory actions of t-ACPD and DCG-IV, indicating that their actions
are mGluR-mediated. O-Phospho-L-serine, an mGluR4&6 receptor agonist, did
not inhibit transmission by >10% at concentrations up to 0.5mM. This is consistent
with previous observations that transmission at this synapse is insensitive to the
mGluR4&6 agonist L-AP4. t-ACPD (2OQ±M) and L-CCG-I (2OpM) inhibited
VGCC amplitude by 20.9±3% (n=l5) and 21.3±2% (n=lO) in 25 and 48% of the
cortical neurons examined. Our observations indicate that mGluR2,3 subtypes
most likely mediate inhibition of corticostriatal synaptic transmission, and may
also mediate inhibition of VGCCs. (Supported by NS 30470).

METABOTROPIC GLUTAMATE RECEPTOR ACTIVATION
INDUCES INTERMEDIATE EARLY GENE EXPRESSION IN
DORSOLATERAL SEPTAL NEURONS. K. Kaatz- and
R.L. Albin. Dept. of Neurology, Univ. of
Michigan, Ann Arbor, MI, 48109.
Zheng and Gallagher (Neuron 9:163) have
shown that mGluR activation induces bursting
and LTP in dorsolateral septal nucleus (DLSN)
slices.
IS,3R-ACPD was injected into the DLSN
of rats and intermediate early gene expression
(IEG) was assessed with antisera to FOS, JUN B,
and KROX-24.
Substantial increases in FOS ' and
JUN B immunoreactivity were seen within DLSN
neurons by 1 hour post ACPD injection.
The
number of FOS and JUN B immunoreactive neurons
peaked by 4 to 6 hours post ACPD injection.
Increased FOS and JUN B immunoreactivity
persisted beyond 24 hours post ACPD injection.
KROX-24 immunoreactivity also increased within
DLSN neurons post ACPD injection.
IEG
expression was induced with doses of ACPD
varying from 0.05 pg/pl to 1.0 pg/pl.
The
results of pharmacologic experiments will be
reported also.
Supported by NS19613.
We thank
Dr. R. Bravo for donation of antisera.
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LOWERED CYTOPLASMIC Ca** REDUCES INTRACELLULAR RELEASE OF
Ca** INDUCED BY ACTIVATION OF METABOTROPIC GLUTAMATE

IN VIVO AND IN VITRO EVIDENCE THAT ACPD SUPRESSES
EXCITATORY SYNAPTIC TRANSMISSION IN NEONATAL
CORTEX. C.R. Johnson*. S. Glazewski and K. Fox. Graduate Program in

RECEPTORS IN ACUTELY DISSOCIATED RAT HIPPOCAMPAL NEURONES.

S.Phenna, S.D.Jane & J.E.Chad*, Biosciences Imaging Group, University of
Southampton, SO9 3TU, UK.
Activation of mGluR 1 or 5 is thought to generate an elevation of Ca* *i
via IP3 induced release from intracellular stores. We are investigating the
effects of alterations in Ca** homeostasis on this release using ratiometric
UV confocal laser scanning microscopy of lndo-1AM loaded, acutelydissociated hippocampal neurones isolated from 10 day old Wistar rats.
Application of the specific metabotropic glutamate receptor agonist 1S,3RACPD (1 S,3R-1 -aminocyclo- pentane-1,3-dicarboxylic acid) in the presence
of D-AP5 (D-2-amino 5-phosphonovaleric acid) [10pM], CNQX (6-cyano-7nitroquinoxaline 2-3-dione) [2O^M] and Cd** [100pM] in normal
extracellular Ca* * conditions (5mM) produced elevations in perinuclear
Ca* *i from a resting level of 100±30nM to 700±360nM (n = 19 cells). In
a seperate set of experiments, reduction of Ca**, to nominally zero
(Mg*"10mM), reduced resting Ca ** levels to 30±10nM and attenuated
responses to 1 S,3R-ACPD, only reaching 90 ± 2OnM (19cells/6expts; values
as mean ± calculated concentration difference for positive SEM ratio value).
Reintroducing external Ca** (5mM) elevated the resting Ca** level to
control values, and the response to 1 S,3R-ACPD increased to 200 ± 5OnM.
The apparent dependence of 1 S,3R-ACPD responses on extracellular Ca* *
could be due to dependence on influx of Ca **, depletion of intracellular
stores, or the Ca** sensitivity of the IP3 receptor (Berridge, Nature
361,315-325,1993).
We are investigating the relationship of this
phenomena to the neuroprotection afforded by blocking trans membrane
Ca**flux.
Supported by MRC, SERC

CATECHOLAMINES:

Neuroscience and Department of Physiology, University of Minnesota,
Minneapolis, MN 55455.

The present study was undertaken to characterize the function of
metabotropic glutamate receptors (mGluRs) in synaptic transmission in
developing neocortex. Responses to whisker stimulation were measured in
layer II/III neurons of rat barrel cortex (age 3 wks). Iontophoresis of the
selective mGluR agonist lS,3R-aminocyclopentane-l,3-dicarboxylate
(ACPD, 30 nA ejecting current) resulted in a reversible 85% decrease in
response magnitude. To examine cellular aspects of this phenomenon in
more detail, further experiments were performed using cortical slices
obtained from neonatal rats (age P4 to P37). Whole cell recordings were
taken from superficial layers in visual and parietal cortex (input resistance
200 MQ to 1 GQ). Response-intensity curves were constructed for EPSPs
for subthreshold to saturating stimuli. Bath application of ACPD (20-100
pM) depressed or eliminated EPSPs and blocked spike accommodation. In
25% of cases, however, ACPD had no effect on these properties. Membrane
potential and input resistance were unaffected. The mGluR antagonist (+)-amethyl-4-carboxyphenylglycine (MCPG, 20-100 pM) antagonized the effects
of ACPD, although generally had no effect by itself at the concentrations
tested. These preliminary findings suggest that mGluRs serve to inhibit
excitatory synaptic transmission in developing cortex. Supported by
NIH/5T32-EY07133 (CRJ) and NS27759 (KF).

TYROSINE HYDROXYLASE AND OTHER SYNTHESIZING ENZYMES

125.1

125.2

AROMATIC AMINO ACID DECARBOXYLASE (AADC) IMMUNOSTAINING
IS REDUCED IN THE MEDIAN EMINENCE AND ARCUATE NUCLEUS OF
MALE HAMSTERS HOUSED IN A SHORT PHOTOPERIOD. K.M. Krajnak*, &
A.A. Nunez, Dept. of Psychology & Neuroscience Program. Michigan State
University, East Lansing, MI 48824.
Exposure to a short photoperiod (SD; less than 12.5 hrs of light/day) results in a
decrease in circulating prolactin levels in male Syrian hamsters (Goldman et al.,
1981, Biol. Reprod.. 24:287). This decrease in prolactin is associated with a
decrease in median eminence dopamine (ME DA) concentrations (Steger et al, 1984,
Neuroendo. 38:158; Krajnak et al.,1992). Neurochemical estimates of DAergic
activity in the ME suggest that the SD induced decrease in ME DA concentrations
are not the result of a decrease in tyrosine hydroxylase (TH) activity or a change in
metabolism. Immunocytochemical studies have also shown that SD exposure does
not affect the number of TH immunopositive neurons in the arcuate nucleus (ARC)
or periventricular nuclei of the hypothalamus. This experiment tested the hypothesis
that the SD induced decrease in ME DA was the result of a decrease in the enzyme
AADC. Male hamsters were housed in either a SD(6L:18D) or long (LD; 16L:8D)
photoperiod for 12 weeks. Animals were perfused and 40 pm coronal sections of
brain tissue were processed for AADC immunocytochemistry using standard
protocols. The number of AADC immunopositive (AADC+) cells were counted
within a grid placed over the dorsomedial ARC, ventrolateral ARC or ME.
Exposure to SD resulted in a decrease in the number of AADC+ cells in all regions
examined. These results suggest that a decrease in AADC availability may be
involved in the SD induced decrease in ME DA. (Supported by BNS 9008576 to
A.A.N.)

COORDINATE REGULATION OF TETRAHYDROBIOPTERIN (BH„) AND
CATECHOLAMINE-RELATED RAT AND HUMAN GENES. R.A. Levine*1^,
P.Z. Anastasiadis1, R.L. Shoemaker1, I.C. States4 and D.M. Kuhn3. 1William
T. Gossett Neurology Labs, Henry Ford Hospital, Detroit, Ml; 2Cellular and
Clinical Neurobiology Program, and 3Center for Molecular Bioloey, Wayne
State University, Detroit, Ml, and *VA Medical Center, Allen Park, Ml.
Tetrahydrobiopterin (BH4 is the essential cofactor for tyrosine and
tryptophan hydroxylases (TH and TPH) in catecholamine (CA) and serotonin
(5-HT) synthesis. Increases in intracellular BH4 elevate both TH and TPH
activities, whereas inhibition of BH4 synthesis reduces CA and 5-HT levels.
In cultured pheochromocytoma (PC12) cells, nerve growth factor (NGF),
epidermal growth factor (EGF) and vasoactive intestinal polypeptide (VIP)
elevated in vitro activities of TH and GTP-cyclohydrolase (GTP-CH; the first

and rate-limiting enzyme in BH4 biosynthesis) after 24 hours. Cycloheximide
and actinomycin-D were used to inhibit translation and transcription
in
PC12 cells. Cycloheximide and actinomycin-D, used to inhibit transcription
and translation in separate experiments, inhibited the induction of TH and
GTP-CH activities by NGF, EGF, and VIP; this indicates TH and GTP-CH
induction requires active DNA transcription. Sp-cAMP (cAMP agonist) and
Rp-cAMP (antagonist) were used alone or in combination with NGF, EGF,
or VIP to treat PC12 cells; NGF, EGF, VIP, and Sp-cAMP induced TH and
GTP-CH activities by elevating intracellular cAMP levels, since the cAMP
competitive inhibitor Rp-cAMP reversed this induction.
Phorbol-12myristate-13-acetate (PMA) was used to activate protein kinase C (PKC) and
sphingosine was used to inhibit PKC. TPA induced the co-induction of TH
and GTP-CH to a lesser extent than Sp-cAMP, and sphingosine was not able
to reverse the NGF-, EGF-, or VIP-mediated induction of gene expression.
This suggest that the co-induction of TH and GTP-CH is mediated by
intracellular cAMP. These genes are currently being studied in humans.

125.3

125.4

AP-1 SITE NOT REQUIRED FOR INDUCTION OF TYROSINE
HYDROXYLASE TRANSCRIPTION BY BASIC FIBROBLAST
GROWTH FACTOR IN PC12 AND CATH.a CELL LINES. H. Osaka*
and E.L. Sabban. Dept. Biochem & Mol. Biol. New York Med. Coll.
Valhalla, N.Y. 10595.
Fibroblast growth factors are ubiquitous peptides that are also important
for neuronal development and survival. Among the effects of bFGF in
PC12 cells are induction of c-fos and neurite outgrowth. Previously, we
have observed that the treatment of PC12 cells with lOng/ml bFGF elicited
about 3-fold rise in TH mRNA levels maximal 1-8 days of exposure, while
60 ng/ml bFGF had no effect. In CATH.a, a cell line derived from mouse
locus*coeruleus (Suri et al., J. Neurosci. 13 (1993) 1280-91), 10 ng/ml
bFGF markedly elevated TH mRNA levels without eliciting morphological
changes.
To see whether the effect is transcriptional and which regulatory element
is involved in the TH induction by bFGF treatment, both cell lines were
transfected with the deletion constructs of rat TH promoter fused to
chloramphenicol acetyltransferase (CAT). In PC12 cells, the promoter
deletion analysis indicated that CAT can be induced with the deletion
constructs which spans the region between -272/+27 and -108/+27. The
latter does not contain the AP-1 site (at -200/-206). Moreover, when
CATH.a cells, transfected with the -108/+27 deletion construct, were
treated with increasing concentrations of bFGF (lOng./ml, 5Ong/ml and
l2Ong/ml), there was a dose-dependent increase in the CAT activity.
Therefore in both cell lines, the AP-1 sites is not required for the induction
of TH gene transcription by bFGF.

IDENTIFICATION OF A NOVEL PROMOTER ELEMENT
WITHIN THE TYROSINE HYDROXYLASE GENE THAT
RESPONDS TO DEPOLARIZATION AND NICOTINE. A.W.
Tank*. J.A. Best and K. Nagamoto. Dept, of Pharmacology, Univ.
of Rochester Med. Ctr., Rochester, NY 14642.
We have identified DNA sequences within the proximal TH gene 5'
flanking region that participate in the response of the gene to
membrane depolarization (50 mM KC1) or nicotine (10-30 uM) in rat
pheochromocytoma PC12 cells. In transient transfection assays using
a TH-CAT construct that contains the structural gene for
chloramphenicol acetyltransferase (CAT) driven by the TH gene 5'
flanking region (-272 to +27), both membrane depolarization and
nicotine stimulate TH gene promoter activity (2-fold and 4-5 fold,
respectively). Using TH-CAT constructs with mutagenized response
elements, our results indicate that both the cyclic AMP-response
element (CRE) and the API element participate in the response to
membrane depolarization, whereas the CRE, but not the API element,
participates in the response to nicotine. Furthermore, mutagenesis of
a site termed THCRE2 (-97 to -90), which partially mediates the
response to cyclic AMP [Best et al (1993) Neurosci Abstr 19:736] is
associated with dramatic decreases in the response of the promoter to
either depolarization or nicotine. These data suggest that membrane
depolarization and nicotine activate transcription factors that interact
with multiple response elements within the TH gene 5' flanking
region to stimulate TH gene expression. In particular, we have
identified a novel response element, THCRE2, that is responsive to
membrane depolarization and nicotine. Supported by DA05014 and
DE00159.
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REGULATION OF THE TYROSINE HYDROXYLASE PROMOTER. NU
Ghee. l.C. Miller* and E.B. Ziff. Howard Hughes Medical Institute,
Departments of Biochemistry and Psychiatry and Mental Health Clinical
Research Center, NYU Medical Center , New York, NY 10016.
Transcription of the tyrosine hydroxylase (TH) gene is transiently induced
in 1 hour by nerve growth factor (NGF) in PC12 cells; subsequently (after 2
days) it is repressed. Two essential regulatory elements have been
identified in the TH promoter. One is the TH-"Fat Specific Element" (THFSE), an AP-l-like site with which the immediate early gene products, Fos
and Jun form a heterodimeric complex. The second is the cAMP Response
Element (CRE). The TH-FSE is required for basal level transcription and
responsiveness to NGF. Downstream of the TH-FSE is the CRE which binds
the cAMP-responsive factor, CREB. To address the mechanisms by which
the TH promoter is regulated by these elements, PC12 cells were transiently
transfected with the following CAT reporter plasmid constructs containing
either wild type TH promoter sequences or promoters with deletions of the
TH-FSE and/or CRE: plasmid -773/+27, -773/+27AFSE, 773/+27ACRE, and
773/ + 27ABOTH, -272/+27, -272/+27AFSE, -272/+27ACRE, and
272/+27ABOTH. The plasmids were introduced transiently into PC12 cells
by electroporation and promoter activity determined by CAT assay after 1
day of culture. Our results show that in the absence of NGF, the wild type
constructs confer basal level activity; however, in the presence of a 4 hour
treatment with NGF, the activity of the wild type constructs, -773/+27 and
-272/+27, decreased, suggesting that long term NGF treatment has a
repressive effect on the TH promoter. Deletion of the CRE or the FSE
markedly decreased the activity of the promoter. Deletion of both elements
completely abolished promoter activity. Thus, the TH-FSE and the CRE
are essential elements required to regulate the TH promoter.

DIFFERENTIAL EXPRESSION OF THE FOUR HUMAN TYROSINE
HYDROXYLASE mRNAs IN NORMAL AND PATHOLOGICAL TISSUES.
S. Dumas1, H. Le Hir2, P. LaniSce3. P. Gaspar*4, C. Thermes2 and T.

125.7

125.8

CIS AND TRANS FACTORS INVOLVED IN THE TRANSCRIPTIONAL
REGULATION OF TYROSINE HYDROXYLASE (TH) DURING
REDUCED OXYGEN CONDITIONS. ' M.L. Norris. S.W. Davis. R.M.
Raymond. M.F. Czvzvk-Krzeska and D.E. Millhom. * The University of
Cincinnati, Cincinnati, Oh. 45267.
Hypoxia has been reported to increase expression of the tyrosine hydroxylase
(TH) gene in carotid body type I cells and pheochromocytoma (PC 12) cells,
which are functionally and morphologically similar to the O2 sensitive type I cells
(Czyzyk-Krzeska et al., JBC 269: 760-764). The following experiments were
undertaken to elucidate the molecular mechanisms involved in the transcriptional
regulation of TH during low oxygen conditions. Transfection studies performed
in PC12 cells utilized plasmid constructs containing 5' flanking sequences of the
TH gene fused to a CAT reporter gene. Comparison of results from cells exposed
to either 21% O2 or 5% O2 suggest that oxygen responsiveness is mediated by
sequences between -284 and -37 relative to transcription start site. Possible O2
regulatory roles were examined by mutational analysis of cis regulatory elements
(eg API, CRE) within this region. Results from DNA-protein binding studies
indicate an increase in binding at the API site when cells are exposed to hypoxic
conditions. Several transcription factor proteins (eg Fos, Jun, Creb) are capable of
binding this consensus sequence to mediate transcriptional changes in gene
expression. UV crosslinking experiments suggest the presence of a complex of
proteins binding to the API element, rather than a single protein. To further
elucidate the possible proteins involved in this complex, immunoblotting,
supershifts, and shift-westerns have been employed using antibodies to known
transcription factors. These data taken together should help identify the major
DNA regulatory elements involved in oxygen regulation of the TH gene as well as
their interacting proteins.

Mallet! 1. LGN and

2. CGM, CNRS, 91198 Gif sur Yvette, Fee. 3. LPN,

Univ. Orsay, 91406 Orsay, Fee. 4. U106 INSERM, Hopital Salpetriere,
75013 Paris, Fee.
The gene encoding human tyrosine hydroxylase (HTH),
generates through alternative splicing events, four different
mRNAs designated HTH-1, -2, -3 and -4 mRNA. The presence in a
same tissue of several types of HTH mRNA which encode enzymes
with distinct characteristics raises the possibility that alternative
splicing plays a role in the regulation of catecholamine biosynthesis
in normal and pathological neurons. To study this, we have carried
out quantitative RNase mapping experiments which allow the
precise mesurement of HTH mRNA in different tissues. Our

results revealed that the four HTH mRNAs are differentially
expressed in pheochromocytoma, medulla and substantia nigra
(SN). Interestingly, in the SN, the expression of HTH mRNA
varies from one individual to another. The diversity of HTH
expression in the brain suggests that in a single neuron there may
exist a mechanism that allows switching from the expression of
one form to another. This hypothesis was tested by in situ
hybridization at the level of the SN. HTH-1 and HTH-2 were
detected in most of the dopaminergic neurons of this region,
whereas HTH-3 and HTH-4 were detected only in a cluster of non
melanized dopaminergic cells. These results are of particular
interest in regard to Parkinson's disease.

DNA SEQUENCES OF THE RAT TYROSINE HYDROXYLASE
GENE DIRECTING HIGH-LEVEL AND TISSUE-SPECIFIC
EXPRESSION IN THE CNS OF TRANSGENIC MICE. N. Min*.

T.H. Joh. C.H. Peng, K.S. Kim and J.H. Son. Cornell University
Medical College at The W.M. Burke Medical Research Institute,

White Plains, NY 10605.
Tyrosine hydroxylase (TH) expression in central and peripheral
catecholaminergic cells requires multiple regulatory elements. To
delineate DNA sequences necessary for high level and tissue-specific

expression of the rat TH gene, transgenic mice were produced
containing .15 kb, 2.4 kb, and 9.0 kb of 5’ flanking sequences fused

to the E.coli lacZ reporter gene. Transgenic mice bearing 9.0 kb of
5’ flanking sequences-lacZ, but not the smaller constructs with 2.4 kb
or 0.15 kb of 5’ flanking sequences-lacZ, were able to direct pgalactosidase expression at levels equivalent to the endogenous TH in
central catecholaminergic cells with somewhat lower levels in the

adrenal gland. Our results indicate that the crucial catecholaminergic
neuron-specific DNA element(s) resides between -9 kb and -2.4 kb of
5’ flanking region of rat TH gene. Moreover, the high levels of
tissue-specific expression of lacZ directed by the 9.0 kb of rat TH

construct

permited

catecholaminergic

cellular

neurons.

resolution
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The
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125.9

125.10

CHARACTERIZATION OF THE BINDING SITES FOR HYPOXIA
INDUCIBLE PROTEINS IN THE 3' UNTRANSLATED REGION OF
TYROSINE HYDROXYLASE mRNA. M. F. Czvzvk-Krzeska* & D. E. Millhom
University of Cincinnati, Cincinnati, OH 45267- 0576

REGULATION OF TYROSINE HYDROXYLASE (TH) IN
OLFACTORY BULB (OB) CELL CULTURES FROM RATS
AND MICE M.K.McMillian*’ S.B.Mullis. G.-C. Wu. P.M.
Hudson. K.R.Pennvpacker. J.-S. Hong. S.A.Banerjee+ and
D.M.Chikaraishi*
NIEHS/NIH, RTP, NC 27709 and
♦Neurosciences Program, Tufts, Boston MA 02111
The OB contains a large population of dopaminergic interneurons, and comparisons with TH-immunopositive (TH+) cells
in midbrain and hypothalamic cell cultures suggest that TH is
more readily upregulated in OB cultures. Treatment of rat OB
cultures with phorbol ester
(PMA) or forskolin
(Fsk),
stimulating PKC or PKA respectively, or a combination of the
two agonists, increased the number of IH+ cells 3-4 fold.
Depolarization with 40 mM KC1 did not affect TH+ cell number;
however, pre-incubation with naloxone made KC1 fully as
efficacious as PMA or Fsk, suggesting that endogenous opioids
selectively inhibit stimulation by KC1 (Ca2+). OB cultures from
normal mice and transgenic mice bearing the TH promoter
driving a human growth hormone reporter gene had fewer TH+
cells than rat cultures but showed larger responses to Fsk and
PMA and to Fsk + PMA. KC1 (even without naloxone) was an
effective stimulus in mouse OB cultures. OB cultures should
prove useful to study the regulation of TH in neurons.

The half life of tyrosine hydroxylase (TH) mRNA (i.e. stability) is increased
3 fold during environmental hypoxia in PC12 cells (J. Biol. Chem. 269, 760-764,
1994). We have recently demonstrated that this increase in stability is accompanied
by augmented binding of a cytoplasmic protein to a 28 base long, pyrimidine rich
sequence between bases 1551-1579 in the 3' utr of TH mRNA (J. Biol. Chem. 269,
9940-9945, 1994). In the present study we attempted to identify the region of this 28
b long sequence that is directly involved in the protein binding. We used
oligodeoxynucleotides antisense to particular sequences within this fragment of TH
mRNA. ■ This causes selective RNase H cleavage of the RNA moiety bound into the
RNA-DNA hybrid. If the digested fragment of RNA is involved in protein binding,
the RNA-protein complex observed in the gel retardation assay is decreased or
disappears. We have found that the binding of proteins to TH mRNA 3' utr can be
completely abolished by addition of an oligonucleotide complementary to the bases
1557-1567 or 1562-1579 of TH mRNA 3' utr. Another antisense probe against 15511562 fragment of TH mRNA 3' utr abolished the binding complex partially but the
hypoxia inducible part of the complex remained unaffected. Electrophoresis of the
UV-crosslinked RNA-protein complexes without and with the 1551-1562 antisense
oligo revealed complexes of the similar size (74 kD) but of different shape, the first
migrating as a sharp doublet and the second as wide single band. In both cases the
complexes were increased by hypoxia. These results indicate that the fragment
necessary for the binding is located between bases 1562-1567 in 3’ utr of TH mRNA.
The protein complex binding to this fragment of TH mRNA and regulated by hypoxia
involves at least two different proteins.
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125.12

COMPENSATORY EXPRESSION OF TYROSINE HYDROXYLASE IN
DOPAMINERGIC CELL BODIES AND THEIR STRIATAL TERMINALS
AFTER PARTIAL LESION OF THE SNC.
R. Raisman-Vozari*. V, Blanchard. M. Chntm. M. Savasta. S. Vyas. C.
Feuerstein. F. Javoy-Agid, Y. Agid. INSERM U289, Hopital de la Salpetnere,
75013 Paris and INSERM U 318 Grenoble, France.
Clinical symptoms in Parkinson’s disease do not appear until almost total
depletion of dopamine (DA) has occurred in the striatum. This suggests the
existence of compensatory mechanisms which have been extensively attributed
to an increased turnover of DA in the remaining dopaminergic neurons. The
present study was designed to examine long-term response of nigrostriatal
tyrosine hydroxylase (TH) expression to moderate and severe unilateral 6OHDA-induced lesions of the SNC. TH protein content in the remaining nerve
terminals was quantified in the ipsilateral striatum one and six months after
lesions. Cellular THmRNA and TH protein amounts were estimated in the
remaining cell bodies and in comparable cells of the unlesioned SNC. Overall
TH protein depletion in the striatum was less severe than the percentage of nigral
cell loss 1 and 6 months after lesions. Moreover, the decrease in TH protein was
less pronounced in the ipsilateral striatum 6 months as compared to 1 month after
lesion. TH mRNA levels was significantly increased in the remaining cells only
six months after the lesion without changes in the amount of TH protein on
individual cells. These results suggest the existence of complex sequencing
adaptative changes of TH expression between cell bodies and nerve terminals
occurring spontaneously in the dopaminergic nigrostriatal pathway after partial
lesion. They leave open the question of a metabolic compensation or a synaptic
reorganization.

EFFECT OF cAMP ANALOG OR PHORBOL ESTER ON TYROSINE
HYDROXYLASE mRNA LEVELS IN THE DOPAMINERGIC
NEURONS OF THE VENTRAL MIDBRAIN. K. Nagamoto* and
A.W. Tank. Neuroscience Program and Dept.of Pharmacology, Univ.
of Rochester, Med. Ctr., Rochester, NY 14642.
In peripherally-derived catecholaminergic cells, activation of protein
kinase A (PKA) and protein kinase C (PKC) signal transduction
pathways by cAMP and phorbol esters, respectively, increase tyrosine
hydroxylase (TH) gene expression. On the other hand, little is known
about regulation of TH and associated signal transduction pathways in
central catecholaminergic neurons, particularly dopaminergic neurons of
the ventral midbrain. In this study, a cAMP analog, 8-chlorophenylthiocAMP (8-CPT-cAMP) and phorbol ester, TPA were used to examine
whether activation of PKA- and PKC-mediated signal transduction
pathways leads to changes in the levels of TH mRNA in midbrain
dopaminergic neurons. Midbrain slices from adult Sprague-Dawley rats,
containing the substantia nigra and the ventral tegmental area were treated
with either 10 pM 8-CPT-cAMP or 0.1 pM TPA for 4 hours. TH
mRNA levels were then measured by RNase protection assays and in
situ hybridization. TH mRNA levels increased approximately 2-fold in 8CPT-cAMP treated midbrain slices and nearly 3-fold in TPA treated
midbrain slices. These results suggest that there are functional PKA- and
PKC-mediated signal transduction pathways in the midbrain
dopaminergic neurons and that activation of these pathways upregulate
TH gene expression.
Supported by DA 05014.

125.13

125.14

INVESTIGATION INTO THE INVOLVEMENT OF C-FOS IN THE
REGULATION OF TYROSINE HYDROXYLASE GENE
EXPRESSION BY CYCLIC AMP. K.M. Piech* and A.W. Tank.
Dept. of Pharmacology, Univ. of Rochester, Rochester, NY 14642.
Protein kinase A and protein kinase C signalling pathways mediate
tyrosine hydroxylase (TH) gene expression. Activation of these
signalling pathways increases the expression of factors that bind to the
TH gene AP-1 site at position -205 to -199 and induces c-fos protein.
Incubation of rat pheochromocytoma PC12 cells with antisense
oligonucleotide targeting c-fos mRNA blocked the cAMP-mediated
induction of TH AP-1 binding factors and fos immunoreactivity. We
used PC 12 cells that were stably transfected with a TH gene promoterdriven reporter gene construct to test whether c-fos antisense
oligonucleotide inhibited the cAMP-mediated increase in TH gene
promoter activity. The reporter gene construct contained the TH gene
promoter from -272 to +27 fused to the gene encoding chloramphenicol
acetyltransferase (CAT). Incubation of the stably-transfected PC 12
cells with c-fos or nonsense antisense oligonucleotide had no
significant effect on the cAMP-mediated induction of TH-CAT
expression. To investigate further the hypothesis that c-fos was not
required for the cAMP-mediated regulation of TH gene expression in
rat pheochromocytoma cells, we evaluated c-fos expression in PC 18
and PC12A cell lines. TH gene expression is dramatically induced by
cAMP in both these cell lines. Western blotting demonstrated that c-fos
was not induced in PCI8 or PC12A cells following treatment with a
cAMP analog. These data suggest that the expression of fos is not
required for the cAMP-mediated expression of the TH gene.
(Supported by NIDA grants DA 05014 and DA 07232).

MELATONIN INCREASES TYROSINE HYDROXYLASE ACTIVITY IN
THE MEDIAN EMINENCE/ARCUATE REGION OF MALE SYRIAN
HAMSTERS. NA..M. Alexiuk* and J.P. Vriend. Department of Anatomy,
University of Manitoba, Winnipeg, Canada. R3E OW3
Diurnal effects of melatonin (N-acetyl-5-methoxytryptamine)
administration on the in situ activity of tyrosine hydroxylase (TH) were
examined in the median eminence (ME)/arcuate region of the mediobasal
hypothalamus (MBH) and the neurointermediate lobe (NL) of the male Syrian
hamster. Following nine weeks of daily late afternoon injections of the indole,
highly significant elevations in TH activity were demonstrated in the
ME/arcuate nuclei - at four time points throughout a 24-hr period. These
increases occurred concomitantly with marked decreases in tissue content of
dopamine (DA). Consistent with the data of the ME/arcuate region, DA
concentrations in the NL were reduced following melatonin administration,
although no significant effects of the indole on TH activity could be detected at
this time. A 24-hr rhythm in hypothalamic DA content of saline-treated controls
- characterized by substantial increases during the dark phase - was observed.
Melatonin-induced phase-delays in the 24-hr rhythm of DA and its acid
metabolite, homovanillic add (HVA), were demonstrated in the ME/arcuate
region. Although no significant diurnal rhythm in hypothalamic NE was
observed in saline-treated controls, melatonin treatment produced a gradual
elevation in NE levels which peaked approximately twelve hours following its
administration. The present data suggests that melatonin-induced increases in
the in situ activity of TH may reflect enhanced synthesis of DA, NE or both.
However, whether these effects are direct ones or are secondary to melatonininduced changes occurring in neurons that synapse on catecholamine-containing
cells (ie. GABAergic and/or serotonergic), remains to be eluddated.

125.15

125.16

EFFECTS OF CHRONIC ANTIPSYCHOTIC DRUG TREATMENT ON
TH mRNA LEVELS IN MIDBRAIN DOPAMINE NEURONS. C. Robinson.
P. Z. Gallipoli, and A. Y. Deutch* Depts. of Psychiatry and Pharmacology,
Yale University School of Medicine, New Haven, CT 06508.
Antipsychotic drugs (APDs) block D2 dopamine (DA) receptors, and
therefore markedly alter the function of central DA neurons. There has
been an extensive evaluation of the effects of acute and chronic APD
administration on DA synthesis and release, but surprisingly few studies
have examined the effects of APDs on tyrosine hydroxylase (TH) gene
expression in midbrain DA neurons. Published reports suggest that
chronic haloperidol (HPD) does not alter TH mRNA levels, but these
studies used intermittent drug administration and examined the substantia
nigra (SN) or ventral tegmental area (VTA) without attending to specific
subnuclei. We examined the effects of chronic administration of
haloperidol (HPD) or clozapine (CLZ) to adult male rats on TH mRNA
levels in different subnuclei of the SN, VTA, and retrorubral field (RRF).

CHANGES IN TYROSINE HYDROXYLASE GENE EXPRESSION ELICITED BY
VINDEBURNOL IN THE YOUNG RAT LOCUS C^RULEUS L Bezin , D. Marcel, &
Renaud*. J.F. Puiol and D. Weissmann. Laboratoire de Neuropharmacologie
moleculaire CNRS-UMR 105, Cermep, 59 Bd Pinel, F-69003 Lyon, France.
Tyrosine hydroxylase (TH) protein contained within the rat Locus Caruleus
(LC) region is heterogeneously distributed between the LC somatic area and
the wide neuropil external to the nucleus. During postnatal ontogeny, TH
level in the somatic area remained stable while dramatic increase in TH level
occurred in the external neuropil beyond day 21, due to the enlargement of
the TH-containing area within this compartment. At adulthood, TH level in the
external neuropil was thus 3-fold higher than in the somatic area. Such results
incited us to seek whether balance of TH protein expression between both
compartments observed at adulthood could be anticipated by Vindeburnol
treatment, known to induce long-lasting increase in TH protein and TH-mRNA
levels in the adult rat LC somatic area. Levels of these 2 markers of TH gene
expression were evaluated in LC region of 23 days old rats, 3 days after a
single administration of Vindeburnol (30 mg/kg), from adjacent coronal
sections at 2 caudal and 2 rostral LC planes. TH protein and TH-mRNA levels
were quantified by immunoautoradiography and radiographic in situ
hybridization respectively. After treatment, TH-mRNA and TH protein levels
were increased by 109% and 60% respectively in the LC somatic area. TH
protein level and the volume in which the protein was distributed were
increased by 96% and 78% respectively in the external neuropil, bringing TH
levels in the LC region to adult values. Moreover, before and after treatment,
TH protein level of each compartment was linearly correlated with TH-mRNA
level at each anatomical plane of the LC. These results strongly suggest a LC
perikarya origin for TH contained in the external neuropil. Increased TH level in
the external neuropil after Vindeburnol treatment could result from an
increased TH protein synthesis in LC perikarya followed by a TH-filling in most
distal portion of LC dendrites lying within the pericarulean area and
containing no TH protein at day 23 under basal conditions.

Drugs were administered for 21 days in the drinking water. Animals were
sacrificed and TH mRNA detected by in situ hybridization histochemistry.
Initial analyses of film autoradiograms indicated that neither HPD nor
CLZ altered TH mRNA levels (relative to vehicle control subjects) in the
rostral or central SN, the densocellular zone of the SN, the RRF, or in the
following VTA subnuclei: nuc. paranigralis, nuc. parabrachialis
pigmentosus, nuc. interfascicularis, nuc. linearis rostralis. However, in the
region of the nuc. linearis caudalis and AlOdc area haloperidol but not
clozapine resulted in a significant increase in TH mRNA levels. Analyses
of emulsion-coated slides are in progress in order to verify these findings.
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DIFFERENTIAL REGULATION OF TYROSINE HYDROXYLASE AND DOPAMINE B-HYDROXYLASE mRNA LEVELS BY NICOTINIC AGONISTS, FORSKOLIN AND ELEVATED K+ IN ISOLATED CHROMAFFIN CELLS. G.L. Craviso*
and R.W. Moore. Dept. Pharmacol., Univ. Nevada Sch. Med., Reno, NV 89557.
Adrenomedullary levels of tyrosine hydroxylase (TH) and dopamine B-hydroxylase
(DBH) are both increased in response to stress. In this study we investigated the coregulation of these two enzymes by comparing the effects of nicotinic agonists,
forskolin and elevated K+ on TH and DBH mRNA levels in isolated bovine
chromaffin cells, an in vitro model of non-transformed adrenomedullary cells. On
Northern blots, cDNAs for bovine TH and DBH mRNAs hybridized to mRNA
species of 1.8 kb and 2.4 kb, respectively. Each cDNA also hybridized to a second,
less abundant RNA species of 23 kb and 5.0 kb, respectively. Treatment of cells with
dimethylphenylpiperazinium (1 and 10 gM), nicotine (1 and 10 gM) or forskolin (10

MUTAGENESIS OF RAT DOPAMINE P-HYDROXYLASE:
EXAMINATION IN CELL FREE SYSTEM Z.H. Feng* and
E.L. Sahban. Dept. Biochem. & Mol. Biol. N.Y. Med. Coll.
Valhalla, NY 10595
Dopamine B-hydroxylase (DBH, EC 1.14.171.1) exists as
membrane-bound and soluble forms in neurosecretory vesicles.
The features of DBH required for glycosylation and
incorporation into membranes were studied in a cell free system.
Translation of full length DBH with microsomal membranes
generated two glycosylated products (GH and GL) depending on
the magnesium concentration. Carboxyl terminal, in contrast to
amino terminal, truncations gave translation products that were
glycosylated by microsomal membranes.
Site directed mutants were generated in the region of a
putative signal sequence cleavage site modified. The mutant with
Glu41 - Leu 41 and Ser43 - Thr43 only yielded the GH form with

gM) caused a 2 to 3-fold increase in TH mRNA and a 1.5 to 2-fold increase in DBH
mRNA at 12 and 24 hr. TH mRNA levels remained elevated for several days
whereas DBH mRNA levels declined to basal values. K+ (56 mM) treatment for 12
or 24 hr increased TH mRNA levels 2 to 3-fold but had no effect on, or else
reduced, DBH mRNA levels. In all cases, abundance of each high molecular weight
RNA species changed in parallel with its respective mRNA. Protein synthesis
inhibitors (cycloheximide, 20 gM and puromycin, 100 gM) increased basal levels of
TH mRNA 2 to 3-fold after 18-24 hr whereas DBH mRNA levels were reduced.
When the inhibitors were used in combination with nicotinic agonists, forskolin or
high K+, TH mRNA levels still increased, although, only to the extent elicited by
each agent alone. On the other hand, the rise in DBH mRNA elicited by nicotinic
agonists and forskolin was blocked; when combined with high K+, DBH mRNA levels
were dramatically reduced. Thus, various stimuli have different effects on TH and
DBH mRNA levels. In addition, blocking protein synthesis differentially affects both
basal and stimulated levels of the mRNA for these enzymes. Supported by NS2755O.

membranes. Whereas mutation of Ser43 - Ala43 generated both
GH and GL forms. Both glycosylated forms comigrated with the
microsomal membranes on sucrose gradients. Endoglycosidase H
digestion indicated that the differences between the GH and GL
forms are not due to the sugar moiety. The results suggest a role
for cleavage of a signal sequence in the formation of different
forms of DBH. Changes in the secondary structure near the
signal cleavage site in these mutant may be affecting processing.
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DOPAMINE (DA) SYNTHESIS AND RELEASE IN AtT-20 CELLS
EXPRESSING RECOMBINANT TYROSINE HYDROXYLASE (TH). K,
Harada*. J. Wu, M. Goldstein, and J.W. Haycock1. N.Y.U. Medical Center,

IMMUNOREACTIVITY OF ANTI-TH SER4Op AND PHOSPHATASE 2A
INHIBITION. M. Goldstein?J.Y. Lew. K.Y. Lee. K. Harada. J. W. Havcock1.

New York, NY 10016 and 1LSU Medical Center, New Orleans, LA
In stably transfected anterior pituitary cells (AtT-20), the rate of conversion
of tyrosine (Tyr) to L-DOPA is higher in cells expressing TH Ser4OLeu or TH
Ser4OTyr (substitution of Leu or Tyr for Ser4O) than in cells expressing equal
(or greater) levels of wild type TH (TH WT) (Goldstein et al., Soc. Neurosci.
Abstr. 19:1692, 1993). In the present study we analyzed cellular DA levels
and the temporal characteristics of DA release from these cells.
The efflux of DA from both types of cells remained constant over a 60 min
incubation in basal medium (HEPES-buffered saline containing 10-100 pM
Tyr; K+ = 4.8mM, Ca44- = 2.4 mM). The levels of DA in the medium from
cells expressing TH WT were = 10% of the cellular DA levels, whereas the
medium DA levels from cells expressing TH Ser4OLeu were r 28%. In the
presence of medium containing elevated K+, the levels of DA in the
medium from both cell types approximately doubled. Thus, both the
synthesis and release of DA are greater in cells expressing TH Ser4OLeu
compared with cells expressing TH WT. These data suggest that the
genetically imposed DA associates with the vesicular storage and release
processes endogenous to the AtT-20 cells (Sabol, Arch Biochem. Biophvs.
203:37-48, 1980). This study is supported by USPHS grant MH 02717.

CATECHOLAMNES:

A.Y. Deutch2 and T. Hokfelt.3 N.Y.U. Medical Center, New York, NY 10016,

1LSU Medical Center, New Orleans, LA, 2Yale Univ. Med. Sch., New Haven,
CT. 06508 and ^Karolinska Institute, Stockholm, Sweden.
We have previously reported the generation of antibodies to a
phosphorylated peptide containing the same sequence of 16 amino acids
as residue 32 to 47 in native tyrosine hydroxylase (TH), arrti-TH Ser4Op
(previously designated anti-pTH-16; Lee, K.Y. et al. Soc. Neurosci.
19:303,2,1993). As an extension of this study we have characterized the
ability of anti-TH Ser4Op to differentiate between the phospho/dephospho
states and sites of TH. We have also demonstrated that the interaction of
ahti-TH Ser4Op with TH derived from rat synaptosomal preparations depends
on the activity state of phosphatase 2A. Thus, in ELISAs the immunoreactivity
of anti-TH Ser4Op is higher against the phospho than dephospho forms of TH,
and the antibody removes TH activity by immunoprecipitation of only TH
exogenously phosphorylated by PKA, but not that of the nonphosphorylated
enzyme. Anti-TH Ser4Op immunoprecipitates recombinant wild type TH and
not TH Ser4O mutant in which the Ser4O phosphorylation site was replaced with
Leu or Tyr. These results indicate that anti TH Ser4Op selectively recognizes
the phosphoryl-ated Ser4O site and seems to be phospho state- and sitespecific. Anti-TH Ser4Op does not recognize on immunoblots TH derived from
rat sthatal or mesolimbic synaptosomes unless the phosphatase 2A is inhibited
by okadaic add or Microcystin-LR (10'6m ). Our data suggest that
Cephosphprylatipn of TH by phosphatase 2A represents a limiting factor in
recognition of the enzyme by anti-TH Ser4Op. The ability of anti-TH Ser4Op
to recognize catecholaminergic neurons in brain tissues is under investigation.
This study was supported by NIMH 02717.
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UPTAKE IS THE PRIMARY MECHANISM FOR THE EXTRACELLULAR
CLEARANCE OF EVOKED DOPAMINE IN THE BASOLATERAL
AMYGDALOID NUCLEUS. P.A. Garris* and R.M. Wiqhtman. Department
of Chemistry and Curriculum in Neurpbiplpgy. CB# 3290 Venable Hall,
University of North Carolina, Chapel Hill, North Carolina, 27599-3290.
The extracellular clearance of evoked dopamine (DA) in vivo, on a per
DA terminal basis, is ten-times less in the basolateral amygdaloid nucleus
(BAN) compared to the caudate-putamen (CP; Garris and Wiqhtman,
1994). Although DA clearance in the CP is the result of cellular uptake,
this determination has not been made in the BAN and the slow rate could
be due to other factors. In this study, the contributions of degradation,
diffusion and uptake to the clearance of evoked DA in the BAN were
examined. Extracellular DA was elicited in anesthetized rats by electrical
stimulation of ascending DA fibers and the time course of concentration
changes was monitored by fast-scan cyclic voltammetry at carbon-fiber
microelectrodes. Neither metabolism nor diffusion appeared to be involved
in DA clearance since measured responses were unaffected by the
administration of the monoamine oxidase inhibitor, pargyline (75 mg/kg, n
= 4), or the catechol-O-methyltransferase inhibitor, Ro 40-7592 (40 mg/kg,
n = 3), and were far too fast to be accounted for by diffusion alone.
However, data were well described by Michaelis-Menten uptake using a
K„ of 0.50+0.12 pM and Vmax of 0.42+0.14 pM/s (mean+SEM, n = 5). By
comparison, rate constants for dopamine uptake in the caudate-putamen
were K„ = 0.16+0.03 pM and Vmax = 3.00+0.65 pM/s (n = 5). The results
suggest that uptake is the primary mechanism for the extracellular
clearance of evoked DA in the BAN and that differences in DA clearance
between the BAN and CP are due to different kinetics of DA uptake.

EFFECT OF REPEATED ELEVATED KCL ON STRIATAL DOPAMINE, AN
IN VIVO MICRODIALYSIS STUDY
T,L. RiPtev. J. Jaworski. H.J. Yim. P.K. Randall and R.A^Gonzales*.,
University of Texas, Institute of Neuroscience, Austin, TX 78712
Many brain microdialysis groups have used a short exposure to high
potassium (K+) ACSF to characterize the response of individual rats. As this
"pre-depolarization" may alter neuronal response per se, we investigated
the effect of a range of elevated K+ concentrations on dopamine (DA)
release in the striatum.
Male Sprague-Dawley rats (250-280g) were implanted with a guide cannula
in the left striatum 7-10 days before experimentation. Concentric dialysis
probes (length 3mm: diameter 25Opm: ACSF 4mM K+) were inserted 18h
before the experiment. Following 3 basal samples (sample = 15min,
2pl/min), elevated K+ ACSF (25 or 5OmM (n=4 or 6)) was perfused for two
10min periods, 1 h apart.
As expected 5OmM K+ significantly increased DA levels above basal
(p<0.05). A strong correlation existed between the size of the first and
second response both across and within each K+ concentration tested
(r2>0.99; p<0.01). For each rat, the second administration of elevated K+
exceeded the first response whether this response was in a negative or
positive direction. The increase in response was supported by a regression
slope significantly greater than 1 (slope=1.56; p<0.01). Calcium free ACSF
decreased DA release in each rat by at least 50%.
This high degree of correlation suggests that DA release to a modest K+
stimulation may be used as an effective co-variant to characterize individual
animal responses. However, possible alterations in neuronal function should
be taken into account in the analysis of subsequent data. Work supported
by NIAAA (AA08484 and AA00147).

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

MONDAY PM

CATECHOLAMINES:

DOPAMINE RELEASE

126.3

126.4

THE INCREASE IN STRIATAL DA RELEASE INDUCED BY HYPOTENSION IS NOT MEDIATED THROUGH MUSCARINIC OR GABAERGIC
RECEPTORS.I.N.Acworth* +, J.Yu, K.C. Gariepy and
T.J.Maher. Div. Pharmaceutical Sciences, Mass. Coll, of
Pharmacy, Boston, MA 02115 and +ESA,Inc., Bedford, MA
01730
Previous studies have demonstrated that striatal extracellular dopamine (DA) levels are significantly increased
in response to reduction in blood pressure (BP). In order
to investigate the role of cholinergic and GABAergic
systems in the striatum in this response, we studied,
using microdialysis, striatal DA levels following the
reduction of BP by hydralazine (H) and nitroprusside
(NPr) after perfusion of the muscarinic agonist oxotremorine (OXO) or the GABA antagonist bicuculline (BIC),
respectively. After a loop-design probe was stereotaxically implanted into the striatum of urethane-anesthetized rats and following stabilization of injury-mediated
release:, 3 consecutive basal samples were analyzed for DA
by an HPLC system. BP was also recorded through a carotid
cannula. Rats then received artificial CSF containing 0X0
(2 ^M) or BIC (4 ^M) through the probe, followed by
administration of H (0.5 mg/kg, i.v.) or NPr (0.01-0.15
mg/kg/min, i.v.). Striatal DA levels did not change
following the administration of 0X0 or BIC. However, mean
BP increased by 10.3 ± 3.6% from baseline after 0X0.
Twenty minutes after H or NPr administration, striatal DA
increased by 31 ± 12 and 25 ± 9 fold (p<0.05) in the 0X0
group), and 34 + 15 and 25 ± 18 fold (p<0.05) in the BIC
group), respectively. The time course and degree of striatal DA increase following hypotension in the 0X0 and BIC
groups were similar to those observed in the control
group), thus demonstrating a lack of involvement of muscarinic and GABAergic mechanisms in the striatum mediating
the observed hypotension-induced DA release:.

EFFECTS OF TTX AND GAMMA-BUTYROLACTONE PRETREATMENT ON
HYPOTENSION-INDUCED DOPAMINE RELEASE IN THE FREELY-MOVING
RAT: A MICRODIALYSIS STUDY. J.Yu*, I,N.Acworth and
T.J.Maher. Div.of Pharmaceutical Sciences,Mass.Coll.of
Pharmacy,Boston,MA02115 and ESA,Inc.,Bedford,MA 01730
Previous studies have demonstrated the ability of blood
pressure (BP) reduction to significantly increase striatal dopamine (DA) release. In order to investigate the
physiological significance underlying this phenomenon, we
studied using microdialysis, striatal DA levels following
pharmacological reduction of BP. After implantation of a
non-penetrating probe guide on the skull above the right
striatum, 24 hours was allowed for recovery before a 3 mm
loop-design probe was inserted through the probe guide
and into the striatum. Following stabilization of injurymediated DA release:, 3 consecutive basal samples were
analyzed for DA by HPLC. Meanwhile BP was also recorded
through a carotid cannula. Rats either received TTX (0.5
^M) in the artificial CSF perfusing the probe, or gammabutyrolactone (GBL, 100 mg/kg, i.p.). After 60 minutes
rats then received hydralazine (H; 2.5 mg/kg, i.v.) and
dialysate samples collected every 20 minutes. Striatal DA
levels decreased to 24 ± 7% and 37 ± 8% of baseline 30
minutes after perfusion of TTX and administration of GBL,
respectively, while mean BP remained unchanged. Compared
to H treated controls (12 ± 2 fold increase), 20 minutes
after administration of H, striatal DA remained at 37 ±
9% of baseline while mean BP was reduced by 22 ± 4% of
baseline in the TTX group. However, in the GBL treated
group), striatal DA levels increased by only 6 ± 2 fold
from baseline while mean BP was reduced by 27 ± 8% of
baseline:. Rotational behaviors were observed after administration of H in the control group but not in the TTX
pretreated group. These data clearly demonstrate that
hypotension-induced increases in striatal DA levels are
associated with neuronal firing and are mediated through
sodium channel voltage- dependent mechanisms.

126.5
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EFFECTS OF HYPOTENSION ON THE EXTRACELLULAR CONCENTRATION
OF LACTATE IN THE STRIATUM MEASURED IN VIVO. T.J.Maher*.
J.Yu, K.C.Gariepy, and I.N.Acworth+ Div. Pharmaceutical
Sciences, Mass. Coll. Pharmacy, Boston, MA 02115 and
+ESA,Inc., Bedford, MA 01730
Previous studies have demonstrated that striatal extracellular (ECF) dopamine (DA) levels are significantly
increased during reduction in blood pressure (BP). In
order to investigate the role of ischemia during this
hypotensive challenge, we studied using microdialysis,
striatal ECF lactate levels following pharmacological
reduction of BP by approximately 20%, 40% and 50%. After
a loop-design probe was stereotaxically implanted into
the striatum of urethane-anesthetized rats and following
the stabilization of injury-mediated DA release, basal
samples were analyzed for lactate by an enzymatic/fluorometric method; meanwhile BP was also recorded through a
carotid cannula. Hydralazine (H; 10 mg/kg, i.v.) or
nitroprusside (NPr; 0.01-0.05 and 0.06-0.30 mg/kg/min,
i.v.) were then administered and lactate was measured in
dialysate samples every 30 minutes. For quantitation,
lactate standards (0.1-4 mM)) were freshly prepared and a
linear assay developed (r=0.997, p<0.01). The basal
lactate level in the striatum was 0.81 ± 0.09 mM (n=8).
When mean BP was reduced by 48 ± 6% and 37 ± 4% of baseline (p<0.01) by administration of H or NPr (0.15-0.30
mg/kg/min, i.v.), striatal lactate levels increased by
363 ± 148% (p<0.01) and 156 ± 18% (p<0.01) from baseline,
respectively. However, when mean BP was reduced by only
22 ± 1% of baseline by NPr (0.01-0.15 mg/kg/min. i.v.),
striatal lactate levels did not significantly change (6 ±
3%). The present data clearly demonstrate that an ischemic condition in the striatum is unlikely to occur when
mean BP is reduced 20-25%, indicating that the robust
increase in striatal DA release previously reported is
not primarily due to ischemia.

GLUTAMATE RECEPTOR MODULATION OF DOPAMINE RELEASE
IN THE RAT NUCLEUS ACCUMBENS EVOKED BY ELECTRICAL
STIMULATION OF THE PREFRONTAL CORTEX M.T. Taber* and H.C.
Fibiger. Div. of Neurological Sciences, Dept, of Psychiatry, Univ. of British
Columbia, Vancouver, B.C. V6T 1Z3
Experiments from this laboratory have previously shown that electrical
stimulation of the prefrontal cortex of the rat increases extracellular dopamine
(DA) concentrations in the nucleus accumbens (NAc). The present
experiments were performed to determine whether this effect is mediated via
glutamate receptors located within the NAc. Extracellular dopamine
concentrations in the NAc were assessed using in vivo microdialysis during
electrical stimulation of the prefrontal cortex while various ionotropic
glutamate receptor antagonists and the metabotropic receptor agonist ACPD
were administered locally in the NAc via reverse dialysis. The concentrations
of ACPD, MK-801, and kynurenic acid that were used had no effect on DA
release when administered alone. In agreement with the previous finding,
electrical stimulation alone caused an increase in extracellular DA of
approximately 70%. Neither MK-801 (1.0 «M) nor kynurenic acid (1.0 mM)
affected the increase in DA produced by the electrical stimulation. In contrast,
ACPD (100 izM) blocked the stimulation induced increase in DA. When
tested alone, higher concentrations of ACPD (1 mM), MK-801 (10 uM), and
kynurenic acid (5 mM) each caused significant increases in extracellular DA.
These results fail to support the hypothesis that the glutamatergic projection
from prefrontal cortex to NAc directly mediates the stimulation induced rise in
extracellular DA. Indeed, the results raise the possibility that DA terminals in
the NAc possess metabotropic glutamate receptors which inhibit DA release.

126.7
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IN VIVO STRIATAL DOPAMINE OVERFLOW IN THE RHESUS MONKEY: EFFECT OF

DOI
ENHANCES
AMPHETAMINE
(AMP)-STIMUL ATED
DOPAMINE
(DA)
RELEASE
AND
ATTENUATES
APOMORPHINE (APO)-INDUCED DECREASE IN DA RELEASE
IN RAT STRIATUM (STR). J. Ichikawa. J.A. Garcia, P.L. WilUin„L.Dai
and H.Y. Meltzer*. Dept, of Psychiatry, Case Western Reserve Univ. Sch. of
Med., Cleveland, OH 44106
Amperozide (APZ), a novel atypical antipsychotic drug, enhances DA release,
but attenuates AMP-stimulated DA release in STR (Ichikawa and Meltzer, 1991).
The mechanism of this attenuation may be 5HT2 receptor antagonism since APZ
is a selective 5HT2 receptor antagonist. We postulated that 5HT2 heteroreceptors
on STR DA nerve terminals may modulate the D2 autoreceptors which inhibit DA
synthesis and release. Specifically, the effects of (±)DOI, a mixed 5HT2A/2C
agonist, on the release of DA following AMP or an autoreceotor selective dose of
APO, a direct acting DA agonist, were studied using in vivo microdialysis.
Pretreatment with DOI (2.5 mg/kg, ip) was given 30 min prior to other drugs on
the day after probe implantation. DOI alone did not significantly alter extracellular
DA. However, DOI enhanced AMP (1 mg/kg, sc)-stimulated DA release (net
AUC: 1750 fmol vs. AMP alone, 1165), whereas it attenuated (-)APO (50 gg/kg,
sc)-induced decrease- in DA release (net AUC: -15.2 fmol vs. APO alone, -27.5).
The both effects of DOI may be due to a rapid desensitization of the D2
autoreceptors by stimulation of STR 5HT2 heteroreceptors which is functionally
significant when D2 autoreceptors are stimulated by DA agonists or excessive
extracellular DA, but not under basal conditions. If so, the attenuation of AMPstimulated DA release by APZ may be due to the ability of APZ to antagonize
5HT-mediated stimulation of 5HT2 heteroreceptors, leading to desensitization of
D2 autoreceptors.

NEONATAL MEDIAL TEMPORAL LOBE LESIONS. BSJKdOChgoa*. RC. Saunders. JL
Bachevaller” and DR. Weinberger. Clinical Brain Disorders Branch. NIMH
Neuroscience Center at St. Elizabeths. Washington. DC. 20032 and "Dept.
Neurobiol. & Anat.. Univ. Texas Sch. Med. Houston. TX 77225.
The dopamine (DA) hypothesis of schizophrenia postulates a functional
alteration hi central DAerglc systems of the prefrontal cortex and striatum. We
demonstrated previously that augmentation or reduction of prefrontal cortical
DA transmission affects striatal DA release In primates.
Recent
neuropathologlcal studies also suggest a developmental structural defect In
temporal lobe cortical stes. Including the hippocampus (H) and entorhlnal
cortex (ERC). Furthermore. It has been shown that neonatal lesions of the
ventral hippocampus In the rat affects a variety of DA related behcMors In a
time dependent manner. Therefore, the present study examines the effects of
neonatal limbic lesions. Including the H and ERC, on striatal DA release using In
vivo microdialysis. Extracellular DA overflow was measured In the caudate
nucleus In response to potassium (K+) challenges In isofluorane gas
anesthetized normal adults, and adult monkeys with neonatal medial temporal
lobe lesions. M^od^lys^ probes were postloned Into the caudate nucleus
using MRI guided stereotactic coordinates. Probes were perfused with normal
CSF at lul/min flow rate with samples collected every 25 min and analyzed for
DA using HPLC. After establishing a stable baseline, a 10mM K+ challenge was
given for 25 min followed by resumption of normal CSF Infusion for 3 hr.
followed by a 2nd K+ (5OmM) challenge. Samples were collected for an
additional 2 hr before termination of the study. Preliminary results suggest that
basal DA levels are smliar between normal and lesoned animas. Potassium
challenge with 10mM resulted In 27.4% Increase In DA In normal monkeys and
a 17% increase In monkeys with neonatal lesions. 5OmM potassium challenge
resulted In 560% Increase in DA In normate, while in monkeys with neonatal
lesions the response was only 266%. These preliminary results suggest that
developmental structural defects In temporal lobe limbic cortical areas result
in altered DA trarsmsson in the striatum In adulthood.
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TISSUE 3-METHOXYTYRAMINE IN THE RAT CEREBELLUM AND
HIPPOCAMPUS: A POTENTIAL INDEX OF DOPAMINE RELEASE. S.J.
Chrapusta. M.F. Egan. J.M. Masserano*. and R.J. Wyatt. Neuropsychiatry Br.,
NIMH Neuroscience Center at St. Elizabeths, Washington, D.C. 20032, USA.
Studies of regional effects of midbrain electrolytic lesions, dopamine (DA)
uptake, expression of a variety of DA receptors, immunostaining with DAspecific antibodies and tyrosine hydroxylase cytochemistry indicate that DA is
a neurotransmitter or neuromodulator in the cerebellum and hippocampus. In
this study, we explored the utility of 3-methoxytyramine (3MT) as an index of
DA release in these regions.
Rats (Sprague-Dawley, male) were killed by microwave brain irradiation 0,10
or 20 min after the MAO inhibitor pargyline hydrochloride injection (75 mg/kg,

ACTIVATION OF NEUROTENSIN RECEPTORS IN THE MEDIAL
PREFRONTAL CORTEX STIMULATES FIRING OF PUTATIVE DOPAMINE
NEURONS IN THE VENTRAL TEGMENTAL AREA. P.-P. RomprO* and S.M.
Bove. DOpartement de psychiatrie, University de Montreal, Montr6al
(QuObec), Canada, H3C 3J7.
Previous studies suggest that mPFC dopamine (DA) indirectly inhibits
subcortical DA neurotransmission. Since neurotensin (NT) is coreleased with
dopamine in the mPFC and one of its effects is an attenuation of DA-induced
inhibition of mPFC neurons, it appears likely that NT also participates in the
regulation of subcortical DA neurotransmission. The aim of this study was to
test the hypothesis that activation of NT receptors in the mPFC enhances cell
firing of dopamine neurons in the ventral tegmental area (VTA), possibly by
stimulating or disinhibiting feedback pathway(s) to the VTA. Male rats were
anesthetized with urethane and implanted with a cannula in the mPFC.
Extracellular unit recordings were obtained from spontaneously active cells in
the VTA using glass micropipettes; putative DA neurons were identified
according to the shape and duration of the action potential, firing rate and
histological analysis. Once a DA neuron was identified, its baseline firing rate
was recorded for at least 6 min and a concentration of 3 nmol/0.5 gl of NT-(113), NT-(1 -8) or an equivalent volume of saline was microinjected over a period
of 90-120 s. The rate and pattern of firing were recorded for at least 20 min
after the injection; only one cell was recorded per animal. NT-(1-13) (n=6)
resulted in a significant increase in the firing rate of DA neurons in the VTA;
the average increases were respectively 28.5% and 31% between 10-15 and
15-20 min postinjection. NT-(1-13) also induced an increase in burst firing in
four out of six cells. NT-(1-8) (n=6) caused a decrease in firing rate that was
not statistically significant from that produced by saline (n=6). These results
support our hypothesis that activation of physiologically-relevant NT receptors
in the mPFC stimulates impulse flow in at least a sub-population of VTA DA
neurons. Supported by MRC and I'UniversitO de Montreal.

ip). We found that: 1) 3MT levels can be measured in the hippocampal and
cerebellar extracts by combined gas chromatography-mass fragmentography;
2) basal 3MT accumulation rates following MAO inhibition, but not the steadystate tissue 3MT levels, are 2-3 times lower in these regions than in the frontal
cortex; 3) 3MT accumulation in the hippocampus, cerebellum, frontal cortex
and striatum can be enhanced with a single electroconvulsive shock treatment
(100 mA, 6 or 10s), while acute haloperidol treatment (0.4 mg/kg, ip) enhances
it in the striatum and frontal cortex but not in the cerebellum and hippocampus.
The absence of an haloperidol effect suggests DA D2 receptors are not
involved in the regulation of cerebellar and hippocampal DA release. The
difference in effects of haloperidol on 3MT accumulation in the cerebellum and
hippocampus vs. the other regions indicate that the cerebellar and
hippocampal 3MT levels represent local DA release, and not 3MT influx from a
major dopaminergic region of the brain, e.g. the striatum. We conclude that
3MT accumulation following MAO inhibition may be a useful index of DA
release in the cerebellum and hippocampus, but DA release is regulated
differently in these regions than in the frontal cortex and striatum.
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EFFECTS OF D3 PREFERRING LIGANDS ON THE AUTOREGULATION OF
DOPAMINE (DA) SYNTHESIS. C. Wilev Aretha' . Michael Keeaan. and
Matthew P. Galloway. Cellular & Clinical Neurobiology Prog, Dept, of

EFFECT OF HA-966 AND ITS ENANTIOMERS ON
DOPAMINE NEUROTRANSMISSION IN THE STRIATUM
AND THE NUCLEUS ACCUMBENS. Z. Mocsary’lmd R.H. Roth,

Psychiatry and Behavioral Neurosciences, Wayne State Univ Sch Med,
Detroit Ml. 48202
In order to further investigate the potential D3 character of
synthesis modulating DA autoreceptors, the effects of a D3 preferring
agonist, 7-OH DPAT (7-hydroxy-di,N,N-dipropylaminotetralin) was
investigated in vivo and in vitro. Using the GBL model in vivo, dose
response curves to 7-OH DPAT (10-100 gg/kg) demonstrated a distinct
regional sensitivity such that the effect of 7-OH DPAT was greater in limbic
regions than in the striatum. For example, 7-OHDPAT (30 gg/kg, sc)
reversed the GBL activation by 133%, 76%, and 46% in the olfactory
tubercle, nucleus accumbens, and striatum, respectively (n = 4-11 each).
Further studies with GBL revealed that (+)UH-232, a D3 preferring antagonist
(10 gmol/kg, sc) completely blocked the ability of 7- OHDPAT (60 gg/kg)
to stimulate DA synthesis modulating autoreceptors. In addition, the ability
of (+)UH-232 to block the effects of 7-OH DPAT was greater in the striatum
and nucleus accumbens than in the olfactory tubercles. In striatal slices, DA
synthesis modulating autoreceptor function was measured as the ability of
7-OH DPAT to inhibit DOPA accumulation (in the presence of NSD 1015,
100 gM). (+)UH-232 completely blocked the effectiveness of 7-OH DPAT
with an apparent KBof 112 nM. The data suggest that 7-OH DPAT , a D3
preferring agonist, acts at synthesis modulating DA autoreceptors to
decrease dopamine synthesis. The regional sensitivity observed in vivo and
the ability of 7-OH DPAT to inhibit DA synthesis in vitro, suggests that 7-OH
DPAT may modulate DA synthesis through presynaptic D3 receptors.
Support: NIDA 04120 and the Joe Young Sr. Research Fund.

Depts. of Pharmacology and Psychiatry, Yale University School of Medicine, New
Haven, CT 06520
HA966 (3-amino-1- hydroxypyrrolid-2-one) has recently been resolved into two
enantiomers: the R (+) enantiomer is a selective glycine/NMDA receptor antagonist,
and the S (-) enantiomer, a weak NMDA antagonist and a strong sedative. Previous
studies have shown that racemic (±) HA966 and GBL (y-butyrolactone, a chemical
congener of y-hydroxybutyric acid [GHB]) administered systemically cause a dose
dependent increase in forebrain dopamine (DA) levels and a complete inhibition of
spontaneous firing rate of midbrain DA neurons at doses of 50 mg/kg and 750 mg/kg
respectively. We investigated the effect of the racemic form and the enantiomers of
HA966 on extracellular DA levels in the corpus striatum and the nucleus accumbens
using in vivo microdialysis. The racemic form almost completely inhibited DA
release at 50 mg/kg exhibiting half the potency of the S (-) form. Because (+) HA966
itself failed to affect DA release in doses up to 100 mg/kg, we attribute the inhibiting
effect of (±) HA966 on extracellular DA entirely to the (-) enantiomer. Although
potent when given systemically, (-) HA966 failed to block DA release when perfused
through the intrastriatal probe suggesting that the site of action following systemic
administration is most likely on the DA cell bodies and not nerve terminals. Similar
effects on DA release were obtained with GHB but this agent was about 1/30 as
potent as the S (-) form of HA966. The mechanism responsible for the inhibition of
DA release is uncertain but thought to be mediated through GABAg receptors.
Supported in part by MH-14092.

126.13

126.14

toac OXIDE dependence
OF STRIATAL MNDA-JSTDRJIATED DOPAHHE RELEASE:
Al n VTO MICRODIALYSIS STUDY. C.A. Leslie1'2*. J. Liebergann1. and J.P,
Bennett1'1'4. Depts. of ^ychiatty, 2Internal Medicine, ^Neurology, and
4pbar»acoloqy, University of Virginia. Charlottesville. VA
22908

EFFECTS OF DRUGS INTERFERING WITH SODIUM AND CALCIUM
CHANNELS ON THE RELEASE OF ENDOGENOUS DOPAMINE
FROM SUPERFUSED SUBSTANTIA NIGRA SLICES. Anders Elverfors*.
Jan Jonason and Hans Nissbrandt. Department of Pharmacology,
University of GOteborg, Medicinaregatan 7, S-413 90 GOteborg, Sweden.
We have developed a method for determination of the release of
endogenous dopamine (DA) from superfused guinea pig substantia nigra
(SN) slices. In this experimental model we have investigated the effect of
drugs, interacting with sodium and calcium channels, on the DA release.
Veratridine (10 gM)-induced DA release was totally blocked by
tetrodotoxin, but potassium (30 or 45 mM)-induced DA release was only
partially blocked by this drug. Veratridine-induced DA release was not
Ca^+-dependent. whereas the potassium-induced release of DA was totally
prevented in Ca2+-free buffer with addition of 2.6 mM EGTA. However,
the DA release induced by veratridine was completely prevented by 10 gM
of the DA reuptake inhibitor GBR 12909. The results indicate that
veratridine can reverse the DA transporter, probably by increasing the
intracellular concentration of Na+. Nifedipine (20 gM), a blocker of the Ltype of voltage-sensitive calcium channels (VSCC), had no effect on the
potassium (30 or 45 mM)-induced DA release. ©-Conotoxin GVIA (0.1
or 0.5 gM), a blocker of the N-type of VSCC, just slightly decreased DA
release. The putative T-channel blocker penfluridol had no effect the
potassium-induced DA release, whereas another putative blocker of the Ttype of VSCC, amiloride, decreased the potassium-induced DA release by
60%. Taken together these results indicate that SN neurons contain fast,
TTX-sensitive sodium channels but that the DA release induced by
potassium partly is dependent on other factors than the activation of
sodium channels. In nigral slices the potassium-induced DA release seems
to some extent be dependent on N-channels but these channels do no seem
to be as important as in the striatum. The significance of T-type of VSCC
for dendritic DA release needs to be further clarified.

Evidence suggests that nitric oxide (NO) is an intracellular signal
transduction nolecule involved in glutaiate receptor activation. We have
explored the role of NO in N-lethyl-D-ispirtite (NMDA)-type glutaMate
receptor stivulated release of dopaiine (DA) froi striatal nerve
teninals with the technique of in vivo intracerebral licrodialysis.
Dialysis probe guide cannula were placed saereetixicilly above the
striatum.
48 hours later 2 ii dialysis probes (Carnegie Hedicin)
perfused with artificial CSF at 2 ul/iin were inserted into the awake
aniial. After a 2 hour stabilization period, 30 tin baseline and
stiiulated saiples were obtained and analyzed for DA, D0PAC and HVA by
HPLC with couloietric detection (ESA, Inc.). Pulse perfusion of MHDA (10
lM for 1 hour) through the dialysis probe resulted in a > 20001 increase
in dialysate DA. This increase was greatly attenuated (3001 increase)
bv both systeiic adiinistration of the nitric oxide synthase inhibitor
r-nitroarginine (50 lg/kg i.p. 60 win prior to MMDA infusion) and 10 lM
M^-nitroarginine perfused through the probe for 2 hours prior and during
the MMDA pulse. Inclusion of the M0 generator L-arginine (10 i H) in the
perfusate produced soie attenuation of the DA response to MMDA (DA
increased 1000!).
The activity of locally perfused L-arginine in
partially blocking MMDA stiiulated striatal DA release aay be related to
effects of NO production on non-dopaiinergic striatal neurons. Our
evidence suggests that NMDA-sailulaaed striatal DA release is nediated
by the production of M0 in nitric oxide synthase containing striatal
neurons and does not result froi a direct effect of MMDA on DA teninals.
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EFFECT OF THE TYROSINE KINASE INHIBITOR GENISTEIN ON
ENDOGENOUS DOPAMINE RELEASE FROM STRIATAL SLICES OF

NORMAL AND WEAVER MICE. D.J. Bare;*, B. Ghetti and J.A. Richter.
Indiana University School of Medicine, Indianapolis, IN 46202.
Serine/threonine phosphorylation of proteins by kinases in the CNS is
clearly involved in various aspects of neuronal function including what
appears to be an important regulatory role in the synaptic terminal.
However, protein tyrosine kinases which are known to have major roles in
the control of cell growth and transformation are also abundant and have
numerous phosphoprotein substrates in the adult CNS, including in the
synapse and synaptic vesicles. Although much less well characterized,
additional important regulatory roles in processes such as signal
transduction and synaptic transmission are suggested for tyrosine kinase
activity. The effect of genistein, a selective inhibitor of tyrosine kinase
activity was examined on the in vitro release of endogenous dopamine
(DA) from superfused mouse striatal slices. Fractional release of DA was
significantly increased from that of basal release levels by genistein (100
and 200 ^M). This effect was concentration-dependent and rapidly
reversible upon washout of the inhibitor. No change from resting release
levels was observed with genistin, an analogue of the inhibitor which does
not block kinase activity. We have previously described differences in basal
and evoked DA release (e.g., veratridine) from the weaver (wv/wv) mutant
striatum compared to normal and genotypic differences in fractional release
were also observed with genistein-stimulated release. At 200 ^M, the total
evoked release was about 25% greater in the wv/wv. These results suggest
a modulatory role for tyrosine kinase activity in neurotransmitter release
and perhaps an alteration of kinase regulated mechanisms in the DA
terminal deficient wv/wv striatum. (Supported by R01 NS14426)

DOPAMINE RELEASE
126.16
AUTORECEPTOR
MODULATION
OF
SOMATODENDRITIC
RELEASE OF DOPAMINE IN THE SUBSTANTIA NIGRA:
COMPARISON
WITH
NERVE
TERMINAL
RELEASE
IN
STRIATUM. Marten J. Heeringa*. Peter DeBoer and Elizabeth D. Abercrombie.
Center for Molecular and Behavioral Neuroscience, Rutgers University, Newark, NJ
07102, USA.
Dopaminergic neurons of the substantia nigra (SN) can release dopamine (DA) at
both the nerve terminal level in striatum and at the somatodendritic level in SN. Like
nerve terminal release of DA, the somatodendritic release of this transmitter is
modulated by D2 autoreceptors. Differences in autoregulation of DA release from nerve
terminals and dendrites have been suggested, however. In the present studies, we used
in vivo microdialysis in awake rats to examine the effects of systemic administration
of the D2 antagonist haloperidol (HAL) and the D2 agonist quinpirole (QUIN) on
somatodendritic DA release in SN and on nerve terminal release in striatum. The doseresponse profile for HAL differed in the two areas. In the SN, DA output was increased
by a high dose of HAL (0.5 mg/kg) but not by a low dose (0.05 mg/kg). However, in
striatum both doses increased DA output to a similar extent. The maximum increase
was smaller in SN (150% of basal values) than in striatum (200% of basal values) and
the effect in SN was shorter in duration. QUIN also produced a different dose-response
profile in the two areas. Although QUIN produced dose-related decreases in extracellular
DA in both SN and striatum, DA release was more sensitive to D2 stimulation in the
latter area. The threshold dose was 3 pg/kg in striatum and 30 pg/kg in SN while the
maximal decrease was reached at 300 pg/kg in striatum and 3000 pg/kg in SN. The
maximum decrease was smaller in SN (40% of basal values) than in striatum (25% of
basal values). These data suggest a differential modulation of somatodendritic and nerve
terminal DA release by D2 autoreceptors. Somatodendritic DA release is under a weak
tonic inhibitory control by D2 autoreceptors as compared to nerve terminal release of
DA. Furthermore, the amplitude of regulation of somatodendritic DA release is smaller
in SN than in striatum. Microdialysis studies involving local infusions of D2 agonists
and antagonists are underway to establish the site of action of systemic administration
of these drugs (supported by USPHS Grants NS 19608 and DAO8O86).

126.17

126.18

FURTHER CHARACTERIZATION OF THE ROLE OF SUBSTANTIA NIGRA IN
THE MODULATION OF STRIATAL ACETYLCHOLINE IN AWAKE RATS.
P. DeBoer* and E.D. Abercrombie. Center for Molecular and Behavioral Neuroscience,
Rutgers University, Newark, NJ 07102.
Systemic administration of 2 mg/kg amphetamine (AMPH) produces both a direct
D2-mediated inhibition and an indirect D1-mediated stimulation of striatal cholinergic
neurons such that acetylcholine (ACh) output, mesured with microdialysis, is either
unchanged or slightly increased. We report that dopamine (DA) acting at D1 receptors
in substantia nigra (SN) and not striatum initiates the stimulatory effect of AMPH on
striatal cholinergic function through the activation of glutamatergic inputs to striatum.
Role of 'striatum. Striatal AMPH infusion (10 pM) decreased ACh output from 54±6
to 33±5 fmol/20 pL under control conditions and from 88±11 to 47±7 fmol/20 pL in
the presence of the GAB A-A antagonist bicuculline (10 pM). These local inhibitory
effects were reversed by systemic AMPH (2 mg/kg). Reverse dialysis of the Dlselective antagonist SCH 23390 (20 or 100 pM) in striatum did not affect basal output
of ACh. However, in the presence of 100 pmol/L SCH 23390, systemic AMPH
(2mg/kg) markedly increased striatal ACh output from 51±5 to 86±9 fmol/20 pL.
Role of SN. Reverse dialysis of 100 pM AMPH in SN increased striatal ACh from
68±8 to 84±8 fmol/sample and also partially reversed the inhibitory effect of
intrastriatal application of 10 pM AMPH (from 41±6 to 55±7 fmol/20 pL). Infusion
of 50 pM SCH 23390 in SN decreased the basal output of striatal ACh from 66±8 to
52±5 fmol/20 pL and subsequent administration of 2 mg/kg AMPH did not further
decrease the output of ACh. Infusion of 100 pM SCH 23390 in SN did not
significantly affect basal ACh efflux in striatum, however, 2 mg/kg AMPH decreased
striatal ACh from 62±8 to 53±7 fmol/20 pL under this condition.
Role of glutamate. Reverse dialysis of glutamate (GLU) antagonists decreased striatal
ACh efflux: Kynurenate (KYN; 100 pM) - 65±7 to 52±6 fmol/20 pL,
AP-5 (100 pM) - 67±4 to 57±9 fmol/20 pL,
CNQX (10 pM) - 7Q±9 to 45±8 fmol/20 pL.
In the presence of KYN and CNQX, striatal ACh output was decreased to 60% of
baseline values by systemic AMPH (2 mg/kg) whereas AP5 was without effect.
In conclusion, a stimulatory action ofsystemic AMPH upon striatal ACh efflux is
produced through activation of D1 receptors in SN and subsequent increases in GLU
drive to striatum. Systemic AMPH inhibits striatal ACh neurons directly via D2
receptors and also suppresses these neurons via striatal GABA/D1-linked mechanisms.

POTENTIAL
SOURCE
OF
STRIATAL
EXTRACELLULAR
DOPAMINE SYNTHESIZED FROM EXOGENOUS L-DOPA IN THE
RAT. S. R. Wachtel* and E. D. Abercrombie. Center for Molecular and Behavioral
Neuroscience, Rutgers University, Newark, NJ 07102.
Administration of L-DOPA (50 mg/kg) elicits an increase in extracellular dopamine
(DA) in the 6-hydroxydopamine-denervated but not the intact striatum. The effect of
L-DOPA in the denervated striatum indicates that there is a site other than the
dopaminergic terminal at which exogenous L-DOPA can be decarboxylated. That LDOPA does not measurably affect extracellular DA in the intact striatum suggests that
dopaminergic terminals both catabolize the DA synthesized within those terminals as
well as take up and catabolize DA synthesized at the putative non-dopaminergic site(s).
In the present study, in vivo microdialysis was used 1) to determine if DA uptake
inhibitors unmask the non-dopaminergic source of DA synthesized from exogenous LDOPA in the intact striatum and 2) to ascertain if kainic acid induced lesions of
intrinsic striatal neurons eliminate this source.
L-DOPA administered 90 min after GBR 12909 (20 mg/kg) elicited an increase in
DA in the intact striatum that was similar in magnitude to the increase elicited by LDOPA in the denervated striatum. Kainic acid-induced destruction of intrinsic striatal
neurons did not reduce the increase in extracellular DA produced by L-DOPA in the 6OHDA-denervated striatum nor eliminate the increase elicited by L-DOPA after GBR
12909 in the intact striatum. These results indicate that the non-dopaminergic site for
decarboxylation of L-DOPA is functional in the intact striatum, but that uptake and
catabolism by dopaminergic terminals masks its effect on extracellular DA levels.
Finally, although there is evidence for AADC within intrinsic striatal neurons, the
ineffectiveness of the kainic acid lesions on the accumulation of extracellular DA in
the striatum suggests that these cells are not the non-dopaminergic source of
extracellular DA synthesized from exogenous L-DOPA. [Supported in part by USPHS
grants NS09206 (SRW) and NS 19608 (EDA)]

126.19

126.20

DIFFUSION OF DOPAMINE IN INTACT AND 6-OHDA-LESIONED
STRIATUM AND IN CORTEX. M. E. Rice and C. Nicholson*. Dept, of
Physiology and Biophysics, NYU Medical Center, New York, NY 10016.
The possibility of extracellular communication, or volume transmission, in
the brain is an intriguing, yet elusive concept. We have begun to address the
question of whether dopamine (DA) can act as a extrasynaptic transmitter by
examining its diffusion in rat brain slices. DA is of special interest because of
its link to the pathology of Parkinson's disease, addiction, and other aspects of
psychopharmacology. We characterized the diffusion properties of DA in
cerebral cortex, neostriatum and in 6-OHDA-lesioned striatum. The data were
compared with those for the extracellular marker tetramethylammonium
(TMA+). DA and TMA+ were introduced by co-iontophoresis and were
monitored simultaneously with electrodes 100-150 pm from the source. DA
was detected using carbon fiber microelectrodes (CFMs) and TMA+ with ionselective microelectrodes. Diffusion coefficients and iontophoresis transport
numbers for DA and TMA+ were extracted from concentration-time profiles
recorded in agarose. TMA+ diffusion curves were analyzed to give regional
values for volume fraction (a) and tortuosity (A). In lesioned striatum and in
cortex, DA diffusion was similar to that of TMA+, with values for X of 1.51.6. By contrast, DA diffusion curves in intact striatum were strongly
influenced by the efficient striatal uptake system. These required curve-fitting
to a numerical solution to the diffusion equation that incorporated non-linear
Michaelis-Menten uptake parameters (Soc. Neurosci Abstr. 18, 277, 1992).
DA concentrations at the CFM were 1-10 pM, depending on region, so that in
intact striatum, curve-fitting was insensitive to Km. This permitted us to
determine Vmax in situ. These data confirm that DA migration is uptakelimited in the intact striatum, but diffusion-limited in lesioned striatum and
normal cortex. This study was supported by NINDS grant NS-28642.

TRANSIENT VOLTAGE-DEPENDENT OUTWARD CURRENTS
IN DOPAMINE NEURONS IN THE RAT MIDBRAIN SLICE.
J. Grenhoff* and S.W. Johnson. Departments of Pharmacology and
Neurology, Oregon Health Sciences University, Portland, OR 97201.
Transient potassium currents control excitability in many cells. We
used voltage clamp to study their occurrence and characteristics in
dopamine cells of the substantia nigra-zona compacta and the ventral
tegmental area in horizontal midbrain slices from the male SpragueDawley rat. Slices were submerged in continuously flowing,
oxygenated artificial CSF at 36° C. Whole-cell recording was made
with pipettes containing mainly K+ gluconate with 2 mM glutathion.
Depolarizing steps from -105 mV in the presence of TTX (0.5 pM),
Ni2+ (0.3 mM) and Cs+ (3 mM) evoked outward currents with a fast
inactivating component (t < 50 ms) in all, and a slow inactivating
component (t > 200 ms) in a smaller proportion of cells. Both
components displayed maximal activation at ±0 mV and full steadystate inactivation at -30 mV. While neither component was blocked
by tetraethylammonium (10-30 mM), the slow component was
decreased by low (100-500 pM), and the fast component by high (24 mM) concentrations of 4-aminopyridine. These characteristics of
the fast component correspond to the classical A-current. The slow
component shares some characteristics with the D-current described
in hippocampal neurons. These currents may modulate spike
duration, firing pattern and transmitter release of dopamine neurons.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

285

CATECHOLAMINES:

286

DOPAMINE RELEASE

MONDAY PM

126.21

126.22

TEMPORAL VARIATION IN THE FREQUENCY COMPOSITION OF
DOPAMINE CELL FIRING IN THE SUBSTANTIA NIGRA PARS
COMPACTA IS REGULATED BY AUTORECEPTOR FUNCTION. M.E.
Kleiderman*. R.M. Church, and J.M. Walker. Department of Psychology, Brown
University, Providence, RI 02912
Historically, the firing rate of dopaminergic cells of the substantia nigra pars
compacta (SNc) has been described as relatively constant, without local variation
in firing rate. These cells, which possess and may interact with each other in
complicated ways that cannot be detected by inter-spike-interval (ISI) rate
histograms. Recent reports suggest that there may be some small-scale local
variation in the form of alternating long and short ISIs.
Joint time-frequency analyses such as the Short-Time Fourier Transform
(STFT) take into account every ISI, and measure changes in the frequency
composition of a time-series of data as time elapses. Therefore they are wellsuited for the detection of larger-scale variations in the firing rate of neurons.
Electrophysiological recordings were made of single-cell activity of
dopaminergic cells in the SNc in chloral hydrate anesthetized rats. The data were
stored as a list of ISIs. After a baseline period of 4-10 minutes 0.1 mg/kg of
haloperidol was administered via an i.v. catheter into the tail, and post-injection
activity was recorded for at least 10 minutes or until the cell was lost.
The resulting list of ISIs was analyzed by SIFT. Recordings made under
baseline conditions show variation in their frequency composition over time.
Post-haloperidol injection recordings possess a relatively constant frequency
composition, independent of time. The coefficient of variation in the time-series
of ISIs was equivalent across conditions.
These results suggest that local variability in the firing rates of dopaminergic
cells in the SNc may be the result of binding to autoreceptors.

RETINAL DOPAMINE SYSTEM INVOLVEMENT IN
RETINOPATHIES.
E. CCanut1*. O. Dkhissi2, C. Versaux-Botteri2,1 ,H. Trouvin1,
I. Nguven-Legros2. 1. Faculty dr Piurmncir, F-92296
Ciatruny-Mnlnbry; 2. INSERM U-86, F-75006 Paris, (France).
It was reported tint tie retina of blind RCS ruts contains nu
abnormal high level of dopamine (kA) related to rod
degeneration. We attempted to identify correlations
between and DA-cell density and DA concentration or
metabolism in two other retinopathies. DA and DOPAC
contents were assayed using HPLC with electrochemical
detection. DA-cells were counted in TH-immvuolabrlled
wholemovnts. In the retina of diabetic ob/ob Zvcher rats,
DA metabolism (DOPAC/DA ratio) was significantly
increased compared to 1/1 Zvcher rats, although DA content
and DA-cell density were unchanged. In glaucomatous alO
mutant quails, DA content and DA-cell density were
significantly lower than in normal quails, although the DA
metabolism was unchanged. The retinal DA system appears
to be involved but differently affected in the two
retinopathies: while diabetes is mainly a metabolic disease
with no significant neuronal degeneration, glaucoma
results in a degeneration of inner retinal neurons including
ganglion and amacrine cells of which a number is DA-ergic.

126.23

126.24

BIOGENIC AMINE MODULATION FOLLOWING ACUTE AND
CHRONIC CORTICOSTERONE ADMINISTRATION. D.N. Thomas*.
R.M. Post and APert, Biological Psychiatry Branch, NIMH, Big. 10, Rm
3N212, Bethesda, MD 20892
Dysfunction of endogenous corticosterone levels has been reported to
occur in several psychiatric disorders. Furthermore, administration of
corticosterone (CORT) can result in behavioral changes in these patients
which are manifest in the from of "steroid psychosis". The underlying
neurochemical changes accompanying these behaviors are not clearly
defined. In the present in vivo microdialysis studies we have attempted to
elucidate the mechanism of action o^ both acute and chronic CORT on the
biogenic amines in specific brain regions. Microdialysis probes were
introduced into the nucleus accumbens (Acb) or medial frontal cortex
(mFcx) of rats previously implanted with guide cannulae. After
stabilization o^ the baseline, CORT was administered (5mg/kg, s.c.) and
the extracellular levels of the biogenic amines measured for a further 2hrs.
Basal DA levels in the Acb and mFcx were 2.8 ± 0.4 and 0.9 ±01
pg/sample respectively. Following CORT administration DA decreased by
38% and 45% in the Acb and mFcx. Basal NE in the mFcx was 3.7 ±
O.5pggsample, following CORT there was a 40% increase. In a subsequent
group of animals CORT (lOmg/kg, s.c.) or vehicle were administered for
lOdays, followed by a challenge dose of 5mg/kg CORT during
microdialysis. Basal Acb DA and mFcx NE were unchanged following
chronic CORT treatment. In Acb DA decreased by the same magnitude in
both groups following a challenge dose o^ CORT. The mFcx NE response
to a CORT challenge was attenuated in the chronic CORT group compared
with vehicle. Attenuation o^ the CORT-induced increases in the mFcx NE
function following chronic CORT may be related to the behavioral
syndrome. On the otherhand, forebrain DA does not appear to be involved
in the mediation the behavioral effects of chronic CORT.

INFLUENCE OF INTRA-VTA CCK PEPTIDES ON DA OVERFLOW IN
NUCLEUS ACCUMBENS AND AMYGDALA IN FREELY MOVING
RATS. M.E. Hamilton and A. S. Freeman*. Dept. of Pharmacology, Texas
Tech Univ., Health Sci. Ctr, Lubbock, TX 79430
The discovery of dopamine/cholecystokinin octapeptide (DA/CCK)
coexistence in midbrain AlO neurons has led to speculation concerning a
potential modulatory role for CCK in regulating both DA cell activity and DA
release. Electrophysiological investigations have found that CCK-8S, either
systemically or iontophoretically administered, typically produces a transient
increase in DA cell firing. The present study used microdialysis to assess
the relative effects of CCK peptides (CCK-8S, CCK-8US, and CCK-4),
focally injected into the DA cell body region of the ventral tegmental area
(VTA), on DA recovery at two mesolimbic DA/CCK terminal regions: the n.
accumbens (ACC) and the amygdala (AMY). One week prior to testing,
stainless steel guide cannulae were implanted into the brains of male,
Sprague-Dawley rats, directed toward the VTA and the ipsilateral ACC or
AMY. A microdialysis probe was inserted on the morning of test day and
was continuously perfused at a rate of 1 pl/min (ACC) or 1.5 pl/min (AMY).
After a minimum of two h, three baseline samples were taken at 20 min
intervals. Rats then received intra-VTA infusions of either aCSF, CCK-8S,
CCK-8US, or CCK-4 (1, 10, and 100 pmoles at 1 h intervals in ascending
order) in a volume of 1 pl delivered over 60 sec. Samples were taken every
20 min and analyzed by HPLC-EC for DA content. In both terminal regions,
CCK-8S but not CCK-8US or CCK-4, produced increases in DA overflow.
These observations in the freely moving rat support electrophysiological
evidence of a CCK-8S-elicited enhancement of DAergic activity.

126.25
dopamine

binding

proteins

in

neuronal

and

non

-neuronal

lines . K.jL.SuflairwiV, R.K„ Mishra*. and H,B, Ntenik Dept. of
Pharmacol, and Psychiat, Univ. of Toronto; Wept, of Psychiat. and Biomedical
Sci., McMaster Univ., Hamilton, Ontario, L8N 3Z5; and the Molecular
Neurobioiogy Lab, Clarke institute of Psychiatry, Toronto, Ontario, M5T1R8.

cell

A class of membrane proteins binding dopamine with high affinity has
previously been identified in the CNS and platelets. These proteins do not
appear to be part of the known catecholamine G protein-linked receptor/
transporter families or a metabolic enzyme as indicated by their biochemical
characteristics and unique pharmacological profiles. We have found that these
high affinity dopamine binding proteins, which appear to be ubiquitous, are
present in several diverse cell lines used for expression studies. These include
two neuronal cell lines (SKN-SH and SY5Y), monkey kidney cells (COS-7),
mouse adrenocortical cells (Y1), Chinese hamster ovary cells (CHO), and an
insect cell line (Sf9). Some dopaminergic agonists such as DA, 6,7-ADTN,
NPA, and apomorphine compet^ively displaced [3H]DA binding (10 nM) with
high affinity [from 10-200 nM] as did L-dopa, NE, and isoproterenol. LY171555, SKF-82526, bromocriptine, and clonidine were ineffective. Dopamine
D1 and D2, a-and p-adrenergic receptor antagonists (1pM) such as SCH23390, (+)-butaclamol, haloperidol, YM-09151-2, spiperone, yohimbine,
prazosin, and propranolol were also ineffective in displacing pH]DA binding.
There are, however, differences in the pharmacological profiles and rank order
of potency between the various cell lines, specifically with regard to
apomorphine, suggesting the presence of multiple protein subtypes. The
presence of these proteins in such diverse cell lines suggests that they may
represent a class of structural proteins. Colchicine pretreatment of these cells,
however, did not affect pH]DA binding. We are presently assessing the
biochemical nature of these sites by covalent labeling studies and determining
whether these proteins are inducible.
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BEHAVIORAL DISCRIMINATION OF THE 5-HT2 AGONIST DOI OR
ELECTRICAL STIMULATION (ES) OF THE DORSAL RAPHE
NUCLEUS (DRN) D.J. Mokler*. B. Whitten. S. Field and M. Dixon.
Dept. Pharmacol., University of New England, Biddeford ME 04005.
Sprague-Dawley rats were trained to discriminate ES of the DRN
(2OOxA, lOOgsec, 20Hz) by associating the ES with saccharin consumption
made aversive by LiCl injection after the session. Lowering the ES current
to 50-150 gA resulted in non-stimulation levels of saccharin consumption.
The 5-HT2 agonist DOI (0.5 - 1 mg/kg) generalized to ES of the DRN; i.e.,
animals reduced saccharin consumption following DOI administration. The
discrimination of ES of the DRN was not affected by prior administration of
the 5-HT2 antagonist ketanserin (1 or 2 mg/kg), suggesting that activation of
5-HT2 receptors is not the primary discriminative cue. Another group of
animals were trained to discriminate lmg/kg DOI from saline using the same
protocol. Although DOI alone suppressed saccharin consumption at this dose,
animals were able to learn this discrimination. Animals trained in this
discrimination showed a dose-dependent decrease in saccharin consumption
following DOI administration. In contrast to discrimination of ES. this
discrimination was antagonized by administration of ketanserin (I mg kg;
before the session. ES of the DRN (100 or 200 gA) did not generalize to
DOI. An additional group of animals was trained to discriminate a lower dose
of 0.5 mg/kg DOI. Animals trained in this discrimination also did not
generalize to ES of the DRN. These data suggest that the discriminative cues
produced by DOI or electrical stimulation of the DRN have some properties
in common, but do not show symmetrical generalization. (Supported by
NIDA grant 07316.)
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127.2
DEAFFERENTATION OF BULBOPETAL SEROTONERGIC FIBERS
INDUCES OLFACTORY DISTURBANCE IN THE RAT.
Moriizumi* and T. Tsukatani. Department of Anatomy,
Kanazawa Univ. Sch. of Med., Kanazawa 920, Japan.

X*

Functional roles of serotonin in olfaction was studied in
the rat. All rats were initially conditioned to discriminate
0.01% cycloheximide solution from water by olfaction. To
deplete serotonin in the olfactory bulb, the conditioned
rats received injections of 5,7-dihydroxytryptamine (5,7DHT), a specific neurotoxin for serotonin, into the medial
forebrain bundle. Then olfactory function was examined
by the capability to discriminate cycloheximide solution
from
water
after
injections
of
5,7-DHT.
Immunohistochemistry for
serotonin,
tyrosine
hydroxylase and dopamine R-hydroxylase was done to
evaluate the degree of serotonin depletion and the
specificity of 5,7-DHT for monoamines in the olfactory
bulb and the medial forebrain bundle. The rats with
complete deafferentation of the bulbar serotonergic
fibers showed distorted olfaction 2-4 weeks after
injections of 5,7-DHT. Histological examination revealed
severe atrophy of the olfactory bulb of these anosmic rats
with marked shrinkage of the bulbar glomerulus which is
a major termination site of the bulbopetal serotonergic
fibers.
The results indicate that depletion of the
serotonergic fibers in the olfactory bulb causes olfactory
dysfunction in the rat.
(Supported by the Ichiro Kanehara Foundation)
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5,7-DIHYDROXYTRYP'TAMINE LESION OF THE DORSAL OR
MEDIAN RAPHE NUCLEUS DOES NOT ALTER £LCOHOL
DRINKING IN THE SPRAGUE-DAWLEY RAT. A. Adell and R. D.
Myers. Dept, of Pharmacology, School of Medicine, East Carolina
University, Greenville, NC 27858.
Previous studies have shown that a lesion of 5-HT systems in the
brain by the ICV injection of 5,7-DHT induces a significant preference for
ethyl alcohol in non-drinking strains of rat. The aim of the present study
was to determine whether a circumscribed lesion of the dorsal (DRN) or
median raph6 nucleus (MRN) alters the subsequent drinking of alcohol.
In anesthetized Sprague-Dawley rats, 5,7-DHT was micro-injected at a
dose of 10 gg dissolved in a volume of O.5 gL of artificial CSF. After a
10 day interval, a standard 3 - 30% alcohol preference test was given over
10 days to the rats, which showed that neither lesion induced a significant
change in the intakes of alcohol. However, the serotonergic lesion of the
DRN depleted levels of 5-HT in most regions of the brain by 50 - 70%
except for the frontal cortex in which it was reduced by 80%. The 5,7DHT lesion of the MRN induced nearly the same extent of 5-HT
depletion; two notable exceptions were the frontal cortex and nucleus
accumbens with levels of 5-HT depleted by only 30%. Further, the MRN
lesion did not deplete 5-HT in the corpus striatum.
Overall, the
neurochemical results of selective lesioning of the DRN and MRN on the
levels of 5-HT agree with anatomical data on different projections of
pathways from these two nuclei. Finally, it is apparent that a greater
depletion of brain 5-HT, probably after concurrent lesioning of both DRN
and MRN, is required to shift the alcohol preference in the non-drinking
rat. Supported by NIAAA Grant AA 04200-11.

THE EFFECTS OF THE 5-HT1A ANTAGONIST (-)UH-301 IN FOOD
REINFORCED OPERANT TASKS AND ITS ABILITY TO ANTAGONISE THE
EFFECTS OF 8-OH-DPAT, IN ADDITIONAL BEHAVIOURAL TESTS.
Ryan CN. Ensler K. Lindberg N. Pakh B. Evenden JL* CNS Preclinical Research
and Development, Astra Arcus, S- 15 185 Sodertalje, Sweden.
The effect of the selective, 5-ffTjA antagonist, (-)UH-301, was examined in rats
using: (a) the drug discrimination test (b) the differential reinforcement of low
rates test (DRL-72), (c) the schedule induced polydipsia test, and in (d) 5-HTj A
agonist induced hypothermia; in mice using (e) the forced swim test (FST), and (f)
the small tube test; and in guinea pigs using (g) wet dog shakes (WDS). Using the
drug discrimination procedure, the role of 5-HTja . receptors in the stimulus
properties of (±)8-hydroxy-2-(di-n-propylamino)tetralin, (±)8-OH-DPAT, was
investigated. (-)UH-301 (1.0 and 3.0 mg/kg) had no effect as an agonist at 5-HT
receptors, but clearly antagonised the (±)8-OH-DPAT (0.1 mg/kg) cue. Further,
(±)8-OH-DPAT (0.06 mg/kg) induced hypothermia could be antagonised by 1.0
mg/kg (-)UH-301. There was no agonist effect of (-)UH-301, as it did not induce
hypothermia when administered alone. Treatment with (-)UH-301 produced effects
which are characteristic of antidepressants in the DRL-72 test, a task where rats are
trained to press a lever for reinforcement but must pause for 72 seconds between
successive presses, and in the FST, a task where animals placed in water for six
minutes and the amount of swimming is observed. (-)UH-301 was effective at
doses of 3.0 and 10.0 mg/kg in the DRL-72 test, and at 30.0 mg/kg in the FST. In
contrast, in the small tube test, a test where activity levels are examined in a
confined space, (-)UH-301 increased immobility at all doses tested (1.0, 3.0, 10.0
and 30.0 mg/kg). When the effect of (-)UH-301 was investigated in the guinea
pig, it was found that UH-301 could antagonise (±)8-OH-PAT induced WDS,
especially at low doses (1.0 and 3.0 mg/kg), and that (-)UH-301 induced WDS, at
high doses (10.0 mg/kg). Taken together, these results suggest that not only is
(-)UH 301 an antagonist at 5-HTj receptors, where it blocks the behavioural
effects of (±)8-OH-DPAT, but that (-)UH 301 has behavioural effects of its own.
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INVOLVEMENT OF SEROTONERGIC SYSTEM IN MOTION
SICKNESS OF SUNCUS MURINUS. R Okada*. JL Saito and N.
Matsuki. Dept, of Chemical Pharmacology, Fac. of Pharmaceutical
Sciences, The Univ. of Tokyo, Tokyo, 113, Japan.
We have already reported that the pretreatment of Suncus murinus with
5-HTia or 5-HT2 receptor agonists prevents motion- and emetic druginduced emesis. In the present study, prophylactic effects of a selective
serotonin (5-HT) reuptake inhibitor, fluoxetine, and a non-selective
reuptake inhibitor, imipramine, on motion sickness were investigated in
suncus. The motion sickness was elicited by the reciprocal shaking with
amplitude 40 mm, frequency 1.0 Hz and duration 5 min. Intraperitoneal
injection of fluoxetine or subcutaneous injection of imipramine 30 min
before the motion stimulus completely prevented motion-induced emesis
with respective ID50 values of 26.0 and 1.7 mg/kg. These results suggest
that increase of the 5-HT level in the brain leads to the antimotion
sickness effect. Secondly, effects of intracerebroventricular injection of
5-HT-related drugs on motion sickness were investigated. The drugs used
were 5-HT, 5-HTia receptor agonist, 8-hydroxy-2-(di-npropylamino)tetralin (8-OH-DPAT) and 5-HT2 receptor agonist,
l-(4-iodo-2,5-dimethoxyphenyl)-2-aminopropane (DOI). The injections
of 50 gg 5-HT and 5 gg 8-OH-DPAT completely prevented the motioninduced emesis. The injection of 10 gg DOI inhibited the motion-induced
emesis in two out of three animals.
In conclusion, 5-HT reuptake inhibitors may be effective antimotion
sickness drugs, and 5-HT may play an inhibitory role in suncus brain
during motion sickness.

STIMULATION OF 5-HT 1A RECEPTORS IMPAIRS RATS’ PERFORMANCE IN
A 5-CHOICE SERIAL REACTION TIME TASK. Carii M. Luschi R. Bendotti C*
and Samamn R. Istituto di Ricerche Farmacologiche “Mario Negri” via Eritrea 62,
20157 Milano, Italy.
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The present study has examined the effects of stimulating pre- or postsynaptic 5-HTIA receptors on the performance of rats in a 5-choice serial
reaction time task. The results revealed that 100 gg/kg SC 8-OH-DPAT
significantly impaired rats ability to localize brief visual targets, as shown
by a reduction in choice accuracy and latency to respond correctly to the
visual stimulus. A deficit in choice accuracy was seen also at the dose of
10 and 30 gg/kg SC but only if a distracting burst of white noise
(lO5dB) was interpolated before the presentation of the visual stimulus
on some trials during a session. Depletion of brain 5-HT by ICV 5,7DHT (150 gg/20 gl) reversed the effect of 100 gg/Kg 8-OH-DPAT on
choice accuracy but had no effect by itself on choice accuracy and
response latency. The infusion of various doses of 8-OH-DPAT or saline
(0.5
at O.25gl/min) into the dorsal (DR) or median raphe (MR)
revealed that 1 gg/gl 8-OH-DPAT infused into the DR or MR
significantly increased the number of premature responses and omissions
but had no effect on choice accuracy or latency to make a correct
response. At the dose of 5 gg/gl, 8-OH-DPAT infused into either the DR
or MR impaired rats accuracy, impulsivity (increased number of
premature responses), speed (correct latency) and motivation. Infusion
of 0.4, 2 or 5 gg/gl of 8-OH-DPAT or saline (lgl at 0.5 gl/min) in the
CA1 region of the dorsal hippocampus did not affect rats choice accuracy
or speed. However, a deficit in choice accuracy was observed in rats
infused with 5 gg/gl 8-OH-DPAT into the CA1 region of hippocampus
when a burst of distracting white noise (lO5dB) was presented
immediately before the visual stimulus on some trials during a session.
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CHRONIC ADMINISTRATION OF A SELECTIVE 5-HTi A AGONIST, LY228729,
PRODUCES ANXIOLYTIC-LIKE EFFECTS ON AUDITORY STARTLE RESPONSE
IN RATS. J.F. Czachura and K. Rasmussen*. Lilly Research Laboratories, Eli Lilly &
Co., Indianapolis, IN 46285.
5-HT 1 a agonists (e.g., flesinoxan, buspirone) have anxiolytic activity in man, however,
chronic administration of these compounds is required to produce these effects. In an
attempt to explore behavioral effects that emerge only after chronic administration
of 5-HTi a agonists, we examined the effects of chronic administration of
LY228729 tartrate on the auditory startle reflex and irritability levels in male rats.
Animals were anesthetized and Alzet osmotic minipumps containing either LY228729
tartrate (0.1 or 1.0 mg/kg/hour of the base) or saline were implanted
subcutaneously. Measurements of the auditory startle reflex and observational
assessments of irritability were made on day 1, day 7, and day 13 during chronic
administration of the compound. On day 13, the pumps were removed and the startle
response and irritability levels were measured for 7 days post-withdrawal of the
pumps. For both dose groups, irritability levels were significantly elevated on day 1,
were not different from control on day 7 or day 13, and showed a slight but
significant increase for 3 days post-withdrawal of the pumps. The 0.1 mg/kg/hour
dose group showed no change in startle amplitude on day 1 and day 7 but a significant
decrease in startle amplitude on day 13. A dose of 1.0 mg/kg/hour produced a
significant increase in startle amplitude 24 hours after pump implantation, and a
significant decrease in startle amplitude on day 7 and day 13 of chronic
administration. This attenuation of the auditory startle reflex persisted for 2 days
post-withdrawal tor the low dose group and for 8 days post-withdrawal for the high
dose group. Administration of a 5-HT 1 a antagonist on the fifth and eighth day of
withdrawal did not reverse the decrease in auditory startle response. These results
indicate that the 5-HTi a agonist LY228729 can produce an anxiolytic-like effect in
rats upon chronic administration, and that this effect can persist even after removal
of the compound.

ANTEROVENTRAL THIRD VENTRICLE (AV3V) LESIONS ATTENUATE
PRESSOR RESPONSES TO INTRAVENOUS SEROTONIN (5-HT).
M ,S. Muntzel. S.J. Lewis. M ,S. Blumberg*. and A.K, Johnson. Departments
of Psychology, Pharmacology, and the Cardiovascular Center, University of
Iowa, Iowa City, IA 52242-1407.
Intravenous administration of 5-HT produces a hypertensive response that
is thought to be due to activation of 5-HT2 receptors on blood vessels . Because
this pressor response may also be secondary to central nervous system (CNS)
activation by 5-HT. we predicted that destruction of the AV3V region, an area
rich in 5-HT receptors, would attenuate increases in blood pressure to
intravenous 5-HT. In anesthetized sham-lesioned (n=5) and AV3V-lesioned
(n=8) Sprague-Dawley rats, we measured mean arterial pressure (MAP) , heart
rate (HR), and lumbar sympathetic nerve activity (LSNA) to increasing bolus
doses of 5-HT (1. 2.5, 5, 10, 25 pg/kg), before and after blockade of
bradycardia using methyl-atropine (200 pg/kg). In all rats, bolus injections of
5-HT elicited bradycardia accompanied by a fall in LSNA and an initial
hypotension followed by a pressor response and a longer-lasting hypotensive
response. The bradycardia, reduction in LSNA, and both depressor responses
were equivalent for groups with AV3V or sham lesions. Importantly, AV3V
lesions attenuated pressor responses to increasing doses of 5-HT (3±1, 6±4,
6±4, 17±4, 35±3 mmHg) compared to sham-lesioned controls (6+3, 16±7,
33±5, 54±4. 51 ±6 mmHg; p<0.0001). This attenuation was conserved
following blockade of bradycardia with methyl-atropine (p<0.01). In
summary, pressor responses to intravenous 5-HT are diminished by AV3V
lesions. These data indicate that the pressor component of the blood pressure
response to 5-HT is partly dependent upon interaction with the CNS.
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ACUTE TRYPTOPHAN DEPLETION IN HEALTHY SUBJECTS. H.L. Miller*.
Linda C. Barr. M.D.. R. C. Zimmermann. R. M. Salomon. P.L. Delgadlo. P ,S.
Chamey. Dept, of Psychiatry, Yale University and West Haven VAMC, West
Haven, CT 06516.
Brain serotonin (5-HT) is dependent on plasma concentration of the
essential amino acid, tryptophan (TRP). Acute TRP depletion has been used
to assess the effects of diminished 5-HT on mood and behavior. We have

EFFECTS OF TRYPTOPHAN DEPLETION AND a-METHYL-PARATYROSINE IN HEALTHY SUBJECTS.
R.M. SALOMON. J. LICINIO*.

previously reported reversal of clinical antidepressant response during TRP
depletion. Method: 11 healthy subjects (5 females, 6 males) were studied in a
double-blind, controlled design with random assignment to test conditions.
Subjects had no personal or family history of psychiatric illness. Subjects
maintained a low TRP diet for 24 hours, then received a TRP deficient drink
containing 15 amino acids, (total 100 gm.). They were assessed for changes
in mood. Control testing was done in an identical manner, except the diet and
drink were supplemented with TRP. TRP depletion and control tests were
done one month apart; females were studied in the late luteal phase of the
menstrual cycle. In a separate study, 6 healthy subjects underwent TRP
depletion and control testing before and after receiving fluoxetine (FLU), 20
mg7day for 6 weeks. Results: Ingestion of the TRP-def»cient drink led to
significant decrease in plasma TRP 5 hours after ingestion. No significant
changes in mood were seen during TRP depletion compared to control
testing, as measured by the Hamilton Depression and Anxiety Rating Scales.
Subjects who were tested after 6 weeks FLU treatment did not have a
marked worsening of mood during TRP depletion. This result suggests that
the development of clinically significant depressive symptoms during TRP
depletion in depression and OCD appears to result from an interaction
between vulnerability to depression and antidepressant drug treatment.
These studies need to be replicated with a larger sample, and the influences
of both environmental stimuli and vulnerability to depression on mood
changes during TRP depletion need to be examined.

H.L. MILLER. P.L. DELGADO. G.R. HENINGER. D.S. CHARNEY
VAMC Affective Disorders Program -116-A1, Yale Univ. School of Medicine,
950 Campbell Ave., West Haven, CT 06516.
Considerable evidence implicates central noradrenergic and serotonergic
pathways in the pathophysiology of depression. In recent studies, depletion
of either transmitter alone did not reliably worsen depressive mood in healthy
subjects or drug-free depressed patients. To further evaluate the effects of
monoamine function on mood, we are currently testing the effects of
simultaneous depletion of norepinephrine, dopamine, and serotonin.
METHOD: 6 healthy subjects (3 males, 3 females, mean age 32, with no
current or past history of psychiatric disorder) received an inhibitor of
norepinephrine and dopamine synthesis (a-methy-paratyrosine, AMPT,
5 gm p.o. over a 30 hour period) during an acute dietary depletion of the
precursor of serotonin synthesis (tryptophan, TRP) using an amino acid
mixture lacking TRP. The tests are done twice with each subject, using a sham
TRP depletion for one of the tests. This study was conducted in a double
blind fashion. RESULTS: Healthy subjects have shown no changes in mood,
either clinically or on a variety of rating scales. There have been no serious or
unexpected side effects. Data from additional subjects will be reported.
COMMENT: These preliminary results suggest marked reductions in levels of
brain monoamines in healthy subjects do not produce depressed mood. If
similar findings are observed in drug-free depressed patients, considerable
revision of the monoamine hypothesis of the pathophysiology of depression
will be indicated.
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MEASUREMENT OF TRYPTOPHAN HYDROXYLASE (TPH) mRNA
BY QUANTITATIVE RT-PCR.
W.N. H^r^l<ev1>2 and D.A.
Nielsen!*. Section of Molecular. Genetics! LN, NIAAA, NIH,
Bethesda, MD 20892 and Coll, of Osteo. Med.2, Ohio U., Athens,
OH 45701.
The thermostable recombinant reverse transcriptase/DNA
polymerase, rTth, has been used to amplify and quantify
TPH mRNA from sources with low TPH mRNA content. A
pGEM vector (pG4TH) containing a 1.7 Kb fragment of
mouse TPH cd Na , was previously cloned in this laboratory.
The vector was used as a template to synthesize synthetic
TPH mRNA for use as a standard. Primers, homologous to
human, mouse, and rat cDNAs, were designed to amplify a
239 bp fragment of TPH mRNA; this fragment spans an
intron in the TPH gene. The 239 bp fragment from pG4TH
was cut with TVgoMI, a 55 bp insert was ligated into this site,
and the resultant vector was cloned. RNA was synthesized
from this 294 bp template for use as an internal standard.
Several problems with hybridization of the internal
standard and TPH mRNA have been identified, and these
sources of error have been corrected. This technique,
which employs the polymerase chain reaction (PCR), allows
the quantitation of TPH mRNA in the attomole range from
human, rat and mouse cells. We report for the first time,
the presence of TPH mRNA in Neuro-2a, a mouse
neuroblastoma cell line.
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CHARACTERIZATION OF CNS AND PINEAL TRYPTOPHAN
HYDROXYLASE. D.H.ParkL Y.I. Chung. H. Baker. K.S. Kim and T.H.
Joh. Lab.Mol.Neurobiol., Cornell Univ. Med. Coll., Burke Med. Res. Inst.,
White Plains, NY 10605.
We previously demonstrated the identity of nucleotide sequences of
tryptophan hydroxylase (TPH) cDNAs from dorsal raphe nucleus (DRN) and
pineal gland (PG). TPH mRNA levels are greater in PG than DRN despite a
higher enzyme activity in the DRN. Also, the isoelectric point (pi) differed
(brain;pl 4.90 and PG;pI 6.28). Reciprocal addition of either DRN or PG
extract indicates the absence of either an activator or inhibitor of TPH. In
addition, TPH activity was not inhibited in vitro in the presence of high (up to
5xl0^M) concentrations of either 5-HT, N-acetyl-5-hydroxytryptamine or
melatonin, end products which inhibit the enzyme in vivo. In the present study
we, therefore, further characterize TPH enzyme of either DRN or PG origin.
First, full-length, enzymatically active recombinant mouse TPH was produced
in E.coli and partially purified by Sepharose 4B column chromatography.
Second, a specific polyclonal antiserum to the recombinant mouse TPH was
raised in rabbit by injecting the TPH band cut from native polyacrylamide slab
gels. This antiserum 1) specifically immunostained serotonergic neurons in
both DRN and PG, 2) similarly immunoprecipitated TPH protein from both
tissues in a concentration-dependent fashion. Furthermore, to investigate the
role of phosphorylation in regulation of TPH activity, both DRN and PG
extracts were treated with alkaline phosphatase (AP). The TPH activity from
both tissue extracts substantially decreased with AP treatment indicating that
the enzyme activity in both tissues is regulated by phosphorylation. Further
studies are in progress to identify the specific protein kinase(s) responsible for
phosphorylation of TPH in DRN and PG.
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DELETION ANALYSIS OF THE CATALYTIC CORE
OF TRYPTOPHAN HYDROXYLASE S.C. Kumer* , P.J.
Rucker, and K.E. Vrana. Dept. Physiology and Pharmacology,
Bowman Gray School of Medicine, Winston-Salem, NC 27157.
Tryptophan hydroxylase (EC 1.14.16.4; TPH) catalyzes the ratelimiting and committed step in serotonin biosynthesis. A fulllength cDNA clone for rabbit TPH as well as several aminoterminal deletions (NA6O, NA106. N A116) were subcloned into a
bacterial expression vector (pET2lc; Novagen Corp.).
Expression of the native and mutant TPH proteins in the
protease-deficient strain of bacteria, BL21(DE3), produced
immunoreactive protein at the predicted molecular weights.
Enzymatic analysis established that the amino-terminal boundary
of the catalytic core of TPH resides between amino acid residues
106 and 116. That is, enzyme activity was abolished with the
deletion of 116 amino acids. This finding is identical to tyrosine
hydroxylase which further establishes the structural and
functional relationship of these similar enzymes. Treatment of
the native TPH with the purified catalytic subunit of the cAMPdependent protein kinase and [y-32P]-ATP resulted in
phosphorylation of TPH. Incubation of the deletion mutants did
not result in phosphorylation; this indicates that the PKA
phosphorylation site exists within the first 60 amino acids.

DEXAMETHASONE REPRESSION OF TRYPTOPHAN
HYDROXYLASE mRNA LEVELS IN THE CA77 C-CELL LINE.
M.S. Clark2. W. Johnson^2*, and A.F. Russo!2. Dept. of
Physiology and Biophysics^ and Program in Molecular Biology2,
University of Iowa, Iowa City, IA 52242.
Disorders of the serotonergic system are believed to be involved in
a variety of psychiatric disorders, particularly major depressive
disorder. Interestingly, a large number of depressed patients have
been reported to have high basal glucocorticoid levels. These
findings suggest that there may be a relationship between
glucocorticoids and the production of serotonin. We have
hypothesized that glucocorticoids may regulate serotonin synthesis
via tradSGriptinnal regulation of the rate limiting enzyme, tryptophan
hydroxylase (TPH). To address this question, we have used the rat
CA77 thyroid C-cell line as a model system to examine the effects of
glucocorticoids on TPH mRNA levels, since both primary and
tumor C-cell s have been shown to have serotonergic neuronal
phenotypes. After 5 days of 5O0nM dexamuthasodu treatment,
CA77 cells demonstrate a greater than 10-fold repression of TPH
mRNA levels based on northern blots. Repression was detected
with as low as InM dexamethnsnde. In addition, TPH mRNA
levels were also repressed after one day of 5OOi M duxnmuthnsnnu
treatment These results demonstrate that glucocorticoids repress
TPH expression in the CA77 cell line, possibly by a tradscriptindnl
mechanism.

This work

was

supported by NIH GM-3893I (to K.E.V.)
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CORRELATION BETWEEN SEROTONIN (5-HT) AND
TRYPTOPHAN HYDROXYLASE (TPH) CONTENTS IN 5-HT
NEURONS AND FIBERS: EFFECTS OF 5,7DIHYDROXYTRYPTAMINE (5,7-DHT) LESION IN THE
DORSOLATERAL HYPOTHALAMUS. V. Liubic. S. Raison. E. Hamel.
M. Diksfcc aad D, Weissmann. Montneal Neurol. Innt., McGili Univ.,
Montreal, QC, Canada H3A 2B4 and C.N.R.S., U.M.R. 105, Lyon, France
The effects of serotonin terminals destruction in the dorsolateral
hypothalamus (DHT) on the contents of 5-HT and its synthesizing enzyme
TPH were assessed across the full extent of the dorsal raphe nucleus ana the
medial forebrain bundle (MFB). Rats were injected with 5,7-DHT (3pg in
25Onl) in the DHT. Five days later, they were anaesthetized, injected with
a-C^-pHl-tryptophan (lmCi) and sacrificed 12 hr later. Adjacent coronal
brain sections were collected for quantitative measurements of a-CH3-pH]serotonin (a-M-5-HT) by radinartngraphy (Nagahiro etal., Brain Rus 5O6:12O-128,
1990) and TPH content by immrnnbTnttmg (Weissmann et al., Brain Res 536:4 MM5,
1990). TPH content in the DHT was significantly decreased (45.7 ± 7.8%)
after lesion. The amounts of a-M-5-HT and TPH measured throughout the
full extent of the dorsal raphe nucleus were correlated (r=0.84; p < 0.001)
and unaltered by 5,7-DHT treatment. In contrast, 5,7-DHT resulted in very
restricted and circumscribed increases in a-M-5-HT and TPH contents in the
ipsilateral MFB. The increases corresponded respectively to 136 ± 18% (p
< 0.001) and 93.8 ± 22.7 % (p < 6.001) and were more pronounced in
the caudal MFB. Following lesion, there was a positive and significant
con-elation (r=0.68, p < 0.05) between a-M-5-HT and TPH contents in the
ipsilateral MFB whicn was not present on the intact side. This study allows
detection and quantification of a-M-5-HT and TPH levels in adjacent brain
sections and provides a tool to study the correlation between synthesizing
enzyme and transmitter content under normal and pathological conditions.
The results suggest that following DHT lesion, the TPH protein is activated
and increased m levels in order to provide sufficient neurotransmitter in the
damaged area. Supported by the NIH of USA, the MRC of Canada and the
CNRS Co 105, France.

NEUROTOXICITY OF p-CHLOROAMPHETAMINE AND
d-FENFLURAMINE:
ANTEROGRADELY TRANSPORTED
BIOTIN-DEXTRAN ACCUMULATES IN SWOLLEN 5-HT
AXONS. K.J. Axt*. L. Slomianka and M.E. Molliver. Dept, of
Neurosc., The Johns Hopkins Univ. Sch. Med., Baltimore, MD 21205
Previous studies report neurotoxic effects of para-chloroamphetamine (pCA) or fenfluramine (FEN) on 5-HT axons based on loss of
biochemical and morphologic markers for 5-HT neurons. Evidence
supporting degeneration was based on the observation of swollen,
fragmented 5-HT immudnrenGtive axons. In order to verify and further
characterize drug-induced degenerative changes in 5-HT axons, the
present study employs anterograde transport of biotin-dextran by dorsal
raphe neurons. We observed that 14 days after injection into the dorsal
raphe nucleus, biotin-dextran (BDx) is detected in axons ascending to
forebrnid. At 10 to 12 days after the tracer injection, rats were treated
with pCA (2 doses of 10 mg/kg 24 h apart) or d-fenfluramine (d-FEN)
(5 mg/kg b.i.d for 2 days) and perfused 3 or 2 days (respectively) after
the last drug injection. After both drug treatments, we observed in
forebrnid BDx-labeled axons with increased caliber and large
pleomorphic swellings, morphologic changes similar to those reported in
damaged 5-HT-IR axons.
Cnlocalizntind of BDx with 5-HT or
tryptophan hydroxylase in swollen axons was confirmed by doubleimmudofluorescedt staining. These data demonstrate that d-FEN and
pCA are neurotoxic to 5-HT axons since both drugs cause structural
changes indicative of axonal degeneration.
[Support: DA04431, NO1DA-3-7301]
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LACK OF GENDER DIFFERENCES IN THE BIOCHEMICAL AND
FUNCTIONAL DEFICITS PRODUCED BY FENFLURAMINE (PONDIMIN)
IN RATS: FURTHER EVIDENCE FOR FENFLURAMINE-INDUCED
NEUROTOXICITY G. Battaglia/T.M. Cabrera, P. Czotv. L.D. Van de Kar and
W. Pinto
Department of Pharmacology & Neuroscience Program, Stritch
School of Medicine, Loyola University of Chicago, Maywood, IL 60153
Wu report here the biochemical and functional consequences of short-term
administration of ^fenfluramine (FEN) on brain serotonin (5-HT) systems in male
and female rats. In male rats, FEN produces biochemical changes indicative of

IN RATS WITH
CATECHOLAMINE (CA) DEPLETION TREATED REPEATEDLY
WITH PHENELZINE (PHEN). N. B. Fangon* & A. Frazer. Dept, of
Pharmacol., UTHSCSA and Va Mc , San Antonio, TX 78284.
Repeated treatment of rats with PHEN attenuates the 8-hydroxy2-(di-d-propylnmidn) ten-alin (8-OH-DPAT)-inducud hypothermia; this
subsensitive response is not due to decreases in density of 5-HT1A
receptors (Nuurnpsychophnrmncnlngy 4:131, 1991). Experiments were
conducted to determine whether the subsudsitivu response was mediated
indirectly through actions of PHEN on CA neurons. Male rats were
injected icv with d-hydroxydopamine (6-OHDA; 100 pg into each
lateral ventricle) or vehicle. Fourteen days later, PHEN (5 mg/kg, ip) was
administered to half of each group of rats for 21 days; the remaining
rats received saline. Twenty-four hours after the final PHEN injection,
8-OH-DPAT-idduGed hypothermia was measured, using either a near
maximal dose of 8-OH-DPAT (0.50 mg/kg sc) or an ED50 dose (0.05’
mg/kg). Treatment with 6-OHDA lowered NE content in cortex by at
least 80%. The lesion alone had no effect on either baseline temperature
or on 8-OH-DPAT-induced hypothermia. PHEN treatment attenuated
significantly the ability of 8-OH-DPAT to lower temperature (p<0.01).
The inhibitory effect of PHEN was more pronounced at the lower dose
of 8-OH-DPAT (84±5% inhibition) than at the higher dose (37±7%;
p<0.005). In lesioned rats, PHEN treatment caused an even greater
subsudsitive response to 8-OH-DPAT that was most evident at the higher
dose of 8-OH-DPAT (37±7% inhibition in intact rats vs 66±9% in
lesioned animals; p<0.05). From our data, it may be inferred that the
subsensitive 5-HTa response due to PHEN can be competitively
antagonized by higher doses of 8-OH-DPAT. Also, rather than CAs
being required for subsensitive 5-HT a responsivity caused by PHEN,
the effect of PHEN appears to be even greater in the absence of CAs.
(Supported by Research Funds from VA and USPHS Grant MH29O94.)

neurotoxicity and/or duurodugudurntion of brain 5-HT axons and terminals.
However, minimal data exists on the functional consequences of FEN in either male
or female rats. We hypothesized that a functional marker for the neurotoxic effects
of FEN on 5-HT terminals could be provided by decreases in the ability of 5-HT
releasers, such as ^fenfluramine (dFEN), to elevate plasma hormones. Adult male
and female Sprague-Dawley rats were administered saline or FEN (12 mg/kg, s.c.,
b.i.d.) for 4 days, challenged with either saline or the 5-HT releaser dFEN (5mg/kg,
i.p.) at two weeks post-treatment, and sacrificed 15 minutes post-injection during
peak hormone response. FEN reduced 5-HT uptake sites in male and female rats to
a comparable extent in cortex (-84%) and hypothalamus (-66% ). Consistent with
this decrease in 5-HT uptake sites, in male rats, FEN produced a marked attenuation
in the ability of dFEN to stimulate plasma ACTH (-76%), corticosterone (-44%) and
prolactin (-37%). In female rats, FEN treatment markedly attenuated the dFENinduced simulation of ACTH (-67%) and prolactin (-69%). These data: (1)
demonstrate comparable FEN-induced functional deficits in 5-HT mediated
neuroendocrine responses in male and female rats and (2) suggest that functional
deficits may also exist in extra-hypothalamic brain regions. In addition to providing
a functional index in support of biochemical markers of neurotoxicity, changes in
neuroendocrine responses to dFEN challenge may provide a useful clinical marker
to assess the functional consequences of FEN (Pnndimid) use in humans. (Supported
by Loyola Univer. Potts Found., USPHS grant DA 07741 & NSF GER-9253875)
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DRUGS THAT PROTECT AGAINST MDMA-INDUCED SEROTONIN
NEUROTOXICITY HAVE DIFFERENT EFFECTS ON BODY TEMPERATURE
IN THE RAT WHEN ADMINISTERED IN COMBINATION WITH MDMA.
J, E, MMberg* * R ..W, MMis. K.,E. SaSol and L . S . Seiden, Dept. of
Pharmacological snL Physiologicol Sci., University of Chicago, Chicago IL 60637
Many drugs have been shown to protect against the serotonin depletions caused by
acute administration of the amphetamine analog Methylenedioxymethamphetamine
(MDMA). It has been shown that many of the drugs which protect against this
neurotoxicity produce a hypothermic response in the rat. This study examines three
drugs: kgtonserin (KET: 5-HT2 antagonist), olpho-mgthyl-poro-tyrosing (AMPT:
dopamine synthesis inhibitor) and fluoxetine (FLUOX: 5-HT uptake inhibitor)) that
protect against this 5-HT neurotoxicity to further investigate their hypothermic
responses. Male Holtzmann rats (250-300 g, n=8 per dosing group for all drugs)
were injected with KET (3 mg/kg, i.p.), or saline (SAL) (1 mg/kg, i.p.). One hour
later, MDMA (20 mg/kg, s.c.) or Sal was injected and core body temperatures
were measured using peritoneaiy implanted temperature probes. In the KET
pretreatment group, hypothermia was seen 30 minutes after the MDMA injection
and continued for 135 min. HPLC analysis showed that rats given only MDMA had
significant depletions of 5-HT in the hypothalamus, hippocampus and striatum,
while KET pretreatment prevented 5-HT depletions. AMPT (75 mg/kg, s.c.) was
administered 1 and 5 hours before the Md Ma (40 mg/kg, s.c.) injection. AMPT
pretreatment produced a similar hypothermia to the KET pretreatment group,
starting 15 min. after MDMA injection and continuing for 150 min. This
pretreatment also protected against MPMA-induceL 5-HT depletions. In contrast,
FLUOX (10 mg/kg, s.c.) administered 15 minutes before MDMA (40 mg/kg, s.c.),
did not produce hypothermia, but LiL protect against MDMA-induceL 5-HT
depletions in the hypothalamus, hippocampus, striatum, somatosensory cortex,
frontal cortex, and septum. These results suggest that KET and AMPT, but not
FLUOX, may protect against serotonergic neurotoxicity by producing hypothermia
and would indicate a separate mechanism for protection by FLUOX which is
temperature-independent. (Supported by NIDA Training Grant DA-07255-01)

CLOZAPINE DIRECTLY INHIBITS SEROTONERGIC DORSAL RAPHE
NEURONS: IONTOPHORETIC ANALYSIS OF RECEPTOR MECHANISMS. J
Zhang*. L. Wang and D. K. Pitts. Dept. of Pharmaceutical Sci., Coll, of
Pharmacy & A.H.P., Wayne State Univ., Detroit, Ml 48202.

Extracellular single-unit recording techniques were used to examine the
effects of the atypical antipsychotic drug, clozapine (CLOZ), on the
discharge rate of 5HT dorsal raphe nucleus (DRN) neurons in the rat. Both
i.v. (0.2-3.6 mg/kg) and iontophoretic (10 mM, 5-40 nA) administration of
CLOZ inhibited DRN neurons in a dose- or current-dependent manner. The
inhibitory effects of iontophoretic CLOZ were partially blocked by coiontophoretic application of a low current of the 5-HT1A/a, receptor
antagonist, NAN-190, lontophretic application of NAN-190 alone weakly
inhibited the neuronal firing rate. A low ejection current (10 nA) of CLOZ,
which caused about a 50% reduction of neuronal discharge rate, weakly,
but significantly, blocked the phenylephrine (a, agonist)-induced excitatory,
but not the 8-OH-DPAT (5HT1A agnoist)-induced inhibitory effects on DRN
neurons. In addition to the o, antagonist properties, iontophoretic CLOZ
also weakly blocked the glutamate (excitatory amino acid, EAA)-induced
excitation of some (55%) DRN neurons. Preliminary results indicate that
lontophretic application of the EAA antagonists, CNQX and kynurenic acid,
and ACh, however, had no significant effects on the firing rate of DRN
neurons. The same iontophoretic CNQX and kynurenic acid currents
blocked DRN neuron excitatory responses to glutamate. Our results indicate
that CLOZ is apparently a weak ay antagonist and directly inhibits DRN 5HT
neurons by a, adrenoceptor blockade and possibly other unknown
mechanisms. EAA and ACh receptors may not mediate DRN neuron
inhibition by CLOZ. CLOZ is not apparently a 5HT1a antagonist. The exact
nature of the interaction of clozapine with the 5HT,a receptor needs further
evaluation. Supported in part by MH47857 (DKP).
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DORSAL VAGAL MOTONEURON RESPONSES TO SEROTONIN IN VITRO
P.A.
Brooks*,
A.P.
Albert
and
K.M.
Spyer.
Dept.
Physiology, Royal Free Hospital School of Medicine,
LONDON, NW3 2PF, U.K.
In the rat, serotonin (5-HT) has been shown to elicit
bradycardia
through
a
parasympathetically
mediated
response (Dalton D.W. 1986 J.Auton.Pharmacol. 6:67-75).
The present study investigates whether 5-HT has direct
actions on vagal motoneurones in the dorsal motor nucleus.
Whole cell patch clamp recordings in current-clamp mode
were made from visualised dorsal vagal motoneurones in
l75gm thick transverse brainstem slices from rats aged 1721 days. The motoneurones were identified as clusters of
oval-shaped cells with diameters between 20-30/xm.
From a holding potential of -6OmV applications of 5-HT
(l-50gM)
produced reproducible,
slow depolarizations
(mean=8.l8mV ±0.73 S.E.M. n=38, 5-HT 2OgM), which did not
exhibit desensitization or run-down during recordings up
to 2hrs. In some cells the level of depolarization was
large enough to evoke spikes. In addition, 5-HT increased
the
frequency
of
both
excitatory
and
inhibitory
spontaneous postsynaptic ' potentials (spPSPs) .
In the majority of cells (78%) the slow depolarization
was accompanied by an increase in membrane resistance
(mean=l3.64% ±2.09 S.E.M. n=lO, 5-HT 2OgM).
Both the slow depolarization and the increase in
membrane resistance were maintained in medium which
produced synaptic block. However, the increase in spPSPs
was abolished in this medium.
The study concludes that 5-HT does have a direct effect
in addition to increasing spontaneous synaptic activity on
vagal motoneurones in the dorsal motor nucleus of the rat.
The research was supported by The Wellcome Trust.

ROLES OF SEROTONIN AND GLUTAMATE IN DORSAL FACIAL
AREA OF THE MEDULLA IN REGULATING COMMON CAROTID
BLOOD FLOW IN CATS. J. S. Kuo, C. S. Yang, C, F. Cheng, and S. D.
Wang*. Department of Medical Research. Taichung Veterans General
Hospital and Department of Biology and Anatomy, National Defense
Medical Center, Taiwan. Republic of China
Stimulation of dorsal facial orgo (DFA) of the medulla by glutamic acid
evoked an increase in blood flow of common carotid artery (CCA).
Immunohistochemical
study
demonstrated
that
many
choline
ocgtyltronsfgrosg-rgoctivg neurons and serotonin-reactive nerve terminals
were present in DFA. In this study using microdialysis and HPLC
techniques, attempts were made to clarify whether nerve terminals
projecting to DFA release serotonin and/or glutamic acid to regulate CCA
Wood flow in anesthetized cats. A microLialysis probe was placed in DFA.
KC1, oloproclotg (a serotonin reuptake inhibitor) or serotonin was perfused
at 0.6 gl/min and perfusates were collected every 30 min for determinations
of serotonin and glutamate concentrations by HPLC technique. It was found
that serotonin was increased by perfusion of KC1 (150 mM) or oloproclotg
(100 gM, 500 gM. 1 mM). In addition, glutamate concentration was
proportionally decreased by increasing perfusion concentration of
olaproclotg (100 gM, 500 gM, 1 mM) or serotonin (0.1 gM, 0.5 gM).
Furthermore, CCA blood flow was significantly decreased when glutamate
concentration was reduced as a result of perfusing alaproclote or serotonin.
These findings suggest that glutamate may' be tonically released in DFA to
increase CCA blood flow. In contrast, serotonin may be tonically released to
inhibit glutamate release to decrease CCA blood f low

128.13
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SEROTONIN AS A SYNAPTIC MAINTENANCE FACTOR IN ADULT
HIPPOCAMPUS: LOSS OF SYNAPTIC MARKERS AFTER PCPA
TREATMENT P.M. Whitakgr-Azmitis1^. A, Bordla1. N, Raio1. N. O^Lo 2
and E. C. Azmitia3 Dept. 1. Dept. of Psychiatry, SUNY, Stony Brook, New
York, 11794, 2. Dept. Anatomy, Univ. . of Tsukuba, Tsukuba, Japan, 3.
Dept, of Biology, New York University, New York, New York 10003.

STEROID INTERACTIONS WITH SEROTONIN AS A SYNAPTIC
MAINTENANCE FACTOR IN ADULT HIPPOCAMPUS: REVERSAL OF
SYNAPTIC LOSS BY DEXAMETHASONE E. C. Azmitift. J. Huang1 and
P.M. Whitaker-Azmi^ 1. Dept, of Biology, New York University, New
York, New York 1000 2. Dept, of Psychiatry, SUNY, Stony Brook, New
York, 11794.
Stress related steroids, such as cortisol, have modulating effects on many
aspects of serotonin function, including serotonin's role in development. In
the adult brain, both serotonin and steroids are necessary for normal
maintenance of the hippocampus. The current study was undertaken to
determine if serotonin and steroids are interactive in synaptic maintenance.
ALult rats were injected IP with 3O0mg/kg p-chlorophgnylslsning (PCPA)
or the equivalent volume of saline on two consecutive Lays followed by 100
mg/kg for two Lays. On Lays 5-8, PCPA-treated animals were injected with
saline or 5 mg/kg Lgxsmgthssong and on Lay 9 the rats were perfused and
the brains sectioned at 40 gm. Sections were stained with the primary
antibodies synaptophysin (mouse monoclonal 1/200) and MAP-2 (mouse
monoclonal 1/500) and visualized with the ABC kit by Ve^asUm.
Dgxsmgthssong treatment significantly reversed the loss of synaptic
markers caused by serotonin depletion. Our results show that serotonin and
steroids may rely on a similar mechanism to maintain synaptic contacts. Our
previous work suggests this mechanism may be related to release of the
trophic factor S-1OOB.

Serotonin plays a role in several aspects of brain development, including
synsptoggngsis (Whitokgr-Azmitis et al, (1990) Ann. NYAS 600: 315;
Lauder et al (1986), Brain. Res. Bull 2:605; Chubakov et al (1986), Brain
Res. 369: 285) and, thus, may function in the mature brain as a maintenance
factor. Moreover, a recent EM study has shown that serotonin depletion in
adult rats causes a loss of synaptic densities (OkaLo et al, (1993) J.
Neurobiol.24:687.). The present study was undertaken to determine if
serotonin depletion would result in loss of two synaptic markers synaptophysin, a vesicular protein and MAP-2 which is associated with
dendrites. ALult rats were injected IP with 3OOmg/kg p-chlorophenylslsning
(PCPA) or the equivalent volume of saline on two consecutive Lays followed
by 100 mg/kg every other Lay for eight Lays. Fourteen Lays after the final
injection rats were perfused and the brains sectioned at 30 gm. Sections
were stained with the primary antibodies synaptophysin (1/200) and MAP-2
(1/500) and visualized with the ABC kit by Ve^asra^.
Our results show a dramatic reduction in MAP-2 staining, especially in the
CA region. Similar results were found for synaptophysin, with the most
dramatic loss in dentate gyrus. Our results show a role for serotonin in
synaptic stabilization in the adult brain, possibly through the release of S1008 by 5-HTjs receptors.
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DISTRIBUTION AND NEUROCHEMICAL IDENTITY OF RAT DORSAL RAPHE
NEURONS THAT PROJECT TO SITES ALONG THE SOMATOSENSORY
TRIGEMINAL PATHWAY. ML Kirifktef. R.C.S. Lin and B.D. Waterhouse. Dept of
Physiol, and Biophys. MCP/HU, Phila., PA 19102.
Previous studies from our laboratory have demonstrated the existence of a crude
topographic organization of the dorsal raphe (DR) nucleus with respect to ascending
sensory pathways. However, the neurochemical identity of DR neurons that project to
modality specific sensory pathways has not been established. Other investigators have
determined that the rat d R consists of serotonin (5-HT)-, dopamine (DA)- and gammaaminobutyric acid (GABA)- containing neurons. The goal of the present study was to
determine the topographic organization and transmitter specificity of DR cells that send
efferent projections to sites along the somatosensory trigeminal pathway (STP). We
injected adult Long Evans hooded rats with retrograde fluorescent tracers into three sites
along the STP, the "barrel field" cortex (BC), the ventral posterior medial thalamus (VPM),

and the principal nucleus of the trigeminal complex (pV). After sacrifice, coronal (40 p)
sections through the DR were collected, immunoreacted for 5-HT, tyrosine hydroxylase
(TH), and GABA or glutamic acid decarboxylase (GAD) and subsequently examined using
fluorescence microscopy. DR efferents to b C originate in the ventral medial intrafasricular
and ipsilateral suprafascicular zone of mid to caudal regions of DR. In rostral regions of
DR, efferents to BC originate from the dorsal medial (DM) zone of the nucleus. While TH
positive cells were concentrated in the DM and interfasicular zones of DR, no BC
projection neurons stained positively for TH Likewise, proj'ection cells from DR to VPM
and pV were not TH positive. Most BC projection neurons contained 5-HT and some of
these were also immunopositive for Ga Ba and/or GAD. In summary, the present study
identifies 5-HT and GABA as potential co-transmitters utilized by DR cells which project
to the STP. These results further support the idea that DR is not a homogenous nucleus,
but rather organized with respect to its efferent targets and transmitter composition.
Furthermore, these findings prompt us to begin considering the functional implications of
activity dependent co-release of 5-HT and GABA at multiple sites along a primary sensory
pathway. Supported by NIDA DA 05117 and NIH NS 32461 to BDW.
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INFUSION

raphe

GABAERGIC AFFERENTS TO THE RAT DORSAL RAPHE NUCLEUS
C. Pevron and P-H. Lupni*. INSERM U52, CNRS URA 1195, 8 avenue
Rockefeller, 69373 Lyon cedex 08, France.
It is well known that the serotonergic neurons fire tonically during wakefulness and
cease firing during paradoxical sleep (PS). In the reciprocal interaction models of
McCarley and Hobson ('74) and Sakai (’85), it was hypothesized that the cessation of
activity of these neurons was necessary for the PS to occur. Based on recent
anatomical and physiological data, we and others recently suggested that GABA might
be responsible for the inhibition of serotonergic neurons during PS. Therefore, we
attempted to determine the origin of the GABAergic innervation of the rat dorsal raphe
nucleus (DRN). For this purpose, we combined the use of cholera-toxin B subunit
(CTb) as a retrograde tracer with GAD immunohistochemistry. Restricted CTb
injection sites in the DRN were obtained by iontophoretic applications (0.5 pA, 5
min.) from 4 pm tip micropipettes (1% CTb in PB 0.1M, pH = 6), adequately placed
by prior recording of serotonergic neurons through the CTb containing micropipette.
After such injections, a substantial to large number of retrogradely labeled cells was
observed in the orbital and prelimbic cortices, the preoptic and posterior hypothalamic
areas, the lateral habenula, the substantia nigra, the periaqueductal gray and the
parabrachial region. A small number of cells was seen in the mesencephalic reticular
formation, the laterodorsal tegmental, lateral paragigantocellular and prepositus
hypoglossi nuclei. We further confirmed these results with iontophoretic injections of
the anterograde tracers CTb and PHAL in the regions found to project to the DRN.
After CTb and GAD immunostaining on the same sections, double-labeled cells
were observed in the preoptic and posterior hypothalamic areas, the periaqueductal
gray, the mesencephalic reticular formation, the parabrachial region and the nucleus
prepositus hypoglossi.
These results suggest that the GABAergic innervation of the DRN might arise from
a large number of regions rather than from a single and moreover local source. It
remains to be determined whether one or several of these GABAergic inputs might be
responsible for the inhibition of serotonergic neurons during PS.
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OF SEROTONIN RELEASE IN THE RAT BRAIN. R. Tao* and
S.B.
Auerbach.
Nelson Biol.
Lab.,
Rutgers Univ.,
Piscataway, NJ 08855.
previous studies suggest that morphine induces
increased serotonin (5-HT) in the forebrain by a selective
effect within the dorsal raphe nucleus (DDRJ). The purpose
of the present study was to determine if GABA is involved
in morphine-induced increases in 5-HT release. Systemic
morphine (10 mg/kg sc) caused a ~60% increase in 5-ht
release in the DRN and a ~60% increase in the nucleus
accumbens (NAcc) . Local perfusion of muscimol (1 pM, 10
pM, 100 pM and 1000 pM, n=4-5) into the DRN through a
dialysis probe caused a dose-dependent reduction of DRN 5HT. The maximal decrease from baseline was ~40% for 100 pM
and ~70% for 1000 pM. Similarly, 5-HT in the NAcc was
reduced to about 40% of baseline during perfusion of the
DRN with 100 pM muscimol. Morphine-induced increase in 5HT release in the DRN and NAcc were abolished in rats
infused with muscimol into the DRN at doses greater than 1
pM. taken together, these results suggest that
receptor stimulation in the DRN prevents the stimulation
of 5-HT release induced by morphine?. This is consistent
with the possibility that opioids indirectly stimulate 5HT neurotransmission by an inhibition of GABA release in
ohe DRN.
Supported by a grant from NSF.
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ACTIVATION OF DESCENDING SEROTONERGIC NEURONS
OCCURS WITH*COLD EXPOSURE.
A.M. Passerin and
W.N. Henley ♦ Dpt. of Biol. Sci. and Coll, of
Osteo. Med., Ohio U., Athens, OH 45701
We have previously reported increases in the
accumuuation of 5-hydroxyindoleacetic acid
(5HIAA) and increased serotonin (5HT) synthesis
in brainstem and spinal cord of rats following 24
hr cold exposure.
To substantiate our hypothesis
that serotonergic activation occurs with cold
exposure, rats were exposed to 3°C or 22°C for 24
hr, and were given p-cholorophenylalanine (pCPA;
25Omggkg, i.p.), or saline (2ml/kg, i.p.)
(n=8/group).
Cold exposure enhanced pCPA-induced
depletion of 5HT in spinal cord and 5HIAA in
spinal cord and brainstem (Least Significant
Difference Test; p<0.05).
In another experiment,
the tmme course of 5HT activation was studied.
Rats (n=6/group) were exposed to either 3°C or
22°C for 2, 4, 48, or 96 hr.
Cold-induced
increases in [5HIAA] were noted in spinal cord at
all tmme points measured, in caudal brainstem
following 8 hr cold exposure, and in rostral
brainstem following 2, 8, and 96 hr of cold
exposure.
Thus, cold-induced activation of
spinal., cord 5HT neurons was seen within 2 hr and
persisted for the duration of the study.
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A REGIONAL ANALYSIS OF THE EFFECTS OF DIFFERENT
STRESSORS ON EXTRACELLULAR LEVELS. OF 5-HT. L.G.
Kirfry*i- A.R. Alien. J. Chou, and I, Lucki, Departments of
Psychiatry and Pharmacology, Institute of Neurological Sciences,
University of Pennsylvania, Philadelphia, PA 19104.
The effects of application of four different stressors on extracellular 5-hydroxytryptamine (5-HT) levels in rats were examined using in vivo microdialysis. The
stressors were: forced swim for 30 min, forced motor activity on a rotarod for 30
min, restraint stress for 100 min, and exposure to a cold environment (4°C) for 2
hrs. A single dialysis probe was implanted under surgical anesthesia into either the
striatum, ventral hippocampus, frontal cortex, central nucleus of the amygdala, or
lateral septum on the day before the study. Dialysate content of 5-HT and 5hydroxyindoleacetic acid (5-HIAA) were measured by HPLC. In the striatum, the
swim stress elevated 5-HT outflow to a maximum of 90% above basal levels. In
contrast, 5-HT outflow in the hippocampus and frontal cortex were not altered
significantly by the swim stress. In the amygdala and lateral septum, 5-HT levels
were reduced to 40 and 50% of basal values, respectively. 5-HIAA levels were
reduced in all five brain regions during the swim session to 45-60% of basal levels.
The effects of the other three stressors were examined in either the striatum or
ventral hippocampus. All three stressors failed to alter the extracellular levels of 5HT in either brain region. In addition, 5-HIAA levels were only slightly increased
by restraint stress in both regions. These results suggest that the swim stress is
unique among these stressors in its ability to modulate 5-HT neurotransmission in a
regionally specific manner. Since the forced swim test is used as an animal model of
depression, it is possible that the alterations of 5-HT release by the swim stress may
be associated with the ability of antidepressant drugs to selectively alter behavioral
performance during the forced swim test. Supported by USPHS grants MH 17168,
MH 36262, and MH 48125.
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DexFENFLUR AMINE INDUCES SELECTIVE EXPRESSION
OF THE IMMEDIATE-EARLY GENES C-FOS AND NGFI-B
WITHIN THE RAT BRAIN. S. Bovetto1*. N. NaimiL N. Laflamme2.
S. Rivest2 and D. Richard! ’Dpt. Physiology, Sch. Medicine and 2Dpt.
Molecular Endocrinology, CHUL Research center, Laval university, Quebec,
G1K 7P4, Canada.
The aim of this study was to determine the brain sites activated
by Dexfenfluramine, an indirect agonist of the neurotransmitter
5-hydroxytryptamine (5-HT). Dexfenfluramine (10 mg/kg) or placebo
(NaCl 0.9%) were intraperitoneally injected to male Wistar rats (280 ± 10 g)
which were sacrificed 30,60 and 180 minutes after injection. C-fos and NGFI-B
mRNAs were assessed by in situ hybridization on 30 pm brain sections
with a ’S-labelled riboprobe. Dexfenfluramine stimulated the expression of c-fos
and NGFI-B genes within the striatum, the OVLT/medial preoptic area (MPOA),
the supraoptic nuclei (SON) and the paraventricular nuclei of the hypothalamus
(PVN). Although Dexfenfluramine induced c-fos gene expression in the nuclei
of the solitary tract (NTS) and the locus coeruleus, these structure did not exhibit
positive signal for NGFI-B mRNA in the same rats. In most of these regions,
the hybridized signal for both transcripts was maximum at 30 minutes
post-injection and declined from 60 to 180 minutes. However, the signal
for NGFI-B mRNA remained highly positive in the striatum of the animals
sacrificed 180 minutes after the treatment with Dexfenfluramine. These results
provide evidence that Dexfenfluramine rapidly stimulates the transcription
of various immediate-early genes in selective brain structures which reveals
the possible central sites involved in the effects of this 5HTergic drug.
This study also suggests that induction of both c-fos and NGFI-B transcripts
can be dissociated, particularly in the medulla and the striatum.
Research supported by CRSNG and FRSQ
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BRAIN SEROTONIN NEURONS SHOW NO LONG TERM CHANGES AFTER
SHORT TREATMENT REGIMENS WITH DEXFENFLURAMINE. M. Kalia* and
N.P.O'Mallev. Dept. of Neurosurgery, Jefferson Medical College of Thomas
Jefferson University, Philadelphia PA 19107.

MDL 100,907, a potent and selective 5-HT2 antagonist does not block
the amphetamine-induced slowing of A10 dopamine neurons in vitro.
S.M. Sorensen* and J.M, Zwolshen. Marion Merrell Dow Research
Inst., Cincinnati, OH 45215
We have recently reported that the 5HT2 antagonist MDL 100,907
(R(+)-a-(2,3-dimethoxyphenyl)-l-[2-(4-fluorophenylethyl)]-4piperidine-methanol), blocked the amphetamine-induced slowing of
A10 dopaminergic neurons in vivo (Sorensen et al., J. Pharmacol. Exp.
Ther. 260:872-878 1992). The mechanism involved in this blockade of
amphetamine is not yet known. The effect is not mediated via the
dopamine autoreceptor because MDL 100,907 has no affinity for the D2
receptor. In order to determine whether the 5HT2 antagonism was
occurring at the level of the cell body or at the level of the terminals we
have repeated these experiment using an in vitro ventral tegmental slice
(VTA) recording system. The dissection of the VTA slice removes both
the cell terminals as well as any long feedback mechanism leaving only
local interactions. In roughly half of the neurons Amphetamine (10 or
40 uM produced a decrease in the firing rate, an increase in firing rate
was seen in the remaining half. Pretreatment with MDL 100,907 (100
nM) had no effect on the A10 neurons and did not block either of the
effects of amphetamine. The results suggest that the interaction
between 5HT2 antagonists and amphetamine occurs at a site distant
from the cell body.

Previously, we have demonstrated the functional viability of brain serotonin
neurons in the raphe nucleus using quantitative analyses of retrogradely labeled
neurons 18 hrs & 3 wks following treatment with dexfenfluramine (8 & 16
mg/kg/day for 4 to 21 days). To better understand the prolonged effect of this
treatment regimen on brain serotonin neurons, we examined rats 18 - 22
months post-treatment as compared with pair-fed, litter-mate controls. Since
the purpose of this study was to investigate the possibility of long-term
destruction of brain serotonin neurons, we quantified serotonergic cell bodies in
the dorsal raphe in serial, coronal sections. A serotonin antibody INCSTAR lot
# 88 and standard immunocytochemical (ICC) methods were used. Staining
specificity was achieved by incubation with goat antiserum preadsorbed with rat.
All slides were coded and analyzed under double-blind conditions. The touch
count measurement mode of Bioquant Meg IV system was used for cell counts.
The densest collection of serotonergic neurons was found 0.7 mm rostral to the
inter-aural plane. The morphology of serotonergic neurons was identical in
experimental and pair-fed animals and showed numerous dendrites, multipolar
perikarya and intense ICC staining. The total number of serotonergic neurons
in the dorsal raphe nucleus in the control rats ranged from 11,340 to 11,410 and
in the experimental rats from 11,278 to 11,502. In addition, despite the age of
these animals the raphe neurons showed remarkable dendritic branching and
ICC staining. This systematic quantitative analysis revealed no differences
between experimental and control animals in the number and morphology of
serotonergic neurons up to 22 months after a short period of dexfenfluramine
treatment. (Supported by Servier and Interneuron Pharmaceutials Inc.)
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CHARACTERIZATION AND REGIONAL LOCALIZATION OF SEROTONIN
TRANSPORTER PROTEINS USING IMMUNOLOGICAL APPROACHES.
Y. Qian*. H, Melikian. D. B . Rve. A. I. Levev and R. D . B lBcaly. Program in
Neurosci., Dept. of Anal. & Cell Biol., Dept, of Neurol., Emory Univ. Sch. of
Med., Atlanta, GA 30322.
In order to directly identify and localize the plasma membrane serotonin
transporter (SERT), immunoblots and immunocytochemistry were performed
using a specific antibody raised against the C-terminal 34 amino acid of rat
SERT. This antibody recognizes rat and human SERTs, but not the human
norepinephrine transporter, transiently expressed in transfected Hela cells.
Results from immunoblots of native tissues revealed different apparent Mr
of rat SERT from brain and platelet, being 76 kDa and 94 kDa, respectively.
Human SERTs from brain and platelets also exhibit this size difference. Ndeglycosylation experiment of rat membranes using PNGaseF demonstrated
that this difference in Mr is due to differential N-glycosylation. Immunocytochemistry on serial rat brain sections revealed intense soma and dendritic
staining restricted to the raphe complex. SERT-immunoreactive fibers were
observed to be distributed in various brain regions, including cerebral cortex,
hippocampus, striatum, olfactory bulb, hypothalamus, periaquiduct gray dred
and substantia nigra. No glial staining is evident at the light microscopic level.
The distribution pattern generally matches with that of 5HT immunohistochemistry performed on adjacent sections and parallels previous reports of
SERT localization by antidepressant autoradiography. This antibody also
detects human SERT on postmortem brain sections, providing an opportunity
for future studies on the modulation of SERT protein expression in various
neurologic and psychiatric disorders. This work was supported by NIH grants
DA-07390 (R.D..B.) and AG-10310 (A.I.L.) and the Mallinckrodt Foundation
(R.D.B.).

COMPARATIVE EVALUATION OF THREE LIGANDS OF THE
SEROTONIN (5-HT) TRANSPORTER AS MARKERS OF 5-HT
INNERVATION DENSITY IN BRAIN. L. Descartes*. J.P. Soucy.
F. LLfaiHe. A. MririandR. Tanguay. DDp.patholooie, Fac. mmiecine;
D6p. mydecine nuclyaire, HOpital Notre-Dame, and Fac. mddecine dentaire,
University de Montreal, Montreal, Quebec, Canada H3C 3J7
Tritiated cydnrimipgdmine (CYI), citalopram (CITAL) and 6-nitroquipazine (6-NTQ) were empirically evaluated as markers of regional
5-HT innervation density in rat brain. In autoradiographs from adjacent
sections of nerstridtdl tissue that was 5-HT hyper-, normo- or hypoinnervated, these axon terminals were counted after labeling by uptake and
storage of [3H]5-HT, on the one hand, and the density of specific binding
was measured for each radioligand, on the other hand. Two hundred and
sixty-seven pairs of data were obtained. The analysis of variance showed a
linear correlation between the density of 5-HT innervation and the density
of binding for each ligand, without any change in the slope of the
regression line as a fonction of 5-HT innervation density. Multilevel
analyses (iterative generalized least squares) indicated that the regression
lines for CYI and CITAL had the same slope and crossed the ordinate near
zero, whereas the regression for 6-NTQ was less steep and had a higher
intercept with the ordinate (p<0.01). Moreover, the dispersion around the
regressions (residuals) seemed smaller for CYI and CITAL than 6-NTQ. It
was concluded that CYI and CITAL have a better potential than 6-NTQ as
eventual tools for quantifying 5-HT innervation density in vivo by positron
emission tomography. None of the three ligands gave any sign of up- or
down-regulation of the transporter consequent to 5-HT hyper- or hypoinnervation. However, 6-NTQ appeared less sensitive to variations in the
density of 5-HT innervation and demonstrated a certain lack of specificity.
In contrast, CYI and CITAL both proved sufficiently sensitive, specific and
precise to justify further experimentation aimed at clinical application.

129.3

129.4

DISTRIBUTION OF IMMUNOCYTOCHEMICALLY STAINED
5-HT TRANSPORTER IN RAT BRAIN. S. Bledsoe* and F. C.
Zhou . Dept, of Anatomy, Indiana University, Indianapolis, IN 46202
Two antibodies were made, in rabbits, against the synthetic multiple
antigenic peptide of 5-HT transporter (5-HTT) sequence (Blakely et al.,
1991; Hoffman et al.,1991), 5-HTT315, (an octamer of 11 a.a.
beginning at 315, in third outer loop) and 5-HTT55, (an octamer of 14
a.a. beginning at 55, in first inner loop). These sequences have no
homologous region with known published transmitter transporters,
receptors of other homologous sequence in the rat.
Preliminary staining with both antibodies revealed similar patterns
with many punctate stainings in brain regions where 5-HT terminals are
located. Punctate 5-HTT-like staining was seen in the parietal, temporal,
and frontal cortex, striatum, globus pallidus, infragranule layer and was
associated with granular pyramidal cells as well as intemeurons of
hippocampus. 5-HT-like fibers were stained by the 5-HTT antibodies
in the external cortex of the inferior colliculus and ependymal layer.
In addition to the normal distribution of 5-HT fiber terminals 5-HTT
staining also appeared as punctate terminals associated with vasculature
and glial cells. Further more, a perisomatic punctate staining was located
in layers 4-5 of the frontal and motor cortex, and the polymorphic layer
of dentate in hippocampus.
Our studies show that (a) the punctate 5-HTT staining appears similar
to 5-HT terminals and their distributions are similar, (b) antibodies
against two peptides in separate regions of the 5-HTT protein seem to
locate similar structures and membrane elements in the brain, and (c) the
5-HTT-like staining is not strictly confined in the 5-HT fiber terminal
regions, non-5-HT neurons may contain 5-HT transporters.

3H-5-HT TRANSPORTER (5-HTT) ANTISERUM BLOCKED
3H-5HT UPTAKE SITE IN ALCOHOL-PREFERRING RATS.
W.K.Kim-Park* and F.C. Zhou. Department of Anatomy,
Indiana University, School of Medicine, Indianapolis, IN 46202
An antibody was raised against 5-HTT (sequence with 55-68
amino acids; 5-HTT.55) in rabbit. Diluted (1:200-5,000) rabbit
serum was tested on 3H-5HT uptake along with fluoxetine
which was used for the non-specific uptake in high alcoholdrinking (HAD) and low alcohol-drinking (LAD) rats. We
previously showed that the specific uptake of 3H-5HT was
higher in LAD than HAD rats (Kim-Park et al. 1993). Current
kinetic study shows that the higher uptake in LAD has higher
V.. (163,559 ± 11,209 vs 111,693 ± 4,458 cpm) but with
similar K (0.786 ± 0.054 vs 0.8074 ± 0.0531 uM) values.
Diluted (1:200-800) antiserum had a similar effects (n=3) to
fluoxetine in these experiments, in blocking the uptake site in
various brain regions of HAD or LAD rats and showed higher
uptake in LAD rats. In frontal cortex of HAD, the specific
uptake with fluoxetine: antibody was 54:45 % and that of LAD
was 61:57 %. LAD rats may have more specific 5-HT uptake
sites and 5-HTT antibody has potential to block 5-HT uptake
in the rat brain.
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SEROTONIN TRANSPORTER IMMUNOREACTIVE FIBERS
THE RAT PEDUNCULOPONTINE TEGMENTAL NUCLEUS

SEROTONIN

IN

T.L. Steininger*. A.I. Levey. Y. Qian. R.D. Blakely. B.H. Wainer. and D.B. Rye
Comm. Neurobiol., Univ. Chicago, Chicago, IL 60637; Dept. Pathol., Albert
Einstein Med. Coll., Bronx, NY, 10461; and Depts. Neurology and Anatomy
and Cell Biology, Emory University, Atlanta, GA 30322.

The pedunculopontine tegmental nucleus (PPT) is a
brainstem cholinergic group with widespread projections that
plays a key role in behavioral state control.
Previous
anterograde tracing studies have demonstrated a projection to
the PPT from the serotonergic dorsal raphe nucleus.
This
projection is thought to be important in the generation of rapideye-movement sleep.
Since the dorsal raphe nucleus consists
of both serotonergic and non-serotonergic neurons, in the
present
study
we
have
employed
doubleimmunohistochemistry for the serotonin transporter (SERT)
and choline acetyl-transferase (ChAT) to investigate whether
PPT neurons receive serotonergic input.
Polyclonal antibodies were generated against the rat
serotonin transporter (see Qian et. al., abstract).
The
localization of SERT-immunoreactivity (ir) was essentially
identical to that of serotonin-ir.
SERT-ir neurons were
observed in clusters in the dorsal raphe nucleus, as well as
other mesencephalic serotonin groups.
However, the
visualization of fibers was much more robust in SERT- than in
serotonin-immunostained material.
SERT-ir varicose axons
were very dense in the PPT region, particularly in the caudal
pars
compacta of the
nucleus.
Preliminary electron
microscopic observations have demonstrated that SERT is
localized in axons and axon terminals in the PPT.
(Supported by NS-17661, DA-07390)

[125i ]RTI-55 BINDING TO RECOMBINANT HUMAN SEROTONIN
AND DOPAMINE TRANSPORTERS EXPRESSED IN MAMMALIAN
CELL LINES. KA Neve*. AJ Eshleman. JW Boia1. WA Goodhue. RD
Blakely2 and A Janowsky. Oregon Health Sciences Univ. & V.A. Med.
Center, Portland, OR 97201; 1NIDA/ARC Baltimore, MD 21224; and
2Emory Sch Med. Atlanta, GA 30322.
Biogenic amine neurotransmission is primarily terminated by high
affinity presvnaptic transporters, which are targets for abused drugs such as
cocaine and amphetamine as well as therapeutic agents such as imipramine
and fluoxetine. RTI-55 (PCIT) is a relatively stable cocaine analog with
high affinity for both the human dopamine (hDAT) and serotonin (hSERT)
transporters; labelled RTI-55 has been used to image striatal hDAT and
mid-brain hSERT in vivo. In Krebs Hepes buffer, the Kd values for
[25l]RTI binding to membranes from COS-7 cells transiently expressing
hDAT and hSERT were 0.47 and 0.30 nM respectively; in no experiment
was there a significant improvement in fit when a two site equation was used
to analyze the data. [125l]RTI-55 binding reached equilibrium in 45 and 60
min to hDAT and hSERT, respectively. The half time for dissociation of
[125l]RTI-55 from hDAT was 19 min and there was no improvement in fit
with a 2 site model. The rank order of potency for inhibition of RTI-55
binding to hDAT was GBR > CFT > mazindol > cocaine >
methamphetamine, with IC50 values ranging from 6.4 nM to 6.1 pM. For
inhibition of RTI-55 binding to hSERT, the rank order of potency was
imipramine > CFT > cocaine > methamphetamine with IC50 values ranging
from 2.4 nM to 69 pM. The data suggest that reported RTI-55 binding to a
second, low affinity site in brain is not linked to a transporter; conversely,
expressed clones may not form a low affinity state. (VA Merit Review,
T32DA07262, DA07390 and Contract NO 1DA-8303)

129.7

129.8

NEW SELECTIVE COMPOUNDS FOR THE SEROTONIN
TRANSPORTER: SYNTHESIS AND LIGAND BINDING OF COCAINE
ANALOGS. MJ, Kuhar*. J.W. Boia. AH. LeWa P. Abraham. K Keveriinc
and F.I. Carroll.
Molecular Pharmacology Section, NIH-NIDA/IRP,
Baltimore, MD 21224 and Research Triangle Institute, Research Triangle

MOLECULAR PHARMACOLOGY OF THE NEURONAL SEROTONIN
TRANSPORTER: IONIC REQUIREMENTS AND EFFECTS OF DRUGS OF
ABUSE.
W.A. Wolf and K. Sankaran. V.A. Medical Center, Allen Park, Ml 48101 and
Cellular and Clinical Neurobiology Program, Dept. of Psychiatry, Wayne State
University, Detroit, Ml 48201.
The serotonin (5-HT) transporter in the neuronal plasma membrane
catalyzes 5-HT re-uptake from the synapse. Although the characteristics of
ligand binding and transport have been well characterized, there is much
interest in understanding whether transporter-active drugs of abuse and other
classes of substrates and inhibitors exhibit different mechanisms of action at
the 5-HT transporter. The effects of the substituted amphetamine, pchloroamphetamine (pCA) and cocaine on 5-HT transport and radioligand
binding to the neuronal 5-HT transporter will be presented. This abstract
describes some . of these studies on the ionic dependence of 5-HT transport
and 3H-paroxetine binding. In the absence of Cl' ion (Na+ being maintained
with NaSOJ 3H-paroxetine binding to rat brain membranes was reduced
(Bmax= 480 vs 270 fmoles/mg prot in presence and absence of Cl ,
respectively). K, values for 5-HT and pCA were increased 7-fold and 3-fold,
respectively, in the absence of Cl' . The affinity of cocaine for 3H-paroxetine

Park, NC, 27709.
Cocaine and some of its analogs have been shown to be potent inhibitors
of the serotonin transporter (5-HTT). Several cocaine analogs and their
respective configurational isomers have been synthesized which are structurally
similar the potent 5-HTT inhibitor paroxetine. Both the analogs of cocaine
and paroxetine possess a piperidine ring with an aryl and an oxygenated
carbon moiety in similar positions on die tropane ring. The major difference
between the two is that the analogs contain an ethylene bridge, which is not
present in paroxetine, which lends to conformational rigidity of the piperidine
ring.
Several of the isomers of the cocaine analogs were potent inhibitors of the
5-HTT, while lacking this potency for either the dopamine transporter or
norepinephrine transporter. Since cocaine has activity at the 5-HTT, it is
important to identify those compounds which may be potentially useful in
medication development for the treatment of drug abuse.

binding was unchanged. In transport studies, inclusion of 10 pM ouabain in
synaptosomal assays was used to reduce the driving force for maintaining a
Na+ gradient. 3H-5-HT uptake was reduced approximately 40%. Ouabain had
little effect on inhibition of 3H-5-HT uptake by fluoxetine, enhanced the potency
of pCA and trifluoromethylphenylpiperazine, and reduced the potency of
cocaine. These data suggest that the mechanism of action of cocaine and
pCA differs. Further evidence will be presented to support the hypothesis that
pCA acts as a substrate and that, although cocaine is similar to translocation
inhibitors, such as fluoxetine, it differs slightly in its Na+-dependence.

129.9

129.10

DIFFERING EFFECTS OF EEDQ AND PHENOXYBENZAMINE ON 5-HT
TRANSPORTERS IN WISTAR AND SPRAGUE-DAWLEY RAT BRAIN.
R.I.Westphalen, P.R.Dodd and tD.L.Cameron* Royal Brisbane Hospital
Research Foundation, Bancroft Centre, Brisbane Q 4029, AUSTRALIA and
tDept. of Anatomy, Flinders University, Bedford Park SA 5042 AUSTRALIA.

[3H]-CITALOPRAM BINDING TO BRAIN & PLATELET 5-HT
TRANSPORTERS: DEVELOPMENTAL INCREASES IN BINDING DENSITY
IN PREFRONTAL CORTEX OF YOUNG ADULT RATS. D.L. Knight*. MJ.
Owens. W.N. Morgan and C.B. Nemeroff. Laboratory of
Neuropsychopharmacology, Department of Psychiatry & Behavioral Sciences,
Emory University School of Medicine, Atlanta, Georgia 30322.
An increased density of [3H]-citalopram binding, which labels die 5-HT
transporter, has previously been observed in rat prefrontal cortex (but not
frontal/parietal cortex or caudate) following s.c. saline injections in young adult
rats. The present study was designed to determine whether these changes are
secondary to the stress of the saline injections, or if they are normal
developmental changes of the 5-HT neuronal system.
Two groups of rats, age 6 weeks and age 10 weeks were used. Rats received
either no injection or twice daily s.c. injections of saline (1 mL/kg) for four days.
Groups of 12 rats were then sacrificed at various times after completion of the
saline injections (1 day, 1.5 and 10 weeks). Platelets and brains were collected at
time of sacrifice. [3H]-citalopram binding was performed on prefrontal cortex and
platelets utilizing lpM chlorimipramine to define non-specific binding. An age
related increase in the number of [^TJ-ititakprum binding sites were observed in
the younger animals (6 weeks of age) in the prefrontal cortex. There were no
changes in [3H]-citalopram binding in die prefrontal cortex of die more mature
rats (beginning age - 10 weeks). At 10 weeks post-treatment there were increases
in platelet [^^--ciia0pnam binding in both groups. Additionally, there was no
correlation between brain and platelet 5-HT transporter density in individual
animals. This data shows that the increases are unrelated to injection stress, and
further confirms the existence of developmental changes in [jj-ctaatopram
labeled 5-HT transporters in the prefrontal cortex of young adult rats.
Immunocytochemical studies are underway to more precisely localize this effect.

The actions of the irreversible ligands N-ethoxycarbonyl-2-ethoxy-1,2dihydroquinoline (EEDQ) and phenoxybenzamine (PBA) on brain tissue
from Wistar and Sprague-Dawley (SD) rats were compared. Synaptosomes
prepared from the brains of Wistar rats, 24-48 hours after receiving 4 mg/kg
of EEDQ ip, showed significantly reduced (Vmax = 64±8% of control)
5-[3H]HT uptake. The affinity of 5-[3H]HT for the serotonin transporter
remained unchanged (Km = 112±8% of control). Conversely, the Vmax
value determined when using synaptosomes prepared from SD rats that had
recieved l2mg/kg EEDQ ip, was the same (100±2%) as control. EEDQ did
however decrease the affinity of 5-[3H]HT for the transporter (Km = 154±4%
of control) in SD rats.
Synaptosomes prepared from untreated Wistar and SD rat brains were
exposed to varying concentrations of PBA (1-300pM). As found in the in
vivo study, PBA dose-dependently reduced 5-[3H]HT uptake in Wistar but
not SD preparations and dose dependency increased the Km in SD-type but
not in Wistar-type preparations.
[3H]Paroxetine binding was significantly reduced in membrane
preparations from EEDQ-treated Wistar (Bmax = 76±1% of control) and SD
(Bmax = 56±7% of control) rats. Likewise, PBA treatment in vitro caused
reduced [3H]paroxetine binding in membrane preparations from either strain
with equal affinity (EC50 ~ 5OpM).
Altho'ugh control values of all parameters did not differ between the
strains, the results suggest the 5-HT transporter in Wistar and SpraugeDawley rats is not identical.
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STUDIES ON THE MECHANISM OF ADP RECEPTOR
MEDIATED DOWN-REGULATION OF PLATELET SEROTONIN
TRANSPORT. G.M. Anderson* and L.M. Hall. Child Study Center,
Yale Univ. Sch. of Med., New Haven, CT 06520-7900.
We have previously reported (Neurosci. Abstr., 1993, p.936) that
adenonsine diphosphate (ADP) causes a rapid (~2 sec) and marked mean
reduction (to 42% of controls) in the rate (Vmax) of platelet serotonin
(5HT) uptake. We have now observed that the non-hydrolyzable ADP
receptor agonist 2-methylthio-adenosine diphosphate (MeSADP),
produces a similar, rapid decrease in 5HT transport by the human
platelet. The effects of ADP or MeSADP could be blocked by the ADP
receptor antagonist (Sp)-adenosine 5'-0-(l-thiotriphosphate). These results
strongly indicate that the effect is mediated through the platelet ADP
receptor.
Additional studies have indicated that known second messenger systems
of the platelet are not involved in the ADP receptor-mediated downregulation. Furthermore, the effect appears to be additive with the
previously described (Anderson and Home, Biochem Biophys Acta
1137:331-337, 1992) down-regulation produced by the PKC activator
mezerein. Specifically, when 100 gm ADP was added to platelets
pretreated for 20 min with the PKC activator mezerein (1 gm), even
greater reductions (to approx. 20% of controls) in the rate of 5HT uptake
were observed. Ongoing studies examining the role of G-proteins in the
coupling of the ADP receptor and the 5HT transporter also will be
presented and discussed.

p-CHLOROPHENYLALANINE DECREASES SEROTONIN
TRANSPORTER mRNA LEVELS IN THE RAT DORSAL RAPHE
NUCLEUS. A. Yu. J. Yang & S. M. Teiani-Butt*. Dept, of
Psychiatry, University of Pennsylvania School of Medicine, Phila., PA,
USA.
In vivo administration of p-chlorophenylalanine (PCPA),
inhibits tryptophan hydroxylase and produces a depletion of serotonin
(5-HT) in the brain. This study investigated the effects of PCPA on
mRNA encoding for the rat 5-HT transporter (5-HTT) in the dorsal
raphe nucleus (DRN), using in situ hybridization histochemistry, as
well as on the binding of 3H-CNIMI to 5-HTT sites using quantitative
autoradiography. Rats were pretreated with DMI (25 mg/kg, i.p.) 1 hr
prior to an injection of PCPA (300 mg/kg, i.p.) and killed 3 days later.
In control rats, high levels of 5-HTT mRNA were seen in the
dorsomedial, ventromedial and lateral portions of the DRN complex.
In PCPA treated rats, even though a significant decrease (p<0.01) was
observed throughout the DRN complex, a greater reduction in 5-HTT
mRNA was found in the lateral wings of the DRN. PCPA did not alter
3H-CNIMI binding to 5-HTT sites in the DRN or in any of the terminal
field regions examined. These results indicate that alterations in
intraneuronal levels of 5-HT may be responsible for regulating 5-HTT
gene transcription and that there may be different subclasses of 5-HT
neurons within the DRN complex which exhibit differential sensitivity
to regulation by PCPA. Since 5-HTT binding sites were not altered, it
appears that PCPA may be inducing an increase in turnover of 5-HTT
mRNA, with no effect on the protein. (Research funds from USPHS
grants MH 45472 & MH 44210).

129.13
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INHIBITION OF SEROTONIN RELEASE AFTER SYSTEMIC UPTAKE BLOCKER
ADMINISTRATION. S.B. Auerbach*. J.F. Lundberg and S. Hiorth. Dept, of
Pharmacology, Goteborg Univ., S-413 90 Goteborg, Sweden
The inhibition of serotonin (5-HT) release produced by several antidepressants varying in relative selectivity for blocking uptake of 5-HT
and norepinephrine (NE) was compared. Release was measured by
microdialysis in anesthetized rats with 5-HT uptake blocked by local
infusion of citalopram (1pM) through a dialysis probe in hippocampus.
With uptake first blocked at terminals in hippocampus, systemic
injection of uptake inhibitors produced decreases in 5-HT, presumably
due to autoreceptor stimulation in the raphe. The largest decreases in
extracellular 5-HT were produced by selective 5-HT uptake inhibitors.
Nonselective blockers caused less inhibition of release. Thus, the maximal decrease in extracellular 5-HT was about 60% after systemic
sertraline or citalopram, two selective 5-HT uptake blockers. The
maximal decrease in 5-HT was 35% after clomipramine, a less selective 5-HT uptake inhibitor, and < 30% after the nonselective 5-HT/NE
uptake blockers imipramine and amitriptyline. Extracellular 5-HT was
not decreased after maximal doses of maprotiline, a selective NE uptake
blocker. Pretreatment with (+)WAY 100135 (10 mg/kg), a 5-HTia
autoreceptor antagonist, abolished the inhibition of 5-HT release produced by systemic citalopram, sertraline, clomipramine and imipramine. These results indicate that central 5-HT release is inhibited after
acute systemic administration of uptake blockers, hence limiting the net
elevation of extracellular 5-HT. A possible explanation for the difference between selective and nonselective inhibitors is the excitatory
effect of (ai-)adrenergic receptor stimulation on 5-HT cell bodies.

EFFECT OF CHRONIC FLUOXETINE ADMINISTRATION ON
HIPPOCAMPAL 5-HT CONCENTRATIONS AS MEASURED BY
IN VIVO MICRODIALYSIS A. Singh* and I. Lucki Department of
Psychiatry, University of Pennsylvania, Philadelphia, PA 19104.

129.15
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INVOLVEMENT OF PROTEIN KINASE A IN THE CYCLIC AMP-

EFFECTS OF PHENCYCLIDINE METABOLITES CN THE SEROTONIN
UPTAKE SITE IN RAT BRAIN. T. Horil )*, T. Yamamoto2) f
T.Suzukil), A. Babal), T. Moroji2) and H. Shiraishil)
1) Dept. of Psychiat., The Univ. of Tsukuba, Ibaraki
305,JAPAN. 2)Dept. of Psychopharmacol. Tokyo Inst. of
Psychiat.
Phencyclidine (PCP) has been well known to
have
psychotomimetic effects in man. Pharmacokinetic and
behavioral study indicated that the psychotomimetic
effects might be elicit from not only PCP but also its
metabolites, because the action of PCP is prolonged
after the metabolism. We previously reported that the
PCP metabolites have a weak effect on the dopamine
uptake site than PCP. In this study, we investigated
that effects of PCP and its metabolites ((trans)-40Hcyclohexyl PCP, (cis)-40H-cyclohexyl PCP, (trans)-30Hcyclohexyl PCI’, (cis)-3OH-cyclohexyl PCP) on the [3H]5HT binding (5-HTI receptor), [3H]ketanserin binding (5HT2 receptor) and 5-HT uptake site in rat brain.
PCP and its metabolite did not affect both [3H]5-HT
and [3H] ketanserin binding (IC5O > 10 uM).
Whereas,
(trans )-4OH-cyclohexyl PCP inhibited [3H]5-HT uptake
(lC50=0.5 uM), which was more potent than PCP (IC5O=1
uM). These results indicate that (trans)-40H-cyclohexyl
PCP appears to be involved in psychotomimetic actions of
PCP through the inhibition of the 5-HT uptake site.

DEPENDENT MODULATION OF VESICULAR MONOAMINE

TRANSPORT. N. Nakanishi*, S. Onozawa, R. Matsumoto, *K.
Kurihara, H~. Ueha, 1H. Hasegawa and S. Yamada Dept, of

Biochem., and TDept of Physiol" Meikai Univ. Sch. Dent., Sakado,
Saitama 350-02, Japan, and 'Dept of Bioscience, Nishi-Tokyo

Univ., Uenohara, Yamanashi 409-01, Japan.
We reported that cAMP down-regulates cellular uptake of

catecholamine by inhibiting the amine transport into the secretory
vesicles (23rd Soc.Neurosci. Meeting). This effect of cAMP was

antagonized by protein kinase inhibitors and enhanced by protein
phosphatase inhibitors.

In order to manipulate the vesicular

transport, a permeabilized cell system was developed; PC12

cells were treated with digftonin and the vesicular transport activity
was measured as serotonin (5HT) uptake by the permeabilized

cells.

Incubation of the permeabilized cells with protein kinase

A catalytic subunit in the presence of ATP decreased the vesicular

transport. On the contrary, the vesicular transport was enhanced

by incubating the permeabilized cells with alkaline phosphatase.
These results strongly suggest that the cAMP-dependent

regulation of the vesicular monoamine transport involves
phosphorylation process by protein kinase A.

(grants from the

Miyata Foundation, Meikai University and from the Ministry of
Education, Science and Culture of Japan (No.05807173))
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This study compared the acute and chronic effects of the 5-HT uptake inhibitor
fluoxetine on extracellular concentrations of 5-HT in the hippocampus. In addition,
the ability of KC1 to facilitate 5-HT release was also examined.
Rats received daily injections of fluoxetine (10 mg/kg, ip) for 14 days, while
corresponding controls received saline. On day 14, a microdialysis probe was
implanted into the hippocampus. The following day, basal concentrations of 5-HT
were measured, followed by an acute challenge dose of fluoxetine (10 mg/kg, ip),
which was followed by the perfusion of artificial cerebrospinal fluid containing KC1
(120 mM) through the probe.
Basal concentrations of 5-HT were not elevated in rats treated chronically with
fluoxetine, however, their basal 5-HIAA levels were significantly lower (50% of
controls). Furthermore, an acute challenge dose of fluoxetine (10 mg/kg, ip) failed
to elevate 5-HT concentrations in rats treated chronically with fluoxetine, whereas it
produced a two-fold elevation in controls. In addition, this challenge dose of
fluoxetine was without effect on 5-HIAA concentrations in the chronic fluoxetine
group, but produced a 20% decrease in controls. Infusion of KC1 through the probe
produced an 8-fold increase in 5-HT concentrations in rats treated chronically with
fluoxetine. In contrast, a 12-fold increase was produced in rats treated acutely with
fluoxetine. These studies suggest that adaptive changes associated with chronic
fluoxetine administration function to limit the magnitude of the elevation in 5-HT
concentrations and may reduce the capacity for releasing 5-HT.
Supported by a grant from the National Alliance for Research on Schizophrenia and
Depression and USPHS grants MH 36262 and 48125.
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REGULATION OF CYTOKINE PRODUCTION BY CILIARY NEUROTROPHIC
FACTOR AND THE NEUROENDOCRINE SYSTEM. P. Ghezzi, G. Fantuzzi, R. Faggioni, F. Benigni, C.A. Dinarello, L. Shapiro and N. Panayotatosft "Mario Negri" Institute, 20157 Milano, Italy; New England Medical Center, Boston, MA 02111;
and Regeneron Pharmaceuticals, Inc., Tarrytown, NY 105916707.
The action and production of cytokines can be regulated
by drugs or endogenous mechanisms that involve the central nervous system (CNS). TNF production and endotoxin
toxicity are increased in adrenalectomized mice indicating
that corticosteroids control cytokine production. TNF production was also increased in mice where the hypothalamuspituitary-adrenal axis (HPAA) was down-regulated by previous chronic administration of dexamethasone. In contrast,
HPAA can be up-regulated by cytokines acting through the
gpl3O signal transduction protein. Administration of IL-6
and ciliary neurotrophic factor (CNTF), potentiated cytokine-mediated elevation of corticosterone and inhibited
endotoxin-induced TNF. CNTF on his turn augmented endotoxin induction of serum IL-6 and acute-phase proteins. The
known involvement of TNF in inflammation suggests that
IL-6 and CNTF act as anti-inflammatory cytokines by potentiating the feed-back response of the HPAA.

INTERLEUKIN-1 (Il -1) induces
leukemia
inhibitory
factor
(LIF) m RNA IN THE SCI SCHWANN CELL LINE. C. D. Carlson*. G. M.
Jonakait and R. P. Hart. Department of Biological Sciences, Rutgers
University, Newark NJ 07102.
Axotomy of sympathetic superior cervical ganglia (SCG) induces
mRNA encoding LIF, which has been shown to promote sympathetic
neuron survival and neuropeptide gene regulation. LIF mRNA is virtually undetectable in uninjured SCG, but is induced by the
inflammatory cytokine IL-1. The SC 1 Schwann cell line (Dr. L. Bolin,
DNAX) was used to study this regulatory mechanism, LIF mRNA
increased 5-10-fold in SCI cells when treated with IL-1. This
induction could result from stabilization of LIF mRNA or from
increased LIF gene transcription. LIF gene transcription rate does not
increase when SCI cells are treated with IL-1. Furthermore, the
stability of LIF mRNA in SCI cells is not significantly changed by IL-1
treatment. These data suggest that IL-1 increases LIF mRNA levels by
ah alternate posttranscriptional regulatory mechanism.
The action of IL-1 is mediated by the type I IL-1 receptor (IL-1RI),
which is thought to stimulate a ceramide-dependent protein kinase
pathway. SCI cells express IL-1RI mRNA. Furthermore, treatment of
SCI cultures with IL-1 receptor antagonist (IL-lra) blocks the IL-1mediated increase in LIF mRNA, demonstrating mediation by IL-1 receptors. However, stimulation of the ceramide-dependent protein kinase pathways in SCI cells with either 2-acetylceramide or sphingomyelinase treatment does not induce LIF mRNA accumulation, suggesting an alternate intracellular signalling pathway. Schwann cells,
therefore, can function to interpret inflammatory signals, inducing the
neuronal differentiation factor LIF. Supported by grants from NIH.

130.3

130.4

m RNA ENCODING IL-ip. IL-1 RECEPTOR AND IL-1 RECEPTOR

INTRINSIC MICROGLIA-LIKE CELLS SYNTHESIZE
INTERLEUKIN-1 IN SYMPATHETIC GANGLIA. Minzhen
Ding*. Ronald P. Hart, and G. M. Jonakait. Dept, of Biol.
Sciences, Rutgers Univ., Newark, NJ 07102
Both lipopolysaccharide (LPS; Shadiack et al., 1994) and
tumor necrosis factor-a (TNFa; see Ding, et al., this volume)
induce mRNA coding for interleukin-1 (IL-1) in cultured
sympathetic ganglia. The present study undertakes to
determine the cellular source of IL-1 synthesis. In cultures
treated for 24 hrs with either LPS or TNFa, cells
morphologically similar to brain ameboid microglia are
immunohistochemically labeled by an antibody against ELlp
(SILK4; a gift from Frank Be&enbosch). In situ
hybridization confirms that these cells synthesize ELlp.
Cells with an identical morphology are labeled with a
monoclonal antibody to CD4 antigens (W3/25). Moreover,
only cells with this morphology are labeled with an antibody
against the TNFa type 1 receptor (p55). Double labeling
with SILK4 and neuronal markers confirms their nonneuronal nature. Real-time microscopic video recording
observations reveal a rapid and dramatic change in
morphology of these cells in response to LPS. These data
suggest that microglia-like cells mediate effects of LPS and
TNFa in sympathetic ganglion cultures.
Supported by grants from NIH (NS30560) and NIMH (KO2
MH0085).

130.5

130.6

TUMOR NECROSIS FACTOR-a INDUCES SUBSTANCE
P IN SYMPATHETIC GANGLIA THROUGH
SEQUENTIAL INDUCTIONS OF INTERLEUKIN-1 AND
LEUKEMIA INHIBITORY FACTOR. G.M. Jonakait*.
Ronald P. Hart, and Minzhen Ding. Dept, of Biol. Sci.,
Rutgers Univ., Newark, NJ 07102
Interleukin-1 (IL-1) induces substance P (SP) in superior
cervical (sympathetic) ganglia (SCG) subsequent to the
induction of leukemia inhibitory factor (LIF; Shadiack et
al., 1993). Another inflammatory cytokine, tumor necrosis
factor-a (TNFa), also induces SP and the mRNA coding for
its preprotachykinin precursor in cultured SCG.
Conditioned medium from TNFa-treated SCGs (TNF-CM)
induces SP even in the presence of a TNF antibody,
suggesting that TNFa stimulates the synthesis of a
diffusible intermediate(s). Since TNFa induces IL-1
mRNA in SCG cultures, and since the TNF induction of SP
is blocked by a specific IL-l-receptor antagonist (EL-Ira),
IL-1 must be one intermediate. TNFa also induces LIF
mRNA, and the action of TNF-CM is neutralized by
immunoprecipitation with LIF antiserum, suggesting that
LIF is a second intermediate. Furthermore, the TNF
induction of LIF mRNA is prevented by IL-lra while the
IL-1 induction of LEF mRNA is not affected by TNF
antibodies, demonstrating that the action of TNF is
mediated by EL-1. These data taken together suggest that
TNFa induces SP in sympathetic ganglia through
sequential inductions of IL-1 and -IF.

Tyrosine kinase activation mediates IL-lp-induced IL-6 production in U373
human astrocytoma ceils. R.Q. Carlson. S.H. Aschmies. G.E. Ringheim. and
S. Kongsamut.* Department of Biological Research, Hoechst-Roussel
Pharmaceuticals Inc., Somerville, NJ 08876
In recent years, interleukin-1 (IL-1) has been shown to function • as a pleiotropic
cytokine in the CNS. Our understanding of the signaling mechanisms which
underlie IL-1 regulatory activities in the CNS remains incomplete. We have begun
an investigation into the involvement of tyrosine kinase activity in the signal
transduction pathway for IL-lp-induced IL-6 production using a human
astrocytoma cell line, U373-MG, as a model system for astrocytes. Our initial
strategy has been to compare the effects of putative tyrosine kinase inhibitors on
IL-6 production in U373 cells stimulated with IL-ip for 5 h. Genistein and
quercetin, flavones known to inhibit tyrosine kinases, were found to inhibit IL-6
production completely. Complete or nearly complete inhibition of IL-lp-induced
IL-6 production was also observed with 5 pM of staurosporine or its derivative
K-252a, or tyrphostin 879, all of which are compounds reported to inhibit nerve
growth factor-stimulated trk tyrosine kinase activity. However, other derivatives of
staurosporine (KT5823 or KT5720) and other tyrphostins (25 or 47), which have
not been associated with trk inhibition, showed minimal or no inhibition of IL-6
production at up to 25 pM. Also, at least 25 pM was required to detect inhibition
with other well-characterized tyrosine kinase inhibitors, including lavendustin A,
HDB A, and a stable analog of erbstatin. We conclude that tyrosine kinase
activation is essential for IL-lP-stimulated production of IL-6 in U373 cells, and
specifically, the tyrosine kinase(s) involved may resemble the trk family. In future
studies, the pharmacological profile described here should help to identify the
specific IL-lP-regulated tyrosine kinase(s) in astrocytes.

ANTAGONIST ARE INDUCED FOLLOWING SYMPATHETIC AXOTOMY
Y. Bai. C. D. Carlson. M. Ding. G. M. Jonakait and R. P. Hart*.
Department of Biological Sci., Rutgers University, Newark NJ 07102
Axotomy of rat sympathetic superior cervical ganglion (SCG) induces the neuronal differentiation factor LIF. However, LIF can also be
induced in uninjured SCG by addition of the inflammatory cytokine
interleuki.n-1 (IL-1). If IL-1 can mediate LIF induction in SCG following
axotomy, several components of the IL-1 signalling pathway should be
present, and might be expected to be regulated by axotomy as well.
Consistent with this hypothesis, IL-ip mRNA is strongly induced in
SCG following axotomy. Parallel studies have identified a non-neuronal cellular source of IL-1 synthesis (see Ding et al., adjacent).
Production of bioactive IL-lp requires a specific IL-1 converting
enzyme (ICE), which is detected in SCG, but is not regulated following
axotomy.
mRNA encoding the signal-transducing IL-1 receptor type I (IL-1RI)
is present in uninjured SCG and is induced by axotomy. Il - 1RI mRNA
is also present in the SCI Schwann cell line (from Dr. L. Bolin, DNAX),
where LIF induction by IL-1 can be replicated.
Another member of the IL-1 gene family encodes an IL-1 receptor
antagonist (IL-lra). IL-Ira mRNA is expressed in uninjured SCGs, is
induced by axotomy, and is not expressed in the cultured SCI
Schwann cell line, suggesting a neuronal localization.
These results demonstrate that the SCG is capable of being induced
to synthesize bioactive IL-1, signal-transducing receptor (IL-1RI) and
an inhibitor of IL-1 action (IL-lra), suggesting that intraganglionic IL-1
signalling may be activated following SCG axotomy. Supported by
grants from NIH.
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NEURON-SPECIFIC UP-REGULATION OFTHE INTERFERON-BETA GENE L.A.
Ward* and P.T. Massa Dept, of Neurology, SUNY-HSC, Syracuse, NY 13210.
Neurons, unlike other cells of the CNS, including astrocytes, have been shown to lack
the ability to express the major histocompatibility complex (MHC) class I gene after
treatment with either virus or interferons. We and others have shown that the paucity of
MHC class I expression at the neuronal cell surface is the result of a lack of positive
transcription factors that bind to both the kB and interferon response elements (IRE) of

COLOCALIZATION OF IL-2R AND TYROSINE HYDROXYLASE IN
NORADRENERGIC NERVES IN THE RAT SPLEEN: EVIDENCE FOR LOCAL
IMMUNE-NEURAL SIGNALING. D.L. Bellinger*. Dept. Neurobiol. & Anat.
Univ. of Rochester Sch. of Med., Rochester, NY 14642.
The autonomic nervous system through its innervation of lymphoid organs,
provides a direct route for communication between the nervous and immune
systems. Noradrenergic (NA) sympathetic innervation of both primary and
secondary lymphoid organs has been well described with a variety of staining
methods. NA innervation of the spleen is regional and specific, distributing along
the vasculature, and in the parenchyma among cells of the immune system.
Electron microscopic studies have demonstrated direct appositions between NA
nerve terminals and T lymphocytes and macrophages. This spatial relationship
provides an anatomical substrate for neural signaling of cells of the immune system.
Additionally, it is likely that cells of the immune system can modulate sympathetic
outflow through the release of signal molecules like IL-2.
Single- and double-label immunocytochemistry (ICC) for IL-2R and tyrosine
hydroxylase (TH), the rate limiting enzyme in the synthesis of norepinephrine (NE),
was performed in spleen and superior mesenteric-celiac ganglion to begin testing
this hypothesis. IL-2R-immunoreactivity (ir) was present in long, linear varicose
profiles coursing in the trabeculae and venous sinuses, along the central arteriole
and in the splenic white pulp among T lymphocytes. Double-label ICC for IL-2 R
and TH revealed the colocalization of IL-2R and TH in NA sympathetic nerves in
the spleen, and in superior mesenteric-celiac ganglion cells that distribute their
fibers to the spleen. IL-2R-ir also was present in ED-3+ antigen-presenting
macrophages in the marginal zone of the splenic white pulp, and in T lymphocytes
in the white pulp of spleens from rats treated with lipopolysaccharide. These
findings suggest that IL-2 released from activated T lymphocytes can modulate NE
release from sympathetic nerves in the spleen through direct interaction with IL-2R
in these nerves. Supported by R29 MH47783-03.

the MHCclass I promoter. Both the kB and IRE sites are also found in promoter regions of
other virus-inducible genes, including the interferon-beta gene (PRDII and PRDI regions,
respectively), and are thought to allow coordinately regulated trans-activation of these
genes following viral infections of most cell types, including astrocytes. Interestingly,
we have found that, regardless of the lack of NF-kB and IRE binding protein expression in

neurons, these cells are still able to produce large quantities of IFN-P, as compared to
astrocytes, after stimulation with either poly (I):poly (C) or Sendai virus, suggesting that

the IFN-P gene may be regulated in a unique fashion in neurons.

As a result, it was of

interest to determine what portions of the IFN-p promoter are responsible for induction of

this gene in neurons. Therefore, we have transiently transfected portions of the IFN-P

gene promoter containing the PRDI (IRE site) and PRDII (NF-kB site) regions, the PRDI
and PRDII region in association with the PRDIQ region, or all three of these regions along
with the recently described PRDIV (ATF/CREB site), fused with a CAT reporter construct,
into pure, primary murine astrocyte and neuronal cultures. Cultures were then treated with
either poly (I):poly (C) or Sendai virus and, subsequently, CAT assays were performed.
Results from astrocytes show that the combination of the kB site (PRDII) and the IRE site
(PRDI) is responsible for IFN-P gene induction in these cells. Interestingly, addition of
either the PRDIII region or the PRDQI and PRDIV regions results in reduced reporter
expression as compared to the PRDI and PRDII alone. The results of neuronal
transfections and gel shift assays are in progress and should clarify whether differential
binding activity at the PRDIV region may be responsible for the up-regulation, and

consequent high expression of the IFN-P gene in neurons as compared to other cells.

130.9

130.10

REGULATION OF INTERFERON STIMULATED GENES(ISGS) IN NEURAL
CELLS. P.T Massa* DepL of Neurology, SUNY-HSC, Syracuse, N.Y. 13210
ISGs are inducible both by interferons and viral products and are involved in cell
functions including cell proliferation, differentiation, and anti-viral responses. The
mechanism for the transcriptional regulation of ISGs, especially the MHC class I
gene, in neural cells in response to IFN-y is being studied. Of particular interest is
the expression of the transcription activation factor, interferon regulatory factor-1
(IRF-1) in astrocytes. Subsequent to its activation by IFN-y, IRF-1 was found to
bind a DNA consensus sequence, the interferon response element(IRE), found in the
promoter of a family of ISGs. Transfection studies showed that promoters of three
different ISGs had extremely active IREs in response to IFN-y. Related to IRF-1 is
the transcriptional repressor IRF-2, which antagonizes IRF-1. Combined results of
gel mobility shift and transfection experiments indicated that the presence or absence
of IRF-2 under various culture conditions correlated with the suppression of ISGs in
astrocytes. In particular, TNF-a, which is also an inducer of MHC class I
molecules in various cells, including astrocytes, abolished IRF-2 binding activity in
astrocytes. Further, TNF-a induction of ISGs, including the MHC class I gene,
appeared to be through IRE activity in transfection assays. This was surprising
because TNF-a, which unlike IFN-y, is thought to induce MHC class I genes
through the induction of NF-k B, acting at a juxtaposed k B enhancer. TNF-a, as
well as viral agents, were able to induce high levels of NF-k B p5Op65 heterodimer
k B binding activity in astrocytes, however, the k B site was functionally nonresponsive in transfection assays. Finally, the neuron-enriched product, ganglioside
G-rib. which is known to suppress MHC class I genes in astrocytes, reversed these

INTERLEUKIN-13 AND TUMOR NECROSIS FACTOR-a
REGULATE INTERLEUKIN-6 PRODUCTION FROM NEURONS.

cytokine effects, abolishing IRF-1 and inducing high levels of IRF-2. In sum, the
IRE appears to be the dominant functional enhancer/suppressor of MHC class I
genes and perhaps other ISGs in neural cells. (This investigation was supported by
a grant from the National Multiple Sclerosis Society)

CARDIOVASCULAR REGULATION:
131.1

DISTRIBUTIONS OF ANGIOTENSIN PEPTIDES IN THE
PARAVENTRICULAR NUCLEUS OF THE HYPOTHALAMUS IN THE
RAT. H.A. Krob . S.L, Vinsant, D.B. Averill! C.M, Ferrario. and D.P.
Friedman. Bowman Gray School of Medicine, Wake Forest University,
Winston-Salem. NC 27157.
As part of an effort to clarify the roles of angiotensin II (Ang
II) and angiotensin-(1-7) [Ang-( 1-7)1 in the central regulation of blood
pressure, we determined the distributions of these peptides in relation
to the distributions of oxytocin (OT) and vasopressin (VP) within the
paraventricular nucleus of the hypothalamus (PVH) in the SpragueDawley rat. Animals were deeply anaesthetized, perfused with
aldehydes, and the brains prepared for immunocytochemistry.
Ang ll-like immunoreactivity was found in neurons throughout
the rostro-caudal extent of the PVH, including the magnocellular
region and the periventricular- and lateral posterior parvocellular
subdivisions.
Ang-(1-7)-like immunoreactivity [Ang-(1-7)-IRl, in contrast,
was restricted to a portion of the posterior magnocellular subdivision.
Ang-O-Y-IR cell bodies occupied the core of a more extensively
distributed population of VP-IR neurons. Double-labelling experiments
showed that one subset of neurons contained only Ang-O^-IR,
another contained only VP-IR, while a third exhibited both.
The differential distributions of these peptides suggest that the
various neuronal subpopulations of the PVH play different roles in the
central regulation of blood pressure. Supported by HL 51952-0.
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E-Rinqheim. H. -Y. Tseng*. K, Burgher. P. Yamdagni. S.

Aschmies/ and J.

Cai.

Department of Biological Research,

Hoechst-Roussel Pharmaceuticals Inc., Somerville, NJ 08876

The effects of interleukin-1 3 (IL-1 3) and tumor necrosis factor-a

(TNF-a) on the secretion of IL-6 from primary neuronal cultures
of mouse cerebellar granule cells were investigated. Both IL-13
and TNF-a were found to stimulate cerebellar granule cells to

secrete IL-6 in a dose-dependent fashion with an EDM of 3 pM
and 25 pM, respectively, in a 24 hr period. The concentrations of

secreted IL-6 produced by IL-13 stimulation exceeded those of
TNF-a by five-fold, attaining levels of 688 pg/ml compared to 138

pg/ml for TNF-a. The appearance of IL-6 in the media from these
cultures indicated that IL-6 was secreted at significant levels

within three hours after stimulation and reached maximum levels
between 8 and 24 h. Messenger RNA analysis revealed an
elevation of IL-6 mRNA over basal levels within 4 h which was

independent of protein synthesis as shown by treatment of the

cultures with cycloheximide. In conclusion, we have shown that
neuronal cells are capable of producing IL-6 in response to

stimulation by the cytokines IL-1 3 and TNF-a, and are thus likely
to play a part in the cytokine regulatory network of the central

nervous system.

SYSTEM ORGANIZATION
131.2

EFFECTS OF MICROINJECTION OF MUSCIMOL INTO DORSOMEDIAL OR
PARAVENTRICULAR HYPOTHALAMIC NUCLEI ON STRESS-INDUCED
TACHYCARDIA in RATS. E. H, §to1z-PolteL*J~ H.WHs and J. A. Di Mscq .
Dept. of Pharmacol, and Toxicol., Indiana Univ. Sch. of Med., Indpls, IN 46202
Bilateral microinjection of the GABAa agonist muscimol into the dorsomedial
hypothalamic nucleus (DMH) has been shown to block the increase in heart
rate (HR) seen during stress. However, due to relatively large volumes
injected (250 nL) and the proximity to the paraventricular nucleus of the
hypothalamus (PVN), which is thought to play a role in the stress- response, the
exact site of action of muscimol was unclear. Here, we have attempted to
identify this site by injecting muscimol into either the PVN or the DMH in
smaller volumes. Rats, instrumented with telemetric implants to monitor HR
and blood pressure and with guide cannulae for intracerebral injections,
received bilateral injections of either 80 pmol muscimol (MUS) or 100 nL saline
vehicle (VEH) into the DMH (n=3) or the PVN (n=3) and were immediately
placed in a restraining tube and subjected to 20 min of air stress. All injections
were shown histologically to be in or within 250 pm of the target nucleus.
Baseline HR was similar for the four treatment groups (means = 322-333
beats/min). The mean changes from baseline HR (± SE) at selected time
points during the stress interval are shown below.
5'
15'
19'
10'
PVN/VEH
1O2±5
148± 11
159 ±6
170 ±9
143± 31
130±51
PVN/MUS
139 ±27
117 +21
167 ±24
141+20
DMH/VEH
138±9
130±21
92 ±17
72±9
DMH/MUS
98±56
68 ±3
Injection of muscimol into the DMH but not into the PVN significantly reduced
stress-evoked tachycardia (repeated measures ANOVA, p<0.05). The data
suggest that the inhibition of neurons in the DMH and not the p Vn will reduce
the tachycardia seen during stress. (Supported by USPHS Grant NS 19883
and AHA, Indiana Affiliate)
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131.3

131.4

GENE EXPRESSION OF BRAIN NITRIC OXIDE SYNTHASE (bNOS)
AND SOLUBLE GUANYLYL CYCLASE (sGC) IN HYPOTHALAMUS
AND MEDULLA OF HYPERTENSIVE RATS. T.L. Krukoff*. F. Gehlen. D.
Ganten. and J. Wagner. Dept. of Anatomy & Cell Biology, Univ. of Alberta,
Edmonton, Canada T6G 2H7 and Max Delbruck Centrum for Molecular
Medicine, 13125 Berlin-Buch, Germany.
To test the hypothesis that nitric oxide (NO) in brain is involved in the
regulation of arterial blood pressure (BP), gene expression of bNOS, the
enzyme which produces NO in brain, and of sGSp, a subunit of the receptor
for NO, was measured in brains of hypertensive rats. Hypertension was
induced in adult, male Sprague-Dawley rats using the two kidney-one clip

A1 NORADRENERGIC NEURONS ACT VIA ATP RECEPTORS TO
ELICIT VASOPRESSIN CELL RESPONSES TO HAEMORRHAGE.

model. After 3 weeks, brains were removed from anesthetized rats whose
systolic BPs were increased by at least 30 mm Hg and from sham controls
(n=4 in each group). Total RNA was purified from microdissected
hypothalamus, dorsal medulla (DM), caudal ventrolateral medulla (CVLM),
and rostral ventrolateral medulla (RVLM). bNOS and sGCp mRNA

concentrations were measured in each brain region using RT-PCR assays
where known concentrations of deletion mutants of the two genes were coamplified as internal standards. Compared to controls, >2-fold increases in
bNOS mRNA were found in the hypothalamus and CVLM of hypertensive
rats. In hypertensive rats, levels of sGSP were decreased >2-fold in
hypothalamus but increased in DM compared to control rats. Elevated bNOS
gene expression in the hypothalamus and the so-called "depressor" CVLM
support the hypothesis that NO plays an important role in the response of the
central nervous system to increases in BP. Regional differences in expression
of bNOS and sGSP suggest that the two genes are differentially regulated.

S. Khanna. J.R. Sibbald and T. A. Day*. Dept, of Physiology & Pharmacology,
University of Queensland, Qld 4072, AUSTRALIA.
Previous work has suggested that A1 cells of the ventrolateral medulla use
ATP rather than noradrenaline to excite neurosecretory vasopressin (VP) cells (Day
et al., Brain Res. 1993, 607:341). If this is true, then blockade of ATP receptors
should eliminate VP cell responses to a stimulus which acts through the Al
projection, but should not alter VP responses to a stimulus that acts independently
of the A1 input. We have now tested this hypothesis using moderate and severe
hypotensive haemorrhages (HH) as the stimuli, the latter having recently been
shown to activate VP cells independently of peripheral cardiovascular receptors,
probably as a consequence of cerebral ischaemia (Khanna et al., Am. J. Physiol,
in press).
Extracellular recordings from the supraoptic nucleus (SON) of pentobarbital
anaesthetized rats (60 mg/kg, i.p.) showed that the VP cell response to moderate
HH, simulated by transient occlusion of the inferior vena cava sufficient to lower
mean arterial pressure to 50 mmHg, was blocked both by Al area injections of the
inhibitory transmitter GABA (100 mM, 50 nl; n = 7) and by SON injections of the
ATP receptor antagonist suramin (10 mM, 5 nl; n = 6). At this dose suramin does
not affect VP cell responses to locally applied noradrenaline or glutamate (Day et
al., Brain Res. 1993,6Q7: 341). In contrast, the VP cell response to severe HH
(BP < 30 mmHg) was unaltered by Al injections of GABA (n = 6) or SON
injections of suramin (n = 5).
These data are consistent with the proposal that Al neurons elicit
vasopressin responses to physiological stimuli through the release of ATP.

Supported by the MRC of Canada and BMFT of Germany.

131.5

131.6

ROLE OF A1 NORADRENERGIC NEURONS IN HYPOTHALAMIC
NEUROENDOCRINE CELL RESPONSES TO HYPOXIA.

SEROTONERGIC PATHWAYS FROM THE MIDBRAIN RAPHE SYSTEM TO
THE SUBFORNICAL ORGAN IN RATS.
J. Tanaka1 *, J. Yano1.
A. Ushigome1. K. Kariya?, M. Matsuda1 and M. Nomura?. 1 Dept. of
Human Development, Naruto Univ. of Education, Tokushima 772,
?Dept. of Physiol., Saitama Med. Sch., Saitama 350-04, Japan.
To clarify the role of serotonergic neural inputs from the
midbrain raphe system to the subfornical organ (SFO), experiments
were carried out to investigate the effects of hemorrhage on the
activity of raphe nucleus neurons projecting to the SFO and of SFO
neurons, as well as on serotonin (5-h T) turnover in the region of the
SFO. In urethane-anesthetized male rats, 11 neurons in the dorsal
raphe nucleus (DRN) were antidromically activated by electrical
stimulation of the SFO. Of the DRN neurons, 6 were excited by
hemorrhage (10 ml/kg, b.w.t)., while the remainder were not
affected. The activity of 67 neurons histologically confirmed in the
SFO was tested for a response to electrical stimulation of the DRN or
hemorrhage. Of the SFO neurons, 10 displayed an increase and 3
exhibited a reduction in neuronal activity in response to DRN
stimulation, while 54 were unresponsive. The activity of 7 out of 10
SFO neurons that displayed the excitation to DRN stimulation was
also increased by hemorrhage, whereas the remaining responsive
neurons were not affected. Extracellular levels of 5-HT and its
metabolite 5-hydroxyindoleacetic acid (5-HIAA) were monitored with
the in vivo microdialysis method n the SFO area. Blood withdrawal
produced significant increases of 5-HT and 5-HIAA concentrations.
These results suggest that the serotonergic pathways from the DRN
to the SFO might be impllcated in the control of extracellular fluid
volume.

D.W. Smith* and T.A. Day. Dept, of Physiology & Pharmacology, University of
Queensland, Qld 4072, AUSTRALIA.
In the rat, hypoxia enhances vasopressin (VP) and ACTH secretion. One
possible component of the central pathways mediating these responses is the A1
noradrenergic cell group of the ventrolateral medulla. Using the c-fos technique
we have now investigated whether A1 cells respond to hypoxia and whether they
relay this information to hypothalamic neuroendocrine cells. Rats were subjected
to 10% hypoxia for 2h (n=l2), then sacrificed and the brain processed for Fos,
tyrosine hydroxylase (TH), oxytocin (OT) and VP immunocytochemistry. Control
animals (n=9) were treated in a similar fashion but did not receive an hypoxic
stimulus. Lesioned animals (n=l 1) received multiple, unilateral ibotenic acid
injections (25 nl) along the rostrocaudal extent of the A1 cell group one week prior
to testing. In control animals hypoxia significantly increased c-fos expression in
A1 cells, VP and OT cells of the supraoptic (SON) and paraventricular (PVN)
nuclei, and cells of the medial parvocellular (MP) zone of PVN, the latter being a
region rich in tuberoinfundibular cells that synthesize corticotropin releasing factor,
an ACTH secretagogue. In A1 lesioned animals c-fos expression was significantly
reduced in SON and PVN VP and OT cells ipsilateral to the lesion. The expression
of c-fos was also reduced in PVN MP cells, but in this case the effect was bilateral.
These data support a role for the A1 cell group in relaying chemoreceptor
information to relevant neuroendocrine structures in the hypothalamus.

131.7
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ANATOMICAL ORGANIZATION OF PRESSOR-DEPRESSOR COLUMNS IN THE RAT

THE RESPONSES OF SYMPATHETIC NERVE, BLOOD
PRESSURE AND NEURONS IN THE ROSTRAL VENTROLATERAL MEDULLA TO STIMULATION OF THE MIDBRAIN
PERIAQUEDUCTAL GREY(PAG) IN RABBITS.
Tao Xu.
Youichirou Ootsuka and Naohito Terui*. Inst, of Basic Medical
Sci., Univ. of Tsukuba, Tsukuba, Ibaraki, 305 Japan
It has already been established that stimulation of the midbrain
periaqueductal grey (PAG) in the cat and rat evoked hypertension or
hypotension, but little has been known about that in the rabbit. To
stimulate chemically or electrically the exact same site in the CNS, we
assembled multi-barrel capillary and a tungsten wire electrode. Using
this assembly, we stimulated the PAG in 22 urethane-anesthetized and
immobilized rabbits. Chemical stimulation (glutamate 60-100x10-9
mol/1) inhibited sympathetic nerve activity and evoked hypotension.
The effective area was quite limited to the ventral PAG of the level of
the nucleus oculomotorus. Sympathoexcitation and pressor responses
had never been observed by chemical stimulation. In contrast, the
high frequency electrical stimulation of PAG evoked only sympathoexcitation and pressor responses. As the glutamate injection can only
excites cell body but not the axons of passage, it can be concluded that
the pressor responses were produced by the excitation of passing fibers
in the PAG. Spontaneous activity of the sympathoexcitatary reticulospinal neurons in the rostral ventrolateral medulla (RVLM neurons) were
inhibited by chemical stimulation of the PAG. While the electrical
stimulation of the PAG produced sympathoexcitation, the activities of
the RVLM neurons were not enhanced. Therefore we concluded that the
depressor response by chemical stimulation was mediated by the RVLM
neurons, but the pressor response by electrical stimulation was not.

A.Z. Murphy*. M. Ennis. M.T. Shipiev and
M.M. Behbehani. Dept. Anatomy, Univ. Maryland Sch. Med., Baltimore, MD 21201 & Dept.
Physiol. & Biophys., Univ. Cincinnati Coll. Med., Cincinnati, OH 45267.

MIDBRAIN PERIAQUEDUCTAL GRAY (PAG).

We recently reported that pharmacologically-induced changes in arterial pressure (AP)
produce Fos expression in separate, discrete columns of PAG neurons. Here, we examined the
anatomical connections of functionally and physiologically defined cardiovascular neurons.
Micropressure injections of the retrograde tracer WGA-afp)HRP-Gold (WGA-GOLD) were made
into the rostral ventrolateral medulla (RVLM) sympathoexcitatory region; 5 days later pressor or
depressor responses were produced by intravenous infusion of phenylephrine or sodium
nitroprusside in anesthetized rats. Sections were collected and processed for Fos and WGA-GOLD
double labeling. Pressor responses produced Fos expression in discrete columns within
dorsolateral and lateral PAG. Approximately 10% of Fos+ neurons were retrogradely labeled from
RVLM; all double labeled neurons were located in lateral PAG. By contrast, depressor responses
produced a column of Fos labeling restricted to ventrolateral PAG. Very few (<5%) depressorresponsive neurons were retrogradely labeled from RVLM. These results suggest that only a small
population of PAG neurons excited by changes in AP project to the RVLM sympathoexcitatory
region. In other experiments, the location and connections of PAG columns triggering
pressor/depressor responses were mapped. Focal injections of WGA-HRP were placed in PAG
pressor/depressor sites identified by microinjection of glutamate. Pressor responses (30-40 mm
Hg) were evoked from lateral PAG; less potent increases (10-30 mm Hg) resulted from
dorsolateral PAG. Potent depressor responses (20-30 mm Hg) were obtained from ventrolateral
PAG. WGA-HRP injections into PAG pressor or depressor sites produced retrograde labeling in a
number of cortical and subcortical forebrain regions implicated in autonomic regulation, as well
as anterograde labeling in medullary autonomic areas. These results indicate that discrete
columns of rat PAG neurons: (1) respond to directionally specific changes in AP, and (2) trigger
potent pressor and depressor responses. PAG columns triggering pressor/depressor responses
receive inputs from a number of forebrain autonomic regions, and project to several medullary
autonomic areas. However, PAG neurons activated by AP changes do not project to the RVLM
sympathoexcitatory region. (Supported by HLB08851 NS2O643 & NS29635).
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EFFECTS OF CARDIOVASCULAR AND OSMOTIC STIMULI ON C-FOS
EXPRESSION IN THE PARABRACHIAL NUCLEUS OF ANAESTHETIZED
RATS. M.J.A.Rocha. E.Friauf*. and H. Herbert:. Dept. Animal Physiol., Univ.
of Tubingen, Auf der Morgenstelle 28, D-72076 Tubingen, Germany.
In order to investigate the role of the parabrachial nucleus (PB) in cardiovascular and body fluid regulation, c-/<?w-expression by means of Fos-immunocytochemistry (Fos-ir) was analyzed in the PB and in various other nuclei known
to be involved in the control of these functions. For anaesthesia, an intramuscular
injection of a mixture of ketamine (100 mg-kg) and xylazine (14 mg-ml) was
administered. Previous work in our laboratory had shown that this anaesthetic has
only weak effects on c-fos expression in autonomic nuclei, and therefore, was
preferred over urethane or chloral hydrate.
Changes in blood pressure were induced by continuous intravenous infusion of
nitroprusside (NP) or phenylephrine (PE) (1.5-2.0 mg-ml; 0.15 ml-h for 1 h). A
NP-induced decrease in blood pressure elicited elevated levels of Fos-ir in several
autonomic nuclei, including the SON. In the PB, Fos-ir neurons were found in the
central lateral, dorsal lateral, outer external lateral and lateral crescent subnuclei.
A PE-induced increase in blood pressure also elicited Fos-ir in various autonomic
nuclei, but not in the SON. In the PB, a similar pattern of Fos-ir as seen after NP
infusion was observed. One hour after osmotic stimulation induced by intraperitoneal injection of hypertonic saline (1.5 M, I ml/100 g) the brains of anaesthetized animals showed elevated levels of Fos-ir in various hypothalamic nuclei
including the SON and PVN. In contrast, in the PB only few cells were stained.
Our results demonstrate that pharmacologically induced blood pressure
changes result in c-fos expression in a specific set of PB neurons. We conclude
that these neurons, which apparently receive a netto stimulatory drive, are
concerned with the central neural control of the cardiovascular system. The fact
that PB neurons could not be activated by osmotic stimuli could either suggest a
minor role of the PB in osmoregulation or indicate inhibitory effects on PB
neurons. Supported by DFG He 1842/3-2.

EFFERENT PROJECTIONS OF RAT PARABRACHIAL NEURONS
EXPRESSING C-FOS IN RESPONSE TO ISOSMOTIC, HYPOVOLEMIC OR
HYPEROSMOTIC STIMULI. Nancy L. Chamberlin* and Clifford B. Saper. Dept,
of Neurology, Beth Israel Hospital and Harvard Med. Sch., Boston, MA 02115.

The parabrachial nucleus (PB) comprises at least 10 anatomically distinct subnuclei
and plays an important role in autonomic and neuroendocrine control. Local
injections of kappa opioid receptor antagonists into the PB prevent increases in
plasma vasopressin (AVP) levels following hypovolemic, but not hyperosmotic
stimuli (Iwasaki et al, 1993). We used c-fos immunoreactivita in order to determine
which subsets of PB neurons are active during challenges to fluid and electrolyte
homeostasis. These experiments were combined with retrograde tracing with cholera
toxin subunit-b to ascertain the efferent projections of c-fos-ir neurons. Acute
osmoto-volemic changes were induced by intraperitoneal injection of saline or
polyethylene glycol (PEG). Two hours later, rats were perfused transcardially with
4% paraformaldehyde, the brains removed and processed for c-fos and CT-b
immunoreactivity.
Each treatment resulted in a specific pattern of c-fos-ir cells in the PB. Hypertonic
saline, which is expected to raise plamsa osmolarity, caused c-fos expression in a
subpopulaiion of neurons in the external lateral subnucleus of PB (PBel). PEG,
which causes hypovolemia without affecting osmolarity, also produced c-fos-ir in
PBel. A small fraction of these cells were double-labeled with c-fos and retrograde
tracers that were injected into the central nucleus of the amygdala. Normal saline, as a
control, did not affect c-fos-ir in PB. A small group of cells in the central lateral
subnucleus inconsistantly expressed c-fos-ir in all treatment groups.
These results suggest that cells in PBel are involved in CNS control of fluidelectrolyte balance and that projections to the amygdala might play a small, but
probably not major role in these responses. Further studies are underway to more
completely assess the PB cell groups and projections that underlie PB effects on AVP
secretion.

131.11

131.12

INTERACTION BETWEEN CEREBELLAR AND FOREBRAIN INDUCED
CARDIOVASCULAR EFFECTS AT THE LEVEL OF THE PONTINE
PARABRACHIAL
NUCLEUS.
QJLQALLACHER.___ PJBRAPLEY___ and
K.M.SPYER* Dept. of Physiology, Royal Free Hospital School of Medicine, London.
NW3 2PF, UK.
In previous experiments, stimulation of lobule IX of cerebellar vermis in conscious
instrumented New Zealand White (NZW) rabbits gave responses suggestive of some
form of arousal. Subsequent cerebellar lesioning studies also showed attenuation of
cardiovascular responses elicited by stimulation of the central nucleus of the amygdala
(ACe) and hypothalamic "defence area" (HDA). Stimulation of the HDA and ACe
produces responses that are synonymous with those which occur in "fight or flight" or
"playing dead" behaviours, with associated autonomic changes. Since lobule IX of the
cerebellar vermis has been shown to project to the parabrachial nucleus (PBN), which
reciprocally innervates the hypothalamus and ACe, the aim of this study was to test
the possibility that the PBN is a site for convergence of the cerebellar and ACe-HDA
influences.
Experiments were carried out in urethane or urethane-chloralose anaesthetized,
paralysed and artificially ventilated rabbits (NZW). Blood pressure and heart rate
effects were assessed and compared to responses obtained after lesioning of the PBN
with kainic acid (60-100mM, lOOnl). Lesioning of the PBN attenuated the majority of
hypothalamic and lobule IX, as well as some of the ACe, induced responses.
The results suggest that the cardiovascular effects elicited from the cerebellar
vermis, ACe and HDA may be integrated at the level of the PBN.
The support of the British Heart Foundation is gratefully acknowledged.

NEUROPEPTIDE CHANGES IN THE PARABRACHIAL NUCLEUS
FOLLOWING VISCERAL AFFERENT ACTIVATION.

TAREK M. SALEH* and DAVID F. CECHETTO. Robarts Research Institute
and the University of Western Ontario, London, Canada N6A 5K8
Previous studies in our laboratory have shown that the peptides;
neurotensin (NT), cholecystokinin (CCK), substance P (SP), somatostatin
(SOM) and calcitonin gene-related peptide (CGRP), have a role in
modulating visceral sensory information relaying in the parabrachial
nucleus (PB). In this investigation, we examined the changes in the levels
of these peptides in response to abdominal vagal or aortic depressor
nerve (ADN) stimulation and intravenous infusion of phenylephrine (PE) or
sodium nitroprusside (NaNp) for 2 hours. Paired control and experimental
inactin-anesthetized male Wistar rats were instrumented to monitor blood
pressure and heart rate. The abdominal vagus nerve or ADN was
stimulated or the animals were infused with PE or NaNp for 2 hours after
which time the animals were perfused and the brains processed
immunohistochemically for the peptides NT, CCK, SP, SOM and CGRP.
Changes in the levels of peptide intensity were quantified by computerassisted densitometry. Abdominal vagal stimulation produced an increase
in the level of CCK and SOM-like immunoreactivity in the subnuclei of the
PB. ADN stimulation or PE infusion for 2 hrs produced a depletion in the
immunolabeling of NT and increased the levels of SP and CGRP-like
immunoreactivity in the PB subnuclei. Following 2 hours of NaNp infusion
the level of NT increased and the levels of CGRP and SP-like
immunoreactivity decreased in the PB subnuclei. Thus, peptides which
modulate visceral sensory information in the PB appear to be selectively
affected by cardiovascular or gastric afferent activation (Supported by
the Heart & Stroke Foundation of Ontario).

131.13

131.14

THE EFFECT OF LATERAL PARABRACHIAL NUCLEUS (LPBN)
BLOCKADE ON THE ARTERIAL CHEMOREFLEX IN CONSCIOUS
NORMOTENSIVE (NT) AND SPONTANEOUSLY HYPERTENSIVE
(SH) RATS. L.F Hyvward*. T.G. Beltz. A.K. Johnson and R.B. Felder.
Cardiovascular Center, Dept, of Internal Med. and Dept, of Psychology,
University of Iowa, Iowa City, IA 52242
Evidence suggests that the arterial chemoreflex is exaggerated in
hypertension. We examined the effects of chemical blockade of the LPBN
on chemoreflex responses in conscious unrestrained NT(Sprague Dawley;
mean arterial pressure [MAP] 125 mmHg, n=3) and SH (MAP 157 mmHg,
n=3) rats. Animals were instrumented with bilateral cannulae in the LPBN
and venous and arterial femoral catheters. The arterial chemoreflex was
elicited by bolus i.v. injection of potassium cyanide (KCN; 4-32 pg). Before
chemical blockade, SH rats were more responsive to KCN (i.e., 16 pg of
KCN decreased heart rate [HR] by 306+29 bpm and increased MAP by 62±6
mmHg in SH rats and decreased HR by 200±72 bpm and increased MAP by
3Q±8 mmHg in NT rats). Following bilateral injection of 10% lidocaine into
the LPBN (200 nl) there was a trend for chemoreflex responses to be
enhanced in both SH and NT rats, with a significant increase in the pressor
responses of NT rats (i.e., 8 pg KCN increased MAP 14±4 mmHg pre
blockade and 46±9 mmHg post blockade, p<0.02). There were also
significant increases in the duration of the chemoreflex response following
LPBN blockade. In NT rats there was a significant increase in the duration of
the pressor response (i.e., duration increased from 4.2±1 sec pre blockade to
5.6±1 sec post blockade; 32 pg KCN, p<0.02). In SH rats there was a
significant increase in the duration of bradycardia (ie. duration increased
from 3.9±1 sec pre blockade to 4.8±1 sec post blockade; 16 pg KCN,
p<0.02). These findings suggest that the LPBN tonically restrains the
cardiovascular responses to chemoreceptor stimulation which may affect
different components of the chemoreflex in NT and hypertensive rats.

LATERAL PARABRACHIAL PROJECTIONS TO THE
CENTRAL NUCLEUS OF THE AMYGDALA RECEIVE
SYNAPTIC CONTACTS FROM NEURONS IN AREA
POSTREMA AND NUCLEUS OF THE SOLITARY
TRACT. A.M. Zardetto-Smith* and R.B. Felder. Dept.
of Int. Med. and Cardiovascular Ctr., University of
Iowa, Iowa City. IA 52242.
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The parabrachial nucleus has been implicated in a variety of visceral and
behavioral functions, including cardiopulmonary regulation and fluid balance.
Cytoarchitectonically-defined areas in the lateral parabrachial (1PB) complex
receive innervation from the area postrema (AP) and nucleus of the solitary tract
(NTS) and project to forebrain nuclei, including the central nucleus of the
amygdala (Ce). AP-NTS efferents innervate regions of 1PB which contain Ceprojecting cells. In this study in male, Sprague-Dawley rats, we used combined
retrograde tracing, intracellular injection and anterograde fluorescence labeling in
conjunction with confocal laser scanning microscopy (CLSM)(as described by Shi
and Cassell, J. Neurosa. Meth. 47:23-31, 1993) to trace the three successive
components in this putative neuron chain. Neurons in the PB were labeled by
injecting the retrograde tracer Fast Blue into the Ce. Efferents to the PB from the
AP-NTS were labeled anterogradely via injections of Fluro Ruby. After a 7 day
survival, the brains were fixed and sectioned on a vibratome. Individual Ceprojecting neurons identified in 130 um thick sections of PB were intracellularly
injected with Lucifer Yellow under visual control and analyzed with CLSM.
Images from thin optical sections demonstrated potential synaptic contacts
between AP-NTS efferents and dendrites of Ce-projecting cells in 1PB. This
circuit may be important in the integration of visceral information critical to
emotional behavior and its autonomic correlates (Supported by NIH HL-14388).

MONDAY PM

CARDIOVASCULAR REGULATION:

SYSTEM ORGANIZATION

299

131.15

131.16

CNS CELL GROUPS INNERVATING SYMPATHETIC OUTFLOW TO THE
STELLATE GANGLION: A PRV TRANSNEURONAL LABELING STUDY.
A.S.P. Jansen and A.D. Loewy*. Dept. Anatomy & Neurobiology.
Washington Univ. Sch. of Med., St. Louis, MO 63110.

NITRIC OXIDE AND PUTATIVE NEUROTRANSMITTERS IN cFOS ACTIVATED NEURONS IN CARDIOVASCULAR AREAS OF
CAT BRAINSTEM. A Maqbool. TFC Batten, Li-Ming He & PN McWilliam*.
Institute of Cardiovascular Research. University of Leeds. Leeds LS2 9JT, UK.
The distribution of nitric oxide in the cat medulla oblongata was investigated by
NADPH-diaphorase (NADPH-d) histochemistry. Areas containing NADPH-d
reactive neurones included the A1 and Cl catecholamine cell groups, the nucleus
ambiguus. the lateral reticular nucleus and a number of sensory nuclei including the
nucleus tractus solitarii (NTS) and dorsal column nuclei. The extent of colocalization of NADPH-d with neuropeptides and transmitters known to be present
in bulbospinal neurons was studied by combining the NADPH-d histochemistry with
immunohistochemistry for neuropeptide Y, somatostatin, glutamate, cholecystokinin
and tyrosine hydroxylase. Co-existence of NADPH-d reaction product was found
only in glutamate-immunoreactive (-IR) and somatostatin-IR neurons, in the
paramedian region, lateral tegmental field, rostral NTS and prepositus hypoglossi.
In the rostral ventrolateral medulla, NADPH-d/somatostatin cells occupied the
paragigantocellular tegmental field exlending to the ventral edge of the medulla.
NADPH-d/glutamate cells overlapped the nucleus ambiguus, lateral reticular
nucleus. A1 and Cl cell groups, paraolivary area, external cuneate nucleus and
infratrigeminal nucleus. The possibility' that NADPH-d reactive neurones in the
ventrolateral reticular formation might have a role in control of the cardiovascular
system was investigated by activating the central baroreceptor pathways by carotid
sinus nerve stimulation, and then dual-labelling sections with NADPH-d and fosimmunohistochemistry. Fos-IR neurons were found throughout the NTS and
ventrolateral medulla. The presence of NADPH-d activity in cells expressing c-fos
after sinus nerve stimulation implies that nitric oxide containing neurones are
involved in the central baroreflex pathway within the cat medulla oblongata.

The objective of this study was provide a neurochemical map of CNS neurons
involved in controlling the sympathetic outflow to the heart. Pseudorabies virus
(PRV) was injected into the stellate ganglion of rats and after a survival time of
4-5 days, infected cells of colchicine-treated brains were analyzed w ith
immunohistochemistrical methods.
In the medulla, PRV infected cells were localized in the rostral ventrolateral
medulla, rostral ventromedial medulla, and caudal raphe nuclei. PNMTimmunoreactive infected cells were localized in the Cl area, and a few- C2 and
C3 neurons were infected. About 25% of the C1 infected cells were also positive
for neuropeptide Y (NPY), while more than 50% of the labeled dorsal adrenergic
neurons contained NPY. MERGL-, somatostatin-, and vasoactive intestinal
peptide immunoreactive cells were identified in the ventral medulla. A5 neurons
as well as some noradrenergic cells in subcoeruleus, locus coeruleus and
Kolliker-Fuse nuclei were labeled. The midbrain contained very few infected
cells. In the paraventricular hypothalamic nucleus (PVN) and lateral
hypothalamus area (LHA), neurons were labeled. 8% of the PVN infected cells
contained oxytocin or corticotropin releasing factor, while around 2% contained
vasopressin or angiotensin II. In the LHA, around 10% of the infected cells
contained angiotensin II.
.
In summary, this study provides new information on the chemical nature of
some of the descending pathways that regulate the sympathetic outflow- to the
stellate ganglion.
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ACTIVATION OF AREA POSTREMA PROJECTIONS TO THE
NUCLEUS TRACTUS SOLITARIUS (NTS) BY ARGININE
VASOPRESSIN (AVP) FACILITATED RESPONSES OF NTS
NEURONS TO BARORECEPTOR INPUT. L. Ou1. M. Hav1. V.S.
BishopV.and L. Felpel^*. 1 Dept. of Physiology and 2 Dept. of
Pharmacology, Univ. Texas Hlth. Sci. Ctr. at San Antonio, TX 78284
Previous studies suggest that electrical stimulation of the area postrema
facilitates responses of NTS neurons to baroreceptor input. This study
was designed to determine if AVP produced similar results. In urethane
anesthetized SAD rabbits, AVP was intravenously infused (2Ong/kg/min,
lmin) or microinjected into the area postrema (lng/nl, lOnl).
Extracellularly recorded evoked responses to electrical stimulation of
aortic depressor nerve (ADN) or vagus nerve (1 Hz, 2-20v, 0.05-0.5 ms)
were evaluated before and after AVP administration. 25 of 41 neurons

AREA POSTREMA (AP) MODULATION OF DORSAL MOTOR
NEURONS. E. M. Hasser1. L. Ou2. M. Hav2. W.W, Morgan*3 and V. S.
Bishop2, ’Eppt. of Veterinary Biomedical Sciences, College of Veterinary
Medicine, Univ. of Missouri, Columbia, MO 65211 and 2Dept. of Physiology
and 3Dept. of Cellular. & Structural Biology, Univ. of Texas Hlth. Sci. Ctr.,

responding to ADN/vagal stimulation increased their activity during
administration of AVP (222.2±29.3%, p<0.01). AVP produced similar
facilitatory effects on each subgroup of NTS neurons that were activated
by ADN (n=l3, 230.5±45%, p<0.01) or vagus stimulation (n=l2,
233±44.5%, p<0.01). This action of AVP was independent of the mode
of AVP administration, since either microinjection (n=l7, 210±32%.
p<0.01) or venous infusion (n=8, 266±57%, p<0.01) was effective in
augmentation of NTS responses. In 2 of 5 neurons which showed
facilitatory summation to simultaneous stimulation of the area postrema
and ADN/vagus nerve, AVP enhanced the response to ADN/vagus
stimulation. In two rabbits pretreated with vasopressin antagonist
(15ng/kg), AVP failed to facilitate the effects of ADN/vagus stimulation.
The results of this study provide direct evidence to support the
hypothesis that circulating peptides modulate the afterial baroreflex via
activation of neurons in the area postrema. (Supported by HL36080 and
HL12415)

’

San Antonio, TX 78284.
The AP is known to be important in the central regulation of cardiovascular
function and is activated by circulating hormones such as angiotensin II (ANG
II) and vasopressin. While the neurophysiological pathway between the AP
and the nucleus tractus solitarius has begun to be defined, there have been no
studies to determine the effect of AP activation on neurons of the dorsal motor
nucleus (DMN). The purpose of the present study was to determine the effects
of AP activation on extracellularly recorded DMN neurons. New Zealand
rabbits were anesthetized with pentobarbital, instrumented with arterial and
venous catheters for recording blood pressure, heart rate and the infusion of
drugs. Electrodes were placed on the renal nerves for the recording of renal
sympathetic activity (RSNA). Animals were placed in a stereotaxic head
holder, the hindbrain exposed and a stimulating electrode placed on the AP.
Glass microelectrodes (8-10 MQ) filled with potamine blue saturated 3M NaCl
were stereotaxically advanced into the DMN. Spontaneously active DMN
neurons had firing frequencies ranging from 2-20 Hz with an averaged rate of
10±2 Hz. In 30 % of the DMN tested (4/12), AP stimulation (0.2 mA, .05 ms)
significantly decreased the spontaneous activity in DMNs. These stimulations
were not accompanied by changes in arterial pressure suggesting that the effect
of AP stimulation was not due to baroreflex activation but to the activation of a
central pathway. Three DMN neurons which were not spontaneously active
were evoked by AP stimulation with a latency range between 18-25 msec. These
studies suggest that AP neurons do project to the DMN and activation of the
AP results in both inhibition and facilitation of DMN activity.

132.3

132.4

DETECTION OF C-FOS INDUCTION AND GADM IN CULTURED AREA
POSTREMA CELLS.
C.F. Phelix*! F.M. Consolim Colombo2, D.
Sanchez1, M. Hay2, V.S. Bishop2, 1 - Life Sciences, Univ.
Texas at San Antonio, TX 78249; 2 - Dept. Physiology, Univ.
Texas Health Science Center at San Antonio, TX 78284
Area postrema (AP) neurons are targets of hormones and
neural input, e.g., angiotensin II (All) and vasopressin
(AVP) and baroreceptor afferents.
Often, in vivo effects
of hormones can not easily be separated from baroreceptormediated changes}. We've observed AP c-fos induction by All
or AVP, although different from each other, similar in
magnitude with both subpressor or pressor doses, in vivo.
To confirm a direct effect of All or AVP on c-fos induction
in AP neurons we utilized cell cultures from 7 day old rat
pups for in situ visualization of nuclear fos protein and
cytoplasmic
markers
for
neurotransmitter
synthesis.
Antibodies
against
c-fos
protein,
glutamic
acid
decarboxylase (GAD of 65 kD) , and tyrosine hydroxylase (TH)
were used to identify neurons that expressed c-fos after 2
hr exposure to either All or AVP.
Control cultures were
exposed to media without peptides present.
A permanent
chromogen, DAB with Ni and Co, was used to visualize
antigen-antibody-peroxidase complexes within formaldehydefixed cells. The relative effectiveness of AVP and All to
induce c-fos was similar in vitro as determined for in vivo
studies.
Within selected fields of c-fos positive cells,
up to 50% of neurons contained fos protein within their
nuclei when exposed to AVP.
All had effects on smaller
populations of neurons.
Morphology of neurons was
determined by staining for TH or GAD^.
TH was present in
soma and processes in culture and in adult brain. GADtf was
located within both soma and processes, unlike the in vivo
location within axons and terminals only, indicating a
developmental difference for cultured neurons.

EFFERENT
PROJECTION
FROM
THE
ROSTRAL
VENTROLATERAL MEDULLA TO THE AREA POSTREMA IN
RATSJ. R. Pdsaro*, A. Fruqiere, S.P. Gaytan, E.
Nunez-Vazquez and J.C. Barillot. Dept. of Animal
Physiology and Biology, Univ. of Sevilla, 41012Sevilla,
Spain
and
Dept.
of
Physiology
and
Neurophysiology,
Univ.
Aix-Marseille,
13397Marseille, France.
The
present experiments were
designed
to
examine the hypothesis that the area postrema
(AP) receives central cardiovascular information
from the rostral ventrolateral medulla (RVLM), a
region
of
the
brain
primarily
involved
in
cardiovascular control. Electrophysiologically,
besides effects of interactive stimulation of AP
on blood pressure, single shock stimulation of AP
induced
antidromic
invasion
of
cell
somata
belonging to the cardiovascular neuronal pool in
the RVLM. Morphologically, following a Fast Blue
(FB)
injection
into
the
AP
FB
retrogradely
labeled cells were observed within the RVLM, even
near of the ventrolateral border of the medulla,
and Fluoro Ruby (FR) anterogradely labeled axons
were seen within the AP after a FR injection into
the RVLM, corroborating the previous experiments.
The present results demonstrate the existence of
an efferent pathway from the RVLM to the AP in
the rat. Supported by Integrated Action-HF:33B.
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DENDRITIC MORPHOLOGY OF CARDIAC RELATED NEURONS DEFINED BY
A p -GALACTOSIDASE EXPRESSING PSEUDORABIES VIRUS. A. Stanrfish*!!. .
W. Fngiusi2, R. R. Miselis2. MT, Whealv^ and J. S. Schwaber^. *E. L DuPont Co.,
and 4DuPont Merck Pharmaceutical Co.. Wilmington, DE 19880. 2Princeton Univ.,
Princeton, NJ 08544,3Univ. of Pena. Phila.. PA 19104.
Pseudorabies virus (PRV). a self-amplifying transneuronal tracer, has been used to
map multisynaptic neural circuits in the CNS. Previously, we used PRV to define central
cardiac circuits. A major goal of tracing with PRV is to identify intemeurons involved in
the baroreceptor vagal reflex since definition of such connections has not been possible

SUBSTANCE
P
IMMUNOREACTIVITY
(SP)
IS
FOUND
IN
CARDIORESPIRATORY AFFERENT NERVE TERMINALS
IN THE
NUCLEUS TRACTUS SOLITARIUS (NTS). V.J. MassarP, M. Shirahata2.
T.A. Johnson2, and P.J. Gatti1 . Depts. of Pharmacol.1 and Vet. Serv.3,
Howard Univ. Coll. Med., Washington, D.C. 20059, and 2Div. of Physiol., Schl.
of Hygiene & Public Health, Johns Hopkins Univ., Baltimore, MD 21205.
There are numerous hypotheses concerning which neurotransmitters are
utilized by primary baro- and chemoreceptor afferents, however ultrastructural
confirmation of these hypotheses is lacking.
We have combined a
transganglionic transport method with immunocytochemistry to examine these
issues. Horseradish peroxidase (HRP) was applied to the central cut end of
the carotid sinus nerve of the cat. Two days later the cats were sacrificed and
sections were processed histochemically for the visualization of HRP using
tetramethylbenzidine as the chromogen. This reaction provides a crystalline
electron dense reaction product. In the dark field, ample labeling was noted
bilaterally in the commissural NTS caudal to obex. Rostral to obex, abundant
ipsilateral labeling was noted in the dorsal, dorso-lateral, and medial NTS
subnuclei. At the ultrastructural level, HRP was observed in myelinated and
unmyelinated axons, as well as in nerve terminals. Sections were also
processed for the simultaneous immunocytochemical localization of SP using
diaminobenzidine as the chromogen. This reaction provides an amorphous
electron dense reaction product. SP immunoreactivity was found only in
nerve terminals. Within the terminals, SP was primarily associated with large
dense core vesicles. Some primary afferent terminals were noted to contain
both SP immunoreactivity and HRP. These data indicate that SP is a primary
afferent neurotransmitter/neuromodulator used in baro- and/or chemoreceptor
reflexes. Supported by NHLBI 44922, The American Heart Association, and
The Howard University Graduate School Collaborative Core Unit Program

with conventional tracers. In the present study, we used a p -galactosidase (p -gal)
expressing form of PRV-Bartha (BaBlu) to define the dendritic morphology of
motoneurons and intemeurons that innervate the heart. And- p -gal antibodies reveal
dendritic morphology of infected neurons more extensively than that detected with antiPRV virion antiserum (Rbl34) and superior to direct enzymatic assay of p -gal.
Following PRV-BaBlu injection into cardiac sites, infected neurons were clearly defined
and labeled dendrites could be traced for long distances sometimes greater than 500 g m
from the cell body. Occasionally, dendritic appendages also appear to be labeled.
Dendrites of large multipolar cardiomotor neurons located in the nucleus ambiguus
(NA) were extensive and sometimes intertwine with adjacent dendrites. Intemeurons
located in the NA region and the reticular arc had long dendrites extending along the
reticular arc. Dendrites of infected neurons in NTS regions were relatively short.
Occasionally, some dendrites of infected neurons in ventral regions extended into dorsal
regions of the NTS. Dendrites of infected neurons in the paraventricular hypothalamic
nucleus extended in a lateral arc between labeled neurons in the dorsomedial cap and the
ventral region of the nucleus. Infected cells in the nodose ganglia were also observed.
We conclude that antibody detection of p -gal expressed by PRV-BaBlu after infection
of neural cardiac circuits provides a superior method to define the dendrites and
dendritic fields of cardiac related motoneurons and intemeurons.
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EXCITATION OF SINGLE UNIT ACTIVITY BY SUBSTANCE P
IN THE NUCLEUS TRACTUS SOLITARIUS. P. D. Feldman*

CP-96,345 BLOCKS SUBSTANCE P-INDUCED' EXCITATION OF
MEDIAL NTS NEURONS. W. D. Knowles. VZ. Li. A J. McQueeney
and K. L. Barnes. Department of Neurosciences, Research Institute,
Cleveland Clinic Foundation, Cleveland, OH 44195-5286.

Department

L.

of

Pharmacology

and

Neuroscience

Center,

S. U. Medical Center, New Orleans, LA 70112-1393.

Anatomical studies have demonstrated that axon terminals containing substance P

(SP) form synaptic contacts in the nucleus tractus solitarius (nTS), and evidence

from this laboratory indicates that microinjection of submicromolar concentrations of
the peptide into the nTS induces decreases of blood pressure and heart rate that
resemble those seen during activation of the baroreflex.

To follow up on these

findings and provide a correlation between the systemic effects of the tachykinin and

its effects at the cellular level, an ex vivo slice preparation was used to study changes
of ongoing spike activity in the nTS of the rat during exposure to SP. Extracellular

single unit recordings were made from isolated, superfused medullary slices. SP was
applied in the superfusate at fixed concentrations of 10, 25, 100 and 250 nM. A total

of ten neurons have been studied.

Six neurons were excited in a roughly

concentration-dependent manner, with a mean excitation (± SEM) of +32.7 ± 5.2%
above control at 10 nM, rising to an excitation of +226.5 ± 70.7% at 100 nM and

becoming asymptotic thereafter. The remaining four neurons were unresponsive at

concentrations up to 1 gM.

Thus, approximately half of the neurons in the nTS

appear to be stimulated by submicromolar concentrations of SP, providing an
indication at the synaptic level of a possible baroreflexogenic effect of the tachykinin.

Studies are ongoing to determine the subtype of neurokininergic receptor that

We previously discovered medial nucleus tractus solitarii (nTS)
neurons excited by both angiotensin (Ang) II and substance P (SP), and
that Ang II releases SP from medulla slices. To test mechanisms for
interactions between Ang II and SP, we sought a NK1 receptor
antagonist that prevents SP-induced activation of nTS neurons in the rat
medulla slice in vitro. At concentrations 10- to 400-fold that of SP (0.5 lgM),
[Leu11,yCH2NH10-ll]SP,
[D-Pro4,D.-Tp7,9]SPf4.i1),
and
Spantide II failed to block or attenuate the excitation produced by SP.
These antagonists were also partial agonists, exciting neurons at doses of
10 - 100 gM. WIN 51708 (Sterling Winthrop) did not activate neurons at
concentrations up to 2 mM, but repeated application of WIN 51708
(2 mM) for 1 hour only attenuated the excitatory effects of SP by 50%. In
contrast, CP-96,345 (20 - 200 gM, gift of Pfizer Central Research) had no
agonist effects on nTS neurons, and substantially attenuated or blocked
SP-induced neuronal excitation in all cells.
CP-96,345 prevented
neuronal excitation by SP without altering excitation produced by either
L-gluttamate or Ang II. Actions of this antagonist on NK1 receptors
rather than L-type Ca2+ channels in nTS neurons were substantiated by
the failure of nifedipine (100 gM) to alter SP-induced excitation,
documenting the selectivity of the blockade. These findings suggest that
CP-96,345 is an appropriate competitive antagonist for uncovering the
mechanisms of the neuronal effects of SP in the rat brain slice, as shown
previously in the guinea pig. (Supported by NSF BNS-9109673).

mediates the excitatory effects of SP in the nTS. (Supported by NIH Grant NS-29458.)
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LOCAL APPLICATION OF A VASOPRESSIN VI ANTAGONIST
MODULATES THE SPONTANEOUS ACTIVITY OF BARORECEPTOR
SENSITIVE NTS NEURONS. A. A. Hegartv* and R. B. Felder. Dept. of Internal
Medicine and Cardiovascular Center, University of Iowa College of Medicine, Iowa
City, IA 52242.
Autoradiography has demonstrated dense labeling of vasopressin (AVP) VI
receptors in the nucleus tractus solitarius (NTS), the primary termination site of
baroreceptor afferents. Previously, we reported that microinjection of a VI antagonist
into the NTS attenuated baroreflex control of renal sympathetic nerve activity (Soc.
Neurosci. Abst. 19:316, 1993). This suggests that AVP within the NTS may modulate
cardiovascular functions. We have used single unit extracellular recordings in
anesthetized rats to determine the effect of local microinjection of the A VP VI
antagonist d(CH2)5Tyr(Me)AVP on the spontaneous activity of NTS neurons. A
glass pipette epoxied to a recording electrode was used for microinjection of VI
antagonist at the recording site. Phenylephrine- induced increases in arterial pressure
were used to identify baroreceptor (baro-) responsive neurons. 7/9 NTS units
responded to VI receptor blockade. The following table shows the relationship
between the effects of VI receptor blockade and baroreceptor responsiveness of
neurons.

STIMULATION OF 5-HT3 RECEPTORS IN THE NUCLEUS TRACTUS
SOLITARIUS INHIBITS BEZOLD-JARISCH REFLEX IN THE RAT. R. Laatizzi .
C. Sevoz . L. Lanfumev* and M, Hamon. INSERM U288, 75634 Paris cedex
13, France.
In a previous study (1) we showed that activation of 5-HT3 receptors in the
nucleus tractus solitarius (NTS) blocks the cardiovagal component of the
baroreceptor reflex in rats. In order to further analyse the cardiovascular (CV)
responses to this treatment, we investigated the effects of intra-NTS
microinjections of 5-HT and 3-chloro-phenylbiguanide (CPBG), a potent and
selective 5-HT3 receptor agonist, on the Bezold-Jarisch reflex (bradycardia
and hypotension) elicited by a bolus injection of phenylbiguanide (PBG, 5
gg/kg) into the jugular vein of urethane-anaesthetized rats.
Drugs were microinjected by means of a glass micropipette (70-90 gm)
stereotaxically implanted into the medial NTS. Bilateral microinjections of 5-HT
(600-900 pmol) or CPBG (10-150 pmol) into the NTS produced a dosedependent inhibition of the Bezold-Jarisch reflex responses. The maximal
effect (total inhibition of PBG-induced bradycardia and - 50% inhibition of
PBG-induced hypotension) was obtained with 900 pmol of 5-HT or 150 pmol
of CPBG. These effects of both agonists were not modified by atropine
pretreatment (30 gg/kg, i.v.). Conversely, they were totally blocked by prior
intra-NTS microinjections of 5-HT3 antagonists such as zacopride (100 pmol)
and ondansetron (100 pmol).
These data show that 5-HT3 receptor activation in the NTS blocks the
cardiovagal component of the Bezold-Jarisch reflex without affecting the
sympathetic component. As 5-HT3 NTS receptor stimulation also suppresed
the cardiovagal component of the baroreceptor reflex (1), it can be concluded
that these receptors play probably a key role in the local control of the
cardiovagal responses associated with general CV reflex regulation in the rat.
(1) Merahi, N. et al., Neuroscience 46:91-100,1992.

baro-excited
baro-inhibited
baro-insensitive

Inhibition
4
1

VI Antagonist
Excitation
1

No Effect
1
1

These results suggest that endogenous vasopressin exerts a tonic influence on the
activity of baroreceptive neurons in the NTS and supports the hypothesis that central
AVP can modulate cardiovascular function.
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INSULIN ATTENUATES DEPRESSOR RESPONSES ELICITED BY
MICROINJECTION OF GLUTAMATE IN THE NUCLEUS OF THE
TRACTUS SOLITARIUS OF THE RAT
*

MICROINJECTION
OF
IONOTROPIC
(ION)
AND
METABOTROPIC (MET) SELECTIVE AGONISTS INTO THE
NUCLEUS TRACTUS SOLITARII (NTS) OF CONSCIOUS
RATS PRODUCES HYPOTENSION AND BRADYCARDIA.
B.H.Machado*. L.G.H.Bonacamba and E.Colombari.
Dept. Physiology,
School of Medicine,
USP,
14049-900, Ribeirao Preto, SP, Brazil.
Microinjections of ION agonists [NMDA,
Kainic Acid (KA) and Quisqualic Acid (QA)(l, 5
and 10 pmoles/100 nl)]
and MET agonist [ACPD
(0.1, 0.5 and 1.0 nmol/100 nl)] were performed
into the NTS of conscious rats. ION agonists
produced
dose-dependent
hypotension
and
bradycardia:
NMDA [-l±l,
-l4±9 and -28±12
mmHg; -3±2,
-39±I7 and -l20±23 bpm, (n=ll)],
KA [~I4±4, -28±7 and -l9±2 mmHg; -36±8,-II4±28
and -l92±26 bpm (n=9)] and QA [-ll±6,-36±6 and
-35±ll mmHg;
-3l±ll, -I33±28 and -l57±28 bpm
(n=9)].
ACPD
also produced dose-dependent
hypotension and bradycardia [-13±8, -60±9 and
-64±ll mmHg;
-43±I3, -l85±4l and ~I80±I3 bpm
(n=4)].
These
data show
that
selective
activation of ION and MET receptors in the NTS
of conscious rats, different of non-selective
activation
with
L-Glutamate,
produces
hypotension and bradycardia similar to the
responses induced by the activation of the
baroreflex.(Supported by FAPESP and CNPq).

A.M. McKeman and F.R. Calaresu*. Department of Physiology, The University of
Western Ontario, London, Ontario, Canada, N6A 3K7.

Recent studies have suggested that insulin (INS) may play a role in the CNS control
of the cardiovascular system. Microinjections of INS into discrete CNS sites have
been shown to cause depressor responses (J.Hvpertens. 9:509-517, 1991). In
addition, responses elicited by stimulation of central cardiovascular circuits have been
shown to be inhibited by INS (Am.J.Phvsiol. 265:E6O^^^(516, 1993). To test the
hypothesis that INS may be a messenger substance in the baroreceptor reflex pathway,
the effect of INS microinjection into the nucleus of the tractus solitarius (NTS) on
depressor responses elicited by the excitatory amino acid L-glutamate in this nucleus
was studied. Male Wistar rats were anaesthetized with urethane (1.4 g/kg),
paralysed, artificially ventilated and instrumented for continuous recording of heart
rate (HR) and arterial pressure (AP). Three concentrations of INS were delivered
into NTS depressor sites identified by microinjection of 10-40 nl of L-glutamate
(L-glu, 0.15M). Microinjection of l.lxlO-3 international units (IU;llO nl of a 10
IU/ml solution; n = 8) of porcine insulin caused a significant attenuation of L-glu
elicited decreases in HR and MAP at 5, 9, 15 and 30 minutes after INS
microinjection (p<0.05), whereas microinjection of l.l x 10" IU of INS (n=8) caused
a significant attenuation of the decrease only in HR at 5 minutes after INS injection.
In contrast, microinjection of the same volumes of vehicle (n = 8) and l.lxl C2IU INS
(n = 8) did not significantly attenuate depressor responses elicited by L-glu
microinjected into the same sites in the NTS. These preliminary results confirm the
possibility of a role for INS in mediating neurotransmission in CNS circuits involved
in the central control of the cardiovascular system. (Supported by the MRC of Canada)
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CENTRAL ATTENUATION OF THE BARORECEPTOR REFLEX IN
SPONTANEOUSLY HYPERTENSIVE RATS: ROLE OF GABAg RECEPTORS
IN THE NUCLEUS TRACTUS SOLITARIUS.
M. Yin and A.F. Sved*.
Department of Neuroscience, University of Pittsburgh, Pittsburgh, PA 15260
Previous studies have demonstrated that electrical stimulation of baroreceptor
afferent fibers in the aortic depressor nerve (ADN) elicits a decrease in arterial
pressure (AP) and sympathetic nerve activity (SNA) that is attenuated in
spontaneously hypertensive rats (SHR) compared to control Wistar-Kyoto rats
(WKY).
Furthermore, we have previously reported that pharmacological
stimulation of GABAb receptors in the nucleus tractus solitarius (NTS), the central
site of termination of the ADN, attenuates ADN-evoked responses and that
responses elicited by pharmacological stimulation or blockade of GABAg receptors
in the NTS are enhanced in SHR. Thus, the present study sought to determine
whether GABAb receptors in the NTS are normally involved in the attenuation of
ADN-evoked responses in SHR rats. SHR (n=6) and WKY (n=4) rats were
anesthetized with urethane (1.5 g/kg iv) and instrumented for stimulating the ADN
and recording AP and splanchnic SNA. Rats were then placed in a stereotaxic
frame to allow microinjection of drugs into the NTS. Electrical stimulation of the
ADN (100 pA, 1 msec pulses at 25 Hz for 1 min) elicited decreases in AP and
SNA. These responses were attenuated in SHR, especially during the final 20
seconds of the stimulation (change in AP: -31 ±5 mmHg in SHR and -50±4 mmHg
in WKY; change in SSNA: -15 ±2% in SHR and -54±6% in WKY). Injection of
a GABAb receptor antagonist (CGP-35348, 5 nmol in 100 nl) into the NTS during
ADN stimulation resulted in a decrease in AP (-14 ±3 mmHg) and SNA (-9.9
±1.7%) in SHR. In contrast, CGP-35348 had no effect in WKY rats. These
results support the hypothesis that enhanced responsiveness of GABAg receptors in
the NTS may contribute to attenuated baroreceptor reflex function in SHR.

AORTIC NERVE EVOKED DISCHARGE * OF NUCLEUS
TRACTUS SOLITARIUS (NTS) NEURONS UNDERGOES TIMEDEPENDENT INHIBITION IN THE RAT Deborah A. Scheuer*.

Glenn M. Toney and Steven W. Mifflin Department of Pharmacology,
University of Texas Health Science Center, San Antonio, TX 78284.
Time-dependent inhibition of carotid sinus nerve evoked discharge
indicates that neurons in the NTS participate in temporal integration of
afferent cardiovascular information. However, carotid sinus nerve
afferents arise from both chemoreceptors and baroreceptors and
therefore the relative degree to which time-dependent inhibition
participates in integrating baroreceptor reflexes is uncertain. In this
study, experiments were performed in anesthetized rats using
extracellular recording techniques to characterize the time-dependence of
NTS unit discharge evoked by activation of baroreceptor afferents in
the aortic nerve. Electrical stimuli (<500 A) were applied to ipsilateral
aortic nerve and responses recorded following 30 test stimuli in the
absence (control) and presence of identical conditioning stimuli -delivered
50 ms earlier. Among all cells recorded (n=19), peak onset latencies
were similar, averaging 25.3 ± 2.1 ms. In 8 cells evoked discharge was
not inhibited by conditioning stimuli, averaging 100.5 ± 4.8 % of control.
This is within the limits of normal inter-test variability which averaged <
±15 %. Interestingly, all of the neurons tested which were categorized
as receiving monosynaptic aortic nerve inputs (n=4) were a part of this
group. In 5 other cells, the response to test stimuli was completely
prevented at the 50 ms conditioning-test interval. In the remaining 6
cells, conditioning stimuli did not abolish discharge evoked by test
stimuli, but reduced the response an average of 59.5 % of control
(range: 24 to 84 %). These results demonstrate that within the sampled
population of NTS units activated by aortic baroreceptor inputs,
subpopulations exist that possess different sensitivities to timedependent inhibition. (Supported by HL 36080)
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FREQUENCY-DEPENDENT SYNAPTIC DEPRESSION IS INDEPENDENT
OF EXTERNAL CALCIUM CONCENTRATION FOR AFFERENT
SYNAPTIC TRANSMISSION IN RAT MEDIAL NUCLEUS TRACTUS
SOLITARIUS (mNTS). M.C. Andresen* and M. Yang. Dept. of
Physiology, Oregon Health Sciences University, Portland, OR 97201
As in the spinal cord, sensory afferent transmission in the medulla
at mNTS is depressed at very low frequencies of stimulation.
Excitatory synaptic responses evoked by sensory afferent axon
activation are mediated by glutamate (glu) acting at non-NMDA
receptors in both the spinal cord and in mNTS. In spinal cord slices,
frequency dependent depression is alleviated by reducing
extracellular calcium - Ca (Lev-Tov & Pinco, 1992). In mNTS, we
measured excitatory postsynaptic potentials (EPSPs) evoked by
electrical stimuli to the solitary tract (ST) in a rat horizontal medullary
slice. ST stimulation evoked short latency, monosynaptic EPSPs.
Two seconds of 0.5, 5, 20, and 50 Hz stimuli were tested in normal,
low and high Ca (1.2, 0.8 & 2.4 mM). Low Ca reduced EPSPs to
<40% of control. High Ca increased EPSPs to > 150% of control.
Despite these large changes, frequency dependent reductions in the
EPSP were still clearly present and simply scaling by the size of the
0.5 Hz response produced overlapping frequency response relations.
In conclusion, substantially changing the amount of glu released failed
to alter frequency-dependent synaptic depression of sensory afferent
input to mNTS and raises questions about the role of feedback on glu

IDENTIFICATION OF CHEMORECEPTOR-SENSITIVE NEURONS IN THE
COMMISSURAL SUBNUCLEUS OF NTS IN THE RAT. H.N. Sapru* and V.C.
Chitravanshi, Depts. of Neurosurgery & Pharmacology, New Jersey Medical School,
Newark, NJ 07103.
Experiments were carried out in pentobarbital-anesthetized, vagotomized, paralyzed,
and artificially ventilated male Wistar rats with a pneumothorax. Blood pressure,
heart rate and the phrenic-nerve activity were recorded. Extracellular neuronal
recordings were made by glass micropipettes in a midline area in the commissural
subnucleus of the nucleus tractus solitarius (NTS). At the end of the experiment, the
recording sites were marked. Chemoreceptors were stimulated by tracheal
administration of N2 or injection (50 pl) of CO2-saturated saline near the carotid
body. The baroreceptors were stimulated by a bolus intravenous injection of
phenylephrine (1-3 pg). Neurons that were excited by chemoreceptor stimulation, but
not baroreceptor stimulation, were found in the commissural subnucleus of NTS and
were designated as chemoreceptor-sensitive neurons. They exhibited a continuous
discharge (9.86 ± 1.32 spikes/sec) which showed no relation to either phrenic nerve
bursts or arterial pulses. Such neurons were not found in the rostral portions of NTS.
These results confirm and extend our previous reports in which a discrete
chemoreceptor projection site was identified in the commissural subnucleus of the rat.
Support: NIH: HL24377 and AHA (NJ).

autoreceptors in sensory afferent depression in mNTS.
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A MIDLINE AREA IN THE COMMISSURAL SUBNUCLEUS OF NTS
MEDIATES THE PHRENIC NERVE (PN) RESPONSES TO CAROTID
CHEMORECEPTOR STIMULATION. V.C. Chitravanshi* and H.N. Sapru.,
Depts. of Neurosurgery & Pharmacology, New Jersey Medical School, Newark, NJ
07103.
The carotid chemoreceptor afferents have been reported to project to a discrete area
located in the nucleus commissuralis of nucleus tractus solitarius (NTS). The aforementioned study was done in spontaneously breathing rats with the afferents and
efferents, located in the chest wall and the respiratory tract, intact. The present
experiment was designed to exclude the role, if any, of these afferents and efferents
by recording the output of the respiration-related brainstem neurons directly from the
PN in pentobarbital-anesthetized, bilaterally vagotomized, paralyzed and artificially
ventilated rats with a pneumothorax. The carotid chemoreceptors were stimulated with
either tracheal administration of N2 for 7-10 sec or injection of saline (50 pl)
saturated with 100% carbon dioxide into the carotid circulation. The chemoreceptor
stimulation induced an increase in the frequency and amplitude of PN bursts.
Concomitant with these changes, a decrease in the duration of inspiratory (T,),
expiratory (TE) and total cycles (Ttot ) was observed in the PN activity. Inhibition of
neurons by microinjections of muscimol (140 pmol/20 nl used to inhibit neuronal cell
bodies) into a discrete area in the nucleus commissuralis of the NTS (coordinates in
mm: 0.3 rostral to 0.5 caudal, 0 to 0.5 lateral and 0.3 to 0.5 deep with respect to the
calamus scriptorius), abolished the PN responses to the carotid stimulation; injection
of saline (20 nl) did not abolish these responses. Moreover, injections of bicuculline
(a GABAa receptor antagonist) reversed the actions of muscimol. These results
confirm that the carotid chemoreceptors project to a discrete area (tentatively called
chemoreceptor projection site) in the nucleus commissuralis of the NTS.
Support: NIH: HL24377 and AHA (NJ).

PROJECTIONS FROM THE NUCLEUS OF THE SOLITARY
TRACT TOWARDS IDENTIFIED AND INTRACELLULARLY
LABELLED 'SYMPATHO-EXCITATORY' CELLS OF THE
ROSTRAL VENTOLATERAL MEDULLA OBLONGATA (RVLM) IN
RATS. A. Zagon* and K. M. Spyer. Royal Free Hospital School of
Medicine, Rowland Hill Street, London NW3 2PF, U.K.
The activity of 'sympatho-excitatory' cells of the RVLM is defined by
inputs from baroreceptive cells of the nucleus of the solitary tract. The
aim of the present study was to examine the detailed morphology of the
underlying connection using a combination of anterograde tract tracing
and in vivo intracellular recording.
Ongoing activity of cells in the RVLM was recorded intracellularly and
the existence of their spinal projections were determined by antidromic
activation. Physiologically characterized cells were intracellularly
labelled with biocytin, and an anterograde tract tracer (Miniruby) was
injected into the ipsilateral, caudal part of the nucleus of the solitary
tract. The activity patterns of the labelled cells (resting potentials > -45
mV) and the properties of their action potentials were analysed off-line.
'Sympatho-excitatory' cells in the RVLM were medium sized mostly
multipolar cells. Their action potential were < 1 msec in duration, were
followed by a short latency, brief afterhyprpolarization and were
strongly entrained to the heart rate. An approx. 35 Hz rhythmic
oscillation of the resting membrane potential was also observed in some
cells. Terminals, originating from the nucleus of the solitary tract were
found in close proximity of labelled, sympatho-active cells. The
existence of direct contacts between identified cells and anterogradely
labelled varicosities were examined.
Supported by the British Heart Foundation.

132.19
COMPARISON BETWEEN NEURONS IN THE CARDIOVASCULAR REGIONS
OF AMBIGUUS (NA) AND TRACTUS SOLITARIUS (NTS) NUCLEI.
D. Mendelowitz** and M.C. Andresen. Dept. Physiology, Oregon Health
Sciences Univ., Portland OR 97201, ^Current Address: Dept. Physiology and
Biophysics, Univ. of Tenn, Memphis, TN 38163.
Intracellular recordings were obtained in-vitro from neurons in the
cardiovascular regions of NA and NTS. These regions were previously shown
to contain the soma of efferent parasympathetic cardiac neurons, and aortic
baroreceptor presynaptic terminals, respectively.
Neurons in the NA were silent and had resting potentials of -62.3 ± 2.5 mV,
with action potential thresholds of -47.2 ± 2.6 mV evoked 41.3 ± 17.2 msec after
depolarizing current injection (n=12). NA neurons exhibited little spike frequency
adaptation (SFA). Hyperpolarizing prepulses for 200 msec to -80.9 ± 2.2 mV did
not alter the threshold or delay for action potential excitation (DE).
In contrast, NTS neurons monosynaptically excited by solitary tract stimulation
were spontaneously active with firing frequencies between 1 and 10 Hz and
resting potentials of -52.7 ± 3.0 mV (n=11). NTS neurons had a pronounced
SFA during depolarizing current injection. Hyperpolarizing prepulses elicited DE
for up to 600 msec with decreases in discharge rates.
In summary, the electrophysiological properties of NA and NTS neurons are
very different, suggesting that their contrasting roles in cardiovascular reflexes
can be at least partly due to different voltage-gated ionic currents that determine
their firing properties.
Supported by grants HL-49965 (to DM) and HL-41119 (to MCA).
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C-FIBER INPUT TO INSPIRATORY (I) AND EXPIRATORY (E) CELLS IN
THE VENTRAL RESPIRATORY GROUP (VRG) IN RAT. C.G. Wilson*

MEMBRANE POTENTIAL (MP) PATTERNS OF MEDULLARY INSPIRATORY (I) AND EXPIRATORY (E) NEURONS: RELATION TO RESPIRATORY PHASE TIMING. M.I. Cohen • •. W.R.See? W.-X. Huang and

and A.C. Bonham Univ. of CA at Davis, Davis, CA. 95616.
Phenylbiguanide (PBG) injected in the right atrium (RA) of rats elicits the
classic C-fiber reflex response: apnea, rapid shallow breathing (RSB),
bradycardia, hypotension. This study extends previous work to determine
the role of VRG I and E cells in the reflex. Extracellular unit activity,
phrenic nerve activity (PNA), and blood pressure (BP) were recorded in
urethane-anaesthetized, paralyzed, ventilated rats. Monopolar stimulating
electrodes were placed in contralateral VRG and spinal cord (C2-C3) for
antidromic invasion of VRG cells. The table summarizes our findings.

Type

E1

E2

I AUG

Total N
Inhibited by PBG
Excited by PBG
PB
BS
Coll. Lat

18
2
16
NT
NT
NT

10
1
9
0/9
1/9
0.8

42
41
1
4/42
1/42
2.6

I DEC

ICON

PRE-I

2
2
0
NT
NT
NT

15
2
15
2
0
0
0/12
1/2
2/12
0/2
1.3
1.3
RA PBG (5-10pg/kg) decreased the activity of 58/59 I cells, including
propriobulbar (PB) and bulbospinal (BS) cells. The decrease ranged from
abolition during apnea to decreases in spikes/burst (s/b) and burst duration
(bd) during RSB. In contrast, PBG excited 2/2 pre-I cells. 25/28 E cells,
including 1 BS E cell discharged throughout apnea; as the PNA amplitude
increased, E cell bd decreased. The data suggest that C-fiber-evoked

apnea and RSB is mediated by an inhibition of both PB and BS I cells,
while E cells discharged continuously until inspiratory drive recovered.
Support: NIH HL48584
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Q.P. Yu. Dept. of Physiol., Albert Einstein Col. Med.,
Bronx NY 10461.
In decerebrate paralyzed cats, vagal (V) afferent
inputs (no-inflation test and/or V nerve stimulation)
were used to change respiratory timing and MP patterns
of medullary I and E neurons, a) I neurons. The MP
showed a depolarization (depol.) wave during I, a hyperpolarization (hyperpol.) wave in early E, and a slowly
increasing depol. in the course of E. An increase of I
duration was followed by a larger peak hyperpol. in
early E and thus by a delay in reaching peak depol. in
late E. b) Earlv-E decrementing neurons. These showed
hyperpol. during I, which gave way to a rapid depol. at
the end of I, followed by declining depol. during E.
With change of I duration, the subsequent peak depol. in
early E changed in the same direction; but the rapid
depol. pattern at the end of I was not changed, indicating close locking of the MP pattern to the I off-switch,
c) Late-E augmenting neurons. The hyperpol. during I
gave way to a more gradually rising depol., so that
firing was delayed from the start of E. Following a
lengthened I duration, the depol. rate was slowed and
the firing onset delay was increased. These results
indicate that excitation and inhibition during early E
(stage I expiration) are crucial for determining E
duration. (Supported by N.I.H. Grant HL-27300.)
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VESTIBULAR
INPUT
REVEALS
FUNCTIONAL
DIFFERENCE BETWEEN DORSAL AND VENTRAL
RESPIRATORY GROUPS. A.D. Miller*. T. Yamaguchi and B.J.
Yates. Lab. Neurophysiology, The Rockefeller Univ., New York, NY

Activation of the vestibular nerve affects phrenic and abdominal
nerve activity bilaterally at latencies on the order of 10-15 ms (Yates et
al., Brain Res. 629: 209-217, 1993). The functions of vestibulorespiratory reflexes are not yet established. However, they could act to
compensate for mechanical constraints on respiration caused by changes
in posture, aid in venous return to the heart during movements that
could result in orthostatic hypotension, and/or contribute to maintaining
posture or producing movements of the trunk.
The purpose of this project is to determine the neuronal substrate
that produces vestibulo-respiratory responses. Experiments were
conducted on adult cats that had a midcollicular decerebration. Our initial
study showed that out of 30 inspiratory neurons in the dorsal respiratory
group (DRG), only 2 received (weak) input in response to electrical
stimulation of the vestibular nerve, whereas strong responses were
simultaneously recorded on the phrenic nerve (Grelot et al., Soc.
Neurosci. Abstr. 19: 1492, 1995). In the present study, we have
recorded from 19 bulbospinal inspiratory neurons in the ventral
respiratory group (VRG). Over one-half (n=ll, 58%) received
vestibular input at latencies < those of the reflex.
The presence of vestibular input to the majority of bulbospinal
inspiratory neurons in the VRG, as opposed to those in the DRG,
demonstrates a functional difference between these two groups of
neurons.
Supported by grants from NIH (NS20585 to ADM, DCOO693 to
BJY), and the Irina T. Hirschl Trust (to BJY).

DEPENDENCE OF CEREBELLAR RESPIRATORY-RELATED NEURONAL
ACTIVITY ON RESPIRATORY AFFERENT INPUTS F. Xu and D.T.
Frazier*. Dept. of Physiol., Univ. of KY, Lexington, KY
Cerebellar respiratory related neurons (C-RRNs) have been
recorded in alert and anesthetized cats.
Our study was
designed to examine the influence of vagal and respiratory
muscle afferents on shaping the firing behavior of C-RRNs.
The anesthetized, paralyzed and ventilated cat was placed
in a stereotaxic apparatus and coordinates utilized to
position a tungsten recording micro-electrode in the
fastigial nucleus. The phrenic neurogram (PN) was used as
an index of respiratory motor output and determination of
C-RRNs' respiratory phase relationship.
Reduction of
passive movement-induced respiratory muscles' inputs as
well
as vagally mediated lung
volume
inputs was
accomplished by cessation of the ventilator for single
(FRC) and multiple breaths. The results show that C-RRNs,
based on their neuronal
firing behavior, could be
classified as: expiratory (major), inspiratory, pump and •
tonic modulated.
Sustained FRC volume resulted in
shortening the expiratory neuronal burst duration with a
concomitant change in the expiratory duration of the PN.
Phasic
activities
of
C-RRNs
still
existed
after
disconnection of ventilator for several breaths.
These
results suggest that the presence of C-RRNs activity does
not depend on vagal and respiratory muscle inputs.
However, their firing pattern can be modulated by
manipulation of vagal afferents. (NIH P01 40369).

10021.
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CONVERGENCE OF CAROTID CHEMORECEPTOR AND
BARORECEPTOR INPUTS TO BRAINSTEM RESPIRATORY NEURAL
NETWORKS K. F. Morris*. R. Shannon and B. G. Lindsey. Physiol. &
Biophysics, Univ. South Florida Med. Ctr., Tampa, FL 33612.
Stimulation of carotid baroreceptors (BStim) results in a decrease in
integrated phrenic nerve amplitude. Stimulation of carotid body
chemoreceptors (CStim) results in increased phrenic nerve amplitude and
cycling frequency. We studied these responses in 21 anesthetized,
vagotomized cats. BStim was by increased systemic blood pressure in 15
cats. In 6, BStim and CStim was localized to the carotid sinus and bodies.
Multiple spike trains of neurons recorded simultaneously in the ventral
respiratory group - Bflt. complex (YRG) were analyzed with respiratory and
cardiac cycle-triggered histograms, spike triggered average histograms of
phrenic multiunit activity and cross-correlograms. A computer model
respiratory rhythm generator helped define possible neuronal interactions
and guided in vivo research. Tl increased during BStim in 8 cats,
decreased in 12. TE increased in 12, decreased in 3. Evidence was found
for inhibition of phrenic motoneurons by VRG expiratory neurons that
increased activity during BStim. Evidence was found for excitatory
connections from putative l-Driver neurons involved in respiratory phase
timing to premotor inspiratory neurons. These cells responded with similar
firing rate changes during BStim to produce a decrease in cycling
frequency and peak activity, but responded with opposite rate changes
during CStim to produce an increase in cycling frequency and peak
activity. The results support the hypothesis that several populations of
respiratory-related neurons in the ventrolateral medulla process carotid
baroreceptor and chemoreceptor information in parallel to produce
changes in respiratory drive and phase timing during stimulation.
Supported by NS19814.

SUPERIOR LARYNGEAL NERVE (SLN)-ELICITED TRANSIENT
INHIBITION REQUIRES THE ROSTRAL VENTr AL RESPIRATORY
GROUP (VRG). D.R. Karius*. M.K. Anderson, and D.F. Speck. Dept, of
Physiology, University of Kentucky, Lexington KY 40536
Single shock stimulation of the SLN produces a transient inhibition of the
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HIGHLY MODULATED RESPIRATORY ACTIVITY RECORDED IN THE
LATERAL AND VENTROLATERAL PONS IN RATS. T.E. Dick*. S.K.
Coles and J.S. Jodkowski. Div. of Pulmonary & Critical Care Medicine, Dept.
of Medicine, Case Western Reserve University, Cleveland, Ohio 44106-4389.
Apneustic breathing follows bilateral chemical lesioning of the ventrolateral
(vl) pons (Jodkowski et al., Neurosci. Letts., In press). These data indicate that
cells in the vl pons function similarly to those in the dorsolateral pons.
Therefore, we hypothesized that respiratory modulated activity may be present
in the .vl pons. Adult rats (n=9, 350-450 g, male, Sprague Dawley) were
anesthetized, vagotomized, paralyzed, and ventilated. Pontine neural activity

BRAINSTEM
FOS-LIKE IMM UNO REACTIVITY
(FLI)
DURING
RESPIRATORY LOADING IN UNANESTHETIZED RABBITS. ATScardella.
A Held. JA Neubauer*. NH Edefman. TV Santiago. Dept. of Medicine,
UMDNJ-Robert Wood Johnson Med. School, New Brunswick, N.J.
We have previously demonstrated that loaded breathing activates
endogenous opioid (EO) pathways, which modulate central respiratory
output. Since pain activates EO pathways and induces c-fos in discrete

was recorded extracellularly with a glass micropipette (20-40 M0 filled with 3M NaCl, 10 mM 1-glutamate, and 2% fast green).
L-glutamate was
ionophoresed to determine the cellular substrate of the recording and fast green
was ionophoresed to mark the recording sites. We recorded respiratorymodulated activity from 36 neurons throughout the lateral pons 2.5 mm lateral
to the midline an between 4900 to 8800 pm below the dorsal cerebral surface.
Activity was highly modulated and consisted of the various types of cellular
activity, i.e., (1) tonic and phasic and (2) inspiratory, post-inspiratory, and
expiratory. There was no differential distribution of cellular activity. Various
types of activity were recorded dorsally and ventrally as well as at depths
between these extremes. The dorsal recording sites corresponded to the
parabrachial nuclei and pontine respiratory group.
In contrast, highly
modulated activity has not been reported previously ventrally. The ventral sites
may correspond to the A5 nucleus where poorly modulated, respiratory activity
has been recorded (Guyenet et al., Amer. J. Phvsiol.. 264:R.1O35-R1O44,
1993). Supported by NHLBI grant HL-42400 to TED and an American Heart
Fellowship to SKC.
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phrenic nerve (PN) discharge while stimulus trains terminate inspiration. The
pathways producing the transient inhibition are unknown. This study tested the
involvement of the rostral VRG in the production of the transient inhibition.
Adult cats were anesthetized (sodium thiopental), decerebrated, paralyzed,
artificially ventilated and vagotomized. Inspiratory motor output was recorded
from the PN and one or both SLN were cut and placed on bipolar stimulating
electrodes. Micropipettes were positioned in the inspiratory-modulated rostral
VRG (0.5 nun caudal to the caudal margin of the Botzinger Complex). PN
responses to SLN stimulation were recorded before and after injections of
lidocaine (4%; 200 - 500 nl; n=4) or the general excitatory amino add
antagonist CNQX (1 mM; 180 - 400 nl; n=4) into the VRG. The amplitude
of the transient inhibition was quantified from peri-stimulus-triggered
histograms (40 - 50 stimulation cydes). Since injection of either lidocaine or
CNQX decreased the amplitude of the phrenic motor output, end-tidal CO2
was increased to maintain PN output at control levels. Injection of lidocaine
markedly decreased the amplitude of the transient inhibition, completely
abolishing the inhibition in 3 of 4 animals. Stimulus trains continued to elidt
inspiratory termination with no change in threshold even when the transient
inhibition was abolished. CNQX injected into the same region produced
similar effects. We condude that the production of the transient inhibition
elidted by SLN stimulation requires exdtatory amino add neurotransmission
in the VRG and that the mechanism(s) producing the transient inhibition are
distinct from those producing inspiratory termination. (Supported by NIH PO1
40369.)

CNS nuclei, we hypothesized that loaded breathing will induce FLI in
neurons which may constitute the afferent and efferent limbs of these
EO pathways. Diaphragmatic (EMGj ) and external oblique (EMGm) EMG
electrodes and an inflatable tracheal occluder (TO) were surgically
implanted in six rabbits.
Ten days later, tracheal resistance was
increased five-fold by inflation of the TO for 2.5 hr (n = 3). Rabbits with
no load imposed for 2.5 hr (n = 3) served as controls. Naloxone (0.3
mg/kg) at 2.5 hr of loading increased both EMG<* and EMGm, suggesting
that activation of EO pathways limited EMG activity. Rabbits were then
sacrificed and the brainstem sectioned for determination of FLI.
Significant differences in FLI between control and loaded rabbits were
observed in the nucleus tractus solitarius, spinal tract of the trigeminal
nucleus, and inferior olivary nucleus. These nuclei are known to function
in the integration of peripheral nociceptive information. We conclude
that respiratory loading in unanesthetized rabbits results in increased FLI
in medullary regions containing nuclei which are involved in both afferent
and efferent pathways of nociception. Respiratory loading does not
induce a generalized increase in activity in all brainstem nuclei involved
in respiration. We speculate that specific respiratory nuclei may be
involved in activation of EO pathways which serve to modulate central
respiratory output during respiratory loading. (HL23315, HL07467)
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Phrenic
and
Hypoglossal
Nerve Responses
to
Spontaneou s Bladder
Contract ions in Vagally
Intact
Cats . MJ. Gdovin*, S.L. Knuth. and D.
Bartlett, Jr. Dept. of Physiology, Dartmouth Medical School, Lebanon, NH 03756.
Spontaneous bladder contractions (SBCs) in decerebrate, paralyzed,
ventilated, vagotomized cats have been shown to decrease phrenic (PHR) and
hypoglossal (HG) peak integrated nerve activities, as well as the activity of other
respiratory motor nerves (Gdovin et.al., 1994). To determine whether vagal afferents
from the lung play any role in the respiratory inhibition associated with SBCs, we
recorded PHR and HG nerve activities in decerebrate, paralyzed, vagally intact cats.
The animals were ventilated by a servo-respirator which inflated the lungs in
proportion to integrated PHR nerve activity. Maintained increases in end-expiratory

EFFECTS OF INHALED CIGARETTE SMOKE (CS) ON LUNG RAPIDLY
ADAPTING RECEPTOR RELAY NEURONS (RARn) IN NUCLEUS TRACTUS
SOLITARIUS (NTS) ARE AUGMENTED BY PULMONARY VENOUS
CONGESTION (PVC). Z. Zhang and A.C. Bonham*. University of California
at Davis, Davis, CA 95616
RAR stimulation by inhaled low-nicotine CS is augmented by PVC (FASEB
J.5277,'94). This study examined whether the augmentation was sustained
at RARn in NTS of a-chloralose-anesthetized, paralyzed, ventilated rabbits.
Blood pressure, left atrial pressure (LAP), and tracheal pressure were
monitored. Mild PVC was produced by inflating an LA balloon to cause
subthreshold increases (insufficient to alter RARn) in LAP (sLAP). 3 breaths
of CS were delivered through the ventilator. RARn exhibited short-latency
responses (5.1±1.4ms) to vagal stimuli (41 ±28pA,O.1ms,lHz); rapid
adaptation to lung hyperinflation; and excitation by lung deflation.
Extracellular RARn spikes, expressed as spikes/breath(s/b), were compared

lung volume were produced by the
application of 2-10 cm H20 positive
J end-expiratory pressure (PEEP). SBCs
20
caused a decrease in both PHR and HG
^TRACHEA
jja M pe;ik i"tesr‘“_«rve activ^es, as wel'
cm HjO q
as a marked decrease m respiratory
60
frequency. The reduction of respiratory
Pbladder
frequency was greater with higher levels
mm Hg
" of PEEP. After bilateral vagotomy,
30 see.
SBCs continued to decrease PHR and
HG peak integrated nerve activities as previously reported, but the reduction of
respiratory frequency was much less striking. These results indicate that activity of
vagal afferents from the lung augments the respiratory influence of SBCs. Finally,
SBCs in vagally intact animals can induce periodic breathing. (Supported by Grants
HL19827 and HLO7449 from the NHLBI).

/PHR
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IMAGING OF DORSAL HIPPOCAMPAL ACTIVITY DURING TRANSIENT
RESPIRATORY EVENTS. G. R. Poe*. D. M. Rector. M. P. Kristensen and R.
M. Harper. Dept. of Anatomy & Cell Biology and Neurosci. Interdept. Prog.,
University of California, Los Angeles, CA 90024-1763.
We examined activity from the dorsal hippocampus and suprasylvian cortex
during spontaneous sighs and inspiratory apnea occurring within sleep and
waking states in 7 cats using scattered light imaging procedures. Under sterile
surgery, cats were instrumented with electrodes to acquire diaphragmatic EMG
and sleep physiology measures, and with a miniaturized video camera and
coherent fiber optic probe placed over the dorsal hippocampus or suprasylvian
cortex. Following recovery, 3-4 hr sleep recordings were taken, and images
were collected at video rates. Apnea were associated with transient increased
activity (negative change in reflectance, -AR) in the hippocampus, which began
1.5 sec following the onset of the pause and persisted 11 sec beyond
resumption of breathing. Sighs were accompanied by smaller, biphasic
responses that began as an increase in activity 4 sec before inspiratory onset,
then decreased below mean levels to a minimum 4 sec after initiation of the
sigh, and finally increased gradually to a second peak for a total duration of 16
sec. A sigh followed by a pause elicited a larger biphasic response than the sigh
alone, but displayed a similar time course. Neither sighs nor apnea elicited
significant transient changes in the suprasylvian cortex. We conclude that
transient respiratory events elicit or are preceeded by alterations in neural
activity within the dorsal hippocampus. Supported by HL-22418 and NIDR
DE-07212. G.P. supported by a Howard Hughes Med. Inst, predoc. fellowship.

during control (15 breaths), CS (15 breaths), and recovery (15 breaths). CS
increased the activity of 50/52 RARn from 5.6±1.1 to 14±2.3 s/b (p<.01).
Activity recovered to 6.3±1.2 s/b. We compared the responses of 14 RARn
to 1 or 3 breaths of CS at baseline (b)LAP and sLAP (1-5mmHg). CS at
bLAP increased RARn activity from 7.1 ±2.4 to 12.8±3.2 s/b (p<.009). Activity
recovered to 8.O±2.4 s/b. sLAP had no effect (8.O±2.4 vs 7.9±2.2 s/b), but
CS at sLAP increased RARn activity from 7.9±2.2 to 17.1 ±5.1 (p<.001), a
greater increase than CS at bLAP (p<O4). RARn responses to low-nicotine
CS at sLAP matched those to high-nicotine CS at bLAP, which increased
RARn activity from 6.1 ±4.1 to 17.6±8.9s/b. That CS excitation of RARn is
augmented by PVC suggests that the reflex respiratory responses to CS may
be enhanced also; this may explain the exaggerated respiratory responses
to CS in persons with heart failure.TRDRP RT411 & NIH HL48584.

133.12
REFLECTANCE IMAGING OF THE*CAT HYPOTHALAMIC PARAVENTRICULAR REGION SHOWS CELLULAR ACTIVITY CHANGES
DURING PHASIC RESPIRATORY EVENTS. M.P. Kristensen*. D.M. Rector.
G.R. Poe and R.M. Harper. Interdepartmental Program in Neuroscience and
Dept, of Anatomy and Cell Biology, UCLA Sch. Med., Los Angeles, CA 90024.
The objective was to examine activity in the hypothalamic paraventricular
region (PVR) during transient respiratory events. PVR activity changes after
exposure to arousing stimuli and alterations of behavioral state, events which are
accompanied by respiratory changes, and may modulate descending influences
on respiratory musculature. We analyzed activity during a common, transitory
respiratory event: increased inspiratory effort followed by prolonged apnea
(sigh/pause).
We monitored activity of the medio-dorsal hypothalamus, including the
paraventricular nucleus, by quantifying reflective properties of the tissue. A
coherent fiber conduit, directly coupled to a CCD camera, was stereotaxically
positioned in the cat PVR. Electrodes were placed for monitoring diaphragmatic
and neck EMG, EOG, EKG, as well as cortical EEG, to determine respiratory
effort and state-related electrophysiological characteristics. After surgical
recovery, topographic images of reflected light were recorded (approx. 3/s)
synchronously with respect to the ECG R-wave from freely behaving cats.
Neuronal electrical activity changes are inversely related to tissue light reflection.
PVR activity changed in a biphasic manner concomitant with respiratory
sigh/pauses. Overall activity decreased transiently, reaching a minimum 2-5 s
after onset of inspiration, then increased, peaking after 7-14 s, followed by a
gradual decrease to baseline levels.
The PVR has reciprocal connections with the nucleus of the solitary tract and
other brain stem regions which have the potential to modify respiratory patterns.
The results suggest that the PVR may contribute to the appearance of momentary
respiratory events.
(Supported by HL-22418, NIDR DE-07212 and Howard Hughes Med. Inst.)
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THE BRAINSTEM NETWORK INVOLVED IN COORDINATION OF
INSPIRATORY ACTIVITY AND CHOLINERGIC OUTFLOW TO THE
AIRWAYS. M.A. Haxhiu*. B. Erokwu. and N.S. Cherniack, Case
Western Reserve Univ. Sch. of Med., Cleveland, OH 44106.
The parasympathetic outflow to the tracheal smooth muscle (which
originate in the compact portion of nucleus ambiguus, the area ventral
to it, and the rostral part of medial nucleus tractus solitarius; Haxhiu et
al Brain Res. 618:115-134, 1993) is substantially influenced by
inspiratory output. To provide direct anatomic evidence of this effect, we
evaluated the ventral aspect of brainstem for the retrograde transport of
4% Fluoro-Gold from the phrenic motoneurons (Ca-Cj), and the
pseudorabies virus (PRV) for retrograde transneural labeling from the
wall of the cervical trachea of superior cervical ganglionectomized
Sprague-Dawley rats. Five days later the rats were perfusion fixed and
free floating sections (40 pm) were processed for immunochemistry of
PRV. Double-labeled cells were identified along the ventral aspect of
brainstem, including the As cell group, retrotrapezoid nucleus,
parapyramidal, lateral paragigantocellular and the caudal raphe nuclei.
Only a few double-labeled neurons within the nucleus ambiguus were
observed. Double-labeled cells were part of the brainstem network,
involved in regulation of phrenic motor output. This study provides for
the first time anatomic evidence for innervation of the airway related
preganglionic neurons by inspiratory bulbospinal neurons that lie in the
regions known to participate in respiratory regulation. In addition, the
findings suggest that link between inspiratory neurons and airway related
preganglionic cell bodies occurs at multiple sites of the brainstem.
Supported by NIH Grant HL 25830.

Mechanism of intercostal muscle activation via spinal cord
stimulation. J.R. Romaniuk*. K.E. Kowalski. D. Durand. G. Supinski.
A.F. DiMarco. CWRU, Cleveland, OH.
In quadriplegics, we are activating the intercostal muscles to
provide artificial ventilation by applying electrical current to the
ventral surface of the spinal cord (SC). The mechanism of intercostal
muscle activation by this method, however, is unknown.
In 6
anesthetized dogs, we recorded the compound action potentials
(CAPs) of the fast fibers of intercostal nerves following SC
stimulation (SCS). Onset time of peripheral intercostal nerve CAPs
were measured in the space corresponding to the position of the
stimulating electrode and two adjacent caudal spaces. In each space,
the distance between the origin of the ventral root and recording
electrode was 7 cm. Latencies were also determined by direct
stimulation of the motor roots. In separate trials, the distribution of
the electric field over the SC surface was also measured. Our results
indicate that the electric field falls rapidly with distance from the
stimulating electrode, but extends over at least 3 SC segments
caudal to the stimulating electrode. With SCS, the delays of CAP
were similar in each space: 0.94 ± 0.05 (level of electrode), 0.96
± 0.05 and 0.96 ± 0.07 msec in caudal spaces. Latencies of direct
motor root activation were not significantly different than SCS. We
conclude that SCS results in intercostal muscle activation via direct
motor root activation. (HL 34143)
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GLOTTAL PATENCY DURING EXPERIMENTAL SEIZURES IN PIGLETS.
T. E. Temdrup*. P. Woo. Departments of Emergency Medicine and
Otolaryngology,
State University of N.Y. Health Science Center, Syracuse, NY 13210.
Tracheostomized cats and piglets demonstrate respiratory stimulation during
experimental seizures, while airway intact piglets demonstrate hypoventilation and
increased subglottic resistances. The purpose of this study was to characterize the
role of the vocal folds in contributing to these increased subglottic resistances
during experimental seizures. A controlled animal study was performed in 7
anesthetized, spontaneously breathing, hyperoxic piglets who had pressure
measured in the subglottic trachea and airflow measured at a snugly fit nasal mask.
A fiberoptic videoscope directed into the cephalad trachea, recorded subglottic
images of the vocal folds. Digitized, frames of the glottis, airflow , and subglottic
pressure were evaluated at inspiratory onset (Io). peak inspiratory pressure (Ip),
and expiratory onset (Eq ) for 4 to 5 consecutive breaths under baseline-control,
ictal, and interictal conditions. Seizures were induced with i.v. pentylenetetrazol or
bicuculline. Mean laryngeal area (LA) was normalized by dividing by vocal fold
length. Normalized La was greatest at Ip under all conditions. During ictal

periods, piglets demonstrated significant reductions in mean (±SEM) LA (Io -98
±1%; Ip -78 ±13%; Eo -98 ±1%), compared to baseline (P<.001, repeat measures
ANOVA). During ictal discharges, hypoventilation and glottal obstruction resulted
in significant reductions in arterial pH (-0.35 ± .05) and PaO2 (-271 ± 5OmmHg)
and elevations in PaCO2 (+46 ±llmmHg). compared to baseline conditions.
During interictal conditions mean Ip was increased (+40 ±13%) while I0 (-34%)
and E0 (-66%) were reduced, compared to control. These data demonstrate that the
vocal folds are tonically adducted throughout the respirator)' cycle during ictal
phases and have increased expiratory adduction during interictal phases of seizures
induced with standard i.v. convulsants in hyperoxic piglets.
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ALTERED ACTIVITY OF UNMYELINATED FIBERS AND TRANSPORT OF

ALZ-50 IMMUNOREACTIVITY IN FOETAL AND ADULT HUMAN SPINAL
CORD. P. Liberini**, M. Memo1. G. Moretto2 and P.F. Spanol 1Section
of Pharmacology, Dept. of Biomedical Sciences & Biotech., Brescia
University School of Medicine, Brescia; 2Section of Neurology, Dept. of
Neuroscience, Verona University School of Medicine, Verona, Italy.
The present study was aimed at determining the pattern of Alz-50
immunoreactivity in the human foetal spinal cord in order to reveal
possible differences with that found in the normal adult spinal cord. At all
levels of foetal spinal cord, Alz-50 immunoreactivity was observed in
regions containing primary sensory afferents: the dorsal root, the dorsal
and dorsolateral funiculi, and restricted regions of the dorsal horn. An
articulate plexus of Alz-50 immunostained fibers was found in the ventral
horn. Marked Alz-50 immunoreactivity was also demonstrated in all
examined foetal dorsal
root ganglions
(DRGs).
Cresyl Violet
counterstaining revealed that 17 ± 3.5 % of total DRG neurons were Alz50 positive. In adult cases Alz-50 immunoreactivity was observed in the
dorsal root and in the superficial layers of the dorsal horn (lamina I and
II). This distribution resembles closely that of the small caliber, slow
conducting, primary sensory fibers responding to nociceptive stimuli.
Immunoreactive neurons were also detected in the ventral horn and in the
ventrolateral funiculus, especially at the thoracic and lumbar spinal cord
levels. The lack of immunostaining observed in the dorsal and dorsolateral
funiculi of adult cases suggested a transitory expression of Alz-50
epitopes in early stage of development. Alz-50 immunoreactivity in foetal
spinal cord might represent a marker for programmed cell death or reflect
phenomena of somatosensory neuropfasticrfy involving specific tau
isoforms.
This research was supported by the Italian Study Group on Paraplegia.

WGA-HRP. J.G. Valtschaioff* RJ. Weinberg and A. RustionL Dept. of Cell

Biology & Anatomy, University of North Carolina, Chapel Hill, NC 27599.

The transport of wheat germ-agglutinin conjugated to horseradish peroxidase

(WGA-HRP) from the sciatic nerve to the spinal dorsal horn was compared in rats
with peripheral nerve injury and in controls. Peripheral nerve injury results in: i)
increased anterograde labeling, ii) leakage of the tracer in the extracellular space away

from synaptic sites, and iii) transneuronal labeling. We have suggested that peripheral

injury causes release of macromolecules not released under normal circumstances, and
speculated that this contributes to signaling peripheral injury to the central nervous

system (Neurosci. 50:685-696, 1992). To determine which of the events occurring

after peripheral injury might induce the extrasynaptic release of WGA-HRP, we
injected this tracer in the (uninjured) sciatic nerve and then applied tetrodotoxin

(TTX) as conduction blocker, mustard oil (Mus) as inducer of sustained activity in Cfibers, or vinblastine (Vin) as axonal transport blocker. Of the three agents, only TTX

gave significant increase of WGA-HRP labeling compared to the control side.
However, no significant extracellular leakage was observed after either TTX or Vin.
Application of Mus, on the other hand, did not affect the density of labeling but was

accompanied by leakage of the tracer in the extracellular space and by transneuronal

labeling. We conclude that arrest of normal electrical activity increases anterograde

transport of WGA-HRP, and the presence of abnormal electrical activity triggers its
release into the extracellular space.
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Immune challenge induces immediate early gene
expression in the spinal cord of rats subjected to
unilateral mononeuropathy. U. Herzberg*. N,
Murtaugh. A. I, Beitz, Dept. Vet. PathoBiology, Univ.
of Minnesota, St. Paul MN 55108

NUMBER OF POSTNATAL SPINAL CORD CELLS WITH TUBULIN
IMMUNOREACTIVITY INCREASES WITH TIME IN CULTURE. £L
Fairbanks*. L. Kehl. G. Poliac. T. Laughlin and G. Wilcox. Dept, of
Pharmacology and Program in Neuroscience, University of Minnesota,
Minneapolis, Minnesota, U.S.A.
Neurogenesis in cells cultured from postnatal rat spinal cord in our
laboratory has been suggested by the following two lines of evidence;
(1) increasing numbers of class III p-tubulin immunopositive cells in
culture over time and (2) the observation of a specific cell type which
when isolated was capable of proliferating and differentiating into
neurons and glia Gdentified by immunocytochemistry).
Primary cultures of spinal cord tissue were obtained from 14-16 day
old Sprague Dawley rats in the following manner. Spinal cords were
removed, treated with enzymes, mechanically dissociated, and plated
onto laminin-coated coverslips. These were incubated at 37°C (10%
CO2) in conditioned MEM with 10% FBS and 10% horse serum.
Immunostaining was performed using antibodies to neuron-specific ptubulin (TuJl) and glial fibrillary acidic protein (GFAP). Samples were
observed and quantified at 8, 14, 21, 28 and 32 days in vitro (DIV).
Significant increases in p-tubulin labeled cell numbers were noted
between 14 and 21 DIV. Studies are underway to investigate whether
bromodeoxyuridine is incorporated into neurons in these cultures.
Repeated observations of these cultures suggested that a specific cell
type (small cells without processes) initiated neurogenesis.
To
investigate this possibility five of these cells were isolated from a culture
of postnatal spinal cord (30 DIV) and plated onto a separate laminincoated coverslip. After 11 days, these had multiplied to approximately
500 anti-p-tubulin labeled cells. Anti-GFAP immunostained cells were
also significantly represented. (Supported by NIH/K15-DE00225 to
UK and NIH/K02-DA-00145 and NIH/RO1-DA-04274 to GLW.)

We have previously demonstrated that unilateral
mononeuropathy induced by loose sciatic ligation produces a
neuronally mediated increase in delayed type hypersensitivity
response to a specific antigen (Herzberg et al. 1994). To further
investigate the possible neuronal role in local immune reactions,
C-fos immunoreactivity was analyzed in spinal cord segments
following immune challenge with a specific antigen in rats
subjected to sciatic ligation or sham surgery. Immune challenge
took place in the hind paws ipsilateral as well as contralateral to
the injured nerve, in previously sensitized animals as well as
immune naive animals. Computerized image analysis was used
to count the number of immunoreactive cells within different
laminae of the dorsal horn. Compared with sham operated
animals, animals subjected to unilateral mononeuropathy
showed both a differential distribution and an increase in
number of C-fos labeled neurons in the dorsal horn of L4-L5
spinal cord segments. This was observed when challenge took
place ipsilateral as well as contralateral to the injured nerve.
These data suggest that select groups of spinal cord neurons
may participate in enhancing the peripheral immune responses
to a specific antigen in mononeuropathy animals.
(NIH
DAO6687, DE06682, DAO7239-O3).
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SPINAL CORD BLOOD-BRAIN BARRIER ALTERATION FOLLOWING
PERIPHERAL NERVE DAMAGE. S. Saporta*. Department of Anatomy,
University of South Florida College of Medicine, Tampa, FL 33612.
Recent work has focused on a variety of changes that occur within the spinal
cord following peripheral nerve section or ligation. However, little attention has
been given to the effects of peripheral nerve ligation or section to the bloodbrain barrier within the spinal cord. This knowledge is especially important in
light of possible inflammatory responses that may occur at the site of primary
afferent terminal degeneration in the dorsal horn. We have investigated the
permeability of the blood brain barrier in the mouse spinal cord following
sciatic ligation at 12, 24, and 48 hours following damage. Mice were
anesthetized with sodium pentobarbital and the right sciatic nerve tightly
ligated high in the upper thigh. The wound was closed and the animals
allowed to survive for the specified period of time. Thirty minutes prior to
sacrifice, the animals were reanesthetized and 100mg of horseradish
peroxidase (HRP) dissolved in 0.5ml of saline was injected slowly into the
jugular vein. Animals were allowed to survive for 20 min and perfused with
saline, followed by mixed aldehydes. Spinal segments L2-L6 were removed
and sectioned on a vibratome. A cobalt intensified reaction with
diaminobenzidine dihydrocholride was used to detect the presence of
extravasated HRP within the spinal cord.
There was little reaction product visible in the spinal cord at 12 and 24 hours.
However, by 48 hours HRP reaction product was present over the medial half
of the dorsal horn and within the ventral horn. This HRP reaction product may
be interpreted as indicative of the breakdown of the spinal cord blood-brain
barrier in the area where sciatic primary afferent terminals would be expected
to degenerate. Investigations are currently underway to examine the
ultrastructural alterations of the capillaries in these areas.

POSITIVE CORRELATION BETWEEN SYNAPTIC VESICLE DENSITY AND
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The present observations indicate that glutamate is stored in synaptic vesicles in
PATs and DSAs but not in PPVs, and therefore provide further evidence for that
glutamate functions as a primary afferent neurotransmitter.

134.7

134.8

ISOFLURANE REDUCES- SPINAL DORSAL HORN- NEURONAL RESPONSE TO
LOW-INTENSITY RECEPTIVE FIELD STIMULATION IN CATS. M. Kaneko.* T.
Tsukamoto, A. Hinds. S. Canaan J .O . Collins. Dept of Anesthesiology', Yale Univ.
Sch. of Med., New Haven, CT 06510
Our laboratory' is pursuing a bettor understanding of the effects of anesthetics on spinal
sensory processing. The purpose of this study is to examine the effects of isoflurane on
responses of spina! dorsal horn neurons to receptive field (RF) stimulation.
This protocol was approved by the Yale Animal Care and Use Committee. Cats were
prepared for chronic spinal cord electrophysiological studies.1 Following isolation of
single neurons in intacZ awake, drug-free- cats, RF areas sensitive to light touch were
mapped and the most sensitive area was stimulated by brushing, pinching, and heating
to define baseline responses. The short acting i.v. anesthetic propofol was then used to
induce anesthesia, the trachea was intubated and lungs were ventilated with 1.6%
isoflurane in O^ RF areas and responses to stimuli were again evaluated at 5,30, 45 and
60 min after induction of anesthesia. 60 min after induction, a time when propofol
effects are known to have disappeared, isoflurane produced a reduction in RF size,
ranging from 30 to 60% of baseline. Neuronal responses to both static and dynamic
low-intensity stimulation were also reduced.
As we have reported with other drugs capable of producing anesthesia (pentobarbital,
propofol, dexmedetomidine, halothane, enflurane, nitrous oxide), isoflurane reduces the
low-threshold RF area of spinal dorsal hom neurons and decreases the response of those
neurons to low-intensity stimulation in the remaining RF area. These effects on spinal
sensory processing, as proposed in 1968 by de Jong and Wagman2 may indicate a
significant site of anesthetic acttcon They also demonstrate that the spinal cord is a
valuable area for the study of the pharmacology of anesthetic induced alteration in
sensory processing.
1. JNeurosci Methods, 1'1:111-1^1, 1985
2. Experimental Neurology, 20:352-358, 1968

halothane
intensity

glutamate

immunogold

labeling

density

in

dorsal

horn

PRIMARY AFT-ERENT TERMINALS. J. Broman* and F. Adahl. Dept Cell Biology,
Fac Health Sciences, Linkbping University, S-58l 85 Linkbping, Sweden.
The correlation between the density of synaptic vesicles and the density of gold
particles in the extramitochondrial axoplasm of terminals was examined in glutamate
immunogold labeled preparations of the dorsal hom in three rats. Examined profiles
included primary' afferent terminals in laminae I and III-V (PATs; identified by
anterograde transport of choleragenoid-HRP), lamina II dense sinusoid axon terminals
(DSAs) of presumed thin caliber primary afferent origin, and profiles containing
pleomorphic synaptic vesicles (PPVs).
In all rats, significant positive correlations between vesicle and gold particle densities
were found for PATs (r, 0.39-0.70; p, 0.003-0.0001) and DSAs (r, 0.50-0.72; p,
0.026-0.0003). In contrast, negative correlation coefficients were found for the PPVs
(-0.16, -0.21, and -0.54). The negative correlation was found to be significant only in
Rat No. 3 (p=0.015). Scattergrams of the relationships are shown below (symbols:
□ DSAs, ♦PATs, «PPVs; x-axis, vesicles/pm2; y-axis, gold particles/pm2).
Rat No. 1

suppression
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Ota,* T. Yanagafani, J.G. Collins, Dept of Anes., Yale Univ. Sch. ofMed., New Haven,
CT 06510
deJong and Wagman1 proposed that general anesthetic effects on the spinal dorsal hom
could contribute to a loss of sensation. In a senes of ongoing studies in our laboratory,
we have demonstrated the ability of most anesthetic agents to depress spinal dorsal hom
neuronal responses to low-threshold stimuli. The purpose of this study was to evaluate
the possible involvement of GABAa receptors in that depression
Male Sprague-Dawley rats (320-500 g) were anesthetized with halothane, paralyzed,
and prepared for extracellular electrophysiological recording of activity of single spinal
dorsal hom neurons. In 16 animals, following determination of low-threshold receptive
field (RF) size and response to RF brushing, halothane concentrations were increased
from 1 % to 2% and neuronal responses again determined. Animals then received 2
mg/kg erf picrotoxm (GABAa antagonist) intravenously followed by a re-evaluation of RF
size and response to brushing. In 6 decerebrate animals in the absence of halothane
anesthesia, the effects of 2 mg/kg of picrotoxin an RF size and response to brushing were
also evaluated.
In the decerebrate animats, picrotoxm did not, in the absence of halothane anesthesia,
produce any significant change in RFsize or neuronal response to brushing. An increase
in halothane from 1 to 2% caused a significant reduction in RF size and a significant
reduction in response to RF brushing. The administration of picrotoxm significantly
blocked the haJothane effect cm RF size but did not return them to control values. In
contrast, picrotoxin had no effect cm halothane suppression of response to brushing.
These results suggest that part ofhakxhane's ability to reduce low-threshold RF size but
not its ability to depress response to RF brushing is due to actions on GABAa receptors.
Supported, in part, by GM 44954
1. Experimental Neurology, 20:352-358, 1968

134.9

134.10

FUNCTIONAL MAGNETIC RESONANCE IMAGING OF RAT SPINa L CORD
FOLLOWING HINDPAW FORMALIN INJECTION. J.G. Collins* . R. Kerman, M.
Kaneko, T . Tsukamoto. Depts. of Anesthesiology and Diagnostic Radiology, Yale Univ,
Sch. of Med., New Haven, CT 06510
We have hypothesized that spinal cord trauma will alter sensory processing rostral to
the trauma site in a way that may contribute to abnormal sensory experiences including
pain. The purpose of these studies is to determine ifFunctional Magnetic Resonance
Imaging (FMRI) may be used to monitor pain induced changes in spinal cord activity.
Rats (150-250 g) were anesthetized with halothane (1%). A PE 10 catheter preloaded with 50 ul of 5% formalin was inserted subcutaneously into the left foot and
glued in. place with Vetbcod. Following baseline imaging, formalin was injected slowly
over approximately 1 min. A magnetic resonance mapping technique was used to
localize an activated volume of spinal cord. Images were obtained at a field strength of
2 Tesla (85 MHz) using a gradient echo T2* weighted sequence (TE=25 ms, TR=1OO
ms, with 8 averages per image).
Statistical comparisons of a series of pre- and post-injection images showed activation
with a T value above 2.0. Activation was evident ipsilateral to the site of injection
within the lumbar cord. The time course of activated regions showed a steady increase
in signal intensity over a spaa of 10 to 20 min after injection which led to a maximum
fractional signal change (a S/S) of 6-8 percent. In one animal, a second injection in the
opposite foot one hour after the first injection resulted in a further increase in signal.
Increased signal has also been observed bilaterally, in non-spinal abdominal and limb
structures. The increase in signal in non-spinal structures increased in the caudal
direction even though signal was absent in the spinal cord at those levels.
FMRI may be useful in monitoring pain induced changes in spinal cord activity.
Funded in part by NS10174 and CA49789

EFFECTS OF HINDLIMB HEATING AND COOLING ON SPINAL
FIXATION IN RATS. M ,M. PattersonW M.J. Bartelt. UHS College
of Osteopathic Med., 2105 Independence Blvd., Kansas City, MO
64124-2395.
'
Stimulation of an anesthetized rat's bind leg for over 35 minutes with
an electric stimulus can induce a long-term alteration in the spinal flexion
reflex known as spinalfixation. The altered excitability has been shown
to last for several days, and is an alteration of the spinal reflex circuit,
not due to an alteration of the sensory receptors or muscle mechanics.
Earlier work with this preparation was done utilizing a cerebellar lesion
to produce the initial hindleg flexion which remained following a spinal
transection, but we have shown the spinal reflex excitability alterations
to occur with limb stimulation in the spinalized animal. We also
demonstrated that following an initial stimulation period of about I0
minutes and a rest period of 40 minutes, the increased spinal excitability
also occurred, although at a somewhat reduced level.
Heating or cooling of tissues can alter the neural excitability of the
sensory afferents in the area. In this study, we applied heated or cooled
compresses to the hindlimb of rats with during the rest period after an
initial fixating stimulation to the skin. Core body temperature was not
affected. Heating the skin resulted in decreased fixation and cooling
resulted in increased fixation within a 3OOC to 37°C range. At higher or
lower temperatures, fixation increased and decreased respectively. The
results support the notion that the temperature alterations affected
afferent inputs to the cord and hence the amount of neural excitability
produced. The results are in line with clinical reports with phantom limb
pain that heating and cooling can affect the perception of the phantom
limb pain.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

MONDAY PM

SENSORY SYSTEMS:

SPINAL CORD II

134.11

134.12

INDUCTION OF SPINAL CORD NITRIC OXIDE SYNTHASE (NOS) AFTER
FORMALIN INJECTION IN THE RAT HIND PAW. H. D. Lam. T. Dawson. B.
Trapp. G. Ling* and D. Hanley. The Johns Hopkins Med. Inc., Baltimore, MD 21218.
The NOS inhibitor L-nitroarginine methyl ester has been found to exhibit
antinociceptive activity in a rat formalin model of pain. We investigated the hypothesis
that hind paw injection of formalin increases the number of dorsal hom NOS containing
neurons. Male Sprague-Dawley rats (200-300g) received formalin injection (0.2ml,5%)
in the right hind paw, then were perfused with 4% paraformaldehyde 24 hrs, 48hrs, 96
hrs, 1 week after the injection. 4O^m tissue slices were studied using anti-neuronal
NOS antibody. Sections were visualized by the avidin-biotinperoxidase method, using

EFFECTS OF PROSTAGLANDIN F2a ON SPINAL DORSAL
HORN NEURONAL RESPONSES IN RATS.
Y.Saito1. Y.YamamorU *. TYanagidaniL M.Kaneko2. Y.KiriharaL
J.G.Collins2 and Y.Kosakai Dept, of Anesth., iShimane Med.Univ.,
Izumo, 693 Japan and 2Yale Univ.,Sch. of Med., New Haven, CT
06511
We have reported that intrathecally administered prostaglandin F2a
(PGF2a) induces long lasting allodynia to innocuous stimulation in
rats (Neurosci. Abst.,19, 521 1993). The purpose of this study was to
examine the effects of PGF2a on the response properties of spinal cord
dorsal horn neurons to low intensity stimulation.
Male Sprague-Dawley rats weighing 300-350g were used.
Extracellular recording of single spinal dorsal hom neurons were made
through dura mater under halothane anesthesia. The size of receptive
field (RF) area that was sensitive to light touch with SemmesWeinstein monofilament and neuronal responses to brushing and
pinching the RFs were determined. RF areas and responses to stimuli
were again evaluated at 10, 30 and 60 minutes after administration of
PGF2a (100 ng/lOpl) from intrathecal catheter.
To date 8 low-threshold neurons have been studied. The mean RF
size was increased by 30% and 70% from the baseline level at 10 and
30 minutes after PGF2a, respectively. The increase of RF did not
return at 60 minutes. In some neurons, PGF2a increased the neuronal
responses to light touch and brushing in the RF area. One neuron
showed an increase in spontaneous activity after PGF2a. There was
no change in the neuronal response to pinching.
These results suggest that PGF2a alters afferent input to spinal
dorsal hom neurons from low-intensity RF. It may help to explain that
PGs produce hypersensitive state in the spinal level.

diaminobenzidine (DAB) as the chromogen. NOS positive neurons from the dorsal hom
area of L4 and L5 were counted under light microscope using 100X magnification.
Table 1. Mean number of NOS positive neurons per section.
Saline
Control
Formalin
R
L
L
Time
L
R
R
l8.6±0.7
24hrs
24.9±1.0
24.5±l.l
23.7±1.2
l9.6±0.6
32.2±l-.3
48hrs
27.0±l.l
32.7=±l.3
30.9±l.4
96 hrs
35.1±l.5
20.6±0.9
1 wk
24.6±1.7
22.1±l.7
22.0±l.l
36.9±l.3
3l.8±1.2
Results showed a bilateral increase in the number of NOS-positive neurons at L4,5
dorsal hom area following formalin injection. The increase was always higher on the
ipsilateral side than the contralateral side. The mean difference (R-L) was the greatest for
the 24 hour group and decreased as time increased. Results suggest that NOS containing
neurons at L4-5 dorsal hom area were inducible by pain stimulation of lumbar pain
fibers. The increase in NOS activity following noxious stimulation suggests the
involvement of nitric oxide in nociceptive information transmission. The bilateral
increase in NOS activity after unilateral stimulation suggestes communication between
nociceptive neurons in both dorsal hom areas of spinal cord at the level of injury.

134.13

134.14

RELATION OF LUMBAR SPINAL CORD AND DRG SP AND CGRP
CONTENT TO HYPERALGESIA IN RATS. D. Richter,1* S.T. Meller,1
M. Pfeiffer3. K.-H. Voigt.2*and G.F, Gebhart1 ^ept Pharmacol, Univ
Iowa, Iowa City, IA 52242, USA, 2Inst Physiol and 3Orthop Klinik, Philipps-

GLUTAMATE DEHYDROGENASE mRNA FROM THE RAT
AND CAT SPINAL CORD. K.E. Miller* and B. Srinivasan. Dept.
Anatomical Sciences, Oklahoma Center for NeuroSciences, Univ.
Oklahoma Health Sciences Center, Oklahoma City, OK 73190.
As part of a coordinated approach to study the glutamatergic
enzyme system, the present study examined the mRNA for
glutamate dehydrogenase (E.C. 1.4.1.3) from the rat and cat spinal

Universitat, D-35037 Marburg, FRG (SPON: ENA)
It has been proposed that central changes in neuropeptides may play a role in
hyperalgesia produced by peripheral injury. In these studies we evaluated
changes in thermal paw withdrawal latency (PWL) and mechanical paw
withdrawal threshold (PWT) and changes in substance P (SP) and CGRP
prior to and at 3 and 24h following intraplantar zymosan or saline injection.
Zymosan-treated rats exhibited an 80% reduction in PWL and a 90-93%
reduction in PWT at 3h and a 40% reduction in PWL and 15-20% reduction in
PWT at 24h. Saline-treated rats showed no change in PWL or PWT. There
was no change in content of SP or CGRP in the DRGs (L4-L6) in any group at
any time. Zymosan-treated rats showed a significant increase in both CGRP
and SP in the left dorsal hom at 3h and, although less, SP and CGRP were still
elevated at 24h as shown by enzyme-linked-immunoassay (EIA). When
assessed by immunocytochemistry, the increase in SP at 3h was in the left L6
level. The increase in CGRP could not be assigned to a spinal level. Control
rats revealed a slight increase in CGRP and SP in the left dorsal hom at 3h
(EIA). Regression analysis showed a significant correlation between changes in
PWL, PWT and left dorsal hom neuropeptide content in treated rats.
This model suggests the involvement of spinal neuropeptides in the process
of hyperalgesia. There were, however, no changes in neuropeptide content in
the DRG. The slight increase of peptides in the control rats might be due to the

injury associated with the injection.

134.15
MODULATION OF GAD65 AND GAD67 mRNA IN SPINAL CORD BY
HORMONE AND NOXIOUS SOMATOSENSORY STIMULATION.
S. SchwarU-Giblin*, L. Kaufman, D. Holtzman apd M-M. McCarthy.
Rockefeller University, New York, NY 10021.
Spinal GABA neurons exert pre and postsynaptic inhibition on responses to afferent
stimuli, and binding of GABA-A ligands is enhanced by gonadal steroids (Neurosci.
1988; Brain Res.. 1991). This study uses in situ hybridization to examine the
interaction between steroid hormones and a noxious stimulus on mRNA expression of
the two genes encoding glutamic acid decarboxylase (GAD65 and GAD67) in lumbar
spinal cord of ovariectomized rats. Two weeks prior to sensory stimulation by
subcutaneous fluid injection, 3 groups were implanted with 5 mm silastics which were
either, l)empty, 2)filled with 100% estradiol (E), or 3)filled with 100% E, augmented
by lmg progesterone (P) 4h before sacrifice. Half of each group received .1ml 5%
formalin (Form) in one hind foot pad; the other half, .1ml saline (Sal) 24 hrs before
sacrifice. Tritium-labeled probes specific for GAD65 and GAD67 mRNA were
synthesized by asymmetric PCR and hybridized tissue exposed to photographic
emulsion for 6 weeks. Grains over labeled cells (>5 pixcels/cell) were counted in 3
ipsilateral areas: superficial dorsal hom (SDH), deep dorsal hom (DDH) and central
canal (CC). The distribution of mRNA content/cell in 3-6 rats/group was analyzed by
Kolmogorov-Smirnoff. Significant (p<.05) differences across hormone and stimulus
conditions were as follows: After Form injection, GAD65 and 67 mRNA in the DDH
were lower in E and E+P-treated rats than in rats with no hormone and Form.
Similarly, after Sal injection, GAD67 mRNA in CC was less in E and E+P-treated
rats than in rats with no hormone. In contrast, after Sal , GAD67 mRNA in SDH
was greater in E-treated rats than in either of the other hormone groups. When
comparing sensory stimuli within a hormone group, rats without hormone showed
greater GAD67 in DDH after Form as compared to Sal whereas, in the E-only group,
GAD 67 mRNA in SDH and GAD 65 in CC ware decreased by Form as compared to
Sal. Both hormone and noxious stimuli modify GAD65 and GAD67 mRNA in a sitespecific manner in spinal cord with a tendency for more intense stimuli of either
modality to decrease message per cell. Funded by DAO5811 and Whitehall to SS-G.
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cords. Spinal cords from rats and cats were removed rapidly, total
or polyA+ mRNA were extracted, and slot blots and Northern blots
were prepared.
32P-labelled glutamate dehydrogenase cDNA
(source At CC; 1.8 KB insert, plasmid pBS, EcoRl site,
J.Neurochem. 49:246,’87) was used to probe RNA blots.
Glutamate dehydrogenase mRNA was found in high abundance
from the rat and cat spinal cords. With Northern blot analysis of
the rat spinal cord, 3 bands at 4.0, 2.8, and 1.6 KB were identified.
The abundance of glutamate dehydrogenase mRNA in the spinal
cord was similar to our previous report for glutamine synthetase
mRNA. In situ hybridization studies are in progress to localize
glutamate dehydrogenase mRNA in spinal cord sections.
Supported by NS27213 (KEM).
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NOXIOUS STIMULATION AND INTRAVENOUS MORPHINE INCREASE
SEROTONIN RELEASE IN RAT ROSTRAL VENTROMEDIAL MEDULLA

CO-ADMINISTRATION OF hCGRPa8-37 AND MORPHINE MODULATE
CHANGES IN CGRP MARKERS SEEN DURING THE DEVELOPMENT OF
MORPHINE TOLERANCE..D. Menardl*. D. vanRossum 1. S. Kart. F. Jolicoeur2. K.

(RVM). B.K. Taylor* and A.I. Basbaum. Depts. Anatomy, Physiology, and
Keck Center for Integrative Neurosciences, UCSF, San Francisco, CA.
Morphine produces analgesia in part via a serotonergic descending control
system that includes the periaqueductal gray (PAG) and the RVM. Although
some studies emphasize 5HT release at the spinal level, others have
suggested a modulatory role for 5HT at the RVM. The present study used in
vivo microdialysis in awake rats followed by quantification of 5HT and 5HIAA
with HPLC and electrochemical detection. We detected a 5-HT concentration
in the RVM dialysate that was approximately two-fold higher than that
collected from the rostral ventrolateral medulla. Calcium-dependence and
TTX dialysis studies indicated that most of the RVM 5-HT originated from
neurons. 5HT release was augmented by local administration of citalopram,
potassium, pargyline and amphetamine, and inhibited by 8-OH-DPAT.
Intravenous morphine (3.0 mg/kg) immediately increased 5HT (22±7%)
levels in a naloxone-reversible manner. The peak effect (43±14%) occurred
at 90-120 minutes, after analgesia had subsided. Saline injection had no
effect. PAG microinjection of morphine, 5.Oug/O.5ul, did not increase 5HT
release in RVM [Pain abstract; IASP 7:17 1993], However, preliminary
studies using local perfusion of fentanyl (which, unlike morphine, does not
interfere with 5HT chromatography) suggest that local opiate receptors are
involved in 5HT release. We also found that intraplantar injection of 5%
formalin increased 5HT release; the peak occurred at 30-60 min (56±9 %),
and was significantly greater than the effect of intraplantar saline (19±5 %).

5HT levels returned to baseline values after 120 min. Ongoing studies are
designed to differentiate between mechanisms of stress and nociception
involved in the RVM 5HT increases evoked by morphine and pain. Supported
by NS21445, DE/NIDA 08973 and Training grant NS 07265.

Jhamandas3 and R. Ouirionl. 1 Douglas Hosp. Res. Centre and Dept, of Psychiat. and
Pharmacol. & Ther.. McGill Univ., Mtl., 2 Sherbrooke Univ., Sherbrooke, Que., 3
Kingston Univ. Kingston. OnL Canada
Calcitonin gene-related peptide (CGRP), one of the most abundant peptide in the spinal
cord, is localized in primary afferents and released following nociceptive stimuli. Its colocalization and co-release with substance P (SP), support the importance of CGRP in pain
mechanisms. However, its distinctive function needs to be fully established. Recently, we
reported that increases in CGRP-like immunohistochemistry (ir) and decrements in
specific [ 125rjhCGRPa binding sites were correlated with the development of tolerance to
the spinal antinociceptive action of morphine in the superficial laminae of the dorsal horn.
These marked alterations in spinal CGRP markers were not observed for various other
sensory neuropeptides and their receptors including SP, galanin, neurotensin and
neuropeptide Y. However, it is not clear if tolerance to the spinal antinociceptive action of
morphine is directly related to changes in dorsal hom CGRP-ir and receptors. The goal of
the present study was to investigate if the development of tolerance to morphine could be
modulated by blocking CGRP receptors using a specific antagonist. Tolerance to
morphine antinociceptive effect was induced by continuous infusion (7.5 gg/h) of
morphine sulfate at the spinal level (L4), using Alzet mini osmotic pumps for 7 days.

Moreover, the effects of the co-administration of morphine and hCGRP8-37 (l.Ogg/h), a
CGRP receptor antagonist (Dennis et al. JPET 254,123-128 1990) or with hCGRPa
(l.Ogg/h) itself were evaluated to establish if the action of morphine on spinal CGRP
markers can be modulated by CGRP or its antagonist. The antinociceptive effect of
morphine was monitored by the tail immersion test and was evident on the fifth day of
morphine infusion. As we reported earlier, rats chronically treated with morphine showed
a decrease in [l25l]CGRPa binding sites in laminae J and IH of the L4 region while
CGRP like-ir was increased in these same laminae. Decreases in [l25l]CGRPa binding
were reversed by the co-administration of morphine and CGRP8-37, while being
potentiated by hCGRPa. These results suggest a specific interaction between spinal
CGRP systems and the development of tolerance to the spinal antinociceptive effect of

morphine.

135.3

135.4

MORPHINE PRODUCES A MULTIPHASIC MODULATION OF
CAPSAICIN-EVOKED SUBSTANCE P RELEASE FROM TRIGEMINAL
NUCLEUS CAUDALIS SLICES. W. Maixner*. H. Suarez-Roca. and
J.C. Ferrer. Instituto de Investigaciones Clinicas, Univ. of Zulia,
Apartado 1151, Maracaibo 4001-A, Venezuela; Dental Research
Center, Univ. of North Carolina, Chapel Hill, NC 27514.
Morphine produces a concentration-dependent multiphasic
modulation (inhibition and facilitation) of K+-evoked substance P
(SP) release from trigeminal nucleus caudalis slices by activation of
U-. 6- and k-opioid receptors (Brain Res. 579:195, 1992). Morphine
also produce a dose-dependent facilitation and inhibition of K+evoked SP release from cultured dorsal root ganglion cells
(Neuroscience Abst. 19:1404, 1993). In this study, we have
examined whether morphine modulates SP release from trigeminal
nucleus caudalis slices evoked by the C-fiber selective stimulant
capsaicin (1 pM). Immunoreactive SP was measured in perfusates.
Morphine produced a multiphasic modulation of capsaicin-evoked SP
release without affecting basal release. Very low concentrations
(0.1 nM) suppressed release, intermediate concentrations (1 pM)
facilitated release, and high concentrations (10 pM) suppressed
release. Preliminary experiments indicate that these effects are
sensitive to opioid receptor blockade with naloxone. These findings
further demonstrate that morphine produces a presynaptic
multiphasic modulation of SP release from primary afferents.
Supported by TW00305 (HS) & DE07509 (WM).

LONG-LATENCY RESPONSE OF LOCUS COERULEUS (LCfNEURONS TO FOOTSHOCK IS
PREFERENTIALLY BLOCKED BY INTRAVENOUS (IV) MORPHINE H. Hirata* and G. Astonlones Dept. Mental Health ScL, Hahnemann Univ., Phila, PA 19102.
We have reported a previously undescribed, long-latency response of LC neurons to
footshock (FS) which is mediated by C-fbers in the sciatic nerve. We hypothesized that this

nociceptive influence on the LCis utilized in the centrifugal modulation of pain described by others.
We now report that this late response is selectively attenuated by analgesic doses of morphine.
Extracellular recordings from 20 individual LC neurons were obtained during
contralateral FS stimuli (5 ms, 10 mA; subcutaneous bipolar electrodes in rear foodpad).
Responses to FS stimuli consisted of short- (20 ms onset) and long-latency (200 ms onset)
components, as we have recently reported (Hirata & Aston-Jones, J. Neurophysiol., 1994).
Intravenous injections of 0.5 and 1.0 mg/kg morphine sulfate (MS; but not 0.1 mg/kg) significantly
depressed only the late (C-fter mediated) component of LC response by -47% and decreasd
spontaneous discharge (42% - 79%); the early response component was not significantly altered.
The effect on FS response lasted at least 18 min after the injection and was completely reversed by
pre-adndninstration of naloxone HQ (NLX; 0.2 mg/kg, i.v.). Two additional LC neurons were
tested with FS and i.v. MS during intra-LC injection of NLX (3 mM, 90-150 nl) to prevent direct
effects of MS on LC neurons. The local MX prevented Inhibition of spontaneous discharge by MS,
but did not reverse the MS attenuation of the late FS response, suggesting that much of the effect of
MS on the FS response occurs in circuits afferent to the LC
As previously studies have shown that MS selectively attenuates C-fiter-mediated
responses of dorsal born spinal neurons, the present results confirm our previous foldings that the
late LC response is primarily due to C-fber activation. These results also support our proposal that
the late Cfter-mediated response of LC neurons reflects nociceptive inputs, and that this response
may normally be involved in centrifugal analgesic mechanisms. Supported by PHS grants NS 24698
andDAX>2l4.
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MORPHINE SUPPRESSES NOXIOUS-EVOKED BEHAVIOR AND
SPINAL RELEASE OF EXCITATORY AMINO ACIDS AND
PROSTAGLANDIN E 2 IN VIVO.
T.L. Yaksh* and A.B. Malmberg.
Dept. Anesthesiology, UCSD, CA 92093-0818, USA
Morphine produces a potent antinociceptive effect, in part by
suppressing spinal neuropeptide release. The present study examined
whether systemic morphine suppresses other nociceptive mediators.
The paw formalin test was used as nociceptive stimuli and spinal release
of excitatory amino acids (EAA) and prostaglandin E2 (PG E2) was
monitored in awake rats using an intrathecal loop microdialysis probe
placed at the lumbar enlargement. EAA and PG E2 were measured by
HPLC and RIA respectively. Subcutaneous injection of 5% formalin
into the hind paw of the rat evoked a biphasic flinching behavior.
Corresponding to phase 1 (0-10 min) behaviors, there was a significant
increase (50-100%) in spinal levels of Glu, Asp, Tau and Gly, Cit and
PG E2, but not Ser, Asn and Gin. Significant (p<0.01) second phase
release was only observed for Cit and PG E2 while Glu and Asp levels
were increased by approximately 45%. Morphine (3 mg/kg s.c.)
suppressed the formalin evoked behavior and release of Glu, Asp, Tau,
Gly, Cit and PG E2, but had no effect on resting release. The effect of
morphine was reversed by pre treatment with 1 mg/kg naloxone, which
by itself did not change release or behavior. This study demonstrates
that both spinal EAA and PG E2 contribute to nociceptive responses in
the formalin test and that morphine suppresses the formalin evoked
behaviors and spinal release, in a naloxone sensitive manner.
(Supported by NS 16541, TLY)

CYCLOOXYGENASE INHIBITION REDUCES NOXIOUSEVOKED SPINAL RELEASE OF PROSTAGLANDIN E2 AND
AMINO ACIDS: A MICRODIALYSIS STUDY IN FREELY
MOVING RATS.
A.B. Malmberg* and T.L, Yaksh.
Dept. of Clinical Pharmacology, University of Goteborg, Sweden*,
and Dept, of Anesthesiology, UCSD, CA 92093-0818, USA.
Using intrat^^al microdialysis, we examined the effects of systemic
and spinal delivery of S(+) and R(-)ibuprofen on nociceptive behaviors
and spinal release of prostaglandin E2 (PG E2) and excitatory amino
acids (EAA), detected by RIA and HPLC respectively. Injection of
formalin into the rat hind paw (5% sc) evoked a biphasic flinching
behavior and a corresponding biphasic increase in spinal PG E2 release
(110% in the first 10 min and 83% during the period 20-30 min after
formalin injection). Significant increases in glutamate (Glu; 110%) and
aspartate (Asp, 112%) were observed only during the first 10 min after
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formalin injection. S(+)ibuprofen (lOmg/kg, but not 1 mg/kg ip)
suppressed formalin-evoked paw flinching, blocked increased PG e 2

levels and reduced release of Glu and Asp by 50%. Similar effects
were noted after intrathecal delivery of 10 gg, but not 1 gg,
S(+)ibuprofen. Basal release of PG E2 and EAA was not influenced by
S(+)ibuprofen. The inactive enantiomer, R(-) ibuprofen, had no effect
on formalin evoked behavior or spinal release. This study demonstrates
that spinal release of PG E2 correlates with the antinociceptive effects of
cyclooxygenase inhibitors. Suppression of EAA release by
S(+)ibuprofen suggests that prostaglandins may moderate transmitter
release in the dorsal hom. (supported by NS 16541, TLY)
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EFFECTS OF ALDOSE REDUCTASE INHIBITION ON THE
FORMALIN TEST IN DIABETIC RATS.
N.A. Calcutt*. T.L. Yaksh and A.B. Malmberg
Departments of Pathology* and Anesthesiology, University of
California San Diego, La Jolla, CA 92093-0612, USA
Inappropriate or exaggerated pain sensations are often associated with
diabetic peripheral neuropathy.
We examined the effect of
streptozotocin-induced diabetes and concurrent aldose reductase
inhibition on the acute (phase 1) and prolonged (phase 2) nociceptive
responses evoked by formalin injection which are separated by an
intervening quiescent (Q) period. All experiments used adult female
Sprague-Dawley rats after 4 weeks of streptozotocin-induced (5Omg/kg
ip) diabetes, some of which were treated with the novel
sulphonylnitromethane inhibitor of aldose reductase, ICI 222155
(ZENECA Pharmaceuticals, Macclesfield, UK: 15 mg/kg po), for the
duration of diabetes. Formalin (50 pl of 5% solution) was injected into
the right hind paw and induced behavior was recorded for the next 60
minutes. MNCV was measured in the left sciatic nerve. Sugar and
polyol levels in the sciatic nerve and lumbar spinal cord were assayed
by gas chromatography. Diabetic rats showed exaggerated responses
during the Q period but were similar to controls during phases 1 and 2.
ICI 222155 prevented the accumulation of sorbitol and fructose in the
nerve and spinal cord of diabetic rats, attenuated the MNCV deficit and
significantly reduced formalin-evoked flinching during the Q period
(p<0.05 vs untreated diabetic rats). These studies show that diabetic
rats exhibit a disorder of nociceptive processing that is amenable to
treatment with an aldose reductase inhibitor.

FUNCTIONAL DEFICITS FOLLOWING BILATERAL
FORELIMB ADJUVANT INFLAMMATION ASSESSED
VIA OPERANT METHODOLOGY: EFFECTS OF
INDOMETHACIN AND MORPHINE ON RECOVERY
OF FUNCTION.

K. J, Suflfk*. >S, C.Fowier. J ,-R, LQu. andB, J- Brockkl,
Departments of Psychology and Pharmacology, 301 Peabody
Building, University of Mississippi, Oxford, MS 38677
While a number of animal models are available with which
to evaluate drug efficacy against chronic pain, many of these
assays fail to model effectively the functional deficits that
accompany chronic pain or screen for the recovery of
functioning afforded by putative analgesic drugs. This
research describes a novel method of assessing functional
impairments associated with chronic inflammatory pain
using novel operant procedures. Animals trained to strike a
force-sensing operandum using forelimb extension (CRF)
exhibited a deficit in both response rate and response force
following bilateral forelimb adjuvant-inflammation (.10-. 15
ml). Both indomethacin (1.0 & 2.5 mg/kg, IP) and morphine
(1.0 & 2.0 mg/kg, IP) produced a dose-dependent acceleration
of recovery of functioning on this task. These data support
the utility of this operant task in simulating functional deficits
associated with chronic inflammatory conditions and
screening for recovery of functioning afforded by analgesic
drugs.
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MORPHINE PRODUCES AND MAINTAINS ANALGESIA IN RATS WITH
SCIATIC LIGATION-INDUCED THERMAL HYPERALGESIA. NL
Backonia*, G. Miletic, K.K. Bowen & V. Miletic. Depts. of Neurology &
Comparative Biosciences, University of Wisconsin, Madison, WI 53706.
We employed paw-withdrawal latencies to radiant heat to assess the analgesic
effect of prolonged morphine infUsion on sciatic ligation-induced hyperalgesia.
Loose ligatures were tied around the sciatic nerve subsequent to its exposure in
ten rats. On day eight post surgery, osmotic mini-pumps were implanted
subcutaneously. In five ligated animals, the pumps contained morphine
(released at about 3.5-5mg/kg/day). The remaining five ligated rats received
saline infusions. Behavioral tests were performed by an investigator blinded to
the drug treatment (morphine vs. saline). ANOVA revealed that on day seven
post surgery (one day before drug treatment) all ten ligated animals exhibited
significantly shortened latencies when compared to pre-surgery baseline. On
day nine (24-hrs after the start of drug infusion) the paw-withdrawal latencies
in all five morphine-treated rats reversed to near baseline levels. Tolerance to
the analgesic effect of morphine did not develop during continued infusion for
14 days of treatment protocol. In contrast, the five saline-treated rats remained
hyperalgesic throughout this two-week period. These data suggest that
morphine acts rapidly and effectively to reduce behavioral signs of hyperalgesia
in rats with sciatic ligations. Scheduled administration of opioids might be an
appropriate treatment regimen for relief of neuropathic pain. (Supported by
NIH NS01365 & NS21278).

TOLERANCE TO MORPHINE ANALGESIA DEVELOPS IN THE
ABSENCE OF EXOGENOUS OPIATES IN RATS WITH NERVE INJURYINDUCED HYPERALGESIA J. Mao*. D.D. Price. J. Lu and D.J. Maver. Dept.
Anesthesiology, Medical College of Virginia, Richmond, VA 23298
Recent evidence suggests that hyperalgesia and opiate analgesic tolerance, two
seemingly unrelated phenomena, may be interrelated by common neural substrates
such as activation of the N-methyl-D-aspartate (NMDA) receptor and subsequent
intracellular activation of protein kinase C and nitric oxide. Such cellular and
intracellular commonalities may be expected to result in interactions between
mechanisms of hyperalgesia and opiate tolerance. Indeed, our previous studies (J.
Neurosci., 1994, 14:2301-2312) have shown that thermal hyperalgesia develops
when animals are made tolerant to the analgesic effects of morphine. In this study,
we further examined the hypothesis that tolerance to the analgesic effects of
morphine results under conditions of nerve injury-induced hyperalgesia.
Specifically, we examined whether nerve-injured rats would exhibit less analgesia
than non-injured rats in response to a single morphine treatment at seven days after
unilateral loose ligation of the rat’s common sciatic nerve (Bennett and Xie, 1988,
33:87-107). A single intrathecal treatment with 10 pg morphine sulfate produced
reliably less analgesia in nerve-injured rats than in non-injured rats when both were
tested at 30 min after morphine administration using the paw-withdrawal test
(Waller-Duncan K-ratio t test, P< 0.05). These results also were obtained when
thermal hyperalgesia in nerve-injured rats was reversed by the NMDA receptor
antagonist MK-801. The results indicate that tolerance to the analgesic effects of
morphine has developed in nerve-injured rats before the first exposure to morphine.
The data provide further evidence indicating that interactions do occur between
mechanisms of hyperalgesia and opiate tolerance.
Supported by PHS grant NS 24009
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PROTEIN KINASE C GAMMA IMMUNOREACTIVITY INCREASES IN
THE SPINAL CORD OF RATS TOLERANT TO MORPHINE ANALGESIA
D.J. Mayer*, J. Mao, L.L. Phillips, J. Lu and D.D. Price. Dept. Anesthesiology and
Neurosurgery, Medical College of Virginia, Richmond, VA 23298
Our previous experiments have indicated a critical role of protein kinase C (PKC)
in mechanisms of morphine tolerance. In the present experiments, we further
examined whether 1) the PKCy isoform changes in association with the
development of morphine tolerance by utilizing the immunocytochemical method
and 2) the N-methyl-D-aspartate receptor antagonist MK-801 would affect such
changes. Once daily intrathecal (i.t.) treatment with 10 pg morphine sulfate for
8 days reliably induced morphine analgesic tolerance (tail-flick test) as compared
to saline controls when examined on Day 8 (student t test, P< 0.01). The spinal
cords from each group of rats were removed after behavioral tests. The PKCy
immunoreactivity was clearly increased in rats made tolerant to morphine
analgesia: (1) a reliable increase in total numbers of spinal cord dorsal hom
neurons with PKCy immunostaining was seen in morphine tolerant rats as
compared to saline controls (Mann-Whitney U test, P< 0.01); (2) within the dorsal

ESTROGEN PROLONGS MORPHINE ANALGESIA IN
THE RAT. R.Yu, YukhananoVadd R.J, Handa. Department of Cell
Biology, Neurobiology and Anatomy, Loyola University Medical
Center, Maywood, IL, 60153
Gonadal steroids change the synthesis of opioid peptides and their
receptors and modulate the neuroendocrine effects of opioids. The role
of these actions in the mediation of morphine-induced analgesia is not
clear. The goal of this study was to investigate the ability of estrogen
(E) to modulate the analgesic effect of morphine. Three male and three
female groups of rats, sham-operated, gonadectomized (GDX) and
GDX with implanted silastic capsules of E, were used. Pain sensitivity
was measured by Tail-immersion (TI, the tail withdrawal latency) and
Hot plate (HP, the hind paw withdrawal latency) tests for 5 hours
following injections. Morphine (10 mg/kg, s.c.) induced analgesia in all
groups both in TI and HP tests. The duration of analgesic effect of

hom of morphine tolerant rats, there were significantly more PKCy immunostained
neurons (neuronal soma) in laminae I-II than in laminar III-IV and V-VI (P<
0.01); (3) co-administration of morphine with 10 nmol MK-801 between Day 2
and Day 7 of the treatment schedule prevented the development of morphine
tolerance and the increase in PKCy immunoreactivity (P< 0.01); (4) PKCy
immunostaining was not increased in rats with a single i.t. administration of 10 pg
morphine on Day 8, nor did repeated treatment with 10 nmol MK-801 alone
change baseline PKCy immunostaining. The results indicate a specific association
of increases in PKCy immunostaining with the development of morphine tolerance
and support the view that PKC(y) may be a critical intracellular component
involved in mechanisms of opiate tolerance.
Supported by PHS grant NS 24009
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morphine was not significantly different between the groups in TI test,
but the analgesia measured by HP test lasted significantly longer in E
treated male and female rats. Since the reaction time in TI test reflects

the opiate action at the level of spinal cord whereas the reaction time in
HP test is regulated by hypothalamic projections into the spinal cord, we
suggest that the regulatory action of E may be mediated by E receptor in
the hypothalamus. Since the effect of E was observed only in HP, but
not in TI test, we may exclude the effect of E on morphine metabolism.
Duration of morphine action following a single injection depends not
only on the metabolic rate, but also on the development of acute
tolerance. Thus, E may retard the appearance of acute tolerance to
morphine and this effect of E may be mediated in the hypothalamus.
Supported by BNS 9109226 and AAO8696

309

PAIN MODULATION:

310

PHARMACOLOGY II

MONDAY PM

135.13

135.14

REFLEX
AND
NEURONAL
RESPONSES
TO
VISCERAL
AND
CUTANEOUS
STIMULI
IN
MORPHINE TOLERANT RATS.
T.J.Ness*,
J.G.Piper and K.A.Follett. Depts. of Anesthesia and
Neurosurgery, University of Iowa College of
Medicine. Iowa City, IA 52242

IN VITRO DRUG INTERACTIONS OF MORPHINE SULFATE
AND NICOTINE WITH ENCAPSULATED CALF ADRENAL
CHROMAFFIN CELLS
S ,R. Winn*. S.D. Sherman. J.M. Harvey. V. Hovanesian. T.J. Blanev. B.M.
Cain. M.J. Banks. M.S. Shoichet. and E.E. Baetge. CvtoTherapeutics.
Inc., Providence, Rl 02906

Hot-plate/tail-flick as well as cardiovascular (pressor) and

visceromotor

(abdominal-hindlimb

contraction)

reflex

responses to colorectal distension (80 mm Hg, 20 s) are

inhibited by intrathecal morphine in a dose-dependent,
naloxone-reversible fashion. Chronic (6 day) administration
of morphine to the intrathecal space via a spinal catheter and

use of an

implanted osmotic minipump resulted in the

development of tolerance to the effects of morphine:

{1}

repeated measures demonstrated a decreasing effect of the

chronic infusion; and {2} dose-response curves were rightshifted in morphine tolerant rats. Saline-infused controls did

not develop tolerance to subsequent morphine.
Excitatory responses of neurons located in the caudal
ventrolateral

inhibited by

medulla to

colorectal

intrathecal morphine in

naloxone-reversible fashion.

distension are

also

a dose-dependent,

Preliminary data suggests that

the chronic administration of morphine (as above) produces
a similar development of tolerance.

These data demonstrate

the utility of this model for planned studies of development

Spinal implants of polymer-encapsulated bovine adrenal chromaffin
cells have been shown to be an effective method for the sustained
delivery of analgesic compounds to the rodent CNS (Sagen et al., J.
Neurosci. 13(6):2415, 1993). It has been well established that spinal
injections (intrathecal) of norepinephrine or opioid agonists are
antinociceptive and together may be synergistic.
The present studies were designed to assess the potential in vitro
influence of morphine sulfate or nicotine on the ability of encapsulated
neonatal-sourced calf adrenal chromaffin (CAC) cells to produce and
secrete norephinephrine. Prior to, and following continued exposure to 2,
20 or 200 pg/ml morphine sulfate or 20 pM nicotine, the CAC cellcontaining polymer capsules were repeatedly assayed for catecholamine
release. Catecholamines were assayed from incubation medium under
basal and stimulated conditions successively by HPLC before and after 14
and 28 day treatment times. CAC cells maintained their ability to
synthesize and release norepinephrine when continuously exposed to 20
pg/ml morphine sulfate or 20 pM nicotine for at least 28 days in vitro.
Releasable norepinephrine from encapsulated CAC cells diminished
approximately 40-50% over time in the presence of the
suprapharmacologic dose of 200 pg/ml morphine sulfate. These results
suggest that concurrent treatment with clinically relevant exogenous drugs
such as morphine sulfate and nicotine will not adversely affect CAC cell
norepinephrine secretion.

and reversal of tolerance to the effects of long-term opioids.

135.15
DISSOCIATION OF THE GENETIC MEDIATION OF ANALGESIC
SENSITIVITY TO MORPHINE BY NOCICEPTIVE ASSAY.
J.S. Mogil*. B. Sadowski. and J,K. Belknap. VA Medical Center
and Oregon Health Sciences University, Portland, OR.
Morphine analgesic dose-response relationships were investigated in the four
major genetic mouse models of opiate sensitivity using the four most common
nociceptive assays. The following mouse populations were used: 1) DBA/2 and
C57BL/6 inbred strains, 2) HA/LA lines selectively.bred for 2O°C swim stressinduced analgesia, 3) HAR/LAR lines selectively bred for levorphanol analgesia,
and 4) the CXBK recombinant inbred strain (relative to its progenitor strains,
C57BL/6 and BALB/c). Differential sensitivity to the analgesic effects of
morphine has been demonstrated in all four genetic models on the hot-plate
test of nociception. Evidence is accumulating, however, that physiological
mechanisms underlying opiate analgesia are test-specific. The present study
sought to examine whether genetic factors mediating sensitivity to opiate
analgesia are similarly dissociable by nociceptive assay. Accordingly, all animals
were tested, under identical conditions, in the following tests: 1) hot-plate test
(54°C; paw-lick or paw-flutter), 2) tail-withdrawal test (5O°C), 3) formalin test
(25 pl of 5% formalin, injected subcutaneously into plantar surface of the right
hind paw), and 4) abdominal writhing/constriction test (0.6% acetic acid injected
intraperitoneally in a volume of 10 ml/kg). Morphine sulfate (0, 0.1, 0.5, 1.0,
5.0, 10, 15 mg/kg) was injected intraperitoneally (subcutaneously in the writhing
test) 30 min prior to testing. Morphine AD50 and ED50 values were calculated in
all experiments. Results provided clear evidence that genetic control of opiate
analgesia for different nociceptive stimuli is inherited independently. Most
strikingly, in HA/LA mice sensitivity to morphine analgesia on the hot-plate and
writhing tests was found to be inversely related (HA > LA on hot-plate test,
LA > HA on writhing test). Supported by VA Merit Review to JKB.
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LOCAL CIRCUITS IN MACAQUE VI: PROJECTIONS OF INDIVIDUAL
LAYER 2-5 NEURONS. E.M. Callaway* and A.K. Wiser. Neurosci. Pgm. and
Dept of Physiol., Univ. of CO Sch. of Med., 4200 E. 9th Ave., Denver, CO 80262.
Our understanding of local circuitry in macaque primary visual cortex is based
largely on Golgi staining and extracellular tracer injections. To obtain a more
detailed understanding of the contributions of individual neurons to these circuits,
the diversity of their axonal projections, and correlations between patterns of
dendritic and axonal arborization, we have intracellularly labeled neurons in 4OOunthick coronal slices of macaque VI with biocytin during whole-cell recording. Slices
were sectioned, double-stained for biocytin arid cytochrome oxidase, and axonal and
dendritic arbors of individual neurons reconstructed. We have analyzed the
projections of more than 60 neurons. Eighteen of these had somata in layer 6 and are
described in the following abstract. Of th remaining neurons (described here), 11
had cell bodies in layers 2-3B, 7 in 4A, 7 in 4B, 2 in 4Ca, 3 in 4CP, and 12 in layer
5. Spiny neurons in layers 2-3B all had a pyramidal morphology and th laminar
specificity of their axonal arbors was similar regardless of the depth of their somata
or blob/interblob position. These neurons typically projected within layers 2-3B and
to layer 5. Many also projected weakly to layer 4B. As expected, neurons in blobs
projected to blobs and those in interblobs to interblobs. Layers 4A, 4B, and 5 all
contained spiny neurons with both pyramidal and stellate dendritic morphologies.
We were surprised to find no correlation between the patterns of dendritic branching
and axonal projections for th spiny neurons in any of these layers. Axonal
projections of spiny neurons in layer 4A were similar to those of layer 2-3B
pyramidal neurons (to 2-3B and 5) except that there was no specificity for blobs
versus interblobs. Spiny neurons in layer 4B had extensive lateral axonal arbors
within layer 4B and blob-specific projections to layers 2-3B; they also projected to
layers 5 and/or 6. The majority of spiny neurons in layer 5 (9 of 12) focused their
densest axonal projections on layers 2-3B and 4B. All 12 projected within layer 5.
Surprisingly, only a minority (3 of 12) made projections to layer 6; these cells
projected only weakly ot not at all to more superficial layers. As expected, spiny
stellate neurons in layer 4Ca projected to layer 4B and Nobs in layer 3B. These cells
also projected to layer 5A and/or SB. Spiny stellates in layer 4Cp projected to layer
4A and both blobs and interblobs in layer 3B.

LOCAL CIRCUITS IN MACAQUE VI: PROJECTIONS OF INDIVIDUAL
LAYER 6 NEURONS. A.K. Wiser* and E.M. Callaway. Neurosci. Pgm. and Dept.
of Physiol., Univ. of CO Sch. of Med., 4200 E. 9th Ave., Denver, CO 80262.
We have studied the laminar and intralaminar (blob versus interblob) specificity
of axonal projections from layer 6 pyramidal neurons. Individual neurons in coronal
slices prepared from VI of macaque monkeys were filled with biocytin during whole
cell recording. Tissue sections were double-stained for cytochrome oxidase and
biocytin. Eighteen pyramidal neurons with somata located in layer 6 and whose
complete axonal and dendritic arbors were well-labeled were analyzed. Although
these neurons could be classified by other criteria, we distinguished 5 classes of
neurons on th basis of the laminar specificity of their projections within layer 4. Of
18 neurons, 2 layer 6 cells projected to 4B (and not to 4C) and 4 projected to 4Ca
(not 4CP); these 6 cells all had somata in lower to mid-layer 6. Eight cells projected
to 4CP (and not 4Ca) and had somata distributed throughout layer 6. Two neurons
with cell bodies located in mid-layer 6 projected to th middle third of 4C and 2
other neurons (also with cell bodies in mid-layer 6) sent axona branches to both
subdivisions (a and P) of layer 4C. Besides projecting to 4C or 4B, cells often
projected to other layers including 6,5,4A and 2-3B.
Since neurons in magnocellular-dominaed subdivisions of layer 4 (4Ca and 4B)
project specifically to blobs in layers 2-3B and those in parvocellular-dominated
subdivisions (4Cp and 4A) project to both blobs and interblobs, we thought that
layer 6 neurons that project specifically to layers 4Ca or 4B might restrict their layer
2-3B projections to blobs while the remaining layer 6 neurons would not. There was
no indication however, that cells projecting to layers 2-3B specifically targeted blobs
or interblobs regardless of the laminar specificity of their projections to deeper
layers. Thus, although most layer 6 neurons make specific projections to portions of
layer 4 dominated by either the magnocellular or parvocellular stream, their
projections within layers 2-3B are not specific for blobs versus interblobs.
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DISTRIBUTION OF MUSCARINIC m2 RECEPTOR PROTEIN IN THE
VISUAL CORTEX OF MACAQUE MONKEY. L. Mrzliak. A.I. Levev & P.
Rakic*. Sect, of Neurobiology, Yale University School of Medicine, New Haven,
CT 06511 and Dept. Neurology., Emory University School of Medicine, Atlanta,
GA 30322.
In primary visual cortex of the macaque monkey, muscarinic receptor protein m2
is distributed preferentially in sublayers IVA and IVCb which receive input from
parvocellular (P) laminae of the lateral geniculate nucleus (Mrzljak et al., PJVAS.
'93, 90: 5194-5198). In the present study we examined the distribution of a
monoclonal antibody against m2 receptor fusion protein within areas 17 and 18 in
a series of adult and developing postnatal monkeys with immunocytochemistry at
both the light and electron microscopic levels. The distribution of m2 was
compared with P and M system- specific markers like cytochrome oxidase (CO)
and calbindin. The results show that m2 is present mainly in the axon terminals
forming asymmetrical synapses with spines and small dendrites. The overall
distribution of intense immunoreactivity to the m2 antibody matches the CO
staining in sublayers IVA and IVCb. In contrast, in layers fl and III the m2 positive
areas interdigitate with the periodic distribution of CO blobs and coincides with
the calbindin staining. In area 18, intense immunoreactivity was localized mainly
in layers V and VI. The adult pattern of the m2 staining in layer IV of area 17
appears to be achieved around the time of sexual maturation (approximately 3
years). Before puberty layer IVA does not display the "string of pearls" pattern that
is apparent in adults, and the reactivity in IVCb is confined to a narrow band
situated at the interface with layer V. The emergence of the adult pattern of m2
labeling coincides with changes in the density and synaptic composition in layer
IV during puberty (Bourgeois and Rakic, LNeurosci. 93, 13:2801-2820). In area
18 as well as in association cortices (e.g. area 46) the adult pattern of m2 is present
in the newborn monkey. Our results suggest that m2 presynaptic acetylcholine
receptor may be selectively associated with the geniculocortical P system of the
visual cortex. Supported by EYO2593, MH44866 and NS30454.

THE PATTERN OF CALLOSAL CONNECTIONS AT THE 17/18 BORDER
REGION IN VISUAL CORTEX IS SYMMETRIC IN RATS BINOCULARLY
ENUCLEATED AT BIRTH, RATHER THAN ASYMMETRIC AS IN
NORMAL RATS. C. P. Li* and J. F. Olavama. Department of Psychology,
University of Washington. Seattle, WA 98195.

The pattern of callosal connections between the lateral regions in opposite areas
17 has been shown to be asymmetric in normal rats (Lewis and Olavarria, Soc
Neurosci. '90, and in prep.), and cats (Olavarria, this meeting). For example,
after tracer injections into the most medial portions of the callosal region in lateral
striate cortex, labeled cells are restricted to the contralateral 17/18 border,
whereas following injections at the 17/18 border, labeled cells are found, not at
the contralateral 17/18 border, but in neighboring regions well-within areas 17
and 18. Since a central portion of the central visual field is represented in lateral
regions of striate cortex in both hemispheres, callosal connections between these
regions appear to interlink points representing similar visual field coordinates. It
was proposed that callosal connections between such cortical loci are maintained
during normal development because they fire in synchrony due to common input
from specific regions in temporal retina. To test this idea, in the present study we
investigated whether asymmetric patterns of callosal connectivity develop in
lateral striate cortex of adult rats that had been binocularly enucleated at birth.

Analysis of the distribution of labeled callosal cells in lateral striate cortex of
one side after small injections of different fluorescent tracers into lateral regions
of the opposite striate cortex revealed that the pattern of connections between
these regions is symmetric in eyeless rats, rather than asymmetric as in normal
rats. Thus, injections at the 17/18 border produced labeled cells at the opposite
17/18 border, whereas injections into slightly more medial regions produced
labeled cells in the opposite, mirror-image location. These results provide
evidence that input from the eyes is needed for the establishment of asymmetric
callosal connections, and that, in the absence of the eyes, connections are
established according to a symmetric plan. Supported by NIH EYO9343.
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ASYMMETRIC PATTERNS OF CALLOSAL CONNECTIONS AT THE 17/18
BORDER REGION IN CAT VISUAL CORTEX, AND HOW THEY MAY
DEVELOP FROM INTERHEMISPHERIC CORRELATED ACTIVITY
DRIVEN FROM TEMPORAL RETINA. Jaime F. Olavarria*. Dept. of
Psychology, NI-25. University of Washington, Seattle, WA 98195.
In the cat, area 17 contains few callosal connections except in a strip-like
region at the 17/18 border. The width of this region is about 6 mm and roughly
half of it lies within area 17 and the other half within area 18. It is commonly
thought that fibers from this callosal region connect with the opposite 17/18
region in a point-to-point pattern that is symmetric with respect to the midline,
but this idea has not been tested experimentally. The present study examines the
fine organization of callosal fibers in the 17/18 border region of normal adult cats
by analyzing the patterns of connections revealed in one hemisphere after
restricted injections of different fluorescent tracers into the callosal region of the
opposite area 17. The location of the injection sites with respect to the 17/18
border was assessed with electrophysiological and architectonic data, and by
inspecting the labeling pattern in the ipsilateral dLGN.
Analysis of the distributions of retrogradely labeled callosal cells reveals that
the projections interlinking the 17/18 callosal regions are not symmetrical with
respect to the midline. For example, following injections into the most medial
portions of the callosal region in area 17 (about 3 mm medial from the border)
labeled cells were restricted to the contralateral 17/18 border, whereas after
injections at the 17/18 border, labeled cells were found not at the contralateral
17/18 border, but in neighboring regions well within both areas 17 andl8. When
the reported representation of ipsilateral visual fields in lateral area 17 is
considered, these data suggest that callosal connections interlink points in both
hemispheres that represent similar visual field coordinates. The emergence of
this connectivity pattern during development is consistent with the idea that
callosal connections are maintained between cortical loci that fire in synchrony
due to common input from specific regions in temporal retina.
Supported by NIH EYO9343.

COMMON CELL TYPES AND PATTERNS OF LAMINAR DISTRIBUTION IN
MARSUPIAL AND EUTHERIAN VISUAL CORTEX IDENTIFY COMPONENTS
ESSENTIAL FOR NEOCORTICAL FUNCTION. J.S.Lund*. A.Harman and
L.Beazlev. Institute of Ophthalmology, London Univ. and Department of
Psychology, Univ. Western Australia.
It is of interest when considering the anatomical features which are basic to
mammalian neocortex function, to ask whether mammalian lines that diverged
very early in their evolution share particular features that might be conserved
and are therefore likely to represent features that are crucial to neocortical
function. We examined the cellular architecture of the visual cortex (areas V1
and V2) of the marsupial Quokka in Golgi Rapid preparations and compared it
to known cellular features of the equivalent regions in monkey, cat and rat.
Granular layer 4 of the Quokka is characterized by its large population of spiny
stellate neurons, accompanied by a smaller population of local circuit neurons,
including cells resembling "clutch" cells -both features found in the eutherians.
Layer 4 of area V2 of Quokka is comprised of small pyramidal neurons
accompanied by "chandelier" intemeurons- again a feature of the eutherian
V2. The superficial layers of area V1 contain local circuit neurons typical of the
eutherians, including chandelier, wide-arbor basket, double bouquet and
robust columnar varieties. Pyramidal neurons in areas V1 and V2 of Quokka
differ from those of the eutherians only in that a high proportion of the cells
have bifurcated apical dendrites with two major apical shafts. Layer 5 of V1
includes large pyramidal neurons with basal dendrites sweeping downward
and laterally to the white matter, reminiscent of the Meynert cells of monkey
V1 layer 5-6 border and large pyramids of the cat and rat layer 5. We conclude
that despite early evolutionary separation of marsupial and eutherian lines, the
visual cortex of both has retained common cellular constituents and laminar
and areal peculiarities of distribution of cell types. This suggests a highly
conserved original architecture which, for at least visual cortex, can be
presumed to be essential to its function. Supported by EYQ10021.

136.7

136.8

INTERLAMINAR CIRCUITRY OBSERVED WITH VOLTAGESENSITIVE DYE IMAGING OF NEOCORTICAL SLICES. R.Yuste*.
D.Kleinfeld and D.W.Tank. AT&T Bell Laboratories, Murray Hill, NJ 07974.
To study the spatial structure and internal dynamics of cortical microcircuits we have
used optical recordings with voltage-sensitive dyes in slices of rat visual cortex. Slices
were stained with the styryl dye di-4-ANEPPS and their fluorescence was imaged with a
cooled CCD camera or a photodiode.
At least two optical signals were present in response to electrical stimulation: (1) A
fast signal that rose concomitant with the change in local field potential and decayed over
a period of ~1OO ms. The signal changed sign when the fluorescence was collected on
either side of the emission spectrum, using excitation at the peak of the absorption. This
suggests a pure electrochromic mechanism directly sensitive to membrane potential. (2)
A slow signal rose over a period of ~l s and decayed over tens of seconds. It was only
weakly wavelength dependent and reflected both changes in the scattering properties of
the tissue and spectroscopic changes in the dye that are unlikely to be voltage dependant
The amplitudes of the fast and slow signals were comparable, with IA/F1<10'2.
To reveal functional connections among layers, we imaged fast signals produced in
response to a weak electrical shock given with 25 pm diameter electrodes in the presence
of APV, CNQX and BMI. Control experiments in CA1 slices showed that under these
conditions optical changes mostly reflect presynaptic responses. With this protocol the
projections from layer 4 to 2/3, from 2/3 to 5, from 5 to 2/3 and 6 and from 6 to 4 were
clearly demonstrated. A structurally rich horizontal response was seen within layer 2/3.
These results are in agreement with previous anatomical circuit studies (Gilbert, Ann.
Rev. Neurosci. 6:217, 1983; Burkhalter, JCN 279:171, 1989). Interestingly, layer 1
stimulation produced long-lasting activation of layer 1.
To investigate if adult neocortex has a modular pattern of activation analogous to that
found in developing cortex (Yuste et al. Science 257:665,1992), we imaged fast signals
produced by epileptiform events induced by Mg2+-free, bicuculine or metacholine
containing ACSF. All spontaneous or evoked responses were uniformly distributed
across the slice under our imaging conditions. No columnar structures or clear borders
suggestive of modules were detected.
(Supported by the Office of Naval Research and AT&T Bell Laboratories)

ANTEROGRADE TRANSNEURONAL MAPPING OF VISUAL PATHWAYS
FROM THE MOUSE RETINA TO SUBCORTICAL AND CORTICAL REGIONS
USING HERPES SIMPLEX VIRUS TYPE-I(HSV-HI29) Nine Sun*. Stanley
Perlman and Martin D.Cassell Department of Pediatrics and Microbiology,
Department of Anatomy, University of Iowa, Iowa City, IA 52242
Herpes simplex virus type-1, strain H129, was used to examine the temporal
progress of anterograde viral movement along visual pathways following
intraocular inoculation. Viral RNA and DNA was detected in brain sections using
in situ hybridization. Virus appeared in all known primary targets of the retina at
day 4 post-inoculation, including those in the thalamus (e.g. lateral geniculate
complex), hypothalamus (suprachiasmatic nucleus), pretectal complex and the
superior colliculus (superficial layers). This was followed by labeling in visual
areas 17 and 18 at day 5-6. Virus was first detected in layer 4 of the area 17.
Following infection of the visual cortex, virus was detected in the dorsal striatum,
the ventral orbital (area 11), frontal (area 8) and cingulate cortex. In the temporal
lobe, labeling was found in the posterior temporal cortex (Te2; area 36) and
entorhinal cortex. In addition, virus was detected specifically in the dorsal medial
geniculate complex (MGC) which has not been reported to be visually related.
These results demonstrate the specific anterograde movement of HSV-H129 from
retina to primary, secondary and tertiary visual regions. Highly selective infection
of known visually related brain structures also suggests that some regions such as
dorsal MGC and posterior temporal cortex (Te2; area 36) may be visually related
areas. The temporal anterograde movement of this virus through cortical and
subcortical regions may provide clues as to how visual information is transferred
through different visual processing areas. This work was supported by N.I.H.
grants (NS24401 andDCO171l).
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CHRONIC INFUSION OF BRAIN DERIVED NERVE GROWTH FACTOR
INDUCES PARADOXICAL OCULAR DOMINANCE SHIFTS IN THE
KITTEN VISUAL CORTEX
R.A.W. Galuske 1* D.-S. Kim 1 E, Castren 2 and W, Singer 1. ’Max -Planck Institute
for Brain Res ., Deutschowenstr
. 46, 60528 Frankfurt
/M. FRG,
2MAX-PLANCK-lN'STITUTE FOR BIOCHEMISTRY. AM KLOPFERSPITZ 26a , 82152
Munchen -Martinsrie d , FRG
The influence of brain derived nerve growth factor (BDNF) on experience
dependent modifications of the functional architecture of kitten visual cortex has
been examined by in vivo optical imaging of intrinsic signals. In three kittens
monocular deprivation (MD) was induced by unilateral eyelid-suture in the fourth
postnatal week. Simultaneously, BDNF (O.5|ig/gl) was infused into the visual cortex
(area 18) via an osmotic minipump (pump rate lpl/h) in one hemisphere. The other
hemisphere was perfused with the vehicle solution only, phosphate buffered saline,
and served as control. After one week of MD orientation preference maps (OPMs)
were recorded for each eye in both hemispheres. In the control hemisphere the
deprived eye (DE) had lost the ability to activate cortical neurons as reflected by the
complete absence of OPMs after DE stimulation. OPMs were normal for the nondeprived eye (NDE) even in the close vicinity of the infusion site. In the BDNFtreated hemisphere, however, the activity distribution was totally different. In a
region <2.5mm around the infusion site the NDE failed to activate the cortex while
stimulation of the DE induced a homogeneous activation within an area <2.5mm
around the infusion site. Beyond 2.5mm from the infusion site NDE stimulation
induced OPMs comparable to those in the control hemisphere and the NDE evoked
no activity.
These data suggest that BDNF influences activity dependent changes of the
functional architecture of the visual cortex in a paradoxical way: the DE input is
preserved but appearantly evokes responses lacking orientation selectivity while the
NDE input seems to be no longer able to activate the cortex.

SIMPLE CELLS MAY BE THE PHYSIOLOGICAL BASIS OF THE MACH
BAND PHENOMENON: EVIDENCE FROM EARLY MONOCULARLY

DEPRIVED CATS. G. Syrkin

, U. Yinon*

and M. Gur*.

Physiol.1

Lab.. Goldschleger Eye Res. Inst., Tel Aviv Univ. Fac. Med., Sheba
Med. CTR, 52621 Tel-Hashomer and Dept.2 Biomed. Eng., Technion,
Haifa 32000, ISRAEL
As we have shown in normal cats, simple cells in area 17 respond as
predicted by the Ratliff-Tolhurst and the local energy models of the
Mach band phenomenon (Syrkin et al., ENA, Madrid ,Spain, 1993).
Cells with odd-symmetric receptive fields (RFs) respond better to sharp
edges (luminance steps), while cells with even-symmetric RFs respond
better to blurred edges (Mach band stimuli). We assume that inhibition,
which is known to be greatly impaired under monocular deprivation,
may modulate physiological responses underlying the Mach band
phenomenon. We thus studied the responses to luminance edges with
different degrees of blurring in cats monocularly deprived at the age of
8 weeks. Simple cells (N = ll8) in area 17 of seven anesthetized and
paralyzed cats were studied.
Most non-deprived eye cells with odd-symmetric RFs (26/34, 77%)
and cells with even-symmetric RFs (36/41, 88%) responded better to a
sharp edge and to a blurred edge, respectively. Contrary to this, only
7/15 (47%) deprived eye cells with odd-symmetric RFs and 15/28 (54%)
cells with even-symmetric RFs responded better to a sharp edge and to a
blurred edge, respectively.
These results show that simple cells’ responses, shaped by cortical
inhibitory mechanisms, may be the physiological basis for the Mach band
phenomenon.

136.11

136.12

Identification of Differentially Expressed cDNA Clones Involved in
Activity-Dependent Plasticity in the Cat Lateral Geniculate Nucleus.
J.S. Bhangav1*. S.S. Prasad1. F. Lepore2. D.E. Mitchell3 and M.S. Cvnader’.’Dept.

ELECTROPHYSIOLOGICAL EVIDENCE FOR SEROTONIN-2C RECEPTORS
IN MODULATION OF NEURONAL ACTIVITIES OF CELLS IN KITTEN
VISUAL CORTEX: IN VIVO AND IN VITRO STUDIES. Y.C. Wang*. O. Gu.
Y.L. Liu. R. Douglas and M. Cvnader. Dept. of Ophthalmology, The University of
British Columbia, Vancouver, B.C. Canada V5Z 3N9.
Recent studies in our laboratory have identified a developmentally-regulated
columnar organization within the visual cortex marked by serotonin-2C (5-HT2C)
receptors at the time that ocular dominance columns are coalescing. The goal of
present studies was to examine the functional role of this transiently expressed
receptor system in developing visual cortex.
Extracellular recordings, combined with iontophoresis of 5-HT2C receptor
agonists and antagonists, were employed in vivo experiments.A total of 191 cortical
cells were recorded from 19 kittens and 29 cells from 2 adult cats. In young kittens,
the visual evoked responses of 41% (78/191) of the cells were inhibited by serotonin
(5-HT). Twenty-one cells (11%) showed an excitatory response to 5-HT and ninetytwo cells (48%) were unaffected. The inhibitory effects of 5-HT were blocked by
mesulergine in 37% of this inhibited cells (29/78), which indicates the involvement
of the 5-HT2C receptor subtype. In contrast, only 20% (6/29) of the cells were
inhibited by 5-HT in adult cats, and in these cells, only one had this inhibition
reversed by blockade of 5-HT2C receptor.
Multiple-site field potential (FP) recordings, combined with bath perfusion of 5HT2C receptor agonists and antagonists, were employed in vitro experiments using
cortical slices. We found that conditioning activation of white matter induced a form
of long-term potentiation (LTP) in kitten visual cortex, and this potentiation was
modulated by application of 5-HT2C receptor agonists and antagonists.
The results from in vivo studies indicate that there are significant differences in
the effects of 5-HT in modulating visual responses between kittens and adult cats,
supporting receptor autoradiographic studies indicating a higher concentration of 5HT2C receptors in young kittens. Brain slice experiments also indicate that the 5HT2C receptors play an important role in modulation of cortical activities. Taken
together, these results suggest that the physiological functions of the 5-HT2C
receptor system are involved in activity-dependent synaptic modification in the
developing visual cortex.

of Ophthalmology, Univ. of British Columbia , Vancouver, B.C. 2Dept. of
Psychology, Univ. of Montreal, Montreal P.Q. and ?Dept. of Psychology, Dalhousie
Univ., Halifax, N.S.
The lateral geniculate nucleus (LGN) of young organisms is highly sensitive to
environmental manipulations. Monocular visual deprivation, for instance, imposed
during early postnatal life can affect the morphology, growth and connectivity of cells
in the kitten LGN. Monocular deprivation performed on normal adult animals has no
effect. However, in kittens which have been reared with input restriction during
development, the visual system retains plasticity well into adulthood. To understand
the molecular mechanisms underlying use-dependent plasticity in the LGN, we have
used the method of subtractive hybridization to isolate and characterize cDNA clones
that are selectively expressed in the LGN of animals that have been reared throughout
the critical period with input restriction.
We have constructed a number of k-ZAP cDNA libraries from mRNA isolated from
the LGNs of 1) a 120 day-old dark-reared kitten, 2) a 120 day-old kitten that had a
unilateral optic tract section and 3) a 120 day-old normal kitten. To isolate
differentially expressed mRNAs, the following subtracted libraries were constructed
from the original cDNA libraries: 1) a dark-reared minus normal subtracted LGN
library and 2) an optic tract section minus normal subtracted LGN library.
Furthermore, to limit the focus to a highly specific set of clones, we used subtracted
probes to screen each of the subtracted libraries and the clones which hybridized were
isolated. Using this procedure, we isolated 22 clones from the dark-reared subtracted
library and 15 clones from the unilateral optic tract section subtracted library. These
clones are being characterized by partial DNA sequence analysis and are being searched
for known identities with the Genbank and EMBL databases. Of the 15 clones thus
far characterized, the identities indicate that 7 are novel, 6 are involved in energy
metabolism, 1 is involved in signal transduction pathways, and 1 is involved in
synapse formation.
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HUMAN OSCILLATORY RESPONSES to PATTERNED STIMULATION.
W.G. Sannita*. L. Lopez, S. Massimilla. DISM, University. Genova, and ITAB,
University, Chieti, Italy; Dept, of Psychiatry, SUNY. Stony Brook. NY. USA
Oscillatory responses (19-40 Hz) to transient pattern-reversal stimulation of
central 9° at spatial frequency of 0.6-10.0 c/deg and 7-90% contrast levels are
superimposed on VEP recorded in healthy volunteers at occipital scalp locations
and can be dissociated by high-pass (eg 19.0 Hz) digital filtering. The
oscillatory response is independent of filter distortion or digital acquisition and
processing, and consists of 9 consecutive wavelets time-locked to stimulus, with
56.4±8.4 msec mean latency of first replicable wavelet. Though superimposed
on VEP, the oscillatory response expands over a longer time span than VEP,
with 2 early wavelets occurring at significantly shorter latencies than wave n7O
of the corresponding VEP, whereas the last 2 wavelets have longer latencies
than wave nl45. Latency and amplitude values are functions of the stimulus
contrast and spatial frequency, with amplitude tuning at 5.0 c/deg; the first two
wavelets appear instead unaffected by stimulus contrast or spatial frequency. All
wavelets correlate with wave pl00 of VEP regardless of latency, while the
correlation with waves n7O and nl45 was limited to wavelets with latencies in
the range of pi00 latency and to early wavelets respectively. Patients with
documented impairment of the visual system and visual field defects show
oscillatory responses that supersede conventional VEP, when the generation of
these is conceivably affected by brain pathology. A cortical origin is suggested,
although precortical contributions at least to first wavelets cannot be excluded .
Oscillatory responses to patterned stimulation are proposed as events parallel to.
and partly independent of, conventional VEP and are suggested to potentially

ASCENDING RETICULAR SYSTEM MODULATES CORTICOCORTICAL SYNCHRONIZATION.

reflect feature linking at early stage visual information processing and cortical
synchronization integrating information related to separate attributes of visual
input.
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M.H.J.Munk* P.R.Roelfsema, P.Konig, A.K.Engel and W.Singer
Max-Planck-Institut fur Himforschung, Frankfurt, Germany

The ascending reticular system has widespread projections to the
cortex and is known to shift the behavioral state of an animal to higher
states of alertness. As transient stimulus-dependent synchronization of
cortical sensory responses is hypothetized to serve as a mechanism for
perceptual binding, we were interested in whether reticular activation
would influence cortico-cortical synchronization. Simultaneous intraand interhemispheric recordings of multi unit activity evoked by
moving light bars were performed at the A17/18 border region of
anaesthetized and paralysed cats. We studied the effects of electrically
stimulating (5-pulse-burst at 75Hz) the mesencephalic reticular
formation (MRF) on the synchronization of light responses in cortex
as revealed by cross-correlation. In 34 instances we were sofar able to
cause changes of synchronization due to MRF stimulation. The
effects consisted of either inducing synchronization (N=12) in
previously non-synchronized cell pairs or in a transitory enhancement
of synchronization strength (N=2O).
Stimulus-specificity of
synchronization was maintained during reticular activation. Rarely
(N=2) pre-existing synchronization was attenuated. Enhancement of
synchronization strength did not show a consistent relationship to the
activation level of the neurons and thus does not simply reflect a
change in excitability. The present data show that reticular activation
can
strongly
modulate
stimulus-specific
cortico-cortical
synchronization without being in conflict with stimulus-specific coding
properties. We suggest that reticular activation may support the
cortex to achieve a unified percept under a wide range of stimuli.
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SUBOPTIMAL STIMULI LEAD TO SYSTEMATIC PHASE LAGS
OF NEURONAL ACTIVITY IN CAT VISUAL CORTEX.
P. Konig*, A.K. Engel. P.R. Roelfsema and W. Singer
Max-Planck-Institut fur Himforschung, 60528 Frankfurt, FRG

EVOKED OSCILLATORY RESPONSES IN CAT'S VISUAL CORTEX
PERSIST WITH BLOCKADE OF PULVINAR COMPLEX. S. SHUMIKHINA.
C. CAS/AOVA AND S. MOLOTCHNIKOFF*. DDeartement de scienccs
biologiques and CRSN, Universite de Montreal, Montreal, Qc, Canada, H3C 3J7.
It has been suggested that neuronal binding of coherent targets rests on the
capacity of excited cells to fire in synchrony at« 40 Hz. We hypothesize that the
thalamic nuclei called lateral posterior-pulvinar (LP-P) may be responsible for
generating 40 Hz oscillations. Our hypothesis is based on the following
observations: 1) LP-P cells have a tendency to exhibit oscillations (13-200Hz); 2)
The receptive fields of LP-P neurons are centrally located (A); and 3) They are large
(B). This latter property allows space invariability: that is, one target or several
features of the same target disparately located within the excitatory field may excite
the same unit. 4) LP-P is associated with salience (C) of visual targets; and 5)
Finally, LP-P blockade abolishes the difference in response magnitude between
focal and global stimuli presentations (D). To test our hypothesis, anesthetized
cats were prepared for single cell recordings; we recorded in areas 17 and 18
neuronal responses to stimuli which elicit 40 Hz oscillations in their firing pattern.
In general, this pattern is evoked by optimal stimuli (gratings and/or slits). Then
the LP-P was inactivated with micro-injection of GABA with the aim of verifying
if the cortical = 40 Hz pattern would be abolished. So far, (N=2O), it appears that
even if the evoked responses are modified during the LP-P blockade the oscillatory
pattern persists. Thus, one must look at other sources to find the thalamic (or
retinal, cortical) contribution to this oscillatory pattern.
Supp. CRSNG, FCAR
Ref.
(A)
Albus, K. et al. (1980) Exp. Brain Res. 41: A18.
(B)
Mason , R. (1981) Exp. Bram Res. 43: 25-33.
(Q
Robtsson, D.L. 11<933) Poog . m Bram Res . 95 : 37T383.
(D)
Molotchnikoff, S. and Shumikhina, S. (in preparation).

Recent work suggests that synchronization of neuronal activity could
serve to define functionally relevant relationships between spatially
distributed cortical neurons. However, it is unknown to which extent
suboptimally activated neurons, which constitute the majority of cells
activated by a particular stimulus, also participate in response
synchronization. This in turn is to be expected - given the notion of
coarse coding which assumes that features of a stimulus are represented
by the graded responses in populations of optimally and suboptimally
activated cells. To resolve this issue we investigated the temporal
relationship between discharges of neurons in cat primary visual cortex
which were activated by stimuli of varying orientation, spatial frequency
and direction of motion. We found that optimally and suboptimally
driven neurons can synchronize their responses with a precision of a
few milliseconds. However, there are consistent and systematic
deviations of phase relations from zero phase lag. The optimally driven
neurons lead over suboptimally activated cells and this phase lag is
proportional to the difference in preferred orientation. Phase differences
decrease for stimuli falling between the cells respective preferences.
These results suggest that binding by synchrony can be used to define
assemblies of neurons representing a coarsely coded stimulus.
Furthermore, they allow a quantitative test of proposed neuronal
network architectures.

137.5

137.6

RESPONSES IN CAT TO SINE-WAVE GRATINGS OF CELLS IN AREA 18
WHEN AREA 17 IS INACTIVATED. D. TEMPORAL FREQUENCIES. A
CHABLI*. D,Y, RUAN AND S. MOLOTCHNIKOFF. Department de sciences
biologiques, Universite de Montreal, Montreal (Quebec), Canada, H3C 3J7.

RESPONSES TO SINE-WAVE GRATINGS OF CELLS IN AREA 18 WHEN
AREA 17 IS INACTIVATED, IN CAT. I. SPATIAL’FREQUENCIES. D.Y,
RUAN*. A. CHABLI AND S. MOOOTCHNIKTFF. Department de sciences
b^^ques, Universite de Montreal, Montreal (Qc) Canada, H3C 3J7.
The present investigation is aimed at studying the contribution of area 17 upon
cell properties of area 18. The described experiments analyze responses to spatial
frequencies. Anesthetized cats were prepared for single cell recordings from cerebral
cortex. Area 17 was locally inactivated with micro-injections of GABA dyed with
Chicago-sky blue (2%). Cells of area 18 were stimulated with sine-wave gratings
with spatial frequencies from .01 to 2.0 c/d. Tuning curves prior to during, and
after blockade were compared. Futhermore, cells were classified as simple or
complex. Also, the difference in orientation between the injected (area 17) and
tested (area 18) sites were noted Simple cells. In most of these neurons (75%,
N=2l) the optimal spatial frequency (OSF) shifts to higher values. Low contrast
does not appear to modify this reaction. Futhermore, if the difference in orientation
between areas 17 and 18 is in the iso-range (< 40°), the cell's responses to OSF
decrease; in contrast if the difference is in the cross-range (> 50), the response
magnitude increases. This confirms our previous model. However, OSF increases
during blockade regardless of response modification. These data suggest that
orientation and sensitivity to spatial frequencies are carried independently.
Complex cells (N=39). In general, these cells are more susceptible to area 17
blockade. A dual reaction was observed; half of the cells reacted with a shift to
lower values of OSF; while the other half shifted to higher values of OSF. Since
low contrast brings different OSF, it appears that several harmonie channels are
carried by complex cells. In addition, if the orientation differences are iso the shifts
in OSF go either way, but if the gap in orientation between 17 and 18 areas is
cross-then OSF shifts to lower values. From area 17 to 18, complex cells may be
segregated into several connecting paths, each carrying subsets of image features.
Supp. CRSNG

The present investigation is aimed at studying the contribution of area 17 upon
cell properties of area 18. The described experiments analyze temporal frequencies.
Anesthetized cats were prepared for single cell recordings from cerebral cortex. Area
17 was inactivated by micro-injections of GABA with 2% Chicago sky blue.
Cells of area 18 were stimulated with sine-wave gratings of temporal frequencies
0.1 to 15 c/sec. Tuning curves were compared prior to, during and after blockade.
Responding cells are classified as simple or complex. The difference in orientation
between injected (area 17) and tested (area 18) sites were noted. Cells exhibiting
low- and high-pass temporal tuning curves fail to react to area 17 blockade. The
optimal temporal frequency (OTF) remained unchanged. In contrast, Band-Pass
units modified their tuning curves. In 20% of simple cells, discharge to OTF
increased, whereas in 60% the responses decreased regardless of cell types. The
remaining cells (20%) were unaffected; Affected complex cells reacte in a dual
fashion, about half of them increasing their responses and the other half showing
weaker responses. In both cases the shape of the tuning curve remained the same.
More importantly, the reaction of the neuron to blockade depended upon the spatial
frequency. Indeed, in most cells (simple + complex) the sign of the reaction
inverted when several spatial frequencies were tested in addition to the optimal one.
The opposite paradigm indicates that the temporal frequency did not influence the
modification which occurred when tuning spatial frequencies were tested. These
data appear to indicate that the inputs originating in area 17 contribute mostly to
orientation and spatial frequency tuning of cells of area 18.
Supp. CRSNG

137.7
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OPTICAL IMAGING
OF THE
ORIENTATION MAP AND
HORIZONTAL INTRINSIC CONNECTIONS IN STRABISMIC CATS.
K.E.Schmidt- D,-S.Km. W.Sinser. T.Bonhoeffer4' and S.Lowel*. MPI f.
Hirnforschung, D-60528 Frankfurt, +Present address: MPI f. Psychiatrie, D-82152
Munchen-Martinsried, F.R.G
Elimination of correlated activity between the two eyes leads to an enhanced
segregation of geniculocortical afferents in area 17 of strabismic compared to normal
cats. In addition, tangential intracortical connections are severely reduced between
neurons dominated by different eyes. Since these connections in normal animals are
related to orientation columns we wondered whether strabismus influences the layout
of the orientation map and the specificitiy of the connections in relation to it. We used
optical imaging to visualize the functional architecture of area 17 in cats with
surgically induced divergent squint. To study intrinsic connections we injected red and
green latex microspheres into identified monocular orientation domains. Furthermore,
domains having the same orientation preference as the injection site were visualized
by 2-deoxyglucose(2-DG) autoradiography. Quantitative analysis indicates that 5075% of retrogradely labelled neurons are localized in the 2-DG labelled regions of
same eye/same orientation domains. Optical imaging revealed segregated ODdomains since monocular iso-orientation columns were different for the left and right
eye. Interestingly, orientation domains were continuous across ocular dominance
borders. The activity map obtained with gratings of different orientations demonstrated pinwheel-like structures with an average density of 2.8 singularities per mm2
cortical surface (n=2). Our results support the hypothesis of a selective stabilization of
intracortical connections between neurons receiving correlated activity during
development. In addition, the continuity of orientation domains across OD-borders
suggests that a basic scaffold of the orientation map is already specified before OD
segregation starts. It remains to be determined how orientation maps and horizontal
intrinsic connections influence each other during development.

RELATIONSHIP
BETWEEN
NEURAL
CONNECTIONS
AND
EXCITATION PROPAGATION REVEALED BY OPTICAL IMAGING
IN VISUAL CORTICAL SLICES .
M . Tanifuji*, T. Sugiyama, N.
Okumura. and K. Murase, Dept . Information Science, Fukui
Untv.,Bunkyo. Fukui 910, Japan
Anatomical and electrophysiological investigations have shown
various intrinsic neural connections in primary visual cortex (VC). To
understand modes of excitation propagation through those
connections, we have studied neural activities in VC slices using optical
recording with a voltage sensitive dye, RH482. Previously we showed
that the white matter stimulation evoked vertical propagation toward
cortical surface and horizontal
propagation in supra- (SGL) and
infragranular layers (IGL), and that the horizontal components became
more prominent when a GABAergic antagonist, bicuculline (BMI, 1 uM),
was applied (Soc. Neurosci. Abstr. 17, 114, 1991).
In the present
study, the vertical and horizontal components were analyzed in detail
by using a high spatial (128x128 pixels) and time (0.6 ms) resolution
image sensor (SD1001, Fujifilm Microdevices). We found that the
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vertical propagation consisted of three spatially separated components
appeared in layers 6, 4, and 2-3.
The paired pulse stimulation
selectively suppressed the component in layer 2-3, meaning that
excitation in layer 2-3 is a polysynaptic component probably coming
from layer 4. Furthermore, we measured conduction velocity of
excitation from the time course at each pixel and found that velocity in
vertical direction was about 4 times larger than that in horizontal
direction. This result, together with our previous finding that a vertical
cut either in SGL or IGL does not interrupt horizontal propagation in
both layers (Soc. Neurosci. Abstr. 19, 425, 1993), suggests that
horizontal propagation was conveyed by reciprocal connections
between SGL and IGL
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DYNAMICS OF INFORMATION TRANSMISSION BY SINGLE NEURONS
THE VISUAL SYSTEM. J Heller, T.W. Kjaer. J.A. Hertz and B.J. Richmond .
Lab. of Neuropsychology, NIMH, Bethesda MD, & Nordita, Copenhagen. Denmark;
Our present quantitative knowledge about the encoding of information by
cortical neurons is very limited. We examined two interrelated aspects of this problem: (1) how information about visual stimuli is represented in the structure of the
spike trains, and (2) the time course of this information transmission.
To study the first of these problems, we computed the information conveyed
about a set of 32 visual stimuli (Walsh patterns) by a number of different representations of the responses of Vl (n=l3) and inferior temporal (IT) cortical (n=l 1) neurons
in awake monkeys. Some of these representations contained information about exact
spike timing, while others (including, as a limiting case, the spike count) employed
forms of low-pass filtering that removed such information in varying degrees. For
both brain areas, the most informative codes proved to be ones obtained by first lowpass filtering the spike trains through Gaussian windows and then performing a
Karhunen-Loeve transformation and retaining only the first 1-5 principal components.
From the widths of the optimal Gaussian filters we inferred that spike timing more
precise than 15 (VI) or 20 (IT) ms carried no significant information about the stimuli
in this experiment.
To learn how the information conveyed by the neurons varied over time, we
performed calculations for time windows starting at the beginning of the response and
growing in length. We found that the information grew very rapidly in the first 50
ms. The net information continued to grow (albeit much more slowly) throughout the
response after this. Peak transmission rates of the order of 30 bits/s were measured
during a 16 ms 50-70 ms after response onset. Typically, about 80% of the total
information conveyed was in the initial burst. The optimal response representation
response generally contained more than one principal component. Thus, the extra
information was coded in the temporal variation of the firing pattern.

STRIATE CORTICAL COMPLEX CELLS SEGREGATE OBJECTS DEFINED
BY TEXTURE AND SCINTILLATION AS WELL AS LUMINANCE CONTRAST. TJ.Gawne*, T.W.Kiaer, and BJ.Richmond. Lab of Neuropsychology,
National Institute of Mental Health, Bethesda, MD 20892.
We recorded from striate cortical complex cells in primary visual cortex of
two awake monkeys. For 10 neurons, bar-like stimuli of 8 different orientations,
centered on the receptive fields, were displayed on a uniform gray background.
The bars were defined as black, white, or a black-and-white checkerboard with

mean luminance equal to the background. For 11 other neurons, the stimuli were
presented on a random-dot background, and in addition to the black, white, and
iso-luminant checkerboard bars also had bars defined by scintillating dots with the
same distribution as the background. The responses of these neurons was modulated very strongly by all of these stimuli. Tlie neurons did not respond very
strongly to large uniform blocks of either the checkerboard or the scintillation
stimulus, demonstrating that it was not the amount of texture or scintillation per
se that caused the response, but rather its distribution. Thus, these complex cells
can integrate local spatial and temporal statistics into information about form.
The responses of the neurons to the isoluminant checkerboard on the gray
background were delayed relative to the black or white bars by a mean of 47.5
ms. This delay was consistent with the delay caused by a single-colored bar of
lower contrast, and was insensitive to the magnitude of the response (a weak
response to a white bar of one orientation occurred before a stronger response to a
checkerboard bar). For the checkerboard and the scintillating dots on the random
dot background, the delays were 15.1 and 28.4 ms, respectively. If the responses
caused by forms defined by equivalent contrasts were uniformly delayed relative
to the responses evoked by others, the nervous system could process these
responses separately. Different delays for different objects provides a potential
mechanism for feature linking.

137.11

137.12

HOW MUCH INFORMATION IS CARRIED ABOUT STATIONARY VISUAL
PATTERNS BY EACH SPIKE IN STRIATE CORTICAL COMPLEX CELLS?
G.X. Jin*, T.W. Kjaer and BJ. Richmond. Laboratory of Neuropsychology,
NIMH/NIH, Bethesda MD, USA;
The ability to discriminate visual patterns depends on how much the neuronal responses to them overlap. One fundamental unanswered question is how
much information can he transmitted within the dynamic range on neurons in primary visual cortex.
We analyzed the data from complex cells stimulated by set of 128 black
and white patterns centered on the receptive fields of the neurons. The neurons
responded with a wide range of responses to these patterns. Using a neural network we estimated the amount of information available about pairs of patterns as
the differences between the mean firing rates grew. We used two response
representations, the response strength alone (the spike count) and the response
strength along with a measure of the temporal coding as quantified by principal
components of all of the responses. The information increased linearly with the
difference in the spike count over most of the range. We used linear regression to
relate the information to the difference in firing rate. The information per spike
was greater when temporal coding as quantified by the principal components was
included in the analysis. When the information based on the principal components is plotted against the difference in spike count the scatter is higher than
when it is plotted against the size of the vector difference between the average
principal components.
If the slopes of the regression lines are taken as the information contribution of each spike, the amount of information carried would be 0.03-0.06
bits/spike.

SIMULTANEOUS RECORDING OF PATTERN VEP AND EYEHAND
REACTION
TIME REVEALS
DIFFERENCES
IN
SPATIAL FREQUENCY TUNING CURVES.
M. McKerral1’2.
P. iLcC^aaplle1. F. lLPoor2 & M, TAtctil*3. D£p. des ^sycfiolc^o^iie
et de jSci"ences Biologiques, University de Montreal, Montr2al, Qu2.,
Canada H3C 3J7 and 2Dept. of Ophthalmology, McGill UniversityMonireal Children's Hospital, Montreal, Qu<2., Canada H3H 1P3.
We have previously demonstrated that the latency of the pattern visual
evoked potential (PVEP) and the eye-hand reaction time (RT) exhibit,
for a stimulus size of 0.5°, similar luminance-response curves. The
present study investigated, with the use of a checkerboard pattern, the
effect of spatial frequency on the VEP-RT relationship. Simultaneous
PVEPs and RTs were obtained monocularly, from six normal subjects,
to reversing checks of 0.25°, 0.5°, 1° and 12° (87% contrast, 1.36 Hz).
For RT measurements, the subjects were instructed to respond manually
at the reversal of the checks. Statistical significance was estimated with
a repeated measures ANOVA and correlation coefficients derived with
Pearson’s bivariate method. PVEP latency and RT obtained with 0.5°
checks are both significantly (p<.05) faster than that measured with
0.25° checks. However, with checks larger than 0.5°, the timing of the
PVEP progressively and significantly (p<.O5) increases, while RT
measurements are gradually and significantly (p< .05) reduced. Thus
a spatial frequency selectivity is observed for the PVEP, but not for the
RT, where there is an inverse linear relationship with check size
(r=0.99). The RT minus PVEP latency difference CIso showed a linear
relationship (r=0.97) similar to the RT. Our results would suggest that,
for check sizes > .5°, the PVEP and the eye-hand RT are evoked by
different modalities of the stimulus, and/or possibly generated by distinct
retino-cortical pathways (?parvo vs magno).
Supported by MRC MT12153.

137.13

137.14

SPATIAL VARIATION IN ORIENTATION DOMAIN INFLUENCES ON THE
RESPONSE OF CELLS IN THE MACAQUE VISUAL CORTEX.
K.L. Grieve*, J.N. Davis and A.M. Sillito. Dept, of Visual Science, Institute of
Ophthalmology, Bath St., London EC1V 9EL, UK
Receptive fields of striate cortical cells have traditionally been defined by the
responses to flashed or moving bars and edges, delineating focal restricted regions
of visual space eliciting discharge. This view of a fixed, localised receptive field is
now widely challenged, with suggestions of facilitatory or inhibitory components far
removed from the classical receptive field. Here, (see also our parallel presentation
on cat visual cortex), we have investigated the spatial organisation of these zones in
VI of macaque, utilising a bipartite concentric grating stimulus paradigm, with
stimuli carefully centred over the centre of the classical receptive field.
Single units were recorded in area VI of the anaesthetized and paralysed macaque.
Stimuli comprised moving bars, drifting sinusoidal grating patches and bipartite
grating fields with the orientation of a central circular patch and surrounding outer
field systematically and independently varied. The responses to grating patches of
different diameters were not predictable from the responses to bars of different
length, such that orientation tuned cells which were clearly not "length" tuned were
heavily suppressed by increased patch diameter. Importantly, responses were
enhanced when such suppressive patches were surrounded by grating fields of
different orientations, suggesting facilitatory or disinhibitory influences from an outer
surround, which could also be directionally biased. These influences minimised as
centre and surround gratings became iso-oriented at the preferred orientation, derived
from the classical receptive field. Such patch suppressed cells can act as
"orientation" discontinuity detectors, with minimal response for an iso-orientation
contour, but strong responses for a local deviation in contour orientation. Clearly,
these extremely potent influences must be taken into account when defining the
"optimum" stimulus, and therefore the receptive field, of striate neurones.

SPATIAL VARIATION IN ORIENTATION DOMAIN INFLUENCES ON THE
RESPONSE OF CELLS IN THE FELINE VISUAL CORTEX.
J. Cuderro*- and A.M. Sillito. Dept, of Visual Science, Inst, of Ophthalmology, Bath
St., London EC1V 9EL, UK. 'Health Sciences, University of La Coruna, Spain.
The extensive lateral and feedback connections in the central visual system bring
many influences to bear on single cell responses. This makes the definition of the
receptive field dependent on the nature and spatial distribution of the stimulus. We
report here experiments in which we have dissected these with a bipartite concentric
stimulus in the receptive field of striate cortical cells. The stimulus was a drifting
sinusoidal grating with an inner window of variable diameter. With this precisely
centred on the receptive field we documented responses to -varying the diameter of
the window and orientation for the inner section alone and the outer section alone.
This was then repeated for both together with the inner and outer orientations varied
on a randomised interleaved sequence. A number of points emerge from the data.
1) In endstopped S cells for window diameters of similar dimension to the length of
the excitatory field both inner and outer stimuli alone induced an excitatory response,
whilst together they elicited no response. 2) The response to an optimally oriented
inner stimulus alone was often substantially increased by the presence of the outer
stimulus at orientations that fell outside the orientation alignment condition at a
window diameter where the outer alone exerted no effect 3) The capacity of the
outer stimulus to influence the response to the inner was often dependent on stimulus
direction as well as orientation. 4) The influence of the outer varied with the window
diameter. These and similar effects suggest influences from spatially adjacent
locations, dependent on orientation and direction, with strong facilitatory or
disinhibitory influences from orientations up to 90 degrees from the optimal. They
question the issue of the "optimal stimulus" and suggest some aspects of the
connectivity are only revealed by complex stimulus situations.
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137.15
SPATIAL DISPLACEMENT SENSITIVITY OF THE AWAKE
CAT MEASURED WITH VISUALLY EVOKED CORTICAL
POTENTIALS.
S. Lehmkuhle* and S. Chakrabortv. School of
Optometry, University of Missouri-StLouis, St.Louis, MO 63121.
To estimate the spatial displacement threshold in the awake cat,
visual evoked responses were measured to phase displacements of
sinusoidal grating patterns. The cats were trained to fixate small
LED targets placed in front of a grating display. Scleral search

coils recorded eye position. The eye position signals were used to
stabilize the overall position of the grating on the retina by using a
sample and a hold circuit which updated at 200 Hz the position of the
grating on the monitor in accordance with changes in eye position.
The center of grating was positioned on the monitor to stimulate
area centralis, even with changes in eye position. The grating
pattern (0.25 c/deg) was phase shifted in a transient manner. The
phase shifts ranged from 2.81 phase deg (1.9 min of arc) to 180 phase
deg (120 min of arc). The amplitude of the evoked potential varied
with the amount of displacement, with the minimal discernible
potential produced by a spatial displacement of 11.25 phase deg (7.5
min of arc). This estimate of displacement sensitivity is similar to
the vernier threshold observed behaviorally in the cat (Berkley and
Sprague, J. of Comp Neurol., 1979) and similar to the spatial
displacement threshold observed physiologically in X and Y cells in
the dorsal lateral geniculate nucleus (Moss and Lehmkuhle, Vis.
Res., 1986).

(Supported by Research Board, University of Missouri System)
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138.1

138.2

MAGNETIC SOURCE IMAGING OF EVOKED RESPONSES WITH DIFFERENT VISUAL-FIELD DEPENDENCES.
S.P. Ahlfors*. R.J. Ilmoniemi, M.J. Kajola, J.E.T. Knuutila. and J.T. Simola.
Low Temperature Lab.. Helsinki Univ. Technology. O2l5O Espoo, and BioMag
Lab., Med. Eng. Centre. Helsinki Univ. Central Hosp.. 00290 Helsinki, and
Neuromag Ltd., PL 68. OOO11 Helsinki. Finland.
The spatiotemporal distribution of human visual evoked cortical activity
was studied with non-invasive recordings of extracranial magnetic field using
a 122-channel magnetometer covering the whole scalp. Checkerboard stimuli appeared in a random sequence in octant sectors of the visual field. The
strongest magnetic signals were detected 80 - 170 ms after the stimulus onset
over the occipital lobe, but replicable deflections were detected in the latency
range 100 - 400 ms over other regions of the brain as well. To facilitate the
source analysis, the responses were decomposed into two parts on the basis of
the dependence on the visual-field location of the stimulus. The mean response
over the eight octant stimuli consists mainly of signals from sources that are
common to all the octants, whereas the difference between the response to a
specific octant and the mean response contains contribution from visual-field
specific sources. The retinotopic part was modeled with 2-4 equivalent current
dipoles in the occipital area with time-dependent amplitudes. Minimum-norm
estimates for the common part indicated a distribution of sources extending
to several extra-occipital regions. The large-array neuromagnetometer, with
planar locally sensitive gradiometric detectors, and the novel decomposition
method make it possible to identify several distinct extra-occipital sources contributing to the contrast-onset evoked visual response.

A NEW APPROACH TO THE ANALYSIS OF SPIKE DISCHARGES:
COST-BASED METRICS. J. Victor* and K. Purpura. Dept of Neurology and
Neuroscience, Cornell University Medical College, New York NY 10021.
A neuron carries sensory information not only by its overall firing rate, but
also by the temporal pattern of its spike train. The usual approach to the analysis
of this temporal pattern (Optican & Richmond 1987, McClurkin et al. 1991)
begins with a representation of spike trains as points in a vector space. The
vector space provides a notion of "distance" between individual spike trains,
which expresses their relative similarity or difference. From the notion of
distance, responses to various stimuli may be clustered, and the information
carried by the neuron may be estimated (Chee-Orts & Optican 1993).
We propose a new approach to the analysis of the temporal pattern of neural
activity. In this approach, there is no reliance on a vector-space representation
for spike trains. Rather, the distance between two spike trains is the minimum
"cost" necessary to transform one spike train into the other, via a path of steps
consisting of (i) inserting or deleting a spike, or (ii) shifting a spike in time. The
cost assigned to a path of steps is the sum of the costs of the individual steps.
The path of least cost between two spike trains, and hence, their distance, is
determined in a highly efficient manner via modifications of the Sellers (1974)
algorithm for genetic sequences. Higher costs to shift a spike in time correspond
to more stringent dependence on the temporal pattern of the spike discharge.
For simple models of spike generation, the intrinsic geometry, clustering, and
information content of spike trains as assessed by the cost-based metrics differ
significantly from that derived from vector-space approaches. For more complex
models, (e.g., those which include deterministic chaos), cost-based metric identify
structure which may be missed entirely by approaches based on vector spaces.
Supported by EY9314 (JV) and NS01677 (KP).

138.3

138.4

COMPRESSING THE CEREBRAL CODE:
Hebbian Cell
Assemblies May Be Concentrated into a Hexagonal Macrocolumn.

A NEURALLY-INSPIRED APPROACH TO 3-D VISUAL
OBJECT RECOGNITION B. W. Mel*. Computation and Neural
Systems Program, Caltech 139-74, Pasadena, CA 91125.
Results of detailed biophysical modeling studies of single neurons
suggest that neocortical tissue may possess enormous memory capacity,
well suited for memory-intensive approaches to visual object recognition. Based in part on this idea, we describe a neurally-inspired 3-D visual object recognition system whose goal is to reliably identify common
objects from a large known set—independent of viewing angle, distance,
clutter, and partial occlusion, and where objects can be non-rigid, articulated, or fractal. Three distinctive features of this view-based approach
are: (1) emphasis on simple receptive field computations, (2) simultaneous use of several different visual submodalities (color, shape, texture)
that are complementary in their invariance characteristics and susceptibility to image degradation, and (3) use of sparse high-dimensional
representations of the visual field. Preliminary results of recognition
performance have been obtained using combinations of color and shapebased features. In response to a testset of 150 novel views of 50 known
objects presented as color video images, the system currently gives the
correct response 83% of the time (chance is 2%), and the second-best
answer an additional 9% of the time. Six non-rigid objects, including a
telphone cord, a bicycle chain, 2 scarves, a grape cluster, and a mapleleaf cluster were included in the database; all 18 novel test views of
these objects were correctly recognized. Recognition time on a Sparc-2
is a non-optimized 60 seconds including all image processing.

H. Calvin * Univ. of Washington NJ-15, Seattle WA 98195
Pyramidal neurons of superficial layers are 39% of all cortical
neurons. They are excitatory to other such pyramids and, since their
axons tend to cluster terminals at a characteristic distance, some cells
will mutually re-excite. Though refractoriness should prevent reverberation, even weak positive coupling can entrain oscillators when cell
pairs are otherwise active. Each pyramid sends horizontal axons in
many directions, so a 3rd and 4th pyramid at the characteristic distance
from the parental pair could be recruited via synchronous arrivals. A
triangular mosaic of synchronized superficial pyramids thus can temporarily form. At least at the V1-V2 border, the intrinsic horizontal
connections change in character and in length, suggesting that mosaics
might stay confined to the parent architectonic area. Suppose a baseball activates a cell pair sensitive to its contours, another pair via its
color, a third for stereo features; the three triangular mosaics form a
wallpaperlike unit pattern (no larger than a hexagon) whose spatiotemporal firing pattern would characterize the baseball. It could be recreated later using local synaptic alterations anywhere in the mosaic.
W. H. Calvin , G. A. Ojemann , Conversations with Neil's Brain: The
Neural Nature of Thought & Language (Addison-Wesley 1994).
W. H. Calvin , "The emergence of intelligence," Scientific American
William

(Life in the Universe special issue, October 1994).
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138.5

138.6

WHAT IS A FACE?: ELECTROPHYSIOLOGICAL RESPONSIVENESS OF
HUMAN EXTRASTRIATE VISUAL CORTEX TO HUMAN FACES, FACE
COMPONENTS, AND ANIMAL FACES. T.Allison*. G.McCarthy, A.
Belger. A.Puce. M.Lubv. D.D. Spencer and S. Bentin. Neuropsychology
Laboratory, VA Medical Center, West Haven, CT 06516, and Dept, of
Neurology and Section of Neurosurgery, Yale University School of Medicine,
New Haven, CT 06510, and Dept. of Psychology, Hebrew University,
Jerusalem, Israel.
Electrophysiological recordings can be obtained directly from the surface of
striate and ext-.aslriale visual cortex in epileptic patients with chronically
implanted electrodes for localization of their seizure focus. Faces (but not
scrambled faces, cars, or butterflies) evoke a focal surface-negative field
potential with a peak latency of about 200 msec (N2OO) in discrete regions
("face modules") of the fusiform and inferior temporal gyri (Allison et al. J.
Neurophysiol. 1994, 71:821).
Here we investigated some of the response properties of face modules.
Patients viewed photographs (250 msec duration) of full faces, eyes alone,
noses alone and mouths alone. In separate recordings the patients viewed
human faces, scrambled faces and animal faces.
Eyes alone typically evoked an N2OO which was about half as large as to the
complete face. Noses and mouths typically evoked little or no N2OO at sites
where the face N2OO was maximal. At inferior temporal sites lateral to optimal
N2OO sites, eyes may evoke a larger N2OO than faces, and noses and mouths
may also evoke an N2OO, suggesting that some inferior temporal sites are
preferentially responsive to face components. Animal faces typically evoked an
N2OO about half as large and at the same locations as the N2OO evoked by
human faces, suggesting that human face modules also serve in the perception
of animal faces.

THE INFLUENCE OF PRESENTATION TIME ON EVENTRELATED EEG-POTENTIALS EVOKED BY COMPLEX VISUAL
STIMULUS PATTERNS. A. Kiehntopf. L. Fuhrv and O.-J. Grusser.
Dept of Physiology, Freie Universitat, Arnimallee 22, 14195 Berlin,
Germany. (SPON: European Brain and Behaviour Society).
The effect of different stimulus presentation times (100, 200 and
500 ms) on visual event-related potentials (EPs) evoked by
photographs of faces, vases and random dot patterns was studied in
17 right-handed volunteers (8 male, 9 female, 20-35 years). EPs were
recorded through the electrodes F3, F4, T5, T6, Cz, Oz (reference
linked mastoids, 10/20-system). In two sessions 160 slides (4x6 degrees) were projected onto a white screen 150 cm from the subject.
The change from one stimulus pattern to the next lasted less than 6
ms. The duration of the "short" stimulus presentation, alternated at
random, lasted 100 and 500 ms in one session, 200 and 500 ms in the
other. Faces, vases and random dot patterns served as short stimuli,
which were separated by a "long" presentation of a random dot
pattern for 2.7 to 3.3 seconds. Category-related difference potentials
were computed for monopolar and bipolar recordings (vases - faces,
random dot patterns - faces, random dot patterns - vases). A detailed
Wavelet-analysis was applied for selected EP-data. As wavelets the
negative second order derivative of a Gaussian time function of
variable widths was selected. With stimulus presentations of 200 and
500 ms the category-related difference curves were the same, but not
with 100 ms. Thus the EP-data corresponded to visual identification
of a complex stimulus pattern, which is not improved by increasing
the stimulus presentation time above 200 ms. Cerebral processing of
face signals was somewhat faster than that of vases.

138.7

138.8

NEURAL CORRELATES OF LONG-TERM MEMORY FOR
AUDITORY-VISUAL
ASSOCIATIONS
IN
INFEROTEMPORAL CORTEX OF
THE
MACAQUE
MONKEY. J. R, Gibson and John H.R. Maunsell*.
Div. of
Neuroscience, Baylor College of Medicine, Houston, TX 77030.
Several studies have shown that when monkeys perform a delayed
visual match-to-sample (DMTS) task, neurons in inferotemporal cortex
(IT) fire action potentials at different rates during the delay period
depending on what stimulus the animal is required to remember. Also,
some neurons can be selectively activated by either of two visual stimuli
that the animal has learned to associate (Miyashita 1988). We trained
monkeys to perform an intermodal DMTS task, in which sounds were
uniquely paired with particular visual patterns. On some trials a sound
was presented as the sample, on others a visual pattern was the sample.
In either case the animal had to indicate whether the subsequent test
stimulus was the pattern or sound that was paired with the sample for that
trial.
We collected data from 85 isolated neurons in the ventral bank of the
superior temporal sulcus and the ventral surface of the temporal lobe
while the animal performed this task. During the delay period, twelve of
these cells (14%) were most active for a particular stimulus pair. These
neurons were comparably active if either the visual pattern or the sound
was presented as the sample. In contrast, relatively few cells showed
heightened delay period activity when matching was between visual
stimuli only. These results confirm earlier reports that neurons in IT can
been selectively activated by stimulus associations learned in adult life,
and suggest that the region may play an important role in visual-auditory
associations.

A MODEL OF THE NEURAL MECHANISMS UNDERLYING SHAPE
RECOGNITION IN INFERIOR TEMPORAL CORTEX P. M. Gochin*.

138.9
UNITS IN IT SHOW COMPLETE RECOVERY FROM STIMULUS
SPECIFIC ADAPTATION WHEN THE INFORMATION TAKES A
NEW ROUTE TO THE SAME CELL. S. Sobotka*. J.L. Ringo. M.D,
Diltz and CM. Bunce Physiology, U of Rochester. Rochester, NY 14642.
Three macaques were trained to signal the repetition of a visual
image in a running recognition task. The monkeys had optic chiasm and
corpus callosum transected, leaving only the anterior commissure to carry
visual information between the left and right hemispheres. Single units were
recorded from inferotemporal (IT) cortex during this behavior.
The population averages were formed from all 92 testable cells,
(i.e., those visually responsive from each eye). Robust stimulus-specific
adaptation (SSA) was observed when the first presentation of an image
was made to one eye (and hemisphere) and re-presentation was made to
the same eye (and hemisphere). However, when re-presentation was
switched to the other eye, the SSA disappeared. Behaviorally, the monkeys
recognized the repetition 86% of the time, despite the eye switch
(compared to 99% in the absence of an eye switch).
Presentation and re-presentations were made to the same eye with
short delays (usually 0 or 1 intervening image). The re-presentation elicited
24% fewer spikes after one presentation or 32% fewer after two
presentations. Viewing was switched to the other eye after three
presentations. That presentation elicited 95% of the original spike count
(ns, P>.l). A further presentation (still the same image) to that eye again
revealed SSA. The order in which contralateral and ipsilateral eye were
used made no difference. Thus when a completely new route was taken by
information arriving at IT cortex, it completely failed to access the
previously formed memory (the SSA). The dissociation of SSA from
behavioral recognition memory shows that recognition memory can have
other forms than SSA.
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Dept, of Psychology, Princeton University, Princeton, NJ 08540
The physiological properties of neurons in inferior temporal (IT) cortex of the
macaque monkey suggest that this brain area plays a major role in shape
recognition. Based on the properties of IT neurons and input from V4, a model
is proposed which can account for some of the shape recognition properties of
IT neurons including selectivity for complex visual stimuli and tolerance to the
size and location of stimuli. The model is composed of three components. First,
stimulus location tolerance is modeled after the complex-cell-like properties
observed in some V4 neurons. The tolerance to location showed by IT neurons
is hypothesized to be a consequence of, and therefore limited by the edge
position tolerance of V4 neurons. The second component of the model is an
attentionally controlled scaling mechanism which facilitates size invariant shape
recognition. It is hypothesized that in V4 there are multiple maps sampling the
visual field, all centered around the fovea, but varying in amount of surrounding
area. These maps are hypothesized to project to a single map in IT, but only one
is active at any given time. The third component of the model is a competitive
learning mechanism which results in the transition from edge orientation
selective neurons in V4, to neurons with more complicated stimulus preference
in IT. The model makes a number of physiologically testable predictions, some
of which have been experimentally addressed (See Liu et al. this issue).
This work was supported by ONR grant N00014-93-l-0510

138.10
OPTICAL IMAGING OF FUNCTIONAL ORGANIZATION IN
MACAQUE INFEROTEMPORAL CORTEX. Gang Wang*1, Keiji
Tanaka 1, & Manabu Tanifuji2. iRIKEN & 2Fukui Univ, Japan
Cells with similar selectivity to complex object-features
cluster in the anterior part of the inferotemporal cortex (TE).
To further study the functional organization in TE, we have
applied the optical imaging to the lateral and posterior part of
TE. A monkey (Af. fuscata) was chronically prepared, and unit
recordings were performed in several sessions, followed by a
separate optical recording session. Both recordings were
conducted under anesthesia with N2O and isoflurane.
Intrinsic
signals (605 nm, 10 nm bandwidth) were measured with Imager
2001 (Optical Imaging Inc.), with visual stimulation each for 4 s
and 24 times over which images were averaged. The images for
individual stimuli were divided by the image without stimuli.
Different parts of TE emerged during different visual
stimuli. Within a 2.1 by 2.8 mm area, mostly non-overlapped
small regions appeared with 8 simplified critical features. The
patterns obtained from the first 12 trials essentially coincided
with those from the second 12 trials. The optical spots coincided
with the electrode penetrations in which the critical features
were determined. Face stimuli activated more overlapped
regions near the lip of the superior temporal sulcus. With a
series of the same doll face, the optical spot moved gradually as
the face turned from the right profile to the left profile
through the front and 45 deg faces. These preliminary results
indicate that the optical imaging with intrinsic signals is
applicable to the study of the functional organization in TE.
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138.11

138.12

NEUROCHEMICAL GRADIENT ALONG THE VENTRAL
SENSORY
CORTICAL
PATHWAYS
(VISUAL,
SOMATOSENSORY AND AUDITORY) IN THE MACAQUE
MONKEY : CALBINDIN POSITIVE PYRAMIDAL NEURONS.
H. Kondo*!, T. Hashikawa*, K. Tanaka*, and E.G. lonesl>2
1RIKEN, Wako, Japan and 2(Jniv. California, Irvine, USA.
We previously reported that the number of calbindin (CB)
positive pyramidal neurons in layers II and III gradually
increased along the ventral visual cortical pathway
(VI ,V2<V4<TEO<TEp<TEa). To know whether the graduation is
generalized over different modalities, we stained auditory and
somatosensory regions serially connected towards the
perirhinal cortex (areas 35/36) by immunohistochemical
staining for calbindin (CB), parvalbumin (PV) and calretinin
in two macaque monkeys. The number of CB immunoreactive
(CB-ir) pyramidal neurons stained lightly in layers II and III
gradually increased along both the ventrally directed
somatosensory and auditory cortical pathways: SI<SH<granular
insula (Ig) and AI<middle part of the superior temporal gyrus
(STG)<anterior STG. The numbers of CB-ir nonpyramidal, PV-ir
and calretinin-ir neurons were rather constant along the
pathways compared with that of CB-ir pyramidal neurons. The
polymodal temporal regions (area 36 and TG) to which the final
stages of the sensory pathways project contained CB-ir
pyramidal cells as dense as those in the final sensory stages.
We conclude that the gradual increase of CB-ir pyramidal
neurons in layers II and III is a general characteristic of the
ventral sensory pathways directed to the perirhinal cortex.

SIZE AND POSITION INVARIANCE IN MONKEY INFERIOR
TEMPORAL CORTEX Zheng Liu. N. S. Rebmann. C, G, Gross* and P. M.
Gochin. Dept. of Psychology, Princeton University, Princeton, NJ 08540
Neurons in monkey inferior temporal cortex (IT) have been reported to show
relative and absolute invariance with respect to stimulus size and position. We
have studied the size and position invariance of neurons recorded in posterior
area TE of an awake behaving macaque monkey performing a visual
discrimination task to obtain quantitative data on these phenomena. The
stimuli used in the study included four different stimuli of 3 sizes (i.e., 3°, 6°,

and 9°) and each stimulus was displayed at three possible locations (the fovea,
+3° and +6° into the contralateral visual field). The results showed that neural

responses not only depend on the stimulus shape but are also highly dependent
on stimulus size and position. On the average, a stimulus shift 3° from the

preferred position caused a decrease in response of over 40%. Cells showed
maximal responses with about equal frequency at all three locations.
Furthermore, the results showed a significant decreasing trend in response
strength with increased distance from the locus of maximum response.
Movement of larger stimuli away from the locus of maximum response resulted
in significantly less of a decrease in response than movement of smaller stimuli.
In summary, IT cells show only limited invariance in their-. responses with
respect to stimulus position and show increased position invariance with
increasing stimulus size which are consistent with the predictions of our model
of processing mechanisms in IT (Gochin 1994, Cerebral Cortex, In press).
This work was supported by ONR grant N00014-93-1-0510
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SMOOTH PURSUIT EYE MOVEMENTS TO DYNAMIC
RANDOM-DOT STIMULI. S.N.J. Watamaniuk* and S.J.
Heinen. The Smith-Kettlewell Eye Research Institute, San
Francisco, CA 94115
The smooth pursuit system is usually studied using single
moving objects as stimuli. However, the visual motion system can
respond to stimuli that must be integrated spatially and temporally.
For example, when each dot of a random-dot field is assigned a new
direction of motion each frame from a narrow distribution of
directions, the whole field of dots appears to move in the average
direction (global flow). How well can the smooth pursuit system
track such a motion signal? We measured vertical and horizontal
components of smooth pursuit eye movements generated in response
to global flow produced by a small field (10 deg diam) of 250
dynamic random dots. The pursuit response to global flow was
assessed by analysing only the first 130 msec of eye movements after
pursuit initiation. We found that: 1) The human oculomotor system
can track global flow, suggesting that the input to the oculomotor
system can be a processed motion signal. 2) The initiation of smooth
pursuit to global flow was similar to that for a single moving dot
except that fewer saccades were generated when pursuing global
flow. 3) The directional precision of smooth pursuit to global flow
was similar to psychophysical direction discrimination, suggesting
that the same motion processing mediating psychophysical
performance also provides input to the oculomotor system.
Supported by AFOSR F49620-92-J0156 and The Smith-Kettlewell
Eye Research Institute.

139.2
MOTION AFTEREFFECT ON SACCADIC EYE MOVEMENTS. T

OGAWA* and

M.

FUJITA.

Communications Res. Lab. 4-2-1

Nukuikita-machi, Koganei-shi, Tokyo 184, Japan.
Motion aftereffect (MAE) on saccadic eye movement in human

was investigated to clarify a possible dissociation between

information processing of motion perception(velocity) and that of
position perception. The adapting stimulus for MAE was consisted

of right and left rectangle gratings (O.6Hz/deg) which located
horizontally 2 deg apart from a fixation spot at the center to avoid
MAE in the foveal region. After 10-30 second adaptation to the

grating movement (10 deg/s), the fixation point disappeared and
a moving target (15 deg /s, step-ramp) or a stationary target (step)
was presented at 5 deg periphery. Subjects were required to

follow the target. In the step condition, the saccadic amplitude
was not modified by MAE in spite of the subjective motion

perception of the stationary target. In the step-ramp condition, the

error of saccadic amplitude was remarkable when the target

motion

and

the

MAE

direction

were

in

the

opposite,

but

comparatively small when they were in the same direction. These

results suggest that MAE does not influence the information

processing of

position,

and

that

MAE

influences the

eye

movement whose target motion is in the same direction as the
adapting stimulus. And the eye movement system may receive
the information of motion and position earlier than subjective

perception level.

139.3

139.4

REGIONS IN THE HUMAN BRAIN INVOLVED IN
DIRECTION OF VISUAL MOTION DISCRIMINATION.
P. Dupont*1. B. De Bruvn2. G.A. Orban2. A. Rosier1*2.
R. Vandenk^-ehe1^ a nd L, Mortelmans1. 11 PEECenter, Dept. of
Nuclear Medicine, UZ, GHB, 2Lab. Neuro- en Psychofysiologie,
Medical School, KULeuven, GHB, B-3000 Leuven, Belgium.
Using the p Et activation technique, we compared the regions
activated in detection of a moving random dot pattern, identifying
the direction of its motion, or comparing the direction of two
successive motions. Control tasks were passive viewing of a
random dot pattern in three different conditions: coherently
moving dots, stationary dots and incoherently moving dots.
Thirteen subjects (6M, 7F) gave their informed consent. The
median performance was 79% correct for the 2 discriminations (8
deg direction difference) and 97% correct for the detection.
Comparison of detection with passive viewing of the same stimulus
revealed activation in the left lingual gyrus, the cerebellum, R
thalamus, R & L post bank of lat sulcus, R & L motor cortex and
SMA. Comparison of the discriminations with the detection
revealed significant activation in the cerebellum, L VI/V2 (both
tasks), R VI/V2 (identification) and BA 24. There was little
difference between the three control conditions. These results
extend the tasks dependency of visual processing reported for
static visual stimulation (Dupont et al. PNAS ’93) to moving
stimuli. The absence of activation in the experimental tasks in what
is considered the homologue of MT/v 5 might be due to its
activation by all three control tasks. These results point to
additional regions which might contribute to direction
discrimination. (Supported by N.F.W.O.)

MOTION PERCEPTION-RELATED NEURONAL RESPONSES
TO 1ST- AND 2ND-ORDER COMPONENTS IN AREA MT.
A. Hanazawa, A. Mikami and K. Kubota.* Dept, of Behavioral
and Brain Sciences, Primate Res. Inst., Kyoto Univ., Inuyama,
Aichi 484, Japan.
Luminance-based lst-order and feature-based 2ed-ohdeh
motion detection processes, which constitute motion
perception, were studied in two rhesus monkeys. The monkeys
were trained to determine the direction in which drifting
gratings moved. By changing the spatial and temporal
frequencies of the grating stimuli, in which 1st- and 2ndorder cues moved in opposite directions, the perceived
direction of movement was measured behaviorally. While
the monkey was performing this task, the responses of single
neurons to the stimuli presented in their receptive fields
were recorded from area MT (n=42). The perceived direction
of movement corresponded to the direction of the lst-order
cue of stimuli at a high temporal frequency, and to the
direction of the 2ed-ohdeh cue at a low temporal frequency.
Direction-selective responses of neurons indicated the
direction of the lst-order component of the stimuli at a high
temporal frequency (n=39). By decreasing the temporal
frequency, a reversal in neuronal direction-selectivity to
the aed-ohder component, which coincided with behavioral
performance, was observed (n=ll). These results suggest
that MT neuronal responses mediate both luminance-based
and feature-based motion signals and provide the basis for
motion perception.
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139.6

RELEVANCE OF CONTOUR, MOTION AND DISPARITY CUES IN THE
RECOGNITION OF COMPLEX OBJECTS. C.A.M. Nogueira* and R.M. Siegel.
Ctr. for Molecular & Behavioral Neurosci., Rutgers University, Newark NJ 07102.
Human observers are faced with the problem of recognizing complex 3D objects
daily. In their quest for the correct interpretation they use different motion, disparity,
shadow, and contour cues. This study tests the ability of human observers to
recognize complex objects using restricted sets of cues. Observers are asked to
match two objects defined only by motion or only by disparity. Objects consisted of
bright 0.1° dots painted on the surface of invisible cylinders with twenty Gaussian
bumps randomly distributed over their surface; in this go-no-go test, there was a
initial 6 sec presentation followed by a 1 sec blank period, then a 6 sec presentation
of a matched or unmatched object. In our first experiment, tests were carried with
objects in the same sub-modality and across sub-modalities. All three subjects tested
had a high performance when tested within the same sub-modality (9O+5%, n=3
subjects, 30 trials/stimulus/subject). Performance declined, but was consistently
above chance (73+lO%) when matching disparity to motion or vice versa;
presentation order was not significant. To control for the possibility that subjects
used the changing contours of the objects to perform the task, subjects matched
disparity defined objects with motion-defined objects with the motion cues
confounded by unstructuring (Siegel and Andersen, 1988). In this second
experiment, the contours' movement were the same, but the depth cues from inside
the cylinder (i.e. its front and back) were destroyed. Surprisingly subjects performed
as well or better than in our first experiment (79+12%, n=2) suggesting that contour
motion information is a powerful cue for 3D shape definition. Our third experiment
was the converse of the second experiment. The lateral contours of the motiondefined objects were occluded, forcing observers to look for bumps solely from the
motion cues in the interior of the display (i.e. the object's front and back). Subjects
were able to perform this task (71+4%, n=2) indicating that in the absence of
contour information, motion alone could be used to define three dimensional shape.
Reducing the complexity of the object, by reduction of the number of bumps to
three, increased performance in the cross sub-modality matching task to 90%
suggesting simple 3D feature matching.
In conclusion, subjects can recognize complex objects using a restricted set of
motion or disparity cues. Recognition of 3D qualia across two sub-modalities tends
to be more difficult and either 2D contour motion or 3D motion depth cues can be
used. There is little support from our data for the perception of the gestalt of the
three-dimensional figure from two-dimensional motion. Support: ONR N00014-931-0334.

STRUCTURE
FROM
MOTION
PERCEPTION,
HYSTERESIS
AND
NEURONTROPY. K.C. Anderson*. J.L, Csicsvari. R.M. Siegel, and C.A.M,

Nogueira. Ctr. for Molecular & Behavioral Neurosci., Rutgers University, Newark,
NJ 07102.
Hysteresis effects generally occur when there is cooperativity in a system leading
to stable states. Hysteresis has been shown to occur for the perception of translation
motion in the human visual system (Williams et ah, 1987). The goal of this study is
to determine whether hysteresis occurs with more complex motion stimuli. The
stimulus used consisted of bright spots painted on the surface of an invisible sphere.
The amount of structure in the display could be controlled by varying the degree of
shuffling of the dots (Siegel and Andersen, 1988). Stimuli would begin at a certain
level of fraction of structure (0, 0.1, 0.2...... 1.0) nnd at a ranoom time the degree ff
structure was changed to a different level. Subjects were asked to release a key after
the change (60 trials per stimulus, n=2 subjects). Using these stimuli, a psychometric
surface for the perception of structure from motion in a sphere was constructed. In
each session, all changes had the same direction (i.e. unstructured to structured or
vice versa). In the highly structured states (i.e. initial fraction of structure between
0.7 and 1.0) it was easier to perceive small changes in the unstructured to structured
direction than in the reverse order. These results contradict predictions based on
neurontropy (Julesz and Tyler, 1976) that would suggest higher performance with
structured to unstructured transition. Thus for the higher values, there seems to be the
generation of a coherent stable perceptual state.
For the lower structured initial states (initial fraction of structure between 0.0 and
0.3) perception is facilitated for small changes in the structured to unstructured
direction as would be expected based upon neurotropy. Thus the psychometric
function shows a hysteresis effect that changes as we move from an initial
unstructured state to an initial structured state. Thus it seems that there are two
different stable perceptual states that are dependent on the initial amount of structure.
Support: NIH EY09223 and ONR N00014-93-1-0334.

139.7

139.8

SERIAL SEARCH FOR CONJUNCTIONS OF COLOR AND MOTION IN
MACAQUES AND HUMANS. Giedrius T. Buracas* and Thomas D. Albright.
VCL, The Salk Institute, P.O.Box 85800, San Diego, CA 92186.
Human subjects, when searching for a target defined by a unique combination of
two features, show a linear dependency of search times (STs) on the number of
distractors. This dependency was conceptualized by Treisman and Gelade (1980) as
a criterion for serial search involving shifting focal attention. Visual search by
humans for a unique combination of color and direction of motion meets the
criterion for seriality (Nakayama and Silverman, 1986). The objective of this study
was to determine whether nonhuman primates (rhesus monkeys) also exhibit serial
search for color-motion conjunctions, and to compare monkey and human
performance on such tasks. The search display consisted of an array of pseudorandomly distributed apertures, each of which contained a moving patch of colored
dots. The cued target was the aperture containing the unique combination of color
and direction of motion. Other apertures were non-unique distractors. Unlike most
prior studies, both humans and rhesus monkeys were required to fixate on a small
spot positioned in the middle of a video display. Eye position of monkeys was
monitored using the magnetic search coil technique. Aperture size was scaled
linearly with eccentricity to counteract loss of acuity. Human subjects displayed a
strong linear dependency of STs on the number of distractors (e.g., ~4O
ms/aperture). The slopes and intercepts of search functions tended to decrease with
training suggesting the modification of cortical feature representations by learning.
Rhesus monkeys also exhibited serial search under identical conditions.
Furthermore, despite extensive training (about 100,000 trials) the slopes of search
functions remained positive (e.g., 15 ms/aperture), implying that these animals also
use a serial search strategy. This finding supports the idea that humans and
macaques engage similar brain mechanisms to search for conjunctions of color and
motion. The behavioral paradigm of visual search for conjunctions, can, thus, be
gainfully employed in neurophysiological experiments addressing the question
about neural mechanisms of feature integration.

CONSTRAINTS ON NEURAL MECHANISMS UNDERLYING THE SPATIAL
INTEGRATION OF SPEED INFORMATION. Preeti Verghese* and Leland S.
Stone, Life Science Division, NASA Ames Res. Ctr, Moffett Field, CA 94035.
We measured human ability to integrate speed information presented
simultaneously at multiple locations in the visual field. Observers did a twointerval forced-choice speed discrimination task with n grating patches in
each interval at 4° eccentricity from fixation. In the first (integration)
paradigm, all gratings in each interval moved at the same speed and
observers were asked to pick the interval containing the faster gratings.
Speed discrimination improved as the number of gratings in each interval
increased. The observed decrease in threshold is not due simply to an
increase in the effective area because performance with a single grating two,
four, or six times the area of the original grating showed no such
improvement. Furthermore, the improvement with n was still observed even
when the speeds of the individual gratings in each interval were independent
samples from a Gaussian distribution and the grating directions were
balanced (i.e. equal numbers of gratings moved to the left and right). These
results indicate that the neural mechanisms responsible for the integration of
speed information act as if each patch provides an independent sample of
speed, independent of grating direction. The results are not consistent with
simple summation across space by a directionally selective mechanism with a
large receptive field. In the second (search) paradigm, only one of the
gratings in an interval moved faster and observers were asked to pick this
interval. In this case, thresholds increased with the number of distractor
gratings. The decrease in performance with increased n is common in search
tasks and is often attributed to a bottleneck in the information that observers
can process simultaneously. However, the results in the integration
paradigm show that subjects indeed have access to and can use additional
information with increasing n, at least up to 4 patches. Finally, simple
detection models predict the trends in both the search and integration
paradigms without invoking an input bottleneck. NASA RTOP 199-16-12-37

139.9

139.10

RETINAL AND EYE POSITION INFORMATION INTEGRATE
IN HUMAN PARIETAL ASSOCIATION CORTEX: USING MEG.

BEHAVIORAL MEASURES OF VISUAL ACUITY IN MALE
AND FEMALE HOODED RATS. P. Sevmouae* and J. M,
Juaaska. Dept, of Psychology, Univeasity of Illinois, Champaign, IL
61820.
Visual acuity was measured in 5 male and female litteamate paias of
adult Long-Evans rats using a foaced- choice Y maze similaa to that
described by Wiesenfeld and Baanchek (Vision Res.. 16:823-827,
1976). The animals weae maintained at noamal body weight and
aewaaded with a raw sunflowea seed foa each coaaect choice. Three
littea paias weae trained to discriminate between paias of black and
white veatical and horizontal stripes of equal size in which a stripe
subtended from 0.25° to 4.0° of visual angle at 10cm distances
between 10cm and 70cm from the choice point. Two othea littea paias
weae trained to differentiate the laagea of 2 sets of veatical stripes that
subtended the same visual angles at 20, 40, and 60cm distances faom
the choice point. The stripe size comparisons weae limited to eithea
full oa half-octave steps. While the results weae variable at 0.375° in
the fiast method, the second method aesulted in significantly coaaect
discriminations at 0.375° (1.25 cycles/degaee) and 0.25° (1.50
cycles/degaee) of visual angle. No consistent sex diffeaences weae
detected; thus, visual acuity appears to be similaa between female and
male hooded rats. Using the discrimination of laagea veatical stripes,
we are adding moae subjects and testing at highea degaees of acuity.
Supported by NSF-IBN 9310945.

S. Mtuakami*, S. Kwiki1,

F.Kawatetta1, M. Fujit R.

Fukatsu and

N.Takahata. Dept. of Neuaopsychiktay, Sch. of Medicine, Sappoao
Medical Univeasity, Sappoao Cw, Japan and 1 Reseaach Institute foa
Electaonic Science, Hokkaido Univeasity, Sappoao 060, Japan
The patient with the parietal association cortex(pAC) disoadea is
well-known to show a visual and spatial cognitive dysfunction. But the
functional aole of PAC neuron are still unreveaied because it is difficult to
investigate noninvasively the neuaal activity of human PAC. In primate, it
was aeported that the neuron in PAC aesponded to both visual stimulation
and eye position. In human experiment, we aeported the magnetic field
responses in PAC to visual stimulation (Neurosci. Res. 16 (1993):225).
In this experiment, we studied the influence of the eye position change
and the change of visual stimulating retinal position, on both horizontal
and veatical direction, to the magnetic field aesponses to visual stimuli in
PAC. The subjects foa experiments were studied in a magnetically
shielded aoom to recoad the responses to visual stimulation with a
37-channel SQUID magnetometea system (BTi), from PAC. The visual
stimulation was done by LEDs lined at 3 degaee inteaval. Two LEDs
among them were chosen, because one was a visual(aetinal) stimulation
and the othea was a gazing point, which was used foa the eye position
change in oabita. The combination of these 2 LEDs was set foa #1 aetinal
stimulation change, #2 eye position change. The magnetic field aesponses
to visual stimulation, were aveaaged from 256 sweeps. Main magnetic
field responses peaking at 90-120(M120), 120-170(M170) and 180-220
(M22O) msec aftea LED onset weae obseaved in #1 and #2. The magnetic
field responses of M170 was most stable in #1 and #2 experiment of all
subject. The estimated cuarent dipole souace of M170 aesponse was
located in the deep aegion of PAC, along the intraparietal sulcus, but the
diaection of the cuarent was not stable and diffeaent in each subject.
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DO FEMALE BRAINS PERFORM FASTER THAN MALES? M. Fahle1. I.

WHEN CHINESE CHARACTERS AND ENGLISH WORDS WITH
AND WITHOUT MEANING ARE USED AS VISUAL STIMULI
WITH CHINESE SUBJECTS, CATEGORY-RELATED COMPONENTS APPEAR IN VISUAL EVOKED POTENTIALS.
Y.L. Ge. O.-J. Grusser and W.S. Seidler*. Department of Physiology,
Freie Universitat, 14195 Berlin, Germany.
Chinese and Western script (ideographic as opposed to words composed of letters) induces different perceptual and cognitive processes,
which were studied with four classes of stimuli distributed over 160
black and white slides; frequent Chinese characters with meaning,
well-known to the subject; pseudo-Chinese characters without meaning; short English words with and without meaning. In 18 subjects (9
female, 9 male Chinese student volunteers) visual evoked potentials
(VEP) were recorded through electrodes F3, F4, Cz, Oz, T5, T6, referenced to linked mastoid electrodes. Two category differences were
studied; ideographic/Western words, meaningful/meaningless. For both
categories differences were found in the VEPs recorded through electrodes Cz, Cz-T6, and Cz-T5. The first category led to significantly
different VEPs recorded through electrode Cz, both categories to
significantly different VEPs recorded through electrode Cz-T5. Differences appeared predominantly in a time range around 200 ms, as
revealed by the wavelet analysis of the VEPs (VEP convolved with
second order derivative of a Gaussian function). The VEPs recorded
through Cz-T6 led to smaller category-related differences in VEP
components than through electrodes Cz-T5. When bipolar recordings
across hemispheres (T5-T6) were computed, VEP differences
appeared for both categories. The smallest difference was found between the two classes of English words and non-words.

Albrecht1. H. Buelthoff2* & D. Braun1. 1 Section Visual Science; Dept.
Neuroophthalmology, University Eye Clinic, and 2Max-Planck Institute for
Biological Cybernetics, 72076 Tuebingen, Germany.
Neurophysiological correlates of serial search in humans were
investigated by means of electroencephalography (EEG). Four channel EEG
was recorded during presentation of the stimuli, Fourier-transformed and
averaged. Reaction times increased with the number of simultaneous stimuli
in the two tasks investigated, a visual search task (find a complete circle
among incomplete circles) and a memory scanning task (Sternberg paradigm:
does a letter belong to a list of letters previously memorized?).
The results show a significantly higher proportion of power in the
critical frequency band around 25 Hz during the serial visual search task
than in the corresponding parallel task of finding an incomplete circle
among complete circles. In the memory scanning task, reaction times per item
are somewhat shorter in women than in men. In men we find a significantly
larger proportion of power in the critical frequency band from 26 to 32 Hz
during the serial than during the parallel task, where only one letter is
memorized rather than a list of letters. In women, the critical band as
calculated from the reaction time experiments is 32 to 36 Hz. Again, power
in this frequency band is significantly higher during the serial than during

the parallel task.
In conclusion, we do find an electrophysiological correlate of serial
visual and memory scanning in the EEG of humans. The frequency bands
containing more power in the serial than in the parallel task differ between
tasks and correspond closely to the frequencies expected on the basis of the
reaction time experiments. In our small sample of observers, females had
faster processing times and higher brain frequencies than men during the
memory scanning task, but not during the visual search task.

139.13
REAL TIME EXPERIMENTAL PROTOTYPE USING SENSORY SUBSTITUTION OF VISION BY AUDITION. C. Capelle. C. Trullemans and
C . Veraart* . Neural Rehab. Engng. Lab., Univ. of Louvain, 1200 Brussels,
and Microelectronics Lab., Univ. of Louvain, 1348 LLN, Belgium.
A conceptual model of sensory substitution has been proposed [J. of
Med. Engng. & Technol., vol. 13, pp. 57-62, 1989] in which sensory
substitution would be best achieved by coupling a model of the deprived
sensory system to an inverse model of the substitutive system.
In the present study, we consider the implementation of this conceptual
model as a rough model of vision connected to an inverse model of
audition. The model of vision is limited to the main features of the
primary visual system, i.e. lateral inhibition and graded resolution. Lateral
inhibition is achieved by filtering -the initial image with an edge detection
filter. Graded resolution is modeled using a multi-resolution grid built on
the filtered image. The model of audition consists of Fourier transform of
the auditory signal reaching the ears, and computation of phase and
intensity balances according to binaural differences. Accordingly, the
inverse model of audition achieves a weighted summation of sinusoids
(i.e. an inverse Fourier transform) whose amplitudes and phases depend
on the corresponding ear. Coupling between the model of vision and the
inverse model of audition consists of the association of a specific sinusoid
to each pixel of the multi-resolution grid.
An on-line, real-time functioning prototype has been developed. This
prototype is based on a Personal Computer which is connected to a
miniature head-fixed video camera on the one hand, and to headphones
on the other hand. On-line selection of various parameters and real-time
functioning of the device allows user friendly parameters optimization
during psychophysical experimentations. A preliminar assessment of this
implementation has been achieved, and has demonstrated prototype
usefulness for pattern recognition [Arch. int. Physiol. Biochim., 1993,
101 : P30], An integrated circuit of this system is to be developed.

AUDITORY SYSTEMS:
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140.1

140.2

CODING OF THE DIRECTION OF ACOUSTIC PARTICLE MOTION
IN THE TROUT TORUS SEMICIRCULARIS. Rene Wubbels. Nico
Schellart and Jeroen Goossens (SPON: Europ. Neurosci. Ass.). Lab.
Med. Physics & In(., Univ. Amsterdam, The Netherlands, NL 1105-AZ.
The (ish-ear is stimulated by sound causing displacement of the
hair cells relative to the otoliths, and by the pressure-into-displacement
transforming swimbladder. Together they yield an elliptic stimulus.
Binaural convergence, essential (or unequivocal spatial hearing1, occurs

PITCH CODING IN THE BARN OWL'S INFERIOR COLLICULUS:
RESPONSES TO COMPLEX HARMONIC SOUNDS .

in the torus semicircularis where extensive auditory processing occurs.
The fish was attached to a 2-D vibrating platform. We examined

whether a) the torus has direction selective units (DSUs), b) DSUs
show a topographic organization, c) the response features o( DSUs
support (one of) the models1 of directional hearing of fish. The computerdriven platform generated recti-linear or elliptic displacement bursts

(0.5 to 100 nm at 172 Hz) of the fish skull (measured with a miniature
3-D accelerometer).
Acoustic units (N= 183), mainly localized in the upper torus, often
are (34%) DS. Non-DSUs and DSUs occur in vertical clusters, with
DSUs more dorsally. The direction of preference is topographically
mapped. Most DSUs (75%) show (strong) phase-locking. However,

DS is encoded by spike density rather than by phase-locking. Responses
to elliptic stimuli (clock- and anti-clockwise) are basically indistinguishable
from tho9se to recti-linear stimuli. The response features of DSUs
do not support the current models.
1) Schellart & Popper, in: The Evol. Biol. Hearing, Springer, 1994.
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P. Janata*. C.H. Keller and T.T. Takahashi.
Institute of Neuroscience. University of Oregon, Eugene, OR 97403.
The temporal theory of pitch perception suggests that the fundamental frequency of a
complex harmonic sound is coded as a temporal pattern of neural firing, with the
periodicity in the neural firing corresponding to the fundamental frequency or pitch.
Support for this theory has come from single-unit studies of Vmith nerve responses to
speech-like sounds (Delgutte & Kiang, 1984) and from studies of inferior colliculus
neurons' responses to amplitude modulated pure tones (Langner, 1982; Langner &
Schreiner, 1988). Our study shows that complex harmonic sounds evoke oscillatory
potentials in small populations of neurons in the central nucleus of the inferior
colliculus (ICc) in the bam owl. The frequency of the oscillations is equal to the
sound's fundamental frequency, and the oscillatory response is strongly attenuated or
absent if the sound's component frequencies fall outside the neuronal populations' tuning
curves.
Complex harmonic sounds were constructed by summing 4 to 5 higher harmonics of
a fundamental frequency. The evoked potentials of small groups of ICc neurons were
recorded in response to harmonic complexes ranging in fundamental frequency from 84
to 991 Hz. The power in the neuronal response at the (missing) fundamental frequency
was typically 20 - 30 dB above spontaneous activity levels, and depended on the
position of the sound's spectral components within the population's tuning curve.
These results are a direct example of the neural representation of the missing
fundamental phenomenon, and provide further evidence that the temporal modulation of
neural activity reflects the pitch of har^<^^cally complex sounds. We postulate that the
identity of complex sounds in general may be coded as a conjunction of a sound's
spectral representation on the ICc's frequency map and the temporal co-modulation of the
frequency bands that correspond to the sound's spectral components.
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NEURONAL MECHANISMS OF AUDITORY MOTION-DIRECTION
SENSITIVITY. D.W. Kautz» and H. Wagner. Max-Planck-Institut fur
biologische Kybernetik, Spemannstr. 38, D-72076 Tubingen, Germany.
Many neurons in the bam owl's inferior colliculus (IC) exhibit
motion-direction sensitivity, i.e. they respond more to apparent motion
of a sound source in the horizontal plane in one direction than to motion
in the opposite direction. In the motion-detector model of Wagner and
Takahashi (1992) a direction-dependent inhibition serves to generate
initial motion-direction sensitivity, while a direction-independent
inhibition effectively increases the motion-direction sensitivity.
Carbon-fiber electrodes in conjunction with multibarrel glass
micropipettes were used to extracellularly record responses of single
units in the IC of bam owls to moving acoustic stimuli. GABA or its
antagonist bicuculline methiodide (BMI) were applied iontophoretically.
In most cases GABA reduced the overall firing rate, whereas BMI
increased it. In addition, BMI abolished or decreased motion-direction
sensitivity in 58% of the motion-direction sensitive cells. These effects
indicate that the inhibition underlying the generation of motion-direction
sensitivity is due to the action of GABA. Microiontophoretic studies in
the visual cortex of cats (Sillito, 1977) have shown similar effects on
visual-motion sensitivity, suggesting similar neuronal mechanisms in
both modalities.

BINAURAL TIME DIFFERENCE SELECTIVITY AT THREE LEVELS OF
THE AUDITORY SYSTEM IN A SMALL MAMMAL. Z.M. Fuzesserv* and
T. Lohuis, Depts. of Zoology and Psychology, Univ. of Wyoming,
Laramie, WY, 82071.
The Duplex Theory of sound localization predicts that small mammals
with a very high audible range, like bats, should rely upon interaural
intensity differences (IIDs) for sound localization. The pallid bat uses

Supported by the SFB 307 (C9) and the Graduiertenkolleg
Neurobiologie Tubingen (to D.W.K).

passive sound localization at frequencies between 3-40 kHz to locate prey.
Available IIDs at low frequencies are poor, and it may therefore also use
its =80 psec interaural time differences (ITDs) to support its highly
accurate passive localization abilities. To provide physiological
evidence that this bat could use these ITDs, this study examines the ITD
selectivity of single neurons in the inferior and superior colliculi, and the
auditory cortex. The goal is to determine if neuronal selectivity for ITDs
is sharpened and stabilized at higher levels of the system.
In the inferior colliculus, binaurally inhibited neurons are sensitive to
behaviorally relevant IIDs and ITDs. These neurons show a systematic
"time-intensity trading” in the range of 10-30 psec/dB of IID. In the
superior colliculus and auditory cortex, however, ITD selectivity is
stabilized in that this function remains constant despite changes in
intensity level and IID, suggesting that the bat may rely upon ITDs.
Another indication of ITD use is that neurons of the auditory cortex show
peaked ITD functions which are not present in the inferior colliculus. The
manner in which ITD information is transformed along the ascending
auditory pathway is taken as indirect evidence that the pallid bat uses
its small ITD range for passive sound localization. (Supported by NIH
award to ZMF)

140.5

140.6

PULSE REPETITION RATE INFLUENCES THE MINIMUM THRESHOLD AND
LATENCY OF AUDITORY NEURONS. Q,- C. Chen. M. Wu and P . H.-S.
Jen*. Division of Biological Sciences , University of Missouri-Columbia, MO
65211
Previous studies have demonstrated that response latencies of most
auditory neurons lengthen with pulse repetition rate (Hou et al. Chin J Physiol
35:259-278, 1992, Phillips et al. J Acoust Soc Am 85:2537-2549 1989). In
order to understand the neural basis underlying these observations, we
studied the minimum thresholds, response latencies of inferior collicular and
pontine neurons of the big brown bat, Eptesicus fuscus to single pulses
delivered at different repetition rates. We also studied the recovery cycles of
these neurons at different interpulse intervals. All 125 collicular and 65
pontine neurons studied shortened the response latencies and increased
the number of impulses either monotonically or nonmonotonically with
stimulus intensity. In addition, about two thirds neurons increased the
minimum thresholds, lengthened the response latencies, and reduced the
number of impulses discharged to each presented pulse with increasing
repetition rate. For those neurons in which recovery cycles were studied,
they recovered at least 50% when the interpulse interval was between 7 and
63 ms. This study of a neuron's recovery cycle suggests that the increase in
minimum threshold with repetition rate is probably because the neuron can
not recover from previous stimulation when the interpulse interval is
shortened. This increase reduces a neuron's response sensitivity to a given
stimulus intensity and thus diminishes its number of impulses to the stimulus.
In other words, this increase reduces the effectiveness of a given stimulus
intensity which may contribute to the lengthening of a neuron's response
latency as suggested by the neuron's latency-function, (work supported by a
grant from HFSP).

NEURAL CORRELATES OF FLUTTERING TARGET RECOGNITION IN THE
INFERIOR COLLICULUS OF THE LITTLE BROWN BAT. K.R. White*. C.J.
Condon, and A .S. Fena. Dept. of Physiology & Biophysics, Neuroscience
Program, & The Beckman Institute, University of Illinois, Urbana, IL 61801.
Bats that emit brief frequency-modulated (FM) echolocation pulses, such
as the little brown bat (Myotis lucifugus), have the capacity to discriminate
fluttering insects. The wingbeat pattern and frequency of a fluttering insect
produces echoes that have specific amplitude and frequency modulations.
The bat's own emitted cries (“pulses"), however, do not fluctuate much in
their amplitude. In order for FM bats to extract wingbeat frequency, they have
to integrate the time-varying echo amplitude across several pulse-echo
cycles. The goal of this study was to determine how neurons in the inferior
colliuculus (IC) processed trains of pulse-echo pairs in which the echoes'
amplitude were modulated. The echoes, sandwiched between constant
amplitude pulses, were sinusoidally amplitude-modulated (AM) by 5 to 110
Hz, a range of AM frequencies that simulate the natural wingbeat frequencies
of insects these bats would encounter in nature. The trains of pulse-echo
pairs were repeated at three different repetition rates (25, 50, & 100 pps),
encompassing the range of emission rates for the different stages of targetdirected flight.
The results show that neurons in the IC can accurately represent complex
stimuli that mimic echoes returning from fluttering prey. Onset neurons, in
particular, could faithfully represent such information through time-locked
discharges to the modulation envelope. While most IC neurons showed nonselective response functions (i.e., gave more or less the same number of
spikes per stimulus at all AM frequencies), 15% of IC neurons responded with
the most spikes in response to specific “wingbeat” frequency ranges. The
repetition rate of the signals influenced the ability of neurons in the IC to
extract the “wingbeat” modulation frequency, suggesting that the encoding
of fluttering targets may be accomplished by the integration of echo
information from a sequence of echolocation signals.

140.7

140.8

DIFFERENTIAL SELECTIVITY OF MIDBRAIN NEURONS IN AN FM BAT FOR
SAM SIGNALS. C.J. Condon*. K.R. White, and A .S. Fena. Neurosci. Prog.,
Dept. Physiol. & Biophys., & Beckman Inst., Univ. of Illinois, Urbana, IL 61801.
The goal of this experiment was to examine aspects of passive hearing in a
species of bat that emits short, frequency-modulated (FM) biosonar signals.
Passive hearing includes processing of communicative sounds produced by
bats, prey-generated sounds, as well as other sounds found in their
environment. To determine how well auditory neurons in the FM bat midbrain
process such signals, single-unit recordings were made from the inferior
colliculus (IC) of the little brown bat (Myotis lucifugus) in response to
sinusoidally amplitude-modulated signals (SAM). SAM signals, commonly
employed in physiological studies of hearing in acoustically "non-specialized"
species, consisted of 400 ms long tone burst that was amplitude modulated (5
- 800 Hz). We measured both a unit's average spike count and firing
synchrony as a function of the modulation frequency of the stimulus. The two
types of response functions were characterized according to their shape
(e.g., band-, low-, high- and all-pass).
The results show that neurons with different temporal firing patterns (Primarylike, PL; Chopper, C; On-late, OL; On-immediate, Oi) exhibited differential
selectivities for SAM. While PL neurons showed a variety of response
functions, many Oi (41%) and 30% of OL and 19% of C units failed to respond
to any frequency of SAM signal tested. The lack of responsiveness of Oi, OL
and C neurons can be attributed in many cases to unit temporal selectivities for
rise-time and/or duration. Those OL (45%) and C (43%) units that did respond
to SAM showed mainly tuned, band-pass response functions. Those Oi units
responding to SAM displayed mostly high-pass (35%) and band-pass (18%)
response functions. All unit types showed mostly low-pass synchronization
response functions with Oi units having the highest average 50% cutoff
frequency (278 Hz) followed by OL (172 Hz), C (115 Hz), and PL (108 Hz).
These data further indicate the specialization of some IC neurons in Myotis for
the processing of discrete, transient signals.

RECOVERY PROPERTIES OF INFERIOR COLLICULAR AND PONTINE
NEURONS OF THE BIG BROWN BAT, EPTESICUS FUSCUS OBTAINED
WITH PAIRED PULSES M. Wu*. Y. W. Chen and P. H.-S. Jen. Division of
Biological Sciences, University of Missouri-Columbia, MO 65211
Our recent studies have demonstrated that responses of neurons in the
pontine nuclei of the big brown bat, Eptesicus fuscus, to sound stimulation
and pulse repetition rate are more similar to neurons in the inferior colliculus
than in the auditory cortex (Jen et al. J Comp Physiol 165-1-14,1989,
Kamada et al. Brain Res 575:187-198,1992, Wu et al. ARO abst. p69 1993).
For example, both pontine and collicular neurons can follow pulse repetition
at higher rates than cortical neurons which is likely due to their different
recovery properties. In this study, we used paired pulses with identical
intensity or simulated pulse-echo intensity to examine the responses of both
pontine and collicular neurons. Among 23 pontine and 29 collicular neurons
studied with simulated pulse-echo pairs at a pulse-echo delay ranging from 1
to 9 ms, only one collicular neuron showed delay-sensitive response
characteristics. However, 15 pontine and 6 collicular neurons reached 50 %
recovery within 9 ms interpulse interval. When stimulated with identical paired
pulses, all but two neurons reached 50 % recovery within 63 ms interpulse
interval. In addition, all but three neurons reached full recovery within 100 ms
interpulse interval. In contrast, our preliminary observation showed that
cortical neurons did not reach full recovery at an interpulse interval shorter
than 250 ms. However, cortical neurons generally showed delay-sensitive
when stimulated with simulated pulse-echo pairs (Wong et al. J Comp Physiol
170:393-402, 1992). The lack of delay-sensitive neurons and comparable
recovery properties between the pontine and collicular neurons appear to
support the anatomical observation that the pontine nuclei primarily receive
the auditory inputs from the inferior colliculus, (work supported by NIH 247).
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INTRACELLULAR RESPONSES TO CURRENT INJECTIONS IN SLICES OF RAT
INFERIOR COLLICULUS (IC). D. Peruzzi* and D.L, Oliver. Dept. of Anatomy,
University of Connecticut Health Center, Farmington, CT 06030-3405.
Intrinsic properties and many converging inputs combine to produce the discharge
patterns of IC neurons. However, we do not know the contribution of membrane
properties to the responses of central nucleus neurons. To investigate whether neuron
types with different membrane properties exist in the IC, we studied neurons in slices
from young (3-36 days) Long-Evans hooded rats. Brains were perfused, dissected, and
sliced (300 pm) in cold, Na-reduced artificial cerebral spinal fluid (CSF). Slices were
maintained with an interface chamber in a moist 95% Of 5% C02 environment (33.5°C)
and normal-Na CSF. Neurons were impaled with sharp intracellular electrodes filled with
2% neurobiotin in 2M K acetate.
Three discharge patterns were observed in response to positive current injections: onset,
rapidly adapting, and regular. Onset neurons fired only once at the beginning of positive
current pulses (0.2-1.0 nA). Other neurons fired a train of spikes that increased in rate as
the positive current increased. Rapidly adapting neurons fired briskly at the beginning of
the stimulus and less so during the remainder. Regular neurons showed regularly spaced
action potentials whose interval decreased as a function of positive current levels.
Current-voltage relationships for these cell types differed. Onset cells were non-linear in
that they showed outward rectification to positive currents. Most other neurons appeared
to have linear current-voltage relationships. Each cell type was tested with positive
current pulses while the membranes were hyperpolarized 10-20 mV below resting levels.
This treatment had little effect on onset cells, but the response of a rapidly adapting cell
was suppressed. In contrast, the discharge pattern of regular neurons could be altered.
The initial spikes were delayed creating a buildup pattern similar to that seen in fusiform
cells of the dorsal cochlear nucleus.
Sponsored by NIH grant R01 -DC00189.

NOISE EXPOSURE INDUCED PLASTICITY IN THE INFERIOR
COLLICULUS OF THE RAT: EVIDENCE FOR A DECREASE IN
GABAERGIC INHIBITION FOLLOWING NOISE EXPOSURE.
W.S. Szczepaniak and A.R. Moller*. Dept, of Neurological Surgery, Univ. of
Pittsburgh Sch. of Med., Pittsburgh, PA 15213
Previous studies have shown that noise exposure may Cause changes in neuronal
coding and temporal integration in neurons of the inferior colliculus (IC). To
investigate the relative changes in inhibitory and excitatory influence on IC neurons
after noise exposure, we constructed an IC integration function by recording
toneburst-evoked responses from the IC and plotting the amplitude of one of the
IC-generated peaks of the response versus different toneburst stimulus durations (120 ms). We also investigated the effects of a 4kHz lO4dB SPL tone of 30 min
duration on this function. We further investigated the effects of the tone exposure
on the excitatory and inhibitory components of this function by recording this
function before and after microinjection of GABA antagonists, bicucullene and
picrotoxin, and subtracting the subsequent excitatory component from the normal

function to obtain the inhibitory component of the IC integration function.
We show that in normal animals the amplitude of the IC peak decreases with
increasing stimulus duration and after noise the amplitude of the IC peak is
independent of stimulus duration. After microinjection of GABA antagonists into
the IC, the amplitude of the IC peak increases logarithmically with increasing
stimulus duration and the tone exposure did not significantly effect this curve. We
interprete these findings as evidence that a 4kHz lO4dB SPL tone of 30 min
duration causes changes in processing of auditory information in the IC, and that
these changes in function are the result of a decreased inhibitory influence on IC
neurons. We are currently investigating if other structures of the auditory system
that provide inhibition to IC neurons contribute to this decrease in IC inhibition.
This work was supported by a grant from the American Tinnitus Association.

140.11

140.12

NMDA-RECEPTOR INVOLVEMENT DURING THE CRUCIAL
PERIOD IN THE DEVELOPMENT OF THE GUINEA-PIG
SUPERIOR COLLICULAR MAP OF AUDITORY SPACE.
NT. Ingham. D.J. Withington*. S.K. Thornton & D. McCrossan. Dept. of
Physiology, Umv. of Leeds, LS2 9NQ, UK.

SPATIAL REGISTRATION OF VISUAL AND AUDITORY RECEPTIVE
FIELDS IN THE SUPERIOR COLLICULUS OF'THE ADULT WALLABY
(MACROPUS EUGENII). D.J, Withington. S.K. Thornton. G,B, Liu. K,G. Hill &
RF. Marik*. Dept. Physiology, Univ. Leeds LS2 9NQ and Developmental
Neurobiology, Australian National University, PO Box 475 Canberra, Australia.
Auditory and visual space maps in the superior colliculus (SC) have been
described in a variety of species. Wallabies are particularly interesting to study
since they are browsing marsupials, with highly mobile, directional pinnae and are
exquisitely sensitive to auditory direction as a premonition of danger. Recordings
were obtained from anaesthetized, paralysed adult wallabies. The animal was
placed in the centre of a rotating table, in a sound-treated room, for free-field
presentation of broad-band noise at 12 different angles on the horizontal azimuth,
relative to the fixed position of the speaker. The pinnae were secured in the
standard alert position. A series of electrode penetrations were made along the
rostrocaudal axis of the SC. Neural activity was recorded via a glass-coated
tungsten electrode. In the superficial layers of the SC units responsive to visual
stimuli were recorded. The receptive fields of these responses were mapped on a
screen. Auditory recordings were then made in the deeper layers of the SC.
Normalised polar plots were constructed of the auditory receptive fields. In
addition, the recording position within the SC was correlated with the peak angle of
the auditory and visual responses to give an estimate of topographic accuracy. The
data indicated that both the visual receptive fields in the superficial layers and the
auditory receptive fields located in the deeper layers of the Sc are discrete and are

NMDA receptors are widely known to play a pivotal role in developmental
plasticity in the CNS. In the guinea-pig, a crucial period (26-30 days after
birth, DAB) exists when both auditory and visual experience are necessary for
the SC auditory space map to develop normally. The slow-release polymer,
EVX-40W (DuPont), impregnated with the NMDA-receptor blocking drug 2Amino-5-phosphonopentanoic Acid (AP-5), was used to investigate the
involvement of NMDA receptors during the crucial period in SC space map
development. Animals aged 19-21 DAB were anaesthetised and a 90pm section
of the polymer was implanted onto the dorsal surface of the SC. Following
recovery, the animals were later re-anaesthetised (at 44-76 DAB) for the
terminal electrophysiological experiment. Spatial auditory responses to 100ms
bursts of free-field broadband noise were recorded from the deep layers of the
SC using glass-coated tungsten microelectrodes.
Neuronal activity was
extracted from noise using a signal processing technique based on a fourier
transformation. Animals implanted with control polymer (containing water)
developed a normal auditory space map. However, guinea-pigs exposed to
polymer containing O.lmM AP-5 over the crucial period failed to develop a
map. The receptive fields were very large and showed no topographic order. It
appears, therefore, that functional NMDA receptors in the SC are required
during the crucial period for the development of an SC map of auditory space.
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topographically ordered. Furthermore, the auditory and visual space maps are
aligned in the SC. This is the first time that a map of auditory space has been
recorded in the SC of a marsupial. In spite of large, mobile, directional pinnae the
auditory responses in the SC, when the ears are fixed in position, are similar to
those previously described in mammals lacking this specialization.

140.13

140.14

SENSITIVITY OF MEDIAL GENICULATE NEURONS IN THE
SQUIRREL MONKEY TO RATE OF RISE. T. F. Olsen*. Lab. of
Neurophysiol., NIMH, Poolesville, MD 20837.
Many central auditory neurons respond only transiently at stimulus onset
and are sensitive to rise time (eg., D.P. Phillips 1988, J. Neurophysiol. 59:
1524). This study investigates the contributions of peak amplitude, rise
time, and their ratio (rate of rise) to the responses of neurons in the
medial geniculate (MGN). Action potentials were recorded
extracellularly from 3 halothane-anesthetized squirrel monkeys. The
search stimulus was a broadband noise burst (0-40 kHz band, 500 ms
duration, 3 ms rise-fall times). Of 92 neurons that responded to the search
stimulus, 71 responded consistently with a single burst of 1-4 spikes, 8-15
ms after stimulus onset. The sensitivity of these transient-responders to
rate of rise was examined by varying rise time (3-96 ms, linear ramps) at
several peak levels (fixed at lMO dB above the neuron’s threshold to
the search stimulus). Responses decreased as rise time was increased (all
neurons), and increased monotonically with increasing stimulus level (61
of 71 neurons). For most neurons, a rise time could be found (< 96 ms) at
which the response was zero, regardless of the peak level. At all
stimulus levels, response magnitude was predicted well by the absolute
rate of rise of the stimulus (in mV/ms). A similar dependence of neural
response on rate of rise was found in neural responses to 12 or 18 dB linear
ramps imposed on a continuous noise. Responses to other complex sounds
(eg., species-typical vocalizations) were temporally correlated with
transients in the stimulus waveform. The results indicate that a common
type of MGN neuron responds selectively to fast acoustic transients. This
selectivity depends primarily on rate of rise, and not on peak amplitude

SUPPRESSION AND RECOVERY OF AUDITORY EVOKED POTENTIALS
WITH REVERSIBLE LESIONS OF THE MEDIAL GENICULATE BODY. B. W.
Johnson. G. Rose. P. Teale and M. Reite*. Department of Psychiatry, University of
Colorado Health Sciences Center, Denver, CO, 80262.
Multiple brain regions have been implicated in the generation of primate auditory
evoked potentials (AEP) and magnetic fields, but little is known of the separate
contributions of specific generators. To lay the groundwork for a study of the
supratemporal plane (STP) contribution to auditory evoked responses in alert
monkeys, pharmacological blockade of the major thalamic input to this region was
used to study the suppression and recovery of AEPs in the STP of anesthetized
animals.
A combination injection cannula/recording electrode was placed stereotactically in
the left medial geniculate body (MGB) of three Macaca radiata monkeys under
pentobarbital anesthesia. AEPs were recorded from this site as well as from depth
electrodes placed in the STP of the right and left hemispheres. AEPs elicited by 100 ps
compression clicks were recorded from these three brain sites before and after
injection of 2% lidocaine HC1 into the MGB cannula.
Robust AEPs (Pl latency 15-35 ms; amplitude 15-40 pV) were recorded from
bilateral STP electrodes. Intracerebral injections of lidocaine volumes as small as 10
pL to the left MGB abolished the left STP response, with no effect on the right STP
response. Recovery of the left STP response from the lidocaine blockade occurred
over 15 to more than 100 minutes, depending upon the exact placement of the
injection cannula. These results show that an efficient, local and reversible suppression
of the STP response is induced by lidocaine injection to the MGB. The technique
described here provides a potentially powerful approach to the problem of
disentangling the separate contributions of multiple and simultaneously active
generators of sensory evoked responses.

or rise time per se.

Supported by the NIMH IRP.
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Single units in the high-frequency representation of the cat's medial genicdate
body: directional sensitivity to the azimuth and elevation of monaural stimuli
requires spectral components in both excitatory and inhibitory frequency
domains. T. J. Imia*. P. Poirier, and F. K. Samson. Dept, of Physiology, Kansas
Univ. Med. Cntr., Kansas City, KS 66160-7401

Monaural directional (MD) cells are sensitive to the azimuth and elevation of
broad-band noise delivered monauraily (i.e., with one ear plugged) showing that
sensitivity is derived from monaural cues. Their frequency response areas
consist of one, two, or three narrow (.3-1.0 octave) excitatory domains with
center frequencies above 6 kHz, and these showed little or no expansion in
width with increasing SPL Two-tone stimulation revealed low-threshold
inhibitory domains adjacent to and between excitatory domains. This pattern
suggests that direction-dependent responsiveness of MD cells may result from
changes in the strength of stimulus spectral components in inhibitory relative to
excitatory domains. If so, directional sensitivity would require stimulus energy
in both excitatory and inhibitory domains. We studied the relationship between
directional tuning of MD cells and spectral composition of monauraily delivered
stimuli using multi-tone complexes with components confined to one or more
excitatory domains, or with components in both excitatory and inhibitory
domains. Elevation and azimuth sensitivity was lost if frequency components
were confined to excitatory domains, and such sensitivity required that spectral
components engage both excitatory and inhibitory domains. All MD cells
responded at short latencies and some also exhibited a long latency response
that occurred when stimuli included inhibitory domains. The elevation and
azimuth tuning of the two response components were reciprocally related.
Supported by NIDCD DC 00173.
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BINAURAL
RESPONSE
PROPERTIES
IN
THE
AUDITORY FOREBRAIN (FIELD L) OF THE BARN OWL

RESPONSE PROPERTIES OF FM-FM COMBINATIONSENSITIVE NEURONS IN THE MEDIAL GENICULATE
BODY OF MUSTACHED BATS. J. Yan and N. Suga*. Dept, of
Biology, Washington University, St. Louis, MO 63130.
In the medial geniculate body (MGB) of the mustached bat,
Pteronotus pamellii, FM-FM neurons are tuned to a specific delay
of higher harmonic FM components (FMj0 of an echo from the first
harmonic FM component (FMj) of an emitted pulse. The aim of the
present research is to characterize the inputs of thalamic FM-FM
neurons from FMj and FMn responding neurons. Single FM-FM
neurons were recorded from the MGB and their response properties
were examined with FMj, FMn and FMj-FMn stimuli. Our
neurophysiological data show: (1) the longer the best delay (BD),
the longer the duration and latency of the response to FMj, (2) the
longer the duration of the respone to FMj, the wider the delay
tuning curve, (3) the response to FMn is very phasic and its latency
is short and constant, (4) the duration of FMn response is much
shorter than that of FMj response, and (5) the facilitation index (FI)
is larger to the response to FM stimuli than that to CF stimuli in 20
of the 40 neurons studied. Two neurons are FM specialized; thirteen
show the same FI for FM and CF stimuli and seven show somewhat
larger FI to CF than to FM stimuli. (Supported by a NIDCD

Y.E, Cohen*,

G.L. Miller and E.l. Knudsen. Dept. Neurobiology,
Stanford Univ. School of Med. Stanford, CA 94305.
Behavioral studies in the barn owl have demonstrated that the
forebrain contributes to sound localization behavior as in most
other species. Recently, we have identified the output side of the
forebrain sound localization pathway, the archistriatum, and
demonstrated that archistriatal sites are space-specific. In order to
characterize the space-processing pathway leading to the
archistriatum, we have begun to examine the sensitivity of units in
Field L, the avian homologue of auditory cortex, to binaural
localization cues: interaural phase differences (IPD) and interaural
level differences (ILD).
Neuronal activity in Field L was recorded extracellularly during
dichotic presentation of digitally synthesized noise or tone bursts.
The vast majority of Field L sites were sensitive to either ILDs or
IPDs. Field L sites were either sensitive to contralateral-ear greater
ILDs (39%), ipsilateral-ear greater ILDs (3%) or tuned to specific
values of ILD (58%). Some units (44%) responded equally well to
all values of IPD while others (56%) were tuned to specific
interaural phase differences.
The properties of Field L units suggest that their sensitivity to
binaural localization cues is similar to that seen in the central
nucleus of the inferior colliculus. The results demonstrate that the
information needed to synthesize space-specific cells in the
archistriatum is encoded in the responses of Field L neurons.
Supported by grants from the NIH (R01 DC00155 and
NSO9278).

research grant, DC00175)

141.3

141.4

THE PRIMARY AUDITORY CORTEX OF THE MUSTACHED
BAT CONSISTS OF TWO SUBDIVISIONS, WITH AND
WITHOUT CALLOSAL CONNECTIONS. W. Liu* and N. Suga.
Department of Biology, Washington University, St. Louis, MO
63130.
A large central portion of the primary auditory cortex (AI) of the
mustached bat, Pteronotus pamellii, is called the Doppler-shifted
constant-frequency processing (DSCF) area. This area consists of
two subdivisions in terms of binaurality: inhibitory-excitatory (I-E)
and excitatory-excitatory (E-E) divisions located in the dorsal and
ventral regions of the DSCF area, respectively. Applications of
horseradish peroxidase (HRP) to the entire DSCF area on one side
predominantly label neurons in the E-E region of the DSCF area on
the contralateral side. Therefore, our data are consistent with the
data obtained from cats by Imig et al. (1978): E-E neurons are
bilaterally connected through the corpus callosum, while I-E neurons
are not. It is quite interesting that the AI of chiropterans and
carnivores share the same functional organization. We propose that
the E-E division probably averages auditory information represented
in both hemispheres and is important to localize sound sources in the
frontal region of the auditory field, whereas the I-E division is suited
for fine processing of information originating from the lateral region
of the auditory field. (Supported by McKnight Foundation)

RELATIONSHIP BETWEEN FREQUENCY AND TEMPORAL
TUNING OF NEURONS IN THE AUDITORY CORTEX OF AN
FM BAT. W. G. Paschal* and D. Wong. Medical
Neurobiology Program and Anatomy Dept., Indiana
Univ. Sch. of Medicine., Indianapolis, IN 46202
In Myotis auditory cortex, neurons exhibit
facilitation to simulated pulse-echo FM pairs
(60-kHz bandwidth) at particular echo delays.
At low pulse repetition rates, similar delay
tuning to FM pairs were measured with bandwidths
of
either
60-kHz
or
only
the
essential
frequencies.
However, paired stimulation with
essential frequencies resulted in a dramatic
increase
in
neurons
exhibiting
tracking
properties where the best delay shortened with
increasing repetition rate.
Moreover, delay
sensitivity was sustained at higher rates,
firing robustly up to 150/s.
The majority of tracking neurons had tonal
frequency-tuning curves which were
single
peaked,
whereas
dual-peaked
curves
were
associated
with
delay-tuned
neuro^^.
Preliminary
data
suggest
a
topographic
organization in which dual-peaked neurons are
located dorsal to the single-peaked neurons
along the isofrequency contour.
(Supported by G.D. Fox Foundation, NSF, and
IUPUI Research Fund.)
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Tonotopic organization of auditory cortical fields of the Mongolian
Gerbil comparing 2DG labelling and optical recording of intrinsic
signals
A. HeB* and H. Scheich, Federal Institute for Neurobiology (IfN), 39118 Magdeburg,
Germany

DEVELOPMENT OF TONOTOPIC ORGANIZATION OF AUDITORY
CORTEX CORE FIELDS IN THE MONGOLIAN GERBIL

The auditory cortex of the Mongolian Gerbils is known to be parcelated into at
least 7 distinct subfields the topography of which is reliably related to scull and
brain vessel landmarks. The primary auditory cortical field (Al) and the rostrally
adjacent field (AAF) have roughly dorsoventral and parallel isofrequency
contours. The two fields exhibit similarly prominent tone-induced activity yet
minor-imaged tonotopic organization as revealed with 2-deoxyglucose [2DG]
(Scheich etal, 1993, Europ. J. Neurosci. 5, 898-914) and electrophysiological
methods (Thomas etal, 1993, Europ. J. Neurosci. 5, 882-897).
In the current study we demonstrate the tonotopic organization of the two fields
with optical recording of intrinsic signals through the thinned but intact skull.
Awake Mongolian Gerbils chronically prepared with a skull anchor were
randomly stimulated with pure tones of 1 or 8 kHz (stimulus-duration 3000
msec) at 75dB SPL (free-field) in a soundproof chamber. For each stimuluspresentation frames at video rate were accumulated during 4000 msec using
the Imager 2001 (Optical Imaging). About 60 repetitions for each stimulus presentation were necessary to obtain first differential images.
Stimulus dependent activation of the auditory cortical fields was identified
using landmarks. A relativ shift of the activity-peaks in Al and AAF was
observed after presentation of different stimuli. Tne two labelling patterns were
at a small distance at higher frequencies (peak-to-peak at 8 khz below 1 mm)
and shifted apart at lower frequencies (peak-to-peak at 1 kHz about 1.6 mm).
This shift is to be expected from the mirror imaged tonotopic organization of
the two fields and the distances are comparable to previous measurements
from 2DG sections.
The topography of the observed effects could be matched to 3D-reconstruction
of autoradiographs from 2-DG labelled horizontal brain sections of the same
individuals, obtained after a final 2-DG experiment. A tangential view of the
auditory cortex comparable to the optical recording view was obtained by
rotation of the reconstructed voxel-space.

(MERlONES UNGUICULATUS) I. W. Stuermer* and H. Scheich. Federal

Institute for Neurobiology (IfN), Brenneckestr.6, D-39118 Magdeburg, Germany.
The tonotopic organization of auditory cortical fields in the adult Mongolian
Gerbil was recently mapped using electrophysiological and 2-deoxyglucose
(2DG) techniques [Scheich et al., Eur. J. Neurosci. 5, 898-914 (1993)]. A mirrorimaged representation of dorsoventral isofrequency contours was described in
the two adjacent auditory core fields, Al (caudal) and AAF (rostral), with low
frequencies represented at the opposite ends. Here, we investigated the period
of first auditory cortical acitivity in the gerbil using 2DG.
Experiments were carried out at DAB 13, DAB 15 (ear opening), DAB 19 (eye
opening) and DAB 27 (weaning). After injection of 9 pCi 14C-fluoro-2-deoxyglucose i. p., gerbils were stimulated with continuously alternating tones of
either 1 and 2 kHz (low frequency, LF) or alternating tones of 15 and 16 kHz (high
frequency, HF) for 45 minutes (250 ms each frequency, 70 dB SPL free field).
First traces of bandlike activity in auditory cortex appeared at DAB 13 in the
prospective area of AAF. At DAB 15, LF and HF led to strong and broad bandlike
metabolic activity througout the dorsoventral extent of AAF. An additional band
of strong labelling could be identified with LF In the intermediate zone (IZ)
between AAF and the presumptive Al. Activity In Al, if present, was weak and
restricted to dorsal parts. Tonotopic locations of metabolic activity could be
identified at DAB 19. LF stimuli were represented in caudal Al and rostral AAF,
separated by the IZ band. HF representation could be recognized in rostral Al
and caudal AAF, separated by a narrow dorsoventral gap of reduced labelling. At
this stage, vast activity in the rostral forebrain continuous with AAF obscured the
patterns. Activity in secondary fields had also appeared at this stage. At DAB 27,
IZ activity was reduced and tonotopic bands in Al and AAF had reached an
adultlike narrow width and sharp definition.
The results suggest that activity in auditory cortex of the Mongolian Gerbil
starts with AAF. Tonotopic organization in AI and AAF takes place even at DAB
19. IZ, which in adults harbours wide-band sensitive units, may have a role in the
developmental organization of the adjacent core fields as it shows transitory activity.

141.7

141.8

PROCESSING OF TONE SEQUENCES IN THE CAT PRIMARY AUDITORY
CORTEX. K. Krikger* and C.E. Schreiner. Keck Center for Integrative
Neuroscience, University of California, San Francisco, CA 94143-0732, USA;
* Institute for Neuroinformatics, Ruhr-University Bochum, ND 04, Universitatsstr. 150, D-44780 Bochum, Germany
The isofrequency domain in the primary auditory cortex (Al) of the cat is
known to contain nonuniform distributions of several receptive field parameters, e.g. minimum threshold, monotonicity, and bandwidth. But so far little is
known about the spatial distribution of temporal qualities in A1 and the correlation between temporal qualities and other receptive field parameters.
To investigate the temporal behavior of A1 neurons of anesthetized cats we
stimulated them with sequences of tone trains. Each tone train contained 2 or
5 tones of the best frequency with a duration of 30 ms. We varied the interstimulus-intervals (ISI) from 16 to 260 ms duration and determined the latency,
the temporal modulation transfer function and the recovery time the neuron
needed to resume 50% of the response strenth of the proceeding stimulus response. From this we calculated response profiles for the quotient of the
maximal response to the preceeding stimulus und the following one (An+i I
as a function of the ISI. The results are based on 78 multi and 78 single
cell recordings from 6 cats measured at 156 locations in the high frequency
domain of A1 for central frequencies between 1 and 14 kHz.
The temporal modulation transfer function peaked at 8 Hz. For the recovery
times the neurons needed to regain 50% of the preceeding response strength
we found a topographical distribution in the isofrequency domain with the
shortest recovery times in the sharply tuned central region of the isofrequency
domain, in which also the lowest response thresholds are found and with
iohger recovery times (mean 109 ms) in the ventral and dorsal isofrequency
domain with the representation of higher thresholds and a broader tuning.
Supported by Max Kade Foundation and the Office of Naval Research (to CS.)

TOPOGRAPHICAL REPRESENTATION OF INTENSITY BY SINGLE
NEURONS IN CAT PRIMARY AUDITORY CORTEX (A1). M.L. Sutter<*2
and C.E. Schreiner1- 1Keck Center for Integrative Neuroscience, University
of California, San Francisco CA 94143, . 20enter for Neuroscience,
University of California Davis, Davis, CA 95616.
The spatial distribution of amplitude tuning and threshold of single units was
investigated along the dorsoventral (roughly isofrequency) axis of cat A1. To
create single unit maps data were pooled across animals using known
reliable multiple unit maps of intensity and bandwidth. The pooling did not
distort the multiple unit gradients. For pooled single units, we found a similar
map of intensity tuning in ventral A1 (A1v); however, in dorsal A1 (Aid) there
was not a correspondence between multiple and single unit intensity-tuning
topographies; in Aid single units showed no clear topographical gradient.
Differences between single and multiple unit topographies in Aid can be
explained by differences in local threshold scatter and local contributions of
intensity tuned neurons.
Intensity thresholds were not uniformly spatially distributed. In the two
regions where multiple units are most sharply tuned for intensity, threshold
values and threshold scatter of single units were lowest. This was particularly
compelling in a region along the AlvIAld border where low intensities are
represented. In this region neurons are narrowly tuned for intensity and
frequency, and have low intensity thresholds. We hypothesize that this a
region dedicated to signal detection of narrow-banded information
The results of this study support the parceling of A1 into at least two
physiological subdivisions. A1v has a complete single unit topographical
representation of intensity, and Aid has a complete representation of
stimulus bandwidth, (supported by The Coleman Fund, and Hearing
Research Inc.)
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THE UTILITY OF LOCALIZED, BRIEF BROADBAND SOUND IN A SPATIAL
NAVIGATION TASK. M.C . Zrull*. J . Dyche and R. Bowman. Department of
Psychology, Appalachian State University, Boone, NC 28608.
As descriptions of the neural mediation of sound localization become more
detailed and complete, additions to traditional methods of assessing sound
localization behavior seem pertinent. Particularly, there is a need to examine
the utility of localized sound to aspects mammalian behavior. Building on
studies of auditory spatial learning (e.g, Spigelman & Bryden,
Neuropsychol., 1967), initial results of an operant sound-guided navigation

Laminar Analysis of Differential Encoding of Ipsilateral and Contralateral
Inputs to the Macaque Primary Auditory Cortex.
Reser. D,. Steinschneider. M,, Schroeder. C. E.. and Arezzo. J.C.*

paradigm are described. Hooded rats (A=5) learned to navigate around
barriers within a raised circular field to obtain a water reward. Pairs of noise
bursts (2 X 100 ms, 2-16 kHz, 50 dB) were presented from constant locations
during navigation trials. Probe trials were used to examine utility of sounds:
Barrier pattern and sound loci reversed (VS+AS); maze reversed, sound loci
constant (VS-AS); and, novel mazes with (NOV+) and without sound cues
(NOV-). Initial VS+AS reversal probes required 4.0 times longer to complete

than unreversed mazes; for VS-AS, run time increased by a factor of 6.0.
Probe trial completion stabilized at 3.0 (VS+AS) and 4.0 (VS-AS) times that
for unreversed mazes. Completion time for NOV+ probes was similar to

trained patterns, and NOV- probes took 2.6 times longer to finish.
Interestingly, animals paused at sound-cued maze turns during NOV+ probes
(90% of all pauses). For both NOV+ and NOV- probes, maze times reached
those of trained patterns. Sound cues may aid navigation between points in
space— particularly during initial learning of new obstacle patterns when
known, consistent sound cues are available. Additional assesment of the
sound-guided navigation paradigm is warranted; specifically, trials with
visually deprived animals seem prudent.
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Albert Einstein College of Medicine, Bronx, NY, 10461.
Present models of primary auditory cortex (Al) describe a system of
binaural columns arranged across a tonotopic frequency map, but do not emphasize
the role that laminar organization has in generating interaural response differences.
This preliminary study was undertaken to investigate changes in processing of input
from each ear across cortical laminae.
We evaluated Current source density (CSD), auditory evoked potential (AEP), and
multiunit activity (MUA) profiles elicited by 175 msec tones presented at 60
dB SPL to each ear of the awake monkey. Tone frequencies corresponded to the
contralateral best frequency for each site in Al, and ranged from 200 Hz to 12 kHz.
Our findings show pronounced laminar differences in processing of monaural
inputs. Onset latency of the initial burst of activity was unchanged with ipsilateral as
compared to contralateral stimulation. As predicted by earlier studies, both the
AEP and MUA show decreased amplitude in response to ipsilateral ear stimulation.
However, in the ipsilateral monaural laminar response profiles, transmembrane
current flow, as measured by the CSD, is concentrated in the supragranular laminae,
whereas in the contralateral condition it is weighted toward the thalamorecipient
layers (lower lamina m and lamina IV).
Using multichannel CSD, we are able to resolve differences in laminar flow of
information not measurable by conventional single unit techniques. Our initial data
suggest that the information from ipsilateral and contralateral ears are processed
by separate interlaminar circuits. Future experiments will be directed toward
characterizing these circuits and defining their roles in binaural processing and their
relationship to the encoding of temporal cues essential for processing harmonic and
phonetic information. (Supported by grants DCOO557 and MHO6723.)
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NEURONAL RESPONSES TO NOISE-BURST IN AND
CONNECTIONS OF ANTERODORSAL REGION OF CAT
PRIMARY AUDITORY CORTEX. J. He1*. H. Ojima1’2. K
Hashikawa*. E. G. Jonesl^. JLab. for Neural Systems, Frontier Research
Program, RIKEN, Saitama 351-01, ^Dept. of Anatomy, Toho University,
Tokyo 143, Japan and ^Dept. of Anatomy and Neurobiology, University of

NEURONS IN THE PRIMARY AUDITORY CORTEX OF THE
JAPANESE MACAQUE RESPOND TO SPECIFIC TEMPORAL
PATTERNS OF FREQUENCY. H. Riauimaroux.* Neural Systems Lab..
Frontier Research Program, Inst, of Physical and Chemical Research
(RIKEN), Wako, Saitama 351-01, Japan.
The present study has examined whether neurons in the primary auditory
cortex (Al) encode temporal patterns of sound in order to understand the
complex sound processing. Adult Japanese monkeys (Macaca fuscata)
were used. All surgeries were aseptically performed under anesthesia with
intravenous injection of ketamine and xylazine. A chamber was placed for
chronic recordings over the left temporal lobe. The stimuli used were tone
bursts and temporally combined tone bursts of different frequencies, which
were presented to the animal's right ear. Frequency, intensity and the
interval between paired tone bursts were varied. Unit recordings were
made with glass-coated Elgiloy electrodes from the contralateral Al. During
recording sessions, the animal was anesthetized with a mixture of nitrous
oxide and oxygen, supplemented by isoflurane. PST (post-stimulus-time)
histograms with 350 ms time window were analyzed. Results demonstrated
that single neurons in Al often responded to different frequencies with
totally different temporal patterns. Moreover, these neurons facilitatively
responded to a temporally paired tone bursts of different frequencies
separated by a particular interval (At). The At which elicited the facilitation
ranged from -50 ms to -200 ms under conditions used in this study. These
neurons were sensitive to both At and frequencies. The tuning to At was
broad but the neurons did not show facilitative responses to temporal pairs
with reversed order. The best frequency, which produces the shortest
latency, had to be placed last in the combination to produce a facilitation.
The data indicate that Al neurons encode temporal patterns of sound.

California Irvine, Irvine CA 92717
Temporal processing algorithm has been supposed to play an important role
in the auditory cortex. The present study focused on the neuronal activities in
and the connections of an anterodorsal region of cat primary auditory cortex (AI).
Single unit responses to varied durations of noise-burst were recorded in this
region of AI in sodium pentobarbital anesthetized animals. A large percentage
of the neurons in this region had responses of extremely long latency (over 100
msec). Such neurons could not be tuned to specific frequencies and did not
respond to clicks. The response pattern of these neurons depended particularly
on noise-burst duration lasting over 100 msec. The response disappeared when
the noise-burst was shortened to 50 ms. A second population of neurons
showed such a similar long latency response but preceded by an early on
response.
Projections to the region from other auditory cortical areas and the medial
geniculate body were studied by injecting WGA-HRP into the recorded region.
The distributions of retrogradely labled cell bodies were reconstructed.
Projections from posterior and ventroposterior auditory cortices were detected as
well as from AI, All, anterior auditory field and dorsoposterior auditory area and
from the dorsal of the medial geniculate.
Present results suggest the occurrence of temporal summation processing in
the auditory cortex.

141.13

141.14

TUNING CHARACTERISTIC HETEROGENIETY OF CONSTITUENT SINGLE
UNITS WITHIN AUDITORY CORTICAL CLUSTER RECORDINGS.
D. A. South* & N. M. Weinberger. Cntr. Neurobiol. Learn. Mem. & Dept.
Psychobio. Univ. California, Irvine CA 92717.

VOCAL

Cluster recordings are utilized and assumed to represent

typical activity and tuning properties of local cellular
neighborhoods. However, the actual relationship between the
response properties of clusters (CLs) and their single unit
constituents (SUs) has not been explicitly or extensively
investigated. To clarify this relationship, we recorded CL responses
to auditory stimuli (1-40 kHz, calibrated 0-80 dB, contralateral
ear with head stabilization to maintain stimulus constancy) in
primary auditory cortex of awake guinea pigs and separated the CLs
into their component SUs with the use of waveform sorting
algorithms (DataWave Technologies, Longmont, CO). Each CL could
be sorted into 2 to 6 SUs (mean 3.8, median 4). Here we report
comparisons of CL and SU tuning characteristics (TCs), including
characteristic frequency, threshold, bandwidth, and rate-level
functions. We found that all CLs do accurately represent the TCs of at
least one of their constituent SUs. However, no CLs accurately

represent all of their component SUs. In every case, some SUs
differed from their CL in one or more TC, or were weakly or not
responsive to acoustic stimulation, or both. Thus, neighboring
cortical cells generally are not homogeneous in their processing of
acoustic stimulation. This diversity within local neuronal groups
may constitute a fundamental aspect of information processing in the
auditory cortex and perhaps elsewhere in the brain. Supported by
PHS-NIMH Fellowship MH-10266 and NIDCD DC 02346.
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CORTEX BY OPTICAL IMAGING.
Miyashita and R. Tokioka.
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K. Fukurishi*. N. Murai. T.

Advanced Research Lab., Hitachi,

Ltd., Hatoyama, Saitama 350-03, Japan
To study the cortical representation of complex sounds, we
used a optical recording with dye to observing the spatio-

temporal neural activities in

the auditory cortex of anesthetized

guinea pigs subjected to behaviorally relevant sound stimuli.

For

each animal, we compared the topographic patterns of neural
activities generated in response to click, tones and animal voices

as scream and whistle.

We found that, during a scream stimulus

of about 750 ms duration, for example, stronger excitatory
responses were elicited during the first 50 ms and inhibitory
responses during the consecutive 150 ms than the peak intensity
of the scream for 600-700 ms.

Topographic neural activity

pattern from the scream sound stimulus showed that excitatory
responses propagated briefly on the tonotopical area according
to the dominant sound frequencies appearing in the voice even

though the sound spectrum structure did not rapidly change
during the stimulus duration.

The neural response elicited later,

when the stimulus was more intense and its sound frequency
was modulated sharply, were less dynamic than those elicited
earlier.

It can be said that the activities of neurons are varied

dynamically depending on the momentary processing demand.
Thus, optical imaging can be used to investigate how auditory

information is coded in the auditory cortex.

141.15

141.16

NEURAL IMAGING OF THE TONOTOPIC MAP OF CAT PRIMARY
AUDITORY CORTEX USING A 100 ELECTRODE ARRAY. PJ. Rousche. C.T.
Nordhausen. R.A Normann*. Department of Bioengineering, University of Utah,
Salt Lake City, UT 84112.
.
While it is generally agreed that the auditory spectrum is tonotopically mapped
across the mammalian primary auditory cortex (AI) in a roughly logarithmic
progression, other specific details of this map are not yet understood. In particular,
we have focussed our work on the extent of curvature and irregularity in the so-called
isofrequency bands. To record frequercy-specific multi-unit neural responses in AI,
we used an array of 100 silicon penetrating microelectrodes of length 15mm arranged
on 0.4mm centers over a 4mmx4mm area. Each electrode has a 0.15mm platinummetallized tip which, after implantation, rests about 1mm- beneath the cortical
surface. Recordings were made sequentially from each electrode with a flexible wire
probe that contacted bond pads located on the exposed backside of the array.
We generated maps of AI in 3 sodium pentobarbital or hatothane anaesthetized cats
by delivering shaped, 200 msec, suprattaestold pure tone sound pulses at 3 Hz from
a speaker near the contralateral ear. Multi-unit cluster responses comprised of 2 to 10
units each were obtained from 80% (average) of the available sites. Single-units were
not recorded. The peak signal magnitude was 100 pV, and the noise level averaged
lOpV. A characteristic frequency (CF) was assigned to each electrode as the center
point of the band of frequencies which elicited signal-correlated neural activity as
identified by the experimenter listening to the amplified neural response.
Our resultant maps of CF generally correspond to the previously reported tonotopic
arrangement of AI. (Merzenich et al., 1975) However, the isofrequency contours
contained segments with considerable curvature, producing regions in the map with
steep frequency gradients and other regions with shallow frequency gradients. This
results in local expansion of the cortical representation of certain frequency
components at the expense or compression of others. Several sites on each map
appeared as singularities, data points which conformed to neither the expected
frequency gradient rostral-caudally or the expected isofrequency contour dorsalventrally. This suggests that both single-unit and multi-unit frequency representations in AI exhibit unexplained tonotopic complexity, (see Schreiner et al. 1992)

SUPPRESSIVE AND FACILITATORY EFFECTS OF STIMULUS SEQUENCES
ON NEURAL RESPONSES IN CAT PRIMARY AUDITORY CORTEX. M. Brosch
and C. E. Schreiner*. Coleman Laboratory, Keck Center for Integrative Neuroscience,
University of California, San Francisco, CA 94143-0732.
Auditory pattern recognition not only requires the integration of simultaneously
occuring stimuli in different frequency bands but also the temporal integration of
sounds occuring at different times. As an attempt to understand temporal processing of
acoustical stimuli in primary auditory cortex, we investigated how cortical neurons
respond to simple stimulus sequences. The sequence was a 30 ms tone burst of variable
frequency and sound level which was followed, at various stimulus onset asynchronies
(SOA), by a constant 50 ms tone burst within the neuron's excitatory receptive field
(RF). This paradigm revealed the time-dependent influence of a frequency-response area
on die excitability of a neuron. 10 experiments were performed on pentobarbital or
ketamine anesthetized adult cats. Analysis of 51 single and multi unit recordings so far
showed that after presentation of the variable first stimulus (masker) the neural
response to the constant stimulus (probe) could be either suppressed or facilitated.
Suppression usually was induced from maskers within the RF, while maskers outside
the RF could be facilitatory and suppressive. Amount of both suppression . and
facilitation was dependent on the position of the masker and the probe in the RF and
on the SOA. If suppression was seen, it was the strongest at the shortest SOA tested
and became gradually weaker with longer SOAs. The region near and below BF mostly
showed the longest suppressive influences. Recovery times were between 50 and 380
ms. While suppression could be demonstrated for almost all neurons studied,
facilitation of neural responses was seen in -50 % of the cases. Different time courses
of facilitatory effects were found: Facilitation was strongest for short SOA and declined
for longer SOA, or it grew with increasing SOA and peaked at a particular SOA. Our
results demonstrate that the responses of cortical neurons are also dependent on the
frequency and level composition of temporal stimulus context. This suggests that the
temporal filtering properties as determined with amplitude modulated signals may not
be sufficient to explain temporal processing of sequenced complex signals like speech.
Supported by DFG (Br 1385/1-1) and the Office of Naval Research (to C.E.S.)
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NEUROMAGNETIC MEASUREMENTS OF HEMISPHERIC
DIFFERENCES IN AUDITORY PROCESSING OF FREQUENCY AND
AMPLITUDE MODULATIONS
Patricia J. Pardo*. Jvrki P. Makela. Mikko Sams, and Riitta Hah
Low Temperature Lab., Helsinki Univ. Technol. 02150 Espoo, Finland
Speech contains rapid and slow transitions of pitch and intensity. To
evaluate auditory cortical responses to changes in intensity vs. frequency in
the two hemispheres, we made whole-head magnetoencephalographic
recordings of 7 normal subjects during binaural presentation of 667 Hz
tones, which doubled either in intensity or in frequency. The 620 ms stimuli
had the transition at the beginning or in the middle of the sound. The
duration of the change was either 300 ms, 30 ms, or 3 ms.
When measured from the channels showing maximum responses, faster
transitions elicited responses that were significantly larger in amplitude and
earlier in onset latency than those to more slowly occurring transitions.
Frequency transitions evoked significantly larger and earlier responses
than intensity transitions. Also responses to transitions in the beginning of
the sound were significantly more rapid in onset and larger than to those
occurring in the middle of the sound, especially for the 3 and 30 ms
transitions in the left hemisphere. While left hemisphere responses were
generally larger than right, the 3 and 30 ms frequency and intensity
changes in the middle of a sound produced particularly large responses in
right auditory cortex. Our results indicate that rapid frequency or intensity
changes in the beginning of the sound elicit brisker responses in the left
than right hemisphere, whereas similar changes occurring in the middle of
the sound elicit larger responses in the right hemisphere.

CENTRAL PHYSIOLOGY—CORTEX II
142.2
PSYCHOPHYSICAL MEASUREMENTS OF FREQUENCY DIFFERENCE
LIMENS FOR RELATIVE PITCH DISCRIMINATION REVEAL A DEFICIT
FOLLOWING BILATERAL LESIONS OF AUDITORY CORTEX
M.J. Tramo*. A. Grant. & L.D. Braida
Dept. of Neurobiology, Harvard
Medical School
and
Neurology Service, Massachusetts General
Hospital, Boston, MA;
of Electrical Engineering and Computer
Science, Massachusetts Institute of Technology. Cambridge, MA
Despite physiological evidence of frequency maps in mammalian
auditory cortex, the results of beavvioral stddies in animals and
neurological patients have been interpreted as evidence that lesions of
auditory cortex arr oo t uufficient to cauue een^its 1 n frquuency
discrimination (e.g. Neff et al. 1975).
Among the variables that might
have contributed to the latter results are the methods used to measure
frequency discrimination and, in particular, the magnitude of the
frequency difference subjects were required to discriminate.
Using an
adaptive procedure (Levitt 1970) and a two-alternative forced-choice
task, we measured frequency difference limens in case M.H.S., a 35 year
old man with longstanding bilateral hemispheric infarcts that include
all of the primary auditory cortex and portions of the surrounding
association areas (Tramo et all 1990).
Puru toon pairs with center
frequencies at 250, 500, 1000, and 2000 Hz were presented binaurally
via headphones at an nntensity of 40 dB SL (duratton=50Ome.
ISI=2OOms).
Pure tone detection thresholds at each ear were within
normal limts for age.
Whereas normal and neurological controls were
able to judge the relative pitch of tones whose frequencies differed by
1% or lrset Weber fractions for M.H.S. consistently exceeded 11%.
These data suggest that: 1) lesions of auditory cortex produce deficits
involving fine-grained discriminations of relative pure tone pitch; and
2) the sensitivity of rigorous psychophysical procedures may be
required to divulge such deficits.
Supported by DC00071.

142.3

142.4

AUDITORY CORTEX MICROELECTRODE STUDIES IN AWAKE HUMANS.
M. Howard*. I. Volkov. P. Abbas. C. Brown, and H. Damasio. Univ. of Iowa
College of Medicine, Iowa City, IA 52242
Multidisciplinary research is being carried out to study the electrophysiology of
individual human auditory cortex neurons and determine the feasibility of an auditory
cortex neuralprosthetic device. Study patients have medically refractory epilepsy and
are scheduled for depth electrode placement, a widely used neurosurgical technique.
Modified depth electrodes have been designed (F. Haer Co., New Brunswick, ME)
with high impedance research contacts added along the shaft. The hybrid electrodes
are targeted for the non-dominant transverse temporal gyrus and provide both
clinically relevant ECoG data and auditory cortex research data. The specific
location of this buried gyrus is determined preoperatively using computerized MRI
brain volume rendering and image dissection techniques.
To date, experiments have been conducted in two patients undergoing awake
craniotomy and non-dominant temporal lobe resections. The brain surface features
displayed on the 3-dimensional MRI image were clearly identifiable at the time of
surgery, including the specific region of the superior temporal gyrus deep to which
the transverse temporal gyrus is located. Clicks and tones presented in the ear
contralateral to the craniotomy are easily perceived and described by the patients.
Auditory evoked field potentials were monitored from the lateral surface of the
temporal lobe using low impedance surface electrodes. Response amplitude was
maximal over the portion of the superior temporal gyrus overlying the transverse
gyrus. Stimulus driven auditory cortex neurons were recorded from high impedance
contacts on the hybrid depth electrode inserted into the transverse temporal gyrus.
Electrical stimulation using the same depth electrode consistently elicited perceptions
of sound. The findings suggest that more sophisticated auditory cortex physiology
studies will be feasible in humans and that it may be possible to develop a clinically
useful auditory cortex neuralprosthetic device in the future.

AUDITORY-VISUAL INTERSENSORY EVOKED POTENTIALS
IN HUMAN SUBJECTS. L. J. Achor.* Dept, of Psychology,
Baylor Univ., Waco, TX 76798.
Auditory-visual inibtebnenry evoked potentials were investigated
in human subjects using tone bursts and light Ulaeebe. The purpose
of the study was to determine if altering the timing between
combined auditory and visual stimuli would affect “intbtebnenry
interactions” in evoked brain activity. Intetseneory interactions were
defined as differences between (1) the evoked response to combined
auditory and visual stimuli and (2) the algebraic summation of the
evoked responses to auditory stimuli alone and visual stimuli alone.
The residual activity was termed the intbtebneoty interaction
waveform.
Subjects were presented (1) auditory stimuli alone (30 msec 60 dB
SL tone bursts), (2) visual stimuli alone (bright light flaeebs), (3)
simultaneous auditory and visual stimuli , and (4) auditory and
visual stimuli with temporal separations of 50, 100, 150, and 200
msec. The evoked responses at the vertex to 100 stimuli in each of
eleven conditions were averaged and stored for later analysis. The
total analysis epoch was 486 meba.
The time epochs at which intetsbneory interactions were evident
were a function of the temporal separation of the auditory-visual
pairs and the order of the pair (auditory first or visual first).
Amplitude bUUbate of temporal separation and stimulus order were
more consistently found than latency bUUbate, although the latency
effects were sometimes large.

142.5

142.6

ORTHOGONAL REPRESENTATION OF FREQUENCY AND PERIODICITY IN
THE HUMAN AUDITORY CORTEX: EVIDENCE FROM MAGNETOENCEPHALOGRAPHY (MEG). G. Langner ». M. Sams. P. HeiL H. Schulze and
R. Hari. Low Temp. Lab., Helsinki Univ. Technol., 02150 Espoo, Finland and
Zool., Inst.THD, 64287 Darmstadt, FRG
Fast envelope modulations, which are typical for speech, animal vocalizations
and many musical sounds, elicit the percept of periodicity pitch. Neurons in the
inferior colliculus of mammals respond selectively to amplitude modulated sounds
and, in cats, the preferred modulation periods are mapped (periodotopy) orthogonal
to tonotopy (Langner and Schreiner, J. Neurophysiol. 60, pp.1799, 1988). However,
the topographic representation of periodicity in the cortex is unknown. We utilized
MEG to study the representation of periodicity and spectral pitch in the human
auditory cortex.
Neuromagnetic fields were recorded from 9 subjects with a 122-channel
neuromagnetometer which covers the whole head and provides good spatial
resolution. Acoustic stimuli were pure tones with frequencies between 50 Hz and
1600 Hz and sounds composed of harmonics with pitches from 50 Hz to 400 Hz.
Harmonic signals were synthesized with flat spectral envelopes and with low and
high cut-off frequencies of 400 or 800 Hz and 5000 Hz, respectively.
The equivalent current dipoles (ECDs) calculated from magnetic deflections
(M60 and Ml 00) showed differences in position within the supratemporal auditory

PRECURSOR MECHANISMS FOR PROCESSING COMMUNICATION
SOUNDS IN RHESUS MONKEY AUDITORY CORTEX. J.P. R^uschecker*.
B. Tian and M. Hauser. Lab. of Neurophysiology, NIMH, Poolesville, MD 20837,
and Depts. of Biological Anthropology and Psychology, Harvard University,
Cambridge, MA 02138.
In their classical paper, Meizenich and Brugge (1973) described a number of cortical
areas surrounding primary auditory cortex (AI) in the rhesus monkey, among them a
rostrolateral (RL), a caudomedial (CM), and a lateral (L) area. It has been shown
recently that areas RL and CM receive input from different subnuclei of the medial
geniculate nucleus (MGN) and that responses to pure tones in these two areas are
differentially affected by ablations of Al (Rauschecker, Tian, Pons, and Mishkin, Soc.
Neurosci., 1993). We now extend the analysis of response properties in nonprimary
auditory cortex of macaques to the lateral belt region.
Many neurons in the lateral belt respond only minimally to stimulation with pure
tones. However, if stimulus bandwidth is increased by generating narrow-band noise

cortex which were systematically related to the pitch of the harmonic signals as
well as to the frequency of the tonal stimuli or to the low cut-off frequency of the
harmonic stimuli.
The ECD positions are consistent with the hypothesis that the periodotopic and
the tonotopic gradients are approximately perpendicular to each other as already
described for the conesponging organization in the cat midbrain.

Supported by the Academy ofFinland and the German Science Foundation.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

bursts around a defined center frequency, neurons fire quite readily. Most cells are tuned
to a "best center frequency" (BFc), and thus the definition of a tonotopic map becomes
possible. Using this approach, we have found three continuous representations of BFc
along the antero-posterior dimension with two reversals. Therefore, the lateral part of
macaque auditory cortex seems to contain at least three maps, which we have termed
the anterolateral (AL), lateral (L), and posterolateral (PL) areas, respectively.
Most neurons in the lateral belt areas are also tuned to a "best bandwidth" of the
noise bursts, which seems to vary along a mediolateral axis, orthogonally to the BFc
axis. In a further step, we digitized natural calls from the rhesus monkeys' vocal
repertoire for presentation during single-unit recording. Manipulating the vocalizations
by filtering out different frequency bands yielded differential responsiveness of neurons
in L and AL and produced clear signs of nonlinear interactions in the frequency

domain. The lateral belt areas of macaque auditory cortex could form an important step
in the processing of species-specific communication sounds, somewhat equivalent to
area TB in humans, which has been implicated in phonological processing of speech.
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ORDERLY REPRESENTATION OF SYNTHETIC VOWELS IN
PRIMARY AUDITORY CORTEX DEMONSTRATED WITH 2DG

TONOTOPIC ORGANIZATION OF RESPONSES REFLECTING THE
PLACE OF ARTICULATION PHONETIC PARAMETER IN PRIMARY
AUDITORY CORTEX (A1). M. Steinsdhneider. D. Reser. C.E. Schroeder
and J.C. Arezzo. Albert Einstein College of Medicine, Bronx, NY, 10461.
A major controversy in the study of phonetic perception relates to the
cues used in the discrimination of stop consonants differing in their place of
articulation (e .g. /b/, Igl /d/). One influential hypothesis postulates that a
key determinant for the discrimination is the differential acoustic spectrum
of the syllables at consonant onset.
We investigated the neural encoding of place of articulation by examining
the current source density (CSD) and multiunit activity (MUA) evoked by
the syllables fbal, Igal and /da/ and by tone bursts in A1 of the awake
monkey. Onset spectra of the syllables contained maxima at the 800 Hz
2^ formant starting frequency for/ba/. the 1600 Hz 2^ formant starting
frequency for /ga/ and the 3000 Hz 2C3 formant starting frequency for /da/.
Responses reflecting place of articulation are tonotopically organized and
relate to the onset spectra of the syllables. For both CSD and MUA,
positive correlations are found between responses to the onsets of 800 Hz
and /ba/, 1600 Hz and /ga/ and 3000 Hz and /da/ (Spearman rank
correlation test). These occur despite overlap in stimulus formant
transitions and variability in response strengths to the syllables at individual
sites in A1.
We conclude that responses in A1 reflect stop consonant place of
articulation, are tonotopically organized, and support the psychoacoustic
hypothesis that the onset spectra are determinants of this phonetic
discrimination. The response variability at individual sites indicates that
neural encoding is based on overall patterns across the tonotopically
organized array of A1, and not on the activity at any given locus.
(supported by grants DC00657 and MHO6723.)

F.Ohl* and H. Scheich. Federal Institute for Neurobiology (IfN),
Brenneckestr. 6, D-39118 Magdeburg, Germany.

We used three types of experiments to investigate the neuronal
mechanisms underlying the representation of synthetic vowels in Gerbil
primary auditory cortex (Al). EXP1: Stimulation with synthetic 2-formant
vowels (/o/, /u/, lei, /i/). Each formant consisted of 3 spectral peaks 100
Hz distant from each other (n = 16). EXP2: Stimulation with complete
vowel vs. isolated formants (n = 12). EXP3: Stimulation with bandpass
filtered noise of 0.1, 0.3, 0.7 and 1.0 kHz 3dB bandwidths (stimuli
bandwidths matching range of spectral distances between formants of
vowels in EXP1; n = 2O). Stimuli led to tonotopic dorsoventral bands of
labeling in dorsoventral reconstructions of the serial autoradiographs of
horizontal sections; cf. Scheich, et al. (1993) Europ. J. Neurosci. 5,
898-914. While the ventral boundary of the labeling showed individual
variance the dorsal boundary of the labeling varied with stimulus
parameters in a highly systematic way: It shifted ventrally with
increasing bandwidth (EXP3), with formant combination (EXP2), and
with decreasing spectral formant distance from l\l to lol (EXP1). These
results can be interpreted on the basis of standard models of lateral
interaction of cortical neurons. We therefore conclude that neuronal
interaction across the tonotopic gradient between spectral components
of vowels leads to an orderly representation of vowels in Al along the
dorsoventral isofrequency axis.

142.9
INTERMODAL SELECTIVE ATTENTION JII: EFFECTS IN AUDITORY
CORTICES. I. Ulbert. A.D. Mehta. D.C. JavitfG. Karmos and C.E. Schroeder.
Depts. Neurosa., NeuroL, Psych. Albert Einstein Coll. Med., Bronx, NY 10461, Inst,
for PsychoL, Hungarian Acad Sci., Budapest, Hungary.

We studied die neural mechanisms of attention in monkeys using an intennodal
paradigm. Monkeys were required to depress a switch and fixate within a central
window to initiate the task. During periods of correct fixation (monitored with an
infrared system), a stream of auditory stimuli (tones) occurred at a random ISI
(mean of 500ms). A stream of visual stimuli (colored flashes) was presented at the
same ISI in approximate counterphase. In each stream, an infrequent (oddball)
stimulus occurred randomly on 20% of the trials. In alternate trial blocks, lasting
about 5 min., the monkey was cued to respond to the oddball in one modality.
Laminar profiles of event-related potentials (Er P) current source density (CSD) and
multiunit activity (MUA) were sampled with linear array multielectrodes during
penetrations in Al, in auditory cortices anterior to Al and in die underlying superior
temporal polysensory area (STP). In A1, die main attention effect observed thus far
has been a frequency dependent suppression of activity. In auditory cortex anterior
to A1, we observed both suppression and enhancement (frequency dependent) due
to attention, as well as modulation by visual inputs. In both cases, auditory selective
attention effects occurred at die peak of the initial response (30 ms), and later, in die
50-100 ms range. In STP, we found modulation by both auditory and visual inputs.
Both suppression and enhancement due to auditory attention were observed. The
earliest auditory attention effects in STP were concurrent with the initial local
response. This peaked about 30 ms later than the initial response peak in Al, and
overlapped the later phase of attention effects in Al. Our findings indicate that: 1)
Auditory selective attention affects processing in a frequency selective manner, at
the initial cortical stage, 2) The attentional modulation that occurs later in higher
cortical area STP, due to temporal overlap, may interact with late attentional
modulation in Al. 3) Several regions of the superior temporal lobe may integrate the
functions of auditory and visual selective attention.
(Supported by MH47939, MHO6723 and by a J.S. McDonnell Foundation Grant)

142.11

ULTRASONIC VOCALIZATIONS ELICIT ORIENTING AND
ASSOCIATIVE REACTIONS IN PREWEANLING MICE. J.F.
Brennanl*, D. SANTUCCI2 and E. ALLEVA2. IDept
Psychology, Univ of Massachusetts/Boston, MA
02125, 2Lab Fisiopatologia di Organo e di
Sistema, Inst Superiore di Sanit, Rome, Italy.
90 male Swiss CD1 mice pups were tested for
orientation to 3 intensities of recorded
ultrasounds at 12 and at 13 days of age on a
50- x 12-cm wire grid inclined at 45o. Head
movements, motor responses, and pups'
vocalizations indicated reactions to replayed
ultrasound stimuli, and an intensity dependency
emerged. In a second experiment, a total of 40
mice pups were exposed to either contingent or
noncontingent pairings of taped ultrasonic
vocalizations and mild inescapable footshock
beginning at 12-, 14-, 16-, or 18-days of age.
Subjects were tested for passive avoidance
following exposure to the taped ultrasounds and
footshock upon entry to the dark side of a
black-white compartment. Evaluation of early
experience with ultrasound vocalization and
footshock was made between pre-exposure
contingencies as well as with results from 10
nonpre-exposed subjects. These data are
considered in light of theories of functional
cochlea development in young rodents.
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142.10
THE EFFECTS OF CHRONIC ETHANOL INGESTION ON MID-LATENCY
AUDITORY EVOKED POTENTIALS. E.A.Floyd*. A.K, Keaton. J.T. Clark,
and H.K. Rucker. Dept, of Physiology, Meharry Medical College, Nashville, TN
37209.
It has been suggested that as an indicator of cerebral impairment, evoked
potentials provide an even more sensitive measure than psychometric tests. Evoked
potential measures have fairly consistently been found to be altered in chronic
alcoholics, and have been correlated with performance deficits on
neuropsychological tests. It would follow, then, that evoked potential responses,
like neuropsychological performance, may provide additional information about
cerebral impairment, and may also serve as a predictor of resumption of drinking.
The purpose of this study was to determine the effects of chronic ethanol
ingestion on the Na and Pa components of mid-latency auditory evoked potentials
(MAEPs). Male Sprague-Dawley rats were administered 10% ethanol in drinking
water for ten months and MAEPs were obtained and compared to age-matched
controls provided tap water. Data were obtained for varying frequencies
(4,8,16,24,32 kHz) and intensities (65,75,85 dB SPL). Ethanol treatment was seen
to increase the Na and Pa latencies in nearly all cases. A significant decrease in the
amplitudes of Na and Pa was also observed. These findings suggest that chronic
alcohol consumption may bring about structural and/or cholinergic alterations in
substrates for cortical information processing. MAEPs may be useful for evaluating
the degree of pathology of cortical sensory deficits, and therefore complement the
information provided by brainstem auditory evoked potentials and long-latency
evoked potentials. Supported by NIH GMO8O37; NSF BN8617837 and HRD
9106096; ONR N00014-91-J-1372; and HL-O2482.
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EXPRESSION AND CELLULAR LOCALIZATION OF TWO FORMS OF
GUANYLYL CYCLASE IN THE RAT OLFACTORY BULB. P. A. Kingston.
C. T. Barnstable*. Iqbal Ahmad and Frank ZufalL Interdepartmental
Neuroscience Program, Section of Neurobiology, Yale University School of
Medicine, New Haven, CT 06511.
Activation of guanylyl cyclase by nitric oxide increases production of cyclic
GMP (cGMP), a second messenger with several potential effector molecules.
Several studies have implicated roles for cGMP in sensory transduction of
olfactory receptor neurons as well as in the regulation of higher-order
processing in the retina. We have started to examine the expression and
distribution patterns of different components of the cGMP second messenger
system in the rat olfactory bulb. Oligonucleotide primers specific for both
soluble and membrane-bound forms of guanylyl cyclase, various regions of a
photoreceptor cGMP-gated cation channel, and both isoforms of the Type I
cGMP-dependent protein kinase were used in a polymerase chain reaction
(PCR) to amplify reverse transcribed mRNA isolated from rat olfactory
bulb. The resulting PCR products were tested with gene-specific probes using
Southern blot procedures. Initial in situ hybridization experiments with
digoxigenin-labeled probes suggest that both forms of guanylyl cyclase are

EFFECTS OF PERIPHERAL DENERVATION ON THE EXPRESSION OF THE
AMPA-RECEPTOR SUBUNIT GLUR1 IN THE MOUSE OLFACTORY BULB.
M. Bonino 1. Klininma3, P. Parannelli2, M.SaSsoe-PogngttotQ. and A, FtFolol.
^Dept. of Animal Biology, and 2 Dept. of Human Anatomy and Physiology, Univ.
of Turin, 10126 Turin, Italy; 3 Dept, of Animal Physiology, Univ. of Nijmegen,
The Netherlands.
Recent immunocytochemical and electrophysiological data indicate that
glutamate is the neurotransmitter operating in olfactory receptor neurons (ORNs).
It is very likely that both NMDA- and non-NMDA receptors are present in the
olfactory bulb (OB) glomeruli, where the terminals of ORNs are located. We have
started to investigate whether peripheral deafferentation of the OB induces a transsynaptic modification of the expression of glutamate-receptor subunits in the
glomeruli. Here, we report the effects of the denervation on the expression of the
AMPA-receptor subunit GluRl.
Unilateral intranasal irrigation with ZnSO4 resulted in strong degeneration of
the tpstloteral nerve fibers, as determined by immunocytochemistry for the specific
ORN markers, OMP and camosine. As previously described, the lesion caused a
diminished immunocytochemical expression of the enzyme tyrosine hydroxylase in
periglomerular cells of the tpstlaterol OB. Conversely, the expression of GluRl
was unchanged. Immunoreactivity for this subunit was visible in the glomeruli of
both olfactory bulbs (normal and deprived), and appeared even stronger on the

expressed at higher concentrations in mitral and periglomerular cells of the
olfactory bulb. Further studies are underway to determine which bulb
neurons express the cGMP-gated channel and the cGMP-dependent protein
kinase and whether different cells utilize different effector pathways.
Given the proposed role of nitric oxide and the heterogeneous distribution
of guanylyl cyclases in the rat olfactory bulb, we suggest that an NO/cGMP
system similar to that present in the inner retina (Ahmad et al, Neuron 12:
155, 1994) may also modulate electrical signaling in the olfactory bulb.
Supported by grants from the NIH.

lesioned side, probably as a result of the shrinkage of the glomeruli. GluRlpositive fibers and somata were also present in the external plexiform layer and in
the mitral cell layer.
These results indicate that GluRl is not subject to significant trans-synaptic
regulation by the olfactory nerve. We are currently evaluating the effects of the
ZnSO4 lesion on the expression of other glutamate-receptor subunits, using both
immunocytochemistry and quantitative PCR.
(Study supported by Italian MURST and CNR, EEC).
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IDENTIFICATION OF
A
DISCRETE
SUBSET
OF
RAT
OLFACTORY GLOMERULI AND NEURONS. Ring. G.. Youneentob.
S.L. and Schwob. J.E.* Depts. of Anatomy and Cell Biology and of Physiology,
SUNY Health Science Center. 750 E. Adams St. Syracuse, NY 13210
The functional organization of the olfactory epithelium and its projection to
glomeruli in the olfactory bulb is not fully elucidated. The ability to identify a
discrete subset of olfactory neurons and glomeruli can be useful in understanding the
pattern of projections of olfactory neurons onto the olfactory bulb. We find that the
monoclonal antibody KH10 (Developmental Studies Hybridoma Bank) which
recognizes a lactoseries carbohydrate antigen (Dodd and Jessell, 1985, J. Neurosci.
5:3278) labels a subset of olfactory epithelial neurons, axons and identifiable
glomeruli in the rat olfactory bulb. We determined the staining pattern in both
normal rats and in rats exposed to 330 ppm methyl bromide (MeBr) for 6h that
survived for various times after exposure. MeBr exposure selectively destroys >90%
of the olfactory epithelium, leaving respiratory epithelium and the vomeronasal organ
intact.
In normal rats olfactory neurons whose cell bodies and dendrites are labeled by
KH10 are concentrated in die caudalmost extent of the dorsal recess and in the cul-desacs of ectoturbinates 1 and 2. In the main olfactory bulb KH10 intensely labels a
small population of glomeruli at the caudalmost extent of the bulb, which correspond
to the "necklace olfactory glomeruli" described by Shinoda, et al, (1989, J. Comp.
Neurol. 284:362). Also glomeruli in the dorsal and dorsomedial edge of the bulb are
variably labeled. KH10 also labels all of the neurons and axons of the vomeronasal
organ and the glomeruli of the entire accessory olfactory bulb. By 4 to 6 weeks
following exposure to MeBr neurons heavily labeled by KH10 can be identified in
their original locations in the olfactory epithelium. At this time and at times up to
21 weeks KH10 immunoreactivity in the "necklace" glomeruli and in the dorsal and
dorsomedial glomeruli was similar to normal. These results suggest that this
population of glomeruli are successfully reinnervated by regenerated olfactory
epithelial neurons. (Supported by DC00080,00220,00467)

DISTINCTIVE ELECTROPHYSIOLOGICAL CHARACTERISTICS OF MITRAUTUFTED
CELLS AND GRANULE CELLS IN ISOLATED PREPARATIONS OF THE SALAMANDER
OLFACTORY BULB. K.A. Hamilton* and R.E. Maloney. Dept. of Cellular Biology
and Anatomy. Louisiana State Univ. Medical Center. Shreveport. LA 71130-3932.
To identify electrophysiological characteristics for distinguishing salamander
mitral/tufted cells from granule cells in vitro, intracellular recording and staining
methods were used to study cells located near the junction of the mitral and
granule cell layers in isolated hemibrain preparations. Cells were penetrated
with fine-tipped microelectrodes containing 2% Neurobiotin (Vector Labs) in 2 M
K* methylsulphate. and responses were recorded to single and paired olfactory
nerve (ON) and tract (OT) stimuli that were sub- and suprathreshold for action
potential generation. The input resistance (R*) of the cells was also measured and
the cells were stained for anatomical identification.
The EPSPs, action potentials, and hyperpolarizations of mitral/tufted cell
responses to ON stimuli had slightly longer latencies than potentials of responses
previously recorded in vivo (K.A. Hamilton and J.S. Kauer. J. Neurophysiol.
15:1736. 1989). The amplitude and duration of the hyperpolarizations were also
shorter. Granule cells typically exhibited longer EPSP and action potential
latencies than mitral/tufted cells. and the granule cells also exhibited smaller.
briefer hyperpolariZations. Many of the granule cells responded to OT stimuli. but
only mitral/tufted cells were antidromically driven (i.e.. paired stimuli elicited two
somatic or axonal spikes). The mitral/tufted cells had smooth dendrites that
innervated glomeruli and axons that projected from the olfactory bulb. The granule
cells had spiny dendrites and many of the cells also had processes resembling
axons that did not appear to project from the bulb. Both mitral/tufted cells and cells
that were not positively identified resembled putative dopaminergic cells that have
previously been described (K.A. Hamilton and S.S. Foster. Neurosci. Abstr.
17:637. 1991).
Supported by The Whitehall Fdn. and LA Education Quality Support Fund.

143.5

143.6

INCREASED LEVELS OF LOW AFFINITY NGF RECEPTOR IN
THE OLFACTORY BULB GLOMERULI OF DEVELOPING
HYPOTHYROID RATS. T. J. Sendera*.and E. Meisami (Dept. of
Physiology & Biophysics, Univ. of Illinois, Urbana, IL 61801).
Thyroid deficiency was produced in the suckling rat pups by
administration of propylthiouracil in the litter’s drinking water (lg/L)
from birth, resulting in marked suppression of plasma thyroid
hormones, body and brain growth. The level of low affinity NGF
receptor (p75NGFR=NGF-R), in the olfactory bulbs (OB) of 25-day
normal and hypothyroid rats were determined immunocytochemically
by using a monoclonal antibody (192-IgG, Boehringer-Manheim) to
NGF-R . In the normal OB NGF-R expression was limited mainly
to the glomeruli. The intensity of expression among the glomeruli
varied from none to moderate, giving rise to a patchy appearance of
NGF-R distribution. In the hypothyroid OB, n GF-R expression was
widespread and markedly .elevated, i.e., essentially all glomeruli
showed moderate to high levels of NGF-R expression. The results
suggest regulation of NGF-R in the OB by plasma thyroid
hormones. The role of NGF itself here is unclear. If n Gf is
regulated by thyroid hormones, then the increased NGF-R may be a
compensatory response to reduced NGF levels. Alternatively, the
increased NGF-R may reflect changes in NGF levels subsequent to
alterations in olfactory receptor neurons. These neurons which
provide the sole afferent input into the OB glomeruli, express NGF
receptors and their number and development is markedly reduced in
growing hypothyroid rats (Patemostro & Meisami, Dev Brain Res
76:151-161, 1993).
Supported by NIH-SITG Funds and UIUC Research Funds.

THE DISTRIBUTION AND DEVELOPMENT OF GFAP STAINING IN
THE RAT OLFACTORY BULB. Kenneth Chiu and Charles A, Greer*.
Sections of Neurosurgery and Neurobiology, Yale University School of
Medicine, New Haven, CT 06510
Several lines of evidence suggest an important role for glia in establishing
boundaries during development of mammalian cortex (Steindler & Cooper,
1987) and insect olfactory lobe (Tolbert & Oland, 1990). In the adult rat
olfactory bulb (OB) distinct morphological categories of astrocytes (ASTRO)
with clear laminar specificity are easily recognized following staining with
GFAP (Bailey & Shipley, 1993). To explore the developmental segregation
of OB ASTRO and their possible role in establishing the laminar segregation
of OB neurons, we used immunocytochemical localization of GFAP in rats at
0,3, 6,9,12,15 and 21 days postnatal plus the adult. Sprague-Dawley rats
were conventionally prepared and processed for GFAP (1:2000) (Dako Inc.)
immunocytochemistry using Vector Labs ABC elite kits. In the adult we
confirmed the prior observations and identified 5 categories of ASTRO
morphology: linear, wedge, elongate, semicircular, and circular. Each
category has a unique sublaminar distribution across the 5 OB layers,
although categories can occur in more than 1 layer. Between 0 and 21 days
postnatal a 6th category was apparent, the radial glial process. The mature
ASTRO morphologies did not develop uniformly. Those found in the
outermost glomerular layer developed first with the appearance of the linear,
wedge and elongate astrocytes. Deeper layers of the OB followed in a
successive fashion until the adult pattern was evident around 15 days
postnatal. As radial glia were lost, the mature ASTRO morphologies assumed
their final position. The data suggest that the maturation of OB ASTRO may
be linked to the final migration and maturation of the neuronal populations
occupying the OB laminae.
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MAGNETIC RESONANCE IMAGING OF OLFACTORY BULB
AND CAVITIES IN THE RAT. S. Agahi. E, Meisami* and
P. Lauterbur (Dept. of Physiology and Biophysics & Biomedical
Magnetic Resonance Laboratory, Univ of Illinois, Urbana, IL 61801).
To develop a magnetic resonance imaging (MRI) atlas of
olfactory structures in experimental animals, rats varying in age from
10 to 60 days were anesthetized with a cocktail of ketamine, xylazine
and acepromazine and placed in a specially constructed plastic
cylindrical chamber wound with an Alderman-Grant rf coil 6.3 cm in
diameter. Using a 4.7 T/33 cm bore magnet and SISCO imaging
spectrometer, the nasal cavities and the olfactory bulbs were imaged
using moderately T2 weighed images. The imaging data sets were
processed and displayed using the NCSA supercomputers and Viewit
visualization software. The coronal MRI images were compared with
homologous histological coronal sections. The results indicated that
MRI is capable of revealing many fine structural details of the
olfactory cavities and olfactory bulb in small experimental animals. In
the olfactory cavities, the nasal septum, the left and right cavities and
many conchal convolutions were observed. In the olfactory bulb,
four zones corresponding to 1) olfactory nerve-glomerular layer, 2)
external plexiform layer, 3) internal granular layer and 4) ventricularependymal layers could be resolved. These images were less distinct
in the immature animals. Efforts are underway to utilize combined Ti
and T2 weighted images as well as visualization software to increase
the contrast of bulbar layers in the MRI image and to visualize the
retrobulbar structures of the accessory olfactory bulb and anterior
olfactory nucleus as distinct from the main olfactory bulb.
Supported by NSF DIR 89-20133COOP, NIH PHS 5 P4l RRO5964,
Servants United Foundation, UIUC Research Funds

RECIPROCAL SYNAPSES BETWEEN MISTRAL/TUFTED CELLS
AND GABAERGIC NEURONS CONTAINING A CALCIUM BINDING
PROTEIN PARVALBUMIN IN THE RAT OLFACTORY BULB;
ELECTRON MICROSCOPIC SERIAL SECTIONING/T H R E EDIMENSIONAL RECONSTRUCTION STUDIES.
K.Toida1, K.Kosaka'.
C .W.Heizmann2 and T.Kosaka*. 'Department of Anatomy and Neurobiology, School
of Medicine, Kyushu University, Fukuoka, 812, Japan, and department of Pediatrics,
Division of Clinical Chemistry, University of Zurich, Zurich, Switzerland
It has been believed so far that in the mammalian olfactory bulb, only granule cells
form reciprocal synapses with mitral'tufted cells in the external plexiform layer (EPL).
However, the present electron microscopic study demonstrated that another group of
immunocytochemically defined interneurons different from granule cells, namely
GABAergic neurons containing a calcium binding protein parvalbumin (PV), also made
reciprocal synapses with mitral/tufted cells in the EPL.
PV containing neuronal somata and their processes were almost confined in the
EPL . Ultrastructural characteristics of PV positive cell bodies resemble those of the
short axon cells around the glomeruli and in the granule cell layer reported in previous
electron microscopic studies. Our electron microscopic serial sectioning-reconstruction
studies revealed that PV positive processes received asymmetrical synapses from and
inversely made symmetrical synapses onto mitraftufted cell dendrites and somata;
about 50% of these asymmetrical and symmetrical synapses formed reciprocal pairs.
As our previous light microscopic analyses showed that PV positive neurons in the
EPL were heterogeneous in their structural features and appeared to be classified into
several groups, we selected some of PV positive neurons (Van Gehuchten cell type,
multipolar type). After light microscopic analyses, the structural and synaptic details
of these identified PV positive neurons were analyzed with the electron microscopic
serial sectioning-reconstruction. We confirmed that these identified PV positive neurons
in the EPL made synapses including reciprocal synapses with mitral/tufted cells.
(Supported by Grants-in-aid for General Scientific Research A:04404022&C:04807003
from the Ministry of Education, Science and Culture of Japan and the grant from the
Mitsubishi Foundation)

143.9

143.10

Postsynaptic Targets of Serotonergic Terminals in Rat Olfactory Glomeruli.
W, Liu* and M. T. Shipley. Dept, of Anat., Univ. of Maryland, Baltimore, MD. 21201
Serotonergic (5-HT) afferents in the main olfactory bulb (MOB) arise from the
dorsal and median raphe nuclei. We previously demonstrated at the LM level that
the serotonergic fibers are more densely distributed in the glomeruli than in the
infraglomerular layers of MOB. The most likely targets of 5-HT terminals in
glomeruli are either the dendrites of mitral/tufted, periglomerular cells (PGC), or
possibly the olfactory nerve terminals.
The present study used EMimmunocytochemistry (EM-ICC) to investigate the postsynaptic targets of the 5-HT
fibers in the olfactory glomeruli. Adult rats (250-350 g) were perfused with 4%
paraformaldehyde and 0.5% glutaraldehyde in 0.1 M PB. Vibratome sections (40
pm) were cut and processed for pre-embedding 5-HT EM-ICC and post-embedding

DOPAMINERGIC MODULATION AT THE OLFACTORY NERVE
SYNAPSE. D.A. Berkowicz.*# P.Q. Trombley and G.M. Shepherd. Section of

immunogold staining for GABA or TH to determine the postsynaptic cell types. 5HT immunoreactive terminals were easily recognized by the presence of DAB
reaction product. 5-HT terminals formed asymmetrical synapses with dendritic
profiles which had different sizes, shapes and cytoplasmic contents. Dendritic
profiles with a regular outline, clear cytoplasm and regularly arranged array of
microtubules were probably the mitral/tufted cell dendrites, while those with a
irregular outline and cytoplasm containing scattered agranular and a few granular
vesicles were probably the PGC dendrites. Double labehng for 5-HT and either
GABA or TH indicated that 5-HT terminals have synapses with GABA or TH dendrites
having irregular outlines. Of 40 synapses observed, none were between 5-HT
terminals and the primary olfactory axons in the olfactory glomeruli. The
functional significance of raphe nucleus 5-HT projections to the olfactory,
glomeruli is unknown. One potential role for 5-HT synapses in olfactory glomeruli
might be to mediate dishabituation to behaviorally salient olfactory stimuli.
Neurophysiological studies are needed to assess this potential function of 5-HT in
the MOB. Supported by: NIH NS 29218 & DC 00347.

Neurobiology and ^Interdepartmental Neuroscience Program! Yale University
School of Medicine, New Haven, CT 6510.
Dopamine can produce a variety of effects in central neurons, including changes in
membrane potential, regulation of cyclic nucleotides, and modulation of transmitter
release. In the olfactory bulb (OB), tyrosine hydroxylase, the synthetic enzyme for
dopamine, is largely confined to neurons in the glomerular layer. Nickel et al.
(1991) demonstrated the presence of D2 dopamine receptors in both the glomerular
and olfactory nerve layers and proposed that these receptors were located on
presynaptic butons of the olfactory nerve and thereby acted to reduce transmitter
release.
We previously provided evidence that olfactory receptor neurons use glutamate as
their transmitter to excite olfactory bulb neurons through activation of both NMDA
and non-NMDA receptors. We now propose that dopamine modulates
neurotransmission at the olfactory nerve synapse. This hypothesis was tested in a
hemisected turtle olfactory bulb preparation using patch-clamp recording techniques.
We found that the magnitude of the excitatory postsynaptic response to ON
stimulation was reversably decreased in the presence of 300 pM dopamine. This
reduction in synaptic transmission could be overcome by recruiting additional nerve
fibres with an increased intensity olfactory nerve shock. Dopamine appeared to
affect both the NMDA and the non-NMDA mediated components equally and in
cultured bulb neurons had no effect on membrane currents evoked by glutamate.
Our data therefore support the notion that dopamine modulates synaptic
transmission at the olfactory receptor neuron synapse through a presynaptic
mechanism.
HHMI fellowship (DAB) and research grants from NIDCD (GMS).
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EARLY ODOR PREFERENCE TRAINING INCREASES OLFACTORY
BULB NOREPINEPHRINE. Shawn Ranael. J.M. Leon* and Michael
Leon. Dept. Psychobiology, University of California, Irvine, CA
92717.
The neural and behavioral consequences of early olfactory
preference acquisition depend on the activation of beta noradrenergic
receptors during training. We used in vivo microdialysis to measure
extracellular norepinephrine (NE) levels in the olfactory bulbs of
PND 3 pups. The pups were stimulated for 10 min with either an
odor, tactile stimulation, or the combined stimulation, which results
in the acquisition of an olfactory preference. Samples were collected
every 20 min at 1pl/min, starting with the onset of stimulation and
continuing for 120 min. Levels of NE then were determined by HPLCEC. Odor presentation alone evoked no change in NE levels, while
tactile stimulation alone induced a small, delayed increase in NE.
However, the combination of odor and tactile stimulation induced a
prolonged increased in extracellular bulb NE levels, peaking at 300%
over baseline levels. Bulb NE levels were sensitive to changes in K+,
suggesting that the NE was of local neural origin. These data are
consistent with a critical role for this neurotransmitter in both
acquisition and consolidation of the learned response. Concurrent odor
and tactile stimulation evoked no change in NE by PND 10, a time after
the sensitive period for successful training with odor/tactile
pairings. Cessation of neurobehavioral plasticity therefore may
develop with the inability of the training stimuli to increase olfactory
bulb NE.
Funded by grand HD 24236 from NICHD.

BETA ADRENERGIC RECEPTOR DENSITY IN THE MAIN
OLFACTORY BULB IS ALTERED BY EARLY OLFACTORY
EXPERIENCE. C.C, Woo* and M. Leon. Dept, of Psychobiology,
University of California, Irvine, CA 92717.
Beta adrenergic receptors are present in the olfactory bulb of the
rat at birth and increase in density over development. Both B1 and B2
receptors display laminar distributions in the bulb, and high receptor
density foci develop within individual glomeruli by PND 12. In this
study, we have examined the effects of early olfactory deprivation and
early olfactory enrichment on the distribution and density of these
receptors. Animals were subjected to unilateral naris closure via
cauterization on postnatal day (PND) 1, or subjected to early odor
preference training on PND 1-18. Olfactory bulbs were removed on
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PND 19, and receptor binding was performed with [125l]iodopindolol.
ICI 118,551 (B2 antagonist) and ICI 89,406 (B1 antagonist) were
included in the receptor binding conditions to examine the
distributions of the two receptor subtypes, and autoradiographs were
analyzed quantitatively. Unilateral naris occlusion resulted in a
decreased number of B2 glomerular foci, as well as a decreased
density of B1 and B2 receptors in the deprived buib compared to the
control bulb. Early odor preference training also resulted in a
decreased number of B2 glomerular foci in the mid-lateral region of
the bulb, where these foci were reduced in size and density in trained
animals compared to controls. One common factor that may contribute
to the decrease in receptors is the transient increase in
norepinephrine that accompanies both manipulations.
Funded by Grant HD24236 from NICHD.
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EARLY OLFACTORY PREFERENCE TRAINING INCREASES THE
FOS-LIKE RESPONSE OF JUXTAGLOMERULAR CELLS IN THE
RAT OLFACTORY BULB. BA Johnson*. C.C. Woo and M. Leon, Dept.
of Psychobiology. University of California, Irvine. CA 92717.
Young rats learn to approach peppermint odor on postnatal day
(PND) 19 after the odor has been paired with tactile stimulation daily
from PND 1-18. We now report that this olfactory preference
training causes a significant increase in the density of glomerularlayer cells displaying Fos-like immunoreactivity in response to the
learned odor. The increased Fos-like response is nearly twice that
seen in controls and occurs in midlateral regions of the olfactory bulb
that align with foci of 2-deoxyglucose (2DG) uptake detected in
adjacent sections. No increase was observed in dorsolateral or
ventrolateral regions of the olfactory bulb displaying focal uptake of
2DG, despite the fact that the ventrolateral foci appeared to be
responsive to peppermint odor. Midlateral/ventrolateral ratios of
both the Fos-like response and levels of 2DG uptake were increased
significantly by the training, and the ratios of the Fos-like response
were correlated with relative 2DG uptake. The increase in the
midlateral/ ventrolateral ratio of the Fos-like response included both
darkly and lightly immunostained cells. These results. together with
previous results from this laboratory. indicate that early olfactory
preference learning may involve changes at the first stage of odor
processing within the central nervous system.
Funded by grants MH45353 from NIMH and HD24236 from NICHD.

INDUCTION OF APOPTOSIS IN THE DEVELOPING OLFACTORY
BULB OF THE RAT BY EARLY OLFACTORY DEPRIVATION.
J. Nqjbauer and M. Leon*. Dept. of Psychobiology. University of
California. Irvine. CA 92717
Apoptosis appears to be a key strategy by which certain populations
of cells become deleted from the developing nervous system. To test if
sensory deprivation induces apoptosis in the developing olfactory
bulb. the external nares of rat pups were unilaterally occluded on
postnatal day (PND) 2 by brief cauterization. Littermates with nonoccluded nares were used as controls. At PND 15. coronal. 20-p.m
sections from the olfactory bulbs were prepared and subjected to
TUNEL (terminal deoxynucleotidyl transferase-mediated dUTP-biotin
nick end labeling) assay. which allows selective labeling of apoptotic
cells. Naris closure induced apoptosis in the glomerular layer of the
main olfactory bulb (10.8±0.7 apoptotic cells/section on the occluded
side versus 7.1 ±0.6 cells/section on the non-occluded side; mean±SE;
unpaired t-test. p<0.0005. n=11 animals). in the mitral cell layer.
where granule cells appeared to be the affected population (7.O±O.6
vs 2.3±O.3. p<0.0001). and in the granule cell layer (27.5±1.4 vs
13.7±O.8. p<0.0001). The subependymal zone of the main bulb and
the granule cell layer of the accessory bulb were not affected. There
was no difference in apoptosis between the left and right bulbs in the
non-occluded group. nor was there a difference between the bulbs in
the non-occluded group and the bulbs of the occluded group
contralateral to the closure. These results indicate that there is a
basal level of apoptosis in the developing olfactory bulb which can be
modified by early experience.
Funded by grant MH4895O from NIMH.

143.15
EFFECTS OF 6-HYDROXYDOPAMINE (6-OHDA) LESION OF
OLFACTORY BULB ON THE ODOR CONDITIONING IN RATS.
T. HIMf, K. JIMMA, H. WAKIIAKA* and S. MUUOTA. Dept.

Physiol. Chpm., Grad. Sch., Tokyo Med. Dent. Univ., Tokyo, 113
JAPAN nnd *Dept AnnL, Nnt Def. Med. Col., Tokoroznwn, 359 JAPAN.

Several studies hnve shown thnt dopnmine nntagodists cnn impnir
the odor conditioning in systemic ndministrntiod (Weldon et nl, 1991).
In order to know the mechnnism of this nction, we tried specific lesion
of the dopnminergic neurons in the olfnctory bulb nnd investignted the
behnvioral chnnges.
Lesion by 6-hydroxydopnmine (6-OHDA; 18 p.g x 9 HreHs; n=lO)
reduced both tyrosine hydroxylnse immunorenctivity (43-70 %) in
perigromerulnr cells nnd dopnmine content (55-90 %) in the olfnctory
bulb, but did not chnnge either mnkers in the other nrens of the brain.
Locomotor nctivitips were not different between lesion (n=8) nnd control
(n=9) groups. The rats did not chnnged odor preference before nnd
nfter the lesion.
Odor conditioning wens performed in the cross-shnpe mnze, consisted
of n central nnd 4 chnmbers; rats cnn nvoid footshocks in one chnmber
filled with cue odor. Ann^ses of escnpe lntencies nnd numbers of
choice showed thnt rnts (n=8) with lesion were deficient in odor
conditioning. On the other hnnd, lesion did not impnir the lenming in
step-through test (n=9).
These results suggest thnt the dopamidprgic neurons in the olfnctory
bulb nre implicnted in the odor conditioning.
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EXPRESSION OF SPONTANEOUS SHARP WAVES IN THE OLFACTORY
FOREBRAIN FOLLOWING SELECTIVE LTP:
MODULATION BY
BEHAVIORAL STATE. M. P. Galupo* and J. S. Stripling. Department of
Psychology, University of Arkansas, Fayetteville, AR 72701.
Repeated high-frequency stimulation of association fibers in the piriform
cortex (PC) produces a long-term potentiation (LTP) that is selective to late
components of potentials evoked in the PC and olfactory bulb (OB).
Spontaneous sharp waves resembling the potentiated components of evoked
potentials are seen in the OB and PC following potentiating stimulation if the
potentiating stimulation activates both the lateral olfactory tract and the PC
association fiber system. We have proposed (Galupo & Stripling, Soc. Neurosci.
Abstr. 19: 126, 1993) that these sharp waves are produced by spontaneous
activity in PC association fibers that activates potentiated synapses in the OB and
PC. Buzsaki (Brain Res. 398: 242-252, 1986) has demonstrated that the
expression of sharp waves in the hippocampus is powerfully modulated by
behavioral state: sharp waves occur only during slow-wave sleep, awake
immobility, grooming and consummatory behaviors. The present research
documents a similar behavioral effect on sharp. wave activity in the OB and PC.
Sharp waves occur in the OB and PC only following the induction of selective
LTP. In awake animals sharp wave activity is seen only within the first five
minutes immediately following LTP stimulation; during this time, individual
sharp waves occur during awake immobility and grooming, but never during
rearing or locomotor activity. Although in awake animals sharp waves are
confined to the period immediately following high-frequency stimulation, they

EXPRESSION OF EVOKED POTENTIALS AND SELECTIVE LTP IN
THE OLFACTORY BULB AND PIRIFORM CORTEX: EFFECTS OF
SLOW-WAVE SLEEP. J. S. Stripling* and M. P. Galupo. Department of
Psychology, University of Arkansas, Fayetteville, AR 72701.
High-frequency stimulation of cortical association fibers in the piriform cortex
(PC) produces a selective long-term potentiation (LTP) of late components in
potentials evoked in the PC and olfactory bulb (OB). The accompanying
presentation (Galupo and Stripling, 1994) demonstrates that the behavioral state
of an animal modulates the expression of spontaneous sharp waves which
resemble the potentiated components in selective LTP. In the present study we
examine whether behavioral state plays a comparable role in the expression of
evoked potentials and selective LTP in the OB and PC. Selective LTP was
induced in male Long-Evans rats by daily treatments of high-frequency
stimulation (30 trains of 10 pulses at 100 Hz) of the PC association fiber system.
In potentiated animals the expression of selective LTP was significantly enhanced
during the presence of slow-wave sleep (SWS), but did not vary across waking
behaviors such as locomotor activity, grooming, and immobility. In order to
determine whether the effect of SWS was specific to the expression of selective
LTP or was part of a more general modulation of neural activity, the effect of
SWS on the expression of potentials evoked in naive animals was also examined.
In naive animals SWS produced an increase in the size of late components in
evoked potentials comparable to its effect in potentiated animals. Furthermore,
this effect was seen both in potentials evoked by stimulation of association fibers
(which undergo selective LTP) and in those evoked by stimulation of the LOT
(which are unaltered by selective LTP). These results demonstrate that SWS

reappear whenever slow-wave sleep is present in a potentiated animal. These
observations indicate that behavioral state powerfully modulates selected aspects
of neural activity .in pathways that access potentiated synapses in the OB and PC.
Supported by NSF grant BNS 85-19700 and the Marie Wilson Howells Fund.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

alters the expression of LTP in . the olfactory forebrain, and that this effect is part
of a non-specific alteration in the regulation of neural activity. Supported by

NSF grant BNS 85-19700 and the Marie Wilson Howells Fund.
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COHERENCE OF GAMMA OSCILLATIONS THROUGHOUT
OLFACTORY AND LIMBIC BRAIN STRUCTURES IN RATS.
L.M. Kay* and W.J. Freeman Graduate Group in Biophysics and
Department of Molecular and Cell Biology, Neurobiology Division,
University of California at Berkeley, Berkeley, CA 94720
Simultaneous local field potentials were recorded from the olfactory
bulb (OB), the pyriform cortex (PC), the entorhinal cortex (EC), and
the dentate gyrus of the hippocampus (DG) in rats (Sprague-Dawley).
In the awake, behaving animal we found significant pairwise coherence
in the gamma band (35-160 Hz) throughout these regions. The
coherences were not significantly different between OB and dorsal DG
and OB and ventral d G. Coherence also increased with the animal's
attentiveness and with training to an odor identification task.
Histograms of time series of short time correlations (100 ms) between
the OB and the other structures show a distinct departure from the
gaussian distribution centered at zero exhibited by random noise filtered
at the same pass band. Skewness of the histograms decreased with
distance from the OB. Correlations between the OB and DG showed
the most nearly gaussian distribution but with a displacement from zero
in the positive direction. These correlations often exceeded +/- 0.5,
whereas those from the filtered noise do not exceed +/- 0.5. Increases
in correlation occurred most often coincident with the OB bursts, which
ride on a low frequency wave associated with the respiratory cycle.
We have previously shown that during the burst period EEG from the
OB or PC shows a spatial pattern of activity consistent with the odor
being identified. These results suggest that all of these olfactory and
limbic structures are engaged in the process of olfactory perception.

DECREASE IN PHEROMONE STIMULATED FOS LABELING IN THE BED
NUCLEUS OF THE STRIA TERMINALIS (BNST) AND MEDIAL NUCLEUS
OF THE AMYGDALA (ME) AFTER ZINC SULFATE (ZNSO4) TREATMENT
IN MALE HAMSTERS. J.M. Fiber*. F. Rahaman and J. M. Swann. Institute of
Animal Behavior* and the Dept, of Biol. Sci., Rutgers Univ., Newark N.J. 07102.
Male Syrian hamsters rely heavily on chemosensory cues from female hamster
vaginal secretions (FHVS) for the initiation of copulatory behavior. The main and
accessory (vomeronasal) olfactory systems (MOS and AOS) process volatile and nonvolatile components of FHVS respectively. Removal of the vomeronasal organ alone
abolishes mating behavior in half the population, and obstruction of the MOS alone
has no effect on mating behavior. Destruction of both systems eliminates copulation.
Thus, both the MOS and AOS regulate behavioral responses to FHVS. We have
previously reported fos labeling in the BNST and Me after exposure to FHVS. These
regions are known to regulate mating behavior, and receive direct projections from
the accessory olfactory bulb and indirect projections from the main olfactory bulb.
In order to determine the contribution of the MOS in processing FHVS, we treated
6 males with ZnSO4 and left 4 males intact. ZnSO4 temporarily destroys the nasal
epithelium. Two days later, 3 of the ZnSO4-treated males and 2 of the intact males
were exposed to FHVS on a cotton swab. The remaining animals served as controls
and received no stimulus. After one hour, the animals were perfused, and their brains
removed and processed for fos immunocytochemistry.
Using fos as a marker of neuronal stimulation, we determined the incidence of fos
labeling induced by FHVS. Intact and ZnSO4-treated males exposed to FHVS showed
greater fos labeling in the BNST and Me than controls. In ZnSO4-treated males
exposed to FHVS, fos labeling in the BNST and Me was 67% and 80% lower
respectively than that of intact males exposed to FHVS. Our data indicate that
although the MOS alone does not regulate chemosensory stimulated behavior, the
MOS plays an important role in processing FHVS within brain regions that regulate
mating behavior. (Supported by NICHHD BPO R29 HD28467-02 and NIGMSMBRS-3 SO6 GM8223-06S2 to JMS and Sigma Xi to JMF).
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INPUT-OUITUT RELATIONS IN A REALISTIC MODEL OF A
LAYER II PIRIFORM PYRAMIDAL CELL. A. Protopapas* and J.M.
Bower. Div. of Biolog) 216-" 6, Caltech. Pasadena. CA 91125

USE OF A STOCHASTIC SEARCH ALGORITHM TO PARAMETRIZE A
MODEL OF A PIRIFORM CORTEX PYRAMIDAL CELL. M.C.Vanier*
and J.M. Bower. Div. of Biology 216-76, Caltech, Pasadena, CA 91125
We employed a combination cf intracellular electrophysiology and computer
modelmg methods using the neural network simulator GENESIS with the
goal of creating a simplified representation of a pyramidal neuron of the rat
piriform cortex suitable for inclusion in network models. The model has been
constructed to accurately replicate the spik • ing behaviors of real cells under
current-clamp at seven different current intensities. Data was obtained by
using standard sharp-electrode intracellular recording methods in a slice preparation of rat piriform cortex. For each cell, several different currents (>10)
were applied and the outputs were digitized and processed to extract the precise times of spikes relative to current onset. In addition, hyperpolarizing current pulses were also applied to the cells in order 10 estimate the passive
properties of the cells. A simpl fied 5-compartment model of a pyramidal neuron was generated and various ionic conductances known to exist in these
neurons in piriform cortex were added including a fast sodium current,
delayed-rectifier potassium cur-rent, M current, calcium-dependent potassium
current, and high voltage-activated calcium current. A simple model of calcium buffering was also included. Since many of the parameters of these conductances are currently unknown, suitable parameters were estimated using a
parameter-search method based on a stochastic search algorithm [Foster et.
al.. J. Neurophys. 70:6. p. 2502-2.518], The results show that the model is
capable of replicating the spiking behavior of the real cells over a wide range
of stimulus intensities and ove. • the length of the stimulus.
Supported by NSF grant DIR-‘H17153

We consu ucted a conpautmental model of a layer iI pyramidal cell from

piriform corn x based on the morphology of a stained cell from rat and using

only membrate and s/naptic currents known or suggested to exist in this cell

type. The molel repli;atis spike shapes, train snapes (in iespcnse to constant
cuirent injection), anc F/> curve; from experimental recordings in rat pinform

slices. In order to exp ' ere the behavior of the model in a more realistic context
we modeled an in vivo ce 1 by removing the leak: introduced by recording with
sharp electrodes and raising the, resting membrane po ertial to -6OmV. The

cell was stimulated by applying excitatory synaptic inpi • t to the layer la region
of the apical c .endnte it frequencies varying from 10- ICOHz. The cell’s subsequent spike rite was then averaged over 5.0 s and used to generate a curve

plotting the frequency' ol input versus the frequency or output. Interestingly,
these plots show little resemblance to the sigmoidally-shaped F/I curves generated in the slice using constant current injections. Plois were often multimodal and although there was some dependence on the strength of stimulation.
ceitain qualitative properties were retained over a wide stimulus range. Vary-

ing the strength of different membrane currents had a much more dramatic
effset
on EPS? input-output plots than on tne F/l curves.
Supportec by ONR-NOOO K-88-k-0513 and N1H-#.)T32-GM07737-15.
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PARTIAL VOMERONASAL ORGAN TRANSPLANTED IN THE RAT
BRAIN. E.E. Morrison* and P.P.C. Graziadei. Department of Anatomy and
Histology, College of Veterinary Medicine, Auburn University, AL 36849-5518
and Department of Biological Sciences, Florida State University, Tallahassee, FL
32306.

AN ARTIFICIAL CHEMOSENSORY DETECTION SYSTEM
BASED ON BIOLOGICAL PRINCIPLES OF ODOR CODING. L
White*. S. Fox, B. Laurijssens. B. Healey, G. Teehan. D. Walt. J.
Kauer. Section of Neuroscience, Tufts Medical School/NEMC, Boston;
Dept, of Chemistry, Tufts University, Medford, MA
Physiological experiments suggest that odor properties may be
encoded in a distributed fashion by the vertebrate olfactory pathway.
To represent formally the integrative properties of this distributed
system, we have developed a representational computer model of the

The rodent vomeronasal organ (VNO) is a discrete, sensory tubular structure
located in the nasal septum. The organ presents several essential characteristics
in common with the olfactory organ proper such as, the ability of its neurons to
turnover and regrow axons intracramidly when experimentally severed. Our
laboratory has been interested in the developmental potential of the VNO when
removed and intracerebral transplanted. Recently, we reported (Soc. Neurosd.
Abs. 19:55.6) the survival and development of complete VNO transplants in rat
brain. The present study investigates the developmental potential of partial VNO
transplants in rat brain. Rat neonate (P3-8) VNO was removed, cut into equal
segments, intracerebral transplanted into same age littermates and examined 2090 days post transplantation with light microscopy. Partial VNO transplants
displayed vigorous neuron development and axon growth. A neuroepithelium
lined the .VNO from which axon fascicles grew, some >550 ^m, into different
brain regions. Transplant cells migrated from the neuroepithelium into host brain
tissue. Axons entered the host and formed, with other transplant bundles, a mass
of sensory axons that also contained host fibers. Distinct glomeruli were not
observed at the LM level. Our results indicate that partial VNO transplants have
the capacity to survive, maintain the ability to develop new neurons and grow
axons into the host central nervous system. Ultrastructure examination will
determine the extent of interaction between host and transplant fibers.
Supported by NIH grant DC01532 (EEM) and NS2O699 (PPCG).
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olfactory epithelium and bulb (OB). This model accurately computes
several of the neuronal responses seen in the real system after simulated
odorant stimulation (White et al., J. Neurosci., 1992). A next step in
evaluating this model is to examine how it computes with objective
input information arising from arrays of chemical sensors serving in
place of simulated olfactory receptor neurons (ORNs). We have chosen
sensors that respond dynamically and differentially to multiple odorants
in analogy with the broad band responsivity of real vertebrate ORNs.
Each sensor is a thin film composed of a different polymer/fluorescent
dye mixture (Barnard and Walt, Nature, 1991). The sensors respond
with both increases and decreases in fluorescence over time courses of
seconds (similar to the real system) and the computer model serves as a
biologically-derived network for discriminating among the input patterns. We have tested about 30 different polymer/dye combinations and
have constructed arrays consisting of up to nine different films. The
fluorescence changes from these have been fed into the model which
generates distributed OB-like outputs that differentiate among the qualities and concentrations of a number of hydrocarbon compounds.
Supported by grants from the NIH (JSK) and ONR (JSK, DW).
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A
BEHAVIORAL
METHOD
FOR
MEASURING
OLFACTORY
DISCRIMINATION IN THE TIGER SALAMANDER. K.M. Domes*. J. White
and J.S. Kauer. Neuroscience Program, Tufts/NEMC, Boston, MA 02111.
Over the past two decades, the tiger salamander (Ambystoma tigrinum) has become
one of the major animal models for the study of olfactory information processing,
with a growing body of anatomical, molecular biological and physiological data
available for this single species. However, there is little information on behavioral
responses in the tiger salamander to commonly-used odorant stimuli. To understand
fully which aspects of olfactory epithelial or bulb activity are relevant to encoding
odor information, it will be crucial to determine which experimental stimuli the
animal can detect and discriminate, and what concentrations of those odorants are
behaviorally relevant. We have designed a method for measuring behavioral
responses to olfactory stimuli to examine odor discrimination and thresholds in the
salamander. Using classical conditioning, we have trained skin potential changes in
response to odor stimulation by pairing the shock temporally with the termination of
a 3 sec odor presentation. After training, salamanders respond to odor stimulation
with a transient 50 - 500 mV change in skin potential. We have tested animals with
several chemical stimuli used in physiological experiments. Preliminary results
indicate that salamanders (n=5 for all odorants) can discriminate amyl acetate, butyl
actate and butyl alcohol (4 x 10'2 vapor saturation) from air. Interestingly,
salamanders did not discriminate camphor (10'1 vapor saturation) from air, though
camphor at the same or lower concentrations has been shown by extracellular and
voltage-sensitive dye recording to elicit olfactory bulb activity in the same species.
Animals trained to one concentration of an odor respond to lower concentrations
with a smaller mean amplitude skin potential change. We can thus measure
thresholds using the same method by training with one concentration and then
testing with a concentration series. Our method is particularly valuable because
training and testing with an odorant can be done quickly (2 - 3 hr) and, since no
physical movement is required for the response, it may be used together with
physiological methods.
Supported by grants from the NIH and ONR.

THE APPLICATION OF THE UNIVERSITY OF PENNSYLVANIA
SMELL IDENTIFICATION TEST(UPSIT) TO JAPANESE ELDERLY
SUBJECTS. H. Kaneda*. K. Koide, M. Uemoto and W. Seki. Dept, of
Psychiatry, Kobe Univ. Sch. of Med., Kobe 650, Japan.
In postmortem brains with Alzhimer's disease, it is often reported that
early pathological changes occur in the temporal cortex and limbic areas,
and later changes become severer than other regions. Biochemical
changes, such as reductions of somatostatin and corticotropin releasing
factor contents, are found in similar areas. These areas are related to
olfactory functions, too. Therefore, some reseachers hypothesize that the
olfactory disturbance may precede the memory disturbance in Alzheimer's
disease. Now, the UPSIT is one of the popular olfactory tests on clinical
situation. But in Japan, the UPSIT is not common yet. In this preliminary
study about the olfaction with Alzheimer's disease, we investigated whether
the test, which is translated from English, can be applied to native Japanese
elderly people.
As healthy subjects, 42 native elderly Japanese were performed the 12
items UPS IT. The average age of the 14 male and 28 female was 66.4

years (SD=12.0) and 65.0 years (SD=12.0), respectively. The ranges of
age are 50-85 and 50-92 years. 12 items were translated to Japanese in
advance, then we examined the UPSIT individually. Statistical analysis was
performed by ANOVA.
As a result, the UPSIT score decreased gradually in every 10 years more
than 50 years in both males and females. Significant decreases were found
between fifties and eighties in male (Mean±SD were 9.4±O.9 and 6.5±O.7,
p<0.01), fifties and sixties in female (9.7±l.4 and 7.9±l.8, p<0.05),
respectively.
Our results were similar to previous reports of the UPSIT with healthy
subjects. Therefore, this preliminary study suggests that we could apply
the translated UPSIT to Japanese over a culture. Furthermore, we will
examine controls and demented subjects.

BASAL GANGLIA AND THALAMUS II
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145.2

REGIONAL VARIATIONS
IN
PREPROENKEPHALIN AND
PREPROTACHYKININ EXPRESSION IN THE STRIATUM OF
PARKINSONIAN MONKEYS. M.-C. Asselin*. J.-J. Soehomonian and
A. Parent. Centre de recherche en Neurobiologie, Fac. of Med., Univ. Laval,
Quebec (Qc.), Canada, G1K 7P4.
Levels of preproenkephalin (PPE) and preprotachykinin (PPT) mRNAs were
measured in different sectors of the caudate nucleus and putamen in normal
squirrel monkeys (Saimiri sciureus) and in monkeys rendered parkinsonian (PD)
following systemic injections of the neurotoxin 1-i^(^tt^;^l--^-j^l^(^r^;/lll,2,3,6tetrahydropyridine (MPTP). Series of brains sections comprising the whole
striatum were processed for in situ hybridization histochemistry with 35S
radiolabeled oligonucleotide probes specific for human PPE and PPT cDNAs.
Densitometric measurements of autoradiographic labeling on X-ray films were
performed by computerized image analysis. In PD monkeys there was a marked
and uniform loss of dopaminergic innervation in most of the striatum, as shown on
adjacent sections immunostained for tyrosine hydroxylase (TH) or incubated with
3H mazindol for the demonstration of dopamine re-uptake sites. However, some
TH immunostaining was still present in the ventral striatum. Compared to normal
monkeys, a significant increase in PPE mRNA levels was noted in the dorsolateral
part of the putamen, a region related to the sensorimotor striatal territory. The
augmentation was particularly pronounced at caudal levels where the ventral sector
of the structure also displayed an obvious increase. As opposed to PPE, the
expression of PPT was decreased in the striatum of PD monkeys compared to that
of normal animals. Our preliminary results indicate a regional variation in the
decreased expression of PPT which was more significant in the ventral part of the
caudal putamen than elsewhere in the striatum. In contrast to previous findings
obtained in 6-OHDA-treated rats, where dopamine denervation induces an overall
effect on the expression of PPE and PPT in the striatum, our findings in primates
reveal a regionalization of the mRNA levels of these two peptides after MPTP.
The most pronounced effect is observed in the striatal territory involved in the
processing of sensorimotor cortical information and actively participate in the
control of motor behavior. [Supported by the FRSQ, Parkinson Foundation and the
MRC of Canada].

IDENTIFICATION OF A NEURONAL SUBPOPULATION DISPLAYING
CALRETININ-IMMUNOREACTIVITY IN .THE PRIMATE GLOBUS
PALLIDUS. M. Fortin* and A. Parent. Lab. of Neurobiology, Enfant-Jesus
Hospital, Quebec, Canada, G1J 1Z4.
It is currently believed that all neurons in both external (GPe) and internal (GPi)
segments of the globus pallidus (GP) share the same morphological and chemical
phenotype in primates. GP neurons are described as having a discoidal dendritic
field oriented parallel to the medullary laminae. Furthermore, our previous studies
showed that all GP neurons are GABAergic and contain the calcium binding protein
parvalbumin. In the present study, immunostaining with antibodies against
calretinin (CR) was found to label only a subpopulation of GP neurons in the
squirrel monkey. This chemospecific subpopulation comprises large bipolar, large
multipolar, and small neurons. CR neurons represent only a small proportion of the
pallidal neuronal population and they are distributed according to a rostrocaudal
decreasing gradient. The large (bipolar and multipolar) neurons outnumber the
small neurons throughout GP. In the rostral third of GP, CR cells abound medially
and ventrally in the GPe; the three types of CR cells are mixed without any
preferential location. In the middle third of GP, the largest number of CR cells
occur in the GPe, particularly along the internal medullary lamina, which contains
CR-positive fibers. CR cells and fibers are also present in the mediodorsal sector of
the GPe. The GPe contains CR cells with dendrites oriented dorsoventrally (bipolar
neurons) as well as cells with dendrites radiating in all directions (multipolar
neurons). In GPi, CR cells are much less numerous than in the GPe and most of
them are small neurons lying near the accessory medullary lamina, which contains
CR-positive fibers. In the caudal third of GP, Cr cells are distributed according to
the same pattern as in the middle third, except that the number of neurons is much
smaller. These results reveal that calretinin marks a specific subpopulation of
pallidal neurons whose discoidal dendritic domain is oriented in all planes. Thus, in
contrast to previous beliefs, pallidal neurons in primates appear to be chemically
and morphologically heterogeneous. [Supported by the MRC of Canada].
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CORTICOSTRIATAL PROJECTIONS IN THE RAT: A SINGLE AXON
LABELING STUDY. A. Charara*. M. L6vesque and A. Parent. Centre de
recherche en Neurobiologie, Hopital de H&nfant-Jgsus, Quebec, Canada, G1J 1Z4.
Cortical neurons belonging to different layers and areas are known to project to
distinct striatal territories and compartments in the rat. However, the pattern of
axonal arborization in the striatum of single cortical neuron in relation to striatal
heterogeneities is poorly known. Thus, we undertook a study using a new
technique for extracellular labeling of very few (1 to 10) neurons (Deschenes and
Pinault, 1993) to analyze the arborization of corticostriatal axons. Fine glass
micropipettes were filled with 2% biocytin and positioned into distinct laminae of
the motor cortex in rats. Following electropbysiological identification, the tracer
was delivered iontophoretically. After perfusion, the tissue was processed for
histochemical detection of biocytin and immunohistochemical staining for
calbindin D-28k that served to delineate striatal compartments. Bilateral injections
into layer V or layer VI resulted in Golgi-like labeling of typical medium to large
pyramidal neurons. Detailed reconstruction analyses revealed that axons of these
neurons coursed directly through the internal capsule or the corpus callosum and
arborized within the striatum. A large number of axons of layer V neurons
descended along the internal capsule en route to brainstem regions and gave rise to
fine collaterals that arborized in the striatum. These axons were sparsely branched,
had few terminal branches, and displayed numerous varicosities irregularly
distributed along their length. Collaterals of single axons extended throughout the
rostrocaudal extent of the striatum and appeared to innervate either the patch or the
matrix. Some corticofugal axons were seen to distribute collaterals to the thalamus
(including the parafascicular nucleus), subthalamic region, and substantia nigra.
This raises the possibility that single corticofugal axons may influence several
basal ganglia components besides the striatum.
These findings indicate that corticostriatal projections from the motor cortex in the
rat arborize in rostrocaudal slabs within the striatum. This organization allows
single cortical neurons to influence a multitude of rostrocaudally aligned striatal
neurons. (Supported by grants from the FCAR, FRSQ and MRC)

A REAPPRAISAL OF THE ROLE OF THE EXTERNAL
PALLIDUM IN THE FUNCTIONAL ORGANIZATION OF
THE PRIMATE BASAL GANGLIA.
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L.-N. Hazrati and A.Parent* Lab. of Neurobio, Qud, Can. G1J 1Z4.
In a classical point of view, the external pallidum (GPe) is closely
associated both anatomically and functionally with the subthalamic
nucleus (STH). However, our previous anatomical studies have
revealed that besides the STH, the primate GPe projects to most of the
basal ganglia (BG) and related nuclei, including the striatum (STR),
the internal pallidum (GPi), the pars reticulata of the substantia nigra
(SNr), the reticular thalamic nucleus (NRT) and the pedunculopontme
nucleus (PPN). In the present study, we tried* to evaluate the
anatomical importance and delineate the pattern of arborization of each
of these newly recognized pallidal projections at single cell level.
Biocytin injections ofsmall neuronal populations (10-15 cells) in small
sectors of the GPe in squirrel monkeys nave allowed us to appreciate
the form of arborization of single pallidal fibers within their different
target sites. Our results indicate that pallidal fibers arborize according
to two different patterns: (1) dense pericellular, basket-like networks
composed of large axonal varicosities that closely surround the soma
and proximal dendrites of target cells and (2) long, poorly varicose
fibers that emit numerous short collaterals. Interestingly, the first
pattern of termination is found in "output structures" such as GPi,
SNr and NRT, whereas the second type . is predominantly found in
"intrinsic BG structures" such as the STR and STH. Therefore, GPe
exerts its inhibitory effect in a massive but rather specific, almost cell
to cell, manner on output cells, while it acts in a more diffuse but
discrete fashion on "intrinsic targets". These results indicate that the
GPe has a much more widespread and varied influence on the
functions of the BG than what is currently believed. Moreover, since
the newly recognized GPe efferents are rather massive and strategically
positioned, their integration into the BG circuitry could markedly alter
the currently accepted views of the functional organization of this set of
subcortical structures.
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PROJECTION PATHWAYS OF THE VENTROLATERAL STRIATUM.
P. R. Dickson*-!. A. Y. Peutch2. A. E. Kelley^. 1. Dept Psychology, Dartmouth
College, Hanover, N.H, 03755; 2. Dept Psychiatry, Yale Univ Sch Med, New
Haven, CT, 06516; 3. Dept Psychiatry, Univ of Wisconsin Med Sch, Madison, WI,
53706.
We have previously shown that the ventrolateral striatum (VLS) specifically
mediates drug-induced orofacial stereotypies in the rat. In order to determine the
sites to which the VLS projects, iontophoretic deposits of PHA-L were made. The
injection sites were confined to the extreme VLS, immediately dorsal to the
temporal limb of the anterior commissure where it abuts the callosum at the lateral
border of the striatum. PHA-L labeled fibers were present in the ventral aspects of
the caudomedial globus pallidus, and extended into the adjacent sublenticular
substantia innominata. PHA-L-labeled fibers traveled in the ventral part of the
internal capsule as they coursed to midbrain targets. Labeled terminals were
observed throughout the entire rostrocaudal extent of the lateral substantia nigra
(SN). In the SN, labeled fibers formed pericellular and peridendritic arrays; fibers
were present in the pars compacta and pars reticulata. Labeled fibers coursed
medially from the lateral SN toward the ventral tegemental area (VTA) but did not
enter the VTA proper. Instead, they turned dorsomedially to cross the medial
lemniscus and project to a site dorsolateral to the nuc. parabrachialis and dorsomedial
to the red nucleus, in the vicinity of the oculomotor complex. In this region a
terminal-like plexus of PHA-L fibers was observed. In addition, fibers were seen in
the superior cerebellar peduncle at this level. PHA-L labeled axons were present in
the retrombral field (RRf ), where they formed a continuum with the fibers
innervating the SN. Labeled fibers were seen at all levels of the RRF, continuing
to the level of the pedunculopontine tegmental nucleus. Results suggest that VLS
cells specifically project to sites involved in reward, oculomotor function, and motor
production areas, and suggest specific sites which may be involved in expression of
orofacial behaviors.

CHOLINERGIC PROJECTION FROM THE PEDUNCULOPONTINE
TEGMENTAL NUCLEUS (PPN) TO THE SUBSTANTIA NIGRA
PARS COMPACTA IN THE RAT. S.T. Kitai*. K. Takakusaki. T. Yamamoto
and Y. Kuga. Department of Anatomy and Neurobiology, University of Tennessee,
College of Medicine, Memphis, TN 38163.
We have demonstrated the excitatory nature of PPN inputs to the substantia nigra
(SN) mediated by cholinergic and glutamatergic neurotransmitters (Futami and Kitai,
1993, Neurosci. Abstract). The present study was to demonstrate direct PPN
cholinergic neurons innervating SN neurons using an intracellular labelling technique
combined with cholineacetyl transferase (ChAT) immunohistochemistry in rat slice
preparation.
Glass micropipettes filled with 0.5 M KC1 and 1% biocytin (pH=7.6, impedance
1(03-150 MO) were used for recording from parasagittal brainstem slices (500 pm
thick) containing both PPN and SN. A glass coated carbon fiber electrode with a tip
diameter of 6 pm and an impedance of 500 KO was placed on the caudal part of the SN
for antidromic activation of PPN neurons. The recorded neurons, having antidromic
action potentials with an amplitude of more than 70 mV, were iontophoretically
injected with biocytin. Biocytin-filled neurons were identified by Avidin-Texas Red
histochemistry and were further processed for ChAT immunohistochemistry. ChAT
immuno-positive as well as negative biocytin-filled neurons were stained with DAB-Ni
using the ABC method for morphological analysis.
Of 41 PPN neurons filled with biocytin, only 10 were immunopositive for ChAT.
Axons of both ChAT-positive and negative PPN neurons were followed into the SN
pars compacta and the terminal boutons were closely apposed to the compacta neurons.
These results demonstrate that both cholinergic and non-cholinergic PPN neurons
terminate in the SN pars compacta.
Supported by NIH Javits Award NS 20702 and the Human Frontier Science Program.
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DIFFERENTIAL SYNAPTIC INNERVATION OF NEURONES IN THE
EXTERNAL AND THE INTERNAL PALLIDUM IN MONKEY. E. Shink* and
Y. Smith. Centre de Recherche en Neurobiologie, Hop. de lEnfant-J6sus and Univ.
Laval, Quebec, Canada.
The present study aimed at comparing the pattern of synaptic innervation of
neurones in the external (GPe) and internal (GPi) pallidum by the GABA- and

A LIGHT AND ELECTRON MICROSCOPIC ANALYSIS OF THE
INTERCONNECTIONS BETWEEN THE TWO PALLIDAL SEGMENTS AND
THE SUBTHALAMIC NUCLEUS IN THE SQUIRREL MONKEY. Y. Smith*.
M. Sidite and E. Shink. Centre de Recherche en Neurobiologie, Fac. de M6decine,
Hop. de l'Enfant-J6sus and Univ. Laval, Quebec, Canada.
It is well established that the external pallidum (GPe) and the subthalamic
nucleus (STN) are two major sources of afferents to the internal pallidum (GPi) in
primates. However, the fine connectivity between the STN and the two segments
of the globus pallidus still remains to be elucidated. In order to further our
knowledge on this issue, the present study aimed at investigating the
interconnections between GPe and STN neurones that innervate a common
territory in GPi. To do so, we used biotin-dextran (bio-dex); an axonal tracer
transported in both retrograde and anterograde direction. Following injection of
bio-dex in different regions of GPi, clusters of retrogradely labelled cells closely
intermingled with labelled terminals and unlabelled perikaria occurred within
restricted territories of GPe and STN. Electron microscopic analysis revealed that
the pre-synaptic terminals labelled with bio-dex in GPe were medium-sized (1.02.0 pm), formed asymmetric synapses and displayed glutamate immunoreactivity,
whereas those in the STN were large-sized (2.0-4.0 pm), formed symmetric
synapses and displayed GABA immunoreactivity. On die basis of our previous
ultrastructural study (Smith et al., 1994, J.Comp. Neurol. 343: 297-318), we
suggest that the bio-dex-containing terminals in STN arise from the retrogradely
labelled GPe cells whereas those in GPe arise from STN cells. The major findings
of die present study are as follows: (1) the GPe-GPi projection is organized in a
strict point-to-point manner according to a rostrocaudal, dorsoventral and
mediolateral topography, (2) the GPe-GPi projection is formed by collaterals of
the pallidosubthalamic pathway, (3) single STN cells innervate territories in both
pallidal segments that are connected by the GPe-GPi projection, and (4) neurones
in GPe and STN that innervate a common region in GPi are reciprocally linked
according to a strict topographical organization.
In conclusion, our findings demonstrate that functionally related groups of
neurones in GPe, GPi and STN are closely interconnected in primates. (Supported
by MRC and FRSQ)

glutamate-containing terminals in squirrel monkey. To do so, we used the postembedding immunogold method for GABA and glutamate. Four major populations
of terminals, that accounted for more than 99% of the total population of presynaptic boutons, were encountered in GPe and GPi. Our findings combined to
those obtained in previous tract-tracing studies reveal that the synaptic innervation
of perikaria in GPe is strikingly different from that in GPi. Although the GABApositive type I boutons (from the striatum) represent 85% of the terminals in
contact with somata in GPe, only 32% of the axo-somatic synapses involve this
type of terminals in GPi. On the other hand, the GABA-containing type II
terminals (from GPe) account for 48% of the boutons in contact with perikaria in
GPi but only 10% in GPe. In both pallidal segments, less than 10% of the axosomatic synapses involve the glutamate-immunoreactive type III terminals (from
the subthalamic nucleus). Finally, the type Ha terminals that display both GABA
and glutamate immunoreactivity (unknown source) account for 12% of the terminals
in contact with perikaria in GPi but only 4% in GPe. In contrast to the perikaria,
the innervation of dendritic shafts is relatively similar in both GPe and GPi; more
than 80% of the axo-dendritic synapses involve the type I terminals, 10-15%
involve the type III terminals, less than 5% are formed by the type II boutons, and
less than 1% involve the type Ila terminals.
In conclusion, our findings demonstrate a differential synaptic innervation
of perikaria in GPe and GPi in squirrel monkey. These data suggest that the two
pallidal segments are separate functional entities of which the neuronal activity is
largely controlled by different extrinsic inputs.
(Supported by MRC and
FRSQ)
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ORGANIZATION OF THE EXTERNAL PALLIDAL PROJECTION UPON THE THALAMIC
RETICULAR NUCLEUS IN SQUIRREL MONKEYS. C. Asanuma*. Laboratory of
Neurophysiology, NIMH, NIH Animal Center, Poolesville, MD 20837.
The external pallidum (GPe) extends a GABAergic projection upon the somata and
dendrites of thalamic reticular nucleus (TRN) neurons. Although the GPe projection
innervates the entire anteroposterior extent of the TRN, the detailed distribution of
axons arising in small sectors of the GPe and their relation to axons arising in other
sectors of the GPe have been unclear. In the present study, focal injections of the
anterogradely transported tracer, PHA-L, and/or the bidirectionally transported tracers,
biotinylated dextran and Fluoro ruby, were made into various sites within the GPe in a
series of squirrel monkeys. Horizontal sections through the thalami and basal ganglia
were independently processed for the three tracers, and the distributions of anterogradely
labeled axons and of retrogradely labeled neurons, systematically charted and compared.
Additional material obtained from other squirrel monkeys with WGA-HRP injected
into the GPe was also available for comparisons.
Injections of the tracers into the rostral sector of the GPe result in anterograde
labeling in the rostral TRN and in retrograde labeling of neurons in the head of the
caudate nucleus and/or in the putamen. Injections of biotinylated dextran into the
caudolaieral comer of the GPe result in anterograde labeling largely concentrated in the
caudalmost sector of the TRN, in the region adjoining the l Gn , and retrograde

GLUTAMATE-CONTAINING AND CHOLINERGIC AFFERENTS FROM THE
MESOPONTINE TEGMENTUM TO THE SUBTHALAMIC NUCLEUS IN THE
RAT. I . P. Bnlam and M . D. Bevan (SPON: Brain Research Association). MRC
Anatomical Neurophannacology Unit, Dept Pharmacology, Oxford, OX1 3TH, U.K.
Both the cholinergic neurons of the pedunculopontine nucleus (PPN) and the noncholinergic neurons of the more medially located midbrain extrapyramidal area (MEA)
have been proposed to be the source of the mesopontine tegmental projection to the
basal ganglia, including the subthalamic nucleus (STN). The aim of this study was to
re-examine the origin and determine the neurochemical nature and post-synaptic targets
of the mesopontine tegmental projection to the SIN.
Injections of PHA-L (n = 9) or BDA (n = 7) were placed in the mesopontine
tegmental region. The injection sites were counterstained with NADPH-diaphorase (a
marker of cholinergic neurons in this region) and anterograde labelling in the STN
was mapped. Injections in MEA, cholinergic PPN neurons or cholinergic neurons of
the laterodorsal tegmental nucleus (LDTg) led to dense anterograde labelling in the
STN. Electron microscopic analysis revealed that the labelled terminals were small to
medium size (0.329 ± O.O19gm2, n = 72) and made asymmetrical synaptic contacts
with dendrites which were small to medium size (0.527 ± O.Dpm2, n = 72). Post-

labeling of neurons confined to the segment of the caudate nucleus nearest the occipital
lobe. However, these caudolateral GPe injections give rise as well to a few clusters of
anterogradely labeled axons within the rostral pole of the TRN (the TRN zone which
projects upon the intralaminar nuclei).
These findings suggest that while overall a crude topography exists in the GPe
projection upon the TRN, the organization of this projection is not simply point to
point and there may be some convergence of GPe input on certain regions of the TRN.
Since the discharge of GPe neurons exhibits vigorous fluctuations in conjunction with
the execution of behavioral tasks, this systematically organized pathway, indirectly
influencing thalamocortical output via the TRN, may play an important role in
modulating signal flow through relevant thalamic nuclei during behavioral processes.
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embedding immunostaining for glutamate and GABA demonstrated that at least some
of the anterogradely labelled terminals were enriched in glutamate compared to
identified GABA terminals. Immunostaining for choline acetyltransferase (ChAT)
demonstrated a dense innervation of the STN. Electron microscopic analysis of ChAT
labelled terminals revealed that their morphology, size (0.281 ± 0.023 pm2, n=85)
and post-synaptic targets (0.396 ± 0.037 pm2, n=85) were not significantly different
from the anterogradely labelled terminals.
These results confirm that the STN receives a major input from the mesopontine
tegmentum and demonstrates that at least part of this is enriched in glutamate.
Furthermore we demonstrate that the cholinergic neurons of the PPN and the LDTg
may be a source of the cholinergic terminals in the STN. (Supported by the MRC and
Wellcome Trust)
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SUBTHALAMIC NEURONS THAT PROJECT TO THE SUBSTANTIA NIGRA
PARS RETICULATA RECEIVE SYNAPTIC INPUT FROM THE CORTEX
AND THE GLOBUS PALLIDUS. M. D. Bevan* and J. P. Bolam. MRC
Anatomical Neurophannacology Unit, Dept Pharmacology, Oxford, 0X1 3TH, U.K.
Stimulation of the cortex leads to both inhibition and excitation of neurons in the
substantia nigra pars reticulata (SNr) (Fujimoto and Kita, 1992). The inhibition of
these neurons is mediated by the so-called direct pathway (i.e. cortex to striatum to
SNr) and leads to the disinhibition of basal ganglia targets that is associated with
some types of movement. Excitation of SNr neurons is mediated by several 'indirect
pathways'. Two of these indirect pathways are cortex to subthalamic nucleus to SNr
(Fujimoto and Kita, 1992) and cortex to striatum to globus pallidus to subthalamic
nucleus to SNr (Bevan et al., 1994). The aim of the present study was to examine
these ’indirect' pathways at the level of the STN by testing whether the cortex and
globus pallidus are in direct synaptic contact with subthalamic neurons that project
to SNr.
Rats received injections of the retrograde tracer neurobiotin in the SNr, WGA-HRP
in the cortex and PHA-L in the globus pallidus. The tracers were visualized by
peroxidase reactions using chromogens that are distinguishable in both the light and
electron microscopes. The subthalamic nucleus contained many retrogradely labelled
neurons from the injections in the SNr and fields of anterogradely labelled cortical
and pallidal terminals. Some subthalamic neurons were double-labelled for
neurobiotin and WGA-HRP indicating that they innervate both the SNr and the
cortex. Electron microscopic analysis revealed that subthalamic neurons that project
to the SNr receive synaptic input from cortex and from the globus pallidus. These
observations provide an anatomical basis for the observed excitation of basal ganglia
output neurons following cortical stimulation. (Supported by the MRC and
Wellcome Trust.)
References
Bevan MD Bolam JP and Crossman AR (1994). Eur. J. Neurosci. 6: 320-334.
Fujimoto K and Kita H (1990). Neurosci. Lett. 142: 105-109.

SMALL PHA-L INJECTIONS IN PREFRONTAL AREAS LABEL
LONGITUDINAL STRIATAL DOMAINS IN THE RHESUS
MONKEY. R.L. Jakab*. R. Howard, and P. Goldman-Rakic. *Sect. Neurobiol.,
Yale Univ., Sch. Med., New Haven, CT 06510, U.S.A.
The cerebral cortex imposes upon the neostriatum a pattern of functional
parcellation through massive corticostriatal projections. Whether and how the basic
modular/columnar structure of the cortex is related to striatal domains is not known.
Previous tracing studies applying injections to relatively large cortical areas have
shown that fibers originating in one or another cytoarchitectonic region of the
prefrontal association cortex span the entire anteroposterior extent of the
neostriatum. The present study using the anterograde tracer PHA-L was undertaken
to explore the distribution, extent and synaptology of corticostriatal axon terminals
that arise from a small subset of projection neurons occupying approximately the
space of a cortical column rather than a large cortical area. The data reported here are
based on six cases with single injection sites in dorsolateral prefrontal areas 8, 9, or
46. As intended, the injection sites were centered in infragranular layers where the
bulk of the corticostriatal pathway arises, and their width (about 800 gm or less)
was comparable to that of a cortical column.
Labeled terminal fields were found throughout the head, body and tail of the
caudate nucleus and putamen in accordance with the longitudinal topography
elucidated by Selemon and Goldman-Rakic (1985). Terminal fields predominated in
"matrix" compartments in all cases. However, some axons could be detected in
calbindin-poor "patches" (in sections double labeled for PHA-L and calbindin D28k).
Axon terminals formed asymmetric synapses on dendritic spines in both
compartments.
The findings demonstrate that widely divergent terminals within the striatum can
arise from a small cluster of corticostriatal projection neurons, indicating that a
single cortical column may influence more than one striatal domain.
(Support: Tourette Syndrome Assoc, grant to R.L.J., and MH38546 to P. G-R.)
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AFFERENT CONNECTIONS OF THE GLOBUS PALLIDUS AS DEFINED
BY A RETROGRADE, TRANSSYNAPTIC TRACER. W.C. Perryman*
and G.K. Rieke. Anatomy and Cell Biology, School of
Medicine, University of North Dakota, Grand Forks,
North Dakota.
In order to determine the intricate intrastriatal
connections and overall basal ganglia circuitous
connections, a retrograde, transsynaptic tracing study
utilizing the tetanus toxin C fragment (TTx-C) is
being employed. The globus pallidus (GP), being the
major efferent nucleus of the basal ganglia, receives
a massive striatal (STR.) projection. Through the use
of various GP injection sites, incubation periods and
immunocytochemistry, various connections have been
traced throughout the circuit. Post injection
incubation periods are 48, 72 and 96 hrs. TTx-C+
positive cells have, thus far, been identified in the
STR, GP, cort^^, substantia nigra, and hippocampal
formation. At 48 hours TTx-C+ cells are observed in
the STR and GP. At 72 and 96 hrs. the TTx-C+ cells are
observed in the STR, GP, cortex and substantia nigra.
These observations demonstrate the retrograde
transport of TTx-C to the STR and its subsequent
transsynaptic transfer to striatal afferents from the
cortex and substantia nigra. Supported by Sigma Xi
Grant-in-Aid of Research and UND BRSG.

IMMUNOCYTOCHEMICAL ANALYSIS OF THE NEUROCHEMICAL
ORGANIZATION OF THE VENTRAL MESENCEPHALON OF THE
MACAQUE. R.J. Moore*. S. Vinsant.and D.P. Friedman. Department

of Physiology and Pharmacology, Bowman Gray School of Medicine,
Wake Forest University, Winston-Salem, NC 27157.
The ventral tegmental area (VTA) and substantia nigra pars
compacta (SNc) comprise an apparently continuous dopamine input to
the striatum, but evidence suggests a complex organization in this
region.
Immunocytochemical techniques were used to examine
organizational features of these structures.
T wo rhesus and two cynomolgus monkeys were deeply anesthetized
and their brains fixed with aldehydes.
Coronal sections were
incubated with antibodies against tyrosine hydroxylase (TH), calbindin
(CaBP), neurotensin (NT), or Substance P (Sub P).
TH-positive cells were distributed within the VTA and dorsal and
ventral tiers of the SNc. CaBP-positive cells were confined to the VTA
and dorsal tier of the SNc. CaBP-positive neuropil overlapped THpositive dendrites in the SNr. NT-positive neuropil was found in the
VTA and dorsal SNc, but no NT-positive cells were found in the ventral
mesencephalon (including one animal that was treated with a
haloperidol). NT-positive cells were noted in other parts of the brain.
Neuropil staining positive for Sub-P was confined to the SNr.
These data suggest that the VTA and the dorsal tier of the SNc may
form a population of dopaminergic neurons that is distinguishable from
the population that comprises the ventral tier of the SNc. Supported
by DA 7955.
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PROJECTIONS TO VENTRAL STRIATUM OF MACAQUE MONKEYS.
D.P.Friedman*. R.C.Saunders*. & S.L.Vinsant. Bowman Gray School of
Medicine, Wake Forest University, Winston-Salem, NC 27157 & *Clin

THE PRIMATE STRIATAL PROJECTIONS FROM THE
AMYGDALA
AND
HIPPOCAMPUS:
A
RETROGRADE
STUDY. K.Kunishio* and S.N. Haber. Dept. of Neurobiology and
Anatomy, Univ. of Rochester, Rochester, NY 14642
We studied the organization of the striatal projections from amygdala
and hippocampal formation in the monkey using the retrograde tracers,
Lucifer Yellow and horseradish peroxidase conjugated to wheat germ
agglutinin, injected into the different regions of the ventral and
dorsolateral striatum. Routine immunocytochemistry was performed on
5Opm sections. The medial ventral striatum receives dense projections
from the magnocellular(Bmg) and parvicellular(Bpc) division of the basal
nucleus and from the magnocellular division of the accessory basal
nucleus(ABmg) of the amygdaloid complex. This region also receives
dense input from the hippocampal formation, primarily the subiculum
and CA3. The shell of the nucleus accumbens receives dense
projection from Bmg, Bpc, and ABmg, and from the subiculum and the
rostral CA1. The injection into the core of the nucleus accumbens
shows scattered and very weakly labeled neurons in Bmg, Bpc, and
ABmg, while few labeled cells are found in the hippocampal formation.
The lateral ventral striatum receives few inputs from Bmg and ABmg,
and no input from the hippocampus. In contrast to the ventral striatum,
the dorsolateral striatum receives few, if any, projections from amygdala
and hippocampus. Since the medial ventral striatum and shell region
show a dense distribution of labeled cells in both amygdala and
hippocampal formation, these regions may be mostly associated with
limbic-related function. These results are discussed with respect to
cortical or thalamic inputs to these regions of the ventral striatum.
Supported in part by MH45573

Brain Disorders Branch, NIMH, Bethesda, MD 20892.
Projections to the ventral striatum were examined following injections of
fluorescent dyes into the medial portion of the ventral striatum of three
anesthetized rhesus monkeys. One animal received a single injection
whereas the two others received two injections: one medially into the
calbindin-poor zone marking the shell region of the nucleus accumbens,
and the other slightly more laterally in the calbindin-rich region marking to
the core.
Afferent projections arose in the ipsilateral hemisphere from various
areas of cerebral cortex, amygdaloid complex (AC), hippocampal
formation, midline thalamus, substantia nigra pars compacta (SNc), and
ventral tegmental area (VTA). In general, the medial injections labeled
cells medially, whereas the more lateral injections led to labeling more
laterally. Thus, area 25 projected into the shell whereas adjacent orbital
and insular cortex projected to the core. The VTA projected to the shell,
whereas SNc projected to the core. The subiculum projected to the shell
whereas rhinal cortex projected to the core. Thalamic neurons projecting
to the shell tended to be located dorsally, whereas those projecting to the
core tended to be found ventrally. Overlapping projections from several
regions, including the AC, thalamus, area 24, and entorhinal cortex were
also seen. It therefore appears that inputs to the shell region tend to arise
in medial portions of afferent fields, whereas inputs to the core tend to
arise laterally. Supported by DA 7955.
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RELATIONSHIP OF THE PRIMATE PEDUNCULOPONTINE NUCLEUS (PPN)
TO TEGMENTAL CONNECTIONS WITH THE INTERNAL PALLIDUM (GPi).
M.D. Crutcher*. R.S. Turner. J. Perez and D.B.Rve Dept. of Neurology, Emory
Univ. Sch. of Med., Atlanta, GA 30322.
Connections with the basal ganglia (BG), increased metabolic activity in
parkinsonism and clinicopathological observations support a role for the midbrain
tegmentum in motor control. Seminal studies of Nauta and Mehler (Brain Res.,
1966) identified the PPN-pars compacta as the target of pallidotegmental axons in the
primate, however, considerable debate persists concerning this designation. As a
prelude to studying the functions of the primate midbrain, we investigated 5 rhesus
monkeys after injections of 1% cholera toxin (CT) into: a) the VPLo and thalamic
reticular nucleus; and b) the GPi; and 10% biotinylated dextran (BD) into: a) GPi
(n=2); and b) internal capsule (control). Tissue was processed for visualization of the
tracers alone, or in combination with choline-acetyltransferase (ChAT) immunoreactivity (i.e., an independent marker for the PPN). Retrograde transport of CT from
the thalamus was confined to the PPN (84% ipsi). Transport from the GPi labeled
both non-cholinergic (81%) and cholinergic (19%) neurons (78% ipsi). The former
were prominent rostral and dorsomedial to the PPN, morphologically distinct from
cholinergic neurons and coincident with a CT labeled pallidotegmental terminal field.
BD injections into the GPi confirmed these findings and more clearly demonstrated
pallidotegmental axons: a) prominently outlining somata and dendritic arbors of
presumptive target neurons, none of which were ChAT-immunoreactive; and b)
traversing and terminating within what some have named the PPN-pars dissipatus.
It is quite clear that reciprocal connectivity between the primate GPi and midbrain
tegmentum is not coincident with the PPN as delimited by ChAT immunostaining,
although the present and recent findings identify some cholinergic component to this
circuitry. The topgraphy and relatively restricted connections of this non-cholinergic
tegmental region afford the potential to distinguish its behavioral import from that of
the adjacent PPN which innervates disparate forebrain nuclei and specific and reticular
thalamic nuclei not unlike the dorsal raphe and locus coeruleus. Supported by the
APDA and an Emory Univ. URC grant.

NEUROCHEMICAL MARKERS OF THE PRIMATE PEDUNCULOPONTINE
NUCLEUS (PPN) AND SURROUND. D.B. Rve*. J. Perez, and A.I, Levey. Dept,
of Neurology, Emory Univ. Sch. of Med., Atlanta, GA 30322.
Chemoarchitectonic details of the cholinergic PPN and adjacent non-cholinergic
cells are few, thus limiting pharmacological and clinicopathological studies of this
complicated brain region. The aim of this study was to detail the distribution of
numerous receptor (ml-m4; Dl-D2; GluRl and 2/3) and neurochemical (ChAT,
GAD, TH, 5-HT, calbindin, parvalbumin, NADPH-diaphorase) markers in the
primate PPN and surrounding tegmentum.
Adjacent tissue series from juvenile and adult rhesus monkeys were immunostained
for each marker either alone, or in combination with ChAT employing appropriate
VectaStain Elite (Vector Labs) kits and sequential visualization employing DAB and
BDHC. NADPH-diaphorase histochemistry revealed that only densely positive cells
were also ChAT-positive, and a significant portion (5-10%) of the PPN was
NADPH-diaphorase negative. Of the muscarinic markers, only m2 was consistently
visualized in nearly all ChAT-positive PPN neurons and in presumptive axons and
dendrites in the surround. The D1 and D2 receptors were not visualized in the PPN or
surround whereas GluR-1 and 2/3 were visualized in a subpopulation of ChATpositive neurons and in smaller, non-cholinergic tegmental cells. Calbindin marked
extremely small, non-cholinergic perikarya in the PPN and surround. A dense
collection of parvalbumin-positive perikarya in juxtaposition to the dorsomedial
border of the PPN corresponded to the terminal field described by GABA-ergic
pallidotegmental axons and was immunostained for GAD. The PPN and immediate
surround were also densely marked by presumptive serotonin terminals. Each of
these markers are also visualizable in post-mortem human tissue.
The results indicate that m2 and ChAT are the most sensitive and specific markers
for PPN perikarya, NAPH-diaphorase somewhat less so and GluR 1 and 2/3 the least
so. A region in part corresponding to the PPN-pars dissipatus is selectively marked
by parvalbumin perikarya and is further distinguished by its dense GABA
innervation. These markers might allow a more strict determination of the tegmental
regions involved by various disease states in man. Supported by the APDA.
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ORGANIZATION OF PATHWAYS FROM THE HIPPOCAMPUS AND
AMYGDALA VIA VENTRAL STRIATOPALLIDAL STRUCTURES TO THE
MIDBRAIN EXTRAPYRAMIDAL AREA IN THE RAT. HJ. Groenewegen, A.V.J.
Beijer, WJ.AJ. Smeets* and M.P. Witter. Research Institute Neurosciences Vrije
Universiteit, Dept. Anatomy and Embryology, 1081 BT Amsterdam, The Netherlands.
The nucleus accumbens (Acb) has been strongly associated with locomotion
(Pijnenburg and Van Rossum, 1973). Mogenson et al. (1980) considered the Acb to be
an important interface between the limbic and motor systems, locomotion being "a
fundamental component of attack, feeding and other behaviors utilised in adaptation
and survival". Subseqent studies, among others from Mogenson and collaborators,
indeed suggested an influence of the hippocampus and amygdala, via ventral
striatopallidal stuctures, on locomotor activity. On the basis of these studies, an
amygdalar-hippocampal antagonism seems to exist The present study aims to elucidate
the organization of the neural pathways that lead from particular parts of the
hippocampus and the amygdala, via the Acb and/or the ventral pallidum (VP), to a
caudal and dorsal part of the midbrain tegmentum that has been included in the
generation of rhythmic patterns such as locomotion, i.e. the so-called "midbrain
extrapyramidal area" (MEA). In deeply anesthetized rats, injections of anterograde
tracers wore placed in the ventral subiculum, the caudal part of the basolateral
amygdaloid nucleus, the Acb, and the VP. Retrograde tracers were injected in the
region of the MEA, in a number of cases in combination with injections of anterograde
tracers in the amygdala and hippocampus. The results of these experiments indicate that
there are direct, albeit small, projections from both Acb and VP to the MEA. Within
the caudomedial "shell" of the Acb, amygdaloid and hippocampal afferents have largely
segregated terminal fields. The aggregations of amygdaloid terminal fibers overlap
more frequently with MEA projecting neurons than fibers from the hippocampus. Thus,
our data indicate that at the level of the Acb, there is a more direct influence MEAprojecting neurons from the amygdala than from the hippocampus.

NIGRAL INPUT TO THE CM-PF THALAMIC COMPLEX IN THE CAT.
D. S. Yamasaki, C. Fitzpatrick, S. Hamid, and G. J. Royce*. Dept. of Anatomy,
University of Wisconsin Medical School, Madison, WI 53706
It has been shown that axons of the substantia nigra (SN) pars reticulata (SNR)
traverse the centromedian (CM) and parafascicular (Pf) nuclei en route to more
rostral thalamic nuclei. However, whether these axons make synaptic contact with
CM and Pf neurons it is still controversial. To address this issue, we have made
biocytin or PHA-L injections in the SNR and looked for anterogradely labeled
boutons in CM and Pf. In each of the cases, the injections were confined to SNR in
its central region. Boutons were present in all regions of CM and Pf. There were
distinct clusters of boutons throughout the CM-Pf complex. In the caudal portion of
the complex, labeled axons were uniformly distributed, while the boutons maintained
their clustered organization. This suggests that some of the axons passed through the
caudal regions of CM-Pf to make contact with more rostral regions. In order to
determine a topographic organization of the boutons, CM-Pf was divided into a
system of square grids (10 gm2) and the number of boutons per grid were counted.
There was no evidence of a topographic organization in the caudal regions of the
CM-Pf nuclei, however, in more rostral regions labeled axons and boutons were
concentrated in the ventral half of the complex. We also compared the number of
boutons in Pf medial and lateral to the retroflex bundle. In 3 sections of 2 cats, we
found a total of 595 boutons medially versus 696 laterally. These totals were not
significantly different using the Student’s t-test (t = 0.4883, p = 0.3295).
We also studied this projection and its possible collateral input to the superior
colliculus (SC) by injecting rhodamine microspheres (RD) in CM-Pf and Fast Blue in
the SC. All subnuclei of the nigra were analyzed. Although there were very few
doubly labeled cells in the SN, labeled cells from both injection sites were found in
the retrorubral, pars lateralis, and pars reticulata subnuclei of the SN.
These results provide clear evidence for synaptic connectivity between the SN
and CM-Pf, and that the SN-SC and SN-CM-Pf projections are formed from different
subsets of cells.

CONTROL OF POSTURE AND MOVEMENT I
146.2

146.1

Sensory

Integration

In The Human Proprioceptive

System

LA. Jones*1 and I.W. Hunter2. School of Physical & Occupational Therapy1
and Department of Biomedical Engineering,2. McGill University, 3654 Drummond St., Montreal, Canada H3G 1Y5.
A number of studies have demonstrated that the forces produced during a
movement can influence the perceived amplitude of the movement and the final
position of the limb, but that the perception of force is less influenced by
changes in limb position. These interactions provide the basis for examining
sensory integration in the human proprioceptive system. A series of experiments has been conducted to examine the accuracy and consistency with
which human observers can detect changes in stiffness (force/displacement)
and viscosity (force/velocity), and to relate these findings to our knowledge
about the perception of force, displacement and movement velocity.
Two experimental procedures have been used, one of which is based on the
contralateral limb matching method and involves matching the stiffness or viscosity of an external mechanical system (a computer servo-controlled electromagnetic linear motor) connected to each arm of the subject, and the other requires that subjects discriminate differences between the stiffness or viscosity
of the mechanical systems connected to their arms.
The results indicate that the ability to discriminate differences in stiffness or
viscosity is superior when the task involves a simultaneous comparison of two
amplitudes of one of these variables, and that when subjects have to match
these two properties their discriminative ability is poorer. This difference is reflected in the size of the differential thresholds which in the former situation are
approximately 13% and 19% respectively, but are 23% and 34% respectively,
when estimated from matching data. These results indicate that sensory integration does occur, but that this entails a loss in perceptual resolution as reflected by the higher thresholds obtained for stiffness and viscosity as
compared to force and displacement.
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STRATEGY PROBING, VERBAL DECLARATION OF INSIGHT, AND
TACTICAL MOVEMENT CONTROL. Vernon Brooks’! Frank Hilperath2,
and Martin Brooks3. Dept, of Physiology^ Univ. of Western Ontario, London,
N6A 5C1, Canada. Psychosoziale Hilfe Krefeld2, 47798 Germany. Inst, for
Information Technology3, National Res. Council of Canada, Ottawa K1A OR6.
Eight normal human subjects learned a visuomotor task requiring use of an
unexpected, new strategy when guiding a display cursor from a start-box to a
target-box by moving a pen on a digitizing board, with movements of moderate
speed. The unexpected aspect was that hand positions governed cursor velocities
("rate control"; Brooks et al. 1992 Soc Neurosci Abstr. 18:1551). This new
strategy what to do requires two sequential, opposite hand movements to govern
rise and fall of cursor velocity. Tactics how to stop the cursor in target requires
equal amplitudes for the two movements.
Amplitude ratios of hand stop/start-movements (SSR) were fitted robustly with
sigmoid curves for each learning session. Learning and probing strategy (phase
1) ranged from 1-130 trials to onset of the sigmoid SSR rise. SSR rise (to= l)
ranged from 5-45 trials, and is the control phase of learning (phase 2).
We recorded subjects’ remarks about their insight while they learned. They
first uttered insight into the correct strategy after 5-55 trials; six before any
successful trials, and two at their first one; highlighting probing of unsuccessful
tryouts for learning. Three began with immediate SSR rise while five declared
insight before their, variously later, SSR rises. All eight described strategy with
increasing precision as success rose while SSR aproached 1, or thereafter. At that
time, tactics were also described (except by one subject before rise onset); but
always in visuomotor terms of timing stop-movements by cursor speed or position,
never kinematically as measures of hand-movements. The data suggest that phase
1 expresses declarative and procedural learning of strategy, and that phase 2
expresses cerebellar movement scaling.
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ROLE OF CUTANEOUS AFFERENT INPUT DURING RAPID FINGER
MOVEMENTS. A.M. Gordon*. J.F. Soechting and J.P. Blount. Dept, of Physiology,
University of Minnesota, Minneapolis, MN 55455
Typing movements by skilled typists occur too fast for each phase of the
movement (key stroke) to be directly triggered by cutaneous information from the
previous key press. Yet typing seemingly requires such information to maintain
movement patterns and prevent typing errors. The clearly defined movement phases
(key strokes) comprising typing movements provide a suitable model for studying
the influence of sensory information on sequentially linked movements. The present
study examined the role of cutaneous information at the fingertips during typing.
A local anesthetic was injected at the base of the distal phalanx of the right index
finger of skilled typists. Subjects then typed phrases in which the anesthetized
finger was used only once every 8-12 keypresses. The timing of keypresses and
kinematics of the hand and fingers were recorded. Preliminary results suggest that
the removal of cutaneous input of the fingertip largely does not influence the timing
of keypresses. Furthermore, the kinematics of keypresses requiring use of the
anesthetized finger are unaffected. However, considerably more errors are produced
following anesthesia. The errors most often occur either during keypresses with the
anesthetized finger or several keypresses after the use of the anesthetized finger.
The results suggest that cutaneous input of the fingertips is not used to trigger
subsequent keypresses during typing. However, it may be used to ensure movement
accuracy, and allow for the continuation of movement.

IMPLICIT VISUAL CUES USED BY A DEAFFERENTED PATIENT IN THE
JUDGMENT OF LIFTED WEIGHTS. M, Fleury! J. Paillard*.2 C. Band! &
TeasdaleT Y, Lamye^. *Lab. Perf. Mot. Hum., Uninversitd Laval, Quebec,
Canada, G1K 7P4. nCNRS, Marseille, France, ^Centre de Rech. en Sci. Neurol.,

146.5

146.6

VELOCITY SENSITIVITY OF HUMAN MUSCLE SPINDLE AFFERENTS AND
SLOWLY ADAPTING CUTANEOUS MECHANORECEPTORS Stephen E.
Grill*. Mark Hallett Human Motor Control Section, NINDS, NIH, Bethesda, MD,

SENSORY INPUTS MODULATE THE ACTIVITY OF SWIMRELATED NEURONS IN APLYSIA
BRASILIANA
G. N.
Gamkrelidze* and J. E. Blankenship. Marine Biomedical Inst., Univ.
Tx. Med. Br., Galveston, TX 77555-0843

U.S.A.
Information concerning the velocity of movement is important when correcting
for deviations from intended trajectories as well as in conscious perception. The
dynamic response of cat muscle spindle afferents is dependent on only a low
fractional power of velocity. We evaluated the sensitivity of human muscle spindle
afferents and slowly adapting cutaneous mechanoreceptors to changes in velocity of
imposed movements.
Normal volunteers were seated with their right arms immobilized and one of
their fingers connected to a rotary torque motor device under computer control.
Single afferents responding to sinusoidal movements about the
metacarpalphalangeal joint were recorded from the radial nerve with tungsten
needle electrodes. Muscle spindle afferents were identified based primarily on their
characteristic responses to electrically-induced muscle twitch of the receptor bearing
muscle. Cutaneous mechanoreceptors were identified based on their localized
receptive field on the dorsum of the hand and lack of response to palpation at other
sites. Once identified, the afferent discharge was recorded during constant velocity
flexion ramp movements ranging from 5 deg/sec to 80 deg/sec. The dynamic
response of the afferents was evaluated by calculating the dynamic positional
sensitivity, the dynamic index, and the increment in discharge (from before ramp
initiation to just prior to ramp completion).
Both muscle spindle afferents and slowly adapting cutaneous mechanoreceptors
demonstrated significant velocity sensitivity and there were not significant
differences between the two receptor types in terms of overall sensitivity. In
agreement with the findings concerning cat muscle spindles, the dynamic index and
the increment in discharge increased in proportion to a low fractional power of
velocity for the muscle spindles studied. The dynamic positional sensitivity,
however, increased in a more linear fashion.

University de Montreal, Canada, H3S 2J4.
We observed that a patient, suffering a complete loss of tactile and proprioceptive
sensation, could discriminate (with vision) lifted weights almost as well as normal
subjects. We proceeded to a more detailed examination of her discrimination
capacities and to a systematic investigation of her potential source of suppletive
information, testing the potential contribution of a controversial "sense of
innervation" to her performance. (1) In contrast with what is observed for controls,
preventing vision impaired massively but not completely the patient's discrimation
capacity, thus eliminating the suppletive contribution of a presumed sense of
innervation or of a sense of effort. (2) Kinematic recordings of her lifting
movements, revealed a significant correlation between weight and peak velocity of
the lifting movement (r = -.53). For control subjects, this correlation was not
significant (r = -.13). This reflects a specific strategy used by the patient to
generate movements, allowing her to visually judge the lifted weight. (3) When
watching the patient's lifting performance, external observers were able to use
similar cues to establish their judgments, but they failed to do so when watching
control subjects. (4) Without vision, a residual discrimination capacity was
observed for the heaviest weights, which cannot be attributed to a "sense of effort"
of central origin, since it disappeared after a mechanical stabilization of the head,
suggesting the likely role of vestibular signals. The patient's strategy consisted of
producing relatively constant calibrated force pulses to both the probe and the
reference weight- This strategy allowed her to visually derive weight differences
(through kinematic signals). We propose that a "sense of effort" does not seem to
be available in a patient deprived of his peripheral afferents.

The mollusc Aptysia brasiliana swims by rhythmically flapping its wing-like
parapodia. The pedal ganglion contains identified motor neurons (MNs) and
modulatory cells (POP cells) which innervate parapodial muscles and fire
rhythmically during swimming. A group of identified, interconnected "command"

neurons which are located in the cerebral ganglion are able to initiate, sustain and
regulate activity of the swim motor program (SMP) in the isolated nervous system.
This study was designed to investigate the role of parapodial stretch-induced reflexes
in regulation of the neuronal swimming circuit. The preparation used consisted of
the head-ring ganglia (cerebral, pedals, and pleurals) attached to the parapodia via
the parapodial nerves (PPns). The parapodia were stretched 1-2mm in length at
constant velocity using a mechanical puller. In 8 experiments, the response to
parapodial stretch was recorded extracellularly from PPn's innervating the parapodia,
and intracellularly from MNs, POP cells, and "command" neurons. To avoid
activation of the MNs through tactile receptors, 5 experiments were performed in
which only part of the parapodum, a region that did not include the tactile receptive
field of die MN, was stretched. We found that stretching the parapodium induced
activity in the PPn's and caused die parapodium to contract. Recordings from MNs
revealed that stretch induced EPSPs in retractor muscle MNs, whereas IPSPs were
observed in antagonistic muscle MNs. Further experiments revealed that POP cells
were inhibited in response to parapodial stretch, whereas command neurons
responded with long-latency EPSP's. Our data indicate that proprioceptive input from
the parapodia probably participates in formation and modulation of the SMP.
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IS MOTOR OUTPUT VARIABILITY RELATED TO PERCEPTUAL
APPRECIATION OF MUSCULAR EFFORT? M.M. Wierzbicka and
A.W. Wiegner*. Brockton/West Roxbury VA Medical Center & Harvard
Medical School, Boston MA 02132
The intertrial variability of responses while repeating the same motor
task can be reduced by practice, but not eliminated. The mechanism of
this variability is not completely understood. We hypothesize that variability of simple motor responses at a joint is related, in part, to insensitivity of the sensory system to fine changes in force. We examined subjects' perceived sense of effort during imposed incremental changes in target force, and compared these results with previous data on variability of
peak force produced in fast voluntary force pulses. Four subjects were
strapped in the apparatus with their forearm flexed at 90° and attached to a
force transducer. Target force level randomly increased or decreased in
multiples of 3N (range 0-15N) above an initial offset of 5, 15, or 30%
maximum voluntary force (MVF). In 108 trials, 6 sec apart, subjects had
to compare the current force level with that of the preceding trial, and to
describe the change in "effort" from trial to trial by answering "same,"
"<ess," or "more." Color change of an LED indicated to the subject when
arm force exceeded target force. The fraction of correct responses for
each of six levels of force increment was calculated. At all offset levels
(5, 15, 30%), no subject could reliably detect changes in force of ±3N.
All subjects flawlessly recognized force changes of ±12N superimposed
on 5% of MVF. Ability to detect force level changes from trial to trial deteriorated as offset increased, and was proportional to the variability of
subjects' voluntary force pulses to a target at that offset. Thus, inaccuracy
in programming force pulses to a target might be related to subjects'
limited ability to resolve small changes in their sense of effort.

CHARACTERIZATION OF SENSORY NERVE RESPONSES TO
MECHANICAL SKIN STIMULATION RECORDED BY
CHRONICALLY IMPLANTED CUFF ELECTRODES IN MAN.
R. Riso. M. Haugland. P. Slot. J. Haase. T. Sinkiaer*. Center for
Sensory-Motor Interactions (SMI), Dept, of Medical Informatics and
Image Analysis, Aalborg University, Fredrik Bajersvej 7D, DK-9220
Aalborg, DENMARK.
In the intact organism, specialised receptors in the skin, muscles and
joints provide sensory information that is normally used by the central
nervous system to regulate and update the motor output. Many sensory
functions remain intact in the peripheral nervous system after spinal cord
injury or stroke. If the activity from sensory afferent nerves can be
recorded reliable it may provide advanced feedback signals for the control
of Functional Electrically Stimulated (FES) paralysed muscles.
The aim of the present study was to investigate the cutaneous
mechanoreceptive innervation and to characterize the neural responses
from whole nerve cuff electrodes to well defined mechanical stimuli of
the skin. Two skin areas were explored; the lateral part of the foot
innervated by the sural nerve and the lateral part of the 2nd digit
innervated by the radial branch of the palmar digital nerve. All subjects
gave their consents and the study was approved by the Local Ethical
Committee.
The nerve signal contained clear slip-related information and
information about the changes in the force applied perpendicularly to the
skin. The activity recorded by the whole nerve cuff electrode corresponds
to similar recordings in cats and monkeys, and to what would be
expected from the summation of activity of the various types of
mechanoreceptors that have been identified by microelectrode recordings
in man.
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MOTOR ILLUSIONS IN VIRTUAL REALITY DURING DRAWING. A.B.
Schwartz, A. Kakavand, A.R. Gibson* and P.D. Perepelkin. Barrow
Neurological Inst. 350 W. Thomas Rd. Phoenix, AZ
85013
We tested the effectiveness of a motor illusion in a virtual reality
environment that allowed the subject to view a graphically generated
representation of his hand as he drew objects in free space. An Optotrak 3D
motion analyzer was used to track 5 markers on the subject’s arm and measured 7
degrees of freedom at 100 Hz. The motion analyzer was interfaced to a pc that
was linked with a fiber optic network to a dual processor Silicon Graphics
workstation. The realtime task logic ran on one workstation processor and the
graphics code on the other. The display ran at 120 Hz in stereo mode and was
viewed through a set of CrystalEyes shutters. This resulted in a graphical output
that moved in three dimensions, smoothly without a noticeable delay. An ellipse
in the frontal plane, outlined with a tube and oriented horizontally, was displayed
and the subject’s hand position was represented with a sphere. The subject had
no vision of his hand. The task was to move the sphere in the tube around the
ellipse five times. After two revolutions were complete, the horizontal gain
between hand position and cursor display was increased. The movement was
illusory because it was still perceived as eccentric although it was now circular.
Six subjects participated in the study. The chosen arm orientations
during drawing were fairly similar across subjects. When the cursor gain
changed, all of the subjects changed the amplitude of upper arm yaw. In five of
the subjects their elbow angle amplitude also changed. In one subject there was a
large change in his humerus rotation. The amplitude of upper- and forearm
elevation tended to remain unchanged for all subjects. This suggests that subjects
adopt a common strategy to draw different shapes in the absence of a change in
perception. Supported by NIH (NS 26375)

PHASIC CUTANEOUS INPUT FACILITATES MOTOR RECOVERY
AFTER SPINAL INJURY IN THE CHICK. G.D. Muir* and J.D.
Steeves. Depts. of Zoology and Anatomy, University of British
Columbia, Vancouver, B.C., Canada, V6T 1Z4.
Training with increased limb loads, which alters both proprioceptive
and cutaneous feedback, has been shown to improve locomotor
function in spinal cord injured animals. However, the effect of altering
cutaneous inputs alone, in a non-invasive manner, has been difficult to
examine. One week old hatchling chicks underwent either a
hemisection or a complete transection of the lower thoracic cord.
Kinematic measurements of walking and swimming abilities were
analyzed regularly for a two week recovery period. The swimming
abilities of another experimental group, where increased cutaneous
input was provided during the extension phase of the limb cycle, were
also analyzed. This cutaneous input was in the form of neutrally
buoyant particles which the chick could feel, but which provided no
support or resistance to limb movement. In hemisected animals, the
range of knee and ankle movements, limb timing measurements and
inteijoint coordination patterns of the ipsilateral limb during
overground walking returned to pre-operative values within two weeks.
However, similar measurements recorded during swimming never
recovered over the same time period. If chicks were provided with
phasic cutaneous input during the swimming sessions, swimming
abilities returned to pre-operative values within the two week period.
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MULTIPLE SYNCHRONIZATION STRATEGIES IN TRACKING OF RHYTHMIC AUDITORY STIMULATION Michael H. Thaut*. Robert A. Miller Center for BioMedical

THE PERCEPTION OF HUMAN WALKING PATTERNS IN
TEENAGERS WITH CEREBRAL PALSY. S.D.R.R. Makhamra.
K.E. Pape. W.A. MacKay*. V. Wilson. N. Perlman. M. Plvlev- Dept.
of Community Health, Univ. of Toronto, Ontario, M5S 1A1.

Research in Neurologic Rehabilitation, Colorado State University, Poudre Valley Hospital, Fort Collins, CO. 80523

Previous research has demonstrated a strong facilitating effect of rhythmic auditory
cueing on gait in normal subjects as well as stroke and Parkinson's disease patients
(Thaut et al. 1992, 1993; McIntosh et al. 1994). Considering entrainment as a possible
mechanism of facilitation, tracking of inter-response intervals (IRI) and adjustment of
synchronization errors (SE) were studied in a finger-tapping task in order to identify
auditory-motor synchronization strategies. An 80 tone sequence was presented with
inter-stimulus interval (ISI) centered at 400 ms with step changes at the 20th and
50th tone. Ensemble averaging of the tracking response was performed over several
trials; 16 with small (16 ms) and 8 with larger (28-60 ms) step changes, along with 3
at constant metronome to determine the subjects preferred SE (PSE).
Each of the 5 subjects had a negative PSE, averaging 20 ms before the tone. With
small steps in ISI, subjects tracked the changes by matching their IRI with the new
ISI within a few events. This one or two tap delay produced a 15-20 ms deviation in
SE from the PSE value. Reestablishment of the original PSE then occurred at a very
slow rate; 0.20 ms per tap when ahead and 0.60 ms per tap when behind PSE. Larger
step changes resulted in more deviation, 30-60 ms, in SE from PSE. The IRI response
was an overshoot of the step change in ISI which returned the SE to the PSE value
at a rate of 10-20 ms per tap.
The results suggest that with SE in a range ss 20 ms about the PSE value, the
dominant synchronization strategy is a matching of IRI with ISI without using SE
values to modify IRI. With higher deviation in SE, the dominant strategy is to return
SE to the PSE value by temporarily shifting the IRI away from the ISI. The presence
of two distinct strategies, both subconscious, suggests a more complex behavior than
found in many motor-timing models. The selection of a synchronization strategy
appeared to be based on a hierarchy of objectives: 1) to maintain a SE within a small
tolerance range, 2) to match IRI with ISI, 3) to adjust the SE to the PSE value while
maintaining close IRI-ISI matching (« 99.9% match in study data).

In addition to disorders of movement and posture, associated deficits are
part of the overall clinical presentation of an individual with Cerebral Palsy.
Perception, motor planning, and visuomotor deficits are common. The
present study is investigating the concept of "normal" walking pattern in
individuals with Cerebral Palsy and two control groups, an age-matched of
"normal" and a skilled group of dancers.
To assess the subjects' concept of walking a VHS tape was produced as
follows: Two normal and five pathological gait patterns ranging from mild
to severe were edited; Subjects were instructed to rate the seven different
patterns on a four-point scale; They were tested on their ability to: (1) rate
the patterns; (2) recognize their .own pattern; (3) rate specific joint movements. Preliminary results suggest that individuals with Cerebral Palsy lack
perception of the normal gait pattern shown in their inability to consistently
distinguish between normal and pathological patterns of gait; and are
unable to match their gait pattern correctly and consistently to one of the
patterns viewed on tape, as opposed to controls. Findings from the study
indicate the role of motor and sensory experiences in the development of
movement perception, and the need for cognitive training as part of gait
retraining for this population.
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MOVEMENT READINESS POTENTIALS AND PRACTICE DURING
DUAL TASK PERFORMANCE. Rathe S. Karrer*
Univ of Kansas
Medical Center, Physiology Dept, Kansas City, KS 66103 and
Cristine Rice Univ of Illinois at Chicago.
In the healthy adult there is a slow negative-going wave
recorded from the scalp that has been recognized as
reflecting readiness to move (movement readiness potential,
MRP).
It is unknown how the acquisition of movement
control is reflected in the MRP.
We investigated the role of
practice on the MRP as a function of task difficulty and
degree of automation using a dual-task methodology.
Thirty
young adult male subjects performed either a long or a short
sequence of key presses. A memory load was used to assess
how automatic the performance of the key press sequence
became with practice.
EEG epochs were recorded during 1.5
s before and .5 s after the key press. MRP areas and speed
were determined during early, middle, and late blocks of
trials.
Practice resulted in an increase in performance
speed although memory load resulted in less of an increase
of speed.
There were complex interactions indicating that
MRP negative area decreased with practice at C3 and FCZ.
The negative area was larger on memory trials than for
control trials.
The topography of the MRP and the memory
effect became more restricted just prior to movement.
The
data support complex MRP processes, reflected in both
negative and positive components and shifting topography
with increasing specificity of control.

ENTRAINMENT OF POSTURAL SWAY TO SINUSOIDAL HAPTIC
CUES. J.J. Jeka1*. G. Schoner*, J.R. Lackner1. Ashton Graybiel Spatial
Orientation Laboratory1, Brandeis University, Waltham, MA 02254,
Institut for Neuroinformatik2, Ruhr-Universitat, Bochum, West Germany.
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Previous studies have shown that fingertip contact with a stationary
surface attenuates postural sway even when contact forces are
inadequate to physically stabilize the body. The present study

investigates postural control when the contact surface is moving
rhythmically. Subjects maintained a heel-to-toe stance while touching a
rigid metal bar with the right fingertip at force levels below 100g. The bar
was either stationary or moved sinusoidally (3mm amplitude) at 0.1, 0.2,
0.3, 0.4 or 0.5 Hz in the horizontal plane. Subjects were not informed that
the bar could move.
All subjects were influenced by the moving bar, although four of the
five never perceived it to move. Mean sway amplitude with the moving
bar was twice that with the bar stationary. For subjects who did not
perceive bar movement, postural sway frequency was always equivalent
to the bar's frequency. Postural sway was in-phase with bar movement
at low frequencies and shifted towards a 90° phase relationship at higher
frequencies. The sway of the subject who perceived movement of the
bar was uncoupled to the bar's movements, but showed the same

temporal coherence between postural sway and contact forces applied
to the bar as the other subjects. These results demonstrate that
changing haptic cues from movement of the contact bar have effects on
postural control similar to that of sinusoidal visual displays: the postural
control system actively generates sway based on the temporal structure
of the environment. Supported by NASA NAG9-515.
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VISUO-VESTIBULAR INTERACTION IN RETICULAR NEURONS IN THE
LAMPREY. F.UIten*. T.G.Dcliagina GN, Orlovsky and S.Grillner. Dpt. of
Neuroscience, Karolinska Institute*, S-171 77 Stockholm, SWEDEN
Lampreys normally swim with the dorsal side up. If one eye is illuminated, the
animal will swim tilted towards the source of light (dorsal light response). The
middle rfaombencephalic reticular nucleus (MRRN) is a main nucleus for the
integration ofvestfrular and visual signals related to postural control. Here the basis
for die visually induced switch in the 'set-point' of the vestibular control system was
investigated on a neuronal level, in in vitro experiments on the isolated brainstem
of the silver lamprey (7. unicuspis). MRRN cells were recorded intracellularly, and

CONTRIBUTIONS OF TACTILE SENSORS TO THE CONTROL OF A
CONSTRAINED MOTION. B. Godard and J. McIntyre'
Laboratoire de Physiologie de la Perception et de l'Action
CNRS-College de France, Paris, FRANCE .
In a previous study we examined the forces generated by human subjects
performing a constrained motion. Subjects manipulated a 2D force-actuated joystick
programmed to simulate a contact with a surface. Unknown to the subject; the
surface orientation was varied from trial to trial (±10°) and the force generated by
the hand against this constraint was measured.
Subjects produced more force for upward inclines and less for downward inclines
(AF * 1.5-3N), indicating a preplanning of the initial movement and a passive
spring-like behavior of the endpoint. Nevertheless, we cannot ruleout a contribution
of force sensation to the control of this movement. In the current study we test
whether the tactile sensors of the hand contribute to the control of contact force.
Subjects performed the same task, holding the grip of the joystick between thumb
and forefinger. Prior to one session the fingertips were anesthetized by subcutaneous injections of 1% lydocaine (2 x 10 ml per finger).
For the two subjects recorded so far, both showed a small but statistically
significant change in force correlated with surface orientation under both
anesthetized and control conditions (AF = 0.5-1.5N), in agreement with previous
results. The anesthesia had little effect on the effective compliance of the limb, as
the changes in force due to changes in surface orientation were similar for both
conditions. Subjects, however, reported a complete loss of sensation in the
anesthetized finger tips. In initial trials, contact was occaisionally lost when the
surface tilted downward. These data suggest that, while useful for sensing the
successful execution of the movement, tactile sensation is not used in controling the
impedance of the limb during contact with a constraint.
Support provided by the French Space Agency' CNES, the CNRS and ESPRIT.

the overall activity of descending systems was recorded with bilateral extracellular
electrodes. The influence of 15 s 10 Hz stimulation of the left optic nerve (OS), on
die response in MRRN neurons to low-frequency (1 Hz, 10 pulses) stimulation of
die right vestibular nerve (VS) was investigated. In MRRN neurons contralateral
to the vestibular nerve (n=47), VS evoked EPSPs or spikes in 43 cells and IPSPs
in 4 cells. OS evoked depolarisation and spiking activity. After cessation of the OS
membrane potential and synaptic noise returned to control values within 10-30 s.
The response to VS was significantly potentiated 10 s after OS in 26 cells (55%).
This was expressed as an increase in EPSP amplitude, an increase in the number of
spikes or a decrease in IPSP amplitude. The time course of the potentiation varied
largely, but an increased response was always seen for at least 2 min, and in some
cells for more than 30 min. In ipsilateral cells (n=lO) OS evoked hyperpolarisation
(n=5) or no response (n=5). The response to VS was depressed by OS in 4 cells,
whereas 6 neurons showed no change in response. These results indicate that OS
induces both short- (10-30s) and long-term (minutes) changes in the response of
MRRN cells to VS, by influencing both excitatory and inhibitory intemeurons.
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The Perception of Movement Elicited by Magnetic Cortex
Stimulation
Depends on the Site of Stimulation .
Chr , Luscher *. S. Beer . K. M. R6sler , j . Mathis & C.W. Hess
DEPT. OF NEUROLOGY, UNIVERSITY OF BERN, BERN, SWITZERLAND.

Magnetic cortex stimulation (MCS) has been used to investigate
central motor function. Previous reports suggest that MCS can elicit a
sense of movement in paralyzed limbs (Amassian et al., Brain Res.
479:355-60, 1989). To assess possible effects of MCS on kinesthetic
perception, stimulus induced movements in the right elbow were measured in 8 blindfolded healthy subjects. Single shock stimuli were
given by a small figure of eight coil over the left hemisphere while the
preinnervated biceps brachii muscle was allowed to exert an isotonic
contraction. Subsequently the subjects were asked to mimic the
movement.
Detectable movements were recorded after MCS over the
contralateral frontal and parietal lobes. No subject reported a sense of
movement without a detectable elbow flexion. With the stimulation
coil centered 4 cm lateral of the vertex in a coronal plane, the ratio between matched amplitude and the evoked amplitude was im /e = 1-02 ±
0.22 (mean ± o). Stimulation over the frontal cortex (3 to 5 cm anterior
to mid coronal plane) did not significantly change this ratio (rM/E =
0.95 ± 0.24, p = 0.34). However, when stimulation was applied over
the parietal lobe (3 to 7 cm posterior to the mid coronal plane) the
movement was overestimated (hm /e = 1-46 ± 0.65, p < 0.05,
Wilcoxon).
These results suggest that single shock MCS over the parietal lobe
can specifically interfere with the sense for the evoked movement,
leading to an overestimation of the actual amplitude of the movement.
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REPRESENTATION OF SPINAL CORD EXCITABILITY PRIOR TO A
BALLISTIC MOVEMENT. D. Brunt*. J. Robichaud. Departments of Physical
Therapy and Exercise and Sport Sciences, University of Florida, Gainesville, FL
32610.
The H-reflex is considered an indirect measure of motoneuron pool excitability.
Facilitation of the H-reflex has been reported to occur prior to EMG activity of a
reaction time (RT) movement. The purpose of this study was to determine the
relationship between the timing and amplitude of this reflex facilitation to pre-motor
time (PMT), RT, and slope of force of an isometric contraction. In two separate
experiments subjects were asked to produce an isometric plantar flexion force of
either 50% or 75% of maximum. The H-reflex was randomly elicited at 50,75,100,
150, and 175 ms following a visual stimulus RT cue. Peak to peak reflex amplitudes
(% baseline) woe averaged within 25 ms bins taken from the onset of soleus EMG.
There was a significant curvilinear relationship for both the 50% and 75% force
levels (r=.78 and r=.75) between time and reflex facilitation. This relationship
predicted a significant increase in reflex facilitation prior to the onset of EMG.
There was a significant (p<.05) decrease in PMT and RT for the 75% force and a
significant increase in slope. Regardless of these differences the onset of reflex
facilitation still occurred at 50 ms prior to the onset of EMG. For both experiments
there was no significant relationship between the amount of facilitation and RT,
PMT, and slope of force (r=.10 to r=.2l).
It appears that reflex facilitation is not related to the above movement parameters
but may simply represent the enabling of the motor program. Onset of facilitation
was time locked to the onset of EMG, therefore, a decrease in PMT for the 75%
force may represent a decrease in the interval prior to reflex facilitation. This
interval is thought to reflect programming time.

UNCOUPLING OF SOLEUS MOTOR UNIT ACTIVITY AND SOLEUS
MUSCLE FORCE IN THE DECEREBRATE CAT. A.J. Sokolof and T.C.
Cope. Dept. of Physiology, Emory University, Atlanta, GA 30322.
Based on the orderly recruitment of motor units, one predicts that
motor unit activity and whole muscle force will change at least roughly in
parallel: active motor units (MUs) should continue to fire as muscle force
increases and quiescent MUs should remain inactive as muscle force
decreases. We have consistently observed this relationship in our studies of
the medial gastrocnemius (MG) muscle.
Here we report, however, an
uncoupling of whole muscle force and MU activity during reflex contractions
of the soleus (Sol) muscle elicited in decerebrate cats. The physiological
properties and firing behavior of 19 Sol MUs were characterized using intraaxonal stimulation and recording. In ten of these MUs, firing behavior was
uncoupled from whole muscle isometric force under certain conditions. Four
tonically-active MUs were inhibited during an increase in Sol force evoked
by stretch of the MG. In contrast, three quiescent MUs were activated only
during a decrease in Sol force evoked by MG stretch. One MU was
selectively activated during Sol excitation produced by pinch of the skin
surrounding the heel, but was not activated during a subsequent rebound
excitation, even though force levels were higher during this rebound. Under
this same condition, two tonically-active MUs were selectively inhibited
during the initial pinch-evoked force increase. This observed uncoupling of
muscle force and MU behavior may reflect a functional partitioning of Sol
MUs. Although all Sol MUs were slow-twitch (absence of SAG), MUs
excited during periods of Sol inhibition were the fastest units in our sample
(based on conduction velocity and contraction time). The results of this
study suggest that different afferent systems (MG afferents; cutaneous
afferents) may selectively activate and/or inhibit different cohorts of Sol
motor units. Supported by NIH Grant NS21023.
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STRETCH REFLEX THRESHOLD REGULATION IN NORMAL
AND IMPAIRED MOTOR CONTROL M.F. Levin* and A.G.
Feldman Research Ctr., Rehabilitation Inst, of Montreal, Quebec.
Canada H3S 2J4
Some hypotheses . suggest that stretch reflex threshold regulation may
be an essential element of motor control. Disturbances in this
mechanism may lead to motor dysfunction. We investigated this
possibility by comparing stretch reflex threshold regulation in 11
spastic hemiparetic and 6 normal subjects. Subjects sat with their arms
supported in a mold attached to a manipulandum controlled by a torque
motor. They remained passive while their elbow was extended from
30° flexion through an arc of 100° at each of 7 velocities ranging from
8 to 300°/s. Displacement and velocity of the forearm were measured
as well as EMG signals from 2 elbow flexors and 2 elbow extensors.
Phase diagrams (velocity vs angle) were plotted and the dynamic
threshold angles (X*) for flexor muscle activation at each velocity of
stretch were used to determine the static reflex threshold (X) and the
slope (p) of the relationship between the X*s and velocity. We found
that static and dynamic reflex thresholds were decreased in spastic
hemiparetic compared to normal subjects and that the dynamic
thresholds depended on velocity. The static threshold value was
inversely correlated with the severity of clinical spasticity. The range
of regulation of X was decreased in the patients compared to normal.
This may explain some of the problems of force and position regulation
as well as hypertonus and weakness common to these patients.

CORRELATION OF QUANTITATIVE MEASURES WITH THE
MODIFIED ASHWORTH SCALE IN THE ASSESSMENT OF
PLANTARFLEXOR SPASTICITY IN PATIENTS WITH TRAUMATIC
BRAIN INJURY. L.D. Abraham* & S.C. Allison. Kinesiology & Health
Education and Institute for Neuroscience, University of Texas, Austin, TX
78712 and Healthcare Rehabilitation Center, Austin, TX 78745.
This correlational study of plantarflexor spasticity describes
relationships among a traditional qualitative spasticity scale, three potential
quantitative spasticity measures and a measure of voluntary ankle muscle
function. Thirty-four volunteer adult patients with traumatic brain injuries
participated. There were 28 males and 6 females; the mean age was 37.3
years (range: 18-57, SD = -0.8). A battery of five randomly sequenced
tests was performed for each subject on one ankle. Tests were: modified
Ashworth scale (MAS) scoring; H-reflex testing with and without
dorsiflexor contraction (Hdf/Hctrl ratio); H-reflex testing with and without
Achilles tendon vibration (Hvib/Hctrl ratio); reflex threshold angle (RTA);
and timed toe tapping (TTT). Twenty-six subjects returned to have the
second ankle tested, resulting in 67 ankles for the analysis.
Spearman's coefficients for correlation of potential quantitative
spasticity measures with MAS scores ranged from 7.39 to 7.49 with
associated probabilities < 7.772. Pearson coefficients for correlation of
quantitative spasticity measures with ITT scores were lower but also
significant (p < 7.17). MAS and TTT scores were also moderately
correlated (rs = -7.42, p = 7.771). Multiple correlation for the set of
quantitative measures yielded R = 7.614 (p < 7.771) with MAS scores and
R = 7.365 (p = 7.745) with TT T scores. These findings reveal statistically
significant relationships among potential quantitative spasticity measures, a
traditional qualitative spasticity scale and a simple measure of voluntary
ankle muscle function. Understanding these relationships is an essential
part of the ongoing search for quantitative spasticity measures.

147.5
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SENSITIVITY OF QUALITATIVE AND QUANTITATIVE SPASTICITY
MEASURES TO THE CLINICAL TREATMENT OF SPASTICITY WITH
CRYOTHERAPY. S.C. Allison* & L.D. Abraham. Kinesiology & Health
Education and Institute for Neuroscience, University of Texas, Austin, TX
78712 and Healthcare Rehabilitation Center. Austin, TX 78745.
This study examined the extent to which a battery of tests could
detect a reduction of plantarflexor spasticity resulting from cryotherapy.
The tests included a traditional qualitative spasticity scale, three potential
quantitative spasticity measures and a measure of voluntary ankle muscle
function. Twenty-six adult traumatic brain injured (TBI) subjects were
examined; these included 22 males and 4 females. The mean age was
28.15 years ( ra^n^^: 1 8-87, SD 1 0.78). The five tests wwe perfonnmi in
random sequence on both ankles of each subject, before and after a 27minute cold pack application to the calf. Tests were: modified Ashworth
scale (MAS) scoring; H-reflex testing with and without dorsiflexor
contraction (Hdf/Hctrl ratio); H-reflex testing with and without Achilles
tendon vibration (Hvib/Hctrl ratio); reflex threshold angle (RTA); and
timed toe tapping ('TIT).
Cryotherapy resulted in lowered MAS scores consistent with a
reduction in spasticity. Doubly multivariate repeated measures ANOVA
revealed a significant difference in test scores between the pre- and postcryotherapy test batteries. Significant pre- and post cryotherapy
differences for all dependent measures contributed to the main effect for
cryotherapy. However, among the potential quantitative measures of
spasticity only the RTA test demonstrated appropriate sensitivity to the
reduction in spasticity. In spite of spasticity reduction, TTT performance
was impaired following muscle cooling. Failure of the H-reflex ratios to
show a reduction consistent with reduced spasticity was attributed to
competing alpha and gamma motoneuron effects resulting from
peripheral cooling.

MODULATION OF SOMATOSENSORY EVOKED POTENTIALS (SEPs)
PRECEDING ANKLE MOVEMENT. W.R Staines', J.D. Brooke, J.E.
Misiaszek, J. Cheng. Human Neurophys . Lab., School of
Human Biology, Univ. of Guelph, ON CANADA NIG 2W1.
Passive ankle movement significantly depresses early
SEP components in a task dependent manner. For movement
preparation, we hypothesized that SEP magnitudes would be
reduced dependent on the impending kinesthetic demand.
SEPs from Cz' and soleus H reflexes were recorded from
electrical stimulation of the left tibial nerve at the
popliteal fossa in healthy adults. In each movement
trial, the onset of passive movement about the right
ankle served as a warning signal for the impending
movement. One second later a response signal instructed
subjects to: (a) plantar- or dorsiflex their left foot,
or (b) track the movement of their right foot with their
left. For analysis, individual responses were grouped
relative to the onset of agonist EMG activity. Compared
to stationary controls, initial SEP components were
significantly depressed in the response period, up to 400
ms before EMG activity (p<.O5). Before tracking, compared
to just movement, initial SEP amplitudes were
significantly elevated (p<.O5) in some subjects. H
reflexes, with stable M wav^es, were of larger amplitude
when soleus was an agonist for the impending movement. In
conclusion, initial SEP components are reduced in the
response period before movement, with subjects varying in
modulation of these SEPs for an impending movement of
higher kinesthetic demand. Supported by NSERC.
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HANDEDNESS, MOTOR UNIT DISCHARGE PROPERTIES AND FORCE
TREMOR. M.A. Nordstrom*. J.G. Semmler and T.S. Miles. Dept, of

FEATURES OF ACTIVATION OF MOTOR UNITS BY REINFORCEMENT
MANEUVERS BELOW THE LEVEL OF POST-TRAUMATIC SPINAL
CORD INJURY IN HUMANS J. Chou. W.B. McKay, J. Rosenfeld. A.,M.
Sherwood. M.R. Dimitr^jevic*. Division of Restorative Neurology and Human
Neurobiology, Baylor College of Medicine, Houston, Texas
Potentiation of tendon jerks by reinforcement maneuvers (RM) can be easily
demonstrated in relaxed muscles of humans with intact nervous systems.
Furthermore, it has been shown that RM can elicit motor unit activity (MUA)
recorded by multichannel surface electromyography in otherwise paralyzed
muscles of subjects with clinically established complete spinal cord injury (SCI)
(1). In this retrospective study we recorded MUA during RM in 11 subjects with
SCI lesions selected from 99 sustained SCI subjects studied. They were:
clinically incomplete, (ambulatory or non-ambulatory) or paralyzed with severe
spasms;
without antispastic medication;
without any other medical
complication;
neurophysiologically documented intact afferent, central and
efferent functions of the lumbosacral spinal cord (2). We found that there are
3 distinct features of MUA and these depend upon the extent of preservation of
excitatory suprasegmental functions below the level of the lesion. The
significance of these findings of altered integration mechanisms between the
suprasegmental and segmental portions of CNS for motor control will be
discussed.
1.
Dimitrijevic, MR, Dimitrijevic, M, Faganel, J, Sherwood, AM
Suprasegmentally induced motor unit activity in paralyzed muscles of patients
with established spinal cord injury, Ann. Neurol. 16(2): 216-221, 1984.
2. Dimitrijevic, MR, Larsson, LE, Lehmkuhl, LD, Sherwood, AM Evoked
spinal cord and nerve root potentials in humans using a noninvasive recording
technique, EEG & Clin. Neurophysiol. 45: 331-347, 1978.

Physiology, University of Adelaide, Adelaide 5005 Australia.
Motor unit (MU) discharge properties in human first dorsal interosseus (FDI)
vary considerably between individuals. There is a two-fold range in mean coefficient of variation of interspfke intervals in single MUs, and a 20-fold range
in mean strength of MU synchronization in different subjects (Nordstrom et
a/., J. Phvsiol. .453:547. 1992). These differences may be related to muscle
usage patterns, and may influence the precision of force production. We
have compared FDI MU discharge properties and force tremor in dominant
and non-dominant hands of six right- (RH) and six left-handed (LH) subjects.
FDI MUs (RH, 186 MUs; LH, 160 MUs) were detected with two intramuscular
fine-wire electrodes during index finger abduction. MU discharge rates and
variability were similar in both hands in all subjects. MU synchronization was
less prominent in the dominant hand of RH subjects, with 51% (45/88) of MU
pairs having significant cross-correlogram peaks, compared with 81%
(90/111) for the non-dominant hand. MU synchrony (quantified by the
frequency of synchronous discharges in excess of chance) was weaker in the
dominant hand of RH subjects (0.23 ± 0.03 s*1 vs. 0.39 ± 0.03 s*1). Four of
six RH subjects had significant differences in synchronization between
hands. In LH subjects synchrony incidence (80% vs. 82%, n=161) and
strength (0.41 ± 0.03 S'1 vs. 0.37 ± 0.03 s"1) were similar in each hand. The

peak frequency in the force power spectrum obtained during index finger
abduction at 0.5 N and 3.5 N was not influenced by handedness, but power
at the peak frequency was higher in the non-dominant hand of RH subjects.
Correlations between MU synchrony and tremor amplitude were weak.
Reduced MU synchronization in the dominant hand of RH subjects may
reflect differences in organization of direct motor cortical inputs to FDI
motoneurons (Datta et al, J. Phvsiol. 432:401. 1991), however differences
in MU synchrony had only a marginal effect on physiological tremor in FDI.
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DIFFERENCES IN CENTRAL FATIGUE BETWEEN TWO HUMAN HAND
MUSCLES. I. ZiidewincT and D. Kernell Department of Medical Physiology,
University of Groningen, Groningen, The Netherlands.
Using test contractions evoked by electrical ulnar-nerve stimulation, we
confirmed that the two intrinsic hand muscles adductor pollicis (AP) and
first dorsal interosseus (FDD have a nearly identical resistance to fatigue.
Subsequently, we studied fatiguing contractions of a voluntary kind,
maintaining 50% of the maximum voluntary force (MVC) as long as
possible (12-MVC test) in the direction of thumb adduction (AP) or indexfinger abduction (FDI). Surface EMG was recorded from both muscles. In
12-MVC tests, the endurance time was significantly longer for AP than for
FDI (P<0.02). Furthermore, the rectified and smoothed EMG (rsEMG)
always increased during the test for AP whereas for FDI this was true in
only about 50% of the single-site recordings; in 30% of the FDI cases the
rsEMG displayed a decline. In four subjects, bipolar surface electrodes
were used for simultaneous EMG recordings at multiple sites above the
FDI muscle. In all these individuals, pairs of sites could be found which
displayed rsEMG-changes in different directions during A-MVC tests.
Furthermore, the same FDI region seemed to show different fatigue
reactions in different motor tasks. We conclude that: (i) on average, the
central mechanisms underlying a maintained contraction (e.g. synaptic
drive) displays a greater endurance for AP than for FDI motoneurons; (ii)
the "central fatigue" of (some of the) FDI motoneurons might be a major
cause for the frequently observed drop of FDI-rsEMG during the 'V-MVC
test; (iii) FDI motoneurons with apparent differences in "central fatigue"
tend to innervate motor units with topographically different distributions
within the FDI muscle.

147.10

CONTRALATERAL INFLUENCE OF TETANIZING ELECTRICAL
STIMULATION (TES) ON QUADRICEPS (QS) MAXIMAL ISOMETRIC
VOLUNTARY CONTRACTION (MIVC). L.E Tremblay*. C. Picard and E.
Marquis. Physiotherapy Program, Univ. of Ottawa, Canada.
Previously, we established (Tremblay et al., Soc. Neurosci. Abstr. Vol. 19,
2- 993,1993) that the torque induced by TES in a bilateral situation (BL) was
less than the sum of the torques recorded by each QS separately, as in a
purely voluntary situation. Because the main effect of TES on peripheral
nerve was supposed to be orthodromic through the neuromuscular junction,
these results were surprising. It was interesting to examine the effect of
unvoluntary TES on voluntary contractions. The purpose of this study was
to examine QS excitability (MIVC) following different conditioning stimuli to the
contralateral limb. The torque (voluntary and induced) were measured on 15
male subjects using the CYBEX 6000 machine. The angular velocity was 0°
per sec. at the angle where the torque was maximum for each subject. The
torques were induced by an electrical stimulator, using a biphasic symetrical
wave, with a pulse width of 300 microsec, at an intensity of 100 mA and a
train of 50 HZ, for a duration of 4 sec. The contralateral TES decreased the
QS MIVC by 12.2 ± 1.8% (P < 0.01). The TES on contralateral QS in a BL
situation added another 4.6 ± 2.5% (P < 0.01) of decreasing torque.
However, the voluntary (MIVC) of ipsi Qs did not change the contralateral
torque induced by TES. The effect of contral. TES on the MIVC ipsi torque
seemed to be an inhibitory effect and not a mechanical one, due to the
following: this effect took place in 600 msec; the duration was present for
close to 50% of the duration time of the TES train; and the torque returned
to base line. We concluded that this effect was possibly due to peripheral
afferences recruited by the TES. The effect of ipsi MIVC had no effect on the
contra TES probably because the motoneurons of contra QS nuclei were
quiescent.
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MOTOR UNIT DISCHARGE PROPERTIES DURING FATIGUING
ISOMETRIC AND ISOTONIC CONTRACTIONS. SJ. Garland*. T. Ivanova.
K.J. Miller, and N. Damiano. Dept. of Physical Therapy, Univ. of Western
Ontario, London, ON, Canada, N6G 1H1
The influence of muscle fatigue on motor unit discharge behavior is thought
to be task-dependent. The purpose of this study was to contrast the discharge
patterns of the same motor units during two types of fatiguing contractions. We
have utilized a submaximal fatigue protocol that included both isometric and
isotonic contractions. Nine subjects performed 100 flexion and extension elbow
movements (7O°-11O°, 0.8 s duration) in a horizontal plane utilizing phase-plane
tracking against a constant preload that resisted extension. Each movement was
separated by a 4s isometric contraction. Twenty motor units from the lateral head
of the triceps brachii muscle were active in all tasks and were analyzed separately
during each type of contraction. During extension movements, the number of
discharges remained constant with fatigue in 13/20 motor units. Concurrently in
flexion movements and isometric contractions, most motor units (12/20 and 14/20,
respectively) demonstrated an increase in the number of discharges; this, however,
was not accompanied by a significant change in the interspike interval (ISI). Only
2 motor units displayed a significant decrease in discharge in all tasks. The prefatigue ISI coefficients of variation (CV) for the extension and flexion movements
were larger than for the isometric contractions (57.3%, 48.5%, 34.5%,
respectively). Further, the CV of the ISI did not change significantly with fatigue
(54.3%, 48.6%, 36.6%). Short ISIs (<20 ms) accounted for 8.3% (range: 1.1-16.5)
and 6.4% (range: 0-17.6) of the total intervals during the extension and flexion
movements, respectively, but only 3.7% (range: 0-7.3) during isometric
contractions. Previously, motor unit discharge rate has been documented to decline
during submaximal sustained isometric contractions, in conjunction with greater
discharge variability (CV); this was not evident in the present experiment when the
isometric contraction was combined with movement. Supported by NSERC.

MAGNOCELLULAR RED NUCLEUS DISCHARGE ENCODES
MUSCLE ACTIVITY MORE CONSISTENTLY THAN MOVEMENT
KINEMATICS. L.E. Miller*. T. Sinkjaer. J.C. Houk Dept. Physiology,
Northwestern Univ. Med. Schl., Chicago, IL, 60611.
Previously we reported that patterns of cross correlation between red
nucleus discharge (RN) and muscle activity (EMG) remain largely
invariant across three kinematically varied movement tasks (Miller et al.,
J. Physiol. 469: 213, 1993). These experiments demonstrated spatial
invariance by identifying an unchanging set of muscles that had strong
correlations with a given unit. We are currently testing whether the
dynamical relations are similarly invariant. We compared the dynamics of
RN discharge with those of limb EMG and several kinematic signals
collected during tracking movements using a variety of manipulanda.
Cross correlations between RN discharge and each of these signals were
computed for 158 neurons from two macaque monkeys. The largest
magnitude EMG correlations occurred for digit extensors, and the largest
kinematic correlations occurred with rectified velocity. Using the cross
correlation function to identify a set of strongly task related neurons, we
examined individual trials, looking for epochs in which the agonist EMG
and velocity signals were transiently dissociated by variations in the
monkey's behavior. For example, EMG sometimes persisted after
velocity returned to zero or failed to scale in proportion to velocity. In
these cases, RN discharge generally corresponded with EMG
modulations rather than movement velocity. Our results favor the
hypothesis that red nucleus generates motor commands in a muscle
coordinate system. Given the convergence of corticospinal and
rubrospinal terminations in the spinal cord, we are led to speculate that
corticospinal neurons may also be organized in muscle coordinates.

147.13

147.14

DEPENDENCE OF STRETCH REFLEX RESPONSE ON STRETCH VELOCITY
IN SPASTIC HEMIPARESIS. J.D. Given. J P.A. Dewald and W Z. Rvmer*.
SMPP, R.I.C. Northwestern Uni., Chicago, IL 60611.
Spasticity is usually assessed clinically by stretching a spastic muscle at various
speeds and manually judging the level of resistance. The perceived increased resistance as a function of stretch velocity is defined as spasticity and it is usually attributed to hyperexcitability of the stretch reflex.
To address the nature of the velocity dependence more rigorously, a ramp position
perturbation protocol was applied to the elbow joint of 4 stroke subjects. The contributions of passive and reflex behaviors of the elbow joint were estimated from the
overall torque response for a series of ramp velocities (0.1-2.0 rads/sec). The mean
torque and EMG responses were plotted versus position for the different ramp velocities. The passive stiffness response and combined stiffness responses for the different ramp velocities were estimated using a third order polynomial fit. The reflex
stiffness response was calculated by subtracting the estimated passive stiffness response from the combined stiffness response. The associated statistical error margins (95% confidence interval) of the mean torque responses were used for the discrimination of stretch reflex onset and determination of significant changes in
stretch reflex gain versus velocity. The stretch reflex threshold angle was defined as
the angle at which the estimated reflex stiffness response became significantly greater than zero. Having determined the threshold angles for the different velocities, the
estimated stiffness responses were then shifted horizontally to a common threshold
angle and the reflex gains compared statistically.
The reflex stiffness (gain) and threshold angle parameters were calculated for various stretch velocities. A weak threshold-velocity dependence was found across subjects along with no significant gain velocity-dependence. These findings holds significance in that velocity does not strongly affect stretch reflex behavior in spastic
muscle. However, velocity does provide an index of motoneuron pool excitability,
in that the more spastic subject requires lower stretch velocities to reach stretch reflex initiation than mildly spastic or normal subjects. Therefore spasticity appears to
be a phenomenon related primarily to motoneuron threshold reductions of motoneuron pool hyperexcitability. Supported by NS 19331-11 and NIDRR R&TC (Stroke)
HI33B3OO24.

MODELS OF ECCENTRICALLY CONTRACTING CAT SOLEUS MUSCLE
WITH TRANSIENT ACTIVATION. D.C. Lin* and WZ. Rymer. Depts of Biomedical Engineering and Physiology, Northwestern University, Chicago, IL 60611.
Lumped parameter models of muscle usually include a force-velocity (FV) relationship to account for the dynamic aspects of muscle contraction. The Hill equation
is a commonly used relation for shortening muscle, but lengthening involves a more
arbitrary formulation. The objective of this study was to assess different formulations
of the lengthening force-velocity relationship in a Hill-type model and to determine
whether steady-state properties can be applied to muscle with transient activation.
Experimental data were collected from the cat soleus muscle in a deafferented
preparation. Inertial loads were simulated using force feedback to a length servo. The
protocol was to provide the load with an initial velocity to stretch the muscle and then
apply an electrical stimulus for a brief period of time (100 ms). Electrical stimulation
was applied at the ventral roots, malting it possible to grade muscle force output.
Muscle length and force were recorded. This paradigm is parallel to the action of the
antagonist muscle in a ballistic single-joint movement.
The model consisted of a contractile element (CE) and series elasticity. The force
produced by the CE was scaled by its length-force and FV relations, as well as the
muscle’s active state (a(t)). Two first order differential equations were used to model
the conversion of neural impulses to a(t) (activation dynamics). The model’s parameters, including series elasticity and time constants, were taken from the literature.
The preliminary model used a FV relationship of die form: 1+A*exp(-v/tau). The
reason this function was chosen is the literature indicates force increases monotonically with velocity but saturates above a specific velocity. The model's force output and
experimental data compared well across inertial loads and activation levels for smaller velocities, but underestimated the force for larger velocities. This may have been
caused by the effect of the series elasticity to slow the velocity of the contractile element, thus the contractile element operated in its nonsaturating region more than expected. In addition, the force achieved by the model after the last stimulus depended
greatly upon the time constants chosen for the activation dynamics, rather than the
mechanical properties of muscle. Other FV relationships will be considered, including
linear, constant, piecewise linear, and hyperbolic functions.
This work supported by NS-28076, NS-19331 (WZR), and T32-HD07418 (DCL).
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INTERACTIONS BETWEEN RENSHAW CELLS AND GLOBAL
INPUTS TO MOTONEURONES. M. G. Maltenfort*. R. E. Pruzinskv.
C. I. Heckman and W. Z. Rymer. Sensory Motor Performance Program,
Rehabilitation Inst, of Chicago, and Departments of Physiology and
Biomedical Eng., Northwestern University, Chicago, IL 60611.
Our previous computer simulations of recurrent inhibition
demonstrated that Renshaw cells (RCs) may desynchronize a
motoneuron (MN) pool in the presence of synchronizing inputs to the
MNs. Input statistics (power and bandwidth) were matched to fit a
model of la EPSPs arriving at Poisson-distributed intervals. Recently, we
studied the effects of adjusting the divergence of the inputs to the MN
pool from global to spatially restricted and found that the RCs have
stronger effects when the MNs receive a global correlating input.
In simulations, RCs can attenuate discrete peaks in the force power
spectrum, which are attributable to synchronous MN firing. Without
RCs, these oscillations are small but rapid enough to exceed the linear
range of primary muscle spindle afferents. Preliminary simulations of a
nonlinear spindle response to sinusoidal stretch at the amplitude of these

oscillations shows harmonic components in the spindle output, which
when fed back to the MN pool could produce pathological tremor.
In order to investigate this, we are currently modifying the simulation
to incorporate spindle feedback. We believe it is possible that the RCs
prefilter muscle force to prevent such pathological feedback conditions.
These simulations will be compared to previous experimental data on
the effects of pharmacological block of RCs.
This work has been funded by grants NS-28076, NS-19331 and T32HD07418.

LIMBIC SYSTEM AND HYPOTHALAMUS I
148.1

148.2

ENTORHINAL AND PERIRHINAL CORTICAL INPUTS TO THE
HIPPOCAMPUS: A CURRENT SOURCE DENSITY STUDY. K.Canning* and
L.Stan Leung. Dept. Physiology, Univ. Western Ontario, London, Ontario, Canada
N6A 5CI.
Anatomical studies demonstrate that the perirhinal cortex (PRC) receives
multimodal sensory inputs and projects to the hippocampus (HC) and entorhinal
cortex (EC), which in turn provides the major input to the HC. The purpose of this
project is to study the extracellular response in the HC following PRC and EC
stimulation in urethane-anaesthetized rats. Cathodal pulses (80-300 pA, 0.15 ms)
were delivered to stimulating electrodes placed in the PRC and EC, and averaged
evoked potentials were mapped ipsilaterally in a track perpendicular to CA1 and
dentate gyrus (DG) cell layers in the dorsal HC (P4 to P5.5, LI .5 toL4.5) at 50 pm
depth intervals. One-dimensional current source density (CSD), a second order
differencing procedure, was used to locate the sites where extracellular currents
apparently disappeared (sink) or appeared (source). In preliminary data from 5 rats,
PRC stimulation did not result in any distinguishable CSDs in CA1 near the
subiculum border. PRC stimulation resulted in a short latency (4-6 ms) sink
(excitation) at the outer molecular layer of the dorsal and ventral blades of the DG,
while no distinguishable CSDs in CAlb was found. Stimulation of the lateral EC
(LEC) resulted in a sink (excitation) at the DG outer molecular layer as well.
However, there seems to be 2 differences between the DG responses following PRC
and LEC stimulation: (1) the peak response following LEC stimulation showed
paired-pulse facilitation at 50 ms IPI, while that following PRC stimulation did not,
(2) the.DG response following PRC stimulation was earlier than that following LEC
stimulation. This study suggests that PRC stimulation may activate the DG at short
latency; whether this is mediated through the LEC will be further examined. The
consistency or lack of consistency with anatomical data will be discussed.
(Supported by Human Frontier Science Program).

FIELD RESPONSES IN DENTATE GYRUS (DG) AND CA1 FOLLOWING
CA3B STIMULATION. K.Wu and L.Stan Leung*. Dept. Physiology and
Clin. Nuerol. Sci., Univ. Western Ontario, London, N6A 5A5, Canada.
Field responses and current-source-density analysis were used to study the
electrophysiological events following CA3b stimulation in urethaneanesthetized rats. CA3b stimulation resulted in the following sequence of
events: (1) antidromic invasion of granule cells (GC): a fast transient with a
sink at the GC layer at 0.7-1.9 ms, following the backfiring of the mossy
fibers; (2) excitation (sink) of CA3c cells at the proximal and distal apical
dendrites starting 2.2 ms, possibly mediated by mossy fiber and perforant path
(PP) excitation; (3) a sink at the middle molecular layer (MML) (excitation;
onset about 2.5 ms), sandwiched by two sources; this was likely caused by
antidromic stimulation of the PP that coursed through DG to CA3, (4) a sink
(3-5 ms onset) at the apical dendrites of CA1 pyramidal cells, accompanied by
a source at the CA1 cell layer; this was the Schaffer collaterals mediated apical
dendritic excitation; a basal dendritic CA1 sink may follow 3-5 ms later; (5)
a late (21-25 ms) MML sink also sandwiched by two sources, likely mediated
by orthodromic excitation of the medial entorhinal cortex which then projected
back to the DG. A CA3 conditioning pulse at 30-200 ms preceding a PP
stimulus facilitated the PP-evoked GC population spike, perhaps because of
suppression of feedforward inhibition evoked by PP. In conclusion, stimulation
of CA3 evoked various anti- and orthodromic activities which involve all
hippocampal areas and the entorhinal cortex; analysis of this response will
yield useful information concerning normal and pathological transmission in
the hippocampus (Supported by NIH 25383 and Human Frontier Science
Program).

148.3

148.4

PHYSIOLOGICAL AND MORPHOLOGICAL
HETEROGENEITY OF DENTATE GYRUS
INTERNEURONS IN THE GERBIL HIPPOCAMPUS IN
VIVO. P,S. Buckmaster* and P.A. Schwartzkroin. Depts. of
Neurological Surgery and Physiology/Biophysics, Univ. of
Washington, Seattle, WA 98195.
A number of dentate gyrus intemeuron types have been
described morphologically, but their corresponding physiological
traits remain poorly defined. To address this issue, a urethaneanesthetized in vivo preparation was used to obtain intracellular
recordings from putative dentate gyrus intemeurons. Responses to
injected current pulses were used to measure intrinsic physiological
traits; synaptic properties were assessed by examining responses to
perforant path stimulation. Based on these electrophysiological
parameters, intemeurons (n=15) fell into several classes. One
major class (n=3) had fast action potentials (0.7+0.1 msec
duration), short latencies to the peak of the spike AHP (1.4+0.1
msec), and low discharge thresholds to perforant path stimulation
(which could evoke multiple action potentials). Another class
(n=8) had longer duration action potentials (1.5+0.1 msec),
longer spike AHP latencies (6.3±0.4 msec), and high spike
thresholds to perforant path stimulation. One of these latter cells
was intracellularly labeled with biocytin. It had spiny dendrites
that were confined to the hilus, and its axon collaterals targeted the
outer molecular layer of the dentate gyrus—similar to somatostatinimmunoreactive hilar neurons. These findings show that dentate
intemeurons comprise physiologically heterogeneous groups.

MORPHOLOGICAL AND PHYSIOLOGICAL CHARACTERISTICS OF
HILAR NEURONS IN THE RAT FASCIA DENTATA. Jj.Lflbke*. 2n .
Spruston and -M. Frotscher. *Inst. Anat. Univ. Freiburg, P.O. Box 111, D-79001
Freiburg and -Max-Planck-Institut fur medizinische Forschung, P.O. Box 103820,
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D-69028 Heidelberg, Germany.
The hilus region of the rat fascia dentata is composed of a heterogeneous
population of neurons (Amaral, J. Comp. Neurol. 182: 851-914, 1978; Scharfman
and Schwartzkroin, J. Neurosci. 8: 3812-3821, 1988). In addition to the putatively
glutamatergic mossy cells, there exist a variety of GABAergic and peptidergic
intemeurons. In order to better understand the role of hilar neurons in the
hippocampal mlnronirnuitry, we have studied the axonal projections and intrinsic
physiological properties of neurons within the hilus. We have taken advantage of
the ease of filling these neurons with biocytin using whole-cell patch clamp
recordings from neurons in hippocampal slices visualized using infrared differential
interference contrast microscopy (Stuart, Dodt and Sakmann, Pflugers Archiv 423,
511-518, 1993). While filling the neurons, some basic physiological parameters
were characterized, namely input resistance (Rjq), membrane time constant (tm)
and maximum action potential firing rate (fmax)*
So far, a sample of 15 neurons has been analyzed. Based on the density of
dendritic spines, 5 neurons out of the sample appear to be mossy cells, all of which

have a dense axonal arborization in the inner molecular layer with only a few local
axonal collaterals within the hilus. In contrast, the remaining 10 intemeurons show
extensive axon collaterals within the hilus with only a few, single axons projecting
to the inner and outer molecular layer and to the CA3c pyramidal cell layer.
Neurons had RN values ranging from 231-756 MQ, rm from 33-96 ms, and fmax
from 2-36 Hz. A larger sample of neurons will be required in order to determine
whether correlations between the anatomy and physiology exist for different classes
of hilar neurons. Supported by the "von Humboldt Foundation" and the BMFT.
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NEURONS OF THE SUPERFICIAL LAYER OF THE LATERAL
ENTORHINAL CORTEX: LOCATION-SPECIFIC FIRING AND
RELATIONS TO THETA RHYTHM. S. E. Fox. E. Brazhnik and
R. U. Muller* SUNY HSC, Brooklyn, NY, 11203.
Previous work has demonstrated location-specific firing of neurons
in the medial entorhinal cortex (Quirk, et al., J. Neurosci, 12, 1992).
We have extended these studies to the superficial layers (II-III) of the
lateral entorhinal cortex (LEC). These cells, along with cells from the
medial entorhinal cortex (MEC), provide a major source of afferent
input to the hippocampus. The location-specific firing of the cells
during exploratory behavior in a chamber with cylindrical walls was
reconstructed by using an overhead TV camera and a BrainWave system.
As in MEC, the spatial firing patterns of many neurons in superficial
layers of LEC showed clear location-specificity, but the spatial patterns
were much noiser than those of hippocampal "place" cells.
Superficial LEC cells are also thought to be responsible for a large,
phasic sink at the hippocampal fissure in current source density (CSD)
studies of the theta rhythm. LEC unit activity (n=2l) was studied in
relation to the simultaneously-recorded theta rhythm. Most of the
strongly positional cells fired slowly, but of all LEC cells, showed the
clearest phase relations to theta. The majority preferentially fired near
the positive peak of the theta rhythm recorded at the hippocampal
fissure. This is very close to the phase seen for dentate, hippocampal
and MEC cells, but not to the phase expected from CSD studies.
Location-specific patterns and theta modulation of unit firing
appear to be similar in LEC and MEC neurons. The theta oscillation at
the fissure may result from phasic dendritic IPSPs on projection cells,
produced by entorhinal driving or septal disinhibition of interneurons.

PHASE RELATIONSHIP BETWEEN THETA RHYTHMIC ACTIVITIES IN
THE MAMMILLARY COMPLEX (SUM/MB) AND THE HIPPOCAMPUS.
B. Kraocs* and R.P. Vertes. Center fof Complex SjStemm Florida Atlantic UUv.,
Boca Raton, FL 33431 and National Institute of Neurosurgery, Budapest, Hungary.
We previously showed that cells of the sueramammirlary nucleus (SUM) and the
mammillary body (MB) discharge synchronously with the theta rhythm of the

hippocampus (Kocsis and Vertes, J. Neurosci., 1994, in press). The present study
examined the relative phase between theta-related discharges of 29 neurons of the
SUM/MB and the hippocampal EEG in 19 urethane-anesthetized rats. Field
potentials were also recorded in the SUM/MB region in 9 rats.
It was found that SUM/MB theta-related cells' fired synchronously either on the
peak of hippocampal theta EEG (in-phase or out of phase) or phase shifted from
the peak by one quarter of a cycle (i.e., in phase or out of phase with dentate
granule cell firing). Four groups were identified on the basis of the relative phase
of SUM/MB activity to ’CAI’ theta, as follows:
l72°±5, -98°±I4, and
l^^±25. The phase of the theta field potentials in the SUM/MB region was
79°al8 (range 56°-99°) relative to ’CAI’; that is, the SUM/MB field always led
’CAI’ and lagged ’deep’ hippocampal theta by about one quarter of a cycle. There
was no phase reversal in the SUM/MB region when moving the electrode in a

dorso-ventral direction.
The present results showing different phase relationships of SUM/MB neurons
to ’CAI’ theta would indicate, in accord with our previous findings, (Kocsis and
Vertes, J. Neurosci., 1994) that some theta related cells of the SUM/MB may be
involved in driving hippocampal theta while others may be driven by descending
projections from the hippocampus. The results further support a role for the SUM
in the control of the hippocampal EEG.
Supported by NIMH grant MH45O75.

148.7

148.8

SUBTHRESHOLD OSCILLATORY ACTIVITY RECORDED IN RAT
SUBICULAR BURSTING NEURONS (BNs). D.Mattia* and M.Avoli.
Montreal Neurological Institute, McGill University, Montreal, QC, Canada.
Intrinsically BNs are the most representative class of cells within adult rat
subiculum. Further electrophysiological characterization of these neurons
was achieved by means of conventional intracellular recordings in an in vitro
hippocampal slice preparation. Eighty-five BNs (membrane potential, MP,
at rest = -65.7±5.8mV) generated persistent subthreshold oscillations of the
MP during steady depolarizing commands positive to -60mV. The frequency
of these oscillations was 5.3+l.lHz (range 3.5-8Hz); the amplitude
measured at the maximum voltage level of oscillatory activity (~ -55mV) was
3.2+O.6mV. Further depolarization of the MP (above ~-55mV) lead cells
to fire low-frequency (0.9-2Hz) clusters of single action potentials separated
by membrane oscillations. Clusters turned into a sustained tonic firing by
bringing the MP to more depolarized values. Blockade of excitatory amino
acid receptors did not prevent the generation of the oscillatory activity.
Membrane oscillations were still observed in the presence of Ca*+ channel
blockers Co2+(2mM) and Cd2+(lmM), but were abolished by the Na+
channel blocker TTX (lgM). Moreover, subthreshold membrane oscillations
were greatly reduced by Ba2+(0.5-l mM). Our findings indicate that
subicular BNs have a rich electroresponsiveness with the ability to
intrinsically oscillate and to fire tonically as relay elements. The activation
of a voltage-gated Na+ conductance is necessary to originate this oscillatory
activity, which may actually contribute to the generation of the theta
rhythmicity in the hippocampal formation network. Supported by MRC of
Canada and Savoy Foundation.

DIFFERENCES BETWEEN FEEDFORWARD AND FEEDBACK
INHIBITION IN FIELD CA1 OF HIPPOCAMPAL SLICES. J. Silberg, A.
Arai* and G. Lynch.
Center for the Neurobiology of Learning and Memory,
University of California, Irvine, CA 92717-3800.
The hippocampus contains a diverse array of ietereeuroes, some collection
of which generates fast, inhibitory responses mediated by GABAa receptors on
the pyramidal cells.
These inhibitory leSereeurons are
divided into
feedforward and feedback categories. The former is innervated by extrinsic
afferents and the latter by recurrent collaterals of neighboring pyramidal
neurons. The strength and distribution of feedforward inhibition are important
factors in regulating the magnitude of long-term potentiation (LTP).
In the present study, the distribution of current source density of inhibitory
postsyeaptlc potentials (IPSPs) was investigated. The feedforward inhibition in
response to activation of Schaffer-commissural fibers in s.radiatum and s.oriens
exhibited a peak current distribution in the corresponding dendritic regions
while the distribution of the feedback inhibition in response to alveus
stimulation showed a maximum at s.pyramidale. Thus, feedforward responses
are well positioned to offset excitatory input while feedback responses are
appropriately located to suppress cell discharges. In accord with previous
studies, the feedforward inhibition showed a pronounced refractory effect,
which was maximal at 40-200 ms ; the feedback inhibition exhibited only a weak
refractory effect. These results indicate that the two forms of inhibition,
feedforward and feedback, involve different subeopulatioes of letereeuroes and
that the synapses generated by the two groups behave quite differently to
repetitive activity in the theta frequency (5 Hz) range. Supported by grant 89-J1255 from ONR .

148.9

148.10

EVIDENCE FROM SIMULTANEOUS INTRACELLULAR RECORDING THAT AREA
CA3 PYRAMIDAL CELLS INNERVATE DENTATE HILAR MOSSY CELLS.

OLFACTORY PROCESSING IN THE DENTATE GYRUS OF RATS.
V.R. Heale and C.H. Vanderwolf*, Neuroscience Program and Dept,
of Psych., Univ. of Western Ont., London, Ont., Canada N6A 5C2.
Olfactory stimulation with toluene, xylene and other organic solvents
elicits fast wave bursts (15-30Hz) in both the olfactory bulb and
dentate gyms of rats. Auditory, visual, tactile or gustatory stimuli are
ineffective. The present study confirms the effectiveness of organic
solvents but further shows that 2-propylthietane and trimethyl
thiazoline (components of weasel and fox odors respectively) are
equally as effective at eliciting fast waves in the dentate gyms. Further,
the fast wave inducing odors of toluene and 2-propylthietane suppress
feeding while non-fast wave inducing odors do not. The fast wave

H.E.Scharfman.* NRC, Helen Hayes Hosp., NY State Dept, of Health, W.
Haverstraw, NY 10993, and Depts. Pharm. and Neurol., Columbia University.
Simultaneous intracellular recordings of area CA3 pyramidal cells and dentate
hilar mossy cells were made in rat hippocampal slices to test the hypothesis that area
CA3 pyramidal cells innervate mossy cells. Cells close to the hilar border were
labeled by Neurobiotin to confirm their identity. Evidence for monosynaptic
excitation was obtained in 7 of 481 (14%) paired recordings. In such cases, a CA3c
pyramidal cell action potential (AP) was followed immediately by a 2.26 mV (mean)
depolarization in the mossy cell (at -60 to -70 mV membrane potential). Unitary
EPSPs of mossy cells were prone to apparent "failure." Probability of failure was
high (up to 0.72;mean=0.48) if all presynaptic APs were included, even those
triggered inadvertently during spontaneous EPSPs. Probability was as low as 0
(mean=0.24) if APs occurring during spontaneous activity of the mossy cell were
excluded. This suggests that unitary EPSPs produced by pyramidal cells are strongly
affected by concurrent synaptic inputs to mossy cells. Unitary EPSPs were not
clearly affected by manipulation of the mossy cell’s membrane potential, consistent
with the report that pyramidal cells innervate mossy cell distal dendrites (Kunkel et
al., 1993). Such a distal location may also contribute to the high incidence of
apparent failures. Characteristics of unitary EPSPs generated by pyramidal cells were
compared with the properties of the unitary EPSPs produced by granule cells on the
same mossy cell. In all cases unitary EPSPs produced by granule cells were larger
but similar in timecourse to unitary EPSPs produced by pyramidal cells. Probability
of failure was lower and facilitation stronger and more common among EPSPs
produced by granule cells. The results suggest that a subset of area CA3 pyramidal
cells innervate mossy cells. They indicate that this input is weak compared to the
input of granule cells. Supported by NIH grant NS 30831.
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response in the dentate gyms may be part of a cerebral response to the
odor of a potential predator such as the weasel and fox. Noxious
stimulation (tail clamp) in the urethane anaesthetized rat was found
here to produce an activation response in the dentate gyms similar to
that seen in the neocortex and does not elicit fast wave activity. Using
a tracheotomy to uncouple olfaction and respiration confirms the
olfactory nature of the fast wave response but has no effect on the tail
clamp induced decrease in slow waves. Electrical stimulation of the
olfactory bulb elicits evoked potentials in the dentate gyms with a
latency of 16-18ms. The fast wave but not the evoked potential is
abolished following scopolamine, suggesting that the former is
dependent on cholinergic synapses.
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CORTEX OF THE IN VITRO ISOLATED GUINEA PIG BRAIN

in

the

piriform

M. de Curtis (*) and G. Biella. Dip. Neurofisiol., Ist.Neurologico, Milano, Italy.
The piriform cortex (PC) is diffuSely activated in a non-topographic fashion in
response to an olfactory input, through cortico-cortical associative connections. The
interactions between synaptic events generated by separate sets of associative fibers
was investigated in the PC of the in vitro isolated guinea pig brain preparation.
Local and long-projective cortico-cortical associative fibers were separated after
surgical restriction of the LOT afferents to a small region of the anterior piriform
cortex (APC). Current source density analysis (CSD) applied to field potential
profiles demonstrated that the synaptic sinks generated by local and remote
associative fibers were located in die superficial lb layer. Coincident activation of
two separate sets of associative fibers determined a close-to-linear temporal
summation (89.96 ± 0.81 % of algebraic summation), also confirmed by CSD
analysis. Paired pulse facilitation of the monosynaptic response was observed when
the LOT input was stimulated twice in rapid succession, whereas depression of the
disynaptic component was observed for inter-stimulus intervals between 0 and 60
msec. When separate associative potentials were paired (heterosynaptic pairing) no
occlusion, but a facilitation of the second response was consistently observed
between 20 and 100 msec, with a peak of 161 ±36 % at 60 msec. The facilitation
correlated to an increase in layer lb sink. It is concluded that separate associative
inputs converge independently on the apical dendrites of PC pyramidal neurons.
When the timing between two convergent synaptic inputs is appropriate a
facilitatory response is obtained. Since olfactory inputs activate the PC with a
rostral-to-caudal pattern of sequential invasion, a different modality of associative
synaptic integration
is proposed for rostral and caudal piriform cortical areas.
Simultaneous intracellular recording of pairs of layer II pyramidal neurons from
APC and PPC showed that after LOT stimulation the associative disynaptic
potential is driving the cell to fire an action potential in PPC, whereas in the APC
the afferent monosynaptic response leads to spike discharge, to demonstrate that
associative potentials play a different role in excitability of PPC neurons as
opposed to neurons in more rostral regions of the PC.

COMPUTATIONAL ANALYSIS OF HIPPOCAMPAL NEURAL
NETWORK ACTIVITY. I, Szabo*. J. Csicsvari1. G. Buzsdki1.

(SPON: European Neuroscience Association)
Inst. Behav. Sci.,
Univ. Med. School, Pecs, Hungary and lCMBN, Rutgers University,
Newark, N.J. 07102
We have developed and/or implemented various electrophysiological procedures and computer programs for experimental
access to real neuronal assemblies in hippocampus of freely
behaving rats. These include (1) multi-channel spike separation from
multiple unit records by using Kaufman's CLARA algorithms,
unsupervised optimal fuzzy clustering, Kohonen's artificial neural
networks and incremental conceptual clustrering, (2) advanced
version of gravitational cluster analysis in order to study the
cooperative activity of neurons, (3) joint PST coincidence
histograms and normalized cross correlograms to demonstrate
dynamic changes in neuronal connection strengths, (4) spiketriggered averaging for examining output effects of single cells on
their postsynaptic targets within the examined neuronal network and
(5) various techniques, to access the quality and reliability of unit
isolation. In the present phase these methods have been evaluated
with real neuronal data on smaller sets. The procedures and their
advantages and pitfalls will be described together with comparison
of hippocampal network activity during theta and sharp wave states.

148.13

148.14

HIPPOCAMPAL THETA ACTIVITY FOLLOWING SELECTIVE
LESION OF THE SEPTAL CHOLINERGIC SYSTEM. Maangee G. Lee1*

INHIBITORY CA1-CA3-HILAR REGION FEEDBACK IN THE
HIPPOCAMPUS. Markku Penttonen*, Attila Sik, Aarne Ylinen, and
GyOrgy BuzsSki. CMBN, Rutgers, The State University of New Jersey,
Newark, NJ 07102

James J. Chrobak1, Attila Sik1 Ronald G. Wiley2, and Gydrgy Buzs^ki1
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We examined the physiological consequences of complete and
selective damage of septohippocampal cholinergic neurons on
hippocampal theta activity in rats using a selective immunotoxin
against nerve growth factor receptor bearing cholinergic neurons
(192 IgG-saporin). Hippocampal EEG was monitored during wheel
running and drinking. A moderate dose of toxin (0.21 pg) eliminated
the septohippocampal cholinergic projection, as evidenced by the
absence of ChAT-immunoreactive neurons in the medial septum and the
vertical limb of the diagonal band and by the absence of
acetylcholinesterase positive fibers in the dorsal hippocampus.
Parvalbumin immunoreactivity remained unaltered. Retrograde
transport of the tracer fluorogold demonstrated that the parvalbumin
cell population preserved its axonal projection to the hippocampus.
Following toxin treatment, the power of hippocampal theta, but not its
frequency, decreased in a dose-dependent manner. Reduction of theta
power occurred between 3 to 7 days after the toxin treatment and
remained unaltered thereafter up to 8 weeks. A dose which eliminated
all septohippocampal cholinergic neurons (0.21 pg) left a small, but
significant theta peak in the power spectra during running. These
findings indicate that the integrity of the septohippocampal GABAergic
projection is sufficient to maintain some hippocampal theta activity.

The hippocampus is often viewed as a series of unidirectionally
excited chain of cell groups. Based on anterograde and retrograde
tracing methods and in vivo intracellular labeling, we provide evidence
for a long-range and widespread inhibitory feedback from the CA1 area
back to the CA3 and hilar regions, a direction opposite to that of the
main excitatory pathways. The cell bodies of the long-range backprojection cells resided at the border of the alveus and the str. oriens.
The shape of their dendritic tree suggested they were part of the
somatostatin and
NADPH-diaphorase-reactive interneuron family.
They were immunonegative for parvalbumin, calbindin and calretinin.
An intracellularly labeled neuron formed more than 25,000 synapses
in the ipsilateral hippocampus. Electronmicroscopic examination
revealed symmetric synapses on dendritic shafts and cell bodies and the
physiological properties of the intracellularly recorded cell
corresponded to the behavior of typical interneurons. The widespread
negative feed-back from the CA1 region should have important
implications for the physiological operations and pathophysiological
states of the hippocampus. Since the long-range neurons synthetize
nitric oxide they may be critical for the modification of concurrently
active synapses in the dentate-CA3-CA1 circuitry.
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INTRACELLULARLY LABELED HIPPOCAMPAL INTERNEURONS
IN VIVO. Attila Sik, Markku Penttonen, Aame Ylinen, Zsolt Horvath*
and Gydrgy Buzsdki. CMBN, Rutgers, The State University of New
Jersey, Newark, NJ 07102

INTRACELLULAR CORRELATES OF PHYSIOLOGICAL PATTERNS
IN THE HIPPOCAMPUS IN VIVO.
Aarne Ylinen*, Attila Sik,
Markku Penttonen, and Gydrgy Buzs^ki. CMBN, Rutgers, The State
University of New Jersey, Newark, NJ 07102 and University of
Kuopio, Kuopio, Finland

Interneurons in the hippocampal CA1 and dentate regions were
physiologically characterized and filled with biocytin in 180 urethane
anesthetized rats. In several cases the neurons were double stained for
various peptides and/or calcium binding proteins. Most axon
collaterals of basket cells (n=5) were confined to the cell body layer
and 3/3 cells were im mu no reactive for parvalbumin (PV). Their
targets included other PV cells. A bistratified cell type (O-R) ramified
extensively in str. oriens and radiatum and was immunoreactive for
calbindin. This cell was the fastest firing cell of all interneurons.
Another cell type (L-M) confined its small axonal terminal field to the
str. lacunosum-moleculare. A neuron with its cell body in the alveus
had axon collaterals in the alveus and str. oriens (A-O). The largest
axonal arbor (120 mm), innervating the CA1, hilar and CA3 regions,
belonged to a CA1 neuron in the alveus. A hilar chandelier cell
arborized in the granule cell layer, hilus and CA3c. An NPYimmunoractive hilar neuron had a very extensive axon arbor in the
outer two-thirds of the molecular extending 2.8 mm in the longitudinal
axis and made hundreds of contacts on PV cells, in addition to other
targets. Another cell type had its axonal terminals confined to the inner
molecular layer. Basket cells and chandelier cells had the smallest
amplitude afterhyperpolarizations and displayed accomodation, as well
as responded repetitively to commissural stimulation. Other cell types
had prominent afterhyperpolarizations.
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Physiological properties of biocytin labeled pyramidal cells,
granule cells and interneurons during theta, sharp-waves (SPW) and
dentate spikes (DS) were examined in urethane anesthetized rats. The
frequency of theta-related membrane oscillation (IC x) was voltageindependent in pyramidal cells, granule cells and interneurons. The
amplitude of IC x was minimum at -75 mV with a phase-reversal of IC x
at this voltage in both pyramidal cells and parvalbumin-double labeled
basket cells. The rhythmicity of IC x in basket cells was much more
regular than in pyramidal cells or granule cells. These findings
support the hypotheses that (1) part of theta activity is due to GABAa

inhibition of pyramidal cells by basket cells and (2) the source of
rhythmicity in basket cells is their septal GABAergic input.
Granule cells were mostly silent during long epochs of theta trains but
fired (1 to 3 spikes) during SPW-related network bursts of the CA3
region, supporting a CA3-granule cell physiological connection. A hilar
chandelier cell with axonal arborization in the granule cell layer,
hilus and CA3c discharged bursts during DS and showed phase-locked
membrane oscillation with gamma waves. Chandelier cells are
therefore among the hilar interneurons which provide feedback and
feed-forward inhibition to granule/hilar cells and CA3 pyramidal
cells, respectively.
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THE HIPPOCAMPAL DENTATE GYRUS IS PRIMARILY AN
INHIBITORY STRUCTURE. G. Buzsaki*, A. Bragin, Z. Nddasdy and G.
Jandd. CMBN, Rutgers University, Newark, NJ 07102

DISTINCT, BEHAVIORALLY-REGULATED, HIGH-FREQUENCY OSCILLATIONS
SYNCHRONIZE THE INPUT AND OUTPUT NEURONS OF THE HIPPOCAMPALENTORHINAL AXIS. J.J. Chrobak* & G. Buzsdki. CMBN, Rutgers Univ.,
Newark, NJ 07102.
The functional activity of neural networks require precise temporal
coordination. Within the hippocampus, behaviorally-regulated,
macroscopic field potentials and local oscillations synchronize neuronal
discharges. For example, during immobility, CA1 neurons fire phaserelated to a 200Hz field oscillation (ripple) that is associated with sharp
waves (SPW), whereas during locomotion, hilar neurons discharge in
relation to a gamma (40-100Hz) oscillation associated with theta. The
present study examined the activity of retrohippocampal (entorhinal,
pre- and parasubicular) neurons in relation to these events during SPW
and theta states in conscious rats.
Our observations indicate that the discharge of deep layer
retrohippocampal neurons are also synchronized by the occurrence of a
-200Hz oscillation (ripple). Ripples could be observed within the deep
(V-VI) and intermediate (IV-III) layers of retrohippocampal structures.
Deep layer ripples were virtually simultaneous with CA1 ripples, while
those within the intermediate layers were more variable and often delayed
by up to 50ms. Layer II neurons, which are indifferent to SPW-related
bursts, did not exhibit a 200Hz oscillation. In contrast, we have observed
the discharge of layer II entorhinal neurons in relation to a 40-100Hz
oscillation that is phase-related to theta. Thus, distinctive, local, highfrequency oscillations, concurrent with SPW and theta, organize the
discharge of distinct and distributed neurons within the hippocampalentorhinal axis within the range of several milliseconds. These
behaviorally-regulated network events may serve to synchronize
communication between this and other neocortical networks.

The hippocampal dentate gyrus is traditionally viewed as part of the
unidirectional excitatory chain of the hippocampal formation. Whereas
granule cells provide an exictatory output to the CA3 region, a very
large percentage of the hilar cells are inhibitory. We have examined
the neuronal activity of the hilar and CA3 regions during explorative
and consummatory behaviors in rats equipped with multiple-site
recording electrodes. During exploratory activity high frequency
gamma waves (40-100 Hz) dominate the hilar EEG with interneurons
phase-locked to the fast rhythm, concurrent with a decreased discharge
of
CA3 pyramidal cells. During consummatory behaviors hilar
neurons display intermittent population bursts concurrent with large
positive field potentials, termed dentate spikes. During dentate spikes
CA3 pyramidal cells and putative mossy cells are suppressed.
Following removal of the entorhinal cortex, the main excitatory input
to the dentate, both gamma rhythm and dentate spikes disappear from
the hilus. Instead, the CA3 region displays a novel gamma oscillation
(30-60 Hz) during exploration. The sharp-wave related population
bursts become larger and more frequent. Sharp-waves bursts are often
followed
by
an
oscillatory
"tail"
(100
Hz),
resembling
afterdischarges. An intracellularly labeled chandelier cell with axonal
arbors in the granule cell layer, hilus and CA3c fired bursts during
dentate spikes. These findings suggests that a main role of the dentate
gyrus is to suppress population discharges of the CA3-CA1 network;
directly by the hilar interneurons and activation of CA3 interneurons.
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EITHER BLOCKADE OR ENHANCEMENT OF CHOLINERGIC
TRANSMISSION AFFECTS THE LOCATION-SPECIFIC FIRING OF
HIPPOCAMPAL PYRAMIDAL CELLS. E. Brazhnik . S. E. Fox* and
R. U. Muller. SUNY HSC, Brooklyn, NY, 11203.
The hippocampus is thought to be involved in spatial learning, since
many of its cells, recorded in freely moving rats, show location-specific
firing ("place cells"). Discharges of these cells (presumably pyramids) are
also strongly related to the phase of the hippocampal theta rhythm. One
component of the theta rhythm is cholinergically mediated. It is
therefore possible that alterations in place cell activity might be observed
after application of drugs that modify cholinergic transmission.
Spatial firing patterns of hippocampal cells were mapped in 16 min
recording sessions in a 76 cm circular chamber under control conditions
and after intracerebroventricular injection of scopolamine (8-10 gg) or
eserine (1-5gg). Blockade of muscarinic transmission with scopolamine
caused a significant and rather long lasting (on the order of 1 hr)
decrease in the firing rate throughout the firing fields of most neurons
(19 of 21). The effect of eserine injection (14 cells) was dose-dependent:
while moderate doses did not change the firing rate significantly (6 cells),
higher doses reduced it (8 cells). The normal firing rate usually returned
after 1.5-2 hrs. In contrast, the level of firing for theta cells (presumably
intemeurons) showed little or no change after either drug.
The results suggest the participation of cholinergic transmission
during spatial information processing. Additional work is required to
show that the drugs are acting at synapses on place cells.
(Supported by NIH grant NS17095.)

THE EFFECT OF ADENOSINE KINASE INHIBITOR ON NEURONAL ACTIVITY IN HIPPOCAMPAL SLICES. M.A. Pak * and
H.L. Haas. Heinrich-Heine University, Physiology II, Meedenstr. 5,
D-40225 Dusseldorf, Germany.
Endogenous adenosine in the extracellular space inhibits neuronal
activity. Using hippocampal slices of rats, we investigated the activities of adenosine kinase, S-adeeesylhemecysteine-hydrelase and ade-
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FIMBRIA FORNIX LESIONS DISRUPT AUDITORY SENSORY
GATING IN THE RAT HIPPOCAMPUS. P.C. Bickford* and K. Wear.
Dept. of Veterans Affairs Medical Center, and Dept. Pharmacology,
UCHSC, Denver, CO 80262.
Auditory stimuli presented to chloral hydrate anesthetized rats elicit an
N4O potential that is of maximal amplitude in the hippocampal CA3
region. When tone pairs are presented with a 500 msec intrapair-interval
in a conditioning-testing paradigm, the response to the second or test (T)
tone is significantly diminished with respect to the conditioning response
(C). We have used this paradigm to examine neurobiological mechanisms
of gating of responses to repeated sensory stimuli. Previous studies have
established that this conditioning testing suppression is disrupted by the
nicotinic antagonist a-bungarotoxin. In this study we investigated the
effects of severing the neuronal projection between the medial septum and
the hippocampus. Unilateral aspiration lesions of the fimbria fornix
resulted in disruption of auditory sensory gating. The T/C ratios were
1.05 ± 0.36 (N = 10 rate) in lesioned rate compared to 0.16 ± 0.08 (N=5
rats) in controls (p <0.01, Student’s t-test). Administratiod of nicotine to
the lesioned ' rats reinstated gating; the T/C ratio decreased 0.84 0 0.45
(p < 0.01, Student’s t-test). Nicotine also increased the amplitude of the
conditioning wave. This study demonstrates that the cholinergic
innervation of the hippocampus from the medial septum is involved in
sensory gating in the hippocampus. Supported by VA Med Res. Service
and USPHS grant MH 44212.

THE EFFECT OF GABAb ANTAGONISTS ON THE RAT HIPPOCAMPAL
AUDITORY SENSORY GATING. K.M. Hershman* and P. C. Bickford. Dept, of
Veterans Affairs Medical Center and Dept, of Pharmacology, UCHSC, Denver CO
80262.
Our laboratory has been utilizing an animal model to approximate the sensory
gating phenomenon that is observed in normal adult humans but compromised in
schizophrenic patients. Our model utilizes a conditioning-testing paradigm where a
pair of auditory tones are presented 500 msecs apart. Under these conditions, an
evoked potential is observed in the CA3 region of the rat hippocampus to the first or
conditioning tone, but the response to the second or testing tone is largely
diminished. In contrast to the short lasting (50 msecs) GABAa mediated inhibition
of basket cells on hippocampal pyramidal neurons, the long-lasting nature of this
response has been postulated to involve GABAb receptor function. We have
recently begun using our whole animal model to investigate the role of GABA,,
receptor activation on the gating response recorded from the CA3 region of the
hippocampus. Preliminary data have suggested that the GABA,, antagonist, CGP
35348, disrupts the conditioning-testing suppression response recorded from chloral
hydrate anesthetized rats. In addition, it appears that this compound alters paired
pulse depression of commisurally evoked population spikes, an effect observed by
other laboratories in a number of in vitro preparations. These data have led us to
believe that GABA,, receptors are involved in the hippocampal gating of responses
to repeated stimuli.
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nosine deaminase in the regulation of the adenosine levels. Iodotubercirin, an inhibitor of adenosine kinase, added to the perfusion fluid
at a concentration of 5 pM caused inhibition of population spike
discharges and hyperpolarisatioe of pyramidal cells, mimicking the effects of exogenously applied adenosine. Adenosine dialdehyde, an
inhibitor of S-adeeesylhemecysteiee hydrolase, and erythro-9-(2-hydroxy-3-eeeyln adenine (EHNA), an inhibitor of adenosine deaminase, had little or no effect on the parameters tested. The effect of iodetubercidie was increased when applied simultaneously with deaminase inhibitor. The A Preceptor antagonist DPCPX had opposite
actions compared to those of adenosine. The agonist blocked the
electrophysiological effects of exogenous adenosine and of iodotubercidin. Thus adenosine kinase activity is a significant factor in the
regulation of adenosine levels in the hippocampus.
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MEDIAL SEPTAL LESIONS IN RATS PRODUCE
DIFFERENT PATTERNS OF RESPONDING
ON A
FIXED-INTERVAL SCHEDULE OF REINFORCEMENT
FOR FOOD DURING THE PRESENCE OF FREE
WATER.
A.
Poplawskv.
Dept, of Psychology,
Bloomsburg Univ. of Penna., Bloomsburg, PA 17815.
Rats with either control operations or medial septal
lesions that were trained on a multiple fixed-interval (FI)
20 s - FI 80 s schedule for food reinforcement were
presented with three sessions of free water availability
while on the same schedule of reinforcement. Rats with
medial septal damage were more likely to decrease
responding during the FI 20 s component when water was
available. On the other hand, rats with control operations
had lower lever press rates than medial septal rats in the
presence of free water during the FI 80 s component.
Rats with septal damage also exhibited a better FI
response pattern (i.e. higher index of curvature) than
control rats during the FI 80 s component over all
conditions. The results illustrate that multiple factors
influence response facilitation and response suppression
following medial septal lesions.

THE EFFICACY OF A PROGRESSIVE FIXED RATIO SCHEDULE OF
REINFORCEMENT IN SEPARATING MOTORIC AND REINFORCING
EFFECTS OF ICSS. W. D. Klinec*. C. Wahling. D. Lawler and S. Catlin.
Department of Psychology, Drake University, Des Moines, LA 50311
Studies investigating intracranial self-stimulation (ICSS) have reported difficulty
separating motoric from reinforcing effects of ICSS. Previous studies in our
laboratory have used a progressive fixed ratio (PFR) schedule of reinforcement to
measure the maximum fixed ratio (FRmax) at which rats respond, without an
inter-response interval greater than 60 seconds, to generate systematic amphetamine
dose response curves for the FRmax. The present experiment extends this research
determining the optimal parameters for the FRmax procedure and incorporates the
procedure into the rate-frequency curve method originally proposed by Edmonds and
Gallistel (1974). Using ICSS in the medial forebrain bundle, and slow, medium
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THE BILATERAL OLFACTORY BULBECTOMY MODEL
OF DEPRESSION IN THE RAT: MOTOR ACTIVITY AND
THE PASSIVE AVOIDANCE TEST. H. H. Webster*. R.

DIABETES DECREASE AMPHETAMINE INDUCED DOPAMINE INCREASE
ON MALE RATS. E. Murzi*, T. Bapt i sta and L. Hernandez.
Laboratory of Behavioral Physiol.ogy, Medical School,
Los Andes University, Merida 5101, Venezuela.
Diabetic rats have showed to be resistant to the
anorexic and locomotor-stimulant action of amphetamine.
Systemic and perifornical injections of sulpiride, a
dopamine D2 receptor blocker, induced hyperphagia. We
evaluated the mesolimbic dopamine function in normal
and diabetic rats by a pharmacological challenge with
amphetamine. Diabetes was induced by 70 mg/Kg, ip of
streptozotocin. Dopamine, dopac and homovanilic acid
were monitored
by microdialysis and high pressure
liquid chromatography with electrochemical detection.
After obtaining a stable base line, 1, 3 and 6 mg/kg,
of amphetamine sulfate were administered ip at three
different groups of seven diabetic rats each and three
groups of seven normal rats each. Dopamine base line
and
amphetamine-induced
increase
of
DA
were
significantly lower in diabetic than control rats.
Dopamine increase was linearly related to the dose of
amphetamine, but the slope of the curve was greater in
the normal than in the diabetic rats. These results
indicate that: a) insulin, by contrast to androgens,
might decrease DA receptor sensitivity by increasing
the response to amphetamine in normal rats, b) Some
anorexigenic actions and locomotor activity insulin-dependant could be mediated by the mesolimbic dopamine
system.

Godbout DSpartement de psychiatrie, Universite de Montreal,
Montreal (Quebec) Canada H4J 1C5

Bilateral olfacory bulbectomy (BOB) in rats is a well-known
model of depression. Although passive avoidance (PA) tests
have been widely used in BOB rats to test antidepressant activity
of various drugs, this procedure has not been thoroughly validated for its methodological specificity with regards to motor activation and duration of the syndrome. We tested BOB and sham
control rats on a PA task and in an open field apparatus 7 days
after surgery. BOB rats showed an impairment on the PA test
(10.2±5.0 vs 4.5± 1.0; p<.05) while the number of movements
per 5min over 2 consecutive hours in open field were not different from their sham controls (59.4 ±34.8 vs 65.7 ± 11.2). Additional independant groups of rats were tested on the PA task
after 14, 21, 28 or 56 days and it was observed that impairments
were still apparent up to the 4th postlesion week. These results
suggest that sensitivity of PA tests in detecting behavioral abnormalities in bulbectomized rats is not dependent on motor hyperactivity and that the syndrome can last as long as 4 weeks.
Supported by FRSQ.

and fast progressions through the FR components, rats given acute amphetamine
challenge, showed dose dependent increases in the FRmax with no response rate
increases at low doses. FRmax-intensity curves, and rate-intensity curves run at a
series of FR schedules, showed both the FRmax and response rates increased up to
asymptotic current intensities. With current intensity held constant at half
maximal values, the number of 150msec duration, 60Hz pulses per second (PPS)
were varied to produce FRmax-PPS and rate-PPS curves. While the rate-PPS
curves revealed increasing response rates as a function of increases in PPS,
especially at intermediate FR values (FR-6 to FR-10), the FRmax-PPS curves were
unsystematic. Overall, while some manipulations that increased response rates also
increased the FRmax, moderate current intensity manipulations and moderate drug
doses produced increases in the FRmax without concominant response rate
increases, suggesting that the FRmax may be a useful additional procedure for
investigating ICSS.
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SEX DIFFERENCES IN CORTICOSTEROID RECEPTOR DISTRIBUTION IN
THE RAT BRAIN H. Yuan*. T. J. Brown and N. J. MacLuskv Div. of Reproductive
Science, The Toronto Hospital, Toronto ONT M5G 2C4
Males and females differ in their responses to stress. In rats, females exhibit larger
and more prolonged increases in adrenal glucocorticoid secretion than males after a
single stress exposure, as a result of the greater sensitivity of the male to the negative
feedback effects of circulating glucocorticoids on ACTH secretion. The mechanisms
underlying this difference remain unknown. Using an improved quantitative in vitro
autoradiographic method, we have tested the hypothesis that sex differences in
corticosteroid feedback on the brain may be associated with differences in the
distribution and/or concentrations of central glucocorticoid receptor sites. Methods:
Rats were gonadectomized (GDX) and adrenalectomized (ADX) three days before use
under Metofane anaesthesia. Type I (high affinity) corticosteroid receptors were
labelled by incubation with l5nM [3HJZK9I587. Type II (low affinity) corticosteroid
receptors were labelled with l5nM [3H]dexamethasone (DEX) in the presence of
75OnM unlabelled ZK91587 to mask Type I receptors. Autoradiograms were analyzed
using computer-assisted densitometry. Results: Type I binding was concentrated in
the hippocampus, while Type II binding was fairly evenly distributed throughout the
brain. No significant sex differences were observed in Type II binding. By contrast,
Type I binding in all regions of the hippocampus was approximately twice as high in
males as females. Conclusions: These results suggest that sex differences in
corticosteroid feedback on the rat brain are associated with a specific difference in the
Type I hippocampal glucocorticoid receptor system. These observations suggest a
possible physiological basis for sex differences in the feedback effects of
corticosteroids on the brain (supported by MRC Canada PG11115, to NJM, and MT11235, to TJB. TJB is a Scholar of the Medical Research Council of Canada).

ANDROGEN RECEPTOR EXPRESSING NEURONS IN THE
AMYGDALA PROJECT TO THE DORSAL VAGAL COMPLEX IN THE
MALE RAT. T.S. Gray*. J.M. Yracheta. and E.W. Bineaman. Dept, of Cell
Biology, Neurobiology and Anatomy, Loyola University Stritch School of
Medicine, Maywood, II. 60153
Numerous androgen receptor immunoreactive neurons have been localized in
the central amygdaloid nucleus (Ce) and lateral bed nucleus of the stria
terminalis (BSTL) of rats. It has been well established that the Ce and BSTL
project heavily into the nucleus of the solitary tract and dorsal vagal nucleus
(dorsal vagal complex). The possibility that androgen receptor immunoreactive
neurons in the Ce and BSTL send their axons to the dorsal vagal complex was
examined. Male Sprague-Dawley rats were anesthetized using sodium
pentobarbital. The dorsal vagal complex was injected with horseradish
peroxidase conjugated to wheat germ agglutinin. The animals survived for 36h
and then were administered a lethal dose of sodium pentobarbital. The rat brains
were fixed with paraformaldehyde and cut into coronal sections using a
vibratome. Retrogradely labeled neurons were stained using an antibody to
wheat germ agglutinin and brown diaminobenzidine (DAB) reaction product.
Androgen receptor was visualized using nickel intensified DAB
immunohistochemistry. Androgen receptor immunoreactive neurons were
distributed throughout the Ce and BSTL and exhibited characteristic dark black
labeled nuclei. Retrogradely labeled neurons could be identified by brown
puntuate cytoplasmic staining. Retrogradely labeled neurons were most heavily
distributed in the medial Ce and posterior b St L. Retrogradely labeled androgen
receptor expressing neurons were found in the medial Ce, caudal BSTL and in
the substantia innominata. The results demonstrate a topographically organized
projection from androgen receptor expressing neurons in the amygdala to the
dorsal vagal complex in the rat. Supported by NIH NS 20041.
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THE EFFECT OF AMYGDALA KINDLING ON PATHOLOGIC
BRAIN DAMAGE IN PYRITHIAMINE-INDUCED THIAMINE
DEFICIENCY. L.E. Kalvnchuk*. C.A. Duva, T.E. Kippin. and J.P.J.
Pinel. Department of Psychology, University of British Columbia,
Vancouver, B.C., Canada. V6T 1Z4
The purpose of this experiment was to determine the effect of
convulsions during thiamine-deficient treatment on the progression of
neurological symptoms and the severity of pathologic brain damage in
rats. Bipolar electrodes were implanted in the basolateral amygdala of
23 male rats, which were divided into a kindled, thiamine-deficient
group (K-TD, n=8), a non-kindled, thiamine-deficient group (NK-TD,
n=8), and a kindled, thiamine group (K-T, n=7). The K-TD and K-T
rats received 45 convulsive stimulations to induce a kindled state—.hey
were stimulated three times per day, 5 days per week, with no less than
2 hr between stimulations. The NK-TD rats received an equal number
of sham stimulations. Then, all rats received thiamine-deficient chow
and a daily treatment of either pyrithiamine (0.25 mg/kg, i.p.) and a
convulsive stimulation (K-TD), pyrithiamine and a sham stimulation
(NK-TD), or thiamine and a convulsive stimulation (K-T). By day 13 of
this treatment, 7 of the K-TD rats had progressed through a sequence of
neurological symptoms to the onset of seizures compared to only 3 of
the NK-TD rats. However, the most thalamic gliosis and neuronal
degeneration was seen in the thiamine-deficient rats that had the longest
seizures, regardless of whether they were kindled or not There was no
gross morphological damage in the hippocampus or amygdala of any
rats. Thus, the occurrence of kindled-convulsions during thiaminedeficient treatment accelerates the progression of neurological
symptoms, but does not enhance the severity of brain damage per se.

LIMBIC SYSTEM AND HYPOTHALAMUS III
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EFFERENT
CONNECTIONS
OF
THE
PRECOMMISSURAL
NUCLEUS: A PHAL STUDY IN THE RAT. N. S. Cameras*, S. laki. A.
Peracoli and S. J. Shamma!—apnadn. Dept, of Physiol. & Biophys., Inst. Biomed.
Sci., Univ. of Sao Paulo, Sao Paulo, SP, 05508-900, Brazil.
The precommissural nucleus (PCN) is a diffuse group of medium-siizedcells which,
in view of its mesodiencephalic location, was suggested to be either a thalamic or a
pretectal component (Paxinos and Watson, ‘86). Recent evidence from our anterograde
tract-tracing studies, on the other hand, indicates that the PCN together with the
adjacent periaqueductal gray represent a major descending output station of several
nuclei of the medial zone of the hypothalamus (Canteraset al., ‘94; Risold et al., ‘94).
In order to clarify its efferent connections, in 20 rats small deposits of Phaseolus
vulgaris leucoagglutinin (PHAL) were placed in the PCN.
Ascending PCN efferents, via the medial forebrain bundle, innervate densely the
posterior, dorsal, lateral, and perifomical hypothalamic areas, the anterior hypothalamic
nucleus, the lateral preoptic area, the rostral pole of the zona incerta, and farther
rostrally, to a lesser degree, the septal region. A dorsal contingent of PCN fibers enters
the thalamus, gives rise to a strikingly dense terminal field in the dorsomedial part cf
the laterodorsal nucleus, and also projects robustly to the reuniens, paraventricular and
rostral intralaminar nuclei. In addition, a smaller contingent of PCN-derived fibers
reaches the medial part of the ventrolateral geniculate nucleus. Descending PCN fibers
distribute heavily to the periaqueductal gray (avoiding its dorsolateral sector),
medialmost part of deep layers of the superior colliculus, pontine central gray,
ventrolateral part of the deep mesencephalic nucleus, and oral pontine reticular nucleus..
These results suggest that the pattern of efferent connections of the PCN is similar
in many ways to that previously described for the dorsal part of the periaqueductal gray.
They also emphasize that the PCN is an important link to the laterodorsal nucleus of

HYPOTHALAMIC ENKEPHALIN4MMUNOREACTIVE FIBERS
TERMINATE ON CALBINDIN AND BRAIN SPECIFIC PHOSPHATASECONTAINING NEURONS IN THE RAT LATERAL SEPTAL AREA.
Z. Szeidemann. M. Shanabrouqh and C. Leranth*. Dept. of Ob/Gyn, Yale
University, School of Medicine, New Haven, CT 06520 U.S.A.
The aim of these experiments was to elucidate the neurochemical
content. targets, and location of hypothalamo-septal projective neurons.
Experimental: double immunostaining for enkephalin (ENK) + calbindin
(CB) or brain specific phosphatase (STEP) was performed on the lateral
septal area (LSA) of control and LSA-denervated (chronic unilateral cut
between the hypothalamus and septal complex) animals. Other rats
received a retrograde tracer injection into the LSA. Colocalization for ENK
and STEP and ENK and GABA was performed on septal ENK-receptive
neurons and projective hypothalamic cells, respectively. Results: 1) ENKimmunoreactive baskets formed exclusively asymmetric synaptic contacts
with populations of CB and STEP cells in the mediolateral part of the LSA;
2) these ENK axons originate from the perifomical area; 3) quantitative
analyses demonstrated that 40% of the ENK baskets terminated on CB
neurons, while 75% of these structures surrounded STEP cells; 4) on the
other hand, only 14% of the CB and 20% of the STEP neurons was
encompassed by ENK fibers; and 5) colocalization studies indicated a coexistence of these two proteins in a large number of ENK innervated cells,
but no co-existence of ENK and GABA. Conclusion: These observations
indicate that: 1) the LSA contains at least three populations of both STEP
and CB neurons: a) ENK-recipient; b) non-ENK-innervated; and c) ENKrecipient neurons which contain both CB and STEP; and 2) hypothalamic
ENK neurons can stimulate an overlapping and non-overlapping population
of LSA CB and STEP neurons. Supported by NIH grant NS 26068.

the thalamus, thus providing interesting perspectives on the organization of circuits
underlying goal-oriented behaviors. Supp. FAPESP 92/5096-8

150.3

150.4

THETA ACTIVITY RECORDED FROM THE MEDIAN RAPHE NUCLEUS IS MEDIATED

PLACEMENT IN A NOVEL ENVIRONMENT INDUCES
FOS-L1KE-IMMUNOREACTIVITY IN SUPRAMAMILLARY
CELLS PROJECTING TO THE HIPPOCAMPUS AND
MIDBRAIN RAPHE NUCLEI. I. Shim*.. T.R. Stratford and D.
Wirtshafter DepL Psychology, Univ. UL at Chicago, Box 4348,
Chicago, U 60680.
Several workers have observed that mild stressors result in
expression of the immediate-early gene c-fos in the supramamillary region (SUM). Cells in the SUM project to a number of
target structures including the hippocampus and the midbrain
raphe nuclei In the present study we utilized a combination of
fluorescent retrograde tracing and the immunocytochemical
detection of the Fos protein to examine the projections of SUM
cells activated by placement in a novel environment.
Following injections of retrograde tracers into the hippocampus, labeled cells were observed bilaterally in the SUM with a
strong ipsilateral predominance. In subjects who were placed in a
novel environment for 90 min prior to sacrifice, substantial
numbers of retrogradely labeled cells in the SUM also displayed
Fos-like-immunoreactivity (FLI) suggesting that the SUM may
play an important role in the hippocampal activation seen during
exploratory behavior.
Studies using multiple fluorescent tracers demonstrated that
different cell populations in the SUM project to the hippocampus
and the midbrain raphe nuclei. In subjects with tracer injections
in the median raphe nucleus (MR), some retrogradely labeled
cells displaying FLI could be observed in the SUM, but they were
much less common than in rats with hippocampal injections.

BY THE MEDIAL SEPTUM AND ENTORHINAL CORTEX. L.A. Partlo* and R ,S .

Sainsbury. Behavioural Neuroscience Research Group, University of Calgary, Calgary, Canada.

Projections from the brainstem median raphe nucleus to the hippocampus have been well
documented in the literature. In an attempt to examine the electrophysiological relationship

between the two sites, rhythmical field activity (theta) was recorded from the hippocampus and
the median raphe nucleus of the freely moving male rat.

Hippocampal theta activity is

dependent on an intact medial septum, the "pacemaker" site believed to convert incoming
nonrhythmic excitation into rhythmical activity. Medial septal projections to the median raphe

nucleus have also been documented. To determine whether or not the medial septum exerts

similar rhythmical influences on neurons in the median raphe nucleus, electrolytic destruction
of the medial septum was performed while recording field activity from the median raphe

nucleus and the hippocampus. Detomidine hydrochloride, a noradrenergic alpha 2 receptor
agonist, was used to elicit immobility-related theta activity in the rat.

Destruction of the

medial septum obliterated all theta recorded from the hippocampus and median raphe nucleus,
providing support for a medial septum "pacing" input to both sites. Whether or not rhythmical

activity recorded from the median raphe nucleus is locally generated remains to be determined,

however, the present results suggest that theta activity recorded from the median raphe nucleus
is dependent on an intact medial septum. In a second experiment, the role of the entorhinal

cortex in theta activity recorded from the hippocampus and median raphe nucleus was

examined.

Since previous research has shown that the entorhinal cortex is involved in the

production of movement-related (type 1) theta activity recorded from the hippocampus, an

attempt was made to determine its involvement in theta recorded from the median raphe

nucleus. Subsequent to entorhinal cortex lesions, type 1 theta recorded from the hippocampus

and median raphe nucleus was abolished.

The present results suggest that theta activity

recorded from the median raphe nucleus is dependent on the same neural mechanisms that
control theta production in the hippocampal formation.
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EXCITATORY AND INHIBITORY INPUTS TO HISTAMINERGIC
TUBEROMAMMILLARY NUCLEUS (TM) NEURONS IN RAT. O.Z.
Yang* and G.I. Hatton. Dept, of Neuroscience, University of California
Riverside, Riverside, CA 92521.
The brains’s neuronal histamine derives from the magnocellular neurons of
the TM. While much is known about the distribution of TM efferents to
virtually all brain regions and their influence on neural systems and behavior,
there is relatively little information on afferents to the TM. Recent
histological studies suggest that the core (somata and proximal dendrites) of
the TM receives afferents from a restricted number of sites, mainly the lateral
preoptic area (LPO), while the more distal dendrites may receive inputs from
a variety of regions (Sherin et al, Soc. NS Abst., 1993, 19: 157). Neither the
exact locations of the cells contributing such inputs nor their functional nature
is known.
In horizontally cut brain slices extending from the TM to the diagonal band
of Broca (DBB), electrophysiological methods were used to define sites in
which electrical stimulation would evoke monosynaptic responses in TM cells.
Stimulation of the nucleus of the DBB, LPO or anterior lateral hypothalamic
area usually evoked fast IPSPs (~8O% of responses) which were blockable by
bicuculline (lOpM) or picrotoxin (2OgM), suggesting GABAa mediation. Of
the remaining excitatory responses, some emerged only after IPSP blockade
and most were blocked by non-NMDA receptor antagonists (CNQX or
NBQX) at 1-3pM. These results support prev ious anatomical findings and
suggest that a predominantly inhibitory control on TM activity is exerted by
the forebrain regions projecting to the TM core. Supported by NS 16942.

INFLUENCE OF INTRACELLULAR CALCIUM
BUFFERS ON
ELECTROPHYSIOLOGICAL PROPERTIES OF HYPOTHALAMIC
SUPRAOPTIC NEURONS. Z. Li* and G.I. Hatton. Dept. ofNeuroscience, University
of California. Riverside, CA 92521.
Calcium (Ca2")-related membrane events, such as depolarizing afterpotential (DAP),
plateau potential and afterhyperpolarization (AHP), have been suggested to be involved
in burst and phasic firing patterns in hypothalamic supraoptic (SON) vasopressinergic
neurons. Recent immunocytochemical studies have revealed a significant amount of
Ca2~-binding proteins (CaBPs) in SON cells. These proteins, functioning like the
conventional Ca2" chelators, BAPTA or EGTA, can effectively buffer Ca2" ions that
enter during spikes. In the present experiments, whole-cell patch clamp recording
techniques have been applied to investigate the relationship between the concentrations
of intracellular Ca2* buffers and SON membrane properties.
Whole-cell recordings were obtained from 124 SON neurons in horizontal brain
slices from adult rats. The patch pipettes had tip diameters of 2.0-2.5 pm, and
resistances of 7-12 M0 when filled with K gluconate solution containing different
concentrations of Ca2" buffers. Prominent DAPs following single spikes or spike
bursts, AHPs and often typical phasic firing patterns were observed using filling
solution containing 0 mM Ca2" buffer/0.1 mM Ca2*. When 1.1 mM BAPTA/0.1 mM
Ca2+ or 1.1 mM BAPTA/0 mM Ca2" were used, enhanced AHPs and continuous firing
were found in most cells. Brief bursts could also be seen occasionally. However, with
filling solution containing 11 mM BAPTA/0 mM Ca2", DAPs, AHPs, and burst firing
were abolished within 10 min after membrane breakthrough. These experiments
suggest that intracellular Ca2" buffers, even at a concentration around one millimolar,
can effectively modulate membrane properties in SON neurons and support the
hypothesis that the cell’s complement of CaBPs is a key factor controlling the
generation of phasic or continuous firing patterns. Supported by NS 16942.

150.7

150.8

EXCITATORY EFFECTS OF HISTAMINE ON HYPOTHALAMIC
SUPRAOPTIC NEURONS REMAIN AFTER CHELATION OF
INTRACELLULAR FREE CALCIUM. G. I. Hatton* and Z. Li. Dept. of
Neuroscience, University of California, Riverside, CA 92521.
An increasing body of evidence suggests that histamine is one of the
neurotransmitters/modulators in rat hypothalamic supraoptic nucleus (SON). Direct
administration of histamine into the SON depolarizes vasopressinergic cell membrane,
facilitates neuronal firing, and increases plasma concentration of vasopressin through
activation of H, receptors. Since many studies have shown an increase in cytoplasmic
free Ca2+ ([Ca2"],) and changes in Ca2"-dependent membrane events following treatment
with histamine, we examined potential roles of [Ca2"], in histamine-induced excitation.
Whole-cell patch clamp recordings were obtained from SON neurons in horizontal
brain slices from adult rats using pipettes filled with K gluconate solution containing
10 mM BAPTA, a potent Ca2" ion buffer. After Ca2"-dependent depolarizing
afterpotential and afterhyperpolarization were eliminated, bath application of histamine
(n=27) or H, receptor agonists (n=3) at concentrations of W6 M to 10'5 M for 2-4 min
produced membrane depolarization and increased firing in 24/30 SON cells recorded.
These effects were often accompanied by reduced membrane conductances. Such
excitatory influences could be blocked by pretreatment with H, receptor antagonists
(4/4). Dimaprit, an H, receptor agonist, showed either no effect or inhibition in 9/9
neurons tested. Under perfbsion of Ca2"-free/high Mg2+ medium (n=6) or medium
containing 0.5 mM Cd (n=2) to further block the influx of Ca2", histamine-induced
excitatory effects remained. These results suggest that histamine can directly stimulate
SON cells by modulating non-Ca2" ion conductances. A rise of [Ca2"], following
application of this monoamine is probably due to Ca2" entry during increased firing
and/or to mobilization of intracellular stores. Supported by NS 16942.

HISTAMINERGIC INPUT TO THE RAT SUPRAOPTIC
NUCLEUS:
LIGHT
AND
ELECTRON
MICROSCOPIC
IMMUNOCYTOCHEMISTRY. Chantal Decavel* and Glenn I. Hatton.
Dept. of Neuroscience, University of California, Riverside, CA 92521.
In horizontal slices of ventrobasal hypothalamus, excitatory and
inhibitory responses are evoked in vasopressinergic (VP) and oxytocinergic (OX)
cells of the supraoptic nucleus (SON), respectively, by electrical stimulation of
tuberomammillary (TM) neurons. These responses can be blocked by drugs that
antagonize histamine (HA), one of the neuroactive substances synthesized by
TM cells.
Double immunofluorescent detection of both HA and VP or OX on
coronal, sagittal, and horizontal sections of carbodiimide-fixed brains revealed a
pattern of innervation of the SON by HA-IR fibers that resembles that of
serotonin: although low in the core of the SON, the density of HA-IR fibers was
found to be moderate in the anterior and lateral parts of the nucleus, and high in
the tuberal part (SOT). A strand of HA-IR neurons extended from the TM area to
the SOT along the ventral surface of the brain, bridging these two magnocellular
nuclei. The SOT itself contained a few HA-IR neurons among VP and OX cells.
The presence of long, fine, and varicose HA-IR axons in close proximity to VP
and OX neurons suggests the presence of synaptic contacts. Electron microscopy
immunoenzymatic detection of L-histidine decarboxylase (HA synthesizing
enzyme) revealed IR axonal varicosities apposed to neuronal elements in the
SON, but no conclusive synaptic differentiation could be found thus far. Our
results support the existence of a dense HA-containing projection from the TM
area to parts of the SON. Since HA synapses have been described to have small
active zones, we cannot rule out the possibility that such synapses exist in the
SON. Alternatively, non-synaptic release of HA from boutons directly apposed
to SON neurons might mediate the fast exitatory and inhibitory effects of Ha on
those neurons. Supported by NS09140.

150.9

150.10

DIFFERENTIAL EFFECTS OF SEPTAL PROCAINE INFUSION
ON THETA-RELATED DISCHARGE PATTERNS OF
POSTERIOR-HYPOTHALAMIC, SUPRAMAMMILLARY, AND
MEDIAL MAMMILLARY NEURONS.

HIPPOCAMPAL SYNCHRONIZING PATHWAY INFLUENCES
ON THETA AND WHEEL-RUNNING BEHAVIOR IN RATS.

I.J. Kirk*. J. Konopacld and B.H. Bland. Beh. Neurosci. Res. Grp.,
Dept. Psyc., Univ. of Calgary, Calgary, AB, Canada T2N 1N4.
It has been suggested that neural activity in the posteriorhypothalamic (PH), supramammiliary (SuM) and medial mammillary
(MM) nuclei may modulate aspects of hippocampal theta (HPC-0).

Here, unit activity was recorded from the PH, SuM and MM in
urethane anaesthetized rats during spontaneous or reticularly-elicited
HPC-6. Subsequently, the effect of abolishing HPC-0 by medial septal
(MS) procaine infusion on PH, SuM and MM cell discharge patterns
was tested. Phasic 0-on cells were recorded in SuM and MM, while
tonic 6-on cells were recorded from the PH. Discharge patterns of SuM
and PH cells survived MS procaine infusion suggesting that activity in
these areas is not dependent on rhythmical activity in the MS or HPC.
In contrast, MS procaine abolished phasic discharge in the MM,
indicating that descending influence from the HPC or septal area is
required for its expression. These results are consistent with previous
suggestions that the PH and SuM form parts of an ascending 0mediating system. However, the MM may mediate a previously
proposed descending feedback system from the HPC and septal area to
the PH and SuM. (Supported by NSERC, AHFMR & MRC).
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S.D. Oddie*. W. Stefanek. B.H. Bland. & I.J. Kirk. Beh. Neurosci.
Res. Grp., Dept. of Psyc., Univ. of Calgary, Calgary, AB, Canada
T2N 1N4.
The influence of procaine infusion into the medial septum (MS)
on posterior hypothalamic (PH) stimulation-induced wheel-running
behavior and hippocampal theta field activity (HPC 0) was examined.
Rats were implanted with a bipolar PH stimulation electrode, MS guide
cannula and HPC 0 recording electrodes. Animals were placed in a
running wheel and given five seconds of PH stimulation at randomly
presented intensities of 0.3, 0.5, 0.7, and 0.9 mA. The frequency and
amplitude of HPC 0 and the maximum wheel-running speed achieved
during each stimulus presented were quantified. Increasing intensities
of PH stimulation evoked increasing frequencies of HPC 0 and
corresponding increasing wheel-running speeds.
The increasing
intensities of PH stimulation did not affect the amplitude of HPC 0.
Intraseptal infusion of procaine blocked the ability of PH stimulation to
evoke HPC 0 and also abolished PH stimulation induced wheel-running
behavior. PH stimulation was presented 5, 15, 30, 45, and 60 minutes
post-procaine infusion. Frequency of 0 recovered rapidly while the
amplitude of 0 recovered slowly. The recovery of wheel-running
behavior reflected the recovery of HPC 0 frequencies. The results
support the role of HPC 0 in sensorimotor integration (Bland, 1986).
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PHASE RELATIONSHIPS OF ENTORHINAL THETA-RELATED
UNITS TO THE HIPPOCAMPAL THETA RHYTHM: A
COMPARISON OF THREE DIFFERENT METHODS.

A MORPHOLOGICAL ANALYSIS OF THE PORCINE PREOPTIC
AREA/ROSTRAL HYPOTHALAMUS. C.A. McManus. G.D. Partlow* and
K.R.S. Fisher. Department of Biomedical Sciences, University of Guelph,
Guelph, Ontario NIG 2W1,
For at least the past 150 years, there has been debate over whether the male
brain is structurally different from the female brain. In particular, sex differences
of hypothalamic nuclei have been suggested for various rodents and humans, as
well as pigs. A ' Sexually Dimorphic Nucleus of the Preoptic Area' has been
identified in both rodents and humans. 'hiteistitial Nuclei of the Anterior
Hypothalamus’ have also been identified in humans. All of these nuclei are
reported to be larger in males, as compared to females. In contrast, a
' Vasopressin- and Oxytocin-containing Nucleus’ (VON) has been identified in the
pig, with the nucleus of the 130 week female being almost three times larger than
in the male of comparable age. Interspecific comparisons are difficult and have
been inconclusive.
In the present study, the preoptic/rostral hypothalamic areas of the porcine brain
were analysed. The brains of eight male, and eight female sexually mature pigs,
ranging in age from one to two years of age, were studied. Reproductive histories
were also collected. Telencephalic/hypothalamic tissue ranging from several mm
rostra] to the optic chiasm, caudally to the rostral mamillary bodies were sectioned
at 10 um. Cresyl violets staining was used. Three of the females exhibited VONs
which were similar, in size and cell density, to nuclei previously described in the
literature. Five males displayed nuclei of various shapes, sizes and cell densities,
while two females exhibited small and indistinct nuclei in this region. A distinct
VON was not present in three males and three females. This study raises
questions regarding the significance of prior results of studies of sexual
dimorphism.

C.T. Dickson*. I.J. Kirk and B.H. Bland. Beh. Neurosci. Res. Grp.,

Dept. Psyc., Univ. of Calgary, Calgary, AB, Canada T2N 1N4.
Theta-related unit activity was sampled from the entorhinal cortex
and related to ongoing dentate theta field activity (0) in urethane
anaesthetized rats. The analyses used were peri-event time histograms
(PETHs) where the positive peak of 0 was used as the trigger, spike
triggered averaging (STA) of 0, and cross-correlation (CC) of the spike
train to 0. The PETH and CC analyses showed the greatest degree of
correspondence in the determination of phase relatedness. STA tended
to be less discriminate and was thus a spurious index of phase relations.
An advantage of PETHs is the ease of computation using a software
package such as DataWaves. Although troublesome to compute using
DataWaves, CC allowed a precise measurement of phase not possible
with PETHs. Rhythmical and non-rhythmical phase-related EC theta-on
cells showed a mean phase of firing on the negative phase of 0
(l84±23° and 254+24°, respectively: positive peak=O°) in addition
to rhythmical theta-off cells (186 ±37°). These data are only marginally
different from those previously reported using a peri-event phase
histogram. In conclusion, both PETH and CC analyses are suitable for
the detection of phase locking of field and unit activity whereas a STA
procedure is not. (Supported by AHFMR, NSERC, & MRC).

150.13

150.14

THE EFFECT OF ACTIVATION OF THE METABOTROPIC
GLUTAMATE
RECEPTOR
ON
HYPOTHALAMIC
MAGNOCELLULAR NEURONS. L. A. Schrader* and J. G. Tasker.
Neuroscience Training Program and Dept. of Cell and Molecular
Biology, Tulane University, New Orleans LA, 70118.
Recent studies have shown that glutamate plays a major role in excitatory
synaptic transmission in the hypothalamus (Van den Pol et al., Science. 250:

1185, 1990). Although much work has been done on the physiology of the
ionotropic glutamate receptors in the hypothalamus, very little is known about
the metabotropic receptor.
Voltage and current clamp analyses were used in coronal slices of rat
hypothalamus to determine the effect of activation of the metabotropic
glutamate receptor on magnocellular neurons of the supraoptic nucleus. The
metabotropic glutamate receptor agonist, trans-ACPD (80 - lOOpM) caused a
reversible depolarization (7.0 ± 0.9 mV, mean ± s.e.m) in 24 of 28 cells, and
an increase in input resistance in 16 of 28 cells (115% ± 0.5%). 3 of the 28
cells showed a decrease in input resistance (76% ± 9.4%). Trans-ACPD also
caused a slight decrease in the potassium A-current. Activation of the
metabotropic receptor caused a decrease in the amplitude (40% ± 4.9%) of the
evoked excitatory postsynaptic potential (EPSP) in 16 of 20 cells. Of the 28
cells analyzed, an increase in the frequency of spontaneous inhibitory
postsynaptic potentials was seen in 3 cells, and a decrease of spontaneous
EPSPs was seen in 6 cells. Analysis of miniature postsynaptic currents
showed that trans-ACPD acts both pre- and postsynaptically.
These results indicate that activation of the metabotropic glutamate receptor
affects the intrinsic properties of magnocellular neurons as well as their
synaptic inputs through both pre- and postsynaptic mechanisms.

COLOCALIZATION OF NMDAR1 AND VASOPRESSIN OR OXYTOCIN IN
NEURONS OF THE MAGNOCELLULAR HYPOTHALAMIC NUCLEI M.C.
Curras* and C. Decavel. Dept, of Neuroscience, University of California, Riverside.
NMDA receptors have been anatomically (Meeker et al, in press) and functionally
(Gribkoff 1991; Hu and Bourke, 1992; Curras et al 1992) identified in rat supraoptic
(SON) neurons. To localize NMDA receptors on vasopressinergic (VP) and
oxytocinergic (OX) neurons of the SON and paraventricular nucleus (PVN) we used
double labeling immunocytochemistry (ICC). Adult male rats were perfused with
either: 1) 4% paraformaldehyde (PFA); 2) 4% PFA + 0.1% glutaraldehyde; 3)
periodate-lysine-PFA (PLP); 4) Zamboni’s fixative. Brains were postfixed for 1-1.5 h
or overnight and cut with Vibratome or cryostat (50-70um). ICC was done using a
rabbit anti-NMDARl (Chemicon) and monoclonal anti-VP (PS4l) or anti-OX (PS38)
neurophysins antibodies. NMDAR1 immunoreactivity (IR) was detected with silverintensified lnm gold (SIG) or FITC, and IR for neurophysins was visualized with
avidin-rhodamine. PLP fixation and 1hr postfixation gave the best signal for
NMDAR1 ICC. Detergents and reducing agents did not improve staining. SIG
labeling of NMDAR1 was preferred over FITC due to a stronger and more punctate
staining. We found NMDAR1 IR in VP and OX magnocellular neurons of PVN and
SON. We also tested the effect of dehydration on NMDAR1 expression in VP
neurons. Male rats were given 2% saline to drink instead of water for a week.
Preliminary results indicate that VP neurons from dehydrated rats exhibited a
diminished VP neurophysin IR compared to controls. VP neurons from saline-treated
rats were co-labeled with anti-NMDARl. SON and PVN magnocellular neurons in
brain sections from saline-treated rats showed a more intense NMDAR1 labeling than
controls. These findings suggest that NMDAR1 can be up-regulated during
hyperosmotic stimulation as measured by increased NMDAR1 mRNA (Meeker
unpublished) and AP5-displaceable [H^lglutamate binding (Meeker in press) in SON.

150.15

150.16

GROWTH HORMONE RELEASING FACTOR AND SOMATOSTATIN
GENE EXPRESSION IN THE HUMAN HYPOTHALAMUS. LC Walker**'4,
RR Sukhov4, NE Rance5, DL Price1'4 and WS Young IIIs. Departments of
'Pathology, 2Ncurology, and 3Neuroscience, 4Neuropathology Laboratory,
The Johns Hopkins University School of Medicine, Baltimore, MD 21205;
5The University of Arizona College of Medicine, Tucson, AZ 85724; and
®The Laboratory of Cell Biology, NIMH, Bethesda, MD 20892.

AN ANTEROGRADE TRACING STUDY OF NEURONAL INPUTS TO THE
SUPRACHIASMATIC NUCLEUS (SCN) IN THE RAT. M.M. Moca*, and R.Y.
Moore. Depts. of Psychiatry, Neurology, Behavioral Neuroscience and the Center for
Neuroscience, Univ. of Pittsburgh, PA 15261.
Retrograde tracing studies have demonstrated neuronal inputs to the SCN in the rat
and hamster arising from a number of areas, including the retina, intergeniculate leaflet
(IGL), subparaventricular zone (SPZ), midbrain raphe, paraventricular thalamic nucleus
(PVT), ventromedial hypothalamic nucleus (VMH), arcuate nucleus, lateral septum,
substantia innominata, ventral subiculum, pedunculopontine nucleus and zona incerta
(Pickard, ‘82; Card and Moore, ‘82,‘89; Morin et al., ‘92; Bina et al., ‘93). There has
been anterograde confirmation of many, but not all, of these inputs to the SCN. To
create a comprehensive map of the SCN afferent connections, we injected the
anterograde tracers Phaseolus vulgaris leucoagglutinin, PHA-L, and biotinylated
dextrans into a number of possible afferent sources. Axonal labeling within the SCN
was most dense after injections placed into the IGL, SPZ, raphe and PVT. After a
median raphe injection, two axonal types were observed in the SCN: fine fibers
concentrated within the ventrolateral SCN and thick fibers within the dorsal SCN.
Small numbers of anterogradely labeled fibers were consistently observed in the dorsal
half of the SCN after injections into the infralimbic cortex, lateral septum, posterior
hypothalamic area, arcuate nucleus, VMH and ventral subiculum. Only a few fibers in
the SCN were seen after injections into the substantia innominata and parabrachial
nucleus. Axons from the zona incerta and pedunculopontine nucleus, two areas which
often contain retrogradely labeled cells after SCN injections, terminate outside the

Neurons containing mRNAs for the precursors of growth hormone
releasing factor (GRF) and somatostatin (SS) were mapped in the human
hypothalamus and surrounding structures. Hypothalamic tissue sections
from four adult males were incubated with a 48-base, synthetic cDNA
probe for GRF or SS. There were numerous, heavily labeled GRF
neurons in the infundibular nucleus and caudal ventromedial nucleus. In
the hypothalamic magnocellular complex, we detected only lightly to
moderately labeled, large GRF neurons that were dispersed throughout
the length of the supraoptic, paraventricular, and accessory nuclei.
Although GRF cells were restricted to the hypothalamus, cells expressing
SS gene transcripts were more broadly represented in the basal forebrain.
With rare exceptions, neurons expressing SS mRNA had a low
hybridization signal. SS neurons were most abundant in the
periventricular nucleus, suprachiasmatic nucleus, lateral tuberal nucleus,
rostral infundibular nucleus, and ventromedial nucleus. SS neurons were
also found in the supraoptic nucleus, caudal paraventricular nucleus,
dorsomedial nucleus, and the lateral and posterior hypothalamic areas.
Extrahypothalamically, SS neurons were detected in the parolfactory
gyrus, amygdala, bed nucleus of the stria terminalis, putamen, and
nucleus basalis of Meynert. The GRF and SS systems thus are largely
anatomically segregated in the human basal forebrain.
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SCN. Our results confirm that the ventrolateral SCN receives only a few inputs,
namely from the retina, IGL, raphe and PVT. The dorsal SCN also receives input
from these areas but in addition it receives other minor inputs. Supported by NIH
grant NS-16304.
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EFFERENTS OF THE SUPRACHIASMATIC NUCLEUS REACH
MIDLINE THALAMO-LIMBIC CELL POPULATIONS M. Bentivoglio*.
X.-B. Yan and Z .-C . Peng. Institute of Anatomy and Histology, University
of Verona, Italy

Previous tracing studies have indicated that the paraventricular nucleus of the
thalamic midline (Pv) is a major extrahypothalamic target of the fibers efferent
from the suprachiasmatic nucleus of the hypothalamus (SCN). Pv cell populations

project to limbic and limbic-related structures, such as the amygdala, nucleus
accumbens and prefrontal cortex. The relationships between SCN efferents and
midline thalamic neurons projecting to the amygdala was verified in the rat by
means of anterograde tracing (injecting biotin-dextran in the SCN) combined in
the same tissue sections with retrograde labeling (from either fluoro-gold or
horseradish peroxidase injections in the amygdaloid complex). Preterminal and
terminal-like elements anterogradely labeled from the SCN were densely
distributed in Pv, and were also seen more ventrally along the thalamic midline.
Bouton-like anterogradely labeled puncta considerably overlapped in Pv thalamoamygdaloid cells, and were distributed around retrogradely labeled perikarya, with
a topographical prevalence in most dorsal Pv portion bordering the third ventricle.
Ultrastructural studies and the comparison with retrograde tracing experiments
from the nucleus accumbens are at present in progress. The SCN plays a major
role of biological clock in the synchronization of endogenous rhythms to
environmental cues, and in particular to light. The present findings indicate that
the thalamic midline, and especially Pv, is a privileged site for the transfer into
the limbic system of information processed in the circadian pacemaker. This
disynaptic circuit could play a crucial role in the regulation of affective and
instinctual behavior, as well as in the pathogenesis of affective disorders.

ALCOHOL CONSUMPTION DOES NOT INDUCE CELL DEATH IN THE
SUPRACHIASMATIC NUCLEUS BUT REDUCES THE NUMBER OF
VASOPRESSIN- AND VIP-IR NEURONS. M.D. Madeira, N. Sousa
and M.M. Paula-Barbosa*. Inst, of Anatomy. Sch. of Med.,
Porto, 4200 Porto, Portugal.
To discern whether the alterations of circadian
rhythms observed following alcohol consumption derive
from changes in the anatomy of the suprachiasmatic
nucleus (SCN) we performed unbiased stereological
studies. It was found that the volume of the SCN and the
total number of its neurons were not affected by
alcohol. Thus we extended this study to the imrnnuocytochemical level given the functional importance of some
SCN neuronal subpopulations e.g. vasopressin (AVP), VIP
and somatostatin (SRIH). Six adult male rats were treated for 12 months with ethanol and the controls were
pair-fed. The SCN was serially sectioned in order to
apply the fractionator to sets of sections immunostained
for AVP, VIP and SRIH. The characteristic distribution
of these neurons within the SCN was confirmed. However,
it was found that in alcohol-fed rats the total number
of AVP and VIP neurons was reduced (27% and 46% respectively). Because the total number of SCN neurons in
alcohol-fed animals remains unchanged we suggest that in
these animals the synthesis of AVP and VIP is decreased.
These changes might underpin the variation of circadian
rhythmicity observed following alcohol ingestion irrespective of the maintenance of the total number of SCN
neurons. JNICT - PBIC/C/SAU/1569/92.

150.19
SIMILAR POPULATIONS OF NEURONS IN THE RAT MEDIAL PREFRONTAL
CORTEX ARE RETROGRADELY LABELED FROM THE VENTRAL TEGMENTAL
AREA AND LATERODORSAL TEGMENTAL NUCLEUS R.S. Revay*1 and S.J.
Grant2. iDept. of Biological Sciences, University of Delaware, Newark, DE
19716 and 2Neuroscience Branch, National Institute on Drug Abuse, Addiction
Research Center, Baltimore, MD 21224
It not known whether the projection from the medial prefrontal cortex
(MPFC) to the dopaminergic ventral tegmental area (VTA), the cholinergic
laterodorsal tegmental nucleus (LDT), the dorsal raphe' and the rostral locus
coeruleus arise from a single population of neurons or from seperate or
overlapping collections of neurons. The first question we addressed is whether
the population of neurons that project to the VTA is the same as that which
projects to the LDT. These two areas were choosen since the VTA and LDT
both make projections that are largely restricted to the medial prefrontal area
of cerebral cortex.
Biotinylated dextran amine (BDA) was used as the tracer. BDA was
iontophorectically injected into the VTA or LDT. BDA (1O,OOOMW, lysinefixable) was dissolved in 0.01M phosphate buffer pH 7.3 at a concentration of
10%. Injection parameteres were; 15-40 minute injections, +4.8pA on a 50%
(7sec) cycle. Retrogradely transported BDA was visualized using a tetramethyl
benzidine-ammonium heptamolybdate reaction. This method has been found

to be sensitive and reliable.
Preliminary results suggest that neurons retrogradely labeled from the
VTA tend to be dorsal to those labeled from the LDT. These populations
overlap and are found rostral to the forceps of the corpus callosum in medial
orbital, infra- and pre-limbic cortex. Since BDA is also transported
anterogradely it will be possible to determine whether projections from the
LDT and VTA terminate on the same neurons that provide their afferent input.
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INTRINSIC CONNECTIONS OF THE RAT AMYGDALOID
COMPLEX: PROJECTIONS ORIGINATING IN THE BASAL
NUCLEUS. V. Savander. J.E. LeDouxi, C.G. Goi, A. Pitkanen*. Dept, of
Neurology, Univ. of Kuopio, P.O.Box 1627, FIN-70211 Kuopio, Finland and

RECIPROCAL CONNECTIONS BETWEEN THE ENTORHINAL
CORTEX AND THE AMYGDALA. R,G. Phillips*. C.-G. Go and J.E.
LeDoux. Dept of Psychology & Ctr for Neural Science, New York
University, NY, NY 10003.
The entorhinal cortex is a major component in the neural circuit mediating
the flow of information between the neocortex and hippocampus. Other
forebrain areas also receive entorhinal projections. While the amygdala is
known to be one of these areas, details concerning the connections between
the entorhinal cortex and the amygdala remain unclear. In order to further
examine the connectivity between these structures, we injected the
anterograde tracer Phaseolus-vulgaris Leucoagglutinin (Pha-L) into the medial
or lateral divisions of the entorhinal cortex (Ent-m and Ent-1, respectively).
Projections from Ent-m to the amygdala were sparse and only involved a thin
strip of the ventral-medial portion of the lateral amygdaloid nucleus (LAvm).
Ent-1, on the other hand, gave rise to relatively dense projections to LAvm as
well as to the basal (B) and the accessory basal (AB) nuclei. More caudal
injections in Ent-1 produced more labelling in the amygdala than injections in
rostral Ent-1. To determine whether these connections are reciprocal, Pha-L
injections were placed in the amygdala. Injections in LA, B and AB resulted
in anterograde labeling of Ent-1, but not Ent-m. It thus appears that Ent-1 and
certain nuclei of the amygdala are reciprocally connected. The amygdaloid
nuclei (LAvm, B, AB) that receive inputs from Ent-1 also receive information
from other polymodal-association cortical areas. These nuclei may serve to
integrate higher-order information from a variety of cortical regions.
Supported by NSF9209646, MH38774, and MHOO956.

iThe Center for Neural Science, New York University, NY 10003, USA.
The aim of this study was to determine the distribution and topography of
the intra-amygdaloid connections originating in the basal nucleus. The
anterograde tracer, Phaseolus vulgaris
leucoagglutinin, was
iontophoretically injected into the different rostrocaudal levels of the basal
nucleus. The distribution of labelled terminals was analyzed from
immunohistochemically stained sections. The distribution of intraamygdaloid connections was dependent on the location of injection in the
basal nucleus. The parvicellular division of the basal nucleus originated
projections within the basal nucleus, the nucleus of the lateral olfactory tract,
the anterior cortical nucleus and the central nucleus (particularly, to its medial
division, although the most caudal portion of the parvicellular basal nucleus
also sent a heavy projection to the capsular and lateral divisions of the

central nucleus). The magnocellular division of the basal nucleus sent a
heavy intra-amygdaloid projection only within the basal nucleus and to the
nucleus of the lateral olfactory tract. The distribution of terminals in each of
the target regions was topographically organized. These findings suggest
that the two cytoarchitectically different divisions of the basal nucleus are
also connectionally distinctive. The magnocellular basal nucleus guides the
information either to the parvicellular division or to extra-amygdaloid areas,
while the parvicellular division gives origin to many of the intra-amygdaloid
projections.

Supported by The Academy of Finland (A.P.), US PHS Grants MH 38774,
MH 46516, and MH 00956 (J.E.L.).
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ORGANIZATION OF RECIPROCAL PROJECTIONS BETWEEN THE MONKEY
AMYGDALA AND THE PERIRHINAL (AREAS 35 AND 36) AND PARAHIPPOCAMPAL (AREAS TF AND TH) CORTICES. L. Stefanacci*. W.A. Suzuki.
and D.G. Amaral. Gp. in Neurosci., UCSD, La Jolla, CA 92093, Lab. Neuropsych.,
NIMH, Bethesda m D 20892, Ctr. Behav. Neurosci., SUNY, Stony Brook NY 11794.

AMYGDALO-ENTORHINAL RELATIONS AND THEIR REFLECTION
IN THE HIPPOCAMPUS D. Pard*. J. Pony and H. Gaudreau. Dept.
Physiol., Univ. Laval, Qudbec, CANADA, G1K 7P4.
During natural slow-wave sleep and under barbiturate anesthesia, we
observed large amplitude (up to 0.8 mV), short-lasting (100-200 ms) potentials
occurring at a frequency of 0.1-3 Hz in the entorhinal (ENT) and perirhinal
cortices of cats. These potentials occurred in two forms. Simple sharp waves
(SWs) appeared as monophasic potentials that were negative in deep ENT
layers, and positive in layer I. In contrast, complex SWs recorded from deep
ENT layers appeared as 100 to 200 ms negative waves interrupted by a brief
(20 ms) positive potential. In layer I, the same sequence of complex SW
potentials was observed but reversed in polarity. Simultaneous hippocampal
and ENT field recordings revealed that, under light anesthesia, complex ENT
SWs activated the entire tri-synaptic hippocampal loop whereas, in natural
sleep, no reflection of complex ENT SWs could be found beyond the dentate
gyrus. In both states, simple ENT SWs had no obvious hippocampal correlate.
To determine the sequence of events generating ENT SWs, unit recordings
were performed in anesthetized cats and peri-SWs histograms of neuronal
discharges were computed. It was found that layer III-VI ENT neurons fire in
phase with the negative peak of simple and complex ENT SWs. In contrast,
most subicular and layer II ENT neurons fired only in relation to complex
ENT SWs, with layer II neurons firing in phase with the negative peak of ENT
SWs and subicular neurons firing 25-40 ms later. The earliest SW-related
neuronal discharges were recorded in the basolateral amygdaloid complex
where neurons fired as much as 100 ms before simple ENT SWs. Moreover,
kainic acid lesions of the amygdala abolished both types of ENT SWs.
These results demonstrate that synchronized neuronal events occurring in
the amygdaloid complex are transmitted by amygdalofugal axons to related
cortical projection fields.
Supported by MRC grant MT-11562.

Behavioral studies in monkeys have demonstrated that the perirhinal and
parahippocampal (PRPH) cortices are importantly involved in normal recognition
memory function. The amygdaloid complex, in turn, has been implicated in the
processing of emotional, or stimulus-reward associative memories. Recent anatomical
studies have shown that each of these brain regions has widespread connections with
unimodal and polymodal cortical areas. Little is known, however, about the
connections between the amygdala and the PRPH cortices. We investigated the
organization of the reciprocal connections between the monkey amygdala and the
PRPH cortices by placing 55 anterograde and retrograde tracer injections throughout
these three regions. We found that the PRPH cortices differ in both the strength and
topography of their respective interconnections with the amygdaloid complex. In
general, the perirhinal cortex demonstrated more robust and widespread interconnections
with the amygdala than the parahippocampal cortex. The polar portion of the perirhinal
cortex (area 36d) appeared to have the most robust interconnections with the amygdala,
particularly with the lateral, accessory' basal, and basal (parvicellular division) nuclei.
Ventrally situated areas 36r and 36c of the perirhinal cortex projected predominantly to
the lateral and basal nuclei and received return projections from the basal and accessorybasal nuclei. Area TF of the parahippocampal cortex projected mainly to the
magnocellular and parvicellular divisions of the basal nucleus but received return
projections only from the magnocellular division of the basal nucleus. In contrast,
medial aspects of the parahippocampal cortex, especially area TH, had few if any
interconnections with the amygdala. These data indicate that there may be important
functional interactions between the PRPH cortices and the amygdaloid complex. These
interactions may support the integration of emotional and mnemonic function in the
medial temporal lobe.
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151.6

INTRACELLULAR STUDY OF NEURONAL EVENTS RELATED TO
ENTORHINAL (ENT) SHARP WAVES (SWs) IN THE AMYGDALOID
COMPLEX OF CATS IN VIVO J. Done*, and D. Pard. Dept. Physiol., Univ.
Laval, Qudbec, CANADA, G1K 7P4.
We have found that basolateral (BL) amygdaloid neurons consistently
discharge before simple ENT SWs and that excitotxic lesions of the
amygdala abolish ENT SWs (Pard et al., this meeting). To determine how the
amygdaloid complex generates simple ENT SWs, we performed intracellular
recordings under deep barbiturate anesthesia, a condition abolishing
hippocampal SWs. At rest, two types of SW-related activities were found.
(1) The first type prevailed in theBL nucleus and consisted of spike doublets
followed by a small IPSP that reversed around -75 mV. These cells had a Vr
of -65 mV and generated similar spike doublets in response to depolarizing
current pulses. In some cells, DC hyperpolarization revealed that SW-related
spike doublets were generated by voltage-dependent fast-prepotentials (FPPs).
These FPPs probably represent dendritic spikes activated by depolarizing
synaptic inputs, (2) The second type of SW-related activity prevailed in the
lateral nucleus and consisted of an EPSP occasionally giving rise to a single
action potential followed by a partially-reversed IPSP (average Vr -72 mV).
At depolarized levels (around -60 mV), these IPSPs could reach up to 25 mV.
These two types of cells were identified as spiny neurons with a pyramidal or
stellate morphology. They are probably projection neurons as several were
antidromically activated from the ENT and perirhinal cortices.
In light of these results, we suggest that theBL amygdaloid complex
generates simple ENT SWs by transforming and amplifying random extraamygdaloid synaptic inpus into synchronized neuronal events through its
extensive system of intra-amygdaloid connections and the intrinsic properties
of its constitutive elements.
Supported by MRC grant MT-11562.

ULTRASTRUCTURAL LOCALIZATION OF PARVALBUMIN
IMMUNOREACTIVITY IN THE BASOLATERAL NUCLEUS OF THE
RAT AMYGDALA. R.N. Betette and A.J. McDonald* Dept, of Cell
Biology and Neuroscience, Univ. of South Carolina Sch. of Med., Columbia,
S.C., 29208.
Parvalbumin (PV) is a calcium binding protein which plays a role in
neuronal excitability by regulating intracellular calcium levels. In the
basolateral nucleus of the amygdala (BLA), PV is found in a subpopulation of
intrinsic neurons that are immunoreactive for the inhibitory transmitter
gamma-aminobutyric acid (GABA). In this study PV immunoreactivity (PVIR) in BLA was examined at the ultrastructural level. PV-IR was observed
in cell bodies, dendrites, axons and axon terminals. The majority of labeled
axon terminals formed symmetrical synapses on unlabeled dendrites ranging
in size from O.4Ogm to 2.2Ogm. A few labeled terminals also formed
symmetrical synapses on dendritic spines, perikarya and axonal initial
segments. Most often unlabeled axon terminals formed asymmetrical synapses
on PV-IR dendrites, although a few symmetrical contacts were observed. The

151.7

151.8

DISTRIBUTION OF PARVALBUMIN-IMMUNOREACTIVE CELLS
AND FIBERS IN THE HUMAN AMYGDALOID COMPLEX.
H.Sorvari*. H.Soininen. L.PaIiarvj1, K.KarkoIa1 and A.Pitkanen. Depts.
of Neurology and ^Pathology, University of Kuopio, P.O.Box 1627,
70211 Kuopio, Finland.
Little is known about the organization of different GABAergic
neuronal populations in the human amygdaloid complex. In this study,
we analyzed the location of parvalbumin-immunoreactive (PARV-ir)
neurons and terminals in the amygdaloid complex of four human brains.
Three types of PARV-ir aspiny neurons were characterized: small
multipolar cells (Type 1), large multipolar cells (Type 2), and fusiform
cells (Type 3). The highest densities of PARV-ir neurons were observed
in the lateral nucleus, in the magnocellular and intermediate divisions of
the basal nucleus, in the magnocellular division of the accessory basal
nucleus and in the amygdalohippocampal area. The regions containing
the lowest number of PARV-ir neurons were the paralaminar nucleus, the
parvicellular division of the basal nucleus, the central nucleus, the medial
nucleus and the anterior cortical nucleus. The density of parvalbuminimmunoreactive fibers parallelled the density of labeled cell bodies in
different amygdaloid nuclei. The PARV-ir terminals were found to form
basket-like plexi and cartridges around the unstained neurons, which
suggest that parvalbumin is located in GABAergic basket cells and
chandelier cells. This study provides baseline information about the
organization of GABAergic inhibitory system in the human amygdaloid
complex, which has significance in the understanding of the
pathophysiology of some human diseases such as temporal lobe
epilepsy.

THE IMMUNOCYTOCHEMICAL LOCALIZATION OF THE
GABAa TRANSPORTER IN THE RAT DENTATE GYRUS. C.E.
Ribak* and N.C. Brecha. Dept, of Anatomy & Neurobiology, Univ.
of Calif., Irvine, CA 92717 and CURE, Wadsworth VA Med. Ctr.,
Bldg. 115, Los Angeles, CA 90073.
Two different rabbit polyclonal antibodies were used to localize the
GABAa transporter (GAT-1) in the hippocampal dentate gyrus. Both
antibodies are directed to the C-terminus of rat GAT-1. Using a 1:1000
dilution and routine avidin-biotin peroxidase complex for
immunocytochemistry, reaction product was localized to small punctate
structures in the hilus, granule cell layer and molecular layer. In
addition, several somata of non-granule cells in the hilus displayed
reaction product. Electron microscopic preparations revealed that axon
terminals forming symmetric synapses with somata, axon initial
segments and dendrites of granule cells contained GAT-1
immunoreaction product. These axon terminals were previously shown
to be GABAergic. Other axon terminals that formed asymmetric
synapses in the dentate gyrus lacked immunoreactivity for GAT-1.
Thin glial processes between granule cell bodies and other glial
processes in the molecular layer and hilus also displayed GAT-1
immunoreaction product. Non-granule cell bodies subjacent to the
granule cell layer displayed GAT-1 immunoreaction product associated
with the Golgi complex and had features described previously for
GABAergic basket cells. The results of this study indicate that GAT-1
is concentrated in the axon .terminals of GABAergic neurons and glial
profiles found in their vicinity. This localization is consistent with the
role of GAT-1 in sequestering GABA from the synaptic cleft following
exocytosis from GABAergic axon terminals.
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finding of PV-IR terminals forming symmetrical, presumably inhibitory,
synapses agrees with previous studies which have shown that PV is contained
in GABAergic intrinsic neurons. The formation of axo-axonic synapses by
PV-IR terminals suggests that chandelier cells in BLA, like their counterparts
in the cerebral cortex, contain PV. The predominance of asymmetrical,
presumably excitatory, synapses with PV-IR dendrites is consistent with
cytochrome oxidase histochemical studies which have shown that these
neurons exhibit high firing rates. (Supported by NIH Grant NS-19733.)
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ORGANOTYPIC
ENTORHINAL-HIPPOCAMPAL
COMPLEX
SLICE
CULTURES OF YOUNG ADOLESCENT RATS. A MODEL TO STUDY AN
AREA
VULNERABLE
IN
NEURODEGENERATIVE
DISORDERS.
S-Diekmann*. T.G.Ohm and R.Nitsch
Center of Morphology, University of Frankfurt, 60590 Frankfurt, TheodorStern- Kai 7, Germany
The entorhinal-hippocampal system is severely affected in neurodegenerative
disorders such as Alzheimer's disease. In order to obtain a model to study
pathological changes of this system in vitro we used complex slice cultures
comprising both the entorhinal cortex (EC) and the hippocampus. To minimize
developmental influences we used young adolescent rats (postnatal day 15). Slices
were maintained in vitro for three weeks employing the interface technique.
Biocytin labeling was used to demonstrate the projection neurons in the EC, i.e.,
stellate neurons in layer II and pyramidal cells in layer III, as well as granule cells
of the dentate gyrus. These cells could be immunostained with calbindin. The
perforant path connecting the entorhinal cortex with the hippocampus and the
intrahippocampal mossy fibers were visualized with biocytin. Immunostaining
revealed that interneurons which are known to be relatively resistant to adverse
effects such as parvalbumin-, calbindin- and calretinin-immunoreactive cells were
maintained in culture. Moreover, also vulnerable somatostatin- and NPYcontaining neurons showed typical morphological characteristics in vitro.
Following an early activation, microglia cells exhibited their normal ramified
appearance after three weeks in vitro indicating a resting state.
In conclusion, entorhinal-hippocampal complex slice cultures of young adolescent
rats show organotypical morphological features after three weeks in culture. This
model system thus enables experimental studies of the entorhinal-hippocampal
interaction in vitro.
Supported by the Tropon-Werke AG and the Hertie-Stiftung.

FOCAL HIPPOCAMPAL INPUT TO MEDIAL AND ORBITAL
PREFRONTAL AREAS IN THE RHESUS MONKEY. H. Barbas* and
G. J. Blott. DD>t.HHdthSci., and Dept.Anat.& Neurobibl., BostonUnin.
and Sch. Med., Boston, MA 02215.
We studied the hippocampal projections to prefrontal cortices with the ald
of retrograde tracers. Prefrontally directed neurons originated mostly in the
distal half of CA1, the proximal part of the subiculum and the
prosubiculum. Labeled neurons projected to medial, and, to a lesser extent,
to orbital cortices and their topography overlapped extensively in the
hippocampal formation. Afferent neurons in CAI' targeted preferentially
rostral medial areas. Trace label was also seen in CA4. Among medial
areas caudal area 32 and the adjoining area 24 received the highest number
of hippocampal afferent neurons, followed by area 14, and rostral area 32.
In each case labeled neurons from consistent foci within a field were noted
over half the anteroposterior extent of the hippocampus. Although overall
most labeled neurons were found rostrally, longitudinal strips of neurons
from the entire rostrocaudal extent of the hippocampal formation projected
to prefrontal cortices as a group. Afferent neurons were found in the
intermediate or deep layers of the hippocampal fields in a consistent
regional pattern. Thus, while neurons in CA1 were found predominantly
in the deepest layer of the field, in the subiculum, prosubiculum and CA1'
most occupied an intermediate position. Afferent neurons from the
hippocampal formation were directed preferentially to medial than to orbital
cortices, which was the reverse of what we observed previously for
amygdaloid projections to prefrontal cortices (J. Comp. Neurol. 300:549571,1990). The above data suggest that projections from limbic structures
follow parallel pathways to the two major prefrontal sectors and may be
related to their functional specialization. (Supported by grant NS2476O).
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TRACING NEUROANATOMICAL PATHWAYS
OF THE
HIPPOCAMPUS USING THE LIVE IN VITRO SLICE METHOD
C.Lim*^. H.BIumei and C.B. Saper Comm, on Neurobiologyt, University of

THE PROJECTIONS OF THE RETRORUBRAL FIELD (A8) TO THE
HIPPOCAMPAL FORMATION IN THE RAT . *A. Gasbarri*1. R Innocenz.i1.
C Pacifth and Y Perciavalle2.1 Department of Science and Biomedical
Technology, Laboratory of Human Physiology. University of L'Aquila.
67100 L'Aquila (Italy); 2 Institute of Human Physiology, University of
Catania, 95125 Catania, (Italy).
The dopaminergic neurons in the midbrain of the rat are located in three
groups: ventral tegmental area (VTA-A10), substantia nigra (SN-A9), and
retrorubral field (RRF-A8). Previous researches from our laboratory examined
in detail the organization of the projections from the VTA and the SN to the
hippocampal formation (HF). In this study we characterize the projections of
RRF to HF by using anterograde, retrograde tracers and tyrosine hydroxylase
(TH) immunohistochemistry.
Following iontophoretical injections of Fluoro-Ruby into VTA, anterograde
labeling was mainly found in subiculum and adjacent CA1 field. Few labeling
was also observed in CA3 field and dentate gyrus. The distribution of VTA
neurons projecting to HF was also examined by injecting retrograde
fluorescent tracers (Fluoro-Gold, Fast Blue and Nuclear Yellow) in several
hippocampal areas. The results of these experiments showed that RRF, mainly
in its medial part, projects to subiculum and adjacent CA1 of both septal and
temporal HF. In order to evaluate the percentage of dopaminergic (DA) cells
of RRF projecting to HF, the retrograde neuronal tracer FG was used in
combination with tyrosine hydroxylase (TH) immunohistochemistry. The
quantitative evaluation of retrogradely labeled and TH stained cells showed
that RRF projections towards the HF are partially DA (14-16%). These data
suggest that the RRF afferents to HF are in many respects similar to VTA-HF

Chicago, Chicago, IL. 60637 and Dept. of Neurology and Div. of
Neurosurgery^, Beth Israel Hospital, Boston, MA 02215.
The hippocampal formation has long been thought to play a role in
learning and memory. The majority of neuroanatomical information on its
intrinsic connections has been obtained in rodents but little data are
available from primates because of technical limitations. Live in vitro slices
may prove useful for studying axonal and dendritic morphologies of primate
hippocampal neurons, but few attempts have been made to trace entire
pathways in these slices. We now report that using biocytin and the 3kd
dextrans in live in vitro slices, we have been able consistently and reliably to
label short intrinsic pathways of the rodent hippocampus in fine detail.
6OOpm sections of the hippocampal formation from rats were placed in a
superfusion chamber with oxygenated ACSF flowing over tissue at 35°C.
Biocytin or 3kd dextran was microinjected into various regions of the
hippocampus. After 3 to 4 hours, the tissue was fixed overnight in formalin,
cut, and processed to visualize the tracer. The tissue was then silver
enhanced and Giemsa counterstained.
Using this technique we have been able to label the mossy fiber
projection into both the infra- and suprapyramidal layers from the dentate
hilus to the CA3/CA2 border. We have also labeled the hilar assodational
pathway from its origin in the hilar pyramidal neurons to its termination in the
inner 1/3 of the molecular layer of the dentate gyrus. We are currently
trying to determine whether this technique can be extended to live human
hippocampal tissue removed during surgery.

projections.
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INFORMATION PROCESSING IN THE ENTORHINAL CORTEX OF THE
RAT: A NEUROANATOMICAL STUDY OF ENTORHINAL INTRINSIC
CONNECTIONS. C. L. Dolorfo* and D. G. Amaral. Group in Neuroscience.
UCSD, La Jolla, CA 92093 and Center for Behavioral Neuroscience, SUNY, Stony
Brook, NY 11794.
Recent three dimensional analyses of entorhinal cortical (EC) projections have
demonstrated that non overlapping, rostrocaudally-oriented bands of layer II
entorhinal cells project to different septotemporal levels of the dentate gyrus (Soc.
Neurosci. Abs. 19:853, 1993). We have now attempted to determine how the flow of
information within the EC is related to these bands. This question was addressed by
injecting 4 distinct neural tracers into the entorhinal cortex or dentate gyrus of each
rat in our study (n=5). The tracers included: the retrograde fluorescent dyes 1) Fast
blue (FB) and 2) Diamidino yellow (DY) which were injected at two different
septotemporal levels of the dentate gyrus to label two discrete bands of layer II cells
in the EC; and the anterograde tracers 3)Phassolus vulgaris leucoagglutinin and 4)
biotinylated dextran amine which were aimed at locations of the EC where bands of
FB - or DY-labeled cells were predicted to occur. The extent of the distribution of
connections between bands depended largely on the placement of an anterograde
tracer into superficial or deep layers of the EC. Injections into layers II-III produced
numerous labeled fibers that were heavily distributed within the injected band. Few

ELECTRON MICROSCOPIC ANALYSIS OF RAT HIPPOCAMPAL MOSSY
CELL AXON: SYNAPTIC RELATIONSHIP WITH POSTSYNAPTIC
NEURONS. H.J.Wenzel*. P.S.Buckmaster. D.D.Kunkel, N.L.Anderson
and P.A.Schwartzkroin. Dept, of Neurological Surgery, University of
Washington, Seattle, WA 98195.
Recently, hippocampal mossy cells have received attention because
of their vulnerability and potential role in epileptogenesis both in human
temporal lobe epilepsy and in some animal models of epilepsy. Mossy
cells have been described electrophysiologically and their axon
projections within hippocampal slices have been examined. However,
data are limited regarding the circuitry and morphological identification
of the postsynaptic targets of mossy cells in vivo. In the present study,
we examined the axonal arborizations of electrophysiologicallyidentified mossy cells following in vivo intracellular injection of biocytin.
Biocytin-filled mossy cells and their axon collaterals were visualized
with avidin/HRP/DAB-nickel using immunohistochemical and electron
microscopic methods.
The mossy cell axon collaterals arborized locally within the hilus, as
well as in the dentate granule cell layer and inner molecular layer. In the
central part of the hilus, mossy cell axons established a low density of
synaptic contacts with dendritic shafts, neuronal somata and dendritic
spines; in the subgranular region of the hilus, mossy cell axons
synapsed exclusively with dendritic shafts. At greater distances along
the septotemporal axis from the mossy cell soma, most of the axon
targeted the inner molecular layer, where there was a high density of
synaptic contacts exlusively onto dendritic spines. Serial section
analysis of these contacts revealed that they were in each case of the
asymmetric type. These data suggest that mossy cell axons primarily
target distant granule cells to form an associational dentate network.
Locally, mossy cell axons make somatic and shaft contacts onto hilar
neurons, and therefore might take part in inhibitory feedback circuits to
control granule cell activity. Supported by NINDS grant NS-18895.

fibers projected into distant portions of the EC. Injections made into layers IV-VI
also produced a relatively dense intraband labeling but moderately dense projections
also entered adjacent bands of EC. These data indicate that: 1) intraband projections
tend to be stronger than between band projections; 2) projections within bands
originate from cells in both superficial and deep layers of the EC; and 3) projections
between adjacent bands largely originate from cells located in deep layers. These
substantial intra- and inter-band projections in the entorhinal cortex provide the
possibility for integration of information directed to a particular septotemporal level
of the dentate gyrus and the feedback modulation of information directed to other
septotemporal levels, respectively.
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ANATOMICAL ANALYSIS OF AFFERENT CONNECTIONS OF LAYER III
OF THE MEDIAL ENTORHINAL CORTEX IN THE RAT. *M.P.
Witter*.
Eld and
Schwarcz. ^rije Unlv. , Amsterdam (The Netherlands), *Jniv. Bergen, Bergen (Norway) and
Maryland Psych. Res. Centex:, Baltimore, MD 21228.
Neurons in layer III of the medial entorhinal cortex
(MEC) in the rat are extremely vulnerable to local injections of arninooxyacetic acid into the EC and in models of
limbic seizures. A comparable specific pathology has been
noted in surgical specimens from patients with temporal
lobe seizures. In efforts to understand this preferential
neuronal vulnerability, the neural input to this layer
was studied in rats. Iontophoretic injection of the retrograde tracer Fast blue in layer III of the MEC resulted in a large number of retrogradely labeled neurons
in presubiculum and ventral parts of the claustrum (endopiriform nucleus). The subiculum, nucleus reuniens, medial septum and diagonal band displayed a moderate to low
number of labeled cells. Since the claustrum projection
to the EC has not yet been described in detail in the
rat, iontophoretic injections of anterograde tracers were
placed into the ventral claustrum. Anterogradely labeled
fibers in the EC proved not to be confined to MEC since a
prominent projection distributed to the lateral EC as
well. In both areas, the densest terminal labeling was
present in layers IV-VI, whereas layer III appeared not
to be labeled. These data indicate that the previously
described input from the presubiculum probably represents
the dominant selective input to layer III of MEC.

EVIDENCE FOR GREATER PERFORANT PATH INPUT IN THE VENTRAL
VS. DORSAL in vitro DENTATE GYRUS. Choi Choi* and T.W. Berger. Dept. of
Biomedical Engineering and Program in Neuroscience, Univ. of Southern California,
Los Angeles, CA 90089
Previously, we have characterized dorso-ventral gradients in response properties of
the in vitro dentate gyrus using nonlinear systems analysis, in which the relationship
between the inter-impulse interval in a train of random impulses and the amplitude of
the resulting population spike (PS) is expressed as the kernels of an orthogonalized
functional power series. The 1st order kernel represents the average PS amplitude to
all impulses in the train; the 2nd order kernel represents the facilitation and
suppression of the PS due to any impulse preceding with interval delta (A). Slices
from the ventral third of the hippocampus have a larger 1st order kernel and less 2nd
order kernel facilitation at short A, than slices from the dorsal third. The addition of
10 pM bicuculline to the bathing media eliminates the facilitation difference without
altering the 1st order kernel difference. Thus, greater GABAergic inhibition in the
ventral slices is likely to account for some of the differences in 2nd order
nonlinearities. In the present study, we investigate the mechanism underlying the
larger 1st order kernel in the ventral slices.
Slices of 600 pm thickness were cut transverse to the longitudinal axis of the
hippocampus from the dorsal and ventral thirds of the hippocampus. Twin pulses
(30 ms interval) stimulated the perforant path input to die dentate gyrus. The
resulting PS and EPSP were simultaneously recorded in the cell and molecular layers.
Consistent with previous results, the same stimulation intensity evoked a larger PS
in the ventral slice. In addition, the maximal PS evoked by the 1st pulse was
significantly larger in the ventral slices. However, the maximal facilitated PS, evoked
by the 2nd pulse in the pair, was not significantly different, suggesting an equivalent
density of excitable granule cells is present in the two groups. The maximal EPSP
(both slope and amplitude) was significantly larger in the ventral slices, indicating a
larger synaptic current sink. If the granule cell density is similar for both groups, one
explanation for the larger synaptic sink is greater synaptic input per granule cell. This
could account for the larger 1st order kernel in the ventral slices. Whether or not the
greater synaptic input reflects a difference in fiber orientation is under investigation.
Supported by ONR, NIH BMSR, NIMH.

151.17

151.18

PROJECTIONS OF ENTORHINAL NEURONS TO NUCLEUS
ACCUMBENS IN THE RAT. K. Sripanidkulchai. B. Sripanidkulchai
and J.W. Brown*. Dept. of Anatomy and Biochemistry, Faculty of
Medicine, Khon Kaen University, Khon Kaen, Thailand, and Dept. of
Cell Biology, University of Alabama, Birmingham, AL 35294-0019.
The entorhinal cortex (area 28 of Brodmann) contains 6 layers,
each of which gives rise to a relatively distinct projection. In the present
study, we examined the organization of the projection from the
entorhinal cortex to one of its principle subcortical targets, i.e., the
nucleus accumbens, using the retrograde transport of Fluorogold and
Fast Blue to label the projections.
Further, we used AChE
histochemistry to identify the specific regions and lamination of the

entorhinal cortex. In 30 young, male rats, 30-50 nl of Fluorogold or Fast
Blue (4% in dH2O) was injected into one of the subareas of the nucleus
accumbens, and the rats were sacrificed 10 days later. The brains were
cut and the sections were 1) mounted unstained 2) stained with
methylene blue or 3) histochemically stained for AChE. In the medial
entorhinal cortex, AChE staining is intense in layer I and very weak in
layer III, thus providing a discrimination of this area from the lateral

entorhinal cortex. Injection into the nucleus accumbens labeled layer IV
neurons in the medial entorhinal cortex, and in the lateral entorhinal
cortex labeled neurons primarily in layer IV but also a few neurons that
were scattered in the deeper layers.
The results demonstrate a
topographically organized projection from the entorhinal cortex to the
nucleus accumbens and show that this projection originates primarily
from layer IV of both medial and lateral entorhinal cortex.

CHANGES IN ASTROCYTIC VOLUME IN HIPPOCAMPAL CA1 S.
RADIATUM ACROSS THE RAT ESTROUS CYCLE. N. L Desmond*.
A. Klintsova. and W. B Lew.

Dept. of Neurosurgery, Univ. of

Virginia, Charlottesville, VA 22908.

During the naturally occurring estrous cycle, the number of

axospinous synapses in CA1 s. radiatum decreases from proestrus

to estrus (Woolley et al. (1992) J. Neurosci. 10:4035).

As has

been described in other regions, we hypothesized that the volume
occupied by astrocytic processes would fluctuate in a manner

complementary to the fluctuating number of axospinous synapses
in s. radiatum. Adult, female Sprague-Dawley rats with at least 2
regular, 4-day estrous cycles were perfused with a buffered, mixed

aldehyde fixative in the late afternoon of one of the four days of
the estrous cycle. The hippocampus was prepared conventionally

for electron microscopy. The astrocytic volume fraction was

determined stereologically from photomicrographs of distal s.

radiatum of dorsal CA1. Astrocytic Vv was low (0.127) on the

afternoon of proestrus. By the afternoon of estrus, Vv had

increased about 20% relative to proestrus (0.151). Vv remained
elevated on the afternoon of diestrus I (0.148) but then decreased

to 0.125 on the afternoon of diestrus II.

Spine synapses appear to

decrease in number from proestrus to estrus and from estrus to
diestrus I and then increase from diestrus II to estrus. Thus the

astrocytic volume fraction in distal CA1 s. radiatum is high when
axospinous synapse density is low and vice versa.

Supported by

NIH MH50670 to NLD and NIH NS15488 and MH00622 to WBL.
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CURRENT-SOURCE DENSITY ANALYSIS AND PAIRED PULSE
STIMULATION OF ASSOCIATIONAL INPUT TO THE HIPPOCAMPAL
DENTATE GYRUS. C.Y. Perron* , & T.W. Berger. Dept. of Biomedical
Engineering and Program of Neuroscience, University of Southern California,
Los Angeles, CA 90089-1451.
Current-source density (CSD) analysis and paired pulse stimulation were used on
New Zealand male rabbits to investigate the in vivo electrophysiological
characteristics of the ipsilateral, longitudinal associational projection of the dentate
gyrus. The stimulation site for the associational pathway was in the hilus at a
distance of about 4 mm more caudal than the recording electrode. Characteristics
of associational input to granule cells were compared to those of the perforant path
(PP), activated by stimulation of the angular bundle. CSD analyses revealed the
topology of the synaptic innervations for both inputs. As expected, the excitatory
sink of PP input was maximal in the outer two thirds of the stratum moleculare,
while the excitatory sink of associational input was maximal in the inner molecular
layer. At low stimulus intensities, the CSD for hilar stimulation revealed an
excitatory sink in the inner molecular that peaked around 8 msec after the stimulus.
At higher stimulus intensities, the sink appeared to be composed of two elements.
The shorter latency one corresponded to the sink at lower intensities while the
longer latency component peaked around 14 msec after stimulus onset and was
closer to the stratum granulosum. At all hilar stimulation intensities, CSD analyses
also revealed a strong excitatory sink in the apical dendrites of CA1 pyramidal cells,
that peaked about 15 msec after the hilar stimulus, and was attributed to
commissural input. While recording at the somatic level of the granule cells, paired
pulse potentiation of perforant path input was seen for interstimuli intervals (ISI) of
30 msec, extending to intervals greater than 100 msec. When single pulse
stimulation of hilus preceeded perforant path stimulation, cross-potentiation was
detected for similar i Si values. Inhibition occurred for ISI values less than 20 msec
for both conditions. In conclusion, CSD analyses confirmed the anatomical
locations in the stratum moleculare of inputs resulting from stimulation of the
perforant path and associational pathway. Inputs from these two afferents interact
at the level of the granule cell output.
Supported by ONR, NIH BMSR, NIMH and MRCC (CYP studentship).

ANALYSIS OF DENTATE GRANULE CELL NONLINIAFTT1ES USING A
MODEL OF THE HIPPOCAMPUS DERIVED FROM AN n-LEVEL FIELD
THEORY.
T.W. Berger*. E. Bourdon, and G.A. Chauvet.
Institute for
Theoretical Biology, Univ. of Angers, 49100 Angers (France), Depart, of
Biomedical Engineering, and Program for Neuroscience, Univ. of Southern
California, Los Angeles, CA 90089 (USA).
Nonlinear response properties of hippocampal dentate granule cells have been
quantitatively characterized using random impulse train stimulation of the
perforant path, and represented as the kernels of a functional power series, i.e.,
a set of input/output functions (Berger, T.W., et al., J. Neurophysiol., 60, 1988).
The kernel functions constitute an "external" model of the system, F, and provide
a basis for predicting the response O=F(I) to arbitrary input I. We recently have
developed an "internal" model of the dentate gyrus, M, based on an n-level,
non-local field theory (Chauvet, G.A., Phil. Trans. R. Soc. Lond. B, 339,1993),
in which the anatomical properties and physiological mechanisms of perforant
path fibers/synapses and dentate granule cells are determined by nine parameters.
For example, the dynamics of voltage-dependent Na+ and K+ conductances
responsible for spike generation are represented by the source term, p.
As a first step in comparing the two models, paired pulses were used as input
7j of the internal model, M, which gives: Oi=M^^ p)\ triplets of pulses and brief
trains of pulses also were used to achieve an incremental adjustment of the
parameters p. In a second step, for the same input f, the external model gives
the output: O2=FI\)- The outputs Ox and O2 then were compared to identify an
interpretative relationship between F and M. Formally, this relation may be
considered as the tendency of the model M towards the model F when the set of
parameters (e.g., p) tends towards a specific value (e.g.,p0). Supported by ONR,
NIMH, and NIH BMSR.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

352

LIMBIC SYSTEM AND HYPOTHALAMUS IV

MONDAY PM

151.21
THE FREQUENCY RANGE OF NETWORK RHYTHMIC ACTIVITIES IN THE
DENTATE GYRUS IS CONSTRAINED BY INDIVIDUAL GRANULE CELLS

PROPERTIES: MODELLING STUDIES USING GENETIC ALGORITHMS. VJi.
Chan* and T.W. Berger. Dept, of Biomedical Engineering. Program in Neuroscience, University of Southern California, Los Angeles, CA 90089-2520. U.S.A.

It is well known that some subfields of the hippocampus can exhibit rhythmic
activities under certain environmental or experimental conditions. One such area
is the hippocampal dentate gyrus. In our earlier studies, we had characterized the
nonlinear firing properties (in first and second order kernels) of individual dentate
granule cells and intemeurons using random impulse tram stimulation of the
perforant path. However, despite our knowledge about the single cell responses of
individual granule cells and the information about the global oscillatory activities
of the dentate gyrus, little is known about the network micro-connectivity of the
dentate cell populations that could underlie rhythmic firing. The purpose of the
present study was to provide some insight into how these neuronal populations
might interact so as to generate physiological rhythmic activities.
We simulated two types of networks and compared their ability to generate
rhythmic firing activities. The first type was composed of dentate granule cells and
dentate intemeurons. with their firing properties specified by the first order and the
second order nonlinear kernels. The second type of network was composed of
standard "leaky-integrator" type neuronal units. Thresholds and membrane time
constants of the "leaky-integrator" units were allowed to take on specific ranges of
values. We then applied genetic algorithms to both types of networks to optimize
their rhythmic firing behaviors. Our results indicate that the "leaky-integrator"
type networks are capable of generating a very wide range of firing rhythmicity.
In contrast, when properties of the units were constrained by the physiological
characteristics of granule cells, the frequency range of network rhythmic firing is
significantly reduced. Supported by ONR. NIH BMSR. and NIMH.
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SENTENCE READING: A 4T fMRI STUDY OF CORTICAL REGIONS ACTIVE
DURING AN ENGLISH READING TASK. D . Bavelier1-D . Corina2. V, P.
Clark-3, a , Dale1, P. Jezzard4, A. Prinster4, A. Kami-, A. Lalwani4, jl

BIOLOGICAL CONSTRAINTS AND EFFECTS OF EXPERIENCE ON
CORTICAL ORGANIZATION FOR LANGUAGE: AN fMRI STUDY OF
SENTENCE PROCESSING IN ENGLISH AND AMERICAN SIGN LANGUAGE
(ASL) BY DEAF AND HEARING SUBJECTS. H. Neville*1. D. Corina2 4 D.
B aveher1. V. P. Clark3. P. Jezzard4. A, Prinster4. A. Karni3. A. Lalwanj5. l

RauscheckeA r . Turner*5. H. Neville1. UCSD. La Jolla CA1; UWashington,
Seattle, WA2; NIMH^, NHLBI4 , NIH, Bethesda MD; Inst. Neurol., London, UK5 .
Functional mapping of the neuroanatcmical areas active during sentence reading was
undertaken in 5 young, right-handed, native English speakers. The local bloodoxygenation-level-dependent fMRI signal was recorded while subjects read either
sentences or consonant strings, presented (me word or one string at a time at fixation.
All subjects (5 Ss) were tested on 3 sequences of alternating conditions (where A=
consonant string condition; B= sentence condition): ABAB, ABABABAB,
BABABABA. At the end of each run Ss were asked about the content of the sentences
and the presence of specific strings. Eight contiguous 5 mm sagittal slices (centered
20 mm from the lateral tip of either the right or left temporal lobe) were acquired
using echo planar imaging (gradient echo MBEST; 64x64; TR-4COOns; TE-28ms;
FOV-16cm) at 4T. Volumetric high resolution scans of the whole brain and
angiograms were acquired in a separate session performed at l.5T to allow more
precise localization and correction for artifacts due to vessels.
Reading English sentences led to a consistent pattern of activation that was
strongly asymmetric. Within frontal cortex of the left hemisphere, the inferior frontal
gyrus (pars orbitalis, opercularis and triangularis), the inferior frontal sulcus and the
precentral sulcus displayed robust repeated activity. In addition, anterior, middle and
posterior areas along the superior temporal sulcus displayed prominent activation in
all subjects. Finally, some activity in the middle occipital gyrus was noted. By
contrast, activation within areas of the right hemisphere was weak, inconsistent or
absent. This study confirms the utility of fMRI for mapping of the brain systems
relevant for language. In the present experimental design the changes observed
presumably included phonological, syntactic, semantic and short-term memory
processing relevant for language. However, die contribution of fMRI to the mapping
of each of these different components seems promising.

Rauschecker*. R. Turned. UCSD, La Jolla CA1; UWashington, Seattle, WA2;
NIMH3j NHLBI^ & NIDCD^j NIH, Bethesda MD; Inst. Neurol, London, UK^

Neuroanatomical mapping of changes in blood oxygenation level were recorded
while 4 genetically, congenitally deaf subjects and 5 hearing subjects bom to deaf
parents (HD Ss) read English sentences and viewed filmed sentences in ASL. All
subjects had acquired ASL as a first language. English sentences alternated with
strings of consonants in 32 sec. blocks for 4 cycles and, in separate runs, ASL
sentences alternated with nonsigns formally similar to ASL signs. The MR imaging
recording parameters and methods were as described in our companion abstract which
repeats results obtained for hearing monolingual Ss on this paradigm (Bavelier et al);
their results were used as a baseline for the present study.
When reading English sentences, HD Ss displayed consistent and asymmetric
activation of left inferior frontal gyrus (IFG, pars opercularis, triangularis, orbitalis),
inferior frontal sulcus (IFS), precentral sulcus (PS) and superior temporal sulcus
(STS). Deaf subjects also displayed asymmetric left IFG, IFS and PS activation.
However activation along the STS was less consistent than that observed in hearing
Ss and occurred bilaterally. When viewing ASL sentences HD Ss displayed activation
patterns similar to those observed during reading English. Deaf Ss viewing ASL also
displayed asymmetric activation of left IFG and IFS but not of PS. In addition, deaf
Ss displayed modulation of activity within temporal and dorsal parietal areas of both
hemispheres.
These results suggest that cortical areas within IFG and IFS mediate aspects of
language processing independently of the modality and structure of the language.
Additionally, the data suggest that the functional specialization of other cortical areas
is determined by the nature of early language experience.

152.3

152.4

FUNCTIONAL ANATOMY OF LANGUAGE PROCESSING. A
NEUROIMAGING STUDY OF WORD-GENERATION WITHIN AND
ACROSS LANGUAGES. D. Klein. B. Milner* . R,J . Zatnrre , A.C . Evans & E .
Mever. Montreal Neurological Institute, McGill University, Montreal, Quebec,
Canada, H3A 2B4.
The localization of the neural substrates involved in phonological and
semantic processing has been the subject of numerous PET studies and is
currently generating debate. In particular, activation of the left inferior frontal
cortex during a verb-generation task has led to the proposition that this area
reflects semantic processing (Petersen et al. Nature. 1988). We report a PET
study which specifically attempted to examine the regions activated during word
generation. Regional cerebral blood flow was measured by the
intravenous bolus method with inter-subject averaging, and co-registration of
magnetic resonance and PET images. Twelve bilingual volunteer subjects, all of
whom had learned English as their native language (LI), but had acquired
proficiency in French after age five years (L2) performed three experimental
tasks. Each task involved different search mechanisms: a rhyme-generation task
required a search based on phonological cues, a synonym-generation task
required a semantic search and a translation task involved accessing a semantic
representation in a second language. In each condition the subjects were
presented with a single word every 4.2 sec through earphones, and were required
to make a spoken response. Activation during the control task (repetition) was
subtracted from each of the three generation tasks. Irrespective of the search
process, reliably, a number of activations were seen in the left inferior frontal
cortex (Brodman's areas 45, 46, & 47). The results suggest that almost
overlapping neural substrates are involved in within- and across-language
searches and that the left inferior frontal region is activated irrespective of
'whether the search relies on phonological or semantic cues.

CORTICAL ACTIVATION RESPONSES TO THE AUDITORY
PRESENTATION OF WORDS. R.J.Maddock*. M.H,Buonocore. G.
Llsheng.and T.E. Nordahl. Depts. of Psychiatry and Radiology, Unlv.
of California Davis, School of Medicine, Sacramento, CA 95817.
The study objective was to show the distribution of neural
activation during listening to neutral words, threatening words, and
pronounceable non-words in normal subjects, using functional MRI.
Subjects listened to (i) neutral words alternating with background
noise, (ii) neutral words alternating with pronounceable non-words,
and (Di) neutral words alternating with threat words. Atemation
period was 16 sec. and was repeated for 8 full cycles. Twenty-two cm
field of view, 64 x64, single shot echo planar flash ^TR=2CCC, TE=4O)
images were acquired in multislice, multirepitition acquisition
from the angular gyrus posteriorly to the anterior tip of the
temporal lobes. Time-correlation maps were obtained using a box
car response template.
Results: (i) Neutral words contrasted with
background noise showed activation of bilateral superior temporal
gyrus (STG) and middle temporal gyrus (MTG). Activation was
stronger on the dominant side in posterior STG and MTG. Some
subjects also showed bilateral activation of inferior frontal gyrus
greater on the dominant side. (ii) Neutral words contrasted with
non-words showed bilateral activation of anterior STG. (ill)
Threatening words contrasted with neutral words showed bilateral
activation changes In STG, greater on the nondominant side.
Greater activation response to words In dominant compared to nondominant 'posterior STG substantially agrees with previous results
utilizing positron emission tomography. Greater activation
changes In response to threat words in non-dominant compared to
dominant temporal regions is consistent with previous cognitive
and evoked potential studies of negatively-valenced emotional
stimuli.
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CEREBRAL BLOOD FLOW (rCBF) DURING SYNTACTIC LANGUAGE
TASKS IN DOWN SYNDROME (DS) AND NORMAL CONTROLS: A
POSITRON EMISSION TOMOGRAPHIC (PET-015) STUDY. N.P.
Azari*. J. Van Meter. C.L. Grady, A.R. McIntosh, P.
Pietrini, and M.B. Schapiro Lab of Neurosciences,
NIA, NIH, Bethesda, MD 20892
Young DS adults
show deficits in language
abilities, especially syntax. To explore how trisomy
21 affects patterns of language dysfunction, PET-015
measurements of rCBF were obtained in 7 DS (age 1840 yr) and 10 age-matched control (CTRL) subjects
during REST and two language tasks: listen to/repeat
single words (WORDS) and short sentences (SENT1).
CTRLs
additionally
listened
to/repeated
long
sentences (SEJNT2) . In both groups all tasks vs.REST
significantly (p < 0.001) activated right (R) and
left (L)
superior temporal
[Brodnan areas
(BA)
21/22/41] and precentral (HA 4/6) cortex, but the
anterior and posterior extent of activation was less
in DS. SENT1-REST in DS and SENT2-REST in CTRLs
activated a left inferior frontal (BA 44/45) region.
Neither group showed significant activation for
SENT1-WORDS, but SENT2-WORDS in CTRLs activated a R
inferior frontal
(HA 44)
region.
The
results
identify
areas
involved
in
normal
language
processing and suggest that DS subjects use similar
regions but to a lesser extent.

152.6

FRONTAL
CORTEX INVOLVEMENT
IN
ORGANIZED
SEQUENCES OF HAND MOVEMENTS: EVIDENCE FROM A
POSITRON EMISSION TOMOGRAPHY STUDY. E. Bonda. M.
Petrides*. S. Frey and A,C. Evans. Montreal Neurological Institute,
McGill University, Montreal, Quebec, H3A 2B4, Canada.
This study investigated the involvement of the frontal cortex in the
organization of sequences of body movements. Regional cerebral blood
flow was measured with positron emission tomography (PET). The H215O
intravenous bolus method with inter-subject averaging and co-registration
of magnetic resonance and PET images was used. Normal volunteer
subjects were tested in two experimental conditions requiring a) selfordered sequences of hand movements and b) self-generated production
of words, as well as in two corresponding control conditions. The
subtraction method was used to compare activation between these
conditions. Within the prefrontal cortex, self-generation of sequences of
hand movements resulted in activation in the mid-dorsolateral cortex and
the posterior part of the inferior frontal gyrus, traditionally referred to as
"Broca's area". Other activation foci were observed in the basal ganglia,
the cerebellum, supplementary motor area, and premotor cortex. These
results confirm the previously reported involvement of the middorsolateral frontal cortex in the monitoring of self-ordered actions.
Furthermore, they support the idea that the posterior part of the inferior
frontal gyms, in addition to its known role in language production, is also
critically involved in the generation of coherent sequences of body
movements, probably serving gestural communication.

152.7

152.8

THE NEURAL MEDIATION OF HIGH LEVEL PLANNING
EXAMINED USING POSITRON EMISSION TOMOGRAPHY (PET)
A.M. Owen. J. Dovon. M. Petrides. A.C. Evans and A. Giedde*.
Montreal Neurological Institute, McGill Univ., Montreal, H3 A 2B4 and
Dept. Psychology, Laval Univ., Quebec City, G1K 7P4, CANADA.
Previous work with patients has suggested that high level planning
is mediated by neural circuitry which includes both the prefrontal
cortex and the striatum. In this study, the functional anatomy of
cognitive planning was investigated further, using PET. Regional
cerebral blood flow (CBF) was measured in 12 normal volunteers
while performing easy and difficult versions of i) a modified Tower of
London planning task, ii) a mnemonic variant of this task which
required short term retention and reproduction of problem solutions,
and iii) a control condition which involved identical visual stimuli and
motor responses. Significant increases in CBF were observed in both
the left mid-dorsolateral frontal cortex and in the most ventral aspect
of the head of the caudate nucleus when the planning task was
compared with the control condition. Moreover, subtraction of the easy
planning condition from the more difficult one revealed focal increases
in CBF in the caudate nucleus and the thalamus only. During the
mnemonic variant of the planning task, increased CBF was also
observed in the mid-dorsolateral frontal cortex and in addition, in more
ventral regions of the frontal lobes bilaterally. When compared directly,
in the frontal lobes, the planning and memory conditions differed only
in terms of these ventral activation foci. Together, the results further
implicate fronto-striatal circuitry in high level planning and provide
evidence for functionally distinct contributions from the ventral and the
dorsolateral frontal cortex.

FRONTAL AND PARIETAL ACTIVATION IN A TEST OF PLANNING: A
PET STUDY OF THE TOWER OF LONDON TASK. R D. Rogers. S. C.
Baker. A. M. Owen. C. D. Frith. R. J. Dolan. R. S. J. Frackowiak & T. W.
Robbins*. Department of Experimental Psychology, University of Cambridge,
Downing St, Cambridge, CB2 3EB, U . K. MRC Cyclotron Unit, Hammersmith
Hospital, Ducane Road, London, W12 OHS, U . K.
rCBF was measured - using the H2^O method -- during performance of a

modified Tower of London task, in which subjects determined the minimum
number of moves required to make an initial position identical to a goal position,
making only 'mental moves'. The design afforded two contrasts: (i) activations
when planning the solutions to such problems versus activations with a 'yoked'
control task in which the subjects monitored a succession of displays for intervals
equal to the latencies for the original problems, detecting a visual event in each
case and executing a matched motor response; (ii) activations while solving only
'easy' problems (2-3 moves) versus activations while solving only 'difficult'
problems (4-5 moves). (Runs of easy and difficult problems were hidden within the
30 sec scans.)
Planning, relative to the control task, produced bilateral prefrontal increases
in rCBF, particularly in dorsolateral areas, together with extensive activation of
medial parietal and also lateral occipital regions. Anterior cingulate and premotor
areas were also significantly activated. Bilateral activations were larger on the right
anteriorly and on the left posteriorly. Comparison of activations for easy and
difficult problems revealed still stronger activation in prefrontal and parietal regions
though not in occipital areas. These data suggest that for a form of the Tower of
London, requiring only minimal motor responding, the mechanisms mediating
planning in healthy volunteers recruit posterior systems for the purpose of
manipulating mental representations of intermediate problem states, in harness
with the executive systems of prefrontal cortex.

152.9

152.10

ALPHA-METHYI^PARA-TYROSINE (AMPT) ATTENUATES
TASK-SPECIFIC CBF CHANGES IN THE HUMAN ANTERIOR
CINGULATE CORTEX. T.Paus*. C.Benkelfat. P.Cumming.
A.C.Evans. A.Giedde. M.Petrides. Montreal Neurological Institute,
McGill University, Montreal, Quebec H3A 2B4, Canada.
The role of catecholamines (CA) in mediating task-specific changes
in cerebral blood flow (CBF) was investigated. Reduction in CA
synthesis was induced by oral administration of AMPT (2 g over 18
hours) to young volunteers in a double-blind placebo-controlled study
(between-subject design, 7 subjects in each group). Ninety minutes after
the last dose, CBF was measured by means of the 15O2H-bolus method
while the subjects performed the Overpractised or Reversal oculomotor
task (J.Neurophysiol.70:453-468,1993). Reversal-Oveqrracissed
subtraction in the placebo (PLAC) group confirmed the previously
reported CBF increases in the anterior cingulate (ACC) and lateral prefrontal cortex. Drug by task comparison (PLACrev .ovr -AMPTrev .ovr )
yielded a significant interaction in these structures, reflecting AMPT-

HIGH FIELD (4 TESLA) FUNCTIONAL MRI OF MENTAL ROTATION.

induced attenuation of the CBF response. Attenuation of CBF in ACC
correlated significantly with the increase in plasma prolactin, a central
index of dopamine depletion. Significant drug by task interaction was
also observed in certain other regions (primary auditory and visual
cortex, extrastriate cortex); in these regions the interaction reflected the
presence of Cb F decreases in the AMPT group. Our results suggest that
effort-related CBF increases in the ACC may depend on functional
integrity of the dopaminergic and/or noradrenergic systems.--------------SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

G. Taearis. S.-G. Kim. R. Menon. J. Strupp. P. Andersen. K.
Ugurbil and A.P. Georgopoulos*. Center for Magnetic Resonance
Research, Univ. of Minnesota Medical School and Brain Sciences
Center, Veterans Affairs Medical Center, Minneapolis, MN.
The functional activation of the cerebral cortex during performance
of a mental rotation task was studied in four healthy human subjects
using high field magnetic resonance imaging (MRI) at 4 Tesla and echo
planar imaging. Fifteen slices were taken in planes parallel to the
anterior-posterior commissure line; the slices were 10 mm thick and
were interleaved with 50% overlap. Twenty images were obtained
consecutively during each of (a) a baseline period (150 s) preceding the
mental rotation task, (b) a period of task performance (150 s), followed
by (c) a second baseline period (150 s). Control paradigms during the
baseline periods included presentation every —5 s of identical flat,
longitudinal rectangles and pushing a button. During the task period,
subjects looked at perspective drawings of 3D objects (R.N. Shepard and
J. Metzler, Science 171:701, 1971) and indicated whether they were the
same or mirror reversed by pushing one of two buttons. The reaction
time in all subjects increased with the orientation angle between the two
perspective drawings. The functional activation of individual cortical
voxels was assessed against- the baseline signal. A consistent activation
was observed in all subjects during performance of the task in area 7 of
the posterior parietal cortex, predominantly in the left hemisphere.
(Supported by NIH grants NS32919 and RR088079.)
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CONTROL MECHANISMS OF VISUAL SPATIAL ATTENTION SWITCHING:
EVOKED POTENTIALS AND FUNCTIONAL MAGNETIC RESONANCE
IMAGING. J.M. Shedden*1. W. Schneider1. D. Noll2, & M. Worden1. 1Dept. of
Psyc., 2Radiology Dept.. U. of Pittsburgh, Pittsburgh. PA. 15260.
Temporal dynamics and cortical spatial location of the control mechanisms for the
switching of visual attention across space (without eye movements) were examined
with brain-imaging techniques of Functional Magnetic Resonance Imaging (FMRI)
and Evoked-Response Potentials (ERPs). Subjects monitored multiple-frame
displays (presented at 1.6 Hz) on which digits were repeated in numeric sequence.
and responded whenever a digit occurring out of sequence was detected (e.g..
monitor ascending digits and respond to errors such as the first 7' in the example:
1,2,3.7.5.6.7.8,1.2....). There were 4 digits on each frame (one in each quadrant). 5
experimental. and 2 control conditions. Subjects fixated eyes on a central cross
while attention either remained fixed on 1) the lower left digit. or 2) the tower right
digit. or attention switched on each successive frame between 3) the left-most
digits. 4) the right-most digits. or 5) the bottom digits. FMRI was performed on
conventional GE Signa 1.5 Tesla scanners using a spiral k-space pulse sequence.
6 oblique slices (1.88 x 1.88 mm in-plane resolution. 7 mm thick) were acquired.
using a 5 inch surface coil centered dorsally over the parietal occipital boundary.
Activation images were generated by calculating pixel-by-pixel split-half t-test and
percent difference maps. A region lateralized to the right superior parietal cortex
was active when attention switched between locations. independent of which
locations in the visual field. This area was less active when attention was fixed in
one location. ERPs from a 64 electrode scalp montage were processed to reveal
temporal dynamics. Attentional effects (switching versus fixed) occur for 3
components. The N150 component may index the orienting of attention in the
switching condition. the P200 may be a preparatory response before the attentional
shift. and the N250-350 component may index the disengaging of attention in the
switching condition. The FMRI and ERP data are discussed in terms of the
specialization of the right parietal cortex for spatial processing. and in terms of
Posner's disengage-move-engage hypothesis of attention switching.

PET O15-H2O MEASUREMENTS OF ATTENTION

TO CLOSELY-SPACED VISUAL SHAPES
M. LottV. P. T. FoxA. and D.LaBerpe*t. (A) Research Imaging Center,
Univ.of Texas Health Science Center, San Antonio; (t ) Dept. of Cognitive
Sciences, University of California, Irvine.
Ten normal volunteers were scanned with O15-H20 PET while
identifying the letter O that was closely surrounded by G'S and Q’s or
by diagonal lines (/). The clusters of shapes appeared either to the
right or left of fixation, and a spatial cue preceded each cluster by
1200 ms. In a control condition, the fixation and the cue appeared alone.
PET images were stereotactically normalized, averaged across subjects,
and analyzed using the Subtractive Method and a Change of Distribution
analysis (Fox & Mintun, 1989).
In the relevant subtraction (GOQ minus /O/task), significant
activations(p<.01) were found in the thalamus, right caudate, bilateral PFC
(area 46), left anterior cingulate, insula (R>L), cerebellum, etc. Other
significant increases (p<.O2) were found in the thalamus, left caudate, right
PFC (area 46,45 and 47), right inferior parietal region (area 40), right area 6,
left lateral extrastriate (19), bilateral medial extrastriate (area 18,19, L>R),
right fusiform gyrus (area 37), right Medium Temporal Gyrus (area 22), etc.
Thalamic effects included a bilateral activation in the Mediodorsal area (MD),
and two discrete activations, in the right superior Pulvinar, and in the right
inferior Pulvinar.
The pulvinar effect confirms the finding of an earlier FDG-PET
study using similar tasks. These data suggest that during concentrated
attention the right puh^iii^r, as well as other thalamic regions, are involved in
the enhancement of activity in cortical pathways to which they project,
(supported by an ONR grant to third author).

152.13

152.14

AN ANALYSIS OF SPEECH RELATED PREFRONTAL PET ACTIVATIONS ACROSS TASKS AND GENDER GROUPS R.L.
Buckner*. S ,F. Petersen, and M . F . Raichle. Washington Univ. Sch. of Med.,
Box 8111, St. Louis, MO 63110.
It has been well established that left^lateralized prefrontal cortex is required
for certain aspects of speech production. However, it is unclear whether
strong lateralization is prominent in both males and females and whether angle or multiple left-prefrontal areas participate in production tasks. An analysis of a large PET data set (N=61 subjects) shows that multiple, functionally
distinct left-prefrontal areas are activated during two different speech production tasks (task 1 - “Verb-Generation”, view nouns say aloud related
verbs, see Raichle et al. 1994 V4 Cereb. Ctx. ; task 2 - “Stem-Completion",
view word-stems, e.g. “STO”, say aloud word completions “STOP”). Both
Male (n=24) and female (n=37) subjects produced robust left-lateralized activations for both tasks. Furthermore, the variability between gender groups
performing the same tasks was much less than the variability observed
across tasks. Thus, the analysis shows that both male and female subjects
use left-lateralized prefrontal regions for speech production.

AN ASSESSMENT OF REPLICABILITY AND ANATOMICAL
VARIABILITY IN FUNCTIONAL NEUROIMAGING STUDIES.

2 • 20

Z ■ 10

Z■0

Figure shows horizontal sections with PET activations. All symbols represent
activations > 30 counts (normalized to 1000). Large symbols are _>4.OO.

D. L Hunton. F. M .Miezin. R. L. Buckner. M. E. Raichle. S. E. Petersen*.
Washington Univ. Sch. of Med., Box 8111,St. Louis, MO 63110.
Functional-anatomical variability is an issue in imaging studies because
images are often created by averaging across subjects and different subject
groups are compared to each other. Two aspects of this variability are
addressed in this abstract.
The first aspect examined whether responses defined in one group of
subjects would replicate in a second group of subjects. For seven different
task-task pairings, regions of blood flow change were identified from mean
difference or t-value images created from one group of subjects. For a
second group of subjects, individual images were examined for reliable
changes in blood flow in the same regions. Replicability in the 2nd group was
well-predicted by the magnitude or t-value of the response in the 1st group.
This relationship between replicability and magnitude or t-value has
implications for threshold-setting techniques in neuroimaging data analysis.
The second aspect examined was the variability among individuals about a
response location. A set of criteria were empirically determined to maximize
the number of “real" responses and minimize the number of “noise”
responses in groups of single subtraction images. The variability (s.d.) of
responses meeting these criteria was ~6-7mm in all dimensions, and was
similar for responses distributed across the cortex and the cerebellum.
These values probably represent an upper bound for functional anatomical
variability using current PET data analysis techniques. This result is not
consistent with assertions that some regions of the brain may have
particularly high anatomical variability in normal right-handed subjects which
might obviate the use of averaging techniques for these areas.

152.15

152.16

PIXEL-BASED ANALYSIS
OF
PET
ACTIVATION IMAGES:
COMPARATIVE PERFORMANCE OF THREE METHODS IN THE
"GENERATE" PARADIGM. TJ Grabowski* RJ Frank. CK Brown.
HDamasio. LL Boles Ponto. GL Watkins. RD Hichwa. Dept of Neurology,
Image Analysis Facility & PET Center, Univ of Iowa, Iowa City IA 52242.
As part of a systematic search for optimal conditions for the functional
imaging of association cortex with PET, we investigated the performance of
three pixel-based methods in analyzing the well-studied "GENERATE"
paradigm. Change Distribution Analysis, Worley's method, and the pixel-wise
general linear model described by Friston (a major component of Statistical
Parametric Mapping), were implemented following their published
descriptions.
Eighteen normal subjects underwent eight injections of [^>O]H2O. The
"READ NOUN" and "GENERATE VERB" tasks were each performed four
times. Stimuli were presented every two seconds and not repeated. Subjects
were randomly divided into two cohorts of nine to simulate customary sample
sizes and allow an assessment of replicability. For each cohort, four activation
trials were analyzed, drawing one read-generate pair from each subject. Four
noise trials were also analyzed, drawing a same-task pair from each subject.
Parametric images of rCBF ([^O]H2O autoradiographic method) were
prepared identically for each method of analysis. All images were smoothed to

INTERSUBJECT VARIABILITY OF CEREBRAL STRUCTURES AFTER
SPATIAL NORMALIZATION USING A CORTICAL CONVEX HULL J. H.
Downs III*. J. L, Lancaster, and P. T. Fox. Research Imaging Center,
University of Texas Health Science Center at San Antonio, San Antonio, TX
78284-6240
In order to assess the variability of the functional sites within the human
brain, the underlying anatomical variability must be measured. Anatomical
variability due to overall brain orientation, size, and shape can be
compensated for using a process called spatial normalization. Spatial
normalization removes variability due to these factors and allows estimating
the residual variability.
Estimating residual variability was done in the following manner. The
brains of 16 normal human subjects were imaged using a 1.5-T MR scanner.
The surface of the cortex was extracted from each individual's images and
made into a convex hull. This hull was then aligned and scaled to exactly
match the convex hull derived from the 1988 Talairach Atlas sections. Using
the parameters determined from this matching process, the original data from
each subject was transformed and resliced to match the spatial extent of the
Talairach brain.
To characterize the residual variability of individual structures within the
brain post-normalization, each structure of interest was hand-detailed within
the images. Structures outlined included the corpus callosum, thalamus,
putamen, head of the caudate nucleus, and several sulci. The standard
deviation of the location of structures was typically less 1.5 mm, while the
standard deviation of the size was typically less than 3 mm. The sulci were
similiariy variable in location but about twice as variable in size. Interestingly,
the post-normalization locations of the anterior and posterior commissures,
which form the basis of the Talairach coordinate system, were placed to their
correct locations within the Talairach coordinate system even though these
locations were not used in any part of the spatial normalization process.

an in-plane resolution of 20mm FWHM for this analysis.
The three methods generally identified the same areas of activation in the
left inferior frontal gyrus and right cerebellum (though the stereotactic
coordinates of the cortical responses varied among activation trials, methods,
and cohorts). Some false negatives were encountered in the single task pair
analyses. None of the methods identified "activation" in the noise images.
Measures of within- and between method concordance will be presented.
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ASYMMETRIES IN BRAIN ACTIVITY DURING HEARING AND
IMAGINING AS MEASURED WITH [1SO]WATER AND PET. H

MALE-FEMALE DIFFERENCES IN POSTERIOR CORTICAL PET GLUCOSE
ACTIVATION DURING A VISUAL LETTER DISCRIMINATION TASK.
C.E. Naylor*, F.B. Wood, A.S. Garrett, and J.W. Keyes.
Section of Neuropsychology, Bowman Gray School of Medicine,
Winston-Salem, NC 27157.
Twenty-seven males and twenty-three females (neurologically and psychiatrically normal) underwent positron
emission tomographic studies of glucose utilization during
a continuous performance activation task. The task
presented letter or nonletter stimuli on a computer monitor at the rate of 1 per 2 seconds, and required a button
press response to letters only.
Left temporo-occipital (area 37) activation was inversely correlated with task performance. In males, taskrelated left area 37 activity was correlated with left
angular gyrus activity; in females, with right area 37
activity. Not only these correlations, but the general
factor structure of regional intercorrelations were significantly different between males and females. Females
had fewer and more integrated factors than males.
The results are discussed in light of emerging and converging evidence that brain activation patterns of females
differ in important ways from those of males, so that the
general patterns of intercorrelations derived from malefemale samples do not necessarily typify the actual patterns for either male or female.

Szechtman. C. Nahmias, G. Firnau and E.S. Garnett. Depts. of Biomed Sci
& Nuclear Medicine, McMaster Univ, Hamilton, Canada L8N 3Z5.
In a previous study we asked whether generation of auditory images
from external stimulation and imagination are subserved by equivalent
neural mechanisms (Szechtman et al, Soc. Neurosc. Abst. 1992,
18:865).
Brain activity during listening to a taped message was
compared with imagining hearing the taped message and showed a
bilateral increase in the auditory cortex during listening; in contrast,
during imagining the visual association cortex was activated on the
right. In the present study, we asked whether the right-sided activation
reflects a functional asymmetry or is related to the spatial location of
the auditory message (the message was played through a loudspeaker
on the subjects' left side). The same experiment was repeated in
another 8 volunteers except that the position of the loudspeaker was
now on the subjects' right side. A 2-way ANOVA (Friston et al, JCBFM,
11:690, 1991) showed during imagining significant activation of the
visual association cortex on the right; there were no interaction effects,
suggesting right-sided specialization in generation of images from
imagination. During listening, the left auditory cortex was activated but,
unexpectedly, an interaction effect was observed on the right: the right
superior temporal gyrus showed more activity when the loudspeaker
was placed on the subjects' left than right side, suggesting an
attentional influence on language processing. (Supported by OMHF).

152.19

152.20

BRAINMAP: A DATABASE OF HUMAN FUNCTIONAL BRAIN MAPPING.
P.T. Fox*. J.L. Lancaster. G. Davis. S.A. Mikiten. Research Imaging Center,
The University of Texas Health Science Center at San Antonio, San
Antonio, Texas, 78284-6240.
Neuroscience is composed of numerous research communities, and no
single database can serve all of neuroscience; rather, a database must
target a specific community. Initial development has targeted positronemission tomography (PET) and functional magnetic resonance imaging
(fMRI) as a model community. This community is an obvious starting point
for a database of human functional neuroanatomy since the field is
sufficiently mature, and methods for data analysis and reporting
standardized. The PET and fMRI literature based on these standards is still
of manageable size, making this an opportune time for a database initiative.
The Human Brain Database (BrainMap) is a tool for meta-analysis of the
human functional brain-mapping literature. Brainmap's design is sufficiently
generic that it can serve as a model for databases for other types of human
brain-mapping data. BrainMaps Macintosh based GUI is the means through
which a user interacts with the database. The GUI contains three digital
atlases of the human brain adapted from the atlas of Talairach et al. (1967).
Anatomically driven searches can be initiated by simply “paging" through an
atlas to select the area of interest. Searching and viewing analytical tools
have been incorporated into the GUI to provide the user with numerous
“meta-analysis” capabilities. These include extensive search logic
formalization, search by 3-D volume of interest, a Scratchpad for
summarizing and storing selected information, and a 3-D volume of interest
for statistical analysis of coordinate locations as a group and by experiment.
BrainMap is now served over internet from the Research Imaging Center
and is under evaluation at numerous sites throughout the world.

RELATIONSHIP OF CEREBRAL METABOLISM MEASURED BY
PET TO NEUROPSYCHOLOGICAL TEST PERFORMANCE AFTER
CLOSED-HEAD INJURY. W.J. Lombardi*. P.J. Andreason. K.Y.
Sirocco. D.E. Rio. J.C. Umhau. & D.W. Hommer Laboratory of
Clinical Studies, NIAAA, NIH, Bethesda, MD 20892.
This research examines the relationship of cerebral metabolism in the
frontal lobes and related subcortical structures to neuropsychological test
performance in a group of adult patients with a history of ctosed-head injury.
Patients were selected for study based on the presence of chronic
behavioral complaints stemming from the head injury. Subjects received an
MRI to assess the extent of structural lesions. An 18FDG PET scan was
conducted while subjects performed an auditory continuous performance
task. This task required subjects to respond to a target tone while ignoring
distractor tones. PET scans of patients were compared to those of agematched controls for the purpose of localizing abnormalities. Patients
received a battery of neuropsychological tests designed to measure frontal
lobe functions, including the WAIS-R, Wechsler Memory Scale (R), the
Wisconsin Card Sort Test (WCST), Word Fluency, and Trails A and B.
Abnormalities in cerebral metabolism in the PET scan data were found to be
associated with abnormalities in neuropsychological test performance. For
example, one patient with lowered glucose metabolism in orbitofrontal cortex
was found to produce a large number of perseverative errors (53) on the
WCST, while performing normally on the WAIS-R (Full Scale IQ * 93).
Information about brain activity obtained from the PET scans provides
insight into the contributions of frontal-subcortical circuits to behavior.

152.21

152.22

FUNCTIONAL REORGANIZATION FOLLOWING CLOSED HEAD
INJURY: A PET STUDY OF MONOZYGOTIC TWINS. Brenda S. Kirkbv*.
Jill L. Ostrem. John D. Van Horn. Daniel R. Weinberger. Karen F. Berman.
Unit on PET, Clinical Brain Disorders Branch, Intramural Research Program,
National Institute of Mental Health, NIH, Building 10,4N-317, 9000 Rockville
Pike, Bethesda, MD 20892
Neuroradiological exams provide evidence of predominant frontal and
temporal lobe damage following closed head injury (CHI). We studied the
functional organization of these regions in a 22-year-old pair of monozygotic
(MZ) twins discordant for CHI (Q-twins). This afforded us a uniquely
stringent control for genetic and environmental factors when, six years postinjury, we measured regional cerebral blood ftow using the oxygen-15 water
PET method during 1) the Wisconsin Card Sorting Test (WCS), a working
memory test linked to the frontal lobe, and 2) a sensorimotor control task
(WCScon). Data were normalized as a percentage of the whole brain mean
on a pixel-by-pixel basis. Regions of interest were drawn on the twins'
coplanar MRIs and applied to their respective PET data. The difference
between the Q-twins in cerebral activation (i.e., WCS - WCScon) was
calculated for each region and compared to inter-twin differences in 10
normal MZ twin pairs (mean age=24.5) using the Z-statistic. Differences in
activation between the Q-twins that extended beyond the range of normal
variability between co-twins in the control group were found in two regions:
Relative to his uninjured co-twin, the CHI twin showed less activation in the
left inferior frontal gyrus while showing greater activation in the left
hippocampal region (z=1.87 and 1.83 respectively, p<.O4). This
compensatory shift in the activation pattern of these two regions is
consistent with data from our laboratory suggesting a reciprocal functional
relationship between the dorsolateral prefrontal cortex and the hippocampus
during performance on the WCS and other working memory tasks.

FRONTAL BRAIN ACTIVATION IN HUMANS: A COMBINED NEAR
INFRARED
SPECTROSCOPY
AND
POSITRON
EMISSION
TOMOGRAPHY STUDY
K. Villringer, A. Villringer*. S. Minoshima. S. Ziegler, M. Herz. S. Schuh-Hofer,
H. Qbrigi Ch.Hrck, U. DDnrnd, M. Schwwger,
Neieulolog Charite Hosoital,
Berlin, and Depts. Nuclear Medicine, Munich and Ann Arbor and Dept. Psychiatry,
Munich
Positron Emission Tomography (PET) permits the investigation of functional brain
activation at relative good spatial but poor temporal resolution whereas near
infrared spectroscopy (NIRS) has good temporal but poor spatial resolution. In the
present pilot study we tested the feasibility of a combined approach. We used a
Hamamatsu NIRO 500 system, with excitation wavelengths at 775, 825, 850, and
9O4nm, respectively. The optodes were radioactively labeled and placed on the left
forehead at an interoptode spacing of 4 cm. The PET system was a Siemens ECAT
951R-31, with an axial field of view of 10.8 cm. Regional cerebral blood flow
(rCBF) was measured by injection of a standardized 20 second bolus of 40 mCi
OI5-H2O. In five healthy volunteers activation paradigms consisted of a Stroop test
and a mental arithmetic task. During performance of the stroop test PET showed
statistically significant increases in rCBF in the left and right frontal medial and
frontal inferior gyrus. During performance of mental arithmetics there were no
statistically significant rCBF changes in the frontal cortex. PET analysis of the
region beneath the optodes showed pronounced intersubject variability with both
paradigms. In 4 of 5 subjects, PET rCBF changes were paralleled by changes in the
concentration of oxygenated hemoglobin as measured by NIRS. We modeled the
spatial relationship of the NIRS-measurements to the PET-image and found best
correlation assuming a NIRS sample volume covering approximately the outer 18
cm of the brain cortex beneath the optodes. We conclude that a combination of PET
and NIRS improves spatial definition of NIRS findings and supplies data on the
time course of rCBF changes as measured by PET.
Supported by the Deutsche Forschungsgemeinschaft Vi 93/7-1, Vi 146/1-1
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Pharmacologically induced changes in arousal produce
greater EEG changes during rest condition than during
task performance. B.S. Oken* and .S.S. Kisliiyama. Dept of
Neurology, Oregon Health Sci. Univ., Portland, OR 97201.
The relationship between diffuse neurotransmitter
systems and behavioral and physiologic measures of
alertness are not well understood. In this double-blind
experiment, 23 human subjects aged 20-35 years ingested
methylphenidate, diphenhydramine or placebo on 3 different days and performed behavioral and cognitive tasks
including: covert orienting of spatial attention; parallel and serial visual search tasks; forward and backward
digit span; and finger tapping. Subjective and physiologic measures of alertness were recorded including EEG
frequency analysis, EEG event-related desynchronization,
and amount of sleep and sleep onset time in the unstimulated eyes closed state. As expected RTs decreased with
methylphenidate and increased with diphenhydramine. The
measures of alertness that showed the greatest changes
were those based on EEG recorded in a baseline, nonstimulated eyes closed state and the subjective measures. EEG frequency analysis and event-related desynchronization during task performance demonstrated no
difference across the drug conditions. The finding that
EEG measures were sensitive to the pharmacologically induced rest state changes but not effortful task performance suggests that these subjects have a compensatory
behavioral alerting ability.
LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS I
153.1

153.2

NON-PERFORANT PROJECTIONS FROM VISUAL ASSOCIATION CORTEX
TO THE HIPPOCAMPUS IN THE MACAQUE. C-J Shi.* KS Rockland. GW

COMPARISON OF ENTORHINAL AND AMYGDALA LESIONS ON ONE-TRIAL
REWARD ASSOCIATION MEMORY? R. C. Saunders* Clinical Brain Disorders

Van Hoesen. Dept, of Neurology, Univ of Iowa, Iowa City, LA 52242.
It is well known that inferotemporal (IT) cortex sends indirect projections to the
hippocampal formation (HF) via the entorhinal cortex. There are also some reports
of direct inputs. To further characterize IT connections, extracellular injections of
PHA-L were made into IT cortex in two monkeys (in the lateral bank of the
occipitotemporal sulcus (OTS) rostrally in area TE, and in area TF medial and just
rostral to OTS). From both injections, moderately dense label was observed in the
HF in the CA1 field in the s. lacunosum-moleculare. Labeled axons and terminals
formed a band about 150 pm thick and about 700-1200 pm wide ML. Fifteen
axons were partially reconstructed in CA1. Although the overall configuration in
this sample was variable, several common features could be identified. Most axons
were thin and sparsely studded with small boutons en passage, and preterminal
portions were generally linear. Some axon segments extended 200-800 pm ML,
but most segments were cut in oblique cross-section as though traveling in the AP
plane. The white matter trajectory of these directly projecting axons is not the
same as the perforant pathway. From the injection sites, labeled axons run to the
medial side of the OTS, course caudally to the base of ventral CA1, and cross s.
oriens and s. pyramidale to the s. lacunosum. In addition to these direct
projections to CA1, there was heavy labeling in the prosubiculum from TF, in the
parasubiculum from TE, and, as expected, in several temporal lobe fields. These
included perirhinal cortex, prorhinal cortex, and the depth of the superior
temporal sulcus. There was moderate labeling in the lateral and basal amygdaloid
nuclei. In summary, our results show that connections reach the HF from visually
related association cortex by both direct and indirect pathways. (NS 19632,
NS 14944)

Branch, NIMH Neuroscience Ctrat St Elizabeths Hospital, Washington, D.C.
OThe present investigation was undertaken to 1) examine the global effects
of entorhinal cortical lesions on memory function, and 2) determine if previous
reward-association memory impairments seen after amygdlala removals is mostly
due to damage of the adjacent entorhinal cortex. Thus three groups of monkeys
(Macaca mi/fafta)were trained preoperatively on a one-trial reward association
task, Win Stay Lose Shift (WSLS) in which the monkey had to remember, on
the basis of a single presentation, if a stimulus had previously been rewarded
or not. After preoperative training on the task (with 1,3, and 5 problems) was
completed the monkeys received either bilateral removal of the amygdala, or
the entorhinal cortex,or remained as unoperated controls. Postoperatively they
were retrained to criterion on both the WSLS basic task, and with a list of three
problems. Associative memory was tested further with a list of 5 and then 10
problems. Preliminary results from monkeys with the amygdala and entorhinal
lesions show a mild impairment in relearning the reward association task.
However, performance on the more difficult tests, with 5 and 10 problems, was
at the same level as control animals. The lesions were then examined using
magnetic resonance imaging to determine their limits before additional surgery
to remove the remaining entorhinal cortex or amygdala. After the second surgery
monkeys were retested as before and again there was only a mild impairment
in relearning the task and no deficit on the performance test. Two monkeys
then received further removal of the hippocampus bilaterally. These two
monkeys failed to relearn the reward association task. Thus the reward
associative memory impairment seen after amygdala removal cannot be due to
damage of the entorhinal cortex. Furthermore the degree of associative memory
impairment observed after medial temporal lobe lesions may depend on the
amount of conjoint damage to the rhinal cortex, amygdala and hippocampus.

153.3

153.4

CHOLINERGIC DYNAMICS IN PRIMATE HIPPOCAMPUS AND
PREFRONTAL CORTEX ASSOCIATED WITH PERFORMANCE ON
DELAYED RESPONSE AND DNMS: AN IN VIVO MICRODIALYSIS STUDY.
T. D. Smitti.* R. C . Saund^ers trnd^D. R. Weinbereer. NIMH Neueoscienee Crater er
St. Elizabeth's Hospital, 0^^ Brain Disorders Branch, Washington, DC. 20032.
ExtsdceUuld^ levels of acetylcholine (ACh) were measured in hippocampus (HC)
and prefrontal cortex (PFC) (principalis sulcus) of awake, behaving rhesus monkeys

DOUBLE LABEL 2-DG REVEALS ACTIVATION OF HIPPOCAMPAL
SUBFIELDS IN MONKEY RELATED TO RESPONSE DIRECTION.

(Macaca mulatto) using in vivo micscdidlysis. Previously we have shown PFC aeD
HC ACh levels are (1) detectable and stable for at least 8 hr over two consecutive
days (2) derived mainly from neuronal pools and (3) responsive to pharmacological
manipulations. In the present study, ACh overflow was examined while monkeys
performed a series of behavioral tasks in an automated behavioral testing apparatus.
MicscDidlysis probes were positioned into HC and PFC through custom designed
probe guides previously fixed to the skull and perfused with aCSF containing 10 pM
neostigmine at a rate of 1.1 pl/min. Dialysate was collected every 10 min beginning
either 1 hr or 24 hr after probe placement and was analyzed for ACh using HPLC
coupled with electrochemical detection. A stable ACh baseline was established for
at least 1 hr while the animals remained quiescent Performance on a control motor
taD was associated with a 10-15% increase in PFC and HC ACh overflow that
declined to baseline within 1 hr. In contrast, during performance on a (1) simple
operant task, (2) visual recognition memory task, deldyeD-eoemdtch-tc-sdmple
(DNMS) or (3) a spatial memory task, Delayed response (delays of Is or 10s), ACh
overflow increased 15% above baseline, peaked at 35% in the 20 min following task
completion and then DeclineD back to baseline 40 min later in HC. An increase
similar in magnitude and dueatioe was observed in PFC for all tasks except for
delayed response at a delay of 10s. Preliminary results indicate that the increased
delay length was associated with higher ACh levels which persisted for 2hr. The
sustained increase in ACh levels following task completion was abolished by
infusion of a sodium channel blocker, teteoDctcxie (10 pM), suggesting that the
prolonged elevation is associated with enhanced neuronal release of
neurotransmitter.
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E. SySi^ra*, HR. Friederm & P. S. Goldmm-R-Rc, SeSt NrarobioL, Yde Uiur .
Sch. Med., New Haven CT 06510.
Previous research suggests that space is an important DcmaiR of informdtioe
processing in the hippocampus (HPQ, yet, there is little evidence for a topographic
organization within the HPC to endow it with specialized spatial fOestices. We
trained rhesus monkeys to perform oculomotor variants of visual Dissrimiedticn
(VD), delayed dltereaticn (Da ), and delayed response (DR) tasks requiring eye
movements to vertical (V). horizontal (H), or oblique (O) targets and used the
double-label 2DG method (Friedman et al 1990, Meth. in Neurosa., vol 3) to assess
metabolic activation in the hippocampal fcrmdticn. Sequential iRjectices of 3H-2DG
and 14C-2DG were each followed by a behavioral test period. For 2 monkeys, the
two tasks differed only in the direction of the required saccades: (1) DA to H vs. V
positions; and (2) DR to O targets in right vs. left visual hemifields. For 2 other
monkeys, the tasks Differed VD vs. DA, but the direction of the sascade (H) was the
same in both periods. Images showing metabolic activity ld0eleD sepaedtely by 3h
and 14C in identical brain sections were cbtaineD from aotcedDicgeaphs. 2-D
reccesteostices through the length of the HPC showed that the pattern of labeling
attributable to the separate task cceDitioes was anatomically segregated mainly on
the basis of response direction rather than the mnemonic edtore of the task. Activity
associated with eye movements along the horizontal axis of space was preferentially
mapped in CA1 while that associated with movements along the vortical axis was
displaced medially toward the subicu^ complex with some overlap at the border
between these two regions. By ccetedst, in the dentate gyrus, the pattern of activity
corresponding .to both conditions was intermixed The CA3 subHeto was notable for
its relatively low activity in all conditions. This pattern was not organized in a
lamellar fashion, but was distributed along the rostral-cduDdl axis of Du HPC. These
results provide evidrace for an anatomical topography of spatial function within the
hippocampal formatice supporting the idea that the HPc coRtdins a cognitive map of
space. Supported by ONR#NOO1441J125I P MH38546.
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153.5
ANTICIPATORY SACCADE IN PROCEDURAL LEARNING

K. Miyashita1. S. Miyachi1. Z.Karadi*2. and O. Hikosaka.1
1 Dept. of Physiology, Juntendo Univ. Sch. of Med., Tokyo, 113. Japan; 2Inst. of

Physiology, Univ. Medical School, 7643 Pecs, Szigeti Str. 12,H-7643,Hungary
To investigate the acquisition process of procedural learning, we trained two
Japanese monkeys to perform a sequential button press task. On pressing a home
key, two of 16 (4x4) LED buttons (called ‘set’) turned on simultaneously. The
monkey had to press them in a predetermined order which had to be found by trial
and error. A totai of 5sets, which were called ‘hyperset’, were presented in a fixed
order. A given hyperset was repeated as a block of experiment until 20 successful
trials. The hand used for training was fixed for each hyperset. The number of trials
and performance time to criterion decreased as learning took place. We found that
anticipatory saccades, initially absent, appeared with learning and their frequency
reached a maximum after about 20 days’ training. Initially, a saccade to one of the
two LED targets occurred after stimulus onset (latency 100-150ms) followed by
hand reaching. The saccade onset became earlier as the learning proceeded, eventually
occurring before the target onset (100-200ms). Along with the change in eye
movement, button press reaction time got shorter: when an anticipatory saccade was
present the button press reaction time was 100-250ms; otherwise, it was 500700ms. Video-recording showed that hand movement also became anticipatory. To
reveal the relationship between eye and hand movement, we shifted the task for the
opposite hand after learning it with the other one. The performance got worse,
indicating that the memory of sequential movement was dependent on the used hand.
Furthermore, the occurrence of anticipatory saccades decreased. These results suggest
that anticipatory saccade is closely coupled with hand movement and guides it to
execute a learned sequential hand procedure.
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153.6
EFFECTS OF THE BLOCKADE OF MONKEY BASAL
GANGLIA ON THE PROCEDURAL LEARNING AND
MEMORY.
S.Miyachi1. K.Miyashita1. Z.Karadi2 and
O.Hikosaka*1. *Dep.of Physiol., Juntendo Univ. Sch.of Med.,
Tokyo, Japan. 2Inst.of Pysiol.,Uniy.Medical Sch.,Pecs,Hungary.
The basal ganglia may be involved in procedural/motor learning.
To test the hypothesis, we examined the effects of reversible
blockade (by injection of muscimol) of the monkey striatum and
pallidum. The monkey was required to press 10 LED buttons (out
of 16) in a predetermined order, two of which turned on
simultaneously as a set; the whole sequence (hyperset) thus
consisted of 5 sets (see Miyashita et al., this issue). The monkey
had experienced more than 700 hypersets including 14 highly
learned ones. The task also allowed us to examine new hypersets
after each injection. For the injection, we implanted 12 guide tubes
directing at the striatum (caudate and putamen, left and right) at three
antero-posterior levels (A 18, A22, A26). The injection was multiple
(2 or 4 sites), each with 5 gg muscimol in 1 gl saline. The
blockade of caudate head (A26) caused deficit in learning of new
hypersets. The blockade of putamen (A 18 and A22 ) caused deficits
in execution of the tasks, i.e. slow eye/hand movements and
increased errors even for highly learned hypersets. Blockade of
pallidum resulted in learning deficits along with some hyperactivity.
These results suggest that the basal ganglia plays an important role
in acquisition and retrieval of procedural/motor memory.

153.7

153.8

PRIMATE ANALOGUE OF THE WISCONSIN CARD SORT TEST
(WCST): CONTRASTING EFFECTS OF EXCITOTOXIC LESIONS
AND DOPAMINERGIC DEPLETION OF THE PREFRONTAL
CORTEX IN THE MARMOSET. R, Dias. L,S, Wilkinson. T.W. Robbins
and A.C. Roberts. (Spon: European Brain and Behaviour Society).
Department of Experimental Psychology, University of Cambridge,
Cambridge, CB2 3EB, U.K.
One of the cardinal features of prefrontal cortical (pfc) damage in
man is an impaired ability to shift attentional sets. A similar deficit
however has been reported in Parkinson's disease and schizophrenia,
conditions in which there is no obvious structural damage to the pfc
itself. Instead, the apparently frontal deficit in these disorders may arise,
in part, from imbalances in cortical and/or striatal dopamine (DA)
function. To address this issue an attentional set-shifting task has been
developed that can be used to test humans and non-human primates
alike and allows a componential analysis of performance on the WCST.
This test has already proven sensitive to frontal lobe damage in humans
and so the present study investigated the sensitivity of the test to pfc
damage in monkeys. The results demonstrate that excitotoxic lesions of
the pfc in the marmoset induce a comparable impairment to that seen
following frontal lobe damage in humans. Whilst the ability to maintain
attention is unimpaired, the ability to shift attention is disrupted.
This impairment in attentional set-shifting ability following
excitotoxic lesions of the pfc is in marked contrast to previous findings
demonstrating an apparent enhancement in attentional set-shifting
ability following depletion of DA from the pfc (Roberts et al, J.
Neuroscience, in press). The contrasting behavioural effects however are
associated with opposing effects on stimulated DA release in the
striatum, as measured by in vivo microdialysis. These findings will be
discussed in terms of the role of fronto-striatal interactions in the
control of higher cognitive processing.

PRIMATE ANALOGUE OF THE WISCONSIN CARD SORT TEST
(WCST):A BEHAVIOURAL AND MICRODIALYSIS STUDY OF
STRIATAL DOPAMINE FUNCTION IN-THE MARMOSET. A.C,
Roberts*. P. Collins. L.S. Wilkinson. B.J. Everitt and T.W. Robbins.
Department of Experimental Psychology, University of Cambridge,
Cambridge, CB2 3EB, U.K.
Disturbances in dopamine (DA) function may contribute to the
frontal-like cognitive impairments associated with Parkinson's disease
and schizophrenia. However, the precise nature of the contribution
made by the cortical and striatal DA systems to higher cognitive
function is poorly understood. Previously we investigated the effects of
6-hydroxydopamine (6-OHDA) lesions of the prefrontal cortex (pfc),
in the marmoset, on performance of two tests of pfc cognitive function,
spatial delayed response (SDR) and attentional set-shifting (Roberts et
al, J. Neuroscience, in press). The latter test allowed a componential
analysis of performance on the WCST, a commonly used test of pfc
function in man. Whilst the lesion impaired SDR performance (in
agreement with previous results), attentional set-shifting ability was
apparently improved.
The present study investigated the effects of 6-OHDA lesions of the
caudate nucleus, in the marmoset, on the same two tests. The lesion
produced a marked reduction in extracellular DA in the caudate
nucleus, as measured by in vivo microdialysis, which was present in
baseline conditions, as well as following potassium and amphetamine
stimulation. This reduction was associated with impaired SDR
performance and an impaired ability to re-engage a previously
established attentional set. These results will be compared to those seen
following dopaminergic lesions of the pfc in the marmoset and
discussed in the light of the frontal-like cognitive impairments observed
in schizophrenia and Parkinson's disease.
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SLOW HUE IE2RUNC IN INFANT M3NKEYS IS DUE IN EfKT 10

TEMPORAL STRUCTURE IN THE SPIKE DISCHARGE OF PARIETAL
NEURONS DURING A TACTILE MEMORY TASK. Mark Bodner. Yong-di
Zhou and loaquin M. Fuster*. Department of Psychiatry and Brain Research
Institute, UCLA School of Medicine, Los Angeles, CA 90024.

FUNCTIONAL BMAUURIIY OF INFERIOR FRONTAL GCKUX. MJ.
WgEsfaep , M. Minkin & J. Badte/Olier^1. Lab. Nsurcpsycixl..,
NDHI, Bethesda, MD 20892 & JDepd. Nsundbiol., U. TSscsas Sch.
MOd., Ituston, IX 77025.
In adult rncrkeys, learning the delayBdHi»iiBtchiig--So-sanple
(ENMS) rule with trial^unique visual objects requires
interaction between the oaai^itsObnqcral prone^ing stream and
either the medial temporal (MT) cr the inferior frontal (IF)
area. This conclusion is based cn the finding that ramay* to
either the MT cr IF area causes retardation in OMB rule
learning (~500 trials as aatpared to *100 far normal controls),
and combined damage to the two often prevents rule learning
(>1500 trials) even with very short (e.g. 5s) delays (Weinstein
et . al., Neurosci. Abstr. 14:1230, 1988). Cytogenetically, the
ability to learn the OMS rule requires ip to 2 years to reach
adult levels ^adhevalier, Am. NY Asad. Sci., 608:457, 1990).
Ib determine whether this protracted demalcpn^nt naid be due
to long-tern iaaaturity of either the MT cr IF areas, we
prpered infant mcries with neonatal MT cr IF lesicne and
trained them at 3 norths of age cn 5s EMS3. The IF group
learned act about the same rate as normal controls (525 and 455
trials, respectively) vhereas the MT group was grossly retarded
(1720 trials) relative to each of the others (x.001). The
results suggest that the protracted development of the ability
to learn ENM3, and perhaps other rules involving visual
objects, is die to the slow mlaSuraSon not of limbic sSmufCure^
as initially suggested, but of inferior frontal cortex.
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Experiments in our laboratory have indicated that some cells in the
parietal cortex of the monkey undergo sustained changes of discharge
frequency during short-term retention of tactile cues, as required in
performance of haptic delayed matching to sample tasks (Koch and Fuster,
1989; Zhou and Fuster, 1992). The current analysis is intended to clarify

whether the memory-related discharge of parietal units is characterized
not only by sustained frequency changes but by peculiarities in the spike
train. The data base consists of units recorded from primary somatosensory
(SI) cortex or from area 5 in two monkeys performing a haptic delay task
with cylindrical test objects that differed in surface features (i.e., direction
of edges or degree of roughness). Cell discharge was analyzed in two test
periods: (1) intertrial base line (12 sec), and (2) memory period (12-sec
delay). Spike trains were submitted to autocorrelation analysis. Lowfrequency (0.1-0.5 Hz) oscillatory behavior was noted in many cells.
Significant differences in the temporal structure of cell firing were seen
between base line and delay periods. During the delay, cells showed a
wider range of oscillation frequencies. Correlograms were in many cases
unaffected by spike-interval shuffling. Some cells showed memorandumspecific correlogram differences. The data are consistent with the notion
that active memory is maintained by impulse reentry within highly
specific cortical networks.
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ODOR MEMORY IN PATIENTS WITH EXCISION FROM
MEDIAL OR LATERAL TEMPORAL-LOBE STRUCTURES. NL
Jones-Gotman*. R.J. Zatorre. A. Olivier. F. Andermann. F. Cendes.
H. Staunton. D. McMackin. A. Siegel and H.-G. Wieser. Montreal
Neurological Institute, Montreal, Quebec, Canada, H3A 2B4;
Beaumont Hospital, Dublin, Ireland; and University Hospital, Zurich,
Switzerland.
The contributions of amygdala, hippocampus, and temporal
neocortex to human olfactory memory was investigated in patients with
unilateral neocorticectomy (NCE; Dublin, N=22), selective
amygdalohippocampectomy (AHE; Zurich, N=25), or anterior
temporal-lobe resection including amygdalectomy and partial
hippocampectomy (ATL; Montreal, N=23). 20 odors presented
monorhinally, half to each nostril, had to be recognized after a 3 hr
delay, in a 2-alternative forced-choice paradigm. Data were analyzed
according to side and type of resection, and nostril of presentation.
Extent of excision from amygdala, hippocampus, and parahippocampal
gyrus was documented and quantified via MRI scans. Results showed
a highly significant effect in the right AHE group, in whom a
significant deficit, in the right nostril only, was observed. These
results support our previous findings of an important role for right
medial temporal structures in human odor memory (Jones-Gotman &
Zatorre, Brain and Cognition 22, 182-198, 1993; Jones-Gotman et al,
Soc. Neurosci. Abst. 19, 1002, 1993).
Funded by M.R.C.

DENSE EPISODIC AMNESIA IN A YOUNG PATIENT
WITH FORNIX DAMAGE. H.J. Markowitsch.
Calabrese1’2. M. Scholz3. W- Gehlen2 and A.G. Harders3
(SPON: European Neuroscience Association*). Physiological
Psychology, University of Bielefeld, D-33501 Bielefeld,
2Neurolog. University Clinic, D-44892 Bochum, 3Neurosurg.
University Clinic, D-44892 Bochum, Germany.
We report the case of a 15 year old male patient who
experienced massive anterograde amnesia after neurosurgical
removal of a grade II astrocytoma, situated in the third
ventricle. While his retrograde amnesia, which covered the
period of about five years preoperatively, ameliorated shortly
after the intervention, his anterograde memory problems
remained substantial. His MQ-i Q difference still covers two
standard deviations (IQ=ll2). Aside from the standard
neuropsychological examination we administered a wide range
of explicit and implicit memory tasks (e.g. Rey's complex
figure, auditory verbal learning, face and object recognition,
mirror reading of words and pseudowords, priming for
incomplete figures, computer guided maze learning, learning
of new routes). While the patient has severe deficits in the
episodic memory domain, he is able to learn new routes, to
acquire computer routines, and to perform motor procedures
more rapidly after repeated exposition. His repetitive priming
abilities are also undisturbed. This case therefore underlines
the importance of the fornix system for long-term mnemonic
processing of episodic material.

153.13

153.14

PSYCHOPHYSIOLOGY
OF
RETROGRADE
AMNESIA
FOLLOWING A RETROSPLENIAL LESION. D. Bowers*. R.M.
Bauer. M. Verfaellie. & E. Valenstein. Dept. Neurology, University
of Florida College of Medicine, Gainesville, FL 32610.
We addressed whether an amnesic with a dense 4-yr
retrograde amnesia due to a left retrosplenial lesion would show
"autonomic recognition" of premorbid personal events that he
failed to overtly recall/recognize. This was asked in light of
findings that discriminative electrodermal psychophysiology (e.g.,
SCR) has been used to reveal the presence of stored information
in memory, rendered inaccessible by certain forms of brain injury
(e.g., prosopagnosia).
A modification of the guilty knowledge task was given in which
a series of questions about personal events occurring during the
retrograde period was constructed (with help of his wife). Each
question was followed by 5 multiple choice alternatives, to which
psychophysiologic measures (SCR, HR) and verbal report were
obtained. The patient was tested 2 months post-amnesia onset

THE RELATIONSHIP BETWEEN HIPPOCAMPAL VOLUME AND DELAYED
MEMORY IN SCHIZOPHRENIA. I,J. Torres. L.A, Flashman*. p.S. O'Leary and
N.C. Andreasen. Mental Health Clinical Research Center, University of Iowa
Hospitals and Clinics and College of Medicine, Iowa City, IA 52246.
Studies of human amnesia as well as animal lesion data implicate the .
hippocampus as a critical structure for memory consolidation and storage.
Neuroanatomical changes have been reported in temporal lobe structures including
the hippocampus in patients with schizophrenia, as has memory impairment. To
further explore the relationship between memory and putative underlying structure,
hippocampal and temporal lobe volumes were derived from in vivo MRI for a group
of schizophrenic patients varying in memory ability. It was hypothesized that the
integrity of the hippocampus, reflected by measured volume, would relate to memory
performance. A composite measure of delayed memory performance on tasks of
verbal and visual memory (Rey Auditory Verbal Learning Test, Logical Memory,
Rey-Osterreith Complex Figure) was derived for all patients. Using an extremegroups strategy, the 10 patients with the highest and lowest composite scores were
classified as "high" and "low" memory performers, respectively. Groups were
matched on demographic variables including age, gender .composition, SES,
education, and parental SES and education. MRI scans were acquired on a 1.5T GE
Signa scanner using a SPGR sequence (TR=24 ms, TE=5 ms). Hippocampal
volumes were calculated following manual tracing by two tracers (ICC=.96) on
resampled 1 mm contiguous slices using locally developed software. Temporal lobe
volumes were also obtained using a semi-automated procedure. Despite significant
group differences on memory measures, no significant differences were found in
hippocampal or temporal lobe volumes between low and high memory groups.
These negative findings indicate that hippocampal volume is not directly related to
delayed memory performance. Possible reasons for this lack of association are
discussed which include measurement error occurring when standardized memory
measures are used with psychotic patients.

and again 2 years later. His spouse served as a control at the
2nd test time. Although overt verbal recognition increased from
chance (20%) to 80% over the 2 testings (i.e., shrinking
retrograde amnesia), he showed no discriminative SCR's to
personal remote events that he failed to overtly recognize on
either occasion. In contrast, the control S did show discriminative
electrodermal responsivity. These findings argue against a simple
retrieval defect as the sole explanation of retrograde amnesia.

153.15
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CONTEXTUAL MEMORY DEFICITS IN ACoA ANEURYSM PATIENTS.
S.M. August*1. L.M. Grattan1. P.J. Esiinoer2, D, Riqamonti3. E.F.
Aldrich*. ’Depts. of Neurology, Univ. of MD Med. Sch. Baltimore,
MD 21201 and 2Penn State Coll, of Med., Hershey, PA
17033,’Dept, of Neurosurgery.Johns Hopkins Univ., Baltimore,MD,
21287, *Div. of Neurosurgery, Univ. of MD Med. Sch. Baltimore,

RECOVERY OF MEMORY AND FRONTAL LOBE FUNCTIONS IN A
CONSECUTIVE SERIES OF ACoA ANEURYSM CASES. L.M. Grattan*>
August1. D . Riqamonti2. F. Aldrich1. P.J. Esiinoer3 1 Umv of
Maryland, Baltimore MD 21201,2Johns Hopkins Univ, Baltimore
MD 21205, 3Neuro1ogy Penn State Univ, Hershey PA 17033.
We previously identified distinct types of cerebral lesion and
correlated patterns of memory and frontal lobe impairments after
surgical correction of ruptured anterior communicating artery
(ACoA) aneurysms. In this consecutive series of cases, cojmtive
impairments were quite diverse in the acute phase (ranging from
normal to mild to severe) and lesions also varied from retricted
basal forebrain (BF) with and without recurrent artery of
Heubner (raH) territory damage, to large BF with frontal cortex
damage. In the chronic phase of recovery, subjects were again
studied with extensive cagntive measures. Results indicator. 1) a
wide heterogeneity in cojmtive performances remained evidtent in
the ACoA cases; 2) subjects who had restrccted BF lesions with and

MD 21201.
Rupture and clipping of anterior communicating artery (ACoA)
aneurysms have been associated with persistent and significant
learning and memory disturbances. While learning and memory
impairments have been well-documented, examination of the
specific nature of these deficits has been limited. The purpose of
this investigation was to determine if patients with ACoA
aneurysms demonstrate a unique form of memory disorder. A
consecutive series In = 46) of patients with ACoA aneurysms were
studied during the chronic recovery phase. Patients with ruptured
aneurysms in non-ACoA vascular distributions comprised the
comparison
group.
Neuropsychological
measures
included
standardized assessments of learning and memory supplemented by
experimental procedures. Neurobehavioral findings indicated that
there were no significant differences on standard and experimental
measures of word-list, associative or sequential learning and
memory between the ACoA and non-ACoA groups. In contrast, the
ACoA group demonstrated significantly lower scores on learning and
retention of information from paragraphs than the non-ACoA group
(p < .01).
These findings suggest that patients with ACoA
aneurysms may have specific difficulties with contextual memory.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

without raH damage again showed normal or only mild impairments
in memory, frontal lobe and general cojmtive measures; and 3)
subjects who had large BF lesions extending to frontal cortex were
again the most impaired in the series. While confabulations
subsided in these cases, anterograde amnesia and frontal lobe
impairments remained evident. Findings indicate there are
anatomic and cogrntive predictors of the diverse recovery patterns
after ACoA aneurysm repair.
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THE HUMAN PERIRHINAL CORTEX. ARCHITECTURE IN CONTROLS
AND IN ALZHEIMER’S DISEASE. R. Insausti*. A. Salinas.
E.Sanz, A. Insausti. T. Sobreviela and L.M. Gonzalo.
Dept. Anatomy, University of Navarra, Apdo. 273, 31080
Pamplona, SPAIN.
The human perirhinal cortex (PRC) is a cortical area
of the medial temporal lobe that surrounds the entorhinal cortex. This region is of
considerable interest because of its role in memory processing and
its vulnerability in Alzheimer's disease neuropathology.
Information concerning cytoarchitecture and
precise borders of the human PRC is scarce and still
relies on the original description by Brodmann (1909).
Serial sections of the temporal lobe from 30 autopsy
cases (11 of them perfused with fixatives through the
vascular system) were prepared and stained with
thionin or myelin stains. Analysis of the material
demonstrated that PRC extends from the temporal pole
to the level of the uncus, mostly hidden in both banks
of the collateral sulcus. Three main portions can be
separated: a medial portion that surrounds the entirety of the entorhinal cortex, a lateral portion
bordering inferotemporal cortex and a rostral portion
up to the temporal pole. The medial portion presents
the most severe cell loss in Alzheimer's disease
cases. Two-dimensional reconstructions of the PRC allowed comparison for selective atrophy between control
and Alzheimer's disease cases. Supported by a grant
from Government of Navarra and FIS 88/1682.

IMPAIRED REMOTE MEMORY IN PATIENTS WITH
FRONTAL LOBE LESIONS. J. A. Mangels*. F. B. Gershberg.
and A. P. Shimamura. Department of Psychology, University of
California, Berkeley, CA 94720.
Remote memory ability was tested in patients with unilateral
lesions in dorsolateral prefrontal cortex. Tests of remote memory for
public events and famous faces were administered to patients and
matched control subjects. In the Public Events test (Cohen &
Squire, 1981), recall and recognition memory were tested for events
that occurred during the 1950s, '60s, '70s, and ’80s. Frontal
patients were impaired relative to control subjects for both recall and
recognition. For recall, the impairment was comparable across all
decades, whereas for recognition, patients were impaired only for
two of the four decades (’60s and ’80s). In the Famous Faces test
(Albert, Butters, & Levin, 1979), photos of individuals who gained
notoriety during the 1940s, '50s, '60s, '70s, '80s, and ’90s were
presented. Free recall and cued recall (using semantic and phonemic
cues) of the individuals' names were assessed. Frontal patients
were impaired relative to controls for both free recall and cued recall.
Impairment was comparable across all decades, and both groups
benefitted equally from cueing. These findings suggest a general
deficit in retrieval from remote memory following frontal lobe
damage. (Supported by NSF Graduate Research Fellowships to
JAM and FBG and NIH grant AGO9O55 to APS. We thank Nelson
Butters for supplying the Famous Faces test and Larry Squire for
supplying the Public Events test.)
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ANALYSIS OF MOTOR SKILL LEARNING FAILURE IN
PATIENTS WITH HUNTINGTON'S DISEASE (HD). Daniel B.
Willinyham*. Walter J. Koroshetz. Robert D. Macv. Margaret E.
Winter. Dept. Psychology, Univ. of Virginia, Charlottesville, VA
22903, Dept. Neurology, Mass. Gen. Hosp., Boston, MA 02114.
We have earlier reported (Willingham & Koroshetz,
Psvchobiol. 21. 173^182,1993) a dissociation of motor skill
learning in HD. Patients learn new mappings between
perceptual cues and motor responses normally (perceptualmotor integration, PMI) but do not benefit from repetition of the
same motor response from trial to trial (motor sequencing, MS).
HD patients are impaired in learning pursuit rotor (Heindel et.
al, J. Neurosci.. fi, 582-587, 1989) in which subjects use a stylus
to track a target moving in a repeating pattern. The task may
have two components: learning to manipulate the stylus (PMI)
and learning the repetitive pattern of the target (MS).
Subjects used a joystick to perform a computer version of
pursuit rotor. Subjects first tracked a random target; they could
learn the mapping between the joystick and cursor (a PMI
task). Next, they tracked a patterned target (square or
diamond) and then a second pattern. A decrement at transfer
was considered evidence for pattern-specific knowledge (MS
learning). Control subjects showed both types of learning. HD
patients showed some evidence of PMI learning, but no evidence
of MS learning.

AGE ASSOCIATED CHANGES IN SENSORIMOTOR SKILLED LEARNING
IN HUMANS. K. Anderson*. J. Singh. J. Saver, J.T. Metz. J. Roemer. & M.
Cooper. University of Chicago, Chicago, IL, 60637.
The present study examined explicit/direct (memory for facts and events) and
implicit/procedural (memory for procedural or sensorimotor skills) in normal
elderly (n = 12, median age =71) and normal young subjects (n = 12, median age
= 25). Explicit memory was examined using a word list involving recall and
recognition of 24 words. Procedural memory was examined using two widely
used tests: pursuit rotor learning and mirror tracing. Subjects performed 3 blocks
of pursuit rotor test with each block consisting of 8 trials. In the mirror tracing
test, the subjects traced a star looking into a mirror for 5 consecutive trials in 2
blocks; each block was separated by a short time interval.
Results of this study show that elderly subjects were significantly impaired on
one measure of explicit memory (recall, but not recognition) supporting previous
work which has shown age related memory decline in the elderly. On the
procedural memory measure, the elderly subjects showed selective impairment on
the mirror tracing task relative to the young subjects; the elderly subjects
committed more errors and took significantly longer to complete the task.
However, on the pursuit rotor task, performance of both groups was comparable.
These results confirm findings derived from patients with basal ganglia disorders
that there are dissociable components of procedural memory. Additionally, these
data indicate a possible slowing in sensorimotor skill learning associated with
aging. Thus, explicit memory and some components of skill-motor learning
decline with age.

153.21
CORTICAL CORRELATES OF SOMATOSENSORY PAIN
MEMORY IN PHANTOM LIMB PAIN PATIENTS.
W. Larbia. P.

Montoya, R.F. Mucha*. H, Flor and N. Birbaumer. Institute for Medical
Psychology and Behavior Neurobiology, University of Tuebingen,
Germany
According to prior data demonstrating the cortical origin of phantom
limb pain (PLP), some research have suggested that activated
mnemonic pain traces might contribute to sustained pain states in PLP
patients. In the present study, we examined visual evoked potentials
(VEPs) to pain-relevant words at subthreshold levels in PLP patients
compared with pain-free amputees and healthy controls.
Significant group differences were found in the early and the late
VEP components. Pain-free amputees showed a significant reduction
in the N100 compared to the PLP patients. In contrast, PLP
demonstrated an enhanced positive amplitude at the late
components. Furthermore, a hemispheric lateralization was found
showing the most pronounced LPC amplitudes at the right frontotemporal sites, confirming previous reports concerning increased right
hemisphere activity during emotional linguistic processing. Together
with our previously reported MEG data, the present findings suggest
that cortical hyperexcitability and cortical reorganization might be
responsible for producing and maintaining chronic PLP disturbances.
Supported by the Deutsche
Forschungsgemeinschaft

(Forschergruppe “Klinische Psychophysiologie des Schmerzes”).
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EYEBLINK CLASSICAL CONDITIONING AND TIME PRODUCTION
IN PATIENTS WITH CEREBELLAR DAMAGE. M. Papka1*. R. Ivry2.

ARE DEFICITS IN THE ACQUISITION OF CONDITIONED
RESPONSES IN CEREBELLAR PATIENTS RELATED TO THEIR
PERCEPTION OF THE TEMPORAL ORDER OF STIMULI?
V. Bracha*. B. TopoLski. D.A. Wunderlich. F.P. Kolb. J.R.
BloedeL. Barrow Neurological Institute, Phoenix, AZ 85013.
Recent studies demonstrated that lesions within cerebellar
systems affect capacity of human subjects to acquire classically
conditioned responses as well as the ability to estimate short time
intervals. The present study tested the hypothesis that the impaired
acquisition of conditioned responses could be related to possible
deficits in the perception of the temporal order of stimuli used for
conditioning. For that purpose cerebellar patients were tested in two
experimental paradigms: a) classical conditioning of the eyeblink
response and b) temporal order judgment (TOJ) task in which subjects
were asked to determine the temporal order of paired and
coterminating auditory and cutaneous stimuli presented with variable
delays in their onsets.
Results of the ongoing study support previous reports
demonstrating the incapacity of cerebellar patients to acquire
conditioned eyeblink responses in a single training session. The
ability of the same subjects to perform the TOJ task was not affected
extensively enough to explain fully their conditioning deficits. It is
concluded that the mechanisms of conditioning are mostly
independent on the processes required for conscious perception of the
temporal order of external stimuli and that cerebellar Lesions in human
subjects affect subconscious associative processes and/or the
movement control mediated by the effector system.
NIH Grants NS 30013 and NS 21958.

& D. S. Woodruff-Pak1. Laboratory of Cognitive Neuroscience, Phila.
Geriatric Cntr. & Temple Univ., Phila., PA 19122\ Univ. of California,
Berekely, CA294720.
The ipsalateral cerebellum has been identified as the critical substrate of
eyeblink classical conditioning (EBCC) in rabbits, but its role in human
EBCC has been less thoroughly investigated. Using the 400 ms delay EBCC
paradigm for right and left eye, we tested 14 subjects (Ss) with cerebellar

damage. Ss ranged in age from 23-73 years (M=49.8). Six Ss had unilateral
cerebellar lesions, 6 had bilateral cerebellar lesions, and 2 had small lesions
in cerebellar regions not essential in rabbits. Mean percentage of conditioned
responses (CRs) acquired by the Ss with definite cerebellar damage in the
first EBCC session was 14.9%. This CR percentage is lower than the 46%
CRs attained by the 2 Ss with small lesions and is significantly lower than
the 50.1% CRs attained by 14 age- and gender-matched normal control Ss
(t{,43j =3.30, p<.O5). Ss with unilateral lesions acquired significantly less
CRs on the side with the lesion than on the non-lesioned side (^ .q=2.93,
p< .05). Time production (TP) data collected on 4 unilateral Ss showed that
TP was significantly more variable in the hand ipsalateral to the cerebellar
lesion O .31=4.92, p< .05), and that the variability could be attributed to a
central clock mechanism and not a motor component (j .3J=3.38, p< .05;
Xj!.3= 1.89, n.s). These results support the essential role of the ipsalateral
cerebellum in human EBCC and in accurately timing responses. Supported
by NS3O256 to RI and AGO9752 DSW-P.
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CLASSICAL CONDITIONING ALTERS THE EXCITABILITY OF THE
BLINK REFLEX. C. Evinger*. A.S, Powers and M A . Basso Depts. Neurobiol
& Behavior and Psyduo., SUNY Stony Brook, Stony Brook NY 11794, Dept
Psycho., St Johns University, Jamaica NY 11439
The present study demonstrates that classical conditioning of the blink reflex
in humans produces independent temporal conditioning of the Mink reflex. We
evaluated temporal conditioning with die paired pulse paradigml in which two
identical blink evoking stimuli are presented within a short interval Electrical
stimulation of die supraorbital branch of die trigeminal nerve (SO) elicits
blinking by producing two hursts of orbicularis ocuh EMO activity, Rl and R2.
With pairs of SO stimuli separated by less than 2 s, the second Rl exhibits
facilitation relative to die first Rl, while die second R2 shows suppression
relative to die first R2. Classical conditioning increases Rl facilitation in die
paired pulse paradigm.
We elicited Minks with SO stimulation and examined pseudorandomly varied
paired pulse intervals of 200 to 1000 ms. This was followed by 70 trials of
conditioning with a 2 kHz tone that coterminated with an SO shock. The CS-US
interval was either 400 or 800 ms. After conditioning trUs, the subjects were
retested with die paired pulse paradigm.
Although conditioning did not alter the R2 component, conditioning rapidly
enhanced die Rl component in die paired pulse paradigm. This effect occurred
only at the same interval as the CS-US training interalL The Rl enhancement
occurred whether a conditioned response developed during the conditioning trials
or not, but did not occur after unpaired presentations of CS and US. Thus, short
latency Monk pathways, involving few synapses, exhibit an early type of temporal
conditioning that is independent of die CS.

FEONTAL-CINGULATE AND CEEEBELLAE-LIMBIC FUNCTIONAL
NETWORKS IN HUMAN EYEBLINK CONDITIONING. S.E. Molchao1.

Sunderland^*. M, Bahlol B. dorwitz^. and A.E. McIntosh^.
^Section on Geriatric Psychiatry, Lab. ol Clinical Sci., NIMd, ^Lab. ol Adaptive
Systems, NINDS, ^Lab. ol Neurosci., NLA; NIH, Bethesda, MD 20892, USA
The lunctional networks underlying Pavlovian eyeblink conditioning in 8 young
normal volunteers were assessed using covariance analysis ol regional cerebral blood
ilow (rCBF) measured with positron emission tomography (PET). The control
condition entailed the unpaired presentation ol tone and corneal airpull stimuli; this
was lollowed by conditioning in which paired stimuli were presented. Two PET
scans were made during unpaired presentations and two during the paired sessions.
Between unpaired and paired scans, rCBF increased in bilateral primary auditory
cortices and lelt posterior cingulate cortex, and decreased in right insula, inferior
frontal, inferior parietal, and cerebellar cortices and neostriatum. Significant
positive correlations between percent conditioned responses and rCBF were observed
with lelt orbital and inferior frontal, lelt posterior cingulate, and bilateral anterior
cingulate cortices; negative correlations were lound with the pons, cerebellum, and
right hippocampal gyrus. Two lunctional networks emerged lollowing principal
components analysis ol interregional covariances. Strong interrelationships among
cerebellum, pons, midbrain, anterior thalamus, and right hippocampal gyrus were
present only during paired scans. In the second network, relationships among
anterior and posterior cingulate, and frontal and temporal cortices increased in paired
scans. The cerebellar-limbic network may underlie the lunctional associations lor
acquisition ol the conditioned motor response while the fronto-cingulate network
may reflect the sensory associative link between the tone and airpull during pairing.

B.G. Schreurs2. T.

Siyportcd by EY07391 (CE) and NS317S5 (ASP).
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FEAR CONDITIONING FOLLOWING UNILATERAL TEMPORAL
LOBECTOMY IN HUMANS: IMPAIRED CONDITIONAL DISCRIMINATION K.S. LaBar*. E.A. Phelps*, and J.E. LeDoux. Center for Neural
Science, New York University, NY, NY; department of Psychology, Yale
University, New Haven, CT
A conditional discrimination paradigm was used to investigate fear
conditioning in patients who underwent unilateral medial temporal lobe
resection (TL) to control medically intractable epilepsy. The conditioned
stimulus (CS) was a 2000 Hz tone (70 dB; 8 sec duration). The
unconditioned stimulus (US) was a burst of white noise (100 dB; 1 sec
duration). Subjects received 4 habituation trials of the CS alone followed
by 16 acquisition trials and 16 extinction trials (inter-trial interval = 30+6
sec). The acquisition trials were divided into 2 types: in CS+ trials, a
colored light (red/green) signaled CS-US pairing; in CS- trials, the coloropponent fight signaled US absence. Color choice was counterbalanced
across subjects, and trial type was presented in a pseudorandom order.
The US was absent in afl extinction trials.
Bilateral skin conductance response to the CS was used as the dependent measure of conditioning. Successful learning in this paradigm is
indicated by greater conditioning to CS+ trials than to CS- trials. Nonepileptic control subjects demonstrated conditional discrimination ability,
while TL subjects did not. Further analyses revealed that the TL impairment could not be accounted for by differences in general arousal levels.
These results suggest that the integrity of medial temporal lobe structures
is important for conditional discrimination performance in human fear
conditioning.
Supported by NIH MH10537 to KSL and McDonnell-Pew 90-34 to EAP.

CONDITIONAL FEAR-INDUCED HYPOALGESIA IN HUMANS USING
A NON-NOXIOUS UCS. N.A. Johnson* and F.J. Helmstetter. Dept, of

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

Psychology, University of Wisconsin-Milwaukee, Milwaukee, Wl 53211
Previous studies from our laboratory with both humans and rats have
shown that exposure to loud white noise activates brain mechanisms
relevant to anxiety. The present study was designed to examine the
effectiveness of noise when used as an unconditional stimulus (UCS)
to support fear conditioning in human subjects. A differential
conditioning paradigm was used in which a red and a blue light served
as the conditional stimuli and a 92 dB/1 sec white noise burst presented
via headphones served as the UCS. Each subject was exposed to 4

reinforced presentations of one stimulus (CS+) and 4 nonreinforced
presentations of the other stimulus (CS-). Skin conductance level
(SCL) and acoustic startle amplitude as indicated by electromyography
of the obicularis occuli muscle (EMG) were used as physiological
correlates of anxiety. Finger withdrawal latency to a radiant heat source
served as an index of nociception. Following training, each subject
received 3 non-reinforced presentations of each stimulus concurrently
with radiant heat. All subjects returned to the laboratory 24 hrs. later
and received an additional 3 trials with each stimulus. A significant
increase in withdrawal latency was found in response to the
presentation of the CS+ as compared to the CS-. Significant
physiological changes consistent with the expression of conditional fear
were also observed in response to the CS+. These results are
consistent with previous studies from our laboratory demonstrating
anxiety- related changes in pain sensitivity and provide a useful model
for the study of conditional fear in human subjects.
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A MODEL FOR PRACTICE RELATED SHIFTS IN THE LOCUS
OF BRAIN ACTIVITY FOR SKILL LEARNING IN VERBAL
RESPONSE TASKS. J. Gelfand*. D. Rohde.. Psychology Dept. &
Computer Science Dept., Princeton University, Princeton, NJ, 08544

COMPARISON OF RAT AND HUMAN SPATIAL MEMORY PERFORMANCE.
V, Bohbot*1. R. Jech. E. RuziSka. J. Bures2, and L. Nadel1. Neurology Clinic,
Prague. CZ 12000; 'Psychology Department and ARL Division of Neural Systems,
Memory and Aging, Univ. of Arizona, Tucson, AZ 85724; Physiology Institute,
Czech Acad . of Sci., Prague, CZ 14200.
Several tasks typically used for testing memory in the rat were adapted to test 26
normal healthy human subjects. A dry version of the Morris water task was adapted
by hiding a sensor under the carpet of a 3 m2 room . This sensor emitted a pleasant
sound when stepped on and the task of the subject was to locate it as quickly as
possible . The latency to find the sensor went from 77s on the first trial to 5.4s on the
second trial. This is comparable to the performance of well trained rats on a working
memory version of the water task where latencies drop from 28.3s on the first trial to
5 .Is on the second trial. Humans used several different exploration strategies when
searching for the sensor . Most of the human subjects used a systematic strategy,
where they would start searching along one wall, and go back and forth in a parallel
fashion until they covered the room. Another exploration strategy was to go around
all the walls, and explore in a circular fashion going towards the center. Rats also
tend to go around the periphery of a maze, or along the walls when engaged in
exploratory behavior. A human 8-arm radial-maze was recreated by placing 8
identical stands at 15m from a center point and equally distanced from each other.
Subjects had to select each stand only once in order to receive a money reward. There
was an average 0.7 mistakes in the first 8 choices . On an object non-match-to-sample
task, human subjects had to select each of 8 white envelopes. The envelopes differed
only in shape, and were shuffled between choices. Humans subjects averaged 0.7
mistakes on the first 8 choices. In a path integration experiment, human subjects
were allowed 3 minutes in order to explore a room with 3 objects (chair, trash can,
and a stand) while they were blindfolded. They were later asked to reconstruct from
memory the location of the objects in a schema of the room. The average error for all
3 objects was 54.7 cm. which is not very good since it represents 18% of the total
length of the room. In sum, when we can recreate similar conditions for both rats and
humans, they perform similarly on both spatial and nonspatial memory tasks.

Experimental evidence has recently been found indicating that
automatic behaviors produce a different locus of activity than similar
tasks requiring more cognitive processing, and that the locus of activity
shifts with practice (Raichle et al.1994, Cerebral Cortex,4:8-26,
Wallace et al.1994, Connection Science, in press). Raichle et al used
PET scanning to determine areas of activity in cortex and the
cerebellum while saying an appropriate verb for a visually presented
noun. The anterior cingulate, left prefrontal and left posterior temporal
cortex, and the right cerebellar hemisphere were found to be most
active during the naive performance of the task. Activity shifted to the
sylvian-insular cortex bilaterally and left medial extrastriate cortex after
brief practice. Subsequent performance of the task with a new set of
unpracticed nouns resulted in a shift back to the original naive
condition. We will present the results of a computer emulation of a
functional architectural model of the anatomical substrates of this task
based on performance data in verbal association tasks and data on the
function of the brain areas involved. This model includes a control
mechanism of the controlled and automatic processing streams
participating in the naive and practiced performance of the task.
Supported by the James S. McDonnell Foundation.
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CONTRIBUTION OF THE CHOLINERGIC SYSTEM IN LEXICAL
PRIMING: EVIDENCE FROM A STUDY USING PHYSOSTIGMINE IN
PATIENTS WITH MYASTHENIA GRAVIS. C. Truchon, J.-P. Bouchard,
J J. C6tl, R. Marchand* & J. Doyon. Centre de Recherche en Neurobiologie,
Faculty de Medecine, University Laval, Quebec, Canada, G1J 1Z4.
Recently, we have reported that, compared to control subjects, patients with
myasthenia gravis demonstrate a severe deficit in lexical priming (Bouchard et
al., 1993). Other impairments in auditory vigilance, verbal fluency and
immediate visual memory were also observed, hence supporting the hypothesis
of a central cholinergic dysfunction in myasthenic patients.
In the present study, we investigated the effects of physostigmine (a
cholinergic agonist crossing the blood-brain barrier) on tests of lexical priming
and other cognitive functions, in three myasthenic patients who have showed a
severe deficit on the lexical priming task used in the previous study. These
subjects were tested twice, five weeks apart, on equivalent versions of tests
measuring primary memory (Digit Span), secondary memory (Logical Memory
and Designs Reproductions of the Wechsler Memory Scale), lexical priming,
auditory vigilance and frontal-lobe functions (Self-Order Pointing and
Conditional Associative Learning tasks). The first session was proceeded by an
intravenous injection of 1 mg of physostigmine and 0.2 mg of glycopyrrolate.
Physostigmine significantly reduced or even eliminated the lexical priming
impairment, whereas performance returned to baseline level five weeks later.
Physostigmine also produced a severe impairment on the Conditional Associative
Learning task. These findings provide the first demonstration that a lexical
priming deficit can be reversed pharmacologically in a clinical population. More
importantly, they also suggest that lexical priming is mediated by the cholinergic
system.

AN OCTAVE HYPOTHESIS OF BRAIN ELECTRICAL RHYTHMS AND
WORKING MEMORY CAPACITY OF 7±2. R. B. Glassman* Department
of Psychology, Lake Forest College, Lake Forest, IL 60045.
Why is short-term memory capacity only 7±2 items? I have
recently presented results suggesting generality of 7±2
across species and tasks, and conjectures about relevant
aspects of EEG and cortical structure (Neurosci Abst 199193; Brain Res Bull 1993, 1994). Many functional categories
of EEG are limited to a single octave (hi f is approx twice
lo f), including theta (4-7 Hz), alpha (8-13 Hz), beta (1530 Hz), gamma (30-60 Hz), and visual cortex "binding" (5090 Hz; Eckhorn, et al., NeuroReport 1993; Singer, Ann Rev
Physiol 1993). This fact is not explicitly considered in
the EEG literature I have surveyed, except for a possible
suggestion by Bullock (Ann Rev Neurosci 1993).
These
ranges do not seem merely to be definitional conveniences.
If
information
is
carried
in
EEG,
in
simultaneous
combinations of sinusoids, then Fourier analysis and
modulation theory imply a possibly large number of
interfering sidebands and difference rhythms if bandwidth
exceeds an octave. Moreover, if frequency or phase codes
had to remain distinct over brief time spans, then adequate
resolution and avoiding entrainment are among factors that
might restrict the number of simultaneous chunks, because
of a requirement for sufficient phase difference, with
adjacent signals dispersed over distinct portions of each
cycle. The low ratios among harmonious frequencies with the
seven notes of an octave scale suggest one way this might
occur. Discriminating close frequencies is difficult in EEG
research. Octave range of an EEG band is present across
individuals, but the present hypothesis about short-term
memory
information
implies
that
about
seven
modal
variations across the octave range must occur also within
each individual.
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PRACTICE RELATED CHANGES IN A CONTINUOUS MOTOR
TASK MEASURED BY PET. H. van Mier*. S.E. Petersen. L.W. Temnel.
LS. . Perlmutter. A.Z. Snvder and M.E. Raichle. Washington University, School of
Medicine., Box 8111, St Louis, MO 63110.
A positron emission tomography (PET) study was performed on 16 normal right
handed human subjects in order to examine functional effects of practice on motor
performance. Subjects had to move a pen continuously in a clockwise direction
through a cut-out maze and square pattern as fast and accurately as possible with their
eyes closed. The maze consisted of eight segments which were connected by

FUNCTIONAL ANATOMY OF VISUOMOTOR SKILL
LEARNING USING POSITRON EMISSION TOMOGRAPHY.
Julien Doxon-*. Adrian M. Owen*. Michael Petrides*. Viviane
Sziklas2 and Alan C. Evans2. 'Department of Psychology & Research
Center in Neurnblnlngy, Laval University, Quebec City2, Montreal
Neurological Institute, McGill University, Montreal, Canada.
We have recently demonstrated that disruption of either the striatal or
the cerebellar circuitry in patient populations may adversely affect the
implicit learning of a repeated visuomotor sequence in late phases of
the acquisition process. In this study,we assessed patterns of regional
cerebral blood flow (rCBF) specifically related to the acquisition of the
same visuomotor skill using positron emission tomography. The
subjects responded by touching one of four squares on a touchsensitive screen. Fourteen normal control subjects were scanned while
performing this task a) during an advanced learning stage of the
sequence, b) after having acquired explicit knowledge of the
sequence, and c) in a random controlled condition. Substraction of the
random condition from the highly learned condition revealed specific
areas of activity in both the putamen and cerebellum, supporting our
earlier work with patients. Blood flow changes were also seen in the
medial parietal lobes, cingulate cortex and area 47 of the prefrontal
regions. In contrast, when subjects were executing the task with
explicit knowledge of the repeating sequence, increased CBF was
observed only in frontal areas 45 and 11. These findings confirm that
both the striatum and the cerebellum are involved in visuomotor skill
learning, and furthermore that the ventrolateral prefrontal cortex
contributes preferentially to the declarative aspect of this task.

intersections. Selecting a wrong turn at an intersection led to a dead end. Ibtal path
length of the maze and square was 24 cm. Quantitative rCBF was measured using
H215O while subjects were tracing the maze for 1 minute during 1) initial unpracticed
performance (NAIVE), 2) after 10 min of practice on the same maze (PRAC) and 3)
following practice with the task, but tracing a novel maze (NOVEL). Behavioral data
showed that in the practiced condition maze tracing was much faster and more
accurate, and that movements were much smoother. In order to examine the effects of
movement speed and distance, subjects were scanned while tracing a square at high
(FAST) as well as at low speed (SLOW).
Comparison of square tracing FAST versus SLOW showed movement related
differences in rCBF in the left primary motor area (Ml), supplementary motor area
(SMA), right cerebellum, cerebellar vermis and area 22 left. Activation elicited by
the more or less automatic performance during fast square tracing was subtracted
from the activation elicited in the above mentioned conditions (naive, prac and
novel). Bilateral dorsal frontal and parietal areas (right>left), left cerebellum, anterior
cingulate cortex, right prefrontal and right parietotempoccipital areas were mainly
activated during NAIVE and NOVEL performance, accompanied by reciprocal
changes in above-mentioned movement related areas and left Sylvian Insular cortex,
indicating that different brain areas are used for novel and over-learned motor tasks.
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FUNCTIONAL CORTICAL NETWORKS DURING SHORT-TERM
RECOGNITION MEMORY FOR FACES
AR McIntosh1 *. B HorwitZ1. JV Haxby2. LG Ungerleider3. CL Grady1;1 Lab.

SHORT-TERM AND PROCEDURAL MEMORY FOR COLORS AND TEMPORAL
LOBE ACTIVITY. E. Castro-Sierra*, E. Paredes-Diaz and J.A.
Lazareff. Dept, of Physiology and Dept, of Neurosurgery,
Hospital Infantil de Mexico, 06720 Mexico, D.F., MEXICO.
Roland et al. (Neuroreport, 1990; 1_. 53-56) have used
PET to study the activity of different brain regions in
responding to presentations of patterned color stimuli.
They have found that both left and right temporal lobes of
the brain of normal adults show a greater rCBF when these
subjects first learn the patterns but not when they
attempt to recognize them or to recall them in later
presentations. We have employed two neuropsychological
tests (Lazareff JA, Castro-Sierra E. Soc. Neurosci. Abstr.
1991; l_7:1044 and a modification of Saint-Cyr JA et al.
Brain, 1988; 111.941-959) in order to determine whether
either short-term or procedural memory for colors may be
directly involved in similar learning processes.
Our results show that memory for colors in either test
is postsurgically impaired in young patients with temporal
lobe tumors, but that short-term memory for shape and
number of objects used in the first test or procedural
memory involving differences in size of the objects used
in the second test is unaffected in these subjects. These
data significantly differ from those obtained using the
same tests either in young patients with tumoral pathology
of other areas of the brain or the cerebellum or in young
normal subjects.

Neurosci., NIA, ^Lab. Psych. Psychopathol., 3Lab. Neuropsych., NIMH,
Bethesda, MD
Regional cerebral blood flow (rCBF) was measured in 7 healthy young
subjects using PET and [15O]water during a delayed match-to-sample task
for faces. Perceptual matching (no delay), short delay (mean=8.5 sec) and
long delay (mean=18.5 sec) tasks were analyzed. Structural equation
modeling defined the functional interactions among cortical regions using the
anatomical connections and interregional covariances of rCBF. Consistent
with previous results (McIntosh et al., J. Neurosci.. 14(2), 1994), during
perceptual matching the right hemisphere showed strong influences from
ventral occipitotemporal to anterior temporal, then to inferior prefrontal
regions. The left hemisphere showed a similar, but somewhat weaker,
pattern of interactions. For the two delay tasks, the influence of these areas
decreased and influences through a more dorsal pathway involving dorsal
extrastriate, posterior cingulate and middle prefrontal cortices increased. In
the left hemisphere the major change from perceptual matching through the
delay conditions was a strong increase in the interactions of prefrontal areas
with anterior and posterior cingulate cortices. Interhemispheric interactions
also showed delay-related shift such that, by the longest delay, the dominant
influence went from left to right in extrastriate regions and right to left in frontal
regions. The change from a ventral to dorsal cortical network in the right
hemisphere may reflect a progression from the perception of the face as a
whole to a focus on the salient features. The increased left fronto-cingulate
interactions and the asymmetric interhemispheric interactions may underlie a
change to a more analytic strategy with delay.
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VISUAL WORKING MEMORY IN HUMANS. B .E Swartz,1* E. Halgren.2*
J. Fuster.2 W.H, Blahd.3
1VAMC Wadsworth & UCLA, Neurology,
2psychiatry, ^Nuclear Medicine, 4I.N.S.E.R.M., Fr.
Cal-CEP (W127B), VA

CHANGES IN REGIONAL CEREBRAL BLOOD FLOW (rCBF) ASSOCIATED
WITH AN INCREASE IN WORKING MEMORY DEMANDS. J. Singh*. J.T.
Metz. D. Dooley. J. Roemer. M. Jiang. J. Chou, and M. Cooper. University of
Chicago, Chicago, IL. 60637.
Prior PET and behavioral studies have demonstrated the critical role of the frontal
cortex in working memory. In the present study, we examined changes in rCBF as
a function of working memory demands. We hypothesized that there would be a
direct relationship between degrees of working memory demands and changes in
rCBF. 0-15 labeled water was used to measure rCBF during different stages of
working memory demands.
Nine young adults (range: 21-35) performed a working memory task consisting of
6 blocks (5 experimental and 1 control condition). The subject was scanned (in a
PET VI scanner) during each block. For each block, a set of letters was presented
to the subjects which they were asked to study and remember. The memory set
varied from 1 to 5 letters, beginning with 1 letter and increasing incrementally to 5
letters (blocks 1 through 5). During the study period, the letter(s) were exposed to
the subject for a period of 20 sec. During the test condition, single letters were
presented on a computer monitor one at a time; the subjects were asked to press a
corresponding button indicating whether or not the letter was from the memory set.
Block 6 was used as a control condition; subjects were asked to press one of two
buttons in response to words “Yes” and “No” presented randomly. Targets were
presented with a probability of occurrence of 24%.
Subjects showed a steady increase in their reaction time directly in relation to an
increase in working memory demands (Blocks 1 through 5). Image data obtained
during the performance of each block were masked, normalized, correlated with
MRI, transformed into Talairach space, and averaged across subjects. Image data
from each block was compared (voxel by voxel repeated measures t-tests) to block
6. Several areas of relative activation and deactivation occured as a function of
increased working memory demands, most notably the fronto-temporal structures.

Med Ctr, 11301 Wilshire Blvd, LA CA 90073.
Animal studies suggest that the dorsal prefrontal cortex (PFC) is involved in
spatial working memory while non-spatial memoranda maybe encoded 'in ventral
PFC. In one human study, spatial memory activated ventral PFC. Our objective
was to study a non-spatial visual working memory task in humans to determine if
there was local PFC activation during an 1gFDG uptake period.
Fourteen subjects were studied at rest (eyes open), during a delayed-match-tosample task (DMS; delay = 8 sec) and during an immediate match-to-sample task
(IMS; delay = .1 sec) using sets of randomly repeating abstract visual stimuli.
Regions of interest were drawn on all grey matter structures based on
individualized templates and corresponding MRI and atlas images. The three
conditions were tested with discriminant, factor, and selected t-test analyses.
By discriminant analysis, the dorsal prefrontal was the primary region that
differed most in the IMS and DMS states (F= 14.9). Regions correlated with this
were the angular gyri (F= 8.6 and 6.0), left ventral premotor (F=5.l), and left
supramarginal area (F= 4.7). The second independent discriminator was the
basal forebrain (F=6.0), which correlated with the ventral frontal pole (F=5.5). A
differential factor analysis supported these observations and implicated some
other associated regions (1st factor = ventral/basal frontal; 2nd = dorsal
prefrontal, angular), and matched t-tests also agreed [dorsal PFC, p=.002;
angular gyri p= .02-.04; ventral premotor and supramarginal gyri (p= .03); basal
forebrain (p=.O4)].
We conclude that, in man, visual working memory induces activation of the
dorsal PFC,premotor and parietal associative areas, with a ventral/basal system
functioning in parallel.
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PET ACTIVATION OF THE THALAMUS J.R. Absher*. Bowman Gray
School of Medicine, Winston-Salem, NC 27157-1078.
Seven normal elderly subjects underwent a series of 6
PET scans to measure rCBF changes during a single word
activation task.
There were 6 women and one man in the
group. All had normal neurological and neuropsychological
examinations, and brain MRI. The PET protocol consisted of
(1) a baseline task during which subjects silently read
pronounceable non-words (PNWs), (2) an activation task
during which PNWs were presented at the same rate and for
the same duration, but 80% of the words were repeated after
0-4 intervening PNWs, and (3) a second activation task
identical to the first activation task, except that words
from a single semantic category were used (concrete,
manipulable,
natural
objects
sueh
as
fuuits
add
vegetables).
Preliminary data analyses suggest strong
activation of the left thalamus.
The left posterior,
superior temporal lobe and the left posterior, inferior
frontal gyrus were also engaged by the tasks. Subtraction
of the baseline state from each activation state revealed
that rCBF to the left thalamus increased during both
activation conditions.
The ability to activate the
thalamus using category-specific stimuli may facilitate
investigation of the hypothesis that knowledge categories
are anatomically distinct.

THINK TO MOVE - AND MOVE! SELF-REGULATION OF
MOVEMENT-RELATED BRAIN POTENTIALS. N. Birhaumer*.
W. Lutzenbereer and H. Schleichert Institute of Medical Psychology
and Behavioral Neuroscience, Univ. of Tubingen, 72074 Tubingen,
FRG
A series of experiments are presented in which healthy subjects
learned to voluntarily change the amplitude of negative and positive
slow cortical potentials. A feedback display allows the Ss to observe
their own cortical' potentials for 6-10s. Ss are continuously rewarded
for differentially changing their cortical polarization. Trials with
required cortical negativity and positivity are randomly presented:
first 150 trials with feedback, afterwards 80 trials without feedback.
Within two training sessions 90% of the young Ss have complete
control of their own cortical potentials even without feedback. Test
sessions with various cognitive tasks demonstrate a moderate but
significant increase in performance during self-induced cortical
negativity and decreased level of performance during positivity. The
behavioral effects depend on the specific cortical localization of the
learned change in polarization. One group of subjects who learned to
change cortical negativity from premotor areas produced cortical
negativity in one hemisphere simultaneously with positivity in the
contralateral hemisphere. With the self-induced differential
hemispheric polarization Ss were able to reliably move a switch from
one position to another. This technology may be used in neurological
rehabilitation for moving wheelchairs in completely paralyzed
patients or similar applications.
Supported by the Deutsche Forschungsgi^i^i^ir^^s^l^^t.
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FAILURE TO DETECT LOW-DIMENSIONAL CHAOS IN
ELECTROENCEPHALOGRAPHIC DATA MAY BE RELATED TO
NONSTATIONARY DIMENSIONAL SHIFTING. J.E. Skinner*.
Totts Gap Medical Research Laboratories, Bangor, PA 18*013.
Paul Rapp and associates have recently concluded that the EEG does
not contain low-dimensional chaos. This conclusion is based on, 1)
a failure to detect a significant difference in the correlation dimension
between EEG data and surrogate data which are made by filtering
noise to the same bandpass; 2) a failure to detect abundant numbers of
similar orientations of local vectors as a function of their positions in
phase space (i.e., a measure of determinism) ; and 3) a failure to find
significant differences in dimension and determinism in correlates of
the EEG, such as evoked potentials produced in simple model systems.
The failures occurred despite careful considerations of data acquisition
(digitization rate, noise in data, etc.). Our laboratory has developed
an algorithm for determining dimension that does not require
stationarity of the data and Elbert’s laboratory has developed an
algorithm, using a similar strategy to circumvent data nonstationarities,
for assessing determinism. Both of these algorithms show significant
differences in dimension and determinism for the EEG compared to
surrogate data. Furthermore dimensional shifting is shown to occur
within the 500 msec intervals of the evoked potentials.
Thus the
failures described by Rapp and associates may have resulted from data
nonstationarity.
LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS III
155.1

COGNITIVE GENDER DIFFERENCES IN CHILDREN
PARALLEL BIOLOGICALLY BASED COGNITIVE GENDER
DIFFERENCES FOUND IN MONKEYS. W.H. Overman*. E.
Schuhmann, P. Ryan, K Epting, K.Bates. Psychology Dept,
UNC-Wilmington, Wilmington, N.C. 28403
Cognitive gender differences could be caused by biological and/or
social factors. Two cognitive tests with monkeys show gender
differences which are known to have biological bases. Infant male
monkeys perform better than females on the object reversal task and
infant females perform better than males on the concurrent
discrimination task. On both tasks, the gender difference can be
reversed by perinatal manipulations of testosterone or brain lesions
(Goldman, P. S_i . l86, 1975; Bachevalier, J. et al, Dev . Neurol. 22,
1989). To determine whether such gender-specific behaviors exist in
humans, adults and children (n=9O, 13-57 months) were tested on
these two tasks using non-verbal, operant procedures. As with
monkeys, young male children (15-29 m) learned the first three of five
object reversals significantly faster than age-matched females. In
addition, as with monkeys, young female children (15-36m) learned
concurrent discriminations significantly faster than age-matched
males. On both tasks, gender differences disappeared with age, there
were no gender differences in older children or adults as was the case
with monkeys.
Considering the results with monkeys and the
extremely young age of the children, the gender differences in children
are presumed to have a biological, not social, bases and to reflect
differential maturation rates of specific brain systems in males and
females.

155.2

DEVELOPMENT OF SPATIAL MEMORY ABILITIES IN YOUNG
CHILDREN. P. Mangan*! A. Franklin1, T. Tignor! L. Bolling! and
L. Nn ^i^I2. .Dept. of focid and Behavivral S cicncic, Clinch VVley
College of the Univ. of Virginia, Wist, VA 24293 and 2Dtpt. of
Psychology, Univ. of Arizona, Tucson, AZ 85721.
Wt recently reported data suggesting that the ability to perform
tasks requiring hippocampal functioning in humans begins to appear
during the latter half of the second postnatal year. Children 24 months
and aTdbr were able to use distal cuts to remember the location a hidden
object while children less than 20 months wtrt not. Younger children
wtrt able to solve a nathippaeamphl spatial memory task; memory for
the location when it was assoeiatba with a proximal landmark. While
this supports the maturation of the hippocampus during this time, an
alttrnativt explanation needs to bt aaartcstd. Could the younger
children bt using a cognitive mapping strategy to solve both tasks, and
performance dtPc^ resulting from alfftrtnetc in tht shlitney of tht
cuts?
Tht present study further evaluated children's ust of distal and
proximal cuts. Subjects 18-22 months, 28-32 months, 4 years, and 5
years of agt wtrt tested on 3 tasks. In task 1, subjects wtrt required to
rtmtmbtr tht location of an object hidden in ont of 8 diPtrtnt colored
boxes. Task 2, a single landmark placed near tht target box was tht
important cut. On both tasks, tht location (and tht cut) was changed
for tach trial. For task 3, no cut was within 5 Pttt of tht boxes. Thus
cognitive mapping ability was required for this task. A significant
diPt-tnc, was found between tht youngest group and tht 3 older groups
on tht cognitive mapping task, their starch during a memory probt was
less accurate, and on tasK 1, their starch was more accurate.
Wt concluded that dtt 18-22 month old children had diPiculty
with tht cognitive mapping task dut to a lack of hippocampal
development. While tht older children, wtrt not omy able to ust a
cognitive mapping strategy, but it had become tht preferred strategy for
memory of location and inttrftrtd with ptPormanet on tht other thskc.

155.3

155.4

DEVELOPMENTAL STUDIES OF VICARIOUS TRIAL-ANDERROR AND HIPPOCAMPAL FUNCTION.

A STUDY OF SPATIAL LEARNING IN MALE AND FEMALE
LONG-EVANS RATS. D.T. Bucci*1 ■ A.A. Chiba2, and M
Gallagher1^. ICiurriculum in Neurobiology and dDepartment
of Psychology, University of North Carolina, Chapel Hill, NC
27599.
Male and female Long-Evans rats, originally obtained from
the same litters, were tested in the Morris water maze at six
months of age. A place training procedure, in which rats
learned the position of a camouflaged platform, was followed
by cue training, in which rats escaped to a visible platform. No
sex difference was found in place learning ability. Both groups
became more adept at locating the escape platform on
subsequent place training trials. Search accuracy on probe
trials, when the platform was unavailable, was also equivalent
for the male and female groups. These results are in contrast

D. HuHl*. Gnesbabh & A . Amsel. DeDb of Psychology & Inst, for Neueosoicnce,
University of Texas, Austin, TX 78712.
Vicarious trihl-hed-brror (VTE), a term that Tolman (Psychol Rev. 1939) used to
dbleribb the rat's conflict-like behavior, moving head from one stimulus to another at
a choice point, has rbebetlh bbbe proposed as a substitute for the concept of
"cognitive map" in accounts of hippocampal function in learning (Amsel,
Hippocampus. 1993). In a recent experiment, we showed that blbctrolhtie
hippocampal lbcioec in adult rats produced a deficit in simultaneous black-white
discrimination learning and reduced the number of VTEs made at the choice point (Hu
A Amsel, submitted, 1994). In the rat, hippocampal structure and function ieerbacb
postnatal^, and we have shown that normal 16-18-day old pups show clear, but lbcc,
VTE behavior than adults during cimultaebooc, appetitive odor discrimination
learning in a Y maze. In another experiment designed to test the roeetioe of dentate
gyrus on VTE behavior, Sprhgub-Dhwleh rat pups were exposed to hippocampal xirradiation or to sham exposure between postnatal days 2 and 15, a period of strong
eburogenblic of granule cells in the dentate gyrus. These pups were then tested in the
odor discrimination on postnatal days 17 to 19. The result showed no dPrerbneb
between the x-irradiatbd and sham pups in either learning or VTE behavior, and the
amount of VTE behavior was about the same as in the adult hippocampal blbctrolhtie
lesion condition. This suggested that the development of VTE is not complete in 1719 day old pups, and may explain why x-irradiation did not affect it. We are presently
testing for VTE at various ages and in x-irradiated and sham rats using the same odor
dicerimiehtioe learning task. Supported by NIAAA grant AAO7O52.
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with previous studies using rodents at younger ages, which
have reported a male advantage in spatial learning. It is
suggested that the age at which animals are assessed may be an
important factor, possibly reflecting a different course in the
relatively protracted maturation of the hippocampus in male
and female rats. The results of this investigation are also
discussed with reference to studies of sex differences for spatial
abilities in humans. (Supported by NLA Grant AGO9973.)
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155.5

ACQUISITION OF REINFORCED T-MAZE
ALTERNATION BY MALE AND FEMALE RATS.

E. A. Puah, M. M. Brazier, A. J. Fader, and G. P. Dohanich.*
Department of Psychology nnd Neuroscience Program, Tulane
University and Department of Psychology, Loyola University,
New Orleans, LA 70118.
The purpose of the present experiment was to compare the
performance of male and female rats in the acquisition of
reinforced alternation in a T-maze.

In order to eliminate the

influence of endogenous gonadal hormones, Long-Evans

hooded male and female rats were gonadectomized at 90 days
of age.

MONDAY PM

Beginning 5 weeks after gonadectomy, all rats were

maintained under food deprivation.

Following 7 days of

adaptation to the maze, male and female rats were trained

daily on 6 trials over 20 days to alternate for food reward

between the arms of the maze.

Males committed significantly

fewer incorrect reponses than females on days 2, 3, 4, and 5 of

acquisition training (p < .025).

In addition, the latency for males

to chose between the arms of the maze was significantly less

than for females on days 3, 4, and 5 (p < .05).

Results indicate

that, in the absence of endogenous gonadal hormones, male

rats acquire reinforced T-maze alternation more rapidly that
female rats.

EFFECTS OF CASTRATION ON MORRIS MAZE LEARNING IN RATS.
H.GJ.Everts, P.Siekman, J.M.Koolhaas and P.G.M.Luiton*. Centre for Behavioural and Cognitive Neurosciences, Dep. of Animal Physiology, Univ. of Groningen, P.O. Box 14, 9750 AA Haren, The Netherlands.
Rodent lateral septal (LS) vasopressin (VP) is believed to play a modulating
role in learning and memory processes. The VP fibres of this area originate in
the bed nucleus of the stria terminalis (BNST). These neurons are known to be
regulated by gonadal steroids, i.e. testosterone (T). Whereas gonadectomy causes
complete loss of T after 2 days, VP-immunoreactivity in the BNST-LS projections disappear almost completely after a period of about 2 months. This differential time course was used to test the effect of either VP and/or T depletion on
spatial learning in the Morris water maze (3 trials/day, 7 days). Four groups
were tested: sham operated (VP+T+), long term castrated (VP-T-), long term
castrated but during test days treated with testosterone propionate (s.c. 25Opg/
animal, VP-T+), and shot term castrated (VP+T-). Results showed no differences among groups during initial acquisition of the task. From trial 16 on the
platform was moved to another quadrant Only during trial 16 sham operated rats
(VP+T+) react differently compared to long term castrated rats (VP-T-), reflected in lower escape latencies, travelled distance and time spent in quadrant
where the platform used to be. Both (VP+T-) and (VP-T+) groups scored
intermediate a comparable to sham operated animals. These data suggest a
subtle role for VP as well as T in LS function in a spatial orientation task.
Follow up research will focus on functionality of differential VP innervation in
the LS on this and other behaviwal paradigms.

Supported by NSF-BNS9021447.

155.7

155.8

ANABOLIC STEROIDS AND HIPPOCAMPAL PLASTICITY.
A.S. Clark* and M.C. Mitre. Dept, of Psychology, Dartmouth College,
Hanover, NH 03755.
Anabolic steroids are synthetic androgen-like compounds which are
taken in high doses by athletes with the intention of enhancing
muscular appearance, strength and/or athletic performance. Recent
research indicates that high doses of these compounds may produce
memory impairments. This evidence led us to explore the extent to
which anabolic steroids influence spatial memory and the integrity of
the hippocampus. Adult male Long-Evans rats were treated with either
the anabolic steroid Dianabol, a steroid cocktail (testosterone cypionate,
boldenone undecylenate and nandrolone decanoate), or the oil vehicle
daily for 14 weeks. A group treated with corticosterone (CORT, 10
mg/day) was also included for comparison. Spatial memory was
assessed in the Morris Water maze at the conclusion of the treatment
period after which the animals were sacrificed, blood collected, and the
brain sectioned to assess hippocampal cell number.
There were no impairments in acquisition or retention of the water
maze in any treatment group. Serum testosterone levels were elevated
in rats treated with the steroid cocktail, however chronic treatment with
anabolic steroids did not produce changes in hippocampal cell number.
Serum CORT levels were significantly elevated in the rats treated with
CORT, and cell loss (15%) was evident in the CA3 subfield in these
animals. Thus, chronic treatment with high levels of the anabolic
steroids used in this study was not detrimental to hippocampal spatial
memory or cell survival.
Supported by NIDA-08574.

EFFECTS OF PRENATAL STRESS ON SPATIAL MEMORY AND
HIPPOCAMPAL MORPHOLOGY. C.M. McCormick* and J. von
Rumohr. Dept, of Psychol., Bates College, Lewiston, ME 04240.
We investigated the effects of prenatal stress (PS), known to have long
term consequences for many morphological, physiological, and
behavioural parameters, on spatial memory performance in a water maze
and on hippocampal morphology. Subjects were male and female adult rat
offspring (n=8/group) of dams exposed to restraint (20 min daily,
embryonic days 16-20; PS condition) or non-stressed rats (NS). Over
trials, all groups showed a significant reduction in latency to reach the
platform (p = .0001). There was a significant effect of sex (p=.0034), of
prenatal treatment (p=.035), and an interaction of the two factors on
latency (p=.018): PS females showed longer latencies than NS females,
whereas PS and NS males did not differ significantly. When the platform
was moved to a new location, the interaction of treatment and sex
approached significance (p=.O56), and PS females showed the longest
latencies. A similar pattern of results was observed for distances-• travelled
to reach the platform. No relationship was observed between water maze
performance and measures of hippocampal morphology (e.g., length and
width of granule and pyramidal layers of dentate gyrus by hemisphere).
However, prenatal treatment and sex showed complex associations with
hippocampal morphology. In general, and in contrast to the behavioural
data, PS and NS males showed greater differences in hippocampal
morphology than did PS and NS females. These data are consistent with
previous reports that the effects of prenatal stress are sex-specific. The
poor performance of PS females in the water maze task may be due to
their heightened reactivity to stress (eg., McCormick et al.1992), rather
than the result of a direct reduction in spatial memory ability.

155.9

155.10

THE SEQUENCE OF NAVIGATION TESTING AND SCOPOLAMINE
INJECTIONS DIFFERENTIALLY AFFECT FEMALE AND MALE MICE.
JJteraer-5weeney*. A. Arnold, and D-Gabeau, Dept. Biological
Sciences, Wellesley College, Wellesley, MA 02181.
Pharmacological data suggest that the cholinergic neurotransmitter
system is critical to spatial learning. Because the organization of the
cholinergic system is sexually dimorphic, we hypothesized that
cholinergic mechanisms underlying learning may be different between
the sexes. To test this hypothesis, we examined the effects of
scopolamine, a cholinergic antagonist, on spatial and cued learning in
female and male mice. In experiment I, 10 female and 9 male mice
performed first a spatial, then a cued navigation task. In experiment II, 10
female and 10 male mice performed the tasks in the opposite sequence.
In both experiments, mice were given drugs after 5 - 7 days of spatial and
cued training: a high dose of scopolamine (1.0 mg/kg), saline (0.1 ml)
and a low dose of scopolamine (0.1 mg/kg) were given on consecutive
days. Without the drug, there were no significant differences in the
performance of females and males if the spatial task was performed first.
If, however, the spatial task was performed second, the females
performed significantly worse than males. On the cued task, there were
no significant sex differences regardless of the sequence of tasks. With
scopolamine, the females were more impaired than the males on spatial
and cued tasks. Scopolamine generally impaired performance of the
spatial more than the cued task in both sexes. These data suggest
female mice have more difficulty adapting to a spatial task once they have
learned a cued task. These data also support our hypothesis that the
cholinergic system may differentially mediate spatial learning in the two
sexes.

MORPHOLOGICAL AND NEUROCHEMICAL CORRELATES OF BEHAVIORAL
GENDER DIFFERENCES C. F. Hohmann*. J. Mills, O. Olaghere and J. BergerSweenev, Morgan State University, Baltimore MD and Wellesley College, Wellesley
MA.
We have previously shown that adult female BALB/cByJ mice display longer
latencies than male littermates in finding a submerged platform on a spatial navigation
task. However, when given neonatal lesions to the basal forebrain cholinergic afferent
projection area [nBM] at birth and tested as young adults on the same task, male
latencies were significantly increased while female latencies showed no significant
lesion effects. Here we ask whether these behavioral differences are reflected in cortical
morphological alterations and/or differential affects of the nBM lesion on cortical
cholinergic innervation.
Female and male BALB/cByJ pups received small, bilateral electrolytic lesions
to their nBM area at birth and woe behaviorally assessed, together with litter mate
controls, beginning 2 months postnatal. Following the completion of behavioral
testing, animals were either perfused for histology or dorsal sensory-motor cortices were
dissected out and fresh frozen for cholineacetyltransferase [ChAT] activity
measurements. Computerized morphometric measurements were performed on Nissl
stained sections of 6 male controls and 6 nBM lesioned mice as well as 6 female
controls and 5 female lesioned mice.
We found that the width of cortical layer V in male nBM lesioned mice was
significantly decreases compared to male controls; a similar trend was apparent between
female lesioned and control animals but did not reach statistical significance. In
contrast, cortical layers II&III were significantly exspanded in nBM lesioned males
compared to control males and were unaltered by the lesion in the females. We are in
the process of analyzing ChAT activity differences among male and female lesioned and
control mice.
The present results show that nBM lesion effects on cortical morphology as
well as on behavior are more pronounced in male than female mice. These findings
support our hypothesis that alterations in cognitive performances, following the nBM
lesion, are conelated with ontogenetic morphological changes in cortex.
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155.12

ESTRADIOL ENHANCES SPATIAL MEMORY IN YOUNG
AND AGED RATS. V. Luine and M. Rodriguez. Dept. Psychology
Hunter College of C.U.N.Y., New York, N.Y. 10021.
Gonadal hormones acting during the perinatal period are known
to organize the ability to perform spatial memory tasks; however,
whether gonadal hormones influence performance during adulthood
has not been extensively investigated. Gonadectomized male and
female Sprague-Dawley rats, given estradiol (E2) via s.c. Silastic
capsules, were tested for spatial memory performance on an 8-arm
radial maze. Silastics provided E2 levels comparable to those at the
proestrus peak. As previously shown in other studies, performance
of males, with or without E2, exceeded that of females, with or
without E2, for choice accuracy parameters over twenty trials. In
addition, males reached criterion earlier than females (6 vs. 11
trials). There were no significant effects of E2 on performance of
either sex. When a 1 h delay was instituted between the 4th and 5th
choices, the performance of all rats declined, but males remained
better than the females, and E2 administration was associated with
a small, but significant, improvement in performance of the males
but not the females. Gonadally intact, 25 month old male rats also
received E2 Silastics. E2 administration to these males also did not
affect performance in regular trials, but performance was enhanced
in trials with delays of 1 - 3 h after the 4th choice. These results
show that estradiol can influence spatial memory performance and
suggest that E2 may be beneficial in treating age and/or diseaserelated memory impairments. (Supported by AGO6384 and
GMO7823).

PLASMA ESTRADIOL LEVELS IN ADULT FEMALE MEADOW
VOLES ARE RELATED TO SPATIAL LEARNING IN THE MORRIS
WATER-MAZE. L.A.M. Galea*. M. Kavaliers. K.-P. Ossenkopp & E.
Hampson. Neuroscience Program, Univ. of Western Ontario, CANADA.

The relationship between spatial learning in the Morris water-maze and
circulating levels of plasma estradiol or testosterone in adult male and female
meadow vole, Microtuspennsylvanicus was examined. Individual sexuallymature voles were tested using two blocks of four trials twice a day for three
days for a total of six blocks. Task retention was examined with a probe trial
one day after the last acquisition trial. Since female meadow voles are
induced ovulators, females were divided into High (15.79 + 1.2 pg/ml) and
Low Estradiol (6.22±2.79 pg/ml) groups based on the median split. Males
were similarly divided into High and Low Testosterone groups. High
Estradiol females exhibited significantly poorer spatial task acquisition than
did either males (p=025) or Low Estradiol females (Blocks 2,3,4,6
p< .05). Male superiority in spatial learning performance was evident only
when High Estradiol females were compared to males. There were no
apparent spatial learning differences between High and Low Testosterone
males. There was also a significant correlation between plasma estradiol
levels in females and task retention, with higher estradiol levels being
associated with poorer retention. These results show that circulating levels
of estradiol in adult female meadow voles are significantly related to spatial
learning with low levels of estradiol being associated with better spatial
learning.

155.13
RECOGNITION OF L-LYSINE INTAKE IN L-LYSINE DEFICIENT RATS
SCANNED BY A FUNCTIONAL MRI IN RAT BRAIN WITH L-LYSINE
DEFICIENCY. K.Torii*1 >2, T.Yokawa2. R.L.Hawkins2. E.Tabuchi2. M.lnoue2

and M.Mori2 1 Ajinomoto Co., Inc., Central Research Lab., Yokohama, 244
Japan; 2ERATO, R&D Corp. of Japan, Yokohama,221 Japan.

Male rats with a deficiency (def) of the essential L-amino acid (AA), L-lysine
(Lys) are able to quantitatively select a solution of Lys from among solutions
of other AAs. The recognition site for Lys intake in the brain in Lys-def male
Wistar rats is being investigated. An increase in oxygen consumption
reflecting neuronal excitation during the recognition process, was observed
at 30 min after Ls i.p. injection. O2 consumption was assayed using a
gradient echo pulse sequence MRI of brain. Differences in length of
transverse relazation time T2*produce contrasts in the image. Following
overnight feeding of a Lys-def diet with either constant microinfusion of Lys
to LHA, administration of Lys i.p., or ad libitum drinking of Lys solution, rats
did not bar press for normal diet pellets during a 60 min session. This
behavior was never observed during treatment with any other AA.
Previously reported our studies indicate neural plasticity in the
hypothalamus (LHA) differentially responding to Lys in brain, subsequent to
its ingestion in Lys deficient animals. These obsrvations suggest that the
LHA and possibly the VMH, may be primary recognition sites for nutrient
intake under an essential nutrient deficiency such as Lys.

MOTIVATION AND EMOTION: NON-PRIMATES

156.1

EFFECTS OF HIPPOCAMPAL LESIONS ON PROGRESSIVE
RATIO RESPONDING R.M. Chase*. M.C, Schmelzeis. P.J. Pierre
and G. Mittleman. Department of Psychology, University of Memphis,
Memphis, TN 38152
The purpose of this study was to investigate the influence of the
hippocampus in food-rewarded responding. We examined the
performance of hippocampal lesioned animals in a progressive-ratio
(PR) task. A PR schedule requires subjects' to exert more effort (e.g.
increased lever presses) to obtain each successive reinforcer. The last
reinforced ratio is the subjects' break point (BP), which reflects the
amount of effort an animal will exert to obtain a reinforcer. Twentyfour female rats were trained to lever press on a PR 10 schedule of
reinforcement. After reaching a stable BP, rats were randomly
assigned to a control or lesion group. Hippocampal damage resulted
in marked and long lasting increases in PR breakpoint and also altered
the temporal characteristics of lever pressing. Lesioned animals
exhibited significantly shorter post-reinforcement pauses and shorter
leverpress durations. Latency to retrieve food pellets was not
significantly affected by the lesion. These data are consistent with the
hippocampus playing an important role in incentive motivational
processes. Experiments are currently underway to investigate the
influence of motivational manipulations (e.g., prefeeding, increased
lever height) on food-rewarded responding, and the possible role of
the hippocampus in cocaine-rewarded responding.
SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

156.2
FEAR AND AGGRESSION AFTER THREE DIFFERENT AMYGDALA
LESIONS. M.E. Oakes* and G.D. Coover. Department of Psychology,
Northern Illinois University, DeKalb, IL 60115.
Lesions of either the basolateral (ABL) or medial (AMe) amygdala have been
reported to reduce fear and aggression in the rat. Lesions of the rostral half of
the central nucleus (rACe) are particularly effective at reducing fear. The
purpose of the present study was to examine relationships of changes in fear and
aggression following small electrolytic lesions of the amygdala.
In Exp. 1 male Long-Evans rats with either rACe, ABL or AMe lesions, or
control surgery, were tested in passive avoidance of drinking (dPA) and intruderinduced aggression. In Exp. 2 rats of a more aggressive Long-Evans line were
tested after housing with a female to enhance offense. In both experiments rACe
and ABL lesions caused deficits in dPA compared to the control and AMe lesions
(p < .05, Neuman-Keuls). The dPA deficit of the rACe group was more
profound. Aggression testing indicated that the rats with AMe lesions showed
more defensive sideways behaviors when they were tested as intruders.
However, there were no lesion effects on offense (e.g., offensive lateral attack),
other defense measures (e.g., defensive upright posture) or other social behaviors
(e.g., social grooming). Rats in Exp. 2 showed higher levels of offense
compared to those of Exp. 1, and exposure to females increased the amounts of
offense (p < .001). However, under none of the conditions of these experiments
were any of the three lesions found to alter offensive behavior.
The failure to find decreased fear or defense following AMe lesions may be due
to restriction of the damage mainly to the medial nucleus. Considering the clear
decrease in fear in the passive avoidance task following ABL or rACe lesions,
it is surprising to find no reduced fear in the animals’ social behavior.
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156.4

AMYGDALOID CENTRAL NUCLEUS PARTICIPATES IN GUSTATORY
REINFORCEMENT PROCESSES. K. Touzani. K. Taghzouti* and L.

FASCICULUS RETROFLEXUS (FR) BUT NOT HABENULA LESIONS
AXOTOMIZE BASAL FOREBRAIN--VENTRAL MIDBRAIN PROJECTIONS
AND PRODUCE CHRONIC HYPERACTIVITY.
E. Thornton#. M.
MurravT, T. Connors! and F. Haun!*.
#Dept. of
Psychology, Univ. of Liverpool, Liverpool, UK;
5Dept.
of Anatomy & Neurobiology, Med. Coll, of Pennsylvania,
Philadelphia, PA, USA.
Anatomical and pharmacologic evidence have strongly
suggested a modulatory role for the habenula in an
array of both cortically-dependent and brainstemdependent functions. Behavioral results following
habenula lesions have often been inconsistent however,
possibly due to difficulty in lesioning the entire
nucleus and/or damage to axons of passage.
In this
study we lesioned either the habenula (Hb) or its
efferent bundle, the FR, in adult rats; 2-3mos later we
injected Fluoro-Gold (FG) or Dil into a major habenular
target, the interpeduncular nucleus. Counts of labeled
neurons showed a selective 46% loss in septum and
vertical diagonal band following FR but not Hb lesions
compared to unlesioned controls.
Labeled fibers and
neuronal soma were also seen consistently in spared
rostral-most habenula after Hb but never after FR
lesions. Behaviorally, FR but not Hb lesions produced
chronic hyperactivity in the open-field test while both
lesions severely impaired active-avoidance learning.
The results indicate that typical Hb lesions may spare
rostral habenula and basal forebrain afferents coursing
via the FR to ventral midbrain that are necessary for
maintenance of normal exploratory activity but are not
involved in conditioned response learning.
Supported
by NS28856 (FH) and NS16556 (W).

Veliev*. Lab. Neurosciences Comport. Cognitives, CNRS URA 339, Univ.
Bordeaux I, 33405 Taience France. +Univ. Mohamed V, Rabat, Morocco.
It is well known that the central nucleus of the amygdala (CeA) sustains
local reinforcing processes revealed by self-stimulation and projects
massively to the first two gustatory relay-stations, the nucleus of the solitary
tract and the pontine parabrachial area. The aim of this study was to assess
the possible role of CeA in gustatory reinforcement mechanisms. Rats with
bilaterally lesioned CeA and their sham controls were compared in a series
of tests: gustatory preference for increasing concentrations of saccharin
solutions versus tap water, gustatory avoidance of increasing concentrations
of quinine solutions versus tap water, gustatory negative contrast and
conditioned taste aversion.
Bilateral lesion of CeA by ibotenic acid induced : 1) a decrease in saccharin
preference in a two-bottle-choice test; 2) an increase in quinine avoidance in
the same two-bottle-choice test; 3) a decrease in the gustatory negative
contrast displayed by rats when a highly palatable 7.5 mM saccharin solution
presented daily for 9 days was replaced by a less palatable 0.9 mM
saccharin concentration. Surprisingly, CeA lesioned rats also exhibited a
weakened taste aversion to a saccharin solution when its presentation was
paired with intraperitoneal injection of LiCI (0.15 M, 0.2% of body weight) 48
h before the test session. All observed differences with sham lesioned rats
were moderate but significant. The results are discussed in relation to
cytotoxic versus electrolytic lesions and compared to existing literature data.
Supported by CNRS URA 339.
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SOCIAL BEHAVIOR IN THE YOUNG, VASOPRESSIN DEFICIENT
BRATTLEBORO RAT Eric Nelson*. Laura Bird. Terrence Pteak. Mami
Vanin pan, and Jaak Panksepp. Department of Psychology, Bowling Green
State University, Bowling Green OH 43403.
Central vasopressin circuits have recently been implicated in social
memory in adult male rats and pair bond formation in adult male prairie
voles. We assessed the role of vasopressin in social memory and social
behavior of preweanling and post weaning juvenille Brattleboro rats.
Brattleboro rats which are homozygous recessive (di/di) for the vasopressin
gene do not produce vasopressin endogenously, while Brattleboro rats which
are heterozygous (di/+) for the vasopressin gene produce vasopressin in
normal amounts. Relative to di/+ rats, fifteen day old di/di rats demonstrated
an increased latency to approach and a decreased preference for an odor which
had been paired with the mother on the previous day. Di/di rats also spent
less time over soiled home cage bedding and more time over plain bedding
than di/+ rats. In general rough-and-tumble play was normal in Brattleboro
rats, with only minor changes such as increased variability of behavior and
shorter pin durations. When body-weights were matched, there appeared to
be no deficiency in play-dominance in Brattleboro rats. Hay behavior
appeared to be differentially affected by chronic testosterone administration (1
mg/kg for 13 days). Although testosterone reduced play behavior in both
di/di and di/+ rats (apparently by promoting aggression), contrary to
predications, the greater reductions were apparent in di/di animals. This
suggests that in young rats, endogenous vasopressin may be inhibiting
testosterone-induced aggression. In general, vasopressin does not appear to
be essential for social play.
Taken together, these reults suggest that vasopressin may play a role in
several pro-social behaviors of immature rats. It appears to participate in
mother-infant bonding, while having relatively little effect on social play.

A PROPOSED NEURAL CIRCUIT FOR CAT-INDUCED ANALGESIA.

C.A. Sorenson*, J.P. Greenfield, R.S. Shetty, & B. Younas.
Neuroscience Program, Amherst College, Amherst, MA 01002.
We previously reported that bilateral lesions of the
central n. of the amygdala (CNA) reduced the increase in
tail-flick latency produced by 2 min. of cat exposure.
Three additional lesion studies were carried out to
examine the possible roles of other structures with known
connections to the CNA. Either bilateral electrolytic or
excitatory neurotoxin lesion of the bed n. of the stria
terminalis (BNST) eliminated CIA. A study comparing the
effects of bilateral electrolytic lesions restricted to
the basolateral n. (BLA) or the lateral n. of the amygdala
(LA) on CIA showed that only lesions of BLA blocked CIA.
In contrast, lesion of LA completely eliminated analgesia
induced by the playing of an audiotape of rat vocalization
elicited by tail pinch. In a third study we found that
bilateral aspiration of visual cortex (VC) eliminated
CIA but had no effect on classically conditioned analgesia
(CCA) elicited by a white light CS. Bilateral electrolytic
lesion of perirhinal cortex (PRC), in contrast, eliminated
both CCA and CIA. These findings suggest that a simple
visual stimulus, such as a white light, is processed by
a neural circuit involving PRC, BLA, CNA, and BNST, which
projects to periaqueductal gray. The processing of more
complex stimuli, such as a cat, requires the integrity of
VC as well.. Auditory and visual inputs to the amygdala
may be segregated within the lateral nuclei of this
structure.

156.7

156.8

EXCITOTOXIC LESIONS OF THE NUCLEUS ACCUMBENS OR THE
VENTRAL PALLIDUM SUGGEST A MEDIOLATERAL REGULATION OF
REWARD FUNCTION IN FOOD DEPRIVED RATS. Patricia I. Johnson*.
James R. Stellar, and Marv Ann Parente. Dept. of Psychology. Northeastern
University. Boston MA 02115.
The role of the nucleus accumbens (NAC) and ventral pallidum (VP) in food
reward modulation was investigated using Heyman's (1983) curve fitting approach
in food deprived rats. All rats wore maintained at 80% normal body weight and

AN ETHOLOGICAL ANALYSIS OF THE VOGEL CONFLICT
PARADIGM. E. Yudkpl*. H.K. Taukulis2. M. Morefield, R.J. Blanchard!
UUniveissity of Hawaii at Manoa, Dept, of Psychology, Honolulu, HI 96822.
^University of New Brunswick, Dept, of Psychology, New Brunswick E2L 4L5

trained to lever press for food reinfoncamMUt Each rat was tested daily with a series
of 4 variable-interval (VI) reinforcement schedules (80 sec. 40 sec. 20 sec. and 10
sec) designed to approximate an exponential distribution. and randomly
administered in ascending or descending order. The maximum response rate (k) and

the reinforcement rate required to maintain half-maximal responding (Re) were
recorded for each rat’s daily test session. Following the establishment of baseline
responding. N-methyl-D-aspartic acid (NMDA) was bilaterally administered into
the NAC (30 ug/side) or the VP (20 ug/side) over a 10 minute period. Both
groups displayed substantial damage to the target structure. with the lateral
subregions typically sustaining more damage than medial subregions. and minor
damage to surrounding areas. When tested at three weeks post-lesion. a
suppression of motor activity was evident in all animals when compared to prelesion baseline activity. However. in almost all rate, Re decreased. suggesting that
the rewarding efficacy of food had increased. The exceptions were one NAC
lesioned rat. whose lateral core was spared. while the majority of the shell was
destroyed. and one VP lesioned rat. who had a larger surviving lateral VP subregion
when compared to the medial subregion. Both animals displayed decreases in food
reward efficacy. This work suggests that medial subregions in both the NAC and
the VP are involved in increasing the efficacy of food reward. while lateral
subregions may either have no influence on food reward efficacy. or function as a
homeostatic control to oppose reward increases.
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The Vogel conflict test is a commonly used pre-clinical screening method that
is sensitive to many substances known to alleviate anxiety in humans. In the
basic paradigm, thirsty rats are allowed to drink from a metal tube to which
low-intensity shocks are occasionally delivered. The sole behavioral measure
that is usually taken is the number of shocks that the animal will tolerate
during a brief interval. The present study undertook a more detailed analysis of
changes in a variety of behaviors elicited by shocks of 0.6 and 1.3 mA in this
procedure, as well as an evaluation of the effects of chlordiazepoxide on these
changes. Behavioral measures included the rat's position within the drinking
chamber relative to the drinking spout, risk assessment behaviors such as the
"stretch-attend" posture, and freezing. Clear gender differences emerged, with
females accepting fewer shocks at the 0.6 mA level and exhibiting notably
different patterns of shock-induced behaviors relative to males.
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LABORATORY MODELS OF ANTIPREDATOR DEFENSIVE BEHAVIOR
IN THE MOUSE: THE MOUSE DEFENSE TEST BATTERY (M/DTB). RJ.
Blanchard*. G. GriebeL A. June. J.N. Nikulina and D ,C. Blanchard. University

LABORATORY MODELS OF ANTIPREDATOR DEFENSIVE BEHAVIOR
IN THE MOUSE: REACTIONS TO A CAT IN A VISIBLE BURROW
SYSTEM. D.C. Blanchard*. C.K. Masuda, I.P. Ellorin and R.J. Blanchard.

of Hawaii, Honolulu, HI. 96822.
The Mouse Defense Test Battery (M/DTB) was designed to elicit a
wide range of defensive behaviors of Swiss-Webster mice to approach and
contact with a predator, in a novel situation affording or denying flight
opportunities. The tests are run in an oval enclosure divided by a medial wall
to produce a runway 4.4 m in total length and permitting limitless forward
progression, for measurement of flight and avoidance responses to a hand-held
predator (rat or cat). Closure of a door converts this to a straight alley in which
the trapped subject typically freezes while facing the oncoming predator,
showing sonic defensive vocalization and defensive attack as the prey-predator
distance decreases to zero. Mouse defenses in these tests are similar to those of
rats in a previously described Fear/Defense Test Battery, but differ in including
a "predatory assessment" behavior of repeatedly stopping to face and scan the
chasing predator during flight. Measurement of top speed during flight, and of
movement along the top edge of the dividing wall enables assessment of
sedative and myorelaxant effects of drugs during the test procedure.
Comparison of situation-escape behaviors (wall climbing and jumping) during
an initial (pre-predator) period, with those seen following the predator tests
provides an index of contextual fear. This index increases only in predatorexposed mice and not in non-exposed controls.
This rapidly measured and scored test battery thus provides a

University of Hawaii, Honolulu, HI. 96822.
Through selection of docile animals for breeding, defensive threat,
biting, and flight have largely been bred out of the laboratory rat. Thus
attempts to understand the pharmacology of flight, avoidance and defensive
attack behavior in rat models requires the use of wild rather than laboratory
strains, an expensive and sometimes hazardous procedure. As an alternative,
we have examined defensive 'behaviors elicited by a predator in the SwissWebster mouse (Siifionsen Strain).
When ' these mice are maintained in one-male, three-female groups in
seminatural Visible Burrow Systems, involving both an open "surface" area
and burrows to which the mice can retreat, brief presentation of a cat in the
"surface" produces a long-lasting pattern of defensive behaviors. Mice retreat
to the burrow, re-emerging only after about 20 hours, and show behavioral
inhibition and freezing during much of this period. However, mice fail to emit
the ultrasonic vocalizations characteristic of rats in the burrows just after cat
exposure. These vocalizations, which, alone, will elicit flight to the burrows in
rats, have been interpreted as "alarm" cries. In the absense of such cries, each
mouse approaches the tunnel entrance from within the burrows and scans the
cat on the "surface" several times before retreating to the burrow depth to
freeze. This early and active "risk assessment" activity in the mouse has no
parallel in rat behavior and may be necessitated by the lack of the alarm cry.
Such early "risk assessment" is also manifested in a Mouse Defense/Test
Battery designed to rapidly and cleanly elicit a range of defensive behaviors for
use in assessment of drug effects on defense.

relatively complete and inexpensive mouse model for investigation of the
genetics, pharmacology, and neural systems of natural defensive behaviors.
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PROCESSING OF EMOTIONAL INFORMATION IN THE TWO
CEREBRAL HEMISPHERES.
Valerie E. Stone*. Laura Nisenson.
Michael S. Gazzaniga. Center for Neuroscience, UC Davis
We examined the ability of each cerebral hemisphere of a
split-brain patient to discriminate facial expressions of
emotion. The subject judged whether pairs of facial
expressions presented to the left or right visual field depicted
the same or different emotions.
The right hemisphere was
superior at this task when no verbal labels were provided.
However, when given verbal labels for each expression (e.g.,
happy, afraid, angry), left hemisphere performance equalled
that of the right.
Consistent with findings in lesion patients,
these
results
suggest
that
the
right
hemisphere
is
significantly better than the left at categorizing facial
expressions of emotion on the basis of visual information
alone.
Using verbal labels for each emotion may improve the
left hemisphere's ability to categorize facial expressions.
In a
second study, the subject judged whether an emotional scene
matched an emotional facial expression presented to the same
visual field.
Both hemispheres performed above chance and
equally well on this task.
These findings suggest that both
hemispheres are able to interpret the meaning of a facial
expression and match it to an emotional context.
We speculate
that the left hemisphere performed well on this second task by
using verbal labels for both the scenes and the facial
expressions.
Supported by the James S. McDonell Foundation and
NINCDS Grant PHS NS31443-01.

ELECTROPHYSIOLOGICAL RESPONSES TO AFFECTIVE
STIMULI IN WOMEN. S. Orozco. & C.L. Ehlers*. Dept, of
Neuropharm, The Scripps Research Institute. La Jolla, CA 92037
The P3 component of the event-related potential has been suggested
to reflect stimulus evaluation and memory function, as well as possibly
the “emotional” value of the stimulus. To examine individual
response to affective stimuli in an objective manner, we adapted a
facial discrimination task to a visual event-related potential (ERP)
paradigm. This ERP paradigm was administered to 13 healthy female
college subjects between the ages of 18 and 25 years. The stimuli were
happy, neutral, and unhappy faces presented on a computer screen for
1000ms with an intertrial interval of 1000-1500ms. Subjects were
instructed to detect happy and unhappy faces (each 15% of the trials)
and not to respond to neutral faces (70% of the trials). The human
facial stimuli elicited a positive going potential at approximately 450500 msecs. Repeated measures analysis of variance (ANOVA) was
used to statistically compare the amplitudes and latencies of the P45O
component in response to affective stimuli. Significantly shorter
latencies were found for the happy faces in leads FZ and PZ
(F(l,12)=7.14, p<.020; F(l,12)=9.73, p<.OO9) and for the neutral
faces in the FZ, CZ and PZ leads (F(l,l))=10.05, p<.OO9;
F(l,l))=4.85, p<.050; F(l,ll)=26.2l, p<.000) when compared to the
unhappy faces. Significantly increased amplitudes were found in all
three leads for the happy faces (F(l,l))=7.26, p<.O2l; F(l,l))=17.47,
p<OO2; F(l,ll)= 18.24, p<.001) and the unhappy faces (F(l,l))=9.36,
p<.011; F(l,l))=11.497, p<.006; F(l,l))=26.67, p<.000) when
compared to the neutral faces. This study suggests that the
morphology of this late positive ERP component may differ
depending on the emotional valence of the stimuli presented.
(Supported by AA-00098, AA-06420, RR-OO833).

157.3
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BRAIN POTENTIALS RELATED TO THE RECOGNITION OF
EMOTIONAL EXPRESSIONS BY HUMAN CHILDREN. M. die Haan». L.
Kocer, C. A. Nelson. M. R. Gunnar, & K. Tout. Institute of Child
Development, University of Minnesota, Minneapolis, MN 55455-0345.
We used event-related potentials (ERPs) to investigate the development
of neural processes underlying the ability to recognize and attend to facial
expressions of emotion. Four- to five-year-old children’s ERPs were
recorded while each watched black and white slides of an unfamiliar
woman posing a happy, an angry and a fearful expression. Each expression
was presented with equal probability. Half of the children were
instructed to press a button whenever they saw the happy expression,
while the other half were instructed to respond to the fearful expression.
Children's hit rate averaged 71% and was not influenced by the emotional
expression of the target.
Target expressions were distinguished from non-target expressions by two
ERP components: 1) A fronto-central negative component (300-550 msec)
that was of shorter latency for target than non-target expressions and 2) A
centro-parietal positive component (550-1000 msec) that was of greater
amplitude and shorter latency for target than non-target expressions. In
addition, a slow wave over fronto-temporal lateral leads (550-1600 msec)
distinguished among the expressions, but this effect depended on the
emotional expression of the target. If the fearful expression was the
target, then the slow wave was more positive for both the fearful and
angry expressions than for the happy expression. In contrast, if the happy
expression was the target, then the slow wave did not distinguish among
the expressions. These results suggest that the neural processes
accompanying children's recognition of expressions are influenced by both
the attentional requirements of the task and the emotion of the expression.

LAUGHTER IN CHIMPANZEES AND HUMANS: A COMPARISON.
R. R. Provme* and K. A. Bard. Dept, of Psychology, Univ. of Maryland
Baltimore County, Baltimore, MD 21228 and Yerkes Regional Primate Center,
Emory Univ., Atlanta, GA 30322.
From at least the time of Darwin (1862), there has been an awareness that
chimpanzees emit a laugh-like vocalization when tickled and during play. The
present study contrasts the structural components of adult human laughter described
in Provine and Yong (Ethology 89 [1991] 115) with laughter evoked from young
chimpanzees (Pan troglodytes) by tickling during play with their human caregivers.
Human laughter is characterized by series of discrete, vowel-like notes (i.e., "ha,"
"he," "ho") of regular duration (75 ms) that have strong harmonic structure and
recur at regular intemote intervals (210 ms).
Breathy, pant-like or grunt-like chimpanzee laughter has the rhythmicity and
stereotypy of its human counterpart, but unlike human laughter with its vowel-like
notes, it is often unvoiced, lacks strong harmonic structure, and each of its notes
is produced by a single expiration or inhalation. In contrast, humans laugh only
during exhalation, with laugh notes parsing the expiratory airflow, as when you
speak "ha-ha-ha." Chimpanzee laughter is tied more closely to, and constrained
more by the respiratory cycle, than is human laughter.
The mechanism of pant-like laughter suggests a general and unappreciated
limitation of chimpanzee vocal production having ramifications for speech
production and evolution. Evidence from laughter suggests that humans can
modulate better the expiratory outflow to control vocalization than chimpanyees,
whose laughter is constrained more by the vocalization apparatus, a reflection of
its priority as the organ of respiration. The present results may explain, in part,
why chimpanzees, who have impressive ability to manipulate symbols and learn
sign language, are so limited in their ability to learn human vocal speech.
Supported by NIH Grants RR-00165, RR-06158 and RR-O3591.
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ANXIETY AND SOCIAL INHIBITION ARE REFLECTED IN REGIONAL
GLUCOSE METABOLISM AS MEASURED BY PET. A.S. Garrett*,
F.B. Wood, and J.W. Keyes. Section of Neuropsychology,
Bowman Gray School of Medicine, Winston-Salem, NC 27157.
Glucose metabolism was measured using [18]-F-2-deoxyglucose (FDG) in N=5O neurologically and psychiatrically
normal males and females (ages 21-70 years) while the subjects performed a visual letter discrimination task. State
anxiety was measured before radiotracer injection using the
Spielberger State-Trait Anxiety Inventory (STAI). Levels
of social inhibition were determined using self-report responses to the Social Anhedonia Scale of the Chapman &
Chapman Schizotypal Inventory and responses to an interview. Local maxima and regional averages of 15 regions of
interest were measured from the PET images with reference
to each subjects’s MRI.
A correlational analysis revealed that scores on the
two scales were related to different regional glucose
values. Higher levels of social inhibition were correlated
with higher metabolism in the anterior cingulate cortex:.
Higher levels of anxiety at the time of glucose uptake were
correlated with higher metabolism in the left amygdala.
Differences in age, sex, or IQ did not account for the
effects of anxiety or social inhibition. The data suggest
that normal variations in both trait and state variables
may discretely and predictably affect the glucose
metabolic profile.

SOCIOEMOTIONAL BEHAVIOR AFTER EARLY VS LATE MEDIAL
TEMPORAL LOBE LESIONS IN RHESUS MONKEYS. U Malkova*l>2.
M. IMshkin?. S.T. Suoiml. I, BBchevalier3. iLb.Comparative
Ethology, NICHD, 2 Lab. Neuropsychology, NIMH, Bethrsdc, MD
20892, and 3 University of Texts, Houston, TX 77030.
Early dcmcgv in monkeys io ihr mrdicl temporal lobe yields
severe cnd long-lcsiing changes in sociormotioncl brhcaior,
characterized by csocicliiy, lack of dominrncr, cnd
sirrroiypirs (Malkoac et cl., Neurosci. Abstr., 19:372, 1993). To
determine whether this degree of behavioral abnormality
would follow the same damage to ihr mature brain, we
compared ihr behavior of monkeys given bilateral removals of
AH (i.e. amygdala, hippocampus and underlying cortex) with
that of normal adult monkeys. Two months after surgery,
social interactions were assessed when each operated animal
(AH/N) was placed in a large enclosure with its perr-recred
normal control (N/AH). The social interactions of ihr 3 AH+N
dycds were recorded for 2, 5 minute intervals on each of 5 days
and compared to those of 3 dycds of peer-reared normal
controls (N+N). The amount of social interaction in the AH+N
dyads did not differ from that in ihr N+N dyads, cnd monkeys
with lcte AH lesions, like normal controls (N/AH cnd N/N),
displayed very few stereotypies. The data indicate more
profound changes in sociormotioncl behavior when the medial
temporal lobe is damaged in early infancy than when it is
damaged in adulthood.

157.7
REGIONAL CEREBRAL BLOOD FLOW CHANGES DURING ANTICIPATORY
ANXIETY W-C.Drevets*. T.O.Videen. A.Z.Snvder.A.K.MacLeod.
M.E.RaiclhLe. Washington U Sch of Med., St.Louis,MO, 63110
The anatomical correlates of anxiety were identified
using PET measurements of blood flow (BF). Scans were
acquired using the CTI 953B/31 and H2150 in 8 normal subjects [mean age=22.1; 3 female; right-handed). In each
subject scans were acquired: 1) at rest, 2) during anticipation of a painful electric shock to right (r.) hand
(no stimulus occurred while scanning), and 3) with teeth
clenched (to control for facial muscle contraction).
Anticipating the shock produced increases in anxiety
rating scale scores and heart rate in all subjects. During anxiety and teeth clenching BF increased in temporalis and masseter muscles. Cerebral BF increased in anxiety
relative to both resting and teeth clenching in left (1.)
striatum, r.dorsomedial prefrontal cortex (PFC), ^posterior orbital c., 1.thalamus, r.ventrolateral PFC, pregenual anterior cingulate, posterior cingulate and
midbrain. During anticipation of shock BF decreased in
sensorimotor cortex bilaterally and 1.posterior insula.
These data converge with other studies to indicate: 1)
the posterior orbital c. contralateral to the expected
threat is activated in various anxiety states, 2) BF
increases in r. ventrolateral PFC in various anxiety
states; 3) pregenual anterior cingulate is activated in
either anxiety or sadness; 4) circuits containing these
prefrontal areas and related parts of striatum and thalamus may process the experience or expression of anxiety.
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INTRA-ACCUMBENS INFUSION OF THE GLUTAMATE
ANTAGONIST APV ATTENUATES MEDIAL PREFRONTAL
CORTEX SELF-STIMULATION. O. Ben-Shahar*. J.A. Kenney
and A. Ettenberg. Behavioral Pharmacology Lab., Dept. of
Psychology, Univ. of California, Santa Barbara, CA 93106.
Although rats will lever-press for electrical stimulation of the medial
prefrontal cortex (mPFQ, the neural substrates underlying this
behavior remain unclear. Recent anatomical and behavioral research
have suggested that there may be a functional link between the mPFC
and the nucleus accumbens (NAC). The present study examined the
possibility that electrical stimulation of the mPFC was reinforcing via
its activation of a glutamatergic pathway originating in the mPFC and
terminating in the accumbens. Male albino rats were trained to leverpress for 0.5 s trains of 100 ms biphasic pulses of square-wave
stimulation (350 pA current intensity) during daily 15 min sessions.
Pretreatment with concurrent bilateral intra-accumbens injections of the
glutamate antagonist drug, 2-amino-5-phosphonovaleric acid (APV; 1,
3 or 5 pg per side) 2 min prior to testing, resulted in an U-shaped doseresponse curve. While all three doses produced some attenuation in
mPFC self-stimulation responding, the middle dose produced the
largest effect. These data are consistent with the hypothesis that
nucleus accumbens circuits may mediate reinforcing properties of
mPFC self-stimulation via a PFC-NAC glutamatergic pathway.

ELECTROPHYSIOLOGICAL PROPERTIES OF PONTINE TEGMENTAL
CELLS DRIVEN BY REWARDING STIMULATION OF THE MESENCEPHALON. S.M. Bovg*C. Contant and P.-P. Rompr6. D6partemertde
psychiatrie, University de Montreal, Montreal (Qudbec), Canada, H3C 3J7.
Recent studies suggest that neurons in the area of the pedunculopontine
tegmental nucleus may be part of the neural substrate of brain stimulation
reward (BSR). It has been reported, for instance, that destruction of cell
bodies in this region attenuates or completely blocks BSR. In this study, we
used single unit recording to determine if cells in this region could be directly
driven by stimulation of rewand-relevant sites within the mesencephalon, and
possess electrophysiological properties similar to those of reward-relevant
neurons. Male rats were anesthetized with urethane and stimulation
electrodes were implanted in the ventral tegmental area (VTA) and in the
posterior mesencephalon (PM). Single unit recordings were obtained by
lowering a pair of tungsten microelectrodes in the pontine tegmentum (PTg).
Estimates of the absolute refractory period (ARP) and conduction velocity
(CV) were obtained using the standard double-pulse stimulation technique
(cathodal rectangular pulses of 0.1 ms in duration and less than 800 pA).
Twenty-nine of 93 units recorded to date were directly driven: 12 from the
VTA (5 contralateral), 9 from the PM (4 contralateral), and 8 from both sites.
Response latencies range from 0.3 to 4.8 ms (VTA) and 0.3 to 2.4 ms (PM).
Estimates of the ARP range from 0.44 to 1.5 ms (VTA, 95% <1.1 ms) and
0.44 to 2.0 ms (PM, 95% <1.0 ms). Collision intervals obtained from the 8
units driven by both electrodes range from 0.6 to 4.8 ms and it was
determined that 3 units sent different branches to the two sites; the CV for
the 5 other units were estimated between 4.3 to 30 m/sec. These results
suggest that some neurons of the PTg may be part of the first-stage rewardrelevant substrate as 1) they send axonal segments ipsi- and/or
contralaterally to reward-relevant sites in the VTA and the PM and 2) they
possess electrophysiological properties that are within the range of those
determined for reward-relevant neurons in these regions.
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INTER-HEMISPHERIC LINKS IN SELF-STIMULATION. E. Miliaressis* &
J. Malette. School of Psychology, University of Ottawa, Canada.
The MFB pathway of self-stimulation (SS) has been viewed as a unilateral
system. We examined this view with pairs of moveable SS electrodes placed
bilaterally in the MFB. Rats Impressed for trains of single and twin pulses of fixed
intensity and width. The first (Q and second (T) pulse of each pair were sent to
die left and right MFB, and inversely. The frequency of C pulses required for
criterial barpressing was used to plot the stimulation efficacy (SE), for C-T
intervals of 0.2 to 5 ms. For some pairs of contralateral hypothalamic (H) sites,
the SE increased with C-T interval, as in a collision effect However, no
conduction time (CT) was appaent The absence of CT excludes the presence of
genuine collision. Similar data were found when one pulse was sent to the H and
another to the contralateral ventral tegmentum (VT), with the exception that the HVT curve rose always earlier than the VT-H curve. The fact that the latter began
rising at C-T intervals of 1.0 ms or less is inconsistent with transynaptic collision.
Finally, a typical collision effect was confirmed with ipsilateral H-VT electrode
pairs. Computer-generated data based on two assumptions were found to match
die empirical results. The assumptions were that each electrode activated a
different branch of the same reward neuron and that conduction failure occurred
at the branchpoint. The model, which posits that MFB reward neurons send
branches to the other hemisphere, received preliminary validation: After lesioning
the H, the threshold for H SS increased more for small pulse current and remained
constant fox 4 weeks. The threshold for contralateral VT SS increased moxe fox
intermediate pulse current and kept inc^c^iiag further with time. The VT changes
suggest that the H lesion induced retrograde degeneration on fibers coursing near
the VT electrode. A model based on decussating branches predicts that lesions of
the MFB should have variable effects on the SS of distal ipsilateral sites, a
prediction matched by a substantial body of contraCicto^y data.

LOCOMOTOR RESPONSE TO NOVELTY PREDICTS INDIVIDUAL
DIFFERENCES IN SELF-STIMULATION OF THE VENTRAL
TEGMENTAL AREA . J. A. Eisler*. R. Swamv. J. B, Justice, Jr.. and D. B.
Neill. Depts. of Psychology and Chemistry, Emory University, Atlanta, GA
30322
Rats that show a greater locomotor response to a novel environment also
show a greater locomotor response to amphetamine and cocaine
administration, an increased propensity to self-administer amphetamine, and
elevated activity of the mesolimbic dopamine system. The current experiment
investigated whether the behavioral reactivity to novelty would predict
operant responding for intracranial self-stimulation (ICSS) of dopaminergic
cells. Locomotor reactivity to novelty was measured for 0.5 h; rats scoring in
the upper and lower thirds of the distribution of locomotor scores were
designated as high (HR) or low (LR) responders. A bipolar electrode was
unilaterally lowered into the ventral tegmental area, the region of cell bodies
of the mesocorticolimbic dopamine projection. Rats were trained on single
lever ICSS using a FR1 schedule; parameters were 0.5 msec biphasic 100 pA
square waves, 100 pps. After reaching a criterion of 5000 responses,
descending and ascending rate-intensity functions were determined between
20-120 pA. Finally, thresholds were determined using 2-lever autetitratlen
ICSS. Results showed that HR rats (compared to LRs) acquired single lever
barpressing more readily, responded at a greater rate across all intensities,
and displayed lower autotitration thresholds. This pattern of results is
consistent with the idea that HR rats have a functionally more reactive
mesolimbic dopamine “reward system”.

158.5

158.6

THE CUMULATIVE ANALGESIC PROPERTIES OF BRAIN STIMULATION
REWARD IN RESPONSE TO HINDBRAIN AVERSION. R. Anderson*. M.
Diotte and E. Miliaressis. Behavioral Neurophysiology Lab., University
of Ottawa, Department of Psychology, Ottawa, Ontario, K1N 6N5.
It has been postulated that analgesia and reward are related processes
(Franklin, 1989). This view was tested in self-stimulating rats. Five rats
were implanted with one monopolar moveable electrode in the ventral
tegmentum (VT; a reward-implicated structure) and a second in the
nucleus reticularis gigantocellulaus (Gi; a pain-implicated structure).
Aversion was verified by measuring escape latency, or the time it took
for each rat to change compartments in response to continual Gi
stimulation. The function relating barpresssing rate to pulse frequency
was obtained using trains of single and paired pulses. In the singlepulse condition, the pulses were delivered through the VT electrode.
In the paired-pulse condition, the first pulse was delivered to the VT
electrode, and the second was delivered to the Gi electrode .2 msec
later. The paired-pulse condition shifted the rate-frequency function
rightward, with little change to the maximum SS rates. Signs of
aversion were also abolished. The observed shift suggests the
presence of algebraic summation between rewarding and aversive
pulses. Daily testing with the VT-Gi pulse pairs revealed a progressive
decrease in the magnitude of the shift, an indication of cumulative
analgesic effect. These results suggest that VT stimulation does
indeed act as an analgesic in response to hindbrain aversion. This
analgesic effect is thought to occur via the same circuitry as morphineinduced dissociative analgesia.

INTRACRANIAL DRUG SELF-ADMINISTRATION METHOD:
IMPROVEMENTS TO ALLOW REWARD MAGNITUDE ESTIMATION
James R. Stellar* and Ralph Lindenfeld. Department of Psychology, Northeastern
University, Boston MA 02115
Self-administration of drugs into brain tissue is an important behavioral method
for identification of reward-relevant brain areas in drug addiction research. Our
system improves assessment of drug reward potency by achieving more precise
fluid delivery control. The original method involved connecting cannulae to a
pump via a long flexible tube and fluid swivel, incurring problems of tube
capacitance, movement-induced changes of tube internal volume, and potential
leakage at the swivel. A newer method mounts the fluid drive on the rat's head,
expelling fluid by electrolysis which generates gas in a sealed chamber. In our
hands, the electrolysis method exhibits a slow response time taking from 2 to 10
sec. to begin to infuse fluid and 30-60 sec. to complete a microinfusion (injection
current = 5.0 second DC pulse from a constant source under continuous
oscilloscope monitoring, retention current = 10 uAmp). Slow infusion or backdraw during retention current is also sometimes observed (up to O.05idJmin.)
These factors interfere with the speed and precision of drug reward assessment.
We now report a simple method that avoids many of these problems It utilizes a
small ASCO fluid solenoid driven by a pressurized chamber, both mounted
immediately above the rat's head on an electrical cable. Fluid delivery is linear
with time while injected volume is accurate and repeatable without leakage or
backdraw. Importantly, the fluid infusion on-and offset are virtually instantaneous
allowing for more precise behavioral cues and a more salient S-R linkage by the
rat. Experiments to yield dose-response curves of drug potency (ED-50) with an
accuracy approaching the rate-frequency curve in intracranial electrical selfstimulation are being conducted. Supported by NIDA grant #DAO7938

158.7
THE EFFECTS OF LESIONS OF THE PEDUNCULOPONTINE
NUCLEUS (PPN) ON BRAIN STIMULATION REWARD
(BSR). E.M.Munn.1* M.G.Olmstead? K.B.J.Franklin? and R. A.
Wise1 Center for Studies in Behavioral Neurobiology and Department of Psychology, Concordia Univ1 and Department of Psychology,
McGill Univ.2, Montreal, Quebec, CANADA H3G 1M8.
The PPN is a complex, heterogeneous structure with projections to,
among other targets, dopaminergic cells in the substantia nigra and
ventral tegmental area. Lesions of the PPN block the acquisition of
opiate-conditioned place preferences, intravenous heroin selfadministration, and intracranial self-stimulation. In the present
investigation, the effects of PPN lesions on BSR thresholds were
assessed using the rate-frequency curve shift paradigm. Adult male
Long-Evans rats were trained to bar-press for electrical stimulation of
the lateral hypothalamus and tested at each of 3 current intensities
across descending series of stimulation frequencies. After stable
levels of responding were established, PPN was lesioned
electronically (1 mAmp for 10 sec). In some cases the threshold
frequency increased over the next 10 days; in others, it decreased.
Although the placement of the lesions producing these different
effects overlapped to a significant degree, dorsolateral lesions tended
to increase BSR thresholds while ventromedial placements tended to
decrease thresholds. Currently, the effects of excitetoxio lesions on
BSR are being investigated.
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BEHAVIORAL TEST OF THE DETECTION OF SYNTHETIC SIGNALS
IMITATING CAPACITIVE PHASE SHIFTS IN MORMYRID WEAKLY ELECTRIC
FISH. G. von der Emde and R. Zelick*. Dept. of Biology, Portland State
University, Portland, OR 97207
African weakly electric fish (mormyrids) can discriminate unequivocally
between resistive and capacitive objects (von der Emde and Ringer, Ethology
91:326-338, 1992). Furthermore, synthetic signals imitating capacitiveobject-induced distortions in the fish's electric organ discharge (EOD) are
effective at eliciting differential responses in primary afferents from single
electroreceptor organs (von der Emde and Bleckmann, J. Comp. Physiol.
171:683-694, 1992).
In the current study we tested the response of the mormyrid
Gnathonemus petersii to synthetic EOD signals of constant amplitude
presented either symmetrically to all electroreceptor organs or locally to only a
very few receptors. By scoring novelty responses, an acceleration of e Od
rate given by unconditioned fish to changes in their sensory environment, we
found that synthetic stimuli which imitated both the waveform and frequency
shifts caused by natural capacitive objects were detected. Similar responses
were elicited by synthetic stimuli in which only the waveform distortion due to
phase shifting the EOD frequency components was present. Local
presentation of a phase-shifted EOD mimic was also effective.
These results suggest that the waveform distortions due to phase shifts
alone, i.e., independent of amplitude or frequency effects, are sufficient for
discrimination of capacitive objects. In contrast to Gymnotiform wave-type
electric fish, a phase shift can be detected even if it affects all electroreceptors
equally. Thus no comparison of differentially affected body regions is
necessary. Because the discrimination occurred to a spatially restricted
stimulus, integration over a large number of electroreceptors is not necessary,
confirming that information from single electroreceptor organs is sufficient to
elicit a behavioral response.

ANALYSIS OF TIME-DOMAIN INFORMATION BY THE
KNOLLENORCAN SYSTEM OF MORMYRID ELECTRIC FISH.
S.Amagai* Section of Ncurobiology and Behavior, Cornell University/
Ithaca, NY 14853
The African Mormyrid electric fish can discriminate waveforms of
conspecific electric organ discharges (EODs) by analyzing the waveform's
temporal structure. This is subserved by the Knollenorgan system, which
is specialized for rapid conduction of information from the periphery to
the midbrain nucleus extcrolateralis pars anterior (ELa). Inputs carrying
information from two sides of the body could encode the duration of the
EOD. The ELa contains only 3 types of cells: axons from the hindbrain,
GABAergic and intrinsic large cells and small output cells.
The input axons and the arbors of the large cells overlap and travel
along well-defined axes, making numerous contacts on small cells. This
anatomy suggests a Jeffress' model-like organization with differences. In
this model, one input synapses on a large cell which in turn synapses on
small cells. The small cells also receive a direct excitatory input from the
input axon from the opposite side of the body and fire only if the
excitatory input preceeds the inhibitory large cell input, which depends on
the relative conduction delays of the two inputs. An array of small cells
would divide into inhibited and excited groups and the border between
these two groups of cells defines the duration of the EOD. For waveforms
of different durations this border of excited and inhibited cells would shift.
In the output area of the ELa, nucleus exterolateralis pars posterior
(ELp), cell activity similar to these detector neurons is found. Further,
there are cells which respond to only a specific range of durations. These
cells may be reading the output of the detector neurons to encode different
EODs. Supported by NIMH37972 to Carl D. Hopkins.

159.3

159.4

MODULATION OF THE ELECTRIC FISH PACEMAKER
RHYTHM AT THE LEVEL OF THE RELAY CELL. I.E. Spiro.*

PROPERTIES OF THE ELECTRIC IMAGES OF SIMPLE OBJECTS.
B. Rasnow* and J. M. Bower. Division of Biology, California Institute
of Technology, Pasadena, CA 91125.
Previous studies of electrolocation of passive objects have revealed
several properties of the electric field perturbations on the fish’s skin, or
“electric images”, such as their low spatial resolution and rapid
attenuation with object-fish distance. However, for the most part, it has
not been clear how electric fish might extract relevant features of an
object from its electric image. For example, it is not obvious how the
size, shape, distance, and impedance of an unknown object could be
determined from a fuzzy pattern of small voltage changes across the
fish’s skin. We have investigated these issues by simulating the electric
images of spheres and ellipsoids near an Apteronotus leptorhynchus. Our
simulator combines actual measurements of the fish’s unperturbed
electric field with an analytic model of the object. Its accuracy was
verified by comparisons with measured potential perturbations due to a
metal sphere.
The shape of electric images on the fish’s body is relatively
independent of a spherical object’s radius, conductivity, and rostrocaudal
location. However the image’s relative width increases linearly with
lateral distance, and could therefore unambiguously encode object
distance. The range of electrolocation may depend on the rostrocaudal
location of an object. Large objects may be detectable further at the head
than tail, and visa versa for small objects. These results generalize only
for certain orientations of ellipsoids. The assymetry of ellipsoids results
in different electric images at different EOD phases. The model predicts
that only objects with very large dielectric constants cause appreciable
phase shifts, and these are strongly dependent on water conductivity.

Department of Biology, UCSD, La Jolla, CA 92093-0202.
The pacemaker nucleus of the electric fish Hypopomus consists of two
neuronal cell types. Pacemaker cells, whose processes remain within the
nucleus, make synaptic contacts onto relay cells, which transmit the
pacemaking rhythm to spinal motoneurons that innervate the electric organ.
In certain behavioral contexts, fish can modulate the otherwise regular
electric organ discharge. These modulations are mediated through
glutamatergic synaptic inputs, originating in the diencephalon and
midbrain, onto both cell types of the pacemaker nucleus!.
In an in vitro preparation of the Hypopomus brain, distinct types of
modulations of the rhythm can be elicited which are similar to those arising
from stimulations of two afferent areas (the 'chirp' division of the
prepacemaker nucleus and the Sublemniscal prepacemaker nucleus). Current
injection directly into relay cells reveals oscillations of the membrane
potential which resemble those seen during the modulations triggered by the
premotor areas, thus suggesting that at least some of the modulations are the
result of intrinsic properties of relay cells. We are combining this
information with receptor localization studies to determine how the
different effects of the two inputs are specified at the level of an individual
relay cell. These studies address, at the cellular level, the more general
question of how a limited number of relatively simple motor circuits can be
accessed by multiple premotor circuits to make possible a larger repertoire of
behaviors.
Supported in part by grant R37 MH 26149-17 to Walter Heiligenberg.

159.5
LOW FREQUENCY ELECTRIC FIELD PRODUCTION AND
CONCEALMENT BY GYMNOTIFORM FISH WITH PULSED ELECTRIC
ORGAN DISCHARGES. P. K. Stoddard*. Dept. Biological Sci., Florida
Inti. Univ., Miami FL 33199.
Gymnotiform fish produce spatially heterogeneous electric fields. The
electric organ discharge pulse of Hypopomus pinnicaudatus is positively
monophasic around the head, negatively-weighted biphasic around the
tail, and almost symmetrically biphasic at a distance. The baseline is 0
vdc. Thus around the head there is a net positive (head-tail) DC bias to
the E field potential. Sudden accelerations of the discharge rate
accompany investigation of potential food locations by solitary
individuals as well as aggressive interactions among conspedfics.
Rapid acceleration produces an increase in the field potential with
significant energy present below 8 Hz, the sensitivity range of ampullary
electroreceptors. A pulse from the fish's tail immediately follows the
head pulse, ifs opposite polarity nulling the net DC bias beyond a body
length from the fish. Hypopomus species and other pulse fish produce
a private low frequency electric field which may be used for active
electrolocation and close range communication using the ampullary
electroreceptor system. The low frequency E field component is nulled
at a distance from the fish, probably reducing these fishes'
conspicuousness to electroreceptive predators such as catfish and
electric eels.
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159.6
MAPS OF THE ELECTRIC ORGAN DISCHARGES OF SEVERAL
GYMNOTIFORM FISH. C Assad*, B. Rasnow, P. Stoddardt, J.M. Bower, Depts.
of *Elect. Eng. and Biology, Caltech, Pasadena, CA 91125; tDepL Biol. Sci.,
Florida. Inti. Univ., Miami FL 33199.
The electric organ discharges (EODs) of weakly electric fish are highly
stereotypical for each species. Previous classification of EOD waveforms has been
based on head-to-tail potential measurements, because the specific characteristics of
different EODs allow them to be segregated by waveform shape and frequency.
However, the fields recorded near the surface of many of these fish, especially those
with longer electric organs, vary significantly from the head to tail. This variation is
relevant both to electrolocation (the fish must interpret the field at its skin) and
communication (many species interact at close range). We present here high spatial
and temporal resolution maps of the electric potential of the EOD from five
gymnotiform species: three pulse fish (Gymnotus carapo, Hypopomus sp., H.
pinnacaudadis) and two wave fish (Apteronotus albifrons, Eigenmannia virescens).
All have long tails and long electric organs running most of the length of the animal.
The potential maps reveal complex but highly stable EOD portraits unique to each
species, that we correlate with anatomical and physiological data from previous
studies of electric organs.
Comparing EOD maps between different species may reveal environmental and
neuronal constraints and algorithms for electric sense. For example, a longer EO
and tail has been shown to increase the range of electrolocation, but also requires
extraordinary measures to remain synchronous in its firing, especially for high
frequency fish. Only in Eigenmannia do the electrocytes appear to fire
synchronously, the EOD thus resembling an oscillating dipole. In the other species,
asynchronous discharge results in multiple sources and sinks that propagate along
the body, and grow and disappear over the course of the EOD.
Supported by NIH predoctoral training grant (GMO7737) and Florida Inti. Univ.
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ONTOGENY OF BOTH THE ELECTRIC ORGAN DISCHARGE
AND THE ELECTRIC ORGAN IN THE WEAKLY ELECTRIC
FISH, HYPOPOMUS PINNICAUDATUS. C.R. Franchina*
Neurobiology and Behavior, Cornell University, Ithaca NY 14853.
Development of both the electric organ discharge (EOD) and the
electric organ (EO) has only been studied in a few species of weakly
electric fish. Typically, a larval electric organ with a distinct
morphology and discharge waveform is replaced by an adult electric
organ during development. The purpose of this study was to describe
the ontogeny of the EOD in lab-bred H. pinnicaudatus and, if
possible, to correlate changes in the EOD to the morphology of the
EO.
I measured the EOD's of larvae and juvenilles (5-106 days; 7-88
mm) with two Ag/AgCl electrodes approximately equidistant from the
head and tail, and a "distant" ground electrode perpendicular to the
midpoint of this axis, then sacrificed the larvae. The first detectable
EOD's (day 7-9) were head-positive monophasic pulses 1100-1700
ps long. The monophasic e Od increased in amplitude and decreased
in duration. At day 30-40 (10-15 mm) a small head-negative phase
was added; it increased in relative amplitude until approximately equal
to the first phase by day 60 (30 mm). Both phases continued to
increase in amplitude and decrease in duration until, by day 85 (80
mm), the EOD was similar to that of an adult female with a total
duration of about 1000 ps. Works in progress include histology of
these larvae using fluorescent-labelled antibodies specific to
electrocytes, muscle, or nerve, as well as conventional paraffin
embedding and staining.
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159.8
Deafferentation causes axon collapse of naturally targetless electromotor
neurons in the weakly electric fish Apteronotus leptorhynchus.
J E Schaefer*, C Vijayvergiya and H H Zakon. Dept. of Zoology, U. of Texas,
Austin, Tx 78712.
Motoneurons are often dependent on their targets for trophic support.
Axotomy interrupts this connection leading to eventual cell death. This is
especially true during early developmental stages when trophic dependence is
greatest. The weakly electric fish, Apteronotus leptorhynchus has a specialized
class of targetless motoneurons, called electromotor neurons (EMN) involved in
the production of the electric organ discharge. Axons from the EMNs fasciculate
and dead-end in a paired midline structure called the electric organ.
EMNs receive their sole excitatory input via relay cells which project
axons from a medullary pacemaker nucleus. To remove this single afferent input
to the EMNs, we transected the spinal cord just caudal to the thoracic cavity. The
tails of transected fish were removed at either 5 10 or 20 days following the
operation. The tissue was processed for either immunocytochemistry or embedded
in plastic for thick sections and EM. As expected, spinal transection caused
complete degeneration of the afferent relay axons. Although transection removed
afferent input, the synaptically isolated EMNs seemed to be unaffected, with
somata number and size similar to sham operated controls (n=12 fish.) The
apparent health of the EMNs was confirmed physiologically by intracellular
recordings of spontaneous EMN activity, made in vitro up to three weeks after
transection. In contrast to observations on the EMN cell bodies, EMN axons show
progressive degeneration following spinal transection, collapsing even though the
cells have sustained no direct injury from the experimental treatment. These data
suggests a partial trophic dependence of the EMNs on their presynaptic input, as
might be expected in a motoneuron that normally has no target.
This research was supported by an NIH developmental biology training grant.

159.9

159.10

ANDROGEN RECEPTORS IN THE BRAIN, ELECTRORECEPTORS AND
ELECTRIC ORGAN OF A WAVE-TYPE ELECTRIC FISH. S. Gustavson, H.
Zakon*, and G. Prins Dept. of Zool., University of Texas, Austin, TX 78712
and Dept. of Ob. & Gynecol., University of Illinois College of Medicine,
Chicago, IL 6016.
Electric organ discharge (EOD) frequency, electric organ (EO) pulse duration
and the frequency tuning of the tuberous electroreceptors are sexually dimorphic
in the electric fish Sternopygus macrurus, and these 3 parameters are altered by
systemic treatment with androgens. We therefore wished to determine which of
these tissues possess androgen receptors. .
Fish of both sexes were injected with 2 mg of dihydrotestosterone and 3
hours later the brain, cheek skin, and EO were removed, processed for
immunocytochemistry using PG-21, a polyclonal anti-androgen receptor (AR)
antiserum (Prins, 1989). PG-21 was generated against a synthetic peptide of the
initial 21 amino acids of the rat AR. Cells were accepted as labeled by PG-21
only if labeling was nuclear and blocked by preabsorption of the serum with the
peptide against which it was generated.
Similar patterns of labeling were observed in both sexes. Cells were labeled
in hypothalamic nuclei and a number of extra-hypothalamic sites including the
electrosensory and -motor systems. Tuberous, but not ampullary, receptors were
labeled. Labeled cells were found in all ascending electrosensory nuclei: the
electric lateral line lobe, n. praeeminentialis, torus semicircularis and n.
electrosensorius. In the descending electromotor pathway labeled cells were
observed in the sublemniscal prepacemaker nucleus (we have not yet identified
the prepacemaker nucleus proper in our material). Surprisingly, we saw no
labeled cells in the pacemaker nucleus, previously assumed by us to be a highly
probable site of action, nor were electromotor neurons labeled. The electrocytes
were labeled. These results suggest that androgens act directly on the
electroreceptors and EO, but must act at some site presynaptic to the pacemaker
nucleus to lower EOD frequency. (Supported by NIH R01 NS25513).

Electrocytes Arise From Striated Myotubes During Regeneration
Independently of Nerve Activity. John M. Patterson*, Juliette Erickson, and Harold
H. Zakon. Dept. of Zoology, University of Texas at Austin, Austin, Texas 78712.
Weakly electric gymnotiform fish produce an electric field using an electric organ
(EO) located in the tail. The EO of the fish Sternopygus is comprised of electrocyte
cells, which possess morphological and biochemical characteristics indicative of a
myogenic ontogeny. These cells are innervated by electromotor-neurons.
Furthermore, the EO is capable of full regeneration after amputation. We have
utilized this capacity for regrowth to determine: 1. when during myogenesis
electrocytes diverge from the muscle-cell pathway and begin to express electrocytespecific markers, and 2. if nerve activity is required for electrocyte differentiation.
After tail amputation a regeneration blastema forms at the wound. Using
immunohistochemistry, we show that 8 days later, mesenchymal cells within the
blastema began to express desmin and fuse to form myotubes. Soon thereafter,
desmin, actinin, and myosin antibodies detect striations within the myotubes. On
days 10 and 12, myotubes at the periphery of the blastema remained small,
maintained their striations and continued to express muscle-specific proteins. Other
more central myotubes appeared to fuse forming larger cells in which striations were
disrupted, and in which myosin levels were lower and keratin (an electrocyte-specific
marker) levels increased. These larger myotubes form nascent electrocytes.
In a related experiment, we performed high-spinal transections prior to EO
amputation to determine if patterns of nerve activity influenced the differentiation of
electrocytes. This silences the EO, but leaves the motorneurons intact. Despite the
absence of activity, as assayed by lack of electric organ discharge, normal
differentiation was observed. These results suggest that differences in patterns of
neural input do not determine the final fate of the developing myotubes. In the future
we would like to further test the role of the electromotorneurons and
somatomotorneurons in determining cell fate. (Supported by NIH RO1NS25513).

159.11

159.12

-dependent
enhancement
of na + current
magnitude
IN THE ELECTRIC ORGAN. Lynne McAnelly* and H. Zakon Dept of
Zool., University of Texas, Austin, TX 78712.
Recent reports indicate that the amplitude of the EOD may change
diurnally or, over days, with changes in water conductance. We chose to
investigate potential biophysical bases for these changes by determining
whether the magnitude of the electric organ Na+ current can be altered since
this would, in principle, lead to changes in EOD amplitude. We tested this in

ELECTRICAL ACTIVITY OF ELECTRORECEPTOR CELLS ISOLATED
FROM SKATE AMPULLA OF LORENZINI R. Arancda* and M.V.L.
Bennett. Dept. of Neuroscience, Albert Einstein Coll. Med., Bronx, NY
10461.
Marine elasmobranchs are extraordinarily sensitive to voltage. Afferent
fibers from the electroreceptors, the ampullae of Lorenzini, respond to
stimuli of c. 1 pV across the sensory epithelium. The epithelium contains a
single layer of supporting cells and receptor cells that release glutamate or
similar molecule to activate the afferent fibers. To analyze mechanisms of
receptor sensitivity, we isolated receptor cells using pr<^'t^olytic treatment,
and recorded from them by whole cell patch clamp. Resting potentials were

camp

preparation for voltage-clamp of its Na+ currents.
The terminal portion of the electric organ was removed, skinned, and placed
in a dish. Electrocytes were impaled with two electrodes. Na+ currents were
isolated using a saline with the anion methyl sulfate substituted for Cl- to
improve space clamp, and with 2 mM Cs+ and 40 mM TEA to block K+
currents. After baseline measurements of Na+ current were taken, either the
membrane permeant cAMP analog 8-bromo-cyclic adenosine monophosphate
(8-br-cAMP) or saline without 8-br-cAMP was added and Na+ current
magnitude was measured every 5 minutes. Twenty minutes after the solution
change, Na+ current magnitude changed by the following amoun* 100 pM 8br-cAMP = + 8.17 +/-11.7 % (N=3), 1 mM 8-br-cAMP = + 42.25 +/- 17.3
% (N=4), saline alone = -16.9 +//12.2 % (N=5). One mM 8-br-cAMP caused
a significant increase in Na+ current magnitude compared with the saline
control (p < 0.02,2-tailed). Future experiments will determine whether 8-brcAMP acts directly or via a cAMP-dependent kinase, whether the Na+ channel
itself or another molecule is the ultimate target, and whether naturallyoccurring changes in EOD amplitude result from such a mechanism.
(Supported by grants from NIH and ONR)
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low, -20 to -40 mV, probably as a result of the isolation procedure. When
the cells were hyperpolarized to c. -60 mV, they generated overshooting
action potentials spontaneously or in response to depolarizations of a few
mV. Under voltage clamp, depolarizing steps from -90 mV activated a
maintained inward current between -40 and -20 mV; at greater
depolarizations a delayed outward current largely obscured the inward
current. The inward current was carried by Ca2+ because it was not blocked
by tetrodotoxin or by replacement of Ca2+ with Ba2+. The outward current
was carried by K+ because it was blocked by 30 mM TEA, by Ba2+ and by
inclusion of Cs+ in the recording pipette. The K+ current was Ca2+ activated,
because it was suppressed at sufficiently positive potentials. Ca2+ activation
was not unusually voltage sensitive and occurred over a voltage range
comparable to that of other excitable cells. Presumably the high sensitivity
of the sensory epithelium results from frequent threshold crossings associated
with spontaneous activity of the receptor cells.
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159.14

RESPONSE DYNAMICS OF PRIMARY AFFERENT NEURONS IN
THE ELECTROSENSORY SYSTEM OF THE ROUND STINGRAY
UROLOPHUS HALLER. T.C. Tricas* and J.G. New. Department of

RETINAL MODULATION OF GNRH MRNA EXPRESSION IN THE
THALAMUS OF A TELEOST FISH. C. M. Foran*, D. A. Mverst, and A. H.
Bass. Section of Neurobiology and Behavior and tDepartment of
Physiology, Cornell University, Ithaca, NY 14853.
The plainfin midshipman, Porichthys notatus, migrates seasonally from
deep water to intertidal breeding sites. To identify the molecular and
cellular events determining the onset of seasonal reproductive behavior,
the expression of gonadotropin releasing hormone (GnRH) is being studied.
33P-labeled oligonucleotide probes (based on the sequence of the preproGnRH cDNA in midshipman; Grober et al., Soc. Neurosci., 1992), were used
for in situ hybridization histochemistry. In addition to the terminal
nerve ganglion and the preoptic area, the ventrolateral nucleus of the
thalamus (VL) shows consistent GnRH mRNA expression (Foran et al., Soc.
Neurosci., 1993). The VL also receives direct, strictly contralateral retinal
input, as demonstrated using biotin labeling of the optic nerve. To identify
the possible influence of retinal input on GnRH mRNA levels,
autoradiographic grain counting was done in animals which had
unilateral optic nerve transection. The mean ratios of ipsilateral (retinal
input from intact nerve) to contralateral (no input) counts over VL were
significantly higher compared to unmanipulated controls (1.584 vs. 1.066,
Mann-Whitney U: p = .034). Tetrodotoxin injections into one eye show
similar results and suggest an activity-dependent phenomenon. Changes in
environmental light associated with long distance migrations could
modulate GnRH mRNA expression in the retinal-recipient thalamus.
Thus, expression of the GnRH gene, usually associated with neuroendocrine t
regulation of reproduction, may also be involved in the mediation of visual
sensory events directing seasonal reproductive behaviors. Support from
NSF, NIH and NYS Hatch.

Biological Sciences, Florida Institute of Technology, Melboume, FL
32901-6988.
Weak low frequency electrical stimuli from biological sources provide
important sensory cues to elasmobranch fishes in their natural
environment. Neurophysiological recording experiments were
conducted to determine the response properties of primary afferents in
the electrosensory system of the temperate marine round stingray
which is known to use this sense in social interactions. Eighty-one
primary afferents were recorded from the hyoid and superficial
ophthalmic ampullary clusters in 19 fish maintained at 18° C. Resting
discharge rates ranged from 22.8 to 43.9 spikes/sec with a mean of
36.0 + 5.4 SD. Almost all units recorded from healthy individuals
showed a regular discharge pattern characterized by uniform interspike
intervals and low coefficients of variation (mean CV = 0.226 ± 0.047
SD; n=81). Frequency response dynamics of primary afferents were
determined by sinusoidal modulation of a weak uniform electric field
passed across the body surface at frequencies from 0.05 to 30 Hz and
intensities from 0.05 to 10 microvolts/cm. The peak discharge rate of
primary afferents increases as an approximate linear function of
stimulus amplitude. Frequency response curves show that peak
sensitivity for most neurons occurs at 1-2 Hz with a low frequency
phase lead of approximately 45°. The frequency response
characteristics of the electrosensory system show a strong overlap with
the frequency spectra of important biological stimuli for this species.
Supported by a grant from the Whitehall Foundation.

159.15

159.16

TRANSNEURONAL BIOCYTIN DELINEATES ONTOGENY OF A
SEXUALLY DIMORPHIC, ANDROGEN-SENSITIVE VOCAL
PACEMAKER CIRCUIT. B. I. Horvath, M. A. Marchaterre * and A. H.
Bass. Neurobiology & Behavior, Cornell University., Ithaca, N.Y. 14853.
Midshipman fish, Porichthys notatus, have two male reproductive
morphs: Type I males generate long duration mate calls ("hums") to
attract females to a nest; Type II males sneak-spawn and, like females, do
not mate call but generate short duration "grunts". Biocytin, used as a
transneuronal tracer (Bass et al., J. Neurosci., 1994), identified ontogenetic
changes in the vocal motor circuit. Each vocal/sonic muscle is innervated
ipsilaterally by sonic motoneurons (SMN) in the caudal brainstem.
Pacemaker neurons (PMNs) lie lateral to sonic motoneurons, innervate
them bilaterally, and establish their fundamental discharge frequency.
A nearby ventral medullary nucleus (VM) links the SMN-PMN circuit to
the rostral, "acoustic" brainstem. We now report that an initial phase of
an exponential-like increase in SMN soma size occurs prior to sexual
maturation among "nascent" Type I males and parallels a 4-fold increase
in sonic muscle fiber number; a second, slow phase of SMN size increase
follows a 5-fold increase in muscle fiber size that occurs at the time of
sexual maturation and mate calling. Unlike the SMN, increasing soma
size for PMNs and VM is mainly associated with the onset of sexual
maturity/mate calling. In comparison, Type II males and females mature
with no or little change in cell size, as found for the sonic muscle.
Androgen treatments of nascent Type I males accelerate onset of the Type I
male vocal motor phenotype, also like the sonic muscle (Brantley et al., J.
Morph., 1993). In summary, the progression of events leading to sexual
maturation of the Type I male's mate calling circuit parallels the
sequential ontogeny of its androgen-sensitive target musculature.

LEAD ALTERS THE WAVEFORM AND FREQUENCY OF THE ELECTRIC
ORGAN DISCHARGE IN GNATHONEMUS PETERSII (MORMYRIFORMES,
TELEOSTEI) A. Prabhakar and R.E. Landsman*. Academy for the-Advancement of
Science & Technology, Lab. of Behavioral Ichthyology, 200 Hackensack Ave„
Hackensack, NJ 07601.
The frequency of the electric organ discharge (EOD) emitted by weakly discharging
electric fish has been shown to be altered when the fish are exposed to known toxic
substances. Unlike previous studies, this study examined both the waveform and
frequency of the EOD in the African mormyrid, G. petersii, in response to lead, a
common water pollutant.
Three groups (n=6) of juvenile subjects, run in two blocks (n=3 subjects per group),
received the same low dose (up to 200pg/L) of either lead nitrate solution, sodium
nitrate to control for nitrate levels, or salt to control for conductivity levels. Baseline
EOD data were collected for 5 minutes followed by a 20 minute exposure period. Fiveminute subject and group means were computed for each EOD parameter measured.
Two-way ANOVAs revealed significant interaction effects for the duration of Phase
4 of the EOD [F(8,60)=7.87, p < 0.0001], the total duration of the EOD [F(8,60)=3.68,
p < 0.005], and for the EOD frequency [F(8,60)=3.51, p < 0.005]. Only lead caused a
significant increase in the duration of Phase 4 [F(4,60)=22.06, p < 0.00001], resulting
in an increase in the total duration of the EOD [F(4,60)=7.23, p < 0.0001]. Lead did
not affect the durations of Phases 1, 2, or 3 of the EOD. Lead, but not the other two
chemicals, also caused a significant increase in the EOD frequency [F(8,60)=3.51,
p < 0.005], which did not appear to be due to a change in conductivity.
This study complements those using other water toxins (Kay and Lewis, 1993),
which reported changes in EOD frequency, and studies which show physiologically
induced changes in individual phases (Landsman, 1993). These findings suggest that
both frequency and waveform of the EOD in weakly discharging electric fish can be
used to detect the presence of lead in water.
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THE EFFECTS OF EARLY MATERNAL DEPRIVATION ON NEUROCHEMICAL AND ENDOCRINE RESPONSES TO STRESS IN ADULT RATS.
C.A. Owens, M.J. Owens, K.V. Thrivikraman* and C.B. Nemeroff. Lab of
Neuropsychopharmacology, Dept. of Psychiatry and Behavioral Sciences, Emory
Univ. Sch. of Med., Atlanta, GA 30322
Based on the observed clinical impact of early trauma and the overwhelming
evidence that CRF acts as a neurotransmitter secreted from both hypothalamic and
extrahypothalamic neurons to integrate an organism's endocrine, autonomic,
immunological, and behavioral responses to stress, we hypothesized that early stress
may modify CRF neurons during maturation, resulting in an altered stress response
in adults. Specifically, we examined whether adult male rats previously subjected to
maternal deprivation (singly isolated in cardboard cubicles) for six hours daily on
post-natal days 2-21 react in a neurochemically distinct manner to a 15 minute mild
foot shock stress (0.5 second-400 pA current on a 25 second variable interval prior to
sacrifice) compared to controls. Four treatment groups were examined; non-deprived/
no shock, non-deprived/shock, deprived/no shock, deprived/shock. Compared to nondeprived controls, deprived rats exhibited significant increases in basal plasma ACTH
(16.76 ± 0.87 pM and 14.89 ± 0.41 pM, respectively) and stress-induced ACTH
concentrations (21.54 ± 0.73 pM and 18.15 ± 0.32 pM, respectively). In addition,
deprived rats as a group exhibited significantly reduced anterior pituitary CRF
receptor binding ( 21.8%) compared with non-deprived rats. These results suggest
that CRF is chronically hypersecreted from hypothalamic neurons in the deprived
animals; alternatively, the anterior pituitary CRF receptors of this group may be
“programmed” to a lower set point following early trauma. No significant differences
in corticosterone concentrations were observed between the deprived and non-deprived
control groups. Data from in situ hybridization experiments examining heteronuclear
CRF and c-fos mRNA concentrations in the paraventricular nucleus and the amygdala
are currently under analysis, and the density of CRF receptors in eight brain regions
will be assayed. These preliminary results suggest that early stressors can lead to
long lasting alterations in CRF systems and functional responses to the
environment Supported by NIMH MH-42088.

GLUCOCORTICOIDS. THE HIPPOCAMPUS. AND THE DEVELOPMENT OF
BEHAVIORAL INHIBITION IN THE PREWEANLING RAT. L. K. Takahashi*.
Dept. Psychiatry, Univ. Wisconsin Med. Sch., Madison, Wl 53792.
Glucocorticoids regulate the postnatal development of hippocampal
dentate granule cells and facilitate the development of behavioral
inhibition, e.g., freezing. Because the matured hippocampus (HC)
mediates some forms of response suppression, studies were performed to
test the hypothesis that corticosterone (CORT) action on the developing
HC plays major role in the ontogeny of behavioral inhibition.
On postnatal day 10, rats received bilateral HC electrolytic lesions or
sham operations. All pups were adrenalectomized (ADX) after the
operation and injected daily with CORT (3.0 mg/kg, sc). The behavioral
inhibition test occurred on day 14, 24 h after the last injection of
exogenous CORT. The test consisted of placing the pup across a wiremesh barrier from an anesthetized unfamiliar adult male rat. Results
revealed that exogenous CORT was ineffective in restoring freezing in ADX
pups with HC lesions but not in ADX sham controls. To evaluate the
behavioral effects of dentate granule cell development, colchicine or
vehicle was infused into the HC. After surgery, pups were ADX and
injected daily with CORT. When tested on day 14, CORT-treated ADX
pups with colchicine-induced damage of dentate granule cells exhibited
significantly reduced levels of freezing. To assess directly the behavioral
effects of CORT .on the HC, 30-ga. cannulae containing either CORT or
cholesterol were implanted bilaterally in the dorsal HC of ADX pups. On
day 14, ADX pups implanted with CORT-filled cannulae had significantly
higher levels of freezing than ADX control pups. During the postnatal
period, the action of endogenous CORT appears to directly facilitate HC
maturation resulting in the eventual appearance of behavioral inhibition.
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EFFECT OF INHIBITION OF STRESS INDUCED CORTICOSTERONE
SECRETION ON THE HPA AXIS RESPONSES TO A SUBSEQUENT
STRESSOR. Y. N. Wong, and A. P. D'mello*. Dept. of Pharmaceutics,
Philadelphia College of Pharmacy and Science, Philadelphia, PA 19104
It has been hypothesized that when animals are subjected to two successive
stressors, the HPA axis responds to the first stressor by secreting facilitatory
and inhibitory factors which balance each other and cause the animals to be
continually responsive to the second stressor. Previous studies suggested that
corticosterone (CORT) secreted during the first stressor is an inhibitory factor.
Our objective was to selectively abolish CORT secretion during the first
stressor and examine the effect of this manipulation on the HPA axis
responses to a second stressor. Male sprague-Dawley rats were subjected to a
1 hr immobilization (IMM) on day 1. CORT response during the IMM was
transiently, but completely abolished with a 100 mg/kg i.p. injection of
aminoglutethimide (AG). Twenty-four hr later rats were subjected to an i.p.
saline injection stressor (INJ). CORT and ACTH levels were measured 5 and
15 min after the INJ. Rats pretreated with AG followed 24 hr later by INJ
showed significant (p<0.05) hypersecretion of CORT and ACTH at 5 min
(CORT: 11.7 pg/dL with DMSO+INJ vs. 16.1 pg/dL with AG+INJ; ACTH:
81 pg/mL with DMSO+INJ vs. 172 pg/mL with AG+INJ) but not at 15 min
after the INJ. However rats pretreated with AG plus IMM on day 1, followed
24 hr later by INJ showed significant (p<0.05) hypersecretion of CORT and
ACTH both at 5 min (CORT: 11.7 pg/dL with DMSO+INJ vs. 19.9 pg/dL
with AG+IMM+INJ; ACTH: 81 pg/mL with DMSO+INJ vs. 222 pg/mL with
AG+IMM+INJ) and 15 min (CORT: 18.3 pg/dL with DMSO+INJ vs. 40.2
pg/dL with AG+IMM+INJ; ACTH: 77 pg/mL with DMSO+INJ vs. 196
pg/mL with AG+IMM+INJ) after the INJ. It is probable that during the IMM
stress on day 1, the secretion of putative facilitatory factors like CRH, AVP,
OT, or ACTH in the absence of the balancing inhibitory factor, CORT, caused
the HPA axis to exist in a state of hyper-responsiveness. This may have
caused the hypersecretion of CORT and ACTH to the INJ on day 2.

INTRACEREBROVENTRICULAR (ICV) CORTICOTROPIN RELEASING FACTOR
(CRF) REDUCES C-FOS EXPRESSION IN DORSAL MOTOR NUCLEUS OF
THE VAGUS (DMN) AND GASTRIC EROSIONS INDUCED BY COLDRESTRAINT STRESS IN RATS. L. Wang, S. Cardin, V. Martinez, D. Novin*
and Y. Tach6. CURE, VA Med. Ctr., Brain Res. Inst. and Dept. Medicine,
UCLA. Los Angeles, CA 90073.
We previously showed that cold exposure-induced vagal dependent
gastric erosions are mediated by neuronal activation of medullary rapheDMN pathways containing TRH and serotonin. CRF is known to act in the
brain to decrease gastric erosions induced by cold-restraint. This study
investigates whether icv CRF influences the activity of raphe-DMN neurons
activated by cold. Cannulae were chronically implanted into the lateral
ventricle 7 days before the experiment. Ten min before cold-restraint stress
(3 h, 40C), fasted rats received (10 pl/rat, icv) either CRF (5 pg, n = 5) or
vehicle (n = 7). Gastric mucosal lesions and rectal temperature were
monitored and neuronal activation in the DMN and raphe pallidus were
assessed by Fos immunocytochemistry. CRF icv injected reduced both
gastric mucosal lesions (3.4 ± 1.2%) and the number of neurons
expressing Fos in the DMN (31 ± 7 cells/section) when compared with
vehicle (11.4 ± 2.8% gastric mucosal lesions; 74 ± 3 DMN Fos positive
cells/section). Fos expression in the raphe pallidus induced by cold was not
altered by icv CRF. Significant decreases in rectal temperature by the cold
exposure were -3.8 ± 0.1 °C and -11.1 ± 1.8°C in vehicle- and CRFtreated rats respectively. These data indicate that the central action of CRF
to protect against cold stress-induced gastric erosions may result from
inhibiting the activation of neurons in the DMN rather than in the raphe
pallidus. These findings also show that central CRF potentiatesthe
hypothermic response to cold.

160.5

160.6

CORTICOTROPIN-RELEASING FACTOR ALTERS MEDULLARY
NEURONAL ACTIVITY ASSOCIATED WITH LOCOMOTION.
C.A. Lowry2. J.D. Rose1* and F. L. Moore2. ‘Dept. of Psychology,
Univ. Wyoming. Laramie, WY 82071 and 2Dept. of Zoology, Oregon
State Univ., Corvallis, OR 97331.
Corticotropin-releasing factor (CRF) acts centrally to elicit a
prolonged activation of locomotion in diverse vertebrates, including
roughskin newts (Taricha granulosa). Neuronal activity associated with
CRF-induced walking and swimming was recorded with fine-wire
microelectrodes chronically implanted in the rostral medulla of this
amphibian. Most neurons showed low to moderate activity during
immobility and fired at greater rates throughout periods of walking.
Some cells showed further increases in firing during swimming. Injections of CRF (but not saline) into the lateral ventricle elicited prolonged increases in bouts of walking or walking with transitions to
swimming that were associated with dramatic changes in neuronal

HIPPOCAMPAL REGULATION OF THE HPA AXIS ALTERS BEHAVIOR IN
ANIMAL MODELS OF ANXIETY. Daniel Bitran*, Michael Shiekh. and Jennifer
Dowd. Department of Psychology, College of the Holy Cross, Worcester MA 01610.
Depletion of brain serotonin in rats produces anxiolytic behavior that is reversed
by adrenalectomy. The anxiolytic behavior is reinstated by corticosterone, which binds
to the mineralocorticoid receptor (MR) and the glucocorticoid receptor (GR), but not
by dexamethasone, which shows affinity for only the GR. Serotonin depletion also
decreases the expression of GR in the dentate gyrus of the hippocampus. The
activation of hippocampal MR and GR is thought to exert negative feedback onto the
hypothalamic-pituitary-adrenal (HPA) axis. Thus the behavioral effects of serotonin
depletion may result from a dysregulation of the HPA axis. In the first experiment,
adult male rats were injected (I.P.) for 3 days with 0, 150, or 300 mg/kg of pchlorophenylalanine (pCPA). On the fourth day, subjects were tested in 2 tests of
anxiety. Animals treated with 150 or 300 mg/kg of pCPA showed anxiolytic
behavior in the elevated plus-maze, whereas only the higher dose of pCPA produced
anxiolytic behavior in the defensive burying test. In subsequent GABA-stimulated
chloride ion influx assays, we observed a marginally significant increase in the
sensitivity of the GABAa receptor in cortical synaptoneurosomes of pCPA-treated
rats. Paradoxically, the maximal effector response was decreased. In the next
experiment, anxiolytic behavior was assessed after an intrahippocampal injection of an
MR antagonist (r U 28318), and/or a GR antagonist (RU 38486). A 1 ng dose of RU
318 produced a marked increase in anxiolytic behavior in the plus-maze, whereas the
same dose of RU 486 was less effective. The 5 ng dose of either antagonist did not
affect behavior in the maze. Combined treatments of RU 318 and RU 486 at 1 ng or
5 ng also did not produce differences from the vehicle response. Corticosterone plasma
level in response to 15 min of restraint stress, as well as 90 min after stress are being
evaluated for the antagonist treatment groups that produced anxiolytic behavior. We
hypodiesize that serotonin depletion or hippocampal MR or GR blockade disinhibits
the HPA axis resulting in increased level of neuroactive adrenal cortical metabolites.
These metabolites, in turn, produce anxiolytic behavior by acting at the GABAa
receptor in tie brain where the anxiolytic effect of standard benzodiazepines are exerted.

activity. These firing changes, usually increases, appeared in 10 min
of CRF infusion and lasted at least 30 min. In some neurons, CRFinduced activity changes were specifically associated with movement,
but others showed activity changes in all behavioral states. Thus, CRFinduced locomotion is associated with changes in neuronal activity in
a medullary region that regulates locomotion. Supported by NIMH
predoctoral fellowship to CAL (BNR-1F31MH10288) and research
grants to JDR (NIH NS13748) and FLM (NSF BNS-8909173).

160.7

160.8

EFFECTS of GABAa RECEPTOR BLOCKADE IN THE
DORSOMEDIAL HYPOTHALAMUS OF RATS ON ACTH
AND CORTICOSTERONE SECRETION.
S.R. Keim* and
A.Shekhar, Dept. of Psychiatry, Indiana University Medical
Center, Indianapolis, Indiana 46202.

EFFECT OF REPEATED WHITE-NOISE STRESS ON LOCUS COERULEUS
RESPONSIVENESS TO SUBSEQUENT CORTICOTROPIN-RELEASING
FACTOR. L.H. Conti* and S.L. Foote. Dept. of Psychiatry, Univ. California, San
Diego, La Jolla, CA 92093
Corticotropin-releasing factor (CRF) and the locus coeruleus (LC)/noradrenergic
system appear to interact during acute stress. Central administration of CRF
activates LC neurons in experimentally naive rats. Previously, we showed that
repeated ICV infusions of either CRF or vehicle attenuate LC electrophysiological
responsiveness to subsequent CRF (ICV) challenge. The effect of repeated vehicle
infusions was hypothesized to have been due to the stressfulness of the procedure.
The present experiment was conducted to determine whether repeated stress which
did not involve surgery or physical insult would also result in decreased sensitivity
of LC to the excitatory effect of CRF (ICV).
The effect of CRF on LC discharge rate was examined in three groups of rats.
One group was experimentally naive (Naive) at the time of LC recording/CRF
challenge. A second group had experienced 1 session of white noise stress (1 Noise)
24 hrs before the LC recording/CRF challenge session. The third group had
experienced 8 daily sessions of white noise stress (8 Noise), the last of which took
place 24 hrs prior to recording/challenge. White noise (110 db) was presented for
20 min/session in an isolated chamber to individual rats. During recording, stable
LC baseline discharge rate was established prior to CRF (3 pg, ICV) challenge. LC
recordings continued for 30 min after this challenge.
CRF challenge significantly increased LC discharge rate in the Naive group and
in the 1 Noise group. However, CRF challenge had no significant effect on LC
activity in the 8 Noise group. Additionally, while the LC response to CRF challenge
was significantly different from Naive in the 8 Noise group, it was not in the 1 Noise
group.
These data indicate that repeated, non-invasive stress results in
desensitization of LC neurons to CRF and, possibly, to stress itself.

Blockade of GABAa receptor function in the DMH of rats
elicits intense physiological and behavioral arousal. Our aim was
to test if rats that have blockade of GABAa receptors in the DMH
would elicit changes in the plasma levels of ACTH and
corticosterone. Male Sprague-Dawley rats were anesthetized with
pentobarbital and fitted with femoral arterial catheters. They were
next fixed into a stereotaxic apparatus and microinjection cannulae
were implanted in the DMH. The rats were then injected with
either artificial CSF or the GABAa antagonist bicuculline
methiodide (BMI, 50 pmoles in 100 nl) and the plasma samples
obtained at 5, 30, 60 and 120 minutes after microinjection.
ACTH and corticosterone levels were determined by using a
radioimmunoassay. Rats injected with BMI and not CSF showed
significant increases in the plasma levels of both ACTH and
corticosterone. (Supported by MH 45362)
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STRESSOR SPECIFICITY OF NEUROENDOCRINE RESPONSES
IN CONSCIOUS ANIMALS. Karel Pacak*, Miklos Palkovits, Gal Yadid,
Richard Kvetnansky, Irwin J. Kopin, David S. Goldstein. Clinical Neuroscience
Branch, NINDS, NIH, Bethesda, MD 20892 USA
This study comprehensively tested a founding tenet of Selye’s stress theory, the
doctrine of nonspecificity, which defines stress as the nonspecific response of the
body to any demand. Conscious rats underwent one of five different stressors
(hemorrhage HEM, i.v. insulin INS, s.c. formalin FORM, cold, immobilization
IMMO) or i.v. or s.c. saline, and paraventricular nucleus (PVN) microdialysate and
arterial blood were obtained for assays of catechols, catecholamine metabolites,
ACTH, and corticosterone. For PVN norepinephrine (Ne ), total responses calculated
from areas under the curve (AUCs) varied by about 50-fold across stressors (50000
pg-min/ml for repeated IMMO vs <1000 pg-min/ml for 10% HEM), with IMMO
and FORM more potent than INS, COLD, or HEM (Fig 1). Exposure to COLD
yielded disproportionately larger plasma NE responses than PVN Ne responses (Fig
2). INS evoked disproportionately large AUCs for plasma EPI (Fig 3), and INS and
Hem evoked disproportionately large AUC’s for plasma ACTH. The results indicate
substantial stressor specificity of PVN catecholaminergic responses and of pituitaryadrenocortical, sympathoneural, and adrenomedullary responses to different stressors,
refuting the doctrine of nonspecificity.

EFFECT OF IMMOBILIZATION STRESS ON EXPRESSION OF
mRNAs FOR ADRENOMEDULLARY PROENKEPHALIN AND
NEUROPEPTIDE Y IN NORMAL AND HYPOPHYSECTOMIZED
RATS. T. Dowds1. B.Nankova1. B.Hiremagalur1, R.Kvetnansky23 and
E.L. Sabban1*. ‘Dept. of Biochem. & Mol. Biol., New York Med. Coll.,
Valhalla, NY 10595,2Inst. Exp. Endocrinol. Bratislava, Slovakia, 3NIH,
NINDS, Bethesda, Md 20892.
Immobilization stress (IMO), markedly elevates expression of the
catecholamine biosynthetic enzymes. It is not known however if stress
also affects expression of neuropeptides released from the adrenal
medulla (AM) together with catecholamines. We examined the effect of
a single and repeated stress on levels of preproenkephalin (PE) and
preproneuropeptide Y (NPY) mRNAs in AM. A single 2 hr IMO, as
well as repeatedly daily IMO, elevated PE mRNA levels at least 20-fold.
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NPY mRNA levels also increased (3-5 fold) with immobilization stress.
Since one of the early responses to stress is elevation of circulating
glucocorticoids, the effect of stress on PE and NPY mRNA levels was
examined in hypophysectomized (hypox) rats. Hypox did not prevent the
stress-elicited increase in NPY gene expression. However PE mRNA
levels were not elevated in immobilized hypox rats. Pretreatment with
ACTH restored the stress induced rise in PE mRNA in hypox rats. Thus
an intact pituitary adrenocortical axis is not required for the stresselicited changes in NPY gene expression. Glucocorticoids may be an
essential mediator of the changes in proenkephalin expression with stress.

160.11

160.12

STRESS-INDUCED DENDRITIC ATROPHY OF HIPPOCAMPAL NEURONS
INVOLVES NMDA RECEPTORS AND SEROTONIN. A. M. Maaariftos * and

DIFFERENTIAL REGIONAL EXPRESSION OF FOS-LIKE
IMMUNOREACTIVITY (FOS-LI) IN STRESS PARADIGMS.
Knapp* D.J., Johnson, KB, Breese, G.R., and Duncan, G.E. Brain
and Dev. Res. Center and Dept. of Psychiatry, University of North
Carolina, Chapel Hill, NC 27599-7250.
The goal of these experiments was to define specific brain regions
which were activated under different stressful situations. Fos-LI was
assessed in brain by immunocytochemistry following exposure to the
elevated plus maze, the forced swim test, and after air puff stimuli
that induced stress-related ultrasonic vocalizations. Once-handled
controls and controls left undisturbed in their home cages exhibited
minimal Fos-LI in all 21 regions examined and did not differ from
each other. Increased expression of Fos-LI was found in the medial
prefrontal cortex, lateral septum, and paraventricular nucleus of the
thalamus for each stressor. The air puff stimuli induced Fos-LI only
in these three regions, whereas the forced swim test and the elevated
plus maze induced more widespread expression of Fos-LI in specific
limbic regions. Fos-LI was found in the paraventricular nucleus of
the hypothalamus after exposure to the forced swim test, but not
after the other stressors. Rats trained to bar press vigorously for

B.S. McEwen. Lab. of Neuroendocrinology, Rockefeller University,
1230 York Ave., N.Y., N.Y. 10021.
The apical dendritic tree morphology of hippocampal CA3c pyramidal
neurons is affected by chronic stress and treatment with high doses
of corticosterone (CORT). We investigated the possible involvement
of NMDA receptors in the stress-induced hippocampal atrophy by
using the competitive blocker CGP 43487. CGP was administered to
adult male Sprague Dawley rats at a dose of 5 mg/kg every day, prior
to each stress session consisting of 6 hours per day stress in wire
mesh restrainers during 21 days. Brains of 1)non-stressed and 2)
stressed rats treated either with the vehicle or the blocker CGP were
processed for single section Golgi impregnation. Chronic stressedvehicle treated rats showed a si^ni^i^^nt decrease in the number of
branch points and total length of dendrites in the apical tree of CA3c

pyramidal neurons (11.79 + 0.63 and 847.28 + 53.55 pm,
respectively) compared with non-stressed rats (14.48 ± 0.32 and

1020.20 ± 55.55 pm). CGP treatment of stressed rats prevented
the decrease in the number of branch points and dendritic length

(14.11 +0.61 and 1095.06+92.01 pm, respectively. Treatment of
the stressed rats with antidepressants that differ in their
mechanisms of action showed that tianeptine (10 mg/kg) also
blocked the atrophy but fluoxetine (10 mg/kg) proved to be
ineffective. These findings argue in favor of the involvement of
excitatory amino acids and serotonin release in the stress-induced
atrophy of CA3c pyramidal neurons. Grant support:MH 41256 and
AFSC#92-NL-1 90.

sweetened condensed milk demonstrated little Fos-LI. These data
show that Fos-LI is not merely reflective of motor activity or arousal,
and that, despite common effects in certain brain regions, different
stress paradigms induce unique patterns of Fos-LI. MH-39144,
HD03110, HD07201, AA08024.

160.13

160.14

IMMEDIATE EARLY GENES' RESPONSE TO RESTRAINT STRESS IN
THE KINDLED RATS BRAIN.
Y Witanalbe1, R.L.Spencer2 and
B.S.McEwen5. ‘Dept of Psychiatry, Saitama Med. Sch., Saitama, Japan,
2DepL of Psychology, Univ. of Colorado, Boulder, Co 80309. 3^. of
Neuroendocrinology, The Rockefeller Univ. New York, NY 10021.
In order to study whether kindled rats have an increased sensitivity and
vulnerability to stress, we examined induction of immediate early genes(c-fos and
zif/268 mRNA) by acute restraint stress in brains of amygdaloid kindled rau using in
situ hybridization. W also measured open field behaviors and the plasma
corticosterone (CORT) respone to acute and chronic restraint stress. Right amygdala
was electrically stimulated(biphasic rectangular train for one second) every day until
the fifth stage five seizure. At least three weeks after the last seizure, behavior tests
and stress experiments were performed. The open field behavior was examined with
or without prior 1h restraint stress. The plasma CORT response to restraint was
measured during repeated 6h restraint sessions for 3 wks. Rats were killed
immediately after 1h acute restraint stress, and whole brains were quickly frozen on
powdered dry ice. Coronal sections(16 pm) were used for injitu hybridization. Cfos and zif/268 mRNA induction were measured with [35s ] labelled riboprobes
(nucleotides 1711-2116 and 184-414 of rat c-fos and zif/268 cDNA, respectively).
Kindled rats showed lower open field activity and significant acute stress suppression
of activity compared to sham rats. There was no difference from sham in plasma
CORT response to acute restraint stress and the habituation of CORT responses
during repeated restraint stress. Kindled rals showed higher c-fos mRNA induction in
locus coenileus and raphe nuclei, and lower c-fos responses in limbic systems, such
as hippocampus, piriform cortex and basolateral nuclei of amygdala. These results
suggest that kindled rats are more sensitive to stress, particularly in monoaminergicneuronal systems, while the HPA axis appeared to be unaltered. The increaaed
threshold of the limbic system to stress in kindled rats might be a reflection of
increased potencies of inhibitory circuits induced by kindling procedure. (Supported
by MH41256).

VARIOUS PAVLOVIAN FEAR CONDITIONING PROCEDURES INDUCE SIMILAR BRAIN
c-fos mRNA PATTERNS WHICH ARE INDISTINGUISHABLE FROM THOSE OBSERVED
WITH OTHER STRESSORS. S. Campeau*, WA. Falls, W.E. Cullinan, D.L. Helmreich, M.
Davis, and S.J. Watson. Dept. of Psychiatry, Yale Univ. Sch. of Med., New Haven, Ct
06508, and Mental Health Research Institute, University of Michigan, Ann Arbor, MI
48109.
Prior studies aimed at determining the possible neural circuits mediating activation of
the paraventricular nucleus of the hypothalamus, by measuring mRNA induction of the
immediate-early gene c-fos, revealed that at least two different stressors (restraint and
swim) induce c-fos mRNA in similar areas of the rat brain, including the ventrolateral
septum, medial bed nucleus of the stria terminalis, medial and cortical nuclei of the
amygdala, paraventricular and dorsomedial nuclei of the hypothalamus, locus coeruleus,
and many limbic cortices.
To further determine the pattern of c-fos activation with different stressful
manipulations, fear conditioning procedures were tested. Four groups of rats received 10
pairings of a tone and a footshock (conditioned stimulus) and 20 additional trials in which
the footshock was withheld when the tone was preceded by a light (conditioned inhibitor),
on five consecutive days. Two control groups included naive and conditioning cage
habituated rats. Each group included five rats, two of which were used for c-fos in situ
hybridization using a 680 bp riboprobe, and three were tested behaviorally using the fearpotentiated startle paradigm, in which the amplitude of the acoustic startle reflex is
enhanced in the presence of a cue paired with footshock. On the test day, the rats used for
c-fos histochemistry were decapitated 30 min after the first presentation of 10 tones (one
group), 10 lights (one group), or 10 light-tone compounds (one group). The additional
conditioned and cage control rats were placed in the test cage for 30 min but no stimuli
were presented. The naive rats were decapitated immediately upon removal from the colony
room.
Behaviorally, the conditioned rats showed significant fear-potentiated startle to the
tone, but a significantly lower level of potentiation to the tone when preceded by the light
conditioned inhibitor. Induction of c-fos mRNA was similar in all the conditioned groups,
irrespective of testing condition, and was indistinguishable from the pattern previously
observed in restraint and swim stressed rats, described above. These results suggest that a
core brain system including the above structures are generally recruited in response to a
variety of different physical and psychological stressors.
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160.16

REPEATED STRESS INDUCES CHRONIC FOS-RELATED ANTIGENS
(FRA’S) IN SPECIFIC REGIONS OF RAT BRAIN. Y. Hadeishi*, S.
Morinobu, B.T. Hope, E.I. Nestler and R.S. Duman. Laboratory of
Molecular Psychiatry, Depts. of Psychiatry and Pharmacology, Yale
Univ. Sch. of Med., New Haven, CT 06508.
Previous reports indicate that stress leads to an increase in c-fos and
Fos-like immunoreactivity in specific rat brain regions. However, the
influence of stress on Fr'as (e.g. Fra-1, Fra-2, FosB, DFosB, and as yet
unidentified novel Fra’s) which might contribute to this Fos-LI, has not
been examined. To examine this possibility, we employed Western blot
analysis using an antibody which recognizes c-fos as well as several
different Fra’s (kindly supplied by M.J. Iadarola, NIDR, NIH). Acute
restraint stress (45 min) induces c-Fos as well as three Fra’s of
approximately 45 to 48 kD in frontal cortex and septal nuclei. In contrast,
daily restraint stress (for 5 or 10 d) induces two Fra’s of 35 to 37 kD, one of
which continues to be up-regulated for at least 3 d after the last stress.
Furthermore, c-Fos and the 45 to 48 kD Fra’s are not as highly induced by
an acute stress following chronic stress as they are by acute stress alone.
This desensitization of c-Fos and the higher molecular weight Fra’s occurs
in frontal cortex, septal nuclei, and the locus coeruleus, but not in dorsal
raphe. Studies are currently in progress to determine if these chronic
stress-induced Fra's are identical to the 35 to 37 kD chronic Fra’s induced
in the nucleus accumbens and striatum in response to chronic cocaine
treatment (see Hope et al., this volume) and in cerebral cortex by chronic
electroconvulsive seizures (Hope et al., I. Neurosci, 1994). These chronic
Fra’s could conceivably lead to alterations in gene expression which
contribute to long-term neuronal adaptations in response to repeated stress.

CHRONIC ANTIDEPRESSANT TREATMENT DOWN-REGULATES
THE INDUCTION OF c-FOS mRNA IN RESPONSE TO ACUTE
STRESS IN RAT FRONTAL CORTEX. S. Morinobu*. M. Nibuya,
and R.S. Duman. Lab. of Molecular Psychiatry, Depts. of Psychiatry
and Pharmacology, Yale Univ. Sch. Med., New Haven, CT
The present study examines the influence of ECS, as well as several
antidepressant drug treatments, on the induction of c-fos mRNA in
response to acute restraint stress. Acute (45 min) restraint stress resulted
in 5- to 6-fold elevation of c-fos mRNA levels in rat frontal cortex.
Chronic (6 to 9 d), but not acute (1 to 3 d), ECS treatment significantly
decreased the induction of c-fos mRNA levels in response to acute
restraint stress. In addition, chronic (21 d), but not acute (1 d),
administration of tranylcypromine or imipramine, two drugs which
nonselectively increase synaptic levels of norepinephrine and serotonin,
down-regulated the induction of c-fos mRNA in response to acute
restraint stress. Moreover, chronic, but not acute, administration of
desipramine or sertraline, selective re-uptake inhibitors of norepinephrine

or serotonin, respectively, also significantly down-regulated the
induction of c-fos mRNA in response to restraint stress. Chronic
administration of ECS, tranylcypromine, or imipramine also decreased
stressed-induced levels of n Gf I-A mRNA, another immediate early gene
transcription factor, while levels of c-jun mRNA were not influenced by
either stress or antidepressant treatments. The results demonstrate that
chronic, but not acute, administration of ECS and several different
classes of antidepressant drugs down-regulates stress-induced levels of
c-fos mRNA, suggesting that this effect may be a common, postreceptor
action of antidepressant treatments.

160.17
DIFFERENTIAL EXPRESSION OF FOS PROTEIN IN COPING AND NONCOPING RATS. M.L. Coco* and J.M. Weiss. Dept. of Pharmacology, Duke
Univ. Sch. of Med., Durham, NC 27710 and Dept. of Psychiatry, Emory Univ.
Sch. of Med., Atlanta GA 30306.
Previous studies have demonstrated the ability of Fos immunocytochemistry to
detect neuronal areas of activation under stressful conditions. Given that rats
able to perform a coping response in a stressful situation show different
behavioral, neurochemical, and hormonal responses from rats not able to
perfrom a coping response, we decided to use immunocytochemical techniques
to examine expression of Fos protein in the brains of coping and non-coping
rats. Triplets of Fisher 344 rats, each triplet consisting of an Avoidance-escape
(A-E) animal able to control its shock, a Yoked (Y) animal receiving the same
shocks but without control over them, and a Box-control animal receiving no
shock but placed in the same apparatus, were given several training sessions
over a period of 5 weeks and then were exposed to a 1 hr test session. Animals
were anesthetized just after the session, and their brains perfused and fixed. A
fourth, Home-cage control was used to determine basal levels of Fos expression.
Fos was visualized in 40 pm sections by the ABC immunoperoxidase method.
For both A-E and Y rats, compared to control rats, Fos protein expression was
increased in a number of brain areas previously shown to be responsive to
stressors. Furthermore, the locus coeruleus, ventral tegmental area, and dorsal
raphe nucleus showed greater numbers of Fos-positive cells in the Y animal
compared to the paired A-E rat. Similarly, the supraoptic nucleus and
paraventricular nucleus, important for hormonal responses to stressors, showed
greater expression of Fos protein in Y animals compared to paired A-E rats.
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MEASUREMENT OF PROGESTIN RECEPTORS IN THAW-MOUNTED GUINEA
PIG BRAIN SECTIONS BY QUANTITATIVE IN VITRO AUTORADIOGRAPHY.
T.J. Brown, M. Sharma, M.J. Walters*, and N.J. MacLusky. Division of Reproductive
Science, The Toronto Hospital Research Institute, Toronto, ON and Imaging
Research, Inc., St. Catharines, ON.
The study of progesterone action in the brain has been hindered by the lack of a
suitable method to quantify progestin receptors with a high degree of anatomical
resolution. We recently introduced an in vitro autoradiographic method for the
measurement of estrogen receptors in thaw-mounted brain tissue sections (Walters et
al., J. Histochem. Cytochem. 41:1279, 1993). We now report modifications to this
method which allow measurement of progestin receptors. Ovariectomized estrogentreated female guinea pigs were sacrificed by decapitation and their brains rapidly
frozen on dry ice. Thin (20 pm) coronal sections through the preoptic/hypothalamic
region were cut, adhered to microscope slides, and rapidly refrozen. The sections
were incubated at 4 °C overnight with 0.1-5.0 nM [3H]R5020. To assess nonspecific
binding, adjacent sections were incubated under identical conditions with the addition
of 1 pM unlabeled R5020. After incubation, sections were briefly rinsed before
fixation in 4% paraformaldehyde and extensively washed to remove unbound
[3H]R5020. After drying, the sections were placed against a BAS-TR imaging plate
(Fuji Photo Film, Tokyo, Japan) along with a set of standards. After a two week
exposure, the latent autoradiographic image was visualized in a Fujix BAS 3000
phosphoimager and analyzed by computer-assisted densitometry (MCID, Imaging
Res., Inc). Intense specific progestin binding was detected in the arcuate nucleus
(ARC), ventromedial nucleus, periventricular (PVPOA) and medial preoptic area, but
not the amygdala. Analysis of saturation binding in the ARC and PVPOA indicated a
single class, high affinity, saturable binding site. Thus, in vitro autoradiography
should prove invaluable for the regional quantification of progestin receptors in neural
tissues. Supported by Canada MRC.

DOWN-REGULATION OF ESTROGEN RECEPTOR IMMUNOREACTIVITY BY 17|3ESTRADIOL IN THE GUINEA PIG FOREBRAIN. J.M. Meredith*, C.J. Lopardo and J.D.
Blaustein. Neuroscience & Behavior Program and Psychology Dept., Univ. of
Massachusetts, Amherst, MA 01003.
Low amplitude pulses of 17^-estradiol (E2) are the most effective pattern of estrogen
exposure to induce progesterone facilitated sex behavior in female rats and guinea pigs.
The present study examined whether the effectiveness of pulsatile E2 is due to an increase
in the number of estrogen receptors (ERs) in the estrogen receptor rich areas of the medial
preoptic area (MPO), ventrolateral hypothalamus (VLH), arcuate nucleus (Arc) and medial
amygdala (Me).
The rapid effect (20 minutes) of E2 (50 pg s.c.) on ER immunoreactivity (ER-IR) was
examined using either the H222 antibody or the ER 21 antiserum. In all areas, ER 21-IR
was not affected by this E2 treatment suggesting that ER 21 binds to both occupied and
unoccupied ERs. H222-IR was significantly reduced in all areas following treatment.
Therefore, ER 21 was used in the second set of experiments to characterize the regulation
of (ER-IR) by E2.
ER-IR was examined for 48 hrs and serum E2 for 24 hrs following E2 (2 pg s.c.).
Serum E2 peaked 15 to 30 min following the injection and returned to baseline values by 1
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hr. Four hrs following the E2 treatment, the intensity of ER 21 staining had decreased in
the Arc and Me. Maximum suppression of ER 21 staining occurred at 12 hrs in the Arc,
Me and VLH. No change in ER-IR cell number or staining intensity was observed in the
MPO.
In summary, 1) decreases in ER-IR in the VLH, Arc and Me following E2 are consistent
with observed decreases in ERs (binding assays) and ER mRNA (in situ hybridization), 2)
ER 21 is able to detect both occupied and unoccupied ERs and 3) H222-IR is influenced
by the presence of E2.
Conclusion: Up-regulation of ERs may not account for the increase in behavioral
sensitivity observed following multiple pulses of E2. (Supported by NRSA MH 10650 and
RSDA MH 00885 from NIMH and NS 19327 from NIH).
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161.3
ESTROGENIC REGULATION OF ESTROGEN RECEPTOR AND
PROGESTERONE RECEPTOR EXPRESSION IN THE BRAIN OF
WHIPTAIL LIZARDS (CNEMIDOPHORUS UNIPARENS).
Texas, Austin 78712
To determine the estrogenic regulation of steroid receptors in the brain
of whiptail lizards and to compare that regulation with that reported in the
rat, we investigated the effects of a behaviorally effective dose of
estradiol benzoate (EB) on the regulation of estrogen receptor (ER) and
progesterone receptor (PR) expression in several regions of the brains of
C. uniparens. As innle i njection of 0.5 pg of EB stimulates receptive
behavior in ovariectomized C. nsiprrnss 24 hr after treatment. One
week after ovariectomy, six lizards were injected with 0.5 gg of EB and
6 were injected with vehicle alone. Brains were collected 24 hr after
treatment and is sitn hybridization was used to assay for ER and PR
mRNA content in cells using silver grain densitometry.
Estrogen
treatment resulted in a significant up-regulation of ER in the
ventromedial nucleus of the hypothalamus (VMH) (p< 0.001) and torus
semicircularis (TS)(p<0.005), down-regulation in the lateral septum
(p<0.05) and no change in the dorsal hypothalamus, periventricular
nucleus of the hypothalamus (PH) or the periventricular nucleus of the
preoptic area (PP). PR expression increased in the VMH (p<0.001) and
the PP (p<0.01). No changes in PR expression were observed in the TS
or PH. The pattern of estrogen regulation of ER in the VMH of the
lizard is opposite to that in the female rat, where EB down-regulates ER
expression. This may be due to differences in reproductive physiology
between rats and vertebrates with extended estrus. Supported by NSF
Pre-doctoral Fellowship (LJY) and NIMH 41770 (DC)
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161.4
ANDROGEN REGULATES mRNA LEVELS OF ITS RECEPTOR IN THE
PREOPTIC AREA/HYPOTHALAMUS OF THE MOUSE.
A. Robbins*,
L.-X. Shan, N. Kumar, K. Snndaram, and MJP. Hardy. Center for Biomedical
Research, The Population Council, New York, NY 10021.
Previous studies in rodents demonstrated that the synthetic androgen 7a-methyl19-nortestosterone (MENT) is more potent than testosterone (T) in restoring sexual
behavior in castrated animals. The purpose of this study was to compare the effects of
MENT and T on brain levels of androgen receptor messenger RNA (AR mRNA) in
male C57BL/6J mice. Sexually experienced males displaying robust levels of mounts,
intromissions and ejaculations were divided into six groups of 4 mice each and treated
as follows: intact + vehicle, castrated + vehicle, castrated + MENT (4 or 8 pg/day) and
castrated + T (12.5 or 25 pg/day). The hormone or vehicle solutions were delivered
for 28 days via osmotic pumps implanted subdermally on the day of castration. On
day 29. blocks of tissue containing the preoptic area/hypothalamus (POA/HYP) and
the parietal cortex were dissected from the brain. Total RNA was prepared from the
tissues and steady-state mRNAs for both AR and an internal control (ribosomal protein
S16) were amplified using reverse transcriptase followed by polymerase chain reaction. The level of AR mRNA was measured by scanning densitometry and normalized
to S16. AR mRNA was detected in both the POA/HYP and cortex. The levels were
higher in POA/HYP compared to cortex, except in the castrated and castrated + low T
groups, where they were higher in the cortex. Levels of AR mRNA declined in the
POA/HYP following castration and were restored in a dose-dependent fashion by both
androgens. Treatment with 12.5 and 25 pg/day of T increased AR mRNA to 125% and
163% of the intact control level, respectively, whereas MENT at 4 and 8 pg/day produced increases of 151% and 185%, respectively. The more potent effect of MENT
compared to T on AR mRNA in the POA/HYP is consistent with the observed effects
of the two androgens on male sexual behavior. The results show that the expression of
AR mRNA in the POA/HYP is under positive regulation by androgen. Induction by
androgen of increased AR expression in the brain may be involved in the restorative
effect of androgens on male sexual behavior after castration.

161.5

161.6

ESTROGEN RECEPTOR INTERACTIONS WITH NUCLEAR
MATRIX OF LIMBIC TISSUE IN THE FEMALE MOUSE
BRAIN. S.E. McKenna-Repsher*, N.G. Simon, Center
for Molecular Bioscience and Biotechnology,
Lehigh University, Bethlehem, PA 18015.
The nuclear matrix (NM) is operationally
defined as the detergent-, DNase-, and saltresistant dynamic substructure of the nucleus to
which a number of biological functions have been
ascribed including replication and transcription.
There have been numerous reports of saturable,
high affinity interactions of hormone receptors
(HR) with the NM of several peripheral sex
hormone responsive tissues. Remarkably, little
research has focused on HR-NM interactions in
neural tissue. The present study examined
estrogen receptor (ER)-NM interactions in limbic
tissue from the female mouse brain. All animal
maintenance procedures were in compliance with
Federal guidelines for animal care. Mice were
administered 20 pg estradiol benzoate 24 and 48
hr prior to sacrifice. The amount of NM-bound ER
was quantified via exchange assay at 37 C.
Saturation analyses showed specific, saturable,
binding of ER to limbic NM. Present studies are
focusing on the male limbic system to identify
sexual dimorphisms in ER-NM binding patterns.

TESTOSTERONE ENHANCES ANDROGEN RECEPTOR IMMJNOREECTIVITY
IN MOUSE BRAIN. S. Lu, N.G. Simon*, J. Burton, and G. NaU.
Center for Mooecular Bioscience and Biotechnology, Lehigh
University, Bethlehem, PA 18015
Androgen receptor concentration in peripheral tissues
(e.g., prostate) are regulated by androgens. Weeher
androgens produce comparable effects in neutral target
cells was examined by i) comparing the distribution and
intensity of A-ppSstive staining between males and
females and ii) assessing changes in A^po stive staining
in females at several time points after receiving a T
implant. CF-1 mice
used and all procedures fully
complied with Federal guidelines for animal care and a
polyclonal antibody raised against amino acid 1-21 of AR
was employed (generously proveded by Dr. G. Prins). Pronounced sex differences in the number and intensity of AR
positive neurons were found in the lateral septum (LS),
bed nucleus of the stria terminalis (BNSTT, medial preoptic area (M?0A), medial amygdala (MAMY), and several
hypothalamic nuclei. In females, exposure to androgens
led to a progressive increase in staining intensity and/or
in the distribution of AR positive neurons in all regions
where sexual dimorphisms had been found. These findings
demosiSrate that androgens induce AR formation in neutral
target tissues.
Supported in part by the H.F. Guggenheim Foundation.

(Supported in part by NIH grant 5 T32 GM08351-4).

161.7
PHYSIOLOGICAL REGULATION OF ESTROGEN RECEPTORS IN THE RAT
BRAIN D. Bowlby, H. Yuan, R. B. Hochberg, N. J. MacLusky* and T. J. Brown
Div. of Reproductive Science, The Toronto Hospital, Toronto ONT M5G 2C4
The mechanisms regulating neural estrogen receptors (ER) are critical to our
understanding of the control of reproductive function, since they represent a means by
which circulating hormones may directly influence neuroendocrine and behavioral
responsiveness to gonadal steroids. ER mRNA levels appear to be down-regulated by
gonadal steroids; but whether or not these changes in mRNA are reflected in tissue e R
concentrations remains unknown. Using in vitro autoradiography, we have
characterized the levels of occupied, unoccupied and total ER in different regions of
the brains of adult male and cycling female rats. In males, fractional ER occupation in
response to circulating testosterone varies considerably between different brain
regions, paralleling regional differences in local aromatase (AR) activity. In regions of
the brain containing high AR (e.g. the amygdala and preoptic area) receptor
occupation approaches 50-60% of capacity, while in other structures containing low
AR (e.g. the arcuate nucleus) ER occupation is barely detectable. In females, while ER
occupation changes dramatically over the ovulatory cycle, rising from undetectable at
estrus to approximately 50% of capacity at proestrus, ER occupation in all brain
regions appears to closely follow circulating estradiol levels. In both sexes, changes
in total ER concentrations in different physiological states are small, reaching
statistical significance only in the ventromedial hypothalamic nucleus (VMN). These
data suggest that, except for the VMN, physiological changes in estrogen levels do not
dramatically affect steady-state levels of mature ER protein in the brain. In males, the
primary factor controlling ER occupation is local estrogen biosynthesis, in contrast to
the female where estrogen is derived largely if not exclusively from the circulation.
Nonetheless, in regions of the male brain that contain aromatase, ER occupation
equals or exceeds the maximal levels observed in females during the preovulatory
estrogen surge (supported by MRC Canada PG11115, to NJM, MT-11235, to TJB;
and by USPHS CA37799, to RBH. TJB is a Scholar of the Medical Research Council
of Canada).
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WAY-100635: A POTENT 5-HTj a ANTAGONIST THAT BLOCKS THE
DISCRIMINATIVE STIMULUS AND RESPONSE RATE EFFECTS OF
8-OH-DPAT IN RATS. M.J. Piesla and K.L. Marquis*. Wyeth-Ayerst
Research, CN 8000, Princeton, NJ 08543.
Recently, WAY-100635 has been reported to be an extremely potent and
selective 5-HT1A antagonist (Cliffe, 1993; Fletcher et al, 1994). In the current
study, WAY-100635 and reference compounds were examined for antagonism in
Sprague-Dawley rats trained to discriminate the 5-HTja agonist 8-OH-DPAT
(DPAT-0.4 mg/kg i.p.) vs. saline in a two-lever food reinforced drug
discrimination procedure. DPAT produced a dose dependent increase in responding
on the drug appropriate lever (full generalization) with a corresponding decrease in
response rate, ED50 = 0.16 (0.13 - 0.21) mg/kg i.p. WAY-100635 potently
antagonized the training dose of DPAT, ED50 = 0.017 (0.012 - 0.024) mg/kg i.p.
This compound also reversed the response suppressive effects of 0.4 mg/kg i.p.
DPAT. In addition, 0.1 mg/kg i.p. WAY-100635, administered prior to various
doses of DPAT, antagonized the discriminative stimulus and response rate effects
of DPAT as demonstrated by a significant, parallel shift to the right in the dose
response function (DPAT-ED50 = 1.46 (1.13 - 1.87) mg/kg i.p.). In contrast,
1.7 mg/kg i.p. NAN-190 (NAN) antagonized only the DPAT cue with a
significant reduction in response rate under all test conditions (DPAT-ED50 =
0.78 (0.48 - 1.32) mg/kg i.p.). Also, 5.4 mg/kg i.p. BMY-7378 (BMY),
administered prior to DPAT, antagonized only the DPAT cue with animals
displaying very low response rates under all test conditions (DPAT-ED50 = 0.88
(0.46 - 1.67) mg/kg i.p.). In summary, the 5-HT1A antagonist WAY-100635
potently and significantly antagonized the discriminative stimulus and response
rate effects of DPAT. The reference compounds only antagonize the DPAT
stimulus indicating other actions of NAN and BMY may influence response rate.

5HTi a

RECEPTOR INVOLVEMENT IN THE ACQUISITION OF

PASSIVE AVOIDANCE IN RATS. D. M. Jackson*, C. E.

Tohansson, A. Bengtsson and C.E. Wallsten Department of
Behavioural Pharmacology, CNS preclinical R & D, Astra Arcus
AB, Sodertalje 151 85, Sweden.

It has been reported previously that stimulation of 5HTj A
receptors with (±) 8-OH-DPAT blocks the acquisition of a
passive avoidance response in doses that lie around the threshold
for the production of assorted 5HT1a receptor mediated
behaviours. We have extended these earlier studies by
investigating the effects on passive avoidance of a variety of
5HT 1a receptor ligands. A standard step-through passive
avoidance paradigm was used with the acquisition phase on day
1 and the retention testing being on day 2. The racemate and the
enantiomers of 8-OH-DPAT blocked the acquisition of a passive
avoidance response. The R(+) isomer was more potent than the
S(-) isomer. The blocking effect of the racemic mixture was
antagonised by prior pretreatment of the rats with the selective
5HT1A antagonist (S)-UH-301. (S)-UH-301 was inactive by
itself. Three other 5HTia agonists were tested, buspirone,
flesinoxan and ipsapirone. All compounds were active in
blocking the acquisition of a passive avoidance response. The
data confirm that stimulation of 5HTia receptors blocks the
acquisition of a passive avoidance response. Furthermore, they
indicate that both full (e.g., (R)-8-OH-DPAT) and partial (e.g.
(S)-8-OH-DPAT and buspirone) agonists share this property. A
5HT1A antagonist was, in contrast, silent in this model.

162.4

162.3
MK-801-INDUCED locomotor
activity
by
5-HT1b RECEPTOR AGONISTS IN THE RAT. D.A. Lowe* S.N. Mitchell,
C. Perren, and D. Bonfils. Sandoz Research Institute Berne Ltd., P.O. Box, CH3001 Berne, Switzerland.
Uncompetitive NMDA antagonists, such as dizocilpine (MK-801) and
phencyclidine (PCP), produce a behavioural syndrome in rodents which consists
of hyperlocomotion, stereotypies and ataxia. It is believed that these effects are
mediated in part by an interaction between glutamatergic and dopaminergic
systems. Uncompetitive NMDA antagonists also increase 5-HT turnover. The
present study evaluated the role of specific 5-HT, receptors in this interaction.
Drugs were administered subcutaneously (s.c.) 30 min after MK-801 (0.32
mg/kg i.p.). Behaviour was scored according to Sturgeon et al., (Eur. J.
Pharmacol., 59:169-179, 1979) and analysed by ANOVA with repeated
measures. 8-OH-DPAT (0.1 mg/kg) attenuated hyperlocomotion induced by MK801, whereas RU-24969 (0.1 mg/kg) potentiated the response; at a higher dose
(1 mg/kg) RU-24969 produced a biphasic effect. The specific 5-HT1B agonist
CP-96501 (0.5-1 mg/kg) also potentiated the hyperlocomotor response (without
affecting stereotypies or ataxia), while CP-93129 (0.1-2.0 mg/kg), which fails to
penetrate the blood-brain barrier, was without effect. CP-96501 (1 mg/kg) also
increased the locomotor response induced by PCP (5 mg/kg i.p.), but not that
induced by d-amphetamine (2.5.mg/kg i.p.).
The results suggest that 5-HTw receptors have a facilitatory effect on
locomotor responses induced by NMDA antagonists. A possible mechanism
may involve presynaptic inhibition of excitatory amino acid release onto
inhibitory neurones, as proposed by Tanaka and North (J. Neurophys. 69:17491757, 1993).
potentiation
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LSD DRUG DISCRIMINATION STUDIES WITH MOLECULES
RELATED TO ERGOLINES. R. Oberlender* and D. E. Nichols.
Dept. of Medicinal Chemistry and Pharmacognosy, Purdue University
School of Pharmacy and Pharmacal Sciences, W. Lafayette, IN 47907.
As part of our continuing investigations into the structure-activity
relationships of hallucinogens we performed substitution tests with a
series of compounds chemically related to the ergoline training drug,
LSD tartrate. A two lever (LSD, 0.08 mg/kg, 0.186 pmole/kg vs
saline), FR-50, paradigm was used with food reinforcement and at least
6 rats tested at each dose. Complete substitution was found for the
following test drugs (ED-50 values and 95% C.I. provided in units of
pmole/kg): LSD "10.034, 0.018-0.063), 12-OH-LSD (0.112, 0.0510.246), N,N-dipropyltryptamine (DPT, 2.75, 1.41-5.35) and the
dopamine agonist, quinelorane (LY 163502, 0.010, 0.006-0.015).
Among three 1,3,4,5-tetrahydrobenz[c,d]indol-4-amine analogues
tested, only the N,N-dipropyl derivative completely substituted for LSD
(1.22, 0.55-2.68). The N,N-dimethyl and the 6-methoxy-N,N-dimethyl
derivatives partially substituted. Partial substitution for LSD was also
observed for descarboxylysergic acid, 2-amino-2,3-dihydrophenalene,
N,N-diethyl-6-meihyl-4,5,6,6a,7,9-hexahydropyrrolo[3,4-g][6]benzoquinoline-4-carbo\amide, 4-(2-N,N-dipropylaminoethyl)indole, and the
5-HT-1A agonist, 8-OH-DPAT. These results support previous
findings that the discriminative stimulus properties of LSD are very
sensitive to structural changes in the ergoline ring system.

162.5

162.6

MECHANISMS UNDERLYING OROFACIAL STEREOTYPY INDUCED BY
SEROTONIN MICROINJECTED INTO RAT VENTROLATERAL
STRIATUM. S.K. Yeghiayan*. A.E. Kelley. ~ A. Campbell and R.J.
Baldessarini. Department of Psychology, Northeastern University, Boston, MA
02115 and Department of Psychiatry & Neuroscience Program, Harvard Medical
School-Mailman Research Center, Belmont, MA 02178.
Microinfusion of serotonin (5-HT) into ventrolateral striatum (VLS) of adult
rat brain after pretreatment with an MAO inhibitor (pargyline, 25 mg/kg)
induces a stereotyped behavioral syndrome which includes licking, biting, selfgnawing and intense sniffing with repetitive paw-to-mouth movements. We
found previously that selective antagonists for 5-HT-1B, 1C, 2, and 3 receptor
types did not block the 5-HT-induced behaviors, while D1 or D2 dopamine (DA)
antagonists markedly inhibited the responses, suggesting an indirect
dopaminergic effect Additional experiments examined mechanisms underlying
this effect. The ED50 ± SEM for 5-HT was 2.8 ±0.1 pg. The time-course of
the response was assessed by rating specific behaviors every 5 min after bilateral
infusion of doses of 5-HT (0.2 to 20 pg/1.0 pl) into VLS. Behaviors elicited by
5-HT were maximal at 60-90 min, and persisted for 2-3 h after doses of 10-20
pg. The role of DA was assessed at 8 days after selectively lesioning VLS with
the neurotoxin 6-OHDA (8 pg/2.0 pl). Depletion of DA significantly attenuated
stereotypy induced by a range of doses of 5-HT (ED50 increased to 38.3 pg;
inhibition at 10 pg = 83.6%). When structural requirements for indoles to elicit
responses were evaluated, 5-HT and its precursor, L-5-hydroxytryptophan,
elicited the response. The following indoles did not L-tryptophan, N-methyl- &
2-methylserotonin, 5-methoxy-N,N-dimethyltryptamine, N-methyltryptamine, 5hydroxytryptophol, 5-hydroxyindole, and 5-hydroxy-indoleacetic acid. It thus
appears that structural requirements for inducing this effect are specific.
Together, the findings suggest that 5-HT may act by releasing DA from nerve
terminals in the VLS, perhaps by exchange diffusion or competition for the DA
transporter.

ACTIVATION OF SEROTONERGIC CAUDAL RAPHE NEURONS TO
MULTIPLE MOTOR CHALLENGES. S.C. Veasey*, C.A. Formal, C.W. Metzler
and B.L. Jacobs. Program in Neuroscience, Princeton University and Center for
Sleep & Respiratory Neurobiology, University of Pennsylvania.
The majority of serotonergic (5-HT) neurons within n. raphe obscurus (NRO) and
n. raphe pallidus (NRP) increase firing rates in response to locomotor challenging
and a Smaller subset of 5-HT neurons increase activity in response to ventilatory
challenging. 5-HT neurons within NRO and NRP have also been implicated in
gastrointestinal processes (ingestion and digestion). To determine whether individual
caudal 5-HT cells respond to more than one motor challenge, we studied the
responses of each caudal raphe 5-HT cells to 3 different motor challenges: treadmillinduced locomotion, hypercapneic ventilation and spontaneous feeding. Cats were
implanted with chronic microwire electrodes within NRO and NRP for recording
single unit activity. EOG, EEG and nuchal EMG electrodes were also implanted. 5HT cells were defined by regular firing patterns, action potential durations > 2 msec
and a reduction in firing rates in REM sleep by > 40%. The treadmill challenge was
conducted at speeds ranging from 0 to 0.63 m/sec. The hypercarbic ventilatory
challenge was performed by infusing CO2 into the recording chamber at levels 0 8% fraction of inspired CO2. For the feeding challenge, pureed meat was presented,
while continuously recording unit activity. In all cases activation was defined as a
reproducible increase from baseline unit activity by > 20% during challenging and an
individual ANOVA across baseline and levels of challenge of p < 0.05. 22 5-HT
caudal raphe neurons were studied with all 3 challenges. 20 of the 22 cells were
activated for at least one of the 3 challenges. Of the 20 activated cells, 11 activated
to 2 or more challenges, and only 4 of the 22 cells tested were activated in response
to all 3 motor challenges. These results show that the responsiveness to motor
tasks, for a large number of caudal raphe 5-HT neurons is not restricted to one
specific motor challenge. This work is supported in part by grants from AFOSR
(90-3294), NIMH (MH-23433) and NIH grants (HL-07713 and HL-02838).
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RESPONSE PROFILES OF SEROTONERGIC NEURONS TO MOTOR
CHALLENGES DIFFER FOR PONTINE AND MEDULLARY RAPHE
NEURONS. B.L. Jacobs*, C.W. Metzler. C.A. Fomal and S.C. Veasey Program in
Neuroscience, Princeton University. Princeton. New Jersey 08544.
The activity of dorsalis raphe nucleus (DRN) 5-HT cells appears related to sleep
state-dependent changes in tonic motor activity. The majority of 5-HT neurons
within the caudal raphe nuclei show not only this sleep state-dependency in firing but
increase firing rates in response to locomotor challenge. while smaller fractions of ■
caudal 5-HT cells increase firing rates in response to ventilatory or feeding
challenges. To determine if these patterns of motor challenge response are specific
for caudal raphe 5-HT cells or are shared by pontine 5-HT cells, we studied single
unit activity of 5-HT cells within the DRN in response to the 3 aforementioned
motor challenges. Cats were implanted with chronic microelectrodes stereotaxically
aimed at DRN and with EEG. EOG and nuchal EMG electrodes. The 3 challenges
were treadmill-induced locomotion (speeds: 0.16 to 0.63 m/sec). hypercarbic
ventilatory challenge with CO2 infused into the recording chamber with inspired
CO2 ranging from 0 to 8% and spontaneous feeding challenges. 5-HT neurons were
defined as in previous studies (Fomal. Am J Phvs 259:R963,199O). Responsiveness
was defined as a>20% change in unit activity from baseline to challenge and an
individual ANOVA between conditions with p<0.05. 13 DRN 5-HT cells were
studied with locomotor challenging. In contrast to caudal 5-HT cells. no DRN cells
showed increased activity in response to locomotor challenging; further. 2 cells
ceased firing during the locomotor challenge. 16 cells were studied with hypercarbic
challenging and none of these cells demonstrated a response to hypercarbia. 2 of 20
cells increased firing rates during feeding. Although as previously reported a small
fraction of DRN 5-HT cells do respond to feeding challenges. DRN 5-HT cells do not
appear responsive to either locomotor or hypercarbic ventilatory challenges. These
results suggest that response profiles to motor systems challenges are not similar for
all populations of 5-HT neurons. Supported by AFSOR (90-0294). NIMH
(MH--23433) and NIH (HL-02838).

EFFECTS OF SEROTONIN DEPLETION ON INTRA-MEDIAN
RAPHE KAINIC ACID-INDUCED HYPOACTIVITY. M.R.
Pitzer* and D. Wirtshafter. Dept. Psychology,
Univ. of II. at Chicago, Box 4348, Chicago,
II.
We have previously reported that acute
injections of low doses of kainic acid (KA)
into the median raphe nucleus (MR) suppress
spontaneous, methylphenidate and amphetamineinduced locomotor activity. KA injections made
into the dorsal raphe, ventral tegmental area
and the pontine raphe nucleus were less
effective, suggesting that the MR is the most
sensitive site in the midbrain tegmentum for
the suppression of locomotor activity. The
current series of experiments was designed to
assess the role of serotonin in this effect:.
Intra-MR KA suppression of amphetamine-induced
hyperactivity was measured in animals depleted
of serotonin by means of intraventricular
injections of 5,7-DHT or systemic injections
of PCPA. Although these treatments reduced
forebrain serotonin levels by more than 90%,
the
suppression
of
locomotor
activity
following
intra-MR
KA
(5
or
lOng)
was
unaltered. These findings suggest that the
suppression of activity induced by intra-MR KA
is not dependent upon an intact serotonin
system.

162.9

162.10

5HT DEPLETION CAUSES DEFICITS IN WAITING BEHAVIOR
BUT NOT TIMING. J.B. Richards*. K.E. Sabol. K. E. Layton. L.S. Seiden.
University of Chicago. Department of Pharm/Phys Sci.. Chicago. Il. 60637.
The effects of 5HT depletion on two behavioral tasks in which the subjects make
temporal discriminations were studied. In the first task (differential-reinforcement-oflow-rate 36 second (DRL 36-s) schedule). the rats were required to wait between
responses for 36 s in order to gain access to a reinforcer. In the second task (peak
interval 36 second (PI 36-s)). the first response after 36 s was reinforced. Rats
received either whole brain 5HT lesions by intraventricular injection of the
neurotoxin 5.7-DHT (100 ug/side. pretreatment with 30 mg/kg desipramine) or
intraventricular injection of vehicle. On the DRL 36-s task lesion (N =11) and
control (N = 12) groups were trained for 10 weeks before lesion and tested for 14
weeks after lesion. On the PI 36-s task lesion (N = 12) and control (N = 10) rats were
trained for 8 weeks before lesion and tested for 14 weeks after lesion. Post-mortem
tissue assays (14 weeks after lesion) showed that 5HT was depleted to at least 8% of
control levels (sham operated) in all of the areas assayed (frontal cortex. nucleus
accumbens/olfactory tubercle. striatum. septum. somatosensory cortex. amygdala.
hypothalamus. and hippocampus). Dopamine and norepinephrine levels were not
affected. Training on the DRL 36-s task resulted in the rats learning to wait between
responses. The modal waiting time occurred close to (but prior to) the 36-s criteria.
Training on the PI 36-s task resulted in increasing rates of responding as the time for
reinforcement approached and decreasing rates of responding as the time for
reinforcement receded (measured on non reinforced probe trials). The modal or peak
rate of responding occurred at 36 s. 5HT depletion shifted the modal waiting time on
the DRL 36-s task toward shorter durations. In contrast 5HT depletion had no effect
on the location of the peak rate of responding on the PI 36-s task. These results are
consistent with the interpretation that 5HT depletion effected the rats ability to
withhold response output (or wait) rather than the ability to make a temporal
discrimination. (Supported by: MH-11191; RSA-10562. L. Seiden)

EFFECTS OF SEPARATE OR COMBINED 5.7-DIHYDROXYTRYPTAMINE
LESIONS OF THE DORSAL AND MEDIAN RAPHE NUCLEI ON DRL20-s
BEHAVIOUR. P.J. Fletcher*. Clarke Inst. Psychiatry. Toronto. Ontario. Canada
M5T 1R8.
Previous studies have shown that 5-HT depletion induced by combined dorsal
(DR) and median (MR) raphe injections of 5.7-DHT lead to impairments in the
acquisition and performance of behaviour maintained under a DRL schedule of
reinforcement (Wogar et al. Psychopharmacol. 107. 373, 1992). The present studies
attempted to determine the relative importance of DR versus MR 5-HT systems in
mediating these effects. and the influence of an external cue signaling reinforcer
availability on these deficits. Adult male rats received injections of 3 pg 5.7-DHT
into both DR and MR, DR only. or MR only. Sham operated controls received
vehicle injections. following reduction to 85% free-feeding body weight they were
then exposed to a DRL20-s schedule. in which food was delivered only if 20s had
elapsed since the previous response. Sessions were of 30 min duration. and were
conducted daily for 36 days. DR + MR 5.7 -DHT depleted striatal and hippocampal
5-HT by >90%. increased responding. decreased the number of reinforcers earned.
lowered the mean inter-response time (IRT). and shifted the frequency distribution
of IRTs to the left. MR 5.7 DHT induced similar behavioural effects and reduced
hippocampal 5-HT by >65%. DR 5.7-DHT lesions that depleted striatal 5-HT by
>55%. and hippocampal 5-HT by 20% had no effect. Providing an external cue
light to signal food availability resulted in rapid acquisition of responding. and
prevented the behavioural effects of DR+MR 5.7-DHT. Following removal of this
cue. behaviour maintained under the schedule deteriorated. and the 5.7-DHT treated
animals performed worse than their controls. These results suggest 1) destruction of
5-HT neurons arising from the MR is sufficient to disrupt behaviour maintained by
a DRL20 schedule. and 2) the behavioural deficits observed may involve a
disturbance of an internal process involved in judging the passage of time.

162.11
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RELATIONSHIPS BETWEEN SOCIAL RANK. BRAIN MONOAMINE
NEUROTRANSMITTERS AND REPRODUCTIVE STATUS IN
HAPLOCHROMIS BURTONI MALES. S. Winberg1 and R. D. Feraald2* 1
Vertebrate Physiology and Behaviour Unit. Dept. of Limnology. Uppsala
University. Norbyvagen 20. S-752 36 Uppsala. Sweden 2 Program in Neuroscience.
Psychology Dept.. Stanford University. CA 94305-2130.
In the cichlid fish. Haplochromis burtoni, sexual maturation in males is socially
induced and associated with a social regulation of the size of gonadotropin releasing
hormone (GnRH) producing neurons in the preoptic area. The monoaminergic
systems of the brain are believed to be involved in the regulation of GnRH release.
Furthermore. previous studies have shown that social interaction and stress have
large effects on brain monoaminergic activity in various fish species. Thus, these
systems in the brain might constitute the previously unknown link between social
environment, cell growth and sexual maturation.
In this study the brain concentrations of serotonin (5-HT), dopamine (DA). 5hydroxyindoleacetic acid (5-HIAA. the major 5-HT metabolite) and 3.4dihydroxyphenylacetic acid (DOPAC. a major DA metabolite) were measured in
territorial. reproductively active males. as well as non-territorial. reproductively
inactive males.
The results show that the 5-HIAA/5-HT ratio (an index of 5-HT activity) is
significantly higher in non-territorial males. Furthermore. the 5-HIAA/5-HT ratio
was inversely correlated with the gonadosomatic index (GSI) in non-territorial
males. We also found similar inverse correlations between the DOPAC/DA ratio
(an index of DA activity) and GSI in both territorial and non-territorial males.
Financially supported by The Swedish Council for Forestry and Agricultural
Research (SJFR 96.0786/92 to S.W) and NIH (HD 23799 to R.D.F)

THE ROLE OF CENTRAL SEROTONIN AND DOPAMINE IN LARGE CHANGES •
OF DAILY FOOD INTAKE IN ONE-WAY CROSSED-INTESTINES RATS. JF
Wang, L.W. Haynes* and H.S. Koopmans. Dept. of Medical Physiology, Univ.
of Calgary, Calgary, Alberta, Canada T2N 4N1.
Norepinephrine (NE), dopamine (DA) and serotonin (HT) are
neurotransmitters involved in food intake regulation. Previous studies (Brain
Res. Bull., 27:429-34) with one-way crossed-intestines parabiotic rats found
that these animals show large and sustained changes in daily food intake
but only minor differences of body weight. After the surgery, chyme from
the upper duodenum of one rat in a pair passed into an isolated 30 cm-segment
of its partners' duodenum and jejunum and, then, any unabsorbed food
returned to the lower duodenum of the rat that fed. Food eaten by the partner
was digested and absorbed in its own reconnected, shortened gut. No major
nerves or blood vessels were cut. To examine involvement of the CNS in
feeding adjustment in 10 pairs of rats, brain regional catecolamines and
indoleamines were determined using HPLC with electrochemical detection.
The rats losing chyme to their partners increased daily food intake from 70.8
to 126.3 g while their partners decreased daily food intake from 67.1 to
38.7 g (p<.001). Higger concentrations of 5-hydroxxindoleeaetic aaid
(HIAA) were found in all the brain regions of the rats gaining food compared
to those of their partners (hypothalamus, 432.7 vs 383.5 ng/g, p<.05;
lateral cortex and amygdala, 230.0 vs 209.0, p<.02; forebrain, 244.1 vs
223.8, p<.05; enrebnllum, 56.7 vs 49.6, p<.O2). The animals obtaining
food showed higher HT in the lateral cortex and amygdala (445.3 vs 407.5
ng/g, p<.05) but lower HT in forebrain (432.6 vs 498.7 ng/g, p<.01). These
data are consistent with serotonin's role in inhibiting food intake. Differences
of regional DA and its two major metabolites DOPAC and HVA in these
animals were also observed. In the lateral cortex and amygdala, DA and HVA
were higher in the rats gaining food (DA, 666.2 vs 570.3 ng/g, p<.05 and
HVA, 45.3 vs 38.2, p < .02), and in the thalamus DA and DOPAC were lower
in the rats gaining food (DA, 603.9 vs 952.6 ng/g, p< .05 and DOPAC, 93.9
vs 121.2, p<.001). Sustained alterations of central catecholamines and
indnlnamines in these rats suggest the role of these CNS neurotransmitters
in the long-term control of daily food intake.
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CHRONIC STRESS EFFECTS ON THE BEHAVIOR AND SEROTONINERGIC
(5-HT) SYSTEM IN SPRAGUE-DAWLEY (SD) AND WISTAR-KYOTO
(WKY) RATS. W. P. Par6 \ J. Yang2 & S. M. Teiani-Butt2.
'VA Med. Center, Perry Point, MD 21902 and 2 Dept.
Psychiatry, Univ. of Penn. Sch. of Med., Phila., PA
19104.
The
mechanism
by
which
stress
contributes
to
depression is thought to include the 5-HT system.
This
study sought to investigate the effects of novel
stressors on the behavior as well as the 5-HT system in
SD and WKY rats.
SD and WKY rats were exposed to novel
stressors for 21 days, and subsequent open-field and
forced-swim tests revealed a significantly greater
"depressive" behavioral response in the WKY strain.
Stress caused a decrease in 3H-CNIMI binding to 5-HT
transporter (5-HTT) sites in the dorsal raphe (p<0.00l)
as well as in the median raphe (p<O.OOl) nuclei in both
strains.
However, while SD rats revealed a modest
increase in 5-HTT sites in the cortex (p<0.05), WKY rats
revealed a decrease in 5-HTT sites in the cortex (p<0.01)
and the hippocampus (p<0.01).
Stress did not appear to
alter the binding of 3H-DPAT to 5-HT.. sites in the dorsal
raphe or median raphe nuclei in either rat strain.
SD
rats showed a decrease in 3H-DPAT binding in the
hippocampus (p<0.05), whereas WKY rats revealed an
increase in 3H-DPAT binding in the hippocampus (p<0.01)
and hypothalamus (p<0.01). The results suggest that the
greater susceptibility to behavioral depression in WKY
rats may account for the differential effects on 5-HTT
sites as well as on 5-HT1A sites in the cell body and
limbic brain regions, as compared to SD rats.
(Research
funds from USPHS grant MH 45472 (S.T-B) and the VA
Medical Research Service).

EFFECTS OF TRYPTOPHAN DEPLETION ON ANXIETY RESPONSES TO
YOHIMBINE IN PANIC DISORDER

379

A. W. Goddard.* D. S. Chaney. D. E. Sholomskas, EM. Augeri K.E. , Walton.
S. W. Woods, G. R. Heninger, L. H. Price, W. K. Goodman. Department of
Psychiatry, Yale University School of Medicine, New Haven, CT 06519.
Both the norepinephrine (NE) and serotonin (5-HT) systems have been
implicated in the regulation of anxiety. The present study aimed to examine the
influence of interactions between these two systems on anxiety in patients with
panic disorder (PD). METHOD: Five PD patients (3 males, 2 females; mean
age±SD=38±9 yrs) participated in 2 study days, separated by at least one week, in a
balanced, double-blind fashion. On one day, they received a tryptophan (TRP>
depleting amino acid drink followed after five hours by an intravenous infusion of
the alpha-2 adrenergic antagonist yohimbine 0.2mg/kg (active test). On a second
day, the patients received a TRP-contaming drink followed by yohimbine infusion
(control test). A low TRP diet was given 24 hours prior to each test. Behavioral
visual analogue scales (VAS; 0-100 mm) and plasma samples for the NE metabolite
3-methoxy-4-hydroxyphenylglycol, cortisol, and TRP were obtained at baseline and
throughout the test days. RESULTS: One of the 5 patients had a panic attack
during the active test, while another patient had near panic during die control teat
The peak increase (mean±SD) from the preinfusion baseline (255 minutes post
drink) for VAS anxiety on the control test occurred 15 minutes post
yohimbine=6±15 mm. The change score for VAS anxiety for the active test at this
time=-11±24 mm (paired t-test p=0.2). Contrary to expectation, the peak VAS
anxiety level on the active test occurred 255 minutes post drink. Biochemical data
will be presented. DISCUSSION: These data suggest that TRP depletion does not
enhance anxiety responses to yohimbine 0.2 mg/kg IV in PD patients. To further
evaluate potential functional interactions between the 5-HT and NE systems in PD
with this paradigm, future studies are planned which will utilize a yohimbine
dose=0.4 mg/kg IV.

162.15
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CONDITIONED PLACE PREFERENCE EFFECT OF 5 -METHOXY-6-METHYL2-AMINOINDAN (MMAI): A COMPARISON STUDY WITH ENTACTOGENS
AND FENFLURAMINE. D. Marona-Lewicka*, J.E. Sprague, and D.E Nichols.
Depts. of Pharmacology and Toxicology, and Medicinal Chemistry and
Pharmacognosy, Purdue University, W. Lafayette, IN 47907
Our interest in indirectly-acting serotonergic agents was stimulated about ten years
ago by studies of the psychoactive phenethylamine MDMA. MMAI is a highly
selective serotonin releasing agent related to MDMA. Previous research has shown
(Bilsky and Reid 1991, Schechter 1991) that MDMA establishes a conditioned place
preference (CPP) among rats; a measure of its reinforcing properties. The present
study was designed to further characterize CPP for various doses of MDMA, MBDB,
MMAI and fenfluramine (FEN). The experiment was run in three phases: pre-test,
conditioning and post-test. Baseline CPP measures were obtained after 3 sessions
without drug with free access to both compartments. Conditioning lasted 8 days: 4
days with drug (rats placed in the originally non-preferred compartment) and 4 days
with saline (rats placed in the preferred compartment). Preference testing was
conducted in the absence of either drug. CPP was assessed as the time shift to the
drug-paired side compared to baseline. MDMA produced a positive conditioning
effect with the maximum effect seen between 5 and 10 mg/kg; MBDB had
approximately a two-fold weaker effect than MDMA in this paradigm. After
treatment with low doses of MMAI (1.25-5 mg/kg) or FEN (2 mg/kg) animals did not
show a significant preference for the drug-paired side versus line base. The larger
doses (10 and 20 mg/kg) of MMAI and (4, 6 and 10 mg/kg) of FEN produced a
significant conditioned place aversion. These results are opposite to the conditioning
effect of MDMA. The results from CPP correlated with the extracellular level of
dopamine in the nucleus accumbens after treatment with MDMA, MBDB, MMAI or
FEN as measured by in vivo microdialysis in freely-moving rats.
[Supported by grant DA-04758 from the National Institute on Drug Abuse]

PENILE ERECTION AND YAWNING INDUCED BY 5-HTlc RECEPTOR AGONISTS IN MALE RATS: RELATIONSHIP WITH
DOPAMINERGIC AND OXYTOCINERGIC TRANSMISSION. A.
Arqiolas*, R. Stancampiano & M.R. Melis. Bernard
B. Brodie Dept. Neurosci., Cagliari Univ., 09124
Cagliari, Italy.
1-(3-chlorophenyl)piperazine (m-CPP)(0.1-4 mg
/kg SC) and N-(3-trifluoromethylphenyl)-piperazine (TFMPP)(0.5-4 mg/kg SC), 5-HTlc receptor
agonists, but not 8-hydroxy-dipropylamino-tetralin (8-OH-DPAT)(O.1 and 0.2 mg/kg SC), a 5-HT1A
receptor agonist, induced penile erection and
yawning with a U-inverted dose-response curve in
male rats. m-CPP and TFMPP responses were prevented by mianserin (0.2 mg/kg SC) and by ritanserin (1 mg/kg sc ) . In contrast, m-CPP- or
TFMPP-induced penile erection and yawning were
not prevented by haloperidol (0.1 mg/kg SC) or
d(CH2)sTyr (Me) 2 ,Orn8-vasotocin (5 jug ICV ) . Apomor—
phine- and oxytocin-induced penile erection, but
not yawning, was also antagonized by mianserin
and ritanserin. The results suggest that 5-HTlC
receptor agonist-induced penile erection and
yawning are not mediated by an increased dopaminergic and/or oxytocinergic transmission, and
suggest that a neuronal dopamine-oxytocin-5-HT
link is involved in the control of penile erection and not necessarily yawning in male rats.
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GENETIC CONTROL OF BEHAVIOR: CLONING AND ANALYSIS OF
AMINE HYDROXYLASE GENES FROM THE LOBSTER. Xiaoshe
Chen, Robert Hawley, Alexander Kopp, Huntington Potter, and Lisa N.
Geller*. Department of Neurobiology, Harvard Medical School, Boston,
MA 02115.
A molecular biological approach is being used to examine the
biochemical and genetic mechanisms that are involved in control of the
lobster neurohormonal system and may link lobster experience and
developmental stage with changes in behavior.
In particular, the
regulation of amines is important since they function both as
neurohormones and neurotransmitters and have been shown to induce
behavior-related changes in animal posture. We report the cloning and
analysis of genes from the amine hydroxylase gene family in Homarus
americanus which includes phenylalanine hydroxylase, tyrosine
hydroxylase, and tryptophan hydroxylase. Because serotonin is associated
with the dominant behavioral posture in socially dominant lobsters,
tryptophan hydroxylase is of particular interest because it is the ratelimiting enzyme in serotonin synthesis. The ultimate goal is to determine
whether the expression of these genes reflects and/or controls the
behavior/experience of the animal.
Clones which encode the 5’ end of an amine hydroxylase-related
sequence have been generated using PCR and RACE. The exact identity
of the protein encoded by this gene is not apparent from the sequence
although it is clearly an amine hydroxylase. Further sequence analysis of
a number of clones of the RACE products have revealed two different 5’
ends attached to otherwise identical coding regions, suggesting differential
splicing of the gene. In situ hybridization reveals different patterns of
hybridization with probes specific to the different 5’ sequences, raising the
possibility that more than one enzyme is encoded by a single gene.
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THE EFFECTS OF THE AMINES SEROTONIN AND OCTOPAMINE ON THE POSTURE OF THE SQUAT LOBSTER
MUNIDA QUADRISPINA. B. L. Antonsen and D. H. Paul*. Dept.
of Biology, University of Victoria, Victoria B. C. V8W 2Y2. email:
BANTO@UVVM.UVIC.CA
The amines serotonin and octopamine were first implicated in
crustacean postural control by Kravitz and his colleages in their
classic studies on the american lobster. They found that serotonin
and octopamine produce typical aggressive and submissive
postures, respectively. Other studies on the effects of these amines
on posture and behavior have been confined, with few exceptions,
to macrurous crustaceans. We are studying the effects of serotonin
and octopamine on the posture of Munida quadrispina, an
anomuran whose morphology and resting posture are very different
from those of macrurans. M. quadrispina typically rests in a
squatting position on it’s three pairs of walking legs, with the
abdomen tucked beneath the thorax and the chelepeds loosely
flexed in front of the animal. Serotonin injection results in a typical
aggressive stance and behavior. The walking legs are flexed,
raising the body off the ground, and the claws move in a manner
typical of aggressive display. Octopamine injection produces
extensions of the walking legs and abdomen, lasting up to several
seconds, and which recur up to 20 times per minute. Additionally,
responses to sudden visual stimuli are increased in frequency but
not in magnitude after octopamine injections. We are investigating
the effects of these amines on postural motoneurons and the
distribution of serotonergic and octopaminergic neurons, using
immunocytochemistry.
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Blockade of CCKb Receptors Potentiates Responding for Conditioned
Rewards. S. A Josselyn* and F. J. Vaccarino1,2, Dept. of Psychology1 and
Psychiatry3, University of Toronto, Toronto, Canada M5S lAl.
Cholecystokinin (CCK) has been localized in the nucleus accumbens (NAC)
where it may influence dopamine (DA) neurotransmission. Extensive data
implicate NAC DA in reward-related learning, raising the possibility that
endogenous CCK may be involved in this process. The present experiment
investigated the interaction between endogenous CCKb and DA mechanisms
in the NAC in the control over behavior by conditioned rewards (CRs).
During the first of two experimental phases, hungry rats were trained to
associate a neutral compound stimulus (light and tone) with the presentation
of a sucrose pellet. In the test phase, two novel levers were introduced;
depression of the CR lever resulted in the presentation of the compound
stimulus while depression of the NCR (non-conditioned reward) lever
produced no programmed consequences.
Food was not delivered in
experimental apparatus during the test phase.
Animals received four
treatment conditions in a counterbalanced order over test days: L-365-260 (a
CCKb antagonist; 0. 0.1 mg/kg, ip) and amphetamine (AMPH: 0. 20 pg in
0.5 pl into the anterior NAC).
As expected, AMPH alone facilitated the responding on the CR (but not
NCR) lever. Systemic administration of L-365,260 potentiated this AMPH
response while producing no effect on responding when administered alone.
These findings suggest that endogenous CCKb mechanisms may normally
inhibit DA function in reward-related behaviors. This research was supported
by an MRC (Canada) operating grant to FJV.
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INTRACETEBROVENTRICULAR
CHOLECYSTOKININ
INFUSIONS
REDUCE STEREOTYPY IN DOPAMINESUPERSENSITIVE RATS. L,F. Felicio*, C.A. Tieppo, A.M.P.
Silva, J. Palermo-Neto and A G. Nasello.# School of Veterinary

Medicine, University of Sao Paulo, 05340. # Medical School of
Santa Casa de Sao Paulo, SP, Brazil.
Cholecystokinin (CCK-8) coexists with dopamine in some
neurons and modulates dopaminergic neurotransmission. In this
work we behaviorally test the effect of CCK-8 on a supersensitive
dopaminergic system. Dopaminergic supersensitivity was induced
by long-term haloperidol (HAL) treatment
(30 days: 1.0
mg/kg/twice a day). 72h after HAL withdrawal, animals received
CCK-8 (14.5 nmol) or saline intracerebroventricularly (ICV) before
being tested for
apomorphine (APO, 0.6 mg/kg sc)-induced
stereotyped behavior. Experimental groups were: rats long-term
treated with HAL that received saline (HSAL) or CCK (HCCK)
ICV and long-term saline treated animals that received CCK-8
(SCCK) or saline (SSAL) ICV. As expected, HSAL rats showed
significantly higher stereotipy scores than SSAL rats (p<0.00l);
CCK-8 significantly reduced sterotyped behavior in supersensitive
rats (p<0.05).
These results show that CCK-8 ICV reduces
stereotypy in dopaminergic supersensitive rats, and suggest that the
dopamine supersensitivity phenomenon is modulated by CCK-8.
(Supported by FAPESP and CNPq.)

163.3

163.4

BEHAVIORAL EFFECTS OF CCK-4: CENTRAL OR PERIPHERAL? S. Merani
J. Gutkowska#, J. Bradwein, F.R. Ervin. R.M. Palmour*. Depts Biol & Psychiatry, McGill Univ. & #Hopital Hotel-Dieu, Montreal ,Qu6 CANADA H3A1A1.
In man and a variety of experimental animals, pharmacological doses of

THE EFFECTS OF BLOCKADE OF CCKb RECEPTORS IN THE NUCLEUS
ACCUMBENS ON AMPHETAMINE-INDUCED LOCOMOTOR ACTIVITY.
F.J. Vaccarino*!2, R.P. Westwood1. A.J. Lanca^3. Departments of Psychology!
Psychiatry2, and Pharmacology , University of Toronto, Toronto, Canada, M5S1A1.
Current evidence suggests that CCK activation of CCKb receptors attenuates
dopamine (DA) function in the nucleus accumbens (N.Acc.). Since amphetamineinduced locomotor activity is dependent on increased mesolimbic DA release, the
present study sought to examine the possibility that endogenous activation of CCKb
receptors in the N.Acc exerts an inhibitory influence on amphetamine-induced activity.
To this end, the locomotor activating effect of amphetamine was studied in rats
pretreated with a CCKb receptor antagconss .
Male Wistar rats were implanted with cannulae aimed at the N. Acc. Following
recovery from surgery, rats were habituated to their locomotor testing chambers for 2.5
hours on each of two days. Following the habituation sessions, rats were tested for their
locomotor response to amphetamine (0.5 mg/kg) following intra-N.Acc injections with
either vehicle, low, medium or high dose of the CCKb antagonist. These injections
were carried out in a counterbalanced order with a minimum of 2 days between
injections. Additional rats were tested with a CCKa antagonist using the same
procedure.
Preliminary results indicate that blockade of CCK receptors with low doses of
the CCKb antagonist tended to enhance amphetamine-induced activity. This is
consistent with the notion that endogenous CCK (via CCKb receptors) exerts inhibitory
effects on increased DA activity during amphetamine actions. Although there was a
tendency for the lowest CCKb antagonist dose to be the most effective, this was not
consistent and could relate to the placement of the cannulae in the N. Acc. and/or
changes in the selectivity of the CCKb antagonist as a function of increasing doses.
This research was supported by the Ontario Mental Health Foundation and a MRC of
Canada Operating Grant to FJV.

cholecystokinin tetrapeptide (CCK-4), administered parenterally, have been
shown to have profound and dose-dependent effects on behaviors thought to
reflect anxiety and panic. Although the brain is richly supplied with both CCK-A
and CCK-B receptors, the extent to which the behavioral consequences of
peripherally administered CCK-4 reflect direct effects upon brain CCK
receptors remains controversial. We present here two lines of evidence
suggesting that intravenous CCK-4 may have direct central behavioral effects.
(1) Bolton-Hunter CCK-4 was iodinated to high specific activity and graded
doses were administered intravenously to Sprague-Dawley rats. Brain regions
were dissected and counted after decapitation, as were major body organs.
Radiolabelled peptide concentrated in amygdala, cortex and, to a lesser extent,

brainstem, caudate and hippocampus. The effects were dose- and timedependent, with maximum levels reached 2 minutes after injection. The
integrity of the peptide was confirmed by solvent extraction and thin-layer
electrophoresis. (2) In vervet monkeys, RP71483, a CCK-B antagonist which
does not effectively cross the blood-brain barrier, attenuates or completely
blocks the mouthing, lip smacking and startle usually seen in the first seconds
after CCK-4 administration, and reduces fidgeting and motor activation. It does
not attenuate stereotypy or vigilance, whether induced by CCK-4 or other
CCK-B agonists, but does block urination and erection, which is typically seen
5-7 minutes after CCK-4 administration. Taken together, these data suggest
that CCK-4 may have direct cortical and limbic effects after peripheral
administration.
We thank B.P. Roques, INSERM U266, Paris for BH-CCK4 and RhonePoulenc Rorer, Vitry sur Seine, for RP 71483.

163.5

BLOCKADE OF CCKA
RECEPTORS DOES NOT
AFFECT
AMPHETAMINE- OR DARK PHASE-INDUCED LOCOMOTOR
ACTIVITY. NJ. DeSousa! AJ. Lanca1-3, D.V. Coscina1^* and F.J.
Vaccarino^2. Departments of Psychology, Psychiatry2, and Pharmacology—
University of Toronto, Toronto, Canada, M5S1A1.
These studies were designed to evaluate the possibility that endogenously
released CCK, acting via CCKA receptors, mediates the expression of locomotor
activity produced by either environmental or pharmacological manipulations.
In 2 experiments, male Wistar rats were assigned to be tested either during the
dark (DP) or light phase (LP) of a l2h dark/light cycle. Prior to testing, rats were
placed in locomotor activity chambers and habituated .for a single 3h session. In
exp. 1, animals (DP: n = 8; LP: n = 8) received (i.p.) either devazepide (0.001,
0.01, and 0.1 mg/kg) or vehicle (2.5% ethanol, and 2.5% propylene glycol in
saline) in a counterbalanced order, 30min after which their activity was monitored.
Injections were separated by at least 48h. In exp. 2, activity was measured in
animals (DP: n = 8; LP; n = 24) receiving (i.p.) either devazepide (0.1 mg/kg) or
vehicle, followed 30 minutes later by injection of either amphetamine (1.0 mg/kg)
or saline. Thus, 4 drug combination treatments (vehicle-saline; devazepide-saline;
vehicle-amphetamine; and devazepide-amphetamine) were administered in a
counterbalanced order separated by at least 48 hours.
Results from exp. 1 revealed that while locomotor activity was greater during DP
than LP testing, devazepide had no effect in either phase at any dose tested.
Results from exp. 2 demonstrated that devazepide had no effect on amphetamineinduced locomotion during either DP or LP at the doses tested. Also, this negative
finding was independent of baseline exploration levels. These data are consistent
with other findings, and further suggest that general endogenous activation of
CCKa receptors does not contribute to the expression of locomotor activity
induced by DP or amphetamine manipulations. Supported by MRC grant to FJV.
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SLEEP DEPRIVATION REDUCES THE THRESHOLD FOR
PENTAGASTRIN-INDUCED ANXIETY. U. D. McCann*, S. Slate, M.
Geraci, D. Roscow-Tet^ll, T. W. Uhde. Section on Anxiety and
Affective Disorders, BPB, NIMH, Bethesda, MD 20892
Cholecystokinin and the related neuropeptide, pentagasfrin, have
been reported to produce panic-like attacks in patients with panic
disorder, as well as some normal volunteers. Similarly, 24-hours of
sleep deprivation has been found to increase anxiety in patients with
panic disorder. The purpose of the present study was to determine
whether sleep deprivation lowers the threshold for pentagastrin-induced
panicogenesis in normal volunteers. Ten well rested normal volunteers
received placebo and each of three i.v. doses of pentagaslrin (0.2
ug/kg, 0.6ug/kg, and 1.0 ug/kg) in a random, double-blind fashion,
separated by at least three days. A subgroup of these subjects (N=4),
plus an additional 2 normal volunteers received placebo and a 0.6
ug/kg dose of pentagaslrin following 24 hours of total sleep deprivation.
All subjects reported that the 0.6 ug/kg dose following sleep deprivation
produced greater symptoms of anxiety than the same dose when wellrested. Fifty percent of subjects had moderate to severe pentagastrininduced panic-like attacks when sleep deprived, while no subject had
a panic attack after placebo or when rested, even after the highest
pentagaslrin dose (1.0 ug/kg). These findings indicate that the effects
of sleep deprivation on anxiety are not specific to patients with panic
disorder, and suggest that sleep deprivation may be a useful tool for
studying panic attacks in a laboratory setting.
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A-REX, C-A-MARSDEN^ . and

H.FINK* Institute of Pharmacology and Toxicology, Humboldt University,
10098 Berlin, Germany, department of Physiology and Pharmacology,
University of Nottingham Medical School, Queen's Medical Centre,
Nottingham, NG7 2UH, UK
Exposure of guinea-pigs to the elevated plus maze (X-maze) is associated
with increased release of extracellular serotonin (5-HT) in the lateral
prefrontal cortex monitored by microdialysis (Rex et al., 1993,
Psychopharmacology 110:490-496). In the present study the CCK-B
receptor agonist BOC-CCK-4 (10pg/kg) induced 'anxious' behaviour and
potentiated the rise in 5-HT seen on exposure to the X-maze. The
behavioural and the neurochemical changes induced by BOC-CCK-4 were
blocked by the selective CCK-B antagonist L 365.260 (100pg/kg). BOCCCK-4 did not affect cortical 5-HT release in the familiar environment of
the home cage. The 5-HT]_a agonist 8-OH-DPAT (0.3 mg/kg) reduced
significantly the basal release of 5-HT, reduced the increase in cortical
extracellular 5-HT on exposure to the X-maze and induced an 'anxiolytic'
behaviour. 8-OH-DPAT (0.3 mg/kg) given simultaneously with BOC-CCK4, blocked the behavioural and neurochemical effects of CCK on exposure
to the X-maze, similarly to the CCK-B antagonist L 365.260. The results
show that 'anxious' behaviour induced by CCK-B receptor stimulation and
'anxiolytic' behaviour caused by 5-HT^a stimulation, respectively, are
associated with changes in cortical extracellular 5-HT. The results suggest
an interaction between CCK and 5-HT^a mechanisms via an influence on
cortical 5-HT release. This work is supported by the BMFT (Grant
01ZZ9101) and the DAAD/ARC.

DECREASED SENSITIVITY TO THE HYPOPHAGIC EFFECT
OF CCK-8S IN ADULT RATS TREATED WITH L364.718
DURING SUCKLING. M. Voits*. A. PlagemannT, S. Forster,
S. Rodel, H. Fink, Inst. of Pharmacol. Toxicol., +Inst. of Exp.
Endocrinol., Charity Humboldt University, D-10098 Berlin,
Germany.
Cholecystokinin (CCK) is known to be an important factor in the
regulation of food intake. The satiety effect of CCK is mediated by
acting at type-A CCK receptors. There is evidence for a postnatal
development of CCK receptors and CCK neurons. It is supposed
that exogenous administration of drugs acting at CCK-A receptors in
rat pups may result in long-lasting changes in the control of food
intake by CCK.
From day three to day ten of life, male and female Wistar rat
pups were given the CCK-A antagonist L364.718 (0.1 and 1.0
mg/kg s.c.) once daily or NaCl (0.9% s.c.), respectively. The
weight gain of L364.71Sweated rats was not different from that of
NaCl-treated rats. At day 91 of life all rats were given CCK-8S
(40gg/kg i.p.) at the beginning of the dark period and food intake
was measured for 24 hours. In rats treated with L364.718 during
suckling, the hypophagic effect of CCK-8S was only marginal
compared to control rats. Our data show that early postnatal
treatment with L364.718 has an impact on the hypophagic response
to CCK-8S in the later life. The results support the hypothesis of a
vulnerable phase in the postnatal development of the CCK system.
Supported by BMFT (01 ZZ 9101).

163.9

163.10

SITE SPECIFIC INTRACRANIAL INFUSION OF CCK-A RECEPTOR
SPECIFIC ANTISENSE OLIGODEOXYNUCLEOTIDES INHIBITS
LORDOSIS BEHAVIOR IN SEXUALLY RECEPTIVE FEMALE RATS.
K.L. Vink*, C.E. Blanco and P.E Micevych. Department of Anatomy and Cell
Biology, Laboratory of Neuroendocrinology, UCLA Los Angeles, CA 90024.
The regulation of lordosis behavior in female rats has been correlated with
estrogen-induced expression of cholecystokinin (CCK) in the sexually dimorphic
limbic-hypothalamic sex circuit. Specifically, exogenous CCK facilitates lordosis
behavior in the medial preoptic nucleus (MPN), while injections of anti-CCK serum
attenuate lordosis behavior. Infusions of CCK-B receptor antagonists into the MPN
do not alter estrogen induced lordosis behavior, suggesting that the CCK-A receptor
subtype may mediate the effects of CCK in this region. In situ hybridization studies
have demonstrated the presence of CCK-A receptor subtype mRNA in the MPN.
The present experiment utilized antisense oligodeoxynucleotides (a.s. oligos) to
block synthesis of the CCK-A receptor subtype and sexual behavior to assess the
behavioral consequences of the loss of these receptors. Ovariectomized rats were
unilaterally implanted with a guide cannula aimed at the MPN. After a one week
recovery period, animals were infused daily for four days with a cocktail of a. s.
oligos corresponding to the region of the translation start codon (base pair 141-160,
5OOng) and the 5' coding region (base pair 173-193, 5OOng) of the CCK-A receptor
mRNA. Control animals received infusions of a scrambled nonsense oligo (n.s.
oligo). Infusions of a.s. oligos blocked the expression of lordosis behavior (LQ=10),
while infusions of n.s. oligos did not effect the behavior (LQ=90). One week after
oligo infusions, all animals were EB primed, and all animals displayed high levels
of lordosis behavior. The results of the present study suggest that c Ck in the MPN
is an important factor in the expression of lordosis behavior and that the MPN is
involved in both the facilitation and the inhibition of lordosis. Supported by NIH
grant NS21220 and NRSA GM07185.

INDUCTION OF FOS IMMUNOREACTIVITY (IR) IN VASOPRESSIN
(AVP) STIMULATED FLANK MARKING. M>. Bamshad* and H.E. Albers.
Laboratory of Neuroendocrinology and Behavior, Depts. of Biology and
Psychology, Georgia State University, Atlanta, GA 30303.
In Syrian hamsters, microinjection of AVP in the medial preoptic-anterior
hypothalamic continuum (MPOA-AH) stimulates flank marking, a behavior
important in chemical communication of social information. To identify other
brain areas activated by flank marking hamsters were microinjected with either
AVP, a V, AVP antagonist or saline. Two hours later, the animals were

sacrificed and their brains were stained for FOS ir. The number of FOS ir
cells in several forebrain areas as well as the periaqueductal gray (PAG) were
counted. In the bed nucleus of stria terminalis (BNST), AVP microinjections
induced the highest number of FOS ir cells followed by V, AVP antagonist
microinjections and then saline microinjections. In the PAG, AVP
microinjections also induced the highest number of FOS ir cells. No treatment
differences in FOS ir in any other brain area were found. These results
indicate the importance of the BNST and the PAG in stimulation of flank
marking at a cellular level and reinforce the role of these areas as well as the
MPOA-AH as parts of a neural circuit that controls flank marking.
(Supported by NSF IBN-9222099)

163.11

163.12

MICROINJECTION OF A NMDA GLUTAMATE ANTAGONIST INTO
THE SYRIAN HAMSTER HYPOTHALAMUS INHIBITS
VASOPRESSIN INDUCED FLANK MARKING. T.T. Cooper. M.
Bamshad, and H.E. Albers*.
Laboratory of Neuroendocrinology and
Behavior, Depts. of Biology and Psychology, Georgia State University,
Atlanta, GA 30303.
Glutamate (Glu) is an excitatory neurotransmitter in the hypothalamus.
Recent data suggests that Glu stimulates the release of vasopressin (AVP) from
the neurohypophysis. Since AVP acts within the MPOA-AH to stimulate a
stereotypic behavior in hamsters called flank marking, we examined whether
a NMDA Glu antagonist (GluA) could block AVP induced flank marking
when microinjected in the MPOA-AH. Hamsters (N=7) microinjected in the
MPOA-AH with AVP (9.0 ^M) on the first day exhibited high levels of flank
marking (35.8>±9.80). On the second day, GluA (10.0 mM) co-administered
with AVP (9.0gM) reduced flank marking four fold (8.57 ±4.17). To
determine if GluA inhibited the AVP induced flank marking by causing
excitotoxic death or irreversible loss of AVP sensitive neurons in the MPOAAH, AVP alone (9.0 gM) was administered on the third and final test day.
AVP stimulated levels of flank marking (40.71 ± 10.92) were comparable with

VASOPRESSIN-RELATED COMPOUNDS DO NOT ALTER SCHEDULECONTROLLED OR MOTORIC BEHAVIORS IN A RADIAL MAZE
MODEL OF FORAGING IN RATS.
G.R. Sessions* and A.K. Setzer, Walter Reed Army Institute of Research,
Washington, D.C. 20307.
Recent research investigating the effects of the neuropeptide vasopressin on
behavior have produced conflicting results. Studies report facilitation of both
appetitively- and aversively-conditioned responses, as well as attentional
processes, in both animals and humans. Other studies report negative effects
or effects attributable to the peripheral pressor effects of the peptide.
We investigated the effects of arginine 8-vasopressin (AVP) and its
desglycinamide fragment DGAVP, which lacks the pressor, antidiuretic,
oxytocic and corticotrophin-releasing factor activities of AVP, on performance
of a "foraging" task in rats, in an effort to dissociate general drug-induced
alterations of motor performance from measurement of effects on more
complex behaviors involving timing and memory. In this free-operant
procedure, rats (N=6) were first trained to obtain food in an eight-arm radial
maze under an eight-alternative concurrent fixed-interval (FI) schedule of reinforcement for nose pokes at the end of the arms. On drug days, the animals
were injected immediately prior to tests with AVP or DGAVP (2, 5, or 10
mg/kg s.c.) or saline, and then were tested for one hour. On the day of
treatments, measures of motoric performance in the maze (i.e., number of arm
entries, rate of nose pokes, and running speed) and measures of response
timing on the FI schedules (quarter life measures for nose pokes) were
unaffected compared with control tests.
AVP does not appear to affect the stable performance of a complex freeoperant foraging task.

those observed before treatment with GluA. The amount of flank marking
observed following microinjection of GluA co-administered with AVP was
significantly (p< .001) lower than levels observed after injection of AVP
alone. These data indicate that AVP and glutamate may interact in the
MPOA-AH to control flank marking.
(Supported by NSF IBN-9222099)
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FAILURE OF POST-TRIAL ADMINISTRATION OF
VASORPESSIN ANALOG (DDAVP) TO INFLUENCE
MEMORY FOR PROSE IN HEALTHY YOUNG MALES . B. E.
Beckwith*, T .V. Petros, R.R. Swenson, and P. Bergloff. Memory
Disorders Clinic, 1520 Royal Palm Square Blvd., Fort Myers, FL
33919 and Psychology Dept. Univ. of North Dakota, Grand Forks,
ND 58202.
DDAVP is an analog of arginine vasopressin and has been
implicated in modulation of memory in human and nonhuman
mammals. Under many conditions, DDAVP administered before
exposure to material to be learned has facilitated memory in healthy
young male volunteers. In addition, post-trial administration of
vasopressin and its analogs has been shown to facilitate memory in
rats. To our knowledge, no attempt has been made to test the
effect of post-trial administration of vasopressin on human memory.
In the present study, healthy young male volunteers were
administered 60 micrograms of DDAVP or an equivalent volume of
saline intranasally immediately after learning a passage of prose.
Their recall was tested 24 hours later without further treatment.
Treatment with DDAVP did not influence recall. These results
suggest that DDAVP administered after learning appears to fail to
influence recall after a 24 hour delay despite prior evidence that
pre-trial treatment enhances recall. These findings argue for an
attentional action of DDAVP on memory.

NEUROCHEMICAL CORRELATES OF DRUG ABUSE
VULNERABILITY L. R. Lucas*!, J. Angulott, P. V. Piazzai, M. Le
Moalt, H. Simont, and B. S. McEwent. tLab of Neuroendocrinology,
Rockefeller University and ttDept of Biological Sciences, Hunter
College CUNY, New York, NY 10021 (USA), and tPsychobiologie des
Comportements Adaptatifs, Universite de Bordeaux II (France).

163.15

163.16

DISCRIMINATIVE STIMULUS PROPERTIES OF NPY: BLOCKADE BY
OPIOID ANTAGONISTS AND SITE OF ACTION. James Cleary*, E. O'Hare, M.
Semnoik. & A.S. Levine. Behavioral Pharmacology Lab, VA Medical Center,
Minneapolis, MN 55417.
Cannula were implanted in the lateral ventricle of rats. Following recovery, rats
were trained to discriminate intraventricular (icv) injections of neuropeptide Y from
icv injections of saline. Rats were injected with either 5 pg/5pl NPY or 5 pl saline
prior to each daily session. One of two levers was designated correct after NPY and
the other lever was designated correct after saline. Reinforcement (food) was delivered
for each 20 responses on the correct lever (max. of 25 food pellets/session). When
rats reached a criterion of 8 of 10 consecutive sessions in which responses before the
first reinforcer were > 80% correct, testing with combination of NPY and opioid
antagonists was begun. Rats were given naloxone (3.0 mg/kg IP and 5Opg icv), norBNI (50 nmoles icv); naltrindole (20 nmoles icv); and B-FNA (40 nmoles icv), in a
combination with 5 pg NPY icv. Naltrindole is primarily a delta receptor
antagonist Nor-binaltorphimine (nor-BNI) is primarily a kappa antagonist with
some mu activity. Beta-funaltrexamine (B-FNA) destroys mu receptors. Naloxone is
primarily a mu antagonist but has activity at kappa & delta. All opioid antagonists
blocked NPY discrimination. Opioid antagonists also block the feeding effects of
NPY. Rats did not recover NPY discrimination NPY after nor-BNI or B-FNA
exposure.
Another group of animals were implanted with cannula aimed at the
paraventricular nucleus (PVN) of the hypothalamus. Following recovery, these
animals were trained under the discrimination procedure described above. Either NPY
(0.5 pg/ 0.5 pl) or 0.5 pl of saline was injected prior to each daily session. Rats
learned to discriminate NPY form saline (see criterion above) after 28 sessions.
Doses of NPY lower than the training dose produced dose-dependent decrements in
responding on the NPY lever. These data suggest at least one active site for NPY
discrimination is the PVN. This area is also associated with the most robust feeding
enhancement under NPY. The subjective effects of NPY, as measured by the
discrimination procedure, may be related to the feeding effects by NPY.

DIFFERENTIAL EFFECTS OF MU, DELTA AND KAPPA OPIATE
RECEPTOR BLOCKADE IN THE NUCLEUS ACCUMBENS ON FEEDING
BEHAVIOR. E.P. Bless*1 and AE. Kelley2. VDept. of Psychology, Northeastern
Univ., Boston, MA 02115. 2Univ. of Wisconsin, DejpL of Psychiatry, Madison,
WI 53706.
It has recently been established that opiate receptors in the nucleus accumbens, a
subregion of the striatum play an important role in feeding behaviors. For example,
it has been shown that microinjections of naloxone into the nucleus accumbens
have a tendency to decrease deprivation-induced feeding and to significantly decrease a
palatable sucrose solution intake. Three opiate receptor subtypes (mu, delta and
kappa) have been shown to play a role in feeding behavior. There is a moderate to
high concentration of all three receptors types in the nucleus accumbens. In the
present experiments both food-deprived rats given standard rat chow and non fooddeprived rats exposed to a palatable sucrose solution were given microinjection into
the nucleus accumbens of either the specific mu receptor antagonist, Bfunaltrexamine (B-FNA, 0, 5.0, 15.0 pg/1 pl), the specific delta antagonist,
naltrindole (0, 1.0, 10.0, 20.0 pg/1 pl) or the specific kappa antagonist, norbinaltorphimine (nor-BNI, 0, 0.1, 1.0, 10.0 pg/lpl). Various aspects of feeding
behavior and general motor activity wore recorded. B-FNA (5pg) significantly
decreased chow intake in deprived rats but had no effect on either total amount of
time spent feeding or the numter of feeding bouts. There was a tendency at 15 pg
for B-FNA to decrease sucrose solution intake in non food-deprived rats and a
significant decrease in total time spent drinking the solution was found with 5 pg.
Naltrindole (10 and 20 pg) significantly decreased feeding bouts but had no
significant effect on eith^ duration of feeding or chow intake in the food-deprived
group. In contrast, in the non food-deprived group, naltrindole induced a marked
and significant increase in sucrose solution intake (all doses) and duration of
drinking (10 and 20 pg). Nor-BNI had no significant effect on any aspect of feeding
in eitlra group. These results suggest that the opiate receptors in the nucleus
accumbens play differing roles in the control of feeding behavior and palatability.

163.17
REGIONAL ALTERATIONS IN NEUROPEPTIDE CONCENTRATIONS IN TWO
ANIMAL MODELS OF DEPRESSION. G. Bissette,* M. Melisko, B. Paulson and
P. Wfllner1 Dept. of Psychiatry, Duke Univ. Med. Center, Durham, NC 27710,
and ‘Dept. of Psychology, Univ. of Swansea, UK Swansea SA2 8PP
Thyrotropin-releasing hormone (TRH) and somatotropin-release inhibiting
factor (SRIF) or somatostatin) have been reported to exhibit increased and
decreased concentrations, respectively, in cerebrospinal fluid (CSF) of groups
of depressed patients compared to non-depressed controls, but the brainregions contributing to these CSF changes remain unknown.
Two well-characterized animal models with face (chronic mild stress, CMS)
and construct (olfactory bulbectomy, OBX) validity for some of the symptoms
of human major depression were compared for regional changes in the
concentration of these two neuropeptides.
CMS and control animals (prepared in P. Willners laboratory and tested for
anhedonia), and OBX rats and sham-operated controls (prepared by Zivic
Miller Laboratories, Zellinople, PA) were euthanized by decapitation and
brains were removed and frozen. Brains were dissected into 20 discrete
anatomic regions which were homogenized, extracted and assayed for TRH
or SRIF concentrations. Statistical significance of group mean differences
were sought by student Newman-Keuls test after ANOVA.
Six brain regions exhibited increased TRH concentrations in the OBX rats
compared to controls and two of these regions, the locus coeruleus and the
anterior septum, also showed increased TRH content in the CMS animals
compared to their control group. No regions that exhibited somatostatin
changes were similar between the two models. These data indicate that some
similarities in neurochemical alterations exist in two distinctly different animal
models of major depression.

Recently, it has been shown that rats exposed to a novel
environment exhibit differences in individual locomotor activity (ILA).
Also, ILA correlates with vulnerability to amphetamine selfadministration. Using this paradigm, we have screened rats for
locomotor activity and have categorized them as low- (LR) or highresponders (HR). Mean locomotor activity was 1109 for HRs and 557
for LRs [t(8)=6.4, p<0.01] expressed as cumulative counts for 2 h.
HR and LR rats were sacrificed and brains were quickly removed and
frozen in dry-ice. Cryostat sections were cut for in situ hybridization
with 35-S labelled oligonucleotide probes for cholecystokinin- (CCK),
tachykinin- (SP/NKA), enkephalin- (ENK), and dynorphin- (DYN) and D1
(3H-SCH2339O) and D2 (3H-Spiperone) dopamine receptor binding, in
situ hybridization results were analysed semiquantitatively and optical
density measurements were made of receptor autoradiography
results.
CCK-mRNA levels in the ventral tegmental area were 24%
higher in HRs than LRs (p<0.01). SP/NKA-, PPE-, and DYN-mRNA levels
were resp., 38%, 23%, and 52%, higher in HRs than LRs in the shell of
the nucleus accumbens (AcbSh). Locomotor activity and D1-receptor
binding levels were also significantly correlated with DYN-mRNA levels in
the AcbSh [r(8)=0.67 and 0.73, resp.]. These results suggest that
dopaminergic regulation is correlated to neuropeptidergic expression

in the mesolimbic system of rats vulnerable to drugs of abuse.

163.18
SEIZURES INCREASE TRH-GLY, THE TETRAPEPTIDE PRECURSOR
OF TRH, IN SPECIFIC LIMBIC FOREBRAIN REGIONS. A.E. Pekary*,
R.L. Lloyd and A. Sattin. Endocr. Res., W. L.A. VA & Psychiatry Svc.,

Sepulveda VA & UCLA, W. L.A. VA, Los Angeles, CA 90073.
Previous work (Kubek and Sattin) showed prolonged increases in
limbic TRH following generalized grand mal seizures. Rats were given

three daily electroconvulsive seizures (ECS) via corneae or pinnae, and
assessed for antidepressant effects using the the Porsolt Forced-swim

Test (see Lloyd abstract, this meeting). TRH and TRH-Gly were assayed
in five regions, two days after last ECS. Corneal ECS increased TRH
(ECS N=20, Sham N = 19; pg/mg tissue±SEM) in Anterior Ctx.
(0.27±0.03 vs 0.21 ±0.03), Pyriform Ctx. (1.31 ±0.10 vs 0.92±0.12),
Hippocampus (1.50±0.08 vs 0.27±0.08) and Amygdala/Entorhinal Ctx.

(2.99±0.14 vs 2.08±0.14), but not Striatum (0.97±0.10 vs 0.82±0.04

[ns]). Corneal ECS also increased TRH-Gly in AC (5.74±0.61 vs
3.52±0.55), PYR (31.91 ±2.54 vs 20.01 ±1.92), HC (33.71 ±1.74 vs

22.22±1.75) and AMY/ENT (39.52±2.73 vs H.02±0.59), but not STR

(8.42±1.02 vs 7.11 ±0.92 [ns]). After pinnate ECS, significant increases
in both peptides were also seen in the same regions, excluding AC, and
swim/stress was associated with decreased TRH-Gly, only in PYR. In
pooled extracts from HC and AMY/ENT, HPLC analysis showed that

the ECS-induced increase in TRH-Gly was authentic TRH-Gly, not
cross-reacting, longer N-terminal extensions. Lack of ECS effect on

either peptide in STR is consistent with previous observations on TRH.

The high ratio TRH-Giy/TRH in all regions suggests rate-limited
amidation to TRH. Support: Rsrch. Svc., US Dept. Vets. Affairs to A.S.
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163.19
AN ANTIDEPRESSANT EFFECT OF ELECTROCONVULSIVE SEIZURES
(ECS) IS CORRELATED WITH LEVELS OF TRH-GLY IN LIMBIC REGIONS,
BUT NOT IN STRIATUM. R.L. Lloyd*, A.E. Pekary and A. Sattin. Antidepressant
Neuropharmacol. Research and Psychiatry Service, Sepulveda VA & Endocrinol.
Research, W. Los Angeles VA & UCLA, Sepulveda VA, Sepulveda, CA 91343.
Three daily ECS, given via comeae or pinnae, elevated both TRH and its
tetrapeptide precursor, TRH-Gly, in four forebrain regions, but not in striatum
(Pekary et al, this volume). In the same experiments, all corneal ECS rats and
% of pinnate ECS rats received the Porsolt Forced-swim Test. The 15min preswim occurred the day before the first ECS. The 5min swim-scoring was done
the day after the third (last) ECS. After corneal ECS, the antidepressant effect,
as measured by the total swim time in the Porsolt Test, was positively correlated
(Spearman Rank-order) with TRH-Gly in Anterior Ctx., Pyriform Ctx.,
Hippocampus, and Amygdala/Entortiinal Ctx., but not in Striatum. Only in HC
was TRH itself correlated with swim time. Following pinnate ECS, only the level
of TRH-Gly in AMY/ENT correlated with swim time. Forced-swimming was found
to decrease TRH-Gly level in PYR only, with or without ECS. Factor analysis of

TRH-Gly levels showed them to be interdependent in the three limbic regions but
orthogonal (uncorrelated) to levels in Striatum. The swim score factor loaded
heavily on the factor representing TRH-Gly levels in limbic regions, but did not
load on the factor representing Striatal levels of TRH-Gly. The results are
consistent with the view that seizures induce the synthesis of prepro-TRH and
its processing enzymes in the three limbic regions and HC but not STR. A ratelimitation exists at the final amidation step to TRH, resulting in accumulation of
limbic TRH-Gly, which is better correlated with swim than TRH. Compared to the
limbic regions, a possibly lower rate of TRH degradation in HC permitted its
accumulation and correlation with swimming in the post-ECS condition.
Supported by Research Service, U.S. Department of Veterans Affairs, to A.S.
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CRF RECEPTOR BINDING FOLLOWING CHRONIC ANTIDEPRESSANT
TREATMENT IN THE RAT. S.C. Stout, M.J. Owens, J.J. Mulchahey* and
C.B. Nemeroff. Laboratory of Neuropsychopharmacoiogy, Department of
Psychiatry & Behavioral Sciences, Emory University School of Medicine,
Atlanta, GA 30322.
Hypersecretion of corticotropin-releasing factor (CRF), a hypothalamic
releasing factor and extrahypothalamic neurotransmitter, has been implicated in
the pathophysiology of depression and other neuropsychiatric disorders.
Clinical studies have demonstrated an -increase in cerebrospinal fluid (CSF)
CRF concentrations in depressed patients and a decrease in cerebrocortical
CRF receptor density in suicide victims. The present study examined whether
chronic treatment of rats with antidepressants produces changes in CRF
receptor density opposite to the downregulation observed in suicide victims,
and consistent with a reduction in CRF release after antidepressant treatment.
Male rats received constant infusion (10 mg/kg/day) of the norepinephrine
uptake inhibitor desipramine (DMI) for 17 days by Alzet osmotic minipump;
controls received sham surgery. Rats were decapitated, trunk blood collected
for ACTH, corticosterone and desipramine measurement, and brains rapidly
removed and frozen for CRF binding. The median serum DMI concentration
was 330 ng/m! (n = 9). Significantly higher CRF binding densities were
found in the prefrontal, frontal and piriform cortices (P < 0.02), and anterior
pituitary (P < 0.05) of DMI-treated rats. No significant changes were
detected in cingulate cortex, amygdala, hippocampus, cerebellum,
hypothalamus or brainstem regions. These findings are consistent with our
hypothesis that antidepressants produce a decrease in synaptic availability of
CRF, with consequent CRF receptor upregulation. Further experiments are in
progress using the serotonin-selective uptake inhibitor, paroxetine. Supported
by NIMH MH-42088.

PROFOUND INCREASES IN EXTRACELLULAR
HYPOTHALAMIC NOREPINEPHRINE CONCENTRATIONS
AFTER SYSTEMIC ADMINISTRATION OF AMITRIPTYLINE
E.A. Engleman* and D.T. Wong. CNS Division, Eli Lilly and
Company, Indianapolis, IN 46285.
The tricyclic antidepressant amitriptyline has been shown to inhibit
the uptake of both serotonin (5-HT) and norepinephrine (NE) in vitro
(Hyttel, 1982). However, metabolism of this compound by
N-demethylation in vivo produces nortriptyline, a compound with less
propensity to inhibit 5-h T reuptake than that of NE (Wong and
Bymaster, 1976; Gross and Schumann, 1980). In addition to it's affinity
for neurotransmitter uptake systems, amitriptyline and it's primary
metabolite nortriptyline may also have effects at alpha-2 adrenoceptors
(Ross and Renyi, 1975) which might account for the increases in Ne
release, and to a lesser extent 5-HT, after administration of
amitriptyline in central and peripheral tissues (Hughes, 1978; Collis and
Sheperd, 1980). In the current study, we report that systemic
administration of amitriptyline (30 mg/kg, ip) increases extracellular
NE levels in rat hypothalamus microdialysates to 20 times that of the
basal values. Dopamine (DA) and 5-HT levels also increased to 12 and
2.2 times th atofthehrrspectivebasal levels. Extracelluliurlevels of the
DA metabolites DOPAC and HVA both increased approximately 50%
above basal whereas 5-HIAA levels decreased to 75% of basal levels.
The concomitant increases of NE, DA, and DOPAC may result from
increased NE turnover. These data suggest that alpha^-adrenergic
antagonism in addition to inhibition of NE and 5-HT uptake contribute
to the increases in NE, DA, and 5-HT levels induced with amitriptyline.
Data on other uptake inhibitors will also be presented.

164.3

164.4

CHRONIC ANTIDEPRESSANT TREATMENT ALTERS SPONTANEOUS
ROTATIONAL BEHAVIOR AND MODIFIES THE CORTICAL AND LIMBIC
DOPAMINE RESPONSE TO A RESTRAINT STRESSOR. J.N. Carlson ,
K.E. Visker, R.W. Keller, Jr. and S.D. Glick, Dept. of Pharmacology
and Toxicology, Albany Medical College, Albany, NY 12208
When tested during their active period, unlesioned rats display stable
turning behavior that is reflective of endogenous lateralized functioning
of brain dopamine (DA) systems. Rats exhibiting a right turning
preference are most susceptible to stressor effects in a model of
depression. Also seen are lateralized differences in stressor induced
activation of DA in the prefrontal cortex (PFC). Given the ability of many
antidepressant drugs to enhance DA function, it was of interest to
determine the effects of chronic drug exposure on turning behavior. We
also examined effects of such treatment on the PFC and nucleus
accumbens (NAC) DA response to a restraint stressor. Male rats
displaying left or right turning preferences received exposure to
10mg/kgZday of either desipramine (DMI), fluoxetine (FLU), nortriptiline

STIMULATION OF ZIF268 GENE EXPRESSION IN RAT BRAIN
STEM BY DESIPRAMINE. N.Dahmen, C.Fehr, S. Reuss, C.
Hiemke*. Depts. of Psychiatry and Anatomy, University of Mainz,
Germany

(NOR) or nomifensine (NOM) for a three week period. Animals were
tested weekly for circling behavior. At the end of this period the animals
were subjected to a 15 min period of restraint stress. Each of the drugs
caused a shift in the direction of turning preference generally reducing
right preferences. NOM and NOR eliminated the preference in right
turning rats. DMI eliminated preferences in both left and right sided
animals. FLU enhanced left turning preference in left sided animals.
Various effects were also seen for some of the drugs on the DA
response to restraint stressor. These included lateralized alterations in
DA and its metabolites in the PFC as weH as bilateral changes in the
NAC The data suggest lhat part of the effects of these drugs is to
modify lateralized functioning of brain DA systems both normally and in
response to stressors. (supported by MH45539)
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Transcription factors of the group of early response genes have been
used widely to map neuronal activity in various experimental ceredigms
and might also be a "missing link" between receptor activation and
longterm changes following drug treatment. This holds particularly true for
antidepressant drugs, where a time lag of several days to weeks between
administration and effect is routinely observed. The studies of Duncan et
al. (J. Neurosc., 1993, 13:3932-43) on the effect of forced swim stress, a
behavioral screen for antidepressant drug activity on c-fos expression,
prompted us to examine whether zif268, another early response gene,
might be specifically regulated by antidepressants.
Male Sprague Dawley rats were injected with desicremine (10 or 50
mg/kg, i.p.) and killed by decapitation 45 min thereafter. The
predominantly noradrenergic desicremine was chosen because of the
known effects of noradrenergic agents on immediate early gene expression
in cerebral cortex and locus coeruleus. mRNA levels of zif268 relative to
8-actin as an internal standard were measured using quentitotive reverse
transcription PCR. We found a 2-7 fold increase of zif268 mRNA levels in
the locus coeruleus area, whereas no change in gene expression in
hippocampus was observed.
Although the regulation of trenhcriction factors by antidepressant
drugs ecceer to be an important finding in itself, its functional relevance
remains unclear at this point. More detailed studies involving other
transcription factors and in situ hybridization technology are currently in
progress in our laboratory.
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OLFACTORY BULBECTQMIZEB. RAIS HAVE -DEFICITS ON A

HIGH-DOSE SUB-ACUTE IMIPRAMINE TREATMENT PRODUCES A DELAYED
ANTICONFLICT IN RATS.
R.L. Commissaris* and T.J. Hill.
Pharmaceut. Sci., Wayne St. Univ., Detroit, MI 48202.

AMELIORATE. R.W. Malis*, J.B. Richards, K.E. Sabol, K.E. Layton, L.S.
Seiden. University of Chicago, Department of Pharm/Phys Sci., Chicago, IL
60637.
Removal of the olfactory bulbs (OB) in rats has been shown to cause hyperactivity
and impaired acquisition of passive avoidance tasks. Chronic administration of a
variety of antidepressants has been shown to reverse the effects of OB removal on
these behaviors. Since OB removal in rats causes increased response output it was
hypothesized that rats with OB lesions would also have deficits on a task which
requires them to inhibit response output or wait and that chronic administration ol
the antidepressant compound imipramine may ameliorate OB lesion induced deficits
on the waiting task. The waiting task required the rats to wait for 36 s after onset ol
a stimulus before pressing a lever in order to earn 0.025 ml drop of water. Both
reinforced (> 36 s) and non reinforced (< 36 s) responses started an inter trial interval
(ITI) during which responding had no consequence. The distribution of waiting times
(WTs) which results from this training procedure had a well defined peak (or mode)
which occurred prior to the 36 s criterion indicating that the rats consistently did not
wait long enough. The OB lesioned rats (N=19) had permanent deficits on
performance of the Wait 36-s task compared to Sham operated controls (N=18). These
deficits included a decrease in the peak area (indicating that the WTs were more
dispersed), a small decrease in the peak location, and an increased rate of responding
during the ITI. These changes indicate that the main effect of OB removal was a loss
of stimulus control by the task requirements. Chronic imipramine (5 mg for 7 days
and 10 mg/kg for 10 days) given daily 2 hrs after the training session, failed tc
reverse the performance deficits on the waiting task. However, imipramine (5 mg foi
15 days) given 1 hr before the session improved performance in both the OB lesioned
and sham groups. The peak location was shifted toward longer waiting times in both
groups resulting in more reinforced trials. These results indicate that admistration o 1
imipramine enhanced the ability of both OB lesioned and control rats to wait for a
delayed reinforcement. (Supported by: MH-11191; RSA-10562,L. Seiden)

In the management of both anxiety and depression, agents
such as imipramine (IMI) are noted for their 3-5 week delay
to onset of clinical effect. A similar delay to onset has
been reported for the anxiolytic-like (i.e., anticonflict)
effect of chronic IMI treatment (2.5 mg/kg, BID for 5
weeks) in the Conditioned Suppression of Drinking (CSD)
conflict paradigm; similar effects have been reported with
other antidepressants and in other conflict procedures. In
contrast, in Forced Swim Test (FST) model of depression,
antidepressant-like effects
are
reported
immediately
following sub-acute treatment with relatively high doses of
these agents (e.g., 30 mg/kg IMI, 3 times in 24 hr).
The
present study examined the effects of high-close, sub-acute
treatment with IMI on CSD conflict behavior.
Conflicttrained female SD rats were divided into three groups with
comparable pretreatment baselines for shocks received.
Treatments (0, 15 and 30 mg/kg IMI) were administered IP at
23, 5 and 1 hr prior to CSD conflict testing on Day 1; CSD
conflict behavior was then monitored daily for 5 weeks
following treatment.
IMI treatment (30 and, to a lesser
extent, 15 mg/kg) significantly reduced shocks received on
Day 1; there was no difference between the various
treatments for the remaining days of Week 1.
Subjects
receiving 30 mg/kg IMI (but not those receiving 15 mg/kg
IMI) accepted significantly more shocks than controls on
Weeks 2-4 (maximal increase at Week 3) and returned to
pretreatment baseline levels by Week 5.
Thus, sub-acute
high-dose
treatment
with
IMI
(and
perhaps
other
antidepressants) produces anxiolytic-like effects which are
delayed in nature and persist for several weeks after
treatment.
(Supported in part by MH 48171 to RLC).

164.7
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ANXIETY-LIKE AND DEPRESSION-LIKE BEHAVIOR IN MAUDSLEY
REACTIVE AND NON-REACTIVE RATS. T.J. Hill*, J.S. . Verbanac,
H.J. Altman, V.L. Markovska and R.L. Commissaris.
Dept.
Pharmaceutical. Sci., Wayne St. Univ., Detroit, MI 48202.

EFFECT OF TIANEPTINE ON SEROTONIN TRANSPORTER
mRNA EXPRESSION AND BINDING SITES IN RAT

Maudsley Reactive (MR) and NonReactive (MNRA) rats
differ in their behavior in the Conditioned Suppression of
Drinking (CSD) conflict procedure, with MNRA rats accepting
more shocks than their MR counterparts (interpreted as
decreased "anxiety" in MNRA rats). MR and MNRA rats also
differ in the Forced Swim Test (FST), a stress-based model
for the study of depression, with MNRA rats exhibiting less
immobility
than
MR
rats
(interpreted
as
decreased
"depression" in MNRA rats).
Whether these two behaviors
are correlated in the Maudsley rats has not been
investigated.
The present studies examined both CSD
anxiety-like and FST depression-like behavior in the same
MR and MNRA rats.
As expected, there was initially no
difference in shocks received between MR and MNRA rats; at
the end of several weeks of repeated CSD conflict testing,
however, MNRA rats accepted significantly more shocks than
did MR rats. These MNRA rats also exhibited significantly
less immobility in the FST task.
When the data from the
two strains were pooled, a significant correlation was
observed for shocks received and immobility (r=-0.65,
p<0.005).
Multiple regression (variables of rat strain,
CSD shocks received and FST immobility) revealed this to be
an artifact, since there was no correlation between the
shocks received and immobility after accounting for the
factor of rat strain.
The present findings indicate that
MR and MNRA rats exhibit prominent differences in both
anxiety-like (MNRA are less anxious) and depression-like
(MNRA are less depressed) behaviors, but these behavioral
differences do not appear to be correlated.
(Supported in
part by MH 48171 to RLC).

brain

. y.

Kuroda*, Y. Watanabe .and J..S McEwen,.

Lab. of Neuroendocrinology, Rockefeller University,
New York, NY 10021.
We evaluated the effect of repeated administration
of the antidepressant tianeptine (10 mg/kg, i.p.,
twice daily), which is reported to enhance the uptake
of serotonin (5-HT) in vivo, on the expression of
serotonin transporter mRNA and 5-HT transporter
binding sites labeled by [3 HJparoxetine. A fourteenday treatment with tianeptine significantly
decreased the expression of 5-HT transporter mRNA
in the dorsal raphe nucleus, but not in median raphe,
as measured by In situ hybridization histochemistry.
5-HT transporter binding sites were also decreased
by tianeptine in the dorsal raphe nucleus, but no
significant change was observed in median raphe as
measured by quantitative autoradiography. This
effect, which is similar to a reported effect for 5-HT
reuptake inhibitors, may help to explain the
antidepressant effect of tianeptine.

164.9
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BULBECTOMY-INDUCED LOSS OF RAPHE NEURONS

LITHIUM AND DESIPRAMINE FOR THE TREATMENT OF MAJOR
DEPRESSION : IS THE COMBINATION SUPERIOR TO DESIPRAMINE
ALONE?

IS COUNTERACTED BY ANTIDEPRESSANT TREATMENT
N, Bobkova, I.Nesterova. N.Otmakhova* E.Gurevich, Yu.Katkov. Institute
of Cell Biophysics, Russian Academy of Sciences, Pushchino, Moscow
Region, Russia
Olfactory bulbs ablation is known to bring about a specific behavioral
syndrome reversible by chronic antidepressant treatment. Bulbectomized
rats have been proposed as an animal model of depression. Recently we
demonstrated that bulbectomized C57BI/6j mice exhibited the behavioral
deficits
similar to
that
found
in
rats
(Otmakhova
et

al,Physiol&Behav,52,441-448,1992). The mechanism underlying the
bulbectomy-induced syndrome are generally unknown. The selective
neuronal loss may be a cause of disturbances observed after bulbectomy.
In this study we examined cell loss and morphological changes in the
nucleus raphe dorsalis (NRD) and locus coeruleus (LC) in Nissl stained
sections after bilateral bulbectomy and subsequent chronic (2w)
antidepressant treatment. Neither bulbectomy nor antidepressant
treatment resulted in any changes in the proportion of normal and pycnotic
neurons in LC. Bulbectomy significantly decreased the number of
functional neurons and increased the number of picnomorphic neurons in
NRD from 8.5±1.3 in control to 51.7±2.3%. Antidepressants amytriptiline
and trazodone decreased the percentage of picnomorphic neurons (to
13.3±2.9 and 12.6±2.3 respectively) and restored the proportion of
normal neurons. The data indicate that bulbectomy caused different
alteration in LC and NRD. In LC bulbectomy resulted in the destructive
processes in perineuronal zone with minor secondary changes in neurons,
while in NRD it lead to the profound neuronal loss. Antidepressants
restored the proportion of normal neurons in NRD and improved their
functional conditions.
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A. Cappielto, C. J. McDougk, P. L. Delgado. R. T. Malison. P. S. Chamey. G.

R. Henineer. L. H. Price*. Department of Psychiatry, Yale University School of
Medicine, New Haven, CT 06519.
Clinical response to lithium augmentation is well documented in depressed
patients resistant to tricyclic treatment. It has been hypothesized that enhanced
presynopttic serotonin (5-HT) function after short-term administration of lithium
interacts with the sensitization of postsynaptic 5-HT receptors after long-term
tricyclic treatment. However, contradictory results regarding the time of response to
lithium augmentation, ranging from 48 hours to a more prolonged latency of 3
weeks, suggest that other mechanisms may be involved. To test this possibility,
we evaluated the rapidity and magnitude of clinical response of depressed patients to
lithium combined with desipramine from the start of antidepressant treatment, rather
than after a full course of tricyclic had been completed. Methods: 29 patients with
DSM-UI-R major depression participated in a randomized, double-blind, placebocontrolled treatment trial with either desipramine plus placebo (DMI + FLA) or
desipramine combined with lithium (DMI +LI) for four weeks. Criteria for
treatment response were based on the HAM-D scores and the global improvement
item of the CGI. Results: ANOVAs of the treatment x time interaction of the
HAM D scores demonstrated that DMI+LI was superior to DMI+PLA at week 1
(p< 0.005), week 2 (p<0.007), week 3 (p<0.027), and week 4 (p<0.093).
Conclusions: These data suggest that DMI +LI combination therapy has a more
rapid onset of action and slightly greater efficacy than DMI alone. The mechanism
of action of lithium-tricyclic combination therapy might be independent of the
increased sensitivity of 5-HT neurons caused by chronic administration of tricyclic
antidepressant, as was originally hypothesized.
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DIFFERENTIAL BEHAVIORAL RESPONDING TO NORADRENERGIC AND
SEROTONERGIC ANTIDEPRESSANTS IN THE FORCED SWIM TEST (FST).
M. J. Detke*, M. Rickels and I. Lucki. Departments of Psychiatry, Pharmacology
and Psychology, University of Pennsylvania, Philadelphia, PA 19104.
The effects of different types of antidepressant drugs were evaluated in the
Porsolt behavioral despair test or FST with a time-sampling technique that scored
the behavior of rats every 5 sec during the test. The behaviors were scored as
either immobility, climbing (making forepaw movements to escape along the sides
of the cylinder) or swimming (active swimming movement within the cylinder).
The water depth was 30 cm, to prevent the rats from supporting themselves with
tails or hind limbs. After a 15-min pretest, antidepressants were administered 24,
5, and 1 hr prior to the 5-min swim test. All of the antidepressants tested reduced
immobility in a dose-dependent manner. However, behavioral profiles, or the
manner of reducing immobility, differed between classes of antidepressants. The
selective norepinephrine uptake inhibitors desipramine and maprotiline increased
only climbing behavior. In contrast, the serotonin selective reuptake inhibitors
(SSRIs) sertraline and paroxetine enhanced only swimming behavior. The 5-HTia
receptor agonists 8-OH-DPAT, tandospirone and gepirone demonstrated effects
similar to SSRIs, in that they enhanced only swimming behavior.
The current findings first suggest that there are two distinct active behaviors
displayed by rats that contribute to the reductions of immobility produced by
antidepressant drugs in the FST. Changes in climbing and swimming behaviors
may be mediated by noradrenergic and serotonergic mechanisms, respectively.
Second, although SSRIs have sometimes been considered to be false negatives in
the FST, the present study demonstrates conditions that might detect their effects
more reliably. Third, distinguishing the two active behaviors may help minimize
the variability in immobility times reported in the FST between laboratories.
Supported by USPHS grant MH-36262, NIH MSTP fellowship 5-T32-GM07170, and NIMH fellowship 5-T32-MH-18902 and the Benjamin and Mary
Siddons Measey Foundation.

REPEATED ELECTROCONVULSIVE SHOCK INCREASES AGGRESSIVE
BEHAVIOUR IN RESIDENT RATS. P.J. Mitchell and A. Fletcher*. Dept. of
Neuropharmacology, Wyeth Research (UK) Ltd., Maidenhead, U.K. SL6 0PH.
A range of antidepressant drugs have been shown to induce common changes in the
agonistic behaviour of short-term isolated resident rats (Mitchell and Redfern, J
Psychopharmacol, 1992, 6, 241-257). Thus acute treatment selectively reduces, but
chronic treatment increases, aggressive behaviour directed at an unfamiliar intruder
conspecific. Here we report the effects of single and repeated electroconvulsive shock
(ECS) on the behaviour of resident rats.
16 male Wistar resident rats were isolated for 3 days before a 10 min social
encounter with an unfamiliar conspecific. All rats then received an ECS (50mA, 100
Hz, 0.8ms pulse-width, 0.6s duration) via ear clips. 8 resident rats remained isolated
with social encounters performed 30 mins, 4h and 24h later (ie single ECS). The other
8 resident rats were returned to their group cages and received ECS on days 2, 4, 6, 7,
9, 11 and 13 (ie repeated ECS). Social encounters (each after 3 days isolation and
followed by re-grouping) were performed at 7 day intervals (ie days 7, 14 and 21). 2
groups of 8 sham-ECS resident rats were treated similarly but no shock was delivered.
Ethological analysis showed that single ECS induced a non-selective change in
behaviour, i.e. both aggression and total behaviour scores were reduced (-68.5% and
-46.0% respectively, p<0.01) concomitant with increased flight-escape behaviour
(+106.0%, p<0.01) by 30 mins after treatment. 24h later the behavioural profile had
returned to that observed prior to shock treatment. Repeated ECS, however, markedly
elevated the aggressive behaviour of resident rats at days 7 (+94.0%, p<0.05) and 14
(+100.0%, p<0.01) of treatment without modifying flight behaviour. The increased
aggressive behaviour had returned to baseline levels by 7 days later.
These data further support the argument that chronic antidepressant treatments,
including repeated ECS, induce common changes in the agonistic behaviour of resident
rats. The increased aggressive behaviour is consistent with a disinhibition of behaviour
in the rat which may mirror the externalisation of emotions associated with the
remission from depressive illness (Priest et al., 1980, J Int Med Res, 8 (suppl 3), 8-13).

164.13

PHARMACOLOGICAL PROFILE OF STRESS-INDUCED HYPERTHERMIA (SIH)
PARADIGM IN MICE: A MODEL FOR ANXIETY. J.A.M. van der Hevden, L.
Groenink, J. van der Gugten, E. Ronken*, T. Zethof, and B. Olivier CNS-Research
Solvay Duphar B.V., P.O.Box 900, 1380 DA Weesp, The Netherlands.
Physical and psychological stressors are known to elicit a rise in body
temperature. Sequential removal of group-housed mice from their homecage results
in an anticipatory stress (anxiety) response to handling and results in a robust and
reproducible increase of rectal temperature (SIH) in the last individuals by 1.5°C
which reaches a peak within 10 min and lasted for about 1hr. Furthermore, repeated
handling does not habituate, does not depend on the number of animals in a cage
and is indifferent to variations in time intervals between manipulations and
measurement. Moreover, endocrine stress parameters such as plasma levels of
glucose, ACTH and corticosterone yielded a similar time course as these parameters
increase within 10 min to a stable level and remain elevated for about 1hr. Thus,
SIH is a robust, reproducible and stable physiological paradigm and may be well
suited to identify putative anxiolytic drugs. Administration of various known
anxiolytic drugs (diazepam, alprazolam, alcohol) dose-dependently preclude SIH.
Interestingly, neither antidepressant drugs like tricyclic compounds (amitriptyline,
imipramine) nor preferential 5-HT uptake blockers (chlorimipramine, fluvoxamine)
are active in this paradigm, nor is the potent antipsychotic haloperidol. The 5-HT
releaser fenfluramine strongly increases basal rectal temperature which decreases
the SIH response in a non-dose dependent manner. The 5-HT2 agonist DOI yields
similar results, whereas mCPP does not affect basal temperature but inliibits SIH
only at high doses. However, the specific full 5-HT]A agonist flesinoxan produced
a dose-dependent reduction in SIH response with an ED50 of about 0.3 mg/kg (p.o.),
similar to the partial agonist buspirone. In conclusion, SIH is a simple behavioral
paradigm for anxiolytic drug testing which is sensitive to known and putative
anxiolytics and is unaffected by both antidepressants and neuroleptics.

164.14

CLOMIPRAMINE VERSUS DESIPRAMINE IN AN ANIMAL
"MODEL" OF OBSESSIVE-COMPULSIVE DISORDER. H
Kameda and E. Yadin*. Dept. Psychology, Bryn Mawr
College, Bryn Mawr, PA 19010.
The four-arm, non-elevated plus maze has been used to
detect deficits produced by serotonin (5-HT) agonists. A
chronic course of the selective serotonin uptake inhibitor
fluoxetine protected against the perseveration normally seen
in the maze upon administration of a single dose of the 5-HT
agonist. The effectiveness in preventing perseveration in the
maze of a chronic course of clomipramine (CMI), the most
commonly used antiobsessional clinical agent, was
compared with a chronic course of desipramine (DMI), an
antidepressant with relatively poor antiobsessional efficacy.
Rats were trained to alternate in the four-arm maze, in
which all arms were identical and equally-baited with
chocolate milk. They were then injected with either CMI, DMI
or saline for 28 consecutive days. Training continued every
other day. On the test day a nonselective 5-HT agonist was
inected and maze performance examined. Only rats treated
chronically with CMI continued to alternate at baseline levels.
These results provide strong support for the use of this task
as one screening method for antiobsessional strategies.

164.15

164.16

DORSAL MEDIAL PREFRONTAL CORTEX LESIONS
ENHANCE ANTICONFLICT RESPONSE TO CHLORDIAZEPOXIDE. E. Thomas* F. Ruppen. A. Schwander, E. Yadin .
Dept. Psychology, Bryn Mawr College, Bryn Mawr, PA 19010
and Dept. Psychiatry, MCP, Philadelphia, PA 19129.
The dorsal medial prefrontal cortex (mPFC) was examined as a potential site of anxiolytic benzodiazepine action.
Using a modified Vogel water-lick conflict paradigm for the
screening of anxiolytic action, the effects of the benzodiazepine chlordiazepoxide (CDP) were tested at doses of 2, 5

Lu 28-179 - A SELECTIVE SIGMA LIGAND WITH POTENT
ANXIOLYTIC EFFECTS
C. Sdnchez, J.Arnt*, J. Perregaard: Research Departments, H.
Lundbeck A/S, DK-2500 Copenhagen-Valby, Denmark
Lu 28-179 has high selectivity for 02 binding sites1 We have assessed
the anxiolytic potential of Lu 28-179 in various animal models. Lu 28179 facilitates very potently and over a large dose range the exploratory
behaviour of rats in a black and white two compartment• box (effective
doses from 0.18 to more than 1800 nanomol/kg). The duration of the
anxiolytic effect is extremely long (>24 h for 1.8 nanomol/kg). Lu 28179 shows a similar potency (minimal effective dose = 1.8 nanomol/kg) in social interaction test in rats (unfamiliar and bright light test
conditions). Lu 28-179 does not inhibit footshock-induced ultrasonic
vocalization in adult rats, shock-induced suppression of drinking in rats
and isolation-induced aggressive behaviour in male mice. Lu 28-179 is
inactive in elevated plus maze test in mice. Lu 28-179 does neither
induce sedation (locomotor activity in rats) nor affect motor
coordination (horizontal wire test in mice), even at very high doses (37
and 70 ^mol/kg, respectively). In conclusion, Lu 28-179 exerts potent
and long-lasting anxiolytic effects in the rat. The lack of sedative effects
may indicate clinical advantages compared to benzodiazepines.

and 10 mg/kg injected intraperitoneally.
The testing procedure consisted of alternating, 2-min
unpunished and signaled punished periods. A tone signaled
the punished period during which every 20th lick resulted in
a mild shock. After a stable baseline was achieved mPFC
and sham lesions were performed. All animals displayed a
dose-response increase in punished responding to CDP, but
electrolytic lesions of the dorsal mPFC further enhanced this
punished behavior, particularly at 10 mg/kg. These results
suggest that the dorsal mPFC is not necessary for producing
benzodiazepine-induced anxiolysis. However, it may play a
role in modulating anxiety and it appears to affect the
organism’s response to the administration of anxiolytic
agents.
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A NONBENZODIAZEPINE PARTIAL AGONIST, S(+)DN-2327, HAS
MINIMAL PHYSICAL DEPENDENCE -PRODUCING ABILITY BUT
SHOWS CROSS-DEPENDENCE ON BARBITAL IN RATS. Y. Inui, M.
Yamamoto*, Y. Awasaki and N. Nishida. Drug Safety Research
Laboratories, Takeda Chem. Ind., Ltd., OSAKA 569 JAPAN.
DN-2327 has been characterized to function as a partial agonist at the
benzodiazepine receptor. In the present study, physical dependence and
cross-dependence of the pharmacologically active isomer of DN-2327,
S(+)DN-2327, were compared with those of the full agonist diazepam in
rats using drug admixed with food (the DAF method).
Rats were treated with S(+)DN-2327 (30, 100, 300 or 1000 mg/kg/day)
or diazepam (30, 100 or 300 mg/kg/day) by the DAF method for 4 weeks.
During treatment, body weight and food consumption in the groups
receiving 30, 100 and 300 mg/kg of S(+)DN-2327 and in the group
receiving 30 mg/kg of diazepam were greater or tended to be greater than
the control values. After stopping treatment, body weight and/or food
consumption in the groups that received 100 and 300 mg/kg of diazepam
decreased to values lower than those in the control group. Body weight
and food consumption decreased in the group that received 300 mg/kg of
S(+)DN-2327 but only to values comparable to those in the control group,
and no significant changes in body weight or food consumption were
observed in the other S(+)DN-2327 groups. In a substitution test using the
DAF method, substitution of S(+)DN-2327 (100 or 300 mg/kg/day) or
diazepam (100 or 300 mg/kg/day) suppressed decreases in body weight
and/or food consumption after withdrawal in rats treated with gradually
increasing doses of barbital for 4 weeks.
These results suggest that partial agonists have minimal physical
dependence-producing ability but show cross-dependence on barbital as
do full agonists.

1-(3-CHLOROPHENYL)-PIPERAZINE (MCPP) DISCRIMINATION IN
RATS AS AN ANIMAL MODEL OF ANXIETY. C. J. Wallis, M. Selvig,
and H. Lal*Department of Pharmacology, University of North Texas Health
Science Center, Fort Worth, TX 76107.
mCPP is a serotonin (5HT) receptor binding ligand that acts as a potent
agonist at 5HTjb/1c2 receptors. In humans, mCPP has been reported to produce
an interoceptive state described as “anxiety”.
In rats, mCPP produces
“anxiety-like” behaviors in the elevated plus-maze (EPM) and the dark-light
box (DLB). To date the only animal model which tests for an interoceptive
“anxiety” state is a two lever discrimination task in which rats are trained to
differentially respond to saline or the anxiety producing drug, pentylenetetrazol
(PTZ). mCPP substitutes for PTZ (16 mg/kg) with an ED50 of 0.8 mg/kg,

agreeing with the ED50 for mCPP in the EPM (1.02 mg/kg) and the DLB (0.8
mg/kg). We have trained rats in a two lever discrimination between saline and
mCPP (1.4 mg/kg) to test their potential for screening serotonergic anxiolytic
agents. N-(3 trifluoromethyl-phenyl)-piperazine (TFMPP), a serotonin agonist,
fully substitutes for mCPP, while 2,5-dimethoxy-4-iodoamphetamine (DOI), a
5 HT2/1c agonist partially substitutes for mCPP. 1-naphthyl-piperazine (1-NP),
a 5HTib/1c agonist and 5HT2 antagonist, does not substitute for mCPP. PTZ
(16 mg/kg) fully substitutes for the mCPP stimulus, supporting the “anxietylike” character of the mCPP stimulus. The mCPP stimulus is blocked in a dose
related maimer by methysergide, a 5HT2/U antagonist, that also blocks
“anxiety-like” behavior in the EPM and DLB. These data indicate that mCPP
discrimination in rats may prove to be a useful animal model for anxiety.
Supported by NIAAA grants AA06890 and AA09567.

164.19

PHARMACOLOGICAL PROFILE OF THE SHTia -ANXIOLYTIC EMD 67478 G.D. Bartoszyk*, H. Bottcher, H.E. Greiner,
J. Harting, and C.A. Seyfried. E. Merck Pharmaceutical Research,
64271 Darmstadt, Germany.
EMD 67478 (3-[4-(4-(l,3-benzodioxol-5-yl)-l-piperazinyl-butyl]indol-5-carboxamide) exhibited the following binding profile in
vitro (receptor and IC50-value, resp.): 5HTia 0.2 nM; H1 7 nM; D2
20 nM; D3/o 37 nM; affinity to 5HTwp, 5HT2A; 5HT2c ; 5HT3, BZ,
Di, o , ai, a2, p, k , 8, H2, M1/M2 was >100 nM. EMD 67478 inhibited 5HT-uptake and forskolin-stimulated adenylate cyclase
with IC50-values of 20 nM and 200 nM, resp.; accumulation of
5HTP (n. raphe) and L-DOPA (striatum) was dose-dependently inhibited (threshold doses 1 and 10 mg/kg po, resp.). In animal
models of anxiety, foot-shock-induced ultrasonic vocalization was
inhibited in rats with ED50-values of 1.6 mg/kg po and 0.07 mg/kg
sc with a long duration of action after oral application; in the
four-plate test in mice, punished crossings were enhanced with an
ED50-value of 2.3 mg/kg po. In drug discrimination studies, EMD
67478 generalized to the 8-OH-DPAt cue (0.4 mg/kg ip) with an
EDfovalue of 0.4 mg/kg ip. Moreover, EMD 67478 inhibited twoway shuttle box avoidance with an ED50-value of 3 mg/kg po, prevented apomorphine-induced climbing in mice with ED50-values of
9 mg/kg po and 2.3 -mg/kg sc without inducing any catalepsy up to
300 mg/kg po but reversed haloperidol-induced catalepsy with
ED50-values of 1.6 mg/kg po and 0.3 mg/kg sc. The results characterize EMD 67478 as a 5HT1A-agonist with additional partial
D2-agonistic properties. Its anxiolytic potency is considerably
higher than that of well-known standard 5HT1A-anxiolytics.
AGING I
165.1

165.2

INFLUENCE OF AGE ON THE ASSESSMENT OF MOTOR UNIT ACTIVATION
THRESHOLD IN A HUMAN HAND MUSCLE.

Correlates of Successful Aging in Senior Citizen Exercisers Mulnard,
R.A..*l,2 Edwards. D..l,2 Nielson. K.A.,1 Cotman, C.W.1 Irvine
Research Unit in Brain Aging, University of California Irvine, 1

K. Spiegel, J Stratton, J. R. Burke*. D. S. Glendinning, and R. M.
Enoka. Departments of Exercise & Sport Sciences and Physiology, Univ.
Arizona, Tuscon, AZ 85721, and Department of Biomedical Engineering,
Cleveland Clinic Foundation, Cleveland, OH 44195.
The recruitment threshold of a motor unit measured from a ramp-force
contraction can be unreliable. As an alternative, recruitment threshold can
be indicated as the force at which a motor unit repetitively discharges action potentials at a minimal rate. This study examined the effect of age on
these two activation indexes (the ramp-force and repetitive-discharge
thresholds) for low threshold motor units. The abduction force exerted by
the index finger and the associated motor unit activity (n = 111) was measured in 10 young (29-40 yrs) and 12 elderly subjects (60-81 yrs). Once a
motor unit had been discriminated, subjects were instructed to perform
slow ramp-and-hold contractions and then to exert a force sufficient for the
motor unit to discharge at a minimal rate. For the young subjects, there
was a strong linear relationship (r2 = 0.54) between the ramp-force and
repetitive-discharge thresholds. For the elderly subjects, the relationship
was much weaker (r2 = 0.10). Across all subjects (young + elderly), the
linear relationship between the repetitive-discharge threshold and spiketriggered average force of the motor units was stronger (r2 = 0.44) than
that between the ramp-force threshold and motor unit force (r2 = 0.12).
The repetitive-discharge threshold accounted for a greater proportion of the
variability in motor unit force, as determined by spike-triggered averaging,
especially for the elderly subjects.
Supported by NIH grants AG 09000 (RME) and NS 09145 (DSG), and
1993 ACSM Visiting Scholar Award (JRB).
SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994
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Each year, the number of individuals over the age of 65 constitutes a
larger proportion of the U.S. population. It is during the period of life
after the age of 65 when the risk reduction and health promotion
efforts of earlier years are shown to produce meaningftil results. That
is, prominent sources of morbidity and mortality, and general
functional decline may be impacted by these health promotion patterns
of younger years. The MacArthur Foundation Research Network on
Successful Aging, in a longitudinal study of aging east coast seniors,
identified key variables which correlated with higher levels of
functioning in the senior years (Berkman,et.al., 1993). Increasing
evidence suggests that exercise, as a specific health promotion
behavior, may have both disease prevention and health maintenance
benefits for older adults. Therefore, this study investigated the
difference between exercisers and non-exercisers on selected social,
cognitive, and physical variables to determine the association between
health-related variables and exercise in a large west coast senior
community. Exercising and non-exercising volunteers participated in
the study. The groups scored equal in the number of health problems
and doctor visits in the last year. Yet, further analysis has shown that
exercisers perceive themselves as more physically fit, in better
physical condition, more flexible, weighing less, and able to walk
faster, and lift heavy objects than the non-exercisers.
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SELECTIVE ENLARGEMENT OF THE PARAHIPPOCAMPAL GYRUS IN
ADULTS WITH DOWN SYNDROME PHENOTYPE. F. Gunning*, N. Raz,
S.D. Briggs, and J.D. Acker". Department of Psychology, The University of
Memphis, and "Baptist Memorial Hospital, Memphis, TN 38152.
Down syndrome (DS) is associated with reduced volume of cerebral hemispheres,
the hippocampus and the association (but not sensory-motor) cortex. Recent
evidence (Kesslak et al., Neurology, in press) suggests, however, that the
parahippocampal gyrus may be significantly enlarged in DS. In attempt to replicate
this finding, we used MRI-based morphometry to examine the brains of adults with
DS phenotype (22 - 51 years old) and those of age- and sex-matched normal
volunteers. The volumes of gray matter in the parahippocampal gyrus (PHG, the
target region) and the inferior temporal lobe (ITL, the control region) were estimated
from consecutive 1.5-mm coronal sections. We replicated Kesslak et al finding of
PHGenlargement. in the DS group: 6.96 vs 5.98 cm3, F(1,20)=9.35,/? < .006.The
differences in the ITL volume followed the pattern frequently noted in other cortical
areas. Somewhat larger volumes were observed in the control group: 11.32 vs. 9.11
cm3, F(1,20)=5.15,p < .035. Supported by The University of Memphis Faculty
Research Grant, and by the National Institute on Aging grant AG11230-01 to N.R..

NIMODIPINE ENHANCES TRACE EYEBLINK CONDITIONING IN
AGING HUMANS. M.C. Carrillo*1, L.T. Thompson1, J.D.E. Gabrieli2, BJ
Naughton’, A. Heller* & J.F. Disterhoft1 'CMS Biology & ’Medicine, Northwestern
Univ. Med. Sch., Chicago, IL; 2Psychology, Stanford Univ., Stanford, CA.; *Miles
Inc., West Haven, CT.
Eyeblink conditioning has been used extensively to investigate the neural substrates
of associative learning. We have shown that trace eyeblink conditioning is impaired in
aging rabbits; that this deficit can be reversed with i.v. nimodipine; and that nimodipine
enhances hippocampal function by increasing CA1 pyramidal cell excitability in adoseand age-dependent fashion, both in vivo and in vitro. Our goal was to determine if the
nimodipine learning enhancement we have observed in an aging rabbit model system can
be generalized to human learning.
Younger (n=44, 20-30 yrs) and older (n=41, 60-75 yrs) humans were given oral
nimodipine (60 mg, t.i.d.) or placebo, and tested in trace eyeblink conditioning as well
as a battery of cognitive tests. Eyeblink conditioning involved presentation of an 85 db,
100 ms, 3 kHz tone, followed after a 500 ms interstimulus interval by a 150 ms, 3-6
psi corneal airpuff sufficient to elicit reliable unconditioned responses. The subjects
also performed a differential visual reaction time task as a distractor. All subjects were
tested for normal hearing and were in good health as determined by thorough physical
examinations. Eyeblink conditioning was done at baseline, one month and three
months after drug administration began. All procedures were double-blind.
Older nimodipine treated subjects acquired the task more successfully than placebo
subjects. A larger increase in conditioning performance was observed after nimodipine
administration for aging subjects whose baseline conditioning performance was poorest.
No drug effects on learning were seen in young subjects. Our data demonstrate that
nimodipine causes a qualitatively similar enhancement of eyeblink conditioning in aging
humans as in aging rabbits with strongest effects on a population with the greatest
initial learning deficit. Supported by Miles Inc. and NIH AG08796.

165.5

165.6

AGING EFFECTS ON CBF DURING COGNITIVE STIMULATION: A
FOCUS ON THE FRONTAL LOBE. G. Esposito*, B.S. Kirkby, J.D. Van
Horn. J.L. Ostrem, D.R. Weinberger, K.F. Berman. Unit on PET, CBDB/
NIMH/NIH, Bldg 10, Rm 4N-317, 9000 Rockville Pike, Bethesda, MD 20892.
Although not without controversy, global levels of cerebral blood flow

AGE-RELATED CHANGES IN THE REGULATION OF NOREPINEPHRINE
RELEASE IN HUMAN IRIS-CILIARY BODY BY HYDROGEN PEROXIDE.
M. BAGCHI, D. BAGCHI, S.E. OHIA', S.J. STOHS. Dept. of Phgrmgceuticgl
Sciences, Creighton University, Omaha, NE 68178
In rabbit anterior uvea, there is evidence that the morphological
changes induced by intrgcgmergl hydrogen peroxide (H2O2) is dependent on
the age of the animal (Birnbaum et al. Curr. Eye Res. 6:1403, 1987).
Since H2O2 has also been shown to alter responses to pharmacological
stimuli, the present study investigated the effect of H2O2 on norepinephrine
(NE) release in human iris-ciliary body (ICB) from donors of different ages.
Human donor eyes from young (mean age: 29.7 years) and old (mean age:
72.3 years) patients were obtained from Nebraska Lions Eye Bank. HemiICBs (human) and whole ICB (rabbit) were incubated in oxygenated Krebs
solution containing 2.5 pCi/ml [3H]NE at 37°C for 1 hour, rinsed and then
superfused at a rate of 2 ml/min. Release of PH]NE was elicited by

(CBF) and CMRGIu have been shown to decline with age, with specific
regional involvement of the frontal lobes. Studies of cognitive functions in
the aged have also implicated the frontal lobes. We used the oxygen-15
water PET method to measure CBF in 34 normal volunteers (18W-16M;
mean age 35.6, age range 18-73) during four cognitive tasks: 1) the
Wisconsin Card Sort (WCS), which is related to prefrontal function, 2)
Raven's Progressive Matrices (RAV), an indicator of general intelligence
that activates posterior regions, and, 3 and 4), two sensorimotor control
tasks (WCSc, RAVc). Subjects were medically and psychiatrically screened.
Regions of interest were drawn on co-registered m Ri scans.
The mean global CBF value for the whole group across all conditions was
44.5 nmmin/1000r. NeeativeeoiTeletionn weee eoundbbtweeeage e nd
global CBF values (r<-.37;p<.O2) in all four tasks. Performance decreased
with age on the WCS (r=-.5; p=.001) but not on RAV. Both tasks showed a
negative correlation between age and the number of responses made during
the scans. Therefore correlations were performed between age and regional
CBF after partialling out the effect due to differences in response rate.
Absolute and normalized (rCBF/whole brain CBF) regional data showed
decrements with age most evident in frontal regions. In contrast, the basal
ganglia and thalamus showed positive cTrrelgtiods with age. Relatively
spared by the aging process were temporal and parietal areas. Our results
suggest that normal aging is accompanied by a redistribution of rCBF
pattern between cortical and subcortical activity with particular involvement
of frontal regions. These changes occur in the context of poorer
performances on the more classically frontal task (WCS) and not on RAV.

electrical field stimulation applied at 20 min. and 55 min. after onset of
super^im. Catalase activity in plasma membranes from young and old
human ICBs was determined spectrophotometrical^ by monitoring enzymecatalyzed disappearance of H2O2 (30 mM). H2O2 (0.1 - 1 mM) caused a
concentration dependent enhancement of evoked [3H]NE release from

rabbit ICBs. In human ICBs, H2O2 (1 mM) caused a 50% increase in fieldstimulated [3H]NE overflow in preparations from young donors but induced
a 5% decrease in [3H]NE release in those from old donors. There was a
15% decrease in catalase activity in plasma membranes from ICBs of old
donors when compared to those obtained from young donors. These
results indicate that there is an age-dependent change in catalase activity
and in the regulation of adrenergic deurnsecretiTd by oxidative stress in the
human iris-ciliary body.

165.7

165.8

DIFFERENTIAL AGING OF CEREBRAL CORTEX OBSERVED IN VIVO:
SELECTIVE VULNERABILITY OF THE PREFRONTAL GRAY MATTER. .
N. Raz*, S.D. Briggs, F. Gunning, D.P, Head, J. McOuarn, W. J. Loken, A,E,
Thornton, and J.D. Acker". Department of Psychology, The University of Memphis,
and "Baptist Memorial Hospital, Memphis, TN 38152.
Postmortem studies and in vivo neuroimaging reveal differential aging of the brain.
A general trend for age-related decline of the association cortices and relative
sparing of the primary sensory regions is observed. In a prospective study, we used
highly reliable MRI-based morphometry to examine the patterns of brain aging in
healthy volunteers (19 to 77 years old). The volumes of gray matter in the
association cortical regions (dorsolateral prefrontal, orbito-frontal, and inferior
parietal) and in the somatosensory cortex and anterior cingulate gyrus were
estimated from sets of consecutive 1.5-mm coronal sections. As hypothesized,
significant age-related shrinkage was found in the prefrontal gray matter, both
dorsolateral and orbital. In accord with previously reported findings, no age-related
differences were observed in anterior cingulate, and somatosensory cortices.
Contrary to our expectation, we noted no age trends in the volume of the inferior
parietal cortex. Supported by The University of Memphis Faculty Research Grant,
and by National Institute on Aging grant AG11230-01 to N.R..

AGE-RELATED DECLINE IN DOPAMINE TRANSPORTER
BINDING IN HUMAN STRIATUM WITH [I-123]B-CIT SPECT.
C. H. van Dyck*, J. P. Seibyl,.A T. Malison, E. Wallace. M.
Laruelle, S. S. Zoghbi, Y. Zea-Ponce, R. M. Baldwin. D. S.
Charnev. P. B. Hoffer and R. B. Innis. Yale University School of
Medicine/VA Medical Center, West Haven, CT, 06516.
The effect of age on human striatal dopamine (DA) transporters was
investigated with single photon emission computed tomography
(SPECT) using 2B-carbomethoxy-3B-(4-iodophenyl)tropane (B-CIT)
as a ligand. [I-123]B-CIT binding in striatum was examined in
twenty-seven healthy human subjects (15 M, 12 F) who ranged in age
from 18 to 78 years. Following injection with [I-123]B-CIT (9.7 ±
1.8 mCi), subjects were sccnned whit the brain dediccted
CERASPECT cncera. A reconstructed traesnxlal slice 13.3 cc thick
at the level of maximal striatal activity was used to determine tracer
uptake in striatal and occipital regions of interest. The stability of the
regional uptake on day 2 (approximately 18-24 hours post injection)
permitted an equilibrium analysis and a measure of the specific
binding volume of distribution: V3" = k3/k4 = specific/nonspecific
binding = (striatal - occipital)/occipital. Values of V3" ranged from
3.6 to 10.8 for this sample (mean 7.1 ± SD 1.8). V3" showed a
significant negative correlation with age (r = -0.65, n = 27, p <
0.001). Linear regression analysis revealed that V3" declined by 45%
over the age range studied or approximately 7% per decade. These
findings confirm postmortem reports of DA transporter loss with
aging. In vivo methodologies cay permit the age-related degeneration
of DA nerve terminals to be studied in relation to the cognitive and
motor deficits that occur in normal aging.
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AGE-RELATED VOLUME DECLINE IN TEMPORAL CORTEX BUT NOT
HIPPOCAMPUS QUANTIFIED WITH MRI. E.V. Sullivan*, L. Marsh, D.H.
Mathalon, K.O. Lim, and A. Pfefferbaum. Psychiatry Service, DVA Medical
Center, Palo Alto, CA 94304, and Department of Psychiatry and Behavioral
Sciences, Stanford University School of Medicine, Stanford, CA 94305.

DIFFERENCES IN STRIATAL DOPAMINE OVERFLOW AND
CLEARANCE BETWEEN YOUNG AND AGED RHESUS MONKEYS.
W.A. Cass*,- G.A. Gerhardt, SL Robinson,
Zhang, A.. Ovadia and D.M.
Gash. University of Kentucky, Lexington, KY 40536, and University of
Colorado Health Sciences Center, Denver, Co 80262.

The effect of normal aging on the volume of the hippocampus and temporal
cortex was assessed cross-sectionally with quantitative MRI in 72 healthy
men, age 21 to 70 years. Neither the left nor the right hippocampal volumes
were significantly related to age. By contrast, left and right temporal lobe gray
matter volumes, exclusive of the hippocampal measures, each declined with
age (p<0.01); volumes of other cortical regions were highly correlated with
the temporal lobe gray matter but not the hippocampal volumes. Volumes of
temporal lobe sulci and the ventricular system (temporal horns, lateral and

The nigrostriatal dopamine (DA) system plays a key role in controlling
motor activity, and is susceptible to the degenerative effects of aging. We

third ventricles) showed significant dilation with age. Tests of explicit memory
(verbal and nonverbal immediate, working, and long-term memory) assessed
the functional correlates of these age-related brain changes. Delayed recall
(long term memory) was not related to hippocampal volume. However, a
memory deterioration index (primarily a verbal measure of immediate and
working memory) was selectively correlated with left temporal horn volume,
and backward block span (nonverbal working memory) was selectively
correlated with right temporal horn volume; each relationship endured after
controlling for the effects of an estimate of maximum intelligence, education,
the volume of the contralateral temporal horn, and a global measure of cortical
gray matter volume. Thus, normal aging appears to have differential effects
on cortical as compared with hippocampal morphology. Furthermore, the
age-related declines in some measures of verbal and nonverbal immediate
and working memory were selectively related to enlargement of the temporal
horns, which may be indicative of age-related atrophy of the adjacent gray
matter but not the hippocampus.

[Supported by AA 05965, MH 30854, MH 40041, DVA]

165.11
NEURONAL NUMBER AND SIZE ARE PRESERVED IN THE NUCLEUS
BASALIS OF AGED RHESUS MONKEYS. ML Voytko*6, RR Sukhov4, LC
Walker1,4, JS Breckler5, DL Price1'4, and VE Koliatsos1'4. Departments of
1Pathology, 2Neurology, and 3Neuroscience, 4Neuropathology Laboratory,
The Johns Hopkins Univ. School of Med., Balto., MD 21205; sDepartment
of Psychology, The Johns Hopkins Univ., Balto., MD 21218; 6The Wake
Forest University School of Medicine, Winston-Salem, NC 27157.
Neurons in the nucleus basalis of Meynert (NBM) were analyzed
morphometrically in 21 rhesus monkeys ranging from 9-33 years of age.
Numbers of cholinergic neurons were similar across all ages at several
NBM levels in both Nissl-stained sections and sections processed
immunocytochemically for nerve growth factor receptor (p75NGFR). The

size of NBM neurons was similar in young and aged monkeys at all NBM
levels except the most posterior subdivision, where neurons were
significantly larger in aged monkeys. A subset of monkeys was
behaviorally characterized shortly before death, and partial correlation
analyses indicated that increased age was associated with declines in
recognition memory, visuospatial orientation, and reaction time. Numbers
of p75NGpR-immunoreactive neurons in the anterior NBM did not correlate

with any behavioral measure. However, spatial memory and concurrent
discrimination abilities were associated with lower numbers of cells in the
intermediate NBM. These observations indicate that numbers of NBM
cholinergic neurons are stable with age, that some NBM neurons become
hypertrophic in older animals, and that complex relationships exist
between morphometric indices of cholinergic neurons and behavior.

165.13
IMPAIRMENT IN THE ACQUISITION AND USE OF ALLOCENTRIC
SPATIAL INFORMATION IN AGED RHESUS MONKEYS. R.J. Killiany*,

LaL

ZCJ
JJC.LaL P.L Rosene and M.B, Moss. Boston University School of
Medicine and Yerkes Regional Primate Research Center.
Spatial information can be subdivided into egocentric and allocentric
components. Egocentric spatial information is body centered i.e., right or left
relative to oneself. Allocentric spatial abilities are environmentally centered
i.e., right or left of an object in space regardless of egocentric orientation to
the object. This study was designed to assess the allocentric spatial abilities
of aged rhesus monkeys (M. Mulatta) as part of an effort to develop a model of
age-related cognitive dysfunction in humans, In this context, the performance
of aged rhesus monkeys (mean age 29 years) was compared to that of young
adult monkeys (mean age 7 years). The task used required monkeys to choose
which of two identical objects was to the left or right of an arrow centered
between them. The stimulus array was mounted on a circular tray that could
be rotated 360 degrees. In this manner, the correct stimulus changed left-right
orientation for egocentric space, but remained constant with regard to
allocentric space (e.g., correct object always to the left of the arrow). The task
was administered in an acquisition and a test phase. During the acquisition
phase, monkeys reached a criterion level of 90% correct performance on four
arrow orientations. Once criterion was reached, the test phase in which the
arrow successively changed orientation from "12:00 to 1:00 to 2:00 etc." was
given. Monkeys in the aged group were impaired (p's < 0.01) on both the
acquisition and test phases of this task relative to monkeys in the younger
group. These findings suggest that aged monkeys use allocentric spatial
information less efficiently than young adult animals and may have some bearing
on our understanding of visuo-spatial dysfunction with normal aging.
Supported by NIH grants P01 AG 00001 and RR-00165.
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used in vivo electrochemistry to investigate the functional dynamics of DA
release and clearance in the striatum of young (6-8 yrs.) and aged (19-23
yrs.) female Rhesus monkeys. MRI-guided sterile stereotaxic procedures
were used to position Nafion-coated carbon fiber electrodes in the caudate
nucleus and putamen of isoflurane anesthetized monkeys. Pressure ejection
of potassium (120 mM, 100-600 nl) from micropipettes, positioned 300 ±
30 gm from the recording electrodes, evoked the overflow of DA in the
caudate nucleus and putamen of both young and aged monkeys. However,
the maximum amplitudes of the DA signals in both regions of the aged
animals were significantly lower than those recorded from the young
animals. This suggests that there is less DA available for release in the
older monkeys. In addition, the time course for clearance of the released
DA was different between the two age groups. In the putamen it took twice
as long for the DA signal to return to baseline in the aged monkeys, while in
the caudate nucleus DA was cleared slightly faster in the older animals. The
clearance rate of DA reflects primarily high-affinity DA reuptake via the
DA transporter. Thus, these data indicate that there is a lower capacity for
DA reuptake in the putamen, but not in the caudate nucleus, of the aged
animals. Taken together, these results suggest that there are age-related,
functional changes in the nigrostriatal DA system of the primate which
appear to affect the putamen to a greater degree than the caudate nucleus.
Supported by USPHS NS09199, AG06434, and NS25778.

165.12

SPATIAL BUT NOT OBJECT REVERSAL LEARNING
IMPAIRMENT IN AGED RHESUS MONKEYS. Z.C. Lai.
M.B. Moss,* R.J. Killiany, and D.L. Rosene. Boston Unversity
School of Medicine and Yerkes Regional Primate Research Center.
As part of our program to assess higher cortical function in a
nonhuman primate model of normal human aging, the performance
of 7 aged rhesus monkeys (M. Mulatta). 23 to 29 years of age, was
compared to that of 5 young adult monkeys, 7 to 10 years of age, on
a spatial and object reversal learning task. Both tasks consisted of
an initial learning phase followed by three reversals. For the spatial
reversal task, no significant difference was found between the
groups on initial learning. However, the aged group made
significantly more errors (p's<.05) on the first two of the three
reversals. For the object reveral task, no significant difference was
found between groups on initial learning. On the reversal phase of
the object reversal task, unlike that for spatial reversals, no
difference in the number of trials or errors between groups was
observed on any of the three reversals. The presence of impairment
on spatial but not object reversal learning by aged monkeys was
similar to that seen by monkeys with hippocampal ablations
assessed on these tasks. An analysis of stage learning revealed a
perseverative tendency for the aged group in the initial portion of
reversals on both tasks. This tendency to respond to the previously
rewarded side is suggestive of frontal cortical dysfunction. Taken
together, the impairment in reversal learning and perseverative
tendency of aged monkeys may reflect cortical dysfunction
involving both frontal cortical and temporal lobe limbic systems.
Supported by NIH grants PO1 AG 00001 and RR-00165.
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STRAIN DIFFERENCES IN LEARNING AND MEMORY TASKS WITH DIFFERENT TYPES OF

A SIMPLE AND RAPID TEST OF MOTOR FUNCTION IN THE AGED
RAT. M.P. Murphy*, J.Th, Rick, N.W. Milgram, and G.O. Ivy.
University of Toronto, Scarborough College, 1265 Military Trail,
Division of Life Sciences, Scarborough, Ontario, Canada M1C 1A4.

REINFORCERS: CONSEQUENCES FOR INTERPRETING DIFFERENCES IN LEARNING AND

MEMORY IN AGING ?
#
A. Blokland, F.J. van der Staay, & T. Glaser Institute for Neurobiology, Troponwerke GmbH
& Co. KG, Berliner Str. 156, 51063 Cologne, FRG
Age differences in cognition have been found in many learning and memory tasks. These agerelated cognitive deficits are at least partially caused by pathological changes which

accompany aging. It might be advantageous to select one particular rat strain to study the age-

associated decrements in cognitive performance. This strain should show 'healthy' aging, and

its age-related pathologies should be well documented. We evaluated the cognitive abiltities of
adult Wistar (W1S), Fischer-344 (F344), Brown-Norway (BN), and the hybrid Fischer344xBrown-Norway (HYB) rats. Learning and memory was assessed in passive and active
avoidance tasks, in the spatial Morris water escape task, and in the delayed non-matching to
position (DNMTP) task. Clear performance differences between the genotypes were observed

The most common behavioral manifestation of aging is a decline in

sensorimotor capabilities. A large number of potential assays of motor

performance in the aged rat have been proposed, with a mixed degree
of success. The results of many of these tests are often difficult to

interpret, and are typically highly variable. As a possible solution to this

problem, we have developed a simple and efficient variant of a

commonly used motor test. A stationary Plexiglas® plane (60 x 122 cm),
set at a variety of inclination angles, was used. Unlike the common tilting
plane task, the plane remained immobile during testing. Animals were

in the learning tasks. These differences were task specific. In the shock motivated tasks, i.e.

required to balance across an ascending series of fixed angles (from 25°

active and passive avoidance, WIS rats performed better than F344 rats. The F344 rats were

to 50°, at 1° increments) for 5 seconds each (4 trials at each angle), and

better than HYB, which in turn outscored the BN rats. In contrast, the BN and HYB showed a

angle of first fall, total falls, and threshold angle (maximum inclination

much better performance than the WIS and F344 rats in the spatial Morris task. In the

angle) were measured. Animals were allowed at least 5 minutes rest

DNMTP task the F344 rats showed the best performance and the BN rats the poorest,

whereas the F344 and HYB rats performed in between. Only in the Morris water escape task,
strong hybrid vigor was found, suggesting that selection on escaping from water has been of

special ecological significance. The different results suggest that one should carefully select
the strain(s) for experimental aging research, as even in adult rats clear performance
differences were seen, ranging from very poor to good. Secondly, the pattern of differences
between genotypes was clearly task-dependent. In particluar tasks, some of the genotypes

tested already showed very poor performance at adult age. Therefore, learning and memory
task for the evaluation of age dependent decreases in cognitive performance must be selected

between each new angle of inclination in order to minimize fatigue
effects. A total of 107 Fischer 344 rats (male and female, 5 to 29 months

old) were evaluated. Age effects were highly significant (p<0.0002 or
smaller) for each of the 3 dependent measures. Importantly, no

relationship was observed between performance, sex and body weight.
In addition, the range of variability within age groups was small, which is
atypical for a test of this nature. This test may prove to be both a
sensitive and statistically powerful tool for the evaluation of motor ability

carefully, taking into account the performance of the particular strains in adulthood.

in the aged rat. Supported by Deprenyl Animal Health.

166.3

166.4

TRAINING ATTENUATES AGE-RELATED DIFFERENCES IN PAIRED
IMPULSE FACILITATION WITHIN DENTATE GYRUS. R.L.. Port*.
J.L. Wriqley, K.A. Smith, and K.S. Seybold. Dept. of
Psychology, Slippery Rock University, Slippery Rock,
PA 16057 and Grove City College, Grove City, PA 16127.
Aged mammals display cognitive deficits that may be
related to diminished synaptic activity within the
hippocampal
formation.
Acquisition,
but
not
retention, appears to be impaired.
Because synaptic
transmission within the hippocampus is enhanced as a
consequence of associative learning, the present study
examined the level of paired impulse facilitation
exhibited by young and aged animals after a lengthy
period of training.
Young (3 mos) and mature (18 mos) male rats
underwent a minimum of 8 weeks of instrumental
appetitive conditioning of a bar-press response.
At
the completion of training, animals were anesthetized;
bipolar stimulating electrodes were placed in the
perforant path and a recording electrode was placed in
the granule cell layer of the ipsilateral dentate
gyrus.
A random series of impulse pairs (intervals
between 60 and 180 ms) were used to determine maximal
second-order facilitation.
Unlike naive subjects,
trained older
subjects exhibited
no
significant
decrement in the magnitude of maximal facilitation
compared to younger subjects.
This suggests a usedependent strengthening of the synapse that may
underlie intact retention shown by aged animals,

AGE-RELATED DECLINES OF SPATIAL LEARNING
CAPACITY AND SENSORIMOTOR SKILLS IN C57BL/6JNIA
MICE. W. A. Stutts, H. Lal. D. Krug. M. W. Martin* and
M. J. Forster. Dept. of Pharmacology, University of North Texas
Health Science Center at Fort Worth, Fort Worth, TX 76107.
Old rats have been shown to acquire spatial information more
slowly than younger animals, and this age-related impairment is independent of age-related deficits in sensorimotor skills (Gage et al.,
Neurobiol. Aging, 10:347, 1989). The purpose of this study was to
determine the cross-species generality of that phenomenon, by testing for similar effects in C57BL/6JNia mice. Separate groups aged
4, 16, or 23 months were tested according to a water maze protocol
(Markowska et al., Behav. Neurosci., 107:627, 1993) which required the mice to locate a platform submerged in opacified water
within in a circular tank. Subsequently, mice were tested for reflexive capacity, spontaneous locomotion, sensorimotor coordination,
and discriminated avoidance learning. The ability to acquire the spatial discrimination in the water maze task declined as a function of
age, as did spontaneous locomotion, sensorimotor coordination, and
active avoidance learning. Within a group of 61 old mice, there was
no significant relationship between spatial capacity and performance
on any of the other tests. This pattern of results closely parallels that

166.6

166.5

NEUROBEHAVIORAL CHANGES AND FLUID BALANCE IN
AGING RATS.
N.E.Rowland* and M. J.Fregly.

Depts. Psychology and Physiology,
Florida, Gaineeville, FL 32611

reported previously for rats, [supported by NIA grants AG07695
and AG06182].

Univ.

of

Healthy aging humans experience a reduced
sensation of thirst and drink commensurately
less fluid when dehydrated compared to young
adults.
We are seeking the neurobiological
correlates of this age-related decrease in
behavior using rats as a model.
Both Fisher
344 (FI) and Sprague-Dawley (SD) rats were
given a battery of stimuli of either water or
NaCl intake at various ages (5,10,15 mo). We
confirm known differences between FI and SD
rats in several tests. In both strains, acute
water intake induced by SC injection of
angiotensin (Ang) III was reduced at 10 mo
compared with 5 mo; water intake after Ang II
was similar at both ages.
Likewise, the
induction of Fos-like antigens in select brain
regions by Ang II was similar at 5 and 10 mo
of age.
Spontaneous intake of NaCl increased
with age and was not increased any more in 10
mo
rats
by
chronic
kininase
II
(ACE)
inhibition. The results from the 15 mo cohort
will also be presented, but are still being
collected. Support: NIH AG10014.
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COGNITIVE PERFORMANCE IN AGED RATS IS LINKED WITH THE
CONCENTRATION OF PREGNENOLONE SULFATE
IN THE
HIPPOCAMPUS. M. Vallee. C. Corpechott W. Mavo*. P, Robelt F. Delhi.
M. Le Moal. and H. Simon. INSERM U.259, Rue C. Saint Safins, 33077
Bordeaux, France, ^INSERM U.33, 80 Rue du general Leclerc, 94276 Le
Kremlin Bicetre, France.
Aging is classically associated with impairments of cognitive functions
and particularly with a decline of memory processes. However there are
considerable interindividual differences in the severity of age related
impairments in both humans and animals. Some aged subjects are impaired
whereas others perform as well as young ones. The neurobiological correlates of
these differences remain to be elucidated. Recently it has been show that brain
endogenous steroids -also called « neurosteroicd;»- play a role in memory
processes. We have attempted to determine a relationship between memory
performances of aged animals and the concentrations of pregnenolone sulfate
(PREGS), an abondant neurosteroid, in selected brain areas. The behavioral
study included 28 aged rats (24 months-old) tested in a water maze and in a
two-trial recognition task.Thereafter, the rats were killed by decapitation and
their brains were removed and dissected for biochemical analysis. The results
indicate : 1) considerable interindividual differences in memory performances
of aged rats, 2) positive correlation of scores in the two tasks suggesting a
specific memory impairment and 3) positive correlation between the memory
performance and the concentrations of PREGS in the hippocampus, namely
animals performanced best had the highest steroid levels. The well documented
neuromodulatory roles of PREGS, particularly on the GABA receptor, may be
involved in the relationship between memory performances and neurosteroid
concentrations, although conclusive evidence is still lacking. Neverless, our
results suggest a protective role of neurosteroids against aging degenerative
processes.
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EFFECTS OF AGE ON BLOOD LEVELS OF CHOLINE AND ON HYPOXIC
HYPERCHOLINEMIA. O. U. Scremin* and D. J. Jenden. West LA VA
Medical Center and UCLA School of Medicine, Los Angeles, CA 90073.
We have previously demonstrated an increase in arterial blood free
choline (Ch) concentration in response to hypoxia (J.Neurochem 59:906,
1992). This phenomenon is mediated by a decrease in Ch clearance and

HEMATOLOGIC
PARAMETERS
IN
AGED
F344
RATS:
RELATIONSHIP TO LEARNING BEHAVIOR. E. Spangler*, O. Abugo,

an increase in Ch release from tissues and effectively prevents the loss
of cerebral Ch that would otherwise occur in hypoxia or apnea. The
present study tested the hypothesis that the hypoxic hypercholinemia
would be impaired by aging. Experiments were performed in SpragueDawley rats, 60 to 156 days of age and F1 Hybrid (Brown Norway x
Fisher 344) rats, 240 to 720 days of age. Animals were anesthetized
with halothane for insertion of catheters and later mechanically ventilated
with 70% N2O, 30% O2 to achieve normocapnia. Hypoxia was induced
by replacing O2 with N2 to achieve an arterial PO2 of 29.35 ± (S.E.) 0.99
mm Hg. Serial samples of arterial blood were obtained before and during
hypoxia and Ch was determined by gas chromatography-mass
spectrometry. Data presented corresponds to baseline (BL) and 10 min

hypoxia (HY) measurements. Regression of BL Ch (nmoles/ml) on age
(days) performed according to Log (BL Ch) = A + BLog (age), yielded
A= 1.239 ± 0.114 and B= -0.170 ± 0.072; significance: t2, = 2.348,
p = 2.9-1 O'. Regression of HY Ch on age according to the same
equation yielded A = 3.418 ± 0.173, B = -0.907 ± 0.110;
significance: t2! = 8.254, p= 5.01 O'8. The slopes of BL Ch and HY Ch
on age were significantly different
= 5.601, p = 1.5-10'6) and met
at 909 days of age at a Ch level of 5.43 nmoles/ml. In conclusion, both
the level of baseline arterial Ch and the response of this variable to
hypoxia are strongly dependent on age. This phenomenon may be
relevant to the age related decline in cholinergic function.
Supported by the Department of Veterans Affairs.

J. Rifkind, D. Speer, N. Patel, and D. Ingram. Molecular Physiology and

Genetics Section, GRC, NIA, Baltimore, MD 21224
We have used hematocrit (HCT) to predict successful completion of a

one-way active avoidance task and a 14-unit T-maze by aged F344 rats.
In past analyses, we have noted that old rats with a low HCT (<35%)
were unable to complete either of these tasks, but neither HCT nor any
other variable were related to specific performance parameters, such as
percent avoidances or errors made. In the present study, the density
distribution of red blood cells (DDC) and mean corpuscular volume
(MCV) as well as HCT were evaluated in 22-mo old F344 rats following
behavioral testing in shock-motivated straight runway and 14-unit T-

maze tasks. Aged rats with low HCT (<35%) were found to have a DDC
indicative of a population of red blood cells (RBC) that were less dense

(i.e., younger) which is characteristic of aged rats.

Further, when

compared to a population of 4-mo old rats, the aged rats were found to

have lower HCT, higher MCV, and a DDC that was shifted to the right

indicating a younger, less dense RBC population. As in the previous
study, aged rats with a low HCT were usually unable to complete straight
runway and/or 14-unit T-maze training (p<0.05). A simple blood test
then, with assays for HCT, MCV, and DDC may help gerontological
investigators screen moribund rats for behavioral studies.

166.9

166.10

COMPARISONS OF THE EFFECT OF ADRIAMYCIN AND AGING ON SPINAL
CORD MOTONEURONS: AN ELECTROPHYSIOLOGICAL INVESTIGATION.
R.-H. Liu, J. Yamuy, M.-C. Xi. F.R. Morales and M.H. Chase*. Department of
Physiology and the Brain Research Institute, UCLA School of Medicine, Los
Angeles, CA 90024.
The neurotoxic effect of adriamycin (ADM) has been examined in both sensory
and motor pathways using anatomical techniques (Neurol., 1984, 34:1299;
Neuropathol. Appl. Neurobiol, 1987, 13:177). The present study was undertaken to
investigate the effect of ADM on electrophysiological properties of spinal cord
motoneurons in the adult cat and compare them with motoneurons in the aged cat.
ADM was injected into biceps, gastrocnemius, semitendinosus and
semimembranosus muscles of the left hindlimb (1.2 mg per muscle). Intracellular
recordings from motoneurons were obtained 12, 20, or 40 days after ADM
administration. The motoneuron properties in untreated cats were used as control
data. Twelve days after ADM injection there were significant changes in the
electrical properties of motoneurons. These changes included: a decrease in IS-SD
delay (16%), an increase in both afterhyperpolarization amplitude and duration (44%
and 23%, respectively), a decrease in rheobasic current (33%), and increases in input
resistance (62%) and time constant (20%). The changes in electrical properties of
motoneurons at 12, 20 or 40 days after ADM injection were similar. However, 40
days after ADM administration, there was also a significant decrease in axonal
conduction velocity. This study demonstrates that ADM can exert an effect on the
electrical properties of motoneurons when injected into their target muscles. Many of
the motoneuron property changes (e.g., increase in input resistance and time constant;
decrease in IS-SD delay, rheobase, and conduction velocity) caused by ADM
resemble those observed in motoneurons of aged cats (J. Neurophysiol., 1987,
58:180). The bases for these changes are unknown. However, it is of interest to note
that DNA damage and free radical insults are implicated in both aging processes and
ADM cytotoxicity (Bio/Teeh., 1994, 12:37; Life Set., 1981, 29:1393). Additional
research is required to determine if the changes induced in motoneurons by ADM and
during aging share common mechanisms. Supported by USPHS Grant AG 04307.

AGED RATS GIVEN HIGH-FAT DIETS SHOW ALTERATIONS
IN GLUCOSE DYNAMICS. B.M. Tannenbaum*, D.N. Brindley, MF
Dallman and M.J. Meaney Dept. Neurol & Neurosurg, McGilr Univ.,Montreal,
Canada H3A-2B4; Dept. Biochem., Univ of Alberta, Edmonton, Canada, T6G2C2; Dept. Physiol., UCSF, San Francisco, CA 94143
Previous work in our laboratory has demonstrated that high-fat feeding elevates
both basal and stress-induced levels of corticosterone (B) and alters blood glucose
dynamics in young adult rats. Moreover, a relationship between elevated
glucocorticoids and cognitive ability has been reported. In the present study,
therefore, we examined the effects of high-fat feeding in the aged rat on both
hypothalamic-pituitary-adrenal (HPA) activity and carbohydrate metabolism. At
16 months of age, male rats were exposed to either a high-fat (20%) or control
(3%) diet for a period of seven months. In addition, a young group of male rats
were fed the control diet. The food intake of the high-fat aged animals was
slightly lower than that of their aged controls. However, fat-fed animals weighed
significantly more and had higher body fat when measured as a percent of total
body mass. (P<0.05). At 23 months of age all rats were tested in the Morris
Water Maze; acquisition of the task was generally similar in both aged groups.
Basal circulating glucose levels were significantly lower in both aged groups as
compared to young controls (p<0.05). While both the young and aged control
animals showed elevated blood glucose levels at 15 min and up to 60 min after an
i.p. glucose tolerance test (glucose peak at 320.9 and 276 mg/dl respectively), the
aged fat-fed group exhibited almost no rise in blood glucose levels (peak at 156.4
mg/dl). Finally, we assessed the percent mortality in each group: aged animals fed
the high-fat diet showed a higher mortality rate in addition to a greater incidence
of infection and illness as compared to aged controls. Taken together, these
results demonstrate that high-fat feeding in aged animals: 1) does not
significantly modify acquisition of a spatial learning task; 2) markedly alters
sensitivity to glucose challenge possibly due to a hyperinsulinemic state and 3)
increases incidence of illness and mortality.

166.11

166.12

AGED DIET RESTRICTED F344 RATS SHOW BETTER CEREBELLAR
NORADRENERGIC RECEPTOR FUNCTION THAN AGE-MATCHED AD LIB
FED RATS. T.J. Gould* and P.C. Bickford. Vet. Admin. Med. Ctr. & Dept. of
Pharmacology, Univ. Colorado Health Sci Ctr. Denver, CO 80262.
Whereas understanding of the neurological changes that accompany aging is
increasing, treatments to reduce age-related deficits remain few. One possible
treatment, diet restriction, increases longevity. The effects of diet restriction on
neural function, however, are not well understood. With aging, norepinephrine
(NE) enhancement of GABAergic Purkinje cell inhibition decreases and this
correlates with decreased motor learning (Bickford, 1993 Brain Res, 620). The
present study had two aims: 1) Investigate if diet restriction would reduce agerelated deficits in Purkinje cell noradrenergic receptor function. 2) Investigate if
diet restriction would postpone age-related changes in motor learning. The groups
studied were 15-17 and 24 month old male and 24 month old female diet restricted
(DR) and ad lib fed (AL) F344 rats. Noradrenergic receptor function was tested
using extracellular electrophysiological recordings from Purkinje cells in cerebellar
paramedian cortex and vermis from urethane anesthetized rats (5 - 9 rats per group
& 40 - 50 cells per group). Microiontophoretic application of the NE agonist
isoproterenol (ISO) was used to modulate GABAergic inhibition of Purkinje cells.
Prior to electrophysiology, all male rats were tested on a motor learning task. The
rats were trained to run on regularly spaced pegs and two weeks later were tested on
irregularly spaced rods until running times stabilized. The present study found that
DR rats showed significantly greater ISO modulation of GABAergic Purkinje cell
inhibition compared to AL rats (p < 0.001, ANOVA). In addition, DR rats
performed better during acquisition of the motor task. The DR rats reached valid
session criterion (i.e., at least 6 crosses without pauses) significantly quicker than
AL rats (p < 0.001,
test). These results suggest that diet restriction can reduce
age-related deficits in neural function and associated behavioral function. This
work was supported by the DVAMRS & PHS grant AGO44l 8

CHRONIC ANTIOXIDANT TREATMENT IMPROVES THE
COGNITIVE FUNCTION OF AGED RATS. D.J. Socci*&G.W.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

Arendash. Biology Dept., Univ. of S. Florida, Tampa,FL 33620.

It has been suggested that free radicals contribute to CNS
neurodegeneration during aging.

The purpose of the present

study was to determine whether chronic antioxidant treatment
could alleviate any cognitive deficits and/or neuropathological

changes associated with aging.

Two groups of aged 24-month

old male Sprague-Dawley rats were treated for 5 months with
daily ip.

injections of the

spin-trapping agent phenyl-a-fert-

butyl-nitrone (PBN;32mg/kg) and a-tocopherol (200mg/kg) or
with

vehicles.

Antioxidant-treated

ascorbate in their drinking water.

animals

also

received

Two months into the study,

aged rats were tested for cognitive performance in the Morris
water maze.

Rats being treated with antioxidants had a greater

acquisition rate and greater memory retention than vehicletreated rats.

After 5 months of treatment, injected animals and

24 month controls were sacrificed.

stained

brain

sections

revealed

Image analysis of thionin-

that

antioxidant

treatment

prevented an age-related decrease in cortical layer V glial cell

numbers and

an

nucleus basalis.

treatment.

increase in

large

(>9Ou2)

neurons

in the

Both changes were reversed by antioxidant

These results indicate that chronic administration of

antioxidants to aged rats can improve cognitive function and

prevent certain age-related neuropathological changes.
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OXIDATIVE BRAIN DAMAGE IN AGED MICE: REGIONAL
SPECIFICITY AND PROTECTION BY DIETARY RESTRICTION

CHRONIC ADMINISTRATION OF THE SPIN-TRAPPING
COMPOUND
N-TERT-BUTYL-a-PHENYLNITRONE
(PBN)
INCREASES MEMORY RETENTION IN AGED RATS. C.A.
Sack. D.J. Socci, and G.W. Arendash* Dept. of Biology,
University of South Florida, Tampa, FL 33620.
Free radicals and oxidative damage have been
implicated as contributing factors in brain aging.
We
recently determined that chronic administration of several
antioxidants (PBN, a-tocopherol, and ascorbate) increased
the rate of learning and memory retention of aged rats in
the Morris water maze task (see abstract by Socci &
Arendash). To determine if treatment with PBN alone can
increase the cognitive function of aged rats, 24 month-old
rats were injected daily with PBN (32mg/kg ip.) or saline
vehicle.
Beginning two months into PBN treatment,
animals were tested for cognitive function in the Morris
water maze. Although no difference in acquisition was
observed between PBN and vehicle treatment groups,
PBN-treated animals did show a significant increase in
memory retention. These results suggest that: (1) free
radicals/oxidative damage are involved in age-related
cognitive decline, and (2) spin trapping compounds such
as PBN may be a useful therapeutic approach to memory
decline associated with aging.

A. Dubey, M.J. Forster*. H. Lal and R.S. Sohal. Department of
Biological Science, Southern Methodist Univ., Dallas, TX 75275
and Department of Pharmacology, University of North Texas Health
Science Center at Fort Worth, Fort Worth, TX 76107.
Oxidative damage to brain protein increases as a function of age and is
reduced in mice maintained under lifelong 40% dietary restriction (Sohal et
al., Mech. Age. Devel., in press). The current studies examined the regional specificity of these effects in young (8 months) and aged (27
months) C57BL/6JNia mice. Nearly all brain areas showed some increase
in protein carbonyl content with age, with relatively large increases evident
for striatum and hippocampus. When compared with other regions, protein
carbonyl in hippocampus was significantly higher in both young and old
mice. The level of protein oxidative damage as indicated by the loss of
membrane protein sulfhydral groups also increased with age in all brain
regions except hippocampus. By this measure, age-related oxidative damage was greatest in cortex and striatum. Mice maintained under 40% dietary restriction from 3 to 15 months of age had lower protein carbonyl than
matched ad libitum-fed mice. This reduction in carbonyl was most pronounced in cortex, whereas only a modest reduction was evident in the hippocampus. The current results suggest that, relative to other brain areas,
hippocampus and striatum may be more vulnerable to oxidative damage, or
may be exposed to greater oxidative stress as a function of age.
[Supported by NIH-NIA grants AG07657 and AG07695]

166.15
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HIPPOCAMPAL CA1 PYRAMIDAL CELL NUMBERS ARE NOT
CORRELATED WITH AGE DIFFERENCES IN EYEBLINK
CLASSICAL CONDITIONING. J.M.Coffin*1.J.O.Troianowski2&
D.S.Woodruff-Pak3. Phila. College Textiles & Science! Phila.,PA 19144,
Dept. of Path.& Lab.Med.,Univ.of Penn.School of Medicine2,Phila.,PA
19104, Dept.of Psychology,Temple Univ?, Phila.,PA 19122.
The role of the hippocampus in delay eyeblink classical conditioning in
rabbits has been considered modulatory in nature. Here we report age-related
loss of hippocampal CA1 pyramidal cells (CA1) and the relationship to
acquisition and retention in the 400 and 750 msec delay paradigms. Rabbits 3(n=6),14-(n=6),48-52-(n=8), and 74-85-(n=5) months-old were conditioned,
sacrificed,and perfused. Brains were fixed in ethanol, and embedded in
paraffin. Twenty-micron coronal sections were serially cut and stained with
cresyl violet. Photomicrographs (350X) were made for quantification. CA1
cells contralateral to the conditioned eye were counted in 5 evenly distributed
sections for each rabbit. Rabbits in the oldest group had 19% fewer pyramidal
cells than rabbits in the youngest group. Correlations between CA1 and
acquisition trials to criterion (TTC), and percentage of conditioned responses
(%CR) were not significant for either the 400-(r=-0.26;r=0.29) or 750-(r=0.43;r=0.23) msec paradigm. Rabbits in the two oldest groups were trained
for retention 12,18,and 34 months after initial acquisition. Correlations
between CA1 and retention TTC, and CA1 and retention %CR were not
significant at any interval. Loss of CA1 cells with normal aging, in contrast
to loss of cerebellar Purkinje and interpositus cells, does not correlate with
acquisition or retention. Supported by a Temple Dissertation Fellowship to
JMC, AG09215, AG10124 to JQT, and AG9752 to DSW-P.

Effects of ageing in primary somatosensory cortical maps.
F.Spengler*, B.Godde and H.R.Dinse Institut f. Neuroinformatik,
Ruhr-UniversitSt ' Bochum, 44780 Bochum, Germany.
Rats older than 24 months display a number of age-related
complex interacting modifications delineated as senile
dementia. According to the hypothesis of - experience and use
dependent layout of cortical representations, we ' analysed the
effects of ageing in the somatosensory cortex by comparing
the paw representations in "old" rats with control rats (3-9
months). Three categories of walking patterns were derived
from the rats footprints for qualification of sensoiry inputs.
The representation of receptive fields (RFs) of the paws were
mapped by handplotting in standard electrophysiological
experiments. Local field potentials (LFP) were used to quantify
the spatial extent of cortical activity to tactile stimulation.
Parameters of corttcaa r^j>re^ssjnt£Hti^n^ were ooeelated to the
rat's age and walking patterns. The correlation between walking patterns and IFF siee
that decreased activity
and diffuse walking patterns (i.e. diffuse sensory input) affects
the layout of cortical representation. In comrass to control
rats, in old rau the paw representation is poorly
organised and built up by enlarged and overlapping RFs. The
mean size of overlapping RFs is increased up to 300%. Old rats
also show an ov ^^j "1i ^p in maxima- LFP activity to tactile
stimulation which is absent in control rats. The causal
associations of mlmaa! bioo0emiccl and external sensory
modifications remain to be clarified in further experiments.
Supported by Tropon Werke KOln.

166.17

166.18

CORRELATIONS BETWEEN INDIVIDUAL PERFORMANCE IN A
TEST OF SPATIAL MEMORY AND HIPPOCAMPAL NEURONAL
PATHOLOGY IN AGED RATS. M. Walker. A. Steverman, W.
Rowe. D. Pea, J. Poirier*, R. Quirion, & M.J. Meaney. Douglas
Hosp. Res. Ctr., Dept. of Psychiatry, Neurology and Neurosurgery,
McGill University, Montreal, Quebec, Canada H4H 1R3.
Aged (22-24 mo old) male Long-Evans rats were characterized for
cognitive impairments in spatial memory using the Morris Water Maze
task (3 trials/day for 5 days). We correlated cognitive performance
with neuronal loss in various sub-fields of the hippocampus. A
significant correlation between neuronal density and cognitive
performance was observed in the CA1 sub-field (r = 0.70, p < 0.05)
such that animals that performed well in the task showed the greatest
neuron density in this region. No significant correlations between
cognitive performance and neuronal loss were found in CA2, CA3 or
CA4 sub-fields. These data suggest that neuronal loss in CA1 may
underlie some of the cognitive deficits seen in the aged rat. In addition,
we.correlated the extent of astrogliosis in these animals using GFAP
staining as a marker for astrocytic proliferation. Preliminary data
indicate that aged animals exhibiting the greatest neuronal loss also
showed the greatest number of GFAP-positive astrocytes in the CA1
sub-field. Thus, impairments in cognitive performance in the aged rat
are possibly associated with decreased neuronal number and increased
glial proliferation in the CA1 sub-field of the hippocampus. Studies
involving other markers of hippocampal neuronal function, synaptic
integrity and glial proliferation are currently underway. Supported by
MRCC and NIA AG90488.

DENDRITIC EXTENT IN THE CENTRAL NUCLEUS OF THE
INFERIOR COLLICULUS IN YOUNG AND OLD CBA MICE.
G. Lin and D. G. Flood*. Depts. of Neurol. and Neurobiol. & Anat.,
Univ. of Rochester, Sch. of Med. & Dent., Rochester, NY 14642.
The CBA mouse is a model for presbycusis, ags-aslsrsd hearing loss
in humans, since it shows a similar slowly progressive hearing loss in
old age. We have attempted to ascertain whether ansromloal changes in
the central auditory system contribute to presbycusis over and above the
changes described in the peripheral auditory system. While there is no
age-related loss of neurons in the CBA mouse inferior colliculus (Willott
et al., Neurobiol. Aging 15(1994)175), it is possible that age-related
deficits in neuronal connections could exist in the central nucleus of the
inferior colliculus (ICC) in older mice. To address this question 12
CBA mice, 6 at 3 mos. of age and 6 at 26 mos. of age (3 females and 3
males in each group) were sacrificed after behavioral and physiological
testing of their audition. Brains were processed using the Van der Loos
modifcation of the Golgi Cox method; and sections of the brainstems
were cut at 200 gm and coded. Using a camera lucida attsohmsnt, 30
principal neurons were drawn from both sides of the ICC in each
mouse, 15 neurons from the ventromedial ICC where high frequencies
are mapped and 15 neurons from the dorsolateral ICC where low
frequencies are mapped. Drawings were digitized to give quantitative
values for total dendritic length, numbers of segments, and average
segment length. No differences were found in these measures as a
function of age or as a function of frequency subdivision. Intermediate
age groups must be analyzed to determine whether there is net stability
in dSndeitic extent over the entire life span of this mouse strain.
Supported by NIA P01 AG09524.
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TRIAL FOR PHARMACOLOGICAL EVALUATION OF
CA2+ ANTAGONIST ON DISTURBED BRAIN FUNCTION.
-EFFECTS OF CA2+ ANTAGONISTS ON CHANGES IN
BRAIN FUNCTION IN SENESCENCE-ACCELERATED
MICE.
M. Yamamoto1. M. Suzuki1.Y. Ozawa1. K. Takahashi1*.
S. Uchida2, S. Yamada2 and R. Kimura2. 1CIin. Pharmacol. Res.
Lab., Yamanouchi Pharmaceutical Co. Ltd., Tokyo 174, and 2Sch.
of Pharm. Sci., Univ, of Shizuoka, Shizuoka 422, Japan.
Effects of Ca2+ antagonists on changes in brain functions in
passive learning behavior, rotarod, traction and forced swimming
tests were examined in senescence-accelerated mice (SAM-P/8).
Latency of step-through in passive avoidance learning, immobility
time in forced swimming, and performance time in rotarod and
traction tests in SAM-P/8 were shorter than those in SAM-R/1.
Nicardipine, nimodipine and amlodipine were administered orally
once a day for 3 weeks to SAM-P/8. Nicardipine (1 and 3 mg/kg)
and nimodipine (3 mg/kg) prolonged the shortened latency of stepthrough in passive avoidance test and the shortened performance
time in rotarod test while both drugs showed little effects on
changes in brain functions in traction and forced swimming tests.
Amlodipine (0.3-3 mg/kg) did not affect changes in brain functions
in all tests. These results suggest that SAM-P/8 is an useful
model for quantitatively evaluating the pharmacological action
of Ca2+ antagonist and that both nicardipine and nimodipine may
be useful for treatment of patients with organic brain syndrome.

AN ALTERATION IN CA2+ ANTAGONIST RECEPTORS AND
CA2+ CONTENT IN BRAINS OF SENESCENCE-ACCELERATED
MOUSE (SAM). S. Yamada, S. Uchida, T Ohkura, R. Kimura, M.
Yamaguchi, M. Suzuki and M. Yamamoto . Sch. of Pharm. Sci. and
Nutri. Sci., Univ, of Shizuoka, Shizuoka, and Clin. Pharmacol. Res.
Lab., Yamanouchi Pharm. Co. Ltd., Tokyo, Japan.
There are several lines of evidences to suggest that the perturbations
of normal Ca2+ metabolism are correlated to the deficits of learning and
memory in aged animals. Nimodipine has a beneficial effect on agerelated learning deficits. These studies have stimulated research on the
possible alteration of Ca'2+ metabolism during aging and in neurological
disorders, especially in view of the potential usefulness of Ca2+ antagonists in memory disorders. SAM has been developed as a murine model
of spontaneously accelerated aging by Takeda et al. The P/8 strain of
SAM (P/8) shows an age-related deterioration of learning and memory
at an early age, compared to the control strain (R/l). To characterize
Ca2+ metabolism in brains of P/8, thus, we determined Ca2+ antagonist
receptors using selective radioligands of L- ([3H]PN 200-110: PN) and
N- ([1251]w-conotoxin: CT) type Ca2+ channels and also the content of
Ca2+, in brains of male P/8 and R/l at 10 months of age. The maximal
number of binding sites for [3H]PN and [125I]CT were significantly
lower in the hippocampus and cerebral cortex, respectively, of P/8,
compared with age-matched R/l. In contrast, there was a significant
increase in the Ca" content in the cerebrum of P/8. These data suggest
an altered Ca2+ homeostasis in P/8 brains which may be partly involved
in the deficits of learning and memory. Thus, P/8 may become an
useful animal model to evaluate therapeutic effects of Ca2+ antagonists
on neurological disorders associated with the aging brain.

167.3

167.4

NIMODIPINE
PROTECTS
AGAIAST
HIPPOCAMPAL
MORPHOLOGY
IMDUCED
CORTICOSTERONE ADMINISTRATION #

AHGNGES
BY
LNGG

IN
TERM

S. Dachir, T. Kadar and A. Levy Israel Inst. for
Biological Res., Ness-Ziona, 70450, ISRAEL.
Prolonged high levels of corticosterone (COR)
were suggested as simulating "enhanced aging" and
were shown to induce both brain changes in the
hippocampus and learning impairments in young and
middle-aged
Fischer-344
rats.
Long
term
treatment with the
calcium channel
blocker
nimodipine was shown to improve the performance
of aging rats as well as alleviate some human
dementias.
In the present study, an attempt was
made to block the COR-induced "enhanced aging" by
the simultaneous administration of nimodipine.
Sour 200 mg COR or placebo sustained-release (SR)
pellets (released over 90 days) were implanted
subcutaneously (s.c.) in 3 months old Sischer
rats.
Nimodipine was also administered by SR
pellets (20 mg released over 21 days, implanted
s.c. five times, every 3 weeks).
Specific CORinduced morphological changes were observed in
pyramidal hippocampal cells?, mainly at the CA1
and CA4 sub-regions.
At the most affected area,
CA1, COR inflicted damage to 29%± 6 of the cells?,
compared to 4%+l damaged cells counted in placebo
treated rats and 4%±l in the COR-nimodipine rats
(Supported by Bayer AG).

167.5

167.6

HIPPOCAMPAL

NO-SYNTHASE

ACTIVITY

IS

ASSOCIATED

WITH COGNITIVE FUNCTIONS
T. Kadaf*and S. Chapman Israel lnst.Biol.Res., P.O.B. 19, Ness-

Ziona, 70450 ISRAEL.
Age-related impairments in learning and memory have been

correlated with hippocampal dysfunction. One of the mechanisms

suggested for the role of the hippocampus in cognitive functions

was through facilitation of long-term-potentiation (LTP), mainly in
the

CA1

pyramydal

Recent

layer.

pharmacological

studies

suggested NO as the retrograde messenger in LTP. The aim of the
present study was to elucidate the role of hippocampal NO-

synthase (NOS) in age-related memory impairment. Young (3

months) and old (24 months) male Sprague Dawley rats were
tested for their spatial memory in the Morris water maze. Upon
completion of the behavioral test, rats were sacrificed, and brain

NOS activity was determined histochemichally, using the NADPH-

diaphorase staining on coronal brain sections. Escape latencies
were

EFFECTS OF AGING AND NEONATAL HANDLING ON NADPHDIAPHORASE-REACTIVE NEURONS IN THE RAT HIPPOCAMPAL
FORMATION. R.R. Vaid, S.. Totterdell and A.D. Smith* Department of
Pharmacology, Oxford University, Mansfield Road, Oxford OX1 3QT, U.K.
The hippocampal formation exhibits a variety of morphological changes in aging,
and a number of studies have shown a correlation between age-related cognitive
deficits and alterations in hippocampal anatomy and/or neurochemistry. Additionally,
early environmental stimulation in rats by neonatal handling (brief daily removal of
pups from their mothers between birth and weaning) has been shown to affect adult
rats, not only in terms of various behavioral learning paradigms such as latent
inhibition, but also by influencing hippocampal anatomy. The short half-life and
diffusable nature of nitric oxide (NO), as well as the distribution of its biosynthetic
enzyme nitric oxide synthase (NOS), has prompted speculation that NO may be
involved in synaptic plasticity and various forms of learning.
In order to determine the effects of neonatal handling and aging on NO-producing
neurons, we examined sections from the hippocampal formation of 6 six month old
male Wistar rats, 3 of which were handled (H) and 3 nonhandled (NH) as neonates,
and 12 month old rats either H (n=3) or NH (n=3), by using NADPH-diaphorase
histochemistry. Sections were processed and analyzed under blind conditions. At 6
months of age, a reduction in the number of NADPH-diaphorase-reactive neurons was
found in the NH group when compared to the H group. At 12 month, there was a
marked reduction in the number of NADPH-diaphorase-reactive neurons in both the H
and NH groups. These results were then compared to the number and distribution of
hippocampal NADPH-diaphorase-reactive neurons in male DA rats (n=l2) of various
ages.
These results are of significance in relation to tlie age-related decline that rats
exhibit in a number of behavioral learning and memory tests, and provide further
evidence to suggest that if these changes are directly related to memory, NO may be
involved in neuronal plasticity.

significantly

(p=0.024) with

no

higher in

change

old

in

as

compared

motor functions.

to

young

There

rats

was

a

significant reduction in NADPH-diaphorase stained cells in CA1

and dentate-gyrus areas in old rats. A correlation (r=-O.84, p<0.02)
was found between cognitive functions and NOS activity in the
hippocampus.

It

is

suggested

that

age-related

cognitive

impairments are related to changes in NOS activity in the brain.
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NERVE GROWTH FACTOR (NGF) AMELIORATES RECENT MEMORY
DEFICITS IN AGED RATS. A.L. Markowska*, D.S. Olton, R.R. Sukhov, D.L.
Price. K.M. Frick. R.O. Wan and V.E. Koliatsos. Dept. of Psychology and
Laboratory of Neuropathology, The Johns Hopkins University, Baltimore,
Maryland 21218.
In rats, NGF ameliorates age-related decline of certain types of memory. This
beneficial effect of NGF is more robust in T-maze spatial alternation tasks
assessing recent memory, than in water maze place discrimination tasks
assessing reference memory (Markowska et al., 1994). Direct comparison of the
magnitude of the NGF effects is obscured by differences in the type of
reinforcement employed in both memory tasks, appetitive in the T-maze and
aversive in the water maze. The present study employed a new spatial alternation
task in the water maze in order to: 1) eliminate this difference and equate the
type of reinforcement used in recent memory with one used in the reference
memory, 2) assess the generality of the NGF effect in different experimental
paradigms assessing the same type of memory, 3) eliminate the adverse effect
associated with food and water restriction in aged rats required in previous
recent memory procedures, and consequently enable behavioral testing after a
short period following surgery. Fischer-344 rats, pretested in the water maze
spatial alternation tasks, were given continuous infusion of recombinant human
NGF for one month. Substantial improvement in the choice accuracy of aged rats
was observed following NGF infusion during week 4 but not during week 2. The
present finding - emphasizes the generality of NGFs effect on recent memory in
aged rats. Effects of NGF on the density of synapses in the dentate gyrus of the
hippocampus will be discussed.
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167.8

GLUTAMATE RECEPTOR SUB-TYPES IN THE AGED-MEMORY
IMPAIRED AND MEMORY-UNIMPAIRED LONG EVANS RATS. D.
C6cvre*. H. Le Jeune. I. Aubert, W. Rowe, M. Meaney and R. Quirion. Douglas
Hospital Res. Ctr., Dept. Psychiat. McGill Univ., 6875 Boul. Lasalle, Verdun,
Canada H4H 1R3.
We have recently reported that muscarinic pH]AF-DX 384/M2-like
receptor binding sites are apparently "increased" in cortical areas of the agedmemory impaired (AI) vs unimpaired (AU) rats (Aubert et al., 1993, J.
Neurochem. suppl. 61; Quirion et al., in press). Additionally, blockade of this
receptor sub-type using a specific antagonist restored learning abilities in the AI
group (Quirion et al., in press). As these apparent increases in M2-like receptors
were rather unexpected, we next attempted to determine if similar changes can be
observed for other neurotransmitter receptor classes. In view of the potential
relevance of amino acids such as L-glutamate in learning paradigms and in agerelated memory disorders, we investigated the various classes of glutamate
receptors (NMDA, kainate, AMPA) using quantitative receptor autoradiography
of p25][]MK-801 (200 pM), [3H]kainate (20 nM) and pHJAMPA (50 nM)
bindings, respectively in 24 month-old AI vs AU, and young (6 month-old) rat
brain. pH]kainate binding was significantly decreased in various cortical and subcortical areas of the aged vs young rat brain; no difference being clearly seen
between the AI and AU groups. Similarly, [12SI]MK-801 binding was slightly
decreased in the aged brain, although in fewer regions than for pH]kainate sites.
No difference in [125i ]MK-801 was noted between the AI and AU groups.
Consequently, it would appear that increases in AF-DX 384/muscarinic M2
binding sites in the AI rats are rather unique. Moreover, learning impairments in
the Long Evans rat model are not clearly associated to changes in [125l]MK-801
and pH]kainate binding sites.
Supported by the MRCC.

NUCLEUS BASALIS: AGE-INCREASED VULNERABILITY TO
EXCITATORY AMINO ACIDS. G.L. Wenk* J.D. Stoehr, N. Rance and SL.
Mobley. Division of Neural Systems, Memory & Aging and Departments of

Pathology and Psychology, University of Arizona, Tucson, AZ 85724.
The aim of this research was to develop an understanding of the neural
mechanisms that underlie the loss of nucleus basalis magnocellularis
(NBM) neurons and the memory deficits associated with normal aging.
Excitatory amino adds (EAA) have been implicated in the selection
process that leads to the degeneration of specific NBM neurons. These
experiments investigated whether NBM neurons demonstrate an agereiated differential vulnerability to the EAAs AMPA and NMDA Young (3
mo), adult (9 mo) and old (24 mo) F344 rats were given bilateral injections

(0.5 pl) of either AMPA (0.01 M) or NMDA (0.03 M) into the NBM, then
tested in a food-motivated, continuous alternation task on a T-maze given

either 10 or 20 trials/day with 5 or 30 second inter-choice intervals; the rats
were then tested in cued- and contextual-dependent conditioned freezing

tasks in an operant chamber. Immunocytochemical and biochemical
analyses determined the absence or presence of NBM specific ceil types.
A two-way ANOVA with repeated measures found a significant affect due
to AGE and a significant AGExLESION interaction in the T-maze
alternation task at both inter-choice delay intervals. Biochemical and
immunocytochemical studies found a significant decline markers for

acetylcholine neurons. The results suggest an age-related increase in the
vulnerability of NBM cells to EAAs. Supported by the NIA, AG10546.

167.9

167.10

THE ROLE OF THE CALCIUM-INDEPENDENT PROTEIN KINASE C
ISOFORMS IN AGING RAT BRAIN. F. Battaini*, L. LucchP, V.
LadisaA, A. Pascale\ M.RacchjA, W.C. Wetsel0, S. GovoniA and M.
Trabucchi. Dept. Exptl. Med. Biochem. Sci., Univ. of Roma Tor Vergata,
Alnst. Pharmacol. Sci., Univ. of Milano, Italy, °Lab. Cell, and Mol.
Pharmacol., NEEHS, Research Triangle Park, N.C., U.S.A..
The brain contains the highest quantities, and it represents the most
diverse source of the different protein kinase C (PKC) isoforms in the rat.
Many of these isoforms have been implicated in a variety of neuronal
functions which include learning and memory. In aging brain, some of
these functions decline. Calcium-dependent PKC also displays changes in
kinase activity and immunoreactivity that are age-related. The purpose of
the present study was to determine whether there are concomitant changes
in calcium-independent species with aging. The kinase assays were
conducted using optimal concentrations of ATP, diolein, and
phosphatidylserine with myelin basic protein or [Ser25]-PKC 19.31 peptide
as the substrates. No age-related changes in kinase activity were observed
in soluble or particulate fractions prepared from cortex, hippocampus and
cerebellum of young (3 month), adult (8 month), and aged (28 month)
Wistar rats. Western blot analyses from these same groups were also
performed. The PKC8 and -e antisera detected immunoreactive materials
at approximately 80 and 90 kDa, respectively. By comparison, PKCZ
immunoreactivity was visualized at approximately 50 and 70 kDa. No age
related changes were observed in either the soluble or particulate fractions
from these three brain regions. These data indicate that calciumindependent PKC activity and immunoreactivity of PKC8, -e and -Z in rat
cortex, hippocampus, and cerebellum are invariant with age. Despite this
fact, it remains to be established whether translocation of these different
isoforms is altered with aging as it has been shown for the calciumdependent species (Soc. Neurosci. Abstr. 19:897, 1993).

THE REGULATION OF HIPPOCAMPAL DYNORPHIN BY
NEURAL/NEUROENDOCRINE PATHWAYS: MODELS FOR
EFFECTS OF AGING ON AN OPIOID'PEPTIDE SYSTEM. L.
ThaU*, J.S. Hong2, M.G. Baxter^ and. M. Gallagher! 1Curriculum in
Neurobiology, University of North Carolina, Chapel Hill, NC, 27599.
2NIEHS/NIH, RTP, NC 27709.
One manifestation of aging is an elevation of dynorphin and
increased expression of prodynorphin mRNA in the hippocampus. The
major goal of this study was to examine whether other age-related
changes known to occur in this circuitry contribute to opioid dysregulation. We examined hippocampal dynorphin content in young adult
rat models designed to separately mimic effects of aging in this system:
1) Denervation of septal cholinergic inputs with 192-IgG-saporin, a
neurotoxin selective for cholinergic neurons, 2) Adrenalectomy and
replacement of corticosterone at normal levels and at amounts in excess
of basal levels, and 3) Denervation of the perforant pathway using knifecut lesions and aspirations of the entorhinal cortex. Peptide content was
measured with radioimmunoassays.
Removal of the septal cholinergic input to hippocampus produced no
effect on dynorphin peptide content. Although adrenalectomy decreased
dynorphin, and replacement with corticosterone to normal levels reversed
this effect, excess corticosterone did not significantly elevate dynorphin
beyond that of control rats. Finally, both bilateral entorhinal aspirations
and knife-cut lesions significantly increased dynorphin-AU^] up to 60days post-surgery, thus mimicking the effect of aging. This study
suggests that a loss of glutamatergic innervation of the dentate gyrus
from the entorhinal cortex contributes to the dysregulation of dynorphin
in aged rats. (Supported by NIA Grant PO1-ADO9973-O3)

167.11

167.12

CORRELATIONS BETWEEN SPATIAL MEMORY PERFORMANCE AND SOMATOSTATIN mRNA AND HIGH
AFFINITY BINDING SITES IN AGING RAT BRAINS P.

AGE-ASSOCIATED UNCOUPLING OF G-PROTEIN DEPENDENT HIGH
AFFINITY M1 MUSCARINIC RECEPTORS IN F344 RATS. M. Rossi*.
deToledo-Morrell. L.. Morrell. F., Mash4. D.C. Dept. Neurological Sciences,
Rush Medical College, Chgo, IL 60612 and *Depts. Pharmacology and
Neurology, Univ, of Miami School of Medicine, Miami, FL 33101.
The cholinergic system plays an important role in age-related memory loss.
In the hippocampal formation (HF), the postsynaptically distributed M1
muscarinic receptors appear to be essential for hippocampus-dependent
memory function. However, in Alzheimer's disease as well as aged rodents, the
density of this receptor subtype appears to remain unchanged relative to
controls. The agonist affinity state of the M1 muscarinic receptor is dependent
on G-protein coupling. Physiologically, in mammals, including humans, Gprotein coupled high agonist affinity (KH) and G-protein uncoupled low agonist
affinity (KJ M1 receptor states concurrently exist. However, It is the K/Kp ratio
for agonist, an index of G-protein coupling, that has been shown to directly
correlate with agonist efficacy or functional responsiveness of a population of
M1 muscarinic receptors. In Alzheimer's disease, this ratio was found to be
low compared to age-matched controls. However, an age effect has not been
previously demonstrated. In the present study, we measured the high and low
affinity states of the M1 muscarinic receptor in the HF of 5 young (5 mo.) and
5 aged (27 mo.) F344 rats. An in vitro receptor binding autoradiography
competition study was performed using the M1 muscarinic receptor antagonist
pHJpirenzepine (2.5 nM), with increasing concentrations of carbachol (1x10'®1 x10'2M), the competing agonist. The Kl /K^ ratio for carbachol was significantly
higher in dentate gyrus, CA3 and CA1 in young compared to old animals
(F*14.406, p<0.005). There was no significant difference in the density (B^
or affinity (KJ of pHJpirenzepine binding between the two age groups. Hence,
M1 muscarinic receptor number and affinity for antagonist did not change as
a function of age. Rather, it was the K/Kh ratio for agonist that decreased with
age. Thus, a certain decreased efficiency of G-protein coupling to hippocampal
M1 muscarinic receptors may accompany aging. There may be a minimum
functional responsiveness of this receptor population below which ageassodated memory dysfunction can occur.
Supported by grants AGO8794 from the NIA and IBN-8912372 from NSF.

Dournaud. F. Jazat, A. Slama, Y. Lamour and J. Epelbaum*

U.159 and U.161 INSERM, 75014, Paris, France.

Somatostatin (SRIF) levels and high affinity (SRIF A) binding
sites are decreased in Alzheimer's cortex but the relationships

between these decreases and cognitive deficits are not clear as
yet. We investigated these relationships in the aging rat. Three

14- and 26-months-old rats were tested in the Morris water
maze. Somatostatin mRNA levels were quantified by in situ

hybridization and SRIF binding sites by radioautography using
125l-Tyro-DTrps-SRIF as a ligand and octreotide as a displacer
to evaluate high (SRIF A) and low (SRIF B) affinity binding sites.
The number of SRIF mRNA containing cells was not modified

with age or memory performance but SRIF mRNA levels/neuron
were significantly decreased with age in frontal cortex and with

memory performance in parietal cortex. A marked decrease in
SRIF A binding was observed with memory performance,

independently of age, in parietal and piriform cortex, dentate
gyrus,CA1 and median Habenula. No effect was observed on
SRIF B binding sites. In parietal cortex, significant correlations

occured between the latency to find the platform in the water

maze and SRIF mRNA (r=0.65, p<0.002) or SRIF A binding

(r=0.43, p<0.05) levels. These results indicate that aging rats
with memory impairments provide an adequate model of the

somatostatinofgio dofioits as obsorvod in Alzheimer's disease.—
SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

AGING III

394

MONDAY PM

167.13

167.14

STIMULATION OF CORTICAL ACh EFFLUX BY LOCAL IONIC
CHANGES, BUT NOT LOCAL MUSCARINIC BLOCKADE, IS
DIMINISHED IN AGED RATS
H. Moore*. S. Stuckman, M. Sarter & J.P. Bruno. Dmt. of Psychology
and Neuroscience Program, The Ohio State University, Columbus, Ohio
Muscarinic blockers, administered systemically in freely-moving rats,
produce large increases (300-900%) in cortical acetylcholine (ACh)
efflux, as measured with in vivo microdialysis. This effect, assumed to
be primarily mediated via autoreceptors on cortical cholinergic terminals,
is not diminished in aged rats. In order to obviate known age-related
differences in peripheral pharmacokinetics, detection of age-related
changes in the responsiveness of the cortical cholinergic afferents was
measured with in vivo microdialysis following ionic or pharmacological
challenges, administered locally via the probe.
In both young (4 mo) and aged (22 mo) rats, local atropine increased
ACh efflux by 100-400%, in a cyclic pattern, with no differences
between age groups. This moderate local effect of atropine indicates
that mechanisms other than cortical muscarinic blockade contribute to the
massive increase in cortical ACh following systemic muscarinic blockers.
The increase in cortical ACh efflux produced by sustained depolarization
(increased concentration of extracellular potassium) coupled with
increased extracellular calcium, was reduced in aged rats (90% in aged
vs. 400% in young). This effect, given the comparable atropine-induced
increases, is unlikely to be due to a age-related differences in the amounts
of releaseable ACh.

AGE-RELATED ALTERATIONS OF ANESTHETIC ACTION ON [35S]TBPS
BINDING IN RAT BRAIN. J H Silverstein*M.D. Anesthesia Research Laboratory
Bronx VAMC and Mount Sinai School of Medicine, Bronx, New York 10468
Anesthetic requirements in geriatric patients decrease by up to 3O%’. It is possible
that this increase in sensitivity is directly related to alterations of a target protein for
volatile anesthetics. This study was approved by the IACUC and used quantitative
autoradiography to pharmacologically characterize regional binding of a ligand to
the picrotoxin receptor in a series of age specific Fischer 344/NHs rat brains.
Experiments were designed to construct binding isotherms for [35S]t-butyl
bicyclophosporothionate ([35S]TBPS) in the presence and absence of halsthanr at
22°C. Non-specific binding was defined by 50 pM picrotoxin. Analysis was
performed on digitized images (Imaging Research, Ontario) and analyzed by
iterative curve analysis.
Variation of parameters for the seven regions analyzed was noted with a general
tendency towards increased sensitivity to halothane in the older groups, particularly
in the ventral pallidum and substantia nigra, confirming previously reported data
from this lab describing regional variation in receptor sensitivity to VA. This study
does not confirm the previous report of Erdo and Wolff2 that the number of
picrotoxin sites of the GABAa supercomplex diminish with aging,. It is therefore
unlikely that alterations in anesthetic sensitivity can be ascribed to changes in
picrotoxin receptor density. Finally, it was not possible to model alterations of
binding in the presence of higher (0.53 mM) concentrations of halothane using
standard single or multiple site equations. This provides corroborating evidence for
the recent statement by Franks and Lieb that concentration of halothane above 250
pM are toxic3. Further investigation is necessary to determine the nature of the
increased sensitivity to volatile anesthetics seen in the geriatric population.
References: 1) Anesthesiology 42:197-200,1975 2) J Neurochem 53:648-651, 1989
3) Nature 367:607-614,1994 Supportlcd by theBs<o)kil^leFounilaiion, NY, NY
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CONTRIBUTIONS OF PLASMA CATECHOLAMINE LEVELS TO AGE-RELATED
MEMORY DEFICITS IN THE SWIM TASK. T. Mabrv*. O. Titus, J. Cousins, R.C.
McCartv. P.E. Gold and T.C. Foster.
DeDt. Psvchol., U. Virainia,
Charlottesville, VA 22903.
The swim task (water maze) is widely used to examine age-related
deficits in spatial learning and memory. Swim stress results in a greater
increase in plasma catecholamine (CA) levels in aged than in young rats.
Because high levels of circulating CAs can impair memory under some
conditions, age-related increases in CA release to stress might contribute to
memory deficits in the swim task. In Experiment 1, rats (6, 9, 22 mo) were
trained and tested on the swim task at different water temperatures (22, 26,
32°C) using massed trials. In Experiment 2, performance of young and old

AGE-RELATED DECREASE IN c-fos mRNA EXPRESSION IN THE
PREFRONTAL CORTEX FOLLOWING EXPOSURE TO A NOVEL OPEN
FIELD. A.H. Nagahara* and R.L Handa. Neuroscience and Aging Inst. &
Dept. Cell Biol., NeuroNot and Anat. Loyola Univ., Maywood, IL 60153.
Numerous changes occur in the prefrontal cortex and hippocampal
formation during aging. The present study examined age-related changes
in these regions by examining the induction of two immediate early genes,
c-fos and c-jun, following exposure to a novel open field. Three age groups
(5, 14, & 21 mo.) of Sprague-Dawley male rats were used in the present
experiment. Animals were exposed to a square open field for 20 min or
remained in their home cages. Animals were sacrificed immediately after
exposure to the open field. The levels of c-fos mRNA and c-jun mRNA
were examined in these brains using in situ hybridization. Image analyses
of autoradiograms and grain counting of emulsion-coated slides were
performed. Exposure to the open field resulted in an increase in the level of
c-fos mRNA, but not c-jun mRNA, expression in several brain regions. The
amount of behavioral activity (square entries) positively correlated with the
level of induction of c-fos mRNA (.65-84) in certain brain regions (prefrontal
cortex, CA1, entorhinal cortex, caudate, and cerebellum). No significant
age-related differences in activity, as measured by box entries or rearing,
were found. However, significant decreases in c-fos mRNA expression
were observed in the medial prefrontal cortex (infralimbic, prelimbic,
anterior cingulate) in 21 mo. animals exposed to the open field. No
significant age-related changes in c-fos mRNA expression were observed in
the dorsal or ventral hippocampal formation. These findings indicate a
selective decrease of c-fos mRNA expression occurs in the medial prefrontal
cortex of aged rats in response to exposure to a novel environment.
Supported by NSF BN59109226 and USPHS AA08696.

rats (2 trials/day for 5 days; 1 hr ITI) that had received prior daily exposure to
immersion in water (3O0C) was compared to rats with no prior exposure. The
assumption was that chronic stress would attenuate CA responses to
immersion in water and thus the learning and memory deficits in the swim
task. Both experiments included a 60-sec probe trials (no platform) to access
learning and memory. Results from both studies confirm age-related memory
deficits assessed 24 hrs ater training regardless of stress conditions. In
Experiment 2, older rats exhibited a learning deficit that could be attributed to
increased forgetting across days. Stress level and history influenced learning
and memory at all ages and an age by stress interaction was evident. The
results suggest that stress inherent in the swim task may contribute to agerelated memory impairments. Supported by AFAR to TCF and NIA AG 07648
to PEG.
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SURGICALLY INDUCED NEURAL TUBE DEFECTS IN CHICK EMBRYO.
K B. Sim.J.G.ChiD. Y. Choi, J. I.Woo*,K.C.Wang.
Depts
of
Neurosurgery, Pathology, Psychiatry, Choong Aig University and
Seoul National Urnveesity College of Medicine, Seoul, Korea
The surgical model of neural tube defect (NTD) has advantages
over other mdels in a few aspects. In contrast to the short
incision, a long incision (9-11 somite length) on the neural tube
in chick embryos of Ha±urger and Haniiton (H & H) stage 16-19
could establish a surgical model of NTDs by preventing the
incised neural tube from commiete healing.
The posterior roof of the central canal of the neural tube was
opened longitudinally
for a length of 9-11 somites at the
cervicothoracic (C-T, 222 eggs) or lumwsacral (L-S, 248 eggs)
level in the chick embryos of H & H stage 16-19 in ova. The
o^rated eggs were incubated to total incubation day 14 (C-T
group:85 eggs:L-S group:83 eggs) or day 21 (C-T group:137
eggs:L-S group:165 eggs). Forty one embryos survived the
experiment (C-T group'9 eggs at day 14, 7 eggs at day 21.L-S
group:7 eggs at day 14, 18 eggs at day 21). The incised area and
the brain were examined histopathological^ to observe the
changes in the central nervous system (CNS).
All the live embryos except 5 had typical open NTDs similar to
those of humans. There were no definite mosphhSogical differences
between the NTDs of day 14 and 21. The 5 embryos without gross
defect belonged to L-S, day 21 group (NTD formation rates in C-T
vs. L-S groups, p=0. 274). Subarachnoid spaces of the posterior
fossa, aqueducts, and the fourth ventricles were narrower than
those of normal embryos, though they were not typical for the
Chiari ml formation. No evidence of hydrocephalus was noted. In
two embryos among the 5 'healed' embryos, lesions winch seemed to
be intradural lipomas were identified. In conclusion, NTDs and
the associated posterior fossa changes can be reproduced fairly
constantly by the long incision of neural tube at H & H stage
16-19 in chick embryos.

OLIGODENDROCYTE PROGENITOR CELLS AND OXIDATIVE
STRESS. B.H.J. Juurlink*. Department of Anatomy, University of
Saskatchewan, Saskatoon, SK, CANADA, S7N 0W0.
I have previously demonstrated (1994. Brain Res. 641:353) that
oligodendrocyte progenitor cells (O2As) are more readily killed,
possibly through reactive oxygen species (ROS) related damage, by
stresses such as elevated temperature than are type-1 astrocytes
(T1 As). To compare ROS generation in O2As and TIAs, mixed glial
cultures were established from newborn rat neopallium and exposed
to the DCFH-DA, a compound that is trapped in the cytoplasm and
becomes fluorescent upon oxidation by peroxides. A signal was seen
within 30 min in O2As but not in TIAs; this signal greatly increased
in O2As, but not in TIAs, following exposure to the blue excitation
light. ROS can induce stress protein expression, hence stress protein
expression was examined. Hsp-27, hsp-32 (heme oxygenase-1),
hsp-60 & hsp-90, but not hsp-70, were constitutively expressed in
both cell types; however, there was an upregulation of hsp-60 and
hsp-32 in O2As. Colocalization with the fluorescent-mitochondrialaccumulating dye CMXR showed that both hsp-32 and hsp-60 were
localized to mitochondria; furthermore, mitochondrial membrane
potentials were higher in O2As than in TIAs. This latter finding is in
accordance with the lower redox potential (i.e. lower NADH/NAD+
ratio) found previously in type-2 astrocytes than in TIAs. The higher
oxidative metabolism, higher generation of or lesser ability to cope
with peroxides and upregulation of hsp-32 and hsp-60 in O2As are
consistent with the findings that O2As are more readily injured than
TIAs by various stresses. Supported by the Ralston Brothers
Medical Research Fund & the Melfort Union Hospital.
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BRIEF ETHANOL EXPOSURE ALTERS G-PROTEIN a-SUBUNIT
EXPRESSION IN THE DEVELOPING HIPPOCAMPUS. M,I, Davis-Cox. T.L,
Fletcher. J.N. Turner. D. Szarowski and W. Shain*. Department of Biomedical
Sciences, School of Public Health, The University at Albany, Albany NY 12201 0509.
’

NEONATAL EXCITOTOXIC HIPPOCAMPAL LESIONS INCREASED
SENSITIVITY TO AMPHETAMINE IN RATS. R.Q. Wan*, S.H. Kafka, and R.
Corbett. Dept of Biological Research, Hoechst-Roussel Pharmaceuticals Inc.,
Somerville, NJ. 08867.
Neuropathological changes in the hippocampal formation (HIP) have be
involved in abnormalities observed in schizophrenia. Neonatal lesions of the HIP was
suggested to influence the development of the mesolimbic dopaminergic system,

Fetal Alcohol Syndrome results from toxic insults during critical periods of
brain development. The hippocampus is a target f~r the teratogenic effects of
ethanol resulting in abnormal mossy fiber distribution and excitatory amino acid
receptor function. Because the hippocampus develops postnatally in the rat, we
have used the pup-in-a-cup model of third trimester ethanol exposure to study the
effect of ethanol on G-protein alpha subunit expression in the developing rat
hippocampus. Animals were exposed to 3.3 g/(kg*da) of ethanol divided into two
daily feedings on postnatal day (PN) 5-7 producing a peak blood alcohol
concentration of 175 mg/dL. Western blot reveals a 50% decrease in Gas
hippocampus at PN 7 with no significant changes in the levels of Gai2 or Gao
protein. Immunohistochemistry was used to localize the decrease in Gas protein
expression. The decrease occurs in the pyramidal cells of the hippocampus and

granule cells of the dentate gyrus. Northern and slot blot analysis showed a
30% decrease in Gas mRNA expression in the hippocampus at PN 7
indicating that ethanol exposure results in a decrease in Gas gene

transcription. Computer assisted cell counting did not show any decrease in cell
number at PN 7. Ethanol may affect the hippocampus by altering the normal
balance between G„ and Gai2 expression during development leading to changes in
signal transduction which can influence temporal gene expression. (Supported by
NSF DIR 9108492, NIAAA AA07472 & AA05381)
'

which was indicated by an increased spontaneous and amphetamine (AMP>induced
locomotion that emerged only in early adult age (Lipska et al, 1993). The present
experiment examined the effect of neonatal lesions of the HIP on locomotion that was
challenged by different doses of AMP at two different ages. The ventral HIP was
damaged by intracranial injection of ibotenic acid on the 7th day of age (PD7) in
male Sprague-Dawley pups. Control pups received either PBS injection or sham
operation. Locomotor activity was assessed in chambers that were equipped with
photoelectric light sources on the 35th (PD35) and 56th (PD56) day of ages.
Spontaneous exploratory activity was monitored during the first 60 min. At the end
of the first 60 min, each rat received either saline or one of 5 doses of AMP (0,187,

0.375, 0.75, 1.5, and 3.0 mg/kg, I.p .) and locomotion was recorded for an additional
60 min. At both ages of PD35 and PD56, two groups of rats had no difference in
spontaneous exploratory activity. Injections of AMP increased locomotion doseresponsively in both groups. However, HIP lesioned rats increased significantly
AMP-induced locomotion relative to control rats only following the dose of 0.75
mg/kg AMP at the age of PD35 and the dose of 1.5 mg/kg AMP at the age of PD56.
Analyses indicated that HIP lesions affected the response to AMP at both ages. The
results suggest that an increased sensitivity to amphetamine in rats with neonatal HIP
lesions may be dependent on different doses at different ages.
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EFFECT OF LOW LEVEL LEAD
EXPOSURE ON THE
DEVELOPMENT
OF
CHOLINERGIC
SEPTO-HIPPOCAMPAL
SYSTEM. H. Bielarczvk and J.B. Suszkiw*. Dept, of Physiology and
Biophysics, University of Cincinnati, Cincinnati, OH 45267-0576.
The cholinergic septo-hippocampal neurons and muscarinic
transmission in the septum are a likely target in behavioral neurotoxicity
associated with low level lead (Pb) exposure during development. We
have studied the effect of low level Pb on the postnatal development of
cholinergic muscarinic receptors (mAChR) and cholineacetyltransferase
(ChAT) in the rat septum and hippocampus. Rat pups were maternallyexposed to Pb by giving 0.2 % lead acetate in drinking water to dams
from one week before parturition through weaning at postnatal day 28
(PN28). The Pb-exposed litters had blood Pb level in range 20 pg/dl and
tissue Pb level of @ 0.2 pg/g in both septum and hippocampus. Pbexposure caused a 30-40% reduction of ChAT activity in the septa and
hippocampi of PN7 through PN28 and a 30-40% reduction of the
[3H]guinuclidinyl benzylate binding in the septum but not the

PERFORMANCE OF NZB MICE IN A WATER VERSION OF THE
HEBB-WILLIAMS MAZE. Blair J. Hoplidhl Lynn A. Hyde and Victor
H. Denenberg*. Biobehavioral Sciences Graduate Degree Program, The
University of Connecticut, Storrs, CT, 06269.
The Hebb-Williams maze has been used for over 40 years as a
measure of problem solving and higher cognitive function. One major
difficulty is the length of time involved in testing animals on the 12
problems. For our studies of autoimmune mice, we have adapted a
swimming version of the maze which requires five days of testing. The
first day is the adaptation phase. The mouse swims in an empty maze,
learns to find the exit box, and becomes adept at moving to the exit using
spatial cues. On day 2 the mice are given 6 trials on Hebb-Williams
maze 1. On days 3-5 they are tested on mazes 6, 12, and 5, in that order.
The Rabinovitch-Rosvold (Canadian Journal of Psychology. 1951, 5,
122-128 ) scoring system for errors is used. 35 NZB mice were tested.
An analysis of the learning curves found learning in mazes 6, 12, and 5,
but not maze 1. In terms of total errors, maze 12 is the easiest in the set.
Previous research has established that around 40% of NZB mice have
neocortical ectopias, and all have hippocampal ectopias (Sherman et al.,
Brain Research. 1990, 532, 25-33 ). Ectopic mice made significantly
more errors than non-ectopics in mazes 5 and 12. The test is also able to
discriminate between right and left pawed animals as defined by the
Collins test of paw preference. In maze 1, left pawed animals performed
better than right pawed animals. Supported in part by NIH grant HD
20806.

hippocampus. The GABAergic marker enzyme GAD was not affected in
either brain region, however the activity of catecholaminergic neuron
marker enzyme, tyrosine hydroxylase (TH) increased in the hippocampus.
Septal muscarinic receptors returned to control levels by PN84. ChAT
activity in the septum and hippocampus returned to control values by
PN112, whereas TH remained 40% elevated in the hippoempus as late as
PN112. These results suggest that low levels of lead selectively delay the
development of cholinergic parameters in the septum. The elevation of
TH activity in the hippocampus may reflect sprouting of noradrenergic
fibers in response to Pb-induced cholinergic hypofunction in the septohippocampal system. Supported by grant NIEHS ES06365.
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CORPUS CALLOSUM ABNORMALITIES IN NXSM RECOMBINANT INBRED
STRAINS. A. R. Jenner* & G. F. Sherman. Dyslexia Research Laboratory, Beth
Israel Hospital; Harvard Medical School, Boston, MA 02215.
New Zealand Black mice (NZB/BINJ) develop both autoimmune disease and
neocortical neuronal migration anomalies and are used as a model for systemic lupus
erythematosus and dyslexia. In 1974 fifteen recombinant inbred (RI) strains,
designated NXSM, were created using NZB/BlNRe and SM/J as progenitor strains
(Eicher & Lee, Genetics 125:431-446, 1990). During neuropathological examination
of these strains it was noted that there was a high incidence of corpus callosum (CC)
agenesis in some strains. Behavioral testing showed that the mice with partial or
complete agenesis performed poorly on spatial learning tasks (Schrott et al., Soc.
Neurosci. Abstr., 19:1629, 1993). The present study was designed to measure
quantitatively the CC of 137 mice from the fifteen RI strains. The brains were
embedded in celloidin, cut in 35 pm coronal sections, stained, and mounted. The
dorsal to ventral corpus callosum distance at the midpoint was measured using NIH
Image on digitized images of every 10th section (or every 5th if additional sections
were needed). The midsagittal area was than calculated using Cavalieri’s rule.
There was a significant difference (F(14,164) = 10.431, p < 0.0001) in the mean
cross sectional area of the strains. The RI strains that had the largest mean CC were
strains I and C, with a mean area of .424 mm2 and .420 mm2 respectively; and the
smallest mean CC were found in the X and D strains with a mean area of. 110 mm2
and .287 mm2. Strain X had 5 animals with complete CC agenesis and 4 animals
with partial CC agenesis. In addition, three strains (D, F, and Z) each had a single
animal with partial agenesis of the callosum. No sex differences were seen in the
cross sectional area of the CC (F( 1,149) < 1). The data were also analyzed to
determine if other cortical anomalies (ectopias, hippocampal anomalies, or
hydrocephalus) were related to the size of the Cc . There was no significant difference
in callosum size between mice with and without these abnormalities (ectopias
F(l,77) < 1; hippocampal anomalies F(l,3l) < 1; hydrocephalus F(1,130) < 1).
Supported by NIH grant HD 20806 and the Sadder Scholarship.

LEARNING IN AGED FEMALE AUTOIMMUNE BXSB MICE.
G. W. Boehm*. G. F. Sherman. D. M. Bradwav. B. J. HoplighL L. A. Hvde.
J. P. Kohut, A. M. Galaburda and V. H. Denenberg. Biobehavioral Sciences
Graduate Degree Program, University of Connecticut, Storrs, CT 06269; and
Beth Israel Hospital and Harvard Medical School, Boston m A 02215.
Fifty-two aged female BXSB mice were given a battery of behavioral tests,
beginning at approximately 52 weeks of age. Afterward, sera samples were
collected, and brains were screened for the presence of neocortical ectopias,
previously shown to be present in approximately 50% of BXSB mice.
Comparisons with younger BXSB females, tested from week 8 through week
12 (Schrott et al., Brain, Behavior and Immunity 7, 205-223, 1993) revealed
several differences. Older mice exhibited significant increases in vertical
activity, but not horizontal activity or swimming rotation activity. Older mice
performed significantly better than the young mice on the spatial water
escape task and on one measure of black/white discrimination learning.
However, aged animals made a greater number of errors (both forward and
backward) in a water version of the Lashley maze. An additional round of
Lashley maze testing, in which either intra-maze cues, or extra-maze cues,
were reversed, showed that these animals adopt a spatial (extra-maze)
strategy in solving this maze. No effects of ectopia were found on the
measures employed for this group of aged females. Despite a severe systemic
autoimmune condition, these animals are competent learners, though they
perform more poorly than do younger animals in the Lashley maze.
Immunological parameters and any correlations with behavioral data will be
reported at the conference. Supported in part by NIH grant H-20806.
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EVENT-RELATED BRAIN POTENTIALS AMONG MENTALLY
RETARDED AND NON-HANDICAPPED ADULTS DURING A WARNED
REACTION-TIME MOTOR TASK. Jennifer Hill Karrer.* Univ of

CEREBELLAR - FRONTAL LOBE ABNORMALITIES DO NOT FULLY
EXPLAIN AUTISM SYMPTOMATOLOGY: MRI, ERP AND
NEUROPSYCHOLOGICAL FINDINGS. K.T. Ciesielsk*, D.E. Hill,
R.E. Tung, I.E. Knight, R.T. Prince. M.H. Duncan*, B.L. Hart2 Clinical
Neuroscience Laboratory, Depts. of Psychology, Pediatrics1, Radiology2,

Kansas Medical Center, Physiology Dept,
Kansas City, KS 66103.
Contingent negative variations (CNVs) of event-related
brain potentials which occur between warning and initiating
stimuli are measures of learning and attention within a
reaction-time motor task.
The purpose of this study was to
investigate the relationship of CNVs to performance among
mentally retarded (MR) and non-handicapped (n-HC) adults
during a warned reaction time (RT) motor task. Ten MR
subjects (Ss) were matched to ten n-HC Ss according to age
(22-32 years), gender and fitness level. All Ss were clear of
pharmaceutical intervention. Brain potentials were recorded
with Grass (Model 7P1) amplifiers (TC = 2 s) via miniature
scalp electrodes at FZ and CZ according to the International 1020 System.
As expected, RT performance was significantly
slower in the MR sample [643 ms] than in the n-HC sample [309
ms]. The group mean CNV from the MR sample [-2.2 uV] was
also significantly lower than the n-HC group mean [-6.4 uV].
A Pearson correlation between RT and the CNV across the n-

HC was inverse and significant; that is, the faster the RT, the
greater the CNV (r = -0.83, p = .033). Correlations of reaction
time and the CNV across MR subjects were not significant (r
of -0.56, p = .091).
The results of this study suggest a
relationship between cortical electro-physiological indices of
attention and preparation for RT motor performance.
However, this association was not significant among MR Ss.

University of New Mexico, Albuquerque, NM 87131.
Abnormalities in cerebellar morphology and in frontally distributed
Event Related Potentials (ERPs) may underlie higher-cognitive/attentional
/social dysfunction in autism. It is important to determine whether such
abnormalities are uniquely correlated to autistic symptomatology.
We collected cerebellar planimetric measures in high functioning autistics
(A), and in survivors of childhood lymphoblastic leukemia (ALL) treated
with CNS chemotherapy. Both groups tended toward a smaller
cerebellum (-13% - 23%) than matched controls. The neuropsychological
profiles revealed frontal lobe deficits for both groups but predominantly left
hemisphere deficits in A and right in ALL. The ERPs to a cross-modal
(auditory / visual) divided attention task indicated a selective inhibition
deficit in both groups; this was demonstrated by increased amplitude
of the frontal slow negative wave (SNW, 400-850 msec) to the Ignored
(I) stimuli, as compared to Targets (T). Older children and adults have
larger SNW to T than to I stimuli. The ALL group had relatively normal
SNW amplitudes while A had virtually no SNW to Targets. Both groups
performed on a comparable level. There were no signs of autistic behavior in
the ALL group. Similar cerebellar-frontal abnormalities in both A and ALL
are contrasted with lack of autistic behavior in ALL, and some distinct
differences in neuropsychological and ERP patterns. Thus, cerebellarfrontal abnormalities appear not to fully explain the symptomatology of
autism. Our current integrative research is exploring the relationship of

other anterior limbic and orbito-medial. brain neural networks to autism.
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S.A. TORDJMAN*. P. FERRARI, G.M. ANDERSON, G. HAAG. P. BENGHOZl,
A. LEFORT. D.J. COHEN. Fondation Vall6e, Univ. M6d. Paris-Sud, Franca &
Child Study Canter, Yala Univ. Sch.’, New Haven, CT, USA.
Autistic individuals often appear to have heightened anxiety, disordered
arousal and problems in dealing with stress. We previously reported in Autism
significantly higher levels of plasma B-endorphin (BE), ACTH and Cortisol
(CORT) in the Autistic Group (Aut, N-48) compared to the normal control group
(NC, N-32), (BE pg/ml: 36 ± 20.6 vs 24.4 ± 12.6, p-0.021 ; ACTH pg/ml: 35.6 ±
23.8 vs 20.1 ±. 13.0, p- 0.006 ; CORT ng/ml : 92.1 ± 41.6 vs 80.6 ± 33.8,
p-0.040). Plasma levels of BE, ACTH, CORT, were not asociatec with Anxiety
scores (rated during the month preceding the biological measures), self-injurious
behavior or reduced pain reactivity, but were significantly associated with Autism
severity (BE : p-0.001, ACTH : p-0.02, CORT : p-0.04) (Tordjman, Anderson
McBride et al., soc. Neurosci - Abstr. 19(1) p. 182, 1993). These data suggested
in autism an enhanced stress reaction, a possible dysfunction of the
hypothalamo-pituitary adrenal axis, or some adaptative mechanisms or feedback
in response to a stressful situation.
In order to better assess anxiety and the stress response in Autism, we
have examined a range of physiological (such as heart rate), neurochemical
(plasma norepinephrine, epinephrine and dopamine), neuroendocrine (plasma
BE, ACTH, plasma and saliva CORT) and behavioral measures in basal and
controlled stress conditions. Heart rate was examined in basal conditions and 15
minutes before the blood drawing when the subject arrived in the room, then just
before and after the venipuncture. Saliva CORT was measured at home, then just
before and after the blood drawing. Plasma was obtained between 8 and 9 a.m.,
exactly at the same time of the home saliva CORT. A direct clinical observation
during all the blood drawing situation was made by a child-psychiatrist in order to
assess anxiety, stereotypies, pain reactivity, self or other-injurious behavior.
This study was carried out on large groups of AUT (N-70) and NC (N-40)
individuals. The AUT subjects underwent a complete behavioral assessment
(during the 2 weeks preceding the blood drawing) which included the ADOS, ADI,
K-ABC, Vineland scales, HACES, Tordjman Anxiety, stereotypies and pain
reactivity scales. Subjects were matched on age, sex, stage of puberty.
The results will be presented and their implications will' be discussed.
Supported by the INSERM (C.R.E. n° 931009).

A DOUBLE-BUND, PLACEBO-CONTROLLED INVESTIGATION
OF FLUVOXAMINE IN ADULTS WITH AUTISM. CJ
McPougle*, S.T. Naylor. F.R. Volkmar. D.J. Cohen. G.R.
Heninger, L.H. Price. Clinical Neuroscience Research Unit, Yale
Univ. Sch. of Med., New Haven, CT 06519.
Autistic disorder is a chronic neurodevelopmental syndrome for
which no consistently effective and safe pharmacologic treatment has
been developed. Based on evidence implicating a dysregulation in
serotonin (5-HT) function in autism, we conducted a 12-week
controlled study of the selective 5-HT uptake inhibitor fluvoxamine.
METHODS: 27 men and 3 women (mean±SD age=30.1±7.7 years)
(mean full scale IQ=79.9±29.7) with autism (DSM-IH-R) completed
the trial. There were no differences in age, gender, IQ, symptom
severity or dose of drug (250-300 mg/day) between groups
(fluvoxamine N=I5; placebo N=I5). RESULTS: 8 out of 15 (53%)
fluvoxamine-treated patients responded (CGI score="much" or "very
much improved"), whereas no placebo-treated patient responded
(p=0.CK)1, Fisher's Exact Test). Improvement was seen in repetitive
thoughts and behaviors, depression, anxiety, maladaptive behaviors,
aggression, social relatedness, sensory responses, and language usage.
No significant adverse effects occurred. CONCLUSIONS:
Fluvoxamine is significantly better than placebo in the treatment of
adults with autism. Based on fluvoxamine's efficacy and safety,
additional controlled trials of selective 5-HT uptake inhibitors in autistic
children and adults are warranted.
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INCREASED SEIZURE SUSCEPTIBILITY TO LOW MAGNESIUM AND
HYPOXIA IN IMMATURE HIPPOCAMPAL SLICES IS SUPPRESSED BY APV,
A NMDA RECEPTOR ANTAGONIST. C. Wang* and F. E. Jensen. Dept. of
Neurol., Children's Hosp., Boston, MA 02115.
The immature brain has increased seizure susceptibility compared to the
adult under many conditions, including hypoxia (Jensen, et al., Ann. Neurol.,
29: 629-637, 1991). To investigate the role of NMDA receptors in regulating
seizure susceptibility during development, we compared extracellular
recordings in CA1 region of temporal hippocampal slices from a total of 142
immature (P10-15) and 35 adult Long Evans rats exposed to hypoxia and/or
O Mg+ + medium. Hypoxia was simulated by interrupting the flow of 95%O25%CO2 or in some cases by exchanging 95%(02-5%CO2 to 95%oN2-5%CO2.
During incubation with a O Mg + + medium, ictal discharges were induced in
slices displaying interictal bursts 13-58 sec after onset of hypoxia; this was
seen significantly more often in immature slices (32/56) compared to the
adult (2/17, p<0.001). Under 0 Mg + + condition, spontaneous ictal
discharges were more frequent in immature slices (79/86) vs adult slices
(5/51, p<0.0001). Both O Mg + + and hypoxia/O Mg + + induced ictal
discharges in immature slices were suppressed by 20 m M DL-APV.
Interestingly, ictal discharge pattern was modified to interictal discharge
pattern by APV in immature slices (10/11). Of note, perfusion with 20 m M
NMDA in 0 Mg + + medium could induce ictal discharges in adult slices
(9/12). In an attempt to locate the sites for seizure genesis, APV was found
to change ictal activity to interictal activity in immature CA2-3 minislices
(9/10) as seen in whole slices. The results suggest that NMDA receptor
mediated activity is involved in the increased seizure susceptibility in
immature brain and in the age dependent epileptogenic response to hypoxia.
(Supported by NIH 5T32NS07264-10, NS31718 and EFA).

TOPOGRAPHIC STUDY OF
ELECTROENCEPHALOGRAPHIC
SEIZURES FOLLOWING HYPOXIA IN IMMATURE RATS. Z.Liu*,
G.L.Holmes, M.Mikati, C.T.Lombroso and F.E.Jensen. Dept. of Neurol,
Children’s Hospital, Harvard Med. School, Boston, MA02115
Wehave previously demonstrated that exposure of immature rats to
hypoxia results in acute seizures and long-term decrease in seizure
susceptibility. C-foc staining was seen only in the neocortex after hypoxiainduced seizures. In this study, depth electrodes were used to evaluate
regional localization of the initiation of EEG seizures following hypoxia.
Long-Even rats (11-12 d.o) were used in this study. Two electrodes were
implanted in the same rat in either parietal cortex, hippocampus, amygdala
or pyriform cortex. Rats were exposed to 5-10% of O2 and EEG seizures
were recorded simultaneously from two electrodes.
In 8/10 rats with electrodes in the parietal cortex and hippocampus,
cortical seizures always preceded hippocampal seizures (p < 0.01) and in
2/10 rats EEG seizures started at the same time in the two structures. In
6/6 rats with electrodes in the parietal cortex and amygdala, cortical
seizures uniformly preceded amygdala seizures. In 4 rats with electrodes in
the parietal cortex and pyriform cortex, EEG seizures started
simultaneously at the two structures.
The result of this study suggests that cortical structures are initially
involved in hypoxia-induced seizures. This result is consistent with our
recent study which shows that c-fos is uniquely activated in the neocortex.
Supported by NINDS (NS27984) to GLH, Stephen Linn Fund (GLH), NIH
(NS31718) to FEJ and Kaplan Foundation.
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COMPARISON OF NEURONS ACTIVATED BY SEIZURES, CHEMORECEPTOR AND BARORECEPTOR AFFERENT PATHWAYS IN
RAT MEDULLA OBLONGATA. R.K. Kanter*, J.A. Strauss, M. Sauro.

RISE IN INTRACELLULAR pH MEDIATES INCREASE IN NEURONAL
EXCITABILITY EM AN IN VITRO MODEL OF HYPERVENTILATION.
T. Taira*, J. Lee, B. Ransom and K. Kaila. Depts. of Zoology and Physiology,
FIN-00014 University of Helsinki, Finland and Dept. of Neurology, Yale
University School of Medicine, Ct., USA.
It is common knowledge that hyperventilation results in an increase in neuronal
excitability. However, the mechanism whereby a decrease in CO2 partial pressure
leads to hyperexcitability is not known. We have studied this phenomenon in rat
hippocampal slices using double-barreled microelectrodes for simultaneous
recording of field excitatory postsynaptic potentials (EPSPs) and extracellular pH
(pHo) in stratum radiatum of area Ca 1. Stimuli were applied to the Schaffer
collaterals at a frequency of 0.05 Hz. The medium (containing 25 mM HCO3)
and the atmosphere of the interface chamber were gassed with 5%, 1% and 20%
CO2 in oxygen. Solution pH was 7.4, 7,9 and 6.8, respectively. Under control
conditions (5% CO^), pHo was about 7.2. A drop in CO2 from 5% to 1%
produced an increase in pH of 0.4-0.6 pH units and a transient increase in EPSP
slope by about 20-30%. Despite the stable extracellular alkalosis, the EPSP
reverted back to its original level within 10 minutes. Switching back to 5% CO2
restored the original pH0 and caused a transient decrease in the EPSP slope. An
increase in CO2 from 5% to 20% led to a stable fall in pH, by 0.6 units which
was associated with a transient 30-50% decrease in EPSP slope. The NMDA
receptor antagonist AP5 (50 ^M) had no influence on the effects of C02. Thus,
the CO2-induced changes in neuronal excitability were not caused by changes in
pH0 but they might have been mediated by changes in intracellular pH (pH;).
Indeed, exposing the slices (at 5% CO2) to the permeant weak base,
trimethylamine (20 mM) or to 20 mM propionate (a permeant weak acid)
increased or decreased, respectively, the EPSP slope by 40-60% without
changing pH. It is concluded that the transient hyperexcitability accompanying
a fall in Pco2 is mediated by an increase in pHj.

169.5

169.6

THE EFFECTS OF INDUCED SEIZURES IN INFANT RATS ON
SPATIAL NAVIGATION AND LOCOMOTOR ACTIVITY. R. A.
Kornelsen*, F. Boon, L. W. S. Leung, and D. P. Cain. Neuroscience
Program. University of Western Ontario. London, Ontario, Canada.
The effect of a single seizure on subsequent behaviour was
investigated in the male rat. Hyperthermic seizures were induced on
Days 1, 10 or 21 by placing the pups into a chamber preheated to 6065 °C until a seizure was observed. Controls were placed in the
unheated chamber for an equivalent amount of time. Pentylenetetrazol
(PTZ) seizures were produced on Day 1 by injection of 150 mg/kg PTZ
i.p.. Diazepam (Valium, Roche, 2-4 mg/kg i.p.) was given if the
seizures had not stopped 60 minutes after their onset. Controls were
given injections of an equal volume of saline. Behavioural testing
began 4-10 weeks after the rats had been seized. Both stable and
patterned moving-platform versions of the water maze were used.
Locomotor activity was measured using Digiscan activity monitors
(Omnitech Electronics, Inc. Columbus, OH.). Slight but significant
increases in platform search latencies were found on one or both of the
maze tasks for the heat treated groups. A significant reduction in
some but not all locomotor activity measures was seen in the Day 1
heat group. There was no effect of PTZ seizures on any measure.
These findings may have implications for how aggressively seizures in
children should be treated or prevented. (The Hospital for Sick
Children Foundation, Toronto. Grant XG 91 - 074)

DIFFERENTIAL MODIFICATIONS OF ELECTRICALLY AND CHEMICALLY
INDUCED SEIZURES IN MICE FOLLOWING HEAT STRESS
M. Y. Hasani-, M. A. Fahim*2 f . El-Sabban2. Depts. of 1Pharmacol. & 2Physiol.,

SUNY Health Science Center, Syracuse, New York 13210.
Seizures activate neurons in rat medulla oblongata (Soc Neurosci Abstr
1992; 18: 551). The present studies investigate the relationship between
pathways of seizure propagation and cardiorespiratory afferent pathways
in rat medulla oblongata. Neurons activated by synaptic stimulation
were identified by their induced immunohistochemical reactivity (ir) for
c-fos protein. Experimental seizures (pentylenetetrazole, i.p.) and
afferent pathways from peripheral chemoreceptors (breathing 7% oxygen
for 2 hours) activated neurons similarly distributed in nucleus tractus
solitarius, dorsal motor nucleus of the vagus, and ventrolateral medulla.
Both seizures and hypoxia induced c-fos ir in similar populations of
catecholamine synthesizing neurons, as determined by double labeling
for c-fos, and tyrosine hydroxylase or phenylethanolamine-N-methyl
transferase ir. Experimental seizures and baroreceptor afferent
pathways (activated by phenylephrine, i.p.) also projected to similar
anatomical areas. Since seizures elevate blood pressure (tail cuff
measurements) we also evaluated c-fos ir when experimental seizures
were preceded by antihypertensive treatment (phentolamine, i.p.).
Seizure-induced activation of c-fos ir occurred despite normal blood
pressure, and thus can be attributed to direct action of the seizure, and not
to an indirect effect mediated by hypertension. The failure to detect a
stimulus specific distinction in c-fos expression induced by seizures vs
hypoxia or hypertension is consistent with the hypothesis that seizure
pathways converge to a population of neurons in common with chemoand baroreceptor afferent pathways.
(CNY Children's Health Fund)

Fac. of Med and Health Sci., U.A.E. Univ., Al Ain, United Arab Emirates
Heat stress may be considered among the factors implicated in the predisposition
of epilepsy. However, it is not clear which specific type of epilepsy is likely to
develop by heat stress. Utilizing electric shock (ES) and pentylenetetrazol (PTZ)
convulsion models, the acute effects of heat exposure on seizure induction in mice
were studied. Ambient temperature was raised to 50°C and animals were subjected
to hyperthermia for 5 minutes. Effect of heat stress on various parameters in ESinduced convulsion (occurrence of clonic, tonic-clonic convulsion and death) at
different current levels and in PTZ-induced convulsion (onset of clonic, onset of
tonic, clonic incidence and death) at various doses was recorded. Results indicated
that hyperthermia modified convulsive states at various, post-exposure levels. In
ES-induced convulsion, hyperthermia lowered the current threshold to clonic and
tonic-clonic seizure development (19.7 + 2.1 to 14.3 ± 1.1 mA, P< 0.01). Death
rates were increased at specific current threshold level, as compared to control. In
PTZ-induced convulsion, heat stress did not modify the onset of first clonic or tonicclonic seizures; however, the incidence of clonic and myoclonic seizures was
increased (4.1 + 0.5 to 6.8 ± 0.9, P< 0.01). It is noted that electrically-induced
seizures are more susceptible to heat stress and the modifications are most apparent
at low threshold levels. Although PTZ-induced seizures were less affected by
hyperthermia, death rate was increased. In conclusion, it seems that hyperthermia
precipitates partial seizure rather than generalized seizures. Since stressful events
change the excitatory/inhibitory balance of CNS, such mechanisms might be of
relevance. It is also possible that hyperthermia originates free radicals which
modulate cell membrane conductivity and facilitate precipitation of epilepsy.

169.7

169.8

THE PHYSIOLOGICAL GLUCOCORTICOID STRESSRESPONSE EXACERBATES SEIZURE DAMAGE TO THE
HIPPOCAMPUS. C. Phares. R. M. Sapolsky. L. Letson and M.
P. Mattson*. Dept. Biological Sciences, Stanford Univ., Stanford,
CA 94305. Sanders-Brown Center on Aging and Dept. Anatomy
& Neurobiology, Univ. of Kentucky, Lexington, KY 40536.
Glucocorticoids (GCs), the adrenal steroids released during stress,
impair the capacity of hippocampal neurons to contain cascades of
glutamate and calcium during neurological insults, thus exacerbating
cytoskeletal pathology and neuron death (e.g., J. Neurochem.,
61:57-67 (1993)). Prior work demonstrating these GC effects have
been relatively unphysiological, in that they compared
adrenalectomized rats with those exposed to constant GC
concentrations in the upper physiological range. Excitotoxininduced seizures produce considerable GC secretion - in this report,
we demonstrate that such a stress-response adds to the subsequent
hippocampal damage in rats. The excitotoxin kainate (KA) was
either microinjected into the dorsal hippocampus or was injected
systemically. In half the rats, KA-induced GC secretion was
prevented with the co-incident administration of the steroidogenesis
inhibitor metyrapone. In both seizure models, metyrapone
administration resulted in more surviving neurons and less
accumulation of tau immunoreactivity. In the microinjection model,
protection was most pronounced in the CA3 and hilus region; in the
systemic KA model, protection was most pronounced in the CAl
and hilus. Thus, the GC secretion caused by a neurologic insult
such as seizure can exacerbate the resultant damage, testifying to the
physiological relevance of GC neuroendangerment.

PARVALBUMIN-IMMUNOREACTIVE NEURONS WITHSTAND C-FOS
EXPRESSION FOLLOWING CHEMICALLY-INDUCED SEIZURES
W. Zuschratter1 , P. Gass2. T, Herdeaen3. H. Scheich1
1 Federal Inst. for Neurnbinlnay, POB 1860, D-39008 Magdeburg, FRG; 2inst.
nf Neuropathology, Univ. Heidelberg, FRG; 3||. Inst. of Physiology, Univ.
Heidelberg, FRG
The calcium-binding protein parvalbumin (PV) is thought to act as ar
intracellular calcium buffer in a subset of GABAergic neurons. To test whether
these neurons are more or less sensitive to c-Fos expression, we mapped the
c-Fos protein distribution immunocytochemically in adult male gerbils
(Meriones unguiculatus) following pharmacologically induced seizures.
Subsequently, c-Fos-IR neurons were tested for coexpression of PV.
Convulsions were induced by injection of bicuculline into a leg vein. They
were stopped after 5 or 15 min by diazepam. Animals were sacrificed after 1,
2, 4, 8 or 24 h postinjection and perfusion-fixed with 4% formaldehyde. C-Fos
immunocytochemistry was performed on 60 urn thick horizontal vibratome
sections using an anti-rabbit digoxygenin-HRE staining-kit with DAB as
chromogen. For the co-localization study, sections were subsequently
incubated with a monoclonal PV-antibody and finally immunostained using
the ABC-protocol and a-chloronaphthol as chromogen.
Following the seizure animals showed a distinct spatiotemporal pattern of cFos immunoreactivity throughout the cortex and most subcortical regions with
maxima in perirhinal cortex, presubiculum and dentate gyrus. Cobcalization
analysis revealed that PV-IR neurons showed a delayed c-Fos expression.
Most of them were exempted from c-Fos labelling 1h after the induction of the
epileptic seizures, while an increasing number of PV-IR neurons became cFos positive after 2 and 4 hours.
Our data suggest a differential and time dependent sensitivity of neurons to
activity-transcription coupling. Following an epileptic seizure c-FOS
expression preferentially occured in non-PV (probably excitatory) neurons,
while PV-IR neurons seemed to be more resistant.
Supported by BMFT FKZ 07NBL06, TP4
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CONVULSANT INDUCED SEIZURES IN RAT BRAIN ATTENUATES
TRANSCRIPTION FACTOR SP1 BY NO MODULATION. A.V.Prasad*
W.H.Pilcher and S.AJoseph. Neurosurgery. Univ. of Rochester, NY 14642.
Pentylenetetrazole (PTZ) induced seizures in rat brain are known to
evoke fos/jun (API) and CREB transcription factors via the activation of
the NMDA sub type of glutamate receptors. Recently, we have
demonstrated the activation of NF-k B in a time specific manner following
PTZ administration (Neurosci.Lett..170.1994.145-148). Since the
transcription of various target genes are mediated by Specific Protein 1
(SP1) through a synergistic activity with other promoters or through NFl
or NF-k B protein-protein interactions, we addressed the analysis of SP1.
Our data demonstrates the presence of the SPl in male Sprague-Dawley
rat brain at control constitutive levels and its activation at 24, 72, 96 and
l2Oh following PTZ (LD5o= 85mg/kg., s.c.) induced seizures. This 100kD
glutamine activating domain containing molecule has not been previously
studied as a component of a 2nd messenger pathway(s) regulation.
Recent literature implicates the nitric oxide (NO) in the activation of
the NMDA receptor, with respect to its release in the NMDA/kainic acid
seizure paradigm. We hypothesize that NO regulates the SPl induction
in our seizure model and we have tested this hypothesis in a series of
experiments in which the nitric oxide synthase (precursor enzyme of NO)
inhibitors Nw-nitro-L-arginine methyl ester (L-NAME) and D-NAME

FOLATES AND THIAMINE BOTH INCREASE CA45 ENTRY INTO
SYNAPTOSOMES WITH DIFFERENT CONSEQUENCES. S.R.
SNODGRASS*, Pediatric Neurology, Univ. Miss. Med Ctr, Jackson, MS
39216.
Several vitamins evoke convulsions when injected directly into brain in
high dosage. Folates have occasionally caused seizures in humans and have
been reported to produce kainate-like brain lesions by several workers.
Thiamine and pyridoxine also cause seizures when injected into the CNS of
exptl animals. We compared thiamine and folate injections into the rat
brain as well as the in vitro effect of each vitamin on synaptosomal Ca45
uptake and enzyme activity. Injections of folic acid (60 & 200 nmol) into the
hippocampus of metofane anesthetized rats caused seizures lasting up to 3
hours. After 72 hrs. survival, excitotoxic lesions were seen in the folate injected hippocampus. Thiamine injections (60 & 200 nmol) also caused
seizures, generally of shorter duration, and not followed by lesions distinct
from those of control solutions. After hippocampal folate injection, inhibition of membrane GTPase and stimulation of protein kinase C activity and of
lipid peroxidation were found, each significant at p<.05, whereas thiamine
had none of those effects. Evidence of calcium-independent protein kinase C
activity was seen only in folate injected brain.
In vitro, folate incubation increased 45Ca influx into hippocampal
synaptosomes by 275%, while equimolar (1 mM) thiamine produced a 198%
increase with a different time course. Thiamine incubation had a greater
effect on 45Ca influx in cerebellar synaptosomes, while folates had a lesser
effect. Both folates and thiamine increased synaptosomal calcineurin
activity. In summary, both folates and thiamine are weak convulsants, and
both increase 45c 3 entry into synaptosomes, but they appear to activate

were administered respectively, at a dose of 50mg/kg (ip), 30 min. prior to
PTZ induced seizures. Placebo and PTZ alone served as controls. The

induction of SPl was inhibited by L-NAME but not D-NAME. These data
contribute to the understanding of the biochemical cascade of the nuclear
transcription factors hitherto unreported in the seizure model of the rat
brain, (supported by NIH grant NS21323)
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A PARTIAL BLOCK OF Na+-K+ ATPase ACTIVITY INDUCES
BURSTING IN ADULT, BUT NOT JUVENILE, RAT HIPPOCAMPAL
SLICES. M.F. Cuttle & B.E. Alger*. Dept. Physiol., Univ. Maryland
School of Medicine, Baltimore, MD 21201.
The low affinity cardiac glycoside dihydro-ouabain (DHO, 10-20 gM)
induces epileptic bursting in adult CAl cells without large changes in
[K+]o. We applied DHO to juvenile (pl5-19) and to adult (> p35) slices
and found that Na+-K+ pump inhibition had dramatically different agedependent effects. In adults DHO induced bursting in all recordings (n=9)
with no change in initial population spike amplitude (107j+l6%).
Intracellular recordings (n=4) confirmed the changes observed in
population records. In addition, DHO reduced monosynaptic (50gM APV,
10gM CNQX, n=7) IPSP conductances by 52±9% and caused a small
(+3.7±0.9mV) shift in EIRip. In contrast, DHO reversibly reduced
population spike amplitude in juvenile slices by 94_+2% (n=9) with no
epileptic activity. The response reduction suggested spreading depression
(SD). However, SD is associated with rises in [K+^ >30 mM, and K+ISMs measured only small changes in [K+L in juveniles (4mM, n=3) and
adults (4mM, n=4). Juvenile slices bathed in 2OOgM theophylline, an
adenosine antagonist, responded to DHO with epileptic activity identical to
that in adults (132+42%, n=6). Theophylline did not dramatically increase
responses in adult slices (118%+26%, n=2). We conclude that adenosine
released following Na+-K+ pump inhibition in CAl cells protects young
slices from hyperexcitability. In adults reduced IPSPs cause epilepsy in
diminished adenosine protection. We suggest a link between IPSP
reduction and adenosine release is increased [Ca2+]i due to pump inhibition.

EFFECTS OF EXCITATORY AMINO ACID ANTAGONISTS NBQX AND MK801 ON THE DEVELOPING BRAIN. Suzanne J. Werner. Gregory L. Holmes*.
Zhao Liu, Rainer Paine. L.Cannant. Mohamad Mikati. Department of Neurology,
Children’s Hospital, Harvard Medical School, Boston, Massachusetts.
In the ongoing search for pharmacological treatment of epilepsy Excitatory Amino
Acid (EAA) antagonists are being considered due to EAAs role in seizure-induced
brain damage. To determine the long-term effects of EAA antagonists on the
developing brain we administered EAA antagonists via osmotic pumps to 20 day old
rats and studied their effects. Non-NMDA antagonist NBQX or NMDA antagonist
MK-801 was administered over seven days by osmotic pumps stereotactically placed
in the left lateral ventricle. Three groups were studied: Group 1 (N = 23) received
l.5M or 3M NBQX pumped at a rate of 1 gl/h, Group II (N= 19) received 0.7M
MK-801 at a rate of 1 glh, Group III (N = 18) received vehicle at a rate of 1 gl/h.
Thirty days after pump placement each animal underwent handling and open-field
testing, Morris water maze, and flurothyl testing.
Handling test showed no difference between test animals and controls, while
open-field showed that both Group I and Group II were more active than controls
(p = 0.0049). Water maze data showed that, although NBQX animals were slower to
find the platform than controls, the difference was not significant. The NBQX group
showed increased seizure susceptibility with reduced latency to onset of seizure
(p=0.0049) when compared to controls. A higher mortality rate of both drug groups,
NBQX (65%) and MK-801 (54%), was found compared to controls (27%).
These studies show that manipulation of EEA levels in the developing brain, even
for short periods, may have significant detrimental effects. These possible effects
should be considered when preparing therapies for seizure treatment in children.

170.3

170.4

N-METHYL-D-ASPARTATE (NMDA) RECEPTORS MAY BE INVOLVED IN
GENERATING ELECTRICALLY-INDUCED STATUS EPILEPTICUS.
D. Young. L. Nicholson* and M. Draeunow. Dept of Pharmacology & Clinical
Pharmacology, School of Medicine, The University of Auckland, Auckland, New
Zealand.
High doses of muscarinic and excitatory amino acid receptor agonists are
commonly used as chemoconvulsants for inducing status epilepticus (SE) in animals.
However, one of the disadvantages with chemically-induced models of status
epilepticus are that the neural pathways involved in generating SE are difficult to
define, due to the continued presence of exogenous excitotoxins. Recently a number
of electrically-induced SE models have been developed involving focal electrical
stimulation of distinct brain regions resulting in the production of self-sustaining
generalised convulsive or limbic SE. However, the identity of the receptors
involved in the initiation and propagation of electrically-induced SE is unclear.
In this study, muscarinic, NMDA, non-NMDA ionotropic and metabotropic
glutamate receptor antagonists were tested for anticonvulsant effects in a continuous
hippocampal stimulation model in rats in order to identify the receptors involved in
the initiation of electrically-induced status epilepticus. Whereas the muscarinic
receptor antagonists scopolamine and atropine and the metabotropic receptor
antagonist L(+--2-jmino-3-phosphonopropionic acid (AP3) did not affect SE
initiation, the NMDA antagonist dizocilpine (MK-801) (1 mg/kg i.p.) and the nonNMDA ionotropic receptor antagonist 2,3-dihydroxy-6-nitro-7-sulfamoyl-benzo(F)quinoxaline (NBQX) (two doses of 50 gg i.c.v.) prevented the induction of SE. As
we have shown in a previous study that non-NMDA ionotropic receptors are
principally involved in SE maintenance, we suggest activation of NMDA receptors
may be a prerequisite for initiating electrically-induced SE.
Supported by the New Zealand Neurological Foundation and the New Zealand
Health Research Council.

EFFECTS OF mGluR ANTAGONISTS ON EPILEPTIFORM ACTIVITIES IN
HIPPOCAMPAL SLICES. Lisa R. Merlin* and Robert K.S. Wong. Depts. of
Neurology and Pharmacology, SUNY/Health Science Center, Brooklyn, NY 11203
Epileptiform discharges entail synchronous pyramidal cell firing, massive
glutamate release, and ionotropic glutamate receptor activation. Metabotropic
glutamate receptors (mGluRs) have recently been detected in hippocampus, but
their physiological role remains unclear. Many subtypes of mGluRs exist, some
of which are restricted to perisynaptic locales rather than directly within the
synaptic junction (Baude et al., Neuron 11:771-787, 1993). Thus, the questions
arise: (1) Are mGluRs activated synaptically during epileptiform activity?
(2) If so, what effect do they have on cellular activities?
Transverse guinea pig hippocampal slices (400 gm) were maintained in vitro,
and epileptiform activities were induced by bath application of 50 gM picrotoxin
(PTX). Intracellular recordings were obtained from CAl and CA3 pyramidal cells,
with test shocks applied to the CA2 stratum radiatum region. Field potentials
were simultaneously recorded. PTX-induced spontaneous discharges consisted
of a 100-200 ms primary burst and 1-6 accompanying secondary bursts followed
by a profound hyperpolarization. These events appeared rhythmically every 6-12
s, and evoked bursts resembled the spontaneous events. Bath application of 0.11.0 mM L-AP3, a selective mGluR antagonist, was always effective in markedly
reducing the frequency of spontaneous epileptiform events. Evoked bursts were
significantly modified, but no effect on intrinsic cell properties was apparent. Yet
another selective mGluR blocker, (+)-MCPG (0.5-1.0 mM), had no obvious effect
on either spontaneous or evoked events. These results suggest that mGluRs are
activated during epileptiform activity. The difference in efficacy of (+)-MCPG
and L-AP3 may result from selective antagonism of different mGluR subtypes
having different roles in the maintenance of epileptiform events.
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METABOTROPIC AGONISTS PROMOTE SYNCHRONIZED OSCILLATIONS
AMONG HIPPOCAMPAL CA3 NEURONS. G. W. TAYLOR* and R.K.S.
WONG. Department of Pharmacological Sciences, State University of New York,
Health Science Center at Brooklyn, Brooklyn, NY 11203.
The metabotropic glutamate receptor (mGluR) agonists 1S,3R-ACPD; 60 uM to 5
mM drops; 60 uM to 2.0 mM bath) or L-CCG-1 (4 uM to 100 uM, bath) can
promote stereotypical rhythmical oscillations among CA3 cells of rat hippocampal
slices. Focal application of ACPD produced rhythmical plateaus of depolarizing
activity (1-8 sec duration plateaus, one plateau every 8-44 sec). Ripples of
depolarizing wavelets (3-38 Hz) rhythmically occurred during each plateau. Each
depolarizing wavelet usually generated at least one action potential. When action
potentials did not occur during a plateau, subthreshold ripples of depolarizing
wavelets throughout the duration of the plateau. Extracellular and dual pyramidal
cell recordings confirm the depolarizing events (plateaus with ripples of wavelets)
were generated synchronously in a population of cells.
To examine the synaptic interactions underlying ACPD evoked activity, we
applied excitatory amino acid blockers (2-carboxypiperazine-4-yl)propyl-1phosphonic acid (CPP, 10-30 uM) and 6-cyano-7-nitroquinoxaline-2,3-dione
(CNQX, 10-30 uM). We also examined the influence of GABAa receptor blockade
with picrotoxin (PCTX, 50-100 uM). Blockade of NMDA receptors with CPP did
not block the oscillations. Blockade of fast GABAergic transmission with PCTX did
not block the oscillations but prolonged the plateau of depolarizing activity (to as
long as 17 sec). Blockade of non-mGluRs with concomitant CPP and CNQX
treatment may reversibly suppress the oscillations to the point of blockade. The
events were also blocked in low Ca++ (high Mg++) solution, as well as in TTX
(luM). Our results suggest activation of mGluR receptors provoke a stereotypic
intrinsic oscillatory response from the CA3 neuronal population. The spatial and
temporal sequence of mGluR actions bringing out this effect remain to be elucidated.

THREE-DIMENSIONAL MORPHOLOGICAL RECONSTRUCTION OF CAl
PYRAMIDAL NEURONS IN THE EPILEPTIFORM HIPPOCAMPUS. J. Isaac*.
Y Chen, E. Stockley, J. Chad and H.V. Wheal., Epilepsy and Synaptic Function Research
Group, Dept. Physiology & Pharmacology, University of Southampton, SO9 3TU, UK.
Using a combination of whole-cell recordings and confocal microscopy, the
morphology and electrophysiology of CA1 pyramidal neurons was investigated in rat
hippocampal slices 7 days following a single unilateral intracerebroventricular injection
of kainic acid. This model of temporal lobe epilepsy is characterised by evoked bursts
of action potentials in CA 1 cells, a loss of local inhibition, and a large NMDA receptormediated component of low frequency transmission ipsilateral to the lesion. A synaptic
reorganisation also accompanies the electrophysiological changes (Phelps et al., 1991,
Neurosci. 40,687-699). Whole-cell patch-clamp recordings were made from individual
CAl pyramidal cells in 400pm transverse hippocampal slices with electrodes containing
a gluconate-based solution and 12mM neurobiotin. Electrophysiological data was
collected in order to determine if cells exhibited epileptiform activity. Recordings were
then terminated, and slices were placed in a 4% paraformaldehyde solution in phosphate
buffered saline (PBS) at 4°C for 24 hrs. Slices were then washed in PBS and incubated

for 3 days in a PBS solution containing triton X-100 (0.3%) and fluorescein-conjugated
antibiotin (10pg/ml). Following a further wash in PBS, slices were mounted and imaged
on a BioRad MRC600 confocal laser scanning microscope using a 6Ox oil immersion lens
(Nikon, numerical aperture 1.3). Series of images comprising 20-50 optical sections
separated by 2pm increments were collected and digitised. Cells were then reconstructed
in 3 dimensions on a Silcon Graphics workstation. Preliminary data indicates that a
reorganisation occurs in the proximal and mid- apical dendritic regions of CA1 cells
exhibiting epileptiform activity. These morphological changes coincide with increases
in the number of synapses following the lesion and may be involved in the
synaptogenesis:.
Supported by the Wellcome Trust and MRC. and S E RC
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SPONTANEOUS POTENTIATION OF EVOKED FIELDS IN CAl OF
HIPPOCAMPAL SLICES INCUBATED AT ROOM TEMPERATURE. P.L.
Watson* and P.L. Carlen. Department of Physiology, University of Toronto, and
Playfair Neuroscience Unit, Toronto Hospital, Toronto, ON, Canada, M5T 2S8.
The hippocampal slice is a preparation commonly used to study the mechanisms
of long-term potentiation, epileptogenesis and excitotoxicity. In investigations of
each of these phenomena, the stability of control responses is of critical importance.
In attempting to maximize the stability of evoked fields in CAl, we found that
response stability was significantly affected by the temperature at which the slices
were incubated. Hippocampal slices (400 pm) from male Wistar rats (26-61 days)
were incubated at either room temperature (22°C, ’cold’) or 29°C (’warm’) for at
least one hour before transfer to the recording chamber (35-36°C). Slices were
acclimatized in the recording chamber for at least 15 min and then somatic,
orthodromically- and/or antidromically-evoked fields were recorded. Responses were
retested 30 and 60 min later. Maximal, orthodromically-evoked population spikes
(PSs) and field EPSPs (fEPSPs) from cold slices were significantly (p < 0.05)
increased to 126.76 ± 27.24% and 155.35 ± 53.31% of control, respectively, at 30
min (n=8) and 135.40 ± 31.48% and 163.40 ± 50.39% of control, respectively,
at 60 min (n=6). The maximal, orthodromically-evoked PSs and fEPSPs of warm
slices however, were not significantly changed at either 30 (PS: 97.62 ± 6.96%,
fEPSP: 97.10 ± 8.25%) or 60 min (PS: 96.88 ± 11.71%, fEPSP: 95.72 ±
9.71 %) (n=7). Maximal, antidromically-evoked PSs from cold slices were increased
to 118.80 ± 18.13% of control at 30 min but were not significantly different from
control at 60 min (115.51 ± 31.69%) (n=7). Maximal, antidromically-evoked fields
from warm slices were stable at both 30 (94.47 ± 13.83%, n = 7) and 60 min (93.76
± 10.80%, n=8). These data indicate that the stability of evoked responses in CAl
is affected by incubation temperature when slices are studied at 35-36°C. Supported
by the Canadian Medical Research Council and the Bloorview Epilepsy Program.

CURRENT-SOURCE DENSITY ANALYSIS OF HIPPOCAMPAL
AFTERDISCHARGES IN THE INTACT RAT. A.Bragin*, J. Hetke,
K. Wise and G. Buzsaki. CMBN, Rutgers University, Newark, NJ 07102
and University of Michigan, Ann Arbor, Ml 48109
Epileptic afterdischarges (AD) evoked by perforant path or
commissural stimulation were monitored in the CA1 -dentate axis in
freely moving rats using silicon probes with 16 recording sites (100
pm vertical intervals). The simultaneously recorded field data were
analyzed by the current-source density method. Additional wire
electrodes were placed 'in the CA3 region and the entorhinal cortex. Six
stages of epileptic seizures were revealed: first silence period, primary
afterdischarge, second silence period, secondary afterdischarge,
suppressed activity, and enhancement of gamma waves. Although the
initial changes were determined by the locus of stimulation, the main
pattern of AD was independent of the evoking conditions. Nearly all
major aspects of the AD could be traced back to the activity of the CA3
region. Recruitment of CA1 and dentate gyrus neurons into the AD
presumably depended on their depolarization block. Current source
density analysis of population spikes in the CA1 region revealed that the
site of sodium spike generation shifted from soma towards the apical
dendrites during AD. Secondary afterdischarges reflected inward
currents in the stratum oriens, perhaps due to the faster recovery of
basal vs. apical dendrites from the depolarization block. Removal of the
entorhinal cortex failed to change the basic pattern of AD. However,
afterdischarges were significantly longer. The findings are compatible
with the view that the major source of epileptic activity is the CA3
region and the dentate hilar area plays a suppressive role in AD.

170.9

170.10

LONGITUDINAL DIFFERENCES IN DENTATE GRANULE
CELL FIELD RESPONSES IN THE IN VITRO SLICE FROM THE
RAT. K. Uruno* and L.M. Masukawa. Dept. of Neurology,
University of Pennsylvania Medical School and The Graduate
Hospital, Philadelphia, PA 19146.
Greater spontaneous electrical activity during potassium
depolarization has been reported in pyramidal cell layers of the rat
ventral hippocampus in comparison to the dorsal region (Gilbert et
al., Brain Res. 361: 1984; Bragdon et al., Brain Res. 378: 1985).
We examined whether differences also occured between the ventral
and mid-dorsal dentate gyrus of the rat using field potential
recordings. The population spike amplitude of mid-dorsal slices
were larger than those generated by orthodromic stimulation in
ventral slices. Orthodromic paired pulse inhibition (20 ms
interstimulus interval) was greater in mid-dorsal slices than in ventral
slices while inhibition was absent during antidromic paired pulse
stimulation in both locations. In ventral slices a positive potential
followed a single antidromic population spike more often than in middorsal slices. During 20 pM bicuculline, spontaneous negative
waves were often observed which were absent in mid-dorsal slices.
These data support a difference in both evoked and spontaneous
responses of dentate granule cells some of which are consistent with
a greater excitability of the ventral dentate gyrus. Supported by NIH
Grant # NS23077 to LMM.

HIPPOCAMPAL INHIBITORY NEURON ACTIVITY IN THE ELEVATED
POTASSIUM MODEL OF EPILEPSY. CJ. MeBAIN*. Lab. Cellular and Molecular
Neurophysiology, NICHD, NIH, Bethesda, MD 20892.
Whole cell recordings were made from 29 CAl st. oriens interneurons in
hippocampal slices from 14-19 day old rats. Spontaneous action potentials normally
occurred in a sustained repetitive firing mode, paced by non synaptic, intrinsic
mechanisms. On elevation of [K ]o to 8.5mM, however, clustering of single action
potentials occurred interrupted by periods of silence, not associated with an
appreciable AHP. In voltage clamp, [K+]o elevation caused an increase in spontaneous
EPSC frequency. Temporal summation of synchronous EPSCs contributed a
repetitive, periodic inward current (PIC, 10-40pA, 0.8Hz) which was synchronous
with the epileptiform activity of CAl pyramidal neurons. Analysis of the charge
transfer revealed that PICs resulted from the temporal summation of ~35 EPSCs.
Blockade of EPSCs by the AMPA receptor antagonist DNQX (2OpM), abolished PICs
and reverted action potential activity back to single sustained firing despite an
elevated [K+o, demonstrating that the PICs were responsible for action potential
clustering. The mGluR antagonist MCPG (5O0|iM) reversibly abolished the PICs
without affecting the increase in EPSC frequency. In 6 CA3 pyramidal neurons,
MCPG attenuated but never abolished interictal activity. These data suggest that the
intensity of PICs is determined by activation of mGluRs present on CA3 pyramidal
neurons but not on CAl interneurons.
In CAl pyramidal neurons, a rundown of synchronously occurring IPSCs was
observed during the transition to epileptiform activity. In addition, a positive shift (2 6mV) in the GABA I-V reversal potential of CAl pyramidal neurons occurred during
sustained GABA (lOOpM) application independent of the [K+]o. These data suggest

that inhibitory neurons may be functionally uncoupled during [K+]o elevation. This
results not from [K*]o elevation per se but possibly by activity - dependent Cf
redistribution across CAl pyramidal neurons following sustained IPSC activity.
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CA3 PYRAMIDAL CELL INPUT TO BASKET CELLS IN NEONATAL RAT DENTATE GYRUS.
T. Kneisler* and R. Dingledine. Departments of Pharmacology, Univ. North Car^lir^t^-

ENHANCED SLOW SODIUM CURRENT IS RESPONSIBLE FOR
EPILEPTIFORM BURSTING IN RAT HIPPOCAMPAL CAl PYRAMIDAL
NEURONS. L.-M. Tian* and K. A. Alkadhi. Department of pharmacological and
pharmaceutical Sciences, University of Houston, Houston, TX 77204-5515.
We report here results showing that enhanced slow sodium current (INa(s))
contributes to the development of negative slope resistance, and induction of
epileptiform bursting in rat hippocampal CAl pyramidal neurons. Single electrode
voltage clamp techniques were employed. Depolarizing inward rectification,
indicated by the deviation of I-V curve from the Ohm’s linear relation line, found in
untreated neurons (n=2O), was enhanced by veratridine (n=15). A point of zero
slope (a starting point of negative slope) appeared in the I-V curve and was
followed by negative slope as a result of enhanced inward rectification. This
inward rectification in normal neurons as well as in veratridine-treated neurons was
blocked by tetrodotoxin (TTX, 0.1 pM). A subthreshold, TTX-sensitive slow
current, responsible for the inward rectification, was quantified by applying a 5 mV
step depolarization (250 ms duration) at clamped levels of membrane potential
between -90 mV and -60 mV in the absence or presence of TTX (0.5 pM). This

Chapel Hill, 27599 and Emory University, Atlanta, GA, 30322.
Input to basket cells in the dentate gyrus of neonatal rat hippocampi was examined
using the thin-slice whole cell patch clamp technique. Basket cells were

morphologically identified by a biocytin staining protocol following electrophysiological
examination. Minimal direct electrical stimulation of CA3 pyramidal cells resulted in the

appearance of monosynaptic and polysynaptic AMPA and NMDA receptor mediated
excitatory postsynaptic currents (EPSCs) in basket cells. The polysynaptic input (ranging
in latency from 7-70 ms) was most easily observed in the presence of bicuculline
suggesting that inhibitory circuits normally limit this input. Bursts of EPSCs also appear
in basket cells in hippocampal slices bothed in 8.5 mM potassium with a similar

frequency as burst firing in CA3 pyramidal cells, supporting the idea that CA3 pyramidal
cells provide feedback onto the dentate basket cells. Granule cells neither fire action
potentials nor receive increased EPSCs in high K+, suggesting that EPSC bursts in

basket cells are unlikely to arise from granule cell innervation and that CA3 pyramidal

to basket cells may contribute to hyperexcitobility and potentially seizures.

inward current was calculated by subtracting the step current in the absence of TTX
from that in presence of TTX. A voltage-dependent activation of this current
started at potential positive to resting level and became greater at more positive
levels. The voltage dependency of this current was shifted to more negative
potential after exposure to veratridine (0.2 pM) for 30 minutes. The correlation
between the occurrence of negative slope I-V curve and neuronal bursting was also
confirmed in low calcium, bursting neurons. Depolarizing inward rectification was
enhanced in low calcium leading to the development of negative slope I-V curve
which was blocked by TTX. High concentrations of medium calcium (5-10 mM)
blocked veratridine-enhanced inward rectification and bursting activity. These
results indicate that an enhanced INa(s) contributes to the generation of a negative
slope I-V curve in veratridine-treated bursting neurons as well as in low-medium
calcium bursting neurons.

170.13

170.14

SIMULTANEOUS OPTICAL RECORDING OF TRANSIENTS OF CALCIUM AND
MEMBRANE POTENTIAL RELATED TO SPONTANEOUS EPILEPTIFORM AND
EVOKED ACTIVITY IN HIPPOCAMPAL SLICES. S.R. Sinha* and P. Saeeau.
Division of Neuroscience, Baylor College of Medicine, Houston, TX 77030.
We have developed a technique for simultaneous optical recording of transients of
membrane potential (Vm) and intracellular calcium concentration ([Ca2+]j) with high

A LOCAL PERFUSION SYSTEM IN COMBINED ENTORHINAL CORTEXHIPPOCAMPAL SLICES FOR STUDYING THE PROPAGATION OF
EPILEPTIFORM ACTIVITY. K. Lyson* and I. Mody. Depts. of Anesthesiology/
Pain Mgmt. & Neurology, UT Southwestern Med. Ctr., Dallas, TX.
The role of the entorhinal cortex (EC) in the generation and propagation of
temporal lobe-limbic system seizures is difficult to study in vitro. We have
developed a local perfusion system to focally induce epileptiform activity in the EC
in vitro and to examine its propagation to the dentate gyrus (DG).
Combined horizontal slices (400 pm thick) of the hippocampus and the EC
obtained from adult rats were perfused with oxygenated artificial cerebrospinal fluid
(ACSF, 1.45 ml/min). An independent ACSF perfusion (0.5 ml/min) was achieved
over a restricted region of the EC by using a ©-glass pipette placed over the slice.
This formed a region of continuous and restricted push-pull flow which was
visualized by phenol red containing medium, and could be freely moved in any
desired direction. Simultaneous extracellular recordings of orthodromically and
antidromically elicited responses were obtained by placing glass recording pipettes
in the DG granule cell layer and layers II-III of the EC respectively, while stimulating perforant path fibers. To ensure that the flow was restricted to the EC, the
non-specific glutamate receptor antagonist kynurenic acid (5 mM) was perfused over
the EC in each experiment. A decreased evoked response in the EC and no change
in the DG indicated a proper placement of the perfusion pipette. Subsequently, drugfree ACSF was allowed to flow over the EC and the responses fully recovered.
We have examined the generation and propagation of epileptiform activity to
the DG following a selective reduction of inhibition in the EC by a local perfusion
of the GABAa receptor antagonist bicuculline (50 pM) and elevated [K+]o (10 mM).
Epileptiform activity propagated more easily to the DG in commissurally kindled
animals. In conclusion, such a local perfusion system can be used to induce focal
epileptiform activity in a restricted region of various slice preparations and allows
monitoring the spread of epileptiform activity to synaptically connected structures.
Supported by NINDS grant NS-12151 and the Sid W. Richardson Foundation.

cells do not innervate granule cells. Interestingly, experiments pairing whole cell patch
clamp of basket cells with single unit extracellular recording of CA3 pyramidal cells
revealed that CA3 pyramidal cells firing single action potentials do not activate basket

cells; whereas, a burst of spikes in the same CA3 pyromidal cell evoked bursts of
polysynaptically mediated EPSCs in basket cells. We envision that excitatory input from
CA3 pyromidal cells to basket cells results in the inhibition of granule cells and a
concomitant decrease in mossy fiber input to CA3 pyramidal cells. This pathway seems
particularly active in cases of hyperexcitability such as loss of inhibition or CA3

pyramidal cell burst firing suggesting that it is a critical relief valve for CA3 pyramidal
cells experiencing unusual excitatory drive. Loss of this input from CA3 pyramidal cells

spatio-temporal resolution. Simultaneous recording is achieved by using two optical
indicators with overlapping excitation but separable emission spectra. Two dedicated
photodiode matrices, 10X10 elements each, detect the optical signals. With a 10X
microscope objective, the spatial resolution of the system is 200X200 pm per element;
the temporal resolution is approximately 2 kHz.
Transverse guinea pig hippocampal slices (400 pm) were co-stained by sequential
bath application of the membrane-permeant ester of the calcium indicator Calcium
Orange (40 pM, 3 hours, 30 °C) and the voltage-sensitive dye RH-414 (10 pM, 15 min,
room temperature). Transients of Vm and [Ca2+]j evoked by single stimuli delivered to

stratum radiatum of area CA1 were recorded in area CA1 and area CA3 (antidromic
activation). The temporal pattern of the optical signals reflected the spread of activity
across the slice. The various components of the field potential transient could be clearly
distinguished in the optical recording of Vm. In area CA1, bath application of the
glutamate receptor blocker CNQX (10 pM) reduced the calcium transient by
approximately 20% overall, indicating a mainly presynaptic origin, although there were
clear differences in the effect of CNQX in different strata of the slice.
Voltage and calcium transients associated with spontaneous epileptiform activity
(SEA) induced by bath application of the potassium channel blocker 4-aminopyridine
(100 pM) were recorded in area CA3. The spatial pattern of the voltage transient could
revealed the site of origin and spread of the spontaneous activity. Simultaneous
recording of the calcium transient and the local Vm allows for correlation of [Ca2+]i
with the origin and spread of SEA for the first time. This opens the way for directly
investigating the role of intracellular calcium in spontaneous epileptiform activity.

170.15

170.16

SPONTANEOUS AND EPILEPTIFORM BURSTING IN BRAINSLICE TISSUE CULTURES OF RAT CEREBRAL CORTEX. T.S.
Donta* and JA. London. Center for Neurological Sciences, and the
Dept, of Biostructure and Function, The Univ. of Connecticut Health
Center, Farmington, CT 06030.
Measurements were made of either spontaneous burst activity or
bicuculline-induced epileptiform wave spread across cortical layers
using voltage-sensitive dyes and a 122-element photodiode array. Use
of the fluorescent voltage-sensitive naphthyl styryl dyes Di-4-ANEPPS
and Di-4-ANEPPQ resulted in greater optical signals than previously
obtained with RH795, and with negligible effects on spontaneous
activity. Data analysis using sequences of contour plots of changes in
fluorescence over space revealed that the rate of spread of activity for
both spontaneous and epileptiform bursting was 0.06-0.2 m/s. Activity
was observed to have spread in parallel to the cortical layers. During
epileptiform activity, the wavefront occurred in deeper layers before
upper layers. Within a single bicuculline-induced wave, activity
appeared at a single site and then spread unidirectionally. In contrast,
spontaneous burst activity was more variable. It sometimes appeared
simultaneously at different sites, and the spread was not always
unidirectional. In both conditions, the direction of spread varied
unpredictably from burst to burst.

ESTIMATION OF CELLULAR CURRENTS ACCOMPANYING
SPONTANEOUSLY OCCURRING SYNCHRONOUS POPULATION
ACTIVITIES IN THE LONGITUDINAL GUINEA PIG CA3 SLICES IN
THE PRESENCE OF PICROTOXIN AND 4-AMINOPYRIDINE. Y. C.
Okada* and C. Xu. Magnetophysiology Lab., V A Med. Center,
Albuquerque, NM 87108, and Depts. Neurol, and Physiol., Univ. New
Mexico Sch. Med., Albuquerque, NM.
We used a magnetic field detector to estimate neuronal currents associated synchronous population activities resembling inter-ictal and ictal phenomena in a longitudinal hippocampal slice preparation. The slices were
prepared from the CA3 region of adult guinea pigs (Hartley, 25-350 g).
After decapitating the animal under sodium pentobarbital anesthesia (65
mg/kg i.p.), the slices were harvested and incubated conventionally
(Kyuhou and Okada, J. Neurophysiol., 1993,70:2665-2668). A slice
(approx. 2 mm x 7 mm x 0.4 mm) was placed in a bath containing Ringer
solution (concentrations in mM: NaCl 124, KCl 5, NaHCO3 26, NaH2PO4
1.2, MgCl2 0.6, CaCl2 2.5, glucose 10, 36-37°C) oxygenated with 95%
O2 and 5% CO2. Picrotoxin (PTX - 0.1 mM) and 4-aminopyridine (4AP 0.2 mM) were added to the bath to produce spontaneous activity. Both
PTX and 4AP could evoke spontaneous activities by themselves, but the
activities were most pronounced in the presence of both. The currents
associated with single spikes, multiple discharges and stimulus-evoked
afterdischarges produced magnetic fields of as much as 30 picotesla at a
distance of 2.5 mm, strong enough to be clearly detected in real time. The
fields' topography and magnitudes indicated the underlying currents to be
directed along the longitudinal axis of the pyramidal cells with an equivalent dipole moment of as much as 2.4 nA-m for the whole slice or 1 nA/m •
per unit cross sectional area of the slice. Support; NINDS ROl-NS21149.

This work was supported by a Klingenstein Fellowship for Neuroscience
and USPH Grant 2P01-NS16993-09
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EXTRACELLULAR FREE POTASSIUM (CK+]^ AND CALCIUM
((Ca2+]0) DURING SYNCHRONOUS ACTIVITY INDUCED BY
4-AMINOPYRIDINE (4AP) IN THE JUVENILE RAT HIPPOCAMPUS.
M. Avoli*. J . Lmvel. I, Kurcewicz and R, PPmain. Montttrd Neurological
Institute, McGill Univ., Montreal, QC, Canada H3A 2B4 and INSERM U97,
Paris, France
Field potential recordings and measurements of [K+]o and [Ca2+]o were
made in the CA3 subfield of hippocampal slices obtained from 10-20 day-old
rats.
Spontaneous synchronous field potentials recorded in the apical
dendritic field during 4AP (5OgM) application, consisted of: (i) interictal and
ictal-like epileptiform discharges (that were blocked by CNQX) and (ii)

MODULATION OF SYNCHRONOUS ACTIVITY RECORDED IN THE
JUVENILE RAT HIPPOCAMPUS BY ADENOSINE A1 AND g OPIOID
RECEPTOR AGONISTS. V. Tancredi*. A. Siniscalchi. J. LouveL I.
Kurcewicz. M. Barbarosie and M. Avoli. Montreal Neurological Inst.,
McGill Univ., Montreal, Canada; Univ. of Rome at Tor Vergata, Rome,
Italy; and INSERM U97, Paris, France
Field potentials were recorded during application of 4-aminopyridine (4AP,
5OgM) in the stratum radiatum of the c A3 subfield of hippocampal slices

large-amplitude negative-going potentials that preceded the onset of ictal-like
events and were sensitive to bicuculline methiodide (BMI). During the
negative-going field potential (which also corresponds to the onset of the
ictal-like event), [K+]o increased up to 17.0 mM from a resting value of
3.25 mM and after a decline it remained elevated at around 5 mM throughout
the ictal event. [Ca2+]o decreases by approximately 0.5 mM from a baseline
of nominally 2 mM during the ictal discharge. Episodes of spreading
depression were also observed. They were associated with increases in [K+]o
(up to 80 mM) and decreases in [Ca2+]o (up to 1.9 mM). Following
blockade of interictal- and ictal-like discharges by CNQX, [K+^ increases
(up to 14.5 mM) were still observed in coincidence with the BMI-sensitive,
negative-going potential. At this time, however, no changes in [C^+k could
be detected. Our findings indicate that the negative-going synchronous
potential induced by 4AP is associated with an increase in [K+]0 that can
presumably be due to the sole activation of GABAa receptors. When
excitatory amino acid receptors are operant, such a mechanism might be
instrumental in synchronizing neurons and thus might facilitate the onset of
prolonged epileptiform discharges. Supported by MRC of Canada.

obtained from 12-16 day-old rats. Spontaneously occurring synchronous
field potentials consisted of: (i) interictal- and ictal-like epileptiform
discharges that were abolished by excitatory amino acid receptor antagonists
and (ii) negative-going potentials that were blocked by bicuculline methiodide. Application of 2-chloroadenosine (10-200gM) reduced the rate of
occurrence of interictal activity (IC55=2lgM, n= 17 slices) as well as of ictal

activity (ICj^=59gM, n=9 slices). These effects were accompanied by a
dose-dependent increase in the rate of occurrence of the negative-going field
potential. During perfusion with the AMPA/kainate-receptor antagonist 6cyano-7-nitroquinox2Ulne-2,3-dione(CNQX, 10gM) only negative-going field
potentials continued to occur. Application of adenosine agonists did not
modify the rate of occurrence or the amplitude of these presumably GABAmediated synchronous potentials. By contrast, they were blocked at any age
by perfusion with the g opioid receptor (D-Ala ,N-Me-Phe4,Gly4-ol)-enkephalin (5-10gM). These results indicate that activation of the A1 receptor is a
procedure that can control the epileptiform discharges produced by 4AP in
the juvenile rat hippocampus. They also indicate that 2-chloroadenosine does
not influence the occurrence of the GABA-mediated potential while a
g opioid agonist can block it. Supported by MRC of Canada.

170.19
EFFECTS OF ADENOSINE A1 AND g OPIOID RECEPTOR
AGONISTS ON THE SYNCHRONOUS ACTIVITY INDUCED BY
4-AMINOPYRIDINE (4AP) IN THE ADULT RAT HIPPOCAMPUS.
M. Barbiboroei T, NNgao. LI IBongjgiom
and M. Ay^io. MMoUtre
Neurological Inst., Dept Neurology and Neurosurgery, McGill Univ.,
Montreal, QC, Canada H3A 2B4
Field potential recordings were performed in adult rat hippocampal slices
during application of 4AP (5OgM). Synchronous, spontaneous activity
recorded in the CA3 stratum radiatum consisted of: (i) epileptiform interictal
discharges (0.85 ± 0.25 Hz) that were abolished by excitatory amino acid
ionotropic receptor antagonists;
and (ii) less frequent, negative-going
potentials (0.036 ± 0.015 Hz) which were blocked solely by bicmcmlline
methiodide (BMI). Application of the adenosine A1 receptor agonist N*-(L2-phenylisopropyl)-adenosine (L-PIA), reduced the frequency of epileptiform
events (n=l2 slices). This effect was dose-dependent (lCj^=8.75 gM; n=9

slices) and was reversed by the specific adenosine A1 receptor antagonist, 8cyclopentyl-1,3-dipropylxanthine (lOOgM, n=3 slices). L-PIA did not affect
the frequency of the negative-going field potential in presence of excitatory

amino acid receptor antagonists (n=3 slices). However the occurrence of
this BMI-sensitive event was depressed (15.1 ±8.7% of rate in control; n=6
slices) by the selective g opioid receptor agonist (D-Ala2,N-Me-Phe4,Gly5-

ol)-enkephalin (DAGO, lOgM). DAGO’s effects were antagonized by
g opioid receptor antagonist, naloxone (20 gM; n=3 slices). Our data
indicate that L-PIA reduces 4AP-induced epileptiform activity through the
activation of an adenosine A1 receptor; this action does not influence the
BMI-sensitive negative-going potential. By contrast, DAGO affects the latter
type of field potential, thus supporting the idea that negative-going potentials
are due to the presynaptic release of GABA from interneurons. Supported
by MRC and Savoy Foundation.
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DYNAMIC PATTERNS OF SYNCHRONY AMONG NEOCORTICAL NEURONS
DURING SPIKE-WAVE SEIZURE ACTIVITY. F. Amzica*' and M. Steriade. Lab.
of Neurophysiol., Laval University, Quebec, Canada G1K 7P4.
We performed multi-site, simultaneous EEG, intra- and extracellular recordings
from various neocortical areas and thalamic nuclei of cats under ketamine & xylazine
anesthesia to disclose temporal and spectral correlates during spike-wave (SW)
complexes at 2-4 Hz or during seizures at higher frequencies (7-15 Hz). The seizures
were either induced by thalamocortical or photic stimulation or occurred
spontaneously.
The seizures lasted for 15 to 35 s and consisted of bursts of action potentials
related to the spiky depth-negative (surface-positive) field potentials, followed by
neuronal silence during the depth-positive wave component. The duration of the
inhibitory periods progressively increased during the seizure, at the expense of the
excitatory phases. Intracellular recordings showed that, during such paroxysms,
cortical neurons displayed a tonic depolarization («10 to 20 mV), sculptured by
rhythmic hyperpolarizations. In all cases, measures of synchrony demonstrated timelags between discharges of simultaneously recorded cortical neurons, from as short as
3-10 ms up to 50 ms or even longer intervals. The dynamic evolution of synchrony
was assessed with a method called first-spike-analysis (FSA) that relied on the
detection of the first action potential in a spike-train for each recorded channel. This
method disclosed an increased degree of synchrony from the pre-seizure sleep patterns
to the early stage of the seizure and, further, to its late stage. In some cases the timerelation between neurons was inversed at a certain moment during the seizure.
Our data show that, while the common definition of SW seizures, regarded as
suddenly generalized and bilaterally synchronous activities, may be valid at the
macroscopic EEG level, cortical neurons display time-lags between their rhythmic
spike-trains, progressively increased synchrony, and changes in the temporal relations
between their discharges during the paroxysms. These features suggest that the
buildup of seizures obeys the rule of synaptic circuits, sequentially distributed through
short- and long-range linkages.
Supported by MRC grant MT-3689.

HAVE SLEEP SPINDLES AND SPIKE-WAVE DISCHARGES THE SAME
THALAMIC OSCILLATOR? E.L.J.M. van Luijtelaar. A.M.L. Coenen and M.A.
Comer* . NICI, University of Nijmegen, Nijmegen and Natl. Institute for Brain Res.,
Amsterdam, The Netherlands
It is generally assumed that sleep spindles and spike-wave discharges (SWD) originate
in the thalamus. Either the reticular thalamic nucleus or a thalamic network is held
responsible for both types of EEG oscillations. Oscillations occur upon hyperpolarization of the resting membrane potential of relay cells when the relay mode is
switched to the oscillatory or 'bursting' mode. Rats of the WAG/Rij- strain show
various types of EEG oscillations: frontal sleep spindles, spontaneously occurring
SWD and parietal/occipital (PO) spindles. If the frontal and PO oscillations are
controlled by the same mechanism, one would expect that all oscillations are similarly
influenced by a given pharmacological manipulation.
Ten twelve months old male WAG/Rij rats were chronically implanted with frontal
and parietal electrode pairs. One week later, a base-line EEG was recorded, next rats
were i.p. injected with clonidine (0.00625 mg/kg), phenobarbital (5 and 20 mg/kg),
flunitrazepam (.188 mg/kg) or saline and the EEG was recorded for an hour.
Before injection, SWD (mean ± sem l7±6) and spindles (28±6) were predominantly
seen at the frontal EEG although PO spindles were also noticed (7±4). The drugs
induced significant effects: phenobarbital and flunitrazepam reduced SWD and enhanced
frontal spindles while clonidine facilitated SWD and reduced frontal spindles. These data
suggest a balance between the number of frontal sleep spindles and SWD. Finally, only
clonidine facilitated the number of PO spindles, indicating that these spindles have a
distinct pharmacological profile from that of frontal sleep spindles.
In all, various types of rhythmic oscillations are independently present in the frontal
and in the parietal/occipital EEG. Furthermore, it seems that s Wd and frontal sleep
spindles are controlled by the same oscillator and that mechanism involving membrane
potential determine whether the oscillations will have the morphology of either a sleep
spindle or of a SWD. The mechanism for the second type of spindles seems different
from that of frontal oscillations; this casting doubt on the one-oscillator hypothesis of
transient EEG phenomena.
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SELECTIVE INHIBITION OF Ca^-DEPENDENT GLUTAMATE '
RELEASE BY yHYDROXYBUTYRIC ACID IN THE THALAMIC
VENTROBASAL NUCLEUS: A MICRODIALYSIS STUDY IN
f P<SELY MOVING RATS. P- K. Baneriee* and O.C.Snaad III. Div. <

y-HYDROXYBUTYRIC' ACID-INDUCED ABSENCE SEIZURES:
PRESYNAPTIC MECHANISMS. C.C. Liu. O. Carter Snead III. M.
Citron* Div. Neurol. Childrens Hospital Los Angeles, Dept. Neurol.
Univ. Southern California, Sch. Med, Los Angeles, CA 90027
y-Hydroxy butyric acid (GHB) is a naturally occurring
compound which has the ability to induce generalized absence
seizures when given to animals. This effect of GHB may be
blocked by either GHB or GABAg receptor antagonists. We sought
to test the hypothesis that pre-synaptic GHB- and GABAgmediated mechanisms in thalamus and cortex are operative in
the GHB model of generalized absence seizures. Presynaptic
Ca2^-dependent K* efflux was determined using Ca2+-stimulated

Neurology, Childrens Hospital of Los Angeles, Department of Neurology, School
of Medicine University of Southern Caiffomia, Los Angeles, CA 90027.
Local microinjection of yMydroxybutyric add (GHB) into ventrobasal nucleus of
thalamus (VB) induces absence-like seizures in rats. We investigated whether
perfusion of GHB into VB through the dayss probe would alter neuronal release
of glutamate andtor GABA. Dialysis was done in freely moving animals using 1.5
mm (exposed tip length) loop probes. Precolumn derivalized glutamate and GABA
were separated isocraticaily using HPLC-EC detecting system.
No significant changes in basal gAitamate or - GABA concentrations were
observed when VB was ctatysed in the presence (1.2 mM) or absence of Ca2*
ions. Inclusion of high concentration of Mg2* ions (1223 mM) in the perfusion
buffer also did not affect the basal release of either amino add. KCI (30 mM)
stimulation in the presence of Ca2+ ions increased the extracellular efflux of
glutamate (>150%) and GABA (>25O%). However, in the presence of high Mg2+
and no Ca2+, K+-evoked release of glutamate but not GABA was significantly
inhibited (by 65%). GHB (250 pM and 1 mM) perfusion decreased the basal GABA
levels significantly without altering glutamate concentration. GHB in both
concentrations selectively suppressed K*--stimu(ated glutamate release by 5070% but had no effect on K+-evoked GABA efflux. In the presence of NCS 382
(5OOmg/kg; I.P.), a specific GHB receptor antagonist, GHB-induced suppression
of K*-evoked glutamate efflux was only 30%.
These results indicate that a) K+-evoked release of glutamate in the VB which
was mostly Ca2+ dependent, originated largely from glutamate containing
neurons in the VB and b) selective suppression of evoked glutamate release by
GHB in the thalamic VB nucleus may contribute to the genesis of experimental
absence-tike seizures induced by GHB.

R b8* efflux in synaptosomes prepared from thalamus and cortex
in the presence of GHB or baclofen. The effect of GHB and
baclofen also was determined on basal and K+-stimulated ^5Ca2 +

uptake and [Ca2]j in synaptosomes prepared from thalamus and
cortex and on [^2^I]^-conotoxin binding using autoradiographic
binding techniques. There was no demonstrable change in Ca2*stimulated Rb86 efflux in any experimental condition studied;
However GHB and baclofen both supressed K+-stimulated ^Ca2 +

uptake and [Ca2]i in synaptosomes and were associated with
decreased [125j ]u-conotoxin binding in frontal cortex and
midline thalamus. These data, taken in conjunction with the

microdialysis data presented elsewhere (Banerjee and Snead, Soc.

Neurosci. Abs. 1994), support the hyupothesis that a presynaptic
mechanism is involved in the mechanism of GHB-induced
absence seizures.
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THE RETICULAR THALAMIC NUCLEUS IN AN ANIMAL MODEL OF ABSENCE
EPILEPSY.

TWO DIFFERENT SUBSTANTIA NIGRA SYSTEMS MEDIATE
OPPOSITE EFFECTS ON SEIZURES AND BEHAVIOR.
J. VelfSkova and S. L. Moshe*. Dept. of Neurology and
Neuroscience, Albert Einstein Csll. Med., Bronx, NY 10461
The substantia nigra pars reticulata (SNR) influences widespread

H-C. PapeV), E. Tsakiridoul L. Bertollini2, G. Avanzini2 and M. de Curtis2
(1) Abt. Neurophysiologie, Ruhr-UniVersitat, Bochum Germany, (2) Dip.
Neurofisiologia, 1st. Neurologico, Milano, Italy.
Seizures in generalized epilepsies correlate to bilaterally synchronous spike
and waves discharges (SWD) on the electroencephalogram. As suggested by
experimental and clinical studies, the mechanisms of thalamo-cortical
synchronization may be implicated in generation of SWD. It is now recognized that
low threshold Ca2+ currents (It ) in the nucleus reticularis thalami (RT) sustain
rhythmic oscillations in the thalamus and promote the transition from a desynchronized to synchronized eleetroeneephalographie state. An alteration in
excitability of RT neurons might, in principle, be responsible for synchronous SWD.
Voltage-dependent Ca2+ currents were analyzed in thalamo-cortical and RT neurons
acutely isolated from a genetically determined model of absence seizure, defined as
Genetic Absence Epilepsy Rat from Strasbourg (GAERS) and from a non-epileptic
rat strain (NEC). Whole-cell patch-clamp recordings from RT neurons demonstrated
a selective increase of It (but not II) in GAERS in comparison to controls. The
average peak amplitude of It was -l98±l9 pA in GAERS and -l28±l4 pA in NEC
(n=iv. Since no differences in It activation-inactivation properties and sensitivity
to Ca2* antagonists were observed in the two groups of RT cells, the enhancement
of It in GAERS is not due to an alteration in the gating properties of the
conductance; it may rather reflect an increase in either the number of available
channels or the channel conductance. The differences in It amplitude between
GAERS and NEC attained significance after postnatal day 11 in RT neurons,
whereas it was not significantly altered in thalamo-cortical relay cells at the same
postnatal age.
It is suggested that a selective, genetically determined increase in It
enhances the pacemaker properties of RT neurons and is responsible for the
anomalous synchronization underlying SWD in GAERS, and possibly in human
generalized epilepsy.

cerebral mechanisms involved in synchronization and excitability
and in the expression of seizures. There is evidence that
augmentation of nigral GABAergic transmission can suppress
seizures in many models of epilepsy in adult rats although similar
treatment can be inefective in other models. We hypothesized that
within the SNR there may be distinct subsystems responsible for the
differential effects. We tested the effects of localized bilateral
muscimol infusions (lOOng/O.25pl per site) either in the anterior or
posterior SNR against flurothyl-induced seizures and muscimolinduced behaviors in adult rats. There were no differences between
saline-infused controls injected into the anterior or posterior SNR.
Muscimol infusions into the anterior one third of the SNR were
anticonvulsant against clonic seizures. In contrast, muscimol
infusions into the posterior third of the SNR were proconvulsant.
There was a significant regional difference in muscimol-induced
turning and stereotypies. Rats with posterior infusions turned twice
as fast as rats with anterior infusions and had intense biting. The data
suggest the existence of two topographically distinct GABAsensitive subsystems within the SNR affecting seizures and behavior.

171.7

171.8

INTERACTION BETWEEN SEROTONIN AND GABA TRANSMISSION IN
SUBSTANTIA NIGRA FOR DETERMINING SEIZURE SUSCEPTIBILITY. A
Pasini*. A. Tortorella. K. Gale. Department of Pharmacology, Georgetown
University Medical Center, Washington, DC 20007.
Although enhancement of GABA transmission in substantia nigra (SN) is
anticonvulsant in several seizure models, blockade of GABA receptors in SN
is not proconvulsant in many of these models. This may be due to the fact
that other transmitters in SN maintain inhibitory tone in the absence of GABA.
Because enhancement of nigral serotonin (5HT) transmission is anticonvulsant
(Pasini et al., Brain Res. 593:287, 1992), it is possible that 5HT could
compensate for a loss in nigral GABA. We therefore tested the hypothesis
that in the absence of 5HT, blockade of GABA receptors in SN would be
proconvulsant. To deplete 5HT, rats were pretreated with PCPA (375 mg/kg
i.p. at 48 and 24 hr prior to seizure testing); controls received vehicle. To
block GABAa receptors in SN, bicuculline methiodide (787 pmol) was infused
bilaterally 5 min before testing; controls received saline in Sn . Seizure

BEHAVIORAL EVIDENCE FOR AN INHIBITORY EFFECT OF LOCAL
ELEVATION OF LACTATE IN SUBSTANTIA NIGRA. Trisha Schultz*. Kvle
Travnor. Tom Ryder and Karen Gale.
Department of Pharmacology,
Georgetown University Medical Center, Washington, DC 20007.
Focal elevation of lactate in the deep prepiriform cortex has been shown
to exert a local seizure-suppressing action (Fornai et al., Soc. Neurosci. Abstr.
#599.14,1993) indicative of an inhibitory effect on neuronal excitability. In the
present study, we determined whether focal elevation of lactate could exert
an inhibitory effect in another brain region, namely, the substantia nigra (SN).
The SN was selected because it is well established that, in rats, inhibition of
SN outputs (by GABA agonists or glutamate antagonists) produces
pronounced contraversive turning behavior with unilateral manipulations, and
anticonvulsant effects with bilateral manipulations. Varying concentrations of
L-lactate, pyruvate, or acetate, all adjusted to pH 7.3 with NaOH, were
administered focally over a 10 min period (100 nl/min). Acetate (2.5-5.0 //mol)
produced either no effect or a slight preference for ipsiversive turning.
Lactate (2.5 //mol) given in combination with pyruvate (0.25-1.0/./mo>l) in order
to slow the conversion of lactate to pyruvate, produced marked and consistent
turning contraversive to the side of infusion. The contraversive turning
behavior started during the injection and lasted until >75 min after the end
of the lactate/pyruvate infusion, with an average response of 20-30 turns per
5 min. With bilateral intranigral infusion of lactate/pyruvate, clonic seizures
evoked by bicuculline were attenuated. Because a pronounced increase in
glycolysis and lactate/pyruvate production occurs in SN during seizures, it is
possible that under these conditions, nigral outputs would be suppressed.
Thus, in addition to the prepiriform cortex, the SN represents a site in which
lactate elevation may limit seizure duration and contribute to postictal
refractoriness.

susceptibility was evaluated by applying a subthreshold dose of bicuculline
into area tempestas, an epileptogenic site in the deep prepiriform cortex.
Rats pretreated with PCPA and given intranigral bicuculline exhibited a
significantly greater seizure incidence than controls. Rats pretreated with
PCPA and given saline in SN, as well as rats not receiving PCPA but given
bicuculline in SN, were not significantly different from controls. Thus, 5HT
depletion may unmask a proconvulsant action of GABA blockade in SN.
Because GABAa receptors located on 5HT afferents to SN may regulate 5HT
release, we suggest that enhanced 5HT release in SN may compensate for
deficiencies in nigral GABA tone. Enhanced seizure susceptibility may result
when both inhibitory mechanisms are concurrently impaired.
Supported by HHS grant #NS2O576
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SYNAPTICALLY MEDIATED BURST DISCHARGES AND
AFTERDISCHARGES EVOKED FROM NEURONS WITHIN THE AREA
TEMPESTAS. J. Doherty*. K. Gale1 and D.A. Eagles. Depts. of Biology and
‘Pharmacology, Georgetown University, Washington, D.C. 20057.
Whole cell patch recordings were made from neurons of the area tempestas (AT),
a functionally defined epileptogenic site located in the rostral deep prepiriform
cortex, in coronal brain slices from young (3-6 wk) rats. Slices were maintained
in standard artificial cerebrospinal fluid (ACSF).
Local, low-intensity (100-350uA, 0.08ms), electrical stimulation of the AT evoked
synaptically dependent, all-or-none, excitatory burst discharges from AT neurons.
Discharges usually consisted of short rapid bursts of action potentials which arose
from a high amplitude, long duration (50-300ms) depolarization. These bursts
usually occurred during the falling phase of a preceding low amplitude intensitydependent EPSP. In some neurons, synaptically mediated excitatory afterdischarges
often lasting hundreds of ms were also observed. Mini-slices (approx. 2 mm2),
isolating the AT from surrounding tissue, were capable of generating the same
responses as the intact slices. The burst discharges were completely blocked by
bath application of TTX (luM) or ACSF containing lOmM Mg2+. Application of
bicuculline methiodide (2OuM) increased both the amplitude and duration of all
evoked discharges. In the presence of NBQX (luM), both the initial burst
discharge and the afterdischarges were blocked; in the presence of APV (2OuM),
the amplitude and duration of the initial burst discharges were reduced, while the
afterdischarges were completely blocked.
We suggest that synaptically mediated events resembling epileptiform discharges
can be generated from the region of AT in response to low-intensity, brief
stimulation. This unique responsiveness may contribute to the seizure-generating
capacity of the AT in vivo.
Supported by HHS #NS 28130 and Department of Biology, Georgetown University.

CRITICAL ROLE OF AMPA RECEPTORS IN AREA TEMPESTAS IN
GENERATING STATUS EPILEPTICUS IN RATS. Lisa Benaise. Francesco
Fornai . David Dvbdal. Karen Gale*
Department of Pharmacology,
Georgetown University Medical Center, Washington, DC 20007.
We previously demonstrated that blockade of AMPA receptors (but not
NMDA receptors) in area tempestas (AT), prevented the self-sustaining,
continuous status epilepticus (SE) evoked by combined treatment with
carbachol and bicuculline in AT. To further explore the role of AMPA
receptors in the generation of focally-evoked SE, we utilized cyclothiazide,
an agent selectively preventing desensitization of AMPA receptors. When
applied to AT, cyclothiazide (0.18-1.8 nmol) alone did not evoke seizure
activity nor did it potentiate a subthreshold dose of bicuculline methiodide in
AT. However, when both bicuculline methiodide (118 pmol) and cyclothiazide
(0.18 or 1.8 nmol) were applied to AT, severe limbic motor SE occurred
continuously for 1-7 hr. This pattern was distinct from the brief episodic
seizures (which occur over 30-40 min) evoked by bicuculline methiodide (118236 pmol) alone in AT.
Cyclothiazide (1.8 nmol) was also applied to AT in rats receiving systemic
bicuculline. Whereas bicuculline alone (2.0-2.5 mg/kg s.c.) evoked only one
or two brief seizure episodes, this treatment produced continuous (1-7 hr)
self-sustaining SE in the presence of cyclothiazide in AT.
Thus,
enhancement of AMPA receptor activity in AT can convert isolated seizure
episodes into continuous seizure activity, thereby contributing to the genesis
of SE. By preventing AMPA receptor desensitization in AT, it appears that
cyclothiazide interferes with endogenous seizure-limiting processes without
affecting seizure threshold.
Supported by HHS grant #NS2813O

171.11

171.12

ENDOPIRIFORM NUCLEUS INITIATES AFTERDISCHARGES IN
OVERLYING PIRIFORM CORTEX IN AN ACUTE MODEL OF PARTIAL
EPILEPSY. K.L.Ketchum* and L.B.Haberly. Dept. of Anatomy, Univ. of
Wise., Madison, WI 53706.
The behavior of the endopiriform nucleus (En) was explored using multiple
simultaneous recording sites within the En and overlying piriform cortex (PC)
in an acute model of partial (focal) epilepsy in urethane anesthetized rats
(Ketchum & Haberly, Soc. Neur. Abs. 18:910). In this model afferent fiber
shocks are used to pace epileptiform events resulting from focal picrotoxin
injection into anterior piriform cortex (PC). At stimulus rates faster than 1 Hz
each succeeding epileptiform event spreads farther into posterior PC and the
adjacent cortical areas (Ketchum & Haberly, Soc. Neur. Abs. 19:1031)
resulting in a slow propagation (~ 0.001 m/s) that mimics the spread of seizure
activity in human partial epilepsy.
Following this induction process,
afterdischarges that appeared late in some trials propagated from caudal to
rostral across posterior PC and back into the focus, suggesting that a caudal
initiation site had developed. However, recording simultaneously in PC and
En indicated that the afterdischarges were initiated in the En deep to the
injection site, propagated along the rostral to caudal axis of En, entered the
overlying cortex at a caudal site, and then propagated back into the focus.
Afterdischarges in PC were always preceded by one in En at a fixed time
interval. The deep recordings also provided evidence that, preceding the onset
of the afterdischarges, the slowly propagating induction process characterized
in the overlying cortex occurred independently in the En. As in other epilepsy
models in this system (Hoffman & Haberly, J. Neurosci 11:206-215; Piredda
& Gale, Nature 317:623) understanding the behavior of the endopiriform
nucleus is prerequisite to understanding the evolution of epileptiform activity
in the piriform cortex. Supported by NINDS grant NS 19865 to LBH and
NRSA grant NS08328 to KLK.

DIAGONAL BAND CHOLINERGIC LESIONS INHIBITS INITIAL FOS & GFAP EXPRESSION IN
PIRIFORM CORTEX FOLLOWING SOMAN SEIZURES. L.A. Zimmer*. M. El Etri. M. Ennis. R. G.
Wiley and M.T. Shipley Dept. Anat., Univ. of Maryland Seh. Med., Baltimore, MD 21201 &
VAMC, Nashville, TN 37212.
Evidence suggests that seizures induced by organophosphate nerve agents are initiated in
piriform cortex (PC) by excess levels of unhydrolyzed acetylcholine (ACh). We have previously
shown that 30 min following a systemic, convulsive dose of the irreversible acetylcholinesterase
inhibitor, soman, the immediate early gene product, Fos, is expressed in layer II-III PC neurons.
One hr following soman, the astrocyte specific marker, GFAP, is upregulated in astrocytes in the
same layers of PC. ACh inputs originating from the nucleus of the diagonal band (NDB) heavily
innervate PC, and ACh, acting at muscarinic receptors, increases the excitability of cortical
neurons. PC neurons are interconnected by EAA synapses with other PC neurons. We
hypothesize that sustained hypercholinergic stimulation of Pc neurons following soman triggers
Fos and GFAP expression in PC; seizure activity could then spread to hippocampus and cortex
via EAA synapses. In agreement with these findings, electrical activation of NDB neurons in
awake animals produced the same spectrum of behavioral, EEG, Fos, and GFAP changes as those
produced by systemic soman; these responses were blocked by the muscarinic antagonist
scopolamine. To further test this hypothesis, unilateral injections of the specific cholinergic toxin
IgG 192-Saporin were made in the NDB. After ten days, rats were subjected to a convulsive dose
of soman. Rats were sacrificed 1 & 2 hr after soman and tissue was processed for
immunocytochemical localization of Fos, GFAP, AChE and ChAT. After 1 hr there was only
sparse Fos and GFAP in PC ipsilateral to the lesion, while robust Fos and GFAP expression was
present in layer II-III PC neurons on the unlesioned side. Afer 2 hr, there was robust Fos and
GFAP expression in PC on the lesioned and unlesioned sides. This suggests that seizures may
spread from the intact side via anterior commissural connections. In all cases, ChAT-positive
basal forebrain neurons, and AChE staining in PC, was eliminated on the side of the brain
ipsilateral to 192-Saporin injections. These results suggest that cholinergic inputs from NDB to
PC are critical for the initial induction of seizures, and Fos and GFAP in PC following systemic
administration of soman. Supported by U.S. Army DAMD7-91-C-1071

171.13
OPTICAL RECORDINGS OF EVOKED AND SPONTANEOUS
EPILEPTIFORM
DISCHARGES
IN
SLICES
FROM
PIRIFORM
CORTEX. R. Demir". L. B. Haberly. and M. B. Jackson. Dept. of
Physiology and Center for Neuroscience, University of Wisconsin,
Madison, WI 53706.
Electrical activity in slices of piriform cortex (PC) was
monitored fluorometrically with the voltage-sensitive dye RH414
and a 22x22 photodiode array. Stimulation of afferent and intrinsic
association fiber systems induced control responses throughout the
PC. These control responses consisted of at least three
components: 1) a fast depolarization lasting 30-35 msec, 2) a slow
depolarization lasting approximately 150 msec, and 3) a slow
hyperpolarization lasting approximately 600 msec. These responses
showed a close correspondence to those recorded intracellularly
(Tseng & Haberly, J. Neurophysiol. 59, p. 1352, 1988).
Epileptiform activity was induced either by treatment with
magnesium-free aCSF or the GABAa
receptor antagonists
bicuculline or picrotoxin. Following these treatments both evoked
and spontaneous epileptiform discharges were observed. Both ictallike and interictal-like activity were detected; the initial depolarizing
phase of apparent paroxysmal depolarization shifts lasted 100-300
msec and had significantly larger amplitudes than control
responses. These observations contain information concerning the
origin, development, and spread of epileptiform activity in the PC
and endopiriform cortex.
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172.2

ROLE OF THE SUPERIOR COLLICULUS REGION IN BRAINSTEM
SEIZURE CIRCUITRY P.K. Mishra. V.U. Peoskar. J.W. Dailey* and P.C.
Jobe. Department of Basic Sciences, University of Illinois College of Medicine,
Peoria, IL 61656.
Seizures in the genetically epilepsy-prone rat (GEPR) can be initiated with a
variety of stimuli including sound and electroshock. Earlier studies clearly
demonstrate that sound-induced generalized clonus in the GEPR is driven by
brainstem seizure circuitry. The ftmctional anatomy of this circuitry is beginning
to emerge. Accordingly, the inferior colliculus (IC) appears to be a triggering area
for acoustically induced seizures since physical or chemical lesionning of die IC
attenuates only acoustically-induced seizures but not the maximal electroshock
seizure parameters (See abstract by Browning et al.). Moreover, Wang et al.
(1993; Soc. Neur. Abs. 19:248.2) have demonstrated that upon acoustical
stimulation, the appearance of initial field potential spiking in the IC has a
noticeable latency after the initiation of behavioral seizures which suggests that the
seizure spikes are initiated outside the IC. This study evaluates the superior
colliculus (SC) as a part of the brainstem seizure circuitry. We have previously
reported that norepinephrine reuptake inhibitor desipramine, infused via
microdialysis fibers into the SC, increases local extracellular norepinephrine
concentration and protects the
moderate seizure GEPR (GEPR-3) from
generalized clonic seizures. In this previous study the entire SC was perfused with
laterally inserted microdialysis probes. The present study attempts to characterize
the seizure regulating areas of the SC and underlying midbrain region. In this
study a 4X4 grid of injection guide cannulae were stereotaxically implanted onto
the skulls of the GEPR-3s (n=15). After surgical recovery, animals were
reassessed for their audiogenic seizure severity. Subsequently, these animals were
pretreated with pargyline (40 mg/kg, ip) and were bilaterally infused with 2.5 pg
of norepinephrine bitartrate per site in 2, 4 or all guides. Audiogenic testing of
these animals at 15, 30 and 60 minutes revealed that the injections made in the SC
region were most effective in blocking the generalized clonus. However,
norepinephrine injections did not affect the wild running which suggests an
alternative mechanism, circuitry or neurochemical, governs this phase. Further
studies are needed to elucidate the mechanisms of clonus blockade at the SC level.

DIFFERENTIAL ROLE OF THE INFERIOR COLLICULUS (IC) IN
AUDIOGENIC AND MAXIMAL ELECTROSHOCK-INDUCED SEIZURES.
R.A. Browning1 *. S.P. Conran 1. M. A. Merrill1, and P.C. Jobe2. IDept. Physiol.
Southern Illinois Univ, Sch. Med. Carbondale, IL 62901 and 2Dept. Basic Sciences
Univ. Illinois Coll. Med. Peoria IL 61656.
Lesions of the IC and/or microinjections of GABA agonists into the IC have been
shown to protect genetically susceptible rats from audiogenic seizures (AGS),
suggesting that the IC is essential for AGS in rats. Inasmuch as all brainstem
seizures exhibit similar, if not identical, motor concomitants, it has been suggested
that they share a common seizure network. The present study was designed as an
initial test to determine if the IC is part of the circuitry common to all brainstem
seizures or if it is unique to AGS. Male genetically epilepsy prone rats (GEPRs) of
the severe (GEPR-9s) seizure strain or normal Sprague-Dawley rats received a
bilateral electrolytic lesion of the IC followed two weeks to 2 months later by an
assessment of their responses to AGS and maximal electroshock seizures (MES).
Only rats with > 85% destruction of the IC were included in the data analysis.
Control rats received sham surgery. Six out of 7 GEPR-9s failed to display any
seizure in response to sound stimulation (severity score = 0) following the IC lesion
and the remaining 1/7 displayed only the running phase whereas all sham-operated
controls displayed the full tonic seizure (severity score = 9) (P < 0.01). In contrast,
the IC lesion failed to alter the response of GEPRs or normal rats to MES as
evidenced by a lack of effect on the latency to, the duration of, or the incidence of
hindlimb extension. These findings support the hypothesis that the IC is not part of
the common network which drives brainstem seizures. However, present
observations, along with previous work, are consistent with the concept that the IC
serves as an epileptogenic "trigger" area (in accordance with the terminology of
Gale; J. Clin. Neurophysiol. 9:264, 1992) which, when stimulated, can evoke a
propagated seizure within the common brainstem seizure network.

172.3

172.4

INCREASED RESPONSES TO ACOUSTIC STIMULI IN
NEURONS OF THE EXTERNAL NUCLEUS OF INFERIOR
COLLICULUS OF GENETICALLY EPILEPSY-PRONE RATS.

INFERIOR COLLICULUS NEURONAL MEMBRANE AND
SYNAPTIC PROPERTIES IN GENETICALLY EPILEPSYPRONE RATS IN VITRO.

D. N. Chakravartv* and C. L. Faingold. Southern Illinois Univ., Sch. Med., Dept.
Pharmacol. Springfield, IL 62702.
Initiation of audiogenic seizures (AGS) emanates from the inferior colliculus (IC)
to other IC subnetworks in the genetically epilepsy-prone rat (GEPR-9). The external
nucleus of IC (ICx) is a suggested site of convergence for the output originating in the
central nucleus of IC (ICc). ICx then projects onto the sensorimotor integration
components for AGS in the brainstem. The trajectory from ICc to ICx appears to be
an important component in this integration required for AGS propagation. Neuronal
firing was recorded from the ICx of awake, behaving GEPR-9s and normal SpragueDawley rats using microwire electrodes in the present study. Auditory stimuli
consisted of 12 kHz tones (100 msec, 5 msec rise-fall and at rates of 1/4 s, 1/2 s, 1/s,
2/s). AGS incidence in GEPR-9 is highest at 12kHz. In the GEPR-9 (N=I4) ICx
neuronal responses were significantly elevated above that seen in normal rats (N=1O).
This increased ICx firing was observed at relatively high intensities (80-101 dB),
which are relevant to AGS-induction. Repetition-induced attenuation (habituation) is
commonly observed in ICx neurons. Rates of 1/2s and 1/4s evoked greater
responsiveness than more rapid repetition rates. The degree of habituation observed
in GEPR-9 ICx neurons was reduced as compared to controls. At highest intensity
(101 dB), GEPR-9 ICx neuronal firing rate is twice normal (1/s). Abnormal, intense
output has been observed in GEPR-9 ICc neurons. The changes in neuronal response
in ICx may result from this intense ICc output. Diminished efficacy of GABA
observed in the GEPR-9 brain may be involved in exaggerated ICx acoustic responses.
Participation of ICx in the AGS neuronal network in the GEPR-9 may be subserved
by the acoustic hyperresponsiveness of ICx neurons. (Support NIH NS 21281).

Yang Li*. M. Steven Evans, and Carl L. Faingold, Departments of Pharmacology and
Neurology Southern Illinois University School of Medicine, Springfield, IL 62794.
Previous studies indicate that the inferior colliculus (1C) is critical for audiogenic
seizure (AGS) initiation in genetically epilepsy-prone rats (GEPR). The cortex of IC,
including the dorsal cortex (ICd), has been implicated as an important site in the
neuronal network efferent to the initiation site in the central nucleus of IC. To
investigate cellular abnormalities that may contribute to AGS susceptibility, intracellular recordings from ICd neurons were made from coronal slices in a GEPR
substrain exhibiting severe AGS (GEPR-9). The ICd neuronal membrane and synaptic
properties of the GEPR were compared to those of normal Sprague-Dawley rats. The
results indicate that input resistance was significantly higher in GEPR neurons (67±28,
n=2l) than in normal ICd neurons (49±21, n=26). The threshold for repetitive action
potential firing was significantly closer than normal to the resting membrane potential
in GEPR ICd neurons (+15±7 in GEPR, +31±11 in normal. GEPR ICd neurons
showed faster repetitive spike firing than normal neurons. Anode break spikes
occurred more often in GEPR (5 of 24) than in normal ICd neurons (1 of 26).
Stimulation of the commissure of IC caused paired pulse inhibition normally, but
paired pulse facilitation was observed in GEPR neurons (6 of 8). In the GEPR a large
epileptiform depolarizing event could be evoked by electrical stimulation of the IC
commissure (5 of 12). Epileptiform activity was evoked only after perfusion of
bicuculline or NMDA in normal ICd neurons. These results suggest that abnormal
intrinsic neuronal membrane properties and altered synaptic transmission lead to
hyperexcitable ICd neurons, which may subserve the seizure predisposition and the
AGS susceptibility of the GEPR-9. (Supported: KO8 NS 01503, NS 21281)
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BLOCKADE
OF
THE
INFERIOR
COLLICULUS
IN
GENETICALLY EPILEPSY-PRONE RATS REDUCES THE
ACOUSTICALLY-EVOKED
RESPONSES
OF
PONTINE

THE VENTROLATERAL PERIAQUEDUCTAL GRAY IS A
COMPONENT IN THE AUDIOGENIC SEIZURE NETWORK
OF THE GENETICALLY EPILEPSY-PRONE RAT

RETICULAR FORMATION NEURONS
M.E. Randall and C.L. Faingold*. Dept. Pharmacol., Southern Illinois Univ. Sch. Med.
Springfield, IL 62794.
The inferior colliculus (IC) and pontine reticular formation (PRF) are important
initiation and sensorimotor integration components, respectively, in the neuronal
network for audiogenic seizures (AGS) in the genetically epilepsy-prone rat (GEPR-9).
Auditory input to PRF could be conducted via pathways from lower brainstem nuclei
and/or directly from IC. The contribution of the pathway from IC to the PRF was
evaluated in the present study. This involved examining the effects of focal bilateral
microinjection of a NMDA antagonist, D,L-2-amino-7-phosphono-heptanoate (AP7),
into IC on PRF acoustically-evoked neuronal responses in the GEPR-9. Previous
studies indicated that firing of normal IC neurons was decreased by iontophoresis of
NMDA antagonists, and AP7 blocked AGS in the GEPR-9 with microinjection into
IC. Microwire electrodes were implanted in PRF of the GEPR-9 under
ketamine/xylazine (85/3 mg/kg), and guide cannulae were implanted bilaterally above
IC. PRF unit activity was recorded in the freely-moving GEPR-9. AP7 was
microinjected (1 nmole/side, 0.25 /d/min for 2 min) into IC. Tone bursts (12 kHz, 1/2
sec) were delivered (up to 94 dB SPL), which induces AGS in the GEPR-9. PRF
acoustically-evoked response were greatly decreased in 67% of neurons following AP7
microinjection into IC. In these cases a 90% decrease was observed 30 min after AP7
when AGS was blocked. These results suggest that the IC is critical in conduction of
auditory responses to the PRF and further illuminate the trajectory from the initiation
components to the integration components of the neuronal network for AGS in the
GEPR-9. (Support: NIH NS 21281)
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P. NGouemo* and C. L. Faingold. Dept. Pharmacology, Southern Illinois Univ.
School of Medicine, Springfield, IL 62794
The neuronal network for audiogenic seizure (AGS) in the genetically epilepsyprone rat (GEPR-9), which involves primarily brainstem structures, is under active
investigation. Recent proto-oncogene and metabolic studies have implicated the
ventrolateral periaqueductal gray (VLPAG) in AGS and a related seizure model.
Excitatory amino acids (EAAs) are thought to be involved in AGS susceptibility in
the GEPR-9. EAA binding sites have been observed in the VLPAG. The present study
investigated the effects of microinjection of DL-2-amino-7-phosphonoheptanoate
(AP7), a competitive NMDA antagonist, into the VLPAG on AGS in the GEPR-9.
GEPR-9 males were exposed to an electric bell (122 dB SPL) until the onset of
convulsions or for a maximum of 60s. AP7 was administered into the VLPAG (N=7)
(1 or 5 nM, O.25/d/side/min). The effects of the drug or vehicle (phosphate buffer, pH
7.0) were evaluated at 0.5, 1, 2, 4, 24 and 48h intervals. The severity of AGS was
scored according to the scale (0-9) of Jobe. AGS severity scores were significantly
reduced (p<0.001, paired Student "t” test) from pre-drug scores following AP7. The
anticonvulsant effect lasted up to 30 min (InM) and 4h (5 nM) after microinjection.
These results suggest that NMDA receptor-mediated transmission in the VLPAG may
play an important role in modulation of AGS in the GEPR-9. The VLPAG receives
input from inferior and superior colliculus, initiation and integration sites for AGS,
respectively, and projects to pontine reticular formation and spinal cord, crucial sites
in the AGS output pathway. This suggests that the VLPAG could play a vital role in

AGS in the GEPR-9 as part of the sensorimotor integration subnetwork of the
comprehensive neuronal network for convulsive seizures. (Support NIH NS 21281)
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DOPAMINERGIC PROJECTION FROM THE ZONA INCERTA TO THE
NEOCORTEX AND THE HIPPOCAMPAL FORMATION. Adnan H.
Siddiqui. Cristina Tassorelli. Eileen Lynd-Balta. Webster H. Pilcher and
Shirley A. Joseph*. Division of Neurosurgery, University of Rochester
School of Medicine, Rochester, NY 14642.
The nucleus of the zona incerta(ZI) is found in the dorsocentral part of
the hypothalamus and borders the ventral nuclei of the thalamus. A
well circumscribed group of dopaminergic neurons contained within the
ZI help define its boundaries. Other neurochemical constituents of the
perikarya in the ZI include GABA, aMSH and somatostatin which
unlike the dopaminergic cells extend into the lateral hypothalamus.
GABA and oMSH appear to co-localize. However there is a considerably
smaller proportion of dopaminergic cells which co-localizes with either
one of the two. Classically the nomenclature of these dopaminergic cells
corresponds to A 13 and they are present most medially along the upper
border of the third ventricle and adjacent to the paraventricular nucleus
of the hypothalamus in the rat. This dopaminergic cell group was the
focus of our present studies in which we iontophoresed Phaseolus vulgaris
leucoagglutinin(PHA-L) an anterograde tracer to define the efferent
projections of ZI to the hippocampus and the cortex. PHA-L labeled fibers
were seen to project to the ipsilateral hippocampus and cortex and to a
lesser extent to the contralateral side. Retrograde tract tracing with dual
immunocytochemistry confirmed labeled dopaminergic cells in the ZI.
These findings are intriguing in the light that catecholamines modulate
certain seizure types and the hippocampus and the cortex are vital
structures in the production of such seizures, giving rise to the possibility
of hypothalamic modulation of seizures. Supported by NIH grant
NS21323.

EFFECTS OF VALPROATE ON AMINO ACID AND MONOAMINE
CONCENTRATIONS IN STRIATUM OF AUDIOGENIC SEIZUREPRONE BALB/C MICE. J.P. Vriend* and NA.M. Alexiuk. Department of
Anatomy, University of Manitoba, Winnipeg, Canada R3E OW3.
The effects of valproate administration on CNS concentrations of gamma-
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NEONATAL NOREPINEPHRINE CONTENT IN TWO STRAINS OF THE
GENETICALLY EPILEPSY-PRONE RAT (GEPR). C.E .Reiqer, H.Whitehead.
A.T.Loverinq and B.-K.Lin. Department of Pharmacology, Texas Tech
University Health Sciences Center, Lubbock, TX 79430.
Determination of flurothyl seizure thresholds has demonstrated GEPR
pups to be more seizure-prone than the Sprague-Dawley (SD) rats from
which they were derived at ages preceding audiogenic seizure (AGS)
susceptibility (Soc. Neurosci. Abstr. 19: 1470, 1993). Pups from the GEPR-9

ABNORMALITIES IN 5-HTia AND 5-HTib RECEPTOR BINDING IN
SEVERE-SEIZURE GENETICALLY EPILEPSY-PRONE RATS (GEPR-9s).
Statnick. MA*. Dailey. J.W.1, Jobe. P.C. 1 and Browning, R, A Dept. Physiol.,
Sch. Med., Southern Illinois Univ.. Carbondale. IL 6290l and ^Dept. Basic Sci.,

(severe seizure) colony were more seizure-sensitive than SD pups from
postnatal day (PD) 1 on. Heightened seizure sensitivity developed between
PD 5 and 7 in pups from the GEPR-3 (moderate seizure) colony.
Deficits in norepinephrine (NE) are partially responsible for AGS
susceptibility in older GEPR pups. The present study was conducted to
determine whether deficits in NE exist developmentally (prior to AGS
susceptibility) at ages of heightened seizure sensitivity in the GEPR. NE
content was determined in the midbrain/medulla, thalamus/hypothalamus
and cortex at PD 1, 3, 5, 7 and 10 and in the cerebellum at PD 5, 7 and 10
in GEPR-9, GEPR-3 and SD pups.
NE content was lower in GEPR-3 and GEPR-9 than SD pups from PD 1-10
in the midbrain/medulla, thalamus/hypothalamus and cortex. NE levels
were lower in GEPR-3s than GEPR-9s in the cortex from PD 1-10. Deficits in

NE existed at appropriate ages to contribute to the heightened seizure
sensitivity of the neonatal GEPR. As GEPR-9 pups are more seizure sensitive
than GEPR-3s from PD 1-7 and reduced NE content was present in GEPR-3s
prior to their heightened seizure sensitivity, additional defects must
contribute to the seizure-prone condition of the neonatal GEPR. Studies of
neonatal serotonin content are ongoing. (Supported by NIH NS 28118.)

aminobutyric add (GABA), dopamine (DA), serotonin (5-HT), and related
metabolites were examined in extracts of caudate nuclei of a genetic substrain

of Balb/c mice susceptible to audiogenic seizures - the EP (epilepsy-prone)
strain. Complete inhibition of audiogenic , seizures was obtained at doses of 400
mg/kg after one hour. GABA, glutamate (GLU) and glutamine (GLN)
concentrations in caudate-putamen were significantly lower in extracts of EP
mice than in similar extracts of seizure-resistant (ER strain) mice.
Administration of valproate (180 or 360 mg/kg) increased tissue GABA content
of EP mice to levels equal to or greater than those observed in control ER
animals. While tissue concentrations of DA and 5-HT were not significantly
influenced by valproate administration, tissue levels of their respective add
metabolites, HVA and 5-HIAA, were substantially increased in both striatum
and midbrain tegmentum. The valproate-induced increase in these metabolites
was observed in both ER and EP mice. While the in situ activity of tyrosine
hydroxylase (TH) was significantly lower in striatum of EP mice than in that of
ER controls, valproate had no significant effect on TH activity in this tissue.
The in situ activity of tryptophan hydroxylase (TPH) was significantly increased
by valproate in both striatum and midbrain tegmentum. The interpretation of
these data is that valproate administration increases the intracellular
concentration of several neurotransmitters and/or metabolites. While valproate
is regarded as a GABAergic agent, the anticonvulsive effects observed in this
study could be accounted for by reduced release of the exdtatory transmitter
glutamate. Supported by Manitoba Medical Service Foundation.

Coll. Med., Univ. Illinois, Peoria, IL 61656.
Serotonin (5-HT) neurotransmission modulates audiogenic seizures in
GEPRs, such that increases in brain 5-HT are anticonvulsant, while decreases in
5-HT facilitate these seizures. Moreover, innate parallel reductions in 5-HT
concentration, high affinity uptake and synthesis (measured both in vivo and in
vitro) have been observed in widespread areas of the GEPR-9 brain, suggesting
that there are fewer 5-HT terminals in the GEPR-9 brain (Statnick et al.,
Neurosci. Abstr., 17. 171. 1991; Statnick et al., Neurosci. Abstr., 19: 608, 1993).
The present study examined in vitro binding of 3H-8-OH-DPAT and i25Icyanapindalal (125I-CYP) to 5-ICTja nnd 5-HTjb receptors, respectively in the
hippocampus (HIP), corpora quadrigemina (CQ) and midbrain minus CQ
(MBRF) of male, age-matched, seizure-experienced GEPR-9s and nonepi^^
controls. Binding constants were calculated from saturation curves by nonlinear
regression analysis (LIGAND, Munson and Rodbard, Analyt. Biochem., 107.
220-239, 1980). The Bmax for 3H-8-OH-DPAT binding was found to be

significantly reduced (P < 0.05) in the GEPR-9 HIP, while the IC was unaltered
when compared to nanepileptic control rats. No difference in •H-8-OH-DPAT
binding was observed in the GEPR-9 CQ or MBRF. In contrast, the Bmax for
123i -CYP binding was significantly increased (P < 0.05) in all three brain areas
of the GEPR-9 examined, with no change in the K< when compared to
nonepileptic control rats. These findings suggest that innate abnormalities in the
density of 5-HTja and 5-lHTjg receptors exist in some areas of the GEPR-9
brain. The role of these alterations in 5-HT receptor binding in audiogenic
seizures awaits further study.
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GRAFTING OF FETAL RAPHE TISSUE DECREASES SEIZURE
SEVERITY
IN
GENETICALLY
EPILEPSY-PRONE
RATS
(GEPRs) FOLLOWING DEPLETION OF SEROTONIN (5-HT).
R,W, Clough1*, M.L. Marinq1, M.A. Statnick1, P.C. Jobe2 and R.A.
Browning1. 1Sch. Med., So. III. Univ. Carbondale, IL 62901 and 2univ. of III.

DIFFERENTIATION OF LIGHT- AND SOUND-INDUCED REFLEX
EPILEPSY IN GENETICALLY PREDISPOSED CHICKENS AND IN
CHIMERAS. R Naouet+*. N . Fadlallah* , G. Le Gal La Sailed. N, Guv°. M.A Teiilet*. N. Le Douarin* and C. Batini*. CNRS UPR 2212, Gif sur Yvettte^
UMRC 9923, Paris’, UMR 0009, Nogent sur Mame°, France.
Fayoumi epileptic chickens (FEpi) (Crawford, 1970) present an abnormal
electroencephalogram (EEG) and display generalized seizures under

Coll, of Med., Peoria, IL 61656.
Genetically epilepsy-prone rats (GEPRs) have an innate deficiency in 5-HT
which contributes to their propensity to have seizures in response to
audiogenic stimuli. GEPRs of the moderate-seizure substrain (GEPR-3s)
display enhancement of seizure severity following depletion of 5-HT using
5.7 dihydroxytryptophan (5,7-DHT, 150 ug, icv). The present study
investigates whether replacement of 5-HT by grafting fetal raphe tissue can
reverse 5,7-DHT-induced facilitation of seizure severity in GEPR-3s. After
confirmation of seizure severity by audiogenic seizure (AGS) pretests, rats
were treated with 5,7, DHT (with 2Omg/kg protriptyline 2 hrs prior to protect
noradrenergic neurons) to deplete central 5-HT. Rats were AGS-tested
once weekly for 3 weeks after depletion. Following the third test, rats
received intraventricular transplantation of fetal (15 day gestation) brainstem
tissue containing the primordia of the midline raphe nuclei. Rats were then
AGS-tested at 4,8 and 11 weeks after transplantation. Depletion of 5-HT by
5.7 DHT significantly increased seizure severity in GEPRs while saline had
no effect. 5-HT depleted rats with transplanted fetal raphe, but not cortex,
had their seizure severity reduced to the predepletion severity score.
Histological examination demonstrated the presence of grafts in the third
ventricle. Regional depletion of 5-HT in the brain ranged from >90% in the
cortex to >50% in the brainstem. These data suggest that brain grafts which
presumably elaborate 5-HT are effective in reducing the marked increased
severity of seizures which results from 5-HT depletion in a genetic model of
epilepsy in the rat. Supported by EFA and SIU
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intermittent light (ILS) and intense sound stimulations (ISS). The only ictal
EEG expression is, in both cases, a desynchronisation. Experimental chimeras
were produced by in ovo microsurgical exchange of brain vesicles between FEpi
and normal chick embryos at E2. a) Chimeras with FEpi prosencephalon have
the FEpi interictal EEG. They present behavioural and EEG arousal reactions to
ILS (phase 1 of the motor seizure), but do not react to ISS. b) Chimeras with
FEpi pro- and mesencephalon show complete ISS- and ILS-induced motor
seizures, together with typical interictal and ictal EEGs. c) Chimeras with FEpi
mesencephalon, although displaying normal EEG, show complete ISS-induced
seizures but only myoclonus at flashing frequency under ILS. d) Chimeras with
FEpi rhombencephalon neither react to ILS nor to ISS.
Expression
of
the
c-fos
protaoncagene
was
revealed
by
immunohistochemistry. In epileptic chickens and chimeras, mesencephalic
structures were always labeled, whatever the stimulus employed, when complete
seizure was induced In addition, either acoustic or visual relay structures were
labeled depending on the epileptogenic stimulus delivered Hippocampal
structures were labeled only under metrazol treatment.
The results demonstrate that at least two types of reflex seizures coexist in the
FEpi chickens. While the structures related to epileptogenic stimuli are specific
of the stimulus, the motor seizure generator is common and located in the
mesencephalon for both types of stimuli.
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EXPRESSION OF c-fos mRNA FOLLOWING AUDIOGENIC
SEIZURE IN THE BRAIN OF MATURE RATS AFTER
NEONATAL EXPOSURE TO PROPYLTHIOURACIL (PTU).
N.Kato*, N. Ishida, H. Kanai A. Higashiyama, M. Sadamatsu,
Y Watanabe. Y-Kjuroda and B. S. McEwen. Dept. of Psychiat.,
Shiga Univ. Med. Sci., Otsu 52(0-21, Japan., Lab. of Neuroendocrinol., RockefeUer Univ., New York, Ny
10021-6399.

PROTO-ONCOGENE (C-FOS) EXPRESSION IN THE BRAIN
AFTER AUDIOGENIC-, ELECTROSHOCK- AND CHEMICALLYINDUCED
SEIZURES
IN
NORMAL
OR
GENETICALLY
EPILEPSY-PRONE RATS (GEPRs). Eells. J.B.. Clough. R.W..
Mating. M.L. , Browning. R.A. and Smith. D.C.* Dept, of Anatomy, Sch.
Med., So. III. Univ., Carbondale, IL 62901
Neuroanatomical substrates activated during or after tonic-clonic seizures
are being studied in the GEPR model of epilepsy and other seizure models
(pentylenetetrazol, (PTZ)-induced and maximal electroshock (MES)-induced
seizure models). GEPR-9s show generalized tonic-clonic convulsions in

In order to find whether c—fos expression in the limbic
structures is generally associated with any type of experimental epilepsy, we adopted in situ hybridization for c-fos
mRNA in the rats exposed to 0.021% PTU through the
mother’s milk from 0 to 19 postnatal day (PTU rats). Mature
PTU rats, experienced a very mild neonatal hypothyroidism,
were reported to repetitively exhibit audiogenic seizures
(up to 80-100 % compared to 0 % in control littermates).
Seizures were characterized by wild running, followed by
akinesia and generalized :onic clonic seizure (GTC)
(Endocrinology, 110:1851, 1982).
Male PTU(N=18) and control(N=l6) SD rats were subjected to auditory stimuli at age of 17 weeks. All PTU rats but

audiogenic GTC. No involvement of the hippocampus was noted.

response to acute audiogenic stimuli. Electrophysiological, pharmacological
and anatomical techniques have been used to characterize areas of the
brain regulating seizure activity; however, few studies have examined
seizure-related genomic activation (ie, stimulus-transcription coupling). The
present study identifies specific anatomical substrates activated during AGS,
PTZ and MES by morphometric analysis of immunolabeled FOS-positive
neurons following seizures. Significant increases in numerical density of
FOS-positive neurons were found throughout the forebrain, midbrain and
the hindbrain in each seizure model. Some specific nuclei with intense FOS
labeling in the forebrain included the piriform cortex, amygdala, endopiriform
nuclei, entorhinal cortex as well as diffuse staining throughout the cortex.
Various thalamic and hypothalamic nuclei also were labeled. Pronounced
FOS labeling was observed in the mesencephalon including the
periaquiductal gray, peri-genicular area, a distinct band of labeling superior to
the substantia nigra pars compacta and the corpra quadrigemina. Other
areas with intense labeling of FOS included the cuniform nuclei, the dorsal
nuclei of the lateral lemniscus, and the trapazoid body. In the caudal
brainstem the most consistent and obvious labeling was found within the
locus coeruleus. Similar and differential findings were observed between
the GEPR, MES and PTZ models. Supported by SIU.
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(S)-4-CARBOXY-3-HYDROXYPHENYLGLYCINE, AN ANTAGONIST OF METABOTROPIC GLUTAMATE RECEPTOR MGLUR1A
AND AN AGONIST OF MGLUR2 PROTECT AGAINST AUDIOGENIC SEIZURES IN DBA/2 MICE. P, D, Suzdak*. M. Sheardown.
C, Thomsen, H. C, Jackson, K, Eskesen, P, Jacobsen, S, Treppgndahl and H. Klitgaard. Novo Nordisk A/S, Pharmaceuticals Division,
Novo Nordisk Park, DK-2760 Maaloev, Denmark.
The in vivo anticonvulsant, and in vitro metabotropic glutamate
receptor selectivity, of (S)-4-carboxy-3-hydroxyphenylglycine ((S)4C3HPG) was examined. Intra cerebro ventricular (i.c.v.) injection of
(S)-4C3HPG dose-dependently antagonized audiogenic induced clonic
and tonic convulsions in DBA/2 mice with ED50 values of 76 and 110
nmol/mice, respectively. (S)-4C3HPG dose-dependently inhibited the
spontaneuosly evoked epileptic spikes in a cingulate cortex-corpus
callosum slice preparation. (S)-4C3HPG displaced the binding of
[3H]glutamate in membranes prepared from baby hamster kidney
(BHK) cells expressing the metabotropic glutamate receptor mGluR la
with an EC50 of 5 ± 1 uM. (S)-4C3HPG dose-dependently antagonized

NEUROETHOLOGY OF BRAINSTEM-INDUCED FOREBRAIN SEIZURE
KINDLING IN GENETICALLY EPILEPSY PRONE RATS (GEPRs). N.
Garcia-Cairasco*., V.C. Terra., P. K. Mishra., J.W. Dailey and P.C. Jobe.
Physiology Department Ribeirao Preto School of Medicine. University of
S£o Paulo, SP, Brazil and Department of Basic Sciences. University of
Illinois. College of Medicine, Peoria, IL USA
initial audiogenic seizures (AS) in GEPRs are driven by brainstem (BS)
circuitry. Repetition of AS induces kindling of forebrain (FB) circuitry. This
phenomenon has been defined by
Naritoku et al
(Exp. Neurol. 115:317-324,
1992) as brainstsminduc^dforebrain kikdling (BSs FBB). Quantrtativeethology
(Garcia-Cairasco et
al., Behav. Brain Res. 48:9-56, 1992) was used for further
chnrncreriznrien of SS=>FBK in Sprague-Dawley rats (SD, n=15); GEPR-9s(n=15)
and GEPR-3s(n=15). All subjects received 3 daily acoustic stimuli (125 dB; 7 days)

one(only running fit) developed GTC, while none of controls
showed any seizure. In control littermates, moderate expression of c—fos mRNA was found in cerebral cortex (prominent

in piriform and entorhinal cortex) and cerebellar cortex 30
min after audiogenic stimuli, despite of no behavioral
change. PTU—rats showed marked c-fos expression in cortices
plus septal nudeus, ventomedial hypothalamus, amygdala,
medial geniculate body and inferior colliculus 30 min after

glutamate-stimulated phosphoinositide hydrolysis in BHK cells
expressing mGluR la with an IC 50 =15 ± 3 pM. (S)-4C3HPG was,
however, an agonist at mGluR2 with an EC50 = 21 ± 4 pM for

inhibition of forskolin-stimulated cAMP-formation in BHK cells
expressing the mGluR2. (S)-4C3HPG had no effects at mGluR4a.
These data suggest that the anticonvulsant action of (S)-4C3HPG is
mediated by combined antagonism of mGluR la and agonism of
mGluR2. These results suggest the importance of mGluR la and/or
mGluR2 in the control of epileptic activity.

172.17
ANTICONVULSANT ACTIVITY OF NMDA-R1 ANTISENSE AGAINST SOUNDINDUCED SEIZURES IN DBA/2 MICE. A.G. Chapman*1. V.L. Woodburn2. G.N.
Woodruff2 and B.S. Meldrum1. 'Department of Neurology, Institute of Psychiatry,
De Crespigny Park, London SES 8AF, and *Pak-Davis Neuroscience Research
Canter, Addenbrooke’s Hospital, Cambridge CB2 2QB, UK
Pretreatment with antisense oligodeoxy-nucleotidesto NMDA-R1 (NR1) can reduce
infarct volume due to MCA occlusion in rat (Wahlestedt et al., Nature, 363,260-263,
1993). We have utilized the same antisense oligodeoxynucleotide (an 18-mer,
NRlAS/c, corresponding to nucleotides 4-21; directly following translation initiation
code) to protect against sound-induced clonic seizures in DBA/2 mice.
DBA/2 mice received 2x5 gl of saline (control group) or 2x5 gl saline containing
1 Mg (per injection) NR1 antisense or nonsense probes (n = 14-15 per group) by icv
injections under light ether anaesthesia 29 and 7 hrs before being assessed for soundinduced clonic seizures.
Table 1
Clonic seizures in DBA/2 mice following NR1 antisense and NR1 nonsense
pretreatment (-29 hrs and -7 hrs; 2 x lgg, icv)
Clonic seizures
2 x 5gl vehicle
14/14 (100%)
2 x 1 gg NR1 antisense
UM (7%)
2 x 1 gg NR1 nonsense
U/H (93%)
A single injection of NR1 antisense (-24 hrs) failed to provide any anticonvulsant
protection.
NR1 receptor levels were assessed by in situ hybridization and receptor
autoradiography (pH]-MK-8Ol) in the same groups of mice, and no overall,
significant reduction was observed. However, c-fos expression that was detected in
thalamic nuclei and subcortical auditory nuclei of vehicle- and NR1 nonsense-treated
animals was completely blocked by NR.1 antisense pretreatment.
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and a final stimulation 10 days after the 21st stimulation. The SD controls
displayed exploration, increased grooming and wet dog shakes. In GEPR-3s the
AS repetitions caused progressively greater latencies to the onset of
running
and of generalized clonus (MANOVA; p<0.001). Mean BS severity scores
decreased from the initial level of 3 to a low O.72±O.49 (p<0.001).
However 10
days thereafter, they displayed an overshoot to 4.7±O.21 (P<0.001). In GEPR-9s,
a reduction in BS seizure severity scores did not occur but an increase in seizure
latencies (p<0.001) associated with post-tonic clonus. From stimulation 18 to 21,
64% of GEPR-9s had displayed at least one class 1 to 4 limbic FB seizure within
a few seconds of the end of the BS convulsion. Similarly GEPR-3s exhibited FB
seizures beginning on test eleven. In conclusion, this AS repetition paradigm
results in anticonvulsant effect against BS seizures
and in the appearance of
BS=>FB!K Previous EEG evidence shows that FB seizure activity occurs after
as few as 3 BS seizures in GEPRs. Yet, the appearance of behavioral FB
seizures is delayed until AS repetition has resulted in BS seizure suppression.
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INVESTIGATION OF NMDA RECEPTOR MEDIATED EXCITATORY
SYNAPTIC TRANSMISSION IN CA1 AREA OF KAINIC ACID LESIONED
RATS Y. Chen. J. Isaac. D.A. Turner* and H.V. Wheal*. Epilepsy and Synaptic Function

THE ROLE OF NMDA RECEPTOR-EXCITATORY NEUROTRANSMISSION IN FOCAL STATUS EPILEPTICUS- INDUCED BY
KAINIC ACID: a combined in vivo microdialysis-EEG study in
rat neocortex. L.S. Chen*. P.K. Baneriee and O.C. Snead. Division of
Neurology, Childrens Hospital Los Angeles, Depit of Neurology, University of
Southern California, L.A., CA 90027.
The mechanism underlying the seizure progression in status epilepticus is
unknown. NMDA receptor-mediated neurotransmission is involved in seizure
initiation and/or prapogation in various animal models of seizure. In this study,
we examine the role of MMDA receptors in status epilepticus using in vivo
microdialysis with simultaneous EEG recording in unanesthetized rats. A 2 mm
loop dialysis probe with a glued unipolar electrode (0.5 mm above the probe tip)
was placed in the motor-sensory cortex. Kainic acid (KA) was infused at 1
pl/min for 10 min, followed by a 3 hour wash with ACSF. KA (1 mM, n=6)
produced prolonged seizures throughout the 3 hour recording which evolved
electrographically from recurrent bursts of spikes (stage I), tonic fast spikes
(stage II). to clonic spikes (3-5Hz, stage III). Glutamate level, measured by
HPLC every 20 min, was not elevated despite seizure progression. Incluiding ±
MK801 (2mM, n=5) or DL-AP5 (2mM, n=5) in KA and wash, seizure stopped in
early stage II in 49± 22 min or40 ± 11 min respectively. When DL-AP5 (2 mM,
n=5) was infused at 30 min after KA, seizure stopped withim 1 ± 5 min. The
results demonstrated that brief intracortical administration of KA elicited
prolonged status epilepticus without an elevation of extracellular level of
glutamate at the site of seizure origin, but NMDA antagonists suppressed the
continuous phase of status (stage II and III). We proposed that KA-induced
recurrent seizures lead to activation of NMDA receptor channel complex which
contributes to the seizure progression in focal status epilepticus.

Research Group, Dept. Physiology and Pharmacology, University of Southampton,
Southampton SO9 3TU, UK. fDept. Neurosurgery and Neurobiology, Duke University,
Durham, NC27710, USA.
Chronic epileptiform activity may result from long-term alteration of the excitatory
transmission at the pre- and /or post- synaptic sites. One-week after kainic acid lesion
(O.5pg in O.5pl injected in the lateral ventricle ipsilaterally), the population spikes in CA1
area in the hippocampus of the lesion side showed profound epileptiform activity
incorporating a large NMDA component. Using whole-cell voltage-clamp, the properties
of the NMDA mediated whole cell current evoked by stimulation in stratum radiatum were
studied in hippocampal slices. In compulsion to the NMDA EPSCs recorded in CA 1 cells
from control rats, the ratio of the NMDA EPSCs to the non-NMDA EPSCs was increased
in the lesioned rat at holding potentials between - 6OmV to OmV, particularly between
-3OmV to -lOmV. Minimally evoked NMDA EPSCs (n>5OO) were recorded at a
depolarized holding potential (-2OmV) where the Mg2* block was relieved, and a quantal
analysis developed from Bayesian statistics (Turner and West, J.Neurosci. Meth. 47:1-21)
was applied. Preliminary data suggest that the excitatory transmission mediated by NMDA
receptors is quantal in nature in both control and lesioned rats. The NMDA receptormediated component of excitatory transmission in lesioned slices is probably originated
from new synapses formed by reactive synaptogenesis occurred following kainic acid lesion
(Phelps, Mitchell and Wheal, Neurosci. 40: 687-699). Quantal analysis is now being
undertaken to determine the quantitative changes in the NMDA component involved in the
generation of epileptiform activity in this model of temporal lobe epilepsy. (Supported by

the Wellcome Trust and MRC)
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BILATERAL
INTRANIGRAL
NMDA
BLOCKADE
INCREASES
STATUS
DURATION
AND
NEURONAL
INJURY FROM SYSTEMIC KAINIC ACID.
K. Tanaka0.
R.P. Simon*. S. Waga0. T. Lowrv. Dept. of Neurology, UCSF,
SFGH, San Francisco CA 94110 USA, and °Dept of

ANTICONVULSANT EFFECT OF RC 160 AND DIFFERENTIAL CHANGES
IN HIPPOCAMPAL SOMATOSTATIN RECEPTORS mRNA, BINDING SITES
AND RELEASE IN KAINIC ACID (KA) TREATED RATS. A. Vezzani, J, Perez,
M. RiRiZ A. M^no, I*. Tutka, E. Schuhbach and D. Hoyere Preceulical R^esech,
360/604, Sandoz Pharma Ltd., CH 4002 Basel, Switzerland and Laboratory of
Neurnphhniacn)logy, Mario Negri Institute, 20157 Milano, Italy

Neurosurgery, University of Mie, Mie 514, Japan
Microinjection of the NMDA receptor antagonist 2-amino7-phosphonoheptanoic acid (AP-7) into the SNpr has been
reported to protect against electroshock convulsions in rats.
By means of intranigral injection of AP-7 we investigated
the role of SNpr in modulating kainic acid-induced seizures.

Status epilepticus was induced by the intravenous
administration of KA following the microinjection of AP-7
into the bilateral SNpr.
Seizure severity was analysed
elecrtophysiologically by the summed duration of continuous
high-voltage, high frequency spike discharge; the

consequent
neural injury
and death was assessed
neuropathologically by the induction of heat shock protein
(HSP) and acid fuchsin staining respectively of vulnerable
hippocampal neurons.
Intranigral injection of AP-7
increased the duration of type IV activity and the number of
HSP-positive and acid fuchsin stained cell in all hippocampal
sectors, in direct linear correlation to status duration. These
results suggest that blockade of the NMDA receptor in SNpr
enhanced neural injury and death in hippocampal neurons
by prolonging the duration of KA-evoked seizure in rats.

Twenty one days after generalized limbic seizures induced in rats by 12 mg/kg
KA, somatostatin (SRIF) SSTR-3 and SSTR-4 receptor subtype mRNAs expression
was selectively decreased by 34 % and 40 % in CA1 area while SSTR-1 and SSTR-2
mRNAs did not change in any hippocampal subtieM. Binding of [125I]SRIF-28 and
[ihI]CGP-23996, non-selective SRIF receptor ligands was decreased by 32 % and by
39 % in the stratum radiatum (SR) CA1 after KA. [I2SI]CGP-23996 binding was also
decreased by 34 % in the stratum oriens (SO) CA1 and by 38 % and 31 % in the SO
and SR CA3. Binding of SSTR-2 selective ligands [,25I]MK 678 and [,25I]204-090 was
not affected by KA in any hippocampal area.
Two days after KA treatment, the spontaneous and 50 mM KCl-induced SRIF
release from hippocampal slices were reduced by 2Otl % and 4O±4 % control values.
No changes in SRIF release were found 21 days after KA. Bilateral infusion in the

dentate gyrus (DG) of 6 pg/pl RC 160, a selective agonist at SSTR-2 sites, 21 days
after KA reduced by 45 % the incidence of tonic-clonic seizures induced in rats by 30
mg/kg metrazol (PTZ), a suCcnnvulshnt dose in naive rats. RC 160 was not effective
in naive rats injected with a full cnnvklsant dose of PTZ.
These data suggest that hippocampal SRIF neurons surviving to neurotoxicity
are functionally activated 21 days after KA and that SSTR-2 receptor subtypes in the
granular and molecular layer of the DG are involved in the protective effect of RC 160
on chronically enhanced seizure suceatiCility induced by KA.
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MOLECULAR CLONING AND CHARACTERIZATION OF

KAINATE-INDUCED CHANGES OF AMPA-TYPE GLUTAMATE
RECEPTORS AND CALCIUM/CALMODULIN-DEPENDENT
PROTEIN KINASE II IN RAT BRAIN. H.-M. Hwang* and S.-S.
Liour. Department of Anatomy, Chang Gung College of Medicine &
Technology, Kwei-San, Taoyuan, Taiwan 33333, R.O.C.
Behavioral seizure induced by kainate (KA) in rat was found to be
preceded with pro-oncogene expression and followed by changes in
glutamate receptor. In electrographic seizures, autophosphorylation of
calcium/calmodulin-dependent protein kinase II (CAM-kinase II) in rat
hippocampus decreased substantially. Since CAM-kinase II is one of the
kinases associated with regulation of AMPA-type glutamate receptor, it is
the purpose of this study to explore their relationship in occurrence of
KA-induced seizure. Biochemical characterization of 4 rat brain areas,
i.e., cerebrum, hippocampus, cerebellum and brainstem, was performed 1
and 7 days after KA injection (i.p., 8-10 mg/kg). Coomassie staining of

A RAT BRAIN cDNA EXPRESSED DURING KAINIC
ACID INDUCED SEIZURE.
F.

R.

Sharp ,

Department

J. Liu*. J. Nickolenko and

of

Neurology,

Univ.

of

California at San Francisco and SFVAMC, San Francisco,
CA 94121.
To elucidate the molecular mechanism of seizure, we
searched for genes that are induced after kainic acid
injection.
Using
homology
cloning
with
an
oligonucleotide corresponding to the conserved region in
DNA binding domain within the fos family, a cDNA clone
(6-6) was found from a rat hippocampus cDNA library.
Northern blot analysis detects a 9-kb message with
increased expression during aaini c acid (sub cut. 10
mg/kg) induced seizure in hippocampus and cortex 1 day
after injection.
Elevation of message is maintained after 7
days of injection and declines after 14 days.
Increased
expression of 6-6 is not seen in any particular stage of
development from embryonic day 17 to adult.
The role of
6-6 in kainic acid induced seizure and ohier types of
neuronal injury is under further investigation.
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SDS-PAGE gel revealed significant decrease at 50-KD, a location of a
subunit of CAM-kinase II, of cerebral and hippocampal membrane
fractions 1 and 7 days after KA injection. Western blot analysis, using
polyclonal antisera made to C-terminal peptides of glutamate receptor
(GluR) subunits, GluRl-4, indicated dramatic changes of AMPA-type
glutamate receptors 7 days after KA injection. While GluRl decreased in
the hippocmapus, GluR2/3 increased in the cerebrum. No obvious changes
of GluR were found in cerebellum and brainstem. Thus, in KA-induced
seizure, CAM kinase II and AMPA-type glutamate receptors may be
altered through different biochemical paths.
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contribution

of

GABAa

ENHANCED

DENTATE

FOLLOWING

KAINIC

P.K.Stanton,

and

GABAb receptors

PAIRED-PULSE

to

INHIBITION

ACID SEIZURES.
K.Z.Haas*,
S.L.Moshe Depts. of Neurology and

Neuroscience, Albert Einstein Coll, of Med. Bronx, NY 10461.
Kainic acid induced status epilepticus (KA-SE) and kindling

produce
enhancement of paired-pulse inhibition in the
dentate gyrus of adult rats. We utilized in vitro hippocampal

slices to examine the effects of GABA antagonists on pairedpulse inhibition in rats exposed to KA-SE versus age-matched
controls.

Application of the GABAa

bicuculline

(3O|lM)

100

MONDAY PM

receptor antagonist

blocked early paired-pulse inhibition

msec) in both KA-SE rats and controls.

(10 -

The putative

GABAb receptor antagonist CGP 35-348 (4OO|lM) produced a
significant enhancement of both early, GABAA-mediated, and
late, GABAB-mediated inhibition in slices from control rats,

suggesting that CGP 35-348 is more specific for blocking
presynaptic autoreceptors than postsynaptic
granule cell
GABAb receptors. While paired-pulse inhibition in control
slices was enhanced, inhibition in slices from KA-SE rats was
unaffected by treatment with CGP 35-348. These data indicate
that presynaptic GABAb receptors may be less effective in
slices from KA-SE rats compared to controls.

RESISTANCE OF THE IMMATURE HIPPOCAMPUS TO NONNEURONAL DAMAGE FOLLOWING KAINIC ACID SEIZURE.
E.F. Sperber* and K.Z. Haas.
Departments of Neurology &
Neuroscience, Albert Einstein College of Medicine, NYC, NY
10461.
Our previous research indicate that seizures result in age-related
differences in the presence of hippocampal damage. In adult rats, but
not immature rats, seizures induced neuroanatomic (CA3/CA4
neuronal degeneration, cell loss, dentate mossy fiber sprouting) and
neurophysiologic changes (paired-pulse stimulation of perforant path)
following kainic acid, kindling or flurothyl seizures. Hippocampal
damage was assessed both acutely and chronically. These findings
suggest that immature hippocampal neurons are resistant to seizure
induced injury.
In the immature brain, it is possible that seizures result in
previously undetected non-neuronal damage. Since astrocytic glia
cells proliferate in an area following damage, they can be used as a
non-neuronal marker of damage. In the present study, immunocytochemical staining for glial fibrillary acidic protein (GFAP), a protein
specific for astrocytes was used to assess damage. Adult and 14 day
old rats were treated with kainic acid. Results indicate positive GFAP

staining in the CA3/CA4 hippocampal area of the adult but not the
immature rat. These findings extend our previous findings suggesting
that the immature brain is protected from seizure induced damage.

173.9
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SEIZURE-RELATED INCREASES IN EXTRACELLULAR KYNURENIC ACID
LEVELS IN THE RAT HIPPOCAMPUS. H.-Q. Wu* and R. Schwarcz.
Maryland Psych. Res. Center, Baltinore, MD 21228.
The anticonvulsant and neuroprotectlve brain metabolite
kynurenlc acid (KYNA) nay play a role In the mediation of
excltotoxlc and seizure phenomena. Ve therefore studied
by mlcrodlalysls the effects of several classic convulsants on the extracellular concentrations of endogenous
KYNA In the dorsal hippocampus of freely moving rats (N 6-7 per drug). All convulsants used [kainic acid (KA), 10
mg/kg, s.c.; bicuculline (BIC), 6 mg/kg, s.c.; pentylenetetrazole (PTZ), 60 mg/kg, s.c.; and pilocarpine (PIL),
325 mg/kg, s.c.] caused characteristic clonic and/or
tonic convulsions. The order of duration of behavioral
seizures was KA>PII>BICOPTZ. In all seizure paradigms,,
KYNA levels in the dialysate (average control level: 71.1
±2.6 fmol/30 ml) began to rise within 1 hour and gradually reached a plateau approximately '4 hours after administration of the convulsants. Peak increases were
1.5 - 3-fold over basal llvels. The duration of the riie
in KYNA levels varied between the seizure models but was
essentially in proportion to the duration of seizure
activity. These data indicate that increases in endogenous KYNA may constitute a common occurrence in response
to seizure phenomena. This finding suggests novel strategies for the development of KYNA-related an^ep^^^c
drugs.
Supported by USPHS grant NS 16102.

MOSSY FIBER-EVOKED EXCITATION OF DENTATE GRANULE CELLS
AFTER PILOCARPINE-INDUCED STATUS EPILEPTICUS. M.M. Okazaki*
and J.V. Nadler. Depts. Pharmacology and Neurobiology, Duke Univ.
Med. Ctr., Durham, NC 27710.
In complex partial epilepsy and in animal models of epilepsy, hippocampal mossy fibers develop recurrent collaterals, at least some of
which form synapses on dentate granule cells. The function of these
novel synapses was studied by recording the response of granule cells to
antidromic activation of the mossy fibers 3-4 months after pilocarpineinduced status epilepticus. Timm staining demonstrated robust mossy
fiber sprouting in all rats that had developed prolonged generalized seizures and no evidence of sprouting in animals that had developed only
intermittent seizures. In slices without recurrent mossy fiber sprouting,
stimulation of mossy fibers outside the dentate hilus evoked only a single antidromic population spike in the presence or absence of picrotoxin.
Simultaneous whole cell voltage clamp recordings made at a holding
potential of -80 mV showed no evoked membrane current or only a
small inward current (< 40 pA) at the highest stimulus intensity. When
recurrent mossy fibers were present, however, stimulation evoked one
or more orthodromic population spikes, and sometimes a delayed positive wave or field burst, after the antidromic spike. These novel responses were associated with inward currents larger and more complex
than any observed in the absence of sprouting. Picrotoxin little affected
either the extracellular or membrane current records, but the synaptic responses were abolished by superfusion with DNQX/D-AP5. The presence of newly-formed mossy fiber-granule cell synapses is sufficient to
explain these results. Recurrent mossy fiber sprouting creates excitatory
circuitry that would be expected to facilitate seizure discharge.

173.11

173.12

GAD65 mRNA AND PROTEIN LABELING ARE INCREASED IN
REMAINING HIPPOCAMPAL GABA NEURONS IN A MODEL OF
TEMPORAL LOBE EPILEPSY. C.R. Houser* and M. Esdapaz.
Brain Research Institute end Dept. of Anatomy end Cell Biology,
UCLA, and VA Medical Center, Los Angeles. CA 90024.
In the pilocarpine model of chronic seizures, a subpopulation of
GAD mRNA-containing neurons in the hilus of the dentate gyrus is
vulnerable to seizure-induced damage (Obenaus et al.. ■ J.Neurosci.
13:4470, 1993). To determine if long-term changes occur in the
GABA neurons that remain within the hippocampal formation,
animals that had developed spontaneous recurrent seizures were
studied at 12 weeks following pilocarpine administration. In situ
hybridization experiments demonstrated increases of GAD65 mRNA
labeling in the remaining GABA neurons of the dentate gyrus.
These included putative basket cells and some hilar neurons.
Similar increases in the levels of GAD65 mRNA were observed in
GABA neurons in all regions of the hippocampus. Immunohistochemical studies with an antibody specific for GAD65
demonstrated increased densities of labeled terminals throughout
the hippocampal formation. The increases were most striking in the
inner third of the molecular layer of the dentate gyrus and in
lacunosum-moleculare of CA1. The findings indicate a long-term
upregulation of GAD65 mRNA and associated protein and
emphasize the complexity of changes in the GABA system in this
seizure model. Supported by VA Medical Research Funds and
NS21908.

PILOCARPINE-INDUCED EPILEPTIFORM ACTIVITY IN RAT
COMBINED HIPPOCAMPAUENTORHINAL SLICES IN VITRO.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

T. Nagao*. A. Alonso and M. Avoli. Montreal Neurological Inst., McGill
Univ., Montreal, Canada H3A 2B4
Simultaneous extracellular field-potential recordings were made in the
entorhinal cortex, CA3 and CA1 subfields that were functionally
interconnected in a combined hippocampal-entorhinal slice (5OO/xm thick)
obtained from adult rat brain.
Bath applications of the cholinergic
muscarinic agonist pilocarpine (10/zM) induced epileptiform discharges in
both hippocampal areas and in the entorhinal cortex. During pilocarpine
perfusion ictal- and interictal-like discharges were recorded at all sites. Ictallike discharges occurred in the entorhinal cortex at 0.0031 ±0.0008 s'1, lasted
l3.3±2.9 s and appeared to propagate to CA3 and CA1 as suggested by
temporal analysis. Interictal-like discharges recorded in the entorhinal cortex

also spread to CA3 and later to CA1. However, an additional independent
interictal-like activity was seen in CA3. The duration and the rate of
interictal-like discharges generated in the entorhinal cortex was 405 ±88 ms
and O.27±O.O8 s*1 (n=6 slices), respectively. The independent interictal
discharges originating in c A3 lasted 2Io ±69 ms and occurred at
l.32±0.44 s'1(n=6). The non-NMDAreceptorantagonistCNQX (5-10^M,
n=4) reversibly blocked all types of discharges in both hippocampal areas
and entorhinal cortex. Our findings indicate that the entorhinal cortex has
a pronounced susceptibility to produce ictal discharges that propagate toward
the hippocampus. Hippocampal subfields can only produce independent
interictal discharges that originate in CA3. The combined hippocampalentorhinal slice might represent a useful in vitro preparation for elucidating
the mechanisms underlying limbic epileptogenesis. Supported by MRC of
Canada.
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RETARDATION OF AMYGDALA KINDLING INfyn MUTANT
MICE. D.P. Cainf S.G.N. Grant, D. Saucier. E. L. Hargreaves and

SPECIFIC
CHOLINERGIC
DENERVATION
BY
AN
IMMUNOTOXIN AGAINST THE p75
NGF RECEPTOR
ACCELERATES HIPPOCAMPAL KINDLING.
M.Kokaia3.

E. R. Kandel. Neuroscience Program, Dept, of Psychology, University
of Western Ontario, London, Canada, Center for Neurobiology and
Behavior, College of Physicians and Surgeons of Columbia University,
and Howard Hughes Medical Institute, New York, N.Y.
To begin an investigation of the genes important for epilepsy we
studied amygdala kindling, a model of temporal lobe epilepsy, in mice
harboring a null-mutation in the Fyn tyrosine kinase gene, fyn
mutants showed a marked retardation in the rate of development of
the first generalized convulsion (fyn mutants: 23.5 ±4.0
afterdischarges (ADs); wild-type: 9.0 ±0.4 ADs), but did not differ
from wild-type mice in AD threshold, duration, propagation, or in the
persistence of either AD or convulsion susceptibility. Gross
neuroanatomy of the amygdala did not differ between mutants and
wild-type mice, and detailed measures of spontaneous behavior
yielded nearly identical behavioral profiles, suggesting that the
difference in rate of kindling is not due to obvious developmental
defects. These results indicate that Fyn is required for the normal
induction but not for the maintenance of the kindled state. Fyn is
known to be required for normal long term potentiation, suggesting
that Fyn may be part of a basic biochemical mechanism that sets the
threshold or determines the rate of development of both forms of
plasticity. Supported by NSERC, the New York State Psychiatric
Institute, and the Howard Hughes Medical Institute.

G.Leanzab. I.Ferenz3. E.Elmer3. Z.Kokaia3’ J.Bengzon3*. A.Biorklundb.
R.G.Wileyc and O.LindvalP.
3Restorative Neurology Unit, Department of
Neurology, University Hospital, S-221 85 Lund, Sweden, bDepartment of Medical Cell
Research, University of Lund, S-223 62 Lund, Sweden and cLaboratory of Experimental
Neurology, VAMC, TN, USA.
Cholinergic mechanisms have been implicated in the regulation of kindling
development. However, the exact functional role of the cholinergic system has been
difficult to determine due to the lack of techniques to induce specific lesions of
those neurons. Intraventricular injection of the immunotoxin 192 IgG-saporin,
saporin conjugated to the monoclonal 192 IgG antibody against the low-affinity
p75 NGF receptor (NGFr), has been shown to selectively destroy the cholinergic
innervation of the neocortex and hippocampus. In order to explore the role of the
cholinergic system in hippocampal kindling, we have injected 192 IgG-saporin
bilaterally into the lateral ventricles. After 3 weeks the animals were subjected to
daily electrical kindling stimulations in the left hippocampus (CA1 - CA3 region)
until they had exhibited three grade 5 generalized seizures. Vehicle injected rats
served as controls. The rate of kindling, mean duration of focal epileptiform
activity (afterdischarge, AD), and convulsions, and latency as well as threshold to
elicit AD were compared between the two groups. The results show that 192 IgGsaporin injected rats required fewer stimulations to reach the first grade 2 (5±l 1.3)
and third grade 5 seizure (l3±l.8) compared to controls (l5±2.3 and 23±2.6,
respectively; p<0.05, Students two-tailed unpaired t-test). Acetylcholinesterase
staining of sections from the 192 IgG-saporin injected animals demonstrated almost
complete loss of the cholinergic innervation of the hippocampus and neocortex.
Local cholinergic intemeurons and their fibres, not expressing p75 NGFr, were
spared in the hippocampus. These data are the first to demonstrate that a specific
and complete lesion of cholinergic neurons expressing the low affinity NGF
receptor in the forebrain facilitates hippocampal kindling.
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ALTERNATING STIMULATION OF THE AMYGDALA AND PERIRHINAL OR
PIRIFORM CORTEX: KINDLING ANTAGONISM? P. Mohapel* and M.E.
Corcoran. Dept, of Psychology, University of Victoria, POB 3050, Victoria, B.C.,
Canada, V 8W 3P5.
Concurrent alternating stimulationof two forebrain sites can elicita distinct pattern
of kindling, known as kindling antagonism (Burchfiel & Applegate, 1989), wherein
one of the stimulated sites exhibit typical kindling of generalized seizures (dominant
focus) and the other site supports only focal or partial seizures (suppressed focus) as
long as dominant site stimulation continues. In view of evidence implicating the
amygdala, piriform cortex, and perirhinal cortex m limbic kindling, we attempted to
determine whether kindling antagonism develops among these sites.
We stimulated rats alternately in the right perirhinal cortex and the left amygdala
(1 stimulation per day). Stimulation was terminated at a site when 6 consecutive
stage-5 seizures were elicited. The figure below illustrates the typical pattern
observed wherein the perirhinal cortex displayed normal kindling but kindling from
the amygdala appeared to be arrested. Once perirhinal stimulation ceased, however,
the amygdala almost immediately exhibited fully generalized stage-5 seizures. Other
rats stimulated in the right piriform cortex and
left amygdala typically failed to display kindling
antagonism, but instead showed normal kindling
at both sites.
These data suggest that "true" kindling
antagonism does not occur between these sites.
Perhaps the perirhinal cortex masks amygdaloid
kindling or contributes positive transfer to the
amygdala. The absence of antagonism between
the piriform cortex and amygdala suggests that a
common neural substrate might be invoked at both
sites. (Supported by BCHRF and NSERC)

INTERACTION OF THE CENTRAL NORADRENERGIC SYSTEM
AND CORTICOSTERONE DURING THE DEVELOPMENT OF
KINDLED SEIZURES. G.K. Weiss*, N. Castillo, and M. Fernandez.
Department of Physiology, University of New Mexico School of
Medicine, 915 Stanford NE, Albuquerque, New Mexico 87131
Our laboratory has shown that hormones of the hypothalamicpituitary-adrenal axis may be important in regulating the rate of
kindled seizure development. We hypothesize that one effect of
corticosterone is to inhibit the ability of the control NA system to
retard the development of kindled seizures. Fischer 344 and Lewis
rats were either 1) chronically depleted of central NA using a 50 mg
DSP-4 injection 2) adrenaectomized (ADX) 3) ADX + DSP-4 4)
control: Sham ADX and/or saline injected.
Bipolar electrodes were stereotaxically placed in the right amygdala
of all rats and after 1-12 days of recovery the kindling procedure
was carried out in the evening by applying a once per day stimulus
of 60 Hz, for 1 sec at a strength which elicited an afterdischarge of
10-20 sec. The behavioral stages of seizure development were
documented. We found that an acceleration of the kindled seizure
rate produced by DSP-4 alone was not as great after ADX. These
data are consistent with the hypothesis. Studies are in progress in
which CORT is replaced after ADX and DSP-4 treatment.
(Supported by NIH grant PR #08139 and NS23262)
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VOLTAGE ACTIVATED CALCIUM CURRENTS ARE ENHANCED AFTER
KINDLING EPILEPTOGENESIS.
G. C. Faas and W.J. Wadman*. Institute for Neurobiology, University of Amsterdam,
Kruislaan 320,1098 SM Amsterdam, The Netherlands.
Daily tetanic (50 Hz) stimulation (kindling) of the Schaffer collaterals in the hippocampus of male Wistar rats evokes a progressive form of epilepsy, characterized
by electrical and behaviour seizures of increasing duration and severity. Hippocampal
slices were made from animals which were sacrificed either 24 hours (short term) or
5-6 weeks (long term) after their last generalized convulsion, and from control animals (controls for short term and long term were pooled). Calcium currents were
measured in CA1 neurons under voltage clamp conditions, using the in situ patch clamp
technique. Voltage dependent calcium currents were evoked by depolarizations in the
range of -70 mV to 20 mV preceded by a 3 second hyperpolarization to -130 mV,
which removed inactivation. The low voltage activated (LVA) calcium current at -70
to -50 mV was significantly enhanced after kindling (peak current at -60 mV: controls O.27±O.O4 nA, n=33; short term 0.56±0.11 nA, n=13; long term 0.53+0.11 nA,
n=l4). Earlier work (Karst et al. Neurosci. Lett., 164 (1993) 154) has shown that
for our experimental conditions the LVA current is predominantly located in the distal
dendrites. Depolarizations to voltage levels between -40 to 20 mV also evoked the
high voltage activated (HVA) calcium current. Peak currents measured with the
voltage step to -10 mV were larger in kindled animals (short term 2.3±O.2 nA; long
term 2.4±O.3 nA) compared to control animals (1.6±0.1 nA). These observations are
in agreement with previous work in acutely Associated CA1 neurons from kindled
rats. We conclude that kindling has enhanced voltage dependent calcium currents
immediately after the kindling state is reached and that this enhancement also
persists for six weeks, without seizure activity. Such changes could underlie the
enhanced excitability induced by kindling. Since the larger calcium currents will result
in an enhanced influx of calcium, they could also play a role in the mechanisms that
underlie the process of epileptogenesis.

Alteration of O-Mg*-Evoked CA1 Bursting Activity in Hippocampal
Slices Following In Vivo Perforant Path Kindling. R.F. Berman*. S.E,
Krahl. & L.M. Treas. Departments of Psychology, and Obstetrics and
Gynecology, Wayne State University, Detroit, Michigan 48201.
Several
studies
have
shown
persistent alterations
in
the
electrophysiological characteristics of the CA1 region of the hippocampus
after kindling. Such changes include decreased paired-pulse (PP) inhibition
and increased PP facilitation following perforant path kindling. Neurons in
this area have also been shown to display bursting activity in response to
depolarizing current injection, suggesting that kindling induces an
epileptogenic state in which CA1 neurons become increasingly susceptible to
bursting activity. The present study examined the effects of a 0-Mg++
perfusion media on bursting activity in the CA1 region of hippocampal slices
taken from perforant path-kindled rats.
The perforant path of male Long Evans rats was implanted with a
bipolar electrode. The animals were then kindled daily at the afterdischarge
threshold via the perforant path (1-sec, 100-Hz train of 1-msec biphasic,
square-wave pulses) until three successive stage-5 seizures were elicited.
Five days later, the animals were decapitated, and the ipsilateral hippocampus
removed and prepared for in vitro slice recording. Slices were placed in a
recording chamber and bathed in artificial cerebral spinal fluid (ACSF). The
Schaffer collaterals were stimulated once per minute and the resultant
population spike (PS) recorded from CA1. After collecting 15 minutes of
baseline activity, slices were bathed in Mg~-free ACSF. CA1 responses were
recorded for 30 minutes, during which time evoked and spontaneous bursting
developed. Slices were then bathed again in normal ACSF for an additional
15 minutes.
Following perfusion of the slices with Mg++-free media, the duration of
evoked bursting was significantly longer in slices taken from kindled animals
as compared to those taken from implanted, non-stimulated controls. No
significant differences were found in spontaneous burst frequency between
slices taken from kindled and control animals. These data suggest that
perforant path kindling causes a persistent increase in hyperexcitability in the
CA1 region of the hippocampus, leading to a facilitation of bursting activity.
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M. Vreugdenhil. G. C. Faas* and W. J. Wadman . Institute for
Neurobiology, University of Amsterdam, Kruislaan 320, 1098 SM
Amsterdam, The Netherlands.
Daily applied high-frequency stimulations (kindling) to the
hippocampus progressively increase its susceptibility to seizures. In the
CA1 area kindling epileptogenesis has been associated with reduced
inhibitory control and increased calcium currents of pyramidal
neurons. In this study we tested the GABAA-receptor-mediated Cocurrent in CA1 pyramidal neurons, acutely isolated from kindled rats
and from matched controls, one day and five weeks alter the tenth
generalized seizure. Muscimol-evoked CL current was measured under
whole-cell voltage-clamp conditions, with Na+ and K+ currents blocked.
Neither the maximal current amplitude at 200 ^M muscimol nor the
half maximal response dose (40 p\i muscimol) was changed after
kindling epileptogenesis. The CL current decay, determined by
desensitisation and CL redistribution that changes both driving force
and conductance, was also unchanged after kindling . Calcium influx
due to activation of voltage-dependent calcium currents reversibly
suppressed the muscimol-evoked CL current. The calcium sensitivity
per se was unchanged after kindling. We conclude that kindling
epileptogenesis does not change the intrinsic properties of the GABAAreceptor-mediated CL current in acutely isolated neurons, nor its
modulation by intracellular calcium. However, since calcium currents
are increased after kindling, the increased calcium influx during highfrequency stimulation can augment the calcium-dependent suppression
of he CL current; accelerate the fading of IPSPs, and thus reduce the
threshold for eliciting seizures.

KINDLING ELIMINATES THE mGluR AGONIST-INDUCED
HYPERTOLARIZATION OBSERVED IN BASOLATERAL AMYGDALA
NEURONS. K.H.Holmes. V.L.Arvanov, N.B.Keele. and P.ShinnickGallaqher.* Dept, of Pharmacology and Toxicology, Univ. of Texas Medical
Branch, Galveston, TX 77555-1031.
Application of metabotropic glutamate receptor agonists such as 1s,3rACPD and L-CCG-I typically evokes a unique monophasic membrane
hyperpolarization or outward current in neurons of the basolateral amygdala
(BLA); this response is sometimes followed by a depolarization/inward
current. In contrast, the hyperpolarization/outward current is not observed
in kindled BLA neurons.
Intracellular recordings were obtained from in vivo amygdala-kindled,
sham-operated and naive rat BLA neurons in the submerged brain slice
preparation. Compared with naive and sham recordings, kindled neurons
exhibited several clear differences such as: (1) the absence of mGluRagonist induced hyperpolarizations/outward currents even though
depolarizations/inward currents were recorded routinely; (2) spontaneous
bursting; (3) lower threshold concentrations for producing mGluR-agonist
induced membrane responses; (4) rhythmic patterns of bursting during
superfusion with 1s,3r-ACPD; and (5) lower thresholds for burst responses
induced by synaptic stimulation of the external capsule.
Collectively, these findings indicate that amygdala-kindling causes lasting
changes in mGluR responses in the BLA. Furthermore, the hyperpolarizing
response eliminated by kindling may be a critical inhibitory component
which provides a braking mechanism to prevent epileptiform bursting in
naive BLA cells.
[Supported by NS-24643]
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EFFECT OF A POTENTIATING TETANUS ON HIPPOCAMPAL
IN VITRO KINDLING. L.S.Jones* and J.H.Hamilton. Dev. Bio.
and Anat., Univ. South Carolina Sch. of Med., Columbia, SC.
Hippocampal slices from two slightly different ages of
young rats (18-28 days and 29-50 days) were used to
examine the effects of a potentiating tetanus on subsequent
in vitro kindling. The slices (625 //m, standard techniques)
were placed in a submersion chamber with extracellular
recording electrodes in s. pyr. of CA1 and CA3. A
potentiating tetanus designed to produce LTP (100 Hz, 1 sec)
was delivered through a bipolar electrode in s.rad. of CA2
(Schaffer collaterals), then, at different time points after the
potentiating tetanus, 5, 15, or 30 min, the slices were
tetanized through the same electrode using an in vitro
kindling protocol that usually produces afterdischarges and
spontaneous, interictal-like bursting (Brn. Res. 344:296). The
effects of the potentiating tetanus on in vitro kindling were
measured using the following parameters of epileptogenesis:
afterdischarge number, amplitude, and duration, as well as
burst generation, frequency, amplitude, and duration. Results
from the two age groups indicated some maturational
differences in baseline epileptogenesis, in addition to a
modest facilitatory effect of the potentiating tetanus on
subsequent kindling in the slightly older rats when the
potentiating tetanus preceded in vitro kindling by 30 min.
Little effect of the potentiating tetanus was seen in the 1828 day rats in the parameters measured. Also, a potentiating
tetanus given through a different, heterosynaptic input
pathway (Mossy Fibers) 15 min before Schaffer collateral in
vitro kindling had little effect in either age group.
Work supported by NS27903.

EFFECTS OF NITRIC OXIDE SYNTHASE (NOS) INHIBITORS
ON IN VITRO KINDLING IN THE RAT HIPPOCAMPAL SLICE.
Sonia Y. Grooms* and Leslie S. Jones. Dev. Biol, and Anat.,
Sch. of Med., Univ. South Carolina, Columbia, SC 29208.
Effects of NOS inhibitors on an in vitro model of kindling
were investigated in the rat hippocampal slice. It has been
reported that NMDA receptor activation stimulates NOS and
cGMP production and that the interruption of this pathway
interferes with LTP in the CA1 hippocampal field. Because
the induction of LTP and kindling both may involve NMDA
receptor activation, we tested the effects of NOS inhibitors
on the induction of interictal-like, spontaneous bursts and the
initial burst rate. 625 pm slices prepared with standard
techniques were placed in a submersion chamber with
extracellular recording electrodes in s. pyr. of CA1 and CA3
and stimulating electrodes in both s.rad. of CA2 and dentate
gyrus s. granulosum for activation of the Schaffer collaterals
(SC) and mossy fibers, respectively. Slices were monitored
for 30 min via input/output curves and then received a
maximum of 6 in vitro kindling trains through the SC
delivered at five minute intervals. Experimental groups were
washed in 100pM methyl-L-arginine, nitro-L-arginine (NOS
inhibitors), or methyl-D-arginine (inactive enantiomer of
methyl-L-arginine) for one hour prior to tetanization. With
NOS inhibitor pretreatment, fewer stimulus trains were
required to produce spontaneous bursts, and the frequency
of the induced bursting was increased significantly. These
results indicate that rather than preventing the induction of
kindling, NOS inhibition may facilitate the development, and
increase the rate, of spontaneous bursting in the rat
hippocampal slice. Work supported by NS27903 and
American Psychological Association.
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Identification of putative nitric oxide producing neurons in amygdala and hippocampus
in the electrical kindled rats using NADPH-diaphorase histochemistry. E. Talavera.
M. Sdnchez-Alvarez, G. Martfnez-Lorenzana. E. Sinchez-Islas. M. Ledn-Olea.
F.Pellicer. M. Condds-Lara. I. Omaha*. Div. Neurocien. Inst. Mex. Psiquiatrfa.
Tlalpan, Mexico 14370 D.F. Mexico.
Nitric oxide has been involved in the epileptogenesis process. The main goal of the
present study was to determine histochemically if NADPH-diaphorase, is modified in
amygdala and hippocampus in kindled rats. Ten male Wistar rats, weighing 290-310
g were divided in control (n=5) and kindled (n=5) groups. Animals from the kindled
group were stimulated in left amygdala twice daily, and were sacrificed with a
penthobarbital overdoses when they reach the criterium of ten generalized seizures.
Rats were perfused with paraformaldehyde solution (4%) in phosphate buffer (0.1
M,pH 7.4) and postfixed in this solution for 2 h. Then the brains were maintained in
sucrose solution (15%) during 24 h. The brains were sliced (40 pm) and NADPHdiaphorase histochemistry was carried out using by Vincent and Kimura’s (1) method.
Amygdalae (between A6.2 to A4.7) and hippocampus (between A7.2 to A2.7) were
analyzed according to Paxinos and Watson atlas. Cells with dark stain in each region
were counted and statUtically compared using Student "t" test . Amygdalae of the
control group showed 2.'9.66 ± 10.52 (mean±se) cells. Kindled rats presented 253.0
± 18.73 cells. When left and right sides were compared in control and kindled rats;
there was a significant incu.ise (p<0.05) in the number of cells in the amygdala
stimulated (134.6 ± 9.06) of kindled rats in comparison with the control group (105
± 7.9). Hippocampus demonstrated a slight reduction of the number of reactive cells
in kindled rats (33.66 ± 4.33) in comparison with the control group (51.33 ± 7.12).
Left and right sides were compared and a significant decrease (p< 0.05) was observed
in right hippocampus. The present data suggest that kindling process is associated with
a differential regulation in NADPH-diaphorase in amygdala and hippocampus.(1)
Vicent & Kimura: Neurosci 46: 755, 1992.

ELEVATION OF CONNEXINS -32 AND -43 mRNA IN THE KINDLED
AMYGDALA OF THE RAT. K. Elisevich*. S. Rempel. B. Leheta. B.
Smith. Epilepsy Research Laboratory, Henry Ford Hospital, Detroit, MI
48202
The role of gap junctions and electrotonic communication in the
neuronoglial population of epileptogenic tissue in kindled rats has been
studied as a putative mechanism underlying bioelectrical synchrony. Both
connexin-32 (Cx-32) mRNA expressed in neurons and connexin-43 (Cx-43)
mRNA expressed in astrocytes were studied under conditions of
epileptogenicity. Twenty male Wistar rats were implanted stereotactically
with bipolar electrodes targeting both the right and left basolateral amygdala
(bregma -2.8 mm, RL ± 5.0 mm, DV 8.5 mm). Ground and reference
electrodes were applied and, after a post-implantation recovery period of 10
days, all animals were kindled to reproducible Racine stage 5 seizures using
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constant current stimulation delivered at 24 hour intervals (biphasic square
wave, pw 1ms, duration Is, 60 Hz). All events were video-recorded and
the electrographic data stored. Five control rats were sham-operated. All
animals were sacrificed by C02 narcosis and decapitated. The region of the
right and left amygdala in both control and kindled rats was block
segmented and the RNA extracted for Northern blot. GFAP was used as a
control for the presence of astrocytes and GAPD was used as an internal
control for RNA signal quantitation. Normalized densitometric analysis
indicates that both Cx-32 and Cx-43 transcript abundance in the kindled
amygdala increased approximately 2-fold in comparison to control
supporting the notion that increased connexin mRNA expression may be
associated with induction of epileptogenicity.
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CHANGES
IN
CHOLEC YSTOKININ
mRNA
EXPRESSION
AFTER
AMYGDALA
KINDLED
SEIZURES. L.X. Zhang*. M.A, Smith. J.B, Rosen. G.
Massenburg. S.R.B. Weiss and R. M. Post. Biological Psychiatry
Branch, National Institute of Mental Health, Bldg. 10. Rm3N2l2,
Bethesda, MD 20892
Cholecystokinin (CCK) is thought to be an anticonvulsant
neuropeptide. However, its role in amygdala kindled seizures is
not clear. Therefore we examined changes in cholecystokinin
mRNA levels in different brain areas following amygdala
kindled seizures using in situ hybridization with a riboprobe
specific for rat CCK mRNA. A single stage 5 seizure reduced the
expression of CCK mRNA in the amygdala and in CA3 of the
hippocampus. In contrast, 5 consecutive kindled seizures
produced a consistent increase in CCK mRNA in cerebral
cortex, amygdala and CA1 of the hippocampus at 4hr after the
last seizure while no change was observed in CA3 and the
thalamus. These data suggest regionally specific alterations of
CCK mRNA may play a differential role in the evolution of
kindled seizures. Preliminary evidence also indicates that
electroconvulsive seizures increase CCK mRNA but with a
different time course.

DIFFERENTIAL REGULATION OF NMDA GLUTAMATE RECEPTOR
SUBUNIT mRNAs IN THE SON OF KINDLED RATS. W. Al-Ghoul. R.S.
Greenwood. R. Beach*. R.B. Meeker and J.N. Hayward. Dept. Neurology,
Univ. North Carolina, Chapel Hill, NC 27599.
Rats kindled to stage 5 seizures exhibit long-term increases in
vasopressin mRNA in the supraoptic nucleus (SON). To explore the
role of the NMDA receptor in this plastic change, we measured changes
in the expression of three different subunits of the NMDA receptor in the
SON of kindled rats relative to matched sham-stimulated controls. Rats
kindled to stage 5 seizures and sham-simulated rats were sacrificed one
week after stage 5 seizures in the kindled rats. NMDA receptor mRNAs
for subunits NMDAR1, NMDAR2C and NMDAR2D, the three most
abundant subunits in the hypothalamus, were measured by in situ
hybridization and quantitative autoradiography. Both regional and single
cell analyses revealed a small (19%) but nonsignificant increase in the
cellular densrty of NMDAR1 mRNA (28.9 + 1.5 to 34.5 + 1.3
grains/1 OOum2). In contrast, the content of NMDAR2D mRNA in cells of
the SON decreased dramatically in the kindled rats from a mean of 19.5 +
1.1 grains/100um2 to o .2 + 0.1 g raias/1OOum2 2 9 0% reduction). No

changes were seen for NMDAR2C mRNA. The large decrease in
NMDAR2D subunit mRNA expression in the SON of kindled rats in the
absence of major changes in NMDAR1 or NMDAR2C suggests that a
change in NMDAR2D subunit composition of the NMDA receptor may
play a role in the plastic changes in the SON. Supported by NIH Grants
NS3O923 and NS13411.
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THE COMPETITIVE NMDA ANTAGONISTS- APV AND NPC 17742,
RETARD BUT DO NOT ABOLISH CARBACHOL KINDLING IN THE
AMYGDALA AND HIPPOCAMPUS. D.M, Saucier* & D.P. Cain. Dept.
Psychology, The University of Western Ontario, London, Ontario, CANADA
N6A 5C2.
We examined the effects of two competitive NMDA antagonists, NPC
17742 (NPC) and APV on carbachol kindling, a stimulus with no known
interactions with the NMDA receptor. Rats received chronic implants of
chemitrodes in either the dentate gyrus (hippocampus) or the basolateral
amygdala. Following recovery, rats were injected with either NPC
(l5mg/kg, i.p.) or APV (7.5 pg in 0.5 pl, chemitrode) 1 hour (NPC) or 15
mins (APV) prior to an injection of carbachol (either 5 or 2.5 nM carbachol
in 0.5 pl, chemitrode). Epileptiform activity was measured via EEG and
behavioural measures (Racine, 1972). Administration of NPC or APV did
not result in the abolition of seizures in either the hippocampus or the
amygdala. The group receiving NPC + carbachol in the hippocampus
required more injections of carbachol than the control group, indicating a
retardation of the development of seizures (p<0.05). There was no
retardation effect observed in the amygdala (p>0.05). Pre-administration of
either APV or NPC to the control group one week following the last seizure
did not affect the severity of the subsequent seizure (duration and
behavioural seizure produced, p>0.05). We interpret these data as indicating
that NMDA contributes to, but is not obligatory for the development of
carbachol seizures. Supported by NSERC. to DPC.

PSYCHOSOCIAL STRESS AND EPILEPSY: AN EXPERIMENTAL
APPROACH USING THE KINDLING MODEL.
HJ.A. Beldhuis,
T. Suzuki, A.M.S. Geurtsen and B. Bohus. Centre for Behavioural and
Cognitive Neurosdences, Department of Animal Physiology, University
of Groningen, P.O. Box 14, 9750 AA HAREN, The Netherlands. SPON: ENA
Psychosocial stimuli of a stressful nature contribute to the
development and expression of disease in man, f.e. relationships between
stress and epilepsy have been proposed by clinical observations.

Although animal models are suitable to study stressors, the relevance to
humans of findings obtained in animals using classical laboratory
stressors may be questioned. Over the last decade we have employed a
natural stressor of rodents, i.e. dominant-subordinate relationships based
on socially aggressive interactions. In our studies we investigated the
consequences of social stress of victory and defeat experience on the
development and expression of epilepsy-like phenomena induced by
kindling of the amygdala in male rats. These studies showed that the
type of psychosocial stress experience is of importance for the
development and progression of epilepsy-like events. Repeated winning
of the fights appeared to slow down the progression of partial seizures
into generalized convulsions. Surprisingly, repeated defeat stress had no
dramatic effect on the development of kindling. Antagonizing the effects
of steroids, which are profoundly released in response to a stressful
event, resulted also in a retardation of the kindling development. The
glucocorticoid receptor antagonist was more effective than the
mineralocorticoid one. Taken together, it appears that control of the
social environment by the individual has profound consequences for the
development of epilepsy-like phenomena in the rat. These investigations
were financially supported by the Research Committee on Epilepsy
(CLEO A87).
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PLATELET MITOCHONDRIAL RESPIRATORY CHAIN FUNCTION IN
PARKINSON’S DISEASE. C.I. BLAKE1'2. E. SPI'TZ! M. LEEHEY2, B.J.
HOFFER1’3. and S.J. BOYSON*2,3. Psychiatry^. Neurology2, and Pharmacology^

EFFECTS OF L-DOPA ON MITOCHONDRIAL RESPIRATION IN HUMAN
FIBROBLASTS. P. Werner. G. Cohen and C. Mvtilineou*. Dept. of Neurology,

Depts., University of Colorado Health Sciences Center, Denver, CO 80262.
Abnormalities in mitochondrial respiratory chain (MRC) function may contribute
to the development of Parkinson’s disease (PD) as complex I (NADH ubiquinone
reductase, Cl) activity is inhibited by MPP+ (1-methyl-4-phenylpyridinium), which
destroys substantia nigra dopaminergic neurons and causes a clinical syndrome
indistinguishable from PD, and Cl in PD has been reported by some, but not other,
investigators to be decreased in substantia nigra, muscle, and platelets. We therefore
performed spectrophotometric measurements of MRC [Cl; complex III (ubiquinol
cytochrome c reductase, CIII); complex IV (cytochrome c oxidase, CIV)] and
citrate synthase (CS) activities in mitochondria of platelets obtained from pheresis
of PD (N = ll) and control [N = ll (CIII: N=8)] subjects. Results of MRC
activities are listed below:
Enzyme
Cl (nmol/min/mg)
CIII (min^mg*!)
CIV (min'1mg'1)
CS (nmol/min/mg)

PD (mean + s.d.
30.7 + 10.6
8.2+ 2.7
10.7 + 3.5
454 + 106

Control (mean + s.d.)
37.9 + 14.3
13.5+4.9 (p<0.01)
12.8+4.3
568 + 131 (p<0.04)

CIII/CS was also decreased in PD vs. control (p<0.04) and CI activity in PD was
correlated with CIII activity (r2=0.423; p=0.03). CIII may,therefore, be involved
in the pathogenesis of PD in some individuals. (Support by USPHS grant NS29203, a Cotzias Award (to (S.J.B.), and the Dystonia Medical Research
Foundation.)
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Neurobiology and Biochemistry, Mt. Sinai Sch. of Medicine, New York, N.Y.
10029.
Mitochondrial respiration was assessed in human embryonic fibroblast cell
cultures by measuring the oxidation of [2-14C]pyruvate and [g,4-14C]succinate.
Cell suspensions or homogenates were used for the assays.
Pyruvate
oxidation was rotenone sensitive (>95% inhibition by 50 nM rotenone), and the
uncoupler FCCP stimulated both pyruvate and succinate oxidation, showing the
involvement of mitochondrial respiration. Treatment of fibroblast cultures with
200 pM L-dopa for 48 hours reduced pyruvate oxidation by 46%, while
succinate oxidation was not affected. Similar results were obtained with either
cell suspensions or homogenates, indicating that transport of the aminoadds
through the cell membrane did not interfere with the assay. The reduction of
pyruvate oxidation by L-dopa was dose-dependent at concentrations from 100
to 400 pM. Removal of L-dopa from the medium resulted in a gradual return

of pyruvate oxidation to control levels after 7 days. Ascorbic acid (200 pM)
prevented the L-dopa effect on pyruvate oxidation. Ascorbate also caused a
significant increase in pyruvate oxidation in both control and L-dopa treated
cultures. Lipoic acid (100 pM) also increased pyruvate oxidation in fibroblast
cultures but did not prevent the inhibition of pyruvate oxidation caused by Ldopa. We have recently developed a method to study mitochondrial respiration
in intact brain cells. Rat embryonic mesencephalic cells are plated in 25 cm2

flasks in medium containing 10% fetal calf serum and 10% horse serum, which
supports both neuronal and glial growth. Rotenone-sensitive pyruvate oxidation
can be measured directly in the flasks with intact mesencephalic cultures.
Supported by NIH, NS-23017, NS-30898 and Gottlieb Daimler-und Karl BenzStiftung, Germany (PW).
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LIPID PEROXIDATION, MAO ACTIVITY, TRACE METALS
AND NEURODEGENERATIVE DISEASES, C. RiOS*, A.
Santamaria,S. Bravo.R.Alvarez.P. Rojas.L. Osorio,
S. Galvan. P. Perez, A. Flores and P. Bautista.
Neurochem. Dept., Natl. Inst. Neurol. Neurosurg.,
Mexico 14269.
Basal ganglia disorders, such as Parkinson's
(PD) and Huntington's (HD) diseases have been
associated with changes in redox status of
neurons. Redox imbalance increase free radicals
formation and consequent lipid peroxidation (LP).
Striatum has a high rate of oxygen species
production due to
its high content of trace
metals, such as Cu, and the high formation of
H2O2, a subproduct of MAO activity. We tested the
participation of Cu, Mn; MAO activity and the
resulting LP in two models of basal ganglia
diseases: MPTP/MPP+ administration to mice (PD
model) and quinolinate (QUIN) striatal injection
to rats (HD model). Striatal Cu content was
diminished
(54%) after MPTP administration while
it was increased (152%) after QUIN injection. LP
was increased in both models after administration
of drugs. MAO-B activity inhibitors inhibited
MPP+-induced LP in mice striata. Results suggest
that induction of the models resulted in specific
changes in Cu that could be related to LP
enhancement. CONACYT grant 1478 M-9207.

IN VITRO TRAPPING OF FREE RADICALS BY THE MONOAMINE OXIDASEB INHIBITORS DEPRENYL AND MDL 72,974A. C.E. Thomas. RJ. Dinerstein*
and D.F. Ohlweiler. Marion Merrell Dow Research Institute, Cincinnati, OH 45215.
The generation of active oxygen species such as H2O2 and the hydroxyl radical
(•OH) have been proposed to play a role in dopaminergic toxicity such as that
associated with MPTP intoxication or in Parkinson's disease. Production of H2O2
via the action of monoamine oxidase-B (MAO-B) could therefore contribute to
oxidative stress and neuronal damage. The MAO-B inhibitor deprenyl has recently
been shown to trap •OH in animals administered MPP+ suggesting that its
therapeutic efficacy may also be related to direct radical trapping. We have examined
radical trapping by deprenyl in vitro and compared it to the selective MAO-B inhibitor
MDL 72,974A. Fenton's reagent was used to generate •OH and the formation of 2,5
and 2,3-dihydroxybenzoate from salicylate was used to determine •OH trapping by the
compounds. Both agents competed similarly with salicylate for •OH while the
structurally related compound benzoic acid, used in vitro to identify •OH-dependent
processes, had minimal activity. Using electron paramagnetic resonance (EPR)
spectroscopy, both compounds were shown to prevent the formation of an adduct of
•OH with the nitrone spin trap 5,5-dimethyl-1-pyrroline-N-oxide (DMPO). MDL
72,974A was a better •OH trap than deprenyl as evidenced by a near complete
prevention of the DMPO adduct when present at equimolar concentration. The
compounds were next examined for their ability to prevent liposomal peroxidation
initiated with the peroxyl radical generator 2,2'-azobis(2-amidinopropane) (ABAP).
Deprenyl generated a strong false positive when the commonly employed
thiobarbituric acid reactive substances (TBARS) assay was used, thus peroxidation
was monitored by conjugated diene formation. Deprenyl inhibited ABAP-dependent
peroxidation with an IC50 of 78 pM as compared to 4.2 mM for MDL 72,974A.
Overall, these results indicate that both compounds could scavenge the highly
reactive •OH if present in sufficient concentration in the region of •OH formation.
The mechanism contributing to the difference in peroxyl radical trapping will be
examined more closely and its effect on lipoxygenase activity evaluated.

175.5

175.6

SUPPRESSION OF FERROUS CITRATE-INDUCED HYDROXYL
FREE RADICAL FORMATION AND NIGRAL INJURY: NITRIC
OXIDE VERSUS SODIUM NITROPRUSSIDE. K.P. Mohanakumar
and C.C. Chiueh*. Unit on Neurotoxicology and Neuroprotection,
Laboratory of Clinical Science, NIMH, NIH, Bethesda, MD 20892
Among reactive oxygen species, nitric oxide radicals (NO) are
three orders less reactive than hydroxyl radicals (*OH). We
propose that NO may scavenge the more reactive *OH and thus
neutralize free radical induced chain reactions and neurotoxicity.
Ferrous citrate, a tridentate mononuclear iron complex,
generated cytotoxic *OH (assayed by salicylate hydroxylation) and
produced lipid peroxidation, oxidative nigral injury and striatal
dopamine depletion following the intranigral infusion of the small
mass iron complex (2.1 to 8.4 nmol). Ferrous citrate-induced *OH
formation and nigral loss were suppressed by dihydrolipoic acid
(a potent antioxidant). In addition, sodium nitroprusside (a NO
donor and ferrocyanide compound) augmented the generation of
•OH and the oxidative nigral injury produced by ferrous citrate.
Intranigral infusion of NO in Ringer's solution caused neither
lipid peroxidation nor neurotoxicity while the treatment significantly
suppressed ferrous citrate-induced •OH formation and nigral
injury. These possible neuroprotective effects of NO* may be the
consequence of its ability to suppress the generation of cytotoxic
•OH stimulated by the small mass iron complex, ferrous citrate.

ROLE OF NITRIC OXIDE AND S-NITROSOTHIOL ADDUCTS IN
THE CONTROL OF DOPAMINE AUTOXIDATION. Inge bora
Hanbauer*. John Cook . MuraJi Krishna and David A. WinR. Lab.
Chem. Pharmacology, National Heart, Lung, and Blood Institute;
Radiation Oncology Branch and Lab. Comparative Carcinogenesis, National Cancer Institute, Bethesda, MD. 20892.
Reactive oxygen species facilitate the oxidative metabolism of
dopamine and may cause tissue-specific vascular damage and
neurodegeration. Because endogenously formed NO was implicated in cytotoxicity and was shown to play a role in neuromodulation, we studied the effect of NONOates on the oxidative metabolism of dopamine. Under aerobic but not anaerobic conditions
NO gas, SNAP or DEANO enhanced the formation of the dopamine semiquinone radical (DSQR) as detected by its distinctive
electron spin resonance spectrum. Under anaerobic conditions
readmittance of oxygen into the same sample resulted in DSQR
formation. These data indicate that a NO I oxygen intermediate
was required for the initial single electron transfer out of dopamine. When S-nitroso-L-glutathione was used as a NO donor,
DSQR formation failed to occur. Addition of glutathione caused
a dose-dependent decrease in the DEANO-elicited DSQR
formation. These results suggest that the NO I O2 intermediate
forms a S-NO adduct with glutathione which may function as a
scavenger for reactive oxygen or NO I oxygen species.
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ENDOGENOUS DIHYDROXYISOQUINOLINES DERIVED FROM
DOPAMINE
AS
PRODUCERS
AND
SCAVENGERS
OF
HYDROXYL RADICALS W. Maruyama*1,, P. Dostert 2 and M. Naoi3
^Dept. Neurol. Nagoya Univ. Sch. Med., Nagoya, Japan, 2Faimacia-Carlo Erba,
Milan, Italy and 2Dept. Biosciences, Nagoya Inst. Technol., Nagoya, Japan
Recently dopamine-derived 6,7-dihydroxy-1,2,3,4-tetrahydroisoquinoline (DHTIQ)
has been proposed as a candidate of dopaminergic neurotoxins to elicit Parkinson's
disease in human.
In the
brain
l(R^-methyl-6,7-dihydroxy-1,2,3,4tetrahydroisoquinoline [l(R>MeDHTIQ, salsolinol] is synthesized from dopamine by
condensation with pyruvic acid, and then through two reactions; decarboxylation and
reduction. It was found to be methylated in the brain by an N-methyltransferase into
l(R),2(N)-dimethyl-DHTIQ [ 1(R),2-DiMeDHTIQ], which is further oxidized into
1,2-dimethyl-6,7-dihydroxyisoquinolinium ion (l,2-DiMeDHIQ+). By injection into
the striatum of Wistar male rats, l(R),2-DiMeDHTIQ and l,2-DiMeDHIQ+ were
proved to cause necrosis in the striatum. The oxidation of l(R),2-DiMeDFTTQ was
found to produce hydroxyl radical, as shown by HPLC-electrochemical detection after
derivatization with salicylic acid. The radical production was reduced by ascorbic acid
and reduced glutathione, and also by catalase, superoxide dismutase, and
deferoxamine, while iron (Il) increased the radical formation. The results suggest that
hydroxyl radicals were produced from a reaction product, hydrogen peroxide, by the
Fenton reaction. In vivo studies using a microdialysis method showed that l(R),2DIMeDHHQ increased level of hydroxyl radicals in the rat striatum. On the other
hand, 1-MeDHTIQ and l,2-DiMeDHIQ+ reduced hydroxyl radical levels. Also in
vitro studies demonstrated that 1-MeDHTIQ and l,2-DiMeDHIQ+ were scavengers of
hydroxyl radicals produced by autoxidation of dopamine. These results suggest that
dopamine-derived 1,2-DiMeDHTIQ may be neurotoxic by the oxidative stress and/or

A KINETIC ANALYSIS OF THE CEREBRAL UPTAKE AND
METABOLISM OF [3H]TYROSINE IN THE LIVING RAT.
P. Cumminq*. A. Ase. C. Laliberte, and A.
Giedde. Montreal Neurological Institute, McGill
University, Montreal, Que., Canada H3A 2B4.
Transfer coefficients for a number of
steps in the cerebral uptake and metabolism of
UHJtyrosine (200 pCi, i.v. bolus) were measured
in brain of rats pretreated with the DOPAdecarboxylase inhibitor NSD 1015 (100 mg/kg).
The arterial plasma and brain curves for free
[3H]tyrosine were used to estimate unidirectional clearance (K,, ml g'1 min'1) and the
equilibrium distribution volume (V., ml g' ' ).
The labelled tyrosine, protein and DOPA curves
in . brain were used to estimate separately
protein
synthesis
(kproj,
min'1),
tyrosine
hydroxylase activity (k Ju ) and the net cleai—
ance of [3h ]DOPA from striatum (kqj , 0.1 min-1),
reflecting the sum of 0-methylat1 on in situ and
facilitated diffusion of pH]D0PA from brain.
K<
Ve
k_ .x
k-ru
striatum
0.075
0.4 1 0H.021
0.008
cortex
0.079
0.43 0.026
0.000
The mean plasma tyrosine concentration, 64 pM,
predicts a brain concentration of 26 pM, and
DOPA synthesis of 0.2 pM min-1 in striatum.

inhibition of ATP synthesis, while 1-MeDHTIQ and l,2-DiMeDHIQ+ may be
neuro-protective by production and scavenging hydroxyl radicals in the brain.
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INTRASTRIATALLY ADMINISTERED DOPAMINE: EVIDENCE OF
SELECTIVE NEUROTOXICITY ASSOCIATED WITH DOPAMINE
OXIDATION. T.G. Hastings*. D.A. Lewis, and MJ. Zigmond. Departments
of Neuroscience and Psychiatry, Univ. of Pittsburgh, Pittsburgh, PA 15260
Oxidation of dopamine (DA) results in the formation of reactive oxygen

INTRASTRIATAL DOPAMINE OXIDIZES TO QUINONES: ROLE OF
ENDOGENOUS GLUTATHIONE. A.D. Rabinovic, MT. Zigmond*. and T.G.
Hastings. Dept, of Neuroscience, Univ. of Pittsburgh, Pittsburgh, PA 15260.
Under conditions of increased dopamine (DA) availability or decreased
antioxidant capacity, DA will oxidize to form reactive oxygen species and
DA quinones. We have shown that intrastriatal injection of DA results in

species and quinones. Although brain is normally protected against the toxic
effects of these compounds, a prolonged imbalance between DA availability
and antioxidant capacity in cytoplasm or extracellular fluid might lead to

cellular damage. We have shown that DA can bind to protein in vitro and
this occurs subsequent to DA oxidation. Acid hydrolysis of the protein
revealed the presence of cysteinyl (cys)-DA and cys-DOPAC residues. In the
present study, high concentrations of DA (0.05-1.0 pmol in 2 pl) were injected
into neostriatum and tissue in the injection region was assayed 24 h later.
Protein-bound cys-catechols rose in proportion to the concentration of DA
injected, increasing by least 100-fold above baseline at the highest dose.
After 7 d, cellular damage and gliosis was observed at the injection site and
this was surrounded by a region of specific loss of tyrosine hydroxylase
(TH)-immunoreactivity (IR) with no detectable loss of synaptophysin-IR or
alterations in cellular architecture. The extent of damage was again
dependent upon the DA concentration. Co-administration of DA with an
equimolar concentration of ascorbate or glutathione greatly reduced both
protein cysteinyl-catechol formation and the loss of TH-IR. The cys-DA
formed in response to DA (1 pmol/2 pl) was increased slightly (+78%) by
pretreatment with GBR-12909 (20 mg/kg), and rose 12-fold after administration of pargyline (75 mg/kg). These findings suggest that DA can cause
specific toxicity to dopaminergic neurons and that this results from DA
oxidation, and may have implications for pharmacotherapy in the
treatment of Parkinson's disease. (Supported by NS19608 and NS09076.)
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DA oxidation as indicated by the binding of DA and
dihydroxyphenylacetic acid (DOPAC) to protein and the consequent
recovery of cysteinyl-catechol residues. These effects could be attenuated by

co-injection of glutathione (GSH) or ascorbate, as could the selective loss of
tyrosine hydroxylase immunoreactivity. We therefore examined the effect
of reducing endogenous GSH on the formation of reactive metabolites of DA
following intrastriatal DA injections. To reduce GSH levels L-buthionine
sulfoximine (BSO, 1.6 mg) was administered intraventricularly 24 and 48 hr
prior to analysis. BSO reduced GSH in striatal tissue (-66%; control, 1.85 ±
0.16; BSO: 0.63 ± 0.04 nmol/mg tissue). Intrastriatal DA (1 pmol) also
decreased GSH (-34%) and this effect was potentiated in BSO-treated rats
(-57%). A lower dose of DA (0.05 pmol) resulted in an attenuated pattern of
GSH depletion (DA alone, -7%; DA + BSO, -35%). BSO pretreatment did
not alter the amount of protein-bound cysteinyl-catechols formed after DA
injection. We conclude that DA can present a serious stress to existing
antioxidant levels and that this can be exacerbated if GSH synthesis is
compromised. This may be of significance in the etiology and treatment of
Parkinson's disease (PD), since lowered levels of GSH and GSH peroxidase
have been observed in both PD patients and preclinical, asymptomatic
Lewy body patients. (Supported by USPHS grants NS19608 and NS09076.)

175.11

175.12

HYDROXYL RADICAL FORMATION IS INCREASED IN RAT STRIATUM
AFTER L-DOPA TREATMENT.
L.P.Liang*, T.G.Hastings, and
M.J.Zigmond, Department of Neuroscience, University of Pittsburgh,
Pittsburgh PA 15260
The principal treatment for Parkinson's disease is L-3,4-dihydroxyphenylalanine (DOPA). However, DOPA and dopamine (DA), to which
DOPA is converted, can have neurotoxic effects. This neurotoxicity has been
attributed to the formation of reactive oxygen species, including hydroxyl
radical (*OH) and catechol quinones. Although *OH cannot be detected
directly, it combines with exogenous salicylate to form dihydroxybenzoic
acid (DHBA) which is readily quantified by HPLC with electrochemical
detection. In this study 6-hydroxydopamine (6-OHDA) (4 pg) was placed
along the nigrostriatal projection to produce a 90-95% loss of striatal DA
terminals. One week postoperatively, a concentric microdialysis probe (200
pm in diameter) were implanted into the striatum and 18 hr later salicylate
(2 mM in the probe) was infused. Three hours after the onset of salicylate
administration, the peripheral decarboxylase inhibitor R04-4602 (50 mg/kg,
i.p.) was administered, followed 30 min later by DOPA (100 mg/kg); 2,3DHBA and DA were then measured in the dialysate. DOPA caused a 10to 20-fold increase in extracellular DA in the striatum of rats lesioned with
6-OHDA but little or no change in the striatum of intact rats. Furthermore,
there was a 69% increase in the extracellular levels of 2,3-DHBA in
lesioned rats but no significant change in control animals. Intact animals
given an inhibitor of high affinity DA uptake, GBR-12909 (20 mg/kg),
showed intermediate increases in DA and 2,3-DHBA in response to DOPA.
These results suggest that in partially lesioned animals, DOPA treatment
may significantly increase the extracellular concentration of reactive DA
metabolites, including *OH. (Supported by grants NS19608 and NS09076.)

EFFECT OF PARTIAL LESION OF SUBSTANTIA NIGRA ON STRIATAL
LEVELS OF DA UPTAKE SITES, DA Dj AND D2 RECEPTORS, DA D2 AND
PREPROENKEPHALIN mRNAs IN THE RAT. M. Chritin^V. Blanchard2. F.
U.318, Pavilion de Neurologie, CHU de Grenoble, BP 217, 38043 Grenoble cedex 9; 2.
INSERM U.289, Hopital Salpetriere, Paris, France.
Partial lesion of the nigrostriatal dopaminergic pathway in the rat represents an
animal model that reproduces the presymptomatic situation of Parkinsonian patient. In
this model, only DA neurons located on the lateral part of substantia nigra pars
compacta (SNC) were destroyed by unilateral stereotaxic injection of 6hydroxydopamine. Striatal levels of DA uptake sites, DA Dj and D2 receptors, DA D2
and preproenkephalin (PPE) mRNAs were studied by quantitative autoradiography and
in situ hybridization (ISH) one month after lesion. Using an image analyser system
(SAMBA 2005, Alcatel T.I.T.N., France) two striatal regions were differentiated: one
corresponding to the denervated area and the other one being non affected by the lesion.
This distinction between these two regions was carried out by using a marker of DA
uptake sites (3H-GBR 12935) that allows the vizualisation of striatal DA terminals.
Topographically, the disappearance of DA terminals affects preferentially the lateral
part of the striatum and concerns 30 to 70% of the total surface of this structure. No
modification of the striatal levels of the different parameters studied here (DA uptake
sites, DA D1 and D2 receptors, D2 and PPE mRNAs) was observed in the striatal
denervated region comparatively to control values. However, it was interesting to note
that density of Fos immunolabelling induced by amphetamine was different according
to the striatal region analyzed and clearly demonstrated that target striatal cells located
on DA denervated part of the striatum are sensitized to the partial lesion. The fact that
we did not observe any hypersensitivity of DA parameters suggests the existence of
compensatory mechanisms induced by remaining DA neurons after lesion of the lateral
SNC. Such direct (diffusion of DA itself) or indirect (intra or between cells)
mechanisms which are able to compensate the intrastriatal DA deficit could certainly
explained the tardive apparition of symptoms in Parkinsonian patients.

175.13

175.14

REGULATION OF DOPAMINE SYNTHESIS AND RELEASE BY D2 AND
NMDA RECEPTORS IN THE STRIATUM OF NORMAL AND PARKINSONIAN
RATS AND MICE. A. Jung. M. Richard, J. Bennett*. Dept of Neurology, Univ.
of Va. Sch. of Med., Charlottesville, VA 22908.
The effects of partial nigrostriatal tract degeneration in rats (induced by 6OHDA) and mice (induced by MPTP) on presynaptic regulation of striatal
dopamine (DA) synthesis and release, as well as DA neuron D2 receptor
mRNA expression were investigated using HPLC analysis of brain tissue
homogenates, in situ hybridization histochemistry, and in vivo microdialysis.
In rats and mice with partial nigrostriatal tract degeneration, per terminal DA
synthesis (measured by DOPA accumulation following inhibition of DOPA
decarboxylase with NSD-1015 and subsequent HPLC analysis of striatal tissue
homogenates) was significantly increased compared to unlesioned controls.
Furthermore, the D2 receptor antagonist haloperidol and the D2 receptor agonist
quinpirole maintained their abilities to increase or decrease DA synthesis,
respectively, suggesting that D2 receptor-mediated auto-inhibition of DA
terminals remains intact in the striata of animals with experimental Parkinson's
disease. Using in situ hybridization histochemistry in rats partially lesioned with
6-OHDA we demonstrated that surviving DA neurons in the substantia nigra
compacta maintain expression of D2 receptor mRNA. In vivo microdialysis was
used to study the effects of acute, local NMDA receptor antagonism on the
synthesis and release of DA from nigrostriatal terminals in the striatum of
normal and 6-OHDA lesioned rats. The competitive NMDA receptor antagonist
AP-5 increased synthesis and release of DA in the striatum of unlesioned rats,
suggesting that excitatory amino acids have a tonic inhibitory influence on DA
terminals via the NMDA receptor. Furthermore, the effect of AP-5 was
significantly less pronounced in rats with 6-OHDA lesions, indicating a possible
compensatory decrease in the putative NMDA receptor-mediated inhibition of
DA terminals in these animals.

DOPAMINE D2 RECEPTOR pRD2) AND CYTOCHROME P-45OIID6 (CYP2D6):
TWO NON-INTERACTING SUSCEPTIBILITY LOCI WHOSE EFFECTS ARE
DELINEATED BY AGE OF ONSET IN PARKINSON'S DISEASE.
S.D.
Flanagan*, N.E. Slatkin, C. Buzin and R. Gysin. Division of Neurosciences,
Beckman Research Institute of the City of Hope, and Department of Neurology,
City of Hope Medical Center, Duarte, CA 91010.
The factors that are known to influence dopaminergic neuron survival include
age, levels of antioxidants and exposure to neurotoxins. We present evidence
that CYP2D6 and the DRD2 genes are two susceptibility loci for Parkinson's
disease (PD) that are, by themselves, neither necessary nor sufficient to cause
PD. We began our study with the expectation that the two genetic factors
would operate synergistically in conferring risk for PD. In order to test this
hypothesis, PD patients were surveyed for clinical history and requested to
provide a blood sample for genetic analysis. We found that age at onset of
symptoms proved to be a crucial variable in our study. The percentage of PD
patients with age of onset 45 years or later who carried the CYP2D6 low

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

Javov-Agid2. R. Raisman2£, Feuerstein1 and M. Savasta1*- 1- INSERM-LAPSEN

debrisoquine metabolizing B allele was 51%, significantly greater than literature
controls and higher than reported for other PD groups. In contrast, the
frequency of the DRD2 TaqAl prevalence among patients whose symptom onset
was apparent before age 40 was among the highest reported for any patient
population. We conclude that CYP2D6 is a minor risk factor among PD patients

presenting before age 40, but that, after age 45, the CYP2D6 locus exerts a highly
significant risk factor. On the other hand, we found the DRD2 locus confers a
significant risk for PD patients whose onset was apparent prior to 40. However,
unlike CYP2D6 risk alleles, there was a trend for elevation among later age of
onset PD patients for the DRD2 TaqAl allele when compared with Caucasian
populations. These studies suggest that combining age of onset and susceptibility allele status may determine PD subtypes, which may prove of clinical utility
in the design of more effective personalized treatment protocols.______________
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BROMOCRIPTINE, A D-2 AGONIST, DECREASES LEVELS OF GLUTAMATE,
ASPARTATE, ARGININE AND CITRULLINE IN GERBIL STRIATUM. X
Delbarre*. G. Delbarre and F. Calinon. F. de M6decine, 37032 Tours.
Recently, glutamate and nitric oxide (NO), by their interaction with
dopamine (DA) in striatum, have been implicated in Parkinson’s
desease. To determine the role of these neuromediators, we used
Mongolian gerbil because of its striatal dopaminergic function. We
studied bromocriptine (5-1-0.5-0.25-0.125 mg/kg) on rearing,
specific of D-2 activity, and we used the more effective dose, 0.5
mg/kg, to determine levels of Glutamate (Glu.), Aspartate (Asp.),
Arginine (Arg.) and Citrulline. (Cit.) in caudate nucleus, by
HPLC/electrochemical method.
Ara.
Cit.
(ua/ma of Drot eins)
Glu.
Asd .
Control
1.87
0.57
Mean
7.78
2.01
0.04
0.19
(n=7)
± sem
0.44
0.39
0.52 a
2.21 a
0.11 a
Mean
0.46 a
Bromocriptine
0.07
0.02
(0.5 mg/kg-n=7) ± sem
0.06
0.23
Unpaired Student t test versus Control Group (a : d < 0.001 V.
Bromocriptine (0.5 mg/kg, i.p., 30 min. before dissection)
significantly decreases (p < 0.001) levels of Glu., Asp., Arg. and Cit.
The activation of D-2 receptor decreased levels of DA. Recently, D-2
agonists have been implicated as an inhibitor of both Glu. and Asp.
release. NO has been reported to increase DA release from striatum.
The role of Glu., Asp., Arg. and Cit. has to be taken into account in the
pathology of Parkinson’s desease. This study provides a new
understanding of drugs research in Parkinson.

EFFECT OF 3,4-DIHYDROXYPHENYLALANINE ON REGIONAL
CONCENTRATIONS OF S-ADENOSYLMETHIONINE IN RAT
BRAIN. JW Miller*. R Villalobos-Molina. NP Jimenez. J Selhub. JA
Joseph. Neuroscience and Vitamin Bioavailability Labs, USDA Human
Nutrition Research Center on Aging at Tufts University, Boston MA,

02111.

3,4-dihydroxyphenylalanine (L-Dopa) is regarded as the most effective
treatment for Parkinson’s disease. Over time, however, there is a
declining response to L-Dopa characterized by dyskinesias, sudden and

gradual losses of mobility, confusion, and psychosis. A postulated
explanation for these side-effects is that L-Dopa treatment may lead to
increased oxidative damage due to elevated free-radical production.
Alternatively, these side-effects may be related to the decrease in Sadenosylmethionine (SAM) concentration observed in brain in response
to L-Dopa treatment. This decrease is due to the use of SAM as a methyl
donor in the methylation of L-Dopa by the enzyme catechol
o-methyltransferase (COMT). In the present study, we determined in rats
the effect of L-Dopa administration (100 mg/Kg BW IP, 2x/day, 6 days)
on SAM concentration in different regions of the brain. Rats were killed
by CO2 asphyxiation 1 hr after the last dose of L-Dopa and their brains
immediately removed and dissected on ice. After extraction with
perchloric acid, SAM was determined by HPLC with UV detection.
Significantly lower SAM concentrations were found in striatum,
hippocampus, and cortex of the L-Dopa treated rats as compared to those
treated with vehicle alone (p < 0.01). This is in contrast to Ever in which

no effect of L-Dopa on SAM concentration was observed. We are
presently exploring the possible effects of decreased SAM in brain on
various reactions requiring SAM as the methyl donor.

175.17

S-ADENOSYLMETHIONINE DECREASED CEREBRAL TYROSINE
HYDROXYLASE: RELATIONSHIP TO PARKINSON'S DISEASE
ASSOCIATED DEPRESSION. B. Crowell*. C. Charlton,
J. Mackand R. Sharan. Department of Pharmacology,
Meharry Medical College, Nashville, TN 37208.
Substantia nigra (SN) degeneration and dopamine
(DA) depletion are the cause of tremor, rigidity
and hypokinesia in PD. Depression is also an
important PD symptom, but the cause is unknown.
That a decreased brain catecholamines (CA) caused
depression, and the finding that hypometabolism
occurred in the frontal lobe in depressed PD
patients (Mayberd et al, Ann. Neurol. 28: 57,
1990) suggest that the CA system may be impaired
in the frontal cortex (FC) of PD patients with
depression. We used a rat model of parkinsonism
(Charlton and Crowell, Pharm Biochem and Behav.,
43: 423, 1992) to investigate this phenomena. Rats
were injected,
icv, with S-adenosylmethionine
(SAM), the methyl donor. Tyrosine hydroxylase (TH)
immunoreactivity (I) was deternined. A single dose
of SAM decreased TH-I in the SN cell processes.
Repeated doses depleted TH-I
in cell bodies and
processes in the SN, slightly reduced TH-I in the
caudate nucleus, and markedly decreased TH-I in
the FC.
SAM depleted DA and caused PD-like
impairments. Methylation increases in aging and
produces neurotoxins. Thus, methylation may serve
an anti-trophic role, precipitating PD and causing
depression in predisposed individual. Supported by
NIH grants RRO 3032, R01-28432 and R01-31177.
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IMMUNOLOCALIZATION OF CALCIUM BINDING
PROTEINS IN THE CEREBELLUM OF LURCHER
MUTANT MOUSE. PXS. Yig*. D. Desaiah. S.H. Subramonv.
M.R, Rao and J.D. Fratkin. Department of Neurology, University of
Mississippi Medical Center, Jackson, MS 39216-4505.
The distribution of three calcium binding proteins calbindin - D28K

PROTEIN MONO-ADP-RIBOSYLATION. A NEW PHARMACOLOGICAL
TARGET FOR THE TREATMENT OF NEUROLOGICAL CORRELATES OF
DIABETES MELLITUS. A. Gorio*. L. Donadoni. A. Bertelli. F. Borella. A.M. Pi
Giulio. DepL of Medical Pharmacol., Univ. of Milano, Via Vanvitelli 32, 20129
Milano, Italy
We have recently shown that in the retina of diabetic rats there is a functional
alteration of G-proteins with no changes in biosynthesis. We, then, hypothesized that
G-proteins reduced functions might be caused by endogenous inhibition following
postraslational modification of the proteins. G-proteins are particularly sensitive to
ADP-rybosilation following exposure to cholera and pertussis toxins. We have
observed that endogenous extranuclear mono-ADP-rybosilation of proteins occurrs in
most areas of the nervous system and other organs and it is sensitive to NO donors and
corticosteroids. In the retina there is mono-ADP-rybose incorporation in protein bands
of 1(0), 94,44 and 39 kD, being Gil-2 and Gi3 the proteins in the bands of 44 and 39
kD respectively. In experimental diabetic rats (8 weeks after alloxan injection),
endogenous mono-ADP-rybosilation is particularly active so that retina proteins,
above mentioned, are not able to incorporate ADP-rybose anymore. Insulin treatment
of diabetic rats normalizes blood glucose levels and prevents abnormal protein monoADP-rybosilation. Biopsies of human sural nerve from diabetic and non-diabetic
patients were also examined, we observed that in diabetic patients the extent of
endogenous mono-ADP-rybosilation is much higher than in controls. Therefore
enhanced protein mono-ADP-rybosilation might play a role in the onset of diabetes
correlates. Several chemical agents inhibit mono-ADP-rybosilation in vitro, we treated
diabetic rats with flavonoids (30 mg/kg/day) and we observed that the typical diabetic
hyperglicemia and body waste were not modified, while the excessive endogenous
protein mono-ADP-rybosilation was prevented. The biochemical effect was
accompanied by the prevention of the drop of substance P axonal transport occurring
in the sciatic nerve of diabetic rats.

(CaB), parvalbumin (PV) and S-100 was investigated by
immunohistochemistry in the cerebella of 15-day old control and
lurcher mice. In the control mice the cerebellar Purkinje cells, showed
strong immunoreactivity to CaB while the other cells were CaB
negative. Similarly, PV was also highly localized in the Purkinje
cells while moderate immunostaining was detected in basket, stellate

and Golgi cells. Strong S-100 immunoreactivity was detected in
Bergmann's glia. In lurcher cerebellum, the surviving Purkinje cells
were strongly immunoreactive to both CaB and PV. There was a
marked increase in the density of S-100 positive Bergmann's glia and
their fibers in the lurcher cerebellum as compared to the controls.
These results suggests that although a significant number of Purkinje
cells are lost in lurcher cerebellum at postnatal day 15, the surviving
Purkinje cells still show strong immunoreactivity to CaB and PV.
Therefore, degenerating Purkinje cells in lurcher cerebellum may not
lose their calcium (Ca2+)- buffering capacity.
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176.4

INSULIN-LIKE
GROWTH
FACTORS
(IGFs)
PREVENT
DIABETIC NEUROPATHY (IMPAIRED NERVE REGENERATION
AND HYPERA1LSESIA) IN RATS DESPITE HYPERGLYCEMIA.

REDUCTION IN INSULIN-LIKE GROWTH FACTOR (IGF)
GENE EXPRESSION IN NERVES PRECEDES THE ONSET OF
DIABETIC NEUROPATHY. L. Wuarin. D.M. Guertin and

H.X. Zhuanq, S.-F. Pu*. and D.N. Ishii. Physiol.
Dept. and Biochem. & Molec. Biol. Dept., Colorado
State Univ., Fort Collins. CO 80523.
A new theory proposes that insulin, IGF-I and
IGF—II provide redundant neurotrophic support for
the peripheral nervous system, and that diabetic
neuropathy arises as a consequence of loss of IGF
activity (D.N. Ishii, in press). The prediction
that IGF-I and IGF-II gene expression is reduced
in diabetic nerves was tested and validated (see
poster by L. Wuarin et al.). Here we tested the
prediction that IGF administration can prevent
diabetic neuropathy. Subcutaneous infusion of
IGF-I or IGF-II, but not vehicle, significantly
ameliorated (P < 0.01) the development of hyperalgesia (paw pressure test:) as well as impaired
sciatic nerve regeneration in streptozotocin
diabetic rats.
This was observed despite
unabated hyperglycemia and weight loss, showing
that hyperglycemia is an associated rather than
causative factor for early neuropathy. IGF levels
are diminished in clinical diabetes, and reduced
further progressively with age.
Age
is an
important risk factor. IGF replacement therapy
may prevent diabetic neuropathy. (Supported by
grant ROl NS24327 from NINDS, NIH)
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D.N. Ishii*. Dept, of Physiol, and Dept, of
Biochem. and Molec. Biol., Colorado State Univ.,
Fort Collins, CO 80523.
The mechanism(s) causing diabetic neuropathy,
a common disabling complication of diabetes
mellitus, are not fully understood. Circulating
IGF levels are decreased in clinical diabetes.
Because IGFs are autocrine-paracrine factors with
neurotrophic properties, we tested the hypothesis
that IGF gene expression is reduced in peripheral
nerves early after the induction of diabetes.
Sciatic nerves from non-diabetic and streptozotocin-treated rats were removed 5-7 days after
the induction of diabetes. RNA was isolated and
analyzed on Northern and slot blots.
IGF-I mRNA
content per mg nerve was reduced by 71% as
compared to controls (P < 0.025) and IGF-II was
decreased by 54% (P < 0.01); this was partially
prevented by insulin replacement. By contrast
histone 3.3 mRNA and poly ( A)+ RNA levels were
unaffected by diabetes, showing that the reductions in IGF mRNA levels were selective. Nerve
wet weights were identical between groups. An
early reduction in IGF activity in nerves may be
pathogenic for diabetic neuropathy.
(Supported
by grant ROl NS24327 from NINDS, NIH).
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176.6

PERIPHERAL-TYPE BENZODIAZEPINE RECEPTORS IN AMMONIAINDUCED TOXICITY. M.D. Norenberg* and Y. Itzhak. Departments of
Pathology and Biochemistry & Molecular Biology, University of Miami
School of Medicine, & Veterans Administration Medical Center, Miami, FL
33101.
Hepatic encephalopathy (HE) is associated with increase in brain
ammonia levels and severe neurological dysfunction.
Since evidence
suggests a role for peripheral-type benzodiazepine receptors (PBRs) in HE,
the present study was undertaken to determine (i) the effect of ammonia on
PBRs expressed in cultured astrocytes, and (ii) the effect of various
benzodiazepine
receptor ligands on ammonia toxicity in mice.
Pretreatment of cultured rat astrocytes for 24h with 2,5 and lOmM
ammonium chloride resulted in 25,48 and 42% increase in the density of
PBRs labeled with [3H]PK11195, respectively. Intraperitonal administration
of ammonium acetate to Swiss Webster mice resulted in a dose-dependent
increase in mortality (LDJ0=10 mmole/kg). Pretreatment with the PBR
antagonist, PK11195, but not the agonist, Ro5-4864 (10 mg/kg, each)
reduced ammonia-induced mortality by 40%. The central benzodiazepine
receptor ligands, clonazepam and flumazenil, had no significant effect on
ammonia-induced mortality in mice. The up-regulation of PBRs in cultured
astrocytes caused by ammonia and the finding that blockage of these
receptors in vivo provides protection against ammonia toxicity, suggest that
PBRs are sensitive to ammonia.
These findings may assist in the
development of new agents for the management of HE and other conditions
associated with hyperammonemia. (Supported by NIH DK38153 and NS
30291, VA and GRECC).

REVERSIBLE INCREASE IN c-fos EXPRESSION IS LOCALIZED TO VULNERABLE
REGIONS OF THE THIAMINE DEFICIENT RAT BRAIN.
A.S. HazelT. W. Tetzlaff1, G.S. Robertson2, and A.M! Hakim3. Dept, of Neurology and
Neurosurgery, McGill University, Montreal, Quebec; Depts. of Physiology’ and
Pharmacology2, and the Neuroscience Research Institute3, University of Ottawa, Ottawa,
Ontario, CANADA.
Development of structural damage to the thalamus and inferior colliculus of the rat
during pyrithiamine-induced thiamine deficiency (PTD) may involve a glutamatemediated excitotoxic process and extended depolarization. Since the immediate early
gene c-fos is known to be associated with increased synaptic activity, its expression was
studied during PTD and following thiamine reversal. Male Sprague Dawley rats (275
g) were fed a thiamine deficient diet with administration of pyrithiamine. Acute
symptomatic animals were studied immediately following a loss of righting reflexes
(n=4). Other rats at the same stage of deficiency were replenished with thiamine and
allowed to survive for two days (n=4). Pair-fed controls (n=4) were placed on a similar
diet to PTD animals with adequate levels of thiamine added and limited in quantity to
that consumed by their thiamine deficient counterparts. In situ hybridization was
performed with an oligonucleotide probe to c-fos on 12 pm frozen sections. Increased
levels of c-fos mRNA were detected (normalized inverse optical density) and localized
to the thalamus (5.49±O.52) and inferior colliculus (9.O7±3.5O) of PTD rats when
compared with controls (O95±O.2O, p<0.005 and O.86±O.O7, p<0.05 respectively).
Thiamine replenishment prevented the development of major histological lesions and
was associated with low c-fos expression in vulnerable areas of the brain. The nonvulnerable parietal and occipital cortices maintained low constitutive expression of c-fos
in all groups examined. These data indicate that PTD results in an increase in c-fos
expression that is restricted to brain regions susceptible to neuropathological damage.
The presence of low basal expression of c-fos in non-vulnerable structures, and in
vulnerable areas rescued from damage with thiamine reversal suggests that this
transcription factor plays a major role in processes related to cell death in this model.
(Supported by a grant from the Medical Research Council of Canada)
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THIAMINE DEFICIENCY DIFFERENTIALLY MODIFIES TRANSKETOLASE AND a-KETOGLUTARATE DEHYDROGENASE
EXPRESSION IN RAT BRAIN. G. Gibson*. N. Calinoasan. K.-F. R.
Sheu and H. Baker. Cornell University Medical College at Burke Medical
Research Institute, 785 Mamaroneck Ave., White Plains, NY 10605.
The activities of transketolase (TK) and the a-kefoglutarate dehydrogenase complex (KGDHC) selectively decline in brains from Alzheimer and
WemickehKorsakoff patients as well as thiamine-deficient animals. We
recently demonstrated heterogeneous distribution of these enzymes in rat
brain. The present study assessed the effects of thiamine deficiency (TD)
on TK and KGDHC in rat brain by immunoblotting and at the cellular level
by immunocytochemistry. TD was induced by dietary thiamine deprivation
and daily pyrithiamine treatment for 13 days. Immunocytochemistry and
Western blot analysis employed an affinity purified anti-rat liver TK and
anti-bovine KGDHC antisera. In confirmation of past studies, TD reduced
TK and KGDHC activities in the presence of saturating concentrations of
thiamine pyrophosphate. Immunocytochemically, TK decreased throughout the brain. Immunoblotting confirmed the reduction of TK. By
immunocytochemistry, KGDHC declined only in the few areas that
were damaged by TD. KGDHC did not change immunocytochemically in
most brain regions nor did K change by Western blot analysis. These
data suggest that TD alters the synthesis or stability of TK but not
KGDHC. In contrast, TD appears to modify KGDHC so that it can no
longer interact with the thiamine pyrophosphate cofactor. Thus, the
oxidative impairment induced by TD diminishes the activities of thiaminedependent enzymes in rat brain by different mechanisms.
(Supported by NIH Grant MH-48325).

PROGRESSION & REVERSIBILITY OF BRAINSTEM
LESIONS
PRODUCED
BY
ACUTE
THIAMINE
DEFICIENCY IN RATS. S.X, Zhang* G.S. Weilersbacher and
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P.J. Langlais. Dept, of Psychology, San Diego State University, CA
92182
An acute bout of pyrithiamine-induced thiamine deficiency (PTD) in
rats produces lesions within thalamus, mammillary bodies and
brainstem that are similar in appearance and distribution to Wernicke's
encephalopathy (Troncoso et al 1981). The temporal onset of lesions in

brainstem and the effectiveness of thiamine administration in
preventing brainstem lesions has not been well-studied. In the present
study, male SD rats were treated daily with a thiamine-free diet and

pyrithiamine hydrobromide (0.25 mg/kg/day, i.p.). PTD treatment
was stopped and reversed at varying stages of neurologic symptoms by
administration of thiamine (100 mg/kg, i.p.) and restitution of regular
chow and the brains perfused transcardially 7 days later. In rats
reversed following loss of righting reflexes, the only pathologic
changes observed were mild neuronal loss in inferior olivary nucleus
(IO), and gliosis in the lateral vestibular nucleus (LVe). In rats
reversed within 1-4 hrs following onset of convulsions, a significant
neuronal loss was observed within LVe, medial vestibular (MVe), and
medial vestibular ventral (MVeV) nuclei. Neuronal loss in the
superior olivary (SO) and locus coeruleus (LC) nuclei occured only in
animals reversed after 6 hrs of convulsions. These findings suggest:

i) thiamine treatment at very early stage can prevent most brainstem
lesions except those in IO and LVe nuclei; and, ii) SO and LC are
affected only at later, more acute stages of PTD treatment. Supported
by NINDS grant #NS 29481 and VA Merit Award to PJL.
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AGE RELATED MODIFICATION OF RESPIRATORY
CHAIN ENZYMES. PS Higgins*. JT Greenamyre. Dept of
Neurology, The University of Rochester, Rochester, NY 14642
Neuronal structure and function is maintained by continuous recycling of
ATP, primarily via mitochondrial oxidative phosphorylation. Declining
efficiency of energy metabolism with advancing age has been suggested with
the locus of dysfunction residing within the mitochondrion. Utilizing
histochemical and autoradiographic methods, respiratory chain integrity was
examined in the C57bl/6 mouse at 2, 6, 12, 18 and 24 months of age.
Enzyme activity and ligand binding were quantified in 35 discrete regions.
Succinate dehydrogenase activity (SDH, complex II) and cytochrome oxidase
activity (complex IV) were relatively resistant to age effects. Reduction in
SDH activity was found in the globus pallidus (-28%), ventral
posteromedial nucleus of the thalamus (-29%) and oculomotor nucleus (22%) between 12 and 18 months of age. Cytochrome oxidase activity
increased in superficial parietal cortex (+28%) and stratum radiatum of the
hippocampal CA1 subfield (+24%) at 24 months of age. In contrast,
complex I was strikingly affected by advancing age, with substantial
reduction in [3H]dihydrorotenone ([3 H]DHR) binding evident at 6 months
(-27 to -53%), followed by continued, albeit less dramatic, decline through
24 months of age. The most marked reductions at 24 months occured in
globus pallidus (-74%), posterior striatum (-71%), reticular nucleus of the
thalamus (-73%) and hippocampal CA3 subfield (-74%). The temporal
sequence and extent of decline in [3H]DHR binding was different in
cerebellar molecular layer, being delayed until 12 months of age (-13%), and
having a maximal reduction of only 35% (24 months). The selective loss
of complex I activity during aging may help to explain the vulnerability of
the basal ganglia to metabolic compromise. (Supported by USPHS

T32AG107, NS01487 & The Rochester Area Pepper Center).

IMPAIRED MITOCHONDRIAL ACTIVITY USING ROTENONE
CAUSES SELECTIVE DAMAGE WITHIN THE BASAL GANGLIA.
Robert J. Ferrante*.Jorq Schulz. Neil W. Kowalh and M. Flint Beal.
Bedford VAMC, Boston Univ. Med. School, Mass. Gen. Hosp., and
Harvard Med. School.
Experimental evidence suggests that impaired mitochondrial energy
metabolism may cause selective neuronal degeneration in a number of
neurodegenerative diseases. Neuronal loss may be the result of a
cascade of events initiated by metabolic stress with subsequent
membrane depolarization which secondarily results in a slow
excitotoxic process. Complex I (NADH ubiquinone oxidoreductase) is
the main entrance to the electron transport chain. A defect in Complex I
activity has been implicated in Parkinson's disease (PD) and Leber's
disease with dystonia in which there is striatal degeneration.
Continuous administration of the Complex I inhibitor, rotenone, (10-18
mg/kg) via jugular catheterization using Alzet pumps in adult male
Sprague-Dawley rats (300-325 gm) over 7-9 days resulted in striking
clinical and histopathologic alterations. The animals became akinetic
and rigid during treatment. Bilateral focal lesions were present within
the basal ganglia, particularly within the caudate/putamen and globus
pallidus. Nerve cell depletion and astrogliosis were prominent
histopathologic features. Within the caudate/putamen there was
selective neuronal sparing of both large- and medium-sized aspiny
neurons. The tissue was characterized by intense immunoreactivity
for glial fibrillary antigen protein. Although these alterations do not
resemble the profile of neuronal degeneration observed in PD, our
findings are similar to Leber's disease with dystonia and Complex I
defects. This suggests that cellular energy impairment may play an
important role in neurodegenerative diseases.

176.11
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MYELIN ASSOCIATED GLYCOPROTEIN A NOVEL TARGET
AUTOANTIGEN
IN
EXPERIMENTAL
AUTOIMMUNE
ENCEPHALOMYELITIS. S. Weerth. T. Berger#. H. Lassmann#.
R. BBnati*. H.Wekerle and C. Linington, Maa-Plaank Institut fur
Psychiatrie, D-82152 Martiasried, Germany. # Neuropathology
Institute, University of Vienna, Vienna, Austria.
The appearance of autoimmune T and B cell responses against
MAG in patients with multiple sclerosis has been described by

REVERSAL OF THE CLINICAL, HISTOLOGICAL AND MRIDETECTABLE
SIGNS
OF
EXPERIMENTAL
ALLERGIC
ENCEPHALOMYELITIS BY A MONOCLONAL ANTIBODY TO a4
INTEGRIN. S.J. Kent*. S.J. Karlik1, T.A. Y^ck2 and H. Horner2.
‘Dept, of Radiology, Univ of Western Ontario, ON, Canada and 2Athkdn
Neurosciences, South San Francisco, CA, USA.
In experimental allergic encephalomyelitis (EAE) circulating leukocytes
enter the central nervous system (CNS) leading to inflammation, myelin

several groups. However the molecular basis of this response and its
significance with respect to the pathogenesis of MS are unknown.
We therefore investigated the pathological consequences of MAG
specific autoimmunity in the Lewis rat using synthetic rat MAG
peptides and 6 recombinant rat MAG fusion proteins. The fusion
proteins corresponded to the full length L- and S- isoforms of
MAG, the extracellular domain of MAG and pairs of overlapping
IgG domains (domains 2+3, 3+4 and 4+5). These fusion proteins
were generated using the pQE12 vector, expressed in E.coli and
purified by metal chelate chromatography and preparative SDSPAGE. Three distinct pathogenic T cell epitopes were identified,
two in the extracellular domain (a.a. 20-34; MP1.1 and 119-137;
MP3) and one in the unique carboxyl terminal sequence of S-MAG
(a.a. 561-582; MP9). Adoptive transfer of CD4+ T cell lines
specific for these epitopes induced an inflammatory response in the
CNS. The 'intensity of this response was dependent on the dose of T
cells transfered and their specificity (MP1.1 > >MP3=MP9).
These experiments identity MAG as another myelin autoantigen that
could be involved in the immunopathogenesis of MS.

damage and paralysis. We hypothesize that a48l integrin is required for the
binding of leukocytes to the endothelial cells of the blood brain barrier
(BBB), and their subsequent migration into the CNS. We have previously
shown prevention of EAE through administration of an anti-a4 monoclonal
(AN 100226m) prior to the onset of disease symptoms. This study examined
the ability of AN 100226m to reverse acute EAE. EAE was actively induced
in Hartley guinea pigs by an intradermal, nuchal injection of homogenized,
isologous CNS tissue in CFA. AN 100226m treatment during active disease
produced a rapid klenrnskk of leukocytes from the CNS which was
accompanied by a reversal in clinical signs. Histologically, treated animals
showed a marked decrease in the abnormal pathological signs associated

with EAE, including demyelination. MRI showed a reduction in edema
within the CNS and decreased BBB permeability to Gd-DTPA in
ANlOO226m treated animals. We conclude that ANlOO226m is an effective
treatment for acute EAE and may be similarly useful in the treatment of
autoimmune diseases such as multiple sclerosis.
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IL-10
ADMINISTRATION
EXACERBATES
EXPERIMENTAL
ALLERGIC ENCEPHALOMYELITIS (EAE). B. Caddella. Y-L. Gao. C. F.
Bresnan. C.S. Rnink-. Dept of Pathology (Neuropathology), Albert Einstein
College of Medicine, Bronx, NY 10461.
EAE is an inflammatory demyelinating disease of the central nervous
system (CNS) caused by T cells sensitized to CNS myelin antigens. It has
been shown that CD4+ T cells of the Th 1 subtype are instrumental in disease

GLIOSIS AND NEURODEGENERATION AS A CONSEQUENCE OF THE
CEREBRAL EXPRESSION OF IL-3 IN TRANSGENIC MICE C.S. Chians!
E. Masliah2. a . Stalder-. A. Samum-l. and IL. Campbell*-! -Department of

induction, indicating an important role for IFNy and macrophage activation in
the disease process. IL-10 is a cytokine that has been shown to oppose the
activating effects of Thl cytokines.
To test whether IL-10 exerts a
modulatory effect on EAE, mice were sensitized by the adoptive transfer of
MBF-reactive lymphocytes and treated with 1 pg of IL-10 daily beginning on
day 3 post-transfer for 5 days. A marked exacerbation of clinical disease was
observed that included accelerated onset and rapid progression to a moribund
state. Frozen sections of spinal cord showed equivalent numbers of CD4+ T
cells but the distribution patterns were different. Of the cytokines tested,
IFNy was expressed at higher levels than controls whereas TNFa levels were
lower. Immunocytochemical assessment of inducible nitric oxide synthase
activity was also lower in the IL-10 treated animals. We conclude that IL-10
shows some down-modulatory effects on macrophage activation, as expected,
but that this does not correlate with reduced clinical signs. Ongoing studies
are directed at determining the effects of IL-10 administration at different
stages of the disease process. Supported by NS 11920, NS 08952, and NMSS
1001-H-8, 1089.
IL-10 was kindly provided by Schkring-Plnugh,
Kenilworth, NJ.
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Neuropharmacology, The Scripps Research Institute, La Jolla, CA 92037.
^Department of Neuroscience and Pathology, U. of California, San Diego, La

Jolla, CA 92093
Microgliosis, the activation of microglia and/or brain macrophages, has
been implicated in the pathogenesis of several immune-mediated
neurodegenerative diseases such as AIDS encephalopathy and MS. To explore
the role of microgliosis in the development of neurodegenerative disease, we
targeted the expression of the microglia/macrophage activating cytokine IL-3
to astrocytes in the CNS of mice using a GFAP expression vector. Seven
transgenic founders developed severe phenotypes with runting, ataxia, loss of
balance, cataract, hydrocephalus, impaired walking, and head tilting. The
severity and the onset of symptoms correlated with the levels of cerebral IL-3
gene expression. Histological analysis revealed pronounced meningoencephalitis composed of macrophages, granulocytes, and lymphocytes in the
cerebellum, hind brain, hippocampus, and meninges. Immunostaining analysis
of these founders showed extensive astrocytosis, microgliosis, and neuronai
atrophy. Two lines of transgenic mice with low levels of IL-3 expression were
generated. These animals develop a progressive neuropathy as well as
inflammatory eye and skin disease. Preliminary examination of the brain
revealed focal areas of intense gliosis in the cerebellum and brain stem. We
conclude that the cerebral expression of IL-3, a microglial activating cytokine,
induces gliosis and neuronal degeneration. The low expressor GFAP-IL3
transgenic mice will provide a valuable model for studying microgliotic
development and its consequent effects on neurological function, (supported by
NIH grant MH 50456 to ILC)
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STUDIES OF THE MECHANISM OF THE AIDS DEMENTIA COMPLEX
IN THE SIV MODEL: MICROGLIAL ACTIVATION AND NEURON LOSS
HOrney E.J. Benaai*1. Nick Eng6t>nscfa1>.M Omby 2 $anjav Jpag* aaf
Qoendra Naravaq3 ‘Dept. of Anatomy and Cell Biology and 2Dept of
Physiology, 3 Dept. of Microbiology, Univ. Kansas Medical Center, Kansas
City, KS 66160
The Simian immunodeficiency virus (SIV) infects microglia and
macrophages in the brain and causes neurological disease in infected
macaques. In order to examine the pathogenesis of this encephalopathy, we
studied the brains of three juvenile Rhesus monkeys: one normal M. mulatta,
a M. mulatta infected with tissue homogenate containing neurovirulent SIVmtc
(R7l), and a M. nemistrina infected with with tissue homogenate containing
neurovirulent SIV^ (PHT). R7l survived 5 months after inoculation, while
PHT survived only 10 weeks. Our studies focused on primary motor cortex,
entoihinal cortex, underlying white matter, and thalamic nuclei. In both
infected monkeys, the large pyramidal neurons of motor cortex were lost, but
this was more severe in R7l. In PHT, neuron loss was most extensive in the
lateral geniculate nucleus. GFAP staining revealed activated astrocytes
throughout gray and subcortical white matter in both monkeys. Microglia
expressing MHC-II were increased in number, especially in PHT. Tumor
necrosis factor alpha was present in microglial cells of R7l and PHT, but not
in the uninfected monkey. The number of neurons expressing the calcium
binding protein calbindin-D28K was increased in both R7l and PHT.
Calbindin immunoreactive neurons were found in all cortical layers in R7l,
rather than concentrating in two bands in layers II and VI in the normal
monkey. In PHT, many cortical pyramidal cells expressed calbindin, which
is rare in normal monkeys. Our results show that SIV infection results in
activation of microglia and astrocytes, increases in calbindin expression, and
neuron loss. Supported by MH38399, HD02528, NS32203 and NS322O2.

DEVELOPMENTALLY REGULATED EXPRESSION OF THE PRION PROTEIN
IN GLIAL CELLS. M. Moser. R. Colello, U. Pott* and B. Qesch. Brain
Research Institute, University of Zurich, August Forel-Str.1, 8029 Zurich,
Switzerland.
The infectious agent causing transmissible spongiform encephalopathies
(TSB consists largely or entirely of PrPSc , a modified isoform of normal PrP
(PrPC). in the course of the disease, PrPC is converted to PrPSc, which
accumulates in amyloid plaques in the brain. The central role of PrPC in

transmissible spongiform encephalopathies is corroborated by the fact that
mice devoid of PrPC failed to replicate prions. Furthermore, in transgenic
mice, the level of PrPC expression was inversely related to incubation time
and disease progression. These experiments suggest that prion replication
is proportional to the level of PrPC expression. Interestingly, neonatal and
young hamsters exhibited shorter incubation times than adult animals
although the level of PrP transcripts in total brain mRNA was not elevated.
This suggests that subpopulations of cells and/or specific brain regions may
play a crucial role in prion propagation.
. Here, we determined the cellular localization of PrP mRNA in hamsters
and rats during postnatal development. We found that in neonatal animals,
PrP was expressed in glial cells throughout the brain at a level comparable to
that of cortical neurons. In adult animals, glial PrP expression was downregulated, while neuronal expression was elevated. Glial PrP expression
therefore correlates with the increased susceptibility of young animals to
prion infection. Colocalization and copurification studies showed that PrP
mRNA is expressd in both astrocytes and oligodendrocytes. Our findings,
together with the recent observation that PrPSc accumulates in astrocytes
early in disease, provide an explanation for the acceleration of TSEs in
neonatal animals and argue for the involvement of glia in prion diseases.

176.17

ANALYSIS OF HERPES SIMPLEX VECTORS FOR VIRUSMEDIATED GENE SUPPRESSION IN THE CNS. Christopher A.
Meanev* and Joseph C. Glor^^s^: Department of Molecular Genetics
and Biochemistry, University of Pittsburgh, Pittsburgh, PA 15261.
Herpes simplex virus (HSV-1) derived vectors provide a method for
the expression of manipulated genetic material within post-mitotic
neuronal cells and may prove useful both in treatment of CNS
disorders and for basic studies of nervous system function. For these

reasons, and because of the need to prevent expression of mutant
proteins in some genetic therapies, we have constructed replication
defective (dl2O, ICP4') and attenuated HSV vectors (Us3‘) which use
the Adenovirus VAi gene to express sense and antisense fragments of
the cellular transcription factor c-fos. An attenuated virus where the
first exon and intron of fos are expressed in antisense orientation
within VAj produces a major transcript terminating within intron

sequences and occasional full length RNAs. c-fos mRNA induced in
PC 12 cells with dbcAMP is degraded by this virus while tyrosine
hydroxylase mRNA, a potential target forfos induction, is not affected.
Both mRNAs are unaffected when induced during control infections.

Further studies of the effect of this virus on the transcripts of related
bZIP family members suggest that the antisense effect is not limited to
fos. We are presently examining the effect of this and additional
viruses on the mRNAs and proteins of bZIP factors and the
transcription of their potential targets. Future experiments will
examine the effects of these viruses in animals and include
construction of a virus expressing a fos ribozyme to achieve more
specific fos suppression in culture and within the CNS.
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ELECTRON PROBE X-RAY MICROANALYSIS OF ELEMENTAL SHIFTS DURING

Adenosine and GABA act synergistically to
protect CNS white matter from anoxic injury.JL
FERN* U S. G. WAXMAN1-2 AND B, R. RANSOM1 Department of

ANOXIA AND RBOHYGENATION IN MAMMALIAN CNS WHITE MATTER. EJL
Stvs 1, RMLoPadhn*. lLreb Intitule, University of Ottawa, Ottawa, Canada, K1Y 4E9.
2Dept of Anesthesiology, SUNY Stony Brook, New Yak, 11794.
Arem injures white matter in the mammalian CNS in a Ca^+-dependent manner. However,
tittle is known about the time course or extent of anoxia-induced intracellular ionic changes in
this tissue. Using the in vitro rat optic nerve model, we quantitatively measured elemental Na,
K, Ca and Cl content with x-ray microanalysis. Aqueous ionic concentration in axoplasm
(Dax), mitochondria (Qm) and gtia (Dg) weie calculate! from cell water measurements.
Resting [Na+]ax was 25-3 mM, rising to »100 mM after 20 min of anoxia, while [Na+Jn rose
fran3OmMo>OOmM. [Na+]g increased more gradually from 46 to 73 mM by 60 min.
[K+]ax began to decrease exponentially 5 min after onset of anoxia firm a baseline of=150
mM to l5nMlat®mn. [K+]g initially increased from 130 mM to 190 mM after 10 min
before falling gradually to 97 mM at the end of 60 min of anoxia. The initial rise could
represent glial buffeting of K+ lost from axoos. [CTjax decreased gradually from * 45 mM to
25 mM during anoxia, then increased with reoxygenaticn to 50-75 mM. Total (free and bound)
mitochondrial and axoplasmic [Ca2*] rose fourfold in a nonmonotonic fashion during 60 min
ofanoxia from a baseline of =1 mM. [Ca+]g did not change significantly from control
(=L5mM). Cell water and the sum of major elements (Na+-K-nCI) decreased initially'during
anoxia suggesting early cell shrinkage. Reoxygenation caused a dramatic rise in [Gr*+]m to
100 mM after 20 min, with a further increase to ~35OmM after 60 min. Frequency histograms
revealed that recoveries of axonal Na+ and K+ gradients were inhomogeneous: a small
subpopuJation of axons began to restore their gradfens after 60 min of reaxygenaikm while a
large number failed to do so, likely reflecting a population which sustained irreversible injury.
In summary, central myelinated axons are critically dependent on aerobic metabolism to
maintain their irattmembelne ionic gradients. The rise in Ca2+ during anoxia may saturate
axons* buffeting capacity and lead to injury, reflected by subpopulations of axons unable to
restore their ionic gradients. ■ An extreme rise of mitochondrial calcium after reoxygenation may
contribute to reoxygenation injury. These and future studies aimed at identifying the routes oof
paHhotogical ion flux at the cellular and subceftular levels may lead to a better understanding of
the mechanisms of anoxic injury in the mammalian CNS. (PKS was supported by MRC

Canada MI-11595. RML was supported by NIEHS ESO383O).
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Neurology1, Yale University School of Medicine, New Haven, CT, and
Neuroscience Research Center2, VA Medical Center, West Haven. CT.
Stroke events in CNS white matter represent over 20% of strokes seen
clinically, and are associated with severe functional loss. We have
previously shown that GABA endogenous to white matter recruits a
protective mechanism to limit anoxic injury. We have now studied
adenosine's' effect on recovery from anoxia using a CNS white matter
tract (rat optic nerve). Functional recovery from 60 min of anoxia was
assessed by comparing post-anoxic compound action potential (CAP)
area to the pre-arnoxic control.
2.5pM adenosine produced a 78% increase in CAP recovery
compared to control (p<0.0001). The effect of adenosine was abolished
by 100 pM theophylline, which reduced recovery from control levels
(p<0.05). Potentiation of endogenous adenosine release with
propentofylline significantly increased recovery from control (p<0.05).
Release of endogenous adenosine, therefore, limited injury during
anoxia. The protective effect of adenosine was removed by the protein
kinase C (PKC) inhibitor staurosporine (10 nM), indicating the
recruitment of PKC; the mechanism of action of adenosine, therefore,
had many features in common with that of GABA. Low concentrations
of GABA shifted the concentration-dependence of the protective effect
of adenosine to lower concentrations; e.g.. in 20 nM GABA maximum
protection was at 2.5 pM adenosine and in 100 nM GABA maximum
protection was at 0.9 pM adenosine. The data suggested that adenosine
and GABA act synergistically at nM concentrations to recruit a PKCmediated protective mechanism during anoxia in white matter.
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INTERSTITIAL SERUM PROTEIN STIMULATES GLYCOGEN SYNTHESIS
IN WHITE MATTER ASTROCYTES FOLLOWING EXPERIMENTAL
INTRACEREBRAL HEMORRHAGE? G. Xi. K. R. Wagner.Y.Hua. M.KIeinholz.

EXPERIMENTAL INTRACEREBRAL HEMORRHAGE: WHITE MATTER
REGIONS ADJACENT TO HEMATOMAS DIFFER IN PATHOPHYSIOLOGY
AND RESPONSE TO HYPERGLYCEMIA K.R, Wagner*. G. Xi. Y. Hua.

G . de Courten-Myers. R.E. Myers*: Depts. Neurology & Pathology. Univ.
Cincinnati Coll. Med; Dept. Vet. Affairs. Med. Ctr., Cincinnati, Ohio, USA
Intracerebral hemorrhage (ICH) is less common than ischemic stroke, but
has higher mortality and morbidity rates. To study early brain biochemical
alterations underlying injury, we developed a model in pigs (6 kg). We
produced lobar hematomas by infusing autologous blood (1.7 ml corresponds
to medium-sized, 30 ml, hematoma in man) over 15 minutes at low pressures
into the frontal cerebral white matter. We monitored and controlled
physiological variables and froze brains in situ at 1, 3, 5 or 8 hours postinfusion. We determined glycogen and water contents in gyral white matter
adjacent and contralateral to hematomas.
At each time point, we sampled two regions of gyral white matter directly
adjoining the hematoma that differed in their physical appearance and water
contents (l £., translucent zones with marked edema, and normal appearing

regions with moderate edema; water contents = 86% and 76%, respectively,
control = 72%). The translucent white matter also exhibited strong
immunoreactivity for serum proteins that apparently originated from the
hematoma since vasogenic edema (Evan's blue penetration) was not evident.
Glycogen accumulated progressively to high levels in translucent white
matter following hematoma induction (3.7+1.0, 9.5+4.0, 12.4+2.1, 17.O+O.5
umoles/g, means+SEM, N=5 at 1, 3, 5 and 8 h, respectively; control = 2.9+0.5).
In contrast, glycogen concentrations in the adjacent normal appearing white
matter were only slightly increased (4.5 umoles/g at 8 h).
These results suggest that serum proteins may regulate glycogen synthesis
in edematous white matter, presumably in reactive astrocytes, during the early
hours following ICH. (Supported by NIH NS-30652).

M . Kleinholz. G. de Courten-Myers. R.E. Mvers: Depts. Neurology & Pathology,
Univ. Cincinnati Coll. Med; Dept. Vet. Affairs Med. Ctr., Cincinnati, Ohio, USA
The pathophysiology underlying brain injury from intracerebral hemorrhage
(ICH) is complex. Ischemia, mechanical trauma and "toxicity" of blood
components may all be involved in tissue damage. Presently, we determined
the energy state and the lactate response to hyperglycemia as metabolic
indicators of ischemia in white matter adjacent to hematomas following ICH.
We produced lobar hematomas in pigs (6 kg) by infusing autologous blood
(1.7 ml, comparable to 30 ml hematomas in man) into the hemispheral white
matter over 15 minutes. We froze brains of normo- (6 mM) and hyperglycemic
(18 mM) pigs in Situ at 1, 3, 5 and 8 hours following hematoma induction and
measured brain metabolites and water contents in gyral white matter.
Two regions of gyral white matter adjacent to the hematoma differed in
physical appearance, serum protein accumulations, water contents and energy
state. A translucent zone with marked edema (water contents=86%; control=
72%) and strong immunoreactivity for serum proteins had normal ATP
concentrations (2.4 umoles/g - corrected for water content). In contrast, a
normal appearing white matter region had less edema (water contents=76%),
essentially negative serum protein reactivity but moderately reduced ATP
concentrations (1.5 umoles/g). In hyper- vs. normoglycemic ICH and vs.
markedly edematous white matter, this latter region exhibited significantly
higher lactates. These results suggest that two white matter regions with
different pathophysiologies develop adjacent to the hematoma following ICH:
a region with serum protein accumulation and marked edema, but without
ischemia and a second region with moderate ischemia and greater lactate
accumulations during hyperglycemia. (Supported by NIH NS-30652).
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EFFECTS OF GM1 GANGLIOSIDE ON LESIONED AND UNINJURED
MAMMALIAN SPINAL CORD (SC) NEURONS. J.A.Fiorini1. DG Emery*.
andJ.H.Lucas2. Biophysics Program1 and Department of Physiology2, Ohio State
University, Columbus OH, 43210, Department of Zoology and Genetics*, Iowa
State University, Ames IA 50011.
GM1 ganglioside has been reported to enhance neurological recovery after SC
injury (SCI), and a multicenter study of GM1 administered after initial treatment
with methylprednisolone is currently in progress (Annals Emerg. Med. 22: 1041,
1993). The mechanisms by which GM1 confers protection in SCI are not
completely understood. To investigate this question we used a tissue culture
(mouse SC) model of nerve cell injury (laser microbeam transection of a primary
dendrite 100 pM from the perikaryon) to evaluate the ability of GM1 to ameliorate
the primary mechanical trauma of SCI.
Study I SC cultures were exposed for 72h to various concentrations of GM 1
(10, 25, 50, 75, 100, 200, 500, 1000 ,2000 pM). At concentrations > 100 pM
flattened glial cells (putative astrocytes) in the cultures developed a star-like
morphology. Neuronal stress (neurite deterioration, somal swelling, vacuoles, etc.)
and death manifested subsequent to the glial changes.
Study II In each experiment (culture), 10 neurons were subjected to dendrotomy
and 10 served as unlesioned controls. After surgery, the conditioned medium on the
cells was replaced with serum-free medium containing 25-100 pM GM1. Survival
at 24h was Control-52+18(S.D.), 25pM-41+2, 5OM-44±11, 75M44+11,
100pM-40+10. Each percentage is the mean survival in 5 experiments (50
lesioned neurons). Survival of unoperated control neurons in each group was
100%. These preliminary results suggest that GM1 is not protective of neurons
that have sustained a physical (membrane disruption) injury.
Supported by NINDS 29683 and a seed grant from the Ohio State University.

EFFECTS OF CILIARY NEURONOTROPHIC FACTOR (CNTF)
ON LESIONED AND UNINJURED MAMMALIAN SPINAL CORD
(SC) NEURONS. L.J. Rosenberg-Schaffer* and J.H.'Lucas, Dept, of
Physiology, Ohio State University, Columbus, OH 43210
CNTF prevents the death of a variety of neuronal cell types in vitro
including motor neurons (Barbin et al., J. Neurochem., 43, 1979;
Arakawaet al., J. Neurosci., 10, 1990), and degeneration of motor
neurons after axotomy in vivo (Sendtneret al., Nature, 345. 1990).
The present study tested the ability of CNTF to enhance survival of SC
neurons subjected to a defined physical injury (transection of a primary
dendrite 100 pm from the perikaryon).
Study I CNTF (0.01, 0.1, 1.0, or 5 pg/ml) was applied to 21-28
DIV cultures of dissociated mouse spinal cords. No neuronal death or
visible stress was observed after a 24h exposure to concentrations of
CNTF <. 1.0 pg/ml. Exposure to 5 pg/ml CNTF caused extensive glial
carpet retraction and some beading of neurites.
Study II
consisted of four treatment groups (6 experiments
(cultures)/group). Twenty neurons were selected in each culture: 10
received the standard lesion and 10 served as unlesioned controls.
Immediately after surgery, CNTF was added to three cultures. Mean
survival in the four groups 24h after surgery was not significantly
different: 30% ± 14 in the control group (no CNTF) and 30% ± 16,
40%+ 13, and 28% ± 23 in the groups tnatreceived 0.01, 0.1 and 1.0
pg/ml CNTF respectively (erythrosin B determinations). Also, no
differences were found when lesioned neurons were grouped by somal
diameter suggesting that there was no selective protection of motor
neurons (z 40 pm diameter) at any concentration of CNTF.
Additional growth factors will be tested for their effects on neuronal
survival after neurite transection injury. Supported by a grant from the
Bremer Foundation.
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NEUROLOGICAL OUTCOME IN A HIGHLY REPRODUCIBLE MODEL OF
SECONDARY SPINAL CORD INJURY IN THE RAT: NEUROPROTECTIVE
EFFECTS OF TIRILAZADE. C.B. DecheL S J. Weller. LJ. Benowitz. E. Rossitch.
Jl*. Neurosurgery, Harvard Medical School, Boston, MA 02115.
Mechanical trauma to the spinal cord results in immediate neuronal injury and cell
death as well as a cascade of secondary pathophysiologic events. This secondary
injury is believed to involve microvascular thrombosis and free radical production,
with resultant lipid peroxidation and inflammation. In order to investigate ways of
minimizing the latter component, we have developed a non-mechanical model of
secondary spinal cord injury in the rat and have tested the effects of Tirilazade, a 21aminosteroid, on neurologic outcome.
Under general anesthesia, the spinal cord was exposed at T10 by laminectomy. A
photosensitizing dye, rose Bengal, was injected intravenously (40 mg/kg). The
exposed spinal cord was then irradiated with 56Onm wavelength light from a xenon
fiberoptic light source focused through a 3x3 mm collimator. Neurologic and
histopathologic examination revealed a graded spinal cord injury which correlated
significantly with time of irradiation. Histologically, the percentage of cross-sectional spinal cord area injured varied as a continuous function of irradiation time, from
18.2% +/- 2.3% at 2 minutes up to 71.2% +/- 0.63% at 10 minutes. Neurologic
impairment was significant for all irradiation intervals (p < 0.001) using the inclined
plane method (Rivlin and Tator) and a modified Tarlov motor score. Moreover, behavioral testing as a function of time of irradiation proved to be a linear relationship (r
= 0.81-0.92, p < 0.001). Performance improved over a one month interval in all
groups. Animals receiving Tirilazade (n=8, 2mg/kg i.v., then 10 mg/kg i.p. q l2h x
3) performed significantly better than matched controls on the Tarlov scale for all time
points >48 h (0.06<p<0.01) and on the inclined plane at 2 wks (p=0.05).
We are currently using this model to investigate the effects of other pharmacologic
agents and neurotrophic factors on neurologic outcome, and probes to GAP-43 and
other proteins to evaluate the underlying anatomical changes. Support: Brigham

METHYLPREDNISOLONE REDUCES THE EXTRACELLULAR
LEVEL OF PROSTAGLANDIN F2ci FOLLOWING EXPERIMENTAL
SPINAL CORD INJURY. DANXIA LIU* AND LIPING LI. Marine
Biomedical Institute and Department of Human Biological Chemistry and
Genetics, University of Texas Medical Branch, Galveston, TX 775550843.
Administration of methylprednisolone within several hours after injury

Surgical Group, Boston Neurosurgical Foundation.
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to the spinal cord reduces subsequent impairment in humans and
experimental animals. Free fatty acids, such as arachidonic acid and its
metabolites, are hypothesized to contribute to secondary damage to the
spinal cord upon injury. To study the mechanism whereby
methylprednisolone reduces secondary injury, we used microdialysis to
sample the extracellular fluid upon impact injury to rat spinal cord and
HLPc to detect the prostaglandin F2a - an enzymatic product of
arachidonic acid - from dialysates collected from control and
methylprednisolone treated rats. The time courses of concentration
changes of the prostaglandin F^ were obtained. We demonstrated that
impact injury substantially increases the average concentration of
prostaglandin
from undetectable (the basal level) to 304 nM.
Methylprednisolone reduces this increase in the extracellular level of
prostaglandin F2a to 94 nM. The concentration of prostaglandin F2a upon
impact injury is more than 3 times higher in control than in
methylprednisolone treated rats. Supported by the American Paralysis
Association (LB 1-9104-1) and the Paralyzed Veterans of America Spinal

Cord Research Foundation (#1025).
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GRADED SPINAL CORD COMPRESSION IN THE RAT: RECOVERY OF
MOTOR EVOKED POTENTIALS BY 4-AMINOPYRIDINE. J.A. Gruner*. A.K .
Yee. Dept, of Experimental Pharmacology, Cephalon, Inc., W. Chester, PA
19380, USA.
We previously reported that motor evoked potentials recorded from the
hindlimb muscle tibialis anterior (TA-MEP) to cerebellar stimulation are
abolished following moderate to severe thoracic spinal cord contusions. In this
study, graded spinal compression injuries were produced using a 5mm wide
forceps to compress the spinal cord at T10 to 1.0, 1.2,1.4,1.6, or 1.8 mm. TAMEP were recorded 4 wks post injury in 100 rats. Injuries and TA-MEP
recordings were performed under Nembutal anesthesia.
MEP amplitudes at 30 sec inter-stimulus intervals (ISI) were facilitated by 2
mg/kg i.p. 4AP as follows (mV Pre 4AP/ Post 4AP): Lam: 18.7/23.1; 1.8mm:
2.67/17.7*; 1.6mm: 0.39/9.80‘; 1.4mm: 0.03/1.35; 1.2mm: 0.02/0.03; 1.0mm:
0.014/0.016 (*: p<.O5 t-test). In addition, the normal frequency attenuation of
MEPs in laminectomized animals was prevented by 4AP, but this phenomenon
was diminished with increasing injury severity (chart below). The enhancement
of MEPs bv 4AP mav thus involve freauency-dependent inhibitory processes.

EFFECT OF AMILORIDE ON AXONAL CONDUCTION AFTER
ACUTE COMPRESSIVE INJURY TO DORSAL COLUMN IN VITRO. S.
AgrawaT, R. Nashmi and M.G. Fehlings, Playfair Neuroscience Unit, TEe
Toronto Hospital (Western Division), 399 Bathurst Street, Toronto, Ontario,
Canada M5T 2S8
During anoxic injury to CNS axons, Na+ influx occurs through voltage
gated sodium channels and Na+- H+ exchanger. This process has been
finked to secondary injury mechanisms including increases in [Ca**] by
reverse operation of the Na+- Ca++ exhanger. We hypothesized that the
Na+-H+ exchanger may be involved in the pathophysiology of the secondary
injury to traumatized spinal cord axons. In the present study, we examined
the neuroprotective effects of Amiloride on the conduction of damaged
axons with pretreatment of Na+- H+ exchange blocker Amiloride in an in
vitro model of spinal cord injury .
A 2cm long dorsal column strip of rat (n= 17) spinal cord was pinned in
the recording chamber which was perfused with ringer’s solution (25°C)
bubbled with 95% 02 I 5%o CO2. A bipolar, platinum wire stimulating
electrode was placed on one end of the dorsal column segment, while the
response was recorded extracellularly by two glass electrodes (1M KC1).
Injury was accomplished by compressing a section of cord located between
the two recording electrodes with a 2g force for 15 sec using a modified
aneurism clip.
Immediately after injury, the compound action potential (CAP) amplitude
in the control group decreased to 57.5 _+ 2.9% of the premjury value and
recovered to o4.5 + 2.9% of baseline by 2 hours. Pretreatment with
amiloride enhanced the recovery of CAP amplitude at two hours to 80.7 +
13.6% of preinjury baseline (p<0>.0)5) with 100 ^M and 75.7
9.1% of
baseline (p < 0.01) with 500 ^M amiloride, respectively. With injury the
conduction time increased from 97.9 _+ 1.6% to 111.5 + 2.4% (p< 0.C01)
and absolute refractory period increased from 1.6 4^ O.U4 ms to 2.0 _+ 0.06
ms (p< 0.(01). There was no significant recovery of conduction time or
absolute refractory period with amiloride.
In conclusion, our study shows that pretreatment with the Na+- H+
exchange blocker amiloride confers partial neuroprotection in an in vitro
model of traumatic spinal cord injury.
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GLYCINE RECEPTOR RESPONSE TO SPINAL CORD INJURY

Partial paralysis and denervation in one rat muscle: a model of some chronic human
spinal cord injuries. C.K. Thomas. P. Madsen*. X.M. Xu. and T. Gordon. The
Miami Project to Cure Paralysis, Univ. of Miami Sch. of Med., Miami, FL 33136.
After chronic human cervical spinal cord injury, the triceps brachii muscle is often
partially paralyzed leading to extreme muscle weakness (Thomas et al., Neurosci Abs.
17:647, 1991). In many cases there is also partial denervation due to motoneuron loss.
This leads to sprouting of motor axons which can be driven by voluntary effort and
enhanced motor unit strength (Broton et al., Neurosci. Abs. 17:647, 1991). The aim
of this study was 'to create an animal model which includes both partial paralysis and
partial denervation in one muscle. We have taken advantage of the unique innervation
of a small rat toe muscle, flexor digitorum superficial brevis quinti (FDSBQ). After
complete hindlimb denervation, except for the nerve to the FDSBQ muscle,
suprathreshold tetanic stimulation of the sciatic (common) nerve resulted in an
isometric whole muscle force of 0.5-1.3N (mean ±SD: 1.0 ± 0.3N). Dual muscle
innervation can also be demonstrated as 12-38% of the evoked force (mean ± SD: 24
± 10%) came from activation of the sural nerve and the remaining from stimulation
of the tibial nerve. The location of the motoneurons to the FDSBQ muscle was
determined by injecting Fast Blue and Fluoro-gold fluorescent tracers into the left and
right FDSBQ muscles respectively. In some rats the tibial nerve was also cut
unilaterally. Motoneurons to FDSBQ were located at one or two spinal levels (L5, L6
and/or SI). Those motoneurons sending axons via the sural nerve tended to be located
more caudally in the cord. Similar distributions were found by stimulation of the
corresponding ventral roots. Thus, in those animals where the FDSQB muscle is
supplied by two ventral roots, partial denervation can be induced by cutting one ventral
root. When this is coupled with block of one of the contributing peripheral nerves
with tetrodotoxin, it is possible to mimic the partial denervation and partial paralysis
commonly seen in human muscles that receive their innervation from levels close to
the site of spinal cord injury. Supported by the American Paralysis Association.

Dept. of Physiology, Univ. of Arizona, Tucson AZ 85724
Glycine deficiencies have been implicated in pathologies associated
with spinal cord injury (SCI), such as muscle spasticity. To investigate this
issue further, we examined the number and affinity of glycine receptors for
strychnine, a glycine antagonist, in the spinal cords of the adult turtle
following spinal cord transection.
.
Spinal cords were transected at the mid-thoracic (D5-D6) level and the
animals were allowed to recover for 5 or 7 weeks. Animals were sacrificed
and their spinal cords homogenized and spun to produce a membrane
preparation. Equilibrium binding of [3H]-strychnine was assayed and
Scatchard analyses were performed on the tissue caudal to the lesion. At 5
weeks post-transection, the affinity of glycine receptors was K(j = 43.8 ± 17.3
nM (n=4) compared to controls with Kq = 62.0 ± 22.6 nM (n=5). The number
of receptors was unchanged from control (Bmax = 1621 ±417 and 1687 ±
1147 fmols/mg, respectively). Preliminary results suggest an increase in
affinity 7 weeks post-transection with Kq = 18.3 nM (n = 1) and an unchanged
number of receptors (Bmax = 1453 fmols/mg).
The results to date, although exhibiting variability, suggest the affinity
for [3H]-strychnine may increase following SCI while total number of glycine
receptors remains unchanged. Additional experiments in progress include
further analysis of 7 week post-operative animals, western blots to analyze
different classes of glycine receptors and electrophysiological recordings of
motoneuron activity.
[Supported by NIH grants 1 K17 NS01686-01 and 5 R01 NS25077-06 and
The University of Arizona Small Grants Program]

178.9
RELEASE OF MAGNESIUM IONS UPON IMPACT INJURY TO THE
SPINAL CORD. J. Yang, G. Robak. D. Liu and DJ. McAdoo*. Marine
Biomedical Institute, University of Texas Medical Branch, Galveston, TX
77555-0843.
'
Neurotoxic substances released upon CNS injury appear to worsen
damage caused by the initial trauma. Protective substances may also be
released. Free intracellullar [Mg2+] decreases upon traumatic brain injury1.
This would be expected to be accompanied by a transient increase in
extracellular [Mg2*]. Increases in extracellular [Mg2""] could be
neuroprotective in two ways: 1) by blocking the release of
neurotransmitters that contribute to secondary damage, and 2) by blocking
the NMDA receptor, which is thought to be involved in excitotoxicity due
to the release of excitatory amino acids. Therefore whether extracellular
[Mg2*] is elevated upon spinal cord injury is of interest. We sought to

determine whether this is so by using microdialysis to sample substances
released into the extracellular fluid upon experimental impact injury to
the spinal cord of the anesthetized rat. Magnesium concentrations in
microdialysates were determined using flame photometry and by
spectrophotometric measurements on a Mg2+-dye complex. We were
unable to detect any change in extracellular [Mg2+] over 3 h following
spinal cord injury. Thus Mg2+ release is unlikely to play a significant role

in secondary damage upon spinal cord injury.
1 R. Vink, T.K. McIntosh, P. Demediuk, and A. Faden, Biochem.

Biophys. Res. Conunun. 149, 594 (1987).
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EFFECT OF SUBARACHNOID INFUSION OF ENDOTHELIN (ET) ON
SPINAL CORD BLOOD FLOW (SCBF) AND BLOOD-BRAIN BARRIER
(BBB) INTEGRITY. R.M. Westmark. N. Aihara. K. Fukuda. A.L
McKenzie*. L.H. Pints, and L.J. Noble. Dept. Neurosurg., Univ. Calif,
and San Francisco General Hospital, San Francisco, CA 94110.
The role of ET in secondary spinal cord injury is unknown. We have
previously demonstrated increased immunoexpression of ET after
traumatic spinal cord injury To study the is<ol^ted effect of increased
levels of ET, we applied exogenous ET to the uninjured spinal cord.
In the first experiment rats were given horseradish peroxidase
(HRP) intravenously followed by infusion of either ET or saline into
the spinal subarachnoid space (N=5.gyiup). SCBF was measured by
laser doppler (LD) for 3 h and animals were euthanized thereafter. In
the second experiment animals were euthanized 24 h after
subarachnoid infusion of ET or saline (N=5/group.) These animals
were given HRP 10 min prior to euthanasia. All spinal cords were
prepared for quantitative HRP histochemistry.
There were no obvious changes in blood pressure or blood gases in

any group. A greater than 50 percent reduction in LD values was found
in the ET group but not in the saline group. There was a significant
increase in staining for HRP in the grey matter in the ET treated rats at
3 h but not at 24 h.
We conclude that ET causes a transient opening of the BBB. Given our
LD findings, we propose that the opening may be secondary to ET
induced ischemia. This, along with our previous findings of increased
ET in the injured spinal cord, suggests a possible role for ET in
secondary spinal cord injury. (Supported by NIH NINDS NS23324).
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DISTORTION OF THE FUNCTIONAL ASYMMETRY OF THE
BRAIN AND

CORD

SPINAL CORD

AND

ITS

CORRECTION BY

CONTROLED AFFERENT IMPULSES. M.Sinvaya*1. A.Shelvakin.

I.PrgQbra?ePskayaUP,Pinghtfk,. O.Bogdapov, T,Tobias, Institute of

Experimental Medicine, ‘Pavlov Institute of Physiology of the RAN,

St-Petersburg, Russia, 199034.
We recently reported that the functional biofeedback (FBF) method

changes the time of rehabilitation of motor and visceral dysfunctions.
The neurophysiological methods (EEG, EMG, habituation process,
manipulatory and verbal tests) were used to study the development of

functional asymmetry in healthy children and in children with spastic
diplegia. It was shown that the healthy children have

a-rhythm

predominance in the senso-motor cortex of the left hemisphere as well
as reliably decreased correlation of H/M for musculus gastrocnemius

of the right leg. Healthy children performed better when they
manipulated ("tapping" and "labyrinth" tests) with their right hand than

with their left hand.

The habituation process on the right side was

disturbed by verbal stimulation. Patients with diplegia did not show

such asymmetry. The application of the FBF method has led to
restoration of the asymmetry of the central nervous system due to the
formation of new central programmes responsible for the control and
regulation of movement and other functions.

LYMPHOCYTES AND INFLAMMATORY CELLS IN THE LESIONED
SPINAL CORD OF THE MOUSE. L Schnell. R. Schneider, and M,E.
Schwab*. Brain Research Institute, University of Zurich, August Forel-Str. 1,
8029 Zurich, Switzerland.
Spinal cord hemisections cause a cascade of cellular reactions which
lead to secondary tissue destruction far beyond of the primary mechanical
insult. A large area of cell death develops within the first 1 - 6 hours and
indiscriminately affects neuronal and glial cells. Inflammatory neutrophils
adhere to blood vessel endothelia at 3 hours and infiltrate into the lesion site
by active diapedesis from 6 hours on, followed by macrophages (Dusart and
Schwab, 1994). These inflammatory cells arrive too late to be responsible for
the early phase of secondary cell death.
We have observed the appearance of lymphocytes within the lesion area
at very early timepoints. The attachment of these cells to the endothelia of
small venules occurs as early as 1 hour after the insult, and at 3 hours
diapedesis is prominent. Although the number of cells is small compared to
neutrophils or macrophages, they continuously increase to reach a peak at
24 hours. They decline within the following three days. These results show
that lymphocytes are the first non-CNS-specrfic cells to actively intrude into
the tissue surrounding a spinal cord lesion.
We are currently evaluating the subpopulation of lymphocytes by
immunohistochemistry. Preliminary results show a distinct pattern of the
individual subtypes at various timepoints.
Lymphocytes are potent mediators of inflammatory responses. The
release of cytokines by these cells could well be an important step of a
cascade that leads to further tissue damage, to specific reactions of neurons
and glial cells or to changes in neurotrophic factor levels.
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ACETYLCHOLINE-RELATED
ENZYMES
DECREASE
IN
MOTONEURONS CAUDAL AND CRANIAL TO A LOW
THORACIC SPINAL CORD HEMISECTION. B. SchldzerL W
Nacimientpl, T. SappokL L, Toth2. R. Topper! J. Nothl and G. W,
Kreutzberg*3. Dept, of Neurology, Technical Univ., Sch. of Med.,
52057 Aachen, FRG1, Dept, of Medical Chemistry, A. Szent-Gyorgyi
Med. Univ., 6720 Szeged, Hungary2, and Dept, of Neuromorphology,
Max Planck Inst, for Psychiatry, 82152 Martinsried n. Munich, FRG3.
Acetylcholinesterase (ACHE) and Choline-Acetyltransferase (CHAT)

SPINAL CORD INJURY RELATED CHANGES IN THE SENSITIVITY
OF THE TRICEPS SURAE STRETCH REFLEX IN THE RAT. FJ.
Thompson*1. C. Broud. V. Gokaldas. Depts. of Neuroscience^ Univ. of
Florida Brain Institute, Gainesville, Florida 32610-0244.
We recently reported alterations in reflex excitability of lumbar monosynaptic
reflexes following spinal cord injury in the rat (Thompson et aL. 19^, 1993).
These changes, detected electrophysiologically in the tibial monosynaptic
reflexes, included significant decreases in reflex threshold and rate-modulation
after midthoracic contusion or surgical hemisection (Thompson et al.. 1994).
Collectively, these changes suggested that the muscle stretch reflexes
subserved by these monosynaptic reflexes should reveal spastic patterns
following midthoracic spinal injury such as hemisection. Therefore, the
purpose of these experiments was to determine if stretch reflexes associated
with the tibial monosynaptic reflexes would exhibit altered velocity and
amplitude sensitivity following midthoracic hemisection. Lengthening
resistance of the triceps surae was tested via measurement of ankle torque in
response to graded amplitudes and velocities of ankle rotation. The neural
activity of the triceps surae was measured using transcutaneous EMG
electrodes. These recordings were carried out on awake, young adult Sprague
Dawley rats during nontraumatic restraint, before and after midthoracic spinal
hemisection. These studies revealed a 20% increase in ankle torque as a
function of velocity and 44% increase in ankle torque as a function of
amplitude by one month following hemisection. The increased ankle torques
were accompanied by increased neural activity recorded in the triceps surae
muscles. These studies indicate that the spinal injuries which precipitate
alterations in reflex excitability also produce spastic patterns in the associated
muscles. (Supported by NIH-Ni Nc DS (5-PO1-NS-27511), the Florida
Impaired Drivers and Speeders Trust Fund, and PVA-SCRF-1226.01)

were studied by enzyme- and immunohistochemistry, respectively, in
spinal motoneurons of adult rats 3 to 60 days after low thoracic cord
hemisection. Motoneurons of the unoperated side and of intact animals
served as controls. Cryostat sections were analyzed by quantitative
densitometry.
After hemisection, a transient ipsilateral decrease in motoneuronal
ACHE- and CHAT staining was observed caudal and cranial to the
lesion. The decrease extended to low lumbar and high cervical levels.
The lowest labeling occurred 14 and 28 days postoperatively for ACHE
and CHAT, respectively. Both ACHE- and CHAT-staining started to
recover after these postlesional stages. ACHE enzyme reactivity raised
to normal levels 60 days after the lesion, whereas CHAT
immunoreactivity was still below control values at the same
postoperative stage.
In conclusion, the dynamics of acetylcholine-related enzymes in
motoneurons after spinal cord hemisection are similar to those
previously described following peripheral nerve lesion.
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QUANTITATIVE ANALYSIS OF GLUTAMATE AND GABA-LIKE
SYNAPTIC TERMINALS IN THE PHRENIC NUCLEUS AFTER SPINAL
CORD INJURY. Q. Tai and H.G. Gosl^<^^f^ie^nDept. of Anatomy,
Wayne State Univ. Sch. of Med., Detroit, Ml 48201.
This EM postembedding immunochemical study was carried out to
examine the morphology of presynaptic terminals containing
glutamate and GABA in the phrenic nucleus before and 30 days after
an ipsilateral C2 spinal hemisection. The results indicated that most
glutamatergic terminals have an "S"-type (spherical vesicle)
morphology whereas GABAergic terminals have a "F"-type (flattened
vesicle) morphology.
From an analysis of 50 glutamatergic
terminals, 74% were "S"-type (48% small vesicles, 26% large
vesicles), 16% had a "NFs" morphology (spherical vesicles with
neurofilaments), 2% were "F"-type, and 8% were unclassifiable.
Preliminary quantitative analysis suggests that both the percentage
and numerical density (ND) of glutamatergic and GABAergic
terminals decrease in the phrenic nucleus 30 days after spinal
hemisection. Glutamatergic terminals comprised 43.89% of the total
terminals (ND:0.05//m*2) in the phrenic nucleus before hemisection
and decreased to 32.65% (ND:O.O27/mv2) after hemisection.

TEN YEAR EXPERIENCE WITH CARBONIC ANHYDRASE IN
PERIPHERAL NERVE SURGERY. Julia K. Terzis. M.D.*, '

GABAergic terminals comprised 14.67% of the total terminals before
injury (ND:0.018//m'2) and 13.59% of the total (ND: 0.013/^2

after injury. These preliminary results may change when additional
material is analyzed quantitatively. The data generated by this study
may provide some insight on how functional recovery of phrenic
motoneurons is mediated after spinal cord injury.
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Zhana-quan Chen, M.D..
Microsurgical Research
Center, Eastern Virginia Medical School, PO Box
1980, Norfolk, VA 23501.
Identification of sensory and motor fascicles is
vital in peripheral nerve surgery.
Our ten-year
clinical experience with carbonic anhydrase (CA)
histochemistry will be presented.
Specimens were obtained during peripheral nerve
microsurgical procedures including adult and
obstetrical
brachial
plexus
exploration
and
reconstruction.
1286 samples obtained from 286
patients were involved in this study.
Specimens
were taken intraoperatively and processed for CA
activity, according to the technique described by
Carson and Terzis, 1985.
Most fibers of sensory nerves were CA positive
while motor nerves were CA negative.
The CA
activity changed after the nerve injury.
The
distal stump of the nerve was CA negative while
the proximal stump of sensory nerves stained
positive, while motor nerve remained negative. In
brachial
plexus
reconstruction,
CA
staining
identifies the optimal motor and sensory donors
for neurotization, especially in global avulsions.
CA technique is an additional test to confirm the
diagnosis of root avulsion when myelography and
EMG tests yield contradictory results.
Also, CA
could decrease the chance of mismatch and enhance
fascicular allignment in peripheral nerve surgery.
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THE RELATION OF TRAUMAT1CALLY INDUCED ALTERED AXOLEMMAL
PERMEABILITY TO THE GENESIS OF DELAYED REACTIVE AXONAL CHANGE. E.
Pettus. C. ChrertrmyAand J. Povlishock. Dept. of Anatomy, VA Commonwealth
Univ., Richmond, VA 23298.
While delayed axotomy is a consistent feature of traumatic brain injury (TBI), little
is known about those factors involved in the initial genesis of this reactive change.
Moving on the premise that an initial perturbation of the axolemma may impact upon
axonal cytoskeletal structure and function, anesthetized cats received intradstemal
infusions of horseradish peroxidase (HRP), a tracer normally excluded by the intact
axolemma, either prior to or following the induction of a mild to moderate fluid
percussion TBI. At survival times ranging from 10min - 6h, the animals were
prepared for the LM and EM visualization of HRP in addition to the
immiHnoc/tochemical visualization of the NF-L subunit. With mild TBI, no intra-axonal
peroxidase influx was observed, despite the fact that neurofilament (NR abnormalities
leading to axonal swelling and rfhstemion were seen. With more moderate TBI,
however, focal intra-axonal peroxidase flooding was observed. These foci displayed
packed NF which, over a multiple hour course, disassembled, leading to axonal
swelling and disconnection. In the same fields, non-HRP flooded axons showed
comparable NF packing, while other axons showed the typical repertoire of NF
misallgnment and axonal swelling independent of any increased NF packing. In most
cases, the altered axolemmal permeability to HRP persisted for more than 1h
postinjury. These studies demonstrate that TBI elicits a complex and heterogeneous
series of axonal responses. While altered axolemmal permeability appears to be
correlated, in part, with some types of delayed reactive axonal change, it is not
necessarily correlated with aU forms of reactive axonal change. (Supported by NS
07288).

THE EFFECT OF HYPOXIA ON THE CELLULAR RESPONSE AFTER MILD
HEAD INJURY IN THE RAT. N. Aihara*. H. Tanno. J. J. Hall. L H. Pitts
and L J. Noble. Department of Neurosurgery, University of California,
San Francisco General Hospital, San Francisco, CA 94110.
We have examined the immunophenotype of astrocytes, microglia, and
macrophages after sham injury (Group S), mild head injury (Group H)
and mild head injury followed by 45 minutes of hypoxia (Group IH). A

monoclonal antibody to glial fibrillary acidic protein was used to
identify astrocytes. Microglia and macrophages were evaluated using an
antibody directed against the complement C3bi receptor (CR3). At 7
days post injury animals were euthanized and perfused with fixative.
The fixed brains were removed, sectioned with a vibratome, and
prepared for immunocytochemistry. Immunostained sections were
analyzed using a semi-quantitative graded scale to define the intensity of
staining in select regions of the ipsi and contralateral hemisphere. In
addition optical density was measured in the frontoparietal cortex in
order to define hetergeneity in the pattern of immunostaining.
There was a significant increase in immunoexpression of GFAP and
CR3 throughout the injured ipsilateral hemisphere in Group I as
compared to Group S. In Group IH there was a significantly greater
immunoexpression of GFAP and CR3 in the frontoparietal cortex as
compared to Group I.
These findings demonstrate a widespread increase in the
immunoexpression of GFAP and CR3 in glia and macrophages after mild
head injury and that hypoxia secondary to head injury further
exagerates this response.
This research is supported by the CNS Injury and Edema Research
Center, NIH NS14543.
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EVIDENCE FOR ACTIVATION OF THE COMPLEMENT CASCADE AND
INCREASE OF THE COMPLEMENT REGULATOR SULFATED
GLYCOPROTEIN-2 IN THE VICINITY OF A CORTICAL CONTUSION
INJURY IN THE ADULT RAT.
M Svensson* M BeHander, H Aldskoeius and H von Holst
Karolinska Hospital, Department of Neurosurgery and Karolinska Institutet,
Department ofNeuroscience, Stockholm, Sweden

IMMUNOPHENOTYPIC ALTERATIONS IN MICROGLIA/MACROPHAGES IN
THE CEREBELLUM AFTER MILD HEAD INJURY. K. Fukuda. N. Aihara.
L.H. Pitts and L.J. Noble*. Department of NeOrosurgery, University of
California, San Francisco General Hospital, San Francisco, CA 94110.
In previous studies we have demonstrated consistent alterations in
the lmmurophenotyplc expression of microglia/macrophages in the
injured hemisphere after mild head injury. These findings were
somewhat surprising given the relative mild degree of injury that
resulted in very limited overt neuronal cell loss. In the present study
we demonstrate unique immunophenotypic alterations in
microglia/macrophages in the ceebellum after mild head injury.
Rats were sacrificed at 3 h and 1, 3, and 7 d (N=3/time point) after
injury. Sham operated animals, sacrificed at 3 h and 7 d (N=3/time
point) served as surgical controls. Microglla/macrophages were
immunolocalized in sections of the cerebellum using an antibody
(0X42) directed against the CR3 complement receptor.
At 3 h after impact intensely immunostained cells were apparent in
the molecular layer adjacent to the primary and preculminate fissures.
There cells were restricted to the central part of the molecular layer
and were linearly oriented in "stripes" perpendicular to the cortical
surface. At 1 d after impact similar oriented stripes were observed.
These stripes, however, were more extensive since they bridged the
entire molecular layer. At 3 and 7 d post impact the stripes appeared
thicker and were more numerous throughout the vermis.
These findings demonstrate that microglla/macrophages in the
cerebellum are particularly responsive to mild head injury. Further
studies are needed to define the events that mediate this response. (This
research was sponsored by NIH NINDS P50NS1454.)

The aim of the present study was to examine the glial cell response and
the possible involvement of the complement cascade following cortical contusion in
adult rats. A hole was drilled in the parietal bone and the surface of the brain was
hit according to a standardized weight-drop tehnique.
Increased immunoreactivity (IR) for microglial (0X42) as well as
astroglial cells (GFAP) was found at all postoperative survival times (2-14 days) in
the vicinity to the lesion. The blood brain barrier (BBB) was damaged around the
lesion as demonstrated by a decrease of immunoreactivity for tight junction protein
which normally is highly expressed by endothelial cells of small vessels in the
central nervous system. The defect in the BBB allowed entry of blood borne
monocytes/macrophages expressing ED1-IR into the lesion.
Reactive microglial cells have been shown in previous studies to release
potential neurotoxic factors e g complement. In the present study we found
immunoreactivity for complement factor C3d and C9 around the lesion indicating
that activation of the complement cascade had taken place. Furthermore,
immunoreactivity for the putative complement inhibitor sulfated glycoprotein-2
(SGP-2) was found in some of the injured neurons. SGP-2-IR was also expressed
by astrocytes, thus indicating a potential neuroprotective role of these cells. The
balance between complement activation and complement inhibitors may have
impact on the degenerative components in the brain following traumatic injury and
in particular the events leading to nerve cell death.

179.5

179.6

EARLY RESPONSE OF MICROGLIA TO OPTIC NERVE LESION DURING
DEGENERATION OF NEONATAL RETINAL GANGLION CELLS .
L. Bonfanti, S. A. Rabacchi*. C. Lodovichi. X.-H. Liu and L. Maffei. 1st. di
Neurofisiologia del CNR and Scuola Normale Superiore, Pisa (ITALY).
Microglial cells respond to injury by increasing their number, changing their
shape (from ramified, resting to round, activated) and by beginning to express
macrophage-associated antigens. This study was designed to determine the role of
microglial cells in the degeneration of neurons after optic nerve axotomy. Retinal

INCREASED GLIAL CALPAIN IMMUNOREACTIVITY IN TRAUMA. N.L.
Banik*. Z.H. Li and E.L. Hogan. Neurology, Medical
University of SC, Charleston, SC 29425
A pivotal role for calpain is proposed in the axonal
and myelin degeneration in spinal cord injury (SCI). To
pursue this,it is important to examine its cellular
localization in SCI. We investigated the immunocytochemical distribution of mcalpain in rat spinal cord at
different times following injury using affinity purified
anti-myelin mcalpain antibody.
SCI was produced by
weight-drop technique (5g-8cm; 4Og-cf) in laminectomized
anesthetized rats. Sham animals with laminectomy were
controls. Tissue from lesion and caudal areas examined
immunocytochemically (ABC technique) showed increased
calpain immunoreactivity (IR) in glial and endothelial
cells, motor neurons and nerve fibers in the lesion and
caudal areas following SCI compared to control. The
increase in IR was evident 1 hour after trauma and
increased with time; IR was stronger in glial cells than
neurons. There was proliferation of astrocytes with
increased IR in the cell bodies and their processes at 3
days or longer post-trauma. The astrocytic proliferation
and increased calpain IR correlated with elevated GFAP
immunostaining. Calpain IR also increased in microglial
cells in the lesion l day after trauma as compared to
control. Microglia were identified by GSA staining. These
results suggest an increased calpain expression in glial
cells in the lesion and indicate calpain's role in tissue
necrosis in SCI involving astrocytes and microglia. Supported in part by NINDS NS31622 and Paralyzed Veterans of
America SCRF1238.

ganglion cells are known to die following optic nerve lesion; we have recently
reported that this degeneration follows an active, apoptotic process in developing
rats (Rabacchi et al, J. Neurosci 1994).
This study focused on the morphological and numerical changes of retinal
microglia following intracranial optic nerve transection performed on postnatal
day 0 rats. Animals (n=3-5/ time point) were sacrified at various times after the
lesion (5,10,15,24,36,48 hours). Microglial cells were examined by using a lectin
derived from Griffonia simplicfolia, that labels both resting and activated
microglia, and by immunocytochemistry using the antibody EDI that specifically
recognizes activated microglia. Our quantitative results show that the number of
lectin-labeled microglial cells is similar to normal, unlesioned retinas (11,586 ±
SD 1,123) until 20 hours post-lesion, while it significantly increases at 24 hours
post-lesion (17,610 ±SD 3,851 p< 0.05) remaining high at 36 and 48 hours postlesion. Our morphological analysis with EDI labeling reveals that the number of
round cells, with few or no cytoplasmic processes, increases from 323 (±SD 179)
in unlesioned retinas to 2,252 (±SD 646) at 15 hours post-lesion, when pyknosis
is still very limited. The appearance of EDl-labeled round cells is considered to
reflect the functional activation of microglia that become thus phagocytic cells.
These results show that the increase in the number of microglia is correlated
with the peak of pyknotic cells (24-36 hours post-lesion), while the morphological
activation is an early event appearing prior to the rise in apoptotic cells.
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SHORT TERM
POTASSIUM
DEPOLARIZATION TRANSIENTLY
DECREASES NEUROFILAMENT PROTEINS IN MIXED SEPTOHIPPOCAMPAL CULTURES. A.W. KampfP. J.S. Whitson. X.Zhao.
C.E.Dixon, K.Yang and R.L.Haves. Dept. of Neurosurgery, University of
Texas-Houston Health Science Center.Houston, TX 77030.
Chronic (3-6 hour) potassium depolarization of cultured neurons
enhances maturation of the neuronal cytoskeleton. However, traumatic
brain injury, which is accompanied by transient (~3 min.) potassium
depolarization can produce significant cytoskeletal degradation including
loss of axonal NF protein (R. Posmantur abs. this session).
To
investigate the effect of short-term depolarization on neurofilament
proteins and determine calcium's role in that effect, mixed septohippocampal cultures were exposed for 6 min. to 60 mM KCI in the
presence of Ca+ + concentrations from 1.8 to 5.8mM. Cultures were
depolarized at 10 days in vitro when neuronal arborization was extensive
and astrocytes were confluent. At 0 to 10 days after depolarization,
cultures were lysed and homogenates were analyzed via SDS-PAGE
Western blotting for alterations in NF150 and NF68. 2-D densitometry

ARE VIMENTIN POSITIVE ASTROCYTES FOLLOWING CORTICAL
IMPACT NECESSARILY ASSOCIATED WITH CELL PROLIFERATION? S.A.Baldwin*. Z. Pang. J. Geddes and S.W.Scheff. Dept. Anatomy

was used for quantification.
Neurofilament proteins were decreased in all treated cultures. Initial
results indicate levels returned to normal by 10 days after insult
following treatment with up to 2.8 mM Ca+ + . This decrease was
Ca+ +-dependent and exhibited different timecourses for the two proteins
examined. Thus, short-term depolarization can temporarily decrease
levels of neurofilament proteins. Ca + + dependent disruption of the
axonal cytoskeleton may play a role in the reversible functional deficits
observed in rat models of traumatic brain injury. Supported by NIH P01
NS 31998.

& Neurobiology and Center On Aging, Univ. of Kentucky, Lexington, KY 40536
In the normal brain, astrocytes are responsible for the regulation of ion concentration,
amino acid uptake and play a key role in the blood brain barrier. Their response to
brain injury is complex as well as the role they play in repair following CNS injury.
Astrocytes are known to become reactive as a result of various types of lesions. They
up regulate astrocytic specific intermediate filament GFAP and show a positive signal
for the intermediate filament vimentin, a protein found in developing astrocytes.
An animal model for cortical contusions has been developed which manifests many
of the neuropathologies seen in human closed head injury. The model involves an
electronic controlled pneumatic impact device which can deliver very precise and controlled cortical contusions to an animal. This model can be used to study astrocyte
response to injury leading to a better understanding of glial reaction to head trauma in
humans.
Previously we have shown that when Fisher 344 rats were subjected to dorsal lateral
cortical impact, the astrocytic intermediate filaments GFAP and vimentin were
upregulated in a time dependent manner and that all vimentin positive cells with
astrocytic morphology were labeled with the GFAP antibody. Using the same injury
model we injected BrdU in the animals on the day of sacrifice, 1,2,4 and 10 days post
injury, to label dividing cells. Double labeling utilizing fluorescence immunocytochemistry indicated that on day 2 post injury approximately 5% of GFAP positive
cells were also labeled with BrdU. No double labeled cells were seen at the other time
points. In situ hybridization indicated that vimentin mRNA was upregulated by day 1
post injury. Vimentin protein expression was seen by day 2. These data suggests that
vimentin expression may not be necessarily associated with astrocytic proliferation in
response to injury. Supported by NS31220

179.9
NEUROFILAMENT 68 AND NEUROFILAMENT 200 PROTEIN LEVELS
DECREASE AFTER TRAUMATIC BRAIN INJURY (TBI). R. Posmantur",
R.L. Haves. C.E. Dixon and W.C. Taft. Dept. Neurosurgery, Univ. Texas
Houston Health Science Center, Houston TX 77030.
We examined the effect of lateral cortical impact injury on the
levels of axonal cytoskeletal proteins in adult rats. TBI caused a
significant decrease in the protein levels of two major neurofilament (NF)
proteins, NF68 and NF200. We employed quantitative immunoreactivity
measurements on Western blots to determine NF68 and NF200 levels in
homogenates of hippocampal and cortical tissue taken at several intervals
post-injury. Sham injury had no effect on NF protein levels. However,
injury was associated with a significant (up to 41.8%) loss of NF68,
restricted to the cortex ipsilateral to the injury site. NF68 loss was
detectable as early as three hours and as late as two weeks post-injury.
Similarly, TBI induced a decrease in NF200 protein, although losses were
observed both ipsilateral (71.7%) and contralateral (66.9%) to the injury
site. No loss of NF68 or NF200 protein was detected in hippocampal
samples obtained from the same injured animals. An increase in the
presence of lower molecular weight NF68 immunopositive bands was
associated with the decrease of NF68 in the injured ipsilateral cortex.
This NF68 antigenicity pattern suggests the production of NF68
breakdown products (BDPs) caused by the pathological activation of
neuronal proteases such as calpain. Putative NF68 BDPs increased
significantly until one day post-injury, suggesting that NF degradation
may be ongoing and indicating that a potential therapeutic window may
exist within the first 24 hrs post-injury. In summary, these data identify
specific biochemical alterations of the axonal cytoskeleton following TBI.
Supported by NIH NS21458 and NS31998.
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GLUTAMATE INCREASES TO TOXIC CONCENTRATIONS
POSTTRAUMA IN RAT CORTICAL INTERSTITIAL FLUID AND
HUMAN VENTRICULAR CSF. M.L. Botscheller*. D.W. Marion. S.T.
DeKoskv and A .M . Palmer. Departments of Psychiatry, Pharmacology, Neurological
Surgery, Neurology and Neurobiology, University of Pittsburgh School of Medicine,
Pittsburgh, PA 15213
We recently reported evidence to support the hypothesis that elevated interstitial
concentrations of glutamate contribute to the cell death that occurs following traumatic
brain injury (J. Neurochem. 61:2015-2024). Using controlled cortical impact (impact
velocity = 4 m/s) coupled with tissue microdialysis and HPLC with fluorescence
detection, interstitial concentrations of glutamate ([GLU]O were determined in rat
frontal cortex. Moderate injury (depth of deformation = 1.5 mm) caused an 81 ± 26
-fold increase (mean ± SEM) in dialysate [GLU] and severe injury (depth of
deformation = 3.5 mm) a 144 ± 23 -fold increase. Using [GLU]i determined by Lerma
et al (Brain Res. 384:145-155), we calculated that [GLU]i increased to 231 ± 76 pM
following moderate injury and to 414 ± 66 pM following severe injury. Since in vitro
data indicate that 5 pM GLU is toxic (Neurosci. Lett. 103: 162-168), it is clear that the
elevations observed are more than sufficient to cause neurodegeneration. Traumainduced elevations in [GLU] normalized within 30 min following moderate trauma and
within 110 min after severe trauma. In order to establish whether [GLU]i achieves toxic
concentrations following human brain trauma and whether there is a sustained or a
secondary elevation, we serially-sampled ventricular CSF from five patients aged 21 ±
2 years (mean ± SD) with severe closed head injury (Glasgow Coma Score = 4.6 ±
1.8). Samples were collected every 4 h for the first 24 h and every 6 h thereafter for 3
days. Spearman correlation analysis indicated that the concentration of glutamate
significantly increased after injury (Rs = 0.60, p < 0.0001, n = 42) to reach an average
concentration of about 7 pM three days after the initial injury. Together these data not
only support the use of glutamate receptor antagonists in the treatment of brain trauma,
but also suggest that sustained application may be necessary to achieve maximum
therapeutic benefiL Supported by NS 30318 from NINDS.

INDUCTION OF C-FOS PROTEIN IN THE NEOCORTEX AFTER BRAIN
INJURY IN RATS: LACK OF EFFECT OF LACTATION. B. Woodside*. B.
Robinson and S. Amir. CSBN, Concordia University, Montreal, Quebec,
Canada.
Lactation has been shown to attenuate some of the effects associated
with the activation of N-methyl-D-aspartate (NMDA) receptors in rats,
including the expression of the c-fos gene product Fos in cortical neurons.
Because NMDA receptors have been implicated in injury-induced
expression of Fos in neocortical neurons we investigated whether lactation
could attenuate the injury-induced stimulation of cortical Fos expression in
rats. In the first experiment, cycling female Wistar rats (250-275g) were
anaesthetized with pentobarbital (50 mg/kg i.p.) and treated with either
saline (1 ml/kg i.p.) or saline containing (+)-MK-801 Hydrogen Maleate (4
mg/kg i.p.). Cortical injury was produced two hours later by lowering a 28
gauge needle 5 mm below the surface of the skull, 1 mm posterior to
bregma and 1.7 mm lateral to the midline. The needle was left in place for 1
hour after which the animals were perfused and their brains processed for
Fos ICC. In the second experiment, lactating rats (day 7-9 of lactation) and
rats that had their pup6 removed on day 1 postpartum were anaesthetized
with pentobarbital and subjected to the same injury protocol. Cortical injury
induced robust Fos expression in the ipsilateral piriform cortex, cingulate
cortex and amygdala of the saline-pretreated cycling female rats.
Pretreatment with MK-801 completely blocked the injury-stimulated cortical
Fos expression. In contrast, no effect of lactation was observed; cortical
injury Induced robust Fos expression in both lactating rats and rats that had
their pups removed on day 1 postpartum. A similar lack of effect of lactation
was observed in rats anaesthetized with urethane (1.3 g/kg i.p.). Thus, at 1hour after injury, lactatation has no effect on injury-induced, NMDAmediated cortical Fos expression in pentobarbital or urethaneanaesthetized rats.
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MAP2 DEGRADATION FOLLOWING EXPERIMENTAL BRAIN INJURY IN
RATS . R.R.Hicks*,. D.H.Smith* and T.K.McIntosh+.
Div. of

EFFECTS OF CONCUSSIVE BRAIN INJURY ON EXCITATORY
AND INHIBITORY AMINO ACIDS K. Shima*. S. Okuvama!. Y.
Imagawal and S. Ogawa 1 Dept.of Neurosurgery, National Defense
Medical College, Tokorozawa, Saitama 359; iResearch Center, Taisho
Pharmaceutical Co. LTD., Ohmiya, Saitama 359, Japan
Previous studies have demonstrated a transient release of excitatory
amino acid glutamate after moderate fluid-percussion injury. The objective
of the present study is to evaluate whether there is a similar release of
excitatory amino acids in the rat brain following closed head injury (CHI),
which does not involve macroscopic BBB disruption, and to determine
whether there are accompanying changes in inhibitory amino acids
following CHI. Male Wistar rats were divided into a CHI group (n=38)
and a sham control group (n=39). CHI was induced by dropping a 400 g
weight from 70 cm on the vertex. The rats were sacrificed by microwave
radiation at different times (15 min, 30 min, 2 h, 4 h and 24 h) after CHI.
The tissue concentrations of amino acids using HPLC in 9 brain areas.
Compared to sham controls, there were no differences in glutamate (Glu),
aspartate (Asp), GABA nor taurine (Tau) concentrations at 15 min after
CHI. At 30 min after CHI, Glu and Asp levels were significantly
increased in the hypothalamus, and GABA and Tau levels were
significantly increased in the thalamus. At 2 h after CHI, these four amino
acids levels were significantly increased in the striatum, thalamus, pons
and cerebellum. The GABA, Asp and Glu levels were significantly
increased in the hippocampus at 24 h after CHI. The present results
demonstrate that moderate concussive CHI in the intact skull model
causes a transient increase in concentrations of both excitatory and
inhibitory amino acids. An imbalance between excitatory and inhibitory
amino acids caused by CHI may be related to the development of
neuronal injury.

Physical Therapy*,
Univ.
of Kentucky Sch.
of Med.,
Lexington, KY, 40536; Div. of Neurosurgery*, Univ. of
Penn., Philadelphia, PA, 19104.
Alterations in microtubule associated protein 2 (MAP2)
following a moderate lateral fluid-percussion brain injury
were investigated in Sprague-Dawley rats
(n=25) with
survival times of 10 min, 2, 12, 24 hrs, and 4 and 7 days.
Brain sections were subjected to immunocytochemistry with
a monoclonal antibody to MAP2, with alternate sections
treated with Nissl stain, silver degeneration methods, and
acid fuchsin.
MAP2
immunoreactivity was primarily
diminished in the ipsilateral cortex and hippocampus and
the loss corresponded to regions with neuronal degeneration
and necrosis.
MAP2 immunoreactivity was decreased by 10
minutes after injury and remained significantly suppressed
for up to 7 days.
In a second experiment, the effect of administration of
kynurenate, an excitatory amino acid antagonist, on MAP2
proteolysis following brain injury was evaluated. Fifteen
minutes after a moderate/severe fluid-percussion brain
injury, animals received either an injection of kynurenate,
(n = 8, 300 mg/kg) or buffer (n = 7), and were sacrificed
14 days later.
MAP2 degradation was significantly
attenuated in the cortex (p<0.002) and a small improvement
was also observed in the CA3 region of the hippocampus
(p=0.054). We conclude that 1) significant and prolonged
cytoskeletal changes
in neurons,
reflected by MAP2
degradation, occur following lateral FP brain injury; and
2) these alterations in MAP2 immunoreactivity can be
attenuated by blocking excitatory amino acid receptors.
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TRAUMA-INDUCED CHANGES OF fi-AMYLOIU PRECURSOR PROTEIN
IMMUNOFEACHVITY IN RAT BRAIN. L. Hillered*.. A. Lew^n. G. L. Li. P.
Nilsson and Y. Olsson Departments of Neurosurgery, Clinical Chemistry,
and Neuropathology, Uppsala University Hospital, Uppsala, Sweden.
fi-Amyloid precursor protein (APP) is a useful marker of cellular injury
following brain trauma. In normal brain, APP may play a neuroprotective
role, modifying intracellular Ca2+-responses to glutamate receptor activation
(see Trends Neurosci 1993; 16:^09-414).
Focal cortical impact trauma was produced by weight drop technique in
artificially ventilated rats 0 Cereb Blood Flow Metab 1993; 13:183-192). APP
immunoreactivity was demonstrated in formalin fixed, paraplast embedded
tissue using a monoclonal antibody to fi-amyloid precursor antigen
(Boehringer) and the ABC method.
In control animals (n=3) most nerve cells bodies of the cerebral cortex,
hippocampus and basal ganglia showed a marked immunoreactivity with a
granular appearance. Virtually no activity was present in the subcortical

AMYLOID PROTEIN PRECURSOR LEVELS ARE ALTERED IN RAT
HIPPOCAMPUS AND CORTEX FOLLOWING TRAUMATIC BRAIN
INJURY. J.S.Whitson*. E.Tavao, C.E.Dixon. K.YSng and R.L.Haves.
Dept. of Neurosurgery, University of Texas-Houston Health Science
Center,Houston, TX 77030.

white matter. All animals subjected to focal cortical trauma with 24 h (n=3)
or 72 h (n=3) survival showed two types of alterations: (1) loss of
immunoreactivity in neurons at the site of impact in the cortex and (2) a
widespread deposition of immunoreactive material in the subcortical white
matter below the injury site. Most of the material appeared to be located in
irregularly formed axons. In the lateral part of the thalamus, increased

immunoreactivity was present in clusters of axons.
This study reveals a distinct pattern of axonal injury in subcortical white
matter at the trauma site as well as remote axonal damage in the ipsilateral
thalamus following cortical impact trauma. The decreased APP immunoreactivity in the cortex may render the neurons more vulnerable to a
secondary ischemic insult involving glutamate receptor overactivation.

Increases in the diffuse deposition of AB protein can occur following
traumatic brain injury in humans. Furthermore, levels of the precursor
to AB protein (amyloid protein precursor: APP) are increased in rodent
brain following CNS lesion. In order to investigate the effect of
traumatic brain injury on APP levels, homogenates of rat cortex and
hippocampus were prepared 3 hours, 1 day, 7 days, or 14 days after
lateral cortical impact injury.
SDS-PAGE Western blots were
immunostained using an antibody which recognizes all three main
forms of
the amyloid protein precursor (22C11, Boehringer
Mannheim).
2-D densitometric scanning was used to quantify
changes in protein levels.
Preliminary data indicate that APP levels were significantly
decreased at 2 weeks in cortex ipsilateral to injury. In contrast, a
significant increase was observed in ipsilateral hippocampus 1 day
after injury. These results indicate that alterations in APP after
traumatic brain injury are regionally specific. • Thus, mechanisms
mediating TBI-induced changes in APP levels may differ in various
regions of the rodent brain. Supported by NIH P01 NS 31998.
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ANALYSIS
OF
THROMBIN,
PLASMIN
AND
THROMBOMODULIN IN BLOOD FROM THE INTERNAL
JUGULAR VEIN FOLLOWIMG SEVERE HEAD INJURY.
M.
Suzuki*. O. Motohashi. M. Kamevama ,G. Shiina. T. Onuma and A.
Qqawa. Dept, of Neurosurg., Iwate Med. Univ., Morioka, 020 Japan and
Dept, of Neurosurg., Sendai City Hosp., Sendai, 980 Japan
Thrombin (TH) facilitates inflammation, cell proliferation and vascular
permeability following tissue injury. TH causes neurite retraction,
dedifferentiation and proliferation of astrocytes in the CNS. Newly
discovered TH receptor is present in CNS, especially on the neuronal
surface. We hypothesized that TH generation in CNS provokes
inflammation, BBB impairment, neurite retraction and gliosis. To test the
first step of this hypothesis, we analyzed blood from the internal jugular
vein (JV), the main draining vessel of the brain, and from the peripheral
vein (PV) in 27 patients with severe head injury. Thrombin-antithrombin II

EXPRESSION OF IMMEDIATE-EARLY RESPONSE, CYTOKINE AND
ICAM-1 GENES IN RAT HIPPOCAMPUS FOLLOWING TRAUMATIC
BRAIN INJURY. A. Yakovlev and A.I. Faden*. Georgetown University Medical
Center, Washington, DC, 20007.
Traumatic brain injury (TBI) causes biochemical/metabolic changes that
contribute to delayed (secondary) tissue damage. Lateral fluid percussion
induced-TBI in rats causes secondary damage to ipsilateral hippocampus. In the
present studies, we examined the expression of a number of genes that may play a
role in this delayed injury response. Following pentobarbital anesthesia, male
Sprague-Dawley rats (4IO±25 g) were subjected to mild (1.6 atm), moderate (2.0
atm), or severe (2.4 atm) lateral fluid percussion injury. Separate groups for each
injury level were followed for 30 min, 4 h, 24 h, or 1 wk before sacrifice;
additional groups of animals were followed for 2 and 3 wks in the high injury
group. Reverse transcription polymerase chain reaction (RT-PCR) was used to
estimate dynamic changes in mRNA levels for c-fos, ZEF/268; TNFa, IL-lp; and
ICAM-1 in hippocampus. Trauma caused early elevation of mRNA levels for
both c-fos and ZIF/268, with peak transcriptional activity at 30 min; levels
returned to control values by 24 h. At 30 min after injury, increased levels of
TNFa, IL-10, and ICAM-1 mRNA were also found. TNFct expression showed a
temporal profile that paralleled immediate early gene dynamics. In contrast,
induction of EL-ip and ICAM-1 mRNA reached highest levels at 4 h and
remained elevated for one and three wks, respectively. Similar increases of
mRNA expression were found at all injury levels. Injury time-dependent
changes in c-fos, ZIF/268, TNFa, IL-ip and ICAM-1 gene expression suggest
that their respective proteins are synthesized in response to trauma and may be
involved in the secondary injury response. However, the failure to detect a
relationship between mRNA expression and injury severity may suggest that
these factors are not critical for delayed post-traumatic damage to ipsilateral
hippocampus observed in this model.

(TAT) complex was measured to indicate TH activity, a2-plasmin inhibitorplasmin complex (PIC) for plasmin activity, and thrombomodulin (TM) as a
marker for endothelial damage, using enzyme immunosorbent assay.
The TAT level was very high within 3 hours of injury (about 1,000 ng/ml),
and then rapidly decreased up to 24 hours in both JV and PV. The TAT
in JV increased again to almost the initial level between 24-72 hours, but
continued to decrease in PV. These values were statistically different
(p<0.05). PIC levels in both samples were extremely high within 3 hours
and decreased rapidly up to 72 hours. TM showed no significant
changes during the study. These results suggest that high TAT and PIC
levels in the early phase reflect systemic coagulation and fibrinolytic
abnormalities due to traumatic shock or hypoxia and high TAT level in JV
between 24-72 hours reflects specific TH generation in the CNS. This
specific TH generation could provoke inflammation BBB impairment,
neurite retraction and gliosis following severe head injury.
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CO-EXPRESSION OF c-fos AND NGF mRNA AFTER CORTICAL IMPACT
INJURY IN RAT BRAIN DETECTED BY SEMI-QUANTITATIVE RT-PCR.
Yana, K.*, Mu, S.. Xue. J.J.. Dixon. C.E.. Whitson. J.. Haves. R.L.
Neurosurgery, UT Houston Health Science Center, Houston TX 77030.
Accumulating evidence indicates that c-fos and NGF gene expression are
closely related. Lesion-induced increases in NGF mRNA are considered to
be mediated by c-fos gene expression (Hengerer et al. Proc. Natl. Acad.
Sci.. 1990). Conversely, NGF induction of c-fos expression has been
shown in cell cultures (Greenberg et al. J. Biol. Chem.. 1985). The
relationship between c-fos and NGF gene expression is unknown in in vivo
models of traumatic brain injury (TBI). We applied semi-quantitative RTPCR methods and examined time course c-fos and NGF mRNA expression
in rat brains following TBI. Sprague-Dawley rats received cortical impact
injury as previously described (Dixon et al. J. Neurosci. Methods.. 1991).
Injured and sham injured rat hippocampi mRNA were prepared. Reverse
transcription was performed using oligo-dT and M-MLV reverse
transcriptase. PCR cycles consisted of denaturation at 95°C for 1m, at
55°C for 1m, and extension at 72°C for 2m. After electrophoresis, PCR
products were stained with ethidium bromide, photographed under UV
light and scanned by a computer-assisted densitometer. Results showed
that c-fos mRNA increased at 30m, 1 h, 3h and 5h after cortical impact
injury, while NGF mRNA increased at 1 h, 3h and 5h postinjury. These data
suggest that c-fos and NGF mRNA are transiently expressed in hippocampi
after cortical impact injury. Since increases in c-fos mRNA precede
increases in NGF mRNA, it is possible that trauma-induced increases in
NGF mRNA could be mediated by increases of c-fos gene expression.
Research in our laboratory is currently addressing this issue (Supported by
NIH grant P01 NS3199801 and NS21458).

HEME OXYGENASE IN TRAUMATIC BRAIN INJURY. B.E. Dwyer* R.N.
Nishimura, and S.-Y. Lu. Molecular Neurobiology Laboratory,
Department of Veterans Affairs Medical Center, Sepulveda, CA 91343.
Heme oxygenase (HO) catalyzes the rate-limiting step in heme
catabolism producing bilirubin, a potentially important cellular
antioxidant, and carbon monoxide, a putative neural messenger
molecule. HO is also a heat shock protein inducible by heavy metals
and oxidative stress.
HO in rat brain was investigated by
immunocytochemistry following a stab wound using a recently
developed rat heme oxygenase antibody (HO-1713, Dwyer et al, 1994).
HO immunostaining in control brain appeared predominantly neuronal
although glial staining cannot be ruled out at this time. One day after
stab injury HO+ and GFAP+ cells were prominent near the wound
margin. HO+, GFAP+ cells with morphology of reactive glia suggest
that HO is induced in reactive astrocytes. However, not all GFAP+ cells
were HO+. HO+ cells with the morphologic appearance of microglia
were also observed. HO+, GFAR cells at the wound margin appeared
to be macrophages based on morphology. Lastly, the intensity of
neuronal HO staining did not appear to change. The role of heme
oxygenase in the response to brain injury is not clear. It may
contribute to the elimination of potentially neurotoxic, blood-borne
heme and protect cells from subsequent oxidative injury.
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EXTRACELLULAR CHOLINE LEVELS AND [3H] CHOLINE UPTAKE IN
HIPPOCAMPUS 2-WEEKS AFTER CORTICAL IMPACT INJURY IN RATS. ’£

showed no difference in basal choline levels between injured (3.86±0,53
pmol/20 min) and sham (3.35 ±0.50) rats.. The second experiment measured
high affinity [3H]choline uptake in a synaptosomal preparation of hippocampal
tissue removed from 11 injured and 12 sham rats 2-weeks following TBI.
Significant differences were found in the maximum velocity of choline uptake
(Vmax) between injured (46.2±2.3 pmol/mg/5 min) and sham (58.8±2.1) rats,
while no differences in affinity constants (Km) were found. The results suggest
that post-traumatic cholinergic deficits are not attributable to decreased
availability of choline, but may be associated with either a decreased ability of
cholinergic neurons to take up choline, or a loss of cholinergic neurons.
Whether these changes are also associated with impaired release of ACh is
currently under study. Supported by CDC CCR606659 and NIH PO1 NS 31998.

THE POTENTIAL ROLE OF REACTIVE ASTROCYTES IN CNS
REINNERVATION FOLLOWING EXPERIMENTAL BRAIN INJURY IN THE
RAT. S.J. H^^*. E. Barbarese. T.A. Gennarelli. T.K. McIntosh. Dept. of
Neurology, Univ. of Conn. Hlth. Cntr., Farmington, CT 06030 and Dept. of
Neurosurgery, Upjv. of Penn., Philadelphia, PA 19104.
Sprouting and reinnervation in the adult CNS is quite restricted. Since injured
axons can grow considerable distances given the appropriate environment, the limited
extent of regeneration has been attributed to the environment surrounding damaged
axons. Recent evidence suggests that one of the crucial constraints in CNS repair is
the molecular properties of reactive astrocytes. In order to characterize the possible
inhibitory role of astrocytes after injury, we have examined the astrocytic response
and neuronal synaptic changes in injured and sham operated rats at 1 week, 2 weeks,
and 1 month following lateral fluid percussion (LFP) brain injury. Brain sections
were labeled with specific antibodies to synaptophysin to identify synaptic alterations
and sprouting, neurofilament 160 kD to label axons, and GFAP to identify
astrocytes. Synaptophysin loss appeared in the middle portion of the molecular layer
of the hippocampal dentate gyrus 1 week post LFP injury and was found to be
reduced in the entire molecular layer by 1 month. There was a overall reduction of
neurofilament labeling in the dentate gyrus and hilus of the hippocampus at all time
points. No neuronal sprouting was seen in these regions up to 1 month following
LFP injury. The astrocytes in the dentate gyrus and hilus became increasingly
reactive up to 1 month post injury. Reactive astrocytes were characterized by an
increase in glial filaments and hypertrophy of the cell body and processes. These
findings support the view that reactive astrocytes might inhibit neuronal sprouting
following CNS injury. Future studies will modulate the astrocytic response, in order
to study in more details the role of astrogliosis in neuronal regeneration. (Supported
by grants NS26818 and NSO88OO3).
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Redox Ratio Following Experimental Brain Injury.

HEMATIN COULD BE A POTENT CATALYST FOR FREE RADICAL
GENERATION IN BRAIN EXTRACELLULAR FLUID. M.M. Romans F.E.
Samson. S.R. Nelson* and T.L. Pazderaik. Smith Res. Ctr., Univ. Kansas Med.
Ctr., Kansas City, KS 66160
During brain hemorrhage, metal-containing blood components may set off a
destructive cascade of free radicals and lipid peroxidation. Ascorbate and urate
are considered the primary antioxidants of brain extracellular fluid (ECF).
However, ascorbate also serves as a pro-oxidant by reducing metals. We
compared the catalytic activity of hematin (prosthetic group of methemoglobin)
to Fe3+ and other Fe3+-complexes and investigated the effectiveness of ascorbate
and urate against such metal-catalyzed oxidations (MCO) at concentrations
based on ECF estimates from brain microdialysis studies. Salicylate (30 pM)
hydroxylation to 2/-<Hhydroxybenzoate (DHBA) was followed fluorometrically
in Chelex-treated PO4 buffer (20 mM, pH 7.4). An ascorbate-driven MCO
system was generated by adding a metal catalyst (10 nM hematin, 100 pM Fc3+,
10 pM Fe3+-atrate, or 1 pM Fe3+-EDTA), H202 (10 mM), and ascorbate (0.1
mM). The effects of ascorbate (0, 0.1, 03,1, 33, 10 mM) and urate (0,33,10,

of Neurosurgery, Univ.of Texas-Houston Health Sci Ctr, Houston, TX 77030 and
2Dept. of Pharmacology, Univ of TX Med Branch at Galveston, Galveston, TX.
Chronic spatial memory deficits following experimental traumatic brain injury
may be, in part, attributable to deficits in central cholinergic neurotransmission.
These studies examined the rate-limiting factor in acetylcholine synthesis;
availability and neuronal uptake of its precursor, choline. The first experiment
used microdialysis to measure extracellular choline levels within the dorsal
hippocampus at 2-weeks post-injury, an interval associated with spatial memory
deficits. Ten rats were injured by lateral cortical impact. Ten additional rats
served as sham controls. Under anesthesia, a microdialysis probe (3 mm tip)
was placed into their dorsal hippocampus and perfused with artificial CSF.
Samples were collected for 20 minutes and measured by HPLC. The data

DH Smith*. T Okada. TK McIntosh. B Chance. Div. of Neurosurgery and Dept, of
Biochem. and Biophysics, Univ. of Pennsylvania, Phila PA 19104.
In the present study, we utilized a unique optical fluorescence technique to map time
resolved changes in the distribution of mitochondrial redox states following
experimental brain injury. Adult male Sprague-Dawley rats (n=6) were anesthetized
with sodium pentobarbital (60 mg/kg, i.p.) and subjected to parasagittal fluidpercussion brain injury of moderate severity (2.4 atm), or sham treatment (surgery
without injury). At 5 min (n=2) and 1 hour (n=2) following injury, and 5 min
following sham treatment (n=2), metabolism of each brain was arrested by the funnel
freezing technique. Under liquid nitrogen, the brains were then milled to reveal highly
polished surfaces in the coronal plane. Two coronal planes from each brain were
selected for evaluation. The freeze trapped mitochondrial redox state of each coronal
plane was measured using a low temperature scanning fluorometer. Light was guided
to the surface of the brain at alternate wavelengths, which respectively excited NADH
(reduced only) and flavoproteins (oxidized only). The emitted light from the brains
was guided through a filter to a photomultiplier and the distribution of the
fluorescence signals were recorded on an on line scanner. The resulting redox maps
demonstrated that at 5 minutes following brain injury, a marked hypermetabolic
(decreased NADH signal, increased flavoprotein signal) response occurred in the

ipsilateral cortical and hippocampal regions which demonstrate the greatest
histopathologic damage. However, at this timepoint, this response appeared only in
cortex adjacent and lateral to the cortical site of maximal injury. Cortex medial to the
location of maximal injury appeared slightly hypometabolic. In addition, the molecular
layer of the ipsilateral hippocampus and regions of the thalamus also appeared
hypometabolic at 5 minutes following injury. By one hour following injury these
responses became slightly less intense. These results, combined with previous findings
of reduced blood flow in the identical regions demonstrating hypermetabolism,
suggests that damage to these regions may result from post-traumatic tissue hypoxia.
This study was supported, in part, by NS26818 and NS08803.
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Supported by the Research Service of the Department of Veterans
Affairs and the United Cerebral Palsy Associations.

33, 100, 333 pM) on this MCO system were also studied. Hematin's catalytic
activity with respect to formation of DHBA from salicylate was 104, 103, and 102
times greater than other Fe3+ forms, respectively Fe3+, Fe3+-dtrate, and Fe3+EDTA. Maximal rates occurred at mid-range concentrations of ascorbate (03 1.0 mM^; higherconcnntratioro dow<w allMCO. Urate dovow MMC Oriy yt
the highest concentrations (100 - 333 pM). Thus, hsMatin-catalyzea generation
of free radicals may be important in delayed brain damage following head
trauma or hemorrhagic stroke, and physiological concentrations of ascorbate and
urate in brain ECF are probably not sufficient to neutralize these free radicals.
Indeed, ascorbate, may act as a pro-oxidant under these nircuMstannes.
Supported by NIH 1-P30-AG10182, DAMD 17-90-C-0041 and NIH HD 02528.
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THE INTERACTION OF NEUROEXCITATION AND TARGET DEAFFERENTATION
IN THE PATHOBIOLOGY OF TRAUMATIC BRAIN INJURY:
IMMUNOCYTOCHEMICAL AND ULTRASTRUCTURAL EVIDENCE OF
DISORDERED RECOVERY. D. Gordon. L Phillips. J. Astruc*. and J. Povlishock.
Dept of Anatomy and Div. of Neurosurgery, Medical Coiiege of VA, VA
Commonwealth Univ., Richmond, VA. 23298.
In man, some of the morbidity associated with traumatic brain injury (TBI) has
been finked with an interaction of TBI induced neuroexcitation and
deafferentation. These features of human TBI have been modeled in animals
sustaining neuroexcitation induced by TBI, fofiowed by deafferentation via bilateral
entorhinal cortical (BEC) lesioning. To understand how these combined insults
translate into the postraumatic morbidity, the present study used MAP-2 and
synaptophysin immunocytochemistry with routine EM to allow for comparison of
TBI and BEC lesioning alone and in combination. Rats were subjected to TBI,
BEC or BEC and TBI and survived from 2-15 days.
With TBI, alone,
synaptophysin and MAP-2 immunoreactivity (IR) was reduced throughout the
molecular layer of the dentate gyrus (DG). BEC lesioning alone resulted in an
initial increase in MAP-2 IR in the outer lamina of the molecular layer, followed by
a return towards the normal trfeminar pattern, wffte synaptophysin IR showed
an increase in intensity over the inner third of the DG molecular layer. Animals
subjected to the combined insult revealed a reduction in MAP-2 IR in the middle
and outer 2/3rds of the motecular layer over 15 days, accompanied by an
increase in synaptophysin IR in the middle molecular layer. After combined lesion
EM demonstrated dramatic dendritic change in the outer and middle DG
molecular layer, suggesting that dendritic rearrangement was directly related to
these changes in MAP-2 and synaptophysin IR, as well as the documented
behavioral and functional abnormalities associated with the combined lesion.
(Supported by NS 07288 and NS20193)

ACUTE CHANGES IN BRAIN NOREPINEPHRINE TURNOVER
(NETO) FOLLOWING TRAUMATIC BRAIN INJURY (TBI).
A.A.DUmn-Mevnell*. K. Brown. G. Pawar. B.E. Levin. Neurol. Serv. DVA
Med. Ctr., E. Orange, NJ 07019 and Dept. Neurosciences, NJ Med. Sch.,
Newark, NJ 07103
The level of norepinephrine (NE) release shortly after TBI is
important as NE facilitates glutamate neurotoxicity. Norepinephrine
has also been shown to influence behavioral recovery from TBI. To
assess acute changes in NETO, halothane-anesthetized adult male
Sprague-Dawley rats had left or right somatosensory cortex contusions
performed with a pneumatically driven piston with a 5mm tip diameter.
After 3Omin, rats were decapitated and brain areas assayed by HPLC-ED
for NE and its metabolite 3-methoxy-4-hydroxyphenylglycol (MHPG). The
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ELECTROPHYSIOLOGICAL ACTIONS OF HEMOGLOBIN ON RAT
HIPPOCAMPAL CA1 NEURONS. J. Id * and B.R. Sastrv. Neuroscience
Research Laboratory, Dept. of Pharmacology & Therapeutics, The University of
British Columbia, Vancouver, Canada, V6T 1Z3.
Although hemoglobin (Hb), a nitric oxide (NO) chelator, has been suggested
to suppress long-term potentiation
(LTP)
and
excitotoxicity, its
electrophysiological actions have not been examined. In this study, superfusion
of rat hippocampal slices with 0.1, 0.5 or 1.0 mM bovine Hb for 15 min.
produced concentration-dependent effects on the membrane potential, the input
resistance, and synaptic transients in CA1 neurons of rat hippocampal slices.
Upon application of 0.1 mM Hb, a depolarization (5.9 ± 0.9 mV; n=26)
associated with a 51.61 ± 5.94 % (n=26) increase in the input resistance of the
neurons, and an increase in the number of depolarization-induced discharges of
action potentials, were observed. During the drug application, if the change in
membrane potential was compensated, the EPSP (% of control slope: 27.23 ±
3.24, n=8), the fast IPSP (% of control response; 44.56 ± 3.66, n=10), and the
slow IPSP (% of control response: 20.24 ± 6.92, n=4) were suppressed. While
EPSP (% of control slope: 52.65 ± 10.66, n=8) and slow IPSP (% of control
response: 41.99 ± 6.31, n=4) only partially recovered, the fast IPSP (% of
control response: 102.48 ± 15.17, n=10) completely recovered by 30 min postHb. The effects of Hb were still present in slices pretreated with 100 pM (n=5)
or 500 pM (n=6) of N-nitro-L-arginine, a NO synthase inhibitor.
These results indicate that the above electrophysiological actions of Hb on
CA1 neurons are unrelated to its NO scavenging property.
Since in
hemorrhagic stroke and head injuries neurons can be exposed to Hb, these
actions of Hb may be relevant to the neurological complications associated with
stroke and head injuries. (J.lp is supported by a Canadian MRC Studentship).

ACUTE ETHANOL INTOXICATION COMPLICATES CEREBROVASCULAR
CHANGES IN AN ANIMAL MODEL OF MODERATE TRAUMATIC BRAIN
INJURY. J. Sail*, M. Morehead, S. Murphy andH Goldman. Department
of Pharmacology, Wayne State University School of Medicine, Detroit, Ml
48201.
In a rat model of traumatic brain injury (TBI) we found that acute ethanol
(EtOH) intoxication complicates previously reported cerebrovascular
dysfunctions resulting from this injury. EtOH (2.4 g/kg) was administered
intraperitoneally in 20 ml normal saline (~5% solution) to male Wistar rats
(330-430 g) 10m prior to a fixed-head mechanical impact. Maximal blood
alcohol concentration level (260 mg%) was reached 5m after injection.
Regional cerebral blood flow (rCBF) was measured by intravenous (iv)
injection of [14C]-Iodoantipyrine tracer with a 15s uptake.
rCBF
measurements at 45m post-trauma revealed an overall decrease of 26%
compared to controls with dramatic hypoperfusion of forebrain structures
closest to the site of Impact, namely, the olfactory bulb and tubercle, frontal
cortex and basal ganglia. Intoxicated TBI rats had a 9% overall decrease
In rCBF at the same time point. TBI+EtOH rats also had elevated PaCO2
levels (21%) and decreased PaC>2 levels (13%) compared to controls. By
24h post-trauma, TBI rats were not different from controls while TBI rats
given EtOH remained hypoperfused with an overall 13% decrease In rCBF.
In other studies, permeability-surface area products (rPS) were based on
regional [3H]-sucrose tracer uptake over a 10m period. While rPS was
elevated 26% in TBI rats at 45m post-TBI and remained slightly elevated at
24h, It increased 42% over control values In the TBI+EtOH group at 45m
and decreased to 7% below control levels at 24h. These studies suggest
acute EtOH Intoxication potentiates the acute Increase In rPS and prolongs
the relative hypoperfusion observed in a clinically relevant model of TBI.

MHPG/NE ratio was used as a measure of NETO. Comparison with operated
controls showed a 56.4 _+ 13.1% (P < .005) increase in the MHPG/NE ratio
in the frontal cortex ipsilateral to a left lesion, and a 63.4 +.
14.7% (P< .0025) increase ipsilateral to a right lesion. NETO was also
increased in cortex posterior to the injury in right lesioned animals
(46.3 +. 8.36% increase P < .0O1), and in cortex immediately
surrounding the injury site in left lesioned rats (73.8 +. 20.4%
increase, P < .005). Within the lesion site itself, NETO appeared to
increase slightly, but these rises were not significant. Lesioning
had inconsistent effects on NETO contralateral to TBI. The results
therefore show a widespread increase of NETO in the cortex
ipsilateral to TBI, with less consistant contralateral effects. This
ipsilateral rise in NETO may worsen secondary cell death suggesting
the potential for pharmacologic intervention.

Supported by the Res. Svc. of the Department of Veterans Affairs.

180.19

180.20

RAPID NEUROFILAMENT CHANGES INITIATE THE DELAYED AXOTOMY SEEN
WITH MODERATE TRAUMATIC BRAIN INJURY. J.T. Povffshxk*, ML. Giebel,
and E.H. Pettus. Dept. of Anatomy, Medical Coltege of VA, VA Commonwealth
University, Richmond, VA 23298.
In a companion abstract presented at this meeting (Pettus et al.), we
demonstrate that traumatic brain injury (TBI) results in focal alteration of
axolemmal permeafcflity with an apparent increase in the packing density of the
related neurofilaments (NR. In the present communication, we assess the precise
nature of this NF change in an effort to explain its relationship to the delayed
axotomy associated with TBI. Anesthetized cats were subjected to fluidpercussion TBI in the presence of an extraceflular tracer (HRP). Fdfowing TBI, the
animals survived from periods ranging from 10 mins to 6 h, when they were
processed for the LM/EM visuafcsation of the HRP reaction product. When
discrete axonal foci demonstrating intra-axonal peroxidase influx were recognized,
they were enlarged to a final magnification of 35,OOOX. In these regions,
random, non-overlapping 0.5 fjm2 fields were selected, and therein the
interrfament distances measured. In controls, the intetrfiament distance averaged
40.1 ± 3.351™ (Mea ± SSEM) while in ffxd ^howim HRP rrffux tfh
finb^fflomant distance averaged 15.32 ± O.42nm, constituting a 62% decrease
from control values. This dramatic decrease in the intemeuroflament distance
was seen within 10 mins of TBI and persisted unchanged, in most axons, for up
to 3 h postinjury. In al cases, this increased NF packing was associated with the
loss of the NF sidearms, together with local mitochondrial swelling. Over time,
3-6 h, these packed NFs dJuassembted, leading to impaired axoplasmic transport
and sweCng. These findings are consistent with a TBI induced disruption of ionic
homeostasis, causing sidearm colapse, possibly triggering second messenger
systems to cause NF disassembly. (Supported by NS 07288 and NS 20193)

TIME COURSE OF LTP DEFICITS FOLLOWING MODERATE
TRAUMATIC BRAIN INJURY. T.M. Reeves*. B.G. Lveth. and J.T.
Povlishock. Department of Anatomy, Medical College of Virginia,
Richmond, VA 23298.
Mild levels of traumatic brain injury (TBI) have previously been
reported to impair long-term potentiation (LTP) in the Schaffer collateral/
commissural input to CA1 of rat hippocampus at 2 hours post injury
(Miyazaki et al, 1992). Since spatial memory deficits, induced by TBI,
persist for at least 15 days (e.g., Hamm et al, 1992), the current study
examined LTP during post-injury days 2-15. Male Sprague Dawley rats
were injured by midline fluid percussion (2.0 atm) and allowed to survive
for 2, 7, or 15 days prior to acute electrophysiological recording. Under
urethane anesthesia (1,500 mg/kg), recording and stimulating electrodes
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were placed in the CA1 and CA3 regions, respectively. Uninjured
control animals exhibited a 17% increase in population Ep Sp slope and a
46% increase in population spike amplitude, after 400 Hz high-frequency
stimulation (HFS) consisting of eight 4-pulse trains.
At 2 days
post-injury, HFS significantly decreased EPSP slopes by 18% (F=5.72,
p<.O5). HFS-induced changes in EPSP slope showed a time-dependent
improvement at 7 days (-9%) and at 15 days (+2%) post-TBI. In contrast,
post-injury population spike potentiation exhibited a biphasic time course:
with LTP exceeding control levels by 39% on day 2 post-injury, and
subnormal levels of LTP observed on day 7 (5%) and day 15 (16%)
post-injury. These results suggest that TBI differentially impairs
mechanisms subserving LTP of synaptic potency and mechanisms related
to cell excitability. Supported by NSO7288 to JTP and NS29995 to BGL.

425

426

TRAUMA:

MISCELLANEOUS

MONDAY PM

180.21

180.22

ASSESSMENT OF AXONAL DYSFUNCTION IN AN IN VITRO
MODEL OF ACUTE COMPRESSIVE SPINAL CORD INJURY M.G.
Fehlings* and R. Nashmi.
Playfair Neuroscience Unit, The Toronto

MAP2 PROTEIN LEVELS IN CA1 AND THE DENTATE GYRUS
FOLLOWING MODERATE TRAUMATIC BRAIN INJURY.
J.P. Gordon. E.T. Belardo. B.G. Lveth. G.R. Leichnetz*. and L.L. Phillips.
Div. of Neurosurgery, Medical College of Virginia, Richmond, VA 23298.
Fluid percussion traumatic brain injury (FPTBI) induces a massive CNS
release of excitatory neurotransmitters leading to cytopathological events.
Microtubule-associated protein 2 (MAP2) crosslinks both microtubules and
neurofilaments within dendrites and neuronal cell bodies. Previous studies
show decreases in hippocampal MAP2 levels at 3 hrs following FPTBI. Given
this potential role for MAP2 as a marker of injury-related cytopathology, we
have examined levels of MAP2 in CA1 and dentate gyrus (DG) subregions of
rat hippocampus at both acute and long term time points postinjury. Male
rats subjected to moderate FPTBI (l.9-2.l atm) and sham injury were

Hospital Research Institute, University of Toronto, Toronto, Canada M5T
2S8.

The pathophysiology of posttraumatic axonal dysfunction was examined
in an in vitro model of compressive injury to spinal cord axons. Changes
in the conductive properties of injured axons were assessed. In addition, we
examined the hypothesis that abnormal K+ channel activity, as a result of
acute myelin disruption, may be a factor contributing to conduction block.
A 2 cm length of spinal cord was removed from the adult male Wistar rat
(n=24). A dorsal column segment was isolated and pinned in a recording
chamber. The cord was stimulated with a bipolar electrode, while two point
responses were recorded extracellularly. Injury was accomplished by
compression with a 1 mm wide modified aneurysm clip which applied a 2
g force for 15 sec. The effects of 5 mM 4-aminopyridine (4-AP) and 10
mM tetraethylammonium chloride (TEA) were studied separately during and
after 20 min of infusion.
With injury the compound action potential amplitude (CAP) decreased to
53.7 ± 5.4 % (p < .001), whilethe latency increased to 115.6 ± 3.1 %
(p < .0025). The absolute refractory period increased with injury from 1.7
±0.1 ms to 2.1 ± 0.1 ms (p < .001). With train stimulation (200 and
400 Hz), injured axons showed evidence of significant high frequency
conduction failure (p < .05). The infusion of 4-AP caused a broadening
of the CAP to 110.8 ± 5.8 % of control (p < .001). With TEA, injured
and uninjured axons showed a similar response; namely, an initial
attenuation followed by a delayed potentiation of amplitude.
In conclusion, we have developed and characterized an in vitro model of
mammalian spinal cord injury. Our studies show that posttraumatic axonal
dysfunction in part reflects abnormal activation of 4-AP sensitive K+
channels but not TEA responsive K+ channels.

anesthetized and sacrificed at 1 hr, 48 hrs, 15 days and 30 days postinjury.
Hippocampi were removed, CA1 and DG subregions dissected and acidprecipitable proteins separated by SDS-PAGE. Immunobinding of transferred
proteins was carried out using an antibody recognizing MAP2a and MAP2b
and visualized by chemiluminescence. Immunohistochemical staining with the
same antibody was conducted for each timepoint. Western blots revealed a
clear decrease in MAP2b protein and a less pronounced decrease in MAP2a
at acute time points in CA1 and DG. Samples at 15 and 30 days postinjury
showed a visible increase in MAP2a and MAP2b in those regions. These
results were supported by immunohistochemical localization of MAP2 in both
CA1 and the DG at each time point following injury. Our study indicates that
FPTBI produces an acute loss followed by long term recovery of MAP2
protein. Changes in MAP2 may be indicative of early degenerative change
followed by long term structural recovery in response to FPTBI. Funded by
BTF and NIH 12587.
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IMMUNOREACTIVITY OF TYROSINE AND DOPAMINE
HYDROXYLASES AFTER EXPERIMENTAL BRAIN INJURY. T
Carbary. H. S. Dhillon. R.J. Dempsey, D. Yurek* and M, R. Prasad .
Department of Surgery, University of Kentucky Chandler Medical
Center. Lexington. Ky 40536.
Several studies indicate that the magnitude of neuronal damage in
central nervous system injury may be related, in part, to alterations in
the balance between excitatory and inhibitory neurotransmitters. In
the present study, we used immunocytochemical techniques to
examine the tyrosine (TH) and dopamine hydroxylase (DH) of the
Locus Coerulus (LC) region after lateral fluid percussion (FP) brain
injury in rats. Sprague-Dawley rats (325-350 gm) anesthetized with
sodium pentobarbital (60 mg/kg, i.p.) were subjected to either FP brain
injury of moderate severity (1.8-2.0 atm) (n=8) or sham surgery
without injury (n=8). At 1 day and 7 days after brain injury, animals
(n=4 each group and time point) were killed and brains processed for
immunocytochemistry utilising anibodies directed aganist TH and DH.
Both TH and DH immunoreactivity were dense in the LC of shamoperated animals. No differences were observable between the shamoperated and brain-injured animals in the immunoreactivities of TH
and DH of the ipsilateral hemisphere at 1 and 7 days postinjury. In
the injured animals at both postinjury times, no differences were
observable between the ipsilateral and contralateral hemispheres in the
immunoreactivities of TH and DH.
These results suggest that
moderate grade FP brain injury may not affect the ability of LC to
produce norepinephrine. (Supported by NS 31816).

ENHANCED PHOSPHODIESTRIC BREAKDOWN OF PHOSPHOINOSITIDES AFTER EXPERIMENTAL BRAIN INJURY.
H. S. Dhillon. T.
Carbarv and M. R, Prasad*• Department of Surgery, University of Kentucky
Chandler Medical Center, Lexington, Ky-40536.
Several studies indicate a role for excitatory amino acids and acetylcholine and
their receptors in the pathophysiology of traumatic brain injury. In the present
study, we examined the regional changes in phosphatidylinositol bisphosphate
(PIP;). and in 1,2-diacylglycerol (DG) and inositol 1.4,5-trisphosphate (IP3),
cellular second messengers of the excitatory neurotransmitter system, after
lateral fluid percussion (FP) brain injury in rats. Sprague-Dawley rats (325-350
gm) anesthetized with sodium pentobarbital (60 mg/kg, i.p.) were subjected to
FP brain injury of moderate severity (1.8-2.0 atm) (11= 1-4) or sham surgery
without injury (n= 14). The brains of the rats were frozen in situ at 5 min after
injury, and the injured and ipsilateral left hippocampus were dissected out at 0°,
PIP; and DG were measured in these brain regions by lipid chromatographic
techniques (n=6, each group); while IP3 was measured by a specific
radioreceptor assay (n=8. each group). In the injured animals, whereas the
tissue PIP; concentrations were significantly decreased in the injured cortex and
left hippocampus (p<0.05), concentrations of both the IP3 and DG were
significantly elevated. In the injured animals, whereas in the PIP; fraction the
maximum decreases were observed in the stearic and arachidonic acids, in the
DG fraction these fatty acids increased in maximum amounts (p<0.05). These
results provide strong evidence of enhanced phospholipase C catalyzed
phosphodiestric breakdown of PIP; and of excitatory neurotransmitter surge
after experimental brain injury. (Supported by NS 31816).

180.25
REGIONAL LEVELS OF INOSITOL 1,4,5-TRISPHOSPHATE AND ITS
RECEPTOR AFTER EXPERIMENTAL BRAIN INJURY. B. Padmapemma. H .
S. Dhillon, T. Carbary. A,M. Rao, R . J, Dempsev* and M. R. Prasad .
Department of Surgery, University of Kentucky Chandler Medical Center,
Lexington, Ky-40536.
Several studies indicate a role for excitatory neurotransmitters and their
receptors in the pathophysiology of traumatic brain injury.
Inositol 1,4,5trisphosphate (IP 3), a cellular second messenger and its receptor may be involved
in the neurotransmitter-mediated neurotoxicity. In the present study, we
examined the regional changes in IP3 and its receptor after the lateral fluid
percussion (FP) brain injury in rats.
Sprague-Dawley rats (325-350 gm)
anesthetized with sodium pentobarbital (60 mg/kg, i.p.) were subjected to either
FP brain injury of moderate severity (1.8-2.0 atm) (n=28) or sham surgery without
injury (n=28). The brains of the rats were frozen in situ at 5 min and 20 min
(n=!4, each group and time point ) after injury; and the injured cortex and
ipsilateral left hippocampus were dissected out at 0 °C. IP3 was measured in these
brain regions by a specific radioreceptor assay (n=8, each group and time point).
The IP3 receptor density (BniaJ and ligand affinity (KJ to the receptor were
determined by measuring the radioactive ligand displacement (n=6, each group
and time point). In the injured animals, whereas the IP3 concentrations were
significantly elevated in the ipsilateral cortices and hippocampi of both the
hemispheres at 5 min postinjury (1.3-1.8 fold; p<0.05), no elevations were found
at 20 min postinjury. Whereas at 5 min postinjury, the BniSK and Kd value for IP3
receptor were not affected, at 20 min postinjury both were decreased by about 30%
in the injured animals in the injured cortex and left hippocampus (p<0.05). These
results suggest that IP3 through calcium mobilization may contribute to the
pathophysiology of traumatic brain injury. (Supported by NS 31816).
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SYMPOSIUM. NEW APPROACHES TO UNDERSTANDING
DENDRITES. D. Johnston. Baylor Coll. Med., Houston (Chairperson);
B. Sakmann. MPI, Heidelberg, Germany; W. N. Ross, N. Y. Med. Coll.;
W. A. Catterall. Univ. of Wash., Seattle.
Recent developments in the use of patch-clamp techniques, high-speed fluorescent imaging, and molecular biology of Ca2+ channels have provided new
information about the active properties of neuronal dendrites. Bert Sakmann will discuss whole-cell and isolated-patch recordings from dendrites of
neocortical pyramidal cells, which indicate that the dendritic membrane contains voltage-activated Na+, I<+, and Ca2+ channels. Suprathreshold EPSPs
generate APs in the initial segment that backpropagate into the dendrites
eliciting an increase in [Ca2+]j due to the activation of four classes of Ca2+
channels and from unblocking NMDA receptors. Bill Ross will discuss the use
of high-speed fluorescent imaging for the study of Na+ or Ca2+ concentration
changes in CNS neurons caused by electrical potentials. Using this technique
the pattern of Na+ and Ca2+ APs evoked and modulated by synaptic activity in cerebellar Purkinje neurons, hippocampal pyramidal neurons, and other
CNS neurons will be presented. Bill Catterall will review the molecular biology of voltage-gated Ca2+ channels and the use of specific antibodies for
investigating their localization in pyramidal-neuron dendrites. Ca2+ channels
consist of an al subunit associated with a p subunit and disulfide-linked glycoprotein complex of q 2 and S subunits. Five genes encoding alA through
air, each with different functional properties, are expressed in brain. The
five al subunits have different distributions across the soma and dendrites
of hippocampal pyramidal neurons. Dan Johnston will present data from
single-channel recordings in cell-attached patches from hippocampal pyramidal neuron dendrites. One type of voltage-gated Na+ channel and at least three
types of voltage-gated Ca2+ channels have been identified. The Na+ channel,
and the lower-threshold types of Ca2+ channels, are activated by subthreshold
EPSPs.

SYMPOSIUM. THE AMYGDALA. FROM CIRCUITS AND
SYNAPSES TO EMOTIONAL MEMORY. J.E. LeDoux. New
York University (Chairperson); D. Amaral. SUNY, Stony Brook;

EXTRASTRIATE VISUAL CORTEX:

T. Brown. Yale University; A. Damasio. University of Iowa..
The amygdala is the centerpiece of a brain system involved in
the formation of memories about the emotional significance of life's

experiences. Research on the anatomical organization of amygdala
circuits and the physiological properties of amygdala neurons has
begun to provide new insights into the biology of this brain region
at the systems and cellular level. Additionally, a substantial body
of knowledge has accumulated on the role of anatomically defined

regions of the

amygdala in

emotional

learning

in

animals,

especially through studies of classical fear conditioning. Recent
work has also begun to illuminate the role of the human amygdala
in emotional processes.

Although the amygdala has long been

believed to be involved in emotion, these new discoveries begin to
tell us how cells, snyapses and circuits in the amygdala and

connected brain regions learn, remember, and detect the emotional
significance of sensory stimuli.

FUNCTIONAL ORGANIZATION II

186.1

186.2

DIFFERENT MICROCIRCUITS FOR FORWARD CORTICOCORTICAL
AND LP (PULVINAR) PROJECTIONS IN RAT EXTRASTRIATE
VISUAL CORTEX. R. R. Johnson and A. Burkhalter. Dept. Anatomy and
Neurobiology, Washington Univ. Sch. Med., St. Louis, MO 63110.
Recent models suggest that the position and size of the window ' of visual

PATTERNS OF SYNAPTIC ACTIVITY IN FORWARD AND FEEDBACK
INTRACORTICAL CIRCUITS. A.Burkhalter*1. L. Domenici 1 and
G.W.Harding2. Depts. Anatomy and Neurobiology 1 and Neurosurgery2,
Washington Univ. Sch. of Med., St. Louis, MO 63110.
The defining anatomical feature of reciprocal pathways between cortical
areas is that forward and feedback inputs have different laminar patterns.
This suggests that forward and feedback connections synapse with
different cell types and are linked to different circuits. Direct evidence for
this derives from rat visual cortex (VC) where feedback connections
synapse almost entirely with pyramidal cells whereas many forward inputs
are mediated via GABAergic neurons (Johnson and Burkhalter, 1992,
1994). To extend the notion of distinct forward and feedback circuits we
have determined physiologically the distribution of synaptic input by
current source density analysis.
For this purpose we used in vitro slices of rat VC. Synaptic activity
in forward connections was evoked by electrically stimulating area 17 and

attention may be governed by the interaction of excitatory and inhibitory
cortical circuits activated by pulvinar and corticocortical input. In general,
two schemes have been proposed for how pulvinar input may "gate" the
passage of information from lower to higher cortical areas: one involves
suppression through inhibitory microcircuits while the other does not. We
were interested to know therefore to what degree forward and pulvinar
inputs to extrastriate cortex form synapses with inhibitory interneurons.
To examine this we made two different injections in the same animal.
First the tracer BDA was pressure injected into area 17 to anterogradely
label forward projections to extrastriate cortex. Next injection of an
excitotoxic concentration of NMDA (120 mM) was made into the LP
nucleus (pulvinar) of the thalamus to cause anterograde degeneration of LP
inputs. Alternate sections were reacted for BDA using DAB or were silver
stained to identify regions of dense LP input.
Sections containing
overlapping forward and LP input were embedded in plastic and thin
sectioned for EM examination. Alternating short series of thin sections
were reacted for GABA using postembedding immunocytochemistry.
Results indicate that forward and LP inputs synapse with different
proportions of GABAergic interneurons in the middle layers of extrastriate
cortex. While a significant percentage of corticocortical forward terminals
synapse with GABAergic cells (10.1%, n=9/89), very few inputs from LP
do so (2.5%, n=2/79). The microcircuits of forward projections therefore
may be analogous to those of the LGN in VI in elaborating the receptive
field properties of higher areas. Regarding pulvinar inputs, these results
provide support for an excitatory but not an inhibitory gating scheme in
extrastriate cortex. Supported by NIH grant EYO5935.

recording potentials in extrastriate area LM, and vice versa for feedback
pathways. Stimulation and recording sites were spaced 1 mm apart.
Stimulation of forward and feedback connections both produced
monosynaptic, excitatory responses with distinct laminar and temporal
distributions. The earliest forward responses are seen at 3 ms in layers 4
and deep 2/3. They are followed at 5 ms by activity at the layer 5/6
border. In contrast the earliest feedback activity is found at 4 ms in layer
1. It is foflowed d y input at 5 ms to the layer 3 /4 b order and a t 6-8 ms b y
activity in layers 2/3, 5 and 6. The time to peak for the fastest forward
responses is slightly shorter (1-2 ms) than for feedback responses.
These laminar patterns of synaptic activity correspond to the
anatomical termination patterns of forward and feedback connections. This
suggests that forward and feedback pathways activate distinct circuits in
different temporal patterns.
NIH grant EYO5935.

186.3

186.4

RESPONSES TO OPTIC FLOW SIMULATIONS IN CAT EXTRASTRIATE CORTEX. H. Sheik* & J-N. Kim. Biological Structure, U.
Washington, Seattle, WA 98195
Several pieces of evidence suggest that cells in the lateral suprasylvian
area (LS) of the cat might be specialized for analyzing information in optic
flow fields. If so, one might expect that cells in LS would distinguish
between stimulus displays simulating optic flow, and displays exhibiting
only fronto-parallel motion.
In a set of pilot experiments, we first examined how a large array of
stimuli with fronto-parallel motion affected cell responses to an optimal
moving bar stimulus. Displays were 43x35 deg, containing about 75 array
elements (bars 0.6-1 deg long). We tested a variety of array motions: in the
cell’s preferred direction, in the reverse direction, in the orthogonal
directions, or moving radially outward from an origin lying just beyond one
of the screen edges. For most cells, all such arrays depressed the response to
the optimal stimulus, typically to about 80% of control levels.
In contrast to fronto-parallel displays, in an optic flow field all visual
elements show stereotyped behaviors: they follow radially outward
trajectories originating from a point on the horizon; they expand; and they
accelerate. We have generated a large library of optic flow simulations using
different element sizes, contrasts, shapes, and different degrees of regularity
in starting location. Each optic flow display has a matching fronto-parallel
motion display. In initial experiments, we have found that many cells give
intense and prolonged responses to optic flow displays. Often the response
to a superimposed bar stimulus is obscured by the high overall firing level.
Also, spontaneous firing levels may remain high for minutes after the
display ends.

ORGANIZATION OF EXTRASTRIATE CORTEX IN THE
PRIMITIVE PRIMATES, CHEIROGALEUS AND LEMUR. M
Paalini*. Mi. Sereno. R. Jeo. A. Dobbins and J.M. Allman. Cognitive
Science Department 0515, University of California San Diego, La Jolla,
CA 92093, and Division of Biology 216-76, California Institute of
Technology, Pasadena, CA 92115.
The retinotopic organization of visual areas in lateral extrastriate cortex
of a primitive primate, the fat-tailed dwarf lemur (Cheirogaleus medius)
was examined using electrophysiological mapping techniques. The cortex
was then physically flattened, cut parallel to cortical laminae, and stained
to reveal the myeloarchitecture of these areas. Retinotopic mapping data
was analyzed with arrow diagrams and visual field sign maps (Sereno et al.,
1994). Despite the small overall size of the cortex in Cheirogaleus, it
shows many similarities to other primates, including a well-defined MT,
V2, VP, Dm , FST, and a large retinotopically-organized posterior
inferotemporal cortical area. There are a number of differences. There
appears to be one visual area, DLa, in between V2 and MT rather than 3
areas as there are in owl monkeys (DLp, DLi, DLa) and macaques (part of
V3A, V4, V4t). Posterior inferotemporal cortex contains a much more
extensive representation of the periphery than is in found there in monkeys.
Most surprisingly, there appears to be a small region of cortex inside
architectonically-defined Vl that actually contains a non-mirror-image
(V2-like) representation of the visual field.
The cortex of a brown lemur (Lemur fulvus) was physically flattened
and stained for cytochrome oxidase revealing very well-defined blobs, and
V2 stripes. MT was also darkly stained.
These results suggest many features of the organization of visual areas
in monkeys are actually primitive features for all primates that had already
evolved in nocturnal primate ancestors.
Supported by UCSD McDonnell-Pew Cognitive Neuroscience Center,
and MH47035.
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186.5

186.6

TWO-DIMENSIONAL MAPS OF VISUAL CALLOSAL
PROJECTIONS IN HUMAN EXTRASTRIATE CORTEX. D.C. Van
Essen* k S. Clarke2. N. Hadjikhani2. H. Dnay1. T. Coogan k G.
Carman^. *R. Kraftsik. 'Dept. Anatomy & Neurobiology, Washington Univ.

COMPUTERIZED RECONSTRUCTION AND FLATTENING OF
MACAQUE CEREBRAL CORTEX. C. H. Andersonl*. H.A. Drury*. C
W.Leel. G. J. Carman2, and D. C. Van Essenl dDppartment of Anatomy &
Nmurobiolbgy, Washington University School of Medicine, St. Louis, m O.
2The Salk Institute Vision Center, San Diego, CA.
Two-dimensional maps of cerebral cortex offer many advantages for the
study of cortical organization and duymtion, but existing manual methods for
generating such maps are tedious and somewhat inaccurate. We report here
on methods for computerized generation of 2-D maps that offer advantages
over manual techniques and previously published computer-based
techniques. Our starting point was a wirm-dramm 3-D computerized
reconstruction of the entire macaque cerebral cortex (-24,000 nodes) that
was based on contours of layer 4 from a series of Nissl-stained sections.
One method is based on unfolding the cortex by iteratively applying forces
that make the surface more flat while preserving geometric relationships
among neighboring nodes (G. Carman, H. Drury, and D.C. Van Essen, ms.
in preparation). A faster method starts by creating a 2-D array that preserves
topological relationships but not local geometry between neighboring nodes.
A third method is based on initially constraining only the nodes along the
boundary to lie on a plane. Using any of these methods yields 2-D cortical
maps that are similar to those generated using manual unfolding methods.
Information about areal boundaries and other anatomical data can be
incorporated into the original reconstruction and represented in the flattened
maps. Maps can also be resampled using a regularly spaced grid. This
facilitates further refinement of the 2-D map. It also provides a basis for a
standardized coordinate system for the 3-D cortex that has inherent
advantages over conventional Ho^ely-Clarke coordinates. We anticipate
that these algorithms will be useful for a variety of applications, including
studies of human cerebral cortex.

Sch. Med., St. Louis MO, USA; 2Inst. de Physiologie, Univ. de Lausanne, Switzerland,
3Salk Institute, La Jolla CA, USA, 4Inst. d'Anatomie, Univ. de Lausanne, Switzerland.
Visual callosal afferents terminate in a non-uniform pattern in
human occipito-parietal cortex (Clarke & Miklossy ’90), thereby
providing clues to the boundaries of topographically organized visual
areas that may be homologous to identified areas in the macaque. We
report here on the pattern of callosal afferents obtained from a brain
with a right unilateral occipito-temporal infarction. Sequential coronal
sections of the left occipito-parietal cortex were stained for
anterogradely degenerating axons. Results were plotted and analyzed
on 3-dimensional computerized reconstructions and 2-dimensional
computerized unfoldings of the cortical surface (see C.H. Anderson et
al., this volume).
The distribution of callosal afferents in the cortex contralateral to the
lesion revealed a complex pattern of callosal-rich and callosal-sparse
regions having significant similarities to the patterns previously
reported for the macaque. We confirmed the presence of a stripe-like
pattern of callosal afferents along the Vl/V2 boundary, a callosal-sparse
region that includes area V2, and additional callosal-recipient stripes
that are candidates for the borders of area VP ventrally and V3
dorsally. Additional callosal-sparse regions in the superior occipital
sulcus, the superior lateral occipital sulcus, and the vicinity of the
fusiform gyrus are candidates for area V3A and the ventral and dorsal
subdivisions of area V4. These results may provide a valuable
anatomical guide for the interpretation of functional imaging studies of
human extrastriate visual cortex.

186.7

186.8

UNFOLDING THE CEREBRAL CORTEX OF MONKEY AND MAN
George L Carman**. Edgar A. DeYoe2, and Peter T\ Fox3.
*Salk Institute Vision Center, San Diego, CA; 2Dept. of Anatomy and Cell
Biology, Medical College of Wisconsin, Milwaukee, WI; 3Research Imaging
Center, University of Texas Health Sciences Center, San Antonio, TX.
We have developed novel computational methods for the creation of threedimensional (3D) models and unfolded two-dimensional (2D) maps of the cerebral
cortex. These methods include: (1) Registration of structural and functional data for
each subject; (2) Reconstruction of a 3D model of the cortical mantle from
anatomical data; (3) Unfolding of the cortical mantle to produce a 2D map of one or
more cortical laminae; (4) Projection of data onto the 3D model and 2D map;
(5) Fusion of the unfolded maps, to combine data across individuals, which are
visualized as probabilistic distributions on a composite 2D map; and (6) Refolding
of such composite 2D maps to create composite 3D models of die cortex, allowing
us to visualize such probabilistic distributions of data on the sulci and gyri of the
familiar, folded conformation of the cortex.
We have applied these methods to create 3D models and unfolded 2D maps of the
entire cerebral cortex of rhesus monkey and human brain. These maps are the first
complete metric unfoldings of the cortices of these two species which preserve their
intrinsic geometry. The availability of such metric unfoldings enables us to define
2D intrinsic coordinates to localize features of cortical organization on the unfolded
map, and which can be related to 3D stereotaxic coordinates of the corresponding
locations in the folded brain. Furthermore, these intrinsic coordinates can be
transformed to compensate for variability in size and organization of the cortex
between individuals and between species. We have used such transformed intrinsic
coordinates to project the cortical organization from monkey4 onto man, thereby
generating a hypothetical map of human cortex useful for prediction and
interpretation of structural and functional human brain mapping studies. We compare
this hypothetical map to the observed organization of human visual cortex, as
revealed by functional magnetic resonance imaging. These methods provide for rapid,
quantitative structural and functional mapping of the cortex of monkey and man.
4 G J. Carman, H. Drury, and D.C. Van Essen, ms. in preparation.

ORIENTATION AND DIRECTION-SELECTIVE EFFECTS FROM BEYOND
THE CLASSICAL RECEPTIVE FIELD IN MACAQUE STRIATE AND
PRESTRLATE NEURONS. J.B, Levitt* and J.S. Lund. Deptt Visual Science,
Institute of Ophthalmology, London EC1V 9EL, UK.
Striate and natrastriatn areas of primate visual cortex are characterized by
widespreading intra-areal cbddnctibds. Evidence suggests that these horizontal
cbddnctibds relate to the columnar organization of orientation preference. To
assess possible functional correlates of these circuits, we have examined the range
of visual space over which neuronal responses could be modulated, and
determined whether such influences were brindtatibn-dnpendent. We recorded
single-unit responses in areas VI, V2, and V3/V3A in paralyzed,
bpiatn-adnsthntiznd macaque monkeys, using drifting achromatic sinusoidal grating
stimuli. We measured each neuron's minimum response field (MRF), and used
stimulus patches of varying size centered on the MRF to determine the area over
which responses summated. In each cortical area, response summation areas were
often substantially larger than the MRF size; larger stimuli frequently revealed
profound response suppression from the surround. We then measured orientation
tuning with stimuli restricted to a central region over the cell’s MRF, and in the
presence of stimuli presented outside of that region (which elicited no responses
by themselves). We noted both facilitative as well as suppressive effects from these
surround regions (though suppression was more common); these effects depended
on the relative brindtatiod or direction of motion of center and surround stimuli.
We also noted several cells whose orientation preferences shifted in the presence
of surround stimulation. We conclude that remote cortical locations may influence
neuronal responses in an brindtatiod- and direction-dependent manner in several
early areas of primate visual cortex, and these effects appear more complex than
previously-described end-inhibition.

186.9

186.10

DISTRIBUTION OF PARVALBUMIN AND SMI32 IMMUNOREACTIVITIES
IN EXTRASTRIATE VISUAL CORTEX OF THE MACAQUE. J. Hegde and D.
J. Fellemaa*. DDepatment of Neerobiologg aad Anntomy, Univvrsity of TTxaa
Medical School, Hbrstbd, TX 77030.
Eatrastriatn visual cbrtna consists of 30 or more areas that can be identified by
cortical connections, physiology, and in some cases, cyto- and mynlbarchitncture
and/or the distribution of immunocytochemical markers. We stained adult macaque
eatrastriatn visual cortex for immunbrcacllvliy (ir) to two intracellular proteins, the
phosphorylated nnurbdilamnnt epitope SMI32, which identifies long projection
pyramidal cells, and the calcium binding protein parvalbumin, which identifies a
subset of GABAergic neurons and neuropil.- We compared the ir patterns with the
borders of various cortical areas identified by the pattern of interhemispheric
projections and/or the intracortical cbndnct.ibds of areas V4 or PITv. Areas V3 and
MT have unique parvalbumin ir patterns. MT is characterized by the dense cellular
and dense, matted neuropil staining in layers IV and VI, with little or no staining in
layer V. V3 is characterized by the diffuse pattern of ir including cells and a dense,
matted neuropil in layers IV-VI. We have extended the previous work on SMI32 ir in
monkey and human 1x ^0^ cortex (Hof et al., 1993) by examining the pattern of
labeling in V3 and iddnrotnmporal cortex. V3 is characterized by dense cell and
nnuropil staining of layers Ill and VI. Adjascnnt arras V2 and V3A have wnaknr cell
and process ir in layer VI. The pattern of SMI32 ir appears to delineate dorsal and
ventral subdivisions of the indnrotnmpbral cortex. Areas PITv and perhaps CITv have
dense ir in both infragranular and supragranular layers and are characterized by the
presence of small pyramidal cells in the upper part of layer III. In contrast, areas
PITd and perhaps CITd have greatly reduced ir in the iddragradular layers and lack
the small pyramidal cells of upper layer III.
These results indicate that
immunocytochemical markers provide independent methods of identifying visual
cortical areas. Supported by NEI EY-08372, the Sloan Foundation, and the
Whitehall Foundation.

Disruption of backward connections from the rhinal cortex impairs
visual associative coding of neurons in indnrbtnmporal cortex of monkeys.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

(Supported by MRC G9203679N and NIH EY10021)

Y. Miyashita*, S. Higuchi, X. Zhou, H. Okuno and I. Hasegawa. Dept.
Physiology, Univ. Tokyo Sch. Medicine, Hongo, Tokyo 113, Japan.
We used a pair-association task to assess visual long-term memory in 2
adult monkeys (Macaca fuscata). Before learning of the task, the anterior
commissure of the monkeys was transected, disconnecting the anterior
temporal cortex of each hemisphere. After training with 12 pairs of fractal
patterns and unit recording from the iddmrbtempbral (IT) cortex, we injected a
grid of ibotenic acid unilaterally into the rhinal cortex (nntorhidal and
perirhinal cortex) which provides massive backward projections ipsilaterally
to the IT cortex. According to the histological examination, the lesions
covered medial and lateral banks of the rhinal sulcus completely and most of
the edtorhidal and perirhinal cortex. After the injection, the monkeys could
fixate the cue stimulus normally and be trained with the preoperatively
learned set (set-A) and a new set (set-B) of paired associates. Then single
units were recorded from the same area as that for the prelesion control.
In spite of the lesion, the sampled neurons responded strongly and
selectively to both the set-A and set-B patterns during the cue period of the
task. We recorded from 256 neurons prior to the lesion, and from 363 neurons
after the lesion. We analyzed these cells by calculating the pair index, PI,
according to the method described previously k We found that the paired

associates elicited significantly correlated responses in the control neurons
(P<0.01; Wilcoxon's signed-rank test) but not in the cells tested with the
lesion either for set-A or set-B (P>0.4). We conclude that the lesion of the
rhinal cortex disrupted the associative code of the IT neurons between the
paired associates, without impairing the visual response to each stimulus.
1. SsScaia K. & Miyashitat Y. Natare 354, 4!52-155 (1991).
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187.1

187.2

PREDICTIVE HEBBIAN LEARNING CAN PRODUCE RISK-AVERSE
BEHAVIOR IN A FORAGING ANIMAL. C. C. Canavier and P. R. Montague* . Div. of Neuroscience, Baylor College of Med., Houston, TX 77030.
Using a simple neural architecture motivated by anatomical and physiological work in the honeybee, we show how a simple learning mechanism
that we have called predictive Hebbian learning generates risk-averse behavior in the foraging “model bee”. The model supports the suggestion
that diffuse axonal systems in part deliver information about expected reward to their targets. Any animal presented with an uncertain and variable
environment must strike a balance between gathering information through
exploration and exploiting that information through the acquisition of resources such as food and mates. Foraging behavior in honeybees, bumblebees and a number of other animals is consistent with behavioral strategies
that reduce the risk of failure during foraging. The variance of the rewards
in the world is somehow assayed and used by these foraging creatures. We
show how the variance in the reward distributions could be represented
in the bee brain, and we further demonstrate how this variance could be
used to sensibly control behavioral decisions. A simple neural model was
presented with a 3-dimensional foraging task in which it can “fly” above a
two-dimensional field of flowers. At each step, the neural model made a decision about its course orientation based on the available sensory data. Two
model parameters contributed critically to risk aversion: the learning rate
and the degree of nonlinearity in the response of a neuron which delivered
information about nectar in each flower. We found that if the simulated
flowers occupied at least 25% of the field, the percentage of each flower color
in the visual field alone provides sufficient information to account for the
decision strategies of the bee. As the distribution of flowers became sparse,
topographical information was required to simulate the foraging behavior.

THE EFFECT OF EARLY OBJECT EXPOSURE ON EMOTIONAL LEARNING IN

187.3

187.4

INCREASED MAP-2 IMMUNOHISTOCHEMISTRY FOLLOWING
PAVLOVIAN CONDITIONING IN AUDITORY CORTEX IS
CORRELATED WITH INCREASED MAP-2 KINASE AND PROTEIN KINASE C IMMUNOHISTOCHEMISTRY BUT LEVELS OF
MAP-2 mRNA ARE UNCHANGED.
Nancy J. Woolf*. Justin D.
Oh. and Robert H. Edwards.
Depts. of Psychology and Neurology,
UCLA, Los Angeles, CA 90024-1563, U.S.A.
Increased MAP-2 immunohistochemistry in rat auditory
cortex (TE3) induced by Pavlovian conditioning to tone has been
shown to reflect increased breakdown products of the intact
protein (Woolf et al., 1994, NeuroReport, 5(9). Following the
degradation
of this
cytoskeletal protein
cross-linker, the
phosphorylation of intact MAP-2 would be expected to affect the
reconstruction of the cytoskeletal matrix.
MAP-2 is readily
phosphorylated by protein kinase C and MAP-2 kinase.
Therefore, these enzymes were assessed in rats trained with tone (2

CHOLINE ACETYLTRANSFERASE mRNA IS SELECTIVELY
INCREASED IN CELLS PROJECTING TO AUDITORY CORTEX
FOLLOWING PAVLOVIAN CONDITIONING TO TONE Justin D.
Oh*. Christine Kuo. Robert H. Edwards, and Nancv J. Woolf. Depts.
of Psychology and Neurology, UCLA, Los Angeles, CA 90024-1563.
Pavlovian conditioning has been shown to affect the
cholinoceptive, cytoskeletal-rich cells in the auditory cortex
TE3 (Woolf, 1993, J. Chem. Neuroanat. 6(6):375; Woolf et al., 1994,
NeuroReport, 5(9).
Presently, cholinergic basal forebrain
neurons projecting to TE3 were evaluated following conditioning. In a preliminary study, the fluorescent tracers fluorogold
and True blue were infused into TE3.
Choline acetyltransferase
(ChAT)-positive cells that retrogradely transported tracer were
localized to the inferolateral quadrant of the caudal nucleus
basalis.
Naive rats were trained with tone (2 KHz, 96 dB) paired
with shock (1 mA) (n=4), tone delivered unpaired with shock
(n=4), or tone alone (n=4). Asymptotic levels of conditional
responding, freezing, were exhibited after 2 days of training (8
trials).
On the third day, animals were continuously monitored
for freezing both 2 minutes before and during the tone
presentation.
The tone-paired-with-shock animals showed
reliably more freezing during the tone (ANOVA p<0.05), as well
as increased ChAT mRNA selectively in the inferolateral

KHz, 96 dB) paired with shock (1 mA) (n=4), tone delivered
unpaired with shock (n=4), or tone alone (n=4).
In the tonepaired-with-shock animals, MAP-2 kinase immunohistochemistry was increased in layer III of TE3 (ANOVA p<0.01, post-hoc
comparison p<0.0001), but not in the occipital cortex, CA1 of
hippocampus, the dentate gyrus, or the cortical amygdaloid
nucleus.
Protein kinase C immunoreactivity was increased in
both layers III and V of TE3 following tone conditioning (ANOVA
p<0.0001, post-hoc comparison p<0.01), whereas occipital cortex

M. Waldhor* and G. Bernroider. Inst, for Zoology,
University of Salzburg, A-5020 Salzburg, Austria
Distress vocaizations (DV) have been recognized to reflect Isolation Induced
despair effects subserving the maintenance of social cohesion In various lower
animal models (Panksepp, et al. Pharmacol Biochem Behav, 13:673-<6J3,1980).
Here we show, that I) previous social experience during the first day after birth
strongly effects the intensity of Isolation calls and H) short term (60 min)
perceptual exposure of visually naive chicks (24 h after birth) to arbitrary
objects (e.g. rotating cubes) changes the response to the deprivation of visual
contact to broodmates.
A comparison of physically or optically isolated with socialized subjects
between 24 h and 48 h after birth Indicates a strong potentiation of an
otherwise Innate behavioral component by early (one day post-hatch) social
experience. The observed difference vanishes within 24 hours following
resoclallzation (experiment I). One day old, naive quail, were visually exposed
to either a group of conspecific broodmates or a rotating cube for 60 min.
Following exposure, DV was recorded under visual Isolation (20 min) and
subsequent visual access to either broodmates or objects (experiment H). The
results reveal a dissociation of Isolation Induced protest to the perceptual loss
of objects versus broodmates: object learning distracts the bond to
broodmates, whereas acquiring the visual cues of broodmates does not
change the response to objects. These findings suggest, that Isolation Induced
despair effects carry predisposed components favouring social cohesion to
group mates. The paper further discusses a model of "dksociated brain views*
with Inherent motivational links to “faces" that coherently explains our
observations of an emotionally linked "delayed match to face response*
provided by DV.

QUAIL CHICKS.

and limbic regions showed no differences between the training
groups. In situ
hybridization with a MAP-2 cDNA probe (gift of
A. Matus)
revealed no apparent changes iii synthesis levels.

quadrant of the nucleus basalis.
In this region, cholinergic
cells labeled with the riboprobe were 33% larger in the tonepaired-with-shock animals, significantly differing from those
of differently trained animals (ANOVA, p<.005).
{Support: UCLA
Alzheimer's Pilot Grant to N.J.W.).

187.5

187.6

FUNCTIONAL INTERACTIONS WITHIN AUDITORY PATHWAYS DURING
PAVLOVIAN CONDITIONED INHIBITION. F. Gonzalez-Lima1 *& A.R.
McIntosh2. 1Dept of Psych, Inst for Neurosci, Univ Texas, Austin, TX 78712,

UNILATERAL INACTIVATION OF NUCLEUS INTERPOSITUS BY MUSCIMOL GREATLY
IMPAIRS SECOND ACQUISITION OF CLASSICALLY CONDITIONED NICTITATING
MEMBRANE RESPONSES IN RABBITS.
C.H. Yeo*. D.H. Lobo and M.J. Hardiman. Dept. Anatomy, University College London,
London WC1E 6BT, U .K.
Reversible inactivation of the anterior interpositus nucleus (AIP) by lidocaine does not
prevent acquisition of the classically conditioned nictitating membrane response (NMR)
of rabbits to a tone conditioned stimulus CS after previous conditioning to a light CS
(Welsh and Harvey, J Physiol 444:459-80, 1991). Inactivation of AIP by muscimol does
prevent de novo acquisition to a tone CS (Krupa et al, Science 260:989-91,1993). The
second finding is consistent with an essential role for the AIP in conditioning, the first
finding is not. We have tried to resolve these inconsistencies. We conditioned NM
responses for four daily sessions of 100 trials using a tone CS and a shock unconditioned
stimulus (US) with a CS-US interval of 250 ms. The conditioned responses (CRs) had
latencies to peak of around 270 ms. We continued with 4 more daily sessions using a
similar tone CS but with a 650 ms CS-US interval. These control subjects (n=4) began
additionally to produce small longer latency (around 680 ms) responses after 20-30 paired
trials, but needed 300-400 trials to suppress the short latency responses. Rabbits with
implanted cannulae targeted on eyeblink areas in the AIP (n=4) received daily injections
of muscimol bromide (1-1.5 pL of 7.7 mM solution) I hour before each of the 4 650 ms
conditioning sessions. 3 days after the last injection, test CS presentations revealed
substantial 270 ms peak responses but with very small additional 680 ms peak
responses. 400 conditioning trials during muscimol inactivation produced conditioning
equivalent only to 20-30 trials in control subjects. In a second experiment we conditioned
first with a 650 ms CS-US interval and then with a 250 ms interval while inactivated
(controls n=4, injected n=4). Again, conditioning to the new CS-US interval was almost
completely absent Control subjects (n=4) with muscimol injections placed 1-2 mm more
lateral or caudal learned normally. We confirm the essential role of eyeblink areas in the
ipeilateral AIP for normal NM conditioning and suggest that limited conditioning is
mecfated by other areas, probably in contralateral cerebellum.

USA; 2Lab Neurosci, NIA, NIH, Bethesda, MD 20892, USA.
Using covariance structural modeling and fluorodeoxyglucose (FDG)
mapping, we have demonstrated that interactions among auditory system
regions can depend on the learned significance of acoustic stimuli (McIntosh &
Gonzalez-Lima, Brain Res. 547. 1991; 627, 1993). These observations were
extended by quantifying how the conditioned effects of a tone signaling
footshock were inhibited by light signaling the absence of the footshock, i.e.,
tone effects inhibited by another stimulus. Rats received pairings of a tone (A+,
excitor) with a mild footshock. Group 1 (Tone Inhibited) was trained in a
Pavlovian conditioned inhibition paradigm (A+/AX") where the tone-light

compound signaled the absence of footshock, making the light the inhibitor (X*
). Group 2 (Tone Not Inhibited), was trained with the tone as A+ and the light as
a “neutral” stimulus. After FDG injection, all rats were presented with the tonelight compound. Differences in auditory system FDG uptake were noted only in
the medial geniculate n. (MG) where the Tone Inhibited group had relatively
lower incorporation. Functional interactions through the auditory system
anatomical connections were assesed with covariance structural models.
Effects through the cochleocollicular pathways showed sign reversals between
groups while the descending corticothalamic influence was greater in the Tone
Inhibited group. This suggested a convergence of ascending and descending
influences at the MG for the Tone Inhibited group only, which may reflect the
modification of the signal value of the tone excitor in the presence of the
inhibitor. (Supported by NIMH R01MH43353 & NSF IBN9222075).
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POPULATION ANALYSES REVEAL THAT RAT HIPPOCAMPUS ENCODES
BOTH SPATIAL AND TASK-SPECIFIC INFORMATION DURING DELAYEDNONMATCH-TO-SAMPLE TASKS.
R.E. Hampson*. D.R. Byrd, S.A. Deadwvler. Dept. of Phys. & Pharm. and
Neuroscience Program, Bowman Gray School of Medicine, Wake Forest Univ.,
Winston-Salem, NC 27157.
The hippocampus has long been implicated in cognitive processing during
performance of spatial and nonspatial memory tasks. There is controversy over
whether this processing is focused on purely spatial or more global cognitive events.
Using a spatial delayed-nonmatch-to-sample (DNMS) task, it is possible to isolate
spatial from task-specific attributes controlling hippocampal cell firing on each trial.
Ten to sixteen neurons distributed in the CA1 and CA3 layers of rat
hippocampus were recorded via microwire array electrodes, isolated by a DSP-based
Spike Sorter, and digitized with behavioral events and continuous spatial position
records. Multiple neuron spike trains correlated to left-right lever position, sample
vs nonmatch phase of the task, and correct vs incorrect performance were analyzed
via canonical discriminant analysis. Four principal roots, or patterns, of multineuron
firing across time (1.5 sec before and after behavioral events) were common to
datasets from 7 different animals. These patterns discriminated between trial phase
(sample and nonmatch), correct responses vs errors, spatial position, and trial type
(based on initial sample lever position), respectively. A surprising indication of the
analysis was that incorrect responses during the nonmatch phase were consistently
preceded by sample phase firing patterns appropriate to the wrong lever position.
This miscoding of sample lever position was more prominent on short (<15 sec) than
on long (>15 sec) delay trials. On long-delay trials errors tended to be associated
with a lack of either identifiable pattern representing the initial sample lever position.
This analysis indicates that both spatial and task-specific events are mutually encoded
in small populations of hippocampal cell assemblies and can be shown to represent
information necessary for the trial-to-trial demands of the task.
[Supported by NIDA grants DA03502, DA00I19 to S.A.D.]

REPRESENTATION
AND
TEMPORAL
DYNAMICS
OF
CONCEPTUAL DEPENDENCIES IN A NEURALLY REALISTIC
SIMULATION OF THE HIPPOCAMPAL FORMATION. John KIopp .
B.S. and Valeriv Nenov Ph.D.. Ph.D.* Interdepartmental Neuroscience Ph.D.
Program, Brain Research Institute and Division of Neurosurgery, UCLA, CA 90024
A neural network model of the hippocampal formation (HCF) was
constructed using the Genesis/Xodus neural simulator. The model
consists of five neuronal layers representing the major cytoarchitectural
divisions of the human hippocampal formation and adjacent cortices.
The cellular distribution and connectivity in the model are a scaled down
representation of the HCF. In addition to the well known coronal
trisynaptic inner circuit within the hippocampal lamellae, this model
incorporates a multitude of neuronal groups spread along the longitudinal
axis. It is hypothesized that the sequential neuronal activation of the
entorhinal cortex (EC), dentate gyrus, CA3, CA1 subfields and back to
EC via subiculum propagates bidirectionally in a spiral fashion along the
longitudinal axis which serves as a delay line (100 ms to 1 sec duration).
This extra dimension of temporal processing may play a role in the
hippocampus' ability to store and evoke memories in a sequential,
temporally dependent manner. We suggest that the dynamically
changing pattern of neuronal activation in both the transverse and
logitudinal dimensions of the HCF represent a temporal succession of
assembly, modification and disassembly of conceptual dependencies. In
addition it provides a framework for the human experience of the present
and immediate past as well as for representation of expectations of the
immediate future. The data derived from our model will be compared to
electrophysiological recordings from the HCF during categorization tasks
such as Necker cube perception and will be used to suggest and predict
the results of new physiological experiments.

187.9

187.10

INTACT DELAY EYEBLINK CONDITIONING IN MEDIAL TEMPORAL
AMNESIA, BUT NOT IN ALCOHOLIC KORSAKOFF’S AMNESIA
E,McQlir£!3fiX:B£I132Ul1'2, M.C, Carrillo3, S. Armfield2, J, L, Saver*3, J.D.E. Gabrieli4,
L. S, Ceirnak2. JJJ Di sterhofto. 1 GeGetric ReRareh, Education ond CliCicniCeCten,
Brockton/West Roxbury VAMC, W. Roxbury MA; 2 Memory Disorders Research
Center, Boston VAMC, Boston, MA;3 Northwestern Univ. Med. Sch., Chicago, IL;
^Stanford Univ., Stanford, CA.
Studies of delay eyeblink conditioning in amnesic subjects have generated inconsistent
results. Woodruff-Pak (1994) reported impaired acquisition in the patient H.M., who
had bilateral temporal damage, whereas Daum et al. (1989) have demonstrated unimpaired
acquisition in 3 amnesic subjects with unilateral lesions. The present study examined
delay eyeblink conditioning in amnesic patients including 4 Korsakoff’s (K) patients and
4 bilateral medial temporal patients. Matched control subjects were 10 recovered
alcoholics (AC) and 10 normal individuals (NC).
Sixty conditioning trials were presented using an 850 msec, 1000 Hz, 80 db tone
(CS) presented monaurally to the right ear. The unconditioned stimulus (UCS) was a
corneal airpuff (3 psi), 100 msec in duration delivered to the right eye, which co-terminated
with the tone. A conditioned response was defined as a departure from baseline of >4 sd
during the CS-UCS interval, >100 msec after CS onset. Mean %CRs were 14.1 for
K’s, 23.7 for AC’s, 5.4 for AM’s, and 35.4 for NC’s. An ANOVA with Group (K,
AC, AM, NC) and Trial Block (12 blocks) revealed only a significant effect of Group
indicating differences in acquisition rates between K’s and NC’s, as well as AC’s and
NC’s. These data demonstrate that acquisition of delay eyeblink conditioning was
unimpaired in temporal lobe amnesics but was impaired in both Korsakoff’s patients
and alcoholic control subjects. This deficit may be attributable to the cerebellar
degeneration generally associated with long-term alcohol abuse (e.g. Harper, 1982,
1990). Supported by NIH R01 DA07633, NIH R01 MH4734, NIH R01 AGO8796 (to
JFD).

Dissociation Between Processing Speed, and Mnemonic
Components of Working Memory in Patients with Parkinson's
Disease and in Patients with Global Amnesia. G.T. Stebbins*. J.D.E.

Gabrieli. Keith Burton. Julie Rinaldi. Debra Fleischman. Laura Monti. Dept, of
Neuro. Sci., Rush Medical College, Chicago, IL 60612.
Working memory (WM) is a multi-component cognitive system that supports
the simultaneous processing and storage of information in the performance of
complex tasks such as reasoning and problem solving. Human and animal
studies suggest WM is dependent upon fronto-striatal and temporaldiencephalic neural systems. It may be possible to decompose WM into
separate components dependent upon these neural systems. Based upon
human and animal studies, we hypothesized that WM processes could be
composed of a fronto-striatal neural system which supports processing-speed
and representational aspects of WM, and a temporal-diencephalic neural
system which supports mnemonic aspects of WM. We investigated the status
of these putative components of WM in a sample of 10 mild, unmedicated,
idiopathic Parkinson's disease patients (PD) (Hohen and Yahr Stage 2), 10
age- and education-matched controls (PD-NC), 5 patients with global amnesia
(AMN) (2 with Korsakoff’s syndrome and 3 with medial-temporal lesions), and 4
age-, education-, and verbal IQ-matched controls (AMN-NC),. Subjects were
tested on a representational WM task (Raven's Progressive Matrices), a
processing speed WM task (Symbol Digit Modalities Tests), and a mnemonic
WM task (Listening Span). PD subjects were impaired in all three components
of WM relative to PD-NC. AMN subjects were impaired on the mnemonic WM
task relative to AMN-NC, but unimpaired on representational and processingspeed WM tasks. These results support the decomposition of WM into
representational, processing speed, and mnemonic components supported
by separate neural systems. Supported by ONR grant N00014-J-184.

187.11

187.12

CONCEPTUAL AND PERCEPTUAL WORD-STEM COMPLETION PRIMING IS INTACT IN
PATIENTS WITH MILD ALZHEIMER'S DISEASE OR GLOBAL AMNESIA. DA. Fleischman*.
J.D.E. Gabrieli. JA Rinaldi. S.L Reminger. and R.S. Wilson. Rush Medical College, Chicago, IL.,
60612 and Dept. of Psychology, Stanford University, Stanford, CA. 94305.
Explicit memory is reflected in tasks, such as recall and recognition, that require the conscious
reconstruction of a recent event Implicit memory is reflected in tasks, such as word-stem
completion (WSC) priming, that infer memory from a change in behavior attributed to a recent
event. Conflicting findings exist regarding WSC priming in Alzheimer's disease (AD). AD
patients are impaired or intact on priming tasks that have a strong conceptual or perceptual
comporneit respectively. Because WSC priming invokes both perceptual and conceptual
processing,
AD deficit may be specific to the conceptual component Alternatively, the
WSC priming deficit may reflect a semantic encoding, rather than an implicit memory,
impairment Priming may normalize if encoding is equated using a task that forces deep
processing through generating rather than rating words. Mild AD (16) and control subjects
(16), global amnesia (4) and control subjects (4), performed matched WSC priming and
recognition tasks under two encoding conditions. In mixed lists, words were read (perceptual
encoding) or generated (conceptual encoding) from a short definition and letter cue (e.g., 'a
vehicle for moving the injured-a__ '). For the WSC test, subjects completed three letter word
stems with the first word that came to mind. For the recognition task, subjects made yes/no
recognition judgments. The perceptuaVconceptual hypothesis predicted impaired priming in the
generate condition and intact priming in the read condition. The semantic encoding hypothesis
predicted intact priming in the generate condition and impaired priming in the read condition.
Recognition accuracy for the patients was impaired, but all subjects were more accurate for
generated than for read words. WSC priming was intact for the patients, and all subjects
primed similarly for words read versus words generated. There was no AD/NC by encoding
interaction. The findings suggest that 1) conceptual encoding is critical to explicit memory and
perceptual and conceptual encoding contribute similarly to WSC priming; 2) memorydfsordered patients can show normal sensitivity to conceptual processing on certain implicit
tasks; 3) because neither hypothesis predicted WSC priming in the AD patients, further
research is needed to resolve this discrepant literature. Supported by Alzheimer's Association
IIRG92063 an NIA PO1AG09466, P3QAGiO161, R01AG11121.

PRESERVED IDENTIFICATION BUT IMPAIRED GENERATION OF
REPEATED STIMULI IN CONCEPTUAL PRIMING TASKS IN PATIENTS
WITH ALZHEIMER'S DISEASE. S.L. Thompson-Schill*. J.D.E. GaErieli. C.J.
Vaidva. E. Grinnell. and D.A. Fleishman- Dept, of Psychology, Stanford University,
Stanford, CA 94305 and Rush Medical College, Chicago, IL 60612.
Patients with Alzheimer's disease (AD) show preserved priming on some implicit
memory tasks (e.g., perceptual identification and picture naming) but reduced priming
on other implicit tasks (e.g., category exemplar and word association). One
dimension on which these tasks differ is the extent to which they require perceptual or
conceptual processing, although evidence suggests that even the conceptual,
components of picture naming and perceptual identification (as measured by crossmodality priming) are preserved in AD. A second difference between these two
groups of priming tasks is that the latter require generation of the target while the
former require only the identification of the target. This experiment explored the
status of priming in AD on two conceptual tasks, one requiring identification and the
other generation of the target stimuli. In the first phase of the experiment, 15 AD
patients and 16 normal control (NC) subjects verified the category of exemplars (e.g.,
"Is this a type of fish? LETTUCE"). In the second phase, this verification task was
repeated with old and new target exemplars; the measure of priming was the
difference in verification latency between the baseline and studied exemplars. In the
third phase, subjects generated exemplars of categories (e.g., VEGETABLES); the
measure of priming was the difference in the number of baseline and studied
exemplars that were generated. On the exemplar generation task, NC subjects
showed a robust priming effect; this effect was markedly reduced in AD patients.
The magnitude of priming on the category verification task in AD patients was
comparable to that of NC subjects, demonstrating that AD patients can show
preserved priming on a conceptual task. These results suggest that different systems
might subserve priming on tasks that require the repeated identification of a stimulus
and those that require generation of a target stimulus, the latter of which is impaired
in AD. Supported by grants from the Alzheimer's Association and the NIA.
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FUNCTIONAL AND ANATOMIC CHARACTERIZATION OF A MEMORY SYSTEM FOR VISUAL
IMPLICIT MEMORY IN THE RIGHT OCCIPITAL LOBE. J.D.E. Gabrieli*. DA. Fleischman. JA.
Rinaldi. C.J. Vaidva. S.M. Park. S.L Reminder. D.L. Schacter. B.A. Church. T.A. Blaxton.
Pem J,E.
Rurm#arL.ndn\MQrieii- Dept of Psychology,
Stanford University, Stanford, CA 94305 and Dept. of Neurological Sciences, RushPresbyterian-St. Luke's Medical Center, Chicago, IL 60612.
Patient M.S., who has a right occipital-lobe resection for treatment of epilepsy, exhibits a
unique pattern of memory for words: Intact explicit memory, intact conceptual implicit
memory, and impaired perceptual implicit memory. To further characterize the functional
and anatomic nature of a putative right-occipital visual memory system, we conducted new
studies with M.S. M.S. showed normal magnitudes of auditory priming, evidence that his
priming deficit is specifically visual. M.S. showed no impairment on explicit tests of memory
for line patterns and novel objects, evidence that he does not have a generalized memory
impairment for nonverbal material. Visual priming for line-drawing pictures of common
objects and animals was examined in two tasks. In a picture naming task, M.S. and control
subjects (NCS) named pictures twice in successive study blocks, and then named the old
pictures and new pictures in a test phase. The measures of priming were how much faster
subjects renamed pictures in the study phase, and named old versus new pictures in the
test phase. M.S. had study-phase and test-phase priming effects of 124 msec and 155
msec, respectively, which were similar to the NCS' mean study-phase (136 msec) and testphase (108 msec) priming. In a picture perceptual-identification (PI) task, subjects named
pictures in the study phase, and then attempted to identify old and new pictures shown
very briefly and masked in the test phase. The measure of priming was how much better
subjects identified old versus new pictures. M.S. showed far less priming than any NCS
(80% lower than the NCS' mean). M.S.' dissociation between intact picture-naming and
impaired picture-PI priming may reflect any of several factors (e.g., latency vs. accuracy
measures), but his results suggest that there are two visual implicit memory systems: A
right-hemisphere system that maintains coordinate/apperceptive memories for words and
ictures that are used when visual identification is difficult (impaired in M.S.), and a leftemisphere system that maintains categorical/associative memories for words and
pictures that are used when visual identification is easy (intact in M.S.). We also used
three-dimensional MRI reconstruction to specify the extent of M.S.' lesion. Supported by
grants from the NIA and McDonnell-Pew.

ROLE OF THE OCCIPITOTEMPORAL GYRI IN RETROGRADE MEMORY
FOR FAMOUS NAMES AND FACIES. P.J. Eslinger*1 L.M. Grattan2. A.E.
Easton1. G.W. vanHnwwn3. xNeurology & Beh. Science, Penn State Univ.
CoR. of Med., Hershey, PA 17033, 2Neurology, Univ. of MD Med. Sch.
Baltimore, MD 21201, 3Anatomy & Neurology, Univ. of Iowa Coll, of
Med., Iowa City. IA 52242.
The neural substrate for retrograde memory was investigated in 4
subjects with memory impairment after focal cerebral lesion.
Cognitive tests were designed to evaluate retrieval and recognition
from the categories of past famous names and related faces. Left
temporal lobe lesion caused profound inability to retrieve past famous
names which we relate to polar and anterolateral temporal lesion.
This subject also lost activation of biographic associations to past
famous names while not losing biographic knowledge to the related
famous faces. This more extensive deficit we relate to additional lesion
in the lateral and medial occipitotemporal gyri, which may correspond
to areas TF and TH in the monkey with a similar pattern of
connections as the posterior parahippocampal gyrus. This region
would be suited to storage of information processed by the
hippocampus and multi-modal access that becomes independent of the
medial temporal complex, as suggested for retrograde memory. In the
left hemisphere, such information might include unique verbal codes
or knowledge that are bound to discrete biographic entities such as
faces. Damage to the homotopic right temporal lobe caused a moderate
deficit in famous face recognition but had no effect on famous name
retrieval or recognition. Basal forebrain lesion affected spontaneous
retrieval but not recognition. Bilateral inferior occipital lesion caused
complete inability to recognize famous faces but no effect on famous
names. The finding suggests an important role for the
occipitotemporal region in activation of associations biographically
dependent on the categories of famous names and faces.

J,B.

b.

Desmond. UKamio, P.E.
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THE ABILITY OF QUERCETIN TO PREVENT NEURONAL DEATH IN DRG
NEURONS IN VITRO AFTER NGF DEPRIVATION AND IN VIVO AFTER
AXOTOMY
K.M. Rich*. M.E. Eichler and J.X. Tong. Department of
Neurological Surgery, Washington University School of Medicine, Saint Louis,
MO 63110
Quercetin, a flavonoid found in many plants, was tested as a putative
neuronal protective agent. Primary dissociated cultures of DRG neurons were
prepared from embryonic-day-15 (E-15) Sprague-Dawley rats. Neurons were
maintained with nerve growth factor (NGF) for 5 or 10 days, after which time
they were deprived of NGF with NGF antisera. Quercetin was begun at the time
of NGF deprivation.
Neuronal survival was assessed by phase-contrast
microscopy, protein synthesis assays, and cell counts. Neuronal cell counts
showed quercetin-treated groups had 46% and the control group only 0.2%
neuronal survival in those maintained for 5 days, respectively, in culture prior to
NGF deprivation
Newborn rats were injected subcutaneously with quercetin or PBS
(control) every 12 hours beginning on postnatal-day-one (Pn D-1). On PND-2
they underwent sciatic nerve axotomy under hypothermic anesthesia. Twenty-four
hours after sciatic nerve injury, the L« and Lj DRG were dissected, processed for
histology, and neurons were counted. The quercetin-treated groups demonstrated
statistically significant increase in neuronal survival. Compared to uninjured
controls, quercetin provided 80% neuronal protection compared with 63%
survival in PBS-treated animals.
Quercetin is able to prevent DRG trophic factor-induced death in vitro
and post-axotomy-induced DRG death in vivo.

BRAIN-DERIVED AND CILIARY NEUROTROPHIC FACTORS (BDNF & CNTF)
PROTECT NEURONS IN THE LATERAL GENICULATE NUCLEUS (LGN) FROM
AXOTOMY-INDUCED DEATH. S. Agarwala, R.K Kalil* and J.L. Luehring. Ctr.
for Neuroscience and Dept. of Ophthalmol., Univ. of WI, Madison, WI 53706.
The rate and/or extent of neuronal degeneration in the CNS after axotomy can be
reduced by the administration of appropriate neurotrophic factors. We have extended
our previous woik with bFGF on cell death in the LGN by studying the capability of
BDNF and CNTF to protect axotomized neurons from dying.
The axons of LGN neurons were cut by making a unilateral lesion of visual cortex
in 10 adult rats. A sponge soaked in either BDNF (1 gg/gl) or CNTF (0.78 gg/gl) was
placed on the surface of the lesion, and the animals survived for 3 days or 1 week.
Then they were perfused and serial sections through the LGN were stained with cresyl
violet. Control rats (RVC) received only a lesion of visual cortex. The number of
surviving LGN cells and their mean ersss-seetisnal areas in treated and control rats
were compared with the number and size of LGN cells in 8 normal animals.
At 3d, cell number in BDNF treated rats (RVC-B) is 87 % of normal, similar to RVC
rats; CNTF treated rats (RVC-C) exhibit 100% cell survival. At 1 wk, the number of
surviving cells has declined to 52% and 79% of normal in RVC-B and RVC-C rats
respectively, compared to 32% of normal in RVC rats. Thus, compared to RVC rats,
there are 0.5% and 61% more neurons in RVC-B rats and 21% and 146% more
neurons in RVC-C rats at 3d and 1 wk respectively. The mean cell area of LGN cells
at 3d in RVC-B rats is 92% of normal and it is normal in RVC-C rats. At 1 wk, cell
areas are 62% and 92% of normal in RVC-B and RVC-C rats. In RVC animals, cell
areas are 85 % and 67 % of normal at 3d and lwk. Therefore, in comparison with RVC
rats, cell areas are 7% greater and unchanged in RVC-B rats, and 16% and 13%
greater in RVC-C rats at 3d and 1 wk. These results indicate that both BDNF and
CNTF, especially the latter, can be effective in mitigating the death of neurons in the
LGN following axotomy.
We thank Regeneron Pharmaceuticals Inc. for supplying BDNF and CNTF.

188.3

188.4

REGULATION OF NEURONAL BCL-2 EXPRESSION AND Ca2 +
HOMEOSTASIS BY TGF-Bl CONFERS WIDE-RANGING NEUROPROTECTION ON RAT HIPPOCAMPAL NEURONS I. H. M.
Prehn1. V. P. Bindokas1. C. J. Marcuccilli i. M. F. Galindo1. S.
Kraiewski2. .1. C. Reed2 and R. J. Miller1?*1 Dept. Pharmacol. Physiol.
Sci., Univ. of Chicago, Chicago, IL 60637; 2La Jolla Cancer Res. Fdn., Cancer Res.
Ctr., La Jolla, CA 92037.
Apoptotic cell death has been shown to be sensitive to certain oncogene products
such as bcl-2, bax, bcl-xl and bcl-xs. These proteins are present in the central nervous
system, but little is known about their regulation. Hippocampal neurons in culture
express all four proteins as determined by Western blotting using polyclonal
antibodies specific for bcl-2, bax and bcl-x. We found that treatment of these cells
with the cytokine transforming growth factor Bl (TGF-Bl) leads to a rapid and
substantial increase in expression of the bcl-2 protein that was blocked by
cycloheximide. Pre-treatment, but not acute treatment, of the cells with TGF-Bl was
accompanied by protection against neuronal injury induced by withdrawal of trophic
influences (removal of the astrocyte feeding layer combined with dilution of the
conditioned culture medium) and oxidative neuronal injury. Pre-treatment with TGFBl was also accompanied by an improved mitochondrial function, as suggested by
rhodaminel23-based fluorimetry.
TGF-Bl also afforded protection against NMDA- .and Ca2+-ionophore (4-BrA23l87)-induced Ca2+ overloading and neurotoxicity in these cells. These protective
effects may be distinct from those afforded by the increase in bcl-2 expression since
cycloheximide was not able to reduce the Ca2+ stabilizing effect of TGF-Bl after a
toxic NMDA exposure. Moreover, a pre-treatment of the cultures was not required to
prevent NMDA-mediated toxicity.
These results suggest that TGF-Bl may be able to modulate the viability of
neurons in a variety of situations by simultaneously orchestrating different key
protective elements in the cell.
J. H. M.P. wwsupportedbyDeutathe Forschungngememsnhaft.

INCREASED CALBINDDN-Ddk IMMUNOREACTIVITY IN A HYBRID
MOTONEURON CELL LINE PREVENTS ALS IgG INDUCED
CYTOTOXICITY. M.E. Alexianu*. B-K.Ho. V. LaBella. R.G. Smith.
S.H. Appel. Dept, of Neurology, Baylor Coll, of Medicine, Houston, TX, 77030.
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We have previously documented the potential role of calcium binding
proteins - calbindin-D^ and parvalbumin - in the selective motoneuron
degeneration in ALS. We found that calbindin-D^ and/or parvalbumin
immunoreactivity is absent both in motoneuron populations early and
severely damaged in human ALS, and in differentiated motoneuronneuroblastoma hybrid cells(VSC 4.1 cells) that are killed by ALS IgG
through a calcium dependent mechanism. Conversely, calbindin-D^K
and/or parvalbumin immunoreactivity is present both in motoneurons only
late and infrequently affected in ALS, and in cell lines resistant to ALS IgG
toxicity (undifferentiated VSC 4.1 cells as well as mesencephalon hybrid
and neuroblastoma N18TG2 cells with or without differentiation).
Using a retroviral gene transfer system, calbindin-DgK cDNA was
transfected into undifferentiated VSC 4.1 cells with the phosphoglycerate
kinase (PGK) promoter. Calbindin-D^K gene transfection strongly increased
immunoreactivity for calbindin-D^ which was maintained even after
differentiation and significantly increased the resistance to ALS IgG
toxicity. No other characteristics of these cells such as (growth rate or
cyclic AMP inducible differentiation) changed after transfection. These
findings provide a better understanding of the evidence for a determinant
role of calbindm-DgK in the selective motoneuron vulnerability that occurs
in ALS and open an attr^^^^'ve field for new therapeutical approaches.

Supported by grants from M.D.A. and Cephalon, Inc.
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POTENTIAL ROLES OF GENE EXPRESSION CHANGES IN AXONAL
INJURED MOTONEURONS: DEATH VERSUS GROWTH. W.Wu*.Y.
Li and F. P. Schinco. Department of Neurosurgery, Eastern Virginia Medical
School, Norfolk, VA 23501, U.S.A.
The present study investigates expression of immediate early genes
(IEGs), nerve growth factor receptor (NGFR), and nitric oxide synthase
(NOS) in adult rat spinal motoneurons in response to different injury
conditions including distal spinal root axotomy, root avulsion, and root
avulsion followed by PNS graft implantation. Expression of c-jun and LNGFR
were predominantly observed in motoneurons of distal root axotomized
segment where most motoneurons survived. In contrast, expression of NOS
was exclusively found in motoneurons of root avulsed segment where most
motoneurons died, c-fos was not expressed in spinal motoneurons under all
conditions. In animals with PNS implantation, motoneuron survival was
markedly enhanced. Expression of NOS was completely inhibited in all
regenerated motoneurons but was not inhibited in the non-regenerated ones.
Moreover, all regenerated motoneurons expressed LNGFR and c-jun while the
non-regenerated ones did not. Results of the present study have shown that
motoneurons undergo a series of gene expression changes in response to the
axonal injury. Expression of some gene (such as c-jun and LNGFR) may be
related to the regenerative process while others (such as NOS) may be
involved in the degenerative process. PNS implantation can alter the gene
expressions and reduce motoneuron death. The survival promoting effects of
PNS implantation (presumably the effects of neurotrophic factors) may be
achieved by modifying certain gene expressions. (Supported by PVA Spinal
Cord Research Foundation).

REACTIVE OXYGEN SPECIES IN APOPTOSIS OF SERUM-DEPRIVED
NEUROBLASTOMA x SPINAL CORD MOTOR NEURON CELL HYBRIDS.
I ,T. Shaw*. M, Bachetti <“N.R, Cashman. Neuroimmunology Unit, Montreal
Neurological Institute, McGill University, Montreal, Canada H3A 2B4.
We have developed an in vitro model of target-dependent cell death with the
nsc 34 mouse neuroblastoma x spinal cord cell hybrid. This proliferative cell
line constitutively expresses many motor neuron properties (Cashman etal,

188.7

188.8

INHIBITION OF PROGRAMMED NEURONAL DEATH BY SPIN TRAPS:
EVIDENCE OF A ROLE FOR REACTIVE OXYGEN IN NEURONAL
APOPTOSIS. J. L. Franklin *. T. M. Miller and E. M. Johnson. Dept. of Mol. Biol.
& Pharrn., Washington Univ. Sch. of Med., St. Louis, Mo 63110.
Sympathetic neurons undergo programmed cell death (PCD), a form of apoptosis,
when deprived of NGF. Recent evidence suggests a role for reactive oxygen (ROX)
in the apoptotic death of some types of cells. We investigated the possibility that
ROX may also be involved in neuronal PCD. Dissociated sympathetic neurons from
rat fetuses were maintained in cell culture in the presence of NGF. After 1 week
in culture withdrawal of NGF caused the death of 80% of the cells within 48 h. To
examine a role for ROX in this death, cells were exposed to the spin traps 3,3,5,5tetramethylpyrroline-N-oxide (TMPO) and a-(4-pyridyl-1-oxide)-N-t-butyl-nitrone
(POBN) at the time of deprivation. Survival was assayed 48 h later. Both spin traps
suppressed PCD. Maximal survival was 66% with 5 mM TMPO and 85% with 70
mM POBN. In other experiments, NGF-deprived cells were exposed to 70 mM
POBN or to NGF at 6, 12, 18, 24, or 30 h after NGF removal. Forty-eight h after
deprivation, survival was assayed. The ability of POBN to rescue cells from PCD
declined about 10 h earlier than did the ability of NGF to rescue.
A major cause of damage to cells by ROX is lipid peroxidation. However, the
peroxidation inhibitor Trolox (1-10 mM) did not block PCD. Similarly, the iron
chelating lazaroid U-74500 A (3-33 pM) that blocks lipid peroxidation by inhibiting
hydoxyl radical formation had no effect on PCD. These findings suggest that lipid
peroxidation is not required for death of these cells. Taken together these data
suggest an oxidative event(s) occurring soon after NGF deprivation is required for
the induction of PCD in sympathetic neurons but that the actual damage incurred
by cells undergoing PCD may not be caused by ROX.

APOPTOTIC MECHANISMS IN TARGETED PHOTOLYTIC NEURONAL CELL
DEATH. V.L.Sheefff J.D.Macklis. Dept, of Neurology & Prog, in Neuroscience,
Harvard Medical School and Mental Retardation Research 'Center, Dept. of
Neurology, Children's Hospital, Boston, MA, 02115.
Apoptosis influences early development and later refinement in adult tissues.
Experiments in which embryonic neurons or multipotent neural precursor cells are
transplanted into regions of targeted photolytic neuronal degeneration show similar
regulation of neuronal migration and differentiation. We investigated the possibility
that neuronal death by targeted photolysis is apoptotic, to explain these similar
developmental influences, using neuroblastoma cells in vitro as a model system.
Sequential mechanisms were examined through localization of nanosphere
incorporation by fluorescence and electron microscopy, by pharmacological blockade
of singlet oxygen, by inactivation of lysosomal proteases, by morphological
examination under light and electron microscopy, and by determination of
biochemical patterns of DNA fragmentation with propridium iodide and gel
electrophoresis, assaying viability by lactate dehydrogenase release. We found that
nanospheres were incorporated into lysosomes, and exposure to 674 nm light energy
led to singlet oxygen production and cell death. Multiple scavengers of singlet
oxygen prevented cell toxicity, while lysosomal protease inhibitors reduced cell
death. Degenerating cells revealed release of lysosomal contents and disruption of
cytoskeletal proteins; apoptotic characteristics including early loss of cell adhesion,
plasma membrane blebbing, and nuclear condensation and convolution; and DNA
fragmentation was present microscopically and by low molecular weight ladder
fragmentation pattern. These results suggest that cells, targeted by photolytically
generated singlet oxygen, undergo an apoptotic final common pathway of cell
autolysis. This slow, non-necrotic process in vivo may modify many of the same
developmental signals modified by programmed cell death during development and
organizational refinement in the adult . Supported by HD 28478 , MR Center grant HD 18655,

Dev Dyn 1992) and, upon serum deprivation, undergoes apoptotic death inhibitable by selected differentiation/trophic factors or blockers of gene expression and nuclease activity (Shaw & Cashman, Soc Neurosci Abs 1993). Recent
reports have implicated a major role for reactive oxygen species (ros ) in
apoptosis (Hockenbery et al. Cell 1993; Kane etal., Science 1993). We examined the role of ros in the apoptotic death of NSC34 motor neuron hybrids.
Using flow cytometry, viability and ros generation were quantified by propidium iodide uptake and oxidation-senstitive fluorescence of 5,6 carboxy2’,7’-dichlorofluorescein in serum-deprived NSC34 and ni 8tg 2 cells (the parent neuroblastoma for NSC34). In both cell lines ros were detectable within 1
hour of serum deprivation, declining to basal levels in 48 hours; cell death was
more gradual but complete after 5 days. Addition of ciliary neurotrophic factor (cntf ) 20 ng/mL or dimethyl sulfoxide (dmso ) 1% increased survival of

NSC34 cells but not ni 8tg 2 cells; however, neither agent blunted the early
burst of ros in serum-deprived NSC34 cells. We conclude that cntf and dmso
rescue of serum-deprived NSC34 cells is not due to acute effects on ros generation, but displays kinetics more consistent with the regulation of gene expression. Differences in cntf and dmso responsiveness between NSC34 and ni 8tg 2
cells suggest that the gene expression subserving NSC34 apoptosis is partially
derived from the primary spinal motor neuron parent.

Training grant MH18012, the Alzheimer's Association, and The Rita Allen Foundation.

188.9

188.10

C-JUN: INDUCED DURING AND NECESSARY FOR NEURONAL
APOPTOSIS. S. Estus.* W.J. Zaks. R. S. Freeman. M. Gruda. R. Bravo.
and E.M. Johnson. Department of Molecular Biology & Pharmacology,
Washington University School of Medicine, St. Louis, Missouri
63110.
The hypothesis that neuronal apoptosis results from the activation
of an endogenous genetic program has been examined in an in vitro
model of naturally occurring neuronal death, that of sympathetic
neurons after nerve growth factor (NGF) deprivation. Three
temporal waves of gene induction were identified in neurons after NGF
deprivation; c-jun and c-myb were induced beginning about five
hours after deprivation, c-fos, fos B, and NGF-IA were induced
beginning 10-15 hours after deprivation, and the extracellular
matrix proteases, collagenase and transin, were induced about twenty
hours after deprivation. To evaluate the role of these genes in death,
we microinjected neutralizing or control, non-immune antibodies
into the neurons; antibodies against the Fos or Jun families blocked
apoptosis, whereas the non-immune antibodies had no effect.
Moreover, antibodies specific for c-Jun blocked death nearly as well
as the Jun family antibody, while antibodies against Jun B or Jun D
had no effect. Hence, c-Jun and at least one Fos family member
appear necessary for neuronal apoptosis. Because the induced genes
encode proteins ranging from a transcription factor necessary for
death, to proteases likely invoked in tissue remodeling concurrent
with death, these results may outline a genetic program responsible
for neuronal apoptosis.

DYNAMICS OF APOPTOSIS IN MURINE OLFACTORY EPITHELIUM
FOLLOWING REMOVAL OF TARGET-DERIVED TROPHIC SUPPORT:
STUDIES IN VITRO AND IN VIVO. J. D. Holcomb*. J. Guevara. A. L Calof.
Dept. Biological Sciences, Univ. of Iowa, Iowa City, IA 52242.
Disruption of normal neuron-target interaction for murine olfactory receptor
neurons (ORNs), e.g. surgical removal of the olfactory bulb (OB), is known to
result in widespread neuronal degeneration followed by partial reconstitution
of the olfactory epithelium (OE). ORN neurogenesis is up-regulated in this
experimental paradigm, however, in the absence of the target tissue,
regenerating ORNs undergo premature degeneration. We are investigating
the mechanism of this induced degeneration of ORNs in vitro and in vivo.
Using terminal transferase end-labeling of DNA with biotinylated dUTP, we
have detected nuclear DNA fragmentation, a sign of apoptosis (programmed
cell death or PCD), in murine ORNs lacking contact with the olfactory bulb. The
time course for DNA fragmentation in vivo following target tissue ablation in an
adult mouse parallels that for primary cultures of E16 olfactory neuronal cells
wherein increasing DNA fragmentation occurs with increasing time postexplantation. These findings are consistent with the hypothesis that ORNs
deprived of OB trophic support degenerate via PCD, an hypothesis
supported by the necessity for de novo gene expression in cultured olfactory
neuronal cells undergoing PCD. Addition of aurintricarboxylic acid to the
culture medium (inhibitor of PCD-associated DNA fragmentation in some
neurons) of E16 olfactory neuronal cells decreases the number of cells with
DNA fragmentation by ~ 70% at 30 hrs post-explantation compared to control
cultures. Addition of actinomycin D or cycloheximide to the culture medium
decreases the number of cells with DNA fragmentation at this time by
comparable levels. These findings suggest that a major function of OB trophic
support is to repress gene expression or to inhibit gene product function
necessary for PCD. Classifying apoptotic olfactory neuronal cells with regard to
their level of differentiation may provide insight into how PCD and
neurogenesis combine to regulate neuron number in the OE.
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CELL DEATH IN TERMINALLY DIFFERENTIATED PC 12 CELLS. Ex
N. Pittman*, I. C. Mills, A, J, DiBenedetto, S, L, Wang, W, P.
Hvnicka. and L A. Erhardt. Dept. of Pharmacology and
Graduate Group in Cell Biology, Univ. Pennsylvania Sch. of
Med., Philadelphia, PA 19104.

CHICK SYMPATHETIC NEURONS MAINTAINED IN CULTURE.
AR Wakade*, TD Wakade, JS Kulkami and DA Przywara. Dept, of

An NGF-ddfferentiated subclone of the PC 12 cell line has
previously been shown to undergo apoptotic death upon the
withdrawal of NGF. This cell line has now been used to model
various morphological, metabolic, and molecular events
occurring during neuronal programmed cell death. Longterm timelapse videomicroscopy has revealed that sometime
after NGF is removed, the cells undergo a marked change in
appearance with dynamic extrusion and retraction of large,
organelle-containing pouches. At times, dying cells adopt a
bipolar, symmetrical shape, making them seem, ironically, as
though on the verge of cytokinesis. In other studies, basic
metabolic rate, glycolytic activity, rate of macromolecular
synthesis, and [ATP] were determined in order to follow
changes in the overall metabolic state of dying cells. The
results suggest that alterations in metabolism occur only
very late in the death process as most parameters are
practically identical in dying and control populations. Early
changes in gene expression during cell death in this system
are also being analyzed using as probes a selected array of
known genes. In addition, several novel cDNAs isolated by
subtractive hybridization screening are being evaluated as
candidate "death" genes (Supported by the ALS Foundation
and NS32465).

ADENOSINE - AN ENDOGENOUS LIGAND THAT IS TOXIC TO

Pharmacology, Wayne State University School of Medicine, Detroit,

MI 48201.
Adenosine (ADN) released from different tissues is known to act on
neuronal cells to alter their excitability, ionic permeability, transmitter

release, etc. Here we report a new action of ADN on chick embryonic
sympathetic neurons (SN).
10 to 100, pM ADN produced dosedependent arrest of neurite outgrowth in 24 hrs from SN supported in
serum free culture medium by nerve growth factor (NGF), insulin and
transferrin.

A large number of cells died in continued presence of

higher concentrations of ADN in 2 to 3 days. 2-chloro-ADN was more

potent than ADN.

Toxic effects of ADN and chloro-ADN were

irreversible. Toxic effects of ADN were not due to interference with

the neurotrophic action of NGF because SN supported by phorbol 12,
13-dibutyrate or excess KC1 were also susceptible to neurotoxic effects

of ADN.

ADN toxicity was not mediated via receptor activation

because 300 pM aminophyllme did not antagonize ADN effects and

specific ligands of Al and A2 ADN receptors were not toxic. Dilazap
(3 pM), an inhibitor of the ADN transporter, prevented ADN toxicity.
Our observations demonstrate that intracellularly accumulated ADN has
the potential to interfere with the growth and survival of chick SN.

188.13
REDISTRIBUTION OF PROTEIN KINASE C ISOFORMS OCCURS DURING
GLUCOSE DEPRIVATION INJURY IN CORTICAL NEURONS. C.A.
Csemanskv*. L.L. Dugan. D.M. Turetsky and D.W. Choi. Dept, of Neurology and
Center for the Study of Nervous System Injury, Washington Univ. School of
Medicine, St. Louis, MO 63110.
There are at least 9 isozymes of protein kinase C (PKC) present in the CNS.
Neurons containing amino acid transmitters express one or more of these isozymes,
while aminergic and cholinergic neurons express a or Bl isozymes, but not y
(Tanaka and Saito, Neurochem. Int. 21:499, 1992). In the tonsil epithelium some
PKC isozymes have specific subcellular localizations, which change during
apoptosis (Knox et al. Exp. Cell Res. 207:68, 1993). We investigated changes in
the subcellular localization of PKC isoforms associated with glucose deprivationinduced neuronal injury in murine cortical cell cultures, using
immunocytochemistry and confocal microscopy. Localization of Bl, B2, y and 5
isozymes was evaluated before and after exposure of neurons to glucose deprivation
in the presence of glutamate antagonists (causes apoptosis - see B. Gwag et al.,
elsewhere this meeting). In sham washed controls, neuronal PKC Bl and B2 were
diffusely present in both nucleus and cytoplasm, PKC y was excluded from the
nucleus in some neurons, but showed diffuse staining in others, and PKC 5 was
confined to the cytoplasm. For Bland B2, this distribution was unaffected by 2-5 hr
glucose deprivation (sufficient to induce death in many neurons 24 hr later). After
glucose deprivation, PKC y and PKC 5 staining moved into the nucleus. No
changes in PKC isozyme protein content or total PKC activity were seen in any of
these paradigms. In contrast, excitotoxic exposure to NMDA (20 pM, 10 min,
sufficient to produce widespread neuronal death at 24 h) was not accompanied by
relocation of PKC 5 to the nucleus when assessed at 40 min. Present data raise the
possibility that subcellular redistribution of PKC 5 and y isozymes may accompany
apoptosis in cortical neurons. Supported by DA 07261 (CAC), NS 30337 (DWC).
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FUNCTIONAL ORGANIZATION OF AUTOBIOGRAPHICAL MEMORY: A
HIGH RESOLUTION PET STUDY IN HUMAN AMNESIA. B. Bazin. J. Regis.
G. Rancurel. JF. Mangin. V. Frouin. M. Levasseur. M. Vidailhet. P. Amarenco.
N. Benoit, S. Jonas, M. Bauluc, Y. Agid and Y, Sammn*, SHFJ, CEE, Orsay,
Hopital Saint-Antoine and Hopital La Salpetrifere, Paris, France.
We investigate brain systems involved in human autobiographical memory by
scoring autobiographical deficits in chronic amnestic patients, and comparing the
results with cerebral metabolic abnormalities. Ten amnestic patients with chronic
bilateral (n=4) or unilateral (n=6) limbic lesions had a PET-FDG study on a high
resolution 31-slices ECAT camera, and responded to a standardized autobiographical questionnaire, scoring very old (life-long known informations), old
(weeks-months), and recent personal events (< 24 hours). Scores were correlated
with metabolic values of 82 MRI-defined brain regions. Significant correlations
were found 1) for recent events: with the right anterior hippocampal area, the left
internal prefrontal cortex, and with Broca's area and adjacent lateral prefrontal
cortex; 2) for old events: with both left and right temporo-limbic regions, and with
left lateral prefrontal and temporal associative regions. A similar trend (p <. 10) was
found with the left anterior cingulate gyrus. 3) for very old events: with both
temporo-limbic systems, and with the left anterior thalamic region, both internal
prefrontal regions. A similar trend (p<.10) was again found with the left anterior
cingulate gyrus.
Autobiographic memory may rely on different limbic and extra-limbic circuits.
Memory of recent events depends on functional status of some limbic areas, and of
Broca's area. Memory of older events strongly depends on both temporo-limbic
circuits, and large areas of associative prefrontal and temporal cortices. Memory of
very old events only depends on internal temporal and fronto-diencephalic limbic
circuits. (Supported by Fondation pour la Recherche Medicale).

DIENCEPHALIC PARTICIPATION IN LONG-TERM MEMORY RETRIEVAL:
A PET-RCBF STUDY. T.V. Haxby*, A. Martin. T.M. Maisog. K. Keil.
L.G. Ungerleider. National Institute of Mental Health, NIH,
Bethesda, MD 20892.
Recognition memory can be mediated by either a sense of familiarity or
by the retrieval of context. To investigate retrieval of memories
mediated by context, changes in regional cerebral blood flow (rCBF)
were measured with positron emission tomography (PET) using
while 8 healthy subjects performed face memory, perception, and control
tasks. Subjects learned a set of 70 faces during training over two days
prior to the day of PET scanning. Through the training procedure,
subjects became equally familiar with a second set of 70 faces.
Recognition memory for the memory set faces was tested during PET
scanning using a two-alternative, forced choice procedure. The
distractor for each item was from the second set of faces. Discrimination
of memory-set items from equally familiar distractors was associated
with rOBF increases, as compared to rCBF during a test of face

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

perception, in the left thalamus, midline and lateral cerebellum, right
inferior frontal cortex, and anterior cingulate cortex. Decreases in rCBF
were observed in bilateral calcarine, bilateral medial parietal, left
posterior superior temporal, bilateral inferior temporal, and left insular
cortex. These results contrast with our previous study of long-term
memory for faces mediated by simple familiarity, in which no thalamic
or cerebellar activation was seen (Haxby et al. Invest Ophthal Vis Sci
C994;35:18C3), suggesting that the diencephalic memory system plays a
specific role in retrieving memories based on associations with context
rather than on a sense of familiarity.
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FUNCTIONAL MAPPING OF CEREBRAL BLOOD FLOW CHANGES WITH
EPISTAR. S Warach*, DG Darby, V Thangaraj, RR Edelman. Depts. of
Neurology and Radiology, Beth Israel Hospital, Harvard Medical School, Boston,
MA 02215.
We developed a functional magnetic resonance (fMRI) method, EPISTAR (echo
planar imaging and signal targeting with alternating radiofrequency), whereby
relative cerebral blood flow (CBF) can be non-invasively imaged. EPISTAR
produces qualitative CBF maps by proximal 180° radiofrequency tagging of
inflowing arterial protons and echo planar image acquisition alternating with and
subtracted from similarly acquired images not preceded by the tagging pulse. This
method is relatively insensitive to small head movements, localizes flow changes
to the cortical ribbon and detects changes primarily on the arterial and capillary
side of circulation, without obvious contamination from venous signal, which is
seen in deoxyhemoglobin based fMRI methods. Studies were performed at l.5T.
Over 40 studies of healthy volunteers were performed with various sensory, motor,
and cognitive paradigms. Typical parameters were 8-10 mm thick slice, 128 x 128
matrix, FOV 32 x 32 cm, inversion time (inflow time) 950 ms, TE 16 ms, 36 - 48
acquisitions, for acquisition times of 1 - 2 minutes for each EPISTAR image.
Flow related changes were localized by superimposition of EPISTAR difference
maps directly onto anatomical images acquired using a 3D MPRAGE Tlweighted pulse sequence. Standard sensory-motor paradigms gave localized
changes in expected regions of cortical grey matter: e.g., unilateral motor task to
contralateral motor strip, 8 Hz flashing lights to bilateral visual cortex, hemifield
alternating checkerboard to contralateral visual cortex. Signal increases with
EPISTAR were seen at spatial resolutions as little as 2x2x2 mm and were typically
30 - 100% at tagging delays that optimally separated the CBF transit time of rest
versus activation. EPISTAR has been demonstrated to map functional changes in
relative CBF onto the brain, and is now being applied to the study of cognitivemotor networks in the brain. Supported by NIH NS 01634 and Harcourt General
Charitable Foundation.
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D. G. DaDy*. A A. fkhk>. V. ThanRarR R R. R-iriman. M.ML MMilanaS WWafa
Depts. of Neurology & Radiology, Beth Israel Hospital, Boston, MA 02215
Localized cortical blood flow during lateral saccadic eye movements in
the human was investigated using echo-planar functional magnetic
resonance imaging (fMRI). 18 young, healthy, dextral volunteers (14
brain

females) were studied. Three active tasks were compared: self-paced rapid
visually guided saccades; saccades towards and away from randomly
lateralized targets (each over 2 minutes). A baseline central fixation task
used the same visual background. Images were acquired with a 15 Tesla
system using a novel method (EPISTAR)1 that non-invasively visualizes
localized cortical blood flow. Contiguous 10 mm slices were positioned to
include the striate cortex, putative frontal eye fields, and fronto-parietal
regions.
Results: Subtractions of baseline from active conditions showed marked
localized increases reliably (usually 20-100%). Consistent activations were
seen dorsolaterally anterior to the central sulcus (putatively area 4, as well
as area 6) and in the medial frontal region in all conditions. Additional
activation in more anterior parts of the frontal lobe and in the parietal lobe
were seen in some of the stimulus-guided tasks. These observations are
relevant to the functional architecture of cortical areas involved in spatial
attention.
1 Edelman et al. Localization of functional cerebral blood flow increases to
cortical grey matter using EPISTAR MR angiography. Radiology (in press).

189.6
Exploratory
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EMISSION TOMOGRAPHY. D.R. Gitelmant*. N. Alnerfl. S.M. Kosslvn§. K.
Daffnert. L. Scintot. M.M. Mesulamt tDept. of Neurology, Beth Israel Hospital,
Boston, MA 02215; !Dept. of Radiology, Mass. General Hospital, Boston, MA
02114; §Dept. of Psychology, Harvard University, Cambridge, MA 02138.
We wished to investigate cerebral dominance and functional localization for
the exploratory-motor aspect of directed spatial attention. According to our
network theory of spatial attention there are three cortical regions in the right
hemisphere— frontal, parietal, and cingulate, which respectively subserve
exploratory-motor, representational-sensory, and motivational aspects of spatial
attention. We postulate that right hemisphere attentional dominance will be
manifested as right hemispheric processing of sensory and motor events in both
hemispaces, whereas left hemispheric processing of these events will be
predominantly confined to the right hemispace. Therefore, activation of right
hemisphere network regions in subjects exploring the right hemispace with their
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AC Nobre*, DG Darby, RR Edelman, M-M Mesularo, and S Warach.

Departments of Neurology and Radiology, Harvard Medical School, Beth Israel Hospital.

right hand would support our theory.
Eight young, right-handed male volunteers underwent PET scanning with
15O-CC>2. In the activation condition, they performed exploratory movements
aimed at target detection with the right hand in the right hemispace. Equivalent
movements without exploration comprised the control task. Eyes were fixed away
from the hand, and there was no visual element to the task. Pooled subtraction
images (activation minus control) across subjects were submitted to statistical
parametric mapping analysis.
The baseline blood flow data, associated with the simple movement of the right
hand, showed activation of left motor-sensory regions. The subtraction images
(which isolated activity due to exploration) revealed activation in right cingulate,
frontal (area 6), and posterior parietal areas. This result strongly supports our
theory of right hemisphere dominance for exploratory attentional movements.

Cortical activation was studied during spatial attention tasks using
a novel technique in functional magnetic-resonance imaging (fMRI).
EPISTAR is a non-invasive method to visualize blood flow that is less
susceptible to venous artifacts than methods which are sensitive to
hemoglobin states (Edelman et al, Radiology, in press). Young and healthy
right-handed volunteers were studied with three active task conditions:
foveal attention, covert peripheral attention, and overt peripheral attention.
The visual display was the same across all task conditions.
The
background display consisted of a small foveal plus sign and two empty
peripheral boxes. Target stimuli appeared unpredictably and briefly every
1.5 sesonds on nverage, and coioisted of a amall cenenar croso or r a^s
sign or cross within a peripheral box. In the foveal condition, subjects
monitored the central fixation area to detect brief crosses; in the covert
peripheral condition, subjects detected lateral targets while maintaining
central fixation; and in the overt peripheral condition, subjects made eye
movements toward the targets to detect a subclass of lateral targets. A
central fixation condition using the background display sarvad as the
baseline condition which was subtracted from each active condition to
isolate task-related cortical activations. Our imaging was limited to two or
three slioae (10 mm thick), and covered the dorsal region of the brain
including the superior parietal lobule and putative frontal eye fields.
Frontal and parietal activations were detected in the peripheral attention
conditions. Initial observations also indicated that frontal activation was
more pronounced in conditions involving exploratory eye movements.

189.7
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FUNCTIONAL ANATOMY OF VISUAL AND MENTAL EXPLORATION:
A STUDY WITH PET. E. Mellet. N. Tzourto*. M. Denis. B. Mazoyer.

EXPLORING SPACE BY DRAWING - A POSITRON EMISSION
TOMOGRAPHY ACTIVATION STUDY G. Bottini. E. Pau^n. J. Law .
R.SJ. Frackowiak*. C.D. Frith MRC Cyclotron Unit, Hammersmith Hospital,
Ducane Rd. W12 ONN London, UK
There is much evidence for an inner representation of movement that is more
abstract than a program for adjusting specifc muscles! Brain imaging studies have
also demonstrated that thinking about making movement produces a pattern of
activity very similar to that shown when movements are actually made. Wo wanted
to explore the neural systems involved in planning and performing complex
movements within suaoo.To this end we measured regional cerebral blood flow
(iCBF) as an index of synaptic activity during the performance of three different
tasks involving complex movements in space. In one condition subjects "draw" the
shape of a figure in different locations, in the second condition they "draw" a sorios
of Olaforent figures in the same location, in the third, control task, they traced a
figure on a soraon. Six volunteers underwent twelve rCBP measurements with
positron emission tomography and H215O. Each task was repeated 4 times in a
counterbalanced order. Statistical analysis on the iCBF brain images was performed
on a voxel by voxel basis, by Statistical Parametric Mauulng•Chooeing figures
activated the inferior temporal lobe on the left, while choosing locations activated
parietal-occipital regions bilaterally. Our results suggest that two distinct
anatomical systems subserve a network for the representation of spatial coordinates
and a network for the representation of objects. This is the first evidence that both
of these systems are not only relevant to the perception of objects and their motion
but may also contribute to the inner representation of movement which is essential
for planning and performing appropriate actions in space.

Groupe d’lIma?erie Neurofonctlonnelle, S.H.F.J., C.E.A., Orsay. and
Universite Paris 7, and L.I.M.S.I., C.N.R.S., Orsay, France.
We measured normalized regional cerebral blood flow (NrCBF) using
PET and [l5O]-water in 8 young right-handed healthy volunteers
selected as high-imagers, during 2 runs of 3 different conditions: 1rest in total darkness, 2- visual exploration of a map, 3- mental
exploration of the same map in total darkness. NrCBF images were
aligned with individual magnetic resonance images (MRI), and
NrCBF variations between pairs of measurements (N = 15) were
computed in regions of interest with anatomical boundaries (AROIs)
that were defined using a 3-D reconstruction of each subject MRI.
During the perceptive task, we found bilateral activation of the
occipito-parietal dorsal pathway for spatial processing including
occipital and parietal AROIs : primary visual (PV, right: 4.6 ± 3.3,
mean ± SD in %, p = .0001, paired t test, left : 6.0 ± 4.0, p = .0001);
superior occipital gyrus (SO, right: 6.8 ± 2.2, p <.0001, left: 6.6 ± 2.7,
p <.0001); inferior occipital gyrus (right: 7.2 ± 2.7, p <.0001, left:
8.3 ± ± .3. p < .<000; cuneus (right: -4 .1 ± ± .l.p = .0001, left: -4.4 ± ± .3.
p < .0001); fusiform and lingual gyri (right 3.6 ± 2.5, p = .0001, left: 3.8
± 2.6, p = .0001); superior parietal (right: 4.0 ± 5.3, p = .01. left: 5.5 ±
5.7, p = .002), angular gyrus (right: 2.8 ± 3.8, p = .01, left: 2.3 ± 3.0,
p = .01) and precuneus (right: 2.4 ± 2.3, p = .001, left: 2.3 ± 3.4, p = .03).
Right lateral premotor area was also activated (1.± ± 2.6, p = .01).
During mental imagery no activation was observed in PV (Right: -1.0
± 3.8, Left -1.3 ± 4.0). Right SO (1.4 ± 2.0. p = .02) and SMA (3.0 ± 4.2, p =
.02) were the regions found to be implicated. These results argue for a
specific participation of SO in generation and maintenance of visual
mental images, and of SMA for internal representation processing.
(Grant C.N.RS./Paris-Sud).
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Ref. : 1 Deiber MP, Passingham RE, Colebatch JC, Friston KJ, Nixon PD and
Frackowiak RSJ. Cortical areas and the selection of movement: a study with
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INCREASES IN CBF WITHIN FRONTAL AND TEMPORAL CORTEX DURING
PERCEIVED, IMAGED, AND SUNG MUSICAL PITCH INTERVALS, D.W.
Perry*. M. Petrides. RJ. Zatorre. and A.C. Evans. Montreal Neurological Institute,
McGill University, Montreal, Quebec, CANADA H3A 2B4.
Regional increases in iCBF during the perception, imaging, and singing of
sequential musical intervals (pairs of complex tones drawn from a major scale) were
investigated with PET, using the H2015 bolus method and MRI co-registration. In the
perceptual condition, normal subjects (N=I3), listened to the tone pairs. In the imaged
condition, they were instructed to immediately imagine the tones, as heard. In the
vocalized condition, they immediately attempted to re-sing them. During perception
(contrasted to a neutral condition), in addition to the expected CBF increases in
auditory cortex (strongly right asymmetric), increases were seen within right
frontopolar cortex and the right inferior frontal gyrus. During singing (contrasted to
perception), a focal increase was seen within the left orbital frontal gyrus. During
imaging (contrasted to perception), increases within the left hemisphere were seen in
the orbital frontal and inferior frontal gyri, and frontopolar cortex. Both imaging and
singing (in contrast to perception) yielded increases within the left posterior STS.
When imaging was contrasted with singing, increases were seen bilaterally in
frontopolar cortex, in the left caudal orbital frontal gyrus, bilaterally within posterior
dorsolateral frontal cortex, and in the left supramarginal gyrus.
Thus, perception of musical intervals resulted in asymmetrically increased
CBF in right frontal and temporal cortical areas. Immediate recall of tonal information
(whether sung or imaged) resulted in additional increases in the left orbital frontal
gyrus. Immediate re-imaging, in contrast to re-singing, resulted in bilateral increases
within the posterior dorsolateral frontal cortex. These results are consistent with a
hierarchical view of frontal involvement in auditory cortical functons, in which
interactions between specific sensory and frontal cortical regions become necessary
when some degree of active processing is required. Since none of these tasks required
active monitoring or manipulation of the tones (Perry et. al, 1993, Soc. Neurosci.
Abstr. 19, 843), mid-lateral frontal activation was not seen.

A PET INVESTIGATION OF MUSICAL IMAGERY AND
PERCEPTION. R.J. Zatorre*. A.R. Halpern. D.W. Perrv. E. Mever.
A.C. Evans. Montreal Neurological Institute, McGill University, Montreal,

Quebec, Canada H3A 2B4.
To explore the neural mechanisms underlying auditory imagery for songs,
12 normal subjects underwent water bolus PET scanning, measuring
cerebral blood flow (CBF) during the performance of three tasks. In the
control condition subjects saw pairs of words and judged which word was
longer. In the perceptual condition subjects viewed pairs of words drawn
from a familiar song; simultaneously they heard the song and made a pitch
judgment on the two words. The imagery condition was identical to the
perceptual condition, but with no auditory input; thus an internal auditory
representation must be accessed. Paired-image subtraction of the resulting
CBF changes together with MRI for anatomical localization, revealed that
both perceptual and imagery tasks activated nearly identical cerebral regions,
as compared to the control task, including the superior temporal cortex
bilaterally. This finding supports the hypothesis that imagery mechanisms
depend in part on a shared neural substrate with perceptual processing.
Other CBF foci elicited in both tasks include inferior and mid-dorsolateral
frontal areas bilaterally, the left parietal lobe, and the supplementary motor
area. This latter region implicates covert vocalization as one component of
musical imagery. Subtraction of the perceptual from the imagery task
revealed CBF increases in the inferomedial frontal cortex, right thalamus
and right hippocampus, suggesting a network associated with retrieval
and/or generation of auditory images from long-term memory.

189.11
rCBF PATTERNS ASSOCIATED WITH EFFORTFUL TONE RECOGNITION
IN TRAINED NORMAL VOLUNTEERS. H.H. Holcomb*. P.J. Caudill, Z.
Zhao. D. Medoff. H.T. Ravert. R.F. Dannals. and C.A. Tamminqa. Maryland
Psych. Res. Ctr. & Johns Hopkins Medical Institutes, Baltimore, MD 21228.
Brain activity
patterns
measured
by blood flow (rCBF)
and
electrophysiology are modulated by task novelty and difficulty. Individual
variations in task performance, floor and ceiling effects make it difficult to
interpret rCBF patterns and reduce the likelihood of replication between
studies with small groups. These variables may have contributed to the
different results found in auditory processing studies. We report rCBF
pattern changes associated with tone frequency discriminations, made by
trained normal volunteers (NV) during multiple 15-Oxygen labeled water PET
studies. By familiarizing subjects with a "difficult" frequency recognition task,
prior to scanning, we were able to eliminate performance floor and ceiling
effects and minimize intersubject behavioral variability.
Eight NV were
trained (2400 - 3200 trials) to recognize high frequency versus low frequency
tones (avg. difference = 18 Hz, reference tone = 1500 Hz) in a forced choice
discrimination task. Twelve rCBF scans were obtained from each subject,
4 resting, 4 sensory-motor controlled, and 4 decision. The average accuracy
for the 60 trials presented during each decision scan was 79%, median
accurate response time = 676 msec. Intertrial intervals were fixed at 2
seconds. Statistical Parametric Maps were generated in association with
each subject's volumetric MRI. Regions exhibiting significant (p <O.O5)
change between the resting and decision conditions included the following:
bilateral cerebellum, right middle frontal gyrus, right and left inferior frontal
gyri, right primary auditory cortex, right superior temporal gyrus, and anterior
cingulate gyrus. The marked activation of right Broca's region and middle
frontal gyrus are important replications of previous auditory PET studies.
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COUPLING OF EXCITATORY AND INHIBITORY RECEPTORS TO
ADENYLATE CYCLASE IN AH/TYPE 2 NEURONS OF GUINEA-PIG
SMALL INTESTINE. J.D. Wood*. K. Tamura and H. Ito. Depts. Physiol.,
The Ohio State Univ. Coll. Medicine, Columbus, OH 43210 and Tokai
Univ. Med. Sch., Isehara, Japan.
Receptor activation of adenylate cyclase and cAMP formation are
involved in signal transduction for slow synaptic excitation (slow EPSP) in
AH/Type 2 neurons. Adenosine A inhibitory receptors suppress slow
EPSPs. We studied the involvement of G-proteins in coupling excitatory and
inhibitory receptors to adenylate cyclase. Intracellular recording was used to
study effects of GTP-r-S, GDP-B-S and pertussis toxin (PTX) on slow
EPSPs as well as excitatory responses to substance P (SP) and forskolin.
Effects on the inhibitory action of the adenosine At agonist CCPA were also
studied. GTP-r-S and GDP-B-S (20 mM) were injected from the micro
electrodes. Impalements lasting 5.5 hrs were required to study effects of 1
Mg/ml PTX. Slow EPSPs and responses to SP declined progressively and
disappeared after 3.75 hrs. Excitatory responses to 1 ^M forskolin were not
suppressed by PTX. CCPA (10 m M) suppressed the action of forskolin

EFFECT OF DESIPRAMINE AND LITHIUM ON IN VIVO PHOSL
PHOINOSITIDE METABOLISM IN RAT BRAIN. S.C. Pandev*.
J.M. Davis, and G.N. Pandev. Department of Psychiatry, College of
Medicine, University of Illinois, Chicago, Illinois 60612.
The antidepressant desipramine and the antimanic drug lithium
have been shown to alter the various neurotransmitter receptors
linked to the Pl-signal transduction system. We examined the effect
of acute and chronic treatment with desipramine and lithium on in
vivo formation of inosrtol-1 -phosphate (IP1), inositol bisphosphate
(IP2), and inositol trisphosphate (IP3) in rat cortex and cerebellum
after prelabeling brain with [3H]-inositol (ICV). Male Sprague-Dawley

before, but not after PTX. GTP-r-S injection produced a progressive
increase in slow EPSP-like behavior, including membrane depolarization
and increased input resistance. CCPA suppression of forskolin-induced
excitation was blocked by GTP-r-S. Depolarization to SP was infinitely
prolonged with inability to evoke responses after an initial "puff” of SP.
Injection of GDP-B-S also suppressed slow EPSPs coincident with increased

input resistance. GDP-B-S did not block the inhibitory effects of CCPA on
forskolin activation. The results are consistent with the hypothesis that Gprotein couple both excitatory and inhibitory receptors to adenylate cyclase
in AH/Type 2 enteric neurons. (Inter. Sci. Res. Program, MESC, Japan).
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rats were injected, once for acute treatment, and 15 days for
chronic treatment with desipramine (10 mg/Kg) and lithium (2
meq/Kg twice). It was observed that acute treatment with desipramine has no effect on [3H]-IPV [3H]-IP2, pH]-^, and pHj-inosrtol

phospholipids (PI,PIP, PIP2) levels in cortex and cerebellum.
Chronic treatment with desipramine significantly increased the levels
of [3H]-IP1 and pH]-^ without altering the levels of pH]-IP2, and
[3H]-inositol phospholipids in rat cortex. On the other hand, acute

and chronic treatment with lithium caused increased accumulation
of [3H]-IP. but produced no change in the levels of pH]-IP2, [3H]IP3, and [^Hj-inositol phospholipids in rat cortex and cerebellum.
These results suggest that overall response of Pl-signal transduction
after lithium and desipramine treatment is associated with increased
formation of inositol phosphate in the brain.
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FUNCTIONAL ACTIVATION OF C6 GLIOMA ADENYLYL CYCLASE
BY G-PROTEIN AFTER CHRONIC EXPOSURE TO ANTIDEPRESSANT
IS INDEPENDENT OF RECEPTOR DESENSITIZATION J. Chen* and
M. M. Rasenick Dept, of Physiology & Biophysics, Univ. of Illinois
College of Medicine, Chicago, IL 60612-7342
It has been reported that antidepressant treatment in rats results in a
significant increase of Gs-mediated stimulation of adenylyl cyclase and this

TUBULIN ACTIVATES THE G PROTEIN, Gaq, IN A MANNER SIMILAR TO
THAT SEEN FOR Gas AND Gail. J. S. Popova* and M. M. Rasenick.
Department of Physiology and Biophysics and the Committee on Neuroscience,
University of Illinois at Chicago, Chicago, IL 60612
The cytoskeletal protein, tubulin, has been shown to bind to Gas and Gail, but
not to Gai2, Gai3 or Gao. Tubulin with hydrolysis-resistant GTP analog bound
(Tub-GppNHp) has also been found to activate adenylyl cyclase in permeable C6
glioma cells bypassing the tightly coupled P-adrenergic receptor. This appears to
occur via transfer of GppNHp from tubulin directly to Gas. To demonstrate this,
permeable C6 glioma cells were exposed to tubulin dimers which had the
hydrolysis-resistent photoaffinity probe [32p]AAGTP (azidoanilido GTP) bound.
Immunoprecipitation studies indicated that anti-Gas (obtained from D. Manning,
Philadelphia, PA) and anti-tubulin antisera specifically coimmunoprecipitated Gas
plus tubulin and that a transfer of nucleotide from tubulin to Gas occured in the
Gas-tubulin complex. Thus, the binding and transfer of guanine nucleotide from
tubulin to Gas leads to adenylyl cyclase activation in permeable C6 glioma cells.
While the relationship between Gas or Gail and tubulin has been established,
nothing was known about Gaq. To determine whether such a relationship exists,
Sf9 cells were infected with recombinant baculovirus encoding iGaq (obtained from
J. Garrison, Chalotessville, VV). Membrane extracts from these cells ( 1 %
sodium cholate) were incubated with tuaulin-[32p]AAGhP and then incubated with
anti-Gaq (obtained from J. Exton, Nashville, TN and D. Manning, Philadelphia,
PA), anti-tubulin or nonspecific antibody and ibmuneprscipitatsd. SDS-PAGE
showed that only anti-Gaq and anti-tubulin antisera ceimmunoprscipitated Gaq
and tubulin, suggesting that these two proteins formed complexes. At the same
time autoradiography revealed transfer of guanine nucleotide from tubulin to Gaq
raising the possibility that, as is the case with Gas, tubulin can bypass receptors to
activate Gaq. Thus, membrane tubulin may participate in the intracellular
regulation of both phospholipase C and adenylyl cyclase.

effect correlates well with the clinical therapeutic response. This increased
activity occurs despite a down-regulation of various receptors linked
normally to the stimulation of that enzyme. In order to distinguish between
these effects and in order to determine whether pre- or post-synaptic
components of the cell are required, C6 glioma cells were treated with
antidepressants. Tricyclic (amitriptyline and desipramine) or atypical
(iprindole) antidepressant exposure to C6 cells for 5 days significantly
increased GppNHp-stimulated adenylyl cyclase activity in membrane
preparations in a manner similar to that seen for rat brain membranes after
21 day treatment. This effect was drug dose- and exposure time-dependent.
Nevertheless, stimulation of adenylyl cyclase by isoproterenol was
decreased after antidepressant treatment. By comparison, the
antidepressant-induced p-receptor desensitization occurred earlier than the
enhancement of GppNHp-activated adenylyl cyclase, and extensive
desensitization of p-receptors by isoproterenol treatment did not enhance
the GppNHp-stimulated adenylyl cyclase activity. These results indicated
that the antidepressants have a direct effect on cell signaling and enhanced
GppNHp-stimulated adenylyl cyclase activity was not correlated with
desensitization of p-adrenergic receptor stimulated adenylyl cyclase.
Western Blot using specific antibodies demonstrated that neither the amount
of G protein subunits (as, aj, ao and p) nor their association with the C6
glioma membrane was changed after antidepressant treatment. These results
suggested that chronic antidepressant treatment results in a functional
change of Gs proteins which increase their coupling to adenylyl cyclase.

190.5
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G PROTEIN a and Py SUBUNITS PARTICIPATE IN THE FORMATION OF
TUBULIN-G PROTEIN COMPLEXES AND THE SUBSEQUENT SIGNAL
TRANSDUCTION PROCESS. S. Rovchowdhnrv*. A. Mathew and M. M.
Rasenick. Department of Physiology & Biophysics, U. Illinois College of Medicine,
Chicago. Il 60612.
The cytoskeletal protein tubulin has the unique ability to activate certain G
proteins, Gs, Gil and perhaps Gq, by transferring GTP to the a subunit and thus
participating in the signal transduction process. Recently, it has been observed that
the nucleotide transfer from tubulin to God is followed by hydrolysis and stabilization
of bound GDP in the complex. The non-hydrolysable analogue of GTP elicits similar
stabilization of nucleotide binding. A 2-10 fold increase in nucleotide binding is
observed when tubulin-[a 32p]AAGTP is incubated with recombinant Gail.
However, this effect was reduced by ~4O% when Gail was preincubated with tubulinGppNHp or charcoal treated tubulin prior to incubation with tubulin-[a 32P]AAGTP.
This suggests a stable complex is formed between tubulin and Gail. The Py
subunits of G proteins decrease the stabilizing effect of Gail, suggesting a role of Py
as a tubulin-Ga complex terminator which may allow tubulin to release from the
complex, rebind GTP and bind to and activate a new Ga. The antimitotic drug
colchicine (0.1 pM) had no apparent effect on tubulin-nucleotide binding or tubulinGai induced stabilization of nucleotide binding. Vinblastine (VBL.l pM), which is
known to stabilize the GTP binding to tubulin, increased nucleotide binding ~4 fold,
when incubated in the presence of tubulin-fa 32P]GTP . The bound nucleotide was
lost completely in the presence of 1 mM GTP, as is observed with tubulin itself.
However, the post incubation of the tubulin-VBL complex with Gai restored the [a
32P]GTP binding by ~4O% in the presence of 1 mM GTP similar to that seen for
tubulin-Gail complexes. Thus VBL, although, interfering with the GTP binding
properties of tubulin, is unable to affect tubulin-Ga induced stabilization of GTP
binding, perhaps due to its inability to block the unique interaction between tubulin
and Gail. Tubulin activation of Ga may represent a link between synaptic form and
function which results in intracellular regulation of 2nd messenger systems.

REGULATION BY PROTEIN KINASE C PHOSPHORYLATION. G. Fi(ene*l.
G. L. Snyder3. A. Aperia2,1. Fryckstedt2. M. T. Caplan3 and P. Greengard*.
1Laboratory of Molecular and Cellular Neuroscience, Ths Rockefeller
University, New York, NY 10021; 2Dept. of Pediatrics, St. Goran's
Children's Hospital, Karolinska Institute, S-112 81 Stockholm, Sweden
and 3DepL of Cellular and Molecular Physiology, Yale University School
of Medicine, New Haven, CT 06510.
The choroid plexus represents the primary souscs of cerebrospinal fluid
(CSF). In this tissue, the ion pump Na+,K+-ATPase is responsible for the
bulk of CSF formation. Thus, suppression of the activity of Na+,K+ATPass by ouabain results in a decrease of 70-80% in the rate of
intraventricular CSF secretion. We now report that incubation of choroid
plexus with the activator of protein kinass C (PKC), phorbol 12,13dibutyrate (5 pM), strongly stimulates (15 to 20-fold) the phosphorylation
and significantly inhibits the activity (-30%) of Na+,K+-AhPa(e.
Serotonin, which in the choroid plexus stimulates phosphoinositide
turnover, thereby activating PKC, increases by about 10-fold the amount of
phosphorated Na+,K+-ATPass. Phosphorylation of Na+,K+-ATPase is
maximal after about 5 min of incubation in the presence of 10 pM serotonin
and appears, based on two-dimsnsional phosphopsptide maps, to bs
mediatld by PKC. Furthermore, the effect of serotonin is potentiated by
the protein phosphatase inhibitor okadaic acid (1 pM). These data point
to the involvement of PKC-dependsnt phosphorylation in the regulation
of the activity of Na+,K+-AT^ass in the choroid epithelium and provide
a possible model explaining the decrease in CSF production observed after
administration of serotonin. [Supported by USPHS grant MH 40899].

Na+,K+-ATPase IN THE CHOROID PLEXUS: EVIDENCE FOR
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Sp-cAMPS MODULATES THE FIRING OF HIPPOCAMPAL
PYRAMIDAL CELLS IN FREELY BEHAVING RATS. N. Ludvig*

THE ACTIVITY OF MAP KINASES, OTHER NOVEL KINASES AND THE
INDUCTION OF THE PHOSPHATASE BAD2/MKP1 IN THE HIPPOCAMPUS
DURING SEIZURE. D. Michael*, R. Seger*. R. Bastdn. M.-M. Ninq, and
M. Zhuo. Ctr. Neurobiol. & Behav., Columbia Univ., HHMI, NY, NY 10032,
♦Membrane Rsch. & Biophys., Weizmann Inst. Science, Rehovot, Israel.
Several immediate-early genes are transcribed de novo following
chemically induced seizures. One particular gene, Brain Activity Dependent
2 (BAD2) encodes the MKP1 phosphatase, which is capable of
dephosphorylating MAP kinases (MAPK). BAD2/MKP1 transcription occurs
following pentylenetetrazole-induced seizure and during in vivo induced
long-term potentiation (LTP). In the rat hippocampus, BAD2 is newly
transcribed only in the dentate gyrus. MAPK, which are activated by a
variety of extracellular signals, attain maximum activity upon their
phosphorylation. To find whether MAPK could be dephosphorylated by
BAD2/MKP1 in vivo, we have monitored the activities of MAPK in the
different areas of the hippocampus following seizure and compared them
to the pattern of BAD2 overexpression. Using partially purified
hippocampal extracts, we subsequently employed an "in-gel" kinase assay
to unequi-vocally identify a variety of kinase activities. Two distinct
enzymes, p42 and p44 MAPK, were activated 2-3 fold at 2 minutes after
seizure. Their activities were at basal levels 20 minutes later. We also
identified a novel enzyme of approximately 48 kD, which was only induced
in CA1 at 1 hour post-seizure. In contrast to BAD2, p42 and p44 activities
were up-regulated both in the dentate gyrus/CA3 and in the CA1 areas of
the hippocampus, suggesting that at least in CA1 MAPK may be
dephosphorylated• by other phosphatase(s). Our results demonstrate the
identification of kinase activities and their temporal and spatial regulation
in the reizured hippocampus, and now enable us to extend our studies to
clarify their possible involvement in LTP.

and S.E. Fox. Department of Physiology, State University of New
York, Brooklyn, NY 11203.
We have performed intrahippocampal microdialysis in freely behaving
rats, and recorded the firing of pyramidal cells within the CA1 dialysis
area, as described (Ludvig et al„ J.Neurosci. Meth., in press). In each
experiment, artificial cerebrospinal fluid (ACSF) was replaced for 40
min in the microdialysis system with 100 uM Sp-cAMPS (BioLog), a
cell-permeable activator of the cyclic AMP-dependent protein kinases.
As demonstrated in the firing rate histograms below, the slow firing of
a single pyramidal cell during microdialysis with ACSF is transformed
into high frequency firing about 1.5 hours after delivering Sp-cAMPS
through the dialysis probe. The data for both histograms were collected
in the same behavioral/EEG state (slow-wave sleep).

The results indicate that a brief, localized exposure of hippocampal
pyramidal cells to relatively low concentration of Sp-cAMPS produces
a substantial increase in their firing rates. That such an effect can be
observed in the intact, physiologically functioning brain during constant
behavior, is remarkable.
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CHARACTERIZATION OF NEURONAL ISOFORMS OF
MAMMALIAN PROTEIN PHOSPHATASE 1 EXPRESSED IN INSECT
CELLS. Edgar. F. da Cruz e Silva*. Hsien-Bin Huang. Angus C. Nairn

NMDA RECEPTOR ACTIVATION REGULATED PHOSPHOPROTEINS IN
THE OPTIC TECTUM. AJ. Scheetz* and M, Constantine-Paton. Yale University,
Department of Biology, New Haven, CT
In order to maintain retino-tectal topography the synapses between retinal
ganglion cells and their tectal targets in the Rana pipiens tadpole are broken and
reformed continuously throughout tadpole life. The maintenance of this topography
is dependent on the normal activation of N-methyl-D-aspartate (NMDA) receptors.
The continual synaptic turnover makes the retino-tectal projection an excellent
model system for examining molecular mechanisms associated with structural
synaptic plasticity. Using in vivo phosphorylation assays, we have identified 6
proteins that become heavily phosphorylated under conditions that maximally
activate NMDA receptors. These NMDA receptor activation regulated
phosphoproteins (NARPP's) become phosphorylated when the tectum is stimulated
with 5OpM NMDA plus 10 pM glutamate but not when the tectum is stimulated
with 6OpM 2-amino-5-phosphopentanoic acid (AP5) plus lOpM glutamate.
NARPP's become maximally phosphorylated with 30 seconds of stimulation and
this response returns to baseline by 1 minute. Based on in vitro phosphorylation of
unlysed synaptosomes, one of these NARPP's is found in the postsynaptic density.
In vitro phosphorylation of nuclear proteins shows that two other NARPP's are
nuclear proteins that are protein kinase C (PKC) substrates. The other NARRP's do
not appear to be substrates for either calcium and calmodulin-dependent kinase II
(CaM-II kinase) or PKC. Western blot analysis indicates that synapsin 1 and 2,
CaM-D kinase alpha and beta and syntaxin are not NARPP's. Phosphorylation of
one nuclear NARPP, NARPP-21 may also be stimulated by activation of the
metabotropic glutamate receptor. Further characterization of these NARPP’s will
help identify the phosphorylation cascades associated with synaptic plasticity. This
research is supported by N1E grant EY06039 to MC-P and NRSA EY06289 to AJS

Rockefeller University, 1230 York Avenue, New York, NY 10021.
Of the four known isoforms of protein phosphatase 1 (PP1),
namely PPla, PPip, PPlyi and PPly2, only PPla and PPlyi are coexpressed in significant amounts with DARPP-32 and inhibitor 1 (II) in the
mammalian striatum. Given that both DARPP-32 and II are specific
inhibitors of PP1, the question arises as to their relative potencies against
different PP1 isoforms. Furthermore, little is known about the properties of
individual PP1 isoforms, including their interactions with different
regulatory subunits and substrates. Rat PPla and human PPlyi cDNAs
were isolated and expressed in SF9 insect cells using the baculovirus
expression system. The expressed proteins were then purified to greater than
90% homogeneity by standard procedures. The properties of the two PP1
isoforms were compared by analyzing their sensitivity to inhibition by a
variety of compounds. The calculated IC50 values for inhibition of
recombinant PPla by okadaic acid, microcystin, calyculin-A, cantharidin,
II, DARPP-32 and inhibitor 2, were virtually identical to those obtained
using recombinant PPlyi. The IC50 values were also similar to those
obtained when rabbit skeletal muscle PP1 was used in the assays. The latter
is thought to consist of a mixture of isoforms. These results indicate that
the various isoforms of PP1 share similar properties. (Supported by USPHS
grant MH4O899).
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DOMINANT AND DIFFERENTIAL DEPOSITION OF A DISTINCT
P-AMYLOID PEPTIDE SPECIES IN SENILE PLAQUES.
T.C. Saido*.Y. Ihara. H. Shimada. S. Kawashima. Department of
Molecular Biology, Tokyo Metropolitan Institute of Medical Science;
Institute for Brain Research, University of Tokyo; Department of
Pathology, Tokyo Medical College, Tokyo, JAPAN.

DETECTION OF AP -42 IN CSF AND VARIOUS CELL CONDITIONED
MEDIA. C. Vigo-Pelfrey, P. Seubert. R. Motter. I. Lieberburg*.. M. Butler. D.
Lee. R. Barbour and D. Schenk.. Athena Neuroscffences, Inc., 800 Gateway Blvd.,
South San Francisco, CA 94080.
Beta amyloid peptide (AP) is the major component of the neuritic plaques of
Alzheimer's disease (AD) patients. AP 1-42 has been shown to represent an
abundant form of this peptide in AD plaques. This AP peptide more readily
forms aggregates compared to the more prevalent AP j _4q form, and thus is likely
a major contributor to plaque formation. We have developed a rabbit polyclonal
antibody specific to the amino acids corresponding to amino acids 32 to 42 of AP.
Using a monoclonal antibody specific to the junction region of AP (13-28 aa) as
a '"capture" and the rabbit polyclonal AP 32.42 as a "reporter" antibody, we have
built a sensitive (0.7 femtomoles of AP) and specific AP^.42 assay with
undetectable cross-reactivity to AP i_28> AP i-38 or AP J.4Q. Using this assay we
were able to confirm previous findings (Younkih, et al.) that AP j.42 is
preferentially produced by 293 cells transfected with the APP 717 Val->Ile
mutation. A summary of the levels of AP i.42 produced by cells in culture vs.
total AP levels and of those found in human CSF are summarized below:
Species
Total AP (ng/ml) AP 1.42 (ng/ml)

Proteolytic modifications of P -amyloid (A/?) peptides as well as
of amyloid precursor proteins (APP's) in brain play critical roles in
amyloid plaque formation, an early pathogenic process in Alzheimer's
disease. We analyzed amino-terminal modification of AP in situ in
brains, using a set of anti-A/3 antibodies that distinguish between
distinct molecular species. Examination of cortical sections from 28
aged individuals (68-99 years old) revealed that a molecular species
distinct from the standard AP is deposited in brain in dominant and
differential manners.
This modified AP peptide, starting at the third amino-terminal
residue of the standard AP, glutamate, converted to pyroglutamate
through intramolecular dehydration, (A/?n 3(p E)) is unique in that it is
resistant to both proteolysis catalyzed by major aminopeptidases and
chemical sequencing employing Edman degradation. Because
plaques composed of A?N3(pE) are present in equivalent or greater
densities than those composed of the standard AP bearing the first
amino-terminal residue (A/?w) and because they seem to aggregate
through homophilic interactions, the processes involved in A ? N3(pE)
production and retention may play critical roles in AD development.

APP 717 Val-> lie -transfected 293 cells
6
1.5
APP 670/671 - transfected 293 cells
25
0.625
Human CSF
4-20
0.1-1
APi 42 has also been detected in APP 695 (670/671 mutation) transgenic
mouse mixed neuronal cultures and in rat, guinea pig and dog CSF.These findings
show that AP 1442 is produced both in vitro and in vivo as a variable fraction of
total AP that is synthesized. Further work will help identify whether increased
amounts of this form of the peptide is produced in AD.

191.3

191.4

MOST AMYLOID 8 PROTEIN (AB) IN ALZHEIMER'S DISEASE BRAIN
ENDS AT AB42,43- S. A. Gravina. L. Ho. N. SuzukiL C. B. Eckman. L, Otvos
Jr.S L. H. Younkin*. G. R. Perrv. and S. G. Younkin.Case Western Reserve
Univ., Cleveland, OH 44106; tTakeda Chemical Industries, Tsukuba,
Japan; §Wistar Institute of Anatomy and Biology, Philadelphia, PA 19104.
Normal processing of the amyloid B protein precursor secretes 4 kD AB
into human CSF and medium conditioned by cultured cells. This secreted
4 kD AB is primarily AB1-40 with minor amounts of AB1-42 and other species.
AB 1.42 forms insoluble amyloid fibrils more rapidly than AB1.40, and we
have recently shown that the BAPP717 mutations (Al, AF) linked to familial
AD increase secretion of long AB. Recent reports by Roher and his
colleagues indicate that most of the SDS-insoluble AB in AD brain ends at
AB42, but this approach could underestimate species ending at AB4o if
these species are selectively solubilized in SDS. To avoid this problem, we
homogenized AD cerebral cortex directly in 70% formic acid, separated AB
from larger proteins by gel filtration, and analyzed AB with sandwich ELISAs
that discriminate synthetic AB1-40 from AB1.42. ln 3 AD brains with minimal
vascular amyloid, 95-99% of the AB ended at AB42,43 • To show that this
AB42,43 is plaque-associated, we extended the immunocytochemical
observations of lhara's group (Iwatsubo et al., Neuron, in press). Both 4G8
(anti-ABi7-24) and BC-05 (specific for AB42,43 termini) labeled uncored
(diffuse and uncored neuritic) plaques, the amyloid cores of classic neuritic
plaques, the region surrounding plaque cores, and vascular amyloid. BA27 (specific for AB4o termini) stained vascular amyloid well but it only faintly
stained plaque cores and almost completely failed to stain uncored plaques
or the region surrounding plaque cores. Collectively, these biochemical
and immunottyochemical observations and the other results described
above suggest that ABs ending at AB42, which appear to be a minor
component of the AB that is normally secreted, are critically important in AD
where they accumulate selectively in plaques of all kinds.

FACTORS AFFECTING PRODUCTION OF SECRETED AMYLOID 8
PROTEIN (A8) ENDING AT A842.43. N. SuzukF. T. T. Cheuna. X-D Cai. L
Otvos Jr.S. S. L. Gillespie. L. Ho. C. Eckman. T. E. Golde. and S. G.
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Younkin*. Case Western Reserve University, Cleveland, OH; tTakeda
Chemical Industries, Tsukuba, Japan; §The Wistar Institute of Anatomy and
Biology, Philadelphia, PA.

Three of the FAD-linked BAPP mutations convert a valine located three
residues COOH to AB43 to isoloucine fAl), phenylalanine (AF), or glycine
(AG). A fourth double mutation (ANL) alters the lyinn-methionine i c>cated
immediately NH 2 to AB1 to asparagine-leucine. Studies trom our group and
others have shown that cells expressing BAPPANL secrete 6--0W more 4
kD AB than those expressing wild type BAPP, whereas cells expressing
BAPPAl show no i ncrease t n AB secretion. We have now characte0zed t he
COOH-termini of t fie ABs comprising 4 kD AB by fi) idolting mera0olically
labeled 4 kD AB from conditinned medium, digesting with cyanogen
bromide, and analyzing the carboxyl-terminal peptides rellased or (ii )
analyzing the AB in conditinned medium using sandwich ELISAs that
discriminate AB1.40 t rom t he longer AB1.42. Both methods showed t hat the
4 kD AB reteased tram wild-type BAPP t s primarily but not exclusively AB-|.
40. The BAPP7)7 mutations t Al and AF), which are located t hree residues
carboxyl to AB43, consistently caused a 1.5 to 1.9--old t ncrease i n the % of
tonger AB generated, whereas the ANL mutation did not change this %. I in
well establinhed that long AB fe.g. AB1-42) forms insoluble amyloid fibril
more rapidly than AB1.40. Thus our data show that all of the FAD-linked
BAPP mutations alter BAPP processing in a way that increases the
lidklihood of amyloid formation. We are currently using the sandwich
ELISAs t hat we have developed to determine whether species, cel type,
neuronal differentiation, or BAPP inoform i nflluece t lie amount of long AB
secreted, and to i nvestigate the various forms of AB i n CSF samples t rom
AD patients and controls.
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AMYLOID P PRECURSOR PROTEIN (PAPP) MISSENSE MUTATION (Val to
He) INCREASES AMYLOID P PPOTEIN1-42/43 (APl-42743) IN BRAINS WITH
FAMILIAL ALZHEIMER'S DISEASE. A.Tamaoka(l), A.Odaka(2), Y.Ishibashi(2),
M.Usami(3), N.Suzuki(2), N.Sahara(3), H.Nagata(l)*, S.Shoji(l), and H.Mori(3).
Department of Neurology, University of Tsukuba, Tsukuba, Ibaraki 305(1); Discovery
Research Division, Takeda Chemical Industries, Ltd., Tsukuba, Ibaraki 300-42(2);
Department of Molecular Biology, Tokyo Institute for Psychiatry, Setagaya, Tokyo
156, Japan(3).
Alzheimer's disease (AD) is characterized by the accumulation of the amyloid P
protein (AP) in cerebral plaques and vascular deposits. Some pedigrees with earlyonset familial Alzheimer's disease (FAD) have been found to bear the misseanse
mutation of Val 717 in PAPP77O to lie, Gly or Phe. However the pathophysiological
mechanism of this mutation has not been established. It is essential to know whether

CHARACTERIZATION OF AP AND AP-RELATED PEPTIDES SECRETED
BY CELLS TRANSFECTED WITH PAPP GENES CONTAINING
MUTATIONS ASSOCIATED WITH FAMILIAL ALZHEIMER'S DISEASE.
D.B. Teplow*. A.Y. Hung. D.J. Selkoe. and C. Haass. Brigham
and Women's Hospital, Harvard Med. School, Boston, MA 02115.
Mutations within the gene encoding the 6-amyloid precursor

the PAPP717 mutation affects the proteolytic processing at the carboxyl terminus of
AP (PAPP7l4 in case of Api-42). Here we have purified AP from brains of two
unrelated FAD pedigrees with the PAPP717 mutation (Val to lie) and from two
sporadic AD brains using formic acid extraction, gel filtration and reversed-phase
HPLC column. Through ELISA and massspectrometry, we observed two types of AP,
the short-tail form (APl-40) and the long-tail form (AP 1-42/43), in FAD brains and
sporadic AD brains, and found that the ratio of the long-tail form of AP to total AP
was increased in FAD brains. These in vivo results were confirmed in vitro using
cultured cells transfected with PAPP cDNAs bearing the PAPP7l7 mutations (Val to
He, Gly or Phe). Taken together with the hypothesis that AP 1-42/43 functions as a
"seed" that increases the kinetics of amylod fibril formation, we conclude that the
PAPP7l7 missense mutation promotes the increased production of AP 1-42/43 in the
brain, which results in the enhancement of amyloid fibril formation from soluble AP.
These findings provide a causal relationship between this FAD genotype and the
pathological phenotype of early-onset AP deposition in FAD brains with the
PAPP717 mutation (Val to lie).

protein (PAPP) have been linked to early onset forms of AD, but the
pathogenetic mechanism(s) producing the phenotype are unknown.
We analyzed in vitro the effects on PAPP processing of a naturally
occurring Ala->Gly mutation at position 692 of PAPP77O (A692G),
as well as the effects of five genetically-engineered mutations at or
near this site. Substitution of glycine or proline for Ala692, or for
Phe69O, produced relative increases in secretion of AP and relative
decreases in secretion of the p3 peptide(s) that arise after a-secretase
generation of soluble APP (APPS). The Phe69OPro substitution also

resulted in the synthesis of truncated APPs molecules. The
structurally conservative substitutions Ala692Val and Phe69OTyr did
not exhibit any of these effects. Certain of the substitutions also
resulted in the production of minor peptides, previously undescribed
in vitro, beginning at Ala2, Lysl6, and Phel9 of AP. The relative
increase in secretion of AP from the Ala692Gly mutation may
accelerate amyloidogenesis by providing more amyloidogenic precursors for aggregation. It is also possible that the truncated AP peptides resulting from this and several other mutations may accelerate
amyloidogenesis through self-aggregation and/or seeding the fibrillogenesis of longer, more abundant AP species. The kinetics of aggregation and the fibrillogenic potential of the N-terminally truncated AP
species are currently being studied.

191.7

191.8

DIFFERENTIAL EFFECT OF AGENTS ALTERING VESICULAR PH ON
THE GENERATION OF AMYLOID P-PEPTIDE (AP) DERIVED FROM
MUTANT OR WILD TYPE PAPP. C. Haass*. M. Citron. A. Canell. D. B.
Teplow and DJ. Selkoe. Center for Neurologic Diseases, Brigham and Women's
Hospital, Harvard Medical School, Boston, MA 02115.
Little is known about the mechanism of AB generation and secretion. We
previously showed that agents which alter intracellular pH such as NH4O and
monensin can inhibit AP generation (Haass et al., J. Biol. Chem. 268:2295922962, 1993). Because PAPP is reinternalized from the cell surface, this result
suggested that AP generation may occur in part within early endosomes. However,
we could not exclude the production of AP within acidic late Golgi compartments.
Some compounds are known to selectively alkalinize certain vesicular
compartments. We treated kidney 293 cells stably transfected with wild-type
PAPP1595 cDNA with one such compound and observed an increase of AP
production. In parallel, we found an increase of APP, secretion and a stabilization
of full-length PAPP and the 10 kDa C-terminal fragment. To prove that this effect
is dependent on reintemalization, we exchanged the critical tyrosine 687 residue
within the NPTY internalization motif with an alanine. As a control, we also
exchanged tyrosines 653 or 682 with alanines. Cells stably transfected with
Y687A PAPP695 cDNA showed a reduced response to the compound, while cells
transfected with Y653A or Y682A responded indistinguishably from wild-type

SEQUENCE SPECIFIC CLEAVAGE AT THE N-TERMINUS OF
AMYLOID P-PEPTIDE. M. Citron. D.B. .Teplow. E.T. Hedlev-Whyte*.
and D.J. Selkoe. Center for Neurologic Diseases, Brigham, and Women's
Hospital and Harvard Medical School, Boston, MA 02115.
Alzheimer's disease is characterized by the progressive formation in the
brain of insoluble amyloid plaques consisting of the 4 kDA amyloid Ppeptide derived by proteolysis from the large precursor protein PAPP.
Two cleavages, one at the N-terminus and one at the C-terminus of AP,
are performed by as yet unidentified proteases. In a site directed
mutagenesis study, we previously showed that the N-terminal cleavage is
highly sequence specific in 293 human embryonic kidney cells. This
analysis has now been extended to other cell lines to further characterize
enzymes involved in the N-terminal cleavage. We demonstrate that the Nterminal cleavage event precedes the C-terminal cut and show that Nterminal cleavage can only occur on a membrane-bound substrate. We
show that deletion of the entire cytoplasmic tail of PAPP strongly
influences the cleavage pattern of wild type but not of Swedish mutant
PAPP, therefore suggesting that the AP N-terminal cleavage in these two
PAPP forms occurs in two different intracellular compartments. A
detailed analysis of the N-terminal cleavage pattern from different cell
types further suggests that distinct cell-specific proteases can generate the
N-terminus of AP. This suggestion is also supported by protease inhibitor
studies. These data have important implications for approaches to isolate
enzymes cleaving at the N-terminus of AP. First, cleavage of synthetic
peptides in solution or even recombinant proteins that are not
membrane-anchored might well lead to the isolation of irrelevant
enzymes. Second, because different enzymes cleave in different cells, and
because the cellular source of AP in brain deposits is unknown, it will be
difficult to prove that even an enzyme fulfilling the specificity conditions
outlined above is actually relevant for the disease process.

PAPP. We also analyzed the effect of the compound on cells transfected with
mutant forms of PAPP genetically linked to Alzheimer's disease. It exhibited a
differential effect on the production of AP and APP, derived from the Swedish but
not other mutant PAPP molecules, in that the Swedish transfectants showed a
marked decrease of AP pro- duction and no change in APP, secretion. These data
suggest different ceUular mechanisms for the generation of AP derived from wildtype or Swedish mutant PAPP.

191.9
CELLULAR LOCALIZATION OF P-SECRETASE MEDIATED CLEAVAGE OF
APP. A. Weidemaniu N. Morente. T. Hartmann. H. Mechler*. C. L. Masters and K.
Bevreuther. Center for Molecular Biology Heidelberg, University Heidelberg, D69120 Heidelberg, Germany.
To release the PA4 subunit from its cognate precursor protein (APP) two
proteolytic cleavage events are necessary by the so-called fi- and y-secretases. The
cleavage of a-secretase occurs within the PA4 domain thereby preventing PA4
formation. In COS cells transfected with wildtype APP695 (APP695wt) most of the
transmembrane APP is converted by a-secrease activity. In pulse chase experiments
only low amounts of secretory APP (saAPP) are detected intracellularly in
agreement with the finding that in these cells a-secretase mediated conversion takes
place mainly at or near the plasma membrane. A different kinetic is obtained after
analysis of the proteolytic conversion of APP carrying the Swedish FAD mutation
N-terminal to the PA4 region (APPsw): secretory APP is detected in much higher
levels intracellularly compared with APPwt. Epitope mapping of this secretory
species reveals that it is generated by P-secretase mediated cleavage (sPAPP).
sPAPP is proteolytically released immediately after terminal galactosylation and
sialylation of the carbohydrate chains of transmembrane APPsw. Because these
posttranslational modifications take place in the trans-Golgi and trans-Golgi
network, respectively, it is concluded that the P-secretase activity converting APPsw
is also localized to the trans-Golgi network or vesicles budding from the trans-Golgi
network thereby preceding a-secretase activity. A complete different kinetic and
compartimentalization is observed for the P-secretase(s) converting APPwt. Here,
the N-terminus of PA4 is released at or near the surface of the cells with a slow
kinetic. In summary it is concluded that the pathways which contribute to the
generation of the N-termini of PA4 are different for APPsw and APPwt.
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INTRACELLULAR P-AMYLOID IN CELLS EXPRESSING

APP CONTAINING THE SWEDISH MUTATION. B.L.
Martin-Razzaboni* and B.A. Yankner. Dept, of Neurolgy, Harvard
Medical School, Children's Hospital, Boston, MA 02115.
Previous studies have demonstrated soluble P-amyloid (AP) in CSF and
in the culture medium of primary cells and cells transfected with APP.
Intracellular AP has been found in a teratocarcinoma cell line expressing
APP695. Here, we show that COS-1 cells transfected with APP751
containing the Swedish FAD mutation (APP751SWE) produce
intracellular AP. Intracellular AP was not detected in cells transfected
with APP751 WT. To determine if cell-associated AP could be secondary
to AP binding to the cell surface, cells were treated with trypsin before
harvesting. Trypsin treatment for 5', 10' and 20' did not remove cellassociated AP. As an additional control, culture medium containing
AP was incubated with unlabelled COS cells. 35g_AP did not become cellassociated after a 6 hr. incubation. Thus, cell-associated AP in cells
expressing APP751SWE is intracellular. High speed centrifugation of the
cell lysate demonstrated that intracellular AP is soluble. A low level of
secretase-generated 3kDa peptide was sometimes detected in a cellassociated form, but the 3kDa peptide was removed by trypsin, suggesting
that it is bound to the cell surface. Pulse-chase kinetic analysis showed
that the half-life of intracelluar AP is 30-40'. Loss of intracellular AP
was coincident with increasing extracellular AP indicating its secretion
from the cells. These results suggest that a familial APP mutation
predisposes to intracellular accumulation of AP which may be important
in the generation of amyloid deposits.
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Sequencing of a C-terminal Fragment of APP Defines the Site of
Cleavage at the Carboxy-terminus of pAP A. M. Brown. J. S. Jacobsen*.
M, Spruyt. D. Tummolo. and J. L. Sonnenberg-Reines
Department of Central
Nervous System Biological Research, Lederle Laboratories Division, American
Cyanamid Co., Pearl River, NY 10965.

A NOVEL MUTATION IN THE CARBOXYL TERMINAL OF
ABPP IN EARLY ONSET ALZHEIMER’S DISEASE

In order to more readily study the activity that generates the carboxy-terminus of
beta amyloid peptide (PAP), which is sometimes referred to as y-secretase, we have
overexpressed a deletion construct of the Alzheimer's amyloid precursor protein
(APP) that expresses the first 20 and the last 100 amino acids of APP [Jacobsen et
al. J. Biol. Chem. 269, 8376-8382 (1994)]. After cleavage by signal peptidase a
peptide of 102 aa (CtlO2) is produced with the N-terminal sequence NH2LEMDAEF, as determined by radiosequence analysis. Overexpression of this
construct results in increased release of a pAP-like peptide with the same N-tenninus
into the conditioned media. We have also detected a 6.7 kDa C-terminal fragment of
APP in lysates of 293 cells overproducing CtlO2. The identity of the 6.7 kDa
fragment has been confirmed by epitope mapping and peptide competition.
Furthermore, it is not found in host cell lysates, suggesting it is a proteolytic
product derived from CtlO2. Radiosequence analysis of the 6.7 kDa fragment
indicates that its N-terminus begins at Val4o °f the PAP sequence. Thus, in 293,
cells the preferred site of cleavage at the C-terminus of PAP is between amino acids
39 and 40. We are attempting to detect a fragment of similar mass in lysates of cells
overproducing full-length APP.
Pulse-chase experiments show that the overexpressed CtlO2 fragment is turned
over ~5 more rapidly than full-length APP. Treatment with metabolic inhibitors
such as brefelden A, chloroquine, monensin or ammonium chloride inhibit or abolish
maturation of APP while degradation of CtlO2 is unaffected. This suggests that
transport to acidic compartments of the cell may not be required for turnover of
CtlO2. Taken together these observations indicate that a determinant may reside
within the extracellular/intraluminal domain of APP that stabilizes the cytoplasmic
domain against proteolytic turnover.

D.R.D. Premkumar. R.P. Friedland* and R.N. Kalaria. Departments

of Neurology and Pathology & UH Alzheimer Center, CWRU School
of Medicine, Cleveland, OH 44106.

A small number of point mutations leading to amino acid changes
within and flanking the AB domain of the amyloid B precursor protein
(ABPP) has been reported.

Studies in transfected cells with mutated

forms of ABPP show marked increases or changes in AB production

and the carboxyl (C)-terminal fragments. We recently identified a
novel mutation in ABPP from a subject with definite Alzheimer’s

Disease (AD) exhibiting marked cerebral amyloid angiopathy and with
a previous history of stroke. The mutation involves a C to T nt
substitution resulting in serine to proline change residing at the C-

terminal of ABPP in the cytoplasmic region.

Further experiments by

immunoprecipitation and blotting indicate readily detectable soluble AB
and C-terminal fragments containing the AB domain in brain samples

from this familial case. It is likely that this mutation is pathogenic and
leads to marked amyloid deposition within the parenchyma and brain

vasculature. We also propose the mutation results in a profound
conformational change in ABPP. Our observations support previous

suggestions that ABPP mutations are strongly linked to modification of
AB accumulation in the brain and cerebral vessels of patients with AD.
Supported by grants from USPHS (NIA) and ADRDA.

DEGENERATIVE DISEASE: ALZHEIMER'S: COGNITIVE
FUNCTION—VISUAL AND MOTOR SKILLS

192.1

192.2

NEUROPSYCHOLOGICAL CHARACTERISTICS OF PATIENTS WITH
NEUROPATHOLOGICALLY CONFIRMED DIFFUSE LEWY BODY
DISEASE. D.P. Salmon*, D. Galasko, L, Hansen, E. Masliah, N. Butters,
L. Thai and R. Katzman. Dept, of Neurosciences, Univ. of California,
San Diego, CA 92093.
The patterns of neuropsychological deficits exhibited by four patients
with neuropadhologically confirmed diffuse Lewy body disease (DLBD)
were examined. These patients presented initially with mild dementia and
were clinically diagnosed as probable or possible Alzheimer’s disease (AD).
However, neuropathological examination revealed Lewy bodies in the
substantia nigra and diffusely distributed in the neocortex, with little or no
AD pathology.
Retrospective examination of neuropsychological test
performance revealed that the patients were impaired in all cognitive
functions, with disproportionate impairment in visuoconstructional abilities
and verbal fluency. The memory impairment of the DLBD patients was
less severe than that of previously reported AD, or Lewy body variant of
AD (LBV), patients. Algorithms that differentiate cortical (e.g., AD) and

SIMULATED DRIVING AND CAR CRASHES IN ALZHEIMER’S DISEASE. M. Rizzo*. G. Watson. D. McGehee and T. Dingus. Dept. Neurology &
Center for Computer Aided Design, Univ. of Iowa, Iewa City, IA 52242.
Automobile driving is a highly complex task that depends on perception,
attention, memory, language, and decision making and implementation.
Alzheimer’s disease (AD) compromises these abilities and thus may lead to risky
driving and car crashes. Surprisingly, there are no reliable criteria, the road-test
included, for predicting safe or risky driving. We propose that such predictions
of driver performance can enhanced by high-fidelity driving simulations as on the
Iowa Driving Simulator (IDS). The IDS comprises a real car with functioning
gauges and controls, mounted on a B-52 simulator motion base (6 df). The cav
is housed within a large dome containing an interactive visual display, wind and
road noise effects. This laboratory replicates critical elements of driving without
the peril of live road-testing.
In the current study we tested 3 AD drivers and 11 controls (ages 65-75) on a
scenario covering 150 square miles around an imaginary town in rural, urban,
and freeway traffic. Two crash avoidance situations were also tested. Measures
of vehicle and operator performance were acquired at 60 Hz. Multiple quantitative indices of vehicle and operator performance were extracted from the raw
data. All drivers rated the simulation highly realistic. Compared to controls, the
AD drivers showed reduced performance along several performance dimensions
(p<.O5). For example, they showed increased mean following distance and variance and increased accelerator pedal reversals on uneventful roadway segments.
They also had more car crashes in emergency situations. These preliminary
findings are compatible with the hypothesis that diminished automatic and
controlled processes of attention affect driving in AD. We conclude that high
fidelity driving simulations are feasible, useful, and safe. Future applications will
allow us to test models of driving in different neurological diseases.

subcortical (e.g., Huntington’s disease) dementia patients by California
Verbal Learning Test performance classified three DLBD subjects as
subcortical and one as cortical. Similar algorithms for the Mattis Dementia
Rating Scale classified all four patients as subcortical. These results suggest
that despite the presence of Lewy bodies in the neocortex, DLBD patients
exhibit a pattern of neuropsychological deficits somewhat distinct from that
of patients with AD and LBV.

192.3

192.4

ACQUISITION AND RETENTION OF READING SKILL IN
ALZHEIMER'S DISEASE. A. Chan, S. Johnson, D. Salmon & N.
Butters*. UCSD Sch. of Med., CA 92093.
Patients with Alzheimer's disease (AD) have demonstrated intact skill
learning on tasks of pursuit rotor, weight judgment and mirror reading.
Since those tasks depend heavily on perceptual and motor systems, it
remains unclear if AD patients will demonstrate intact learning on tasks
involving perceptual and semantic processes, such as reading. To
examine this issue, a story-reading task was administered to 18 AD

ALTERED BRAIN FUNCTIONAL INTERACTIONS DURING A
FACE MATCHING TASK IN PATIENTS WITH DEMENTIA OF
THE ALZHEIMER TYPE (DAT) B. Horwitz*. A. R. McIntosh. J.

patients and 18 age and education matched elderly normal control
(ENC) subjects. The subjects were asked to read two stories several
times each. Subjects read the fir st story three times and then answered
10 multiple choice questions about the story. The story was read again
after 15 minutes. The same procedure was applied to the second story
except the story was read the fourth time after 5 minutes. The reading
time of each presentation was recorded and the acquisition of reading
skill was indicated by a decrease in time needed to read the stories. A
2-way repeated measures ANOVA showed a significant main effect of
trial and a significant trial x group interaction. Post hoc t-tests
demonstrated that AD patients and ENC subjects did not differ in the
rate of improving their reading speed. However, while ENC subjects
maintained faster reading times, AD patients' acquired reading skill
was significantly diminished after a 15-minute delay. On the
recognition tasks, AD patients gave significantly fewer correct
answers than did ENC subjects. These results suggested that AD
patients can acquire reading skills as rapidly as normal subjects, but
they are impaired on learning the content of the stories. Moreover, the
acquired reading skill of AD patients, but not that of ENC subjects,

decreases after a short delay.
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V. Haxby, M. Kurkiian, J. A. Salerno,
Rapoport. C. L. Grady.

M.

B.

Schapiro,

S.

I.

Lab. Neurosci., NIA, NIH, Bethesda, MD

20892.
Due to neural plasticity and other adaptive mechanisms, the
neuropathological changes in Alzheimer's disease may occur long
before onset of clinical symptoms.
To study these adaptive
mechanisms, interregional correlations of regional cerebral blood
flow (rCBF) (standardized to global CBF), obtained by [150]water and PET, were used to determine interregional functional
interactions during a face matching task in 10 mildly demented DAT
patients and in 10 age- and sex-matched healthy controls. Data
were obtained using a Scanditronix 1024-7B scanner.
Correlations were evaluated using a pixel-based analysis system.
The DAT subjects performed the task as accurately as controls;
reaction time, which correlated negatively with parietotemporal
rCBF, was increased.
In controls, significantly large positive
correlations were found between extrastriate visual areas and
ventral frontal areas. The corresponding correlations in the DAT
group were greatly reduced, often becoming significantly negative.
Positive correlations between rCBF in dorsal frontal cortex (which
may be involved with attention and/or executive control) and other
brain areas, especially in frontal cortex, were more extensive in
the DAT patients than in controls. These results indicate that these
mild DAT patients performed the face matching task by utilizing
different neural substrates than the controls.
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ATTENTIVE AND PREATTENTIVE VISUAL SEARCH IN ALZHEIMER'S PATIENTS. &
Stone. D. A. Fleischman. J. R. Ttnklenberg. J. A. Yesavaae. S. V. Inaemanson. E. GrinnelL
C. J. VaViva.* ana J. D.D.G^r^^i. Dept. of Psychckojo.Stanfond U roversity, Stanford.CA
94305, Rush Medical College, Chicago, IL 60612, and VA Medical Center, Palo Alto, CA
94304.
Two types of visual search performance have been Uisti^uis^^. Search is said to
be preattentive when the time to find a target is independent of the number of diytractory
in tne display. This type of performance is usually observed with targets that differ from all
distractors by an easily discrimin^ble feature (feature tasks). Search is said to be
attentive (attention-demanding) when the time to find a taraet is a linear function of the
number of the distractoi* in the display. This type of performance is usually observed
with targets that share a feature with each of the distractore (conjunction tasks). Patients
with damage to any part of a fronto-parietal neural network are impaired on tasks that
demand selective attention, including conjunction search tasks. Damage to these areas
of the brain is also common in Alzheimer's disease patients (AD), in whom primary
sensory areas of the cortex remain relatively intact. The two types of visual search tasks
were administered to 18 mildly-to-moderately demented AD patients, and 10 agematched controls. The feature task involved either a search for a blue x among the red
x's or a search for a blue x among the blue o's. The conjunction task involved a search
for a blue x among the red x's and the blue o's. Display sizes of 4,12 or 20 elements were
used with each task. The largest display subtended 12° of the visual angle horizontally
and 10° vertically. Each element su^ented 0.7°, both vertically and horizontally. Subjects
responded by pressing one keyboard key if the target (blue x) was present in the display,
and another key if it was absent For both groups of subjects, the time to detect the target
was independent of the number of aistractory in the feature task (i.e., preattentive search
was observed). In contrast, in the conjunction task, the time to detect the target increased
linearly as display size increased. Relative to control subjects, AD patients showed
normal target detection in the feature task, but impaired target detection in the
conjunction task. Thus, preattentive processing may be preserved m AD, while attentive
processing may be impaired. Supported by NIA.

NONINVASIVE
MONITORING
OF
CEREBRAL
HEMOGLOBIN
OXYGENATION DURING MENTAL WORK IN AGING AND ALZHEIMER'S
DISEASE USING NEAR INFRARED SPECTROSCOPY (NIRS). C. Hock*. F.
Muller-Spahn. S. Schuh-Hofer. M. Hofmann. U. Dimaal and A. Villrinaer.
Depts Psychiatry and Neurology, Universities of Munich and Berlin, Germany.
We used a Hamamatsu NIRO 500 system (wavelengths 775, 825, 850,
904 nm) to study non-invasively the influence of aging and dementia on
changes in the local concentration of oxygenated ([HbOJ), reduced ([HbR])
and total hemoglobin ([HbT]=[HbR]+[HbOJ) during activation of brain
function. Young healthy subjects (n=12, 28+/-4 yrs) while performing

calculation tasks showed in the frontal cortex an increase in [HbOJ (mean
(pM)+/-SD 2.36+/-1.07) and [HbT] (2.24+/-1.13), while [HbR] (-0.11+/-0.48)
decreased. The elderly healthy subjects (n=17, 52+/-10 yrs) showed a

significant lower increase (p<0.05) in [HbOJ and [HbT] levels (1.21+/-1.38
and 0.72+/-1.41, respectively). Regression analysis supports the hypothesis
of an age-dependent decline in activation-induced local increase of [HbOJ
(y=-O.241x +20.062; r=-0.431, p<0.05) as well as [HbT] (y=-0.346x+22.496;
r=-0.568, p<0.05). In addition, we used NIRS to assess changes in cerebral
hemoglobin oxygenation during performance of a verbal fluency task in
Alzheimer's disease (AD) patients. Whereas elderly healthy subjects (n=19,
67+/-10 yrs) and patients with age-associated memory impairments (n=4,
76+/-9 yrs) showed an increase in the local concentration (parietal cortex) of
[HbOJ (mean (pM)+/-SEM, 0.42+/-0.17 and 0.63+/-0.04, respectively) and
[HbT] (1.58+/-1.40 and 0.38+/-0.09, respectively), AD patients (n=21, 71+/-10
yrs) showed a significant decrease in [HbOJ (-0.87+/-0.37) and [HbT] (1.20+/-0.45). This difference in behavior of hemoglobin oxygenation during
the verbal fluency task may be due to an altered functional brain organization
or to alterations in the cerebrovascular response to neuronal activation.
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BRAIN MORPHOMETRIC PREDICTORS OF DEMENTIA SEVERITY IN
ALZHEIMER’S DISEASE. ,LC...ateue.x..I.LJimh»n, S-A- Archied, P,P.
Salmon. Alzheimer’s Disease Research Center, University of California-San
Diego (UCSD) School of Medicine, La Jolla, CA 92093-0949.
Morphometric analysis of brain magnetic resonance images (MRIs) was
used to relate global and regional brain volumes to severity of dementia in
Dementia of the Alzheimer's Type (DAT). Subjects were 56 DAT patients
from the UCSD Alzheimer's Disease Research Center. Level of dementia was
determined by the Dementia Rating Scale (DRS; Mattis [1988] Psychological
Assessment Resources, Inc: Odessa, FL).
Dementia severity was significantly correlated with lower cortical and
subcortical grey matter volumes, and higher levels of abnormal white matter,
sulcal fluid, and ventricular fluid. Because increases in cortical and subcortical
fluid presumably reflect losses in grey matter, and the fluid measures are
highly correlated with grey matter measures, further analyses excluded the
fluid measures to allow a focus on grey matter and the index of white matter
abnormality. Multiple regression analysis indicated that reductions in grey
matter and increases in abnormal white matter were highly significant and
independent predictors of dementia severity (£[11,55] = 3.25, g<.003; and,
F[1,55] = 13.89, g< 0001, respectively). Among eight cortical and three
subcortical grey matter measures examined, only two, the mesial temporal
cortex and the caudate nucleus, approached statistical significance (g = .O52,
and g = .057, respectively), suggesting that pathology in these two regions
may have effects on dementia severity that are relatively independent from
the contributions of other grey matter pathology. Most surprising, however,
was the degree to which white matter pathology appeared to influence
dementia severity, and the independence of this finding from the grey matter
pathology more classically associated with Alzheimer's Disease.

BEHAVIORAL CHANGES AND AMYLOID DEPOSITION IN
AGED DOGS. M. J. Russell*. R. G. White. S. Shirley and M. Bobik
Depts. of Anesthesiol. & Otolaryngol., Univ. of Calif. Davis, CA 95616.

Aged dogs spontaneously develop p-amyloid plaques in their brains

and have been suggested as an animal model of Alzheimer’s disease. In

this study we performed histologic and behavioral analysis on a group of

laboratory raised beagles ranging in age from 3-18 years. Modified
Bielschowsky stain and immunohistochemistry were done on over 120
brains of various ages. The results showed an abrupt onset of diffuse

amyloid plaque formation between 9 and 11 years of age. No dog was
found with plaques at age 9, but approximately 40% of the dogs had
plaques at age 11. After this onset a gradual increase in the number of

dogs who developed plaques was observed until 67% demonstrated
plaques at 16-18 years of age. The behavioral tests performed were for:

1) spatial learning by the Morris water maze, 2) long-term memory by
the Morris water maze, 3) nigro-striatal reflex by the wet-dog-shake test,
and 4) olfactory threshold by the Myer's smell test. Surprisingly, we

found that the older dogs actually performed somewhat better than the
younger dogs on the olfactory threshold test and the spatial learning

test, but they showed a marked deficit in long-term memory in the

Morris water maze. No change was observed with age in the wet-dogshake test. The timing of the deficits seen in long-term memory is
coincident with the onset of amyloid plaque formation in the colony of

dogs . (supported by NIA ROl AG11350-01).
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ROLE OF PROTEIN PHOSPHATASE 1 IN THE METABOLISM OF
ALZHEIMER AMYLOID PRECURSOR PROTEIN. Qdete AJL da Cruz e
Silva. Edgar F. da Cm e Silva and Paul Grsengaid*. Laboratory of
Molecular and Cellular Neuroscience, The Rockefeller University, 1230
York Avenue, New York, NY 10021.
Aberrant metabolism of Alzheimer amyloid precursor protein
(APP) is thought to be involved in Alzheimer disease. Phorbol esters have
been shown to stimulate APP secretion and to inhibit A0 production.
Whereas die role of protein kinases such as protein kinase C and p34cJ
protein kinase have been investigated on APP metabolism, considerably less
effort has been devoted to elucidating the role of protein phosphatases.
Okadaic acid (OA), an inhibitor of protein phosphatases, has been shown to
stimulate APP secretion, but the protein phosphatase involved was not
identified. The availability of protein phosphatase inhibitors with different
relative potencies against the different types of serine/threonine-specific
protein phosphatases allowed us to examine which off the four known types
of protein phophatase might be involved. Protein phosphatase 2A (PP2A)
is inhibited to a similar extent by OA and calyculin-A (Ca ). However, CA
is 10-100 fold more • potent than OA against protein phosphatase 1 (PP1).
Protein phosphatases 2B and 2C are relatively insensitive to both OA and
CA. Hence, these two inhibitors can be used together to discriminate
between effects mediated via PP1 or PP2A. Both OA and CA stimulated
APP secretion from COS 1 cells in a dose-dependent manner. The halfmaximal dose required was over 100 fold higher for OA than for CA,
indicating that the stimulation of APP secretion by OA and CA occurs via
inhibition of PP1 rather than PP2A. (Supported by USPHS grants
AGO9464 and MH4O899).

FUNCTIONAL UNCOUPLING OF MUSCARINIC RECEPTORS TO GPROTEINS IN ALZHEIMER'S DISEASE. J.M, Lee*!: C. Ladner-l: E.
Messamore^; and M.M. Rasenick^. 1. Loyola Univ. Med. Ctr., Maywood, IL ,
60153 and 2. Univ. of IL, College of Med., Chicago, IL 60612.
Cholinergic replacement therapies have received much attention as potential
treatments for the cognitive deficits of Alzheimer’s disease (AD). The success
of these therapies to date has been circumscribed and variable. Theoretically
such treatments would require the presence of cholinergic receptors which can
successfully couple with signal transducing G-proteins. Wo investigated this
issue by measuring both carbachol inhibition of 3H-pirenzipine (3H-PZ)
binding and the ability of caibachol to activate G-proteins in membrane
preparations from the superior frontal cortex (Brodmann areas 8,9) of moderate
to severe AD patients (N=6) and age-matched (N=5) controls. In controls,
simultaneous curve-fitting analysis of caibachol inhibition of 3H-PZ (7nM)
statistically fit a two site model with a Kj) (High) of l.2pM and a
(Low) of
60pM (p < 0.05; NIH LIGAND program). In the presence of lOOpM GppNHp,
the curves were shifted to the right and only a one site model fit the data with a
Kd of 6lpM.
On the other hand in AD cases, even in the absence of
GppNHp, the data only fit a one site model (Kd=62pM) suggesting loss of high
affinity binding for caibachol. These findings are similar to those reported
previously (Ann. Neurol. 1991; 29:256). Although in the presence of GDP
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(lOnM) and caibachol (lOOpM) the binding of the GTP analog, 32Pazidoanilido-GTP (32P-AAGTP; lpM) to a number of G-proteins was
enhanced in both' AD and control brains, it was significantly reduced in AD
membrane preparations compared to controls. Our data suggest that AD is
associated with alterations in muscarinic receptor/G-protein signal
transduction. This deficit may partially account for the limited efficiency of
cholinomimetic drugs in the treatment of AD.
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THE ROLE OF INSULIN-LIKE GROWTH FACTORS IN THE
DIFFERENTIATION AND SURVIVAL OF DEVELOPING AVIAN
MOTONEURONS IN VIVO. R.W. Oppenheim*. D. Prevette, L. Houenou. H. Rohrer.
K. Zszkenfels, P . C sconi and J. Zraf. Dept. of Neurobiology and Anatomy, 13 owmm
Gray Seh. of MeA., Wlnston Salem, NC 27157; Dept, of Neuroehemistna, Max Planck
Institute, Frankfurt, Germany; FrleArieh Mieseher Institute, Basal, Switzerland; Dept
of EnAoerinology and Metabolism, Univ. of Zurleh, Switzerland.

following anti-IGF treatment. Colleetively, these various lines of eviAeeee suggest
that IGFs may be biologieally signifieant musele-AeriveA agents involveA in MN
survival as well as in other aspeets of neuromuseular Aiffereetidtion.

A
K-252a
ANALOG
PREVENTS
DEVELOPMENTALLY
PROGRAMMED MOTONEURON DEATH AND THE LOSS OF
CHAT ACTIVITY IN ADULT MOTONEURONS IN VIVO M. A
Glleksman*!. N .T. Neff*. C. Murakata^. D. Prevettf3. R.W._OSEenheim3^
A.Y. Chlu4; JCeplaLlon, Ine., West Chester, PA; 2Kyowa-Hdkno Kogyo,
Tokyo, Japan; -^Dept. New-obior anA Anatomy, Bowman-Gray Sehool of MeA.;
4Dlv. Neurosel., City of Hope MeA. Center, Duarte, CA,
Originally lAeetififA as serlee/thnfoelne protein kinase inhibitors, the K-252a
family of moleeules was founA to promote survival anA/or ANfereetiatioe in a
wiAe variety of peripheral anA eentral neurons in eulture. Slnee K-252a
enhdeeeA eholine aeetaltraesferasf (ChAT) aetivity in spinal eorA eultures
(Glieksman et al., J.Neuroehfm.. 61:210), the potential eeunoerotfetive aetivity
of a K-252a analog, CEP 1347, on motoneurons was testeA in two in vivo moAel
systems by examining motoneuron survival Awing Aevelopment in ehlek
embryos, anA the mdinteedeef of transmitter phenotype in the aAult rat
following axotomy. During Aevelopment, approximately 50% of motoneurons
in the avian embryo Aie between embryonie Aays 6 anA 10. A substantial
number of these neurons that normally Aie ean be reseueA by applieation of
protein growth faetors (Oppenheim et al. Z.Neuroblol.. in press). Dally
applleation of CEP1347 to the ehorio-alldetole membrane of embryonle ehleks
Awing this perloA p^enteA the Aeath of 40% of the motoneurons that
normally Aie. In the aAult rat, applieatlon of BDNF at the time of axotomy
partially p^enteA the normal loss of ChAT protein in injweA hypoglossal
motor neurons (Chiu et al., Neuroreipjrt 5:693). Applleation of 100 ug of
CEP1347 at the site of trdesfetioe, also reAueeA the loss of ChAT as AetfetfA
immueohlstoehemicdlla. These results inAieate that eertain K-252a analogs
have neuroprotfetive aetivity in vivo, anA may have therapeutle potential in the
treatment of motoneuron Afgeneratlve Aisfdsfs.
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FETAL NGF AUGMENTATION ALTERS THE MORPHOLOGY OF
PRIMARY AFFERENT COLLATERALS IN THE BRAINSTEM. T.A.
Henderson*. P.A, Osborne. E.M. Johnson & M.F. Jacauin. Depts. of
Neurology and Molecular Biology & Pharmacology, Washington Univ. Sch.
of Med., St. Louis, MO 63110.
We have shown that injecting 20-30 ig of NGF once on embryonic day
15 and again on day 18 results in 36% more trigeminal ganglion cells than
normal and an absence of whisker-related patterning in the trigeminal
brainstem complex at birth (Henderson et al., J. Neurosci. 14, ’94). We are
investigating why higher than normal levels of NGF alter pattern formation.
One idea is that neurotrophins impact on the development of primary afferent
collaterals in the brainstem. This was tested by supplementing NGF as above
in fetal rats, injecting varied quantities of Neurobiotin in the trigeminal
ganglion at birth, processing tissues the same day, and reconstructing well-

BDNF PROMOTES THE SURVIVAL OF NEWLY GENERATED NEURONS
IN THE ADULT RAT FOREBRAIN Steve GolAman* anA Barry KirseheeOaum.
Dept. of Neurology anA Neurosei., Cornell Univ. MeAieal College. NYC, 10021.
Neuronal precursor eells persist in the aAult vertebrate foreOrdie, anA have
been founA in eultures AeriveA from aAult birAs, roAents anA humans. Many if not
all of these eells Aerive from mitotie subepfeAamal eells, whieh are AisperseA
wiAely throughout the ventrieular epithelium in vivo, but yielA neurons only in
restnietfA regions. Most suOepeeAamal Aaughter eells, in eontrast, Aie rdpiAla after
mitosis. On this basis, we postulateA that the Aiffereetiatioe or survival of new
neurons might be eoestrdieeA in the aAult by the loeal absenee of appropriate
trophie support. To test this postulate, we ereeareA explant eultures of aAult rat
foreOrdle eefeAamal/suOfefeAamal zone (SZ). MAP-2+ neurons emigrateA from
these expla^s, anA aehieveA their maximal numbers by 8 Aays in vitro (DIV). In
eultures eontaining 2% serum, neuronal numbers began to fall after a week in
eulture, sueh that only 14% of the neuronal population eviAent at 8 DIV surviveA
to 15 DIV. In eontrast, in the presenee of Oraie-AerlveA neurotrophie faetor
(BDNF, 20 ng/ml), 59% of the neurons surviveA at 15 DIV. The Aifferfeee
between BDNF-treateA anA eontrol groups aehieveA signifieanee by 11 DIV (p
<O.O5), anA persisteA: By 22 DIV, only rare stunteA neurons romaineA in the
uetneateA plates, while >40% surviveA in BDNF-tnedtfA eultures, as healthy
neurons in mature, ietereoeeeeteA networks. Surviving neurons expresseA trkB,
the high-fffmity reeeptor for BDNF. In eontrast to BDNF, neither nerve growth
faetor (NGF) nor neurotrophie faetor-3 (NT-3) influeneeA the number,
morphology, or survival of these neurons. Notably, BD^-responsive neurons
origiefteA from explants taken from both rostral anA eauAal segments of the
foreOraie SZ, whieh are respeetively neurogenie anA eoe-eeurogeeie in vivo.
Thus, BDNF supports the in vitro survival of neurons geeerateA by the aAult rat
foreOrale, anA may aet as a permissive faetor for aAult eeurogeeesis.
Support by R29NS29813, the Mathers anA Lookout FoueAatioes, Hirsehl
Trust, anA Ameriean Paralysis Assoe. We thank Regeeeroe for BDNF anA NT-3.

Insulin-like growth faetors (IGFs) have been ImplieateA as musele-AeriveA agents
involved in regeneration, sprouting anA synapse formation of motoneurons (MNs) in
aAult mammalian musele following injury, Aenervation or OloekaAe of nerve-musele
aetivity. IGFs have also been shown to promote the survival of Aeveloping avian MNs
both in vitro anA in vivo. BloekaAe of neuromuseular aetivity in avian embryos is also
known to prevent programmeA MN Aeath, to inAuee profuse intramuseular sprouting
of motoneuron axons anA to stimulate saeaptogenesis. In the present experiments, a
number of AiNfneet approaehes have been useA to Aetfrmiee whether IGFs may
meAiate these events in normal embryos anA in embryos following aetivity bloekaAe.
Chiek embryos treateA with eurare to aehieve aetivity b^kaAe exhibit a 2-3 folA
inerease in mRNA for IGF-1 anA 2 in limb musele as measureA by RT-PCR. Both
MN survival anA axonal branehing are also fehfeefA in this situation. Treatment of
aetivity-OlocneA embryos with IGF OieAieg proteins (BP4) reAuees MN survival anA
axonal branehing to eontrol levels. Synfptogfeesis is presently being examineA in
these embryos. Treatment of quail embryos with funetion bloeking antiboAies to IGF1 nfAuefs MN survival by 30%, whereas treatment with an fntiOoAy against tyrosine
hyAroxalfse is without effeet anA the anti-IGF Aoes not perturb sensory neuron
survival. Axonal branehing anA saeaptogfeesis are presently being examineA

labeled and isolated collaterals. Compared to similarly prepared and agematched controls, many collaterals seemed to have less complex arbors that
subtended a smaller area in the transverse plane. In nucleus principalis,
NGF-treated collaterals had transverse arbor envelopes averaging 1970 +_
1028 im* vs. 4512 +. 2643 fim2 in controls (p < .04), and they were almost
devoid of tertiary branches. In nucleus interpolaris, differences in arbor areas
were not statistically significant (NGF: 4135 +. 5569 vs. 5783 +. 2556), yet
many NGF-treated collaterals were unusual; they subtended only 15% of the
transverse area of control arbors, and had significantly fewer secondary and

tertiary branches. NGF-induced changes in arbor morphology could be due
to: 1) collateral "crowding" due to higher-than-normal numbers of primary
afferents; 2) accelerated development (or preservation) of inter-whisker
projections that have "simpler" collateral arbors than whisker afferents at
birth. If either are true, NGF may contribute to pattern formation by
dictating peripheral innervation density patterns, which then dictate primary
afferent projection patterns. Support: NIH DEO7734, NS 17763, NS24679.
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PREVENT

DEATH

OF

AXOTOMIZED ADULT RAT SUBSTANTIA NIGRA NEURONS
T. Haqq* Dept. Anat. & Neurobiol., Dalhousie Univ., Halifax, B3H 4H7, Canada
CNTF (ciliary neurotrophic factor) can prevent the death of ~8O% of the
dopaminergic substantia nigra compacta neurons of the adult rat after their
axotomy by a nigrostriatal pathway transection (Hagg, PNAS 90:6315).
However, such CNTF-rescued neurons (identified by previous retrograde
labeling with Dil) were not immunoreactive for tyrosine hydroxylase (TH).
Substantia nigra compacta neurons express the functional TrkB receptor for
BDNF (brain-derived neurotrophic factor) and NT-4 (neurotrophin-4), and TrkC
for NT-3, but not TrkA for NGF (nerve growth factor). Here, these four known
neurotrophins were continuously infused with an Alzet pump for 2 weeks just

rostral to the substantia nigra, starting immediately after a nigrostriatal
transection. Mouse 2.5S NGF had no effect (3 pg/d; Harlan Bioproducts).
Dose-response curves revealed differences in protection efficacy, so that NT-4
> BDNF > NT-3 (a generous gift from Regeneron Inc.). BDNF had an ED5O of
~10 pg/d. At 30 pg/d BDNF, a maximum of ~8O% of the compacta neurons
survived (vs 25% with PBS infusion), but with 9Opg/d only ~4O%. With lower
doses of BDNF, rescue levels declined gradually toward the caudal nigral
regions, consistent with BDNFs known sequestration in CNS tissue. NT-3 and
NT-4 were effective throughout the nucleus. All neurotrophin-rescued neurons
revealed TH-immunoreactivity (TH-IR). With BDNF and NT-4, TH-IR was only
-65% of normal intensity, similar to that of axotomized neurons without factor
treatment. NT-3-rescued neurons had a normal intensity of TH-IR. This
difference probably results from NT-3's activation of Trk-C and suggests that
TrkC, but not TrkB, maintains TH. Still to be tested is whether combinations of
neurotrophins or with CNTF prevents death and loss of TH of more axotomized
nigral neurons. Supported by a grant from United Parkinson Foundation, USA.
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BDNF PREVENTS THE NEUROTOXIN-INDUCED LOSS OF 5-HT AXONS
AND PROMOTES SPROUTING OF UNINJURED 5-HT AXONS IN RAT
BRAIN. Laura A. Mamounas*. Mary E, Blue. ZuAith A. Siueiak anA C. Anthony
Altar. Moleeular Geriatries, Lake Bluff, Il 60044; KeeefAy-Krieger Inst., Baltimore,
MD 21205 anA Rege^TOn Phfrmdeeutiedls, Tarrytown, NY 10591.
Pathology of brain serotonergie (5-HT) systems has been founA in a number of
neurologie AisorAers ineluAlng Alzheimer's anA Parkinson's Aisease. However, little is
known about the faetors that might have neurotrophie mfluenees upon 5-HT neurons.
The present stuAy examineA whether the efurotnophies BDNF, NT-3 or NGF ean
prevent the loss of 5-HT axons normally eauseA by the neunotoxie e-ehlorodmphetamine (PCA). Neurotroehlns (12 pg/Aay) or eontrol substanees (eytoehrome e or
vehiele) were eontlnually infuseA into rat neoeortex for 3 weeks using an osmotie
mlnipump. One week after the start of the infusion, rats were aAmleistereA either
PCA (10 mg/kg, s.e.) or vehiele, anA the 5-HT innervation was evdludteA two weeks
later. Using 5-HT immunoeytoehemlstry, we founA that eontrol infusions in eortex
AlA not alter the Aensity of 5-HT axons in intaet (non PCA-tes^eA) animals, nor AlA
eontrol infusions prevent the severe loss of 5-HT axons in PCA-tnedteA rats. In
eontrast, BDNF infusions into neoeortex of intaet rats eauseA a substantial inerease in
5-HT axon Aensity in a 3-mm Aiam. region sunnoueAleg the eannula tip. Moreover,
intraeortieal infusions of BDNF in PCA-treateA rats eompletely eneventeA the
neunotoxln-lnAueeA loss of 5-HT axons near the infusion eannula. NT-3 eauseA only
a moAest sparing of the 5-HT innervation in PCA-treateA rats, while NGF faileA to
prevent the PCA-lnAueeA loss of 5-HT axon Aensity. The immueoeatoehemiedl Adtd
were supporteA by eeunoehemiedl evaluations: in PCA-tnedteA animals, BDNF
attenuateA the loss of pH]5-HT uptake near the edenuld, deA, overall, BDNF elevateA

5-HT anA 5-HIAA levels relative to eontrol infusions. These results Aemonstrate that
BDNF promotes the sprouting of intaet (i.e., uninjuneA) 5-HT axons anA Ardmdtieally
enhanees the survival anA/or sprouting of 5-HT axons AamageA by PCA.
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TGFB PROMOTES SURVIVAL OF DOPAMINERGIC NEURONS OF THE
SUBSTANTIA NIGRA AND PROTECTS THEM AGAINST MPP+ TOXICITY.
K. Krieglstein*. P . Mavsinger. and d . Unsicker, Dept. Anat.&Cell B iBlogy,
University of Hnldnlbnrs, D-69120 Hnldnlbirg, Gnrmsey.
Transforming growth factors bets (TGFB) sre multifunctional proteins and
regulators of cell proliferstion snd differentiation. TGFBs sre dimeric proteins snd
belong together with NGF snd PDGF to s structural superfsmily of growth factors
containing a cysteine knot motif. It has been shown that TGFB has the capacity to
protect snd rescue lesioned adult neurons (Unsicker et al., in: Pharmacology of
Cerebral Ischemia 1992, pp.229-238, Wiss. Verlagsges. Stuttgart), ss well ss to
promote survival of embryonic neurons, i.e. motoneurons or sensory neurons in vitro.
We are interested in the trophic control of mesencephalic dopaminergic neurons of
the substantia nigra, because of their degeneration in Parkinson's disease. In cultures
of mesencephalic cells isolated from the E14 rat midbrain floor TGF-Bl, -B2, and -B3
increased the survival of dopaminergic TH-lmmunoresetlve (ir) neurons in s dosedependent fashion. The magnitude of the effect was identical to that of FGF-2, but,
unlike FGF-2, TGF-Bs did not increase numbers of GFAP-ir astroglial cells and cell
proliferation visualized by the incorporation of BrdU. TGF-Bs were significantly
more potent than FGF-2 in protecting TH-positive neurons against MPP+ toxicity.
RT-PCR indicated that the effects of TGF-Bs were not mediated by GDNF, which
was not detectable in cultures st the beginning of the experiment or after one week.
TGF-B2 mRNA was detectable in E14 mesencephalic cells and the mRNAs of all
three isoforms were also found in cell cultures after one week. We conclude that
TGF-Bs have trophic and protective effects on mesencephlle dopaminergic neurons.
The effects, unlike those of FGF-2, IGF, TGF-a, EGF, and,PDGF, are not mediated
by astroglial cells and not accompanied by increases in cell proliferation. Thus, TGFBs may either act directly on dopaminergic neurons or exert their effects vis neurons
or the approx. 1% noe-enuronsl cells present in these cultures.

NEUROTROPHIN-3 REVERSES CISPLATIN-INDUCED
PERIPHERAL NEUROPATHY. W.-Q. Gao. N, Dvbdal*. C.
Schmelzer. A. Mumane. F. Hefti. H.S. Phillips and J.W.
Winslow. Dept, of Neuroscience, Pathology, and Process
Science, Genentech, Inc., South San Francisco, CA 94080.
Cisplatin, a widely used chemotherapeutic drug, induces
peripheral neuropathy which is evidenced by selective damage
or loss of proprioceptive sensations. As large dorsal root
ganglion cells which mediate proprioception express TrkC
gene, the present experiments were designed to determine if
neurotrophin-3 (NT-3) has any protective effects on cisplatininduced peripheral neuropathy. Thirty rats were divided into
3 groups. While 10 rats served as control, the other 20 rats
were administered with cisplatin (i.p., lmg/kg, twice/week).
After 9 weeks of treatment with cisplatin, half of the 20
animals continued to receive cisplatin, the other half were cotreated with NT-3 (s.c., lmg/kg, 3 times/week) and cisplatin
for additional 5 weeks.
Electrophysiological recordings
revealed that while treatment with cisplatin reduced H-reflexrelated sensory nerve conduction velocity, concomitant
treatment with NT-3 reversed the deficit induced by cisplatin
to normal levels (p < 0.01).
Preliminary histological
examinations of the peripheral nervous system from these
animals are consistent with the data of electrophysiological
recordings. The present observations suggest that NT-3 can
significantly reverse the neurotoxicity of cisplatin on large
peripheral sensory neurons.
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DURATION OF BIOCHEMICAL EFFECTS OF TREATMENT WITH NERVE

CYTOPRO'TEdVE ACTION OF PITUITARY ADENYLATE CYCLASE ACTIVATING
POLYPEPTIDE (PACAP) IN ISCHEMIA-INDUCED NEURONAL CELL DEATH IN RAT
HIPPOCAMPUS D^teds*. S.Shioda, A.Tsksla. snd A.Arimurs, uS-Japan Biomed.
Res. Labs., Tulane University Hebert Ctr., Belle Chasse, LA, 70037 *
PACAP is s plniotropic enuropnptidn snd functions ss a neurotrophic factor. In
cultured rst hippocampal neurons plated on astrocytes feeder layer, gpl2O induced
eeuroesl cell death wss completely prevented by PACAP38 st O.lpM snd O.lnM. The
eytoprotnetivn action wss considered to be mediated by s nnurosurvival factor
produced by astrocytes by addition of PACAP. In the present study, the in vivo
eytoproteetive action of PACAP wss investigated in rsts which were subjected to
transient forebrsin ischemia induced by four-vessel occlusion for 15 min. In addition
to ordinary histological examination, immunohistochemical studies of GFAP for glis
snd type-I PACAP receptor (PACAPR-I) were performed before snd following
ischemia. PACAPR-I immunoresctivity (PACAPR-Ii) wss detected by s rabbit
antiserum against s synthetic peptide corresponding to the C-terminsl intracellular
domain of PACAPR-I. In intact rsts, PACAPR-Ii in the hippocampus wss found in
neurons in pyramidal cell layer of Ammon’s horn snd granular cell layer of dentate
gyrus, but very few in astrocytes. Selective neuronal cell death in CA1 occurred on
dsy 3 snd it increased in number over 7 days after ischemia. Three to four days after
ischemia, many astrocytes with PACAPR-Ii appeared in damaged CA1 ares with
concomitant appearance of GFAE-positive astrocytes. Varying doses of PACAP38
were administered into the lateral eerebroveetrieln through the implanted guide
csnnuls ss s bolus followed by continuous infusion over one week by sn implanted
osmotic pump. A bolus mierolejeetion of lOOpmol PACAP38 followed by
continuous infusion st 10 pmol/hr significantly prevented the neuronal cell death in
CA1 observed one week after the isehemis/reperfusioe. Either greater or smaller
doses were less effective. Cytoprotnetioe by prolonged infusion of small dose of
PACAP38 with appearance of astrocytes with PACAPR-Ii in CA1 area after ischemia
suggests importance of astrocytes for PACAP's eytoprotnetivn effect, ss observed in
our previous in vitro study. The results present the first in vivo demonstration of
eytoprotnetivn action of PACAP in brain cells. Small effective dose of the peptide
snd prevention of neuronal cell death by post-ischemic administration msy have
clinical implication.

GROWTH FACTOR IN NBM-LESIONED RATS USING QUISQUAUC ACID.

J. Winkler, and L.J. Thai*.

Dept, of Neurosciences, UCSD, San

Diego, CA 92093.

Rats received bilateral lesions of the nucleus basalis by infusion
of quisqualic acid (Quis, n=66; control, n=31).

Three weeks later,

osmotic minipumps were implanted that released 5pg human

recombinant nerve growth factor (NGF) or cytochrome c per day

through intraventricular cannulas for 8 weeks. One quarter of the

rats (n=8/group/timepoint) were sacrificed at the end of the

treatment (T1), while the rest of the animals were sacrificed 2
(T2), 8 (T3), and 12 weeks (T4) after termination of NGF/cytochrome c treatment. Quis reduced choline acetyltransferase (ChAT)

activity between T1 and T4 in the frontal cortex by 39%, the
parietal cortex by 28%, and olfactory bulbs by 25%.

ChAT activity

of the occipital cortex and hippocampus was not affected by the

lesion.

NGF increased ChAT activity in: frontal/parietal cortex,

olfactory bulbs, occipital cortex, and hippocampus by 20 to 56%.

These increases declined linearly between T1 and T4 in areas both

affected and unaffected by the lesion and were gone 12 weeks after

withdrawal of NGF treatment. These data suggest that treatment

with NGF can restore ChAT activity for Quis NBM-lesioned animals
in areas both affected and unaffected by the lesion. In addition, a
permanent biochemical effect was not detected in either areas after
withdrawal from NGF treatment.
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NEUROTROPHINS POTENTIATE OXYGEN-GLUCOSE DEPRIVATION
INJURY BUT ATTENUATE STAUROSPORINE INDUCED INJURY IN
MURINE CORTICAL CELL CULTURE. D. Lobner*. B.J. Gwag. J . Koh snd
D,W, Choi. Dept, of Neurology and Center for the Study of Nervous System
Injury, Washington University School of Medicine, St. Louis, MO 63110.
Recent evidence suggests that nnurotrophlns not only promote cell survival snd
differentiation but can also attenuate nxeltotoxlc cell death. When murine cortical
cell cultures were deprived of oxygen and glucose for 45-60 minutes, widespread
neuronal degeneration occured by the next day that could be attenuated by
NMDA antagonists. When the duration of oxygen-glucose deprivation was
shortened (30-40 minutes) no neuronal degeneration occurred, however treatment
with the enurotrophles BDNF, NT-3 or NT-4/5 (lOOng/ml; for 48 hr beginning 24
hr prior to oxygen-glucose deprivation) caused substantial neuronal death to occur
by the next day. This degeneration was preceded by marked swelling of neuronal
cell bodies, and could also be attenuated by MK-801. Treatment with 100 ng/ml
NGF did not affect neuronal death.
In contrast to this injury potentiation, the same neurotrophins (BDNF, NT-3 or
NT-4/5, but not NGF) partially attenuated the putative apoptosis induced by
exposure to 100 nM staurosporine (see J. Koh et al., elsewhere this mnntlng).
This staurosporlen-lnduend death, unlike nxeltotoxlc death, was associated with
cell shrinkage and evidence of DNA fragmentation. These results suggest that
several neurotrophins may affect different types of cortical neuronal death
differently: potentiating a form of necrosis but decreasing a form of apoptosis.
Supported by NIH NS 30337; enurotrophins were a generous gift from
Gnnnntnch.

rhGDNF PREVENTS KAINIC ACID INDUCED SEIZURES AND THE
ASSOCIATED NEURONAL CELL DEATH. D. Martin,* and G. Miller.
Dept. Pharmacology, Synergen Inc., 1883, 33rd St., Boulder,
CO 80301.
Glial derived neurotrophic factor (GDNF) , a recently
discovered member of the TGFfi superfamily, has been shown
to augment survival and growth of dopaminergic neurons in
vitro. Experimentally induced neurodegenerative disorders
in animals cause increased expression of their neurotrophic
mRNAs. Recently messenger RNA (mRNA) for GDNF was shown to
increase in the hippocampus after kainic acid induced
seizures, suggesting that GDNF may have neuroprotective
properties. We examined the effects of exogenous rhGDNF on
neurodegeneration using a model of temporal lobe epilepsy,
in the rat.
rhGDNF (0.5-50^g/2/xl) or vehicle (2/xl) were injected
into the lateral ventricle of F344 male rats lhr before the
administration of kainic acid (12mg/kg s.c.) . All doses of
rhGDNF significantly (p<0.03)
suppressed kainic acid
induced tonic-clonic convulsions when compared to vehicle
treated animals. Similarly, the pre-convulsive sign, wet
dog shakes was attenuated in a dose dependent manner by
rhGDNF. Histological analysis showed that kainic acid
induced seizures led to the destruction of hippocampal,
thalamic and amygdaloid neurons. Treatment with rhGDNF
significantly (p<0.01) prevented the neuronal loss in
hippocampal CA1 region, thalamus and amygdala.
These
studies
indicate
that
rhGDNF
might
be
investigated for its ability to protect against progressive
or acute neural degeneration which occurs in a number of
neurological disorders.
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NEURONAL ACTIVITY IN THE SUPPLEMENTARY EYE FIELD OF RHESUS
MONKEYS DURING CONDITIONAL OCULOMOTOR LEARNING. S.P. Wise*
and L.L. Chen. Lab. Neurophysiology, NIMH, Poolesville, MD 20837
We examined neuronal activity in the supplementary (SEF) and frontal (FEF) eye
fields of 2 rhesus monkeys performing a 4-way conditional oculomotor learning task
(COML). When they fixated a central (0.1°) square on a video screen, 4 potential
eye-movement targets (0.2° squares) appeared: 7° up, down, left and right from center.
As the monkeys maintained central fixation, a reference period of 0.5s was followed
by a O.5s-Iorng visual instruction stimulus (IS). Each IS instructed a saccade to the 1
"correct" location among the 4 possible targets. There were two types of IS: familiar
ones, the instructional significance of which had been well learned, and novel ones,
which the monkeys had never seen. IS types were pseudorandomly interleaved.
After an instructed delay period of 2.5s, the fixation square disappeared. The
monkeys then had to saccade to the correct target within 0.55s and hold for 0.6s to
receive a reward.
We tested 186 SEF cells for significant activity changes during COML (Changepoint test; p<0.01). If reference-period activity differed from that during the IS, delay,
presaccadic, or postsaccadic periods (ANOVA; p<0.05), activity during that period
was classed as task related. 81 cells in SEF (44%) showed significant activity
changes during COML. Modulation rates were closely correlated with learning, as
judged by the proportion of correct responses. As the monkeys learned the saccade
instructed by a novel IS, modulation rates most often converged on those observed in
trials instructed by the relevant familiar IS (learning-dependent activity). In other
cases, about half as many, activity for novel-IS trials also correlated with learning,
usually negatively, but there was no task-related modulation for the relevant familiarIS trials (learning-selective activity). These data support the hypothesis that SEF is a
premotor field that plays a role in the selection of responses on the basis of arbitrary
stimuli (learning-dependent activity) as well as by trial-and-error (learning-selective
activity). In a sample of 90 FEF cells, only 14 (16%) changed modulation
significantly during learning. The difference between SEF and FEF was highly
significant (x2=21.1; p<0.001).

Transcallosal
Transcranial

Disinhibition
of Primary
Motor
Cortices
Induced
by
Magnetic
Stimulation
. Schnitzler A., Kessler K.R.*, Benecke R.

Neurologische Klinik, Heinrich-Heine-Universiiaet. 40225 Duesseldorf. F.R.G.

Excitatory transcallosal connections between homonymous motor cortical areas have
been demonstrated in animal experiments. Up to now there was no clear evidence for
a comparable pathway in humans. On the contrary, ^hemispheric transcranial magnetic stimulation (TMS) of the primary motor corfex (MC) in humans led to a significant reduction of the amplitude of the early response to the magnetic stimulus,
suggesting transcallosal inhibition (Ferbert et al., J. Physiol., 1992). Activation of intracortical inhibitory interneurones in the primary motor cortices are thought to
largely contribute to the postexcitatory inhibition (PI), a time of EMG silence in the
target muscle following the primary muscle response. We studied the effect of a
conditioning stimulus (CS) over the ipsilateral MC hand area on the duration of the
SP in a small hand muscle (FDI) evoked by a test stimulus (TS) applied to the
contralateral MC hand area.
Five young healthy right handed subjects were studied. Two focal eight-shaped coils
(MAGSTIM) were used to stimulate both MC hand areas. Motor thresholds (T) were
defined for both sides separately. TS intensity was 15 T, CS intensity 18 T. CS was
applied at 2, 5. 10, 15, 20. 50 and 100 ms prior to TS in pseudo-random order, 10
stimuli per interval. Included in the protocol were 10 unconditioned TS resulting in a
total of 80 test stimuli per hemisphere.
Unconditioned SP durations varied between 220 and 280 ms. When CS was applied
10 or 15 ms prior to TS in all subjects a significant 30-50% reduction in PI duration
was observed. Only weak effects were observed in the 5 and 20 ms intervals, no
effects were seen in all other intervals. This effect was absent in a patient with
callosal aplasia supporting the hypothesis that the disinhibition seen in the control
subjects was indeed due to transcallosal projections from MC to the inhibitory
interneurons of the homonymous contralateral MC area.
(This work was supported by the Deutsche Fprschunesgeinetnscliaft; SFB 194, A4)

194.3
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CORTICOSPINAL PROJECTION PATTERNS FOLLOWING SPINAL HEMISECTION

ENSEMBLES OF CORTICAL NEURONS GO THROUGH A SEQUENCE OF
DISCRETE STATES WHICH ARE RELATED TO BEHAVIORAL RESPONSES.
E. Seidimmn1 n I.Meiliilon2, H. B eremm1, E . V vdia1* M. Ateles1. 'Deptptment
of Physiology, Hadnnsd Medical School, Jerusalem; ’School of Mathematics, Tel
Aviv University, Ramat Aviv, Israel.
It is quite reasonable to assume that some complex cognitive tasks require serial
execution of discrete steps. We developed a hidden Markov model (HMM) to test
whether correlates of such internal states can be found within the spiking activity
of 6-8 neurons from the frontal cortex of a monkey, performing an associative task.
Using the HMM method, we were able to detect distinct states of neuronal activity,
within which the firing rates were approximately stationary. The transitions between
states, which were associated with concomitant changes in the firing rates of
several unite, occurred quite abruptly. The detected states were specific to the
monkey's behavior, and therefore allowed the prediction of its response in 90% of
the trials. A similar performance was achieved by a non homogeneous Poisson
model (NHPM), which was based on the time varying firing rates of the units
(PST). Sharp transitions between discrete states could not be detected in stmulated
NHPM data, suggesting that the detected states present a real characteristic of the
neuronal activity. The two models differed in the time course in which they
improved their predictive power. During the early period of the trials (first 1-1.5
sec), which was associated with sensory response to a visual stimulus, the HMM
performed worse than the NHPM. However, later on in the trials, when the monkey
was likely to go through the associative components of the task, the HMM
performed better, so that over 4 sec of the trials, the two models showed an overall
similar predictive power. This work supports the existence of discrete neuronal
states of activity, which follow each other in a serial manner and might reflect
some of the monkey’s internal states.
(This research was supported in part by the USA-Israeli BSF)

IN THE MACAQUE. Galea. M.P*. and Darian-Smith. I, Brain Research Laboratory,
Dept, of Anatomy & Cell Biology, Univ. of Melbourne, Parkville, Victoria, 3052, Australia.

Corticospinal projections were examined in monkeys after a left spinal hemisection at C3 C5. An immediate hemiparesis occurred in both newborn and mature monkeys (8-24
months). The recovery of manual performance following the lesion was measured over a
period of 2 months to 3 years. Corticospinal (CST) neurons were then labeled retrogradely

by injecting up to four different fluorescent dyes on both sides of the spinal cord below the
lesion. Maps of the unfolded cortex of both cerebral hemispheres (Figure below) were

constructed to compare the spatial distributions of labeled CST soma populations.
In the mature animal the behavioural recovery after hemisection was remarkably rapid,

with postural control returning within 2 weeks, and manual dexterity within 6-8 weeks.
When grasping an object with thumb and index finger the pattern of movement was quite

similar in the two hands, but grip on the left side was weaker. CST fibres projecting from
the right hemisphere to the cord below the hemisection, although greatly reduced in number,

were present by 2 months after the spinal section (Figure). We interpreted these findings to
indicate that no CST axons traversed the lesion site, but segmental innervation of the spinal

cord grey matter on the side of the lesion was made by existing corticospinal axons
descending in the right non-lesioned dorsolateral column, and crossing the midline at the

appropriate levels.
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REGIONAL CEREBRAL ACTIVITY IS RELATED TO THE PREPARATORY
PROCESS IN A MOTOR REACTION-TIME PARADIGM. M.-P. Deiher.
Ihaflez. N. Sadato. J. Grissom. M. Ltonardo. N. Dang. M. Hallett*. Human Motor
Control Section, NINDS, NIH, Bethesda, MD 20892.
To investigate the cerebral activity related to the preparation of movement,
we used a reaction-time paradigm with full, partial or no information regarding two
dimensions of a right finger movement: specific finger (index or little finger) and
direction (abduction/elevation). Visual cues were used for the warning and response
signals. A condition was also tested in which the subjects freely selected any of the
four possible movements during the preparation period. Regional cerebral activity
was measured in nine normal volunteers by Positron Emission Tomography using
I5o water. Scans were spatially standardized to a common coordinate system, and
statistical parametric maps were generated by making planned comparisons of task
and rest conditions.
Distinct preparation processes according to the information contained in the
warning signal were demonstrated by differences in reaction times between the
conditions. Subcortical activation in ipsilateral cerebellum, contralateral thalamus
and striatum was a common feature of the conditions with full, partial or no
information in the warning stimulus. When full or partial information was given in
the warning signal, there was also a cortical activation in contralateral sensori-motor,
premotor, and parietal association cortices. In contrast, the free choice condition was
not associated with any subcortical activation, but rather with additional cortical
activity in the anterior cingulate cortex and supplementary motor area, as well as
more extensive activity in premotor cortex. These results suggest that specific
neuroanatomical pathways are selected in association with distinct strategies for
preparing movement. Cortical motor and parietal areas are likely involved in
preparation to move including information processing from external cues (warning
signal), with secondary motor areas more specifically involved in internal selection
of motor behavior. On the other hand, subcortical loops could play a major role in
motor execution on the basis of immediate instruction (response signal).

THE URGE TO SCRATCH REPRESENTED IN THE HUMAN CEREBRAL CORTEX •
DURING ITCH. M.
Hs^ehM Q. ^^^^2 M. Stahle-Backdahl2 K.
Ericson1. L Eriksson1. S. Stone-Elander3. ’Dept. Clin. Neurosci., ’Dept. Dermatol.,
3Karolinnka Pharm., Karolinnkd Innt^tute/Honpitdl, 17176 Stockholm, Sweden. 4Dept.
Anesthesiol., Veterans General Hospital-Taipei, 11217 Taipei, Taiwan, Republic of China.
While pain induces withdrawal, itch provokes scratching. We have studied experimentally
induced itch with positron emission tomography (PET). Ten right-handed subjects, 28-49
years (mean age 41.5 years) underwent six 100>sec scans within a single experimental
session. Etch subject received three intracutdneoun injections of 20 gl of histamine (10
gg/ml) and three of saline (0.9%) at the lateral aspect of the right upper arm in a mixed,
single-blinded, randomized manner at sites adjacent to each other but outside the rim of
the flare reaction. The rCBF tracer, pSOlbutarnol, was given intravenously 8-10 sec after the
administration of histamine or saline. The magnitude of itch and the urge to scratch were
recorded after each measurement of rCBF. The image analysis was based on the images
reformatted to a common anatomical space and the statistical treatment of the data was
based on averaged paired-individual subtractions (pixel by pixel) between the two
conditions (histamine versus saline). The designation of significant change was based on
the calculated local Z- score maximum. The demonstrated central activation profile
supports the definition of itch as "an unpleasant sensation with the urge to scratch". This
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study has revealed a central representation that depicts afferent (anterior cingulate cortex:
Brodmann 24) and efferent (supplementary motor area and premotor cortex in conjunction
with the right inferior parietal lobule) as well as a central mechanism of response generation
(dorsolateral prefrontal cortex: Brodmann 46) of the neural network for the
nomatonensdtion of itch. [Supported by Swedish MRC (8276,9847)]
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HAND MOVEMENT REPRESENTATION IN HUMAN FRONTAL
CORTEX REVEALED BY FUNCTIONAL MRI.
J. N. Sanes*. J. P.
Donoghue. R. R. Edelman. S. Warach. Dept. Neuroscience, Brown
University, Providence, RI 02912, Depts. Radiology and Neurology, Beth
Israel Hospital, Harvard Medical School, Boston, MA 02115.
A classic view of somatotopy within the arm area of primate motor cortex
indicates an ordered, non-overlapping representational topography of distal
and proximal movement. An alternative view suggests that movement and
muscle representations share neural substrates in an overlapped and
intermingled mosaic pattern. These experiments examined the representation
of finger and wrist movements using functional MRI. Relative cerebral blood
flow of normal humans was measured with EPISTAR MR imaging. Proximal
arterial blood was tagged with a radio frequency inversion pulse and locally
measured in 8 mm slices using echo planar imaging. During 70 sec EPISTAR
sequences, subjects visually fixated a central spot while continuously moving
the thumb, index finger, ring finger or wrist of the dominant hand. Active
minus rest conditions generated a subtraction image for localization using
high-resolution anatomic MR images. Four to five axial functional slices
were obtained. In all subjects, finger and wrist movements activated sites in
the contralateral posterior precentral gyrus, usually spanning 2-3 slices, and
clustering from the middle to the fundus of the central sulcus. Activation
patterns for different movements had no discemable or ordered organization
to separate finger from wrist sites. Instead, movement activated overlapping
and separable sites. Contralaterally, activation regions also appeared in the
anterior precentral gyrus, the middle and medial frontal gyrus, and the
cingulate cortex. Ipsilateral activation was evident in the posterior precentral
gyrus of some subjects. These data support the view of a distributed
movement representation in primate motor cortex and are consistent with
distributed representations of other central motor regions. An overlapping
cortical movement representational pattern may be useful for motor learning.
Support: NIH AG10634, NIH NS01634, Harcourt General Charitable Trust.

FRONTAL CORTICAL AREAS INVOLVED IN SIMPLE HAND MOVEMENT; A
PET STUDY IN AN AWAKE MONKEY. I. Ando! T. Sawaguchj2. K Nakamura2*.
E Yoshikawa*. H. Okada*. H. Tsukada1 and K. Kubota2.

1 Central Research

Laboratory, Hamamatsu. Photonics K.K., Shizuoka 434, & 2Dept. of Behavioral &
Brain Sciences, Primate Res. Inst., Kyoto Univ., Aichi 484, Japan.
To determine which frontal cortical areas are involved in the initiation and execution
of a simple visually guided hand movement, regional cerebral blood flow (rCBF) was
measured with l^Q-lateled H2Oand positron emission tomography (PET) in a rhesus
monkey while the monkey performed two visual reaction-time tasks. In the tasks, a
green square was presented on a computer display when the monkey pressed a lever.
After 1.0-3.0 s, the stimulus was changed to either a red square or a green triangle.
The monkey released its right hand from the lever to get a reward for having detected
the change in the stimulus. During the 2 min of each PET scan, the monkey performed
about 45 trials. rCBF measurements were performed during a resting state when the
monkey obtained rewards at a frequency similar to that during the previous task, but
without any movement. The PET scanner (Hamamatsu SHR-2400, Hamamatsu
Photonics) provided images of 2.7 mm in-plane resolution. Each PET scan slice was 5
mm thick, with a 4-mm gap between slices. The rCBF measurements were performed
repeatedly during tasks (n=9) and at rest (n=5), and the rCBF findings in the two
conditions were compared. To obtain anatomical information, MRI images were fitted
to Nissl-stained sections that had been obtained from another monkey and the PET
images were superimposed onto the MRI images. Statistically significant increases in
rCBF were found in circumscribed areas of the bilateral and homotopical prefrontal
cortex (area 46), the contralateral dorsal and ventral premotor cortex (area 6) and the
contralateral motor cortex (area 4) (Mann-Whitney U-test, p<0.05). The prefrontal
cortex (area 46) appears to function even in such a simple visually guided hand
movement. Thus, for visually guided hand movement, it is likely that prefrontal premotor interaction is involved in determining movement-initiation and transforming
visual activity into movement, while the motor cortex is involved in executing the
movement.
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SPATIAL MODE DYNAMICS OF THE HUMAN EEG IN RELATION TO A
SENSORIMOTOR PHASE TRANSITION. G. V. Wallenstein, J. A. S. Kelso,
and S. L. Bress^^ic*. Program in Complex Systems fc Brain Sciences, Florida
Atlantic University, Boca Raton, FL 33431.
Spatial modes derived from human brain potentials (EEGs) undergo changes
coinciding with a nonlinear transition in sensorimotor coordination. EEGs were
recorded from a 61-channel montage on subjects making repetitive right index
finger flexions in syncopation with an auditory metronome. Auditory stimuli
were presented at a rate that increased after every ten stimuli in steps of 0.25
Hz from 1.0 to 3.0 Hz. A spontaneous transition occurred at a critical stimulus rate from the syncopated coordination state between stimulus and flexion
to one of synchronization (Kelso, DelColle & Schoner, 1990). Spatial modes
were determined either by Fourier analysis or by the Karhunen-Loeve (K-L)
expansion performed on the 61 averaged steady-state potentials. The first spatial mode (largest eigenvalue) from the K-L expansion had a time-dependent
oscillation matching the stimulus rate. Approximately 90% of the variation in
the EEG signal could be accounted for by the top 2 modes. Before the transition, the frequency of the dominant Fourier component was at the stimulus
rate, and power was maximal at antero-central, left-central and left-frontal sites.
A second prominent Fourier component at the first harmonic of the stimulus
rate was maximal at right-central sites. After the transition, maximal power
was at the midline antero-central site for both the dominant component and
the first harmonic. A control condition in which subjects only listened to the
metronome showed a typical maximum at the midline central site, and a selfpaced repetitive flexion showed a typical maximum at left-central sites. Thus
the coordinated auditory-motor states appeared to have complex spatial modes
that could not be accounted for simply as a superposition of auditory and motor
components. Supported by NIMH grant MH42900.

BIFURCATIONS IN HUMAN BRAIN AND BEHAVIOR.
J.A.S. Kelso*,
A. Fuchs, T. Holroyd, D. Cheyne* and H. Weinberg*. Center for Complex Systems, Program in Complex Systems & Brain Sciences, Florida Atlantic Univ.,
Boca Raton, FI. 33431 and *Simon Fraser University, Burnaby, B.C. Canada.
We pursue the hypothesis that the human brain is fundamentally a pattern forming, self-organized system governed by nonlinear dynamical laws.
Using a 64 channel full-head SQUID system (CTF-Systems Inc., Vancouver)
we recorded the magnetic field activity of the brain from humans performing
perception-action and motor coordination tasks. Subjects listened to periodic
tones with decreasing intervals between consecutive stimuli under instructions
to: (1) perform a movement of the right (preferred) index finger in between
two tones (i.e. to syncopate with the stimuli); and (2) perform an antiphase
movement with their index fingers at the frequency of the metronome. It is
well known that in both cases abrupt changes in coordination occur that takes
the form of spontaneous switch from syncopation to synchronization in the first
case, and from antiphase to inphase in the second. These paradigms are used
to prepare the brain close to instability points. There we observe predicted
features of self-organizing systems, including critical slowing down and fluctuation enhancement. We apply the theory of pattern formation, synergetics,
to analyze and model the data from the 64-channel SQUID system. Because
the patterns are spatially coherent, the number of degrees of freedom may be
reduced by applying a Karhunen-Loeve decomposition in order to separate the
spatial and temporal aspects of the brain dynamics. Theoretical modeling proceeds on two levels: nonlinear coupling between spatial modes and a detailed
analysis of the individual mode trajectories, i.e. their complicated time evolution. Efforts to isolate specific sources of brain activity using spatiotemporal
dipole localization methods are also in progress. (Supported by NIMH Grant
MH 42900 and ONR Grant N00014-92-J-1904)

194.11
INTRINSIC FIRING PATTERNS AND WHISKER-EVOKED

SYNAPTIC RESPONSES OF NEURONS IN RAT SmI CORTEX.
B.W. Connors* and J. Zhu . Dept. Neuroscience, Brown Univ.,

Providence, RI

02912.

Neocortical neurons studied in vitro vary in their intrinsic
physiology and synaptic inputs from thalamus and local cortex.

Here we recorded in vivo, using whole-cell methods in SmI cortex
of pentobarbital-anesthetized rats. Neurons were recorded 0.2-1.8
mm from the pia, and single vibrissae were briefly, deflected with a

piezoelectric device. Mean resting potentials were about -65 mV,
and stable cells were held for 1-3 hours. Spontaneous EPSPs
ranged up to about 20 mV peak with mean amplitudes of 4 to 13
mV, spontaneous IPSPs were numerous, and EEG spindleassociated events were composed of EPSP-IPSP sequences. Current
injection revealed regular-spiking (adapting; n=29), intrinsically

bursting (often repetitive; n=7) or fast-spiking (nonadapting; n=2)
patterns, similar to cells in vitro (TINS, 13:99, 1991). Five
recordings had the slow spikes and plateaus characteristic of apical

dendrites (J. Neurosci. 13: 5301, 1993). Whisker deflections
evoked EPSPs, often followed by IPSPs, in all types of recordings.

Cells responded best to a primary whisker, but typically 8-16
surrounding whiskers also generated significant excitatory input.
The spiking response to whisker deflections is a function of both
the synaptic input and intrinsic membrane properties of each
neuron.

Supported by NIH and ONR.
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INHIBITION OF HIPPOCAMPAL HEME OXYGENASE, NITRIC OXIDE
SYNTHASE AND LONG-TERM POTENTIATION BY
METALLOPORPHYRINS. D.V. Madison*. J.E. Haley. M.K. Meffert. 1E.M.
Schuman and H. Schulman Department of Molecular and Cellular Physiology, and
Department of Neurobiology Stanford University School of Medicine, Stanford, CA
94305, •Division of Biology 156-29, Caltech, Pasadena, CA 91125
Carbon monoxide (CO), produced by heme oxygenase (HO) breakdown of heme,
has been implicated as a necessary step in the induction of long-term potentiation
(LTP) and as a tonic requirement during the maintenance and/or expression of LTP.
At present the most potent inhibitors of HO are a series of metalloporphyrins which
act as psuedosubstrates. We have used four of these compounds to further test for
a role of CO in the induction of LTP in the rat hippocampus.
All four
metalloporphyrin compounds tested reduced CO production in hippocampal slices by
about 70%. This level of inhibition was achieved with l5gM CrMP (chromium
mesoporphyrin IX), SnMP (tin mesoporphyrin IX) and ZnPP (zinc protoporphyrin IX),
and 5OpM of ZnBG (zinc deuteroporphyrin IX bis glycol).
Induction of LTP by Schaffer collateral/commissural stimulation in area CA1, was
blocked by only one of the metalloporphyrins tested, CrMP (l5pM), and reduced by
ZnPP (l5pM). Both CrMP and ZnPP were also found to inhibit nitric oxide synthase
activity in hippocampal homogenates, with CrMP the most potent. Neither SnMP
(l5gM) nor ZnBG (l5pM) had any significant effect on either LTP induction or on
NOS activity. LTP induction was unaltered by 5OgM ZnBG after correcting for
depression of baseline transmission. None of the porphyrin compounds tested were
able to reverse LTP once it had been established. Thus, taken together, these data do
not support a role for carbon monoxide as a mediator in either LTP induction or
expression and further emphasizes the non-selectivity of some metalloporphyrins.
Supported by SERC/NATO grant (JEH), NIMH Conte grant MH48108 (DVM and
HS) and NIH grant NS07280 (MKM).

ROLE OF HEME OXYGENASE AND GUANYLYL CYCLASE IN LONG-LASTING
POTENTIATION INDUCED BY ACTIVATION OF METABOTROPIC GLUTAMATE
RECEPTORS IN HIPPOCAMPUS. M. Zhuo*. X.-C. Li, and R.D. Hawkins. Ctr.
Neurobiol. & Behav., Columbia Univ., HHMI, NY, NY 10032.
Recent reports suggest that, in addition to NMDA receptors,
metabotropic glutamate receptors (mGluRs) may be critical for LTP. We
examined the role of mGluRs during LTP in the CA1 region of hippocampus
and possible involvement of the candidate retrograde messengers carbon

monoxide (CO) and nitric oxide (NO). ( + )-MCPG (500 pM), an mGluR
antagonist, abolished induction of LTP and tACPD (20 pM), an mGluR
agonist, produced enhancement when paired with weak activity (50 Hz,
0.5 sec, or 0.25 Hz, 100 sec) of presynaptic fibers. This enhancement was
spatially restricted to active synapses and persisted in the presence of the
NMDA receptor antagonist APV and the GABAergic receptor antagonist
picrotoxin. Furthermore, enhancement by tACPD and LTP occluded each
other. Previous studies have shown that the induction of LTP can be
blocked by inhibitors of either heme oxygenase, which produces CO, or
soluble guanylyl cyclase, which is a target of both CO and NO (Zhuo et al.,
1993, 1994). Like LTP, the enhancement produced by tACPD was abolished
by the heme oxygenase inhibitors zinc protoporphyrin IX or zinc deuteroporphyrin IX 2,4-bis-glycol (10 pM), and by the soluble guanylyl cyclase
inhibitor LY83583 (5 pM). However, it was not abolished by an inhibitor of
nitric oxide (NO) synthase, N"-nitro-arginine (100 pM). Application of
either NMDA or tACPD increased the level of cGMP in hippocampal sices
measured by radioimmunoassay. These results suggest that mGluRs might
have a role in LTP that involves the activation of guanylyl cyclase by carbon
monoxide, whereas NMDA receptor activation might selectively stimulate
NO synthase.

195.3

195.4

A CALCIUM-PERMEABLE cGMP-ACTWATED ION CHANNEL EXPRESSED
IN HIPPOCAMPAL NEURONS. C. J. Barnstable. I. Ahmad. T. Leindters-Zufall*.
H. RosontnomAj. IdM^hephe^ dd F. Zufafl. Depaptment of OpOthalmology md
Section of Nearobiology, Yale University School of Medicine, New Haven, CT.
We hypothesize that cyclic nucleotide-gated (CNG) ion channels might be involved in hippocampal LTP. We have previously reported that cGMP can directly
activate Cn G channels in retinal ganglion cells and that these channels appear to te
a major target for the regulatory cascade initiated by nitric oxide (NO) (Ahmad et al.
1994, Neuron 12: 155-165). These data suggested that similar CNg channels
might control excitable properties of many other types of neurons. Here we show
that CNG channels are expressed in hippocampal neurons. Using in situ hybridization on adult rat hippocampal sections a photoreceptor-like cGMP-gated channel
mRNA has been detected in the pyramidal cell layer and in the dentate granule cells.
Analysis of PCR fragments derived from multiple regions of the channel has confirmed that the hippocampus express the rod photoreceptor channel gene. Using the
whole-cell patch clamp technique, we then determined whether a functional cGMPgated channel was expressed in individual cell-cultured hippocampal neurons.
Superfusion of bromo-cGMP in the absence of ATP or GTP in the intracellular
pipette solution elicited a sustained, non-desensitizing inward current of several hundred picoamperes due to the activation of nonnhlhctiye cation channels. Activation
of the current was closely related to the timing of the stimulus. The conductance
was completely but reversibly blocked by 3 mM external Cd2*. External removal
of divalent cations reversibly increased the cGMP-activated conductance by a factor
of 2-3. In addition measurements of the shft in reversal potential under different biionic conditions clearly showed that the conductance is highly permeable for Ca2*.
Our results therefore suggest that CNG channels may be an important target for the
lateral and/or retrograde action of NO/CO during the maintenance of hippocampal
LTP. Furthermore our results suggest a novel mechanism for Ca2*-mediated control of transmitter release in the central nervous system. Supported by grants from
the NIH.

FURTHER ANATOMICAL STUDY OF NOS IN RAT HIPPOCAMPUS.
RJ. Weinberg.1* J.G. VdltncPdnoff.l VN. KParazia.l and HJLH.W. Schmidt2 ’DepL
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INCREASED POSTSYNAPTIC CaMKII ACTIVITY WITH NO MEASURABLE

CaMKII REGULATES THE ASSOCIATIVITY FUNCTION OF HIPPOCAMPAL
SYNAPSES FOR THE PRODUCTION OF BOTH LTD AND LTP. M. Mavford*.
E.R. Kandel. and T. J. O'Dell*. Ctr. Neurobiol. & Behav., Columbia U.,.HHMI,
NY, NY 10032, & *Physiol., UCLA School of Med., Los Angeles, Calif. 90024.
The CA1 pyramidal cells of the hippocampus undergo an associative
form of long-term potentiation (LTP) that requires the activity of
Ca27calmodulin-dependent protein kinase II (CaMKII). This kinase has the
ability to phosphorylate itself following a brief pulse of Ca2 * and thereby to

INCREASE IN PKC OR PKA IS SUFFICIENT TO OCCLUDE LTP. D. Pettit* &
R. Malinow, Neuroscience Program, University of Iowa and Cold Spring Harbor
Laboratory, Cold Spring Harbor, NY
We have previously shown that introducing a constitutive^ active form of
CaMKII (tCaMKH) into pyntnynaptic CA1 hippocampal slice neurons by infecting
targeted regions with a recombinant vaccinia virus mimics and occludes LTP. We
now ask: In slices expressing tCaMKII, can we measure an increase in constitutive
activity of a) CaMKII b) PKC and/or c) PKA?
The CA1 region of rat hippocampal slices was injected with either a virus that
makes [3-galactonidane or tCaMKII. Injected and uninjected control slices were
incubated for 6 hours at 33-35°C and the CA1 region was dissected and
homogenized on ice. Constitutive CaMKII activity (measured by monitoring syntide2 phosphorylation in vitro in the presence of EGTA, PKC( 19-36) and PKI(l-20))
was increased by 27% in slices expressing tCaMKII (p<0.005; n=7). This increase
was seen both in supernatant and pellet fractions, the latter suggesting activation of
endogenous CaMKII. Constitutive PKC activity (measured by monitoring the
difference between in vitro Ac-MBP(4-14) phosphorylation in the presence of EGTA
or EGTA and PKC( 19-36)) showed no significant increase in slices expressing
tCaMKH (n=4). Constitutive PKA activity (measured by monitoring the differench
between in vitro Kemptide phosphorylation in the presence or absence of PKI(l-20))
showed no significant increase in slices expressing tCaMKII (n=4). These
preliminary results suggest a) that infection with a virus producing tCaMKII
increases CaMKII activity, possibly in part by phosphorating endogenous
membrane associated CaMKII; b) that an increase in CaMKII activity with no
measurable increase in PKC or PKA activities is sufficient to mimic and occlude
LTP; and c) if activation of PKC and/or PKA is necessary to express LTP, this
appears to precede mechanistically the activation of CaMKII.
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of Cell Biology & Anatomy, UNC, Chapel Hill, N.C. 27599, and *Medizinische
Uniyh^nitatnldinik, KlinincPe Biychhmie and PatPobiycPemie, Wflrzburg, Germany.
Associative LTP in the CA1 region of hippocampus seems to require a retrograde
signal; NO has been suggested to convey this message. However, though GABAergic
intemeurons contain high levels of neuronal NO synthase (NOS-I), several labs agree
that CA1 pyramidal neurons lack NOS. However, tPene neurons have been reported to
stain for NOS-I after weak fixation with acetone (J. HintocPem. C^ochem. 40:143956; PNAS 91:2151-55), though it is unclear why fixation should differentially
influence antigenicity of pyramidal neurons and inthmhurynn We performed an EM
study of NOS-I immunoreactiyity in tissue fixed with glutaraldehyde. In somata and
proximal dendrites of CA1 pyramidal neurons we detected restricted deposits of
immunoreaction product. TPesh deposits, though sparse, were very close to
presynaptic boutons exhibiting asymmetric terminations and thus well-situated to
produce retrograde NO. Comparison between NOS-I immunostaining and the
histochemical marker NADPHd (thought to stain all NOS inyfyrmn) confirmed a close
correspondence between the two labels, suggesting that other isozymes than Type I
are not expressed. The present results may account for discrepancies between previous
observations, as postmortem diffusion of NOS in weakly fixed tissue may lead to
diffuse immunostaining of CA1 pyramidal neurons. However, quantitative LM of
NOS-I yhrifihd that NOS levels are much higher in the inthmhuryns, stressing that
inthmhuryns are likely to be important in hippocampal plasticity. Supported by NS29879.

become active enzymatically, independent of Ca2‘. This ability of the
enzyme to autophosphorylate has led to the suggestion that it might serve
as a molecular switch for the generation of LTP. To investigate the function
of the autophosphorylated form of CaMKII in LTP and in other forms of
synaptic plasticity, we have generated transgenic mice that express a
mutant form of the kinase in which a single point mutation is introduced
that mimics the effect of autophosphorylation. The mutant mice exhibit
normal LTP in response to high-frequency stimulation (100 Hz). However,
in the range of 1 to 10 Hz, there is a syssematic shift in the size and direction
of the induced synaptic change, with the result that long-term depression

(LTD) is favored in the CaMKII mutant animals. In wild-type animals only
1 Hz stimulation (900 pulses) produces LTD and this LTD is modest. Five Hz
and 10 Hz produce a slight and modest LTP, respectively. By contrast, in
mutant mice 1 Hz produces strong LTD, 5 Hz sight LTD and 10 Hz very slight
LTP. Thus, rather than acting as a switch that is selective for the production
of LTP, CaMKII seems to act as a regulator of the neuron's ability to
associate a given frequency of presynaptic activity with either LTD or LTP.
The control of synaptic associativity by Ca2 ^-independent CaMKII activity
can account for two previously unexplained synaptic phenomena, the
relative loss of LTD in adult animals compared to juveniles and the
enhanced capability for depotentiation of facilitated synapses.
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PERFORMANCE OF CAMKII OVEREXPRESSION MUTANT MICE ON THE
BARNES CIRCULAR MAZE SUGGESTS A DEFICIT IN SPATIAL LEARNING. M ,E.
Bach*, R.D. Hawkins, and M. Mavford. Ctr. Neurobiol. & Behav., Columbia
Univ., HHMI, NY, NY 10032.
We have generated transgenic mice that express a Ca2 + -independent
form of CaMKII (CaMK-Asp286). The mutant mice show a shift in the
frequency-response curve for the production of two forms of synaptic
plasticity in hippocampus, LTP and LTD, with LTD favored in the mutants
(Mayford et al., 1994). In a preliminary behavioral screen, we found that

INDUCTION OF LTP IS ASSOCIATED WITH AN INCREASE IN PKC
ACTIVITY MEDIATED BY NITRIC OXIDE AND SUPEROXIDE. E. Klann* and
J.D. Sweatt. Dept. of Neuroscience, University of Pittsburgh, Pittburgh, PA 15260
and Div. of Neuroscience, Baylor College of Medicine, Houston, TX, 77030.
We have previously shown that the induction of LTP is associated with
increased ^factor-dependent PKC activity (Klann et al., PNAS 90: 8337) and that
mild oxidation of hippocampal homogenates increases PKC activity similarly
(Palumbo et al., BBRC 187: 1439). As nitric oxide (NO) may be involved in the
induction of LTP, we investigated PKC-NO interactions. LTP-iadoeiag stimuli was
delivered to Schaffer collateral input into area CA1 of rat hippocampal slices and
assayed for PKC activity two minutes after the final high frequency train. We
observed an LTP-associated increase in ^factor-dependent PKC activity (144+12% of
control, n=l2). Bath application of the NO synthase inhibitor N-aitro-L-argiaiar (50
pM) blocked the increase in ^factor-dependent PKC activity (98+15% of control,
n=lO), suggesting a necessity for NO in the activation of PKC. To determine if NO
could activate PKC, we incubated hippocampal homogenates with NO donor
compounds. The sydn^^ne SIN-1 was the only NO donor compound able to
activate PKC. Incubation of hippocampal homogenates with 1 mM SIN-1 resulted
in an increase in ^factor-dependent PKC activity (212+10% of control, n=8). As

the mutant animals are less active, as measured by the Automex (Columbus
Inst.) activity monitor, and more aggressive, as measured by the resident
intruder task, than wild-type littermates. To assess their spatial reference
(long-term) memory, we used a Barnes circular maze with 40 holes around
the edge, one of which led to a box where the animal could escape from
bright light and a buzzer. Animals were run one trial a day to a criterion of
7 out of 8 days with 3 or fewer errors (visits to an incorrect hole). Eight of
11 wild-type mice met the criterion within 30 days (median = 20 days),
whereas only 2 of 12 mutant mice did (U = 29.5, p < .05). Both groups
showed significant decreases in latency and number of errors over the first
14 days. However, the wild-type animals continued to decrease their errors
beyond that point, whereas the mutant animals did not. The wild-type
animals also improved significantly in initial heading (how close the animal
came to the correct hole on its first choice). By contrast, the mutant animals
showed no improvement in heading over 14 days, and only a small
improvement with continued training up to 30 days. This pattern of results
is consistent with the observation of the experimenter that the wild-type
mice appear to learn the spatial location of the escape hole, whereas the
mutant mice learn a sequential response strategy for finding it.

SIN-1 produces NO and superoxide, we incubated homogenates with a superoxidegenerating system, xanthine (10 pg/ml) and xanthine oxidase (1 pg/ml), and observed
an increase in ^factor-dependent PKC activity (181% of control, n=2). We
conducted experiments to determine if superoxide was involved in the induction of
LTP. Using the stimulus paradigm that produced the increased PKC activity, LTP
was observed in 16/17 slices (intial slope EPSP=155+5% of control). Bath
application of superoxide dismutase (121 U/ml) and catalase (260 U/ml) inhibited
induction of LIT in 8/12 slices (intital slope EPSP=115+6% of control) and
inhibited the increase in PKC activity (91+10% of control, n=8). Taken together,
these data suggest a role for superoxide in LTP and indicate that PKC may be a target
for superoxide or a similar reactive oxygen species during induction of LTP.

195.9

195.10

EVIDENCE FOR A NOVEL PROTEIN KINASE C SUBSTRATE
PHOSPHORLYATED DURING LONG-TERM POTENTIATION. C. M. Atkins. J.
D. Swratt. IE. Klann and S .-J.Chen*. Division nf Neurosciencn, Baylor College of
Medicine, Houston, TX 77030.
This laboratory has previously shown the persistent activation of protein kinase C
(PKC) Soring the maintenance phase' of LTP (Klann et al., PNAS 90: 8337). A
persistent increase in PKC activity predicts a resultant increase in the phosphorylation
of substrate proteins. We have identified a novel 21 kD PKC substrate, termed p2l,
whose phosphorylation increases during the maintenance phase of LTP.

ANALYSIS OF STIMULUS-DEPENDENCY IN THE INCREASE OF
PROTEIN KINASE M £ DURING MAINTENANCE OF LONG-TERM
POTENTIATION. P. Osten*. T.C. Sacktor. Depts. of Pharmacology and
Neurology, State University of New York at Brooklyn, Brooklyn, NY 11203.
The molecular mechanisms underlying the induction and maintenance of longterm potentiation (LTP) are generally believed to be distinct Protein kinase C
(PKC), among other protein kinases, has been suggested to be involved in both
processes. There is now evidence that the mechanisms may also differ between
LTP induced by a single and multiple tetanic stimulations.
We have previously shown (Sacktor et al. PNAS 90: 8342,1993) that there is a
transient translocation to membrane of most of the PKC isozymes in the induction
phase of LTP by single 100Hz -1 sec tetanus in hippocampal CA1. This is
followed in the maintenance phase by an NMDA-dependent increase of the
constitutively active form of a spec^c PKC isozyme, protein kinase M £ (PKMQ.
We now report the changes in PKM£ following various stimulation protocols: (i)
single 100Hz train; (ii) 2 trains, 20 sec interstimuli interval (ISI); (iii) 6 trains, 3
sets of 2 trains with 20 sec ISI, 5 min apart; and (iv) 2 trains, 10 sec ISI. All
stimulation protocols induced LTP measured by increases of EPSP slope (164.7 ±

To identify PKC substrates in vitro, ^factors of PKC including Ca2+,
pnospnatidolsoriar (PS) and olroolaertolgloerrol (OAG) were applied to hippocampal
homogenates. This treatment resulted in a significant increase in the phosphorylation
of p2l. The selective PKC inhibitor PKC( 19-36) prevented the Ca2+/PS/OAGstimulated phosphorylation. Activators of other soriar/tnrroaiar protein kinases or
addition of phosphorylase kinase did not alter p2l phosphorylation. Furthermore, the
selective Ca2+/ealmodolia-depraSeat protein kinase inhibitor CAMKII(273-302) did
not alter p2l phosphorylation, indicating that this protein is a PKC substrate.
We proceeded to determine if p2l phosphorylation was increased in situ during the

maintenance of LTP. Slices received tetanic stimulation and 45 minutes after the final
train, CA1 regions were microSissocteS, homogenized and noat-inaetisateS. The
phosphorylation state of endogenous PKC substrate proteins was assessed by a back
phosphorylation assay with purified PKC. Densitometry analysis revealed that p2l
back phosphorylation was 76 ± 5% of control values (n=6, p< 0.0002). This was
reflective of an increase in p2l phosphorylation in situ during the maintenance of LTP.
Addition of APV, which blocked LTP, attenuated the observed change in
phosphorylation (91 ± 2% of control values, n=5). However, additional experiments
are required to rule out the possibility that these observations are due to a change in the
amount of p2l present in experimental slices. Initial biochemical characterization
indicated that p2l is a membrane-associated protein. Additional experiments are being
undertaken to identify p2l and elucidate its role in LTP.

2.0; 170.7 ± 2.24; 225.8 ± 2.24; 194.1 ± 1.9, respectively; mean ± SEM, controls
set at 100%). All significantly increased total PKM£ to approximately the same
level (132.9 ± 8.0; 129.2 ± 7.6; 142.1 ± 9.5; 136.2 ± 13.1). The 2 train, 10 sec
ISI protocol, in addition, induced transient epileptiform discharges and was
accompanied by persistent increases in all PKC isozymes tested. We conclude
that: 1) the increase in PKM£ appears to be maximal after the first train. Multiple
tetani at 5 min intervals, while further increasing potentiation, did not result in
significantly higher levels of PKMC, suggesting a second potentiating process. 2)
Tetanization paradigms using shorter ISI’s, which produce epileptiform activity,
increase levels of all PKC's, potentially altering the set-point for the induction of
further LTP.

195.11
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DOWN-REGULATION OF PROTEIN KINASE M £ IN MAINTENANCE OF
HOMOSYNAPTIC LONG-TERM DEPRESSION IN HIPPOCAMPAL CA1.
S. H^abatovoSl T. C. ^acafa^r. oPeD^. of lNanaracaeogo ol Neurorogo, State
University of New York at Brooklyn, Brooklyn, NY 11203.
Long-term potentiation (LTP) and long-ttom depression (LTD) are two forms of
synaptic plasticity with opposing effects on synaptic strength. While LTP has been
associated with an increased level of phosphorylation, dephospho^^^ was

IMMEDIATE EARLY GENE EXPRESSION ASSOCIATED WITH
THE PERSISTENCE OF HETEROSYNAPTIC LTD IN THE
DENTATE GYRUS. W.C. Abraham*, B.R. Christie. B. Logan. P.

proposed to be essential for LTD (Mulkey et al. Science 261:1051,1993). Protein
kinase M £ (PKMQ, the constitutive^ active form of protein kinase C £ (PKCQ,
was shown to be up-regulated in the maintenance of LTP in hippocampll CA1
(Sacktor et al. PNAS 90: 8342,1993, and accompanying abstract). We now report
the down-regulation of PKM£ in the maintenance of nomosynaptic LTD.
Hippocampal slices were prepared from Sprague-Dawley rats (16-21 days). Field
EPSPs were recorded from stratum radiatum of CA1 using standard extracellular
technique. Low-frequency stimulation (3 Hz) of Schaffer collaterals for 5 min
resulted in a decrease of the EPSP initial slope (72.2 ± 1.5% of controls set at
100%, mean ± SEM, P < 0.01, n = 35) 30 minutes after 3 Hz stimulation. The level
of PKC isozymes in LTD vs control slices were assayed in particulate and
cytosolic fractions of the CA1 region. In the particulate fraction there were no
sign^ca^ changes in any isozyme tested. In contrast, we detected a significant
decrease of PKM£ (76.8 ± 5.7, P < 0.01, n = 7) and PKCy (71.3 ± 7.2, P < 0.02, n
= 7) in cytosol. The bath application of NMDA receptor antagonist D-AP5 (50
pM) during low-frequency stimulation prevented the decreases in EPSP (100.1 ±
1.9, n = 28), PKMC (107.1 ± 6.1, n = 6) and PKCy (110.1 ± 12.3, n = 6).
Wo conclude that 1) down-regulation of PKMC in LTD may contribute to a
persistent decrease in phosphorylation, opposite to its effect in LTP and 2) the
NMDA roeoptor-dopoadont decrease in cytosolic PKMC and PKCy suggests a role
for calcium-activated protease (ea|paia) in the induction of LTD.

Lawlor and M. Dragunow. Department of Psychology, University of
Otago, Dunedin and Department of Pharmacology, University of
Auckland, Auckland, New Zealand.
The case for an involvement of LTD in memory processing requires
that LTD be able to persist for at least days or weeks. We examined the
persistence of notorosoaaptie LTD in the medial and lateral perforant path
inputs to the dentate gyrus in awake rats, and correlated this persistence
with the degree of immediate early gene (IEG) protein induction, as
assessed immunohistochemical^. Extracellular recordings of perforant
path evoked field potentials were made in rats with chronically implanted
electrodes. Hotorosoaaptie LTD of the medial and lateral perforant path
inputs occurred readily in separate experiments (overall mean = -22%),
following LLP-inducing 400 Hz tetanization of the other pathway. The
decay of both LTD and LTP were fitted with single exponentials and the
time constants ranged from days to weeks depending on the exact
tetanization protocol. The persistence of LTP and LTD were highly
correlated within-animal (r=0.77). Additional animals, given the same
tetanization protocols, showed greatest IEG expression following that
protocol which gave the longest lasting LTP and LTD (i.e. 50 stimulus
trains to the medial path). These data support the proposed role of LTD
in memory storage, but raise the question whether IEGs are important for
the persistence of LTP, LTD or both.
Supported by the N.Z.H.R.C. and Human Frontier Science Programme.
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ENHANCEMENT OF HIPPOCAMPAL LONG-TERM POTENTIATION
AND EPILEPTIFORM ACTIVITY BY NEURONAL OVEREXPRESSION
OF PROTEASE NEXIN 1 IN TRANSGENIC MICE. A. Luthi#. F.M.
Botteri0 I.M. Mansuy°. M. Meins°. G. Sansia+. J-P Laurent#. C.
Nitsch@. C. Mondadori+.H. van der Putten+_ and D. Monard°*.

°Friedrich Miescher Institut, P.O. Box 2543, CH-4002 Basel,
Switzerland. #Pharma Division, Preclinical Research, F. Hoffmann-La
Roche Ltd., CH-4002 Basel, Switzerland. +CNS Department Cell. Mol.
Biol., Ciba Ltd., P.O. Box 2543, CH-4002 Basel, Switzerland. ^Instfuite

of Anatomy, Basel University, CH-4056 Basel, Switzerland.
There is a growing consensus that extracellular proteolysis by serine
proteases plays a role in synaptic plasticity. Protease nexin 1 (PN-1) is
present in the central nervous system (CNS) and is one of the
physiological inhibitors known to regulate the activity of these
proteases.
PN-1 has neurite-promoting activity, displays distinct
temporal and spatial expression patterns in neurons during
development and is upregulated in glia in response to injury in the adult
CNS. To elucidate whether PN-1 is involved in synaptic plasticity, we
generated transgenic mice whose neurons begin constitutive
expression of elevated levels of biologically active PN-1 around birth.
This resulted in a significant enhancement of long-term potentiation
(LTP) and epileptiform activity in the CA1 field of hippocampal slices.
These data show that PN-1 modulates neuronal plasticity, possibly by
counteracting tissue-type plasminogen activator (tPA) or other serine
proteases.

PEPTIDES:

BIOSYNTHESIS AND METABOLISM

196.1

196.2

EFFECT OF SPECIFIC PEPTIDASE INHIBITORS ON CRF INDUCED ACTH
RELEASE IN CULTURED RAT PITUITARY CELLS. J.C, Ritchie*, K.S.
Sundar. and C.B. Nemeroff. Depts. of Pharmacol, and Psychiatry, Duke
Univ., Durham, NC 27710 and Emory Univ., Atlanta, GA 30322.

SUBSTANCE P METABOLISM ON INTACT REGIONAL BRAIN SLICES:
EFFECT OF NEUROLEPTIC ADMNISTTR.TKON. S.M, Waters*. C.S.
Konkov and T.P. Davis. Dept. Pharmacology, Univ. Arizona, Tucson, AZ 85724.
Regional metabolism of substance P (SP) was studied on intact rat brain slices.
The rate of degradation of SP (150 pM) was linear over a 3h incubation period
and was high in caudate-putamen (CP, half-life = 70 min) and slower in nucleus
accumbens (NA, half-life = 100 min) and frontal cortex (FC, half-life = 150
min). Characterization of neuropeptidases responsible for SP metabolism in
these regions was determined by using specific enzyme inhibitors.
Phosphoramidon (20 pM), a neutral endopeptidase 24.11 inhibitor, decreased SP
metabolism by approximately 45% in CP, 35% in NA and 10% in FC relative to
control. Bestatin (100 pM), an inhibitor of aminopeptidase M, decreased SP
metabolism to varying degrees across brain regions (60% CP, 30% NA and 15%
FC). The metalloendopeptidase 24.15 inhibitor CPP (20 pM) decreased SP
metabolism with less regional specificity (45% CP, 35% FC and 30% NA).
Captopril (20 pM), an ACE inhibitor, and AEBSF, a serine protease inhibitor,
had no effect on SP metabolism.

The metabolism of neuropeptides by ectopeptidases has been
postulated to be the primary mechanism for the deactivation of these
neuromodulators. Previously, our group has reported on the breakdown
of CRF by several purified peptidase preparations. We now report on the
use of specific peptidase inhibitors to enhance the physiological actions
of CRF on cultured rat pituitary cells.
Pituitary cultures were developed from male Sprague Dawley rats
following the method of Vale, et.al. (Methods in Enzvmoloav. ed. P.M.
Conn, Vol. 103, 565-577, 1983). Anterior pituitary cells were dispersed
and planted in 48 well plates at 1X106 cells per well. Following several
days of incubation in growth media at 37°C, the cultures were changed
to serum-free media (B-PJ). For each experiment 900 ^L/well of media
was used as well as CRF (0.1 nM) and various peptidase inhibitors (4 to
20 ^M). Inhibitors were also pre-incubated (for 1 hr) with the cultures
prior to the addition of CRF. At specific times (0, 2, 4, 6, 14, 18, 24
hours) 100pL of media was removed from each well and replaced with
fresh. The media was frozen (-8O°C) and later analyzed for ACTH (Nichols
Institute IRMA). Two hours post-CRF stimulation 1//M Thiorphan, an
inhibitor of Endopeptidase 24.11, increased ACTH 86%; 10//M Captopril,
an inhibitor of Angiotensin Converting Enzyme, increased ACTH 83%; and
Bestatin, an inhibitor of Aminopeptidase, increased ACTH 123%.
The
inhibitors had no effect on ACTH release in the absense of CRF. There
was no effect of the inhibitors 6 hours post-CRF stimulation. These
results suggest that catabolism by Aminopeptidase may play the most
significant role in the inactivation of CRF by the pituitary.

Our lab has shown that neuroleptic drugs decrease neurotensin metabolism on
slices isolated from discrete brain regions (J. Pharmacol. Exp. Ther. Vol 269,
1994). In the present study, the effect of subchronic administration of neuroleptic
drugs on SP metabolism was also determined in brain slices incubated with SP
for 2h. Administration (7 days, i.p.) of haloperidol (lmg/kg) or chlorpromazine
(2Omg/kg) significantly decreased SP metabolism in CP and NA but not in FC.
In contrast, administration of the dopamine receptor agonist apomorphine
(5mg/kg twice daily, 7 days, i.p.) significantly increased SP metabolism in NA.
These data suggest that neuroleptic drugs are capable of altering the activity of
neuropeptidases involved in SP metabolism. (Supported by NIH grant
MH42600).

196.3

196.4

REGIONAL METABOLISM OF MET-ENKEPHALIN AND CCK ON INTACT
RAT BRAIN SLICES: CHARACTERIZATION OF SPECIFIC PEPTIDASES. C.S.
Konkov* and T.P. Davis. Dept. Pharmacology, Univ. Arizona, Tucson, AZ 85724.
The metabolism of met-enkephalin (ME) and CCK 8-S by intact microslices
was studied in rat brain regions. Incubation of brain slices with ME (400 pM)
resulted in a linear, zero-order kinetic rate of disappearance of parent peptide and
appearance of metabolic fragments whose rate of formation was specific to brain
region. The degradation rate of ME was high in caudate-putamen (CP, 5.2
nmol/min/mg protein) and lower in nucleus accumbens (NA, 3.6 nmol/min/mg
protein) and frontal cortex (FC, 3.2 nmol/min/mg protein). Leuhistin (100 pM), a
selective inhibitor of aminopeptidase M (APM) , decreased ME degradation (90%
vs. control) in FC but was less effective in CP (19%) and NA (64%). Tyr-Gly-Gly
and Phe-Met were recovered in CP and NA whereas the only fragments recovered
from FC were Tyr and Gly-Gly-Phe-Met suggesting that aminopeptidase M activity
was sufficient to degrade completely ME in FC. Phosphoramidon (50 pM), an
inhibitor of neutral endopeptidase 24.11 (NEP) and captopril (50 pM), an inhibitor
of angiotensin converting enzyme (ACE), decreased ME degradation in CP (15%
and 28%, respectively) but had no effect on ME degradation in NA and FC. Thus,

EXPRESSION OF MUTANT PROHORMONE CONVERTASES AND
THEIR FUNCTION ON PROPEPTIDE PROCESSING IN AtT-2O
CELLS. A. Zhou & R.E. Mains* Dept. of Neuroscience, The Johns Hopkins
University School of Medicine, Baltimore MD 21205.
Previously we established AtT-20 cell lines stably overexpressing full size
PC1 or PC2. The proregion cleavage of PC1 occurs in the ER, while PC2
proregion cleavage occurs mostly in granules; PC1 also undergoes a COOHterminal cleavage. In parallel with PC1 and PC2 processing, POMC (proopiomelanocortin) is sequentially cleaved by PC1 then PC2 into several smaller
products. To investigate the structural elements directing PC1 or PC2
processing and their specificities, we constructed a series of mutant PC1 and
PC2 proteins and stably transfected AtT-20 cells. The expression of a
truncated PC1 protein without the COOH-terminal fragment (PC1 stop0618)
increased the rate of conversion of POMC to ACTH, but did not produce more
ACTH(1-13)NH2 or p-endorphin. Biosynthetic labeling experiments showed
this PC1 protein underwent very efficient proregion cleavage, accelerated
oligosaccharide maturation and elevated basal secretion, while no changes in
processing and secretion of the endogenous PC1 were observed.
Immunostaining of PC1 stop0816 cells demonstrated increased PC1
immunoactive material in the cellular processes where hormone granules
reside. When a PC2 protein with its proregion substituted with the proregion
of PC1 (PC1pro:PC2) was expressed in AtT-20 cells, the subcellular
distribution of the mutant protein was similar to that of full size PC2, distributed
diffusely over much of the cell. These results indicate the involvement of
regions other than the proregion of PC proteins in determining their specific
pattern of processing and their role in POMC processing. Several other
mutants are being characterized.
Support DA-00266

NEP ("enkephalinase") was not a major degradative enzyme in NA or FC. The
combination of leuhistin (100 pM), phosphoramidon (50 pM) and captopril (50 pM)
protected ME from degradation (ME recovery > 95%) in CP. CCK 8-S degradation
on slices from CP, NA and FC was not altered by inhibitors of NEP, APM,
metalloendopeptidase 24.15, ACE or thiol proteases. AEBSF, an inhibitor of serine
proteases, produced a small reduction (10-20%) in CCK degradation in each region.
Thus, CCK is stable to several well-characterized proteases capable of degrading
ME and other peptides. These data provide evidence for regional and structural
specificity in terminating the actions of neuropeptides. (Supported by NIH grant
MH42600).
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196.6

RESP18: NOVEL GLUCOCORTICOID REGULATED ENDOCRINE PROTEIN.
B. T .Bloomguist*. R, E.Mains .D.N. Darlington. B .A, Eipper. Dept:.
Neurosci..Johns Hopkins Univ.Med.Sch..Baltimore MD 21205;
Depts.Surgery.Physiology,U.MD Med.Sch.,Baltimore,MD 21201
RESP18 is rn abundant, novel neuroendocrine specific
transcript regulated by neurotransmitter analogs and
hormones in a tissue-specific manner. Combined in situ
hybridization for RESP18 with ignuuooctochemgstry for
pituitary hormones demonntrated RESP18 mRNA in all
pituitary cell types, with highest levels in TSH and PRL
cells, and lower levels in ACTH and GH cells. Mouse
RESP18 was cloned from AtT-20 corticotropes and found to
be 89% identical to rat RESP18. Antisera were raised
against recombinant RESP18 and used for metabolic
labeling studies of AtT-20 cells. Following a 15 min
pulse labeling with [35S]Met, a single 18 kDa protein was
im[ggnoprecipitated. In agreement with earlier Northern
analyses, the rate of biosynthesis of RESP18 was
increased after glucocorticoid treatment, reaching rates
nearly equimolar with the endogenous POMC prohormone.
During chase incubations, RESP18 protein was rapidly lost
from the cell extracts but was not found in the medium;
mixing experiments showed full recovery of added labeled
RESP18. Glucocorticoid treatment and incubation at 2O°C
increased the half-life of RESP18 protein. Io subcellular
fractionations, RESP18 was entirely particulate but
separated from POMC and the endoprotease PCI (markers for
secretory granules). Support: DA-00266, GM-46540.

FUNCTIONAL CHARACTERIZATION OF THE RAT DIAZEPAM
BINDING INHIBITOR (DBI) PROMOTER P. Lon gone. D.R, Grayson1, and
E. Costo *. F.G.I.N., Georggejow Univvrsity, Washinntoo, D.C. 20007,
ASRI1, Pittsburg, PA 15212.
Diazepam Binding Inhibitor (DBI) is a 10-kDa polypeptide that subserves
multiple functions Lo the CNS and in the periphery. The recently cloned 5'
promoter region of the DBI gene shows same features of an housekeeping gene,
however the observed differential cell type specific expression of DBI argues
Lo favor of a differential regulation of DBI tlsoscrLptinn Lo different cell types.
Computer analysis of the promoter region detects consensus recognition sites
for various transcriptional regulatory factors such as GR (-417 and -389), SP,
(-483 and -340), AP2 (-931 and -321) and AP, (-746 and -153) and various ETF
sites (Kilmer M. et, al. PNAS 1993). To determine the potential differential
regulation of the DBI gene and whether these cis-acting elements have a
functional role in controlling the expression of this promoter, sequential
deletions were generated and fused to the reporter gene CAT. We analyzed
various portions of the promoter between pntitinnt -1061 bp to -84 bp 5’ to the
ATG initiation codon. The deletion constructs were transiently transfected into
C6-2B glioma cells and Y1 cells io parallel. The results indicate a different
transcriptional regulation pattern io C6-2B and Y1. In C6-2B cells, the
promoter shows maximal activity between positions -786 bp and -495 bp.
Then the activity drops at position -423 bp and then recovers between positions
-402 bp to -248 bp, finally sharply docroasot to basal values. Io contrast, the
peak transcriptional activity in Y1 cells is between -423 bp and -402 bp and
there is a gradual increase in activity that occure from -966 bp to -402 bp,
thereafter it sharply docroatos to basal values. Collectively, these data indicate
that different trantcriptinnal regulatory elements are utilized in regulating DBI
expression in these two cell types.

196.7

196.8

PAIRED BASIC RESIDUE SPECIFIC ENDOPEPTIDASES PC 1/3 AND
PC2
IN
ADRENAL
MEDULLA
CHROMAFFIN
GRANULES:
PURIFICATION AND CHARACTERISTICS. A.V. Azaryan* and V.Y.H.

FORSKOLIN STIMULATION OF 'PROHORMONE THIOL
PROTEASE' AND PROENKEPHALIN PROCESSING IN
CHROMAFFIN CELLS.

Hook+. Dept. of Biochemistry, Uniformed Services University ol
Health Sciences, Bethesda, MD 20814 and +Dept. of Medicine,
University of California, San Diego, CA 92W3.
The presence of paired-taste rescue Erected proteoiytic activity
in the membrane and soluble fractions of tavme adrenal medulla
chromaffin granules have been reported (Azaryan and Hook, 1992).
In this study, two subtilisin-related proprotem convertases (PC)
PC1/3 and PC2 have been purified to apparent homogeneity from the
soluble chromaffin granule extract by a procedure mvolving
chromatograpliy on concanavaHn A-Sepharose, Sephacryl S-200,
and pepstatin A-agarose. Tlie separation of pci/3 from pC2 was
achieved by immunoaftimty chromatography of the pepstatin Aagarose unbound fracffon on lmmunopure-antipc2- (or
anUPCl/SJIgG resin, respectivety. The proteotytic actrnty has been
assayed with the enkeptann precursor and Boc-Arg-Val-Arg-ArgMCA. According to SDS-pAGE and immunoiog'icai anatysis with
antisera to PC1/3 and pC2, tee molecuter weight of the purified
preparations of PC1/3 and PC2- is ~7O kDa. Both pci/3 and pc2
cleave dibasic site-contamm^ mode1 tetrapeptide-MCA substrates
moire efficiently, than tri- or' dipeptides wM a pH optimum of 6.06.5. Specificity of these pc's for dfoasfo sties te ateo rncHcatecf by
potent inhibition by tlie active site-directed inhfotior [D-tyrj-Ctiuphe-Lys-Arg-CH2CI. Studies to determine the role of these
enddggnous PC113 and PC2 in the processing the precursors ol
aadenal medullary neuropeptides are in progress.

N, TTnapsidis- ann! V.Y.H, HooV. DepL of Biochemis-ry, Uniformed
Sendees Uny',,
. MD . ^0^*^^, and +Dept. of Mcdicine, Unvv .
of Cant.. San Diego 92103.
Chromoffm ceNs from tine adrenal meduHa synthesize and precess
proenkephaiin to active enkephann peptides . Bjochemical sti^dhss h
thte laboraooiv have shown Uiat 'prohormone tiite I 1X0-6386' (PTP) te
the major adrena. medufiary protease mvo^ed m proenkepnaiin
p^ocessing, tit thte
. regutetfon o' PTP and proennepnaiin
by fosskoHn (a direct activatot tff adenytete cycfose) was
exammed. Chromoffm ceHs tit prima^ cutiure were treated whh
forskoHn for 72 hours. and 35S-(Met-'ppE cteavmg acHvtiy was
then assessed tit teoteted chromoffm grenutes . Fo-sgoiin freatmnnt
increased 35S-(Met)-PPE cteavmg activtiy te 180% o f confrois .
The increased proteotytic activtiy was present in tee membrane
component. rather than tlie sofobte component , of chfomaffin
granules. E-64c 1 ptM). a potent fotribtior of PTP and cysteme
proteases, inhitHted the obsevved increase m proteotytic activity.
lmm^Jnop-ecipiraijon by anti-PTP demonsfrated PTP as tee eievated
proteotytic acHvhy.
When ceBs were freated wtih a Hpophilic
analogue of E-64c . which potentiy mhibtis PTP, tee fosskolin
stimulated increase rn c^^iuJ^^r (MeOenkephalm was comptetety
blocked, These resutis demonsfrate Uiat PTP te requfred fo r
proenkepnalin processing, and that PTP and ekkephalin production
are regulated via a cAMP pathway.

196.9

196.10

CHARACTERIZATION OF GALANIN RECEPTORS USING
U251] GALANTIDE IN THE INSULIN-SECRETING CELL
LINE (Rin m 5F). D. C. Deecher* and C. Hale New Lead
Discovery, Abbott Laboratories, Abbott Park, Illinois

EVOLUTION OF FISH BRAIN NEUROPEPTIDES: GnRH,
GHRH, AND PACAP. N.M. Sherwood*. J.F.F. Powell. JE
McRorv. D.W. Leschcid. K. Von Schalburg. Dept. of
Biology, Univ. of Victoria, Victoria, B.C. V8W 2Y2
Canada.
The primary structure of a novel form of GnRH is
reported.
This form along with salmon GnRH and
chicken GnRH-II is present in the brains of a single
species of perciform fish.
Only the novel form is
present in the pituitary and is assumed to be the
releaser of gonadotropins.
Two other neuropeptides,
growth hormone-releasing hormone-like peptide
(GHRH) and pituitary adenylate cyclase activating
polypeptide (PACAP), are also reported for both
catfish and sturgeon.
The cDNA encoding these
hormones shows that both are in the same precursor.
A comparison of several cDNAs for GHRH-PACAP with
the gene encoding salmon GnRH shows that the
regions encoding the hormones are tightly conserved,
whereas the 5* untranslated regions (UTR), signal
peptides, gene associated peptides, and 3* UTRs are
not as well conserved in evolution.

...Galantide (galanin (1-13)-substance P (5-11)), a chimeric
peptide, has been reported to act as a galanin antagonist.
Scatchard analysis using l125Il galantide in RINm5F cells indicate
the interaction of galantide with at least 2 receptor classes.
Equilibrium binding experiments using [125I] galantide in
RINm5F cell homogenates show a Bmax of 40 fmol/mg protein
whereas experiments carried out in the presence of 1 pM
substance P show a Bmax of 20 fmol/mg protein.
Characterization of galanin receptors in RINm5F cells using
[^^gai^in (porcine) in the absence or presence of substance P
yield equivalent Bmax values of 20 fmol/mg protein.
In
summary, galantide labels 2 populations of receptors in RINm5F
cells; galanin and substance P receptors. Evidence indicates that
the N-terminal portion of the chimeric peptide (galantide)
composed of galanin (1-13) is binding to a galanin population of
receptors and substance P-(5-ll) is binding to a substance P
population of receptors. Functional data will be presented that
indicate galantide acts as an agonist in inhibiting cAMP and

insulin-release due to the N-terminal portion of galantide in
RINm5F.
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196.11

196.12

PROHORMONE
CONVERTASE
EXPRESSION
IN
THE
RAT
HYPOTHALAMUS: IN SITU HYBRIDIZATION COLOCALIZATION
STUDIES. R. Day*1. W. Dong1. T.P. Davis2 T.G. Sherman3 R, C.
Thompson^. N.G. Seidah*. Clinical Research Institute of Montreal* Montreal,
Quebec, H2W 1R7, Univ Arizona Hlth Sci CtA Univ Pittsburgh^ and Univ
Michigan^ .

VASOPRESSIN-NEUROPHYSIN ASSOCIATION WITHIN THE
VASOPRESSIN PRECURSOR IS ESSENTIAL FOR SORTING TO THE
REGULATED SECRETORY PATHWAY. J.P.H, Burbach. D. Murphy' and F.M.
de Bree. Rudolf Magnus Institute for Neurosciences, Utrecht University, 3584 CG
Utrecht, The Netherlands, and 'Institute for Molecular and Cell Biology, National
University of Singapore, Republic of Singapore.
The biosynthesis of vasopressin (VP) involves sortihg of the VP precursor into
the regulated secretory pathway in which the precursor is processed to the final
secretory products VP, neurophysin (NP) and a glycopeptide (GP). Since long it is
known that VP and NP are tightly associated in the posterior putuitary, but the
function of this interaction has remained unexplained. We investigated the possible
function by expressing mutated VP precursors in the peptidergic neuroblastoma cell
line Neuro2A. These cells biosynthesized and secreted VP, NP and GP when
transfected with an expression vector having wild-type VP cDNA. A mutant VP
precursor, [Y2G]VP, having Tyr2 in VP replaced by Gly was constructed by sitedirected mutagenesis. This substitution renders VP unable to bind to NP. Expression
of [Y2G]VP cDNA in Neuro2A cells resulted in biosynthesis of the intact precursor
without processing. Furthermore, immunofluoresence using anti-NP and anti-GP
antisera showed that [Y2G]VP immunoreactivity was confined to the cell body,
whereas the wild-type products accumulated in neurite-like extensions of Neuro2A
cells. These data showed that the mutant precursor did not enter the regulated
secretory pathway. Together with previous in vitro data showing that VP binding to
NP causes a conformational change in NP that promotes dimer formation and
aggregation, the present results indicate that VP and NP associate intramolecularly
in the VP precursor to induce the aggregation necessary for sorting of the protein
into the regulated secretory pathway.

Recent advances in the molecular characterization of posttranslational
processing enzymes have demonstrated a subtilisin-like enzyme family in
mammalian tissues, collectively known as the prohormone convertases (PCs).
The PCs are responsible for the endoproteolytic processing of inactive protein
precursors at single and paired basic residues to yield biologically active
peptides. Our recent studies have mapped the PCs in the rat brain by in situ
hybridization histochemistry. The hypothalamus is a region known to be rich in
various neuropeptides, including proopiomelanocortin (POMC), provasopressin
(proAVP), prooxytocin (proOT), procorticotropin releasing hormone (proCRH),
procholecystokinin (proCCK), prodynorphin (proDyn) and proenkephalin
(proEnk). Various PCs are also expressed in this region including PCI, PC2,
furin, PACE4 and PC5. Interestingly each PC is differentially distributed in the
hypothalamus, suggesting a specific function of each enzyme. In the present
study we used simultaneously radioactive and non-radioactive cRNA probes on
the same brain section to demonstrate the coexpression of a particular PC and
proneuropeptide. Our data demonstrates the colocalization of POMC with PCI,
PC2 and PACE4 in the arcuate nucleus. We also demonstrate the colocalization
of PC5 with OT but not AVP in the paraventricular and supraoptic nuclei. PCI
and PC2 were both colocalized with AVP. These studies suggest the potential
processing enzymes responsible for the activation of proneuropeptides abundant
in the hypothalamus.

BIOLOGICAL RHYTHMS

197.1

197.2

PDH-IMMUNOREACTIVE NEURONS ARE CANDIDATES FOR CIRCADIAN
PACEMAKER NEURONS IN ORTHOPTEROID INSECTS. M. Stenal* Inst, of

EFFECTS OF ELECTROLYTIC
THALAMIC LESIONS ON THE
TEMPERATURE
IN
GOLDEN

Zoology, Univ. of Regensburg, 93040 Regensburg, Germany
Pigment-dispersing hormone (PDH)-immunoreactive neurons fullfill all
morphological criteria for pacemaker neurons and have arborizations in the
accessory medulla, the possible location of the circadian clock in orthopteroid
insects (Page 1984, in: Porter R, Collins GM (eds), pp 115-135; Homberg et al.
1991, Cell Tissue Res 266:343-357). Therefore, it was tested in
immunocytochemical studies combined with behavioral experiments whether the
de- and regeneration of PDH-immunoreactive neurons (PDHir) correlates with
circadian wheel-running activity in cockroaches and crickets. After bilateral
disruption of the optic stalks in cockroaches, the PDHir neurons degenerated
and at about the same time circadian behavior disappeared. Circadian behavior
reappeared, when at least 50% of PDHir terminals had reached their original
target areas. The number of PDHir commissures correlated with changes in the
period of the regained activity rhythms. In crickets, the PDHir terminals did not
degenerate for more than 8 weeks after bilateral optic stalk disruption and the
animals remained rhythmic after the operation. The period after the operation
always changes. In crickets grown up in short-day photoperiods L:D = 12:12
the period increased after the operation, while in crickets grown up in long-day
photoperiods L:D = 16:8, the period shortened after the operation. With
increasing postoperation time there was no apparent tendency to shorter
periods in cockroaches, while in crickets the period changed over time. In
immunocytochemical studies 8 different antisera stain cells with arborizations in
the accessory medulla, at least 2 of which collocalize with PDHir neurons. In
peptide-injection essays, as well as with EM- and in vitro essays the role of PDH
and other neuropeptides for circadian behavior is further examined. Supported
by DFG grants STE 531/1-1 and STE 531/1-2

AND NEUROTOXIC HYPODAILY RHYTHM OF BODY
HAMSTERS.* R. Refinetti*.

Department of Psychology, College of William & Mary,
Williamsburg, VA 23187.
The body temperature of mammals is under both homeostatic
and circadian control.
Although extensive research has
implicated the preoptic area and anterior hypothalamus
(POAH) in the homeostatic control of body temperature and the
suprachiasmatic nucleus (SCN) in the control of circadian
rhythmicity, the relative roles of these brain sites in the control of
the body temperature rhythm has not been investigated. In the
present study, POAH and SCN lesions were produced
electrolyticalfy or neurotoxically (ibotenic acid, IBO) in golden
hamsters. Electrolytic lesions of the SCN eliminated circadian
rhythmicity but did not affect the homeostatic control of body
temperature, whereas lesions of the POAH impaired
homeostasis without significantly affecting daily rhythmicity.
Micro-injections of sub-lethal doses of IBO into the SCN
produced no lesions and no observable effects on body
temperature, whereas injections into the POAH resulted in
impairment of homeostasis similar to that produced by
electrolytic lesions. These results suggest that the traditional,
implicit assumption of independence of brain sites responsible
for the homeostatic and circadian control of body temperature is
tenable.

197.3

197.4

FOS-UKEIMMUNORHACAIVIAY IN DISPERSED CELL CULTURES OF THE
MOUSE SUPRACHIASMATIC NUCLEUS. Michael E. Gcusz*. Stephan Michel.
Russell G. Foster, and Gene D. Block. NSF Center for Biological Timing,
Department of Biology, Univ. of Virginia, Charlottesville, VA 22903.
Retinal stimulation during the subjective night leads to induction of the
immediate-early gene c-fos in cells of the suprachiasmatic nucleus of the
hypothalamus, whereas the same stimulus during the mid-subjective day does not.
Evidence suggests that retinal afferents act in the entrainment of the circadian
pacemaker in the SCN by releasing glutamate. We sought a cell culture system to
use in the study of the fos response in the mouse SCN. SCN cells of 1 to 6-dayold c57/bl mice were dissociated with papain and trituration, concentrated through
centrifugation, and plated onto glass cover slips coated with poly-D-lysine. Cells
survived best when plated at relatively high density (>lCOO/mm2) in Minimum
Essential Medium with 10% horse serum. After 2 to 3 days, the cells were moved
to a defined medium containing the serum-replacements N-2 or B-27. After a total
of 6 to 9 days in culture, the cells were treated for 90 minutes with medium
containing glutamate (50 ^M), an elevated [K+] (50 mM), or normal medium and
then fixed in 4% paraformaldehyde. Immunocytochemistry was performed using
the AB-2 antiserum, against residues 4 to 17 of human fos, at 0.2 to 1 ^g/ml with
the avidin-biotin complex (ABC) method. High levels of fos-like antigens were
detected in the nuclei of small oval cells which often formed clusters. Labelling
was highest in the cells treated with K* or glutamate, although nuclear fos-like
labelling was found in untreated cultures. Preadsorption of the antiserum with a
lOx concentration of the fos protein eliminated all labelling. Immunoreactivity for
vasoactive intestinal peptide was found in cells with similar somata. Neurons were
identified by using the monoclonal antibody TuJl against neuron-specific class IB
0-tubulin. Fos was not detected in type-1 astrocytes in response to the treatments.

LONG-TERM MULAI-MICROELHCTRODH PLATE RECORDING OF
CIRCADIAN ELECTRICAL ACTIVITY FROM CULTURED EXPLANTS OF
RAT SUPRACHIASMATIC NUCLEUS
S.B.S. Khalsa*. M. Geusz and G.D. Block.
NSF Center for Biological Timing, Department of Biology, Gilmer Hall,
University of Virginia, Charlottesville, VA 22903.
An in vitro culture system for recording circadian rhythms from the
suprachiasmatic nucleus (SCN) allows for the long-term recordings necessary for
answering circadian questions which are difficult to address with the acute brain
slice technique. Such recordings have been reported for rhythms in vasopressin
release from both explants (Earnest & Sladek, 1986) and dissociated cells
(Murakami et al., 1991), and for rhythms in action potential frequency from
explants (Bos & Mirmiran, 1990). To circumvent limitations inherent in these
recording techniques, we have employed multi-microelectrode plates (MMEP's),
from which single unit activity has successfully been recorded from either cultured
explants or dissociated neurons (Gross et al., 1982). In this device the 64
extracellular recording electrodes are arrayed on the surface of the MMEP and the
neural tissue is grown over the electrode grid.
We have successfully cultured 400 pm thick SCN explants from 1 day old rat
pups onto poly-lysine and laminin-coated MMEP's in N2-supplemented,
bicarbonate-buffered, serum-free medium. After 4 weeks in culture the slice was
sealed in the recording dish in HEPES-buffered medium. Action potentials from
single or multiple units could reliably be recorded from up to 4 electrodes of a
single MMEP and exhibited typical signal to noise ratios of 4 to 1. One recording
of over 6 days duration yielded a robust circadian rhythm in action potential
frequency, and is substantially longer - than the longest record (66 hr) reported for
an explant using an extracellular sharp microelectrode. This suggests that MMEP
recording technology is ideally suited for evaluating circadian characteristics of the
in vitro SCN.
Supported by: NSF Center for Biological Timing, MacArthur Foundation

Supported by NIH NS15264 and the NSF Center for Biological Timing.
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CIRCADIAN FIRING RHYTHMS OF NEURONS DISSOCIATED FROM

EXPRESSION OF AMPA-TYPE GLUTAMATE RECEPTORS IN
IMMORTAL CELL LINES DERIVED FROM THE RAT SCN. D.J,

Chronobiology Lab, Massachusetts General Hospital, Boston, MA 02114
Cells located in the suprachiasmatic nuclei (SCN) of the mammalian
hypothalamus comprise a circadian clock, but it is not clear how individual
cells contribute to the function of this clock. We have performed long-term,
simultaneous recordings of spontaneous action potentials from multiple
neurons in cultures of cells dissociated from neonatal rat SCN (PO-P2).
SCN neurons were characterized initially by conventional, short-term,
cell attached patch recording. Spikes were generated by 49% of recorded
neurons (n = 594), including a few identified as VIP or vasopressin cells. The
proportion of active neurons increased with time in culture, from 31% at 1
day to a maximum of 64% at 2 wks. Of active neurons recorded for a full 5
min (n=17l), spike rates ranged from 0.03 to 9.9 Hz (mean = 2.5 Hz). Most
cells fired in an irregular or episodic pattern, but 5% had a bursting pattern
and 8% fired regularly (interspike interval C.V. < 05). The proportion of
regular cells increased from 0% at 1 and 2 days to 20% at 3 wks. Firing rate
and pattern were not related to cell size, shape, or number of processes.
Long-term multielectrode recordings of spontaneous action potentials
were obtained from neurons cultured for 1-2 wks on glass plates containing a
flat array of 61 microelectrodes. Firing rates of some but not all individual
neurons exhibited clear circadian rhythms with periods of nearly 24 hrs.
Typically, these cells were virtually silent for many hours, before firing
rate abruptly increased to near maximal levels at a consistent time each
day. Within a culture, cells expressing circadian rhythms showed no short-

term firing synchrony. The phase of the circadian rhythm varied among
cultures and, in one case, among different cells within the same culture.

Earnest*. M.J. Gallagher and B. Harvev. Dept. of Neurobiology &
Anatomy, Univ. of Rochester Sch. of Med., Rochester, NY 14642.
Retroviral transfer of an immortalizing oncogene into primary cultured
cells derived from the presumptive anlage of the rat suprachiasmatic
nucleus (SCN) has yielded continuous cell lines. A stable component
of these lines is characterized by differentiation into cells that exhibit
phenotypic properties of adult SCN neurons. including the expression
and active secretion of neuropeptides found within the SCN in vivo.
To determine whether other distinguishing characteristics of parental
cells are retained by the immortalized lines. cells were examined
immunocytochemically for expression of specific glutamate receptor
(GluR) subtypes that may play a role in mediating the
photoentrainment of the SCN circadian pacemaker and may serve to
distinguish cell populations in functionally-distinct subfields of the SCN.
The majority of immortalized cells in confluent cultures displayed
immunostaining with an antibody recognizing the C-terminal sequences
of the GluR2 and GluR3 subunits. Expression of GluR2/3 was not
restricted to cells with a specific morphological phenotype, although
immunoreactive cells were predominantly characterized by neuronal,
rather than glial, properties. Both neuron- and glial-like cells exhibited
patterns of immunostaining in which GluR2/3 expression was either
localized to small patches along the cell membrane or uniformly
distributed throughout the cytoplasmic compartment of the cell body.
These results provide further evidence that immortalized cells retain
many of the distinctive characteristics of SCN cells in vivo. The
functional behavior of GluR expressed by these lines will be explored
in future experiments by examining the effects of Glu agonists on the
expression of immediate-early genes and circadian rhythms by
immortalized cells.

197.7

197.8

CHARACTERIZATION OF p56, A PROTEIN ASSOCIATED WITH CIRCADIAN
MELATONIN PRODUCTION IN CHICK PINEAL CELL CULTURES. J.C.
Florez* and J.S. Takahashi. NSF Center for Biological Timing and Department of
Neurobiology and Physiology, Northwestern University, Evanston, IL 60208.
The circadian oscillator in dissociated chick pineal cultures and the circadian
rhythm of melatonin production in these cells both require daily de novo protein
synthesis at specific circadian intervals. Therefore, we have undertaken a twodimensional polyacrylamide gel electrophoresis screen of proteins that are
synthesized at different times of the day in chick pineal cell cultures.
Four-hour pulses of 35S-methionine (200 pCi/ml) were administered to dissociated
chick pineal cultures throughout the day, both in light: dark (LD) and constant dark
(DD) conditions. For pharmacological experiments, drug pulses were administered
simultaneously. Triplicate samples were collected at the end of the labeling period,
and loaded onto two-dimensional gels. Three different exposures of each dried gel
were obtained, calibrated and analyzed using the PDQUEST program. Melatonin
output was monitored simultaneously in parallel wells for every experiment.
We have identified a 56 kDa, pi 6 protein whose synthesis parallels the rhythm in
melatonin production. Protein p56 undergoes a twenty-fold oscillation in LD,
reaching a peak immediately following lights-off and falling to minimal levels soon
after lights-on. The oscillation is maintained, with a reduced amplitude, in the second
dayofDD. The rhythm in p56 synthesis can be entrained by light. Agents that
elevate cyclic AMP induce the synthesis of p56, whereas acute light or pulses of
drugs that reduce cyclic AMP levels both suppress p56 synthesis. Similarly, p56
synthesis is increased by higher [Ca2+]j and decreased by lower [Ca2+]j. Protein
p56 seems to be under direct control of the chick pineal circadian oscillator, and may
be involved in the melatonin biosynthetic pathway.
Supported by predoctoral NRSA MH10189 to J.C.F., and MH39592, MH41211 and
NSF STC-8920162 to J.S.T.

NUCLEAR ENTRY OF THE PERIOD PROTEIN IS CIRCADIAN
REGULATED. Kathryn D. Curtin. Michael Rosbash*. Biology
Department, Brandeis University. Waltham, MA 02254 *
The period (per) gene in Drosophila plays a central role in generation
of circadian rhythms. Mutations in per can abolish (per 01), lengthen
(per^), or shorten (per s) free running rhythms. Both per mRNA and
per protein (PER) cycle in a circadian fashion. Western blot analysis
and RNase protection experiments show that PER and per mRNA
cycle with different phases and that PER negatively regulates its own
mRNA levels in transgenic animals. Consistent with experiments that
indicate that PER participates in the regulation of its own transcription,
PER is a predominantly nuclear protein that shares homology with three
known transcription factors in a domain (PAS) that has been shown to
mediate dimerization.
Immunohistochemistry was used to examine PER distribution as a
function of time in neurons in the central brain of Drosophila that are
suspected to be key pacemaker neurons. Nuclear entry of PER in these
neurons occurs in a circadian regulated fashion. PER protein
accumulates in the cytoplasm of these neurons for several hours and
subsequently enters the nucleus during a defined time window, per
mRNA cycling, and more general negative feedback/oscillator
considerations, require a time delay between PER synthesis and PER
function. We suggest that the lag in nuclear entry provides such a
delay and contributes to per mRNA as well as PER protein cycling.
Lastly, more recent data indicate a role for protein dimerization in
regulating nuclear entry of PER.

197.9

197.10

WHEELS (Whl), A NOVEL NEUROLOGICAL/BEHAVIORAL
MUTATION IN THE MOUSE. P. M. Nolan*1. P. SollarsM. B.
Bohne5. M. Bucan1’3. and G.E. Pickard1’2^. Departments of
Psychiatry1, Neuroscience2 and Genetics3, and Center for
Sleep and
Respiratory Neurobiology4, Univerity of
Pennsylvania, Philadelphia, PA 19104, and Department of
Otolaryngology5, Washington University, St Louis, MO 63110.
A (semi)dominant mouse mutation with altered circadian
behavior was identified among the progeny of chemically
mutagenized mice. In addition to altered circadian behavior
(lengthened period) the mutant mouse and its progeny
exhibited circling behavior, abnormal sleep patterns and

QUANTITATIVE TRAIT LOCI FOR A CIRCADIAN PERIOD AND THE
DIFFERENCE BETWEEN PERIOD IN THE DARK AND PERIOD IN CONSTANT LOW LIGHT IN MICE Aimee R. Maveda. John R. Hofstetter and
John I, Numbemer. Jr.* Dept. Veteran Affairs, R. L. Roudebush Med. Ctr.
and Institute of Psychiatric. Res., Indiana U., Indianapolis, IN 46202
Quantitative trait loci (QTL) are chromosomal sites containing alleles influencing traits continuously distributed among offspring. The first step in

morphological anomalies of the inner ear.
The genetic
analysis and mapping of the mutant locus was initially
hindered by the complex pattern of its inheritance and its low
penetrace.
In order to obtain a tentative chromosomal
location of the mutant locus in the mouse genome, we took
advantage of the availability of partially congenic lines
obtained by transferring the original mutation (BALB/c) to a
different inbred (C57BL/6J) background. A primary genome
scan, performed using highly polymorphic microsatellites,
indicated that the chromosomal region in the centromeric
portion of mouse chromosome 4 retained BALB/c DNA in 19/20
affected N-3 mice. The mutant locus has been further mapped
to the subcentromeric region of mouse chromosome 4, using
the additional microsatellites and gene loci, Oft-7, Tsha and

Gabrrl.
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finding QTL for the circadian period (x) involved measuring x in a panel of
26 BXD recombinant inbred (Rl) strains. Jackson Labs derived these Rl
strains by inbreeding offspring of a cross between C57BLV6J (B) and
DBA/2J (D) inbred progenitor mice. We compared the pattern of strain differences in x among the BXD strains with a large data base of genetic
markers, each genotyped in the Rl strains. This correlation generated the
chromosomal map sites of candidate QTL. Fourteen candidate QTL for
the x of locomotor activity monitored by photobeam crossings came
through a non-stringent screen. To confirm each it was necessary to
measure x in the CXB Rl series derived from B and BALB/c (C) progenitor
mice and repeat the correlation. There were seven candidate QTL that
came through the CXB screen; one confirmed an association detected in
the BXD Rl strains. This points to a QTL in the Fcgr2/Sap region of chro-

mosome 1.
Using similar techniques we confirmed a QTL the for the difference

between x in DD and x in 10 lux of constant light. This QTL is near Junb
and Jund on chromosome 8.
This work was supported by a Dept, of Veteran Affairs Merit Review
Grant and a grant from the Indiana State Dept, of Mental K ialth.
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SINGLE-CHANNEL RECORDINGS FROM POTASSIUM CHANNELS IN
CIRCADIAN PACEMAKER NEURONS OF BULLA. K. Manivannan. S. Michel*
and G. D. Block. NSF Center for Biological Timing and Department of Biology,
University of Virginia, Charlottesville, VA 22903.
The circadian pacemaker in the eyes of the marine snail Bulla gouldiana
expresses a rhythm in the frequency of compound action potentials (CAP) in the
optic nerve. At the cellular level, isolated basal retinal neurons (BRNs) in culture
continue to express a circadian rhythm in membrane conductance. Recent wholecell patch clamp measurements of BRNs in culture revealed a calcium-independent
K+ conductance modulated by the circadian pacemaker. We are now studying this
K+ conductance at the single-channel level.
We show single-channel recordings from K+ channels in cultured BRNs before
dawn (ZT 19-21) and after projected dawn (ZT 3-5) utilizing cell-attached patch
recordings. The observation of at least two non-inactivating channels with
artificial sea water (10 mM K+) in the bath and pipette is consistent with the recent
findings of whole-cell recordings. An elevated concentration of potassium (560
mM K+) in the pipette increased the single channel conductances suggesting the
presence of K+ channels. Current-voltage relationships are obtained with both
normal K+ (10 mM) and high K* (560 mM) in the pipette. We are also
investigating the open probability and mean open time of these channels at
different times of the circadian cycle.
In addition to the cell-attached patches, we are presently attempting to use
outside-out patches and perforated-patch vesicles to study the pharmacology of
these channels. Our goal is to identify the type of modulation used by the
circadian pacemaker to change the membrane conductance at subjective dawn and
dusk. Supported by NSF Center for Biological Timing fellowship to KM and

DAILY AND CIRCADIAN VARIATION IN THE ELECTRORETINOGRAM
OF THE DOMESTIC FOWL: EFFECTS OF MELATONIN J Lu*, MJ Zoran.
VM Cassone. Department of Biology, Texas A&M University, College Station, TX
77843
Recent research in our laboratory indicates that the major sites of action of the
pineal hormone melatonin in birds reside primarily within the visual system (Lu
and Cassone, 1993). This has suggested that the circadian clock influences visual
function via melatonin secretion, but direct measures of visual sensitivity have not
been made. The present study determined whether visual sensitivity measured
electroretinographically (ERG) is circadian, whether this rhythm persists in
constant darkness (DD) and whether exogenous melatonin affects ERG
rhythmicity. In experiment 1, ERG was recorded in 7-week-old chicks following
a 10 Msec light flash (22 lumens/sec/cm2) every four hours in LD 12:12 and in
DD. In experiment 2, melatonin (10 Mg/kg) or saline was injected intramuscularly
at ZT10 (late afternoon) or at ZT18 (midnight), and ERGs were recorded before
the injection, and then 15 min, 30 min, 45 min, and 60 min following the injections.
In experiment 3, the effects of intraocular melatonin injection on ERG were
determined. As before, ERGs were recorded before the injections, and then 15
min, 30 min, 45 min, and 60 min following intraocular injections (600 pg/lO^l
melatonin or 10 m 1 saline). Our results indicate that ERG b-wave amplitude is
rhythmic and persists in DD with peak shifting from ZT10 in LD to CTO6 (midsubjective day) in DD, suggesting that the ERG rhythm is endogenously generated.
Intramuscular melatonin injection at ZT10 significantly decreased the b-wave
amplitude. These effects were not found at ZT18. Intraocular melatonin injection
did not affect the ERG. These data indicate that a circadian clock regulates ocular
sensitivity to light, and that melatonin may mediate this effect. Supported by
AFOSR 91-NL-0244to VMC.Lu and Cassone (1993) J. Comp. Physiol A 173:775

NS15264 to GDB.

197.13
AGING ALTERS THE RESPONSIVENESS OF THE HAMSTER
CIRCADIAN SYSTEM TO SEROTONERGIC INPUT. P.D.Penev*
F.W.Turek and P.C.Zee. Department of Neurobiology and
Physiology, Northwestern University, Evanston, IL 60208.
Several lines of evidence indicate the involvement of
serotonergic mechanisms in the phase control of the circadian
pacemaker by external zeitgebers. The responses of the
mammalian circadian system to both photic and non-photic
stimuli are dramatically altered during senescence and resemble
those of young animals treated with 5-HT neurotoxins. This
study examined the hypothesis that aging is associated with
impaired phase-resetting of the hamster circadian clock by 5-HT
mechanisms.
The circadian wheel-running activity rhythm of young (10-14
wks old, n=12) and old (16-18 mo old, n=ll) male golden
hamsters was continuously monitored with an on-line computer
in constant darkness for 7-14 days before and after a single
(+)8-OH-DPAT injection (Sigma, 2 mg/kg i.p.) given at CT 8.
Under the same conditions, 6 additional young animals received
a vehicle injection. The 8-OH-DPAT-induced phase advances in
the circadian activity rhythm of the young animals (43
5 min)
were significantly larger (p < 0.05) than the corresponding
phase shifts in the old hamsters (8 ± 5 min) and. the young
control group (6 ±4 min). These findings suggest that aging is
associated with a reduction in the responsiveness of the rodent
circadian system to serotonergic input, that might affect the
synchronization of the circadian pacemaker with external
zeitgebers and the activity/rest state of the organism.
EXCITATORY AMINO ACIDS:

EXCITOTOXICITY IV
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FLUPIRTINE PREVENTS APOPTOSIS INDUCED IN RAT
CORTICAL CELLS BY NMDA AS WELL AS BY GP120 OF
HIV-1.
W.E.G.
Muller.
S.
Perovic.
C.
Schleqer.K. Behrend* and G.
Peraande.
Inst.
Physiol. Chemie, Univ., 55099 Mainz, Germany.
Flupirtine, a triaminopyridine derivative,
is
a non-opiate centrally acting analgesic
agent with muscle relaxant properties. This
effect might be mediated via antagonism at the
NMDA receptor. We show that this drug displays
a potent cytoprotective effect on rat neurons
treated with the excitatory amino acid NMDA or
with the HIV-1 coat protein gpl2O.
In the
absence of the drug the two agents cause a >
90% reduction of cell viability after a 18 h
incubation. During this period DNA in the cells
undergoes fragmentation and shows the typical
pattern of apoptosis.
If the neurons were
preincubated with Flupirtine [> 10 ^M] for 2 h
and
subseguently
exposed
to
the
cytotoxic
agents
an
almost
complete
protection
was
achieved.
Due to the
fact that Flupirtine
displays almost no clinical side effects and in
light of the data presented here, Flupirtine
may be a promising drug also for the treatment
of NMDA-mediated neurodegenerative disorders in
general and for the treatment of AIDS-related
encephalopathy in particular.

HIV-1 COAT PROTEIN gpl2O STIMULATES HUMAN
MACROPHAGES TO RELEASE L-CYSTEINE, AN NMDA
AGONIST. Michael W. Yeh*. Hans L.M. Nottet. Howard E.
Gendelman. and Stuart A. Lipton. Dept. of Neurology, Children's
Hospital, Program in Neuroscience, Harvard Med. School, Boston, MA
02115 and Univ. of Nebraska Med. Ctr., Omaha NE 68198.
Recent evidence suggests that soluble neurotoxins are produced by
monocytoid cells either infected by HIV-1 or stimulated by the virus'
envelope glycoprotein, gpl2O (Dreyer et al. Science 1990; Giulian et al.,
Science 1990, PNAS 1993; Pulliam et al., JCI 1991; Lipton et al.,
Neuron 1991; Genis et al., J Exp Med, 1992). In some cases, these
neurotoxins have been characterized as small (<5OO Da), heat-stable,
protease resistant molecules, whose action is prevented by NMDA
antagonists. In this study, we report one such candidate neurotoxin, Lcysteine. We show that this amino acid, which is a bicarbonate-sensitive
NMDA agonist, is released by cultured human macrophages stimulated
with gp^^O. Human monocytes were isolated from peripheral blood
mononuclear cells (PBMC) isolated by leukapheresis and purified by
centrifugal elutriation. Adherent monocyte cultures were stimulated to
differentiate with recombinant human macrophage colony stimulating
factor. The macrophages (lfml) were then stimulated with 200 pM
gpl2O. The cysteine concentration in the acid-soluble fraction of the
culture supernatant was assayed by a colorimetric method at various time
points. The acid-soluble cysteine concentration rose steadily over the
course of one week, reaching levels of 160 gM (200% of control, «=6).
This concentration approximates neurotoxic levels under physiological
conditions (Olney et al., Science 1990). Therefore, our results suggest
that cysteine may contribute to HIV-related neuronal damage.
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MACROPHAGE QUINOLINATE PRODUCTION

PHOTOCHEMICAL OXIDATIVE STRESS IN PRIMARY CULTURES OF CEREBELLAR
GRANULE NEURONS CAUSES APOPTOSIS: PROTECTION WITH MELATONIN. R
Manev. C. Atabav. E-Kharlamov. DA .Grayson. S. Ikonomovic*. D.M. Armstrong, and
C.M. Caonoli. Allegheny-Singer Research Institute, Medical College of Pennsylvania,
Pittsburgh, PA 15212
Oxidative stress is recognized as a common event in excitatory amino acid-mediated
excitotoxicity and in apoptotic cell death. Apoptosis can be triggered when neurons
respond to injury (including excitotoxic injury), and it is associated with DNA
fragmentation. To study the role of oxidative damage in neuronal apoptosis we
developed a new model of oxidative stress in primary cultures of rat cerebellar granule
neurons. Cultures are incubated for 15 min with a photosensitive dye, rose bengal. After
the dye is removed from the medium, neurons are exposed to a pulse of light from a
specially designed light source (BICO, Olympus Danmark A/S). The interaction of the
light with the membrane-bound and intracellular rose bengal generates oxygen singlets
that cause oxidative damage. We have measured the following: MTT staining (reflecting
the metabolic activity of the mitochondria; Neuropharmacology 1990, 29:1103); trypan
blue exclusion (reflecting the membrane integrity; Sigma): and in situ DNA fragmentation
(reflecting apoptosis; ApopTag kit, Oncor). Up to 120 min after exposure to light (0.5 sec
to 10 min), fewer than 15% of the cells are stained with trypan blue, yet by 4 hrs more
than 80% of neurons are stained. However, we found evidence for DNA fragmentation in
more than 20% of cells as early as 90 min after cultures were exposed to light. MTT
staining was substantially diminished within the first few minutes. Melatonin is a potent
endogenous hydroxyl radical scavenger (Endocrine J, 1993,1:57), and it is capable of
protecting neurons from kainate excitotoxicity (Gusella et al., this meeting). Both
melatonin and vitamin E were neuroprotective in our model. This model can be used to
study the mechanism of oxidative stress-triggered neuronal apoptosis, and it may help in
discovering new targets for neuroprotective drugs.
(Supported by ASRI grant 95-013-1P).

FOLLOWING CYTOKINES IS REDUCED BY HIV-1

INFECTION E.M. Flanagan, H.S.L.M. Nottet H.E.
Gendelman and T.F. Reinhard, Tr* The Wellcome Research
Labs., Research Triangle Park NC 27709 and Depts. of Pathology
and Microbiology, The U. Nebraska Med. Center, Omaha NE
The neurotoxin quinolinic acid (QUIN) is elevated in brain in the
dementia resulting from infection with the human
immunodeficiency virus type-1 (HIV-1). Macrophages are known
to make quinolinate in response to inflammatory cytokines, e.g.
interferon-y (IFN). The present studies were undertaken to
determine whether the infection of macrophages by HIV-1 or
cytokine stimulation was responsible for the increase in brain
QUIN observed in AIDS. Cultures of elutriated, human monocytederived macrophages were infected with HIV-1 in the presence and
absence of either bacterial lipopolysaccharide (LPS) or IFN.

Uninfected, sister cultures were similarly tested. At various times
following the treatments, media QUIN was measured using gas
chromatography-mass spectrometry. Media QUIN was slightly
increased by HIV-1 infection, alone. However, the increase in
QUIN was far greater when the cells were exposed to either LPS or
IFN. On exposure to LPS or IFN, QUIN production by infected
cells was approximately half that of uninfected cells. In co-cultures
of astrocytes and macrophages astrocytes did not affect the
alterations in QUIN. In the co-cultures, LPS increased QUIN and
the increase was also less in infected cells. Thus, the large
increases in QUIN, seen in HIV dementia are not likely due to viral
infection of macrophages but to the associated cytokine alterations.

198.5

198.6

EFFECT OF METABOTROPIC GLUTAMATE RECEPTOR AGONISTS ON
EXCITOTOXIC AND APOPTOTIC CELL DEATH IN MURINE CORTICAL
CELL CULTURE. A. Buisson*. S.P. Yu and D.W. Choi. Dept, of Neurology and
Center for the Study of Nervous System Injury, Washington Univ. School of
Medicine, St. Louis, MO 63110.
Various metabotropic glutamate receptors (mGIuRs) are positively coupled to
phosphoinositide hydrolysis (mGluRl or 5) or negatively coupled to adenylyl
cyclase (mGluR2, 3, 4, 6). The mGluR agonist tACPD reduces rapidly-triggered
excitotoxicity in cortical cultures (Koh et al., PNAS 88: 9431, 1991). Consistent
with a recent study by Bruno et al. (Eur J Pharmacol 256: 109, 1994), we found that
preferential activation of mGluR2/3 with 100 pM L-CCG-1 or 10 pM DCG-IV
(kindly provided by H. Shinozaki) partially reduced cortical neuronal death induced
by a 5 min exposure to 200 pM NMDA . Supporting the idea that mGluR- (and
hence G protein-) mediated inhibition of cAMP formation underlies the antiexcitotoxic action of DCG-IV, this action could be blocked by preincubation (24 hr)
with pertussis toxin or by coapplication of 500 pM dibutyryl-cAMP. Some of the
protective effect of DCG-IV may be due to reduction of NMDA-induced whole cell
current (about 50% reduction with 10 pM DCG-IV).
We also studied the effect of DCG-IV on two putative apoptosis neuronal deaths:
that induced by staurosporine (J. Koh et al., elsewhere this meeting) and that
induced by glucose deprivation in the presence of 10 pM MK-801 and 30 pM
CNQX (B. Gwag et al., elsewhere this meeting). These neuronal deaths are
associated with cell soma shrinkage, and can be attenuated by 1 pg/ml
cyclohexamide. Coapplication of NMDA antagonists potentiated the staurosporineinduced death. 0.1-10 pM DCG-IV produced a concentration-dependent
neuroprotective effect in both of these paradigms. Thus activation of metabotropic
glutamate receptors negatively linked to adenylyl cyclase may attenuate both
excitotoxic and apoptotic neuronal deaths. Supported by NIH NS 30337.

ACTIVATION OF THE METABOTROPIC GLUTAMATE RECEPTOR
IN CELL CULTURE IS PROTECTIVE DURING ANOXIA AND
NITRIC OXIDE TOXICITY. K. Maiese*. R. Greenberg, and L. Boccone,
Dept. of Neurol, and Neuroscience, Cornell Univ. Medical College, NY, NY 10021
Glutamate receptor activity and the generation of nitric oxide (NO) may
mediate hypoxic induced neuronal cell death. Activation of some metabotropic
glutamate receptors subtypes during focal ischemia (Chiamulera, et al. Eur J
Pharmacol 216: 335-336, 1992) or inhibition of nitric oxide (NO) synthesis (Maiese,
et al. J Neurosci 13: 3034-3040, 1993) during anoxia can independently increase
neuronal survival. To further explore the protective effects of metabotropic glutamate
receptors, we examined whether modulation of metabotropic glutamate receptor
activity altered hippocampal neuronal survival in culture during anoxia or NO
exposure. Approximately 20-30% of hippocampal neurons survive following an eight
hour period of anoxia (95% N 2, 5% CO 2) or a five minute exposure to 3OOjiM of the
NO generator sodium nitroprusside (SNP). Pretreatment with the metabotropic
glutamate receptor agonists fr<m>-ACPD, lS,3R-ACPD, and L-AP4 (lOpM-UDOpM)
one hour prior to anoxia or NO exposure increased hippocampal neuronal cell survival
to 65+10% (n=l5, p<0.001), with the maximum survival observed at doses of 25OpM
or greater. In addition, posttreatment with lS,3R-ACPD or L-AP4 up to 6 hours
following a NO insult significantly attenuated neuronal degeneration. In contrast,
treatment with L-AP3, an antagonist of the metabotropic glutamate receptor, did not
significantly alter neuronal survival during anoxia or SNP administration
(survival=25+9%, n=l5, p<0.001). Our results demonstrate that activation of
metabotropic glutamate receptors is protective during anoxia and NO toxicity. In
addition, a "window of opportunity" exists for protection against anoxic induced NO
toxicity since activation of metabotropic glutamate receptors following NO exposure
can increase neuronal survival. Further study of the mechanisms of protection by
metabotropic glutamate receptors during ischemia may direct future therapy for
cerebrovascular disease.

198.7

198.8

TWO CYTOSOLIC FORMS OF PLA2 IN CORTICAL CULTURES:
GLUTAMATERGIC UPREGULATION OF ENZYME ACTIVITY. DK KlM. WJ
Koroshetz
. G Rordorf . JV Bonventre
* . Stroke Program , Medical and
Neurology
Services , Massachuset
ts General
Hospital , Harvard
Medical School , Boston M a . 02114

THE ROLE OF GLUTAMATE TRANSPORTER SUBTYPES
(EAAC1, GLT-1, AND GLAST) IN CHRONIC GLUTAMATE
TOXICITY. JD Rothstein* and RW Kuncl. Johns Hopkins Univ.. Dept.

Phopholipase A2 (PLA2) >8 a family of enzymes which deacylates
phospholipids at the sn-2 position and releases arachidonic add (AA) from
membrane lipids. Glutamate-receptor activation releases AA from brain
tissue which then alters glutamate uptake, release, and receptor sensitivity.
Two Ca2+- and pH- dependent forms of PLA2 were identified in cytosolic
extracts from 2 week old neuronal cultures plated from postnatal day 1 rats.
One form had chromatographic characteristics on Heparin-Sepharose, Mono
Q and Superose 12 columns similar to the doned 100 kDa cytosolic PLA2.
This large form was recognized by an antibody raised to porcine spleen 100
kDa PLA2. The second form was similar in size to groups I and H PLA2's
but differed in chromatographic characteristics, was not inhibited by
dithiothrdtol and did not react with antibodies that recognize group I and
group II PLA2. The* features suggest that this is a novel 14 kDa form of
PLA2, The activity of both forms was increased by treating cultures with
glutamate (50-125 uM) prior to preparation of the cell homogenate. After
treating cultures with glutamate, the small form demonstrated activity at
lower Ca2+concentrations indicating that activation of the enzyme enhances
its Ca2+ sensitivity. These data demonstrate that the activity of two distinct
forms of PLA2 can he modulated by robust glutamatergic stimulation. This
stable activation of both forms of PLA2 may be important in mediating
neurotransmission
and/or
exdtotoxidty.
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pf Neurology. Baltimore. MD 2I287,

Experiments using tissue homogenates and cultured cells have indicated
that neurons and astrocytes are capable of high-affinity, sodiumdependent glutamate transport.
Recently three sodium-dependent
glutamate transporters were cloned, GLT-1, EAAC1, and GLAST.
Immunocytochemical analysis reveals that GLT-1 is present in astroglia,
GLAST is localized to astroglia and some neurons, whereas EAAC1 is
selectively localized to neurons. Chronic inhibition of glutamate
transport, by pharmacological blockade of all glutamate transporters, has
been shown to produce a slow loss of motor neurons in organotypic
cultures. To investigate the independent role of specific transporters in
chronic glutamate toxicity, we used antisense oligodeoxynucleotides
(ODN) to inhibit synthesis of each transporter. Antisense and sense
ODN (5gM) for EAAC1, GLT-1, or GLAST were added to organotypic
spinal cord cultures for up to 1 month. GLAST antisense ODN produced
a complete loss of the protein over 4 weeks in culture, with no associated
motor neuron toxicity. A 50% loss of GLT-1 protein after 4 weeks in
culture produced a 50% loss of motor neurons. In vivo studies using
antisense inhibition of each transporter subtype are in progress. These
experiments suggest that certain glutamate transporters subtypes are more
important in protecting neurons from chronic glutamate toxicity.
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NICOTINE MODULATES NMDA STIMULATION OF PRO-SOMATOSTATIN
mRNA EXPRESSION OF HIPPOCAMPAL NEURONS IN CULTURE:
EFFECT OF AMYLOID BAA FRAGMENT(25-35).
A.T. Urn* & Q.Jian.
Cell Biology Unit, Mental Health Res. InSt, Victoria, Australia 3052.

Increasing evidence now suggests that in Alzheimer's disease, somatostatin
(SS) neurons in the hippocampus are preferentially and adversedly affected.
These SS intemeurons receive cholinergic and glutamatergic innervations from
the basal forebrain and the neocortex respectively. We have examined possible
interaction of these two systems and the effect of amyloid BAA fragment(25-35)
on the function of SS hippocampal intemeurons. Employing long term monolayer
cultures of primary hippocampal neurons prepared from neonatal rats, we report
here that nicotine and NMDA act in conjunction to augment the expression of proSS mRNA; furthermore, this stimulation was found to be modulated by amyloid
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Neuroprotectant

(+)7-Octylindolactam

v

binds

to

the

DIACYLGLYCEROL RECOGNITION SITE OF PROTEIN KINASE C.

Nair* and J.C.Lehmann Dept. Neurosurgery,
Hahnemann University School of Medicine,
Philadelphia PA.

&

(+)7-Octylindolactam V (7-OIL) the biologically

inactive enantiomer of a protein kinase C activator, has
previously been reported to be neuroprotectant in
primary cortical cultures. In this study (+)7-OIL (0.3, 1.0

nmol) was found to protect against decreases in choline

Following 6 days in culture, immunocytochemistry
revealed that approximately 18% of the cells stained positive for specific neuronspecific enolase (NSE), 40% for GFAP, 3% for galactocerebroside and 30% for
fibronectin. Among the NSE positive cells, about 1 to 2% stained for pro-SS
mRNA as ascertained by colorimetric in situ hybridization through employing
antisense oligonucleotide probes complementary to 10 amino add residues of
SS. In cultures treated with NMDA, the expression of pro-SS mRNA was
augmented in a time-dependent and dose-related manner with an ED50 of KT*M
and Emax of lO^M as determined by colorimetric Northern blot analysis.

acetyltransferase and glutamic acid decarboxylase activity
induced by kainate (5 nmol) when co-microinjected

Whereas nicotine alone produced similar stimulatory effect, high concentration of
nicotine (10~®M) in the presence of lO—M of NMDA markedly suppressed the

diacylglycerol site of protein kinase C. [Supported by MH
49898 and Layton Bioscience. The NIMH/NOVA
screening service is gratefully acknowledged.]

BAA fragments(25-35).

expression of pro-SS mRNA. This suppression was further exacerbated by the
concurrent incubation with BAA fragment(25-35). Our findings suggest that
cholinergic and glutamatergic inputs may interact to modulate the function of SS
intemeurons in the hippocampus and that this interaction may produce deleterious
effect in the presence of amyloid BA4 fragment(25-35).

intrastriatally. The receptor binding profile of (+)7-OIL

was performed (in 37 assays), with activity noted at a

number of sites, in particular, at diacylglerol binding
sites at which (-)7-OIL is thought to activate protein
kinase C. The neuroprotective properties of (+)7-OIL are
tentatively ascribed to antagonistic action at the

198.11
INHIBITION OF CALCIUM/CALMODULIN-DEPENDENT
PROTEIN KINASE-H ATTENUATES EXCITATORY AMINO
ACID MEDIATED) NEURONAL CELL DEATH.
I. Haiimohammadreza . A.W. Probert. L.L. Coughenour, S.A. Boroskv. P.A. Boxer,
F.W. Marcoux and K.K.W. Wang. Department of Neuroscience Pharmacology, ParkeDavis Pharmaceutical Research, Division of Warner Lambert Co., 2800 Plymouth
Road, Ann Arbor, MI 48105, USA.
Glutamate neurotoxicity mediated through either NMDA or non-NMDA receptors
is in part governed by an excessive increase in [Ca2+];. One consequence of such
elevations in neuronal free calcium is activation/overactivation of many cytoplasmic
enzymes, such as calcium/calmodulin-dependent protein kinase-II (CamK-II).
We examined the ability of KN-62, a cell permeable and specific inhibitor of
CamK-II to protect rat fetal cerebrocortical cultures against: (a) glutamate, NMDA,
AM PA and kainate induced toxicity, and (b) oxygen and glucose deprivation-induced
neuronal death. Treatment of cultures with KN-62 (1 & 5p,M) produced a highly
significant neuroprotection against both routes of insult. This was reflected by a > 50 %
reduction in the amount of A(?a2+ uptake and LDH released in cultures. Other kinase
inhibitors such as calphostin-C, genistein, compound-5, K252a, and a calmodulin
antagonist (calmidazolium) did not provide such protection using the same paradigm.
KN-62 (lpM) had no effect on the NMDA (glutamate, glycine & TCP) or non-NMDA
(AMPA & kainate) receptor binding in rat brain membranes. However 5pM of KN-62
slightly affected glutamate and TCP binding. Furthermore, in FURA-2 loaded neurons,
KN-62 significantly reduced NMDA induced elevation in total [Ca2+];.
Our data show that the CamK-II specific inhibitor KN-62 provides a robust
protection against excitatory amino acid (EAA) neurotoxicity in rat cortical culture. We
speculate that sustained glutamate receptor activation in EAA toxicity is regulated in
part by CamK-II mediated phosphorylation.
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199.2

Synaptic currents evoked by stimulation of individual synaptic boutons of cultured
hippocampal neurons. G. Liu* and R.W. Tsien. Dept. of Mol. Cell. Physiol., Stanford
CA 94305
We have studied synaptic currents generated by transmitter release from single
boutons, using a combination of electrical and optical recording methods. Excitatory
synaptic currents were monitored with whole cell recordings from cell bodies of
hippocampal pyramidal cells (2-3 day postnatal rats, neurons kept in culture 9-15
days). Staining with the styryl dye FM-143 allowed visualization of single boutons and
the occurence of vesicle turnover (Ryan et al., Neuron). Global depolarization with 7090 mM K+ caused destaining, an effect blocked by 10 pM Cd2+. In the absence of

THE QUANTAL UNIT AT THE RETNOGENICULATE SYNAPTIC CONNECTION DETERMINED FROM SPONTANEOUS AND EVOKED EPSCs.
O . Paulsen* and P. Heyyelnnd. Dept. of NeurophysioL. Univ. of Oslo, Oslo, Norway.

tetrodotoxin, local electrical stimulation evoked EPSCs and also caused FM-143
destaining of a presynaptic axon. In the presence of TTX, focal electrical stimulation
caused localized destaining of 1-4 boutons. For most studies, we stimulated one or
more boutons by local application of high K+ plus 0.5-2 mM Ca2+ while the bulk of
cell was bathed with TTX and 0.2 mM Ca2+ to restrict synaptic activity to the locus of
stimulation. The incidence of synaptic currents was very low in the absence of
stimulation, grew progressively during the high K+ pulse, and fell off sharply
following its cessation. With repeated high K+ pulses (0.6 s every 5 s), the number of

EPSCs per trial declined gradually from a peak to a much lower baseline (t~5-10
pulses), as expected for depletion of the pool of releasable, glutamate-containing
vesicles. The number of EPSCs associated with this depletion was typically —50-100
per stimulated bouton (n=6 cells). A 4-6 min rest period at room temperature was
sufficient to achieve complete recovery. In some experiments, the amplitude
distribution of the evoked EPSCs included a prominent first peak at 7-9 pA (-70 mV),
with a small tail skewed to higher amplitudes. We have the impression that the larger
events disappear when release probability declined with repeated trials. This approach
is promising as a means of gaining information about kinetic properties of transmitter
release and postsynaptic responses at individual synapses.
This work was supported by grants from NIH and NIMH (R.W.T.)
SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

It has been difficult to determine die quantal unit of excitatory synaptic transmission
in the brain from combined analysis of spontaneous and evoked synaptic events as
was dote at the neuromuscularjunction (del Castillo & Katz, 1954). We studied spontaneous and evoked fast excitatory postsynaptic currents (EPSCs) of voltage-clamped
neurons in the dorsal lateral geniculate nucleus in thalamic slices from guinea-pig, in
the presence of bicuculline and DL-2-amino-5-phosphonovaleric acid.
Electrical stimulation of the optic tract evoked an EPSC with rise-time < 1 ms, linear
current-voltage relation, and a reversal potential near 0 mV. The EPSC was blocked
by non-NMDA receptor antagonists. The average conductance change evoked by
stimulation of a putative single input fibre varied between 770 and 4340 pS. For each
cell (n = 12) we observed spontaneous EPSCs with similar rise-time as the evoked
EPSCs. Their amplitude histograms were similar in the presence of 1 pM tetrodotoxin
(n = 5). To resolve quantal components of the evoked EPSCs the extracellular Ca2+
concentration was lowered until failures occurred (n = 4). We then observed stepwise
variation in the EPSC-amplitude resulting in multimodal amplitude histograms with
approximately equidistant peaks. The step size corresponded to the modal value of
spontaneous EPSCs recorded in the same' epoch. We estimated the quantal unit from
spontaneous EPSCs, and demonstrated that the amplitude distribution of the evoked
EPSCs in low Ca2+ could be well fitted by a set of Gaussians with mean and variance
corresponding to integral multiples of the values for the quantal unit. Thus, the quantal unit for spontaneous and evoked EPSCs were consistent The average quantal conductance change, was 175 pS and the coefficient of variation was 15%. The average
conductance, change evoked by the stimulation of a single input fibre in the control
condition corresponded to the release of 4-27 quanta.
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BACLOFEN
INHIBITION OF
PRESYNAPTIC GABA
RELEASE:
INVOLVEMENT OF CALCIUM CHANNELS. V. A. Doze*. G. A. Cohen, and
D. V. Madison. Department of Molecular & Cellular Physiology, Beckman Center,

Ca2+ REGULATED EXOCYTOSIS RESPONDS DIFFERENTLY

Stanford University School of Medicine, Stanford, California 94305-5426.

Several mechanisms have been implicated in GABAb receptor-mediated inhibition
of GABA release, including inhibition of calcium channels. We have used various
selective calcium channel antagonists to determine whether calcium channels are
involved in this process. Stimulus-evoked IPSPs and spontaneous miniature IPSCs
were recorded from pyramidal cells in area CA1 of adult rat hippocampal slices.
Baclofen potently reduced the amplitude of the evoked IPSP. Nifedipine (20 - 40
pM), had no effect on evoked IPSPs. Agatoxin IVA (20 nM), caused a slight reduction
in the IPSP, while the N-type antagonist w-Conotoxin GVIA (1 pM) significantly
reduced the evoked IPSP amplitude. Neither nifedipine nor agatoxin IVA caused a
change in the efficacy of baclofen-mediated inhibition of the evoked IPSP. However,
w-conotoxin seemed to reduce the efficacy of baclofen against the evoked IPSP.
Baclofen significantly reduced the frequency of the spontaneous miniature IPSCs
induced by raising the external potassium concentration. In addition, the high [K+]induced increase in miniature IPSCs was completely blocked by the non-selective
calcium channel blocker, cadmium, indicating that this increase in frequency of
miniature IPSCs is dependent on external calcium like the evoked IPSP. In the
presence of high external potassium, saturating doses of the N-type antagonist Zy
conotoxin GVIA (1-3 pM) significantly reduced the frequency of miniature IPSCs, and
attenuated baclofen's actions on these events.
These results suggest that baclofen inhibits GABA release by reducing the external
calcium influx and that a large portion of this is through voltage-dependent N-type
calcium channels in the presynaptic terminals of intemeurons.
Supported by grants from the NIMH (V.A.D.), the Howard Hughes Medical Institute
(G.A.C.), and the Markey Foundation (D.V.M.).

199.5

CALCIUM CURRENTS AND TRANSMITTER
THE CHICK MAGNOCELLULARIS SYNAPSE.

TO Ba2+ IN PEPTIDERGIC NERVE TERMINALS vs.

CHROMAFFIN CELLS. E.P. Seward. N. Chemevskava. M.C.

Nowvckv*. Dept. Anat. & Neurobiol., Med. Coll. Penn.,
Philadelphia, PA 19129.

Whole cell patch clamp recordings coupled with membrane capacitance
measurements (ACm) have revealed many similarities in the kinetics of Ca-

secretion coupling of large dense cored vesicles (LDCV). Here we
demonstrate differences between two preparations. Isolated
neurohypophysial (NHP) terminals and bovine chromaffin cells were
stimulated with trains of brief depolarizing pulses in 5 mM [Ca]0 or [Ba]0.
Ca-, but not Ba-, stimulated ACm responses are qualitatively similar in the
two preparations. In NHP terminals, Ba appears to be a less potent
equivalent for Ca, with smaller amplitude ACm jumps tightly coupled to
stimulation. In chromaffin cells, depolarizations also evoke small ACm

jumps coupled to Ba influx. However, the bulk (>60%, n=49) of the
response occurs as a slow (35 fF/sec), prolonged (-30 sec) rise in Cm,
decoupled from active cation influx. Ba-evoked Cm increases are not due to
Ca release from intracellular stores as they persist in 10 mM [EGTA]j and
thapsigargin. Immunohistochemical staining for dopamine-p-hydroxylase,
confirmed that catecholamine-containing vesicles were exocytosed in Ba.
Thus, Ba can substitute weakly for Ca in stimulus-coupled secretion in both
preparations. Chromaffin cells have an additional kinetically distinct
secretory pathway not found in NHP terminals, indicating diversity in
regulated exocytotic mechanisms of LDCV.

199.6

RELEASE AT

S. Stvaramakrishnan* and G. Laurent.
Biology Division,
California Institute of Technology, Pasadena, CA 91125.
We have used thin slices and whole-cell patch-clamp techniques to
determine the effect of the calcium channel toxins w-conotoxin
GVIA (w-CgTx GVIA), w-agatoxin IVA (w-Aga IVA) and nifedipine
on presynaptic calcium currents (lCa) and transmitter release at

the fast, glutamatergic synapse made by VIIlth nerve afferents on
the soma of Nucleus Magnocellularis neurons in the auditory
brainstem of the chick. Excitatory postsynaptic currents (EPSCs)
evoked by presynaptic action potentials are blocked by 30% by
200 nM w-Aga IVA. The remaining EPSC is blocked completely by
1-2 pM w-CgTx GVIA. Nifedipine does not affect the EPSC or the
presynaptic IcaThe whole-cell presynaptic lea activates at

-55 mV from a holding potential of -70 mV and shows little
inactivation during a 200 ms voltage step.
Calcium currents
evoked by 30-200 ms long voltage pulses are blocked by 20% by
w-Aga IVA. The remaining lea is blocked completely by 1-2 pM
w-CgTx GVIA. "Tail" calcium currents evoked by action potentiallike voltage ramps are blocked by 20% by w-Aga IVA and 55% by
0.5 pM w-CgTx GVIA.
These results suggest that, during a
presynaptic action potential, at least two kinds of calcium
channels are activated. About 20% of the presynaptic lea and
30% of the EPSC is blocked by w-Aga IVA, while 55% of the
presynaptic lea and 80% of the EPSC is sensitive to w-CgTx GVIA.

Supported by NIMH and the McKnight Foundation.

CELLULAR MECHANISMS FOR ADENOSINE-INDUCED
PRESYNAPTIC INHIBITION IN ENTERIC NEURONS.
C. Barajas-Ldpez*, and R. Espinosa-Luna, Department of Biomedical
Sciences, McMaster University, Hamilton, Ont L8N 3Z5, Canada.
In previous experiments it was shown that adenosine (Ado) inhibited
synaptic release of ACh by acting at Ai presynaptic receptors of
submucosal neurons. Here, we report the role of calcium and
potassium conductances in this presynaptic inhibition. Intracellular
recordings were made to evaluate the effects of several Ado analogs on
nicotinic excitatory postsynaptic potentials (EPSPs) in the submucosal
plexus. Whole-cell recordings were used to measure effects of these
substances on calcium currents in both myenteric and submucosal
neurons. We found that Ado inhibits EPSPs by acting on receptors
located in the nerve terminals. Ado inhibits voltage activated calcium
currents and EPSPs by acting at two indistinguishable receptors (Ai).
Staurosporine (3 pM, a protein kinase inhibitor) did not prevent these
Ado effects suggesting that they are not mediated by protein
phosphorylation. Pretreatment of these neurons with pertussis toxin
(200 nM/24 hours) blocked Ado actions on calcium currents but those

effects on EPSPs. Therefore, the inhibition of the calcium currents
cannot adequately explain this presynaptic inhibition. Pretreatment of
submucosal preparations with 300 pM 4-aminopyridine (4-AP; a
potassium channel blocker) largely prevented Ado inhibitory action on
the EPSPs. These results indicate that activation of a potassium
conductance, 4-AP-sensitive, could mediate Ado-induced presynaptic
inhibition of ACh release in the submucosal plexus. Supported by the

MRCcmd the Ontario Ministry of Health.
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OVEREXPRESSION OF SYNAPTOPHYSIN ENHANCES
NEUROTRANSMITTER SECRETION. J. Alder*. H. Kanki. F,
Valtorta#. P. Greengard+. and M-m. Poo. Dept. Biol. Sci.
Columbia U.,"n Y, NY 10027, #Dept. Med. Phann. S. Raffaele Sci.
Inst., Milan, Italy, 20132, +Lab. Molec. Cell. Neurosci. Rockefeller
U., NY, NY 10021.
We have investigated the role of synaptophysin, a major integral
membrane protein of the synaptic vesicle, in transmitter release by
overexpressing the protein in presynaptic neurons. Injection of in
vitro transcribed capped synaptophysin mRNA into one of the
early blastomeres of a Xenopus embryo resulted in elevated
synaptophysin expression in all the cells derived from the injected
blastomere including spinal neurons. At neuromuscular synapses
made by these neurons in cell culture, the spontaneous quantal
acetylcholine secretion showed a marked increase in frequency,
with no significant change in mean quantal size or rise time, as
compared to control synapses. The impulse-evoked synaptic
currents showed increased amplitude as well as reduced
fluctuation, delay of onset, and initial rate of tetanus-induced
depression. B-globin mRNA-injection had no effect on secretion,
indicating the specificity of the synaptophysin mRNA. These
results support an important role for synaptophysin in determining
the probability of vesicular exocytosis and/or the immediate
availability of synaptic vesicles for exocytosis. The latter could
reflect changes m vesicle stability, rate or recycling and/or rate of
mobilization to and docking at the active zone. The reduction in
the delay of onset further suggests a role for synaptophysin in the
final steps of exocytosis, e.g. formation of the fusion pore.

MOLECULAR CLONING AND CHARACTERIZATION OF BRAINSPECIFIC RAB GDI. N.Nishimura. and K.Sano*. Dept, of Pediatrics, Kobe
University School of Medicine, Kobe 650, Japan.
Rab GDP dissociation inhibitor (GDI) is a regulatory protein for Rab proteins that
controls not only the GDP/GTP exchange reaction of Rab proteins but also their
translocation between cytosol and cell membranes. Rab3A, a member of the rab
family, is implicated in neurotransmitter release from the presynapse. We have
proposed a possible mode of action of Rab3A, Rabphilin-3A, a putative target
protein of Rab3A, and Rab GDI in neurotransmitter release as follows. (1) The GDPbound Rab3A is complexed with Rab GDI and stays in synaptic cytoplasm. (2) Once
the GDP-bound Rab3A dissociates from Rab GDI, Rab3A is converted to the GTPbound form. (3) The GTP-bound Rab3A binds to Rabphilin-3A on the synaptic
vesicle, which is translocated close to the active zone. (4) When Ca is influxed,
proteins such as Rabphilin-3A and Synaptotagmin promote fusion of the synaptic
vesicle with the synaptic plasma membrane through their C2 domain. (5) During or
after fusion, the GTP-bound Rab3A is converted to the GDP-bound form. (6) The
GDP-bound Rab3A makes a complex with Rab GDI again and leave the synaptic
plasma membrane for the synaptic cytoplasm. Although Rab3A and Rabphilin-3A
are specifically enriched in brain, bovine Rab GDI is expressed ubiquitously. To
clarify the mode of action of Rab GDI in neurotransmitter release, we have attempted
to clone the brain-specific rab GDI cDNA. Two different rab GDI cDNAs, designated
a and P, have been isolated from rat and human brain cDNA libraries using bovine
rab GDI as a probe. Both rat Rab GDI a and P proteins expressed in E.coli showed
the similar degree of the activity of regulating the GDP/GTP exchange reaction to
that of bovine Rab GDI using Rab3A and Rabll as substrates. Northern blot
analysis revealed that rat rab GDI a mRNA was expressed specifically in brain
whereas rat rab GDI p mRNA was ubiquitously expressed. RT-PCR analysis revealed
that astrocytes expressed rab GDI P but not rab GDI a. These results indicate that
brain-specific rab GDI is involved in sorting of synaptic vesicles, whereas ubiquitous
rab GDI plays a general role in vesicular trafficking in diverse of types cells.
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DIFFERENTIAL PROTEIN-PROTEIN INTERACTIONS OF SYNAPTOTAGMIN
ISOFORMS WITH A NOVEL FAMILY OF PROTEINS
B. S. Hilbush* and J, I, Morgan.. Roche Institute of Molecular

DOCKED SYNAPTIC VESICLES ARE REDUCED IN
SYNAPTOTAGMIN MUTANTS OF DROSOPHILA. Norees E.
Reisi*. JoAss Buchadas. Anros DiAstasm nsd Thomns L. Schwarz.
Departmesl of Moleculnr nsd Cellulnr Physiology, Stadford
Usiversiiy, Sinsford, CA 94305.
Sydnptotagmtd is ns tdtegrae membrase proieis fossd is sysnpiic
vesicles ta chem^d sysnpses. Ii hns bees postulnted io medinie vesicle
docktdg nsd/or Ca++-sessidg duridg sydapetc t^ansmisstos. To nssess
wheiher sysaptoiagmid is isvolved is vesicle dockisg, fhe dtsiribuliod
of 30 sm sysnptic vesicles wns examtsed by electros microscopy ni
sysnpses is ihe cesirnl servoss sysiem of Dr^oph^ synaptotagmin
mutadis. Two syt muladl lises were ssed; n ssll msiniios (so
sydaplolagmtd proieis) nsd n poisi mulatiod wiih ose nliered nmiso
ncid. Boih were leihnl over n deficiescy. The syt ms^sis hnd fewer
30 sm sysnptic vesicles, yei ihese vesicles were iighily clssiered is ihe
vicidtiy of naive zoses. Despiie ihis clssierisg, ihe ssmber of 30 sm
vesicles immediniely ndjncesi io ihe naive zose membrase wns redsced
by ~6O-75%. This pool is likely io refleci ihe docked popslniios of
vesicles. The syt msinsis nlso exhibited ns iscrensed popslniios of
lnrge vesicles (>45 sm) is ihe serve iermisnls; ihese were seldom
ndjncesi io ihe nctive zose is eiiher cosirol or mansi lises. The fisdisg
ihni boih syt msintioss exhibited n lnrge decrense is ihe ssmber of
sysnpiic vesicles immediniely ndjncesi io ihe presysnpiic membrase
sspporis ihe hypoihesis ihni sydnploingmtd mny stabilize ihe vesicles is
ihe docked sinie.

Biology, Rcche Resenrc* Cesier, Nsiley, NJ 07110
The Cn2+-depesdesi release of sesroirnstmieier from sysnpeic vesicles
is n primnry poise of cosirol is sysnpiic iransmissios. Is sesross, the
sysnpiic vesicle proieis sysnpioingmis (Syi-1) hns bees proposed ns n
Cn2+ sessor nsd regslnior of vesicle dockisg nsd/or fssios renciioss,
nlihosgh iis precise role nsd ihe snisre of ihe isieractioss beiwees Syi-1
nsd oiher composesis of ihe relense process nre ssksows. Is ndditios,
ihe exisiesce of severnl Syi isoforms raises ihe posstbtltey ihni multiple
mechnsisms opernie is vesicslnr relense. Therefore, we hnve sosghi io
idesiify re^vesi proteis-proeeis isieraceioss occsrrisg wiih cyioplasmtc
domniss of Syi isoforms by employisg n yensi iwo-hybrid sysiem. A
yensi sirnis hnrborisg n LEXA-lncZ reporter wns iransfecied wiih

plnsmids expressisg hybrid proieiss cossisiisg of ihe LexA DNAbisdisg domnis fused io portioss of ihe cyioplnsmic regioss of Syi-1,
-2, nsd -3. A VPl6-tagged cerebellum cDNA expressios library wns

ihes isirodsced isio ihese reporter sirniss expressisg ihe Syi-LexA
cossirscis nsd ressltasi closes were nssessed for p-galnciostdase
nciiviiy. Asnlysis of positive closes is ihe Syi-3 screes tdeseifted n
ssmber of sovel, bsi relmed, proieiss ihni showed ssiqse specificiiy for
ihis divergesi isoform. Northers bloi nsnlysis revenled ih^ expressios

of ihe geses escodisg ihese proieiss wns soi resiricied io ihe servoss
sysiem. These dnin isdicnie ihni Cn2+-regslnied exocyiosis is likely io
isvolve molecsles ssiqse io membrase iraffickisg is sesross nsd oiher
secreiory cells ns well ns composesis commos io vesicle dockisg nsd
fssios evesis is mosi cell iypes.

199.11
A MODEL OF THE MOLECULAR MECHANISMS REGULATING
NEUROTRANSMITTER RELEASE. J.-S. Liaw*. M. Baudrv. G.A. Chauvet.
and T.W. Berger. Depts. of Biomedical Eng. and Biological Sciences, Program in
Neuroscience, University of Southern California, Los Angeles, CA 90089-2520
We used computer simulation to study the role of (i) presynaptic Ca2+ dynamics
and (ii) Ca2 + interaction with synaptotagmin in regulating neurotransmitter
release. Included in the dynamics were influx through voltage-dependent Ca2+
channels, intracellular diffusion and buffering, and transmembrane pumping. The
kinetic scheme for Ca2+ interaction with synaptotagmin assumed the existence of
two Ca2+-binding sites. Simulations of presynaptic responses to repetitive
depolarizations showed that an increase in single-liganded synaptotagmin after the
first depolarization is critical for the facilitation of release in response to repeated
stimulations. Furthermore, a model in which two Ca2+-synaptotagmin complexes
cooperatively trigger neurotransmitter release generates results that best match
experimental data. Due to the presence of residual single-liganded synaptotagmin,
persistent facilitation of release is predicted even when Ca2+ influx is
progressively reduced. The phenomenon that increasing [Ca2+]o decreases the
magnitude of paired-pulse facilitation has long been attributed to saturation of
Ca2+-related processes. However, a significant decrease in facilitation occurs
when [Ca2+]o is far below concentrations which saturate release mechanisms.
Simulations using our model demonstrated that after the first depolarization, the
concentration of single-liganded synaptotagmins returns to near equilibrium
regardless of the variation in [Ca2+]0- As a result, at higher [Ca2+]o there would
be a smaller relative increase to the second depolarization. The same effect should
be seen in other manipulations which alter the amount of neurotransmitter release,
such as variations in the amplitude of depolarization steps. Finally, simulations
show that the time course of neurotransmitter release slows as the distance
between calcium channel and the release site increases. Supported by NIA, ONR,
NIH Simulations Resource, NIH, and NIMH.
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200.2

IMMUNOCYTOCHEMICAL CHARACTERIZATION OF HUMAN
fetal
brain
cells
in culture
. N, Sszns Nndi*.MK ,Prnszaet^t,
S. Moodv. E, Q. MMor. and B. Chumpitazi, Children’s Res. Inss^Dpts.
Nesrol., PeVinerics., Phnrpncoe nsd Asni., George Wnshidglod Usiv.,
Wnshidglos DC., Lnb. Molec. Med. Nesrosci. NINDS, NIH, Beihesdn MD.;
nsd Grenier Wnshtdgtod Henlih Cir., Wnshidgtod DC.
The deurrchemicne, molecslnr biologic nsd morphologicd chnracterisiics
of Veveeoptdg hsmns brnis cells hnve soi bees well chnrnclerizeV. We hnve
bees nble io grow hsmns fetal brnis cells from gestatiodnl nges 17 io 22
weeks. The cells were grows os poeyeystde conied flnsks is misimnl
essesiinl med^m (MEM) codtatdidg 10% feinl cnlf seram nsd ndtibioeics.

EXPRESSION OF CELL-TYPE-SPECIFIC MARKERS IN EMBRYONIC, HUMAN
FOREBRAIN CELLS IN PRIMARY CULTURE. A. Mousa*. P. Almqvist1, H.
Pschera2 and A. Seiger. Dept, of Clinical Neuroscience, sections.for Geriatric Medicine
and Neurosurgery’, and Dept, of Obstetrics & Gynecology2, Karolinska Institute, S-171
77 Stockholm, Sweden.
Growth pattern and morphological differentiation of embryonic, human forebrain
cells in dissociated primary culture were studied by use of cell-type-specific markers.
Embryonic forebrain tissue, derived from elective, first trimester abortions, was
carefully triturated and plated on a semisynthetic substrate. Cells of 5 to 8 weeks of
gestational age were highly proliferative and migrated readily to form a "honey-comb"like growth pattern. Expression of neurofilament (NF) was detected in nests of slender
neurites of 5-week-old forebrain cells already within five days in vitro. In cultures of
7.5-10 week old forebrain cells, large, multipolar neurons could be detected within the
first days after plating. These neurons showed intense NF-immunoreactivity of both
somata and neurites. Neuronal processes extended during 3 weeks in culture to reach
several millimeters. The survival of these cells in dissociated cultures of embryonic
tissue older than 9 weeks of gestation, was significantly impaired.
Two distinct populations of supportive cells expressed glial fibrillary acidic protein
(GFAP). In newly established primary culture of 5-week-old forebrain tissue, spindel
shaped radial glia cells, strongly staining for GFAP, were sparsely distributed on a
confluent layer of weakly GFAP-positive, small, primitive, multipolar cells. The ratio
of radial glia cells to primitive cells increased with gestational age, as well as with time
in culture. In addition, the number of glial cells with astrocytic morphology increased
successively with gestational age. A subpopulation of these cells showed
immunoreactivity for the cytoplasmic, calcium-bindning S-100 protein.
The
developmental expression of GAP-43 in these cultures will be discussed.

The cells were simsed wiih ihe deuron-speciftc lubultd ndeiboVy Tsll nsd
glinl fibriUnry nadic proieis (GFAP). The morphologies of ihe sesr-oss
presesi is ihe cslisres ranged from smnll siellnie iypes io lnrger more
pyramids shnpeV oses. The deurods eedVeV io grow is clssiers nsd hnd
losg processes. The nsiroglin were observed io hnve sieUnie io irin^gslnr
morphologies, some wiih n few losg processes nsd oihers wiih mullipee
shorter processes. The cueeures were nlso simsed wiih nstibodies io GABA
nsd seroeosid (5HT). A ssbsei of smnll desrcdnl bodies were positive for
GABA. A smnll ssbsei of lnrge iri^gslnr shnped glin were positive for
5HT. Prelimmnry sesVies showed ihni glsinmic ncid ni 200 p,M wns ioxic
io ihese cslisres ns VeeermideV by lncinie VehyVrogednse nssnys. These
cells mny prove io be n vnlsnble sosrce for Vevelopmedtal si^ies of ihe
humnd brnis, ihe establishisg of specific ssbseis of deurcdnl cell lises for
1ransplade experimesis nsd ihe in vitro sindies of deurologic disorders.
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EXPRESSION OF HOMEOBOX GENES FROM THE ADULT GOLDFISH. M. Passini.
M. Hagel. E.M.Levine. A. Ganger. c. Fuchs. R. Druger and N.schechter. Dept
of Biochemistry and cell Biology; Dept. of Psychiatry and Behavioral
Sciences, suny at stony Brook, NY 11794.
unlike higher vertebrates, the retina of fish displays continuous
neurogenesis throughout life. in an effort to understand the molecular
basis of th is phenomenon. we are studying the expression of homeobox
genes in the adult retina of goldfish and also in zebrafish during
development, using a PCR based protocol we have isolated three
homeobox cDNAs, designated vxs-1, vsx-2 and vsx-3, expressed in the
adult goldfish retina, in situ hybridization shows that homeobox
proteins vsx-1 and vsx-2 have restricted and specific patterns of
expression in goldfish retina suggesting that these proteins may play a
role in both the preservation of already differentiated cells and
development of cell types in the retina during embryogenesis. variable
regions of vsx-1 and vsx-2 cDNAs have been cloned into a bacterial
expression vector in order to generate specific antibodies against these
proteins. The antibodies will be used to characterize the temporal and
spacial expression of these homeobox genes in the goldfish retina and
in the zebrafish during emt^iy^c^c^(^r^<^^s. in addition, a zebrafish genomic
library has been screened in order to isolated the zebrafish homologues
to these goldfish homeobox genes. Two genomic clones corresponding
to the goldfish homeobox genes vsx-1 and vsx-2 have been isolated and
characterized. (NIH EY05212 to N.s.)

OLIGODENDROCYTE PRECURSORS EXPRESS TST-1
(SCIP/OCT-6) IN VIVO. E. J. Arroyo1. M. Wegner2. M. G.

Rosenfeld^, J. Kamholz*l. S.S. Scherer*. 1 Mahoney Institute
Neurol. Sci., .Univ. Penn. Sch. Med., Philadelphia, PA 19104, 2

Howard Hughes Medical Institute, UCSD, La Jolla, CA 92093.
Tst-l/SCIP/OCT-6 is a member of the POU-domain family of
transcription factors, which have been shown to play key roles in
cellular differentiation. In vertebrates, tst-1 is expressed by developing
Schwann cells and oligodendrocytes, as well as by some neurons.
Collarini et al. (1992, Development 116:193) showed that cultured

oligodendrocyte precursors treated with FGF and PDGF proliferate
and express tst-1, and that the level of both tst-1 and proliferation fall
when these mitogens are withdrawn. We examined rat brains to
determine whether tst-1 is expressed by proliferating oligodendrocyte
precursors. To accomplish this, we injected post-natal day 5 rats with
BrdU, then examined the rostral subventricular zone (SVZ) for BrdU
and tst-1-positive cells by immunohistochemistry. There were many
tst-1-positive cells in the dorsal aspect of the SVZ as well as in the
adjacent white matter tracts, but very few were BrdU-positive. To
determine at which stage tst-1 is expressed, we performed
immunohistochemistry with a series of oligodendrocyte markers. Tst1 was not present in cells labelled with the Ranscht monoclonal
antibody or with antibodies against myelin proteins such as CNP or
MBP. These data indicate that tst-1 is expressed by immature
oligodendrocytes, but is not strictly related to their proliferation.

200.5

200.6

Hospital, Boston, MA.
CDK2 and CDK5 are cyclin dependent kinases from the family of cdc2
related kinases. Though 62% homologous, they appear to have
fundamentally different developmental roles. CDK2 is required for the G1-toS transition in proliferating mammalian cells, while CDK5 kinase activity has
been defined only in terminally differentiated neurons where it appears to be
concentrated in relatively mature axons (Tsai et al.: Oncogene ‘93,
Development ‘93). By immunohistological staining CDK2 is demonstrated as
punctate intranuclear deposits in all strata of the embryonic day 12 and 15
(E12.E15; EO = conception) murine cerebral wall. The CDK2 appears to be
most abundant in nuclei of the recently postmigratory cells of the cortical
plate and the proliferative cells of the ventricular zone. CDK5 by contrast is
demonstrated immunohistologically only within relatively mature axons of the
developing cerebral wall and is not detectable within the proliferative cell
populations of the developing cerebral wall. In situ hybridization analyses
with 35S-labaied antisense full length riboprobes prepared for each of the
two kinases in the murine cerebral wall at the corresponding developmental
ages provided a somewhat different pattern of distribution. The probe for
CDK2 binds at all levels of the cerebral wall with strongest binding in the
ventricular zone and the subplate. CDK5 probe binds strongly in the
subplate but appears also to have some binding in the ventricular zone.
Shorter length in situ probes corresponding to non-homologous regions of
the respective mRNAs, currently being prepared may disclose patterns more
closely correspondent to the staining patterns seen with immunohistological
analysis.

NEURONAL PRECURSOR CELLS ARISE IN O2A PROGENITOR
CELL CULTURES GROWN IN B104 NEUROBLASTOMA CELL
CONDITIONED MEDIUM. S.K. Thorbume*. R,M. Devon and
B.H.J. Juurlink. Departments of Anatomy and Oral Biology,
University of Saskatchewan, Saskatoon, SK, CANADA, S7N 0W0.
Oligodendrocyte progenitor cells (O2As) were isolated from the
neopallium by either: i) obtention from primary newborn rat neopallial
cultures using the shaking method of McCarthy and de Vellis (1980. J.
Cell Biol. 85:890) or ii) the addition of conditioned medium from B104
neuroblastoma cell cultures (B104-CM) to 5-day-old primary cultures
of newborn rat neopallium as reported by Hunter and Bottenstein
(1989, Develop. Brain Res. 49:33-49). O2As were also directly
isolated from P14 rat whole cerebrum using the Lubetzki et al (1991.
J. Neerochem. 5565611 appr<r^^^. Regardless of methooof O2A
obtention and source of cells (neopallium or whole cerebrum), B104CM stimulated not only proliferation of the O2As as previously
reported but also caused the development of small spheres of cells in
dense cultures. In B104-CM containing medium the cells of these
spheres differentiated into O2As as well as into astrocytes; however,
when serum was added to the culture medium, cells with neuronal
morphologies differentiated. Such cells were GABA-positive, MAP2positive and neuron specific enolase-positive and hence were neurons.
The cells of these spheres resemble the EGF-responsive neural
progenitor cells isolated from the striatum by Reynolds and Weiss
(1992. Science 255:1707). We thank the Multiple Sclerosis Society of
Canada as well as the Ralston Brothers Medical Research Fund & the
Melfort Union Hospital for supporting this research

CDK2 AND CDK5 EXPRESSION IN THE DEVELOPING MURINE
CEREBRAL WALL: an in situ hybridization and immunohistological analysis.
I. Deialle*. L-H. Tsai. T . T^aahashi. D . Krainc1. E . Hartow arai V ,S. Ccriness.

J. Harvard Medical School, Massachusetts General Hospital and 1ChlVran’s

200.7

200.8

EXPRESSION OF MYELIN BASIC PROTEIN IN HUMAN
EMBRYOS OF 6 GESTATIONAL WEEKS

GC5, A NOVEL DEVELOPMENTALLY-REGULATED cDNA, IS
EXPRESSED IN MURINE CEREBELLAR GRANULE NEURONS
J.M. Miwa*. M.E. Hatten. N. Heintz The Rockefeller University,

Zecevic.N.* and S.Vukosavfc. Inst.Biological Research, Belgrade
University, Belgrade, Yugoslavia and *University of Connecticut,
Health Ctr.,Farmington,CT.06030

NY, NY 10021
GC5 is a novel, developmental^-regulated cDNA expressed in
granule neurons within the murine cerebellum.
Its expression
begins at E13 and follows the migration of granule cells from the
EGL through the molecular layer and into the IGL.
GC5 is

The onset of myelination in nervous system could be assessed by
identification of cells expressing myelin basic protein (MBP). In
human central nervous system MBL was found at 9-10 g.w. (Tohyama
et al. 1991, Weidenheim et al. 1993). We now report a positive reaction
with MBP antibody raised in rabbit (Dako, KO 531) at 6 g.w. in the
ventricular zone of the spinal cord, cerebellum and medulla oblongata.
Positive cells looked like postmitotic, bipolar cells remote from the
ventricular border, but few positive cells were also observed in
mitosis. This early expression of MBP in some ventricular cells shows
early diversity of still non differentiated neuroepithelial cells. It is
however puzzling, since first myelinated axons ware seen much later,
at 11-16 g.w. Early expression of MBP was also reported in the
mouse embryo (Mathisen et al.,1993), and could suggests that MBP
in CNS is not involve exclusively in myelin formation, but has some
other role in development.
(Supp.by Joint Board NIH Grant JF 959)

expressed in a gradient throughout the entire IGL, with strongest
staining in the posterior lobes. In the IGL, the expression of GC5
is restricted to a subpopulation of granule neurons, revealing a
biochemical heterogeneity within the morphologically uniform
population of granule neurons. The clustering of positive and
negative cells into discrete groups raises the possibility that GC5
is modulated by late developmental events, such as mossy
fiber^granule cell contacts. The exact nature of this modulation
remains to be investigated.
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2-D PAGE ANALYSIS OF P19 EMBRYONAL CARCINOMA CELLS
UNDERGOING NEURONAL DIFFERENTIATION. William J. Rav*. LisaBumsKeliher1. and David I. Gottlieb. Dept. Anatomy & Neurobiology, and Dept.
Biology1, Washington University School of Medicine, St. Louis, MO 63110.
The P19 embryonal carcinoma cell line is a useful model of mammalian neuronal
differentiation (reviewed in Bain et al., BioEssays, vol. 16, in press). P19 cells are
normally maintained in an undifferentiated, pluripotent state, but can form neuronlike cells when induced to differentiate with retinoic acid. To induce the neuronal
pathway, cells are cultured as aggregates in the presence of retinoic acid for four
days. During this four day process, P19 cells regulate the expression of several
genes implicated in neuronal differentiation. After the induction, P19 cells resemble
neurons both morphologically and biochemically. Thus, this model system allows
for the synchronous neuronal differentiation of large numbers of pluripotent cells in
an experimentally controlled environment. Although a number of regulatory
proteins involved in mammalian neurogenesis are known, it is likely that many more
proteins are involved and have not been described. 2-D PAGE allows the
visualization of several hundred polypeptides per gel, and thus can be used to
monitor the regulation of many proteins. 2-D PAGE was performed on total cellular
proteins collected from undifferentiated P19 cells and from each day of the four-day
differentiation process. We are able to detect approximately 400 polypeptide species
in each of the five samples. Approximately 380 remained constant across the set.
However, approximately 20 polypeptides change dramatically in abundance during
differentiation. Given that the 400 polypeptides visualized on these gels are likely
to be less than 10% of the polypeptides expressed by Pl9's, it can be extrapolated
that these cells regulate the expression of as many as a few hundred polypeptides en
route to terminal neuronal differentiation. Although this calculation relies on a
number of assumptions, it is a useful first order estimation. Current efforts are
aimed at monitoring changes in the composition of less abundant polypeptides in
order to better estimate the number of protein regulatory events occuring during
mammalian neuronal differentiation.

SPECIFIC HEPARAN SULFATE DOMAINS CONTROL THE ACCESS
OF
FGF-2
TO
ITS
HIGH
AFFINITY
RECEPTORS
ON
NEUROEPITHELIAL CELLS. V, Nurcombe. Y. Brickman. M. Ford and
C.R. Anderson*.
Dept, of Anatomy and Cell Biology, Melbourne
University, Australia 3052.
Murine precursor cells and cell lines derived from are stimulated by
members of the heparin-binding fibroblast growth factor (FGF) family. The
activity of the FGFs appear to be tightly regulated by multiple species of
heparan sulfate proteoglycan (HSPG) within the developing brain: the
interaction between the heparan sulfate sidechains of the proteoglycan and
the growth factor has been reported to be an essential prerequisite for the
binding of the FGFs to their cell surface, high affinity, signal-transducing
receptors (FGFRs). We have isolated a species of HSPG from embryonic
day 9 murine neuroepithelium with FGF-promoting activity using standard
anion exchange chromatography. Further fractionation of the HSPG with
proteases and specific glycosaminoglycan lyases showed that the FGFpromoting activity lay within a particular 18-monosaccharide, highly
sulfated subdomain of the heparan sulfate. This domain itself has two
separable activities: one section binds the domain to the FGFR, and the other
binds the FGF. Although neither section can potentiate growth in response
to FGF, each section can block the action of the domain in competitive
inhibition assays. Evidence will be presented that it is the creation of a
ternary complex, FGF-HS-FGFR, that delivers the mitogenic signal to the
neuroepithelial cell.

200.11

200.12

TEMPORAL REGULATION OF EGF RESPONSE IN THE
EMBRYONIC MOUSE TELENCEPHALON. D. T. Miller*. N. A.
Flaris. and K. A. Rotht. Dept, of Pathology and tDept of Molecular

GABAa RECEPTOR MEDIATED MECHANISMS PLAY A ROLE
IN THE REGULATION OF NEURONAL NUMBER IN THE
DEVELOPING TELENCEPHALON. A.M. Bassuk*. F.M. Vaccarino
and M.L. Schwartz Sect, of Neurobiology and the Child Study Center,
Yale Univ. School of Medicine, New Haven, CT 06510.
GABA immunoreactive cells and processes are present within the
ventricular and subventricular zones throughout the period of
corticogenesis in the monkey (Meineke and Schwartz, 1991) and rat
(Van Eden et al., 1989). These data suggest that GABA may play a role

Biology & Pharmacology, Washington University School of Medicine,
St. Louis, MO 63110.
The developmental regulation of growth factor responsiveness may
influence the genesis of specific cell types in the mammalian central
nervous system. To explore this regulation, we examined the
proliferative response of embryonic murine telencephalic cells to
epidermal growth factor (EGF) and basic fibroblast growth factor
(bFGF, FGF-2). Primary dissociated cells, isolated on embryonic days
12 (El2), E14, and El6, were cultured in basal medium and medium
supplemented with either EGF (25 ng/ml) or bFGF (10 ng/ml). Cell
proliferation was assessed after 48 hours in vitro by measuring 3 [H]thymidine incorporation. EGF had little effect on 3[H]-thymidine

incorporation in cells isolated on E12 or El 4. In contrast, cells isolated
on El6 showed greater than a ten-fold increase in 3[H]-thymidine

incorporation in response to EGF. Telencephalic cells isolated on E12,
El 4, and El 6 all showed approximately a three-fold increase in response
to bFGF. These findings indicate that: 1) telencephalic cells are bFGFresponsive prior to acquiring EGF responsiveness, 2) bFGF
responsiveness is not temporally regulated between E12 and El6, 3) a
population of EGF-responsive cells emerges in the telencephalon around
El6. The biologic properties of these EGF-responsive cells requires
additional investigation.

in the regulation of cellular proliferation and/or differentiation. We first
addressed this hypothesis by examining the distribution of GABA
receptors within these zones using an antibody to the 57kD subunit of
the GABAa receptor. These data revealed that a subset of mitotically
active cells in the telencephalic ventricular zone of fetal monkeys
contain GABAa receptors. To directly test the role of GABAa
receptors on cortical development, we used primary cultures derived

from the telencephalon of rats at embryonic day 13.5. Since 15-24% of
cells in these cultures are GABAergic, picrotoxin was used to block the
activation of GABAa receptors by GABA released from these cells.
Picrotoxin (lOOpM) was added to the cultures on the first 2 days in
vitro (DIV). After 7 DIV, cells were fixed with aldehydes,

immunoreacted for GABA, glutamate, MAP2 or GFAP, and the
number of cells of each phenotype were determined. Cultures exposed
to picrotoxin had a greater number of GABA, glutamate and MAP2
immunoreactive cells compared to control cultures. No differences
were found in the number of GFAP immunoreactive cells. These data
implicate GABAa receptor mediated mechanisms in the regulation of
neuronal number during corticogenesis.

200.13

200.14

NMDA RECEPTORS REGULATE NEUROGENESIS IN THE ADULT RAT
DENTATE GYRUS. H„. A.. Cameron*. P. S, McEwen, and E, Gould,
Laboratory of Neuroendocrinology, The Rockefeller University, 1230 York
Avenue, NY, NY 10021.
The dentate gyrus of the rat is an unusual system in which neurogenesis
continues into adulthood. Studies performed in several in vitro systems
have indicated that important developmental processes including cell
birth, migration, and survival are regulated by excitation. In order to
determine whether NMDA mediated excitatory input regulates neuronal
birth in this adult system, we determined the numbers of dividing cells in
the dentate gyrus of adult rats following treatment with an NMDA
agonist (NMDA) or NMDA antagonists (MK-801 and CGP 37849).
A single injection of NMDA (30 mg/kg, ip) resulted in an 85% decrease
in the density of 3H-thymidine labeled Nissl-stained cells 1 hour after
treatment, while an injection of an NMDA receptor antagonist, MK-801 (1

CYTOKINES PROGRAM THE ELABORATION OF ALL MAJOR CNS
CELLULAR ELEMENTS FROM A SINGLE NEURAL STEM CELL. M. F.
Mehler*. R. Marmur. R. Rozental, D. C. Spray, H. Xu. and J. A. Kessler.
Depts. of Neurol. & Neurosc., Albert Einstein Coll, of Med., Bronx, NY 10461
Although many neural progenitor cell lineages have been defined, stem
cells which give rise to all major cellular elements of the brain have not been
identified.
Further, the inductive signals governing neural lineage
commitment are not fully defined. These issues were examined using a
clonal stem cell line established by retroviral transduction of embryonic
murine hippocampal cells with temperature-sensitive alleles of the SV4O
large T antigen. Under conditions permissive for T antigen expression
(33°C), single neural stem cells were self-renewing and exhibited asymmetric
cell division. At the non-permissive temperature (39°C), application of
interleukins 7, 9, or 11, in concert with bFGF and TGFa, gave rise to
neuronal progenitor (A2B5+, neurofilament(NF)-66kD+) cells that developed
into differentiated neurons (NF, 2OOkD; tetrodotoxin-sensitive action
potentials). In contrast, different cytokine factor subsets caused elaboration
of type 1A (A2B5+, glu^^th^n^-^^ti^i^i^^f^i^ra^^^Yb subunitf and type 0-2A
(A2B5+, GD3+, vimentin+) progenitor cell species with characteristic
morphologies. The 0-2A progenitors subsequently generated type 2A
progenitors (A2B5+, GFAP+) and pro-oligodendrocytes (04+, GD3+, A2B5+).
The generation of differentiated astrocytes required addition of specific bone
morphometric proteins of the TGFfl factor superfamily, while generation of
the oligodendroglial lineage was stimulated by a different subset of growth
factors (bFGF, PDGF-AA, NT3, IGF1, CNTF/IL6 subgroup). Transfection
and constitutive expression of the growth arrest-specific gene, GAS 5, and
the transcriptional repressor, ID-1 altered the developmental fate of the
different lineage species, demonstrating the importance of cell regulatory
processes in these developmental interrelationships.

mg/kg, ip) or CGP 37849 (5 mg/kg, ip), increased the density of 3Hthymidine labeled cells 125% 1 hour after treatment. In order to
determine the identity of the newly bom cells, rats were treated with the
NMDA antagonists and 3H-thymidine as above, but were allowed to
survive 4 weeks following treatment to allow the newly bom cells to
mature and express neuron-specific enolase (NSE). The acute blockade of
NMDA receptors increased the density of 3H-thymidine labeled NSEimmunoreactive neurons observed 4 weeks after treatment by 250%.
Additionally, this treatment resulted in a 20% increase in the overall
density of neurons in the granule cell layer. These results indicate that
neurogenesis in the dentate gyrus of the adult rat is altered by NMDA
receptor activation and may be regulated naturally by endogenous
excitatory amino acids.
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GABA AND GLUTAMATE DEPOLARIZE CEREBRAL
CORTICAL PROGENITOR CELLS AND INHIBIT DNA
SYNTHESIS Arnold Kriegstein* ’ Marion B.E. Davis. Joseph
LoTurco# Depts Neurology^ Columbia University, New York, NY
10032 and Genetics, Harvard Medical School, Boston, MA 02115
The signals that influence the development of neurons in
the ventricular zone are unknown. Neurotransmitters have been
localized within or near the ventricular zone (VZ), and could
influence the development of VZ cells. We therefore made patch
clamp recordings from VZ cells and measured the responses to
amino acid neurotransmitters and agonists. GABA and glutamate
both depolarized VZ cells. GABA, muscimol, glutamate, and
kainate, but not AMPA and NMDA, induced inward currents at
the resting membrane potential, and currents elicited by either
GABA or kainate reversed near 0 mV. Since GABAa receptor
channels on VZ cells conduct Cl', VZ cells must maintain a nigh
intracellular Cl' concentration.
Consistent with this, the Ci'
exchange blocker, furosemide, shifted the GABA reversal potential
from 0 mV to -45 mV.
GABAa and kainate receptor activation also decreased [3H]
thymidine incorporated into VZ cells and reduced the mitotic
index of embryonic cells by approximately 50%. Furosemide
blocked GABA’s effect on DNA synthesis, confirming that
depolarization mediates the GABA effect, and high extracellular
K4* also reduced DNA synthesis. These results demonstrate that
activation of GABAa and glutamate receptors negatively regulate
DNA synthesis in proliferating cells through a depolarization cased
mechanism, and underscore the diverse developmental functions
of transmitters in cortical development.

BDNF ENHANCES DIFFERENTIATION BUT NOT
SURVIVAL
OF
NEURONS
AND
NEURONAL
PRECURSORS DERIVED FROM EGF-RESPONSIVE
CNS STEM CELLS. S. Ahmed. B.A. Reynolds and S. Weiss*.
Neuroscience Res. Group, University of Calgary, Calgary, Canada.
We have previously reported the existence of a cell in the embryonic
striatum that exhibits stem cell-like properties in vitro. In the presence
of EGF the stem cell divides producing a clonally-derived cluster of
undifferentiated cells (neurosphere) that can be differentiated into
neurons, astrocytes and oligodendroctyes. Previously, we found that
treatment of neurospheres with BDNF (lOng/ml) resulted in a 72%

increase in the number, but not proliferation, of neuron specific
enolase (NSE)-immunoreactive (IR) cells, examined after 10 days in
vitro (DIV). BDNF also enhanced the outgrowth and branching of
neuritic processes on these cells. Here we report that the increased
number of NSE-IR cells, detected in neurospheres after 10 DIV with
BDNF, diminishes over the subsequent 17 days in vitro. Repeated
addition of 5ng/ml BDNF every 48 hours or once (lOng/ml) after 10
DIV did not support the enhanced number of neurons, but did
increase the outgrowth and branching of the surviving cells. Addition
of BDNF to control cultures at any time resulted in enhanced neuronal
differentiation, as evidenced by the appearance of antigens
characteristic of mature neurons and by the elaboration of their

neuritic processes. BDNF actions are direct on neuronal cells as
demonstrated by the selective, rapid expression of pCREB and c-fos .
These findings support a role for BDNF as a differentiation factor for
CNS stem cell-derived neurons and neuronal precursors.
Supported by Medical Research Council (Canada) and Ciba Geigy.

200.17

200.18

THE EGF-RESPONSIVE CELL OF THE ADULT
MURINE STRIATUM IS A MULTIPOTENT STEM CELL
RESIDING IN THE SUBEPENDYMAL CELL LAYER.
M, Daadi*. J. Hewson. M. Wheatley. B.A. Reynolds and S. Weiss.
Neuroscience Research Group, University of Calgary, Calgary, AB,
Canada, T2N 4N1.
We have previously reported the isolation of a cell from the adult
murine striatum, which in the presence of EGF divides and gives rise
to clusters (neurospheres) of undifferentiated cells that ultimately
differentiate into neurons and astrocytes. Here we report a further
characterization of the location and properties of this EGF-responsive
cell. Microdissection, dissociation and culture of the striatal
subependymal region, demonstrates that this cell layer is necessary
and sufficient for the generation of neurospheres - neurospheres were
not generated from striatal tissue dissected free of subependyma.
Primary neurospheres were differentiated in the absence of EGF and
in the presence of 1% serum.
Simultaneous indirect
immunocytochemistry for neuronal, astroglial and oligodendroglial
cell antigens demonstrated that all primary spheres contained the three

PRIMARY

cell types. When single, primary spheres were mechanically
dissociated into single cells and re-seeded in EGF-containing
medium, 50-100 secondary spheres were formed. Differentiation of
secondary spheres demonstrated that all contained the three cell types.
These findings suggest that the subependyma is the location of EGFresponsive stem cells that, in vitro, exhibit self-maintenance and
produce clonally-derived spheres capable of differentiation into the
three principal cell types of the mammalian CNS.
Supported by Medical Research Council (Canada) and Ciba-Geigy.

AND

10th

PASSAGE

EGF-RESPONSIVE

CNS
STEM
CELLS
EXHIBIT
SIMILAR
PROLIFERATIVE
AND
DIFFERENTIATION
POTENTIAL. B. A. Reynolds* and S. Weiss. Neuroscience
Research Group, University, of Calgary, Calgary, Canada, T2N 4N1
We have previously reported the existence of a cell in the embryonic
striatum that exhibits stem cell-like properties in vitro. In the presence
of EGF the stem cell divides producing a clonally-derived cluster of
undifferentiated cells (neurosphere) that can be differentiated into
neurons, astrocytes and oligodendrocytes. To further characterize the
properties of this cell we carried out a clonal analysis of the
proliferative and differentiation potential of primary and passage 10
neurospheres. In EGF-containing medium single, dissociated
neurospheres from primary culture gave rise to 81 ±14 new spheres
while single, passage 10-derived neurospheres gave rise to 84±9 new

spheres. Single, intact neurospheres were differentiated in EGF-free
medium containing 1% serum. After 7 days in vitro, differentiated
cell types were assessed with triple-label immunocytochemistry for
MAP-2 (neurons), GFAP (astrocytes) and 04 (oligodendrocytes)
antigens. Of the differentiated neurospheres from primary culture:
8.7% contained neurons and astrocytes, 5.0% astrocytes and

oligodendrocytes, 7.3% astrocytes only, 79.0% contained all three
cell types. For differentiated passage 10 neurospheres: 3.8%
contained neurons and astrocytes, 9.2% astrocytes and
oligodendrocytes, 7.2% astrocytes only, 79.2% contained all three

cell types. These results indicate that multiple passages of the EGFresponsive stem cell do not alter its proliferative or differentiation
potential.
(Supported by MRC of Canada and Ciba-Geigy.)

200.19

200.20

MITOTIC NEUROBLASTS DETERMINE NEURITIC MORPHOLOGY OF
PROGENY: A TIME-LAPSE VIDEO ANALYSIS E. Wolf*. E. DiCicco-Bloom. and
I.B. Black. Dept Neurosci & Cell Biol, RWJ Medical School, Piscataway, NJ 08854
Precursor proliferation and neuronal process formation are fundamental aspects of
neural ontogeny. These events have been regarded as strictly sequential, axodendritic
outgrowth and pathfinding presumably beginning only after mitotis has ceased. We
now report that precursors in vitro often elaborate complex neurites before dividing.
Of 434 neuroblasts observed in 47 time-lapse recordings, 29 (71%) of the 41
neuroblasts that divided had neurites prior to cytokinesis. Combined 3H-thymidine
autoradiography (S-phase labeling) and fi-tubulin localization revealed that all
"paramitotic" neurites contained polymerized tubulin, confirming that mitotic
precursors initiate and maintain neuritic cytoskeleton.
Remarkably, the precise neuritic pattern elaborated by parental neuroblasts was
consistently reproduced by daughter doublets through asymmetric allocation of
parental neurites to daughter cells. Neurites present prior to division either remained
throughout mitosis (11 of 63), or "retracted" into the soma during prophase and then
"regrew" within minutes after cytokinesis (52 of 63). Neurite retraction and regrowth
involved resorption of cytoplasm into the soma (~4 pm/min) during prophase, leaving
residual dil-labeled membrane, similar to previously described "retraction fibers"
induced pharmacologically. Within minutes after cytokinesis, membranes refilled
with• cytqplasm (~l pm/min), re-establishing the parental neurite pattern.

PERIPHERAL
ADMINISTRATION OF
bFGF
TO
NEONATAL RATS STIMULATES DNA SYNTHESIS IN
MULTIPLE BRAIN PRECURSORS.
Y. Too *. I.B. Black, and

To begin defining the role of extracellular signals, neuroblasts were cultured on
different substrates with various exogenous factors. Fibronectin, which increased
neurite length five-fold, did not constrain paramitotic neurite behavior, suggesting that
intrinsic cellular mechanisms drive morphologic inheritance. On the other hand, the
incidence of neurites on S-phase labeled cells was doubled by insulin exposure and
increased to nearly 100% with multiple extracellular factors, indicating that extrinsic
signals can modify the frequency of this apparently intrinsic phenomenon.
Heritability of neuritic morphology raises the possibility that precursors are
concurrently engaged in pathfmding. In addition, paramitotic neurites may interact
with distant efferent targets or innervating afferents to regulate neurogenesis.
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E. DiCicco-Bloom.
Dept. Neurosci. & Cell Biol., UMDNJ/Robert Wood
Johnson Medical School, Piscataway, NJ, 08854.
While a number of growth factors in vitro directly stimulate proliferation of
neural precursors from diverse CNS regions, including cerebellar cortex,
hippocampus, and subventricular zone, little is known about regulation in vivo.
bFGF is highly expressed in specific brain areas during embryonic and postnatal
development, suggesting that the factor plays o regulatory role. We previously
found that peripheral administration of bFGF stimulated d Na synthesis 4-fold in
cerebellar granule precursors. Now we report that bFGF selectively stimulates
neurogenesis in multiple CNS regions.
To define responsive populations, postnatal day 1 (PI) rats were injected
subcutanously (sc) with a single dose of bFGF (5ng/g) or saline vehicle and,
subsequently, received 4-5 uCi/g of [^Hjthymidme ([^H]dT) sc at 6 hrs; rats were
sacrificed at 8 hrs. [^H]dT incorporation, a marker for mitosis, was examined in
homogenates of whole hippocampus, dorsal pons including subventricular zone
(SVZ), basis pontis and frontal cortex (excluding SVZ and pia). bFGF elicited a
68.2%±1O.3 (p<0.003) increase in pHjdT incorporation in hippocampus and
greater than 2.5-fold (p<0.004) increase in pontine SVZ. Io contrast, incorporation
was not changed in the basal pons or cerebral cortex, in which neurogenesis has

ceased by PI.
We conclude that bFGF in vivo stimulates DNA synthesis in regions
containing presumptive neural stem cells or dividing precursors, suggesting that
the factor normally plays a role in neurogenesis. Peripheral administration of bFGF
elicits a response profile similar to that defined in tissue culture models, suggesting
direct mitogenic actions. Our studies suggest that multiple factors may be
administrated peripherally to elicit neurogenesis.
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ANDROGENS FAIL TO MASCULINIZE MOTONEURON NUMBER OR
MUSCLE TARGET IN THE SEXUALLY DIMORPHIC FEMALE RAT
CREMASTER NUCLEUS. B. W. Newton* and H. R. Mahler. Dept, of
Anatomy, Univ. of Arkansas for Med. Sci., Little Rock, AR 72205
Motoneuron numbers and the size of the target muscles of the female rat
spinal nucleus of the bulbocavemosus (SNB) and dorsolateral nucleus (DLN)
are masculinized with the neonatal administration of exogenous androgens
(Breedlove, /. Neurobiol. 17:157/86). In light of this, this study was
performed in order to determine if the lesser number of motoneurons in the
female rat cremaster nucleus (CN) could also be masculinized (i.e.,
increased) by androgens — even though these exogenous androgens do not
"produce" an anatomically distinct female target muscle. (The male CN
innervates the scrotal cremaster muscle.) Female Sprague-Dawley rat pups
were injected with testosterone propionate (TP; lmg/day in soy oil, s.c.) on
postnatal days 0, 2, and 4. These rats were perfused for 5HT immunohistochemistry/CN motoneuron cell counts after 40-60 days of survival. Other
females were injected with CT-HRP in order to reveal the location of the
female CN muscle target. Results indicate that, in contrast to the SNB and
DLN, neonatal androgen injections only slightly increase the number of
female CN motoneurons above those found in normal female littermates.
Male, female, and TP-female CN motoneuron number = 265.3 ± 10.8 (s.e.m.),
101.0 ± 3. 8, and 110D ± ±. 2, rerpectively. In addition,thefemale C N
innervates a small patch of abdominal musculature on either side of the
clitoris. These results suggest that in order for androgens to masculinize
female motoneuron number, an androgen-induced increase in target muscle
mass must also occur; since the lack of a larger muscle target in TP-female vs.
normal female rats results in very little change in CN motoneuron number.
Supported by NSF Grant IBN-9211368.

ONTOGENY OF ANDROGEN RECEPTOR IMMUNOREACTIVITY IN
RAT LUMBAR MOTONEURONS B, Padgett*, J. Hershev and C. L.

Jordan.

Neurobiol. Grp. & Dept. Psych., UC Berkeley, CA 94720.

Gonadal androgen determines the adult number of synapses in the
levator

ani

elimination.

(LA)

muscle

by

regulating

developmental

synapse

To gain information about potential sites of androgen

action on this process, we used androgen receptor (AR) immunocytochemistry

to

monitor

the

development

of

AR

expression

in

motoneurons of the spinal nucleus of the bulbocavemosus (SNB),

using the antiserum PG-21 generously provided by Gail Prins.

In

normal males, the nuclei of SNB motoneurons at P7 are devoid of

immunoreactivity, but by P10, just 3 days later, the majority of SNB

motoneurons have positively stained nuclei, comparable to what is
seen in adulthood.

Because endogenous androgen is quite low

during the 1st month of postnatal life, and may hinder the detection
of ARs, other gonadally intact males were given 200//g of TP 2 hrs

prior sacrifice. The main result of TP treatment was to induce nuclear
staining in some SNB motoneurons at P7.

We are presently deter-

mining whether TP treatment at P7 increases the expression of ARs
and/or causes translocation of existing cytoplasmic ARs to the

nucleus.

Our results agree with previous results based on steroid

autoradiography. Because SNB motoneurons have ARs and accumulate androgen during the androgen-sensitive period (P7-21) of
synapse elimination, androgen may act directly on SNB motoneurons
to regulate synapse elimination.
Supported by HD15021, NS28421, IBN-9210229 and IBN-9309856.

201.3

201.4

FEMALE CARRIERS OF THE Tfm MUTATION: A MODEL FOR
INVESTIGATING THE SITE OF ANDROGEN ACTION ON THE SNB.
Louise M. Freeman* and S. Marc Breedlove. Dept. Psychology, UC Berkeley,
Berkeley, CA 94720.
The sexually dimorphic spinal nucleus of the bulbocavpraoeue (SNB)
innervates the androgen-sensitive bulbocaveraosus (BC) and levator ani (LA)
muscles. Sexual dimorphism arises by an androgen-dependent sparing of
perinatal muscle degeneration in males, which in turn prevents motoneuron
(MN) death in the SNB. SNB motoneurons of adults are also sensitive to
androgen; soma size shrinks with castration and increases with androgen
treatment in males and females. Since both SNB MNs and BC/LA muscles
express androgen receptors (AR) in adulthood, both are potential sites of
action for androgen’s effect on motoneuron size.
The Tfm mutation, carried on the X chromosome, renders 85-90% of ARs
incapable of binding testosterone (T). Offspring of known carriers were
treated with androgen on prenatal days 17-20 and on the first 2 days after
birth. Since nipple formation is normally inhibited by androgen binding
functional AR, we used the presence of nipples to distinguish females
heterozygous for the Tfm mutation from homozygous non-carriers.
Immunocytochemistry with the polyclonal antibody PG-21 (courtesy G.
Prins) was used to distinguish Tfm from wild-type SNB MNs in such
androgenized carriers. Because of random X-iaaceivaeioa, only half as many
MNs in carriers would be expected to express functional AR. Tfm carriers had
49 ± 3.7% immunolabeled SNB cells, versus the non-carrier sisters’ 70 +. 13%
and the affected Tfm brothers’ 19 +. 6.5%. Such carriers, in which androgensensitive and -insensitive SNB MNs can be compared within the same animal,
are potentially a valuable tool for distinguishing direct androgen effects on the
individual motoneuron from indirect effects at the target muscle or elsewhere.

ANDROGEN RECEPTIVITY IN THE TRIGEMINAL NEUROMUSCULAR
SYSTEM. D. P. Timmis and A. W. English*. Dept. of Anatomy and Cell
Biology, Emory Univ. aSch. of Med., Atlanta, GA 30322
Testosterone, the predominant physiologic androgen mediates sex
differences within the neuromuscular systems of amphibians, birds and
mammals. Epidemiological clinical studies examining non patient populations
have noted significant sex differences in signs and symptoms related to jaw
muscles.
The purpose of this investigation is to immunohistochemically : (1)
demonstrate the perinatal presence of the androgen receptor (AR) in the
trigeminal motor system, and to (2) quantify the AR content of adult jaw
muscle (anterior digastric and temporalis) relative to that of the genitalia
(levator ani) and limb (lateral gastrocnemius).
Intact Fisher 344 rats were utilized for these investigations. Perinatal and
adult anterior digastric(ADG), temporaiis(T), levator ani(LA) and lateral
gastrocnemius(LG) muscles and brain stems were harvested, frozen and
sectioned on a cryostat. Sections were reacted for demonstration of the
androgen receptor using a commercially available polyclonal primary antibody
to the AR (Affinity BioReagents). and the peroxidase ‘ABC’ technique
(Vector). AR + nuclei/muscle fiber were quantified for at least 100 fibers from
each muscle. Results were statistically evaluated by an analysis of variance for
significance. Trigeminal motor neurons were qualitatively assessed for AR
immunoreactivity
Results:(1) The AR is present in jaw muscle and motoneuron during early
development when testosterone has been shown to be at relatively high
serum levels. (2) Jaw muscles have nuclear AR contents similar to' that
observed in the androgen sensitive LA which has a significantly (p<0.001)
higher number of AR + nuclei/muscle fiber than LG.
Conclusion: The iaw neuromuscular system of the rat is exquisitely

Supported by NS2842l.

recsptiyfi.to.the male sex steroid hormonal milieu,

201.5

201.6

ANDROGEN SENSITIVITY OF MOTONEURONS INNERVATING A
SEXUALLY DIMORPHIC FROG MUSCLE. K.K. Lav. J.L. Friemann. S.H.
Astrow. B.B. Tower, and A.A. Herrera*. Department of Biological Sciences,
University of Southern California, Los Angeles, CA 90089-2520.
The flexor carpi radialis (FCR), a forelimb muscle used by male Xenopus laevis
for clasping during amplexus, receives innervation from motor axons located in
spinal nerve 2 (SN2) and spinal nerve 3 (SN3). Previous work has shown that the
shoulder region of the muscle, which is innervated by SN2 axons, is androgen
sensitive: muscle fibers in this region hypertrophy in response to exogenous
testosterone, and atrophy in castrated frogs. Muscle fibers in the SN3 region of the
FCR do not undergo size changes in response to androgen manipulation.
Nevertheless, all FCR muscle fibers contain androgen receptors (ARs) within their
nuclei. These observations suggest that differences in androgen responsiveness
may arise from differential androgen sensitivity between SN2 and SN3
motoneurons.
To address this hypothesis we are examining: a) whether androgens have effects
cm nerve terminals at neuromuscular junctions, and b) whether there are differences
among motoneurons with respect to their content of ARs. The plasticity of motor
nerve terminals is being studied in vivo using the vital, fluorescent nerve terminal
dye, RH414, and low-light video microscopy. Individual neuromuscular junctions
in the FCR and a control muscle are observed before, and at several intervals after,
castration and insertion of a testosterone-filled or empty implant. Motor nerve
terminals show a substantial degree of structural remodeling. We are investigating
whether this is androgen regulated. In addition, we find that at least some of the
motoneurons in the brachial region of the spinal cord contain ARs. The retrograde
tracer, Fluorogold, is being used to label FCR motoneurons. Spinal cord sections
from these animals, processed for AR immunohistochemistry, will be used to
compare the distribution of ARs among FCR and control motoneurons.
[Supported by NIH grant NS272O9.]

ZEBRA FINCH ESTROGEN RECEPTOR: CLONING AND mRNA
EXPRESSION. E ,C. Jacobs*. A.P. Arnold and A.T. Campaenoni. MRRC
and Brain Research Institute, UCLA School of Medicine, and Dept. of
Psychology, UCLA, Los Angeles, CA 90024. ’
In zebra finches (ZF), estrogen has been shown to be a potent
masculinizing hormone of both the neural circuitry controlling song and the
activation of song in adulthood. However, previous studies have reported
conflicting results of estrogen receptor (ER) expression in the song control
regions. To obtain additional information about the distribution of ER in the
ZF brain, we screened a ZF hypothalamic cDNA library with a 785 bp
human cDNA fragment, coding for the ligand-binding domain of the ER, and
isolated a ZF ER cDNA of 2.7 kb. The clone contains the entire coding
region as well as 131 bp of the 5’ UT region and approximately 800 bp of
3' UT region. Single-stranded nucleotide sequence shows high homology
with estrogen receptors cloned from chicken (93%), human (80%), rat
(79%), mouse (78%), Xenopus laevis (75%) and rainbow trout (70%).
Preliminary Northern analysis reveals a 4.1 kb mRNA in ovary, oviduct and
telencephalon as well as 7.3 and 7.6 kb mRNAs in the ovary and oviduct,
respectively. In situ hybridization with a DIG-labeled ZF ER riboprobe
revealed strong labeling in the infundibulum, hypothalamic nuclei (PVM,
PMH) and lateral septum. Labeled cells were also found in the hippocampus
and at various levels of the neostriatum. In initial in situ hybridization
analysis, we have been unable to detect any labeling in the song control
nuclei: HVC, RA, MAN or Area X. (Supported by NIH grants NS23322,
NS23O22 and DC00217)
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ATLAS OF AROMATASE mRNA DISTRIBUTION IN THE ZEBRA FINCH
BRAIN. P. Shen’. B.A. Schlinger. A .T. Campagnoni and A.P. Arnold.
Depts. of Anatomy and Cell Biology, Physiological Science, and Psychology,
Mental Retardation Ctr., UCLA School of Medicine, Los Angeles, CA 90024.
The zebra finch telencephalon possesses high activity of aromatase, the
enzyme that converts androgens to estrogens, which is in contrast to low
telencephalic levels of aromatase in mammals and non-songbirds. We have
detected aromatase mRNA by in situ hybridization in the adult zebra finch
telencephalon, diencephalon, midbrain and pons. The intensity of labeling
differed among brain areas as well as within specific brain nuclei. The
labeling appeared to be localized primarily in neuronal somata, with nuclei and
processes unstained. However, some smaller cells lacking visible nucleoli,
possibly glial cells, were also labeled. High expression of aromatase mRNA
was observed in the caudal neostriatum, several hypothalamic nuclei (POA,
PPM, POM, PVM, PMH, Tu/INF), and nucleus taeniae, including the adjacent
archistriatum. The hippocampus and parahippocampal area contained cells
expressing moderate amounts of aromatase mRNA. Weakly labeled cells were
found in the lobus parolfactorius, hyperstriatum accessorium, tegmental and
pontine reticular formation, and rostral neostriatum. Song control regions
(Area X, 1MAN, HVC, r A, ICo) contained little or no aromatase mRNA,

DIBUTYRYL cAMP EFFECTS ON NEURAL AND NON-NEURAL
AROMATASE IN DEVELOPING ZEBRA FINCHES. B.A. Schlinger*,V.
T. Cam and A.P. Arnold. Departments of Physiological S cience,
Psychology and the Lab. of Neuroendoerinolocy of the Brain Research
Institute, UCLA, Los Angeles, CA 90024.
Estrogen is considered the endogenous hormone that induces masculine
differentiation of the neural circuitry controlling song in male zebra finches.
However, there remain questions as to the site of synthesis of estrogen in
developing males. In tissue homogenates, aromatase (estrogen synthetase)
is undetectable in peripheral tissues of adult and developing male zebra
finches, but is abundant in brain. This result implies that neural
aromatization of circulating androgen is a key step in the development of
song. As a further test of this hypothesis, we measured aromatase activity
in whole organ cultures using gonads, adrenals and telencephalons of 1 to
9 day old zebra finches. After 24 hrs exposure to 3H-androgen, little or no
3H-estrogen was extracted from media from incubates of testes or male
adrenals, but 3H-estrogen was consistently found in media from incubates

except a few cells in HVC. These findings document with anatomical
precision the widespread expression of aromatase mRNA in the brain, and
identify novel sites of brain aromatase. The widespread expression of the
aromatase gene suggests non-traditional estrogen action, especially in brain
regions that lack estrogen receptors. (Supported by grants NIH DC00217 and
NS23322, and NSF IBN9120776).

of ovary, female adrenal and male and female telencephalon. Pre-incubation
(for 3 hrs) with 200 pM db-cAMP had no ■ significant effect on aromatase
activity in any tissue except in testes, where activity became detectable.
However, even in the presence of db-cAMP, under these conditions,
testicular aromatase remained well below that seen in ovary (37%) or
telencephalon (15%). Although it is unclear whether aromatase is
expressed in testes in vivo, these results support the view that brain
aromatase is important for proper neural development in these birds.
Supported by NSF (IBN-9120776) and NIH (DC00217).

201.9

201.10

ANDROGEN SECRETION AND BIOSYNTHESIS IN DEVELOPING XENOPUS
LAEVIS.
L. KANG*. M. MARIN. & D.B. KELLEX.
Dept. of
Biol. Sci., Columbia Univ., NY, NY 10027.
In the frog Xenopus laevis, we have shown that
castration or anti-androgen blocks masculinization of
vocal neuroeffectors during development. Using
.
radioimmunoassay, circulating androgen (testosterone (T)
and dihydrotestosterone (DHT)] levels were low (<lng/ml)
in juvenile frogs and did not differ strikingly in males
and females until adulthood.
In adult males, DHT levels
were twice T levels.
Androgen in tadpole tissues was
present as early as 7 days after fertilization; total
androgen levels did not differ from juvenile frogs nor
did values differ in males and females.
To determine
sites of androgen synthesis, tadpole interrenals (adrenal
glands) and gonads were histochemically assayed for A53'--hyroxysteroid dehydrogenase (HSD) activity.
Interrenal HSD activity was present throughout tadpole
development; in gonads, activity was seen only after
sexual differentiation.
Incubation with 3H-pregnenolone
or 3H-testosterone and separatation of metabolites by
thin-layer chromatography revealed that T-like and DHTlike compounds were synthesized by both tissues;
interrenals were more active than gonads except for
juvenile males.
Thu3 interrenals and gonads of
developing Xenopus laevis synthesize A4 steroids
(including androgens) from early tadpole stages.
The
absence of dramatic sex differences in T or DHT levels
suggests that while neccessary, androgen secretion is not
sufficient for masculinization of vocal neuroeffectors.

AROMATASE INHIBITION DOES NOT INCREASE ESTROGEN
.
RECEPTOR IMMUNOREACTIVITY IN ZEBRA FINCH SONG
NUCLEI. LL Hodges and A.P. Arnold*. Interdept. Prog, in Neuroscience,
Dept. of Psychology, Brain Research Institute, UCLA, Los Angeles, 900241563.
Although estrogen plays an important role in the singing behavior of adult
male zebra finches, the site of action of this effect remains controversial. Both
autoradiographic and immunocytochemical studies show very few estrogen
receptors in the zebra finch song control regions, but Walters et al., 1987
hypothesized that high levels of endogenous estradiol mask estrogen receptor
visualization in these studies. In order to test this hypothesis we attempted to
reduce endogenous estradiol by treating adult zebra finches with fadrozole, a
potent aromatase inhibitor, after which we measured estrogen receptor
immusoreaetivity (ER-IR).
Adult male zebra finches were inj^cte^ with either saline or 20 pg of fadrozole
daily for 5 days. Wade et al. (in press) have shown this fadrozole regime to
decrease zebra finch tel<es<eephalle aromatase activity by 98.8%. On the 6th day
brains were processed for immunocytochemistry using H222, a rat monoclonal
antibody against human estrogen receptor.
We found no striking difference in the distribution of ER-IR in fadrozole- and
saline-injected birds. In agreement with earlier autoradiographic and
immunocytochemical studies little, if any, ER-IR was seen in MAN, DM, or
X (brain regions in which Walters et al. observed estrogen binding). However,
high levels of ER-IR were observed in the hypothalamic and limbic regions.
These findings do not lend support to the hypothesis that endogenous estradiol
masks estrogen receptors in immunocytochemical studies of the zebra finch
song control nuclei. Supported by DC00217.

201.11

201.12

PRESENCE OF A TESTIS IS NOT SUFFICIENT FOR MASCULINE
DIFFERENTIATION OF THE NEURAL SONG SYSTEM IN ZEBRA FINCHES
J. Wade* and A.P. Arnold, DDpartment of Psychology, Brain Research
Institute, UCLA, Los Angeles, CA 90024.
Estrogen treatment of female zebrn finches causes masculine
development of the neural song system. This effect has led to the
hypothesis that the male song system is normally masculinized by estrogenic
metabolites of testicular secretions. However, experiments to date provide

Developmental changes in the distribution of estrogen receptor mRNA
expressing cells in the forebrain of estrogen treated female zebra finches. M.
Gahr*. Max-Planck-Institute for Behavioural Physiology,D-82319 Seewiesen.
Estradiol-l7fi (E) treatment of juvenile female zebra finches between day of
hatching and day 30 induces male-like differentiation of the forebrain song control
nuclei probably mediated by intracellular estrogen receptors (ER). A small
population of ER containing cells (ERC) was localized by immunocytochemistry in
and near the forebrain vocal control nucleus HVC in untreated females during the
E-sensitive period (Gahr & Konishi, PNAS, 85,7380-83/88). Since the immunostainings may not have identified all ER and since E treatment may alter the
expression pattern of ER in the song areas, the developmental changes of ER in the
brain of E-treated females is studied by in-situ hybridization for ER mRNA using
RNA probes of the zebra finch ER
No specific labeling was found using the sense probes. Specific labeling using the
anti-sense probes was found in numerous brain areas including hypothalamic and
preoptic areas, nucleus intereollreUlaris, nucleus taeniae, and the caudale forebrain.
Of the forebrain song areas of 15 to 40 day old birds, the HVC and its ventromedial
rim and the rim of song nucleus RA expressed ER mRNA. After the day 30, the
labeling declined in the females and adult females had little or no labeling in the
former HVC-area and around RA. In E-treated females, the number of ER
expressing cells was down regulated during the period of E treatment. Masculinized
60-day old and adult females had significantly more ER mRNA expressing cells in
the caudale forebrain compared with untreated females.
This results suggest that ER expression is limited to the medial portion of HVC, the
ventromedial rim of HVC, and the rim of RA among the forebrain song control
areas. E could affect song system differentiation by direct action on these areas.
Since E induces a transient down-regulation of the ER in the caudale forebrain, E
could cause male-like differentiation via dis-inhibitory mechanisms.

little support for that theory. For example, consistent sex differences in
plasma levels of estrogen or brain aromatase activity have not been found
during the period of sexual differentiation. Further, castration or treatment
with aromatase inhibitors after hatching do not prevent masculine
development of the song system in males. We inhibited estrogen synthesis
in zebra finch embryos by injecting eggs on day 5 of incubation with
fadrozole. Control eggs received comparable saline injections. The gonads
and neural song systems were analyzed at one month after hatching.
Fadrozole-treated birds possessed either bilateral testes (n=5) or both

ovarian and testicular tissue (5 animals had an ovotestis on the left and a
testis on the right, in 1 animal only the ovotestis was present in histotogical
sections). However, despite the presence of testicular tissue in every
fadrozole-treated animal, there was no significant effect of treatment on the
volumes of HVC, RA, area X or soma size in RA. Fadrozole-treated animals
with ovarian tissue (presumed to be genetic females) did not differ from

saline-treated females on those measures, and fadrozole-treated animals
with bilateral testes (presumed to be genetic males) did not differ from salinetreated males. Thus, the presence of a testis was not enough to cause
masculine development of the song system. Moreover, inhibiting aromatase
activity around embryonic day 5 did not prevent masculine song system
development. The results suggest that testicular secretions are not the sole
cause of masculine neural development in the song system. Supported by
NIH MH10352 and DC00217.
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AFFERENTS DO NOT MEDIATE SEX DIFFERENCES IN NEURON GROWTH
AND SURVIVAL WITHIN THE ROBUST NUCLEUS OF THE
ARCHISTRIATUM. MJ. Burek*. K.W. Nordeen. E.J. Nordeen. Dept. of Psych,
and InterdepL Neurosci. Program, Univ. of Rochester, Rochester, NY 14627
Only male zebra finches sing, and nuclei implicated in song behavior exhibit large
estrogen (E2)-induced sex differences in neuron number. In the robust nucleus of the
archistriatum (RA), more neurons die in females than in males between IS and 40
days after hatching. Although (E2) prevents RA neuron death in females, the cells
mediating this trophic effect have yet to be identified. One hypothesis is that sex
differences among RA neurons stem indirectly from E2-induced sex differences in
afferents from the lateral magnocellular nucleus of the anterior neostriatum OMAN)
and/or the High Vocal Center (HVC). In order to test this hypothesis, first we
lesioned the 1MAN unilaterally in male and female zebra finches at 12 days of age.
At 15, 20, and 25 days the volume, number, and size of RA neurons (as well as the
proportion and number of pyknotic RA cells) were measured. In both sexes, 1MAN
lesions resulted in decreased neuron number and increased cell death within the
ipsilateral RA. However, RA neuron atrophy and death was less in males than in
females regardless of whether MAN was lesioned, so that by day 25 the number and
size of RA neurons was significantly greater in males than in females in both
hemispheres. Next, to determine if sex differences in RA that survive MAN lesions
depend on sexually dimorphic afferents from the HVC we lesioned both 1MAN and
HVC unilaterally in 12 day old males and females. Combined 1MAN/HVC lesions
reduced neuron number and increased cell death in the ipsilateral RA by day 25, but as
before, the number and size of RA neurons was significantly greater in males than in
females in both hemispheres. We conclude that sex differences in the survival of RA
neurons are independent of sexual dimorphic afferent innervation, and instead reflect
hormone action on cells elsewhere in the avian brain.

CHARACTERIZATION OF BURSICON, THE NEUROHORMONE INITIATING
THE SCLEROTIZATION OF THE INSECT CUTICLE. H. W. Honegger*. U.
Kaltcnhauser. and B. Kostron . InsL of Zoology, TU Munich, D-85747 Garching,
Germany
Bursicon is a peptide neurohormone which initiates hardening and darkening of
the cuticle (tanning) after each moult in various insects. It is produced in only a few
neurons in the nervous system, and its exact nature has remained poorly understood
up to now. Since no antibody against bursicon exists, bursicon can only be detected
by bioassays, such as the "ligated fly bioassay" used in this study.
Our study reveals for the first time the basic biochemical characteristics of
bursicon purified from larvae of the mealworm beetle Tenebrio molitor. The
purification procedure includes a prepurification procedure, one gel filtration step
and 3 HPLC steps. SDS gel electrophoresis of the material purified by about 80 000fold reveals two protein bands at about 30 and 45 kDa. Bioactive bursicon was eluted
from a SDS-PAGE performed under non-reducing conditions, that had been sliced
into pieces. Bursicon activity could be eluted only from one piece containing the 30
kDa protein band. Two-dimensional SDS-PAGE showed two spots at 30 kDa;
bursicon activity was eluted only from the spot at 30 kDa/5.65 pH. The comparison
of the apparent molecular weight of bursicon under reducing and non-reducing
conditions indicates that it is a single chain molecule. These results show that
Tenebrio bursicon is a unique polypeptide with a relatively large molecular mass
rather than a small peptide hormone.
Gel elution experiments from SDS-PAGE loaded with heat treated and TCAprecipitated homogenates of whole nervous systems of other insects (including
Schistocerca, Gryllus, Periplaneta and Musca) also reveal bursicon activity
exclusively in a gel slice spanning a region between 28 and 32 kDa, indicating that
bursicon from several insects has a similar molecular mass.
Supported by the Deutsche Forschungsgemeinschaft

201.15

201.16

HORMONAL EFFECTS ON THE DIFFERENTIATION OF DROSOPHILA EYE
DISC FRAGMENTS IN VITRO. Chinglu Li* and LA. Meinertzhagen. Life Sciences
Centre, Dalhousie University, Halifax, Nova Scotia, Canada B3H 4J1.
Differentiation of neural tissue during development is influenced by circulating
hormones, the role of which may be assessed in vitro. Previous studies on imaginal
discs in Drosophila have revealed the influence of 20-hydroxyecdysone (20-HE) on disc
metamorphosis. We have established primary cultures of the developing adult visual
system of Drosophila melanogaster. Here we report the effects of 20-HE on two
aspects of the cellular differentiation of retinal cells at different ages: the pigmentation
of non-neuronal pigment cells and the outgrowth of photoreceptor neurites. Fragments
of eye discs from flies at 3, 5 and 24h post-puparium formation (P3, P5, P24) were
cultured in Shields & Sang's MM3 medium supplemented with 2% fetal bovine serum,
with or without ly.g/ml 20-HE. In development in vivo, eye pigmentation occurs in
the pigment cells, first with the appearance at P48 of ommochrome granules, and then
with drosopterine pigments that first appear at P96. In the presence of 20-HE, brown
ommochrome pigments were observed in all three age groups. Among the three, the
earliest pigmentation was observed after about 48h in vitro for P5, and about 24h after

SELECTIVE DEATH OF IDENTIFIED MANDUCA SEXTA MOTONEURONS
IS
INDUCED
BY
ECDYSTEROIDS
IN
VITOO.
L.C. Streichert* and J.C. Weeks. Institute of Neuroscience, University of Oregon,
Eugene, OR 97403.
During metamorphosis of the hawkmoth, Manduca sexta, circulating levels of a
class of steroid hormones, the ecdysteroids, regulate the selective death of
motoneurons that innervate proleg retractor muscles. In vivo, the accessory planta
retractor (APR) motoneurons in abdominal ganglion A6 die in response to the
prepupal peak of ecdysteroids. The objective of this study was to determine if APRs
grown in vitro responded similarly to ecdysteroid exposure. APRs were retrogradely
labelled by injecting the lipid-soluble fluorescent dye, Di-I, near the APRs' target
muscle. This allowed the APRs to be identified after dissociation of the abdominal
ganglion. Ganglia from segment A6 were removed and dissociated into low-density
cell cultures on the day prior to the onset of the prepupal peak of ecdysteroids. In
some dishes, 20-hydroxyecdysone (20-HE) was added to the medium after 4-6 days
in culture, at which time the motoneurons had extended processes. APRs that were
cultured without 20-HE typically survived for 28 days or longer. In contrast, APRs
cultured in 20-HE died after 16-23 days in culture. APRs were scored as dead when
their soma and processes had fragmented. This morphology was not observed in
APRs grown without 20-HE.
In vivo, the APRs respond to the prepupal peak of ecdysteroids in a segmentspecific manner: APRs in ganglia A5 and A6 die while those in ganglia A3 and A4
survive to be respecified for pupal or adult functions. Preliminary experiments
suggest that, unlike the APRs from ganglion A6, APRs cultured from ganglion A4
do not die in response to 20-HE, indicating that the segment-specificity of cell fate
observed in vivo may be maintained when the motoneurons are grown in vitro.
Supported by NRSA grant NSO8966 to LCS, and NIH grants NS23208 and
NS01473, and an NSF PYI Award, to JCW.

initiating culture for P24 eye disc fragments. Pigmentation deepened as the culture
continued. These times are comparable to those for eye pigmentation in vivo.
Pigmentation was not observed until about 72h after initiating cultures with P3
fragments. Without 20-HE, ommochromes were not visible in our cultures. Red
drosopterine pigments were not observed during culture periods up to 5d in vitro. Work
on eye pigmentation mutantsvermillion and brown will be reported. After culturing Id,
disc fragments from P3 and P5 have noticeable neurite outgrowth, and their neurites
elongate and increase in number. 20-HE exerted an effect on average neurite length in
cultures, with average neurite length significantly longer in the presence of 20-HE, than
in its absence. This effect might be associated with more obvious fasciculation of the
fibres seen with SEM in the presence of 20-HE.
Supported by grants from NIH EY-03592 (to I.A.M.).

461

201.17

201.18

POST-EMBRYONIC EXPRESSION OF HOMEOBOX GENES IN THE
MOTH, MANDUCA SEXTA. Z. Zheng and R. Booker* Sect, of
Neurobidody and Behavior, Cornell Univ. Ithaca, NY 14853.
We have Isolated from the moth Manduca.three genomic clones
which are homologous to the Drosophila Antp, abd-A and Ubx
genes. The expression patterns of two of these genes during postembryonic development of Manduca were investigated by
Northern hybridization and immunocytochemistry. Northern
analysis revealed that the Antp-like gene was expressed in
thoracic and abdominal tissues during larval instar and early
phase of metamorphosis. At the onset of metamorphosis, the
major Antp-like transcript shifted from a 4.2kb band to a 5.0 kb
band. Expression of both transcripts fell to undetectable level
around the time of pupation.The expression of abd-A-like
transcript was limited to abdominal tissues during larval stage
and early phase of metamorphosis and was undetectable in pupal
stage. Expression of Antp-like protein was studied in ventral
nerve cords using a polyclonal antibody. The highest level of
protein expression was found in the second thoracic ganglion
(T2), with both the intensity and number of labeled cells
decreasing in more posterior ganglia. As in the case of mRNA
expression, the protein was undetectable around the time of
pupation. These results suggest a possible role for hormones in
regulating the expression of homeobox genes during postembryonic development. We are currently characterizing the
expression pattern of abd-A-like and l/bx-like proteins in
developing larvae and pupae. Homeobox protein expression is
also being investigated in a homeotic mutant of Manduca .

MUTATIONS IN A STEROID HORMONE-REGULATED GENE CAUSE
DEGENERATION OF DEVELOPING DORSOVENTRAL INDIRECT
FLIGHT MUSCLES IN DROSOPHILA. David T. Sandstrom* and Linda L,
Restifo. ARL Division of Neurobiology, University of Arizona Tucson, AZ
85721
The Broad Complex (BR-C) is a genetic locus which responds to steroid
hormones at the onset of metamorphosis, and regulates the activities of many
other genes during the larval-adult transition. Previous work in the lab has
shown that mutations in the BR-C disrupt the development of many adult
tissues during metamorphosis, including the CNS and indirect flight muscle
(IFM). In mutants of one BR-C complementation group, reduced bristles on the
palpus (rbp), the dorsoventral IFM (DVM) are absent or reduced in pharate
adults, while the dorsolongitudinal IFM are relatively unaffected. To
ascertain whether the DVM phenotype was due to failure to initiate DVM
development or due to degeneration of muscles during pupal development, the
present study examined the development of the DVMs in rbp and wild-type
prepupae and pupae.
Early DVM development in rbp1 pupae was
qualitatively indistinguishable from that in wild-type pupae. Myoblasts
migrated to appropriate regions, fused to form recognizable DVMs, and
produced the correct numbers of muscle fibers. The first point at which DVM
defects could be observed was during stage P5, approximately 26 h after
puparium formation (25° C), at which time DVM fibers detached from their
dorsal insertions and collapsed ventrally. DVM detachment appeared to
occur at the myotendonous junction (MTJ), which is derived from both muscle
and epidermal cells. The collapsed muscles degenerated, leaving a few
remnants in the pharate adult. The DVM, MTJ and nervous system are being
studied as possible sites of action of rbp mutations.
Supported by NIH # NSO7363 to DJS and MDA Research Grant to LLR.
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ONTOGENY OF CELLS CONTAINING ANDROGEN RECEPTOR-LIKE
IMMUNOREACTIVITY IN THE BRAZILIAN OPOSSUM BRAIN. J. Iqbal, G.
S. Prins1, and C. D. Jacobson*. Department of Veterinary Anatomy and Neuroscience
Program, Iowa State University, Ames, IA 50011, ‘University of Illinois, Chicago,
IL 60616.
Our laboratory has been studying the ontogeny of neuropeptides and steroid receptor
systems in the brain of the Brazilian opossum, Monodelphis domestica. Monodelphis
is a small pouchless marsupial whose young are born in an extremely immature state.
As in other mammalian species several neuropeptide systems are sexually dimorphic
and are influenced by circulating levels of gonadal steroids.
Previously we have reported the development and distribution of estrogen receptor
containing cells in the brain of Monodelphis. Presently we are investigating the
development and distribution of androgen receptor-like immunoreactivity (AR-IR) in
the opossum brain. To this end we have utilized the antibody PG 21 to characterize
the ontogeny of AR-IR. Developing opossum pups between postnatal day (PN) 1 and
60 were utilized in this study. Androgen receptor-like immunoreactivity was first
detected in the anterior pituitary at PN 5. Between PN 15 and 25 AR-IR was detected
in the arcuate nucleus, periarcuate, and premammillary nucleus in the male pups,
whereas female pups of the same age have moderately stained cells only in the
premammillary nucleus. By PN 60, AR-IR was detected in several additional regions
of the male opossum brain including the lateral septum, ventral division; bed nucleus
of the stria terminalis, ventral division; medial preoptic area, and medial amygdala.
No AR-IR was present in the brain of the female opossum of the same age.
Localization of androgen receptors have been reported in similar regions in the
forebrain of the adult rat and hamster. Based on our findings we believe that the
developmental expression of androgen receptors in the opossum brain is sexually
dimorphic and may be involved in the process of sexual differentiation of the brain.

EFFECTS OF NEONATAL HORMONAL MANIPULATIONS
ON THE VOLUME OF THE BINOCULAR VISUAL CORTEX
(OC1B). H. Dou* and J.M. Juraska. Dept.of Psychology, Univ.

of Illinois at Urbana-Champaign, IL 61820.
Reid and Juraska (1993) found that male rats have more neurons

in the OclB area than females do.

Also the volume of the OclB

area is larger in male rats. To investigate whether developmental
testosterone influences the sex difference in the volume of OclB,

male rats were castrated or sham operated on the day of birth, and
female rats were injected with testosterone or oil on the day of
birth and day 5.

At 80 days of age, the volumes of primary visual

cortex areas OclB and OclM were measured. Preliminary data

(n=4/group) showed that neonatal castration decreased the total
volume of the OclB area in comparison to sham operated males,
while neonatal testosterone injections had little effect on the OC1B

volume in female rats. There were no significant differences in the
volume of OclM between groups with this small N.

Both the

OclB and OclM areas will be examined in more animals.

Supported by NSF IBN 9310945.

202.3

202.4

DLN neuron number and size in female rats exposed to
androgen during restricted periods of prenatal and/or
postnatal development. O.B. Ward*. A.M. Wexler & I.L. Ward.
Dept, of Psychology, Villanova University, Villanova, PA 19)85.

A NEW POSTNATAL CRITICAL PERIOD FOR SEXUAL DIFFERENTIATION
OF THE RAT SDN-POA: EFFECTS OF THE REMOVAL OF
ENDOGENOUS TESTOSTERONE PERINATALLY. E.C.,Davis. J.E. Shrvne.
and R.A. Gorski*. Department of Anatomy and Cell Biology and Brain
Research Institute, u Cl A School of Medicine, Los Angeles, CA 90024.

Female rat fetuses were exposed to testosterone propionate (TP)
(2mg/day to the pregnant dam) either during the 2 day period when fetal
males show a surge in plasma testosterone (days 17.5 and 18.5 of
gestation), or during the 2 day periods immediately preceding or following
the period of maximal hormone production in fetal males. As with the
spinal nucleus of the bulbocavemosus (SNB) of the lumbar spinal region
(Ward, et al., Soc. Neuroscience Abstracts, 1992) neuron number in the
dorsolateral nucleus (DLN) was greatest in adult females that had been
exposed to TP on days 17.5 and 18.5 of gestation. There was a further
increase in DLN number in females also exposed to TP (5 pg/pup) 2-3
days postpartum, but little evidence of the pronounced synergistic effect
of prenatal with postnatal TP reported for the SNB.
With regard to somal size, exposure to TP on either days 15.5 and 16.5
or on days 17.5 and 18.5 of gestation in conjunction with postnatal TP
reduced the proportion of neurons classified as being very large.
Grisham, et al., (Brain Research, 1992) reported that normal females and
males treated prenatally with the antiandrogen, flutamide had
significantly more very large DLN neurons than normal males. Thus,
exposure to androgen during critical early stages, while increasing the
total number of neurons in the DLN, decreases the proportion of neurons
with very large somas.
(Supported by grant 5 ROl HD-04688-22 from NICHHD)

The striking sex difference in the volume of the Sexually Dimorphic
Nucleus of the Preoptic Area (SDN-POA) is completely dependent on
perinatal exposure to gonadal steroids. Previous studies have established
that, beyond day 5, large doses of testosterone propionate (TP) given to
female or castrated male rats have no effect on SDN-POA volume,
whereas TP administration any time from birth through day 5 causes a
significant increase in SDN-POA volume. In this study, we tried to
determine the end of the critical period for exposure to endogenous
testosterone. Male rats were castrated or sham-operated on day 4, 5, 6,
or 7 and sacrificed at approximately 200 days of age. At all four ages,
castration caused a significant decrease in SDN-POA volume (p<0.01, for
all comparisons). The castrates’ SDN-POA volumes were not significantly
different from each other; nor were the shams’. These data suggest the
existence of two different postnatal critical periods: one for cell rescue by
exogenous testosterone and one for cell destruction due to the removal of
endogenous testosterone. It is possible that, after day 5, exogenous
testosterone can no longer rescue cells of the SDN-POA because they
have already begun to die, whereas castration beyond day 5 can cause
cells to die by removing the "trophic" support of endogenous testosterone.
Supported by NIH grant HD-01182 and training grant HD-07228.

202.5

202.6

BIRTHDATES OF CELLS IN THE SEXUALLY DIMORPHIC FERRET
PREOPHC AREA /ANTERIOR HYPOTHALAMUS. R.G. Paredes*. J-J. Park.
E. Kica, MJ. Baum and S.A. Tobet. Dept, of Biology, Boston Univ., Boston, MA
02215 and Prog, in Neuroscience, The Shriver Center, Waltham, MA 02254 and
Harvard Med. Sch., Boston, MA 02115.
In male ferrets a dorsal nucleus of the preoptic area/antenor hypothalamus (MNPOA/AH) is delineated using Nissl stains; no such nucleus is discernible in
females. The dimorphic Mn-POA/AH is first visible in males on embryonic (E)
day 37 of a 41-day gestation (Cherry et al., J. Neurobiol. 21:844, 1990). To
determine the birthdates of these neurons, pregnant ferrets were laparotomized, and
the amniotic sacs of kits were injected with the thymidine analogue,
bromodeoxyuridine (BrdU), at one of 7 fetal ages ranging from E18 to E30.
Brains were taken on E38, sectioned coronally, and alternate sections were
processed immunocytochemical^ using a monoclonal antibody directed against
BrdU or stained using cresyl-violeL To gain insight into migratory paths of
POA/AH neurons, additional kits were injected with BrdU on E24 and killed on
E27-34. Brains from these kits were processed immunocytochemical^ using
antisera raised against BrdU and glial fibrillary acidic protein (GFAP) to visualize
radial glial cells and processes. There was overlap between the two sexes in the
birthdates of cells in the dimorphic dorsal POA/AH; however, in males more cells
were bom between E20-24 whereas in females more cells were bom between E2226. In the non-dimorphic ventral portion of the POA/AH cells were bom between
E20-28, with an equivalent number of cells being bom in males and females at
each of these ages. Data from kits killed after injection of BrdU on E24 suggest
that in both sexes many cells migrate along radial glial guides into the dimorphic
dorsal POA/AH following their birth in the proliferative zones surrounding either
the lateral or third ventricles. Supported by HD21094 & MH00392 (MJB) and
MR Core HD-04147 (SAT).

LONG-TERM EFFECTS OF NEONATAL CASTRATION ON CEREBELLAR
DEVELOPMENT. M. Litteria* and G. Dillworth. Neuroendocrine Res. Lab.,
VA Med Ctr, North Chicago, IL 60064.
The testicular sex steroids influence cerebellar (CB) protein and nucleic acid
metabolism (Litteria, M. Brain Res. 529,120-125, 1990). Morphology and
neurogenesis are dependent upon protein and nucleic acid synthesis, thus we
describe the long-term effects of neonatal castration on CB morphology. Rats
were castrated (C) or sham-castrated (SC) 24h after birth. At age 70 days rats
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were perfused with saline followed by neutral buffered formalin. Paraplast
embedded CBs were cut at 6pm and stained for Nissl. Total CB area and areas
of the molecular (MOL), internal granular (IGL) and medullary (MED) layers
were measured from photos of matched midsagittal sections of the CB vermis
using a digitizing tablet interfaced with SigmaScan computer software. Body wt
and anogenital distance were significantly less in the C rats. Whole brain and
CB wts. did not differ between SC and C rats; however, total CB area of the C
rats was larger due to significant increases in areas of the MOL and IGL (Table).
-------------- “MED-------CB Areas ^Total------------~TMT-----------SC (15)
28.61 ±0.40
l4.38±O.l9
ll.38±0.2O
2.85 ±0.05
30.88 ±0.39
C (14)
l5.19±O.l6
l2.68±O.l8
3.O2±O.O9
3.7OxlCH
3.29xK73
5.89xKZ5
P
NS
Values (mmO = Mean±SE. NS = Not sig. () = no. of rats
The larger IGL and MOL areas may reflect increased proliferation and/or
decreased death of microneurons in the absence of the testicular steroids during
the first 3 postnatal weeks of CB development. Although the number of folia did
not differ between SC and C rats, a bilobed L=VIII (pyramis) occurred in 64%
of C rats and in 33% of SC rats (P<0.05, Chi square analysis).
Summary: Removal of the testes 24h after birth, either directly and/or
indirectly, has long-term effects on CB development. Supported by the DVA.

TUESDAY AM
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202.7

202.8

EFFECTS OF PRENATAL ANTIANDROGEN TREATMENT ON THE
EXPRESSION OF SEXUALLY DIFFERENTIATED VASOPRESSINDEPENDENT BEHAVIORS IN ADULT RATS. John E. Axelson*. Barbara
M. O’Brien, and Richard EX Hollister. Department of Psychology, College of
the Holy Cross, Worcester, MA 01610.
Male rats maintain social memories for shorter durations than do females
and previous research has provided evidence that this behavioral sex
difference is directly related to sex differences in vasopressin (AVP) systems
within the bed nucleus of the stria terminalis (BNST) and the lateral septum
(LS). When compared to females, the male brain exhibits significantly higher
levels of AVP immunoreactivity in the BNST and LS. Previous work has
documented that circulating levels of gonadal hormones during the first week
of life are important for the development of these sex differences in AVP.
Interestingly, only males appear to be dependent upon AVP for their ability to
maintain social memories and only males are sensitive to the memory
blocking effects of AVP antagonists. The goal of the present study was to
examine whether prenatal exposure to an androgen antagonist (flutamide)
feminizes AVP-dependent behaviors in males. Results indicate that the Vlantagonist [30 pg/kg deamino-Peni, O-Me-Tyr2, Arg8]- vasopressin,

Effects of Aromatase Inhibition During Early Prenatal
Development on the Pacing of Sex Behavior in Adult
Female Rats (Ratus norveglcus). G.M. Lange*, and LG.

blocked the formation of social memories in control males only. Similar to
control females, males exposed to flutamide during the last ten days of
gestation maintained their ability to form social memories when they were
treated with the AVP antagonist. We hypothesize that sex differences in
social memory provide behavioral endpoints reflecting underlying sex
differences in AVP systems that are in part differentiated prenatally.

Clemens.
Department of Zoology, Michigan State
University, East Lansing, Ml 48824-1115.
The objective of this study was to determine the
effect of inhibiting aromatase activity during prenatal
development on sexual motivation in the female rat. While
previous studies have shown that prenatal exposure to
1,4,6-androstatrien-3,17-dione (ATD) enhanced lordosis
response (Witcher and Clemens, 1987, Horm. and Behav.
21:36-43), the effect of aromatase inhibition on sexual
motivation remains unclear. In this study, females exposed
to ATD prenatally were ovariectomized at day 70. Ten to
l4 days after surgery, female sex behavior was measured
using a two chambered testing arena in which the female
could escape from the male following mounts, intromissions
and ejaculations (Erskine, 1985, Behav. Neurosci. 99:151161). The female's return latencies provide robust measures
of her sexual motivation. Females were separated into four
groups and tested with estrogen (EB) and progesterone (P)
replacement injections of either 0.125, 0.175, 0.25, or 0.5 pg
EB for three consecutive days followed by 500 pg P on the
4th day. Results are discussed in relation to the role of
estrogen in the development of feminine sexual maturation.

202.9

202.10

PRENATAL BUT NOT NEONATAL EXPOSURE TO
TESTOSTERONE PROPRIONATE INDUCES ENVIRONMENTSPECIFIC SOCIAL INTERACTION IN FEMALE RATS. B.A. Etzel*
and C.K. Kellogg. Department of Psychology, University of Rochester,
Rochester, NY 14627.
Previous studies have shown that two unacquainted adult (60 d.o.)
male rats will typically spend more time interacting with one another in a
neutral environment that is familiar to both of them than in an
environment that is unfamiliar to both. Conversely, levels of social
interaction (SI) between two adult female rats are the same in the two
environments. Furthermore, younger females do not display the pattern
of interaction characteristic of their adult counterparts. Specifically,

EFFECTS OF FETAL ANTIANDROGEN EXPOSURE ON THE
EEG ACTIVITY OF MALE AND FEMALE RATS. J. Juarez*, M.
Corsi-Cabrera and del Rio-Portilla I. Dep. de Fisiologia, Institute de
Investigaciones Biomedicas y Dep. de Psicofisiologia, Facultad de
Psicologla. Universidad Nacional Autonoma de Mexico. Mexico, D.
F. 04510.
Fetal androgen exposure masculinize to females and abolish the
sex differences in the EEG activity of the rat. Prenatal antiandrogens
produce behavioral and phenotipic changes, however, their effects
on EEG activity are unknown.
Pregnant Wistar rats were daily
injected either, with 10 mg of ciproterone acetate (CA) or with
vehicle from day 14 to 19 of pregnancy. At 90 days of age the
offspring were implanted in parietal cortex and the EEG activity was
monopollarly recorded. Sex differences in the interhemispheric
correlation (IC) of the control (C) group were maintained in the CA
group in delta, theta and the total band, and were eliminated only in
the alpha 1 band. The CA treatment regardless sex produced an
increase in the IC of delta, theta and the total band. In the C group
there were not sex differences in the absolute power (AP), however
the CA induced sex differences in alpha 1, alpha2, betal and beta2
AP. The C group showed sex differences only in delta and theta
relative power (RP) and the CA group showed sex differences in all

prepubertal (28 d.o.) and adolescent (35 d.o.) females distinguish
between the type of environment. The following study was conducted in
order to determine if the difference between the SI of adult males and
females is a result of early developmental exposure to gonadal hormones.
Female fetuses were exposed to testosterone proprionate (TP) over a
period encompassing the time of the prenatal surge of testosterone (T) in
males (2mg per dam over days E17-20). This exposure led, when tested

as adults, to a behavioral differentiation of the familiar versus unfamiliar
environments typical of adult males. This was not the case, however, for
administration of TP during the time of the male rat’s neonatal surge in T
(25Opg within 5 hrs. of birth and again 24 hrs. later). Moreover, despite
the distinction between the amount of SI in the two environments, the
characteristics of the behavior and the overall level of SI as a result of
prenatal TP were typical of prepubertal and adolescent females rather than
adult males. Thus prenatal exposure to TP may have defeminized, rather
than masculinized, the organism with respect to SI behavior. Supported
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bands except in theta. The CA produced in delta and alpha 1 RP a
contrary effect in each sex and only significant in males. These
results suggest a different organizational effect of the CA in males
and females.

by grant no. DA07080.

202.11

202.12

PREDICTORS OF BEHAVIORAL INHIBITION IN INFANT AND MOTHER
RHESUS MONKEYS. S.E.Shelton*, N.H.Kalin and M.D.Rickman. Dept.
of Psychiatry & Psychology, W.S. Middleton VA Hospital and Univ. of
Wisconsin Med.School, Madison, Wl 53705
Behavioral inhibition (Bl) or freezing is an adaptive response to
threatening situations. Research in children has demonstrated that Bl
is a trait variable and in its extreme is associated with
psychopathology.
To explore mechanisms underlying Bl, we
developed a rhesus monkey model which elicits Bl, as assessed by
duration of freezing.
Infant monkeys were separated from their
mothers and exposed to a human intruder who never established eye
contact (NEC). Typically, NEC results in a marked increase in freezing.
As in humans, we found that Bl is a stable trait within individual
monkeys.
To examine factors that predict freezing, as well as the relation
between freezing in mothers and infants, we studied 28 mother-infant
dyads. Infants and mothers were separately exposed to NEC and
nonstressed blood samples were collected.
In both mothers and
infants, NEC elicited freezing (ps< .0005). A rank regression analysis
examined the degree to which infant cortisol, maternal freezing, and
parity predicted infant freezing. The only predictor was infant cortisol
which accounted for 27% of the variance (p<.O3). In mothers,
cortisol also predicted freezing (p<.04).
Since cortisol predicted
freezing, we assessed maternal factors that best predicted infant
cortisol. Increased number of offspring predicted decreased infant
cortisol (p< .05). These data suggest that basal levels of cortisol may
play a role in regulating Bl and that infants' cortisol is in part
determined by maternal parity.

ASYMMETRIES IN SUBCORTICAL STRUCTURES ALTERED IN LATE BRAIN
MATURATION. E.R. Sowell and T.L. Jerniaan *. SDSU/UCSD Joint Doctoral
Program in Clinical Psychology and * DVA Medical Center, UCSD School of
Medicine, La Jolla, CA 92093.
Morphometric analysis of brain magnetic resonance images (MRIs) was used
to examine age-related changes in regional cortical and subcortical
asymmetries. Subjects were 57 normal children and young adults between 8
and 35 years of age.
The hemispheric volumes of three cortical regions were measured. These
included a mesial temporal lobe (MTL) region, and dorsal and ventral regions
within the remaining cortex. Of these regions, only the MTL had a significant
overall asymmetry ratio (right side larger). Four subcortical structures were
also examined: anterior diencephalic region (including the hypothalamus and
some septal nuclei), the thalamus, the lenticular nucleus, and the caudate
nucleus. The thalamus (left larger) and the anterior diencephalon (right larger)
had significant overall asymmetry ratios.
Regression analyses revealed that the observed asymmetry in the anterior
diencephalon was larger in younger than in older subjects. Separate analyses
for the left and right anterior diencephalon volumes suggest that the volume
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of the right side increases with increasing age and this volume increase is
significantly non-linear. The left anterior diencephalon shows no evidence for
change with age. Similar regression analyses for the lenticular nucleus also
revealed an age-related change.
These results indicate that relatively late maturational changes in the human
brain differ by region and by hemisphere. Perhaps, as has been observed in
animal studies (Nordeen and Yahr, Science, Vol. 218, 22 October 1982), the
hormonal changes known to occur during the peripubertal age range affect
these regions differentially in the left and right hemispheres.
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202.14

EXPOSURE TO SYNTHETIC ESTROGEN
(DIETHYLSTILBESTEROL, DES) DURING PREGNANCY AFFECTS
COGNITIVE ABILITIES OF OFFSPRING. K. A. Flannery*.
J. Liederman, and J. Curley. Psychology Dept.,
Boston University, Boston, MA 02215.
In the past, diethylstilbestrol, (DES) a
synthetic estrogen, was administered to women whose
pregnancies were thought to be in jeopardy. The
NCPP data from 1958-1965 (N = about 55,000
subjects) were used to identify 23 Caucasian
children who had been exposed to DES and no other
hormone during gestation, and had been exposed to
DES for at least two months. Each DES mother-child
pair was matched to a control for child's sex,
study center, socioeconomic status at registration,
maternal education and age, and child's birth
order. Supplementary analyses examined
subpopulations of children born of mothers with the
factors associated with DES administration (vaginal
bleeding, a history of miscarriages, high maternal
age). Matched t-tests within gender between DESexposed and unexposed children were computed for
the following outcome measures: full-scale IQ, and
each of its subscales. The male offspring of DES
mothers lacked the deficits in performance IQ
prevalent among the offspring of women who share
the medical and demographic characteristics of
those who were administered DES. We conclude that
prenatal exposure to synthetic estrogen may have
effects on the brain outside of those regions that
directly control sexual behaviors. However, one
must be careful to separate the effects of DES from
the factors within the mother that led to the
decision to administer DES.

GROWTH HORMONE SECRETORY PATTERN DURING EXERCISEINDUCED CATCH-UP GROWTH.
K.T.Borer? M.Chao ,
T.Rhodes ,__ E.McClellan...... and_ I.C.A.F.Robinsor .
Dept.of Movement Sci. ,Univ.of Michiga^Ann Arbor,
USA and Div.Neurophys. Neuropharm., Natl. Inst.
Med.Res.,London, Great Britain.
Voluntary running accelerates growth and
increases GH secretion in mature hamsters, but
food restriction blocks the expression of such
growth.Ad libitum feeding stimulates catch-up
growth which is of short duration in sedentary
(SED) and of longer duration in exercising (EX)
hamsters. We collected 20 ul samples of blood
every 15 minutes during 24 hours from four groups
of hamsters, ad-libitum fed EX and SED and foodrestricted EX (RESTEX) and SED (RESTSED) hamsters
after 5 weeks of exposure to dietary and exercise
variables to determine whether the blockade or
the expression of growth were associated with
increased pulsatile GH secretion. Mean 24h GH
concentration
was
significantly
higher
in
hamsters with dietary blockade of growth (RESTEX
=32.8 ng/ml and RESTSED= 31.2 ng/ml) than in
hamsters
expressing
growth
(EX
=18.9
ng/ml,p<0.05) and was largely due to increases in
basal GH concentration. GH pulse freguency was
higher in hamsters expressing growth (10 vs 5.5
pulses/24 h in EX vs SED).(Supported by NSF)

DEVELOPMENT OF VISUAL CORTEX II
203.1

203.2

INFLUENCE OF PATTERNED NEURONAL ACTIVITY ON THALAMOCORTICAL VISUAL CONNECTIVITIES IN VITRO
C.G. Galizia* and C.M. Mflller. Max-Planck-Inst. Dev. Biol., 72076 Tubingen,
Germany
Both genetic and environmental factors contribute to an accurate development of
functional connections between lateral geniculate nucleus (LGN) and visual cortex.
Finding the approximate retinotopic target and the correct cortical layer appears to
rely on intrinsic information. However, the fine tuning of connections necessary for
the formation and columnar representation of ocular dominance and orientation
specificity of cortical cells is based on an activity dependent adaptive process.
To assess the influence of patterned neuronal activity on thalamo-cortical
connectivities we cocultured slices of 3 to 6 day old rat visual cortex with embryonic
LGN explants at an air-medium interface. Under these conditions axonal
connections are established between the structures within a few days. The static
culture allows the implantation of stimulation electrodes and to activate the tissue for
prolonged time periods. Following the stimulation period we studied the innervation
patterns using various tracers and electrophysiological techniques.
Tracing experiments reveal that thalamic fibers penetrate the visual cortex and
branch predominantly within layer IV, irrespective of whether the LGN explant was
positioned at the white matter or the pial border of the cortical explant. This finding
is supported by current source density analyses revealing a prominent current sink in
layer IV. However, we routinely observe fibers which cross layer IV. Both features
are unaltered by a proceeding stimulation, but stimulated connections show more
prominent axonal sprouting than unstimulated controls. In the presence of two LGN
explants this effect is restricted to the stimulated side.
The data suggest that patterned neuronal activity selectively influences the
innervation density in the visual system. This finding underscores the usefulness or*
in vitro systems for the study of developmental plasticity.

ULTRASTRUCTURE OF IDENTIFIED THALAMO-CORTICAL
SYNAPSES IN ORGANOTYPIC COCULTURES OF RAT LATERAL
GENICULATE NUCLEUS AND VISUAL CORTEX
M. ScSweizere. C.G, GGizia and C CL MMer MPI f. Entwicklkngsgioi., lOTHd
Tubingen, FR..G.
During early postnatal development the thalamocortical circuitry of the visual
system of mammals undergoes significant activity-dependent morphological
changes. These adaptive changes include, both, a topographic reorganization of
axonal arbors ultimately leading to die elaboration of ocular dominance stripes
and urtrastructurar changes at the level of single boutons. The number and
structure of individual synapses strongly depends on afferent activity, in vivo.
Deprivation of afferent fibers leads to a rapid loss of perforated synapses
(Schweizer & Mflller, Soc. Neurosci. Abstr. 19:893,1993).
We used an organotypic coculture system of embryonic rat visual thalamus and
postnatal rat visual cortex maintained at an air-medium interface to study the
development and the influence of neuronal activity onto thalamocortical synapses
identified by anterograde tracing with biocytin.

Within the first days in vitro asterograCely labeled synapses predominantly
terminate on dendritic shafts and stubby, spine-like desCritic protrusions of
neurons in layer IV. With prolonged times in vitro, the ultrastructure approaches '
the situation shown in vivo with well elaborated synaptic contact zones.
Is order to analyze the influence of afferent activity, cocultures were either grown
in the presence of TTX, or chronically stimulated by implanted electrodes.
Preliminary data indicate that the ultrastructure of 'deprived' afferents remain
more immature than those of chronically activated pathways. The data will be
discussed with respect to morphological correlates of synaptic efficacy in the
developing mammalian visual pathway.
(Supported by the bmft , 0316902a )

(Supported by the BMFT [0316902A] and the GKN Tubingen)
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VISUAL DEFICITS INDUCED BY DARK REARING ARE
PREVENTED BY SCHWANN CELLS TRANSPLANTS IN THE
RAT. M. Fagiolini§. T. Pizzorusso#, M.C. Cenni#. V. Porciatti# and L.
Maffei*§# § Scuola Normale Superiore, Pisa; # Istituto di Neurofisiologia

VISUAL DEPRIVATION MODULATES PHOTIC RESPONSES. M.L, Mazow.
H.O. Yas asd N, Dafsv*. Dept, of Ophthalmology and Neuro0iology & Anatomy,
University of Texas Medical School at Houston, TX 77225.
Monocular visual deprivation (MD) is animals during early development at a

CNR, Via S.Zeno, 51 Pisa Italy.
Visual experience during an early period of postnatal life plays a crucial
role in the development of the visual system. As in other mammals, dark rearing
(DR) from birth impairs the normal maturation of the rat visual cortical functions
(Fagiolini et al., '94, Vis. Res. 34, 709-720). Neurotrophic factors, like BDNF and
NGF, are involved in processes of cortical plasticity. Since Schwann cells (SC)
are known to produce several factors, including NGF and BDNF, we tested the
hypothesis whether the detrimental effects induced by DR could be prevented by
SC transplant. At postnatal day 13, we transplanted l.5xlO6 SC (n=8rats) or
injected physiological solution as control (n=9) in the lateral ventricles of rats
reared in total darkness from birth. SC were labelled prior to transplantation with
Fluorogold. After 1 month of DR, we evaluated the functional properties of the
binocular primary visual cortex of each group. Electrophysiological recordings of
both single-cell activity and Visual Evoked Potentials (VEPs) in response to

alternating gratings of different spatial and temporal frequencies were performed.
We found that in DR control rats the properties of cortical cells remained, as
expected, immature: orientation selectivity was poor, receptive field size was
larger than in light reared adult rats (LR) and the percentage of binocular cells
was higher than LR. DR also impaired YEP spatial resolution (visual acuity =
0.55 c/deg vs 1.1 c/deg of LR) and temporal resolution (7 Hz vs 10 Hz). In SC
transplanted animals all parameters were significantly improved upon those of
DR rats and in the range of LR. After the recording session Fluorogold labeled
SC were found nearby the lateral ventricles and injection sites. We conclude that
the transplant of SC prevents the visual deficits induced by DR in the rat.
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critical period results in neurocytorogical alteration in the primary and visual cortex.
Previous studies have utilized mainly immunocytochemical methods to demonstrate
the effect of MD. The objective of this study is to be used by the visual evoked
responses (VER) as experimental means for studying neuroplasticity in the rat visual
cortex. The VER is a useful method by which to study the functional integrity of the
nervous system. VER is recorded as a series of time locked electrical responses to
photic stimuli which are reflection of unCerrylsg neuronal processes. Sixteen Long
Evans hood rats were used. At postnatal day 14 (P14) MD was performed under
ether anesthesia by suturing the left eyelid (8 rats) for 30 days until P45. This
procedure produces an animal model to study seuroprasticity os brain development.
At the experiment day (P45 or more) both the matching control and the MD rats
were anesthetized with urethane (1.2 g/kg, i.p.) and their heads were secured is a
stereotaxic instrument. Two silver ball electrodes were placed os both sides of the
visual cortex and connected to the electrophysiological recording system and a
computer for data analysis. Ose hundred and twenty-eight photic stimuli were
presented every 2.5 seconds to obtain ose average from each hemisphere. The main
finding of this study is that the averaged VER amplitude recorded from both visual
cortices of the MD rats were markedly decreased than those of control matching rats.
Furthermore, the averaged VER obtained from the two sides of the visual cortexes of
the MD rats were Cfforest. This finding may attribute to the changes in the
sensitivity of the deprived eye and/or as a result of alteration of neurotransmitters
such as GABA asd ACh is the visual cortex. This study demonstrates that the VER
procedure is a practical method for studying neuroplasticity and effect of MD in the
visual cortex.
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PLASTICITY IN MOUSE VISUAL CORTEX: CRITICAL PERIOD AND
EFFECTS OF aCaMKII AND THY-1 MUTATIONS. LA. Gordon*. A. Silva1. R.
Morris2. C. Stewart3. T. Silver4. Y. Tokugawa4 and M.P. Stryker. Univ of Calif, San
Francisco, CA 94143-0444, ^Cold Spring Harbor Lab, NY, 2NIMR-MU Hill,
London, 3Roche Inst. Nutley, NJ and 4n Su H/ Cornell Univ Med Coll, NY.
An activity-dependent form of synaptic plasticity underlies the fine
tuning of connections during the development of the primary visual cortex
(VI) of higher mammals. Medhanisms underlying this plasticity have been
investigated using the response to monocular lid suture during a critical
period. We have begun studies of visual cortical development and ocular
dominance (OD) plasticity in normal and transgenic mice, with the aim of
elucidating the cellular mechanisms underlying activity-dependent plasticity.
As an initial step in characterizing the role of activity-dependent
plasticity in mouse VI, we have demonstrated a critical period for OD
plasticity. Wild-type C57B16 mice ages 21 to 42 days underwent monocular
lid suture under halothane anesthesia. The integrity of the lid suture was
checked daily for 4-6 days; the mice were then prepared for extracellular
recording under Nembutal anesthesia. 20 to 30 cells were recorded from
multiple microelectrode penetrations into the binocular zone of VI. Each cell
was subjectively evaluated for ocular dominance using the 7-point scale of
Hubei and Wiesel. Deprivations between P28 and P38 resulted in significant
shifts in the ocular dominance distribution away from the deprived eye.
Similar deprivations earlier than P28 and later than P38 produced little or no
change in the ocular dominance distribution.
We have studied the effects of aCaMKII and Thy-1 knockouts on VI
development and plasticity. Microelectrode recordings from wild-type,
heterozygous and homozgous littermates were performed by an
experimenter blind to the genotype of the animal. Responsiveness, receptive
field size and retinotopy were preserved in all mutant backgrounds.
Monocular deprivation revealed OD plasticity in both knockout lines,
although quantitative abnormalities can not yet be excluded.

INVESTIGATION OF cDNA CLONES WHOSE EXPRESSION IS
ENHANCED WHEN THE VISUAL CORTEX DISPLAYS ENHANCED
ACTIVITY-DEPENDANT PLASTICITY S.S. Prasad*1. D. Mitchell 2and
M.S. Cvnader1 'Dept. of Ophthalomology, Univ. of British Columbia, Vancouver,
B.C. Canada V5Z3N9 and 2Dept of Psychology, Dalhousie University, Canada.
It is now well established that the functional capabilities of the adult cerebral
cortex are not fully mature early in postnatal life. Furthermore, abundant evidence has
shown that the visual exposure history of the organism can markedly influence the
course of future cortical development. The experience-dependant modifications of
cortical connectivity and physiology in kittens have a well defined critical period which
peaks at about 30 days of age. This critical period is itself input-dependant and can be
prolonged into adulthood by restricting visual input to the cortex. It has been shown
that the critical period for ocular dominance plasticity can be greatly prolonged simply
by rearing kittens in the dark throughout the naturally-occuring critical period.
Previously we reported the characterization of about 200 cDNA clones which were
found by subtractive hybridization to be expressed at much higher levels in the kitten
visual cortex compared to the adult visual cortex. Since many of these clones are likely
to be related to aging in general, and may not be related specifically to the critical
period, we constructed a subtracted library for cDNA clones that are differentially
expressed in the 30 day old kitten visual cortex relative to the adult visual cortex. This
library was then screened with subtracted probes for the visual cortex of dark reared
older kittens (4 months of age) that were well past the peak of their chronologicallydefined critical period. This probe was also hybridized to the Southern blots containing
restriction digested 150 30 day kitten visual cortex specific cDNA clones which had
been previously isolated. Together these experiments have identified twelve cDNA
clones that hybridize selectively to both the subtracted probes specific to the visual
cortex of young kittens, and also those of dark-reared older animals. Partial sequence
analyses indicates that six of these cDNA clones are homologous to the mitochondrial
proteins while the other six are novel. Our current focus is to obtain and characterize
the full length cDNA clones for the six novel molecules with respect to their strucrure,
expression and function .
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DIFFERENTIAL RESPONSES OF EGR-1 AND FOS PROTEINS IN VISUAL
CORTEX TO MANIPULATIONS OF VISUAL INPUT. Irina Kaplan and
George D. Mower*. University of Louisville School of Medicine, KY. 40292.
The aim of this study was to compare the expression of the immediate early
genes (IEGs) egr-1 and c-fos in the visual cortex of young and adult animals under
various manipulations of visual input. 4 week old and adult cats were placed in
light-tight boxes for 7 days and sacrificed either after the dark period or after
subsequent exposure to light for 1-4 hours. Normal 5 week old and adult cats in
ambient light were used to assess basal levels of IEG proteins. Sections were
processed for immunohistochemistry. At both ages, EGR-1 showed high basal
levels of expression, while basal levels of Fos were barely detectable. A period of

EFFECTS OF NEONATAL MONOCULAR APHAKIA ON THE
MORPHOLOGY OF AFFERENT AXONS TO LAYER IV OF
STRIATE CORTEX IN MACAQUE MONKEYS. W.H. Wu*, S.L.
Florence, and J.H. Kaas. Dept. Psychology, Vanderbilt University,
Nashville, TN 37240.
The morphology of individual afferent axons to layer IV of striate
cortex (Brodmann's layer IVC) was examined in macaque monkeys
(Macaca mulatto) reared from birth to about one year of age with
surgically induced monocular aphakia to produce a blurred retinal image.
Axons were bulk-filled with HRP in brain slice preparations and
reconstructed from serial sections. Fifteen reconstructed axons ramified
primarily in the upper tier of layer IV (presumed M axons), and five
terminated in lower layer IV (presumed P axons); however, analysis of
terminal arbor size indicated that there were large and small subgroups

darkness resulted in a dramatic reduction of EGR-1 immunoreactivity in the visual
cortex. Because of its low basal levels, no changes due to a period of darknesss
were detected in Fos immunoreactivity. 1 hour of visual experience after 7 days of
darkness resulted in a dramatic induction of Fos whereas EGR-1 rose to levels
only slightly higher than basal. There was a marked difference in the laminar
distribution of EGR-1 and Fos positive neurons between young and adult animals.
For both antigens in 5 week old cats cells in all cortical layers were labeled with
somewhat paler staining in layers I and V, in adult cats immunoreactivity was
much more pronounced in supra- and infragranular layers than in layer IV.
These results indicate complementary responses of EGR-1 and Fos to visual
input: EGR-1 expression is high basally and is mainly suppressed by removal of
visual input (darkness); Fos expression is low basally and is dramatically induced
by a transition from darkness to light. Such differential responses of IEGs to the
introduction and withdrawal of visual input may provide a genetic "on/off"
mechanism involved in long term functional changes. The differences in the
laminar distribution of IEG proteins found in young and old animals suggests a
relation between IEG expression and the state of cortical plasticity.

within these populations. One subgroup of M axons had significantly
larger arbors on average than the other (mean areas: 0.24 + 0.06 mm2
and 0.04 ± 0.01mm2, respectively, p<0.025). Additionally, the smaller
M axons had very few terminal branches, while the axons with larger

terminal arbors typically were densely branched. The two subgroups of
P axons had mean arbor areas of 0.1 ± 0.01 mm2 and 0.04 ± 0.09 mm2
(p< 0.05). The large and small subgroups of M and P axons
presumably reflect inputs from the non-deprived and deprived eyes,
respectively. This is consistent with the effects of neonatal monocular
aphakia on the ocular dominance distribution in striate cortex revealed by
CO staining after enucleation of one eye (Tigges, et al., 1992, J. Comp.
Neurol. 316:173-186). Supported by EYO2686, EYO9737, RR00165
and NICHDHD15052.
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THE CAT-307 PROTEIN (SPOT) IS EXPERIENCE-DEPENDENT AND IS
LOCALIZED NEAR THE GOLGI COMPLEX P.C. Kind*. G. Kelly. C.
Blakemoret and S. Hockfield. Section of Neurobiology, Yale Univ. Sch. of Med.,
New Haven, CT 06510 and tUniv. Lab. of Phys., Oxford, UK
One of the most striking features of the juvenile mammalian visual system is
its ability for substantial structural rearrangement in response to the pattern of
visual stimulation. To identify proteins that may participate in the early period of
plasticity, we generated monoclonal antibodies to molecules transiently expressed in
kitten visual cortex. The Cat-307 antibody recognizes a "spot-like"cytoplasmic
protein present in visual cortical neurons at 1 and 35, but not at 100 days of age
(Cerebral Cortex, 1994).

NERVE GROWTH FACTOR PREVENTS LOSS OF BEHAVIOURAL
VISUAL ACUITY IN MONOCULARLY DEPRIVED KITTENS . N.
Benacd^ A. Fiorentini - and L. MaffeiL2 Scuola Normale Superiore (1), Istituto
di Neurofisiologia CNR, Via S.Zeno, 51 (2) Pisa Italy.
Recent experiments in rats and cats have shown that treatment with
the neurotrophic factor NGF during the critical postnatal period prevents

Dark-rearing from birth prevents the normal reduction in juvenile synaptic
plasticity; therefore, we examined the expression of the Spot protein in animals
dark-reared until 35, 100 and 120 days of age. In the visual cortex of animals darkreared to 35 days of age the intensity and pattern of Spot expression is not different
from 35-day-old cats raised in a normal visual environment. However, in the visual
cortex of cats dark-reared until 100 or 120 days, the Spot protein continues to be
expressed. This indicates that normal visual experience is not necessary for the
initiation of Spot expression, but is required for its subsequent down-regulation.
The subcellular localization of a protein can provide clues about possible
functions. We have used immunoelectronmicroscopy to examined the ultrastructural
distribution of the Spot protein in the 35-day-old visual cortex. The Cat-307
antibody labels a non-membrane-bound cytoplasmic structure present in the cell
body and proximal dendrites of neurons. The structure appears spherical with a
diameter reaching 1.5 to 2 gm. It is invariably observed adjacent to the
endoplasmic reticulum (ER) and/or Golgi complex (GC). The exact role of this
structure has not yet been determined, however, its association with the ER and GC
and its down-regulation with age, suggest a specialized role in protein transport
during development. (Supported by EY06511 MRC, UK, and Oxford McDonnellPew Centre for Cognitive Neuroscience).
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the anatomical and functional effects of monocular deprivation (MD) at the
level of visual cortex and lateral geniculate nucleus. We have investigated
whether NGF treatment was effective in preventing MD effects on visual
behaviour of monocularly deprived kittens. Behavioural visual acuity was
measured in 5 kittens that had been monocularly deprived and treated
intraventricularly with NGF (Alzet minipump, O.5pl/h, lgg/gl PNGF) for
two weeks during the critical postnatal period and in 3 control kittens
monocularly deprived for two weeks, 2 untreated and 1 treated
intraventricularly with Cytochrome C.
We found that the visual acuity of the deprived and undeprived eye
did not differ significantly in 4 out of 5 NGF treated kittens; the visual
acuity of the deprived eye was significantly reduced in all control kittens.
We conclude that the loss of behavioural visual acuity in monocularly
deprived kittens (amblyopia) can be prevented by NGF treatment.
Supported byHFSPO RG 93/93.
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DEVELOPMENTAL EXPRESSION OF TRANSMITTER RECEPTORS IN
VISUAL CORTEX IS DETERMINED BY LGN INPUT.
Q. Gu*. Y. Liu. R. Dyck, V, Booth and M, Cynader- Dept, of Ophthalmology,
Univ. of British Columbia, Vancouver, B.C. Canada V5Z 3N9
Many neurotransmitter receptors in the visual cortex display an unique “insideout” profile during early postnatal development. They appear first in the middle layers
and later on in the superficial and deep layers. While the density of receptors increases
in the superficial and deep layers, it declines in the middle layers, until the adult level
is reached. In order to determine whether this developmental profile depends on the
activity of LGN, the major input to visual cortex, we have chronically infused
tetrodotoxin (TTX) into kitten LGN and examined the distributions of several
transmitter receptors in the visual cortex. Three kittens, 23-days of age, had
minipumps (Alza, model 2002) implanted which connected to 30-G cannulae whose
tips were inserted just above LGN. One minipump delivered TTX to the LGN in one
hemisphere while another pump delivered artificial cerebro-spinal fluid (ACSF) onto
the other LGN as a control. Two weeks later, the animals were perfused with cold
phosphate buffer (0.1 M, pH 7.4), the brains were quickly removed and frozen at 2O°C. The brains were then processed for receptor autoradiography. [H3]-pirenzepine,
iodocyanopindolol [I125]-CYP and [H3]-mesulergine were used to label muscarinic,
P-adrenergic and serotonergic receptors, respectively. In the ACSF-treated side,
receptor distributions were as same as in the normal visual cortex of the same age:
the receptor density was high in both superficial and deep layers and low in the
middle layer. In the TTX-treated sides of the same animal, receptor distributions
remained similar to those of younger kittens: receptor density was high in the middle
layers and low in the superficial and deep layers. Thus, blockade of LGN activity
prevented receptor reorganization in the developing visual cortex. These results
demonstrate that the developmental redistribution and expression of these receptors in
visual cortex is determined by LGN input.

PRENATAL AND EARLY POSTNATAL STAINING OF NADPHDIAPHORASE IN CORTICAL AND THALAMIC STRUCTURES OF THE
CAT. K.E. Kratz*, F. Banfro. R. Mize, C. Schiener, and W. Guido. Dept. of

Anatomy and Neuroscience Center, LSUMC, New Orleans, LA 70112.
We examined the pattern of NADPH-diaphorase staining in fetal and newborn
kittens and adult cats. This staining visualizes the synthesizing enzyme of nitric
oxide, a neuromodulator associated with CNS development and plasticity. As
reported previously, we found very few NADPH-d positive cells in the dorsal
lateral geniculate nucleus (LGN) and visual cortex of the adult cat. However, a
very different pattern of staining was observed in prenatal and early postnatal
kittens. Between E46 and E57 a number of lightly stained cells appeared in
LGN. Throughout all of cortex, including visual cortex, we found many
NADPH-d stained cells. Many of these were restricted to the upper portion of
the subplate zone and had a morphology consistent with subplate neurons. Other
labeled cells were found within the cortical plate and these had elongated cell
bodies and bipolar appendages indicative of migrating cells. Between P2 and P7
labeled somata were evident throughout LGN and adjacent thalamic nuclei. The
staining in cortex also persisted at these early postnatal ages. Cells were evident
throughout the intermediate zone, and established deep layers of cortex. The
transient staining of NADPH-d was not restricted to LGN or neocortex. For
example, prominent labelling was evident throughout the hippocampus and
dentate gyrus of prenatal and early postnatal kittens but not adults. NADPH-d
staining, which reveals nitric oxide activity, may be correlated with a period of
marked synaptogenesis and refinement of neuronal connections that occurs
during early development. (Supported by LSUMC Neuroscience Center
Incentive Grant, NSF 9396270, and USPHS EYO2793).
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CORTICOGENICULATE SYNAPTIC TRANSMISSION IN THE FERRET
DURING DEVELOPMENT. A. S. Ramoa*, Dept. of Anatomy, Medical College
of Virginia, VCU, Richmond, VA 23298-0709.
The adult form and function of the lateral geniculate nucleus (LGN) arise after
an early developmental stage of extensive modifications in circuit organization.
We have shown recently that intrinsic membrane properties of LGN relay cells
(J. Neurosci. 14:2089,1994) and synaptic properties of the retinogeniculate
pathway (J. Neurosci. 14:2098,1994) change markedly during this period of
anatomical rearrangements. Our current studies extend these investigations to
the corticogeniculate pathway. Cortical input accounts for approximately half of
the synapses on relay neurons, and may play an especially important role in
regulating thalamic activity during the developmental period of changes.
Corticogeniculate synaptic transmission was studied in slices obtained from
ferrets during the first 2 postnatal months. Voltage-damp recordings were
conducted in the presence of tbcuculline-methiodide. Responses near the
resting membrane level consisted of an EPSC with rapid onset and decay. At
positive holding potentials EPSC decay was very slow, lasting hundreds of
milliseconds. The late component of the response was linearly related to

ONSET OF NITRIC OXIDE SYNTHASE EXPRESSION IN FERRET
VISUAL CORTEX CORRELATES WITH FORMATION OF OCULAR
DOMINANCE COLUMNS. E. M. Finney and C. J. Shatz*. Dept, of
Molecular and Cell Biology, University of California, BerkeleyfCA 94720
Nitric oxide synthase (NOS) is an enzyme that catalyzes the production of
nitric oxide, a potential retrograde messenger in induction of long-term
potentiation (LTP) in the hippocampus. During development, the selective
strengthening and remodeling of synapses in visual cortex of binocular
mammals, as evidenced by the formation of ocular dominance columns
(ODC’s), may involve some of the same mechanisms that mediate LTP. Here,
we describe the developmental time course of NOS in ferret visual cortex as
determined by the NADPH-diaphorase (DAP) technique.
DAP staining is low at postnatal day 5 (P5), with only a few neuronal cell
bodies staining in subplate and layers 5/6. DAP neurons possess varied
morphology, often with very large cell bodies, but pyramidal neurons are not
observed. Very rarely, fibers can be seen in the cortical plate at P5. By P15,
layer 4 is present but exhibits no cellular staining, even into adulthood. Levels
of DAP in the subplate and layers 5/6 have increased slightly, and there is a
DAP-positive fiber plexus in the cortical plate. By P25, significantly more
neuronal DAP staining arises in the subplate and lower cortical layers. In the
upper layers (2/3), occasional widely spaced neurons with broadly branching
dendrites can be seen. A rich plexus of fibers extends throughout the cortical
plate, but there is relatively little fiber staining in the white matter. From P45
to adulthood, neuronal DAP staining in the deep white matter declines, while
that in the superficial white matter/lower layer 6 persists. The extensive plexus
of DAP fibers in the cortical plate, including layer 4, and the appearance of
strong DAP staining in the subplate neurons, which are known to be required
for ODC formation (Ghosh and Shatz, 1992), suggest a role for NO in ocular
dominance column formation.
Supported by NIH EYO2858 to CJS and a HHMI felowship to EMF

voltage at positive potentials, exhibited marked attenuation at negative
potentials, and could be blocked by bath application of the NMDA receptor
antagonist D-APV. Preliminary data suggest that voltage dependence of the
NMDA EPSCs remains relatively unaltered during development while duration
may show an age-dependent reduction.
Thus, NMDA ionophores contribute substantially to corticogeniculate
transmission during the developmental period of thalamic reorganization.
Current analyses in our laboratory are directed at examining whether the NMDA
receptors activated by cortical input may play a role in LGN synaptic plasticity.
Supported by an A.D. Williams grant and start-up funds from VCU.
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AGE DEPENDENCE OF LAMINAR DISTRIBUTION OF GLUTAMATE
RECEPTORS IN CAT VISUAL CORTEX. B. Gordon* and D. Pardo. Institute
of Neuroscience, Univ. of Oregon, Eugene, OR 97403
Studies of homogenate binding, effects of APS, and responses of cells in
cortical slices all suggest that NMDA receptors may have a role in visual cortex
plasticity. Because the critical period for the effects of monocular deprivation
may vary with layer, we used quantitative autoradiography to determine
whether the development of NMDA receptors differed among cortical layers. To
determine whether age dependent changes are specific to NMDA receptors, we
examined the development of kainate, AMPA, and muscimol as well as NMDA
binding sites. Binding of each ligand was measured at 21, 42, and 84 days of
age, and in adults (>200 days). In each layer [3H]MK-801 binding (used to
assay NMDA receptors) was maximal at 42 days of age. At each age, we
estimated the relative contribution of each layer by normalizing the binding in
that layer with respect to the average binding over all layers. For [*HMK-8O1
binding the relative contribution of each layer varied dramatically with age. At
21 days normalized binding was maximal in layer 4. By 42 days normalized
binding was maximal in layers 2 and 3, and in adults it was maximal in layer
1. At all ages layers 5 and 6 made the smallest contribution. Overall,
[3H]kainate binding was also maximal at 42 days but the relative contribution
of each layer did not change with age. At all ages kainate binding was maximal
in layers 5 and 6 and low in the superficial layers. The transition from low to
high binding occurred in the bottom half of layer 4. Preliminary data suggest
that [3H]AMPA binding will be high in both supragranular and infragranular
layers and low in layer 4. Muscimol data is not yet available. These results
suggest that interactions between NMDA and other glutamate receptors may
vary with layer. Such differences might account for age and laminar specific
differences in plasticity.

DEVELOPMENT OF NEURAL TRANSMISSION IN RAT
VISUAL CORTEX STUDIED BY ORGANOTIPIC CULTURES
GROWN ON MULTIELECTRODE DISHES. A.Kamei1,
H.Sugihara1, Y.Kobayashi2, M.Taketani1*, K.TomiyamaJ, G.
Merzhanowa3, N.Yamamoto3 and K.Toyama3 1 Central Reseach Lab.
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Mastsushita Elec.Co., Soraku-gun, Kyoto, 619-02, Japan, 2 ATR Human
Information Processing Labs. Soraku-gun, Kyoto,619-02, Japan, 3 Dept, of
Physiology, Kyoto Prefectural University of Medicine,Kamigyo-ku, Kyoto, 602,
Japan
Development of extrinsic neuronal transmission in rat visual cortex (VC) was
studied using culture dishes implanted with 8x8 multielectrode array (size, 50 u
m x 50 um and interpolar distance, 150/im) for long-term (for about 3 weeks)
recording and stimulation. Studied by field potentials (FPs) evoked by electrical
stimulation of supragranular layer, early responses with short latencies (1-2 ms)
and fast time courses (a few milliseconds) appeared as early as 5 days in vitro
(5DIV), which distributing horizontally (several hundred micrometers) along supraand infragranular layers around stimulation site. Late responses with long latencies
(10-50 ms) and slower time courses (50-100 ms) became detectable at 10 DIV,
horizontally spreading (several hundred micrometers) along supragranular layers.
Spontaneous discharges consisting of single spikes were detectable as early as 5
DIV, and burst discharges became prominent after appearance of the late responses.
Cross-correlation analysis of spontaneous discharges revealed no correlation at
the early stage, indicating that activities in each recording areas go on with little
interaction. Strong interaction became detectable at the later stage when burst
discharges appeared, suggesting that the burst discharges are produced by excitatory
interaction between the cortical areas. Cross-correlation analysis further suggested
that wave of burst discharges travelled through the cortical areas starting from
single pacemaker area.
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CORTICAL
SYNAPTIC
PLASTICITY
IN
TRANSGENIC
MICE
HETEROZYGOUS FOR A MUTATION OF a.Ca2+\CaM DEPENDENT
PROTEIN KINASE II (aCaMKII) GENE. Z. Wang* & A.J. Silva. Beckman
Center for Learning & Memory, Cold Spring Harbor Laboratory, Cold Spring
Harbor, NY 11724.
Cortical synaptic plasticity, such as short-term and long-term potentiation (STP
and LTP), may be involved in learning and memory. Recent studies showed that
LTP but not STP could be induced reliably in supra-granular layers of cat and rat
visual cortex (KirkwOod & Bear '94, J Neurosci 14:1634-45). We define STP and
LTP as percentage increase in the peak amplitude of field potentials during the
first and third 10 minutes after tetanus, respectively. We studied both wild-type
mice and mice heterozygous for a targeted disruption of aCaMKII gene. We
adopted similar experimental protocols to those used by Kirkwood and Bear.
Coronal slices of visual cortices were prepared and maintained under standard in
vitro conditions at 32°C. By recording field potentials in layer II/III and
tetanizing layer IV with 6 trains of 13 repetitive theta bursts delivered at 5 Hz, we
were able to induce STP in over 90% of the attempts (66/68 for wild type and
24/27 for aCaMKII heterozygotes). In comparison, LTP was induced in only 50%
of cases (32/68 for wild type and 13/27 for mutants). This indicates that STP is at
least as robust as LTP in mouse visual cortex. Furthermore, both STP and LTP
were found to be significantly smaller in aCaMKII heterozygotes: ll2±1.4% for
STP and lO9±1.4% for LTP (n=9, N=6; N, number of animals), as compared with
the wild-type littermates: l34±6.9% for STP and 124±5.8% for LTP (n=l3, N=5;
independent t-test, P<0.05). This result suggests that, in mouse visual cortex, the
induction of both STP and LTP depends on aCaMKII activity.

CO-LOCALIZATION OF THREE CALCIUM-BINDING PROTEINS AND GABA
DURING DEVELOPMENT OF MACACA MONKEY VISUAL CORTEX. Y.-H.
Yan*. J.F.M. van Brederode and A.E. Hendrickson. Depts. of Biological Structure
and Ophthalmology, University of Washington, Seattle Wa 98195 .
Calretinin (CR), calbindinD28k (CB) and parvalbumin (PV) are found in separate
groups of GABA neurons in the adult cortex, but the co-localization of these proteins
with GABA during development is not known. Methods: Frozen sections of
primary visual cortex from fetal day (Fd) 65,85,90,101,125,130,135,145,155;
postnatal (P)) Id; 1,3,6,16 wks, 6mo, and adult were labeled using antisera to CR,
CB, PV, and GABA, and then visualized by PAP for single labels or by double-label
immunofluorescence. Results: a) CR was present at Fd65 in Cajal-Retzius cells and
processes in the marginal zone (MZ). CR reached its highest cell density in the
cortical plate at Fd85-100, and peaked in layer 2/3 after Fdl3O. This pattern
changed little after Fdl3O, except for a progressive loss of CR± cell bodies and
processes in the MZ. b) CR± and PV± cells were GABA± at all ages, except for
Cajal-Retzius cells and Large- CR± cells in the ventricular zone. Up to Fdl35, all
CB± cells, except CB± Cajal-Retzius cells, were GABA±, and nearly all GABA±
cells in layers 4-6 were also CB±. Around birth there were a large number of
GABA-/CB±cells in layers 4A and 4C that later disappeared, c) Cajal-Retzius cells
were the only neurons showing co-localization between CR and CB. PV was colocalized between CR and CB. PV was co-localized with CR in Cajal-Retzius cells
and some layer 3 neurons and with CB in layer 4C neurons between Pld-P3wks.
Few PV±/CR± or PV±/CB± cells were found in adult cortex. Conclusions: Our
study finds during development that 1) CR is expressed earlier than CB and much
earlier than PV. 2) CR and CB are not co-localized. 3) Around birth some PV±
neurons transiently express CB or CR. 4) CR± and PV± neurons are GAB A± except
for Cajal-Retzius cells that are CR±/PV±/CB± but GABA-. 5) Around birth a
transient population of layer 4 CB±/GABA- cells appears. These overlap ocular
segregation, suggesting that CB may play a role in ocular dominance column
formation. Supported by EY04536, EY01208, EYO7O31.

203.19

EXPRESSION OF BRAIN-DERIVED NEUROTROPHIC FACTOR GENE
DURING VISUAL SYSTEM DEVELOPMENT IN CAT AND FERRET.
A. Hohn*. E. Lein, and C.J. Shatz. Dept, of Molecular and Cell Biology, U.C.
Berkeley, CA 94720.
A prominent feature of visual system development in higher mammals is the
segregation of geniculocortical axons into ocular dominance columns. This process
requires the selective strengthening of eye-specific connections and is dependent on
neuronal activity. Recent evidence suggests that neurotrophins may influence
neuronal plasticity. In addition, gene expression of the neurotrophin Brain-Derived
Neurotrophic Factor (BDNF) in visual cortex of rodents has been found to be
influenced by levels of neuronal activity.
To assess a possible role for BDNF during the period of ocular dominance
column formation, the expression of the BDNF gene during visual system
development of cat and ferret was examined. Species-specific probes were obtained
by cloning the cat and ferret BDNF genes using polymerase chain reaction. The
amino acid sequences, but not the DNA sequences, were found to be highly
homologous to those of other mammalian species. BDNF expression was then
examined within the visual cortex using in situ hybridization and Northern blot
analysis. In ferret visual cortex, BDNF mRNA is expressed at postnatal day 15
(before eye-opening), and expression persists into adulthood. In cat visual cortex,
BDNF mRNA is highly expressed by postnatal day 30, which coincides with the
period of ocular dominance column formation. In both species, heavy labeling was
detected primarily in large (putative) pyramidal neurons within cortical layers 2/3, 5
and 6, with little or no hybridization in layer 4 at the times examined. Labeling
was not detected in small (putative) glial cells.
The observation that BDNF is expressed in visual cortex during the period in
which ocular dominance columns are forming suggests that it could play a role in
the development and stabilization of eye-specific connections. Supported by the
Swiss Natl. Found. (AH), NSF (EL) and NIH Grant EYO2858 (CJS).
'
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204.2

RETURN OF VISUAL FUNCTION DURING RETINAL
REGENERATION: CLASSICAL CONDITIONING RESPONSE
(A. E. Lindsey. M., K. Powers*) Vision Research Center and
Department of Psychology, Vanderbilt University, Nashville, TN
3724C
The goldfish retina is capable of neural regeneration following destruction.
Our lab has previously shown that the electroretinogram (ERG) returns to near
normal amplitudes in goldfish and bluegill sunfish with regenerating retinas
(Mensinger & Powers, 1992). The ERG results show that regenerated retinal
tissue reproduced in adulthood can sustain approximately normal retinal
electrophysiological function. The question asked in this study is whether
regenerated retinal tissue can mediate normal visual behavior. If so, this would
indicate that at least some connections between the retina and brain are
reestablished.
To assess visual function, goldfish (Carassius auratus) were trained to suppress
respiration movements when presented with a monochromatic light stimulus by
use of a classical conditioning paradigm (Powers & Easter, 1978). One retina was
then destroyed and the other retina served as an intrafish control. At intervals
between 1 and 14 weeks after retinal destruction fish were tested to determine if
they could detect a 519 nm light.
At 10 weeks goldfish could detect a 519 nm light with the regenerated retina.
These results approximate those found in ERG studies. Histological analysis
confirmed that the retina was regenerated.
These results confirm that goldfish with regenerated retinas can detect light.
They therefore demonstrate that at least some neural connections are
reestablished between regenerated retina and brain and that these connections
can mediate normal visual behavior.
Supported by R01 EYO8256 and P3O EY08126.

MYELINATION IN THE OPTIC NERVE OF THE OPOSSUM:
CORRELATIONS TO A TRANSIENT REGENERATIVE
CAPACITY OF RETINAL GANGLION CELLS.
R E MacLaren & J S H Tavlor. (SPON: Brain Research Association).

Dept, of Human Anatomy, University of Oxford, OX1 3QX, U.K.

The failure of axons to regenerate within the central nervous
system (CNS) has largely been ascribed to the hostility of the local
tissue environment. Recent attention has focused on the inhibitory
effects of oligodendrocytes.
We have investigated the capacity for retinal ganglion cell (RGC)
regeneration in the developing CNS, during the time period when the
CNS environment is permissive for developmental axonal outgrowth.
We have used the opossum, Monodelphis domestica in which the
development of the visual pathways occurs postnatally, and divided
RGC axons by making lesions in the temporal retina between
postnatal days 5 (P5) and 15. Using retrograde HRP labelling from
the ipsilateral optic tract we have examined the regrowth of axons
peripheral to the lesion. We show that up to P10 RGC axons will
regrow directly through the retinal scar and can successfully navigate
at the chiasm to enter their appropriate optic tract.
A potential factor that may preclude RGC regrowth after P10 is the
onset of myelination. We have used myelin basic protein (MBP)

immunohistochemistry in the developing optic nerve to detect the
onset of myelination. Immunoreactivity is not found until P3O,
following a chiasm to eye gradient. This delay of 20 days would
suggest that the onset of myelination is unlikely to play a major role
in the cessation of axon regrowth.

This work is supported by the Medical Research Council
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REGENERATION OF THE HORIZONTAL
SEMICIRCULAR CANAL NERVE. A. F. Mensinger* and
S. M. Highstein. Dept. of Otolaryngology, Washington Univ.
Med. Sch., St. Louis, MO 63122.
The horizontal semicircular canal nerve of the toadfish,
Opsanus tau has been established to have differential central
parcellation of functionally distinct afferent fibers. The nerve
was transected either pre- or post-ganglionically to study
whether regenerated fibers reestablish normal innervation
patterns.
Survival times ranged from 4 to 106 days. Integrity of
regenerated fibers was tested by peripheral bulk application of
biocytin or by intracellular injection into single fibers.
Following transection, labelled fibers were not observed past
the cut between day 4 and 30 (N=2). Extensive regeneration
and numerous primary afferent and efferent fibers were
observed between day 51 and 106 (N=4) with labelled fibers
transversing the cut and displaying a similar central innervation
pattern to controls. Two afferents were successfully injected

EFFECTS
OF
MANIPULATING CYTOSKELETAL
PHOSPHORYLATION ON CELL SHAPE DURING AXONAL
REGENERATION IN GIANT LAMPREY CENTRAL NEURONS
J. Yao and G.F. Hall* Department of Neurology, Children’s Hospital,
Boston MA 02115
Axotomy of identified neurons (ABCs) in the lamprey CNS causes
perturbations in neurofilament and tau protein phosphorylation that
precede and accompany axonal regeneration.
We used in situ
microinjection of the serine kinase inhibitor K-252a and phosphatase
inhibitor okadaic acid (OA) together with Lucifer Yellow-dextran (10
mg/ml) to examine the effects of inhibiting (K-252a) and promoting
(OA) cytoskeletal phosphorylation on the morphology of ABCs during
the initial stages of axonal regeneration. Both K-252a (100 ^m) and

and observed transversing the cut in one animal (day 79).
In summary, the horizontal semicircular canal nerve is
capable of regeneration and preliminary observations show
that both axon number and innervation patterns are similar to
controls.

OA (150 gm) produced marked effects on ABC cell shape by the onset
of regeneration at 14 days following injection and injury. OA induced
the formation of massive swellings in the cell body and along the shafts
of both large and small dendrites of ABCs by this time.
Immunostaining of sections through these swellings showed much less
tubulin than is normally present in the soma and dendrites. K-252a
injection at the time of axotomy induced a marked narrowing of axon
stumps when compared to the axon stumps of dextran injected control
cells, and resulted in the generation of abnormally long and thin
axonlike sprouts. We conclude that the lamprey c Ns constitutes an

ideal experimental system for studying the role played by cytoskeletal
phosphorylation in the cellular mechanism underlying axonal
regeneration in the CNS in situ. Supported by NIH grant NS2928l and
American Paralysis Association Pilot Research Grant HA9701 to

G.F.H.

204.6

204.5

WITHDRAWN

CENTRAL NOREPINEPHRINE-CONTAINING NERVE FIBERS REGENERATE IN THE ADULT CAT OCCIPITAL CORTEX
K. NNaua, T. KKamatat, K.Niiyama, Y.NNaa, T.Itakura. Department of Neurological Surg., Wakayama Med. Col., Wakayama, 640 Japan and Smith
Kettlewell Eye Research Institute, San Francisco, CA 94115
Knowing the robust regenerative capability of young brain in the kitten visual
cortex (K.Nakai et al 1987), regeneration of norepinephrine (NE)-containing
nerve fibers in occipital cortex of adult cats was studied using morphological
and biochemical methods. NE fibers in the visual cortex of adult cat older than
28 weeks were initially degenerated by the direct infusion of 6hydroxydopaming (6-OHDA) for a week. Anti-OBH-immunohistochemistry
or glyoxylic acid fluorescence histochemistry was employed for the evaluation
of NE fiber regeneration. Recovery trends in biochemical content of NE after
stopping the 6-OHDA infusion was measured by HPLC with ECD. Cortical reinnervation of NE fibers was observed steadily throughout 52 weeks, the longest survival period studied morphologically, after stopping 6-OHDA infusion,
though the density of varisose NE fibers at the boundary of the initially
denervated area (about 5 mm from the infusion site) remained still substantially lower than that in control. Biochemical assays showed steady recovery in NE content in time, that are well correspondent with the above
morphological findings. The NE content at the periphery of the initial
denervation area (>5 mm from the 6-OHDA infusion site) regained the
control level with over 50-wgek-survival. The rate of the re-innervation
was slower in mature cortex than that obtained earlier in immature kitten
visual cortex. The present results indicate that the regenerative capability of the central NE neurons is universal, not limited to the immature brain.
It is implied that the central NE neurons are equipped with a tnmsmitter-s]p;cific
repair mechanism throughout life.

204.7

204.8

NEURONAL CELL DEATH AND REGENERATION IN THE LESIONED
NIGRO-STRIATAL PROJECTION. J. E. Brecknell, N. S. K. Haque, M. V.
Sofroniew*, S. B. Dunnett and J. W. Fawcett. MRC Cambridge Centre for
Brain Repair, Forvie Site, Robinson Way, CAMBRIDGE, England.
Adult rats received unilateral lesions of the nigro-striatai projection using
either an injection of the specific neurotoxin 6-OHDA into the medial forebrain
bundle or an extruding wire knife. Following the 6-OHDA lesion 95% of
dopaminergic neurons in the substantia nigra (SN) died within 3 days.
However, following the mechanical lesion neuronal death was much slower,
reaching a maximum of about 90% after 10 weeks. This latter lesion thus
provided an opportunity to study the regeneration of adult neurons in situ in the
CNS and their rescue from cell death.
A graft of cultured cell lines was implanted along an oblique track to form a
bridge from the lesion site just rostral to the SN up to the striatum. Animals
receiving such a graft of RN22 1310 cells (a human schwannoma line
transfected with kFGF), showed a significantly lower rate of amphetamine
induced rotation than animals receiving the lesion alone, the difference between
the groups steadily increasing over 10 weeks.
Tyrosine-hydroxylase
immunoreactive axons were shown to run along the graft to reach the striatum at
3 and 10 weeks after the lesion, and the number of these reaching the striatum
was found to correlate with the change in rotation over a 10 week period. In
addition cell death in the SN was reduced in the grafted animals.
It is proposed that this system could now be used as a model to compare the
abilities of different cell lines to support axonal regeneration in the adult CNS.

THE REGENERATIVE RESPONSE OF CNS NEURONS TO A PERIPHERAL
NERVE GRAFT DM THE ADULT RAT STRIATUM C.L. WOOLHEAD. P.N.
ANDERSON AND P.C.EMSONt SPON: Brain Research Association. Dept.
Anatomy, University College London, London, WCIE 6BT. tMRC Molecular
Neurosci. Group, Babraham Institute, Cambridge. CB2 4AT.
Segments of autologous tibial nerve implanted into the corpus striatum of adult
rats can provide conduits for successful CNS axonal regeneration. Retrograde
labelling with HRP was used to visualise the course of regenerating axons within
such grafts and to locate their perikarya, the majority of which were found in the
ipsilateral substantia nigra (SN) rather than in the striatal tissue around the grafts.
However, the perikarya of the striatal cholinergic and NADPH-diaphorasecontaining intemeurons enlarged in response to the grafts and it is possible that
axons from some striatal neurons may have entered the grafts but not extended into
the distal region of the graft where the tracers were applied. The neurochemical
phenotype of axons seen to regenerate into these grafts was determined using
histochemistry for AChE and NADPH-diaphorase and immunohistochemistry for
GABA and tyrosine hydroxylase (TH). For each marker positively stained axons
were seen in the grafts at 2 weeks after grafting, increasing in number at 4 and 6
weeks, but axons containing AChE and TH (both of which are found in nigrostriatal
fibres) were much more common than those containing GABA or NADPHdiaphorase. Although GAP-43 immunoreactive axons were identified in the grafts,
no striatal or SN perikarya accumulated the protein on either the grafted or
contralateral sides of the brain. In situ hybridisation identified large numbers of
strongly GAP-43 mRNA positive neurons in the pars compacta of the SN, and small
numbers of weakly stained striatal neurons, but this also appeared to be uniform on
both the grafted and contralateral sides of the brain, showing no upregulation in
response to the graft. The high levels of GAP-43 mRNA expression in nigrostriatal
neurons may be a factor in their successful regeneration whereas the inability of
striatal neurons to upregulate GAP-43 may contribute to the relative paucity of the
regenerative axonal growth from these cells. C.L.W. recieved an MRC Studentship.
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EVIDENCE FOR GROWTH OF DORSAL SPINOCEREBELLAR AXONS
THROUGH A LESION OF THEIR SPINAL PATHWAY DURING EARLY
DEVELOPMENT IN THE NORTH AMERICAN OPOSSUM. J.R. Terman*.
X.M. Wang and G.F. Martin. Dept of Cell Biology, Neurobiology & Anatomy and
Neuroscience Program, The Ohio State University, Columbus, OH. 43210.
In mammals, supraspinal axons grow around or through (see abstract by Martin
et al, this meeting) a lesion of their spinal pathway during specific critical periods
of development, but comparable plasticity has not been documented for axons which
originate within the spinal cord. The experiments described herein were designed
to determine if axons originating in Clarke's nucleus (CN) are capable of such
growth. The dorsal spinocerebellar tract (DSCT) of postnatal day 4-10 opossums
was cut by hemisecting the spinal cord at the 7th or 8th thoracic segment. Six
months later, injections of 5 % Fluoro-Gold (FG) were made bilaterally into the
anterior lobe of the cerebellum, the major target of axons from CN. Seven days
after injection, the animals were anesthetized and perfused so that their brain and
spinal cord could be sectioned for examination with a fluorescence microscope. In
all cases, labeled neurons were found in CN caudal and ipsilateral to the lesion
although they were fewer in number and smaller than those present at the same
level on the contralateral (control) side. Neurons of CN project ipsilaterally to the
cerebellum in the opossum (unpublished observations), as in other species, so we
have interpreted these results to indicate that axons of the DSCT grew around or
through the lesion. Relatively normal appearing spinal cord was found at the lesion
site and labeled spinocerebellar axons were present within it suggesting that growth
occurred through the lesion-not around it. Our results show that axons of the DSCT,
like those which originate at supraspinal levels, grow well past a lesion of their
spinal pathway. The critical period for such plasticity remains to be determined as
does the possibility that growth of DSCT axons around a lesion occurs at other
stages of development. Supported by NS-25095 and 10165.

APPARENT REGROWTH OF AXONS FROM SURVIVING, AXOTOMIZED
SEPTOHIPPOCAMPAL NEURONS. Gary M. Peterson*. Dept Anatomy & Cell
Biology, East Carolina Univ Sch Med, Greenville, NC 27858-4354
Following transection of the septohippocampal projection, neurons in the medial
septum (MS) do not die but cease or reduce their expression of transmitter-related
enzymes and remain in a shrunken, apparently inactive state for several months
(Naumann et al., 1992; Peterson et al., 1990,1992). The question arises as to what
becomes of the axonal projections of these cells. To examine this, adult female
Sprague-Dawley rats received bilateral aspirative lesions of the fimbria-fornix (FF)
and then 3, 6, and 10 weeks later received iontophoretic injections of PHA-L into
the MS. Unoperated controls received similar injections. One week later the
animals were killed and brain sections were processed for AChE histochemistry
or PHA-L immunocytochemistry. Control brains showed the typical trajectory of
axons through the septal region, into the FF and then into the hippocampus. In
addition, projections were observed in the regions of the hypothalamus and
midline thalamus similar to what has been reported by others. Lesioned brains
showed these non-hippocampal projections at all three time points but no labeled
(PHA-L or AChE) fibers in the hippocampus. Most striking was the remnant of

the septohippocampal projection. At the two shorter time points (3 and 6 weeks),
few labeled fibers were observed coursing dorsally through the MS towards the cut
edge of the FF. However, at the 10 week time point, numerous fibers were
observed not only in the medial and dorsal septum, but at the very dorsal margin
of the lesion as well as lateral to the lesion as if attempting to grow around it. In
some cases, labeled fibers were observed at the medial margin of the caudate
where it is bordered by the lateral ventricle. These data suggest that the axons of
septohippocampal neurons which survive axotomy first undergo retrograde degeneration and then regrow in the proper direction until they reach the lesion site
where they then take an aberrant course. Where these axons terminate is unclear.

204.11

204.12

FETAL SPINAL CORD TRANSPLANTS SUPPORT DORSAL ROOT
REGENERATION FOR THE FIRST FEW DAYS AFTER
IMPLANTATION INTO ADULT SPINAL CORD. T. Sugawara. Y.
Itoh. F. Mori. M. Kowada. B.T. Himes* and A. Tessler. Dept. of
Neurosurgery, Akita Univ. Sch. of Med., 1-1-1 Hondo, Akita 010,
Japan; Philadelphia VA Hospital and Dept. of Anatomy and
Neurobiology, Med. Coll. of PA, Phila., PA., 19129.
Cut dorsal roots regenerate into intraspinal transplants of fetal spinal
cord, but it is unknown for how long these transplants permit or enhance
regeneration. The L4 or L5 dorsal root of adult Sprague-Dawley rats was
severed, and a whole piece of embryonic (E) day 14 spinal cord was
grafted into a cavity aspirated in the lumbar enlargement. In one group
the dorsal root was immediately juxtaposed to the transplant, and

REGENERATING MONOAMINERGIC FIBERS FOLLOW TRANSMITTER
SPECIFIC PATHWAYS IN THE TRANSECTED EMBRYONIC CHICK CORD.
A.Y. Gonzales1. Y.M. Beilis1. P.A. Guruld1, *K.D. Kemp1, S.J. Hasan2. H.S.
Keirstead2. G.D. Muir2. J.D. Steeves2 and J.A. Wallace1*. 1Dept. of Anatomy,
Univ. of New Mexico Sch. of Med., Albuquerque, NM 87131, 2Dept. of

regeneration was studied 4 weeks later. In additional groups the dorsal
root and transplant were at first kept separate and juxtaposed 1, 3, 5, or
7 days later; regeneration was examined 4 weeks after the second

procedure. Regenerated dorsal roots were demonstrated with
immunohistochemical methods.
Dorsal roots apposed to transplants after a 1 day delay occupied a
smaller area of the transplants than those in which the dorsal root was
apposed without delay, but growth was robust. Delays of 3 or 5 days
were followed by much less regeneration than a delay of 1 day, and a
delay of 7 days was followed by virtually no regeneration. These results
suggest that the capacity of E14 spinal cord transplants to support or
enhance dorsal root regeneration is greatly diminished by 3 days after
transplantation and virtually abolished by 7 days.
Supported by VA Research Service and NS 24707.

Zoology, Univ. of British Columbia, Vancouver, B.C., V6T 2A9, Canada.
Transection of the chick spinal cord at mid-thoracic levels prior to
embryonic day 13 (E13) results in animals with complete anatomical and
functional recovery at hatching (Hasan et al., J. Neurosci. 13:492/93). In
contrast, embryos transected on or after E14 show little or no functional
recovery nor discernable anatomical regeneration. However, in preliminary
studies we have found that monoaminergic endings contribute to the
reinnervation of the lumbar cord in embryos transected at either El 2 or E14.
Here we examined the course of regenerating monoaminergic axons as they
descend and enter the lumbar cord of E2O embryos transected on E10, E12
or E14. The fibers were immunocytochemically stained for serotonin (5-HT)
or for tyrosine hydroxylase (TH), indicating catecholaminergic axons.
Regardless of the age of cord transection, 5-HT and TH + fibers were found
in the white matter of the lumbar cord, although the patterns by which the
regenerating fibers entered the white matter varied between transmitter type.
TH + axons were restricted to the dorsolateral area of the lateral funiculus,
whereas the majority of 5-HT stained fibers appeared ventrolaterally in a
compact subpial position as well as within a ventromedial location in the
ventral funiculus. This differential distribution of 5-HT and TH + axons
mimicked the initial pattern of ingrowth of these fibers developmentally.
These results suggest that regenerating monoaminergic axons may recognize
and follow local cues that persist from earlier developmental periods.
Supported by DHHS-GMO8222 and RR08139 (JW) and MRC (JS).

204.13

204.14

PROPRIOSPINAL NEURONS MEDIATE INITIAL RECONNECTION
ACROSS TRANSECTION SITES IN EMBRYONIC CHICK SPINAL
CORD GN Sholomenko* & KR Delanev. Dept, of Biological Sciences
Simon Fraser University, Burnaby, BC V5A 1S6
Recovery of motor function upon hatching is reliably seen following in ovo
tr^^^ction of embryonic chick spinal cord if transection occurs prior to
embryonic day (E) 13. We are investigating neuroregenerative processes
associated with this recovery in electrophysiological studies using prep-

TRANSIENT IMMUNOLOGICAL SUPPRESSION OF ADULT AVIAN SPINAL
CORD MYELIN FACILITATES REGENERATION OF BRAINSTEM-SPINAL
NEURONS. H.S. Keirstead G.N. Sholomenko 2, J.K. Dver ', J,P, Steves 1 and
K.R. Delanev 2 ‘Depts. Zoology & Anatomy, University of British Columbia,
Vancouver, B.C. V6T 1Z4; 2Dept. Biological Sciences, Simon Fraser University,
Burnaby, B.C., V5A1S6.
The developmental onset of myelination in the chick begins at embryonic day (E) 13
of the 21 day developmental period. Spinal cord transections after the developmental
onset of myelination result in little or no functional regeneration. However, intraspinal
injection of serum complement with complement-binding GalC or 04 antibodies
between E9-E12 results in a delay in the onset of myelination until E17. A subsequent
transection of the spinal cord as late as E15 (i.e. during the normal restrictive period
for repair) results in neuroanatomical regeneration and functional recovery (Keirstead
et al., 1992). This suggests that myelin suppression might also facilitate regeneration
after adult spinal cord injury. Utilizing a similar immunological protocol, we
transiently demyelinated the post-hatching (P) chicken spinal cord. Hatchling chickens
are precocial and their brainstem and cord can be considered in all respects adult-like.
The thoracic cord of P2-P10 chickens were completely transected and the
demyelination protocol was simultaneously initiated. Fourteen to 28 days later,
retrograde tract tracing, including double-labeling studies, indicated that approximately
5-15% of the brainstem-spinal projections had regenerated across the transection site
to lumbar levels. Even though voluntary locomotion was not observed after recovery,
focal electrical stimulation of identified brainstem locomotor regions evoked either
stepping movements or ’Active’ stepping (in paralysed animals). This indicates that the
transient demyelination of injured adult avian spinal cord facilitated axonal regrowth
resulting in some functional synaptogenesis with spinal neurons.
(Supported by grants from MRC to JDS and NSERC to KRD).

arations of in vitro brainstem spinal cord removed from embryos 3 to 7 days
after an E9 in ovo transection between cervical segments 8 and 13. In nontransected cords episodes of bilaterally synchronized spinal motor bursts
occur spontaneously or can be elicited by brief electrical stimulation of
reticular formation (RF) or ventrolateral spinal tracts (VLT). 4-5 days after
transection, cords display normal spontaneous episodic motor activity (EMA)
and initiation of EMA in segments caudal to the transection in response to RF
or cervical VLT stimulation in vitro. However the onset of electrically
stimulated activity in segments caudal to the transection may occur several
seconds after rostral onset, cycle by cycle coupling across the transection site
is weak or non-existent and spontaneous bouts are often limited to segments
on one side of the transect. Synaptic blockade with 0Ca++ ringer applied to
the 3-5 segments surrounding the transection site blocks triggering of EMA
caudal to the transection by RF or rostral VLT stimulation. However, caudal
EMA can be triggered by stimulation delivered in the 0Ca++ bath 1 segment
above the transection. These data suggest that synaptic activation of short
propriospinal neurons that have grown through the transection site is capable
of transferring neural signals across the recovering transection. 6-7 days after
transection, delays and cycle by cycle coupling are restored to near normal,
descending volleys are detected and evidence for direct synaptic reconnection
of RF axons with spinal neurons is seen. Tighter cycle by cycle coupling is
consistent with regrowth of long propriospinal neurons. NSERC & Rick Hansen
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204.16

ALTERED mRNA EXPRESSION IN DORSAL ROOT GANGLION
CELLS FOLLOWING PERIPHERAL NERVE LESION OR DORSAL
RHIZOTOMY USING DDRT-PCR M. E. Rott k G. D. Muir 2 and J. D.
StreveS !’3* . Depts. of Zoology, 2Neuroscience and 3 Anatomy,
University of British Columbia, Vancouver, British Columbia, V6T 1Z4,
Canada.
Following a sciatic peripheral nerve lesion, DRG axons are
capable of regenerating and re-innervating their targets. In contrast,
following a dorsal rhizotomy, DRG axons exhibit poor regrowth. If,
however, a sciatic nerve lesion is made prior to the dorsal

WALLERIAN-DEGENERATED OPTIC NERVE FACILITATES IN VIVO
REGENERATION OF INJURED ADULT RAT RETINAL GANGLION CELL
AXONS. T.J. Zwimpfer ’-2, J ,D, Steevte2,3 and C. Krieger4*. Depts. of ‘Surgery,
2Zoology, ’Anatomy and 4Medicine, Univ. of British Columbia, Vancouver, B.C.

rhizotomy, injured centrally-projecting DRG axons respond with
more robust regrowth. The effects of these distinct lesions may be

due to different genes being expressed within DRG cells in
response to each type of injury. In contrast with the traditional
subtractive/differential approaches, the differential display reverse
transcriptase-polymerase chain reaction (DDRT-PCR; Liang &
Pardee, 1992) is a rapid technique that requires small tissue samples
and has a greater potential to detect low copy mRNAs. DDRT-PCR
allows for the detection of essentially all expressed cellular mRNAs
by randomly amplifying short 3' terminal regions using PCR and
then visualizing the products on high resolution polyacrylamide
gels. An analysis of a number of differentially expressed products
following the separate surgical procedures will be presented.
(Supported by MRC and Rick Hansen Man in Motion Fund)

After removal of myelin and axons by Wallerian degeneration, non-permissive
regions of the adult CNS become permissive substrates for neurite outgrowth, in
vitro. Dorsal root ganglion (DRG) neurons attach and extend neurites
preferentially on degenerated white matter tracts in sections of previously injured
human spinal cord (Kleitman & Gomez, 1993) and on sections of rat optic nerve
(ON) that have previously undergone Wallerian degeneration for 4 months (David
et al., 1990). This study investigated whether a region of the adult rat CNS that
had undergone Wallerian degeneration can support the regrowth of injured adult
rat CNS axons, in vivo.
The right ON was transected within the orbit and allowed to undergo Wallerian
degeneration. Four to six months later, the entire length (—10 mm) of the
degenerated ON was harvested and grafted to the back of the left eye following
intraorbital transection of the left ON. A normal (non-degenerated) ON was
grafted to the left eye in one series of control animals. One to three months later,
the retrograde tract-tracing chemical ihodamine-labeled dextran amine (RDA) was
applied to the grafted ON, 8 mm from the back of the left eye. Animals were
sacrificed several days later and wholemount retinal preparations were examined
with fluorescence microscopy for RDA-labeled retinal ganglion cells (RGCs).
Compared to control animals, a small number of injured RGCs were able to
regenerate axons through the Wallerian-degenerated ON.
(Supported by the Medical Research Council of Canada).
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AXONAL DEGENERATION AND REGENERATION OF CUTANEOUS
NERVES. S.-T. Hsieh*, J.C. McArthur and J.W. Griffin. Dept. of Neurol, and
Neurosci., Johns Hopkins Univ. Sch. of Med., Baltimore, MD 21287
Skin is richly innervated by unmyelinated (C) and small myelinated axons
(Ad), conveying nociception and thermal sensations. In the past, technical
difficulties limited the description of these axons. Recent applications of

LONG TERM RECORDINGS FROM A MICROMACHINED SIEVE
ELECTRODE IMPLANTED IN THE RAT GLOSSOPHARYNGEAL NERVE.
R.M. Bradley*. T. Akin. S.Gurkan and K. Najafi. Dept. Biologic and Materials
Sciences, School of Dentistry, and Center for Integrated Circuits and Sensors,
College of Engineering, University of Michigan, Ann Arbor, Ml 48109-1078.
We have demonstrated that the glossopharyngeal nerve will regenerate
through a sieve electrode containing 777 holes, at 2pm diameter each and will

immunocytochemistry and axonal markers enabled us to characterize theses
axons. To understand axonal degeneration and regeneration of cutaneous
nerves, we transected the sciatic nerve of rats. The rats were sacrificed at
various time points (one day to 12 weeks) after denervation. The skin areas
(both glabrous and hairy skin) innervated by sciatic nerves were immunostained.
Axons immunoreactive for various markers, including protein gene produce 9.5
(PGP), and calcitonin gene-related peptide, were present in epidermis. These
axons disappeared within 48 hours after denervation. The absence of epidermal
axons persisted while the skin remained denervated. However, in denervated
skin, immunoreactivity for PGP became intense in epidermal Langerhans cells,
the bone marrow-derived antigen-presenting cells. Both the Langerhans cell
body and the dendritic processes were stained. These PGP-immunoreactive
Langerhans cells remained prominent as long as skin was denervated, but
disappeared with reinnervation. The results suggest that PGP-immunoreactive
Langerhans cells are a good marker for skin denervation in rats, and there is
interaction between nervous and immune systems.

reinnervate functional somatosensory and gustatory receptors on the posterior
tongue of rat (Brain Research, 594:84-90, 1992j. We now report on recordings
made from electrode sites associated with 5 of the holes on the sieve. The 5
electrode sites are connected via a ribbon cable integrally fabricated with the
sieve electrode array that is bonded to a headcap secured to the rat's skull.
Immediately before and after implantation the impedance of the electrode sites
is measured by passing a 1kHz signal through the animal and measuring the
amplitude of this signal transmitted via the electrode sites. Following recovery
from surgery we anesthetize the animals with a short acting anesthetic and
measure electrode impedance and noise level every week. 19 animals have
been successfully implanted so far. We have recorded from the electrode sites
in 5 of these animals for 10 weeks. The remaining animals have been
implanted for less time and other experiments were terminated for various
technical reasons. Electrode impedances remain stable over the 10 weeks of
recording and noise levels range from 20-30 pV. Spontaneous action potential
discharges are observed after about 7 weeks implantation. At present no
evoked neural activity has resulted from stimulating the tongue with
mechanical, thermal and electrical stimuli. However, in our previous study we
have shown that it takes at least 13 weeks for functional regeneration of the
tongue receptors to occur which probably accounts for the lack of evoked
responses recorded to date. (Supported by DC00059 from NIDCD to RMBj
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TRANSPLANTATION OF STRIATAL HUMAN FETAL TISSUE IN
EXCITOTOXIN MODEL OF HUNTINGTON’S DISEASE: NEUROANATOMICAL AND BEHAV^ORAJLEFFECTS.P.R,Sanberg*.C.V.Borlonean.T.B.Freeman.
TXfoutouzii D/W.C^U. RNoreren. O .lsacson. and RPakraha^ Div. of Neurological Surgery, Univ. of South Florida Coll, of Med., Tampa, FL 33612; Dejpt of Cell
Biology and Anatomy, Univ. of Nebraska Med. Ctr, Omaha, NE 68198; The
Neuroregeneration Lab., McLean Hospital, Harvard Med. Sch., Belmont, MA 02178.

CHARACTERIZATION OF CONDITIONALLY IMMORTALIZED NEURAL PRECURSOR
CELLS AFTER TRANSPLANTATION INTO THE ADULT RAT STRIATUM Cecilia Lundberg.
Alberto Marinez-Senano. EjenaCattaneo. Ronald D.G. McKavS and Anders Bfrldund* Pert. Medical Cell
ReesearchUrmvesty of Lund, Lund, Sweden; -institute of Pharmacological Scienes, Univeisity of Milano,
Mlano Italy, § LBM, NIH-NINDS, Bethesda, USA
To develop ex vivo strategies for gene-transfer to the CNS the search for a good transgene carrying cell is
impoorann An interesting candidate are ccncaianally immortalized neural precursor cells (GNP) The cells used
in this study were ofhippocainpal origin (HiB5) and striatal origin (STI4a STI3a and ST86) and immortalized
using a temperature-sensitive SV4O Large T-antigen. The cells were grown at 33°C an fed DMEM + 10% fetal
calf serum. Under these conditions the cells expressed nestn and vimentin. For 72 hrs prior to transplantation the
cells were incubated in lpGlml of *H-thym£ne (H-thy). At the day cf grafting the ceils were trypsinized, made
kto single ceils suspension and apprax.100 000 3H-tiy labelled cdls were grafted into intact strata of adult rats.
In parallel groups the cells were bilaterally transplanted ino adult rats that had tedeved an unilateral ibotenic acid
(BO) lesion one week pre-grafting. 2 and 6 weeks after transplantation the rats were sacdfced and the brains
processed for autoradiography combined wAimmuKhstochemistry for vimentin, nestin, GFAP, FCNA and
MAP-2 In all rats the cells had survived and intagrated well in the host tissue. Quantitative analysis of the

Human fetal tissue has been a) shown to survive (Wictorin et al. Nature, 347,556,
1990) and ameliorate motor dysfunction (Pundt et al. Cell Transphait, 3,212,1994)
when transplanted in rodent model of Huntington's disease (HD); and b) transplanted
in patients with various neurodegenerative disorders including HD (Madrazo et al.
Soc. Neurosci. Abstr., 17,. 902, 1991). In the present study, adult male SpragueDawley rats were bilaterally lesioned with 24Onmol of quinolinic acid intrastriatally.
After one month, animals were randomly selected for bilateral transplants of human
striatal lateral eminence tissue, between 8 and 12 weeks gestational age, and were
immunosuppressed (Cyclosporine, 15 mg/kg, i.P., Sandoz). Other animals underwent
the same surgical procedures but received either HBSS or human cortical tissue. Ten

weeks post-transplantation, all animals were perfused and miscroscopic studies of the
brains were conducted. In most striatal-transplanted animals, Nissl-staining revealed
developing graft cells interspersed with mature NSE positive host cells, while AChE
staining was generally absentparticularly at the anterior levels of the graftbut, in some
animals, there were nearly normal to strong AChE staining at posterior levels. Most
animals receiving HBSS or cortical tissue had visible damage of the striatum and
AChE was greatly reduced at posterior levels of the implant site. In a subsequent
study, 4 animals showing biased apomorphine (1 mg/kg, i.P.) rotational behavior after
unilateral striatal 500 nmol 3-nitropropionic acid lesions, also received unilateral
human fetal transplants (1 pl in HBSS at 4 separate AP sites). Preliminary posttransplantation data showed either significant reduction or total absence of rotational
behavior in these animals (p<.05). The present findings thus provided support for fetal
tissue transplantation in HD. (Supported, in part, by STRC, USF President’s Council
and T. Larsen and friends).
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number of labelled alls revealed that in the rtttaa striatum the ceffs went through 1 -2 mitoses after grafting. The
number of surviving cells remained stable between 2 and 6 weds post-grafting. In the IBO-fesian the number
cf labeled cells were about twice as high and the *Hthy labelling was lower than in the contralateral intact
striatum, suggesting that they had gone through yet another mitosis. No cells positive for FCNA could be
detected in the grafted strata. The STI4a and STI3a cells migrated up to 2mm anterior, 1mm posterior and filled
out the striatum medially and laterally of the imioctiom site. The HiB5 and ST86 cells migrated less (1.2 mm
ant, 05 mm post and 1mm medially and laterally). The vast majority of the labeled cells had moiphologocal
feature resembling gkal cells and some of them were deaiy GFAP positive; «80% were located it grey matter
and *>220% in white matter. Occasionally cells were double labelled with 3H-thy and MAP-2 (up to 1%).
Transplanted cells outside of the neede-track down-egulated vimentm and nestin
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GRAFTING OF CULTURED HUMAN AND RAT EGF-RESPONSIVE
PROGENITOR CELLS INTO THE STRIATUM OF 6-OHDA LESIONED
RATS. C.N. Svendsen1* D.J. Clarke3. J.W. Fawcett2, N. Hague1 and S.B.

EFFECT OF IPSILATERAL GRAFTS ON DOPAMINE UPTAKE OF THE NON-LESIONED
STRIATUM IN UNILATERALLY 6-0HDA-LESI0NED RATS: IN VIVO AND IN VITRO
STUDIES. D. SchonfuB, T. Reum, U. Schafer , A. Marburqer, N. Drandarevski and R.
Morgenstem*. Inst. Pharmacol. Toxicol., Humboldt Univ. at Berlin, D 10117 Berlin, Germany
Recently we have shown that placement of intraventricula grafts of solid fetal mesencephalic

Dunnett! MRC Cambridge Centre for Brain Repair and Departments of
Experimental Psychology1 and Physiology2, University of Cambridge, UK and
Department of Anatomy, University of Oxford, UK.
We have found that EGF responsive progenitor/stem cells from the developing rat
and human CNS can be expanded in culture using culture medium supplemented
with B27 while retaining the capacity to differentiate into the major cell types of the
CNS. Here we have grafted two week old progenitor cells generated from either (i)
the developing human mesencephalon, (ii) the developing rat striatum or (iii) the
developing rat mesencephalon into the striatum of immunosuppressed adult rats
which had previously received a unilateral 6-OHDA lesions. In preliminary results,
four weeks post-transplantation the human progenitor cells had formed a large
ovoid graft in three animals which appeared, using Nissl staining, to contain many
small, densely packed undifferentiated cells. TH immunocytochemistry revealed
that two of these immature grafts contained approximately 100-200 well
differentiated dopaminergic neurons. We are now assessing the ftmctional effects
of rat and human progenitor cell grafts on amphetamine induced rotation and their
phenotypic maturation over longer time periods. However, these preliminary
results show that human progenitor cells generated from the mesencephalon can be
expanded in culture, survive grafting into the lesioned CNS and may retain the
ability to differentiate into TH positive neurons, although it is possible that the TH
positive neurons within the graft may represent a small number of primary cells
which survived within the growing progenitor cell clusters in culture.
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tissue on the lesioned striatum of 6.hydroxydopamine (6-OHDA)-lesioned rats produced a
decrease both of the amphetamine (AMPH)-induced voltammetric dopamine (DA) signal in the
striatum in vivo and of the fH]DA uptake into striatal synaptosomes of the non-lesioned side
compared to that of non-grafted controls in vitro (Reum et al., Soc. Neurosci. Abstr. Vol. 19,
Part 1, p. 683,1993; Reum and Morgenstem, Neurosci. Lett., in press).
In the present study we measured the clearance of extracellular DA concentration in the
non-lesioned striatum of previously unilaterally 6-OHDA lesioned rats after electrical stimulation
of the medial forebrain bundle in vivo before and after treatment with the high affinity uptake

inhibitor GBR 12909 (20 mg/kg IP) using fast cyclic voltammetry (FCV). Additionally, saturation
of the in vitro specific pH]DA uptake into striatal synaptosomes of the non-lesioned striatum

was measured in the presence of WIN 35.065 (1 ^M). Rotational behavior induced by both
apomorphine (APO, 0.25 mg/kg IP) and AMPH (2 mg/kg IP) and tyrosine hydroxylase (TH)
immunohistochemistry were used to measure functional recovery and integration of the graft,
respectively. Seven months after grafting the number of rotations was decreased and THpositive fibers were found in the grafted striatum. With the aid of a kinetic model a smaller rate
constant for the in vivo high-affinity uptake of extracellular DA in the non-lesioned striatum of
grafted rats compared to that of non-grafted controls was calculated. The maximal rate of the
high-affinity pH]DA uptake (Vm J into synaptosomes of the non-lesioned striatum of grafted

rats was also decreased, whereas the dissociation equilibrium constant (KJ of the
transporter/DA complex did not differ between grafted and non-grafted animals.
It may be concluded that grafts placed to the lesioned striatum reduce the DA uptake into
the non-lesioned striatum due to reduction of the number of functional DA transporters.
Supported by grant 01 ZZ 9101 (BMFT Germany)
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HOST PROJECTIONS INTO INTRASTRIATAL VENTRAL MESENCEPHALIC TRANSPLANTS: DEMONSTRATION OF AFFERENTS FROM
THE GLOBUS PALLIDUS BUT NOT FROM THE THALAMUS.
H. Moukhles, Y. S mitht, P. Piercer and G. Doucet*. DDp. {tatht^l. et Centre
de rech. en sci. neurol., Universit. de Montreal and tCentre de rech. en
neurobiol., Hopital de l'Enfant-J^sus, Univ. Laval, Qu.bec, Qc, Canada.
Intehsteihthl ventral mesencephalic (VM) transplants in the rat appear
relatively und*einn*evht*d by the host brain: they receive a moderate
projection from the cerebral cortex, a striatal projection restricted to their
peripheral regions and practically no serotonin innervation. In order to
further understand the connectivity of these ectopic grafts, w * have
investigated afferents from the globus pallidus (GP), a region normally
projecting to both neostriatum and substantia nigra (SN), using
intrapall idal iontophoretic injections of the antem/retrograde axonal tracer,
biotin-dextran. Injections were also performed into the paeafascicular
nucleus of the host thalamus, a region also innervating neostriatum, but
not the SN. Labeled varicose fibers were present in all regions of the grafts
after GP injections. There was also a concomitant retrograde labeling of
cortical and striatal cell bodies and axons, but the contribution of these two
regions to fiber labeling in the graft could be excluded since labeled fibers
were observed only in the ipsilateral host striatum, compared to the largely
bilateral features of the corticostriatal projection, and because of the
known distribution of host striatal fibers, restricted to the periphery of the
graft. Definite proof of the GP origin of the labeled fibers will come from
an ongoing morphological analysis in electron microscopy. In contrast,
there was a total absence of labeled axons inside the graft following
thalamic injections, which nevertheless resulted in profuse fiber labeling in
the surrounding host striatum. We conclude that VM transplants are
innervated by GP, and that host afferentation of the graft may be selective
to brain regions normally innervating the SN.
(Supported by FRSQ, FCAR (95-CE-166) and CMRC grant MT-10982).

LONG-TERM EFFECTS OF VENTRAL MESENCEPHALIC GRAFTS ON
HOST STRIATAL NEURONAL DISCHARGE RATE. I. Stromberg*and
Paula Bickford. Department of Neuroscience, Karolinska Institutet
Stockholm, Sweden, and Veterans Administration, Medical Center,

Department of Pharmacology, University of Colorado HSC,
Denver, CO, USA

Grafting of fetal ventral mesencephalon has been used as a tool to
counteract the symptoms in Parkinson's disease, but it is still unclear how
long the grafts will survive and be active. In this study, fetal ventral
mesencephalic tissue was grafted to the lateral ventricle of chronically
dopamine depleted rats. Two years after the transplantation, extracellular
recordings of host striatal neurons were performed to assess functional
dopaminergic reinnervation. Apomorphine induced rotations revealed a
maximal reduction in number of turns at 4 months postgrafting. This
decreased apomorphine induced turning lasted throughout the time tested.
Striatal neuronal discharge rate was increased on the intact side of the
aged grafted animals as compared to young adult striata. Ipsilateral to the
lesion, proximal to the graft, where the dopamine nerve terminal density
was high as demonstrated by tyrosine hydroxylase immunohistochemistry,
the firing rate was significantly lower than that measured in the intact

side of the aged host. This is consistent with a functional reinnervation of
the host striatum by the graft. The firing rate was increased when recording
at a site distal to the graft. In conclusion, the increased firing rate seen in
striata after a dopamine depletion is normalized by ventral mesencephalic
grafts for at least two years. This is different than what is seen in normal
striata during aging, where increased discharge rate is seen in two year old
rats.
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FETAL STRIATAL GRAFTS PROVIDE DELAYED PROTECTION AGAINST
QUINOLINIC ACID-INDUCED STRIATAL TOXICITY. M. Levivier*^. D.M.
Gase3. S. Przedbors^. 'Dept of Neurosurgery, ULB-Hopital Erasme, Brussels,
Belgium; 2Dept of Neurology, Columbia University, New York, NY; Dept of
Anatomy and Neurobiology, University of Kentucky, Lexington, KT.
We previously reported that intrastriatal grafts prottea the rat striatum
against a one week later intrastriatal injection of quinolinic add (QA). This
protective effod of transplantation is most likely related to a host brain response to
the surgical procedure, since sham transplantation was as effident as fetal striatum
grafts to prottea against QA toxidty, and the same procedure also proteded against
intrastriatal injection of 6-eydroxidophmine. Herein, we investigate whether
transplantation is able to provide delayed protection against QA-induced striatal
damage. Rats received either intrastriatal grafts of fetal striatum or shamtransplantation. Injection of QA took place 1, 2 or 4 weeks after the grafting
procedure. Lesions were assessed by quantitative autoradiography and cytochrome
oxidase histochemistry (COx). Lesioned only rats showed significant decreases in
[3H]MK 801-labeled NMDA, flflSCH 23390-labeled dopamine D1 and
pH]CGS 21680-labeled adenosine A2 receptors and increase in [^PK 111 95-

CHARACTERIZATIONS OF GLIAL SCAR COMPONENTS IN
TRANSPLANTS OF FETAL VENTRAL MESENCEPHALON TO THE
STRIATUM AND SUBSTANTIA NIGRA OF ADULT MICE. M. A Gates.

labeled glial cell binding, as well as a striatal area of marked decrease in Cox
staining. Rats transplanted with fetal striatum at 1, 2 or 4 weeks before QA injection
were fully proteded against QA-induced binding changes. As previously shown,
sham transplantation also provided protection when performed 1 week before QA

injection. However, it failed to protted significantly against QA toxidty at 2 and 4
weeks. Thus, sham transplantation provides short-lived protection against a
subsequent excitotoxic insult. Tissue implantation seems to be required to provide a
more delayed protection against QA, conceivably by maintaining a host response to
the presence of grafted tissue or by providing fetal graft-derived fadors which
impede QA toxidty.
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E.D. Laywell. T. F. O’Brien* and DA. Steindler. Dept. of Anatomy &
Neurobiology, University of Tennessee, Memphis, TN 38163
Cell replacement therapies for neurodegenerative diseases or
traumatic CNS injuries have been widely studied. Our previous studies
have shown that multifunctional glial-derived proteins, with
expressions often restricted to CNS development, are reexpressed in
the adult following traumatic brain injuiy. Because current
transplantation paradigms include a penetrating lesion, it is important
to characterize adult “host" responses to transplantation. The ventral
mesencephalon of embryonic day 15 mice was dissociated and injected
into the striatum and substantia nigra of adult mice. Subsequently,
animals were sacrificed at 12 hours, 1-6, 10, 15 and 21 days, and
brains processed for GFAP, tenascin, and chondroitin sulfate (CS)
immunocytochemistry. The spatial and temporal expression of these
molecular “boundary" constituents, in relation to the transplant, varied
by the marker and with the amount of time following transplantation:
GFAP was the earliest and most widely distributed in the surrounding
parenchyma; CS was present by the third day, and remained (as did
GFAP) beyond 3 weeks following transplantation; tenascin expression
was delayed and more transient than other markers (remaining
undetectable until 6 days, and disappearing by the third week posttransplantation). Interestingly, tenascin was sometimes negative in a
region which immediately surrounded the graft, but positive in a “halo"
encircling the donor-host region. Since reactive astrocytes and
extracellular matrix molecules (e.g., tenascin and CS) in the adult CNS
may provide a non-permissive substrate for immature neurons, the
presence of these molecules around transplants might contribute to an
inhibitory milieu that affects the reinnervation of adult CNS structures.
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TARGET-SPECIFIC LONG DISTANCE AXON GROWTH FROM PORCINE
STRIATAL AND VENTRAL MESENCEPHALON XENOGRAFTS IN RATS.
T.W. Deacon.1* P. Pakzaban.1^ l .H. Bums.1 W.R. GalpemJ and O. Isacson1^
Neuroregeneration Laboratory, McLean Hospital, MRC 119, Belmont, MA 02178,1

Restricted Fates of Neuronal Precursors Derived from the Mouse Lateral
Ganglionic Eminence After Transplantation into the Embryonic Rat Forebrain.
K. Cambell*. M. QlOson and A . BjOrklunu Dept of MMlioil Cell Research, UniVi
of Lund, S-223 62 Luv A, Sweden.
Recent transplantation studies (Pakzaban et al., '93, Exp. Brain Res. 97, 13-22)
have demonstrated that the selective dissection of the lateral ganglionic eminence
(LGE) results in grafts which are enriched ia striatal characteristics after
transplantation into the excitotoxic lesioaeA striatum of adult rats. The relative
paucity of striatal markers ia grafts derived from the medial ganglionic eminence
(MGE) suggests that the LGE represents the principal source of striatal progenitors.
In order to determine the influence of a homotypic environment (i.e. embryonic) on
the phenotype of these precursors, single cell suspensions were prepared from the
selective dissection of mouse embryonic day . (E)13-14 MGE or LGE and
approximately 10s mouse cells were injected into the forebrain ventricle of rat
embryos on E15. After birth, pup brains were fixed and processed for M6 (a mousespecific neuronal marker) and DARPP-32 (a marker for striatal neurons)
ibbuvoreactivity. M6-positive cells were observed in the striatum of all animals
containing grafted neurons from the LGE in the telencephalon. These M6-positive
cells were distributed throughout the striatum, forming clusters around myelin
bundles aaA sending fibres to the globus palliAus aaC towards the substantia nigra.
However, intensely M6-positive clusters were also observed in the ventricular walls.
Furthermore, many of the striatal M6-positive cells were found expressing DARPP32. In certain animals, M6-positivity was also observed in the septum (the site most
often observed M6-eonitive after MGE grafts) aaA to a lesser extent in the cortex. Ia
these cases the M6-p^sitive cells were not DARPP-32-positive. Ia addition to their
telencephalic sites of integration, MGE aad LGE precursors were also seen to
integrate ia distinct periventricular nuclei of the diencephalon.
These results demonstrate that mouse neuronal precursors ia the LGE are capable
of seeking out and positioning themselves with a- remarkable selectively in the
developing rat striatum after injections into the embryonic forebrain ventricle. We are
currently attempting to birthdate these precursors ia relation to the time of grafting.

Dept. of Neurosurgery and Neurology, Massachusetts General Hospital, and
Program in Neuroscience, Harvard Medical School, Boston, MA 02114 2
Axonal outgrowth from fetal porcine striatal and ventral mesencephalic (VM)
xenografts was studied 2 to 4 months following transplantation. Striatal graft axons
were labeled using an antibody to a 70 kD neurofilament (NF7O) (Biodesign) that is
expressed in porcine axons but not in rats and VM graft axons were labeled using an
antibody to tyrosine hydroxylase (Pel-Freez) and NF7O. Graft axons from striatal
xenografts placed in the quinolinic acid lesioned rat striatum extended into the host
globus pallidus, ventral pallidum, substantia innominata, medial amygdala,
endopiriform nucleus, ventral tegmental area, substantia nigra and central midbrain.
Axons were also observed in the corpus callosum, external capsule, internal capsule,
anterior commissure, and cortico-spinal tracts. Graft axons from VM xenografts
placed in the 6-OHDA denervated striatum extended into the surrounding host
striatum, septal nuclei, diagonal band, medial cortex and olfactory tubercle. Graft
axons from VM xenografts placed in the 6-OHDA lesioned rat mesencephalon
extended into the host thalamus, striatum, septal nuclei, medial cortex, and olfactory
tubercle. A few axons were also observed in the corpus callosum and internal
capsule (from striatal sites), and the medial lemniscus and median forebrain bundle
(from mesencephalic sites). These results demonstrate appropriate target-specific
axon growth into the host brain from xenogeneic graft neurons, as well as some
apparently nonspecific axon growth. The extent of long-distance axonal outgrowth
from porcine xenografts is greater than observed in corresponding rat allografts or
murine xenografts, and comparable to that reported for corresponding human
xenografts in rats. The prolonged maturation of donor cells from larger brains may
contribute to greater axon growth in the nonpermissive adult mammalian host brain.
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INCREASED AXONAL GROWTH POTENTIAL OF TRANSPLANTS DERIVED
FROM THE SELECTIVE DISSECTION OF THE LATERAL GANGLIONIC
EMINENCE AFTER GRAFTING INTO THE NEONATAL RAT STRIATUM. M
Olssov*. C. - Bentlaye. K. Campbell aad A. Bikrkluvd Dept, of MeAcal Cell
Research, Uviv. of Lund, S-223 62 Lund, Swexfen
It has reaevtly been shown that intrastriatal transplants derived from a selective
Assectiov of the lateral ganglionic eminence (LGE) implanted into the previously
excitotoxically lesioned striatum are enriched in striatum-like phenotypes when
compared to those derived from the medal ganglionic eminence (MGE)(Pakzabav et
al., 93, Exp. Bran Res. 97, 13-22).
This experiment was designed to study the phenotypes, growth potential aaA
specificity of mouse E14 LGE aaA MGE cells transplanted into the aAilt rat striatum
10 Cays after aa exAtotoxic lesion or into the intact neonatal rat striatum at Pl. Two
weeks after transplantation the animals were sacrificed avA processed for M6 (a
mouse-specific neuronal marker) and DARPP-32 (a striatum-specific neuronal
marker) immunoreactivity. In the adult animals M6 positivity was confined to the
area around the deposits with a considerably larger volume ia the LGE grafts. In these
grafts, about 80% of the total cro^-sectioval area contained DARPP-32 positive
neurons, ia contrast to the MGE graft which were <10% DARPP-32 positive.
Furthermore, fiber outgrowth from the LGE grafts, which was DARPP-32 positive,
appeared to be more extensive and specific than in the MGE grafts. However, in none
of the animals AA the graft-derived fibers grow further than the globus palliCus. In the
neonaes, the LGE and the MGE grafts AsplayeC M6 positivity throughout the
striatum with clusters of neurons apparently fully integrated with the host striatum.
As in the aAilts, only the LGE grafts showed a majority of M6/DARPP-32 double
labelled cell bodes aad fibers. In contrast, LGE grafts in the neonates Asplayed
extensive fiber outgrowth not only to the globus pallidus but also to the substantia
nigra. These data ivAcate that the different environments (i.e. adult vs neonatal) Co
not influence phenotypic expression, however, the developing neonatal environment
allows for a more extensive graft integration and complete innervation of striatal
target structures.

GENE TRANSFER AND RETROGRADE TRANSPORT OF REPLICATION
DEFICIENT RECOMBINANT ADENOVIRUS VECTOR IN NEURAL
PATHWAY FOR NEUROANATOMICAL TRACING STUDIES. H. Kuo*.
D.K. Inaram. G. Baioccht. R.G. Crystal,. and A. MastraaaelL Molecular
Physiology aaC Genetics Section, GRC, NIA, NIH, Baltimore, MD 21224 avC
Div. Pulmonary avC Critical Care MeA., Cornell Uviv., New York, NY 10021
Replication deficient recombinant adenovirus (AC) vectors are capable of
transferring genes to the central nervous system (CNS) and are suggested to be
transported retrograCcly from the injection site along specific pathways (Bajocchi et
al. Nature Genetics 1993,3:229-234). These characteristics make these vectors
potential candidates for retrograde tracing studies iv the CNS. To evaluate the
strategy of using E1'E3* AC vector in accurate mapping of neuronal circuitry iv the
CNS, the AC vector, AC.RSVBgal, containing the intracellular marker gene,
B-galactosidase (Bgal), was administered directly to the laterodorsal striatum of rats.
By using histochemical analysis of Bgal expression, the retrograde transport of the
vector from the injection site was clearly visible iv three ipsolateral loci, including
several areas of cerebral cortex, thalamic nucleus, aaC substantia vigra. No evidence
for anterograde transport of the vector was found. The further utility of this method
for retrograde tracing studies is supported by evidence of distinctive Coubly labeling
of nigral cells for Bgal and tyrosine hydroxylase produced by immunocytochemical
techniques. To exclude the possibility of vector uptake by fibers-of-passage, a
major limitation of other methods commonly used for retrograde tracing studies,
AC.RSVBgal was injected into the genu of the corpus callosum (CC) of rats. The
analysis of Bgal activity iv the brain of these animals showed little uptake of
vector by the fibers of CC, suggesting that this method Coes not appear to pose a
major problem with fibers-of-passage. The present study demonstrates that AC
vectors can be useful retrograde tracers iv the study of afferent connections within
the CNS. Iv addition, the results demonstrate the feasibility of delivering genes to
distal veuroval sites through retrograde transport mechanisms.

205.13
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C6 CELLS MODIFIED TO SECRETE CNTF PROMOTE THE
SURVIVAL OF MAH CELL CO-GRAFTS IN THE BRAIN.

ASTROCYTES FROM FETAL, NEONATAL, AND ADULT BRAIN CAN BE
TRANSFECTED IN VITRO TO EXPRESS cDNA FROM SELECTED
TRANSGENES. F. KaCAis1*. M.C. Boha2. G.R. Uhl3. andC.R. Freed1. Univ. of
Colorado Sch. of MeC., Denver, CO 802621, Univ. of Rochester Sch. of Med.,
Rochester, NY 146422, and NIDA, Baltimore, MD 212243.
Astrocytes from neonatal rat cortex have been genetically modified to express verve
growth factor ia vitro. Expression has persisted after grafting into an adult rat. To
extend this methodology to other species and to test the possibility of autologous
transfection of adult astrocytes, we have transfected Type I astrocytes with the gene
encoding beta-galactosiCase (B-Gal) under control of the CMV promoter. Astrocytes
were obtained from fetal human aaA monkey, aeovatal rat (P-1), adult rat, and aged
adult monkey. Type I astrocytes were cultured in vitro in F-12/DMEM with 10%
FBS for at least four weeks prior to transfection. All astrocytes from different
origins were successfully transfected with the geae for B-Gal. Transfection was
performed using lipofectamine (Gibco). Astrocytes transfected with the B-Gal geae
and kept in culture continued to express the foreign geae for 10 weeks post
transfection without antibiotic selection. Fetal forebrain astrocytes transfected with
B-Gal and labeled with Dil were transplanted unilaterally into the striatum of adult
monkey. The animal was immuvosuepresseA with cyclosporine (10 mg/kg per Cay).
The animal was sacrificed 2 weeks after transplantation and the labeled cells were
observed ia the vicinity of the needle tract. These results show that Type I
astrocytes across species and across developmental stages can be genetically
modified. The fact that senescent astrocytes from aged monkey can be transfected
in vitro suggests that autologous transplantation of genetically modified astrocytes
may be possible in geriatric humans.

L.C, Doering* and J.T. Henderson^ Division of Anatomy, McMaster
University, Hamilton, ON, L8N 3Z5 and ^Division of Molecular Immunology
& Neurobiology, Mount Sinai Hospital, Toronto, ON, Canada M5G 1X5

Cells of the sympathoadrenal progenitor (MAH) line, immortalized
with the v-myc oncogene, are not viable in the brain, but differentiate
into neurons when transplanted into the peripheral nervous system.
On the ba^is of CNTF receptor (a subunit) • expression by MAH cells
and a developmental response to recombinant CNTF, we explored the
possibility of MAH cell survival in the brain when co-transplanted with
C6 glioma cells modified with a CNTF transgene.
Adult Wistar rats received stereotaxic injections of a MAH and C6
cell mixture in the striatum. The cytology of the transplants was
examined after 2, 4 and 8 weeks of survival by immunocytochemistry.
Transplanted C6 cells were identified by intense CNTF immunoreactivity. MAH cells expressed enhanced levels of neurofilaments in
the perikarya and processes. The level of differentiation was not as
extensive in comparison to MAH cells implanted into peripheral nerves.
A trophic response by the striatum was also apparent in the presence of
the C6 cells that secrete CNTF.
These studies suggest that CNTF can be produced by genetically
modified cells in levels required for MAH cell survival and
differentiation in the CNS.
Supported by The Parkinson Foundation of Canada.
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Adenovirus and Adeno-Associate Virus Mediated Gene Transfer in Rat Brain
Cells. Y. ShaO1, G. Bing2, K.H. Chen3, N.K. Kufuor3 , Q. Qi2, K.D. McCarthy1, P.C.Hu3
and J. Hong2
1Dept. Pharmacology, UNC-CH. 2 NIEHS. * DepL Pediatrics, UNC-CH.
Gene therapy holds a promising future for the treatment of neurodegenerative
diseases. An ideal gene transfer would be non-toxic, long-lasting and cell-typespecific. Adenovirus and adeno-associate virus (AAV) vectors have been chosen to
transfect intrinsic brain cells, because of their low toxicity and ability to transfect
non-proliferating cells. In the present study, we compared the efficiency and
duration of these 2 viral vectors in transfecting brain cells both in vitro and in vivo.
Three preparations were used: 1) a replication-deficient adenovirus vector with
Ela/lb region replaced with a CMV promoter-driven Lac-Z gene, 2) a recombinant
AAV vector containing the CMV promoter-driven Lac-Z gene, and 3) an
adenovirus-coupled molecular conjugate system. The molecular conjugate consisted
of 2 plasmids: an "integrative" plasmid in which the Lac-Z gene cassette was flanked
by 2 AAV ITRs, and a "help plasmid" which carried the AAV rep and cap genes. In
primary cultures (mostly astroglia), the El replaced adenovirus transfected >90% of
cells. However, cell death occurred 3 days after the transfection while control cells
transfected with the El deleted adenovirus remained healthy, suggesting toxicity of
the El replaced adenovirus. The recombinant AAV transfected less than 1% of the
cultured cells. When the adenovirus-coupled molecular conjugate was used, Pgalactosidase expression was demonstrated in nearly 20% of the cells. The
expression remained positive for at least 2 months. When injected into the brain
(cerebral cortex and striatum), the recombinant AAV alone yielded the initial level
of transfection comparable to the recombinant adenovirus. A difference between the
adenovirus and AAV vectors was that the AAV expression remained positive after 2
months whereas the expression induced by the recombinant adenovirus disappeared.
Histochemical staining indicated that both adenovirus and AAV transfected neurons
and glia in the brain. Our data show that, compared to adenovirus, AAV produces
non-toxic and stable transfection.

ADENOVIRUS-MEDIATED GENE TRANSFER OF RAT DOPAMINE D2
RECEPTOR cDNA INTO CULTURED CELLS AND RAT STRIATUM.

H. Ikari*. A. Mastrangeli. S. Kato. L, Zhang. H. Kuo. J.M. Chemak. R.G. Crystal.
D.K. Ingram. G.S. Roth. NIA Gerontol. Res. Ctr., NIH, Baltimore, MD 21224
and Div. Pulmonary & Critical Care Med., Cornell U., New York, NY 10021.
A decline in dopamine D2 receptor (D2R) densities in neostriatum is a robust
feature of normal aging in mammalian species and is also observed in
neurodegenerative disorders, such as Huntington's disease (Lai et al.

Neurobiol. Aging 8:45, 1987). In this context, we assessed an adenovirus
(Ad) vector for delivering D2R cDNA- to brain.
We constructed
AdCMV.DopD2R as an Ad5 EV E3’ replication-deficient recombinant adenovirus vector containing rat D2R cDNA (Bunzowef al. Nature 336:783, 1988)
driven by the cytomegalovirus immediate early promotor, and AdCMV.null, an
identical vector without D2R cDNA as a control. Activity of AdCMV.DopD2R
was demonstrated in vitro in HS24 and HeLa cells by Northern analysis using
a cDNA probe for D2R. Abundant mRNA for D2R was detected in cells
exposed to AdCMV.DopD2R 3-6 days after infection compared to controls.
Expression of endogenous mRNA for D2R was further confirmed using the
same probe with RNA from untreated rat striatal tissue and mouse NB41A3
cells which express D2R. Using in vitro receptor binding for the D2R ligand,
[3H]spiperone, we observed increased binding in HeLa cells infected with
AdCMV.DopD2R compared to controls receiving AdCMV.null. To evaluate in

vivo gene transfer to CNS, AdCMV.DopD2R was injected by cannulae unilaterally into dorsolateral striatum of young rats, and control injections, such as
AdCMV.null, were made contralaterally. Using in vivo receptor autoradiography in tissue-mounted brain sections obtained 5 days after treatment,
we observed markedly increased [3H]spiperone binding near the injection site
in rats. These results demonstrate the potential of using adenoviral vectors for
gene therapy involving CNS delivery of neurotransmitter receptor proteins to
reverse deficiencies in specific neurodegenerative disorders.

205.17

205.18

Human Fetal Striatum Exhibits Viable Tissue and Cells for
Transplantation from Donors 7-18 Weeks in Gestation. Lisa L. Pundt*
Takeshi Kondoh. John A. Conrad, and Walter C. Low. Departments of
Neurosurgery, and Physiology, and Program in Neuroscience, Lions Research
Building, University of Minnesota Medical School, Minneapolis, MN 55455.
Studies of transplanted striatal cells in experimental animal models of
Huntington's disease (HD) have demonstrated that grafted neurons can innervate
the host striatum and rectify deficits in locomotor function. In the present study
we have examined the viability of human fetal striatal cells from fetuses 7 to 18
weeks in gestation. We found cell viabilities that ranged from 86% to 100% as
determined by the method of trypan blue exclusion. Total number of viable cells
from each specimen ranged from 10.5 million to 50 million cells. In contrast,
the dissociation of the ventral mesencephalon at ages greater than 10 weeks in
gestation resulted in poor cell viability. We then assessed the behavioral effects
of transplanting striatal tissue at a gestational age of 16 weeks into the striatum
of adult rats with prior unilateral QA lesions. Prior to transplantation these
animals exhibited an rotational bias induced by apomorphine administration (1
mg/kg, s.c.). After transplantation, these animals display a progressive decrease
in rotational asymmetry starting at about 70 days after transplantation.
Significant amelioration of rotational bias occurred at approximately 120 days.
Animals with QA lesions alone displayed no reduction in rotational asymmetry
throughout this time period. The results from our studies suggest that (i) human
fetal striatal tissue can be dissociated as a cell suspension and still exhibit good
cell viability at late gestational ages in comparison to tissue from the ventral
mesencephalon, and (ii) striatal tissue from donors 16 weeks in gestation can
ameliorate locomotor deficits in rodents with experimental HD. (This work
supported by NIH grant R01-NS-24464).

DEFINING PARAMETERS CRUCIAL FOR THE SURVIVAL OF
XENOGRAFTED HUMAN EMBRYONIC STRIATAL TISSUE IN A
RAT MODEL OF HUNTINGTON’S DISEASE.
Frodl E.M., Nakao N.. Lindvall O.* and Brundin P. Restorative Neurology Unit,
Dept, of Neurology, University Hospital, S-22l 85 Lund, Sweden
The pathogenetic mechanism for Huntington’s disease is still unknown, and
therefore research on therapeutic approaches such as neuronal transplantation remains
highly justified. Although promising data from animal studies suggest that striatal
grafts of rat tissue can survive and integrate within the host striatum, parameters that
are crucial for the survival of striatal grafts of human tissue need to be investigated
before initiating clinical trials. In order to define the optimal dissection of human
striatal donor tissue, we have studied the morphology of human embryonic striatal
primordia of different developmental stages (Carnegie stages of human embryonic
development 18-23, corresponding to 17-30mm crown-to-rump length, CRL). We
found that anatomic landmarks for the selective subdissection of the medial and
lateral ganglionic eminence are present only in embryos of >2Omm CRL. The
relative volume of the lateral as compared to the medial ganglionic eminence was
macroscopically estimated to be around 1/3. In human cell culture experiments we
have assessed differences in yield of striatal neurons when selectively culturing the
lateral or medial ganglionic eminence. Dissection of the lateral ganglionic eminence
gives rise to a severalfold higher yield of DARPP-32-immunoreactive striatal
neurons than the medial ganglionic eminence. We are currently determining the
optimal donor age of human embryonic striatal tissue by grafting the medial and the
lateral ganglionic eminences from embryos of varying sizes, measuring 21-30mm
CRL, to the striatum of immunosuppressed rats with unilateral ibotenic acid lesions.
The transplants will be evaluated with respect to general graft morphology, survival
and integration using acetylcholinesterase, DARPP-32 and tyrosine hydroxylase
(immuno-) histochemistry. The volume of the functionally relevant DARPP-32
positive graft zones, rich in striatal neurons, will be assessed.
This study was supported by the Hereditary Disease Foundation.

205.19
FUNCTIONAL
STRIATAL
GRAFTS:
CORRELATIONS
BETWEEN
POSITRON EMISSION TOMOGRAPHY IN VIVO, GRAFT SURVIVAL,
AND RECOVERY OF REACHING BEHAVIOUR
R.A. Fricker. E.M. Torres. S.P. Hume* & S ,B. Dunnett*.

Dept. of Experimental Psychology, Cambridge CB2 3EB, UK, and
*MRC Cyclotron Unit, Hammersmith, London W12 OHS, U.K.
Based on previous studies of their functional efficacy in rats, embryonic striatal
grafts have been proposed as a potential strategy for striatal repair in Huntington’s
disease. However, parameters of striatal graft preparation and in vivo assessment
following implantation are still poorly understood.
Young adult female Sprague-Dawley rats received unilateral ibotenic acid of the
neostriatum. Three weeks later the rats were divided into 5 groups to receive intrastriatal grafts of dissociated striatal cell suspensions derived from embryos of crownrump lengths 10mm, 15mm, 19mm or 23mm, or remained as lesioned controls (n=6
per group). Skilled paw reaching was assessed 6-8 months later in the “staircase” test
(Montoya et al., 1990). The lesions induced a marked deficit in reaching with the
contralateral limb which was reduced significantly only in the group with grafts
derived from the youngest (10mm) donors. Six animals from each group were
scanned in a small animal PET scanner using the D2 ligand nC-radopride. The

lesions reduced the binding signal to baseline level in the ipsilateral striatum. Binding
was significantly restored by the 10mm grafts but not by grafts derived from older
donors. Post-mortem histology was undertaken using AChE histochemistry and TH,
DARPP-32 and STEP immunocytochemistry to identify striatal tissues. All grafts
survived well: grafts from younger embryos were slightly larger and with preferential
development of the striatal-like “patch” compartment than was seen in grafts from
older embryos, in which the non-striatal “non-patch” compartment predominated.
PET raclopride binding provided a good in vivo predictor of graft survival (“patch”
volume in particular), and correlated well with functional recovery in reaching tests.
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ACCELERATED SPECTRIN PROTEOLYSIS IN THE THALAMIC
RETICULAR NUCLEUS. M.C. de Lacoste*, M. Shanabrough,
C.E. Lewis. Dept. Ob. Gyn., Yale Medical School, New
Haven CT & Dept. Neuroendocrinology, Rockefeller
University, New York, N.Y. 10021.
Ongoing research in our laboratories has been focused
on calpain-mediated spectrin proteolysis in Alzheimer
disease and in estrogen- and colchicine- treated rats.
A finding that has emerged is that in all of the
aforementioned conditions, as well as in the intact
animal, the thalamic reticular nucleus appears to be a
prosencephalic area that is selectively involved in
accelerated spectrin proteolysis. This study was
conducted to determine if nuclear groups within the
brainstem that are associated with the reticular
formation also exhibit elevated levels of spectrin
proteolysis in the intact rat. Methods:
Standard ABC
techniques and the RA150 antibody were used on
vibratome-sectioned and perfusion-fixed blocks of
brainstem tissue from intact adult female Sprague-Dawley
rats. RA150, an antibody made to a synthetic peptide
characterizing the C-terminus of the calpain-1 cleavat.a
site of the 11th repeat of alpha fodrin, serves as a
specific marker of spectrin proteolysis. Results:
Little immunostaining was seen throughout the brainstem
of intact animals. Brainstem areas associated with the
reticular formation were devoid of RA150
immunoreactivity. Conclusion: Accelerated calpainmediated spectrin proteolysis in the intact animal
appears to be restricted to the reticular nucleus of
the thalamus. The significance of this finding remains
unclear. The RA150 antibody was kindly provided by Dr.
Jon Morrow.

KPI AMYLOID PRECURSOR PROTEIN (APP) IS A PROMINENT
ISOFORM TRANSPORTED TO AXON TERMINALS IN VIVO.
K. L. Moya*. AnnaMMia Confaloni and B, Allinquant. CNRS UUA 1285 and
INSERM U334, S.H.F.J.-C.E.A., Orsay; CNRS URA 1414, ENS, Paris, France.
We showed previously that APPs synthesized in retinal ganglion cells are rapidly

206.3

206.4

DIFFERENTIAL DISTRIBUTION OF SYNAPTOBREVIN I AND II
(VAMP-I, AND II) IN THE PNS OF ADULT RAT I.-Y. Li*, R. lahn#

HIGH AFFINITY BINDING OF CLATHRIN AP2 TO SYNAPTOTAGMIN:
ROLES
OF SYNAPTOTAGMIN IN SYNAPTIC VESICLE MEMBRANE
RETRIEVAL. J. Z. Zhanat. B. A. Davletov#. T. C. Sudhof*#. and R. G.

and A. Dahlstrom,. Dept, of Anat. and Cell Biol., Univ. of Goteborg,
Medicinaregatan 5, S-413 90 Goteborg, Sweden; #Dept. of
Pharmacol., Yale Univ. Sch. of Med., New Haven, CT 06536.
Vesicle-associated membrane proteins (VAMP, also termed
synaptobrevin) consist of at least two isoforms, VAMP-I and
VAMP-II, which are found in neuronal and endocrine cells and
thought to be related to the targetting of synaptic vesicles with the
plasma membrane. Present studies revealed the differential
appearance and distribution of VAMP-I and -II, using isoformspecific antibodies against synaptobrevin I and II in PNS of adult rat
by immunofluorescence and confocal laser scanning microscopy as

well as biochemical methods. Three hours after crushing of the
sciatic nerve, VAMP-I and Il-like immunoreactivity (LI) accumulated proximally and distally to the crushes, the accumulated
amount increased steadily with time. The retrograde accumulation
was about 50% of the amount accumulated in anterograde transport
for both isoforms. However, VAMP-I was robustly localized in large
sized axons, and weakly present in a few medium and thin axons,
in constrast to VAMP-II, that was distributed mainly in medium
and thin sized axons,while large axons were essentially devoid of
VAMP-II-LI. In addition, VAMP-I was present in motor endplates
and sparsely in perivascular terminals, but VAMP-II was only
present in perivascular terminal, and absent from motor endplates.
The results suggested that the distribution of VAMP-I and VAMP-II
in the peripheral nervous system of adult rat is very differential,
the functional significance remains to be elucidated.

206.5
ADP-RIBOSYLATION DISRUPTS THE ASSOCIATION OF B-50/GAP-43
WITH THE SYNAPTIC PLASMA MEMBRANE. K. Philibert. H. ZwiersV
Univ. of Calgary, AB T5N 4N1, Canada
The neuronal phosphoprotein B-50/GAP-43 is a membrane associated
protein and highly enriched in synaptosomal plasma membranes (SPM). We
recently reported that B-50 is a substrate for ADP-ribosylation\ Further studies
have shown that the B-50: ADP-ribose linkage is unstable in the presence of
Hg24 but not neutral hydroxylamine indicating that the two cysteines in the Nterminal region of the protein are the site of modification. Moreover, others2
have found that these cysteines are palmitylated thus providing a means of
attachment to synaptosomal membranes. This dual modification of cysteine led
to our hypothesis that ADP-ribosylation of cysteine could alter B-50 localization.
To confirm this hypothesis, carefully washed SPM was incubated in the presence
of 32P-NAD+ or ^P-ATP or buffer only. Subsequently, the samples were
fractionated using high speed centrifugation and separated into the soluble and
particulate components. The fractions were then subjected to 2D-electrophoresis
and autoradiography followed by protein and 32p label quantification using video
camera/digital image analysis densitometry.
The radioactivity of the NAD+ modified B-50 was primarily recovered in
the soluble fraction while the radioactivity of the phosphorylated B-50 was
recovered exclusively in the particulate fraction. These in vitro results suggest
that ADP-ribosylation, in contrast to phosphorylation, is able to influence the
intracellular localization of B-50 and provides a mechanism that could explain
our recent observation of altered distribution of phosphorylated B-50 in
Alzheimer disease human brain tissue with high neurofibrillary tangle density3.
1.
Coggins et al., 1993, J. Neurochem., 60:368-371.
2.
Skene and Virag, 1989, J. Cell Biol., 108:613-624.
3.
Martzen et al., 1993., PNAS, 90:11187-11191.
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transported down the axons, and that various molecular weight isoforms have
different developmental timecourses. Heterogeneity in APPs arises from
posttraaslatioaal modification and alternatively spliced transcripts which differ
mainly in the presence or absence of a sequence coding for a serine protease inhibitor
domain of the Kunitz type (KPI). KPI APPs have a wide tissue distribution, while
APP lacking the KPI domain is preferentially expressed in the brain and neuronal
cells in culture appear to express only APP without the KPI domain. Here we
examined if APPs visualized in our previous studies, contained the KPI domain.
We used metabolic labeling with radiolabeled amino acids and 5-D gel analysis to
visualize proteins that are synthesized in hamster retinal ganglion cells and rapidly
transported down the axons, and then performed Western blotting with a KPI-specific
antibody (gift of Dr. G. Huber). The KPI-specific antibody recognized two rapidly
transported proteins, a l5OkD protein and an APP of l4OkD which is synthesized and
transported at high levels during axon elongation. In addition, the antibody
recognized a lO8kD APP which was not radiolabeled and may be an unglycosylated
precursor to larger glycosylated ^PI-containing APP synthesized locally. Metabolic
labeling with sulfate revealed a number of rapidly transported sulfated proteins.
Prominent among these were NCAM and the l4OkD KpI APP, and to a lesser

extent, proteins corresponding to lOOkD and 1 lOkD axonally transported APPs.
These results show that neurons in vivo synthesize ^I-containing APP and that
this is a prominent form of the precursor that reaches axon terminals.
This work was supported by INSERM and CNRS.

W.

Andersont.

Dept. of Cell BiBlogy ann Neuroociennet ann Molecular

Genetics# and Thn Howard Hughns Medical Institute#, Thn University
of Texas Southwestern Medical Center, Dallas, Texas 75235
Calcium-dependent exocytosis of synaptic vesicles is quickly
followed by retrieval of synaptic vesicle membranes from the
presynaptic plasma membrane. We isolated rat brain synaptic
vesicles and used an indirect 125-l streptavidin binding assay to show
that there is a high affinity clathrin AP2 (adaptor complex) binding
site (Kd ~10'10 M) on synaptic vesicles that is similar to the one
observed in fibroblasts. Binding of AP2 to the unidentified receptor
had been shown to be necessary for coated pit assembly in fibroblasts.
Using a combination of competition and direct binding assays, we

further demonstrated that synaptotagmin, an abundant integral
membrane protein of synaptic vesicles, possesses all of the properties
of the AP2 receptor. We used the recombinant protein that fuses the
nearly full-length cytoplasmic domain of synaptotagmin to
glutathion-S-transferase and showed that the recombinant protein
competed with synaptic vesicles for AP2 binding and could bind AP2
with similar high affinity. However, synaptotagmin did not bind to
Golgi specific AP complex, API. By constructing truncated forms of
synaptotagmin, we localized the AP2 binding site to the second C2domain in the molecule. Thus, synaptotagmin may be a multifunctional
protein which may play important roles in nddocytosis as well as
exocytosis.

206.6
PP180: A NOVEL 180 kDa NEURONAL GLYCOPROTEIN,
PHOSPHORYLATED ON TYROSINE. M. Meneaoz. F. Bumava,

M. Le Bert, J . C. Siciliano and J .-A, Girault*, I NNSRM U114, Chaire
de Neuropharmacologie, College de France, 75005 Paris, France.
Antiphosphotyrosine immunoblotting of rat brain homogenates
shows a major immunoreactive band of 180 kDa (PP180), which is
enriched in post-synaptic densities. In mouse brain, phosphorylation
of PP180 is maximal during the first postnatal weeks. In the
striatum, phosphorylation of PP180 on tyrosine is enhanced after
lesion of nigrostriatal dopaminergic neurons by 6-OH dopamine or
after chronic neuroleptic treatment, (J.-A. Girault et al. PNAS
1992, 89 2769-2773). PP180 is a glycoprotein which requires
ionic detergent for complete solubilisation. We have purified PP180
from rat forebrain by affinity chromatography on concanavalin ASepharose and preparative SDS PAGE. The purified protein was
digested with trypsin, and seven tryptic peptides, separated by
reverse phase HPLC, were microsequenced. Synthetic peptides based
on these sequences were used to immunize rabbits. Immunoblotting
with affinity-purified polyclonal antipeptide antibodies revealed the
presence of PP180 in rat brain but not in non-neuronal tissues.
Immunocytochemistry of rat brain sections showed a wide neuronal
distribution of PP180 with a maximal signal in the dendrites and cell
bodies of cortical pyramidal neurons and cerebellar Purkinje cells.
Several cDNA clones coding for PP180 were isolated from a rat
striatum library screened with oligonucleotide probes derived from
peptidic sequences. Sequencing of these clones revealed that PP180 is
a novel protein containing EGF-like domains.
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EXPRESSION IN THE DEVELOPING AND ADULT FOREBRAIN OF SC1,
A PUTATIVE ECM GLYCOPROTEIN RELATED TO SPARC D.B. Mendis,
S. Shahin, J.W. GurcT, and I .R. Brown. DD. of Life Scieecee, Univ. of

INTERACTIONS OF PHOSPHACAN, THE EXTRACELLULAR REGION OF A
RECEPTOR-TYPE PROTEIN TYROSINE PHOSPHATASE, WITH NEURONS,
GLIA, AND NEURAL CELL ADHESION MOLECULES. M. Grumet*. D.R.
Friedlander. F. Mitey, T, Sakurai. L Kanhikeyan. M. Flad*. ILK. MargQlis*-and

Toronto, Scarborough Campus, West Hill, Ontario, Canada, M1C 1A4.
Although extracellular matrix (ECM) proteins have been shown to play
important roles in the development of the CNS, expression generally
decreases in the adult brain. Our cloning of the SC1 cDNA indicates that
it encodes a putative ECM glycoprotein related to SPARC, which is
expressed in both the developing and adult brain (Neuron, 2, 165-176,
1990). We have also shown that SC1 is deposited along Bergmann glial
fibres in the synaptic-rich molecular layer of the adult cerebellum (Brain
Res., 633, 197-205, 1994). We now examine SC1 expression during
postnatal development of the Wistar rat forebrain. In the hippocampus,
SC1 protein reaches its highest accumulations between postnatal days 10

and 30, a period of maximal synaptogenesis.
In situ hybridization
suggests that SC1 mRNA changes from a glial to a neuronal-enriched
pattern of expression during cortical and hippocampal development.
Immunohistochemistry in the adult shows that SC1 protein is localized to
neurons in these regions. Subcellular fractionation indicates that the SC1
116/120 kDa doublet is associated with synaptosomes. SC1 is present
in the aqueous phase following extraction of membranes with TX-114,
suggesting that it is not a transmembrane protein, a property consistent
with other adult brain ECM components. Furthermore, in primary cultures,
high levels of the 120 kDa component are secreted into the media, while
both components are associated with cells. These results are generally
consistent with the hypothesis that SC1 is an ECM glycoprotein expressed
during neuronal maturation in the forebrain.

R.U. Mareolis. Depts. of Pharmacology, NYU Medical Center, NY, NY 10016, &
$SUNY Health Science Center, Bklyn, NY 11203.
Phosphacan is a chondroitin sulfate proteoglycan, representing the extracellular
domain of a receptor protein tyrosine phosphatase (RPTP£/B) produced by radial
glial cells and astrocytes. We have previously found that it inhibits aggregation of
beads coated with N-CAM or Ng-CAM, and we now report that iodinated
phosphacan bound reversibly to these neural cell adhesion molecules with high
affinity (#f/~0.1 nM). Binding was reduced by ~I5% following chondroitinase
treatment, indicating that the core glycoprotein accounts for most of the binding
activity. Immunocytochemistry showed that phosphacan, Ng-CAM, and N-CAM
have overlapping distributions in developing rat spinal cord and cerebellum.
Phosphacan bound to neurons, and the binding was inhibited by antibodies against
Ng-CAM and N-CAM. Both Ng-CAM and anti-Ng-CAM Ig as substrates promote
neuronal adhesion and neurite growth in culture, and in each case the responses of
the neurons to the adhesive substrate were inhibited by phosphacan, indicating that
phosphacan has direct repulsive effects on neurons insofar as it does not bind to
anti-Ng-CAM Ig. Phosphacan was also synthesized by rat C6 glioma cells and
human astrocytomas, and its expression was higher in low grade than in high grade
tumors. C6 cells adhered to dishes coated with Ng-CAM, and low concentrations
of phosphacan inhibited adhesion to Ng-CAM but not to laminin and fibronectin.
Our studies suggest that by binding to neural cell adhesion molecules, and possibly
also by competing with ligands of the transmembrane phosphatase, phosphacan
may play a major role in modulating neuronal and glial adhesion, neurite growth,
and signal transduction during development of the CNS and in brain tumors.

206.9

206.10

FUNCTIONAL ANALYSIS OF THE ALTERNATIVELY
SPLICEJ) VARIANTS OF Ll CELL ADHESION MOLECULE
Y Takeda, H. Asou, Y Murakami and K. Uyemura. Dept, of Physiol.,
Keio Univ. School of Med., Shinjuku-ku, Tokyo 160, Japan

EXPRESSION OF CELL ADHESION MOLECULES AND MACROPHAGE
RECRUITMENT DURING PERIPHERAL NERVE WALLERIAN
DEGENERATION •
A.M. AVELLINO*. A. DAILEY. D. HART. M. GROSS. K. ANDRUS. & M. KLIOT.

LI is a high molecular weight membrane glycoprotein which belongs
to the immunogloblin superfamily. Rat and human LI cDNA cloning and
functional studies of LI have been reported by our group (J.B.C., 267:

10752, 1992). In the course of cloning, the existence of a RNA splicing
variant of LI was suggested. In this study, the expression of a LI variant
lacking a 15-bp segment coding for -KGHh V- in the extracellular region
and a 12-bp segment coding for -RSLE- in the cytoplasmic region were
examined using RT-two-step-PCR. The neuronal cells expressed
exclusively the full-length of LI, while the LI in the schwann cells was
only a short-form which lacked both 15-bp and 12-bp segments.
Neuronal-glial hybridoma cells expressed both types of LI.
To
investigate the functional releavance of the 4 amino acids, -RSLE-, we
have established cell lines transfected with a full-length LI cDNA
(LIcom) and a mutant LI cDNA (Lies) which lacked only the 12-bp
segment. The LI com transformant migrated much more remarkably on
the feeder cells expressing either LI com or Lies, compared to the Lies

transformant. After the cell migration occured, serine phospholylation of
several proteins was observed in Llcom transformants, but not in Lies
cells. These results suggest that the variation of LI transcript depends on
the type of cells expressed, and the existence of -RSLE- in LI is
functionally related to the cell migration evoked by LI-LI homophilic
interaction.

DEPARTMENT OF NEUROLOGICAL SURGERY, UNIVERSITY OF WA. SCHOOL
OF MEDICINE & SEATTLE VAMC, SEATTLE, WA. 98104.
Macrophage recruitment into peripheral nerves undergoing wallerian
degeneration following a transection injury has been shown to play an important
role in removing axonal and myelin debris as well as in possibly promoting axonal
regeneration (Friede & Bruck, 1993; Perry & Brown, 1992; Brown et al, 1991). Blood
born macrophages rapidly infiltrate the distal wallerian degenerating segment of
nerve after a delay of several days (Griffin et al, 1992; Stoll et al, 1989). Recently,
several families of cell adhesion molecules (CAMs) located on immune and/or
endothelial cells have been identified and shown to mediate the diapedesis of
various types of immune cells, including monocytes, in a number of experimental
models producing tissue damage and/or disease (Beekhuizen & van Furth, 1993;
Laskey, 1992; Sloan et al, 1992; Springer, 1990). We have investigated the
distribution of several CAMs, including ICAM-1, PECAM-1, & CDlla (LFA-1)
during peripheral nerve wallerian degeneration.
Following transection of the rat sciatic nerve, we studied the distribution and
relationship of ICAM-1 and CDlla (monoclonal antibodies provided by ICOS
Corp.) as well as PECAM-1 (provided by Dr. Albelda) to the recruitment of
macrophages (stained with ED-1 monoclonal antibody). Immunohistochemistry
was performed on longitudinal frozen sciatic nerve sections from 20 animals
sacrificed from 4 hours to 21 days after nerve transection. We observed the
following: 1) macrophages began to infiltrate the distal wallerian degenerating
segment of nerve after a delay of 2 days, 2) ICAM-1 expression increased on
intraneural endothelial cells 2-5 days following nerve transection and then began to
decrease to baseline levels, 3) CDlla expression was increased on macropnages
from 7-14 days, and 4) PECAM-1 was constantly expressed without any apparent
change. These results indicate that ICAM-1 is upregulated at about the same time
that macrophages begin to infiltrate the distal wallerian degenerating segment of
peripheral nerve. They suggest that ICAM-1, present on endothelial cells, and
CDlla, present on macropnages, may participate in the recruitment of blood
monocytes during peripheral nerve wallerian degeneration. Supported by NIH
and VA funds.
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DYSTROGLYCAN IS A MAJOR MEROSIN-BINDING PROTEIN IN
SCHWANN CELL AND MYELIN SHEATH MEMBRANE.
K. Mataumuru1 • *, H .YYnmJa1 , K. I3 . Campbell2 and T . Shimizu1.

THE EXPRESSION OF BEHAB, A CNS SPECIFIC HYALURONAN BINDING
PROTEIN, IS UP-REGULATED IN GLIOSIS AND GLIOMA.
D.M. Jaworski*. G.M. Kelly and S. Hockfield. Section of Neurebielegy,
Yale University School of Medicine, New Haven CT 06510.
Glial cells contribute to the microenvironment of the CNS. While
oligodendrocytes are responsible for myelination, astrocytes represent a more
functionally heterogeneous population of cells. Several extracellular matrix
components are expressed by astrocytes, including hyaluronan (HA) and the HA
receptor CD44. Previously, we reported the cloning and developmental regulation
of BEHAB, a HA binding protein restricted to the CNS (JCB 125:495) that is
temporally and spatially regulated in parallel with gliogenesis.
We have now further analyzed BEHAB expression in primary glial culture and
under conditions that promote astrocyte hypertrophy and hyperplasia. Northern blot
analysis of primary glial cultures indicates that BEHAB is expressed by astrocytes.
Previous studies have shown that HA is abundant in tissues undergoing
remodeling. To test whether BEHAB might play a role in glial growth or
proliferation, in situ hybridization was performed following a cortical stab wound in
adult rats. Gliosis was verified immunohistochemical^. BEHAB is significantly
up-regulated in the vicinity of the stab.
BEHAB expression in glioma was examined because HA has been reported to
play a role in tumor invasion. BEHAB expression is significantly up-regulated in
glioblastoma compared to normal brain, but is not detectable in non-neural tumors,
including breast, colon and lung. Increased BEHAB expression in response to CNS
damage could have significant implications for the role of HA and HA binding
proteins in tissue remodeling during CNS development, injury and tumorogenesis.
(Supported by EYO65l 1 and EYO645l.)

1 Neurology and Neuroscience, Teikyo University School of Medicine,

Tokyo 173, Japan and 2 HHMI, Physiology & Biophysics, University of

Iowa College of Medicine, Iowa City, IA 52242, USA.
a-Dyrertroglycan, a dystrophin-associated glycoprotein with a molecular
mass of 156 kDa, binds the basement membrane component laminin in
skeletal muscle. Here we analyzed the expression of a-dystroglycan and
laminin, and the laminin-binding activities of a-dystroglycan, in peripheral
nerve. Immunohistochemical analysis of peripheral nerve cryosections
and teased peripheral nerve fibers localized a-dystroglycan in the outer
membrane of Schwann cell and myelin sheath. Merosin, a laminin
aete1ot1ime1 comprised of M, B1 and B2 chains, was localized in the inner
basement membrane surrounding Schwann cell and myelin sheath, and
thus was co-localized with a-dystroglycan. Laminin and merosin affinity
column chromatography and blot overlay demonstrate that aTystroglychn with a molecular mass of 120 kDa is a major binding protein
of laminin and merosin in peripheral nerve. The binding of laminin and
merosin to peripheral nerve a.-dystroglycan was Ca2+ dependent and
was inhibited by NaCI and heparin. Our results indicate that adystrogiycan is not only a novel but also a major merosin-binding protein
in the membrane of Schwann cell and myelin sheath. Laminin promotes
Schwann cell ensheathment and myelination. Recently merosin was
demonstrated to be deficient in peripheral nerve fibers of dy mice which
have defects in myelination. Taken together, our results suggest that the
interaction between a-dystroglycan and merosin may play a role in the
regulation of Schwann cell myelination and/or maintenance of myelin
sheath. Supported by IKF, . NF and MDA.
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CHARACTERIZATION OF A NOVEL OLIGODENDROCYTE
SPECIFIC MOLECULE. l.-X, ZtiQU* Md Rj H. MiHgr,
Department of Neurosciences, Case Western Reserve
University, Cleveland, OH 44106.
We have isolated a mouse monoclonal antibody 2B10
which identifies a molecule with an apparent molecular
weight of approximately 87 kilodalton (kd) in extracts of
adult rat central nervous system (CNS) tissue.
Immunofluorescent staining of frozen sections of adult rat
spinal cord indicates this molecule is mainly present in the
CNS white matter, and absent from PNS tissue.
Immunofluorescent staining of cell cultures of neonatal
rat spinal cord indicates the 2B10 antigen is expressed only
on the surface of oligodendrocytes. Developmentally, 2B10
immunoreactivity is detectable by Western blot analysis in
spinal cord tissue from E18 rats, but doesn’t appear on
spinal cord oligodendrocytes in culture until the
equivalent of postnatal day 3 (P3). In the adult rat, Western
blot analysis indicates the 2B10 antigen is absent from
myelin preparation. 2B10 immunoreactivity is detectable
in extracts from rat liver, spleen and thymus, but not
detectable in samples of heart, kidney, muscle and skin.
These data suggest that the 2B10 antigen is shared by the
CNS and the immune system. Preliminary results suggest
that the 2B10 antigen might be involved in CNS
demyelination.

ACETYLCHOLINE RECEPTORS:

MUSCARINIC SIGNAL TRANSDUCTION

207.1

207.2

AGONIST-DEPENDENT
PHOSPHORYLATION
OF
MUSCARINIC
ACETYLCHOLINE RECEPTORS IN SF9 INSECT CELL MEMBRANES BY
G PROTEIN-COUPLED RECEPTOR KINASES. S.K. DebBurman*. J. Ptasienski.
and M.M. Hosev. Department of Pharmacology and Institute of Neuroscience,
Northwestern University Medical School, Chicago, IL 60611.
Agonist-dependent phosphorylation of G protein-coupled receptors (GPRs) by G
protein coupled receptor kinases (GRKs) is proposed to be a key event initiating
homologous receptor desensitization. Phosphorylation of GPRs in their membranebound state has been difficult to investigate and routinely requires receptor
reconstitution. In this study, the human m2 (hm2) and m3 (hm3) muscarinic
acetylcholine receptors were expressed in Sf9 cells and the ability of GRKs to
mediate agonist-dependent phosphorylation of receptors in crude membranes was
analyzed. The GRK isoforms, pARKl and pARK2 both efficiently phosphorylated
the membrane-bound hm2 mAChRs in an agonist-dependent manner, while GRK5
and GRK6 did not phosphorylate the hm2 mAChRs as well under similar conditions.
The pY subunits of G proteins (G^) stimulated pARK-mediated receptor
phosphorylation by two-fold. This effect of GpT was inhibited by a GST-pARK
(466-689aa) fusion protein containing a G^-binding domain. In the case of hm3
mAChRs, none of the GRKs tested phosphorylated the membrane-bound receptor
in an agonist-dependent manner. However, when membranes containing hm2 and
hm3 mAChRs were pre-treated with urea, 1) the m2 mAChRs remained excellent
substrates for the pARKs; 2) the m3 mAChRs were specifically phosphorylated
by pARK2 in an agonist-dependent manner. GPt enhanced this pARK2-mediated
phosphorylation of urea-treated m3 mAChRs. In summary, these results demonstrate
that the hm2 and hm3 mAChRs are substrates for GRKs in their membrane-bound
state.

MUSCARINIC RECEPTORS-G PROTEINS INTERACTION IN MEMBRANES
OF RAT OLFACTORY BULB.
P. Onali*
and,M.C. Olianas,
Dept. Neurosciences, Univ. Cagliari, Cagliari, Italy.
In rat olfactory bulb activation of muscarinic receptors
increases basal adenylyl cyclase activity and potentiates
the stimulatory effect of CRH and VIP. In the present
study we have investigated the coupling of muscarinic
receptors to G proteins by examining the muscarinic
stimulation of GTP^S binding to olfactory bulb membranes.
A number of muscarinic receptor agonists increased GTP^S
binding
with potencies
and’ efficacies similar to those
”
‘
displayed in stimulating adenylyl cyclase.
Moreover,
receptor subtype selective antagonists counteracted the
muscarinic-stimulated GTP y S binding and adenylyl cyclase
activity with the same rank order of potency.
Treatment
of membranes with pertussis toxin, but not with cholera
toxin, and with antisera against the C terminus of the<*
subunit of Gi-Go, but not of Gs, inhibited the muscarinic
stimulation of GTPj'S binding. These results indicate that
in the olfactory bulb muscarinic-stimulated GTP^S binding
predominantly reflects the receptor interaction with G
proteins of the Gi/Go family, but not with Gs, and that
Gi-Go mediate the muscarinic stimulation of adenylyl
cyclase.

207.3

207.4

The ml muscarinic receptor couples with Gia, Goa, and Gqlla in
cerebral cortex.

Wang, P. and Luthin,

G. R*, Hahnemann

University, Institute for Neuroscience, Philadelphia, PA, 19102.

Rat cerebral cortex

contains high levels of the ml

subtype of muscarinic acetylcholine receptor (mAChR). Using

a subtype-selective antibody, we have co-precipitated complexes
of the ml receptor and associated guanine nucleotide binding

proteins (G proteins). An antibody was raised to the i3 loop of

the rat ml receptor, constructed as a fusion protein with

glutathione-S-transferase. Membranes were incubated with 1
mM carbachol or 10 pM atropine, then solubilized in
digitonin/cholate. Solubilized receptors were precipitated with
anti-ml receptor antibodies. In contrast to the rat parotid gland,

where the m3 muscarinic receptor was shown to interact only

with Gqlla and Gila, we have now established that the ml
receptor interacts with Goa in addition to Gqlu> GiU and Gi2(Xj.) in
the presence of agonist and not antagonist. Although it is
believed

that

the

ml

receptor

couples

to

the

polyphosphoinositide pathway through pertussis toxin insensitive

G pr^tein(s), we now show that the capability exists for coupling

through pertussis-sensitive and insensitive pathways.

Supported by NIH DK43333 and DK4O579.
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Biochemical Evidence for the Co-localization of Muscarinic m4
and Dopamine D1 Receptors in Rat Striatum. Kris Eckols and
Neil Delaop*. Lilly Research Laboratories, Eli Lilly and Company,
Indianapolis, IN 46285
Muscarinic agonist inhibition of adenylate cyclase (AC) in rat
striatum is mediated primarily through m4 receptors, while
dopamine (DA) D1 receptors in striatum stimulate AC. Cyclic
AMP formation in rat striatal slices and AC in striatal membranes
was determined in the presence of IBMX as phosphodiesterase
(PDE) inhibitor using a cAMP ELISA. DA stimulation of cAMP
formation in slices and membranes (in the presence of a D2
antagonist) was augmented 5-6 fold in the presence of low
forskolin concentrations (1pM in slices and 40-100 nM in
membranes). Cyclic AMP formation in slices and membranes
stimulated with DA-forskolin combinations was inhibited to a
significantly greater extent by the muscarinic agonist carbachol
than found for basal or forskolin-stimulated activity. With RO201724 in place of IBMX as PDE inhibitor, 100 pM 2chloroadenosine (combined with 50 nM forskolin) stimulated AC
9-fold over forskolin alone, and this response was not inhibited
by carbachol indicating specificity for muscarinic inhibition of DA~
stimulated activity. These data demonstrate a functional colocalization of m4 and D1 receptors in rat striatum and are
compatible with anatomical data indicating that these two
receptors are concentrated in a subset of the striatal neuronal
population (Bernard et. al., J. Neurosci. 12:2591,1992).

TUESDAY AM
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INOSITOL TRISPHOSPHATE FORMATION AND Ca2 +
OSCILLATIONS IN NL3O8 CELLS EXPRESSING m2 AND m4
MUSCARINIC RECEPTOR SUBTYPES. N. IshizafaU.M. NodalY.

Substitution of the third cytoplasmic loop of muscarinic m2 receptors with
that of ml switches second messenger signaling and alters agonist
pharmacology. M. Karmilowicz. K. Ward. D. Auperin. and D. Liston*.
Pfizer Inc., Central Research Division, Groton, CT 06340.
The five muscarinic receptors belong to the superfamily of Gprotein coupled receptors. Activation of the ml receptor leads to
stimulation of PI hydrolysis, whereas the m2 receptor is coupled to
inhibition of adenylate cyclase. Using a PCR-based recombination
technique, we have precisely replaced the third cytoplasmic loop of m2
(amino acids 208-325) with that of ml (atnino acids 210-366). The
resulting chimeric receptor was expressed transiently in COS cells and
stably in CHO cells and found to produce robust stimulation of PI
hydrolysis and mobilization of intracellular calcium in response to
agonists. Conversely, inhibition of cyclase was lost in the chimeric
construct, indicating that the signaling was successfully switched from an
m2-like response to an m1-like response. The potencies of a panel of
agonists in functional assays were found to be intermediate between
those observed at wild-type m2 and ml receptors. The binding
properties of ml -selective (pirenzepine) and m2-selective (AFDX 116)
antagonists coincided with that of the wild-type m2 receptor, indicating
that antagonist pharmacology was unaltered. However, the binding
properties of m2-selective agonists (carbachol, oxotremorine) to the
chimeric receptor were intermediate between those seen with wild-type
m2 and ml receptors. Thus, agonist binding is more sensitive than
antagonist binding to alterations in the third cytoplasmic domain of these
receptors.

Kimura!, K. Fukuda2. M. Katavama^ D. A. Brown-* and H. Higashida* *.

1 Kanazawa Univ. Sch. Med., Kanazawa, Japan, 2Kyoto Univ. Facul. Me<d, Kyoto,
Japan and ^Univ. College London, London, UK.

Intracellular free Ca2+ concentrations <[Ca2+]i) was measured in NL3O8
neuroblastoma x fibroblast hybrid NL3O8 cells expressing ml, m2, m3 and m4
mAChR subtypes. Application of 100 pM ACh increased [Ca2+1 in all four types
of NL3O8 cells. The increased [Ca2+]j levels were significantly higher in ml- and

m3-transformed cells than those in m2- and m4-transformed cells. In >9S % of m2and m4-transformed cells [Ca2+lj showed sinusoidal oscillations. Removal of
extracellular Ca2+ did not inhibit the initial [Ca2+ ] increase but die late phases of

[Ca2+lj increases in ml- and m3-transformed cells. [Ca2+]j increases in m2- and
m4-transformed cells were inhibited by 20-30 % and the frequency of sinusoidal
oscillations slowed. The ACh-induced [Ca2+]i and mositol-1,4,S-trisphosphate

formation was completely suppressed by pretreatment with 10 ng/ml Pertussis
toxin for 12 hours in m2- and m4-treated cells, but not in ml- and m3-treated cells.
In m2- and m4-transformed cells, extracellular application of caffeine and ryanodine
or intracellular application of cyclic adenosine diphosphate (ADP)-ribose raised
[Ca2+]j. The [Ca2+]i increases were not observed in ryanodine-treated m2transformed cells. These results show that different mAChRs utilize Ca2+ as a
common second messenger but with distinct signal pathways between ml/m3 and
m2/m4.

207.7

207.8

Ionic Mechanisms
of Cholinergic
Excitation
in Entorhinal
Cortex
Layer II Neurons . R. Klink* and A. Alonso. Montreal Neurological Institute
and McGill University, Montreal, Qc, CANADA H3A 2B4.
Cholinergic agonists have pronounced excitatory effects on the two
electrophysiologically distinct classes of neurons in layer II of the middle
entorhinal cortex (MEC): the stellate and non-stellate cells (SCs and non-SCs).
We have already reported on the differential modulation of these two classes of
neurons' excitability by bath application of carbachol. In the in vitro slice

Carbachol

preparation CCh effects are more pronounced on non-SCs, drastically affecting
their firing behavior by inducing a slow rhythmic bursting pattern associated
with a substitution of the post-train AHP by a long lasting plateau
depolarization. In the present study we investigated the ionic mechanisms
underlying these effects with pressure-pulse applications of CCh. In non-SCs,
CCh pulses resulting in a minor (0-6 mV) depolarization were sufficient to
trigger powerful (4-19 mV) plateau depolarizations when firing was elicited by
injection of DC current. In the presence of inorganic Ca-channel blockers or in
Bapta-loaded (200 mM) cells the response was inhibited. When external Na was
reduced to 26 mM by replacement with equimolar amounts of
N-Methyl-D-Glucamine the response was largely abolished. In the presence of
TEA (20 mM) or in Cs-loaded cells the response was the same or enhanced. In
this last case responses of SCs were indistinguishable from those of
non-SCs. Pharmacological manipulations revealed that the response to CCh was
blocked by atropine (300 nM), by pirenzipine (lpM), but not by himbacine
(lpM), although in the latter case raising the concentration to 10 pM abolished
it. In conclusion, in SCs and non-SCs, the CCh-induced depolarization is due to
a Ca-dependent inward cationic current largely carried by Na, mediated through
a Ml muscarinic receptor subtype.

ACETYLCHOLINE RECEPTORS:

a voltage
-dependent
cation
current
in
OF rat PREFRONTAL CORTEX. S. Haj-Dahmane* and R.
Andrade. Dept, of Pharmacological and Physiological Sciences, St.
Louis Univ. School of Med. St. Louis, MO 63104
Previous studies have shown that a ubiquitous response to
cholinergic stimulation of cortex is the appearance of a slow
depolarization. This response has generally been attributed to a
decrease in potassium permeability. We have reinvestigated this
phenomenon using whole cell recordings in rat prefrontal cortex.
Administration of carbachol to pyramidal cells of layer V resulted in
a slow membrane depolarization or inward current. The mean inward
current recorded at -60 mV was 140 ± 6 nA (n=5O). This effect was

pyramidal

activates

cells

mimicked by muscarine and oxotremorine and blocked by atropine
and pirenzepine indicating that it was mediated by muscarinic
receptors. In most of these cells the current elicited by carbachol was
voltage sensitive and became smaller with hyperpolarization, but did
not reverse at EK. In the presence of elevated (6mM) extracellular
potassium, this inward current was found to persist even at potentials
more negative than EK determined by the reversal of GABAb currents.
Partial substitution of external sodium by N-Methyl-D-Glucamine
strongly reduced the amplitude of the carbachol current.
These data suggest that the slow excitatory effect of cholinergic
agonists in rat prefrontal cortex is at least partially due to the activation
of a voltage dependent cation current carried under physiological
conditions predominantly by sodium.
Supported by MH 49355 and the Alfred P. Sloan Foundation.

MUSCARINIC MOLECULAR BIOLOGY

208.1

208.2

STRUCTURE-FUNCTION ANALYSIS OF MUSCARINIC ACETYLCHOLINE
RECEPTORS: MUTATIONAL MODIFICATION OF A CONSERVED ASPARAGINE RESIDUE RESULTS IN DRASTICALLY REDUCED ANTAGONIST
BINDING AFFINITIES AND CONSTITUTIVE RECEPTOR ACTIVATION.
J. Wess* and K. Bluml. Natiooal Inntitutes of Hearth, NIDDK, LLa. of
Bioorganic Chemistry, Bethesda, MD 20892.
The molecular mechanisms through which muscarinic receptors are activated upon binding of the neurotransmitter acetylcholine (ACh) are still
poorly understood. Three-dimensional muscarinic receptor models predict
that a conserved asparagine residue present in transmembrane domain VI
(TM VI) is ideally positioned to interact with the ACh ester moiety by means
of hydrogen bonding. To test the correctness of this hypothesis, we
created several mutant m3 muscarinic receptors in which this residue
(Asn5O7) was replaced with alanine, ssrine, or aspartic acid. Radioligand
binding studies with transfected COS-7 cells showed that, in contrast to the

Two Alternatively Spliced Variants of m4 Muscarinic
Acetylcholine Receptor mRNA are Expressed in PCI 2D Cells.
M. Mieda. T. Haqa. and D. Saffen*. Inst, for Brain Research,
Univ. of Tokyo, Tokyo 113,Japan.
Previously, exons encoding five subtypes of muscarinic
acetylcholine receptors (m1-m5 mAChR) have been cloned and
sequenced, but the precise structures of the 5’ untranslated
regions and the promoter elements have not yet been determined.
Cloning and analysis of the genetic regulatory elements of these
genes should yield important insights into the mechanisms that
underlie the tissue-specific expression of each subtype of
mAChR.
As a first step toward characterizing the regulatory elements of
the m4 gene, we used a modified RACE method to isolate cDNAs
corresponding to the 5’ untranslated region of m4 mRNA
expressed in PCI 2D cells. The PCI 2D cell line is a subclone of
PCI 2 cells that rapidly develops neurites in response to NGF or
agents that increase intracellular cAMP [R. Katoh-Semba et al.
(1987) J. Neurosci. Res. 17, 36-44].
Two types of m4 cDNA clones were obtained with 5’ sequences
that diverged 32-nucleotides upstream from the translation
initiation codon. Comparison of these cDNAs with a rat genomic
clone revealed the presence of a splice acceptor site in the m4
gene at the position where the sequences of the cDNA diverged.
The unique sequences in the cDNA were found to originate from
two exons located 4.5 to 6.5 kb upstream from this splice
acceptor site. These data suggest that PC1 2D cells express two
classes of m4 mRNA that are generated by alternative splicing.

predictions made based on molecular modelling studies, all three mutant
receptors were able to bind ACh and the structurally related muscarinic
agonist, carbachol, with high affinities which differed from the corresponding
wild type values by less than 5-fold. However, all three mutations led to
dramatic reductions (235-28,300-fold) in binding affinities for certain
subclasses of muscarinic antagonists including atropine-like agents and
piredzepida. The m3(Asn5O7->Ala) and m3(Asn5O7->Asp) mutant
receptors were able to mediate carbachol-induced phosphatidylinositol
hydrolysis in a fashion similar to that of the wild type receptor. Interestingly,
the m3(Asn5O7->Ser) mutant receptor displayed about 2-fold increased
basal inositol phosphate levels, raising the possibility that it is constitutivaly
active. In conclusion, our data suggest that the TM VI asparagine residue
characteristic for all muscarinic receptors is not critical for ACh binding and
agonist-induced receptor activation, but plays a key role in the binding of
certain subclasses of muscarinic antagonists.
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A MUTATION IN THE FIRST EXTRACELLULAR LOOP DOES NOT
ALTER THE PHARMACOLOGY OF Ml AND M2 MUSCARINIC
RECEPTORS. S.Z. Zhu. S.Y. Lee. S.Z. Wang and E.E. El-Fakahany*.

HUMAN BLOOD MONONUCLEAR CELLS EXPRESS m3,
m4 AND m5 MUSCARINIC ACETYLCHOLINE RECEPTORS

Division of Neuroscience Research in Psychiatry, University of Minnesota
Medical School, Minneapolis, MN 55455.
Muscarinic receptors of the ml and m2 subtypes possess a stretch of six
identical amino acids (2 lysines (L); 2 tyrosines (Y) and 2 threonines (T))
located at the beginning of the first extracellular loop. Interestingly, however,
while these residues are arranged as LYTTYL in the ml receptor, they exist
as a repeat of two triplets (LYTLYT) in the m2 receptor. The aim of this

work was to test the possible relevance of this unique distinction between the
two receptor subtypes. The LYTTYL sequence of ml receptors was changed
to LYTLYT using site-directed mutagenesis and the wild-type and mutant
genes were stably transfected into Chinese hamster ovary (CHO) cells. There
were only small changes in the binding affinity of [3H]N-methylscopolamine
or that of the subtype-selective muscarinic receptor antagonists telenzepine,
pirenzepine, gallamine, methoctramine, AF-DX 116 and AQ-RA 741 to ml
receptors due to this mutation. There were also no pronounced changes in the
binding affinities of these antagonists at m2 receptors in which the LYTLYT
sequence was mutated into LYTTYL. The LYTLYT mutant ml receptors
were still coupled to stimulation of phosphoinositide hydrolysis. In addition,
this mutation did not result in inducing coupling of ml receptors to inhibition
of adenylyl cyclase which represents the preferred coupling mechanism at m2
receptors. Therefore, these interesting differences in the sequences of the first
extracellular loop at ml and m2 receptors do not explain their unique
pharmacological properties.

mRNA. P. Costa*. D.T. Traver, C.B. Auger and L.G. Costa.

Dept.

of

Environmental

Health

SC-34,

University

The presence of the five muscarinic receptor subtypes

mRNA was analyzed in human mononuclear cells derived
from three healthy donors by RT-PCR followed by Southern

blotting and hybridization with an internal probe. As a
positive control we used a sample of cerebral frontal lobe

RNA . All five subtypes of muscarinic receptor mRNA were
detected in the brain sample. In blood mononuclear cells m3,

m4 and m5 subtypes mAChR mRNA were detected, while
ml

and m2 mAChR subtypes mRNA were not found.

Similar results were obtained for blood cells in each of the
three human subjects studied, m3 and m4 mRNA levels

were about 200 times lower in blood cells than in cerebral
cortex, m5 mRNA was present in blood mononuclear cells at

higher levels than in the cerebral cortex. To our knowledge,
this is the first time that m5 muscarinic receptor mRNA has
been found outside of the nervous system. We are currently
investigating the distribution of muscarinic receptors in

subsets of mononuclear cells. (Supported in part by Grant ES04696 from NIEHS).

208.5

208.6

ARACHIDONIC ACID RELEASE BY MUSCARINIC AGENTS IN CELL
LINES TRANSFECTED WITH MUSCARINIC RECEPTORS. Frank P.
Bymaster*. Julie F. Falcone. Harlan E. Shannon and David. O.
Calligaro. Lilly Research Laboratories, Eli Lilly and Co.,
Indianapolis, IN 46285.
The effect of muscarinic agents on the release of preloaded
^H-arachidonic acid (AA) from cell lines transfected with five

A PROBE FOR THE ACETYLCHOLINE SIDE-CHAIN
METHYL BINDING POCKET IN MUSCARINIC
RECEPTORS. E.C.Hulme. K.M.Page and C.A.M.Curtis.

muscarinic receptors was investigated.
The muscarinic
agonist oxotremorine-M (oxo-M) caused large increases of AA
release from the phosphoinositide-linked ml, m3 and m5 cell
lines, but oxo-M up to 10 gM did not appreciably alter AA
release from the cyclic AMP-linked m2 and m4 cell lines.
Muscarinic agonist induced-release of AA was blocked by
muscarinic antagonists; whereas, the antagonists alone were
without effect.
Dose response curves for carbachol-stimulated
AA release and phosphoinositol hydrolysis in A9L-ml cells
were essentially superimposable.
The partial agonists
pilocarpine and RS86 did not induce release of AA to the extent
of oxo-M.
Agonist-induced release of AA continued for several
hours, but could be blocked by addition of antagonists during
the incubation which suggests that agonists must continually
occupy the receptor and that the receptor is not readily downregulated.
The potency of antagonists for blocking agonistinduced release in ml and m5 cells correlates with the binding
affinity to the respective subtype.
These data demonstrate that
AA release is a valuable and simple method to determine
functional activity of muscarinic agents in cell lines
transfected with ml, m3 or m5 receptor subtypes.

SPON: Brain Research Association. MRC National Institute for
Medical Research, Mill Hill, London NW7 1AA, U.K.

A

tight

interaction

between

the

onium

headgroup

of

acetylcholine and Asp 105 of the ml mAChR is critical for receptor
activation, but ligation of the side-chain of ACh is also important.
The side-chain methyl group makes a strong contribution. Thus,

acetylcholine, but not formylcholine, can activate a mutant mAChR
in which the headgroup interaction has been disrupted by mutation
of Asp 105 to Glu. The energy associated with methyl group

binding is up to 3 kCal/mole. Bromoacetylcholine is a sulfhydryl

group alkylating agent which retains agonist activity at both wildtype and Glu 105 ml mAChRs. It does not appear to block the
wild-type receptor. The introduction of Cysteine residues into the
transmembrane region of the mAChR may allow the use of

bromoacetylcholme as a probe to identify amino acids which

contribute to the methyl binding pocket.
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MUTATIONS OF CONSENSUS PHOSPHOACCEPTOR DOMAINS IN
ml
MUSCARINIC ACETYLCHOLINE RECEPTORS: EFFECTS ON
RECEPTOR CYCLING AND DESENSITIZATION. E. Chena. N.S.M.
Geoqhaqen. C.M. Fraser and N.H. Lee*. Department of Molecular and
Cellular Biology. The Institute for Genomic Research, Gaithersburg, MD
20878.
Receptor protein phosphorylation plays a pivotal role in the regulation of
receptor function. Agonist-stimulation of ml muscarinic acetylcholine
receptors (mlmAChRs) results in hydrolysis of phosphoinositides and
subsequent activation of protein kinase C (PKC). The cytoplasmic domains
of ml mAChRs contain several consensus phosphorylation sites for PKC, and
we have postulated that these domains may facilitate agonist-induced
receptor trafficking and desensitization (Lee and Fraser, J. Biol. Chem.
268:7949-7957, 1993). A series of mutations were introduced into the
consensus PKC sites by exchanging serine (S) or threonine (T) residues for
alanine (A).
All mutant receptors were able to fully stimulate PI
hydrolysis and were pharmacologically identical to wild-type receptor.
The T138A (2nd intracellular loop) and T330A (middle portion of 3rd
intracellular loop) mutant receptors, but not the T354A/S356A mutant
receptor (membrane proximal portion of 3rd intracellular loop), exhibited
significantly impaired ability to internalize following agonist pretreatment
for up to 2 hours as compared to wild-type receptor. In the presence of

DIFFERENTIAL DOWN-REGULATION OF M3, M4 AND M5

0.3 M sucrose, which inhibits agonist-induced receptor internalization and
thus masks any contribution of internalization on receptor desensitization,
the T138A, T330A and T335A/S356A mutant receptors exhibited impaired
ability to desensitize following agonist pretreatment. These data suggest
that all three consensus PKC sites are critical for receptor desensitization,
but only a subgroup are necessary for receptor trafficking.
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MUSCARINIC ACETYLCHOLINE RECEPTORS IN

TRANSFECTED CELLS. H-B. Wei*. W. Roeske and H. I.
Yammamura. Dept. of Pharmacology, Univ. of Arizona Sch. of
Med., Tucson, AZ 85705
Murine fibroblast cell lines transfected with the rat m3, m4 or m5

muscarinic acetylcholine receptor

gene were used to study the

homologous down-regulation of muscarinic receptors. These stable

expression cell lines were pretreated with 0.1 mM (+)-cismethyl-

dioxolane (CD) or carbachol (CCh), or the agonist with atropine for
24 hours. pH]-(-)MQNB were used to measure down-regulation of
different subtypes of muscarinic receptors. The muscarinic receptor
full agonist, CCh induced a loss of 50% of the m3 receptors density

but CD only caused reduction of the m3 receptor affinity. A loss of

30-43% the m4 receptors were observed under the exposure to both
CCh and CD. Int^r^s^^^gly, the m5 receptors showed no significant

change after chronic exposure to both CD and CCh.

In general,

comparing our previous results showing that a 75-80% loss of the
ml and m2 receptors had been found in similar transfected cell lines,
the m3, m4 and m5 muscarinic receptors displayed more resistance

to homologous down-regulation in transfected cell lines .
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209.1
ESTERS OF 1,4-DISUBSTITUTED TETRAHYDROPYRIDINE
CARBOXYLIC ACIDS AS POTENTIAL ml SELECTIVE
MUSCARINIC ANTAGONISTS.
C.E,
Auaelli-Szafrani. CJ
Blankley1. J.C. Jaeni*, D.W. Moreland1. C. Nelson^. J.R. PenvoseL,

R.D,

Schwarz2. and A.J.

Chemistryi

and

Thomas'.

Pharmacology2,

Departments

Parke-Davis

of

Medicinal

Pharmaceutical

Research, Division of Warner-Lambert Company, 2800 Plymouth

Road, Ann Arbor, Michigan 48105.
Selective ml muscarinic antagonists

may

be

useful

as

pharmacological tools in the development of selective ml agonists for

the treatment of Alzheimer's disease. The synthesis of compounds of

general structure 1 has led to the identification of several analogs
which appear to be ml selective antagonists. The affinity of these
compounds for the five human

receptor subtypes (m1-m5) was

determined by [3H]-NMS binding using membranes from transfected

Chinese Hamster Ovarian (CHO) cells. Functional data (PI hydrolysis
and cAMP accumulation) on a few selected compounds confirmed the

antagonistic properties of these compounds. The biological activity and
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209.2
PHARMACOLOGICAL CHARACTERIZATION OF PD150714: An
ml SELECTIVE MUSCARINIC ANTAGONIST. C. Nelson. C.E.
Augelli-Szafran. M,J, Callahan. C. Christoffersen. J.C. Jaen. L.T.
Meltzer. J.R. Penvose. R.D. Schwarz*. A.J. Thomas, and J. Wiley.
Parke-Davis Pharmaceutical Research, Division of Warner-Lambert Co.,
Ann Arbor, MI 48105.
Responses to various antagonists lead to the pharmacological characterization of muscarinic receptor subtypes (M,-MJ, while more recently,
cloning and expression studies defined five subtypes of receptors (ml-m5)
by molecular biological criteria.
From a series of 1,4-disubstituted tetrahydropyridine carboxylic acids
(C. Augelli-Szafran, et al., this meeting), PD150714 was identified which

in vitro appeared to be more selective for ml receptors than the prototypical antagonist, pirenzepine (PZ). Using membranes from transfected
CHO cells, pH]-NMS binding showed an affinity of 27.3nM at ml
receptors and when compared to the other subtypes had selectivities of
(IC* values): 100-fold (m2), 48-fold (m3), 74-fold (m4), and 19-fold
(m5). In contrast, PZ only shows a 4-10-fold selectivity between ml and

m4 receptors. Measurement of functional activity (PI hydrolysis for ml,
m3, and m5 and cAMP accumulation for m2 and m4 receptors) correlated
with this profile. In vivo, PD150714 showed little effect on locomotor
activity following oral dosing, but did inhibit spontaneous activity after
i.c.v. administration. Thus, as a selective ml antagonist, PD150714 may
serve as a pharmacological tool to better understand the physiology of
muscarinic receptor subtypes.

209.4

209.3
experimental

MUSCARINIC PHARMACOLOGY
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a

COMPETITIVE-ALLOSTERIC RECEPTOR MODEL. C .-M.Sta^t^ C^lien*,
L.D, Homer and S.T. Ahlera. naval Medical Institute,
Kopperpahler Allee 120, 24119 Kronshagen, Germany; Naval
Medical Research Institute, Bethesda, MD 20889-5607, USA.
In radioligand binding studies it is o£ten difficult to
obtain
parameter
estimates
of
complex
receptor
interactions with small standard deviations. Large and
complicated experimental designs may be required to fully
characterize the dynamics of receptor systems that are
more complex than simple competitive models. To increase
design efficiency we propose that experiments should be
first simulated by a computer to assure that the
experiments are adequate for estimating the parameters of
the model. As an example we present simulations of a two
site
competitive-allosteric
receptor-model,
whose
parameters have been shown to be unresolvable using
equilibrium data. The starting parameters used for the
model were obtained from real displacement experiments in
order to closely resemble typical binding data of
radiolabeled
N-methyl-scopolamine
at
M2-muscarinic
receptors of the rat heart. Equilibrium and nonequilibrium
pseudodata with random error
(4%)
were generated.
Parameters were estimated by minimizing a weighted sum of
squared errors. As expected, equilibrium experiments were
inadequate,
but
simultaneous
analysis
of
pooled
equilibrium and transient kinetic data provided a good fit
to the data and good parameter estimates.

INTERACTIONS OF GALLAMINE AND D-TUBOCURARINE WITH m2
MUSCARINIC RECEPTORS: TESTING THE ALLOSTERIC MODEL.

J. Ellis*. M. Stadtmauer. and M. Seidenberg. Molecular Neuropharmacology
Section, Department of Psychiatry, University of Vermont, Burlington VT 05405.
The strength of the evidence for the existence of allosteric interactions at
muscarinic receptors is due, in part, to the rigid nature of the competitive model.
The flexibility of allosteric models means that a wider range of empirical data can
be accommodated; however, this very flexibility can also make it more difficult to
test the model. Ehlert (Mol. Pharmacol. 33:187, 1988) has described methods for
analyzing data obtained at equilibrium for a model in which two ligands bind to
separate but interacting sites on a single receptor complex. We have commonly
used a paradigm in which we measure the ability of one ligand (eg, gallamine) to
modulate the rate of dissociation of another ligand (typically fHJNMS; Mol.
Pharmacol. 42:638, 1992). Ehlert’s method provides the affinities of each ligand
for the free receptor (K, and KJ and the cooperativity factor for the interaction
between the binding of the two ligands (or). On the other hand, our method
determines the affinity of the allosteric modulator for the liganded (i.e., [3H]NMS bound) receptor and should therefore be equal to aKA if the model applies. The m2
subtype is most amenable to this test, because it exhibits faster kinetics and higher
affinities toward allosteric modulators than the other subtypes. Under our
conditions (using [3H]NMS as the labeled ligand), gallamine was found to have a
Ka of 4.9 nM and a of 120, the product of which did not differ significantly from
the apparent affinity
observed in dissociation assays (0.38 pM). For dtubocurarine, the product of a (16) and Ka (14 pM) did differ significantly
(p< 0.001) from K^, (0.56 pM). Thus, it appears that this model is sufficient to

explain the interactions of gallamine with the m2 subtype, but the interactions of dtubocurarine must be more complex.
Supported in part by R01 AG05214.

209.5

209.6

ARYL-ENE-YNE 1-AZABICYCLO[2.2.1]HEPTAN-3-ONE OXIMES: POTENT
MUSCARINIC AGONISTS.
A. J. Thomas. R. E. Davis. J. C. Jaen. D. J. Lauffer. T. Mirzadegan. D. W.
Moreland. C. Rabv. R. D. Schwarz. M. D. Tavlor* and H. Tecle. Parke-Davis
Pharm. Res., Div. of Warner-Lambert Co., Ann Arbor, MI 48105.

PHARMACOLOGY
OF PD 142505 AND ITS
ENANTIOMERS. H. Tecle. R. E. Davis. C. Augelli-Szafran, S. D.

We have previously described the synthesis and SAR of 1-aza]bicyclo[2.2.1]hgptan-3one oximes with extended appendages. These oximes are potent and efficacious
muscarinic agonists, thus rendering invalid the long held belief that muscarinic
agonists are small molecules with little tolerance for bulk. Some members of this
class, the aryl-alkyne analogs, have shown promising functional ml subtype
selectivity. To further probe the steric limitations on muscarinic potency, efficacy
and selectivity, a new class of aryl-ene-yne analogs has been designed. Depending of
the geometry of the C=N and C=C bonds, sub-nanomolar potency and/or high efficacy
have been achieved. The high affinity, large size and relative rigidity of these
molecules should lead to a better understanding of the topographical requirements for
designing potent and perhaps subtype selective muscarinic agonists.

Barrett, B. W. Caorathe. D.J. Lauffer, D. W. Moreland, R. D. Schwarz,
A. J. Thomas. M. Rafferty* C. Rabv. C. Nelson. P. Doyle and J. C. Jaen.
Parke-Davis Pharm. Res., Div. of Warner-Lambert Co. Ann Arbor, MI

48105.

PD 142505 (1) is a member

of

the unusually bulky 1-

azabicyclo[2.2. l]he^ptan-3-one oxime class of muscarinic agonists. It is
a potent and efficacious ml-subtype selective muscarinic agonist The R
{(R)--D and S enantiomers have been prepared. Both enantiomers are

muscarinic agonists. The R enantiomer is 7-10 fold (depending on the
assay) more potent than the S enantiomer. Both enantiomers stimulate

cellular metabolism (cytophysiometry)

in CHO cells selectively

expressing human ml receptors but fail to activate cellular metabolism
in CHO cells selectively expressing human m2 receptors. In-vitro binding,
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second messenger and cellular metabolic activity data will be presented.
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Functional
selectivity
of
the
ml muscarinic
AGONIST 1,4,5,6-TETR AH YDRO-5-PROPARGYLOXYCARBONYL-PYRIMIDINE (CDD-0097). Y. F. Abuh*W. S. Messer.
Jr.. Y. Liu. A. A. El-Assadi. K. Ryan and P. G. Dunbar. Center for
Drug Design and Development, Department of Medicinal and
Biological Chemistry, College of Pharmacy, The University of

MUSCARINIC MECHANISMS INVOLVED IN NEOSTIGMINE-INDUCED
BRADYCARDIA.
S.B. Backman*. R.D. Stein & C. Polosa. Dept.
Anaesthesia, Royal Victoria Hospital, McGill Univ., Montreal, Quebec,
H3A 1A1.
Postoperatively,
reversal
of neuromuscular block
by the
anticholinesterase neostigmine is associated with a bradycardia which
is blocked by the muscarinic antagonist glycopyrrolate at doses that
have only a small effect on basal heart rate1. We have suggested that
neostigmine can produce bradycardia by stimulation of cholinergic
receptors (subtype unidentified) on cardiac parasympathetic ganglion
cells2. The greater sensitivity of the neostigmine-induced bradycardia
versus basal heart rate to glycopyrrolate raises the possibility that
neostigmine may activate muscarinic receptors on cardiac ganglion cells
which are particularly sensitive to muscarinic block. Therefore, we
compared the relative potencies of non-selective (glycopyrrolate,
atropine) and selective M2 (AFDX-116 & gallamine) muscarinic
antagonists to block the bradycardia produced by vagus nerve
stimulation (2 Hz, 10 V, 0.5 ms, 10 s) and systemic neostigmine (0.10.2 mg/kg). Studies were done on vagotomized, propranolol-treated (3
mg/kg) cats which were anaesthetized and mechanically ventilated.
Glycopyrrolate, atropine, gallamine and AFDX-116 blocked the
bradycardia produced by neostigmine (ED50 3.6, 4.7, 28 & 30 pg/kg,
respectively) at a significntly lower dose than that produced by vagus
nerve stimulation (ED50 8.6, 9.8, 261 & 55 pg/kg, respectively). These
results, and the low sensitivity of the neostigmine-induced bradycardia
to the nicotinic antagonist C6 and M1 antagonist pirenzepine2, suggest
that neostigmine activates M2-like receptors on cardiac ganglion cells.
1 Br J Anaesth 49: 825; 2 J Pharm Exp Ther 265: 194.

Toledo, Toledo, OH 43606-3390.
CDD-0097
(1,4,5,6-tetrahydro-5-propargyloxycarbonylpyrimidine) increased phosphoinositide metabolism in A9 L cells
expressing either ml or m3 receptors exhibiting full agonist activity at
ml receptors (Soc. Neurosci. abstr. 19: 460; 1993) and lower activity
at m3 receptors compared to carbachol. At m2 receptors coupled to the
inhibition of cAMP formation, CDD-0097 also had lower activity,

displaying half (12 %) the maximal response of that of carbachol with
an EC 50 of 0.78 pM. In the rat cerebral cortex, CDD-0097 exhibited a
lower maximal response for PI metabolism compared to carbachol and
this activity was blocked by the Mj-selective muscarinic antagonist
pirenzepine consistent with selective activation of Mi receptors.
Preliminary in vivo studies in mice showed lower peripheral side
effects such as salivation and lacrimation which are associated with
stimulation of M3 receptors as found with the methyl ester derivative
of 1,4,5,6-tettahydropyrimidine (CDD-0034). Taken together, the
data indicate a high degree of functional selectivity for CDD-0097
warranting further investigation as a potential treatment for the
cholinergic deficits found in Alzheimer's disease and related
disorders. This work was supported by NS 01493 and a De Arce
Memorial Research Grant.
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PONTINE ADMINISTRATION OF THE Ml/M3 MUSCARINIC ANTAGONIST
4-DAMP BLOCKS THE BETHANECHOL-INDUCED CHANGES IN SLEEP .
H.A. Baghdovan.* V.J. Mallios. and J.L. DiVittore. Department of Anesthesia.
The Pennsylvania State University, College of Medicine. Hershey PA 17033
Muscarinic cholinergic receptors (mAChRs) in the medial pontine reticular
formation (mPRF) are known to be involved in generating rapid eye movement
(REM) sleep, but the precise roles of the 5 mAChR subtypes have not been
delineated. Specifying mAChR subtype involvement in REM sleep generation is
difficult due to the lack of subtype-selective agonists, and because mAChR
antagonists are only relatively selective (not exclusively specific) for mAChR
subtypes. These difficulties can be addressed by examining the effect of a range of
dosages of mAChR subtype-selective antagonists on REM sleep . Recent in vitro
competition binding studies have shown that 4-DAMP potently blocks mAChR
binding in cat pons (Pharmacol. 48:77-85, 1994). Therefore, the present study is
using the technique of intracerebral drug administration to test the hypothesis that
MlM3 mAChRs in the mPRF regulate REM sleep. To date, 44 microinjections
of bethanechol (BETH, 4.3 pg/.25 pl, 87 mM) and 4-DAMP (8 doses ranging from
l(H'*M to l() •13M) have been made in 3 conscious cats. Polygraphic recordings
were obtained for 2 hrs postinjection to quantify states of sleep and wakefulness
Compared to control recordings, mPRF microinjection of BETH caused a 601.5%
increase in the REM sleep-like state (D-BETH). Microinjection of 4-DAMP 15
min prior to BETH significantly reduced D-BETH (F=5.7; df=8,43, p< .001). The
ability of 4-DAMP to block D-BETH was dose-dependent, and D-BETH was
blocked with doses as low as 10 •'” M 4-DAMP. In contrast to recent findings in
rat (Brain Res. 636:68-72, 1994), the present results in cat suggest for the first time
that Ml/M3 mAChRs in the mPRF play a role in REM sleep generation. Support:

EFFECT OF CHRONIC SCOPOLAMINE ADMINISTRATION ON ITS
SUBSEQUENT ABILITY TO INDUCE RELEASE OF ACETYLCHOLINE, IN
VIVO, IN RAT STRIATUM W. Billard. G. Crosbv. H. Binchlil and R.D.
McQuade* Schering-Plough Research Institute, Kenilworth, NJ 07033
The chronic administration of muscarinic antagonists is reported to elicit a
compensatory up-regulation of muscarinic receptors in rodent brain. Our
studies examined the consequences of such treatment on the muscarinic
autoreceptor subpopulation in rat striatum. Scopolamine (SC) was
administered chronically to male Sprague-Dawley rats (10 mg/kg, ip, twice
daily ,14 days). A matched group received saline injections. Several days
prior to the start of dosing, a microdialysis guide cannula was surgically
implanted through the skull into the striatum of each rat in the study to allow
in vivo microdialysis to be conducted at the study's conclusion. The
objective was to assess the effect of chronic SC treatment on the ability of
SC (10 mg/kg, ip) to induce an increase in striatal release of acetylcholine.
Striatum and other brain regions from control and chronically-treated rats
were subsequently evaluated in 3 H-QNB saturation binding assays for

Department ofAnesthesia and MH45361.

changes in muscarinic receptor density. With respect to striatal ACh
release, no diminution in magnitude or duration of response was observed
in chronically treated rats versus saline-treated controls. Chronic SC
treatment did produce a significant muscarinic receptor up-regulation in
striatum (+22.6%, p<0.01) as well as hippocampus (+15.2%, p<0.05). If
such an up-regulation included autoreceptor sites, SC's ability to block the
effect of ACh at these sites should have been diminished relative to control.
Since it was not, these results suggest either a selective rather than general
up-regulation of receptor subtypes consistent with the findings of Wall et al.,
J. Pharmacol. Exp. Ther., 262: 584-588,1992, or that release of ACh is
insensitive to changes in receptor density.

209.11
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REGULATION OF MUSCARINIC M2 CHOLINOCEPTORS FOLLOWING
CHOLINERGIC DENERVATION AND SYMPATHETIC INGROWTH IN THE
RAT HIPPOCAMPUS. K.Kolasa*. D.S.Parsons. L.E.Harrell. Alzheimer's Disease
Center, Dept.Neurology, V.A. & Univ.Alabama Med. Ctr., Birmingham, Al. 35294

INTERNALIZATION OF MUSCARINIC RECEPTORS:
A POSSIBLE
MECHANISM UNDERLYING THE BEHAVIORAL DEFICITS PRODUCED BY
SEPTOHIPPOCAMPAL DENERVATION OF THE RAT HIPPOCAMPUS?
Viswaprabhu Awagari*. Lindy E. Harrell. Dee S. Parsons and Krvstvna Kolasa
Alzheimer’s Disease Center, Dept.Neurology, V.A. & Univ.Alabama Med. Ctr.,
Birmingham, Al, 35294

Following cholinergic denervation of hippocampus by medial septal lesions
(MSL), an unusual neuronal reorganization occurs in which peripheral adrenergic
fibers arising from superior cervical ganglia, grow into the hippocampus
(hippocampal sympathetic ingrowth,HSI). We have previously found that when
measured with the non-selective mAChR (muscarinic receptor) antagonist [3H]QNB, HSI increased the number of hippocampal mAChR and “normalize” the
decrease in affinity of mAChR found in animals with MS lesions but lacking HSI
[HSI(-)]. When measured with the selective muscarinic antagonist [3H]-Pirgnzgpine,
we found that HSI decreased, while HSI(-) increased the number of Ml AChR. In
these studies we determine the effect of HSI on the binding parameters of the M2
AChR. Three groups of animals were employed: control [sham MSL+sham
ganglionectomy (Gx)]; HSI+[MSL + sham Gx]; HSI(-)[MSL + Gx lesions]. Four to
five weeks after surgery M2 receptor binding in dorsal and ventral hippocampal
membranes was determined with [3H]-AFDX-384, a selective M2 antagonist. HSI(-)
was found to increase affinity of M2 AChR in both hippocampal regions (Kd:
4.93±O.54; 6.66±l.24 nM) in comparison to controls (Kd:15.06±2.01; l9.77±l4.2)
and decrease the number of M2 AChR in dorsal and ventral hippocampus (Bmax:
O.442±O.O8 pmol/mgP; O.573±O.O6) in comparison to controls (Bmax: O.726±O.O4;
O.965±O.45). HSI animals did not differ from controls. In conclusion, our results
suggest that the presence of peripheral sympathetic fibers in the hippocampus
“normalize” both the number and affinity of M2 AChR following MS lesions. Since
norepinephrine decreases acetylcholine release, this “normalization” may be
secondary to denervation supersensitivity of the postsynaptic M2 AChR. Further
studies are need to determine the functional status of the M2 receptor in HSI.
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Following cholinergic denervation of the hippocampus by medial septal
(MS) lesions, an unusual neuronal reorganization occurs, in which peripheral
sympathetic fibers, originating from the superior cervical ganglia, grow into the
hippocampus [hippocampal sympathetic ingrowth (HSI)]. Previously, we have
found that MS lesions, animals with (the HSI(+) group) and without (HSIW group)
ingrowth differed in the total number and affinity of muscarinic acetylcholine
receptors (mAChR). In this study, performed in hippocampal slices obtained four
weeks after MS lesions, we utilized the hydrophilic muscarinic antagonist pHl-Nmethylscopolamine ([3H]-NMS) and hydrophobic muscarinic antagonist pH]quinuclidinyl benzilate ([3h ]-QNB) in the presence of either 4-a-phorbol or the
phorbol ester, Phorbol 12,13-dibutyrate (PDBu) to determine the effect of MS
lesions with and without ingrowth on PKC-mediated mAChR internalization. In the
presence of PDBu, a group effect was observed in [3h ]-NMS binding: control groups
> HSI(+) group > HS1() g oup. However, [3h ]-QNB binding was similar across

groups. The results of the .urrent study suggest that following the cholinergic
denervation caused by MS lesions, there occurs a significant ' internalization of
mAChRs in the hippocampus. The degree of mAChR internalization seems to be
ameliorated by the presence of HSI.
Thus, it appears that PKC-mediated
internalization of mAChRs may underlie earlier reports of group differences seen in
the carbachol-stimulated inositol phosphate metabolism following MS lesions and
HSI.

TUESDAY AM

EXCITATORY AMINO ACID RECEPTORS II

481

210.1

210.2

DOPAMINE MODULATES NMDA-ACTIVATED CURRENTS IN

KAPPA OPIOID RECEPTOR ACTIVATION DEPRESSES NMDA RESPONSES
IN ACUTELY ISOLATED NEURONS FROM THE RAT SPINAL DORSAL
HORN. R. Cerae". M. Kolai and M. Randic. Dept. of Vet. Physiol, and Pharmacol.,
Iowa State University, Ames, IA 50011.
We have previously reported that dynorphin A,.n (Dyn) modulates synaptic and
excitatory amino acid-induced responses of spinal dorsal horn (DH) neurons
(Neurosci. Abs., 23:1382). To further study the mechanism of Dyn-induced
depression of N-methyl-D-aspartate (NMDA)-induced current responses we used the
preparation of freshly isolated neurons from the spinal DH (laminae I-IV) of rats (716 d) and whole-cell voltage-clamp technique. The inward current responses of DHneurons induced by 0. ImM NMDA were reversibly depressed by Dyn (InM - lOpM)
in a dose-dependent manner. The depression of peak NMDA current was associated
with decreased desensitization, increased rise-time and increased decay-time of
NMDA response. The effect of Dyn was mimicked by K*agonist (5a,7a,8$)-(+)-Nmethyl-N-[7-( 1 -pyrrolidinyl)-1 -oxaspiro(4.5)dec-8yl]-benzenacetamide (U-69,593),

STRIATAL AND CORTICAL NEURONS D .D.Fraser*and B .A .
MacVicar, Neuroscience Research Group, University of Calgary, Calgary,

Alberta T2N4N1.
Interactions between dopamine (DA) and NMDA receptor activation have

been suggested from behavioral and lesioning studies, c-fos activation and

intracellular recordings. We have di^^ctly examined the possibility of DANMDA interactions using whole-cell voltage clamping with nystatin
patches of striatal and cortical neurons in cell culture. In approx. 50% of
cells DA (lOgM) enhanced NMDA activated currents by 25O±27 %

(n=l3) but alone did not induce a current. The enhancement of NMDA
currents by DA had a time constant of 766 ms (n=3) suggesting the

activation of a second messenger. A specific Dj agonist SKF38393 (1-2

gM) also enhanced NMDA currents by 217±1O % (n=l4) and this effect
was blocked by SCH2339O (500 nM) a Dj antagonist. The enhancement
of NMDA currents by SKF38393 had a time constant of 683 ms and was

only observed at submaximal concentrations of glycine. Quinpirole (500

nM), an agonist at D2_ receptors, either enhanced (281±28%, n=2O) or
depressed (27±5%o, n=l 1) NMDA currents. Both the enhancement and
depression by quinpirole were blocked by raclopride (100 nM) a D/D3

antagonist. In summary, D, enhances NMDA currents and D2/D3 receptor

activation can lead to either enhancement or depression. DA modulation

of NMDA currents may be important in the pathophysiology of

blocked by x,-antagonist nor-binaltorphimine and was unaffected by p- and 6- receptor
antagonists CTAP and ICI-174,864, respectively. The depressant effect of Dyn on
NMDA-induced responses was reduced under conditions of high intracellular Ca++
buffering (BAPTA, lOmM), but was not affected by the absence of Ca++ in the
external medium. When neurons were dialyzed intracellularly with G-protein
inhibitor GDP-0-S or protein kinase A inhibitor (6-22 amide) the effect of Dyn on
NMDA-induced currents was reduced, whilst intracellular dialysis with specific
protein kinase C pseudosubstrate inhibitor (19-31) was without effect. The results
indicate that e-receptor agonists, possibly through the activation of complex secondmessenger systems, may inhibit postsynaptic NMDA receptors. This may be
physiologically relevant for transmission and integration of sensory information in the
spinal DH. (Supported by NS-26352 and IBN-9209462).

schizophrenia. Supported by Ciba-Geigy and MRC Canada.

210.3

210.4

NEUROSTEROIDS MODULATE IN VITRO N-METHYL-D-ASPARTATEINDUCED RESPONSE VIA SIGMA, RECEPTORS. F.P. Monnet‘*V. Mate1,
E.E. Baulieu2, A. Feline! ‘Service de Psychiatrie, *NSERM U33, Hdpital de
Bicetre, France.
High affinity sigma (a) ligands modulate N-methyl-D-aspartate(NMDA)-evoked
[3H]norepinephrine (NE) release from preloaded rat hippocampal slices. Progesterone
(PROG) and pregnenolone sulfate (PS) inhibit ligand binding to a receptors in rodent
brain membranes. PS and dehydroepiandrosterone sulfate (DHEAS) modulate the Nmethyl-D-aspartate(NMDA)-induced excitability in the CNS, but the mechanism by
which these neurosteroids affect the NMDA response remains unknown. The present
study was undertaken to investigate whether the effect of PROG, PS and DHEAS on
NMDA-evoked [3H]NE release involves a receptors. Hippocampal slices from
Sprague-Dawley rats were incubated with 0.1 ^mol/1 [3H]NE for 30 min and
superfused continuously with Mg+ + free Krebs’ solution containing PROG, PS or
DHEAS in the presence or not of haloperidol and spiperone. Forty min later, the
pH]NE overflow was evoked by NMDA (100 gmol/1). At 10 to 3000 nmol/1, PS
decreased whereas DHEAS increased the NMDA-evoked pH]NE overflow. PROG
(10-3000 nmol/1) and haloperidol (0.1 gmol/1), which both bind with nanomolar
affinity to a sites, but not spiperone (0.1 ^mol/1), which is devoid of such affinity,
were ineffective by themselves in affecting the NMDA response but prevented the
effects of PS and/or DHEAS. Two types of a receptors, denoted a, and <2, have
been identified, according to their coupling to Gi/o proteins. Following Gi/o protein
inactivation with pertussis toxin (PTX, 1 pg, administered once in situ 4 to 11 days
prior the release experiments), PS and DHEAS were unable to induce their
modulatory response of the NMDA response. The present data constitute the first
functional evidence supporting the notion that neurosteroids, such as PS, DHEAS
and PROG, which are endogenous compounds, may act as <, ligands.

USAGE-DEPENDENT

Supported by the Minbt&re de PEiuieignement Supdrieur and the Fondation de France.

FACILITATION

OF

NMDA

RECEPTORS IN HIPPOCAMPAL NEURONS. V. Derkach
T.R.

and

Vollum Institute, Oregon Hlth. Sci.

Soderling*

Univ., Portland, OR. 97201
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This usage-dependent modulation of NMDA
responsiveness might be involved in forms in synaptic

plasticity. Supported by NIH grant NS 27037.

210.6

FREQUENCY-DEPENDENT MODULATION OF RECOMBINANT
NMDA RECEPTOR CURRENTS.
L.A. Raymond*# and R.L.
Huganirt. Departments of Neurology# and Neurosciencef, HHMI, The
Johns Hopkins Univ. Sch. of Med., Baltimore, MD and #Kinsmen
Labs, Univ. of British Columbia, Vancouver, B.C.

CYCLIC ADENOSINE-3', 5'-MONOPHOSPHATE POTENTIATES THE
SYNAPTIC POTENTIAL MEDIATED BY NMDA RECEPTORS IN THE
AMYGDALA.. P.W. Gean* and C.C. Huang. Department of Pharmacology,
College of Medicine, National Cheng-Kung University, Tainan City, Taiwan,
R.O.C.
An in vitro slice preparation of rat amygdala was used to study the actions of
forskolin and cyclic adenosine-3', 5'-monophosphate (c-AMP) analogues on the
N-methyl-D-aspartate (NMDA) receptor-mediated synaptic potential
(EPSPnm Da )- Intracellular recordings were made from basolateral amygdala

applied every 60 s results in a ss/peak ratio of 0.06 ± 0.03. The ss/peak
ratio can be switched repeatedly between low and high values by

changing the frequency of agonist application. Frequency-dependent
changes in the ss/peak ratio begin only after a delay of several pulses at
the new frequency, and occur gradually over several pulses, thus
exhibiting “memory” for the previous pulse frequency protocol.
Modulation of the ss/peak ratio appears to be due to a change in the
receptors’ affinity for Gly, as the effect can be overcome by high Gly
concentrations. Protein kinases and phosphatases appear not to be

involved, since the effect persists in the presence of non-hydrolyzable
ATP. The effect also persists in the absence of extracellular Ca2+ and
with use of a variety of concentrations of EGTA or BAPTA to buffer
intracellular Ca2+. Stimulation frequency-dependent modulation of
NMDA receptor currents may be an important mechanism underlying
NMDA receptor-dependent synaptic plasticity at neuronal synapses.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994
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We have expressed recombinant NMDA receptors comprised of NR1
and NR2A subunits in HEK-293 cells and recorded the whole-cell
current response to rapid application of Glu or NMDA. We have
observed that the degree of desensitization of NR1/NR2A receptors to
500 ms agonist pulses depends on the frequency at which the pulses are
applied. A series of 500 ms pulses of 100 gM Glu+10 gM glycine
(Gly) applied every 5 s results in a steady-state/peak (ss/peak) current
ratio of 0.65 ±0.12 (mean ± S.D.), whereas the same series of pulses

s

response had a slow onset (5-10 s) and a
phase (5-10 min).
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neurons in the presence of 6-cyano-7-nitroquinoxaline-2, 3-dione and
picrotoxin to pharmacologically isolate the ESPS^md A. • Superfusion of 1,9-

dideoxy-forskolin (25 f M) did not affect the amplitude of EPSP^md A
significantly. However, subsequent addition of forskolin (25 f M) to the 1, 9dideoxy-forskolin-containing solution markedly potentiated the ESPSjf^A-

Superfusion of dibutyryl-cAMP (dbcAMP, 200 f M) for 15 min caused a

transient depression of the amplitude of EPSPjnmq A- The EPSPjnmd A
amplitude was reduced to 68±3% of control (n=lO) 15 min after the
application, restored to its control value within 25 min and followed by a longterm potentiation (LTP). Pretreating the slices with 8-cyclopentyl-1, 3dipropylxanthine, a selective Aj receptor antagonist, blocked the transient
depressive phase produced by dbcAMP. In addition, co-application of dbcAMP
with 3-isobutyl-1-methylxanthine, a phosphodiesterase inhibitor, did not result
in the transient depression such as that caused by dbcAMP alone. These results
suggest that the transient depression induced by dbcAMP was likely due to the
interaction of dbcAMP or its breakdown products with adenosine Ai receptors.
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DIFFERENTIAL SENSITIVITY OF NMDA RECEPTOR
SUBUNITS TO POTENTIATION BY ACTIVATION OF
g-OPIOID RECEPTORS. Li Zhang*. Khalid Masood. and
Forrest Weight. Lab. Cellular & Molecular Neurobiology, NIAAA,
NIH, Bethesda, MD 20892
Growing evidence indicates that NMDA receptor subunits exhibit
diversity in their molecular structure and physiological properties. In
the present study, we injected separately, or coinjected, the cRNAs
of the g-opioid receptor and different combinations of NMDA
receptor subunits (el/£l, e 2/£1, and e3/£l) into Xenopus oocytes to
test, after expression, the effect of activating g-receptors on different
NMDA receptor subunit combinations. DAGO 5 gM, a g-opioid

CO-TRANSFECTION WITH THE JELLYFISH GREEN
FLUORESCENT PROTEIN CAN BE USED TO IDENTIFY THE
CELLS EXPRESSING LIGAND-GATED ION CHANNELS.

receptor agonist, did not affect NMDA-activated current in oocytes
injected with el/£l alone. In oocytes coinjected with g-receptor and
e l/£l or e2/£l subunits, 5 gM DAGO caused a sustained increase in

the amplitude of NMDA-activated current in both calcium-containing
and calcium-free/barium-containing bathing solutions. The duration
of the potentiation was >45 minutes and it could be prevented by
pretreatment with 10 gM naltrexone. The potentiation by DAGO for
e l/£l^g and e2/£l/g was 43±7% and 53±8%, respectively (p<0.025,
paired t-test). In contrast, in oocytes injected with e3/£l/g subunits,
5 gM DAGO did not affect NMDA-activated current. The
observations indicate that there is a differential sensitivity of NMDA
receptor subunits to potentiation by activation of g-opioid receptors.

R, Molloy. L Marshall. T. Hughes* and J, Howe,

Depts. of Ophthalmology & Visual Science, Neurobiology, and
Pharmacology, Yale Univ. Sch. of Med., New Haven, CT 06510
The transient transfection of human embryonic kidney cells (HEK

293) is widely used to study the electrophysiological properties of
cloned receptors and channels. While it is a powerful technique, one
weakness is that it is difficult to find the few successfully transfected
cells among the many that are not transfected. To overcome this
problem, we sought to use the expression of the jellyfish's Green
Fluorescent Protein (GFP; Chalfie et al., Science 263, 802-805,1994)
to identify the transfected cells. The Kpn I - Eco RI fragment of TU
#65 (a generous gift from Dr. Martin Chalfie, Columbia Univ.),
which includes the entire open reading frame of GFP, was inserted
into the eukaryotic expression vector pcDNA3 (Invitrogen). Calcium
phosphate transfection of HEK 293 cells with this construct produced
some cells that were strongly fluorescent when viewed with FITC
optics (Zeiss cube #15). This signal exhibited little fading over time.
Pairwise co-transfection of GFP and the glutamate receptor subunit
GluR6, or the combination of GFP with GluR6 and KA2, enabled us
to identify, and record from, the receptor-bearing cells. The GFP

expression did not appear to interfere with the properties of the
response, and the GFP signal may correlate with response size.
Immunohistochemical double labeling experiments are underway to
determine whether the GFP signal reveals all of the GluR6-positive
cells.
Supported by: EY 08362, NS 30996 and the RPB foundation.

210.9

210.10

BASIC FGF INCREASES AMPA RECEPTOR SUBUNIT
GLUR1 EXPRESSION IN CULTURED HIPPOCAMPAL
NEURONS. B, .Cheng*.. J. A_-O'K,S£fe>..Y^Gofldn?a^aPd M_P.
Mattson. Sanders-Brown Center on Aging, University of
Kentucky, Lexington, KY 40536.
Growth factors and excitatory amino acids play important roles in
regulating neuronal survival and plasticity. We previously found
that basic fibroblast growth factor (bFGF) attenuates the dendrite
outgrowth-inhibiting and neurotoxic actions of glutamate in
hippocampal cell cultures by a mechanism involving stabilization of
intracellular calcium levels (J. Neurosci. 9:3728-3740 (1989)), and

THE EFFECT OF KETAMINE ON THE ACOUSTIC STARTLE
RESPONSE. L. P. Karper*. C Grillon. K. Morrissey. D. Abi-Saab. C. A.
Morgan III. D, S. Chamev. and J. H. Krystal. Department of Psychiatry,
Yale University School of Medicine, West Haven VAMC, West Haven,
CT 06516.
Disruptions in N-Methyl-D-Aspartate (NMDA) receptor function have
caused schizophrenia-like symptoms in healthy subjects. Sensory gating
deficits (reduced pre-pulse inhibition (PPI) as compared to healthy
controls) have been found in schizophrenia. This study is designed to
evaluate the effects of ketamine, an NMDA receptor antagonist, on
measures of sensory gating and attention in healthy subjects. Healthy
subjects were administered intravenous ketamine in a double-blind,
placebo controlled protocol in two sessions. Ketamine was administered
by bolus (0.23 mg/kg over 1 minute) followed by a constant infusion
(0.58 mg/kg over 1 hour) in order to produce steady state blood levels. A
continuous performance test (CPT) measured vigilance and distractibility.
An acoustic startle paradigm was used to measure startle amplitude and
sensorimotor gating. PPI was defined as the difference between the pulsealone amplitude (PA Amp) and the pre-pulse + pulse amplitude (PP
Amp). Percent PPI (%PPI) was defined as 1 -(PP Amp/PA Amp).
Preliminary results (n=9) suggest that ketamine reduces startle amplitude
(175 units vs 106 units, p<.03), PPI (100 units vs 27 units, p<.03) and
%PPI (68% vs 40%, p<O8) in healthy subjects. Ketamine did not
significantly alter CPT results in this group of healthy subjects.

that bFGF can suppress expression of an NMDA receptor protein

which mediates calcium influx and glutamate neurotoxicity (J.
Neurosci. 13:4575-4588 (1993)). We now report that bFGF

increases GluRl expression in hippocampal cultures with no
apparent effect on expression of other AMPA receptor subunits
(GluR2/3 and GluR4) as determined by Western blot analysis. The
effects of bFGF on GluRl levels were time-dependent with a

maximum increase observed by 24 hr. We are currently
quantifying GluRl mRNA levels in control and bFGF-treated
cultures using an RNAse protection assay. The data indicate that
bFGF increases neuronal responsiveness to glutamate acting at
AMPA receptors while reducing responsiveness to NMDA. The net
effect is reduced calcium responses, and increased resistance to the
outgrowth-inhibiting and neurotoxic actions of glutamate. The
opposite effects of bFGF on NMDA and AMPA receptor expression
suggest important roles for bFGF in modulating activity-dependent
developmental and synaptic plasticity, and neurodegeneration.

210.11*

210.12

HETEROLOGOUS REGULATION OF CORTICAL AMPA
RECEPTORS BY VOLTAGE-GATED CALCIUM CHANNELS.
B.A. Pasqualottpl* R.A. LaniuP. and C.A. Shaw2»3»1. Depts. of Physiology!, and

EVIDENCE FOR PRESYNAPTIC NMDA AUTORECEPTORS IN
THE SPINAL CORD DORSAL HORN H. Liu*. H. Wang, M.
Sheng. L.Y. Jan. Y.N. Jan and A.I. Basbaum Depts. Anatomy,
Physiology, Biochemistry, Keck Center for Integrative Neuroscience
and Howard Hughes Med. Inst., University of California San

Ophthalmology,, and Neuroscience Program-^, University of British Columbia,
Vancouver, B.C., V6T 1Z3.
Using a cortical slice preparation and radioligand binding methods we have
examined the dynamic responses of the AMPA subtype of glutamate receptors to
agonist and depolarizing stimulation. In slices of adult rat neocortex, decreases in
specific ’H-CNQX binding were observed in response to agonist stimulation as well
as to pharmacological depolarization by veratridine. Replacement of Ca2+ in the
incubation buffer with Ba2* prevented the decrease in specific 3H-CNQX binding
induced by AMPA or veratridine. Loperamide, a non-specific inhibitor of voltagegated Ca2+ channels, blocked the decrease in AMPA receptor binding produced by
AMPA or veratridine stimulation in a concentration-dependent manner. Nifedipine,
an antagonist of L-type Ca2* channels provided a substantial but incomplete
reduction in the regulation of AMPA receptors to these stimuli. These results
suggest that increases in intracellular calcium due to activation of voltage-gated Ca2+
channels (especially L-type channels) following cellular depolarization by AMPA
receptor activation or pharmacological means is a necessary step in the cascade of
events leading to activity-dependent regulation of AMPA receptors. Blockade of
Ca2* -calmodulin dependent protein kinase II (CaM KH) by the specific inhibitor
KN-62 also prevented regulation of AMPA receptors. These results suggest that
Ca2+ acting through CaM KII plays an essential role in the activity-dependent
modification of AMPA receptors. Previous studies in hippocampal neurons have
suggested that increases in intracellular Ca2+ resulting from NMDA receptor
activation promote CaM KH-mediated phosphorylation of AMPA receptors and
subsequent functional modification of these receptors (McGlade-McCulloh et al.,
Nature 362: 640-642,1993). Our results suggest that an alternative pathway for
AMPA receptor regulation by CaM KII is present in cortex which utilizes voltagegated Ca.2* channels as the source of elevated intracellular Ca2+ levels.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

Francisco, CA 94143
The NMDA type of glutamate receptor has been implicated in longterm potentiation and nerve injury-evoked neuropathic pain conditions.
Despite evidence that NMDA regulated synaptic plasticity involves
changes in neurotransmitter release, it is generally assumed that the
NMDA receptor is located postsynaptically. In the present study, we
used EM immunocytochemistry (ICC) with an antibody directed
against an alternatively spliced exon near the C-terminus of NMDAR 1,
the essential functional subunit of the NMDA receptor. In CA1 of the

hippocampus, we found that the NMDA receptor is only expressed on
postsynaptic structures. In about one third of labelled synapses in the
spinal cord, however, the receptor is located in the presynaptic
terminal, immediately adjacent to vesicle release sites at the active zone.
Combined postembedding ICC showed that more than 70% of the
NMDA receptor-immunoreactive terminals are glutamate positive,
which suggests that the presynaptic NMDA receptor is an autoreceptor.
The receptor is also present in dorsal root ganglion cells and nerve
ligation studies demonstrated that the receptor is transported in dorsal
roots and sciatic nerve. These data indicate that an NMDA autoreceptor
is located in terminals of primary afferent fibers, where it could
facilitate the transmission of inputs to the spinal cord, by increasing the
release of neurotransmitter from the primary afferent terminal.
Supported by: NS21445, DA08377, NS 14627, NIMH:P5O MH48200
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210.13
PRESYNAPTIC ACTIONS OF GLUTAMATERGIC AGONISTS IN THE RAT
HIPPOCAMPUS. T.R. Shew*. W. Morishita and B.R. Sastrv. Neurosci. Res. Lab.,
Dept. of Pharmacology & Therapeutics, U. B. C., Vancouver, Canada, V6T 1Z3.
Presynaptic glutamate receptors in the CA1 region of rat hippocampal slices were
examined using a grease-gap D. C. potential recording technique. Recordings from
the stratum radiatum did not detect population spikes or field EPSPs, suggesting
their usefulness in examining presynaptic potentials. Stimulation of the stratum
radiatum at 5 Hz (10 pulses) induced a presynaptic depolarization (n=8) that was
enhanced in a Mg2+-free medium (n=6), decreased in a Ca2+-free medium (n=8) or in
the presence of 2-amino-5-phosphonovalerate (APV, 50 pM) (n=5) and 6-cyano-7nitroquinoxaline-2,3-dione (CNQX, 20 pM) (n=5), and was unchanged by
picrotoxinin (50 pM, n=4). A 0.1 Hz stimulation of the stratum radiatum induced a
presynaptic depolarization when slices were exposed to a medium containing
tetraethylammonium (TEA, 25 mM), 4-aminopyridine (4-AP, 2 mM), CsCl (3 mM)
(n=lO) but not to the control medium (n=5). These results suggest that the
presynaptic depolarizations were due to the release of glutamate and not to K+ or
GABA. Applied glutamate (0.025-10 mM) produced a concentration-dependent
presynaptic depolarization (n=l4) that was depressed by CNQX (n=l3) and not by
APV (n=6). In Mg2+-free medium, N-methyl-D-aspartate (NMDA, 0.5-32 pM)
induced a concentration-dependent presynaptic depolarization (n=6) that was
depressed by APV (n=5). This action of NMDA was decreased in a Mg2+-containing
(n=5) or a Ca2+-ffee (n=7) medium. Trans-1-amino-1,3-cyclopentanedicaiboxylic
acid (25 pM, n=5 and 100 pM, n=7) also induced a presynaptic depolarization. This
depolarization was, however, sensitive to either L(+)-2-amino-3-phosphonopropionic
acid (500 pM, n=2) or APV + CNQX (n=5).
These results suggest that the activation of presynaptic NMDA and non-NMDA
glutamate receptors leads to a depolarization of presynaptic terminals. W.M. was
supported by a Ciba-Geigy/MRC Studentship.

EXCITATORY AMINO ACID RECEPTORS III
211.1
STRUCTURAL CORRELATES OF AGONIST BINDING TO
RECOMBINANT AMPA RECEPTORS. F. Li and T. A. Verdoorn*.
Department of Pharmacology Vanderbilt University, Nashville, TN 37232.
To elucidate the structure-function relations of agonist binding domains in
recombinant AMPA receptors we made four mutant subunits and measured the
function of the resulting receptors electrophysiologically in Xenopus oocytes.
A conserved lysine residue at position 445 in GluR-A and position 449 in
GluR-B was altered to glutamine or glutamate. The average EC5O values and
95% confidence intervals (in parantheses) are presented in the following
table (all values in pM):
Receptor Type
L-glutamate
AMPA
GluR-A
8.29 (6.34-10.8), n=4
6.73 (4.97-9.10),n=4
GluR-A445Q
24.0 (20.5-28.1), n=4
338 (76.9-1490),n=3
GluR-A/B
9.12 (6.58-12.6), n=6
3.71 (3.36-4.10),n=5
GluR-A445Q/B
11.5 (9.58-13.8), n=7
5.25 (3.27-8.43),n=7
GluR-A445E/B
30.2 (18.5-49.3), n=7
51.3 (23.7-111),n=7
GluR-A/B449Q
10.0 (6.79-14.7), n=9
2.14 (1.48-3.08),n=8
GluR-A/!449E
30.2 (15.3-59.6), n=7
6.17 (3.39-11.2),n=6
GluR-A445Q/B449Q
38.9 (32.5-46.6), n=8
21.4 (19.6-23.3),n=6
GluR-A445E/B449E
549 (599-605), n=9
6460 (2740-15200), n=4
No agonist-evoked current was observed upon homomenc expression of GluRA445E. The kainate EC5O was not markedly altered by the mutations tested

here, nor were the affinities of the competitve antagonist, CNQX and the
non-competitive antagonist GYKI-52466. Note that the AMPA EC5O was
significantly more sensitive to mutations in the GluR-A subunit than those in
GluR-B. These results demonstrate that each AMPA receptor agonist binds to
different domains on the receptor and that the GluR-A and GluR-B subunits
contribute differentially to the binding of each agonist.

211.2
SINGLE-CHANNEL PROPERTIES OF GLUR-5 GLUTAMATE RECEPTORS:
DIVERSITY AS A RESULT OF RNA EDITING. G. T. Swanson, M. Kaneda,
M. Farrant*, and S. G. Cull-Candv. Department
Pharmacology, University
College London, London WC1E 6BT UK
RNA editing of members of the non-NMDA glutamate receptor family
generates channel isoforms with different divalent ion permeability and
rectification characteristics. We have explored the functional consequences
of Q/R site editing of the kainate-preferring glutamate receptor GluR-5 at the
single-channel level.
GluR-5 subunit cDNAs were used to transfect HEK 293 cells alone and in
combination with the high-affinity kainate receptor subunit KA-2.
It has
previously been considered that the arginine-containing (edited) GluR-5(R) was
non-functional, as no whole-cell currents were observed in the presence of the
appropriate agonists. To determine if this channel was indeed non-functional,
we treated GluR-5(R) expressing cells with concanavalin A (5pM), a lectin
which eliminates desensitization in kainate-preferring receptors, before
applying 5pM domoate.
Using whole-cell patch clamp, we consistently
observed small current responses; variance analyses of the current noise gave
a mean channel conductance of 175fS. GluR-5(Q) and GluR-5(Q)/KA-2
receptors, on the other hand, gave resolvable single-channel responses in
outside-out patches. In each case, the majority of single-channel openings
were to multiple conductance levels of about 4 and 7pS.
The mean
conductances from variance to mean current plots was 2pS for GluR-5(Q)
channels and 3pS for GluR-5(Q)/KA-2 channels.
These results provide evidence for the formation of a functional channel by
homomeric GluR-5(R) subunits and demonstrate that RNA editing at the Q/R
site reduces the mean conductance of homomeric and heteromeric GluR-5
kainate receptors.

211.3

211.4

CALCIUM ENTRY THROUGH NON-NMDA RECEPTORS EVOKES
DESENSITIZATION OF NMDA RECEPTORS IN RAT DORSAL HORN
NEURONS. A.Kvrozis*. P.A.Goldstein. M.J.S.Heath and A.B.MacDeimott.
Dept. Physiology & Cellular Biophysics and Center for Neurobiology &
Behavior, Columbia Univ., New York, NY 10032.
NMDA receptors undergo Ca2+-dependent desensitization (CDD) when
intracellular [Ca2*] is elevated as a result of Ca2+ entry through NMDA
receptors or through voltage-gated Ca2+ channels. Using perforated patch
recording to avoid exogenous Ca2+ buffering and wash-out of intracellular

SIMULATION OF TEMPORAL SUMMATION IN KINETIC MODELS
OF GLUTAMATE RECEPTORS. L. N. Eisenman.* S. T. Alford, and J. C.
Houk. Dept. of Physiol., Northwestern Univ. Med. School, Chicago, EL 60611-3008.
Motor commands are believed to be encoded in bursts of activity generated by
positive feedback in recurrent networks. Cells in these networks are repeatedly activated
through the same synapses. Although glutamate receptors have been studied in great
detail, little experimental data describing responses to repetitive stimuli is available. In
order to study temporal summation, we have studied the responses of kinetic models ol
AMPA and NMDA receptors to trains of stimuli.
The AMPA receptor model we are using consists of 5 states (Vyklicky et. al.
Neuron 7:971-984, 1991). Receptor binds with transmitter and enters a bound state
from which it can unbind, open, or desensitize. AMPA current is calculated from the
amount of receptor in the open state. The NMDA receptor model also consists of 5
states (Lester and Jahr, J. Neurosci. l2(2):635-643, 1992). Two transmitter molecules
bind sequentially to the receptor, and from the fully bound state the receptor can
unbind, open, or desensitize. NMDA current is calculated from the amount ol
transmitter in the open state multiplied by a voltage dependence term. The models were
stimulated with a simulated 1 ms pulse of 1 mM glutamate.
Trains of stimuli were applied at various frequencies. At low frequencies, there was
little interaction between individual responses. At higher frequencies (100 Hz AMPA,
20 Hz NMDA) the peak response occurred after the first stimulus. Subsequent
responses decayed to a steady state level due to desensitization of receptors. At each
frequency, the average response was calculated by simulating for 2000 ms aftei
stimulus onset and then averaging the current over 1 interspike interval. The AMPA
responses increased linearly with stimulus frequency up to about 50 Hz. The responses
then increased more slowly, finally saturating between 100 and 200 Hz. The NMDA
frequency response was similar except that saturation occurred by 20 Hz. Removal ol
desensitization increased the amplitude without otherwise affecting the shape of the
frequency response curve. We conclude that temporal summation in glutamate receptors
is a complex process requiring further theoretical and experimental investigation.

molecules, we previously observed that in voltage-clamped dorsal hom
neurons from rat embryos, CDD reduced currents evoked by 3OpM NMDA by
50 to 70%. Since NMDA and non-NMDA receptors are co-localized along
neuritic processes of many neurons in our preparation and since many
neurons also express a subpopulation of non-NMDA channels that is Ca2+permeable, we tested whether CDD can be induced by Ca2* entry through

non-NMDA channels. Currents evoked by 100pM kainate (KA) for 1sec in
normal bath suppressed the peak current to NMDA applied 1sec after KA
removal by 34+17% (mean+S.D.; range 0-63%, n=18). The recovery from
KA-induced CDD could be fitted with a single exponential with x=10+2sec
(n=6). NMDA currents were not significantly affected when KA was applied in
2OpM Ca2+ or in 5Op.M CNQX. To rule out the possibility that NMDA current
suppression was a result of Ca2+ entry through undamped voltage-gated
Ca2+ channels, KA was applied in 0 Na+, producing net outward currents at
the test potential (-55mV). Under these conditions, NMDA peak currents

were suppressed by 47+11% (n=6) after KA + 2mM Ca2+ but were unafeded
after KA + 2OuM Ca2*. These results suggest that potent CDD can be
induced by Ca2+ entry through non-NMDA channels. This interaction could
fundtion as a form of short term synaptic modulation (supported by NIH
GM32O99, NS29797 & by FAER / Abbott Laboratories)
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211.6

SPLICE VARIANTS OF AMPA RECEPTORS ARE
DIFFERENTIALLY MODULATED BY CYCLOTHIAZIDE.
Kathryn M. Partin*, P<?ris k , Patneau end Mark L, Meyer, Lab. of Cell.

EFFECTS OF CYCLOTHIAZIDE ON [*H]AMPA BINDING TO AMPA

& Molec. Neurophys., NICHD, NIH. Bethesda, MD, 20892.

Cyclothiazide selectively potentiates kainate- and
|lutamate-evoked responses of AMPA-preferring receptors
Partin, et at., 1993, Neuron 11:1069). However, cyclothiazide potentiated responses to kainate in Xenopus oocytes
expressing the flip isoforms of GluR-A,-C, and -D to a
greater extent (7-12 fold) than for the flop isoforms (2-4
fold). Dose-response analysis of cyclothiazide potentiation
of responses to kainate for GluR-Afp revealed an EC50 of
6.8±O.4 pM, while for GluR-Afiop the EC50 was 62.2±7.9 pM.
In the presence of 300 pM cyclothiazide there was a 6-fold
leftward shift in the kainate dose-response curve for GluRAfiip but not GluR-Afiop. Recovery from cyclothiazide
potentiation of kainate responses was slower for GluR-A^p
(x =103±18 sec) than for GluR-Af^p (x = 3.7±O.3 sec). Thus,
cyclothiazide has a greater efficacy and apparent affinity for
GluFt-AAfiip than for GluR-Afiop. Studies with rapid perfusion in
transfected cells showed that, in the presence of
cyclothiazide, desensitization of responses evoked by
glutamate was virtually blocked for GluR-Af^ while for
GluR-Afiop desensitization remained pronounced (Patneau,
et al., 1994, Soc. Neurosci., abstract). Site-directed
mutagenesis of amino acids in the flip/flop module is
currently being performed to assess which residues are
critical for determining cyclothiazide sensitivity.

?

RECEPTOR SUBUNITS STABLY EXPRESSED IN HEK 293 CELLS.

M. HenneorAf*1. R.A. Hall1. B.A. Bahr1, R.L. Neve2 and G. Lynch1. 1Ctr for
the Neurobiology of Learning & Memory, Unfv. Calffornfa, Irvfne, CA 927173800. 2Harvard .Medical School & McLean Hospital, Belmont, MA 02178.
Cyclothfazfde fs a drug whfch reduces desensrtfzatfon of physfologfcal
responses medfated by AMPA-type glutamate receptors. [3H]AMPA bfndfng
to rat brafn membranes is dramatfcally reduced fn the presence of
cyclothjazfde, presumably because of a shfft fn equflfbrfum bfndfng toward
a lower-afffnfty non-desensftfzed state of the receptor.
We used the
[3h ]AMPA bjndfng assay as a measure of the effects of cyclothfazfde on

three recomb'fnantly expressed AMPA receptors subunrts, GluR1-3. cDNAs
for GluR1 -3 were subcloned fnto eukaryotfc expressfon vectors and HEK 293
cells were stably transfected vfa electroporatfon; separate cell lfnes were
establfshed for each subunft. For all 3 subunfts, 500 pM cyclothfazfde
reduced 20 nM [3h ]AMPA bfndfng by 30-40%, suggestfng that cyclothfazfde

bfnds equally to and has equal effects on all three subunfts. Parallel
experiments performed on rat brafn membranes and on receptors solubflfzed
from rat brafn membranes revealed a 70-80% cycloth'fazfde-fnduced
reductfon fn bfndfng to the membranes and a 30-40% reductfon fn bfndfng
to the solubflfzed fractfons under the condrtfons tested. Presumably, most
of the receptors fn the brafn membrane samples are synaptfc; the dftferentfal
effects of cyclothfazfde on bfndfng to these receptors versus bfndfng to
receptors not fn a synaptfc envfronment (f.e., the recombfnantly expressed
GluR1-3 samples and the solubflfzed samples) fs suggestfve of a dffference
fn kfnetfc properties between synaptfc and extrasynaptic AMPA receptors
(supported by AFOSR 92-J-0307).

211.7

211.8

INOSITOL HEXAKISPHOSPHATE INCREASES THE AFFINITY OF AMPA
RECEPTORS IN RAT BRAIN SLICES. J. Gagne1. A.R. Parent** and G.
Massicotte1. 'Ddpartement de Chimie-Biologie, University du Quebec & TroisRivibres, Quebec, Canada, G9A 5H7 and 2Department of Neuroscience, Johns
Hopkins University School of Medicine, Baltimore, MD 21205.
Hydrolysis of phosphatidylinositols generates various inositol phosphates. One
member of this family is the inositol hexakisphosphate (IP6). The physiological

DISRUPTION OF RECEPTOR-MEMBRANE INTERACTIONS ALTERS
AMPA RECEPTOR BINDING PROPERTIES. RA. Hair. A. Ouan. M. Kessler
and G. Lvnch. Center for the Neurobiology of Learning and Memory, Univ.
California, Irvine, CA 92717-3800.
The binding properties of membrane-bound and solubilized AMPA-type
glutamate receptors were tested following incubation with the thiol reagent pchloromercuriphe^r^ylsulfonic acid (PCMBS) or exposure to ultraviolet (UV)

roles of IP6 in the brain are not well defined. IP6 can induce calcium influx and
release neurotransmitters like aspartate. Thus, it appears that IP6 could play a
determinant role in neuroplasticity. A well known form of neuroplasticity is the
phenomenon of long-term potentiation (LTP). It has been proposed that
modulation of AMPA receptors could play a critical role in the formation of LTP.
Since AMPA receptors could be affected by phosphorylation process, we proposed
a possible interaction of IP6 with AMPA receptors. To assess this hypothesis,
exogenous IP6 (1-100pM) was applied to thin (l5pM), thaw-mounted sections of
rat brains for 45 min at 35°C. Binding properties of AMPA receptors were
determined by quantitative autoradiography with tritiated ligands ([3H] AMPA , an
agonist; [3H]CNQX, an antagonist). Pre-treatment of brain slices with IP6 induced
a dose-dependent increase in pH] AMPA binding in some brain areas, especially in
the hippocampus (30-35%) and the molecular layer of the cerebellum (>90%) but
had not effect on other regions such as the striatum and the thalamus. However,
IP6 did not affect PHJCNQX binding, suggesting that increases in [3H]AMPA
binding are due to a change in the affinity of AMPA receptors. Interestingly,
mannose-6phosphate also induced significant increase of pH]AMPA binding in
brain slices. IP6 as well as mannose-6phosphate have a recognition site for AP-2, a
clathrin-associated protein involved in the trafficking of lysosomal enzymes.
Since the sensitivity of AMPA receptors is also increased during LTP, these results
strengthen the notion that IP6 and the AP-2 sites may play a role in neuronal longterm plasticity. Supported by NSERC Canada and FRSQ Quebec.

radiation, two treatments known to disrupt protein-protein interactions.
PCMBS caused a dramatic increase in pH]AMPA binding to membranes but
had no significant effect on [3h ]AMPA binding to solubilized receptors. Brief
exposure to UV radiation (254 nm) increased [3h ]AMPA binding to

membranes while binding to soluble fractions exhibited a linear decrease over
time of exposure. The increase in membrane binding was caused by an
apparent interconversion of low-affinity pHJAMPA binding sites into a higheraffinity state, whereas the decrease in binding to soluble fractions was caused
by a decrease in the number of receptors. There was an interaction between
the PCMBS and UV effects in the membranes such that prior exposure to one
of the treatments reduced the relative magnitude of the other's effects. Since
PCMBS and UV increased binding only in membrane fractions where receptors
are presumably associated with other AMPA receptors as well as various
membrane-bound and cytoskeletal proteins, the present results support the idea
that AMPA receptors are maintained in a low-affinity state in the synaptic
environment through an association with a modulatory protein and/or other
AMPA receptors (supported by AFOSR 92-J-0307).

211.9

211.10

EFFECTS OF LECTINS ON RECOMBINANT GLUTAMATE
RECEPTORS.
Kav-Tsz Yue. Roman Pekhletsky. John F.
MacDonald and David R. Hampson . Faculty of Pharmacy and
Department of Physiology, University of Toronto, Ontario Canada
M5S 2S2.
The potentiation of excitatory amino acid-induced currents by
lectins and the antihypertensive drug diazoxide is thought to be the

COOPERATIVITY BETWEEN BINDING OF CYCLOTHIAZIDE AND AGONISTS
UNDERLIES DIFFERENTIAL MODULATION OF AMPA RECEPTOR SPLICE
VARIANTS. D. K. Patneau*, K. M. Partin and M. L. Mayer. Lab. of Cellular &
Molecular Neurophysiology, NICHD, NIH. Bethesda, MD, 20892.
Cyclothiazide dramatically reduces desensitization of AMPA-preferring glutamate
receptors (Patneau et al., 1993; Partin et al., 1993). However, in experiments with
recombinant receptors, cyclothiazide slows but does not block desensitization of flop
splice variants. To determine the mechanism underlying this differential modulation,
we examined the effects of cyclothiazide on both homomeric and heteromeric receptors
formed from GluR-A and GluR-B in transfected HEK293 cells using fast ' perfusion
techniques, whole-cell voltage-clamp recording, and kinetic analysis.
In heteromeric GluR-A/B receptors, the flip splice variants are dominant for
controlling block of desensitization, and only for GluR-AoBo do responses to
glutamate exhibit strong desensitization in the presence of cyclothiazide. The 10-fold
lower affinity of cyclothiazide for GluR-Ao than for GluR-Ai (Partin et al., 1994)
suggests that faster dissociation of cyclothiazide could underlie this apparent
desensitization of flop-receptors. However, the dissociation rate of cyclothiazide from
GluR-AoBo receptors in the absence of agonist (0.1 s-1) was much slower than the
rate of onset of desensitization (1/Td) for kainate or glutamate in the presence of
cyclothiazide (1 and 3 s-1, respectively). Kinetic analysis indicates that the faster
apparent rate of desensitization for agonist responses in the presence of cyclothiazide
reflects negative cooperativity between the binding of agonist and cyclothiazide,
which is most pronounced for receptors containing only flop subunits, rather than
receptor desensitization with cyclothiazide still bound. A weaker agonist-dependent
effect on dissociation of cyclothiazide was observed for GluR-AiBo (0.3 vs 0.1 s-1 in
the presence vs. absence of glutamate), but dissociation was only modestly affected by
glutamate in heteromeric receptors containing GluR-Bi. The B-subunit also appeared
important for controlling the dissociation of cyclothiazide in the absence of agonist,
with dissociation rates approximately 4-fold slower for GluR-AiBi and -AoBi than for
GluR-AoBo and -AjBo- Similar dominance of the B-subunit is observed in the
desensitization kinetics of GluR-A/B receptors in the absence of cyclothiazide.

result of blockade of desensitization. Hence it is of great interest
to further characterize the possible role of cell surface
carbohydrates in receptor desensitization since desensitization may
be important in shaping synaptic currents, and in protecting neurons
from excitotoxicity. We examined NMDA, kainate and AMPA
receptor channels expressed in Xenopus oocytes after intranuclear
injection of cDNAs. When measured by two-electrode voltage
clamp, desensitizing responses of GluR6 - injected oocytes to 3O/xM
kainate were potentiated by Concanavalin (A) (Con A), succinyl
Con A and Wheat Germ Agglutinin (WGA) to various extents.

The same combination of lectins or diazoxide also potentiated
glutamate-induced currents in oocytes expressing the AMPA
preferring GluR3 and heteromeric GluR2 and 3 subunits. The
application of Con A and WGA however, did not potentiate
NMDA-induced current in NMDAR1 injected oocytes. We are
currently investigating the effects of lectins with different
carbohydrate specificities on homomeric as well as heteromeric
glutamate
receptor
complexes,
e.g.
GluR6/KA-2
and
NMDAR1/2A.
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211.11

211.12

DESENSITIZATION OF AMPA RECEPTORS PROCEEDS AFTER
REMOVAL OF FREE GLUTAMATE I.M. Raman* & L.O. Trussell.
Neuroscience Prog. &Dept. Neurophysiol., Univ. Wisconsin-Madison, 53706.
In many neurons, AMPA receptors desensitize by > 90% within 1-10 ms in
response to prolonged application of glutamate. Upon removal of free
glutamate, desensitized receptors eventually become available for reactivation.
Using fast flow techniques to apply pairs of pulses of glutamate to voltageclamped outside-out patches, we measured the onset and rate of recovery from
desensitization of AMPA receptors in neurons isolated from the chick nucleus

VOLTAGE DEPENDENT GATING OF AMPA RECEPTORS ON
CHICK AUDITORY NEURONS T.S. Otis* . I.M. Raman. & L.O. Trussell.
Dept. Neurophysiology, Univ. Wisconsin. Madison, WI 53706.
Many ligand-gated channels show non-linear I/V relationships due to block by
transmitter or ions, asymmetrical single channel conductance (y), and/or voltagedependent open probability. Using voltage clamp of whole cells or excised patches
from neurons of the cochlear nucleus, we have identified AMPA receptor gating
mechanisms which cause outwardly rectifying I/V relationships.
In the presence of 10-500 pM kainate (KA), voltagejumps (-50 mV to + 200 mV)
yielded instantaneous changes in current, followed by biexponential (rfM,= 0.8 ms,
t ,i w = 4.8 ms at +160 mV) outward current relaxations. Conductance measured
from current tails increased e-fold per 62 mV with Vi at 148 mV. The relative
size of current relaxations fell with increases in [KA], suggesting that changes in
voltage shift the dose response curve. Surprisingly, ratios of chord conductances
(G+1J0/G.!00) for instantaneous current were about 2 for high concentrations (> 1
mM KA) and steadily increased to 8-10 as [KA] decreased. In patches, concentration
jumps with 1-10 mM glutamate showed voltage-dependent deactivation and
desensitization, and similar peak current rectification. Nonstationary variance
analysis on these data revealed an increased y at positive potentials, in accordance
with the instantaneous rectification seen in the voltage jump experiments.
Cyclothiazidehad no effect on the rectificationof peak glutamateconductance,and
the rate of recovery from desensitization was voltage-indepehdent. These results
indicate that despite prominent voltage dependence of the macroscopic rate of
desensitization, voltage sensitivity of microscopic rates of entry into and/or exit from
desensitized states cannot explain the nonlinear I/V. In summary, channel gating or
binding change with depolarization. Furthermore, similarities in voltage- and
concentration-dependence of instantaneous and steady-state rectification suggest that
very rapid gating may account for the apparent increase in y.

magnocellularis. Recovery from a 20-ms pulse of 1 mM glutamate, which
caused >99% desensitization, had a single exponential time course with a time
constant (70) of 15.8 ms. Recovery from a 0.96-ms pulse, which caused 33%
desensitization, showed the same rTO.
Although briefer applications of
glutamate induced little macroscopic desensitization of current, subsequent
pulses of glutamate gave reduced responses, indicating that receptors had
desensitized in the absence of free glutamate. For short interpulse intervals
(0.5-3 ms), the amplitude of the second response followed the envelope of a
desensitizing response to a long, unconditioned pulse of glutamate; i.e.
receptors that initially bound ligand desensitized at an intrinsic rate, despite the
removal of free glutamate. To provide data for a kinetic model, nonstationary
variance analysis estimated the single-channel conductance to be l8±4 pS
(N=ll) and the maximal open probability at 10 mM glutamate to be
0.54+0.10 (N=6). The results provide evidence that receptors can desensitize
without opening and raise the possibility that, even at synapses in which the
duration of transmitter is brief compared to the desensitization rate of synaptic
receptors, receptors may still enter a desensitized state.

211.13

211.14

EPSPs OF RAT MOTONEURONES AFTER BLOCK OF AMPA
RECEPTOR DESENSITIZATION. L. Ballerini*. A. Nistri.Biophys Lab, Int
Sch Adv Studies (S.I.S.S.A.), 34013 Trieste, Italy.
Desensitization of the AMPA/kainate class of glutamate receptors may be

A NEUROTRANSMITTER ROLE OF GLUTAMATE IN THE
AFFERENT SYNAPSE OF ELECTRORECEPTOR ORGANS IN THE
CATFISH
}C TALURUS NEBUI.O3US. G.N. Andrianov*. F.

rapid enough to influence the time course of EPSPs. To assess the
contribution of AMPA receptor desensitization to this phenomenon we used
cyclothi^ide, a very effective blocker of this process. Motoneurones of
the isolated spinal cord of neonatal rats were recorded intracellularly during
bath application of AMPA or dorsal root fiber stimulation. AMPA (1 pM)

Physiol., Russian Acad. Sci., St. Petersburg
199034,
Russia;
University of Utrecht, 3584 CH Utrecht, The Netherlands and CNRS,
Gif-sur-Yvette 91190, France.
Transmission
at the afferent synapse of the ampullary
electroreceptor organs was studied using pharmacological and
immunocytochemical methods.The external perfusion of excitatory
amino acid agonists (EAAA) L-glutamate (L-GLU) (0.1-1 mM),
quisqualate(Q) (0.8-40 pM), AMPA (0.5-100 pM) and kainate (KA)
(10-250 pM) strongly increased both resting and electrically-evoked
activity in afferent fibres of electroreceptor organs. N-methyl-Daspartate (NMDA) had no effect even at a concentration of 5.0 mM.
The potencies of EAAA were of the order of 7 pM (Q), 10
pM(AMPA), 25 pM (KA) and 0.6 mM (L-GLU). The effects of LGLU persisted in receptors suppressed by high [Mg21-], indicating its
postsynaptic action. The distribution of glutamate was investigated
by a post-embedding staining on semithin sections with a specific
antibody. Glutamate immunoreactivity was detected both in the
sensory cells and in the terminals of the afferent nerve fibres. The data
obtained best support the hypothesis that the neurotransmitter in
the ampullary electroreceptor organs of the catfish is L-GLU and its
actions are linked with Q/AMPA- and KA-types of membrane
receptors.

depolarized cells by 7.8±1.2 mV (n=5) from -79±2 mV resting membrane

potential. Cyclothiazide (25 pM; 20 min) did not change resting membrane
potential or input resistance, although it strongly enhanced spontaneous
synaptic activity. Cyclothiazide applications >30-35 min were often
neurotoxic as shown by irreversible loss of motoneurone field potentials. In
cyclothiazide solution AMPA depolarizations were larger (16.8±3.4 mV,
n=5, P<0.02) an effect resistant to TTX. The peak amplitude of evoxed
EPSPs was not changed by cyclothiazide nor was synaptic fatigue. The
EPSP decay t was increased from 146±26 to 227±38 ms by cyclothiazide

(p=0.05), which also evoked a baseline depolarization during a stimulus
train (2.8±O.8 mV). Receptor desensitization did not control the EPSP

peak, although it seemed important in shaping their decay. It is likely that
during repetitive stimulation spillover of glutamate to extrasynaptic sites
was facilitated by cyclothiazide as a stow depolarization developed. This
process together with strong increase in spontaneous synaptic activity may
have led to neurotoxic damage of motoneurones. It is possible that
glutamate receptor desensitization has a physiological role to protect
motoneurones from
excitotoxic damage. Supported by Telethon
Foundation (360).

211.15

211.16

RELEASE OF GLUTAMIC ACID AND NORADRENALILNE FROM THE
BED NUCLEUS OF THE STRIA TERMINALIS: IN VIVO MICRODIALYSIS
STUDIES. K. Gy sling*. M.I. Forrav and G. Bustos. Lab. Biochemical
Pharmacology, Dept. of Cell and Molecular Biology, Faculty of
Biological Sciences, Catholic University of Chile, Santiago, CHILE.
The ventral part of the bed nucleus of stria terminalis (vBNST) is the

AMPA

area of the brain with the highest concentration of noradrenaline (NA).
Previously we have shown that endogenous NAjs released from vBNST
minislices upon a depolarizing stimulus in a Cn2"* dependent manner and

that
NA release is regulated by nlfn-2 noradrenergic and
N-methyl-D-aspartate receptors . We are interested to study if this
regulation may be present in vivo.
Microdialysis probes were implanted in the vBNST of anesthetized
rats. Probes were perfused at a rate of 2 ul/min with artifitial CSF
with normal or high K"*.
Ten minute samples were obtained and
thereafter, NA was quantified by HPLC-EC and GLU by HPLC coupled to
fluorometric detection with precolumn derivatization.
High levels of extracellular GLU and NA were observed immediately
after placing the probe. These extracellular levels rapidly decreased
to a steady basal level of 7.2 fmoles/ul for NA and 0.63 pmoles/ul for
GLU. Perfusion with 40 mM K"* induced a significant increase in NA and
GLU levels. The omission of Ca2* or the addition of 100 uM Cd2+

MODULATES

DOPAMINE

RELEASE

IN

THE

STRIATUM

AS

MEASURED BY BRAIN MICRODIALYSIS.
K. Sakai'. K, Tsuchida2. H. Uiike2.
K. KKShihara1. Y. FFi^anr2^ K. AAvama2. T. Shohmori1 and S. Kuroda2
l department of Neurology

2)Depsrtment of Neuropsychiatry, Okayama

University Medical School, 2-5-1 h0iksts-c0h, Okayama 700
An effect of NBQX, s specific antagonist of smino-3-hyarhxy-5-met0yl-4-

isoxnzole propionic ncid (AMPA) receptor, on the strintnl dopamine release

wns investigated using in vivo microdinlysis technique in the freely moving
rat. Each dialysis probe wns implanted into the left anterior dorsal striatum.
The probe wns perfused with artificial cerebrospinal fluid nnd perfusates

were collected every 20 min.
The perfusion of the AMPA (0.01

mM, 0.1

mM, 0.2 mM) increased

concentration of extracellular dopamine in a dose dependent manner. The

AMPA-induced increase in dopamine level wns suppressed significantly by

systemic administration of NBQX (40 mg/kg, ip). Although local infusion of

tetrhahthxin (5 pM) into the striatum decreased bnsnl level of extracellular
dopamine, it did not suppress the effect of AMPA to increase dopamine

efflux.
The present results demonstrate that AMPA receptor modulates the release

of dopamine in the striatum.

through the probes significantly decreased K*-induced NA release.

Glutamatergic neurons mny stimulate the release of dopamine via AMPA

In conclusion, the present observations support a possible
interaction in vivo between the noradrenergic
and glutamatergic
neuronal systems in the BNST.
(Suf^Fpwted by Grant FONDECYT 686/93).

receptors in the central nervous system.
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211.17
EFFECTS OF SODIUM AND CALCIUM ON HALOTHANE INHIBITION OF
KAINATE-INDUCED EXTRACELLULAR GLUTAMATE ACCUMULATION IN
CULTURED RAT CEREBELLAR GRANULE CELLS. S. Zhu. J,M. Farley* and
R.C. Baker. Dept, of Pharm. and Tox., Univ. of Miss. Med. Center, Jackson, MS
39216.
Halothane at clinical concentration (0.9-1.1 MAC) blocks 100 pM kainateinduced extracellular glutamate accumulation but has much less effect on glutamate
accumulation induced by NMDA. To further address the specific halothaneglutamate interactions, neurons were depolarized with KC1 and the relationship
between halothane effect and buffer sodium and calcium concentration was
determined. Cerebellar granule cells were cultured in vitro for 9-14 days and then
transferred to 4 ml PSH buffer and treated with about 1 MAC halothane. Halothane
was introduced into the water shaker bath by an evaporator. Halothane concentration
was determined by infra-red spectrophotometry or gas chromatography. Buffer
sodium and calcium concentrations were changed from 0 to 165 mM and from 2.5
mM to 5.0 mM respectively. After a 15-minute initial incubation with halothane, the
neurons were stimulated with 100 pM kainate or 50 mM KC1 and the buffer
glutamate concentration were determined at the end of another 90-minute incubation
period. Halothane at clinical concentration inhibited 100 pM kainate-induced
glutamate accumulation and this inhibition was reversed by both changing buffer
sodium concentration from 135 mM to 165 mM and replacing half or all sodium in
the buffer with N-methyl-D-glucamine but not by increasing buffer calcium
concentration. Halothane at this concentration was found to have no inhibition effect
on the extracellular glutamate accumulation induced by 50 mM KC1, a concentration
that depolarized the cells and activated the voltage-dependent Ca2+ channels. Our
results suggest halothane inhibits kainate-induced glutamate accumulation by
blocking cerebellar granule cell kainate receptor channels directly rather than by
blocking voltage-dependent Ca2+ channels. Work was supported by AA07157.

EXCITATORY AMINO ACID RECEPTORS:

METABOTROPIC RECEPTORS

212.1

212.2

ANALYSIS OF METABOTROPIC GLUTAMATE RECEPTOR (mGluRl)
MUTANT MICE A. Aiba1*. K. Harrup2. C. Rosenmund3. C.F. Stevens3,

MOLECULAR CLONING AND CHARACTERIZATION OF SUBGROUP III
HUMAN METABOTROPIC GLUTAMATE RECEPTORS. P.J. Flor. D.
Ruegg. S. Lukic. T. Knopfel and R. Kuhn*. Department of Molecular and
Cellullar Biology, CNS Research, 3HX0, CH-4002 Basel, Switzerland
Metabotropic glutamate receptors are members of a family of at least seven
G-protein coupled receptors, which were recently described in rat brain
(rmGluRl - 7). When expressed in CHO cells, mGluRl and 5 (subgroup I)
couple to phospholipase C, while the members of subgroup II (mGluR2 and 3)
and subgroup III (mGluR4, 6, 7) negatively couple to adenylate cyclase.
Here we report the isolation of full-length cDNA clones encoding the human
receptors hmGluR4 and hmGluR7 as well as a partial hmGluR6 cDNA by low
stringency hybridization with rat mGluR4 probes. Amino acid sequence
comparisons of rat and human homologous receptors reveal > 90% identity.
Comparisons of hmGluR4, 6 and 7 show 68 - 70% sequence identity thus
defining them as closely related subtypes of the same subgroup. Northern blot
analyses using tissues derived from different human brain regions show that
hmGluR4 is highly expressed in the cerebellum, and hmGluR6 expression is
restricted to the retina. hmGluR7 is expressed at a higher level in the fetal than
in the adult human brain. In the adult brain hmGluR7 is more widely expressed
than hmGluR4.
Chinese hamster ovary cells stably transfected with the cloned human
mGluR4 cDNA exhibit agonist induced depression of forskolin-stimulated
cAMP accumulation. The rank order of potency of four agonists is virtual
identical to that described for rat mGluR4 (L-AP4 > L-glutamate » lS,3RACPD = quisqualate). Possible functional differences betwen human and rat
subgroup III mGluRs are currently under investigation.

and S. Toneqawai 1Center for Cancer Research, MIT, Cambridge,

MA02139., 2Alzheimer Research Laboratory, Case Western Reserve
Medical School, Cleveland, OH44106., 3Salk Institute, La Jolla, CA92O37.
mGluRl is a metabotropic glutamate receptor which stimulates
phosphatidylinositol hydrolysis and Ca2+ mobilization through a G protein.
mGluRl mRNA is strongly expressed in cerebellum and hippocampus.
While mGluRs have been implicated in long term potentiation(LTP) in the
hippocampus and long term depression(LTD) in cerebellum, understanding
of the function of this specific receptor is hampered by the lack of specific
agonists or antagonists. Thus, we generated mice which lack mGluRl by
the gene targeting technique. mGluRl mutant mice respond to sensory
stimuli, yet they show an intention tremor and a marked ataxia in their gait.
These behavioral abnormalities suggest a defect in cerebellar function.
Histopathology of the brain reveals no obvious structural correlate to the
behavioral abnormalities. Cerebellar size as well as morphology of the major
cell types are normal. Synaptic transmission in vitro was examined in the
CA1 region of the hippocampus using whole-cell and extracellular recording
techniques. No significant differences were observed in the amplitude or
time course of NMDA and non-NMDA receptor mediated EPSC's. However,
in 9 of 12 slices tested, LTP, but not LTD or paired-pulse facilitation, was
impaired in the mGluRl mutant mice. Thus, the mGluRl mutant is useful in
defining the specific role of a subtype of metabotropic glutamate receptors in
synaptic modulation and behavior.

212.3

212.4

STABLE RECOMBINANT EXPRESSION OF THE HUMAN METABOTROPIC
mGluR5a AND mGluRlb RECEPTORS IN MOUSE L CELLS. F.F. Lin.
M. jUconcr, S. Rro , C. Jachec, A. Sscacm, T. Vftiisenant, G.
K. Lloyd, J, CCona, C.C. Lm L.P. PDagett, P.J. Flor*, R.
Kuin*. and G. Vnlicnlnbi*. #CIBA-GEIGY Ltd.. 4002 Baenl.
Switzerland and SIBIA, 505 Coast Blvd. S., La Jolla, CA
92037.
Tin cDNA nncoding tin full-lnngti human mGluR5a
rncnptor wae conetructnd from tirnn ovnrlapping clonne
ieolatnd from human cnrnbnllar and hippocampal libraries.
A full-lnngti cDNA nncoding tin human mGluRlb rncnptor
wae
ieolatnd
from a
iuman
fetal
brain
library.
Functional nxpreesion of naci rncnptor wae dnmonetrcted
in traneinntly trcasfectnd HEK293 cnlle and in Xenopus
oocytna.
Boti cDNAe were eubcloned into a mammalian
expreesion
vnctor
under
tin
control
of
tin
glucocorticoid-inducible MMTV promotnr and etably cotraaefectnd into mouee Ltk" cnlle witi pSV2neo and
pRSiGRa, tin plaemid containing tin full-lnngti iuman
glucocorticoid rncnptor cDNA.
Tin clonal
etable
trcaefectaate
wnrn
inducnd
by
treatment
witi
dnxamntiaeonn before mnaeurnment of receptor function.
In L cnlle etably nxpreBeing tin imGluR5a receptor,
quiequalatn, glutamate, and lS,3R-ACPD etimulatnd IPX
accumulation up to tiren-fold in a concentrationdependent manner, witi ECSO valune of 0.282 ± 0.010 gM,
4.85 ± 0.48 gM and 23 ± 2.9 gM, reepnctively. All tirne
agoaSete alBo etimulatnd intracellular calcium ([Ca2*^)
lnvnle up to four-fold above baeal, in a concnntrationdnpnndnnt manner witi EC50 valune of 0.124 ± 0.025 gM,
3.91 ± 2.52 gM, and 122 ± 18.8 gM, rnepectivnly. In L
cnlle etably nxprneeing tin imGluRlb receptor, 10 gM
quiequalatn treatment reeulted in four-fold e^mu^^on
of IPx and [Ca2+] ± lnvnle over baeal.

L-2-AMINO-3-PHOSPHONOPRIONIC ACID (AP3) IS AN
ANTAGONIST FOR MGLUR1 a AND MGLUR5 IN XENOPUS
OOCYTES. J.A. Saugstad*. T.P. Segerson and G.L. Westbrook.
Vollum Institute for Advanced Biomedical Research, Oregon Health
Sciences University, Portland, OR 97201.
L-AP3 has been shown to antagonize phosphotidyl inositide (PI)coupled responses in tissue slices, presumably by blocking metabotropic
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glutamate receptors (mGluRs) la or 5, the subtypes coupled to
phospholipase C. However, L-AP3 was ineffective in antagonizing
mGluR la and 5 responses evoked by 100 pM glutamate in transfected
cells. One possible explanation for this discrepancy could be that
transfected cells express more receptors than needed to evoke a maximal
response in these systems and therefore have "spare" receptors. We
examined the action of AP3 using Xenopus oocytes injected with cRNA
for rat mGluRla or mGluR5 and voltage clamped at -60 mV. Currents
were evoked by glutamate (1-100 pM) in the absence or presence of LAP3 (0.3 to 3 mM) or DL-AP3 (0.6 to 6 mM). AP3 antagonized
glutamate-induced responses of mGluRlaand mGluR5, but the
antagonism was dependent on both the glutamate concentration and the
size of the evoked current. AP3 antagonized responses evoked by low
concentrations of glutamate (1-10 pM), but antagonism was overcome at
higher concentrations of glutamate (10-100 pM). The antagonism was

also reduced in oocytes with large amplitude currents (>l pA),
supporting the hypothesis that spare receptors occlude the antagonism by
AP3. These results suggest that L-AP3 is a weak competitive antagonist
for mGluR la and mGluR5 but its effectiveness in neurons will depend
on the level of mGluR expression. Supported by R01DC01783 (TPS),
NIH Fellowship F32NSC922CO (JAS) and the Klingenstein Foundation.
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PHARMACOLOGICAL CHARACTERIZATION OF
METABOTROPIC GLUTAMATE RECEPTORS COUPLED TO
PHOSPHOLIPASE D. D.E. Pellegrini-Giampietro*. S. Albani and F.
Moroni. Dipartimento di Farmacologia, Universita di Firenze, Italy.
Phospholipase D (PLD) is the key enzyme in a novel signal
transduction pathway which hydrolyzes phosphatidylcholine and leads to
a long-lasting and abundant formation of the second messengers
phosphatidic acid and diacylglycerol.
In order to define the
pharmacological profile of metabotropic glutamate receptors (mGluRs)
coupled to PLD, rat brain slices were incubated with [3H]glycerol and

The Actions of Some Novel Rigid Analogues of Glutamic and Aspartic
Acids at Ionotropic and Metabotropic Glutamate Receptors. K. Curry*.

then challenged with mGluR agonists. PLD activity was determined by
measuring the formation of [3H]phosphatidylethanol (pH]Pet), which
results from the trans-phosphatidyiation of membrane phospholipids in
the presence of ethanol (Pai et al., J. Biol. Chem. 263: 12472, 1988).
lS,3R-ACPD, but not NMDA, AMPA or kainate (all at 100 pM),
induced dose-dependent increases in pHJPet formation: the maximal
response was twice the basal value, with EC^q S of ~3O pM in
hippocampal slices and 100 pM in neocortical and striatal slices. No
response was seen in cerebellum. In hippocampal slices, L-CCG-I and
quisqualate induced a smaller response (~5O% of lS,3R-ACPD),
whereas L-AP4 was inactive. The competitive mGluR antagonist (RS)MCPG (500 pM) inhibited by 65% the formation of [3H]Pet induced by

lS,3R-ACPD in hippocampal slices. Our results indicate that mGluRs
promote activation of PLD in hippocampus, neocortex, and striatum.

487

E. Mikiciuk-Olasik and M. J. Palmer. Pharmaceutical Sciences,
University of British Columbia, Vancouver B.C. Canada V6T1Z3.
The actions of L-glutamate have been widely studied. Those actions
are now broadly divided into the ionotropic events which allow for fast
transmission of information utilizing ion gated channels and the
metabotropic actions which are mediated through G-proteins and second
messenger systems. The structure/function relationships for Lglutamate have been defined with some success with rigid analogues and
we report here cm the further development of compounds based on
acidic amino acids bound by a cyclopentane ring. The isomers of 1amino-1,3-cyclopentanedicarboxylic acid (ACPD) have been compared
to the new compounds, 1-amino-1-carboxycyclopentane-3-acetic acid
and the corresponding 2-acetic acid. In addition the aspartate equivalent
of ACPD, 1-amino-1,2-cyclopentanedicarboxylic acid has been
synthesized and evaluated. All compounds have been studied using the
"cortical wedge" preparation for ionotropic responses and measurement
of Ip3 and cAMP for metabotropic actions. The actions of ACPD are
well characterized, however of the remaining compounds only the 3acetic acid showed any activity in any preparation. This compound acts
to decrease the level of forskolin stimulated cAMP production and acts
at mGluR2-3.

PLD-catalyzed diacylglycerol formation may play a prominent role in
signal transduction mechanisms activated by mGluRs.

212.7

212.8

DUAL
MODULATION
OF
SYNAPTIC
INHIBITION
BY
METABOTROPIC GLUTAMATE RECEPTORS IN THE RAT
HIPPOCAMPUS. J . C. Poncer and R. Miles*. Neurobio. Cell . - INSERM
U26l, Institut Pasteur. Paris, France.
We have investigated the effects of mGluR activation on Cl'-mediated
IPSCs using whole-cell recordings of CA3 pyramidal neurones from rat
hippocampal slices. At 1-5pM, the mGluR agonist lS,3R-ACPD (tACPD)
increased spontaneous IPSC (spIPSC) frequency by up to 5-fold. At higher
concentrations, this effect was transient (15-30s) and followed by a rapid
decline to control frequency. Miniature IPSCs (mIPSCs) were recorded in the
presence of lpM TTX, 5mM Mg2+ and nominally zero Ca2+. At
concentrations 50-500pM but not below, tACPD decreased mIPSC frequency
by up to 45% without significantly affecting their amplitude distributions.
These responses differed in their pharmacology. Quisqualate, which only
activates mGluR 1 and 5, mimicked the effect of tACPD on spIPSCs at
concentrations as low as 5OnM but had no effect on mIPSC frequency at doses
up to lOpM. In contrast, the specific mGluR2-3 .agonist DCG-IV (3pM)
reduced mIPSC frequency by 40% without affecting spIPSC frequency.
Furthermore, the mGluR antagonist L-AP3 (ImM) blocked only the reduction
in mIPSC frequency while the broad-spectrum antagonist 4aMCPG (5OO|pM)
blocked both responses.
mGluR activation also had two actions on IPSCs evoked by focal
extracellular stimulation. Low doses of tACPD (5pM) increased their mean
amplitude by about 2-fold while higher doses (3OOpM) reduced it to 25% of
control. We conclude that two distinct mGluR subtypes are expressed by
inhibitory neurones and lead to opposing effects. mGluR 1 or 5 is located on
somato-dendritic membrane and enhances cell excitability. mGluR2 or 3 is
present at inhibitory terminals and reduces GABA release

MODULATION OF STRIATAL ADENYLATE CYCLASE ACTIVITY AND
GABA RELEASE BY METABOTROPIC GLUTAMATE AND DOPAMINE D1
RECEPTORS J.Wanq* & K.M.Johnson. Dept. Pharmacology, University of
Texas Medical Branch, Galveston, TX 77555-1031
Striatal GABAergic neyrons are excited and inhibited by cortical
glutamatergic input and nigral dopaminergic input respectively. To

212.9
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METABOTROPIC GLUTAMATE RECEPTOR (mGluR)-MEDIATED
POTENTIATION OF cAMP RESPONSES IS NOT DEPENDENT ON
PHOSPHOINOSITIDE HYDROLYSIS: MEDIATION BY A GROUP
II-LIKE mGluR. Danny G. Winder* and P. Jeffrey Conn. Dept. of
Pharm. and Prog, in Neurosci.., Emory Univ., Atlanta, GA 30322.
Activation of mGluRs in rat brain slices potentiates cAMP
responses elicited by activation of other receptors coupled to Gs. It has
been suggested that mGluR-mediated potentiation of cAMP responses is
secondary to activation of phosphoinositide hydrolysis. Therefore, we
designed a series of experiments to test this hypothesis. Inhibitors of
both protein kinase C and intracellular calcium mobilization failed to
antagonize mGluR-mediated potentiation of cAMP responses. Further,
coapplication of phorbol esters and the mGluR agonist 1ammocyclopenbaie-lS,3R-dicarboxylic acid (lS, 3R-ACPD) induced a
cAMP response that was greater than additive. Finally, (RS)-3,5dihydroxyphenylglycme (DHPG), a selective agonist of mGluRs coupled
to phosphoinositide hydrolysis, failed to potentiate cAMP responses
while (2S, l’R, 2’R, 3*R)-2-(2,3-dicarboxycyclopropyl)-glycine (DCGIV), an mGluR agonist that does not activate mGluRs coupled to
phosphoinositide hydrolysis, elicited a robust potentiation or cAMP
resppnses. In total, the data presented strongly suggest that mGluRmediated potentiation of cAMP responses is not secondary to activation
of phosphoinositide hydrolyisis. Further, the pharmacological profile
of mGluR-mediated potentiation of cAMP responses suggests that this
response is likely mediated by a group II mGluR (i.e. mGluR2 and/or
mGluR3). Thus, DCG-IV, which selectively activates group II
mGluRs, will be an important tool for studying the electrophysiological
roles of activation of mGluRs coupled to potentiation of cAMP
responses in hippocampus.

INHIBITION OF PHOSPHOINOSITIDE HYDROLYSIS BY /V-METHYL-DASPARTATE IN CEREBELLAR NEURONS IS CHANNEL-INDEPENDENT.
S. Ikonomovic. R. Raulli and J.T. Wroblewski* Fidia-Georgetown Institute
for the Neurosciences and Department of Pharmacology, Georgetown
University School of Medicine, Washington, D C. 20007.
In primary cultures of cerebellar granule cells phosphoinositide (PI)
hydrolysis is stimulated by the agonists of metabotropic glutamate receptors
(glutamate, quisqualate and t-ACPD) and by carbachol, acting at muscarinic
cholinergic receptors. In these cells, PI hydrolysis is also enhanced by
NMDA, the agonist of ionotropic glutamate receptors, through a mechanism
involving a calcium-mediated activation of phospholipase C (PLC).
Independently from this action, NMDA was also found to inhibit, in a dosedependent manner, the PI hydrolysis induced by either carbachol or
quisqualate. This inhibition was not competitive since it was not prevented
by high concentrations of carbachol or quisqualate. Moreover, the inhibitory
effect of NMDA was present when granule cells were preincubated with
NMDA and then exposed to carbachol or quisqualate in the absence of
NMDA. These results suggest that the inhibition by NMDA is not mediated
by a transient depolarization but may involve a second messenger
mechanism. The effect of NMDA was not mediated through the activation of
protein kinase C, since it was still present when the enzyme activity was
abolished by a 24 h treatment with phorbol esters. Furthermore, the NMDA
action was not affected by the blockade of NMDA-operated channels. The
edition of magnesium ions (up to 10 mM), which totally blocked NMDAinduced calcium influx, failed to prevent the inhibitory action of NMDA.
Moreover, the NMDA inhibition was present even when the incubations with
NMDA were performed under calcium-free or sodium-free conditions. Since
one of these ions would be expected to mediate the action of the channelcoupled receptor, our observations are not consistent with the involvement
of the ionotropic NMDA receptor in the inhibition of PI hydrolysis. Instead, it
may be suggested that NMDA activates a yet unidentified receptor coupled
not to an ion channel, but to a second messenger cascade which leads to
the inhibition of PLC. (Supported by PO1-NS28130).
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determine if activation of the dopamine system can modulate
glutamatergic transmission, we studied the possible interactions between
the metabotropic glutamate receptor (mGluR) and the dopamine D1
receptor on the regulation of cAMP production and GABA release in rat
striatal slices. cAMP was detected by radioimmunoassay, while GABA was
determined by HPLC. In the presence of 30 pM rolipram, a specific cAMP
phosphodiesterase (PDE) inhibitor, 300 pM 1 S,3R-ACPD stimulated basal
cAMP production, but had no effect on the stimulatory action of
SKF38393. However, if 1 mM IBMX, a nonspecific PDE inhibitor and a
adenosine receptor antagonist, is used instead of rolipram, both basal and
SKF38393 stimulated cAMP accumulation was inhibited by 300 ^M
ACPD. These data suggested that endogenous adenosine is required for
the stimulatory effect of ACPD on cAMP production. To determine
whether the cAMP changes were reflected in altered function of
GABAergic neurons, we tested the effect of SKF38393 and ACPD on 15
mM K+-induced GABA release. Neither SKF38393 nor ACPD significantly
affected depolarization-induced GABA release. However, the combination
of SKF38393 and ACPD significantly potentiated GABA release. Thus, our
results suggest that the postsynaptic D1 receptor can influence
glutamatergic transmission. The mechanisms underlying the interactions
between mGluRs and D1 receptors and the possible involvement of the
adenosine receptor will be further explored. Supported by DA-02073.
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REGULATION OF GLUTAMATE METABOTROPIC
SIGNAL TRANSDUCTION AND METABOTROPIC
RECEPTOR EXPRESSION IN CORTICAL ASTROCYTES.
S. Miller1 *, C, Romano2. anQC.W, CQttPfln1 3. Departments of

Psychobiology1 nod Neurology3 nod Irvior Research Unit io Brnio
Aging, Uoivrrsity of California, Irvior, CA 92737. 2Denartmeot of
Ophthalmology, Wnshiogtoo Uoivrrsity Medical School, St. Louis, MO
63330.
At least two metabotropic sigoal transductioo pathways exist for
glutamate io cortical astrocytes. As we have previously demoostrated,
metabotropic glutamate agomsts such ns 3-nmioocyclopentnoe-farJW3,3-dicarboxylic acid (fra hj -(±)-ACPD) cao both stimulate
phosphoioositide (PI) hydrolysis aod mhibit cyclic AMP accumulate
io these cells. These sigoal transductioo pathways cao br modulated

depeodiog upoo thr chemical eoviaoomeot of thr astrocytes. For
example, chaogiog from a fetal calf serum supplrmroted medium to a
chemically defimd serum-free medium produced a dramatic
nohaocnmrnt io thr ability of fww-(±)-ACPD to stimulate PI hydrolysis
(Brain Research 618: 375-178). We oow report that western
immuooblottiog usiog aotibodies specific for metabotropic receptor
subtypes coupled to PI hydrolysis reveals ao enhaocemnot m mGluR5
express^ which coiocides with the iocreasrd PI hydrolysis.
Exammatioo of the effects of mdividual C2mp2oeots of thr defiord

medium iodicates that epidermal growth factor is primarily aesp2osibln
for the iocrease io rra/w-(±)-ACPD stimulatioo of PI hydrolysis, lradiog
to the hypothesis that iodividual growth factors may diffnrentially

regulate the express^ of subtypes of metabotropic glutamate receptors.
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THE INITIAL SPIKE IN GLUTAMATE-EVOKED CALCIUM RESPONSES IN
ASTROCYTES: A WAY FOR NEURONS AND GLIA CELLS TO INTERACT?
M.G. Rioult*. W,T Kim, and A.H. Comeli-Bell. Dept, of Cell Biology, Yale
University, New Haven.
Evoked [Ca2+]i responses in primary neonatal rat hippocampus astrocyte cultures
and in the unrolled rat hippocampus (A.H.Comell-Bell, this meeting) were monitored
with Fluo-3 and time-lapse imaging using a confocal microscope. The initial spike of
the [Ca2+]i response evoked by bath-application of glutamate (Glu, 100 pM)
appeared to be propagated rapidly from cell to cell at an average velocity of 390 pm/s
evoking intracellular waves in the cells it passed. Trans-(lS,3R)-1-amino-1,3cyclopentanedi-carboxylic acid (t-(lS,3R)-ACPD, 100 pM) evoked an initial spike
as well but Kainate (100 pM) did not. The initial spike was abolished by (±)-<amethyl-4-carboxyphenylglycine (MCPG, 500 pM) and Thapsigargin (300 nM) but
was not affected by Na+-free or Ca2+-free/EGTA-containing saline. Octanol (1 mM)
did not abolish the propagation of the initial spike but decreased its propagation
velocity. The propagation velocity of the initial spike is too high to be due to
passive diffusion of IP3 or Ca2+ through gap junctions. Local short-duration (100500 ms) application of Glu or t-(lS,3R)-ACPD (100 pM-1 mM) with a micropipette
evoked a rapid [Ca2+]i transient propagating at slower speed radially from the center
of the application over distances of up to 1400 pm before disappearing from the field
of view. Stimulation of the unrolled hippocampus preparation by superfusion with
Glu (250 pM) evoked an initial spike in glial cells as well as in neurons that
propagated at a slower speed than in astrocyte cultures.
These results suggest that the initial spike in Glu-evoked [Ca2+]i responses is
associated to IP3-mediated Ca2+-release from internal stores. Its propagation is not
mediated by Na+-dependent membrane depolarization or diffusion of IP3 or Ca2+
through gap junction but gap junctions seem to be involved in its propagation. Its
occurence in the unrolled hippocampus preparation both in glial cells as well as in
neurons or after brief Glu exposure in astrocyte cultures suggests that the initial spike
may be one way neurons and glial cells rapidly interact in the CNS. Supported by
grant 1-PO1-NS30619.
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NMDA
AND
METABOTROPIC
RECEPTORS
PREVENT
APOPTOSIS BY TROPHIC DEPRIVATION IN CEREBELLAR
GRANULE CELLS DEVELOPING IN PRIMARY CULTURE
G. Battaglia1’2. A . Coton’1’2. V . Bniuo1’2. V . Barrel, p. Ltell'Albani3. D.F.

DIFFERENT EFFECTS OF METABOTROPIC GLUTAMATE
(mGLU) RECEPTOR BLOCKADE ON NMDA RECEPTOR
dependent
AND INDEPENDENT FORMS OF LTP
J.Z.Little1*. L.M.Grover . TJ.Tevier . NEOUCOM, Rootstown, OH
"Marshall Univ, Huntington, WV.

1Dept. Neurol. Sci. and ?Inst. Pharmacol,
Catania Univ.; $lnst. Biochem, Catania Univ; *Dept. Exp. Med. and Biochem.
Sci., Perugia Univ, Italy.
Condorelli^ and F. Nicoletti*^ .

When plated in medium containing a "low" concentration of K+ (10
instead of 25 mM), cultured cerebellar granule cells underwent apoptotic
degeneration after 5 days in vitro (DIV), a time that coincides with the
developmental decline in the activity of metabotropic glutamate receptors
(mGluRs) coupled to polyphsphoinositide (PPI) hydrolysis. Low K+-induced
apoptosis was prevented by prolonged exposure to 1s ,3r -ACPD or NMDA, but
not by selective agonists of mGluRs negatively linked to adenylyl cyclase, such
as DCG-IV or L-serine-O-phosphate. (RS)-am*thtyl4-<arboxyphenylglycine
(MCPG) antagonized the neuroprotective action of 1s ,3r -ACPD but not that of
NMDA. To establish whether activation of mGluRs coupled to PPI hydrolysis
by endogenous glutamate prevents low K+-induced apoptosis during the first 4
DIV, we have treated cultures either with Li+ (5 mM, added at 1 and 3 DIV) or
with MCPG (3 mM, added once at 1 DIV). Li+ treatment led to a reduced PPI
response to low concentrations of glutamate and accelerated the development of
apoptosis, an effect that was prevented by supplementing the medium with 1 mM
myo-inositol. A faster development of apoptosis was also observed in cultures
exposed to MCPG. We suggest that activation of mGluRs coupled to PPI
hydrolysis rescued developing neurons from apoptotic degeneration and that the
developmental decline in mGluR activity may give access to programmed cell
death in selective neuronal populations.

NMDA dependent and independent forms of LTP can be induced
by tetanic stimulation of Schaffer collaterals in area CA1 of
hippocampus. We designed a series of experiments using hippocampal
slices of 30-60 day old Long-Evans rats to determine the effects of
alpha-methyl-carboxyphenylglycine (MCPG) on these forms of LTP. In
all experiments stimulus intensity was 25-40% of population spike
threshold. The application of MCPG in the absence of tetanus has no
effect on cellular responses.
NMDA Independent
NMDA Dependent
25Hzfor lsec.
four ,5sec., 200Hz
Tetanus
trains;5sec.intervals
frequency

Antag.
5OO0M MCPG
5O0/p M MCPG, 5O/iM APV
Preliminary results (n = 3) of mGLU receptor blockade, reveal the
NMDA dependent paradigm does not produce LTP but instead induces
STP that decays to a stable level, below baseline, within 20 minutes.
NMDA independent LTP under mGLU receptor blockade (n = 3)
returns to baseline within 60 minutes but does not show long term
depression. Thus, mGlu receptors are essential to the formation of
stable LTP. The absence their contribution may allow induction of
cellular processes responsible for LTD. We are conducting further
experiments to determine the enzyme and receptor mechanisms
underlving these differences.
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mGluR AGONIST-INDUCED HYPETOPDLAIRIZATIONS IN BASOLATERAL
AMYGDALA NEURONS: RECEIPTOR CHARACTERIZATION AND ION
CHANNELS. P.Shinnick-Gallaqher. V.L.Arvanov, O.S.Steinsland* and
K.H.Holmes. Dept. of Pharmacology and Toxicology, Univ. of Texas
Medical Branch, Galveston, TX 77555-1031.

ACTIVATION OF METABOTROPIC GLUTAMATE RECEPTOR
INCREASES NEURONAL EXCITABILITY AND THE FREQUENCY OF
LOCOMOTION IN LAMPREY. P. Krieger. J. Teener*. A. El Manira and S.
Grillner. Nobel Institute for Neurophysiology, Department of Neuroscience,
Karolinska Institute, S-171 77 Stockholm, Sweden.

Prior research from this laboratory described a novel membrane hyperpolarization accompanied by a conductance increase induced by
superfusion or microdrop application of 1s,3r-ACPD in neurons of the
basolateral amygdala (BLA; Rainnie et al., 1994). This response, recorded
intracellularly in rat brain slices, is insensitive to TTX (0.5//M) and is
recorded in the presence of ionotropic receptor antagonists, d -APV (30//M)
and CNQX (3OpM), and the GABA„ antagonist CGP 55845A (10//M).
We investigated which mGluR subtype(s) and ion channels mediate the
membrane hyperpolarization. Microdrop application of mGluR agonists
elicited hyperpolarizations/outward currents in a concentration-dependent
manner (10-1 OO^M; in APV and CNQX) in the following rank order
potency: L-CCG-^ 1s,3r-ACPD>4CPG =4C3HPG>L-AP4. L-Glu also
evoked a hyperpolarization. By contrast, the mGluR agonists Quis, Ibo,
1 s,3s-ACPD, L-SOP and L-AP3 evoked concentration-dependent membrane
depolarizations/inward currents.
The 1s,3--ACPD-induced outward current which we reported to be a
calcium-dependent potassium conductance is sensitive to TEA (1mM) and
4-AP (1mM) but insensitive to apamin (10OnM). Furthermore, it is inhibited
by the BK channel blockers iberiotoxin (3OnM) reversibly and irreversibly by
charybdotoxin (3OnM). This response is not recorded in PTX-pretreated
cells, nor in the presence of the c-AMP-dependent PK-inhibitor, H-89.
In conclusion, given the relative potency of L-CCG-I in evoking hyperpolarizations it appears that mGluR2 receptors underlie this response by
opening large conductance BK potassium channels in BLA cells. [NS-24643]

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

The functional role of the metabotropic glutamate receptor (mGluR)
during locomotion was investigated in the lamprey spinal cord in vitro. The
effects of the selective mGluR agonist, (l^S>,^B^^-aminocy^^I^cpen^^3e-1,3diearboxylie acid (ACPD) was tested first cn locomotor network neurons.
ACPD induced depolarization in all types ofcells. This depolarization persisted
after blockade of action potentials by tetrodotoxin, indicating that ACPD acts
directly on these neurons. The ACPD-induced depolarization was reversibly

blocked by the selective mGluR antagonist, (+)-alpha-methyl-4carboxyphenylglygine (MCPG), but was insensitive to ionotropic receptor
antagonists (APV, Cn Qx ). The depolarization induced by mGluR activation
was unaffected when the preparation was perfused with calcium-free solution
or when calcium channels were' blocked by cadmium, indicating that this
dep<CliriizltnvrasI]nC<fcKto»lnmad<edkiIngurrant Further analyses of the
mechanisms underlying the ACPD effects suggested that the depolarization
could be mediated through several different ionic currents.
During Active locomotion induced by NMDA, activation of mGluRs
caused an increase in the frequency of the locomotor rhythm. The effect of
ACPD was greater at a low initial rate of Active locomotion. These results show
that the spinal locomotor neurons possess mGluRs which, when activated,
increase their excitability and the frequency of swimming.
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POTENTIATION OF THE RESPONSE TO NMDA BY ACPD IN RAT
VISUAL CORTEX
X.F. Wang* and N.W. Daw
Department of Ophthalmology and Visual Science Research Center, Yale
University School of Medicine, New Haven, CT 06520, USA

There are 6 subtypes of metabotropic glutamate receptors (mGluRs) which
are located either on the presynaptic site or on the postsynaptic site in the
central nervous system. The mGluRs may alter cAMP, affect
phosphoinositide (PI), or regulate ion channels. In adult visual cortex, the
NMDA receptors are concentrated in layers II and III. We do not know
whether the mGluRs have any effects on the NMDA receptors of the
neurons in rat visual cortex, and if they do, whether the effects are
inhibitory or excitatory. We investigated the effects of trans-(lS,3R) -1Amino-l,3-cyclopentanedicarboxylic acid (ACPD), an agonist of mGluRs,
on the response to NMDA receptors with whole-cell techniques. NMDA
(20 mM) and ACPD (50 mM) were applied by iontophoresis, holding
current was +10 nA, rejecting current was -50 nA and duration was 5
second. Iontophoresis of ACPD caused little response in the neurons of rat
visual cortex, but when NMDA and ACPD were applied at the same time,
ACPD potentiated the NMDA response considerably. The effects lasted for
as long as 1 minute, and decayed gradually. The results indicate that the
potentiation of the NMDA response by ACPD has a long time course and
may be involved in a second messengers system.
Supported by P01 NS29393 and Human Frontier Science Program

METABOTROPIC RECEPTORS

212.18
DEVELOPMENT OF SELECTIVE ANTISERA
METABOTROPIC GLUTAMATE RECEPTORS:
ONTOGENY IN THE RAT BRAIN. T.Z. BOSY.
WOLFE. Dept. of Pharmacology, Georgetown
Washington D.C. 20007.

purified from the resulting serum by affinity chromatography.
Antibody
selectivity was determined using a slot blot with the antigens used for
inoculation. Ongoing experiments will also examine transfected SW-13 cells
with western blot analysis. Antisera for mGluRl a and ip recognize a single
band of appropriate molecular weight in tissues from rat brain.
The
antiserum for mGluR3 recognizes multiple bands in tissue from rat brain, one
of which had the appropriate molecular weight. Rats from age 2 - 42 days
were used to determine the ontogenic profile of these receptor proteins in
several brain regions. For example, in the cerebellum mGluRl a protein is
barely detectable at day 2 post partum, the level of this protein rises rapidly
between days 7 and 28 at which time levels plateau. In contrast, the
mGluRip protein is expressed at moderate levels at day 2, increases until
day 16 and drops back to moderate levels through day 42. Supported by
(NRSA MH10424, NS28130, AGO9973 and AG09984).

213.1

213.2

A PCR-BASED APPROACH TO ASSESS THE EXTENT OF RNA EDITING
IN THE TMII REGIONS OF GLUR5 AND GLUR6 KAINATE RECEPTORS
IN DEVELOPING AND ADULT RAT BRAIN. A. Autour. L. Ferhat. F.
Dessi. G. Charton. Y^zSkiel Ben-Ari and Michel Khrestchatisky,
Sponsored bv ENA* INSERM Unite 29, 123 Bd de Port Royal, 75014 Paris
France.
Kainate (KA) is a potent excitatory agent, that induces seizure and brain
damage syndromes with increasing efficiency during maturation of several
areas of the adult brain including limbic structures and the hippocampus.

relative

Structure-function relationships indicate that in the TMII domain of KA
receptos an arginine or a glutamine residue determine ion selectivity. The
arginine in the TMII domain of the GluR5 and GluR6 subunits stems from
editing of their respective mRNAs. The unedited and edited versions of
GluR6 demonstrate distinct Ca2+ permeability. We have developped a
PCR-based approach to assess in a quantitative manner and in all
experimental conditions the levels of GluR5 and GluR6 editing in the TMII
region. We show that different nervous tissues of the adult rat brain
demonstrate distinct levels of GluR5 and GluR6 editing and that in all
CNS tissues, editing in both GluR5 and GluR6 RNA is developmentally
regulated: at embryonic stages, the edited variants are barely detectable
and their levels increase during ontogeny. In the neonate and in the adult,
these variants predominate. Editing of the GluR6 subunit is enhanced in
cerebellar granule cells in culture.

213.3
DIFFERENTIAL REGIONAL DISTRIBUTION OF AMPA RECEPTOR
SUBUNIT mRNAS IN THE HUMAN SPINAL CORD AS VISUALIZED BY
in situ HYBRIDIZATION
M.Tomivama1, J. Pascual2. A. Pazos2, R. Rodriquez2, J.M. Palacios3.
R. Courts1, G.Meegod1*. 1 DDet. Neerochem., CID/CSIC, Barcelona
2Dept Physiol, and Pharmacol., Univ. Cantabria, Santander 3Res. Inst.
Laboratories Almirall, Barcelona, Spain
It has been shown that the function of AMPA receptors varies with
its subunit composition. The establishment of the subunit distribution
is an essential step for the understanding of the function. Using in
situ hybridization histochemistry and labelled oligonucleotides as
probes (Mol.Brain Res.(1994) 21:75-84), we have studied the
distribution of AMPA receptor mRNAs (GluR-A to -D) in the human
postmortem spinal cord. In parallel, we compared the distribution
with that seen in the rat spinal cord. In the substantia ge^^nosa,
GluR-B was strongly expressed, whereas the expression of the other
three mRNAs was weak. Occasional cells in the laminae lll-V had
moderate signals for GluR-B and weak signals for GluR-C and -D,
while no detectable signals for GluR-A mRNA. The intermedi^^eral
cells had the weak expression of the four mRNAs. Motor neurons
expressed GluR-D mRNA strongly and GluR-C mRNA moderately,
while the expression of GluR-A and -B mRNAs was weak. These
results indicate that the subunit composition of AMPA receptors
regulating motor neurons is different from that of the sensory neurons
and that all the four subunits may be involved with sympathetic
outflow.
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FOR SUBTYES OF
DISTRIBUTION AND
R.P. YASUPA*. B.B.
Univ. Sch. of Med.,

The lack of antagonists or subtype selective agonists for the metabotropic
glutamate
receptors
(mGluR)
make
determining
distribution
and
characterization of this receptor family difficult. To address this difficulty we
generated antibodies to three subtypes of this receptor family, mGluR 1 a, 1 p
and 3. To obtain an antibody for mGluRl a receptor we chose a unique
region of the cDNA make a fusion protein with glutathione-S-transferase. For
the other two receptor subtypes synthetic octivalent multiple antigen peptides
were used. These proteins were injected into rabbits and the antibodies

EXCITATORY AMINO ACID RECEPTORS:

Intraamygdaloid injections of KA provide a model of temporal lobe
epilepsy. The effects of KA are mediated by specific high affinity
receptors, some of which have been characterized by molecular cloning.
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LOCALIZATION

distribution

of

glutamate

receptor

subunits

in

hippocampal
neurons
. r ,s . Peuaiia*. Y-x, Wang and RJ,. Wenthold, Lab.
of Neurochemistry, NIDCD, NIH, Bethesda, MD 20892. *
Neurons of the hippocampus express a wide array of glutamate receptor types
which dominate much of the circuitry and are involved in regulating plastic changes,
e.g., as seen in long term potentiation. Glutamatergic excitatory synapses are found
on pyramidal cells and granule cells, as well as on many intemeurons. A major type
of hippocampal neuron such as the CA3 pyramidal cell receives excitatory inputs
from different sources on different parts of its dendritic arborizations. These include
associational/commissural fibers on basal dendrites of the stratum oriens, dentate
gyrus granule-cell mossy fibers on the base of the apical dendrite, and entorhinal
cortex input to distal branches of the apical dendrite. Previous immunocytochemical
studies of some glutamate receptor subunits suggested that prevalence of different
subunits at different synapses varies, e.g., in postsynaptic densities apposed to
mossy terminals. These studies now have been extended to include 9 antibodies
recognizing subunits of all 5 groups of glutamate receptors. Antibodies were made
against the C-terminus portion of glutamate receptor subunits, including AMPA
(GluRl,2/3,4), kainate (KA2, GluR6/7), NMDA (NR1, NR2A/B; the latter
recognizes NR2A and B and to a lesser extent NR2C and D), delta (recognizes delta
1 and 2), and metabotropic (rnGldRla; antibody provided by Drs. C.D. Blackstone
and R.L. Huganir) subunits. We found differences in distribution of subunits at both
light and electron microscope levels, particularly in relation to regions of input from
different afferent sources. For example, staining in postsynaptic densities of small
spine synapses was found in the stratum oriens with all antibodies (rnGldRla
staining was denser in postsynaptic densities of the more peripheral synapses).
Staining in postsynaptic densities in mossy fiber synapses of CA3 pyramidal cells
was densest with antibodies to GluRl and GluR2/3 and lowest with antibodies to
GluR4, GluR6/7, NR1 and delta. These data are consistent with a model for the
morphological segregation of glutamate receptor types among different synaptic
populations in the hippocampus.

213.4
DIFFERENTIAL CELLULAR DISTRIBUTION OF EXCITATORY AMINO
ACID RECEPTOR SUBUNITS ON THE M-CELL OF TELEOST
C. Sur. R. Wenthold and A. Triller*. INSERM U26l Institut Pasteur, 75015
Paris and NIH, Bethesda, Maryland.
The localization of AMPA1, 2/3, 4, and NMDA1 receptor subunits was
determined on vestibular and reticular neurons. The distribution of these
molecules was further analyzed on the Mauthner (M-) cell. The lateral and
ventral dendrites of this identified neuron are easy to recognize, thus allowing a
comparison with the somatic region. In this study, we have used specific
polyclonal antibodies raised against the C-terminus of each isotypes (Wenthold
et al., 1992, J. Biol. Chem. 267:501).The immunoreactivity (IR) was analysed

with immunofluorescence and confocal microscopy.
Receptors were detected at the surface of small and large neurons located in
the vestibular and reticular nuclei as well as on the dendrites and soma of the
M-cell. In all cases, fluorescent dots of various sizes were detected. Compared to
large vestibular and reticular neurons, the small cells exhibited larger clusters of
AMPA1 and 4. The staining was identical on the membrane of large and small
neurons for AMPA2/3 and NMDA1. On the M-cell, AMPA2/3 and NMDA1
were present as small spots (0.46-0.51 pm2) on the extremity of the lateral
dendrite where they delineated large circular areas (70-90 pm2) corresponding
to the apposition zone of vestibular primary afferents. These isoforms were more
abundant on the ventral dendrite where they also form clusters (0.77-0.89 pm2).
A weaker staining of AMPA1 and 4 was detected all over the M-cell. The
AMPA1, 4 and NMDA1, but not AMPA2/3, subunits were also observed on
glial cells delineating the axon-cap.
These results reveal a diversity in the cellular organization of postsynaptic
excitatory receptors. They suggest a colocalization of AMPA2/3 and NMDA1
glutamate receptor channels at glutamatergic synapses which undergo longterm potentiation (Yang et al., 1990, Nature 348:542), and demonstrate the

existence of glial cells expressing both AMPA and NMDA receptors.

490

EXCITATORY AMINO ACID RECEPTORS:

LOCALIZATION

TUESDAY AM

213.5

2l3.6

INFLUENCE OF OVARIAN STEROIDS ON THE DISTRIBUTION OF
GLUTAMATE RECEPTORS IN THE RHESUS MACAQUE HIPPOCAMPUS.
S.G. Kohama,* V. Garyfallou. and H.F. Urbanski. Division of Neuroscience,
Oregon Regional Primate Research Center, Beaverton, OR 97006.
To determine whether ovarian steroids can influence the distribution pattern
of glutamate receptors in the hippocampus of primates nine ovariectomized
rhesus macaques (Macaca mulatta) were exposed to one of the following
paradigms: (1) estradiol for 4 weeks, (2) estradiol for 4 weeks plus
progesterone for the last 2 weeks, (3) no steroid replacement therapy. Their
brains were fixed with 4% paraformaldehyde (pH 9.5) and frozen sections
processed either for immunocytochemistry (using antibodies specific to GluRl,
GluR2/3, or GluR4) or in situ hybridization histochemistry (using a “S-labeled
450-bp NMDAR1 antisense riboprobe; hybridization was performed at 5O*C
and ultimately washed at 6O*C in 0.1 x SSC; the sections were then apposed
to autoradiography film which was subsequently subjected to densitometry).
The immunocytochemistry revealed differential distribution of the GluR1-4
receptors in the various hippocampal areas and layers of the entorhinal cortex,
staining of the GluR2/3 receptors being the most intense and widespread.
However, there was no obvious difference in the receptor staining patterns
between the three steroid-treatment groups.
The in situ hybridization
histochemistry revealed distribution of NMDAR1 mRNA throughout the
hippocampus and adjacent regions, with the following order of prevalence:
dentate granule layer>CA3>CA1>subiculum; the entorhinal cortex had several
distinct layers of hybridization, with levels of mRNA similar to those in the
subiculum except for the basal layers which in general hybridized more
strongly. However, the overall NMDA receptor mRNA distribution pattern was
similar in all of the animals, regardless of their previous sex-steroid treatment.
Although it is possible that subtle differences might be revealed by silver grain
counting of photographic emulsion-dipped sections, the present data do not
support the idea that ovarian steroids significantly influence the distribution
pattern of hippocampal glutamate receptors.
Grant support: NIH HD-29186, HD-24312, NSF 93-09368 and ADCO.

REGIONAL DISTRIBUTION OF GLUTAMATE RECEPTORS IN THE
CEREBELLUM OF RHESUS MACAQUES. V. Garyfallou. S.G. Kohama. and
H.F. Urbanski.* Division of Neuroscience, Oregon Regional Primate Research
Center, Beaverton, OR 97006.
Radioligand binding studies have shown that the cerebellum contains an
abundance of glutamate receptors of various subtypes. In the present study,
immunocytochemistry was used to examine in more detail the distribution of
glutamate receptors in the cerebellar cell layers of the rhesus macaque
(Macaca mulatta). Paraformaldehyde (4%) fixed brains were sectioned while
frozen
(20 pm)
and then incubated overnight with antibodies,
specific to either the GluR1, GluR2/3, GluR4, or GluR5,6,7 glutamate receptor
subtypes. The sections were then incubated with biotinylated secondary
antibody and further processed using the avidin-biotin-peroxidase system with
either diaminobenzidine or nickel chloride/diaminobenzidine as the chromogen.
Overall, the molecular layer of the cerebellum showed the most intense
immunostaining, regardless of which primary antibody was used.
Nevertheless, under light microscope examination clear differences were
apparent in the cellular staining using the four different antibodies. GluR5,6,7
staining was the most widespread, occurring predominantly in the dendrites
of the Purkinje cells but also in the neighboring Bergmann glia. Intense
staining also occurred in the basket/stellate cells of the molecular layer and
moderate staining occurred in medium-sized soma located in the granular
layer. GluR2/3 staining showed a similar pattern to GluR5,6,7 except that
staining of the Purkinje cell soma was more intense and more consistent; also,
no obvious GluR2/3 staining occurred in the Bergmann glia. In contrast,
neither GluR1 nor GluR4 staining occurred in the Purkinje cells or the
basket/stellate cells, although the Bergmann glia of the Purkinje cell layer and
adjacent molecular layer showed intense staining. Some GluR1 staining, but
not GluR4, also occurred in medium-sized soma of the granular layer. Taken
together, these data demonstrate differential distribution of glutamate receptor
subtypes in the various cell layers of the non-human primate cerebellum.
Grant support: NIH HD-29186, HD-24312, RR-00163 and NSF 93-09368.

213.7

2l3.8

LAMINAR DISTRIBUTION OF GLUTAMATE RECEPTORS IN RAT
SOMATOSENSORY CORTEX. YKKharazia.1* A^RSiPU? RJ.WffltflOld2
RJ. Weinberg1 ^pt. Cell Biology & Anatomy, UNC, Chapel Hill, NC 27599;
2Laboratory of Otolaringology, NIH, Bethesda, MD 20892.

A STUDY OF THE EXPRESSION OF N-METHYL-D-ASPARTATE
RECEPTOR mRNA IN RAT BRAIN BY NON-ISOTOPIC IN SITU
HYBRIDIZATION. G. Bustos*. M.E. Andres. S. Araneda and K Gysling.

An immunocytochemical study of the distribution of glutamate receptors was
performed in S-I cortex of Sprague-Dawley rats using antisera for GluRl,2/3,4, and
NMDAR1 (Wenthold et al.,’92,93). The GluRl antibody intensely stained perikarya
and dendrites of bi- and multipolar nonpyramidal cells in all layers and subcortical
white matter. A few large pyramids in layer Y and some small pyramidal cells in
upper layers were also densely stained for GluRl. Most cells in layer IY were
negative, though clusters of ascending apical dendrites crossing this layer were
stained. Intensely-stained spiny dendritic arbors were numerous in superficial layer I.
Pyramidal neurons in layers II and Y, and fusiform neurons in deep YI were intensely
stained by GluR2/3. Staining in layer IY was weak, but more prominent than staining
for GluRl. GluR4 intensely stained a population of cortical astrocytes, especially in
layers I-IY and subcortical white matter.
A distinct population of flattened astrocytes were seen at the cortical surface.
Pyramidal cells in layer Y were stained more intensely for GluR4 than other cortical
neurons. NMDAR1 stained perikaria of both pyramidal cells and layer IY granule
cells, as well perikarya and dendrites of some nonpyramidal neurons. We investigated
whether GluRl-positive cells might be inhibitory intemeurons by using double
immunostaining with GABA or GAD antiserum. 20-30% of strongly GluRl cells
contained GAD and/or GABA, (especially common in layer YI). The possible
neurotransmitter content of the remaining GluRl neurons is now under investigation.
Supported by NIH # NS-29879 (to RJW).

Lab. of Biochemical Pharmacology, Dept. of Cell and Molecular Biology,
Faculty of Biological Sciences, Catholic University, Santiago, Chile.
The N-Methyl-D-Aspartate receptor (NMDA-R) may play a function
in plastic changes associated to memory, learning and neuronal damage.
The recent cloning of the subunits of the NMDA-R has permitted to
study its genetic expression in the brain. This work uses non-isotopic
hybridization techniques to look at the expression of NMDA-R mRNA
s^^i^r^Lts in different brain regions of rats kept in normal conditions as
well as following partial or total lesioning of the nigro-striatal DA

pathway.
Tissue brain slices (15 um) from male
Sprague-Dawley rats, were
incubated in the presence of oligodeoxinucleotides (Oligo)
complemennaries to the mRNA of subumts NR1 and NR2C of the
NMDA-R.
The Oligo probes were labeled with digoxigenin (DIG).
Hybridization signals were detected with anti-DIG antibody conjugated
with alkaline phosphatase.
Hybridization signals corresponding to the NR1 mRNA were observed
in the hippocampus, cortical brain area, cerebellum, midbrain and brain
stem region. Abundant hybridization signals were observed in cells of
the substantia nigra zona reticulata.
An increase of the NR1 mRNA
label was observed both in the caudate nudei-putamen and substantia
nigra, following DA cell destruction with 6-OH-DA.
This study
indicates that non-isotopic hybridization may be suitable to study
regulation of NMDA-R subunits expression in the brain. (Supported by
FONDECYT Grant N 193-0555).

2l3.9

2l3.l0

GLUTAMATE RECEPTORS ON NERVE ENDINGS AND NEUROENDOCRINE
CELLS OF THE PITUITARY. D.R. Giovannucci and E.L. Stuenkel*. Dept, of
Physiology, University of Michigan Medical School, Ann Arbor, Ml 48109.
Glutamate is the predominant excitatory neurotransmitter in the vertebrate
CNS with actions mediated through post-synaptic receptors either directly
coupled to calcium-permeable ion channels (ionotropic) or to G-proteins
(metabotropic). AHhough glutamate has been shown to be present in the
pituitary, little has been done to elucidate its role in the regulation of peptide
secretion. Isolated rat neurohypohysial nerve endings and melanotrophs
were loaded with 1 pM fura-2 AM and changes in cytosolic calcium

ULTRASTRUCTURAL LOCALIZATION OF NMDA R1 GLUTAMATE
RECEPTOR IMMUNOREACTIVITY IN THE EXTENDED AMYGDALA.
K.N. Gracy and V.M. Picker. Div. of Neurobiology, Dept. of Neurology
and Neuroscience, Cornell University Medical College, New York, NY

concentration were determined in response to bath- or pressure-applied
glutamate or selective agonists of glutamate receptor subtypes. We found
that isolated peptidergic nerve endings of the neural lobe and single
melanotrophs of the neural intermediate lobe respond to glutamate with
increases in cytosolic calcium. A subpopulation of nerve endings (14/36)
responded to 100 pM glutamate or NMDA application with a calcium increase
50 nM above basal. This response was poteniated by 100 pM pregnenolone
sulfate and abolished by inclusion of 1 mM Mg2+ or 10 pM MK-801 in the bath
or by the removal of extracellular calcium. Most melanotrophs (> 90%)
responded to glutamate application with an average increase in calcium
concentration of 200 nM, and this response is attenuated but not abolished by
Mg24, MK-801, and CNQX. In addition, melanotrophs respond to applications

of NMDA, kainic acid, or AMPA (1-200 pM). Removal of extracellular calcium
abolishes the response to glutamate and the selective agonists. Therefore,
the NMDA-subtype is likely the major glutamate receptor present on nerve
terminals, while melanotrophs express both NMDA and AMPA/kainate
receptors.
We demonstrate a NMDA receptor that is "presynaptic" and
suggest glutamate may modulate peptide secretion.
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The NMDA type glutamate receptor in the extended amygdala has
been implicated in long-term potentiation and other functions directly or
indirectly attributed to the entry of calcium. We examined the
immunocytochemical localization of a rabbit polyclonal antiserum
directed against a peptide sequence within the R1 subtype of the NMDA
receptor to determine cellular substrates for these actions.
Immunoreactivity in cells and processes was most prominently seen by
light microscopy in the basolateral amygdaloid complex (BLA) and in the
bed nucleus of the stria terminalis (BNST). Electron microscopy
revealed diffuse peroxidase labeling of soma, dendrites and terminals
of neurons in both regions. However, in the BLA the most intense
peroxidase product was associated with the post-junctional dendritic
plasma membrane at asymmetric synapses and neighboring astroglial
processes. Saccules of smooth endoplasmic reticulum within dendrites
were also intensely labeled. Within the BNST, the most intense peroxide
reaction product was associated with unmyelinated axons. We conclude
that the NMDA R1 receptor prominently mediates postsynaptic actions
in neurons in the BLA and is most likely transported to these receptive
sites via smooth ER. The results also support presynaptic axonal and
distal glial modulation through NMDA R1 receptor activation in the
BNST. (Supported by NIMH grants MH4O342 and MH48776)
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DETECTION OF NMDAR2 IN THE POSTSYNAPTIC DENSITY OF RAT
BRAIN. K. Wu*1.2. P.C. SuenL2. R j . Wenthold3. S.Y. Lin1 -2. Y. Huang4-5 and
I.B. Black1*2. ’Dept. Neurosci. and Cell Biol., UMDNJ/RWJ Med. Sch. and
2Program in Physiol, and Neurobiol., Rutgers-The State Univ. of NJ, Piscataway,
NJ 08854; 3Lab of Neurochem., NIDCD, NIH, Bethesda, MD 20892; 4Div.
Neurosci., NYSPI and 5DepL Psychi., Columbia Univ., New York, NY 10032.
The A/methyl-D-aspartate (NMDA) receptors play crucial roles in synaptic

AGE-RELATED CHANGES IN NMDA RECEPTOR SUBUNITS J.Jean
Mitchell*. . M.S. Sapper. T.S. McGraw. D.T. Monaghan and K.J. Anderson Depts.
Physiological Sciences and Neuroscience, Univ. Florida & Dept. Pharmacology,
Univ. Nebraska.
Much evidence has accumulated suggesting that a reduction in receptor-mediated
neurotransmission via N-methyl-D-aspartate (NMDA) receptors may underlie agerelated changes in neuronal plasticity. One means by which NMDA
neurotransmission may be reduced in aged animals is by an alteration in the NMDA
receptor/channel complex itself. We have used subunit speicfic probes (cDNA,
45mer) to examine the effects of aging on mRNA coding for the subunits of the
NMDA receptor complex. Six, twelve and twenty-four month old male F-344 rats
were used in these studies. Preliminary data show significant reduction in mRNA
coding for the key subunit of the NMDA complex, NMDAR1. Middle-aged animals
showed significant decreases in the outer frontal cortex (OFCtx), the inner frontal
cortex (IFCtx), the lateral striatum (LSTr), and hippocampal area CA3 when
compared to young-adult controls. Aged animals showed significant decreases in
all brain regions analyzed with the exception of the molecular layer of the dentate
gyrus. The areas showing the greatest percentage of decline in aged animals were
the entorhinal cortex> lateral thalamus> LSTr> OFCtx> IFCtx> hippocampal areas
CA1 and CA3. Splice variants of NMDAR1 that do not contain the 21 amino acid
insert at the extracellular amino terminal region showed significant decreases in the
ERC and CA3 region of the hippocampus in aged subjects. The remaining
NMDAR1 splice variants, as well as NMDAR2 subunit family (NMDAR2A-D),
were not significantly different from six-month-old controls. This decrease in
mRNA coding for NMDA receptor subunits can be correlated to loss of receptor
protein by ligand-binding techniques. Loss of NMDA specific populations of
NMDA receptors may contribute to aging-related loss of cognitive function.
Supported by AG-08843.

plasticity, excitotoxicity and synaptogenesis. The receptors can be reconstituted as
heteromeric structures from two subunit types, the NMDAR1 (NR1) and one of
four NMDAR2s (NR2A-NR2D). The NR2 subunits potentiate NMDA receptor
activity in heteromeric assemblies with NR1 and confer functional variability. The
specific localization of different NMDA receptor subunits and the heteromeric
composition in the brain, however, remain unclear. Yet, such information is
necessary for understanding functions of various NMDA receptors. We have
previously demonstrated that NR1 is enriched in the postsynaptic density (PSD),
an electron-dense, subcellular organelle that appears to be crucial for synaptic
function. Here, we report that NR2A, B and C, similar to NR1, were all enriched in
the PSD, based on Western blot analysis using subunit-specific antibodies. To
define regional distribution, we examined the NR2s in PSD fractions isolated from
cerebral cortex, cerebellum, olfactory bulb and hippocampus. While NR2B was
not detectable in the cerebellum, NR2C was expressed only in this brain region. In
the other brain regions examined, NR2A and NR2B were expressed in a regionspecific manner, with the highest levels in cerebral cortex. Moreover, levels of
NR2A and NR2B were developmently regulated, reproducing findings for NR1.
Our results suggest that NR2s are intrinsic components of the PSD and that
NMDA receptors in the PSD are heteromeric complexes, potentially conferring
functional variability. Finally, developmental regulation of expression may
contribute to altered synaptic plasticity during development and maturity.

213.13

213.14

DEVELOPMENTAL AND REGIONAL EXPRESSION IN THE RAT BRAIN
OF mRNAs ENCODING TWO NR1 VARIANTS OF NMDA RECEPTOR
SUBUNITS. AMikL A-Esrnar<L LFfirhaUMoifiju-P, Knvfman*,
Y.Ben-ArL H.Pollard and M.Khrestchatisky, INSERM Unite 29, 123 BD de
Port Royal 75014 PARIS.’Departement of Psychiatry, UCLA school of
medicine 92024 LA.CA.USA.
Two families of NMDA receptor subunits have been cloned: the NR1 and
NR2 types. Functional receptors result from the combination of NR1 with
either one of the NR2 subunits (A, B, C or D). At least seven NR1 isoforms
are generated by alternative splicing. Such isoforms are characterized by
the presence and/or absence of insertions in their C- and N-terminal regions.
It seems that isoforms possessing an insertion in the N-terminal region have
a low affinity for NMDA and their responses to this agonist are not
potentiated by spermine. We have studied by RT-PCR and in situ
hybridization in the developing and adult rat brain the expression of the
mRNAs encoding the N-terminal variants. Our results show specific
spatial and temporal changes of both transcripts (with or without
insertion). At birth, the variant without the insertion is already expressed
at high levels and expression increases during ontogeny to peak between
P10 and P2l. In the adult this variant is expressed at high levels in most
CNS structures including cortex, hippocampus, cerebellum, striatum and
olfactory bulb. Expression is lower in the thalamus. The variant containing
the insertion appears later in the development (detectebale after P4) and
levels increase subsequently. In the adult expression is most conspicuous in
the cerebellum and thalamus. Lower levels are detectable in the cortex,
hippocampus and olfactory bulb. Expression in the striatum is barely
detectable.

NMDA RECEPTOR DOMAINS: REGIONAL VARIATION IN THE
DENSITIES AND PROPORTIONS OF BINDING SITES. T. Matsunaga*.
A. Mukhin, and E.D. London. NIDA IRP, f$IH, Baltimore, MD 21224.
The NMDA receptor is a polymeric complex that forms a cation channel.
Several domains where endogenous substances or drugs can influence
activation of the channel have been identified by ligand-binding and
electrophysiological studies. The domains include recognition sites for
NMDA, glycine, polyamines, and noncompetitive antagonists, such as
dizocilpine. Furthermore, the use of probes specific for various subtypes of
the receptor has revealed regional differences in the expression of the
subtypes of NMDA receptor subunits (S. Nakanishi, Science 258:597, 1992).
We used [3H]dizocilpine (DIZ), [3H]dichlorokynurenic acid (DCKA) and
[3H]CGP 39653 (CGP) as radioligands to measure the binding to channel

sites, glycine recognition sites and NMDA recognition sites, respectively. We
observed regional differences in the densities of binding sites (Bmax)
obtained with each of the radioligands tested in the rat brain and spinal cord.
Values of
for all three ligands were greatest in the frontal cortex (FC)
and the hippocampus (HP), intermediate in the striatum (ST), and lowest in

the cerebellum and spinal cord.
The relative proportions of the three types of binding sites varied regionally.
In FC, HP and ST, the densities of d Ck A binding sites were 60%, 50% and
30% higher than the densities of DIZ binding sites, respectively. The
densities of CGP binding sites in FC and HP were 40% and 30% higher than
those of DIZ binding sites, respectively, but no difference between Bmax of
the two radioligands was assayed in ST.
These observations are consistent with the view that the subunit
composition of NMDA receptors varies in different brain regions and suggest
that a single channel complex may have more than one binding sites for
NMDA and/or glycine.

213.15

213.16

CHARACTERIZATION OF ANTISERA TO NMDA R2A AND R2B
SUBUNITS: DISTRIBUTION AND DEVELOPMENTAL PROFILES IN
RAT BRAIN Y.-H.Wanq. T.Z.Bosv. S.VicIni*. R.P.Yasuda.
B.B.Wolfe*. Dept Pharmacology and *Dept. Physiology,
Georgetown Univ. Sch. of Med., Washington,D.C. 20007.

IN SrrU HYBRIDIZATION ANALYSIS OF AMPA RECEPTOR GENE
EXPRESSION IN THE DEVELOPING SPINAL CORD. Michael W.

Sequences corresponding to amino acids 915 to 1423 (for 2A)
and 909 to 1433 (for 2B) were subcloned into the expression vector
pGEX3b. Fusion proteins were purified and used as antigens in
rabbits. Antisera were affinity purified and utilized in a quantitative
Western blot analysis. Cells transfected with a combination of NMDA
R1A and R2A or R2B subunits were shown to express functional
receptors by electrophysiology and were examined with these two
antibodies. Each cell line shows a single band at 165 Kd (2A) or 170
Kd (2B). No cross-reactivity was seen. Similarly, in membranes from
rat brain only a single band was found which corresponded to the
expected molecular weight. Fusion proteins were used to generate
standard curves and amount of subunits was quantified using
densitometry. Rat brains were dissected into 8 areas and amounts of
2A and 2B subunits as well as 3H-MK801 binding sites were

determined and compared. In other experiments, the ontogeny of 2A
and 2B subunits were examined in cerebellum and other brain areas.
In cerebellum, the 2A subunit was barely detectable at 2 days after
birth. Levels of this protein rose dramatically between day 11 and day
28, after which levels plateaued. The 2B subunit, on the other hand,
was expressed at high levels from day 2 to day 11 post-partum and
declined precipitously to undetectable levels by day 21. (Supported by
NS28130, AGO9973, and AGO9884)
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Jakowec*. Lai-Hsinq Yen.-amUFR^bM

Kalb- Dept. Neurology,

Yale University School of Medicine, New Haven, CT. 06510.
In early postnatal life, glutamatergic synaptic neurotransmission
plays a central role in the acquisition of the mature motor neuron
phenotype. To better understand this phenomena we characterized
the molecular composition of AMPA receptors in the developing
spinal cord using in situ hybridization. First, the level of GluR

subunit gene expression is much greater in all regions of the spinal
cord in neonatal versus adult animals. This down regulation is most
marked for GluR1 transcripts and least dramatic for GluR4. In
addition, qualitative changes in subunit expression occur. For
example, AMPA receptors in the adult ventral horn are likely to be
composed of GluR1 Flop, GluR3Flop, and GluR4Flop, while
receptors in the adult substantia gelatinosa are composed of
GluR1 Flip&Flop, GluR2Flip, GluR3Flop, and GluR4Flop. This
contrasts AMPA receptors in the neonatal ventral horn and
substantia gelatinosa which are potentially composed of
GluRI Flip&Flop,
GluR2Flip,
GluR3Flip&Flop,
and
GluR4Flip&Flop. Both qualitative and quantitative changes in the
AMPA receptor subunit composition are likely to have an important
effect on the electrophysiological properties of motor neurons and
may play a significant role in the activity-dependent development
of spinal cord motor neurons. (Supported by the NIH and Muscular
Dystrophy Association.)
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NON-NMDA GLUTAMATE RECEPTOR EXPRESSION IN
NEURAL PRECURSOR CELLS FROM THE RAT NEURAL CREST.
S. Scherer* and V. Gallo. Lab. Cell. Mol. Neurophysiol., NICHD,
NIH, Bethesda, MD 20892.
The mammalian neural crest gives rise to a large variety of cell types in
vivo. Of particular interest are the neural epithelial precursors, or stem
cells, capable of generating neurons and Schwann cells of the peripheral

GLUTAMATE RECEPTORS IN EMBRYONIC HYPOTHALAMUS. A.N.van
den Pol*. K.Cbrietan, V.Cao, P.O.Tnamblev Dept . Biol.Sci.
Stanford Univ. Stanford,Ca.94305 and Sect. Neurosurg. and
Neurobiol., Yale Univ. New Ha.ven,CT. 06520.
We used Ca2+ digital imaging with fura-2 and whole
cell patch-clamp recording to study the early expression
of glutamate receptors in 10,966 hypothalamic cells after
0 to 80 days in vitro (DIV) . E15 cells studied at O DIV
showed C?* rises and inward current with 100 uM kainate,
NMIAA, glutamate, and 30 uM AMPA. Many individual cells at
this early stage of development shewed Ca2+ rises and
inward current with several different agonists. Over the
next few days, the percent of responding cells, mean Ca2+
rise, and mean current increased. E15 cells (1 DIV)
stimulated with 100 uM kainate shewed similar Ca2+ rises
to three 3 min applications; older 6 DIV cells shoved a
larger
initial response,
but decreasing
secondary
responses. By 4 DIV, 95% of the neurons responded to 100
uM NCAl ; the mean C&2+ rise increased from 1 DIV (+27+3
SE nM) to 11 DIV (+242+10 nM) . 100 uM AP5 and 10 uM CNQX
caused Ca2+ decreases begining at 3 DIV, but not sooner.
By 5 DIV, 77% of the cultured neurons shewed Ca2+ falls
with perfusion of CNQX and AP5,
indicating blockade of
glutamate secretion from other hypothalamic neurons.
These results suggest that glutamate acting through Ca2+
would be able to play a major role in modulating cell
structure, neuritic outgrowth, and gene regulation in
early stages of hypothalamic development.

nervous system. We have isolated and cultured neural crest cells from
embryonic day 10 (E10) rat embryos to* follow the developmental
progression of non-NMDA ionotropic glutamate receptor subunit
expression. These cells were found to express the intermediate filament
protein nestin, as determined by reverse transcription - polymerase chain
reaction (RT-PCR) and immunocytochemistry. Preliminary RT-PCR
analysis of neural crest cell RNA suggests that these cells express
message for the kainate-preferring subunits GluR7 and KA2.
Furthermore, RT-PCR data from whole E10 embryos demonstrate
additional message for the subunit GluR6. These results suggest that
expression of kainate-preferring glutamate receptors may be important in
the development and differentiation of very early, non-committed neural

progenitors.

213.19

213.20

IONOTROPIC GLUTAMATE RECEPTOR SUBUNIT EXPRESSION BY
CHOLINERGIC NEURONS IN THE RAT PEDUNCULOPONTINE AND
LATERODORSAL TEGMENTAL NUCLEI. W.L. Inglis* and K. Semba Dept.
of Anat. & Neurobiol.. Dalhousie Univ.. Halifax, Nova Scotia, Canada B3H 4H7.
The distinguishable effects of excitotoxins in the mesopontine tegmentum (Brain
Res. 589: 181 [1992]) presumably result from differences in the relative expression
of glutamate receptor subtypes on neurons in this region. Using a standard
immunohistochemical ABC-DAB protocol, we compared the pattern of AMPA
receptor subunits GluRl, GluR2/3 and GluR4 (Chemicon), kainate receptor
subunits GluR5/6/7 (Pharmingen) and an NMDA receptor subunit NMDAR1
(Pharmingen) on cholinergic (NADPH-diaphorase-positive) neurons in the
mesopontine tegmentum. In general, immunoreactivity for GluRl, GluR2/3 and
NMDAR1 contrasted sharply with background staining, whereas label for GluR4
and GluR5/6/7 was fainter and often made definition of neurons more ambiguous,
particularly in the central gray. In the laterodorsal tegmental nucleus, GluRl-4
were co-localised with up to 45 % of cholinergic neurons but double-labelling was
never seen in the more scattered, medially-located neurons in this structure. In
comparison, the percentage of double-labelling was always higher in the
pedunculopontine tegmental nucleus, particularly when comparing the distribution
of GluRl. GluR5/6/7-like immunoreactivity in the area defined by diaphorasepositive neurones was ' only clearly visible ventral to the superior cerebellar
peduncle, where more than 50% of cholinergic neurons were typically doublelabelled. Localisation of NMDAR1 receptor subunits with cholinergic neurons was
relatively uniform (50-60%) throughout the tegmentum. Since each ionotropic
subunit confers distinctive properties to a receptor channel, these results suggest
that pontine cholinergic neurons are heterogeneous with respect to their
postsynaptic excitation by glutamate. Supported by The Wellcome Trust
(038117/Z/93) and the MRC of Canada (MT-11312).

"INDIRECT EXCITOTOXIN" LESION OF LAYER III IN RAT ENTORHINAL
CORTEX PRODUCES GLUTAMATE RECEPTOR CHANGES IN
HIPPOCAMPUS. C.A. Tamminqa*. X.M. Gao. F. Du and R. Schwarcz.
M.P.R.C., Department of Psychiatry, U.M.A.B., Baltimore MD 21228
In rats, neurons in layer III of entorhinal cortex (EC) project
bilaterally and directly to hippocampal area CA, and subiculum; these
neurons can be selectively lesioned by local e C injection with amino-

EXCITATORY AMINO ACID RECEPTORS:

oxyacetic acid (AOAA) (Du, Neurosci. Lett. 147:185, 1992). The effects of
this lesion on glutamate receptor subtypes in the hippocampus, especially

in CAl should indicate the glutamate receptor targets of these EC
neurons. The densities of N-methyl-D-aspartate (NMDA), kainate (KA)
and o-amino-3-hydroxy-5-methyl-4-isoxazolepropionate (AMPA) receptor
binding were determined in the ipsilateral (I) and contralateral (C)
hippocampi at 1 and 7 days following a unilateral AOAA injection using
autoradiographic technique.
After AOAA treatment, NMDA receptor
binding was significantly increased in CA1 bilaterally after 1 day (21%, I;
42%, C) and after 7 days (48%, I; 38%, C). NMDA receptor binding was
also significantly increased in the molecular layer of the dentate gyrus, but
only on the contralateral side, after 1 and 7 days (24% and 45%). In
contrast, KA receptor density was augmented by 20% in CA2 and 13% in
CAg on the ipsilateral side at day 1, without change at day 7. AMPA
receptor binding remained unchanged in the hippocampus at both time
points. These data indicate that selective lesion of layer III of EC, with the
consequent selective deafferentation of one afferent pathway of the
hippocampus, leads to a differential increase in EAA receptors in distinct
hippocampal areas. The possible relevance of these results for the
pathophysiology of schizophrenia (Ulas, Schiz. Bull. 19:105, 1993) and
temporal lobe epilepsy (Du, this meeting) is currently under investigation.

EXPRESSION AND SPLICE VARIANTS

214.1

214.2

ANALYSIS OF THE NMDAR1 GENE PROMOTER IN PC12
CELLS. G. Bai* and J.W. Kusiak. Mol. Neurobiol. Unit, Gerontology Research
Center, NIA, NIH, Baltimore, MD 21224.
The glutamate receptor subunit, NMDAR1, is widely and specifically expressed in
the neurons of the central nervous system. We previously reported a 3-kb sequence
containing the rat NMDAR1 gene promoter, which has the characteristics of a housekeeping gene. In order to understand the role of the promoter in neuronal-specific
expression of NMDAR1, chimeric constructs of a series of 5’-deletions of the 3-kb
promoter linked to a luciferase gene were transiently transfected into neuronal-like
PC12, C6 glioma and Hela cells. Endogenous NMDAR1 message was detected only
in PC12 cells and was transcribed from the .same start sites as in brain. The sequence
•356 to -1, relative to the first codon and including all transcription start sites,
activated luciferase expression exclusively in PC12 cells more than 350 fold above
the promoter-less luciferase gane. A further 5’ 112 bp deletion abolished its activity.
Band shift experiments revealed three double-band complexes (Cl-3) of similar
intensities in PC12 cells using a fragment containing this 112 bp sequence. Cl was
not removed by unlabeled DNA probe and is non-specific. C2 and C3 were both
competed specifically by SP1 oligonucleotide, but only the lower band of the C3
doublet (C3-A) was supershifted by a polyclonal SP1 antibody. Immunoprecipitation
of crude nuclear extract with SP1 antibody prevented formation of C2 and C3 bands.
Purified human SP1 protein alone did not bind this DNA fragment, but potentiated
the C3-A band in the presence of native, not boiled, nuclear extracts. C3-A is the
only predominant band in Hela cells and all complexes are faint in C6 cells. A PC12
cell nuclear extract protected an antisense sequence containing two successive SP1
motifs proximal to the 2nd major transcription start site from DNase I digestion. A
sense oligonucleotide containing this protected region formed a specific band with the
PC12 cell nuclear extract. This study suggests that 1) a proximal 356-bp sequence
upstream of the first codon may control both basic and cell-type specific expression
of NMDAR1 gene; 2) the formation of a SP1-like protein complex on this sequence
may play an important role in this regulation and 3) a single strand DNA binding
protein may underlie this cell-type specific expression.

CLONING AND TRANSCRIPTIONAL ANALYSIS OF THE 5'
HANKING REGION OF THE RAT GLUTAMATE RECEPTOR
SUBUNIT GENE KA-2. M. Molne* and V. Gallo Lib. Cell. Mol.
Neurophysiol., NICHD, NIH, Bethesda, MD 20892.
In order to identify the cis-acting elements and transacting factors controlling KA-2 gene expression in different
CNS cell types, we have cloned the rat KA-2 gene and its 5'
flanking region. We sequenced the 2Kb region upstream of
the ATG and by primer extension analysis identified the
transcription initiation sites of the gene. In CG-4 cells and in
cortical oligodendrocyte progenitors, several transcription
initiation sites were identified in the regions around -200,
-300 and -5OObp upstream of the ATG. No TATA or CAAT boxes
were found, but clusters of consensus binding sites for
several known transcription factors were detected. We made
chimeric constructs in which the CAT gene was placed under
the transcriptional control.of different lengths of the KA-2 5'
flanking region, and transfected these KA-2-CAT constructs
in CG-4 and in non neural cells. The -2Kb region upstream of
the ATG was able to direct high expression levels of the
reporter gene when transfected in CG-4 cells. The same
construct remained silent when transfected in Hela, 3T3 or
HEK 293 cells. The region between -600 and -58bp upstream of
the ATG was sufficient to maintain tissue-specific expression.
Our results indicate that the region 2Kb upstream of the ATG
of the KA-2 gene contains the promoter and some of the cisregulatory elements necessary to control its expression in
different cells types.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

TUESDAY AM

EXCITATORY AMINO ACID RECEPTORS:

EXPRESSION AND SPLICE VARIANTS

214.3

214.4

STABLE EXPRESSION OF GLUR6(R) IN HEK293 CELLS USING
A TETRACYCLINE INDUCIBLE PROMOTER. John Marshall and
James R. Howe*. Department of Pharmacology, Yale University School
of Medicine, New Haven, CT 06520-8066.

CELLULAR EXPRESSION OF mRNAs ENCODING NMDAR1 (SPLICE
VARIANTS) AND NMDAR2 (A-D) RECEPTOR SUBUNITS IN RAT CNS.
G. Richards*. J.M. Luque. Z. Bleuel and P. Malherbe. Pharma Division, Preclinical
Research, F. Hoffmann-La Roche Ltd, CH-4002 Basel, Switzerland
N-methyl-D-aspartate (NMDA)-activatd ionotropic glutamate receptors in the CNS
are thought to play a crucial role in cognitive processes, neurological disorders as well
as in progressive neurodegenerative diseases. Molecular cloning has identified two
polymorphic subunits -NMDAR1 and NMDAR2- the products of alternative splicing
(NMDAR1 la-4b) or of different genes (NMDAR2 A-D). Heterogeneity of NMDA
receptors, arising through the formation of homomeric or heterooligomeric complexes
of as yet unknown stoichiometry, probably defines their sensitivity to glutamatergic
afferents and drug actions. In this study we examined, by means of in situ
hybridization with 35s-labelled oligodeoxy-nucleotide probes, the distribution of
mRNAs encoding splice variants of NMDAR1 subunits as well as four NMDAR2
subunits (A-D) in the rat CNS. Adjacent series of sections were labelled with the
NMDA receptor antagonist [3h ]MK-801. A restricted expression of subunit
transcripts was apparent in many regions of the CNS, e.g. cerebral cortex (la-4b +
2A,B>C); striatum (la,3a + 2B>A,C); hippocampus (la-4b + 2A,B >C>D);
thalamus (2b,4b>4a + 2B,C>A); locus coeruleus (4a>2a,2b + 2B); cerebellum (la-4b
+ 2C>A>B>D); medulla (2b>4a,4b + 2A,B,C); spinal cord: dorsal hom (3a>4a,4b +
2A>B), ventral horn (4b>2a,4a,2b + 2A>2b ). Moreover, a very discrete NMDAR2B

Stably expressing cell lines are of clear advantage over transient
expression systems for patch-clamp studies or other experiments on
individual cells. However, transfection of ionotropic glutamate receptors
into cell lines often results in Ca2+-dependent cell death, thus making it
difficult to establish stable cell lines. To overcome this problem we have
used an inducible system modified from that published by Gossen and
Bujard (PNAS 89, 5547-5551, 1992). The GluR6(R) cDNA is under
the regulation of a minimal CMV promoter fused to tetracycline operator
sequences. The expression of GluR6 is regulated by a hybrid
transactivator consisting of the tet repressor fused to the activating
domain of VP 16 from HSV. The transactivator itself is also under the
control of the CMV/tetO promoter. In the presence of low concentrations
of tetracycline (0.1-0.2 pg/ml) the transactivator cannot bind to the tet
operator sequences and the expression of GluR6 is prevented. Two to 3
days after inducing expression by removing tetracycline, currents
through GluR6(R) channels of on average 250 pA were recorded at
-80 mV (55 to 1150 pA, n = 15 cells). This level of expression is similar
to that obtained with transient transfection protocols. Noise analysis of
kainate-evoked whole-cell currents and currents in outside-out patches
gave unitary conductance values of about 200 fS, which is similar to the
corresponding value we determined previously using transiently
transfected cells (Marshall & Howe, Biophys. J. 66, A436, 1994).

signal arising from putative Bergman glia cells was detected. Our findings demonstrate
that NMDAR1 splice variants are differentially distributed in the rat CNS and, since
they fall into two pharmacologically distinct groups (with or without a 5’ end 63 bp
insertion), may reveal the distribution of the antagonist- and agonist-preferring
NDMA receptor subclasses, respectively. The structural diversity of NMDA receptors
in defined neuronal populations in the rat CNS could eventually identify potential
targets for drug therapy.

214.5

214.6

REGIONAL EXPRESSION AND PROPERTIES OF NMDA
RECEPTOR SUBUNITS AND SPLICE VARIANTS IN THE RAT
BRAIN. J. Zhong*. D. B. Prichett. K. Williams, and P. B. Molinoff.
Department of Pharmacology, University of Pennsylvania School of
Medicine, Philadelphia, Pennsylvania 19104-6084.

GENE AND PROTEIN EXPRESSION OF NMDA R1 RECEPTORS IN
THE CEREBRAL CORTEX, CEREBELLUM, HIPPOCAMPUS AND
STRIATUM OF THE RAT BRAIN S.Y. Shu* and P.B. Pritchett.
Department of Pharmacology, Univ. of Pennsylvania, PA 19104. *Dept. of
Neurobiology, Neuromedicine Center, Zhu-Jiang Hospital, Guangzhou, China.
The NMDA receptor--one of the most important glutamate receptors--is
composed of subunit proteins. The NMDA R1 subunit is the most widely
expressed subunit and probably part of all NMDA receptor complexes.
In the present study, the cellular localization of NMDA R1 mRNA and
protein in the rat brain were studied by in situ hybridization using a
didgoxygenin labeled antisense RNA probe and by immunohistochemistry
using a monoclonal antibody to the NMDA R1 subunit. The mRNA encoding
the NMDA R1 receptor was detected as a blue color with alkaline phosphatase
staining, while the protein of NMDA R1 receptor stained in a purpleA>lack color
with GDN method[l]. NMDA R1 mRNA was expressed in many neurons of the
brain with different densities: (1) Cerebral cortex: Labeling was in cell bodies
throughout of all cortical neurons with higher density in the frontal cortex,
olfactory lobe and basal forebrain. (2) Cerebellum: All Purkinje cellswith their
dendrites(as R.S. Petralia report<ei[2]) and small neurons in the molecular layer

Regional differences in the pharmacological and functional
properties of NMDA receptors and in the expression of subunit mRNAs
have been observed. Heterogeneity of NMDA receptors in various
brain regions is probably due to differences in the subunit composition
of the receptor. We have used a solution hybridization/RNAse
protection assay to quantitatively determine expression levels of
mRNA encoding NMDA receptor subunits and splice variants in

regions of adult rat brain. In cerebral cortex, hippocampus, striatum,
and olfactory bulb, the major splice variants of NR1 were those without
the 5' insert and with both or neither 3' deletions. In cerebellum and
pons/medulla, however, the major NR1 isoforms were those with the 5'
insert and with both 3' deletions. Similar levels of NR1 and NR2A were
observed in most regions except in pons/medulla, where low levels
were seen.
NR2B was expressed at high levels in cortex,
hippocampus, striatum, and olfactory bulb but was absent in
cerebellum and present in low levels in pons/medulla. NR2C mRNA
was present at high level in the cerebellum. Lower amounts of binding
of [125I]I-MK-801 were observed in cerebellum and pons/medulla than
in the cerebral cortex. Also, stimulation of [125I]I-MK-801 binding by
polyamines was lower in cerebellum and pons/medulla than in the
cortex. Differences in the expression of NR1 splice variants and NR2
subunits may underlie regional variations in the pharmacological
properties of NMDA receptors. (Supported by USPHS grant GM
34781.)

were darkly stained blue. (3) Striatum: A lot of medium neurons of the
striatumand the fusiform neurons in the marginal division were stained in a
bright blue color. (4) Hippocampus and dentate gyrus: The pyramidal neurons of
hippocampus and granule neurons in the dentate gyrus were darkly stained. The
resultsof the immunohistochemistry were similar to those of in situ hybridization
staining. The precise location of NMDA R1 receptors may define the role of
these neurons in the neuronal excitation, plasticity and toxicity in the normal and
disease conditions.
[1] Shu, S.Y. et al. J. Med. CoU. PLA., 1993:120-124.
[2] Petratia R.S. et al: Soc. Neurosci. Abst., Vol. 19:473

214.7

214.8

HETEROGENEOUS DISTRIBUTION OF THE NMDAR1 mRNA SPLICE
VARIANTS IN THE HUMAN HIPPOCAMPAL FORMATION AND
PARAHIPPOCAMPAL CORTEX. X.F. Huang*. G. Dixon. N. Pi Girolamo.
S.Y. Catts, P.B, Ward. G. Paxinos. P. Wakefield, and A. Lloyd. Schools of
Psychology, Psychiatry, & Pathology, University of New South Wales, Sydney
2033, Australia
The NMDA (N-methyl-D-aspartate) receptors play an important role in the
mediation of excitatory neurotransmission, learning, and memory. Using in situ
hybridization techniques we have studied the expression of three alternatively
spliced mRNA variants of human NMDAR1 (designated here NMDAR1 a, b, &
c; Foldes et al., Gene, 131:293-8,1993). Oligonucleotide probes were designed
as follows: "a" to detect all NMDAR1 mRNA, "b" to detect splice variants b and
c, and "c" to detect splice variant c only. Human brains were obtained with a
postmortem delay of 4 to 24 hours from individuals without known neurological
disease. Serial 12 pm sections were divided into four groups for detection of
NMDAR1 with "a", "b", & "c" probes and for demonstration of Nissl substance.
Nissl preparations permitted a comparison of the total population of neurons with
those expressing NMDAR1 mRNAs. The NMDAR1 mRNA detected by the "a"
probe showed broad expression in all areas examined accounting for the majority
of neurons observed in Nissl preparations. The mRNAs detected by the "b" and
"c" probes were similar to each other in distribution and were significantly less
widespread in the polymorphic layer of the dentate gyrus, the hippocampus
proper, and subicular complex, although widely expressed in the granule cell
layer of the dentate gyrus. The NMDARlb & c mRNAs were expressed by
virtually every neuron of the granule cell layer in the dentate gyrus and were
virtually absent in the entorhinal cortex. In areas TE and TH, pyramid cells
expressed NMDARlb & c mRNAs but only very few interneurons did so. Thus
the distributions of NMDAR1 mRNA splice variants are heterogenous in the
human subiculum and entorhinal cortex. Similar alternative splicing variants in
the C-terminus of glutamate receptors exhibit altered receptor channel properties.
This study is supported by a grant from the NH&MRC of Australia.

SOLUBILIZATION AND IMMUNOPRECIPITATION PROPERTIES OF
THE NMDA RECEPTOR USING ANTIBODIES TO NR1 SPLICE
VARIANTS AND NR2 SUBUNITS. J.Blahos*. R.J.Wenthold. Laboratory
of Neurochemistry, NIDCD, NIH, Bethesda, MD 20892
Physiological functions of the NMDA receptor are believed to be
related to subunit composition, splice variant expression and interactions
with regulatory and cytoskeletal proteins at postsynaptic densities. To
determine biochemical properties of the NMDA receptor complex and its
interactions with other proteins we are studying solubilization and
immunoprecipitation properties of the NMDA channel subunits.
Detergents with different levels of protein denaturation (Triton X-100,
sodium deoxycholate, sodium dodecyl sulfate) and different ionic and
pH conditions were used to solubilize rat brain membranes. Antibodies
raised against NR1 subunit splice variants were made to synthetic peptides
corresponding to
sequences specific for N-terminus insert
(SKkrnyenldqlsy
dnkrgpk
), deletions 1 (Drksgraepdp
) and 2
(LQNQKDTVLPRRAIEREEGQLQLCSRHRES), and the variant C terminus
(DITGPLNLSDPSVSTVV). Three different antibodies recognizing only NR2A,
NR2B, or NR2C subunits and antibodies recognizing both A and B
subunit were also used. Co-precipitation of proteins was detected with
western blot analysis. Our results suggest that all known NR1 splice
variants and NR2 subunits are incorporated into receptors complexes
containing other subunits. For example immunoprecipitation with an
antibody to one C-terminus on NR1 also precipitated NR1 subunit with
the novel C terminus found in some splice variants indicating the same
receptor complex contains 2 or more NR1 subunits. Differences in coprecipitation due to various detergents or other factors used in this study
suggest dissimilar protein to protein interaction between distinct subunits.
Co-immunoprecipitation of the receptor subunits with cytoskeletal
proteins actin, a and 0 tubulin was found to vary with salt concentration or
pH during solubilization.
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DEVELOPMENTAL REGULATION OF EXPRESSION OF THE NMDA
RECEPTOR SUBUNIT (NR1) SPLICE VARIANTS.
M.C. Paupard. L.K.
Friedman, M.V.L. Bennett. R.S. Zukin*. Dept, of Neuroscience, Albert Einstein
College of Med. Bronx, N.Y.
Differential utilization of an N-terminal coding exon (named Nl) results
in NMDA receptor variants with different physiological and pharmacological
properties. The present study examined the developmental pattern of NR1 gene
expression and exon usage in rat brain. In situ hybridization revealed different
spatial patterns throughout the brain for the NR1 receptor variant mRNAs at all
ages examined, as well as different temporal patterns during development. In the
adult an oligonucleotide probe directed to the Nl insert predominently labeled the
CA3 subfield of the hippocampus, selective thalamic nuclei, and the molecular
layers of the cerebellum. Little or no labeling occured in the inferior and superior
colliculus and superficial layers of the neocortex. At young ages, the Nl insert
probe was expressed at lower levels in the hippocampus than in the adults, but
labeling was uniform throughout pyramidal and granule cell layers. Intense
labeling was found in the pons, tectum and thalamus relative to adults. In the
cerebellum, Nl insert labeling increased with age. In contrast, labeling with an
oligonucleotide directed against the splice junction (not containing the 21 amino
acid insert) was widespread throughout the brain. Labeling was prominent and
uniform throughout pyramidal and granule cell layers, the neocortical layers I-II
and IV- V. Labeling was intense in the striatum, a structure not labeled by the Nl
insert containing probe. A similar pattern of expression was observed at early
ages. These results suggest that the NR1 isoforms may have different influences
on synaptic plasticity, neuronal survival and susceptibility to excitatory amino acid
toxicity.

MOLECULAR CHARACTERIZATION OF NOVEL NR2C SUBUNITS OF
THE NMDA RECEPTOR, GENERATED BY ALTERNATIVE SPLICING
DURING RAT CEREBELLAR DEVELOPMENT. A. Bernard. A. Rafiki. Y.
Ben-Ari and M. Khrestchatisky* INSERM Unite 29,123 Bd de Port Royal,
75014 Paris France.
NMDA receptors are presumably heteromeric structures resulting from
the association of two distantly related subunit types, NR1 and one of the
four NR2 subunits (NR2A-NR2D). When associated with NR1, the NR2
subunits impose specific properties to the reconstituted NMDA receptors.
While the NR1 mRNAs are expressed in virtually all neurons of the CNS,
the NR2 subunits display distinct patterns of expression in the developing
and adult rat brain. The NR2C subunit is barely expressed in the rat

forebrain while its expression increases substantially in the course of
cerebellar development, in the granule cells. In vitro, the NR1-NR2C
channels demonstrate weaker Mg2+ block than the NR1-NR2A or NR2B
combinations and such properties have indeed been found in vivo in
cerebellar NMDA receptors. We have identified in cerebellar granule
cell cultures as well as in the developing cerebellum NR2C splice variants
which levels increase during ontogeny. These variants carry one or two
insertions or a deletion between the third and fourth putative
transmembrane domains. Our results indicate that the NR2C subunits
belong to a heterogeneous population, that the corresponding mRNAs are
expressed in the adult cerebellum and we are currently assessing whether
the NR2C variants exhibit distinct patterns of cellular expression during
cerebellar granule cell differentiation.

214.11

214.12

PDGF AND bFGF' REGULATE GLUTAMATE RECEPTOR EXPRESSION
IN DEVELOPING GLIA. P. W. Wright. S. E. Scherer and V. Gallo*
Lab. Cell. Mol. NeurophysioL, NICHD, NIH, Bethesda, MD 20892.
Oligodendrocyte progenitors (O-2A) express functional
AMPA- and kainate-preferring (KA) receptors. We analyzed
the effects of growth factors that regulate O-2A development
on the expression of glutamate receptor subunits by
Northern blot and PCR analysis. In cortical O-2A cells
cultured without growth factors, GluRl was the AMPAsubunit expressed at the lowest levels. bFGF (lOng/ml) caused
a 2-3 fold increase of the mRNA levels for GluRl, 2, 3, and ‘4.
PDGF (lOng/ml) did not significantly modify the mRNA levels
for any of the AMPA subunits, but selectively potentiated the
effects of bFGF on GluRl (5-6-fold increase). Mitogens
contained in B1O4-Cconditioned medium did not mimic the
effects of bFGF+PDGF on GluRl. The effects of PDGF+bFGF were
evident after 24hr in culture and maximal at 3 days. Western
blot analysis indicated that treatment with bFGF+PDGF also
caused a significant increase in GluRl protein levels. Cells of
the oligodendrocyte cell line CG-4 did not express detectable
GluRl mRNAs under any culture condition. Among the KApreferring subunits, GluR7, KA1 and KA2 mRNAs were
increased by bFGF in O-2A cells; these effects were not
potentiated by PDGF. Cortical astrocytes expressed AMPApreferring subunit mRNAs. GluR6, 7, KA1 and KA2 mRNAs
were detected by PCR. Our analysis indicates that growth
factors may differentially modulate glutamate receptor
expression at critical stages of glial cell development.

HUMAN RECOMBINANT IGF-I UPMODULATES THE FUNCTIONAL
EXPRESSION OF KAINATE RECEPTORS IN RAT CEREBELLAR
GRANULE CELLS
C. Zona*, *, 1F CavalcmtP.M.T. CioitAP . Calissanp!
1. Dpt. MedicinaSperimentale, FI U Diversits'di Roma.RomaJtaIy
2. DEIS-U niverrita'di BolognglBalognglttaly
3.Istituto di Neurobiologia, C.N.R., Roma, Italy
We have recently reported that human recombinant IGF-I induces
cerebellar granule cells resistant to excitatory cminoccids (EAA- phenotype)
to become fully responsive (EAA+ phenotype). In order to analyze the
mechanism of such upmodulation we have analyzed macroscopic currents
evoked by bath application of kainate using the whole-cell configuration of
the patch-clamp techinique and compared such currents to those recorded in
sister cultures grown in classical conditions employing foetal calf serum
(FCS). The mean amplitude of the currents induced by kainate in EAAneurons was consistently smaller compared to EAA+ neurons althought the
kainate currents of EAA+ neurons was still smaller than that observed in
FCS-cultured neurons. The amplitude of the responses induced by kainate
was linear function of the membrane potential and reversed at about 0 mV
in the three groups of cells. The single channel conductance was extimated
by means of noise analyses of whole- cell currents at fixed clamp potential.
The conductances of kainate channels were 2.7 pS, 1 pS and 1.7 pS in FCS,
EAA- and EAA+ culture cells respectively. We conclude that the different
amplitude of the kainate currents in the three types of cells is attributable to
different single kainate conductances as well as to a differential membrane
expression of these channels.

214.13

214.14

CHRONIC ETHANOL ADMINISTRATION DIFFERENTIALLY
REGULATES NMDA RECEPTOR RI AND R2 SUBUNIT mRNAs IN
RAT BRAIN. P. Follesa* and
M.K. Ticku. Department of
Pharmacology, University of Texas Health Science Center, San Antonio,
TX 78284-7764.
Several lines of evidence suggest that the excitatory
neurotransmission mediated by the N-methyl-D-aspartate receptor
(NMDAR) is implicated in the dependence and withdrawal effects of
chronic ethanol administration. Binding studies with [3H]MK-801 and
[3H]Glutamate showed increased density of specific binding sites for
these ligands in selected brain regions. This increase could be due to an
upregulation of the subunit(s) of the NMDAR. To test this hypothesis, the
effect of chronic ethanol administration and ethanol withdrawal on
NMDAR subunit Rl, R2A, R2B, and R2C mRNA levels in rat
hippocampus and cerebral cortex were investigated. Rats were rendered
ethanol-dependent by intragastric administration and sacrificed at various
times (0-3-9-18-24-48 h) after the last ethanol administration. Using the
RNase protection assay we compared the levels of different NMDAR
subunit mRNAs of ethanol treated with controls rats. Our results indicate
that chronic ethanol administration and ethanol withdrawal do not change
the NMDA receptor Rl subunit mRNA levels in the hippocampus or
cortex at any time point. In contrast, following chronic ethanol
administration (0-24 h), R2A, and R2B mRNA subunits were elevated by
about 40% with respect to the levels in control animals in both brain
regions. In addition we found that mRNA encoding for the R2C NMDAR
subunit was not detectable in hippocampus and cerebral cortex. This is in
agreement with previous in situ hybridization studies. Our results
demonstrate for the first time that in chronically treated rats there is a
correlation between the increase in NMDAR binding sites and the
regulation of different genes encoding the various subunits forming this
receptor.

SELECTIVE UPREGULATION OF NMDA R2B SUBUNIT mRNA IN
MOUSE CORTICAL NEURONS FOLLOWING CHRONIC
EXPOSURE TO NMDA ANTAGONIST. M.K. Ticku* and P. Follesa.
Department of Pharmacology, University of Texas Health Science Center,
San Antonio, TX 78284-7764.
The N-methyl-D-aspartate receptor (NMDAR), a subtype of
glutamate receptors, is an oligomeric ligand-gated ion channel complex.
This receptor contains distinct recognition sites for endogenous and
exogenous ligands such as glutamate, glycine, Mg2+, Zn^+, polyamines
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and open-channel blockers like MK-801. Recent studies have
demonstrated that various NMDAR subunits
may be subjected to
differential regulation during development or by various ligands that
modulate this receptor complex. In this study we examined the possibility
of changes in mRNA expression encoding for the Rl, R2A, R2B and R2C
subunits of the NMDAR after chronic antagonist exposure in cultured
mouse cortical neurons. The mRNA levels of NMDAR subunit were
measured using the RNase protection assay. Chronic exposure (100 uM, 5
days) of neurons to the NMDAR antagonist D(-)-2-amino-5phosphonopentanoic acid (AP-5), produced a 45% increase in the levels of
mRNA encoding for the R2B subunit with respect to the levels in control

neurons. There was no significant change in the mRNA levels encoding
for the Rl and R2A subunits following the chronic treatment. In addition,
R2C mRNA was not detectable in cortical cultured neurons, which is
consistent with the literature. The levels of the R2B subunit mRNA
returned to control values following removal of D(-)AP-5 for 48h. These
data demonstrate that chronic AP-5 exposure selectively upregulates the
R2B mRNA subunit without affecting other subunits of the NMDA
oligomeric receptor, and suggest that R2 subunits may be crucial in the
regulation and drug modulation of this receptor complex.
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EXPRESSION AND SPLICE VARIANTS
214.16

HIGH LEVELS OF THE NMDA RECEPTOR SUBUNIT NR2C
mRNA IN PC 12 CELLS MAY PRECLUDE THE FORMATION OF
FUNCTIONAL CHANNELS.
L.J. Schatten. J. Zhong. and P.B.
Molinoff*. Department of Pharmacology, University of Pennsylvania
School of Medicine, Philadelphia, PA 19104-6084.

Developmental alterations in the functional properties of NMDA
receptors occur in the brain. This phenomenon is likely to be due to
the changing levels of expression of different NR1 subunit isoforms
and NR2 subunits. PC 12 cells, a differentiatable cell line derived from
rat pheochromocytoma, have been reported to express small amounts

of the NR1 splice isoforms NR1 A and NRlC (JBC 268:22299, 1993).
Using ribonuclease protection assays we have found that
undifferentiated PC 12 cells express NR2A and NR2C mRNAs in
addition to NR1. NR2B mRNA was not detected. Levels of NR2C
were 2- to 3-fold higher than levels of NR2A. After differentiation
following exposure to NGF, levels of NR2C were reduced and were
approximately the same as NR2A. Binding assays were carried out to
look for functional receptors. No specific binding was detected with
either the NMDA open-channel blocker [125I]-MK-801 or the
glycine site antagonist [3H]-DCK. The pattern of expression in
undifferentiated Pc 12 cells was similar to that observed in the
cerebellum of adult rat. In rat cerebellum, high levels of NR2C
mRNA are expressed which may be responsible for the low affinity of
the receptor for open channel blockers like MK-801. The lack of
detectable NMDA receptors in PC 12 cells may be due to posttranscriptional regulation of receptor mRNAs. Alternatively, high
levels of NR2C expression may lead to the formation of heteromeric
NR1/NR2C receptors that have a low affinity for compounds which
bind to NMDA receptors. (Supported by NIH GM 34781.)

ENDOGENOUS NMDA RECEPTORS IN PC 12 CELLS SHOW
PARTICULAR FUNCTIONAL PROPERTIES.
M. Casado. A. L6pez-Guaiardo. B. Mellstrom. J.R. Naranjo and J. Lerma*.
Dept. Neural Plasticity, Instituto Cajal, C.S.I.C., 28002-Madrid, Spain.
Although many human and rodent neuroblastoma cell lines are available,
none has been directly shown to express functional NMDA receptor channels.
We have found that the rat pheochromocytoma cell line PC 12 expresses
functional NMDA but not kainate or AMPA type of glutamate receptors.
Northern blot and RT-PCR studies showed the existence of mRNA coding
for NR1 and NR2C subunits, but not for NR2A, 2B or 2D. Analysis of NR1
splice variants demonstrated absence of the N-terminal insert. Under voltageclamp, non-desensitizing inward currents were observed upon fast glutamate
or NMDA (+glycine) perfusion. Glutamate-induced currents were completely
blocked by D-APV, 7-Cl-Kyn and PCP and exhibited voltage dependent
Mg2+ block. NGF treatment increased both membrane surface and NMDA
receptor-mediated responses. In the presence of low (contaminating) glycine,
responses showed partial desensitization, with time constants of 1.2 s and 1.5
s for onset and recovery, respectively. Kinetically determined affinity
constants were 590 nM for glutamate and 74 nM for glycine. No potentiation
by spermine was observed, rather spermine produced a voltage independent
inhibition. Single channel recordings demonstrated at least two subconduc-

tance levels of 54.6 pS and 32.6 pS (at 0.5 mM Ca2+) with frequent
transitions between them. Mean open time was 0.49 ms, and opening
probability was <0.001. Extracellular Ca2+ reduced equally both single
channel conductances but not mean open time. These results demonstrate that
PC 12 cells express functional NMDA receptors with unique properties.

214.17
NMDA RECEPTORS: ALTERNATIVE SPLICING OF NR1 AND DIFFERENTIAL ASSOCIATION WITH NR2 SUBTYPES AFFECT SPERMINE
ACTIONS. L. Zhang. X. Zheng. A. Wane. R.S. Zukin and M.V.L. Bennett*.
Dept, of Neuroscience, Albert Einstein College of Medicine, Bronx, NY 10461.
NMDA receptors comprised of different NR1 splice variants and NR2 subunits
differ in their physiological and pharmacological properties. Neuronal NMDA
receptors differ in their sensitivity to spermine. Spermine can potentiate neuronal
NMDA receptors by two mechanisms, by increasing current through receptors with
bound NMDA and glycine and by increasing glycine affinity. Spermine also
inhibits homomeric NR1 receptors and some neuronal NMDA receptors in a
voltage dependent manner. To determine the effect of subunit composition on
spermine actions, recombinant NMDA receptors were expressed in Xenopus
oocytes. Homomeric receptors of the splice variant NR10I1, which lacks an Nterminal insert termed Nl, showed spermine potentiation both by increase in
current through ligand-bound receptors and by increase in glycine affinity. Both
forms of spermine potentiation seen inNRl0M homomers occurred inNRl0H/NR2B
heteromers, only increase in glycine affinity occurred in NR10U/NR2A heteromers
and neither occurred in NR^n/NR2C heteromers. Homomeric receptors of the
splice variant NR1100, which has the Nl insert, showed spermine potentiation only
by increase in glycine affinity. This form of spermine potentiation occurred in
NR1,0)/NR2B and NR1,0>/NR2A heteromers, but not in NR1io /NR2C heteromers.

Thus, in heteromers with NR1 subunits, NR2B "permits" both forms of spermine
potentiation; NR2A permits only potentiation by increase in glycine affinity and
NR2C permits neither. All NR1/NR2 heteromers showed less voltage dependent
inhibition by spermine than did NR1 homomers. Recent findings that NMDA
subunits are differentially regulated regionally and developmental^ and the data
presented here could account for the observed differences in polyamine actions on
neuronal NMDA receptors.
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AN ALLOSTERIC MODEL OF RECEPTOR MODULATION. T.T.

CHRONIC TRIAZOLAM INDUCES CHANGES IN mRNA LEVELS FOR
SUBUNITS OF THE GABAa RECEPTOR COMPLEX. V.A RamsevWilliams* and D.B. Carter. CNS Diseases Research, The Upjohn Company,
Kalamazoo, MI 49001.
'
Chronic use of triazolam (TRZ) is associated with tolerance and physical
dependence (PD). Changes in GABA*beuzodiazepine (BZ) receptor subunit
mRNA levels following exposure to BZ receptor ligands have been reported.
We sought to compare GABAa /BZ receptor subunit mRNA levels in brains
of control and TRZ-treated rats by in situ hybridization (ISH) following 4
weeks of feeding 0.023% TRZ (-20 mg/kg/day in rat chow). The high
resolution analysis used (63 brain regions measured) reveals a more
complex picture of mRNA expression than previously reported. ISH may
suggest subunit-specific interactions correlated with PD to TRZ as well as
brain regions involved in its manifestation. Rats sacrificed after 28 days
of TRZ showed increased a4 subunit mRNA levels in the antero-ventral
(30%; p=.008) and ventro-lateral (VL) thalamus (28%; p=.O4) when
compared with controls (n=5+5). ISH to a2 probe revealed increases in
mRNA levels in VL thalamus (54%; p=.O3) and central amygdala (39%;
p=.O4), and a decrease in the mammillary body (52%; p=.O48) (n=4+4).
Changes were also observed in p subunit mRNA levels: increases in pl
subunit mRNA were measured in cingulate cortex (62%; p=.01) and in CA1
of the hippocampus (33%; p=J)4) (n=4+4); a decrease in p2 subunit mRNA
level was measured in interpeduncular nucleus (49%; p=.O3) (n=4+4). No
change was observed in a6 subunit mRNA levels (p>.O5) (n=3+3), which is
expressed only in the cerebellum. Preliminary cl ISH experiments reveal
an increase (53%; p=.O2) in mRNA level in locus coeruleus, and suggest
increases in VL thalamus (32%; p=.O8) and auditory cortex (40%; p=.O8)
(n=2+2). Further experiments will extend the current data and examine
mRNA levels for GABAa receptor subunits during TRZ withdrawal.

Gibbs* and D.H. Farb. Deptartment of Pharmacology and Experimental Therapeutics, Boston University School of Medicine, Boston,
MA 02118.
Allosteric modulators, which act by modulating the effects of
endogenous agonists rather than by directly activating or blocking
receptors, can have distinct advantages as therapeutic agents, including high selectivity and large safety margins. Modulation has been
observed in a number of receptor systems, the best characterized
being the GABAa receptor, which is modulated by benzodiazepines,
barbiturates, steroids, and certain metal cations. Unfortunately,
modulation is not well understood, and there is no generally
accepted pharmacological model of receptor modulation. We have
explored the pharmacological consequences of a simplified two-state
model of allosteric modulation. This simple model qualitatively
reproduces much of the pharmacology observed with actual modulators. Depending upon model parameters, the model can produce
modulation of either potency or efficacy of agonist action, in either a
postive (synergistic) or negative (inhibitory) manner.
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NEUROSTEROID MODULATION OF GABAa -RECEPTORS IN
ACUTELY CULTURED EMBRYONIC SPINAL CORD CELLS.

gaba

R.

Serafini* V. Dunlap and J.L. Barker. Lab. Neurophysiology,

NINDS, NIH, Bethesda MD 20892.
We have studied, through fluctuation analysis, the effect of the
neurosteroid 5a-PREGNAN3a-OL-2O-ONE (5a3a) on the biophysical
properties of the GABAa receptor of acutely dissociated E15 ventral
cervical spinal cord cells. Spectra of the current variance (52) could

be fitted by three Lorentzians with is of 112+9 msec, 8.7+1.4 msec
and 1.2+0.6 msec (mean+SE) respectively (n=12). The longestlasting component (t l ) accounted for 76+2 % of the 82. The relatively

long t values did not depend on the trauma of dissociation because
they were observed even after 3-7 days of recovery in culture. When
5a3a was coapplied with GABA only a modest increase was
observed (t =145+5 msec). In each cell the potentiating effect of the
steroid on the xL value was inversely related to the initial t l value of

the GABA spectrum (r=0.9). 10pM 5a3a directly gated chloride
currents which could be blocked by picrotoxin; the current noise

spectra could be fitted by three Lorentzians with xs respectively of
70+5 msec, 15+4 msec and 2+1 msec (n=4); the Xl accounted only
for 15+3 % of the S2. The data demonstrate that in this preparation

1) GABAa channels have long mean open times, 2) the neurosteroidinduced increase in mean open time is modest (only 32 %), 3)

GABAa

channels gated directly
prevalence of short-lasting events.
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NEUROACTIVE STEROID 3a ,20<a -DIHYDROXY-5<a -PREGNAN20-0NE (3a,2Oa-DIOL) ALLOSTERIC MODULATION OF CLONED
HUMAN GABAa RECEPTORS. J.A. Drewe*. J.-S. Chen. K.W, Gee$
and N.C. Lan CoCensys Inc., Irvine, CA, 92718, USA. §Department of
Pharmacology, University of California Irvine, Irvine, CA, 92717, USA.
20a or 2OP hydroxylated derivatives of the neuroactive steroid 3ahydroxy-5-pregnan-20-one occur endogenously. An apparent partial
agonist classification for allosteric modulation of the GABAa receptor
complex has been suggested for these derivatives based on their partial
efficacies for allosteric modulation of [35s ]TBPS binding in rat brain
cortex membrane preparations. Using transiently expressed recombinant
human GABAa receptors, alpiyL, at2pl)2L and a 3P1)2L, this study
explored GABAa receptor subunit selectivity to this apparent partial
efficacy for neuroactive steroid action. The partial efficacy allosteric
modulation of [^^^T”B5P^S binding by 3a,2Oa-diol in rat brain membrane
preparations could be mimicked in all combinations of GABAa receptor
subunits tested. The efficacy of inhibitory modulation of TBPS binding
was influenced by the GABA concentration, increasing the efficacy in a
concentration dependent manner between 0 and 10 pM. These data
suggest that the state of the GABA receptor channel complex induced by
the binding of GABA alters the efficacy of allosteric modulation by 5reduced, 3a, 2Oa-diol neuroactive steroid.

215.6
the

volatile

anesthetic

halothane

on

the

SUBTYPE O6fl2Y2- R.C. Sincoff*a. J. Tanguvb. J.
Z. Yeha»b . B. J. Hamiltonc. D. B. Carter, and E. A. Brunner**. Depts.
of aPharmacology and bAnesthesia, Northwestern University

Medical School, Chicago, IL 6C611, & CCNS Diseases Research,
The Upjohn Company, Kalamazoo, Ml 490C1.

The effects of halothane on the cloned
GABAa receptor
were studied by using the whole cell patch clamp technique. The
subunits which constitute this receptor were expressed in human
embryonic kidney cells. The apparent dissociation constant (K<j) for
GABA to activate the receptor was C.95 ± C.26 pM with a Hill
coefficient (nn) of 1.5 ± C.2 (N=22), whereas the Kd for inducing
desensitization was C.C1 ± C.004 pM with an nH of l.O5±O>.O3 (N=4).
In the absence of GABA, halothane was found to directly activate a
chloride current in a dose dependent, bicuculline sensitive manner.
The current induced by 4 MAC halothane amounted to 2.7 ± C.4 %
(N=1C) of the maximal response activated by GABA. The current
induced by halothane exhibited desensitization as seen with GABA.
Halothane potentiated the current activated by low GABA
concentrations, but decreased the current activated by high GABA
concentrations. Halothane enhanced the desensitization which
occurs both during rapid activation of the receptor by high
concentrations of GABA and by sustained application of low

SPECIFIC GABAa RECEPTOR SUBUNITS ARE REQUIRED FOR
ETHANOL MODULATION OF GABA RESPONSES IN TRANSFECTED CELLS. W,R. Proctor*. V.J. Whatley. P.J: Whiting and T.V.
Dunwiddie. Dept. Pharmacol., Univ. Colo. Hlth. Sci. Ctr., Denver, CO;
Vet. Adm. Med. Ctr., Denver; MSD Neurosci. Res., Harlow, Essex, Uk .
This study was designed to determine if the y2L GABA subunit is involved
in the modulation by ethanol of the GABAa receptor-mediated response in
mammalian cells, as has been shown to be the case for cDNA and mRNA
injected Xenopus oocytes. Two lines of transfected L929 mouse fibroblast
cells (tk-) were tested: PA3 cells, transfected with bovine a,, flj, 72LGABA
subunits, and X25 cells, having a,, fl, subunits.
Whole-cell electrophysiological recordings with patch pipettes containing K+-gluconate, were
utilized to monitor GABAa receptor-mediated responses elicited by local
pressure application of GABA (2-1CC pM) or muscimol (2OpM). Cells were
constantly superfused with HEPES-buffered extracellular medium, and were
voltage-clamped at various holding potentials. When ethanol was added to
the superfusion medium, a biphasic dose-response was observed in the PA3
cells.
A concentration of 1C mM ethanol significantly enhanced the
amplitude of the GABA-induced response (mean = 127% of control for all
cells tested at this dose, h =22). Lower (3 mM) and higher concentrations

concentrations of GABA. The dose-response relationship for
enhancing desensitization suggests that halothane reduces the K<j of
GABA from C.C1 to C.CC5 pM for inducing desensitization. These
data suggest that halothane binds to the GABA binding sites and acts
as a partial agonist of the OSp272 receptor.

of ethanol (3C and 1CC mM) did not have significant effects on the
GABA-induced responses in these cells. The application of 1C mM ethanol
to X25 cells did not produce an increase in the GABA-mediated response.
These results using mammalian cells are consistent with those from injected
Xenopus oocytes showing that low concentrations of ethanol (1C mM)
increase GABA-induced responses in cells with GABAa receptors having
a,, flj, 72L GABA subunits, but not with GABAa receptors only having cq,
fl, subunits. Supported by AAC3527 and VA Medical Research Service.
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CHRONIC ADMINISTRATION OF LORAZEPAM TO MICE PROMOTES
TRANSFER OF GABAa /BENZODIAZEPINE RECEPTORS TO CLATHRINCOATED VESICLES. M.H. Jalilian Tehrani and E.M. Barnes. Jr,* Dept. of
Biochemistry, Baylor Col. of Med., Houston, TX 77030.
Behavioral tolerance is readily produced by chronic administration of
benzodiazepine agonists.
Agonist-induced down-regulation of GABAA/benzodiazepine receptors has been suggested as a cellular mechanism for induction of this
phenomenon. We have recently identified GABAa receptors on clathrin-coated
vesicles (CCVs) [Tehrani and Barnes (1993) J. Neurochem. 60, 1755-61],
suggesting that surface receptors can be sequestered via endocytosis. In order to
examine the role of CCVs in GABAa receptor down-regulation in vivo, CCVs were
obtained from mouse brain microsomes by centrifugation in 6.25% Ficoll-6.25%

DECREASED EXPRESSION of GABAa /BENZODIAZEPINE (BZ) RECEPTOR
BETA SUBUNIT mRNAs IN FLURAZEPAM (FZP) TOLERANT RATS.
T.-J. Zhao, T. H. Chiu* and H. C. Rosenberg.
Dept, of
Pharmacology, Medical College of Ohio, Toledo, OH 43699.
We have shown that chronic FZP treatment in rats for 4
weeks, but not for 2 weeks, decreased GABAa /BZ receptor y2
subunit mRNA in cerebral cortex (CTX) and hippocampus
(HP), but not in cerebellum (CB). The same treatment had
no effect on the level of a, subunit mRNA.
This study
investigated the expression of fi subunit mRNAs in CTX, HP
and CB of rats receiving 2- and 4-week FZP treatment.
mRNA for fi subunits and /-actin were analyzed by Northern
blot analysis using digoxigenin-labeled probes. Ratios of
GABAa receptor subunit/0-actin mRNA were used to measure
the relative abundance of each fi subunit mRNA. In 4-week
FZP treated rats, the fi2 subunit mRNA was significantly
reduced in CTX (28%, n=l6), HP (52%, n=l6) and CB (29%,
n=l6). The fi3 subunit mRNA was also significantly
decreased in HP (30%, n=8) and CB (47%, n=8) but not in
CTX after 4-week treatment. These decreases had largely
reversed in rats studied 48 hr after the end of FZP
treatment, though the fi3 mRNA was still decreased --% in
hippocampus. In rats studied after the 2-week FZP
treatment, fi2 mRNA was not altered in CTX or HP, but was
significantly reduced (49%, n=6-8) in CB.
The results
indicate that chronic FZP administration affects the
expression of GABAa /BZ receptor fi subunit mRNAs. This may
be involved in receptor changes associated with BZ
tolerance, and in reduced response to GABAa agonists in BZ
tolerant rats. (Supported by NIDA grant DA 02-94).

sucrose followed by treatment with 0.1% Triton X-100 to dissolve smooth vesicles.
This preparation was highly enriched in clathrin subunits and the level of pH]flunitrazepam binding (73.7 ±3.7 fmol/mg protein) was significantly higher than in
vesicles not exposed to Triton (33.5 ± 6.0 fmol/mg). Adult mice were treated with
lorazepam (2 mg/kg/d) for 7 d via osmotic minipump, achieving a blood level of 101
± 10 ng/ml. Five mouse brains were used for each CCV preparation. The level of
flunitrazepam bound to CCVs was increased by 83 ± 13% (p < 0.025, n = 3) in the
lorazepam-treated mice compared to vehicle-treated controls (127.9 ± 12.8 vs. 69.9 ±
3.0 fmol/mg, respectively). As expected, the binding of flunitrazepam to synaptic
membranes from lorazepam-treated animals was 21 ± 3% lower (p < 0.05) compared
to controls (211.4 ± 17 vs. 267.5 ± 16 fmol/mg, respectively). Since receptors on
CCVs are probably targeted for degradation, the results suggest involvement of
agonist-mediated sequestration in GABAa receptor down-regulation in vivo. To our
knowledge, this is the first evidence implicating receptor endocytosis in the
development of tolerance to benzodiazepines.
Supported by NIH grants MH47715, DK17436, and NS11535.
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EFFECT OF ANTIDEPRESSANT TREATMENTS ON GABAa , GABAb AND
BETA-ADRENERGIC RECEPTORS IN FRONTAL CORTEX OF
OLFACTORY BULBECTOMIZED RATS. V. Beauchemin*, N. Lavoie and T.

DECREASE in the
EXPRESSION of GABAa RECEPTOR SUBUNITS
AFTER PROTRACTED ALCOHOL TREATMENT OF CULTURED RAT
CEREBELLAR GRANULE CELLS. H. J. Caruncho* G. Puia and E. Costa.
FGIN Georgetown University. Washington DC, 20007. We employed the labelfracture immunocytochemical technique, using GABAa receptor subunits specific
antibodies, to study the changes in the expression of GABAa receptor subunits in
the plasma membrane of cultured granule neurons when adding to the cultures 50
mM E-OH from day three to day seven in vitro. A quantitative estimation of the
labelling intensity.shows a down-regulation in the expression of the al, a6, P2/3,
y2 and 5 subunits. The percentage of labelling decrease for each of these subunits
was 54% for al, 56% for a6, 26% for p2/3, 41% for y2 and 53% for 5. To analyze
if these uneven changes found for the P2/3 subunits with respect to the others,
reflect a change in the subunit assemblies to form a structurally novel receptor
complex, we used a double-immunolabelling approach based in the assumption
that due to the steric hindrance of the primary and gold-conjugated secondary
antibodies used for the immunolabelling, the probability of labelling a specific
subunit in a receptor complex will decrease significantly when other subunit
present in the same receptor complex has been prelabelled. These experiments
showed no differences in terms of the major receptor subpopulations expressed
both in control cells or alcohol treated neurons. These receptor subpopulations
include aip2/3y2, or a6p2/38, or a6p2/3y2(8) receptor subunits. A study of the
degree of GABAa receptor subunits clustering showed that the down-regulation
observed after alcohol treatment is mainly due to a decrease in the number of
receptor clusters per pm2, while the number of receptors per cluster or the density
of receptors outside the clusters do not change significantly. In conclusion,
protracted alcohol treatment of cultured granule neurons causes a down-regulation
for various GABAa receptor subunits. We are currently investigating the causes for
such decrease.

Dennis, Neurobiological Psychiatry Unit, McGill University, Montreal, Canada.
There is evidence that GABAergic neurotransmission may be involved in
the pathophysiology of major depression and in the mechanism of action of
antidepressant treatments as well as in the olfactory bulbectomy (OBX)
animal model of depression. In a previous membrane binding study, we
showed persistent increases in cortical GABAa receptor binding sites after
OBX. GABAb receptor binding densities showed only a transient decrease,
while no changes in B-adrenoceptor binding parameters were observed
(Dennis et al., Pharmacol. Biochem. Behav., 44:77, 1993).
The present study investigated the effects of long-term administration of
antidepressant drugs on high affinity GABAa , GABAb and B-adrenergic
receptor binding parameters in frontal cortex membrane preparations from
OBX rats. Seven days after OBX, clorgyline (1 mg/kg/day), desipramine (10
mg/kg/day) or paroxetine (10 mg/kg/day) were administered for 21 days via
subcutaneously implanted osmotic minipumps. GABAa receptor densities
were significantly increased in the frontal cortex 29 days after OBX. This
effect was reversed by all three antidepressant treatments. Conversely, OBX
induced a slight decrease in GABAb receptor densities which was not
reversed by any of the antidepressant treatments. As observed in our
previous study, OBX did not induce any changes in B-adrenoceptors binding
parameters. Following prolonged antidepressant treatment of OBX rats,
down-regulation of B-adrenoceptors confirmed the effective drug delivery.
These results further indicate the involvement of GABAa , rather than G ABAb ,
receptors in the OBX animal model of human major depression. Moreover,
the data further support the concept that a decrease in the function of the
GABAa receptor complex could play a role in mediating the therapeutic
effects of antidepressant treatments.
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BENZODIAZEPINE TOLERANCE AND BRAIN EXPRESSION OF GABAa
RECEPTOR SUBUNIT mRNA: A STUDY WITH IMIDAZENIL AND
DIAZEPAM. Impaenatiello. F.. Grayson. D.R., Santi. M.R.* Costa, E. and
Guidotti. A.: FGIN, Georgetown University Medical Center; 3900 Reservoir
Road, N.W., Washington, D.C. 20007
Fourteen days of treatment (three times daily) with diazepam, a selective
positive allosteric modulator of GABAa receptors, at doses increasing from 17.6
to 70.4 pmol/kg, induces tolerance to its protective effect against bicuculline
induced convulsions. In contrast, an equipotent treatment schedule (from 2.85 to
11.4pmol/kg, three times daily) with imidazenil, a novel partial positive allosteric
modulator of GABAa receptors with anxiolytic and anticonvulsant properties,
failed to elicit tolerance to its anti-bicuculline action. Here we studied whether
the onset of tolerance to the anti-bicuculline activity of diazepam is associated
with changes in the content of GABAa receptor subunit mRNAs for al and 6
receptor subunit in discrete brain regions of rats exposed to the above mentioned
treatments with vehicle, diazepam or imidazenil. A competitive polymerase chain
reaction assay (J.Neurochem. 59, 62-72, 1992) was used to obtain absolute
quantitation of specific mRNA content. The al mRNA content in frontal cortex,
which is 0.25 ± .012fmol/gg of total RNA in vehicle treated rats, decreased by
approximately 50% in rats tolerant to diazepam. In contrast, no changes were
observed in al mRNA in frontal cortex of rats exposed to a similar long-term
treatment with imidazenil that fails to cause tolerance. The mRNA content of 5
subunit in frontal cortex of both diazepam and imidazenil treated rats was
approximately 0.045 ± 0.010 ftnol/pg total RNA and it was equal to that of
vehicle treated animals. Whether the decrease of al receptor subunit mRNA
content in cerebral cortex of tolerant rats is the only subunit modification
associated with the observed diazepam tolerance is currently under investigation.

HETEROGENEITY OF NEUROACTIVE STEROID ALLOSTERIC
MODULATION
OF GABAa
RECEPTORS
INFERRED
BY
SELECTIVE COMBINATIONS OF SUBUNITS. W. Yang*. J.A. Drewe
and N.C. Lan. CoCensys Inc.. 21/ Technology Drive, Irvine, CA 92718
A heterogeneous population of neuroactive steroid binding sites for the
GABAa receptor complex has been proposed based on the two component
allosteric modulation of the convulsant TBPS site and for the benzodiazepine site
(BZ) by 3at^f^y^dxo^x;y-5l)^p^i^^g;r^i^n^2’O-one (3a,5l-P) in rat and bovine brain
membrane preparations. Using recombinant human GABAa receptors, this study
explored the GABAa receptor subunit selectivity for the action of neuroactive
steroids.
The allosteric biphasic modulation of P^SJTBPS and
pHJFlunitrazepam binding by 3a,5l-P in brain membrane preparations could be

215.13

CT
HP
CB

allosteric modulation of both the TBPS and BZ sites was found for 3a-hydroxy5a^^p^i^^g;n:in^^2^O-one (3a,5a-P), a stereoisomer of 3a,5P-P, for both al^^L
(64 nM) and cx>ply2L (2OnM). The subunits used in this study were cloned from
human brain cortex; the human recombinant GABAa receptor complex,
C^P1"^L, presenting a unique benzodiazepine type 2 pharmacology as in the
rodent. Our report presents an in vitro pharmacological comparison between
human al and ot5 subunit containing GABAa receptor complexes. This subunit
selectivity of the GABA^ receptors may be one explanation for the apparent
heterogeneity of neuroactive steroid sites.

215.14

mRNA LEVELS
IN RAT BRAIN AFTER CHRONIC DIAZEPAM
TREATMENT. Y. Wu*, H.C. Rosenberg and T.H. Chiu. Dept,
of Pharmacology, Med. College of Ohio, Toledo, OH 43699.
Chronic diazepam (DZP) treatment of rats produced
tolerance to DZP, but did not change [3H]flunitrazepam or
[3H]zolpidem binding, though GABAa receptor a, and y2
subunit mRNA levels had been reported to be decreased in
cerebral cortex (CT). In the present work, several GABAa
receptor subunit mRNAs were measured in 3 brain regions of
DZP-tolerant rats. Male Sprague-Dawley rats were treated
with DZP by implanting DZP-nlled tubes subcutaneously
(empty tubes for control rats) for 3 weeks. Poly(A)+ RNA
was isolated from rat brain CT, cerebellum (CB) and
hippocampus (HP). Digoxigenin-labeled oligonucleotide and
cDNA probes were used to detect subunit mRNA and 0-actin
mRNA levels, respectively.
0-actin mRNA was used as an
internal
standard
(1, significant decrease;
NC,
no

Region

mimicked in recombinant GABAa receptors composed of transiently expressed
aipiy^L subunits (100 nM, 60%; 8 pM, 40%). Using a combination of
a5ply2L subunits resulted in a monophasic modulation of both |'^^S|TBPS (80
nM) and pH|Flunitrazepam binding (82 nM). In contrast, a single component
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brain region and GABAa receptor subunit. These results,
as well as behavioral observations and binding data,
suggested that the effects of chronic DZP treatment on the
GABAa receptor are different from these of chronic
flurazepam treatment. (Supported by grant R01-DA02194).

SOCIETY FOL NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

MIDAZOLAM
ENHANCEMENT
OF
GABA-EVOKED
CHLORIDE
CURRENTS IN MOUSE CORTICAL NEURONS AND RECOMBINANT
GABAa RECEPTORS EXPRESSED IN MOUSE L929 FIBROBLASTS.
T. R. NeelanAs@. T. Ryan JasAo\A^Q^, K.M. Kelly*. R.L. Macdcnald*4*.
Neuroscience Program®?, Depts. of Neurology* and Physiolog^,

U. of Michigan, Ann Arbor, Ml 48104-1687.
The benzodiazepine midazolam has been shown to be effective in the
termination of convulsive status epilepticus in patients who failed treatment
with diazepam, lorazepam, and phyJytain, with or without phenobarbital
(Kumar A, Bleck TP, Crit Care Med 1992;20:483-488). The reason for this
striking effectiveness of midazolam in terminating refractory status
epilepticus is not known. The actions of midazolam were compared with
those of diazepam on
GABA-evoked chloride currents studied
ylectraphysiolagically by whole cell and single channel patch clamp
techniques in mouse cortical neurons and mouse . L929 fibroblasts
expressing recombinant GABAa receptors.
Midazolam (1-500 nM) dasy-nypyJnyntly increased the amplitude and
duration of GABA-evoked whole cell chloride currents of cortical neurons

and L929 fibroblasts expressing recombinant GABAa receptors when
coapplied with GABA (1-30 pM) and was more potent than diazepam tested
at the same concentrations. Midazolam (1-30 nM) increased the frequency
of single channel openings to the main conductance state (29 pS) when
coapplied with GABA (1 pM). Midazolam did not affect the mean open time
or change the main conductance state of GABA-evoked single channel
openings. These results are similar to previously described effects of
diazepam and other benzodiazepines tested on native and recombinant
GABAa receptors suggesting that midazolam acts more potently at the
benzodiazepine binding site of GABAa receptors.
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215.16
Desensitisation

of

recombinant

GABAa

Receptors .
Constance Domineuez-Perrot * Paul Feltz and Michael 0.
Poulter Laboratoire de physiologic generate, Univ Louis Pasteur, Strasbourg
France.
Desensitisation has been shown to be an important mechanism by which the
time course of synaptic transmission is regulated. However, the importance of
this process during GABAergic synaptic transmission is largely unknown. We
have used a simple model system (HK-293 cells transfected with a 1 p3 subunits
only) to compare and contrast the desensitisation of recombinant GABA-A
receptors activated by agonists of varying efficacy. Perforated patch recording
technique (with amphotericin) was used to obtain whole cell and perforated
vesicle recordings. Dose response curves to the agonists GABA, isoguvacine,
and taurine had Hill slopes of exactly 2.0. Isoguvacine and taurine were both
full agonists. GABA and isoguvacine were equipotent having an EC50 of » 15
pM whereas taurine was a very poor agonist having an EC50 of %7 mM. The
rise time for GABA and isoguvacine responses were approximately the same
whereas taurine responses were two times more slow (despite identical
application times * 4-10 ms). The desensitisation rate for both GABA and
isoguvacine could be fitted by the sum of two exponentials ( xfast: 301 ±60
and 371 ± 75 ms xslow: 10.3 ± 1.5 and 12.9 ± 2.1s for GABA and isoguvacine
respectively). In contrast taurine induced dcsensitisation was adequately fit by
single slow exponential ( 8.1 ± 1,0s). No voltage dependence was observed for
any agonist used. These observations suggest that the GABAa receptor
composed of a(3 subunits have a slow rate of opening and the desensitisation
rate depends on the opening of the channel.

215.17
DIRECT ACTIVATION of GABAa RECEPTORS BY BARBITURATES:
WHOLE-CELL and single
channel
analysis
in cultured
rat
HIPPOCAMPAL NEURONS. J.M. Rho*, S.D. Donevan and M.A.

Rogawski, Epilepsy Research Branch, NIH, Bethesda, MD 20892.
Barbiturates are known to exert at least two separate actions on
GABAa receptors: potentiation of responses to GABA recognition site

agonists and direct activation of the receptor in the absence of GABA
agonists. The recent identification of a modification in the p-subunit of
the GABAa receptor that eliminates responsiveness to GABA but not to
barbiturates (Nature 366:565-569, 1993) indicates that barbiturate
activation of the channel occurs independently of the GABA recognition
site. Nevertheless, the Cl" current activated by barbiturates alone has
not yet been characterized in detail. We examined the direct actions of
phenobarbital (PHB) and pentobarbital (PB), applied with a rapid
perfusion system, on GABAa receptor currents in cultured rat
hippocampal neurons using whole-cell voltage clamp and single channel
recording techniques. PHB and PB directly activated Cf current
responses in GABA-free perfusion solutions (EC50's 2.9 and 0.31 mM,
respectively, vs 3.3 pM for GABA). There was a significant difference

between the deactivation rates for whole cell currents evoked by 1 mM
PB alone and PB + 1 pM GABA [170 ± 9 ms (n = 4) and 480 ± 34 ms
(n = 8), respectively; control 1 pM GABA, 180 ± 14 ms (/? = 6)]. Analysis
of the unitary GABAa receptor currents evoked by 300 pM PB
demonstrated a main conductance (« 30 pS), mean open time (2.1 ±
0.06 ms) and mean burst duration (8.2 ± 0.7 ms) similar to the currents
activated by GABA alone (« 30 pS, 2.7 ±05.1 ms and 8.6 ± 0.5 ms,
respectively). However, co-application of 30 pM PB and 1 pM GABA
induced currents with a longer mean burst duration (14.9 ± 0.9 ms).
We conclude that PHB and PB gate the GABAa receptor in a manner
similar to that of the natural agonist GABA.
However, barbiturate
modulation of the receptor's response to GABA occurs in a distinctly
different fashion.

215.19
Molecular Pharmacology of Steroids on Single GABAa
Receptor Channels. J. Eichten* & R. Twvman. Programs in
Neuroscience and Human Molecular Biology & Genetics and Depts.
of Neurology and Pharmacology, Univ. of Utah, Salt Lake City, UT.
The aim of this study is to determine, through single channel patch
clamp electrophysiology techniques, if positive and negative steroid
modulators have reciprocal effects on the GABAa receptor.
Alfaxolone (ALF), allosterically enhances GABAa receptor activity.
The sulfate derivatives, pregnenolone sulfate (PS) and dehydroepiandrosterone-sulfate (DHEAS), are described to act as inverse
agonists at the GABAa receptor. Effects on single channel gating
properties were characterized by steady state (30s) GABA and
GABA plus steroid applications to outside-out patches of cultured
fetal mouse cortical neurons voltage clamped at -75 mV in
symmetrical chloride solutions. In comparison to GABA alone (1
uM), GABA plus ALF (0.1-1uM) resulted in an increase in both the
evoked GABA channel open and burst durations and open and burst
frequencies. GABA plus PS (10-250uM) and GABA plus DHEAS
(10-100uM) decreased open and burst frequencies without effect on
open and burst durations of the GABA channels. Our observations
indicate that these positive and negative GABAa receptor
modulators have reciprocal effects on single channel open and burst
frequencies without reciprocal effects on open durations. While ALF
and the inverse agonists are described to regulate the GABAa
receptor channel through a common binding site, these results
indicate that they modulate the effector channel protein through
different mechanisms.
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AGONIST-DEPENDENT DEACTIVATION OF GABAa CHANNELS.
J.A. Dzubav. M.V. Jones and G.L. Westbrook*. The Vollum Institute for Advanced
Biomedical Research, Portland, OR 97201.
Although free neurotransmitter is thought to be present only briefly (~lms) at
central synapses, (Clements et al., 1992), postsynaptic currents mediated by
GABAa receptors (IPSCs) decay over 10-200ms. Such prolonged IPSC decay
could be due to slow dissociation of GABA from the receptor, allowing for
repeated channel opening in response to an initial binding event. In that case, the
timecourse of channel deactivation should be more rapid for agonists with faster
dissociation rates (Lester and Jahr, 1992). We tested this by activating GABAa
currents with three agonists (GABA, muscimol, and taurine) likely to have very
different dissociation rates based on their binding affinities (Krogsgaard-Larsen and
Falch, 1981; Bureau and Olsen, 1991). GABAa currents were studied in outsideout patches of cultured rat hippocampal neurons using rapid application techniques
(Vh=-6OmV, 25°C, application: 1- 1(0ms with ~lms 10-90% solution exchange time).
GABA (1 and lOmM; kD=~0.3pM) activated currents were blocked by bicuculline
(lOOpM, 9Ofc4%) and decayed with two exponential components (mean±SEM:
Tfast=35±8ms, Tsi0w=266±26ms, ampsioW=44±0.7%, n=l4). Muscimol currents
(ImM; kD=~0.02pM) had a longer and significantly larger slow component
(Tfast=32±5ms, Tsiow=328±38ms, ampsiow=59±2%, n=6, p<0.01 by t-test). Taurine
currents (lOmM; kD=~50pM), however, deactivated quickly with no detectable
slow component (ifsst=3± 14ms, n=4, p<0.05 vs GABA or muscimol). Taurine
currents were recorded in the presence of lpM strychnine and blocked by
bicuculline (91 ±4%), thus were due to activation of GABAa receptors. These data
suggest that the deactivation timecourse of GABAa currents is limited by the
dissociation rate of the agonist, and that slow components occur only if this rate is
sufficiently low. GABA dissociation would appear to be slow enough to account
for the IPSC decay timecourse without requiring rebinding or the prolonged
presence of free GABA in the synaptic cleft.
Supported by NIH grants T32-DAO7262 (M.V.J.) and NS26494.

215.18
RT-PCR ANALYSIS OF SINGLE CULTURED MOUSE CORTICAL
NEURONS FOR GABA-A RECEPTOR SUBUNITS. S.N.
Sudweeks*. and R.E. Twvman1 Dept. of Pharmacology and
Toxicology, Program in Human Molecular Biology and Genetics, and
Dept, of Neurology1; Univ. of Utah; Salt Lake City, Utah.
Molecular biology cloning techniques have revealed the existence
of a number of GABA-A receptor subunits. However, which
combinations of these subunits expressed by single neurons remains
largely unknown. Single cell reverse transcription in conjunction with
the polymerase chain reaction (RT-PCR) was used to survey the
different morphological types of cells found in two week old fetal
mouse cortical cultures.
Neurons were photographed before
aspiration to aid in cataloguing according to morphological type.
Specific primers for the cxl-4, a6, p1-3, and
GABA-A subunits, as
well as primers for p-actin (+ control) and glial fibrillary acidic protein
(GFAP, as - control) were used in the PCR analysis for each neuron
examined. PCR reactions were examined on ethidium bromide
stained agarose gels after 40 and 55 cycles. Results indicate that
the majority of neurons contain mRNA for only a single subunit from
each of the a and p families and a single y2 splice variant, however
occasional neurons contain mRNA for more than one isoform. These
results show that the possible number of subunit combinations
available for the neuron to make functional GABA-A receptors is
severely limited.

215.20
DIAZEPAM MODULATION OF GABA-A RECEPTOR KINETICS USING ULTRAFAST
ACTIVATION IN EXCISED PATCHES OF MOUSE CORTICAL NEURONS.

A.M. LAVOIE* & R.E. TWYMAN. Programs in Neuroscience, Human Molecular Biology
& Genetics, Depts of Neurology & Pharmacology, Univ. of Utah, Salt Lake City, UT
Steady state appHcatons of diaaeeam have previously been shown to increase
GABA-A medcated chlorate current by iocraasiog channel open frequency but not open
duraton [Twyman et al, Ann. Neurol. 1989; 25: 213 & Rogers et al., J. Phyciol. in
press]. A peizo-slectOh drove ultafist iiogad exchange system (lOOps exchange time)
was used to examine tte effects of diozeearn on GABA binding and gating kinetics
(channel opening) which have previously been experimentally diffinult to separate.
Outside-out patches eam (^1^^ fetal mouse cortex contaimed >1X channels and were
volttge damped at -75mV in symmetOcal chlorOe solutions at room temperaere.
GABA f 1-70XXjn.M) and GABA + dioaeepa (25 & 5OnM) were exposed to patches using
etter a seres of repeated kief pulses fCKJOps) or single st<e> applications f2s). Chloride
currents were sampled at 2X-7OOkHe and elteree at 2-70kHe. Current onset Oss times
(10-79%) which rexesent acticatian rates were anallzed individual! and as patch
ensemile averages.
DOaeeam Cnhoegeel tie actingtion rate (up to 4 fold) for GABA-A receptor
channels at GABA horhqnOaeons fess than saturating (c 100jj .M), but dioaeppm with
saturating conhsnOatinns of GABA did not alter tie maximum opening rate of tie on
chanrel. Since th rate of channel gctiogtion io determined by th comlOned rates of
two kioetio steps, logad binding and diannel opening, our results dsmoeetrate ttat
dingeepa inducd ionraagss^ in activation rate at non-saturating GABA conheferations
are due to alteratioos in GABA binding rates. This i o fte fot direct ctemoestration of
actioe moulslatO>n of iioaad binding by a hinicglty rreevant drug.
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SPONTANEOUS IPSPS RECORDED IN HIPPOCAMPAL CA1
PYRAMIDAL NEURONS AFTER CHRONIC FLURAZEPAM (FZP)
TREATMENT. Xu Zeng* and E.I. Tietz. Department of Pharmacology,
Medical College of Ohio, Toledo, OH 43699

TEMPORAL REGULATION of GABAa RECEPTOR a and 0 SUBUNIT
mRNAS IN SITU AFTER CHRONIC FLURAZEPAM TREATMENT.
X. Huang*. W,J. Ferencak. S. Chen and E.I. Tietz. Department of Pharmacology, Medical College of Ohio, Toledo, OH 43699

Studies of CA1 neuronal function in in vitro hippocampal slices from
chronic FZP-treated (100 mg/kg X 3 days; 150 mg/kg X 4 days, p.o.) rats
have shown a reduction in GABA-mediated feedforward and recurrent
inhibition and a decrease in GABAa and GABAB-mediated IPSP amplitude.
Monosynaptic IPSPs are also reduced in CA1 neurons. In the latter studies,

GABAa receptor subunit mRNA expression was measured in situ at 3 timepoints [immediacy (0 days), 2 and 7 days] after 1 week FZP treatment to
correlate changes in expression with tolerance in vivo and in vitro, in the
hippocampal CA1 region. We previously reported a discretely localized
decrease in aj, but not a5 and
mRNA expression in hippocampal CA1
neurons and layers II-IV of frontal cortex (FCTX) 2 days after the end of

when EPSPs are blocked, the Cl' reversal potential of the GABAA-mediated
IPSP shifted in a depolarizing direction, implying Cl' accumulation in
postsynapse may be one mechanism contributing to the reduced GABAergic
function in CA1 neurons. In the present study, whole-cell recordings were
made in FZP-treated neurons to investigate the role of GABA intemeuron
activity in mediating decreased GABA inhibition in benzodiazepine (BZ)
tolerant hippocampus. Slices (500 ^M) were cut from rats sacrificed 2 days
after FZP treatment, when residual BZs are not detected in hippocampus.
Spontaneous IPSPs were recorded with micropipettes (6-10 MQ) filled with

135 mM CsCl (mM: 130 CsCl, 1.0 EGTA, 0.5 CaCl2, 2.0 MgCl2, 2.0 ATP,
10.0 HEPES, pH 7.2) in cells current clamped at -60 mV. The frequency
of spontaneous IPSPs > 1.0 mV was significantly reduced in a 2 min sample
from treated neurons (p = .O2, n=6) in comparison to controls cells (n=7).
With [Cl '] equivalent across the membrane, there was no difference between
groups in the cumulative relative frequency of sIPSP amplitudes. A decrease
in tonic inhibition due to a reduction of interneuron firing rate may be related
to decreased GABA-mediated inhibition in hippocampus after chronic BZ
treatment. Supported by NIDA grant RO1-DAO4O75 and RSDA K02DA00180.

chronic flurazepam (FZP) treatment. In this study, a2, 02, and 03 mRNA
expression were measured in 10 ^M saggital sections from FZP-treated (100
mg/kg X 3 days; 150 mg/kg X 4 days, p.o. in .02% saccharin) and control
rats (8 rats/group). Adjacent sections, hybridized with [35S]45mers, were
exposed to film and the density on digitized images was measured over hippocampus (CA1-CA4, DG), FCTX, striatal cortex, cerebellum (CER) and
several midbrain structures. After 0 and 2 days, 03 mRNA expression was
significantly reduced in all hippocampal subregions and FCTX. After 7 days
when tolerance is reversed, 03 expression returned to control levels in most
areas but was signifcantly above control in CA3 and FCTX. 02 mRNA
expression was not changed immediately after treatment. Two days after FZP
treatment, 02 mRNA expression was increased in CA1-CA3, d G and FCTX
then returned to control levels within 7 days. a2 mRNA was only reduced in
caudate and subiculum immediately after FZP treatment. GABAa receptor
subunit mRNAs are differentially and biphasically regulated at different times
after chronic FZP treatment as a function of brain region. A rearrangement
of the subunit compostition of the GABAa receptor may be related to the
decreased GABAergic transmission in the hippocampal CA1 region and to BZ
tolerance. Support: NIDA grants RO1-DA(4O75 and RSDA K02-DA00180.
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REPEATED COCAINE TREATMENT PRODUCES SELECTIVE
ALTERATIONS IN T-BUTYL BICYCLOPHOSPHOROTHIONATE BINDING.
M.S. Abel* and D.E. Camey. Dept. of Cell Biology & Anatomy,
FUHS/The Chicago Medical School, North Chicago, IL 60064.
Daily administration of subconvulsive doses of cocaine leads
to behavioral changes that culminate in seizure activity. We have
previously demonstrated alterations in rat GABAa receptors after
lidocaine kindling (Met. Br. Dis. 8:235, 1993). Although cocaine is
known to affect dopaminergic systems in the CNS, we hypothesized
that there is a GABAergic component to the cocaine kindling
phenomenon. We therefore examined TBPS binding in the brains of
rats treated with cocaine. Male Sprague-Dawley rats were injected
with cocaine (35 mg/kg, i.p.) or saline (control) daily at 10 a.m. for 8
days. Behavioral assessments were made for the 1.5 hour period after

THE BENZODIAZEPINE INVERSE AGONIST ROI9-46O3 EXERTS
PROLONGED
ANTAGONISM OF
THE
LOCOMOTOR
DEPRESSANT ACTIONS OF
ETHANOL IN ALCOHOLPREFERRING (P) RATS. S. Duemler, H.L. June, T.E. Breen*, MJ.
Lewis and J.M. Murphy. Dept. of Psychology, Inst, of Psychiactric Res.

injection. The behaviors were rated on a scale ranging from agitation
to generalized motor seizure. The rats were decapitated 24 hours after
the last injection, and the brains frozen at -70° until sectioning. Brain
sections were prepared and the tissue was incubated with 35S-TBPS
(+/- pictrotoxin to determine nonspecific binding). The sections were
exposed to x-ray films which were quantitated using a computer-based
image analysis system. All animals exhibited progressive stereotypical
behavioral changes. Seventeen brain regions were analyzed. The
binding of TBPS was significantly decreased in the caudate nucleus,
nucleus accumbens, septal nuclei, and dentate gyrus (range: 16-50%).
These data are interesting in light of the dopaminergic action of
cocaine, and the functional interaction of GABA and dopamine in
these regions.
In addition, these data suggest a GABAergic
component to cocaine kindling.

and Program in Medical Neurobiology, Indiana University-Purdue
University, Indianapolis, IN 46202 and Dept, of Psychology, Temple
Univ., Philo , PA 11513

RO19-46O3 is a benzodiazepine (BDZ) partial inverse agonist, and has
been reported to exert prolonged antagonism of ethanol (EtOH) intake in
alcohol-preferring (P) and non-preferring (NP) rats. The present study
investigated the prolonged time course of a single administration of
ROI9-46O3 (0.075 or 0.15 mg/kg), in P rats (N=I2) given 5 min prior to
EtOH on Day 1, on locomotor depressant actions of a second EtOH
injection (1.5 g/kg) 24 hr or 7 days later. Compared with vehicle
baselines, EtOH caused significant (p<0.05) decreases (50 to 70% of
control) in most motor behaviors on Day 1 following the initial EtOH
injection, and following the second injection 24 hr or 7 days after the
first injection. Pretreatment 5 min before EtOH injections on dtie first day

with ROI9-46O3 (0.075 or 0.15 mg/kg) attenuated the decrease in motor
behaviors to 47% of controls. A similar profile of attenuation occurred

at 24 hr and 7 days when animals were pretreated with ROI9-46O3 on
Day 1. Neither dose of ROI9-46O3 alone significantiy altered locomotor
activity. The results suggest that brief occupation of the GABAa -BDZ
receptors sites by ROI9-46O3 may induce changes at the receptor level
which mediate the motor-impairing effects of EtOH and maintain for up
to 7 days after a single EtOH dose in P rats. (Supported in part by grants

AAO8553, A07611, andAAO7462).
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MUSCARINIC RECEPTOR ACTIVATION ENHANCES ETHANOL
POTENTIATION OF SYNAPTIC GABAa CURRENT IN RAT
HIPPOCAMPAL CA1 NEURONS. J.L. Weiner*. L. Zhang, and P.L.
Carlen. Playfair Neurosci. Unit, Addiction Research Fdtn, Toronto Hosp.
Res. Inst., Univ. of Toronto, Dept, of Pharmacol., Canada M5T 2S8.
There is increasing evidence that ethanol potentiation of GABAa receptor
function can be regulated by protein kinase C (PKC) and possibly other
second messenger-dependent processes.
Consequently, we studied the
ethanol sensitivity of synaptic GABAa receptors in hippocampal slices
pretreated with a cholinergic analog known to stimulate PKC and
Ca2+/calmodulin-dependent kinase II. Pharmacologically-isolated GABAa
IPSC s were recorded from rat CA1 neurons at 22-24 °C using the whole-cell
patch-clamp technique. The effect of 20 mM ethanol was assessed 10 to 30
minutes after a 2 minute application of 10 ^M carbachol and compared to
the potentiation observed without pretreatment. Carbachol pretreatment
significantly enhanced ethanol potentiation of GABAa IPSCs (74.5 ± 8.7%
after pretreatment vs. 36.4 ±4.1% without pretreatment, P < 0.0002).
The carbachol facilitation was blocked by pretreating slices with 1 ^M
atropine or by dialysing cells with 2 mM AMP-PNP (a non-hydrolysable
analog of ATP). In addition, preincubation of slices in 1 ^M staurosporine
completely blocked ethanol potentiation of GABAa IPSCs, even after
carbachol pretreatment.
These results provide the first evidence that
muscarinic receptor-mediated stimulation of PKC and possibly other kinases
enhances the ethanol sensitivity of GABAa receptors in hippocampal CA1
neurons.
(Supported by the MRC and Addiction Research Foundation)

PLASMA LEVELS OF NEUROOTEROIDS AND ETHANOL PSYCHOPATHOLOGY
IN ALCOHOLICS WITHDiRAW,AL1E.Romeo*.1A.Brancati. *A.DeLorenzo. *PFucci.
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Sperimentale1 and DeptSanith Pubblica2, "Tot Vergata" University, 00173 Rome; Dep.
Medicina Clinica3, "La Sapienza" University, 00185 Rome - Italy.
Different reports suggest that the GABAergic system mediates th sedative,
hypnotic, ataxic and anticonvulsant effects of ethanol. Nevertheless in vitro,
electrophysiological studies, aimed at establishing a direct action of ethanol on GABA activated Cl' currents at GABA^rece^ors- gave contrasting results. During ethanol

intoxication, as a consequence of activation of th hypothalamic-pituitary-adrenal axis,
blood-borne steroids accumulate in brain (Neuroendocrirology 57:559,1993). Here we
examined, in alcoholic patents hospitalised under th influence of alcohol whether
ethanol may positively modulate GABA^ receptor function indirectly by increasing th
synthesis of neurosteroids. The plasma levels of progesterone (PROG),
allopregnanolone (ALLO) and aUoetraahydooeexyccaticosterone (THDOQ were
measured by gas-chromatography mass-fragmentografy. Blood samples were taken
immediately after arrival at th hospital unit, each of th next 4 days and on day 15th,
between 8 and 9 a.m.. On th same days were administered auto md heteroevaluation
psychometric tests to measure depression, anxiety, aggressiveness, aleyithcmia and
cognition. The first day after hospitalisation th plasma levels of ALLO and THDOC
but no that of PROG were increased in alcoholic patients when compared to th plasma
levels of normal (hospitalised) volunteers. ALLO and THDOC plasma levels showed a
significant decrease between th first and the 15th day of alcoholic withdrawal. On th
contrary th plasma levels of PROG did not show any significant change. The increase
of anxiety (STAI-Y1) and depression (HAM-D, BDI) well correlate with th drop of
neurosteroids plasma levels.These results suggest tht th effects of ethanol in th
central nervous system could be mediated by an increased synthesis of neurosteroids
that positively modulate GABA^ receptor function.
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EFFECTS OF PENTYLENETETRAZOL ON THE EXPRESSION OF mRNA for
GABAa RECEPTOR SUBUNITS IN RAT BRAIN REGIONS.
M. Li.
T.H. Chiu. T.-J. Zhao and H.C. Rosenberg*.
Dept. of
Pharmacology, Medical College of Ohio, Toledo, OH 43699.
There is evidence that the convulsant action of
pentylenetetrazol (PTZ) is mediated via the GABA^/benzodiazepine receptor complex. PTZ kindling was reported to
be associated with a decrease in [3H]GABA and [ SJTBPS
binding, and GABA-stimulated 36c 1' uptake. In the present
study, the effects of acute convulsive doses of PTZ on the
expression of GABAa receptor subunit mRNAs were examined.
Rats were sacrificed 4 hr after saline or PTZ injection
(45 mg/kg,
i.p.).
Poly(A)+ RNA was isolated from
different brain regions.
mRNAs for GABAa receptor
subunits and for fl-actin were quantified by Northern blot
analysis using 32p labelled oligonucleotide and cDNA
probes.
Ratios of GABAa receptor subunit/J-actin mRNA
were used to measure the relative abundance of each p
subunit mRNA.
In PTZ treated rats, al mRNA was
significantly decreased in cerebellum, but was not changed
in cerebral cortex.
The opposite pattern was found for
the 72 subunit mRNA; a significant decrease in cortex, but
not in cerebellum. p2 subunit mRNA was decreased in both
cortex and cerebellum. a5 subunit mRNA, which can not be
detected in cerebellum, was not altered in cortex.
PTZinduced reductions in GABAa receptor subunit mRNAs may be
associated with changes in GABA-mediated neurotransmission
in the CNS following PTZ convulsions. The results show
that such changes may be specific for brain region.
(Supported by NIDA grant R01-DA02194).

GABA RECEPTORS:
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216.1

216.2

REGION-DEPENDENT EFFECT OF ZINC ON TBPS BINDING TO GABAa
RECEPTORS IN RAT BRAIN SECTION AUTORADIOGRAPHY.
T.M. DeLorev*. M. Gordey. and R.W. Olsen Department of Molecular and
Medical Pharmacology UCLA School of Medicine, Los Angeles CA 90024.

thyroid

In vitro studies have suggested a role for zinc in neuronal activity. Zinc has
been shown to influence a variety of neural components such as the NMDA
receptor, K channel and the GABAa receptor. Recombinant GABAa receptors
lacking the y subunit are susceptible to zinc inhibition both in conductance and
[35S]TBPS binding. In this study various brain regions were evaluated relative to
Zn2+ influence on [35S]TBPS binding in tissue sections, endogenous Zn2+ levels,
and GABAa receptor subunits present.
We have previously shown, using 36C1’ flux, that zinc-sensitivity of GABAa
receptors varies in different brain regions. To further investigate the possible
physiological role of endogenous zinc on GABAa receptor functions in the brain,
we studied the ability of Zn2+ to influence [35S]TBPS binding in rat brain
sections. We found variability throughout the brain with regions such as layers IIII of the cerebral cortex displaying higher sensitivity than other regions such as
inferior colliculus. The cerebral cortex is an area where one can see heavy Zn2+
staining determined by the Timm's staining method, while the inferior colliculus
has lower levels. Zinc depletion of the tissues using chelation with TPEN (20 pM)
caused changes in GABAa receptor function, as evaluated by 36C1_ flux, in

regions exhibiting higher levels of Timm staining. Regional variability in the
complement of GABAa receptor subunits may provide a clue to regional
differences in Zn2+ inhibition of [35S]TBPS binding. Supported by NS 28772.

hormones

stereospecifically

modulate

binding

of

[“S]TBPS to the CONVULSANT site of the GABAa RECEPTOR COMPLEX
J.V. Martin. D.B. Williams. B.Q. Kreider* and H. Lee. Biology Department,
Rutgers University, Camden, NJ 08102.
Since thyroid hormones are concentrated in nerve terminal fractions (Dratman
et al., 1978, Proc. Nat. Acad. Sci., 73:941-944) and released on stimulatioin
(Mason et al., 1993, Neuropsychopharmacology, 8:253-258), we studied the
potential neuromodulatory roles of these hormones with regard to the GABAa
receptor complex of rat brain. Several iodothyronine derivatives were tested for
effects on the binding of [“S]t-butyllbcydophosphorothtonate ([“S]TBPS), a
ligand for the convulsant site of the complex. Well-washed membranes were
prepared from P2 pellets from rat forebrains by freeze-thawing and repeated
centrifugation and resuspension in fresh 50 mM Tris HCI buffer with 1 mM EDTA
(pH 7.4). Varying amounts of thyroid hormone were incubated with 2 nM
[“S]TBPS and aliquots of resuspended membranes in 50 mM Tris HO and 250
mM NatQ (pH 7.4) for 90 min at 25°C. Membrane-bound radioactivity was
determined after filtering in a vacuum manifold and washing the fitters twice.
Both l-triiodothyronine (l-T3) and l-thyroxine (l-T4) modulated [“S]TBPS binding
with similar biphasic concentration-dependence curves. in each case, the curve
showed a region of enhancement of [“S]TBPS binding (with EC5O's around 100
nM) and an area of displacement (with iC5O*s of 1(0* M). The stimulation of
[“S]TBPS binding by l-T3 was significantly enhanced by 100 nM GABA (EC5O
= 25 nM l-T3). Neither d-isomer stimulated [“S]TBPS binding, although both
had iC5O's in the range of 100-250 pM. Reverse T3 did not influence [“S]TBPS
binding at doses below 300 pM. The stereospecific enhancement of [“S]TBPS
binding by l-T3 in the presence of GABA is within the physiological range of
synaptic concentrations determined by Mason et al. (1993), suggesting that
thyroid hormones are endogenous modulators of the GABAa receptor complex.

216.3

216.4

TBPS, A UGAND FOR THE GABAa RECEPTOR COMPLEX, MODULATES
THYROID HORMONE BINDING TO BRAIN MEMBRANES.
D.B. Williams. H. Lee and J.V. Martin*. Biology Department, Rutgers University,
Camden, NJ 08102.
Recently, we have demonstrated that thyroid hormones can modulate binding
of labeled t-butylbicyciophosphorothionate (TBPS) to brain membranes (see
Martin et al., 1994, Soc. Neurosci. Abstr.). Also, it has been shown that there
are at least two sites for high-affinity binding of [125]l-triiodothyronine <[125]T3)
to brain membranes (Mashio et al., 1982, Endocrinology, 110:1257-1261),
although the possible significance of these sites is not dear. We examined the
effects of TBPS on the binding of [125i]T3 to membranes prepared from
forebrains of adult male 'Sprague-Dawley rats. A P2 pellet was prepared by
differential centrifugation and washed by repeated centrifugations and
resuspensions in fresh 1 mM Mg<32, 1 mM EDTA, and 0.1 mM di^hio^hr^itcd in
50 mM Tris-HQ buffer (pH 8.0). A trace amount (10 pM) of [125I]T3 was
incubated with membranes in incubation buffer (50 mM Tris, 1 mM Mg^2> 1 mM
EDTA and 0.1 mM drthiothretod, pH 8.0) in the presence of varying
concentrations of TBPS for 30 minutes at 37°C. Membrane-bound radioactivity
was determined after filtering in a vacuum manifdd and washing the filters
twice. At low pM concentrations, TBPS significantly stimulated specific [125i]T3
binding by 10-15% above contrrd incubations without TBPS. At higher
concentrations (100 pM), TBPS inhibited specific f25I]T3 binding. These data
demonstrate a biphasic modulation of thyroid hormone binding to brain
membranes by TBPS, a ligand for the convulsant site of the GABAa receptor
complex.

AFFINITY OF ABECARNIL, BRETAZENIL, AND Ro 19-8022 FOR DIAZEPAMSENSITIVE AND -INSENSITIVE COMPONENTS OF [3H]Ro 15-4513 BINDING
IN RAT CEREBELLUM AND CEREBRAL CORTEX. A. K. Mehta* and R. P.
Shank. Drug Discovery, The R. W. Johnson Pharmaceutical Research Institute,
Spring House PA 19477-0776, USA.
Abecamil, bretazenil and Ro 19-8022 are GABA-based anxiolytics, but are
atypical in that they are less sedating and less prone to cause motor
incoordination than traditional benzodiazepine (BZ) receptor agonists.
Although they are often referred to as partial agonists, their interaction with
GABAa receptors has not been fully evaluated. In this study, we have
determined their affinity for diazepam-sensitive (DS) and -insensitive (DIS) BZ
sites. [3 H]Ro 15-4513 (0.5 nM) was used to label DS and DIS sites at 23°C.
Diazepam inhibited =70% and =96% of specific binding in the cerebellum (ICso
= 28 ± 5 nM, n = 5) and cerebral cortex (ICso = 30 ± 9 nM, n = 4), respectively.
Abecamil, bretazenil, Ro 19-8022, and Ro 15-4513 inhibited both DS and DIS
sites in the cerebellum and cerebral cortex, the ICso values (nM) of which are
shown in the table below.
Compound
DIS site_____
.f
Cerebellum
Cerebellum
CC
CC
Abecamil
0.32 ± 0.07
0.81 ± 0.27
570 ± 190
260±81
Bretazenil 0.34 ± 0.13
0.74 ±0.10
26 ± 6
49±14
0.37 ± 0.04
Ro 19-8022 0.05 ± 0.02
460 ± 160
160±62
1.90 ± 0.06
12±3
10±1
Ro 15-4513 4.30 ± 0.74
Notably, the slope factor for abecamil, bretazenil and Ro 19-8022 was
significantly >1 for the DS component. The high slope factor was not affected
by prolonging the incubation time, and was similarly high using [3H]flumazenil
or [3H]flunitrazepam as ligands. A low GABA-shift was observed for abecamil,
bretazenil and Ro 19-8022, indicative of a partial agonist profile, but the 'high
slope factor is unusual for compounds that bind to BZ sites.
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APPARENT
HETEROGENEITY
OF
ZOLPIDEM
LABELLED
©,/BZ,
RECEPTORS IN THE RAT CEREBELLUM. H. Schoemaker*, S. Piqasse and S.

RECEPTOR HETEROGENEITY: A COMBINED APPROACH OF
FOURIER-DERIVED affinity
spectrum
analysis
of
SATURATION AND COMPETITION DATA WITH LIGAND FOR
THE CHARACTERIZATION OF BENZODIAZEPINE (BDZ) AND
GABAa RECEPTORS. P,A, Maguire*. M.F. Davies. D.M. Ellis. D.B.
Meredith and G.H. Loew. Molecular Research Inst., Palo Alto, CA and
Dept, of Mathematics, San Francisco State Univ., San Francisco, CA.
Probing receptor heterogeneity is a challenging aspect of receptor
pharmacology, especially for systems as complex as the GABAa /
BDZ/chloride ion channel. We have previously reported the use of a
novel analysis of saturation data called Fourier-derived affinity
spectrum analysis (FASA) to characterize the number and affinity o^
binding populations identified by the BDZ receptor ligand [3H]R)151788 in the rat spinal cord. A new mathematical formulation has
allowed us to extend this method to the analysis
competition data,
producing good initial estimates for LIGAND. The accuracy of this
enhanced method, called FASA2, to predict binding constants for
unlabeled ligands has been tested using simulated data in several
binding models, both with and without error. Subsequently, this new
method was used to analyze [3H]Ro I5-1788 competition data for several
BDZ ligands. The FASA2 results obtained for these ligands were used
as initial estimates in LIGAND. The Kj values calculated using the
combined FASA2/ LIGAND approach compared favorably with those
obtained using the trial-and-error method of choosing initial estimates
for LIGAND which is time consuming, inaccurate and subjective. We
are extending this approach to the study
GABAa receptors in the rat
cerebellum using [3H]muscimol, combining FASA (for saturation
data), FASA2 (for competition data) and LIGAND.

Tan. Synthdlabo Recherche, 31, av. P.V. Couturier, 92220 Bagneux, France
Although a heterogeneity of ^benzodiazepine (BZ) is generally accepted, the
rat cerebellum is thought to contain a homogenous population of the zolpidemsensitive w,/BZ, subtype. In view of recent evidence of ©,/BZ, receptor

heterogeneity (Ruano et al., 600, 134, 1993), we re-evaluated this question.
Extensively washed rat (Sprague-Dawley) cerebellar membranes were
incubated for 45 min at O°C with 1 nM [3H]flumazenil or 2 nM [3H]zolpidem in a
50 mM Tris-citrate/200 mM NaCI buffer (pH 7.4), nonspecific binding being
defined by the presence of 1 pM diazepam.
In the nominal absence of GABA, zolpidem monophasically (nH=0.99)
competed with [3H]flumazenil binding (IC50=^94 nM). However, in the presence of
200 nM GABA,
1
pM allo^etrahydrodeoxycorticos^erone or 1
pM
allopregnanolone zolpidem inhibition curves were shallow (nH< 1) and were best
described by the presence of high (^=2-5 nM) and low affinity (ICM=75-90 nM)
zolpidem binding sites representing 25 and 75 % of total specific binding. In the
presence on 200 nM GABA, [3H]zolpidem binding (180 % of controls) was

monophasically inhibited by flumazenil and triazolam (IC^I .3 and 0.74 nM,
respectively). However, inhibition curves by zolpidem (^50=3.4 and 77 nM) and
DMCM (IC5o =2.5 and 65 nM) were biphasic, each phase representing 50% of
total specific binding.
Although the rat cerebellum was thought to contain a single homogenous
population of 0,/BZ, receptors, neurosteroids and low concentrations of GABA
selectively affect two populations of sites differentially recognized by zolpidem
and DMCM.

216.7

216.8

FEWER GABAa RECEPTOR BINDING SITES IN THE
AMYGDALA AND HYPOTHALAMUS ARE ASSOCIATED WITH
GENETIC HYPERTENSION. Bang H. Hwang*and Phillip E,
Kunkler. Dept, of Anatomy, Indiana Univ., School of Medicine,
Indianapolis, IN 46202
It has been shown that the central GABAergic system is associated
with normal blood pressure regulation, but the role of GABA receptors
in genetic hypertension remains unclear. This study explored GABAa
receptor binding in several brain regions of spontaneously
hypertensive (SHR) rats during development of hypertension. WistarKyoto (WKY) rats were used for controls. Frozen sections on gelatincoated slides were incubated in 4.0 nM [35s]t-butylbicyclophosphorothionate (TBPS) in a buffer solution to label GABAa
receptor binding sites and processed for quantitative autoradiography
with aid of a computer-assisted image analysis system. Four-weekold WKY rats contained 3.1 ±0.1 [35s -_t BPS binding sites (1,000
cpm/mg protein) and 4-week-old SHR rats possessed 2.5 ±0.1 (p <
0.01) in the paraventricular hypothalamic nucleus (PVN), whereas 12week-old WKY rats contained 4.6 ± 0.2 and 12-week-old SHR rats
possessed 3.6 0.2 (p < 0.01) in the PVN. Fewer GABAa receptor
binding sites were also seen in the central amygdaloid nucleus (CeA)
of SHR rats than WKY rats at both ages. This study suggests that
GABAa receptors in these nuclei are likely to be involved in the
initiation and maintenance of hypertension in SHR rats (supported by
NS-25087).

ESTRADIOL ALTERS IN SITU T-BUTYL BICYCLOPHOSPHOROTHIONATE
BINDING IN THE OVARIECTOMIZED RAT BRAIN. N. Taleghanv*. D.

Camev. M. Oblinger. M. Abel. Dept. of Cell Biology & Anatomy,
The Chicago Medical School, North Chicago, IL 60064.
Estrogen modulates GABAa receptor binding characteristics and
protects against picrotoxin-induced seizures in ovariectomized rats.
[35S] TBPS is a high affinity radioligand for the GABAa receptor
chloride channel. Ovariectomized Sprague Dawley rats were divided
into three groups: control (ovx), and 1 (+1E) or 2 (+2E) subcutaneous
silastic implants of !7B-estradiol crystals. After 17 days the brains
were removed, frozen, and coronal sections were taken at anterior
commissural, hippocampal, rostral midbrain and cerebellar levels.
Total binding was determined at 2nM and lOOnM TBPS, with
parallel slides incubated with lOOgM picrotoxin to determine
nonspecific binding. Sections were prewashed, incubated for 3 hours,
rinsed and apposed to film with
standards
for
3
days. Region
[TBPS] + 1E +2E
Autoradiographs were analyzed CA 1
2nM
t
on a computer imaging system.
CA 2
2nM
T
Significant changes in TBPS
_
2nM
T
binding were found in several Dentate
lOOnM
i
i
brain regions. Whether these CA 1
_
i
changes are mediated by Parietal Ctx lOOnM
Piriform
Ctx
lOOnM
i
I
genomic effects of estrogen or
direct interactions with GABAa
receptors is currently unclear. However, the alterations within the
hippocampus may account for some of estrogen's anticonvulsant
attributes.

216.9

216.10

QUANTITATIVE AUTORADIOGRAPHY OF 4’-ETHYNYL-4-z[2,3-3H2]PROPYLBICYCLOORTHOBENZOATE([3H]EBOB)
BINDING TO THE GABAa RECEPTOR COMPLEX.
A. Kume and R.R.Albin*. Dept. of Neurology, U nin. of Michigag,
Ann Arbor, MI 48104.
[3H]EBOB binding to the GABAa receptor complex was
characterized autorddiygrdpgically in rat brain and then its binding in
human brain was investigated. Tissue sections were prewashed in
buffer containing 1 mM EDTA. Kinetic and pharmacology experiments
were performed at room temperature on 20 gm sections of adult rat
brain in 2 nM [3H]EBOB. [3H]EBOB binding reached equilibrium at
2hr. Under these conditions specific binding was 99 % of total binding.
The Kd obtained from saturation studies was 4.59 nM. Picrotoxin
produced dose-dependent inhibition of [3H]EBOB binding and
saturation analysis indicated a competitive interaction. Isoguvacine
inhibited [3H]EBOB binding with regionally different effects.
Bicuculline increased [3H]EBOB binding only in the cerebellar granule
cell layer*. The regional distribution of pH]EBOB binding sites was
heterogeneous: neycyrtex>celebellar molecular layer>cerebeUdr granule
cell layer. In human cerebellum granule cell layer binding>>myleculdr
layer binding. These results suggest that pH]EBOB binds to the
picrotoxin binding site associated with the GABAa receptor complex,
that regional differences in GABAa agonist and antagonist modulation
of [3H]EBOB binding reflect underlying regional differences in GABAa
receptor subunit composition, and that there is a species difference in
GABAa receptor distribution between human and rat cerebellum.
Supported by NS19613 and AG08671.

GABAb RECEPTOR-MEDIATED INHIBITION OF pH]-GABA RELEASE
EVOKED BY K+ OR 4-AP IN NEOCORTICAL SYNAPTOSOMES OF
LETHARGIC (0/0) AND NONEPILEPTIC (+/+) MICE. F-H. Lin* and D.A.
Hosford. Duke & Durham V.A Med. Cntr., Durham, NC 27705.
Our previous studies of absence seizures in Ih/Ih mice showed a requirement for
the activation of GABAb receptors, increased numbers of GABAb binding sites
in neycyrtical membranes, and enriched GABAb receptor binding in neycyrtical
and thalamic structures. In this study we tested the hypothesis that presynaptic
GABAb receptors inhibit depolarization-evoked release of pH]-GABA to a
greater extent in neycyrtical synaptosomes of Ih/Ih than +/+ mice.
Ueycyrtical synaptosomes were prepared from 8-week-old male Ih/Ih and +/+
mice (Percoll gradient) and were loaded with pH]-GABA After preincubation
at 32 0 C in HEPES containing 5mM KC1, synaptosomes were depolarized with
either l2mM KCL (for 1 min) or 50 gM 4-aminypyridine (4-AP; for 2 min), and
filtered. Released pH]-GABA was recovered in the filtrate.
Evoked pH]-GABA release (40-50% above basal) was dyse-dependently
inhibited by baclofen (0.2 -100 gM) in neycyrtical synaptosomes from both Ih/Ih
and +/+ mice; effects of baclofen were fully reversed by the GABAb antagonist
CGP 55845A The maximal effect of baclofen on K+-evoked pH]-GABA release
was signifiaintly greater (p = .014) in Ih/Ih (51 ± 11%) than +/+ (28 ± 6%)
synaptosomes. In contrast, 4-AP-evoked release was inhibited by baclofen to the
same extent (42%) in neycyrtical synaptosomes from both strains.
The significantly greater GABAb receptor-mediated inhibition of K+-evoked
pH]-GABA release in neycyrtical synaptosomes of Ih/Ih mice accords with our
preliminary findings examining K+-evoked 4sCa+2 uptake in the same preparations.
These findings support the hypothesis that presynaptic GABAb receptors produce
a greater effect in Ih/Ih than +/+ mice. The differential effects of GABAb
receptors on K+- and 4-AP-evoked pH]-GABA release may imply different
populations of GABAb receptors regulating the mechanisms underlying release.
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DYNORPHIN A,.l7 REDUCES GABAa RECEPTOR-MEDIATED
RESPONSES IN ACUTELY ISOLATED NEURONS FROM THE SPINAL
DORSAL HORN. R.A. Wang* and M. Randid. Dept. of Vet. Physiol, and
Pharmacol., and Neuroscience Program, Iowa State University, Ames, IA
50011.
We have previously shown modulation of excitatory amino acid responses
in spinal dorsal horn (DH) neurons by dynorphin A,.,7 (dynorphin), the
endogenous ligand for *-opioid receptors. Here we report that the responses
of the acutely isolated spinal DH neurons from 7-16-day-old rats to gammaaminobutyric acid (GABA) are also modulated by dynorphin in a complex
manner. Pressure application of GABA (2^M) induced a stable bicucuilinesensitive inward current in DH neurons. When the cells were clamped to
a holding potential of -6OmV, dynorphin (0.1-lpM, 5 min) decreased the
peak amplitude of the GABA (2^M)-induced current in 64% (n=9) of the
examined cells and increased it in 2 cells. The depressant effect was
concentration-dependent (100 nM, by 17.5 ± 3.4%, n=6; 1 pM, by 31.1
± 8.0%, n=4) and reversible, whereas the enhancing effect (1 pM, by
66.4%, n=2) outlasted the period of the peptide application for up to 50
min. In the presence of 1 nM naloxone, dynorphin (100 nM) failed to
induce any significant change in the GABA-activated current (n=3). These
results indicate that dynorphin A,.n modulates GABAa receptor sensitivity
in a subset of spinal DH neurons, with a major effect being depression.
This action may contribute to the regulation of the excitability of DH
neurons and the strength of the primary afferent neurotransmission,
including nociception. (Supported by NS-26352 and IBN-9209462).

216.13
y -aminobutyric

FUNCTION

EFFECTS OF GENDER AND GONADECTOMY ON STRESSINDUCED CHANGES IN GABA-ACTIVATED CHLORIDE FLUX.
M.A. Wilson* and R. Biscardi. Dept. Pharmacology, Univ. South Carolina
School of Medicine, Columbia, SC 29208.
Many hormonal indices of stress display sex-related differences. Stress
modulates binding sites within the GABAa receptor complex and GABAstimulated *Cl' influx. The increases in cortical low-affinity GABA sites
and benzodiazepine (BZ) receptors observed following acute stress are
greater in female than male rats. We examined if these sex-dependent
binding changes translate into altered physiological GABA/BZ responses.
GABA sensitivity and BZ enhancement of GABA-activated *Cll‘ flux
into cortical synaptosomes were analyzed from handled (unstressed) and
swim-stressed (10 min, 18°C) rats. Intact male, intact female,
orchidectomized (ORCH), and ovariectomized (OVX) rats were compared.
Stress-induced increases in serum corticosterone were markedly greater in
females than males. Stressed groups showed decreased GABA-activation
of *C1* influx compared to handled groups, except in ORCH rats (F=4,
P=O.O5 for stress effect). Regression analysis revealed maximal GABA
activation (at 100 pM) and corticosterone levels were negatively correlated
(r=-0.36, P=O.O2, n=43). No differences in midazolam enhancement of
GABA-activated chloride influx (at 10 pM GABA) were seen between
handled and stressed rats in any hormone group. Thus, acute stress
increases both BZ and GABA binding in cortical membranes. Stress
decreased GABA-activation of MCl’ influx in a hormone-dependent
manner, but failed to affect BZ modulation of this physiological GABA
response. (Supported by R29 DAO5932 to MAW)

216.14
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ELECTROPHYSIOLOGICALLY CHARACTERIZED NEURONS WITHIN
THE RAT ROSTRAL VENTROLATERAL MEDULLA IN VITRO. A. Havar, M.
O. Poulter*. P. Feltz. Lab. Physiologie Generale, Univ. Louis Pasteur, 21 rue R.
Descartes, 67084 Strasbourg, France.
The rostral ventrolateral medulla (RVLM) is known to be crucial in the
maintenance of normal cardiorespiratory activity. A variety of putative
neurotransmitters or their biosynthetic enzymes have been localized within this
brainstem region. The purpose of our work was first to investigate with
conventional intracellular technique in rat brain slices the electrophysiological
characteristics of neurons of the RVLM, and second, to study the GABAergic
mechanisms believed to be involved in the baroreflex control and cardiovascular
regulation. Our results revealed that at least three major types of neurons can be
identified in the RVLM. The first type was identified by the presence of
pacemaker-like activity and/or membrane potential oscillations. These cells had
also the largest spike amplitude and spike duration. The second type of neurons
processed a delayed inward rectifier conductance. The neurons of the third type
had a very negative membrane potential (-70 mV), and a very low input
resistance (25 MQ), and their membrane potential demonstrated regular synaptic
activity. Pressure application of GABA, usually caused a depolarization in cells of
the third type even when recorded with potassium acetate electrodes, and a
variable response in the first two types depending on the presence or absence of
Cl" in the recording electrode. On the other hand, the second type of neurons was
the most sensitive to the GABAb agonist baclofen. Our analysis of the
electrophysiological characteristics of the RVL neurons indicate that it is possible
to distinguish different types of cells in a neurochemically heterogeneous
population of neurons. In addition, it provides further evidence for the role of
GABAergic systems in modulating the activity of neurons in this
sympathoexcitatory cardiovascular brain region.
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7142 ON GABAa RECEPTOR FUNCTION. M. Sei^i^a*, C.A. Ghiani and G. Biooio.
Department of Experimental Biology, University of Cagliari, 09123 Cagliari, Italy
Felbamate (FBM) is a new nontoxic antiepilectic compound with a broad
spectrum of anticonvulsant activity and still unknown mechanism of action. We
evaluated the ability of this drug to enhance the function of GABAa receptors

under conditions in which GABAergic transmission is reduced. In particular GABAa
receptor function was evaluated by measuring "ex vivo" the binding of (I35S]TBPS)
in the cerebral cortex and hippocampus of isoniazid-treated mice. FBM reduced

in a dose-dependent manner the isoniazid (200 mg/kg)-elicited increase in
[3sS]TBPS binding to unwashed cortical and hippocampal membranes. The effect
of FBM was significant at a dose of 200 mg/kg, with the maximal reduction in
isoniazid-induced [35S]TBPS binding apparent at 300 mg/kg. Flumazenil,

antagonized the inhibitory effect of diazepam, but not that of FBM, on the
isoniazid-induced increase of [35S]TBPS binding. A small dose of FBM (50 mg/kg),

uneffective on isoniazid-treated mice, completely antagonized the increase of
pSSJTBPS binding elicited by FG 7142, a benzodiazepine receptor inverse agonist.
The above effects of FBM resembled those of diazepam. Accordingly, the

combination of FBM (50 mg/kg) and diazepam (0.2 mg/kg) elicited a marked
decrease of [35S]TBPS binding. The anticonvulsant activity of FBM correlated with
the ability of the drug to reduce the isoniazid-induced increase in [3sS]TBPS
binding. Our data provide the first experimental evidence that indirect stimulation

of GABAa receptor activity contributes to the molecular mechanism of the
antiepileptic action of felbamate.
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ENDOGENOUS PHOSPHORYLATION OF GABAa RECEPTOR BY DISTINCT
KINASES. Michel Bureau*. Jacques Laschet. Arlette Minet and Pierre

MODULATION OF GABAa RECEPTOR ENDOGENOUS PHOSPHORYLATION
BY DIVALENT CATIONS AND POLYAMINES. Jacques Laschet*. Michel

Wins. Laboratory of Neurochemistry, School of Medicine, University
of Lidge, Lidge, Belgium, B-4020.
The gamma-aminobutyric acid type A (GABAA)/benzodiazepine
(BZD) receptor complex is a membrane protein which mediate the
majority of inhibitory synaptic transmission in the central nervous
system. At least 15 genes have been identified by molecular cloning.
Ligand binding heterogeneity was demonstrated by photoaffinity
labeling and autoradiography (Bureau and Olsen, J. Neurochem., 61:
1479-1491. 1993). Modulation of GABAergic transmission may also
arise from phosphorylation by exogenous kinases such as PK-C and
PK-A on beta subunit (Browning et al., PNAS, 87: 1315-1318. 1990).
It has been postulated that GABAa receptor function was maintained
by phosphorylation factors (Stelzer et al., Science, 241: 339-341.
1988). We reported the endogenous phosphorylation by ATP on
affinity column-purified receptor proteins from bovin cerebral cortex.
This phosphorylation predominates on 51-53 and 55 kDa
polypeptides. Major incorporporation of phosphate occured on serine
and threonine residues of 51 kDa band. Minor incorporation on
tyrosine residues has been also observed by ELISA test and
immunoblotting studies. This activity is specific to 55 kDa protein.
This work demonstrates the existence of multiple endogenous kinase
activities associated to the purified receptor. Correlations with
molecular biology data stronly suggest that endogenous receptor
kinases phosphorylate at least alpha-1, alpha-2 (Ser, Thr residues) and
gamma-2 (Tyr residue) subunits.
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Bureau and Pierre Wins. Laboratory of Neurochemistry, School of
Medicine, University of Lidge, Lidge, Belgium, B-4020.
GABAa receptors mediate inhibitory synaptic transmission.
Phosphorylation of neurotransmitter receptors is a common mechanism for
the regulation of receptor function. The GABAa receptor function can be
modulated by protein kinase A phosphorylation (Moss et al., Science, 257:
661-665. 1992). Moreover, it has been reported that favorable conditions
for phosphorylation were required to prevent run-down of GABAa
currents (Chen et al., J. Physiol., 420: 207-221. 1990). We recently
reported (Bureau et al., Soc. Neurosci. Abstr. 1994) that the GABAa
receptor can be phosphorylated by kinases that copurify with the receptor.
Our present results show that divalent cations are required for this type of
phosphorylation, Mn2+ being much more effective than Mg2+. Ca2+ is
inhibitory at concentrations higher than 10’4 M. Two distinct kinase
activities, GABAa -R PKl and GABAa -R PK2, could be separated during
the steps of receptor elution from affinity column. PKl and PK2 differ in
their Vmax (0,057 and 3,15 mol PO4/mol GABA sites respectively) as well

as in EC50 for activation by Mn2+ (50 and 30 pM respectively). Spermine
- which is present in neurons at concentrations around 10"4 M - has
distinct and specific effects on the 2 receptor-associated protein kinases. It
inhibited GABAa -R PK2 (IC50 = 600 pM) but activated GABAa -R PKl
(EC50= 150 pM). In contrast, spermidine and putrescine did not
appreciably affect the kinase activities. The specificity of spermine effect
strongly supports the hypothesis that 2 distinct kinase activities are
associated with the purified GABAa receptor.
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EFFECTS OF G PROTEINS AND PROTEIN KINASES ON THE
POTENTIATION OF
THE
GABAa AND
GLYCINE-ACTIVATED

PROTEIN KINASE C ENHANCES RECOMBINANT aipiy2L GABAa
RECEPTOR SINGLE-CHANNEL CURRENTS EXPRESSED IN L929
CELLS. Y.-F. Linr. M.D. Browning2. E.M. Dudek2 and R,L, MacdoQakP.

CURRENTS BY ETHANOL. Lpi§ Q. AqpayQ", Juan C.UpjjK F.lgri.a C,
Pancetti. Neuropharmacol. Lab., Catholic U. at Valparaiso. Valp., Chile.
Activation of GABAa and glycine receptors in the brain and spinal cord

provides a main inhibitory control of excitability. Recent studies from ours
and other laboratories have shown that low concentrations of ethanol are
able to enhance the function of these receptors in cortical and spinal
neurons. The mechanism by which ethanol affects these receptors, however,
is largely unknown. Using patch-clamp techniques and cultured mouse
neurons we are studying the influence of G proteins and protein kinases (PK)
on the potentiation induced by ethanol. In cortical neurons (36°C), addition of
GTP-y -S (0.5-1.0 mM) to the intracellular solution shifted the concentration-

response relationship towards lower concentrations of ethanol (0.1 mM). Pre-

application of 1 pM PMA, but not 4-a-PMA, for 2 min reduced the amplitude
of the Cl' current activated by 2.5 pM GABA to 73±7% of control. In addition,

PMA significantly reduced the effect of 40 mM ethanol on the amplitude of
the Cl' current from 140±8% to 122±6% above control. In spinal neurons, we
found that GTP-7-S (0.5 mM) enhanced the effect of ethanol on the glycine

current and that GDP-p-S inhibited the effect of ethanol. Cholera toxin
increased the amplitude of ■ the current and completely prevented the
potentiation of the current induced by ethanol. Cells pre-treated with
pertussis toxin were still potentiated by ethanol. Furthermore, intracellular
GTP-7-S and cAMP induced a transient potentiation on the current. In

conclusion, we propose that ethanol potentiates these inhibitory receptors by
altering their state of phosphorylation through activation of G proteins, PKA
and phosphatases. Supported by a Grant from NIAAA.

Depts. of Physiology1 and Neurology3, Univ. of Michigan, Ann Arbor, Ml
48109, and Dept, of PharmacQlogy2, Univ. of Colorado, Denver, CO 80262.

We have reported that the GABA-evoked whole-cell currents of
recombinant bovine aipiy2L GABAa receptors (GABARs) expressed in
mouse fibroblast L929 cells were enhanced by catalytically active protein
kinase C (PKM, Huang and Huang, 1986),' and the enhancement was
antagonized by a specific PKC inhibitory peptide (PKC-I) (Lin et al.,
submitted). In the present study, inside-out patch-clamp recordings were
obtained from L929 cells which had been transiently co-transfected with
bovine a1, p1 and y2L GABAR subunit cDNAs. Recombinant bovine a101y
2L GABAR single-channel currents were evoked from cell-free, excised
membrane patches with 1 pM GABA included in the intrapipette solution.
Application of PKM (40 nM) by pressure ejection via a drug micropipette to
the cytoplasmic faces of patches enhanced the single-channel currents. The
single-channel conductance level was unchanged, whereas both singlechannel opening frequency and open duration were increased by PKM
application. Co-application of the specific PKC-inhibitory peptide (PKC-I,

8 pM) and PKM resulted in GABA-evoked single-channel currents which

were similar to those obtained in the control condition. These data suggest
that the function of GABARs is enhanced by PKC, either by direct PKC
phosphorylation of the GABARs, or indirectly through phosphorylation of
some membrane-bound regulatory proteins. The possibility of involvement of
other intracellular proteins was excluded.
Supported by a Markey Foundation grant to R.L.M.
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REDUCED GABAa RECEPTOR FUNCTION AND ELEVATED cAMPDEPENDENT PROTEIN KINASE ACTIVITY IN TOTTERING MOUSE BRAIN.
E,M, Barnes. Jr, and M,H, Jalilian Tehrani.* Dept, of Biochemistry, Baylor Col. of
Med., Houston, TX 77030.
The single-locus mutant mouse tottering (tg/tg) displays spontaneous seizures
similar to those in petit mal epilepsy. We have previously reported that compared to
the isogenic background strain (+/+), tg/tg cortex shows an elevation of c AMp levels
which are attributable to endogenous" norepinephrine [Tehrani and Barnes (1990)
Epilepsy Res. 7, 205-209], In order to examine the relationship between high cAMP
pools and GABAa receptor function, we measured GABA-gated 36C1’ uptake into
brain microsacs. Compared to +/+, the gated 36Clf uptake by tg/tg microsacs was
lower during the initial 5 sec of incubation and faded more rapidly thereafter. For
36C1 pulses of 3, 5, and 10 sec, the GABA-dependent uptake by tg/tg microsacs
represented 45 ± 6.3%, 65 ± 9.9%, and 33 ± 6.1%, respectively, of the values for
+/+. When isoguvacine replaced GABA as agonist, tg/tg membranes showed an
equivalent attenuation in gated 36C1 uptake relative to +/+. Preincubation with 10
pM H-89, an inhibitor of protein kinase A (PKA), had no significant effect on gated
flux in +/+ microsacs, but increased uptake in tg/tg preparations by 54 ± 16%. In
the presence of H-89 the differences in GABAa receptor function between tg/tg and
+/+ were no longer statistically significant.
Measurements of Kemptide
phosphorylation using [y-32P]ATP revealed that basal PKA activity in microsacs was
stimulated 3-fold by addition of 0.1% Triton X-100, indicating a substantial fraction
of intravesicular enzyme. In the presence of Triton, basal PKA activity of tg/tg
microsacs (1.60 ± 0.24 nmol/mg • min) was nearly twice that of +/+ (0.82 ± 0.13
nmol/mg -min). The results suggest that elevations of PKA in tg/tg brain may
compromise GABAa receptor function and thus could contribute to seizure
induction.
Supported by NIH grants MH47715, DK17436, and NS11535.

RELEASE REGULATING GABAB AUTORECEPTORS IN
HUMAN NEOCORTEX. G. Fontana. A. Fassio. °P. Severi. °P.
Cavazzani. M. Marchi* and M. Raiteri. Institute of Pharmacology and
Pharmacognosy, University of Genova, Viale Cembrano 4, 16148 Genova
and "Division of Neurosurgery, Galliera Hospital, Via A. Volta 8, 16128
Genova, Italy.
The depolarization-evoked release of y-aminobutyric acid (GABA) and
its regulation mediated by GABAg autoreceptors were studied using
synaptosomes isolated from fresh specimens of human cerebral cortex
removed during neurosurgery. The release of pHJGABA elicited by
superfusion with 12 mM K+ was inhibited by the GABA^ receptor
agonists (-)-baclofen (ECcq = 1-48 pM) and 3-aminopropylphosphinic acid
(3-APPA; EC50 = 0.034 pM). The two compounds produced the same
maximal effect (about 45% inhibition). The effect of 10 pM (-)-baclofen
was differentially reduced by the three GABAg receptor antagonists CGP
52432
{[3-[[(3,4-dichlorophenyl)methyl)amino]propyl]-(diethoxymethyl)
phosphinic acid}, phaclofen and CGP 35348 [3-aminopropyl(diethoxymethyl) phosphinic acid]. CGP 52432 was by far the most potent
antagonist (IC^q = 0.09 pM). Although about 700 times less potent than
CGP 52432, pnaclofen also completely antagonized the effect of (-)baclofen (IC5q = 70.0 pM). In contrast, CGP 35348 was ineffective up to
100 pM and, at 300 pM, counteracted (-)-baclofen by only 20%. Previous
studies showed that pharmacologically distinct subtypes of the GABAg
receptor exist in the rat brain. The present results suggest that the human
GABAg neocortical autoreceptor and the rat autoreceptor have similar
characteristics. Supported by grants from the Italian M.U.R.S.T.
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Cyclic GMP-Dependent
Protein Kinase II Regulates
Recombinant
GABAa Receptor
Currents
In L929 Cells . L. J. Greenfield. Jr.*. M. D. Uhler
and R. L. Macdonald. Depts. of Neurology, Biochemistry and Physiology, and Mental
Health Research Institute, Univ. of Michigan, Ann Arbor, MI, 48104.
GABAa receptors (GABARs) are heterooligomeric proteins composed of
homologous subunits, each containing four transmembrane segments (Ml-M4) with a
cytoplasmic loop between M3 and M4 containing putative sites for phosphorylation.
Acute application of cAMP-dependent protein kinase (PKA) reduces GABAR currents in cultured spinal cord neurons (Porter et al., Neuron 5:789-96), while chronic
increases in PKA activity increase maximal recombinant GABAR currents (Angelotti
et al., Mol. Pharm. 44:1202-10). Activated protein kinase C (PKM) increases recombinant alpl^L GABAa currents in transfected L929 cells (Y.-F. Lin et al., submitted). Cyclic GMP-dependent protein kinase (cGK) reduces L-type calcium channel
currents in cardiac myocytes, but its effect on GABARs is unknown. cGK II is a
novel kinase cloned from a mouse brain cDNA library and expressed in transfected
COS-1 cells (M.D. Uhler. J. Biol Chem. 268:13586-91).
L929 cells were acutely transfected with cDNAs encoding bovine alpl^S
or rat al p3y2L subunits and recorded in whole cell configuration. Patch pipettes
contained intracellular buffer with cGKH (1 to 10 pg/ml) or vehicle. GABA (0.3 to
300 pM) and other agents were applied via a multipuffer system, and cGMP analogues (1-3 mM) via a separate puffer pipette. In cells transfected with alfl^S
subunits, inclusion of cGKII in the intracellular pipette resulted in variable increases
in maximal GABAR currents, associated with a left shift in the EC50 and increased
Hill slopes. Cyclic GMP analogues alone had no effect or reduced GABAR currents.
In cells transfected with aip3y2L subunits, reimpalement recordings (vehicle followed by cGKU-containing pipettes) also showed increases in maximal GABAR currents. The Hill slope increased but there was no change in EC50. These effects may
result from phosphorylation of the GABAR or other intracellular regulatory proteins.

VOLTAGE DEPENDENT MODULATION OF GABAa RECEPTOR CHANNEL
DESENSITIZATION IN RAT HIPPOCAMPAL NEURONS. Kong-Woo Yoon.
Division of Neurosurgery and Surgical Research Institute, Saint Louis University
Health Sciences Center, St. Louis, MO, 63110-0250.
The mechanism of the time dependent decline in GABA induced chloride
conductance, referred to as desensitization, was studied in dissociated rat
hippocampal cell culture using a whole cell voltage clamp recording. In most
cells, the gradual decline of membrane conductance was dependent
simultaneously on the agonist concentration and membrane voltage. The
’recovery" from desensitization occurred after removal of the agonist with a time
constant of about 35 seconds. The rate of recovery from desensitization was
independent of membrane voltage.
Even in the continued presence of GABA, desensitization could be prevented
by holding the membrane potential greater than 0 mV in a near symmetrical
chloride gradient across the cell membrane. When the membrane potential was
jumped from a negative to a positive membrane potential during steady state of
desensitization, the GABA induced chloride conductance gradually "relaxed” to
the undesentitized state. This phenomenon of gradual increase in chloride
conductance or "reactivation” from desensitization was both voltage and agonist
dependent.
The process of "recovery" of the GABA ionophore from the desensitized state
is distinct from the process of "reactivation” which is dependent both on the
voltage and agonist. These observations suggest that the ligand bound GABA
receptor has two alternate states, i.e. permissive (activated) and desensitized.
The rates of transition between these two states are voltage dependent.
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MODULATION of GABAa FUNCTION IN VITRO AND [3H]HEMICHOLINIUM-3 BINDING EX VIVO BY THE POTENTIAL
COGNITION ENHANCER MDL 103,804. Jerry A. Miller*, Paula A.
Chmielewski, Christopher R. Dalton, J. Michael Kane. Marion Merrell
Dow Research Institute, Cincinnati, OH 45215.
Selective negative modulators of GABAa function can enhance
cholinergic transmission and also reverse cognitive deficits. Acetylcholine
turnover can be assessed indirectly by measuring the binding of
[’H]hemicholinium-3 ([’HJHC-3) to the high affinity choline uptake site.
The triazole MDL 103,804 was tested using varying doses (0.1 - 10

SELECTIVE MODULATION OF GAB A-ACTIVATED CHLORIDE CURRENTS
BY MDL 27531 IN CULTURED RAT SPINAL CORD MOTORNEURONS. C.J.
Rogers*, A.M. Ogden, and J.M. Kane. Marion Merrell Dow Research Institute,
Cincinnati, OH 45215.
MDL 27531 has been shown to protect against strychnine-induced seizures and
post traumatic hyperreflexia. This compound did not displace binding of
[3H]muscimol, [3H]flunitrazepam, [35S]TBPS to the Ga Ba a receptor or [3H]

mg/kg, i.p.) in rats and 1 hour later the cortex was removed. Membrane
preparations were made and the Bmlw values for [3H]HC-3 binding were
determined. GABAa function was examined in vitro using muscimolstimulated (1 gM) J6C1‘ influx and modulation of this stimulation was
examined using various concentrations (10 nM to 10 gM) of MDL 103,804
and the p-carboline DMCM either by themselves or in combination.
Treatment with MDL 103,804 in vivo caused a significant enhancement
of [3H]HC-3 binding to cortical membranes ex vivo following i.p. dosing.
This increase was through a change in the density of binding sites rather
than a change in affinity. In cerebellar membranes muscimol-stimulated Cl
influx was attenuated by DMCM but MDL 103,804 had no effect.
However, when combined with DMCM MDL 103,804 significantly
enhanced the inhibitory effect beyond the maximal effect of DMCM by
itself. These data suggest that MDL 103,804 may act in a novel maimer at
the GABAa receptor and enhances cholinergic turnover which is predictive
of cognition enhancing ability in animal deficit models.

strychnine to the glycine receptor. We previously showed that MDL 27531 enhanced
GABA-activated chloride currents in cultured spinal cord motomeurons but not to
cultured hippocampal pyramidal neurons. The present study was done to further
describe this differentiation using whole cell recordings from rat spinal cord and
hippocampal pyramidal neurons.
Whole cell recordings were obtained from cultured rat hippocampal or spinal cord
motomeurons in response to the pressure application of gamma-amino-butyric acid
(GABA 2gM) alone or GABA (2 gM) plus MDL 27531 (100 nM, 1 uM).
MDL 27531 (100 nM) selectively enhanced GABA-activated whole cell responses
in spinal cord motomeurons but did not enhance GABA-activated responses obtained
from hippocampal pyramidal neurons. MDL 27531 (1 uM) plus GABA did not
enhance chloride current in either cell type. These results are in agreement with
those obtained from pooled single channel data obtained from similar preparations.
These tissue selective effects of MDL 27531 support the hypothesis that this
compound acts selectively at specific configurations of the GABAa receptor. The
concentration-dependent effects may result from additional effects at the same or
different GABAa receptor subtypes or may be due to intrinsic properties of this
receptor complex at different concentrations. Additional studies are underway to
study pharmacological properties of this compound series and to determine which
subunit configuration of the GABAa receptor is modulated by this compound.

217.11

217.12

SELECTIVE MODULATION OF GABA-ACTIVATED CHLORIDE
CURRENTS BY MDL 27192 AND VALPROIC ACID. A.M. Ogden*, M.
Kane, M. Murawsky, C. Rogers. Marion Merrell Dow Research Institute,
Cincinnati, OH 45215.
MDL 27192, a triazole-derived compound, was identified previously
as a broad spectrum anticonvulsant with a profile similiar to valproic acid.
Previous studies using single channel recordings obtained from cultured rat
hippocampal pyramidal neurons indicated that GABA plus MDL 27192
relative to GABA alone enhanced total chloride current in a receptor subtype
specific manner. Valproic acid has not been well characterized
mechanistically but has been shown to affect the GABAergic system via one
or more pathways. The present experiments were designed to determine
whether MDL 27192 and valproic acid enhanced chloride current using
whole cell voltage clamp recordings.
Responses were obtained from cultured rat hippocampal pyramidalor rat cortical neurons in response to the pressure application of the
neurotransmitter gamma aminobutyric acid (GABA 2gM) alone or GABA
(2gM) plus either MDL 27192 (lOOnM) or valproic acid (lOOnM or 5OgM).
MDL 27192 and valproic acid produced a small (0-4%, 4-29%
respectively) decrease in total current in hippocampal neurons. Both MDL
27192 (6-50%) and valproic acid (100-2(0)%) enhanced chloride current in
rat cortical neurons. These data further suggest that MDL 27192 and
valproic acid modulate GABAa receptors in a subtype specific manner.
Future studies will examine compound effects on GABAa receptor subtype
configurations.

THE HYPERPHAGIC ACTIVITY OF PREGNANOLONE IN MALE RATS
IS MEDIATED BY GABAa RECEPTORS. S-W. Chen, M.F. Davies. L.
Rodriguez. M. Halks-Millei* and G.H. Loew. Molecular Research
Institute, Palo Alto, CA and Berlex Laboratories, Richmond, CA.
Like benzodiazepines (BDZ), 3a-hydroxy-neurosteroids are anxiolytic
and anesthettc/hypnotic. These endogenous neurosteroids also enhance
pHJflunitrazepam binding to BDZ/GABAa receptor. We, therefore,
investigated the effect of the neurosteroid-pregnanolone (3a-hydroxy-53pregnan-20-one) on food intake, a behavior known to be modulated by
BDZ/GABAa receptor ligands. In non-food deprived male rats,
pregnanolone (0.1-10 mg/kg in 40% p-cyclodextrin) dose-dependently
increased the consumption of a standard rat diet with 15% sucrose added.
This hyperphagic effect of pregnanolone (1-10 mg/kg) was found to be more
sensitive than its anxiolytic effect (5-10 mg/kg) as determined in the
elevated plus maze test. At subconvulsive dose (1.5 mg/kg), picrotoxin, a
GABAa antagonist, reversed both hyperphagic, as well as anxiolytic
effect of pregnanolone. However, the BDZ antagonist, Rol5-1788 (10
mg/kg) had no effect on pregnanolone-induced hyperphagia. These results
indicate that the hyperphagic effect of pregnanolone is mediated through
the GABAa receptor but not by direct interaction with BDZ receptors.
Since pregnanolone is an endogenous neurosteroid, it may play an
important role in appetite control.

217.13

217.14

SEX-SPECIFIC EFFECTS OF ANDROGENIC/ANABOLIC STEROIDS
ON GABAa -RECEPTOR LIGAND BINDING IN RATS. Tory A.
Masonis and Michael P. McCarthy*.
CABM/Pharmacology,
UMDNJ-RWJMS, Piscataway, NJ, 08854.
Direct interactions between neuroactive steroids (NAS)
and the GABAa receptor have been the focus of much
recent investigation.
In order to gain insight into
mechanisms for their abuse potential, we are investigating
the effects of androgenic/anabolic steroids (AAS) on the
binding of agonists, benzodiazepines and channel blockers
to the GABAa receptor.
Two commonly-abused derivatives
of testosterone, 17-a-methyltestosterone (17-a-MT) and
stanozolol, were shown to enhance [3H]-muscimol binding
to cortical membranes extracted from either male or female
Sprague-Dawley rats.
Stanozolol significantly enhanced
muscimol binding to female cortical membranes, while 17a-MT induced only a slight enhancement of binding.
Both
stanozolol and 17-a-MT significantly enhanced muscimol
binding to- male cortical membranes to the same extent.
Conversely, at gmolar concentrations, both AAS inhibited
the binding of [^H]flunitrazepam with equal efficacy to
both male and female cortical membrane preparations.
We
are currently investigating the effects of 17-a-MT and
stanozolol on the binding of additional GABAa
receptor
ligands, in different brain regions, to examine modulation
of GABAa receptor activity by AAS in greater detail.

treatment
with
GABAa or benzodiazepine
receptor
AGONISTS causes
UNCOUPLING of stably
TRANSFECTED GABAa
RECEPTORS. R.L. Klein. P.J. Whiting. and R.A. Harris.* Dept, of
Pharmacol., Univ. of Colo. Health Sci. Center and VAMC, Denver, CO,
80262, and Merck Sharpe and Dohme, Harlow, Essex, UK.
Chronic exposure to drugs that stimulate or potentiate GABAa receptors
causes down-regulation of receptor binding sites, function, subunit
mRNAs, and allosteric coupling between sites in brain and neuronal
primary cultures. Some or all of these events may underlie the tolerance
and dependence that occurs with chronic use of these drugs. Mouse L
cells were stably transfected with bovine o1, B1, y2L subunits (PNAS
§9:6378, 1992) and treated chronically with a number of GABAergic
drugs, to test if the stably transfected cells displayed down-regulation
despite exogenous control of GABAa receptor subunits. Only chronic
GABA affected (increased) the Bmaxof [3H]flunitrazepam binding. Chronic
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chronic

muscimol, GABA, or ethanol (all 4 days) reduced the GABA enhancement
of (’HJflunitrazepam binding by about 40%. Treatments of 2 hr. with

flunitrazepam and clonazepam produced the most pronounced uncoupling,
while 4 day treatments with pentobarbital and allopregnanolone did not
affect the coupling of the GABAA/benzodiazepine sites. Curiously, PK
11195, the peripheral benzodiazepine ligand blocked the effects of
flunitrazepam and clonazepam. We are currently determining if levels of
GABAa receptor subunit mRNAs are affected by these treatments, and
preliminary results show that chronic muscimol or ethanol does not
decrease mRNA levels. These findings suggest that the down-regulation
of allosteric coupling of the stably expressed receptors probably involves
post-translational modifications.
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PROGESTERONE can regulate
GABAb RECEPTORS IN
THE
CEREBRAL
CORTEX
BY
A
NON-GENOMIC
MECHANISM. M.l. Al-Dahan, M. Jalilian Tehrani and R.H.
Thalmannf Depts of Cell Biology, Biochemistry, and The Div.

CHRONIC NEUROSTEROID TREATMENT PRODUCES FUNCTIONAL
UNCOUPLING OF THE GABA-BENZODIAZEPINE (BZ) RECEPTOR
COMPLEX IN MAMMALIAN CORTICAL NEURONS. Rong Yu* and
Maha^i K. Ticku. Department of Pharmacology, University of Texas
Health Science Center, San Antonio, TX 78284-7764.
The effect of chronic 5a-pregnane-3c--o--2O-onr (nrtrostrroid;
5a3a) treatment was investigated on the binding of [3H]fltnitrizrpim and
its coupling to various sites associated with the GABAa -BZ receptor
complex in cultured cortical neurons. Chronic treatment with 5a3a (2
pM) did not alter the basal [3H]flunitrazrpam, [3H]Rol5-1788, and
[3H]Rol5-4513 binding to the intact cortical neurons. However, 5a3a
treatment produced a time-dependent decrease in the Emax value of GABA
enhancement of [3H]fllnitrizepam binding from 90% (control group) to
79%, 63%, and 43% after 5a3a treatment (2 pM for 1, 3 and 5 days,
respectively). The chronic 5a3a-indlced uncoupling was concentration
dependent (0.1-2 pM).
Chronic 5a3 a treatment also produced
uncoupling between barbiturate, and nrurosteroid sites, with the BZ
receptor sites. This heterologous uncoupling was due to a decrease in the
Emax value of GABA, pentobarbital, and 5a3a, without an effect on their
EC50 values. Flrthrrmorr, chronic 5a3a treatment decreased the Emax
value of GABA (84% to 23%) on GABA-mediated 36Cl-influx, without
altering its EC50 value. Chronic 5a3a treatment also decreased the specific
binding of [3h ]GABA (-30%) and [35s ]TBPS (-44%) to their binding
sites. Taken together, these results indicate that chronic neurosteroid
treatment produced downregulation of GABA and TBPS binding sites, and
functional uncoupling of allosteric sites of GABA receptor complex in the
mammalian cortical neurons. This uncoupling was heterologous in nature.
(Supported by NIMDS grant #NS-15339)

of Neuroscience, Baylor College of Medicine, Houston, TX
77030
We found that at least a portion of the effect of the estrous
cycle upon GABAb receptors in neocortex (Brain Res.
v.64O,p33) could be mimicked by in vivo injections of 100 pg
progesterone/l(Og body weight in ovariectomized rats. These
injections, 4 hours before the experiment, increased baclofen
binding primarily by affecting the Bmax of GABAb receptors.
Further, using well-washed synaptic membranes and filtration
assays of the binding of (3H)-baclofen, we have found that

simultaneous progesterone and baclofen incubation for as
little as 15 minutes also increased baclofen binding (1/2
max=25nM progesterone, approximately 1/5th peak proestrus
concentration). This progesterone treatment shows some
selectivity: it has not affected the binding of the 5HTla agonist
8-OH-DPAT, nor the GABAa receptor regulator flunitrazepam.
We have so far been unable to produce this effect upon
baclofen binding in intact male rats. Supported by NINDS

grant NS 21713.
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ALTERATIONS in GABAa RECEPTOR BINDING IN THE PREFRONTAL
CORTEX FOLLOWING ACUTE AND CHRONIC STRESS. R.J.Gruen*,
K.Wenbere. R.Elahi, and A. J . Friedhoff. Millhauser Labs. ,
New York Univ. Medical Center, New York, NY 10016.
Previous research has shown that acute stress leads
to an alteration in GABAa receptor binding in the
cerebral cortex.
Few studies however, have been
designed to examine the effects of chronic stress on the
GABA receptor complex.
W^ therefore investigated the
effects of acute and chronic restraint stress on GABAa
receptor binding in the adult rat using the GABAa
receptor antagonist SR 95531.
Animals were habituated
to handling and assigned to a control, acute (20 min.
restraint:) , or chronic stress condition (11 daily 20
min. sessions). Acute and chronic stress did not lead
to a significant alteration in GABAa receptor binding in
the cerebellmi or striatmu.
In the prefrontal cortex
(PFC) however, acute stress led to a 22% reduction in
specific binding, relative to controls (F - 16.0; j> <
.01), while chronic exposure led to a 42% reduction in
specific binding (F - 22.5; p < .001), relative to
controls. The difference in specific binding in the PFC
in acutely and chronically stressed animals was
marginally significant (F * 4.5; p = .06). Our findings
provide preliminary support for the idea that chronic
stress leads to a further down-regulation in GABAa
receptor binding in the PFC, relative to the effects of
acute stress. (MH-08618; AJF).

ION CHANGES EVOKED BY ANOXIA: OSMOTIC SHIFTS AND ROLE OF t AMINOBUTYRIC ACID (GABA) RECEPTORS. G.V. Obrocea*. L. Leppanen
and M.E. Morris.. Dept. of Pharmacology, University of Ottawa, Ottawa
K1H 8M5.

217.19

Ion-selective microelectrodes were used to evaluate osmotic shifts and
the role of the inhibitory neurotransmitter, GABA in the brain's early
response to anoxia. Changes in extracellular space were assessed by
recording changes in the concentration of tetramethylammonium ([TMA]).
Recordings were made in stratum pyramidale (SP) and stratum radiatum
(SR) in the CA1 region of guinea pig hippocampal slices during perfusion
with Ringer containing 3 mM TMA during either anoxia (N2 replacement
of 02 for 5') or bath application of 5 mM GABA. [TMA]o increases
evoked by both N2 and GABA were significantly greater in SR than in SP,
and approximately 3-4 times greater at depths of 100 and 150 pm
compared to 50 pm. Volume decreases induced at 100 pm by N 2 were
5.28 ± 0.28 and 6.16 ± 0.80 % for SP and SR respectively, and by

GABA 4.64 ± 0.23 and 4.75 ± 0.25 % -- reductions insufficient to

account for the bicuculline-sensitive changes in [K+]o and [Cl‘]o which we
have previously reported (Soc Neurosci Abs 19: 1138). The larger
changes in SR compared to SP reflect differences in surface area/volume
ratio and/or magnitude of trans-membrane ion shifts. Applications of the
GABAb agonist, baclofen (20-100 pM) inconsistently evoked only small
and transient increases in [K+]o (0.5 - 2.0 mM) in 3 out of 6 experiments.
The contribution of GABA to ionic changes during anoxia would therefore
appear to involve mainly the activation of GABAa receptors.

(Supported by Neural Regeneration & Functional Recovery NCE & MRC)
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WITHDRAWN
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PROGESTERONE WITHDRAWAL AS A RAT MODEL OF ANXIETY: CORRELATION WITH THE GABA-GATED INWARD CURRENT IN RAT HIPPOCAMPAL CA1 NEURONS- A --M- N. Costa1^ K.T. Spence*. S.S. Smith1,
and J.M.H. ftirendh-MuIlm^. Dept- of Anatomy, ‘ MCP-Hahnemann University, Philadelphia, PA 19102 and 2Dept. of Pharmacology, Zeneca Phirmicrtticals, Zeneca, Inc., Wilmington, DE 19897.
A previous report from this lab (Gallo and Smith, 1993) suggests that withdrawal from sustained exposure to progesterone (P) increases anxiety in the
rat, and may replicate conditions accompanying PMS and post-partum
dysphoria. The active compound here is most Ukey 3a- OH^-pngnanne^Oone, which potentiates the GABAAjgated inward CT current in the same manner as the anxiolytic barbiturates (Harrison et al, 1987). In this study, we tested
the hypothesis that P withdrawal alters GABA or benzodiazepine responses of
isolated single CA1 hippocampal neurons. Rats were chronically exposed to
and withdrawn (wd) from P (5 mg, ip in oil) for three cycles (5 days of injection, 0-5 days wd). GABA-mediated CT currents were quantified using the
whole cell patch clamp technique. Cells were held at -50mV and GABA (10
pM) applied at intervals that dia not show drsrnsitizition. At 1 day wd, GABA
produced a 5-fold increase in CT current above control levels (P<0.05). Cells
from rats chronically exposed to P, or after 3 or 5 days wd, exhibited control
levels of GABA response. In addition, the normally potentiating action of the
benzodiazepine Lorazepam (Loraz) on GABA-mediated
conductance was
reversed in cells from rats wd 1 day, such that Loraz (at doses from 10'7 to W4
M) depressed GABA cunmt. This is in contrast to control data (no P): In tins
case, Loraz potentiated GABA current 113 ± 4,148 ± 6,183 ± 18 and 199 ± 19%
over the same dose range. Loraz modulation of GABA current was not significantly different from control levels in cells from rats chronically exposed to P
(no wd), or at 3 or 5 days wd. At 1 day wd using the identical paradigm, administration of P at 2mg or 500 pg (+2 Pgs l7p- estradiol) produced a 33.7% or
27.8% draeisr, respectively, in lO^M Loraz-potentiation ef GABA current
(P<0.05 vs. oil control). These data suggest that an endogenous steroid, P, exhibits withdrawal properties which are correlated with significant changes
both in GABA response and in Loraz modulation of GAb A current. (Supported by USAF Gr AFOSR#93-0136 to SSS.)
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Chinese herbal
medicine
'saiko -keishi -to " activates
GABAa RECEPTOR OF RAT SENSORY NEURONS IN CULTURE.

ACTIVE FORMS OF MERCURIC CHLORIDE TO MODULATE GABAACTIVATED CHLORIDE CHANNELS IN RAT DORSAL ROOT GANGLION
NEURONS.
C.S. Huanq, and T. Narahashi*. Dept. of
Pharmacol., Northwestern Univ. Med. Sch., Chicago, IL
60611.
When dissolved in aqueous solutions containing Cl,
mercuric chloride exists largely as Cl and OH complexes
depending on the Cl concentration and pH.
We have
recently found that HgCl2 augments GABA-induced chloride
current in rat dorsal root ganglion neurons. To
determine which forms of complexes are responsible for
this action, whole-cell patch clamp experiments were
performed. With normal [Cl]o of 140 mM, HgCl2 at 10 gM
shifted the dose-response curve for GABA to lower
concentrations decreasing the GABA EC* from 29.5 gM to
16.9 gM.
Thus co-application of 10 gM GABA and 10 gM
HgCl2 resulted in a 400% increase in current amplitude.
Whereas current potentiation decreased somewhat when
[Cl^ was decreased to 1 mM, it was maintained at the
normal level at [Cl]o=0.1 nM.
This suggests that Hg2+
and HgCl2 have approximately the same potencies.
Changes in pH had drastic effects on the current
potentiation: it was further potentiated by decreasing
the pH from 7.3 to 6.0 and decreased by increasing the
pH to 8.0.
This implies that the chloride complexes of _
mercury exhibit higher potencies than the chloride
hydroxyl complexes.

K.Sugivama1. L.-Y.M. Huang1 andM. Yoshimura2* Marine Biomedical
Institute, The University sf Texas Medical Branch, Galaestse, Texas
77555-08431 and Department sf Physiology, Kurume University Uchssl sf
Medicine, Kurume 830, Japan2.
The Chinese herbal medicine "Uaiks-Keishi-Ts (UK)" prsduces sedative,
hypnstic and aeticseaulsaet actisns sn the central nerasus system. Whsle
cell patch recsrding were made frsm eewbsre rat dsrsal rsst ganglisn
cells in culture. UK (2 mg/ml) prsduced an inward current at a hslding
pstential (Up) sf -60 mV (CsCl in patch, 0 Na/TrisCl in ext.). UKinduced current (UK-current) had the reversal pstential sf +10 mV which
was identical ts that sf the chlsride current activated by r-amins-butyric
acid (GABA, 30 gM). UK-current was csmpletely blscked by bicuculline
(20 gM) but nst affected by strychnine (2 gM). These results suggest that
UK acts sn GABAa receptsr and activates the chlsride current linked ts
GABAa receptsr. Ts test an effect sf UK sn GABAb receptsr, the vsltagegated calcium current (Ic ) was evsked by a depslarizatisn frsm Up sf -80
mV (Cs-aspartate, 5 mM ATP in patch, 0 Na, 0 Ca/5 mM Ba in ext.). UK
(2 mg/ml) decreased the peak amplitude sf Ic activated at +10 mV ts 73
± 8% sf the csntrsl (n = 6) withsut affecting a transient Ic evsked at -30
mV. Uswever, the Ic inhibitisn by UK was nst antagsnized by either
phaclsfen (500 gM) sr saclsfen (100 gM). The results suggest that UK
depresses high-vsltage activated Ic withsut mediating GABAb receptsr.
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AGE-RELATED CHANGES OF EXPRESSION OF GABAa al
RECEPTOR UUBUNITU IN TUE UUBUTANTIA NIGRA. U
Kubsva. E.F. Uperber. U.R. Zukin. L.Brswn. D.Fan. L.Friedman and
U.L. Msshe. Dept. Neurslsgy and Neursscience, A. Einstein Csll, sf
Med., NYC, NY
We determined the develspmental changes in the expressisn
and distributisn sf several GABAa receptsr subunits (al, a2, a4 and
pl) in the substantia nigra pars reticulata (UNR) using in situ
hybridizatisn in adult and tws-week sld rats. There was ns
detectable expressisn sf a2, a4 and pl subunits. There was hswever
expressisn sf al mRNA thrsughsut the UNR in bsth age grsups.
Emulsisn studies revealed that there are msre grains per neuron in the
adult UNR csmpared ts the pup UNR. There were marked differences
between the grsups in the distributisn sf al mRNA within sf the
UNR. In adults, the highest expressisn was in the pssteris-dsrsal
regisn. Optical density measurements sf the autsradisgrams revealed
that the expressisn sf the al subunit was 40% greater in this regisn
csmpared ts the remaining UNR. In pups, there were ns pssterisranterisr differences in the distributisn sf the labeled elements and ns
tspsgraphic specificity. These findings suggest that the expressisn sf
the al subunit increases with age. Furthermsre, the tspsgraphy sf
the nigral cells expressing the al message changes with maturatisn.
Uwitching frsm a patchy pattern in the pup UNR ts tws distinct
regisns sf a 1 expressisn in the adult UNR. Our data provide evidence
fsr functiseal segregatisn sf nigral sutput systems that csrrelate with
the distributisn sf GABAa «1 receptsr subunits in adult rats. This
segregatisn is nst present in develsping rats.

DIFFERENTIAL EXPRESSION OF GABAa RECEPTOR mRNAs IN
CULTURED CEREBELLAR GRANULE NEURONU. L.M. Gault and R.E.
Uiegel*. Dept, sf Pharmacslsgy, Case Western Reserve University,
Cleveland, OU 44106-4965.
GABAa receptsr subunit mRNA expressisn in the cerebellum is
deve^^pmenta^y regulated such that the levels sf many subunit mRNAs
increase several-fsld during the secsnd psstnatal week. Ts determine if
receptsr gene expressisn is intrinsic ts neurons sr influenced by environmental
cues, we have examined subunit mRNA expressisn in cultured cerebellar
granule neurons using RT-PCR. Our previsus studies demsnstrated that
subunit mRNA expressisn is dependent upsn cerebellar maturity at the time sf
plating. In cultures prepared at a relatively immature stage (P2), al, P2, and
y2 subunit mRNA levels remained csgstaet sver time in culture. In csntrast,
in granule neurons plated at a msre mature age (P10), p2 and y2 subunit
mRNAs increased several-fsld, a pattern similar ts that fsund in vivs;
hswever, the al subunit mRNA level did nst increase significantly. Ts test
the psssibility that the expressisn sf sther subunit mRNAs may alss be
affected by cerebellar maturity, a6 and 8 subunit mRNA expressisn was
examined. In cultures prepared at P2 sr P10, the level sf a6 subunit mRNA
remained csestaet sr rsse snly slightly sver time in culture. Expressisn sf 8
subunit mRNA shswed a distinct pattern, hswever, rising several-fsld between
4 and 6 days in bsth P2 and P10 cultures. In additisn, sur preliminary data
suggest that the level sf the 8 subunit mRNA, as well as the level sf ssme
sther subunit mRNAs, may increase earlier and/sr ts a greater extent in P10
cultures plated at higher densities. This finding raises the psssibility that cellcell ieteractises may msdulate GABAa receptsr subunit mRNA expressisn.

218.3
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GABAa receptor
uubunit
expreuuion
and
auuembly
in
CULTURED RAT CEREBELLAR NEURONU. L.U. Nadler*. K.L. Dunkle and
R.E. Uiegel. Dept, sf Pharmacslsgy, Case Western Reserve Univ., Cleveland, OU
44106.
The GABAa receptsr, a multi-subunit ligand-gated isn channel, mediates the
actisns sf GABA and a number sf clinically impsrtant csmpsunds. While multiple
subunit issfsrms exist, little is knswn absut receptsr subunit csmpssitise and
assembly in identified neurons. We are addressing this issue by examining subunit
pslypeptide expressisn in cultured rat cerebellar granule cells using agtibsdies
specific fsr the al, P2/3, and y2 subunits. These subunits are thsught ts
csassemble in many types sf neurons. Immuescytschemistry sn granule cells
cultured at psstnatal day 10 revealed that while staining was undetectable upsn
disssciatise, neuronal cell bsdies and prscesses were intensely stained fsr all
subunits by 6 days in culture. Western blst analysis sf granule cell membranes alss
demsnstrated significant increases in al, P2/3, and y2 pslypeptide levels. At 2-4
days in culture, analysis sf the al subunit revealed tws specific bands sf Mr 50 kDa
and 37 kDa. Expressisn sf the 50 kDa fsrm, the expected size sf the mature al
subunit, rsse dramatically between 4 and 10 days, with a csrrespsedigg decrease in
that sf the 37 kDa fsrm. Levels sf the p2/3 and y2 subunit pslypeptides, as well as
that sf 3u -Rs 15-1788 (flumazenil) binding sites, rsse sharply between 2 and 6 days

Expression of p2/p3 Subunits of the GABAa Receptor is Developmentally
Correlated with Synapse Formation in Cerebellar Granule Cells
Jun Wu and Kimon Anqelides*. Department of Cell Biology, Baylor

in culture, indicating the appearance sf GABAa receptsr csmplexes. While the
levels sf the p2/3 and y2 subunit pslypepides rsse in parallel with thsse sf their
respective mRNAs, the increase in 50 kDa al pslypeptide expressisn sccurred in
the absence sf any significant change in al mRNA level. Thus, while expressisn
sf the p2/3 and y2 subunits in cultured cerebellar granule cells may be regulated at
the mRNA level, al subunit expressisn may be regulated at a later step, perhaps at
the level sf assembly ints the GABAa receptsr csmplex.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

College of Medicine, Houston, TX 77030
During postnatal development of the cerebellum, granule cells migrate
from the external granule layer (EGL) to the internal granule layer
(IGL). In the IGL, granule cells mature and express functional GABAa
receptors. We have examined the expression of GABAa receptor subunits
during cerebellar granule cell development (P4-P21) using a P2/P3
specific antibody, P2/P3 is not expressed in granule cells of the EGL
throughout developmental suggesting that immature granule cells do not
express P2/P3. Granule cells in the IGL of P7 and P11 express low levels
of P2/P3. However, at P15-21, the expression of these subunits is very
high in granule cells of the IGL. We have considered several possibilities:
(1) granule cells require a defined time to express P2/P3 in the IGL,
that is programmed: (2) since granule cells continuously migrate into
the IGL, it is possible that there are two populations of granule cells. The
first population that migrates into the IGL before P11 is incapable of
expressing P2/P3 subunit and the second population arriving after P11
expresses P2/P3; (3) granule cells require synaptic inputs to express
P2/P3, inputs available only after P11. To distinguish these
possibilities, rats were y-irradiated at P9-10 to eliminate late granule
cells migration into the IGL. When the irradiated animals were raised to
P15, P2/P3 is expressed at high levels, similar to that detected in nonirradiated P15 rats. These result support either possibility (1) or (3)
above. Based on the fact that mossy fibers and Golgi cells start to form
synapses with granule cells around P12, we speculate that synaptic
inputs might trigger the expression of P2/P3. Experiments to remove
inputs are in progress. Supported by NS28O72.
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Selective Expression of GABAa Receptor Subunit
mRNAs in Monkey Sensory-Motor cortex.
M. M. Huutsman*. T. M. Woods ann E. G, Joons. Dept. of
Anatomy nnd Neurobiology, University of California, Irvine, CA
92717
The GABAa receptor is responsible for inhibitory

FUNCTIONAL EXPRESSION OF GABAa RECEPTORS MAY MEDIATE
GABAERGIC REGULATION OF NEURONAL SURVIVAL IN EMBRYONIC
BRAINSTEM. 0.Liu*1. 0.R.Marcus1. L.L.Dcynud2. A.kMorrow2 and 0.M.Lauder1.
.Dept of Cell Biology and Anat., 2Dppt of Psychiatry, Univ. of N. Carolina, Chapel
Hill, NC 27599.
There is growing evidence that, besides its function as an inhibitory transmitter in
the adult brain, GABA may act as a developmental signal to regulate cell survival,
neurite outgrowth and expression of its own receptors. Previous studies have shown
that GABAergic neurons and their receptors appear early in the embryonic rat brain.
GABAergic fibers project through regions of brainstem and midbrain where
monoamine neurons are being generated, suggesting that GABA could influence their
development (Lauder et al, '1986). In the present study dissociated cultures were
prepared from embryonic day 14 (E14) rat brainstem and grown in BME + 10%
NuSerum for 1 day in vitro (1 DIV), then switched to serum- free medium for another
2-6 DIV. Immunocytochemistry indicated that a and p subunits of the GABAa
receptor were expressed in these cultures. Reverse tra*scriptifn-pdlymsrass chain
reaction (RT-PCR) revealed the presence of 5 subunits in addition to multiple a, p
and y subunits. GABAa receptor function was evaluated by 36Q- flux assays, where
GABA increased ""Cl" uptake in a dose-dependent manner, and GABAa antagonist
inhibited this effect. To investigate GABAergic regulation of neurona survival,
cultures were treated at 1 DIV with 10 uM GABA or GABAa antagonist for 48 hr.
Effects on survival of 5-HT, TH and GABA neurons were quantified by counting
immu*frsactivs cells. Results indicated that GABA or GABAa antagonist had
different positive or negative effects on survival of neurons depending on their
neurotransmitter phenotype. Given the expression of multiple GABAa subunits, it is
proposed that these differential effects on neuronal survival may be mediated by
GABAa receptors composed of different subunit combinations.

npurdtransmission in the mammalian cerebral cortex. Individual
receptor subunits are polypeptides which are generated from at least
15 distinct but related genes that are divided into classes (a, p, y , 5, e),
and subclasses (al, a2, a3, a4, a5, a6), based on sequence
similarity. The particular combination of subunits in neuronal
populations is what generates differential binding properties of this
receptor to a variety of clinically relavent compounds. mRNAs of the
GABAa receptor are developmentally regulated in the developing rat
brain where certain subunit mRNAs (e.g. a2, a3, a5, pl, and p3 ) are
expressed at peak levels before and/or shortly after birth (Laurie et al.,
1992 J. Neurosci. 12 4151).
cDNAs for the al, a2, a4, pl, p2, and y2 receptor subunits
were subcloned from monkey total RNA, amplified via the
polymerase chain reaction (PCR), and inserted into the pBS
transcription vector for the localization of 33p-labeled mRNAs in the
monkey sensory-motor cortex. Hybridization for these GABAa
receptor mRNAs in monkey somatosensory cortical areas 3a, 3b, 1
and 2 is very intense in layers II and IV. In motor area 4 a diffuse
pattern of hybridization for the al, a4, p2 and y2 subunit mRNAs
expands across all layers. The intensity of labeling in layer IV for the
a2, a5 and pl subunit mRNAs remains continuous through areas 1,
2, 3b and 3a and continues into area 4. Supported by NIH grant
NS21377.
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BENZODIAZEPINE PARTIAL INVERSE
AGONIST REACTIVITY IN HEALTHY
SUBJECTS. P. Randall. A. Darnell. K. Hawkins. J.D.
Bremner. R, Mattson. 0. Seibvl. 0. Krystal. R. Innis. D.S.
Chamev.* West Haven VAMC, National Center for PTSD,
Department of Psychiatry, Yale U. School of Medicine,
West Haven, CT 06516

TWO DISTINCT FUNCTIONAL GABA RECEPTORS ARE EXPRESSED IN
THE EARLY EMBRYONIC RHOMBENCEPHALON ACCORDING TO A
PROLIFERATION GRADIENT . D. Marie*. I. Marie. S.V. Smith and J.L. Barker.
Early histogenesis of the rhombencephalon proceeds along a complex cascade of
events which involves cell proliferation, migration and differentiation along a ventral
to dorsal axis. Although the mechanisms of such processes are not yet clear, there
have been reports that GABA may play a significant role in mediating early neuronal
development. Here we characterize the expression of functional GABA receptors on
proliferating and differentiating subpopulations of rat rhombencephalic cells isolated
at embryonic (E) days 11-16, a period during which early *eurogp*esis and
differentiation occur in this region. The tissue was first microdissected into dorsal
(more proliferative) and ventral (less proliferative) parts and each part dissociated
into single cell suspensions by papain digestion. Cells were further fractionated into
cycling and postmitotic cell subpopulations using discontinuous Percoll gradients.
Depolarizing cellular responses to GABA and muscimol (GABAA receptor agonist)
were detected at a subpopulational level using a flow cytometer and a voltagesensitive fluorescent indicator dye (oxonol). No GABA/muscimol depolarizations
were observed over El 1-12, a period during which the great majority (>65%) of
rhombs*cpphalic cells were undergoing DNA replication. At E13 consistent
depolarizing responses to GABA and muscimol were observed in -20% of mostly
postmitotic cells isolated from the ventral region. The response was dependent on
CT ions and was blocked by bicuculline and picrotoxin but not by Z*2+ suggesting
an expression of y2-subunit bearing GABAA receptor on these cells. In contrast, at
this age the great majority of mostly proliferative cells isolated from the dorsal
region depolarized to GABA. This response did not involve Cl" ions and was
blocked by bicuculline and Z*2+ but not by picrotoxin suggesting an expression of
y2-subumt lacking GABA receptor. Over E14-16 the expression of this receptor
progressively decreased in the dorsal region and was correspondingly replaced by
Y2-subunit bearing GABAA receptor. The results reveal the development of two
distinct functional GABA receptors which may mediate *eurogp*psis, and neuronal
migration and differentiation during early histogenesis of the rhombencephalon.

Objective: Several lines of.preclirncal and clinical research
suggest the bpnzddiazppi*pAGABAA receptor is involved in
the pathophysiology of anxiety. Iomazenil is a
benzodiazepine antagonist at the benzodiazepine receptor
with partial inverse agonist properties. This compound may
be a useful and safe probe to examine the benzodiazepine
receptor function in human subjects. Method: In a doubleblind placebo-controlled study design, eight healthy subjects•
received iomazenil (3.7 x 10"Lmg/kg) corresponding to an
estimated 25% benzodiazepine receptor occupancy.
Responses were measured using visual analogue scales for
fear, anxiety, and nervousness. Results: Mild-td-moderntp
anxiety defined by a 25% or greater increase from baseline
on the visual analog scale for anxiety was exhibited by 2/8
subjects in response to iomazenil. Moreover, one of the
subjects that experienced anxiety had a 26% i*crpnsp in
systolic blood pressure 10 minutes after the infusion. The
final results will be presented at the meeting. Conclusion:
Our preliminary findings suggest that the benzodiazepine
partial inverse agonist iomazenil may be anxiogenic in
healthy subjects.
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SYSTEMIC INJECTIONS OF THE BENZODIAZEPINE INVERSE AGONIST
FG-7142 FAIL TO IMPROVE MEMORY OF RATS IN THE DOUBLE
Y-MAZE.
Baker, B.J. , Beninger , R. J. ,* Jamandas, K and
Boegman, R.J. Depts. Psychol, nnd Pharmacol. Toxicol.,
Queen’s Univ., Kingston, Canada. K7L 3NG

FLUNITRAZEPAM, CL 2I8,872 AND ZOLPIDEM MODULATE “S-TBPS
BINDING IN THE CEREBRAL CORTEX OF NEWBORN RATS VIA
INTERACTION WITH BZ2 SITES.
M.G. Cord a*. M. Orlandi. D. Lecca. V. Valentini. M. Spiea and O. Giorgi.

Recently, we have shown that microinjections of FG-7142
into the basal forebrain enhance memory in rats.
In the
present study the mnemonic effects of systemic treatments
with FG-7142 were evaluated.
Nine rats were trained in the double Y-maze to perform
reference memory and working memory components.
Every
animal then received no injection, vehicle (1.0 ml/kg),
scopolamine (0.4 mg/kg), physostigmine (0.1 mg/kg), and
FG-7142 (0.05, 0.5, 5.0 mg/kg), the order being
counterbalanced across rats. Each test session consisted
of 24 trials, 8 each of 0-, 30- and 60- sec delays.
Results revealed a significant effect of delay on
working but not on reference memory.
As expected,
physostigmine enhanced and scopolamine impaired working
memory but neither significantly affected reference
memory. Although FG-7142 produced a small improvement in
working memory, no significant effect was seen. Results
suggest that the memory-enhancing effects of FG-7142
injected into the basal forebrain are not seen when it is
injected systemically.
(Funded by O.M.H.F.)
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Department of Toxicology, University of Cagliari, Italy.
The present study was designed to compare the allosteric coupling
between the chloride channel of the GABAa receptor and the different
benzodiazepine recognition site subtypes (BZ sites) in the cerebral cortex
of newborn (5 day old) and adult rats (90 day old). To this aim, we
reexamined the heterogeneity of cortical GABAa receptors in self- and
cross-competition binding experiments using ’H-flumtrazepam (’H-FNT)
and two BZ! site selective ligands, Cl 218,872 (CL) and zolpidem (ZL).
BZ, sites accounted for 52% of the total number of binding sites in adult
rats, but were not detected in newborn rats. In contrast, two classes of
BZj sites with high and low affinity for ZL were present in newborn and
adult rats. These sites were designated as BZ^„ (high affinity for ZL, Kd
a /157 *M) and BZjl (low affinity for ZL, Kd*>2936 nM). FNT, CL and
ZL inhibited in a concentration-dependent manner 35S-t-butylbicyclfphfsphorfthifnnts ("S-TBPS) binding to the convulsant site of GABAa
receptors. Interestingly, the maximal inhibitory effects of CL and ZL did
not change significantly with age (- 40% and - 60% vs. control for CL and
ZL, respectively). These results demonstrate that BZj sites mediate the
modulation of ’5S-TBPS binding by BZ recognition site ligands in the
cerebral cortex of newborn rats and suggest that the intrinsic efficacy of
CL and ZL may be higher at BZ sites than at BZ, sites. Therefore, BZ2
sites may play a major role in the pharmacologic effects of BZ recognition
site ligands.
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DEVELOPMENTAL CHANGES IN THE KINETICS OF 35S-TBPS
BINDING IN THE CEREBRAL CORTEX OF THE RAT.
O. Giorgi*, D. Lrcca, M, Qrlandi, G. Carhoni, V. Frau a nd
Department of Toxicology, University of Cagliari, Italy.
In adalt aats (90 day old), tOe aonaentration-aesponse aaaves foa the
inOibitoay effect of GABA on 35S-t-batylbiayclophosphorotOionate (STBPS) binding were monofasia at 90 and 180 min of inaabation wOereas
in newborn aats (1 day old) bipOasia and monopOasia aaaves were
observed at 90 and 180 min of inaabation, aespeotively. TOe inaaease in
35S-TBPS binding indaaed by small aonaentrations of GABA in newborn
aats at 90 min of inaabation (i.e., "low dose Oook") sa**ests tOat binding
eqailibaiam is reaaOed later in newborn aats tOan in adalt aats. Henae, we
examined tOe effeats of GABA on tOe on and off rates of 35S-TBPS
binding in membrane saspensions from newborn and adnlt aats after
removal of endogenoas GABA by repeated wasOes. In tOe absenae of
GABA, tOe apparent assoaiation rate aonstant (Kaw) was faster in adalt
rats tOan in newborn rats (T,/2s: 26 and 57 min, respectively). Likewise,
tOe apparent dissoaiation aonstant was 3-fold faster in adalt rats tOan in
tOeir newborn (ounte^paats (T1/2: 24 and 77 min, respectively). On tOe
otOer Oand, 2 pM GABA inareased tOe off rate of 35S-TBPS binding by
6-fold in newborn rats bat only by 1.8-fold in adalts, so tOat tOe off rates
in tOe presenae of GABA were very similar in botO age groaps (Tv2 = 13
min). Sinte tOe interconvertible fast and slow kinetia states of ’S-TBPS
binding sites probably aorrespond to tOe open and alosed states of tOe CIaOannel of GABAa reaeptors, oar resalts may refleat sabstantial agerelated differenaes in tOe alosed aonformations of tOese aOannels.

A NOVEL GABA RECEPTOR IS TRANSIENTLY EXPRESSED IN CA3 RAT
HIPPOCAMPAL NEURONS DURING DEVELOPMENT: A PATCH CLAMP
STUDY.
M. Martina and E. Cherubini Biophysics lab., Int. Sch. Adv. Studies (SISSA),
34014 Trieste, Italy.
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It has been recently shown that in the immediate postnatal period (P0-P12)
GABA depolarizes CA3 hippocampal neurons through bicuculline sensitive
and bicuculline and baclofen insensitive receptors (Strata & Cherubini, J.
Physiol, in press). We used the patch-clamp technique to characterize this
new GABA response. In acutely dissociated hippocampal neurons from P1P12 old rats GABA (100 pM) elicited at - 50 mV (symmetrical chloride
solutions) inward currents (512 ± 270 pA, mean ± S.D., n=7). Isoguvacine
(50 pM) mimicked the effects of GABA. Bicuculline (100 pM) completely

abolished the response to isoguvacine and reduced the response to GABA.
In the presence of bicuculline the ECM for the GABA response was 120 pM
(n=7). The bicuculline resistant GABA currents were antagonized by
picrotoxin (10-100 pM). The desensitization rate of this current v/as
significantly (p<0.05) slower with respect to the classical bicuculline sensitive
current; also the recovery from desensitization was different (p<0.05) being
faster for the bicuculline insensitive response. In the presence of 100 pM
bicuculline GABA (20 pM) activated (in outside-out configuration)
multiconductance single channel currents (14, 22 and 31 pS). These values
are similar to those obtained in the same preparation for Gaba a receptor
channels.
We conclude that structura ly different isoforms of the native GABA receptor
may play a crucial role in : ynaptogenesis.
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GABAa RECEPTOR P2 subunit
gene
is located
ON HUMAN CHROMOSOME 5Q34-Q35: IDENTIFICATION OF AN
ai-P2Y2 GENE CLUSTER. S.T. Rassek*and D.H. Farb. Department of
POarmaaology, Lab. of Mol. Nearobiology, Boston Univ. SaO. of Med.,
Boston, MA, 02118.
Co-expression of a, P and y genes is reqaired to paodaae a
pOaamaaologiaally factional GABAa reeeptor. Reaombinant DNA
expression stadies and regional distribation of GABAa reaeptor sabanit
RNAs saggest tOat tOe ai-P2~72 sabanit aombination represents tOe most
abandant reaeptor isoform. We now report tOat tOe P2 sabanit gene is
loaated on aOromosome 5q34-q35, defining a alaster aomprised of aj , P2
and 72 genes. Loaalization of tOe P2 gene was aaaomplisOed asing two
independent approaaOes: First, PCR was ased to identify seqaenaes
aniqae to tOe Oaman p2 intron-1 in a panel of Oaman-Oamster somatia aell
Oybrid DNAs. Sense and antisense primers flanking tOe 5' and 3' ends of
intron-1 were ased to amplify a single 198 bp prodaat from aell lines
aontaining Oaman aOromosome 5. Second, PCR was ased on
miarodisseated aOromosome 5 segments aontaining either tOe aytogenetfc
bands 5q32-q33 or 5q34-q35. Miarodisseated segments aontaining 5q34q35 (bat not 5q32-q33) also yielded a 198 bp speaies tOat exhibited
seqaenae identity to tOe Oaman P2 gene. TOe distal arm of aOromosome 5
Oas been sOown previoasly to aontain tOe ai and 72 genes. TOe resalts
tOerefore demonstrate tOat an ai-P2-72 gene alaster is loaated on tOe distal
arm of aOromosome 5. Seqaenaing of tOe 5' ends of tOe Oaman and rat Pi3 genes revealed tOat tOey sOare a aommon anaestor. TOese resalts, wOen
taken togetOer witO tOe faat tOat COromosomes 4 and 15 also aontain
distinat a-P-y gene alasters saggest tOat an anaestral gene alaster was
dapliaated and transloaated to at least two different aOromosomes. TOis
organization of GABAa R gene alasters may Oave been preserved as
linkage provides a meaOanism for faailitating aoordinate gene expression.
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GABAa receptors
in
two
RECONSTITUTION SYSTEMS: Sf 21
INSECT CELLS AND XENOPUS
OOCYTES. D, Gallager*. C. Hartnett. M. Brown. M. Mevvappan. T.V.
Ramabhandran and G. White. Neurogen Corp. Branford, CT 06405.
Electrophysiological properties of GABAa receptor/ionophore complexes
functional

antibodies

RECEPTOR .
Xuiian Weng*. Mercedes HeerenBureau. Michel Bureau. Berit Carlson and
Richard W. Olsen.
Dept. of Pharmacology,
UCLA School of Medicine, Los Angeles,
CA 90024.
Monoclonal antibodies were produced from
a mouse following immunization with
benzodiazepine affinity-purified human GABAa
receptors.
The antibodies in the medium of
one hybridoma cell line immunoprecipitated
GABAa receptor from solubilized crude bovine
thalamus membranes, assayed with [3H]Rol54513 binding.
Diazepam-insensitive binding,
thought to' be associated with a4 subunits,
was quantitatively precipitated. This
immunoprecipitate was extracted with SDS, and
the eluted antigens were applied to SDS-PAGE
and detected by the monoclonal antibodies.
Two bands were recognized, approximately 53
kDa and 69 kDa.
Kern and Sieghart (1994)
reported that polyclonal antibodies against
GABAa receptor a4 subunit identified two
polypeptides at 51 kDa and 67 kDa in rat
brain membranes.
Thus, the monoclonal
antibodies appeared to recognize the a4
subunit of bovine thalamus membranes.
Supported by NS 22071.
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were compared between baculovirus infected Sf 21 insect cells and cRNA
injected Xenopus oocytes. Permutations of homomeric and heteromeric

constructs for human al, pl and y2l were examined using whole-cell patch
clamp (Sf2l cells) or two electrode voltage-clamp (oocytes) techniques.
Both systems showed outwardly rectifying GABA-evoked currents in
constructs containing alPl and alpiy2l which showed appropriate GABA
pharmacology including potentiation by pentobarbital and blockage by
GABA receptor antagonists. Benzodiazepine agonist, antagonist and
inverse agonist pharmacology was also observed in both systems when the
y2l subunit was expressed along with a and p subunits. The two model
systems examined in this study differed primarily in the expression of
GABA-sensitive ion currents for specific subunit combinations. Current was
not detected in insect cells infected with homomeric constructs including

al, Pl or y2l cDNA. GABA-induced currents were only seen with constructs
containing both a and P, and were not observed in al y2 or ply2 containingconstructs in Sf2l cells. In contrast, some GABA-activated current was
detected in Xenopus oocytes injected with al, pl, y2, aly2 or piy2 cRNA.
These data suggest that insect cells infected with baculovirus carrying
cDNA coding for GABAa receptors is a viable model system for studying

some properties of the GABAa complex. The insect cell system may have
some advantages over the oocytes expression system by limiting the
number of permutations of three subunits that show functional expression.
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of GABAa receptors
in the
hippocampus
of
THE GUINEA PIG . M.E. Diaz*1 N.L. Petersen! L.V. Colom2, P, Saggaa’ and
K.J. Angelides1 'Department of Cell Biology, 2Department of Nearology, ’Division
of Neuroscienae, Baylor College of Mediaine, Hoaston, TX 77030.
Several sabanits and tOeir isoforms Oave been identified wOiaO enaode tOe
y-amino-batyria aaid reaeptor (GABAR). Assembly of speaifia sabanits leads to
different kinetias and pOarmaaologiaal properties of tOe reaeptor as well as
differential aell saafaae loaalization. In general, tOe loaation of inOibitory GABAR
at strategia regions on tOe nerve aell sarfaae Oas important aonseqaenaes for
sOanting of exaitatory dendritia inpats and for tOe integration of somatia inpats. TOe
limbia system and tOe Oippoaampas in partiaalar are aommon sites for initiation of
foaal epileptia aativity. Epileptiform aativity aan be observed in tOe Oippoaampal
sliae wOen tOe balanae between exaitatory and inOibitory synapses is pertarbed.
Stadies asing tOe gainea pig Oippoaampas Oave sOown tOat tOe CA2-CA3 region is
more likely to initiate epileptiform aativity tOan otOers. Is tOis dae to differential
distribation of GABAR in regions of tOe Oippoaampas? TOe distribation of GABAR
on gainea pig Oippoaampal sliaes was examined witO polyalonal antibodies to
paaified GABAR, ap and Pj sabanits and a monoalonal antibody to P2/3 sabanits,
asing flaoresaenae saanning laser aonfoaal miarosaopy. Pyramidal and granale aells
sOowed alear GABAR staining in tOe soma and prinaipal dendrites (some ap to 100
pm from tOe soma). No signifiaant diffeaenae in GABAR staining was foand
between tOe pyramidal aells of area CA1 and CA3. However, intemearons tended to
sOow OigOer flaoresaenae levels tOan pyramidal aells. Similar to entire GABAR
staining, tOe aj sabanit sOowed a aniform distribation pattern. Seleative nearons of
tOe strata oriens and pyramidale sOowed a stronger staining for Pj and P2/3 sabanits.
Oar findings demonstrate tOe existenae of GABAR in aell body and dendrites of tOe
prinaipal Oippoaampal aell types and saggest diffeaenaes in sabanit distribation
among aell groaps. TOis work was sapported by 2F32NS909198-03 and NS 28072.
distribution
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EXPRESSION OF INHIBITORY AMINO ACID RECEPTORS
CLONED FROM THE NEMATODES HAEMONCHUS CONTORTUS
AND CAENORHABDITIS ELEGANS. D.L. Laughton. A.J. Wolstenholme.
S.V. Wheeler. S. Wonnacott*. and G.G. Lunt. School of Biology and
Biochemistiy, University of Bath, BA2 7AY, U.K.
A family of inhibitory amino acid receptors has been identified by PCR in
the parasitic nematode, Haemonchus contortus. Five different partial receptor
subunits have been isolated (HG 1-HG 5), all sharing 30-40% amino acid
identify with vertebrate GABAa and glycine receptor subunits. The full length
cDNA for HG 1, when expressed in Xenopus oocytes, responds to high
concentrations of glycine (ImM) but not to GABA or acetylcholine.
Two cDNAs have been isolated from the free-living nematode,
Caenorhabditis elegans (CEG 1 and CEG 2). CEG 1 shares the highest
similarity (63% amino-acid identity) with the parasitic subunit, HG 4, while
CEG 2 is over 90% identical with HG 2, and is likely species homologue of
this parasitic subunit. The full-length cDNA for CEG 1 has been expressed in
Xenopus oocytes. The resulting homo-oligomeric CEG 1 receptors respond to
glycine (lOOpM to ImM) and to a lesser extent, GABA (ImM).
A C. elegans YAC polytene filter has been screened with the CEG 1 cDNA
probe to isolate the corresponding gene, for genetic studies. Two strongly
hybridising and overlapping YACs (Y7G2 and Y17D7) have been identified,
assigning the gene for CEG 1 to chromosome V. A third less strongly
hybridising YAC (Y46G5) has also been identified, suggesting that there may
be related genes to CEG 1 on chromosome n.
This work is supported by the Wellcome Trust, the A.F.R.C. and the E.C.

ANALYSIS OF Rdl GABA RECEPTOR GENE PROMOTERS IN
DROSOPHILA AND MOSQUITOS.
G. StiUweU-l-, F.S hotkoski-t-, A. Moms#, A.A. James#, <Sc RH. ffrenchConstant*F, Dept. of Entomology*-, University of Wisconsin, Madison,
WI 53706 and Dept. Molecular Biology and Biochemistry#, University
of California, Irvine, CA 92717
We are interested in defining the promoter and regulatory elements
governing the expression of Rdl GABA receptor subunits in the insect
nervous system. Two approaches have been taken. 1) The study of a
series of 5’ deletions attached to a B-galactosidase reporter gene in Pelement mediated germline transformants of Drosophila and 2) transient
expression of luciferase activity from a similar series of mosquito 5’
deletions injected into Aedes aegypti embryos.
The relative

219.8

219.7
biochemical

effectiveness of these strategies to identify the gene promoter and
elements controlling the spatial and temporal regulation of this receptor
subunit will be discussed.

analysis

of

a receptors
T.V, Ramabhadran. C. Hartnett.
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EXPRESSED IN SF9 INSECT CELLS.
M. Meyyappan. J. Yu. M. Brown. R. Primus. D. Gallaaer and J,F.
Tall man*. Neurogen Corporation, Branford, CT 06405.
Expression of discrete members of the GABAa receptor family by
recombinant methods is valuable for the study of subunit processing
and receptor assembly . We have recently shown that GABA a
receptors expressed in Sf9 insect cells using recombinant
baculoviruses show the expected pharmacological and electrophysiological properties. We have begun biochemical analysis of the
recombinant GABA receptors with varying subunit compositions. In
these studies, we have determined the overall size and nature of the
individual subunits assembled into functional GABA receptor complexs.
Sedimentation analysis showed that recombinant human receptors of
defined subunit composition have sizes similar to those observed for
the mixed receptor preparations obtained from rat or bovine brains.
Further, analysis of the individual subunits in the receptors suggests
that the alpha-j subunit in the recombinant GABA/benzodiazepine
receptor has a higher electrophoretic mobility than the free alpha-j
subunit. In addition,
heterologous subunits present in excess when
coexpressed, or those expressed homologously, appear to form
inactive complexes sedimenting faster than the muscimol/
benzodiazepine binding complexes. These results as well as the
comparative analysis of the sizes of the muscimol (a/p) and the
benzodiazepine (a/p/y) binding complexes will be presented.

EXPRESSION OF GABAA-RECEPTORS CONTAINING THE
a2-, a3- AND a5-SUBUNITS IN THE SUPRACHIASMATIC
NUCLEUS (SCN). B. Gao.1 J.M. Fritschv2* and R.Y. Moon;1.
*)Dept. of Psychiatry and Center for Neuroscience, University of
Pittsburgh, Pittsburgh, PA 15261, 2Institute of Pharmacology,
University of Zurich, CH-8057 Zurich, Switzerland.
GABA is considered as the principal neurotransmitter of the
circadian timing system. The SCN contains GABAergic neurons and
receives GABA input from intrinsic neurons, the geniculohypothalamic tract, and several hypothalamic nuclei. In order to
understand GABAergic signal transduction in the circadian system, the
expression of GABAA-receptor subtypes was investigated
immunohIstochemica-lg in the SCN. Adult rat brain sections were
processed for immunoperoxidase staining with subunit-specific
antibodies recognizing the subunits al, a2, a3, a5 and B2,3. Both
the soma and dendrites of SCN neurons displayed immunoreactivity
for the a2-, a3- and c^-subunits, but not for the al- and B2,3subunits. Staining for the a2-, a3- and a5-subunit was moderate in
the ventral portion of the SCN and only weak in the dorsal portion.
Although there was some overlap in the distribution of
immunoreactive (ir) neurons, a distinct pattern could be identified for
each subunit.
For instance, a3-subunit-ir neurons were mostly
confined to the medial part and a5-subunit-ir neurons to the lateral
part of the SCN. By contrast, a2-subunit-ir neurons were observed
throughout the nucleus.
Our results demonstrate a structural
heterogeneity of GABAA-receptors in the rat SCN and suggest that
different receptor subtypes may be expressed by distinct groups of
neuropeptide-containing SCN neurons. Supported by grant NS-16304.
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SINGLE POINT MUTATION OF THREONINE 285 TO ALANINE
OF THE a6 SUBUNIT OF RAT GABAa RECEPTORS ACCELERATES GABA-INDUCED DESENSITIZATION. JA.Binder, W.B.Im.
G.H.Dillon*. J.F.Pregenzer. H.KIm. R.A.Altman. CNS Diseases
Research, The Upjohn Company, Kalamazoo, MI 49001.
GABAa receptors belong to a family of ligand-gated ion channels
with four transmembrane domains. Prolonged exposure of the
receptors to high levels of GABA leads to waning responses, a
phenomenon termed desensitization. Recently, it has been reported
that desensitization in another member of ligand-gated ion channels
(a7 nicotinic receptor) was abolished by a single point mutation of
valine 251 to threonine (Galzi et al., Nature 359:500-505, 1992).
The Val 251 in the M2 region is equivalent to the Thr 285 in the a6
subunit of rat GABAa receptors. There are also two adjacent
residues containing a hydroxyl group, Thr 284 and Ser 287, in the
M2 region of a6. In this study, we generated a6 mutants carrying
T284A, T285A or S287G point mutations. Coexpression of the
mutants with p2 and y2 subunits in HEK 293 cells produced
functional receptors which are sensitive to a benzodiazepine agonist
(U-92330), insensitive to Zn, anion-selective (no changes in reversal
potential) and display GABA dose-response profiles similar to the
wild type. Only in the a6T285Ap2y2 subtype, however, GABA-induced
Cl' currents desensitized at a rate about 10 times faster than the
wild type. We concluded that Thr 285 in the a6 subunit plays a
pivotal role in desensitization processes of GABAa receptors.

POINT MUTATIONS IN THE M2 REGION OF THE GABA.
RECEPTOR/IONOPHORE COMPLEX ABOLISH SENSITIVITY TO
PICROTOXIN. P,A. Guriey*. J- Amint. P. Ross. D. Weisst and G. White.
Neurogen Corporation, Branford, CT 06405 and fDept. of Phys. and Biophys.,
Univ. of South Florida, Tampa, FL 33612.
We examined the effect of mutations within the M2 region of the GABAa receptor
on picrotoxin (PTX) sensitivity. Two highly conserved threonine residues of the
GABA. receptor differ from those found in the glycine receptor (GlyR) 3 subunit,
a subunit shown to confer PTX-insensitiyitg in heterologous GlyR's. The rat
GABA. receptor subunits al, B2 and y2 were mutated to match the rat Glyp at
these two sites: T261F/T267A for al, T246F/T252A for B2 and T271F/T277A for
Y2.
GABA gated current in Xenopus oocytes injected with mRNA corresponding to
the mutated and wild-type receptors were tested for sensitivity to PTX block using
the two electrode voltage-clamp technique. All three mutant subunits were capable
of assembling with wild-type subunits to form receptors with normal dose responses
to GABA and potentiation by the benzodiazepine alprazolam.
Oocytes expressing wild-type alp2y2 yielded GABA currents that were completely blocked by lOOpM PTX, with an IC50 near lpM. Substituting any of the
wild-type subunits with the corresponding double mutant yielded receptors that
showed no reduction in GABA (lpMlWOOpM) current when exposed to PTX
(O.lpM-lOOpM). The single mutant B2(T246F) was also found to confer PTXinsensitivity. In contrast, the single mutant B2(T252A) exhibited currents that were
as sensitive to PTX as the wild-type subunit. Residues analagous to position T246 of
the B2 subunit have been shown to face the pore in other members of the ligandgated ion channel family.
These findings are consistent with the notion that the M2 region of each GABA.
subunit lines the pore and that PTX acts from within the pore.
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gaba - and
various
allosteric
LIGANDS-INDUCED
changes
in tbps binding
to cloned
rat GABAa recep tor
SUBTYPES. J.F. Pregenzer. W.B. Im*, and D.R. Thomsen.

DIFFERENTIAL EFFECTS OF DIELDRIN AND HCH ISOMERS ON THE
RECOMBINANT GABA RECEPTOR-CHLORIDE CHANNEL COMPLEX.
K. Naqata*, B.J. Hamilton,, D.B. Carter, and T.
Narahashi*. ‘Dept. of Pharmacol., Northwestern Univ. Med.
Sch., Chicago, IL 60611 and bCNS Diseases Res., The
Upjohn Co., Kalamazoo, MI 49001.
We have recently demonstrated by using patch clamp
techniques that GABAa receptor-chloride channel complex
is the target of dieldrin and HCH isomers. Dieldrin
first enhances and then suppresses GABA-activated
chloride currents in rat dorsal root ganglion neurons.
y-HCH suppresses the current, 5-HCH enhances and then
suppresses the current like dieldrin, but a- and P-HCH
have little or no effects on the current. The GABAa
receptor-chloride channel complex is deemed a pentameric
protein comprising five subunits in various combinations
of 6 as, 4 Ps, 4 ys, 1 5 and 2 ps.
To determine the
role of GABA receptor subunits in the action of dieldrin
and HCH isomers, we performed patch clamp experiments
with human embryonic kidney cell lines (HEK 293)
expressing various combinations of subunits.
Dieldrin
suppressed the GABA-induced chloride current in the
alp2y2s, al02 and a6P2y2s combinations equally.
In
contrast, dieldrin enhancement required the Y2s subunit
as it was observed only in the alP2y2s or a6p2y2s
combination, not in the alP2 combination.
Suppression
by y-HCH and enhancement by 5-HCH occurred equally in
the alP2y2s, alP2 and a6P2y2s combinations.
The effects
of a- and p-HCH differed among three combinations of
subunits. The differential actions of these
insecticides on GABA receptor subunits may account for
variable effects of these insecticides on different
regions of the nervous system.

CNS Diseases Research and Molecular Biology, The Upjohn
Company, Kalamazoo, MI 49001.
[35S]t-Butylbicyclophosphorothionate (TBPS) is a high-affinity

ligand to the picrotoxin site of GABAa receptors. We examined
TBPS binding to the cloned receptors made of al, a3 or a6 in
combination with p2, or P2 and y2 subunits in the presence of GABA
and several allosteric ligands. The cloned receptors were transiently
expressed in SF-9 insect cells by infecting with recombinant
baculoviruses. In ap subtypes, GABA, at nanomolar concentrations,
enhanced TBPS binding but inhibited binding at micromolar
concentrations. Half maximal GABA concentrations for enhancement or inhibition of TBPS binding were correlated with high- and
low-affinity GABA binding sites, respectively, in individual subtypes. In apY subtypes, TBPS binding was unaffected by GABA at
nanomolar concentrations, but was inhibited by GABA at micromolar concentrations. Allosteric ligands also altered TBPS binding
to sensitive GABAa receptor subtypes. Agonists enhanced TBPS
binding in the absence of GABA and intensified the inhibitory effect
of GABA, while inverse agonists produced opposite effects. These
results show that GABA binding sites and their conformational
coupling with TBPS sites are differentially affected by quaternary
interactions involving the y2 subunit, and by allosteric ligands.
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ANTISENSE OLIGONUCLEOTIDE TO THE y2 SUBUNIT OF THE GABAa
RECEPTOR DECREASES MOUSE BRAIN BENZODIAZEPINE BINDING. N.R.
Zahniser*. S. Leonard. T.K. Booker and R.D. Mayfield. Dept. Pharmacol., Univ. Colorado H 1th. Sci. Ctr. &VAMC, Denver, CO 80262.
Benzodiazepines allosterically modulate the inhibitory effects mediated by
the GABAa receptor, and the y 2 subunit of the receptor is necessary for this
action. Given the multiplicity of possible subunit combinations, establishing
distinct pharmacological profiles for this receptor has been difficult. Since no
antagonists selective for the y2 subunit are available, our goal was to
determine whether this subunit could be decreased in vivo using a phosphorothioate (PS) antisense oligonucleotide to prevent its synthesis. PS oligos
were administered in the lateral ventricle of Long Sleep mice for 3.5 days via
osmotic minipump (35 or 70 pg/day). Control animals received phosphatebuffered saline (PBS) or randomized PS oligos. Saturation binding
parameters were determined using [3H]-flunitrazepam ([3H]-FNZ) and
washed membrane preparations of cortex (CTX), striatum (STR), hippocampus (HIP) and cerebellum (CBL). Compared with the control groups,
Bmax values were significantly decreased in CTX (28%), STR (20%) and CBl
(36%) by both concentrations of PS antisense oligo. However, [3H]-FNZ
binding in HIP was unaffected by this treatment. In a second experiment, PS
antisense oligo treatment decreased Bmax values in CTX (40%) and CBL
(22%) compared to PBS controls. No significant effects were observed in STR
or HIP. In contrast to the first experiment, Bmax values in CTX were . also
decreased by randomized PS oligo treatment (22%). This effect can not be
explained completely by general toxicity of the PS oligos since adenosine A|
receptor binding (in the same tissue) was not altered by any treatments. Ki
values were similar in all treatment groups of each experiment. These results
demonstrate that antisense oligos can differentially alter brain regional
GABAa receptor composition in vivo and may provide a tool to further study
the role of the y2 subunit in GABAa receptor function. (Supported by AA
03527)
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EXPRESSES FUNCTIONAL GABAa RECEPTORS A.C. Charles*. LM
Bronstein. S.L. Hansen and T.G. Hales. Departments of Neurology and
Anesthesiology, UCLA School of Medicine, Los Angeles, CA 90024
We have developed immortalized oligodendrocyte cell lines from H-2X?tsA58 transgenic mice which maintain oligodendrocyte-like morphology over
multiple passages and consistently express myelin proteins including myelin
basic protein (Bronstein and Charles, this meeting). In one of these lines,
derived from the cerebral cortex, we have identified functional GABA
receptors using fura-2 imaging and patch-clamp techniques. Bath application
of GABA (t0pM) evoked an immediate increase in [Ca2+]; in approximately
75% of cells. This increase in [Ca2+]; was reversibly inhibited by bicuculline
(t0 pM). Bath application of baclofen (t0 pM) caused no change in [Ca2+];.
Patch-clamp recordings from whole cells revealed inward currents activated
by local application of GABA in approximately 75% of cells, tested. GABAactivated currents reversed at the Cl' equilibrium potential, were inhibited by
bicuculline methiodide (t0 pM), and were potentiated by propofol (3 pM).
GABA-evoked currents were unaffected by the benzodiazepine diazepam (5
pM) and were abolished byZn2+ (t00 pM). These results indicate that this
oligodendrocyte cell line has functional GABAa receptors. The absence of a
diazepam effect and the inhibition by Zn2+ suggests that these cells lack the
7 subunit of the GABAa receptor. The increase in [Ca2+]; in response to
GABA may be caused by a depolarizing action of the amino acid in these
cells. This cell line is the first glial line reported to have GABAa receptors,
and represents a useful tool for the study of GABA receptor function in
oligodendrocytes.
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DETERMINANTS OF THE AGONIST ACTION OF PENTOBARBITAL AT
THE GABAX RECEPTOR - ROLE OF fi SUBUNITS. I. N. Cestari*1,
L. Li1, D. R. Burt2 and J. Yang1. Dept. of TAiesthesiolcojy
and Pain Management, UT Southwestern Medical Center,,
Dallas, TX, 75235 and Univ. ff Maryland at Baltimore2,
Baltimore, MD, 21201.
Pentobarbital has been shown tf have agonistic action
on the GABAa receptors of almost all preparations studied
but the structural requirements for this action are still
unknown. To investigate these requirements we expressed
homo- and heteromeric receptors in oocytes and assayed by
electrophysiological and immunohistochemical techniques.
We expressed murine fii, @2 and fii subunits ' both as
homomers or in combination with ax. Only the fii homomer
responded to pentobarbital and no response was recorded
for GABA with any homomer. When expressed as heteromers,
all combinations gave robust responses to both GABA and
pentobarbital. Antibodies detected @2 and fii subunits in
unpermeabilized oocytes suggesting that the lack of
response with fi2 homomer is not due to the absence of
expressed
protein
in
the
membrane.
Since
the
electrophysiological responses to pentobarbital as an
agonist are indistinguishable between a-fi and a^, we
constructed chimeric subunits using @2
and fii
to
investigate the structural basis for the difference in
the homomeric response.
All chimeras responded to GABA
and pentobarbital when expressed as heteromers with ox.
However, when expressed as homomers, a region of the Nterminal extracellular domain of fii, differing from fi3 by
only three amino-acids, proved to be essential for the
pentobarbital response. Site-directed mutagenesis is
currently in progress to define the specific contribution
of each of the amino-acids involved. Supported by Sid W.
Foundation and CNPq of Brazil to I.N.C..

AMINO ACIDS LINING THE CHANNEL OF THE GABAa
RECEPTOR: IMPLICATIONS FOR SECONDARY STRUCTURE
AND THE LOCATION OF THE GATE AND CHARGE
w
SELECTIVITY FILTER Mina Xu and Mvles H. Akabas*
Center for Molecular Recognition, Columbia
University, New York, NY 10032.
To identify amino acid residues that line the
ion channel of the GABAa receptor we mutated,
one at a time, 13 consecutive residues (263-275)
in the M2 membrane-spanning segment of the O)
subunit to cysteine. We expressed the mutant 0^
subunit with wild-type
and y2 subunits in
Xenopus oocytes. We probed the susceptibility of
the engineered cysteine to covalent chemical
modification by small, charged, sulfhydrylspecific reagents added extracellularly. We
assume that among residues in membrane-spanning
segments, only those lining the channel would be
susceptible to modification by polar reagents
and that such modification would irreversibly
alter conduction. We infer that Leu264, Thr268
and Ile27l are exposed in the channel. The
periodicity of these exposed residues is
consistent with an a helical conformation in
this region. The gate and charge selectivity
filter are located at a more cytoplasmic
position than Thr268. Supported by NIH NS30808,
AHA, and Klingenstein Award in Neuroscience.
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PHARMACOLOGY OF RECOMBINANT al02 AND aip2y2s GABAa
RECEPTORS IN SF9 CELLS. T.G. Hales, S. Srinivasan, S. Adodra, G.M. Lawless*,
A.J. Tobin and R.W. Olsen . Dept Anesthesiology, Biology, and Pharmacology,
UCLA, CA 90024.
The pharmacological properties of al^2 and aip2y2s GABAa receptors
expressed in an insect (SF9) cell line were studied using radioligand binding the
patch-clamp techniques. The GABAa receptor, a multimeric receptor Cl' ion
channel complex, has many sites through which numerous depressant and
convulsant drugs enhance and depress receptor function. Some of these
compounds exhibit subunit specific effects on GABAa receptors.
Recombinant baculoviruses, each containing different rat GABAa receptor
subunit cDNA, were introduced into SF9 cells to produce either al02 or
aip2y2s receptor combinations. [3H]Muscimol bound to SF9 cells 60 hours after
infection with al and P2 or al, P2 and y2s GABAa receptor subunits. In
addition, GABA (100 pM) activated currents recorded from voltage-clamped
whole cells expressing either subunit combination. With 145 mM Cl' on either
side of the cell membrane, GABA-evoked currents had reversal potentials of 0
mV, were inhibited by the GABAa receptor antagonist bicuculline methiodide (10
pM) and were potentiated by the general anesthetic propofol (3 pM). Membranes
of SF9 cells infected with alp2y2s, but not alp2, bound [3H]flunitrazepam.
Currents mediated by al p2 receptors were blocked by Zn2+ (EC50 = 1 pM) and
were insensitive to diazepam (5 pM). GABA-evoked currents recorded from cells
infected with al, P2 and y2s subunits were less sensitive to Zn2+ and were
potentiated by diazepam (5 pM). Recombinant GAB Aa receptors in SF9 cells have
properties similar to those expressed in mammalian cell lines and oocytes. This
system allows further characterization of the role of the y2s subunit in GABAa
receptor modulation by propofol and other agents.

PROPOFOL: A LOW EFFICACY ACTIVATOR OF GABAx RECEPTORS IN
GTl-7 CELLS. S. Adodra and T.G. Hales*. Dept Anesthesiol, UCLA, CA 90024.
The patch-clamp technique was used to characterize the actions of GABA, and
the general anesthetic (GA) propofol, on GABAx receptors of immortalized
hypothalamic (GTl-7) neurons. The GTl-7 line is one of only a few cell lines
with functional GABAx receptors (Hales et al., Mol.Pharm. 42:197, 1992). These
receptors have properties consistent with them lacking y subunits. Like other
GAs, propofol potentiates GABA-evoked currents in various primary cultured cell
preparations, and activates GABAx receptors directly in the absence of the amino
acid (Hales and Lambert, Br.J.Pharm. 104:619, 1991).
Whole-cell GABA-evoked currents were recorded from GTl-7 cells voltageclamped at -60 mV with KC1 (or CsCl) and NaCl based internal and external
solutions. Propofol and GABA were either bath or pressure applied (70 KPa for
10 ms - 10 s).
GABA (1 - 1000 pM) dose-dependently activated currents with an EC50 of 25
± 2 pM (sem, n = 3). Propofol (0.1 - 100 pM) potentiated GABA (100 pM)evoked currents (EC50 = 9.4 pM). Propofol (10 - 300 pM) also dose-dependently
activated small currents with an EC50 of 45 ± 3 pM (n = 3). Propofol-evoked
currents reversed at 0 mV with equal Cl' on either side of the cell membrane (n
= 2). Consistent with propofol directly activating GABAx receptors lacking y
subunits in GTl-7 cells, propofol-evoked currents were inhibited by bicuculline
methiodide (10 pM, n = 2) and abolished by Zn2+ (100 pM, n = 2). The peak
current amplitudes evoked by propofol were 31 ± 3% (n = 9) of those evoked by
GABA in the same cells. Like GABA, propofol activates GABAx receptors in
GTl-7 cells which lack y subunits. However, propofol is both less potent and less
efficacious than GABA as an activator of these GABAx receptors. Propofol is also
a potent potentiator of GABA-evoked currents recorded from GTl-7 cells.

219.20

219.19

FUNCTIONAL GABAa RECEPTORS ON HUMAN IMR-32 CELLS.

R.F. Tvndale*. A.C. Charles. R.W. Olsen. A.J. Tobin and T.G. Hales. Depts
Biology, Neurology, Pharmacology and Anesthesiology, UCLA, LA, CA, 90024.
RT-PCR, patch-clamp and Ca2+ imaging techniques were used to characterize yaminobutyric acid type A receptors (GABAX-R) expressed by an human
neuroblastoma cell line (IMR-32) in order to compare them to other cell lines with
functional receptors (GTl-7, RINm5F). Recent studies using ligand-binding, Cl' flux
and immunochemistry have shown that the IMR-32 cells contain the a3 GABAa
subunit and functional receptors (Anderson et al., 1993, Noble et al., 1993). Despite
the abundance of GABAa -R in vivo and in primary cultured cells, we have found
only two other cell lines (2 of 14) which express functional GABAa-R (GTl-7,
RINm5F).
The subunit mRNA composition (al-6, Pl-3, yl-3 & fi) of the GABAa-R was
determined using RT-PCR. Only a and P subunit mRNAs were detected at 30
cycles of PCR with 50 ng of cDNA template. Whole-cell GABA-evoked currents
were recorded from IMR-32 cells voltage-clamped at -60 mV with CsCl and NaCl
based internal and external solutions. GABA activated inward currents in all cells
tested. With equal Cl' either side of the cell membrane the currents reversed at 0
mV. GABA-evoked currents were abolished by bicuculline methiodide, picrotoxin
and Zn2+, were potentiated by propofol, but were unaffected by diazepam. Video
fluorescence imaging of [Ca2+] in fura2-loaded IMR-32 cells indicated that GABA
induced increases in [Ca*2]; which were blocked by bicuculline. These data allow
a comparison of the IMR-32 GABAa-R (subunit mRNAs, [Ca2+]; changes and
electrophysiology) with the receptors of other cell lines. In IMR-32, GTl-7 and
RINm5F cells, GABA activates bicuculline-sensitive Cl' channels and increases
[Ca2+];. Our results are consistent with IMR-32, GTl-7 and RINm5F cells expressing
functional GABAa-R lacking y subunits. Each of the cell lines, however, transcribe
a distinctive pattern of subunit mRNAs. Supported by NIH and MRC of Canada.

CHARACTERIZATION OF THE REPRESSOR AND MINIMAL
PROMOTER ELEMENTS IN THE 5' UPSTREAM REGION OF THE
GAB Aa RECEPTOR ALPHA-1 SUBUNIT GENE. I. Kang*. D.G.
Lindquist. Dept. Pharm. & Exp. Then, Tufts University,
Boston, MA 02111

We have previously cloned the 5' upstream region
of the human GABAa receptor al subunit gene, and
mapped the promoter to be located within a 60 bps
segment (Kang et. al. 1994, J. Neurochem. 62, 1643-6).
We have also shown that the expression from the
promoter-reporter construct containing the full-length
500 bps upstream segment can be regulated by benzodiazepine treatment when transfected into primary
chick cortical cells.
Furthermore, deletion of the
region upstream of -45 caused the promoter activity to
increase modestly in chick cortical cells and
significantly (46%) in porcine kidney cells indicating
the presence of a repressor element in this region.
In
order to determine the precise location of this element,
we undertook fine deletion mapping.
We are also
delineating nucleotide sequence of the minimal
enhancer-promoter element within the 60 bps segment
by site-directed mutagenesis.
Preliminary results
suggest that multiple regulatory elements are involved.
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LIGAND-INDUCED INTERNALIZATION OF SSTR1
AND SSTR2
SOMATOSTATIN RECEPTORS IN ADULT RAT HYPOTHALAMUS. El
Nouel*. M. Houle. G. GaudriAult1 T Reisine2. J.P. Vincent and A. Beaudet.
Montreal Neurol. Inst., Montreal, Qud., Canada H3A 2B4, 1 C.N.R.S., 06560
Valbonne, France, 2 Dept. Pharm., U. Penn., Philadelphia, PA 19104-6084, U.S.A .
Recent studies have suggested that neuropeptides may be internalized in
neuronal targets as a result of their specific binding to cell surface receptors
(Beaudet et al., '94). The aim of this study was to determine wether somatostatin
(SRIF) is internalized in mammalian brain and to identify the receptors implicated
in this process. Slices of adult rat hypothalamus (350 pm) were supervised for 3
min at 37°C with 20 nM of a fluorescent derivative of SRIF (a-bodipy-[D-Trp8]SRIF). They were then washed for 45 min, fixed and examined under the confocal
microscope. High resolution scanning of the sections revealed the presence of
scattered fluorescent cells dispersed throughout the medial basal hypothalamus.
These were particularly numerous within the arcuate nucleus, where their
distribution was reminiscent of that of cells previously found to bind radiolabelled
SRIF (Epelbaum et al., '89) and to express both SSTR1 and SSTR2 mRNA
(Beaudet and Tannenbaum, '93). The fluorescent labelling was strickly intracellular
and in the form of small endosome-like particles, suggesting that it resulted from
endocytosis. To determine wether the internalization process might be mediated by
SSTR1 and/or SSTR2 receptors, the experiments were repeated on CHO cells
transfected with cDNA encoding these two receptor sub-types. After incubation at
4°C, specific bodipy-SRIF binding was mostly evident over the cell surface, where it
formed large irregular "hot spots". Warming up the cells to 37°C induced in both
cell lines a rapid internalization of the ligand, via the same type of endosome-like
particles as seen in neurons. These results provide the first demonstration of a
receptor-mediated internalization of SRIF in mammalian brain and indicate that
this process may be mediated via both SSTR1 and SSTR2 receptors.

CLONING AND SEQUENCE ANALYSIS OF THE HUMAN
SOMATOSTATIN RECEPTOR 5 (SSTR5) 5'-FLANKING PROMOTER
REGION. M.T.Greenwood. R.Panetta. 1-L.Liu, Q.Dembinska. and
Y.C.Patel*. Fraser Labs, McGill University, Royal Victoria Hospital,
Montreal, Quebec H3A 1A1, Canada.
Molecular cloning has revealed the existence of five distinct somatostatin
receptor (SSTR) genes. We have previously reported the cloning and
characterization of the human (h) SSTR5 gene (Mol. Phann.(l994) 45:417427). SSTR5 is pharmacologically distinct from other SSTRs because of
its 15-30 fold higher affinity for SST-28 compared to SST-14. The SSTR5
transcript also shows a distinct pattern of tissue distribution being found
almost exclusively in the pituitary. We have found that treatment of GH3
pituitary cells for 16 hours with SST-28 or SMS-201-501 (10 wM each)
results in a 2 fold decrease in SSTR5 mRNA. As a first step towards
understanding the molecular mechanisms involved in transcriptional
regulation and tissue specific expression of this gene, we have screened a
lambda FIX human genomic library and have obtained overlapping
genomic clones containing 2.5 kb of sequence 5' upstream of the ATG.
Analysis of the sequence reveals the existence of a number of widely
distributed promoter elements including AP-1, AP-2, and SP-1 consensus
sequences. Consensus sequence for a number of other transcriptional
factors, E2A, Myc, NF-IL6 and atypical CRE were also detected. The
availability of promoter clones and elucidation of their nucleotide sequence
will allow a more detailed examination of the regulation and tissue
specificity of the hSSTR5 gene.
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IDENTIFICATION OF THREE VARIANTS OF HUMAN GHRH
RECEPTOR GENE TRANSCRIPT DUE TO ALTERNATIVE
SPLICING OF THE RNA OF ONE OF THREE NEWLY DETECTED
INTRONS. J.O.Tang, G.Lagace. J.Castagne and R.Collu*. Research
Unit on Reproductive and Developmental Biology, Research Center, SteJustine Hospital, Universite de Montreal. Montreal, Quebec H3T 1C5.
We have analyzed the gene coding for the human growth hormone
releasing hormone receptor (GHRHR) by using a PCR amplification
approach. Four combinations of six primers have been used for PCR
amplification either from cDNA of GH producing tumors or from normal
genomic DNA. The analyzed region spans from the second extracellular
loop (position 837) to the seventh transmembrane domain (position 1138)
of the published GHRHR cDNA. Our studies revealed three introns in
this region respectively amplifiable using primers 837-874 (~4OObp);
837-957 (-lOOObp) and 1025-1041 or 1025-1138 (554bp). The 554bp
intron was found to be located in the same position as die intron
described in the rat GHRHR gene, which has bren reported as being
responsible for generating a variant form of rat GHRHR. The alternative
splicing possibilities for the human 554bp intron were analyzed with
cDNAs from 6 GH producing tumors and one normal pituitary tissue.
Three variant forms of the transcripts caused by splicing of this intron
were found: form “a” is generated by complete splicing while form “c”
contains the whole 554bp intron. Form “b” contains most intronic
sequences with the loss of 122 bp in the 5’ part of the intron. Predicted
“b” and “c” variants should encode proteins truncated near the beginning
of the sixth transmembrane domain and containing respectively 7 and 12
modified amino acids in the third intracellular loop. Whether these
truncated receptors are functional is presently under investigation.

DIFFERENTIAL EFFECTS OF MELANOCORTIN PEPTIDES ON NEURAL
MELANOCORTIN RECEPTORS Roger AH. Adan. J. Oosterom. V.M.
Wiegant*. J.P.H. Burbach and W.H. Gispen Rudolf Magnus Institute for
Neuroscience, Utrecht University, P.O. Box 80040, 3508 TA Utrecht, The
Netherlands.
Melanocortins have various physiological actions on the brain. We here
investigated the structure activity relations (SARs) of peptides derived from
adrenocorticotrope hormone (ACTH) on cloned neural melanocortin (MC)
receptors in vitro and correlate these with central effects of MCs in vivo.
Analysis of the effects of various MC peptides on cAMP accumulation in
cells that expressed either the rat MC3 receptor or the human MC4 receptor
demonstrated that ACTH 4-9NH, was the core sequence of ACTH able to
activate these receptors. Furthermore, yMSH displayed selectivity for the
MC3 receptor, whereas (D-Phe7]ACTH 4-10 more efficiently activated the
MC4 receptor than the MC3 receptor. The activity of MC fragments that
lacked the three C-terminal amino acids (residues 11-13) of ACTH 1-13 was
much lower as compared to aMSH for both receptors. Furthermore, the three
N-tenninal amino acids 1-3 of otMSH were more important for full activation
of the MC4 receptor than the MC3 receptor. The SAR of the MC4 receptor
resembled that of the induction of excessive grooming behavior by MC
peptides in male Wistar rats. Therefore, we suggest that this behavioral
response is mediated by MC4 receptors. The SAR of the MC3 receptor did
not overlap with that of in vivo effects of MCs. These data identify peptides
with selectivity for either the MC3 receptor or the MC4 receptor, which may
be employed for development of novel MC-receptor-specific (antaagonists.

220.5

220.6

EFFECT OF AT! RECEPTOR mRNA BY ANTISENSE ODN ON
DRINKING AND VASOPRESSIN RELEASE TO ANGIOTENSIN II IN
SPONTANEOUSLY HYPERTENSIVE AND NORMOTENSIVE RATS.

A DECREASE OF ANGIOTENSIN RECEPTOR NUMBER IN RAT BRAIN
NUCLEI BY ANTISENSE OLIGONUCLEOTIDES AGAINST THE
ANGIOTENSIN AT, RECEPTOR mRNA. Philipp Ambuhl. Rbbert Gvurko
and M. Ian Phillips. * Department of Physiology, University of Florida,

Honqbin Mena. Robert Gvurko. Donna Wielbo. Stephen Baker* and M.
Ian Phillips.
Department of Physiology, University of Florida,
Gainesville, FL 32610.
Antisense oligodeoxynucleotides (AS-ODN) to AT, receptor mRNA
inhibits high blood pressure in SHR (Gyurko et al, Reg. Pep., 1993).
The central injection of angiotensin II (Ang II) elicits several
physiological responses including release of vasopressin (AVP) and
drinking. Angiotensin II type-1 (AT.,) receptor are found in the brain
regions that have been implicated in mediating these effects. Therefore
we hypothesized that AS-ODN to AT, would inhibit Ang II drinking and
AVP responses in adult male SHR (n=5) and Sprague-Dawley (SD) rats
(n=5). AS-ODNs injected intracerebroventricularly (i.c.v.) which were
constructed to bases +63 to +77 (15-mer) of AT, receptor mRNA.
After the antisense ODNs treatment (50 pg/4 pl), the drinking response
to Ang II (50 ng/i.c.v.) 24 h later was significantly reduced in both SHR
and SD rat groups (p<O5). There was a significant difference in the

AVP release to Ang II between the vehicle control and AS-ODN
(p<0.05) but there was no difference between scrambled (Sc) and ASODNs treated groups. Radioligand binding assays of the hypothalamus
after AS-ODN treatment showed significant decrease of AT, receptor
(p<0.05) compared to the Sc group.
The results show that the
inhibition of brain AT, receptor gene expression decreases the Ang II
drinking response but the effect on AVP release response needs further
investigation.

Gainesville, FL 32610.
Previous studies have shown a decrease in blood pressure in
spontaneously hypertensive rats (SHR) by intracerebroventricular
injections of antisense oligodeoxynucleotides (AS-ODN) against the
angiotensin (AT,) receptor (Gyurko et al, Reg. Pep., 1993).
The
purpose of the present study was to investigate the effect of AS-ODN
against the AT, receptor mRNA on angiotensin receptor number in
selected brain nuclei in forebrain, hypothalamus and brainstem of
normotensive rats. Male Sprague-Dawley rats were cannulated into the
third ventricle and injected with AS-ODN. Three injections at doses
between 0.2 and 50 pg each 24h apart were used. Rat injected with
saline or sense ODN served as control. Five hours after the last
injections, the rats were killed and the brain were processed for
autoradiography. Measurements were made with densitometry. A
separate series of experiments was done with local injections into the
hypothalamic paraventricular nucleus (PVN) . The results of the third
ventricle injections revealed a dose-dependent decrease of the AT,
receptor number throughout the brain. Local injections into the PVN
decreased the AT, receptor number in this nucleus. These results
provide evidence that a general down regulation of angiotensin AT,
receptors can be achieved by antisense inhibition, which also may
explain the blood pressure lowering effect of this method in SHR rats.

220.7

220.8

ANTISENSE INHIBITION OF ANGIOTENSIN TYPE-1 RECEPTOR
EXPRESSION IN NG108-15 CELLS. Robert Gvurko, Binq U. Colin
Sumners* and M. Ian Phillips. Department of Physiology, University
of Florida, Gainesville, FL 32610.
Antisense oligonucleotides (ODNs) targeted to the type-1
angiotensin receptor (AT,-R) mRNA has been shown to reduce high
blood pressure when injected into the brain of spontaneously
hypertensive rats. To elucidate the intracellular mechanism of action
of the AS-ODN, we incubated sense and antisense ODNs with gliomaneuroblastoma hybrid cells (NG108-15). The cells were tested for
receptor binding, Northern blotting and followed the ODN uptake of
fluorescent labelled ODNs with confocal microscopy.
Incubation of NG108-15 cells with 5 pM antisense ODNs for 24 h
resulted in 28% decrease in ^l-Sar-lle-Angiotensin-ll binding when

MODULATION OF NEURONAL K+ CURRENTS BY AN ANGIOTENSIN
II TYPE 2 (AT,) RECEPTOR FRAGMENT. Jian Kane*. Elaine M. Richards.
Philip Posner and Colin Sumners. Dept, of Physiology, College of Medicine,
University of Florida, Gainesville, FL 32610-0274.

compared to sense ODN treated control. Northern blotting following
24 h incubation of NG108-15 cells with 5 pM antisense ODNs showed
no significant difference in AT,-R mRNA levels. Fluorescent labelled
ODNs incubated with NG108-15 cells for time periods ranging from
15 min to 24 h showed that the ODNs are taken up by the cells and
transferred to the nucleus in a matter of hours.
These results show that antisense ODNs decrease AT,-R synthesis
and suggest this is by an intranuclear action. The mechanism might
involve inhibition of the transfer of the AT,-R mRNA from the nucleus
to the cytoplasm.
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In previous studies we have determined that angiotensin II (Ang II) stimulates K+
currents in neurons cultured from rat hypothalamus and brainstem through AT,
receptors (Kang et al. Am. J. Physiol. 265:C60O7C616,1993), and that this effect
of Ang II involves activation of G,-protein and protein phosphatase 2A (PP2A)
(Kang et al. Am. J. Physiol, submitted). Recently an AT, receptor has been cloned
by two groups (Mukoyama et al. JBC 268:24539, 1993; Kambayashi et al. JBC
268:24543, 1993). In the present study, a 22 amino acid peptide (PEP-22)
corresponding to the putative third cytoplasmic loop of the cloned AT2 receptor
(residues 235-256) was injected intracellularly into cultured neurons, to investigate
receptor / G-protein coupling mechanisms. After stable control recordings of whole

cell K+ current (IK
were obtained, 5 pl of 100 pM PEP-22 was injected
intracellularly into neurons. Injection of PEP-22 elicited an increase in IKt0(al that
was similar to the effect of Ang n. Injection of a random peptide or normal pipette
solution did not affect IKtota- The stimulation of Ikou by injection of PEP-22 was

abolished by pertussis toxin (2OOg/ml) pretreatment, and also by superfusion of
the PP2A inhibitor okadaic acid (10 nM), suggesting the involvement of G,-protein
and PP2A respectively. These data provide further evidence that stimulation of
neuronal
IK
following AT, receptor activation involves Gj and PP2A.
(Supported by NIH grant HL49130 and an AHA-FL Affiliate Fellowship for JK)
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INTRACEREBRAL ANTISENSE OLIGOMERS REDUCE ANGIOTENSINAND MINERALOCORTICOID-INDUCED INGESTIVE BEHAVIORS.
Sakai. R.R.. Ma*L.Y. He. P.F.. Flanagan-Cato. L.M.. Reilly. J.J. and
Fluharty. S.J.. Departments of Animal Biology, Pharmacology, Psychology,
and Institute of Neurological Sciences, University of Pennsylvania,
Philadelphia, PA 19104-6046, USA
In an effort to study the behavioral roles of specific receptors we have
used antisense oligomers to selectively "knock out" the endogenous
production of receptor proteins involved in thirst and salt appetite.
Three daily intracerebroventricular (ICV) injections of angiotensin
(ANGII) ATI receptor antisense attenuated drinking elicited by a pulse ICV
injection of ANG II, whereas random oligonucleotides were ineffective.
Water intake elicited by carbachol was unaffected in all groups. AT,
antisense injections also decreased salt intake in adrenalectomized rats. The
identical procedure also reduced ANG II ATI mRNA, as well as ANG II
ATI receptor binding in brain.
Immunocytochemical detection of
biotinylated ATI probe localized the sites of incorporation to the PVN, SON,
OVLT and nucleus medianus. In a second series of studies, daily bilateral
injections of a mineralocorticoid receptor (MR) antisense into the amygdala
prevented the arousal of 4% NaCl intake by exogenous DOCA injections for
five days, whereas saline treated rats showed robust increases in salt intake.
Application of the MR antisense in regions other than the amygdala were
ineffective. Collectively, these results demonstrate the utility of antisense
oligomers to determine receptor mechanisms involved in the neuroendocrine
controls of ingestion. Supported by MH43787 and NS23986.

MOLECULAR CLONING AND EXPRESSION OF AN ANGIOTENSIN
II TYPE 1 RECEPTOR FROM MURINE NEUROBLASTOMA NlE-115
CELLS. P.F. He. X.D. Yang. Y.F. Guo. L.P, Reagan. D.K. Yee. and S.J.
Fluharty*. Departments of Animal Biology, Pharmacology, and Institute of
Neurological Sciences, University of Pennsylvania, Philadelphia, PA 19104.
The original cloning of Type 1 angiotensin receptors (Ah,) from bovine
adrenal glomerulosa cells and rat vascular smooth muscle verified that this
receptor is a member of the superfamily of G-protein linked receptors.
However, more recent evidence has indicated that there are multiple AT,
receptor subtypes that have distinct structural and functional properties, as
well as unique tissue distributions. In the present study, we report the
cloning, sequencing and expression of another unique AT, clone (AT,D)
isolated from a murine neuroblastoma NlE-115 cDNA library. The ATID
cDNA was composed of 1172 nucleotides and exhibited 95-97% amino acid
homology with the previously described AT1a , ATi B, and AT3 cDNAs.
Northern analysis indicated that the AT,d mRNA was regulated by
differentiation in NlE-115 cells and present in several brain regions,
particularly brainstem structures. Expressed AT,d receptors in COS cells
exhibited the expected high affinity for the AT, antagonist, losartan but not
AT2 ligands, and mediated AngH-induced Ca2+ mobilization. However, in
contrast to the AT, receptors present endogenously on NlE-115 cells,
transfected COS cells did not exhibit Angll stimulated cGMP production or
typical agonist-induced receptor downregulation. These cellular responses
may requite interactions between the AT,d receptor and the AT2 receptor
subtypes normally present on neuron-like cells. Supported by NS23986 and
MH43787.
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ADRENAL STEROID REGULATION OF NEUROPEPTIDE RECEPTORS
INVOLVED IN SALT APPETITE, S.J. Fluhartv. L.M. Flanagan-Cato and
R.R. Sakai* Departments of Animal Biology, Pharmacology, Psychology,
and the Institute of Neurological Sciences, University of Pennsylvania,
Philadelphia, PA 19104-6046, U.S.A.
It is now well established that a complex system of interacting excitatory
and inhibitory stimuli are involved in die central control of salt appetite in
the rat. The peptide and steroid hormones that mediate these opposing
signals in the brain have been identified and they can be readily studied. For
instance, an interaction between corticosteroids and angiotensin II (Angll),
may participate in the arousal of sodium appetite. In the present study,
corticosteroids increased Ang II receptor (Angll-R) mRNA levels and the
binding activity of both Angll-R subtypes in cultured neuronal cells. More
specifically, AT, receptor expression was increased by corticosterone or
other Type II agonists but not by aldosterone, whereas AT2 receptors were
increased by both classes of adrenal steroids. Enhanced receptor expression
resulted in an augmentation of Angll-stimulated calcium mobilization and
cyclic nucleotide production in neuronal cells. In addition to the stimulatory
actions of Angll, oxytocin (OT) has been implicated in the inhibitory control
of salt consumption. Analysis of OT receptors (OT-Rs) in a model cell line,
LLC-PK, cells, indicated that both glucocorticoids and mineralcorticoids
decreased OT-R expression. Collectively, these studies suggest that the
genomic actions of adrenal steroids may include enhancement of stimulatory
and diminution of inhibitory neuropeptides involved in the neuronal control
of salt appetite. Supported by MH 43787 and NS23986.

EFFECTS OF INTRACEREBROVENTRICULAR INJECTIONS OF AT,
ANTISENSE OLIGONUCLEOTIDES ON WATER INTAKE AND BRAIN
All RECEPTOR SUBTYPES OF 12 DAY OLD RAT PUPS. Chow. S.Y.*.
Sakai. R.R.. and Fluhartv. S.J.. Depts. of Animal Biology, Pharmacology,
and Psychology, and Institute of Neurological Sciences, University of
Pennsylvania, Philadelphia, PA 19104.
Central administration of angiotensin II (All) is a potent elicitor of both
water and sodium intake in 12 day old rats. Both of these behaviors appear
to be mediated by All Type 1 receptors (AT,-R) and not All Type 2
receptors (AT2-R). The following experiments examine the effects of pulse
intracerebroventricular (pICV) injections of AT, antisense on the behavioral
response of the 12 day old rat to ingest water, as well receptor expression in
selected brain regions.
Rat pups received pICV injections of saline (1 gl), scrambled
oligonucleotides (SCRAM, 1 gg/1 gl), or AT, antisense oligonucleotides
(ANTI, 1 gg/1 gl) at 10, 11, and 12 days of age. Three hours after the third
pICV injection of oligomers at 12 days of age, half of the animals from the
SCRAM and ANTI groups were given oral infusions of milk, rested for one
hour, then give pICV injections of All (1 ng/1 gl) and infused orally with
water for 1/2 hr. Pups receiving pICV injections of antisense had a 50%
decrease in All-stimulated water intake as compared to the SCRAM treated
pups. Reductions in AT, receptor binding were less than the diminution in
the animals’ dipsogenic response to AIL In summary, antisense oligo-probes
directed against the AT,-R in the 12 day old rat are effective in suppressing
All-induced thirst and provide the basis for continued use of these probes in
the study of the ontogeny of All mediated behaviors. Supported by HD
25857 and NS23986.

220.13

220.14

IMMUNOHISTOCHEMICAL MAPPING OF ANGIOTENSIN TYPE 2
(AT2) RECEPTORS IN RAT BRAIN. L.P. Reagan*. L.M. Flanagan-Cato.
D.K. Yee. L,-Y, Ma. R.R. Sakai and S.J. Fluhartv. Departments of Animal
Biology, Pharmacology, Psychology, and Institute of Neurological Sciences,
University of Pennsylvania, Philadelphia, PA 19104-6046.
Antisera selective for angiotensin Type 2 (ATj) receptors were used to
localize AT2 receptors in rat brain by immunohistochemistry. While the
results from these experiments were largely consistent with previous
autoradiographic analyses of AT2 receptor populations in brain, there were
also some notable differences. More specifically, in agreement with previous
studies, AT2 antisera detected apparent receptor populations in the locus
coeruleus and the bed nucleus of the accessory olfactory tract, whereas AT2
receptor-immunoreactivity in the cerebellum was primarily associated with
the purkinje cell layer and the deep cerebellar nuclei rather than the
molecular layer, as has been previously reported in autoradiographic studies.
Other regions with prominent immune-staining included all subfields of the
hippocampus, which had been previously reported to contain exclusively AT!
receptors. Limbic structures such as the amygdala, thalamic areas such as
the rhomboid thalamic nucleus, the paraventricular thalamic nucleus,
hypothalamic areas such as the paraventricular hypothalamic nucleus, and the
supraoptic nucleus also exhibited prominent AT2-immunoreactivity. In the
paraventricular hypothalamic nucleus, AT2 receptor staining appeared to be
associated primarily with the magnocellular neurons. Collectively, these
results confirm and extend the neuroanatomical resolution of previous
autoradiographic studies, as well as identify new AT2 receptor populations
in rat brain. Supported by NS23986, MH43787 and HD 25857.

B2 BRADYKININ RECEPTORS IN NG108-15 CELLS: cDNA
CLONING AND FUNCTIONAL EXPRESSION. &
Yokoyama*L2,3> y. Kimura1. M. Taketo1. J. A. Black2-3. B. R.
Ransom2 and H. Higashidal 1Dept. of Biophysics, Neuroinformation
Research Institute, Kanazawa Univ. Sch. of Med., Kanazawa 920,
Japan, 2Dept. of Neurology, Yale Univ. Sch. of Med., New Haven, CT
06510 and 3Neuroscience Research Center, VAMC, West Haven, CT
06516
Two distinct cDNAs encoding bradykinin receptors (BKRs)
were cloned from NG108-15 neuroblastoma-glioma hybrid cells. One
was identical with rat uterus B2 BKR, whereas the other one (mBKR)
had 91 % amino acid homology to the rat B2 BKR and 82 % homology
to human B2 BKR. Southern blot analysis and genomic DNA cloning
revealed that mBKR is derived from the mouse genome. Xenopus
oocytes injected with mRNA synthesized in vitro from the mBKR
cDNA exhibited electrophysiological responses to bradykinin (BK), but
not to [des-Arg9] BK. The BK response was inhibited by B2 receptor
antagonists, HOE14O, D-Arg° [Hyp3, Thi5- 8. D-Phe7] BK and [Thi5- 8,
D-Phe7] BK. COS-7 cells transfected with the mBKR cDNA showed a
single set of [3H] BK binding sites with a Kd of 570 pM and a Bmax of
4.1 pmol/mg p rotein. The b inning was d isplaced with BK annlooues in
the order of HOEI4O > KK > Lys-BK > Met-Lys-KK > D-Arg° [Hyp3,
Thi5’ 8, D-Phe7] KK > [hhi^ 8, D-Phe7] KK. We therefore concluded
that mBKR should be classified as a K2 smooth muscle type receptor.
These results suggest that both the rat and mouse K2 KKRs of the
smooth muscle type are expressed in NG108-15 cells.
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Characterisation of B1 and B2 bradykinin receptor signal transduction pathways
in bovine endothelial celis. J. A. M. Smith. 1. F. James* and G. M. Burgess.

CONFOCAL MICROSCOPIC CHARACTERIZATION OF NEUROTENSIN
INTERNALIZATION IN CULTURED NEURONS AND GLIAL CELLS. M . P,
Faure*. D. Nouel, R. Alonso1 J. A. St Pierre! R. Quirion* and A. Beaudet.
Montreal Neurological Institute, Montreal, H3A 2B4, Canada. ^Douglas Hospital

Sandoz Institute for Medical Research, 5 Gower Place London WC1E 6BN.
Pharmacological and biochemical studies have identified two subtypes of kinin
receptor, B1 and B2 (Burch and Kyle, 1992). The B1 receptor has high affinity for
desArg^-bradykinin, while the B2 receptor exhibits higher affinity for bradykinin (Bk)

itself. In contrast to the B2 receptor, which has been extensively characterised, little is
known about the B1 receptor. B1 receptors are not expressed to a significant extent in
most tissues, but can be induced under conditions of tissue injury. However, certain
cultured cell types express B1 receptors constitutively. In the present study, to
characterise B1 and B2 signal transduction pathways, bovine coronary pulmonary
artery endothelial cells (CPAE) were used for measurement of polyphosphoinositide
phospholipase C (PLC) activity, 4-Ca efflux and [Ca++]j levels. DesArg^-Bk and Bk
activated PLC aid 4-Ca efflux. The pharmacology of these responses was consistent
with interaction with classical B1 aid B2 receptors, respectively. 4-^Ca efflux responses
evoked by O.4nM Bk <and 3OnM desArg^-Bk were biphasic, comprising an initial,
transient phase followed by a sustained phase, dependent on extracellular calcium. At
higher agonist concentrations (l.OnM Bk and 8Oi M desArg^-Bk) the sustained phase
was suppressed, such that the responses were monophasic. The Ga++ entry blocker
NiCl2 significantly reduced the 4*Ca efflux response to Bk but not desArg^-Bk. In
contrast, LaC^ attenuated both agonist-evoked responses to a similar degree. DesArg^-

Bk aid Bk produced a biphasic change in [Gi++]j levels in single CPAE cells,
consistent with the 4^Ca efflux measurements. The present study provides evidence for
distinct B1 and B2 receptors in CPAE cells. Although both subtypes activated PLC and
increased [Ca++]j. the differential sensitivity to NiCl2 suggests that there may be some
diversity in their signalling pathways. Future studies are directed towards
characterisation of the mechanisms underlying these receptor-mediated changes in
[Ca++]j.
Burch R. M. and Kyle D. J. (1992) Life Sci. 5Q, 829-838

Research Center, Montreal, H3A IB 1, Canada.
Two types of neurotensin (NT) binding sites have been described in the murine
brain: a high affinity site corresponding to a physiologically active receptor and a low
affinity site described as an acceptor site. The high affinity site has been shown to be
associated with neurons, and indirect evidence suggests that the low affinity site may
be associated with glial cells. To further characterize the properties and cellular
localization of these two types of NT-binding sites, we have examined by confocal
laser microscopy (CLSM) the binding and internalization of a biologically active
fluorescent derivative of NT (fluo-NT) in cells issued from rat mesencephalic
primary cultures. After 7 days in culture, the preparations contained both neurons
(10-15% of wich were tyrosine hydroxylase immunopositive) and GFAPimmunoreactive glial cells. Receptor-specific (i.e. displaceable by an excess of nonfluorescent NT) internalization of fluo-NT (20 nM, 37°C) was observed in both types
of cells. However, whereas internalization in glial cells was selectively blocked by
levocabastine (lpM), a competitor at the low affinity NT binding site, internalization
in neurons remained unchanged in the presence of this drug. Most of the neurons
that had internalized NT (>80%) were tyrosine hydroxylase immunopositive. In both
neurons and glial cells, the internalized ligand was concentrated within small
endosome-Iike granules. At short time intervals (5-10min), these granules were
distributed throughout the cytoplasm, whereas at later time point (60 min) they
coalesced in the perinuclear zone. These results suggest that high affinity NT
receptors are selectively associated with, and internalized into, neurons, whereas low
affinity NT sites are selectively associated with, and internalized into, glial cells,
implying that the so-called "acceptor" site may play a functional role.

220.17
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THE HUMAN NEUROTENSIN RECEPTOR IS FUNCTIONALLY

BLOCKADE OF NEUROTENSIN RECEPTORS BY SR 48692 POTENTIATES
THE FACILITATORY EFFECT OF HALOPERIDOL ON THE IN VIVO
DOPAMINE RELEASE EVOKED IN THE NUCLEUS ACCUMBENS. P, Brun.
R. Steinberg. D. Gully. R. Alonso*. G. Le Fur and P. Soubric. Dept of
Neuropsychiatry, Sanofi Recherche, F-34184 Montpellier, France.
The present experiments assessed the effects of SR 48692, a selective non
peptide antagonist of neurotensin (NT) receptors (IC50 = 5 nM, Gully et al., 1993)
on mesolimbic dopaminergic (DA) neurotransmission. DA release evoked by the
electrical stimulation of the median forebrain bundle (20 Hz, 10 s) was measured in
the nucleus accumbens (Nacc) of urethane-anaesthetized rats using differential pulse
amperometry combined with carbon fibre electrodes. SR 48692 (0.1 mg/kg, i.p.)
alone did not affect this release whereas it dose-depcndently (0.03-1 mg/kg, i.p.)
enhanced the haloperidol-induced facilitation of the electrically-evoked DA release.
The increase induced by haloperidol (192 ± 26% 30 min after injection) was
potentiated by SR 48692 (364 ± 75% at 0.03 mg/kg, 528 ± 110% at 0.1 mg/kg and
580 ± 135 % at 1 mg/kg). Identical effects to those of SR 48692 were obtained with
SR 48527, a chemically-related compound with a high affinity for NT receptors
(IC5o = 15 nM), but not with SR 49711, its low-affinity antipode (IC50 > 1 pM).
The potentiating effects of SR 48692 were positively related to the stimulation
frequency (from 6 to 20 Hz) and to the dose of haloperidol (from 12.5 to 50 pg/kg)
and were abolished after prior kainic acid lesion (lpg/lpl) of the Nacc. Thus, the
effects of SR 48692 required the integrity of postsynaptic elements of the Nacc and
occurred under the combination of two, at least partly, interdependent conditions :
strong D2 autoreceptor blockade and high intensity stimulation likely to release NT
(Bean and Roth, 1991). In conclusion these findings suggest that endogenous NT
may attenuate the facilitation of D2 receptor blockade upon mesolimbic DA
transmission.
Gully et al. (1993) Proc. Natl. Acad. Sci. USA 90, 65-69.
Bean and Roth (1991) J. Neurosci. 11, 2694-2702.

NONEQUIVALENT TO THE HOMOLOGOUS RAT NEUROTENSIN RECEPTOR. M. Yamada*. Mi. Yamada, M. A. Watson,

K. Groshan and E. Richelson, Mayo Foundation and Mayo
Clinic Jacksonville, Jacksonville, FL 32224
The tridecapeptide, neurotensin, is a putative neurotransmitter in the
central nervous system. Previously, we showed that the rat neurotensin
receptor expressed in CHO-K1 cells mediates PI hydrolysis and cAMP
formation. More recently, we molecularly cloned this receptor from a human
substantia nigra cDNA library (Watson et al., 1993). It is one of two genetic
variants of the human receptor (substitution of AA194, leu to phe). The
deduced amino acid sequences for human and rat are 83.5% homologous.
We investigated further the functional properties of these human
neurotensin receptors expressed in CHO-K1 cells. The KD's for neurotensin

at both subtypes were comparable to that obtained for the rat receptor.
These receptors mediated PI hydrolysis with comparable EC5o's and
maximum responses, not significantly different from that for rat receptor.
These receptors also stimulated cAMP formation with comparable EC 5o's, not
significantly different from that for rat receptor. However, maximum responses
obtained for the human receptors were extremely low, when compare to that
for rat receptor. Our data show that the structurally homologous human and
rat neurotensin receptors are not functionally equivalent. The differences in
their secondary and/or tertiary structures may result in this non-equivalency.
(Supported by Mayo Foundation and USPHS grant MH27692).

ANATOMICAL LOCALIZATION OF

AND THEIR RECEPTORS:

PEPTIDES

221.1

221.2

ORIGIN OF THE NEUROTENSINERGIC INNERVATION OF THE
CHOLINERGIC BASAL FOREBRAIN IN THE RAT DETERMINED BY
RETROGRADE TRANSPORT AND DOUBLE IMMUNOHISTOCHEMISTRY
A.J. MORIN* and A. BEAUDET. Neuroanatomy Laboratory, Montreal
Neurological Institut, 3801 University, Montreal, Qudbec H3A 2B4, Canada.
The cholinergic cells of the basal forebrain play an important role in the
control of limbic and neocortical activity. These neurons fire in burst upon
application of neurotensin (NT) in brain slices, are endowed with receptors for
NT and receive a dense innervation by NT fibres (Soc. Neurosci. Abstract 1993,
n° 205.9). In order to determine the origin of this innervation, we injected
iontophoretically Cholera Toxin B subunit (CTb) in two cholinergic regions : the
horizontal limb of the diagonal band of Broca (HDB) and the magnocellular
preoptic nucleus (MCPO). Retrogradely labelled neurons were visualized by
immunohistochemistry using a goat anti-CTb antibody. Some sections were
subsequently processed for NT immunohistochemistry. After an injection of CTb
in the HDB, retrogradely labelled neurons were found mainly in the lateral
septum (LS), bed nucleus (BNST), medial preoptic area (MPO) and perifomical
hypothalamus (PF), and more rarely in the rest of the hypothalamus, HDB,
MCPO, anterior amygdala (AA), raphe nuclei and central grey. Double labelled
neurons were found mainly in the LS, septo-hypothalamic nucleus and MPO,
more rarely in the periventricular and posterior hypothalamus and BNST. After
injection in the MCPO, retrogradely labelled neurons were found mainly in the
LS but also in the vertical limb of the diagonal band of Broca (VDB), the
posterior hypothalamus (PH), supramammillary region (SuM), dorsal and median
raphe nuclei; more rarely in the rest of the hypothalamus, HDB, MCPO, AA and
central grey. Double labelled neurons were found mainly in the LS and VDB;
more rarely in HDB, MCPO, PH, SuM, dorsal and median raphe nuclei.

VIP-LI PROJECTIONS FROM THE MIDBRAIN RAPHE NUCLEI TO THE RAT
BED NUCLEUS OF THE STRIA TERMINALIS. J-M. Petit. P-H. Luppi. P. Fort*
and M. Jouvet. INSERM U52, CNRS URA 1195, 8, Av. Rockefeller 69373 LYON,
FRANCE.
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In order to determine the origin of VIP-like immunoreactive (VIP-LI) fibers
located in the bed nucleus of the stria terminalis (BNST) and the lateral
parabrachial nucleus (PBL), two structures known to be involved in autonomic
control, we combined the use of the retrograde tracer cholera toxin B-subunit (CTb)
with VIP immunocytochemistry. Cholera toxin B-subunit was injected
iontophoretically (lpA, 5min) from 4pm tip micropipettes (1% CTb in PB 0.1M,
pH=6) in the PBL and in anterior part of the BNST. One week later, animals
received an intraventricular injection of colchicine (8Opg in 4pl of O.*9%NaCl). A
survival time of 24H was permitted before transcardial perfusion. CTb and VIP
immunocytochemistry were sequentially performed on the same coronal sections of
25pm thickness. After CTb injection in the anterior part of the BNST, two groups of
double-labeled cells were found in the midbrain. The first group was located in the
dorsal part of the dorsal raphe nucleus (DR) and the ventro-lateral part of the
periaqueductal gray (PAG) from the level of the dorsal tegmental nucleus of
Gudden to that of the oculomotor nucleus. The second group was observed in the
caudal linear raphe nucleus (CLI) between levels -6.0 to -7.0 posterior to the
bregma. No double-labeled neurons were detected in these nuclei nor in any other
structures throughout the brain after CTb injection in the PBL. These results
provide direct evidence of a long VIP-LI pathway from the CLI and DR to the
BNST. Moreover, our experiments suggest that the VIP-LI fiber plexus in the PBL
probably originates from the spinal cord. Altogether these data show that the VIPLI afferents to different structures that are physiologically related to autonomic
control do not have the same source.
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ANTIBODIES TO THE APLYSIA NEUROPEPTIDE MYOMODULIN
STAIN VARICOSE PROCESSES IN RAT BRAIN. F.S. Vilim* and E. Ziff.
Dept. of Biochem. HHMI NYU Med. Ctr. NY, NY 10016.
Neuropeptides have been shown to exist in almost all animals.
Moreover, related peptides have been observed in evolutionarily distant
species.
Having studied the role of myomodulins (MMs)
(MMa=PMSMLRLamide) and other neuropeptides in the feeding
behavior of Aplysia, we wondered if related peptides existed in
mammals. Initially, we used immunocytochemical techniques to screen
antibodies to several Aplysia neuropeptides, including the buccalins,
SCPs, RFamides, and MMs for staining of processes in the central nervous
system of the rat. SCP and buccalin antibodies failed to stain processes,
while RFamide and MMa antibodies did produce staining of varicosities.
RFamide served as a positive control since related peptides have been
identified in mammals, and immunostaining of processes in rat brain has
been reported. We now report the presence of diffuse MMa immunopositive
processes in many brain regions including cortex, hippocampus,
hypothalamus, cerebellum, brainstem, and spinal cord. The source of these

ISOLATION OF GENES FOR ZEBRAFISH NEUROPEPTIDE Y
AND PEPTIDE YY. C. Soderberq*. L. Brodin1). and D. Larhammar.
Dept. of Medical Genetics, Uppsala Univ., Box 589, S-751 23
Uppsala, Sweden, 1) The Karolinska Institute, Stockholm, Sweden.
Neuropeptide Y (NPY) and peptide YY (PYY) are evolutionarily
related 36-amino-acid peptides. NPY is widely distributed in the CNS
and PNS of all vertebrates and influences vasoconstriction and food
intake as well as sexual behaviour. PYY is present in gut endocrine
cells and a small system of brainstem neurons (Pieribone et al.,
J.Neurosci., 12(9), 3361-3371, 1992). We have previously shown
that PYY has a more widespread expression in the CNS of lamprey
than of mammals (Soderberg et al., J.Neurosci.Res., 37, 633-640,
1994). To deduce whether this is an ancestral or a derived feature, we
decided to isolate NPY and PYY clones also in a bony fish. We chose
the zebrafish (Brachydanio rerio) because of its great potential for
developmental studies as well as genetic experiments. A zebrafish
genomic library was screened with a goldfish NPY probe. Several
clones were isolated. The cross-hybridizing parts of two distinct
clones were sequenced and found to correspond to NPY and PYY.
Zebrafish NPY differs at only one position from goldfish NPY
(Blomqyist et al., PNAS 89, 2350-2354, 1992). Zebrafish PYY has
only 3 differences to PYY of several bony and cartilaginous fishes.
Mammalian PYY has diverged considerably more. Specific
oligonucleotide probes will be designed to distinguish NPY and PYY
mRNA. Interestingly, NPY and PYY are more similar to each other in
zebrafish and other fishes (83%, 30/36 amino acids) than in mammals
(only 67% in humans). This may indicate a greater functional overlap
between the two peptides in fish.

processes is yet to be determined. Staining was still observed when
antibodies were affinity purified with MMa, or when lOOuM FMRFamide
was used to adsorb the serum. However, adsorbing the serum with lOOiM
MMa abolished staining. These results suggest that a myomodulin related
peptide is present in rat brain, and its diffuse localization suggests a
paracrine function. We are currently isolating this MM related peptide
from rat brain using a combination of HPLC and immunoblot detection in an
effort to determine the amino acid sequence. In the future, we plan to study
the function of this peptide in the mammalian brain.
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DISTRIBUTION OF NEUROPEPTIDES IN SINGLE IDENTIFIED
NEURONS OF APLYSIA CALIFORNNCA. J.A. Jankowski*. S.E. Tracht.
S.A, Shippv. C.M. Stobba. and J.V. Sweedler. Dept, of Chemistry/Neuronal
Palteni Analysis Group, University of Illinois at Urbana-Champaign, Urbana,
IL 61801.
Individual neurons of Aplysia c. were isolated and maintained in culture
for the analysis of neuropeptide content and distribution. Analyses were
performed using capillary electrophoresis (CE) in open fused silica tubes
with inner diameters of 25-75pm. CE allows for the highly efficient
separation and sensitive detection of peptides and other cellular constituents.
Methods for delecting the peptides involved on-column laser-induced
fluorescence (LIF) and postcolumn radiochemical detection1. The low
detection limits (attomole for radiochemical, zeptomole for LIF), as well as
ihe minute dimensions and small sample volumes (nanoliters) of the
capillary, allowed cellular subsections to be assayed. In this study, the
distribution of neuroactive peptides between the cell body and processes of
individual bag cells and the B1 and B2 neurons of the buccal ganglion were
measured. Neuropeptides of interest (including Egg Laying Hormone (ELH)
from the bag cells and the Small Cardioactive Peptides (SCPs) from the
buccal cells) were derivatized with fluorescamine for LIF detection while
peptides containing methionine were radiolabled by incubation of the cells in
[,5S]Mct-containing medial.

ULTRASTRUCTURAL
LOCALIZATION
OF
INSULIN-LIKE
IMMUNOREACTIVITY IN THE GRACILE NUCLEUS. S.T. Dheen,
S.S.W. Tay and W.C. Wong*. Department of Anatomy, National
University of Singapore, Kent Ridge, Singapore 0511.

'Tracht, S.E., Toma, V., and Sweedler, J.V., Postcolumn Radionuclide Detection of
Low Energy Beta Emitters in Capillary Electrophoresis, A nal. Chem. (in press,
1994)

Insulin-like immunoreactive neurons were consistently
localized in the gracile nucleus of the male Wistar rat.
Insulin-like
immunoreactivity
was
localized
in
the
neuronal somata and dendrites. In the neuronal somata,
the reaction product was dispersed in the cell nucleus
and cytoplasm. In the cell nucleus, the reaction product
was scattered throughout the nucleoplasm, but not within
the nucleolus. In the cytoplasm, the reaction product
was evenly distributed, mainly in the vicinity of the
cisternae of rER. In labelled distal dendrites, the
reaction product was closely associated with the parallel
arrays of neurotubules and postsynaptic densities. Most
of these labelled distal dendrites were postsynaptic
to unlabelled axon terminals. A labelled dendrite often
formed the central element of a synaptic glomerulus with
several unlabelled axon terminals. Numerous labelled
myelinated axons were also present in the neuropil.
However, the axon terminals appeared to be unlabelled.
It is hypothesized that most of the labelled neuronal
profiles observed are probably derived from neurons within
the gracile nucleus which may be involved in the synthesis
of insulin-like substance(s).

221.7

221.8

RESP18 mRNA IN VASOPRESSIN, OXYTOCIN AND POMC
NEURONS IN RAT HYPOTHALAMUS. D.N. Darlington*. B.T.
Bloomauist. R.E. Mains. B.A. Eipper. Dept, of Neurosc., Johns
Hopkins Univ. Sch. of Med., Baltimore, MD, 21205 and Depts. of
Surgery and Physiol, Univ. of MD Med. Sch., Baltimore, MD 21201
RESP18 is a novel neuroendocrine specific transcript whose
expression is regulated by dopamine, glucocorticoids and CRH,
found in the rat anterior and intermediate pituitary and brain.
Because preliminary evidence placed RESP18 in the paraventricular
and supraoptic nuclei, we set out to identify additional nuclei and
specific cell types that express RESP18 in the rat hypothalamus.
Using In Situ hybridization, we also found RESP18 transcripts in the
arcuate, suprachiasmatic, dorsomedial, ventromedial and retrochiasmatic supraoptic nuclei and the posterior lateral hypothalamus.
In the paraventricular nuclei, RESP18 mRNA was found in posterior
magnocellular cells immunostained for vasopressin and oxytocin.
RESP18 mRNA was also found in non-vasopressin and nonoxytocin' cells of the medial parvocellular region. RESP18 mRNA
was found in the arcuate nuclei in POMC immunostained and
unstained neurons. Although the function of RESP18 is not yet
clear, these results suggest that RESP18 may be involved in
neuroendocrine regulation. Supported by DAOO266, GM4654O.

VASOPRESSIN AND GALANIN mRNAs COEXIST IN THE HORIZONTAL
DIAGONAL BAND: A NOVEL SITE OF VASOPRESSIN EXPRESSION.
M.A. Miller*. B. Planas. P.E. Kolb. M.A. Raskind. Department of Psychiatry and
Behavioral Sciences, University of Washington, Seattle, WA 98195.
Vasopressin (VP)-synthesizing neurons have been identified in several brain
regions by immunocytochemical and in situ hybridization techniques. In many of
these sites, VP is colocalized with the neuropeptide galanin (Ga L). We have
recently reported that the incidence of coexpression of VP and GAL mRNAs by
neurons in the bed nucleus of the stria tenninalis (BNST) is sexually dimorphic.
Here, we have identified a novel group of neurons within the horizontal diagonal
band (HDB) that express the vasopressin gene. Using single and double in situ
hybridization histochemistry, we have mapped the distribution of VP and GAL
mRNAs within the HDB and have determined the extent of their colocalization in
male and female rats (90 d, n=7/group). VP mRNA expressing neurons were
scattered throughout the rostro-caudal extent of the HDB. They were parvocellular in
appearance and exhibited a low level of expression in the basal state. In sections
sampled every 40 pm across atlas levels 7190-6360 (Konig and Klippel), the number
of neurons detected unilaterally in the HDB which expressed VP mRNA averaged 4
cells/20 pm section but ranged as high as 17 cells/section. Approximately 50% of
all VP mRNA expressing neurons in the HDB coexpressed GAL mRNA. Likewise,
33% of GAL mRNA expressing neurons coexpressed VP mRNA. No sex
differences were detected in either the distribution or coexpression of VP and GAL
mRNA expressing neurons in the HDB although sex differences were present in the
BNST. GAL mRNA was not detected in the SCN. Since GAL has previously been
reputed to be colocalized with acetylcholine (ACh) in the HDB, our findings suggest
that VP may also colocalize with ACh in this brain region. Studies are underway to
evaluate the coexpression of VP mRNA and cholinergic markers in the HDB. The
observation that VP is coexpressed by cholinergic neurons in the HDB may provide
another anatomical substrate for the postulated actions of VP in learning and
memory processes and in the regulation of cholinergic function.
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NEUROKININ A COEXISTS WITH SUBSTANCE P AND SEROTONIN IN
VENTRAL MEDULLARY SPINALLY-PROJECTING NEURONS OF THE RAT.
K. Nevin, H. Zhuo and CC. Helke*. Department of 1= harmacology, Un'rformmi

IMMUNOCYTOCHEMISTRY OF BRADYKININ-LIKE MATERIAL
IN THE GUINEA PIG SPINAL CORD. P. Lopes1*, A. Adam2 and R.
Couture1. Dept. Physiologyi and Faculty of Pharmacy2, Universite de
Montreal, Montreal, Quebec, Canada, H3C 3J7
Bradykinin (BK), a powerful algesic agent locally generated,
is considered to be a major mediator of inflammation and pain. It
has been shown to stimulate neurotransmitter release from capsaicin
sensitive peripheral sensory nerves but to inhibit calcitonin generelated peptide (CGRP) from central terminals. Within the central
nervous system, biochemical studies have demonstrated the presence
of BK-immunoreactivity without been able to discriminate its presence
either on neuronal, non-neuronal or endothelial cells. The aims of this
study was to demonstrate the presence of BK-like immunoreactivity
in the guinea-pig spinal cord.
An important quantity of BKimmunoreactive material was found in motoneurons of the ventral
horn at all levels of the guinea-pig spinal cord. This immunoreactivity
was ascribed mostly to dendrites but also to terminal boutons at the
electron microscopic level. A positive immunoreactivity, although
much weaker, was also found on isolated cells (antenna type) in
laminae EC-V with their dendritic arbors extending dorsally to the
substantia gelatinosa. These results identify populations of spinal
neurons that are likely to produce BK-like material and corroborate
earlier localization of the B2 receptor in these regions.

Services University of thk Health Sciences, Bkthtsda, MD 20814.
Neurokinin A (NKA), an endogenous tachykinin, was previously found in
neurons of the parapyramidal region and raphe pallidus of the ventral medulla
(Helke et al., Ann. New York Acad. Sci. 632:154-169, 1991). To determine
whether NKA coexists with substance P (SP) and serotonin (5-HT) in the
ventral medullary
neurons projecting to the spinal cord, multiple
immunofluorescence histochemistry was combined with retrograde transport
of tracers from lumbar and thoracic spinal cord. Nearly all of the NKAimmunoreactive (ir) cells in the parapyramidal region and raphe pallidus were
SP-ir and 5-HT-ir, whereas about 70% of the SP-ir neurons and about 60% of
the 5-HT-ir neurons contained NKA-ir. Although only about 50% of the
retrogradely labeled neurons in the parapyramidal region and raphe pallidus
contained NKA-ir, nearly all of the NKA-ir neurons projected to the thoracic
and lumbar spinal cord. In addition, some NKA-ir neurons in the ventral
medulla were retrogradely labeled with tracer (rhodamine labeled latex
microspheres) from localized injections into the thoracic intermediolateral cell
column. This study demonstrated that NKA-ir is colocalized with SP-ir in
bulbospinal serotonergic neurons of the parapyramidal region and raphe
pallidus, these areas are known to regulate sensory, motor and autonomic
activities of the spinal cord. (Supported by NIH grant R01 NS24876)

[Supported by the Heart and Stroke Foundation of Canada and FRSQ].
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ULTRASTRUCTURAL LOCALIZATION OF NEUROTENSIN AND ITS
RELATION TO D2 RECEPTOR IMMUNOREACTIVITY IN THE SHELL OF
THE RAT NUCLEUS ACCUMBENS. K.T. Delle Donne*. S.R. Sesack. J. Chan.
and V.M. Picket Dept. of Neurology & Neuroscience, Cornell University Medical
College, New York, NY 10021 and Dept, of Behavioral Neuroscience, University
of Pittsburgh, Pittsburgh, PA 15260.
The neuroleptic-like action of neurotensin (NT) is thought to be due to interaction
with mesolimbic dopamine (DA) neurotransmission mainly in the shell of the nucleus
accumbens. We examined the cellular substrates for NT’s actions in this region of
rat brain using immunocytochemistry for localization of a rabbit antiserum against
NT.
Electron microscopy confirmed that varicose processes seen by light
microscopy were axons and terminals. Within terminals, NT immunoreactivity (NTIR) was frequently associated with dense-core vesicles and, in some instances, was
located presynaptic to dendrites containing multi-vesicular bodies, which are known
binding sites for internalized NT receptors. Additionally, NT-IR was detected in
dendrites, where the labeling was prominently associated with dendritic spines.
Since NT’s actions may derive from interaction with DA systems, we also examined
the distribution of NT-IR using immunogold label and D2 receptor IR (D2-IR) using
a rat antiserum and immunoperoxidase label in single sections. The D2-IR was
similarly localized to axons and terminals as well as dendritic spines. These D2
terminals were morphologically distinct from those containing NT and were not
detectably labeled for this peptide. A few dendrites appeared to receive convergent
input from terminals separately containing NT-IR and D2-IR. These results provide
morphological evidence for the presence of NT in distinct compartments in the shell
of the accumbens and suggest that NT and DA may influence the activity of common
neuronal elements within this brain region.
(Grants MH4O342, MH00078;
NARSAD to S.R.S.)

DISTRIBUTION OF CHOLECYSTOKININ-IMMUNOREACTIVE (CCK-IR)
PERIKARYA IN THE RAT BRAIN AND POSSIBLE SITES OF ORIGIN
FOR THE CCKergic INNERVATION OF THE NUCLEUS ACCUMBENS.
A.J. Lancaj-^a. C. de Caber- and F.J. VaccarinorA. Departments of Psychol.,

Pharmacol, and Psyclriat., University of Toronto, Toronto, Ont. Canada M5S 1Al.
The ventral striatal complex (including the nucleus acaumbens, NAcc) receives a
rich dopaminergic (DAergic) input originated in the substantia nigra (SN) and ventral
tegmental area (VTA). Coexistence of neuropeptides with classical neurotransmitters
has been widely reported in the literature. Several neuropeptides, including CCK, are
colocalized with DA in up to 80% of the cells in certain subdivisions of the SN and
VTA. However, lesions of the medial forebrain bundle have failed to completely
deplete CCK in the NAcc, while effectively depleting DA, suggesting that up to 30%
of the CCK innervation of the NAcc does not originate in the SN/VTA. In the present
report we have extensively analyzed the distribution of CCK-IR cells in other brain
regions known to project to the NAn, with the goal of identifying possible alternative
sites of origin for the CCKergic innervation of the NAn that is not colocalized with
DA in the DAergic neurons of the SN/VTA.
Male Wistar rats (200-250g b.w.) were injected with retrogradely transported
tracers into different compartments of the NAcc. Twenty-four hours before sacrifice
(after a 3 to 8-day survival time) the animals received an intraventricular injection of
colchicine. After sacrifice, the brains were processed for immunocytochemistry with
antibodies anti-TH and anti-CCK.
The ICC results with the anti-CCK antibody revealed that a large number of CCKIR perikarya were located in the ventral mesencephalon, mainly in the SN pars
compacta, SN pars lateralis and VTA. In the cerebral cortex, CCK-IR cell bodies were
also present in the cerebral cortex, namely in the medioventral prefrontal, olfactory
and orbital cortices. CCK-IR perikarya were also present in the claustrum. This
research was supported by MRC, Canada.
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IMMUNOHISTOCHEMICAL MAPPING OF PITUITARY ADENYLATE
CYCLASE-ACTIVATING POLYPEPTIDE (PACAP) IN THE RAT BRAIN.
G. Lefpadi.S . SISo &l A. TTka* andA. AAmma. U.S.-Jap<rn Biommtical
Research Laboratories, Tulane University Hebert Ctr., Belle COasse, LA 70037,
U.S.A.
Earlier studies indicate that PACAP may serve multifunctional roles in the
central nervous system. Therefore, it seems to be important to map the PACAPlike immunoreactivity (PACAP-LI) in the entire brain of the most commonly
used laboratory animal, the albino rat. We detected dense fiber networks with
PACAP-LI in the bed nucleus of stria terminalis, central nucleus of the
amygdala, throughout the hypothalamus, interpeduncular nucleus and the
medullary and spinal dorsal Oorn. Medium densities of nerve fibers were found
in the septum, both the external and internal layers of the median eminence,
certain midline and intralaminar thalamic nuclei, the habenular nuclei, the
central gray, the lateral and compact parts of the substantia nigra, peripeduncular
nucleus, pontine nuclei, parabrachial nucleus, solitary nucleus, rapOe nuclei and
the dorsal motor vagal nucleus. In colcOicine-treated rats, neuronal cell bodies
were observed in the following regions: the piriform, entorhinal and cingulate
cortical areas, throughout the entire hypothalamus, but mainly in the
periventricular and the magno- and parvocellular parts of the paraventricular
nuclei, habenular nuclei, the central gray, oculomotor and pontine nuclei, locus
ceruleus, parabrachial and laterodorsal tegmental nuclei, the A5 noradrenergic
cell group, nucleus ambiguus compact formation, ventrolateral medulla, the
medial and commissural subnuclei of the solitary nucleus, and nuclei raphe
obscurus and pallidus. In the cerebellum, a few Purkinje cell bodies were
stained and dot-like immunoreactivity was found in the granular layer. We
conclude that PACAP can act as a neurotransmitter/modulator in local neurons
as well as neurons with long projections, thus may be linked with various
functions in the central nervous system.

DISTRIBUTION OF PITUITARY ADENYLATE-CYCLASE ACTIVATING
POLYPEPTIDE (PACAP) RECEPTOR IN RAT BRAIN. S.Shioda*.
Y.Shuto. A. Somogyvari-Vigh, G.Legradi. H.Onda and A.Arimura.
US-Japan Bomed. Res. Labs., Tulane University Hebert Ctr.,
Belle Chasse, LA, 70037 and Discovery Res. Div. Takeda Chem.
Ind., Tsukuba, Ibaraki, 300-42, Japan.
Pituitary adenylate-cyclase activating polypeptide (PACAP) is
a new member of the secretin/glucagon/VIP family of
peptides. There are at least two types of receptor for PACAP:
type I (PACAPR-I), which specifically binds to PACAP, and type
II (PACAp R-11), which is shared with VIP. Tissue distribution
and localization of PACAPR-I were determined by immunohistochemistry and in situ hybridization histochemistry. By
using 3 3P_iabeled cRNA probe for PACAPR-I, a wide but region
specific distribution of PACAPR-I mRNA was found in rat brain.
High hybridization signals were detected in the olfactory bulb
(glomerular layer, intermediate granular layer), piriform
cortex, layer II of cerebral cortex, granular layer of dentate
gyrus, granular layer of cerebellum, pontine nuclei and dorsal
motor nuclei of vagus.
Moderate hybridization signals were
detected in caudate putamen, lateral septal nucleus, pyramidal
layer of CA1-CA3, several nuclei of thalamus and hypothalamus, amygdala, nucleus of solitary tract, ventrolateral medulla
and spinal dorsal horn. In the immunohistochemical study
using a specific antiserum against a synthetic peptide corresponding to the C-terminal intracellular domain of PACAPR-I,
immunopositive structures were found in olfactory bulb,
hippocampus, hypothalamus and cerebellar cortex.
However,
distribution of PACAPR-I in the brain does not always parallel
the localization of PACAP-aantaining neurons.
These findings
suggest PACAP has multifunctional roles in the brain.
(Supported in part by NIH grant DK 09094 and a research a*C
from Takeda Chemical Ind.)
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CALCITONIN GENE RELATED PEPTIDE IMMUNOREACTIVITY IN
THE NUCLEUS TRACTUS SOLITARII OF THE CAT. B .E. Malev* Dept .
of Anatomy & Neurobiology, Univ. of Kentucky Med. Ctr., Lexington, KY
40536
Calcitonin gene related peptide (CGRP) has a wide spread distribution
throughout the central nervous system where it has a number of functional
roles. CGRP has been localized in the nucleus tractus solitarii (NTS),
suggesting it plays a role in the regulation of autonomic functions, including
cardiovascular, respiratory and gastrointestinal systems. It was the purpose of
this study to investigate the distribution of CGRP in the various subdivisions of
the feline NTS.
Cats used in this investigation were perfused with 2 liters of 4%
paraformaldehyde in 0.1M Sorenson's phosphate buffer, pH 7.4. Following
the perfusion, 5Opm sections the NTS were obtained using a sliding
microtome. Sections for CGRP immunocytochemistry were immunostained
with the peroxidase, anti-peroxidase method using diaminobenzidine.
The NTS had a dense plexus of CGRP-like immunoreactive fibers
throughout its rostral to caudal length. The majority of immunostaining was
localized to the medial, dorsal, commissural and interstitial subdivisions.
Lesser amounts were present in the parvicellular, ventrolateral and intermediate
subdivisions.
Results of the present investigation provide a morphological basis for
CGRP's role in the regulation of autonomic functions, since it is localized in
areas of the NTS involved in control of respiratory and cardiovascular
function. The presence of CGRP in varicosities suggests that it may be acting
as a neurotransmitter/neuromodulator in presynaptic terminals in the NTS.

AN ULTRASTRUCTURAL EXAMINATION OF NPY-LIKE IMMUNOREACTIVITY (LI) IN THE HIPPOCAMPUS OF RATS FOLLOWING
SEIZURE J.P. Pierce*. O. Kurucz and T.A. Milner. Dept, of Neurology and

Neuroscience, Cornell Univ. Med. Coll., New York, NY 10021
Seizure activity is known to induce the appearance of NPY-LI with
hippocampal mossy fibers, in addition to altering levels of preexisting opioid
peptides. As part of a correlated immunohistochemical study examining
changes in L-Enk-LI, M-Enk-LI, and Dyn B-LI; NPY-LI was studied at both
light and EM levels using three pharmacological seizure models: (1) a single
injection of metrazol (MTZ) (67 mg/kg, SC); (2) two injections of MTZ
separated by 2 hours; and (3) a single injection of kainic acid (15 mg/kg, IP).
Two days later, all animals were perfused with acrolein and the brains were
processed for the localization of these peptides. Sections from experimental
and control animals were reacted in the same vessels. At the light level, the
use of quantitative densitometry revealed distinct differences in the staining
patterns for each model, which suggested that the amount of NPY-LI
increased in relation to the intensity, and not the duration of seizure activity
(Pierce and Milner, 1993). Since staining levels were particularly pronounced
in the ventral hippocampus, we have initially focused our ultrastructural
examination on this region. NPY-LI in the hilus of the dentate gyrus of
control animals was relatively sparse, and localized to: 1) multivesicluar
bodies and the membranes of the dendritic processes of interneurons, 2)
small unmyelinated axons and boutons containing labeled dense-core
vesicles (DCV's) and cytosol, and 3) portions of glial membrane. In addition
to these sites, double MTZ animals showed strong labeling within some large
boutons resembling mossy fiber terminals (not all were labeled). In random
experimental fields, there were dramatic (up to eight fold) increases in both
the number of labeled DCV's per unit area of neuropil, and the total % area of
labeled profiles, which could be directly correlated with light level labeling
increases.
Future work will focus on dorsoventral differences, and
comparisons to opioid peptide-LI. Supported by DAO8259 and MH42834.
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DETAILED MAPPING OF INT-2/FGF-3 mRNA EXPRESSION IN THE
ADULT MOUSE BRAIN. A. E. Kresse*. A. J. Bean. R. Pettersson. and T.
HOkfelt. Department of Neuroscience/Histology, Karolinska Institute, S-17177
Stockholm, Sweden.
The anatomical localization of the int-2 (fibroblast growth factor-3) protooncogene mRNA was examined in situ histochemically using a ^^-radiolabelled
synthetic 48-oligomer probe complementary to nucleotides 3482-3529 of the mouse
int-2 mRNA. Distinct patterns of int-2 expression have been localized previously
throughout development in vertebrates, but to date the detection of int-2 mRNA has
not been reported in non-neoplastic adult tissue (Mansour et al., Development 117:
13-28, 1993). In the present study we report the persistence of int-2 mRNA
expression during adulthood, and also describe the distinct localization of int-2
mRNA-expressing neuronal cell bodies which seems to be restricted to brain
structures were no acidic fibroblast growth factor (aFGF) mRNA could be detected in
a previous study (Kresse et al., Soc. Neurosci. Abstr. 19: 1149, 1993). In detail, int2 mRNA was detected in thalamic and cortical structures contributing to the auditory
system, e.g. the medial geniculate body and the primary and secondary auditory
cortices. Differentially labelled structures were detected throughout the thalamus with
exception for the medial and lateral habenular nuclei, the anterodorsal and the
reticular nuclei where we had previously found neurons strongly labelled for aFGF
mRNA. In the auditory as well as somatosensory cortical areas labelled cell bodies
were seen exclusively in the fifth cortical layer. In addition, also the primary
olfactory cortex was strongly labelled for int-2 mRNA expression. In the hindbrain,
only the Purkinje neurons of the cerebellum were labelled.
The importance of the int-2 gene product for induction and development of the
inner ear in mouse and chicken embryos has been shown previously. The detection
of a persistent int-2 mRNA expression in the adult mouse suggests that int-2 might
maintain its neurotrophic/neuromodulatory function during adulthood.

HOMOCARNOSINE (GABA-HIS): PRELIMINARY EVIDENCE FOR A NEDRO-REGULATORY
ROLE IN THE CNS. H.C.Jackson*. J. Richmond, J.F.Lenney. Dept, of
Pharmacology and Bekesy Laboratory of Neurobiology, University of
Hawaii, Honolulu, HI 96822.
Preliminary
evidence
to
support
the
hypothesis
that
homocarnosine might act as a regulator of neuronal activity comes
from two sources:
1. Golden hamster brain tissue sections were examined after
immunohistochemical staining for homocarnosine-like immunoreactivity
(H-LI) using a rabbit polyclonal antibody. H-Li was present in glial
cells throughout the forebrain. However, a distinct population of
cells in the nucleus accumbens that have neuronal morphology was also
strongly immunoreactive. These cells were not immunoreactive towards
anti-GFAP, ruling out astrocytes. Luxol fast blue staining revealed
that the immunostajned cells were not associated with myelin,
suggesting that these cells were not oligodendrocytes.
2. Whole cell patch clamping of a human cortical neuronal
cell line (HCN-1A) revealed that these cells have a predominant Na +
current (INa) which was reduced by GABA at millimolar concentrations.
Homocarnosine, applied at similar concentrations, also reduced Ih &.
Maximum reduction was seen at peak current potentials of around 0lOmV. Carnosins (B-ala-his), a related histidine dipeptide, nad no
effect, suggesting that homocarnosine is specific in its effect on
these neurons, mimicing the well-established neurotransmitter, GABA.
The evidence of a neuronal localization, coupled with
evidence of GABA-like effects on patch clamped neurons, supports the
hypothesis that homocarnosine may be involved in neuronal regulation.
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PRESYNAPTIC
LOCALIZATION
OF
HIPPOCAMPAL
CHOLINERGIC
NEURO-STIMULATING
PEPTIDE
(HCNP)
IMMUNOREACTIVITY.

PREPROTACHYKININ GENE 5'-UNTRANSLATED SEQUENCE
DIRECTS TRANSGENE EXPRESSION TO THE CENTRAL NERVOUS
SYSTEM. A. A. Ardelt*. R. G. Lorenzt. C. B. Latham, and K. A. Roth*.
Dept, of Pathology and tDept. of Molecular Biology and Pharmacology,

Mitake1*, T. Suzuki2. K. Okumura-Noii2. E. Katada1. and K. Oiika1. 2Dept. of

Biochemistry and 22nd Dept. of Int. Med., Nagoya City Univ. Med. Sch., Nagoya

467, Japan.
A novel peptide, HCNP, from the rat hippocampus is involved in the

development of specific cholinergic neurons in vitro (K. Ojika, et al; Brain Res.
572:164-171, 1992). The peptide or its pro-protein (23K Da) occurs in specific

areas of rat central nervous systems such as in nerve fibers of hypothalamic

subnuclei and neurons in the cerebral cortex, hippocampus and basal ganglia
(Abst. Soc. Neurosci., 19, 249, 1993). The present study of subcellular

distribution of HCNP immunoreactivity by both western blotting and

immunoelectron microscopy revealed pro-protein in soluble, P|, P2,
synaptosome, synaptic plasma membrane, mitochondria, and myelin

preparations but not in the postsynaptic density fraction. HCNP pro-protein was

found in all synaptosome fractions prepared from the cerebral cortex,
hippocampus, cerebellum and brain stem. More than half of the pro-protein was

contained in the supernatant obtained after low-speed centrifugation (1O,OOOg,

5 min) of the synaptosome lysate and some but not all of this was sedimented by
high-speed centrifugation (100,000g, 1 h). The results suggest that the proprotein occurs in the synaptoplasm either associated with or free from synaptic
vesicles with a distribution distinct from that of synaptophysin. The presynaptic
localization of immunoreactivity was confirmed by immunoelectron microscopy.

These observations indicate some synaptic role for HCNP or its pro-protein in
vivo.
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Washington University School of Medicine, St. Louis, MO 63110.
The preprotachykinin (PPT) gene encodes several peptides in the tachykinin
family, including substance P (SP). In mammals, SP is expressed in specific
subpopulations of neurons in the central and peripheral nervous systems (CNS,
PNS), as well as in endocrine cells of the gastrointestinal tract. To study the
molecular regulation of SP expression, transgenic mice carrying 5.5 kb of the
5'-untranslated sequence of the PPT gene linked to the coding region of the
human growth hormone (hGH) gene were generated. Two lines of transgenic
mice were established, and the pattern of CNS transgene expression was
examined in animals injected with colchicine intraventricularly and in
untreated animals. Brains were processed for both hGH and SP
immunostaining. Regions of overlapping, as well as disparate, hGH and SP
immunoreactivity were found. The accumbens nucleus and amygdala nuclei
exhibited a high degree of hGH and SP coexpression in animals from both
lines. Characterization of these two lines is continuing, and transgenic mice
carrying a new construct containing . approximately 9.5 kb of the 5'untranslated region of the PPT gene are currently being generated. This
approach will enable the definition of 5'-untranslated regions of the PPT gene
which control cell-specific tachykinin expression in the CNS.
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IMMUNOCYTOCHEMICAL LOCALIZATION OF N-ACETYLASPARTYL-GLUTAMATE IN THE HUMAN CENTRAL NERVOUS
SYSTEM. L. A. Pa$sani*°. J.- P. Vonsattel00 and J. T. Covle°. Dept, of

PREPUBERTAL DEVELOPMENT OF NEUROPEPTIDE Y- AND GALANINLIKE IMMUNOREACTIVITY IN THE MALE MEISHAN PIG BRAIN. P. L.
Pearson*. L. L. Anderson, and C. D. Jacobson. Departments of Veterinary Anatomy
and Animal Science, Molecular, Cellular and Developmental Biology Program, and
Neuroscience Program, Iowa State University, Ames, LA 50011.
Neuropeptide Y (NPY) and galanin (GAL) are two neuropeptides in the
mammalian brain involved in the control of food intake and pituitary hormone
secretion. Although first isolated from porcine tissue, the localization of NPY and
GAL have been poorly studied in the pig brain. Thus, we have described the
distribution and prepubertal development of NPY- and GAL-like immunoreactivity (IR) in the male Meishan pig brain. The Meishan is a Chinese swine breed known for
its superior reproductive capability, slow growth, and abundant adipose tissue.
Intact male Meishan pigs were collected prenatally from pregnant sows at
gestational day (g) 110, and postnatally at postnatal day (pn) 1, pnlO, pn2O, and pn5O.
Animals are bom at gl 14, weaned at pn2O, and may reach puberty at pn75. Robust
NPY-IR is detected in cell bodies and fibers in the cortex, striatum, septum,
hypothalamus, hippocampus, and brainstem at all ages studied. However, NPY-IR is
detected in numerous cell bodies in the arcuate nucleus (ARC) at gllO and pnl, but
not at pnlO, pn2O, or pn5O. Robust GAL-IR is detected in cell bodies and fibers in
the septum, limbic system, hypothalamus, and brainstem at all ages studied. GalaninIR is detected in numerous cell bodies in the ARC from gllO-pn2O, but not in pn5O
animals. Localization of NPY- and GAL-like immunoreactive fibers and cell bodies
in other brain areas is similar throughout all ages studied. The prenatal ontogeny of
these neuropeptides in the male Meishan pig brain will be discussed. The agedependent detection of immunoreactive cell bodies in the ARC may reflect maturation
of neuropeptide systems modulating food intake and/or pituitary hormone secretion.

Psychiatry0 and Dept. of Neurology-Neuropathology00, Harvard Medical
School, Boston , MA 02129.
The acidic dipeptide N-acetyl-asparty1-glutamate (NAAG) is
concentrated in putative glutamatergic neurons and released in a calcium
dependent manner upon depolarization. NAAG may serve as a precursor
to synaptic glutamate and/or as a potential agonist at NMDA receptors.
The presence and localization of NAAG-like immunoreactivity (NAAGLI) were assessed in several regions of fresh human postmortem brain
(obtained from Brain Tissue Resource Center, Me Lean Hospital). The
immunocytochemical findings were correlated to measurements of
endogenous NAAG-levels by HPLC. The following structures were
examined for NAAG-LI and exhibited staining: 11 Cervical spinal cord:
axons in ventral corticospinal tract, ventral spinothalamic tract, dorsal
spinocerebellar tract and neurons of ventromedial motor nuclei. 2}
Brainstem (at level motor nuclei HI. IV and VII: pontine nuclei neurons
and axons of tracts, type a and type b neurons of the locus coeruleus. 3}
Head of caudate nucleus and putamen: large, presumably cholinergic
neurons, axons of internal capsule 41 Hippocampus (at level of lateral
geniculate body): pyramidal neurons of CA1 and CA3. 51 Cerebellar
cortex: granule cells, basket cells and Purkinje cells. 61 visual cortex area
17: stellate neurons layer 4 C. 71 visual cortex area 18: pyramidal
neurons layer 3. Reactive microglia in pathologic cases with neuritic
plaques were observed to express significant amounts of NAAG-LI.
These findings suggest a pattern of NAAG distribution in the human
CNS similar to those previously described in rat and monkey.
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LOCALIZATION OF NEURONS EXPRESSING SUBSTANCE P AND
NEUROKININ B mRNAs IN THE HUMAN HYPOTHALAMUS AND
BASAL FOREBRAIN. M.K. Chawla*. G.M. Gutierrez. W.S. Young III.
and N.E. Rance. Dept, of Pathology, U. of Arizona College of Medicine,
Tucson, AZ 85718, and Laboratory of Cell Biology, NIMH, Bethesda, MD.
The distribution of neurons containing substance P (SP) and neurokinin
B (NKB) mRNAs was determined using in situ hybridization.
Hypothalami from 5 adult males were dissected in coronal and sagittal
blocks, snap frozen and serially sectioned at 20 ^m. In situ hybridization
was performed on every 20* section with 48-base synthetic cDNA probes.
Sections were mapped using a computer-microscope system. Numerous
SP neurons were identified in the medial mammillary nucleus, posterior
hypothalamus, preoptic area, and in the infundibular, intermediate,
dorsomedial and ventromedial nuclei. A significant population of SP
neurons was also found in extrahypothalamic areas including the
infundibular stalk, amygdala, bed nucleus of stria terminalis,
paraolfactory gyrus, caudate and putamen. In contrast to the wide
distribution of SP neurons, NKB neurons were located primarily in the
magnocellular basal forebrain complex, bed nucleus of stria terminalis,
infundibular nucleus, preoptic area and paraolfactory gyrus.
Small
numbers of NKB neurons were scattered in the paraventricular nucleus
and amygdala. Of particular interest was the finding of numerous
magnocellular NKB neurons in the diagonal band of Broca, medial septal
nuclei and nucleus basalis of Meynert. In contrast, SP was localized to
scattered small neurons in these regions. Because 90% of forebrain
magnocellular neurons contain acetylcholine, these data suggest that NKB
is colocalized with acetylcholine in a subgroup of neurons in the human
magnocellular basal forebrain complex.(Supported by NIH AG-09214)

NERVI NERVORUM: OCCURRENCE OF SENSORY NERVE FIBERS Q. Zhao*.
E. EkElad.L. B . Dahlin, F . S undler.a nd G. LuLdborg. D ept.H andS urg., M almo Gen
Hosp., Univ. Lund, S-21401 MalmG and Dept. Med. Cell Res.; Univ. Lund, Lund,
S-223 62, Sweden
The presence of sensory nerve fibers in the sheaths of the peripheral nerve (nervi
nervorum) normally and following various lesions was investigated. Rats sciatic
nerves were transected bilaterally or compressed by a narrow silicone tube (i.d.
0.8mm). A wider (i.d. 1.8mm) tube causing no nerve compression was used for
comparison. One week after transection or three weeks after compression, the nerve
specimens were harvested along with nerve specimens from control rats and
processed for the immunocytochemical demonstration of substance P (SP) and
calcitonin gene-related peptide (CGRP). Neonatal capsaicin treatment was
performed in separate experiments and the contents of SP- and CGRPimmunoreactive material were assessed by radio-immunoassay. In the control
nerves, fine varicose CGRP and SP-^ntaining nerve fibers were found in the epiand perineurium. By double immuno-stainingSP was found to be co-localized with
CGRP in the epi- and perineurial nerve fibers. Within the nerve trunk CGRP but not
SP was found in coarse nerve fibers. SP and CGRP were accumulated in the nerve
fibers both in the epi- and perineurium proximal to a transection and a compressed
area. The distal end of such nerves lacked SP/CGRP immunoreactive nerve fibers.
The nerve segment in the wider tube was irritated as evidenced by a thickening of
the epineurium. However, no difference was found in the distribution of SP/CGRPcontaining nerve fibers as compared to the control nerve. Neonatal capsaicin
treatment (which affects the primary sensory afferents) markedly reduced the content
of SP- ana CGRP-immunoreactivity in the sciatic nerve. It is concluded that sensory
SP/CGRP-orntaining nerve fibers constitute a major contribution to the nervi
nervorum in the epi- and perineurium of rat sciatic nerve and that these fibers are
roximo-distally directed. Transection and compression affect these nerve fibers.
his may be of clinical importance in the pathophysiology and treatment of
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IDENTIFICATION AND CHARACTERIZATION OF RAT KNEE JOINT
AFFERENTS. P. T. Salo* and E. Theriault. The Toronto Hospital Arthritis
Centre, and Playfair Neuroscience Unit, University of Toronto, Toronto,
Ontario CANADA M5T 2S8.
Using a feline model of chronic mono-arthritis, we have previously
shown that substance P (SP) and calcitonin gene-related peptide (CGRP)
levels are elevated in the spinal dorsal horn and are maintained in the joint
tissues (Theriault et al., 1993). In addition we have provided evidence of

an age-related loss of -joint afferents in a mouse model of naturallyoccurring degenerativejoint disease (Salo and Tatton, 1993). We have now
developed a rat model and have determined the typical number, distribution
and peptide content of knee joint afferents in the adult female Wistar rat
using an accurate and reliable technique for knee joint injection
incorporating a custom-made joint positioner and a micromanipulator.
Knees were injected with Fluoro-Gold (FG, n = 6), cholera toxin B-subunit
(n=4), DM (n = 4), or Fluoro-Ruby (n = 2). At intervals ranging from 2 - 14
days rats were killed by anaesthetic overdose and perfused with buffered
4% paraformaldehyde or Zamboni's fixative. Lumbar dorsal root ganglia
(DRGs) were harvested, cryoprotected, and rapidly frozen in molds. Serial
frozen sections were examined for specific labelling by fluorescence
microscopy. In another experiment SP and CGRP immunocytochemistry
was done on alternate serial sections through L3 and L4 DRGs from four
rats pre-labelled by FG injection. FG was the most efficient tracer, labelling
the largest number of joint neurons in the widest distribution of sizes.
Preliminary results revealed an average of 604 neurons per knee, restricted
in distribution from L2 to L5, with the vast majority found in L3 and L4.
Immunocytochemical results indicated that only a small percentage of rat
knee joint afferents (< 30%) normally contain SP- or CGRP-like immunoreactivity.
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GALANIN AND VIP IN AXOTOMIZED AND REGENERATING SUBPOPULATIONS OF POSTGANGLIONIC SYMPATHETIC NEURONS: PEPTIDETARGET RELATIONSHIPS AND PUTATIVE FUNCTIONS
L. Klimmchewski*, IL Grol^mm^i^, K. Cnskulker and C. Heym. Irntitute of of natomy cnd Coll Biology , University of Hoidolborg, 69120 Heidelberg, FRG.
Tho noeropoptidos gclcnin (GAL) cnd vcsocetivo i-testincl polypeptide (VIP)
cro known to oecer in sebpopelctions of postgcnglionie sympcthotie teerons
(PGN) cfter cxotomy in vivo cnd in vitro. Wo hcve invcstigctod whether PGN
projeeting to different tcrgets show s prevclenee for cny of tho two peptides in
rosponso to cxotomy. After Icbolling PGN projeeting either to tho iris or to tho
submandibular glcnd by rotrogrcdo traeing, the mcjor postgcnglionie brcnehes
were ereshod elosc to tho gcnglion. GAL- cnd WP-immenorecetivity (IR) wcs
demonstrated 30 dcys cftor eresh cnd cfter succcss Fu I regeneration of tho cxotomized teurots (ct locst 60 dcys cftor eresh). Although tho nember of GALcnd VTP-ir neerons wcs inerecsed in both investigcted n^rotcl sebpopelctions
cftor cxotomy, more noerons projeeting to tho submandibular glcnd exhibited
VIP, whorecs c highor peree-tcge of GAL-ir noerons wcs foend in tho popelction i-nervcting tho iris. After seeeossfel regeneration, the proportion of GALor VT-te -ouio -s d^recsed to eontrol levels in both popelctions. Tho temporary inerocso of GAL cnd VIP is in pcrt dee to cn upregulction of CDF/LIF
(Rco ot cl., 1993, Neuron 11:1175), however, tho probcbly talg;et-del^ved moloedar signcl thct indeeos CDF/LIF is en*nown. Concerning possible fenetiots
of tho peptides dering tho regenerction proeess, VIP mcy cet cs surviv'd fcetor
for cxotomizod SCG neerons: wo hcvo shown thct VIP, cddod to entered sympcthetie noerons from newborn rcts, promotes servivd of c sebpopulatiot of
PGN. In cddition, tho mcrked inerocse of GAL-ir neerons cnd i-trcgcnglionie
nerve fibers cftor cxotomy mcy seggost both cdo- cnd pcrcerine cetiots of
GAL. Supported by the Germcn Resecreh Foutdction (Zi 110/22-2).

OXYTOCIN AND VASOPRESSIN IMMUNOREACTIVITY IN RABBIT
HYPOTHALAMUS DURING ESTRUS, LATE PREGNANCY AND
PARTURITION. M. Ccb^ C. Boyer. G. Go-zclez-Mcrisecl. M.A. Jimltez
ctd R. Silver.
Centro do Invostigceidn en Roprodueei6n Animd,
CINVESTAV-UAT A.P. 62, Tlcxedc, Tlcx. Mdxieo. Institeto do
Invostigceionos Biologies, Universidcd Verccruzanc, Mexieo cnd Bcrncrd
College, Colembic University, U.S.A.
This stedy describes tho overdl distribetion of oxytoein (OT) cnd
vcsoprossin (AVP) immenorecetivity (IR) in tho rcbbit hypothclcmes endor
throe eonditions: os'tres, lcto pregncney md only post-pcrtem. OT cnd AVP
porircryc cre eoncentrcted in tho seprcoptie (SON) ctd paravontrieulcr
(PVN) neelei rod sccttered in tho lctorcl hypothdcmie croc (LHA), cs in other
mcmmcls. Dmi-g lcto pregncney tho -ember of OT rod AVP-IR eells
inerecses, cnd they roceh their pec* cftor pcrturition. Compcred to estras
tho -ember of OT-IR eells is signifiecntly higher (p< 0.05) in tho LHA in lcto
pregncney rod in the PVN cnd LHA in the post-pcrtem period. AVP-IR eoll
nember signifiecntly inerecses in tho SON of fomdos ct pcrterition (p<0.05).
Differenees in eell size were clso evident in some crocs. Tho most drcmctie
effeet wcs seen it the OT-IR eells of the PVN of ecrly post-pcrtem femcles
where the eell sizes inerocsed notcbly eompared to the ostres groep (4I6.5±7.4
vs 269.2±8.4 pm^, mecn ±sem; p<0.0001).
The ehcnges in OT-IR in speeifie brcin nocs dering tho immedicto pre-cnd
post-putem support the idoc thct this peptide, besides exerting peripheral
cetions (deres, myoephiteliem), is clso relcted to the onset of mcterncl
behcvior it rabbits. On the other hcnd, the ehcnges in AVP-IR in the SON
mcy be importcnt for mcintciting c lcrge blood voleme dering lcte pregncney.
Antibodies to OT cnd AVP were c gift of A.J. Silvermcn
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DIFFERENTIAL DISTRIBUTION OF NEUROPEPTIDE-Y IMMUNOREACTIVE NEURONS IN THE STRIATUM OF SHR AND WKY RATS.
R.S.Cctbeyli, & B.G.Yotgee*, Dept. of Devolopmontcl Psyehobiology, New
York Stcto Psyehictrie Institeto, Now York, NY 10032.
Noeropeptido Y (NPY), impliectod in loeomotor, ecldiovascelal cnd feeding
logulation, wcs measerod immunohistoehemieclly in spontaneoesly hypertensive
rats (SHR) md normototsive Wistcr-Kyoto rats (WKY), whieh differ in these
traits. To minimize vcricbility, aged-matched mdo SHR cnd WKY were
perfUsed in pcirs md alternate 50-mieron seetiots wore mcrked md proeossed
together for immenohistoehemiecl stcini-g for NPY.
NPY immetorocetive eells wore eoented in tho eaudate-putamen (CP) ct three
lostlo-ccedal levels: Bregmc -0.3 («plcte 19, Pcxinos & Wctson, 1986),
Bregmc -1.8 (»plcte 25), md Bregmc -3.3 ( = phte 31). NPY-stcitod eells
were dso eoentod in tho cingulcte/frontcl eortex ct the rostral level ctd in the
pcrietd eortex ct the more ocedd levels.
The nembers of NPY-stcited perirarya wore signifi^-tly ^<0.05) grecter
in SHR thm in WKY ct the more rostral levels of tho CP: ct brogmc -0.3,
SHR:=44.3±3.2, WKY=19.3±4.7, t=4.4; ct brogmc -1.8, SHR=29.3±4.1,
WKY = 16.3±4.6, t=2.1. In tho ecedcl CP, the strain difforonee (SHR=
14.1 ±2.4. WKY = 8.3^1.9.
not significant (p=0.072).
In the
eingulate/flottcl eortex, SHR hcd more NPY-immenoroaetive eells (5.4±O.9)
thm WKY (2.9±O.6). Those resets cppear -ot to be nonspeeifie strait
differetees it stai-i-g, beecese in eaudal pcrietal eortex, the straits did -ot
differ (SHR=5.8±0.9, WKY=5.8±1.0; cnd SHR=4.0±1.0, WKY=4.1±
0.7). Differotees in strictcl NPY levels mcy medicte fenetiotcl eardiovaseelar
or behcvioral differenees between strains. (MHOO8O3 & MH4595l)

INSULIN TRANSGENIC MICE: CEREBRAL EXPRESSION AND GENDER
DIFFERENCES IN BEHAVIOR A. Cdcs*. Pht DouhdL V, Bertainc(1) &
Destrcde01. D. Beeching2) ctd J. Jcmi(2).;(n Lcb. Neurosciences Comportementdes
URA CNRS 339, Univ. Borderox V» INSERM U.257, CHU Coehin-Port-Royd,
Pcris cnd Lcb. Cytologie, URA CNRS 1488, Univ. Pcris VI, 7 qec S‘ Berncrd 75252
Pcris, Frcnee.
The prosenee of itselin in the brain is well established, bet its origin remains
eneled. To test c possible eerebral synthesis of insdin, transgenie miee were
generated esing c gene eo-street thct ineleded 168 bp upstleam from the
tratseriptiot roh of the hemcn inselin gene cnd 5.5 *b downstrocm from it. These
miee were excmined for the extrapcneleatie expression of the hemcn inselin
transgene. The hemct gene mRNA cnd the eorresponding peptides were deteeted in
c eell sebsot of the medicl hcbendc by in situ hybridization cnd
immenoeytoehemistry respeetively. These resets were foend in 30 miee from three
independent transgenie lines, indiectitg thct expression wcs not dependent on the
insertion site of the transgene.
A prolimincry behcvioral cndysis wcs enried oe on one of the three transgenie
lines esing two approaehes; 1) Loeomotor cetivity meaiurement showed c signifiecnt
fcster deelite of spo-tc-eons cetivity in mcle cs eompcred to femcle transgenie miee,
whieh did -ot differ from either mde or femcle non-transgenie eontrols. 2) Learning
ctd memory performanee were aisessed esing the rcte of ccqursrtion, the degree of
long term retention cnd the rate of extinetiot of c bcr press response in c Skinner
box. Mde tratsgenie miee exhibited c defieit in ceqursrtion cnd cn ceeeloration of
extinetion rate cs eompcred to femde transgenie miee, suggestrng thct both
behavioral modifieations in tratsgeme miee cre sex-linked.
Ferther stedies will be reqmred to determine whether the behavroral ehcnges
observed in thct line cre dee to hcbendcr inselin expression or they cre dependent on
the ehromosomcl loedizctiot of the transgene insertion site.
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DOWNHILL EXERCISE ELEVATES CGRP-IR IN SOLEUS BUT NOT TIBIALIS
ANTERIOR MOTONEURON POOLS. D.A. HomonkO*and E.Theriault. The

ABNORMAL DISTRIBUTION OF NEUROPEPTIDES IN
SCHIZOPHRENIA CEREBRAL CORTEX. M. Davidson. S.MI.

Toronto Hospital Arthritis Centre and Playfair Neuroscience Unit, University
of Toronto, Toronto, Ontario CANADA, M5T 2S8.
Calcitonin gene-related peptide-like immunoreactivity (CGRP-IR) is
present in motoneurons in the lumbar spinal cord. Alterations in detectable
levels have been described after peripheral nerve lesions and in chronic
arthritis, although its role in motor systems is still poorly understood. The
purpose of this study was to investigate changes in CGRP-IR in spinal
motoneuron pools of the soleus (SOL) and tibialis anterior (TA) muscles
after downhill exercise resulting in muscle damage. Twelve adult female
Wistar rats were divided into control, 48 hr. post-exercise (48hr), and 72
hr. post-exercise (72hr); exercise groups ran downhill at a moderate pace
for 30-45 mins. Muscles were removed and snap frozen. Histological
examination of the muscle tissues indicated marked inflammatory infiltrates
present in SOL along with overt muscle fibre damage; in contrast, the TA
did not display these changes. Paraformaldehyde-fixed 3Opm sections from
the lumbar spinal cord were incubated with polyclonal antisera to CGRP.
There was a significant increase in the number of CGRP-IR SOL
motoneurons in both the 48hr and 72hr groups vs. control (p<0.001),
while the 48hr vs. 72hr groups were not significantly different.
Interestingly, CGRP-IR in the TA spinal motoneuron pool did not differ
significantly from control in any group. Differential changes in CGRP levels
in motoneuron cell bodies following the induction of muscle pathology
clearly suggest the involvement of peripheral targets in the regulation of
this peptide in the motor system. We are further investigating the timecourse of changes in motoneuronal CGRP levels and correlating this with
pathological indices in the muscles.
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Gabriel*. V. Haroutunian. P. Powchick. K. L. Davis. Departments of Psychiatry, Mount Sinai School of Medicine, New

York, NY 10029 and Bronx VA Hospital, Bronx, NY 10468.

Reductions in neuropeptide immunoreactivity confined to
cortical gray matter have been reported consistently in Alz-

heimer's disease and less consistently in schizophrenia. Recent
evidence suggests a developmental abnormality in nicotinamide-adenine dinucleotide phosphate diaphorase-staining neu-

rons in schizophrenia. We investigated whether neuropeptides
co-contained with this marker are similarly effected.
In
Alzheimer's disease, peptide reductions are interpreted as

evidence for neuronal degeneration.

Alternatively, in schizo-

phrenia, these reductions may reflect abnormal (e.g., arrested)
neuronal migration during development. Postmortem cerebral

cortical tissues from schizophrenics were dissected into cortical
gray versus white matter. Immunoreactivities for somatostatin

and neuropeptide Y were abnormally detected in white matter
and the white to gray ratio was increased in schizophrenics
compared to controls or Alzheimer's patients. These data
suggest an abnormal distribution of neurons expressing these

peptides in schizophrenic patients.
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TESTOSTERONE REGULATES NPY IMMUNOREACTIVITY IN THE BNST,
ME AND AMYGDALA OF THE MALE SYRIAN HAMSTER. C.B. Newton.*
B. Kotb and J.M. Swann. Dept. of Biol. Sc., Rutgers Univ., Newark, NJ. 07102.
Copulatory behavior in the male golden hamster is initiated by exposure to
pheromones from female Syrian hamsters in the presence of circulating testosterone.
Pheromones are processed by chemosensory receptors of the main and accessory
olfactory systems. These systems converge on two central areas: the bed nucleus of
the stria terminalis (BNST) and the medial nucleus of the amygdala (Me). The
BNST and Me project to the MPOA. These areas play critical roles in the
regulation of mating behavior. Lesions of these areas eliminate or severely disrupt
mating behavior. These three areas also contain androgen receptors. Testosterone
implants into the BNST and Me restore mating behavior in castrates. Thus, the
BNST and Me appear- to integrate steroids and pheromonal input to regulate mating
behavior. We have recently found NPY neurons within the BNST, Me and arcuate
of the male hamster. The arcuate projects to the MPOA however its role in mating
behavior is not clear. Since steroids influence cellular function by regulating protein
synthesis we hypothesized that testosterone may regulate mating by regulating NPY
levels in these areas. Adult male Syrian hamsters were 1) castrated for 9 weeks
(n=2), 2) castrated for 9 weeks and implanted with testosterone for 3 weeks (n=2), or
3) left unoperated (intacts; n=3). Each male was anesthetized, perfused, its brain
removed, sectioned and processed for NPY immunoreativity. Castration reduced
NPY levels in the BNST, Me and Arcuate to 20%, 30% and 50% of that of intacts,
respectively. Treatment with testosterone restored the numbers of NPY neurons to
that of intact animals. Thus, testosterone regulates levels of NPY within areas that
project to the MPOA. Since the MPOA plays a critical role in the regulation of
mating behavior our results suggest that NPY may mediate androgenic regulation of
copulatory behavior. Supported by NICHHD BPO R29 HD28467-02 and NIGMSMBRS-3 SO6 GM8223-06S2 to JMS.)

INFLUENCE OF THYROID MANIPULATIONS ON THYROTROPIN
RELEASING HORMONE (TRH) SYSTEMS IN THE BRAIN. A.Dutt.
S.A. Richardson. M.B.Dratman and A.Winokur* Department of Psychiatry,
University of Pennsylvania, Philadelphia, PA 19104.
Recent evidence suggests that brain TRH and TRH mRNA levels are affected
following thyroidectomy (Tx). The present study was designed to focus on the
changes in TRH gene expression in discrete brain nuclei after central and
peripheral thyroid alterations. Tx adult male rats were injected with
triiodothyronine (T3), a daily dose of 0.15 pg/100 gm and 2 pg/100 gm in
euthyroid and hyperthyroid rats respectively. Sodium ipodate, a brain
5'deiodinase inhibitor was injected (10 mg/100 gm) in euthyroid, hypothyroid
and hyperthyroid rats. Treatment was continued for 3 days and rats were
decapitated on the fourth day. Prepro TRH mRNA was quantified in the
paraventricular nucleus (PVN) and the reticular nucleus of the thalamus (RTN)
by in situ hybridization. TRH message was significantly altered in the PVN but
not RTN after Tx, lowest levels being observed in hyperthyroid rats. RTN of
hypothyroid rats demonstrated markedly higher proTRH mRNA levels than
control. Serum T3, thyroxine (T4) and reverse T3 levels were significantly
suppressed after Tx. Hyperthyroid rats showed higher T3 and a reciprocally
lower T4 and reverse T3 levels. From the magnitude of changes obtained in the
levels of prepro TRH mRNA in the 2 brain nuclei, the data herein indicate that
PVN and RTN exhibit different responsiveness to thyroid modulations.

222.9
TRANSIENT DEPLETION OF CGRP-LIKE IMMUNOREACTIVITY FROM
INTESTINAL SUBMUCOSAL PLEXUS OF RAT FOLLOWING INTESTINAL
CAPSAICIN INFUSION. C.S. Tamura* and R.C. Ritter. Graduate Program
in Pharmacology/Toxicology and Department of VCAPP, Washington State
University, Pullman, WA 99164.
In the submucous plexus of the small intestine, immunoreactivity for
CGRP-LI is found in intrinsic submucosal neurons and in the terminals and
fibres of extrinsic sensory neurons. Previous reports indicate that systemic
treatment of rats with the neurotoxin capsaicin (CAP) permanently depletes
CGRP-LI from extrinsic sensory neurons and produces deficits in some Gl
reflexes.
Likewise, we have found that systemic CAP treatment
permanently attenuates suppression of food intake by some Gl stimuli.
However, low dose intestinal infusion of CAP only transiently alters food
intake (Tamura and Ritter, 1994). To determine whether intestinal CAP
treatment changes small intestinal CGRP-LI, in a manner consistent with
behavioral changes, we examined whole mounts of submucosal and
myenteric plexes of rats 1 h, 24h, 48h and 7d after intestinal infusion of CAP
(5mg) or its vehicle. Intestinal CAP, but not vehicle, produced a slight
reduction of CGRP-LI in the fibres of the SM by 1h post infusion. By 24 and
48 h post infusion CGRP-LI in the SM fibres was dramatically reduced, while
no change in CGRP-LI of SM neuron cell bodies could be detected. By 7d
post infusion no reduction in CGRP-LI could be detected in either the SM or
MP. These results indicate that intestinal CAP can produce transient
depletion of neuropeptide in the fibres of the submucous plexus and are
consistent with the production of transient impairment of sensory function
following intestinal CAP infusion. At this time it is not clear whether
depletion of CGRP-LI by intestinal CAP represents an action limited to
extrinsic sensory fibres or whether transient depletion of peptide from
intrinsic SM neuron fibres may also occur.

CATECHOLAMINE RECEPTORS II
223.1

223.2

DESENSITZATTON OF THE Dt DOPAMINE RECEPTOR EXPRESSED IN
C-6 GLIOMA CELLS PARALLELS AGONIST INTRINSIC ACTIVITY. M,A.
Mavleben1*. V.J. Watts1, C.P. Lawler1, D.E. Nichols2. K.A. Neve3, and R.B.
Mailman1. Univ. of North Carolina1, Chapel Hill, NC 27599, & Purdue Univ.2, W.
Lafayette, IN. 47907, and VA Medical Center5 Portland, OR 97201
Our recent data have demonstrated that full, but not partial, Dj dopamine (DA)
agonists can be effective in the treatment of parkinsonism. It is unclear, however,
whether full and partial agonists induce desensitization to the same degree. The C-6
glioma cell line transfected with the rhesus Di DA receptor was chosen as a model
system for studying desensitization processes because of: 1) the lack of complications
due to other cell types and DA receptors; 2) the similarity of ligand potency when
compared to striatum; and 3) the similarity of ligand efficacy when compared to
striatum. Plates grown to confluence were incubated with selected drugs for varying
periods. Following exposure to the different agonists, the cells were washed, and the
intact cells were tested for their response (cAMP synthesis) to 10 pM DA The studies
compared full and partial agonists from several structural classes: these included DA
itself; the hexahydrobenzo[a]phenanthridine full agonist dihydrexidine (DHX); the
phenyl-tetrahydrobenzazepines SKF82958 and SKF38393; the isochroman A6893O;
and the ergot derivatives pergolide and terguride. After exposure to 10 pM DA
desensitization was evidenced by a decreased cAMP response to the DA challenge;
this desensitization was maximal (i.e., no cAMP response) after two hours of
exposure. The full agonists DHX and A6893O, and SKF82958, caused an identical
time course and extent of desensitization. In contrast, the partial agonists SKF38393,
pergolide, and terguride were only able to cause about half the effect of DA even at
longer time points and higher concentrations. The desensitization caused by DA or
DHX was blocked by either butaclamol or SCH23390, consistent with the hypothesis
that desensitization was initiated by Di receptor occupation. Moreover, the effect was
homologous, in that stimulation of endogenous adrenergic receptors- with
isoproterenol was not affected. These results indicate that the degree of receptor
desensitization parallels the intrinsic activity of the Di agonist, a finding that may
have implications for the clinical use of Dj agonists.

DOPAMINE AGONISTS HAVE TWO SEPARABLE
PROPERTIES: INDUCTION OF CELLULAR RESPONSE AND
INDUCTION OF DESENSITIZATION. C.K. Mak*. P.K.
Randall. M. Avalos. S. Bums. C.W. Abell. S.-W. Kwan. and R. E.
Wilcox. Div. of Pharmacol, and Toxicol., Univ. of Texas, Austin,
Texas 78712.
The magnitude of cellular responses induced by dopaminergic
agonists is dependent on the efficacy of the individual agonist.
SKF 38393 can stimulate only a small fraction (33%) of the
maximal cellular response, compared with dopamine (DA).
However, it was not clear how much desensitization that SKF
38393 and other partial agonists could induce. In this study, we
used cAMP accumulation as a biological marker in a C6 glioma
cell line, which stably expressed recombinant dopamine D1A
receptors (Machida et al., Mol. Pharmacol., 41, 652, 659, 1992), to
compare the desensitization induced by SKF 38393, fenoldopam,
and DA. Our results show that the efficacies of SKF 38393 and
fenoldopam are 7% and 46%, respectively, relative to DA.
However, SKF 38393 and fenoldopam can induce 20% and 26% of
the desensitization, respectively, induced by DA. The results
suggest that each tested drug has two separate properties. One is to
induce a cellular response; the other is to induce desensitization.
These two properties vary from one drug to the other. These
findings may serve as a useful guide to sort out these separate
properties in designing new dopaminergic drugs.
[Supported in part by NTH grant RO3 RRO8579].
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PARTIAL AGONIST INTERACTIONS WITH DOPAMINE IN C6
GLIOMA CELLS STABLY EXPRESSING THE D1A DOPAMINE
RECEPTOR. M. Avalos*. C.K. Mak. P.K. Randall. R.S. Bums. C.
W. Abell. S.- W. Kwan. and R. E. Wilcox. College of Pharmacy,
University of Texas, Austin, TX 78712.
The effect of the partial dopamine (DA) agonists SKF 38393 and
apomorphine on the dopamine dose response, with cAMP as a
biological marker, has been determined in C6 glioma cells stably
expressing the D1A dopamine receptor (Machida et al., Mol.
Pharmacol., 41, 652-659, 1992). Dose response curves were run on
each drug independently to determine an active range of cAMP
induction measured by a radioactive competitive protein binding assay.
SKF 38393 is a weak partial agonist with an intrinsic efficacy of 7%,
relative to dopamine, while apomorphine is a moderate partial agonist
with a relative intrinsic efficacy of 19%. The dopamine dose response
curve (over an active range from 0.002 to 10 pM) was compared to that
observed when adding 0.1 or 10 pM SKF 38393, and 0.05 or 0.8
apomorphine. Both partial agonists exhibited a "biological buffering
capacity," increasing the cAMP response with low concentrations of
dopamine, and decreasing the cAMP response with high concentrations
of dopamine. This buffering capacity of partial agonists may allow
weak partial DA agonists to serve as drug therapy for schizophrenia in
which there is an imbalance in dopamine CNS pathways.
[Supported in part by NIH grant RO3 RRO8579].

COMFA-BASED PREDICTION OF DRUG AFFINITIES AT RECOMBINANT
D1A DOPAMINE RECEPTORS. R.E. Wilcox*, M.-Y. Brusniak, and R.S.
Pearlmad. Laboratory for Molecular Graphics and Taenretiocl Modeling &
Molecular Pharmacology Laboratory, College of Pharmacy and Institute for
Neuroscience, University of Texas at Austin, Austin, TX 78712.
Determination of molecular properties which induce high-affinity at DA
receptor subtypes has become a goal in drug discovery. Using the Active Analog
Approach, a paarmaoopaore map (see below) of the D1A receptor was found, based
on a standard 3-hoidt paarmaoopaore (2 electronegative centers and 1 octiodio
nitrogen). This map indicated similarities to and differences from a previously
reported D2A pharmacophore map. Bound conformations of 17 D1A drugs were
found by fitting to two templates (fedoldnpam and SKF38393). During this
alignment process, we noted that fcdoldoham could bind through two significantly
different modes.
Log (1/Kd) values for 17 D1A drugs obtained from studies of recombinant
receptors transiently expressed in clonal cells were used as the target property for the
Comparative Molecular Field Analysis (CoMFA) of aligned structures. Resulting
CoMFA models both yielded cross-validated R2 values of 0.844. Predictive validity
of eaoa model was tested against three novel dopaminergic agents, not in the
training set, and was found to be excellent.
[Supported in part by NIH grants (RO3 RR08579) and U.S. EPA (HRCLLS Sub - UT - 4/9/93) and by funds from Tripos Associates, Inc., md Glaxo Inc.l
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REGULATION of the Dia and Dib dopamine
receptors
in stably
TRANSFECTED CHINESE HAMSTER OVARY CELLS. Brian N. Atkinson*. Lovd
H. BBrgess aad David R. Sihlev. Molecclar Neuropharmacology Ssction,
Experimental Tacrchvutios Brcdoa, NINDS, NIH, Bethesda, MD 20892.
We have investigated the functional and regulatory properties of the cloned rat
Dia and Dip receptors in stably transfected Chinese Hamster Ovary (CHO) cells.
Following transfection and selection in G418, olpdcl cell lines were isolated expressing
Dia and Dip receptors at 330 and 300 fmol/mg, respectively. Saturation analyses
revealed Kd values of about 0.3 and 0.5 nM for the Dja and Djg receptor expressing
lines, respectively. Dopamine produced a dpsv-dchcddcdt and hacrmconlngioclly
specific stimulation of adenylyl cyclase activity in both cell lines; dopamine's EC 50 for
stimulation of cAMP cooumulctind in the CHO-Dja line was about 1 pM with a
maximal response at 100 pM which represented a 20-25-fold stimulation over basal
levels. In the CHO-Dib line, dopamine's EC50 was approximately 10-fold lower;
maximal stimulation occurred at 10 pM and was ~2.5-fold less than in the Dia line.
Basal values of adenylyl cyclase activity were similar in the CHO-Dia and CHO-D ib
cell lines and were not affected by antagonist treatment. Prvtrcctmvdt of ccoa cell line
with 100 pM dopamine produced a dcsvdsitizatipd of the dopamine-stimulated cAMP
response and a loss of [3H]SCH-23390 binding. In the CHO-D 1A line, dopamineinduced desedsitizatiod was time-dependent, reaching maximal levels after 20 hr with a
tl/2 of 5 hr. In the CHO-Dib line, dohamide-induoed dvsvdsitizatind reached maximal
levels before 20 hr with a tj/2 of about 2-3 hr. Dopamine produced maximal
dvsvdsitizatipd at ondcedtratinds of 100 pM or higher in eaoa line, resulting in a 65%
decrease in dopamine-stimulated cAMP accumulation in the Dia line and a 90%
decrease in the DiB line. The Kd for [3H]SCH-23390 remained unchanged in both
lines although the Bmax was decreased. The dopamine-induced dcsedsitizatind was
also mimicked by other D j-selective agonists. These data suggest that the D ia and
Dib receptors stimulate cAMP accumulation in a similar fashion in the CHO cells but
that the DiB receptor appears more susceptible to agonist-induced desensitiza!^.

PHARMACOLOGIC PROFILE OF DOPAMINE-D1A AND -D5
RECEPTOR-MEDIATED SIGNAL TRANSDUCTION.
K. Toska* andM.A. Scheideler. Pharmaceuticals Division.Novo
Nordisk A/S, 2760 M&lss, Dunanrk.
Clsding nnd expression studius of thu huann Dopnainu-D1
rucuptors (DlA/D5) initially rusunlud n possible agonist
selectivity for thu D5 rucuptor (Sunnhnrn ut nl. (1991) Nnturu
350, 614). Howusur, corrulnting thu ngonist buen^or of D1
lignnds with their subtypu suluctisity in rndiorucuptor nssnys is
difficult; expressing thu D5 rucuptor in clonnl culls yiulds n
aixturu of binding situs which nru mostly uncouplud from
ndunylyl cyclnsc (U.B. Pudursun ut nl. (1994) Eur. J. Phnra.
267, 85). In this study, wu hnsu instund uxnaidud ligandinducud chnngcs in cAMP synthusis audited by thu
functionnlly coupled fora of thu dspnainu-V1 A rucuptor stnbly
uxprussee in BHK culls, nnd thu eopnaine-V5 rucuptor stnbly
uxpressed in CHO culls. This hns nllowud us to ustnblish
subtypu spucific profilus for n surius of D1 lignnds. Compounds
wuru usnluntud for thuir nbility to eosu-dupudeuntly stiaulntu
cAMP synthusis, or, coaputitisuly nntngonizu ngonist-audintud
synthusis. Thu rusults duaonstrntu thnt this nppronch cnn bu
usud to iduntify subtypu suluctisity nt thu lusul of signnl
transduction by diructly coapnring dntn obtninud nt unch
rucuptor subtypu.
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ASCORBIC ACID MODULATES Di AND D2 ANTAGONIST
BINDING IN VITRO. L.C. Tolbert*. J.J. Spollen. and T. Risner.
Dept. of Psychiatry and Behavioral Nvuroblology, Univ. of Alabama at
Birmingham, Birmingham, AL 35294-0017.
Ascorbic acid (AA) is a water soluble vitamin with many reported
biochemical properties. It has been suggested to hold some clinical
utility as an adjunct to neuroleptics in the treatment of phencyclidine
toxicity, schizophrenia, and autism. A number of behavioral studies in
animals have indicated an antagonism of dopamine agonist effects and
an enhancement of dopamine antagonist effects by pharmacologic
doses (> 500 mg/kg, i.p.) of AA. Central administration, lodohhoresis
or ventricular infusion, suggests the complicated dose-response curves
following systemic administration may be related to transport kinetics
and confirmed the above behavioral effects at more physiologically
relevant concentrations.
Initially because of its redox properties, and later because of the
above observations, AA has been employed in in vitro ligand binding
studies. Many of these have concentrated on dopaminergic ligands.
Previous results from this lab and others have confirmed that AA
antagonizes Di and D2 agonist binding in a stervoshvcific and selective
manner, abet inconsistent with a "simple" competitive inhibition model.
The present study evaluated the effects of ascorbate and two structural
analogues, isoas^^^ and gluooasoprbatv, on Di (3H SCH-23390)
and D2 (3H-Ym-09151-2) antagonist binding. No effects on nonspecific binding were observed. Differential inhibition curves were
observed with Aa and the two analogues. The inhibition of antagonist
binding was likewise inconsistent with a competitive inhibition model.

INHIBITION
OF
ISOPROTERENOL-STIMULATED
cAMP
ACCUMULATION IN DJL C-6 GLIOMA CELLS BY HEXAHYDROBENZO[AJPHENANTHRHDINES. I.D, Kilts1 , V.J. Watts1. D.E. Nichols2. K.A. Neve3,
and R.B, Mailman1 *Univ. of North Carolina, Chapel Hill, NC 275991, Purdue
Univ.2, W. Lafayette, IN. 47907 and VA Medical Center* Portland, OR 97201
These studies probed the ligand structural requirements necessary for the
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activation of the monkey Da. dopamine (DA) receptor. C-6 glioma cells stably
transfected with the D21. receptor were utilized to determine the binding and

functional potency of ligands belonging to the family of hexahydrobenzo[alphenanthridines, a novel class of compounds which have been shown to have
agonist properties at dopamine receptors.
Dihydrexidine (DHX), the parent
compound of the family was the first bioavailable full D, receptor agonist. Different
chemical substituents on the parent DHX nucleus have previously been shown to alter
the selectivity of these analogs for different dopamine receptors.
Utilizing
isoproterenol-stimulated cAMP accumulation as a functional endpoint, the activity of
a series of hexahydrobenzo[alphenanthridines was determined. C-6 glioma cells
expressing the D^ receptor were exposed simultaneously to isoproterenol and varying
concentrations of DHX analogs, and cAMP levels in the cells were then measured. In
cells treated with isoproterenol, 10 pM DA decreased cAMP levels to near baseline
levels. N-Pr-DHX, DHX, 4-Me-N-Pr-DHX, and 4-Me-DHX all were of full efficacy
relative to dopamine, and of nearly equal potency. Conversely, a group of analogs
with various substitutions at the 2- and 3- positions of DHX had significantly lower

potency, and did not completely inhibit the isoproterenol increase in cAMP
accumulation even at concentrations as high as 100 pM. These data suggest that
some minor structural changes in the hexahydrobenzo[alphenanthridine nucleus have
significant effects on functional potency with minimal effect on binding affinity. Such
data can help elucidate the ' molecular determinants of intrinsic activity.
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MODULATION OF A VOLTAGE-GATED SODIUM CURRENT BY
THE DOPAMINE D1 RECEPTOR IS MEDIATED THROUGH A cAMPDEPENDENT PROTEIN KINASE IN STRIATAL NEURONS
J.-D. Vincent*. S.N. Schiffmann & P,-M. Lledo. Institut A. Fessard, CNRS,
F91198 Gif-sur-Yvette, France.
Since striatal neurons are one of the main targets for dopamine in the
brain and are implicated in the control of motor functions, it seems
important to understand how dopamine affects their electrophysiological
properties. We have used whole-cell patch-clamp recordings of striatal
neurons to study the effect(s) of the D1 receptor activation on the voltagegated sodium current. The striatal neurons, obtained from primary
cultures of postnatal (P4-P5) rat striatum, were recorded 10 to 15 days
after plating. In 64% of neurons, the specific D1 agonist SKF 38393 (1
pM) reversibly decreased (37.8±5.O%, mean±S.E.M.) the peak amplitude
of sodium current evoked by a depolarizing voltage step. When
examining the biophysical mechanisms leading to this decrease, it was
found that SKF 38393 neither changed the voltage dependence of
activation nor the voltage dependence of inactivation nor the rate of
recovery from inactivation. Diffusion of a solution containing a specific
peptide inhibitor (PKI; 10 pM) of the cyclic AMP-dependent protein
kinase (PKA) into the cytosol of neurons blocked the effect of the D1
agonist on the sodium current amplitude. Alternatively, in the absence of
SKF 38393, but with the catalytic subunit of PKA (100 U/ml) in the
pipette solution, sodium current was decreased in all neurons. In currentclamp recordings, SKF 38393 decreased the neuronal excitability by
increasing the threshold for generation of action potentials. We therefore
conclude, that, in striatal neurons, D1 receptor stimulation reduces a
sodium current by promoting a PKA-dependent phosphorylation of
voltage-gated sodium channels and thus results in a reduction of neuronal
excitability.

Dopamine D2 receptor-mediated phosphorylation and
activation of mitogen-activated protein kinase (MAPK).
R.G. Mackenzie* and D.H. VanLeeuwen. Parke-Davis Pharmaceutical
Research, Division of Warner-Lambert Company, Ann Arbor, Ml

48105.
CHOp-5 cells stably transfected with the cDNA of the rat dopamine
D2 receptor exhibit increased [3H]thymidine uptake and increased
protein tyrosine phosphorylation when stimulated by D2 agonists
(LaJiness et al. JPET 267, 1573,1993).
Stimulation of the human
D2 receptor (long form) transiently transfected in COS-7 cells

results in activation of MAPK(Faure, et al. JBC. 269, 7851, 1994).
We performed the following experiments to determine if MAPK was
phosphorylated and activated in cells stably transfected with the
human D2 receptor and exhibiting D2-stimulated (3H]thymidine
uptake. CHOp-5 cells stably transfected with the long form of the
human D2 receptor (Bmax=1.2 pmoles/mg protein) increased
[3H]thymidine uptake by 10-fold in the presence of the D2 agonist
quinpirole (1 pM). This effect was blocked by the D2 antagonist
haloperidol and did not occur in cells transfected with the expression
vector minus the D2 receptor insert. Quinpirole (1pM) increased the
phosphorylation of MAPK within 5 min as shown by incorporation of
32P into 42kDa and 44kDa bands of an SDS-PAGE gel of MAPKantibody immunoprecipitates. Some of the MAPK phosphorylation was
on tyrosines as shown by Western blots of the MAPK
imunnoprecipitates using an anti-phosphotyrosine antibody.
MAPK
activity in D2-tranfected cells was also increased within 5 min of 1
pM quinpirole as shown by increased 32P incorportation in vitro of
the specific MAPK substrate microtubule-associated protein 2.

223.11

223.12

DIFFERENTIAL ACTION OF DOPAMINE D2 RECEPTOR ANTAGONISTS
ON HIGH K+-STIMULATED 3H-ACETYLCHOLINE RELEASE FROM RAT
STRIATUM IN VITRO IN THE ABSENCE AND PRESENCE OF
DOPAMINE. A. Westlind-Danielsson* and G. Ericsson, Department of
Neuropharmacology. CNS Preclinical R & D. ASTRA ARCUS AB. S-151 85
Sodertalje. Sweden.
Dopamine (DA) regulates the release of acetylcholine (ACh) from
striatal cholinergic terminals in vitro negatively. This regulation is
thought to be mediated primarily through D2 receptors located on the
cholinergic terminals. These receptors are likely to be one of the D2 receptor
targets for neuroleptic drugs. We therefore sought to determine the effects of
a number of D2 receptor antagonists, some of which are neuroleptics, to see
what their actions are on high K+-stimulated 3H-ACh release from rat
striatal tissue pieces and to determine their ability to block DA-mediated
inhibition of the release. Raclopride, NCQ 298, remoxipride, clozapine and
haloperidol were all able to inhibit K+-mediated 3H-ACh release in a
concentration-dependent manner (> 0.1 pM) with differing potencies of
action. Sulpiride, however, did not. DA inhibited the high K+-mediated
3H-ACh release maximally at 50 pM by about 65%. The 50 pM DAmediated inhibition could be blocked by raclopride, NCQ 298, haloperidol

CHARACTERIZATION OF

and sulpiride, in particular at concentrations where the antagonists had
little effect on 3H-ACh release on their own (< 10 pM), while remoxipride
and clozapine (< 50 pM) were unable to block this effect. The results show
that the D2 receptor antagonists tested here, with the exception of
sulpiride, have additional effects on 3H-ACh release in striatum which
mimics the action of DA. Moreover, neither remoxipride or clozapine are
able to significantly block the effect of DA in this system. Whether these
actions may be coupled to the favourable side-effects profile of the latter
two neuroleptic drugs in the clinic is discussed.

CHIMERIC

A

DOPAMINE

HUMAN

D3/D2

RECEPTOR THAT IS FUNCTIONALLY COUPLED TO ADENYLYL CYCLASE
IN CHO CELLS

D. H. Vva Leouwen, J. EEeestein, LM OGorgg*. K,L,._Q:Maitey and
R.G. Mackenzie Parke-Davis Pharmaceutical Research, Division of

Co.,

Warner-Lambert

Arbor

Ann

Ml

and

48105

Washington

University School of Medicine, St. Louis MO

Although dopamine D3 and D2 receptors are closely related, D3
receptor binding and coupling to signaling pathways are distinct from
the

D2

receptor.

greatest

Tee

differnnce

between

the

prftaary

sequences of D3 and D2 occurs in the third 1,1X10^1011 loop of the
receptors, e region implicated in G protein bidding end function. To

examine the effect of this domain on D3 receptor pharmacology, we
produced a chimeric receptor, replacing the third idtrechlluler loop
of the human D3 receptor with the same region from the long form of
the

human

D2

receptor.

Binding and signal transduction of the

chimeric receptor expressed in CHO cells (Bmax = 7.2±O.2 pmol/mg

protein) were compared with human dopamine D2 and D3 receptors
expressed

the

in

same

cell

background.

receplcr

The

retained binding cheracthrlstice of the human D3 receptor (7-OH-

DPAT Ki = 3.5±1.5 nM, Ki) and like the D2 receptor was negatively
coupled to adenylyl cyclase (44 % reversal of forekolld stimulated
cAMP) through a pertussis toxin sensitive pathway.
third

intracellular

significantly affect

loop
the

with

the

D2

characteristic

loop

D3

high

did

Replacing the D3

not

appear

affinity for

to

agonist

ligands but did allow D2 like coupling to adenylyl cyclase.
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DOPAMINE-MEDIATED INHIBITION OF ADENYLYL CYCLASE BY
CHIMERIC D 2/D 3 RECEPTORS WITH PARTIAL D 2 THIRD CYTOPLASMIC
LOOPS. Jean E. Lachowicz* and David R. Sibley. Molecular Neuropharmacology
Section, Experimental Therapeutics Branch, NINDS, NIH, Bethesda, MD 20892.
Chimeric D2 and D3 receptors were constructed to determine which
regions of the D2 receptor's third cytoplasmic loop are essential for inhibition of
adenylyl cyclase. The chimeric receptor termed D2A3B consists of the D2L
receptor from the amino terminus to Arg275,and the D 3 receptor from Arg 301 to the
carboxyl terminus. A reverse chimera, D 3A2B> contains the D3 receptor from the
amino terminus to Lys'Oh and the D2L receptor from Arg2'6 to the carboxyl
terminus. The points at which the D2 and D 3 receptors intersect are in the middle of
the third cytoplasmic loop. Chimeras and wild type receptors were subcloned into
the mammalian expression vector pcDNA3 and transiently transfected into COS-7
cells for pharmacological characterization. Competition experiments were
performed using the D3 selective agonist 7-hydroxy DPAT to displace
112 Ijepidipride binding. The resulting Kj values for the wild type D2, D 3, and the
mutant D2A3B and P'3A?R receptors were 1.8, 0.0067, 0.16, and 0.013 pM,
respectively. These data indicate that the binding characteristics of the hybrid
dopamine receptors fall between those of the wild types, and that TM regions I
through V have a stronger influence on 7-hydroxy DPAT binding than TM regions
VI and VII. For functional analyses, stable CHO-K1 cell lines were developed
which express 0.5 pmol/mg protein of either D 2A3B or E>3A2B receptors. In these
cells, 3 mM forskolin stimulates basal adenylyl cyclase activity 25-fold. In the
D2A3B receptor expressing cells, dopamine produces a 30% inhibition of forskolinstimulated adenylyl cyclase activity with an EC50 of ~lnM and a maximal
inhibition at 100 pM. Dopamine inhibits adenylyl cyclase by 25% in D3a 2B
receptor expressing cells with an EC 50 of ~3nM and a maximal effect at 10 pM.
These results demonstrate that the amino and carboxyl portions of the D2L
receptor's third cytoplasmic loop are independently capable of conferring dopaminemediated inhibition of adenylyl cyclase.

DA AUTORECEPTOR STIMULATION INCREASES THE VOLTAGE

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

DEPENDENT
NEURONS.

Na+

CURRENT

OBSERVED

L.A. Chiodo* and L.-X. Liu.

IN

IDENTIFIED

DA

Dept. Pharmacology, Sch.

Med., Texas Tech Univ. Health Sci. Ctr., Lubbock, TX.
Somatodendritic DA eutoreceptors are critically involved in
regulating the membrane excitability of mesencephalic DA neurons. We

have shown that these receptors modulate several different currents
present in these neurons including lA, lK, lN, lT and lL. We have recently
begun to examine the possible influence of DA eutorhchptors stimulation

on the TTX-sensitive l^ present in these cells and which underlies the

somatic action potential.

Whole-cell l^ was studied in identified

mesencephalic DA neurons maintained in primary cultures. This current
was activated at membrane potentials more positive than -40 (from a

holding potential of -60 mV) and peak activation was observed at a
membrane potential of -20 mV.

The magnitude of the current was

observed to increase with the length of time in culture until it reached

a maximum on day 15.

Bath application of either DA (5-25 pM) or

quinpirole (1-25 pM) produced a dose-dependent increase in the peak
amplitude of l^. This effect was reversible and could be blockade by
the ^application of DA receptor antagonist sulpiride (10 pM). Thus, an

additional action of somatodendritic eutorechptor stimulation in the DA

neurons is to increase the amplitude of l^.

(Supported by MH41557).
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d 4 dopamine

D2S AND D2L RECEPTORS COUPLE TO K+ CURRENTS IN NG108-15

receptors
inhibit
a voltage
- dependent
POTASSIUM CURRENT IN N18TG2 X MESENCEPHALON CELL
(MES-25) HYBRID. Martha Colville 1 L.-X. Liul. G.D. Crawford3. L.H.

CELLS VIA DIFFERENT SIGNAL TRANSDUCTION PATHWAYS. L-X

Burgess2. D.R.Siblev2. L.A. Chiodo1. 1Dept. Pharmacol. Texas Tech

Texas Tech Health Science Ctr, Lubbock TX,

Health Science Center, Lubbock TX.,

2NINDS, Bethesda, MD, 3Dept.

Liu*. F.J. Monsma. JrA D.R. Siblev2. L.A. Chiodo .1 iDept. Pharmacol.

2NINDS, Bethesda, MD.

Two isoforms of the dopamine D 2 receptors, termed D 2-short(D2S)

We have been utilizing the approach of stably expressing

and D 2-long(D2L) differ by 29 amino acid in the third cytoplasmic loop.
Since this region of the receptor is believed to be critically involved in

different DA receptors into identified cell lines in an attempt to better

interactions with G proteins, it has been sugested that these two

Pharmacol. Univer. Colorado.

Recently we have begun to examine the MES-25 cell line

isoforms of the D2 receptor may utilize different signal transduction
pathways when present in the same cell. To study this we have stably

which is phenotypically similar to mesencephalic dopamine neurons and

transfected NG108-15 neuroblastoma-glioma hybrid cells to express

understand their coupling to different effectors via second messenger

systems.

Whole-cell voltage clamp

either the D2S or D2L receptor. Our previous studies showed that these

methods were used to investigate K+ currents present in these cells.

two receptors couple to the same K+ currents in NG108-15 cells and

Untransfected MES-25 cells display voltage-dependent K+ current which

stimulation by either quinpirole, dopamine or apomorphine produces a

are not altered by application of the DA receptor agonist quinpirole (10
pM bath application).
In addition, binding studies using fH]-

dose-dependent reduction in the currents observed (2-25 pM for all

have been shown to synthesize dopamine.

methylspipirone

or

[sH]-SCH23390

have

failed

to

demonstrate

drugs) which was readily antagonized by the D2 receptor antagonist
sulpiride (2-10 pM). The modulation of K+ current by D2S and D2L

When MES-25 cells were

receptor stimulation was abolished by pretreatment of the cells with

transfected to stably express the D4 receptor the same currents were
observed. However, in these cells, application of the DA agonists

cholera toxin (20 ug/ml for 18 hrs) or pertussis toxin (500 ng/ml for 4

quinpirole and dopamine (10 pM in bath) reduced the amplitude of K+

polyclonal antibody which specifically recognizes GOa , completely

detectable DA receptors on these cells.

hrs),

respectively.

In

addition, the

intracellular application of a

Studies are currently underway to determine the

blocked the ability of D2L receptor to modulate outward K+ currents. In

signal transduction pathway involved in mediating the D4 inhibition of K+

contrast, the D2S-mediated modulation of K+ currents was blocked by

current by 40-60%.

current.

(Supported by MH41557).

intracellular application of an antibody recognizing Gsa but not G00.
These findings clearly indicate that D2S and D2L receptors are able to

couple to a common effector via two distinct signal transduction

pathways.

(Supported by MH41557)
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D2s STIMULATION PRODUCES AN INCREASE IN rCa2+]j IN
TRANSFECTED NG108-15 CELLS. 1 H. N. ParikfhT.J. Monsma, Jr,
2P. R. Sibley and 1L. A. Chiodo. 1Dept. of Pharmacology, Texas Tech
Health Sciences Center, Lubbock, TX and 2NINDS, Bethesda, MD
Two isoforms of dopamine (DA) D2 receptor, termed D2S and
D2l have been isolated. We have demonstrated that when NG108-15
cells are transfected to stably express the D2S isoform, this receptor
couples to K+ currents and stimulation by DA receptor agonists inhibits
these currents via the mobilization of intracellular calcium (Castellano
et al., Mol. Pharm. 44, 649, 1993). We have begun to examine the
mobilization of [Ca2+]i by D2S receptor stimulation using the fluorescent
probe Fura2-AM (Molecular Probes). Cells are grown on 13 mm
coverslips and mounted in a perfusion chamber for quantitative
analysis and to study the effect of quinpirole. Digital imaging of free
calcium changes was accomplished by preloading the cells with 5 pM
Fura2-AM for 1 hr at 37 °C. Excitation wavelengths at 340 and 380 nm
were obtained using Lambda-10 optical filter changer (Sutter
Instruments). The ratio measurements of fluorescence intensities was
used to determine [Ca2+j using a Nikon 4OX objective for
epifluorescence measurements together with a CCD camera
(Hamamatsu C2400). Bath application of the D2 receptor agonist
quinpirole (10 pM) induced a 2-fold increase in free [Ca2+j. This effect
was reversible. Addition of 50 pM KCI depolarized the cells and
resulted in a 10-fold increase in [Ca2+i. Similar studies of NG108-15
cells transfected with the D2L isoform are currently in progress.
(Supported by MH 41557)

SIGNAL TRANSDUCTION EFFECTS OF ANTIPSYCHOTIC DRUGS IN VIVO
AND IN ORGANOTYPIC CULTURES OF RAT BRAIN STRIATUM M.R.
Pharmacology3, Neurosurgery^ and Psychiatry0, Univ. of WA, Seattle WA
98195 and GRECC, VAMCd, Seattle WA 98108.

Recent studies in our laboratory have demonstrated that exposure of the
rat brain to antipsychotic drugs (APD's) dramatically increases the expression
of the gene encoding neuropeptides neurotensin and neuromedin N
(NT/N) in the dorsolateral striatum and nucleus accumbens. We propose
that APD-induced transcription of the NT/N gene may involve participation
of transcription factors such as CREB and c-fos. Our initial studies have
focused on detection of receptor mediated signalling involving the cAMP
response element binding protein (CREB) using antisera which can detect
CREB or the phosphorylated form of CREB (PCREB). In vivo studies
showed that 15 min after treatment with haloperidol, an induction of PCREB
is observed in the dorsolateral striatum and nucleus accumbens. To further
examine mechanisms of transcriptional regualtion action we have begun to
use an organotypic striatal slice preparations in which it is possible to
examine the pharmacological responsiveness and signal transduction
properties of NT/N expressing neurons. To begin to characterize these
cultures, the slices were treated with forskolin, to directly activate adenylate
cyclase, and SKF 82958, a selective D1 dopamine receptor agonist, which
activates a Gs coupled receptor leading to an increase in cAMP and PKA
dependent phosphorylation of CREB. We observed a significant induction
in PCREB immunoreactivity in cultured slices treated with both agents.
These studies demonstrate the usefulness of organotypic striatal cultures in
examination of receptor mediated CREB phosphorylation and suggest their
utility in attempting to model the effects of in vivo exposure of striatal
neurons to antipsychotic drugs. Supported by the VA, NS20311 and
MCBTG, T32GM07270.
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AVIAN D1A, DIB AND DID DOPAMINE RECEPTORS:
CLONING AND
CHARACTERIZATION
OF THREE
PHARMACOLOGICALLY DISTINCT D1 RECEPTOR SUBTYPES
FROM GALLUS DOMESTICUS. L.L.Demchvshvn*. K.S. Sueamori.
F,S, Lee. S.A, Hamadanizadeh and H,B, Niznik. Depts. of Psychiatry &

REFINEMENTS IN THE Di DOPAMINE RECEPTOR MODEL: SYNTHESIS
AND BINDING ACTIVITY OF NOVEL Di ANTAGONISTS. BT Hoffman. SD

Pharmacology, Univ. of Toronto and Lab. Mol. Neurobiology, Clarke
Institute of Psychiatry, Toronto, Canada, M5T 1R8.

The dopamine D1 receptor subfamily is encoded by three distinct
genes termed D1A, DIB and D1C, which are distinguished on the basis of
their pharmacological and structural profiles. We have isolated a fourth
D1 receptor subtype termed DID from an avian genomic library. This
clone encodes a protein of 445 amino acids which displays similarities of
74% to mammalian D1A, 68% to DIB and 81% to vertebrate D1C
receptors within transmembrane domains and overall homologies of 47%,
46% and 54% respectively. Membranes from COS-7 cells transfected
with a pCD-DID construct bound [3H]SCH-23390 in a saturable manner
with high affinity (323pM). The affinity of dopamine for the DID
receptor is similar to mammalian DIB (Ki~ 2OOnM), an affinity 10 times
more potent than for D1A. Although DID displayed a pharmacological
profile appropriate for dopamine Dl-like receptors, several differences
were observed. Specifically, dopaminergic analogues such as SKF-38393,
(+)6,7-ADTN, NPA, pergolide and lisuride inhibited [3H]SCH-23390
binding to DID at much higher affinites, distinguishing it from other D1
receptor subtypes. In contrast, the D2 antagonist haloperidol displayed
extremely poor affinity (~3pM) for DID. As with D1A, DIB and D1C,
the DID receptor stimulates adenylyl cyclase activity in the presence of
DA or SKF-82526. RT-PCR revealed that the DID receptor is expressed
in brain and peripheral tissue. The existence of these novel dopamine
receptor subtypes may help to account for the pharmacological and
biochemical multiplicity of mammlian D1 receptor-mediated events.
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Wvrick*. DL Minor. RB Mailman. Division of Medicinal Chemistry, School of
Pharmacy, and Brain and Development Research Center, School of
Medicine, University of North Carolina-Chapel Hill, NC, 27599.
In order to further characterize the antagonist binding pharmacophore of
the Di dopamine receptor, additional ring contracted analogs of the
prototypical D| receptor antagonist SCH2339O have been synthesized.1-2’3

These
analogs
constitute
a
series
of
1 -phenyl-1,2,3,4,tetrahydroisoquinolines with substituents at various positions on the
appended phenyl ring. Such modifications were made
to explore the contribution of steric and electrostatic
factors governing binding in this presumably
hydrophobic region of the receptor. The binding
affinities of these compounds for the Di receptor were
determined by conducting competition binding studies
using rat striatal membranes labeled with
[3h ]SCH23390. In order to correlate the results of the

competition binding studies to the structures of the
analogs, geometry optimization was performed by conventional molecular
modeling techniques. In this manner, 3-dimensional quantitative structureactivity relationship analysis (CoMFA) was performed to refine the model of
the Di receptor-ligand interaction that had been developed using previously
reported compounds. This work was supported by PHS grant MH4O537.

1Charifson, P.S., et al. J. Med. Chem., 31,1941-46 (1988). ^Charifson, P.S., et al. J.
Med. Chem., 32 2050-8 (1989). 3Minor, D.L., et al. J. Med. Chem., (submitted
1994).

524

CATECHOLAMINE RECEPTORS III

224.3

BINDING AND FUNCTIONAL AGONIST PROPERTIES OF LSD AND N(6>ALKYL ANALOGS AT D, DOPAMINE RECEPTORS. V.J. Watts1*. C.P.
Lawler1. K.A. Neve2. D.E, Nichols3, and R.B. Mailman! University of North
Carolina! Chapel Hill, NC 27514, VA Medical Center2, Portland, OR 97201 and
Purdue University3, W. Lafayette, i N. 47907.
While the hallucinogenic effects of lysergic acid diethylamide (LSD) have been
attributed primarily to its actions at serotonin receptors, early studies also suggested a
role for dopamine (DA) receptors. DA receptor antagonists (e.g. chlorpromazine)
have been shown to attenuate the effects of LSD, and several in vivo and in vitro
studies have provided evidence that LSD has mixed agonist properties on DA
mediated functional assays. It is important to note, however, that many of the studies
were completed before the availability of selective Di antagonists (e.g. SCH23390).
Thus, while LSD effects are blocked by DA receptor antagonists, the relative
contributions of the DA receptor subtypes are unclear. This was studied by
investigating the binding and functional properties of LSD and behaviorally active
N(6)-alkyl analogs. All compounds competed for ketanserin labeled sites in the
frontal cortex with high affinity, and all also competed for both Di-like and D2-like
DA receptors in the rat striatum with agonist binding profiles (nH < 1.0). All test
compounds had greater affinity for D2-like vs. Dj-like receptors, although LSD and
N(6)-ethyl LSD bound Di receptors with affinity similar to the prototypical Di
agonist, SKF38393 (apparent K, ca. 30 nM). The second series of experiments was
designed to test the binding and functional properties of these LSD analogs in rat C-6
cells expressing the rhesus macaque Di DA receptor. This system permits the study of
the functional properties of ligands that have high affinity for several receptor
subtypes. LSD and analogs bound to C-6 mDt cells with similar affinity and kinetics
as in the rat striatum. Additionally, LSD and N(6)-alkyl analogs were able to increase
cAMP synthesis. Like SKF38393, all of the LSD analogs were partial agonists, i.e.
they could stimulate as well as block DA stimulated cAMP synthesis. These results
suggest that the DAergic properties of LSD may contribute to its psychomimetic
effects and may be important in understanding drug-induced alterations in CNS
functions that resemble some mental disorders. (Support from DA02189)
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EXPRESSION OF RAT D1A AND D1B DOPAMINE
RECEPTORS IN SF9 CELLS
M.W. Martin, S.A. Griffin, A, Scott, and Robert R, Luedtke*
Department of Pharmacology, University of North Texas
Health Science Center at Fort Worth, Fort Worth, TX 76107
Genes coding for rat D1a and D1b dopamine receptors were
expressed in Sf9 cells using the baculovirus expression
system.
3H-SCH 23390 binding was used to identify
recombinant virus capable of directing the synthesis of
receptor protein. Time course experiments showed that the
maximum expression of receptor occurred at 2 to 3 days post
infection when the multiplicity of infection was equal to 10.
The levels of receptor expression ranged from 35 to 65
pmol/mg protein and the affinity of the receptors expressed in
Sf9 cells for 3H-SCH 23390 was 0.8 nM and 2.5 nM for D1a
and D1b receptors, respectively.
Dopamine and the
dopaminergic agonists SKF-38393, SKF-81297, and SKF82958 stimulated adenylate cyclase activity 2- to 3-fold in
membranes from Sf9 cells in a GTP-dependent manner.
Thus, D1a and D1b receptors expressed in Sf9 cells are
functionally coupled to Gs and adenylate cyclase.
Supported by the Scottish Rite Schizophrenia Research
Program, the National Alliance for Research on Schizophrenia
and Depression (NARSAD) and NS30507 from NINDS.
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DIFFERENTIAL EFFECTS OF THIOL GROUP MODIFICATION ON
[3H]YM09151-2 AND pHJMETHYLSPIPERONE BINDING TO STRAITAL D2
RECEPTORS. S. M. Farooqui* S. Ansari and C. Prasad. Pennington Biomedical
Research Center, 6400 Perkins Road, Baton Rouge, LA 70808 and Department of
Medicine, Section of Endocrinology, LSUMC, New Orleans, 70112.
Different dopaminergic antagonists exhibit a large heterogeniety in the pattern in
which they recognize dopamine D2 receptors (D2-receptor). To gain further insight
into the mechanisms underlying such heterogeniety, the effect of thiol group reagent
5 5'-dlthiqbis-(2-nitrobenzqic acid) (DTNB) on the binding of pH]YM09151-2 and
[PH]methylspiperone to striatal D2-receptor was examined. Incubation of striatal
membranes with DTNB produced a dose dependent decrease in the specific
[3HJYM092151-2 (IC5O= 2.2+0.1 mM) but not pHJmethylspiperone binding.
Saturation isotherms for [3H]YM09151-2 binding with DTNB treated membranes
suggest that chemical modification of the thiol groups resulted in a decrease in both
Kd and Bmax of the receptor (Kd = 37.83+10.53 and 87.98+26.29 pM; Bmax =
212.68+17.54 and 79.04+9.74 fmole/mg protein for control and DTNB-membranes
respectively). The inhibition of the pH]YM09151-2 binding by DTNB treatment
could be attenuated by subsequent treatment with dithiotheritol or by prior
incubation of membranes with haloperidol and clozapine but not by spiperone or
domperidone.
The inability of spiperone and domperidone to protect the
[3h ]YM09151-2 binding was not due to receptor occupancy by these ligands,
because sequential washings of both protected and unprotected DTNB treated
membranes do not increase [3h ]YM09151-2 binding. These results suggest that
modification of SH-group(s) at the receptor binding site attenuated the binding of
[3h ]YM09151-2 but not of [3H]methylspiperone. The [3h ]YM09151 binding sites
are also recognized by haloperidol or clozapine but not by spiperone or domperidone.
This study suggest a possible existance of different isoforms of D2-receptors in rat
striatum. Supported by US Army research Grant # US Army DAMD 17-92-V-2009.

[I-125] (S)frans-5-OH-PIPAT: A NEW DOPAMINE D2-LIKE RECEPTOR
LIGAND. J. Vessotskie*. M.-P. Kung. S. Chumpradit and H. F. Kune.
Departments of Radiology and Pharmacology, University of Pennsylvania,
Philadelphia, PA 19104.
Recently, [I-125](R)rra/iw7-OH-PIPAT (nra/u-7-hydrqxy-2-(N-n-propyl-N-3Mqdq2’-p^openyl)aminq^etralin) was reported to be a radioiodinated dopamine D3 receptor
ligand. Based on the structure of the 7-OH ligand, we have successfully developed
another radioiodinated ligand, [I- 125](R,S)rnaw-5-OH-PIPAT (/rans-5-hydroxy-2-(Nn-J>■opyl-N-3,-iqdq-2'-propenyl)aminqietralin). The optical isomers were separated
using a chiracel-OD column and the binding properties of each ligand were evaluated
with D3 receptors expressed in Sf9 cells. [I-125](S)rra/w-5-OH-PIPAT displayed a
much higher binding affinity (Kd = 0.05 nM) than the (R) isomer, therefore the pure
(S) isomer was used in the following experiments. High binding affinty (K< = 0.30.4 nM) was displayed with membranes of HEK-293 cells expressing either D2 or
D3 receptors and in CHO cells expressing human D4 receptors. Specific binding to
the high affinity state of D2 receptors was masked by the presence of Gpp(NH)p
(100 pM). Binding of (S)fra/w-5-OH-PIPAT to membrane homogenates of rat basal
forebrain showed multiple classes of binding sites when assays were carried out in
the presence of 2 mM MgCl2- One-site binding (D3, Ktj = 0.43 nM) was seen in
the presence of 100 pM Gpp(NH)p. No significant binding to sigma receptors was
seen with rat cerebellar membranes or to 5-HTia receptors in rat hippocampal
homogenates. Therefore, [I-125](S)frans-5-OH-PIPAT is more selective for
dopamine receptors than (R) trans-1 -OH-PIPAT. This new ligand offers several
unique advantages, including high specific activity, high binding affinity and low
nonspecific binding, all of which make it an excellent probe for the investigation
and characterization of dopamine D2-like receptors. Acknowledgment: support from
PHS (NS-24538 and NS-18591).
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MULTIPLE STRUCTURAL DETERMINANTS OF AGONIST EFFICACY AT
DOPAMINE D2 RECEPTORS. B ,L, Wiens*. D.E. Nichols. KB. Mailman and
K.A. Neve. OHSU and VAMC, Portland., OR 97201; Purdue Univ, West Lafayette,
IN 47907; Univ. North Carolina Sch. Med., Chapel Hill, NC 27599.
Three mutant D2 receptors, in which conserved serine residues (Ser-193, -194,
-197) are replaced with alanine, were used to assess the structural determinants of
agonist potency and efficacy. In radioligand binding assays, the mutant receptors,
particularly A193, had moderate reductions in affinity for some of the agonists as
compared to the wild-type receptor, D2-415. Interestingly, the ability of the mutants
to mediate maximal inhibition of adenylyl cyclase varied dramatically among
agonists. Previously, we determined that the agonists dopamine and p-tyramine,
but not m-tyramine, require the presence of Ser-194 for efficacy. In this study
quinpirole (Quin) had reduced efficacy at mutant A193; chloro-APB, apomorphine
(Apo), and 4-methyl-N-n-propyl-dihydrexidine (4MP-DHX) had little or no efficacy
at either A194 or A197; and DHX and SKF38393 were not efficacious at any of the
mutants. In contrast, 7-OH-DPAT and norapomorphine (NPA) were active at all
mutants. These results suggest that different agonists acting at the same receptor
may have distinct molecular requirements for efficacy. (VA Merit Review)
Ouin 7-DPAT Apo
NPA 4MP-DHX DHX
SKF Cl-APB
D2-415
++
++
++
++
++
++
++
++
Ki(pM) 2.28
0.45
0.09
0.38
2.25
37.6
0.47
0.02
A193
+
++
+
++
++
++
Ki(pM) 4.16
1.08
0.04
0.35
2.04
15.2
45.4
1.37
A194
++
++
++
+
Ki(pM) 8.81
0.30
0.68
0.28
0.59
2.99
18.9
0.53
A197
++
++
++
+
Ki(pM) 7.02
0.66
0.25
0.08
0.49
2.43
14.5
0.51
Inhibition of adenylyl cyclase: ++, complete (>80%); +, partial; -, none (<I5%).

COMPARISON OF INTRINSIC ACTIVITY OF DOPAMINE AGONISTS AND
PARTIAL AGONISTS AT.THE CLONED DOPAMINE D2 AND D4
RECEPTORS. R.A.Lahti *, L Grubowski*. D.L. Evans0. L.M. Fiqur°. G.S.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

Gill0 and CA. Tamminqa*. 'Maryland Psychiatric Research Center.
Baltimore, MD 21228 and °Upjohn Laboratories, Kalamazoo, Ml 49001

The dopamine D4 receptor was cloned and clozapine, an atypical
antipsychotic agent, found to be selective for the D4 vs. the D2 receptor
(Van Tol et al.,1991). Others (Lahti, et al 1993) have suggested that
antipsychotic activity may be associated with occupancy of the D4 receptor
whereas EPS effects may be associated with occupancy for the D2 receptor.
Several dopamine agonists and partial agonists have been evaluated as
treatment modalities for schizophrenia (Tamminga et al., 1978, 1986, 1992)
and their level of intrinsic activity was determined at the D2 receptor not at
the D4 receptor. Using receptor state (high- and low-affinity agonist states)
binding affinities (Lahti et al, 1992) and membranes from cloned dopamine
D2 and D4 receptors the intrinsic activity of several dopamine agonist, partial
agonists, have been determined. The ligands employed were [°H]-YM-

09151-2 + GTP to determine a compound's affinity at the low-affinity agonist
state and [^H]-N-O437 to determine a compound's affinity at the high-affinity
agonist state. The full agonists such as quinpirole, dopamine and N-0437

appear to have high intrinsic activity at both the D2 and D4 receptors and
compounds with very low intrinsic activity, or antagonists, such as SDZ-208912 and chlorpromazine are the same at both receptors. Intrinsic activity

differences between D2 and D4 receptors exist for (-)-3-PPP and possibly for
(-)-apomorphine. (-)-3-PPP has higher intrinsic activity at the D4 than the D2,
receptor, (-)apomorphine may exhibit more partial agonist activity at the D4
similar to (+)-apomorphine, than at the D2 receptor. The implication of these
findings in .the treatment of schizophrenia may be important.
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DISCRETE FUNCTIONAL SELECTIVITY OF DRUGS: OPC-14597, A
SELECTIVE ANTAGONIST FOR POST-SYNAPTIC DOPAMINE D,
RECEPTORS. C .P. Lawler*. V.J. Watts. R.G. Booth. S.B. Southerland and R.B.
Mailman. University of North Carolina, Chapel Hill, NC 27599
OPC-14597 (OPC) is a novel antipsychotic drug from a unique structural class.
It is known that OPC, like haloperidol, inhibits amphetamine-induced stereotypy and
apomorphine-induced locomotion. In rat striatal membranes, OPC has high affinity
for D2-like dopamine (DA) receptors (K,= 2 nM; nH>1.0), but low affinity for Di-like
receptors (K > 1 pM). In cell lines, OPC has high affinity (= 1 nM) for D2L or D2s
receptors, but less affinity for D3 and D4 receptors. As in brain, OPC has low affinity
for Di or D5 receptors in cell lines. In cells expressing the
receptor, OPC has
typical functional antagonist properties (i.e., blockade of DA-induced inhibition of
cAMP synthesis). In vivo, the typical antipsychotic drug haloperidol (0.12 mg/kg,sc)
caused the expected increase in DOPAC and HVA in nucleus accumbens, whereas
OPC (1.2 mg/kg,sc) did not. Moreover, OPC actually inhibited tyrosine hydroxylase
activity (IC5Os 9 pM vs. 0.17 pM for DA); this inhibition was reversed by spiperone.
Striatal microdialysis studies in rats showed that haloperidol caused the expected
large efflux of DA, DOPAC, and HVA, whereas OPC had no significant effects.
Thus, OPC is a high affinity ligand for D2 receptors that has clear antagonist effects
on post-synaptic functions. Unlike any other DA antagonist, it apparently has no
functional antagonist properties at presynaptic D2-like DA receptors. In fact it has
modest potency as an agonist at presynaptic D2 receptors. Thus, OPC is the first
compound with functional antagonist properties manifested selectively at postsynaptic D2-like receptors. While the high sensitivity of presynaptic D2-like receptors
has been hypothesized as being explained by a large receptor reserve (hence able to be
activated by low concentrations of agonists), the post-synaptic antagonist selectivity
of OPC suggests that some classes of drugs can cause functional selectivity due not to
their selectivity for receptors, but rather to the particular conformational changes they
cause when binding. These changes presumably affect factors such as coupling to Gproteins. These data indicate that OPC is not only a novel psychotherapeutic agent,
but also may be an important neuropharmacological tool.

IDENTIFICATION OF A CYSTEINE RESIDUE IN THE BINDING SITE
OF THE HUMAN DOPAMINE D2 RECEPTOR. J. A. Javitch*. X. Li. J.
Kaback. and A. Karlin. Center for Molecular Recognition and Dept, of
Psychiatry, Columbia Univ., & NYS Psychiatric Inst. NY, NY, 10032.

The agonist and antagonist binding sites of the dopamine D2
receptor are formed among the seven membrane-spanning
segments. Little is known, however, about the structural features
which account for the pharmacological specificity which differentiates
the D2 receptor from homologous receptors. We have determined the
susceptibility of the D2 receptor expressed in HEK 293 cells to
irreversible inhibition of binding of the antagonist, 3H-YM-09151-2, by
small, charged, sulfhydryl-specific methanethiosulfonate (MTS)
derivatives added to intact cells. These reagents should react only
with sulfhydryl groups at the water-accessible surface of the receptor
and not with those buried in the interior or facing the lipid bilayer-. We
found that the positively charged MTS reagents irreversibly blocked
antagonist binding about 1000 times faster than a negatively charged
MTS reagent, consistent with the affinity of the receptor for positively
charged dopamine agonists and antagonists. D2-receptor agonists
and antagonists protected against irreversible block by the MTS
reagents. To identify the sensitive cysteine(s), we mutated, one at a
time, five transmembrane and two extracellular cysteine residues to
serines. All of the mutants bound antagonist with near-normal affinity.
The mutation of Cys118 uniquely caused a 100-fold decrease in the
sensitivity of antagonist binding to the MTS reagents. Thus Cys118 is
likely to be in the D2-receptor binding site.

224.11
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EXPRESSION AND CHARACTERIZATION OF RAT D4O2 CHIMERIC
DOPAMINE RECEPTORS. Loyd H. Burgess* and David R. Siblev. Molecular
Neuropharmacology Section, NINDS/NIH, Bethesda, MD 20892.
We used the polymerase chain reaction (PCR) technique to amplify a D 4
dopamine receptor cDNA from rat heart mRNA. The cDNA isolated contained
the full coding sequence of the D4 receptor protein. Stable expression of this
receptor to ~1 pmol/mg protein was achieved in both CHO cells and the

DOPAMINE D2 RECEPTOR DENSITY ESTIMATES IN Sf9 CELLS. F.J.S. Lee. M..
Dennis#. F. McConkev and H.B. Niznik* Dept. Psychiatry and Pharmacol. Univ. O Toronto,
UBioSton^i Inc., Montreal, Qua. and Mo!. Naurobiol. Lab.. Clarke Inst. Psychiatry, Toronto,
OntanP, M5T1PM
'
Previous studies in tissue and mammalian cells have demonstrated discrepancies
in human dopamine D2 receptor densities labelled with either tritiated
butyrophenone ligands (e.g. spiperone) or with substituted benzamides
(raclopride/YM-09151-2). In order to investigate this phenomenon we have
expressed the cloned human dopamine D2Long and D2Short receptor in
Spodopterea fmgiperda cells (Sf9). Saturation binding studies with [3H]spiperone
and [3H]YM-09151-2 on Sf9 cell membranes expressing cloned receptors exhibited
dissociation constants of-125 pM and -80 pM, respectively. These two ligands
also exhibited differences in estimated receptor density with [3H]YM-09151-2
displaying an apparent Bmax -1.5 fold greater than that for [3H]spiperone for either
D2Long or D2Short. This discrepancy in the estimated Bmax appears independent
of the amount of receptor expressed ranging from 0.7-9.0 pmoles/mg protein. The
apparent discrepancy in the Bmax between these ligands may be attributable to
other non-receptor proteins. Thus, [3H1YM-09151-2 was also found to bind with fairly
high affinity [~2nM] to non-infected Sf9/COS-7 cell membranes. This binding is
displacable by various dopamineraic agents including (+)-butaclamol,
bromociyptine, ^^•^u^p^^rtthii^ol, eticlopride, chloropromazine [1 pM] but not by DA,
quinpirole, pimozide, ADTN and NPA [10 pM]. The use of 30 pM DA or NPA to
define non-specific binding essentially eliminates the discrepancy in the estimated
Bmax obtained with these ligands in Sf9 cells. Interestingly, the estimated Bmax of
D2 Long or Short receptors as indexed by [3H]raclopride (Kd= -2 nM) binding is
significantly less than the density estimated by either [3H]spiperone or [3H]YM09151-2. These data suggest that at least in these cell lines, D2 receptor densities
estimated by two substituted benzamides are not the same and conflict with
previous reports.

neuronal cell line, MES-25. Characterization of the stable CHO line revealed
a pharmacological profile in agreement with that previously reported. The D4
receptor was shown to inhibit forskolin-stimulated adenylyl cyclase activity in
both CHO and MES-25 cell lines. To investigate the regions involved in
determining the unique pharmacological profiles of the D4 and D2 receptors,
we constructed chimeric receptors using PCR techniques. In one chimera,
the entire 3rd cytoplasmic loop of the D 2 receptor was exchanged into the D 4
receptor (3IL). The next chimera exchanged transmembrane regions (TM) 4
through 5 (TM4/5), while the last chimera exchanged TMs 3 through 5
(TM3/5). In addition, site-directed mutagenesis was used to alter specific D4
receptor amino acids to their D 2 receptor counterparts. One was a Ser/Ala
167 and a Cys/Ala 168 substitution in TM4 (PM4), while the other was a
Phe/Cys 202 and an lle/Pro 203 substitution in TM5 (PM5). Pharmacological
characterization of these constructs, using D 4 and D 2 selective antagonists
as well as the agonists dopamine and quinpirole, was done via transient
expression in Cos-7 cells. The 3IL chimera and the PM5 mutant did not show
differences in antagonist binding relative to the native D4 receptor. The
TM4/5 chimera and the PM4 mutant showed moderate shifts towards D2
receptor affinities for most ligands whereas this effect was more pronounced
for the TM3/5 chimera. These data suggest an important role of TM regions
3-5 in contributing to the unique pharmacology of the D4 dopamine receptor.

224.13
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BINDING CHARACTERISTICS OF D2 DOPAMINE RECEPTOR
ISOFORMS DEPEND ON ENVIRONMENT IN WHICH THESE
RECEPTORS ARE EXPRESSED. William Cho» and H. Akil. Mental
Health Research Institute, University of Michigan, Ann Arbor, MI 48109.
Among the five cloned dopamine receptor subtypes, the D2 subtype is
unique since it exists as two isoforms. Alternative splicing of 87
nucleotides of the mRNA results in the presence or absence of a 29 amino
acid insert within the third cytosolic loop of this 7-transmembrane helix
receptor. Initial pharmacological characterization of the long (D2L) and
short (D2S) isoforms, transiently transfected by calcium phosphate
precipitation, reveals that the affinities of these isoforms for the
substituted benzamide antagonist [3H]raclopride is dependent upon the
environment in which the receptors are expressed. When expressed at
high levels in COS-1 cells (> 1 pmol/mg protein), D2L and D2S display
virtually identical Kd values for [3H]raclopride (0.4 nM). When
expressed in NG-108 cells or at low levels in COS-1 cells, D2S binds this

EFFECTS OF SULFHYDRYL REAGENTS AND HEAVY
METAL CATIONS ON AGONIST BINDING TO D 2 AND D 3
DOPAMINE RECEPTORS. B. Levant*. Department of
Pharmacology, University of Kansas Medical Center,
Kansas City, KS 66160-7417.
Sulfhydryl groups have been shown to be important for the
binding of ligands at a variety of receptors. Previous studies
suggest that agonist binding may be more sensitive to
sulfhydryl manipulations than antagonist binding (Suen et
al., Biochem. Biophys. Res. Comm., 96:953-960, 1980). This
study examines the effects of sulfhydryl reagents and heavy
metal cations on the binding of agonist PHlquinpirole to D 2
and D3 dopamine receptors in rat brain. Binding assays
were performed as previously described (Levant et al.,
JPET, 262:929-935, 1992). The sulfhydryl alkylating agent Nethylmaleimide and the disulfide reducing agent
dithiothreitol inhibited [3 H] quinpirole in striatal
membranes to baseline levels with ID 5o's of 24 ± 1.3 pM and
3.7 ± 0.3 nmi, respectively. The sulfhydryl reactive metal
cations Cu2+, Cd2+, and Zn2+ also inhibited specific binding
of [3H]quinpirole in striatal membranes as defined by
spiperone (1 pM). These data indicate the importance of
sulfyydryl groups in binding of the ergoline agonist
[3H] quinpirole.
Supported by the Pharmaceutical

antagonist with higher affinity than does D2L. Further studies aim to
determine whether these differences are due to differences in coupling
with G proteins.

Manufacturers Association Foundation.
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EFFECT OF A GTP ANALOGUE ON THE BINDING OF
PRAMIPEXOLE TO THE CLONED HUMAN DOPAMINE RECEPTOR
SUBTYPES D2, D3, D4. H.A. Ensinqer. J. Mierau. F.J. Schneider and
R. Hammer*. Deirt.of BiBdiemicaiR&esarah, Boehringer IngeieeimKG,
55216 Ingelheim, Germany.
By means of pharmacological in vivo experiments pramipexole (PPX)

IN VIVO OCCUPANCY OF D2 AND D3 RECEPTORS
DETERMINED WITH EEDQ P. McGoniele*. S. McElligott.
M.P. Kune and H. Kune
Depts. of Pharmacology and
Radiology, University of Pennsylvania, Phila., PA 19104.
The in vivo occupancy of D2 and D3 receptors was examined with the

irreversible antagonist EEDQ. To verify that EEDQ can completely
inactivate D2 and D3 receptors in vitro, coronal sections of rat brain were
incubated with 100 pM EEDQ and then labeled with either [125I]-7-TransOH-PIPAT or [i25I]-NCQ-298. EEDQ inactivated greater than 98% of
both D2 and D3 receptors in the nucleus accumbens, islands of Calleja,
caudate putamen and cerebellum. To estimate the occupancy of D2 and D3
receptors in vivo, EEDQ (10 mg/kg, s.c.) was administered to rats which
were sacrificed 12 hr after injection. Quantitative autoradiography revealed
that this treatment inactivated from 75% of D2 receptors in the nucleus
accumbens to 79% in the caudate putamen. In contrast, EEDQ alone
inactivated from 25% of D3 receptors in the islands of Calleja to 55% in the
cerebellum. To confirm that incomplete inactivation of D2 and D3 receptors
in vivo is related to endogenous levels of dopamine, animals were
pretreated with the depleting agent AMPT (300 mg/kg) 4 and 8 hr before
administration of EEDQ. Following AMPT treatment, the percentage of

was characterized as a dopamine D2 autoreceptor agonist (Mierau and
Schingnitz, 1992).
Using cloned human dopamine receptor subtypes expressed in
HEK 293 cells (D2L) and CHO cells (D3 and D4) in receptor binding
experiments a selectivity of PPX for the D3 receptor subtype became
evident (Mierau et al., in preparation). The rank order of affinity of PPX
was D3 > D2 > D4.
The binding of many agonists to receptors coupled via G proteins to
adenylate cyclase (AC) is sensitive for GTP analogues. We studied the
influence of GppNHp on the binding characteristics of PPX to the
dopamine receptor subtypes of the D2 receptor family.
It could be demonstrated that GppNHp has a clear-cut influence on the
PPX binding to the D2 and D4 receptor, whereas the effect on the D3
receptor binding of PPX is only marginal. A concentration of 100 gmol/l
showed only a minor inhibition of 24 %, whereas the PPX binding to the
D2 and the D4 receptor is reduced by about 90 %.
Hence in case of the D2 and D4 receptor subtype the agonist binding is
sensitive to GTP nucleotides as generally known for a variety of AC
coupled receptors. In case of the D3 receptor from our studies there is no
unequivocal evidence that the signal transduction pathway is mediated
via AC.
Reference: Mierau and Schingnitz (1992), Eur. J. Pharmacol. 215, 161170

inactivation increased to 90 to 92% for D2 receptors and 75 to 80% for D3
receptors. These results suggest that a greater proportion of D3 than D2
receptors are occupied by dopamine in vivo, consistent with the observation
that D3 receptors have a higher affinity for dopamine than D2 receptors.
These results also suggest that levels of dopamine release differ from region

to region and that D3 receptors in the cerebellum are tonically activated.
(Supported by USPHS GM 34781 and NS 24538)
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AH11110A

IS SELECTIVE FOR THE aw SUBTYPE OF

ar

ADRENOCEPTORS (AR). H.K. Kina*. A.S. Goetz. S.D.C. Ward, and

D.L. Saussv Jr. Glaxo Research Institute, RTP, NC 27709
1 -(biphenyl-2-ylqxy)-4-iminq-4-piperidin-1 -yl-butan-2-ol hydrochloride
(AH11110A) binds selectively to membranes prepared from
fibroblasts expressing hamster a-jg-AR.

rat-1

Assays using the a-j-AR

selective radioligand [ 125l] l-HEAT were completed and the binding

affinities compared in membranes prepared from rat-1 fibroblast cells
expressing hamster a-jg (ot1e), bovine a-|Q (a-jc), or rat a-ip (a-jp).

The binding affinity for AH11110A in a-jg receptors is 33 times more
selective for a-jg than a^c receptors and 37 times more selective for
a-jg than a-^ receptors. The pKj values for a-jg, a-|c, and <*i d are:
7.12 ± 0.04, (n = 5); 5.60 ± 0.05, (n = 77 5.56 ± 0.00, (n =; 8),

respectively.

AH11110A binds to rat brain membranes with a high

aB-n-ty (pKj 7.34 ± 5.57, n = 3, [3H]-prazosin) but has a lower affinity

for a-j-AR in rat aorta as determined by inhibition of phenylephrineinduced contractions (pK^ = 0.29 ± 0.17, n = 4).
Preliminary experiments with membranes prepared from CHO-K1
cells expressing human a-jg receptors and Sf-9 cells expressing

Binding

Characterization of

[^iji-HEAT to

Human

^Adrenergic

Receptors (arARs) Expressed in Baculovirus Infected Insect Cells.
T- True. A. Goetz. S. Kadwell. H. Kino. T. Kos'!. M» James*. J. Tseng-Crank,

and D. Saussv Jr. Glaxo Research Institute, RTP, NC 27709
Human a^-ARs were expressed in insect Sf9 cells by infection with
recombinant baculoviruses and membranes prepared. Raa-q^igana binding
assays employing [125]|-HEAT displayed high affin^y and specificity as well
as saturable and displaceable binaina to a single class of recognition sites.
Time course experiments demonstrated that steady state of binding was
reached after 90 minutes at 25 °C. The pH optimum for binding was 7.5 to
8.0 employing either the buffers MOPS or PIPES. Binding was modestly
enhanced by the presence of 250 mM NaCI and 10 mM divalent cations
(Mg++ > Ca++ > Mn++ ). Scatchard analysis yielded a maximal binding value

of 1.4 pmol/mg protein and a Kd of 212 pM. Competition studies employing
selected agonists and antagonists were performed in parallel with bovine a^-

AR expressed in rat-1 fibroblasts and good agreement was observed in both
rank order and absolute affinity (pKi): YM-12617 (9.08 ± 0.24) > bunazosin
(8.72 ± 0.18) > prazosin (8.62 ± 0.08) > abanoquil (8.61 ± 5.52) > WB-4101

(8.31 ± 0.04) > 5-methyl-urap-ail (7.96 ± 5.55) > terazosin (7.81 ± 0.10) >

phentolamine (7.69 ± 5.53) > alfuzosin (7.62 ± 0.13) > oxymetazoline (7.32 ±
0.22) > AH11110A (6.23 ± 5.54).

Comparison of human a^-AR pKi values

human a^c receptors indicate that AHWWA is also selective for the

to those obtained from hamster a 1b-ARs, bovine a^-ARs and rat a^-ARs
demonstrates that the human a1c-AR is pharmacologically similar to that of

AHU^A is the first compound to display useful

the bovine a^-AR subtype. These results demonstrate the validity and utility

human a-ig-AR.

selectivity for the a-jg subtype and may help determine a-g-AR
distribution and function.
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LOCUS COERULEUS ACTIVATION AND NEURONAL
ACTIVITY IN THE DENTATE GYRUS. C.G.Clarke* and
C.W.Harley. Basic Sciences, Memorial University, St. John's,
Newfoundland, Canada A1B 3X9
Glutamate ejection in the locus coeruleus (LC) of urethaneanesthetized rats was used to selectively activate norepinephrine
release from LC fibers. Both extracellular units and .1 Hz evoked
potentials were concurrently monitored in the dentate gyrus. In all
experiments, LC activation induced potentiation of the perforant
path-evoked potential. Significant potentiation of the evoked
potential was not seen until an average of 40 sec after glutamate
ejection. Significant changes in spontaneous neuronal activity
occurred immediately following LC activation. Both hilar and
granule cell layer neurons were inhibited by LC activation (5O%-9O%
inhibition) for periods of 40-230 sec. The spontaneous activity of
inhibited neurons varied from .5-9.8 Hz. Spike widths ranged from
200-770 psec. Both bursting and nonbursting cells showed inhibition.
Other cells, including a group of low threshold perforant path
activated cells, were not altered by LC activation. Inhibition of
spontaneous cell activity in dentate precedes rather than co-occurs
with evoked response potentiation suggesting the two circuit changes
are distinct and dissociable.

Effect of
Nitric Oxide(NO) Donors on Norepinephrine^E)
Release in Hypotholamus During Acute Environmental Stress.
H. aash-guch-, S.H. Ye and N. Alexander*. Dept, of Med, Univ.
of Southern Calif. Sch. of Med., Los Angeles. CA 90033.
Aim: To determine the effect of NO on NE release in posterior
hypothalamus^H), mean arterial pressure(MAP) and heart
rate(HR) during acute shaker stress(SS; earth-quake simulation
model, 2.5 Hz). Methods: Rats were anesthetized (pentobarb
50 mg/kg) for implantation of a femoral artery catheter and a
guide for a microdialysis probe. Three to 5 days later, a probe
with attached m-crq-njectqr was inserted and the rat placed in a
cage attached to the shaker. During 5 min of SS, controls
(n=12) had a rise in dialysate NE of 173±38% and MAP and HR
increased 22±2 mm Hg and 78±9 bts/min. When an NO donor,
Mols-dom-ne(SLN-1) was injected into PH (1-100 pmole/ul/min
for 5 min; n=7), the increases during SS were, dialysate NE,
26±I2% (<.01), MAP, 13±2 mmHG (<.O2) and HR, 37±13
bts/min (< . O5). Thus, the release of NE and responses of MAP
and HR were attenuated by SIN-1 in PH. Another NO donor,
nitroprusside, produced similar effects in PH. Concl: These
results indicate that NO can modulate the noradrenergic system
in PH during acute environmental stress.
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LOCUS COERULEUS NEUROMODULATION IN THE LATERAL
GENICULATE NUCLEUS: CROSS-CORRELATION ANALYSIS IN THE
TEMPORAL DOMAIN. R,N. Holdefer, I.C. Bruce*, C.H. Chan and K.W. Chau.
Dept, of Biology, Hong Kong Univ. of Science and Tech, and Dept, of Physiology,
Univ. of Hong Kong, Hong Kong.
In anesthetized rats, phasic electrical stimulation (30 Hz for 200 ms) of the locus
coeruleus (LC), approximating its physiological activation by sensory stimuli,
increases the firing rate of neurons in the LGN for a few seconds (Holdefer and
Jacobs, 1991). In addition, LC stimulation modulates two distinct oscillatory rhythms
in the LGN, a burst-firing mode and higher-frequency rhythmic activity.
During sleep, LGN neurons have a burst firing mode of 2-6 action potentials
recurring at a frequency of 1-4 Hz. Phasic LC stimulation (LCstim) suppressed this
burst firing while increasing the mean single spike firing rate (p<.0005, n=28). The
number of bursts during 500 ms immediately after LCstim was less than the number
of bursts during 500 ms immediately before LCstim (p<.0005).
Cross-correlograms from 9 near pairs and 6 far pairs (two-electrode recordings)
were examined following visual stimulation (VIS) alone and following VIS preceded
by LCstim. Multiple peaks around the origin in the cross-correlograms indicated
rhythmic (around 30 Hz) synchronization of the units. LCstim alone did not evoke
this synchronization, while VIS alone rarely did so (3/9 near pairs; 0/6 far pairs). In
contrast, VIS preceded by LCstim either evoked or markedly enhanced the
synchronization (9/9 pairs; 4/6 far pairs).
In conclusion, LCstim had opposing actions on two different patterns of oscillatory
activity in the LGN: it reduced low-frequency burst firing and enhanced higherfrequency rhythmic synchronization between neurons after VIS. Although the
increased firing rate following LCstim is mediated by a, receptors, the contribution
of norepinephrine and the associated receptor subtype to the modulation of oscillatory
firing in the LGN remains to be determined. Supported by RGC CERG HKUST 5/91.

LOCUS COERULEUS NEUROMODULATION IN THE LATERAL GENICULATE
NUCLEUS.
CROSS-CORRELATION ANALYSIS OF SYNAPTIC
CONNECTIVITY. C. Yu. R,N. Holdefer*, and C.Y. Lee. Dept, of Biology, Hong
Kong Univ. of Science and Tech., Hong Kong.
Norepinephrine-containing neurons in the locus coeruleus (LC-NE) may modulate
on-going activity in their terminal fields. We tested this at the level of synaptic
circuitry in vivo by recording LC-NE stimulation effects on cross-correlograms from
neuronal activity in the lateral geniculate nucleus (LGN) of anesthetized rats.
Maintained activity in the LGN increased by 3.9 spikes/s (p<.0001) at 19 single unit
and 6 multiple-unit sites after phasic LC stimulation (30 Hz for 200 ms). This
increased firing rate was reversibly antagonized by i.v. WB-4101, an a,-receptor
blocker (n=7, p<.03). Cross-correlograms from maintained discharge in the LGN had
peaks symmetrical and asymmetrical to 0 delay in 14/18 of the near neuronal pairs,
and in 0/9 of the far neuronal pairs (two-electrode recordings). Although LC
stimulation (LCstim) increased the firing rate at these sites, it decreased the area of
the peaks in 7/14 of the near pair correlograms.
Visual responsiveness in the LGN (driven - maintained activity) was increased after
LCstim by 5.9 spikes/s (n=15, p<.005). Peaks in the cross-correlograms were
observed for 8/9 of near neuronal pairs after visual stimulation (VIS) alone. In 6 of
these pairs, VIS preceded by LCstim either increased peak area or resulted in a
significant peak that was not present during VIS alone. Peak area was decreased
after VIS preceded by LCstim in the 3 neuronal pairs with different RF center types.
The decrease in the peak areas (or their absence) in the cross-correlograms from
LGN maintained and driven activity is consistent with a neuromodulatory role for NE
in the LGN, as opposed to a direct excitatory action from a common LC-NE input.
The LC-NE can either increase or decrease relative synaptic efficacy in the LGN,
perhaps depending on the specific neuronal circuits involved. Supported by RGC
CERG HKUST 5/91.

225.5

225.6

ACTIONS OF NORADRENALINE ON RAT PERIAQUEDUCTAL GRAY
NEURONES MAINTAINED IN VITRO. R. Bandler. C.W. Vaughan and M.J.
Christie*. Depts of Anatomy and Histology, Pharmacology, University of Sydney,
NSW, Australia, 2006.
The midbrain periaqueductal gray (PAG) plays a crucial role in co-ordinating an
animal's autonomic and somatic adjusments to different classes of threat, stress or
pain. The presence of significant adrenergic and noradrenergic projections from a
number of medullary regions to the PAG in the rat, provides a possible substrate for
the catecholaminergic modulation of the PAG mediated autonomic and somatic
responses. In the present study, the actions of noradrenaline (NA) on membrane
properties of rat PAG neurones were examined using intracellular recordings in
submerged brain slices (3OOM) superfused with artificial CSF. The superfusion of
NA (30-100pM) produced either a depolarisation (60%, 21/35), a hyperpolarisation
(23%, 8/35), a biphasic response (9%, 3/35), or had no effect (1%, 1/35) on the PAG
neurones tested. The depolarisation was abolished by prazosin (0.3-lgM, n=3),
converting the response produced by NA to a hyperpolarisation (n=2). Similarly, the
hypeipolarisation produced by NA was abolished by idazoxan (3pM), revealing a
depolarisation (n=l). The ai-agonist phenylephrine (0.1-30uM) produced a
depolarisation (19/20) which was blocked by prazosin (n=l). The a2-agonist UK
14,304 (O.O3-3gM) produced a hyperpolarisation (12/12) which was blocked by
idazoxan (n=3). The depolarisations were accompanied by an increase in membrane
resistance (25±I5%) and the hyperpolarisations were accompanied by a decrease in
membrane resistance (-28+14%). The depolarisations and hyperpolarisations had a
mean reversal potential of -lO6mV (n=3). These results suggest that NA modulates
PAG neuronal activity by decreasing or increasing K+ conductance through aj, or
a2 -adrenoceptors, respectively. The proportion of neurones depolarised by NA was
greater in the caudal ventrolateral PAG (20/23) than in other regions of the PAG
(3/8; %2=10.8, p<0.01).

ASSOCIATION OF NORADRENALINE NERVE TERMINALS WITH
CORTICAL MICROVESSELS. Z. Cohen*. G. Molinatti and E. Hamel.
Montreal Neurol. Inst., McGill Univ., Montreal, QC, Canada, H3A 2B4.
Since the initial demonstration of noradrehaline (NA) terminals intimately
associated with microvessels (MV) in the paraventricular nucleus (PVN) of
the hypothalamus, physiological studies have suggested that NA could
contribute, albeit as a minor component, in the regulation of the cerebral
microcirculation in other brain areas. However, very limited information
exists concerning similar neurovascular associations in less vascularized
brain regions. We have studied the association of NA terminals with local
MV in the fronto-parietal cortex. Vibratome sections were processed for
light (LM) and electron (EM) microscopy immunocytochemistry using an
antiserum directed against a NA-glutaraldehyde-protein conjugate (generously provided by Dr Michel Geftard). NA terminals associated with MV
represented 7 ana 9% of the total cortical immunolabelled NA terminals
when determined at the LM and EM, respectively. At the EM level,
perivascular NA nerve endings (n= 125, located within a 3gm perimeter
from the MV basal lamina) were found to be l.34+O.O8 pm away from the
MV, their surface area corresponded to 0.29+0.01 gm2, and they were
mostly (65%) associated with capillaries, as opposed to microarterioles and
penetrating arteries. An important proportion (18.4%) of these terminals was
found within O.25gm from the MV, with about 2% of them being in contact
with the vessel basal lamina and 10.4% abutting onto perivascular
astrocytes. These observations partly corroborate those in the PVN in that
some NA terminals are extremely close to MV. However, when compared
to other cortical neurovascular systems (serotonin, acetylcholine), that
containing NA is located further away from the MV and is less frequently
associated with perivascular astroglia. The results could support the limited
vascular cortical responses observed following activation of the NAergic
system as compared to the highly significant cerebral blood flow changes
noted following stimulation of serotonergic or cholinergic neurovascular
pathways. Supported by the MRC of Canada and a Jeanne Timmins Costello
studentship.
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AGE-RELATED DIFFERENCES IN STRESSORINDUCED CHANGES IN HYPOTHALAMIC
NORADRENERGIC RELEASE IN THE MALE RAT
SuJean Choi* and Carol Kellogg. Dept, of Psychology, University of

EVIDENCE FOR DECLINE IN INTRACELLULAR CALCIUM
BUFFERING IN ADRENERGIC NERVES OF AGED RAT. H. Tsai. S.
Foucart. J. Buchholz*and S. P. Duckies'. Dept. of -Pharmacology,
College of Medicine, University of California, Irvine, CA 92717.
We have previously demonstrated an age-related increase in
stimulation-evoked norepinephrine (NE) release from adrenergic nerves
in tail artery of Fischer-344 rats. Further studies have shown that there
were no corresponding changes in the function of uptake mechanisms,
metabolism, or feedback via prejunctional alpha-2 adrenoceptors. When
mitochondrial calcium uptake was blocked with dinitrophenol (100 gM),
tail arteries from 20 month old animals showed a marked increase in
stimulation-evoked (8 Hz, 100 pulses) NE release (l54%±l6 of control,
n=8), whereas NE release from 6 month animals was unaffected by
dinitrophenol (99%±7 of control, n=7). To determine whether the
increased NE release results from enhanced calcium influx with age or is
secondary to a decline in intracellular calcium buffering, we measured
NE release evoked by the calcium ionophore ionomycin. When calcium
channels were bypassed with ionomycin (4 gM), NE release from aged
nerves was still elevated compared to 6 months (2O1%±2O, n=5). To
examine this phenomenon at the cellular level, we measured intracellular
calcium concentration in acutely dissociated neurons from superior
cervical ganglion loaded with Fura-2 AM. In neurons from 20 month
animals, exposure to dinitrophenol significantly reduced the rate of
restoration of intracellular calcium to basal levels after calcium transients
evoked by high potassium (68 mM). In contrast, there was only a minor
effect in neurons from 6 month old rats. These data strongly argue for a
deficit in intracellular calcium buffering in older sympathetic nerves
leading to increased NE release with advancing age.

Rochester, Rochester, N.Y. 14627.

Hypothalamic noradrenergic (NE) turnover rates develop across
juvenile and adolescent ages. In vivo basal NE levels and turnover rates
increased from 28 days of age to young adulthood (Choi & Kellogg,
1992). Hypothalamic NE utilization in response to an environmental
stressor is also age-dependent. In response to restraint, juveniles
showed a decrease in hypothalamic NE utilization, whereas adults did
not. Since release is an essential element to utilization this study
examined in vitro hypothalamic NE release under both basal and
stressor-induced conditions in 28,42, and 70 day old male rats.
Animals were placed in acrylic restraint chambers for either 15 minutes
or 2 hours. Following restraint, the hypothalamus was quickly removed
and incubated in a normal or high K+ (5OmM) Kreb’s buffer. K+evoked depolarized release of NE into the medium was measured using
HPLC-EC. Under basal conditions, 28 day olds released a significantly
greater percentage of their total endogenous NE pool following
depolarization than 42 or 70 day old males (p<.O4 and p<.03
respectively). Following both restraint intervals, the K+-evoked NE
release was less in 28 day olds compared to basal conditions. At 42 and
70 days, restraint did no alter K+-evoked NE release. The effect of prior
restraint on in vitro NE release in the hypothalamus of juveniles
resembled the effect of restraint on in vivo NE turnover, suggesting that
prepubertal rats respond to stressors differently from mid-adolescent or
young adult rats. Supported by grant no. DA 07080.
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PRETERMINAL CONTROL OF CATECHOLAMINE RELEASE: AN IN VIVO
ELECTROCHEMICAL STUDY. C. R. Hams-Collazo*. M. C. Davidson & R, T.
Marrocco. Dept, of Psychiatry, UC San Diego School of Medicine, La Jolla, CA
92093 and Institute for Neuroscience, Univ. of Oregon, Eugene, OR 97403.
Recently, it has been suggested that preterminal control of noradrenaline release
may exist in cortical tissue (Collazo et al., Neurosci. Abstr., 18,461, 1992). That is,
neuronal activity in the cortex may evoke a local noradrenaline release that is not
specifically tied to antecedent activity in the locus coeruleus. Using KC1,
preterminal control of dopamine release in the frontal cortex (Gratton et al.,
Neurosci, 29: 57-64, 1989) has been demonstrated. The present study is an attempt
to measure preterminal release of noradrenaline in the cortex of the anesthetized rat.
In vivo voltammetry was used with Nafion-coated carbon fiber electrodes to
measure potassium evoked release of catecholamines before and after locally
injected KC1. Observed KCl-evoked signals were substantially lengthened following
systemic pretreatment with desipramine, a potent noradrenaline reuptake blocker.
The signal was both enhanced and prolonged following systemic pretreatment with
idazoxan (a potent alpha-2 adrenergic antagonist) or stimulation of the locus
coeruleus with carbachol (a cholinergic agonist). Blockade of the locus coeruleus
(with lidocaine or muscimol) and cortical administration of clonidine (an alpha2
agonist) led to a decrease in the observed KCl-evoked signal. The signals were
decreased following cortical administration of MK801 (an NMDA receptor
antagonist), indicating a possible involvement of the glutaminergic system in
modulating catecholamine release. The signal size was largely unaffected by
administration of droperidol (a D-2 antagonist).
These data support the conclusion that cortical noradrenaline release may be
partially determined by preterminal factors. Taken with data obtained by
manipulating other transmitter systems, these data also support the conclusion that
preterminal transmitter regulation may be widespread within the mammalian central
nervous system.
Supported by the J. S. McDonnell Foundation and Pew' Memorial Trust and NIMH
Grant 5T32MHl9547 from the NIMH Minority Neuroscience Fellowship Program.

NOREPINEPHRINE LEVELS IN DISCRETE BRAIN NUCLEI IN
BORDERLINE HYPERTENSIVE RATS (BHR) EXPOSED TO COMPOUND
STRESSORS. G-P Zheng. S.K.Navlor. C-H Wang. I.P.Edgemon. S-G Li and
J.E.Lawler*. Dept of Psychology and Physiology Program, Univ of Tennessee,
Knoxville, TN 3/996
To evaluate the role of brain norepinephrine (NE) in the development of
environmentally-induced hypertension in BHR, NE content in discrete brainstem
and hypothalamic nuclei was determined after rats were subjected to stressors.
BHR were assigned to four conditions at 8 wks of age and were treated for 2 or
4 months (N=6-9/cell). The conditions were high salt diet (8% NaCl) plus daily
swim (SLT-SW), high salt plus tail shock stress (SLT-STR), swim plus stress
(SW-STR) and nonintervention. At 4 or 8 months of age, brain nuclei were
obtained using the Palkovits micropunch technique. The nuclei were Al, A2, Cl
and locus coeruleus (LC) in the brainstem, and 8 hypothalamic nuclei (PH,
posterior; Arc, arcuate; DMH, Dorsomedial; LH, lateral; VMH, ventromedial;
PVH, periventricular; Ant, anterior; SO, supraoptic). NE content was detected
by HPLC-EC and protein was quantified using me Bio-Rad procedure. NE
content was expressed as pg Nh/^g protein. Data are reported as percentage
change in NE levels in each experimental group compared with age-matched
control animals.
SLT-SW
SW-STR
SLT-STR
4mon
4mon
8mon
8mon
4mon
8mon
-43.31*
+10.85
-16.94
-35.64
A2
-21.52* -26.67
+ 15.05
-2.95*
Al
-34.58*
-25.51*
+ 1.04
-20.15
+19.33
-21.17
-9.23
-37.24*
Cl
-8.23
-36.56*
+5.11
-34.00
+77.70
+ 10.27
LC
-15.99
-6.95
+24.47*
-27.80*
-24.16
-9.65
PH
-19.36
+9.61
-15.10
+ 8.00
+ 2.77
-27.74* -31.73
Arc
+21.06
+23.48
-12.43
-19.82
-49.35* -11.96
DMH
-44.33*
-18.40*
-9.71
-19.97
-52.58* -28.24
LH
-12.72
-10.25
VMH
+43.72
+ 0.66
-28.20
-37.01
-34.33
+32.03
-44.20
PVH
+22.29
-24.52
-19.56
-31.71
-5.47
+22.99
Ant
-6.56
-17.89
-42.91
+0.20
+20.76
+ 32.01
-12.42
+7.58
SO
-27.21
-2.40
We conclude that compound stressors consistently reduce NE content in
selected brainstem and hypothalamic nuclei, *t-test p<0.05
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A-(2-CHLOROETHYL)-WETH'YL-2-BROMOBENZYLAMINE (DSP-4)
HAS DIFFERENTIAL EFFICACY FOR CAUSING CENTRAL
NORADRENERGIC LESIONS IN TWO DIFFERENT RAT STRAINS:
COMPARISON BETWEEN LONG-EVANS AND SPRAGUE-DAWLEY
RATS. R.J. Schuerger* and C.D. Balaban. Depts. Neurobiology and
Otolaryngology, Univ. Pittsburgh, Pittsburgh, PA 15261
We tested the hypothesis that Long-Evans (LE) and Sprague-Dawley
(SD) rat strains were equally sensitive to the noradrenergic neurotoxin N-(2chlonoethyl)-JV-ethyll2-bromobenzylamine (DSP-4) with respect to central
lesions of locus coeruleus (LC) terminals as measured by
immunohistochemical localization of dopamine-B-hydroxylase (DBH). SD
and LE rats received either intraperitoneal (IP) injections of 50 mg/kg
DSP-4 in isotonic saline or an equal volume of isotonic saline (control).
Analysis of DBH-immunoreactive density was made by both qualitative and
quantitative methods. By dark-field microscopy, no differences were
observed in the DBH-immunoreactivity of SD and LE control rats or DSP-4
treated LE rats. In contrast, DSP-4 treated SD rats showed a dramatic
reduction of DBH-immunoreactivity in brain regions that receive
noradrenergic innervation from LC. Quantitative assessment made using a
microcomputer based video acquisition system to measure DBHimmunoreactivity showed that intraperitoneal injections of 50 mg/kg DSP-4
caused a dramatic reduction of noradrenergic terminals in the neocortex,
hippocampus and cerebellum of SD, but not LE rats as compared to salineinjected controls. This finding indicates that LE rats are less sensitive than
SD rats to the neurotoxic effects of DSP-4 in the central nervous system.

ACUTE ADMINISTRATION OF a-METHYL-PARA-TYROSINE (aMPT) OR DSP-4 ALTERS LEVELS OF NOREPINEPHRINE
TRANSPORTER (NET) mRNA IN THE RAT BRAINSTEM. O. Xiao*
and S. M. Teiani-ButL Dept, of Psychiatry, University of Pennsylvania
School of Medicine, Phila., PA 19104.
a-MPT is an inhibitor of tyrosine hydroxylase and has been
demonstrated to produce a long-lasting depletion of cerebral NE.
Treatment with DSP-4 has been reported to selectively destroy NE
terminals following peripheral administration. The present study
investigated the effects of a single injection of a-MPT (300 mg/kg; i.p.)
or DSP-4 (50 mg/kg; i.p.) on NET mRNA levels in the rat brainstem by
reverse transcription-polymerase chain reaction assay (RT-PCR). Rats
were sacrificed 3 days after the injection and the brainstem was dissected
and stored at -7OOC. Total RNA was extracted from the brainstems and
5 ug was reverse transcribed. PCR reaction was carried out using both
rat NET and B-actin primers. A 208 bp fragment of rat NET and a 162
bp fragment of rat B-actin were generated. The amplified PCR products
were subjected to a Southern blot analysis using 32P-labelled NET or Bactin probes, exposed to X-ray film and quantified using a densitometer.
A significant reduction in NET mRNA was observed in the a-MPT
(p<0.05) and DSP-4 (p<0.01) treated rats when compared to the
controls. These results indicate that NET mRNA levqls may be
regulated by drug treatments which alter the availability of NE in the
synaptic cleft. (Research funds from USPHS grants MH 19100 and MH
45472).
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STIMULATORY EFFECT OF PITUITARY ADENYLATE CYCLASEACTIVATING POLYPEPTIDE ON CATECHOLAMINE FORMATION IN
CULTURED BOVINE ADRENAL CHROMAFFIN CELLS.

STRIATAL
AND
VENTRICULAR
TRANSPLANTATION
OF
ENCAPSULATED CALF ADRENAL CHROMAFFIN CELLS: IN VITRO
VERSUS IN VIVO RELEASE. M. S. Hooks*. S. A. Morrison. T.,Blanee^W
J. Beh, J, M. HHtvev, E, J, Doherty, S. D.Sherman, S, R, Winn, P, E.
McDermott and D. F. Emerich. CytoTeernpeutics, Inc. 2 Richmond Square,
Proeidence, Rl 02906.
Cnlf adrenal chromaffin (CAC) cells can be implanted into the central
nereous system (CNS) by a polymer encapsulation method to proeide
immunoisolation while still permitting catecholamines and enkephalin
peptides to diffuse out of the deeice. The present study analyzed the
release of norepinephrine (NE), epinephrine (EPI) and met-enkephalin from
encapsulated CAC cells prior to, during and following a 4 week implantation
period in either the striatum or the eentricle of male rats. CAC loaded deeices
were analyzed in vitro prior to and following implantation under both basal
and eeoked release conditions. CAC cell-loaded or control deeices were
stereotaxically implanted into either the striatum or the eentricle. A guide
cannula was placed 1 mm anterior to the deeice such that microdialysis could
be performed. Four weeks post-implantation microdialysis was performed to
measure the in vivo concentration of NE and EPI and their metabolites. The
deeices were subsequently remoeed, in vitro catecholamine and enkephalin
output determined, and the cell-loaded deeices were processed for
morphology. Prior to implantation, CAC cell deeices showed basal and
stimulated output of NE, EPI and met-enkephalin. Immediately following
remoeal from the CNS, CAC cell deeices still showed basal output of NE, EPI

H. Houchi *. S. Hamano. Y, Masuda. Y, Ishimura. M. Azuma. T, Qhuchi and

M. Oka. Department of Pharmacology, Tokushima University School of
Medicine, Kuramoto, Tokushima, 770, Japan.
Pituitary adenylate cyclase-activating polypeptide (PACAP) stimulates
formation of catecholamine and phosphorylation of tyrosine hydroxylase in
cultured bovine adrenal chromaffin cells. PACAP stimulated
[14C]catecholamine formation from [14C]tyrosine, in a concentrationdependent manner, causing maximal stimulation at 10'7M, but did not
stimulate that from [14C]DOPA. This stimulatory action of PACAP was not
affected by treatment of the cells with a protein kinase C inhibitor,
staurosporine, or by down-regulation of this enzyme in the cells by prolonged
exposure to a relatively high concentration of 12-O-tetradecanoyl phorbol 13acetate (TPA). The increase in [l4C]catecholamine formation induced by
PACAP was partially inhibited by incubation of the cells in calcium-free
medium. PACAP slightly increased the formation of [3 H]inositol phosphates
in the cells. The concentration of intracellular free calcium ([Ca2+]j) was
markedly increased by PACAP. PACAP increased the uptake of extracellular

45Ca2+ into the cells and the level of cyclic AMP (cAMP). It also stimulated

phosphorylation of tyrosine hydroxylase. The effects of combinations of
PACAP and dibutyryl cAMP or high K+, which activates uptake of calcium, on
the formation of catecholamine were greater than that of PACAP alone,
indicating that the stimulatory action of PACAP is regulated by both cAMPand calcium-dependent protein kinases.
These results indicate that PACAP stimulates the activities of cAMP- and
calcium/calmodulin-dependent protein kinases in cultured bovine adrenal
chromaffin cells, resulting in increase in the formation of catecholamine
probably by stimulation of phosphorylation of tyrosine hydroxylase.
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and enkephalin. In vivo microdialysis demonstrated an increase in NE and
EPI leeels following eeoked stimulation in animals which had CAC cell
deeices, but not in control subjects. These results indicate that polymerencapsulated CAC cells may be beneficial for producing analgesia since they
release both catecholamines and enkephalins.
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IN
SITU
PHOSPHORYLATION
AND
ACTIVATION
OF
C a 2 */C A L MO DU LIN-DEPENDENT
PROTEIN
KINASE
II
STIMULATED BY ACETHYCHOLINE IN CULTURED
ADRENAL
MEDULLARY CELLS. M. Tsutsui1, N. Yanaaihara*. A, Kuroiwa1, E

ATRIAL NATRIURETIC PEPTIDE INHIBITS EVOKED
CATECHOLAMINE RELEASE BY ALTERING SENSITIVITY TO
calcium
. s, Kangj,UminmnL, RxK, Stauffer* and gj,
Trachte. Departments) of Pharmacology and Medical and Molecular
Physiology, University of Minnesota, Duluth, MN 55812
Atrial natriuretic peptide (ANP) reduces depolarization induced
catecholamine release from differentiated rat pheochromocytoma
(PC12) cells. We tested the hypothesis that ANP reduces evoked
catecholamine release by inhibiting calcium entry through voltagegated calcium channels or by a mechanism distal to calcium entry in
PC 12 cells. Catecholamine release was significantly inhibited by the
dihydropyridine sensitive calcium channel inhibitor, nifedipine (20
nM) and not by the N-type calcium channel inhibitor, omegaconotoxin (0.5 microM). ANP did not significantly reduce
catecholamine release in cells pretreated with nifedipine whereas this
release was significantly inhibited by ANP in cells pretreated with
omega-conotoxin. ANP, also significantly augmented potassium
induced calcium transients in cells loaded with Fura-2. These results
suggest that the neuromodulatory effects of ANP are not mediated by
an inhibition of voltage dependent calcium channels. We further
tested the effect of ANP on transmitter release induced by calcium
entry through the calcium channel ionophore A23187. A23187
induced catecholamine release was significantly inhibited by ANP.
We conclude that a mechanism downstream from calcium entry
through voltage gated calcium channels is responsible for ANP
mediated inhibition of evoked catecholamine release in PC 12 cells.
(This work was supported by Grant ROl HL42525 from the PHS)

Miyamoto2 and F. Izumi. Dept, of Pharmacol, and 12nd Dept. of Int. Med., Univ.
of Occup. and Environ. Health, Kitakyushu 807, and 2Dept. of Pharmacol.
Kumamoto Univ. Sch. of Med., Kumamoto 860, Japan

We previously demonstrated that Ca2+/calmodulin-dependent protein
kinase II (CaMKII) exists in adrenal medullary cells and phosphorylates tyrosine
hydroxylase (TH), chromaffin granule membrane proteins and a novel
endogenous substrate (70 kDa) in vitro. In the present study,we investigated a
relationship between in situ activation of Ca2+/calmodulin-dependent protein
kinase II (CaMKII) and catecholamine (CA) secretion or activation of tyrosine
hydroxylase (TH) elicited by acetylcholine (ACh) in cultured bovine adrenal
medullary cells. The activation of CaMKII in several intact cells has recently
been reported as an increase in autonomous activity, which is measured by
32p-incorporation into syntide-2, a synthetic substrate. Incubation of the cells
with ACh resulted in the enhanced autophosphorylation and the increase in
autonomous activity of CaMKII. The autonomous activity of CaMKII elicited by
ACh was increased in time (0.3-5.0 min)- and concentration (10-300 independent manners. These response curves were closely correlated with
those of CA secretion and activation of TH in ACh-stimulated cells. A removal ol
extracellular Ca2+ abolished the ACh-induced increase in the CaMKII activity as
well as CA secretion and TH activity. Nicotine increased autonomous CaMKII
activity as potently as ACh, and hexamethonium completely blocked the AChinduced increase in the activity. These results suggest that CaMKII is activated
by ACh through the nicotinic ACh receptor-mediated influx of Ca2+, and may
play an important role in CA secretion and synthesis in intact adrenal medullary
cells.
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PHENYLTHANOLAMINE N-METHYL TRANSFERASE ACTIVITY,
IMMUNOREACTVTTY, AND m]RNA LEVELS IN CHROMAFFIN
CELLS A.L.Cahill* and R.L. Perlman. Depts. Pediatrics and Pharmacol,
and Physiol. Sciences, The University of Chicago, Chicago, IL 60637.
Adrenergic and noradrenergic chromaffin cells have classically been
distinguished by the presence or absence of phenylethanolamine Nmethyl transferase (PNMT). To understand this differential expression of
PNMT, we have measured PNMT activity, immunoreactivity, and
mRNA levels in cultures of bovine chromaffin cells enriched in either
adrenergic or noradrenergic cells. Immunocytochemical staining showed
that 85% of the adrenergic cells contained PNMT, whereas about 30% of
the noradrenergic cells were PNMT-positive. PNMT activity in freshly
isolated noradrenergic cells was only 4% of that in adrenergic cells,
while PNMT mRNA levels in the noradrenergic cells were about 20% of
those in the adrenergic cells. PNMT mRNA levels in both cell types
declined to undetectable levels after 2 days in culture, while PNMT
activity decreased by about 30% over 7 days. Treatment of the adrenergic
cells with dexamethasone, angiotensin II or forskolin restored PNMT
activity and mRNA levels to about those seen in freshly isolated cells. In
noradrenergic cells, dexamethasone increased PNMT activity and mRNA
levels above those seen in freshly isolated cells, but angiotensin II and
forskolin had no effect Nicotinic agonists increased PNMT activity in
the noradrenergic cells, but had no effect in the adrenergic cells. Thus in
addition to PNMT-negative noradrenergic cells, our noradrenergic cell
cultures appear to contain a population of cells which express low levels
of PNMT, and in which PNMT expression is regulated differently than
in adrenergic cells. (Supported by grants from NSF, NIH, the Chicago
Heart Association and the Brain Research Foundation)

HETEROGENEOUS EXPRESSION OF GTP CYCLOHYDROLASE I (GTPCH)
mRNA IN MONOAMINERGIC NEURONS DETERMINED BY QUANTITATIVE
IN SITU HYBRIDIZATION. S.I. Lentz*. K. Hiravama and G. Kapatos. Cellular and
Clinical Neurobiology Program, Dept. of Psychiatry, Wayne State Univ. Sch. of
Med., Detroit, MI 48201
Tetrahydrobiopterin (BH4) is the essential cofactor for the pterin-dependent
monooxygenases which include tyrosine and tryptophan hydroxylases. GTP
cyclohydrolase I (GTPCH) is the first and rate-limiting enzyme in the BH4
biosynthetic pathway. The in situ hybridization technique was used to study the relative
levels of expression of GTPCH mRNA between monoaminergic neurons in the rat
brain. Coronal sections between the diencephalon and myencephalon were exposed to
a 35S-labelled antisense cRNA probe and subjected to emulsion based autoradiography.
Fifty cells from each GTPCH positive (GTPCH+) cell group were imaged and the
proportional area (total grain area/total cell area) was used to compare across
catecholamine (CA) and 5-hydroxytryptamine (5HT) containing cell groups. Overall,
GTPCH + neurons in 5HT cell groups had a significantly higher level of proportional
area covered by grains than CA groups. Within the 5HT containing cell groups,
GTPCH + cells in the median raphe nucleus, caudal linear nucleus raphe (B8) and the
dorsal raphe (B7) expressed the highest levels of GTPCH. In CA cell groups, higher
levels of GTPCH expression were observed in the dopaminergic (DA) neurons of the
ventral tegmental area (A 10) compared to the substantia nigra pars compacta (A9) and
both were higher than DA neurons in the hypothalamus (A11-A14). GTPCH+ cells
in the norepinephrine (NE) containing cells of the locus coeruleus (A6) and
subcoeruleus (A6v) expressed higher levels of GTPCH than cells in other NE (A1 and
A2) or epinephrine (Cl and C2) cell groups. The heterogeneous expression of
GTPCH mRNA in monoaminergic neurons may play an important role in regulating
the levels of BH4 and ultimately the biosynthesis of monoamines. (Supported by NIH
NS26081)

225.19
PROJECTION OF THE PREFRONTAL CORTEX -> NUCLEUS
ACCUMBENS NEURONS. N.A.Gorelova«.C.R.Yana & J.K. Seamans. Dept,
of Psychology, & Psychiatry, Univ. of British Columbia, Vancouver, B.C. V6T
1Z4, Canada.
The prefrontal cortex (PFC) is functionally implicated in the organization of
behavioral sequences and its dysfunction is associated with neuropsychiatric
disorders. While the PFC projection to the nucleus accumbens (NAc)

represents one of the key routes for transmitting PFC signals into actions,
little is known about the functional properties of the PFC->NAc neurons. We
aim to develop a brain slice preparation that preserves an intact PFC->NAc
projection for investigating the electrophysiological properties of pyramidal
neurons of this pathway. We first determine the course of projection of these
neurons using iontophoretic (+5pA, 7sec on, 3sec off, 2Omins) or pressure
injections (0.5 pl) of the biocytin (5-10%) as an anterograde tracer into
different regions of the prelimbic cortex bilaterally in vivo. Following 24 hrs
survival, microtome sections stained with streptavidin-HRP-DAB complex
revealed that fibres from layer V-VI of the rostroventral prelimbic cortex
destined for NAc pass ventrocaudally through the deep cortical layers of the
infralimbic region to enter the NAc. The axons from these PFC neurons
ramify extensively and form dense terminal patches mainly in the
anterodorsal part of the NAc. Biocytin is also iontophoretically injected in the
PFC of 400 pm fresh brain slices cut parallel to the rhinal fissure, obliquely at
«45° to the horizontal plane and maintained viable in vitro for 5 hrs. A few
very fine fibres from the PFC can be traced for several mm, winding in their
projection within the NAc in the same plane. Furthermore, intracellular
recordings made in brain slices obtained .using this method of cutting yielded
antidromic responses of PFC neurons to electrical stimulation of the NAc. in
view of the two major dopaminergic terminal fields in the PFC and the NAc
which are likely to be connected by this pathway, this preparation is valuable
in the studying of the functional properties of the PFC->NAc pathway and its
modulation by dopamine in vitro. (Funded by B.C.Health Research
Foundation & C.R.Yang is a B.C.H.R.F. Scholar).
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225.20
ACTIONS OF DOPAMINE (DA) ON PREFRONTAL CORTEX (PFC)
PYRAMIDAL NEURONS IN BRAIN SLICES THAT PRESERVE THE
PFC—>NUCLEUS ACCUMBENS (NAc) PROJECTION. C.R.Yano* &
J.K.Seamans. Dept, of Psychology, & Psychiatry, University of British
Columbia, Vancouver, B.C. V6T 1Z4, CANADA.
Corticostriatal neurons (CS) interconnect two major terminal fields of the
ascending midbrain DA neurons in the medial PFC and the NAc. While the
actions of DA in PFC are functionally implicated in the regulation of DA
release in the NAc, the cellular mechanisms underlying the actions of DA on
CS remain undefined. Using in vitro intracellular current-clamp recordings and
biocytin-labelling,
we
have
characterized
electrophysialagically
&
morphologically 3 principal pyramidal cell types in layer V-VI of PFC in
obliquely cut brain slices, with two types respond antidromically to NAc
stimulation. DA and the D1 agonist SKF38393 (10-40pM in 0.1% Na+
metabisulphite & O.7pM bicuculline) has multiple actions on the active
membrane properties of these cells: 1) Regenerative dendritic high threshold
Ca2* spikes (HTS) evoked from -40 mV (in the presence of TTX and TEA)
are consistently attenuated. By substituting Ba2* (2mM) for [Ca2*!,, it is
possible to circumvent Ca-inactivation of the HTS. Under this condition,
SKF38393 enhances both the HTS amplitude and frequency, suggesting that
D1 receptor activation initially increases dendritic Ca2* entry which then
induces a secondary Ca2* inactivation of the HTS. 2) At 10-25 mV above

resting Vm and subthreshold to firing, PFC neurons exhibit a TTX-sensitive
membrane oscillation, and a depolarizing inward rectification. DA or the D1
agonist enhances this membrane rectification, thus lowering the threshold for
firing and shortening the onset of the first spike latency evoked by intracellular
depolarizing pulses. These findings suggest that PFC DA can provide an
overall amplification of depolarizing inputs, but exert a rapid time-dependent
suppression of Ca2*-mediated signals at the dendrites. The voltage-

dependence of the DA actions also suggest that the state of excitability of
PFC neurons actively governs their own responses to DA. (Funded by B.C.
Health Research Foundation & C.R.Yang is a B.C.H.R.F. Scholar)
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EVIDENCE FOR DIRECT INPUT TO VENTROLATERAL
MEDULLARY CATECHOLAMINERGIC NEURONS FROM THE
PERIAQUEDUCTAL GRAY OF THE MIDBRAIN IN THE RAT.
S. Chen*, D, T, Fleischerand G. Aston-Jones. DD. Behav.Neurobiol., Dept.
Mental Health Sci., Hahnemann Univ., Philadelphia, PA 19102.

LOCUS COERULEUS (LC) INNERVATION
OF THE RAT TRIGEMINAL
PARALEMNISCAL PATHWAY. K.L. Simpson*. R.C.S. Lin, and B.D. Waterhouse. Dept.
of Physiology and Biophysics. MCP/Hahnemann University, Philadelphia. PA 19102
In rat, two pathways convey sensory information from the whiskers on the contralateral
face to somatosensory cortex: a primary lemniscal path (LP) which relays through the
ventral posterior medial (VPM) nucleus of thalamus and a secondary paralemniscal path
(PLP) which relays through the rostral sector of the posterior complex (PO) of thalamus.
To better understand the functional relationship between LC and its multiple efferent
targets along a modality specific sensory pathway, we compared the distribution of LC
neurons that project to cortical and sub-cortical sites associated with the PLP to the
distribution of LC cells that innervate the LP. Specific issues addressed included: the
intranuclear location of cells projecting from LC to structures associated with the PLP (PO
and Sll cortex); the ipsi-vs-contralateral distribution of these LC projection neurons; the
degree to which individual LC cells collateralize to multiple sites along the somatosensory
pathway.
Fluorescent retrograde tracers were injected into electrophysiologically
identified whisker regions of the PO, and stereotaxically localized regions of Sll.
Quantitative analysis of 4Oum coronal sections though LC revealed that the majority of
labeled cells following PO (n=1) or Sll (n=4) injections were concentrated in the caudal
2/3 of the LC throughout its dorsal and ventral divisions. Previous studies have
demonstrated a similar pattern of labelling after comparable injections in VPM or SI
cortex. The projection from LC to SI and Sll is almost exclusively ipsilateral, whereas LC
innervation of PO and VPM is bilateral; i.e., 80% ipsi/20% contra and 65% ipsi/35%
contra, respectively. 50% of the LC cells that project to PO also innervate Sll. Previous
studies showed 35-40% of LC cells that project to VPM also project to SI. These results
support and extend earlier findings which determined that LC projections are selectively
organized with regard to their efferent targets along the ascending somatosensory
pathway. Such organizing principles could provide insights into how the NE/LC system
may simultaneously exert modulatory influences at multiple levels of modality-specific
systems. NIDA DA05117 and NINDS NS32461 to BDW.

Both the periaqueductal gray (PAG) nf the midOrain and ventrolateral medullary
catecholaminergic neurons (Al/Cl) have been implicated in cardiovascular regulation.
However, it is unknown if the PAG directly innervates Al/Cl neurons. The present
study addressed this issue in the rat using Phaseolus vulgaris leucoagglutinin (PHAL) anterograde tracing combined with tyrosine hydroxylase (TH) or
phenyiethanoiamine N-methyl transferase (PNMT) immunocytochemistry.
Following iontophoretic injection of PHA-L into the ventral and lateral PAG, Orain
stem sections were processed with two-color double immunostaining: PHA-L labeled
fibers and terminals were stained black with ABC-DAB-Nickel and TH- or PNMTimmunoreactive (ir) neurons were stained brown with PAP-DAB. Overlap of PHA-L
labeled fibers and terminals from the PAG with TH-ir neurons or PNMT-ir was seen
throughout the rostrocaudal ventrolateral medulla. Many of the PHA-L labeled
varicose fibers and boutons were not contiguous with TH-ir neurons. However, some
were found in close contiguity with TH-ir cell bodies and dendrites. Such contiguity
appeared to occur more frequently on TH-ir neurons in the A1 area than on TH-ir
neurons in Cl area or on PNMT-ir neurons. In addition, iontophoretic injection of
Fluoro-Gold in the A1 area resulted in retrogradely labeled neurons in the
ventromedial, ventrolateral and lateral PAG. These results suggest that: (i) the PAG
innervates mainly non-catecholaminergic neurons in the ventrolateral medulla, and
(ii) some PAG inputs to the ventrolateral medulla directly innervate Al/Cl neurons;
EM studies are needed to confirm these possibilities. These findings indicate that
PAG's role in cardiovascular regulation may be mediated partially by medullary
catecholaminergic neurons. Supported by PHS grant NS24698.

225.23

225.24

ANATOMICAL AND PHARMACOLOGICAL CHARACTERIZATION OF THE
DOPAMINE INNERVATION OF THE THALAMIC PARAVENTRICULAR
NUCLEUS. D. Qngur* and A. Y. Deutch. Departments of Psychiatry and
Pharmacology, Yale University School of Medicine, New Haven,CT 06508.
The thalamic paraventricular nucleus (PV) has recently received
attention because of its projections to three key forebrain dopamine (DA)
regions: the prefrontal cortex, nucleus accumbens shell, and basolateral
amygdala. DA-irnmunoreactive fibers are present in the PV, but very
sparse in the adjacent mediodorsal thalamic nucleus. We now report the
anatomical and pharmacological characterization of the DA innervation
of the PV in the male rat. Using iontophoretic deposits of Fluo^^d, we
found that DA neurons in the ventral tegmental area project to the PV.
These cells were most commonly observed in the nuc. parabrachialis
pigmentosus and caudal linear nucleus; a few retrogradely labelled cells
were seen in the dorsal substantia nigra. In addition, a small population
of zona incerta DA neurons were found to project to the PV. Biochemical
examination revealed that levels of DA and its acidic metabolite DOPAC
were quite low in the PV (DA: 4.17 ng/mg protein), while levels of
norepinephrine (32.61 ng/mg) and 5-HT (21.78) were substantially
higher. Systemic administration of haloperidol (HPD) and clozapine (CLZ)
significantly increased DA utilization in the PV, with CLZ exerting a more
pronounced effect; this observation is consistent with our previous report
that clozapine markedly increases Fos expression in the PV. Mild
footshock stress did not significantly increase DA utilization in the PV,
although a trend was noted. In summary, these data indicate that the PV
receives a functional dopaminergic innervation that responds to
antipsychotic drugs.

DRUGS OF ABUSE INCREASE FOS EXPRESSION IN THE THALAMIC
PARAVENTRICULAR NUCLEUS. P. Z. Gallipoi* D. Qngur, and A. Y.
Deutch. Departments of Psychiatry and Pharmacology, Yale University
School of Medicine, New Haven, CT 06508.
The paraventricular nucleus of the thalamus (PV) receives a
dopaminergic innervation from the ventral tegmental area, and sends
glutamatergic projections to a number of sites that are thought to be
important in subserving certain actions of drugs of abuse; these
include the nucleus accumbens shell, the medial prefrontal cortex, and
the basolateral amygdala. We therefore examined the effects of
administration of several drugs of abuse on Fos protein expression in
the PV. Adult male rats were administered cocaine, amphetamine,
methamphetamine, or vehicle and sacrificed four hours later. The PV
and nucleus accumbens (NAS) was dissected and levels of Fos and
Fos-related antigens (Fras) determined by immunnOlnts and in some
cases by immunohistochemistry. All three drugs caused a dramatic
increase in Fos expression in the PV; in addition, several Fras were
regulated. Cocaine also appeared to increase the number of Fos-li
neurons in the PV, but not the laterally contiguous mediodorsal
nucleus. In the nucleus accumbens, Fos levels were only marginally
increased by the three drugs, but Fras were strongly increased;
methamphetamine exerted the strongest effect. The difference between
the PV and NAS may reflect the temporal differences in Fos induction.
The present data suggest that the PV may be an important site that
functions in the integration of several aspects of drugs of abuse.

225.25

225.26

MESOLIMBIC DOPAMINERGIC MODULATION OF SYNAPTIC
TRANSMISSION IN THE DENTATE GYRUS IS MEDIATED
THROUGH THE SEPTAL NUCLEUS Criado. O.R.*. Steffensen. S.C. and
Henriksen. S.O.. Scripps Research Institute, La Jolla, CA 92037
The dentate gyrus is heavily innervated by cholinergic and GABAergic fibers from
the medial septum and to a lesser extent by afferents from the supramammillary
nucleus, noradrenergic fibers from the locus coeruleus, serotonergic fibers from the
dorsal/median raphe and dopaminergic fibers from the ventral tegmental area (VTA).
The lateral septum, however, receives a dense dopaminergic innervation. We have
previously demonstrated that stimulation of the VTA produces robust facilitation of
perforant path to dentate population spike amplitudes, but has no effect on excitatory
synaptic transmission (population EPSPs) suggesting that VTA inputs modulate
inhibitory processes in the hippocampus. Furthermore, VTA facilitation is resistant
to pharmacological antagonism or depletion of the serotonergic, noradrenergic,
adrenergic or cholinergic systems. The purpose of this study was to further
characterize the neurotransmitter(s) and synaptic hodology mediating VTA-induced
modulation of dentate physiology. While neither systemic or in situ hippocampal
micrnelectrophnretic application of the D1 antagonist, SCH23390, or the D2
antagonist, eticlopride, had consistent effects on VTA facilitation, application of
these agents to the lateral septum suppressed and restored VTA facilitation,
respectively. Furthermore, animals depleted of dopamine by 6-OHDA (desipramine
pre-treatment) had significantly reduced VTA facilitation. Independent of VTA
stimulation, dopamine depletion increased paired-pulse inhibition of perforant path
to dentate responses. These findings implicate dopamine in the mes^^K
modulation of hippocampal physiology; however, the indirect dopaminergic
modulation of hippocampal function via die septal complex appears to functionally
predominate compared to the sparse direct input. This work was supported by DHHS
# P50-AA06420 to SOH.

HIPPOCAMPAL AFFERENTS TO THE RAT PREFRONTAL CORTEX:
SYNAPTIC TARGETS AND RELATION TO DOPAMINE TERMINALS.
D.B. Carr*, H.C. Wolf, and S.R. Sesack. Departments of Neuroscience and
Psychiatry, University of Pittsburgh, Pittsburgh, PA 15260.
Afferents to the prefrontal cortex (PFC) from the hippocampal (HIPP)
formation and midbrain dopamine (DA) cells have been implicated in the
expression of spatial working memory and in the pathogenesis of
schizophrenia. The potential modulatory interaction between HIPP and DA
afferents to the PFC is suggested both by their ^distribution to deep layers
and their demonstrated physiological interaction and synaptic convergence in
subcortical regions. In order to determine the cellular basis for an interactive
role of HIPP and DA afferents in PFC function, we sought to examine the
postsynaptic targets of HIPP afferents and their relationship to DA terminals.
HIPP terminals, labeled either by anterograde degeneration following lesions
of the fimbria or anterograde transport, formed primarily asymmetric synaptic
junctions on dendritic spines and occasionally on dendritic shafts. These
findings suggest that HIPP afferents to the PFC utilize an excitatory
neurotransmitter and target spiny pyramidal neurons. In tissue additionally
labeled for DA or tyrosine hydroxylase immunocytochemistry, HIPP terminals
were sometimes directly apposed to DA terminals, without forming axo-axonic
synapses. This close association may facilitate modulatory, albeit nonsynaptic, interactions between DA and HIPP afferents at a presynaptic locus.
Since DA terminals also synapse on pyramidal cell spines, studies are in
progress to determine whether HIPP and DA terminals interact postsynaptically
through convergence onto common dendrites. This work is supported by
USPHS grant MH50314.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

TUESDAY AM

NEUROTRANSMITTERS IN INVERTEBRATES II

226.1

ISOLATION AND MOLECULAR GENETIC
ANALYSIS
OF
THE
DROSOPHILA
MELANOGASTER MYOSUPPRESSIN GENE (Dms ).
J. McCormick*. M. Dickerson, and R. Nichols
Departments of Biology and Biological Chemistry,
University of Michigan, Ann Arbor, MI 48109-1048.
The Drosophila melanogaster myosuppressin
peptide (DMS), TDVDHVFLRFamide, is an abundant
peptide expressed in the central nervous system and
gastrointestinal
tract
throughout
development
(McCormick and Nichols, J. Comp. Neurol. 338: 279
1993). Using a cDNA amplified from head RNA we
have
isolated
the
Drosophila
melanogaster
myosuppressin gene (Dms). The genomic DNA has
been restriction mapped and sequenced. Based on the
sequence analysis and cytological location of the gene
we have begun a molecular genetic analysis of the
Dms gene.

226.2

CARDIOINHIBITING
ACTIVITY
OF
THE
DROSOPHILA MELANOGASTER MYOSUPPRESSIN
PEPTIDE, DMS. M, Dickerson* and R. Nichols
Departments of Biology and Biological Chemistry,
University of Michigan, Ann Arbor, MI 48109-1048.
The
Drosophila
melanogaster
peptide
TDVDHVFLRFamide, designated dromyosuppressin
or DMS, shares a high degree of structure homology
with myoinhibiting peptides isolated from other
organisms. These myoinhibiting peptides have been
shown to inhibit heart rate in isolated tissue
preparations. We have used an in vivo, noninvasive
microscopic assay to demonstrate that DMS inhibits
the heart rate in Drosophila in a dose dependent
manner. Our studies compare the effects of DMS to
those of other substances previously shown to
modulate heart rate.

226.3

226.4

SPATIAL AND TEMPORAL EXPRESSION OF
THE
DROSOPHILA
MELANOGASTER
FMRFAMIDE GENE: EVIDENCE FOR A
CONSERVED
RESTRICTED
EXPRESSION
PATTERN. R. Nichols? J. McCormick, and I. Lim
Departments of Biology and Biological Chemistry,
University of Michigan, Ann Arbor, MI 48109-1048.
DPKQDFMRFamide, an abundant peptide in
Drosophila melanogaster, is one of five FMRFamidecontaining peptides encoded by the FMRFamide gene.
This peptide can also be predicted to be encoded by
the Drosophila virilis FMRFamide gene. We have
raised antisera to DPKQD-MAP and determined that
DPKQDFMRFamide immunoreactive material is
expressed in a subset of cells which have been
identified to contain FMRFamide immunoreactive
material and the FMRFamide precursor. Our data
indicate
that
the
Drosophila
melanogaster
FMRFamide gene undergoes cell-specific processing.

NITRIC OXIDE (NO) IN THE LEECH CNS: DISTRIBUTION AND
ENDOGENOUS PRODUCTION. L.D. Leake*1. M. P.Davis1 and L,L. Moroz2School of Biological Sciences, University of Portsmouth, Portsmouth POl 2DY,
U.K.,2Deparmient of Physiology, Byelorussian State University, Minsk,
220080,Belarus and3Deeartment of Physiology, University of Leeds, LS2 9NQ, UK.
The distribution of NO synthase (NOS)-containing cells and detection of NO
production from the CNS o^ the leech, Hirudo medicinalis, have been studied using
NADPH-diaphorase (NADPH-d) histochemistry and NO-sensitive microelectrode
(Inter Medical Co. Ltd Nitric oxide Monitoring Device supplied by Intracel Ltd).
Histochemical experiments have been carried out on the isolated CNS. The most
intensive NADPH-d labelling was detected on the ventral surface with some
differences between individual segmental ganglia. Neurones which always stain
intensely were identified as primary sensory cells N, P, T and as cells AP, 251, 50,
151, 152, 154, 156, 158, 161 and HE plus some smaller, less-easily identified cells
which may be among 61-64, 201-210, 220-232 (according the maps given by
Muller et al., 1981). Less intensive stained neurones were identified as
motoneurones AE, CV and cells among 56-60, 259-264, 50. The sex ganglia (G5,6)
showed a slightly different pattern of staining with some extra small NADPH-d
positive cells. For detection of NO-production, in semi-intact preparations, the
microelectrodes (tip diameter about 200 pm) were placed directly over the areas
known to have the highest density of NADPH-d positive cells. The estimated levels
of NO concentrations detected were in the range 400-700 nM. In all the
preparations tested, the administration of L-arginine (10 mM) caused an increased
level of endogenous production of NO. No-Nitro-L-arginine (10 mM), an inhibitor
of NOS decreased a background level of NO production. We conclude that (i) NO
can be endogenously synthesised in the leech CNS; (ii) the specific distribution of
the putative NOS-containing neurones suggests that NO can be natural signal
molecule in leeches.

226.5

226.6

DIRECT DETECTION OF NITRIC OXIDE (NO) PRODUCTION BY NOSENSITIVE MICROELECTRODES IN MOLLUSCA. L. L.Moroz*. S. Radboume.
and W.Winlow Dept, of Physiology, University of Leeds, Leeds LS2 9NQ, U.K.
and Department of Physiology, Byelorussian State University, Minsk, 220080,
Republic of Belarus.
It has recently been demonstrated that the CNS and peripheral tissues in different
invertebrate species have NO synthase (NOS) activity and a number of putative
NOS-containing cells have been detected histochemically. Here we demonstrate the
endogenous production of NO from living tissues of molluscs using two different
types of NO-sensitive microelectrodes: the Diamond General 2075 NO
Measurement System (Linton Instrumentation) and the Inter Medical Co. Ltd
Nitric oxide Monitoring Device (Intracel Ltd). Three different kinds of preparations
were selected to establish and estimate the background levels of biological
production of NO: (i) the rat aorta; (ii) the CNS of Lymnaea stagnalis and related
species Cepaea sp. and Umax sp.; (iii) a peripheral sensory organ, the osphradium,
of Lymnaea. In all cases, using isolated organs, the microelectrodes (tip diameter
about 200 pm) were placed directly over the areas known to have the highest
density of NADPH-diaphorase positive cells. Both NO sensitive microelectrodes
gave complementary, but comparable results. A hierarchy of tissues with respect to
NO production was: the rat aorta (300-600nM) > Lymnaea osphradium (1003O0idM) > Lymnaea buccal ganglia (30-100nM). The estimated levels of NO
concentrations detected in Cepaea and Limax were in range 30-200 nM. In all the
preparations tested the administration of L-arginine (10 mM) caused an increased
level of endogenous production of NO. This effect was suppressed by No-Nitro-Larginine (10 mM), an inhibitor of NOS. Thus, it may be concluded that NO can be
detected directly from the CNS and peripheral tissues of molluscs and rat aorta,
despite the limitations of the techniques used. High levels of NO production lend
themselves to further analysis of the biological role of this molecule in the molluscs.

NADPH-DIAPHORASE STAINING IN APLYSIA CENTRAL NERVOUS SYSTEM
AND MAMMALIAN HIPPOCAMPUS. J.-X. Bao* and R D. Hawkins. Ctr.
Neurobiol. & Behav., Columbia Univ., NY, NY 10032.
Nitric oxide (NO) has been shown to be an intercellular messenger in
mammals. NO synthase can be localized by immunostaining and/or
NADPH-diaphorase histochemical staining. We used the NADPHdiaphorase staining technique to attempt to identify NO synthase
containing neurons in the central nervous system of the mollusc Aplysia
californica. Strong staining was seen in cerebral ganglia, followed by
pedal, pleural and abdominal ganglia. There was little or no staining in
buccal ganglia. Within ganglia the staining was strongest in neuropil,
where axons, fine processes and sometimes varicose terminals were clearly
visible. The cerebral and pedal-pleural commissures showed some clear
staining. Very few soma in cerebral, pedal, pleural and abdominal ganglia
were stained; in favorable sections they were attached to stained axons. In
some cases unstained neuronal cell bodies were surrounded or contacted
by stained terminals. As controls, there was no staining in sections where
the incubation medium lacked NADPH or nitroblue tetrazolium. The
staining was also reduced by a NO synthase inhibitor, N-nitro-L-arginine
(100-1000 pM). For comparison, rat hippocampus and other mammalian
tissues were also studied in the same sections. Staining in hippocampus
depended on the fixative used: the pyramidal neurons in CA1 were not
stained with paraformaldehyde fixation but were stained with
glutaraldehyde. The small pyramidal neurons in layer II of certain regions
in mouse cerebral cortex were also stained, as well as a large number of
interneurons scattered in all regions of both hippocampus and cerebral
cortex. These results suggest that NO could play a physiological role as a
neurotransmitter or neuromodulator in Aplysia central nervous system as
well as in mammalian brain.
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226.7
CHARACTERIZATION OF AN INSECT NEURONAL NITRIC OXIDE
SYNTHASE. R.C. Rayne, M.R. Elphick, TIP- Bacon* and M. O'Shea.
Sussex Centre for Neuroscience, School of Biological Sciences, University
of Sussex, Brighton, BN1 9QG, U.K.
Previously, we have detected in the brain of the locust, Schistocerca
gregaria, both NOS activity and NO-activated guanylyl cyclase
activity and have used NADPH diaphorase histochemistry to identify

NOS-containing neurons. Here, we have verified that levels of NOS
activity detected in isolated regions of the locust brain correlate
directly with the distribution of NADPH-diaphorase staining. We
measured NOS activity by monitoring conversion of [3H]arginine to
[3H]citrulline using an HPLC method. NOS activity was highest (0.56
nmol citrulline produced/mg protein/min) in the antennal lobes, the
insect olfactory processing centers. This parallels the localization of
NOS in the olfactory bulb of the mammalian brain. Locust neuronal NOS
has similar properties to mammalian neuronal NOS: it is a NADPHrequiring enzyme activated by Ca2+/calmodulin and it is inhibited by
the Nw-nitro and Nw-methyl analogs of L-arginine. Locust NOS has
been semi-purified using ADP-aepharose chromatography and
identified as a ca. 135 kDa protein in Western blots using antisera raised
against rat cerebellar NOS (provided by V. Riveros-Moreno and S.
Moncada, Wellcome Labs). Purified locust NOS requires exogenous
tetrahydro-bioptern and is stimulated by exogenous calmodulin, but does
not require exogenous FAD or FMN for maximal activity. These results
provide evidence of biochemical and functional similarities in nitrergic
signalling systems of insects and mammals. [Supported by BBSRC grant
no. GR/J33234],

TUESDAY AM

226.8

HISTOCHEMICAL MAPPING OF NADPH-DIAPHORASE IN THE NERVOUS
SYSTEM OF Ascaris suum. Z.A.Bascal. A.MontgomerY. R.G.Williams. L,HoldenDve. and R.J.Walker.* Dept, of Phys. & Pharm., University of Southampton,
Southampton, SO9 3TU, UK.
Recent studies indicate that nitric oxide (NO) produced from L-arginine via the
activity of a NADPH-dependent enzyme, nitric oxide synthase (NOS) functions as a
neurotransmitter or neuromessenger in CNS and PNS. It has been shown that
mammalian NOS is identical to NADPH-diaphorase. Histochemical studies
localizing the distribution of NADPH-diaphorase (NOS) containing neurons have
focused principally on mammalian nervous systems. In preliminary studies we have
identified NADPH-diaphorase positive staining in CNS of the nematode Ascaris
suum (Montgomery et al 1994). To further determine the extent of the possible
involvement of NO in neuronal signalling in nematodes we performed NADPHdiaphorase histochemistry on central, peripheral and enteric nervous system (ENS)
and on somatic muscle cells of Ascaris suum. Whole mount preparations of Ascaris
were processed to reveal diaphorase positive neurons using a modification of the
method of Hope et al (1991). NADPH-diaphorase positive staining was observed in
CNS, PNS and ENS of Ascaris. The following were consistently stained; 4 neurons
in ventral ganglion, 1 large neuron in right lateral ganglia, ventral and dorsal nerve
cords, sublateral nerve cords, amphid commissures and motor neuron commissures.
Additionally, staining was observed in distinct neurons within the pharynx.
NADPH-diaphorase staining was also present postsynaptically in the synaptic region
of muscle cells. The distribution of NADPH-diaphorase positive cells within the
nervous system of Ascaris suum suggest that NO may be involved in neuronal
signalling at nematode synapses.
(Supported by the Wellcome Trust).
Montgomery,A., Bascal,Z., Holden-DyeJL., Williams,R.G., & Walker*RJ., 1994.
Brain Res Assoc. Abstr. 11, P16.1
Hope,B.T., Michael,G.J., & Knigge/CM. 1991. Proc Natl Acad USA. 88,2811-2814

226.9

226.10

ISOLATION AND CHARACTERIZATION OF A SPECIFIC
PROTEIN PRESENT IN A SINGLE NEURON OF THE
NEMATODE ASCARIS SUUM. P. Sithigomgul and A.O.W.
Stretton.* Department of Zoology, Univ. of Wisconsin,
Madison, WI 53706.
A neural-specific protein was isolated from extracts of heads
and tails of Ascaris suum by using 7 steps of HPLC
fractionation. Fractions were assayed by an immuno-dot blot
assay (Sithigomgul et al., /. Imm. Meth. 141 23, 1991) with
monoclonal antibody G15-6A. This antibody was generated by
immunizing mice with glutaraldehyde-fixed Ascaris head
extracts after immunosuppression of responses to muscle and
hypodermal antigens. Immunocytochemical localization
revealed that the antigen is present in a single neuron; its cell
body is in the dorsal rectal ganglion and its process runs along
the entire length of the ventral cord and then traverses the nerve
ring. MALDI-TOF mass spectrometry showed that the purified
protein has a molecular mass of 11,542 daltons. This study
demonstrates the feasibility of this strategy for isolating a
specific unknown molecule present in a small number of cells in
an organism. It should be of general applicability. Supported
by NIH grant AI 20355 and the Rockefeller Foundation.

DROSOPHILA ENHANCER TRAP LINES FOR FUNCTIONAL
STUDIES OF NEUROPEPTIDE SYSTEMS. M. A. O'Brien* and P. H.
Taghert. Washington University Medical School, St. Louis, MO 63110.
We are interested in functional analyses of neuropeptide systems in
Drosophila. None of the neuropeptide genes cloned to date in Drosophila
have provided the means for such a genetic approach. The use of enhancer
trap lines with P element insertions could represent an alternative means
of generating mutations in neuropeptide genes. We have screened several
hundred lines (from a GAL4 enhancer trap screen in K. Kaiser's lab, U.
Glasgow) that have patterns of lac Z expression predominantly in
identified neurosecretory cells. We have chosen to study one line in
particular because its pattern of expression correlates quite well with the
pattern of myomodulin immunoreactivity. The strongest staining in the
larval and adult CNS occurs in three pair of abdominal neurosecretory
cells that also express an Aplysia myomodulin immunoreactive peptide.
There is also weaker lac Z staining in more weakly myomodulin
immunoreactive cells in the thoracic ventral (Tv) neurosecretory cells and
in subesophageal cells which are a subset of myomodulin positive neurons.
In addition, there is expression in the CNS that does not appear to overlap
with the myomodulin immunoreactivity. Within the PNS, there is also
correspondence of expression. Most notably, two cells at each primary
branch point of the trachea are lac Z positive; one of these cells is also
strongly immunoreactive with the myomodulin antibody.
We have rescued flanking DNA and are in the process of cloning the
gene responsible for this expression in neurosecretory cells. We are also
excising the insertion to create mutations in the gene. This could provide a
means of beginning a functional analysis of a neuropeptide system in
Drosophila.

226.11

226.12

MUSCARINIC RECEPTOR HETEROGENEITY IN THE NERVOUS SYSTEM
OF AN INSECT, Manduca sexta. S. Oazi* and B. A. Trimmer. Dept. of Biology,
Tufts University, Medford, MA 02155.
We have shown previously that the binding of the muscarinic ligand, [3H]quinuclidinylbenzilate (QNB) to membranes prepared from the nervous system of
Manduca sexta, is consistent with the presence of at least two binding sites
(Kd=O.O86nM and 5.2nM). Determination of the association and dissociation rates
of [3H]-QNB suggested that these sites were heterogeneous (Kd=O.272nM and
O.9O9nM). However, the differences in the Kd values obtained’ from saturation and
kinetic studies indicated site-site interactions. Inhibition studies using three type
selective muscarinic drugs: pirenzepine (PZ, Ml); methoctramine (METHOC,
M2); 4-diphenylacetoxy-N-methylpiperidine methiodide (4-DAMP, M3) were
performed to determine the pharmacology'of the two proposed [3H]-QNB binding
sites. A [3H]-QNB concentration (l2nM) was chosen at which binding occurred to
both sites. Competition with each of the drugs was consistent with the presence of
at least two classes of binding sites. Affinity parameters for each drug were
obtained by co-analysis of total [3H]-QNB saturation binding isotherms (n=4) and
inhibition curves (n=4) using an iterative process in which the non-specific binding
value was fixed to that determined empirically. The following apparent K/'s were
obtained: PZ, l619nM and 2132OnM; METHOC, 239nM and 245lOnM; 4-DAMP,
l4nM and l717nM. To determine the pharmacology of the high affinity [3H]QNB binding site in isolation, dissociation was induced from the low affinity site
by isotopic dilution with O.2mM atropine for 10 min. At this time, each of the
drugs showed binding to a single site with the following K/s: PZ, l34nM;
METHOC, l396nM; 4-DAMP, l9nM. These differences in affinity from those
determined at equilibrium could not be accounted for simply by heterogeneity.
Supported by a Sloan Foundation Fellowship and NIH Grant NS 30566 to BAT.

MUSCARINIC AGONISTS ACT ON K CMANNELS OF
AN IDENTIFIED MOTONEURONE OF TME LOCUST,
SCHISTOCERCA GREGARIA. L.J. Anderson & R.M.
Pitman*. School of Biological and Medical Sciences, Gatty Marine
Laboratory, St. Andrews, Fife, Scotland, KY 16 8LB.
Acetylcholine (ACh) is a common neurotransmitter in the insect
central nervous system. The majority of cholinergic receptors are
nicotinic, but there is growing evidence for the presence of functional
muscarinic receptors. In this study, the cholinergic synapse between
the wing hinge stretch receptor and the first basalar motoneurone of
the locust Schistocerca gregaria has been investigated. Muscarinic
agonists evoke a response in the motoneurone which is blocked by
scopolamine. These receptors are unusual in that both muscarinic
agonists and nicotine (in the presence of a-bungarotoxin) induce
similar responses. In most preparations under voltage clamp the
amplitude of the outward current produced when the membrane is
jumped to 0 mV decreases when the muscarinic agonist McN-A-343 is
applied. In others this effect is preceded by an increase in the outward
current: after a few minutes the agonist-induced current decreases and
becomes inward.
In the presence of 1 mM Cd2+ ions, the McN-A-343-evoked
currents are not abolished. However the response can be blocked by
an external solution containing 40 mM tetraethylammonium ions
(TEA+) and in which Ca2+ ions are replaced with Ba2+ (4 mM). From
this it can be concluded that muscarinic agonists modulate at least one
type of K channel and have no effect on Ca2+ channels.
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226.13

226.14

CHOLINERGIC FUNCTION IN WILD-TYPE AND MUTANT C.
elegans. J. S. Duerr*. H.-d . Han, and J. B. Rand. Program in
Molecular and Cell Biology, Oklahoma Medical Research Foundation,

A NOVEL SYNAPTIC TRANSMISSION MEDIATED BY A
PACAP-LIKE NEUROPEPTIDE IN DROSOPHILA . Y. Zhong*
Cold Spring Harbor Laboratory, P.O.Box 100, Cold Spring Harbor,
NY 11724.
Vertebrate pituitary adenylyl cyclase-activating polypeptide
(PACAP) belongs to a neuropeptide family that includes VIP,
glucagon and secretin. Its receptors are coupled to both adenylyl
cyclase and phospholipase C. PACAP has been reported to regulate
hormone and transmitter release, neurite outgrowth, and gene
expression.
Presence of PACAP in invertebrate has not been reported.
PACAP-like neuropeptide mediated transmission was analyzed at
Drosophila larval body-wall neuromuscular junctions. Focal
application of PACAP38 to the neuromuscular junction region
triggered two temporally distinct muscle responses: an immediate
depolarization (10-15 mV) followed by a large enhancement (over a
hundred fold) of K+ currents. This late enhancement occurs many
minutes later after the early depolarization. High frequency (40 Hz or
up) stimulation of motor nerve fibers evokes a postsynaptic response
mimicking that induced by PACAP38. This evoked response is
desensitized by preincubation of the preparation with PACAP38.
PACAP38-like immunoreactivity also was found in the Drosophila
CNS as well as at almost all larval neuromuscular junctions. This
result demonstrates that a PACAP-like peptide may function in
invertebrates and that a neuropeptide can evoke two distinct postsynaptic responses with each separated by up to 15 minutes. In
addition, this initial electrophysiological study provides basis for
genetic analysis of neuropeptide function in Drosophila..

Oklahoma City, OK 73104.
We are studying two proteins important for cholinergic function,

choline acetyltransferase (ChAT) and UNC-17, the putative
synaptic vesicle acetylcholine transporter. We have made
antibodies against ChAT and UNC-17 and are using them to identify
and study cholinergic neurons in the nematode C. elegans.
Antibodies to UNC-17 label synaptic regions of cholinergic
neurons; anti-ChAT staining is enriched in synaptic regions, but
also appears cytosolic.
ChAT and UNC-17 are found in many putative excitatory motor
neurons of embryos, larvae, and adults. These include the ventral
cord motor neurons DA, DB, AS, VA, VB, and VC. In the pharynx,
motor neurons (M1, M2, M4, and M5) and an intemeuron (16)
appear cholinergic; elsewhere in the head more than 20 neurons

label. These neurons are largely motor neurons and intemeurons;

few sensory neurons appear cholinergic.
We are examining ChAT and UNC-17 staining in a number of
uncoordinated mutants, including mutants of the genes that encode

these proteins, cha-1 and unc-17. Many cha-1 and unc-17
mutants, as well as selected other uncoordinated mutants, show
generalized or specific decreases in the staining of one or both of
these cholinergic proteins. We will continue to examine these
mutants to identify genes that are important for the development or
differentiation of cholinergic neurons.
Supported by grants from NIH, NSF, OCMM, and OCAST.

226.15
A NEURONAL FUNCTION FOR THE MIDLINE MESODERMAL CELLS IN
Drosophila. N.J. Tublitz*. M. Bate. S,A, Davies. J.A,T, Dow. & S.H.P.
Maddrell. Dept. Zoology, U. Cambridge, Cambridge UK & Dept. Cell Biol., U.
Glasgow, Glasgow UK.
The embryonic fly contains a set of 20 cells, the midline mesodermal cells
(MMCs), which lie in pairs on the midline immediately dorsal to the CNS and
which have axonal-like bipolar processes in the transverse nerve (TN) terminating
near muscle 8. We have been interested in determining the function of the MMCs
and our starting point was their putative homology with a set of TN-projecting
neurosecretory neurons in the moth, Manduca sexta, which express a family of 5
myoregulatory neuropeptides, the CAPs.
To determine whether the MMCs express the CAPs, MMCs were dissected from
late embryos and tested for bioactivity on two CAP bioassays. MMCs trigger a
marked increase in heart rate when assayed on the L3 heart, which responds to all
CAPs except CAP2b (i.e. CAPla, lb, 2a & 2c). The MMC cardiostimulatory
activity is protease-sensitive and is found in embryonic, larval, and adult stages.
MMCs from the same stages stimulate fluid secretion in the adult Malphigian
tubules (MT), an assay which responds to only one CAP, CAP2b. In addition,
larval MMCs stain with 2 different anti-CAP2a antibodies. Together these data
show that the MMCs express at least two CAPs, CAP2a and 2b, and suggest that
MMCs may modulate the larval heart and adult MTs.
We have also investigated the mode of action of the CAPs in fly MTs, focussing
on the relationship between cGMP and CAP2b. Both cGMP and CAP2b induce
relatively slow changes in secretion rates. Assays of cGMP levels show that
CAP2b stimulates an 85% increase in the basal levels of cGMP. Synergism
experiments show that CAP2b saturates the cGMP-mediated secretion pathway but
not the cAMP pathway. These data suggest that CAP2b affects secretion via a
cGMP-dependent mechanism and provide additional evidence for a neuronal function
for the MMCs.
Supported by the NSF and an NIH Fogarty Senior International Fellowship.
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227.1

227.2

Cloning and sequencing of a putative high affinity choline
transporter cDNA from human brain. L.F.S. Barnwell*. A.M.
Gresham. G. Chaudhuri & J.G. Townsel. Division of Biomedical
Sciences, and Physiology Department, Meharry Medical College,
Nashville, TN 37208.
In cholinergic neurons the synthesis of acetylcholine is
supported by a high affinity choline uptake system (HAChUS).
Recently, Mayser et d/.,[FEBS 305, (1): 31-36, 1992], determined
the primary structure of a choline co-transporter in the rat central
nervous system (CHOT1). Other studies have shown a very high
degree of sequence homology between rat and human
neurotransmitter transporters [Giros, et al., Mol. Pharmacol. 42(3):
383-90 1992]. In this study, we utilized the MacVector program
(IBI-Kodak, New Haven, CT) to generate primer pairs from the open
reading frame of CHOT1. These primers were used to perform
polymerase chain reaction (PCR) screening of two human brain
cDNA libraries for the human choline transporter. All specific
products generated were sequenced by the femto-mole sequencing
procedure from Promega. The PCR products were determined to be
93% homologous to CHOT1.
This possible human choline
transporter is currently being evaluated for its structure/function
relationship by expression in a heterologous system and by site
directed mutagenesis. Supported by NIH grants GM 08037 and
RRO33O2 and NSF grant HRD-9106096.

EVIDENCE OF AN OCCLUDED POPULATION OF CHOLINE COTRANSPORTERS IN THE CNS OF LIMULUSPOLYPHEMUS. A.C. YoungSeigler*. B.D. Ford and J.G. Townsel. Department of Physiology, Meharry
Medical College, Nashville, TN 37208.
A sodium-dependent high affinity choline uptake system (HAChUS) has been
characterized in the horseshoe crab, Limulus potyphemus (Ivy and Townsel, 1987).
The mechanism by which depolarization facilitates an upregulation of the HAChUS
was studied in both brain slices and synaptosomal preparations from Limulus
nervous system. It has been suggested that an increase in the number of functional
surface choline transporters may facilitate this increase in the rate choline uptake.
Depolarization by pre-exposure to elevated KC1 (90-120 mM KC1 in Chao's)
significantly increased choline uptake in both preparations by >75%. Similarly,
elevated potassium elicited an increase in hemicholinium-3 (HC-3) binding (>
150%). The sulfhydryl reacting compounds n-ethylmaleimide (NEM) and pchloromercuriphenyl sulfonic acid (PCMPS) each inhibited uptake in both
preparations by >80%. Tissues and synaptosomes pre-treated with the membrane
permeable NEM (20 mM) and the non-permeable PCMPS (10 mM) were
subsequently stimulated with elevated KC1. Transport activity was partially
recovered in PCMPS treated preparations following stimulation. This recovered
transport was inhibited by 200 pM HC-3. Potassium stimulated NEM treated
preparations were not different from unstimulated preparations in choline transport
activity. These results imply that potassium stimulation facilitates the translocation
of an intracellular, NEM-resistant population Of choline transporters to the plasma
membrane. By means of HC-3 binding, we aim to identify the intracellular pool of
translocatable choline co-transporters. This project was supported in part by NIH
grant 5 SO6 GM08037-21, RIMI grant HRD-9106096, and RCMI grant 1-G12RRO3O32-O8. B.D.F. and A.C.Y. are Porter Fellows of the APS.
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227.3

227.4

PROMISCUITY OF THE ACETYLCHOLINE TRANSPORTER. M. L Nauven

CHEMICAL MODIFICATION OF TWO SULFHYDRYL GROUPS IN THE

and S. M. Parsons*.

Neuroscience Research Institute, University of

California, Santa Barbara, California 93106.
Cholinergic synaptic vesicles purified from the electric organ of

Torpedo californica

exchange external acetylcholine (ACh) for
internal protons. The required pH gradient can be established
either by the vesicular V-type ATPase or by lysis of vesicles in an
acidic

medium

followed

by

jumping

the

external

pH.

[14C]Methylamine was included in vesicular suspensions with
pHjACh in order to monitor pH gradients during uptake of ACh.
Because inhibition of the AChT by vesamicol results in greater
acidification of vesicles in both uptake protocols, proton flux
through the ACh transporter (AChT) must account for a large
fraction of the proton flow across the vesicular membrane.
Because many more protons than molecules of ACh flow across the
vesicular membrane, it is likely that vesamicol-sensitive proton
flow is due to exchange of protons for buffer cations such as
potassium ions. The AChT has even lower specificity for ACh
analogues than previously demonstrated, as the very large analogue

(±)-{cis,trans)-1 - benzyl -1 - meth yl-3-benzoyloxy pyrrol idinium is transported.
The results suggest that the AChT
transports ACh, protons, buffer cations like potassium ions, and
distantly related analogues of ACh, which leads us to conclude that
the AChT is extremely promiscuous.

VESAMICOL RECEPTOR FROM TORPEDO CALIFORNICA SYNAPTIC
VESICLES. J. E. Keller. S. K. Fisher* and S. M. Parsons.
Neuroscience Research Institute, University of California, Santa

Barbara, California 93106.
Reaction of synaptic vesicles at pH 7.8 with N-ethylmaleimide
(NEM),
p-chloromercuriphenylsulfonate
(CMPS),
or
pchloromercuribenzoate (CMB) causes a first order loss of the
vesamicol receptor (VR) in the acetylcholine transporter, as

measured by [3H]Vesamicol binding. If vesamicol is present before

NEM, CMPS, or CMB addition the VR
is protected.
Methylmethanethiosulfonate and methylmercuric chloride do not
inactivate vesamicol binding, but they protect against inactivation
by the other agents. We conclude that one critical sulfhydryl is
susceptible to alkylation and this sulfhydryl and another critical
sulfhydryl are susceptible to mercuriation. Apparently, neither
sulfhydryl is in the vesamicol binding site per se, but both are
strongly linked conformationally. The NEM-insensitive sulfhydryl
is less reactive probably because it is within a hindered,
hydrophobic domain. The VR inactivation rate with CMPS is 10-50
fold faster in the pH range of 6.8-7.2. The confinement of this
effect to such a narrow pH range suggests that two protonation
events of similar pKa values have large opposite effects on
sulfhydryl reactivity. These sulfhydryls may serve as sites for
radiolabelling of polypeptides linked to the vesamicol binding site.

227.5

227.6

THE MAMMALIAN VESICULAR ACETYLCHOLINE TRANSPORTER:
FUNCTIONAL IDENTIFICATION, DISTRIBUTION AND EXPRESSION FROM
A 'CHOLINERGIC' GENE LOCUS Jeffrey D. Erickson. Helene Varoaui.

ISOLATION AND CHARACTERIZATION OF A PUTATIVE RAT VESICULAR
ACETYLCHOLINE TRANSPORTER cDNA. A. Roghani*. S.A. Kohan. J.D.
Feldman. A. Shirzadi. N.C. Brecha. C.B. Gundersen and R.H, Edwards- Depts. of
Neurology and Biol. Chem., UCLA School of Medicine, Los Angeles, CA 90024.
Abundant evidence has suggested that acetylcholine (ACh) has a role in the pathogenesis of neurodegenerative disease. ACh and other transmitters are deposited in
synaptic vesicles so that their release may be regulated in response to neural activity.
The storage requires active transport from the cytoplasm. We have recently found

Martin

K.-H.

Schafer.

William

Modi.

Marie-Francoise

Diebler.

Eberhard Weihe. James Rand. Lee E. Eiden. Tom I. Bonner and Ted B.

Usdin*.

Laboratory of Cell Biology, NIMH/NIH, Bethesda, MD 20892;

Departement de Neurochimie, Laboratoire de Neurobiologie
Cellulaire, CNRS, France; Department of Anatomy, JohannesGutenberg University, Mainz, FRG; Frederick Cancer Research and
Development Facility, NCI/NIH, Frederick, MD 20797; and Program
in Molecular and Cell Biology, Oklahoma Medical Research Foundation,
Oklahoma City, OK 73104.
The rat vesicular acetylcholine transporter (VAChT) has been
identified based on the acquisition of high-affinity vesamicol binding
and
proton-dependent,
vesamicol-sensitive acetylcholine
accumulation by a fibroblast cell line transfected with the cDNA
encoding this protein. The distribution of VAChT mRNA is identical to
that reported for choline acetyltransferase (ChAT), the enzyme
required for acetylcholine biosynthesis, in the peripheral and central
cholinergic nervous systems. A human VAChT cDNA was used to
localize the VAChT gene to chromosome 10 at position q11.2, also the
location of the ChAT gene. The entire sequence of the human VAChT
cDNA is contained within the first intron of the ChAT gene locus. The
transcription of VAChT and ChAT mRNAs from a single gene locus
provides a mechanism for regulated expression of the cholinergic
neuronal phenotype.

227.7

LABELING OF DISTINCT VESAMICOL RECOGNITION SITES IN THE
CORTEX AND STRIATUM OF PRIMATE BRAIN WITH THE NOVEL
RADIOLIGAND [125I]MIBT. S.M.N. Efange. T.K. Stalev. O, Ouvang.
and D.C. Mash*. Department of Radiology and Medicinal Chemistry,
University of Minnesota, Minneapolis, MN 55455, Departments of
Neurology and Pharmacology, University of Miami School of Medicine,
Miami, FL. 33101.
The vesamicol recognition site located on the cytoplasmic surface of the
cholinergic synaptic vesicle is allosterically associated with the
vesicular transporter for acetylcholine. The present study describes the
evaluation of the novel radioligand (+) m-U^I] iodobenzyltrozamicol
([125i ]MIBT) as a probe for the in vitro labeling of the vesamicol
recognition site on cholinergic synaptic vesicles in primate brain.
Saturation analysis of P25l]MB3T binding defined by 10 pM (+) ABV (4aminobenzovesamicol) demonstrates a single high affinity binding site
with a KD value of 3.9 + 0.4 nM in the primate striatum. The rank order
of potency for competition of [125i ]m Ib T binding to the primate striatum
is characteristic of the vesamicol recognition site on the cholinergic
synaptic vesicle [(+)MIBT > (-) ABV > (+) ABV > (-) vesamicol > (+)
vesamicol > (-) pentazocine > (+) pentazocine!. Similar to the striatum,
[125i ]MIBT labels a single high affinity binding site with a KD value of
3.0 + 2.1 nM in the primate occipital cortex. However, the rank order of
potency for inhibition of [125l]MIBT binding to the primate occipital
cortex [(+) MIBT > (+) vesamicol > (-) vesamicol > (+) ABV > (-) ABV >
(-) pentazocine > (+) pentazocine] suggests that [125I]MIBT labels a
distinct high affinity site with a unique pharmacological profile. Taken
together, these results provide evidence for the recognition of distinct
vesamicol binding sites in the cortex and striatum of the primate brain by
the novel radioligand P25l] MIBT.
SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

vesicular monoamine transporters can protect against the neurotoxin MPP+ and we
have used this phenomenon to clone two rat transporters (Cell 70,539). Genetic
studies in the nematode C. elegans have recently identified a putative vesicular ACh
transporter (Unc-17). This protein shows sequence homology to the vesicular amine
transporters and appears to possess a role in synaptic transmission by ACh, but a
biochemical function in vesicular transport has not been demonstrated. Using the
sequences of the vesicular amine transporters and Unc-17, we have recently used RTPCR to isolate a related sequence from the electric lobe of Torpedo californica.
Northern analysis of Torpedo RNA shows abundant expression of a 3 kb transcript in
Torpedo electric lobe but none in the electroplax or liver, strongly suggesting that we
had isolated sequences encoding the Torpedo ACh transporter. Based on the sequences
of the tVAChT, Unc-17, and vesicular amine transporters, we have also used RTPCR to amplify a fragment from the rat spinal cord. Northern analysis demonstrates
high expression of a 2.8 kb band in the rat spinal cord, basal forebrain, brainstem and
caudate-putamen, but not in the cerebellum, liver, kidney or small intestine. In situ
hybridization with this clone as a probe also showed expression in the cholinergic
cell populations in the motor nuclei of spinal cord and brainstem, as well as in the
caudate and basal forebrain. The hybridization with choline acetyltransferase (ChAT)
showed the identical pattern. The PCR fragment was then used to isolate a 1.9 kb
fragment from a rat brainstem phage library. The sequence of this fragment predicts a
531 amino acid protein that has 48% identity to Unc-17. Efforts to demonstrate
vesicular ACh transport activity are now in progress.
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DIFFERENTIAL EXPRESSION OF SIX ADENYLYL CYCLASE
ISOFORMS (TYPES I-VI) IN RAT BRAIN. N.Mons*1*2 and
D.M.F. Cooper 1. Dep. of Pharmacology, Univ. Colorado Health
Sciences Center, Denver, CO 80262, USA. Lab. de Neurocytochimie
fonctionnelle, URA-CNRS 339, Univ. Bordeaux I, Talence,France.
Six isoforms of adenylyl cyclase (termed types I-VI) differ by being
stimulated (I, III), unresponsive (II, IV) or inhibited (V, VI) by Ca2+.
The distribution of mRNAs encoding the six isoforms were studied in
rat brain using in situ hybridization histochemistry and rat specific
(35S)d-ATP labeled oligonucleotides as probes. Interestingly, three
subtypes (I,II,V) were predominantly expressed in rat brain, with a
striking regional distribution of two types (I, V). The brain-specific
type I mRNA was restricted in areas associated with learning and
memory processes- such as neocortex, olfactory tubercle,
hippocampus- and cerebellum. Type V mRNA was selectively
expressed in areas receiving dopaminergic inputs -caudate-putamen,
nucleus accumbens, olfactory tubercle and island of Calleja, suggesting
a role in integrating dopaminergic and muscarinic regulation. The
expression of type II mRNA roughly parralleled that of type I mRNA.
However, similar levels of type II mRNA were found in hippocampal
CA1-CA3 fields and dentate gyrus, whereas type I is preferentially
expressed in CA2 and dentate. Additional areas also expressed high or
moderate levels of type II mRNA, but not type I mRNA -such as
hypothalamus, supraoptic nuclei and substantia nigra. Other isoforms
were absent (III, VI) or expressed at low levels (IV) in rat brain. The
differential expression of types I, II and V at both regional and cellular
levels suggests that predominant isoforms play important, but unique,
roles in the control of various neuronal functions.

EFFECTS OF myo-INOSITOL ANALOGS ON MUSCARINICSTIMULATED CALCIUM SIGNALING. V.^^T.^Ad^a^at^i^coL.
A.P.Kozikowskil. A.Faual. V.I.Ogmvamov2. M.J.Malaskal. and
F.T.Crews*!. iCenters for the Neurobiology of Aging, University of
Florida College of Medicine, Gainesville, FI, 32610 and 2Mayo Clinic
Jacksonville, Jacksonville, FL 32224.
We have studied the effects of a series of inositol analogs on muscarinic
agonist stimulated intracellular calcium ([Ca++]i> in a neuroblastoma
cell line (SH-SY5Y), using FURA II fluorescence. Carbachol (CCh)
increased [Ca++]i from a basal value of 20-40 nM to 200-300 nM
[Ca++]i within a few seconds. This peak increase in [Ca++]i declined
within 120 seconds to a stable plateau level of 75-100 nM [Ca++]i
which was sustained during CCh stimulation for prolonged periods.
Removal of extracellular Ca++ blunted the peak response and abolished
the plateau supporting suggesting that the peak is primarily due to
release of intracellular calcium and the plateau from calcium influx.
Pre-incubation of cells for 48 hours with 3-, 4-, or 5-deonr-5-fluoro
analogs of D-myo-inositol (100 uM) had no observable effect on CChstimulated increases in [Ca++]i. Acetyl protected 5-deoxr-5-fluoroinositol (100 uM) tended to blunt the peak (70+10% control response,
p<0.05), as did 3-methrleme-eponr-pemta-acetrl inositol (75±8%
control, p<0.05) however 2-methrleme-eponr-pemta-acetrl inositol had
no such effect. Both the methylene-epoxy compounds (10 uM) inhibited
cell growth over 48 hours (84±4% and 3l±12% of control growth,
respectively, p<0.005). None of the inositol analogs tested had any
effect on the CCh-stimulated plateau [Ca++]i response. (Supported by
AG10485)
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Chung .
iDepartmeit of Pharmcology, College of Medicine, Natrona
Taiwan Uiiversity, Taipei, Taiwan, 2Bologkul Psychiatry Efarnh,

NM/NIH, Bethesda, MD 20892.
In
glioma cells,
ACP and other nucleotide analogs stimulated
phosphoinositide (PI) breakdown and inhibited iso>pnoterenoL.-imKkced cAMP
accumuLation. The rank orders of potencies of nucLeotide analogs for
both responses were clearly different. A3P and AHPrS are the most potent
agonists for stimulating FT hydrolysis; 2-MeSAAP is the most potent
agonist for inhibiting cALP accumuLation. Pj-meiLated both responses
are not present in
glioma cells. Pertussis toxin blocked the
muccLeotide-miluced inhibition of cAMP accuIlllaticm but exerted no effect
cni inositol phosphate forration. Shot-team treatment wth
12mriiftate 1>-acetate inhibited both signal transduction pathways. The
effects of three ?2 puinergic antagonists, suramin, reactive blue and
DIDS, on ATP- and 2-M£SATP-rnhuced stimulation of PI turnover and
inhibition of cAMP formation, respectively, were comptured. For
stimulating PI turnover, suramin is a com^ttive antagonist (^» 4.4);
reactive blue and DIDS are moncomPtitiee antagonists at 30 UM and 100
pM,respectively. For the inhibition of cAMP formation, reactive blue and
DIES cometitively antagonized the response of 2-MeSATP (pA2 values, 6.3
for reactive blue and 5.7 for DIDS); suramin was only slightly effective
at 100 yM It was concluded that the rnudeottide receptor is Linked to
phospholipase C by a PTC-insereitive G protein and the
receptor is
linked to adenylyl cyclase by a PH-sensitive Gl protein. Suramin is a
compeiitive antagonist for the necleotide receptor; reactive blue and
DIRS are more selective antagonists for the P^ receptor.

DESENSITIZATION OF THE MELATONIN-MEDIATED FUNCTIONAL
RESPONSE IN RT2-2 RETINAL NEURONAL CELLS. C.D. Mahle*. A.J.
Gentile. L.G. Iben. and F.D. Yocca. CNS Drug Discovery, Bristol-Myers
Squibb Co., Wallingford, CT., 06492.
Melatonin is secreted from the pineal gland in a rhythmic manner, and
acts on specific receptors in the suprachiasmatic nucleus (SCN). While
the melatonin receptor density in the suprachiasmatic nucleus has been
suggested to be regulated by melatonin itself, little is known about the
effect of rhythmic melatonin exposure on functional responses mediated
by melatonin receptors. RT2-2 retinal neuronal cells, derived from murine
retinal tumors, express a high density (approximately 10-20 fmol/mg
protein) of high affinity (Kd=50-100 pM) melatonin receptors.
Pharmacologically, this site resembles that described in the SCN, as 2iodomelatonin>melatonin>6-chloromelatonin>>>N-acetylserotonin>
luzindole>>prazosin. Gpp(NH)p induced a decrease in high affinity
binding, suggesting a receptor/G-protein interaction. Forskoiin induced
approximately a 50-fold increase in intracellular cyclic AMP levels, which
was decreased in a concentration-dependent manner by all melatonin
agonists examined. Pretreatment of RT2-2 cells for two hours with 100 nM
melatonin had no significant effect on the degree of forskolin-stimulati>n of
intracellular cyclic AMP levels. In vehicle treated cells, melatonin induced
a concentration-dependent reduction in forskolin-stimulated cyclic AMP
levels, with an approximate EC50 of 100 pM, and an Emax value of 5060%. However, while in cells treated with 100 nM melatonin for two hours,
the EC50 value was not significantly altered, the maximal effect of
melatonin was decreased to approximately 25-30%. These data suggest
that RT2-2 retinal neuronal cells are a good model system to study the
regulation of melatonin-mediated functional responses.
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DIMINISHED NORADRENERGIC ACTIVITY DOWN-REGULATES
ROLIPRAM-SENSITIVE, LOW-Km, cAMP PHOSPHODIESTERASE (TYPE
IV PDE) IN RAT CEREBRAL CORTEX. Y. Ye and J. M. O'Donnell*. Dept,
of Pharmacology, LSU Medical Center, Shreveport, LA 71130
Type IV PDE is a major isozyme involved in hydrolyzing cAMP formed by
noradrenergic stimulation of beta adrenergic receptors in rat cerebral cortex.
Up-regulation of Type IV PDE has been shown by prolonged stimulation of
beta adrenergic receptors in cultured cells. The present study investigated
whether down-regulation of Type IV PDE occurred in vivo as indicated by a
prolonged cAMP half-life in response to decreased noradrenergic activity.
Seventeen days following i.c.v. 6-hydronydopamine (6-OHDA), slices of rat
cerebral cortex were exposed to 10 uM isoproterenol for 5 minutes to achieve
maximal cAMP formation and then blocked by 100 uM timolol. The cAMP
was measured at different time points following the addition of timolol. The
rate constant (mean ± S.E.) of cAMP hydrolysis of 6-OHDA treated rats was
significantly decreased to 0.21 ± 0.02 min'1 from the control of 0.34 ± 0.03
min'1. The half-life of cAMP in cortical slices from lesioned and shamlesioned rats was 3.37 ± 0.27 minutes and 2.10 ± 0.21 minutes respectively. To
further determine whether the change is due to decreased noradrenergic
stimulation, cAMP hydrolysis study was conducted in cerebral cortical slices
from rats that were administered 30 mg/kg/day propranolol for 14 days via
subcutaneously implanted osmotic pumps. Similarly, the rate constant of
cAMP hydrolysis of propranolol-treated rats was decreased to 0.20 ± 0.02
min'1 from the control of 0.35 ± 0.09 min'1. The present results suggest that
Type IV PDE in the rat brain is regulated by the level of presynaptic
noradrenergic activity and stimulation of beta adrenergic receptors.

Development of Potent Analogues of the Receptor-Binding C-Terminus of a
G-Protein a Subunit. S. Rens-Domiano*. E.L. Martin*. H,E. Hamm and P.J.
Schatz* Dept. Physiol, and Brophys., Univ. IL Chicago, Chicago, IL 60680 and
*Affymax Research Institute, 4001 Miranda Ave., Pak>.AIto, CA 94304

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

The extreme carboxy terminus of the a-alpha subunit of G-proteins are
particularly important for receptor interactions. Upon photoexcitation, the
retinal light receptor rhodopsin (Rho) undergoes a conformational change to
metarhodopsin il (meta II) allowing the interaction with and activation of its

cognate G-protein, Gr The C-terminal peptide of Gt,, 340-350, has been
shown to bind to and stabilize meta II, thus mimicking the hok>G-protein. We
have generated a highly diverse library consisting of variants of the native

340-350 sequence fused to the lac repressor (Lacl), which links each peptide
to a plasmid encoding that peptide. Library peptides determined to bind to
Rho were isolated by affinity purification of the peptide-Lacl-plasmid
complexes on immobilized Rho. Peptides that bound specifically to Rho were
produced in a form fused to the E. coli maltose binding protein (MBP). IC5O
values for inhibition of the binding of the native 340-350 peptide fused to Lacl
to Rho by these fusion proteins was determined. Six of the peptide analogues
were 100-1000 times more potent than the native sequence in this assay.
Similarly, these MBP-peptide analogues were considerably more potent than
the native peptide in stabilizing meta II. Some common characteristics of
these potent analogues are that Leu344, Cys347 and Gly348 are invariant, Lys345,
Leu348, and Phe35 can undergo conserved modifications, and Lys341 is always
changed to a non-basic residue. Synthetic peptides corresponding to some
of these sequences are currently being prepared. This method of library
screening should provide an efficient means of identifying specific and potent
peptides capable of regulating receptor/G-protein signal transduction.
Supported by NIH EYO6O$2(HEH)
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GUANOSINE-5,-0-(3-35S-THIO)TRIPHOSPHATE BINDING TO
RAT CEREBRAL CORTICAL MEMBRANES:
BINDING
CHARACTERISTICS AND EFFECTS OF ADENOSINERGIC
AGENTS. H. Ito. H.J. Qlverman and S.P. Butcher*. Fujisawa Institute
of Neuroscience and Department of Pharmacology, University of
Edinburgh, Edinburgh, U.K.
Ai adenosine receptor agonists stimulate guanosine-5'-0-(3-35S-thio)triphosphate([35S]GTPyS) binding to rat and bovine brain membranes
(Lorenzen et al, 1993; Mol.Pharmacol. 44. 115-123).
We have
confirmed and extended the binding characteristics of [35S]GTPy S and
the effect of adenosinergic agents, using P2 membrane fractions from rat
cerebral cortex (SD, male).
The amount of p5S]GTPyS bound
increased with the incubation time until ligand depletion. Dissociation
studies showed [35S]GTPyS binding to be irreversible. Ai adenosine
receptor agonists stimulated [35S]GTPyS binding dose dependency but
only in the presence of guanosine-5'-diphosphate (GDP). Ai adenosine
receptor agonist-induced [35S]GTPyS binding was inhibited dose
dependently by the selective Ai receptor antagonist 1,3-dipropyl-8cyclopentylxanthine (DPCPX). We conclude that [35S]GTPy S binding
will be a useful method for studying agonistic and antagonistic activity
of compounds which act on Ai adenosine receptors.

PHARMACOLOGICAL AND FUNCTIONAL CHARACTERIZATION OF
SEVERAL HUMAN DOPAMINE D4 RECEPTOR ISOFORMS. V. Ashgari, S.
Sanyal, V. lovanovic, A. Patterson, H-C. Guan and H. H. M. Van Tol*. Clarke
Inst of Psychiatry, Toronto, Ont. M5T 1R8.
Several polymorphic variants of the human dopamine D4 receptor have been
identified and cloned through molecular characterization . The different forms of
this receptor gene arise from a variable number of repeats of 48 base pair sequence
in the putative third cytoplasmic region of the D4 gene. Transiently expressed
cDNAs encoding seven different forms of the human dopamine D4 receptor in
COS-7 cells showed similar binding profiles for all ligands tested, although
differences in sodium chloride-sensitivity to clozapine binding have been observed.
For functional characterization, the cDNAs of the three most commonly occuring
forms of the human D4 receptor gene containing two, four or seven repeats (D4.2,
D4.4 and D4.7 respectively) were stably expressed in CHO cells. Cells expressing
receptors in the range of 200-400 fmol/mg protein were used. The D4 receptors,
like the dopamine D2 receptors, were found to inhibit adenylyl cyclase in this cell
line. All three D4 variants (D4.2, D4.4 and D4.7) showed concentrationdependent inhibition of forskolin-stimulated cAMP levels. Maximal inhibition by
dopamine ranged from 40-80% . The potency of dopamine was in the same range
for all three variants and were in close proximity to the low affinity binding state
of the receptor for dopamine. Dopamine antagonists, emonapride, clozapine and
haloperidol, all reversed the effects of 100 nM dopamine on forskolin-stimulated
cAMP in a concentration-dependent manner. As well, these antagonists displayed
the appropriate rank order of potency in blocking dopamine-mediated inhibition
of cAMP levels. From these studies the number of repeats in the D4 receptor gene
does not seem to affect pharmacological binding characteristics under standard
binding conditons, or its ability to inhibit adenylyl cyclase.
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BILATERAL DOPAMINE DEPLETION IN THE NUCLEUS ACCUMBENS
ALTERS CYCLIC AMP-DEPENDENT BACK PHOSPHORYLATION OF
SPECIFIC PROTEINS. L Churchill* and P.W. Kalivas. Dept, of Veterinary &
Comparative Anatomy, Pharmacology & Physiology Washington State
University, Pullman, WA 99164-6520.
Bilateral dopamine depletion of the nucleus accumbens augments rats'
locomotor response to p-opioid agonists. To evaluate the molecular
mechanism that underlies this behavioral augmentation,
cyclic-AMP
dependent back phosphorylation of nucleus accumbens proteins was
evaluated at 12 and 32 days after bilateral 6-hydroxydopamine lesions in the
nucleus accumbens. High pressure liquid chromatography of adjacent
punches demonstrated that the 6-hydroxydopamine lesions depleted the
dopamine levels to greater than 90% of the sham-lesioned controls. A 20
kDalton (kD) phosphoprotein showed a significant decrease in direct cyclic
AMP-dependent back phosphorylation at 12 days after dopamine
depletion; whereas a 17 kD protein showed a significant increase and a 35
kD phosphoprotein showed a significant decrease in back phosphorylation
at 32 days.
These results indicate an increase in the state of
phosphorylation for the 2OkD phosphoprotein at 12 days and the 35 kD
phosphoprotein at 32 days as well as a decrease in the state of
phosphorylation for the 17 kD phosphoprotein at 32 days. No changes
were observed in the amount of these phosphoproteins as indicated by
evaluating indirect back phosphorylation of the contralateral nucleus
accumbens. The phosphoproteins of 17 kD and 20 kD had molecular
weights similar to the myelin basic proteins previously demonstrated by
Guitart and Nestler (I99O) to be altered after acute and chronic morphine
treatments in rats, suggesting that phosphorylation in oligodendrocytes may
be modified by the destruction of dopaminergic terminals.

THE EFFECTS OF POLYMYXIN B AND FORSKOLIN ON 5HT-MEDIATED
DOPAMINE RELEASE: STUDIES WITH MICRODIALYSIS IN VIVO
Anthony R. West* and Matthew P. Galloway. Cellular and Clinical
Neurobiology Program, Dept. of Psychiatry and Behavioral
Neurosciences, Wayne State Univ Sch Med, Detroit, Ml 48202.
Previous studies in our laboratory have shown that modulation of
serotonin (5HT) levels in the striatum can facilitate dopamine (DA)
release. However, little is known regarding the intracellular mechanisms
associated with this response. This study examined the potential
involvement of protein kinase C (PKC) and/or cAMP in mediating 5HT
facilitated increases in extracellular levels of striatal DA using in vivo
microdialysis. Ether the PKC inhibitor Polymyxin B (100 t/M) or the
adenylyl cyclase activator forskolin (100 t/M), were coperfused with 10
uM 5HT through probes located in the anterior striata of chloral hydrateanesthetized male rats. Intrastriatal perfusion with either polymyxin B or
forskolin had no significant effect on basal DA levels. Perfusion with 10
uM 5HT significantly increased striatal extraneuronal DA levels to 755
+ /- 116% (n = 5) of basal control levels. Coperfusion with polymyxin B
(n = 5) attenuated the 5HT facilitated DA release (571 + /- 166%),
however this effect did not achieve statistical significance (p> 0.05). In
contrast, intrastriatal infusion of forskolin significantly (p< 0.05)
decreased the 5HT effect on DA levels to approximately 52 % observed
with 5HT alone (n = 4). These results suggest a role for the cAMP
second messenger system in modulating receptor-mediated 5HT
facilitated DA release. Supported by NIDA-04120 and the Joe Young
Sr. Research Fund.
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Evidence for Functional Coupling of a y 7 Containing G-Protein to the
5HTlC Receptor. J.E. Margulies*. J. Pinkstaff and J.B. Watson.
Mental Retardation Research Center, UCLA School of Medicine, Los
Angeles, CA 90024.
The G-protein y 7 subunit was previously identified by subtractive
hybridization and shown by combined Northern blot and in situ
hybridization studies to be selectively expressed in postnatal neurons of
the neostriatum, nucleus accumbens, olfactory tubercle, ventral pallidum
and hippocampus. Digoxigenin-based in situ hybridization in SpragueDawley rats showed that Gy 7 mRNA is targeted to dendritic processes
of neurons in the neostriatum and granule cells of the dentate gyrus
where it may be locally translated in response to synaptic stimuli
(Watson et al, submitted). An interesting question is to which receptors
and effectors does Gy7 selectively couple, specifically in the neostriatum
and hippocampus. Based on the in situ hybridization pattern, one might
predict a role for Gy7 in coupling dopamine receptors to adenylyl cyclase
and/or phospholipase C in the neostriatum, or Gy7 may modulate the
responses of these effectors to other receptors. The functional role of
Gy7 was initially examined by voltage-clamp studies of Xenopus
oocytes co-expressing Gy 7 and the serotonin 5HTlc receptor which is
efficiently coupled by endogenous Go protein to phospholipase C. We
observed a 43% decrease in the amplitude of Ca2+ activated Cl- currents
in response to bath applied serotonin (188.0 ± 44.6 nA for 5HTU
injected oocytes vs 107.7 ± 40.7 nA for Gy 7/5HTic co-injected oocytes;
mean + SEM). Taken together, these data suggest that one function of
Gy 7 is to couple receptors negatively to phospholipase C.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

MECOBALAMINMODULATES THE ADENYLYL CYCLASE SYSTEM.
Ioki1 H. Ozawa1. L Saito1 and N. Takahata1. Dep. of Neuropsychiatry1
and Pharmacology2, Sapporo Med. Univ., Sapporo, Japan 060.

It has been reported that mecobalamin (methyl-vitamin B12) promotes Padrenergic receptor-mediated phospholipid methylation and adenylyl
cyclase (AC) activity in the rat pineal gland. It has been also suggested
that the therapeutic dose of mecobalamin modulates the sleep-wake
rhythm. Mecobalamin donates its methyl residue to S-adenosylmethionine (SAM), which is the major methyldonor in vivo. It is known that
SAM may protect the neuronal cell membrane and works like an antidepressant. In this study, we investigated the effects of mecobalamin on
the neuronal signal transduction system in rat cerebral cortex and striatal
membranes. Male S.D. rats were fed with and without mecobalamin for
sixteen weeks and sacrificed. AC assays were performed in the absence
and presence of the nonhydrolyzable guanine nucleotide analog
GppNHp or forskolin in cerebral cortex and striatal membranes from both
control and mecobalamin-free rats. Basal and GppNHp- or forskolinstimulated AC activities were . significantly higher in control rat membranes
than in mecobalamin-free rat membranes. We also performed AC assay in
the presence of mecobalamin in vitro. The data showed that
mecobalamin enhanced the function of GTP binding protein. While
autoradiograms of pH] forskolin binding in control and mecobalamin-free
rat brain, the binding of forskolin in mecobalamin-free brain was
decreased compared with in control. These results indicate that
mecobalamin may modulate the catalytic unit and/or the coupling
between GTP binding protein and the catalytic unit of the AC system.
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ALPHA-2 ADRENERGIC AGONISTS REDUCE CEREBELLAR
CGMP LEVEL IN MOUSE. Y. Vulliemoz. EJ Heyer*. College of
Physicians & Surgeons, Columbia University, New York, NY 10032.
In the CNS, excitatory neurotransmitters increase CGMP levels,
an effect mediated by nitric oxide (NO), while inhibitory transmitters
lower CGMP. To test the hypothesis that alpha-2 adrenergic (a-2)
agonists, e.g. Clonidine (Cion) and Dexmedetomidine (Dex), which
have sedative and neuroprotective effects, modulate the NO-CGMP
system, one dose of Cion (30-600 pg/kg) or Dex (3-300 pg/kg), or
saline was given ip to Swiss-Webster male mice. The mice were
sacrificed by microwave radiation 15 or 25 min after injection of Cion
or Dex. CGMP was measured by immunoassay in deproteinized
extracts from cerebellum. Cion and Dex produced a dose-dependent
decrease in CGMP content (ID 50: 100 and 50 pg/kg, respectively).
This effect was dose-dependently reversed by the a-2 antagonist
yohimbine (0.3-5 mg/kg ip), but not by the a-1 antagonist prazosin (1
mg/kg ip). Inhibition of NO production with N«-nitro-l-arginine
methyl ester (1-Name), 100 mg/kg ip, abolished the CGMP response to
Cion and Dex (Control: 4.O±O.3; Cion, 100 pg/kg: l.9O±O.16; 1-Name:
O.74±O.O6; 1-Name+Clon: O.75±O.O8 pmol/mg protein, n=4). After
pretreatment of the mice with pertussis toxin (PT 50 pg/kg ip, for 44
h), which by itself decreased c GMP by 43%, the response to Cion and
Dex was preserved (Control: 3.10 ±0.25; Dex, 100 pg/kg:0.56±0.06;
PT: l.77±O.29; PT-Dex: O.69±O.O5 pmol/mg protein; n=6). These data
demonstrate that activation of a-2 receptors decreases cGMP level and
suggest that the NO-CGMP pathway is yet another signal transduction
pathway coupled to the a-2 receptor.

THE EFFECTS OF ACUTE ETHANOL (I.P.) ON THE ACTIVITIES OF
STRIATAL ADENYLATE CYCLASE (AC)-cAMP/cAMP-DEPENDENT
PROTEIN KINASE (PKA) AND ITS MODULATION BY STRIATAL
ADENOSINE. Z.H. Mens and M.S. Par*. Department of Paarmaoflogy, School
of Medicine, East Carolina University, Greenville, NC 27858.
We have previously shown the direct or indirect involvement of striatum in acute
ethanol-induced motor incoordination (EIMI) and the striatal adenosinergic
modulation of EIMI mainly through adenosine Aj receptor subtype. The present
studies were carried out to investigate further the, possible role of striatal receptorahhooiated second messenger system (AC-cAMP and PKA activities) in EIMI and its
modulation by striatal adenosine in Sprague-Dawley rats. Three methods were used
to sacrifice animals to best measure striatal cAMP level by EhLC-fluorescence
detection. The rank order of method of sacrifice for best measurement of striatal
cAMP was focused microwave irradiation > cervical dislocation > decapitation into
dry ice-ethanol mixture. In all three cases, ethanol caused a significant decrease in
striatal cAMP level. Using cervical dislocation method of sacrifice, intrchtrintnl (1ST)
adenosine Al-selpctiyp agonist, oyolfaexyladenfhine (CHA, 24 ng/lpl), caused a
further significant decrease of striatal cAMP level selectively in ethanol-treated but
not in saline-treated animals. These results functionally correlated with the behavioral
data in which 1ST CHA when given alone significantly potentiated EIMI without
affecting the normal motor coordination of animals. Collectively, the results
suggested that EIMI might be functionally correlated to a decrease in striatal cAMP
level and modulated by striatal adenosine. Ethanol also caused a significant decrease
in the basal as well as the cAMP-stimulated PKA activity in striatum (cytoplasmic
and solubilized particulate fractions), further supporting the functional correlation
between EIMI and striatal AC-cAMP. In saline-treated animals, 1ST CHA had no
significant effect on striatal PKA activity but caused further significant decrease in
striatal PKA activity when followed by ethanol treatment. Presently, the data
suggested that striatal adenosine might modulate EIMI through receptor-AC-cAMP
mechanism^).
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ALTERATION IN THE INTERACTION BETWEEN TUBULIN AND
Gs IN RAT STRIATAL MEMBRANES WITH AGING. S. Hatta*,
H. Ozzwa, T. Saito, and H. Ohshika. Depts. of Pharmacology and
Neuropsychiatry, School of Medicine, Sapporo Medical University, Sapporo
060,Japan
Tubulin (Tu) dimer Scs been indicated to pnrticipctp in the regulation
of adenylyl cyclase (AC) activity by interacting with and transferring
guanine nucleotide (GN) to G protein. Previously, we have demonstrated
that the inhibitory regulation of AC through the interaction between Tu and
Gi is reduced with aging in rat cerebral cortex. To provide further
information regarding any age-related cltprctifn in Tu-mediated regulation
of AC, the present study examines the interaction between Tu and Gs, and
effects of Tu on Gs-medicted AC regulation in striatal membranes from 2month-old (2 mo) and 24-mfdta-fld (24 mo) rats. Tu was prepared by
polymerizing with GppNHp(Tu-GppNHp) or paftocffidity GTP analog,
AAGTh(Tu-AAGTh) from 2 mo and 24 mo rat brains. Addition of the
Tu -[ 32h]AAGTh to strictcl membranes resulted in incorporation of
[32h]AAGTh into Gsa and Gia, indicating transfer of AAGTh from Tu to
Gs and Gi. In 2 mo rats, Tu-GppNHp significantly activated strictcl AC,
although the potency of Tu-GppNHp was lower than that of GppNHp. TuGppNHp-dpppndpnt cctiyctifd of AC was decreased in 24 mo rats
compared with that in 2 mo rats. Furthermore, stimulation of SKF 38393sensitive AC by Tu-GppNHp was lower in 24 mo rats than in 2 mo rats. No
difference was seen in the amounts of Gsa, Gia, G£, nor Tu between 2 mo
and 24 mo rats, estimating by immudfblottidg. In addition, [32h]AAGTh
binding to Gs and Gi/o was not changed with aging. These results suggest
that the ability of Tu to interact with Gs and the Tu-mediated stimulatory
regulation of AC was reduced in the rat striatum with aging.

EFFECTS ZF CHRONIC ADMINISTRATION ZF WA0PERID0L AND SULPIRIDE
ZN THE LEVELS ZF G-PR0TEINS IN RAT BRAIN. C. J. Shin1, Y. S.
Juhnn2, U. G. Kang* and Y. S. Kim1*. D}parime1fth of Psychiatry
and Bioch^i^i^ ttry2’ Sooo 1 Naiioal 1
Universit y Colleee ff
Meeicine, Seoul, Korea, 110-744.
We investigated the effects of aclfperidfl(HAL)
and
sulpiride(SUL) on the levels of aetprfiriaerio G-proteins in rat
brain( male Sprceue-ecalpy rats). HAL ^mg/kg) and SUL(5Zmaeae)
were administered daily for 14 days via intrape^ toned
injections. T^wely-four hours after the last injections, animals
were sacrificed and decapitated. Tissue hnaptph were cocl-zed
for OSp levels of c Ip Sc hublu^ith of Gs, Gi and Gq by Weptero
blotting using cpproppicip peptide cotibfdiph. We observed tSct
HAL and SUL significantly increased tie levels of Gs c Ip Sc
hoblu^ith in rct hippocampus. Io contrast, both drugs downregulate Gs and Gi c Ip Sc subturits in htriatml. Gq c Ip Sc subunit
was not altered in hippocampus cnd in strCotmi. This study show
iSct HAL, c i-piocl cotiph-oaotioh cnd SUL, co ci-piocl
cotiph-oSotioh, showed some common effects on Gs or Gi coupled
signal transduction pctaac-.

228.17

228.18

Aminoalkylindoles
bind to non -cannabinoid
receptors
in
MEMBRANES FROM NG108-15 CELLS. S. Stark and S.R.Childers*

CLONING OF G-PROTEINS AFFECTING
MECHANOTRANSDUCTION IN THE PROTOZOAN
STENTOR. M.J. Marino*, T.G. Sherman, and D.C. Wood.
Department of Neuroscience, University of Pittsburgh, Pittsburgh,
PA 15260
The protozoan Stentor contracts in response Oo mechanical
stimulation. Mechanical stimuli open mechnnfrpoeptor Ca+ channels
resulting in a transm embrane depolarization which, if
huprnthreshfld, triggers an action potential and subsequent
contraction. We have previously shown that alterations in this
behavior and its electrfphyhiflfgionl substrates are produced by
compounds known to interact with G-proteins: GThyS, GTP^S, and
cholera toxin. Intracellular GDPpS produces cn increase in sensitivity
to mechanical stimuli whereas GTPyS and cholera toxin render the cells
less sensitive. Examined ct the electrophysiological level, cholera toxin
noih to specifically decrease mpohnnfrpoepior potentials. Therefore, Gproteins are involved in mpohnnorpoepifr channel modulation. In order
to assign function to individual G-proteins, cs well cs to provide insight
into the evolution of these important signaling molecules, we have
begun c molecular characterization of the G-proteins in Stentor.
Western blotting using antibodies against the conserved P-site of the Gprotein a-subunit reveals bands in the 30-50 kD range similar to the
bands seen when rct-brain protein is included on the blot. A RT-PCR
assay with degenerate primers designed against the highly conserved
P- cnd G'-sites yielded cn amplified DNA band of approximately 525
bp, the same molecular weight observed using these primers cnd rctbrcin RNA. Suborning and sequencing of these fragments has revealed
3 distinct clones thus far, with predicted amino arid sequences at lecst
50 percent homologous with mammalian G-proteins. We are currently
constructing c Stentor library cnd plan to use these clones cs probes to
determine the full length sequence.

Dept. Physiol/Pharmacol, Bowman Gray Sch. Med., Winston-Salem,
NC 27157.
Aminoalkylindoles (AAIs) have been shown to bind to G protein
coupled cannabinoid (CN) receptors in brain. Although CN agonists
inhibit cAMP in NG108-15 cells, CN receptor binding in these cells has
not been described previously. The present study compares the
pharmacological characteristics of [3H]WIN-55212-2 (WIN) binding
assayed under the same conditions in rat cerebellar and NG108-15 cell
membranes. Specific [3H]WIN binding in NG108-15 membranes was
low: < 0.1 times the levels in cerebellar membranes. In both brain and
NG108-15 membranes, AAIs were relatively potent in displacing [3H]WIN binding; e.g., the IC50 value for WIN was 11 nM in brain vs. 10
nM in NG108-15 membranes. However, other more traditional CN
analogs had much lower affinities at pH]WIN sites in NG108-15
membranes; e.g., the IC50 for CP55,94O was 0.25 nM in brain and
>5000 nM in NG108-15 membranes. Other CN analogs and AAIs
followed the same pattern. Moreover, although NaCl and GTPy S
decreased pH]WIN binding in cerebellum, neither NaCl nor GTPyS,
alone or in combination, significantly affected [3H]WIN binding in
NG108-15 membranes.These data suggest that [3H]WIN does not label
traditional CN receptors in NG108-15 cells and that these novel AAI
receptors are not coupled to G proteins.
Supported by PHS grant DA-06784 from NIDA.
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p362/p96Ga]pl: A NEW GTPase-ACTIVATING PROTEIN IN BRAIN. FL
Baba. B. Fuss. Tom Phan. J. B. Watson. C.S. Duchala* and W.B.Macklin.
Ment. Retard. Res. Ctr., UCLA, Los Angeles, CA90024.
RasGTPase-activating proteins (GAPs) are the regulatory proteins of
ras, which controls cell proliferation or differentiation in many cells. Two
types of GAPs have been identified in mammalian systems, pl2OGAP and
neurofibromin. We have identified a third mammalian GAP: p362/p96Gapl.
This cDNA encodes a 96 kDa protein which contains a ras GTPase-activating
protein-related domain (GRD). High homology between this protein and
Drosophila Gapl both in the GRD and elsewhere suggests that this protein
may be a mammalian homolog of Drosophila Gapl, which controls neuronal
differentiation during eye development. In addition to the GRD domain,
p362/p96Gapl has homology with other functional protein domains such as
the Ca2+-dependent phospholipid-binding domain (C2) and Pleckstrin

PROGESTERONE MODULATION OF ^.-ADRENERGIC STIMULATION
OF PHOSPHOINOSITOL TURNOVER IN FEMALE RAT
HYPOTHALAMUS. G.B. Karkanias*. N. Petitti and A.M. Etgen. Depts.
Neurosci. & Psychiat., Albert Einstein Coll. Med., Bronx, NY 10461.
These experiments asked whether the previously observed abolition by
progesterone (P) of oq-adrenergic potentiation of cAMP formation in the
hypothalamus of estrogen-primed female rats is attributable to changes in the
capacity of oq-adrenoceptors to activate phosphoinositol (PI) turnover. In
preoptic area and hypothalamic slices from ovariectomized (OVX) female
rats, both norepinephrine (NE) and the oq-adrenergic agonist phenylephrine
(PHE) were robust stimulators of PI turnover. The NE response was
completely blocked by the at-adrenergic antagonist prazosin. PHE-induced ■
PI turnover in tissue from OVX females exposed for 48 hr to estrogen alone
or for 3.5 hr to P alone was comparable to that in OVX controls. In tissue
from OVX rats given combined estrogen plus P, NE and PHE activation of
PI turnover was significantly reduced. Both chlorethylclonidine and 5methylurapidil antagonized NE-induced PI turnover in hypothalamus and
preoptic area, regardless of the hormonal condition of the animals. Analysis
of PHE competition for 3H-prazosin binding indicated that agonist binding
was of high affinity (ICM ~ 1-2 m M) but was unaffected by guanine
nucleotides. Therefore, P abolition of a,-adrenergic augmentation of
adenylyl cyclase is correlated with reduced PI turnover but not with changes
in aq-adrenoceptor coupling to G-proteins. Moreover, our data suggest that
both a1A- and a1B-adrenoceptors work together to stimulate this second
messenger system in female rat hypothalamus. Supported by DHHS Grants
HD29856 and MH41414 and RSDA MH00636.

homology domain (PH), both of which are found frequently in proteins
involved in signal transduction. In contrast to pl2OGAP, p362/p96Gapl
protein lacks SH2 and SH3 domains, which suggests that there may be
unique mechanisms by which this new GAP interacts with receptors and
p21ras. p362/p96Gapl encodes a 4.2 kb mRNA, which is found in rat,
mouse and human brain, where it is enriched in cortex, hippocampus and
cerebellum. This mRNA is expressed in neurons and oligodendrocytes but
not in astrocytes, which is a similar distribution to that of neurofibromin.
p362/p96Gapl mRNA is expressed during brain development and in the adult
brain, which suggests that it may play a significant role for ras-mediated
signal transduction during brain development and in mature cells. (Supported
by the Natl. Mult. Scler. Soc.)

228.21
MODIFICATION OF HIPPOCAMPAL SYNAPTIC PROTEINS BY ADPRIBOSYLATION. B. M. Sullivan* and E.M. Schuman. Division of Biology 216-76,
California Institute of Technology, Pasadena, CA 91125.
ADP-ribosyltransferases (ADPRTs) covalently modify substrate proteins by attachment
of ADP-ribose from NAD". Although the presence of neuronal ADPRTs is certain, their
function is poorly understood. We have begun to examine the potential role that ADPribosylation may play in the modulation of hippocampal synaptic function. We
homogenized hippocampi and purified a synaptosome fraction by discontinuous sucrose
gradient centrifugation utilizing the protocol of Carlin et al., 1980. To examine ADPribosylation we added the hippocampal synaptosomes to a reaction mixture containing (’2)P
NAD+. Proteins were detected by SDS-PAGE and autoradiography; radioactivity was
quantified with a Phosphorimager. The reaction mixture contained the following: pIJP
NAD" (25 m M, specific activity = 1-2 Ci mmol), Tris (20 mM), EDTA (1 mM), MgCl2
(0.5 mM),DTT (3 mM), isoniazid (10 mM), APAD (ImM), GPP(NH)P (0.1 mM), 0.5%
v/v Triton X, and 80-120 Mg of synaptosomal protein. We have observed the apparent
ADP-ribosylation of at least 8 different proteins of approximate molecular mass 27, 30, 33,
36, 38-40, 47-49, 74, and 93 kDa (n = 15 separate experiments). The modification of
some of these proteins appears to be sensitive to an inhibitor of ADP-ribosylation. For
example, the modification of the 27 and 30 kD bands were inhibited 50 and 65%,
respectively, by nicotinamide (100 mM). We are also interested in the potential regulation
of this reaction by NO. Towards this end, we have observed one prominent band of
approximately 23 kD that is nearly undetectable in the absence of NO, but is dramatically
stimulated when the NO donor SIN-1 (100 m M) (5.3-fold stimulation) or sodium
nitroprusside (50 m M) (2.9-fold stimulation) is included in the reaction mixture. We are
currently examining whether the modification of these hippocampal proteins is indeed
ADP-ribosylation, or the association of a novel NAD" metabolite, as has been recently
reported for the protein GAPDH (McDonald & Moss, 1993). We are also interested in
further examining the role of NO and other second messengers in the modification of these
proteins..
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INCREASED [3H]-PHORBOL ESTER BINDING AND INHIBITION OF 46Ca2 + SEQUESTRATION BY POLYCHLORINATED DIPHENYL ETHER CONGENERS
AND ANALOGS: QUALITATIVE STRUCTURE-ACTIVITY RELATIONSHIPS.
P.R.S. Kodavanti, T.R. Ward. J.D. McKinney, and H.A. Tilson*
Neurotox/Environ Tox Div., HERL/USEPA, Res Triangle Park, NC 27711.
Our previous reports indicate that the neuroactivity of polychlorinated
biphenyl congeners is associated with perturbations in cellular Ca2"homeostasis and protein kinase C (PKC) translocation. The structure
activity relationship of this data indicated that more neuroactive congeners
were associated with chlorination that favored non-coplanarity while those
with chlorination that favored coplanarity were less active. To support
this hypothesis, studies with a group of chemicals, in which coplanarity
is difficult regardless of degree and pattern of chlorination, were initiated.
The effects of these chemicals were studied on PKC translocation by
measuring [3H]-phorbol ester (l3H]-PDBu) binding in cerebellar granule cells,

ROLE OF PROTEIN KINASE C SUBTYPES a AND 6 IN TOE REGULATION OF
ERADIYKINBff3MIED HCGPIDDSSniE URN0V3R IN C0KEEUAR ASIR0CYES.
C.C. Chen* and J. Chang. Institute of Pharmacology, College of
Nfdiciine, National Taiwan Ihiversity, T^pej_, Taiwan.
Od-tured cerebellar astrocytes express bradytinin (BK) receptors
coupled to phospholipase C (FLC) meeliated phcosphoinnsstide (PI)
hycdelysis. Short-f^im (10 and 90 ran) tre^ment of cells with 1 uM TPA
attenuated BfHnduiei PI breakdown, the inhibitory action was lost after
3 hr treatment with TPA. Emended (6 and 24 hr) pretreatment resulted
in a marked potentiation of bradykunin response. Western blot analysis
with PKC i^zyme^i*^!^ antibodies indicated that cerebellar
astrocytes express FKCa , FKC6 and PKC? • After treating the cells with
TPA far different time (10 ran, 90 min, 3 hr, 6 hr and 24 hr), the
translocation of FKCa and f Kc $ was observed after 10 and 90 min
treatment and restoration to basal level in the membrane fraction was
observed after 3 hr treatment. Ch the other hand, partial and conplete
downreegiuation of FKCa and PKC 6 was shown after 6 hr and 24 hr
treatment, respectively.
However, neither translocation nor downregulation of PKC Z was observed after short-tem and long-tem
treatment with TPA. From these resuLts, both PKCa and IKC6 but not
PKCZ played a tonic inhibition on EK-umedated PI turnover in cerebri lar
astrocytes. Fran the inhibition of ALF^- induced PI hydrolysis by 10
ran and 90 min treatment of TPA, the action site of FKCa and PKC6 on
the EK receptor coupled-FLC pathway was on the G protein. After down
regulation of PKCa and 6 , both relief of G protein inhibitlLin and
increased EK receptor protein contributed to the marked potentiation of
BK-induced PI responses.

and 46Ca2"-sequestration by measuring 45Ca2 "-uptake in microsomes and
mitochondria isolated from adult rat cerebellum. All the polychlorinated
diphenyl ethers (PCDEs) studied, increased 3H]-PDBu binding in a concen-

tration dependent manner. The order of potency was 2,4,4-rrichlorodiphenyl ether > 4,4'-dichlorodiphenyl ether > diphenyl ether, 3,3',4,4'tetrachlorodiphenyl ether, 2,2',4,4',5-, and 3,3',4,4',6-pentachlorodiphenyl ethers. The PCDE analogs, nitrofen, o,p'-DDT, and p,p'-DDT
increased 3Hl-PDBu binding to a similar extent (28-35% stimulation at 100

pM).
All PCDEs and their analogs inhibited 46Ca2T-sequestration by
microsomes and mitochondria. Of all the chemicals, diphenyl ether is the
least active. These results support our hypothesis that coplanarity in
certain chlorinated aromatic hydrocarbons seems to weaken the
neuroactive potency. (Supported by USEPA award # CR 818550-01-0)
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CHRONIC VALPROATE TREATMENT INDUCES ISOZYME-SPECIFIC
INCREASES IN PKC a AND p IN SK-N-SH HUMAN NEUROBLASTOMA
CELLS. D. B. Hawver*. G. Chen. H. K. Manii. and W. Z. Potter. Section on

SELECTIVE DECREASES OF PKC ISOZYMES AND PKC
SUBSTRATES BY THE ANTICONVULSANT AND ANTIMANIC
AGENT VALPROIC ACID IN VITRO. G.Chef H.K.Manii.
D.B.Hawver. W.Z.Potter. SCP, ETB, NIMH, Bethesda, MD 20892.
Valproic acid (VPA), a fatty acid antiepileptic drug, has been
demonstrated to be clinically effective in the treatment of mania, but the
mechanism underlying these effects is unclear. We have recently found
that 3-7 day exposure of C6 glioma cells to therapeutic concentrations
(0.3-0.7 mM) of VPA produced decreases in total protein kinase C
(PKC) activity, and selective reduction in the immunolabeling of PKC
a and e, but not PKC Z or 8 isozymes; these effects were not due to the
direct stimulation of PKC by this fatty acid. In the present study, we
have sought to examine the functional consequences of the alterations
in PKC isozymes on two of its major substrates: growth-associatedprotein (GAP-43) and the myristoylated alanine rich C kinase substrate
(MARCKS). The exposure of C6 glioma cells to VPA for 3-7 days
(not 1 day) significantly decreased the immunolabeling of MARCKS in
both membrane and cytosolic fractions, without affecting the levels of
GAP-43. Acute phorbol ester incubation (1 pM of PMA for 45 min.)
resulted in a marked translocation of MARCKS (but not GAP-43) from
the membrane to the cytosolic fraction. The percentage of MARCKS
translocated was not altered by the VPA exposure. The direct
phosphorylation of MARCKS and GAP-43 after VPA exposure is
currently under investigation. The effects of VPA on PKC and
MARCKS are similar to those observed after administration of lithium
(a first line mood-stabilizing drug) in vivo and in vitro, suggesting that
modulation of PKC function may play a role in the antimanic effects of
VPA.

Clinical Pharmacology, NIMH, Bethesda, MD 20892.
Valproic acid (VPA, or sodium valproate) is a simple branched-chain fatty
acid (2-propyl pentanoic acid) that has anticonvulsant effects in several
types of seizure disorders and also shows antimanic properties in many
bipolar patients. Despite decades of research, the precise molecular mechanisms responsible for valproate's clinical efficacy remain unknown. We are
exploring the hypothesis that Protein Kinases C, a family of enzymes
known to regulate cell excitability and responsiveness in the CNS, might
somehow be involved in the mechanism of action of VPA. Previously, we
showed that chronic treatment of rat C 6 glioma cells with 0.6 mM VPA resulted in reduced PKC activity and selective decreases in the levels of PKC
a and e. We now report that VPA treatment of SK-N-SH human neuroblastoma cells for 6 days induced dose-dependent increases in the
levels of PKC a and p without changing the levels of 8, e, or Z (ywas undetectable in these cells). Western blots showed PKC a levels increased
20%, 49%, 65%, 79%, and 93%, at 0.1, 0.3, 0.5, 0.7, and 1 mM VPA, respectively, compared to control. PKC p levels were quite low in controls,

but increased 24%, 93%, 154%, 187%, and 237% after 6 days of VPA at
0.1, 0.3, 0.5, 0.7, and 1 mM, respectively. These changes were not mimicked by PKC inhibitors (or activators), arguing against a mechanism of
compensatory upregulation. VPA also induced morphological changes,
increasing the proportion of long, flattened, adherent cells, aligned in
streaming patterns. PKC inhibitors failed to inhibit this morphological effect
of VPA at sub-toxic concentrations. Finally, of many agents screened, only
retinoic acid (RA, 1 pM) induced morphological changes similar to those of
VPA. The morphological changes, which do not depend on PKC activity,
may be relevant to the teratogenicity of VPA and RA, whereas the
increases in PKC a and p could relate to VPA's therapeutic mechanisms.

229.5

229.6

CLONING AND CHARACTERIZATION OF A NOVEL PROTEIN
KINASE C(AND CASEIN KINASE) SUBSTRATE FROM RAT BRAIN
L.Shen, K.-P.Huang, H.-C.Chen and F.L.Huang*, NIH, Bethesda, MD
PKCs play pivotal roles in signal transduction through substrate
phosphorylation. A number of prominent PKC substrates, such as MARCKS,
neuromodulin and neurogranin have been well characterized. This abstract
describes the purification and cloning of a novel heat- and acid-stable PKC
substrate of Mr=28k from rat brain. N-terminal 40 amino acid sequence of
the purified protein was determined by Edman degradation. Based on its
sequence, we designed a pair of highly degenerated primers to produce a
lO8bp probe by RT-PCR of rat brain RNA. Using this probe to screen a rat
brain Xgtl 1 library, we obtained a clone with 828bp insert, containing an
open reading frame of 546bp, whose first 40 amino acid sequence deduced
from the first ATG was identical to that of the purified protein. The 180
amino acid sequence encoded in the open reading frame did not correspond
to any reported sequence in the database and the protein was predicted to be
a potential casein kinase as well as PKC substrate. Testing on the purified
protein, we found that it is a good substrate for both casein kinase I and II,
and PKC. Northern blot analysis showed that a single messenger RNA
species about l.9kb was present in all the tissues tested ( brain, heart,
muscle, lung, spleen, liver and kidney). The E. coli [BL21(DE3)] expressed
protein, using PRSETC plasmid, exhibited a Mr of 28k and retained the
same heat- and acid-stable properties as the purified protein. Also, the
expressed protein was an excellent substrates of casein kinase and PKC.
Work is in progress to determine the in vitro phosphorylation sites as well
as its possible physiological function.

EXPRESSION OF APLYSIA PROTEIN KINASE C ISOFORMS
USING THE BACULOVIRUS EXPRESSION SYSTEM:
DIFFERENTIAL ACTIVATION BY CIS-FATTY ACIDS. W. S.

Sossin* and X. Fan. Dept, of Neurology and Neurosurgery, Montreal
Neurological Institute, McGill University, Montreal, PQ Canada
H3Y-3K4
The nervous system
Anlvsia califomica contains only two major
isoforms of protein kinase C, the Ca2+-activated Apl I and the Ca^+independent Apl II. During short-term facilitation, serotonin
activates Apl I, but not Apl II. In order to better understand the
selectivity PKC activation, we have expressed Apl I and Apl II in the
baculovirus system. A one-day purification using sequential ion
exchange, hydrophobic interaction, and hydroxyapatite
chromatography was used to purify the kinases to apparent
homogeneity.
Low concentrations of cis-fatty acids (oleic or
arachidonic acid) selectively stimulate Apl II, and induce
autophosphorylation of the kinase. Even in the presence of Ca2+ ions,
which stimulates phosphorylation of substrates by Apl I, cis-fatty acids
do not stimulate autophosphorylation of Apl I. This suggests a distinct
mechanism for activation of Apl II by cis-fatty acids. Removal of the
highly conserved N-terminal E region from Apl II alters the
activation by cis-fatty acids, without eliminating it. We propose that
cis-fatty acids activate Apl II partly through an interaction with the Nterminal domain that is unique to this class
kinase.

229.7

229.8

MODULATION OF PROTEIN KINASE C (PKC) BY 14-3-3
PROTEIN: PURIFICATION AND CHARACTERIZATION OF A 190
KDa PKC MODULATOR (PKCM) FROM BOVINE FOREBRAIN. M
Taipi*. E. Yakahe. and J. C. Wavmire. Department of Neurobiology &
Anatomy, University of Texas Medical School, Houston, TX 77030.
Presently the widely accepted mechanisms for the activation of PKC in
tissue is through the receptor mediated turnover of inositol phospholipids.
Recently, a family of proteins, collectively termed the 14-3-3 proteins (14-33s), have been shown to be involved in the modulation of PKC in neuronal
tissue. We and others have shown that 14-3-3s activate PKC (Tanji et al, J.
Neurochem. [in press], Isobe, et al., FEBS lett. 308, 121-124, 1992), while
Aiken’s group (Toker, et al, Eur. J. Biochem. 191, 421-429, 1990) have
reported that 14-3-3s inhibit PKC. We have recently determined that 14-3-3
and PKC inhibitory activity can be separated from one another.
In studies designed to further address the different effects of 14-3-3 on
PKC, we have identified and purified a protein from bovine forebrain that
changes 14-3-3s’ activation of PKC to inhibition. We have termed this
protein PKCM. The native molecular weight of purified PKCM is
approximately 190 KDa according to gel filtration. SDS-PAGE of PKCM
shows two bands corresponding to a molecular mass of 62 KDa and 32 KDa,
consistent with a tetramer composed of two different subunits. PKCM is
extremely potent in inhibiting PKC with a IC^ of 2.5 pg/ml of PKCM in the
presence of 14-3-3 and 4 pg/ml in the absence of 14-3-3. PKCM may be the
same as the factor described in the accompanying absract which copurifies
with 14-3-3, causing it to inhibit PKC. The detailed character of PKCM is
presently under investigation. Supported by NS 11061-16 to JCW.

PROTEIN KINASE C IN LIMULUS NEURONAL TISSUES AND ITS
INVOLVEMENT IN THE REGULATION OF HIGH AFFINITY CHOLINE
UPTAKE B.D. Ford* and J.G. Townsel. Department of Physiology, Meharry
Medical College, Nashville, TN 37208.
Protein kinase C is traditionally known to be a family of calcium/phospholipid
dependent multifunctional enzymes (Nishizuka 1989). PKC exists in high
concentrations in neurons and has been implicated in the function of numerous
cellular activities. We have measured PKC activity by means of a histone
phosphorylation assay in the brain, cardiac ganglia and abdominal ganglia of the
horseshoe crab, Limulus polyphemus. Using Western blots we have identified
several isoforms of the enzyme in these tissues including nPKC’s such as PKC8 and
PKCc and the atypical PKCC In a Limulus brain slice preparation we have
demonstrated that PKC appears to be involved in the regulation of high affinity
choline transport. In this preparation, the cholinergic agonists oxotremorine(lOO
pM) and carbachol(2O pM) significantly reduced choline transport by 30% and 25 %
respectively. These compounds have been shown to act by activating PKC.
Treatment of brain slices with die phorbol 12,13 dibutyrate (PDBu), a phorbol ester
known to activate protein kinase C, decreased choline transport to a similar level
(29%). The PKC inhibitors polymyxin B (100 pM) and staurosporine (1 nM), on
the other hand, both significantly increased choline transport by >40%. Polymyxin
B abolished the oxotremorine and PDBu mediated attenuation of choline uptake.
Studies are underway to ascertain whether PKC facilitates the modulation of the
choline transporter resident in the plasma membrane or the mobilization and/or
translocation of non-resident transporters into the plasmalemma. We are also
evaluating the role of PKC in the depolarization-mediated upregulation of choline
transport. This project was supported in part by NIH grant 5 SO6 GM08037-21,
RIMI grant HRD-9106096, and RCMI grant 1-G12-RR03032-08. B.D.F. is a
Porte Fellow of the APS.
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DOPAMINE ACTIVATES MULTIPLE SECOND MESSENGER SYSTEMS
IN WHITE BASS HORIZONTAL CELLS. C.L. Pfeiffer-Linn*, E. Solessio
and E.M. Lasater. Moran Eye Center, Univ. of Utah, Salt Lake City, Utah,
84132.
Using whole-cell patch clamp techniques, we have recently reported that
dopamine differentially modulated the transient and sustained voltagedependent calcium currents found in cultured isolated white bass horizontal
cells. Dopamine's mechanism of action appeared to involve the activation
of the cAMP second messenger system. In this study, we provide evidence
that dopamine also activates other second messenger pathways subsequent
to activation of the cAMP system.
Under pharmacological conditions favoring the expression of both calcium
currents, perfusion of the phorbol ester, PMA (ECM- 7 nM), had opposing
actions on the two types of voltage-sensitive calcium currents. The
sustained current was potentiated while the transient current was reduced.
Perfusion of the PKC activator, OAG (50 pM), mimicked this action. In
experiments where PKC was blocked with 5 nM staurosporine, dopamine's
actions were eliminated. These results suggest that dopamine's effects on
calcium channel activity may partially be due to the breakdown of PIP2 by
the cAMP pathway into DAG and IP3.
In preliminary studies using the calcium fluorescent indicator, fura-2, on
voltage-clamped horizontal cells, application of dopamine (lOpM) as well
as application of IP3 (100pM), resulted in an increase in [Ca], from
intracellular stores.
These results are consistent with the id<a that
dopamine's action is initiated through the cAMP system which then
activates phospholipase to convert PIP2 into DAG and IP3.
Supported by Ni H grant EY 05972 and Research to Prevent Blindness, Inc.

REGULATION OF PROTEIN KINASE C SUBSPECIES IN THE
RAT SUPERIOR CERVICAL GANGLION R.Roivainen* M.
Mikkonen, T. Tapiola, J. Koistinaho ja H. Frey
teePt. oT Clinical and Biomedical Sciences,
University of Tampere, P.0. Box 607,33101 Tampere
Finland
Protein kinase C (PKC) is an important modulator of neuronal ftncticns,
including neurotransmitter release, excitability, and gene expression.
FKC subspecies show an uneven distribuicn in the brain and other tissues,
but little is known about the factors regulating the expression and
relative concentration of different PKC subspecies in neurons. We studied
the effect of decentralization and axotany on FKC *, p, f, £, and e
subspecies in tine rat superior cervical ganglion (SOG).
Rats (8week old) were anesthetized and tine SOGs either decentralized
or axotanized bilaterally. After follow up times of 1 to 10 days tine rats
were decapitated and the ganglia processed for 10% SDS-PAGE and imrunoblotting, or immunohistochemistry, using different PKC-antibodies (GUBD).
All FKC subspecies studied were found in the SOG, including FKC
which
has previously been mainly found in the central nervous system.
Preliminary results indicate that immunoreactivity for FKC"j$ and S was
increased 1.5-2 fold in tine SOG at 3-6 days both after decentralization
and axotcrny, whereas changes in FKCo(, fr C were not as apparent.
Histochemioally, tine increased imuxToreactivity for TKC?>and & was
found to be localized in principal ganglionic neurons in tne SOG.
The results suggest that afferent innervation and target derived
factors nay reuglate FKC subspecies in tine SOG. The changes observed may
also result form injury-related secretion of cytokines from proliferating
nmneurcnal cells in tine SOG.

229.11

229.12

ACTIVATION OF PROTEIN KINASE C BY NICOTINE AND
COTININE IN BOVINE ADRENAL MEDULLARY CELLS.
R.K.Tuominen*. P.J.Vainio and M.Viluksela. Department of

Pharmacology and Toxicology, Institute of Biomedicine,
P.O.Box 8, FIN-00014 University of Helsinki, FINLAND.
Nicotine (10 pM) activates protein kinase C (PKC) in
primary cultured bovine adrenal medullary (BAM) chromaffin
cells at 1, 3, 10 and 30 minutes (this study) and even after 24
hours (Tuominen et al. J. Neurochem 58, 1652- 1658, 1992).
The effect of nicotine (10 pM, 30 min) on PKC activity is only
partially dependent on extracellular calcium.
Cotinine, the main metabolite of nicotine in vivo, at a
concentration of 10 mM, also increases the BAM cell PKCactivity. Lower concentrations did not have any effect. When
the BAM cells were exposed to cotinine (1 mM) for 18 hrs the
PKC activity was not changed. In cotinine (1 mM, 18 hrs)
pretreated cells, the effect of nicotine (10 pM, 30 min) was
inhibited, but the inhibition was not statistically significant.
These results suggest that nicotine causes a rapid
activation of PKC which is persistent in the presence of the
drug. Cotinine also activates PKC, but the concentrations
required are several orders of magnitude higher. The inhibition
of nicotine induced PKC activation by cotinine may be due to
interaction at the nicotine receptor level.

PROTEIN KINASE C IS NOT INVOLVED IN THE TRH-INDUCED
SECOND PHASE CALCIUM INFLUX IN RAT ANTERIOR
PITUITARY CELLS. J.R. Schwarz*. B.J. Corrette and C.K. Bauer*
(SPON: European Neuroscience Association), Inst. Physiol., Univ.
Hamburg, D-20246 Hamburg, Germany
In clonal rat anterior pituitary cells (GH cells), application of
thyrotropin-releasing hormone (TRH) induces a transient and a
sustained phase of prolactin secretion with related changes in
electrophysiological parameters and in intracellular Ca concentration
([Ca4"].). The second phase increase in [Ca++]i is produced by
increased electrical activity due to inhibition of an inward-rectifying K
current (Kj -; Bauer et al., J. Physiol. 429:169, 1990). This second
phase has been assumed to be mediated by protein kinase C (PKC).
We now show that PKC activation is not necessary for the second
phase increase of [Ca*"] induced by TRH in GH3/B6 cells. To downregulate PKC, GH3/B6 cells were incubated with 0.1 or 1 pM PMA for
at least 24 h and then [Ca+'+jj was measured with fura-2. In all TRHresponsive cells, the first phase was followed by a prominent plateau
phase, demonstrating that prevention of PKC activation is not able to
block the second phase. In electrophysiological experiments, cells
incubated in PMA were found to have a normal K™ which was able to
be reduced by TRH. The insensitivity of botn the TRH-induced
reduction in Kjr and changes in [Ca**]j to a block of PKC activation
further support the role of Kjr in causing the increased Ca influx
during the second phase of the TRH response.
Primary culture lactotrophs were found to have a Km similar to that
recorded in GH3/B6 cells, suggesting that the ionic mechanisms for the
second phase ofthe TRH response are similar in these cells.
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EXPRESSION OF THE TYPE 1 INOSITOL 1,4,5TRISPHOSPHATE (IP3) RECEPTOR IN DEVELOPING RAT
NERVOUS SYSTEM. M.A.R. Dentl and F.A. Lai2. (SPON:
Brain Research Association! 1 University College, London WC1E
6BT, UK. 2m RC National Institute for Medical Research,
London NW7 lAA, UK.
Expression of the intracellular IP3-sensitive calcium channel
(type 1 IP3 receptor) was studied in rat central and peripheral
nervous system during development by in situ hybridization and
immunohistochemistry. Highest levels of IP3 receptor expression
in neurons were found in the cerebellar Purkinje cells, followed
by the hippocampal CA1 pyramidal cells, cerebral cortex and
caudate putamen from the early developmental stages through to
adult stage. Initial onset of IP3 receptor expression coincides with
the time of axogenesis and synaptic contact in neural
development. Glial cells in the brain did not express IP3 receptor,
except for a transient staining in developing fibre tracts observed
during the time of onset of myelination. In contrast, expression of
the IP3 receptor in the spinal cord was observed in some neurons
and some glial cells throughout development. IP3 receptor
expression was also observed in the dorsal root ganglia (DRG) of
the peripheral nervous system. In both spinal cord and DRG,
transcripts were detected very early in development, while protein
expression was delayed by a few days, and which coincided with
the initiation of process outgrowth.
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Fast Kinetics of Ca2*- Release Activated by InsP3

Yong Yao* and Ian Parker, Laboratory of Cellular and Molecular Neurobiology,
Department of Psychobiology, University of California, Irvine, CA92717-4550

Intracellular Ca2+ liberation evoked by InsP3 in Xenopus oocytes
is characterized by a delay of tens to hundreds of ms after a jump of
[InsP3] (Parker & Ivorra, 1993, J. PhysiolA6VA33), different to the
fast activation kinetics of other ligand-gated channels, e.g. nicotinic
ACh-, cGMP-gated channels etc. The mechanism of this delayed
activation was studied with fluorescence point recording using a
confocal microscope. Ca2+ was monitored with Ca Green-5N.
InsP3 was generated by photolysis of a caged precursor with a UV
flash of about 10 ms duration. The latency was measured from the
start of UV flash to the initial abrupt rise of Ca2+, during which
time no increase of Ca2+ fluorescence was detected. Latencies
became progressively shorter with increase of InsP3 level, reaching
about 20 ms with maximum stimuli (-100 x threshold intensity).
The latency was also shorten by raising cytosolic [Ca2+], indicating
the activation process involved both InsP3 and Ca2+. The data
cannot be accounted for by a model in which binding of four InsP3
molecules to homotropic receptor sites leads to channel opening
(Meyer et al., 1990, Biochem.29:32), but instead suggest that
additional steps are involved besides InsP3 binding.
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THE IP3 RECEPTOR IS A TARGET OF THE IMMUNOPHILIN,
FKBP. A. M. Cameron*. A. L Kaplin. D. S. Sabatini. and S. H.
Snvder. Dept. of Neuroscience, The Johns Hopkins Univ. Sch. of
Med., Baltimore, MD 21205.
FK506 is a macrolide (cyclic ester) antibiotic which is a metabolic
product of the fungus Streptomyces tsukubaensis. As an
immunosuppresant FK506 is 50 to 100 times more potent than the
structurally unrelated cyclosporine A. The mechanism of action of
these drugs has recently illuminated some interesting aspects of cell
signaling not only in T cells but also in neurons. In the case of
FK506, the intracellular target of the drug is a 12 kd member of the
immunophilin family labeled FK-binding protein (FKBP). This
protein which is highly enriched in certain brain regions is known to
possess peptidyl-prolyl cis-trans isomerase (rotamase) activity but
the drug-protein complex has its clinical effect via the inhibition of
the phosphatase calcineurin. The role of the immunophilins in the
absence of immunosuppresant ligands is less clear.
Recent studies have shown an interaction between FKBP and the
Ryanodine receptor-calcium release channel in muscle. This Ca++
release channel has regions of homology to another tetrameric
intracellular Ca++ channel enriched in brain, the IP3 Receptor, a
subject of study in our lab. We now report that IP3 Receptor from
rat brain is also a target of FKBP based on copurifaction of the
proteins. FKBP can be dissociated from the IP3R by treatment with
FK506 and recombinant FKBP will reassociate with the IP3R only
after endogenous FKBP has been stripped by FK506 treatment.
Studies of the functional modulation of the reconstituted IP3R by
FKBP are currently in progress.

MODULATION OF INOSITOL 1,4,5-TRISPHOSPHATE RECEPTOR
ACTIVITY: NADH STIMULATION LINKS Ca2+ RELEASE TO ENERGY
METABOLISM; INFLUENCE OF THIOL REAGENTS CLARIFIES QUANTAL
RELEASE OF Ca2*. A.I. Kaplin*. C.D. Ferris. A.M.
Cameron, S.M. Voglmaier. and S.H. Snyder. Johns Hopkins
Univ. Sch. of Med,, Dept. of Neurosci., 725 N. Wolfe
Street, Baltimore, MD 21205.
Previously we showed that ATP allosterically regulates
inositol 1,4,5-trisphosphate (IP3) actions on the Ca2*
flux of purified and reconstituted IP3 receptors (IP3R) .
We now demonstrate that NADH potently and selectively
enhances IP3 release of Ca2*. The concentration-response
relationship for both nucleotides implies an augmentation
of Ca2* release under conditions of energy depletion.
The stimulation by NADH and ATP does not desensitize and
is quantal. Addition of either nucleotide in the
continuous presence of a fixed concentration of IP3
stimulates Ca2* flux, showing the potential for
activation of IP3R activity in the absence of
phosphoinositide hydrolysis. These results suggest that
IP3R is integral to cellular energy dynamics.
Thimerosal, a sulfhydryl oxidizing reagent, has been
shown to induce Ca2* mobilization in several cell types
and to increase the sensitivity of intracellular Ca2*
stores to IP3. We demonstrate pronounced stimulation by
thimerosal of IP3R activity. Effects of thimerosal are
dependent on the redox state of the receptor, implying an
action of thimerosal on a critical sulfhydryl group(s) of
IP3R. Thimerosal enhances the affinity of IP3R for IP3
binding and increases the cooperativity of the Ca2*
release process. Our results suggest receptor
heterogeneity with implications for mechanisms of quantal
Ca2* release.

229.17

229.18

INOSITOL TRISPHOSPHATE RECEPTORS IN THE CHICK RETINA. A.M.
Lopez-Colome* and I. Lee. Instituto de Fisiologia Celular,
U.N.A.M., Apdo. Postal 70-253, Mexico 04510, D.F., Mexico.
The phosphoinositide (PI) cycle is a mayor second messenger system mediating the effect of excitatory amino
acid-receptor stimulation. Phosphatidyl inositol bisphosphate (PIP2) yields diacylglycerol and inositol 1,4,5,
trisphosphate (IP3) which in turn releases Ca*-* from intra
cellular stores. Receptors for IP3 have been described in
periferal tissues as well as in the CNS. We have previous
ly demonstrated glutamate-induced PI hydrolysis in neurons
and glia from the retina, followed by PKC activation.
Using a centrifugation method, we have now measured ^H-IPj
binding to membranes from whole chick retina and synaptosomal fractions from .the outer (Pj) and the inner (P2)
plexiform layers. Specific binding was 70% of total, con.
centrated in the P2 fraction, and was maximal at pH 8. Dan
trolene, ryanodine, caffeine or thapsigargin had no effect
on binding, while IP3 and heparine were effective displacers. Neither .oxidized glutathione, nor thimerosal, nor
DTT had any effect. Saturation curves showed a single receptor population with the same Kg (40-50 nM) and Bmax=
0.8 and 1.8 pmol/mg protein for Pj and P2 respectively.
Binding was inhibited by micromolar Ca*-* concentrations.
IP3 receptors similar but not identical to those in other
tissues, are present in the retina and might be related
to Ca*"- mobilization and control in this organ. Grant
from CONACyT.

BIOCHEMICAL AND IMMUNOCYTOCHEMICAL
CHARACTERISATION OF THE. BRAIN TYPE 3
RYANODINE RECEPTOR. F.A. Lai. J.M. MackriU. M. Mills.
M.A.R. Dent D. Ogden. R.E.A. Tunwell (SPON: Brain Research
Associationl MRC National Institute for Medical Research, Mill
Hill, London NW7 lAA, UK.
Recently, an additional ryanodine receptor (RyR) gene
regulated by growth factors and expressed in brain has been
identified by cDNA cloning approaches (type 3 RyR), in addition
to those previously observed in skeletal and cardiac muscle (type
1 and 2 RyR, respectively). An isoform specific polyclonal
antiserum and mouse monoclonal antibody were prepared to
enable biochemical and immunocytochemical characterisation of
the type 3 RyR protein in brain. Immunoblot analysis of brain
microsomes indicated the presence of a single high molecular
weight immunoreactive band with mobility similar to that of type
1 & 2 RyRs. Solubilisation in detergent and centrifugation on
linear sucrose gradients revealed the type 3 RyR sediments
disparately from the type 1 and 2 RyRs, which were previously
shown to migrate as large oligomeric 30S particles.
Immunohistochemical analysis revealed highest levels of staining
to be present in glial cells, with lower levels observed in neurons.
These studies show that the type 3 RyR displays a distinct pattern
of expression in the CNS, and that the solubilised protein from
brain microsomes does not possess identical oligomeric properties
to that observed for both type 1 and 2 RyRs.
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Cal+-DEPENDENT CONFORMATIONAL CHANGES OF CALRETININ:
EVIDENCE BY LIMITED TRYPTIC PROTEOLYSIS lacek Ku±nicki, Lois
Winsky, Brian M. Martin*. Tao-Chin Lin Wang. David M. lacobowitz* Lab.
of Clinical Science, Clinical Neurosciences Branch*, National Institute of
Mental Health, NIH, Bethesda, Maryland 20892.
The tryptic digestion pattern of rat recombinant calretinin was dependent
on Ca2+ as determined by SDS-gel electrophoresis, amino acid sequence and
electrospray mass spectroscopy. Ca2+-saturated calretinin was cleaved
between amino acids 60-61 to yield two fragments, which accumulated
during cleavage. Small amounts of the larger fragment (amino acid residues
61-271) were further cleaved from the C-terminal end. Ca2+-free calretinin
was also cleaved between residues 60-61. However, under this condition,
further cleavage of fragment 61-271 occurred from the N-terminal end.
Native rat calretinin was cleaved by trypsin in a similar Ca2+-dependent
fashion. All identified fragments of recombinant calretinin bound “Ca2+ on
nitrocellulose filters, although to different extents. The antisera specific to
calretinin recognized only some fragments on immunoblots, indicating site(s)
of the calretinin sequence responsible for antibody recognition. The 61-271
fragment was released by EGTA from an octyl-agarose column in a manner
similar to intact calretinin, while fragment 61-233 was released in a Ca2+independent manner. Thus, the region 234-271 is possibly responsible for
Ca2+-dependent hydrophobidty of calretinin. Taken together, these data show
that calretinin changes its conformation upon Ca2+-binding and identify the
regions which are exposed in apo- and calcium-hound form.

EVIDENCE FOR CALCIUM-DEPENDENT ANTIBODY RECOGNITION
OF CALCIUM BINDING PROTEINS. L. Winsky* and I. Kufnickl. Lab. of
Clinical Science, NIMH, Bethesda, MD 20892.
Anatomical studies in our laboratory have revealed cases where
experimentally-induced changes in calretinin (CR) immunoreactivity and
mRNA do not match. We have also shown (this meeting) that a polyclonal
CR antisera appears to specifically recognize only a limited portion of the CR
molecule. To test whether changes in CR immunoreactivity seen in cells
might be partly due to differences in antibody recognition, we compared the
binding of CR antisera to CR in the presence and absence of calcium.
Recombinant or native CR were crosslinked with BS or DSP in the presence
of CaCl2 and/or EGTA and applied onto SDS gels. Immunoblots made from
these gels revealed much less antibody recognition of CR locked in the
calcium-bound conformation while silver stained gels revealed equivalent
amounts of calcium-saturated and calcium-free (apo) crosslinked CR. Effects
of DSP were reversed by incubation in sample buffer containing 3mercaptoethanol to break an internal disulfide bridge of this crosslinker. Dot
blot analyses of purified CR also revealed greater association of the antisera
in the absence of calcium. Studies using a monoclonal antibody to calbindinD28k suggested a similar preference for the apo-protein. These results, in
combination with a report of greater binding of a monoclonal antibody to the
apo-form of troponin C (Strang & Potter, J. Muscle Res. Cell Motility, 13308314, 1992), indicate a more general occurrence of calcium binding protein
(CaBP) conformation specific antisera. Finally, these results suggest that
changes in CaBP immunoreactivity produced by compounds which affect
cellular calcium or quantitative estimates of CaBPs based on
immunoreactivity might, in some instances, be affected by the CaBP
conformation-dependent recognition characteristics of the antisera used.
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ARACHIDONIC ACID INDUCES ACUTE CALCIUM CHANGES IN
ASTROCYTES. K. S. Madden*. W. T. Kim. M. G. Rioult. and A. H. Comeli-Bell.
FIND, Bethesda, MD 20816 and Yale Sch. of Med., New Haven, CT 06510.
The arachidonic acid (AA) cascade is thought to play a role in many neurologic
pathologies including epilepsy and stroke where one finds increases in Ca2+in,
activation of phospholipase A 2, and release of polyunsaturated fatty acids such as
AA. AA can, in turn, cause a build-up of glutamate^ by inhibiting the glutamate
uptake system in astrocytes (Barbour et al, 1990). Using time-lapse confocal
microscopy and Fluo-3AM, we assessed the effects of exogenous AA on Ca2+
regulation in cultured rat hippocampal astrocytes. Time and dose-dependent effects
of AA (5 nM-500 gM) were analyzed. At 10 nM AA, 20% of the cells responded
with peaks and slow increases in Ca2+n that lasted up to 50 sec. At 50 nM AA,
50% of the cells responded with prolonged elevations of Ca2+in as well as slow
intracellular Ca2+ waves. At 1 gM AA, 30% of the cells exhibited large oscillatory
increases in Ca2+n that lasted for 20-40 sec. At 5 gM AA, 70% of the cells
responded with a prolonged Ca2+ elevation that lasted for at least 300 sec and a
return to a higher resting level during washout. At 100 gM AA, 50% of the cells
responded with peaks and rapid oscillations in Ca2+n. In contrast, at 500 gM AA,
very few cells responded. AA (5 gM) did not potentiate or alter the astrocytic
Ca2+n changes in response to 100 gM glutamate. Time and dose-dependent effects
of Indomethacin (Indo, 30 pM-30 gM) were analyzed. At 300 pM Indo, 30-40% of
the cells exhibited rapid intracellular oscillations in Ca2+n and long distance Ca2+
waves (N = 3 experiments) suggesting that inhibition of the cyclooxygenase
pathway is enough to trigger a Ca2+ response. At 100 gM Indo, 80-90% of the cells
exhibited extremely rapid Ca2+ oscillations and an increase in Ca2+in that returned
to baseline following washout. Propagation of Indo-induced intercellular Ca2+
waves was inhibited by 500 gM octanol while intracellular Ca2+ waves were
unaffected. The finding of acute effects of exogenous fatty acids on the Ca2+
homeostasis of astrocytes, including the induction of a variety of Ca2+ changes that
can propagate from cell to cell, suggests that this cell type may be vulnerable to
pathologic insult involving the AA cascade.

INHIBITION OF CALCIUM INFLUX ATTENUATES IMMEDIATEEARLY GENE INDUCTION FOLLOWING FLUID-PERCUSSION
BRAIN INJURY IN THE RAT. Ramesh Raghupathi*. Thomas A.
Gennarelli and Tracv K. McIntosh. Division of Neurosurgery, University of
Pennsylvania, Philadelphia, PA 19104.
Lateral fluid-percussion (FP) brain injury in the rat has been shown
to induce the immediate-early genes (IEGs), c-fos, c-jun and junB
(Raghupathi, et al. Soc. Neurosci. Abst. 19 (1993) 1880). Since alterations
in calcium homeostasis have been reported to occur after FP brain injury
and fosljun induction has been correlated with increased intracellular
calcium, we investigated the effect of regulation of calcium flux on IEG
induction following FP brain injury. In situ hybridization analysis revealed
that, at 30 min following treatment with 20 mg/kg (i.p.) (S)-emopamil (a
blocker of calcium channels and/or IP3 production), no change in levels of
either IEG mRNAs was observed. However at 120 min post-treatment,
levels of c-fos and junB mRNAs in the cortex and hippocampus decreased
to those of sham-operated animals. White matter (glial) expression of c-fos
and junB was unaffected at either time point. Similar results were obtained
in animals treated with the non-competitive NMDA receptor antagonist,
MK-801 (1 mg/kg, i.v.). Neither compound had any effect on c-jun mRNA,
which was upregulated primarily in the dentate gyrus after FP brain injury.
These data suggest that IEG induction may not be a sensitive indicator of
efficacy of post-injury pharmacological treatments following experimental
brain injury. (Supported, in part, by NIH grants NS26818, NS08803 and a
VA Merit Review grant 74R).
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AGONIST-SPECIFIC CALCIUM SIGNALING IN HUMAN SK-N-MCIXC
NEUROTUMOR CELLS. R. K. Palmer. P. I. Yule. T. A. Williams, and S. K.
Fisher*. Neuroscience Laboratory, and Departments of Physiology and
Pharmacology, University of Michigan, Ann Arbor, MI 48104.
Fura-2 digital imaging microfluorimetry was used to evaluate the Ca2+
signals generated in single clonal human neuroepithelioma cells (SK-NMCIXC) in response to agonists that stimulate phosphoinositide hydrolysis.
Addition of optimal concentrations of endothelin-1 (ET-1), ATP,
oxotremorine-M (Oxo-M) or norepinephrine (NE) resulted in transient
increases in cytosolic calcium of different magnitudes (ET-l=ATP>OxoM>NE). The ATP-induced Ca2+ signals had a shorter latency and more
rapid rates of rise and decay than those observed for the other three
agonists. A sustained plateau phase, characteristic of the response to OxoM, was observed in <40% of ET-l-stimulated cells and was completely absent
from NE-elicited responses. Removal of extracellular Ca2+ enhanced the
rate of decay of Ca2+ signals generated by all four agonists, and when
evident, abolished the sustained phase of Ca2+ influx. In either the absence
or presence of extracellular Ca2+, >94% of cells responded to ET-1 or ATP,
whereas corresponding values for Oxo-M and NE were approximately 74 and
48%. Sequential addition of agonists to cells suspended in Ca2+-free buffer
indicated that each ligand mobilized Ca2+ from a common intracellular pool.
All four agonists stimulated similar (4-6 fold) increases in total inositol
phosphates. However, larger increases in inositol 1,4,5-trisphosphate
occurred in response to ET-1 or ATP (186-275% of control) than to either OxoM or NE (128-129% of control). The results indicate that specificity in signal
transduction is maintained at the level of the calcium response, and that
stimulated levels of inositol 1,4,5-trisphosphate may account for some, but
not all, of the observed specificity. (Supported by MH 42652, NS 23831, DK
41122 and DK 20572.)
RESPIRATORY REGULATION:

LOCALIZATION OF CALSEQUESTRIN IN ENDOPLASMIC RETICULUM OF
CEREBELLAR PURKINJE NEURONS M. E. Martone*. V. M. Edelman. T. J.
Deerinck. J. A. Airev+. J. Sutko+. M.E. Ellisman. ' Microscopy and Imaging
Resource, Dept, of Neurosciences, Univ. California, San Diego, La Jolla CA 920930608; +Dept. of Pharmacology, Univ. Nevada, Reno, NV 89557-0046.
Many proteins involved in storage and release of calcium from intracellular stores
in the muscle sarcoplasmic reticulum (SR) are found within chicken cerebellar Purkinje
neurons. These include the ryanodine receptor (RyR), a calcium release channel
localized in the SR membrane at the T-tubule-SR junction and calsequestrin (CSQ), a
calcium binding protein localized within the junctional SR lumen. We have
previously localized the RyR to the membranes of the smooth endoplasmic reticulum
(SER) within Purkinje cells (Ellisman et al., Neuron, 5; 135,1990) but the location of
CSQ has been more difficult to ascertain. Based on immunogold-labeled
ultracryosections Villa et al. (J. Cell Biol., 113 : 779, 1991) suggested that CSQ is
found within a specialized organelle that is physically and biochemically distinct from
the SER. However, interpretation of results based on ultrathin cryosections is difficult
because such sections show poor membrane contrast and present limited 3-D
information. We examined the distribution of CSQ using a new technique,
immunophotooxidation (Deerinck et al., J. Cell Biol., in press). CSQ was localized
using secondary antibodies conjugated to the fluorescent molecule eosin and viewed
with conventional fluorescence. Sections were then photooxidized in the presence of
diaminobenzidine and examined under the electron microscope. At the EM level, CSQ
was clearly localized to subregions of the SER. Labeled profiles were nearly always
continuous with unlabeled SER. Because this method results in improved penetration
of reagents due to the small size of eosin relative to gold- or enzyme-conjugated
reagents, the 3-D distribution of CSQ-containing SER was examined using
intermediate high voltage electron microscopy (IVEM). Preliminary examination of
0.5 um thick sections with IVEM suggests that pools of CSQ may be localized at the
base of dendritic spines. We have determined using confocal microscopy that some of
the regions staining for CSQ also label for the RyR These results are consistent with
die hypothesis that the SER is a continuous organelle (Martone et al., J. Neurosci.,
13: 4636,1993) that contains specialized functional subdomains.
DEVELOPMENTAL MECHANISMS
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230.2

PHASE-DEPENDENT EFFECTS OF VAGAL STIMULATION ON
RESPIRATORY PATTERN IN THE ISOLATED NEONATE RAT
BRAINSTEM / SPINAL CORD. NM Mellen*. PA Gray. & JL Feldman.
Systems Neurobiology Laboratory, Dept of Physiological Science, UCLA,
Los Angeles, CA, 90024-1527
Vagal afferents modulate respiratory pattern in a phase-dependent
manner (Breuer, 1868): activation during inspiration shortens inspiration,
and activation during expiration lengthens expiration. These responses
have been obtained in vivo either by induced lung inflation, or by
electrical stimulation of the vagus.
We investigated whether the circuitry mediating these responses to
afferent input are functional in the isolated neonatal rat brainstem / spinal
cord (PO-P2). The brainstem / spinal cord was maintained in mock c Sf at
26°C (JC Smith et al., J. Neurophys. 64(4), 1990). Spontaneous respiratory activity was monitored using an extracellular suction electrode on a
ventral root (Cl-C5). Stimuli were triggered by inspiratory onset, and
applied at various delays. The amplitude of vagus nerve root stimulation
(constant current) was set to the minimum necessary to obtain a 30%
reduction in inspiratory duration in response to a stimulus applied 0.05
sec following inspiratory onset. At least five control cycles separated
stimulus applications.
Both a shortening in inspiratory activity in response to a stimulus
applied during inspiration, and a lengthening of expiration in response to
a stimulus applied during expiration were obtained (p<0.05). These
results indicate that the circuitry mediating the phase-dependent response
to vagal afferent input observed in vivo are functional in the in vitro rat
brainstem / spinal cord. Supported by NIH Grants HL3794l and
NS07101.

DEVELOPMENTAL ASPECTS OF IONIC AND MOLECULAR
MECHANISMS UNDERLYING EXCITATORY RESPONSES OF RAT
CAUDAL HYPOTHALAMIC NEURONS TO HYPOXIA. E.M. Horn* and
T.G. Waldrop. Dept. of Physiology and Biophysics, Neuroscience Program and
College of Medicine, Univ. of Illinois, Urbana, IL 61801.
Previous reports from this laboratory have shown that a high percentage of
neurons in the adult caudal hypothalamus are stimulated by hypoxia both in vivo
and in vitro. The goal of the present study was to examine ionic and molecular
mechanisms involved in this excitation during development. Whole cell current
responses to hypoxia (10% 02/85% N^5% CO2) of neonatal (<12 days) and
juvenile (>2l days) rat caudal hypothalamic neurons were recorded with voltage
clamp techniques in the brain slice preparation before and during synaptic
blockade as well as during blockade of Na+ channels. Hypoxia elicited a net
inward current in the majority of neurons; this excitation occurred in a higher
percentage of the juvenile neurons (82%) than the neonatal neurons (50%).
However, of those neurons stimulated by hypoxia, there was no difference in the
magnitude of the net inward current elicited by hypoxia between the neonatal and
juvenile neurons. Most of the neurons tested maintained their response to hypoxia
during synaptic blockade (11.4 mM Mg*7 1.24 mM Caw), although the averaged
response was decreased. Moreover, addition of the Na+ channel blocker,
tetrodotoxin (1 gM), greatly attenuated the inward current response to hypoxia.
Northern blot analyses of mRNA expression for the a-subunit of the type Ii Na+
channel were then performed on caudal hypothalamic tissue from both neonatal
and juvenile rats. This analysis revealed a larger amount of solium channel
mRNA present in the juvenile compared to the neonatal rat hypothalamus. These
results indicate the excitation elicited by hypoxia in hypothalamic neurons is not
dependent upon synaptic input but results partially from an inward sodium current;
an increased expression of sodium channels during development in the rat may
explain the increased percentage of juvenile caudal hypothalamic neurons
stimulated by hypoxia. (Supported by NIH 32864 and AHA).

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

TUESDAY AM

RESPIRATORY REGULATION:

DEVELOPMENTAL MECHANISMS

543

230.3

230.4

PHENOTYPIC PLASTICITY IN CHEMOAFFERENT NEURONS: EVIDENCE FOR
AN ACTIVITY-DEPENDENT MECHANISM
D.M. Katz1*. J.T. Erickson1, B.C. Jackson1 and T. Hertzberg1'2. 'Department of Neurosciences, Case Western Reserve University School of Medicine, Cleveland,
OH 44106-4975 department of Woman and Child Health, Division of Neonatology,

ATTENUATED HYPOXIC VENTILATORY RESPONSE IN ADULT
RATS AFTER ONE MONTH OF PERINATAL HYPEROXIA. L. Ling,
E.B. Olson. P.L. Janssen and G.S. Mitchell*. Depts. of Comp. Biosciences and
Preventive Medicine, University of Wisconsin, Madison, WI 53706
This study tested the hypothesis that early sensory feedback from peripheral
arterial chemoreceptors is essential for the development of normal hypoxic
ventilatory responses. Newborn rats (n = 28) were exposed to hyperoxia (5060% 02) during the first month of life, thereby suppressing feedback from 02
sensitive chemoreceptors. The rats were then reared 2 - 3 months in normoxia
to adulthood. A whole body, flow-through plethysmograph was used to
measure hypoxic and hypercapnic ventilatory responses of these awake adult
rats. 12.5% 02 was used as an hypoxic challenge for control and one group of
treated rats. In another group of treated rats, 14.2% 02 was used to produce
same level of arterial hypoxemia (Pa^ ~ 47 mmHg) as that observed in control
rats breathing 12.5% 02. During the first 20 min of hypoxia, minute
ventilation (Vg) increased 55.1 ± 2.4% (control; n = 30; 12.5%), 32.7 ± 5.9%
(treated; n = 10; 12.5%) and 7.2 ± 5.3% (treated; n = 16; 14.2%). Hypoxic VE
was significantly lower in treated rats than in control rats at either level of
hypoxia (p<0.01 for both). Impaired hypoxic responsiveness was unique to the
neonatally treated rats since 2 adult mother rats exposed to hyperoxia had
normal hypoxic responses 2 months after exposure. The impairment is also
unique to hypoxia since hypercapnic ventilatory responses were similar between
control and treated rats. These data indicate that hypoxic ventilatory responses
of adult rats that had been exposed to one month of perinatal hyperoxia are
greatly reduced, suggesting that normal hypoxic ventilatory control mechanisms
are susceptible to developmental plasticity. (Supported by NIH HL36780).

Karolinska Hospital, S-171 76 Stockholm, Sweden.
Perinatal hypoxia delays maturation of the hypoxic chemoreflex in the newborn
(Hertzberg et al., 1992). One possible underlying mechanism is that hypoxia alters development of the chemoreceptor afferent pathway from the carotid body to the brainstem. To address this hypothesis, the present study examined the effects of perinatal
hypoxia, and depolarizing stimuli, on transmitter development in carotid body afferent
neurons in the rat petrosal ganglion (PG). Specifically, we examined development of
tyrosine hydroxylase (TH) and dopamine, selective markers for a subset of chemoafferent neurons in the PG (Katz & Black, 1986). Animals were exposed to hypobaric hypoxia (FjO2=0.12) from 2 days prenatally to 7 days postnatally and the PG was subsequently processed for TH immunocytochemical staining. The number of THimmunoreactive neurons increased 22% following hypoxia compared to normobaric
controls (p<0.05). To examine the possibility that TH expression was altered by
changes in carotid body afferent activity, fetal PG were cultured for 3 days in the presence or absence of a depolarizing concentration of K+ (40 mM). Long-term depolarization resulted in a striking increase in the number of TH-immunoreactive neurons compared to isotonic (NaCl) controls. In addition, HPLC analysis demonstrated that dopamine levels in the PG neurons increased 13-fold following K+ depolarization. These
data demonstrate that environmental cues can dramatically alter neurotransmitter expression in visceral afferent neurons and raise the possibility that levels of neuronal
activity play a role in differentiation of these cells. Such phenotypic plasticity could
contribute to adaptive responses to hypoxia during the perinatal period. Supported by
HL-42131 and Project 4 of HL-25830 (DMK), Wenner-Gren Foundation, Swedish Society of Medicine and Swedish MRC (TH) and Training support from HL-07288 (JTE).
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OPIOID DEPRESSION OF BREATHING IN PERINATAL RATS LL

MATURATIONAL changes
in the
roles
of GABAa and
glycine
RECEPTORS FOR RESPIRATORY RHYTHM GENERATION IN THE MOUSE.
J.F,R. Paton*, J,M, Ramirez & D.W. Richter. Department of Physiology, University of
Gottingen, D-37073 Gottingen, Germany.
Theoretical models simulating the respiratory rhythm generator of mature mammals are
based on reciprocal inhibitory connections amongst a heterogeneous population of
respiratory neurones (Ogilvie et al., Amer. J. Physiol: 263, R962,1992; Richter et al., Curr.
Opin. Neurobiol: 2, 788,1992). In contrast, blockade of fast chloride mediated inhibition did
not perturb rhythm generation in in vitro neonatal rat brainstem spinal cord preparations
(Feldman & Smith, Ann. Acad. Sci: 563,114,19)89; Onimaru et al., Pflugers Arch.: 417,425;
1990). This striking difference prompted us to analyse whether there were any maturational
changes in inhibitory synaptic mechanisms for respiratory rhythm generation in both
anaesthetised spontaneously breathing mice and a novel rhythmic brainstem slice
preparation that has the advantage of containing a functionally intact respiratory network in
mice of all postnatal ages (Paton et al., Pflugers Arch., 1994, in press). Administration of
bicuculline (1-lOpM), to antagonise GABAa receptors, produced a qualitatively opposite
pattern of response in neonatal compared to mature mice. The frequency and duration of
phrenic nerve discharge monitored in vivo, and rhythmic hypoglossal (XII) motoneurone
activity recorded in vitro (taken as the motor output of the respiratory oscillator), was reduced
in neonates but increased in mature mice. In addition, in both experimental conditions,
intermittent but severe disruption of rhythmic respiratory activity was induced with bicuculline
(2-1 OpM) and found to be due to maintained depolarisations and oscillations in rhythmic XII
and ventral respiratory group (VRG) neurones recorded in vitro. In contrast, blocking glycine
receptors with strychnine (0.1 -5p.M) failed to affect phrenic nerve and hypoglossal activity in
neonates but abolished respiratory activity in mature mice under both in vitro and in vivo
conditions. Since IPSPs or IPSCs in VRG neurones of neonatal and mature mice were
similarly sensitive to either strychnine or bicuculline, we conclude that (1) there is a role for
GABAa receptors in rhythm generation and stabilization of the respiratory network from birth
and, (2), glycine receptors play an increasingly important role in the maturing respiratory
network of the mouse.

Greer*. J.E. Carter. Z. Al-Zubaidy Dept, of Physiology, University of
Alberta, Edmonton, Alberta, T6G 2S2.
This study was designed to answer two fundamental questions
pertaining to the suppression of breathing by endogenous opioids. First, do
opioids suppress breathing by acting directly on the respiratory rhythm
generating centres located in the ventrolateral medulla? Second, which of
the opioid receptor subtypes are involved in suppressing perinatal
breathing? Three experimental approaches were taken. First, the effects of
opioid agonists and antagonists on spontaneous respiratory discharge
generated by the brainstem and spinal cord maintained in vitro were
studied. Second, similar studies were performed utilizing medullary slice
preparations consisting of respiratory rhythm generating regions. Third,
whole-body plethysmograph recordings were performed from
unanesthetized neonatal rats before and after intraperitoneal adminstration
of opiate-receptor agonists and antagonists.
Mu-receptor agonists, when added either to the solutions bathing the
perinatal rat brain stem-spinal cord or medullary slice preparations resulted
in a naloxone-reversible, dose-dependent decrease m the frequency of
respiratory rhythmic discharge. Delta and kappa receptor agonists were
without effect. I.p. administration of the mu-opiate receptor agonist
fentanyl resulted in a naloxone-reversible, dose-dependent decrease in the
frequency and amplitude of breathing of unanaesthetized neonatal rats (P0PlO). I.p. administration of the delta-opiate receptor agonist DPDPE did
not affect breathing of neonatal rats until the second and third week
postnatally. Kappa receptor agonists had no effect on breathing in vivo.
We conclude that opioids act to suppress perinatal breathing via muopioid receptors located on respiratory neurons within respiratory rhythm
generating centres (pre-Botzinger complex). The magnitude of opioidinduced depression of breathing increases with age during the first three
weeks postnatally. Supported by MRC and AHFMR.

*JFRP was in receipt of an Alexander von Humboldt Fellowship.
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ANALYSIS OF SPONTANEOUS RESPIRATORY BURSTING
PERIOD IN NEONATAL RAT BRAINSTEM-SPINAL CORD. Y,
Nakazono and M. Aoki*.
Dept. Physiology, Sapporo Medical
Univ. Sch. of Med., Sapporo 060, Japan
To investigate the neuronal mechanisms of spontaneous
rhythm genesis in the CNS, we analyzed the periodicity of
respiratory burst intervals in brainstem-spinal cord preparations
isolated from neonatal rats (1 - 7 days). Spontaneous burst
discharges were recorded from the central cut end of the left
C5 ventral root by use of a suction electrode. The onset time of
each burst was detected with a Schmitt trigger circuit. During

APNEUSIS IN NEONATAL RAT; AN IN VIVO STUDY.
M.-L. Fung* and W. M. St. John. Department of Physiology,
Dartmouth Medical School, Lebanon, NH 03756. .
Pontile off-switching has been known as an essential component of
the neural generation of eupneic respiration. In vagotomized adult
animals of all species examined, apneusis is obtained by lesioning of the
dorsolateral region of the rostral pons. Apneusis has also been observed
in kittens and piglets; yet, no evaluations of newborn rodents have been
performed. We proposed that the organization of the brainstem
respiratory control system is similar in neonatal rodents, as in neonatal
and adult a^m^s of other species. In particular, we hypothesized that
rostral pontile mechanisms modulate the ventilatory activity in the
newborn rat and, thus, apneusis will be obtained by lesions of the
rostral pons. Decerebrate, paralyzed, ventilated and vagotomized rats
were studied. Various animals were examined from the day of birth to
18 days thereafter. Activity of phrenic nerve was taken as an index of
ventilatory activity. The dorsolateral region of the rostral pons was
ablation by aspiration, or by localized electrolytic and chemical lesions.
In neonatal rats of any age, ablation of the rostral pons significantly
prolonged the duration of the phrenic burst (neural inspiration, Ti),
regardless of the method of ablation. Histological evaluations indicated
that the changes in Ti were specific to lesions of the dorsolateral pontile
tegmentum. We concluded that, as in all other neonatal and adult
animals, apneusis is obtained by ablation of the rostral pons in neobom,
vagotomized rats. Thus, from the day of birth, neuronal activities in the
dorsolateral rostral pons play a significant role in the definition of
eupneic ventilatory cycle. Again, as in adults, both pontile and
medullary mechanisms are required for eupneic ventilatory activity to be
manifested. (Supported by HL 26091, NIH)

the recording (30 - 90 min), burst to burst intervals (T) were
automatically determined by means of a digital clock counter
(0.1s precision). T fluctuated around the mean interval (3 - 25s,
in 53 preparations) with coefficient of variance (CV, 0.1 - 0.65).
The CV decreased depending on the days after birth. In 32%
(17/53) of preparations, the distribution of T split into two
groups, the modes of which indicate the periods of two
oscillatory sub-components. The ratio of these two sub-period
ranged from 1.3 to 1.8 without linear (or harmonic) relationship
each other. These results demonstrate that the burst rhythm is
produced by a nonlinear oscillator in the CNS, and the stability
increases with the growth, which suggest the ontogenic
maturing processes of neuronal respiratory rhythm genesis.
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PH SENSITIVITY AND CHOLINERGIC MODULATION OF FICTIVE RESPIRATION OF THE NEWBORN OPOSSUM (MONODELPHIS DOMESTICA) IN
VITRO. J.Eugenin*. Biocenter, Basel, Switzerland 4056.
In the isolated CNS of the newborn opossum regular respiratory
rhythm can be recorded from ventral roots C4-C6 together with unit activity
from medullary neurons by extra- and intracellular microelectrodes. Respiratory
patterns in this preparation are modified by changes in pH or by administration
of acetylcholine (Zou, J.Exp.Biol, in press). Experiments have been made to
analyse interactions between both kinds of stimuli. The CNS of 6 to 13 day old
opossums was transferred to a double chamber in which the lower brainstem
was superfused separately from the cervical segments from which the
respiratory record was obtained. The medium consisted of BME, 30 mM
dextrose, equilibrated with 5% CO2, 95% 02, pH 7.35 at room temperature.
More alkaline solutions (pH 7.5-7.7) were obtained by addition of NaHCO3,

and pH 7.1 by equilibrating with 7.5% CO2, 92.5% 02. The amplitude and the
frequency of the integrated respiratory activity changed as a function of the pH
of the solution bathing the lower brainstem. The respiratory rate was about
30% greater than controls at pH 7.35, and was abolished at pH 7.7.
Administration to the bathing fluid of acetylcholine (1-100 pM), or carbachol
(0.01-10 pM), or physostigmine (10-100 pM) produced dose dependent
increases in the amplitude and frequency of respiratory activity. Atropine 100

pM had no effect when administered under control conditions. Of particular
interest was that atropine inhibited recovery of respiratory activity when the pH
of the lower brain stem superfusion was changed from 7.7 to 7.1. These
results suggest that endogenous acetylcholine release may modulate the
respiratory pattern in the newborn opossum and that cholinergic mechanisms
may play a part in central chemosensitivity of the lower brainstem.
°Supported by a grant (# 313626292) from the Swiss Nafonalfonds to J.G.N.

AGE-RELATED MU, DELTA AND KAPPA OPIOID LIGANDS IN
PLASMA, CSF AND RESPIRATORY-RELATED BRAIN REGIONS
OF SWINE. I.R. Moss* and C. Zhang. Developmental
Respiratory Laboratory, Dept. Pediatrics, McGill
University, Montreal, Quebec:, Canada H3H 1P3.
Young neonates sleep more and ventilate less,
especially hypoxia, than do older subjects. When
exposed prenatally to cocaine, they exhibit an
inceased incidence of apnea and sudden death. To
assess whether suppressive opioids influence
these phenomena, beta-endorphin (BE), methionineenkephalin (ME) as well as dynorphin A and B
(DYNA, DYNB) were quantified in plasma, CSF and
in 4 micropunched respiratory-related brainstem
regions of young and older piglets (2.5-5.0 and
18-22 days).
These ages represent distinct
stages in the postnatal maturation of state and
cardiorespiration.
BE and DYNB levels in plasma
as well as ME and DYNA levels in CSF of young
piglets were higher than those of older animals.
Prenatal cocaine exposure increased BE and DYNA
in plasma and CSF of both ages, DYNB in plasma of
young and in CSF of both ages, but did not alter
ME levels at all.
Brain tissue is undergoing
assays at present.
These results indicate a
possible role for opioid systems in the normal
maturation of sleep and cardiorespiration as well
as in the influence of chronic cocaine on these
funcions. Supported by NIH, HL36939 and HD296O8.
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THE EFFECT OF ROCKING ON BREATHING PATTERNS AND BEHAVIORAL
STATE IN PREMATURE INFANTS. R . A . Damall*. A . M. Samitt. and E . R . Transue.
J. Conner-Bronson. A . S . Friedmann and M, Roth. Departments of Physiology and
Pediatrics, Dartmouth Medical School, Lebanon, NH 03756 .
Anatomic and neurophysiologic studies suggest that the vestibular system can
influence central respiratory pattern generation. Since vestibular reflexes are thought
to be “gated” by the reticular system and behavioral state can influence breathing, we
wanted to determine whether i) breathing can be entrained to rocking at different
frequencies and ii) state is influenced by rocking. Respiration and behavioral state were
recorded on tape before, during, and after two 20 minute periods of rocking in a
mechanical rocker (Infant Advantage). The data were digitized at 50 or 125 Hz, and
~ 1.5-5.5 minute segments were selected for spectral analysis . Entrainment was
identified by examining the raw signals, the individual spectra from the infant and the
rocking bed, and the coherence spectra (Car ). We have previously shown that Car >
0.85 at the rocking frequency suggests a high probability of entrainment (Sammon and
Damall, JAP, accepted for publication) . Initially, 8 premature infants were studied at
the two available frequencies (24 and 30 cycles/min . -CPM .). At these slow rocking
frequencies, there was no entrainment using strict coherence criteria. However, there
was a greater proportion of NREM sleep during the rocking periods when compared
to control periods (p < 0.005). Also, the proportion of REM decreased with rocking
and returned to pre-rocking control values after the rocking was discontinued
(P<0.034). Four additional infants have been studied in a rocking bed modified to
allow faster rocking frequencies. In these studies rocking frequencies were adjusted to
either 5 CPM greater or 5 CPM less than the average breathing frequency determined
during the initial control period . Of 43 data segments, 12 were classified as “periodic”
(P) and 31 as “non-periodic” (NP). Entrainment (Car > 0.85) occurred in at least one
segment in all infants, at both rocking frequencies in 3 infants, and occurred in 8.3% of
the P segments and 29.0% of the NP segments (NS, P vs NP) . Examples of both 1:1
and 2:1 entrainment were identified . We conclude that rocking can result in changes in
behavioral state and that breathing can be entrained to rocking . We speculate that
rocking-related changes in state may influence the vestibular influence on breathing
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CYCLIC ADENOSINE MONOPHOSPHATE (cAMP) ANTAGONIZES
GABAb MEDIATED PRESYNAPTIC INHIBITION WITHIN THE RAT
PHRENIC MOTOR NUCLEUS. Y. Sun*. P.G. Wagner. and M.S.Dekin.
Department of Medicine, UMDNJ-Robert Wood Johnson Medical
School, New Brunswick, NJ 08903.
GABAb receptors mediate presynaptic inhibition between premotor
respiratory neurons and phrenic motoneurons (Sun et a!., Neurosci.
Abstr., 19:1193, 1993). In this report, we tested the .hypothesis that

ACTIVATION OF GABA RECEPTORS AT THE VENTROLATERAL
NUCLEUS OF THE NUCLEUS TRACTUS SOLITARIUS (VLNTS) CAUSES
APNEUSTIC BREATHING. M.J.Kellv. R.A.Gillis. P.Hamosh. A.Taveira da
Silva*. Div. of Pulmonary and Critical Care Medicine, Dept, of Pharmacology,
Georgetown University, Washington, D.C. 20007.
The VLNTS, and area of the brain stem that appears to be important in the
neurogenesis of respiration, contains abundant GABA-immunoreactive fibers
(Lipski et al, Brain Res 529:309, 1990) that project from the Botzinger complex
(Livingston and Berger, Brain Res 476:265, 1989). The aim of this study was to
determine whether GABAergic transmission at the VLNTS affects respiratory
activity. Studies were performed in chloralose (80 mg per kilo I.V.) anesthetized
cats while measuring respiratory minute volume (Ve), tidal volume (Vt),
respiratory rate (f), inspiratory time (Ti), expiratory time, blood pressure, heart
rate and end tidal C02. Microinjection of Bicuculline (Bi) (40 pmols/side), a
GABAa receptor antagonist, produced a decrease in Ti(-0.6+0.2 sec, P<0.05),
Vt and Ve. Microinjection of 2-OH-Saclofen (S) (2,000 to 2,400 pmols/side), a
GABAb receptor antagonist, produced no effects. Microinjections with the
GABAa receptor agonist muscimol (M) (4-40 pmols/side) produced an increase in
Ti (+10_+3 sec, P<0.05) and Vt ( + 31f5 ml, P<0.05) and a decrease in f(-9_+l
breaths/min, P<0.05) and Ve (-238+24 ml/min, P<0.05). These effects were
reversed by Bi. Microinjections with the GABA^ receptor agonist Baclofen (Ba)
(12 pmols/side) caused an increase in Ti ( + 3.9+.1 sec, P<0.05) and Vt
(+13 + 3nl, P<0.05) and a decrease in f (-4+.1 breaths/min, P<0.05) and Ve (67_+9 ml/min, P<0.05). These effects were temporarily reversed by
microinjection of S. Apneustic breathing with long inspiratory pauses was seen
both after M and Ba. We conclude that the activation of GABAa and GABAb
receptors at the VLNTS affects respiratory timing. However, only the GABAa
system appears to be tonically active.

GABAb mediated presynaptic inhibition could be antagonized by
cAMP. All experiments were done using spinal cord slices from
Sprague-Dawley rats (3 to 9 days old). Phrenic motoneurons located
at spinal levels C3-C5 were identified by antidromic stimulation.
Postsynaptic potentials were evoked by stimulation of either the
ventral or lateral funiculus where premotor respiratory axons are
located. Compound monosynaptic excitatory postsynaptic potentials
(EPSP) were isolated in a high Ca++-high Mg+ + solution to eliminate
polysynaptic pathways and 10 pM bicuculline to inhibit postsynaptic
GABAa responses.
In the presence of 100 pM (±)baclofen, a
selective GABAb agonist, the EPSP amplitude was reduced to <50%
of control. During exposure to both (±)baclofen and 1 mm 8-bromocAMP, a lipophilic cAMP analog, the EPSP amplitude returned to
control levels.
In addition, 8-bromo-cAMP alone caused a large
increase in EPSP amplitude (>80%). Neither the postsynaptic input
resistance nor the time course of the EPSP were affected by the drug

treatments, indicating a presynaptic site of action.
These data
suggest that presynaptic inhibition mediated by GABAb receptors
within the phrenic motor nucleus involves a decrease in intracellular
cAMP levels. (Supported by NIH Grants HL4O369 and HL02314).
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GABAb RECEPTORS IN THE CONTROL OF INSPIRATORY

HYPOGLOSSAL MOTONEURONS. S. Okabe. G. Woch and L. Kubin*.
Center for Sleep and Respiratory Neurobiology, University of Pennsylvania,
Philadelphia, PA 19104.
Although the effects of GABAb receptors on the neural control of
breathing have been extensively studied, there is a paucity of information on
GABAb receptor-mediated effects on upper airway motoneurons. In 15
urethane-anesthetized, paralyzed, vagotomized, and artificially ventilated rats,
we recorded the activity of both genioglossal (inspiratory) branches of the
hypoglossal (XII) nerve. A GABAb receptor agonist, baclofen, or antagonist,
CGP-35348 (kindly provided by Ciba-Geigy), were microinjected into one
XII nucleus. Baclofen (0.25-2.5 mM in 10-20 nl of saline/dye) caused a 1352% suppression of the XII nerve activity in a dose-dependent manner. The
response reached full magnitude within 3 min on the injected side. After
only a slight delay, suppression also occurred, with a smaller magnitude, on
the opposite side. The antagonist (50 mM; lOnl) injected alone caused only
a delayed (full response after 10-15 min) suppression of XII nerve activity
bilaterally. In contrast, injections of the antagonist 10-20 min following a
baclofen injection at the same site (1 mM; lOnl) resulted in a rapid increase
of the XII activity followed by a delayed suppression. No changes in
respiratory rate were observed. A slight rise of blood pressure occurred with
higher doses of baclofen. We conclude that 1) GABA„ receptors within the
XII nucleus may suppress the activity of XII motoneurons, yet they are not
tonically active under the conditions of our experiment; 2) there is a net
endogenous excitatory effect in XII motoneurons mediated by GABAb
receptors located in the reticular formation around the XII nucleus. (HL42236/47600).

DIFFERENTIAL EFFECTS OF NMDA ANTAGONISM IN THE
DORSAL AND VENTRAL RESPIRATORY GROUPS. M.K.
Anderson. D.R. Karius. D.F. Speck*. Dept, of Physiology, Univ. of
KY, Lexington KY 40536
The maintenance of euprteic respiration in a vagotomized cat
requires NMDA receptor-mediated neurotransmission. Injection of
a competitive NMDA antagonist into the dorsal respiratory group
produces a prolonged inspiration known as apneusis (Soc. Neurosci.
Abs. 18:488,1992). This study tested whether NMDA receptor
antagonism in the inspiratory portion of the ventral respiratory
group (VRG) would produce apneusis. Adult cats were anesthetized (sodium thiopental), decerebrated, vagotomized and ventilated.
Phrenic nerve activity was recorded before and after (5,15,30 min)
unilateral or bilateral injections of NMDA antagonist AP5 (lOmM,
130-800 nl) into the VRG. Inspiratory duration and integrated
phrenic nerve amplitude were not significantly different following
AP5 injection. However, expiratory time was significantly decreased
from control at 15 and 30 minutes. These data indicate that NMDA
receptor-mediated neurotransmission in the VRG is not likely to
participate in inspiratory timing mechanisms, but does participate in
the mechanisms which influence expiratory timing. (Supported by
NIH POl 40369)
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DISTRIBUTION OF AMPA RECEPTOR SUBUNITS WITHIN
THE PHRENIC NUCLEUS AND THE VENTRAL RESPIRATORY
GROUP IN THE RAT. D. L. Robinson* and H. H. Ellenberger.
Department of Anatomy and Neurobiology, Dalhousie University,
Halifax N.S., Canada, B3H 4H7.
Glutamate is a necessary neurotransmitter for the generation and
transmission of inspiratory drive. Anatomical localization of the
glutamate receptor subtypes within the respiratory neural network will
compliment functional studies which demonstrate the critical
importance of the non-NMDA receptor. Immunohistochemical
staining for AMPA receptor subunits (GluR 2/3), was performed to
identify respiratory neurons which are involved in AMPA mediated
glutamate neurotransmission. In adult male Sprague-Dawley rats,
Fluorogold was used to retrogradely label phrenic motoneurons and
bulbospinal ventral respiratory group (VRG) neurons. After
perfusion with 4% paraformaldehyde, 12 micron thick medullary and
cervical spinal cord cryo-sections were thaw-mounted and reacted on
slides with a GluR 2/3 subunit polyclonal antibody. A secondary
antibody conjugated to Cy3 was used for visualization of receptor
subunit distribution under flourescence microscopy.
GluR 2/3-like immunoreactivity (LIR) was evident in Fluorogoldlabelled phrenic motoneurons and bulbospinal VRG neurons. Distribution of GluR 2/3-LIR was evident in somata and dendritic
processes in both regions.
These results provide anatomical support for the hypothesis that
glutamatergic synaptic inputs to bulbospinal VRG neurons and
phrenic motoneurons utilize AMPA receptors.
Supported by MRC grant MT12212 (HHE).

PROLONGED PHRENIC STIMULATION BY RETROTRAPEZOID NUCLEUS

(RTN) METABOTROPIC AGONIST (ACPD) INJECTIONS. Eugene E.

Nattie* and Aihua Li. Department of Physiology, Dartmouth Medical
School, Lebanon, N.H., 03756-0001
Glutamate injected unilaterally into the RTN of anesthetized cats
stimulates integrated phrenic amplitude (PNA) in a dose dependent
fashion. Brief (3 sec) glutamate injections(100 mM) stimulate PNA
transiently; 60 sec injections result in prolonged PNA stimulation
(46+/9 min). Here we show similar responses in the chloraloseurethane anesthetized, paralyzed, ventilated rat and ask if the
prolonged PNA stimulation is due to metabotropic glutamate receptor
activation in the RTN. Brief injection (10 nl; 3 sec) into the RTN of
the artificial cerebrospinal fluid control(N=9) or glutamate at 10
mM (N=4)produced no response; at 50 mM, a 10+/-3 % increase
(N=8; P< 0.001); at 100 mM, a 20+/-3 % increase (N=21; P<
0.001). The effects lasted < 5 min on average. Injection (10 nl, 60
sec) at 50-100 mM resulted in a 20+/-7 % increase which lasted
more than 30 min (N=9). Injection (10 nl; 3 sec) of ACPD (1S,3Raminocyclopentane-dicarboxylic acid), a metabotropic receptor
agonist, at 100 mM increased PNA >50 % for 240 min. At 1 mM, 3
injections of ACPD increased PNA by 26-36% for 64, 130, and 165
min. Unilateral RTN injection of ACPD at 0.01 the glutamate dose
produces prolonged stimulation of PNA suggesting involvement of RTN
metabotropic receptors in the control of breathing. (Supported by HL
28066).
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THYROTROPIN RELEASING HORMONE INPUTS TO BRAINSTEM
RESPIRATORY NEURONS. P.M. Pilowsky*, Q.-J. Sun, J.B. Minson,
L.F. Amolda, J.P. Chalmers and I.J. Llewellyn-Smith. Dept of Medicine
and Centre For Neuroscience, Flinders Medical Centre, Bedford Park
5042, South AUSTRALIA: Fax 61-8-2045268.
Central respiratory rfiythmictty is generated in the ventrolateral
medulla oblongata, and transmitted to a wide range of autonomic and
somatic, premotoneurons and motoneurons.
Thyrotropin releasing
hormone (TRH) is one of many neurotransmitters that affect the activity
of brainstem respiratory neurons when applied in vivo or in vitro, but the
extent and location of the endogenous TRH input is not known. In the
present experiments, intracellular recording and dye-labelling of
medullary respiratory neurons in pentobarbitone-anaesthetised rats was
combined with immunocytochemistry for TRH. Botzinger/pre-Botzinger
neurons had a moderate number of TRH boutons in close apposition (30
±7; mean±s.d. appositions/neuron; n=5), while caudal respiratory
neurons had very few appositions (5 ±3; n=4).
Of the medullary
motoneurons, respiratory-related motoneurons in the nucleus ambiguus
had the largest TRH input (74 ±38; n=7) while non respiratory-related
ambiguus motoneurons (11 ±5; n=5) and facial (13±4; n=7) and

AMINO ACID- AND NEUROPEPTIDE-CONTAINING SYNAPTIC
INPUTS TO RAT PHRENIC MOTONEURONS. S.M. Murphy*. P.M.
Pilowskv. Q.-J. Sun and I.J. Uewellvn-Smith.
Department of
Medicine, Flinders Medical Centre, Bedford Park, South Australia
5042, Australia.
Light microscope studies show that many populations of amino
acid- and neuropeptide-containing nerve fibres are present in the
phrenic motor nucleus. This study was carried out to show which of
these make synaptic contact with phrenic motoneurons (PMN) and to
determine the proportions and locations of these inputs. PMN were
identified by retrograde tracing from the diaphragm of rats, using
either immunocytochemicaly-detected cholera toxin B subunit (CTB)
or CTB conjugated to horseradish peroxidase. This was followed by
either pre-embedding immunocytochemistry for neuropeptides
(substance P and TRH) and the enzyme of GABA synthesis,
glutamic acid decarboxylase (GAD), or by post-embedding
immunogold labelling for the amino acid neurotransmitters, GABA
and glutamate.
Analysis of ultrathin sections revealed both
morphologically-identifiable synapses and close contacts between
amino acid- or neuropeptide-containing varicosities and PMN.
Axosomatic and axodendritic synapses and contacts were frequent in
the case of GAD, GABA and glutamate, and rare in the case of
substance P and TRH. The finding of several types of chemicallyspecified synaptic inputs suggests that there is great potential for
modulation of PMN activity at the level of the spinal cord. Supported
by the National Sudden Infant Death Syndrome Council of Australia.

hypoglossal (8±2; n=6) motoneurons had many fewer appositions. The
TRH input to individual cells was not homogenous: several boutons
often formed a cuff around a single dendrite. The results demonstrate
that TRH inputs are preferentially directed towards some respiratory
neurons but not others.
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231.10

IDENTIFICATION OF MEDULLARY RAPHE CELLS PROJECTING TO
DORSOMEDIAL MEDULLA THAT ARE SUPPRESSED DURING THE
ATONIA OF REM SLEEP. G. Woch. A.I. Pack. R.O. Davies* and L.
Kubin. Center for Sleep and Respiratory Neurobiology, University of
Pennsylvania, Philadelphia, PA 19104.
Serotonergic terminals are present throughout the hypoglossal (XII), dorsal
vagal (X) and solitary tract (NTS) nuclei. However, their cells of origin have

HYPOXIA INDUCED LONG TERM FACILITATION (LTF) OF PHRENIC
AND HYPOGLOSSAL NERVE ACTIVITY IS SEROTONIN DEPENDENT.
K.B. Bach, D.R. McCrimmon* and G.S. Mitchell. Dept. Comp. Biosciences and
Center for Neuroscience, Univ. Wisconsin, Madison, WI 53706.
Repeated hypoxic episodes evoke LTF of phrenic nerve activity in rats
(Hayashi et al, Am. J. Physiol. 265, R811-R819, 1993). The objectives of the
present study were to determine if hypoxia-induced LTF: 1) is a property of
upper airway (hypoglossal) motoneurons as well as spinal inspiratory (phrenic)
motoneurons; and 2) is dependent on serotonin (similar to LTF induced by
electrical stimulation of the carotid sinus nerve). Phrenic and hypoglossal
nerve activities were recorded in 7 urethane anesthetized, vagotomized,
paralyzed and artificially ventilated (Fio 2=0.50) rats. The rats were exposed to
3 consecutive, 5 min periods of hypoxia (Fio 2=0.12) separated by 4 min of
hyperoxia. Phrenic nerve activity was recorded before and during each
hypoxic episode and for 60 min after the final episode. One hour after the final
hypoxic episode, integrated phrenic (66 ± 22%) and hypoglossal (96 ± 26%)
burst amplitudes had increased above pre-stimulus control values (both p <
0.01). In rats (n=5) pretreated with methysergide maleate (4mg/kg), integrated
phrenic (3 ± 11% at 1 hr) and hypoglossal (16 ± 18% at 1 hr) burst amplitudes
were not significantly increased from pre-stimulus control values at any time
post-stimulation. Burst frequency was also increased 1 hour after the final
hypoxic episode (8.5 ± 2.0 bursts/min; p < 0.01), an effect that was also
blocked by methysergide. The results indicate that hypoxia-induced LTF occurs
in both hypoglossal and phrenic nerves in anesthetized rats and requires
serotonin receptors. (NIH HL36780).

not been studied physiologically. In decerebrate, paralyzed, vagotomized and
artificially ventilated cats, we searched for medullary midline cells using
extracellular recording combined with antidromic stimulation in the XII
nucleus and adjacent structures. Of the 29 antidromically activated,
spontaneously active cells (typical firing rates: 0.5-2.0 Hz), 17 had axonal
ramifications within one or more nuclei of the dorsomedial medulla. The
latencies indicated that most fibers had conduction velocities less than 1 m/s.
Thirteen of the 17 cells were recorded during the postural atonia and
respiratory depression produced by carbachol, a cholinergic agonist,
microinjections into the pons (REM sleep-like atonia). All but one were
profoundly suppressed or silenced. After the recovery, the activity of all 8
cells tested was suppressed by systemic administration of a 1A serotonergic
receptor agonist, 8-Oh -DPAT. The cells identified in this study are likely to

be serotonergic and may modulate, in a state-dependent manner, brainstem
motor output (XII and X motoneurons) and visceral sensory input (NTS).
(Supported by HL-47600 and 42236).

231.11

231.12

N6-p-SULFOPHENYLADENOSINE (p-SPA), A PERIPHERAL
ADENOSINE A-i AGONIST, REDUCES THE INCIDENCE OF SLEEP

NALOXONE & CYSTEAMINE ATTENUATE THE ASPARTIC
ACID-INDUCED DEPRESSION OF VENTILATION IN THE
MALE RAT. E. H. Schlenker*. C/ Hoffman & C.
Ducheneaux. Dept. Physiology & Pharmacology,
USD School of Medicine, Vermillion, SD 57069
Aspartic acid (580 mg/kg, s.c.) causes a
depression in adult male, but not female
rats.The purpose of these experiments was to
determine
if
endogenous
opioids
or
somatostatin
(each
agent
can
depress
ventilation) may be responsible for aspartic
acid-induced depression of ventilation in
awake male Sprague Dawely rats. Treatment of
10 rats with naloxone (5 mg/kg) 10 minutes
prior to aspartic acid attenuated the drop of
breathing from -138.6 ± 26.9 ml/min to -63.4 ±
16.6 ml/min (P<0.01). Both, tidal volume and
frequency of breathing fell. Naloxone given
prior to saline had no effect on ventilation.
In another experiment, cysteamine (100 mg/kg),
a somatostatin depleter, injected s.c. 2 hours
before
aspartic
acid
administration
also
attenuated depression of ventilation in 9 rats
to the same extent as naloxone. Cysteamine
alone compared to saline had no effect on
ventilation over 24 hrs. These results suggest
that aspartic acid may act by releasing
endogenous opioids or somatostatin.

APNEAS IN THE RAT. D. Monti. D.W. Cartev. J. Christon and M.
Radulovacki*. Departments of Pharmacology and Medicine, University of
Illinois College of Medicine, Chicago, IL 60612.
We have previously reported that the administration of adenosine A-|
and A2 receptor agonists reduced central sleep apneas in the rat and
hypothesized an adenosinergic stimulatory effect of carotid chemoreflexes
with a consequent increase in respiratory effort. To further evaluate this
hypothesis, we administered 0.1 mg/kg, 0.3 mg/kg and 1.0 mg/kg of the
peripherally acting A-| agonist p-SPA to 11 adult male Sprague-Dawley rats
surgically implanted with EEG and EMG electrodes for sleep/Wake
monitoring, simultaneous assesment of respiratory activity was obtained
through unrestrained body plethysmography. Each animal was injected with
either saline or drug prior to 6 hour polygraphic recording. Studies were
performed on 4 different days, each separated by at least 3 days. Apneas,
defined as cessation of respiratory effort for at least 2.5 seconds were
further characterized as post-sigh (PS) and non post-sigh (NPS), according to
the presence or absence of a preceding inspiration at least 250% larger than
the average amplitude during regular breathing. In all conditions the number
of PS apneas was 3 to 14 times higher than NPS apneas (p<O5). All doses
of p-SPA significantly reduced the number of PS apneas during sleep (39.9 ±
7.5-cxntfrol; 21.6 ±2.9-0.1 mg/kg; 15.6±4.1 -03 mg/kg, 18.5 ± 5.3 -1.0
mg/kg; p< O5 for each). However, only 1.0 mg/kg of p-SPA decreased the
incidence of NPS apneas compared to control (1.36 ±.57-1 0 mg/kg; 6.36 ±
1.4 - coctrol; fx.<)). A greatet numlmrof PSapnpae w ereobsereed during
non-slow wave sleep (NSW) in all conditions, whereas NPS apneas showed
no stage dependence. NSW tended to show a dose dependent reduction in
the amount of PS apneas while NPS apneas were decreased in both NSW
and REM sleep with 1.0 mg/kg. We conclude that the incidence of PS and
NPS apneas occurring during sleep stages in rats is reduced by Adenosine
A-| analogs acting presumably on peripheral chemloreceptsrr.

231.13
RESPIRATORY DEPRESSION DURING THE BETHANECHOL-INDUCED
REM SLEEP-LIKE STATE (D-BETH) IS NOT BLOCKED BY THE Ml/M3
MUSCARINIC RECEPTOR ANTAGONIST 4-DAMP . V. J . Malllos.* R . Lvdic .
and H.A. Baghdovan. Department of Anesthesia, The Pennsylvania State
University, College of Medicine, Hershey PA 17033.
Microinjection of cholinergic agonists into the medial pontine reticular formation
(mPRF) of cat causes a REM sleep-like state and state-dependent respiratory
depression (Neurosci. Letts. 102:211, 1989). The specific role of each muscarinic
receptor (mAChR) subtype in causing this respiratory depression remains to be
specified. This study is testing the hypothesis that the mAChR subtypes in the
mPRF which modulate respiratory rate (RR) can be identified. Cats (n=3) were
implanted with standard electrodes for measuring wakefulness (W), rapid eye
movement (REM) sleep and non-REM (NREM) sleep. Also implanted were guide
tubes for painlessly administrating drugs directly into the mPRF. The ipuscarimc
agonist bethanechol (BETH; 4.3pg/.25 pl, 88mM) and Ml/M3 antagonist 4-DAMP
(l 0-’-8M, 10'4M, and 10'6 M) were microinjected into the mPRF during quiet W
followed by 2 hr recordings of sleep and breathing. RR was quantified for 264 min
of W (7988 breaths), 232 min of NREM sleep (5369 breaths), and 236 min of REM
sleep or D-BETH (5862 breaths). Compared with control recordings, microinjection
of BETH into the mPRF had no effect on RR during W, significantly increased RR
during NREM sleep (t=4.03; df=l 6O, p<O.O(l), and significantly decreased RR
during D-BETH (t=2.1; df=l73; p=O.O37). Microinjection of 4-DAMP 15 min
prior to BETH, blocked the BETH-induced increase in RR during NREM sleep
(f =14.46, df=3,13l; p<O.O)l), but did not block the BETH-induced decrease in RR
during D-BETH. Since mPRF injection of 4-DAMP blocks D-BETH these data
demonstrate a dissociation between an ability to block the REM sleep-like state and
an inability to block cholinergically-induced respiratory depression . This
dissociation is consistent with the hypothesis that different mAChR subtypes in the
mPRF mediate different manifestations of REM sleep . Support: Dept. Anesthesia.

HL-40881 (RL) and MH-45361 (HAB).
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232.2

NOCICEPTIVE NEURONES IN RAT SUPERIOR COLLICULUS: A PARALLEL
ANALYSIS USING C-FOS IMMUNOHISTOCHEMISTRY AND ELECTROPHYSIOLOGY UNDER DIFFERENT CONDITIONS OF ANAESTHESIA.
S. M. Wans1. P.Redgrave1*. G.W.M.Westbv1. J.G. McHaffie2 and B.E. Stein2.
'Dept. Psychol., Univ. Sheffield, Sheffield. U.K.; 2Dept. Neurobiol. & Anat.
Bowman Gray Sch. Med. Wake forest Univ. Winston-Salem, NC 27157, U.S.A.
C-fos immunohistochemistry was used to provide a "population" view of superior
colliculus (SC) neurones responsive to noxious stimuli under different anaesthetic
conditions. Four groups of rats were used: (i) "nontreated" controls; (ii)
unanesthetized; (iii) urethane-anaesthetised; (iv) avertin-anaesthetised. Groups ii-iv
were further divided into animals injected in one hindfoot with saline or formalin.
Injections of saline in unanaesthetised animals induced a significant (p<0.002)
bilateral increase in fos-like immunoreactivity (FLI) primarily in the medial SC, and
across all layers. A substantial further increase was induced by formalin injections
(p<0.0001). A similar effect was seen in both anaesthetised groups. However, the two
anaesthetics produced different patterns of FLI in both saline and formalin injected
animals; in the urethane group the most reactive layer was the intermediate white
layer, while the intermediate grey layer was most reactive in the avertin group. These
differences were paralleled by electrophysiological results: populations of
spontaneously active neurones, many of which were nociceptive, were located in the
intermediate white layer in urethane-anaesthetised animals, and in the intermediate
grey layer in avertin-anaesthetised animals.
These data demonstrate that anaesthetics can differentially affect the distribution of
nociceptive and spontaneous activity in the SC, and that FLI and electrophysiology
can provide complementary views of neuronal activation in the SC. The rat’s natural
enemies often approach from above and are thus represented in sensory maps of the
medial SC. Also, direct stimulation of the medial SC elicits defensive reactions at
threshold. The activation of fos in the medial SC by pain^stress could therefore be
part of a mechanism involved in long term adjustments to the sensorimotor circuits
producing defensive responses to threat. (Funded by Wellcome Trust grant to PR)

THE ORGANIZATION OF SPINAL NOCICEPTIVE WITHDRAWAL REFLEXES
DEPENDS ON ONTOGENETIC LEARNING IN THE RAT
J. Sccouueborg*fH. Holimperg. Y.Yu. H.-R. Weng
Department of Physiology and Biophysics, University
vof Lund, Solvegatan 19, S-22362, Lund, Sweden.
Recent studies indicate that the nociceptive withdrawal
reflex (NWR) system essentially has a "modular"
organization, each "module" concerned with the control of
a singles, or a small group of muscles. For each muscle,
there is a "mirror-image" relationship between the spatial
pattern of reflex gain for cutaneous input and the pattern
of cutaneous unloading ensuing on contraction. Here, the
organization of the nociceptive input to this system in
adult decerebrated spinalized rats in which the tendons of
single muscles were transposed under cold anaesthesia at
postnatal day one was studied. NWR elicited by noxious
mechanical and thermal cutaneous stimulation were
recorded with EMG. Reflexes to extensor digitorum longus
whose tendons had been transposed from the distal digits
to the third metatarsal bone (8 rats) were elicited from
the same plantar area as in control rats. However, maximal
responses were elicited from the proximal plantar side of
the digits and the central pads instead of from the distal
plantar side of the digits as in control rats. Reflexes to
mm. peroneus longus and brevis whose tendons had been
transposed to the lateral side of calcaneous (7 rats),thus
causing marked plantar flexion and outward rotation of the
ankle on contraction, were elicited from a similar plantar
area as in control rats but were significantly weaker.
In conclusion, the reflex gain of nociceptive input to
this motor system is tuned by a learning process taking
into account the movement pattern caused by the muscles.

232.3

232.4

INTERNEURONS PRESYNAPTIC TO RAT TAIL FUCK MOTONEURONS AS
MAPPED BY TRANSNEURONAL TRANSPORT OF PSEUDORABIES VIRUS:
FEW HAVE LONG ASCENDING COLLATERALS. L. Jasmin. V.E. Mendel*. E
Carstens and A.I. Basbaum. Keck Center Integ. Neuroscience & Dept, of Anatomy,
UCSF, San Francisco, CA 94143.
The method of transneuronal retrograde transport of pseudorabies virus (PRV) was
used to identify putative intemeurons presynaptic to motoneurons supplying a tail flick
muscle. We additionally investigated if intemeurons also contribute to ascending
somatosensory pathways by determining if any are double-labeled for PRV and for
cholera toxin B-subunit (CTB) injected into somatosensory terminal areas.
In anesthetized rats, 10 ul of PRV (Bertha’s strain; 8xO PFU/ml) was injected into
the left abductor caudae dorsalis (ACD) muscle, and 20 nl of 10% CTB (10%) into
the right midbrain and ventrobasal thalamus. After 2-5 d survivals, rats were perfused
and spinal cord sections processed immunohistochemically in a two-step procedure to
stain CTB-immunoreactive (-IR) cells Mack and PRV-IR cells brown.
At short (2 d) survivals, PRV-IR cells were in the ipsilateral ACD motoneuron pool
(S3-S4) and intermediolateral cell column (T12-L2), with a few (0-S/section)
bilaterally in the intermediate zone and around the central canal (all lumbosacral
levels). With longer (3-4 d) survival, more cells (20-5(ysection) were seen bilaterally
(ipsilateral preponderance) in dorsal and ventral horns of the lumbosacral cord. Many
were in lamina I but few in the substantia gelatinosa (SG). At 4-5 d survivals, many
cells (>lO(VsHection) were distributed throughout dorsal and ventral horns bilaterally,
including SG. The data suggest (a) direct projections from intermediate and dorsal
horn cells to ACD motoneurons, (b) disynaptic connections from dorsal hom (possibly
including SG) cells to more ventral last-order intemeurons. We raise die possibility
that SG cells might connect to lamina I cells projecting directly to ACD motoneurons.
CTB-IR cells (5-2(Vsection) were seen in the expected locations (contralateral lam.
I, IVrVin;lateaal spsnal nucteue [LSN] bilaterally). DcDble-labclai (ie.iPRV- and
CTB-IR) neurons were seen infrequently in the LSN and rarely in dorsal horn,
indicating drat segmental i^^neurons do not project appreciably in long ascending
sensory pathways.

SPINOHYPOTHALAMIC
TRACT
NEURONS
IN
THE
CERVICAL
ENLARGEMENT OF RATS: LOCATIONS OF ANTIDROMICALLY IDENTIFIED
AXONS IN THE IPSILATERAL BRAIN. X. Zhang*. E. Kostarczyk and G.J. Giesler.
Jr. Dept, of Cell Biol. & Neurbacnt., Univ. of Minn., Minneapolis, MN 55455.
Many rat nociceptive spiral neurons project directly to contralateral hypothalamus.
The axons often continue across the midline into the ips^em! hypothalamus, then
descend into the ipsilateral thalamus or midbrain. In this study we determined the
course and terminal areas of these axons in the ipsilateral brain. Initially, 36 neurons
in the cervical enlargement of rats were acrldrbmicnlly activated using <3OuA in the
contralateral hypothalamus. Then, systematic antidromic mapping was done at
multiple anterior-posterior levels in the ips^em! brain. Thirty of 36 neurons could
also be backfired with low currents at increased latencies from the ipsilateral
hypothalamus, thalamus or brainstem. The axons of 15 neurons were surrounded
medially, laterally and posteriorly by tracks in which the neuron was not activated
using 5OOo A, suggesting that these axons terminated in the surrounded, areas. Two
such low threshold points were located in the supraoptic decussation of the
hypothalamus and 4 were in the posterior thalamus. Nine axons ended in the
midbrain. Two appeared to terminate in the superior colliculus, 1 in the inferior
colliculus, 3 in the nucleus of the brachium of the inferior colliculus, 3 in the
cuneiform nucleus. Three axons were backfired in the pons (near the superior olivary
complex) but could not be surrounded posteriorly.. One low threshold point was in the
mngcbcellular reticular nucleus in the rostral medulla. Each of 16 tested neurons
responded specifically or preferentially to noxious mechanical stimuli. These results
indicate that many neurons in the cervical enlargement send axons through the
contralateral hypothalamus into the ipsilnteral hypothalamus, and then into the
ipsilateral posterior thalamus, midbrain, pons, or even rostral medulla. These axons
may provide cbcieptive information to a variety of nuclei in the diencephalon and
brainstem bilaterally. Supported by NS25932 and NS29276.

232.5

232.6

MORPHOLOGICAL CHARACTERISTICS OF PHYSIOLOGICALLY
IDENTIFIED LAMINA I CELLS IN CATS. Z.-S. Han* and A.D. (Bud) Craig,
Div. Neurobiology, Barrow Neurological Institute, Phoenix, Arizona 85013
Using standard intracellular techniques, cells in the L7 or Si superficial dorsal
hom were recorded with glass microelectrodes and labeled with blbcyrlc in
byrbirurare-ynesrherlzed cats. Serial 50 pm horizontal frozen sections were
processed with the ABC method. A total of 29 identified lamina I cells were
recovered. These cells were physiologically classified into 3 groups based on
their responses to natural peripheral stimuli, including light touch, gentle
pressure, limb and joint movement, contact with cool and cold objects, noxious
mechanical pressure and pinch, and radiant heat (see Craig & Serrano, Brain Res
636:233,1994). Nociceptive-specific cells (NS, n=l4) responded to noxious heat
and/or pinch. Cold-specific cells responded only to cool and cold stimuli
(COLD, n=8). Multimodal cells responded to noxious heat, pinch and cold
(HPC, n=7). None of these cells responded to low-threshold stimuli.
These cells were morphologically classified according to the 3 major types
identified in this laboratory by retrograde CTb labeling of lamina I spinothalamic
tract (STT) cells in the cat (Zhang et al., SN 19:1571, 1993), i.e., pyramidal,
multipolar, and fusiform. All 8 cold cells were pyramidal in shape, with three
major dendrites extending horizontally from the cell body. Six HPC cells were
multipolar in shape, with four or more radiating dendrites (1 unclassified). The
NS cells fell into two morphological groups: 8 were fusiform cells with two
major longitudinal dendrites, and 6 were multipolar cells. (Given the limitations
of intracellular qualitative characterization, it is possible that some NS cells were
actually HPC cells with high cold thresholds.)
The strong morphological correlations with the physiological characteristics
of lamina I cells are consistent with earlier correlations of their conduction
velocities and thalamic projections. We conclude that lamina I contains 3 major
types of cells that may be the bases for discrete sensory channels involved in
specific pain and temperature sensibility. (NS 25616 and DA 07402)

THREE-DIMENSIONAL VISUALIZATION OF LAMINA I TERMINATIONS
IN NUCLEUS SUBMEDIUS OF THE CAT. A.-C. Ericson*. A.D. (Budl Craig
and A. Blomqvist. Dept. Cell Biology, Univ. of LmkOpmg, Sweden and Div. of
Neurobiol., Barrow Neurol. Inst., Phoenix, AZ.
Previous work revealed that some lamina I terminals on thalamocortical relay
cell dendrites in n. submedius (Sm) of the cat are involved in complex synaptic
aggregations with GABAergic presyraptic dendrites. Because both nociceptive
and rhermoreceptive lamina I cells project to Sm and because these are
anatomically distinct sets of neurons, we have closely examined the organization
of lamina I terminations in Sm. Iocrophoretic injections of PHA-L were made in
lamina I (localized with extracellular recordings) in the C7 segment or medullary
dorsal hom of barbiturate-acesrhetized cats. Following survival and perfusion,
50 pm frontal Vibratome sections were processed with DAB, osmicated and
embedded. After LM examination, serial 50 nm ultrathin sections were collected,
stained and photographed at 21,000 x. The contours of labeled terminals and
associated structures were entered with a tablet into the program Image Volumes
(Minnesota Datametrics) on an SGI workstation, with which surface-rendered,
color-coded 3-D models were built, rotated and photographed. Significant details
and continuity revealed by the 3-D models were confirmed as necessary in the
original EM photomicrographs. The four terminal complexes examined so far
display a varied morphology. Three are dominated by triadic synaptic
arrangements centered on dendritic appendages or branch points and feature
multiple lamina I boutons from single axons/These appear to provide secure,
locally modulated transmission. The fourth consists of an en passage termicnl
that makes a serial synaptic contact through a presynyptic, presumably
GABAergic, dendrite. Serious consideration of the possibility that nociceptive
and thermoreceptive lamina I terminntlocs have different synnptblbgy has strong
implications for the functional integration of cold and pain activity. (Supported
by the Swedish Medical Research Council, Project # 7879 and NIH grant NS
25616).
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232.8

LONGITUDINAL DISTRIBUTION OF MORPHOLOGICAL TYPES OF
RETROGRADELY LABELED LAMINA I SPINOTHALAMIC (STT)
NEURONS IN THE CAT. E.-T. Zhang* and A,D. (Bud) Craig. Div.
Neurobiology, Barrow Neurological Institute, Phoenix, Arizona 85013
Our preceding work identified 3 morphological types of lamina I STT neurons
in the cervical and lumbosacral enlargements of the cat: fusiform (F), pyramidal
(P) and multipolar (M). In the present study, lamina I STT cells were examined
in all segments of the spinal cord in order to determine the relative numbers and
longitudinal distributions of these 3 cell types.
Large thalamic injections of cholera toxin subunit B were made in 3 cats and
serial horizontal 50 pm sections were developed with the ABC technique, which
produced excellent dendritic staining. A grand total of 4079 labeled cells
(uncorrected) were identified in the 3 cases. About 10-20 cells were counted per
segment in the thoracic cord, but 200 or more cells were present per segment in
the enlargements. Overall, 36% were P cells, 34% were F cells, and 25% were
M cells (5% were unclassified). The relative proportions of these cell types
varied longitudinally. In particular, the ratio of P (or M) to F cells greatly
increased in the enlargements. In the thoracic segments, F cells averaged over
60% of the lamina I STT cell population, but in the cervical and lumbosacral
enlargements, F cells formed only about 25% of the population and P cells alone
accounted for more than 40% of the population.
.
The differential longitudinal distribution of the 3 morphological types of
lamina I STT cells supports the hypothesis that they have different functional
roles. Parallel intracellular labeling woik in this laboratory (Han and Craig, this
vol.) has directly shown that F cells are nociceptive-specific (NS), that P cells
are cold-specific (COLD), and that M cells are multimodal (HPC: heat, pinch,
and cold). Thus, the present results indicate that a third of the entire lamina I
STT projection consists of COLD lamina I cells and, in the enlargements, COLD
cells form a very significant portion of the lamina I STT cell population.
(Supported by NS 25616)

FACILITATION OF SUPERFICIAL STT CELLS BY STIMULATION OF THE
PRETECTAL REGION IN THE PRIMATE. E.D. Al-Chaer*. H. Rees. M.
Tsuruoka and W.D. Willis. Marine Biomedical Institute, UTMB, 200 University
Blvd, Galveston, TX 77555, U.S.A.
Responses of superficial dorsal horn (DH) neurons are enhanced by stimulation
of the anterior pretectal nucleus (APT) in the rat, while the responses of deeper
neurons are inhibited. Superficial DH neurons may play a role in long term
responses to injury by activating descending pathways that inhibit the responses
of deeper cells. Die present experiments examine the effects of stimulating the
APT on the responses of superficial (SST) neurons in the primate.
Recordings were made in monkeys (Macaca fascicularis) anesthetized with
sodium pentobarbital (5 mg/kg/h i.v.) and paralyzed with gallamine (20 mg/h i.v.).
STT neurons were recorded with single barreled carbon fibre microelectrodes and
identified by antidromic activation from the contralateral thalamus. Cells were
characterized by responses to graded cutaneous stimuli (brush, press, pinch,
squeeze, thermal). 11 STT cells were recorded in the superficial dorsal horn. Most
(10/11) had small receptive fields for high intensity stimuli (pinch, therm)and
much larger weak receptive fields for low intensity stimuli (brush). These cells
were initially inhibited during APT stimulation (50-400 pA 100 Hz, 0.1 ms
pulses) but on cessation of stimulation these cells all showed an excitation that
approximately doubled the baseline firing rate. One cell exhibited a small
receptive field and was inhibited by brush. This cell was excited both during and
after electrical stimulation of the APT. In contrast, when recordings were made
from 25 deep multireceptive STT neurones stimulation of the APT inhibited
responses to noxious mechanical and thermal stimuli by up to 50%, responses to
weak cutaneous stimuli (brush) were not inhibited. Thus, stimulation of the APT
in the primate has a differential effect on STT cells. Superficial cells show some
enhancement of responses whilst deeper multireceptive cells are only inhibited.
(Supported by NIH grants NSO9743, NS11255 and the Human Frontier Science
Program)

232.9

232.10

FIBER TYPES INVOLVED IN THE DORSAL ROOT REFLEXES INDUCED
BY JOINT INFLAMMATION. K.A. Sluka*. H. Rees. K.N. Westlund. and W.D,
Willis. Marine Biomedical Institute, Department of Anatomy and Neurosciences,
University of Texas Medical Branch, 200 University Blvd., Galveston, TX, 775550843.
Recently, we demonstrated dorsal root reflexes in the medial articular nerve to
the knee joint following induction of peripheral inflammation by the injection of
kaolin and carrageenan into the knee joint (Rees et al., 1994). The present study
was designed to measure the conduction velocity of the primary afferents in which
dorsal root reflexes occur following acute arthritis. Using two monopolar platinum
hook electrodes, recordings were made from the central stump of a cut dorsal root
filament (L6 or L5) in arthritic cats and monkeys. Dorsal root reflex activity was
recorded in response to mechanical and electrical stimulation of the peripheral
receptive field, as well as electrical stimulation of an adjacent dorsal root.
Analysis of conduction velocities revealed that dorsal root reflexes were induced
by the inflammation in Ap, AS, and C primary afferent fibers. The central delay
was as short as 3 ms following stimulation of an adjacent dorsal root, indicating
that there may be relatively few synapses within the spinal cord. Therefore,
neurogenic inflammation results in antidromic activity in primary afferent fibers.
This efferent activity is presumably generated at the spinal cord level as a result
of depolarization of the central terminals primary afferent fibers, including those
having conduction velocities typical of C fibers. (Supported by NIH grants:
NS01445, NS28O64, NSO9743, NS11255, and Bristol-Myers Squibb Co.)

POST-TREATMENT WITH EITHER NON-NMDA OR NMDA RECEPTOR
ANTAGONISTS RESULTS IN DIFFERENTIAL EFFECTS FOLLOWING THE
DEVELOPMENT OF AN ACUTE JOINT INFLAMMATION. W.D, Willis*.
K.A. Sluka. H.H. Jordan and K.N. Westlund. Marine Biomedical Institute,
Department of Anatomy and Neurosciences, University of Texas Medical Branch,
200 University Blvd., Galveston, TX, 77555-0843.
An experimental knee joint arthritis induced by intraarticular injection of kaolin
and carrageenan results in limping, guarding, and an increased response to heat
stimuli (heat hyperalgesia). Using microdialysis, release of amino acids was
measured throughout the development of the inflammation including during the
paw withdrawal latency (PWL) test for heat hyperalgesia. Spinal administration
of both antagonists reverses the heat hyperalgesia while only the non-NMDA
antagonist significantly reduces the joint swelling.
An increase in release of EAA’s occurs in two phases: at time of injection and
in a late phase (3.5-8h). EAA receptor antagonists (CNQX or AP7) were
administered 4h following induction of arthritis when the inflammation was
maximal. Administration of an NMDA receptor antagonist reversed the late phase
release of GLU. The late phase of release of the EAA’s, GLU and ASP, that
occurs during the arthritis is not reversed by administration of a non-NMDA
(CNQX) receptor antagonist into the spinal cord. However, administration of an
NMDA receptor antagonist reversed the late phase release of GLU. The increased
release of GLY and SER that occurs during the PWL test does not occur
following administration of either the non-NMDA or the NMDA receptor
antagonist. Therefore, EAA release is differentially affected by selective blockade
of either the non-NMDA or the NMDA receptors. (Supported by NIH grants:
NS01445, NS28O64, NSO9743, NS11255, and Bristol-Myers Squibb Co.)

232.11
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DORSAL ROOT REFLEXES INDUCED BY JOINT INFLAMMATION ARE
REDUCED BY DORSAL RHIZOTOMY, BICUCULLINE AND CNQX.
H. Rees*. K.A. Sluka. K.N. Westlund & W.D. Willis. Marine Biomedical
Institute, UTMB, 200 University Blvd, Galveston, TX 77555, U.S.A.
Increasing afferent activity in acute arthritis causes primary afferent
depolarization (PAD) of afferent fibers which may result in dorsal root reflexes
(DRRs). In turn DRRs may contribute to the peripheral inflammation.
Male Sprague Dawley rats were anaesthetized with sodium pentobarbital. Body
temperature maintained at 37’C. A microdialysis fiber was implanted in the dorsal
horn for intraspinal administration of receptor antagonists. One knee joint cavity
was injected with 0.1 ml of 3% kaolin and 3% carrageenan. The knee was flexed
for 15 min every hour. At 4 h post-injection, the medial articular nerve (MAN)
was exposed, cut distally, lifted onto a bipolar platinum hook electrode and
covered with mineral oil.
The activity recorded in the MAN was abolished by dorsal rhizotomy and
therefore, must be DRRs in primary afferents. DRR activity in the cut MAN was
recorded in all animals with acute arthritis. Central administration of CNQX
(lOpM-lmM), or bicuculline (O.lpM-lOpM) caused a dose dependent inhibition
of DRR activity. Spinal administration of AP7 (2mM) or CGP35348 (3mM, Ciba
Geigy) did not affect recordings of DRRs. Similarly, a combination of surgical
and chemical (guanethidine or phentolamine) sympathectomies did not affect
recordings of DRRs. When saline was injected into the knee there was no
response to peripheral stimulation. However, a few DRRs were recorded when the
heating blanket was turned off and body temperature allowed to fall.
Thus, the results indicate that acute arthritis enhances PAD of the central
terminals of primary afferents and suggest that DRRs augment the acute
inflammatory response. (Supported by NIH grants NS01445, NS28O64, NSO9743,
NS11255)

STIMULATION OF cGMP PRODUCTION IN DORSAL ROOT
GANGLION NEURONAL OR NONNEURONAL CULTURES. M.B.
Bauer*. S. Murphy and G.F. Gebhart. Dept, of Pharmacology, Univ. of
Iowa, Iowa City, IA 52242.
Previously we have demonstrated that capsaicin (CAP) dosedependently stimulates cGMP production via a nitrosyl factor in DRG
neuronal cultures. High [K+] (KC1; 50 mM) increased basal cGMP
production, but did not affect CAP stimulation of cGMP. Stimulation of
cGMP by CAP was also unaffected by low [Na+]. Stimulation of cGMP
production by the nitric oxide (NO) donor, sodium nitroprusside (SNP),
was not affected by high [K+].
Potential sites of NO stimulation of cGMP production were also
investigated. NO, diffusing out of NO-generating cells, is bound by
extracellular hemoglobin (Hb). Hb (1 pM) decreases basal cGMP
production in DRG neuronal cultures which suggests that NO is produced
tonically and may act intercellularly. Previously, we demonstrated that
CAP does not stimulate cGMP production in nonneuronal DRG cultures
but SNP does. Nonneuronal DRG cells cultured on coverslips were inserted
into wells containing neuronal DRG cultures, or a gasket between chambers
containing nonneuronal DRG cultures or neuronal DRG cultures was
removed so that CAP would be added to the cultures simultaneously. In
these systems, . CAP evoked cyclic GMP production in DRG neuronal and
DRG nonneuronal cultures. This suggests that NO resulting from CAP
stimulation of DRG neurons likely stimulated cGMP production in
nonneuronal DRG cells.
These results demonstrate that the algesic agent CAP stimulates
production of NO (or another nitrosyl factor) in cultured sensory neurons
and stimulates cGMP production in nonneuronal DRG cells.
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NEUROPEPTIDE FF-CONTAINING FIBERS AND TERMINALS IN THE
LATERAL SPINAL NUCLEUS OF THE RAT ARE APPOSED TO
SPINOTHALAMIC TRACT NEURONS. A.A. Aamisalo and P. Panula*. Inst,
of Biomedicine, Dept. of Anatomy, University of Helsinki, 00014 Helsinki, and
Dept. Biology, Abo Akademi University, 20520 Turku, Finland.
Neuropeptide FF (NPFF, FLFQPQRF-NH2, morphine-modulating peptide),
an octapeptide isolated from the bovine brain, modulates nociception, opioid
analgesia and tolerance. NPFF acts through its own receptors which are distinct
from the opiate receptors. We have studied neuropeptide FF-immunoreactive
(NPFF-ir) fibers and terminals in the lateral spinal nucleus (LSn) of the rat. We
injected a retrograde tracer, fluorescent latex microspheres, into the ventral
posterolateral thalamic nuclei. After two weeks of survival time the rats were
perfused transcardially with 4% paraformaldehyde, and sections from the spinal
cord were prepared for immunofluorescence microscopy. We observed NPFF-ir
fibers and terminals apposing the LSn neuronal cell bodies and proximal
dendrites filled with latex microspheres. These contacts were seen in every spinal
cord region. Rating of NPFF-immunostained terminals in apposition to LSn
neurons showed differences between the regions. The density of these NPFF-ir
terminals making contacts with spinothalamic neurons was highest in the cervical
region. The great majority of NPFF-ir nerve terminals, which were densest in the
substantia gelatinosa, were not in close contact with retrogradely filled
spinothalamic neurons. The exact role of NPFF in neurotransmission in the
spinal cord is not known. Our results suggest that one such mechanism may
involve direct synaptic modulation of the spinothalamic neurons on the spinal
cord level. (Supported by the MRC of the Academy of Finland and the Sigrid
Juselius Foundation).
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AUTONOMIC CONNECTIONS OF NOCICEPTIVE NEURONS IN THE
SPINAL TRIGEMINAL COMPLEX OF THE RAT
G.V. Allen* and M. Esser. Department of Anatomy and Neurobiology,
Dalhousie University, Halifax, N.S., Canada, B3H 4H7.
The purpose of this study is to identify neural pathways that underlie
cardiovascular reflex responses to noxious stimulation of trigeminal nerves.
Immunohistochemical localization of Fos-protein (CRB, 1:1000) was used to
identify neurons responding to noxious electrical (1-3 mA, 10-20 Hz, 2 ms) or
chemical (20-40 nl, 1 mM capsaicin) stimulation of mandibular, incisor tooth
pulp in the anesthetized rat (urethane 1.5 g/kg, i.p.). Electrical and chemical
stimulation produced similar patterns of Fos-positive neurons in the dorsomedial
portions of the spinal trigeminal nucleus; subnuclei caudalis, interpolaris and
oralis. Control vehicle injections and sham stimulation of tooth pulp produced
little or no Fos-positive neurons in the spinal trigeminal complex.
In order to determine the efferent connections of trigeminal neurons
responding to noxious stimulation of tooth pulp, injections of 5 % WGA-HRP
(20 nl) were made into the dorsomedial region of the spinal trigeminal nucleus,
caudalis. Moderate to dense anterograde labeling was observed in the medial
and lateral parabrachial nuclei, the raphe obscurus nucleus, the ventral
gigantocellular reticular nucleus and the parvocellular reticular nucleus, alpha.
Following injections of 2.5% Fluorogold (50 nl) into the parabrachial nucleus
and electrical stimulation of tooth pulp, Fos-positive neurons that were
retrogradely labeled with Fluorogold were identified mainly in dorsomedial
portions of the subnuclei caudalis, interpolaris and oralis. The results suggest
that reflex changes in blood pressure elicited by noxious stimulation of tooth
pulp may involve projections from spinal trigeminal neurons to the parabrachial
nucleus. Supported by the N.B. Heart and Stroke Foundation.
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DEEP SOMATIC AND VISCERAL NOXIOUS STIMULI INCREASE FOS-LIKE
EMMUiOREACCTVITY IN DIFFERENT LAMINAE OF THE SPINAL CORD.
K. A. Keay*, C. I. Clement, B. K. Owler, and R. Bandler. Dept, of Anatomy and
Histology, University of Sydney, NSW, Australia, 2006.
We have recently reported, using Fos immunohistochemistry as an indicator of
neuronal activation, that a discrete ventrolateral midbrain periaqueductal gray
(vlPAG) region is a site of convergence of deep somatic and visceral noxious inputs.
It is not yet clear whether the vlPAG represents an initial point of convergence for
this information or whether the vlPAG receives this input from convergent sites in
the lower brainstem or spinal cord. As a first step in answering this question we
compared the segmental and laminar distributions of Fos labelled cells following
deep somatic and visceral noxious manipulations which activate the vlPAG. More
specifically, because the upper cervical spinal cord [UCC]: (i) is innervated by spinal
neurons originating in more caudal segmental levels and; (ii) sends a specific
projection from its deeper laminae to the vlPAG, we examined whether UCC cells
received convergent deep noxious inputs. Rats were anesthetised with halothane
(1.5%) and subjected to either (i) deep somatic noxious manipulations (injection of
algesic substances [formalin or carrageenan] into muscle, or injection of carrageenan
and kaolin into knee joint); (ii) noxious visceral manipulations (i.v. injection of 5HT, or i.p injection of acetic acid) or, (iii) control procedures (no noxious
manipulation). After two hours,the rats were perfused and their spinal cords
processed immunohistochemically for Fos protein. Noxious stimulation of triceps
surae evoked Fos expression in laminae I, no, IV, V, VII, VIII, and X. Noxious knee
joint manipulations evoked significant Fos expression in laminae 1 and Ho only.
Intravenous 5-HT labelled cells exclusively in laminae VI, VII and X; and i.p. acetic
acid labelled cells in I, IIo, IV and V. None of these stimuli evoked Fos expression
within the deeper lamina of the UCC compared to controls. Currently our data
suggest that convergence of these deep somatic and visceral noxious stimuli is
unlikely to occur within the spinal cord raising the possibility that the vlPAG may be
the initial site of convergence of these stimuli.

DEEP SOMATIC AND VISCERAL NOXIOUS STIMULATION INCREASES FOSLIKE immunoreactvtty
in a discrete
ventrolateral
midbrain
PERIAQUEDUCTAL GRAY REGION.
.
C. I. Clement*, K. A. Keay, B. K. Owler, and R. Bandler. Dept, of Anatomy and
Histology, University of Sydney, NSW, Australia, 2006.
Pain arising from muscles, joints & viscera evokes a physiological response which
usually includes quiescence, hypotension, bradycardia and a loss of interest in the
enviroment. Microinjection of excitatory amino acids in the caudal, ventrolateral
midbrain periaqueductal gray (vlPAG) evokes a seemingly identical behavioural and
cardiovascular reaction. These findings raise the possibility that the vlPAG might play
an important role in coordinating the physiological reaction to deep pain. Using the
expression of Fos protein as a marker of neural activity, we investigated whether
vlPAG neurons would be preferentially activated by noxious stimulation of deep
somatic (muscle, knee joint) or visceral (peritoneum, heart) structures. Rats were
anaesthetised (1.5% halothane in 100% oxygen) and subjected to (i) injection (0.05ml)
of either 5% formalin or 2% carrageenan (type I or type IV) into the triceps surae
muscle of each hind limb; or (ii) injection into each knee joint of 4% kaolin (0.05ml)
followed 5 min later by injection of 2% type IV carrageenan (0.05ml); or (iii)
intraperitoneal injection (0.5ml) of 3.5% acetic acid; or (iv) twelve intravenous
injections (one 0.5ml injection /10 min) of 5-hydroxytryptamine (72mg/kg); or (v)
controls - no noxious manipulation. After two hours rats were perfused and coronal
midbrain sections (5QLtm) cut. Standard avidin-biotin-peroxidase immunohistochemical
techniques were used to reveal neurons containing Fos protein. Compared to controls
(29±4 50 pm-1), there was a significant increase in the number of Fos positive cells in
the vlPAG following noxious, muscle [formalin (89±I2 50 gm-1), type I carrageenan
(48±3 50gm-1), type IV carrageenan (6l±9 50gm-1)], articular [kaolin & type IV
carrageenan (43±8 50gm-1)], peritoneal [acetic acid (58±6 50gm-1)] and cardiac [5bydroxytryptamine (43±7 50gm-1)] stimulation. In contrast, neither experimental nor
control groups had many Fos positive cells in the lateral periaqueductal gray (IPAG).
These data are consistent with the hypothesised role of the vlPAG (i) as a site of
convergence of deep noxious inputs; and (ii) as a site for the integration of the
physiological reaction characteristic of deep pain.

232.17
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INVOLVEMENT OF TRIGEMINAL SUBNUCLEUS CAUDALIS (Vc) IN
OROFACIAL NOCICEPTIVE REFLEX. C.-M. Tsai*. B.J. Sessle. and
J,W. Hu. Fac. of Dentistry, Univ. of Toronto, Toronto, M5G 1G6, Canada.
We have demonstrated that electromyographic (EMG) activity of the digastric
(DIG) and masseter (MASS) muscles can be reflexly evoked by injection of the
small-fiber excitant/inflammatory irritant mustard oil (m O) into the
temporomandibular joint (TMJ) region. Since there is anatomical evidence of
direct projections of TMJ afferents to Vc and of Vc projections to the V motor
nucleus but little knowledge of orofacial nociceptive reflex pathways, we tested
the possible involvement of Vc in the MO-evoked nociceptive reflex. A
transection of the left Vc and V spinal tract at the obex level (TRAN) was
performed in 8 rats under halothane/N20/02 anaesthesia. Additional rats with
a laminectomy only (LAM, n=3) or with a sagittal section medial to the left
Vc (SAG, n=3) were used as controls. EMG activities were recorded
bilaterally from DIG and MASS muscles. MO (20%, 2Qpl) was injected into
the left and right TMJ region with a 40-minute interval between the 2
injections. The evoked EMG activities of the left DIG and MASS muscles were
significantly lower than that of the right muscles in the TRAN rats (p<0.05,
paired t-test). Significant differences in evoked EMG activity occurred among
the 3 groups of rats in the left DIG and MASS (p<0.01, one way ANOVA)
but not in the right muscles (p>0.05). Left DIG EMG activity of the TRAN
rats was significantly lower than that of the SAG rats (p<0.05) which was
significantly lower than that of the LAM rats (p<0.05). Left MASS EMG
activity of the TRAN and SAG rats was also significantly lower than that of the
LAM rats (p<0.05). These findings suggest that Vc may be involved in
orofacial nociceptive reflex pathways. Supported by Can. MRC MT-12286 and
NIH DEO9559.

RESPONSES OF MEDULLARY DORSAL HORN NEURONS TO AIR PUFF
STIMULI. D.K. Douglass*. R. Dubner and D.R. Kenshalo. Jr.
Neurobiology and Anesthesiology Branch, NIDR, NIH, Bethesda, MD
20892.
Previous research has shown that wide-dynamic-range (WDR)
neurons are the most likely candidates to provide information
necessary for the monkey to make near threshold detections of
noxious thermal stimuli (Dubner et al., J. Neurophys. 62:450, 1989).
The present study examines whether they also provide the necessary
information for detection of innocuous tactile information, and
compares their responses to those of low threshold mechanoreceptive
(LTM) neurons. Monkeys were trained to discriminate air puff stimuli
applied to the face. A train of 3 to 9 small puffs (API) were followed by
a larger puff with a range of intensities (AP2), and the animal was
rewarded for responding to AP2. We examined responses of WDR and
LTM medullary dorsal horn (MDH) neurons to AP2, and then
correlated the neuronal discharge with the monkeys' detection speed.
The monkeys' detection speed was monotonically related to the
intensity of AP2 and appears to be an accurate measure of perceived
intensity of innocuous cutaneous stimulation. Subpopulations of both
WDR and LTM neurons encoded the intensity of the air puff stimulus.
For these neurons, the relationship between peak discharge frequency
and puff intensity was an increasing monotonic function. The slopes
of the neuronal stimulus-response functions were steeper for the WDR
than for the LTM neurons. Positive correlations were found between
the peak discharge and the animals' detection speed for both types of
neuron, and were consistently higher for the WDR than for the LTM
neurons. We conclude that subpopulations of both WDR and LTM MDH
neurons are able to encode innocuous tactile information, and the
WDR neurons provide more accurate information regarding intensity,
as their discharge is more closely correlated to detection speed.
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ELECTROPHYSIOLOGICAL EVIDENCE FOR AN INVOLVEMENT
OF THE PARABRACHIAL AREA IN COLD NOCICEPTION. J.F.
Bernard*. L, Menendez, H, Bestgr and LMLB&sson- INSERM, U161, 2,
rue d'Atesia, PARIS, FRANCE.
This electrophysiological study examines the response of parabrachial
neurons to cold noxious stimuli. In halothane anesthetized rats, neurons were
recorded using extracellular micropipettes in the parabrachial area.The units
were characterized by their responses to cutaneous cold stimuli
(30 to -10 °C water/alcohol bath, 20-s duration) and to innocuous and
noxious mechanical and heat stimuli.
It was estimated that PB cold responsive neurons represent 35 - 40% of
PB nociceptive neurons. Only the PB neurons responding to cold stimuli
were selected (n = 42).These PB neurons responded to noxious cold (O°C),
without observable delay (< 1 s), by a strong and sustained activation that
was stable or slowly decreasing. The mean responsiveness to very cold
stimuli (-10°C) was 16.4 ±4 Hz. About half of these neurons, only
responded to cold stimuli, applied to a relatively small receptive field
including one or two regions of the body. The remaining half responded to
both (i) cold stimuli and (ii) mechanical and/or heat noxious stimuli, from a
larger receptive field. Both group of neurons exhibited a clear capacity to
encode the intensity of cold stimuli from the threshold (25- 10°C,
mean = 17 ± 1 °C) to -10 °C. The mean encoding curve rises linearly from
25 to O°C. Responses to noxious cold (O°C) were depressed by systemic
morphine in a dose-related and naloxone-reversible fashion. These neurons
were distributed along the rostro-caudal extent of the lateral parabrachial (PB1)
area, most neurons with a high responsiveness (> 20 Hz) being close to the
coronal plane where the inferior colliculus merges with the pons.
These results indicate a role of the PB1 area in cold nociception, in
addition to the previously documented roles in heat, mechanical and visceral
nociception (Bernard and Besson 1990, J. Neurophysiol. 63: 473-490;
Bernard et al J. Neurophysiol, in press).

PAIN:

BRAINSTEM NEURONS EXPRESSING C-FOS IMMUNOREACTIVITY FOLLOWING APPLICATION OF IRRITANT CHEMICALS TO THE RAT’S TONGUE
R.L. Kitchell*. R. Ralph. L Saxe & E. Carstens. Section of Neurobiology, Physiology
and Behavior, University of California, Davis, CA 95616.
Many chemicals including nicotine, capsaicin and pipeline (pungent chemicals
in red and black peppers, respectively) evoke oral pain and irritation via largely
unknown neural mechanisms. As a first step in defining the central pathway for
oral chemoirritation, we have used an immunohistochemical method to map
locations of brainstem neurons expressing the nuclear protein, c-fos (a putative
nociceptive marker), following application of various irritants to the tongue.
In barbiturate-anesthetized rats, one of the following was applied to the dorsal
surface of the tongue: nicotine (0.12%; N=5 rats), capsaicin (0.1%; N=5), histamine (1-10%; N=3), pipeline (0.2%; N=3), acetylcholine (10%; N=l) or vehicle
control (0.9% saline; 70% EtOH; N=5). After 2 hours the rat was perfused with
fixative and the brainstem removed, sectioned, and processed
immunohistochemically (incubation in primary polyclonal c-fos antibody, secondary antibody, followed by ABC and nickel diaminobenzidine reactions). Fosimmunoreactive neuronal nuclei were visualized as black.
Fos-immunoreactive neurons were consistently observed in the following
brainstem areas following application of each irritant: medial-most superficial
dorsal horn of trigeminal nucleus caudalis (-3 to + 0.5 mm relative to obex),
nucleus of the solitary tract, and area postrema. Approximately equal numbers
were observed bilaterally even with unilateral application to the tongue. Few or
no fos-immunoreactive neurons were seen in these areas in control rats. Fosimmunoreactivity was also seen consistently in other areas (lateral reticular
nucleus; raphe pallidus; inferior olive; vestibular and cochlear nuclei) in irritant
and also in control groups, indicating that some (especially in vestibular and
cochlear nuclei) was not stimulus-evoked.
Our results have identified populations of neurons in medial trigeminal nucleus
caudalis, nucleus of the solitary tract, and area postrema likely to be involved in
signalling oral chemical irritation.

DORSAL HORN PHYSIOLOGY
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THE ORGANIZATION OF SYNAPTIC TERMINALS ON RAT
SPINOTHALAMIC TRACT CELLS OF THE SUPERFICIAL DORSAL HORN.
H.A. Lekan* and S.M. Carlton. Marine Biomedical Institute, Dept. of Anatomy
and Neuroscience, Univ. of Texas Medical Branch, Galveston, TX 77555-0843.
The organization of synaptic terminals on spinothalamic tract (STT) cells of the
superficial dorsal horn (DH) was examined by immunocytochemistry and electron
microscopy (EM). Sprague-Dawley rats (n=3) were anesthetized and four O25gl
injections of 2% w Ga -HRP were made into the thalamus. Three days later, the
animals were anesthetized and perfused with mixed aldehydes. The L4-L5 spinal
segment was sectioned horizontally at 50 gm on a vibratome and reacted for WGAHRP using a TMB-ammonium molybdate protocol. Tissue sections of the
superficial DH containing the retrogradely labeled STT cells were dehydrated and
flat embedded in plastic. 5 STT cells per animal were serially sectioned. Every
2gm through the cells, 2 adjacent grids were stained for glutamate (GLU) and 7aminobutyric acid (GABA) respectively, using post-embedding immunogold
procedures. EM montages of STT cell perimeters were constructed for analysis.
Length measurements were obtained of 1) STT somata and dendrite perimeters and
2) apposition lengths of all terminal profiles contacting these cells. Length ratios
were used to determine the 1) terminal density on the soma vs. dendrites and 2) the
contributions of GLU-ir and GABA-ir terminals to the total terminal population.
The results indicate that terminal density significantly increased on the dendrites
compared to the soma, also distal dendrites had a higher terminal density than
proximal dendrites. GLU-ir and GABA-ir terminals accounted for 37% and 20%,
respectively, of the total terminal length. These percentages did not change on
distal dendrites compared to the soma. These results indicate that GLU-ir and
GABA-ir input which accounted for a significant portion of the terminal population
on rat superficial STT cells may be uniformly distributed. When compared to
primate STT cells in deeper DH (Carlton et. al., 1992; Westlund et al., 1992),
superficial rat STT cells receive less GLU-ir and GABA-ir input. (Supported by NS
11255, NS27910, NS07185.)

SPINALLY-ELICITED INHIBITIONS OF ACTIVITY IN DORSAL HORN
NEURONS AND OF RENAL SYMPATHETIC ACTIVITY. UR Schramm* and N.
Kim. Departments of Biomedical Engineering and Neuroscience. The Johns Hopkins
School of Medicine. Baltimore, MD 21205.
We have shown that, in rats acutely-spinalized at Cl, electrical or glutamate
stimulation of the dorsolateral surface of the cervical spinal cord reduces renal
sympathetic activity (RSA) and the ongoing activity of dorsal hom neurons that are
excited by stimulation of both greater splanchnic visceral afferents and cutaneous
somatic afferents. The present experiments were conducted to determine whether
cervically-elicited inhibition was restricted only to such splanchnic convergent
neurons or, further, only to convergent neurons excited by splanchnic stimulation and
cutaneous stimulation. Experiments were conducted in male Sprague-Dawley rats
anesthetized with a-chloralose (lOOmg/kg), paralyzed, and artificially respired. The
left greater splanchnic nerve and cervical cord were electrically stimulated via hook
and concentric electrodes, respectively. Recordings of renal nerve sympathetic
activity were made with hook electrodes, and single neuron recordings of T7-T12
dorsal hom neurons were made with pipettes fitted with carbon fiber tips. The
spontaneous activity of the majority of convergent neurons was inhibited by cervical
spinal electrical stimulation that also inhibited RSA. However, the spontaneous
activity of neurons excited and inhibited only by cutaneous stimulation (nonconvergent
neurons) also was inhibited. Further, the ongoing activity of some neurons that were
inhibited by either or both splanchnic and cutaneous stimulation was inhibited by
cervical stimulation. We conclude that both convergent and nonconvergent neurons,
excited and inhibited by either splanchnic and cutaneous stimulation, are inhibited by
cervical electrical stimulation. Thus, the inhibitory effects of this spinal stimulation
appear to be more general than previously thought. Supported by NIH Grant
HL16315.
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EVIDENCE THAT VISCERAL AFFERENT INPUT TO THORACIC
SEGMENTS USES PROPRIOSPINAL PATHWAYS INVOLVING
UPPER CERVICAL SEGMENTS TO INHIBIT LUMBAR SPINAL
NEURONS IN RATS. J. Zhang, M.J. Chandler and R.D. Foreman.
Dept. Physiology, Univ. of Okla. HSC, Okla. City, OK 73190.
This study tested the hypothesis that visceral afferent fibers entering
upper-thoracic segments inhibit, in part through propriospinal
mechanisms, activity in lumbar spinal cord neurons. Extracellular
potentials of 41 dorsal hom (DH) and 14 spinothalamic tract (STT) cells
were recorded in left lumbar spinal cord of 43 anesthetized rats.
Responses to stimulating left cardiopulmonary (CP) sympathetic or
cervical vagus afferent fibers were determined; lumbar DH or STT cells
were selected for study if they were inhibited by visceral stimulation. In
intact rats, CP sympathetic stimulation inhibited 39/41 DH cells and
13/14 STT cells; vagal stimulation inhibited 25/41 DH cells and 8/14
STT cells. In 4 rats, a glutamate (1M) pledget was applied on dorsal
spinal cord surface of C,-C4 segments; activity of 4 cells tested was
reduced. In 5 rats, the spinal cord was transected both at C, and below
C4. After C, transection, CP sympathetic stimulation still reduced cell
activity; vagal inhibition was abolished in 2 cells tested. Inhibition
produced by CP sympathetic input disappeared after spinal transection
below C4. These data showed that CP sympathetic afferent input can
inhibit lumbar DH and STT cells in rats. This inhibition might be
mediated by propriospinal mechanisms in upper cervical segments. In
contrast, the pathway mediating vagal inhibition was supraspinal. (AHA-

VAGAL AND SYMPATHETIC AFFERENT INPUTS EXCITE UPPER
CERVICAL (Cr-CJ DESCENDING PROPRIOSPINAL NEURONS IN
MONKEYS. M.J. Chandler*. J. Zhang and R.D. Foreman. Dept
Physiology, Univ. of Okla. HSC, Okla. City, OK 73190.
Stimulation of visceral spinal nerves inhibits primate spinothalamic
tract (STT) neurons located in segments distant from the region of
afferent entry. Additionally, stimulation of thoracic vagal nerve fibers
generally inhibits STT neurons in segments below C3. This study
examined the hypothesis that 0,-03 propriospinal neurons with
descending projections are excited by visceral sensory in-formation, and
thus could mediate STT inhibition below C3 Extracellular action
potentials of 46 CrC3 cells antidromically activated from thoracic or
lumbar segments were recorded in 24 anesthetized male monkeys.
Vagal afferent input excited 19 of 42 cells tested, inhibited 1 cell, and
did not affect 22 cells. Sympathetic cardiopulmonary input excited 17
of 44 cells tested, inhibited 2 cells and did not affect 25 cells. Of 39
cells tested for somatic field characteristics, 25 cells were excited only
by noxious stimuli (HT), 4 cells were excited by innocuous and noxious
stimuli (WDR), 1 cell was low-threshold (LT), and 9 cells could not be
activated by somatic or visceral stimuli. Thus, vagal or sympathetic
afferent inputs can increase activity of C^ propriospinal neurons that
are excited by noxious somatic input and project to thoracic or lumbar

OK 91G5)
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segments. These results are consistent with the idea that spinal
modulation of nociceptive inputs in primates may involve neuronal
connections in upper cervical segments. (NIH grant HL22732 and AHAOK 91 G5)
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RESPONSES OF NOXIOUS CHEMICALLY EVOKED DORSAL HORN CELL
ACTIVITY IN CAT TO TRANSCUTANEOUS
ELECTRICAL NERVE
STIMULATION (TENS). D.W.Garrison * and R.D. Foreman. Depts. of Physical
Therapy and Physiology, University of Oklahoma Health Sciences Center,
Oklahoma City, Okla. 73190.
We have shown that TENS applied to somatic receptive fields decreases
spontaneous and noxious mechanically evoked dorsal horn cell activity in
animals with intact and transected cords. For this study we hypothesized that
TENS would decrease noxious chemically evoked dorsal horn cell activity
immediately following injection of a noxious chemical into the somatic receptive
field. Stimulating variables using a Medtronic Unit in the "Norm" mode were
frequency of 10-125 Hz, intensity of 10-60 mAmps, and pulse duration of 100
uSecs.
METHODOLOGY: In 7 alpha-chloralose anesthetized cats,
21
mechanically noxiously evoked dorsal horn neurons which had decreased cell
activity during TENS application were studied. Small quantities (.2-.5 cc) of
bradykinin or "inflammatory soup" (bradykinin, prostaglandins, aspartate,
serotonin,) were injected into a somatic receptive field that had increased cell
activity during pinching. Control was an equal amount of saline injected into the
same receptive field. RESULTS: 8 (38%) cells did not have an increase in
activity following chemical injection. For the 13 (62%) cells which did, mean
control activity was 15 + 2.9 imp/s, mean maximum evoked activity was 23 + 2.9
imp/s and mean decreased evoked activity was 10 + 1.9 imp/s during TENS
application. Both the increase in noxiously evoked activity over control activity
and the reduction of this activity during TENS was statistically significant ( P<
.001). The results indicate that TENS, in addition to noxious mechanical input,
can reduce noxious chemically evoked dorsal horn cell activity. The clinical
implication is that TENS may be useful to treat painful inflammatory conditions.
Supported by OCAST Prod. HRl-063 and NIH HL22732.

C-FOS AND DYNORPHIN GENE-EXPRESSION IN THE RAT
SPINAL CORD DURING DELIVERY. G. Draisci*. A. Amato. D.G.
Ouarta. F. Onorati. P. Mazzanti. M. Amoroso. D. Camaioni. Dept, of
Anesthesiology, Catholic University, 00168 Rome, Italy.
Previous studies suggest that dynorphin may play an important role
in the modulation of nociceptive input during labor and delivery. Since
the transcriptional control of the dynorphin gene seems to be related to
the expression of the c-fos protein, which is a marker of neuronal
activity, we investigated the expression of dynorphin and c-fos genes
during parturition. Four groups of 7 pregnant rats were sacrificed at 1
week before, 1 day before and 1 day after delivery.
Northern blot
analysis of total RNA isolated from lumbosacral spinal cord was
performed using rat 32P labeled probes for preprodynorphin (ppDyn).
Two groups of 3 rats were sacrificed at 6 and 12 h after delivery and
processed for immunohistochemistry (ABC), using a specific antibody
for c-fos protein (by M.J. Iadarola). Sections were obtained (4Ou) from
thoracic and lumbosacral spinal cord. Non pregnant rats were used as
the control.
An increase of ppDyn mRNA (70% over control) was
observed the day after delivery at lumbar level. No modifications of
induced
ppDyn RNAm were noted at the other time points.
an increase in the number of c-fos positive neurons in the dorsal horn
of the lower thoracic (T12-T13) and the lumbosacral (Ll-S2) segments.
This increase was mainly localized in laminae I-II, III, V and X. Only a
few or no c-fos positive cells were observed in the control group. Our
data show that labor and delivery induce an activation of c-fos and
dynorphin gene expression at the level of
the spinal cord.
The
somatotopic distribution of c-fos positive neurons can be used as a
marker of neuronal activity during parturition.
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IS THERE A RELATIONSHIP BETWEEN NOCICEPTIVE PRESYNAPTIC
INPUTS AND POSTSYNAPTIC C-FOS EXPRESSION IN THE RAT SPINAL
CORD SUPERFICIAL DORSAL HORN ? M.C. Lombard*. D. Besse. C. Abbadie
and J.M. Besson. INSERM U 161 and EPHE, Paris, France.
In a previous study using highly selective opioid ligands as markers of fine
primary afferent fibers, we evaluated quantitatively in the superficial dorsal horn, the
rostrocaudal distribution of this type of fibers belonging to a single cervical dorsal
root (Besse et al. 1991, Eur. J. Neurosci., 3:1343-1352). The aim of the present study
was to look at the relationship between these afferent inputs and their functional
postsynaptic action on dorsal horn (DH> neurons, using c-fos expression as a marker
of neuronal activation.
As in our previous study using binding of mu opioid ligand (DAMGO) to
quantify the distribution of fine afferent fibers, we used the spared root preparation
at cervical level (C4-T2 rhizotomy sparing C7) in the rat to evaluate c-fos expression
in DH neurons following noxious stimulation produced by intraplantar injection of
dilute formalin in the forepaw. In these experimental conditions, it was possible to
calculate the percentage of labeled neurons activated via the fine primary afferent
fibers belonging only to the C7 dorsal root, along the C4-Tl spinal segments.
A comparative analysis of binding and c-fos expression studies, revealed a
striking parallelism between the results of both studies, i.e. the quantitative
distribution of the fine primary afferent fibers evaluated by DAMGO binding is
extremely similar to the quantitative distribution of DH neurons expressing the
protein C-Fos. For the different segments, the 2 distributions were: C4 1%, C5 10%,
C6 27%, C7 38%, C8 14%, T1 8%, T2 2% and C4 5%, C5 18%, C6 21%, C7 37%,
C8 14%, T1 5%, for mu binding and c-fos expression respectively. These studies
demonstrate a clear relationship between presynaptic inputs and postsyaptic events
within the superficial dorsal horn and provide further support for the use of c -fos
expression to study various aspects of nociceptive processes.

VAGAL CONTROL OF c-FOS EXPRESSION IN THE NTS AND
SPINAL CORD FOLLOWING NOXIOUS GASTRIC DISTENTION.
J.N. Sengupta *. R.J. Traub and G.F. Gebha'rt. Dept. Pharmacology,
University of Iowa, Iowa City, IA 52242
Visceral organs are innervated by sympathetic and parasympathetic
primary afferents with input to two distinct regions of the CNS. Noxious
distention of the pelvic viscera results in significantly greater
immediate-early gene induction in the lumbosacral spinal cord
(parasympathetic input) compared to the thoracolumbar spinal cord
(sympathetic input). This study examined c-Fos expression . in the

nucleus tractus solitarius (NTS) and thoracic spinal cord following
noxious distention of an abdominal organ receiving parasympathetic
(vagal) and sympathetic (splanchnic) innervation. Intact or
subdiaphragmatic vagotomized (SDV) rats received repetitive, noxious
gastric distention (GD) for 2 hrs. Rats were perfused and the brainstem
and T7-T11 spinal cord segments were stained for c-Fos. GD induced
substantial c-Fos expression in the NTS, but only slightly in the spinal
cord. SDV 3 days prior to GD resulted in a marked reduction in c-Fos
staining in the NTS and a marked increase in c-Fos staining in the
spinal cord compared to GD alone. Control experiments (SDV and
balloon implantation) did not induce c-Fos in the NTS or the spinal
cord. These results suggest that noxious abdominal stimuli are partially
conveyed centrally by parasympathetic afferents, while sympathetic
input appears to be under descending inhibitory modulation. Removal
of vagal afferent input releases this descending inhibition, resulting in
greater spinal activity to noxious visceral stimuli.
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HINDPAW INFLAMMATION INCREASES NADPH-DIAPHORASE
BUT NOT NEURONAL NITRIC OXIDE SYNTHASE STAINING IN THE
RAT SPINAL CORD. R.J. Traub*. A. SolodkinV S.T. Meller.
G.F.Gebhart. Depts. Pharmacology and Anatomy & Neurology1,

NEUROPATHIC PAIN IN RATS IS ASSOCIATED WITH INCREASED NITRIC
OXIDE SYNTHASE (NOS) POSITIVE NEURONS IN SPINAL CORD. Y, Choi*H.
Yamaguchi. D.F. Hanley, S.N, Raia. Dept, of Anesthesiology and Critical Care
Medicine, The Johns Hopkins University, Baltimore, MD, 21205 .•
Nitric oxide is reported to play a modulatory role in many pain states. We
compared the NOS-positive cells (NOS+c) in the spinal cord of neuropathic (N) and
sham (S) operated rats to determine if an changes in NOS+c correlated with pain
behavior. Neuropathic pain was induced by left L5 and L6 spinal nerve ligation.
Spinal cord samples were obtained after determination of paw withdrawal threshold
(von Frey hairs) in N and S rats at 4, 7, 21 postoperative days (POD) (n=6 per
group). NOS+c were counted in the left (Lt) and right (Rt) dorsal hom(DH),
intermediolateral column(IML), and the central canal(CC) in spinal cords slices
after staining using neuronal NOS antiserum and avidm-biotin-peroxidase staining.
Rats showed significant mechanical hyperalgesia in the injured paw (13.7+0.6,
6.3+1.1, 7.7+0.8, 6.1+1.2 bar, in sham, POD 4, 7 and 21, respectively.
Mean+S.E.M, p<0.05, ANOVA). In LI spinal segment, NOS+c were increased
predominantly in the ipsilateral DH of N rats when compared to S rats (12.1+1.1,
15 9+2, 16.9+1.2 at POD 4, 7 and 21 vs. 9.5+0.8, 10.9+0.8, 13.9+1.5 ). NOS+c were

University of Iowa, Iowa City, IA 52242.
We have previously reported that: 1) unilateral hindpaw inflammation
results in a bilateral increase in NADPH-d in the rat spinal cord that
peaks at 6 hrs; 2) Inhibition of NO synthesis attenuates thermal
hyperalgesia of the inflamed hindpaw without affecting the non-inflamed
hindpaw. This study looked at changes in neuronal NO synthase
immunoreactivity (nNOS) following hindpaw inflammation. Six hrs
following unilateral intraplantar injection of 6 mg carrageenan or saline,
rats were perfused with 4% paraformaldehyde. Transverse 20 or 40
pm sections through the L4-L5 spinal segments were stained for
NADPH-d and/or nNOS (a gift from B. Meyer). Inflammation resulted in
no increase in the number of nNOS neurons in laminae l-lll, IV-VII or X
compared to control, although there was a 34% bilateral increase in
NADPH-d stained neurons in laminae l-lll. In double labeled sections,
nNOS-only labeled neurons were observed in the DLF and marginal
zone of lamina I. NADPH-d, but not nNOS, stained fiber bundles dorsal
and ventral to the central canal. Our data demonstrate a differential
effect of hindpaw infammation on nNOS and NADPH-d distribution in
the rat spinal cord, suggesting different roles for these enzymes in the
processing of nociceptive information following hindpaw inflammation.
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also increased in IML of N rats (4.8+l.4, 6.9+1.7, 9.4+l.4 vs. 3.2+0.6, 2.6+1.2,
5.0+0.8 at POD 4, 7 and 21). Similar changes were observed in the ipsilateral DH at
L5 and L6 spinal segments. The decrease in withdrawal thresholds in the lesioned
paw (Rt-Lt) correlated with the increase in NOS+c in the ipsilateral spinal cord
(Spearman's correlation coefficient R= LI: 0.7, 0.3 for DH and IML, respectively; L5
and L6 DH: 0.7, 0.6, respectively). In conclusion, the number of NOS+c in the
spinal cord were increased ipsilaterally following nerve injury and this increase
correlated with pain behavior. This study provides additonal evidence for a role of
NO in the mechanism of neuropathic pain. Supported by NIH grant NS26363
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EFFECTS OF INTRANASAL CO? ON TRIGEMINAL BRAINSTEM NEURONES
IN
THE
CHRONICALLY
PREPARED,
ANAESTHETIZED
CAT.
D. Banks* (SPON: Brain Research Association). Division of Physiology, UMDS,
London SE1 7EH, England.

DORSAL SPINAL CORD LESIONS INCREASE SENSITIVITY TO
FORMALIN PAIN AND ATTENUATE MORPHINE ANALGESIA:
DOSE-EFFECT RELATIONSHIPS. F.V. Abbott', K.B.J. Franklin

The thresholds of the jaw opening reflex and trigeminal brainstem neurones to tooth
pulp stimulation (TP) are increased following noxious stimulation, including surgery
in anaesthetized cats (Clarke & Matthews, Newosci. 36, 105-114, 1990). We
investigated the mechanisms for this in the chronically prepared, anaesthetized cat
and found that the responses of the neurones to TP stimulation can be inhibited by
high intensity electrical stimulation of forelimb cutaneous A afferents (Exp. Physiol.
77, 343-349, 1992) or facilitated by selective stimulation of forelimb cutaneous C
afferents with mustard oil (Soc. Neurosci. Abstr. 19, 111, 1993). These effects were,
however, only brief (up to 3 minutes after the end of the stumuktion) and an
alternative conditioning stimulus was sought that would produce longer lasting
effects. Intranasal CO2 appeared to be a possible candidate.
One male cat was prepared for chronic recording as described previously (J.
Neurosci. Meth. 38, 35-40, 1991; 46, 83-88, 1993). Following complete recovery the
cat was lightly anaesthetized and recordings made from neurones in the rostral part
of the trigeminal spinal nucleus. Pulses of 100% CO2 (100ms) into the nose proved to
be an extremely potent stimulus, often causing arousal and sneezing. Four of 11
neurones responded vigorously to the CO2 with activity lasting as long as 10-15s.
These also responded to low threshold mechanical stimulation of the floor of the
nose and to TP stimulation. The other 7 had oro-facial RFs but did not respond to
CO2 or to TP stimulation. We have shown that intranasal CO2 directly excites rostral
trigeminal brainstem neurones responding to TP stimulation and it is therefore
inappropriate to use it as a conditioning stimulus mimicking the central effects of
surgical trauma.

Depts. Psychiatry and Psychology, McGill Univ,

and Y. Hong..

Montreal PQ H3A 1A1.
There is conflicting data on whether lesions of the dorsolateral

funiculus (DLF) attenuate the analgesic effects of morphine in the
formalin test.

lesions

on

The present study compared the effects of DLF

the

dose-effect

relations

for

morphine

and

the

concentration-effect relations for formalin to determine whether
effects on pain might contribute to the apparent block of morphine

analgesia.

Rats were prepared with lesions of the dorsolateral spinal cord.
As expected, the lesion attenuated morphine analgesia by about

50%

in the tail immersion test, but had no effect on baseline tail

withdrawal latencies.

Morphine

(2.5-8.0

mg/kg) suppressed paw

lifting and licking after intraplantar injection of 2.5% formalin in sham
operated rats, but had no significant effect in lesioned rats.

However, the lesion also shifted the dose-effect relationship for
formalin to the left by a factor of 2 for both the first and second
phases of the pain response.
These data indicate that the

attenuation of morphine analgesia in the formalin test by DLF
lesions is, at least in part, due to increased levels of baseline pain.

These increases in pain are obscured when formalin concentrations
that produce near maximal pain responding are used.

Supported by the Medical Research Council, UK.
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INCIDENCE OF DARK NEURONS IN SPINAL CORD OF ANIMALS WITH
NEUROPATHIC PAIN IS REDUCED FOLLOWING ADRENAL
MEDULLARY TISSUE TRANSPLANTATION. J. SageiT. G.D. Pappas and A.T.
Hama. Dept. Anatomy and Cell Biology, Univ. IL at Chicago, Chicago, IL 60612.
At increase of the number of dark neurons (DN) in spinal cord has been shown
These
in response to peripheral nerve injury (Sugimoto et al., 1990).
hyperchromatic neurons appear in superficial dorsal horn where inhibitory
interneurons are located. The occurrence of DN in response to nerve injury may
indicate loss of inhibition leading to enhanced spinal neuron hyperexcitability and
abnormal pain-related behavior. Previous fmdiTgs in our laboratory have shown
that adrenal medullary transplant's ran alleviate neuropathic pain and this can be
partially attenuated by spinal injections of naloxone and phentolamine. It addition
to direct pharmacological effects, adrenal medullary transplants may reduce or halt
events which lead to the degeneration of intrinsic spinal neurons. Painful
peripheral neuropathy was induced by loosely ligating the right common sciatic
nerve (Bennett and Xie, 1988). Two weeks after nerve injury, animals received
either adrenal medullary or control striated muscle tissue implanted into
subarachnoid space of lumbar spinal cord. One week following implantation,
animals were sacrificed, perfused and lumbar segments (L«-L) prepared for light
microscopy. Toluidine-blue sections from age-matched animals without surgery
showed almost no DN in superficial dorsal horn. Animals with control transplants
showed bilaterally elevated DN, particularly marked on the ligated side. It
contrast, in animals with adrenal transplants, numbers of DN were decreased to
control non-ligated levels. However, in superficial dorsal horn of adrenaltransplanted animals, indented and slightly malformed neurons were occasionally
seen. Similar neurons were found in control-transplanted animals 9 wks. following
nerve ligation when abnormal pain behaviors abated. These results suggest that
DN may eventually recover and that adrenal medullary transplants prevent spinal
cord response to or enhance recovery from peripheral nerve injury. Supported in
part by grants from the Paralyzed Veterans of America Spinal Cord Research
Foundation and NIH grant NS25O54.

THE FLEXION REFLEX INDICATES INCREASED EXCITABILITY
OF SPINAL NEURONS DURING PERSISTENT, PERIPHERAL
INFLAMMATION. A.M. Parsons*. Y.-P. Jia. X.-J. Xu. D. Budai.
C.N. Honda. ^W^Tteld-Hallm and V.S. Seybold. Graduate Program
in Neuroscience, Univ. of Minnesota, Minneapolis, MN 55455.
Inflammation is characterized by a number of factors, including
hyperalgesia. Facilitation of synaptic transmission at the level of the
spinal cord may contribute to die hyperalgesia. Wo compared the flexion
reflex in normal rats to rats with peripheral inflammation to determine
whether parameters of the electromyograms (EMGs) would reflect
increased synaptic transmission. Peripheral inflammation was induced by
injection of Complete Freund's Adjuvant (CFA) into the left hindpaw 2-4
days prior to the experiment. EMGs were recorded from the biceps
femoris and semitendinosus muscles in decerebrate, spinalized rats (250
-300 g) which were artificially ventilated and maintained at a body
temperature of 37° C. The reflex was evoked by electrical stimulation of
the ipsilateral sural nerve. The number of action potentials (summed over
the first 60 s) in the EMG of the reflex evoked in CFA-treated animals
(t =6) was two-fold greater compared to normal animals (t =7). This
increase could be attributed in part to a two-fold increase in the duration of
the reflex, from 60 s in normal animals to 130 s in CFA-treated animals.
There was to change in the peak frequency of action potentials (bin size
of 1 s). Therefore, changes in the duration and the total number of action
potentials of the flexion reflex following intrathecal administration of
receptor antagonists can be used to study the role of neurotransmitters and
neuromodulators in maintaining increased excitability of the spinal cord
during persistent, peripheral inflammation. (This study was funded by
NIH NS 17702 and NIDA T32DA07234.)
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POINT AND FRACTAL ANALYSIS OF SPINAL DORSAL HORN
NEURON ACTIVITY UNDER HETEROTOPIC NOXIOUS
STIMULATION. A. EbleT-Zaiiur*. R. Salas and H. Vanegas. Centro de
Bioquimica y Biofisica. Instituto Venezolano de Investigaciones Cientificas,
IViC, Apdo. 21827, Caracas 1020A, Venezuela.

MODULATION OF SPINAL NOCIFENSIVE REFLEXES BY SPATIALLY
REMOTE NOXIOUS STIMULI IN LIGHTLY ANESTHETIZED RATS. M. M.
Morgan*. P. Whitney and J. Jenkins. Dept, of Psychology, Washington State
Univ., Vancouver, WA 98663.
Nociception is known to be modulated in the dorsal hom of the spinal
cord. One example is the inhibition of nociceptive neurons throughout the
spinal cord following application of a spatially remote noxious stimulus. This
phenomenon is called diffuse noxious inhibitory controls and can be
produced by any stimulus (mechanical, chemical, or thermal) in the noxious
range. The objective of the present study was to determine the effect of such
stimuli on spinally organized nocifensive reflexes.
The tail flick or hindpaw withdrawal reflex to brief noxious radiant heat was
measured in lightly halothane-anesthetized male rats. The effect of a
spatially remote noxious stimulus (pinch or 52 °C water to the ear, forepaw,
contralateral hindpaw or tail) on reflex latency was assessed. Pinch and hot
water preceded the radiant heat stimulus by 5 and 30 s, respectively.
Noxious pinch, whether applied to the ear, forepaw, or hindpaw, had no
effect on the latency for tail flick or hindpaw withdrawal reflexes. Hot water
altered both reflexes, but in different ways. Hot water applied to the forepaw
or hindpaw inhibited the tail flick reflex. Hot water applied to the contralateral
hindpaw, tail, or forepaw caused the topography of the hindpaw reflex to
change from withdrawal to a backward kick, but did not alter reflex latency.
These data indicate that: 1) Nocifensive spinal reflexes do not follow
directly the activity of nociceptive neurons in the dorsal horn (spatially remote
noxious pinch is known to reduce the activity of nociceptive neurons but did
not alter spinal reflexes); and 2) Modulation of neurons in the reflex circuit
subsequent to dorsal horn neurons may underlie the shift in the type of
hindpaw reflex produced. Persistent withdrawal reactions to the hot water
suggest that the different results that occurred following noxious pinch and
hot water is a result of stimulus intensity.

In order to study the quantitative and qualitative effects of heterotopic
noxious stimulation (HNS) upon background activity of spinal dorsal horn
neurons, extracellular recordings were made in the spinal dorsal horn of deep
pentobarbital anesthetized rats. Excitatory mechanoreceptive fields were
located on the hindpaw ipsilateral to the spinal recording site. The neuronal
discharge rate and pattern during HNS by a clamp applied to ipsilateral (AI)
or contralateral (AC) forepaw, contralateral hindpaw (PC), or tail were
evaluated by means of peristimulus time and interspike interval histograms,
autospectral analysis, phase portrait and fractal dimension (D) of the first
order interspike intervals. For 80% multireceptive neurons the HNS location
most effective in inducing a reduction of their discharge rate was the tail and
the least effective was the contralateral hindpaw. HNS induced rhythmicity
in 16.7% or its loss in 16 % of the neurons. About 42% of the neurons
retained their rhythmic discharges during HNS despite the reduction of the
discharge rates (80% of neurons). The complexity of interspike interval
sequence D decreased in 80% of neurons during noxious stimulation of their
receptive field alone but increased in 66.7% of neurons during HNS alone.
The phase portrait in the majority of cases did not show qualitative changes
during HNS despite the existence of discharge rate changes. These results
support the notion that HNS increases the signal/noise ratio of multireceptive '
spinal dorsal horn neurons, and suggest the existence of ISI sequence coding
of information. These findings could underlie DNIC mechanisms.
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ANTINOCICEPTIVE EFFECT OF TRANSCUTANEOUS ELECTRICAL NERVE STIMULATION (TENS) ON DORSAL HORN
NEURONS IN A RAT MODEL OF NEUROPATHIC PAIN. E.J.
Baik-Han. C.R. Hur. Y. Chung. J.W. Leem. K.S. Paik. K.A. Park*.
Departs, of Physiology, Yonsei Univ. & Ajou Univ. Coll. Med.,
Seoul, 120-752, Korea.
The aim of the present study was to investigate the effect of TENS
on the spinal dorsal horn neurons in rats with a peripheral neuropathy.
In rats developed behavioral signs for neuropathic pain, WDR dorsal
horn neurons showing an increased response to brush stimuli were
subjected to TENS application. TENS (25 Hz, 0.5 msec) was applied
through steel electrodes with saline-soaked cotton to somatic receptive

fields for 1-5 min at intensities below threshold for muscle contraction
(1-5 mA).
Activity evoked by brushing the skin in neuropathic WDR neurons
was higher (20.3 ± 6.4 imp/s, n=13) than that in WDR neurons from
normal rats (12.1 ± 2.0 imp/s, n=lO). Brush-evoked response of
neuropathic WDR neurons decreased maximally to 14.5 ± 4.6 imp/s
at 5 min post-TENS and was recovered thereafter. No TENS effects
were observed on brush-evoked response of normal WDR neurons.
The results suggest that TENS is effective in treatment of
mechanical allodynia, one of many characteristics of neuropathic pains.
It is further suggested that supraspinal influences are not likely
involved in action of TENS at stimulating parameters used here.
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ACTIVATION OF SPINAL 5-HT2 RECEIPTORS INCREASES NOCICEPTION IN RATS.
A. Kiorsvik. R. Sterkson. A. Tiolsen and K. Hole. (SPON: European Neuroscience
Association). Dept. of Physiology, University of Bergen, N-5009 Bergen, Norway.
The aim of this investigation was to study the role of 5-HT2 receptors in
regulation of nociception by using spinal administration of the 5-HT2 receptor
agonist (±)DOI-HCI and the antagonist ketanserin. DOI was also co-injected with
the glutamate agonist NMDA to study a possible interaction. Since the 5-HT2
receptors in rats have a higher density in the upper thoracic segments and a
lower density in lumbar region, the injections were performed at both levels.
Drugs were given through intrathecal catheters. The catheterization implied
a catheter-through-needle technique in the lumbar region. Drugs were dissolved
in 0.9% NaCI and injected in a volume of 15 /A. Experiments were performed 1-2
days after implantation of catheters, and the behavior was recorded during the
first 5-10 min after drug injections.
DOI (0.1-10 mM) injected at the Th2 level induced pain-like behavior in
a dose-dependent manner. At the same level DOI (10^100mM) induced motor
depression, with flat body posture and hindlimb abduction. In the lumbar region
only the highest doses of DOI induced pain-like behavior. Injection of ketanserin
before injection of DOI blocked both nociceptive and motor effects. When 0.1
pM NMDA was given 2 min before injection of 0.1 mM DOI, strong pain-like
behavior was induced. These doses gave little nociceptive behavior when given
alone.
Spinal 5-HT2 receptors seem to be involved in enhancement of nociception.
The effect of the agonist DOI was more pronounced at the upper thoracic level.
This is possibly caused by the difference in receptor density at the two levels.
The motor depression induced by high doses of DOI given at the upper thoracic
level seems to mask the pain-like behavior. Stimulation of both NMDA- and
5-HT2 receptors had a mutually potentiating effect, further indicating that 5-HT2
receptors are involved in enhancement of nociception.

Pre- and post-synaptic inhibition by serotonin
(5-HT) and norepinephrine (NE) in the guinea pig
spinal
trigeminal
substantia gelatinosa.T.J.
Grudt*. J.T?. Williams and R.A. Travagli.
Vollum Institute, Portland, OR 97201
Whole cell and intracellular recordings were
made from slices of guinea pig spinal trigeminal
nucleus pars caudalis (Sp5). 5-HT hyperpolarized
in a dose-dependent fashion 80% of Sp5 neurons by
activating 5-HTu receptors. In about 20% of
recordings, 5-HT also evoked glycine-mediated
IPSCs.
a2-receptors activation by ' NE hyperpolarized about 60% of Sp5. Phenylephrine evoked
repetitive
GABAA-mediated
IPSCs
in
20%
of
recordings. The postsynaptic effect of both 5HT
and NE was exerted via activation of a 1* conductance. Stimulation of the trigeminal tract evoked
glutamate-mediated ESPCs and EPSPs which were
inhibited in a dose-related fashion by both 5HT
and NE. Spontaneous EPSPs were also inhibited by
both 5hT and NE. These results indicate that
several mechanisms are used by 5-HT and NE to
inhibit Sp5 neurones: 1) an hyper-polarization
mediated
by
an
increase
of
a
potassium
conductance; 2) activation of GABA and glycine
containing interneurons that mediate IPSPs in a
subset of neurons; 3) reduction of evoked-as well
as 4) spontaneous glutamate release.
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EFFECT OF ADMINISTRATION OF HIGH DOSE INTRATHECAL (IT)
MORPHINE OR CLONIDINE PRIOR TO SCIATIC NERVE SECTION ON
THE EXPRESSION OF C-FOS IN RAT LUMBAR SPINAL CORD. L Luo1.

SEX STEROIDS AFFECT AUTONOMIC RESPONSES BUT NOT C-FOS
EXPRESSION CAUSED BY NOXIOUS CORNEAL STIMULATION IN
THE RAT. I.D. Mena* and D.A. Bereiter. Depts. of Neuroscience and
Surgery, Brown UnivJRI Hospital, Providence, RI 02903
Autonomic and endocrine responses to stress are strongly influenced by
gender. However, the effect of gender on nociceptive reflexes is not well
defined. Fos-like immunoreactivity (Fos-LI) is induced in the spinal
trigeminal nucleus (Vsp) by noxious corneal stimulation and also is altered
by gonadal steroids in other brain areas. To determine the role of sex
steroids in trigeminal nociception, autonomic responses and Fos-LI were
assessed after noxious corneal stimulation in male and ovariectomized female
rats with estrogen (E, 5 pg/day sc.), progesterone (P, 5 mg/day sc.) or vehicle
(V, 0.5 ml/day sc. sesame oil) replacement for 5 days. Autonomic responses,
were assessed in pentobarbital-anesthetized rats (70 mg/kg) and a catheter
was inserted in the femoral artery (blood pressure, MAP) and heart rate
(HR) was monitored by ECG. At 1 h prior to corneal application of the Cflber excitant, mustard oil (5 pl, 20%), female rats were injected with a final
dose of E, P, or V. There were no differences between groups in MAP or HR
prior to stimulation. By 30 s after corneal stimulation, peak increases in
MAP in E treated animals (22.O±2.7 mmHg) were significantly (P<0.05)
greater and more prolonged than those in P (10.512.4 mmHg), V (14.O±32
mmHg) and male (17.0±2.2 mmHg) rats. Increases in MAP in male rats also
were greater (P<0.05) than those in P treated animals. Heart rate responses
were similar for all groups. In a parallel study, Fos-LI was quantified in the
Vsp 2 h after mustard oil stimulation of the cornea of pentobarbitalanesthetized V, P, E, female rats and of male rats. All groups displayed
similar levels of Fos-LI within the Vsp. Thus, while sex steroids altered the
magnitude of autonomic responses to noxious corneal stimulation, these
changes were not reflected in levels of Fos-LI in the Vsp. Supported by NIH
grant NS26137.

EJUi2 ^LH6kfelt2 -R.G. Hallin1* and Z. Wiesenfeld-Hallin1. Karolinska
Institute, 1 Section of Clinical Neurophysiology, 141 86 Huddinge and
2Deaartment of Neuroscience, 171 77 Stockholm, Sweden

Sciatic nerve section leads to self-mutilation of the hindlimb (autotomy) in
rats, which may be a sign of neuropathic pain. IT morphine (MO, 50 pg), but
not the a2 adrenoceptor agonist clonidine (CLO, 50 pg), injected prior to
nerve section significantly prevents autotomy during a 28 d observation
period (Puke and Wiesenfeld-Hallin, Anesth. Analg., 1993). IT MO also
prevents the development of spinal flexor reflex hyperexcitability following
sciatic nerve section more than CLO (Luo et al., Pain, 1994).
The expression of C-fos in lumbar spinal cord was examined in male
Sprague-Dawley rats that received IT MO, CLO or saline (SAL) 1 h prior to
sciatic nerve section and in unoperated controls. The rats were sacrificerd 2
h after axotomy.
Few C-fos labelled neurons were found in normals. Nerve section induced
strong bilateral C-fos expression in dorsal and ventral horn in the SAL group.
Expression in laminae l-ll was greater ipsilaterally than contralaterally. MO
totally prevented the expression of C-fos bilaterally and labelling was similar
to normals. In contrast, CLO induced intense C-fos expression, more than in
the SAL group, in dorsal and ventral hom with a stronger effect ipsilaterally
than contralaterally to the nerve section.
These results indicate that preemptive analgesia with high dose IT MO
may prevent neuropathic pain by blocking injury-induced spinal
hyperexcitability that may lead to more prolonged changes in the spinal
cord, such as the expression of C-fos. IT CLO, which is less effective in
blocking hyperexcitability and promotes the expression of C-fos, is not useful
for preemptive analgesia.
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SOMATOSTATIN INFLUENCE ON TRIGEMINAL-EVOKED ADRENAL
AND AUTONOMIC RESPONSES IN THE CAT. D.A. Bereiter*. AJL
Benetti and C.B. Hathaway. Depts. of Neuroscience and Surgery, Brown
UnivJRI Hospital, Providence, RI 02903
The role of somatostatin (SS) in trigeminal nociception is not well defined.
SS-like immunoreactivity within the spinal trigeminal nucleus derives from
small diameter primary afferent fibers as well as from intrinsic neurons. To
determine if local release of SS affects adrenal and autonomic function, SS
was microinjected within laminae I-H or HI-IV of subnucleus caudalis (Vc) of
chloralose-anesthetized (75 mg/kg) cats. High dose SS (100 pmol in 100 nl)
injected within laminae I-II of Vc evoked prompt increases in the adrenal
secretion of epinephrine (+163 ± 47%) and in total adrenal blood flow (+58 ±
8%), but did not affect arterial pressure, heart rate or plasma levels of
ACTH. High dose SS into laminae HI-IV of Vc also caused small increases in
epinephrine secretion (+59 ± 16%) and in adrenal blood flow (+25 ± 15%).
Low dose SS (1 pmol) injected within laminae I-II or HI-IV of Vc had no
significant effects. To assess the influence of SS release on autonomic reflexes
evoked by trigeminal nociceptors, corneal stimuli were applied before and
after SS (750 pmol) injection into caudal Vc or topically applied to its dorsal
surface. The superficial laminae of caudal Vc were densely labeled for SS-LI
and displayed a high number of Fos-positive neurons after corneal
stimulation. Corneal stimuli (52°C or mustard oil) caused similar changes in
adrenal and autonomic function before and 15 min after SS. The results
indicate that local release of SS within laminae I-H of Vc is sufficient to evoke
select adrenal and autonomic responses. However, it is not likely that release
of SS alone within caudal Vc plays a major role in the integration of adrenal
and autonomic reflex activity evoked by noxious thermal or chemical
stimulation of the cornea. Supported in part by NIH grant NS26137.

SUBSTANCE P RELEASE IN THE DORSAL HORN OF THE RAT DURING
SELECTIVE THERMAL ACTIVATION OF AS OR C FIBER NOCICEPTORS. B.D.
Goldstein*. V. Zachariou. and D.C. Yeoman;;1. Depts. of Pharmacology, Med Col of
Georgia, Augusta, GA 30912 and 'Univ of 111, Sch of Med, Chicago, 111 60612.
Substance P (SP), an undecapeptide involved in the transmission of nociceptive
information, is found in high concentrations in C-fiber afferents. Its presence in AS
afferents has not been definitively identified (Yeomans et al, 1993). Different rates of

skin heating can selectively activate AS or C fiber nociceptors. High rates of radiant
skin heating (greater than 2°C/sec) preferentially activate AS fibers whereas low rates
of skin heating (less than 2°C/sec) selectively activate C fibers. This study was carried
out to determine if there is a preferential release of SP during high or low skin heating
rates.
A push-pull canula was introduced into the superficial dorsal horn of the spinal cord,
in decerebrate/spinal transected rats, and the dorsal horn was perfused with artificial
CSF. Noxious cutaneous stimuli, either low (O.9°C/sec for 13 sec) or high (6.5°C/sec
for 2.8 sec) heating rates, were applied to the ipsilateral hind paw and the collected
perfusate was assayed for immunoreactive SP by RIA.
Activation of the AS nociceptors by rapid skin heating did not induce any change
in the release of SPLI in the lumbar dorsal horn. On the other hand, activation of the
C nociceptors using the low rate of cutaneous heating elicited an average 38% increase
in SPLI release. These data show that SP is preferentially released by a stimulus which
selectively activates C-fiber nociceptors and not by a stimulus which selectively

activates AS nociceptors. Supported by DA 08256.

234.7

234.8

CO-LOCALIZATION OF SUBSTANCE P- AND GABA-IMMUNOREACTIVITIES
IN AXONAL VARICOSITIES PRESYNAPTIC TO FUNCTIONALLY IDENTIFIED
SPINAL DORSAL HORN NEURONS OF THE CAT. W. Ma. A. Ribeiro-da-Silva*.
V. Radhakrishnan, Y. De Koninck. J.L. Henry and A.C. Cuello. Departments of
Pharmacology & Therapeutics, and Physiology, McGill University, Montreal, Quebec.
Several lines of evidence indicate an interaction' of GABAergic mechanisms with
substance P responses in the spinal dorsal horn. The purpose of the present study
was to investigate the morphological elements containing substance P (SP) and
GABA immunoreactivities (IR) and their synaptic relations to functionally identified
dorsal horn neurons. Dorsal horn neuronal responses to noxious and non-noxious
cutaneous stimuli and to high intensity electrical stimulation of the superficial
peroneal nerve were recorded intracellularly using HRP-filled micropipettes in achloralose-anesthetized and spinalized cats. SP mediation of nociceptive responses
was also confirmed by administering the NK-1 receptor antagonist, CP-99,994 (0.5
mg/kg, i.v.). Cl'-dependent IPSPs were obseved in these neurons and were blocked
by administration of bicuculline (0.3-0.6 mg/kg i.v.). After labelling the cells with
HRP by intracellular iontophoresis, SP- and GABA-IR were demonstrated at the
ultrastructural level by a combination of pre-embedding and post-embedding
protocols. Non-nociceptive neurons had few if any SP-positive boutons, while all
nociceptive neurons received abundant SP boutons. In contrast, nociceptive and nonnociceptive neurons were equally innervated by GABA-immunoreactive boutons.
Surprisingly, some boutons presynaptic to nociceptive neurons, co-localized SP- and
GABA-IR. A considerable number of axonal varicosities in laminae I and II showed
this co-localization although a small number of co-localizing boutons could be found
in lamina III as well. Probably, these co-localizing boutons are of intrinsic spinal
origin and play a role in excitation and/or inhibition of nociception-driven dorsal
horn neurons. (Supported by MRC of Canada and Pfizer Central Research).

SPINAL GABAg FUNCTION IN NOCICEPTION IS ALTERED DURING
PERIPHERAL INFLAMMATION. A. Tiolsen*. L.M. Pedersen and K. Hole.
Department of Physiology, University of Bergen, N-5OO9-Bergen, Norway.
The dorsal horn of the spinal cord contains a number of GABAergic interneurones, and there are high levels of GABAb receptors in the dorsal spinal cord.
GABAg receptor stimulation causes analgesia in a variety of nociceptive tests.
Some of the GABAg receptors are located presynaptically on small diameter
primary afferent terminals in the dorsal horn.
Single unit activity in the dorsal horn of the spinal cord was recorded extracellularly in urethane-anaesthetized, intact rats by means of tungsten microelectrodes. All cells responded to both noxious and non-noxious stimulation
of the ipsilateral hind paw. The receptive field in the skin was stimulated
electrically (16 pulses, 2 ms wide, 0.5 Hz, 1.8-3.3 mA) through needle electrodes. The Ap-, AC- and C-fibre responses and post-discharge were recorded
separately according to the response latencies. The GABAg agonist (±)baclofen
was dissolved in saline and applied onto the cord in a volume of 50 p\.
Experiments were done without inflammation in the receptive field, and after
2-3 h of inflammation. Inflammation was induced by s.c. injection of 100 p\ of
2% A-carrageenan in saline.
Baclofen (0.15-1.5 nmol) reduced the AC- and C-fibre response and the postdischarge of the dorsal horn cells in a dose-dependent manner. The response to
Ap-fibre input seemed to be much less affected by the drug. This suggests that
spinal administration of baclofen decreases the activity of dorsal horn C fibre
afferents through presynaptic mechanisms. Carrageenan-induced inflammation
in the receptive field reduced the C fibre response to electrical stimulation in
most cells. After 2-3 h of inflammation, the inhibitory effect of baclofen was
reduced. This finding indicates that the role of GABAergic mechanisms changes
during tonic nociceptive input, and may be involved in changes in nociceptive
sensitivity observed in chronic pain states.

234.9

234.10

GABAERGIC NATURE OF SPINAL CELLS EXPRESSING C-FOS
FOLLOWING DIFFERENT KINDS OF NOXIOUS CUTANEOUS
STIMULATION D. Lima ,* A. Avelino and A. Coimbra. Institute of Histology

NMDA RECEPTOR BLOCKADE ABOLISHES PLASMA EPINEPHRINE
BUT NOT CARDIOVASCULAR RESPONSES TO CHEMICAL
STIMULATION OF THE RAT CORNEA. C.B. Hathaway*. D.F. Bereiter and
D.A. Bereiter. Departments of Neuroscience and Surgery, Brown Univ/Rhode
Island Hospital, Providence, RI 02903.
Neurochemical pathways underlying autonomic responses to trigeminal
nociception are not well-defined. Previously, glutamate injections into caudal
spinal trigeminal nucleus (Vsp) of the cat evoked adrenal and cardiovascular
responses and central NMDA receptor blockade reduced stimulus-induced c-fos
expression in rat caudal Vsp. To examine NMDA receptor involvement in
autonomic responses to trigeminal stimulation, barbiturate-anesthetized rats
received MK801 (2.0 or 0.02 mg/kg, intracarotid), an NMDA noncompetitive
antagonist, 20 min prior to topical application of mustard oil (5pJ, 20%) to the
cornea. Arterial pressure (MAP) and heart rate (HR) were monitored and
central venous blood samples collected for radioenzymatic analysis of plasma
epinephrine (E) and norepinephrine (NE). In parallel experiments, rats were
perfused 2 h after stimulation and the brain stem processed for Fos-like
immunoreactivity (Fos-LI). Prior to stimulation, high dose MK801 reduced
MAP, HR, and plasma NE but not plasma E. At 1 min poststimulation, MAP
and HR were increased (P<0.01) regardless of MK801 dose. However, corneal
stimulation-evoked increases at 1 min in plasma E were observed in only the
low dose group (63±^O to l8l±25 pg/ml, P<0.01; compare with high dose group:
44±39 to 37±24 pg/ml). A significant dose-related suppression of plasma E
responses was seen during the 10 min sampling period (F=ll.l [1,4], P<0.05).
Plasma NE was increased by 5 min after stimulation in only the low dose group.
Dose-related decreases in Fos-LI were seen in Vsp regions known to receive
corneal input and in the ventrolateral medulla (VLM). The results indicate that
the NMDA receptor subtype is necessary for adrenomedullary but not
cardiovascular reflexes evoked by corneal stimulation. Caudal Vsp and VLM
neurons likely contribute to this NMDA-mediated nociceptive reflex pathway.
Supported by NIH grant 26137.

and Embryology,Faculty of Medicine of Oporto,4200 Porto, Portugal
The expression of the proto-oncogene c-fos is widely used to monitor the
activation of spinal cells by noxious input. We have previously demonstrated that
spinal Fos distribution varies according to the thermal,mechanical or* chemical
nature of the stimulus. This raises the question of whether different
neurotransmitters are involved in the spinal processing of each kind of noxious
input.The activation of GABAergic cells by each stimulus is now adressed. Rats
were anesthetised with chloral hydrate, stimulated for two hours in the skin by
radiant heaL pinching, or 5% formalin, and perfused immediatly after with PBS
followed by 4% paraformaldehyde in 0.1M phosphate buffer pH 7.4. Forty pm
vibratome parasagittal sections of segments T13-L3 were immunoreacted for the
Fos-protein by the avidin-biotin-DAB method, and for GABA using streptavidinalkaline phosphatase. Cells immunostained for the Fos- protein (brown nuclei),
GABA (blue cytoplasm) or both were counted in laminae I-III. The percentage of
double labelled cells in the population of Fos-positive cells varied between 1.3% and
9%. Although GABA-positive cells prevailed in lamina ni,the percentage of
GABA-cells activated by mechanical or 'chemical stimuli was significantly higher in
lamina IIo. GABA-cells activated by thermal stimuli were more numerous in
lamina Hi in which they prevailed over cells activated by the other stimuli (p<0.01).
Mechanical stimulation activated more GABA-cells in laminae I and Ho (p<0.001)
than thermal or chemical stimulation. These data indicate that a small population
of spinal cells receiving cutaneous noxious input are GABAergic, probably acting
as intemeurons which inhibit nociceptive transmission. Moreover, they suggest that
GABAergic actions vary in their intensity and location according to the nature of
the stimulus. (Supported by JNICT project n° PBIC/C/SAU/1555/92)
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C-FOS EXPRESSION FOLLOWING NOXIOUS STIMULATION OF THE
URINARY BLADDER IS REDUCED BY TOPICAL CAPSAICIN
TREATMENT. F.Cruz*, A. Avelino. D. Lima and A. Coimbra. Institute of
Histology and Embryology,Faculty of Medicine of Porto, 4200-Porto, Portugal.

EFFECTS OF MORPHINE AND KETAMINE ON BEHAVIORAL SIGNS OF
INCREASED TRIGEMINAL NOCICEPTIVE ACTIVITY AFTER CHRONIC
CONSTRICTION INJURY TO THE RATS INFRAORBITAL NERVE. P.A.De
Mulder. M.Claus. G.DeMulder. H.Adriaensen. B.P.Vos*.Lab. Anesthesiol.., Dept.
Medicine, University of Antwerp, Universiteitspl. 1, B-2610 Wilrijk, Belgium
Chronic constriction injury to the infraorbital nerve (IoN-CCI) induces
asymmetric face grooming directed to the injured nerve territory, and beginning
at 7-12 days post-operative (PO), hyperresponsiveness to mechanical stimulation
in this territory (Vos et al., '94, J.Neurosci.). The present study examined the
effects of acute, systemic administration of Morphine and Ketamine on
behavioral parameters of increased trigeminal nociceptive activity after IoN-CCI.
IoN-CCI rats (n=37) and sham-rats (n=l5) were tested pre-operative and on PO
days 3, 7, 9 and 11. On PO day 12 or 13 IoN-CCI rats received a single injection
(i.p.,.3ml) of .75, 1.5, or 3.0 mg/kg Morphine HC1 (n=5/dose); or .25, .50 or .75
mg/kg Ketamine (n=4/dose); or saline (n=lO). Sham-rats received saline (n=5),
or the highest drug doses (n=5/drug). Eight min after Ketamine injections, and 15
min after Morphine injections, non-evoked behavior was videotaped for 10 min.
After observation, responses to mechanical facial stimulation were quantified.
In sham-operated rats, the highest drug doses did not affect exploratory
behavior; morphine (but not ketamine) reduced responsiveness to mechanical
stimulation (45% of pre-injection). In IoN-CCI rats, all doses of morphine equally
reduced face grooming time and face grooming asymmetry compared to saline;
ketamine dose-dependently reduced face grooming time while all doses equally
attenuated asymmetry. Ipsilateral hyperresponsiveness of IoN-CCI rats was dosedependently decreased by morphine (mean±SEM, resp. 96±27, 27±24, -24±I7%
of pre-injection). The decrease of ipsilateral hyperresponsiveness produced by
Ketamine was not dose-related (resp. 6±46, 26+30, 39±2l% of pre-injection).
Saline did not affect hyperresponsiveness.
The results indicate that systemic administration of morphine and ketamine, in
doses that do not affect normal behavior, may attenuate behavioral parameters of
increased nociceptive activity induced by peripheral nerve injury.

Desensitization of C-fibers by topical application of capsaicin may be an
alternative to analgesic therapy in some painfiil conditions.The potential effect of
the neurotoxin in controling bladder pain was investigated in the present study by
comparing the amount of c-fos immunoreactive cells activated in the spinal cord
by noxious stimulation of the bladder in capsaicin vs. sham-treated rats. Under
halothane anaesthesia adult Wistar female rats were catheterized through the
urethra and the bladder was treated during 30m with a solution of 30% ethanol in
saline or the same solution containing 5OpM of capsaicin (Sigma). Twenty four
hours later the rats were reanaesthetized, the bladders were stimulated during
15m with 0.3ml of 1% acetic acid in saline and perfused through the ascending
aorta with paraformaldehyde 2 h later. Spinal cord was removed and ten
transverse sections cut at 40 pm in the freezing microtome were randomly taken
from segments T12-L2 and L5-Sl and immunoreacted against Fos proteins with a
polyclonal antiserum (CRB). In non-capsaicin treated rats numerous positive cells
occurred in Lamina I at T12-L2 and in Lamina I, dorsal commissure and
intermediolateral gray at L5-Sl. In capsaicin treated animals the number of cfos cells was reduced in all those areas. The difference was statistically
significant (p<0.05) in LI at L5-Sl. Since c-fos expression at spinal cord level
mainly indicates the arrival of noxious input to the CNS, these data give further
support to the analgesic efficacy of topical application of capsaicin to the bladder.
The effect was more intense at L5-Sl, suggesting that capsaicin action occurred
principally on C-fibers travelling in the pelvic nerve, which had been identified as
high-threshold afferent units in physiological studies.
(Supported by JNICT Project n° PMCT/C/SAU/31/90)
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SUPPRESSION OF FORMALIN-INDUCED C-FOS EXPRESSION IN THE
LUMBAR SPINAL CORD BY DIFFERENT ANESTHETICS IN THE
INFANT RAT. D.K. Yi* and G.A. Barr. Biopsychology Doctoral Program,
Dept, of Psychology, Hunter College-CUNY, NY, NY 10021 and New York
State Psychiatric Institute, 722 W. 168th St., NY, NY 10032.
How anesthetics act in the neonate is not well understood in either
human or non-human species. Generally, anesthetic drug actions have been
studied electrophysiologically using in vivo and in vitro preparations.
However, using the Fos oncoprotein as a marker, neural functions can be
examined anatomically in vivo. This study compared the effectiveness of
different anesthetic agents by examining if these treatments depressed
spinal nociception in the 3 day old rat pup. Pups were anesthetized by
methoxyflurane, acepromazine (50 mg/kg, i.p.), a ketamine and xylazine
mixture (0.5 ml/kg, i.p.), or hypothermia. When the pups were completely
unresponsive to handling, 10 pl of formalin (10%) was injected into the
plantar pad of the right hindpaw. All pups remained anesthetized until the
perfusion time, 2 hours post-injection. The results show that, although all
the groups were fully anesthetized, both cold and ketamine-xylazine treated
pups had a slower respiration rate and were more purplish-blue in color.
Yet, when the number of Fos stained nuclei was examined in lumbar spinal
cord, hypothermia and methoxyflurane suppressed expression of the Fos
protein most effectively. The ketamine-xylazine mixture was totally
ineffective in eliminating Fos staining and acepromazine was only partially
effective. These results show that both hypothermia and methoxyflurane act
by depressing primary afferents or second order neurons whereas the site of
action for the ketamine-xylazine combination may be located supraspinally.
Acepromazine may induce anesthesia by depressing some of the spinal cord
neurons, but it may also act at sites rostral to the spinal cord. (Supported in
part by NIH grant DA-07341).

MODULATION OF AFFERENT SPINAL CORD NEUROPEPTIDE
LEVELS BY LIDOCAINE IN RATS WITH EXPERIMENTAL
NEUROPATHY.
SR Chaplan*. FW .Bach, and TL Yaksh.
Anesthesiology Research Laboratory, UC SD, La Jolla CA 932093
To investigate the relationship between neuropeptide neuromodulators
and chronic neuropathic pain states, groups of rats were prepared with
(A) an experimental neuropathy created by surgical ligation of left
spinal nerves L5/L6, resulting in brisk paw withdrawal responses to von
Frey hairs < 4 g (= tactile allodynia) (B) an experimental neuropathy as
in (A), followed 2 wks later by intravenous lidocaine treatment, 30
mg/kg, which significantly reduced allodynic behavior for the
remaining experimental period, or (C) a sham neuropathy operation,
yielding behavioral responses similar to un-operated rats. 6 wks after
surgery (3 wks after lidocaine treatment) rats were sacrificed, and dorsal
horn areas of the spinal cord lumbar enlargement were analyzed for
neuropeptide levels by radioimmunoassay. Rats with untreated
neuropathy showed no significant change in the ratio of leftrright dorsal
horn vasoactive intestinal peptide or substance P, compared to
sham/lidocaine treatment. Calcitonin gene-related peptide ratios were
significantly decreased from neuropathy levels after lidocaine (mean ±
SE, lll%±8% vs 74%±I2%), and the ratios of neuropeptide Y levels were
significantly elevated by neuropathy, and decreased again by lidocaine
(l38%±9% and 98%*l3%) (Significance = P<0.05, ANOVA/GamesHowell).
These results suggest that analgesic interventions in
neuropathic pain may result in correlated alterations in levels ot
neuromodulatory peptides. (Support: RSDSA, NIH)
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SUBCUTANEOUS (S.C.) FORMALIN PRODUCES
CENTRIFUGAL HYPERALGESIA VIA SPINAL NMDA-NITRIC
OXIDE (NO). E.P.Wiertelak*1. L.E. Furness*. & Smalls! JL
Horan2. L.R. Watkins2. & S.F. Maier2. Dept. Psychology,
Macalester College, St. Paul, MN 551051; Dept. Psychology, Univ.
of Colorado, Boulder, CO 803092.

SUBCUTANEOUS (S.C.) FORMALIN PRODUCES
HYPERALGESIA VIA A CENTRIFUGAL NUCLEUS RAPHE
MAGNUS-VENTRAL FUNICULUS PATHWAY. L-E.Furness*!
E.P.Wiertelak2. R. Grahn! I. Martinez! S.F. Maier! & LR,
Watkins! Dept. of Psychology, University of Colorado, Boulder,
CO 803091; Dept, of Psychology, Macalester College, St. Paul, MN
551052.

Formalin produces prolonged pain behaviors (paw licks, tucks, &
shakes) following s.c.unilateral paw injection. Pain behaviors elicited
>10 min after s.c. formalin reflect exaggerated response by spinal
neural circuitry since spinal NMDA & NO antagonists block these
effects. Prior studies concluded that early pain signals generated by
s.c. formalin result in later enhancement of spinal response, likely via
intra-spinal processes.
Alternatively, s.c. formalin may activate a centrifugal pain
facilitory pathway (see companion abstract). In order to test whether
such a centrifugal circuit exists, we first showed that s.c. formalin
produces hyperalgesia on spinally mediated pain responses (tailflick;
TF), & then sequentially examined the effect of spinal transection,
NMDA antagonists, & NO synthesis inhibitors (n=7-8/group), using
the TF to assess pain.
Hyperalgesia was observed on the TF test following s.c. 50 ul of 1,
5 or 15% formalin injected into the dorsum of one hindpaw.
Hyperalgesia was observed by 5-10 min after formalin, & lasted
throughout the 55 min timecourse. This effect reflects the activation
of centrifugal circuitry since high thoracic spinal transection
abolished this hyperalgesia. At the spinal cord, this hyperalgesia
involves NMDA/No , as intrathecal APV (NMDA antagonist) & LNAME (NO synthesis inhibitor) abolished the effect. NIH MH14617,
NIH NS31569 & Hughes Undergraduate Initiative.
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We have shown (see companion abstract) that s.c. formalin
produces hyperalgesia on the spinally mediated tailflick (TF) test.
Since spinal transection abolishes this effect, a centrifugal pathway is
clearly involved.
The present experiments examined the neural circuitry of this
centrifugal pain facilitation. Separate experiments examined the
effect of the following lesions, compared to sham controls: bilateral
spinal dorsolateral funiculus (DLF), nucleus raphe magnus (NRM),
bilateral nucleus reticularis paragigantocellularis (NRPgc), & dorsal
raphe nucleus (DRN) (n=7-8/group). These sites were chosen based
on our previous work with analgesia, anti-analgesia, & hyperalgesia.
To produce hyperalgesia on the TF test, 50 ul 5% formalin was
injected s.c. into the dorsum of 1 hindpaw. In controls, hyperalgesia
occurred 5-10 min after formalin, & lasted throughout the 55 min
timecourse. A ventral spinal pathway is implicated since bilateral DLF
lesions had no effect on s.c. formalin hyperalgesia. At the medulla,
NRM lesions abolished s.c. formalin hyperalgesia, whereas NRPgc
lesions had no effect. Preliminary data suggest that DRN lesions also
block s.c. formalin hyperalgesia. NIH MH14617, NIH NS31569 &
Hughes Undergraduate Initiative.
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NEUROPATHIC PAIN IN RATS IS NOT ASSOCIATED WITH INCREASED
RELEASE OF NOREPINEPHRINE (NE) FROM SYMPATHETIC NERVES.
S.N. Raja*. Y. Choi. D.S. Goldstein. Dept, of Anesthesiology, Johns Hopkins Univ.,
Baltimore, MD 21205 & Clinical Neuroscience., NINDS, NIH,Bethesda,MD 20892.
Neuropathic pain (NP) states such as causalgia are thought to be mediated via
interactions between sympathetic efferent and somatic afferent systems. Alterations
in sweating and blood flow in these pain states suggest increased sympathetic outflow,
and Kim and Chung have proposed a sympathetically dependent neuropathic pain
model.1 We measured arterial and venous levels of catecholamines and their
metabolites in neuropathic and control rats to determine if pain behavior is associated
with alterations in regional sympathoneural function. NP was induced in 29 male
Sprague-Dawley rats by unilateral L5,6 nerve root ligations (N). Eighteen rats had
sham (S) surgery. Paw withdrawal thresholds were measured 2 weeks and 4 weeks
after surgery. Blood was obtained from the abdominal aorta or axillary artery, and
right(Rt) and left(Lt) iliac veins at 2 weeks (2WK, n=l4) and 4 weeks (4WK, n=l5)
after N or S surgery (n=8 per group). Withdrawal thresholds were lower in the
lesioned paw of N, but not S, rats ( 14.0 + 0.5 vs 7.1 + 0.8 bar at 2 weeks and 14.0
+ 0.4 vs 5.3 + 0.5 bar at 4 weeks, Mean ± SEM, p <0.05). S rats had similar
arteriovenous (A-V) increments in plasma NE levels in the Lt and Rt sides, whereas
N rats had a smaller A-V increment in plasma NE in the affected side when compared
to the unaffected side at 2WK (p<0.05) suggesting if anything decreased exocytotic
release of NE in the affected limb. DOPA, dihydroxyphenylglycol and epinephrine
levels were unchanged in N rats. These results indicate that nerve root ligation
decreases regional NE release without affecting synthesis or turnover. In this model
of neuropathic pain, denervation supersensitivity rather than excessive NE release may
mediate the hyperalgesia.
1. Pain 50:355-363, 1990. Supported by NIH grant NS 26363

ANALGESIC ACTIVITY OF SODIUM CHANNEL BLOCKERS IN
NEUROPATHIC AND INFLAMMATORY PAIN MODELS IN THE RAT.
E.A. Campbell. C. Gentry. S. Patel, M. Bowes. A. Davis. R. Dochertv and A.
Drav*. Sandoz Institute for Medical Research, 5 Gower Place, LONDON WC1E
6BN.
Several agents which are effective in the treatment of neuropathic pain states are
known to block voltage-sensitive sodium channels. However there is little data on
their efficacy in animal models of chronic pain. The present study compared the
activity of such compounds in neuropathic and inflammatory pain models in the rat.
Neuropathic pain was produced by partial ligation of one sciatic nerve (Seltzer et
al, 1990). Drug effects on the resultant mechanical hyperalgesia were studied two
weeks post ligation. A chronic inflammatory mechanical hyperalgesia was induced
by either intraplantar injection of turpentine into one hind paw or intra-articular
injection of Freunds adjuvant into one knee joint and drug effects studied 3 days
after induction of inflammation. Analgesic activity was determined 1-4h post
subcutaneous administration of various sodium channel blocking drugs.
The activity of compounds differed between the models. In the neuropathic model
carbamazepine, ajmaline and tocainide were all effective in reducing the
hyperalgesia. Carbamazepine completely reversed the hyperalgesia with an ED5O
value of 7.O8mg/kg. Ajmaline and tocainide did not fully reverse the hyperalgesia
even at the highest dose (3Ong/kg). Phenytoin and amitryptiline were ineffective.
No motor effects were noted with any of the drugs tested up to 3Omjg/kg. In
contrast, in the inflammatory hyperalgesia models, carbamazepine, amitryptiline
and tocainide were inactive and phenytoin and ajmaline only partially reversed the
hyperalgesia with ED5Os in the range 20-30mg/kg.
The data supports the clinical efficacy of some of these agents in neuropathic pain
however block of sodium channels may not be the only mechanism of action.
Seltzer, Z., Dubner, R. and Shir, Y. (1990) Pain, 43, 205-218.
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EXACERBATION OF NEUROPATHIC PAIN MEDIATED BY a-ADRENERGIC
MECHANISMS AT THE SITE OF PERIPHERAL NERVE INJURY. S.Willenbring*!
J.A.DeLeo2,3, D.W.Coombs3
Depts. of Physiology! Pharmacology2 and
Anesthesiology3, Dartmouth Medical School, Lebanon, NH
Freezing the common sciatic nerve in rats (sciatic cryoneurolysis; SCN) produces
prolonged mechanical hypersensitivity (allodynia) similar to that seen in human
neuropathic pain syndromes. Although central adrenergic stimulation effects analgesia,
peripheral adrenergic outflow (such as in stress) often exacerbates neuropathic pain
syndromes. This may be mediated in part by the development of abnormal adrenergic
mechanisms at the injury site. To evaluate this in the SCN model, we developed a
novel catheter delivery system that permits the administration of minute quantities of
drugs to the immediate area of the nerve injury. Following the development of
allodynia at 21-28 days post-SCN, selected a-adrenergic agonists and antagonists
(alone and in combination) were infused at the site of the previous SCN injury.
Mechanical withdrawal thresholds were measured prior to and at 20,40, 60 and 120
minutes following the infusions. We observed a dose-related increase of withdrawal
threshold following infusion of the al antagonist prazosin, but not the a2 antagonists
idazoxan. Dose-related threshold reductions occurred following infusions of the mixeda agonist clonidine and the a2 agonist ST-91, but not the al agonist methoxamine
or the a2A agonist dexmedetomidine. The results suggest the existence of a
mechanism for adrenergically-induced exacerbation of neuropathic pain localized to
the post-injury site. Possible explanations for this localized coupling of sympathetic
efferent and nociceptive afferent pathways may include: activation of adrenergic
receptors directly associated with peripheral sensory fibers, adrenergic stimulation of
vasculature associated with the peripheral afferents, or ephaptic transmission. The
results also provide further support for the existence of an a2-nonA subclass of
adrenergic receptors activated by ST-91 and antagonized by prazosin.

235.5

CENTRAL LOCATION OF OPIOID ANALGESIA ELUCIDATED BY
POSITRON EMISSION TOMOGRAPHY. L Firestone*. L Adler, M Mintun.
P Winter. Dept of Anesthesiology/CCM, and UPMC PET Facility, U of
Pittsburgh, PA 15261
Human cerebral responses to peripheral noxious stimuli have recently been
localized by PET (Pain 39:345-352, 1989; Proc Roy Soc Lond B 244:39-44,
1991). Opiates, already known to modulate spinal nociceptive processing, could
likewise act in brain. To test this, brain neuronal activity responses to a tonic
thermal stimulus, treated with IV fentanyl or placebo, were studied in 9 human
volunteers by PET. With ' IRB approval (#930852), a painful (48°C) or
nonpainful (4O°C) stimulus was administered, in a blinded fashion, to subjects'
volar forearms during scans. Regional CBF responses using l^O-water were
used to reflect brain neuronal activation (Raichle ME, Handbook of
Physiology, Nervous System Pt 2, 1987). Study design counterbalanced painful
and nonpainful stimuli to avoid order effects, and placebo always preceded
fentanyl (1.5 mcg/kg) to avoid residual narcotic effects. Differences in regional
neuronal activation were localized by standard use of statistical parametric
mapping (J Cereb Blood Flow Metab 10:458-466, 1990), with significance
defined at the p<0.001 level.
Tonic pain increased activity in the anterior cingulate, left prefrontal cortex,
and left thalamus. The addition of fentanyl further increased the magnitude of
the pain-related increases in activity in the anterior cingulate (3-fold) and
prefrontal cortex (2-fold). Fentanyl also caused suppression in the thalamus
bilaterally and the posterior cingulate. These data indicate that opioid
analgesia may involve specific, localized enhancement of brain activity, rather
than solely inhibition. Supported by UACCMF and UPMC PET Facility.
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DEXMEDETOMIDINE, AN a-2 AGONIST, ALLEVIATES
MECHANICAL AND THERMAL HYPERALGESIA IN AN
ANIMAL MODEL OF NEUROPATHIC PAIN.
L.R. Poree*. T,Z, Guo. W.S. Kingerv. M. Maze. Departments of
Anesthesia and Rehabilitation, Stanford University, Veterans
Administration Medical Center, Palo Alto, CA 94304
This study investigates the actions of dexmedetomidine, a
selective a-2 agonist, in an animal model of neuropathic pain.
Sprague-Dawley rats were prepared by tightly ligating the L5 and
L6 spinal nerve roots as described by Kim and Chung (1992).
Thermal hyperalgesia was assessed with a Peltier device used to
measure thermal thresholds for paw withdrawal. Mechanical
hyperalgesia was assessed by measuring the threshold for paw
withdrawal to stimulation with von Frey fibers. Animals were
considered to express hyperalgesic behavior if their threshold to
heat or mechanical stimulation decreased by at least l0C or one
size of von Frey fiber, respectively.
Dexmedetomidine
administered intraperitoneally 20 minutes prior to testing
reversed both thermal and mechanical hyperalgesic related
behaviors in a dose dependent manner.
These actions of
dexmedetomidine were reversed by a-2 antagonists. These results
suggest a possible therapeutic role for a-2 agonist in the
management oif neuropathic pain. This work was supported in
part by the Pfeiffer Medical Scholars Program and NIH GM
30232.
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Conditional Hypoalgesia in Response to a Discrete Conditional Stimulus is
Blocked by mu Opioid Antagonist Injected into the Ventral Periaqueductal Grey
P.S. Bellgowan* & F.J. Helmstetter. Department of Psychology,
University of Wisconsin, Milwaukee, WI 53201

Many studies have demonstrated that a Pavlovian signal for foot shock is capable
of producing hypoalgesia measured on the radiant heat tail flick (TF) test. We have
previously proposed that the descending neural circuitry involved in conditional
hypoalgesia (CHA) includes projections from the amygdala to opioid-rich regions of the
periaqueductal grey (PAG). Lesions of either the amygdala or ventral PAG block the
expression of CHA to discrete conditional stimuli. The present study was conducted to
investigate the involvement of mu and kappa opioid sensitive neurons of the ventral PAG
in CHA. Rat subjects implanted with PAG cannula were exposed to either paired or
unpaired presentations of white noise (72 dB / 60s) and foot shock (2 mA / Is) over three
45 min sessions. The following day ten baseline radiant heat TF trials were presented at
two minute intervals. The test day also consisted of ten TF trials at two minute intervals
but differed from the baseline day in that subject's received a 0.2 ul injection of either the
mu opioid receptor antagonist CTAP (13.2 mMol or 6.6 mMol), the kappa opioid receptor
antagonist nor-Binaltorphimine HC1 (nor-BNI; 13.2 mMol or 6.6 mMol), or saline into the
ventral PAG following three baseline TF trials. Forty-five seconds prior to the sixth TF
trial a single 60s 72 dB white noise stimulus was presented. TF testing continued at two
minute intervals for 8 minutes. Results showed no drug effects on baseline TF latency for
any group. Presentation of the conditional stimulus to the paired groups resulted in a
significant elevation in TF latency which was blocked by injection of both doses of CTAP.
Injection of the low dose of nor-BNI had no effect on the elevation of TF latency following
CS presentation. However, the high dose of nor-BNI attenuated this response. This
attenuation may have been due to a loss of selectivity of nor-BNI at the high concentration.
The results of this study support the idea that CHA is mediated by mu opioid sensitive
neurons at the level of the PAG.
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B-ENDORPHIN (B-E) RELEASE IN THE RAT PERIAQUEDUCTAL GRAY
(PAG) AFTER MICROINJECTION OF SELECTIVE p OR K OPIOID
RECEPTOR AGONISTS. L. Xio,* L-Y, Lm-Chan. CJC, Chsa, EH Gsllgr
and M. W. Adler. Department of Pharmacology, Temple University School of
Medicine, Philadelphia. PA 19140
We reported previously that noxious cold stimulation caused an increased
release of substance P (SP) from the PAG and that either noxious cold or PAG
microinjection of a high dose of SP increased the release of the endogenous
opioid peptide B-E from the PAG. These data indicated that endogenous B-E was
involved in supraspinal SP antinociception during noxious cold. However, it is
still not very clear whether endogenous B-E is involved in the analgesic effects of
exogenously administered opioid drugs. Using the cold water tail flick test
(CWT), we have previously shown the selective p opioid receptor agonist PL017
or the K opioid receptor agonist dynorphin A 1-17 (Dyn) produced analgesia
when microdialyzed or microinjected into the PAG. We now report the effect of
these agonists microinjected into the PAG on the release of B-E from the PAG.
Artificial CSF was microdialyzed within the PAG of freely moving S-D rats.
Samples were collected every 30 min and B-E-like immunoreactivity was
measured by RIA. Drugs were microinjected into the PAG through a side
catheter attached to the dialysis probe. B-E baseline release from the PAG was 5.6
± 0.8 fmol/ml. PL017 (1.7 nmol) induced a 70% increase of B-E release over
baseline during the first 30-min collection, and pretreatment with the p receptor
antagonist CTAP reduced the B-E release to 20%. Dyn (1.8 nmol) caused a 50%
decrease of B-E release during the first 30-min collection. The decrease of B-E
caused by Dyn did not occur after pretreatment with the K receptor antagonist
nor-BNI. These data indicate that an increase of B-E released from the PAG is
associated with the activation of the p opioid receptors within this area. The time
course for analgesia in the CWT coincides with that for the increased release of BE after PL017. In contrast, Dyn analgesia does not appear to be related to release
of B-E. (Supported by grant NIDA DA 00376)

ACTION
OF
ALPHA2
AGONISTS
ON
C-FOS
INDUCTION
IN
NOCIRESPONSIVE NEURONS IN THE RAT LUMBAR SPINAL CORD. M.M.
Durkin, E.L. Gusl^i^1^i^<^r^A.M. Illv. Y. She and T.A. Branchek. Synaptic
Pharmaceutical Corporation, 215 College Road, Paramus, NJ 07652.
^-adrenergic receptors have been shown to be involved in the modulation
of nociceptive neurotransmission in the CNS. The antinociceptive effects of
a2 agonists are produced in the spinal dorsal horn, and supraspinally in the
brainstem and forebrain, c-fos is an immediate early gene (IEG) whose
induction in dorsal horn neurons of the lumbar spinal cord as a result of a
noxious stimulus can be visualized immunobytochemically using antibodies
specific for the Fos protein. It is well documented that formalin injections
into the plantar surface of a rat's paw result in a dramatic increase in Foslike immunoreactivity (FLI) in the spinal cord. We studied the effects of two
a2 agonists, clonidine and UK14,304, on the induction of c-fos expression
and the resulting pain-related behavior, in animals receiving injections of 5%
formalin into the hindpaw. FLI in untreated controls, (formalin injection only),
was maximal between 2 and 4 hours, ipsilateral to the injury, and was
restricted to the nuclei of lumbar spinal cord dorsal horn neurons, in
agreement with the projection pattern for primary afferents from the
hindpaw. These animals retracted the injected paw, licked and groomed the
paw and would not put weight on the paw when walking. Treatment with
clonidine (5mg/kg i.v.) twenty minutes prior to the formalin injection resulted
in a decreased number of FLI neurons throughout the dorsal horn,
particularly in lamina I , llp, and V. There was also an overall decrease in the
intensity of immunoreactivity in the affected neurons. These animals did not
exhibit any pain related behavior. UK14,304 treatment (5mg/kg i.v.)
produced an even more remarkable reduction in FLI in the superficial lamina
of the dorsal horn and eliminated FLI completely in the deeper lamina V and
VI. These animals appeared to be heavily sedated throughout the
experiment. No paw flinching or pain related behavior was observed. The
results of these experiments suggest that alpha2 adrenoceptors are involved
in the mediation of c-fos induction relative to the transmission of pain
information in the CNS.
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STUDIES OF DYNORPHIN AND KAPPA OPIOID AGENTS
AFTER SPINAL ADMINISTRATION IN AMPHIBIANS. C. W.
Stevens*
Oklahoma State University, College of Osteopathic
Medicine, Tulsa, OK 74107-1898.
Dynorphin was the last of the three families of endorphin peptides
to be isolated and characterized form vertebrate CNS. Although
dynorphin showed potent opioid-like action in peripheral bioassays,
central administration of dynorphin in mammalian species was marked
by controversial findings including motor dysfunction and cell death.
To determine if comparable mechanisms of dynorphin action exist in
non-mammalian vertebrates, we used an alternative model for
assessing analgesia in the grass frog, Rana pipiens. Pain thresholds
were estimated using the acetic acid test. Log-spaced doses of the
prodynorphin peptides were administered intraspinally (i ,s.) at the level
of the lumbar spinal cord using a hand-held microsyringe: dyn 1-5 (leuenkephalin), dyn 1-7, dyn 1-8, dyn 1-9, dyn 1-10, dyn 1-17, aneoendorphin, and dynorphin B. Additionally, the non-peptide kappa
agonists U50488H, U69593, CI-977 and bremazocine were assessed
for analgesic activity after spinal administration. Dynorphin sequences
produced mild analgesia, with some instances of motor dysfunction at
higher doses. Non-peptide kappa agents produced dose-dependent
analgesia without motor dysfunction. Supported by the Whitehall
Foundation and NIH grant DAO7326.

DYNORPHIN EXPRESSION IN AMPHIBIAN BRAIN AND
SPINAL CORD. IN SITU HYBRIDIZATION STUDIES. K,S.
Rothe-Skinner* and C. W. Stevens Oklahoma State University,
College of Osteopathic Medicine, Tulsa, OK 74107-1898.
Dynorphin was the last of the endogenous opioid peptides to be
isolated and characterized from vertebrate CNS. In rats, an increase in
preprodynorphin gene expression has been linked to inflammation,
lesion, and other painful states. To determine whether comparable
results exist in non-mammalian vertebrates, we used in situ
hybridization studies to assess levels of dynorphin mRNA throughout
the brain and spinal cord of the Northern grass frog, Rama pipiens.
Sections from control frogs, and frogs which were immobilized for one
hour, were incubated with cDNA dynorphin probes (3Omer) from
sequences conserved throughout vertebrate species.
Dynorphin
neurons were determined by grain counting whereby cells containing
10 times background were considered positive. In both groups, high
levels of signal were detected in the lumbar spinal cord, in the dorsal
horn nuclei and lateral motor column of the ventral horn. Low levels
of expression were also detected in the hippocampus and thalamus.
Given the observed differences in baseline pain thresholds in winter
and spring frogs, further studies need to be completed examining
seasonal variations.. Supported by the Whitehall Foundation and NIH
grant DAO7326.

235.11

235.12

CYTOKINES MAY ACT AS SIGNALS FOR THE INDUCTION OF
INJURY-INDUCED HYPEREXCITABILITY IN NOCICEPTIVE
SENSORY NEURONS OF APLYSIA. A.L.Clatworthy*. T.K. Hughes.
Bj LJ. Budelmann. G.A. Castro. E.T. Walters. Dept of Physiology & Cell
Biology, Univ. Texas Medical School at Houston, TX 77225.
We have shown that an accumulation of amebocytes in response to a
foreign body close to peripheral nerves in Aplysia produces
hyperexcitability of sensory neurons (SNs) having axons in these nerves
(Clatworthy et al. /. Neurosci 14:3263, 1994). Here we show that crushing
of peripheral nerves also attracts amebocytes and that cytokines may act
as signals for injury-induced SN hyperexcitability. Histological
examination of sections through crushed regions of nerves revealed a
marked increase in the number of amebocytes associated with the nerve.
To begin to test the hypothesis that cytokines are involved in producing
hyperexcitability we assayed samples of Aplysia hemolymph for
immunoreactive (ir)IL-lfi and TNFa using ELISA. Both irIL-lfi and
irTNFa were detected. To assess whether cytokines can modulate sensory
excitability we bathed one set of pleural/pedal ganglia and pedal nerve
stumps in IL-lfi (20 - 50 units/ml) overnight. Both sides showed typical
injury-induced sensory hyperexcitability 24 hours later (Gunstream et al.,
this volume). However, sensory excitability was greater (6.5 vs 4.1 spikes
/ 1 sec depolarizing pulse @ 2.5x threshold) and spike duration was
longer (3.9 vs 3.2 ms) on the cytokine-treated compared to control side
(p<0.05; n=4 animals; 8-10 SN pairs /animal). These results raise the
possibility that cytokines released from activated amebocytes attracted
to a crushed nerve or to a foreign body close to peripheral nerves may act
as signals for the induction or amplification of sensory plasticity.

THERMAL HYPERALGESIA AND GUARDING BEHAVIOR AFTER
LOOSE LIGATION OF RAT SCIATIC NERVE ARE PRODUCED BY A
FOREIGN BODY REACTION. P. A. Illich*. P.N.P. Le. G. A. Castro. E. T.
Walters. & A. L. Clatworthy. Dept, of Physiology & Cell Biology, Univ.
Texas Medical School at Houston, TX 77225.
Loose ligation of a rat's sciatic nerve produces spontaneous pain
behavior 'and thermal hyperalgesia (Bennett & Xie, Pain, 33:87, 1988).
Some suggest that this hyperalgesia results from nerve injury while
others argue that chemicals from the suture produce the hyperalgesia.
Based on work by Clatworthy et al. (J Neurosci, 14:326-3, 1994), we
assessed an alternative--that the foreign body reaction induced by the
sutures is essential for the hyperalgesia. Animals received 2 days of
baseline testing of paw withdrawal. Posture and gait were also recorded.
Immediately after baseline testing, half the subjects were given
dexamethasone (i.p. 1.5 mg/kg). The other half received vehicle
injections. Daily injections were continued throughout the study. Twentyfour hr after baseline testing, subjects were anesthetized and 4 chromic
gut sutures were tied around either the left or right sciatic nerve. Sham
surgery was performed on the contralateral leg. Withdrawal latencies
and spontaneous pain behavior were assessed 2 and 4 days after surgery.
Dexamethasone reduced the hyperalgesia to radiant heat (p < .05).
Control animals but not the dexamethasone treated animals exhibited
spontaneous elevation of the affected paw. Dexamethasone strongly
reduced the foreign body reaction around the suture material. These
results suggest that the hyperalgesia and spontaneous pain behavior
observed following loose nerve ligation are produced by periaxonal
actions of inflammatory cells attracted to the foreign body, rather than
by direct mechanical or chemical effects of the suture material.
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CHARACTERIZATION AND NARCOTIC MODULATION OF VISCERAL
NOCICEPTIVE RESPONSES IN PRIMARY SOMATOSENSORY CORTEX
NEURONS OF THE RAT. J.G. Piper, T.J. Ness and K.A. Follett*.
Division of Neurosurgery and Dept. of Anesthesia, The University of
Iowa Hospitals and Clinics, Iowa City, IA 52242.
Visceral pain is a significant clinical problem. Using an animal model of
visceral pain (balloon distention of the colon/rectum, CRD). we are
investigating CNS mechanisms of visceral nociception. The responses of
cerebral cortical neurons to noxious visceral stimulation were
characterized and modified by narcotic analgesics.
Microelectrode recording techniques were used to isolate 45 primary
somatosensory cortex neurons in halothane anesthetized rats.

MODULATION OF A- AND C-FIBER EVOKED RESPONSES OF NOCICEPTIVE NEURONS IN TOE SUPERFICIAL AND TOE DEEPER DORSAL
HORN OF TOE MEDULLA: ROLE OF OPIOID RECEPTORS (p. 8„82). S.S.
Mokha* and J. Yan. Dept, of Physiology, Meharry Medical College, Nashville, TN
37208.
We have previously reported that multiple opioid receptors (p, 8 and k ) are
involved in modulating the thermal stimuli-evoked responses of nociceptive
neurons in the superficial and the deeper dorsal hom of the medulla (trigeminal
nucleus caudalis). The selectivity of the opioid-mediated modulation was not
investigated in our previous studies. The present study was, therefore, designed to
investigate the effects of intravenously administered agonists and antagonists at p
(DAGO), 8, (DPDPE, BNTX) and 82 (DELT II, NTB) opioid receptors on the
A- and C-fiber evoked responses of nociceptive neurons in the superficial and the
deeper dorsal hom of the medulla. Extracellular single unit recordings were made
in rats anesthetized with urethane (1.5 g/kg, i.p.). Nociceptive neurons were
activated by electrical stimulation of the receptive field. Inhibition was the
predominant effect produced by various agonists at opioid receptors (p, 8), and it
was more pronounced on C-fiber evoked responses as compared to the effect on
A-fiber evoked responses. The inhibitory effect produced by DAGO was more
potent than that of DPDPE. Our preliminary observations indicate that low doses
of agonists do not, in general, produce facilitation of C-fiber evoked responses as
observed in studies using the topical application of mu selective .agonists. It is
concluded that mu and delta opioid receptors produce a relatively selective
modulation of C-fiber evoked responses in the medullary dorsal hom.
Supported by NIO (DEI0903;RRO3O32) & NSF (IBN-9109247;ORD-9255157)

Responses to graded colon distention (20-100 mmHg) were recorded as
peristimulus-time-histograms, and responses to cutaneous stimulation
were assessed. Effects of intravenous morphine and naloxone on
responses to CRD were also evaluated.
Seventy-one percent of neurons studied responded to CRD. Of these,
88% were excited and 12% were inhibited by CRD. Neurons had graded
responses to graded colon distention. Excited neurons had lower
thresholds (25 mmHg versus 37 mmHg) and reached maximum levels of
response at lower CRD pressures than inhibited neurons (60 mmHg
versus 100 mmHg). All neurons had small contralateral cutaneous
receptive fields and responded to innocuous and noxious cutaneous
stimulation. Morphine significantly reduced the responses of neurons to
CRD. Naloxone reversed the morphine effect.
The responses of cortical neurons to CRD and the attenuation of
responses by a narcotic analgesic support a role for these neurons in
visceral nociception. Cortical neuron responses to CRD are similar to
those of spinal dorsal horn and brainstem neurons but are attenuated by
lower doses of morphine than are required to reduce CRD-evoked activity
in spinal dorsal horn or brainstem neurons. This suggests that cortex
may be an important site of action of morphine in visceral analgesia.
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MODULATION OF NOCICEPTIVE-RELATED ACTIVITY OF THALAMIC ON-AND OFF-CELLS BY CANNABINOIDS.

MODULATION OF NOXIOUS-EVOKED ACTIVITY OF LUMBAR
DORSAL HORN NEURONS BY THE CANNABINOID WIN 55,212-2.

W.J.Martin* and J.M.Walker. Schrier Research Laboratory, Department
of Psychology, Brown University, Providence, RI 02912.
Cannabinoids produce profound antinociception in rodents; however,
the effects of cannabinoids on noxiotu-evoked activity of nociceptive
neurons has not been established. The purpose of this study was to evaluate the possibility that cannabinoids modulate noxious evoked activity in
the ventral posterior lateral (VPL) nucleus of the thalamus. The effects
of synthetic cannabinoid WIN55212-2, on neuronal activity in the VPL
were examined using extracellular single unit electrophysiology in urethane-anesthetized rats. Wide-dynamic range (WDR)-type cells recorded in the VPL were identified by their characteristic responsiveness
to both non-noxious and noxious stimuli. After identification and isolation of a WDR-type neuron, a mechanical device delivered pressure
stimuli in a graded fashion to the contralateral hind paw. Following a pre injection baseline period, rats received a single intravenous injection of
WIN55,212-2, WIN55,212—3, or vehicle control. WIN55,212-2 (62.5,
125, and 250 pg/kg) produced a marked inhibition of noxious-evoked activity of on-cells in the VPL. This inhibition was dose-dependent, reversible, and absent after treatment with the inactive enantiomer,
WIN55,212—3 (250 pg/kg). In addition, WIN55,212-2 (250 pg/kg) eliminated the noxious -evoked inhibition of off-cell activity. This study demonstrates that low doses of a cannabinoid ligand profoundly affect the
processing of noxious activity in two classes of nociceptive neurons. These
results implicate the spinothalamic tract in cannabinoid—induced antinociception, thereby providing an anatomical basis for the role of endogenous cannabinoids in the sensory-discriminative aspects of pain.

A.G. Oohmann*. W.J. Martin. K. Tsou and J.M. Walker. Schrier Research Laboratory, Dept. of Psych., Brown University, Providence, RI 02912.
Cannabinoids produce antinociceptive effects in the tail-flick test through
actions at both spinal and supraspinal levels of the central nervous system.
Oowever, the effects of cannabinoids on nociceptive activity of spinal cord dorsal hom neurons remain uncharacterized. This study was carried out to determine whether the synthetic cannabinoid WIN 55,212-2 alters noxious-evoked
activity of wide dynamic range (WDR) neurons in the spinal cord. Extracellular
recordings were obtained from the lumbar dorsal hom of urethane anesthetized
rats. WDR neurons were identified by their responses to innocuous brushing
and to a range of pressure stimuli from innocuous to noxious. The majority of
cells were not spontaneously active. Noxious pressure was applied with a mechanical stimulus to regions of the ipsilateral hindpaw corresponding to the receptive field of the neuron. WIN 55,212-2 (250 pg/kg - 5O)pg'kg i.v.) produced an inhibition of firing during the presentation of the pressure stimulus.
A subset of WDR neurons also showed a profound inhibition of afterdischarge
activity following the period of nociceptive stimulation. The vehicle failed to
alter either noxious-evoked activity or afterdischarges. These data provide direct evidence for a cannabinoid-mediated inhibition of pain, neurotransmission
at the level of the spinal cord and are consistent with the cannabinoid mediated
suppression of c-fos expression in the lumbar spinal cord of the rat observed
after formalin injection into the hindpaw. These findings support the hypothesis that endogenous cannabinoids act as nonopiate modulators of pain neurotransmission by their actions on spinal nociceptive neurons.
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CANNABINOID-INDUCED SUPPRESSION OF NOXIOUS STIMULUS-EVOKED FOS PROTEIN-LIKE IMMUNOREACTIVITY.

PHARMACOLOGICAL MANAGEMENT OF A CHRONIC PAIN-LIKE
RESPONSE IN SPINALLY INJURED RATS. J.-X. HanL2*. x .-J. Xu*. H

K. TsoU-uK.L.LowitZt A,G.Holon«in. W.J.MMaat. C.Hathaway. !0D3ereit<;r
and J. M. Walke?*Schrier Research Laboratory, Department of Psychology,
Brown University Providence, RI 02912.
Analgesia is an important component of the behavioral effects of cannabinoids; however, to our knowledge, there has never been a direct demonstration
that cannabinoids alter the processing of painful stimuli by nociceptive neurons. Recent work suggested a novel means to address this question using FOS
immunocytochemistry, since painful stimuli produce marked expression of cfos in the spinal dorsal hom. These findings suggest that suppression of FOSlike immunorehcrivity (FOS-LI) may serve as an index of analgesia independent of any motor responses. Therefore, we studied the effect of the synthetic
cannabinoid WIN 55,212-2 on FOS-LI in the rat spinal cord evoked by hind
paw subcutaneous injection of formalin. Formalin was injected 10 min. after
i.p. injection of drug or vehicle, the rat was anesthetized and fixed for FOS immunocytochemistry 2 hrs later. The number of immunoreactive neurons in the
lumbar dorsal hom was quantified from photomicrographs by an investigator
who was blind to the experimental condition.
WIN 55,212-2 ( 5 and 10 mg/kg) dose-dependently suppressed the expression of c-fos in the superficial laminae (layer 1 & 2) and the neck region (layer
5 & 6). No marked change in the nucleus proprius and the ventral gray was
found. The inactive enantiomer Win 55,212-3 at 10 mg/kg was ineffective.
Rats rendered tolerant to WIN 55,212-2 exhibited levels of c-fos expression
that were comparable to control animals. The demonstration that cannabinoids
significantly suppress of pain-induced FOS expression in the spinal cord suggests that endogenous cannabinoids may serve as nonopiate modulators of pain
sensitivity.
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Aldshogius3, A. Geig^^2 and Z. Wiesenfeld-Hallinl. 1 Section of Clin.
Neurophysiol., ^Dept. of Clinical Neunraci. and Family Med. and ^Neurosci.,
Karolinska Institutet, Huddinge and Stockholm, Sweden.
We have recently developed a rat model of chronic pain state after spinal
cord injury. Thus, after severe, but incomplete, ischemic spinal cord injury
some rats chronically exhibited responses indicative of pain to innocuous
mechanical stimuli (allodynia) involving the injured spinal segments, which
have some characteristics in common with chronic central pain.
Pharmacological studies revealed that the chronic allodynia-like responses
cannot be relieved by most conventional and non-conventional analgesics at
sub-sedative doses, including morphine, clonidine, baclofen, carbamazepine,
pento-barbital, anxiolytics, non-NMD A antagonists and SP antagonists.
Chronic allodynia was abolished by systemic competitive and non-competitive
NMDA antagonists at doses overlapping their motor effects. Systemically
applied local anesthetics offered effective analgesia at sub-toxic doses, although
the therapeutic window is narrow. The nitric oxide synthase (NOS) inhibitor LNAME and Cholecystokinin (CCK)-B receptor antagonist CI988 relieved the
allodynia with no side effects. The effect of CI988 was reversed by naloxone.
Furthermore, in rats which did not develop allodynia-like symptom after spinal
lesion, naloxone and the NO precursor L-arginine induced typical allodynia.
It is concluded that the chronic allodynia-like response represents a useful
model to examine the efficacy of analgesics in treating pain of neuropathic and
central origin. The abnormal sensory processing which is responsible for
generation of chronic allodynia is under tonic opioidergic control and may
involve the NO system. Dysfunction of the opioidergic control by an
upregulated CCK system may underly the development of chronic allodynia.
Finally, NOS inhibitors and CCK receptor antagonists may represent examples
of potential analgesics for treating neuropathic pain.
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ACUTE ALLODYNIA-LIKE RESPONSES IN RATS AFTER SPINAL CORD
ISCHEMIA: NEURONAL MECHANISMS AND PHARMACOLOGICAL
TREATMENTS. A.-L. Zhang1. L-X. Han2* 3> X.-.L Xu3. H. Aldskoeins1. £L

INHIBITION OF NEUROPATHIC PAIN BY N-TYPE CALCIUM
CHANNEL BLOCKADE WITH OMEGA-CONOPEPTIDES APPLIED TO
THE SITE OF NERVE INJURY. W.-H. Xiao and G.J. Bennett*.
Neurobiol. & Anesthesiol. Br., NIDR, NIH, fethesda, MD 20892.
Spontaneous ectopic discharge in injured nociceptors is
believed to be a source of ongoing pain and to dynamically
maintain a state of hyperexcitability in spinal cord neurons
that causes ordinarily innocuous stimuli to evoke pain
(allodynia) and noxious stimuli to evoke supernormal pain
(hyperalgesia). Inhibition of afferent ectopic discharge ought
to be therapeutic. SNX-111 and SNX-124 (Neurex, Inc.),
synthetic versions of conopeptides MVIIA and GVIA and
specific blockers of N-type Ca^+ channels, were applied
perineurally near the site of nerve injury in rats with a
painful peripheral neuropathy (the CCI model of fennett & Xie,
Pain 33:87, '88) via an implanted perineural cuff and cannula
system. The two compounds had nearly identical effects. Bolus
(10 pl) doses of 0.1 - 3.0 p g produced a nearly complete
inhibition of heat-hyperalgesia and a significant, but partial,
inhibition of mechano-allodynia (von Frey hair test) for 1-3
hr. post-injection. Neither compound had any effect on
mechano-hyperalgesia (pin-prick test). In normal rats,
neither compound had any effect on the response thresholds in
the heat and von Frey hair tests. We hypothesize that the SNX
compounds work via an N-type Ca^+ channel-mediated block of
afferent ectopic discharge that allows a temporary
normalization of central hyperexcitability.

Grant*. A. Seieer2* * and Z. Wiesenfeld-Hallin3. Depts. of *Neurnsci., ^Clinical

Neurosci. and Family Med. and 3Section of Clin. Neurophysiol., Karolinska
Institute, Stockholm and Huddinge , Sweden.
Transient spinal cord ischemia in rats induced by a photochemical reaction
leads to the development of hypersensitivity (allodynia) to mechanical stimuli,
but not to noxious heat stimuli, in the dermatomes of the irradiated spinal
segments leasting a few days after the induction of ischemia. The behavioral
allodynia was associated with increased responses of dorsal horn wide dynamic
range neurons to peripheral electrical and mechanical stimulation. Both
behavioral and neuronal hypersensitivity were relieved by the GABA-B
receptor agonist beck)fen, but not by GABA-A agonists muscimol and THIP.
Transient ischemia caused a reduction of the number of GABAergic
immunoreactive cells in the superfical dorsal horn in the ischemic segment.
Thus, the allodynia was a reaction to a disruption of GABAergic inhibitory
function on the myelinated, low threshold, afferent input by ischemia. The
inhibition was tonic under normal conditions and mediated by the GABA-B
receptors.
Extensive pharmacological studies revealed that the allodynia can not be
relieved by most conventional and non-convenitonal analgesics, including
morphine, clonidine, carbamazepine, GABA-A agonists, NMDA antagonists,
substance P antagonists and CCK antagonists, but was relieved by systemically
applied local anesthetics, the nitric oxide synthase (NOS) inhibitor L-NAME
and the AMPA receptor antagonist NBQX. The allodynia-suppressing effect of
NBQX probably reflects that the abnormal behavior is mediated by the release
of glutamate, acting on non-NMDA receptors, whereas the analgesic effect of
NOS inhibitor and local anesthetics may suggest their potential in treating
painful conditions like allodynia.
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GLUCAGON AND NEUROPEPTIDE Y MODULATE NA/K-ATPASE
ACTIVITY IN THE RETINA AND CILIARY EPITHELIUM OF THE
TURTLE, PSEUDEMYS SCRIPTA ELEGANS. R.K. Wetzel* and W.D.
Eldred. Department of Biology, Boston University, Boston, MA 02215.
Processes from amacrine cells with neuropeptide Y (NPY)- and
glucagon (GLU)-like immunoreactivity in the peripheral turtle retina form a
dense circumferential plexus in the region of the ora serrata which appears
to innervate the nonpigmented ciliary epithelium (NPE). To investigate the
function of this innervation, we examined the modulatory effect of GLU
and NPY on Na/K-ATPase in the peripheral retina and NPE.
We
immunocytochemically localized the a-subunit of the Na/K-ATPase in the
IPL and OPL throughout the retina, and on the basolateral surface of the
NPE. Using enzyme histochemistry, we examined the effects of NPY and
GLU on the levels of Na/K-ATPase activity. Anterior eye segments were
incubated in vitro in either control Ringers or in Ringers with NPY or GLU.
Control tissues had low levels of enzyme activity in the OPL and IPL in the
peripheral retina and in the NPE, NPY-treated tissue had intense activity in
these same areas, and GLU-treated tissue had almost no activity. To
investigate the possible involvement of cAMP and the cAMP-dependent
protein kinase (PKA), we incubated anterior eyes in 8-bromo-cAMP or the
PKA inhibitor H-89. Tissues treated with 8-bromo-cAMP had little activity
and resembled GLU-treated tissue. In contrast, tissue treated with H-89
had intense label in the peripheral retina and NPE, like NPY-treated tissue.
Therefore, our results suggest that NPY increases and GLU decreases the
activity of the Na/K-ATPase in the peripheral turtle retina and NPE.
Furthermore, it seems that the mechanism of this modulation may involve
cAMP and the cAMP-dependent protein kinase (PKA). This research is
supported by EYO4785 to W.D.E.

AUTOCRINE GROWTH STIMULATION OF RETINAL PIGMENT
EPITHELIAL (RPE) CELLS BY PLATELET-DERIVED GROWTH
FACTOR (PDGF).
S.A. Vinores.* 1 - S.F. Hackett.1 N.L.
Derevianik.1 J.D. Henderer.1 J. Mahlow.1 M. Osato.1 C. CsakvJ

W. LaRochelle2 and P.A. Campochiaro1. !The Wilmer Inst.,
Johns Hopkins Univ. Sch. Med., Baltimore, MD 21287 and
2NIH, Bethesda, MD 20892.
Cultured RPE cells secrete PDGF and possess PDGF receptors
which are autophosphorylated in the absence of serum.
PDGF antibodies also inhibit RPE cell growth in serum-free
medium
providing
evidence
for
autocrine
growth
regulation.
Cultured
RPE
cells
along
a
scrape
immunohistochemically
demonstrated
PDGF
and
its
receptors and these cells co-labelled for proliferating cell
nuclear antigen, showing that the proliferating cell
fraction had up-regulated PDGF and PDGF receptors.
Rabbits
and mice with experimental retinal detachments and mice
with retinal laser burns showed an up-regulation of PDGF
and its receptors and their respective mRNAs in the RPE at
wound sites.
Epiretinal membranes (ERMs) which can form
on the inner surface of the retina, potentially leading to
retinal detachment, also have PDGF and PDGF receptors on
their RPE cell fraction, recognized by
morphological and
immunohistochemical characteristics, and some ERMs also
express PDGF mRNA. These results suggest that PDGF is an
autocrine growth regulator of RPE cells in wound-simulated
cultures, wound-healing models, and epiretinal membranes.

236.3

236.4

SLO EVALUATION OF ACUTE MACULAR LASER INJURY IN
RHESUS. H. Zwick, J. Zuchlich, D,A. Gagliano,
B.E. Stuck, D. Lund, R. Glickman*. USAMRD and
UTHSC San Antonio, TX 78235.
We have evaluated the long term consequences
of acute laser macular exposure in non-human
primates using a Rodenstock spectral confocal
Scanning Laser Ophthalmoscope (SLO). Confocal
imaging at each laser wavelength allowed evaluation of the image plane from the choroidal
vasculature to the nerve fiber layer. Laser
exposures varied from single pulse hemorrhage
inducing exposures to repeated low energy
extended source exposures. SLO angiography
included both fluorescein and indocyanine
green. Evidence for nerve fiber layer (NFL)
loss was apparent for both hemorrhagic and
repeated exposures. Hemorrhagic lesions produced nerve fiber dropout in both ascending and
descending directions along the NFL. Repeated
exposure produced less severe dropout but
resulted in a "bullseye maculopathy" characterized by white "droplets" that appeared to
traverse the nerve fiber bundle as the confocal
image plane approached the NFL. Axonal loss
may
explain low spatial frequency contrast
sensitivity loss observed in previous investigations.

THE RETINA AS A MOTOR NUCLEUS: THE RETINA CAN MOVE ITSELF
BY MODULATING CHOROIDAL THICKNESS. Josh Wallman* and Christine
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F. Wildldxo. B iologyDept., City Collegeef C UUN, New Yor0,NY 1(X)31and
School of Optometry Queensland University of Technology. Brisbane 400X.
Although primarily sensory, the retina has a motor function: at least In

chicks, it can make the underlying choroid thicken or thin and thereby move
itself forward or back toward the plane of focus. This mechanism changes
refractive error much more slowly than by lenticular accommodation, but
much more quickly than by modulation of ocular growth.
To assess whether the regulation of refractive status by modulation of
choroidal thickness still occurs when the retina’s afferent connection to the
brain is disabled, we either severed one optic nerve (ONS) or injected
tetrodotoxin into one eye on alternate days. Some chicks wore a positive
spectacle lens that put the plane of focus in front of the retina (myopic
defocus); others wore a negative lens that put it behind the retina (hyperopic
defocus). After 5 days we measured choroidal thickness by ultrasound and
refractive status with a Hartinger refractometer. The lenses were then left off.
In all groups (ONS, TTX-treated and intact) with myopic defocus imposed,
choroidal thickness increased by several hundred microns, thereby partially
compensating for the myopia. These eyes were emmetropic with the
spectacle lenses in place, and were initially hyperopic when the lenses were
removed. Subsequently, the choroids thinned to normal as refractions
returned to emmetropia. Conversely, when the eyes with hyperopia imposed
had their lenses removed, they were myopic and their choroids subsequently
expanded, contributing to the recovery from myopia.
In conclusion, even without sending visual signals to the brain, the retina
can move itself by directly controlling choroidal thickness. In nature, this
choroidal modulation permits the retina to position itself in the plane of the
sharpest images, particularly when those images lie in front of the retina.
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EXPRESSION OF 6-AMYLOID PRECURSOR PROTEIN IN THE RAT
RETINA UNDER DIFFERENT EXPERIMENTAL CONDITIONS.
S.T.CHEN. L.J.GAREY AND L.S.JEN*. Department of Anatomy,
Charing Cross & Westminster Medical School, University of London, UK.
The present study investigates the expression of 6-amyloid precursor
protein (6APP), using immunocytochemistry, in rat retina following optic
nerve transection or damage to blood vessels supplying the eye. An increase of 6APP immunoreactivity in Muller cells was visualised as more
heavily labelled and thicker radial processes from several hours to 1
month after optic nerve transection. In contrast, a dramatic reduction of
6APP immunoreactivity in Muller cell processes, and an up-regulation of
6APP positive cells in the ganglion cell and nuclear layers was observed
several hours after vascular lesions. Moreover, the immunostaining pattern
of 6APP observed under different experimental conditions was essentially
identical to that observed in preparations reacted for the B cell 'lymphoma
(bcl-2) oncogene protein.
While the increase of 6APP immunoreactivity in Muller cells following
axotomy of retinal ganglion cells suggests that neuron-glia interactions
play a role in regulating the synthesis of 6APP protein, the prompt response of Muller cells within hours after the lesion implies that a rapid
signalling mechanism is involved. The differential patterns of 6APP expression observed following nerve or vascular lesions indicate that retinal
cells respond differently to similar stimuli in a cell specific manner,
though the exact mechanisms involved remain to be elucidated.
Furthermore, the matching pattern of 6APP and bcl-2 under different experimental conditions suggests that these two protein molecules are colocalised, and that their expression may play a role not only in maintaining
homeostasis in the normal retina, but could also be neuroprotective in
function.

IDENTIFICATION OF A NOVEL PHOSPHOLIPASE C FROM
BOVINE
RETINA:
A
MAMMALIAN
HOMOLOG
OF
INVERTEBRATE PLC-140.
J. Mitchell 1. W. Jacobson*2. R.
Rebellol and L Hua1. Department of Pharmacology1, University of
Toronto, Canada M5S 1A8 and Apotex Inc.2, Toronto, Canada.
In previous studies we have purified a 140 kDa phospholipase C
(PLC-140) from squid photoreceptors and characterized its regulation
by a guanine nucleotide binding protein Ga-44. (J. Mitchell, J.
Guterrez and J.K. Northup. J. Biol Chem. in press). The purpose of
the present study was to determine if a protein homologous to PLC140 is expressed in vertebrate retina. We have used a polyclonal
antibody raised against PLC-140 to identify a 160 kDa soluble PLC
in extracts from bovine retina. This protein is not recognized by
antisera to mammalian PLC £, y or S subtypes. Using an affinity
resin prepared from purified PLC-140 antibodies, the vertebrate PLC
was partially purified and characterized. PLC-160 hydrolyses PIP2
and PI but not PC or PE. The enzyme exhibits activity over a broad
pH range from 5 to 8 and is activated by Ca++ concentrations from
10 nM to 1 mM. In order to determine the function of this PLC in
visual signal transduction we are currently examining the potential
role G proteins and rhodopsin in its regulation. We have identified
Gq/1 j in a membrane fraction prepared from bovine retina and are
investigating the ability of this G protein or transducin (Gt) to
regulate the 160-kDa retinal PLC enzyme.

236.7

236.8

NMDA RECEPTOR-REGULATED EXPRESSION OF A
NOVEL mRNA in rat
retina . pongxian Zhang* .and
Stuart A. Upton. Dept. of Neurology, Children’s Hospital and
Program in Neuroscience, Harvard Medical School, Boston,
MA 02115.
The NMDA receptor plays an important role in
development, synaptic plasticity, neuronal survival and death.
We are interested in effects of NMDA receptor activity on gene
regulation related to these events. We employed a differential
display method (based on RT-PCR) to identify mRNAs that are
regulated by exposure of the rat retina to NMDA for up to a few
hours. PCR products were subcloned and sequenced. Partial
sequence of one of these subclones (~4OO bp) showed no
match in the GenBank. Northern blot analysis revealed a
corresponding mRNA of about 3.5 kb. The basal level of this
mRNA is higher in retina than in other parts of the CNS, such
as cortex, cerebellum and basal ganglia, and it is undetectable
in non-neuronal tissues. In vivo, the level of the mRNA
changes with developmental stages of the retina, being low at
P5, but displaying moderate expression after P12 through
adulthood. In retinal cultures, basal expression of this mRNA
was low, but was incrementally increased after treatment with
100-400 pM NMDA for 0.5-2 hours. Thus, expression of this
novel, neuron-specific mRNA in the retina appears to be
activity-dependent, and is especially upregulated by NMDA.
Supported by NIH grant R01 EY05477-10.

MODULATION OF FOS- AND JUN-RELATED PROTEIN EXPRESSION
BY N-ACETYLASPARTYLGLUTAMATE IN THE TURTLE RETINA.
D. Zhang*. M.Z.P. Guimaraes and W.D. Eldred. Department of Biology,
Boston University, Boston, MA 02215
N-Acetylaspartylglutamate (NAAG) has been demonstrated to meet the
majority of the criteria for a neurotransmitter. However, many aspects of
the postsynaptic cell responses to NAAG have yet to be clarified. Since Fos
and Jun are known to be modulated by neurotransmitters, this study tested
whether NAAG could modulate the expression of Fos, Jun or their related

236.9
HEME OXYGENASE IN RAT RETINA.

antigens, and which second messenger systems might be involved. In vitro
preparations of turtle eye cups were incubated in NAAG-corrtaining Ringer

for 1 hour. One eye of each turtle was then routinely processed for Fos(FLI) or Jun-like immunoreactivity (JLI), while the other eye was prepared
for Western blots. Following an hour of stimulation with NAAG, two bands
of cytoplasmic FLI in the inner plexiform layer were eliminated, ganglion
cells in the peripheral retina became FLI negative, and the FLI in many
nuclei in the central retina was intensified. Parallel Western btots showed
select up- or down-regulation of specific proteins with FLI. In contrast, there
was little difference in the anatomical localization of JLI after NAAG
treatment, even though the Western blots showed selective modulation of
specific proteins with JLI. Fluphenazine, a calmodulin inhibitor, appeared to
antagonize certain aspects of the NAAG effects on both FLI and JLI
modulation. Our results suggest that the effects of NAAG may include the
regulation of gene expression through the transcription factors Fos and Jun,
and that the modulation of these transcription factors may work through a
second messenger system involving calmodulin in specific cell populations
in the turtle retina. This research supported by EY04785 to W.D.E.

236.10
R.N. Nishimura* B. E.

Dwyer, and S.-Y. Lu.
Molecular Neurobiology Laboratory,
Department of Veterans Affairs Medical Center, Sepulveda, CA
91343.
HO catalyzes the rate-limiting step in heme catabolism,
producing bilirubin, a potentially important cellular antioxidant,
and carbon monoxide, a putative neural messenger molecule.
HO is also a heat shock protein inducible by ultraviolet irradiation
and oxidative stress.
HO in rat retina was investigated by
Western blot analysis and immunocytochemistry using a recently
developed rat heme oxygenase antibody (HO-1713, Dwyer et al,
1994).
Western blot analysis revealed a single band
approximately 40 kDa designated HOL. This may conform to the
h O-2 isoenzyme but its identity needs to be confirmed since the

mobility of HOl on SDS-PAGE is less than expected for HO-2.
HO-1, the inducible form of heme oxygenase was not observed.
The pattern was the same in both light- and dark-adapted retinas.
Preliminary immunocytochemical studies suggest that the
predominant location of HO is in Muller cells. The role of HO in
the retina is unclear; our data suggests that HO may be important
for Muller cell function and resistance to oxidative injury.

Supported by the Research Service of the Department of
Veterans Affairs and the United Cerebral Palsy Associations.
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PARTIAL SEQUENCE OF CONNEXIN GENE HOMOLOG IN THE GIANT
DANIO T.L. Edgerton, and D.G. McMahon*. Department of Physiology,
University of Kentucky, Lexington, KY 40536.
Gap junctions are closely apposed areas of cell membranes which contain gap
junctional channels, or connexons. They enable cells to communicate
electrically and metabolically with each other. In the retina they mediate lateral
inhibition in the outer plexiform layer by connecting horizontal cells. Retinal
gap junctions also serve as an excellent model for gap junctions found
throughout the nervous system.
We have cloned from the giant danio (Danio aequipinnatus) a partial cDNA
(GDRET-1) which shares high sequence homology and similarly predicted
structural features with previously cloned connexins. This clone was isolated
from retinal RNA using reverse transcriptase polymerase chain reaction (RTPCR) and a set of degenerate primers based on conserved areas of previously
cloned connexins. These primers amplified the coding regions for the second
and third transmembrane sections and the cytoplasmic loop found in connexins.
PCR products of the predicted basepair size (350-450) were isolated from
agarose gels and subcloned into Bluescript KS + for sequencing. The cloned
sequences were compared to those of previously sequenced connexin genes in
nucleic and amino acid forms (PCGENE, IntelliGenetics). Of the rat
connexons previously cloned, GDRET-1 is most similar to rat cx43. Identity at
the nucleotide level is 72%, and at the amino add level is 73% with 79%
homology. GDRET-1 has been confirmed as part of the giant danio genome
by Southern analysis.
We are currently characterizing further the presumptive retinal expression of
GDRET-1 using RNase protection assay, RT-PCR with specific primers, and
in situ hybridization. Supported by NIH EYO9256.
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PARADOXICAL STIMULATORY EFFECT OF THE KINASE INHIBITOR
CHELERYTHRINE CHLORIDE ON THE PHOSPHORYLATION OF A ~2O K M,
PROTEIN PRESENT IN THE RAT RETINA. J.B. Lombardim* Depts. of
Pharmacology and Ophthalmology & Visual Sciences, Texas Tech University Health
Sciences Center, Lubbock, Texas 79430.
It has been reported that the benzophenanthridine alkaloid chelerythrine is a potent
and selective inhibitor of protein kinase C (Herbert et al., Biochem. Biophys. Res.
Commun. 172,993,1990). The activity of chelerythrine against other protein kinases
such as protein kinase A, calcium/calmodulin-dependent protein kinase, and tyrosine
protein kinase is minimal with 1C.* values in the 100-170 pM range compared to
an ICjo value of 0.7 pM for protein kinase C. However, in contrast to literature
reports the present studies demonstrate that chelerythrine is a stimulator of the
phosphorylation of various proteins in a mitochondrial fraction of the rat retina,
specifically a ~2O K M, protein. The phosphorylation of this ~2O K Mr retinal protein
has been of interest to our laboratory for several years since we reported that taurine
inhibits its phosphorylation (Biochem. Pharmacol. 46, 1445, 1993). We now report
that chelerythrine chloride in a concentration-dependent manner stimulates the in
vitro phosphorylation ([y-JJP]ATP) of the ~2O K M, retinal protein with a 50% effect

ATP INCREASED INTRACELLULAR Ca2+ CONCENTRATION IN THE EARLY

at 37.3 ± 4.6 pM. The maximal rate of change for the effect of chelerythrine on
phosphorylation of the ~2O K M, retinal protein is approximately a 3-fold increase
over the baseline level of phosphorylation. Addition of dithiothreitol (10 mM) to the
reaction mixture eliminates the stimulatory effect of chelerythrine perhaps by forming
an adduct between the imimium bond of chelerythrine and the thiol group on
dithiothreitol. When varying concentrations of chelerythrine were incubated in the
presence of a fixed concentration of taurine (10 mM) a non-competitive relationship
was observed. These results demonstrate that chelerythrine is also a stimulator of
phosphorylation in the retina and not only a kinase inhibitor as previously reported.
Supported by the RGK Foundation of Austin, Texas.

EMBRYONIC CHICK RETINA. M. Sugita and M.Yamashita*.
Dept. Physiol., Osaka Univ. Med. Sch., Suita, Osaka 565, Japan.
Intracellular Ca2+ plays important roles in neuronal morphogenesis during
development. The action of adenosine triphosphate (ATP) on cytoplasmic
Ca2+ concentration ([Ca2+]j) was studied in early embryonic chick retina.

Whole neural retina was isolated at embryonic day 3 (E3) and loaded with a
Ca2+-sensitive fluorescent dye, Fura-2AM. Fluorescence was measured at

the center of retina.
Increases in [Ca2+]j were evoked by bath application of ATP (0.1-1.OmM).
This response became larger in dose-dependent manner up to O.5mM ATP.
The Ca2+ response to ATP also occurred in a Ca2+-free medium where Ca2+
was replaced with Na+ (not Mg2+) and 1mM EGTA was added, whereas Ca2+

rises by depolarization with 100mM-K+ through L-type Ca2+ channels were
abolished by the removal of Ca2+. These suggested that the rise in [Ca2+]i by

ATP was due to release of Ca2+ from internal stores.

Moreover, the Ca2+

response occurred with a longer latency from the onset of puff application of
ATP than that of the response to 100mM-K+. This delay could indicate the
involvement of second messengers in the Ca2+ response to ATP.

Developmental changes of the Ca2+ responses were examined from E3 (the
stage of optic cup formation) to E14 before the appearance of synaptic
structures. The Ca2+ response to ATP gradually declined, while that to
100mM-K+ increased during the course of development.
From these results it is concluded that ATP can regulate [Ca2+]j by the
release of Ca2+ from internal stores, and ATP might act as a factor which
mediate morphological cell differentiation during the early period of
neurogenesis in the chick retina.

BASAL GANGLIA AND THALAMUS III
237.1

237.2

STIMULATION OF THE CEREBELLAR THALAMUS IN
AWAKE BEHAVING HUMANS. P Ashby*. A Lang. A Lozano.
J O Dostrovsky. Playfair Neuroscience Unit, University of
Toronto, Toronto, Canada.

COMPARISON OF CEREBELLOTHALAMIC AND PALLIDOTHALAMIC
PROJECTIONS IN THE MONKEY (Macaca fuscata) : A double anterograde
labeling study. S.T. Sakai*. M. Inase & J. Tanji. Dept, of Anatomy, Michigan
State University, E. Lansing, MI. , National Institute of Physiological Sciences,
Okazaki, Japan & Dept, of Physiology, Tohoku University, Sendai, Japan.
Although it is well accepted that the ascending afferents from the cerebellar nuclei
(Cb) and the internal segment of the globus pallidus (GPi) distribute to the motor
thalamus in a non-overlapping manner, the distribution of these afferents have yet
to be directly compared. The purpose of the present study was to determine the
interrelationship of these projection systems employing a double anterograde
labeling strategy which simultaneously demonstrates dual afferent systems. Two to
3 injections of 10% biotinylated dextran amine were made into the GPi in
anesthetized monkeys. Within 7-9 days later, multiple injections of 2.5% WGAHRP were made into the contralateral cerebellar nuclei. The tissue was processed
using a sequential histochemical protocol. Analysis of the results revealed dense
anterograde labeling primarily in the ventral anterior nucleus (VA), the ventral
lateral nucleus pars oralis (VLo) and the ventral lateral nucleus pars caudalis (VLc)
following the Bd A injections into GPi. At the same time, dense HRP label was
present throughout a wide extent of the thalamus following the Cb injections. The
anterograde HRP label was observed in VLc and the ventral posterior lateral nucleus
pars oralis (VPLo) as well as in nucleus X (X) and VLo. Both the pallidothalamic
and cerebellothalamic label consisted of dense plexi of labeled fibers and swellings
often distributed in a patch-like configuration. In general, the patches of HRP label
were separate from the patches of BDA label. However, coincidence of both labels
was also observed. On the basis of double anterograde labeling techniques, these
data support the idea that for the most part, the pallidothalamic and cerbellothalamic
territories occupy separate thalamic territories. Finally, our results also raise the
possibility that some thalamic regions may receive overlapping inputs from Cb and
GPi. (Supported by Japanese Ministry of Education, Culture & Science
06NP0101).

Observations were made on 4 patients with electrodes placed
stereotactically in the "cerebellar" thalamus (VLp, VIM) for the
control of tremor. Single stimuli delivered to the thalamus caused
inhibition of tonically active contralateral muscles producing
"asterixis" like lapses of posture. The inhibition could affect both
flexor and extensor and both proximal and distal muscles of the
upper and lower limbs. The onset was 50 ms after the stimulus,
the duration increased with the stimulus intensity and could be
greater than 150 ms. The H reflex was not inhibited if the subject
was at rest indicating that thalamic stimulation interupts tonic
facilitation of motoneurons but does not inhibit them directly.
There are several possible explanations for this inhibition. The
inhibition was followed by a rebound facilitation of motoneurons
with a latency of 75-100 ms.
Stronger stimulation produced short latency (20ms) facilitation
of contralateral motoneurons. The pattern was similar to that
produced by transcranial stimulation and the rise time of the
underlying EPSP was 1-2 ms. This facilitation is considered to
arise from the spread of stimulus current to corticospinal axons
adjacent to the thalamus.

237.3

237.4

NEURAL ACTIVITY RELATED TO MOTOR PREPARATION IN THE
CEREBELLAR THALAMUS E.G. Butler*. M.C. Harvev. D.I. Finkelstein and
M.K. Home Dept. of Anatomy, Monash University, Australia, 3168.
It has been previously demonstrated that most dentate neurons exhibit activity
related to motor preparation, signalling an expected movement rather than the
afferent response to movement (Strick, 1983, J. Neurosci. 3:2007). This activity is
not seen in interpositus, which only signals movement outcome. These nuclei
project to areas of the thalamus that receive mainly cerebellar afferents, termed the
"cerebellar thalamus”. The aim of this experiment was to investigate whether there
was evidence of single neuron activity related to the expected voluntary movement
in the cerebellar thalamus. Recordings were made from 2 macaques during the

Spontaneous

performance of (1) voluntary wrist movements, (2) unexpected perturbations of the
wrist from a stationary position, and (3) unexpected loading and unloading
perturbations of the wrist during the motor preparatory period before a voluntary
movement, or (4) perturbations during die middle of a voluntary movement. 66
neurons were recorded from the cerebellar thalamus, and these were compared with
neural activity from 48 VPLc neurons. In paradigms 3 and 4, 93% of VPLc cells
exhibited activity generated by peripheral afferents which signalled the movement
outcome. Most cerebellar thalamic cells also demonstrated activity from peripheral
afferents in paradigms 4 (62%) or 3 (38%). 20% of cerebellar thalamic cells did
not modulate activity in response to any perturbation in paradigms 2, 3 and 4. 15 %
of cerebellar thalamic cells modulated activity at short-latency in response to the
perturbations in paradigm 2, but not to those in paradigms 3 and 4. The result in
these 15% was considered to indicate gating of peripheral afferent input with the
voluntary movement. In paradigms 3 and 4, only 9% of cerebellar thalamic cells
had centrally generated activity which signalled the expected voluntary movement.
This activity could not have been produced by peripheral afferents. In conclusion,
the cerebello-thalamo-cortical pathway rarely carries a signal of motor preparation.
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: Alteration

in

AMD rate in parkinsonism
. J.L. Vitek*. J. Ashe and Y. Kaneoke . Dept, of
Neurology, Emmy University. School of Medicine., Atlanta, GA. 30322.
Previous studies in monkeys made parkinsonian with the neurotoxin MPTP
have shown an increase in tonic firing rates of neurons in the subthalamic nucleus
(STN) and globus pallidus pars interna (GPi). Based on these observations a model
describing the pathophysiologic basis for the motor signs (i.e. akinesia/bradykinesia,
rigidity, tremor and postural instability) of Parkinson's disease has been proposed. In
this model overactivity in GPi occurs as a result of excessive activity in STN and acts
to inhibit the pallidal receiving area in the thalamus resulting in inhibition of
thalamocortical activity and the development of parkinsonian motor signs . In support
ofthis hypothesis it has been reported that lesions in either the STN or GPi alleviate or
abolish many or all of the motor signs of P.D. To further test this hypothesis we
recorded spontaneous neuronal activity in the ventral lateral (VL) thalamus in awake
monkeys both before and after the administration of MPTP (I.M. 0.4 mg/kg x 3-5 days)
and the development of parkinsonian signs. Consistent with the proposed model we
observed a decrease in the mean discharge rate in neurons in the pallidal receiving area
ventralis lateralis pars oralis (VLo) from l6±8Hz to 11.5 ± 7Hz(p<.(X11). In
addition to the decrease in mean firing rates there was a significant increase in the
incidence of bursting in VLo from 4% (5/178) of neurons in normal monkeys to 22%
(30/136) (p <0.XX1) in the parkinsonian monkey. Thus in Parkinsonism the activity
of neurons in VLo is altered not only in rate but also in pattern of discharge.
Furthermore those changes were not restricted to the pallidal receiving area of the motor
thalamus, VLo, but were also found in the cerebellar receiving area, VPLo, where mean
faring rates were decreased from 22 ± 8 Hz to 15 ± 8 Hz (p< 0.XX1), and the incidence
of bursting increased from 2% (4/233) to 14% (15/95), p < 0.001. These observed
changes in the pattern and mean rates of neuronal activity in both pallidal and cerebellar
thalamocortical circuits may contribute to the pathophysiologic basis of motor deficits
in Parkinson's disease.
pattern
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ANATOMICAL, NEUROCHEMICAL AND BEHAVIORAL
EVIDENCE FOR A ROLE OF THE MEDI ODORSA L THALAMUS
AND ITS EFFERENT TO THE PREFRONTAL CORTEX IN

IN VIVO INTRACELLULARLY RECORDED TWO THALAMIC NEURONS:
MORPHOLOGY AND ELECTROPHYSIOLOGY. X-G. Li* and Laszlo
Zaborszkv. Ctr. for Mol. & Behav. Neurosci., Rutgers Univ., Newark, NJ

LOCOMOTOR ACTIVITY.

P.W. Kalivas*. D.S. Zahm, P. Duffy

and L. Churchill. Alcohol and Drug Abuse Program, Washington
State University, Pullman, WA 99164-6520.
The involvement of the mediodorsal thalamus (MD) in regulating
motor activity is thought to arise via its inputs from the ventral pallidum
(VP). Using retrograde labeling from Fluoro-Gold deposits in the
MD, combined with in situ hybridization for the GABA synthetic
enzyme, GAD, it was shown that the projection from the VP to the MD
was GABAergic. The percentage of GABAergic neurons varied over a
rostrocaudal gradient. Supporting a role for this projection in
modulating locomotion, microinjection of the GABAb agonist,
baclofen into the MD elicited a dose-dependent (0.03 to 1.0 nmol/side)
increase in motor activity that was blocked by coadministration of the
GABAb antagonist, 2-hydroxysaclofen. A major efferent from the MD
is to the prelimbic portion of the prefrontal cortex which, in turn,
projects selectively to the core region of the nucleus accumbens
(NAcore). Mesocorticolimbic dopamine innervation of these two
nuclei is involved in regulating motor activity. In response to baclofen
in the MD, dopamine metabolite levels were simultaneously reduced in
the prefrontal cortex and increased in the NAcore, while no effect was
measured in the accumbal shell. Taken together, these data support a
role for the GABAergic projection from the VP to the MD in regulating
locomotion and the subsequent involvement of MD efferents to the
prefrontal cortex in modulating mesocorticolimbic dopamine
transmission.

07102.

Two thalamic neurons were intracellularly biocytin-labeled in vivo. One of
the neurons was located at the ventroposterior thalamic nucleus, medial
part (VPM), and the other was located at the ventroposterior thalamic
nucleus, lateral part (VPL). Both cells had a similar rounded shape with a
2O.m diameter cell body. The dendrites possessed sparse but relatively
long (about 3.m) appendages. The VPM cell had 6 proximal dendritic
trunks out of the cell body, and the total dendritic aborization was
distributed in 25Ox38Ox4OO|j.m(.X.Y.Z) area. After penetrating the cell, a
spontaneous firing rate of 110Hz appeared which increased to19OHz,
rebounding to a 1nA 100ms depolarization pulse. When the depolarization
current rose to 5nA the rebound action potential stopped. The resting
membrane potential was -6OmV, and the action potential only 45mV. The
VPL cell had 5 thick proximal dendrites out of the cell body which bifurcated
into numerous collaterals distributed in a 33Ox2OOx4OO.m (X.Y.Z.) area.
This cell had a labeled axon which was traced in 16 successive sections
(100pm for each section). The main axon projected rostro-laterally through
the reticular thalamic nucleus (Rt), internal capsule, globus pallidus, and
caudate putamen. This projecting axon gave rise to local collaterals at the
Rt which were thin and had varicosities. The main projecting axon did not
have any varicosities and the axon diameter was 2.m thick on the entire
path, and no axons were found in the cortex. This VPL cell had a spike
frequency of more than 100Hz. The resting membrane potential shifted
between -40 and 7OmV, and the action potential was 4OmV. In summary, in
vivo intracellularly recordings of two thalamic neurons had high frequency
spontaneous firing, low amplitude action potentials, and a non-obvious
after-hyporpolarization.
Supported by USPHS grants NS23945, NS30024.

237.7

237.8

GABA AGONIST MICROINJECTION IN THE MEDIODORSAL
THALAMIC NUCLEUS DEPRESSES FRONTAL CORTICAL
METABOLISM. &,&. YpLn£. M,D, Brady, R,L Zavpdny and P,B, Higkg*.

ASPARTATE AND GLUTAMATE IMMUNOREACTIVITY IN PROJECTIONS FROM
THE ANTERIOR THALAMIC NUCLEI (ATN) TO THE RETROSPLENIAL GRANULAR
CORTEX (RSg) AND THALAMIC RETICULAR NUCLEUS (TRN) IN THE RAT.
A.Gonzalo-Ruiz*. LM.Sanz, J.M.Flecha and A.R.Lieberman. Dept, of Anatomy, School of
Physiotherapy, Soria, Spain and Dept, of Anatomy and Developmental Biology, UCL, London,
England.
The ATN project to both the RSg and the rostral TRN (Gonzalo-Ruiz et al.‘91,‘93). We have
now sought to determine if the projection to TRN is by way of collaterals of axons which also
project to RSg and to define the transmiiter(s) of these projection. In the first series of
experiments, 16 albino rats deeply anaesthetized with Nembutal (45mg/Kg) received injections
of Diamidmo Yellow (DY, O.5pl’,l% solution) into the TRN and of True Blue (TB; O.5|P;1%
solution) into either the rostral or caudal RSg. After 4-6d the rats were rranarsthrtized, perfused
with fixative and 3Opm coronal section of the brain cut on a Vibratome. Injections of TB into the
rostral RSg and of DY into the dorsal rostral TRN labelled neurons in all subnuclei of the
ipsilateral ATN. Large numbers of double-labelled cells were present in the anterodorsal nucleus
(AD), many in the anteroventral nucleus (AV) and a few in the anteromedial nucleus (AM). TBsingle labelled cells were present in all subnuclei of ATN and DY-single labelled cells were
present in AD and AV but only very sparsely in AM. After injection of TB into caudal RSg and
of DY into dorsal rostral TRN large numbers of double-labelled neurons were present in AV,
many in AD and a few in AM. TB and TB/DY labelled cells were more dorsally situated in AV
after caudal RSg injections and more ventrally located after rostral RSg injections. After injection
of TB into RSg and of DY into ventral rostral TRN no DY and TB/DY labelled neurons were
present in ATN. In the second set of experiments, TB and DY injections were made as before
into RSg and TRN of 6 rats and 3Opm sections were ^muniore^cted for either aspartate or
glutamate. Between 70-80% of both single-labelled and double-labelled neurons were also
immunoreactive for aspartate or glutamate. Thus we show that the axons projecting to the
cerebral cortex from the ATN send collateral to the dorsal rostral TRN and these projections use
excitatory amino acids as neurotransmitters. The fact that some retrograde labelled cells were not
iIm^nunorractivr raises the possibility that the projections from ATN may be heterogeneous with
respect to transmitter content. (Supported by DGICYT PM92-0139).

Department of Psychiatry and Behavioral Science, Texas A&M Health Science
Center College of Medicine, Scott & White Clinic and the Neuroscience Laboratory,
Waco VAMC, Waco, Texas 76711.

Since activation of GABA-A receptors in the mediodorsal
thalamic nucleus hyperpolarizes thalamocortical neurons that release
excitatory amino acids in the cortex, we hypothesized that infusions of
the GABA-A agonist muscimol would depress frontal cortical metabolic
activity. We measured the uptake of 3H-2-fluorodeoxyglucose (2-FDG)
into the medial prefrontal cortex (MPfCtx) and the nucleus accumbens
(NAcc) of rats during the hour after a single unilateral infusion of
muscimol (50 ng) or vehicle. Muscimol (but not vehicle) treatment
produced a 24% depression of the 2-FDG uptake ratio for the MPC (ttest, P<.05), due primarily to a depression of 2-FDG uptake in the
ipsilateral hemisphere. Although NAcc ratios were not significantly
influenced by muscimol infusions, there was a trend (Pearson's r=0.412,
P=0.074) for a positive correlation between MPfCtx and NAcc 2-FDG
measures for all animals. There were no indications that 2-FDG uptake in
the anterior, central and posterior cortex, hippocampus or cerebellum
were significantly affected by muscimol infusions. The same MdT
infusion of muscimol, as well as frontal cortical lesions, have been
previously shown to induce behavioral changes consistent with
attentional neglect. We conclude that GABA neurotransmission in the
MdT has considerable influence on metabolic activity in the medial
prefrontal cortex, and suggest that disturbances in MdT GABA
neurotransmission might contribute to frontal cortical metabolic activity
abnormalities and attentional disturbances in neuropsychiatric
conditions such as schizophrenia.

237.9

237.10

ROSTROVENTRAL FOREBRAIN AFFERENTS OF THE RAT
THALAMIC MEDIODORSAL NUCLEUS, WITH REFERENCE TO
VENTRAL PALLIDOTHALAMIC PROJECTIONS. D.S. Zahm* and C.
Wohltmann. Department of Anatomy and Neurobiology, Saint Louis
University School of Medicine, St. Louis, Missouri 63104.
Following injections of Fluoro-Gold (FG) into die mediodorsal thalamic
nucleus (MD), retrogradely labeled neurons were detected immunohistochemically in sections also processed to facilitate identification of ventral pallidal
subterritories in the olfactory tubercle (VPtu) and subcommissural region,
where are segregated afferents from the accumbal shell (in VPm) and core (in
VPI). In six cases, FG labeled cells were counted in series of sections cut at
equidistant intervals through the VP, rostral globus pallidus (GP), nuclei of
the diagonal band, preoptic region, bed nucleus of stria tenninalis, lateral
hypothalamus and rostral extremity of the sublenticular gray. Counts were expressed in absolute terms, as percentages of cells counted or as densities
(cells/mm2). With few exceptions, e.g., an injection relatively restricted to the
VPtu projection area, maximum values were revealed in VPm, and minimum
values in VPI, by all of these modes of analysis. The magnitude of difference
in retrograde labeling between the two parts of the subcommissural VP was
large and can be accounted for by the considerably smaller size of VPI and
lesser density of labeled cells observed there. Moderate densities of labeled
cells were observed in VPI and rostral GP only when sites of FG deposition
involved rostrolateral and caudolateral parts of the MD, respectively. The
observations were confirmed in anterograde tracing studies using biotinylated
dextran amine. These results are consistent with a "spiral" organization of
cortico-ventral basal ganglia-thalamocortical connections. Support: NS-23805.

EFFECTS OF THE NMDA RECEPTOR ANTAGONIST
MK-801 ON THALAMIC GAD mRNA. ES Holm * and
ML Carlsson. Dept of Pharmacology, University of Goteborg,
Medicinareg 7, S-413 90 Goteborg, Sweden.
In a series of experiments with monoamine depletion and substitution
with dopaminergic agonists, GAD gene expression in the thalamus
appeared to be influenced in a manner consistent with the predicted toneshifts in the striato-pallido-thalamic pathway (Carlsson A (1988)
Neuropsychopharmacology 1:179-186). Monoamine depletion caused
an increase in thalamic GAD mRNA that was reversed by bromocriptine
or quinpirole. These results emphazise the importance of the thalamic
reticular nucleus in the regulation of the thalamus. Tentatively, an
increased GABA transmission from the reticular nucleus to the thalamus
as reflected by increased GAD mRNA levels can act to inhibit the flow of
sensory information through the thalamus to the cortex.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

Treatment with NMDA antagonists produces locomotor stimulation and
an impaired sensory gating. This could be in part due to blockade of the
glutamatergic corticostriatal transmission resulting in disinhibition of the
negative cortico-subcortical feedback loops. If so, analogously to the
effects of manipulations of dopaminergic transmission, a change in
thalamic GAD mRNA expression might occur. One or two days of
repeated MK-801 injections did not cause the predicted decrease in GAD
mRNA; rather an increase was seen. Since these mice appeared sedated at
the time of decapitation, another experiment was performed where an
additional MK-801 injection was given one hour before decapitation in
order to keep the mice behaviourally stimulated. No difference from
controls in GAD mRNA levels was detected. The time-course of thalamic
GAD mRNA levels after MK-801 treatment was then further investigated,
in combination with careful motor recordings to examine the possibility
that thalamic GAD gene expression varies with the level of motor activity.
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chemoarchitec
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: distributio
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-binding
proteins
and GABA a RECEPTORS. a . Morel*. J.-M. Fritschv. M. Magnin

NETWORKS OF PULVINAR LOCAL CIRCUIT NEURONS IN THE PRIMATE.
J. A. Rafols*, H. Attallah1, and T. P. Ma2. (1) Department of Anatomy and Cell

and
D. Jeanmonoo. Lab. for Functional Ne^e^rr^si^rr^c^i^r^' an(d Institute of
Pharmacology, University of Zurich, CH-8091 Zurich, Switzerland.
For a better delineation of thalamic nrclei and determination of targets
for stereotactic srrgery, we have examined the distribution of the calciumbinding proteins calbindin (CB) and parvalbumin (PV), and the GABAa receptor yi2,3 subunits in the human thalamus. The overall pattern of
immunoreactivity to CB and PV differentiates thalamic nuclei into two
separate subgroups. A lateral group enriched in PV positive cells and
fibers comprises primary sensory (LGN, MGN, VPL, VPM) and motor
(VLp) relay nuclei, and RT. In contrast, CB immunostaining is more
restricted, and often forms a patchy pattern, in medial thalamic nuclei (CL,
CeM, sub-Pf, SG/Li and midline nuclei). In CL, CB positive cells and
fibers are confined to clusters of darkly Nissl stained cells that characterize
the caudal part of the nucleus. One exception to this general pattern is the
relative high CB (and conversely low PV) immunoreactivity in VLa and
VA. Other thalamic nuclei (e.g. VPI, Po, VPMpc) express both PV and CB
immunoreactivity, although in mostly non-overlapping areas. The overall
demarcation between cell populations and fibers expressing PV and CB
points to the known functional separation between lemniscal (PV) and
spinothalamic (CB) pathways, and between cerebellar (PV) and pallidal
(CB) thalamic territories.
In comparison, the distribution of the GABAA-receptor/32,3 subunits
extends to almost all thalamic nuclei, including both PV-rich and CB-rich
regions. Marked differences in staining pattern, however, permits further
delimitation of thalamic subdivisions.

basal

ganglia

Biology, Wayne State University School of Medicine, Detroit, Ml 48201 and (2)
Departments of Anatomy and Neurology, University of Mississippi Medical
Center, Jackson, MS 39216.
We studied the morphology and organization of local circuit neurons (LCNs)
in Golgi-impregnated preparations of the pulvinar nuclei in rhesus monkeys
(Macaca mulatta). There were three varieties of LCNs: tufted, radiating, and
beaded. Tufted cells had long, thin (1-2 pm), sparsely varicose dendrites that
terminated in elaborate arbors which were about 200 pm in diameter.
Radiating neurons had long dendrites that extended for up to 350 pm from the
cell body and rarely terminated in tufts. Beaded neurons had larger somata,
shorter and thicker dendrites, and large varicosities. For each variety, we
identified axon initial segments and their axonal arbors. The volume of the
nucleus encompassed by the axon is similar to that of the dendrites. Putative
dendrodendritic contacts were observed between LCNs of the same and
different varieties, and between LCNs and pulvinar relay cells. Our

observations support the notion that tufted and radiating local circuit cells
terminate along different portions of the dendritic tree of thalamic relay cells.
Our observations further support the notion of complex intrinsic networks that
may provide the substrate for lateral and feedback inhibition of small volumes
of pulvinar neuropil. In particular, we hypothesize that the terminal dendritic
arbors of tufted LCNs may inhibit these volumes independently of the activity
of their soma and other dendrites of the same cell. Therefore, we conclude that
local circuit control of the pulvinar is heterogeneously organized. These results
demonstrate that the interaction of afferents with LCNs may form functional
subunits which gate both the feedforward pathway for information flow as well
as the feedback inhibition for local control of thalamic function. Supported in

part by GM08167 (JAR) and NS32924 (TPM).
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DECORTICATION ALTERS LOCALLY EVOKED SYNAPTIC RESPONSES IN THE
RAT NEOSTRIATAL SLICE. H. C. Cromwell*. N.A. Buchwald and M.S. Levine.
Mental Retardation Research Center, UCLA, School of Medicine, Los Angeles,
CA. 90024.
The neocortex provides a major excitatory input to the neostriatum (NS).
This study examined the effect of decortication on synaptic potentials (DPSPs)

monosynaptic

evoked in NS neurons by different intensities of local electrical stimulation.
DPSPs were examined in NS slices bathed in both standard artificial cerebral
spinal fluid (ACSF) and Mg2* free ACSF which abolishes the voltage dependent
Mg2+ blockade of N-methyl-d-aspartate (NMDA) receptors and unmasks
components of synaptic responses mediated by their activation. Unilateral
decortications were produced by aspiration of the frontal cortex including
prefrontal, primary motor and primary sensory cortex. Intracellular recording
was performed 2-3 weeks post-surgery. In some cases, cells were identified
with biocytin for morphological analysis. Cells ipsilateral to the lesion had
numerous spines with many dendritic branches. An estimate of the area of the
DPSP (peak amplitude X half-amplitude duration) was used to evaluate changes
in DPSPs because Mg2+ ACSF alters both response amplitude and duration. In
controls (cells from intact and from NS contralateral to the lesion), 15 min
exposure to Mg2* free produced an increase in average DPSP area
( + 25+10%, n = 28). On the ipsilateral side, Mg2+ free ACSF produced little
change (-6±8%, n = 36). After 45 min in Mg2+ free ACSF, DPSP area remained
reduced ipsilaterally (0.2±18%, n = 2O vs. 46±11%, n = 15). Average
stimulation intensities were similar in both groups and effects were observed
at all intensities. Results of the study indicate that decortication alters DPSPs
evoked by local NS stimulation. One mechanism for this change may involve
decreased ability to activate NMDA receptors. Supported by USPHS HD 05958.

innervation

of

hypothalamo
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NEURONS BY NEURONS OF THE PEDUNCULOPONTINE
TEGMENTAL NUCLEUS. I. Grofova*. and M. Zhou. Dept. of
Anatomy, Michigan State University, E. Lansing, MI 48824.
The pedunculopontine tegmental nucleus (PPN) represents brain stem
output station of the basal ganglia and associated limbic structures. It
contains a mixture of cholinergic and non-cholinergic neurons and gives
rise to extensive ascending and descending projections. The ascending
connections are believed to influence neuronal activities in the basal
ganglia and cerebral cortex, while the descending connections are
presumably involved in somatomotor functions. A substantial number of
ascending PPN efferents distribute within the lateral hypothalamic
regions containing neurons projecting to the prefrontal cortex as well as
to the parabrachial nuclei, dorsal vagal complex and spinal cord. In an
effort to determine whether the PPN has the potential to directly
influence the hypothalamo-spinal neurons a combined anterograde and
retrograde study was carried out in the rat. Rats received iontophoretic
injections of Phaseolus vulgaris leucoagglutinin (PHA-L) into the PPN
while cholera toxin B (CTB) was pressure-injected into the cervical cord.
Light microscopic examination of double immuno-reacted sagittal
sections demonstrated many retrogradely CTB-labeled neurons
interspersed among PHA-L-labeled fibers and terminals in the tuberal
lateral hypothalamic region and adjacent zona incerta. In the electron
microscope, the PHA-L-labeled terminals formed synapses with both
retrogradely labeled and unlabeled small or medium-size dendrites. The
results suggest that, in addition to other functions, the PPN may be
involved in the control of autonomic changes accompanying movements.
(Supported by N.I.H. grant NS 25744)

238.3

238.4

INJECTION OF GABA INTO RAT MOTOR THALAMUS (VLWM)
INDUCES SYNAPTIC CHANGES IN STRIATUM SIMILAR TO THOSE
SEEN FOLLOWING SYSTEMIC HALOPERIDOL ADMINISTRATION.
C.K. Meshul*. and C.A. Allen. V.A. Medical Center and Oregon Health
Sciences University, Portland, OR. 97201.
Subsonic treatment with haloperidol (HAL)(0.5 mg/kg/d) for 14-30d
results in an increased density of synapses within the striatum containing a
discontinuous or perforated postsynaptic density (PSD). These synapses
with perforated PSDs are asymmetric and show presynaptic immuno-gold
labelling for glutamate. Thus, the HAL-induced increase in synapses with
perforated PSDs may involve glutamatergic neurons and could be due to an
increase in glutamate (GLU) release. Yamamoto and Cooperman (1994)
have shown an increase in basal release of GLU within the striatum
following treatment with HAL. Barbeito et al. (1989) reported that
unilateral application o^ GABA into thalamic motor nuclei of the cat
resulted in an increase in GLU release bilaterally within the striatum. In
order to determine if an increase in striatal GLU release would cause a
change in the mean percentage of synapses with perforated PSDs, GABA
(IO'5 M in phos. buffer, 0.5 pl) was injected into the motor thalamus
(VL/VM) daily for 3 weeks. Controls were administered phos. buffer only.
There was a significant increase (60%) in the mean percentage of synapses
with perforated PSDs within the striatum following GABA injection into
the motor thalamus compared to the controls. There was no change in the
overall number of striatal synapses between the two groups. Since
thalamic injection of GABA results in an increase in the mean percentage of
synapses with perforated PSDs in the striatum, this suggests that the
HAL-induced increase in such synapses may be due to an augmentation in
GLU release.
Supported by the Dept. of Vet. Affairs.

d 2 dopamine
receptor
agonists
inhibit
the excitatory
SYNAPTIC POTENTIALS INDUCED BY 4-AMINOPYRIDINE ON
NEOSTRIATAL NEURONS: EVIDENCE OF A PRESYNAPTIC
MECHANISM. J. Flores-Hem£ndez. J. Baroas. J.C. Pineda and E.
Galarraga*. Instituto de Fisiologia Celular UNAM. POBox: 70-253 Mexico
City DF 04510, M6xico.
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4-aminopyridine (4-AP) induces an increase in the frequency of
spontaneous synaptic potentials (SSPs) intracellulariy recorded from the
spiny projection neurons of the neostriatum. The 4-AP-inducod activity has
both GABA and glutamate components. The GABAergic component is
intrinsic to the neostriatum whereas the glutamatergic component comes
from external afferents. In the presence of bicuculline, a GABAa-receptor
antagonist, the glutamatergic activity can be isolated (Flores-Hemandez,
Soc. Neurosci. meet Abs. 19: 977). Previous evidence also showed that,
at rest, D1- but not D2-agonists (up to 10 pM) change the input resistance
of neostriatal neurons (Pacheco-Cano, Soc. Neurosci. meet Abs. 19:
127). In this work, intracellular recordings from rat neostriatal slices were
used to study the effects of dopamine agonists on the 4-AP-induced
glutamatergic SSPs. It was found that quinpirole (1 pM), a D2-agonist,
reduced the frequency but not the amplitude of the SSPs. Quinpirole did
not cause post-synaptic changes in input resistance, or amplitude changes
in the remaining SSPs. The effect was reversible and blocked by the
D2-antagonist sulpiride (1 pM). D1-agonists had no effect on the
4-AP-induced SSPs. It is concluded that: 1) the glutamatergic extrinsic
transmission is preserved in the neostriatal slice even if most fibers are
cut, 2) the glutamatergic extrinsic transmission is pre-synaptically inhibited
by dopamine via receptors of the D2 family. Supported by DGAPA-UNAM.
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EFFECTS OF SUBSTANCE P ON SPONTANEOUS FIRING OF
DOPAMINE (DA) NEURONS IN THE SUBSTANTIA NIGRA PARS
COMPACTA (SNc). T. Futami*. C. D. Richards1 and S.T. Kitai. Dept. of
Anatomy and Neurobiology, Univ. of Tennessee, College of Medicine, Memphis, TN
38163 and University Deptt of Pharmacology, Oxford, 0X1 3QT, UK.
Immunohistochemical analysis indicated that some striato-nigral projection
neurons were GABAergic but co-localized with Substance P (SP) and made synaptic
contacts with DA neurons in SNc. We have investigated the effects of SP on DA
neurons by using an intracellular recording technique in in vitro rat slice preparations.
Slices (500 pm thick) containing the SN were prepared and intracellular recordings
from DA neurons were made using biocytin filled electrodes. SP (10 pl) was applied
in the bathing media flowing in the slice chamber using a micropipette. Recorded
neurons were double labeled using tyrosine hydroxylase and biocytin histochemistry to
identify their morphology and transmitter phenotype.
Initially, spontaneous activities and stable membrane potentials (-55 - -65 mV)
were obtained. SP application induced an inhibition of spontaneous activities (1080%) followed by an increase in spontaneous firing (20-100%). The onset of
inhibition was 10-120 sec after SP application and lasted for 1-7 min. The initial
inhibition was partially blocked by either application of sulpiride (1 pM) or
bicuculline (20 pM). The succeeding excitation was blocked by an application of an
SP antagonist (D-Pro2, D-Trp7.9)-Substance P (100 pM) but not by glutamate
antagonists (kynurenic acid, 1 mM; CNQX, 30 pM), or a cholinergic antagonist
(atropine, 10 pM). These findings indicate that SP action on DA neurons may be
excitatory. The initial portion of the excitation may have been masked by inhibition
induced by SP activation of GABAergic or dopaminergic elements.
Supported by NIH Javits Award NS 20702 and the Human Frontier Science Program.

SPONTANEOUS FIRING IN A MULTICOMPARTMENTAL DOPAMINE
CELL MODEL. K.A. Flach* and G.A. Gerhardt. Depart of Psychiatry,
Univ. of Colorado Health Sciences Center, Denver, c O 80262.
Dopamine cells in the basal ganglia have been found to spontaneously
discharge by two different modes*. Single spike patterns are slow and steady

but have irregular intervals. Burst firing usually occurs after an increase in
the firing rate of the dopamine cell. Bursts generally have 3-5 spikes/burst,
averaging 6 spikes per sec. Experimental evidence suggests that the bursting
is calcium dependent.2 With this foundation, we have developed a model of a
single DA cell to test the mechanisms responsible for these two modes of
activity. The model consists of 6 equivalent circuit compartments: a soma
and 5 dendritic compartments, each attached to the soma. A sodium current
is added to the soma compartment that is proportional to the cell's membrane
potential in order to model the tonic firing pattern. In addition, there is a
potassium current that is responsible for the long after-hyperpolarizing
potential. These sodium and potassium currents produce a slow steady firing.
One dendritic compartment is selected to contain the cell's axon. This
compartment has active calcium channels and a threshold for firing higher
than the soma compartments. The combination of active Ca++ channels and
high threshold produces bursting in the cell if the tonic firing rate increases
sufficiently. Each of these modes of firing has a direct effect on the amount
of dopamine that is released by these cells, which in turn has a direct effect on
their continued activity through dopamine autoreceptors. We intend to use
this cellular model as the foundation of a network model of the basal ganglia.
* Grace and Bunney (1984) J. of Neurosci. 11 (4)2866-2876
2 Grace and Bunney (1984) J. of Neurosci. 11(4)2877-2890
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CALCIUM-ACTIVATED POTASSIUM CURRENTS IN NEOSTRIATAL
NEURONS: A VOLTAGE-CLAMP ANALYSIS. J. C. Pineda*. J. Barcas.
J. Flores-Hemandez and E. Galarraga. Instituto de Fisiologia Celular,
UNAM. POBox:7O-253, Mexico City DF 04510, Mexico.

EFFECTS OF POTASSIUM CHANNEL BLOCKADE ON DOPAMINE-INDUCED
ATTENUATION OF SYNAPTIC RESPONSES IN NEOSTRIATAL SLICES. K.L.
Altamus‘. N.A. Buchwald and M.S. Levine. Mental Retardation Research
Center, UCLA School of Medicine, Los Angeles, CA 90024.
Local electrical stimulation evokes depolarizing postsynaptic potentials
(DPSPs) in neostriatal neurons in slices. These potentials are thought to be
mediated primarily by activation of excitatory amino acid receptors.
Furthermore, they are attenuated in amplitude by application of dopamine
(DA). The present study investigated the modulatory effects of cesium, a broad
spectrum potassium channel blocker, on this DA-mediated attenuation of the
DPSP. Intracellular recordings were obtained from adult neostriatal neurons.
Slices were bathed in standard artificial cerebrospinal fluid (ACSF) or ACSF
containing 5mM cesium. Following baseline measurements, 20 pM DA was
added to the bath for 20 min, after which DA was washed out. Current-voltage
relationships and excitability (threshold current to evoke action potentials) were
recorded at 10 min intervals. DPSPs were also evoked at 10 min intervals
using a paired pulse paradigm (50 or 100 msec intervals, two intensities at
each internal: high (80% of spike eliciting intensity) and low (50% of spike
eliciting intensity)). In the presence of cesium, cells generated lower amplitude
DPSPs than in standard ACSF. Addition of DA reduced the amplitude of the
DPSPs for both cells exposed to cesium and cells in standard ACSF. However,
cells exposed to cesium showed proportionately less DA-induced reduction in
the amplitude of the DPSP than cells in standard ACSF. These results suggest
that potassium conductances may be involved in the DA-induced attenuation
of DPSP amplitude but may not be the only mechanism underlying this
phenomenon. Supported by USPHS HD 05958.

Previous evidence suggested that calcium-activated potassium currents
(IKCa) contribute to firing control in neostriatal neurons (Galarraga, Exp
Brain Res 75:157). Both the repolarization and the action potential
afterhyperpolarization have been shown to be sensitive to apamin and
char^oto^. Also, apa/nin and cadmium increase the firing frequency by
reducing the interspike interval (Pineda, J Neurophys 68: 287). Following
these studies, this work presents an initial characterization of IKCa using
the whole-cell configuration of the patch-clamp technique. Acutely
dissociated neostriatal neurons from adult rat neostriatum were recorded
at room temperature (± 25°C). Whole cell K*-currents were evoked by both
voltage steps or ramps, from holding potentials of -90 or -60 mV. Voltage
commands or ramps up to +90 mV were used. When evoked from -90 mV
outward current threshold was around -50 mV and a prominent inactivating
component was evident. The inactivating component was reduced, and
current threshold shifted to around -35 mV, if currents were evoked from
-60 mV. However, l-V plots evoked at . both -90 and -60 mV were
"N-shaped". This characteristic disappeared in the presence of 400 pM
cadmium after both steps and ramps. The subtraction of the
cadmium-insensitive current from the cadmium-sensitive one showed that
the l-V plot local minimum coincided with the reversal potential of the
calcium inward currents in these same cells.
Supported by DGAPA- UNAM and Asesoria y Manufacture ALNIA S. C.
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MUSCARINIC MODULATION OF SODIUM CURRENT IN ACUTELY
ISOLATED NEOSTRIATAL NEURONS FROM THE ADULT RAT. A.R.
Howe* and D.I. Surmeier. Dept. of Anatomy and Neurobiology, University
of Tennessee, College of Medicine, Memphis, TN 38163.
Voltage -gated sodium channels play an important role in the
regulation of neuronal excitability in the neostriatum but are infrequently
recognized as targets for neuromodulation. We have recently reported the
modulation of sodium current by Dl receptor agonists in neostriatal cells.
Li et al. (1993) reported that phosphorylation of sodium channels by PKC
decreased peak current and slowed inactivation. Striatal muscarinic
receptors are known to activate PKC. Therefore, we have tested whether
sodium channels can be modulated by muscarine in neostriatal cells using
whole-cell voltage clamp recording.
Neurons from the neostriatum of young adult rats (3-5 wks
postnatal) were dissociated using techniques previously described by our
group. In brief, striata were dissected from 400 pm slices. Striata were
then incubated in oxygenated saline containing pronase E (1.5 mg/ml) at 35
degrees C After a 30 minute incubation, the tissue was washed and
mechanically dissociated in low calcium. (lOOpM) Whole-cell recordings
employed conventional techniques at room temperature.
Carbachol (lOpM) application produced a significant inhibition
(>20%) of peak sodium current in most neostriatal neurons studied. In
agreement with previous results reported by Catterall's group,
inactivation kinetics are slowed in a subset of cells. Other characteristics of the modulation as well as the involvement of G-proteins and
specific muscarinic receptor subtypes will be discussed. Also, the role of
channel phosphorylation will be addressed. This work was supported
by USPHS grant NS 28889 to DJS and GR MH-10400-01 to ARH.

DEPOLARIZATION EVOKES A SLOWLY-ACTVATING K+ CURRENT
IN RAT STRIATAL NEURONS. E. S. Nisenbaum*. C. I. Wilson, and D. L
Surmeier. Department, of Anatomy and Neurobiology, College of Medicine,
University of Tennessee-Memphis, Memphis, TN 38163.
Previous experiments have demonstrated that depolarization evokes
rapidly- (lAf) and slowly- (Ias or Id ) inactivating K+ currents in striatal
neurons. A third type of depolarization-activated K+ current which
activates slowly and shows little inactivation also is present in these cells.
The present experiments investigated the voltage-dependence, kinetics and
pharmacology of this slowly-activating K+ current using whole-cell patchclamp recording from acutely dissociated rat striatal neurons.
Depolarizing voltage steps (4 s in duration) from -80 mV to -30 mV elicited
a slowly-activating K+ current which showed little or no inactivation. In
contrast, greater depolarization recruited the more rapidly activating and
inactivating currents, lAf and Ias - Experiments testing the effects of varying
[K+]0 (1-40 mM) and [Cl"]i and o replacement on the reversal potential of tail
currents indicated that the slowly-activating current was carried primarily
by K+ ions. Analysis of the voltage-dependence of activation of the slowlyactivating current showed that the half-activation voltage was -17.3 ± 13.5
mV and the slope factor was 18.9 ± 45 mV. The time constant of activation at
0 mV of the slowly-activating current (t = 137.0 ± 8.4 ms) was much greater
than that of either lAf (t = 4.2 ± 2.5 ms) or Ias (t =11.1 ± 7.2 ms). The slowlyactivating current was reduced by 85% by application of 25 mM TEA. Two
components of the TEA block were present having IC50s of 125 pM and 6 mM.
The slowly-activating current was less sensitive to blockade by either cesium
or 4-AP than to TEA.
The voltage-dependence and kinetics of this slowly-activating K+ current
suggest that it may contribute to the limits placed on the prolonged episodes
of subthreshold membrane depolarization which are characteristic of
striatal cells recorded in vivo . Support: ONRNOOO14-992-J-ltl3 and NS28889.
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SIMULTANEOUSLY RECORDED PAIRS OF STRIATAL SPINY NEURONS
DO NOT INHIBIT EACH OTHER C. Wilson*, D. Jaeger and H. Kita Dept. of
Anat. and Neurobiol., Univ. of Tennessee, Memphis, TN and Div. Biol., Calif.
Inst. of Technology, Pasadena, CA.
It is widely believed that striatal projection neurons exert a powerful
mutual inhibition which plays an important role in processing of afferent
input, but its direct observation has proven elusive. To demonstrate this
synaptic influence (or lack thereof) in the most direct way, pairs of striatal
neurons separated by 50 to 200 pm were recorded in cortico-striatal slices cut
in a plane preserving a portion of the corticostriatal pathway. Intracellular
recordings were obtained from 31 pairs, in 8 of which both cells were stained
by intracellular injection of biocytin and verified to be spiny neurons.
Repetitive firing of one cell of the pair by current injection failed to produce
any time-locked synaptic potentials in the other cell, either at its resting
potential, or when depolarized to near-threshold levels. This was true both
for individual events and for spike-triggered averages. Both cells were made
to fire repetitively, and their firing was analyzed for any temporal
dependency. This is a sensitive method for detection of coupling between
cells, and it showed no indication of any synaptic influence among
simultaneously recorded spiny neurons. Action potentials evoked in one cell
of a pair were also ineffective at altering the amplitude or duration of a
cortically-evoked EPSP in the other neuron. In addition, no evidence for
electrotonic coupling could be found in any cell pair. While there is
substantial anatomical evidence for synaptic contacts between spiny neurons,
every attempt to demonstrate fast synaptic interactions between these cells
has failed. This suggests that their interconnections are either very sparse,
very weak, or principally mediated via slow neuromodulatory mechanisms.
Supported by ONR grant N00014-922-J-1113 and HFSP.

HIGH-FREQUENCY ACTIVITY IN THE DEPOLARIZED STATE OF
CORTICOSTRIATAL AND STRIATAL NEURONS.
E. A, S tetn* and C . I. Wilson. Dept. of Anatomy and Neurobiblogg
College of Medicine, University of Tennessee, Memphis, TN.
High-frequency oscillations have been proposed to be a binding
mechanism for temporal coherence of activity among spatially
distributed neurons. In vivo recordings of identified corticostriatal
projection neurons and striatal medium spiny neurons in rats
anaesthetized with urethane show that the membrane potentials of
these neurons exhibit spontaneous, subthreshold, bistable-like activity
patterns. We analyzed membrane noise during the depolarized, up state,
which is caused by converging excitatory synaptic activity interacting
with intrinsic membrane properties. The up states of corticostriatal
neurons show activity in the ~4O Hz frequency range. The presence of the
40 Hz component is voltage independent, unaffected by intracellular
injection of QX-314, and enhanced by intracellular injection of Cs+. The 40
Hz component reverses at -65 mV, approximately the reversal potential
of the intracortical IPSP, showing that this rhythm is not intrinsic to
these cells. Although the 40 Hz component is small compared to lowfrequency components representing the bistable-like transitions and slow
thalamocortical rhythms, it comprises o significant proportion of the
energy within the individual up states. The firing patterns of the
coticostriatal cells are largely determined by this frequency component.
In contrast, the membrane potential in the depolarized states of
striatal neurons show little to no energy in this frequency range, despite
evidence that these neurons receive a large portion of their synaptic input
from the corticostriatal neurons. The absence of this component in striatal
neurons could be due to nonlinear filtering by the dendrites.
Supported by NS2O743
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DIFFERENT ORGANIZATION OF THE CORTICOSTRIATAL
PROJECTION TO PATCH AND MATRIX COMPARTMENTS. A.E.
Kincaid* and C.I. Wilson. Department of Anatomy and Neurobiology,
College of Medicine, University of Tennessee, Memphis, TN 38163.
Matrix and patch compartments of the striatum are thought to be
innervated by neurons located in the superficial and deep layers of cortex,
respectively. The anatomy of the projection to the two striatal compartments
from neurons located in the same area of rat cortex was studied and
compared using a double labeling protocol.
Small extracellular injections of the anterograde tracer, biotinylated dextran
amine, were made into either the cingulate cortex, the medial agranular
cortex, the lateral agranular cortex or the somatosensory cortex. Patch and
matrix compartments of the striatum were identified using calbindin
immunocytochemistry. The corticostriatal projection to both compartments
was mapped with the aid of a camera lucida attached to a light microscope.
The pattern of innervation of the two compartments was different. In some
cases the innervated patch compartments were completely embedded in
areas of innervated matrix and in other cases the innervated patches were
separate from the innervated matrix. There were also cases in which there
was a partial overlap in the innervation of the two compartments. In
addition, there was a notable difference in the pattern of innervation of the
rostral matrix vs the caudal matrix. Corticostriatal axons in the rostral matrix
diffusely innervated larger areas while corticostriatal axons formed more
discrete clusters in tire caudal matrix. These results suggest that the rules of
topography for the two compartments are not the same and that the pattern
of the matrix innervation differs in the rostral and the caudal striatum.
Supported by NS2O743.

THE ELECTROTONIC STRUCTURE OF NEOSTRIATAL SPINY PROJECTION NEURONS IS SENSITIVE TO TEA BLOCKADE. A. Reves. E.
Galarraga, J. Flores-Hem^ndez. D. Tapia and J.'Bargas* Instituto de Fisiologia Celular, UNAM. POBox: 70-253, M6xico City DF 04510 M6xico.
Two classes of models are used to approximate the electrotonic structure
of neurons: "equivalent cylinder" (EC) and "compartmental" (C). To gain insight from both, we collected anatomical and electrophysiological data from
neostriatal neurons under different conditions. Intracellular recordings from
slices, biocytin anatomical processing and reconstruction, and fitting to
both types of models are being done. In this work we present the data fitted
to EC-models modified to include Rm heterogeneity (e.g., Durand, Biophys
J.46: 645). Records were done in both physiological and TEA-containing
saline (10mM). At rest, TEA blocks inward rectifier channels and increases
input resistance (RJ. In control conditions, the charge function exhibited
more than one exponential and at least t , could be peeled: Lp, (p ± SD)=
1.72± 0.02 (n=46). After TEA: Lp.= 0.18±0.2(n=5), and the charge function
exhibited only one exponential in most neurons (5/6). Morphology did not
change after TEA. Thus, TEA effect was to increase the rm/r, ratio disproportionately. Most neurons became indistinguishable from isopotential

compartments. This is supported by the fact that, in TEA: (x0/RN)/(1pF/cm2)

= 2 •10'4cm2, which agrees with reported anatomical measurements of total
surface area. Conclusions: 1) L depends on inward rectification. 2) Electrophysiological data cannot match anatomical data if inward rectification is
not accounted for. Thus, the isopotential region (v.g.,"lumped RC- compartment") may include the soma plus a variable part of the dendritic arbor depending on how much inward rectification is active. 3) This may explain
why the dendritic to soma conductance ratio (p) has been elusive for ECmodels. Supported by DGAPA-UNAM and CONACyT-M6xico.
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REPEATED TREATMENT WITH TYPICAL AND ATYPICAL
NEUROLEPTICS ENHANCES ELECTROTONIC
NEUROTRANSMISSION IN THE VENTRAL CORTICOSTRIATAL
REGIONS S.P. Onn* and A. A, Grace, Depts. of Neuroscience & Psychiatry,
Univ. of Pittsburgh, Pittsburgh, PA 15260
We have previously demonsitrated the presence of dye coupling between
striatal spiny cells and its acute modulation by dopamine agonists in vivo.
In this study, we have investigated the effects of repeated administration
of antipsychotic drugs (APDs) on dye coupling between cells in the striatal
complex as well as between cells in the piriform cortex. Haloperidol (2-3
mg/kg, i.p., daily) or clozapine (20 mg/kg) was administered to rats for 1
month and intracellular recording and Lucifer yellow dye injection of
cortical or striatal cells were performed in vivo after a 24-48 hr drug
washout period. Although the repeated neuroleptic treatment did not alter
the resting membrane potentials of the cells (-85.3 ±15.1 mV for pyramidal
and -70.5 ± 11.2 mV for spiny cells), there was a significant increase in the
input resistance of cortical pyramidal cells (by 100% to 47.5 ± 7.2 MD) and
striatal spiny cells (by 23% to 46 ±11.4 MD). Repeated administration of
either CLZ or HAL caused a significant enhancement in the incidence o^
dye coupling in the limbic-related accumbens shell (CLZ: 3/5 cells injected,
60%; HAL: 2/3,66% vs basal 1/10,10%) and piriform cortex (CLZ:2/3; HAL:
5/6 vs basal 0/4). However, only HAL caused a significant increase in the
incidence of dye coupling (75%, 8/12 vs control 20%,3/15) in the motorrelated matrix (4/5) and accumbens core (4/7) regions. Therefore, repeated
treatment with either type of APD enhanced electrotonic neurotransmission
in the limbic-related piriform cortex and accumbens shell regions whereas
only HAL increased dye coupling in the motor-related striatal matm/core
(Support: NS19608, MH42217&45156, NARSAD Young Investigator Award)

PHYSIOLOGICAL AND MORPHOLOGICAL CHARACTERIZATION
OF VENTRAL PALLIDAL OUTPUT NEURONS PROJECTING TO
THE THALAMUS. A. Lavin* and AA Grace Dents, of Neuroscience and
Psychiatry, Univ. of Pittsburgh, Pittsburgh, PA, 15260.
Neurons of the ventral pallidum (VP) are known to supply the efferent
projections from the limbic part of the basal ganglia that innervate the
thalamus. Using intracellular recording in rats, we have begun to provide
an electrophysiological characterization of 3 subtypes of VP neurons.
Stable recordings were performed from 30 cells within the VP. These cells
could be divided into 3 groups based on their action potential characteristics
and firing patterns: 1) Prominent AHP cells (n=l4), 2) no AHP cells (n=26)
and 3) bursting cells (n=8). Overall, the cells had average input resistances
of 55.6±O.6 MD and a time constant of ll.2±2.l ms; no differences in these
parameters were found between the subgroups of cells. Lucifer yellowstoned VP cells exhibited oval or polygonal-shaped somata with an average
size of 22.6±3.7 pm x l8O±4.5 pm, with 4-6 long thin sparsely branched
dendrites. Single pulse stimulation of the me^^sal thalamus (MD)
evoked orthodromic responses in 6 cells and antidromic responses in 9 cells.
In 11 rats, the efect of haloperidol (HAL; 0.2 mg/Kg, i.v.) was tested in the
VP (n=6) and in the MD (n=5). In the VP, HAL hyper-polarized all of the
neurons tested, which was accompanied by a 14% increase in input
resistance and a decrease in the firing rate by 79%. In the MD, HAL
produced a slight depolarization of the cells accompanied by an increase in
firing rate o^ 700%. Additionally, there was a 33% decrease in the
amplitude o^ the ipsp evoked by VP stimulation and a change from an
oscillatory firing pattern to one of tonic firing (4/5 cases). These results are
consistent with a HAL-induced inhibition o^ VP cells readily to a
subsequent disinhibition within the MD.
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ELECTROPHYSIOLOGICAL EXAMINATION OF FEEDBACK
PATHWAYS TO A9 AND AlO DOPAMINE NEURONS ORIGINATING IN
THE CORE AND SHELL REGIONS OF THE NUCLEUS ACCUMBENS.
D.G. Harden* and A.A. Grace. Depts. ofNeuroscience and Psychiatry, Center
for Neuroscience, Univ. of Pittsburgh, Pittsburgh, PA 15260.
Anatomical studies of efferent projections of the nucleus accumbens (NAc)
have shown that the core and shell regions may potentially affect A9 and
AlO dopamine (DA) cell activity both by direct projections to these regions
as well as indirectly via a projection the ventral pallidum. In this study, we
used extracellular recording techniques to examine the effects of core and
shell activation on A9 and AlO DA cell activity. Electrical stimulation
consisting of single pulses with a duration of 0.3 ms and 0.5 mA intensity
were delivered to either the core or shell region. Activation of the core
region resulted in two responses in A9 DA cells: a) inhibition (latency 50-75
ms; duration 200-500 ms) or b) inhibition (lat. 100 ms; dur. 100 ms)
followed by excitation (lat. 200 ms; dur. 200 ms). Activation of the shell
resulted in two responses in AlO DA cell activity: a) inhibition (lat 50 ms
and dur. 250 ms) or b) inhibition (lat. 50 ms; dur. 100 ms) followed by
excitation (lat. 150 ms; dur. 300 ms) and then a long-lasting inhibition (lat.
500 ms; dur. 500 ms).
These response patterns are likely to reflect the activation of
monosynaptic and polysynaptic pathways to the ventral tegmental area
(VTA) and substantial nigra (SN). The short latency inhibitory responses
(i.e. less than 100 ms) observed in VTA DA neurons suggests that
stimulation of the NAc shell region results in the activation of a
monosynaptic inhibitory feedback pathway from the accumbens to the VTA.
The long latency responses observed in A9 and AlO DA neurons are likely
to result from changes in ventral pallidal or SN reticulata cell activity.

HIPPOCAMPAL GATING OF PREFRONTAL CORTICAL INPUT ONTO
NUCLEUS ACCUMBENS NEURONS RECORDED INTRACELLULARLY
IN VIVO. P. O’DonneH* and A. A. Grace. Dept. Neuroscience and Psychiatry,
Center for Neuroscience, University of Pittsburgh, Pittsburgh, PA 15260.
The basal activity and afferent regulation of nucleus accumbens neurons
was studied using in vivo intracellular recording in rats. Seventy-four
percent (31/42) of accumbens neurons recorded displayed a bistable
membrane potential, characterized by spontaneous transitions between two
steady-state membrane potentials (average: -77.6 ± 7.9 mV and -63.3 ± 7.7
mV). These neurons exhibited a high degree of convergence of the responses
to stimulation of cortical, hippocampal, and amygdaloid inputs (6/7 cells).
Activation of hippocampal afferents induced a shift to the depolarized state
in most bistable cells (9/12), whereas cortical and amygdaloid stimulation
evoked only EPSPs. Cortical afferent stimulation was capable of evoking
spike discharge only when the cell was in the depolarized state,
independently of whether this state spontaneously occurred or was induced
by prior hippocampal afferent stimulation. No bistable cells were
encountered in the nucleus accumbens following an acute transection of the
fornix (0/9 cells), which carries subicular input to the accumbens.
These data suggest that hippocampal input is necessary for neurons in
the nucleus accumbens to enter a depolarized, active state. Furthermore,
it appears that accumbens neurons must be in this active state before they
can fire spikes in response to activation of prefrontal cortical inputs. As a
result, the hippocampus (ventral subiculum) may be gating prefrontal
cortical throughput in the accumbens, and thereby providing a site for
functional interaction among these three sites that are proposed to be
involved in schizophrenia (i.e., prefrontal cortex, hippocampus, and ventral
striatum).

238.19
CALCIUM CONDUCTANCES INVOLVED IN RHYTHMIC FIRING
OF RAT PEDUNCULOPONTINE (PPN) PARS DISSERTA
NEURONS. K. Takakusaki* and S.T. Kitai. Department of Anatomy and
Neurobiology, University of Tennessee, College of Medicine, Memphis, TN 38163.
Spontaneous rhythmic membrane potential oscillations (10 Hz) and firing observed
in guinea pig PPN neurons were considered to be induced by persistent Na conductance
(Leonald and Llinas, ‘89 Soc. Neurosci. Abst.). We have demonstrated that rat PPN
has two types of neurons, Type I with LTS and Type II with A current, and only Type
II neurons were cholinergic (Kang and Kitai, 1990, Brain Res.). This study was
undertaken to investigate underlying membrane phenomena responsible for the
rhythmic firing of rat PPN neurons using in vitro slice preparations.
Glass micropipettes filled with 0.5 M KC1 (100-150 MQ) were used for recording
from the rostral part of the PPN (pars disserta). All neurons analyzed had an action
potential amplitude of more than 80 mV and spontaneous rhythmic firing (5-15 Hz).
TTX application (1-10 pM) abolished rhythmic firing and membrane oscillation in the
Type I neuron. In Type II neurons, TTX application suppressed spontaneous firing but
rhythmic membrane oscillation often accompanied by HTS was induced when the
membrane potential was depolarized more positive than -50 mV. An application of
TEA (2-4 mM) also increased the amplitude of the membrane oscillations and generated
HTS. The oscillations were observed in an Na+-free medium, but were completely
eliminated by a Ca2+-free, Co2+ medium. The membrane oscillations and HTS were
not altered by an application of Ni2+ (100-200 pM) but were attenuated by Cd2+ (100200 pM), nifedipine, and rn-conotoxin.
These results indicate, 1) persistent Na conductance may play a crucial role for
repetitive firing in Type I neurons, 2) combinations of persistent Na conductance,
voltage dependent Ca2+ conductance Ca2+ dependent K+ conductances, and N- and Ltype Ca2+ channels may be responsible in the regulation of rhythmic firing and
membrane oscillation of the Type II (cholinergic) neurons.
Supported byNIH Javits Award NS 20702 and the Human Frontier Science Program.
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239.1
MODULATION OF THE HIGH-FREQUENCY VOR DURING COMBINED
EYE-HEAD TRACKING V.E. Das. C.W. Thomas. L.F. DeifOsso* A.Z,
Zivotofsky. L. Averbuch-Heller. A.O. DiScenna. K. Rottach.and R.J. Leigh
Ocular Motor Lab., VA Medical Center and Case Western Reserve Univ.,
Cleveland OH 44106
During locomotion, head perturbations occur with frequencies ranging up to
5 Hz. If we choose to follow an object moving across our environment with
combined tracking movements of eyes and head (CEHT), then those vestibular
eye movements generated by the tracking head movements must be negated, but
other vestibular eye movements must continue to compensate for head
perturbations. Two mechanisms act to negate the vestibular eye movements
during CEHT while the subject is stationary: cancellation of the VOR by a
smooth pursuit (SP) signal and short-latency non-visual modulation of VOR
gain. To study the interaction of these two mechanisms during locomotion, we
measured horizontal gaze and head position in 4 normal subjects, using the
magnetic search coil technique, during the following paradigms: (1) Visuallyenhanced VOR during chair rotations at 3 Hz ± 5-50 deg/sec (to simulate head
perturbations due to locomotion); (2) Head-free CEHT of a target moving at 0.4
Hz ± 20 deg, with chair stationary; (3) Head-free CEHT of a target moving at
0.4 Hz ± 20 deg while subjects were rotated in the chair at 3Hz ± 1 deg. We
found that (1) VOR gain at 3 Hz increased linearly with peak head velocity, so
that retinal image velocity was held at levels necessary for clear vision; (2)
During CEHT, while subjects were vibrated at 3 Hz, overall tracking gain
slightly declined. (3) This decline reflected changes in VOR gain and phase
from the range of values measured during the visually enhanced VOR. Thus,
a non-visual modulation of the VOR is likely to occur during CEHT while the
subject is in motion and head perturbarions are at high frequencies.
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PERCEPTION OF TRANSLATION AND TILT DURING LINEAR
VESTIBULAR STIMULATION. G.D.Paige*. S.H.Seidman. and L.Telford. Univ.
of Rochester, Dept. of Neurol, and Center for Visual Sci., Rochester, NY 14642
The otolith organs transduce linear forces due to both tilt and translation. The
ambiguity is thought to be resolved by frequency-selective processing (low freq
indicates tilt; high freq, translation). To assess potentially similar processing in
perception, human subjects used a joystick to indicate the magnitude and time course
in darkness of linear velocity during brief translations, and of tilt during constant
velocity eccentric rotation (CVER). Stimuli were produced by a motorized rotatable
sled. Translations were velocity trapezoids (forward and backward), comprised of
10-100 cm/s2 accelerations to a plateau of 25 or 50 cm/s, followed by an equal
deceleration. Total excursion was 100 cm. For CVER, subjects were rotated at
127% at zero eccentricity (i.e. centered) until angular vection ended, and then were
displaced rapidly (<3s) to 50 cm eccentricity (nose-in and nose-out trials), held for
20-60s (O.25g centripetal accel.), and then recentered.
Perceived motion during translation trials was best correlated with acceleration.
Subjects perceived maximal velocity in association with the initial acceleration.
Many perceived no motion during constant velocity. This suggests high-frequency
dynamics of translation perception. When decelerated, some subjects reported a
transient reversal of motion which sometimes persisted after the sled had stopped.
Subjects did not perceive tilt during translation trials. For CVER trials, subjects first
perceived the initial displacement, followed by forward tilt during nose-out CVER
and backward tilt during nose-in CVER. Tilt perceptions were delayed and gradual,
suggesting low-frequency dynamics. Further, tilt perception was often asymmetric
(biased forward or backward). After recentering (no centripetal accel.) most subjects
reported a tilt aftereffect opposite to that perceived during CVER, usually limited to
trials causing the weaker tilt perception.
Supp. by NIH grant AGO6442

LINEAR VESTIBULO-OCULAR REFLEX (/VOR) AS A FUNCTION OF
FREQUENCY AND AMPLITUDE L.Telford*. S.H.Seidman and G.D.Paige. Univ.
of Rochester, Dept.of Neurol, and Center for Visual Sci., Rochester, NY 14642
The /VOR helps to maintain binocular fixation in space during head translation. Its
response amplitude is modulated by fixation distance (i.e. vergence angle), as is
geometrically appropriate. Although the /VOR has been well characterized for
transient and high frequency (4-5 Hz) head motion, the frequency response and
linearity of the reflex remains unknown, particularly with regard to its modulation
with vergence.
We studied the interaural and dorsoventral /VORs in squirrel monkeys during
sinusoidal linear oscillation over the range 0.5-4 Hz, at O.25g peak acceleration, and
over the range of stimulus amplitudes 0.05-0.5g, at 4 Hz. Horizontal and vertical eye
movements were recorded binocularly (search coil technique) in darkness after
subjects fixated targets at different distances to vary vergence. For each frequency
and amplitude, responses were quantified as sensitivities (in deg. eye movement per
cm head translation) as a function of vergence angle (in meter angles; ma). The line
best fit to this roughly linear relationship yields parameters S (slope, in °/cm/ma), and
/ (intercept, in °/cm, at 0 vergence).
The /VOR was most robust at the highest frequency, where S was around 0.4
°/cm/ma, and declined with decreasing frequency to under 0.1 °/cm/ma at 0.5 Hz,
while phase lead climbed from 0° (compensatory) to near 40° at 0.5 Hz. / was more
variable (around 0.6 °/cm), but also tended to decline several fold with decreasing
frequency. In contrast, the /VOR sensitivity slope were nearly constant (linear) over
the range of stimulus amplitudes, while the more variable / tended to increase by
roughly 2-fold as peak acceleration climbed from 0.05 to O.5g. Results imply that the
low-fequency cutoff of the /VOR (around 0.5 Hz) is roughly an order of magnitude
higher than that of the canal-driven angular VOR.
Supp. by NIH grant DC01935

239.5
DEFINING THE INPUTS TO SHORT-LATENCY HORIZONTAL VESTIBULOOCULAR REFLEX CANCELLATION. J.L.Johnston*& J.D.Miller.
Dept. of Medicine, Otolaryngology & Ophthalmology, University of Manitoba, Winnipeg, Canada, R3E OZ3
We have previously demonstrated that cancellation of the
horizontal vestibulo-ocular reflex (VORc) can occur prior
to the onset of visual pursuit in normal humans (shortlatency VORc). Subjects suppress their VOR less than 20ms
after unexpected head acceleration is superimposed upon
established tracking of a head-fixed target. In order to
further define the inputs to short-latency VORc, we recorded head and eye movements in 3 patients with unilateral vestibular deafferentation and 3 patients with unilateral smooth pursuit deficits. While viewing a head-fixed
target, patients were rotated using constant velocity trapezoids. At unpredictable intervals, they were accelerated
either from constant velocity or constant acceleration onset. Unlike normal humans, no patient could suppress their
VOR at short-latency when head accelerations occurred from
constant velocity onset. Patients could generate short
latency VORc when accelerations were superimposed on constant head and target acceleration. VOR suppression was
more effective when head accelerations were in the direction of the better pursuit, or toward the side of the vestibular deafferentation. These results indicate that
induction of retinal error prior to head and target acceleration and intact foveal smooth pursuit are required for
short-latency VOR cancellation to occur.

239.7
THE TORSO ROTATION” MODEL OF MOTION SICKNESS ADAPTATION:
(2) DOES THE LOSS OF SYMPTOMS CORRELATE TO CHANGES N
OVERALL GAZE STABILITY? L.J.G. Bouver* and D.G.D. Watt. Aerospace
Medical Research Unit, McGill University, Montreal, Canada H3G 1Y6.
Torso Rotation” (TR) produces an acute, reversible change in vestibular
function. A single exposure to TR followed by forced motor activity gives rise
to motion sickness (MS) symptoms, gaze instability and reduced VOR gain.
Repeated daily exposure to TR results in a loss of MS susceptibility and
apparently improved gaze stability. Can the latter be measured objectively? If
so, how does it correlate to adaptation to MS?
Six subjects participated in this 7-day experiment. Eye and head movements
were measured during voluntary head shaking between 0.3 and 3.0 Hz (lights
on). Each day, measurements were obtained before and repeatedly after TR.
Velocity gain was defined as the ratio of eye velocity/head velocity.
Each day immediately after TR, velocity gain was decreased at all frequencies
above 0.6 Hz, returning to normal in about 20 minutes. The mean gain
(averaged over 1.0-2.0 Hz) was significantly lower on days 1 and 2 than on all
other days (P<0.01). The time constant of gaze improvement was 2.3 days,
similar to the 1.6 -day time constant of loss of MS symptoms measured in other

experiments.
We conclude that gaze stability DOES improve with repeated exposure to
TR. Furthermore, this improvement is correlated to the time course of
adaptation to TR-induced MS, suggesting a common underlying mechanism.
As demonstrated elsewhere (Watt and Bouyer, ’94), this improvement in gaze
stability is not due to a change in VOR gain. (Supported by the CSA and MRC
Canada)
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239.6
THE 'TORSO ROTATION" MODEL OF MOTION SICKNESS ADAPTATION:
(1) DOES THE LOSS OF SYMPTOMS CORRELATE TO CHANGES IN THE
VOR? D.G.D. Watt* and L.J.G. Bouver. Aerospace Medical Research Unit,
McGill University, Montreal, Canada H3G 1Y6.
"Torso Rotation" (TR) is an unusual form of sensori-motor coordination in
which the subject continuously and actively sweeps his gaze back and forth
±135° at 0.7Hz. A single, short exposure toTR results in perceptual illusions,
gaze and postural instability, and motion sickness. Vestibulo-ocular response
(VOR) gain is also decreased for up to 20 minutes.
With repeated exposure to TR, the symptoms of motion sickness disappear
and gaze instability seems to be decreased. Is this because the transient
decrease in VOR gain is also reduced?
VOR gain was measured before and repeatedly after 30 minutes of TR on 7
consecutive days. The subject was fixed to a manually-operated rotating chair
and instructed to stare at a distant target. The room lights were turned off and
the chair was rotated 10, 20 or 30°, left or right, following a computer-controlled
anay of LEDs. Meanwhile, the subject maintained his gaze on his mental image
of the target. The room lights came back on and the subject shifted his gaze to
the target, if necessary. VOR gain for that one rotation was calculated as the
ratio of how far the subject actually rotated his eyes (measured as chair rotation
stopped) over how far he should have rotated them (measured just after any
corrective saccades made when the lights came on). This sequence was
repeated 24 times in about 4 minutes.
Despite the complete loss of susceptibility to motion sickness that occurred
during the course of the experiment, the drop in VOR gain was the same on
each of the 7 days. Furthermore, the pattern of recovery in the 20 minutes
after TR also remained constant. It is concluded that adaptation to TR-induced
motion sickness is NOT a result of the VOR becoming less susceptible to TRinduced vestibular suppression. (Supported by the CSA and MRC Canada)

239.8
VERGENCE DEPENDENT ADAPTATION OF THE VESTIBULO - OCULAR
REFLEX (VOR). R. A. Clendaniel. R. F. Lewis, and D. S. Zee*. Departments of
Otolaryngology - Head and Neck Surgery and Neurology, The Johns Hopkins
University School of Medicine, Baltimore, MD 21287
We investigated the effect of vergence on short-term adaptation of the VOR in
normal humans. Convergence was induced with 5 diopter base-out prisms and
divergence with 2 diopter base-in prisms. Pre and post adaptation, the horizontal VOR
was measured in darkness, but with a fixation target immediately preceding rotation.
Fixation was under three conditions: normal viewing, prism-induced convergence and
prism-induced divergence. VOR adaptation was induced by two hours of sinusoidal
oscillation (0.2 Hz) with the motion of the visual surround changed every 15 minutes
to alternately increase (xl.7) or decrease (xO) the VOR gain. Three subjects switched
between convergence prisms during xO viewing and divergence prisms during xl.7
viewing; one subject adapted under the opposite conditions. We chose to associate a
decrease in VOR gain with convergence and vice versa in most subjects in order to
counter the natural tendency for the VOR gain to increase with near viewing.
Following training, all subjects showed context-specific VOR adaptation. When
tested with prisms associated with xl.7 training, mean VOR gain increased by 17.4%
(range 1.4 to 49.2%), and with prisms associated with xO training, gain decreased by
12.1% (range 1.9 to 36.6%). All subjects showed changes in the correct direction.
When tested without prisms (the untrained condition), mean VOR gain increased only
slightly (3.5%; range -5.9 to 11.4%) and responses were more variable.
Our results show that vergence angle can be used as a contextual cue for adaptation
of the VOR, and that some subjects may have three different horizontal VOR gains.
The small changes in VOR gain when subjects were tested without prisms either
represents an average of the two training conditions or a default to the preadaptation
behavior.
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DISORIENTATION
DURING
MULTIAXIS
ROTATION
IS
INFLUENCED
BY
THE
RESULTANT
ANGULAR
IMPULSE
VECTOR
Lawson. B.L.*. Tielemans. W.C.M.. Rameckers.
& Guedrv.
F.E. Naval Aerospace Medical Research Laboratory, 51 Hovey Road,
Pensacola, FL. 32508-1046.

CHANGES IN OPTOKINETIC NYSTAGMUS DUE TO LINEAR
ACCELERATION ARE FREQUENCY AND AXIS-DEPENDENT.
Corinna EL Lathan.* 1, Daniel M. Merfeld.2 and Conrad Wall III.3
*Dept. of Brain and Cognitive Sciences, MIT, Cambridge, MA 02139;
2Man-Vehicle Laboratory, MIT, Cambridge, MA
02139;
^Massachusetts Eye and Ear Infirmary, Boston, MA 02114
We recorded horizontal and vertical eye movements (ISCAN) in four
subjects during inter-aural (Y-axis) and rostro-caudal (Z-axis)
sinusoidal linear acceleration (0.5 G; 0.25 Hz or 1.0 Hz). The
experiment compared the oscillation of optokinetic nystagmus at the
"sled" frequency while subjects 1) kept their eyes open in the dark or
viewed the center of a high-contrast striped pattern moving at either 2)
constant velocity (60 d/s) or 3) sinusoidally (peak 70 d/s).
In all three sled conditions, the response at the lower frequency was
less than that at the higher frequency and the response during z-axis
stimulation was less than in y-axis. During the condition where both the
visual and sled stimulus were sinusoidal, but their physiological drives
were opposing each other (i.e. when the visual stimulus moved up (or
right), the sled also moved up (or right)), the response was unchanged at
the lower frequency from the vision alone condition. At the higher
frequency, the response decreased. This result is predicted by a
sensory-conflict model which predicts that at the lower frequencies, the
visual system would dominate and at the higher frequencies the
vestibular response would inhibit the visual. At both frequencies and
both orientations, the response was enhanced when the drives were
synergistic (i.e. when the visual stimulus moves up (or right), the sled
moves down (or left)). (Supported by an NIGMS training grant to
CEL)

A multiaxis rotation stimulus called Coriolis, cross-coupling (Ccc) can induce
distorted sensations of orientation. When the resultant angular impulse vector
to the semicircular canals is orthogonal to gravity, Ccc is disorienting, but when
it is aligned with gravity, subjects feel no disorientation. In 2 recent
experiments, subjects made head movements at different times during
various rotation profiles. Subjects reported greater disorientation with greater
degrees of misalignment of the resultant. In Experiment 1, 16/17 subjects
ranked the magnitude of disorientation as follows: 75*> 37*> 0*. In Experiment
2, subjects (n = 18) ranked the conditions as: 35*> 11‘> O'(Kendall coeff.
concord. W = .93, a < .01). These results are predictable, since the axis of
angular velocity, specified by the canals in the misaligned conditions disagrees
with otolithic and kinesthetic inputs signaling no concomitant change in the
gravity vector in reference to the subject.

239.11

239.12

HEAD LOADING AFFECTS PERCEIVED ORIENTATION DURING
BODY ROTATION. P. DiZio*. J. R, Lackner. Ashton Graybiel Spatial
Orientation Laboratory, Brandeis University, Waltham, MA 02254.
Making voluntary pitch head movements while rotating counterclockwise generates Coriolis, cross-coupled stimulation (CCS) of the
vestibular system and accelerates the whole head rightward in yaw and
roll. We attached extra mass to the head to vary loading of the neck
muscles without changing the vestibular stimulation elicited by CCS. In
one experiment, subjects (N=I8) made head movements with and without
a 5OOg weight added to the biteplate of a device that restrained movements to the pitch plane during 9O’/s rotation. After cessation of rotation,
subjects freely moved their unloaded heads to mimic the patterns experienced during rotation. We measured the mimic movements with a threeaxis rate sensor. Without the extra inertial load, they experienced typical
illusory tumbling sensations. With the inertial load, the tumbling sensations included much greater rightward roll - the direction of Coriolis
acceleration of the head. A second experiment (N=8) was run similarly
except there was no restraint device to constrain the head movements to
the pitch plane. Inertially loading the head further increased the rightward
roll and yaw components of the mimic movements. Head loading also increased reports of motion sickness in both experiments. These findings implicate neck proprioceptors and efferent innervation in responses to CCS,
and are incompatible with traditional vestibular explanations of CCS.
Supported by NAG 9-515 and NTSC 6933002.

MODELING HUMAN VESTIBULAR RESPONSES DURING COMPLEX THREEDIMENSIONAL VESTIBULAR STIMULATION. Daniel M. Merfeld*,
Man Vehicle Laboratory, MIT, Cambridge, MA 02139

239.13

239.14
CONVERGENCE SUPPRESSION OF THE VESTIBULO-OCULAR
REFLEX M. Gizzi* and W. Wang NJ Neuroscience Institute, Edison, NJ
08820
The vestibulo-ocular reflex (VOR) can be completely suppressed by
visual fixation of a head-fixed target. It has also been demonstrated that
the VOR can be cut in half at low frequencies by imagining a head-fixed
target and by one third at higher frequencies (M6ller et al, 1990). We
assessed the role of convergence eye movements in suppression of the
VOR. Five human subjects capable of voluntarily inducing convergence
were tested in a vestibular chair. Movements of the right eye were
recorded using video infrared oculography. Both eyes were also viewed
with an infrared camera to confirm the maintenance of convergence. The
sinusoidal VOR was tested with frequencies of rotation including 0.05,
0.1 and 0.2 Hz. These measures were then repeated with the subjects
instructed to "cross your eyes." At 0.05 Hz the average VOR gain for the
five subjects fell from 0.42 to 0.19 with convergence. At 0.1 Hz the
average gain fell from 0.48 to 0.16. At 0.2 Hz the gain fell from 0.51 to
0.14. Two subjects were able to eliminate the VOR entirely with
convergence. With convergence and dextroversion, so that the right eye
was maintained in primary position, the drop in gain was even larger.
These results indicate that the convergence system is capable of
suppressing vestibular responses in the absence of visual stimulation.
Furthermore convergence results in more suppression than imagining a
head-fixed target.
Supported by NIH Grant EY00306

CAN SPATIAL PERCEPTION CORRECT FOR THE
DECLINING
VESTIBULAR
INPUT
OF
PROLONGED
ROTATIONS? P. Lai a. B, Segal*, and G. Melvill Jones. Dept. Physiol. &
Otolaryngol., McGill Univ., SMBD-Jewish Gen. Hosp. Montreal, Canada H3T
1E2 and Dept. Clin. Neurosci. Univ. Calgary, Calgary Canada T2N 4N1.
When the semicircular canals are exposed to a step change of angular
velocity, they generate an exponentially declining sensory neural signal. We
asked, "Does this decline mislead the spatial percept of an earth-fixed target
when a subject consciously tries to maintain awareness of its location during
medium duration rotation in the dark?" To investigate this question 12, human
subjects with head fixed relative to a turntable were each rotated in the dark
for 6 sec at 7.5 deg/sec whilst attempting "visual" fixation on the perceived
location of a previously seen target. DC EOG was used to record eye
movement-re-head, which when summed with head movement-re-space yielded
a continuous record of gaze direction (eye-re-space). The combined records
showed that despite the expected progressive reduction of VOR slow-phase
gain (P < 0.01), an increasing "catch-up" saccadic compensatory output tended
successfully to regain, even overshoot, the target. Comparing these results with
similar ones obtained from brief rotations (1.1 sec, 40 deg/sec), there was no
significant difference between overall net (cumulative slow + quick phases)
gains in the two experiments (P > 0.3), despite progressively attenuating VOR
slow-phase gain during the longer turns. Assuming net gaze stabilization
reflects perceived target location in these circumstances (previous work), we
infer that implementing the behavioral goal of target fixation resulted in
perceptual correction for the misleading vestibular input. (Support by Canadian
Medical Research Council)
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A mathematical model of human responses has been developed to help understand sensory interactions induced by
complex three-dimensional stimulation of the otoliths and
semi-circular canals. The essence of the model remains
unchanged from an earlier "monkey" implementation with the
values of several parameters changed.
During sinusoidal
linear acceleration stimulation, the model predicts linear
acceleration responses that increase with frequency and
tilt responses that decrease with frequency, as has been
reported. However, when humans are rapidly tilted, the
experimental results show rapid shifts of tilt and the
absence of linear acceleration responses. These responses
are also predicted by the model., despite the fact that
they are not consistent with a simple high-pass/low-pass
filtering scheme.
During 30° off-axis vertical rotation
(OV/AR), the model predicts a small horizontal bias along
with sinusoidal horizontal, vertical and torsional responses. During eccentric rotation, the model predicts
horizontal linear VOR dependent upon subject orientation
and shifts in eye rotation axis. The model also predicts
that the time course of the change in the perception of
tilt during eccentric rotation will be much slower than
that following eccentric rotation. All of these predictions are consistent with experimental observations.
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LOSS OF ASYMMETRY OF VOKN/VOKAN DURING PARABOLIC FLIGHT. G,
Wei. R.M. Jell*. S. Lafortune-Kahane. and D.J. Ireland. Departments of
Physiology and Otolaryngology, University of Manitoba, Winnipeg, MB R3E
OW3.
Human vertical optokinetic nystagmus (VOKN) and aftemystagmus (VOKAN)
were investigated in 14 normal subjects under exposure to normal and altered
gravitoinertial force environments. Subjects sitting in upright position were
tested on ground for baseline data, and on board a KC-135 aircraft which
produced alternating micro-G (ca. 10 -2 G for 25s) and hyper-G (ca. 1.8 G for
45s). On each test day, 40 parabolas were flown over a 90 minute period in 4
sets of 10. A. Following 45s of OK stimulation at 40 deg/s, upward or
downward, the stimulus was removed at the beginning of micro-G. The OKAN
decay was then recorded throughout the micro-G phase. B. Same stimulation,
upward or downward, except the stimulus was removed at the beginning of
hyper-G. The mean slow phase velocity of VOKN 20s before lights out was
calculated. Single or double exponential regression of the OKAN decay curve
was carried out and the area under the regression curve was calculated by
Simpson's Rule integration. There was a significant increase of downward
VOKN/VOKAN but unchanged upward VOKN/OKAN in micro-G and in hyperG, as compared to baseline data on ground. It is postulated that the increase of
downward VOKN/VOKAN in micro- and hyper-G environments is caused by
two different mechanisms. In micro-G, the normal inhibition effect (under 1G)
on downward eye movement mediated by otolith organ activity to velocity
storage has been removed, and therefore the velocity storage is symmetrical
for both directions. In hyper-G, the otolith-ocular reflex has been augmented
by increased gravitoinertial force so as to produce enhanced compensatory
downward eye movement. (We wish to thank all subjects. Support of the Canadian

THE HUMAN VESTIBULOOCULAR REFLEX DOES NOT USE A GRAVITYCENTERED SPATIAL REFERENCE FRAME. M. Fetter*. W. Hermann. F.
Sievering, and E. Koenig. Dept, of Neurology, 72076 Tubingen, Germany.
The spatial organization of the veslibuloocular reflex (VOR) can be studied by
applying fast head and body tilts immediately after constant velocity rotations about
an earth vertical axis. Recent experiments in monkeys showed that in this species the
VOR is organized in gravity-centered coordinates. Postrotatory eye velocity remained
invariant relative to gravity. It was concluded that while the initial fast VOR response
is governed by the head-fixed frame of reference given by the semicircular canals, the
later responses, whose properties are dominated by the velocity storage integrating
network, appears to undergo a central transformation from head- to gravitiy-centered
coordinates. In an earlier study, using active head tilts during postrotatory nystagmus,
we found no such transformation to occur in humans. Tlus difference could have been
due to the active head lilts, involving large additional linear accelerations and strong
neck muscle activation. We therefore repeated the experiments using an identical
procedure as in the monkeys. Eight healthy human subjects were rotated in a
computer-controlled multiaxis rotating chair about the earth vertical axis in yaw at a
constant velocity of 100% for 2 min. Two seconds idler the stop the subjects were
tilted about a head centered axis with 100%- either 45° or 90° right or left ear down,
nose up or down. Left eye position was measured with 3-D search coils. Similar to the
active head reorientations, with 90° passive head tilts there was basically no change
of the eye rotation axis relative to the head in all subjects. With smaller excursions,
however, some subjects showed some changes in die expected direction for 45° head
tilts (maximally 16.38° + 8.38°). These results suggest that in humans the VOR is
mainly organized in head-centered coordinates. Unlike in monkeys, humans exhibit
only a rudimentary (if at all) transformation from head- to gravity centered
coordinates after head tilts during postrotatory nystagmus.

Space Agency and Winnipeg Health Science Centre Fndn is gratefully acknowledged.)
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EVIDENCE FOR THE ACTIVATION OF DIFFERENT POSTSYNAPTIC
RECEPTORS BY THIN AND THICK VESTIBULAR AFFERENTS IN THE
FROG. H.Straka*. K.Debler and N.Dieringer. Dept. Physiology, Pettenkoferstr. 12,
80336 Munchen, GERMANY.
Vestibular afferents are assumed to release glutamate and to excite second
order vestibular neurons (VN) via AMPA-receptors. However, a subpopulation of
thicker vestibular afferents colocalizes glutamate and glycine and exhibits a high
affinity uptake mechanism for these amino acids. As a result, thicker afferents could
corelease glutamate and glycine and could excite VN via NMDA-receptors. To test
this hypothesis, we recorded monosynaptic responses of VN in-vitro after single
shocks of the ipsilateral N.VIII and studied the effect of bath applied NMDAantagonists (7-chlorokynurenic acid, 7-Cl-Kyn or D-2-amino-5-phosphonovaleric'acid,
D-APV). 7-Cl-Kyn reduced the monosynaptic component of the N.VIII evoked field
potential recorded in the vestibular nuclear complex in a dose-dependent manner. At
concentrations of 5pM for 7-Cl-Kyn or 25pM for D-APV the percentage of reduction
was inversely related to the intensity of suprathreshold stimulation (T). In 11 out of
12 VN the amplitudes of monosynaptic EPSPs were reduced in the presence of
NMDA-antagonists. With increasing stimulus intensities the amplitudes of the EPSPs
increased and the NMDA-antagonist sensitive component of the EPSP decreased from
about 60% (at l.2xT) to about 10% (at 3xT). Since afferents with thicker calibers are
recruited by electrical stimulation at lower intensities than afferents with thinner
calibers, these results are compatible with our hypothesis that thicker afferents
corelease glutamate and glycine and activate NMDA-receptors, whereas thinner
afferents release glutamate and activate AMPA-receptors. Since most VN receive
convergent inputs from both groups of afferents and since the recruitment order of
these afferents is reversed during natural stimulation, NMDA-receptors might be
activated at higher levels of acceleration and might potentiate the responses of VN.

CONTRIBUTIONS OF ION CHANNNELS TO SIGNAL TRANSFORMATIONS
IN MEDIAL VESTIBULAR NUCLEUS NEURONS. S. du Lac* and S.G.
Lisbereer. Dept, of Physiology and W.M. Keck Center for Integrative Neuroscience,
UCSF, San Francisco CA 94143.
The gain and dynamics of vestibular reflexes depend on intrinsic membrane
properties as well as on synaptic and circuit-level properties. We have been
investigating how membrane channels control signal transformations in medial
vestibular nucleus (MVN) neurons by assessing the effects of pharmacological
channel blockers on spike generation (the transformation from somatic current to
firing rate). We recorded from MVN neurons in brain slices of chicks and used
intracellular injection of current steps to measure spike generation gain (slope of the
relationship between mean firing rate during the step and current amplitude) and
dynamics (timecourse of instaneous firing rate during the step). Spike generation in
normal MVN neurons is highly linear over a wide range of current amplitudes and
has very characteristic dynamics. TEA (5-10 mM), a blocker of a variety of types
of K channels, had a striking effect on the MVN spike generator. As expected, TEA
broadened action potentials and increased spontaneous firing rate. More
interestingly, spike generation in the presence of TEA was highly non-linear: the
relationship between current and firing saturated, and neurons maintained increased
firing levels after the current step was turned off. TEA also altered spike generation
dynamics. 4-AP (0.5-4 mM), which blocks A channels as well as other K channels,
produced an increase in spontaneous firing rate with little effect on spike generator
gain or dynamics. Apamin (100 nM), which selectively blocks a calcium-activated
potassium channel subtype (SK), produced increases in spontaneous firing rates and
spike generation gain without affecting dynamics or linearity. These results
demonstrate that signal transformations in MVN neurons are controlled by a
repertoire of membrane channels and raise the possibility that changes in channel
expression control the gain and dynamics of vestibular reflexes.

240.3

240.4

IMMUNOCYTOCHEMISTRY OF GLUTAMATE RECEPTORS IN THE
VESTIBULAR NUCLEAR COMPLEX IN GERBILS. GA. Kevetter*. Depts.
of Otolaryngology and Anatomy & Neuroscience; Univ. TX. Medical Branch;
Galveston, TX 77550.
Amino add transmitters, like glutamate, are the most prevalent exdtatory
neurotransmitters in mammalian nervous tissue. The response of the post-synaptic
cell
differ depending on the type of receptor activated. We have begun
preliminary experiments to study the distribution of antibodies against specific
subunits of the ionotropic glutamate receptors: kainate, AMPA, and NMDA in the
gerbil vestibular nudear complex (VNC). Animals were perfused with 4%
paraformaldehyde and processed for routine immunocytochemistry. To identify
NMDAR1 receptors, we used both a polydonal (Chemicon 0.5 pg/ml) and a
monodonal (PharMingen 1:200) antibody. The staining was the same. Neurons
were stained in all nudei of the VNC. More neurons were stained in the medial
(MVN) and superior (SVN) vestibular nudei than the other nuclei. Staining was
most dense in MVN. Giant neurons were stained in the descending (DVN) and
lateral (LVN) vestibular nudei. The kainate monodonal antibody (GLUR5-7,
PharMingen, 1:500) stained some cells in the MVN. More neurons were stained in
DVN and LVN. Neuropil staining in MVN was dense. AMPA receptors were
detected using three antibodies (GLUR1, GLUR2/3, and GLUR4; Chemicon 1
pg/ml). The distribution was different for each. GLUR1 had dense staining in
some areas such as the external cuneate, inferior olive, and glia in the molecular
layer of the cerebellum. However, little staining was present in the VNC. Some
neurons were lightly stained, especially in the adjacent N. prepositus hypoglossi.
GLUR2/3 stained some cells in the VNC, especially the DVN and LVN. Neurons
in Scarpa’s ganglion also stained with this antibody. GLUR4 staining looked rather
smeared, except in the cerebellum where the staining resembled that of GLUR1.
(Supported in part by NIH grant DC00052).

Glycine receptor immunolocalization in the chinchilla vestibular nuclear
complex. I. Lopez.. R. W. Baloh* and V. Honrubia. Div. of Head and Neck
Surgery and Dept, of Neurology, UCLA School of Medicine, Los Angeles CA
90024.
The existence of receptors for the inhibitory amino acid glycine in the
vestibular nuclei complex (VN) of the chinchilla was investigated. The
correspondence between putative vestibular glycinoceptive neurons with
primary vestibular afferents, projection areas and their coexistence with the
GABAergic system already described (Lopez, I. et al . Soc. Neurosci. Abs.
59.9, 1993) was evaluated. For this purpose, brainstem serial sections 20 pm
thick through the four major nuclei in the VN were incubated with a mouse
anti-glycine receptor monoclonal antibody (Boehringer Mannheim) against the
93 Kd receptor anchoring subunit. The avidin-biotin-peroxidase technique was
used to visualize the glycine receptor immunoreactivity (Glyr-IR). Glyr-IR
exhibits a punctate appearance over the somata of the vestibular neurons
representing the receptor locus in the postsynaptic membrane. It was found in
the somata of most (~ 90%) of the small- and medium-sized neurons throughout
all the VN but only in few of the large neurons. The absence of Glyr-IR was
more evident in the giant Deiter’s neurons of the lateral vestibular nucleus
where only approximately 20% of them show evidence of reaction. When the
location of Glyr-IR neurons were compared with the area of projection of
primary afferent vestibular innervation, it appears that most of the Glyr-IR
neurons may receive this innervation. Finally when the presence of Glyr-IR
neurons was compared with the distribution of GABAergic terminals which are
widely distributed in the VN, there was a coexistence of these two systems in
the small- and medium-sized neurons in the four major VN. This coexistence
suggests the presence of two different inhibitory systems in the majority of
cells of VN.
Supported by NIDCD grant number DC01404.
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DISTRIBUTION OF AMPA RECEPTOR SUBUNITS IN THE VESTIBULAR
NUCLEI OF THE CHINCHILLA. P. Popper'. I. Lopez, J.C. Alvarez. J.P.
Rodrigo. P. E Micevych and V. Honmhia. Depts. Surgery and Anatomy & Cell
Biology, Victor Goodhill Ear Center, UCLA School of Medicine, Los Angeles,
CA 90024 and Dept. Otolaryngology, Universidad de Oviedo, Oviedo, Spain.
Glutamate is involved in developmental and adult synaptic plasticity and
neurotoxicity and is the most widely distributed excitatory neurotransmitter in the
CNS. The rapid, neurotransmitter-like effects of glutamate are mediated by NMDA
and non NMDA selective glutamate receptors. The distribution of mRNA and
protein of four subunits, designated Rl-4, of the AMPA-type non NMDA
glutamate receptors in the chinchilla vestibular brain stem was investigated.
Antibodies against the R1, R2/R3 and R4 subunits stained a majority of somata in
all the major and minor vestibular nuclei. The intensity of R1 immunoreactivity (i)
was the same in ail labeled cells. R2/R3i was the most intense in the Deiter cells
of the lateral vestibular nucleus an in the cells of the interstitial, P, L, Y and F/X
nuclei. In the cell bodies of the superior, medial and spinal vestibular nuclei
R2/R3i was weak to moderate. R4i was the most intense in the Deiter cells and in
the glial cells of the brain stem. In the neurons of the other vestibular nuclei R4i
was weak to moderate. There were no rostro-caudal differences in the appearance
of the lmmuno-stammg. Quantitative in situ hybridization data with 35S labeled
RN A probes complementary to the 3'-end of the mRNA's coding for the subunits,
confirmed these results. Rl mRNA levels were the same in the all vestibular
nuclei. R2 mRNA levels were much higher in Deiter cells compared to other cells.
R3 mRNA levels were bellow detection levels in the cells of the superior vestibular
nucleus, suggesting that in the cell bodies of this nucleus R2/R3i is due to R2.
These results indicate the presence of a heterogeneous population of AMPA-type
glutamate receptors in the vestibular nuclei and that glutamate plays a
neurotransmitter role in the vestibular system. Supported by USHHS DC01404-03.

RECEPTOR BINDING AUTORADIOGRAPHY AND IMMUNOHISTOCHEMISTRY OF NON-NMDA RECEPTORS IN RAT VESTIBULAR NUCLEAR
COMPLEX. H.Li*, D.Godfrey, and A.M.Rubin. Dept. of Otolaryngology-Head

and Neck Surgery, Med. Col. of Ohio, Toledo. OH 43699-0008.
Roles of non-NMDA receptors in vestibular nuclear complex (VNC) have
been suggested, especially for transmission between primary vestibular
nerve fibers and VNC neurons. The distribution of non-NMDA receptors in
the VNC was evaluated by receptor binding autoradiography using [3H]
CNQX, a competitive antagonist of non-NMDA receptors with a preference
for AMPA receptors. The binding density, compared to that measured in
the molecular layer of the cerebellar nodulus in the same animals
(1.29±0.21 pmol/mg protein, Mean±SEM, n = 5), was 12.9±1.5% in
dorsal (MVNd) and 8.0±1.2% in ventral (MVNv) medial, 4.7 ±1.5% in
superior (SuVN), 2.5±0.5% in dorsal (LVNd) and 2.9±0.6% in ventral
(LVNv) lateral, 3.7±0.4% in spinal (SpVN) vestibular nucleus, and
15.7 ±5.0% in nepositus hypyplossal n udeus (PrH).Subtypes o f of MPA
receptor were labeled immunohistochemical^ using antibodies to the
synthesized peptides corresponding to the C-terminal portions of AMPA
receptor subunits (Courtesy of Dr. R.J. Wenthold, NIH/NIDCD). Labeling for
GluR 2/3 was prominent in the VNC, with positive neurons distributed
throughout all regions anJ positive neuropil in MVN and SuVN as well as
in group Y and PrH. Compared to GluR 2/3, the ^mu^^ach^s to the
other 2 subtypes of AMPA receptor, GluR 1 and GluR 4, were similarly
distributed but much weaker. The results suggest that non-NMDA
receptors are more concentrated in MVN than in other VNC regions, GluR
2/3 may be the major subtype of AMPA receptor in the VNC, and PrH has
AMPA receptor distributions comparable to MVNd.

240.7

240.8

CONTRIBUTION OF NMDA RECEPTORS TO AFFERENT
SYNAPTIC TRANSMISSION IN THE MEDIAL VESTIBULAR
NUCLEUS OF YOUNG RATS. Y. Takahashi*. T. Tsumoto and T.
Kubo. Dept, of Neurophysiol., Biomed. Res. Ctr. and Dept. of
Otolaryngol., Osaka Univ. Med. Sch., Suita, 565, Japan
In the medial vestibular nucleus (MVN) of .adult rats, non - N methyl-D-aspartate (NMDA) type of ionotropic glutamate receptors
were reported to operate at synapses between ipsilateral vestibular
afferents and MVN neurons. In slice preparations of the brainstem
obtained from young rats (postnatal day 4 - 6), we addressed a
question of whether NMDA receptors participate in afferent synaptic
transmission in the MVN, using perforated patch clamp methods
with nystatin or conventional whole-cell clamp methods with patch
electrodes containing a Na+ channel blocker (QX-314).
Excitatory postsynaptic currents (EPSCs) were evoked by
electrical stimulation of afferents at the root of the VUIth cranial
nerve. An application of a non-NMDA receptor antagonist, CNQX
(10 pM) reduced the peak amplitude of fast component of EPSCs to
29.5 ± 6.0 ( S.D.) % of the conttol v^ue at the holding potential of
-63 mV (n=5). The slow component of EPSCs was resistant to
CNQX and showed the anomalous voltage-dependency,
characteristic of NMDA receptors. This component was almost
completely blocked by an additional application of an NMDA
receptor antagonist, APV (100 pM). These results indicate that
EPSCs evoked by vestibular afferent stimulation consist of two
components, fast non-NMDA receptor-mediated components and
slow NMDA receptor-mediated components.

L-BACLOFEN-SENSITIVE GABAB BINDING SITES ARE PRESENT ON
PRIMARY VESTIBULAR AFFERENTS IN THE MEDIAL VESTIBULAR
NUCLEUS (MVN). GR. Holstein*. PJ. Gannon. GJ>. MartmeUi and B. Cohen.
Departments of Neurology, Cell Biology/Anatomy, Otolaryngology, Surgery and
Physiok^o/Biophysics. Mount Sinai Sch. of Med., CUNY, N.Y., NY. 10029.
Previously, L-baclofen-sensitive GABAb binding sites wax visualized on axon

240.9

L-BACLOFEN-SENSITIVE GABAb BINDING SITES ARE PRESENT ON
SOME COMMISSURAL AXON TERMINALS IN THE MEDIAL
VESTIBULAR NUCLEUS (MVN). GJP. Martinelli*. GJL Holstein and B.
Cohen. Departments of Surgery, Neurology, Cell Biology/Anatomy, and
Physiokogy/Biophysics. Mount Sinai Sch. of Med., CUNY, N.Y., NY. 10029.
The vestibular nuclei are interconnected bilaterally by commissural fibers,
which are important for the normal functioning of velocity storage. The purpose of
this study was to determine whether commissural axons which may be related to
velocity storage, show evidence of baclofen-sensitive binding sites.
Medullary commissural fibers were sectioned caudal to the abducens nucleus in
cynomolgus and rhesus monkeys. This caused a decrease in the time constant of
horizontal and vertical per- and post-rotatory nystagmus. The animals* ability to
store activity related to slow phase eye velocity (velocity storage) was lost for
nystagmus about any axis, while VOR gain was unaffected by the midline lesion.
Six days after surgery, animals were sacrificed by perfusion with mixed
aldehydes 90 min after i.m. injection with L-badofen-HCl (5 mg/kg). Vibratome
sections through MVN were exposed to a monoclonal anti-L-baclofen antibody
raised in our laboratory, then processed using the unlabeled antibody PAP
procedure, or a biotin/streptavidin-HRP kit (Vectastain Elite). Ultrastructural
analysis revealed L-baclofen-sensitive landing sites present on myelinated axons in
MVN. Many of these axons appeared to be in the process of degeneration. Such
landing sites were also visible on pre-terminal axons and on boutons forming
contacts with, or in apposition to hyperhlamentous dendritic processes. In addition,
immunostained dendrites were present, receiving contacts from non-degenerating as
well as degenerating terminals, or were themselves in the process of degeneration.
Thus, some vestibular commissural axons contain L-baclofen-sensitive binding
sites, some dendrites of commissural neurons have GABAb sites, and some
dendrites with GABAb binding sites receive commissural afferents, indicating that
some commissural inhibition is mediated by GABAs receptors. Aided by NIH
Giants DC 01705 and NS-00294. L-baclofen kindly provided by Ciba-Geigy, Ltd.
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terminals in MVN. Some of those terminals participated in axoaxonic synapses.
Since presynaptic GABAB receptors have been reported on primary somatosensory

afferents in the spinal cord, the present study was conducted to determine whether
primary vestibular afferents contain presynaptic L-baclofen-sensitive binding sites.
In two cynomolgus monkeys, a small h^le was made in the promontory above
the oval window in the middle ear. The membranous labyrinth was broken, and
endolymph removed by light suction. A pledget of gelfoam containing 5 pl of
wheatgerm agglutinin conjugated with 10 nm colloidal gold particles was
introduced. The hole in the promontory was closed with a plug of bone wax that
was gently melted to seal the site.
Five days after surgery, animals were sacrificed by perfusion 90 min after
injection with L-baclofen-HCl (5 mg/kg). Vibratome sections through MVN were
divided into rostral, intermediate, and caudal specimens, and exposed to monoclonal
anti-GABA or anti-L-baclofen anybodies raised in our laboratory, or a commercial
polyclonal GABA antiserum (Amel), and then processed using the unlabeled
antibody PAP procedure. Some sections were retained without immunercactien.
Ultrastructural observations revealed small boutons, with loosely-scattered
synaptic vesicles, that contained colloidal gold particles and peroxidase
immunostain. Many nen-immunereactivc boutons were also observed to contain
gold particles scattered throughout the cytoplasm. Thus, some primary vestibular
afferents contain L-baclofen-sensitive GABAB binding sites, providing an anatomic
basis for presynaptic inhibition of afferent input into MVN. Aided by NIH Grants
DC 01705 and NS 00294. L-badofen was kindly provided by Ciba-Geigy, Ltd.
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CINEMATOGRAPHIC ANALYSES OF HINDLIMB STEPPING IN
SPINAL (7 DAY POST-NATAL) RATS. A.A. Zhang.* G. Kirkpatrick. V.H.
Zhong. B.H. Dobkin. and V.R. Edgerton. Dept. of Neurology and
Physiological Science, UCLA, LA, CA 90024
Neuropharmacological modulation of stepping of female rats, after complete
spinalization 7 days post-natally was studied. Two weeks after surgery, the
spinalized pups were trained to step on the treadmill for 10 to 20 min per day for
5 days/wcck at the highest speeds at which they could exhibit the full weight
support of their hindlimbs in each daily session. The speed varied little,
remaining at 0.1 m/sec, occasionally increasing to 0.18 m/sec for the rats with
the better stepping capability. The training period continued for 1 to 5 weeks
after spinaliz.ation. Light cutaneous stimulation of the paws was necessary to
generate consecutive stepping in 3 of the the 7 pups, while the other 4 pups
stepped spontaneously when placed on a moving treadmill. The latter of the
group was capable of achieving smooth alternating steps with all of the steps
executed on the plantar surface of the paws.
Based on kinematic analyses of video recording, strychnine, a glycincrgic
blocker, facilitated body weight support and the coordination of an alternating
gait. After strychnine (0.2 mg/kg b.w.; i.p.) to the pups that required light
stimulation generated more weight-supporting steps with plantar placement.
Strychnine was particularly effective at spreading the toes and in extending the
distal digits of the paws during the El phase of the swing. Cyproheptadine (10
mg/kg b.w.), a serotonergic blocker, inhibited the gait patters of pups by
shortening the step cycle and stride length. Quipazine (5 mg/kg b,w,), a
serotonergic agonist, did not improve stepping, as it has been shown to do in
spinalized cats and adult rats.
These studies suggest that neonatal spinalized rats can regain full weightsupporting capability during stepping. Although the source of the serotonin has
been theoretically in large part eliminated by complete spinal transection,
blocking of serotonin receptors clearly modified the stepping. (Supported by the
American Paralysis Association Grant # ZA1-9301-1).

ANALYSIS OF STEP-DOWNS FOR EVALUATION OF MOTOR
STRATEGY IN SUBJECTS WITH LOWER LIMB PATHOLOGY. P__
McKinley*and M.Horowitz
School of Physical and
Occupational Therapy, McGill University, Montreal,
Quebec Canada H3G 1Y5
Comparisons are made between normal subjects
and two subjects with lower limb pathology during
self-paced step-downs from two heights: 35cm and
the tibial plateau
(TP) .
Hip,
knee and ankle
motion (right leg) were assessed when both leading
and trailing to determine whether a normal activity
of daily living (ADL^) could be used quantitatively
to a) distinguish differences in task performance,
and
b)
measure
changes
due
to
either
an
intervention or idiosyncratic adaptation. As joint
placement
and
range
of
motion
tended
to
be
idiosyncratic among normals, two analyses proved to
be
useful
for
distinguishing
between
normal
variability and specific adaptation to pathology:
timing of step-down epochs and phase portraits of
the three lower limb joints. Adaptations took place
not only at the compromised joint, but at at least
one other joint as well, suggesting that analysis
not be limited to the joint in question. In normal
subjects,
it
was
also
observed
that
postural
components
of
the
step
down
were
controlled
proximally,
while
dynamic
components
were
controlled
distally,
suggesting
differential
control. sponsored by NSERC and MRC

241.3

241.4

DYNAMIC WEIGHT TRANSFER DURING GATT INITIATION IN HEMIPARETIC ADULTS AND EFFECT OF FOOT POSITION. F. Malouin*. C.
Menier. F. Comean. F. Dumas. C.L. Richards and C.Bonneau, Lab, of
Neurobiology and Physiotherapy Dept. Laval Univ. Quebec City, Canada.
During normal gait initiation, preparatory adjustments consisting of a dynamic
weight transfer backward and towards the stepping limb takes place prior to toe off.
The aims of this study were to examine the patterns of the dynamic transition
taking place in the frontal plane during gait initiation in hemiparetic adults, and to
measure the influence of foot position on these patterns. The lateral horizontal
ground reaction forces (HGRF) were recorded by two separate force plates while
three hemiparetic adults initiated walking with either the paretic (PL) or the pop
paretic limb (NPL), with 1) the feet placed parallel in a normal stance, and 2) with
the stepping foot placed backward (10- 15cm). Results were compared (Mann
Whitney-U-test) to data from four healthy subjects, matched for age, gender, weight
and gait velocity. Two major abnormalities in the HGRF patterns of the PL were
found. One consists of a reduced (p<0.01) magnitude of the HGRF under the PL
(9.6N ± 2.1 vs 22.2N ± 6.9) when initiating gait with the PL (stepping foot),
indicating a poor contribution of the paretic side to weight transfer. An even larger
reduction (p<0.01) in the HGRF was found (l.9N ± 0.97 vs 8.4N ± 2.6) under the
PL when gait was initiated with the NPL, indicating an almost non-existent
contribution of the paretic side to weight transfer when the PL was in stance. The
decrease in the HGRF values was correlated with the level of disability. When the
stepping limb (either PL or NPL) was placed backward, however, normal HGRF
values (p>0.05) under the PL were recorded. These results suggest the potential use
of dynamic exercises that combine the preparatory adjustments of the gait initiation
motor program and foot position in relearning strategies to improve weight transfer
after stroke. (Supported by grants from the FRSQ and NHRDP)

HINDLIMB DYNAMICS FOR SLOPE WALKING AT DIFFERENT
GRADES. J. L. Smith*. O. Wang. T. V. Trank, and K. M. Veling.
Dept. Physiological Science, UCLA, Los Angeles, CA 90024-1568.
Ip recent years, our laboratory has compared two forms of treadmill
walking for the cat’s hindlimb, forward and backward walking (e.g.,
Buford and Smith, J. Neurophysiol. 64: 1990). Our studies of these
two walking forms revealed changes in limb dynamics that place specific
demands on neural systems that regulate locomotor behaviors. Now we
report on two forms of overground slope walking at grades from 33% to
115%; here we focus mainly on hindlimb kinematics.
For up-slope walking, progressively steeper grades resulted in shorter
swing and longer stance phases. However, swing was characterized by
an increase in the range and duration of flexion (F) at all joints as the
paw was raised up slope for contact. During stance, yield at the knee
and ankle (E2) was reduced or absent at steeper grades (57%, 115%),
and the range and duration of extension (E3) increased at all joints.
During down-slope walking, swing was characterized by a reduction
in flexion (F) and an increase in the range and duration of extension (El)
at all joints as the paw was lowered down slope for contact. During
stance, the yield (E2) at the ankle and knee increased while the range for
extension during E3 decreased. At the steeper grades (57% and 115%),
the hip joint also had a slight yield, and the knee had no E3 extension but
continued to yield throughout stance.
Slope walking was also associated with changes in the step-cycle
timing, trunk posture, and limb alignment (axis) at paw contact and paw
off, especially for steeper inclines. These changes suggest that adjustments in motor patterns generated at spinal levels are required for
effective slope walking. Research supported by NIH NS 19864.

241.5

241.6

HINDLIMB DYNAMICS AND MOTOR PATTERNS FOR CROUCHING.
Tamara V. .Ti.ank*L_CheunJu Chen, and Judith L. Smith. Dept, of
Physiological Science, UCLA, Los Angeles, CA, 90024-1568.
In recent years, our laboratory has compared two forms of treadmill
walking for the cat's hindlimb, forward and backward walking (e.g.,
Buford and Smith, J. Neurophysiol. 64: 1990; Trank and Smith, Soc.
Neurosci Abstr. 1992, 1993). Our studies of these two walking forms
revealed changes in limb dynamics that place specific demands on neural
systems that regulate locomotor behaviors. Now we report on crouching
at 0.5 m/s, a different walking form.
To adapt to the environmental constraints of a plexiglas ceiling placed
13 cm above the treadmill belt, cats lowered their body throughout the
step cycle by flexing all limb joints but keeping the alignment of the
trunk similar to that of normal forward walking on the treadmill. The
adaptation also resulted in a decrease in cycle period and the percent of
time spent in swing. During crouching at the onset of stance, the ankle
and the knee were more flexed than during normal walking by 41-45°,
and the range of yielding (E2) decreased slightly while the range of
extension (E3) increased. The hip and the MTP joint were also more
flexed at paw contact (26° and 15°, respectively), and for both joints the
range of extension was slightly greater during stance. During swing the FEi reversal occurred later for knee, ankle, and MTP joints, and the range
of flexion at hip, ankle, and MTP joints was greater during crouching.
At all muscles tested, increases in signal amplitude accompanied the
kinematic changes. Only the 2nd ST burst and the swing EDL burst did
not have a concomitant amplitude increase. In addition, EDL and EDBEMG related to the swing-stance transition was present. These differences
in the timing and amplitude of the motor pattern arise from the
modulation, via afferent feedback and supraspinal input, of a generalized
output pattern provided by the spinal locomotor generator.
Research supported by NIH NS 19864.

CAT FORELIMB MUSCLE ACTIVITY DURING PERTURBED
LOCOMOTION. C.I.Palmer* Inst, of Phys. Fribourg Univ. Switzerland.
Activity patterns of distal and proximal EMG were recorded from
chronically implanted electrodes in cats walking on a treadmlll
with random speed fluctuations. EMG recorded from triceps, lateral
(LaT)n3), long (LoTJn4) and medial heads (MTyi2); biceps brachii (B^n4),
brachialis (Br,n2); palmaris longus (Pqn4),extensor digiioirim communis
(EDC/i4), extensor carpi radialis longus (ECRp2) and extensor digitorum lateralis (EDIyi3).Perturbed locomotion examined in 42 subsets
of records. Distal extensor muscles are active at begining and end
of stance, occurrence of stance onset burst is in EDL 99.8% nil,
ECR 99.4% nil, EDC 99.6% nl4. In 1 cat EDL was Olnically active in
stance, other 2 cats sometimes had this with peaks of EMG at begining
and end of sOance.Variations in amplitude of stance onset EMG is
more significantly correlated to proximal extensor EMG than to Bi,
Br (Piiinans test P<0.05). Distal extensor EMG at end ofstance
occurs for EDL 92.4% nil, ECR 77.6X nil and EDC 58.5% nl4. Amplitude
of this activity is highly correlated with initial activation of
Bi,Br preceeding major flexion EMG. Between distal extensors the
end of stance activity is more highly correlated than that at
onset of stance. It was previously reported LoT can have a negative
or positive correlation to step duration (SD) (Palmer Soc.
Abst. 256.1 17:1991), also true for all forelimb muscles. Cross
correlations were performed between EMG maximum amplitude per burst
and SD (nl2). During acceleration there are significant negative
correlations in components of Bi,Br which preceded by up to 4 steps
changes in SD. During crouched gaits the positive correlations to
SD occur at the time of changes in SD or one step before. In some
cases specific oscillatory correlations of LoT to SD have been found.
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INCREASES IN FORCE AND MODULATION OF EMG ACTIVITY FOLLOWING
AN UNEXPECTEDLY LONG FALL M.G.A. Llewellyn R.L. Bell and A.J. Kerr.
Biomechanics Group, Centre for Human Sciences, Defence Research Agency,
Farnborough, United Kingdom GU14 6TD.
The risk of injury on landing from jumps is greater when landing forces are
increased. Increased force may result in part from inappropriate activation of
muscles. We have studied changes in EMG, force, and joint angles in jumps
where the landing surface was revealed to the subjects only a few milliseconds
before impact, in addition, in random jumps, the height of the landing surface

LATE ADAPTATION IN CAT MOTONEURONES DURING FICTIVE
LOCOMOTION. S. Krawitz. R,M. Brownstone*. Dept. of Physiology, University
of Manitoba, Winnipeg, MB, CANADA R3E OW3.

was lowered by 25 cm causing subject's flight duration to increase by 75 ms.
Seven healthy male subjects were tested. Surface EMGs were recorded from
tibialis anterior, gastrocnemius, biceps femoris and rectus femoris muscles of the
dominant lower limb. Kinematics were measured using knee and ankle
goniometers and video analysis. Self-initiated jumps were made from steps
(height 90 cm) onto the surface of a 25 cm high stage fixed above a floormounted force plate (65 cm jump). In random jumps the area of stage directly
above the force plate was removed, increasing jump height to 90 cm. A springloaded roller blind fixed to the stage surface prevented subjects seeing the
landing surface before take-off. The blind was released, revealing the landing
surface, 200 ms after take-off. Filtered (30 Hz LP) and full-wave-rectified EMGs
were averaged (N=15) about trigger signals produced 1) when a light beam
located at the stage surface was broken and 2) at the first force deflection. In all
jumps EMG activity began before landing. During random 90 cm jumps vertical
force increased compared to control 90 cm jumps. This was most marked on the
subject's first exposure to the 90 cm jump. There were no significant changes in
kinematics before landing. EMG activity during experimental jumps was identical,
prior to expected landing, to that of control jumps. There was some evidence that
in the 75 ms period between expected and actual landing the EMG activity was
modulated, and this may be critical in controlling landing force.

Late adaptation in contrast to early adaptation refers to the gradual decrease in
firing frequency in motoneurones over tens of seconds when subjected to constant
sustained or intermittent stimulation through microelectrodes1,2. A possible relation
between the cell’s adaptive firing behaviour and muscle fatigue raises questions
about the role of adaptation in motor control. The underlying mechanism of late
adaptation is not well understood; it has been attributed to one of several
conductances such as that of the afterhyperpolarisation (AHP)2. The AHP has
been shown to be reduced during fictive locomotion3 but late adaptation has not yet
been studied. This study examines late adaptation in cat motoneurones recorded
intracellularly during fictive locomotion induced by stimulation of the mesencephalic
locomotor region (MLR).
There was evidence of late adaptation in 7/10 motoneurones examined in spite
of reduced AHPs during fictive locomotion. In one cell, continuous firing followed
MLR stimulation for about one minute prior to the development of locomotor
activity. During this initial period there was a gradual decrease in firing frequency
which then dramatically increased once locomotor activity began.
This demonstrates that late adaptation is seen in motoneurones firing repetitively

during "natural" stimulation - that provided by the central locomotor network. The
nervous system however may be capable of overcoming this during locomotion.
1. Kernell and Monster (1982) Exp. Brain Res. 46:191.
2. Spielmann et al. (1993) J. Physiol.(London) 464:75.
3. Brownstone et al. (1992) Exp Brain Res. 90:441.
Supported by a Medical Research Council of Canada grant to L.M. Jordan.

241.9

241.10

PROJECTIONS ONTO TIBIALIS ANTERIOR (TA) AND SOLEUS
(SOL) MOTONEURONS IN CEREBRAL PALSY. B. Brouwer* and E.
Smits. Sch. of Rehabilitation Therapy and Dept, of Physiology. Queen’s
University, Kingston, ON. K7L 2N6.
Individuals with spastic cerebral palsy (CP) often present as "toewalkers". The extent to which spastic plantarflexors receive altered
segmental and/or cortical input is not clear. We examined the changes in
firing probability of single voluntarily active TA and SOL motor units
following stimulation in 7 control and 7 CP subjects. The profile of a
peristimulus time histogram relates to the characteristics of the underlying
postsynaptic potential (PSP). In response to subthreshold electrical
stimulation of the tibial nerve, TA motoneurons were more strongly
inhibited in CP subjects than controls (p< 0.005) reflecting excessive
reciprocal inhibition. Following subthreshold transcranial magnetic
stimulation both groups demonstrated strong short latency facilitation of TA
motoneurons and in CP only, similar amplitude PSPs were observed in
SOL. The strength of the SOL facilitation was significantly greater than in
controls (p< 0.002) in whom responses were small or absent.
To determine whether the abnormal facilitation of SOL motoneurons
likely originated from the same cortical neurons (or their afferents) as those
projecting to TA, cross correlograms between single SOL motoneuron
spikes and multiunit TA spikes were constructed. No centralized peaks
suggesting discharge synchrony were observed in control or CP subjects.
It is concluded that the abnormal cortical projections to SOL in CP arise
from a different population than those projecting to TA.
(Study supported by the Easter Seal Research Institute).

INTERACTIVE EFFECTS OF STIMULUS PARAMETERS AND INERTIAL
LOAD ON PROTECTIVE STEPPING RESPONSES. T.C.Hain*. T.A.Hanke.
M.W.Rogers. Depts of Neurology, Physical Therapy Programs, and Institute
for Neuroscience, Northwestern Univ., Chicago, IL, 60611.
To gain a better understanding of the prevalence and mutability of protective
stepping responses due to external disturbances of stance, 8 healthy human
adults underwent support surface translations having a velocity trapezoid
profile, with different combinations of direction (ant-post), displacement
(5,10,15,20 cm), peak velocity (10,20,30 cm/sec), and loading. The loaded
condition consisted of a weight vest incorporating 20% of the body weight
(Marchris, Int.), the unloaded condition was without the vest. Acceleration was
150 cm/s/s. Each subject underwent a set of 96 trials.
Overall, the mean percentage of trials with a step/person was higher for
anterior than for posterior translations (22.0% vs. 11.4%). Step frequency
increased sharply with velocity, with 0% steps for 10 cm/sec, 12.5% steps for
20 cm/sec, and 37.5% steps for 30 cm/sec. A modest increase in steps was
observed with displacement.
Interaction between displacement, velocity and loading was observed. Trials
with displacements of 10 cm or less elicited twice as many steps in the
unloaded condition as the loaded condition. Trials with displacements of 15 or
20 cm showed no difference as a function of load. Loading reduced step
incidence for velocities of 20 cm/sec, but had little effect for trials at 30
cm/sec.
These data confirm and extend previous knowledge about the prevalence of
protective stepping responses. New information indicate that loading may
reduce protective stepping. However, there is a threshold for both displacement
and velocity beyond which loading does not reduce incidence of steps.
Supported by Baltimore Therapeutic Equipment, Inc. and NIA AGOO58l
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STANCE TRAINING PRESERVES INTERMUSCULAR REFLEXES
AND MUSCLE PROPERTIES IN CHRONIC SPINAL CATS. S.J.
Bonasera. C.A. Pratt. C.M.J.I, Price. T.C. Cope*, and T,R, Nichols.
NSI, Good Samaritan Hospital. Portland, OR 97209 and Dept. of
Physiology, Emory Univ., Atlanta. GA 30322
Previous experiments in unexercised, long-term spinal cats showed that
intermuscular reflexes and sustained muscular contractions were essentially
absent, and the solei showed non-yielding responses characteristic of fasttwitch muscles (T.R. Nichols and T.C. Cope, Soc. Neurosci. Abstr.
15:918, 1989). In the present study, similar experiments were performed
in two long-term chronic spinal (TI2) cats that stood continuously,
supporting their own weight for 30-45 min/day, 5 days/week. Stance
training started within 5 days of surgery and continued for 15 mos in Cat
1 and 8 mos in Cat 2. In terminal experiments, the cats were
decerebrated, and muscles were activated by peripheral nerve stimulation
and muscle stretches. In contrast to unexercised chronic spinal cats,
peripheral nerve stimulation produced sustained contractions of hindlimb
muscles in the two exercised chronic spinal cats. Intermuscular reflexes
were also preserved in the exercised spinal cats. Force-related inhibition
among extensors was actually enhanced over that observed in control
decerebrate animals and was accompanied by and additional component
corresponding to the longer latency autogenic inhibition. Autogenic
inhibition evoked by muscle stretch was strong in soleus but weak in
gastrocnemius. The solei ffom both cats were not atrophied (see adjacent
poster by Pratt and English) and chemically-skinned fibers and bundles
ffom 3 of the 4 muscles all showed yielding responses to ramp stretches.
These results are characteristic of newly spinalized animals and suggest
that interneuronal circuits as well as normal muscle properties are
preserved by daily stance training. Supported by NSF (1BN9120818) to
CAP and NJH (NS2O885) to TRN.

EFFECT OF DAILY STANCE TRAINING ON MUSCLE FIBER
COMPOSITION OF TRICEPS SURAE IN CHRONIC SPINAL CATS. £
A. Pratt*and A. W. English. Dept, of Neuroservices, Legacy Good
Samaritan Hospital, Portland, OR 97209 and Dept, of Anatomy and Cell
Biology, Emory Univ., Atlanta, GA 30322.
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Hindlimb extensor muscles atrophy and become faster in unexercised
chronic spinal cats. Locomotion training can ameliorate but not prevent
these effects (Jiang et al. Muscle & Nerve 1990). The present study
examined the efficacy of continuous standing in maintaining normal
muscle mass and fiber composition in two cats with complete spinal cord
transections (T12). Both cats had been trained prior to spinalization to
stand quietly on a force platform. Stance training started within 5 days of
surgery and continued 5 days/wk for 15 mos in Cat 1 and 8 mos in Cat 2.
Both cats were able to fully support their weight for 30-45 min/session
within 5-6 weeks. The medial gastrocnemius (MG) and soleus (SOL)
muscles were excised in terminal experiments, weighed, and frozen
quickly for later analysis. Cryostat sections were reacted with a panel of
monoclonal antibodies to different myosin heavy chain (MHC) isoforms.

Stance training was effective in preventing atrophy in both MG and
SOL. Wet muscle weight/body weight ratios for right (R) and left (L)
sides, expressed as a % of normal were: Cat 1: L-SOL=IO8%, RSOL=ll9%; L- and R-MG=83%; Cat 2: L-SOL=lOl%, R-SOL=86%; LMG=97%, R-MG=96%. In Cat 1, both solei contained 77%-78% type I
(slow) fibers. Most of the remaining SOL fibers contained type Ha (fast)
MHC, but a few contained both I and Ha MHCs. In Cat 2, type I fibers
comprised 92% of the left SOL but only 9% of the right SOL; nearly all
of the remaining fibers contained type Ila MHC. Thus, in 3 of 4 SOL
muscles, stance training largely prevented the conversion of slow-twitch
fibers to fast-twitch in long term chronic spinal cats. Supported by the
Rick Hansen Man In Motion Legacy Fund.
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ADJUSTMENTS OF THE LOCOMOTOR PATTERN IN CATS WITH A
CHRONIC LESION OF THE VENTRAL SPINAL CORD. E. Brnsttan. J.
Provencher. F. Lcbel and S. Rossignol. Cntr. Res. Neurol. Sciences, U.de Montreal
Adult cats with extensive lesions of the spinal ventral quadrants can
remarkably recuperate their locomotor abilities (Soc. Neurosci. Abe. 18: 861,1993).
Additional evaluation of their gait performance contributes to the understanding of
the possible adaptive strategies underlying their recovery. Experiments were carried
out in 4 cats which were chronically implanted for recordings of electromyographic
activity (EMG) from fore- and hindlimbs. The EMGs, synchronized to video
images, were recorded during locomotion on the treadmill at different speeds, tilts
and rolls and were compared before and after the ventral spinal lesions which were

EFFECTS OF INTRATHECAL INJECTION OF NMDA RECEPTOR AGONIST
AND ANTAGONIST ON LOCOMOTION OF ADULT CHRONIC SPINAL
CATS. C. Chau*. J. Provencher. F. Lebel. L. Jordan1. H. Barbeau. and S.
Rossignol. Cntr. Res. Neurol. Sci., Univ. de Montreal, Quebec, Canada, H3C
3J7, 1 Dept. of Physiology, Univ. of Manitoba, Winnipeg, Manitoba, Canada.
The activation of N-methyl-d-aspartate (NMDA) receptors has been shown to
initiate Active locomotion in lampreys, neonatal rats, tadpoles and cats. The present
study examines die role of NMDA receptors in triggering locomotion in early-spinal
cats (< 1 week post lesion) and in modulating the extant locomotor pattern in latespinal cats (> 1 month). Three spinal cats (T13) with an intrathecal (i.t.) cannula
whose tip placed at L3-4 were implanted for EMG recordings and videotaped on a
treadmill. In early-spinal cats. NMDA (bolus of 100/tl of 0.1-10mM) alone or with
5mM DHK (dihydrokainic acid, an uptake blocker) only induced some feeble
rhythmic movements of die hindlimbs, without any weight support or plantar foot
placement. The reflex excitability was increased and a higher dose (10-15mM)
elicited spontaneous fast paw shakes but no locomotion. In contrast, in the mim
cat, a well-coordinated locomotor pattern was triggered within minutes after
injection of lOO/il bolus of 5mM clonidine, an
noradrenergic (NE) agonist. In
fate-spinal cats. NMDA (5mM) increased the amplitude of EMGs of the already

performed through openings drilled laterally in the pedicles of Til while leaving die
dorsal spinal cord intact. During the first week after the spinal lesion, all the cats
could walk voluntarily but had difficulties in supporting the hindquarters and in
maintaining lateral stability. These deficits prevented them from walking regularly
for long periods of time at speeds higher than O.4m/s, and with tilts and rolls.
However, compensatory changes of EMGs in tilts were as before the lesion. The
stepping during die recovery period is characterized by a shortening of the coupling
intervals between the fore- and hindlimbs towards a pace-like gait which provides
more stability. These coupling changes are also reflected in the different types of
foot fall patterns analyzed in the most extensively lesioned cat Before the lesion,
the cat is supporting itself on 3 and 2 legs alternately. After the lesion, an additional
support pattern which includes all 4 legs is observed, while previous patterns of only
2 legs became less frequent. These changes were seen for several weeks and may
contribute to the lateral stability of the cat. In addition, there is a long-lasting
increase (2 to 3 folds) in the burst amplitude of the forelimb extensor Triceps brachii
which may be indicative of another adaptive mechanism involving a shift in die
weight towards the forelimbs. (Support by MRC,NCE)

well-established locomotor pattern. However, a higher dose (5-15mM) elicited
spontaneous jerky hindlimb movements temporarily disrupting locomotion. NMDA
receptor antagonist, 2-amino-5-phosphonovaleric acid (AP5, 15-20mM) abolished
die coordinated locomotion which could be partially restored by NMDA (10-15mM)
some minutes later but not by clonidine. Thus, although activation of NMDA
receptors may be important for maintaining the already present locomotor pattern,
NMDA in early-spinal cats cannot initiate locomotion as do a2 NE agonists. This
might be partially attributable to a more generalized activation of NMDA receptors
implicated in many different spinal pathways which may be incompatible with the
specific generation of locomotion alone. (Supported by NCE, MRC, FCAR).
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AN ELECTROMYOGRAPHIC (EMG), KINEMATIC AND KINETIC
ANALYSIS OF LOCOMOTION DURING VOLUNTARY GAIT
MODIFICATIONS IN CATS. S. Lavoie. B. McFadven and T, Drew*
Department of Kinanthropology, University du Quebec & Montreal
(UQAM), and Department of Physiology, University of Montreal, Canada.
To determine the postural changes that accompany voluntary gait
modifications in cats, we trained two cats to step over an obstacle (cylinder
with 10cm cross-section) that was placed in the centre of a 3.0 metre long
walkway. The cats were chronically implanted to record EMG activity
from selected fore- and hindlimb muscles, and light reflecting spots were
sewn to the skin over standard bony landmarks on the limbs. The obstacle
was placed either just before or just after a force platform that was
embedded in the walkway and ground reaction forces were recorded from
the homolateral fore- and hindlimbs during the gait modifications. Video
recordings were made of all experiments and were synchronized to the
kinematic and EMG recordings by means of a digital time code. The
results showed that significant changes in both vertical (Fv) and horizontal
(Fa/p) forces in the supporting limbs occurred during the modification of
trajectory of both the fore- and the hindlimb. Two major increases in Fv
were observed: these occurred when the fore- and hindlimbs, respectively,
were straddling the obstacle. Increases in the EMG activity of the extensor
muscles of the supporting limbs were also observed at these times. The
increases in extensor EMG activity, and thus in Fv during these two
periods, would help to elevate the body prior to the passage of the
respective, contralateral (trailing) fore- or hindlimb. (Supported by NSERC
and the MRC.)

Effects of sacrocaudal transection on balance in the cat.
C.B. Walker*, L,A. Ritz and C.J. Vierck, Jr. Dept. of Neuroscience, University
of Florida, Gainesville, Ff 32610.
Transection of the cat sacrocaudal spinal cord has provided a useful,
minimally disruptive model of spinal cord injury and of the effects of
therapeutic intervention such as fetal neurotransplantation. The present
investigation explored the effects of sacrocaudal transection on the use of the
tail for balance and for social signalling. Videotape analysis was used to
evaluate tail function during locomotion. Social signalling with the tail was
evaluated ethologically.
In the normal animal, the tail was found to be used extensively for balance
during locomotion and saltation, and as an indicator of behavioral states during
social interaction.
Following transection of the spinal cord at Cal, that allows the animal to
control the base of the tail during defecation and urination, deficits in balance
and social signalling were revealed. Functional deficits in balancing were
measured as: 1) a decreased ability to perform balance-corrective lateral
movements of the tail during locomotion over a narrow (2 in. wide) beam. 2) a
hyperextension of the vertebral column during descending jumps. 3) reduced
ability to land accurately on a narrow platform during ascending jumps. Social
signalling with the tail was abolished.
The ramifications of these observations for the use of our sacrocaudal spinal
cord injury model will be discussed. Supported by grant NS27511 and by the
IDSTF from the State of Florida.

241.17
THE ROLE OF THE KINAESTHETIC SYSTEM IN THE CONTROL OF LOWER
LIMB MOVEMENT DURING LOCOMOTION. S. Rietdvk, A.E. Patla*. P.R.
Cavanaoh & M.B. Becker. Dept. of Kinesiology, U. of Waterloo, Canada, N2L
3G1 & Centre for Locomotion Studies, Penn State Univ., Pennsylvania, 16801.
To clarify the role of the lower limb somatosensory system, ten subjects with
diabetic peripheral neuropathy (NP) and ten age, weight and height-matched
diabetic subjects without NP (NNP) were assessed for their ability to produce
certain limb positions and to negotiate obstacles. Both groups of subjects were
able to visually assess the height of a range of obstacles accurately. However,
when they were required to raise their foot to match the height of the obstacle,
the NP group had less error than the NNP group (3.7 v/s 4.3 cm). The results
from knee matching experiments show similar results: the NNP group matched
better in the end-regions than in the mid-region of knee extension (5.5 v/s 4.8
deg.), while the NP group had essentially constant error, and the errors were
lower in the mid-region than for the NNP group (7.4 v/s 8.4 deg.). These
results suggest that the NP group are relying on efference copy rather than the
deteriorated kinaesthetic feedback to monitor limb position, whereas the NNP
groups are still attending to feedback, which could also be deteriorated due to
changes in the kinaesthetic system which may not be detected by symptomatic
measures. During the obstacle avoidance task, the NP group hit obstacles in
more trials than the NNP group (7.4 v/s 5.9%), with both groups having a
greater hit rate compared to young subjects (<1%). The NNP group landed
harder on the force plate following the obstacle (11.2 v/s 10.5 N/kg). If
subjects were achieving similar limb elevation over obstacles, this result would
suggest loss of control during limb lowering. Kinematic analyses of this task
will help us determine the type of control the subjects are using, and if the
awareness of the deterioration of the kinaesthetic system affects the use of the
feedback information.
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EFFECTS OF VARYING LEVELS OF HYPOGLYCEMIA ON CEREBRAL
BLOOD FLOW. N. Honnaka. C. Kennedy*. J. Jehle. S. Takahashi. and L. Sokoloff.
Laboratory of Cerebral Metabolism, NIMH, Bethesda, MD 20892
The effects of insulin-induced hypoglycemia on cerebral blood flow (CBF) were
examined in conscious unanesthetized rats with the [l4C]iodoantipyrine method.
Hypoglycemic levels were mild to moderate and always above those causing seizures
or coma. The rats were fasted for 16 hr before insertion of femoral arterial and
venous catheters under light halothane anesthesia. After 3 hr for recovery from
anesthesia insulin (0.125-15 units/kg) in 1 ml of normal saline was administered
intravenously; controls received saline alone. CBF was measured 30 min after the
injections when arterial plasma glucose levels had fallen to 2.1-5.6 mM in the
insulin-treated rats compared to 5.9-8.7
mM in control rats. Arterial plasma
lactate level rose and plasma K+
concentration and blood pH fell more or
less proportionately with the severity of
the hypoglycemia. Arterial pCO2 and pO2
and blood pressure were essentially
unchanged. CBF rose slightly but
progressively with declining plasma
glucose levels to about 2.5 mM below
which CBF rose sharply to about twice
control levels at 2.1 mM (Fig.). These
results indicate that average blood flow
in brain increases with hypoglycemia in
at least two phases, the threshold for the
change to a sharper rise being at a
plasma glucose concentration of 2.5 mM.

THREE-DIMENSIONAL IMAGE-AVER AGING OF RATBRAIN DEOXYGLUCOSE AUTORADIOGRAMS BY
DISPARITY ANALYSIS. W, Zhao*. D.\V. Smith, J.Y. Loor.
O.F. Alonso, and M.D. Ginsberg. Cerebral Vascular Disease Research
Center, Univ. of Miami, Sch. of Med., Miami, FL, 33101.
We have previously developed a novel method of image alignment
based upon disparity analysis (Zhao, et al, IEEE Trans Med Imag
12:782,1993) which performs well in the presence of structural asymmetries and lesions. In this study, awake restrained Wistar rats (n=9)
were studied in a quiet, dimly lit room by 14C-2-deoxyglucose autoradiography. Twenty-um coronal cryostat sections were cut at 100pm intervals. The resulting autoradiogrpahic iiimgcs were computeraligned to yield 3-D quantitative pseudocolor images of each brain.
The 9 brains were then co-registered and mapped by disparity analysis into a uniform template to yield 3D images of average local cerebral
glucose utilization (lCMRgl) and of its standard deviation. The appearance of the average brain in cross-section was very similar in overall features to that of the individual brains. The fidelity with which the
average brain represented the individual brains was assessed by correlation analysis of line-scans through representative brain sections. The
correlation coefficient between the average brain and individual brains
was 0.95 ± 0.02 (mean ± SD). Fourier analysis showed that spectra
of line-scans for the average brain and individual brains had similar
distributions but the average brain at high frequencies had only 25%
to 50% of the spectral magnitude of individual ones, denoting defocussing (smoothing). The average 3D brain is useful for identification
of group trends and for facilitation of region-of--nterest analysis.

242.3

242.4

REGIONAL CEREBRAL EFFECTS OF SODIUM AZIDE
TREATMENT ON CYTOCHROME OXIDASE ACTIVITY: A
QUANTITATIVE HISTOCHEMICAL STUDY A. Cada.* F.
Gonzalez-Lima. G.M. Rosie.1 and M.C. Bennett2. Dept of Psych and Inst
for Neurosci, Univ of Texas, Austin, TX 78712 USA, Weterans Affairs
Med Res Center, Denver CO 80220 USA, and 2Lab Neurosci, NIA, NIH,
Bethesda, MD 20892 USA.
The mitochondrial enzyme cytochrome oxidase (C.O.) plays a crucial
role in oxidative metabolism. Systemic administration of sodium azide
inhibits C.O. activity and impairs neural functions related to learning and
memory (Bennett & Rose, Beh Neural Biol., 58, 1992). The objective of
the present study was to determine if regional variation in brain C.O.
activity was observed following systemic administration of sodium azide,
and whether such regional differences were consistent with reported
behavioral dysfunctions. An image analysis system calibrated with
internal standards of known C.O. activity was used to quantify C.O. in
histochemically stained brain areas. Rats which were receiving a chronic
infusion of sodium azide (400 pg/hr) that were sacrificed after two weeks
showed a marked decrease in brain C.O. activity over those infused with
saline. The average decrease activity across l9 sampled structures was
31%, similar to previously assessed activity in forebrain mitochondrial
fractions (Bennett et al., J. Ger. Psychiat. Neurol., 5, 1992). The
hippocampal formation, deep mesencephalic reticular formation, and
ventral tegmental areas showed larger than average inhibition in C.O.
activity, with the reticular formation displaying the largest decrease
(44.5%). Frontal, visual, and auditory cortices exhibited below-average
decreases in C.O. activity. These regional differences in the reduction of
C.O. activity are consistent with the profile of behavioral alterations
observed following sodium azide administration. (Supported by ROl
MH43353 & AG10755).

C-FOS IMMUNOCYTOCHEMICAL LABELING WITHIN THE SUPRAOPTIC
NUCLEUS AFTER LONG TERM ANESTHESIA: A COMPARISON OF FOUR
ANESTHETICS. K.L. Dohse. J.D. Dunn* and M.L. Weiss. Dept. of Anatomy
and Physiology, Kansas State University, Manhattan, KS 66506-5602
The effects of four anesthetics on the expression of the proto-oncogene, C-FOS,
were examined to identify focal points of neuronal activity after long term
anesthesia (2-4 hr). The vasopressinergic and oxytocinergic neurons of the
supraoptic nucleus (SON) are reported for the purposes of this abstract.
We
immunocytochemically identified C-FOS confining neurons within the rat’s SON
after: 1) Equithesin (3.ml/kg ip); 2) Ketamine (100 mg/kg im)/Acepromazine (3-4
mg/kg im); 3) urethane (1.3 g/kg ip), 4) rats induced with Brevital (40 mg/kg, ip)
and maintained with a-chloralose (50 mg/kg, iv). Rats were maintained 2-4 hr at
a surgical plane of anesthesia, then sacrificed and processed for C-FOS
immunocytochemistry. Automated cell counts were made on every third 50 pm
section through the anterior SON using a Bioquant Image Analysis system. We
found an average of 1256 ± 253 (mean ± SE) cells labeled after Equithesin (N=5),
822 ± 87 cells after Ketamine/Acepromazine (N=2), 1794 ±612 cells after urethane
(N=3), and 0 cells labeled after Brevital/Chloralose anesthesia (N=4). Longer

periods of anesthesia increased the number of FOS labeled neurons (4-6 hr
Brevital/Chloralose anesthesia 1788 ± 1162 cells, N=3). On the other hand, rats
which were sacrificed immediately after anesthesia did not show C-FOS labeling
in the SON. Several different mechansims may underlie the C-FOS labeling
patterns in the SON, for example, anesthetic-induced changes in baroreceptor
sensitivity, hypotension or re-distribution of body fluids by anesthesia. In addition
or alternatively, since anesthesia differentially activates different brain regions to
produce unconsciousness and analgesia, the C-FOS labeling pattern may reflect
direct action of anesthetic upon the SON. Sponsored by the American Heart
Association, Kansas Affiliate.

242.5
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HYPERGLYCEMIA MODULATES LOCAL OXY-HEMOGLOBIN RESPONSE TO A MOTOR STIMULUS IN HUMANS DEMONSTRATED BY
NEAR .INFRARED SPECTROSCOPY (NIRS)
A Villrinoer. H Obrio. U Buettner*. U Dirnaol Department of Neurology, Humboldt-University, Berlin, Germany
Near Infrared Spectroscopy allows for the detection of localized changes of
regional cerebral hemoglobin oxygenation (concentration of oxygenated,
deoxygenated and total hemoglobin ([oxy-Hbl, [deoxy-Hb], [total-Hb]=[oxyHb]+fdeoxy-Hb]), (H Obrig, abstract in this volume). Six subjects with low

CONCORDANCE BETWEEN DEOXYGLUCOSE-BASED AND GLUCOSEBASED AUTORADIOGRAPHIC IMAGES OF LOCAL CEREBRAL GLUCOSE
METABOLISM IN LIZARDS ENGAGED IN TERRITORIAL BEHAVIORS.

blood glucose levels (2.9+0.7 pM/l) after nocturnal fasting performed 15 trials
of a sequential finger opposition task contralateral to optode position over left
primary motor cortex. 10 minutes after oral application of 100g glucose subjects started a second block of trials (blood glucose levels 8.0+1.0pM/l).
Results were ayeraged time-locked to
movement onset for each block of trials.
The increase of [oxy-Hb] and [total-Hb] associated with motor performance was attenuated by higher blood glucose levels,
while the decrease of deoxy-Hb remained
stable regardless of blood glucose concentration. The attenuation of the change in
[oxy-Hb] was statistically significant 7 to 9
seconds after movement onset (total duration of stimulation period 10 seconds).
We conclude that NIRS is a useful. approach to study coupling between neuronal activity and -hemodynamic response. Our results indicate that the vascular response to neuronal activity is modulated by blood glucose concentrations. Supported by the Deutsche Forschungs Gemeinschaft Vi 93/7-1
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RF. Ackermann*1. J.L. Lear3, and L.R. Baxter2. *Div. of Nuclear Medicine, 2 Dept, of
Psychiatry, UCLA School of Medicine, Los Angeles CA 90024; 3Div. of Nuclear
Medicine, Health Sciences Center, Denver CO 08262.
We have shown in rats that baseline radiolabeled glucose(GLC)-derived cerebral
metabolic rate estimates and radiolabeled deoxyglucose(DG)-derived estimates normally correspond, but in activated brain structures these estimates are strikingly dissimilar. With activation, DG-based labeling is markedly elevated while GLC-based
labeling remains near normal. Here, we again used our dual-label autoradiographic
method to study the cerebral metabolic response to territorial threat of a lizard (Anolis
carolinensis) with completely crossed optic nerves. One eye of each lizard was patched
beforehand. Then each was injected with DG and GLC while exposed to its own
reflected image; each responded with normal species-typical behavioral displays and
aggression. In notable contrast to our previous rat results, both DG and GLC revealed
marked hypermetabolism in several forebrain regions contralateral to the patched eye.
We previously suggested that the increased DG labeling in activated structures must be
due to the acceleration of Na/K ATPase activity induced by increased extracellular K
ion levels, and that the ATP used by the Na/K pump is derived specifically from glycolysis. We have posited (for mammals) that GLC fails to register this activationincreased glycolytic flux because the rate of pyruvate production surpasses the cells'
oxidative capacity, with the excess pyruvate exiting first the cells and then the region
as labeled lactate. We now hypothesize that, unlike mammalian brain cells, reptilian
cells have a "resting" cerebral glucose utilization rate substantially below their oxidative capacity, such that even large activation-induced increases in glycolytic flux
remain within the ability of the brain cells' oxidative enzymes to process the higher rate
of pyruvate production. Thus in activated reptilian brain, like non-activated mammalian brain, GLC-derived label is retained as oxidation-related metabolites.
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FORMATION OF LACTATE VIA THE GLIAL TCA CYCLE STUDIED BY
13C NMR SPECTROSCOPY. B. Hassel, U. Sonnewald, P. Aas*,
F. Fonnum. Noorweiaai DDeeene RReseach EstablisShrmeit,
N-2007 Kjeller, Norway.
In order an study differences in neuronal and glial
metabolism -we injected (2-13C)aeetaae (Which is metabolized in glia) and (l-13C)ilueose (Which is mainly metabolized in neurons) i.v. into Swiss albino miee. The
brains were removed after 5, 15 or 30 min., and perchloric aeid extracts were analyzed by 13C NMR spectroscopy.
The naturally abundant 13C was subtracted after determination of pool sizes by HPLC and spectrophotometry.
(2-13C)Aeetate gave a 1-1.5 % enrichment in the C-2
and C-3 positions of lactate, comparable to the enrichment of glutamine and aspartate. (l-13C)Glucose labeled
the C-3 of lactate strongly (10-17 % enrichment), whereas the C-2 was weakly labeled (0.2 % enrichment). Labeling of lactate from (2-13C)acetate and labeling of the
C-2 of lactate from (l-13C)glucose show formation of
pyruvate from TCA cycle intermediates. This appears mainly to be a glial phenomenon since (2-13C)acetate was the
better precursor. Formation of pyruvate from glial TCA
cycle intermediates agrees with the localization of cytosolic malic enzyme in astrocytes. This could be a highly
trafficked pathway in vivo considering the high per cent
enrichment of lactate from (2-13C)acetate.

METABOLIC COMPARTMENTS OF RAT ENTORHINAL CORTEX
REVEALED BY ACTIVE GLYCOGEN PHOSPHORYLASE
HISTOCHEMISTRY. C.W. Harley* and K.J. Squarev. Psychology Dept
and Basic Sciences, Memorial University, St.John's, Newfoundland, Canada
A1B 3X9
Hevner and Wong-Riley (JCN 326:451,'92) report cytochrome oxidase
(CO) reactive modules in Layer II of rat and human entorhinal cortex. In
humans, but not rats, the reactive CO modules extend to adjacent Layer I. In
the present study active glycogen phosphorylase (aGP), a glycolytic
metabolic marker, is examined in rat in the same region. An active GP zone
occurs in the middle of Layer I. The aGP lamina has a beaded appearance
which may be characterized as a string of small blocs 50-100 pm in depth
and having similar width. The band appears continuous at its most medial
extent in horizontal sections. The Layer I band is separated from Layer II by
a clear zone of about 100 pm. Neurons in Layer II contain aGP which
predominates in astrocytes in most forebrain regions. Layer II also contains
larger blocs (200-250 pm) of aGP extending into upper Layer III but these
blocs are not in register with Layer I modules. The modular zones in both
Layers I and II are most conspicuous in medial entorhinal cortex. Since
Layer II neurons are not clustered in rat medial entorhinal cortex, the
modules are not dependent on cell organization per se. Layer II neurons
project to the molecular layer of dentate gyrus where reactive patches are
also seen. Daily variation in patch density observed in dentate gyrus is not
evident in entorhinal cortex.

242.9

242.10

IMMUNOCYTOCHEMICAL LOCALIZATION OF THE NEURON-SPECIFIC
GLUCOSE TRANSPORTER (GLUT3) IN THE DEVELOPING RAT BRAIN
M. Moholt-Siebert* and A.L. McCd Department of Cell B iBlogy
and Anatomy, Oregon Health Sciences Unlv., Portland, OR 97201
Expression oC the neuron-saeclflc glucose transaorter, GLUT3,
during deve-oament may relate to neuronal maturation and
functional activity [Lee and Bondy 1992 and Vannuccl 1994],
This suggestion, based on in situ hybridization and Western blot
analysis, has not been examined immunocytochemically. We
reaort here localization of GLUT3 in animals at embryonic day
18 (E18) to aostnatal day 35 (P35), using a high affinity Cterminal directed antiserum [Van Bueren et al. 1993].
GLUT3 staining is seen as early as El 8 and aarallels changes in
functional and metabolic activity during develoament. In the
cerebellum, GLUT3 is expressed in the differentiating Purkinje
cells at P7, while at P2l GLUT3 is seen in the neuropil of the
molecular layer. The caudate putamen expresses more GLUT3
than the globus pallidus starting at P21, correlating with the
functional maturation of the motor system. In the visual
system, the superior colliculus has increased expression of
GLUT3 at P21, paralleling its increased activity at this stage.
Conclusions: GLUT3 protein expression can be detected in
the developing rat brain on an anatomically precise level by
immunocytochemistry. The pattern of expression is correlated
with functional activity and neuronal maturation. This finding
lends support to the hypothesis that GLUT3 may play a role in
the regulation of neuronal glucose utilization.
Supported by NS22213 and NS17493.

SHORT TERM GLUCOSE INFUSIONS DECREASE EXPRESSION OF
GLUCOSE TRANSPORTER IN RAT BRAIN. Y.Uehara. V.Nlpper.
D.Beglev. and A.L.McCall*. Depts. of Cell Biology & Anatomy. Oregon
Health Sciences Univ. and VA Medical Ctr., Portland. OR 97201.
Transport of glucose in brain is mediated primarily by two different
glucose transporter isoforms, GLUT1 and GLUT3. Insulin-deficient
diabetes (hyperglycemia with hyaoldsulldemiaQ has been reported to
influence brain transport and glucose transporters. The aim of this
study was to determine the combined influence of chronic
hyperglycemia and hyperinsulinemia (a condition like adult onset
diabetes) on the expression of GLUT and GLUTS in rat CNS. 3OOg
rats were infused with 50% glucose lv for 48 hrs and compared to
0.45% saline infused controls. Forebrain proteins were separated
by 10% SDS-PAGE, followed by transfer to nitrocellulose membranes
and immunoblotted with isoform-specific antisera against GLUT1
and GLUT (BBRC, 197:1492-98, 1993). Glucose infusions caused
hyperglycemia (2O2±15 vs. l45±3 mg/dL) and hyperinsulinemia
(26.4F1.3 vs. 2. l±O.3 ng/mL) at 48 hrs. Expression of microvascular
GLUT1 (55kDa,) declined by 32% (p<0.005), while non-vascular
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Mechanisms of activity-dependent extracellular add shifts
in white matter of the mammalian brain. B.R.Ransom*1. L

Voipio2. K. Kaila2. and P.Faalasmaa2. DepL of Zoology, Division of Physiology,
University of Helsinki, P.O. Box 17, FIN-00014 Helsinki, Finland; 2Dept. of
Neurology, Yale University School of Medicine, New Haven, CT 06510.
The mechanisms of changes in extracellular pH (p Hq ) that occur with brain
activity are of great current interest. We investigated the nature of the add shift that
accompanies activation of myelinated axons in the rat optic nerve (Carlini and
Ransom, Soc. Neurosci. Abstr. 11: 377,1985.), a typical white matter trad, using a
novel microelectrode that can measure extracellular CO2 (Voipio and Kaila, Pflugers
Arch. 423:193,1993). Optic nerves from 6-8 week old rats were placed in a
submersion chamber and perfused with a physiological solution at 37° C. Suction
electrodes were used to stimulate and record the compound action potential
Microelectrodes for measuring K+, C0 and pH were inserted into the nerve to a
depth of -150 pm. There was a standing proton gradient within the nerve that could
be as large as -0.4 pH units; tins was associated with a gradient of CO2. Inhibition
of extracellular carbonic anhydrase (CAq ) with benzolamide caused a further acid shift
and a decrease of CO2, indicating that the standing proton gradient was partly due to
transport o^ add equivalents into the extracellular space, and not solely due to
production of CO2. Nerve stimulation causes graded extracellular acid transients that
have an initial rapid phase, well correlated with the stimulated increase in [K+]o and
a slower phase that correlated well with a slow increase in COj. Blockade of CAq
slightly enhanced the rapid transient, but reduced the slow transom. Increasing bath
[K+] from 3 to 12.5 mM caused an acid shift that was diminished when Na+ was
reduced to zero. These results indicate that white matter extracellular space is
continuously acidified by transmembrane efflux of CC> and non-CO2 acid
equivalents. Stimulated acid shifts in white matter arise from at least two
mechanisms: the rapid acid transient was directly linked to the increase in [K"%
while the late transient was associated with a rise in COj.
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GLUTl(45kDa) decreased by 33% (p<0.001). Expression of GLUT
protein decreased by 16% (p<0.001). Expression of GLUT1 and
GLUT isoforms were inversely correlated with both hyperglycemia
and hyperinsulinemia (r=-0.74, r=-O.82) at 48 hrs. Conclusion:
Combined hyperglycemia and hyperlnsu-inemla downregulate
expression of both GLUT and GLUT protein levels in brain. The
mechanisms and biologic consequences for these effects are
unknown, but they might influence availability of glucose to the
brain. Supported by NS22213 and NS17493.

575

576
243.1

INTERMODAL SELECTIVE ATTENTION I: SUBCORTICAL EFFECTS. C.E.
Schroeder*. A.D. Mehta and I. Ulbert. Depts. Neurosci., Neurol., Psych. Albert
Einstein Coll. Med., Bronx, NY 10461 and Inst, for Psychol., Hungarian Acad. Sci.,
Budapest.
We studied neural mechanisms of attention in monkeys using an intennodal
paradigm. Monkeys were required to depress a switch and fixate centrally to initiate
the task. Eye position was monitored with an infrared system and stimuli were
presented only if the monkey fixated within a 20° window centered on a 17°
stimulus. During periods of correct fixation, a stream of visual stimuli (colored
flashes) occurred at a random ISI (350-750ms). A stream of auditory stimuli (tones)
was presented at the same ISI in counterphase. In each stream, an infrequent
(oddball) stimulus occurred randomly on 18% of the trials. The monkey was cued
to respond (switch release) to the oddball in one modality for each trial block, and
modality was alternated across blocks. To index PSPs as well as action potentials,
laminar profiles of event-related potentials (ERP) current source density (CSD) and
multiunit activity (MUA) were sampled with linear array multielectrodes during
penetrations through pulvinar and LGN. In pulvinar, visual and auditory selective
attention effects were spatially coextensive. Both increases and decreases in
excitability, beginning 10-25 ms after sensory response onset were seen in each case.
Large excitability changes, unique to target dials, occurred at much longer latencies
(250-300ms); these effects appeared clearly related to those occurring under the same
conditions in temporal lobe (Ulbert et al., NS abs., 1994). In pulvinar and LGN,
a large eye movement signal could be observed and dissociated from attention
effects. In LGN, there was indication of attentional modulation of processing
beginning at 15-25 ms after response onset. As in the occipital cortices, (Mehta et
al., NS abs., 1994), attentional modulation was qualitatively different from the
effects of eye position, but was eye position dependent. These findings are
consistent with: 1) attentional modulation at the earliest postretinal stage of visual
processing and 2) integrate the functions of auditory and visual selective attention
inpulvinar (Supported by MH47939, MH06723 and by a J.S. McDonnell Foundation
Grant).
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INTERMODAL SELECTIVE ATTENTIONII: VISUAL CORTICES. A.D. Mehta*
I Ulbert & C.E. Schroeder. Dept. Neurosci., Albert Einstein Coll. Med, Bronx, NY
10461 and Inst, for Psychophysiol., Hungarian Acad. Sci., Budapest.
We studied neural mechanisms of visual selective attention in monkeys using the
intennodal paradigm described in the preceding abstract. Attention effects were
indexed by laminar profiles of event-related potentials (ERP) current source density
(CSD) and multiunit activity (MUA), sampled with linear array multielectrodes
during penetrations in occipital and temporal lobe visual cortices. Eye position was
monitored with an infrared system and stimuli were presented only if the monkey
fixated within a 20° window centered on a 17° stimulus. In the occipital areas,
attention effects usually began at the time of the initial, sensory activation of an area.
These effects manifested in CSD and MUA profiles as increased excitability, at both
short (<5Oms) and long (50-300ms) latencies. Eye position analysis indicated that
response amplitude differed as a function of location within the fixation window, but
eye position effects were smaller than attention effects and were qualitatively
different. However, eye position did affect the amount of attentional modulation.
In the temporal lobe areas, as in the occipital areas, attentional modulation began at
response onset. However, simple response latencies differed significantly between
the upper and lower banks of the superior temporal sulcus (STS); thus attentional
modulation latencies in upper bank STS were not different from those in occipital
areas, while those in lower bank STS were significantly later. In upper bank STS,
visual and auditory attention effects were co-represented. In conclusion: 1) attention
modulates processing of visual stimuli in visual areas of the occipital and temporal
lobes; 2) effects occur at the time of initial activation of an area, suggesting earlier
(perhaps subcortical) gating; 3) although effects of attention are seen at all eye
positions within the central window, the magnitude and type of effect depends on
the eye position. (MH47939, MH06723 and a J.S. McDonnell Foundation Grant)
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ANTAGONISM OF SCOPOLAMINE-INDUCED BEHAVIORAL CHANGES IN
SOCIALLY-HOUSED STUMPTAIL MONKEYS BY HALOPERIDOL BUT NOT
PHYSOSTIGMINE OR VELNACRINE. C.K. Fleming*. J.E. Young. M. SicinskL
D.C. Jolly, and R.F. Schlemmer. Dept. of Pharmaceutics and Pharmacodynamics,
University of Illinois at Chicago, Chicago, IL 60612 USA.

INTEGRATION OF HUMAN AND MONKEY ELECTROPHYSIOLOGY IN
THE STUDY OF SENSORY PROCESSING AND ATTENTION JJ. Foxe, AD.
Mehta, I. Ulbert1, GV. Simpson, HG. Vaughan Jr,, W. Ritter, MM. Schroeder* and
CE. Schroeder. Neurosci. & Neurol. Albert Einstein Coll. Med, Bronx, NY 10461

& ‘Psychophysiol. Inst., Hungarian Acad. Sc., Budapest.

The antimuscarinic, scopolamine (SCOP), induces memory disruption in both
humans and animals. SCOP-induced behavioral changes are commonly used as a
model of dementia. SCOP, when administered to socially-housed stumptail monkeys,
induces behavioral changes which are suggestive of disruptive behavior of dementia.
This study was designed to examine the effectiveness of several drugs in antagonizing
SCOP-induced behavioral changes. Experiments were conducted in two stumptail
macaque (Macaca arctoides) social colonies which consisted of 3-4 females and a male
each. Following baseline observations, the anticholinesterases, physostigmine
(PHYSO) and velnacrine (VEL) and the dopamine antagonist, haloperidol (HAL), a
drug sometimes used to treat disruptive behavior in dementia, were administered alone
and with SCOP. PHYSO (.01-. 10 mg/kg, i.m.), VEL (3-4.0 mg/kg, i,m.), and SCOP
(.015 mg/kg, i.m.) were given 15 minutes prior to a one hour behavioral observation
session. HAL (.5 mg/kg, n.g.) was administered two hours before the observation.
During each session, a blind observer scored die behavior of each monkey using a
checklist of more than 40 social and solitary behaviors. SCOP induced significant
increases in locomotion, checking (visual scanning), distancing from cagemates, a form
of social withdrawal, and submissive gestures without an increase in aggression.
These behavioral changes may represent behaviors which are suggestive of agitation
and social deficit PHYSO and VEL did not reverse these SCOP-induced disruptive
behaviors. However, these behavioral changes were significantly antagonized by
HAL. Although more drugs must be tested, this paradigm may serve as a potential
model for screening drugs which are useful in the treatment of agitation and social
disruption associated with dementia.

Surface event related potentials (ERPs) were recorded epidurally from monkeys
and from the human scalp using extensive electrode montages of 25 and 64 channels
respectively. Current source density (CSD) and Brain Electric Source Analysis
(BESA) were used to estimate the neural activity underlying these ERPs and were
related to the results of intracranial recordings in monkeys. A passive sensory
processing experiment and an intennodal selective attention experiment were
conducted to investigate the extent to which similar neural patterns of activation
subserve these functions in both species.
Visual sensory processing was measured by stimulating both monkeys and humans
with diffuse white and illuminance-matched red strobe flashes. Analogous surface
waveforms were recorded from both humans and monkeys. The earliest response is
a negativity (monkey N55; human N70) followed by a positivity. Both species show
a differential response to white light versus the intensity-matched red light. The
difference begins after the primary activation, onsetting at the peak of this initial
negativity and extending into the following positivity.
Intennodal selective attention was studied by having subjects alternate attention
across runs, between simultaneously presented visual and auditory streams of stimuli.
Subjects were required to depress a switch and fixate within a window to begin
stimulation, and were required to release the switch upon occunence of an oddball
(randomly occurring on 18% of trials) within the attended modality. Comparison of
ERP responses to attended versus unattended visual frequents revealed an attention
modulated enhancement of the PI in both species. Occipital sources of the ERP
were examined with CSD and BESA analyses and correlated with intracortical data.
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FEATURE INTEGRATION AND ATTENTION IN VIBRISSAL TOUCH
DISCRIMINATION OF THE RAT. M. Brecht and B. Preilowski. (Spon:

DISCRIMINATION
OF
FREQUENCY-MODULATED
SOUNDS
BY
MONGOLIAN GERBILS. W. Wetzel*. T. Wagner. F. Ohl. U. Setzer. H. Scheich.
Federal Institute for Neurobiology (IfN), 39118 Magdeburg, Germany.
There are only few data on processing of complex auditory stimuli in rodents.
Since the Mongolian gerbil (Meriones unguiculatus) has been recognized as a useful
subject for auditory physiological research, we investigated the discrimination of
short frequency-modulated tone bursts (FM sweeps) by gerbils. For discrimination
learning, a footshock-motivated shuttle box avoidance go/no go procedure was used.
The CS+ were sounds of ascending frequency, the CS- were sounds of descending
frequency. The frequency range of a CS was one octave, the duration was 0.25 s
yielding a modulation rate (FM speed) resembling that of the gerbils’ speciesspecific vocalizations. We used CS frequencies between 0.25-25 kHz, specifically,
seven different pairs of CS. The CS was repeated every second and was either
followed after 4 s by a 0.6 mA footshock (CS+) or was not followed by footshock
(CS-). The daily training session consisted of 60 trials, the intertrial interval was 15
s. In a first set of experiments, we found that gerbils could discriminate between
CS+ (2-4 kHz) and CS- (4-2 kHz) after a training period of 10-15 days (>60% CR+;
<20% CR-). In further experimental series, we used six other frequency ranges (613; 1-2, 13-25; 0.5-1; 3-6; 0.25-0.5 kHz) and found that the last pair of CS (0.25-0.5
kHz) was discriminated after a training period of 3-4 days. In additional
investigations, five pairs of CS (i.e. 10 different stimuli) were given in a randomized
order during one training session. Under these modified conditions, the animals
could also discriminate all pairs of CS correctly. The discrimination performance
was better in the lower (0.25-1 kHz) than in the higher (1-13 kHz) frequency range.
Thus, our results show that Mongolian gerbils are able to discriminate FM by
direction and, after using a number of different frequency ranges, transfer the
ascending-descending frequency concept even outside their adult vocalization range
to stimuli not heard before. These data suggest that it may be possible to use gerbils
for the study of categorical perception of sounds.

EBBS) Tubingen Univ., Weissenau Field Station, Ravensburg,
Germany, and Keck Center, UCSF, San Francisco, CA. 94143.
As part of . a series of studies on the cortical and behavioral dynamics of the vibrissal system, we investigated object perception in
albino rats. In two experiments search times were measured for
object displays containing one or no target object among varying
numbers and kinds of distractors. Targets and distractors were specially made cookies of various shapes and sizes with sweet or bitter
taste. For example, the animals had to discriminate between a sweet
small triangle, bitter small squares and bitter large triangles. In
another experiment the triangular cookies were replaced by round
ones. Separate control experiments had indicated that the discrimi-

nations were performed by active touch with the whiskers, rather
than by olfaction or vision.
For object displays with mixed distractors (size as well as shape)
search time increased as a linear function of display size; the slope
was steeper for searches with no target than with a target present.
The increase in search time was less marked with distractors of a
single type (only shape or only size) and often leveled off with larger
displays. The data agree with those described for human vision by
Treisman and colleagues and indicate the general nature of the
Feature-Integration Theory of attention. The implications of this
finding for the study of the rodent vibrissal system as a model system
for brain functions is discussed. (Supported by Tubingen Univ., the
James S. McDonnell Foundation and The Pew Charitable Trusts)
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OVERT ORIENTING IN THE RAT: VALIDATION OF METHODS AND THE
EFFECTS OF CHOLINERGIC DRUGS ON SELECTIVE ATTENTION. P,J.
Bushnell*1 and W.M. Oshiro2. 1 Neurotoxicology Division, US EPA and
*ManTech Environmental Technology, Inc., Research Triangle Park, NC

SEQUENTIAL FACILITATION IN HIERARCHICALLY ORGANIZED
FIGURES. N. Kim1. R.B. Ivrv1*. and L.C. Robertson2. ‘Dept. Psychology,
UC Berkeley, CA 94720 and 2Center for Neuroscience, Uc Davis, CA
95616.
Ward (1982) and Robertson (in preparation) reported experiments in
which subjects identified a target letter appearing in the presence of a
distractor letter. Targets and distractors were hierarchically organized
such that each target could appear as a global or a local letter.
Facilitation effects between successive trials across which targets
appeared at the same level were reported. In these studies, however,
level information and spatial frquency information for successive
targets were confounded: Global targets contained lower spatial
frequencies than local targets. To determine which factor might
mediate the effect, the present studies introduced an additional
manipulation of stimulus size. Each hierarchical target/distractor pair
appeared at one of the two different sizes. Local elements of the larger
combination had the same dimensions as the global element of the
smaller combination. Experiments 1 and 2 demonstrated that the
relevant feature in producing the priming effect is target level rather
than spatial frequency. Ejqperiments 3 and 4 addressed the possibility
that this pattern of results occurred because spatial frequency
information is more sensitive to changes in the overall size of the
stimuli than is level. In Ecperiment 3, filler shapes were incorporated
into the figures: Regardless of target size or level, subjects attended
exactly the same area on the screen on each trial. This change reversed
the advantage of level over spatial frequency repeptition. In Ejqperiment
4, a simple frame surrounding each stimulus was used rather than a
filler shape to rule out possible distractor confounds. The differential
roles of target level and target probability effects are discussed.

27711.
Previous work in humans and monkeys has shown that detection of visual
targets is affected by visual cues presented prior to target stimuli. Detection is
facilitated by (valid) cues spatially contiguous with the target and degraded by
(invalid) cues in the contralateral visual field. Because these effects of the
cues can occur in the absence of motor movements, this phenomenon has
been termed "covert orienting." The method provides a powerful tool for the
study of the CNS processes involved in selective attention as well as
attentional dysfunctions related to CNS injury and degenerative disease. The
present studies were designed to develop an "overt orienting" model of
selective attention for rats. Rats were trained to press one of two levers
adjacent to a briefly-illuminated target light for food reward. Both visual and
auditory valid cues presented shortly before the target increased accuracy
and decreased response time (RT) to the target, while invalid cues decreased
accuracy and increased RT. The effects of the cues were independent of
target duration and the probability of a valid cue, indicating that the cues did
more than add to the salience of the targets and that cue-target associations
were not important for the effects of the cues on target detection.
Scopolamine (0.01 - 0.6 mg/kg, ip) decreased accuracy and increased RT
independently of the cues. Nicotine (0.10 - 0.75 mg/kg, sc) decreased the
accuracy-reducing effects of invalid cues and shortened RTs. Thus rats can
perform an overt orienting task similar to the covert task used to study
orienting of attention in humans, with similar behavioral and pharmacological

outcomes.
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NEURONAL ACTIVITY IN HUMAN RIGHT FRONTAL LOBE DURING
VTSUOSPATIAL AND NAMING TASKS.
M.V, Smith(2). G.A,
Oiemann ( 1) .____________ Lettich(l) .____ an_____ HJL_____ LK>nes(2 )* •
Departments of Neurological Surgery at
(1) Univ. of
Washington, Seattle, WA 98195; and (2) State Univ. of New
York Health Science Center, Syracuse, NY 13210.
Awake neurosurgical procedures provide an excellent
opportunity to study human higher cortical function.
Activity from right frontal lobe neurons was recorded
with tungsten microelectrodes in 7 right-handed patients
undergoing awake operations for medically intractable
epilepsy.
During the recording sessions each patient
performed
ideeitical
tasks
of
facial
egression
identification and matching, line orientation memory and
matching, complex figure matching, and object naming.
Twenty-four neuronal populations (NPs) were isolated,
usually with a single unit predominating.
Statistically
significant responses were found among 10 NPs (42%) using
oonparametrse statistics.
Five NPs responded to 3
different tasks; often with some similarity between the
tasks
or
with
excitatory/inhibitory
responses
to
different tasks.
Responses were most commonly seen
during input to memory of an angled line
(5 NPs) ,
followed by identification of facial expression (4 NPs),
matching of facial expression (3 NPs) and matching of
complex patterns (3 NPs).
Responses to memory storage,
line matching and object naming were seen in 2 NPs each.
Right
frontal
lobe
neurons
demonstrate
fewer
responses,
especially to
faces,
compared
to
right
temporal lobe neurons (Ojemann, JG et al Brain 115:1,
1992).
Supported by NIH Grant NS 21724
(G.A.O.).

CORRECTING FOR LIMITED SAMPLING IN ESTIMATES.OF
THE INFORMATION CARRIED BY NEURONAL RESPONSES.
A. Treves*! S. Panzeri1 and E.T. Rolls2. *SISSA, Biophysics, via
Beirut 2. 34013 Trieste. Italy and 2Dept. of Experimental Psychology,
Univ. of Oxford, Oxford 0X1 3UD, UK.
Attempts to quantify the information carried by neuronal activity recorded in vivo, in behaving mammals, have not yet satisfactorily
solved the limited sampling problem (cf. Tovee et al, 1993, J. Neumphys. 70, 640). The limited size of the data sample, due to practical
reasons, distorts raw information measures, resulting in systematic
Ovecectimation. Different correction terms (Optican et al, 1991, Biol.
Cybern. 65, 305) or regularization methods (Hertz et al, 1992, Intern.
■. New'. Syst 3. 91) have been proposed on a purely heuristic basis.
Here, we use analytical methods to compute directly the average overestimating error. as an asymptotic expansion in inverse powers of the
sample size. The result, is valid only when assuming a certain independence condition on the underlying probability distributions. We have
used computer simulations to verify that the first term in the expansion, of a particularly simple form, yields most of the error and can
thus be subtracted to correct raw estimates, whereas successive terms
fluctuate wildly in magnitude and are of limited use. Usual data manipulation procedures violate the independence condition. However,
our result also sheds light, and clarifies the effect of current correction
methods, on the algorithms applicable in such situations.
(Supported by the IIFSP, the HCMP of the EEC, the MRC of the
UK. and CNR. INFM and INFN of ITALY.)
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THE PERCEIVING BRAIN: AN ANALOGUE COMPUTER MODEL.
Y. Shapiro*.
Eastern Oregon State College, La Grande,
OR 97850.
According to the standard model of perception, the
mammalian brain is the digital computer whose "wetware"
computes two-dimensional retinal images into their tridimensional "representations". According to new
biological models (Calvin, 1990; Edelman, 1989, 1992),
the visual information processing stage of perception
is superfluous. The brain directly perceives the tridimensional world around it because during its
ontogenesis neuronal populations are selected by the
environment to respond to the lines of different
orientation, movement, and different light waves and
thereafter continue to do so habitually. While both
standard and new models of visual perception assume that
each mode of perception operates via its own sensory
channel, an alternative model presented herein views the
phylo- and ^^genetically prelinguistic mammalian brain
as the analogue computer whose neuronal analogues are
selected via and activate all sensory channels.
It is
via the multi-channel activation of neuronal
analogues in real time that the active brain re-cognizes
the objects and scenes specific to its environment.
What needs to be explained is how the active brain can
shift to perceiving in a single sensory mode and then to
perceiving a single aspect/feature.

PARALLEL AND MODULAR MEMORIES ARE COMPUTATIONALLY EFFICIENT FOR COGNITIVE TASKS. C.S. Poon* and J.V.
Shah.
Harvard-MIT Division of Health Sciences and Technology,
Massachusetts Institute of Technology, Cambridge, MA 02139.
Recent studies have shown that parallel and modular subsystems in the
brain are involved in the learning and memory of different attributes of a
given sensory input. Examples are the learning of object and spatial
contents (Science 260:1955, 1993), object recognition (Nature 359:60,
1992), and item and category classification (Science 262:1747, 1993). We
show here that parallel learning by modular neural subsystems is
computationally much more efficient than lumped memory. In a multilayer
perceptron multiple classifications in the output neurons are coordinated by
a common pool of hidden neurons which integrate a multitude of sensory
information. Learning in the hidden neurons tends to be slow because of:
1) ambiguity in credit assignment for multiple outputs; 2) difficulty in
learning multiple tasks simultaneously due to their combinatorial nature. In
the NETalk example, perfect classification requires a prohibitive number
(>101) of protracted training sessions (>1000 epochs each). The
computational barrier is broken if the hidden neurons are modularized with
respect to each output neuron in the form of parallel subnets. The resulting
tree-like perceptron (TLP) proves to converge much faster and in much
fewer re-training sessions. Furthermore, because of the modularity a
biologically realistic Hebbian learning rule in excitatory and inhibitory
synapses can be used to train the network without the need for extensive
backpropagation. Thus, Hebbian TLP is a biologically plausible and
computationally efficient model of cognition. (NSF grant BCS-9216419)
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FORMATION OF A FEATURE SPACE BY A NEURAL NETWORK
MODEL WITH SUPERVISED LEARNING. T. Takeda*, H. Mizoe,

CAN THE MEMORY MODULATING EFFECTS OF AROUSAL BE PRIMED?
R. A. Jensen1* and K. A. Nielson2. Biopsychology Laboratory, Department of
Psychology, Southern Illinois University, Carbondale, IL, 629011, and IRU in Brain
Aging, Department of Psychobiology, University of California, Irvine, CA, 927172.
Previously we reported that arousal level can influence memory in both rats and
homans, an effect attenuated by beta-receptor antagonists. In those experiments
muscle-tension arousal was induced using a procedure reported by Courts (1939) in
which subjects were asked at the beginning of the experiment to squeeze a hand dynamometer for 30 sec at each subject's maximum effort. Then, during the experiment, arousal was induced by asking subjects to squeeze at 25-50% of maximum
tension. To determine what aspects of the learning process are modulated by arousal,
young adults (n=34) were shown four lists of 20 highly imageable nouns and then
given immediate recall tests of each list, followed by a comprehensive recall test, and
then a recognition test. Muscle-tension arousal was induced once for each of three
lists (at encoding, during the consolidation period, or at retrieval), and not at all for
one list. Arousal order was counterbalanced. There was significant enhancement of
recognition performance when arousal was induced during the consolidation interval
or at retrieval. These findings suggest that arousal can modulate both memory consolidation and retrieval processes. The experiment was then replicated except that
subjects (n=2l) squeezed the hand dynamometer at maximum for only one sec rather
than 30 sec. In this case, muscle-tension arousal had no effect on retention performance. We hypothesize that the arousal produced by the initial 30-sec maximum effort primes, or conditions, the later arousal response. The experiment was then repeated with a working-memory task. Arousal was induced during consolidation and
retrieval of highlighted words in paragraphs read by the subjects (n=4O). Half the
subjects were tested with the 30-sec priming procedure and half with the 1-sec procedure. Only subjects given the 30-sec procedure showed significant enhancement of
recognition performance by arousal. These results suggest that memory modulation
by arousal may be primed, or enhanced, by a relevant preliminary arousal event.

K. Kishi, T. Mateuoka. *Laa. Physiolooical Sci., Jichi Mee. Ssh.,
Sch. Norsing., Minamikawaayi-maayi, Toahigi-ken, 329-04 Japan.

To investigate necessary conditions for the object recognition
by simulations using neural network model is one of ways to
acquire suggestions for understanding the neuronal representation
of objects in the brain. In the present study, we trained a three
layered neural network to form a geometrical feature representation
using back-propagation algorithm.
In a hexagonal lattice unit, we can define 138 figures by making
possible polygons which contain 75 simple features of line and
angle. After training using 73 learning examples on giving teacher
signals as combination of features contained in the input example,
the network successfully acquired representation of 75 features in
its output layer with 75 units. As a post-training test, 65 testing
patterns made by various combinations of above features could
be recognized with the network at a rate of 95.3 % appropriate
response. Applying lesion method on the hidden layer units, we
analysed the internal representation of the network. We could
classify four types of hidden layer units on the basis of effects on
the output layer. These results suggest the ability of selforganization of neural elements to form a feature representation
upon sensory stimulation.
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EFFECTS OF S-R COMPATIBILITY IN A VISUAL CHOICE REACTION
TASK. J.K. Hietanen* and P. RSma. Institute of Biomedicine, Dept. Physiol.,
P.O. Box 9, Sf-00014 University of Helsinki, Finland.
Human subjects were asked to perform spatially selective manual
responses based on the colour of the stimulus light (relevant stimulus
dimension) displayed on a test panel. The stimuli also varied in their spatial
location (irrelevant dimension) in relation to the visual fixation point and the
starting position of the hand. The task consisted of three stimulus conditions:
1) neutral condition, the reaction signal was presented in the same position
as the central fixation point, 2) compatible condition, the reaction signal was
presented laterally on the same side as the required direction of the manual
response, and 3) incompatible condition, the reaction signal was presented
on the opposite side to the direction of the response.
The results showed that the total response times for compatible trials were
shorter than for neutral trials and response times for incompatible trials were
longer than for neutral trials. The reaction times and movement times
showed, however, another pattern of difference between the conditions. The
compatible trials produced faster reaction times than neutral trials, whereas
incompatible trials did not result in lengthened reaction times. The opposite
pattern was true for the movement times: there was no difference in
movement times between the compatible and neutral stimulus conditions, but
the movement times were longer for incompatible trials than for neutral trials.
In order to explain the observed facilitation and interference effects it is
proposed that the presentation of a peripheral reaction signal does not only
re-orient visual attention, but triggers the preparation of motor programmes
for spatially selective movements. This hypothesis is also in line with the
suggested functions of the dorsal visual system in controlling visual attention
orienting and mediating visual information for the motor systems.
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DYE-UPTAKE BY OLFACTORY INTERNEURONS TRIGGERED
BY ODOR-AVERSIVE CONDITIONING IN A TERRESTRIAL
MOLLUSC. T. Kimura, T. Sekiquchi* and H. Suzuki. Tsukuba
Research Center, SANYO Electric Co. Ltd., Tsukuba, Ibaraki,
305 JAPAN
To understand the mechanisms of learning and memory or
information coding in the nervous system, it is necessary to
investigate systematic changes in neural networks during
memory acquisition. In this study, to identify the neurons that
contribute to memory acquisition in whole central nervous
system, a fluorescent dye, Lucifer yellow (LY), was injected into
the body cavity of the terrestrial slug, Umax marginatus, after
odor-taste associative conditioning.
The LY-labelled neurons were observed mainly in the
procerebrum (PC), a olfactory center in the slug brain, only
when the slug received paired presentation of food odor
(conditioned
stimulus)
and
quinidine
sulfate
solution
(unconditioned stimulus). These LY-lavelled neurons usually

formed a belt-shaped cluster on either side of PC and were
arranged along the axis which showed oscillatory activity with
no phase-lag. In addition, conditioning to different odors (carrot
and cucumber) produced different clusters of the labelled
neurons.
Thus, it is indicated that the PC has functional units which
change information processing systematically during memory
acquisition.
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HABITUATION OF THE OLFACTO-CARDIAC RESPONSE IN PROTOPHORMIA
TERRAENOVAE. A.M. Angioy, P. Muroni, A. Bigiani* and.I.Tomassini Barbarossa. Dept. of Exp. Biology, Gen. Physiology,
University of Cagiiari, 09126 Cagiiari, Italy.
We previously showed effectiveness of olfactory stimrl i in
evoking the cardiac response of premature heart-best reversal in the blowWly. Changes in hemolimph circrlati'on and in
air sac ventilaton foUow the response?, which has been suggested to represent a preparatory process for the motor behavior of the insect. Here we describe effects on cardiac
activity of repetitive olfactory stimulation with 1-hexanol
vapors in concentration series. Simultaneous recordings of
heart activity and sensory input showed that the cardiac
response occurs after latencies compprable for duration to
cardiac action potennials. Repeeitive stimulation with
1-hexanol conceenrations, that are not behaavorally rejected, brings to progressive increases of reflex latency. At
the same time, the response weakens until it no longer occurs. Persistent responses are evoked by high stimulus concentrations that are behhaiorally rejected by the insect.
We suggest that the observed habituation can be related to
insect behavwral requiremenns. Sensory input can iteratively evoke the cardiac response or it can be ignored, according to its effectiveness in evoking rejection.
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CLONING AND SEQUENCING OF PKC GENE FRAGMENTS FROM

TYROSINE KINASE INVOLVEMENT IN LEARNING-PRODUCED CHANGES

HERMISSENDA. J. Farley*. R. Dyer and Y. Chooi Odle. Program in

IN HERMISSENDA TYPE B PHOTORECEPTORS. I. Jin* and J. Farley.

Neural Science and Dept. Biology, Indiana University, Bloomington,

Program in Neural Science, Indiana University, Bloomington, IN

IN 47405.

47405.

Persistent activation of PKC has been shown to play important

The possible involvement of tyrosine kinases in the production of

roles in both the induction and maintenance of memory-related

memory-related changes in Type B photoreceptors of Hermissenda

changes in Hermissenda (H.c.) Type B photoreceptor excitability.

(H.c.) was assessed by exposing isolated nervous systems to five

To identify which PKC isozymes are expressed in B cells, as well as

pairings of light and intracellular current-stimulation of a statocyst

the rest of the nervous system, we have amplified PKC-related

caudal hair cell (in vitro conditioning), in the presence or absence

sequences from individual eyes and cDNA libraries constructed from

of a 100 pM bath-applied concentration of the tyrosine kinase

Control preparations (n = 5) exhibited a 6.3 ±

the H.c. nervous system using PCR and degenerate oligonucleotide

inhibitor genistein.

primers directed against conserved amino acid sequences in the C3

0.77 mV (mean ± sem) cumulative depolarization of the resting

and C4 regions of the extended PKC gene family.

membrane potential, comparable to that observed in many previous

Subcloning and

In contrast, preparations (n = 4) exposed to genistein

sequencing have isolated several PCR products with significant

studies.

homology to the calcium-dependent family of isozymes, and two

exhibited significantly reduced levels of depolarization (2.0 ± 2.3).

others with significant homology to the delta species from rat brain

Neither genistein nor solvent had any obvious effect on the resting

and

the

(dPKC53E).

Drosophila

membrane potential or input resistance of Type B cells and hair

The results from experiments attempting to localize the

cells, or the response of these cells to light or current stimulation.

photoreceptor-specific

species

from

corresponding transcripts will be presented.
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These data suggest a possible involvement of tyrosine kinases in
short-term associative modifications of Type B cell excitability.
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UGHT-INDUCED INTRACELLULAR CALCIUM RELEASE IS NECESSARY
BUT INSUFFICIENT FOR ASSOCIATIVE PLASTICITY IN HERMISSENDA.

AND SYNAPTIC ENHANCEMENT IN CONDITIONED HERMISSENDA.

A. C. Talk*. K.M. Schiller. R.F. Rogers. & L.D. Matzel.

Department of Psychology, Rutgers University, New Brunswick, NJ 08903
General theoretical models of associative plasticity often stress the
importance of CS-mediated Ca2+ influx through voltage- or ligand-gated

channels. However, the present studies indicate that in Hermissenda, a major
source of Ca2* during associative pairings is light-mediated intracellular release.

Pairings of a 4 sec light with 3 sec mechanical stimulation of the statocyst in an
in vitro preparation of the Hermissenda nervous system increased the
resistance of the B photoreceptor soma membrane, indicative of a Ca2*

dependent process that results in the phosphorylation of K* channel proteins.
This increase was reduced, but not eliminated, when hyperpolarizing current
was applied to the B cell during the light presentation, thus offsetting lightinduced depolarization, and eliminating voltage-dependent Ca2* influx. No
increase in membrane resistance was observed when current-induced
depolarization of the same size as a llght response was paired with statocyst
stimulation. Ca2* dependent inactivation of the inward llght-induced Na* current
(Wt) was used as a qualitative measure of intracellular Ca2* concentration.

Relative to baseline, a 4 sec light step caused an 80% reduction of WLt. Four
sec current-induced depolarization to 0 mV caused approximately a 40%
reduction of WLt, and presenting the light step while clamping the membrane
voltage at -60 mV resulted in almost the same size reduction of WLt as when
the cell was allowed to freely depolarize. Statocyst stimulation resulted in little
reduction of WLt, indicating that little Ca2* accumulation results from presynaptic
stimulation (the US). In total, these results indicate that the Ca2* signal during

associative conditioning in Hermissenda results from voltage-dependent influx
and llght-induced release from intracellular stores, and that these two sources
act synergistically to contribute to the induction of associative plasticity.

PKC DIFFERENTIALLY CONTRIBUTES TO ENHANCED EXCITABILITY

R.J. Frysztak* & T. Crow. Neurobiology & Anatomy, UTHSC, Houston, TX 77225

Identified type A photoreceptors of Hermissenda express differential effects of conditioning.
Lateral type A photoreceptors exhibit increased excitability to both the conditioned stimulus

(CS; light) and extrinsic current (Frysztak & Crow, 1993). In contrast, medial type A
photoreceptors do not express enhanced excitability, but do show an increase in the amplitude

of spike-elicited IPSPs following conditioning (Frysztak & Crow, 1994). Therefore, both
enhanced excitability and changes in synaptic strength contribute to long-term plasticity
underlying classical conditioning. Protein kinase C (PKC) is involved in the induction of
enhanced excitability of identified type B photoreceptors produced by one-trial conditioning and
the expression of enhanced excitability in B photoreceptors following multi-trial classical

conditioning.
We examined a possible role for persistent kinase activity in the expression of enhanced
excitability and synaptic enhancement following classical conditioning. Spike frequency elicited

by multiple extrinsic current steps in lateral type A photoreceptors of conditioned animals
(N-7) was significantly reduced following intracellular injection of the PKC inhibitor peptide
PKC{19-36) as compared to pseudo random controls (N - 8)(F448-3.47, p < .05). Injection of

the non-inhibitory analog peptide did not affect excitability measured over multiple current steps
(N-4). In contrast, injection of PKC( 19-36) into medial type B photoreceptors of conditioned

animals did not significantly change the amplitude of medial A IPSPs elicited by single spikes
in the medial B photoreceptor (N-5; x—14.3%). Injection of PKC(19-36) into medial B

photoreceptors of pseudo -random controls also did not significantly change the amplitude of
IPSPs recorded from the medial A photoreceptor (N-6; x-13.9%). Thus, enhanced excitability
in the lateral A photoreceptor following conditioning appears to be influenced, in part, by a
constitutively active kinase, while synaptic enhancement in the medial A photoreceptor of

conditioned animals does not appear to be supported by persistent kinase activity.

244.7

244.8

DIET INDUCED CHANGES IN NEURONAL MORPHOLOGY IN
APLYSIA CALIFORNICA. S. Shirazi. J.Estes. S.Lmscott. S.Kurtz.
V.Chandhokeand J.M. Flinn*. George Mason University, Fairfax,
VA 22030
Diet induced changes in neuronal development were examined in
21 hatch matched Aptysia californica from the same egg mass. Two
groups ofjuvenile Aplysia, examined 120 days post-hatch, included
the diet deprived (DEP) group, raised on low protein algae and the
control animals (CONT), raised on a normal diet. The analysis to
date of 16 DEP and 5 CONT shows that as expected, DEP animals
were smaller than the CONT. The DEP animals ranged in weight
from 0.19 to .92 grams; the mean was 0.49 grams. The CONT
animals ranged from 0.68 to 3.09 grams; the mean was 2.32 grams.
The ratio of the mean weights of CONT to DEP was 4.7.

MODULATION OF THE ELECTRICAL ACTIVITY OF MOTORNEURONS
BY NEUROPEPTIDES ENCODED ON THE CDCH-GENE IN THE POND
SNAIL LYMNAEA STAGNALIS. P.M. Hermann. R.PJ. de Lance. R.F.
Jansen*. A.W . Pieneman and A . Ter Maat . Graduate School Neurosciences
Amsterdam, Research Institute Neurosciences, Vrije Universiteit, Faculty of
Biology, De Boelelaan 1087,1081 HV Amsterdam, The Netherlands.
We are investigating how a simple behavior, egg laying, is controlled by the
release of multiple neuropeptides from the caudodorsal cells (CDCs) in the brain
of the snail, Lymnaea stagnalis. During an approximately 60 min. period of
intense electrical activity the CDCs release a number of different neuropeptides.
Some of these neuropeptides (Caudodorsal Cell Hormone (CDCH), Calfluxin)
are released to the blood, others (Alpha-CDCP and Beta3-CDCP) are presumed to
be released to the brain only. We have previously identified motomeurons that
are necessary for shell turning, a key feature of egg laying behavior, to occur.
These motomeurons are located in the pedal ganglia and have axonal projections
in the inferior cervical nerve and a number of other pedal nerves. We are
investigating which of the neuropeptides produced by the CDCs are able to
modulate the electrical activity of these motomeurons by direct, pressure
application of individual peptides onto the cell bodies. In short, the results are
that Alpha-CDCP and Calfluxin have no effects, CDCH inhibits or has no effect
depending on the phase of the egg-laying cycle of the animal. Beta3-CDCP has
both transient and long- lasting excitatory effects.
Since the motomeurons used in this study are not located near any known
projections of the CDCs, we investigated if there are anti CDCH-positive fibers
close to the somata of the motomeurons. To this end, motomeurons were either
backfilled with Nickel-Lysine or frontfilled with Lucifer Yellow. Subsequently,
these preparations were ' stained with a polyclonal CDCH antibody.
Immunoreactive fibers and varicosities were found close to the cell bodies of the
motomeurons. It is not yet clear at this moment what the source of the anti
CDCH positive fibers is.

Histological analysis showed the mean cross sectional area of the
abdominal ganglia differed by a smaller amount: the ratio was 2.14.
However, there was a marked difference in the ratio of the neuropil
to the total ganglion area for the two groups, 33% for the CONTs
but only 22% for the DEP animals. Additional weight matched
animals from the two groups will be compared; however, this data
suggests that the neuropil does not develop as well in animals raised
on a reduced protein diet. DEP animals also had lower levels of
5HT than the CONT animals.
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DEVELOPMENT OF THE FEEDING MOTOR PROGRAM (FMP) IN THE
TERRESTRIAL SLUG, Umax maximus: POTENTIAL MODULATORY
ROLE FOR SMALL CARDIOACTIVE PEPTIDES (SCPS). LG. Welsford*
and C. Jovner. Dept. of Biology, Bradley Univ., Peoria, IL 61625.
The terrestrial slug, Umax maximus, exhibits a highly stereotyped feeding
behavior . The neuronal correlate of feeding is well characterized and has been
termed the feeding motor program (FMP). The FMP in mature Umax has been
shown to be modulated by neuropeptides including the small cardioactive
peptides (SCPs). We have initiated studies into the development of the FMP in
Umax. Umax undergoes direct development during which distinct morphological and physiological changes occur which allow for easy staging of
animals. Hatchling Umax do not express feeding behavior until 146 + 21 h (x
+ SD; n=2O) after hatching. Electrical stimulation of the internal lip nerves in
semi-intact preparations of pre-hatchling slugs (n=lO) resulted in initiation of
FMPs, suggesting that late maturation of the neuronal networks underlying the
FMP was not the underlying cause of the lag in feeding onset. Similarly,
stimulation of either the protractor or retractor motor nerves in 4Oh posthatchling slugs caused measurable force changes in the buccal mass, suggesting
that neuromuscular synapses developed prior to feeding onset. When
hatchling slugs were reared on pads saturated with 10"° M SCPg, they
expressed feeding activity significantly sooner than did controls (56.7 + 18.6 h
post-hatch vs. 143 + 13; n=l5; p< 0.001). Rearing of hatchlings on pads
saturated with anti-SCP antibody resulted in significantly longer feeding
expression onset (268 + 54.9 h post-hatch). These data argue that maturation
of neuropeptide modulatory systems may be involved in the timing of normal
expression of the FMP in developing Umax.
supported by the Whitehall Foundation, the Amoco Foundation and the
OTEFD at Bradley Univ.

VOLTAGE-SENSITIVE DYES CAN BE UTILIZED TO DISTINGUISH
REJECTION-LIKE AND INGESTION-LIKE PATTERNS OF NEURAL ACTIVITY
IN THE BUCCAL GANGLION OF APLYSIA CALIFOORICA. I. Hurwitz. L. B.
Cohen and H. J. Chiel*. Departments of Life Sciences, Bar Ilan University, Ramat
Gan, Israel, Cellular and Molecular Physiology, Yale University, New Haven, CT,
06510, and Biology, Case Western Reserve University, Cleveland, OH 44106.
The buccal ganglion of Aplysia califomica coordinates consummately feeding
responses, which include biting, swallowing, and rejection (Kupfermann Behav Biol
10:89,1974). Experiments on the isolated ganglion have shown that it is capable of
producing multiple complex patterns of activity spontaneously, in response to the
excitation of identified buccal neurons (Susswein and Byrne J.Neurosci 8:2049,1988),
cerebral neurons (Rosen et al J.Neurosci 11:3630,1991), or to the application of
different transmitters and peptides (Sossin et al J.Neurosci. 7:671,1987).
Studies of the neural outputs of the ganglion in vivo and in vitro indicate that
some of these patterns of neural activity correspond to specific ingestive or rejection
behaviors (Morton and Chiel J Comp Physiol A 172:17, 1993; 173:519,1993). Based
on these criteria, and those of Cropper et al (Br Res 522:176,1990), it appears that
electrical shock to the radula or esophageal nerve can induce rejection-like patterns of
activity. Furthermore, studies by Rosen et al. suggest that ingestive-like patterns can
be induced in response to stimulation of CBI-2 (J.Neurosci 11:3630,1991) or
application of carbachol to the cerebral ganglion (pers. commun.).
Is it possible to reliably distinguish ingestion-like and rejection-like patterns
by monitoring the activity of neurons within the buccal ganglion? We extended our
prior studies of the buccal ganglion (Morton et al. Br Res 564:45,1991) by examining
the activity of neurons in response to either nerve shock or carbachol applied to the
cerebral ganglion. Preliminary analyses of the optical records suggest that some cells
are active in both motor patterns, whereas other cells are only active in one pattern or
the other. Furthermore, even cells that are active in both motor patterns show changes
in their frequency or intensity of activity in the two motor patterns. There is also
variability in the activity of the same cells during apparently identical motor patterns.
Supported by NIH grants NS 08437 and PPG HL-25830-11Al.
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AN ESCAPE SWIMMING INTERNEURON AND ITS
INTERACTIONS WITH FEEDING BEHAVIOR IN THE
PREDATORY SEASLUG PLEUROBRANCHAEAJian Jing*. and
Rhanor Gillette. Department of Physiology, University of Illinois,
Urbana, IL 61801.
The role of the A1 neuron of the cerebropleural ganglion (Jing
et al, Soc. Neurosci. Abstr., 1993, 19, 581) has been further
characterized. In the whole animal, rhythmic bursts of Al
occurred during the dorsal flexion phase of the escape swim
(N=8). No swim occurred if rhythmic activity of Al was not
observed (N=25). Hyperpolarization of a single Al stopped an
ongoing swim (N=3). Al could occasionally evoke a Active swim
in isolated nervous system. Thus, Al is part of a central pattern
generator for escape swimming. These observations and the
morphology, axon path are evidence that Al is a homolog of C2 in
Tritonia, and they also support the likely descent of Tritonia from a
pleurobranchomorph lineage. Al responded to noxious stimuli and
tactile stimuli, but showed no reactions to the appetitive feeding
stimulants nor induced feeding activity. Al activity potently
suppressed feeding (N=6) and rejection in the whole animal, and
caused strong inhibition of critical feeding interneurons: the phasic
paracerebral neurons. These data suggest that a major role for Al
outside of its pattern generation function is the suppression of
feeding behavior in response to noxious stimulation.

CATALOGUING AVERSIVE BEHAVIOR AND STIMULI IN
THE PREDATORY SEASLUG Pleurobranchaea. N. Hatcher,
M. Mickiewicz, M. Gillette*, and R. Gillette. Department of
Physiology, University of Illinois, Urbana, 61801.
Pursuant to analysis of neural mechanisms governing the
transitions between appetitive and aversive behaviors, we have
documented the various aspects of aversive behavior and the
stimuli that elicit them in the predatory seaslug Pleurobranchaea.
Animals may show a continuum of aversive behaviors that appear
in reaction to noxious stimulation, to contact with conspecifics, or
to food stimuli in aversively trained or satiated animals. These
include local withdrawal, aversive turns, obstacle negotiation,
substrate locomotion, and escape swimming. While there is
evidence for a potent conspecific aversive substance in the
animal's mucus, hungry animals attempt to feed on conspecifics;
for these animals normally noxious stimuli provoke attack,
including acidic seawater, mechanical stimuli, and mild electric
shock. Pleurobranchaea learns to avoid the stinging aeolid
nudibranch Coryphella upon 1-2 attempts at ingesting it; we have
documented several Pleurobranchaea recovered in the same trawl
with Coryphella that show a strong aversive response to it. We
suggest this is a natural correlate of the associative food-shock
avoidance training paradigm used in the lab.

244.13
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AN ISOLATED GANGLIA PREPARATION FOR EXAMINING PLASTICITY
IN THE FEEDING SYSTEM OF APLYSIA. A.J. Susswein*. S.C. Rosen. & I.
Kupfermann. DepL Life Sci., Bar Ilan Univ., Ramat Gan, Israel; Cntr. Neurobiol.
& Behav., Col. Phys. & Surgeons, Columbia Univ., New York, NY 10032.
Aplysia feeding is modulated by motivation and learning. Because feeding
movements cannot be readily elicited in dissected preparations, it is difficult to
examine neural correlates of plasticity. We describe an isolated ganglia preparation
in which repetitive biting activity is easily elicited, allowing one to examine the
effect on biting of previous treatments that modulate feeding in an intact animal.
Sustained depolarization of CBI-2, a command-like neuron in the cerebral ganglion,
causes repetitive biting that can be monitored by filming movements in a semiintact preparation, or by recording extracellular activity from buccal nerves.
Application of carbachol depolarizes CBI-2, and also induces repetitive biting. We
examined cafbachol-induced feeding bursts in a preparation consisting of the isolated,
interconnected buccal and cerebral ganglia pinned in separate chambers. Carbachol
was applied to the cerebral ganglion while monitoring the activity of the radula
nerve and of buccal nerve 2. In un-desheathed preparations, synchronous bursts of
activity in the two nerves were initiated by 10*3
carbachol (n=45) with a mean
latency of 5.2 (± 3.5 SD) min. The burst period was 19.5 (± 10.9) sec. Threshold
concentrations of carbachol needed to elicit bursts varied from 1 - 5 X 10*4 M.
Desheathing the cerebral ganglion caused a decrease in latency, but the burst period
and the threshold concentration were unchanged. Bursts initiated by bath application
of carbachol were comparable to those initiated by intracellular depolarization of
CBI-2, or by application of carbachol adjacent to the CBI-2 soma. Development of a
preparation in which feeding bursts are simply and reliably elicited allows us to
examine the effects of previous feeding history, or of various associative and nonassociative training protocols, on feeding motor programs.

SPONTANEOUS RECOVERY FROM HABITUATION IN THE NEMATODE
C. ELEGANS IS BIPHASIC FOR SHORT ISIs AND MONOPHASIC FOR LONG
ISIs. C. H. Rankin. * Dept. of Psychology, Univ. of British Columbia, Vancouver,
BC, CANADA V6T 1Z4.
One of the ways that my laboratory has studied habituation in the nematode
C.elegars is through an analysis of the factors that influence spontaneous recovery
from habituation. The major factor influencing the rate of spontaneous recovery in
C. elegans is the interstimulus interval (ISI) of the habituation training. In earlier
studies we demonstrated that spontaneous recovery from habituation is more rapid
following a 10 s ISI than following a 60 s ISI. In these experiments the recovery
tests occurred at 30 s, 10,20, and 30 min following the completion of habituation
training (Rankin and Broster, 1992). In the experiments reported here the initial
10 minutes following habituation was examined in more detail. At each of two ISIs,
10 s and 60 s, four groups of 20 worms were tested. For each ISI worms were given
30 stimuli and then tested for recovery at one of four post-habituation intervals. The
four recovery tests were at 2,5,8 and 10 min. As reported, recovery following
habituation at a 60 s ISI is very slow, and so during the first 10 min following
habituation training there is no evidence of recovery, and the four recovery tests are
not significantly different from one another. In contrast, the ' recovery following a
10 s ISI shows a different pattern: first at 2 and 5 min response magnitude appears
to have recovered back to baseline response magnitude levels, then at 8 and 10 min
response magnitude drops well below baseline levels again. Recovery tests at 2
and 5 min. show significantly greater response magnitude than the recovery points
at 8 and 10 min post habituation (F(3,66)=3.45, p=O2). This suggests that
following a 10 s ISI there is a transient facilitation of responding, that then
decreases and recovery proceeds at a slower rate. Thus, the short ISI generates a
facilitatory process not seen when worms were habituated at a longer ISI.
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A DEVELOPMENTAL STUDY OF HABITUATION IN C. ELEGANS. T.N.
Gannon* and C.H. Rankin. Dept. of Psychol., Univ. of British Columbia,
Vancouver, BC, CANADA V6T 1Z4.
The nematode C. elegans is an excellent system in which to pursue a cellular and
molecular analysis of learning and memory because of its well characterized genetics
and neuroanatomy. It has previously been demonstrated that the tap-withdrawal
reflex of C. elegans displays habituation, dishabituation and sensitization.
Through the use of laser ablation techniques, the neural circuit underlying this tapwithdrawal response has already been elucidated. Previous research in Aplysia has
demonstrated that some forms of non-associative learning differ across development.
As juvenile Aplysia age, the siphon withdrawal reflex shows habituation to
progressively longer inter-stimulus intervals. In studying learning in the tapwithdrawal reflex throughout the course of development in C. elegans, we must
first address the problem that, unlike adults, the larval animals do not consistently
reverse to tap, but rather accelerate about one-half of the time. In this series of
experiments we will circumvent this problem by laser ablating the tail-touch
neurons (PLML and PLMR) that transduce stimuli that produce the accelerations.
With these cells ablated, worms of all ages consistently reverse to tap. We
examined the time-course and magnitude of habituation at two different interstimulus intervals (10 and 60 seconds) for twenty different animals tested at each of
the six major developmental stages in C. elegans. To control for the fact that the
worms of different ages vary systematically in size, each response was standardized
by dividing it by the length of the worm that made the response. Preliminary
studies indicate that animals of all developmental stages do show habituation of a
generally similar time course and magnitude.

CONDITIONING HEAT SHOCK DOES NOT PROTECT LONG-TERM
Habituation
from disruption
by heat
shock
during
training
IN C. ELEGANS. C.D.O. Beck*. T.C. Smillie. and C.H. Rankin. Dept, of
Psychol., Univ. of British Columbia, Vancouver BC CANADA V6T 1Z4.
In the free-living nematode Caenorhabditis elegans, repeated vibrational stimuli
cause a decrement in the magnitude of the locomotory reversal response. We have
shown that C. elegans can retain habituation training for 24 hr. Distributed training
(60 stimuli given in 3 blocks of 20 stimuli each with a 1 hr rest between blocks)
appears to be more effective at producing long-term mention than massed training
(60 stimulus given consecutively). Heat shock (32 °C, 45 min.) administered
during the 1 hr intervals of the distributed training disrupts long-term retention of
habituation.
In various systems, it is possible to protect cells from the effects of heat shock
induced stress by inducing heat shock proteins before treatment using a conditioning
heat shock. Here, we examined whether a conditioning heat shock delivered before
training would protect the acquisition of memory from the effects of heat shock
given during training. Inducible heat shock proteins are present for more than 6 hr
after heat shock in C. elegans. Conditioning heat shock (32 °C, 45 min.) was
delivered so that it terminated 2 hr before training began. Heat shock was delivered
during training as described above. No retention of habituation training was seen in
worms receiving conditioning heat shock before training. Therefore it appears that
the conditioning heat shock was not sufficient to protect the acquisition of longterm habituation from disruption by heat shock during training.
In addition, we examined whether heat shock given 2 hr prior to the test on day 2
would disrupt retention of habituation training. Subjects were trained with the
distributed procedure on day 1 and then given heat shock (32 °C, 45 min.)
terminating 2 hr before testing on day 2. Retention of habituation training was not
disrupted by heat shock on day 2. This finding suggests that the timing of the heat
shock stressor is critical to its action on the acquisition and retention of long-term
memory.

244.17
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THE ENCODING OF INTERSTIMULUS INTERVAL. IN THE NEMATODE
C. ELEGANS: EVIDENCE OF A CLOCK? S.R. Wicks*. E.Y.N. Chan and
C.H. Rankin. Department of Psychology, University of British Columbia,
Vancouver, BC, Canada V6T 1Z4.
The nematode C. elegans exhibits habituation of the tap withdrawal reflex that
is sensitive to interstimulus interval (ISI). An experiment was conducted to
determine if the animals were encoding information about ISI during
habituation—a process which would suggest the operation of a biological clock.
One group of animals received 40 stimuli at a 15 sec ISI. A second group of
animals received 20 stimuli at a 30 second ISI, but had an extra stimulus inserted
half way between the last two stimuli. The mean magnitude of the reversal
responses evoked by this extra stimulus was compared to, and found to be
smaller than the mean magnitude of the reversals evoked by the 39th stimulus in
the 15 sec ISI group.
Two additional groups were run. The third group received 20 stimuli at a 30
sec ISI. The fourth group received 40 stimuli at a 15 sec ISI, but the 39th
stimulus was omitted. The pattern of spontaneous behavior in the 10 sec interval
around the missing stimulus (when the animal might be "expecting" the tap) was
compared to the pattern of behavior around the same interval in the 30 sec ISI
group (when the animal might not be "expecting" the tap). The animals in the 15
sec ISI group appeared to suppress changes in locomotory behavior immediately
after the time when the tap should have occurred relative to those animals in the
30 sec ISI group.
These results suggest that the nematode encodes information about the interval
between tap stimuli. It is proposed that this encoding process is an expression of
the operation of an internal oscillator or clock.

CHARACTERIZING LEARNING AND MEMORY MUTANTS IN C.
ELEGANS. G. Morrison. N. Kumar, J. Wen. S. Runciman and D. van
der Koov*. Neurobiology Research Group, Dept. of Anatomy, University
of Toronto, Toronto, ON, Canada, M5S 1A8.
The nematode C. elegans can be conditioned using a classical
conditioning paradigm based on its chemotactic responses to the
conditioning stimuli (CS), Na+ (NaCH3CHOO) and Cl- (NH4Cl), which
are equally preferred under baseline conditions. After exposure to one of the
CS ions (CS+) in the presence of the US (E. coli, a food source),
counterbalanced by an equal presentation of the alternate ion (CS-) in the
absence of the US, the worms demonstrate a significant preference for the
CS+ ion. We isolated two lines of mutant worms (in an EMS screen) that
after conditioning displayed the naive (equivalent) preferences for the CS+
and CS- ions shown by unconditioned worms. Using garlic (an aversive
stimulus) as a US, wild type worms show a conditioned avoidance for the
ion (CS+) that was paired with the garlic, whereas the two mutant lines
displayed equivalent preferences for the CS+ and CS- ions after
conditioning. We used a short-term assay to determine the effects of the
two mutations on short- and long-term memory. After conditioning for
minutes, the initial test headings (after 30 sec) of individual wild type
worms towards the CS+ and CS- ion revealed no significant differences
from the learning scores in our original, 90 min test paradigm (=75%
approach to the CS+ ion). However, after conditioning, the initial test
headings of the individual mutant worms remain balanced, 50%
approaching the CS+ ion and 50% approaching the CS- ion. These two
mutants are normal in motor, sensory and discriminatory capabilities since
the approaches to one ion on a background of the other ion were similar to
those of wild type worms in both the accumulation rates and overall
preferences. These two mutations that block acquisition of associative
learning are both recessive.

244.19

244.20

BROAD-SPECTRUM OLFACTORY MIDBRAIN NEURONS
IDENTIFIED BY STRUCTURE AND FUNCTION IN THE CRAYFISH.
DeF. Mellon* and V. Alones. Dept. of Biology, University of Virginia,
Charlottesville, VA 22903
'
We used intracellular recording and dye injection to investigate properties
of olfactory midbrain interneurons in Procambarus clarkii. Isolated, salineperfused head preparations were mounted in a suitable chamber with the
antennular filaments inserted in an olfactometer. Odorant stimuli were brief
pulses within a continuous stream of fresh water. Olfactory midbrain ceils
were penetrated with KAc/biocytin microelectrodes. We have identified
three classes of broad-spectrum intemeurons on the basis their physiology
and their anatomy. Type I neurons respond to individual amino acids or
complex odorant mixtures with EPSP’s and impulse trains that are
proportional to stimulus strength and duration. Type II cells respond to
similar compounds in an intensity-dependent manner with hyperpolarizations
that interrupt ongoing impulse trains. Type III cells respond best to brief
stimuli, and optimal responses are generated to stimulus strengths slightly
above threshold. Intense stimulation reduces impulse number and frequency
in these neurons. All three cell types have general, extensive dendritic
arborizations in the ipsilateral olfactory lobe. Types I and II have additional
arbors (outputs?) in the olfactory-globular tract neuropile and the lateral
antennular neuropile. Type III cells are local intemeurons, since their
dendrites are entirely confined to the olfactory lobe. The anatomy of these
cells supports speculation that they are involved in reflex arousal of
antellular flicking, an action that is known to enhance detection and,
presumably, identification of odorant stimuli. Supported by NSF grant #
IBN-93-19406.

HEMOLYMPH LEVELS OF OCTOPAMINE INCREASE DURING
AGGRESSIVE BEHAVIOR IN HELD CRICKETS. S.A. Adamo*. C.E.
Linn and R.R. Hoy. Neurobiol. & fohav., Cornell Univ., Ithaca, NY
14853 and Dept. Entomology, Agri. Exp. Station, Geneva, NY 14456.
We used HPLC to determine if biogenic amine levels in the hemolymph
correlate with aggressive behavior in the cricket Gryllus bimaculatus.
After contacting another male with their antennae, male crickets either
withdraw from one another or exhibit intense bouts of aggressive singing
and grappling. After such an encounter, the winning male produces one or
more bouts of aggressive song, while the losing male withdraws.
Both winning and losing males showed a highly significant increase in
the level of octopamine in their hemolymph relative to baseline levels
taken from the same animals 1 hour earlier (winners 368 ± 45 nM, n=16;
losers 302 ± 54 nM, n=16; baseline <50 nM, n=32, Kruskal-Wallis
p<0.001). Males that contacted each other but did not fight showed no
increase in octopamine (<50 nM, n=9). Crickets fleeing from plastic
models or forceps also showed no increase (<50 nM, n=7), despite the
superficial similarity in their behavior to that of losing males. The
increase in octopamine occurred only if crickets exhibited at least the
initial components of aggressive behavior, such as antennal fencing or
threat posture. This suggests that octopamine is not released as part of a
general neurohormonal response to stress per se, but as a specific
component of aggressive behavior. Increased octopamine levels are not
restricted to aggressive behavior, however, and we have evidence that
octopamine levels also increase during courtship. In contrast to
octopamine, we did not observe changes in hemolymph levels of serotonin
in either winning (n=27) or losing (n=31) males.
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OCTOPAMINE LOCAL INJECTIONS INTO THE MUSHROOMBODY CALYCES AND THE ANTENNAL LOBE SUBSTITUTE FOR THE UNCONDITIONED
STIMULUS (US) IN HONEYBEE OLFACTORY CONDITIONING. M Hammer*
& R Menzel. Institut fur Neurobiologie, FU-Berlin, 14195 Berlin, Germany
In olfactory conditioning of the honeybee’s proboscis extension response (PER),
the US (sucrose) can be replaced by depolarising an identified neuron, i.e. VUMmxl
(Hammer 1993). VUMmxl converges onto the olfactory pathway in the antennal
lobes, the lateral protocerebral lobes, and the mushroombody (MB) calyces. Immunocytochemical evidence suggests that VUMmxl is octopaminergic (KreiBl et al.,
in press). To elucidate the contribution of US-related neuronal activity in these brain
areas to associative learning, the US was replaced by local pressure injections of
octopamine (OA) (lnl, 10"6 M, in saline) into the MB-calyces and the antennal lobe.
Bees were conditioned with 8 successive trials, in which odor-stimuli were temporally paired with OA-injections. The effect of this treatment was measured as
probability of PER in response to odor-stimuli in 3 test-trails (30, 40, and 50 min
after treatment). Three controls were employed to test for the pairing specificity of
this treatment: an unpaired group, in which OA was injected between the odorstimuli, a ringer control, in which saline-injections were temporally paired^with the
odor-stimuli, and an unpaired ringer control, in which saline was injected between
the odor-stimuli. In all groups, the interval between successive odor presentations
was 3 min. Bees which recieved paired OA-injections responded significantly higher
as compared to controls indicating that OA can substitute for the US in associative
learning. Since this effect of OA injections is specific for the paired group, it can be
infered that both, the antennal lobes and the MB-calyces have the capacity to
specifically detect the temporal contiguity between neural activity, elicited by the
odor-stimuli (neural CS) and OA release (neural US). This capacity may be an
important contribution to associative learning. Further experiments will demonstrate
the contribution of OA to associative and nonassociative learning in other brain
areas, such as the lateral protocerebral lobe.

NEURAL CORRELATES OF HABITUATION OF THE PROLEG
WITHDRAWAL REFLEX OF LARVAL MANDUCA SEXTA. E.R. Wood*. D.E.
Wiel and J.C. Weeks. Inst. Neuroscience, University of Oregon, Eugene, OR 97403.
Deflection of a single sensory hair on an abdominal proleg of larval Manduca sexta
elicits withdrawal of the proleg towards the body wall. This behavior, the proleg
withdrawal reflex (PWR), habituates with repeated sensory hair deflections at
interstimulus intervals (ISIs) ranging from 30 s to 5 min (Wiel & Weeks, 1992, Soc.
Neurosci.. Abstr. 18:942). As a first step towards elucidating the mechanisms
underlying habituation of the PWR, we have examined neural correlates of habituation
in an isolated proleg preparation consisting of a single proleg and its segmental
ganglion.
Each sensory hair is innervated by a single sensory neuron that makes mono- and
polysynaptic connections onto motoneurons innervating proleg retractor muscles. We
monitored the activity of the sensory afferents and motor efferents using extracellular
recording techniques. In response to 20 hair deflections at a 60 s ISI, the number of
spikes evoked in the motor nerve decreased significantly across training. However, the
number of spikes evoked in the sensory nerve by hair deflection also decreased slightly
across training, raising the possibility that sensory adaptation accounted in part for
habituation of the PWR. To determine whether there were any central correlates of
PWR habituation in the absence of sensory adaptation, we generated an electrical
stimulus which, when applied to a single hair socket, produced a reproducible pattern
of firing in the sensory neuron that mimicked the average response evoked by the first
hair deflection of a habituation training series. The number of spikes evoked in the
motor nerve by this invariant pattern of afferent activity decreased significantly with
20 stimuli at a 60 s ISI. Thus, PWR habituation includes a central component that is
independent of sensory adaptation and any muscular or neuromuscular changes.
Experiments are in progress to determine whether central correlates of PWR
habituation occur in the mono- and/or polysynaptic components of the reflex, and to
elucidate the cellular mechanisms underlying these central changes. (Supported by
NSF, the Murdock Foundation and NIH T32 GMO7257.)

244.23

244.24

MODULATION OF POTASSIUM CURRENTS BY NEUROPEPTIDES IN
WILD-TYPE AND LEARNING AND MEMORY MUTANT mppSOWtiLA
MUSHROOM BODY NEURONS. N. J. D. Wright. T. Tullv* and Y,Zhong.
Center for Learning and Memory, Cold Spring Harbor Lab., 1 Bungtown Road,
Cold Spring Harbor, N.Y. 11724.
The insect central nervous system contains an anatomically defined pair of
neuronal groups known as the mushroom bodies. Genetic and chemical lesions of
the Drosophila mushroom body abolish olfactory-associated learning and memory.
The mutants rutabaga (rut) and dunce (dnc) have beat isolated as learning and
memory mutants. The expression of the mt encoded adenylate cyclase and dnc
encoded phosphodiesterase are enriched in the mushroom body. We are attempting
to identify neurotransmitters that activate the rut encoded adenylate cyclase, which
may provide a clue to the neurophysiological basis of the behavioral defect. An
enhancer-trap line (isolated by Davis’ lab. at Baylor), which expresses a CacZ
reporter gene almost exclusively in the mushroom bodies, was used to identify
mushroom body neurons in acute larval culture by vital fluorescent marking. Patch
clamp analysis of these neurons reveals two types of whole-cell voltage-activated
K+ currents. Type 1 is typified by slow inactivation kinetics whereas the principal
component of the Type 2 current inactivates rapidly. Application of 8-bromo
cAMP reversibly modulates the kinetics and amplitude of the Type 1 current
Perfusion of the neuropeptides proctolin, FMRFamide and pituitary adenylate
cyclase-activating polypeptide (PACAP38) on patched mushroom body neurons
induces a similar change as that produced by 8-bromo AMP. Preliminary results
indicate that PACAP38 can still produce modulation in rut mushroom body
neurons but the modulation appears to be altered. The study of the effect of the rut
mutation on the actions of proctolin and FMRFamide is currently in progress.

PATTERNED ACTIVITY IN LEYDIG NEURONS AND MODULATION
OF THE LOCAL BEND REFLEX LN THE LEECH. J. E. Lewis* and W. B.
Kristan. Jr. Biology Department, University of California, San Diego, 9500
Gilman, La Jolla, CA, 92093-0357.

In the segmented nervous system of the medicinal leech, the Leydig neurons
form an electrically coupled network that spans the length of the nerve cord.
The two Leydig neurons in each ganglion are coupled with one another, and
with the ipsilateral Leydig neurons in adjacent ganglia. Previous work has
shown that Leydig neurons modulate the local bend reflex: increased firing is
associated with a decrease in the strength of this reflex. The local bend is
integrated predominately in a single ganglion. It consists of a local withdrawal
of a body segment in response to a mechanical stimulus sufficient to recruit
the mechanosensory pressure (P) cells.
With intracellular recording of Leydig neuron activity in isolated nerve cords
of varying lengths, and in intact preparations, we have found that these
neurons fire in different modes, from beating, in which spikes occur very
regularly, to burst-like, where spikes occur in clusters. Using a semi-intact
preparation consisting of a piece of dorsal body wall with attached ganglion,
we are testing whether these firing modes (i.e., beating vs bursting) are
important in modulating the local bend reflex. Initial results indicate very
long-term effects of Leydig stimulation (greater than 1 hour in duration) both
peripherally and centrally.
Supported by an NIMH predoctoral fellowship MH10677-01 (JEL) and
NIMH grant MH44396 (WBK).

244.25

244.26

CONDUCTION IN A PURE EPITHELIAL SHEET: VELOCITY
DECREASE WITH REPETITIVE STIMULATION, A CASE OF
NON-NEURONAL HABITUATION? N. Grigoriev, and A. N.
Spencer*. Department of Zoology, The University of Alberta,
Edmonton, Alberta, Canada, T6G 2E9 and Bamfield Marine Station,
Bamfield B.C., Canada, VOR 1BO.
Within the Hydrozoa (Phylum Cnidaria) propagation of action
potentials in simple epithelia is ubiquitous and is often associated with
escape and defensive pathways. In the jellyfish, Polyorchis
penicillatus action potentials (APs) generated anywhere on the
ectodermal surface propagate throughout this single layer of cells and
eventually interact with the CNS causing a defensive withdrawal
response known as ‘crumpling’. The conduction velocity of single
APs is 9.1 em/s, however, with repetitive stimulation at frequencies
greater than 0.3/s the velocity of succeeding APs falls by as much as
30% and conduction fails after 5 or so APs. This habituation is
advantageous since it prevents continuous crumpling which blocks all
other motor activity. We have been able to obtain pure cultures of
these epithelial cells by trituration after collagenase treatment (l.5h,
3mg/1 Worthington) and plating on mesoglea coated Petri dishes.
Isolated cells can be voltage-clamped in the whole-cell recording
mode. Conduction velocity and AP amplitude decreases appear tobe
due to a combination of inactivation properties of the inward currents
and changes in the degree of electrical coupling between neighboring
cells. The factors affecting the conductivity of gap junctions are
discussed. This preparation is an ideal system for examining
excitation spread in laminae as the cell population is homogenous and
one cell-layer thick. (Funded by NSERC [Canada] AO4I9 to ANS).

CHANGES IN GENE EXPRESSION AND RECOVERY OF SIPHONWITHDRAWAL REFLEX FOLLOWING AXONAL INJURY IN APLYSIA
CALIFORNICA. F. Noel*. W.N. Frost. M.A. Colicos and P.K. Dash.
Department of Neurobiology and Anatomy, University of Texas-Houston
Health Science Center, P.O. Box 20708, Houston, Texas 77225.
Axonal injury induces cellular and molecular changes that contribute to
neuronal regeneration. To investigate the mechanisms involved in
neuronal regeneration we used a simple invertebrate animal, the marine
mollusc Aplysia californica. Axotomy was performed by crushing
unilateral pedal nerves that innervate one side of the posterior bodywall
(Walters et al., 1991). Crushing of pedal nerves blocks the siphonwithdrawal reflex. Recovery of the ipsilateral reflex, as well as
morphological and electrophysiological evidence, indicate that the injured
axons regenerate through the scar after injury. In addition, inhibition of
the siphon-withdrawal reflex was observed on the contralateral side.
Northern blot analysis was used to examine the expression of mRNAs for
actin, intermediate filament protein, calreticulin and the neuropeptides
sensorin A and FMRFamide in pleural ganglia. The mRNA levels for
actin and calreticulin were increased and the intermediate filament protein
mRNA level was decreased. On the contralateral side, the levels of actin,
intermediate filament protein and calreticulin mRNA were increased. The
amount of neuropeptide mRNAs, sensorin A and FMRFamide A, was
markedly increased in the contralateral pleural ganglia but was not
affected on the ipsilateral side. Immunocytochemistry showed increased
level of FMRFamide neuropeptide in the contralateral pleural and pedal
ganglia. Detected changes in expression of the cytoskeleton proteins,
actin and intermediate filament protein, and of calreticulin, a calcium
binding protein and modulator of transcription, are consistent with axonal
regrowth. The enhanced expression of neuropeptides sensorin A and
FMRFamide in the contralateral ganglia could contribute to the inhibition
of the siphon-withdrawal reflex on that same side.
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GENES ENCODING GOLDFISH AND CARP EPENDYMIN. D.S.
Adams and V.E. Shashoua*. Dept. of Biology/Biotechnology,
Worcester
Polytechnic Institute, Worcester,
MA 01609;
Neuromedica, Inc., 99 Erie Street, Cambridge, MA 021391.
Ependymin (EPN) is a brain glycoprotein thought to function in
optic nerve regeneration and long-term memory consolidation in
goldfish. In the Cypriniformes, it is synthesized predominately in
the meninx and secreted into the cerebrospinal fluid where it
represents one of its major protein constituents. To date, epn
genes have been characterized in three orders of teleost fish. In
this study, polymerase chain reactions (PCR) were used to amplify
the complete 1.6-kb epn genes, gf-l and cc-i, from genomic DNA
of Cypriniformes, goldfish and carp, respectively. Amplified bands
were cloned and sequenced. Each gene consists of six exons
and five introns. The exon portion of gf-l encodes a predicted
215-amino acid (aa) protein previously characterized as GF-I,
while cc-l encodes a predicted 215-aa protein CC-I, 95%
homologous to GF-I.
Both proteins contain typical 20-aa
cleavable signal sequences, and two potential N-glycosylation
sites. Theoretical pi values for GF-I and CC-I are 5.27 and 5.08,
respectively.
The data indicate that ependymins are well
conserved within the Cypriniformes.
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GUSTATORY-EVOKED ACTIVITY IN THE NUCLEUS TRACTUS
SOLITARIUS OF THE RAT AFTER RECOVERY FROM SODIUM
DEPRIVATION. S. A. McCaughev. B. K. Giza* and T. R. Scott. Department of
Psychology, University of Delaware, Newark, DE 19716

TACHYKININS BLOCK THE SODIUM DEFICIENCY- INDUCED SHIFT IN
TASTE REACTIVITY. M.E. SMITH* and F.W. FLYNN. Dept. of Psychology
and Neuroscience Program, Univ. of Wyoming, Laramie, WY
Sodium deficiency modifies electrophysiological and behavioral responses to
NaCl. Intraaerebroventricular (icv) injections of tachykinins have been shown to
suppress NaCl intake by sodium deficient rats.
The following experiment
investigated whether tachykinins attenuate salt appetite by preventing the sodium
deficiency-induced change in the encoding of NaCl. Rats (n= 9) were fitted with
lateral ventricle and intraoral cannulas. While in the sodium replete condition, all
animals received icv injections of succinyl - [Asp6,N-Me-Phe*| substance P(6-ll)
(an NK3 receptor agonist, 200 ng or 1000 ng) or saline. The rat's intraoral
cannulas were then attached to the stimulus delivery tubes and the rat was placed
in the plexiglas testing chamber. Five min later, rats were administered intraoral
infusions of 0.5 M NaCl (0.8 ml) and oral motor responses were videotaped. Rats
were then administered furosemide and DOCA. The following day, sodium deficient
rats were administered the NK3 receptor agonist or saline, and oral motor responses
elicited by 0.5 M NaCl were videotaped. Following icv saline, intraoral infusions
of NaCl elicited aversive taste reactivity responses and few ingestive responses in
sodium replete rats, but entirely ingestive responses in sodium deficient rats.
Injections of the NK, receptor agonist (200 ng and 1000 ng) blocked this shift in
taste reactivity, p's< .05. Since a shift in taste processing may drive intake by
sodium deficient rats of normally avoided concentrations of NaCl, tachykinins may
attenuate salt appetite by blocking a change in the encoding of NaCl. (Supported
by NIH NS-24879 to F.W.F.)

Sodium deprivation in rats has powerful effects on ingestive behavior and on the
responses of cells in the nucleus tractus solitarius (NTS). Deprived rats initially show
an increased consumption of sodium chloride (NaCl), but decrease their intake to
normal levels as they restore their sodium balance. There is evidence, however, that
the experience of deprivation can cause enduring changes that persist even after
restoration of sodium balance. The present study examined whether responses in the
NTS of rats return to their original levels after recovery from sodium deprivation.
Experimental subjects were first tested for baseline intake of 0.5 M NaCl with normal
chow present. They were then salt-deprived by administration of a sodium-deficient
diet for 10-16 days. Normal chow and 0.5 M NaCl were then returned, and NaCl
intake measured, for two weeks to allow restoration of body sodium. At the end of
the two weeks, recordings were made from single units in the NTS in response to 13
taste stimuli. Water was available ad lib. Subjects' intake of NaCl was increased on
the first day after deprivation and had returned to baseline after two weeks. Sodium
deprivation and recovery were verified by analysis of urinary sodium concentration
by flame photometry. Recordings were also made from control rats maintained on
normal chow and water. Analysis of net spike rates showed no significant differences
between the two groups in response to any of the 13 stimuli. Cluster analysis was
used to identify cells in each group that were most responsive to salts, sugars, and
acids. Comparison of responses in these three clusters revealed no significant
differences between controls and experimentals. Thus, as rats restore their body
sodium after sodium-deprivation, the responsiveness of cells in the NTS also returns
to a pre-deprivation state. Supported by grant DK3O964 from the NIDDKD.

245.3

245.4

BOMBESIN AND SALT APPETITE: EFFECTS ON SHAM
DRINKING AND BRAINSTEM INVOLVEMENT. F.W. Flynn*. M.
Smith, and L. Tangeman. Dept, of Psychology and Neuroscience
Program, Univ. of Wyoming, Laramie, WY 82071
Bombesin (BN) suppresses food intake by sham drinking rats and
exerts its action, in part, through caudal brainstem BN-binding sites.
Peripheral injections of BN reduce both need free and sodium deficiency
induced NaCl intake. The following experiments determined whether
peripheral injections of BN suppress sham drinking of NaCl by sodium
deficient rats and whether caudal brainstem sites mediate the actions of
BN on NaCl intake. In Exp. 1 male rats (n=8) were fitted with gastric
cannulas. Sodium deficiency- induced 0.5 M NaCl intake was measured
following ip injections of saline or 6 pg/kg BN with the gastric drain
open (sham drinking) and closed. Peripheral injections of BN reliably
suppressed NaCl intake in both the open and closed conditions, p< .05.
Exp . 2. To determine whether caudal brainstem BN-like peptide binding
sites participate in the control of salt appetite, rats (n=lO) were
administered 4th ventricle injections of saline or BN (10 ng) and sodium
deficiency-induced intake of 0.5 M NaCl was measured for 1 hr. Fourth
ventricle injections of BN reliably suppressed NaCl intake. The results
show that BN suppresses NaCl intake under a variety of conditions and
that the actions of BN are not limited to food intake. (Supported by NS24879 to F.W.F.)

RETENTION OF CONDITIONED TASTE AVERSION TO NaCl
AFTER CHORDA TYMPANI TRANSECTION. S. I. Sollars*. C. J.
Tracy and I. L Bernstein. Dept, of Psychology, University of
Washington, Seattle, WA 98195.
Fischer 344 (F344) rats fail to prefer any concentration of NaCl to
water and avoid concentrations (0.6 - 1%) maximally preferred by
other strains. Following bilateral chorda tympani transection, the NaCl
aversion of F344 rats is reversed, such that they display a preference
for isotonic NaCl which is similar to that displayed by other strains.
The following study examined whether significant alterations occur in
the perception of NaCl following CTX which could account for the
reversal from salt avoidance to salt preference. A conditioned taste
aversion (CTA) was established by allowing water deprived F344
rats to consume .15M NaCl and then injecting them with .15M LiCI. A
control group consumed .15M NaCl followed by saline injections.
After significant suppression of NaCl ingestion was achieved in
conditioned animals, half of the rats in each group received bilateral
transection of the chorda tympani nerve (CTX) and the remainder
received sham operations (SHAM). Approximately two weeks after
surgery, animals were tested for their retention of the CTA. Ingestion
of .1M and .15M NaCl was significantly suppressed in CTX and
SHAM rats that been conditioned to avoid NaCl prior to surgery. Both
CTX and SHAM rats demonstrated a generalized CTA to .1M NH4CI,
but were able to discriminate between .1M NaCl and .1M NH4CI in a
two-bottle choice test. The results indicate that chorda tympani
transected F344 rats retain a CTA to NaCl that was established prior
to surgery. Thus, although CT transection dramatically alters F344
rats' hedonic • response to NaCl, it does not alter perceptual
characteristics so markedly that NaCl is no longer recognized as the
aversive stimulus presented during conditioning.
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WATER/SALT-TASTE AND IONTOPHORETIC ANGIOTENSIN II
RESPONSES OF SEPTO-PREOPTIC NEURONS IN DEHYDRATED
AND NON-DEHYDRATED AWAKE RATS. N^-Kusseau, ,5.N , _
Ibarcrton* F. Lienard. F.P. Martial and S. Nicolaidis. C.N.R.S. U.R-A.
1860, Neurobiologie des Regulations, College de France, 11 place
Marcelin Berthelot, 75231 Paris CEDEX 05, France.
Using head-restrained unanesthetised behaving rats, we examined
the effects on the activity of single neurons in the preoptic/anterior
hypothalamus of administering water or a hypertonic salt solution
(1.6% NaCl) to the tongue of dehydrated and euhydrated rats.
In the dehydrated rats 27% (15/55) responded to a liquid (either
water or NaCl) applied to the tongue whereas in the euhydrated rats
only 23% (18/78) responded. Furthermore, 33% (5/15) of the
responding neurons in the dehydrated rats were inhibited when the
NaCl solution was applied to the tongue compared to only 5% (1/18) in
the euhydrated rats. Among these gustatory sensitive neurons, 21 %
(7/33) also responded to iontophoretically applied angiotensin II.
These results suggest that septo-preoptic area is a site of salt/water
taste projections that are dependant on the state of hydratation of the
animal and therefore can be related to hydromineral regulation.

EFFECT OF IBOTENIC ACID LESIONS OF THE PARABRACHIAL NUCLEI ON
SODIUM INTAKE AND TASTE AVERSION LEARNING. O. G Galavema*. G.
Salem8. R. J. Seeley, H. J. Grill and R. Norgren*. Dept, of Psych., U. of Penn.,
Phila., PA 19104 and8Dept of Behav. Sci., Penn. State U., Hershey, PA 17033.
Bilateral lesions of the parabrachial nuclei (PBN), the second central gustator
relay, suppress taste aversion learning and sodium depletion-induced sodium appetite
without making animals ageusic. In rats, sodium depletion-induced sodium appetite
is known to involve the combined action of aldosterone and Ang II in the brain.
Sodium intake can also be raised either during mineralocorticoid stimulation or brain
angiotensin activation. Each stimulus seems to have its own brain sensitive area. The
present experiments were undertaken to determine whether the deficits seen after
PBN lesions were specific to a particular paradigm for raising sodium intake. Under
general anesthesia, 9 rats received bilateral injections of ibotenic acid centered at a
point in the PBN where neurons responded to sapid stimuli (PBNX). Four rats
received similar injections of the saline vehicle (sham) and an additional 4 served as
unoperated controls. After recovery, all rats were sodium depleted 3 times, at weekly
intervals, using 10 mg of furosemlde and overnight removal of sodium. When 3%
NaCl was returned, even after the 3rd depletion, PBNX rats failed to express a
significant sodium appetite when compared with either the sham or control rats
(PBNX = 1.3 ± 0.9 ml at 2 h and 3.5 ± 2.0 ml at 24 h; sham = 13.0 ± 2.3 ml at 2 h and
26.7 ± 6.9 ml ait 24 ih; contrors= 8.5 ± 1.4 ml at 2h andl8.8 ± 5.8 ml at 24 h). A
week later, their drinking water was adulterated with Captopril (lmg/ml), an
angiotensin converting enzyme inhibitor, for 4 consecutive days. This procedure is
known to induce sodium intake through central angiotensin stimulation. The sham
and control rats increased their daily intake of 3% NaCl 4 fold, but PBNX rats failed
to respond. A week following this test, all rats received daily injections of the
mineralocorticoid DOCA (5 mg/rat/day for 3 days). Again the Pb NX rats failed to
express NaCl intake while the other animals increased their daily intake almost 10
fold. Finally, all rats were screened for the ability to acquire a learned taste aversion
and, as in prior experiments, the PBNX rats failed to task as well. (Supported by MH
43787 and 00653)

(supported by MH 43787 & EVIAN C°)

245.7

245.8

EXCITOTOXIC LESIONS OF THE LATERAL HYPOTHALAMUS IN
RATS: EFFECTS ON PRANDIAL DRINKING, DRINKING IN RESPONSE
TO HYPERTONIC SALINE AND OPERANT RESPONDING. P. Winn. A.H.
Robertson. V.J. Brown and M.P. Latimer (SPON: Brain Research Association)

ANTAGONISM OF H3 HISTAMINE RECEPTORS INHIBITS DRINKING
ELICITED BY EATING IN RATS. F.S. Kralv*. R.A. Tribuzio and Y.-M. Kim.
Dept, of Psychology, Colgate Univ., Hamilton, NY 13346.
The H3 agonist (R)-<-methylhistamine elicits drinking which can be
abolished by thioperamide (Clapham & Kilpatrick, jur. J. Pharmacol. 232:

School of Psychol., Univ. St Andrews, Fife, Scotland KY16 9JU
Excitotoxic lesions of rat lateral hypothalamus (LH) produce a different syndrome
to that induced by electrolytic lesions. Excitotoxic lesioned rats show only minor
impairments in baseline food and water intake and weight gain; have normal
locomotion and sensorimotor integration; adjust their intake in response to dietary
challenges. Rats bearing LH excitotoxic lesions have difficulty responding to
physiological challenges such as injection of hypertonic saline. In the present
experiments we tested functions not previously examined: prandial drinking (the
ability temporally to uncouple food and water intake); and the involvement of LH in
assessment of reward cost. To do this we measured responding on a progressive
ratio (PR) schedule of reinforcement, in which the cost in lever presses of a single
food pellet increases incrementally with each pellet. Bilateral NMDA lesions of LH
(0.06M, l.Ogl injections/hemisphere; sham lesions l.Opl PBS) and food and water
intake and body weight measured daily for 4 weeks. Lesioned rats showed body
weight loss but, after ~7 days, normal daily weight gain; food and water intake
recovered to essentially normal levels. Lesioned rats showed reduced drinking after
i.p. injection of hypertonic saline (5.0%) compared to controls. Lesioned and control
rats all responded similarly in response to a regime in which food but not water was
available for 23 h, water not food being available for the remaining Ih. The point at
which lesioned rats and shams stopped responding (breaking point) in a PR
schedule was not different. These data confirm that LH lesioned rats have no major
disruption of normal food and water intake, but are deficient in responding to
physiological challenges. They can eat dry food in the absence of water and there is
no change in operant measures of motivation.

245.9

ANTIDIPSOGENIC EFFECT OF ADRENOMEDULLIN. W.K.
Samson* and T. Murphy. Physiology, Univ of ND School of
Medicine, Grand Forks, ND 58202-9001.
Recently isolated from a human pheochromocytoma, the 52
amino acid peptide, Adrenomedullin (AdM), is a potent vasodilator
(BBRC 192:553, 1993). AdM mRNA has been detected in a
variety of tissues including brain (BBRC 195:921,1993). We have
reported that AdM exerts significant inhibitory actions on ACTH
secretion in vitro. AdM also acts in vivo to inhibit water drinking in
response to angiotensin II challenge. Normally hydrated, adult
male rats bearing an indwelling lateral ventricular cannula were
tested in a paired, sequential fashion at weekly intervals. During
the 1st and 3rd challenges rats received a 2pl injection of saline
and, two to three minutes later, a second 2pl injection of 100
pmole A II. Water intake was monitored at 5, 15, 30 and 60
minutes. During the 2nd challenge rats received 100, 200, or 400
ng ADM in 2pl saline prior to A II. Significant, dose-related
inhibition of A ll-induced drinking was observed in rats exposed to
the two higher dose of AdM at 30 (ANOVA: p<0.025) and 60
(p<0.01) minutes. These results suggest that endogenous AdM of
central or perhaps peripheral origin may play a role in the CNS
maintenance of fluid and electrolyte homeostasis. Alternatively,
the drinking responses seen to AdM may reflect a reflex inhibition
secondary to cardiovascular effects of the peptide.
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99-103,1993), an H3 antagonist that crosses the blood brain barrier. Given
evidence for histaminergic control of drinking elicited by eating, we
examined in male Sprague-Dawley rats the effects of i.p. thioperamide (TH)
on drinking elicited by (a) eating pelleted chow after 24-hr food deprivation;
(b) eating a cracker without deprivation; (c) infusion of NaCl through a
surgically-implanted gastric catheter. When rats (n = 12) ate pellets after
food deprivation, 2.5 mg/kg TH was subthreshold for effects on eating and
drinking, whereas 5 mg/kg and 10 mg/kg significantly (ps<.001) inhibited 1 hr water intake by approximately 25%. When rats (n = 12) ate a small
salted cracker (0.57 g), 5 mg/kg TH was subthreshold for effects on eating
and drinking, but 10 mg/kg TH delayed the latency to initiate drinking
(|2<.01) and abolished water intake (p<.O5) without affecting the duration of
eating or food intake. When rats (n = 12) drank water after intragastric
infusion (2 ml) of 600 or 1800 mOsm/kg NaCl, 5 mg/kg TH significantly

(ps<.O5) delayed the latency to initiate drinking, but did not inhibit 1-hr water
intake. The 10 mg/kg TH significantly (ps<.O2) inhibited water intake after
600 and 1800 mOsm NaCl. In summary, i.p. injection of TH inhibited
drinking behavior after ingestion of foods or after intragastric infusion of
hypertonic NaCl when the stimulus for drinking is sufficient to induce
increases in systemic plasma osmolality (e.g., eating pellets or 1800 mOsm
NaCl infusion) and when the stimulus for drinking is below threshold for
inducing increases in systemic plasma osmolality (e.g., eating a cracker or
600 mOsm NaCl infusion). These findings reveal a role for peripheral
and/or central H3 histamine receptors for food-related drinking in the rat.

245.10

ELECTRICAL STIMULATION OF THE SUBFORNICAL ORGAN ELICITS
SITE-SPECIFIC DRINKING BEHAVIOUR AND INCREASED ACTIVITY
LEVELS. P.M.Smith1. R.J. Beninger2. R.D. Andrew3*, and A.V. Ferguso^.
Departments of'Physiology, ’Psychology, and’Anatomy, Queen’s University,
Kingston Ontario, Canada K7L 3N6.
The subfornical organ is a specialized central nervous system structure that
lacks a normal blood brain barrier and has a dense vascular supply. Evidence
from a variety of sources suggests that this structure may be a primary relay
center involved in the control of drinking. In this study we have attempted
to elicit drinking in awake, freely moving, water-satiated rats. Electrical
stimulation (100 pA, lOHz, 1 msec pulse width, for 5-min.) of the subfornical
organ produced drinking in 67% (6 of 9) of the animals. This effect was
shown to be site-specific as none of the animals with electrode placements
outside of the subfornical organ (n=7) drank in response to electrical
stimulation (p<.O2). Activity levels were increased significantly (p<.001)
during electrical stimulation in both the subfornical and non-subfomical organ
stimulated groups.
However, the subfornical organ group maintained
significantly elevated activity levels (p<.001) throughout the 15-min. poststimulation observation period whereas the non subfornical organ stimulated
group returned to baseline activity levels within the second 5-min. poststimulation period. These results suggest that electrical stimulation of the
subfornical organ can elicit site-specific drinking behaviour and motor activity
and provide further support for the involvement of the subfornical organ in
the control of fluid seeking and drinking behaviour.
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RENAL DENERVATION SELECTIVELY REDUCES SALT
APPETITE IN RATS. R.L. Thunhorst*. R.F. Kirby. and A. K.
Johnson. Departments of Psychology and Pharmacology and the
Cardiovascular Center, University of Iowa, Iowa City, IA 522421407.
These experiments tested the effects of total denervation (afferent
and efferent) of the renal nerves in rats on the ingestion of water and
concentrated sodium chloride solution following the combined
administration of furosemide (10 mg/kg) and a low dose of captopril
(5 mg/kg). Water and 0.3 M NaCl were made available starting 1 hr
after administration of the drugs, and intakes were recorded for 2 hrs.
The rats received two tests about a week apart. Sham and renal
denervated rats drank equivalent amounts of water during both tests.
However, saline intake was reduced by greater than 50% in the renal
denervated rats compared to the sham denervated rats. There were no
differences in urinary excretion of water, sodium or potassium between
the groups prior to fluid access. Other, similarly-treated groups of
sham and renal denervated rats had equivalent levels of plasma renin
activity and aldosterone 90 min after treatment with the drugs. These
results are consistent with our earlier report that renal denervation
reduces saline intake following extracellular fluid depletion with
polyethylene glycol (FASEB 1992). Therefore, a role for renal nerves
in behavioral responses to extracellular fluid depletion is generalizable
to additional models of salt appetite in the rat.

SEROTONERGIC PATHWAYS OF THE LATERAL PARABRACHIAL
NUCLEUS (LPBN) PLAY AN INHIBITORY ROLE IN THE
DIPSOGENIC RESPONSE INDUCED BY ANGIOTENSIN II (ANG II)
IN RATS. J. V. Menani*. T. G. Beltz and A. K. Johnson. Departments of
Psychology and Pharmacology, and the Cardiovascular Center, University of
Iowa, Iowa City, IA 52242-1407.
Previous studies from our laboratory have shown that electrolytic or
neurotoxic lesions of the LPBN increase water intake to ANG II in rats. In
this study we investigated the effects of two serotonergic receptor agonists
[serotonin (5-HT) and DOI] and one receptor antagonist (methysergide)
injected into the LPBN on the water intake induced by intraventricular (IVT)
ANG II. Rats had stainless steel cannulas implanted bilaterally into the
LPBN and an other into the lateral ventricle. ANG II (50 ng) IVT induced
water intake (10.2 ± 0.8 ml/h). Pretreatment with bilateral injections of
methysergide (4 pg) into LPBN increased the dipsogenic response to IVT
Ang II (18.0 ± 1.6 ml/h). Bilateral injections of 5-HT (5 pg) and DOI (5 pg)
into LPBN reduced water intake to Ang II (4.7 ± 1.0 and 3.4 ± 0.9 ml/h,
respectively). These results suggest that serotonergic mechanisms associated
with the LPBN may be involved in an inhibitory system that controls the
water intake induced by Ang II and potentially other stimuli activated by
hypovolemia.

Supported by FAPESP and NIH-HLBI.

245.13

245.14

PENETRATION OF LOSARTAN INTO BRAIN ASSESSED BY
THIRST AND FOS-UKE IMMUNOREACTIVITY (FLI). A Morien*.

THE ROLE OF DOPAMINERGIC D1 AND D2 RECEPTORS IN THE
DEVELOPMENT OF AMPHETAMINE HYPERDIPSIA. P. Nencini*.
S. Fraioli and D. Perrella. Institute of Pharmacology, University of
Rome “La Sapienza”, P.le A. Moro 5,00185 Rome, Italy
Intermittent injection of amphetamine (AMP) produces daily episodes
of hyperdipsia, which do not depend on hydrosaline unbalance
secondary to the diuretic effects of the drug. In addition, hyperdipsia is
not prevented by alpha or beta adrenergic antagonists, ruling out
sympathetic mechanisms. Thus, AMP-mediated hyperdipsia may be a
non-regulatory behavior produced by sensitization to AMP. A pivotal
role in sensitization to AMP behavioral effects is played by dopaminergic
mechanisms, but the use of a D2 (haloperidol) or of D1 (Sch 23390)
antagonist only partially inhibited hyperdipsia. However, it is possible
that D1 and D2 receptors must be activated at the same time to produce
hyperdipsia. In the present study we tested this possibility by
administering quinpirole (QUI) and SKF38393 (SKF), alone or in
combination, for 7 days to male Sprague Dawley rats pretreated with d,lAMP (4 mg/kg ip) or saline for 9 days. Water intake was measured at 2
and 5 hr after drug administration. Given in combination, QUI (0.56
mg/kg ip) and SKF (1.0 mg/kg ip) both stimulated drinking and
maintained AMP hypersipsia. Administering AMP (2 mg/kg ip) again,
generated a higher hyperdipsic response in the QUI/SKF-pretreated
group. In contrast, QUI (0.1 or 0.56 mg/kg) or SKF (1.0 mg/kg), given
alone, slowed the development of hyperdipsia produced by AMP (2
mg/kg). These results, giving evidence that a balanced activation of D1
and D2 dopaminergic receptors is required to obtain AMP-mediated
hyperdipsia, suggest that this response is the result of a sensitization
process induced by AMP.

A.K. Ro2elle and N.E. Rowland. Dept Psychology, U of Florida,

Gainesville FL 32611

Peripherally administered losartan inhibits thirst induced by
either intravenous or a low dose of ICV ANG II, but does not affect
sodium appetite. Interpretation of the latter result requires
investigation of the penetrability of losartan across the blood-bralnbarrier. We now report that SC-administered losartan at 10 mg/kg
inhibits FLI induced by a low dose (10 ng) of Ang II given ICV.
This dose of losartan did not inhibit FU induced by a high dose of
ICV Ang II (100 ng). These results suggest that SC-injected
losartan has limited access to the brain. We also report that SFO
lesions prevent the induction of FU by both IV and ICV Ang II (100
ng). Thus, SFO is the principal transduction site for central as well
as peripherally-administered Ang II, so antagonism of Ang II
responses requires adequate penetration of losartan into the SFO.
The failure of losartan to block FU-induced by 100 ng Ang II is
most likely the result of inadequate competitive inhibition at AT-1
receptors in the SFO. {Support: NSF}

245.15

245.16

FLUID REGULATION AFTER SODIUM DEPLETION IN RATS WITH
EXPERIMENTAL CIRRHOSIS OR PORTAL HYPERTENSION. Lane, J.R.*,
Purhar, K.K., & Fitts, D.A. Department of Psychology, University of Washington,
Seattle, WA 98195.
A ligation of the bile duct in rats (BDL) causes symptoms similar to obstructive
jaundice in humans including portal hypertension, systemic hypotension, cirrhosis,
hyperammonemia, and hepatic encephalopathy. Hypotension results in renin
secretion, sodium retention, and eventually ascites formation and hepatorenal
syndrome. We recently reported that the drinking response to a 3-hr intravenous
(IV) infusion of angiotensin II (ANG II) was reduced in BDL rats. Salt appetite
the night after the infusion was enhanced, however. This suggests that the water
and saline intakes in response to high peripheral ANG II levels during sodium
depletion should also be suppressed and increased, respectively. We compared the
water and saline drinking responses following a 10 mg/kg dose of furosemide
natriuretic in BDL (24-30 days), sham treated, or portal-vein constricted (PVC)
rats (5 days). The latter group presumably had portal hypertension without chronic
cirrhosis. The rats were maintained on a water and a sodium deficient diet
overnight, followed by a 2-hr salt appetite test the next day. The water intakes 3 hr
after the diuresis were enhanced in BDL rats compared with the sham treated and
PVC rats (9.8 ± 1.4 ml, 6.4 ± 0.5, and 5.4 ± 0.4, M & SE, respectively). The salt
appetite on day 2 was also increased in the BDL rats (9.8 ± 2.1, 4.8 ± 0.9, and 4.2
± 1.7, respectively). Sodium and water excretions were similar in all groups after
furosemide. Thus, water intake was enhanced instead of suppressed during sodium
depletion in contradiction to our previous findings with IV ANG II. The greatly
increased salt appetite is typical of BDL rats following an activation of the reninANG system. Portal hypertension does not appear to explain the effects in BDL
rats because intakes were not affected in PVC rats with presumed portal
hypertension. Supported by NS22274 to DAF.

DIFFERENTIAL EFFECTS OF LESION SIZE ON WATER AND SALINE
INTAKE IN RATS WITH LESIONS OF THE AREA POSTREMA (AP)
AND ADJACENT NUCLEUS OF THE SOLITARY TRACT (NTS).
T. Wann* andG.L, Edwwds. Dept. of Phhsiol. & Phamr, Coll, of Vet.
Med., Univ. of Georgia, Athens, GA 30602
Previous reports indicate that rats with lesions centered on the AP consume
abnormally large amounts of water after treatment with subcutaneous
isoproterenol (ISOP) or angiotensin II (Physiol. Behav. 29:943, 1982; Am. J.
Physiol. 25 l :R5O4, 1986). In addition, rats with AP lesions drink more saline
in both short and long term tests (Brain Res. 211:355, 1981; Am. J. Physiol.
264:RI242, 1993). Nonetheless, there is some controversy over the effects of
lesions centered on the AP on saline and water intake. Earlier studies suggest
involvement of the immediately adjacent NTS may be important to the
behavioral changes. This study compared the behavior of rats with restricted
AP lesions and rats with lesions involving the adjacent NTS on water and
saline intake. We found that after treatment with ISOP rats with lesions of the
AP+NTS drank significantly more water than rats with restricted AP lesions
and unlesioned control rats. Conversely, 3 hour ad libitum saline intake in the
restricted AP-lesioned group was greater than in the AP+NTS-lesioned group
although both groups showed significantly enhanced saline intake compared to
controls. These data suggest that the neural substrates involved in the control
of water intake may differ from those that control saline intake. The neural
population in the NTS bordering the AP may play a critical role in the control
of water and saline intake. Furthermore, inputs from the AP may be important
in modulating the activity of this neural population to maintain proper fluid
balance. (Supported by NIH DK 42533)
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DISSOCIATION OF FOS-LIKE IMMUNOREACTIVITY (FLI) IN
MAGNOCELLULAR NUCLEI AND LAMINA TERMINALIS INSTATES
OF THIRST AND SODIUM APPETITE. L. Han* and N.E. Rowland.

c-FOS-LIKE IMMUNOREACTIVITY IN THE BRAIN OF THE RAT DURING
SODIUM DEPLETION and recovery
. 3,ELFrankmann*(1), Q,P. 3mith(2),
T. H, Joh (3)and T.A.Houpt(2.3). (1) ID ept. Pspchology,U. Southern

Dept, of Psychology, Univ. of Florida, Gainesville FL 32611
Thirst and salt appetite are crucial for homeostasis in mammals.
Previous studies have shown that either acute hypovolemia or
hyperosmolality increase water intake; while hypovolemia associated
with hyposmolality induces sodium appetite. In the present study,
plasma Na (PNa), plasma protein (PPr), and FLI (serving as marker of
neural activation) were measured in the organum vasculosum of the
lamina terminalis (OVLT), subfornical organ (SFO), median preoptic
nucleus (MnPO), and the hypothalamic supraoptic (SON) and
paraventricular (PVN) nuclei in rats treated with either furosemide (10
mg), hypertonic NaCI (1.5 mmol), or 30% polyethylene glycol (PEG)
with or without prior Na-free diet. It was found that the OVLT and SFO,
but not the PVN and SON, were markedly activated in furosemidetreated rats in parallel to their lowered PNa and increased PPr. In
contrast, the PVN and SON, but not the OVLT and SFO, were strongly
activated in parallel to heightened PNa in rats given 1.5 mmol NaCI.
The PEG-treated rats (increased PPr) showed only weak activation in
the OVLT and SFO and moderate activation in the PVN and SON. The
MnPO showed negligible activation in all cases. Taken together, the
results suggest that the (magnocellular) PVN and SON contribute to
water intake induced by hyperosmolality and hypovolemia, but they are
not necessary for sodium appetite. The OVLT and/or SFO might be
crucial for initiating sodium appetite.
[Supported by NSF]

Colorado, Punblp, CO 81001; (2) Bourne Lab, Dnp2. Psychiatry, Cornell U.
MnTicdl College, White Plains, NY 10605; & (3) Lab. Molecular Nnurobiologh,
Burkn Medical Research Institute, Dept. Neurology & Neuroscience, Cornell
U. Medical College, White Plains, NY 10605.
During sodium depletion, the rat will avidly ingest concentrated solutions of
NaCI that are normally rejected. Little is known of the neural signals mediating
the satiation of salt appetite. In the data reported, c-FLI (a marker of neuronal
activation) was examined in brain regions known to be involved in body fluid
balance (e.g. subfornical organ (SFO)) and in orosencorh and postingest^
signal processing (e.g. nucleus of the solitary tract (NTS)). Male rats were
sodium depleted by injection of the natriuretic-diuretic drug furosemide (Lasix,
10 mg, sc); control rats were injected with the isotonic saline vehicle. Water
was available overnight until salt appetite testing began 24h after the first
injection. Rats were sacrificed at 0, 30, 90, 270 or 720 min after salt access
(O.3M NaCI intake for 1h; n = 5/time point). Following an overdose of sodium
pentobarbital, rats were hansca^l^ perfused and the brain tissue sections
processed for c-FLI. Sodium depletion alone increased c-FLI in the SFO but
not the NTS. By 60 min after salt access (average intake = 10.0 ± 1.5 ml),
there was an increase in the c-FLI in the NTS, which peaked at 90 min and
returned to baseline by 720 min. The c-FLI activity in the SFO was decreased
at 90 min after salt access and not different from baseline by 720 min. Control

rats had no significant c-FLI activity in either brain region. Thus, c-FLI is
increased in the SFO following sodium depletion and in the NTS following
sodium repletion. These results suggest that c-FLI in the SFO reflects
hydromineral balance whereas c-FLI in the NTS reflects either the sensory
processing of prosencory and postingestive information and/or the altered

behavioral response of the sodium depleted rat to the taste of salt.
Support: DK39180 (SPF) and Mathers Trust & Chairman's Comm. (TAH).
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DEOXYCORTICOSTERONE-INDUCED NaCl INTAKE IN RATS IS
NOT INHIBITED BY CENTRAL ADMINISTRATION OF OXYTOCIN
OR CRF. K.S. Curtis*, J.G. Verbalis. and E.M. Stricker,
Departments of Neuroscience and Medicine, University of
Pittsburgh, Pittsburgh, PA 15260
Recent studies have shown that oxytocin (OT) injected iev
inhibits NaCI intake in rats made hypovolemic by sc colloid
treatment.
The present study examined the effect of iev OT
on NaCI intake induced by deoxycorticosterone acetate
(DOC) treatment.
Corticotropin releasing factor (CRF),
which inhibits food intake by stimulating OT release, was
also given iev to determine whether a similar CRF-induced
inhibition of NaCI intake exists.
Adult male rats (n=5) with
indwelling
cannulae
directed
at
the
lateral
cerebral
ventricle were treated with DOC (2 mg/day, sc).
Once large
daily intakes of 0.5 M NaCI were established, access was
restricted to 7 hr/day and NaCI intakes stabilized at 13-26
ml.
Rats were then treated with OT (10 nmol, iev) or CRF
(150 pmol, iev), and NaCI and water intakes were measured
for 7 hr.
Neither OT nor CRF inhibited DOC-induced NaCI
intake at any lime point.
However, OT elicited grooming in
DOC-treatcd rats, as expected; additionally, these doses of OT
and CRF given iev inhibited food intake in control rats not
treated with DOC.
These results extend earlier findings that
systemic
DOC
treatment
suppresses
the
activity
of
hypothalamic OT neurons in rats, but suggest that the role
of central oxytocinergic pathways in DOC-induced NaCI
intake may be more complex than previously proposed.

EXPLORING THE CENTRAL ACTIONS OF CLONIDINE (CL0) ON
ALPHA-ADRENERGIC RECEPTORS AND ITS EFFECTS ON 3X NaCI
INTAKE OF SODIUM DEPLETE OR HORMONALLY-TREATED RATS.
M.M. Yada, P.M. de Paula* M.A. Sato, J.V. Menani and
L.A. De Luca Jr.* Dept. of Physiol. Sci., School
Odontol., Paulista State University - UNESP, 14801-903,
Araraquara. SP, Brazil.
CL0 is a potent inhibitor of water and NaCI intake. In
the present work we tested 1) the effects of alpha-adrenergic antagonists (40, 80 and 160 nmol) on the
antinatriorexigenic effect of CL0 (30 nmol) injected
into the medial septal area of sodium deplete rats, and
2) the effect of clonidine on 3X NaCI intake induced by
intracerebroventricular (ICU) injection of renin (600
ng) or by daily sc injection of deoxycorticosterone
(D0CA, 5 mg/day) in normally hydrated rats. Prazosin
potentiated or inhibited, yohimbine potentiated and
idazoxan inhibited the effect of CL0.
They did not
alter 3X NaCI intake by themselves. The 3X NaCI intake
induced by either ICO injection of renin or sc D0CA was
inhibited by ICV CL0. The results suggest that 1) CL0
inhibits need-induced 3X NaCI intake by acting on
receptors
that
either
are non-adrenergic
(e.g.
imidazolic) or are alpha-adrenergic subtypes different
than the usual alphas and alphag types, and 2) the
inhibition by CL0 of need-induced NaCI intake may occur
through the inhibition of its neurohormonal components.
Research supported by CNPq, FAPESP, FUNDUNESP and UNESP.
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EFFECTS OF GOLD THIOGLUCOSE (GTG) ON HYPOTHALAMIC
CCK RECEPTORS AND THE REGULATION OF FOOD INTAKE
BY CCK AND GLUCOSE IN MICE. H.T. Bergen** and C.V.
Mobbs2. *Dept. of Anatomy, University of Manitoba, Winnipeg, MB,
Canada R3E 0W3, and 2Mt. Sinai School of Medicine, New York, NY.
CCK decreases food intake and it has been proposed that CCK
released from terminals in the hypothalamus may play a role in the
regulation of food intake.
CCK receptors are present in the
ventromedial hypothalamic nucleus (VMN) and electrophysiological
studies have reported that glucose-responsive neurons in the VMN are
also responsive to CCK. Therefore, it was of interest to determine
whether the effects of glucose and CCK on food intake involves
glucose-responsive neurons in the VMN. Male CBA mice were
injected with either GTG, which destroys glucose-responsive neurons
in the VMN (0.7 mg/gbw), or vehicle. CCK receptor density in the
VMN of GTG-, and vehicle-treated controls was assessed by in vitro
receptor autoradiography using 125I-cholecystokinin. The ability of
glucose and CCK to alter food intake was also measured in both GTGtreated and control mice. CCK receptor density in the VMN was
decreased 12 days after GTG injection. In control mice glucose
significantly decreased food intake over a 45 minute period as compared
to saline injection (0.30 ± 0.03 g vs 0.48 ± 0.06 g, respectively). In
GTG-treated mice glucose did not decrease food intake significantly as
compared to saline (O.48± 0.05 g vs. 0.58 ± 0.07 g, respectively). In
contrast, CCK (10 pg/kg, ip) decreased food intake significantly in both
controls and GTG-treated mice. These results suggest that VMN
neurons are involved in mediating the inhibitory effect of glucose, but
not CCK, on food intake.

MICROSTRUCTURAL ANALYSIS OF THE SATIATING EFFECT OF CCK-33 AND
ITS BLOCKADE BY DEVAZEPIDE.
D. Normandin. G.P. Smith, and C.
Uhamoidn*. Bourne Laboratory, New York Hospital-Comell Medical Center,
White Plains, NY 10605.
We recently reported that cholecyctokinin-33 (CCK-33) is as potent as CCK-8
for decreasing meal size after ip administration (Melville et al., 1993). To
investigate the microstructurai changes in licking that accounts for this satiating
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effect, we trained 5 adult, male, Sprague Dawley rats to ingest O.4M sucrose
from a li^kometer tube after 4h of food deprivation. Administration of CCK-33
(27.3 Mg/kg, ip) 5 min prior to the test produced the following significant
differences:

Meal
Duration
(min)

Burst Size
(licks)

Cluster Size
(licks)

1313.8

6.9

19.2

40.2

168.4

4.9

2.6

2.6

Intake
(ml)

Licks
(no.)

Vehicle

9.9

CCK-33

1.0

Treatment

CCK-33 did not change the number of bursts or clusters significantly when the
shorter duration of licking after CCK-33 was taken into account. Administration
of the CCKa antagonist, devazepide (0.1 mg/kg), 30 min prior to the test,
completely blocked the satiating and microstructural effects of CCK-33 without
producing any significant effect by itself. These results extend prior work with
devazepide by showing that it blocks the satiating and microstruc2urdl effects
of CCK-33. Supported by MH00149 and MH40010.
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LACK OF INVOLVEMENT OF CCK-A AND -B RECEPTOR SUBTYPES IN
PHENYLPROPANOLAMINE-INDUCED REDUCTIONS IN INGESTION.
P. A. Rushing * and G. Mittleman. Department of Psychology, University of
Memphis, Memphis, TN 38152.
It has previously be]en reported (Wellman & Tow, Appetite. 16:12127; 1991), that the anorexic effect of phenylpropanolamine (PPA) is
enhanced by proglumide, a relatively non-specific CCK antagonist. It was
proposed that this might be clinically useful in that co-administering
proglumide may help to produce reductions in ingestion with lower doses of
PPA. Using specific CCK antagonists, the present study sought to
determine the potential involvement of CCK-A and -B receptor subtypes in
this apparent proglumide-induced enhancement. Eighteen female rats were
trained to eat their daily allotment of food (ground laboratory chow) during a
2-h period. After intake stabilized, we examined the effects of the CCK-A
receptor antagonist devazepide and CCK-B antagonist L-365,260 on PPAinduced reductions in ingestion. Animals were pre-treated (SC, 30 min prior
to the daily 2-h feeding trials) with vehicle (0.5% methylcellulose) or one of
two doses (25.0 and 100.0 pg/kg) of the CCK antagonists. Five min before
each trial, animals were injected IP with saline or 15.0 mg/kg of PPA. Food
and water intake were measured every 30 min of the 2-h testing period. The
same procedure was repeated 7 days later using 7.5 mg/kg of PPA.
Following pre-treatment with methylcellulose vehicle and each of two doses
(25.0 and 100.0 pg/kg) of devazepide and L-365,260, both 7.5 and 15.0
mg/kg of PPA significantly reduced food and water intake. While pretreatment with both devazepide and L-365,260 tended to antagonize the
PPA-induced reductions, the effect was small and largely non-significant. It
is concluded that there is no substantial involvement of CCK-A and -B
receptor subtypes in PPA-induced reductions in ingestion. It therefore
seems unlikely that co-administration of CCK-A or -B receptor antagonists
with PPA is clinically useful for the treatment of obesity.

EFFECTS OF ESTRADIOL ON CCK-8 BINDING IN THE NUCLEUS OF THE
SOLITARY TRACT AND AREA POSTREMA OF OVARIECTOMIZED RATS. N
Gearv*. D. Trace. G.P. Smith and E.S. Corp. Bourne Laboratory, New York
Hospital-Cornell Medical Center, White Plains, NY 10605.

Estradiol benzoate (EB) increases the satiating effect of CCK-8 in
ovariectomized (OVX) rats (Butera etal., 1993; Geary ef a/., 1994). Therefore,
we investigated whether EB affects CCK-8 binding in the nucleus of the
solitary tract (NTS) and the area postrema (AP), areas that may mediate this
effect. OVX rats were subcutaneously injected with 10 pg EB in sesame oil
(n=5) or oil alone (0; n =5) Tues and Wed AM for several weeks. Rats were
killed Fri PM, when EB increases CCK-8 satiety. Brains were cryostat cut and
slide mounted. In vitro quantitative autoradiographic, saturation-binding
experiments were run using 125l-CCK-8 (50 pMol, 2200 Ci/mMol) and
unlabelled CCK-8. Images were quantified by computerized image analysis.
Binding parameters were resolved with a single site, non-linear regression
model. EB affected neither CCK receptor number (Bmax) nor affinity (K<) in AP
or medial NTS (t-tests, p’s > 0.10). EB also failed to affect CCK receptor
subtype expression, as estimated by competition experiments with 500 nM of
the selective CCK receptor antagonists devazepide (type A) or L365,26O (type
B/gastrin).
Kd (nM)
Bmax (fmol/mg)
%CCKa
%CCKe
AP
O
1.0 ± 0.2
29.6 ± 2.2
68 ± 5
31 ± 8
EB
0.7 ± 0.1
36.1 ± 3.3
70 ± 10
40 ± 7
mNTS O
3.8 ± 0.7
31.2 ± 2.8
83 ± 16
5 ± 6
EB
2.4 ± 0.4
84 ± 17
34.3 ± 2.8
11 ± 8
These data provide no clear evidence that changes of CCK-8 binding in the
AP/mNTS of OVX rats are involved in the increased satiating effect of CCK-8
by EB. Supported by DK32448, MH51135, MH40010, and MH00149.

EFFECTS OF CCK ANTAGONISTS ON THE
SUPPRESSION OF FOOD INTAKE BY ESTRADIOL.
P. Butera*. R. Davis & S. Platania. Department of Psychology,
Niagara University, Niagara, NY 14109
This experiment evaluated the involvement of type A and type B
CCK receptors in the estrogenic suppression of food intake. Sixty
female rats were ovariectomized and assigned to either a devazepide
or an L-365,260 group. Three weeks after ovariectomy, half of the
animals were injected with 5.0 ug of estradiol benzoate (EB) for 3
days while half received the oil vehicle. All subjects were then
food deprived for 24 h. prior to the feeding test the following day.
Food cups and water bottles were presented 30 minutes after ip
injections of devazepide (10 or 100 ug/kg), L-365,260 (10 or 100
ug/kg) or the propylene glycol/ETOH vehicle, with data collected
30 minutes later. The procedure was repeated every 5 days until all
subjects received the vehicle and both doses of one antagonist.
Statistical analyses indicated that EB-treated females consumed less
food during the vehicle feeding tests than controls. The ANOVA
also revealed an interaction between EB and devazepide.
Specifically, the 10.0 ug dose of devazepide attenuated the
suppression of food intake by EB, but did not significantly increase
eating in oil-treated subjects. There was no interaction between EB
and L-365,260 nor any main effect of L-365,260 on eating. These
findings support the hypothesis that estradiol's effects on eating
involve an interaction with CCK systems involved in satiety, and
suggest that stimulation of type A CCK receptors is necessary for
the estrogenic suppression of food intake. (Supported by NIH
Grant DK45499)

246.6
CHOLECYSTOKININ GENE EXPRESSION IN THE
PARAVENTRICULAR NUCLEUS OF INSULIN-DEPENDENT
DIABETES MELLITUS: RELATION TO COEXISTING PEPTIDES.
L.F. Pardo. K.K. Aneia. P. Lacy* S.E. Bachus and M. Jhanwar-Uniyal.
Rockefeller Univ. NY, NY 10021 , St. Elizabeth’s at NIMH, Wash. D.C.
20032 and Univ. of Osteo. Med., Des Moines, IA.
Cholecystokinin (CCK) is present in abundance in both the brain and gut
and participates in pancreatic hormone secretion. In the paraventricular
nucleus (PVN), CCK coexists with other peptides such as dynorphin (DYN)
and corticotropin releasing factor which are known to regulate various
endocrine functions. In this study, we induced diabetes in male SD rats by
administering the pancreatic B-catalytic agent, Streptozotocin (60 mg/kg
BW,IP) and examined the levels of messenger RNA (mRNA) of CCK in the
PVN. Rats were sacrificed 3 wk post injection. Density of CCK was
measured using in situ hybridization histochemistry. We had previously shown
that diabetic rats are characterized by: a significant loss in body weight (20%), pronounced hyperglycemia, a marked reduction in INS levels, an
increased adrenal function and an increased DYN mRNA density in PVN
(Bachus and Jhanwar-Uniyal, Soc. Neuroscience Abst. vol.19; ppl82l, 1993).
The results of this study indicate that: 1) in comparison to controls, the
diabetic rats possessed a higher CCK mRNA density (+ 157%;p <0.05), and
2) there exists a strong correlation between the density of CCK mRNA and
that of DYN mRNA (r=O.791;p< 0.005). Thus, the results of this study
suggest that CCK and DYN neuropeptides which are co-synthes ized/coreleased in the hyperglycemic state are associated with the pathology of
insulin-dependent diabetes mellitus.

246.7
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EXPRESSION OF FOS-LIKE PROTEINS IN THE RAT BRAIN FOLLOWING
PERIPHERAL ADMINISTRATION OF NEUROMEDIN B (NMB) OR GASTRINRELEASING PEPTIDE (GRP). T.R. Stratford*. J. Gibbs and G.P. Smith. Bourne
Laboratory, Dept. of Psychiatry, The New York Hospital - Cornell Medical Center,
White Plains, NY 10605 U.S.A.
NMB and GRP are mammalian homologues of the amphibian peptide bombesin.
Intraperitoneal injections of these peptides have been shown to decrease food intake in
non-deprived rats. In the current study, we examined the effect of peripheral
administration of NMB or GRP on the rat brain by employing the immunocytochemical
localization of Fos-like proteins as a marker for altered neuronal activity.
Method. Rats received an intraperitoneal injection of NMB (11 gg/kg), GRP0-27)
(16 gg/kg), or the isotonic saline vehicle. Ninety minutes later they were placed under
deep, sodium pentobarbital anesthesia and were perfused transcardially with saline
followed by buffered 10% Formalin.
The brains were removed, postfixed,
cryoprotected with 30% sucrose, sectioned, and processed for Fos protein-like
immunoreactivity (LI) using a sheep anti-Fos primary antibody (Cambridge).
Results. Vehicle-injected control rats exhibited very little or no Fos-LI. In contrast,
peptide injections resulted in widespread labeling of cells and both peptides yielded
similar patterns of labeling. Fos-LI cells were densest in the piriform cortex,
suprachiasmatic nucleus (and adjacent medial preoptic area), ventromedial
hypothalamus, paraventricular hypothalamic nucleus, paraventricular thalamic nucleus,
supramammillary region, dorsal and lateral central gray, inferior colliculus, pontine
gray, lateral parabrachial nucleus, and commissural nucleus of the solitary tract.
Clusters of labeled cells also were seen consistently in the lateral septum, anterior
preoptic region, claustrum, medial amygdaloid nucleus, and the ventral aspect of the
lateral habenula. Individual labeled cells were observed scattered throughout the lateral
hypothalamus, bed nucleus of the stria terminalis, posterior hypothalamus, and superior
colliculus.
Supported by NIH DK08836 (TRS), DK33248 (JG), and MH00149 (GPS).

GASTRIN-RELEASING PEPTIDE FAILS TO INHIBIT SHAM
FEEDING IN RATS. J^JSSi ^L_QiM>s and M Rum.*
Bourne Laboratory, New York Hospital-Cornell . Medical Center,
White Plains, NY 10605.
Gastrin-releasing peptidde27(GRP) and neuromedin BM0 are
mammalian analogues of the amphibian peptide bombesin (BN).
We have previously reported that mtrape^itoneally-aeministeree
BN produced a potent, dose-related inhibition of sham feeding and
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elicitation of behavioral satiety (Martin and Gibbs, 1980). To
investigate the ability of GRP to inhibit sham feeding, 12 adult
male Sprague-Dawley rats were prepared surgically with chronic
gastric cannulas. A 3-week period was allowed for recovery and
adaptation to a test regimen [overnight, 19-h deprivation of
condensed milk maintenance food (1900-1400h); opening of gastric
fistulas (14OOh); intraperitoneal injection l425h); and presentation
of 0.2M sucrose for sham feeding (1430-1500h)].
BN (8-32^gkg_1) produced a potent, dose-related inhibition of
sham feeding. GRP (16-64^gkg'1) failed to inhibit sham feeding.
Thus, GRP does not mimic the action of BN when ingested food
is limited to stimulation of pregastric sites. Whether die addition

of NMB to GRP treatment would reproduce the full satiety effect
of peripherally-administered BN remains to be determined.
Supported by NIH grants DK33248 (JG), MH00149 (GPS).
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ABDOMINAL VAGOTOMY DOES NOT BLOCK THE INHIBITION OF FOOD
INTAKE BY GASTRIN-RELEASING PEPTIDE IN RATS. S. Perez. G.P. Smith.
D. Grantere and J. Gibbs.* Bounie Laboratory, The Nn * York Hrepital Cornell Medical Center, White Plaid*, NY 10605.
Gastrin-releasing peptide^fGRP) i* a mammalian analogue of the amphibian
peptide, bombesin (BN). We have previously reported that total abdominal
vagotomy did not change the satiating potency of BN (Smith et al., 1981). To
investigate the effect of vagotomy on satiety induced by GRP, we compared the
effect of GRP (1.75-14jZg--kgi, intraperitoneally) with equimolar doses (1-tyig‘k*1)
of BN in 10 male, vagotomized rats. Following lh of food deprivation, peptides
were administered 5 min prior to access to a high carbohydrate liquid diet
(L10007, Research Diets) for 30 min.

BLOCKADE OF EITHER NEUROMEDIN B OR GASTRIN-RELEASING
PEPTIDE RECEPTORS ABOLISHES THE ANORECTIC EFFECT OF
PERIPHERAL NEUROMEDIN B. T.C. Kirkham* S. Perez. G .P. Smith and
J.Gibbs. Bourne Laboratory, The New York Hospital - Cornell Medical Center,
White Plains, NY 10605.
The mammalian bombesin-like peptide neuromedin B (NMB) exerts an
anorectic action in nondeprived, pre-fed rats. This action can be obtained in both
real- and sham-feeding paradigms. In contrast, NMB fails to affect eating in
either intact or gastric-fistulated rats that have not been pre-fed. Thus, the
expression of NMB anorexia appears to depend on some postingestive action of
food. We have previously demonstrated that NMB anorexia is blocked by the
specific NMB-receptor antagonist NC8-59 (Kirkham et al, 1994). Here we report
that NMB anorexia is also blocked by Burroughs-Wellcome 2258U89 (BW), a
preferential antagonist at receptors for another mammalian bombesin-like peptide,
gastrin-releasing peptide,.^ (GRP), which also acts to suppress food intake.
During the light phase, non-deprived male rats (n=6) were given 30-min access
to a liquid diet (pre-feed). The diet was removed for 30 min. Rats received
intraperitoneal injections of saline or BW (O.3-lOQggg'1 5 min pretest). The
liquid diet was restored and intake measured at intervals for 60 min. Neuromedin
B alone significantly suppressed intake for the first L5 min of testing.
Pretreatment with every dose of BW abolished the effect of NMB.
BW binds preferentially to, and NC8-59 has no affinity for GRP receptors, yet
both antagonists block the effects of NMB. The findings suggest that peripheraUyinduced NMB anorexia requires the functional integrity of both NMB and GRP
systems, and support roles for both endogenous NMB and GRP in postprandial
satiety.
Supported by NIH grants DK33248 (JG, TCK) and MH00149 (GPS).

GRP
BN

0
113*
±1

Dose of Peptide (nM-kjg1)
0.63
125
2£_
7.4
7.6
7J
±1
±1
±1

12.7*
±1

6.1
±1

4.0
±1

5.0
7.0
±1

SJ

5.7
±1

±1

Numbers are liquid diet intakes, in ml ± SEM.
*p<.001, 0 dose (vehicle control) compared to all doses of peptide.
No peptide dose is significantly different from any other.

BN is more potent than GRP across all doses (p<.008). Both GRP and BN
produce flat dose-response curves; both are extremely potent, with the lowest
doses (1.75^g«kg*‘ of GRP and lOug-kg4 of BN) being maximally effective.
Thus, like the satiety action of BN, that of GRP does not require an intact
vagus. The reasons for the flat and very sensitive responses to GRP and BN in
vagotomized rats remain to be determined.
Supported by DK33248 (JG) and MH00149 (GPS).
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246.11
PHARMAQMWnOGENIC MODULATION OF FEEDING BY
OXYTOCIN, BOMBESIN AND THEIR ANTAGONISTS.
H. Pklrt^ondon1* and X.Merali1-2 1 Psychology & 2Phorracologg,
University of Ottawa, Ottawa, Ont. Canada, KIN 9A9.

Administration of oxytocin (OX) and bombesin (BN) have been shown
to suppress food intake in adult rats. The ontogeny of this pharmacological
response has been largely neglected. In light of important transient
fluctuations in peptidergic ad0/nr receptor expression early after birth, the
objectives of the current study were three fold: 1) determine when during
early development rats become sensitive to OX and BN satiety effects, 2)
compare the potency of these peptides in inducing satiety in the neonate
versus the adult and, 3) establish whether the BN or OX antagonists, [DP0e6,DesMet'4]-BN(6-14) Ethyl amide (DesMet) and vasotocin (VT),
respectively, demonstrate intrinsic activ’ty during ontogeny. On postnatal
days (PD) 1, 5, 10 and 15, groups of Sprague-Dawley rat pups (n = 8-11)
were food deprived for 5-7 h, weighed and injected s.c. with either saline,
BN (0.6, 0.06 or 0.006 mg/kg), DesMet (10 mg/kg), OX (1.2, 0.6,
0.3, 0.15 mg/kg) or VT (1.0 ft 5.0 mg/kg). They were then placed on
milk saturated absorbent paper for 30 min at 32°C. The amount consumed
as well as behavioral responses (feeding, grooming, resting and exploring)
were monitored. Results revealed that BN and OX 0ose-0eped0edtiy
suppressed food intake from PD 1 to PD 15 although the BN, but not the
OX, doses required were higher than those needed in adults. OX and BN
antagonists did not exert intrinsic activity except at PD 1 where VT
significantly enhanced feeding. These results suggest that both BN and OX
may play a physiological role in satiety mechanisms very early in ontogeny.

THE EFFECT OF THE 5-HT1A ANTAGONIST, WAY-100635 ON NAN-190INDUCED HYPERPHAGIA IN RATS. J.E. Hartley. A. Greenough. D.G. Owen*
& A. Fletcher. Dept. of Neurophannccology, Wyeth Research (UK) Ltd, Maidenhead
Berks., U.K. SL6 OPH.
The 5-HTia receptor antagonist NAN-190 may also have partial agonist activity
(Greuel & Glaser, 1992, Eur. J. Pharmacol., 211, 211). Stimulation of
somatodendritic 5-HTia cutoreceptors decreases synthesis and release of 5-HT and
increases food consumption. Hence 5-HTi a agonists, such as 8-OH-DPAT, and
partial agonists like buspirone, gepirone and ipsapirone increase food intake. In the
light of this evidence the hyperphagia induced by NAN-190 (Williams et al., 1992,
Eur. J. Pharmacol., 291, 105) his been attributed to a 5-HTia partial agonist effect.
In the present study the 5-HTia receptor antagonistt WAY-100635 (Fletcher et cl.,
1994, Br. J. Pharmacol., 112, 91P) was used to test this hypothesis. In these studies
the effects of NAN-190 were compared to those of the 5-HTia receptor agonist,
8-OH-DPAT cnd the O4-c0rednoeptnr antagonist, prazosin.
The food intake of free feeding rats following the administration of NAN-190 (11Omy/ky), 8-OH-DPAT (O.lmg/kg) cnd prazosin (O.3-3mg/kg), given clone or with
WAY-100635 (,O3-.3mg/kg), was studied 3h after injection (s.c.). Food consumption
was increased by 8-OH-DPAT (0.1 mg/kg, intake = 2.4 g), prazosin (3 mg/kg, intake
= 1.7 g) and NAN-190 (3 mg/kg, intake = 1.6 g) but unaffected by WAY-100635
(0.3 mg/kg, intake = 0.3 g) when compared to vehicle controls (intike = 0.3-0.6 g).
When given together with the hyperphagic agents, WAY-100635 blocked the feeding
induced by 8-OH-DPAT but not that induced by NAN-190 or prazosin.
The increase in feeding induced by NAN-190 suggests that this compound mcy be
a 5-HTi a receptor partial agonist. However, the inability of the 5-HTia antagonist
WAY-100635 to antagonise the NAN-^-induced hyperphcgic is inconsistent with
an agonist action at the 5-HTia receptor. The hyperphigic mcy be mediated vic aja0renoceptnrs as NAN-190 has high affinity for this site and we have shown that the
ai-adrenoceptor antagonist prazosin induces feeding. Further studies are required to
elucidate the mechanism of action of NAN-190 on central 5-HT neurones.

246.13
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DIETARY TRYPTOPHAN: BENEFICIAL EFFECTS ON AN ANIMAL
MODEL OF ANOREXIA NERVOSA. P.F. Aravich*. L.A. Kaminski &

ESCALATING OR REPEATED DOSES OF DEXFENFLURAMINE
(DF): EFFECT ON FOS INDUCED IN BRAIN BY DF AND OTHER
ANORECTICS. B.-H. Li* and N.E. Rowland. Dept Psychology, Univ
Florida, Gainesville FL 32611.
The anorectic effect of DF often declines with repeated dosing
(tolerance) and high doses cause brain serotonin (5HT) depletions in
rats. We have used Fos-like iroloudnreactivity (FLI) to map potential
brain sites activated by DF. At a dose of 2 mg/kg, DF activates the
central amygdala (CeA), bed n. of the stria terminalis (BST), caudateputaoed (CPu), lateral pcrabrco0ic1 n. (LPB) and the NTS. At higher
doses (5 or 12 mg/kg), the cerebral cortex and the parvocellular paraventricular hypothalamic n. (PVN) are also activated. We now report
several studies involving repeated doses of DF or 5HT. 1: An escalating
dosage regimen of DF (0.5-4 mg/kg, IP), that has been shown to protect
against 5HT depletion by subsequent large doses, was associated with
complete loss of FLI to c probe dose of DF (5 mg/kg, IP) in the cortex,
CPu, PVN and NTS, cnd partial loss of FLI in the BST, CeA and LPB.
2: Repeated treatment with DF (2 mg/kg) produces tolerance to DF but
not o0n1eoystDkidid (CCK) anorexic and, llkewise, reduced FLI in the
brain induced by DF but had no effect on that induced by either CCK
(5 //g/kg, IP) or the 5HT agonist, 5-ocrbnxcoiOotryptcoine (26 //g/kg,
SC). 3: Repeated treatment with 5HT (2 mg/kg, SC) had no effect on
FLI induced by a later dose of DF (2 mg/kg). Collectively, these data
indicate that central hyp^i^^ssponsi^^i^ess develops to low doses of DF
and this may be related to both behavioral tolerance cnd neuroo0eoica1
protection.
[Supported by SERVER]

T.S. Rieq. Eastern Virginia Medical School, Norfolk, VA 23501 and
Veterans Affairs Medical Center, Hampton, VA 23667.
Anorexia nervosa (AN) is a relatively intractable eating disorder.
There is growing evidence that serotonin (5HT) agonists may be useful

in its treatment.

Brain 5HT synthesis can be increased by dietary

supplementation with the precursor, L-tryptophan (TRP).

This

experiment determined if dietary TRP supplementation has a beneficial
effect on a popular animal model of AN. Adult female rats (n=29) were

divided into 3 dietary groups: basal TRP, TRP supplementation 5times over basal (5xTRP) and TRP supplementation 10-times over
basal (10xTRP). The diets were made from a modified AIN76A diet:
10% casein (assumed to have 1.344 g TRP/kg diet); 75%
carbohydrate (2:1 sucrose/corn starch) (added TRP was substituted
isocalorically with cornstarch); and Rogers/Harper Salt mix (35 g/kg
diet). The rats were freely fed the diets for five days and then
subjected to the animal model of AN:

1.5 h/day food access; 22.5

h/day running wheel access. There were no dietary effects on body
weight and food intake during the freely fed phase.

By contrast, dietary

TRP supplementation significantly affected the weight-loss syndrome:
the 5xTRP group lost weight at a slower rate and ate more food
compared to the basal group; running was unaffected. No protective
effect occurred with the 10xTRP diet. These data demonstrate a

beneficial effect of dietary TRP supplementation on an animal model of
AN and are consistent with the serotonergic view of the disorder.
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Study of brain sites of CRF-estrogen interaction. A.
Dagnault* and D. Richard, Dept. of Physiology, Laval
University, Quebec, CANADA, G1K 7P4.
Previous experiments have shown that the anorectic
effects of estrogens are mediated by CRF. This study was
carried out to determine the brain sites of this CRFestrogen interaction. Female rats were ovariectomized
two weeks before perfusion. A double-immunostaining
procedure was applied to 30 pm-thick brain slices to
identify the populations of neurons in which estrogen
receptors and CRF possibly colocalized . The results

INCREASING VISCOSITY POTENTIATES THE SATIATING EFFECTS OF
INTRAUPID IN SHAM FEEDING RATS.
S.J. French*. J. McCafferv, D.
Greenberg, The 8oume Laboratory and Department of Psychiatry, Cornell
University Medical College, 21 Bloomingdale Rd, White Plains, NY 10605.

revealed little colocalization. However, both
immunoreactive estrogen receptors and CRF neurons,
were found in the bed nucleus of the stria terminalis, the
medial preoptic nucleus, the periventricular division of
the hypothalamus, the anterior part of the paraventricular
nucleus and in the periaqueductal gray. In conclusion, a
large number of Cr F cells was found in the same regions
as estrogens receptors but a small density of colocalization
was detected. Some of these regions, such as the medial
preoptic area and the paraventricular nucleus of the
hypothalamus, have been demonstrated to be involved in
the anorectic effects of estrogens.

Previous work in humans (French et al, Am. J. Clin. Nutr, 1994) has shown
that addition of guar gum to a fatty test meal markedly Increases its satiety
effect. These results suggest that an increase in viscosity may affect satiety
at the level of the small intestine. The purpose of this study was to investigate
if the satiating potency of direct intestinal fat infusions could be enhanced by
increased viscosity.
Eight male Sprague-Dawley rats were fitted with gastric cannulae and
duodenal catheters to allow duodenal infusions during sham feeding. Rats
were overnight food deprived and given 90 min access to liquid food (40% v/v
I0007). Sham fed intakes were measured every 5 min. Intestinal infusions
(10ml; 0.44 ml/min) were of: 0.9% saline, Intralipid (2.5 kcal) alone or
Intralipid with guar gum (1% w/v) beginning 12 min after food presentation.
Intralipid infusion alone produced a suppression of feeding compared to
saline [F(1,7)=38.05; p<O.OOO5J Addition of guar gum prolonged the duration
of the suppressive effect of Intralipid infusion [F(15,83)=2.09; g<O.O2].
These data suggest that increased viscosity potentiates the satiety effect of
fat infusions into the small intestine. The mechanism of this effect is unknown.
It is possible, however, that the increase in viscosity increases the time and/or
area of contact of the fat stimulus with intestinal sites which may signal satiety.

Supported by: The Wellcome Trust (SJF);
Institute and NIH-DK 38757 (DG).
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ANORECTIC AND STIMULATORY EFFECTS OF METARAMINOL.

S. Y. Yeh* Molecular Neuropsychiatry Section, Neuroscience
Branch, Addiction Research Center, NIDA/NIH, P.O. box
5180, Baltimore, MD 21224, U.S.A.
The Catechol derivatives of propanolamine, a-methyiepinephrine
(Yeh, The pharmacologist, 35:185,1993) and a-methylnorepinephrine
(Neuroscience Abstracts, 19:1238, 1993), are potent anorectics
without stimulant action. The present study was undertaken to
investigate possible anorectic effects of the hydroxyphenyl
derivative of phenylpropanolamine, metaraminol, in an attempt to
develop an anorectic without stimulant action and without deleterious
effects on monoamines in the brain. Metaraminol (3 mg/kg s.c.)
caused a significant reduction of food intake from 3 to 24 h intervals.
ED50 values of metaraminol on inhibition of food intake in non fooddeprived rats at 1, 3, 14, and 24 h were 0.75, 1.37, 2.43 and 2.85
mg/kg, respectively; in food-deprived rats, ED50 values at 1, and 3 h

were 3.01 and 3.59 mg/kg, respectively. Phentolamine (5 mg/kg, IP),
propranolol (5 mg/kg, IP), and haloperidol (0.3 mg/kg, IP), but not
cyproheptadine (1.6 mg/kg, IP), given 30 min prior to metaraminol

administration significantly reduced metaraminol induced-anorexia.
The body weight of rats treated with 3, and 5 mg/kg of metaraminol
for consecutive 3 days was significantly decreased from days 1 to 9.
Metaraminol had no significant effect on locomotor activity and water
intake. These results suggest that metaraminol is a potent anorectic
agent.

HORMONAL CONTROL OF REPRODUCTIVE BEHAVIOR:

OTHER I

247.1

247.2

SEX COMPARISON OF FOREBRAIN FOS-IMMUNOREACTTVITY IN
GONADECTOMIZED, TESTOSTERONE-TREATED RATS FOLLOWING
MOUNTING OR CHEMOSENSORY STIMULATION. MJ.Baum*, A.M.Oboh,
S.C. Bressler and R.G. Paredes. Dept. of Biology, Boston Univ., Boston, MA
02215
Fos protein immunoreactivity (FOS-IR) was visualized in nuclei of forebrain
neurons of gonadectomized male and female rats which received testosterone
propionate (TP) daily prior to being exposed to different mating or chemosensory
stimuli. Forebrain FOS-IR was compared in males and females killed 1 h after a
test with an estrous female during which subjects displayed an equivalent number
of mounts. Lidocaine anesthetic was applied to the rats' genitals in an effort to
prevent intromissive behavior. Similar, significant increments in the number of
FOS-IR neurons were seen in the medial preoptic area (mPOA) and medial
amygdaloid nucleus (mAMYG) of both sexes. Males displayed mounts with very
few intromissions, whereas females displayed mounts together with numerous
intromissive behaviors, even though lidocaine had been applied. Thus it is possible
that genital/somatosensory, as well as chemosensory stimuli, contributed to the
induction of forebrain f Os -IR in females. A more specific comparison of the
effects of chemosensory stimulation in die two sexes was made in a second study,
in which forebrain FOS-IR was compared in sexually experienced males and
females killed after spending 2h on urine-soaked bedding from estrous females.
Again, similar numbers of FOS-IR neurons were seen in the mPOA and mAMYG
of both sexes. The results suggest that the sexual dimorphism in the morphology
of the forebrain circuit which processes chemosensory information (reviewed in
Simerley, Trends Neurosci., 13:104,1990) is not reflected in a dimorphic pattern
of c-fos expression, at least in the terminal nuclei (mAMYG and mPOA) of this
pathway. Supported by HD21094 and MH00392.

NADPH DIAPHORASE ACTIVITY AND NITRIC OXIDE SYNTHASE
IMMUNOREACTIVITY IN LORDOSIS-RELEVANT NEURONS OF THE
VENTROMEDIAL HYPOTHALAMUS. I.M. Rachman and R.S. Cohen.*
Dept. of Anatomy and Cell Biology, Univ. of Illinois at Chicago, Chicago, IL
60612.
Among the effects of estrogen on lordosis-relevant neurons in the
ventromedial hypothalamus (VMH) is an increase in their responsiveness to
incoming signals. Some of these effects, in turn, may require the synthesis
and/or change in activity of key postsynaptic proteins, including the NMDA
receptor/channel complex and related proteins, such as nitric oxide synthase
(NOS). To ascertain the presence of NOS in the VMH, we performed NADPH
diaphorase (NADPH-D) histochemistry and NOS immunocytochemistry on
hypothalamic vibratome sections of ovariectomized/estrogen-treated (0.1 mg
estradiol benzoate for 19 days) and cycling female rats. Both Na Dp H-D
staining and NOS immunoreactivity (polyclonal antibody from Transduction
Laboratories) were seen in the VMH. Punctate NADPH-D staining and NOS
labeling were seen throughout the VMH, but both staining and immunoreactivity
of neurons and their processes were most prominent in the ventrolateral (VL)
subdivision. To demonstrate the correspondence of NADPH-D and NOS,
hypothalamic sections were processed for NADPH-D histochemistry and then
NOS immunocytochemistry. Some neurons in the VLVMH showed both
NADPH-D staining and NOS immunoreactivity. Sequential NADPH-D
histochemistry and estrogen receptor (ER) immunocytochemistry (monoclonal
antibody H222, Abbott Laboratories) were performed. Most NADPH-D stained
neurons in the VLVMH showed nuclear labeling for the estrogen receptor.
Preliminary results showed a marked increase in the number of NADPH-D
positive neurons and processes in the VLVMH of ovariectomized/estrogentreated rats compared to controls. These studies suggest that NOS is present
and may be subject to estrogen influences in lordosis-relevant neurons of the
VMH. Supported by NIH grant HD24553.
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MUSCARINIC RECEPTOR SUBTYPES IN RAT HYPOTHALAMIC
VENTROMEDIAL NUCLEUS (VMN): ELECTROPHARMACOLOGICAL
AND AUTORADIOGRAPHIC ANALYSES RELEVANT TO LORDOSIS.
L.-M. Kow*. Y.-F. Tsai. N.G. Weiland. B.S. McEwen and D.W. Pfaff.
The Rockefeller University, 1230 York Ave., New York, NY. 10021.
Muscarinic agonists can act through the VMN to facilitate lordosis. To
elucidate the subtype(s) of muscarinic receptors involved, single-unit activity
of VMN neurons was recorded from brain slices of estrogen-primed female
rats, and responses of these neurons to various muscarinic agents were
analyzed. Nonspecific agonists acetylcholine (ACh), oxotremorine-M (O-M),
and carbachol (CCh) evoked primarily excitation (79-85%), some inhibition
(7-20%), and occasional biphasic responses (0-8%); while the Ml-selective
McN-A-343 (McN) evoked only excitation. From the magnitude of excitatory
responses evoked by these agonists from single neurons and the dose-response
relation of each agonist, the rank order of the effectiveness emerged: O-M >
CCh > ACh > McN. This order is very similar to that of the potency in
facilitating lordosis (O-M > CCh > > McN), but not that of the affinity for
Ml binding (O-M > McN > CCh, Dohanich et al., PBB 38:115-124, 1991),
suggesting that excitation mediated by non-Ml receptors is involved in
mediating lordosis facilitation. Experiments with antagonists selective for Ml
(pirenzepine), M2 (AF-DX 116), and M3 (4-DAMP and p-F-HHSiD) indicate
that excitation is mediated by Ml and M3, the inhibition by M2. Autoradiographic assays of binding to pH]-4-DAMP with or without pirenzepine and
AF-DX 116, also indicate the presence of M3 receptors in the VMN. In vivo
estrogen priming had no effect on the binding. Thus, the excitation mediated
by M3 is likely to be involved in cholinergic facilitation of lordosis.
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INFLUENCE OF MALE COPULATORY BEHAVIOR ON FEMALE
REFRACTORY PERIOD FOLLOWING MALE'S EJACULATION IN
RATS. L.Y. Yang* and L.G. Clemens. Department of Zoology and
Neuroscience Program, Michigan State University, East Lansing, MI
48824.
During copulation, both the male and the female rat exhibit a
sexual refractory period following the male's ejaculation. During this
time the nude keeps quiescent and the female stays away from the
male. The objective of present study was to determine whether the
female's refractory period was a response to the male's ejaculatory
reflex or whether additional vaginocervical stimulation was
necessary. Females were tested in a two-compartment chamber
where the female could escape from the male during copulation. The
female's latency to return to the male's compartment following
ejaculation provided a measure of her refractory period. Tests
revealed that females receiving 2-4 intromissions prior to ejaculation
had a refractory period that did not differ from groups receiving 10
or 22-31 intromissions before ejaculation. However, if the male
ejaculated on the first or second intromission, the female's refractory
period was significantly shorter than the other groups and did not
differ from her latency to return after an intromission without
ejaculation. We conclude, therefore, that the male's ejaculatory reflex
and seminal emission are not in and of themselves sufficient to
induce a refractory period in the female. (Supported by NSF BNS9109292).

247.5

247.6

ANDROGEN RECEPTOR IMMUNOREACTIVITY AND FOS
EXPRESSION IN A SUBREGION OF THE CENTRAL TEGMENTAL
FIELD: IMPORTANCE FOR UNDERSTANDING THE NEURAL
AND ENDOCRINE CONTROL OF MATING IN THE MALE RAT . B.
Greco*1. A. N. Clancy1,2’* and D. A . Edwards1, department of Biology,
Georgia State University and Departments of'Psychology and ’Psychiatry
and Behavioral Sciences, Emory University, Atlanta, GA . 30322.
Distributions of androgen receptor (AR)-like and cfos-like neurons
were mapped in brains of mated and non-mated gonadally intact male rats
and castrated males using the PG 21 anti-AR (Prins) and AB 2 anti-o/os
(Oncogene Sciences) antibodies. Anti-AR labeling occurred in intact rats
only. In the central tegmental field (CTF), AR-immunoreactive cells were
concentrated in the area immediately dorsal to the medial lemniscus (in
rostral sections) and dorsal to the lateral part of the substantia nigra (in
more caudal sections). Mating induced c-fos expression in the same
region. Bilateral excitotoxin lesions of the region indicated above using
NMDA were performed on other intact male rats and these lesions
virtually eliminated mating. Neurons in the CTF appear to relay sexuallyrelevant somatosensory information to forebrain structures that include
the medial prophc area and medial amygdala (Baum and Everitt, 1992).
This process may involve hormone action on the CTF, and ARimmunoreactive CTF neurons may participate in the hormonal action of
male sexual behawor. (Supported by NSF grant IBN 9021579 and the
Emory University Research Committee).

INTEGRATION OF CHEMOSENSORY AND HORMONAL CUES IS
ESSENTIAL FOR MATING BEHAVIOR IN THE MALE SYRIAN
HAMSTER. R.L Wood* and S.W. Newman. Department of Anatomy
& Cell Biology, University of Michigan, Ann Arbor, MI 48109-0616.
Mating behavior in the male hamster is dependent upon both
chemosensory and hormonal cues, and copulation is abolished if either
signal is interrupted. Through reciprocal interactions of these two
signals, chemosensory stimuli increase circulating testosterone, and
steroid hormones enhance chemoinvestigation. Furthermore, these cues
are transmitted through parallel pathways in separate subdivisions of the
medial amygdaloid nucleus, bed nucleus of the stria terminalis (BNST)
and medial preoptic area (MPOA). The aim of this study was to
determine if the integration of chemosensory and hormonal cues is
essential for mating. We combined an intracerebral implant of
testosterone in BNST/MPOA with removal of a single olfactory bulb
(UBx), ipsilateral or contralateral to the steroid implant. Previous
studies have demonstrated that testosterone implants which stimulate
androgen receptor-containing neurons in posteromedial BNST and the
medial preoeric nucleus can increase mounting in males castrated for 12
weeks. In the present study, ipsilateral UBx prevents the integration of
hormonal signals with chemosensory cues. Sexually-experienced males
were used. Twelve weeks after castration, a single olfactory bulb was
removed, and each male received a testosterone-filled cannula (22 ga).
Two weeks later, mounting increased in 50% of males with contralateral
UBx, but only in 1/10 males with ipsilateral UBx. This study suggests
that integration of hormonal signals with chemosensory cues is required
for mating behavior. (Supported by NS-20629, HD-07514).

247.7

247.8

INDUCTION OF FOS IMMUNOREACTIVITY IN THE AFFERENTS TO
THE VENTROMEDIAL NUCLEUS OF HYPOTHALAMUS
FOLLOWING REPETITIVE MATING IN FEMALE RATS.
C. Rigndrgg*. and RX, . Moss, Dept. Physiol., Univ. Texas Southwestern
Med. Ctr., Dallas, TX 75235-9040.
Experiments were designed to investigate whether afferents to the
ventromedial nucleus of hypothalamus (VMH) exhibit Fos immunoreactivity
(Fos IR) in female rats subjected to repetitive mating. Ovariectomized rats
injected unilaterally with Fluorogold (FG) in the VMH were subjected to
repetitive mating 48 hours after estrogen priming. The females were
sacrificed 180 min after the beginning of the repetitive mating test and the
brains were processed for immunocytochemical detection of Fos and
luteinizing hormone-releasing hormone (LHRH). Microinjection of FG into
the ventrolateral region of the VMH produced retrograde labeling in several
brain regions including those areas reported to exhibit Fos IR after mating,
such as the medial preoptic area (MPA), the bed nucleus of stria terminalis
(BNST) and the posterodorsal medial nucleus of amygdala (MePD). In the
present study, many FG-positive cells in the MPA, BNST, MePD and the
posterior zona incerta (ZI) also exhibited Fos IR. Injection of FG in the
ventrolateral region of the VMH also induced retrograde labeling with FG in
many LHRH cells ipsilateral to the injection. A large proportion of these FGpositive LHRH cells were also Fos immunoreactive.
These results suggest that cells in the MPA, BNST, MePD and posterior ZI,
and the LHRH cells project to ventrolateral VMH. The presence of Fos IR in
these cells indicates that these cells participate in conveying information into
the VMH during the repetitive mating-induced facilitation of lordosis
behavior. Supported by NIH-MH41784.

ACCESSORY OLFACTORY INPUTS INTO THE MEDIAL AMYGDALA
(mAMYG): ACTIVATION BY MATING BEHAVIOR. C.A. Dudley* and R.L.
Moss. Dept of Physiol. U.T. Southwestern Medical Center, Dallas, TX 75235
Previous behavioral and immunohistochemical studies have demonstrated that
male associated cues received by the female during mating behavior activate a
population of cells in the mAMYG. Projections from the accessory olfactory bulb
(AOB) to the mAMYG may be important in this regard due to the known role of
the AOB in mediating pheromonal cues related to mating. Other accessory
olfactory system nuclei, such as the bed nucleus of the stria terminalis (BNST) and
ventromedial hypothalamus (VMH), may also participate. The present study
examined inputs into the mAMYG that were activated by mating behavior.
Microinjections of the retrograde tracer, Fluorogold (FG), were placed into the
mAMYG of five OVX rats. After a 6-12 day waiting period, the estrogen-primed
animals were repetitively mated with sexually active males over a 3 hr period.
Perfusion fixation was followed by immunohistochemical labelling for c-fos. The
brains and AOBs were examined for the presence of FG+ cells, fos+ cells, and fos+
cells containing FG. In the mitral layer of the AOB, the mean number of FG+
cells/section ranged from 92 to 266 while the mean number of fos+ cells ranged
between 3 and 64. A large percentage (11-48%) of fos+ cells were double labelled.
Large numbers of FG+ cells were also found in the BNST and in the VMH. The
distribution of FG in these areas was related to the location of the injection site in
the mAMYG. Although both the BNST and lateral VMH contained many fos+
cells, only a small percentage of these were FG-labelled. The results indicate that
up to half of the mitral cells in the AOB which are activated by mating behavior
project to the mAMYG and suggest that alternative sites in addition to the BNST
and VMH also participate in mating behavior-induced neuronal activation of the
mAMYG. Supported by MH41784.
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TIME COURSE OF RESTORATION BY TESTOSTERONE OF FOS
LABELING IN THE MPOA OF CASTRATED HAMSTERS IS CORRELATED
WITH THE RESTORATION OF MATING BEHAVIOR. J.M. Gabriel-Sidhom
and J.M. Swann*. Dept. of Biol. Sc., Rutgers Univ., Newark, NJ. 07102.
Copulatory behavior in the male golden hamster is initiated by exposure to
female hamster vaginal secretion (FHVS) in the presence of circulating testosterone.
Pheromones are processed by chemosensory receptors of the main and accessory
olfactory systems. These systems converge on three central areas: the bed nucleus
of the stria terminalis (BNST), the medial nucleus of the amygdala (Me) and the
medial preoptic area (MPOA). Lesions of these areas, particularly the MPNmgn
subdivision of the MPOA, disrupt or abolish mating. Using fos immunoreactivity
(fos-IR) as a marker for cell stimulation we have shown that 1) exposure to FHVS
stimulates neurons in the BNST, Me, and the MPNmgn, 2) castrated animals show
cell stimulation in the BNST and Me but fail to show fos in the MPNmgn in
response to FHVS and 3) testosterone (T) treatment restores fos-IR in the
MPNmgn. This experiment determines the time course of the restoration of fos-IR
in response to FHVS in the MPNmgn of castrates treated with T. Adult male
Syrian hamsters were screened for copulatory behavior and divided into nine groups:
control, intact, castrates, and castrates implanted with T capsules for 1, 3, 5, 7, 14
and 21 days. All were tested for mating behavior in the week preceding sacrifice.
All animals, except controls, received FHVS on a cotton swab from a receptive
female one hour before perfusion. Brains were removed, sectioned and processed for
fos-IR. Four out of 5 intacts showed a greater number of fos-ER cells in MPNmgn
than controls. One out of 3 castrates showed fos-IR in the MPNmgn after 1 day of
T, 50% showed fos-IR after 3-5 days and 4 out of 5 showed fos-IR after one week
of T. Anogenital investigatory rates increased 3 to 5 days after T. Mounting
behavior did not increase until 2 weeks after T. Thus, restoration of cell stimulation
of MPNmgn is correlated with an increase in anogenital investigation and preceeds
the restoration of mounting behavior. (Supported by NICHHD BPO R29
HD28467-02 and NIGMS-MBRS-3 SO6 GM8223-06S2 to JMS.)

EFFECTS OF INTRACRANIAL MIDAZOLAM AND
PROGESTERONE ON SEXUAL RECEPTIVITY IN FEMALE
HAMSTERS. S.M. Ramos* and J.F. DeBold. Dept. Psychology,
Tufts University, Medford, MA 02155.
Progestins act genomically in the ventromedial nucleus of the hypothalamus (VMH) and non-genomically in the ventral tegmental area
(VTA) to facilitate sexual behavior in estrogen-primed hamsters. The
substrate for the non-genomic action may be the GABAa receptor
complex. Many forms of the GABAa receptor complex in the CNS
respond to progestins and/or benzodiazepines, although these two
compounds act at different sites on the complex. To determine if
progesterone and benzodiazepines are both acting on the same population
of GABAa receptors, we stereotaxically implanted a cannula aimed above
the VMH and a contralateral cannula aimed above the contralateral VTA.
44 hours after estrogen (10 pg EB) hamsters received a cannula insert
containing progesterone into the VMH 3.5 hours before the administration
of the benzodiazepine midazolam maleate. Each animal received a microinjection of midazolam (5.0 ng in 0.5 pl) into the VTA, one week, and
saline vehicle the other. This was counterbalanced. Sexual receptivity
assessed one half hour after infusion into the VTA by recording the total
time spent in lordosis during a 10 minute interaction with a sexually active
male hamster. Analysis is ongoing but so far only animals with
midazolam infused into the VTA showed an increase in lordosis duration.
This preliminary data suggests that the VTA GABAa receptors involved
in sexual receptivity also respond to benzodiazepines.
Supported by NSF grant BNS 91-12777 to JFD.

247.11

SEXUAL BEHAVIOR IN FEMALE RATS INDUCES FOSLIKE-IMM UN OREACTIVITY IN MEDIAL HYPOTHALAMIC CELLS PROJECTING TO THE CENTRAL GRAY.
William M. Struthers* and David Wirtshafter Dept- Psychology.,
Univ. III. at Chicago, Box 4348, Chicago, I! 60680.
Substantial evidence suggests that cells in the medial hypothalamus play an important role in sexual behavior in female rats
and it has been reported that sexual behavior results in the induction of Fos-like-immunoreactivity (FLI) in cells located in the
ventrolateral portion of the ventromedial hypothalamic nucleus
(VMN). It has also been suggested that medial hypothalamic
influences on sexual behavior may be mediated through direct
projections to the midbrain central gray (CG). In the current
study we attempted to evaluate this possibility by using a combination of Fos immunocytochemistry and fluorescent retrograde
tracing. Female rats were ovarectomized and one week later
injected with Fluorogold (O.5ul of a 2% solution) in the lateral
portion of the CG. The subjects were primed with injections of
estrogen (10 ug, s,c.) followed by progesterone (1 mg/kg s.c.) and,
four days following tracer injections, were placed in a mating
arena with a sexually vigorous male. The male was removed after
60 min. and the females sacrificed 30 min. later and processed for
FLI. Substantial numbers of immunoreactive cells were observed
in the medial hypothalamus, principally along the lateral border
of the VMN and the region between the VMN and the fornix.
Approximately 5-10% of cells displaying FLI were also labeled
with Fluorogold, demonstrating that some hypothalamic cells
activated during sexual behavior do indeed project to the CG.

247.13

SEX DIFFERENCES IN THE SENSORY BRANCH OF THE
PUDENDAL NERVE OF RATS. C. L. Moord*and R. H. White. Depts. of
Psychology and Biology, Univ. Mass. Boston, Boston, MA 02125
Sex differences in the sensory branch of the pudendal nerve, which
innervates the genitalia and surrounding perineal skin, were examined in
five adult littermate pairs. Samples were taken from where separate
sensory and motor branches travel along the internal pudendal vessels and
were subsequently processed for electron microscopy. The full crosssectional extent of each nerve was sampled with 11-18 micrographs
(95OOx). Axon density and the areal fraction occupied by myelin,
myelinated axons, unmyelinated axons, and Schwann cells were measured
from the micrographs, using a counting frame and a point counting system.
The cross-sectional area of each nerve was digitized from light
micrographs. Estimates of total axon number and the mean cross-sectional
areas of profiles were calculated for each animal. Males had 51% more
axons than their female siblings (p<.04), a difference that was apparent in
both myelinated (means: 1897 vs. 1392) and unmyelinated (4004 vs. 2506)
axons. Myelinated axons were larger in males (8.0 vs. 4.2 pm2; p<.OO3)
and had more myelin per axon (15.7 vs 8.6 pm2; p<.01), but there was no
difference in the size of unmyelinated axons. The areal fraction occupied
by Schwann cell cytoplasm was greater in females. Comparisons of the
motor branch and the dorsal penile/clitoral nerve are in progress. A
possible hormonal basis for observed sex differences will be investigated.
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DIFFERENTIAL INDUCTION OF FOS IN THE FEMALE RAT
FOREBRAIN FOLLOWING DIFFERENT AMOUNTS OF
VAGINOCERVICAL STIMULATION. J,G. Pfaus*. C. Marcangione,
and H. Ahillamaa. Center for Studies in Behavioral Neurobiology,
Department of Psychology, Concordia University, Montreal, QC, Canada.
We and others have shown that Fos mRNA and protein are induced
within different estrogen-concentrating and non-concentrating regions of the
female rat forebrain following copulation with intromission and manual
vaginocervical stimulation (VCS). In the present study, we investigated the
threshold amount of stimulation required to induce Fos within estrogenconcentrating regions of the mPOA, BNST, VMH, and medial amygdala.
Ovariectomized rats were administered estradiol benzoate (lOpg) 48 hr and
progesterone (500 pg) 4 hr before receiving either 0, 1 5, 10, 20, 30, 40,
or 50 manual VCSs with a lubricated glass rod distributed over the course
of 1 hr (n=5/group). To our surprise, Fos-like immunoreactivity (IR) was
induced differentially within these brain regions by different amounts of

VCS.
A single VCS was sufficient to induce nearly the complete
distribution of Fos-like IR within the medial amygdala and a small number
of Fos-positive cells in the mPOA. Fos was induced in a nearly linear
fashion within the mPOA and BNST by higher amounts of stimulation,
whereas the stimulation threshold for the VMH fell between 30 and 40
VCSs. Studies are currently underway to determine whether the threshold
for Fos induction by VCS is altered in ovariectomized rats without hormone
treatment. Because VCS facilitates lordosis but leads to a faster termination
of estrus, these results have important implications concerning the neural
mechanisms involved in the control of female sexual behavior.
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INTRAVENOUS COCAETHYLENE SELF-ADMINISTRATION
IN AN OPERANT RUNWAY: COMPARISON WITH COCAINE.
M. A.Raven , D.A. Danluck and A. Ettenberg: Behavioral
Pharmacology Lab, Uuio. of California, Sauta earbara, CA 93106
The concurrent presence of ethauol aud cocaiue withiu the lioer
results iu the formatiou of a cocaiue metabolite (i.e., cocaethlyeue)
that is uot produced wheu ethauol is absent. Cocaethlyeue has beeu
demoustrated to haoe psychoactioe properties although its poteucy
relative to cocaiue remaius uucertaiu. Iu the preseut study, the
reiuforciug properties of cocaiue aud cocaethyleue were compared iu
a ruuway model of drug self-admiuistratiou. Male albiuo rats were
traiued to traverse a straight alley ouce each day for a siugle
iutraoeuous iujectiou of cocaiue or cocaethyleue (0.5,0.75 or 1.0
mg/kg/iuj delivered iu a volume of 0.1 ml iufused ooer 4 sec). Ou
each trial, the lateucy to iuitiate ruuuiug (start lateucy) aud the time
required to traverse the alley (ruu time) were recorded for each
subject. Iu additiou, the iutramaze behavior of the auimals were
automatically recorded by iufrared seusors liuiug the leugth of the
ruuway. The results of this study revealed highly comparable
behavioral profiles iu auimals ruuuiug for either cocaiue- or
cocaethyleue-reiuforcemeut.

TOLERANCE TO THE COCAINE DISCRIMINATIVE STIMULUS IN
F344 AND LEWIS RAT STRAINS. TA Kosten*. JL DeCaprio and AH
Oliveto. Dept Psychiat, Yale Univ Sch Med, New Haven, CT 06519.
Previous research suggests that Fischer 344 (F344) and Lewis (LEW)
inbred rat strains differ in their behavioral and biochemical responses to
cocaine (COC) and other psychoactive drugs. In particular, chronic drug
exposure generally affects F344 rats in the usual manner, whereas LEW
rats are less responsive to the biochemical alterations and show more rapid
locomotor sensitization to chronic drug exposure. The present study
examined possible strain differences in tolerance to COC using drug
discrimination. COC tolerance was assessed by comparing COC doseresponse functions before and after 10 days of COC treatment (15 mg/kg,
i.p., TID) based on previous methodology (Wood & Emmett-Oglesby,
1986). F344 and l Ew rats were trained to discriminate COC (10 mg/kg)
from saline using a two-lever, food-reinforced (FRIO) discrimination
procedure. Once COC demonstrated stimulus control over behavior (6
consecutive days of > 90% drug-appropriate responding), a COC doseresponse function (0.1-10 mg/kg) was determined using a multiple dosing
procedure. F344 rats showed dose-related responding, whereas LEW
rats showed COC-appropriate responding to the training dose only.
Training was suspended for the 10 day treatment phase after which the
second COC dose-response function was determined. While a two-fold
shift to the right of the dose-response curve was found for F344 rats,
there was no change from pretreatment for LEW rats. These results
suggest that while F344 rats show tolerance to the behavioral effects of
cocaine, LEW rats do not, a finding that is consistent with previous
biochemical and behavioral data. Further studies on the pharmacological
specificity of this effect are in progress. [NIDA P50-DA04060|.

248.3

248.4

I.V. COCAINE SELF-ADMINISTRATION IN C57e1/6J AND
DeA/2J MICE: A DOSE-RESPONSE ANALYSIS. N.J. Grahame*
aud C.L. Cunningham. Departmeut of Medical Psychology, Oregou
Health Scieuces Uuiversity, Portlaud, OR 97201.
Data from various experimeuts have showu that C57 mice may be
more seusitive to reiuforcemeut from drugs of abuse thau DeA mice.
To assess this fiudiug usiug a commou measure of drug reiuforcemeut,
mice were implanted with chrouic jugular cauuulae aud were allowed to
uosepoke for one of three doses of i.v. cocaine (0.5,1.0, or 2.0 mg/kg)
during free-operaut sessions. Mice were unrestrained, and had access to
two nosepoke holes, only one of which was reinforced ou an FR-3
schedule. A 10 s time-out period following each reinforcer was indicated
by illumination of a light inside the correct nosepoke hole. C57 mice
acquired nosepoking more rapidly over days thau DeA mice (as shown
by number of correct nosepokes, percent of uosepokes on the correct
side, and number of reinforcers administered per session) regardless of
unit dose, yet there were no differences between strains in nosepokiug
rates during the first session. However, many DeA mice did eventually
acquire operant responding for cocaiue. Following acquisition of stable
cocaiue self-administration, mice were subjected to withiu-subject doseresponse manipulations. C57 mice demonstrated that their rate of
responding was a negative, linear function of log unit dose of cocaiue,
through a dose range of 0.125 mg/kg to 2.0 mg/kg per infusion. These
strain differences are congruent with results from other studies
suggesting greater sensitivity to cocaiue reinforcement iu C57 mice thau
in DeA mice.

EXTINCTION-INDUCED
RESPONDING
IN
A
COCAINE
SELFADMINISTRATION PARADIGM.
AS. Ward and M.W. Emmett-Oqlesby*.
Dept, of Pharmacology, UNTHSC, Fort Worth, TX 76107-2699.
Although drug craving is a poorly understood concept, it is generally believed
that the reinforcing effects of drugs and the external cues associated with
those effects are capable of eliciting craving. Using extinction-induced re-

sponding as an index of drug craving (Markou et. al, Psychopharmacology.
112: 163, 1993), the present experiment investigated whether amount of responding during post-session extinction varied as a function of the amount of
cocaine self-administered within session. Rats self-administered cocaine (3.3
- 24.75 mg/kg) intravenously under an FR2 schedule during sessions in which
a light served as a discriminative stimulus signalling drug availability. Following the completion of the session, animals remained in the operant chamber
with the stimulus light off for one hour. Total number of post-session lever
presses ranged from 0 to 975, with a mean of 87.2. No effect of amount of
cocaine administered during the session was found for total number of lever
presses during extinction.
Closer examination of these data revealed that
inter-reinforcer time during the session was significantly correlated with postsession responding (r = -.51, p<0.002). That is, large numbers of lever
presses during the extinction period were associated with faster rates of responding during the session. To examine whether these individual differences
were driven by the discriminative stimulus, two sessions were conducted
without illumination of the stimulus light. Neither inter-reinforcer time nor postsession responding for the dark sessions differed from baseline. Thus, although extinction-induced responding for cocaine did not vary as a function of
the amount of cocaine administered during the session, it was directly influenced by individual response characteristics of the animal. Supported by
R01-DA-4137.

248.5

248.6

ACQUISITION OF COCAINE SELF-ADMINISTRATION IN RATS.
%
Mittleman*. R. M. Chase. P.A. Leduc. C.L. Schaub and M.C.
Schmelzeis. Dept. of Psychology, The University of Memphis, Memphis,
TN 38152.
The purpose of this experiment was to describe the magnitude of
individual differences in the propensity to self-administer cocaine in rats,
and additionally to identify factors with predictive validity for drug
taking. We investigated the acquisition of self-administration of multiple
doses of cocaine using a novel, free choice paradigm. Male rats
(N = 155; age range = 53-210 days) were tested for locomotion in a
novel environment. They were implanted with jugular catheters, placed
in the experimental chambers and given 23 hrs of daily access to the
drug for 10 days. During each 23 hr test session rats could select and
sample 5 doses of cocaine (0.0, 0.18, 0.32, 0.56, and 1.0 mg/kg/inj)
by making a nose-poke response into 5 different stimulus "holes". Each
stimulus-hole corresponded to 1 drug dose. There were profound
individual differences in the propensity to acquire cocaine selfadministration. Average, daily drug-taking in individual rats ranged from
0.48 to 100.6 mg/kg. Based on the mean amount of drug infused, 3
groups of rats could be distinguished: Group 1 showed low but
consistent levels of self-administration throughout testing (2-6
mg/kg/day); Group 2 consistently self-administered 6-20 mg/kg/day,
while rats in group 3 requested approximately 60 mg/kg of cocaine on
the first test day and progressively increased their intake across testing.
There was no consistent relationship between locomotion in a novel
environment and individual differences in the acquisition of cocaine selfadministration. Age was negatively correlated with the development of
this behavior. Rats between 53 and 120 days old self-administered more
drug than older animals. This paradigm may be useful in establishing
dose-response relationships as well as individual differences in the
acquisition of drug-taking. Suported by NIDA grant DA07517.

ROLE OF ASSOCIATIVE AND NON-ASSOCIATIVE
COCAINE-INDUCED BEHAVIORAL SENSITIZATION.
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FACTORS

IN

A. Pert*.
Biological Psychiatry Branch, NIMH, Bethesda MD 20892.

Both associative (conditioned drug effects) and nonassociative (drug determined) factors such as neuronal
adaptations and pharmacokinetic alterations appear to
contribute to the development of behavioral sensitization
induced by repetitive cocaine administration. The first
series of studies was directed at identifying and
evaluating the role of the non-associative factors. Rats
were injected with 3Omg/kg of cocaine or saline daily for
7 days in their home cages (non-contextual design) and
then tested in locomotor chambers one or seven days after
the termination of treatment with low doses of cocaine
administered either i.p. (lOmg/kg), i.c.v. (lOOpg), intraaccumbers (5Opg) or i.v. (2mg/kg). If neuronal adaptations
(at a cellular or neurochemical level) are responsible for
behavioral sensitization, the phenomenon should be present
regardless of the route of administration. Surprisingly,
sensitization was found only following i.p. challenges.
We, as well as others, have found significant increases in
brain cocaine levels of rats pretreated with cocaine
following i.p. challenges but not i.v. challenges which
avoid
"first-pass" metabolism.
It
is
significant,
therefore, that sensitization was not seen following i.v.
challenges in these studies. Pharmacokinetic factors
appear to be the predominant if not sole determinant of
sensitization in non-contextual designs.
Behavioral
sensitization in contextual-designs in which the drug is
administered in the test apparatus, on the other hand, is
predominantly the result of conditioned drug effects. It
is considerably persistent and not dependent upon the
route of administration.
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ESTABLISHING ORAL COCAINE AS A REINFORCER: A HOME CAGE
*
METHOD. Davij JentsyhL? John Ziriaxf Pam Henryk, & Patrick A Mgsonh*.
'Operational Technologies; 2Systems Research Laboratories; 3Armstrong
Laboratory, Brooks AFB, Texas 78235-5324
Orally-administered cocaine is a less potent reinforcer than intra-venous (IV)
cocaine. Likely reasons for this difference include: (1) Slower onset of the
reinforcing effects in oral vs IV cocaine. (2) The taste of cocaine may be slightly
aversive to rats, and (3)the local anaesthetic properties of cocaine may limit
consumption. The present study demonstrates a simpler technique for establishing
oral-cocaine reinforcement than the gradual substitution of cocaine for ethanol in
animals previously self-administering oral ethanol as used by Meisch et.al. (1990)
and George et.al. (1991).
Four drug-naive, water-deprived rats were given 5 hours access per day to a
solution of cocaine (0.05%) and saccharin (0.05%) for 5 days. After this initial
period, ad lib water was made available to the animals during the remaining 19
hours of the day. After one month, the 4 rats were consuming 61, 52, 31, and 36
mg/kg/day (12.2, 10.4,6.2, and 7.2 mg/kg/hr) respectively.
After two months, the cocaine solution was made available for one hour per day in
an operant chamber with water continously available in the home cage. Bar-pressing
on a CRF schedule was trained with 0.2 ml of cocaine solution (0.07% cocaine +
0.05% saccharin) as a reinforcer. The ratio value was eventually increased to an
RR 15. Overall response rates were 5.6, 14.66 ,9.1, and 8.9 resp/min for each of
the four rats, respectively.
A vehicle (0.05% saccharin solution) was then randomly administered in place of
the cocaine solution. In these trials, the rate of bar-pressing declined by significant
levels.
Thus, prior homecage oral self-administration of cocaine facilitates subsequent use
of an oral cocaine reinforcer on an intermittent reinforcement schedule.

EFFECTS OF FOOD-REINFORCEMENT HISTORY ON COCAINE
SELF-ADMINISTRATION IN RHESUS MONKEYS. C. Bowen. &
Hubbard. G. Gatto* & M. Nader. Depts. Physiol./Pharmacol. & Comparative Med, Bowman Gray Sch. Med., Winston-Salem, NC 27157.
Recently, it was reported that histories of cocaine self-administration
under fixed-ratio (FR) or interresponse times>t-sec (IRT) schedules
influenced subsequent response rates under a fixed-interval (FI)
schedule (Nader and Reboussin, Psychopharmacology, in press). The
present study was conducted to determine if behavioral history would
generalize across different reinforcers. Eight experimentally naive
rhesus monkeys were initially trained to respond under either an FR 50
or IRT > 30-sec schedule of food reinforcement. After 65 sessions,
cocaine (0.03 mg/kg/inj, i.v.) was available under an FI 5-min
schedule, during daily 4 h sessions. When responding was stable (> 60
sessions), a cocaine dose-response curve (sal, 0.01-0.3 mg/kg) was
determined. The FR schedule generated high rates of food-maintained
responding (90.12 ± 6.2 r/min), while response rates under the IRT
schedule were low (1.87 ± 0.1 r/min). Response rates under the FI 5min schedule of cocaine (0.03 mg/kg/inj) presentation were
significantly higher in FR-history monkeys compared to IRT-history
subjects; the ascending limb of the dose-response curve was up and to
the left in the FR compared to IRT group. In an effort to quantify the
direct rate-decreasing effects of each cocaine dose, response rates per
cocaine delivery were examined across the session. In general, changes
in rate were greater in FR- compared to IRT-history monkeys. These
results indicate that a history of responding maintained by a nondrug
reinforcer can have significant and long-lasting effects on response
rates when available under an FI schedule. NIDA grant DA-06829.

248.9

248.10

SOCIAL STRESS: COCAINE REINFORCING AND STIMULUS
EFFECTS. K.A. Miczek*^ J.A. Vivian and J.O. Valentine.
Department of Psychology, Tufts University, Medford MA 02155.
Cocaine and environmental stress cross-sensitize as assessed by
behavioral measures and mesocorticolimbic dopamine activity. In
order to investigate the shared and differentiated characteristics of
cocaine and social stress, the stimulus and reinforcing effects of
cocaine and d-amphetamine were examined in rats that were singly
or socially housed, or exposed to discrete defeat in social
confrontations. Social defeat was defined as the display of
unambiguous submissive behavior, i.e. ultrasound calls and
prolonged supine posture, in a brief confrontation with a resident rat,
as well as exposure to the threatening resident behind a protective
screen. Adult male Long-Evans rats were trained to discriminate
either d-amphetamine (1 mg/kg) or cocaine (10 mg/kg) from saline
to minimally 80% drug-appropriate responding using a two-lever
task with milk reinforcement available for each 10th lever press (FR
10). Animals were injected with the saline vehicle and exposed to
social stress, i.e. aggressive behavior by a resident rat for 15 minutes.
In the immediately following discrimination trial, a subgroup of rats
responded on the cocaine- or amphetamine-appropriate lever. When
animals exposed to social stress were fitted with intravenous
catheters, the characteristic inverted U-shaped concentration-effect
curve for cocaine self-administration (0.31-2.5 mg/kg), maintained
by an FR 10 schedule, was shifted to the left. It appears that exposure
to social defeat can induce a state that generalizes to the druginduced stimulus characteristics of cocaine and d-amphetamine and
that sensitizes rats to the reinforcing effects of these drugs.

COCAINE INCREASES THE PUNISHED LEVER PRESSING OF RATS
FOLLOWING A COCAINE AND SHOCK POSTPONEMENT DRUGBEHAVIOR INTERACTION HISTORY. T. A. Tatharn. Dept, of Psychiatry,
Uniformed Services University of the Health Sciences, Bethesda, MD,
20814.
Four rats initially responded on a fixed-interval schedule in which the first
lever press after 3 min produced food. In addition, every 30th response was
punished by a brief electric shock. Cocaine (0.1 -- 30.0 mg/kg, i.p.)
administered before occasional test sessions decreased responding in a
dose-dependent fashion. The "punishmenT schedule was then
discontinued. Responding was then maintained by a shock-postponement
schedule in which brief shocks occurred every 5 sec in the absence of leverpressing; each response postponed shock for 30 sec. After several weeks
the shock-postponement schedule was discontinued and the punishment
schedule was reinstated. Cocaine continued to decrease the punished
responding of three of four rats. However, one rat's responding was now
increased by cocaine. The three rats whose punished responding was not
increased by cocaine were returned to the shock-postponement schedule.
Unlike the first exposure to this condition, cocaine was now administered
rior to some sessions; dose-dependent increases in responding occurred.
he shock-postponement schedule was subsequently discontinued and the
punishment schedule was reinstated. The punished responding of all three
rats was now increased by at least one dose of cocaine. These results
suggest that neither a history of responding on the shock postponement
schedule nor a history of exposure to cocaine was sufficient to reverse the

effects of cocaine on punished responding. Instead, the critical
manipulation was concurrent exposure to the shock-postponement schedule
and cocaine. This outcome differs from the results of experiments with
squirrel monkeys and pigeons in which a shock-postponement history, in
the absence of concurrent cocaine exposure, reversed the effects of cocaine
on punished responding. This research program underscores the
malleability of the behavioral effects of cocaine.

248.11

248.12

SELF-ADMINISTRATION OF BRAIN STIMULATION
REWARD: THE EFFECTS OF CHLORDIAZEPOXIDE ON BASELINE
PULSE FREQUENCY levels
. EQ, McGalkT. LM, Allard, PLFlood, and T.R. Stellar. Dept. of Psychology, Northeastern Univ.,
Boston, MA. 02115.
Previously it has been found that rats will administer a long
duration burst of electrical brain stimulation in a manner that
mimics animals self-administering drugs. Also rats will
compensate for reward dilution i.e. reduction in current, by
increasing baseline pulse frequency levels. More recently, it was
demonstrated that average self-selected brain stimulation pulse
frequency was determined by the balance of rewarding and aversive
properties of the brain stimulation as measured in the classsical
ON/OFF procedure. Our current research has attempted to reduce
these aversive effects with chlordiazepoxide. Past research has
shown that benzodiazepines decrease OFF responding in the
ON/OFF paradigm. We have replicated that effect of
chlordiazepoxide and have found that it also produces dose
dependent increases in self-selected baseline frequencies in the selfadministration of self-stimulation paradigm, increasing baseline by
up to 67% (8 mg/kg, IP). These data lend further support to the role
that aversiveness plays in the self-selection of baseline selfadministration of self-stimulation levels and raises a comparable
issue for drug self-administration.

COCAINE IMPAIRS MATERNAL BEHAVIOR: A RODENT MODEL.
E.M. Vemotica**.C.A. Lisciottol J.S, Rosenblattl JJ. Mpnrelll?. bnst. of Animal
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Beh., 3ctr. for Mol. & Beh. Neurosc., Rutgers University, Newark NJ 07102
Cocaine abuse in women has brought with it reports of child abandonment and
neglect. Since maternal behavior is one of the most stable and highly motivated
behaviors in mammals, including humans, these reports present a conundrum. In
humans, few studies have systematically examined the effects of cocaine on
maternal behavior due to the multi-dimensional confounds often accompanying
cocaine abuse. Maternal behavior in the rat has been well described, so we used this
model to determine whether cocaine atone impairs maternal responsiveness. Rats
received daily subcutaneous injections of cocaine HQ throughout pregnancy (22
days) and for 8 days postpartum. Cocaine-treated dams, tested within 4 hours
following injection, had plasma cocaine levels of 514 ng/ml (administered 20
mg/kg) and 1012 ng/ml (administered 40 mg/kg) and showed deficits in most
aspects of maternal behavior which included pup retrieval, nestbuilding,
hovering/crouching posture, and maternal aggression. Specifically, females with
cocaine in their blood had retrieval latencies 3 times longer than controls; they did
not engage in maternal nestbuilding; only 30% were observed hovering/crouching
over pups; maternal aggression was significantly altered. There was a 4-7 fold
increase in locomotor activity. In contrast,when the same drug-treated females were
tested approximately 16 hours after injection, when plasma cocaine levels had
diminished, maternal behavior, locomotor activity, and stereotypy were equivalent
to saline-treated controls. This pattern of impaired maternal behavior after cocane
injection, followed by a return to normal behavior as blood levels of cocaine
diminish, was replicated on 8 sequential days of drug treatment and testing.
Physiological parameters and litter characteristics were normal in drug-treated
dams. Our results indicate a cocaine-induced derailment of maternal behavior only
during the time that female rats are "under the influence" of cocaine. Supported by
NIDA grant DA 07513 to JIM & JSR.
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COCAINE AND NANDROLONE INCREASE AGGRESSION IN MALE
RATS. S.F. Long and W.M.Davis*. Dept. Pharmacol.,
University of Mississippi, University, MS 38677
Cocaine (COC) and anabolic-androgenic steroids
(AAS) can increase aggressive behavior in laboratory animals.
Anecdote and controlled human
studies implicated AAS in aggressive and psychotic
responses. This research examined the co-administration of COC and a typical AAS, nandrolone
decanoate (1NAN), on development of aggression in
male rats (resident-intruder paradigm).
Dose
response studies indicated that low dose COC (1
mg/kg, ip, daily) produced a composite aggression
score (CAS) = 6.5+2.2 significantly greater than
control or higher doses. Similarly, low (2 mg sc)
daily doses of NAN caused greater aggression after
4 wk of treatment, while high doses (20 mg) twice
weekly prqduced more after 1 wk.
These differences were not significant until wk 4, when CASs
were significantly greater (5.5+1.1 vs. 2.8+1.2)
in the low dose group.
Co-administration of COC
and NAN did not significantly increase aggression from controls or either drug singly.
However, by
wk 4 COC and NAN alone both produced greater
aggression than the controls or combination. The
results indicate that COC and NAN may interact to
influence aggression but the specific effects may
differ with dose and duration.

TOLERANCE TO COCAINE'S FACILITATION OF BRAIN STIMULATION
REWARD REVEALED USING A THRESHOLD TRACKING PROCEDURE.
M.A. Bozarth*, C.M. Pudiak, & R. KuoLee. Department ofPsychology, University at
Buffalo, Buffalo, NY14260-4110.

Cocaine produces robust lowering of brain stimulation reward (BSR) thresholds.
This facilitation effect can be demonstrated as decreases in the stimulation frequency
necessary to maintain responding for BSR. Repeated cocaine administration produces
a well-documented sensitization to the behavior-activating effects of cocaine. Two experiments examined whether sensitization develops to cocaine’s effect on BSR during
repeated injections. Male, Long-Evan rats were implanted with monopolar electrodes
aimed at the lateral hypothalamic level of the medial forebrain bundle. After 7 days recover from surgery, rats were trained to press for monophasic cathodal stimulation
pulses using the threshold tracking method. Daily 60-min test sessions determined the
minimum stimulation frequency necessary to maintain responding at ^30 presses/min.
Two cocaine administration regimens were used; both protocols have been shown to
produce sensitization to the locomotor-stimulating effect of cocaine. In the first experiments, rats received daily injections of cocaine hydrochloride (10 mg/kg, i.p.) for 21
days. Three days after the last injection, they were injected with cocaine (10 mg/kg, i.p.)
to determine if sensitization developed. In the second experiment, rats were injected
with various doses of cocaine (1 to 30 mg/kg, i.p.) in a counterbalanced order. Each cocaine test was separated by at least 72 hours. Next, they received daily injections of cocaine (30 mg/kg, i.p.) for 5 days. The dose-response analysis was repeated beginning 10
days after the 5-day cocaine treatment. Both experiments failed to show sensitization to
the threshold lowering effect of cocaine. In the first experiment, tolerance developed
across the first 9 days of testing and was maintained through Day-21. In the second experiment, the 5-day cocaine treatment shifted the dose-response curve to the right, indicating the development of tolerance to cocaine's effect cn BSR. Both studies are
consistent with reports of tolerance to the mood-elevating effect of cocaine in humans.
(Supported by DA02285 from the National Institute on Drug Abuse.)

248.15

WITHDRAWAL FROM ORAL COCAINE: ULTRASONIC
VOCALIZATIONS AND TACTILE STARTLE. H. M. T. Barros
and K.A. Miczek. Department of Psychology, Tufts University,
Medford MA 02155.
While anxiety appears as a characteristic symptom in humans who
administer high doses of cocaine or experience withdrawal, it is
difficult to capture this aspect of cocaine effects in animals. Acoustic
and tactile startle and other stressful or aversive stimuli induce rats to
emit ultrasonic vocalizations (USV) indicating "distress". Startle
reflexes and USVs are increased during withdrawal from alcohol,
benzodiazepines, and morphine. The present study investigated if
withdrawal from prolonged low-dose cocaine that is self-administered
via the oral route could be detected in startle and vocal responses.
Adult, male Long-Evans rats had access to cocaine solution (0.1
mg/ml) either for 24 or 4 h/day in a two-bottle choice test. Another
group could drink a cocaine 1.4 mg/ml, after sucrose fading, in 30
min. daily sessions. On day 1, 3,7, 14, 21 and 28 of withdrawal from
either 30 or 60 days of treatment, startle and vocal responses were
measured. USVs were more frequent and longer in duration in 5060% of the cocaine-treated rats, and the amplitude of the startle reflex
tended to be larger. These changes were most prominent at days 3 and
7 of withdrawal. By day 14 of withdrawal, rats drinking cocaine
solution for 24 h/day in a 2-bottle choice test emitted fewer and
shorter USVs. Modification of startle-induced USVs responses during
short-term and protracted withdrawal from cocaine may reflect
emotional behavior during abuse of this drug.
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INJECTION OF THE PROTEIN KINASE INHIBITOR H7 INTO THE VENTRAL
TEGMENTAL AREA ALTERS THE DEVELOPMENT OF BEHAVIORAL
SENSITIZATION TO COCAINE. J.D. Steketee*. Department of
Pharmacology and Therapeutics, Louisiana State University Medical Center,
Shreveport, LA 71130-3932.
Repeated intermittent injection of psychostimulants, including cocaine,
produces an augmented motor-stimulant response to a subsequent
challenge injection, which is termed behavioral sensitization. Behavioral
sensitization has been reported to last for months to years following the last
exposure to cocaine. It has been suggested that sensitization results, in part,
from an increased response of the mesolimbic dopamine system to cocaine.
In other neuronal models, an increase in protein kinase C (PKC) activity has
been associated with sensitization. We have previously demonstrated that
injection of the protein kinase inhibitor H7 into the ventral tegmental area
(VTA) dose-dependently blocked the acute motor-stimulant response to
cocaine. In this study, the effect of intra-VTA injection of H7 on the
development of behavioral sensitization was examined. Cannulae were
bilaterally implanted above the VTA for intra-cranial injections. One week after
surgery animals received intra-A10 injections of saline or H7 (10 or 30
nmol/side) 5 min before receiving peripheral injections of saline or cocaine (15
mg/kg). Motor activity was monitored for 2 hr following the injections. Animals
then received the same treatment for 3 consecutive days. All animals received
a challenge injection of cocaine 24 hr or 7 days after the last of the daily
injections. Preliminary data suggests that H7 blocks the development of
behavioral sensitization, when the animals are challenged 24 hr, but not 7
days after daily treatment. In vivo microdialysis studies are currently being
conducted to determine whether H7 alters the development of neurochemical
sensitization, as measured by an augmentation of cocaine-induced dopamine
release in the nucleus accumbens. The results suggest that intra-VTA H7
treatment delays, but does not prevent, the expression of behavioral
sensitization.

REINSTATEMENT
OF
COCAINE
SELFADMINISTRATION BY A PROTEIN KINASE A
INHIBITOR IN THE NUCLEUS ACCUMBENS.
D.W.
Self*. W.J. Barnhart and E.J. Nestler. Laboratory of Molecular
Psychiatry, Yale University School of Medicine, New Haven, CT.
m a previous study, we infused cAMP analogues into the NAc to test
the role of cAMP-dependent protein kinase (PKA) in cocaine
reinforcement (Self et al., Soc. Neurosci. Abstr. 1993). In the present
study, the possible role of PKA in cocaine craving was tested by
infusing two cAMP analogues, Rp-cAMPS and Sp-cAMPS, into the
NAc of rats during a reinstatement paradigm. In this paradigm, rats
first self-administer cocaine for 2 hrs; saline is then substituted for the
cocaine, during which time self-administration behavior extinguishes.
Following extinction, infusion of Rp-cAMPS (40 & 80 nmol/1 pl),
which blocks the ability of endogenous cAMP to activate PKA, dosedependently reinstated non-reinforced responding at the drug-paired
lever, without increasing responding at an inactive lever. Control
infusions of vehicle failed to reinstate non-reinforced responding.
These results suggest that decreased PKA activity in the NAc may
stimulate drug craving, leading to increased drug-seeking behavior. In
contrast, NAc infusions of Sp-cAMPS (40 & 80 nmol/1 pl), which
mimics the ability of cAMP to activate PKA, non-selectively increased
non-reinforced responding at both the drug-paired and inactive levers.
This suggests that increased PKA activity in the NAc leads to a
generalized increase in non-reinforced responding, which may reflect
stereotypy or locomotor effects rather than an increase in drug-seeking
behavior per se. These results provide direct evidence for the
hypothesis that drug-induced adaptations in the NAc-cAMP system
could be involved in relapse to drug self-administration in addicted
subjects.
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DIFFERENTIAL DISPLAY OF mRNAS DURING COCAINE
WITHDRAWAL. D.J. Ennulat* and B.M. Cohen. McLean Hospital
and Harvard Medical School, 115 Mill Street, Belmont, MA 02178.
Cocaine exposure causes a rapid induction of the immediate-early
genes (IEGs) c-fos and NGFI-A in the straitum of rat brain. We
have reported that the induction of these IEGs is followed by a period
of repression of IEG mRNA levels after either single or repeated
treaments with cocaine [Ennulat et al., (1994), In press]. This
repression appears more pronounced and prolonged after repeated
dosing with cocaine. To expand the identification of gene products
that are modulated by treatment with cocaine we are using differential
display reverse transcriptase PCR (DD-PCR). Rats receive either a
single IV or t.i.d. IV injections for 1 day, with a final challenge
injection the following day, of either vehicle (0.9% saline pH 7.4) or
6 mg/kg cocaine-HCl. Animals are allowed to recover from the drug
treatment for specified time intervals during which cocaine-dependent
changes in gene expression has been previously documented. Total
RNA is isolated from the striatum and used as a template to direct the
synthesis of cDNA primed with a 12-fold degenerate oligonucleotide
(TnVN). The resulting cDNA is subjected to DD-PCR amplification
with selected 10-mer forward and 13-mer reverse primer sets. Under
these conditions a primer set designed to amplify a segment of c-fos
identifies a PCR product whose relative quantity parallels the level of
expression of c-fos as measured by Northern blot analysis. Changes
in other PCR products are currently being confirmed and we are
continuing to search the cDNA pool, with additional primer sets, for
cocaine-modulated genes. This work is supported by grants from
NIMH and NARSAD.

PATTERNS OF C-FOS INDUCTION BY COCAINE AND
AMPHETAMINE IN THE STRIATUM AND OLFACTORY TUBERCLE
OF RAT. D.A. Jaeger*. P,R. Hof. S.C. Sealfon.
Fishberg
Research Center for Neurobiology, Mount Sinai School of
Medicine, New York, NY 10029.
Amphetamine induction of immediate early genes has
been reported to occur within calbindin immunonegative
patches in rostral striatum, whereas induction by cocaine
shows no such correspondence (Graybiel et al., 1990, PNAS
87. 6912-6916). The cellular localization of c-fos induction
by these drugs was investigated to determine the
relationship
of
the
staining
pattern
to
dssage,
neurochemical identity of cells induced, and distribution of
induction in subregions of the striatum and olfactory
tubercle.
Male Sprague-Dawley rats were injected with
either cocaine, amphetamine or saline, perfused 2 hours
later and immunocytochemistry was pefformed wtth
antibodies against calbindin, Fos and other neueochgmicsl
markers. Digital images of dual-fluorescent labeling were
overlayed and analyzed on a personal computer.
Induction
of c-fos
in rostral striatum after amphetamine treatment
(up to 10 mg/kg) was found exclusively in calbindinnegative patches. Cocaine induction of c-fos (10 to 25
mg/kg) did not display compartment specificity, nor did
induction by amphetamine in more cauaal regions of the
striatum. In the olfactory tubercle, the induction of c-fos by
either drug was predominantly observed in the pyramidal
layer,
whereas calbindin immunopositive cells were found
jn large cells of the polymorph layer.
The patterns of c-fos
induction in the striatum and olfactory tubercle provide a
basis
to
investigate
the
relationship
of neuronal
organization and the mechanisms of action of these drugs.
Supported by an Aaron Diamond Foundation grant.
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ACUTE ADMINISTRATION OF ALCOHOL BLOCKS COCAINEINDUCED STRIATAL c-fos IMMUNOREACTIVITY PROTEIN IN
THE RAT. Torres. G». Dept. VCAPP, Washington State University,
Pullman, WA 99164-6520.

ACTIVATION OF A NOVEL IMMEDIATE EARLY GENE, arc, BY
COCAINE.
J.S. Fosnaugl* R.V. Bhat. P.F. Worlev and J.M,
Baraban. Department of Neuroscience, Johns Hopkins Univ.
Sch. of Med., Baltimore, MD 21205.
Cocaine
elicits
rapid
induction
of
several
transcription factors. However, it has been•difficult to
understand the role of this genomic response in mediating
cocaine's long term effects without knowing the identity
of "effector" genes induced by this treatment.
In the
present study, we have examined the effects of cocaine on
expression of a novel gene, referred to as arc, (activity
regulated, cytoskeletal), that is rapidly induced in other
neuronal
stimulation
paradigms
and
appears
to
be
associated with the actin cytoskeleton (Yamagata et al.,
in prep) .
In situ. hybridization studies demonstrated
that arc was induced in striatum within 30 minutes of
cocaine or amphetamine administration, and returned to
baseline by 2 hours.
Induction was blocked by reserpine
or striatal 6-0HDA lesions.
Arc protein induction was
confirmed by western blot analysis.
Immunohistochemical
studies demonstrated staining of the soma and dendrites of
striatal neurons.
As found for other transcription
factors induced by cocaine, the selective Dx receptor
antagonist
SCH
23390
blocked arc
induction,
while
haloperidol, a D2 receptor antagonist, elicited induction
on its own.
Thus, psychotropic drugs elicit changes in
the cytoskeleton that may contribute to their long-term
effects on neuronal function.

Immediate-early genes, such as c-fos, are induced in the brain by
cocaine and other psychotropic drugs. This induction is thought to be
mediated via the activation of dopamine Di and glutamate N-methyl-Daspartate (NMDA) receptor subtypes. Because alcohol selectively blocks
NMDA receptor function, we determined the ability of alcohol to block the
expression of c-fos normally induced by systemic cocaine exposure in
perikarya of the rat striatum. Acute administration of alcohol (2 g/kg; IP)
approximately thirty minutes prior to a single cocaine (20 mg/kg) injection
significantly reduced the patchy appearance of intensely immunoreactive
gene signal in dorsal-central quadrants of the caudate putamen. Separate
administration of three doses of alcohol alone (1, 2 or 3 g/kg) was
ineffectual in inducing FOS-like protein in this or other regions of the rat
brain. The blockade of the encoded protein by alcohol was partial in
magnitude reminiscent of that produced by MK-801 and related NMDA
receptor antagonists drugs. Furthermore, the blockade of cocaine-induced
FOS-like protein by alcohol occurred at a dose which produced a blood
alcohol concentration of ~ 180 mg/dl (40 mM), comparable to that detected
in intoxicating humans. Considering the fact that the concomitant use of
alcohol and cocaine is the most common substance abuse pattern found in
the addictive population, the present results suggest an antagonistic effect
exerted by these two drugs at the transcriptional level and further support
the consensus that NMDA receptors are the plausible surface-target
elements mediating some of the effects of alcohol and cocaine. Supported
by a grant from AA ( 08757-02Sl). G.T. is the recipient of a minority AA
training fellowship.

249.7
PCR DIFFERENTIAL DISPLAY IDENTIFIES A RAT BRAIN mRNA
WHICH IS TRANSCRIPTIONALLY REGULATED BY COCAINE AND
amphetamine
. J, 0, Douglass*. A. A, McKinzio and P. CouesyroVollum Institute, Oregon Health Sciences University, Portland, OR 97201

Neuronal plasticity associated with both short- and long-term administration of
psychomotor stimulants involves alterations in specific patterns of gene
expression. In order to screen for brain region specific mRNAs which are
transcriptionally regulated by acute cocaine and amphetamine, PCR differential
display was employed. This approach identified a previously uncharacterized
mRNA whose basal expression is restricted to neuroendocrine tissues. In rat
brain, the mRNA is highly expressed in the hypothalamus, with lower levels of
expression observed in the midbrain/thalamus, striatum, hippocampus, cortex
and hindbrain. A similar pattern of expression is also observed in RNA isolated
from various regions of human brain. In the rat, the transcript is also observed
in the eye and adrenal gland. Psychomotor stimulant-regulated expression within
the rat brain is limited to the striatum, with a 4- to 5-fold induction observed.
Isolation and characterization of 20 distinct rat striatal and hypothalamic cDNA
clones served to determine the nucleotide sequence of this psychomotor stimulant
regulated transcript. Alternate poly(A) site utilization within the predicted 3'
non-coding region serves as the molecular basis underlying the observation of an
RNA doublet, approximately 700 and 900 bases in length, following Northern
analysis. A presumed alternate splicing event further generates diversity within
the transcripts, and results in the presence or absence of an in-frame 39 base
insert within the putative protein coding region. As a result, the predicted
translation products are either 129 or 116 amino acids in length. A common
hydrophobic leader sequence at the amino terminal domain is present within each
predicted polypeptide, suggesting that the protein product is targeted for
secretion. Polysome profile analysis of rat hypothalamic extracts further shows
that the transcript is actively and efficiently translated in vivo.
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MONOAMINE TRANSPORTERS IN GESTATIONAL DAY 20 RAT
PLACENTA LABELED WITH [nT]RTI-55 AND [3H]NISOXETINE.
LP. Shearman* and J.S. Mever. Department of Psychology,
Neuroscience and Behavior Program, University of Massachusetts,
Amherst, MA 01003.
Specific uptake systems for serotonin (5-HT) (Cool et al., 1990) and
norepinephrine (NE) (Ramamoorthy et al., 1993) are present in human
placental syncytiotrophoblasts and may be substrates for the action of the
abused drug cocaine. The present studies examined monoamine
transporter binding in whole rat placenta using several different ligands.
Experiments with the cocaine analog [125I]RTI-55 indicated the presence
of high- and low-affinity binding sites with KD values similar to those
found in adult rat brain. Displacement of [’25I]RTI-55 binding by various
monoamine uptake inhibitors suggested that the majority of high-affinity
binding is to a serotonin transporter. [3H]GBR 12935 and [3H]nisoxetine
were used to ascertain whether DA and/or NE transporters are also
present in rat placenta. Whereas no saturable binding was detected with
[3H]GBR 12935, [3H]nisoxetine labeled a single population of binding
sites with a ^of 1.1 ±0.2 nM and a Bmax of 1.1 ±0.1 pmol/mg protein.
The Kd is comparable to that reported for rat cortical membranes (TejaniButt et al., 1990). These studies show that rat placenta, which is a
noninnervated tissue, possesses both RTI-55 and nisoxetine binding sites
that presumably represent the 5-HT and NE transporters respectively.
Placenta is thus a potential target for mediating some of the effects of
cocaine on fetal development. Supported by DA-06495.

THE EFFECT OF COCAINE, LIDOCAINE, AND GBR-12935 ON
EMBRYONIC DOPAMINE NEURONS IN ROSTRAL MESENCEPHALIC
TEGMENTAL CULTURES. C ,M. Buhrfiend*. Weese-Msver*. D.E.. Carvev.

P.M. Dept. Neurological Sciences, and TDept. of Pediatrics, Rush-Presbyterian-St.
Lukes Medical Center. Chicago, IL 60612.
Cocaine has been reported to adversely affect the fetus, potentially
resulting in altered neural development. We have previously shown that in utero
cocaine exposure during embryonic ages E7-E15 decreases striatal dopamine
content and neurotrophic activity in rabbit pups. In order to determine the
potential mechanism for this reduction in dopamine (DA), we studied the direct
effects of cocaine (a sodium channel blocker and dopamine transport inhibitor),
lidocaine (a sodium channel blocker) and GBR-12935 (a potent DA transport
inhibitor) on rat embryonic rostral mesencephalic tegmental (RMT) neurons in
culture. The RMT was dissected from pregnant females at embryonic age El5.5.
The cells were dissociated and placed into culture plates at a density of 125,000
cells/well. The cultures were then immediately exposed to cocaine HC1, lidocaine
HC1, or GBR-12935 in concentrations of 3x10 - 3xlOn M, or defined media
alone. The cultures were incubated at 37°C for 24 hrs, then fixed and stained for
tyrosine hydroxylase (TH), or neuron-specific enolase (NSE). The number of TH+
and NSE+ cells were counted. We found that increasing concentrations of cocaine
and GBR-12935 decreased the number of TH+ cells with processes in culture in
a dose-dependent manner ( r=.87, p<OOOl; r=.78, p<.0001) respectively.
However, there was no significant reduction in the number of TH+ cells with
processes in cultures exposed to increasing concentrations of lidocaine (r=.29,
p=. 1773). This suggests that cocaine's inhibitory effect on the DA transporter,
may play a greater role in DA neuron toxicity than its anesthetic properties.
Furthermore, cocaine did not significantly effect other neuronal subpopulations in
the cultures since the number of NSE+ cells was unaffected. This suggests that
the effect of cocaine is specific for TH+ neurons. It is conceivable that in utero
cocaine exposure reduces the growth of developing DA neurons, leading to
reduced CNS DA, which may account for the many observed abnormalities in the
human infant.

250.3

250.4

EFFECT OF PRENATAL COCAINE EXPOSURE ON THE DEVELOPMENT OF
THE PRIMATE CEREBRAL CORTEX. M.S. Lidow*Secrion of Neurobiology
Yale University, School of Medicine, New Haven, CT 06510 Recently, it has been
shown that treatment of pregnant rodents with cocaine, at doses significantly
exceeding those which are shown to be lethal in primates, results in abnormal
development of the cerebral cortex. The present study was designed to determine
whether prenatal exposure to cocaine may have similar consequences for the
development of the primate cerebral cortex. For this purpose, three pregnant rhesus
monkeys, 5 - 7 years of age, were treated with cocaine between 40th and 102nd day of
pregnancy (E42 - E102). This is the period when cortical neurons of layers VI-II are
generated. The drug was given orally (2Omgkg/day in fruit treats) twice a day. The
control group, three pregnant monkeys of matching age, received fruit treats only. On
E64 and E65, one hour after the morning cocaine treatment, all animals received an
I.V. injection of [3H]thymidine. Monkeys were allowed to deliver at term (E165),
and offsprings survived until two months of age. At that time, they were sacrificed
and brains were dissected out. The analysis of brain preparations showed that prenatal
treatment with cocaine significantly altered lamination of the primate cerebral cortex.
In some cases, disruption was so great that no individual cortical layers could be
discerned. In addition, autoradiographic analysis revealed that in the visual cortex of
normal animals, the pH] thymidine-labeled cells concentrated in layer V. In contrast,
labeled cells were dispersed throughout white matter and layers VI and V of the drugtreated animals. The latter animals also displayed a much lower number of these
cells. Finally, immunocytochemical studies with antisera directed toward GFAP,
showed a very dramatic effect of prenatal cocaine exposure on the glial fibers
normally observed in the upper cortical layers. Cocaine virtually destroyed all such
fibers. This study demonstrates that cocaine administered during pregnancy may
significantly affect ■ the development of the primate cerebral cortex. It also shows that
rhesus monkeys may be a valuable model for studies of the effects and mechanisms
of action of cocaine during development of the cerebral cortex in embryos of human
mothers addicted to this drug.

LONG-LASTING MICROENCEPHALY FOLLOWING EXPOSURE
TO COCAINE DURING THE BRAIN GROWTH SPURT. L.G.
Costa* and X.X. Tan. Dept, of Environmental Health, University of
Washington, Seattle, WA.
Microencephaly has been reported as one of the most common
deleterious effects in the newborn caused by cocaine abuse in
pregnancy. Aim of the present study was to develop a rodent model for
cocaine - induced microencephaly in the rat. Rats were treated with
cocaine (20, 30 or 50 mg/kg, divided in two equal doses) by sc injection
from postnatal day 4 to day 10. None of these treatments had any effect
on body weight. At 50 mg/kg, cocaine caused a significant decrease in
brain weight (-10.1%) measured on day 12. This effect was still
present (-5%) on postnatal day 45. Ethanol (4g/kg), used as a positive
control, caused a 16% reduction in brain weight on day 12, and 4% on
day 45. Differently from ethanol, there were no significant gender
differences in the effects of cocaine. Blood and brain levels of cocaine
and its metabolites norcocaine and benzoylecgonine were measured by
HPLC. Since muscarinic receptor - stimulated phosphoinositide (PI)
metabolism has been suggested as a potential target for ethanol - induced
microencephaly (J. Pharmacol. Exp. Ther. 250, 541, 1989), and both
cocaine and norcocaine inhibit this biochemical response in vitro (Dev.
Brain Res. 1994), carbachol - stimulated PI was measured in cerebral
cortex. A dose - dependent decrease was observed in cocaine - exposed
rats on day 8 (12, 14 and 17%). These results provide a rodent model
for cocaine - induced developmental neurotoxicity which will be used
for further mechanistic studies. (Supported in part by AA-08154).

250.5

250.6

COCAINE EXPOSURE DURING THE BRAIN GROWTH SPURT
FAILS TO DEPLETE CEREBELLAR PURKINJE CELLS. W.-T.A.
Chen*. R.E. McAlhany, Tr. and TR. West. Department of Human
Anatomy and Medical Neurobiology, Texas A&M University Health
Science Center, College Station, Texas 77843-1114
Previous studies in our laboratory failed to demonstrate
microencephaly (gross brain weight measures) following cocaine
exposure during the brain growth spurt (BGS), a developmental stage
vulnerable to various teratogens. The purpose of this study was to
investigate whether cocaine exposure during the BGS could deplete
cerebellar Purkinje cells, a neuronal population known to be sensitive
to other teratogenic insults. Sprague-Dawley rat pups were randomly
assigned to either a cocaine-treated (80 mg/kg; SC) or a vehicle
control group, and were reared using an artificial-rearing method from
postnatal day (PND) 4 through 9. On PND 10, these animals were
perfused and the cerebella were extracted for further tissue
preparation. The tissues were processed, embedded in glycolmethacrylate and sectioned at 30 gm. Purkinje cells estimates were
obtained using the 3-dimensional optical disector method. The results
using this sensitive method demonstrated no significant Purkinje cell
loss in response to cocaine treatment, even at a dose which is above
LD50. Although cocaine treatment did not deplete Purkinje cell
number, it is possible that cocaine exposure may alter the
differentiation and/or maturation of these cells, and this provides a
direction for future research. The failure of cocaine to produce
significant Purkinje cell loss or microencephaly adds to the evidence
suggesting that cocaine is not a potent neuroteratogen. Supported by
NIH grant DAO7364.

THE NUMBER OF SPONTANEOUSLY ACTIVE MIDBRAIN DOPAMINE
NEURONS IN NEONATAL OFFSPRING IS DECREASED BY PERINATAL
COCAINE EXPOSURE. D.K. Pitts* and L. Wano. Dept. of Pharmaceutical
Sci., Coll. of Pharmacy & A.H.P., Wayne State Univ., Detroit. Ml 48202.
Cocaine (COC) HCI or the vehicle (VEH), deionized H20, was
administered continuously to pregnant Sprague-Dawley rats by ALZET
minipumps (50 mg/kg/day s.c.). The exposure began on gestational day
(GD) 8 and continued for 16 days until approximately postnatal day 2. The
control dams (n = 3) were pair-fed and did not differ significantly from COCtreated dams (n = 4) in weight gain. Dam weights (g) were as follows (COC,
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VEH): 228 + /-2, 222 + 1-7 on GD7; 346 + /-4, 346 + /-3 on GD 20. The
weight (g) of 2-week-old male offspring from COC (28.9 + /-0.6, n = 18)
and VEH-treated (28.6 + /-0.7, n = 12) groups were also not significantly
different. The 2-week-old male offspring were anesthetized with chloral
hydrate and the number of spontaneously active midbrain dopamine (DA)
neurons were determined in a stereotaxically defined block of tissue using
extracellular electrophysiological techniques. The number of DA neurons
per electrode track in COC-treated offspring was found to be significantly
decreased in both the A9 (0.76 + /-0.09) and the A10 (0.90 +/-0.09)
areas (treatment effect, P <0.001; cell type by treatment interaction,
P>0.20) relative to VEH controls (A9: 1.36 + /-0.19; A10: 1.69 +/-0.18).
The average discharge rate of the A9 and A10 DA neurons was unaffected
by COC treatment. Preliminary results suggest that perinatal COC reduces
the number of 'spontaneously active A9 and A10 DA neurons in adult
female offspring (from the above treated mothers), as similarly reported for
adult male offspring (Minabe et al., Brain Res. 586: 152, 1992). These
results suggest that perinatal COC alters the development of midbrain DA
neurons in a manner that persists into adulthood. Supported in part by
MH47857 (DKP).

DRUGS OF ABUSE:

TUESDAY AM

COCAINE—DEVELOPMENT

250.7

250.8

PRENATAL IV COCAINE: CATECHOLAMINE INNERVATION PATTERNS
AND ctj RECEPTORS IN THE RAT HIPPOCAMPUS. R.M. Booze*. D,R.
Wallace. C.L. Colson and C.F. Mactutus. Dept. Pharmacol., Coll. Med., Coll.
Pharmacy, and Grad. Ctr. Toxicol., University of Kentucky, Lexington, KY 40536.
Neurochemical studies of prenatal cocaine exposure have focused primarily on
dopaminergic systems. We have examined the noradrenergic innervation and
presynaptic otj receptors of the hippocampus following prenatal cocaine exposure.
Prior to mating, female Sprague-Dawley rats were implanted with an intravenous
access port. The rats were then bred and administered cocaine at a dose of 3 mg/kg
/day from GD8-14 and 3 mg/kg 2X/day from GD 15-20 (Mactutus et al., NTT, 1994).
IV cocaine administration had no significant effects on dam weight gain, gestation
length, litter size, sex ratio, birth weights or postnatal growth. At 35 days of age, one
male and one female rat from each litter (N=I7) were perfused (4% paraformaldehyde) and serial sections were collected throughout the dorsal hippocampal region
of each rat. Alternate sections were processed for tyrosine hydroxylase immunoreactivity (TH-IR) and cresyl violet (Nissl) staining. Quantitative morphometry of the
hippocampus was performed using a computer-based imaging system. Cocaine
produced no differences in the size of the hippocampus or in the length of the cell
fields. However, prenatal cocaine significantly decreased the number of TH-IR
varicosities in the dentate hilus and CA3 regions of the hippocampus. A second male
and female rat from the same litters were sacrificed and the hippocampus removed and
processed for
receptor binding [(3H)-RX821002; 1.8 nM; Wallace et al., Eur. J.
Pharm., 1994]. Prenatal cocaine exposure significantly increased the number of
receptors in the hippocampus, without a change in binding affinity. In summary,
prenatal IV cocaine resulted in hippocampal hypoinnervation and increased the number
of presynaptic cc, receptors in the hippocampus. Thus, prenatal IV cocaine exposure
results in an increased number of receptors/NE terminal which may underlie longterm alterations in offspring behavior. (Supported by DAO6638 and DA09160)

PRENATAL EXPOSURE TO COCAINE PRODUCES AGE-DEPENDENT
CHANGES IN BRAIN SEROTONIN RECEPTOR DENSITY AND
FUNCTION IN RAT PROGENY. T.M. Cabrera * L.D. Van de Kar, W. Pinto,
O. Li and G. Battaglia. Department of Pharmacology, Loyola University of
Chicago, Stritch School of Medicine, Maywood, IL 60153.
We previously reported attenuated hormone responses to a serotonin(5-HT)
releasing drug in male progeny following prenatal exposure to cocaine (Synapse
15:158-168,1993). The current objective was to determine the consequences of
prenatal exposure to cocaine on the functional status and density of central 5HT1A and 5-HT2j V2C receptors in prepubescent [postnatal day (PD) 28] and adult
(PD7O) male progeny. Pregnant rats were administered saline or (-)cocaine
(l5mg/kg,sc) bid from gestational day 13 through 20. Functional alterations
were determined by measuring changes in plasma hormone responses to a
single injection of either the 5-HT^ agonist 8-OH-DPAT(O.5mg/kg,sc); or the
5^^2a /2c agonist DOI(2.Omg/kg,sc) 3Omin prior to sacrifice. Basal levels of all
hormones measured were not altered by cocaine exposure. The magnitude of
the ACTH and renin responses to both DOI and 8-OH-DPAT were significantly
potentiated (20-50%) in cocaine exposed progeny at PD28. In contrast, these
endocrine responses were not significantly altered in adult cocaine progeny.
Despite the potentiated hormone responses at PD28, the densities of 5-HT^ and
5-HT2A/2c receptors were not significantly altered in hypothalamus or in several
other brain regions examined. Likewise, no change in hypothalamic 5-HT^a or
5-HT2A2C receptors were observed in cocaine-exposed adult (PD7O) progeny.
However at PD7O, 5-HT,a receptors were significantly increased in the cortex
and hippocampus while 5-HT2a /2c receptors were significantly elevated only in
the cortex. In conclusion, prenatal exposure to cocaine can differentially alter
the density and function of postsynaptic 5-HT receptors in prepubescent and
adult male progeny.(Supported by NSF GER-9253875, DA07741, & MH45812).

250.9

250.10

THE EFFECTS OF NEONATAL COCAINE EXPOSURE ON
DOPAMINE RECEPTOR BINDING AND D2 MEDIATED
BEHAVIOR D.H. Kaiser*. P.M. Robinet. M.T. Bardo. and S.
Barron. Psychology Department, University of Kentucky, Lexington,
KY 40506. This study examined the effects of neonatal cocaine
exposure on specific binding to dopamine receptors, and/or activity
with a drug challenge using the D2 agonist quinpirole in postnatal
day (PN) 10 rats. Three treatment conditions were used: Artificially
reared (AR) cocaine exposed pups (40 mg/kg cocaine HC1), AR
stock controls, and dam reared sham controls. Pups were raised in
this fashion from PN 4-10. In Experiment 1, a single concentration
binding analysis examined specific binding to Dj and D2 receptors in
the medial prefrontal cortex, nucleus accumbens/olfactory tubercles,
and striatum. In Experiment 2, challenging doses of 0 or .1 mg/kg
quinpirole were administered to PN 10 pups to examine whether
neonatal cocaine exposure altered responsivity to quinpirole.
Cocaine exposed pups had significantly less D, receptor binding in
the medial prefrontal cortex than stock controls, while cocaine
exposed pups did not differ from sham controls. Neonatal cocaine
exposure decreased sensitivity to the activating effects of quinpirole.
The results indicate that neonatal cocaine exposure can cause
changes in dopaminergic functioning in rats. (Supported by NIDA
DA06049).

EFFECT OF COCAINE ON DOPAMINE RECEPTORS AND
DOPAMINE TRANSPORTER GENE EXPRESSION IN THE FETAL
MONKEY BRAIN. W,$, ChQI*. B.R, Naylor and Q.K, Ronneklgiy .
Oregon Regional Primate Research Center, Beaverton, OR 97006, Dept, of
Physiology, OHSU, Portland, OR 97201-3098
The effects of prenatal cocaine treatment on the gene expression in
dopaminergic pathways of developing fetal brains were investigated by
Ribonuclease Protection Assay(RPA). Pregnant monkeys were treated with
cocaine 3mg/kg (i.m.) or saline, four times a day from day 18 of pregnancy
until days 45, 60 or 70 (n=l, 3 and 1 each treatment, respectively). Plasma
levels of cocaine were ~2OO ng/ml in both mother and fetus 50 min after the
last injection. The brains from days 45 were dissected into three regions,
and the brains from days 60 and 70 fetuses were dissected into six different
brain areas. Monkey dopamine Dl, D2 and D5 receptors and dopamine
transporter(DAT) clones which are 350-500 bp in length were subcloned and
used as probes for RPAs. On day 45, Dl receptors mRNA was expressed in
the prosencephalic and mesencephalic area of fetal brains; D2 receptor and
DAT mRNAs were also present but at much lower levels. D5 receptor
mRNA could first be detected at day 60 of gestation. In the days 60 and 70
fetuses, cocaine treatment increased Dl, D2 and D5 mRNAs expressions in
prosencephalic areas including cortex and basal ganglia (P<0.05) but the
expression was decreased in mesencephalic area. These data indicate that
cocaine exposure in the fetal monkey induces regional changes in dopamine
receptor gene expression, which might have functional concequences for the
developing fetal brain. (Supported by DA07165)

250.11

250.12

EFFECTS OF COCAINE ON PREPROENKEPHALIN AND
PREPRODYNORPHIN mRNA EXPRESSION IN FETAL RHESUS MONKEY
CNS. L. Chai*. W.S. Choi, and O.K. Ronneckleiv. Ore. Reg. Primate Res.
Center, Beaverton, OR 97006., Dept. Physiol., OHSU., Portland, OR 97201.
The effects of cocaine on preproenkephalin (PPE) and preprodynorphin (PPD)
mRNA in fetal monkey CNS were investigated using solution hybridization
assays. 18-d pregnant monkeys were treated with 3mg/kg cocaine or saline, 4x/d
until days 60 and 70 of pregnancy. Fetal brains were dissected into 6 regions:
frontal cortex (FC), basal ganglia (BG), rostral temporal cortex (RT), caudal
temporal cortex (CT), diencephalon (DIEN), and mesencephalon (MESEN). We
found that in 60-d control fetuses all brain regions showed approximately equal
amount of PPE and PPD mRNA. However by day 70 fetal PPE and PPD mRNA
had a specific distribution, the relative amounts of which are described in
following table. The amount of PPE mRNA is several orders of magnitude more
than that of PPD mRNA in both 60- and 70-d fetuses.

PRENATAL COCAINE EXPOSURE ALTERS BOTH CAROTID BODY DOPAMINE AND THE VENTILATORY RESPONSE TO HYPOXIA IN NEONATAL
RATS. J.W. Lipton*. A. Yuenesrieul. P.M. Carvev and D.E. Weese-Maver. Depts. of
Neurological Sciences and Pediatrics, Rush Medical College, Chicago, IL 60612.
It has been postulated, and in some cases demonstrated, that prenatal cocaine can have
teratogenic effects on several systems including the respiratory system. In order to
examine the consequences of prenatal cocaine exposure upon the postnatal functioning
of the ventilatory response to hypoxia and one of its corresponding control sites (carotid
body), 6 timed pregnant Sprague-Dawley rats were injected with either cocaine HC1
(3Omg/kg b.i.d.) or isotonic saline from gestational days E7-E2l. On postnatal day 5,
half of the rat pups from each litter were tested in a whole-body plethysmograph for
their ventilatory response to 20 min of normoxia (0.21 fractional inspired oxygen
(Fj Oj )) followed by 20 min of hypoxia (0.08 F,Oj). Data including respiratory flow,
volume and frequency as well as ECG and hemoglobin saturation were collected using
a computerized acquisition system with a sampling rate of 200Hz in 30 sec epochs.
The remaining pups from each litter were subjected to 20 min at either 0.21 F,O2 or
0.08 F,Oj, anesthetized with halothane, and their carotid bodies were removed and
analyzed for dopamine (DA), dihydroxy phenylacetic acid (DOPAC), and homovanillic
acid (HVA) via HPLC with EC detection. Data was analyzed using multivariate
ANOVA. Pups exposed to cocaine prenatally exhibited decreased tidal volumes as
compared to control (p<0.0005) animals in both atmospheric conditions, but no
differences in respiratory frequency. Minute ventilation in cocaine- exposed pups was
also significantly decreased as compared to controls (p<0.0005). In addition, control
pups exhibited a significant increase in respiratory frequency in the hypoxic condition
as compared to their own baseline normoxic condition that was not evident in cocaine
pups. HPLC of carotid bodies indicated no baseline differences in DA or DOPAC
levels. There were significant decreases in DOPAC associated with hypoxia in both
cocaine (p<.01) and control animals (p<Ol). The ratio of [DOPAC]/[DA] as a measure
of DA activity (or previous release) was significantly reduced at baseline for the
cocaine animals as compared to controls, and was further reduced by hypoxia (p<.001).
HVA was below detectable levels. These data indicate that in utero cocaine exposure
reduces the ability to detect and respond to decreases in F,O2 content and that this
deficit may be due to the altered DA metabolism observed in the carotid body.
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Preliminary data from 70-d cocaine-treated fetuses showed that PPE mRNA
was elevated in all regions except MESEN with the greatest increase in FC. The
PPE mRNA expression in the MESEN was decreased in those of cocaine-treated.
Chronic cocaine also increased the PPD mRNA expression in BG, RT, CT, and
DIEN, and decreased in MESEN. These findings correlate with our earlier
studies that chronic cocaine treatment alters the expression of tyrosine
hydroxylase in dopamine neurons. These results suggest that development of
opioid neurons may be critical during these stages and that prolonged exposure of
cocaine can alter opioid gene expression. (Supported by DA07165)
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250.13

250.14

PRENATAL COCAINE INCREASES OPIOID PEPTIDE LEVELS AND
EXPRESSION IN STRIATUM OF NEWBORNS. A. Tempel*. J. Yana
and R. Basheer.
Lab. of Molecular Pharmacology, Long
Island Jewish Medical Center, New Hyde Park, NY 11040.

PRENATAL COCAINE ALTERS BASAL AND ESTROGENPRIMED LH LEVELS IN FEMALE RATS. Sheppard. D. K..
Smith. R. F.*. and Medici. C. N. Dept, of Psychology, George
Mason U., Fairfax, VA 22030
Previous work has suggested that prenatal cocaine dosing has
effects on neuroendocrine systems in offspring. To assess whether
prenatal cocaine dosing affects hypothalamic neuroendocrine
controls, pregnant female Long-Evans hooded rats were dosed with
10 or 20 mg/kg cocaine from G7-20. On P1OO, male and OVX
female offspring were primed with estrogen, or unprimed, and
were then sacrificed for serum LH determination by ELISA.
Female unprimed offspring of 20 mg/kg dams showed significantly
higher basal LH levels than control females. In 20 mg/kg
offspring, estrogen priming significantly suppressed LH levels in
females, while in control females, priming tended to elevate LH
levels. Significant effects on basal and estrogen-induced LH
levels were limited to female offspring; a similar trend in males
was not significant. Although additional time sampling is necessary to characterize the nature of the changes, both basal LH
levels and LH responses to estrogen are altered in female offspring
of dams dosed with 20 mg/kg cocaine. This cocaine-induced
change in neuroendocrine control may affect reproductive
functioning in female offspring of cocaine-dosed dams.

Recent work in the adult CNS has demonstrated that u
opioid receptor density is increased following cocaine
treatment in brain regions where the major dopaminergic
pathways terminate (i.e. striatum).
In addition,
chronic cocaine treatment elevates dynorphin and
enkephalin expression in striatonigral neurons of adult
CNS.
The fate of opioid peptides in the neonatal
striatum following prenatal cocaine treatment remains
unknown.
The following studies were carried out to
examine the effects of prenatal cocaine on opioid
peptide levels and gene expression in striatum of
newborns.
Dams were implanted with either 1 morphine
pellet (75mg each, S.C.) or placebo on gestation day 16.
Pups were sacrificed on day of birth.
Methioine
enkephalin levels were measured by radioimmunoassay.
Proenkephalin mRNA levels (PPE) were measured by
Northern blot analysis. Data were analyzed by Analysis
of Variance (JAIOVA). Chronic prenatal cocaine treatment
induced a 40% increase in methionine-enkephalin levels
in the striatum of newborn pups. PPE mRNA levels were
significantly increased by 68% (p<0.05) in the striatum.
These data suggest that prenatal cocaine exposure
increases methionine-enkephalin levels, which in turn,
causes increased production in (increases in) PPE mRNA
levels in striatum of newborns.
(Supported by LIJ
Faculty Research Award).

250.15

250.16

DEVELOPMENTAL AND GENDER DIFFERENCES IN THE
BEHAVIORAL RESPONSE TO ACUTE AND CHRONIC COCAINE. B .P .
Bowman* and C. M. Kuhn. Dept. of Pharmacology, Duke Univ. Medical
Center, Durham, NC 27710.
Chronic cocaine administration to adult rats results in an enhanced or
sensitized behavioral response to subsequent cocaine challenge. Adult females
have been shown to be more sensitive to both acute and chronic cocaine
administration. The ability of the developing brain to sensitize to chronic
cocaine, and the ontogeny of gender differences in the acute and chronic
response to cocaine are unknown. We developed a short-tom, low-dose chronic
cocaine regimen to assess sensitization of locomotion and stereotypies,
measured on a behavioral rating scale (1-10) across gender and age.
Adult male and females exhibited significantly different locomotor and
stereotypy response to acute cocaine (0, 5.0,10 and 20 mg/kg i.p.). Cocaine (0,
5.0 and 10 mg/kg i.p.) increased behavior in 7 day old neonates in a dose-related
fashion similar, but there was no gender difference.
Adult rats receiving chronic cocaine (10 mg/kg i.p. b.i.d. x 5 days) had
sensitized locomotor and stereotypy scores as compared with those naive to
cocaine. Females showed more profound cocaine-induced sensitization.
Neonates receiving the same regimen of chronic cocaine (days 1-5) challenged
on day 7 showed no sensitization to either behavioral measure, regardless of
gender.
These data indicate an ability of the developing brain to respond behaviorally
to acute cocaine in the same manner as an adult. Neonates, however, are less
able to modulate their response to cocaine after chronic treatment Gender
differences in the acute and chronic responses to cocaine arise sometime after
the early postnatal period, probably during or after puberty.
(Supported by DA-05303 and T326M07171-18.)

REPEATED COCAINE ADMINISTRATION IN PERIADOLESCENT AND
ADULT RATS: BEHAVIORAL BUT NOT HORMONAL EVIDENCE FOR
SENSITIZATION.
G. Laviola1. R. D. Wood2 ' C. Kuhn3'
Francis3 * and L. P.
Spear2*,
Sect.
Behavioral
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A RAT MODEL OF PERIADOLESCENT COCAINE USE:
SEXUALLY DIMORPHIC EFFECTS ON BODY WEIGHT
GAIN. Smith. R.F.. Sheppard. D.K.. Medici. C.N.. and Sheoanek.
NA.* Dept, of Psychology, George Mason U., Fairfax, VA 22030
Cocaine use occurs in pre- and periadolescent humans, but no
existing studies address whether cocaine dosing in corresponding
developmental periods in rats produces adverse effects. Using a
within-litter dosing scheme to control for genetic aspects of
variance, we dosed Long-Evans hooded rats with 5 or 20 mg/kg
cocaine given SC from P21 through P6O; controls included salineinjected and uninjected controls. We observed more skin lesions
in 20 mg/kg subjects than typically seen with two-week dosing in
pregnant females, but no significant lesions in 5 mg/kg subjects.
The 20 mg/kg dose condition significantly reduced body weight
gain in males later in the dosing period, with 20 mg males
weighing 9.3% less than control males at P6O. No similar effect
was seen in females, nor in the 5 mg subjects. These data suggest
that dosing from P21 through P6O with lower doses of cocaine
may be useful in examining consequences of "childhood" cocaine
dosing, but that developmental dosing with 20 mg produces more
severe skin lesion problems and greater reduction in male body
weight gain than seen with comparable doses in adult animals.

STRAIN-DEPENDENT DIFFERENCES IN THE SUSCEPTIBILITY TO
COCAINE TOXICITY IN PREGNANT RATS. M.W. Church* Fetal
Alcohol Research Center, Dept. Obstetrics & Gynecology, Wayne State Univ.
Sch. Med., Detroit, Ml 48201.
Studies on prenatal cocaine exposure in animal models have
proceeded without first establishing dose-dependency. Such data is needed
to determine the proper dose ranges which may differ widely across animal
species and strain. The present study sought to compare the dose-dependent
effects of cocaine on two rat strains (the Sprague-Dawley rat and the LongEvans rat from Charles River Labs) and also compare these data with similar
data obtained from a previous experiment using Long-Evans rats from a
different vendor (Blue Spruce Farms). Pregnant rats received cocaine doses
ranging from 20 to 50 mg/kg twice daily (s.c.) from gestation days 7 through
19. Pair-fed and untreated control groups were also used. Females were
sacrificed on gestation day 20 and the fetuses examined. Maternal weight
gain and food consumption and fetal weights showed significant dosedependent decreases. Some fetal deaths and anomalies were observed (e.g.
hemorrhaging, edema, anophthalmia, limb-reduction). There was a striking
strain- and vendor-dependent difference in maternal mortality. At doses of
20, 30, 40 and 50 mg/kg twice daily, there were mortality rates of 0, 0, 0 and
7% for the Sprague-Dawley rats and 0, 11, 18 and 45% for the Long-Evans
rats from Charles River Labs. At doses of 20, 25, 30, 35, 40 and 45 mg/kg
twice daily, there were mortality rates of 0, 0, 33, 40, 50 and 83% for the
Long-Evans rats from Blue Spruce Farms. These data indicate dramatic
strain-independent differences in the susceptibility to cocaine toxicity that
should be considered when designing experiments on prenatal cocaine
exposure. (Supported by NIH grant DA 05536).
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Pathophysiology, Istituto Superiore di Sanita1, 1-00161
Roma, Italy1; Center for Developmental Psychobiology,
Binghamton University, NY, 13902,2; Dept. Pharmacology,
Duke University Medical Center, Durham, NC, 27710,3.
Periadolescent rats have been reported to be
differentially affected by catecholaminergic agents when
compared with younger or adult animals. The present study
evaluated the responsivity of periadolescent (34-39-dayold) and adult (60-70-day-old) Sprague-Dawley male and
female rats to chronic IP cocaine (0, 10, or 20 mg/kg,
once daily for four days), with half of the animals
receiving the drug in the home cage and the other half in
the testing chamber. Forty-eight hr after the last drug
injection all animals were challenged with 10 mg/kg IP
cocaine in the test chamber, where their behavior was
scored. While periadolescent animals were less sensitive
than adults to acute behavioral effects of cocaine,
animals of both ages given cocaine repeatedly showed
clear sensitization of matrix crossings and both
stereotyped head-scanning and sniffing behaviors. Females
in general were more active and showed more marked
behavioral
sensitization
than
males.
ACTH
and
corticosterone levels following cocaine challenge were
higher in females than males, and in adults than in
periadolescents. However, no evidence of tolerance or
sensitization was seen in these hormonal measures
following chronic cocaine exposure.
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PRENATAL COCAINE EXPOSURE ALTERS COCAINE SELFADMINISTRATION
IN ADULT RATS.

EFFECTS
OF
PRENATAL
COCAINE
EXPOSURE
ON
SPONTANEOUS
AND
COCAINEOR
MORPHINECHALLENGED OPEN-FIELD BEHAVIOR IN THE RAT.
Robert C. Eaton* and Ilona Vathv. Department of Psychiatry,
Albert Einstein College of Medicine, Bronx, NY 10461
This study investigated the effects of prenatal cocaine (COC)
exposure on both spontaneous and drug-challenged open-field behaviors
in adult offspring. Pregnant females were administered COC 10 mg/kg
/. lcc SC twice a day on gestational days 11-18. On postnatal day (PND)
50, all female rats were ovariectomized (OVX). Some females received
3 pg estradiol benzoate (EB) 48 hrs and 500 pg progesterone (P) 4 hrs
prior to testing open-field behaviors. At PND 60, intact males, OVX and
OVX+EB+P females received either saline (SAL), COC (10 mg/kg), and
morphine (MOR) (10 mg/kg) in a randomized, counterbalanced fashion.
Prenatal COC exposure altered corner sniffing in a sexually
dimorphic fashion. In males, corner sniffing decreased per test while it
increased in both OVX and OVX+EB+P females. Locomotion and
rearing were not affected by prenatal drug exposure.
Challenge injections of COC increased locomotor activity in all SALexposed animals but increased rearing only in SAL-exposed OVX+EB+P
females. These effects were attenuated by prenatal COC exposure.
MOR challenge injections decreased corner sniffing in SAL-exposed
males and COC-exposed OVX+EB+P females. It also inhibited rearing
behavior in SAL-exposed OVX females and COC-exposed OVX+EB+P
females.
These results suggest that prenatal exposure to cocaine alters the
neural mechanism(s) that regulates spontaneous open-field behaviors
and the response to subsequent drug exposure in both adult male and
female rats.
Supported by Aaron Diamond Foundation Fellowship to
RCE and NIDA grant DA-05833 to IV.

R.W. Keller, Jr.*, J. Raucci, R.G. LeFevre, J.N. Carlson and S.D. Glick.

Dept, of Pharmacol, and Toxicol., Albany Medical Col., Albany, NY 12208
Our previous microdialysis findings of alterations in basal levels of dop-

amine and metabolites in rat pups prenatally exposed to cocaine (Keller,
et al. Brain Res. 634 266 (1994)) coupled with our finding that such
neurochemical differences can lead to altered predispositions to selfadminister cocaine (Glick, et al., Brain Res. in press) prompted us to

examine the effects of prenatal cocaine exposure on later self-administration of cocaine.
Pregnant rats were given injections of saline or cocaine (10 mg/kg

twice daily, SC) between gestational days 7-21. At birth litters were culled
to 8 pups and cross-fostered to saline-injected control mothers. When
animals reached 200-250 g they were implanted with a cannula in the

external jugular vein. Shaping of the bar-pressing response was initially
accomplished by training rats to bar-press for water. Self-administration

testing began with a single 16-hr nocturnal session followed by a 3-hr
session and then 3 daily 1-hr sessions.

Rats were tested about the

same time each day during the middle of the light cycle. A response on

the lever produced a 50 ul infusion of 0.1 mg cocaine hydrochloride in
about 0.5 sec. The rate of self-administration was increased in rats that

had been prenatally exposed to cocaine for each of the test sessions
examined.

Thus prenatal exposure to cocaine appears to enhance

subsequent cocaine self-administration in adult rats.

[Supported by DA-06199]
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PRENATAL EXPOSURE TO COCAINE TREATMENT ALTERS
ULTRASONIC VOCALIZATIONS TO AIR PUFFS IN ADULT
FEMALE RAT OFFSPRING. J.M, Johns*. D.J. Knapp and L .R
Noonan. Dept, of Psychiatry and Brain and Devel. Res. Center, Univ.
of North Carolina, Chapel Hill, N.C. 27599.
Prenatal exposure to cocaine may increase the risk of postnatal
developmental dysfunction, including neurological disorders. In this
experiment, gravid rats received either s.c. injections b.i.d. of saline, or
15 mg/kg cocaine throughout gestation (Days 1-21). Pups were placed
with surrogate mothers within 24 hours of birth and weaned at 21 days
postnatal. Males and females were then separated into same sex groups
of 3 for behavioral testing. One male and one female from 12 cocaine
and saline treatment litters were randomly selected for testing of
ultrasonic vocalizations (USVs) following presentation of air puff
stimuli at approximately 180 days postnatal. One 120 msec air puff
stimulus, under 70 PSI, was directed at the head and neck area of each
rat every 15 seconds until 15 puffs had been administered or until
vocalizing commenced, whichever came first. Compared to controls,
female, cocaine treated, rats required fewer air puff stimuli to elicit
USVs (6.8±1. l versus 10.4 ± 1.4, p<O5), emitted more USVs (82±29
versus I6±6, p<O5), and spent more time vocalizing (4.49±l.l7 versus
l.4O±O.47 minutes, p<O25). Comparable measures 'for males did not
reveal significant differences. These findings of altered sensitivity to a
physical stimulus support our hypothesis that prenatal cocaine treatment
may alter sensory or perceptual functions in rat offspring. Supported by
HD07201 and MH46442.

COCAINE ALTERS CYCLIC MOTOR ACTIVITY IN THE FETAL RAT. H
K. SimonikL S, R, Robinson, and W. P, Smotherman- Laboratory of
Perinatal Neuroethology, Center for Developmental Psychobiology,
Binghamton University, Binghamton, NY 13902-6000.
Cocaine can affect neural and behavioral development through its
action on the CNS, or by altering the environment in which the fetus
develops (e.g., reduced umbilical blood flow). To assess the direct effects
of cocaine on CNS function, individual rat fetuses were exposed to cocaine
by injection into the cisterna magna on E2O or E21 of gestation. Fetal motor
behavior was observed and recorded in a 20-min session after cocaine
administration to provide an index of cocaine’s effects on the integrated
output of the CNS. On E2O, cocaine elevated fetal motor activity
throughout the session, with activity increasing to double SAL-injected
control levels by the end of the session. On E21, overall activity also was
elevated after cocaine, increasing 4-5 fold in the first 5 min of the session,
and decreasing to twice the levels of SAL controls thereafter. Movement
time series were subjected to spectral analysis to characterize cyclic motor
organization. Cyclicity was evident in 67% of control and 97% of cocaineinjected fetuses. Cocaine increased the number of peaks in the movement
spectrum and resulted in greater spectral density at the primary frequency
of cyclic movement. Prenatal exposure to cocaine may alter patterns of
cyclicity in the fetus, with consequences for the normal development of
attention and behavioral state in the neonate.
This research is supported by Grant HD 16102 to WPS and HD 28231 to
WPS and SRR.
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INTRAUTERINE COCAINE EXPOSURE DISRUPTS DISCRIMINATION
LEARNING IN ADULT RABBITS. A. G. Romano* and J. A. Harvev. Dept.
Pharmacology, Medical College of Pennsylvania, Philadelphia, PA 19129.
Previous studies had shown that intrauterine exposure to cocaine produces an
increase in the number of immunoreactive GABA neurons and abnormal dendritic
structure of pyramidal cells in the anterior cingulate cortex, a brain region known
to be involved in attentional processes and discrimination learning. We therefore
examined whether intrauterine exposure to cocaine would affect discrimination
learning in adult rabbits. Classically conditioned nictitating membrane responses
were monitored during discrimination training of 7 saline and 10 cocaine-exposed
animals. The stimuli consisted of a tone CS+, a flashing light CS-, and a corneal
airpuff US. Thirty trials of each type were presented in each of 16 training
sessions. The two groups of animals acquired this discrimination at the same rate
and achieved criterion performance in approximately 10 sessions. In a second
experiment involving 1^ saline and 9 cocaine-exposed animals, the roles of the tone
and flashing light were reversed such that the light served as the CS + and the tone
was the CS-. Rabbits exposed to cocaine in utero were severely retarded in their
ability to acquire this discrimination. Cocaine offspring required 7 more sessions
than saline animals to make a significant discrimination between the two stimuli
[f(19) = 2X3,p < .05] and required 5 more sessions than saline controls to achieve
criterion performance [f(19) = 228, p < .05]. The nature of the deficit consisted
of an impaired ability to acquire learned responses to the light CS+ rather than in
an impaired ability to withhold responses to the tone CS-. Given that auditory
stimuli tend to be more salient than visual stimuli in the normal rabbit, the
preceding pattern of results suggest that intrauterine cocaine exposure affected the
ability to preferentially attend to less salient but relevant stimuli and to ignore more
salient, irrelevant stimuli Supported by NIDA grant DA06871.

PRENATAL EXPOSURE TO COCAINE DOES NOT AFFECT SOCIAL
DOMINANCE IN A WATER COMPETITION TASK. R.D. Woodland L. P Spear.
Department of Psychology and Center for Developmental Psychobiology, Binghamton
University, Binghamton, NY 13902
Prenatal cocaine exposure has been associated with alterations in social behavior in
adult rat offspring, including decreased juvenile play and increased aggression in
adulthood. Clinical reports have also suggested that children exposed gestationally to
cocaine show impaired social abilities. This experiment was conducted to assess
social dominance in rats prenatally exposed to cocaine. The subjects were offspring
of Sprague-Dawley dams assigned to one of three experimental conditions: cocaine
(C4O), daily sc injections from gestational day 8 (E8) through E2O with 40 mg/kg/kc
cocaine h C1; pair fed (PF), daily sc injections of saline from E8 to E2O and pair
feeding and watering to females in the C4O group; and lab chow (LQ, a non-injected
control group. Litters from females in the three groups were fostered at birth to foster
dams, culled to 8-10 pups, and weaned at postnatal day 21 (P2l). Following two days
of handling, adult offspring (P6O - 70) were deprived of water. For the next three
days, animals received access to water individually for 1/2 hr daily in a novel test
chamber. For water competition testing, each experimental animal was paired with
a same-sex untreated animal from the general colony stock. Both the experimental
animal and its untreated partner were placed in the water chamber to compete for
access to the water source for 5 min per day for 5 days. The videotaped competitions
were scored for latency to drink from the water source, time spent drinking, and
frequency of drinking. Separate 3(Prenatal Treatment) x 2(Sex) x 5(Days) ANOVAs
showed no significant effects of prenatal treatment on the three measures of social
competitiveness in the water competition task. These results suggest that animals
prenatally exposed to cocaine do not appear to differ from controls in their ability to
compete for a biologically relevant stimuli. Ongoing analyses of the videotapes to
assess specific social interactions during the water competition will be discussed.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

599

600

DRUGS OF ABUSE:

COCAINE—DEVELOPMENT

TUESDAY AM

250.25

250.26

THE EFFECTS OF PRENATAL EXPOSURE TO COCAINE AND MATERNAL
SEPARATION ON HEART RATE AND NONASSOCIATIVE LEARNING IN
INFANT RATS. G.S. Hecht*. F. Athalie. N.E. Spear, and LP. Spear. Center for
Developmental Psychobiology and Dept, of Psychology, Binghamton University,
Binghamton, NY 13902-6000
Nonassociative learning was assessed in 16- and 17-day-old rats prenataUy exposed
to cocaine and control offspring under conditions of maternal deprivation using the
rate of habituation of a heart rate (HR) orienting response (bradycardia) to a tone.
Offspring were derived from Sprague Dawley dams that received daily subcutaneous
injections of 40 mg/kg/3cc cocaine HC1 (C4O) from Gestational Day 8-20, pair-fed
control dams receiving saline injections (PI7), and nontreated control dams (LC). Each
rat was given 10 trials of a 10-sec 2000 Hz pulsing tone (80 dB), with tone
presentations separated by a 65-sec interval. Half of the rats in each group were
exposed to the tone with an anesthetized dam (AD) present in the test chamber while
the remaining animals were isolated (I) in the test chamber. To assess retention,
subjects were given 10 additional trials following a 4 hour, maternal deprivation
period. For all trials, HR was measured during a 5-sec pretone period and during the
10-sec tone. Animals exposed to the tone in the AD condition displayed
significantly lower basal HR’s (447 + 4.8) than rats in the I condition (486 ± 3.9),
with no prenatal treatment differences observed among any of the animals. Although
no prenatal treatment nor test condition differences were seen in rate of habituation
(i.e. rate of nonassociative learning), prenatal exposure to cocaine was observed to
have an influence on retention of the habituated response in the isolated animals. LC
and PF offspring in both the I and AD conditions as well as the C4O animals in the
AD condition showed retention of the habituated response, whereas isolated C4O
animals showed complete forgetting of the habituated response after the 4-hr retention
interval. Taken together these data suggest that prenatal exposure to cocaine
potentiates the effects of maternal separation stress resulting in disruptions in the
retention of a habituated autonomic HR response in both male and female offspring.
[Supported by NIDA Grants R01 DAO4478,KO2 DA00140 and NIMH Grant R01
MH35219].

NEONATAL ALCOHOL, COCAINE, OR
ALCOHOL/COCAINE EFFECTS ON A RUNWAY
TASK IN YOUNG RATS. L. S. Hansen*. T. Segar. and S.
Barron. Psychology Dept., Univ. of Kentucky, Lexington,
KY 40506-0044.
This study employed a rodent model to examine the
effects of neonatal exposure to alcohol, cocaine, or
alcohol/cocaine on acquisition of an appetitively motivated
runway task. After implantation with an intragastric
cannula, subjects were artificially reared (AR) from
postnatal days (PN) 4-11. There were five treatment
groups: alcohol (4g/kg/day), cocaine (2Omg/kg/day),

DRUGS OF ABUSE:

alcohol/cocaine (4g/kg/day alcohol and 2Ong/kg/day
cocaine), stock (an AR control), and sham (a suckled
control). Subjects were tested on PN 13-14 in the runway
task, which consisted of traversing a runway to suckle on an
anesthetized dam. Acquisition of the runway task was
impaired in animals receiving neonatal cocaine exposure.
All three drug groups were impaired on ability to attach to
a nipple. These results suggest that neonatal exposure to
alcohol and cocaine, separately and in combination, can
have deleterious effects on offspring behavior. This work
was supported, in part, by NIDA DAO6O49 to sb.

COCAINE—PERIPHERAL EFFECTS
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ai-ADRENERGIC RECEPTORS IN ROSTRAL VENTROLATERAL
MEDULLA MAY BE INVOLVED IN MEDIATING THE
SYMPATHOINHIBITORY RESPONSE ELICITED BY COCAINE.
T. P, Abrahams*. M. Cuntapav and K. J. Varner. Dept, of Pharmacology,
LSU Medical Center, New Orleans, LA 70112.
It has been reported that cocaine (COC) decreases, rather than increases
sympathetic nerve discharge (SND). Recently, we showed that the bilateral
microinjection of the ct2-adrenergic antagonist idazoxan into the rostral
ventrolateral medulla (RVLM) decreases the magnitude and duration of
the sympathoinhibitory (SI) response elicited by i.v. COC. Microinjection
of propranalol failed to alter the SI response to COC. The purpose of the
present study was to determine whether ai-adrenergic receptors in the
RVLM are involved in mediating the SI response produced by COC.
Pentobarbital-anesthetized, mechanically-ventilated male Sprague-Dawley
rats were studied. Splanchnic SND was recorded using bipolar platinum
electrodes. RVLM was functionally identified by the microinjection of
glutamate (50 nl of 500 mM). Then the at-adrenergic antagonist,
benoxathian (5 nMol in 50 nl; n=5), or pH matched phosphate buffered
saline control (50 nl, 0.9%; n=3) was bilaterally microinjected into RVLM
and the SI and cardiovascular responses elicited by COC (1 mg/kg, i.v.)
measured. COC produced identical pressor responses in benoxathian
(2O±3 mmHg) and saline (2O±3 mmHg) treated rats. Pre^ea^ert with
benoxathian significantly decreased the magnitude (-48±4%) but did not
effect the duration (44±3 min.) of the SI response produced by COC as
compared to saline treated rats (-65±4% and 35±6 min.). These data
suggest that COC may act partially through a l-adrenergic receptors in the
RVLM to produce its SI response, although, the possibility that
benoxathian may be interfering with baroreceptor reflex function rather
than directly effecting the cocaine SI response cannot be excluded.
(Supported by NIDA DAO8255 and PHS NRSA DA05571)

THE MECHANISMS OF ACTION OF COCAINE AT BRAINSTEM CARDIORESPIRATORY CONTROL SITES. O. Dehkordi*, G.C. Dennis, R.
Millis, R. Quartey and C.O. Trouth. Dept. Surgery, Howard
University Hospital, Washington, D.C.
20060.
Topical application of cocaine to the chemosensitive
areas of the ventral medulla oblongata surface (VMS) produces cardiorespiratory failure and the cholinomimetic physostigmine ameliorates the ventilatory but not the vasomotor component. The present investigation was to evaluate
the effects of the alpha-1 adrenoceptor antagonist prazosin on cocaine-induced cardiorespiratory failure. The effects of cocaine on the VMS was also compared to those of
another local anesthetic procaine. Cocaine (62.5 ug/site)
alone produced significant hypotension and hypoventilation
with apneusis when applied to caudel chemosensitive areas
of urethane (2.0 g/kg) anesthetized cats (P^).O5) Pretreatment with prazosin (10 ug/site) did not prevent the hypotensive or respiratory depressant effects of cocaine; the
decrease in mean arterial blood pressure and minute ventilation after cocaine application were significant (P^0.05).
Application of procaine (50 ug/site) to the VMS, in doses
which were equimolar to cocaine, produced no significant
respiratory effect. However, doses of procaine which were
twice the equimolar dose of cocaine (100 ug/site) produced
respiratory depression which was similar to that produced
by cocaine. The present data suggest that cocaine might
produce respiratory failure by a mechanism similar to that
of procaine. This does not appear to involve alpha-1 adrenergic receptor mechanism.

251.3

251.4

ACUTE AND CHRONIC COCAINE ADMINISTRATION: EFFECTS
ON SYSTOLIC BLOOD PRESSURE IN INTACT AND
GONADECTOMIZED MALE AND FEMALE RATS F. van Haaren *.
M. Garaea, UniniOf Florida.G, van Luiuelaar.Unin'iOf Nijmegen, The
Netherlands.
Systolic blood pressure was monitored in intact and gonadectomized
male and female rats after different doses of IP cocaine administration
prior to and following chronic cocaine administration. There were no
differences after saline administration. Acute administration of ' 1, 3 and 5.6
mg/kg cocaine resulted in an increase in systolic blood pressure relative to
saline administration in all groups of subjects, but differences between
groups were not observed. Subjects were then injected with 10 mg/kg
cocaine for 21 days without blood pressure measurement after which
cocaine's dose-effect curve was redetermined. Relative to prechronic saline
administration the systolic blood pressure observed after saline
administration following chronic cocaine was higher in intact and castrated
male rats and intact female rats, but not in ovariectomized female rats.
Relative to the effects of saline administration after chronic cocaine
administration, the administration of 1, 3 and 5.6 mg/kg cocaine produced
a decrease in systolic blood pressure in intact and gonadectomized male
and female rats. These data suggest that the effects of chronic cocaine
administration on systolic blood pressure may be sex-dependent and that
chronic cocaine administration may result in a compensatory pressure
response which may be a function of some of the stimulus properties of
cocaine itself.

A PRELIMINARY REPORT ON THE CARDIORESPIRATORY EFFECTS OF
COCAINE-ETHANOL COMBINATIONS IN THE RABBIT. H. K. Erzouki. S. R.
Goldberg* and C. W. Schindler. Preclinical Pharmacol. Lab., Behav. Pharmacol.
Genetics Section, NIDA IRP, Baltimore, MD 21224
The fact that approximately 80% of cocaine use occurs in combination with
ethanol led us to investigate the acute effects of cocaine-ethanol combinations on
cardiorespiratory activity in the rabbit. Cocaine (COC, 0.5 mg/kg/min) or ethanol
(ETOH, 15.7 mg/kg/min) were infused i.v. either alone or in combination to
pentobarbital anesthetized, spontaneously breathing, New Zealand White rabbits (n =
3/group). Blood pressure, heart rate, respiratory rate and ECG were monitored prior
to the start of the infusion and for 60 minutes after the infusion. The following
results were obtained:
INITIAL VALUES
PEAK CHANGES
MBP HR
ORS
ORS
MBP HR
RR
RR
COC
104+5 32O±3 35±3
25±2
-l8±5 -96±33 53±2l 24±8
H6±6 288±9 32+3
ETOH
31+4
6+6
-21+17 3±5
7+3
-lO±2 -74+37 9+3
32+7
COC+ETOH lO9±7 288+20 36±l
28+5
MBP=mean blood pressure mmHg, HR=heart rate beats/min, QRS = QRS
duration msec, RR=respiiatory rate breaths/min
Cocaine produced clear decreases in blood pressure and heart rate, and an increase
in respiratory rate as well as QRS widening. In contrast, ethanol had only minimal
effects on cardiorespiratory activity. When given in combination, ethanol produced
little change in the cocaine-induced effects on blood pressure, heart rate or respiratory
rate, although there was a tendency for ethanol to reduce cocaine's effect on blood
pressure and heart rate. However, ethanol clearly reduced cocaine's effect on the
QRS, suggesting that ethanol may antagonize cocaine's local anesthetic effect on the
myocardium. As previous reports have indicated that cocaethylene, a metabolite
produced when cocaine and ethanol are given in combination, produces effects on
QRS similar to cocaine itself, the present reversal of cocaine's local anesthetic effect
is probably not due to the formation of cocaethylene.

Supported by NATO CRG 910547 and NIDA R01-DA06463
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CARDIOVASCULAR EFFECTS OF COCAINE IN PIGLETS. F.M. Scalzo*
and L.J. Burge. Dept, of Pediatrics, Univ. of Arkansas for Med. Sci. and
Arkansas Children's Hosp. Res. Inst., Little Rock, AR 72202.
The effects of cocaine on cardiovascular regulation in newborn piglets were
studied to determine the potential for perinatal cocaine exposure to disrupt
cardiovascular regulation in neonates. Blood pressure (BP) and heart rate
(HR) were measured in postnatal day (PND) 10 (newborn) and PND 40
(juvenile) piglets following 4.0 mg/kg cocaine (iv). Subchronic exposure
effects were determined by administering 5 additional doses of 4.0 mg/kg
cocaine on subsequent test days in both groups. In newborns, the maximum
increases produced by cocaine were 15 mm Hg for BP and 50 bpm for HR.
In juveniles, cocaine produced -a 30 mm Hg increase in BP and an initial 50
bpm tachycardia followed by a brief (2.5 min) 10 bpm bradycardia. This
bradycardia was followed by a sustained tachycardia (60 bpm) which
diminished to near baseline .values by 40 min post-dosing. On the second day
of dosing in newborns, both BP and HR responses were similar to those
observed on the first test day. For juveniles, the BP response was similar to
the response observed on the first test, but the HR response differed in three
ways: the initial tachycardia was greater, no bradycardia was observed, and
the sustained tachycardia was greater and of a longer duration. On the sixth
day of dosing in juveniles, the BP response was modestly diminished (4 mm
Hg) and the profile of the HR response was similar to that observed on the
second day of dosing with a substantial (20-50 bpm) decrease in magnitude of
the sustained tachycardia. The data suggest that newborn piglets are
hyposensitive to the cardiovascular effects of cocaine compared to PND 40
piglets. These results demonstrate that developmental cocaine exposure has
significant effects on cardiovascular regulation and that such exposure has the
potential to disrupt developmental processes important in the maturation of
neural systems regulating cardiovascular function.

PRENATAL COCAINE AND POSTNATAL STRESS DEREGULATES
IMMUNE SYSTEM RESPONSES IN YOUNG DOMESTIC FOWL. R. A.
Hughesi*. J. E. Cunnick12, L. D. Koiic2 V. Rajaraman*, S. H. Chou*. and M. R.
Bakerl* Depts. Psychology1, Microbiol. Immunol. Prevent. Med2., Iowa State
Univ. Ames, IA 50011-3180.
Our previous research found that either prenatal cocaine or postnatal social
isolation disrupted immune system homeostasis in young domestic fowl. In the
present study, eggs received 2.5 mg/kg cocaine or saline over 3 successive days
during the midpoint of incubation. After hatch, 1/2 of each treatment group was
subjected to social isolation (30 min per day for 5 days) followed by evaluation of
immune system response (blood, thymus, spleen) to mitogen stimulation (ConA,
LPS, PWM); production of an IL-l-like factor was also evaluated. The stress
manipulation was confirmed by hyperthermia and increased serum glucose.
Proliferative responses (PR) due to treatments were different for different organs.
Cocaine increased PR in blood and spleen compared to non-stressed saline treated
chicks. Stress suppressed PR of blood in cocaine treated chicks but not of blood or
spleen in saline treated chicks. Thymic PR to mitogens was similar to that of
blood. IL-l-like activity was positively correlated with splenic PR; production was
increased by cocaine. These data suggest that prenatal cocaine and postnatal stress
combine to produce a disregulation of immune function. A disregulated immune
system might place an individual at greater risk for infectious or autoimmune
mediated diseases.
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EXPRESSION OF C1OO IN BACULOV1RUS AND BACTERIAL
EXPRESSION SYSTEMS AND NEUROTOXICITY STUDIES USING RAT
PRIMARY CULTURES.
S. GrGal. M, A, Fortes. P, Weissesses. E . Dutton*.P. Yarmtagm. P. GonoalezQgWhitt. S, B, . Huhes aqd.S,.R SafrasraMh. Department of Molecular
Nsurabialagy, Hoechst-Rousssl Pharmaceuticals, Inc., PO Box 2500,
Somerville, NJ 08876
Neurotoxicity of the carboxy-terminal fragment of Amyloid Precursor Protein
(APP, C-100, which spans the entire beta-amyloid peptide and the cytoplasmic
domain) has been reported both in vivo and in vitro. The C-100 protein was
overproduced in Sf-9 insect cells using a baculovirus expression vector
pBluebac3 cotransfected with wild type AcMNPV DNA system. Expression of
the C1OO protein in Sf-9 cells resulted in appearance of three bands in the 1114 kd range recognized by APP C-terminal specific antibodies. The C-100
protein was partially purified from ssrum-frss media for toxicity studies. The
C1OO fragment was also cloned into pTrcHisB bacterial expression vector to
obtain a fusion protein containing six histidine residues and an enterokinase
cleavage site followed by the carboxy-terminal amino acid sequence of APP.
The resulting recombinant fusion protein was purified from E. coli cells.
Toxicity studies were performed with the C1OO recombinant protein produced
by both insect cells and bacteria by incubating embryonic rat cortical cultures
for 3-6 days on embryonic day 19 rat cortical cultures. Massive neurite
formation followed by extensive vacuolation and cell death was abssrveg in
cortical cells exposed to C1OO protein. The comparative toxicity data obtained
from C1OO protein produced by bacteria and insect cells will be discussed in
detail.

MASSIVE HIPPOCAMPAL DEGENERATION IN AGED APP-C10O
TRANSGENIC MICE. M. L. Oster-Granite*. J. Greeaaa. and R. L.
Neve. Div. Biomed. Sci., Univ. CA, Riverside, CA 92521-0121 and
Dept. Genetics, Harvard Univ. Sch. Med., Boston, MA 02178.
We examined mixed aldehyde fixed, Polybed embedded,
consistent coronal
slabs through
the middle of the
hippocampal formation of two heterozygous APP-C10O (line
7) transgenic mice, a 24 month female and a 28 month male,
and aaatraasgsaic control mice, aged 18 months. We
observed extensive neuronal death throughout Ammon’s
horn and the dentate gyrus. The control mice exhibited but
occasional
necrotic
cells,
usually
not
neurons.
Ultrastructurally, some control pyramidal and granule cells
contained lysasame-llke inclusions similar to those we
described previously in 11 month old transgenic mice (OsterGranite etal, 1992. Soc. Neurosci. Abst. 18: 730).
We observed that a considerable proportion of surviving
neurons in the aged transgenic mice contained massive
accumulations of similar aggregates. We found numerous
degenerating processes; dendrites contained disorganized,
wavy microtubules and axons frequently contained whorls of
membrane, increased numbers of asurafilamsnts, and small
secondary lysasames. We found microglia laden with debris
readily. We found thickened, refractile basal laminae around
small as well as large caliber blood vessels, but not all blood
vessels. No astrocytic reaction was evident. We are now
examining input and projection regions within the CNS of
these mice. Supported by HD19932 (MLOG) and NS28965 (RLN).
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AMYLOID B-PROTEIN INDUCES DEGENERATION OF CULTURED
CEREBROVASCULAR SMOOTH MUSCLE CELLS. Judlaaas Davis-Salinas.
Dennis D. Cunningham*. & William E. Van Nostrand. Department of
Microbiology and Molecular Gsastlcs, Callsgs of Medicine, University of
California, Irvine CA 92717-4025.
Cerebral amyloid angiopathy (CAA) is a hallmark of Alzheimer's disease and
hereditary cerebral hemorrhage with amyloidosis-Dutch type. In CAA deposition
of the amyloid B-protein (AB) occurs within smooth muscle cells in the medial
layer of the iatracartical and leptomeningeal blood vessels. It has been reported
that the predominant form of AB in the CAA is ABj _42 (1). Recently, we have
established primary cultures of cerebrovascula smooth muscle cells to develop a
cell culture model to investigate the dsgsaerative effects of AB (2). The
cerebrovascular smooth muscle cell cultures were incubated alone or with 25 pM
of various length AB peptides for six days. Cells that were untreated or
incubated with 25 pM ABi.39, AB^o, or a scrambled AB1.42 peptide showed
no signs of cellular degeneration. In contrast, cells incubated with 25 pM ABi.
42 showed signs of extensive cellular degeaeratiaa. Dose response experiments
showed that degeaeratian of the cerebrovascular smooth muscle cells was first
visible at =10 pM ABi_t2 peptide and the effect saturated at =25-50 pM peptide.
Time course studies and cell viability measurements with the ABi-42 peptide
showed that signs of degeneration were first visible at =3 days and led to eventual
cell death. Together, these studies suggest that the cultured cerebrovascular
smooth muscle cells provide a useful model to investigate the cellular
degeasration that accompanies AB deposition in CAA.

NEUROTOXICITY OF p AMYLOID PEPTIDES IN RAT PRIMARY
HIPPOCAMPAL CULTURES. P. Bertrand. M.C. Buraevin, N. Daniel. M. Passat,

1. Roher, AE., et al. (1993) Proc. Nad. Acad. Sci. U.S.A. 90:10836-10840.
2. Van Nostrand, WE., et al. (1994) Amyloid 1:1-7.
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P. Duaav. H. Dubois. F. Clerc and A, Doble*. Rhdne-Poulenc Rorer S.A., C.R.V.A.,
94403 Vitry-sur-Seine, France.

In Alzheimer's disease (AD), p amyloid peptide (PA4) accumulates in
senile plaques in a p-pleated sheet conformation. Whether this
amyloidogenesis is responsible for the progressive neuronal degeneration
observed in AD remains unproved. This question could in part be addressed
by the use of cell culture models for studying the ability of PA4 to alter nerve
cells. We have thus examined the neurotoxic effects of various synthetic
pA4-related peptides (pAPs) in hippocampal cell cultures derived from 18
day-old rat embryos by using the MTT colorimetric assay. The
amyloidogenic peptides Pio-43 and Pl-4o(E22_>Q)> the latter carrying a
HCHWA-D mutation, were as toxic as rat and human Pi_4o sequences,
between 0.1 and 20 pM. No toxicity was observed with P1-15, P1-28
or P17-28 fragments. An analog of Pi_4o. in which F19-F20 residues were
substituted by T-T, was also tested; this modification has been shown to

reduce the amyloidogenecity of Pio-43 peptide. In our conditions, P-|_4Q
(TT) did not decrease cell survival at least up to 20 pM; however, no

significant inhibition of either Pi_4o- or Pio_43-induced neurotoxicity was
observed in the presence of this analog. Human full length amylin
(lAPPi.37) and salmon thyrocalcitonin (s^Ti.32), another known
amyloidogenic proteins, exhibited marked toxicity on cultures with 90% and
62% loss of cell viability at 10 pM, respectively. Our results give further
evidence that PA4-induced neurotoxicity in vitro may be conformationdependent, rather than closely linked to the primary sequence of toxic
peptides. However, the involvement of such a mechanism in the
neurodegeneration observed in clinical AD remains to be demonstrated.
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NEUROTOXICITY OF J-AMYLOID 25-35 (JA) AND QUINOLINIC ACID (QA)
FOLLOWING INJECTIONS INTO THE VENTRAL PALLIDUM/SUBSTANTIA
INNOMINATA (VP/SI) OF RATS IN VIVO. E. M. Sigurdsson'. M. J. Heine. J. M.
Leg and S. A. Lorens. Depts. Pharmacology and Pathology, Loyola Univ. Chicago
Medical Center (Bldg. 135), Maywood IL 60153.
/--tmyloid peptides have been shown to potentiate the neurotoxic effect of
excitatory amino acids in vitro. In order to determine whether this occurs in vivo,
we injected JA and/or QA bilaterally into the VP/SI of rats. Control rats received
vehicle infusions (VEH). In the first experiment, QA (75 nmole/3 pl) impaired
spatial learning in the Morris water maze and decreased choline acetyltransferase
(ChAT) activity in the amygdala (29-37%), but not in the frontal cortex or
hippocampus. JA (1 nmole/3 pl) rats did not differ from VEH rats. In the second
experiment, a lower dose of QA (37.5 nmole/3 pl) failed to impair spatial learning
but reduced ChAT activity in the amygdala (15%). The effects of a combination
of JA (1 nmole/3 pl) and QA (37.5 nmole/3 pl) on performance in the water
maze were variable. PA also did not potentiate the effects of QA on amygdaloid
ChAT activity. In the third experiment, a high dose of JA (8 nmole/3 pl)
appeared to slow spatial learning but increased amygdaloid ChAT activity (11 %).
However, the combination of JA (8 nmole/3 pl) plus QA (37.5 nmole/3 pl) failed
to impair spatial learning and decreased amygdaloid ChAT activity to a similar
extent as QA (37.5 nmole/3 pl) alone (9% vs 8%). These data suggest that in
vivo JA does not potentiate the neurotoxicity of QA. Further, the histological
effects of a high dose of JA (8 nmole/3 pl; a cavitational lesion containing a
Congo red positive proteinaceous material) are quite distinct from those produced
by a high dose of QA (75 nmole/3 pl; widespread neuronal loss and gliosis).
These observations suggest that the neurotoxic effects of JA and QA in vivo are
mediated by distinct mechanisms.

BETA AMYLOID PEPTIDE CAUSES PRE-SYNAPTIC EXCITATION IN
CULTURES OF RAT HIPPOCAMPAL NEURONS. V.P. Bindokas*, T.
Iwama~. J.R. BrorsonA, A.A. Simen and R.J. Miller. Dept. Pharmacol, and
Physiol. Sci., Univ. Chicago, 947 E. 58* St. Chicago IL 60637; A Presently:
Takeda Chem. Industries, Osaka, Japan.; 2 Dept. Neurology, Univ. Chicago.
We previously demonstrated that P-amyloid peptide-fragment 25-35 (PAP)
induced electrical activity in networks of hippocampal neurons associated with
increases in intracellular Ca2+ concentration (Brorson et al., Soc NSci Abstr,
1993). These actions were potentiated in Mg2+-free saline and were blocked by
TTX and glutamate antagonists. No responses occurred in cultures of cerebellar
neurons with predominantly GABAergic synapses. This apparent enhancement of
glutamatergic transmission was not due to post-synaptic effects on currents
produced by exogenous applications of glutamate analogs.
We therefore
investigated the possible pre-synaptic actions of BAP. The amplitude of excitatory
post-synaptic currents (EPSCs) evoked by field stimulation of neuronal cultures
was unaltered by lpM PAP. Mean amplitude of spontaneous EPSCs (SEPSCs)
measured in the presence of lpM TTX and 10pM bicuculline in voltage-clamped
neurons was unaltered after PAP (1/zM).
The main effects of PAP we observed were increased frequency of SEPSCs as
well as an increase in holding-current noise. Bursts of SEPSCs occurred within 1
minute of PAP application, but not the reverse-sequence peptide (PAP35-25).
These bursts sometimes contained large-amplitude SEPSCs. The increase in
average SEPSC frequency was 2.4±.5X above baseline (n=7). The increase in
the noise of the holding current was blocked by CNQX + d -AP5, was reduced by
Mg2+-containing saline and was absent in treatments with reverse peptide (lpM).
Thus both main effects appear to be due to enhanced glutamate release. PAPenhanced spontaneous release of transmitter may therefore explain the increased
electrical activity observed in networks of cultured hippocampal neurons.
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P-AMYLOID (25-35) PROLONGS OPENINGS OF NMDA CHANNELS
THROUGH AN INTRACELLULAR PATHWAY. D.N. Lieberman*1. I. Mody1.
C. Pike2, and C. W. Cotman2. ’Depts. of Anesthesiology/Pain Mgmt. & Neurology,
UT Southwestern Med. Ctr., Dallas, TX, and 2Dept. Psychobiology, UC Irvine, CA.
In cell-attached recordings, channels inside the recording pipette are protected
from the direct action of agents perfused onto the rest of the cell. We have used such
recordings to test whether P-amyloid exerts its effects indirectly through the
activation of intracellular pathways. Currents through single NMDA channels were
recorded in the cell-attached mode from acutely dissociated adult rat dentate gyrus
granule cells. L-aspartic acid (100-200 nM) and glycine (3 pM) were used to elicit
openings primarily to the 50 pS level in an extracellular solution containing 1.8 mM
Ca2+ but no Mg2+. When 25 pM of the aggregated (‘aged’) P-amyloid peptide (2535) was perfused onto the neurons, channel openings were enhanced. Specifically,
the mean open time increased by 25%, burst duration increased by 270%, cluster
duration increased by 230% and super-cluster duration increased by 214%. The
average number of openings during these complex groupings also increased by 3349%. Mean channel conductance and the overall steady-state p0 were not changed by
the peptide. However, the P-amyloid induced considerably more “bursty” and
“silent” modes of channel activity. Channel activity was unaltered by the reverse
sequence of the 35-25 P-amyloid peptide (25 pM) which was similarly ‘aged’.
The molecular mechanism for the P-amyloid effect remains unclear, but the
function of some protein kinases and/or phosphatases may have been altered directly
or indirectly by interaction of P-amyloid with the membrane. Our findings are
consistent with the hypothesis that P-amyloid acts on cell membrane surfaces to alter
second messenger pathways. The intracellular messengers may lead to enhanced
NMDA channel function and may promote neurotoxicity.
Supported by NINDS grant NS-27528 (I.M.), the Sid W. Richardson Foundation,
and a Howard Hughes Predoctoral Fellowship (D.N.L.).

P 25-35-AMYLOID FRAGMENT DESTABILIZES [C^] HOMEOSTASIS AND
INDUCES NEUROTOXICITY IN CEREBELLAR GRANULE CELLS A. Scorziello,
O.Meucci. A. Avallone. §C. Galli. AS. Schinelli* #M. Salmona. #G.Forloni and G.
Schettini Dept, of Neurosci.Sec.Pharm. Univ.of Naples, §Inst of Neurobiology CNR
Rome, a Inst, of Pharm., Pavia, #lnst. of Pharm. Res. Mario Negri, Milan, ITALY.
We used P 25-35-amyloid fragment (P 25-35) to study neurotoxicity in cerebellar
granule cells during their postnatal maturation. Neuronal viability of cerebellar
granule cells was evaluated by counting intact nuclei, either on immature granule cells
one day after plating (1 DIV), or on mature cells six day after plating (6 DIV). The
pretreatment for 72 hr with the peptide (25 pM) greatly affected neuronal survival of
immature cells. This effect was more pronounced in the cells grown in presence of
KC1 5 mM in the culture medium (Control=191+17, P 25-35=109+16) rather than
KC1 25 mM (Control=417+15, P 25-35=337+55). The time course of the effect of P
25-35 on mature cells was performed only in presence of 25 mM [K."*]o because these
cells undergo apoptosis when shifted to low [KAo containing medium. In these
conditions, a late but significative neurotoxic effect of the peptide was observed, while
the complete death occurred within 8 days of treatment, at least one day before
respective control cells. To better understand the molecular mechanisms underlying
the neurotoxic effects of P 25-35, we studied the changes of calcium homeostasis in
cerebellar granule cells pretreated with the peptide followed by the stimulation with
glutamate. In this experimental condition we found that, already after 24 hr of
treatment in a culture medium containing low [K^o , the peptide was able to
potentiate the glutamate-induced [Ca2+]j rise namely keeping a sustained plateau
phase of [Ca2+]j also after glutamate removal. Conversely 48 hr of treatment were
necessary to induce the effects above described in cells grown in presence of
depolarizing [K+]q . These results suggest that P 25-35-induced neurotoxicity in
cerebellar granule cells, could be related to alterations of the mechanisms involved in
the control of calcium homeostasis (T.P. AGING and CNR CT 93 4564 to G.S.).
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Evidence jthat mitochondria ere the primary target
organell fpr neurotoxicity induced by amyloid p protein.
Y. Furiya, K. Ozawa, ft. Sahara and H. Mori* Department Of Molecular
Biology, Tokyo Institute of Psychiatry, 2-1-8 KamIMtazdwa,
Setagayaku, Tokyo 156, Japan.
Several Chemicals, like mitochondrial activation, antilepro$y, anti-inflammatory, and steroid, are reported to be the
potent anti-Alzheimer's disease (Ab) drugs and might reflect
complex causal genes such as chromosome 14, 19, 21 and more.
Some of drugs are, though partiaily, supported by clinical or
neuropathological examinations on a D.
Here we studied the
mechanism for amyloid p protein to Induce neurotoxicity and effects
of some drugs on this neurotoxicity.
Neurotoxicity was tested in the
primary culture of embryonic hjjppoccampi at E18 and PC12 cells.
Synthetic AP25-35 was prepared using F-mock method and purified
with RP-HPLC.
in our culture system, ED50 of A025-35 was
effective at O.4 pM for hippocampal neurons and - at 20 nM for PC12
ceUs.
A redox enzyme activity in mitochondria was decreased to 25
% based on MTT assay while LDH activity did not elevate so much in
culture media.
Hence we concluded that Ap25-35 primartiy targeted
mitochondria as one of central organettes to suffer AD.
CdOjo «n»
found . to eltghUy Improved Ap25-35-lnduced neurotoxicity but antiMproey drugs (DDS;4-,4’-diaminodtphenyl sulfone, riiampicin) and
anti-inflammatory drugs (Indomethacln, acetoamlnophen and
mephenamlc acid) were not observed so effective and might affect
other, if any, metabolic pathways or reactions required for toxic
conformation with p sheet in amyloid p protein or immunoreaction

ALTERATIONS IN DEPOSITION OF MTT-FORMAZAN PRODUCT ACCOMPANY
8-AMYLOID-INDUCED COMPROMISE OF CELLULAR DEHYDROGENASE
ACTIVITY (REDOX POTENTIAL). J.C. Chisholm*. J.N. Davis, and E.J.
Hunnicutt. Jr.*. Miles Inst, for Dementia Res., West Haven, CT 06516
The neurotoxic potential of the relatively ubiquitous 8-amyloid peptides
(8A4) deposited in plaques characteristic of Alzheimer's disease, varies
with experimental protocol, even in vitro. We sought effects of the
peptide 8A4(1-40) and its smaller active fragment 8A4(25-35) which
precede, and potentially precipitate, ceil death. A documented 8A4(2535)-induced compromise in dehydrogenase activity (REDOX state) of
rodent neuronal and neuroblastoma cultures was correlated with later cell
death in neurons, cells known for their dependence on efficient (oxidative)
energy metabolism, suggesting that cell vulnerability to this peptide may
be related to the level of cell dependence on aerobic vs. anaerobic energy
production (Chisholm et al., Soc. Neurosci. Abstr. 19:1250.1993). Using
human brain NT2 and fibroblast cells, we now report that the effect is
timely, mimicked by 8A4(1-40) and associated with dose-dependent
alterations in cellular deposition of MTT product (insoluble formazan).
Close to maximal 40% compromise was achieved within 15 min of
exposure to 60 pM 8A4(25-35) in clonal human NT2 cells. 8A4(1-40)
produced a concentration-dependent response in NT2 cells with potency
(EC5O =1 pM) and efficacy similar to 8A4(25-35). The reverse peptide
8A4(35-25) was ineffective, as was a peptide synthesized from purely Damino acids (D-8A4(25-35)). Finally, the subcellular distribution of the
reduced MTT product, which appeared to colocalize with a rhodamine
mitochondrial dye, was altered after pretreatment with 8A4(25-35)
measured in human fibroblasts. These data suggest an early mitochondrial
involvement in a cellular response to 8A4 at concentrations which are
believed to be selectively toxic to neurons.
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FOCAL ADHESION KINASE EXPRESSED BY NERVE CELL LINES
SHOWS INCREASED TYROSINE PHOSPHORYLATION IN RESPONSE TO
ALZHEIMER'S Ap PEPTIDE Chi Zhang* Mary P. Lambert* Chris Bunch *
Kirsten Barber*, Warren Wade*, Grant Kraff* and William L. Klein '
'Department of Neurobiology & Physiology, Northwestern University, Evanston
IL 60208, and ‘Pharmaceutical Product Development, Abbott Laboratories,
Abbott Park, IL 60064 Ap is a 39-43 amino acid peptide that accumulates as
extracellular aggregates in Alzheimer's-afflicted brain tissue. Contact between these
aggregates and neurons is potentially pathogenic, although little is known about the
cellular transduction mechanisms. We have investigated the impact of AP-aggregates
on the neuronal control of protein tyrosine phosphorylation, which underlies signal
transduction for multiple families of growth factor and adhesion receptors. Added to
cultures of rat and human nerve cell lines, Ap-aggregates evoked a non-desensitizing
increase (1.3-3.6 -fold) in tyrosine phosphorylation in a band at 118 kDa protein, and
this effect was dependent on AP aggregation as well as neuronal differentiation. The
118 kDa protein was determined by immunoprecipitation to be ppl25FAK, not
previously documented in cells of neuronal lineage. Immunoblots with anti-FAK
showed that Ab-aggregates had no effect on FAK protein levels. Crossblots, in which
immunoprecipitated FAK was immunoblotted with anti-phosphotyrosine, verified that
FAK tyrosine phosphorylation was increased by previous incubation with
Ap-aggregates. Since tyrosine phosphorylation of FAK is essential to its activity as a
transduction component of integrin-, peptide- and lysophosphatidic acid-mediated
signaling, the data establish a link between AP-aggregates and signal transduction
pathways implicated in diverse cell functions including neurite outgrowth, control of
the cell cycle, and apoptosis.

ACTIVATION OF METABOTROPIC RECEPTORS PROTECTS
CULTURED CORTICAL NEURONS AGAINST APOPTOSIS
INDUCED BY B-AMYLOID PEPTIDE A. Copani*1>2 , V. Bruno1,2. CL
Battaglia*2, R DelfAlbam-^. DR Condorelli^ and F. Nicoletti^.
1 Dept.
Neurol. Sci. and ^Inst. Pharmacol, Catania Univ.; ^Inst. Biochem., Catania
Umv; ^Dept. Exp. Med. and Biochem. Sci., Perugia Univ, Italy.
B-amyloid peptide induced apoptotic degeneration of cultured cortical
neurons. This effect developed within 48 hours and was insensitive to NMDA
receptor antagonists. Knowing that metabotropic glutamate receptors (mGIuRs)
may exert a protective role in various models of neuronal toxicity, we have tested
the effect of mGluR agonists in cultures exposed to the active fragment of pamyloid peptide (p 25-35; 25 ^M). The mixed mGluR agonist 1s ,3r -ACPD
attenuated the development of apoptosis, as assessed by phase-contrast
microscopy, fluorescent nuclear staining with the dye Hoechst 33258, or
immunodetection of oligonucleosomes released from the nucleus into the
cytoplasm. Stimulation of polyphosphoinositide (PPI) hydrolysis should not be
involved in the protective action of 1s ,3r -ACPD, because p 25-35 induced per se
an increased formation of [^lOinositolphosphate. We have therefore hypothesized
that the action of 1s ,3r -ACPD recruits one o more mGluR subtypes negatively
linked to adenylyl cyclase.
Accordingly, (2s ,1'r ,2'r ,3'r )-2-(2,3dicarboxycyclopropyl)glycine (DCG-IV, a selective agonist of subtypes mGluR2
and 3 ), and L-serine-O-phosphate (a selective agonist of mGluR4,6 and 7) both
reproduced the neuroprotective effects of 1s ,3r -ACPD. We conclude that
activation of mGIuRs negatively linked to adenylyl cyclase protects cultured
neurons against apoptotic degeneration induced by B-amyloid peptide. The
intracellular path involved in this effect remains to be established.
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B-AMYLOID IN COMBINATION WITH IFN-y AND POLY-IC
INDUCES NITRIC OXIDE RELEASE IN CULTURED MICROGLIAL
CELLS. J. Goodwin. C. Martens. A. Parpura-Gill and E. Uemura*. Department
of Anatomy and Neuroscience Program, Iowa State University, Ames, IA 50011.
Microglia have been shown to release nitric oxide when exposed to various
factors including lipopolysaccharide (LPS) and interferon-gamma (IFN-y). We
examined the effects of B-amyloid (B25-35), alone and in combination with other
factors such as LPS, IFN-y, IFN-a/B, Tumor Necrosis Factor (TNF)-a/B,
Polynosinic-Polycytidylic Acid (Poly IC), and Interleukin-1 (IL-1), on microglial
release of nitric oxide. Microglial cells were isolated from the hippocampi of P24 rats (Sprague Dawley) and plated on to 24-well culture plates treated with either
scrambled peptide (1 mg/ml) or B25-35 peptide (1 mg/ml). At post-plating day 1,
LPS, IFN-y, IFN-a/B, TNF-a/B, Poly IC, or IL-1 were added to the wells. At
post-plating day 4, the culture medium in each well was analyzed for (1) nitrite,
by colorimetric assay based on the Griess reaction, and (2) nitric oxide synthase,
by NADPH-diaphorase histochemistry. In the control, scrambled peptide, and
B25-35 peptide conditions there were few to no NADPH-diaphorase stained cells
and little nitrate was detected in the medium. Of all the combinations of factors
tested, we found that B25-35 peptide in combination with either LPS, IFN-y or
Poly IC caused a significant increase in NADPH-diaphorase staining of microglia
and release of nitrate into the culture medium. The other combinations had no
effect on nitric oxide release in cultured microglial cells. The positive staining
and nitrate release we found in response to the amyloid combinations was
significantly greater than that caused by LPS, IFN-y or Poly-IC alone. Our study
suggests that B-amyloid in combination with microglial activating factors causes
a significant increase in nitric oxide release which could lead to neurodegeneration
seen in diseases such as Alzheimer's Disease.

B-AMYLOID MEDIATES NITRIC OXIDE RELEASE
FROM CULTURED ASTROCYTES IN COMBINATION
WITH IL-1, TNF, AND POLY I:C. A. Parpura-Gill*. C.
Martens. J. Goodwin and E. Uemura.
Astrocytes have been shown to release nitric oxide upon
stimulation with a number of factors including 1lpppp1ysaccharide
(LPS) and a combination of the cytokines Interleukin-1 and
Interferon-?. We examined the effects of B-amyloid (B25-35), alone
and in combination with various factors including Interferon-? (IFNY), Interleukin-lp (IL-lp), Tumor Necrosis Factor a (TNF-a), and
Pp1ynpsinic-Pp1ycytldy1ic Acid (Poly I:C), on nitric oxide release
from cultured astrocytes. Astrocytes were isolated from the
hippocampi of P2-5 rats (Sprague Dawley) and plated on to 96-well
culture plates treated with B25-35 peptide (lmg/ml). At post-plating
day 6, the various factors were added to the astrocyte cultures. At
post-plating day 8 the culture medium in each well was analyzed for
nitrite by colorimetric assay based on the Griess reaction. We found
a significant increase in nitric oxide released from cultured astrocytes
in response to the following combinations: (1) B25-35 with both IL1 and poly I:C, and (2) B25-35 with both TNF-a and poly I:C. Our
data suggests that B-amyloid mediates the release of nitric oxide from
astrocytes when combined with the above factors and can thus play a
role in neuronal cytotoxicity.
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CALPAIN ACTIVATION PRECEDES CORTICAL NEURONAL CELL
DEATH INDUCED BY THE ALZHEIMER Ap PEPTIDE IN VITRO. D.
Bozyczko-Covne. B, W. McKenna. L.R, Pinsker* and R. Siman. Cephalon, Inc.
West Chester, PA 19380.
The Alzheimer Ap peptide may play a role in the neuro-degeneration of
Alzheimer's disease (AD). Athough mechanisms underlying the neurotoxicity of
Ap peptide are largely unknown, alterations in intraneuronal calcium regulation
may be involved (Mattson et al., (1992) J. Neurosci. 12, 376). One calciumdependent mechanism that has been implicated in neurodegenerative processes is
activation of the cysteine protease calpain I. Accordingly, we have examined
whether calpain activation could contribute to the toxicity of Ap peptides for
cultured cortical neurons. Primary rat cortical neurons were plated for 24 hours
under conditions nonpermissive for glial proliferation, and were subsequently
exposed to AB25.35 (5OM) for 2, 4, 6, 8, and 24 hours. Calpain activation was
assessed by Western blot analysis using antibodies which specifically recognize the
calpain-generated breakdown products of brain spectrin, a preferred calpain
substrate. Calpain-mediated spectrin degradation was observed as early as 2 hours
after Ap peptide treatment, and was still detectable at 24 hours. Cortical neurons
exposed to AB25.35 did not exhibit overt signs of degeneration until 6 hours,
indicating that the Ap peptide-induced calpain activation preceded neuronal
disintegration. Coupled with the evidence that the calpain I activation state is
increased in AD neocortex (Saito et al. (1993) PNAS 90, 2628) and that activated
calpain I immunoreactivity is found within neuritic plaques (Siman et. al. (1993)
Neurosci. Abstr. 19, 194) these results indicate that Ap peptide-induced calpain I
activation may be involved in the neuronal degeneration of AD.

ENHANCEMENT AND SUPPRESSION OF OXIDATIVE STRESS
POTENTIATES AND SUPPRESSES CYTOTOXICITY MEDIATED BY
CONDITIONAL EXPRESSION OF A CARBOXYL-TERMINAL
DERIVATIVE OF THE B-AMYLOID PRECURSOR PROTEIN. B.L.Sopher.
K. FFkuchL TJ. Kavanagh1 and G.M. Martin*. EDpPt. of Paftology and
^edidne (Dia. of Pulmonary vad Critical Cnre), Univ. of Washington, Seattle,
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WA 98195.
We Oaae established a stably transformed human neuroblastoma cell line
which conditionally expresses a derivative of the B-amyloid precursor protein
(amino-17 + carboxyl^ residues; SBC). Conditional expression of this fusion
protein produces pronounced cytotoxicity when the cells me cultured in a standard
incubator supplied with air (-20% O2) supplemented with 5% CO2. The effect
is suppressed, however, when the cells are cultured in 5% oxygen and enhanced
when cells are cultured in 50% oxygen. The toxicity is also suppressed by
vntioxiCnnts such as a-lipoic add. These findings suggest an involvement of
reactive oxygen species (ROS) in the processes underlying SBC-mediated
cytotoxidty.
At present little is known regarding the biochemical mechanisms underlying
the observed SBC-mediated toxicity, although preliminary experiments have

detected DNA fragmentation in the cells conditionally expressing SBC. Recent
studies have implicated ROS in the process of apoptosis, leading us to speculate
that SBC may mediate its toxic effects either by elevating the levels of r Os or by

edhadhidg the sensitivities of the cells to ROS. Such events could potentially
activate v program of cell death. We hope to discriminate between these two
potential mechanisms by directly assessing the levels of oxidative stress associated
with the conditional expression of SBC using an oxidative stress-responsive
reporter gene.
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BCL-2 TRANSFECTION PROTECTS MN9D CELLS AGAINST p-AMYLOlD
TOXICITY AND GLUCOSE DEPRIVATION, BUT NOT SEVERAL OTHER
INSULTS. D.W. Choi1*. J. Kohl M ,B. Wie1 B.J. Gwae1. D. Lobner1, L.M.T.
Canzoniero1. S.L. Sensi1. Y.J. Oh2 and K.L. O’Malley2. Depts. of 'Neurology and
2Anatomy & Neurobiology, and Center for the Study of Nervous System Injury,
Washington University School of Medicine, St. Louis, MO 63110.
We examined the ability of human bcl-2 transfection to protect transformed
mesencephalon-derived MN9D cells against several neurotoxic insults. Two clones
of MN9D cells, which normally express little bcl-2, were stably transfected with a
CMV vector containing the human bcl-2 gene (Y.J. Oh, elsewhere this meeting).
MN9D cells transfected with CMV vector alone were used as controls.
Exposure of control MN9D cells to P-amyloid fragment (25-35, 24-48 hr),
glucose deprivation (24 hr), or 100 nM-1 pM staurosporine (24-48 hr; see J. Koh
elsewhere this meeting), induced extensive cell degeneration gradually evolving
over 48 hours after initiation of drug exposure. In contrast, little degeneration was
induced by the same insults in MN9D cell cultures expressing bcl-2. However,
bcl-2 expression did not protect MN9D cells against degeneration induced by
exposure to 5 mM cyanide, 300 pM H2O7, or 1 pM ionomycin. These latter agents
all triggered cell body swelling and lysis within several hours in both bcl-2
transfected and control cells. Fura-2 videomicroscopy revealed that the former, bcl2 sensitive forms of cell death were not associated with increases in [Ca2+];,
whereas the latter, bcl-2 insensitive forms of death were associated with marked
increases in [Ca2+j.
Present data support the idea that bcl-2 expression conveys resistance to certain
insults that may have in common induction of apoptosis. However, the
neuroprotection associated with bcl-2 expression is selective, and did not convey
resistance against the death induced by several other insults that may have in
common induction of Ca^+ overload and necrosis.

P-AMYLOID INDUCED NEUROTOXICITY IS BLOCKED BY
OVEREXPRESSION OF BCL-2 IN TRANSGENIC MICE.

D. H. Cribbs**. 1. C. Martinou2.1. K. Knowles2, and C. W. Cotman1.

Irvine Research Unit in Brain Aging*, University of California, Irvine, CA
92717 and Glaxo Institute for Molecular Biology2, Geneva, Switzerland.
The selective neurodegeneration which occurs in Alzheimer's disease
(AD) has been hypothesized to result from an accumulation of betaamyloid (AB) into senile plaques. The recent observation that
amyloidogenic AB triggers apoptosis in cultured neurons (Loo et al.,
1993) and tht? di scsvery yf bcl-2, a dominant regulutor of apx^ptpsis, in
neurons led us to examine whether bcl-2 could inhibit AB neurotoxicity.
We have utilized cortical neurons from transgenic mice that oys/sxp/ese
the human bcl-2 gene. Bcl-2 transgenic embryos were identified by
immunocytochemical staining of the cortiuat cultures and by Western
blotting. Cortical neurons from individual embryos were grown under
uhsmicatly defined conditions, treated with neurotoxic peptides and then
monitored for dystrophic changes and viability. The neurons from bcl-2
transgenic embryos were significantly more resistant to both the AB(2535) and AB(l^2) neurotoxic peptides than control neurons as assayed by
direct obes/yotion and trypan blue exclusion. The neurites from neurons
oys/exp/eesing bcl-2 were resistant to the /stroution and dystrophy seen
in the control neurons. These data in combination with results
implicating bcl-2 in an antioxidant pathway and suggestions that
oxidative st/sss is a contributing fauto/ in AD indicate further
investigation into the possible role of bcl-2 in neu/odegene/ation is
wo/Tonted.
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ULTRASTRUCTURAL EFFECTS OF B-AMYLOID PROTEIN (AB) AND
INJURY IN THE RAT HIPPOCAMPUS. S.A. Frautschy*. T Albright. G.M.
Cole. GRECC, VA Medical Center and UCLA Dept. Medicine 16111
Plummer St. Sepulveda, CA 91343.
The effects of AB on neuronal ultrastructure in vivo have not been well
documented. Artificial CSF or 0.5 pg of ABl-42 in a volume of 0.5 pl
was injected into the hippocampus after which 0.5 pg/ml of ABl-40 was
infused intraventricularly but distal to the injection site for one month at
a rate of 3 pl per day.
Rats were sacrificed one month later.
Neuropathology adjacent to the site of injection was quantified and
distinct differences were observed between treatments. Using 200 mesh
grids (90 pm2/window), 67 windows were examined in the CSF injected
rats compared to 38 windows in the other rats to validate any differences
between injury and A4 injection . The biggest treatment difference was
the relative numbers of clusters of dystrophic neurites. There were 89.3,
12.5 and 0.0 clusters/ mm in the A4/water infused, A4/A4 i nfused and
CSF/A4 infused respectively and this was reflected in the density of
phagocytosed synapses: (29.1, 11.6 and 3.2/ mm, respectively). Microglia
with spongiform damage density was 21.6, 19.1 and 5.8/mm, while
abnormal vasculature surrounded by spongiform pathology: 10.8, 8.8,
4.5/mm in A4/water infused, A4/A4 infused and CSF/A4 infused rats
respectively. The spongiform pathology was not a processing artefact as
areas distal to the injection were not affected. The A4/A4 infused brain
appeared to be the most seriously affected because of extensive
spongiform change. We will show micrographs suggesting a phagocytic
role in the neuritic reaction These results demonstrate a toxic effect of AB
on synaptic structures in the absence of identifiable amyloid fibrils.
Supported by AG10685 (SAF) , NS30195 (SAF) and AG9OO9 (GMC).

Ultrastructural Analysis of S-Anyloid Induced Apoptosis in
Cultured Hippocampal Neurons. John A. Watt, and Carl W.

DEGENERATIVE DISEASE:

Cotman. IRU Brain Aging, Univ. of CA, Irvine, CA 92717.
Previous investigations from this laboratory have
demnssrated synthetic S-amyloid (AE) toxicity in cultured
neurons (Pike et al ., 1993).
These results included
preliminary morphooogical and biochemical isdiuotiose that
cell death may occur via apoptosis (Loo et al., 1993).
Apootosis, a genetically controlled form of cell death, is
characterized by a distinct sequence of morphooogical
olteratnons readily identifiable at the ultrastructural
level.
Therefore, a detailed electron microscopic
analysis of E-am'loid stimulated neuronal cultures was
perfomed to to further evaluate the nuuurresud of
apoptosis. Scanning electron micrneunpiu (SEM) analysis
revealed limited somal blebbing as early as 4 hrs
following AB25-35 treatment and continued to isursaee in
occurrence throughout the 24 hr experimental period. The
blebs were initially of small caliber but appeared larger
over time.
Ultimately, continued blebbing appeared to
result in the reduction of cell size and fragmentation of
the
cell
body
into
multiple
apopto^c
boiles.
Transmission dldutros microscopic (TEM) analysis revealed
that the earliest mrphooogical events include prominent
voulold fnrmttins, dispersal of polyribosome rosettes and
the disappearance of the golgi complex, smooth endoplasmic
retiCcul^nl and microtubules with increased cytoplasmic
electron density.
Mitochondria and limited rough
endoplasmic retcuulm remained intact throughout the
prnudee of cell death. These results provide additional
evidence suggesting AB-induced cell death occurs via an
apoptotic mechanism.
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ASTROCYTIC ASSOCIATION WITH DIFFERENT PLAQUE
SUBTYPES: EVIDENCE FROM ALZHEIMER'S, DOWN’S AND
CANINE TISSUE. B,J. CuromMgs*. AJ, Afegb, C,J, Pike, E, Head!

APOLIPOPROTEIN E IN 0-AMYLOID PLAQUES IN
ALZHEIMER’S DISEASE: RELATION TO ACTIVATED
ASTROCYTES. J.G. Shei^i?1: R.E. Mrak and W.S.T. Griffin. I^epts.
Ped., Path, and Anat., Univ. AR Med. Sci., Little Rock, AR 72202
An oet/nuytd-dd/iydd protein, S1000, has otready been implicated
in the bn/morinn of ndl/iriu plaques in Alzheimer's disease (AD).
Recently, another oerrouyte-ddriyed protein, apolipoprotein E (ApoE),

W. Milgram'. M. Russell* and C.W. Cotman Life Sciences Division',
Univ. Toronto, Ontario, MIC 1A4; Dept. Anesthesiology*, U.C. Davis,
CA 95817; and IRU in Brain Aging, Univ. California, Irvine, CA 92717.
Plaques exist as a heterogeneous range of subtypes which appear to
progress through a chronological sequence. Initially, plaques consist of
loose collections of fi-amyloid protein (Afi) within the neuropil (diffuse
plaques), which over time develop positive thioflavine staining {primitive
plaques) suggesting that Afi has adopted a fi-sheet conformation.
Plaques gradually induce increased levels of neuritic dystrophy within
neighboring fibers (neuritic plaques). To investigate the differential
association of astrocytes with different plaque subtypes, we examined
early and late stage AD and DS tissue and young and aged canines
using antibodies directed against glial fibrillary acidic protein (GFAP)
and Afi coupled with thioflavine counter-staining. In agreement with
previous reports, we found age related astrocytic hypertrophy within the
canine brain, which occurred without regard to the presence or absence
of plaques or amyloid angiopathy. In addition, canine plaques were
thioflavine negative (i.e., diffuse), contained intact neurons, and
typically were devoid of reactive astrocytes. Within both young DS tissue
and aged control brains, a similar absence of astrocytic response to
diffuse plaques was observed. Only in moderate and severe AD and later
stage DS brain tissues were hypertrophic astrocytes associated with
plaques. These data suggest that, while there are age-related changes
in astrocyte morphology within the aged canine and human brains,
astrocyte hypertrophy is not in response to the initial deposition of Afi;
nor do astrocytes appear to produce plaque Afi. Astrocytic association
with Afi only occurs when plaques reach a primitive stage, which
correlates with Afi’s structural transition into a fi-sheet conformation.
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was shown to be present in ndl/iriu plaques in AD. In this study, we
evaluated the spatial retorinnehit of ouriyotdd oerrouyree to ApoE
immunntneiriyd (ApoE+) / 0-omytnid immlnntneiriyd (0-AP+)
plaques in ten patients with AD by single (ApoE only) and double
(ApoE/GFAP or ApoE/SllOO0 or ApoE/0-AP) immunohistochemical
staining of torohittouampot gyrus tissue esurinne. In this highly ADobeured brain region, 0-AP+ neuritic plaques were intensely ApoE+.
In unsr/oer, ApoE+ product was rarely un-touotizdd with 0-AP+
product in diffuse plaques. Mnrenys/, 0-AP+/ApoE+ neuritic
plaques were surrounded by ApoE+/GFAP+ ouriyotdd astrocytes, but
activated ApoE+/GFAP+ oerrouytee were not oeenuiotdd with 0A^^’AApoE^' diffuse plaques. Our results suggest that the activated
oerrouyree surrounding plaques synthesize and /dteoed dxueeeiyd
amounts of ApoE and that this, like S1OO0, may be impnrtosr in
neuritic plaque pathogenesis. Supported in part by NS27414 and
AG10208.
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INCREASED COUNTS OF APOLIPOPROTEIN E IMMUNOREACTIVE
PLAQUES IN NEOCORTEX OF ALZHEIMER PATIENTS CARRYING e4
ALLELE. O. Heinonen*. H. Soininen, O. Kosunen. S. Helisalmi, M.
Mannermaa. L. Paliarvi. M. Rwnanen. P. Riekkinen Sr. Depts. of Neurology
and Pathology, Unit of Clinical Genetics, Univ. and Univ. Hospital, Kuopio,
70211 Finland.
The association of apolipoprotein E (apoE) e4 allele and late-onset
Alzheimer's disease (AD) has been confirmed in several studies. Two
previous reports have suggested that AD patients carrying apoE e4 allele
have increased counts of plaques in the brain compared to those without e4
allele. We determined the p-amyloid (p/A4) and apoE immunopositive
plaques in the neocortex of AD patients with different genotypes. We
stained adjacent 5 p.m thick sections of frontal and temporal cortices from
AD patients and controls with anti-p/A4 (Dako) antibody
and with a
polyclonal antibody raised against a native human apoE (a generous gift
from Orion Diagnostica, Oulunsalo, Finland). The sections pretreated with
90% formic acid were stained using the Vectastain Standard ABC-kit
(Vector, Burlingame, CA).
The apoE genotype was determined using
genomic DNA extraction and PCR amplification from venous EDTA-blood
or from frozen brain tissue. We found that the AD patients with e4/4
genotype had significantly higher counts of apoE immunoreactive plaques
than AD patients with one or no e4 allele in the layers II and III of the frontal
cortex and layers III and IV in the temporal cortex. In contrast, we found no
significant difference across AD patients with two, one, or no e4 alleles in
counts of p/A4 immunopositive plaques in the frontal and temporal cortex.
Our data are in line with a recent report showing differences in binding of
apoE isoforms to synthetic p/A4. These results add to body of literature
supporting the role of apoE in the pathogenesis of AD.

APOLIPOPROTEIN E-IMMUNOREACTIVE PLAQUES IN AGED MONKEY
CORTEX: COLOCALIZATION WITH AMYLOID. E. J. Mufson*-2. W, C.
Bernring1-2. G. M. Cole3, H. Wang3. D. F. Emerich4. J. R. Sladek Jr.5. J. Morrison6.
and J. H. Kordower^. Dept. Neurol. Sc^.1 and Rush Alzheimer’s Disease Ctr? Rush
Presbyterian-St.Luke’s Med. Ctr., Chicago, IL 60612, V. A. Medical Ctr.
Sepulveda, CA., 4Cytotherapeutics Inc. Providence RI, 5Dept. Neurosci., Chicago
Med. Sch., Chicago IL, 6Fiihlxirg Res. Ctr. Neurobio., Mt. Sinai Sch. Med., NY
Over representation of the ApoE4 allele is associated with increased amyloid
B-peptide (BA4) plaque deposition in late-onset AD. Since aged Rhesus monkeys
develop fi-amyloid containing senile plaques, they provide a valuable nonhuman
primate model for the investigation of AD-like pathology. In the present study, we
examined the relationship between ApoE, fiA4-containing profiles and amyloid
(thioflavin-S) within the cerebral cortex of seven young (7-10 yr), two middle aged
(18 and 21 yr) and 10 aged (25-32 yr) Rhesus monkeys. PCR genotyping revealed
only the ApoE4 allele. Brains were perfused with 4% paraformaldehyde, cut frozen
and adjacent 4O/xm thick sections were immunohistochemically stained either singly
for BA4 (R1282), ApoE (Chemicon, CA), concurrently for each protein and for
thioflavin-S. We found ApoE-immunoreactive plaques and astrocytes scattered within
the temporal neocortex, paralimbic cortex as well as the amygdala and to a lesser
degree the hippocampus of aged monkeys. Although virtually all
ApoE-immunoreactive plaques coexpressed fi-amyloid, most plaques were BA4
positive/ApoE immunonegative within the aged monkey cortex. ApoE and
fiA4-immunoreactivity were not associated with somata within any temporal pole
region examined regardless of age. These observations suggest that BA4 deposition
may occur independent of or prior to ApoE expression in aged monkeys. The close
correspondence between ApoE and thioflavin-positive(i.e. amyloid) plaques suggests
that ApoE may play a critical role in the conversion of BA4 to its B-pleated form.
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AMYLOID ANGIOPATHY AND GLUT1 EXPRESSION IN
ALZHEIMER’S DISEASE. J. Payniel. LA. Simpson2and P. Davies.
Dept. Pathology, Albert Einstein College of Medicine, Bronx, NY
10461 and 2NIDDK, Bethesda, MD 20892.
Amyloid angiopathy is a common finding in the brains of patients
with Alzheimer's Disease (AD). We have been interested in glucose
transport in AD and have attempted to test the hypothesis that glucose
transport through endothelial cells of cerebral vessels will be reduced
in vessels laden with amyloid. Glutl is the glucose transporter of the
cerebrovascular endothelial cells. We have used paraffin sections of
frontal and occipital cortex from both normals and cases of AD to
investigate the possible relationship between Glutl, visualized by
polyclonal antibodies and rhodamine labelled goat anti-rabbit, and
thioflavin S to visualize amyloid deposition.
Glutl staining oudines the blood vessels of the brain, and only a very
small percentage of vessels were affected by amyloid deposition, even
in cases defined as showing severe amyloid angiopathy. Colocalization of amyloid deposits and Glutl was evident in some cases:
in these, the Glutl staining was clearly luminal to the thioflavin S
fluorecence. Only in cases with thick vascular amyliod deposits,
sometimes with penetration into the brain paranchyma, was there clear
reduction or loss of Glutl immunoreactivity. These results suggest that
amyloid deposition in cerebral vessels has to be extensive before loss
of glucose transport capacity is likely. Supported by NIH AG06803.

TIMP IHDtNOXEACTrVTTY IN ALZHEIMER’S DISEASE AND NORMAL
HUMAN BRAIN. N.S. Peress*. E. Perillo and S. Zucker, SONY
Stony Brook, NY 11790; DVAMC NOrthport, NY 11768.
Based upon the hypothesis that the balance between
metalloproteinases and their inhibitors might be involved
in the pathogenesis of Alzheimer’s disease, we studied
brain samples of 8 cases of Alzheimer’s disease, 6 other
pathological entities and 3 elderly controls for Tissue .
Inhibitor of Metalloproteinase (TIMP) immunoreactivity
using microwave fixation technology to enhance antigen
capture and antigen preabsorption of sera to prove specificity. Areas studied included ependyma, choroid plexus,
cerebral cortex, hippocampus, cortical projection nuclei,
basal ganglia, midbrain, pons, medulla and cerebellum.
Antibodies to recombinant TIMP-1 were affinity purified
from rabbits. Selective positivity was localized to
neuritic senile plaques and neurofibrillary tangles in
Alzheimer’s disease and to normal and Alzheimer’s disease
Purkinje cell soma and dendrites. Iminunoreactivity was
also seen in axons which embraced empty Purkinje cell
spaces. Pathological processes which failed to stain included active multiple sclerosis, HIV encephalitis, HIV
associated toxoplasmosis, PML, CMV and vacuolar myelopathy.
Dhe selective localization of TIMP .immunoreactivity to
intraneuronal lesions of Alzheimer’s disease and cerebellum
an area of brain subjected to an incomplete expression of
Alzheimer’s disease, supports the hypothesis that this
system may modulate the pathological phenotype in this disorder.

253.7
ULTRASTRUCTURAL LOCALIZATION OF BUTYRYLCHOLINESTERASE
ON SENILE PLAQUES IN AGED AND ALZHEIMER’S BRAINS. JL
Gomez-Ramos* and M.A. Moran. Dept. Morphology. School of
Medicine. Autonoma- University of Madrid. Spain.
At the light
microscope level, both acetyl- and butyrylcholinesterases colocalize with B amyloid protein, in non
demented aged and Alzheimer's disease brains (Moran et al '93).
Butyrylcholinesterase histochemistry was used on vibratome
sections of several cortical areas from brains of non-demented
aged and Alzheimer's disease patients. Areas containing stained
elements were selected, resectioned and then observed under
the electron microscope.
A
total of 42 plaques were
photographed and studied: six had a central core of amyloid
(classical plaques) and the rest had the characteristics of very
early primitive plaques, with perivascular location in a few
cases. Classical plaques showed butyrylcholinesterase reaction
product partially covering the compact amyloid core, with
highest density at the periphery. In the halo of these classical
plaques, the reaction product appeared mostly aggregated,
covering the underlying structures, which in most cases were
identified as bundles of amyloid filaments. In the few instances
were the precipitate was small enough, it could be observed that
it was located over plasma membranes surrounding cell
processes. In very early primitive plaques most of the
butyrylcholinesterase reaction product appeared as small sized
dots lining up. for short distances and located over plasma
membranes surrounding cell processes. Within these plaques,
synaptic elements were free of butyrylcholinesterase reaction
product: Supported bv FIS 198/93
SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994
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HEPATOCYTE

GROWTH

FACTOR

(HGF)

IN

ALZHEIMER'S

Rodriguez-Wolf. 3a .M. Gonzalez.3A. Baird and *E.G. Stopa*. 1Dept. of Pathology
& ^Neurosurgery, Brown Univ. Sch. of Med/Rhode Island Hospital, Providence, RI,
and ^Dept, of Molecular & Cellular Growth Biology, The Whittier Inst., La Jolla,
CA, and ^Laboratory of Cellular and Molecular Biology, Nat. Cancer. Inst., Bethesda,
MD.
Hepatocyte growth factor (HGF) is a heparin-binding polypeptide growth factor
which stimulates DNA synthesis in a variety of cell types and also promotes cell
migration and morphogenesis. In previous studies, we have shown that basic
fibroblast growth factor (bFGF), another heparin-binding protein is increased in
Alzheimer's disease (AD), and appears to be associated with the heparan-sulfate
proteglycans bound to B/A4 amyloid (Biochem. Biophys. Res. Comm. 171,690-696,
1990). In the present study, we examined the distribution of HGF and bFGF in 4%
paraformaldehyde fixed samples of prefrontal cortex and/or hippocampus from control
(n=8) and Alzheimer patients (n=9) in order to assess the possibility that HGF may
have a role in the central nervous system. A specific polyclonal antibody (8555)
directed against HGF revealed widespread HGF-like immunoreactivity within the
astrocytic population in both brain regions. In the AD cases studied, the
immunoreactivity was increased within the astrocytes surrounding individual senile
plaques. No staining was seen in neurofibrillary tangles. Sections stained with a
polyclonal antibody raised against bFGF (773) showed more robust staining of the
B/A4 amyloid within senile plaques, as well as clear staining of the neurofibrillary
tangles.
The different distribution of HGF-like immunoreactivity
relative to bFGF suggests that HGF may have a lesser affinity for
the heparan-sulfate protoglycans bound to B/A4 amyloid in
Alzheimer's disease. Supported by NIH 10682 NS28121, DK18811
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ALZHEIMER'S-ASSOCIATED PHOSPHOTAU EPITOPE IN HUMAN
NEUROBLASTOMA CELL CULTURES: UP-REGULATION BY FIBRONECTIN
AND LAMININ. W. L. Klein*. H. Martin. M.P. Lambert. K. Barber, and S. Hinton,
Dept. of Neurobiology and Physiology, Northwestern University, Evanston, IL 60208
Alzheimer's-afflicted neurons contain phosphorylated forms of tau that are not
present in healthy adults. These can be recognized with great specificity by
monoclonal antibodies such as PHF-1 (Greenberg and Davies, 1990, PNAS, 87:5827).
The PHF-1 phospho-tau epitope also is present in immature neurons undergoing
axo-dendritic differentiation(Pope, et al. 1994, Exp. Neurol., in press). We report
here that the PHF-1 tau epitope spontaneously occurs in die human neuroblastoma
cell line SHSY5Y, where its level can be regulated by differentiation and by
molecules found in the extracellular matrix. Confocal immunofluorescence studies
showed the PHF-1 epitope to be constitutively expressed in the somatic cytoplasm and
in short neurites typical of undifferentiated SHSY5Y cells. Retinoic acid-induced
differentiation caused a redistribution of PHF-1 tau into long neurites. Protracted
exposure to retinoic acid decreased PHF-1 immunofluorescence without loss of
neurites, similar to the developmental down-regulation seen in situ. Exogenous
fibronectin caused a marked up-regulation of PHF-1 immuno- fluorescence, both in
undifferented and differentiated cells. In the latter, quantitative analysis showed a
20-fold increase compared to untreated controls. Data obtained from immunoblots
verified the results observed with immunofluorescence. The data suggest that
molecules of the extracellular matrix may help regulate tau phosphorylation during
normal axonal differentiation. Related mechanisms may also generate phosphotau
epitopes found in the neuritic tangles of Alzheimer's disease.

INTERLEUKIN-1a+ MICROGLIA ARE ASSOCIATED WITH THE
PRESENCE OF DYSTROPHIC NEURITES IN 0-AMYLOID PLAQUES IN
ALZHEIMER’S DISEASE. W.S.T. Griffin? J.G. Sheng and R.E. Mrak, AR
Children’s Res. Ctr., U AR Med. Sci., VA Med. Ctr., Little Rock, AR 72202.
The polymorphism of 0-amyloid immunopositive (0-AP+) plaques in Alzheimer’s
disease (AD) is assumed to represent different stages of plaque evolution. We
examined the potential contribution of IL-la (an immune response microglial
cytokine that induces synthesis and processing of the 0-amyloid precursor protein,
0-APP) to this process in AD by counting the number of activated IL-la+
microglia associated with 0-AP+ plaques that did (neuritic) or did not (non-neuritic)
have associated 0-APP + dystrophic neurites. Neuritic plaques containing diffuse
0-amyloid were the most abundant (18 ± 4/mm2) and had the most IL-la+
activated microglia associated with them (7 ± 0.8/plaque) while neuritic plaques
containing dense cores of 0-amyloid were least abundant (5 ± 0.2/mm2) and had
fewer associated IL-la+ microglia (4 ± 0.4/plaque). Non-neuritic diffuse 0-AP+
plaques (8 ± 1/mm2) had few associated IL-la + microglia (2 ± 0.2/plaque), and
non-neuritic dense cores of 0-amyloid only rarely had IL-la+ microglia associated
with them. We conclude that neuritic 0-amyloid plaques are immunologically active
structures, in contrast to non-neuritic diffuse or non-neuritic dense-core plaques.
Moreover, these results support the suggestion that the 0-amyloid in diffuse plaques
is non-immunogenic and further suggest that the 0-amyloid in non-neuritic densecore plaques is also non-immunogenic. The abundance of IL-la+ microglia in
neuritic, but not in non-neuritic, plaques (p < 0.001) suggests that these cells are
important in the development of dystrophic neurites during plaque evolution and are
not merely responding to the presence of 0-amyloid. This work was supported in
part by NIH AG10208 and NS 27414.
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SYNTHETIC P-AMYLOID and CONGO RED STAINING. S,K.
Brining*. Lab. of Neurosciences, NIA, NIH, Bldg. 10, Rm.
6C103, Bethesda MD 20892-0010.
Congo red (CR) stains based on the presence of betapleated sheet structure (G. Glenner et al., J. Histo.
Cytochem. 22:1141,
1974).
CR has
been
used
diagnostically to identify /9-amyloid (fiA)-containing
plaques that occur in Alzheimer's disease and Doowi's
syndrome patients' brains (methods reviewed in M.
Elghetany et al., Stain Tech. 63:201, 1988).
CR also
stains synthetic 0A (E. Castaho et al. , Biochem.
Biophys. Res. Comm. 141: 782, 1986).
Currently many
researcher's are using synthetic fik in Alzheimer's
related research. However, results are inconsistent
across and within laboratories and lot-to-lot variation
of the fik has been documented (P. May et al.,
Neurobiology of Aging 13: 605, 1992). At present, there
is no way to predict if a lot or individual sample of fik
will be toxic under the conditions of any given
experimental protocol. The goal of the present work is
to establish a method that will allow one to do a
simple, quick test on nanogram amounts of fik that will
predict its potential toxicity. Different lots of fik
1-40, fik 1-28, reverse sequence fik 40-1, ’(Bachem,
Torrance, CA) and a solution containing no fik were
compared. One lot of fik that had not been toxic in our
experiments gave results similar to the control solution
that contained no fik. This result is in contrast to a
different lot of fik which had proved toxic, fik 1-28 was
similar to the toxic lot of fik. The reverse sequenced
fik was intermediate between the toxic and non-toxic
solutions. Studies are underway to assess the power of
this test to predict toxicity of fik in cultured cells.

ALZHEIMER’S P-AMYLOID N-TERMINAL REGION
MODULATES AMYLOID FIBRIL FORMATION.
Soto. E. M. Castano. N.C. Inestrosa. B. Frangione* Dept, of
Pathology, New York University Medical Center, New York,
NY 10016
Alzheimer E-amyloid peptide (AP) consists of a
hydrophobic C-terminal domain which adopts p-strand
conformation and an N-terminal domain existing in equilibrium
between an a-helix and a p-strand. We analyzed the effect of
the alternate N-terminal conformations on amyloid fibril
formation. The single change of a p -pleated sheet promoting
amino acid (valine 18) for a strong a-helix inducing amino
acid (alanine) dramatically diminishes fibrilloggngsis. In
Hereditary Cerebral Hemorrhage with Amyloidosis in Dutch
patients (a variant of AD), the substitution of glutamine for
glutamic acid at position 22 decreases the propensity of the
Ap N-terminal domain to adopt an a-helical structure, with
its concomitant increase in amyloid formation. We propose
that amyloid formation diminishes when AP has an a-helix in
its N-terminal. Manipulation of secondary structure with
compounds that promote a-helix affects in vitro amyloid-like
fibril formation and provides a useful model system for
studying this process in AD.

253.13
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CONFORMATIONAL FEATURES OF PLAQUE-COMPETENT
AMYLOID PEPTIDES. JP Lee1, ER Stimson1, JR Ghilardi?,

TURNOVER AND DISTRIBUTION OF CEREBROSPINAL FLUID (CSF)
ALZHEIMIFR’S DISEASE (AD) SOLUBLE Ap (sAp). U.F. Ghgrsi-Egga.
iJ.D. Fenstermacher*. 2J. Ghiso.2 B.F. Frangione. and 3P.D. Gorevic. 2Dept.
of Pathology, NYU Medical School, New York, NY 10016, and Depts of
1 Neurosurgery & ’Medicine, SUNY, Stony Brook, NY 11794.
sAp, a normal constituent of CSF, is variably produced by different cell
types, and is also present in blood. It is a potentially important precursor
for Ap, the major constituent of amyloid fibrils in the congophilic
angiopathy of AD and related hereditary and sporadic stroke-like
syndromes. Two potential mechanisms for localization of sAp to cerebral
microvessels are: 1) direct uptake from blood, and 2) delivery via the CSF
system, including the perivascular (Virchow-Robins) spaces. The latter
route was studied in Sprague-Dawley rats by infusing into one lateral
ventricle O.5pl of artificial CSF containing one of the following
radiolabeled materials: peptides corresponding to the sequence of human
or rat sAp, sucrose, PEG of molecular weight similar to that of sAp (4kD),
or T4 (which rapidly labels CSF transthyretin). Parameters examined
included different methods of radioiodination of sAp, times of circulation
(3.5-90 mins), concentrations of sAp relative to those recently reported for
human CSF, distribution to brain, other organs, and urine, and state of
aggregation before and after injection. The last was assessed in detail by
autoradiography after separation on denaturing and nondenaturing gels,
and by fractionation of select samples by FPLC. Intracranial distribution of
radiolabel was measured by high-resolution quantitative autoradiography.
The data suggests that both monomeric and aggregated sAp-associated
radioactivity rapidly circulates from the ventricular system into the
midbrain subarachnoid space, penetrates to a limited depth into brain
parenchyma, and is appreciably cleared from CSF to blood, liver and
kidneys at 10-30 mins. These studies provide a system in which to examine
the in vivo CSF flux of free or complexed sAp that could be further tested
in potential animal models of AD.

PW IMgntyh2, Y Lu3. AM Felix3. JE Maqgio*1. 1 Dept. Biol.
Chem. Molec. Pharmacol., Harvard Med. Sch., Boston, MA
02115 2Dept. Psychiatry, Univ. Minn., Minneapolis, MN
55417 3Roche Research Center, Nutley, NJ 07110

The peptides which aggregate in vivo to form pathological
amyloid deposits are often normal physiological products of
defined primary sequence whose high-resolution threedimensional structure is unknown. Such is the case for
Alzheimer's disease (AD), whose hallmark lesions are brain
plaques composed primarily of the «4 kDa human B-amyloid
peptide (AB). Thus far AB has resisted efforts to define regions
of primary, secondary or tertiary structure essential for plaque
growth. Using an in vitro plaque growth assay at physiological
concentrations of radioiodinated peptides, we have functionally
distinguished fragments of AB and established that neither the
amino nor the carboxyl terminus of the peptide is necessary for
activity. In probing the solution conformation of AB fragments
in water by multidimensional NMR spectroscopy at 750 MHz,
we have characterized conformational features which correlate
with active deposition onto AD plaques. Plaque competence is
associated with folding of several residues about a
conformationally restricted backbone for residues Leu 17 to
Phe2O. The solution structure of active AB fragments is devoid
of o-helix or B-sheet, suggesting a global conformational change
along the pathway from metastable soluble polypeptide to
plaque deposits. Supported by NIH (JEM, PWM), Hoffmann-La
Roche (JEM) and VA (PWM).
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HUMAN AMYLOID PRECURSOR PROTEIN/p-AMYLOID IMMUNOREACTIVITY IN RAT BRAIN AFTER HUMAN LEPTOMENINGEAL
TRANSPLANTS. L.A. DeGioraioQrJ.J. Bernstein*. W.J. Goldberg2. S.E.
Gandv3 and J.P.BIass1. Cornell U Med Coll at Burke Med Res Inst, White
Plains NY 10605, VA Med Ctr*, Wash DC 20422, Cornell U Med Col, NY
NY 100213.
Fast Blue-labelled cultured human leptomeningeal cells were grafted
into 60 day-old male rats subsequently sacrificed at either 7 or 14 days
postimplantation. Double immunofluorescence using an amyloid precursor
protein antiserum Ab 238 (a rabbit anti-human Ap 1 -28 which intensely
stains Alzheimer amyloid plaques) and cell type-specific monoclonal
antibodies revealed the presence of APP-like immunoreactivity in the
grafted human cells, the host leptomeninges, the ependyma lining the
lateral and third ventricles and both leptomeningeal and parenchymal
blood vessels. Neurons of cortical layers 2 and 3 as well as layer 1
astrocytes were Ab 238* at day 7 but Ab 238" at day 14. Septal and
caudate putamen neurons adjacent to the lateral ventricles remained Ab
238* at day 14 as did neurons of the preoptic nucleus. Oligodendrocytes
of the corpus callosum and the optic chiasm were intensely reactive to
Ab 238 in all animals at both time points. All APP-like immunoreactivity
was abolished when primary antiserum was preincubated with synthetic
Ap 1 -40. Thioflavin S staining of adjacent serial sections demonstrated
the presence of thioflavin-positive fluorescent material in the
oligodendrocytes in these areas as well as on the leptomeninges, and
within leptomeningeal and parenchymal blood vessels. Supported by NIA
AG 09014, AG 03853, AG 11508, Will Rogers Inst, Overbrook Found,
Sigma Tau Found.

FRACTIONATION OF 3 PROTEIN IMMUNOREACTIVITIES IN THE
BRAIN AFFECTED WITH ALZHEIMER’S DISEASE AND DOWN’S
SYNDROME. K,Yanagisawa*. A.Odaka. N.Suzuki. H.Shimada and Y.Ihara.
Dept, of Neuropathology, Institute for Brain Research, Faculty of Medicine,
University of Tokyo; Discovery Research Division, Takeda Chemical
Industries; Deptt of Pathology, Tokyo Medical College; Tokyo, 113, Japan
To investigate the process of 3-amyloidogenesis, cerebral cortices from ten
patients with Alzheimer’s disease (AD), one patient with Down’s syndrome
(DS), and five normal aged individuals were homogenized and resultant pellets
were fractionated by sucrose density gradient centrifugation. The proteins in
each fraction were solubilized with 2% SDS and 8M urea and separated by
tricine-SDS polyacrylamide gel electrophoresis. The blots were immunolabeled
with end-specific monoclonal antibodies which specifically recognized 04O, 042
or 043. The sample from a 36-year-old DS brain with predominant diffuse
plaques showed marked 042 immunoreactivity at 1.0/1.2M and 1.2/1.5M
interfaces, whereas the immunoreactivity at 1.5/2.0M interface was faint. In
contrast, the samples from the brains with advanced AD changes showed
predominant 042 immunoreactivity at 1.5/2.0M interface. Formic acid
pretreatment enhanced the 3-immunoreactivity at 1.5/2.0M interface from AD
samples, while the 3-immunoreactivities at 1.0/1.2M and 1.2/1.5M interfaces
were not increased. In all cases, B4O or B43 immunoreactivities were negligible.
Present results suggest followings; First, The major species of 3 protein
accumulating in the cerebral parenchyma is B42, but not B4O or B43 throughout
all the stages of AD. Second, 3 protein deposits first as loose preamyloid which
is fractionated onto the light fractions by sucrose density, and then maturates
into high-density amyloid cores which need formic acid treatment for complete
solubilization.

253.17
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SOLUBLE AMYLOID PRECURSOR PROTEIN IN FAMIUAL ALZHEIMER'S
BRAIN(APP717 VAL-ILE MUTATION) N.Nukina*. K.Hashimoto.
1.Kanazawa and H.Mizusawa Department of Neurology, University of
Tokyo, Tokyo,Japan 113
The amyloid core in senile plaques of Alzheimer's disease is
composed of beta protein. Recent discovery of familial Alzheimer’s
diseases which are linked to APP mutations suggests that the beta
protein accumulation is a primary pathology. It is important to
clarify whether the processing of APP in those cases with the
mutation is different from the processing in other cases. Last year we
reported that soluble APP is decreased in FAD brain. In this study we
used a new monoclonal antibody(APP3) specific to secretory APP
cleaved at the amino terminus of the beta-amyloid peptide and
investigated the amount of soluble APP.
Antibodies used in this study were the following:monoclonal
antibody 22C11(Boehringer Mannheim) and APP3. APP3 was
generated against synthetic peptide APP593-596. Tissue from 2
cases with the mutation(APP717 Val-lle) , 4 sporadic cases and 4
control cases were used.
Tris Saline soluble fractions were examined by ECL western blot
kit(Amarsham) using antibodies.
22C11 showed that APP amount of
TS soluble fraction is decreased in AD with mutation as previously
reported. APP3 reacted specifically with APP cleaved at the amino
terminus of the beta-amyloid peptide. APP3 showed that APP
recognized with this antibody is also decreased in FAD brain. The
result suggests that although the amount of soluble APP is decreased
in FAD brain, the cleavage at the amino terminus of beta-amyloid
seems not to increase in FAD brain.

A3 DEPOSITION: ^42(43) PRECEDES A04O IN DOWI’S SYNDROME
BRAIN. T. Iwatsubo, D.M.A. Mann*. A.
N. Suzuki*.
H. Saito* & Y. Ihara* Departments of Neuropathology and
Neuroscience, *Chemical Pharmacology, *Neeropathology,
University of Tokyo, Tokyo 113, Japan, ^Discovery Research Division, Takeda Chemical Co., Tsukuba, Japan,
5Department of Pathological Sciences, University of
toncheeter, tonchheter, UK.
To clarify the temporal relationship of the deposition
of amyloid 3 protein (A3) with different carboxyl
termini, Af342(43) and AB4O, in senile plaques (SPs), we
iOTiirncyyochemichlly probed frontal cortices from 15
Dcnrn’s syndrome patients with the ages ranging from 31
to 64 years, with two monoclonals BCO5 and BA27, which
are specific for Af342(43) and A34O, respectively. All
SPs were A342(43)-posStive in every case, varying
proportions of which were AB40oppsiiiye. Among 7 cases
of 30’s and 40’s, 4 cases showed exclusively A342(43)positive, 30-negative diffuse plaques (DPs) and the
others had some A340-ppsttiye SPs in addition to DPs.
Eight cases in 50’s and 60’s showed a number of typical
SPs with amyloid cores in addition to DPs or imnmture
SPs and the proportion of A340oposttiye plaques was
increased. These data confirm our previous assumption
that initially deposited A3 species in SP is Ap42(43),
and presu^bly, A04O is later generated as a result of
carboxyl-terminal processing.
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IMMUNOHISTOCHEMICAL EVIDENCE THAT ABl-42 IS MORE
ABUNDANT IN AMYLOID PLAQUES THAN ABl-40 IN ALZHEIMER'S
DISEASE BRAIN. B.D. Greenberg*. M.J. Savage. L.R. Pinsker. T.L. Emmons.

DETECTION OF AMYLOID B-PROTEIN EXTRACTED
FROM ALZHEIMER AND CONTROL BRAIN. M.J. Savage*.
J.K. Kawssya, T.L. Emmons. R. Siman. B.D. Greenberg.
Cephalon, Inc. 145 Brandywine Pkwy. West Chester, PA 19380.

J.K. Kawooya. R. Siman. Cephalon, Inc., West Chester, PA, 19380 USA.
Amyloid deposits within the brain are an early pathological hallmark of
Alzheimer's Disease (AD). The composition of the amyloid plaque and the
mechanism of plaque formation is only partially understood. A major component
of the amyloid plaque is the AB peptide, a 39-42 amino acid proteolytic fragment
of the B-amyloid precursor protein. Biochemical data (Roher, et al., J. Biol.
Chem., 268,1993; Miller, et al., Arch. Biochem. Biophys., 301, 1993) suggest the
presence of a number of AB forms within plaque material isolated from AD
brains, with the most abundant forms extending to AB residue 42. However,
methods used to isolate plaque-associated proteins are necessarily harsh, and may
lead to the under-representation of certain protein components. In order to study
the forms of AB within amyloid deposits in situ, we have developed polyclonal
antibodies to AB residues 36-40 (KLH-C-VGGVV) or 38-42 (KLH-C-GVVIA)
which distinguish the 1-40 and 1-42 forms of AB on Western blots. We have used
these antibodies to stain both frozen and paraffin-embedded AD brain tissue.
Immunohistochemistry was performed using peroxidase-antiperoxidase methods.
On frozen tissue sections, Ab38-42 stained both diffuse and core-containing
plaques. Ab36-40 stained a small subset of the plaques stained with Ab38-42, but
only in the most plaque-dense brains. In paraffin-embedded AD tissue, both
antibodies stained amyloid plaques with the staining enhanced by formic acid
pretreatment. However, within the same brain, fewer plaques were stained with
Ab36-40 compared to Ab38-42. Hence, while ABl-42 is a minor fraction of total
secreted AB(Dovey, et al., NeuroReport, 4, 1993), these results support the
biochemical studies suggesting that ABl-42 is the more abundant component
within plaque material. The greater tendency of ABl-42 than ABl-40 to form
extended B-pleated sheets (Fabian, et al., Eur. J. Biochem. in press) and aggregate
in vitro (Jarrett and Lansbury, Cell, 73, 1993) may account for its preferential
accumulation into amyloid plaques.
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Amyloid deposition in the Alzheimer's disease (AD) brain
results, in part, from proteolytic cleavage of the amyloid precursor
protein (APP) to release the AB protein. AB is a normal, secreted
component of many cell types in vitro and in vivo, and in normal
individuals, does not inevitably precipitate to form amyloid. In the
brains of AD patients, however, Ab protein assembles by an
unknown mechanism to form insoluble amyloid. Efficient methods
of extracting AB from brain and analytical tools which permit the
separation of the various AB forms would be useful in determining
the possible contributions of these forms to AD amyloid. Using
various AB extraction methods based on pH, salt concentrations,
and detergents we have extracted AB protein from AD and control
brains. The AB protein was subjected to either immunoprecipitation
and western blotting or ELISA detection methods. In addition, we
have developed a novel electrophoresis system and reverse-phase
HPLC method which resolve different forms of AB protein
including ABl-40 from ABl-42. We are currently characterizing the
AB protein extracted from brain tissue using antibodies to defined
AB epitopes.
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Quantitation
of amyloid
deposition
by dot -blot
immunoassay
:
APPLICATION TO ALZHEIMER’S DISEASE. B Permanne. L Bu6e*. J-Ph David. C
Fallet-Bianco. P Vermersch. C Pi Menza. A Delacourte. INSERM U156, Lille,

APOLIPOPROTEIN E ALLELES, AMYLOID DEPOSITS AND NEUROFIBRILLARY
TANGLES. L Bu6e. J Pfrez-Tur. B Permanne. J-Ph David. C Fallet-Bianco. P
Vermersch. C Pi Menza. A Delacourte. M-C Chartier-Harlin*. INSERM U156, Lille,

France; Hopital E. Roux, Limeil Brfivannes, France; Hopital St Anne, Paris, France.
In Alzheimer's disease (AD), amyloid deposits appear mainly under three different
forms: diffuse or pre-amyloid deposits, senile plaques and amyloid angiopathy (AA).
The main component of amyloid deposits is a peptide of 39-43 amino-acids referred
to as B amyloid peptide (BA4). AD diagnosis lays in part on the presence of these
amyloid deposits in the cerebral cortex. However, important discrepancies in the
number of detected amyloid deposits are found. These differences are likely to be
related to the histo- (congo red, thioflavine S, silver stainings) or immunohistochemical procedures. To avoid such problems, we developed an easy way to quantify
all types of amyloid deposits by dot-blot analysis. In 17 patients at different stages of
amyloid deposition with or without pre-amyloid deposits or AA, both routine neuropathological examination (thioflavine S- and anti-BA4 immunostaining) and dot-blot
analysis were performed.
Samples of four Brodmann areas (9, 22, 44, 39) were either processed for neuropathology or homogenized in the Laemmli buffer 1:10 (wt/ vol) and heat treated.
Homogenized samples were centrifuged at 100 OO)g. The resulting pellets were
resus-pended in formic acid and centrifuged again. Serial dilutions of formic acid
super-natants were dot-blotted onto Immobilon P membrane. Immunodetection was
perfor-med using the monoclonal antibody anti-BA4 (Dako 6F/3D) and intensity of
the signal was quantified by densitometry. We found a strong correlation between
dot-blot quantitation and immunohistochemical data (number of all amyloid
deposits/mm2). However, in some cases, we noted that the presence of pre-amyloid
deposits slightly increase the concentration of biochemically detected BA4 as
compared to immuno-histochemical data while AA did not interfere with our assay.
This biochemical procedure seems to be a reliable method to quantify amyloid
deposition in the brain and may be an alternative way to neuropathological
examination.
Supported by Glaxo Laboratories, France Alzheimer and INSERM CNEP 93CN41.

France; Hopital E Roux, Limeil-Br£vannes, France; Hopital St Anne, Paris, France.
Apoliprotein E (Apo E) and BA4 protein are both senile plaques (SP) components.
Apo E e4 allele is a major risk factor in Alzheimer's disease (AD). The Apo E variant
E4 was demonstrated to have a high avidity binding to BA4 while E2 and E3 were
shown to bind tau proteins. These interactions would be responsible for both the increase of BA4-immunoreactivity in SP in AD patients homozygous for APOE e4 and a
neuroprotective effect in patients with e2 or e 3 alleles. We determined APOE genotype
in 8 non-demented elderly control cases (86.9*6.9-year-old; MMS*24); 3 control cases with memory impairment (93.7±9-year-old; MMS*18) and 2 AD cases (87-yearold). Neuropathologically, in 4 studied Brodmann areas (BA) (9, 22, 39, 44), these
cases demonstrated SP (quantified from 0 to 20 SP/mm2) and neurofibrillary tangles
(NFT), from 0 to 20/mm2). ApoE allele frequencies were 7.7% e 2, 84.6% e 3 and 7.7%
e 4. We also quantified amyloid BA4 peptide by dot-blot immunoassay. We looked for
any variation in BA4 immunoreactivity depending on APOE genotypes. Two non-demented elderly cases (83 & 96-years respectively with MMS=27, 28) were genotyped
e 2/e 3. They did not exhibit any NFT or SP in the 4 studied BA. These data support
Roses'theory that e 2 allele may have a protective role in pathogenesis. One non-demented case (92-year-old, MMS=27) and one control case with memory impairment
(90-year-old; MMS=I3) were e 3/e 4. Neuropathologically, only one NFT/mm2 was
found in area 9 in the non-demented case while SP were present in all BA (from 3 to
8/mm2). In the other patient genotyped e 3/e 4, both NFT (from 1 to 8/mm2) and SP
(from 7 to 12/mm2) were present in all BA. Rest of the cases were genotyped e 3/e 3.
These data suggest that APOE e 4 allele is not sufficient to explain total 'AD
pathology. Since our sample population is very small, it is difficult to conclude about
the role of ApoE variants in a D pathogenesis. However, our two cases e 2/e 3 did not
show any pathology. These findings need to be extended to a larger population to
confirm the neuroprotective role of E2 variant and amyloidogenic role of E4.
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EFFECT OF PMSF INHIBITION ON ACTIVITY OF MOLECULAR FORMS OF ACHE W
AGED AND YOUNG F344 RATS. C.G. Triplett and K.A. Skau*.College of
Pharmacy.U. of Cincinnati,Cinoinnati,OH,45267.
A cholinergic deficit has been associated with an age-dependent
impairment of memory and learning functions in the human brain. The
inhibition of acetylcholinesterase (AChE) has been approved as
treatment of memory boss associated with Alzheimer's Disease(AD) in
its early stages. We have studied the effect of phsnylmethylsulfonylfluoride (PMSF) treatment in vivo on inhibition of AChE
activity in two age groups. Activity of the molecular forms of AChE in

CP-118,954: A Potent and Selective AChE Inhibitor.
I. Design, Synthesis, and Structure-Activity Relationships.

six regions of the brain were compared between 6 - and 24- month
F344 rats. Acute and chronic treatments of PMSF were administered.
PMSF showed >50% inhibition in activity of G1 and G4 molecular forms
of AChE in most areas studied. Selective inhibition of the G1 molecular
form was seen in the olfactory bulb and striatum of the older rats after
acute PMSF treatment. Inhibition by PMSF after chronic treatment
ranged from 50-88% in olfactory bulb, forebrain, parietal cortex, and
striatum which are areas of high cholinergic activity. Inhibition of 1450% was seen in cerebellum and medulla/pons, areas of how
cholinergic activity. A selective toss of the G4 form has been reported
in various brain areas of AD patients; therefore, inhibition of the G1
form which is thought to be located more postsynaptically may be
desired. PMSF administered peripherally shows preferential
inhibition of both G1 and G4 molecular forms of brain AChE as
compared to peripheral tissues.(Supported by an Alzheimer's
Association/United Airlines Foundation pilot grant)

254.3
CP-118,954:

A. Villalobos. J.F. Blake. T.W. Butler. Y.L, Chen. J.L. Ives. S.B.
Jones. D. Liston. A.A, Nagel. D,M. Nason. LA, Nielsen. I,A. Shalaby
and W.F. White*. Pfizer Inc., Central Research Division, Groton,
Connecticut 06340
A series of novel N-benzylpiperidine benzisoxazoles has been
developed as potent inhibitors of the enzyme acetylcholinesterase
(AChE).
The benzisoxazole heterocycle was found to be an
appropriate bioisosteric replacement for the benzoyl functionality
present in the N-benzylpiperidine class of inhibitors. Development of
structure-activity relationships led to the identification of CP-118,954,
an
AChE
inhibitor containing
the
related
tricyclic
pyrrolobenzisoxazole heterocycle. CP-118,954 displayed potent in
vitro inhibition of AChE (from human erythrocytes) with an IC5O =
0.3 nM.
In addition, CP-118,954 was a considerably less potent
inhibitor of butyrylcholinesterase (BuChE) (IC5O = 7.2 pM),
displaying selectivity for AChE over BuChE (ratio > 10,000-fold).
Further SAR have led to a proposed model of binding to AChE. By
virtue of its exceptional potency and selectivity for AChE, CP118,954 may be a suitable compound for the treatment of the
cholinergic deficits associated with Alzheimer's disease.

254.4
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Potent

and

Selective

AChE

Inhibitor.

II. In Vitro and In Wo Pharmacologiccl Actioos.
W.F. White. A. Villalobos. D. Chapin. S.B. Jones. S. Hubbard. A.

CP-118,954: A Potent and Selective AChE Inhibitor.
Ill.The Importance of Selective AChE Inhibition In Vivo.

D. Liston. J.A, Nielss^, A. Vilialobos. D. Chapin.S.B. JonnSs S.

Ramirez*. D. Nason. J.A. Nielsen. I. Shalaby. and D. Liston.

Hubbard, i. Shaiabv. and W. F. White.

Pfizer Inc., Central Research Division, Groton, Connecticut 06340.
Inhibitors of acetylcholinesterase (AChE) have been proposed for
treating the cholinergic deficits associated with Alzheimer's disease
(AD).
However, serious side effects and limited efficacy have
prompted the search for improved AChE inhibitors for use in AD.
This search has resulted in the discovery of CP-118,954 (CP), a
novel benzisoxazole, which is a potent and selective inhibitor of
AChE. In vitro, CP inhibits human AChE reversibly with an IC5O of
0.3 s M. It is a relatively weak inhibitor of BuChE (IC5O= 7.2 pM),
yielding a selectivity for AChE over BuChE of >10,000-fold. It does
not interact potently at muscarinic or nicotinic receptors, nor does
it alter high affinity choline uptake or choline acetyltransferase

Division, Groton, Connecticut 06340.
Inhibitors of acetylcholinesterase (AChE) have been proposed for
treating of the cholinergic deficits associated with Alzheimer's
disease. Most existing agents are potent inhibitors of AChE and the
related enzyme, butyrylchollnestsrase (BuChE).
AChE is enriched
in the CNS, whereas BuChE is present in high abundance in the
periphery, with more limited amounts centrally. Ws have assessed
the relative roles of AChE and BuChE inhibition in potentiating
central and peripheral cholinergic actions, using a highly selective
AChE-l
(CP-118,954),
a
highly
selective
BuChE-l
(tstraisopropylpyrophospaorpmids; iso-OMPA), and a sos-seleotivs
cholinesterase inhibitor (tacr'ins).
Both CP-118,954 and tacrine
produced central effects in mice (tremors; elevation of brain ACh
levels); co-administration of iso-OMPA (2 mg/kg s.c.) did not
potentiate these central effects. Peripherally, tacrine and high doses
of CP-118,954 produced salivation.
Iso-OMPA potentiated the
salivation produced by CP-118,954 but had no effect on tacriseinduced salivation. Thus, addition of BuChE inhibition potentiated
peripheral, but not central, cholinomimetic effects of a selective
AChE inhibitor, and had no effect on central or peripheral actions of
a sns-selsctive cholinesterase inhibitor.
We conclude that the
improved thsrapsutic index observed with CP-118,954 is due to
selectivity for inhibition of AChE compared to BuChE.

activity. In vivo, CP elevates ACh levels in rodent brain in a dosedependent manner following oral administration, with an ED5O of
5.1 mg/kg p.o. in rats and 2.Q mg/kg p.o. in mice.
In vivo
microdialysis studies show that CP greatly enhances extracellular
ACh levels in rat striatum, with an ED5O of 0.4 mg/kg p.o.
Comparison of doses which produce central cholinergic effects
(tremor, ACh elevation) with a peripheral cholinergic response
(salivation) indicate that CP possesses a more favorable therapeutic

index than tacrine, a non-selective cholinesterase inhibitor.
CP118,954 is thus a promising candidate for clinical trials in the
treatment of AD.
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PHENSERINE, A NEW DRUG CANDIDATE FOR THE TREATMENT
OF ALZHEIMER'S DISEASE: IN VIVO PHARMACOKINETICS AND
PHARMACODYNAMICS. N.H. Greig. E. Pe Micheli. X-F. Pei. A. Brossi.

THE COGNITIVE ENHANCER LINOPIRDINE MAY INCREASE EVOKED
RELEASE OF pH]ACETYLCHOLINE THROUGH THE BLOCKADE OF
TETRAETHYLAMMONIUM SENSITIVE K+ CHANNELS. C. M. Maciag. W .
J Tinker. A.R. Logue and R. Zaczek*. Central Nervous Systems Diseases
Research, The DuPont Merck Research Laboratories, Wilmington, DE 19880.
Linopirdine is a compound which improves performance in a number of animal
behavioral paradigms used to assess learning and memory. The proposed
mechanism of action of the compound is the enhancement of evoked
neurotransmitter release. However, the molecular site at which linopirdine
interacts to enhance release is unknown. Previous electrophysiological and in
vitro release data are consistent with linopirdine enhancing release through the
blockade of K+ channels. To further examine this possibility, we compared the
effects of linopirdine to two relatively non-specific K+ channel blockers, 3,4diaminopyridine (3,4-DAP) and tetraethylammonium (TEA), in in vitro release
paradigms. Linopirdine (10 pM) causes a 2-3-fold increase in K+ -stimulated
[3H]acetylcholine (ACh) release from rat neocortical slices. The compound has no
effect on basal efflux of [3H]ACh in the same preparation. In addition,
linopirdine has no effect on pH]ACh release evoked by direct current application.
3,4-DAP, on the other hand increases basal efflux of [3H]ACh from rat brain
slices and causes an 87% increase in electrically stimulated pH] ACh release. 3,4DAP attenuates K+-stimulated pH]ACh release. TEA (30 mM) enhances K+
-stimulated pH]ACh release 6-fold without affecting basal efflux and causes little
increase in electrically-stimulated release of pH]ACh. The present data
demonstrate similarities between the effects of linopirdine and TEA on pH]ACh
release, while the effects of linopirdine and 3,4DAP are dissimilar. This is
consistent with linopirdine enhancing pH]ACh release through the blockade of a
subset of TEA sensitive, but not 3,4-DAP sensitive, K+ channels.
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THE EFFECT OF LINOPIRDINE (DuP 996) ON K+-EVOKED
SYNAPTOSOMAL ACETYLCHOLINE RELEASE, [Ca2+li AND
MEMBRANE POTENTIAL. J,A. Savdoff*. C. SpechL . WJ. Tinker and R.
Zaczek. Central Nervous System Diseases Research, The DuPont Merck
Research Labs, Wilmington, DE 19880.
Linopirdine enhances the K+-evoked release of several transmitters in various
brain regions. The mechanism for this activity may involve blockade of a
tetratraethylamonium-sensitive potassium channel. We evaluated the effects of
linopirdine on K+-evoked pHjacetylcholine (ACh) release, [Ca2+]i and
membrane potential in synaptosomes. While linopirdine (lOuM) enhances the
appparent release of synaptosomal ACh, the effect (20-30% increase) is not as
robust as that observed in rat brain slices (>3-fold increase). Furthermore, while
the effect of linopirdine in brain slices is abolished at increased concentrations
of K+ (40 mM), it is not abolished in synaptosomes.
Synaptosomal [Ca2+h measured by Indo-1 is unchanged by linopirdine.
However, linopirdine significantly enhances the K+-evoked elevation of [Ca2*]b
Addition of 17.5 mM K+ resulted in a lO2.9±6.3 nM or l46.5±l5.5 nM
elevation of Ca2+ in the absence and presence of 10 uM linopirdine. In the
absence of depolarizing concentrations of K+, linopirdine causes a small, but
significant membrane depolarization In addition, linopirdine significantly
enhances K+-evoked membrane depolarization resulting in a leftward shift in the
K+ curve. The effects of linopirdine on [Ca2+]i and membrane potential at
various levels of K+ depolarization parallel the effects on enhancement of
transmitter release.
The increased efficacy of linopirdine to enhance transmitter release in slices
vs. synaptosomes may suggest that cellular elements involved in the release
enhancing actions of linopirdine are less abundant in synaptosomes. The results
described are consisitent with linopirdine enhancing transmitter release byblockade of a voltage-sensitive potassium channel.

MODULATION OF EXCITATORY NEUROTRANSMISSION IN RAT
CEREBRAL CORTEX BY LINOPIRDINE: INVOLVEMENT OF A
MUSCARINIC RECEPTOR MECHANISM. G. Dent*. S.W. Tam and R.
Grzanna. CNS Diseases Research, The DuPont Merck Pharmaceutical
Company, Wilmington, DE 19880-0400.
Cholinergic projections to the cerebral cortex have been implicated
in learning and memory and arousal. Acetylcholine (ACh) exerts its
effects on cortical neurons by facilitating their response to glutamate.
Linopirdine, a putative cognition enhancer, increases ACh release in
cortical, hippocampal, and striatal slices in vitro and the rat
hippocampus in vivo. To determine whether linopirdine influences
excitatory neurotransmission within the cerebral cortex, we have
analyzed the effect of this compound on Fos induction in rats
pretreated with cholinergic and glutamatergic receptor antagonists.
In 30 month-old rats, linopirdine (10 mg/kg, i.p.) induces Fos in all
cortical areas and throughout all layers, most notably in layer IV.
The muscarinic antagonists atropine (20 mg/kg, i.p.) and scopolamine
(25 mg/kg, i.p.) block the Fos induction by linopirdine. The noncompetitive NMDA receptor blocker MK-8O1 (1 mg/kg, i.p.) and the
competitive NMDA receptor blocker CPP (5 mg/kg, I.p.) also block the
Fos induction by linopirdine.
The results of these experiments support the conclusion that the Fos
induction by linopirdine in cortex results from an enhancement of
excitatory transmission of thalamo-and cortico-cortical projections.
This conclusion is in agreement with the facilitatory action of ACh on
cortical neurons. Since loss of cholinergic projections is a
pathological feature of Alzheimer's disease, enhancement of the
cholinergic transmission appears to be a rational strategy to
facilitate excitatory synaptic transmission in the cerebral cortex.

D.K. Ingram and T.T. Soncrant*. Labs, of Neurosciences and Cellular and
Mol. Physiol., NIA, NIH, and Dept. Chemistry, Georgetown Univ.
Phenserine, a phenylcarbamate of physostigmine, is a new potent and
highly selective acetylcholinesterase (AChE) inhibitor (>5Ofold activity vs.
butyrylcholinesterase) being developed for the treatment of Alzheimer's disease. Compared to physostigmine and tacrine, it is less toxic and it robustly
enhances cognition in animal models (Psychopharmacol. 112:415-420,1993).
To determine the time-dependent effects of phenserine on cholinergic function, brain drug levels, AChE activity and extracellular acetylcholine concentrations were measured in rats before and after phenserine administration.
Following i.v. dosing, brain drug levels were 10-fold higher than those in
plasma, peaked within 5 min and, as in plasma, rapidly declined with a halflife of 10 min. In contrast, a large (>80%) and long-lasting inhibition of AChE
was achieved (half-time >8 h). Striatal microdialysis in conscious, freely-moving phenserine-treated rats demonstrated a greater than 3-fold rise in brain
acetylcholine levels that was sustained throughout the study (90 min). These
results demonstrate that whereas phenserine is rapidly cleared from the body,
it produces a long-lasting stimulation of brain cholinergic function.
Phenserine has superior properties as a candidate for the treatment of
Alzheimer’s disease compared to currently available drugs. It selectively
inhibits AChE, minimizing potential butyrylcholinesterase side effects. Its
long duration of action, coupled with its short pharmacokinetic half-life,
reduces dosing frequency, decreases body drug exposure, and minimizes the
dependence of drug action on the individual variations in drug metabolism
commonly found in the elderly.
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EFFECT OF SUBCHRONIC ADMINISTRATION OF DUP-996 ON IN VITRO
K+ STIMULATED ACETYLCHOLINE RELEASE. T.M. Smith .* A.D.

MODULATION OF CORTICAL ACETYLCHOLINE EFFLUX
FOLLOWING PARTIAL DEAFFERENTATION WITH
192 IgG-SAPORIN

Ramirez. V.J. Jasys. R.A. Volkmann. T.L Schaeffer. L.O. Wilkinson Pfizer
Central Research, Groton, CT 06340.
Alzheimer’s disease is characterized by a decrease in the function of a
number of neurotransmitter systems including the cholinergic (ACh),
dopaminergic (DA), and serotonergic (5HT) systems. Thus agents that exert
their pharmacological effects via these systems may be useful in the
treatment of this disease. DuP-996 has been shown to enhance the in vitro
K+ stimulated release of ACh, 5HT, and DA with an EC50 of 1-2 uM. Since
agents for the treatment of Alzheimer's disease will require long term use, it
is of interest to determine whether the release enhancing ability of DuP-996
is altered following chronic exposure. To investigate this, rats were
implanted with Alzet pumps delivering 21 mg/day of DuP-996. On day 7,
trunk blood and brain minus the striatum were saved for HPLC determination
of drug levels. A dose response curve for DuP-996 on K+ stimulated ACh

release was generated using the striatum. Plasma levels were 0.6 ug/ml ±
0.1 while brain levels were 0.2 ug/ml ± 0.08. At these plasma levels we have

shown previously via microdialysis that DuP-996 enhanced ACh release in
vivo. EC50 for the enhancement of K+ stimulated ACh release in control .
brain was 1.8 + 0.2 uM, values from treated animals were not significantly
different. The data shows that the ability of DuP-996 to enhance the release

of ACh in vitro was not compromised by 7 day exposure to drug in vivo.
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J. Fadel*. H. Moore. M. Sarter & J.P, Bruno, Dept. of Psychology and
Neuroscience Program, The Ohio State University, Columbus, Ohio
Intraventricular infusions of the immunotoxin 192 IgG-saporin
selectively destroy cholinergic neurons in the basal forebrain that project
to cerebral cortex. We have shown that direct infusions of this
immunotoxin into discrete cortical regions selectively removes cholinergic
innervation to those regions. In the present study, 192 IgG-saporin was
infused into the anterior cingulate or frontoparietal cortex of rats. The
effects on ACh efflux in vehicle- or toxin-treated awake rats were
determined with in vivo microdialysis 2-3 weeks after infusion of the
toxin.
Basal cortical ACh efflux was reduced 60-80% in animals infused with
the toxin, compared to either sham-lesioned or non-infused controls.
However, cortical ACh in toxin-treated rats remained responsive to
manipulations of GABA transmission, since systemic administration of
GABA negative modulators FG 7142 (8.0 mg/kg) or ZK 93 426 (1.0-5.0
mg/kg) enhanced ACh efflux in lesioned rats as well as in control
animals. Transsynaptic disinhibition of cholinergic neurons in the basal
forebrain may be effective in treating populations suffering substantial,
but incomplete, loss of cortical cholinergic afferents. Modulation of
behaviorally-activated efflux in immunolesioned rats will be discussed.
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ACTIVATION OF MUSCARINIC CHOLINERGIC RECEPTORS BLOCKS
APOPTOSIS OF CULTURED CEREBELLAR GRANULE NEURONS. G-M.
Yan. and S. M. Paul*. Section on Molecular Pharmacology, Clinical
Neuroscience Branch, NIMH, NIH and the Lilly Research Laboratories, Lilly
Corporate Center, Indianapolis, IN 46285.
We have recently shown that depolarizing concentrations of potassium
or glutamate block programmed cell death (apoptosis) of cultured cerebellar
granule neurons, Which occurs in £ 90% of these neurons maintained in
physiological concentrations of K+ (Yan et al. in press). The death of these
neurons is characterized by all the morphological and biochemical features
of apoptosis, including cytoplasmic blebbing, condensation and aggregation
of nuclear chromatin and irtemucleosomal DNA fragmentation. We now
report that exposure of cultured cerebellar granule neurons (maintained
under non-depolarizing conditions) to the cholinergic receptor agonist,
carbachol, results in a concentration- and time-dependent inhibition of

apoptosis. The specific nicotinic receptor antagonist, dihydro-B-erythroidine
(£l0o pM) fails to antagonize the neuroprotective effects of carbachol, while
atropine (1-10 pM) completely abolishes the effects of carbachol in blocking
granule neuron apoptosis. Moreover, the ml and m2 selective antagonists,
pirenzepine (10 pM) or gallamine (10 pM) fail to reverse the effects of
carbachol in blocking apoptosis, while 4-DAMP (10 pM), a selective m3
antagonist completely abolishes the protective effects of carbachol. The
innervation of postmigratory granule neurons by mossy fibre axons may
prevent elimination of these neurons by blocking their programmed death.
These data suggest a role for muscarinic-cholinergic receptors in mediating
anti-apoptotic signals in developing CNS neurons. A similar effect of
acetylcholine on hippocampal and cortical neurons in the adult brain could
account for some of the neurodegenerative pathology of Alzheimer's
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CHANGES IN MYELOPEROXIDASE ACTIVITY IN MOUSE
BRAIN DURING FOCAL ISCHEMIA AND REPERFUSION.
G-Y Yang* and AL. Betz Depts. of Surgery, Neurology, and
Pediatrics, University of Michigan, Ann Arbor, MI 48109

GENDER DIFFERENCES IN CEREBRAL ASCORBATE AND
GLUTATHIONE. D. C. Ferris. J. Kume-Kick and M. E. Rice*. Depts. of
Neurosurgery and Physiology and Biophysics, N.Y.U. Medical Center,
New York, NY 10016.
Recent epidemiological studies indicate that the incidence and severity of
stroke differ between men and women. Because of the link between stroke
severity and free radical-mediated damage, we postulated that one underlying
factor might be gender differences in antioxidant levels or utilization. To test
this hypothesis, we first determined the reduced ascorbic acid and glutathione
(GSH) content of several regions of rat and turtle brain in both sexes, using
HPLC with electrochemical detection. We found that ascorbate levels were
about 10% higher in males than in females throughout the CNS. Male levels
were significantly higher in median prefrontal cortex (MPFC) and cerebellum
(p < 0.01) and in hippocampus (p < 0.05). This gender difference was even
more pronounced in anoxia-tolerant turtle brain, in which male ascorbate levels
were 20-30% higher than female. GSH content also tended to be higher in
males of both species, but the differences were not significant. In a second
comparison, we determined ascorbate and GSH levels in male and female rat
brain after 1 h of decapitation ischemia, with the tissue maintained at 37° C.
In this period, there was a significant loss of GSH (p < 0.001 in each region)
that was consistently greater in males (18%) than in females (14%). The
decrease in ascorbate was 2-3 times less than that of GSH, with an average 4%
loss in female brain that was not significant in any region tested. The
ascorbate decrease in male brain tissue, however, was twice that in female
tissue (8%) and was significant in cerebellum (p < 0.001) and in hippocampus
(p < 0.05). Exploration of gender differences in antioxidant regulation may
help elucidate the connection between antioxidant defenses and CNS injury.
This study was supported by NINDS grant NS-28480.

Neutrophil infiltration into an infarct area is critically involved with
ischemic and postischemic reperfusion injury in many tissues, however,
it has not been well documented • after focal cerebral ischemia and

reperfusion The present studies were designed to quantify neutrophils
in mouse brain following middle cerebral artery occlusion (MCAO)
using a myeloperoxidase (MPO) activity assay.
CD-I male mice were anesthetized with chloral hydrate (400 mg/Kg).
The middle cerebral artery was occluded with a 5-0 rounded nylon
suture inserted via internal carotid artery, and reperfusion was caused by
suture withdrawal. The degree of occlusion and extent of reperfusion
were determined using transcranial laser Doppler measurements. MPO
activity was used to evaluate neutrophil infiltration in all regions 24
hours after permanent MCAO (pMCAO) or after one hr of temporary
occlusion followed by 23 hrs of reperfusion (tMCAO).
MPO activity (units per gram wet weight) in ipsilateral cortex and
basal ganglia was increased 10 to 23 fold in p- and tMCAO groups
(p<0.05). Furthermore, the MPO activity of basal ganglia in the
pMCAO group was higher than in the tMCAO group (p<0.05).
Our results indicate that neutrophils can be regionally quantified in
brain using MPO activity in small animals such as mice. Neutrophils
are involved in ischemic injury in both p- and tMCAO groups; however,
the higher levels of MPO activity in the pMCAO group suggest that
more severe ischemic brain injury occurred in the pMCAO mice.
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EFFECTS OF REPERFUSION ON POST-ISCHEMIC BLOOD-BRAIN
BARRIER INJURY AND VASOGENIC BRAIN EDEMA. Y . Y . He, J. Xu, Z. Y.
Hu*, C. Y. Hsu. Dept. Neurology, Washington Univ. Sch. Med., St. Louis, MO 63110
The introduction of systemic and intra-arterial thrombolytic agents (tPA, urokinase,
streptokinase) to dissolve blood clot in the superacute phase of ischemic stroke raises
concerns of reperfusion-induced injury. We compared the extent of vascular injury
and brain edema in a focal cerebral ischemia model in rats which allows reperfusion
with the release of the arterial ligature (the right middle cerebral arteries and both
common carotid arteries) after variable duration of ischemia. Reperfusion for 24 hr
after ischemia for 90 min resulted in an infarct size which is comparable to that caused
by permanent occlusion (90 min ischemia + reperfusion: 177 + 9 mm3, SEM, n = 5;
permanent occlusion: 188 + 23 mm3, n = 5). We compared the extent of vascular
injury and brain edema under these 2 experimental conditions. Vascular permeability
was determined based on the extent of extravasation of fluorescein isothiocyanateconjugated dextran (FITC-D). Reperfusion was associated with a drastic increase in
vascular permeability in the ischemic cortex (2h:1.80 ± 0.49; 4h:4.72 ± 0.64, 6h:3.16
± 0.53; 24h:2.06 ± 0.20 ul plasma/mg protein, n > 5). Permanent arterial occlusion,
while causing approximately the same infarct size, did not lead to a substantial
increase in FITC-D extravasation (2h:0.21 ± 0.05; 4h:0.15 ± 0.02; 6h: 0.29 ± 0.07;
24h: 0.39 ± 0.07 ul plasma/mg protein, n > 5). The evolution of brain edema
appeared different between reperfusion and non-reperfusion groups with the onset of
brain edema occurring earlier in the reperfusion group. The magnitude of brain
edema, however, was not significantly different between groups (reperfusion: 89.7351
± 0.6919 %; non-reperfusion: 88.2079 ± 0.4090 %). These results suggest that
reperfusion is accompanied by a pronounced impairment of blood brain barrier and a
faster evolution of brain edema. The ultimate outcomes based on the maximum extent
of brain edema and infarct size were not different between groups. Our findings
suggest that reperfusion after temporary arterial occlusion did not accentuate ischemic
brain injury or edema formation.

LIPID PEROXIDATION IN A CANINE GLOBAL CEREBRAL
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ISCHEMIA/REPERFUSION MODEL. Y. Liu*. R. Rosenthal aad G .
Fiskum. Dept, of Biochemistry & Emergency Medicine, George

Washimgton Univ. Sch. of Med., Washington, D ,C. 20037

A HPLC-based method for the measurement of lipid hydroperoxides
in brain sample was developed and used to study lipid peroxidation in

a canine global cerebral ischemia/reperfusion model (Stroke 23; 1312,
1992).

Lipids extracted from 50 mg frontal cortex were reduced by

triphenylphosphine, transmethylated with sodium methoxide. Nontransmethylated sphingolipids were removed by silicic acid

chromatograph;/, and lipid hydroxides were eluted from the column and
injected into a normal-phase HPLC column. 5-Hydroxy eicosatetraenoic

acid (5-HETE) was used as the internal standard.

Lipid hydroxide

content in cerebral cortex samples was found to be significantly higher
in all reperfused animal groups ( l8.2±3.9 S.E., 20.5±1.0 and 17.3±0.6

pg 5-HETE equiv/g wet wt. for 30 min, 2 hr and 24 hr-reperfused
animal groups, n=4) than non-ischemic control animals (8.4±0.4 pg 5-

HETE equiv/g wet wt.).

The effect of oxygen concentration used

during reperfusion on lipid peroxidation and the susceptibility of
different brain regions to lipid peroxidation are being studied. These
studies represent the first attempt to investigate lipid peroxidation in
cerebral ischemia/reperfusion with a chemically more sophisticated

method. (Sponsored by a grant from Sigma Tau, S.p.A. and the Souers
Stroke Fund)
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INCREASE IN LIPID HYDROPEROXIDE LEVELS IN GERBIL BRAIN
ISC HEMIA/REPERFUSION MEASURED BY HPLC CHEMILUMINESCENCE ASSAY. J.-R.Zhang and E.D.Hall*. CNS Diseases Research, The
Upjohn Company, Kalamazoo, MI 49001.
Oxidant injury and lipid peroxidation have been proposed to be involved
in brain ischemia/reperfusion injury. In the present study, lipid hydroperoxide levels were determined in hippocampus, cortex, and striatum of
young (3-month) male Mongolian gerbils subjected to brief forebrain
ischemia (bilateral carotid occlusion) for 10 min and after 0, 2, and 24 hrs
o^ reperfusion. Free fatty acid hydroperoxides (FFA-OOH), phosphatidylethanolamine hydroperoxide (PE-OOH), and phosphatidylcholine hydroperoxide (PC-OOH) in the brain tissue were measured by an HPLC-chemiluminescence assay. By using a post-column pump supplying a luminol
cocktail mixed with the enzyme cytochrome c, the assay can directly and
specifically detect the lipid hydroperoxides in 10 mg tissue samples at 1
pmole level. For FFA-OOH levels, 24-hr reperfusion induced significant
increases
44%, 57% and 58% in hippocampus, cortex and striatum,
respectively, compared to sham. For PE-OOH levels, 10-min ischemia
without reperfusion induced significant increases in hippocampus (106%),
cortex (48%), and striatum (43%), respectively. Reperfusion for 24 hrs
induced significant increases of 438%, 576% and 564% in hippocampus,
cortex and striatum, respectively, compared to sham. For PC-OOH levels,
10-min ischemia induced significant increases o^ 15%, 12% and 28% in
hippocampus, cortex and striatum, respectively. Reperfusion for 24 hrs
induced significant increases o^ 28%, 33% and 36% in hippocampus, cortex
and striatum, respectively, compared to sham. All these results showed
that both ischemia and reperfusion contributed to the increase in lipid
peroxidation in susceptible brain regions.

Superoxide dismutase levels in cerebrospinal fluid after subarachnoid
hemorrhage.
C. Cafe1*. C. Torri. AF. Tanciom. AF. Tartara. AP. Gaetani. AR. Rodriguez v Baena. F.
Marzalico.
Institute of Pharmacology-University of Pavia and ADepartment of NeurosurgeryPoliclinico San Matteo, Pavia, Italy.
It has been recognized that the activity of cytoplasmic superoxide dismutase (SOD)
significantly increases in CSF as a result of cerebral ischemic damage, and that the
evaluation of SOD levels in the CSF may add diagnostic and prognostic information.
In the present work we have collected cisternal CSF samples from 46 patients operated
on for intracranial aneurysm in order to verify whether levels of SOD correlate with
different patterns of subarachnoid hemorrhage (SAH) and with ischemic complications
due to vasospasm. In 40 cases patients showed SAH from ruptured aneurysm, while in
6 cases the aneurysm was found during angiographic studies performed for other
reasons: these cases represent the elective best control cases.
The following parameters were considered: neurological condition at admission, day
of surgery, onset of symptomatic vasospasm, 3-month follow-up examination, CT
scan classification and transcranial doppler patterns.
Levels of SOD showed no statistical difference among controls and SAH patients
operated on day 1-3 after SAH or with delayed surgery protocol (10 days or more). In
patients with symptomatic vasospasm SOD levels were significantly higher. A
regression analysis performed in order to evaluate any significant correlation with other
clinical parameters showed that CSF levels of SOD correlate with vasospasm degree
and with the degree of cisternal deposition of blood as shown by CT scan, while no
correlation was found with neurological classification, day of surgery, outcome, and
transcranial doppler parameters.
The results of the present study suggest that in SAH from ruptured intracranial
aneurysm the levels of cisternal SOD may be related to the degree of ischemic
complications related to vasospasm, which in turn is related to the extent of
subarachnoid blood clots, while it has no significant importance as a clinical or
prognostic predictor.
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DIRECT MEASUREMENT OF OXYGEN RADICAL
PRODUCTION IN THE FOCAL ISCHEMIC PENUMBRA. T. Morimoto, M.Y.-T. Globus*. R. Busto. E. Martinez.
and M.D. Ginsberg. Cerebral Vase. Disease Research Center, Univ.
of Miami School of Medicine, Miami, FL 33101.
To examine whether oxygen radical production occurs in the focal
ischemic penumbra, halothane-anesthetized normothermic SpragueDawley rats received proximal middle cerebral artery clip-occlusion
(MCAO), followed by 2 h reperfusion. Hydroxyl radical activity
(reflected in local formation of 2,3- and 2,5-dihydroxybenzoic acid
(DHBA)) was measured by microdialysis in the dorsolateral (penumbral) neocortex following infusion of sodium salicylate (200 ^M)
through the probe. Local blood flow was measured at an adjacent site
by laser-Doppler flowmetry. Highly heterogeneous oxygen-radical responses were observed during ischemia and reperfusion. In 2 of 6 rats,
DHBA levels became markedly elevated (2-fold for 2,3-, and nearly
5-fold for 2,5-DHBA) during the first or second hour of ischemia and
continued into the reperfusion phase. One rat showed mild increases
during ischemia but marked elevations (2.4- and 8-fold, for 2,3- and
2,5-DHBA) with the onset of reperfusion. A fourth rat first exhibited
DHBA peaks during the second hour of reperfusion. In two rats, only
minor elevations were observed. Variable hydroxyl radical production
in the ischemic penumbra may account for the variable fate of this
region. Correlations of local oxygen radical activity with local CBF
and extracellular glutamate levels are in progress.

NEUROTROPHIC FACTORS STIMULATE ANTIOXIDANT
ENZYME ACTIVITIES, AND ATTENUATE GLUTAMATEINDUCED FREE RADICAL ACCUMULATION AND
NEUROTOXICITY. M. A. Lovell. W. R. Markesberv* and M. P.
Mattson. Sanders-Brown Research Center on Aging, University of
Kentucky, Lexington, KY 40536.
Neurotrophic factors can protect CNS neurons against excitotoxic
and oxidative insults (see Sent. Neurosci. 5:295-307 for review).
We now report that pretreatment of cultured rat hippocampal
neurons with basic fibroblast growth factor (bFGF), nerve growth
factor (NGF), and brain-derived neurotrophic factor (BDNF) results
in significant attenuation of glutamate-induced accumulation of free
radicals and neurotoxicity. Relative levels of free radicals were
measured using the oxidation-sensitive dye 2,7-dichlorofluorescin.
Activity levels of the antioxidant enzymes superoxide dismutase and
glutathione reductase were quantified in control cultures and cultures
treated for 24 hr with neurotrophic factors. NGF and bFGF (10
ng/ml) increased SOD activity 400-600%, while BDNF (100 ng/ml)
had little effect. NGF, bFGF and BDNF increased glutathione
reductase activity by 70%, 400% and 800%, respectively. The
ability of the neurotrophic factors to suppress glutamate-induced free
radical accumulation and neurotoxicity was abolished by the tyrosine
kinase inhibitor genistein indicating the involvement of tyrosine
phosphorylation in the neuroprotective signal transduction
mechanism. These data indicate that induction of antioxidant
defense systems is a mechanism whereby neurotrophic factors
protect neurons against excitotoxic insults. (Supported by NIH).
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SPECTROPHOTOMETRIC
MEASUREMENT
OF
SUPEROXIDE
RADICALS IN CULTURED NEURONS. INFLUENCE OF SERUM AND
HYPOXIA. J. Oillet. J.F. Ghersi-Egea. V. Koziel and J.L. Daval*.
INSERM U.272, 30 rue Lionnois, 54013 NANCY, FRANCE.
In an attempt to investigate the influence of post-hypoxia reoxygenation in
a model of primary culture of neurons from the fetal rat brain, the production
of superoxide radicals was measured as a function of time in the culture
medium by means of a newly developed technique. It has been shown that
these radicals are generated in the cells and reach extracellular fluid via a
DIDS-sensitive anion channel. Neurons were grown for 8 days in vitro either
in the presence of fetal calf serum (2.5%) or in chemically defined medium.

GLOBAL CEREBRAL ISCHEMIA IN THE RAT: ONLINE MONITORING OF
REACTIVE
OXYGEN
SPECIES
(ROS)
PRODUCTION
USING
CHEMILUMINESCENCE IN VIVO. U.Dirnagl. U .Lindauer. S .J.Schreiber. J.G.
Schulz*, H.-W.Pfi$ter§. and A.Villringer Depts. of Neurology, Humboldt
University Berlin and §Ludwig- Maximilians University, Munich, Germany

Cells were then incubated in Hepes-buffered Krebs-Ringer solution
containing 60 gM acetyl-cytochrome c. Superoxide radicals were quantified
using a second derivative spectrophotometric technique by measuring the

specific reduction of acetyl-cytochrome c. Under normoxic conditions (95%
air-5 % CO2), a basal production of superoxide which increased with time
was recorded; it reached 5.5 ±0.3 nmol/100 gg proteins after incubation for
9 h. Superoxide detection was significantly more pronounced in cells grown
in serum-free medium. In both culture conditions, acute hypoxia (95% N25% CO2) for 6 h increased superoxide radical amounts in the extracellular
medium (+-53%), which were still enhanced 3 h after reoxygenation
(+-<6^%). The addition of superoxide dismutase in the incubating medium
abolished the detection of superoxide radicals, indicating their specific
measurement. Therefore, it appears that hypoxia induces an over-production
of superoxide in cultured neurons which may contribute to cell damage, and
may be reduced by the presence of serum. Moreover, the method described
above provides a reliable means to assess the presence of superoxide radicals
in various cultured cells.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

Using brain topical superfusion of Lucigenin (1 mM), a substance that reacts
with ROS to produce photons (i.e. chemiluminescence, CL) we investigated •
the effect of the duration of global cerebral ischemia on the temporal pattern
of ROS production and • the temporal correlation of postischemic cerebral
blood flow (CBF) changes and ROS production. Barbiturate anesthetized rats
were equipped with a closed cranial window (dura removed). The animals
were positioned in a dark box and the Lucigenin enhanced CL was recorded
from the brain cortex with a cooled Hamamatsu photomultiplier. Regional CBF
was recorded with Laser Doppler flowmetry. After recording a CL baseline,
global ischemia was induced for 10 (n=8) or 20 (n=8) min by reversible
bilateral common carotid artery occlusion and hypobaric hypotension. After 10
min of ischemia, CL peaked to 188 ± 77 % of control 10 ± 4 min after onset
of reperfusion. 2 hours later, CL had returned to 102 ± 28 %. After 20 min of
ischemia, CL peaked at 225 ± 48 % of control 12 ± 3 min after onset of
reperfusion. 2 hours later, CL was still significantly elevated (150 ± 44 %). The
hyperperfusion peak in rCBF after reperfusion always preceded the peak in CL
in both groups (170 ± 45 % vs. 195 ± 53 %, 10 vs. 20 min ischemia resp.).
After 2 h, rCBF was below baseline (77 ± 28 % vs. 68 ± 31 %, 10 vs. 20 min
ischemia resp.). We conclude that ROS production increases with the duration
of the ischemic interval and that the ROS production is preceded by the rCBFhyperperfusion. Lucigenin enhanced CL can be used to study the temporal
pattern of ROS production of the brain in vivo in anesthetized rats with high

temporal resolution. Supported by the Wilhelm Sander Stiftung.
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MORPHOLOGICAL ASSOCIATION BETWEEN PERIVASCULAR
RESIDENT CNS MACROPHAGES AND CONNECTIVE TISSUE
MAST CELLS IN THE THALAMUS OF THE RAT. R.V.W. Dimlichff
Departments of Emergency Medicine and Cell Biology, Neurobiology
and Anatomy, University of Cincinnati, Cincinnati, OH 45267-0769.
Using immunoelectron microscopy it has been confirmed that certain
perivascular cells of the brain are ED2 positive and have ultrastructural

QUANTITATIVE ASSESSMENT OF CEREBRAL LEUKOCYTE
ACCUMULATION AFTER CARDIAC ARREST IN PIGLETS. EFFECT OF
CD 18 ANTIBODY
Schleien CL, Kuluz JW. Dewan fee S. Dewwfree M. Gelman B. Martinez A*.
Dietrich WD. Dept of Pediatrics, Neurology, and Radiology, Univ of Miami School
of Medicine, Miami, FL 33101.
We have previously shown that polymorphonuclear (PMN) and mononuclear
(MN) leukocytes accumulate within cerebral vessels 4 hr after cardiac arrest (CA)
in infant piglets, in close proximity to endothelial cell abnormalities. In the present
study, we attempted to quantitate cerebral leukocyte accumulation after CA using
11‘Indium-labelled leukocytes and examined whether post-ischemic administration of
the neutrophil adhesion antibody CD 18 (Squibb 60.3 MoAB) prevents leukocyte
accumulation. Leukocytes were separated from 100 ml of the piglet’s blood using
a double density gradient centrifugation technique (Ficoll-Hypaque), and labelled
with mIn-tropolone. Either saline or CD 18 antibody was administered immediately
after 8 min CA and 6 mm CPR. Labelled leukocytes (PMNs and MNs) were
reinfused into the original donor piglet and allowed to circulate for 90-150 min prior
to removal of the brain. Regional and whole brain counts were converted to WBC/g
tissue. Time controls contained 31 ±9 WBC/g. After CA and CPR whole brain
contained l294 ±993 WBC/g in the saline control group and 762±334 WBC/g in
the antibody group (NS). Cerebellum contained the greatest number of WBCs in
both groups. Regions with the highest radioactivity also had large numbers of
intravascular PMNs and MNs by light microscopy. Thus, cerebral leukocyte
accumulation can be easily quantitated using labelled leukocytes. The failure of
CD 18 antibody to reduce leukocyte accumulation was likely due to the large
proportion of MN cell accumulation in brains following CA.

characteristics of a typical macrophage. These resident CNS
macrophages are present in non-pathological tissue, increase in number
and change their morphology in aged, spontaneously hypertensive and
stroke prone rats, and have been called by many names including
“neurolipomastocytes or type II brain mast cells”. Although these cells
contain structures that can be confused with mast cell granules, they do
not contain heparin, histamine, or serotonin. These cells were
misidentified probably in part because of an apparent close association of
connective tissue mast cells of the thalamus to these macrophages. The
goal of this study was to quantify and characterize that relationship.
Counts in a minimum of five step-serial sections from each brain of 17
male rats indicated that 72 ± 1.2% (Mean ± SEM) of mast cells are in
contact with macrophages. Ultrastructurally both types of cells are on the
luminal side of the basal lamina. Macrophages can be identified by their
multivesicular bodies and mast cells by their uniform membrane-bound
granules. Areas of contact between these two cell types are characterized
by interdigitations of their cell membranes. These data verified that a
close association between these two cell types exists in the thalamus of
the rat. This morphological relationship suggests a potential functional
interaction that may be important under normal and pathological
conditions in the rat brain. Supported in part by NIH grant NS-25635.
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NEUTROPHIL INFILTRATION IN COLLAGENASE-INDUCED
BRAIN EDEMA AND EFFECTS OF DEXAMETHASONE.
D.R. Bramlett. D. Hinest,S. Kennedy^ .H. Homert. M.M. Zaleska*.

MONOCLONAL ANTIBODIES TO LEUKOCYTE ADHESION
MOLECULES REDUCE EXPERIMENTAL NEUROLOGICAL
INJURY AND ENHANCE THE EFFICACY OF THROMBOLYSIS.
M.P. Bowes1. R. Rothlein2. S.C. Faean3. and J.A. Zivin*‘. ‘Univ.
California San Diego, Dept, of Neurosciences, La Jolla, CA 920930624, 2Boehringer Ingelheim, Ridgefield, CT, 06877, and ’Wayne State
University, College of Pharmacy, Detroit, MI, 48202.
Although clinical and animal data suggest that thrombolysis using

J.A. Mover. CNS Disorders, Wyeth-Ayerst Research, CN8000,
Princeton, NJ 08543-8000. tAthena Neurosciences, South San

Francisco, CA 94080
Neutrophils play an important role in vasogenic edema by increasing
vascular permeability (Shiga et al., Neurosci. Lett. 125:110, 1991).
Injection of bacterial collagenase provides a reproducible method for
the study of brain edema. Therefore, the collagenase-induced
intracerebral hemorrhage model was used to examine the time-course
of neutrophil infiltration. In addition, the effects of dexamethasone on
edema were also investigated. To determine a time- course, 2 pl of
saline containing 0.4 unit bacterial collagenase (Type VII) was infused
into the left caudate nucleus of adult male rats. Groups were evaluated
for myeloperoxidase activity (MPO), as a marker of neutrophil
infiltration, at 4,16,24,48,72,96 and 168 hours post-infusion.
Dexamethasone was administered to two groups at 30 minutes postinfusion. One group received O.lmg/kg;iv., a second group received
O.5mg/kg;iv, and edema was measured at 24 hours post-collagenase

infusion. MPO activity showed a time related increase, with peak
neutrophil infiltration occurring at 48 hours. Dexamethasone produced
a decrease in edema in both hemispheres. However, this effect was not
statistically significant at the doses tested. In conclusion, neutrophils
show a time related increase similar to the pattern of edema. Reduction
of this infiltration may provide therapeutic benefits in the treatment of
cerebral edema.

tissue-type plasminogen activator (tPA) may improve neurological
outcome following thromboembolic stroke, obstacles to thrombolytic
therapy exist. Leukocyte adhesion to the endothelium is associated with
poor reflow following lysis of an obstructing thrombus, as well as
reperfusion injury as ischemic tissue is reoxygenated. We evaluated the
ability of monoclonal antibodies directed against leukocyte adhesion
molecules (ICAM-1, CD 18) to enhance the efficacy of thrombolysis in a
rabbit cerebral embolism stroke model. Cerebral ischemia was induced
by injecting a suspension of small blood clots into the carotid
circulation. Both a-CD18 monoclonal antibody and tPA (administered 5
min and 30 min after embolization, respectively) increased the quantity
of clots required to produce neurological damage, although the
combination was no more effective than either substance alone. Neither
a-CD18 nor a-ICAM-1 improved neurological outcome at longer
postischemic delays of 15 or 30 min. The combination of a-ICAM-1
(15 min after embolization) and tPA (2 hr after embolization)
significantly improved neurological outcome even though neither
substance was effective alone at these postembolization delays. These
findings suggest that prevention of leukocyte adhesion increases the
postischemic duration at which thrombolytic therapy remains effective.

255.15

255.16

N-METHYL-D-ASPARTATE (NMDA) LESIONS MAY CREATE A
PENUMBRA OF INFLAMMATION SIMILAR TO FOCAL ISCHEMIA

The Role Of Tumor Necrosis Factor-Alpha In An In Vitro Model
Of Anoxic-Ischemic Neuronal Injury.
S.N. Siddiqi*. P.
Pennefather. L.C. Schlichter.
Playfair Neuroscience Unit, The
Toronto Hospital, and Department of Physiology, University of
Toronto, Ontario, Canada M5T 2S8
CNS injury results in an immediate local inflammatory response
which is mediated by three major cytokines (TNF-a, IL-1, IL-6).
TNF-a is released early by 'inflammatory cells, yet its effects on
injured neurons are unknown. This study examined the effects of
rhTNF-a(2OOng/ml) on neurotoxicity under both anoxic and
atmospheric oxygen tensions assessed 2 hours after a 50 minute
exposure to glutamate (ImM). TNF-a increased survival of neurons
exposed to glutamate at atmospheric oxygen tensions, with
significantly fewer swollen and ' pyknotic cells seen. Glutamate
neurotoxicity is potentiated under anoxic conditions, as occurs in
vascular-occlusive injuries such as stroke. TNF-a did not appear to be
protective against the stronger glutamate neurotoxicity observed under
anoxic conditions. Experiments are in progress to characterise the
effects of TNF-a on neuronal intracellular calcium levels and the
potentiation of glutamate induced neurotoxicity by anoxia.

L M. PullarT. S.Asiedu, M. Britt. K. Siddiqui. B. Slusher. and R. J.

Stumpo. Department of Pharmacology, ZENECA Pharmaceuticals
Group, ZENECA, Inc., Wilmington, DE 19897 USA
Injection of NMDA into the brain may mimic the NMDAmediated damage of focal ischemia. NMDA injected into the striatum
of adult Sprague-Dawley rats causes substantial cell loss in the
striatum. There is a decrease in choline acetyltransferase (ChAT)
activity and in [3H]TCP binding to NMDA receptors. The NMDA
intra-striatal injection also inrti^es an inflammatory response,
assayed as binding of [3H]PK-11195 to astrocytes or macrophages,
that continues to increase after completion of the neuronal loss.
Systemic dosing with the NMDA antagonist CGP 37849 almost
completely prevents the loss of cholinergic or NMDA neurons. Even
doses three-fold the dose required for complete prevention of
neuronal loss do not completely block the inflammatory response.
Pre-treatment with MK-801, while completely preventing the loss of
ChAT activity, also does not completely prevent the increase in
[3H]PK-11195. Autoradiography of [3H]PK^11195 binding in brain
slices shows diffuse inflammatory responses. The diffuse responses
are similar to the diffuse activation in focal ischemia of c-fos and heat
shock proteins and may reflect zones of reversible damage. CGP
37849 appears to prevent the inflammatory responses in regions
where no neuronal damage is seen with [3H]TCP binding. These
results suggest that NMDA lesions may mimic not only the neuronal
cell death, but also the spread of inflammation to a "penumbra" zone.
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EFFECT OF HYPOTHERMIA ON EXPRESSION OF HEAT
SHOCK PROTEIN-7O mRNA IN GERBIL HIPPOCAMPUS
FOLLOWING GLOBAL FOREBRAIN ISCHEMIA. K. Kumar*.
X. Wu. Dept. of Pathology, Michigan State University, E.
Lansing, Ml 48824.

EARLY INDUCTION OF HEAT SHOCK PROTEIN-7O IN MICROGUAL CELLS

Although intraischemic hypothermia has been shown to
reduce neuronal injury following transient ischemia, the
mechanisms are not clear. Therefore, we used the
expression of HSP-70, a sensitive marker of neuronal injury,
to study the effect of hypothermia on postischemic
neuronal injury. Mongolian gerbils were subjected to
forebrain ischemia by bilateral carotid occlusion of 10 min
at 30 C followed by normothermic reperfusion for 1 h, 6 h,
and 24 h. The expression of HSP-70 mRNA was
determined by using in situ hybridization. HSP-70 mRNA
was induced in CA1, CA3 and dentate gyrus at 1, 6 and 24
hours of reperfusion; the expression, however, was
variable. Further studies need to be carried out to assess
the expression of HSP-70 in hypothermic ischemia but it
appears that there may be mechanisms other than HSP-70
expression by which hypothermia prevents neuronal injury
following ischemia.

FOLLOWING TRANSIENT FOCAL ISCHEMIA. M.A. Soriano

1.2, A.M.

Planas1. Rodriauez-Farr6 E.1 S. Barr6n 1 * and I.Ferrer 2. 1 Dep.
Pharmacol. & Toxicol., CSIC, 08034-Barcelona, and 2Unitat de
Neuropatologia,

Hospital

Princeps

d'Espanya,

Universitat

de

Barcelona, Spain.

Focal ischemia induces heat-shock protein-70 (HSP7O) in striatum

and cortex. Different cell types show variable expression of HSP7O
according to their vulnerability to ischemia (Kinouchi et al., 1993;

Li et al.,

1992). This study examined early HSP7O induction in

microglial cells. Rats were subjected to proximal occlusion of the
middle cerebral artery (MCA) for either 10 min or 1 h followed by

reperfusion for 3 or 8 h. Double immunocytochemistry staining was
carried out using a monoclonal antibody specific for microglia (0X42)
and a monoclonal antibody against HSP7O. 10-min MCA occlusion did
not produce HSP7O immunoreactive microglia or histopathological

changes. However, 1 -hour MCA occlusion followed by 3 h of
reperfusion produced HSP7O stained microglial cells in the corpus
callosum ipsilateral to MCA occlusion. At 8 h reperfusion, intense
HSP7O staining was found in microglial cells in the ipsilateral
striatum and cortex. 1 -hour MCA occlusion resulted in marked cell
loss in the striatum and cortex. These results demonstrate early

expression of HSP7O in microglial cells following an episode of

transient focal ischemia that leads to cell loss.

Kinouchi et al. (1993)

J. Cereb. Blood Flow Metab., 13: 105-115.

Li et al. (1992) Stroke, 23: 1292-1298.
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IMMEDIATE-EARLY GENE EXPRESSION AFTER TRANSIENT

n -methyl

GLOBAL ISCHEMIA
L. McGdian
G.S. Robertson* and A.M. Halrim11. Dept. of
Pharmacology!, and Neuroscience Research Institute™, UnivetsiSy of

Ottawa, Ottawa, ONT, K1H 8M5.

ImmediaSe-early genes (IEGs) encode Sranscripsional regulasing

facSors ShaS may play a role in apoptosis. The aim of Shis sSudy was
So deSermine if She proSein producSs of several IEGs are expressed in
neurons undergoing delayed cell deaSh after SransienS forebrain
ischemia.

Four vessel occlusion was produced by cauSery of She

verSebral arteries and clamping of She common caroSid arteries for 20
min. Animals were perfused Sranscardially 0.5, 2, 6, 12, 24 and 48
hr afSer reperfusion. Immunohistochemical sSaining revealed ShaS
Shere were Swo waves of IEG inducSion. The firsS peak occurred aS
2 hr while She second peak was deSecSed 48 hr afSer She ischemic

insulS.

AS 48 hr, FosB expression was increased in She majoriSy of

vulnerable CA1 neurons of She hippocampus whereas consSiSuSive
NGFI-A expression was losS. Fos immunoreacSiviSy was also elevaSed

aS 48 hr buS in only a few scattered neurons wiShin CA1. The close
Semporal correlation beSween Shese changes in IEG expression and She
loss of CA1 neurons suggesSs ShaS alSerations in IEG expression may
participaSe in She delayed deaSh of CA1 neurons afSer SransienS
forebrain ischemia. (Supported by a granS from She HearS and SSroke
FoundaSion of Canada.)

-d -aspartate
induces
the
expression
of c -fos
mRNA IN THE ORGANOTYPIC CULTURE OF RAT
HIPPOCAMPUS. C. Shin*. X. Sun and M. Colberg. DeparSmenSs of
Neurology and Pharmacology, Mayo FoundaSion, Rochester, MN
55905
Ischemic neuronal injury occurs Shrough mechanisms likely involving
gluSamaSe recepSor acSivaSion. A subSype of gluSamaSe recepSor, NMDArecepSor, is linked So many inSracellular processes Shrough calcium
signaling paShways, including inducSion of immediaSe-early gene (DEG)
expression. Thus one could hypoShesize ShaS IEG Shrough NMDA-

recepSor acSivaSion may be involved in ischemic neuronal injury. As a
sSep Soward undersSanding She roles of NMDA-recepSors and IEGs in
ischemic neuronal injury, we examined She expression of an IEG, c-fos,
in hippocampal explanS culSures afSer NMDA exposure by in situ
hybridizaSion.
ExplanS culSures from 6 day old raS hippocampus were exposed aS 17
DIV So 20 pM NMDA for 30 minuSes. Zero, Shirty and sixSy minuSes
afSer exposure So NMDA, culSures were fixed in 4% gluSaraldehyde for
30 minuSes Shen frozen-secSioned aS 10 pm Shickness in a SangenSial

plane. SecSions were hybridized wiSh an 35s-UTP-labeled c-fos
antisense riboprobe for 18 hours. Sense riboprobe was used for
nonspecific hybridizaSion. HybridizaSion signals were analyzed by
hyperfilm and emulsion auSogradiography.
RobusS specific expression of c-fos mRNA was observed 30-60
minuSes afSer NMDA exposure in CA1, CA3 pyramidal and denSaSe
neurons of hippocampal explanS culSures. This resulS confirms She
previous findings in dissociaSed culSures and may evenSually allow She
direcS SesSing of She causaSive role of IEGs in ischemic neuronal injury.

256.5

256.6

HYPOXIA-HYPOGLYCEMIA INDUCES IMMEDIATE-EARLY
GENE, c-fos, EXPRESSION IN THE ORGANOTYPIC CULTURE OF
RAT HIPPOCAMPUS. X. Sun*. M. Colberg and C. Shin. DeparSmenSs
of Neurology and Pharmacology, Mayo FoundaSion, RochesSer, MN
55905
Delayed ischemic neuronal deaSh appears So be an orderly process
whose mechanisms likely include gluSamaSe recepSor acSivaSion. Since
gluSamaSe recepSors are linked So many inSracellular processes including
inducSion of immediaSe-early gene (IEG) expression, one could
hypoShesize ShaS IEGs may also be involved in She mechanisms of
ischemic neuronal injury. As a sSep Soward She direcS SesSing of She role of
IEGs in ischemic neuronal injury, we examined by in situ hybridizaSion
She expression of an IEG, c-fos, in hippocampal explanS culSures afSer
ischemic insulS in vitro.
Hippocampal organoSypic culSures from 6 day old pups were exposed aS
17 DIV So 2-deoxyglucose subsSiSuSed HBSS equilibraSed wiSh 95% N2
plus 5% CO> aSmosphere for 30 minuSes. Zero, Shirty and sixSy minuSes
afSer ischemic insulS, She culSures were fixed in 4% gluSaraldehyde for 30
minuSes and frozen-secSioned aS 10 pm secSions. The secSions were

MECHANISM OF HEAT SHOCK PROTEIN INDUCTION AFTER
OXYGEN-GLUCOSE DEPRIVATION IN CULTURED ASTROCYTES.
M. Bergeroo.* J, Cca. N.F. MivechL A.J. Giaacia aan R.G. Giffard.
DepSs. of AnesShesia and Radiation Oncology, SSanford Univ. School of
Med., SSanford, CA 94305.
The inducSion of sSress proSeins has been suggesSed So proSecS cells from
a varieSy of noxious insulSs including heaL hypoxia and ischemia. Evidence
from several labs working primarily wiSh cell lines suggesSs ShaS inducSion
of sSress proSeins is regulaSed aS She level of Sranscription. Rapid acSivaSion
of heaS shock SramscripSion facSor (HSF) involving SrimerizaSion and
phosphorylaSion renders iS able So bind specific DNA sequences called heaS
shock elemenSs (HSEs), and acslease Sranscription. The aim of Shis sSudy
was So compare She heaS shock response of murine cortical asSrocySes in
primary culSure following heaS (43.5°C, 30 min) and combined oxygenglucose deprivaSion (OGD, 3-4 hrs). 35S-meShionine labelling and WesSern

hybridized wiSh 35S-UTP-labeled c-fos antisense riboprobe for 18 hours.
Film and emulsion auSoradiography was used So analyze She hybridizaSion
signal.
c-fos mRNA expression was observed in explanS culSures of
hippocampus aS 30 and 60 minuSes afSer She 30 minuSe ischemic insulS.
Expression was limiSed So She neuronal layer of She pyramidal and denSaSe
neuronal cells. This resulS confirms previous findings of c-fos gene
expression in vivo and will evenSually Ulow She direcS SesSing of She role
of IEGs in ischemic neuronal injury.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

bloS analysis using anSibody So She inducible form of hsp7O showed hsp7O
synShesis following heaS or oxygen-glucose deprivation (OGD). Northern
bloS analysis using a full lengSh mouse inducible hsp7O cDNA probe
demonsSraSed increased levels of hsp7O mRNA afSer heaS and OGD.
Preliminary resulSs of gel mobiliSy shifS assays wiSh a Drosophila HSE
consensus sequence show DNA binding ahSleiSy afSer heaS or OGD,
consisSenS wiSh acSivaSion of HSF. Using an anti-murine HSF-1 anSibody
So deSecS HSF-1 proSein, we were able So show an increase in apparenS
molecular weighS of HSF-1 consisSenS wiSh phosphorylaSion and acSivaSion.
ShifSs in HSF-1 migraSion were observed as early as 30 min afSer heaS or
OGD wiSh a decline over 3 hr. Taken SogeSher, Shese daSa suggesS ShaS
inducSion of hsp7O by heaS or OGD in asSrocytes is regulaSed aS leasS in part
aS She level of HSF ahSlvaSion.
Funded in parS by GM4983l and MRC Canada.
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ANALYSIS OF LEVELS OF HSP7O IN THE NON STRESSED RAT
BRAIN. David Carraw»y, Micfa<e TyteU*> Steves, g Glazier- Bowman
Gray School of Medicine, Winston-Salem, NC 27157.
We have analyzed the levels of heat shock proteins, HSP7O, in various
regions of the non stressed rat brain. Regions compared were the cerebral
cortex, the optic nerve, the corpus callosum, and the hippocampus. These
rat brain areas were tested through immunohistochemical methods for the
levels of constitutive HSP, HSPc. The antibody used detects both inducible
and constitutive forms of heat shock protein. Detection was done using a
standard immunoperoxidase method. We have found that there is a
significant difference between the grey and white matter regions. The cortex
on average had relative amounts of HSPc that were more than three times
the amounts found in the white matter regions of optic nerve and corpus
callosum. HSPc mean levels in the cortex were 9.3 ng/gl (n=l4). HSPc
mean levels in the optic nerve and corpus callosum were 2.6 and 2.1 ng/gl
respectively (n=8 each). The hippocampus had a mean value of 5.0 ng/gl
(n=4), which fell approximately half way between the cortex and white
regions. The high levels of HSP7O in the grey matter verses white may be
a reflection of the differences in metabolic activity between these areas.
This data will prove useful in future quantitative analyse of changes in HSP
levels and their role as possible protective agents in the phenomena of
ischemic tolerance.
Supported by Department of Neurosurgery, Bowman Gray School of
Medicine.

EXPRESSION OF HEME OXYGENASE AND hsp72 mRNA IN
RAT BRAIN AFTER FOCAL ISCHEMIA.
E.G. SHAVER,
F.A. WELSH, E.L. ZAGER, V.A. HARRIS, M.E. DUVALL,
Dfl. O'ROURKE*.
Div. Neurosurgery, Univ. Penna.
Sch. Med., Philadelphia, PA 19104.
Heme oxygenase, a heat-shock protein,
catalyzes the initial step of heme metabolism.
Heat-shock proteins have been induced in many
models of ischemia.
The objective of this
investigation was to compare the expression of
heme oxygenase mRNA with that of hsp72 after
focal ischemia.
A suture model was used in rats
to produce MCA occlusion for 1 and 2h.
After 2
and 24h recovery, expression of heme oxygenase
and hsp72 was detected using in situ hybridization.
Robust hsp72 mRNA expression was detected
in all animals in the 2h recovery group.
In
contrast, after 24h recovery, hsp72 mRNA
expression was present only in cerebral cortex,
while heme oxygenase was induced in the perimeter
of striatal infarct.
This study demonstrates
that expression of hsp72 mRNA seen at 2h recovery
after focal ischemia is markedly diminished by
24h.
Further, heme oxygenase mRNA is expressed
after 24h in a different region of the brain than
hsp72 mRNA.
This is the first study to
demonstrate in vivo heme oxygenase mRNA
expression after cerebral ischemia.
ISCHEMIA:
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EXPRESSION
OF
TUMOR
NECROSIS
FACTOR-a
AND
INTERLEUKIN-10 IN THE BRAINS OF NORMOTENSIVE AND
HYPERTENSIVE RATS. S. Ekholm. M. Brenner. D.M. Jacobowitz. J.M.
Hallenbeck and A-L. Sir6n*. Dent. Neurol.. USUHS. Bethesda. MD 20814;
Stroke Branch, NINDS, and Lab. Clin. Sci.. NIMH. Bethesda. MD 20892.

TRANSFORMING GROWTH FACTOR pl-3 PEPTIDE EXPRESSION IN
ASTROCYTES AND MICROGLIA FOLLOWING TRANSIENT CEREBRAL
ISCHEMIA. M.PrimiaiQfll, N.W,Knuckey*fll D.Palmri], N.ItompsoaK],
K,Flandersl3l AND M.Spoml3l. [1]. Depart, of Clin. Neurosci., Program in
Neurosg. and [2] Depot of Medical Oncology, Brown Univ/RIH and [3] NIH/NCI.
Astrocytic and microglial reactivity is increased following transient cerebral
ischemia [TCI]. Transforming Growth Factors pl-3 isofonns are important in the
regulation of many cells including astrocytes and microglia in-vitro. We have
previously demonstrated an increase in TGF pl-3 m-RNA expression in
extraneuronal cells following TCI. Hence, we explored the extraneuronal cell types
which express TGF pl-3 peptide following TCI.
TCI was induced with normothermic two vessel occlusion with hypotension. The
animals were sacrificed at 1,2,3 and 5 days following TCI and perfused with PFA.
Frozen brains were cut at lOg thickness. Sections were incubated with TGF pl-3
primary antibodies followed by biotinylated 2°Ab and processed with Vetastain ABC
and DAB as a chromogen. To determine the cell types expressing the TGF pl-3
peptide, sections were double stained with [1] TGF pl-3 and GFAP Ab or [2] TGF p
1-3 and Lectin GS IB4 using immunofluorecence.
AU TGF pl-3 peptides increased extraneuronally within the hippocampus from day
1-3 following TCI. At day 5 following TCI, the TGF pl-3 peptide was decreased in
the dentate and the molecular layer of the hippocampus but there was persistent and
increased expression of TGF pl-3 peptides within the stratum oriens and radiatum
and pyramidal layer. Fluorescence double labeling demonstrated that TGF pl-3
peptide was present in both astrocytes and microglia. These results demonstrated
that TGF pl-3 peptides are potentially important in the regulation of both astrocytes
and microglia following TCI.

An increased expression of the proinflammatory and prothrombotic
cytokines tumor necrosis factor-a (TNF-a) and interleukin- l0 (IL-10) may
contribute to the increased risk for stroke in hypertension. In order to test
this hypothesis. we have been developing methods to study cytokine
expression on perfusion-fixed frozen brain sections (16 gm) of 16-week old
spontaneously hypertensive rats. normotensive Wistar-Kyoto and SpragueDawley rats. Tissues were exposed to specific antibodies against rat IL-10
or murine TNF-a and to antibodies for specific markers for neurons (neuron
specific enolase). perivascular macrophages (ED2). microglia (OX-42) or
astrocytes (GFA). In situ hybridization was performed using oligonucleotide probes (30-mers) for rat TNF-a. IL-10. and their receptors. Specific
immunofluorescence for TNF-a was found in ED2 positive perivascular
macrophages. Choroid plexus. and neuronal perikarya in the hippocampus.
striatum and cerebellum demonstrated strong immunoreactivity for TNF-a.
Glial cells throughout the brain stained with both anti-TNF-a and anti-IL10 antibodies. The astrocytic fibers around cerebral blood vessels and
meninges were strongly positive for IL-10. Spatial expression of TNF-a
and IL-0 mRNA corresponded with the protein localization. Comparison
of the cytokine expression between the rat strains is in progress. Tlie data

indicate that multiple cell types in the brain have the potential for expression
of the proinflammatory and prothrombotic cytokines.
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REDUCED
POSTISCHAEMIC EXPRESSION OF A GLIAL
GLUTAMATE TRANSPORTER GLT1. IN THE RAT HIPPOCAMPUS. R
Tan?*. D. Lefctefrc1. L. Lew. N.C. Danbolt. B.S. MeMrum! O.P.Ottereen.
Dep. of Anatomy. University of Oslo. N-0317 Oslo. Norway. 1Dep. of
Neurology. Inst. of Psychiatry. De Crespigny Park. London SE5 8AF.
UK.
Perturbations of the synaptic handling of glutamate have been
implicated in the pathogenesis of brain damage after transient
ischaemia. Notably. the ischaemic episode is associated with an
increased extracellular level of glutamate and an impaired
metabolism of this amino acid in glial cells. As for glutamate uptake
this is reduced during ischaemia due to breakdown of the
electrochemical ion gradients across neuronal and glial membranes.
We have investigated. in the rat hippocampus. whether an
ischaemic event in addition causes a reduced expression of the glial
glutamate transporter GLT1 (Pines et al.. 1992)
in the
postischaemic phase. Quantitative immunoblottlng. using antibodies
recognising GLT1. revealed a 20 % decrease in the hippocampal
contents of the transporter protein. 6 h after a period of 20 min
ischaemia induced by 4 vessel occlusion (p< 0.05). In situ
hybridisation histochemistry with 35s labelled oligonucleotide
probes or dlgoxlgenin labelled riboprobes directed to GLTl-mRNA
showed a decreased signal in the hippocampus. particularly in CA1.
This reduction was more pronounced at 24 h than at 3 h after the
ischaemic event. In conclusion the levels of GLT1 mRNA and protein
appear to decrease in the postischaemic phase. This could
contribute to the delayed neuronal death typically seen in the
hippocampal formation after ischaemia. Ref: Pines et aL 1992. Cloning

Expression of grp75 immunoreactivity in normal rodent brain and
following global ischemia and kainate-induced seizure. S. M. Massa*. M.
T. Morton nnd d. R. Shahp Dept of Neururolog Univereity of falifomra and
VA Med. Ctr., San Francisco, CA 94121
Grp75 is an Hsp ^7O^!^^^o member involved in the transport of proteins into
mitochondria and their stabilization prior to final folding. It is also identical
or highly similar to mortalin, a protein implicated in cellular senescence. In
normal rat brain, grp75 mRNA exhibits a highly unusual distribution, with
high concentrations m neurons in the reticular, subthalamic, and supraoptic
nuclei, hippocampus, restricted areas of the amygdala and globus pallidus,
and the basal forebrain/diagonal band. It is upregulated in cortex and
striatum after focal ischemia. Using a monoclonal antibody, we have studied
the distribution of grp75 protein in normal rat and gerbil brains, and in
animals subjected to kainate-induced seizures or 2,5 or 10 minutes of global
ischemia followed by 24 hrs rrprrfuseov. Normal brain revealed a staining
pattern consistent with the mRNA distribution noted above. Prominent
staining of neurons in the strata ohms and radiatum of the hippocampus
was also seen. Two minutes of ischemia produced little change in the grp75
staining pattern. Five or ten minutes of ischemia produced decreases in
diffuse staining of CA1 or CA1-3, consistent with a loss of antigen in
pyramidal neurons. This was accompanied by an upregulation and/or
uncovering in these regions of staining in large cells, likely to be
internem-ons. Kainate-induced seizures produced a similar picture in the
hippocampus as well as mild induction in cortex. Grp75 immuvorracteveto,
unlike that of hsp7O, appears not to be sigvificpvtlo upregulated in
hippocampal pyramidal cells following global ischemia.

and expression of amt brain L-glutamate transporter. Nature. 360, 464-67.
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ALTERATIONS IN EXTRACELLULAR MATRIX PROTEINS AND
GLUT 1 IN FOCAL CEREBRAL ISCHEMIA. J.M. Rosenstem* and L. A.
Rothblat. Depts. of Anatomy, Neurosurgery and Psychology. The George
Washington University, Washington, D.C. 20037.
Using a reversible middle cerebral artery occlusion (MCAO) model in
the rat we are investigating cellular and subcellular events within ischemic
brain. MCAO was initiated by the insertion of a rounded-end 4-0 nylon
suture along the internal carotid artery as described previously. After one
hour of MCAO, recirculation was attained by withdrawal of the suture. The
animals survived 2,4 and 7 days and were then anesthetized and perfused
with 4% paraformaldehyde and were examined for a battery of
immunocytochemical probes. Successful ischemic injury was confirmed by
a marked decrement in the neuronal specific antibodies neuron specific
enolase (NSE) and Map-2 and extensive exudation of anti-rat serum albumin
at 2 days within the parieto-temporal cortex and adjacent striatum.
Examination of the inhibitory proteoglycan substratum chondroitin-6sulphate (mab cs-56) showed a conspicuous deposition particularly in
striatum. Immunostaining for laminin and collagen Type IV were similar
in that they depicted an intense basement membrane network within the
ischemic neuropil and around microvessels. Moreover, numerous vascular
sprouts were observed amidst inflammatory cells at seven days; at this time
microvessel density was increased by over 30% in striatum as compared to
the contralateral side. However, immunoreactivity of GLUT 1, a barrier
marker for all cerebral vessels was significantly reduced in that only 40-45%
of the enriched microvessel population had normal expression. These
results suggest that following reversible focal ischemia, there occurs within
7 days marked production of ECM proteins associated with a significant
angiogenic response, concurrent with a presumed down-regulation of the
GLUT 1 barrier marker. (NS-17468).

NMDA RECEPTOR BINDING INCREASES IN CANINE STRIATUM
AFTER GLOBAL CEREBRAL ISCHEMIA I REPERFUSION. D.C.
Perrv*. H. Wei. R.E. Rosenthal and G. Fiskum.
Depts. of
Pharmacology, Biochemistry and Molecular Biology, and Emergency
Medicine, George Washington University, Washington, D.C. 20037.
We employed a canine model to test whether NMDA receptor
numbers are altered by global cerebral ischemia/reperfusion. Ischemia
was induced by 10 min cardiac arrest, followed by restoration of
spontaneous circulation for periods of 0, 0.5, 2, 4 and 24 hr. In vitro
autoradiography was performed on frozen brain sections with three
radioligands that label the NMDA receptor/channel complex:
pHJglutamate (under conditions to label the NMDA site); pHJglycine
and pH]MK-8Ol. Modest decreases in pHJglutamate and pH]MK-8Ol
binding were seen in several regions of hippocampus and parietal and
temporal cortex at early times after reperfusion, with values returning
towards control by 24 hr. In the striatum, binding of all three
radioligands was increased. [*H]Glycine binding increased only at 0 hr,
while [3H]glutamate and pH]MK-801 binding increased 50-200% at 0.54 hr after start of reperfusion, approaching control levels by 24 hr.
These increases correlate with findings of increased sensitivity to
NMDA-stimulated release of dopamine from striatal tissue in the same
model (Werling et al., Brain Res. 606: 99, 1993). Increases in NMDA
receptor/channels in striatum may contribute to the vulnerability of this
region to ischemic damage during the first hours following reperfusion.
Supported Sigma Tau, S.p.A. and the Souers Stroke Fund.

257.7

257.8

EFFECT OF GLOBAL CEREBRAL ISCHEMIA I REPERFUSION ON
BINDING TO NON-NMDA GLUTAMATE RECEPTORS. H, Wei*.
D.C. Perry. R.E. Rosenthal and G. Fiskum. Depts. of Pharmacology,
Biochemistry and Molecular Biology, and Emergency Medicine, George
Washington University, Washington, D.C. 20037.
We employed a canine model to test whether non-NMDA glutamate
receptor numbers are altered by global cerebral ischemia/reperfusion.
Ischemia was induced by 10 min cardiac arrest, followed by restoration
of spontaneous circulation for periods of 0, 0.5, 2, 4 and 24 hr. In
vitro autoradiography was performed on frozen brain sections with
pH]glutamate (conditions optimized for metabotropic receptors),
pHJAMPA, and pH]kainate.
In hippocampus, pH]AMPA and
metabotropic binding were unaffected, while sharp decreases (up to
50%) in pHJkainate binding were seen in the dentate gyrus, mossy
fibers and CA1 regions at 2 and 4 hr post-ischemia. In cortex,
pHJkainate binding was unchanged, while pHJAMPA binding decreased
30-50% in parietal (but not temporal) cortex at 0.5 and 4 hr.
Metabotropic binding was down 40% in parietal cortex at 0 hr, and still
depressed at 24 hr. In striatum, metabotropic binding was unaffected,
while both ionotropic sites were decreased starting at 0.5 hr postischemia. pHJAMPA binding was lowest (down 40%) at 24 hr postischemia. Non-NMDA glutamate receptors are altered by ischemia I
reperfusion differentially; the regional differences in these changes may
contribute to differences in sensitivity to ischemic damage. Supported
by Sigma Tau, S.p.A. and the Souers Stroke Fund.

MOLECULAR CLONING OF cDNA FOR RAT CYTOSOLIC PHOSPHOLIPASE
A2 AND ITS EXPRESSION IN DEVELOPMENTAL AND POST-ISCHEMIC
RAT BRAIN. Y.Qwada*. and H. Kondo. Department of Anatomy, Tohoku
Univ.Sch.of Med.,Sendai 980,Japan.
Cytosolic phospholipase A2 (cPLA2) is a calcium-dependent enzyme
hydrolyzing the phospholipids to release unsaturated fatty acids including
arachidonic acids. This study was undertaken to clarify the functional

significance of cPLA2 in the developing and post-ischemic brains. In the
present study, 860 bp fragment (nucleotides 1237-2096) of the coding
region of the cDNA for human cPLA2 was prepared as a primary probe by
PCR amplification and one million plaques of the rat brain cDNA library were
screened. Cloned rat cDNA for cPLA2 contained 752 amino acids with the
calculated molecular weight of 85 KDa., and showed a highly homology of
90% in the nucleotide sequence of the coding region when compared with
that for the human cPLA2. As a specific probe for Northern and in situ
hybridization analyses, we prepared a 48-mer oligonucleotide complementary
to the obtained cDNA for rat cPLA2. For developmental study, Wister rats at
embryonic day (E15), E18, post-natal day (P0), P21, P49 were used.
Transient forebrain ischemia was produced by the procedures of Smith et al.
with slight modification using male Wister rats (P49). By in situ hybridization,
gene expression for cPLA2 was detected only in the hippocampus, olfactory
bulb, and cerebellar granular cells at very low levels in the normal rat brain on
P49, whereas the expression levels were higher in the cerebral cortex,
cerebellar granular layer, and hipocampal neuronal layers at the early
developmental stages. In the hipocampal dentate gyrus, the gene expression
for cPLA2 was markedly increased at 12 and 24 hours after transient forebrain
ischemia. These alterations in the gene expression for cPLA2 strongly
suggest the intimate involvement of the free fatty acid mediated
neurodifferentiation and neurotoxicity.

257.9
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IN VITRO HYPOXIA-HYPOGLYCAEMIA INDUCES EXPRESSION OF
THE NR2C mRNA OF THE NMDA RECEPTOR IN RAT CORTEX AND
HIPPOCAMPUS
Liang Zhang *. Jose L. Perez-Velazquez and P.L.
Carlen Playfair Neuroscience Unit, Department of Neurology, Bloorview
Epilepsy Prog. University of Toronto, Toronto, Ontario, Canada, M5T 2S8.
To test an altered expression of NMDA receptor subunits after
ischemia, we examined the appearance of NR2C and NR2D mRNA in the adult
rat hippocampus and cortex, using the reverse transcription-polymerase chain
reaction (RT-PCR) method, "in vitro ischemia" was induced by 4 min
hypoxia-hypoglycemia (H-H) in brain slices which caused a reversible blockade
of synaptic field potentials in CA1 region. After H-H, brain slices were
allowed to recover for 10 min, 45 min and 3 hours respectively. Then
hippocampus and cerebral cortex were separated, and then mRNA purification
was carried out
using specific primers for the NR1, NR2C and NR2D.
Control slices were treated similarly except the H-H challenge. NR1 was used
as control for the viability of the mRNA for PCR reaction and its expression
was positive always in both control and hypoxia-challenged slices. When the
first strand cDNA was probed with the primers for the NR2C sequences, we
found no detectable signals in hippocampus and cerebral cortex in control
slices, but in cerebellum tissue, in consistent with previous in situ studies.
Interestingly, the NR2C signal, but not NR2D, was clearly present in
hippocampus and cortex recovered for 45 minutes or 3 hours after the H-H.
The expression of NR2C was not due to contamination with genomic DNA,
since our primers did not cross react with genomic samples. This study
demonstrates H-H induced appearance of NR2C mRNA that is not expressed
normally in the adult hippocampus and cortex. We are currently investigate
underlying mechanisms.

EXPRESSION OF IL-lp, TNF, AND IL-6 mRNAs IN THE ISCHEMIC
CEREBRAL CORTEX. Z. Y. Hu, S. C. Wong+, Y. Y. He, S. K. Doster*, J. Xu, C.
Y. Hsu. Dept. Neurology and Anatomy+, Washington Univ. Sch. Med., St. Louis, MO
63110
Cytokines, such as IL-lp, TNF, IL-6, are produced by blood-borne and resident
brain inflammatory cells. Cytokines may participate in post-ischemic inflammatory
reaction and contribute to the breakdown of blood brain barrier and pathogenesis of
vasogenic brain edema. The expression of IL^ip, EL-6 and TNF mRNAs in the
ischemic cerebral cortex and adjacent structures was studied by quantitative RT-PCR.
Focal cerebral ischemia was induced by occlusion of the right middle cerebral artery
(MCA) and both common carotid arteries for 90 min followed by reperfusion for 1 hr
to 2 wk. In this stroke model, ischemia and related injury were confined to the
cerebral cortex of the right MCA territory. Using the non-ischemic left cerebral cortex
as reference, ischemia-induced increase in the expression of IL-lp mRNA started as
early as 1 hr and peaked at 4 hr after ischemia. The increase in IL-ip mRNA levels
were by 3.3-fold in the ischemic right MCA cortex, 18.5-fold in the surrounding
penumbra and approximately 3-fold in the non-ischemic right hippocampus. The
increased expression of IL-ip was noted as late as 1 d after ischemia. TNF mRNA
expression also peaked at 4 hr after ischemia and increased by 5.8-fold only in the
penumbra (not other regions) and was still 2-fold of control 1 d after ischemia. IL-6
expression increased by 3.6-fold 4 hr after ischemia. Results from this study indicate
that focal cerebral ischemia increased the expression of IL-ip, IL-6 and TNF mRNAs
to variable degrees with the IL-lp showing the most intense expression. This study
also revealed regional difference in cytokine mRNA expression with the penumbra
exhibiting the highest levels. The expression of IL-lp, but not TNF or IL-6, mRNA
was also increased in the adjacent non-ischemic hippocampus. The robust expression
of cytokine mRNAs was in contrast with other genes such as Bcl-x which showed
little post-ischemic alteration. The pathophysiological significance of post-ischemic
cytokine mRNA expression remains to be defined.
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Isolation of different genes induced in gerbil
hippocampus following transient global ischemia.
P.Narasimhan*,
R.M.Sklar
and
F.R.Sharp.

ALTERED DISTRIBUTION OF PROTEIN KINASE C ISOFORM mRNA IN THE
RAT HIPPOCAMPUS FOLLOWING TRANSIENT FOREBRAIN ISCHEMIA.
T. Tominaga*, Y. Ohwada, and T. Yoshimoto. Div. of Neurosurgery, Inst, of

Department of Neurology, Univ. of California and
SFVAMC, San Francisco, CA 94121, and Cambridge
Neuroscience, One Kendall Sq., Bldg.700, Cambridge,
MA 02139.

Transient global ischemia in gerbils results in cell
damage.
Following ischemia various genes involved in the
process of cell death or cell recovery are known to be
induced.
Using differential screening method, clones that
are induced were isolated from gerbil hippocampus
following transient global ischemia.
In the present study two of these clones were further
analysed.
DNA sequence analysis shows that one of these
shows high homology
(~9O%) to the gene encoding mouse
and human methyl-malonyl CoA mutase (MCM). This is an
enzyme involved in fatty acid metabolism.
Northern blot
analysis shows that both these clones are induced within
24
hours
of transient
global
ischemia
in
gerbil
hippocampus as well as cortex. The transcript size of MCM
is 2400 bp while that of the second clone is ~5OObp. Further
work to study their involvement in cell death or recovery
is being done.

257.13

SELECTIVE
ELIMINATION
OF
CALCITONIN
GENE-RELATED
PEPTIDE(CGRP) OR NMDA-INDUCED CEREBRAL VASODILATION. T. M.
Louis*. W . Meng. and D. W. Busiia. Department of Anatomy/Cell Biology, East
Carolina University, School of Medicine, Greenville, NC 27858 and Department of
Physiology/Pharmacology, Bowman Gray School of Medicine, Winston-Salem, NC
27157
In the piglet, cerebral ischemia abolishes arteriolar dilation to arterial hypercapnia
and hypotension while dilation to isoproterenol remains. Isoproterenol-induced
dilation is a cAMP dependent response. However, responses to other stimuli, such as
CGRP and NMDA, haven't been examined. CGRP and NMDA cause dilation via
different initial steps but share a final common pathway involving cGMP production
in vascular smooth muscle. The purpose of this study was to examine effects of
ischemia on cerebral arteriolar responses to CGRP and NMDA. In anesthetized and
ventilated piglets (1.3 Kg.) equipped with cranial windows., arteriolar responses were
determined to 10-8 M Cg Rp or 10-5M NMDA prior to and 1, 2, and 4 hours
following 10-20 minutes of total global ischemia Ischemia was induced by increasing
intracranial pressure above arterial blood pressure. Under control conditions, CGRP
and NMDA dilated arterioles by 17 ± 6% N=5 and 24 ± 7% N=6, respectively.
Following ischemia, arterioles failed to dilate to either CGRP or n Md A. Wc
conclude that cerebral ischemia eliminates cerebrovascular responses to these stimuli.
We speculate that events associated with ischemia and reperfusion, such as generation
of oxygen free radicals, are able to abolish cGMP mechanisms involved in
cerebrovascular control for at least 4 hours. Supported by HL-30260 and HL-46558..

257.15

mRNA DIFFERENTIAL DISPLAY CAN IDENTIFY NOVEL GENE
EXPRESSION IN RAT FOCAL ISCHEMIA. Xinkane Wang. Tian-Li
Yus, Frank C. Barone, and Giora Z. Feuerstein*. Dept, of Cardiovascular
Pharmacology, SmithKline Beecham Pharmaceuticals, King of Prussia, PA 19-406
The differential expression of genes has important functional implications in the
central nervous system (CNS) during normal development, and in a variety of
disease conditions. Focal brain ischemia is a common insult that results in
significant brain damage. The molecular mechanisms associated with this ischemic
tissue injury are not clearly defined. One way to better understand these mechanism
is to identify and characterize those genes which exhibit altered expression in
response to focal ischemia. Although a number of techniques are currently available
and have been applied to identify those genes that are expressed in cerebral ischemia,
or similarly in other CNS diseases, the very recently developed technique of mRNA
Differential Display provides a quicker and more powerful approach to isolate the
genes associated with specific diseases than the more conventional techniques such
as differential hybridization and subtractive library screening. In the present studies,
we applied mRNA Differential Display to identify a number of genes whose
expression was altered selectively following focal ischemia made by permanent
occlusion of the middle cerebral artery (MCAO) in spontaneously hypertensive rats.
In our initial differential display studies using RNA samples isolated from ischemic
and nonischemic cortex (2 hr and 12 hr post-MCAO), 10 bands of interesting were
isolated, subcloned, and evaluated by Northern analysis. Three of these clones now
have been demonstrated to be upregulated in ischemic compared to nonischemic
cortical tissue. One of these clones was used as a probe to screen an ischemic cDNA
library. Finally, DNA sequencing and computer data base search to GeneBank
demonstrated that this clone is a novel molecule. These studies demonstrate the
utility of mRNA Differential Display to discover novel gene expression in focal
stroke, with potential application for use in many other brain injury and disease
models.
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Brain Diseases, Tohoku Univ. Sch. of Med., Sendai, Japan 980
It is well established that delayed neuronal death (DND) occurs in the
hippocampal CA1 following transient forebrain ischemia. The purpose of this
study is to determine whether the distribution of protein kinase C (PKC)
mRNA changes in the course of DND of the hippocampus.
Adult male Wistar rats were used. Transient forebrain ischemia was
produced by the bilateral carotid occlusion combined with systemic
hypotension (40 mmHg). The whole brain samples were frozen in powdered
dry ice 0, 3, 6, 12, 18, and 24 hrs after 10 min of ischemia. Subserial coronal
sections were made and in situ hybridization was performed as described
previously. cDNA probes for PKC a (III), p (II), and y (I) were prepared from
cDNA library of rat brain using PCR method. Total RNA was extracted (n=3, for
each time point), transferred to a nylon membrane, and Nothern blot analysis
was carried out using same cDNA probes.
Nothern blot analysis revealed that the amounts of PKC isoform mRNA
did not change for at least 18 hrs after the forebrain ischemia. However, the
distribution of PKC a mRNA selectively chnaged from somatic to dendric
region of CA1 subfield 18 hrs after the ischemia. There was no difference of
distribution in other PKC isoform mRNAs between the control and the
ischemic brains.
Selective alteration of intracellular distribution of PKC isoform mRNA has
not been described previously. It is yet to be determined whether the
enhanced expression of PKC a mRNA associates with cell death or not.
However, this subtype- and region-specific change may reflect increased
synaptic transmission in the course of DND.

257.14

EXPRESSION OF THE TUMOR SUPRESSOR P53 AND
WAF1 IN THE POSTISCHEMIC RAT HIPPOCAMPUS. Ex
Stubberod. G. Tomasevic. F. Kamme. T. Wieloch*. Lab. Exp.
Brain Res., Lund University Hospital, Lund, Sweden.
The tumor suppressor p53 is a transcription factor for the
p2l(WAFl) gene, which encodes an inhibitor of cyclin
dependent kinases, p53 has been implicated in the mechanism of
apoptosis. Using in situ hybridization we studied the expression
of p53 and p2l(WAFl) mRNA in the rat hippocampus following
transient (15 min) global ischemia at 37° and 33° C. Expression
of p53 peaks after 24 hours of recirculation in the sensitive CA1
subfield of hippocampus following normothermic ischemia.
Expression is also induced, to a lesser extent, in the resistant
dentate gyrus (DG). Intra-ischemic hypothermia (33° C) confers
protection against neuronal damage. In the hypothermic brain
p53 mRNA expression peaks at 12-18 hours. The p2l(WAFl)
mRNA is strongly expressed in CA1 neurons in normothermic
animals following 24-36 hours of recirculation. This expression
is absent in hypothermic animals. Since p53 is a transcription
factor activating the p2l(WAFl) gene, the expression of these
genes following normothermic ischemia indicates that p53 may
be functionally activated. In contrast, during hypothermia lack of
p2l(WAFl) expression indicates a possible different state of
activation of p53. Also the specific activation of p53 and
p2l(WAFl) in the CA1 region indicates that apoptosis may
precede cell death.

257.16

Increase of mRNA of Brain-derived Neurotrophic Factor and Its
Promotors After Transient Forebrain Ischemia in The Rat Brain
T. Tsukahara* T. Nishiiima*y T. Taniguchi*fT T. Okubof N.
HashimotffCerebrovascular Surgery, National Cardiovascular Center and
** Department of Neurobiology,Kyoto Pharmaceutical University, Japan
Gene expression of brain derived neurotrophic factor (BDNF) may
play a role in the neuronal cell dath after cerebral ishcemia. We
investigated the alteration of mRNA of BDNF and its four promotors
in the rat brain after transient forebrain ischemia. Transient forebrain
ischemia was induced by occlusion of bilateral common carotid
arteries and systemic hypotension for 8 min.
The alteration
BDNFmRNA and promotor mRNA in the hippocampus and the
cerebral cortex was examined by Nothern blot analysis and in situ
hybidization using mouse BDNFcDNA probe and promotor cRNA
probes. The contents of two different length BDNFmRNAs(l .5 Kb
and 4.2 Kb) at hippocampus, most eminently at the dentate gyrus
(DG) followed by CA3, CA2 and CA1 hippocampal region, rapidly
increased, reached its maximum in 2 hours, and returned to the
normal level 12 hours after transient forebrain ischemia. Whereas at
cerebral cortex, especially at periform cortex, the level of
BDNFmRNAs increased with slower time course with the peak at 6
hours after the ischemia. Promotor Exon I and III mRNAs increased
at DG and CA3 regions. But Exon II mRNA did not increase after
ischemia. In addition, this increase of BDNFmRNA and promotor
mRNAs in the hippocampus and the cerebral cortex was blocked by
non-NMDA receptor antagonists NBQX but not by NMDA receptor
antagonist MK 801. These results suggest that the gene expression of
BDNF and its promotors was enhanced by transient ishcemia both in
the hippocampus and the cerebral cortex and that the increase of
BDNFmRNA is probably mediated by glutamate receptors of nonNMDA type.
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ALTERATIONS OF TAU PROTEIN IN ISCHAEMIC AND EXCITOTOXIC
BRAIN DAMAGE IN VIVO. D. Dewar*, D. Dawson & E. Irving.
Wellcome Surgical Institute and Hugh Fraser Neuroscience
Laboratories, University of Glasgow, Glasgow G61 1QH, UK.

GLUCOSE TRANSPORTER GENE EXPRESSION IN IMMATURE RAT
BRAIN: EFFECT OF HYPOXIA-ISCHEMIA Susan J. Vannucci*.Rick
R.Reinhardt.Lisa B. Seaman. Ian A.Simpson and Carolyn A. Bondv.
Department of Pediatrics, Hershey Medical Center, Hershey, PA 17033 ;
NICHD and NIDDK, National Institutes of Health, Bethesda, MD 20892.
Cerebral hypoxia-ischemia (H-l) produces major alterations in glucose
uptake and utilization by the immature brain. These changes begin during
the insult and proceed well into the recovery period. Glucose transport
from blood to the brain requires passage across the blood-brain barrier
(BBB) and into the neurons and glia; these processes are mediated by a

Disregulated
proteolysis
and
phosphorylation
of
cytoskeletal proteins may play an important role in the
development of'brain damage in the rat.
In this study the
microtubule-associated protein tau was investigated in two
in vivo models of brain damage : permanent focal cerebral
ischaemia and glutamate excitotoxicity.
All experiments were performed in physiologically
monitored, mechanically ventilated, halothane (1-1.5%)
anaesthetised rats.
1) Permanent focal ischaemia was
induced by occlusion of one middle cerebral artery (MCA).
Following two or six hours of ischaemia the area of the
brain supplied by the MCA
was
dissected
out
and
prepared for immunoblot analysis using the monoclonal
antibody Tau 1 . Controls had the MCA exposed but not
occluded. 2) Excitotoxic damage was induced by infusing 1M
monosodium glutamate by dialysis probe into the parietal
cortex over 1.5h. The brains were perfused fixed 2.5h later
and processed for Tau 1 immunohistochemistry. Controls had
infusion of 1M NaCl or artificial CSF.
Ischaemia of either 2 or 6h duration caused the
appearance of additional Tau 1 immunoreactive bands which
were not observed in controls. Glutamate infusions caused
increased immunostaining of Tau 1 specifically in neuronal
perikarya at the core of the lesion and decreased staining
at the lesion boundary. The results indicate that both
ischaemic and excitotoxic brain damage
in vivo is
associated with alterations in tau proteins. These may
reflect tau protein dephosphorylation and or proteolysis.

family of facilitative glucose transporters (GLUTs): GLUT1 is in the BBB
and glia; GLUT3 is expressed by neurons; GLUT5 is expressed by
microglia. The levels of both GLUT1 and GLUT3 are low in the immature
rat brain and may limit cerebral glucose utilization (CGU). To determine
the relationship between the GLUT expression and cerebral glucose
metabolism following H-l, we examined GLUT1, 3 & 5 gene expression by
in situ hybridization and CGU with 14C-2-deoxyglucose following cerebral
H-l in the immature rat. 7d rats underwent unilateral common carotid
artery ligation followed by hypoxia (8% O2), 2.5 hrs, 37°C. At 24 hrs of
recovery, GLUT1 mRNA was increased in the ischemic hemisphere in a
pattern similar to CGU. GLUT3 mRNA was decreased in the cerebral
cortex & CA1 hippocampus, consistent with impending selective neuronal
necrosis; GLUT5 was not evident in either hemisphere. At 48 hrs, GLUT1
and GLUT3 mRNA were decreased in the injured tissue but GLUT5 mRNA
was sharply increased around the infarct, consistent with the microglial
response to the insult. The alterations in GLUT1 and 3 generally parallel
changes in CGU. The widespread increase in GLUT5, coincident with a
decrease in CGU suggests an alternate function for GLUT5 in microglia.
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ANALYSIS OF GENE EXPRESSION IN NORMAL AND INFARCTED BRAIN
TISSUE FOLLOWING HYPOXIC-ISCHEMIC BRAIN INJURY.
IL

THE ROLE OF GENETIC DIFFERENCES ON THE OUTCOME OF FOCAL
ISCHEMIA INDUCED BY INTRALUMINAL MIDDLE CEREBRAL ARTERY
OCCLUSION IN THE RAT

Soriano*. C. Walder+. R. Thomas-*. K. Nikolics. Departments of
Neuroscience and +Cardiovascular Research, Genentech, Inc.
Point San Bruno Blvd, South San Francisco, California 94080.

460

We analyzed the expression of various classes of genes following
hypoxic ischemic brain injury.
Permanent unilateral middle
cerebral artery occlusion (MCAO) in adult rats was achieved using an
intraluminal suture model. 2 mm coronal sections from the level of
the optic chiasm were collected at 1, 2, 4, 8, and 24 hours following
MCAO. A 2 mm diameter area of the core of the infarct, neighboring
areas and corresponding noninfarcted areas from the contralateral
side were freshly removed and processed for total and poly A+ RNA
preparation. The two adjacent sections were stained with TTC to
ascertain the position of the infarct. The expression of a variety of
different genes was analyzed by reverse transciptase polymerase
chain reaction (RT-PCR). The PCR reaction products were separated
by electrophoresis and blotted onto nylon membranes, which were
probed with labeled nested oligonucleotides. Genes encoding various
types of neuronal, glial and endothelial growth factors, growth factor
receptors, neuronal and glial adhesion molecules, extracellular
matrix associated molecules, cytokines, and cell death associated
molecules have been analyzed by this technique. A substantial degree

of cell death can be observed by 8 hours as analyzed by TTC staining.
By this time point, RNA levels and the expression of constitutive
genes are significantly decreased or undetectable in the infarcted
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H.S. Oliff*. E. Weber. G. Eilon. P. Marek. Dept. of Pharmacology, University of
California, Irvine, CA 92717 and Acea Pharmaceuticals Inc., Irvine, CA 92715
This study examined the role of genetic factors a on the outcome of focal cerebral
ischemia induced by intraluminal filament occlusion in the rat. Male Wistar rats
(Simonsen, CA) and Sprague-Dawley (SD) rats originating from different sources
(Taconic, NY; Charles River, CA; and Simonsen, CA) were subjected to middle
cerebral artery occlusion (MCA-O), or to MCA-O combined with 60 min bilateral
common carotid artery occlusion (MCA-O/CCA). Infarct volumes were determined
by 2,3,5-triphenyltetrazolium chloride staining 24 h later. The mean cortical infarct
volumes (mm^ ± SEM) were:
Ch. River SD
Wistar
Simonsen SD Taconic SD
Surgery
2233 ±24
226.8 ±39
84.0 ±23
17.0 ±7
MCA-O
267.6 ±30
227.8 ±19
98.5 ±19
MCA-O/CCA 152.4 ± 21
The results indicate that animal line and differences in origin may dramatically
influence the infarct size in a rat model of focal ischemia.
Taconic SD rats had a lower mean arterial blood pressure (74.5 ± 2.7 mm Hg)
than Simonsen SD rats (102.9 ± 5.7 mm Hg) and a higher cortical infarct volume.
Although suppressing the blood pressure in Simonsen SD rats to the level observed in
Taconic SD rats increased the cortical infarct size (from 17.0 ± 7 to 113.6 ± 25.5), the
infarct volume was still lower than that of Taconic SD rats. This, together with a
group dependent effect of CCA occlusion suggests that the observed variability in the
outcome of ischemia may result from genetkAndividual differences in collateral blood
flow.

area.
Before 8 hours, the expression of TGF-8, superoxide
dismutase and interleukin converting enzyme are relatively stable.
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CYSTEINE
MAY
POTENTIATE
GLUTAMATE
NEUROTOXICITY IN HYPOXIC-ISCHEMIA IN NEONATAL
RATS. M^Puka-SundvaU*, A,..JLehoa^nn, M, Sandb.og and
H. Hagberg. Dept.of Anat. and Cell Biology, Univ. of Goteborg,
413 90 Goteborg, Sweden.
The aim of the study was to evaluate a possible role of cysteine
(cys) in glutamate (glu) toxicity during hypoxic-ischemia (HI) in
neonates. Rats (7-10 days) were subjected to unilateral HI for 100
min. Extracellular (ec) amino acids in cerebral cortex were
measured using microdialysis and HPLC and the changes were
correlated to the degree of damage 6h after the insult. HI induced
a 4Ox increase of ec glu and 3-fold increase of cys in infarcted
tissue, while no changes were observed in non-damaged regions.
The effect of cys on ec amino acid concentration was also
evaluated. A toxic dose of cys (1 mg/g sc) produced no changes in
the levels of ec glu but elevated alanine (2.5x), taurine (tau) (l^Ox),
and phosphoetanolamine (pea) (2.7x). Tau and pea increase was
blocked by MK-801 (1 mg/kg sc). The effect of cys and glu on cell
damage was evaluated in the arcuate nucleus of 4-days old rats.
Injection of glu (0.3, 0.5 and 0.8 mg/g sc) induced a dose-dependent
neuronal necrosis after 4h. Cys (0.5 mg/g sc) alone was not toxic,
whereras its co-injection with glu (0.3 and 0.5 mg/g) increased the
damage. These results show that cys potentiates glutamate
toxicity in neonates and indicate that this effect is probably not
mediated by an inhibition of glu uptake. Speculatively, Hi-induced
release of cys may exacerbate the injury caused by glu.
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NEONATAL
258.2

ADAPTATION FOLLOWING CAROTID ARTERY LIGATION
PRESERVES ATP DURING HYPOXIA IN NEONATAL RATS.
C.M.Hylton and F.A.Welsh*. Div. Neurosurgery,
Univ. Penna. Sch. Med., Philadelphia, PA 19104.
Ligation of one carotid artery in neonatal rats
triggers an adaptive response that by 24 hr
protects the brain against hypoxia.
The objective
of this study was to determine whether this
adaptation preserves brain levels of ATP during
hypoxia.
A group of 9-day-old Sprague Dawley rats
underwent unilateral carotid artery ligation,
followed 3 hr (N=I5) or 24 hr (N=I8) later by
exposure to hypoxia (8% O2) for 60 min.
At the
end of the period of hypoxia, the pups were flashfrozen in liquid N2, and the cerebral cortex was
assayed for ATP content.
In the cortex contralateral to the carotid ligation, ATP levels were
maintained at 2.09 ± 0.26 and 2.13 ± 0.21 mmol/kg
(mean ± SD) in 3-hr and 24-hr pups, respectively.
In the ipsilateral cortex, ATP levels declined to
0.39 ± 0.49 mmol/kg in 3-hr pups, but were
maintained at 2.04 ± 0.26 mmol/kg in 24-hr pups.
Thus, between 3 hr and 24 hr postligation,
adaptation occurred which preserved levels of ATP
during hypoxia. We speculate that carotid
ligation triggers vascular changes which preserve
cortical blood and, hence, ATP content during the
exposure to hypoxia.
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GLUCOSE AND OXYGEN DEPRIVATION EFFECTS ON INOSITOL
PHOSPHATE FORMATION IN BRAIN SLICES FROM IMMATURE AND
ADULT RATS. C. Sanfeliu, E. Rodriguez Farr6, S, Rivera* and R.M.
Cristdfol. Dept. of Pharmacology and Toxicology, Consejo Superior de
Investigaciones Cientfffcas, E-08026 Barcelona, Spain.
Ischemic brain injury induces alterations of phosphoinositide turnover.
Brain slice preparation may be a useful model to study the influence of in
vitro glucose deprivation, hypoxia and glucose-free hypoxia on the inositol
phosphate second messenger system. Cerebral cortex slices from 7-day-old
and adult rats were prelabelled with [3H]/zi>y>-inositol, and the basal and
neurotransmitter receptor agonist-induced [3H]inositol phosphate (InsP)
formation was determined in the following conditions: normal medium under
02, glucose-free medium, hypoxic medium under N2 and glucose-free hypoxic
medium. Glucose deprivation and hypoxia did not modify the basal InsP
formation, whereas glucose-free hypoxia induced an increase of about 170%
compared to normal conditions, either in immature or adult rats. In glucosefree hypoxic conditions, InsP formation induced by noradrenaline, carbachol
and several glutamate agonists was blocked at both ages studied. On the other
hand, transmitter receptor agonist-induced InsP stimulation in hypoglicemic
or hypoxic conditions showed differential effects depending on the animal
age. The basal InsP stimulation elicited by glucose-free hypoxia was inhibited
by the absence of extracellular Ca2+ and was not altered by glutamate and
carbachol receptor antagonists. These results suggest the involvement of Ca2+
homeostasis on the impairment of InsP second messenger cycle caused by in
vitro ischemia-like conditions. Supported by BIOTECH BIOT-CT93-224 and
FIS 93/0899E.
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258.4
CAFFEINE BLOCKS THE CEREBROPROTECTIVE ACTIONS OF PRECONDITIONING IN THE HYPOXIC-ISCHEMIC NEONATE. J.C. Fitzaibbons,

A.R. Shah. T.S. Park, and J.M. Giddav* Department of Neurosurgery,
and the Center for the Study of Nervous System Injury, Washington
University School of Medicine, St. Louis, MO 63110.
Recently we established a neonatal rat model of cerebral
preconditioning, wherein a sutolethal period of hypoxia confers
neuroprotection from a subsequent hypoxic-ischemic episode
(Neurosci. Lett. 168:221, 1994). We sought to impllcate adenosine in
the underlying mechanism by blocking or activating its receptors. 20
6-day-old rat pups from 4 litters received i.p. injections of the
adenosine receptor antagonist caffeine (10 mg/kg) 30 min prior to
hypoxic preconditioning, while remaining pups received a saline
vehicle (n=!8). 24 h later, all pups were subjected to a hypoxicischemic insult induced by left carotid artery ligation followed by 3 h
of normothermic hypoxia (8% O2). Injury analyses on day 14
revealed that, while preconditioning alone yielded only a 2%
hemispheric weight deficit, the addition of caffeine resulted in a 17%
deficit (p<0.003), not signifcantly different from the 23% deficit found
in non-preconditloned controls (n=ll, p>0.4). In separate ssudies,
hypoxic preconditioning on day 6 was replaced by an i.p. injection
of the A1 adenosine receptor agonist R-(phenyllsopropyl)adenosine (R-PI/A 0.3 mg/kg; n=23), while llttermates (n=25) received
saline vehicle. Following hypoxia-ischemia on day 7, and a 7-day
recovery, R-PIA treated pups showed a 26% improvement (p<0.01)
in hemispheric weight versus controls. These data support the idea
that the mechanism governing preconditioning in the brain may be
adenosine receptor mediated.

258.5
DEGRADATION OF CALPAIN SUBSTRATES IN NEONATAL
RAT HYPOXIA AND HYPOXIC-ISCHEMIA. K. Ostwald*-! A
McRae! E Bona-. T. C. Saido^. J-O. KarlssonVE. GillandL S.
Kawashima- and H. HagbergL institute of Neurobiology,
Medicinaregatan 3-5, S-413 90 Goteborg, Sweden. 2Tokyo
Metropolitan Institute of Medical Science, 3-18-22 Honkomagome,
Bunkyo-ku, Tokyo 113, Japan.
Degradation of fodrin (brain spectrin) and MAP-2 was studied in
seven-day old rats subjected to transient cerebral hypoxic-ischemia
(unilateral occlusion of the common carotid artery plus hypoxia, 7.7
% O2 for 1-5 h). Cortical tissue corresponding to an area known to
undergo infarction in the ipsilateral, hypoxic-ischemic hemisphere
but remaining undamaged in the contralateral, hypoxic hemisphere,
was assayed for fodrin degradation by SDS-PAGE and Western
blotting, using an antibody specific for the 150 kDa breakdown
product (BDP). The level of fodrin BDP in the hypoxic-ischemic
hemisphere doubled during hypoxic-ischemia (HI), was 3 times
higher than the controls after 30 min recovery and remained on this
level for 24 h. In the hypoxic hemisphere the amount of fodrin BDP
was unaltered at all time points. Immunohistochemical studies with
this antibody revealed staining of the cortex, hippocampus, striatum
and thalamus in the hypoxic-ischemic hemisphere 3 h after HI,
stronger after 24 and 48 h. The hypoxic hemisphere was also stained,
but less strongly, and only after 24 h recovery. An antibody against
MAP-2 stained undamaged tissue and clearly delineated the infarcts
at all time points.
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FREE RADICALS DAMAGE COMPRESSED DIABETIC PERIPHERAL NERVES.
Andrew M. Ress M.D.and Srdan Babovic M.D.. Michael F, Angel M.D., Michael J. Im Ph.D.,
A. Lee Dellon * M.D.. FACS and Paul N. Manson M.D., FACS Johns Hopkins Univ. 1206
Blalock, 600 N. Wolfe Street, Baltimore, MD 21287.
INTRODUCTION: Peripheral nerves in diabetes mellitus(DM) are more prone to injury than
those of non-diabetics. We sought to determine whether oxidative stress occurs in peripheral
nerves subjected to acute compression in chronically diabetic rats. METHODS: Animals were
divided into three groups: sham(S), compressed(C), and compressed /neperfused(CR) with
non diabetic (ND) controls. Diabetes was established by injection of streptozotocin
(6Omg/kg/IP). After 8 weeks of confirmed, untreated hyperglycemia, compression was
established by gently banding a sciatic nerve of female Sprague-Dawley rats, 250-275g, with a
1 cm long, 0.62 mm i.d. silastic tube, which was secured with 6-0 nylon. 24 hr later, nerves
were harvested and frozen for subsequent analysis. Tubes were removed from the CR group 1
hr prior to harvest. Blood flow to the nerve was quantified by systemically injecting fluorescein
(10 mg/kg/IV) 10 min prior to harvesting and levels measured fluorometrically. Nerve
homogenate was assayed for malonyldialdehyde (MDA), enzymes of glucose metabolism and
of cellular defense. Anti-oxidants deferoxamine(5Omg/kg/IV) or lazaroid U74389 (3mg/kg/IV)
were given prior to banding or tube release and MDA measured. RESULTS: A total of 160
diabetic nerves were analyzed. The results are summarized below.
Assav
Sham (S)
Compressed (Cl Comoress/reperfusedfCR)
Fluorescein1(DM) 32.Ot2.7 (6)
7.6±1.O (5)~
14.0*3.0 (5)*
MDA2
(DM) 46.7±5.1 (4)
95.2±8.4 (6)
176.O±33.O(6r
\dFI mg dry weight)2(pmoles/mg <± weight) *p<0.05 **p<0.01, one-way ANOVA
Compression reduced neural blood flow (p<0.01), which improved, but failed to return to
baseline levels following tube release. MDA levels rose significantly from baseline in both ND
controls and in DM nerves (p<0.01) after reperfusion, and was significantly abated by both
deferoxamine and lazaroid in DM nerves (p<0.01) CONCLUSIONS: Peripheral nerves in
diabetic rats are susceptible to oxidative stress to a greater degree than ND nerves.

EFFICACY OF LIMB COOLING IN THE PREVENTION OF
PERIPHERAL NERVE ISCHEMIC FIBER DEGENERATION. J. D.
Schmelzer*. M. Kihara. Y. Kihara. I. L. Smithson. P. J. Zollman and P.
A. Low. Department of Neurology, Mayo Clinic, Rochester, MN 55905.
We evaluated if hypothermia will prevent ischemic fiber degeneration
(IFD) of sciatic nerve (SN), produced by embolization of 2xlO
microspheres into the supplying arteries of left SN. The right
unembolized SN served as control. The limb was embolized at 37 °C
(GroupN), 32°C (GroupHyi><)>), and 28°C (GroupHy,+ +), and was
maintained at that temperature for an additional 4 h. End-points for the
embolized limb were 1. Behavioral scores; 0-11 in increasing limb
function; 2. compound nerve action potential (NAP, in mV) of sciatictibial nerve; 3. Sciatic nerve blood flow (NBF, in ml/lOOg/min); 4.
Histologic grade, expressed as % of fibers undergoing IFD (O=<5%;
1=5-25%; 2=26-50%; 3=51-75%; 4=>76%). NBF was reduced in all
groups, varying with temperature, and all indices were significantly less
abnormal with hypothermia (Table; 5=p<0.001; 0=P<G-O1). We
conclude that hypothermia, easily achievable in a limb nerve, is highly
efficacious in the prevention or rescue of nerve from IFD.
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Group
N
Hypo+
Hypo+ +

NBF

Behavior

NAP

Histologic

ll.O±O.7
8.5 ±0.3
7.4 ±0.4

0.0 ±0.0
5.6 ±0.8*
10.4 ±10*

O.O±O.O
2.^±1.54
3.2 ±10*

33 ±0.5(4)
O8=±OJ33^>/
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EFFECT OF CILOSTAZOL ON EXPERIMENTAL DIABETIC
NEUROPATHY. M. Kihara*. J. D. Schmelzer. N. Nakao and P. A.
Low. Department of Neurology, Mayo Clinic, Rochester, MN 55905.
We evaluated the effects of Cilostazol, an antiplatelet drug with
vasodilator properties, on nerve blood flow (NBF) and electrophysiology
to determine whether it would improve experimental diabetic neuropathy
(EDN). We examined whether epineurially applied Cilostazol could act
as a vasodilator in peripheral nerve of normal and diabetic rats, and
whether feeding the rats a Cilostazol-supplemented diet could improve
diabetic neuropathy. Cilostazol increased nerve blood flow (NBF) in a
dose-dependent fashion with an EC5O of 10'5-74M. Cilostazol also
normalized NBF in diabetic neuropathy with a l0* M local application
on sciatic nerve. In the diet study, STZ-induced diabetes caused a
reduction in NBF and abnormal nerve conduction velocities and CMAP
and NAP amplitudes. In EDN, a Cilostazol-supplemented diet improved
NBF and nerve conduction in a dose and time-dependent fashion. We
suggest that Cilostazol reverses nerve ischemia and gradually improves
their electrophysiology. Cilostazol may have potential in the treatment
of diabetic neuropathy.

EFFECT OF A-TOCOPHEROL-DEFICIENCY ON INDICES OF
OXIDATIVE STRESS IN NORMAL AND DIABETIC PERIPHERAL
NERVE. K. K. Nickander. D. A. Rohwer, J. D. Schmelzer and P. A.
Low*. Department of Neurology, Mayo Clinic, Rochester, MN 55905.
Experimental diabetic neuropathy (EDN) results in significant
oxidative stress (OS). a-Tocopherol (AT) is the most important
intracellular chain-breaking antioxidant, and its deficiency has resulted in
a length-dependent sensory axonopathy, especially in the dorsal columns
of spinal cord. We examined if a diet deficient in AT will deplete plasma
and tissues of AT and evaluated its importance in peripheral nerve by the
effect of its deficiency on several indices of OS. We measured reduced
glutathione (GSH), conjugated dienes (CD), and hydroperoxides
(ROOH) of sciatic nerve, dorsal root and superior cervical ganglia, in
controls and EDN. We also evaluated the efficacy of AT
supplementation in preventing generation of OS. An AT-deficient diet
resulted in a rapid depletion of the vitamin in plasma and sympathetic
neurons (superior cervical ganglion), and a slower depletion in sensory
neurons (dorsal root ganglion) and nerve. The depletion was associated
with a reduction in GSH and increase in CD and ROOH in normal rats,
and resulted in similar changes or accentuated the abnormalities in EDN.
Changes were more pronounced at 1 month than 3 months, and AT
supplementation, for the most part, did not prevent the abnormalities.
We conclude that it is possible to deplete tissues of the vitamin with a
deficient diet and that such a deficiency will result in increased OS in
otherwise normal nerves, and will further augment such stress in EDN.
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THE EXCITATORY ACTION OF AMYOTROPHIC LATERAL SCLEROSIS
SERA ON NEUROMUSCULAR TRANSMISSION AND WHOLE-CELL
CALCIUM CURRENTS. Thomas J. O'Shaughnessy. Lawrence H. Phillips and
Yong 1. Kim.* Departments of Biomedical Engineering and Neurology, University

A ROLE FOR AMPLIFIED PKC ACTIVITY IN THE
PATHOGENESIS OF ALS. R.A. LaniusTH.B. Paddon. M. Mezei, C.

Amyotrophic lateral sclerosis (ALS) is an aggressive neuromuscular disease in
which the upper and lower motor neurons are progressively destroyed. The cause of
ALS is unknown, but in recent years several studies have implicated a possible
autoimmune process in the pathogenesis of the disease. Uchitel et al. (Proc. Natl.
Acad!. Sci. 85: 7371, 1988) showed that ALS antibodies can cause an increase in
MEPP frequency at the neuromuscular junction (NMJ), while other studies have
shown that ALS IgG blocks L-type calcium channels in mammalian skeletal muscle
(Delbono et al. J. Physio!. 444:723, 1991) and enhances P-type calcium current in
mammalian Purkinje cells (Llinas et al. Proc. Natl. Acad. Sci. 90: 11743, 1993).
In order to determine the effect of ALS on the NMJ, mice were injected with 1 ml
of ALS or control serum for a period of 3 days, and MEPPs and EPPs were
recorded from the phrenic nerve/diaphragm muscle preparation. Of the 20 patients'
sera tested, 11 were found to significantly increase either the MEPP frequency, the
quantal content or both. Of the remaining 9 sera, 6 did not produce a significant
increase, while the remaining 3 caused a significant decrease in quantal content.
Overall, 55% of the patients' sera tested caused an increase in either MEPP
frequency (30-130% increase) or quantal content (40-190% increase).
Bovine adrenal chromaffin ceils were incubated for 30 minutes in 25% ALS or
control serum in order to determine its effect on whole-cell Ic„. Of the six patients'
sera tested, 4 were capable of producing increases in Ic The effect varied between
experiments from no change in Ic to a 49% increase. This finding is consistent
with the observed increases of MEPP frequency and quantal content seen at the
NMJ. (Supported by NIH grant NS18607 and the Muscular Dystrophy Association)

and Kinetek Biotechnology Corporation, c/o Dept, of Anatomy, University of

of Virginia School of Medicine, Charlottesville, VA 22908.

Krieger, S.L. Pelech, & C.A. Shaw, Neuroscience Programme, Depts. of
Medicine, Physiology, and Ophthalmology, Biomedical Research Centre,

British Columbia, Vancouver, B.C., V6T1Z3, Canada.
Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disorder of

unknown origin which is characterized by progressive degeneration of

corticospinal tracts and anterior horn cells in the spinal cord, usually leading
to death. Previous studies have indicated that motor neuron degeneration

associated with ALS may be triggered by mechanisms leading to increased
intracellularcalcium(Ca2+). Exaggerated phosphorylation mediated by
Ca24-activated phosphollpid-dependent protein kinase C (PKC) as a result

of increased intracellular Ca2+ from sustained activation of glutamate

receptors and/or voltage-gated Ca2+ has been implicated in neuron death.
We therefore examined the activity and expression of PKC in control and
ALS patients. Only the alpha isoform of PKC was detected in spinal cords

from ALS patients and control subjects. In patients who died with ALS, PKC
histone H1 phosphotransferase activity was increased by 100% in cytosolic

and 300% in particulate-derived extracts. The activity levels of PKM, a
catalytically active fragment of PKC, were elevated by 350% in cytosolic and
340% in particulate-derived extracts. No changes in the amount of PKC or

PKM protein were observed. The present data support a role for PKC in the
events leading to motor neuron death in sporadic ALS.

260.3

260.4

TOXICITY OF AMYOTROPHIC LATERAL SCLEROSIS SERA ON
PURIFIED EMBRYONIC RAT MOTONEURONS IN VITRO. W. Camu. F.
Bacou* and C.E. Henderson. Biochimie CNRS-INSERM, B.P. 5051,
34033 Montpellier, France.
Among the pathogenetic mechanisms that have been proposed to
account for motoneuron loss in amyotrophic lateral sclerosis (ALS), the
possible existence of cytotoxic auto-immune antibodies has received
considerable attention. The conflicting results in the literature may reflect
the use of different experimental species and clinical forms of ALS, and
the fact that none of the studies used identified motoneurons.
We recently developed a metrizamide-panning method for purification
of E14 rat spinal motoneurons, which develop and survive • well in culture.
Using this system, we analysed the toxicity of dialysed sera from 38 ALS
patients and 22 control patients with other neurological disorders. Sera
were added after 1 d in culture in the presence of muscle extract, and
motoneuron survival was quantified 24 h later, either by direct counting
or using the fluorescent vital dye BCECF.
At low serum concentrations (1% v/v), survival of motoneurons in the
presence of ALS sera was significantly lower than in control sera
(p<0.005, ANOVA). Individually, 25% of the ALS sera were found to be
highly toxic at 1% (mean survival below the 95% confidence interval for
controls). Patients in this group were not correlated clinically (sex, age at
onset, duration of disease). The highly toxic sera had no influence on
purified motoneurons from E5 chicken spinal cord, suggesting that the
effect is species-specific. Identification of the cytotoxic factor is currently
in progress; it is unlikely to be glutamate, as the sera were dialysed.
These results suggest that the presence of cytotoxic antibodies is not a
feature of all ALS sera, but that a sub-group of patients do present a
serum toxicity that may help in understanding the pathogenesis of ALS.

SERUM
IMMUNOGLOBULINS FROM
PATIENTS
WITH
AMYOTROPHIC
LATERAL
SCLEROSIS
(ALS)
KILL
MOTONEURON-HYBRID CELLS BY APOPTOSIS.
A. Hahih Mirf^i^nwd. R.G. Smith. M.K. Akoxanii, L.V. Colom and
S.H. Appel*. Dept. of Neurology, Baylor College of Medicine,
Houston, TX 77030.

Supported by A.F.M., I.R.M.E., C.N.R.S. and l.N.S.E.R.M.
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ALS
is a fatal human neurodegenerative disease, whose
pathophysiology is not known. Serum hnmunog>lobutins (IgG) from
ALS patients selectively kill an immortalized hybrid cell line of
motoneurons (VSC 4.1), after differentiation in the presence of cyclic
AMP (R.G. Smith et al. 1994 Pmc. NaA Acad Sci. USA 91, 33933397). Our efforts to understand the mechanism of this cell death
reveal that ALS-IgG treated cells show shrunken cell bodies and
blebbing of cell surface, which are morphological criteria for
apoptosis. Further, the ALS-IgG initiated cell death is averted for two
days in the presence of cydohexanide, an inhibitor of protein synthesis
and prevented following the addition of aurintricarboxylic acid, an
inhibitor of nucleases. Genomic DNA isolated from these ALS-IgG
treated cells shows extensive DNA laddering, a biochemical hallmark of
programmed cell death. Early signs of nuclear DNA damage can also
be visualized by w si9t end labeling of nicked DNA strands with
deoxyuridine in the presence of deoxynudeotide transferase. These
data suggest that IgG from ALS patients may kill motoneurons by an
apoptotic mechanism.
(Supported by Baylor MDA ALS Research and Clinical Center, the
M.H. "Jack" Wagner Memorial Fund and Cephalon, Inc.).
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AMYOTROPHIC LATERAL SCLEROSIS IgG ENHANCES BRAIN CALCIUM
CURRENTS EXPRESSED IN XENOPUSOOCYTES. D.R. Mosier*, O. Delbono,

CULTURE CELL AND TRANSGENIC MODELS OF FAMILIAL
AMYOTROPHIC LATERAL SCLEROSIS LINKED TO MUTATIONS IN
SUPEROXIDE ■ DISMUTASE 1 (SODf). PC Wong1'5, DR Borchelt^. MK
Lee4. M Guarnieri5. HH Slunt5, CA Pardo1'5. Z-S Xu4. RH Brown6. DL
Price*1'3,5. SS Sisodia^. NA Jenkins7. NG Copeland7, and DW
Cleveland3^
Departments
of
'Pathology,
2Neurology,
and
3Neuroscience, 4Biological Chemistry, 5Neuropathology Laboratory, The

P. Maver, R. Olcese. R.G. Smith. S.H. Appel, and E. Stefani. Depts. of
Neurology and Molecular Physiology & Biophysics, Baylor College of Medicine,

Houston, TX 77030.
Many patients with the sporadic form of amyotrophic lateral sclerosis (ALS)
have serum antibodies to voltage-gated calcium channels, suggesting a
possible autoimmune contribution to the pathogenesis of this illness (R.G.
Smith et al., N. Engl. J. Med. 327:1721, 1992). ALS immunoglobulins can
enhance P-type calcium currents in Purkinje cells (R. Uinas et al., P.NA..S.
90:11743, 1993), and FTX-sensitive calcium currents in a motoneuron cell line
(D.R. Mosier et al., Soc. Neurosci. Abs. 19:196,1993). However, it is not dear
whether ALS immunoglobulins can alter calcium entry through other types of
neuronal calcium channels.
To address this question, we have used the cut-open oocyte voltage damp
technique to measure voltage-gated calcium currents expressed in Xenopus
oocytes after injection of rat brain messenger RNA. Immunoglobulins from ALS
patients, but not control patient immunoglobulins, increased the magnitude of
calcium currents expressed in injected oocytes. Although injected oocytes
expressed both FTX-sensitive and o-conotoxin GVIA-sensitive current fractions,
calcium current increases due to ALS IgG could be prevented by pretreatment
with o-conotoxin GVIA, but not by pretreatment with FTX. These observations
suggest that ALS immunoglobulins may interact with an o-conotoxin GVIAsensitive calcium channel to amplify calcium currents in this model system.
These findings further indicate that ALS immunoglobulins may interact with
multiple types of neuronal voltage-gated calcium channels (possibly via a
conserved epitope) to increase calcium entry, which may lead to injury in
susceptible cells. [Supported by grants from MDA, NIH, and Cephalon, Inc.]

Johns Hopkins University School of Medicine, Baltimore, MD 21205;
6Day Neuromuscular Res. Lab., Charlestown, MA 02129; 7Mammalian
Genetics Laboratory, Frederick, MD 21703
Familial amyotrophic lateral sclerosis (FALS), a motor neuron disease,
has been linked to 16 different mutations in Cu/Zn SOD1, Following
expression in cultured primate cells, an analysis of six mutants revealed
one (G85R) to be inactive, but all others possessed between 50 and
150% of normal specific activity. The measured half-life of wild-type
polypeptides was >30 hours; all mutations diminished polypeptide halflife by 30-75%. One mutant (G37R) possessed high specific activity and
significant half-life (13 hours). In transformed lymphocytes from an
individual heterozygous for G37R and wild-type SOD1 genes, efficient
heterodimerization of G37R and wild-type subunits were evident, but the

stability and activity of the wild-type subunit were unaffected. This lack
of dominant negative effects on wild-type enzyme and the remarkably
small diminution in mutant protein activity suggest that in the case of
G37R SOD 1, FALS pathogenesis involves a gain of deleterious function.
To test this hypothesis 20 G37R SOD /transgenic founders have been
generated and are being monitored for signs of motor neuron disease.

260.7

260.8

MOTONEURON UPTAKE OF IGG IN ALS IS NOT AN IMMUNE SPECIFIC
PROCESS. P.S. Fishman*. D.A Parks and D.B, Drachman. Baltimore VAMC and
Depts. of Neurology of the Univ. of Maryland Sch. of Med. and the Johns Hopkins
Univ. Sch. of Med., Baltimore, MD.
Although amyotrophic lateral sclerosis remains a disease of unknown cause,
autoimmunity may play a role in some cases. Part of the evidence that abnormal
antibodies are involved in the pathogenesis of ALS comes from the observation that
IgG can be found in the motoneurons of ALS patients more frequently than in
controls (Engelhardt and Appel, 1990). IgG along with other serum proteins has also
been localized to motoneurons in normal animal and human tissue. We wished to
determine if the IgG found in ALS tissue at autopsy was localized to motoneurons by
an immune specific or non-specific process. To evaluate this question we examined
tissue from nine patients with ALS with immunocytochemistry to detect IgG, IgM
and alpha-2-macroglobulin.(a2Mac). a2Mac was chosen as an indication of nonimmune specific internalization since it is present in the sera at a concentration
similar to IgG but has a molecular weight similar to IgM. We have previously
detected a2Mac along with other plasma proteins in the CNS of human autopsy
tissue. In spite of the reduced number of motoneurons in the spinal cords of a Ls
patients, IgG and a2Mac could be detected in all 9 cases. There was a close concordance between the IgG and a2Mac immunolabeling of motoneurons in spite of
the variability in number and intensity of motoneuron labeling between tissue
samples. There was little tissue labeling with antibodies against IgM. The presence
of a non-immune plasma protein such as a2Mac in a similar distribution and with a
similar intensity as IgG implies that motoneurons in patients with ALS internalized
these proteins by non-selective endocytosis of extracellular fluid.

DISSOCIATION OF THE THRESHOLDS OF EXCITATORY AND INHIBITORY
EFFECTS EVOKED BY MAGNETIC CORTICAL STIMULATION IN
AMYOTROPHIC LATERAL SCLEROSIS (ALS)
K . Niijima* and M . Kano. Dept . of Neurology, Jichi Medical School, Tochigi 329-04,
Japan.
Magnetic cortical stimulation (MCS) evokes the motor potential (MEP) and the
following tansient electromyographic silent period (inhibitory period) during sustained
contraction. We studied both the MEP and the inhibitory period elicited by MCS in
patients with motor neuron disease (LIND). We administered MCS at rest and during
slight voluntary contraction of intrinsic hand muscles to 19 patients with ALS, 4 patients
with Kennedy Alter Sung syndrome (KAS) which involved only lower motor neurons,
and normal subjects. We employed 4 parameters including central motor conduction
time (CM(7l’ ), resting motor threshold (RMT), voluntary contraction motor threshold
(VMT), and inhibitory period threshold (IPT). In ALS patients with predominant upper
motor neurons' lesion, both RMT and VMT were elevated, compared with those of
normal controls and VMT tended to be higher than IPT. On the other hand, in KAS and
ALS patients with predominant lower motor neurons' lesion, neither RMT nor VMT
were significantly elevated, and VMT and IPT were almost equal. These results suggest
that excitatory effect of M(3S is more susceptible to pathophysiological process of ALS
than inhibitory one. Moreover, RMT and VMT seem to be better parameters of the
pyramidal tract impairment than CMCT in ALS.
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REDUCTION IN NEURONAL SIZES IN PREFRONTAL CORTEX
OF SCHIZOPHRENICS AND HUNTINGTON PATIENTS.

SEX DIFFERENCES IN NEUROANATOMICAL AND CLINICAL
CORRELATIONS IN SCHIZOPHRENIA P.E. Cowell*.D.J.
Kostianovskv. R.C. Gur and R.E. Gur. Mental Health Clinical Research
Center, Dept. of Psychiatry, Univ.of Pennsylvania, Philadelphia, PA 19104.
Studies of normal humans have found that neuroanatomical correlates of
behavior are often different in men and women. Although previous studies
of patients with schizophrenia have examined the relationships between
brain structure and clinical symptomatology, few have addressed sex
differences. To investigate possible dimorphisms, correlational analyses
between clinical scales and neuroanatomical volumes were performed
separately for male and female patient groups. We studied whole brain
(WB), frontal (F) and temporal (T) lobe volumes, three measures
implicated in the neuropathology of schizophrenia. WB, F and T volumes
were obtained from the MRIs of 91 patients with schizophrenia (54 men;
37 women), ages 18-50 years. Axial spin-echo images (5mm) were
acquired (TR=3OOO ms; fE=3O and 80 ms). Using semiautomated computer
software, neuroanatomical borders for WB were drawn on original MRIs;
borders of the F and T lobes were drawn on MRIs resliced along the ACPC axis. Then, the computer program calculated WB, F and T volumes
based on brain- and CSF-segmented slice data. Brain volumes were
corrected for cranial volume within sex since neuroanatomical correlations
with cranial volume differed signficantly between men and women. Four
independent symptom scales were obtained from clinical data (Gur et al.,
Am J Psychiatry, 151:343-350). Scales were based on the following
symptom clusters: Negative symptoms (Scalel); Disorganization (Scale2);
Schneiderian delusions and /hallucinations (Scale3); Suspicion/hostility
(Scale4). Scores on Scale2 correlated negatively with WB and F volume in
men. In women, Scale2 correlated positively with F volume. Thus, men with
higher disorganization scores had smaller brains and F lobes, but the
opposite was true for women in the F lobe. Scores on Scale4 were
positively correlated with F volume in women, but were not related to any
brain measure in men. These data suggest that the neuropathological
basis for schizophrenia may differ between male and female patients.

Rajkowska*. L.D. Selemon and P.S. Goldman-Rakic. Dept. Psychiatry,
Univ. Mississippi Medical Center, Jackson, MS 39216 and Sect.
Neurobiol. Yale Univ. School of Medicine, New Haven, CT 06510
Our previous analysis of dorsolateral prefrontal cortex revealed elevated
neuronal density in schizophrenics (SCH), increased glial density in
Huntington’s diseased (HD) patients, and reduced cortical thickness in
both diseases. In order to determine whether these abnormalities are
accompanied by alterations in somal sizes, neuronal perikaria were
measured in prefrontal area 9 in 10 SCH, 8 HD and 11 neurologically
normal brains. Neuron soma sizes were estimated for each cortical layer
by tracing the outlines of 272-1799 cell profiles per brain and estimating
the diameters of equivalent circles. Mean diameters for each brain were
then used to calculate means for the 3 groups. Histograms in which somal
diameters from all brains within a diseased group were pooled were
compared as well. Mean somal sizes were smaller in layers III, V and VI in
both diseases compared to normals. Further analysis of size distribution
histograms for these layers revealed a 3-18% increase in the proportion of
small and medium sized neurons for both SCH and HD and a 4-21%
decrease in the proportion of large and very large neurons with the most
dramatic changes in soma sizes occurring in layer V in SCH and layer VI
in HD. These findings are consistent with our previous observation of
disproportionately reduced thickness and increased neuronal density in
layer V in SCH and with reports of degeneration of pyramidal projection
neurons in layer VI in HD. In line with our earlier studies showing that the
pattern of alteration in cortex is different for SCH and HD patients, our
present results indicate a differential vulnerability of specific neuronal
classes in the two diseases, as well as a common pathology of large
neurons that may contribute to the frontal lobe dementia present in both
diseases.
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PARCELLATION OF HUMAN PREFRONTAL CORTEX USING HIGH
RESOLUTION MRI: A VOLUMETRIC STUDY OF SCHIZOPHRENIC
AND CONTROL SUBJECTS. C.G. Wiblt* M.E. Shenton. H, Hokama. R.
Kikinis. F, Jolesz. and R.W. McCarley. Department of Psychiatry, Harvard
Medical School, Brockton VAMC, Brockton, MA 02401
Prefrontal cortex abnormalities have been implicated in schizophrenia in
studies examining functional measures such as cerebral blood flow and glucose
utilization. Studies using magnetic resonance imaging (MRI) of the prefrontal
cortex have been inconsistent, with some studies finding reduced volume, and
others finding no abnormalities. One possible source of inconsistencies could
be the large volumes of cortex measured in the studies. Small circumscribed
abnormalities might be missed in measurements that include the entire prefrontal cortex. A method for subdividing the prefrontal cortex into separate
anatomical regions was developed using information from MRI slices and 3-D
reconstructions of the cortical surface. Fourteen chronic schizophrenics and 15
control male right-handed subjects were matched on age, IQ, and parental SES.
MRI scans were obtained using a 1.5 Tesla magnet, and 1.5 mm slices were
obtained through the entire brain. Prefrontal gray matter volume was measured
using semi-automated image processing procedures on a SUN workstation. A
MANOVA using the factors group (schizophrenic versus control), area (orbital
region, inferior frontal gyrus, middle frontal gyrus, superior frontal gyrus, and
cingulate gyrus), and side (right or left), showed no significant effects between
groups. The subjects used in this study were previously found to show leftlateralized abnormalities in several temporal lobe structures. The results show
that, at least in this group of mainly positive symptom schizophrenics, prefrontal cortical volume is not detectably abnormal, even when small anatomical regions are measured separately.

DECREASED NEURON SIZE IN HIPPOCAMPAL SUB HELDS
THAT MEDIATE CORTICAL-HIPPOCAMPAL
INTERACTIONS IN SCHIZOPHRENIA. S.E. Arnold*. B.R.
Franz. J.O. Trojanowski. Departments of Psychiatry, Neurology and
Pathology and Laboratory Medicine, University of Pennsylvania
School of Medicine, Philadelphia, PA 19104-4283.
The hippocampal formation in patients with schizophrenia was
characterized with measurements of neuron density, neuron size,
and variability of neuronal axis orientation. Blind, morphometric
measurements were conducted with a computer based, automated
image analysis system on 8 hippocampal regions of interest and 2
cortical control areas in 14 prospectively evaluated elderly patients
with chronic schizophrenia and 10 non-psychiatric elderly controls.
Patients exhibited a decrease in neuron size in all hippocampal and
entorhinal subfields (ANOVA, p<.05). Individual regional
analyses found significance only for the subiculum (p<.01) and
layer II of the entorhinal cortex (p<.05), and a trend towards
significance in CA1 (p<0.08), while size in control cortices was
nearly identical in both groups. No significant differences in
neuron density or in variability of neuronal axis orientation for any
region were identified. Multiple regression analyses revealed that
the findings could not be attributed to potential confounding
variables. The smaller size of neurons in these subfields may
reflect the presence of structural and/or functional impairments that
disrupt important hippocampal-cortical connections, which in turn
could have important behavioral sequelae. (Supported by NIH
MH00978, MH43880, MH00586)
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AN MRI STUDY OF THE SUPERIOR TEMPORAL GYRUS
IN
MONOZYGOTIC TWINS DISCORDANT FOR SCHIZOPHRENIA AND IN
HEALTHY TWINS K.Vladar*. J.J. Kuhnvc^ D. W. Jones. E. F. Torrev and D. R.
Weinberger Clinical Brain Disorders Branch, IRP, NIMH, Neuroscience Center at
St. Elizabeths, Washington, DC 20032
Recent MRI morphometric studies in schizophrenia indicate localized reduction
in the volume of the superior temporal gyrus on the left side of the brain. (Barta et
al. 1990; Shenton et al. 1992), correlating this reduction with the severity of auditory
hallucinations or of thought disorder, respectively. However, both studies were
conducted on a certain and arbitrarily selected number of serial slices, thus
confounding the interpretation of the results. We developed a method to measure the
STG on serial slices in the coronal plane, including the volume from the temporal
pole to the endpoint of the sylvian fissure. These landmarks were first determined on
3-D renderings of the lateral cortical surface, then transported to the coronal slices.
Right handed, male monozygotic twins -- 6 pairs discordant for schizophrenia and 4
pairs of healthy twins — were examined in the study, to enhance the power of the
desing. By repeated measures ANOVA, there was no significant main effect of
diagnosis or of side and there was no significant interaction of the above (all p>0.2),
between the affected and the unaffected twin-group. A separate analysis —comparing
the affected subjects with the unaffected and the healthy subjects by MANCOv Awas conducted. Though this did not result in a significant main effect of diagnosis,
there was a significant side effect (p<0.006), the left side being bigger than the right.
This effect was explained by asymmetry of the planum temporale, as reported
previously (Vladar et al. 1993). Our investigation does not support earlier reports of
differences in the superior temporal gyrus, other than the expected planum temporale
finding.

DECREASED LEFT HIPPOCAMPAL VOLUME IN EARLY VERSUS LATE
ONSET SCHIZOPHRENIA: A CONTROLLED MRI STUDY.
H.A.
NASRALLAH*. S.C. OLSON, S. SHARMA. M. KEMMERER. Department
of
Psychiatry/The Neuroscience Program,
Ohio
State
University, College of Medicine, Columbus, OH 43210
There are several reports of reduced hippocampal volume
in the brains of patients with schizophrenia, both
postmortem and on in vivo MRI scans.
However, some
studies have failed to detect "hypoplasia" of the
hippocampus in schizophrenia,
casting doubt on the
neurodevelopmental
hypothesis
of
structural
brain
abnormalities in patients with schizophrenia. We report
here that hippocampal hypoplasia may be a neuroanatomic
feature of early but not late onset schizophrenia.
DSM-III-R schizophrenic (N=57, mean age = 32.6 + 7.1
years, duration of illness = 9.8 + 6.1 years) and healthy
volunteers (N=35, mean age = 29.3 + 7.6) consented to
participate in the study. Al received MRI scans (GE =1.5
Tesla, TI = 800 ms, TR = 1500 ms). The hippocampal volume
(right and left) was measured using an image-analysis
system.
The mean
left
hippocampal volume
in the total
schizophrenia sample (230.42 + 54.83) was not different
from that of the control group (229.39 + 40.93).
There
were no differences in the right hippocampal volume as
well.
However, the left hippocampus was significantly
(P=.O385) smaller (215.07 + 49.82) in early onset (below
21 years, N=I8) versus late onset (above 25 years, N=I9,
249.93 + 48.76).
These data suggest that hippocampal
hypoplasia
(and,
implicitly,
neurodevelopmental
impairment)
occur in early but not in late onset
schizophrenia. The inconsistent literature may be due to
differing age of onset composition of the various samples.
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ALTERED GAP-43 AND SYNAPTOPHYSIN LEVELS IN VISUAL
ASSOCIATION CORTICES FROM SCHIZOPHRENIC BRAINS. A.C. Sower*.
R. BeLue. E.D. Bird, and N.I. Perrone-Bizzozero. Departments of Chemistry and
Biochemistry, University of New Mexico, Albuquerque, NM, 87131 and McLean
Hospital, Belmont, MA, 02178.
To investigate the molecular properties of synaptic connections in
schizophrenia, we measured the levels of the synaptic markers GAP-43 and
synaptophysin in primary (A 17) and associative visual (A2O) cortices. GAP-43
is a neuronal phosphoprotein localized to the presynaptic membrane and is
associated with the development and remodelling of synaptic networks.
Synaptophysin is a synaptic vesicle membrane protein required for
neurotransmitter release. Here we report multiple analysis of 8 schizophrenic and
10 control samples from A17,6 schizophrenic and 6 control samples from A2O
and 4 non-schizophrenic neuropsychiatric disorder samples using both Western
blotting and dot blotting procedures described previously (Soc. Neurosci. Abst.,
19:200, 1993.) Analyses revealed a statistically significant 200% increase in
GAP-43 levels and a 33% decrease in synaptophysin levels in visual associative
cortical areas from schizophrenic brains. A17 revealed no significant differences
specific to schizophrenic brains.
To exclude the possibility of a
neurodegenerative process in schizophrenia, we also measured the levels of GFAP
in A17 and A2O. There were no significant differences found in either area.
Given the relationship of GAP-43 expression with the early establishment and
remodeling of neural connections and the role of synaptophysin in appropriate
function of mature synapses, our results support the hypothesis that
schizophrenia is a developmental disorder associated with a perturbed organization
of synaptic connections in the brain, possibly through the presence of more
immature/plastic synaptic connections in associative brain regions. Supported in
part by the Scottish Rite Schizophrenia Research Program, UNM Research
Allocation Committee Funds, GE and GAANN Fellowships , MARC
Scholarship, the NIH MH-31862. and GM-08139.

INCREASED NUMBER OF [1251] BH-SUBSTANCE P
BINDING SITES IN STRIATUM IN SCHIZOPHRENIA.
L Riou/and JIS Joyce Depts. of Psychiatry and Pharmacology,
Univ. of Pennsylvania SCh. Med., Philadelphia, PA, USA.
We quantified by receptor autoradiography the number of
NK1 receptors, labeled by [1251] BH-substance P, in the
striatum of patients suffering from Schizophrenia and nonneurologic controls. Preliminary results show a significant
elevation of NK1 sites in the caudate (170 %) and the nucleus
accumbens (183 %) of schizophrenic patients when compared
to controls. This increase may reflect responses to altered
release of substance P by striatal neurons in response to
blockage of dopaminergic transmission by neuroleptics. We
have observed an increase of NK1 receptors in the striatum of
patients suffering from Parkinson's Disease (Rioux et al., 1993,
J. Neural Transm. 6(3):199). The increase in striatal NK1
receptor density in schizophrenic patients may be involved in
the development of certain antipsychotic drug-induced
extrapyramidal (parkinsonian) side effects seen clinically.
Since substance P also modulate the activity of the
hippocampus, we looked for changes in that structure.
Analysis of the temporal lobe is in progress. Funded by MH
49880, AG09215 to JNJ, and a Pilot grant from
Alzheimer's Association, FRSQ and NIH fellowships
to LR.
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COMPARISON OF HIPPOCAMPAL MOSSY FIBER ZINC
LEVELS IN SCHIZOPHRENIC AND NORMAL HUMAN
POSTMORTEM BRAIN. C. E. Adams' and R. Freedman.
Department of Psychiatry, University of Colorado Health Sciences
Center, Denver, CO 80262
Schizophrenic patients exhibit marked deficits in memory
and learning, behaviors commonly associated with the hippocampal
'formation. Recent rat studies indicate that the performance of a

spatial memory task is dependent upon hippocampal mossy fiber
zinc levels. Loss of mossy fiber zinc, as a result of aging or
chelation with drugs, impairs the learning of a water maze task.
Memory and learning deficits characteristic of schizophrenic patients
might be due, therefore, to alterations in hippocampal mossy fiber
zinc levels. The goal of the present study was to determine whether
hippocampal mossy fibers from postmortem schizophrenic brains
exhibit significantly lower levels of zinc compared to matched
normal controls. Mossy fiber zinc within transverse sections of
hippocampus from schizophrenic and normal postmortem human
brains was visualized by a modified Timm’s silver staining technique.
The relative optical density of the silver-stained mossy fibers in each
section was measured with an image analysis system. Comparison
of the relative optical density values revealed no significant
differences in the levels of zinc within mossy fibers in schizophrenic
and normal postmortem human hippocampus. Loss of hippocampal
mossy fiber zinc does not appear to underlie the memory and
learning disorders observed in schizophrenia.

TUESDAY AM
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MESOPONTINE NOS CONCENTRATIONS IN SCHIZOPHRENIA

C.N.Karson*i, W.S.T. Griffin2, R. E. Mrak1, M. Husain1. T. M.
Dawson3, S. H. Snyder3. ‘Dept’s of Psychiatry and Pathology, Univ of
Arkansas for Medical Sciences and VA Medical Center, Little Rock,
AR 72205. *Dept of Pediatrics, Arkansas Childrens Hospital, Little
Rock, AR 72205.3Dopt of Neuroscience, Johns Hopkins Univ,
Baltimore, MD 21205-2185
Using nouromorphomotric methods, we previously found that
schizophrenics have increased numbers of nitric oxide synthase* (NOS+)
neurons in the pedunculopontino nucleus (PPN). In the current study,
we measured NOS concentrations in the brain region containing the
PPN to see if schizophrenics also have an increase in NOS
concentration.
SUBJECTS AND METHODS: Brain tissue from the left mesopons was
obtained at autopsy from 8 veterans with schizophrenia (mean age = 63
± 8 years, and 7 normals under 80 years of age (mean age = 64 ± 11
years). Mesopontine NOS concentrations were determined through
western immunoblot analyses of the frozen tissue using an antibody to
neuronal NOS.
RESULTS: As predicted, patients with schizophrenia had significant
increases is mesopontine NOS concentrations (0.11 ± 0.07 versus 0.05 ±
0.03 ng/pg protein, p < 0.05, one-tailed t test). Similar trends were
noted in a lesser number of subjects in cerebellar vermis.
CONCLUSIONS: These data support our suggestion that
schizophrenia may be associated with a process that involves NOSrelated nourochomical systems in the brainstem reticular formation.
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PRELIMINARY INVESTIGATION OF THE PEDUNCULOPONTINE
NUCLEUS IN SCHIZOPHRENIA. R.M. Zweiq'. K.F. Manave. C. Cook.
T.J. Swierqiel, and D.C. German. Dept. of Neurol., LSU Med. Cntr.,
Shreveport, LA 71130 and Dept. of Psychiat., UT Southwestern Med.
Cntr., Dallas TX 75235
Karson et. al. reported larger numbers of NADPH-diaphorase
containing, putative cholinergic, pedunculopontine nucleus (PPN)
neurons in 4 schizophrenics compared to 5 controls (Psychiat Res:
Neuroimaging, 1991;40:31-48). To further investigate the PPN in
schizophrenia, matched 5O>um thick, cresyl violet (CV) stained, sections
of PPN at a mid PPN pars compacta level were selected from serially
sectioned brainstems (transverse plane) of 7 schizophrenics (mean age
39) and 7 controls (mean age 47).
Numbers of large neurons
(> 300pm2 in cross-sectional area) within defined boundaries of the
PPN were counted using a computer-based image analysis system.
Mean areas of counted neurons were also determined. Mean neuronal
counts and areas were nearly identical in the two groups: mean
neuronal count/area (pm2) was 581/534 for schizophrenics and
592/545 for controls.
In order to identify cholinergic and noncholinergic neurons, sections containing PPN at the same anatomical
level from 2 controls were stained using an anti-choline
acetyltransferase
(ChAT) antibody counter-stained
with CV.
Approximately 1/2 of the large neurons within the defined area were
ChAT-immunoreactive.
Thus, although there appears to be no
difference in numbers of large PPN neurons in schizophrenics compared
to controls, numbers of cholinergic neurons in the 2 groups will have
to be compared using ChAT immunocytochemistry.

A SUBTRACTED PROBE DERIVED FROM LYMPHOCYTES OF
TWINS DISCORDANT FOR SCHIZOPHRENIA HYBRIDIZES
TO SELECTIVE AREAS OF RAT BRAIN.D.A.Basham*and
A.J.Friedhoff. Millhauser Labs., New York Univ.
Medical Center, New York, NY 10016
Using RNA isolated from the lymphocytes of
a pair of monozygotic twins discordant for
schizophrenia a differentially expressed subtracted cDNA clone has been identified that is
peculiar to the non-schizophrenic co-twin. When
this clone is used as a probe for in situhybridization with rat brain, expression of this
cDNA is localized in the cortex, medial geniculate nucleus and hippocampus. Sequence analysis of the clone demonstrates that it does not
share significant homology with any reported
gene, suggesting that this molecule may represent a novel gene product. In addition, these
data support the notion that lymphocytes can be
used as an alternative tissue source for studies
concerned with the expression of relevant gene
products in living human brain. (MH 08618, MH
35976, Research Scientist Award MH 14024 AJF and
grants from the Norman and Rosita Winston Foundation )
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DIFFERENTIAL DISTRIBUTION OF Ml, M2 AND M3 MUSCARINIC
RECEPTORS IN SELECTED BRAIN REGIONS FROM POST-MORTEM
SCHIZOPHRENIC PATIENTS COMPARED TO NORMAL CONTROLS.
C. F. Spuimev. A- M. Murray. T. M. Hvde. M. M . Herman. and J. E. Kkrnman*.
Clinical Brain Disorders Branch, IRP, NIMH, St. Elizabeths Hospital, Washington,
DC 20032.
The peurodovelopmontal model of schizophrenia suggests that a fixed lesion
occurring early in development interacts with normal brain maturation, yielding
cytoarchitectural and neurochemical changes responsible for the diagnostic
symptoms. Ip the brain, it has been demonstrated that muscarinic receptors show a
developmental redistribution within cortical lamina with age. Furthermore, striatal
muscarinic function may be disrupted due to aberrant corticostriatal input. Therefore,
this system was chosen as a possible marker far abnormal development in
schizophrenic brains compared to normal controls. For our studies, a novel
autoradiographic approach developed by Flynn and Mash (1993) was used to
selectively label Ml (pH]pirenzipePo), M2 ([*H|NMS), and M3 fl*H|NMS) receptors
in the basal ganglia and various cortical regions based on the individual association
and dissociation kinetics of the subtypes.
Ip the basal ganglia, significant decreases in Ml receptors of schizophrenics were
observed in all legions (50% dorsal-caudate, 48% ventral-caudate, 45% nucleus
accumbens, 50% dorsal-putamep and 46% veptral-putamep) compared to controls.
There were no significant differences in M2 and M3 receptor subtypes in these
structures. Decreases may reflect an early developmental insult in the basal ganglia,
receptor down regulation related to changes in cholinergic or dopaminergic
neurotransmission, or the consequences of long-term neuroleptic exposure. These
findings encourage further investigation of the cholinergic system in schizophrenics.
Data copcolpipg the laminar distribution of Ml, M2 and M3 receptors ip the
prefrontal, cingulate and entorhinal cortex will also be presented.

SYNAPTOPHYSIN AND NOT RAB3A IS SPECIFICALLY REDUCED IN THE
PREFRONTAL CORTEX OF SCHIZOPHRENIC SUBJECTS. LA. Glantz*1
and DA. Lewis?^ Depts. of Nourosciopcel and Psychiatry2, University of
Pittsburgh, Pittsburgh, PA 15260.
Prefrontal cortical dysfunction in schizophrenia has been suggested to be related
to the programmed synaptic elimination which takes place in this area during
adolescence. Wo used immunocytochemistry and adjusted optical density (OD)
measures to determine tho relative density of two synapse-associated proteins,
synaptophysin and rab3A, ip postmortem brain specimens from schizophrenic, ponschizophronic psychiatric, and normal control subjects. Synaptophysin (p38), an
integral membrane protoin of small synaptic vosiclos, is present in virtually every
porvo terminal. Ip top pairs of schizophrenic subjects and normal controls, matched
on a caso-by-case basis for age, sex, race, and postmortem interval, OD measures
of p3S immunoreactivity were significantly decreased (p< .01) in both areas 46 and
9 of the prefrontal cortex, but were not significantly different in primary visual
cortex, area 17. In addition, in six pairs of nop-schizophronic psychiatric subjects
and matched normal controls, OD measures of p38 immunoreactivity did pot
significantly differ in any of these three regions. Immunoreactivity for rab3A, a
GTP-binding protoin found in both synaptic vesicle membranes and tho cytosol, was
also evaluated in the same ton pairs of schizophrenic and normal control subjects.
In contrast to p38, no differences in OD measures for rab3A wore found in any of
the three areas. These findings suggest that tho selective decrease of p38
immunoreactivity in the prefrontal cortox of schizophrenic subjects may be tho
consequence of an abnormality specific to this protein, independent of a change in
the density of synaptic vesicles or terminals. Alternatively, tho docroaso in p38
immunoreactivity may be due to the loss of a subpopulation of synaptic vosiclos or
terminals that do not contain rab3A. Wo are currently utilizing other synaptic
veside-specific and synapse-specific proteins in order to differentiate among those
alternatives.
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THE LEVELS OF SYNAPSINI ARE GREATLY REDUCED IN THE BRAINS OF
MALE BUT NOT FEMALE SCHIZOPHRENICS. Ellen M. Dudek*. Jennifer L. Rapier.
Sherry Leonard Robert Freedman, and Michael D. Browning. Department of
Pharmacology, Program in Neuroscience, University of Colorado Health Sciences Center,
Denver, CO.
The synapsin proteins are a family of synaptic vesicle-associated phosphoproteins.
Greengard and colleagues have provided strong evidence that the synapsins regulate the
availability of synaptic vesicles for release. We have recently shown that the specific
activity of these proteins is greatly reduced in post mortem hippocampi from 5 of 7 of
schizophrenics (Biol. Psych. 34;529-535, 1993). This deficit in synapsin seemed not to
be due to non-specific neuropathology as we saw no such deficits in another synaptic
marker protein synaptophysin. Given the putative role for the synapsins in modulation
of neurotransmitter release, we hypothesized that the deficit in synapsin seen in
schizophrenics might underlie, at least in part, some of the sensory processing deficits (e . g.
the loss of auditory gating) seen in schizophrenics. This hypothesis has been strengthened
by recent work by Rosahl et al. (Cell 75;661-670, 1993) who studied the effects of a

ALTERED LEVEL OF A NEURAL CELL ADHESION MOLECULE ISOFORM
IN SCHIZOPHRENIA. David Barbeau*. Jin Jun Liang. R6mi Ouirion and Lalit K.
Srivastava. Douglas Hospital Research Center, Departments of Psychiatry and
Neurology and Neurosurgery, McGill University, Montreal (Que), Canada, H4H1R3.
Based on subtle cytoarchitectural anomalies found in schizophrenic brains,
schizophrenia has been proposed to originate from defects in neural migration and/or
synaptogenesis. Many neurodevelopmental processes depend on cell-cell interactions
mediated by cell-adhesion glycoproteins such as the neural cell adhesion molecule
(NCAM). Physiological functions of NCAM in developing and mature brains are
modulated by postranscriptional additions of polysialic acid (PSA) chains.
We examined the presence of NCAM and PSA-NCAM in the limbic structures of
schizophrenic (n=lO), parkinsonian (n = 1) and control (n=9) brains. Total NCAM
expression was assessed in the parahippocampal gyrus by Western blot analysis using
a polyclonal antibody which recognizes all NCAM isoforms. No significant
differences were observed between these groups. Immunohistochemistry performed
on hippocampal sections using a monoclonal antibody, recognizing PSA-NCAM,
revealed the expression of the molecule mainly in the CA4 subfield. In this region a
moderate to severe reduction of PSA-NCAM immunopositive cells was observed in
70% of the schizophrenic brains studied. Three of these brains showed an almost
complete lack of PSA-NCAM immunoreactivity. One out of nine control brains
showed low immunostaining. PSA-NCAM immunoreactivity in the parkinsonian
hippocampus was similar to controls. Chronic neuroleptic treatment with haloperidol
(1 mg/kg, s.c., 21 days) administered to rats did not afect PSA-NCAM or total
NCAM expression in the hippocampus.
PSA-NCAM immunopositive cells observed in the CA4 subfield likely part of the
mossy fiber tract that relays information from the dentate gyrus to the hippocampal
CA3 region. Altered PSA-NCAM expression could impair neuronal communication
and plasticity, contributing to the symptomatology of schizophrenia.

synapsin I knockout. These authors reported that the loss of synapsin I led to deficits in
short term plasticity that resembled the auditory gating deficit seen in schizophrenics.
We have recently extended our studies of synapsin levels to 8 additional schizophrenics.
Given that the synapsin I gene is localized to the X chromosome in humans, we reasoned
that the synapsin deficits might be more prevalent in males. As in our previous study, we
have used Western blot analyses to determine the specific activity of synapsin in
hippocampi from post mortem material. Our data demonstrate that 7 of 10 male
schizophrenics had deficits in synapsin while only 1 of 5 female schizophrenic showed a
synapsin defi^ii^. In a total of 19 control individuals we have detected a synapsin I deficit
in only 1 individual. Such data raise the possibility that synapsin deficits could play a role
in sensory gating deficits seen in schizophrenics, particularly in males schizophrenics.

Supported by MH44212.
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CORTICAL SYNAPTIC MEMBRANE PROTEIN IMMUNOREACTIVITY IN SCHIZOPHRENIA CONTRASTS WITH
ALZHEIMER’S DISEASE P. Powchik. S.M. Gabriel. V.
Haroutunian. W.G. Honer. E.M. Landau*, P. Davies. K.L. Davis.
M. Davidson. Depts. of Psychiatry, Mt. Sinai School of Medicine, New York, NY 10029 and Bronx VA, Bronx, NY 10468.
Monoclonal antibodies reactive to synaptic membrane
proteins are valuable markers of neuronal connectivity. In
Alzheimer's disease, reductions in synaptophysin immunoreactivity reflect neuronal degeneration, indicate decreased
synaptic contacts and correlate with cognitive impairment.
Synaptic protein immunoreactivities were assessed in the
cerebral cortex of 8 elderly subjects, 17 patients with
schizophrenia and 13 patients with Alzheimer's disease.
Tissues were screened with the monoclonal antibodies EP10
and SP4, which recognize synaptophysin. Additional assays
were performed with SP14 and SP6, which detect SNAP-25
immunoreactivity and an, as yet, unknown synaptic antigen,
respectively. We now report that regionally specific increases
in synaptic proteins occur in schizophrenia. This contrasts with
regionally specific decreases for these markers in Alzheimer's
disease. These data suggest differences in the synaptic
complexity of the cerebral cortex of schizophrenics that are
distinct from changes observed in Alzheimer's disease.

REDUCED
LIMBIC CORTICAL CHOLECYSTOKININ mRNA
EXPRESSION IN SCHIZOPHRENIA. S.E. Bachus*. T.M. Hvde. J.N.
Ferguson. M.M. Herman & J.E. Kleinman. NIMH at St. Elizabeths, Clinical
Brain Disorders Branch, 2700 M.L. King Ave. SE, Wash., D.C., 20032.
Both cholecystokinin (CCK) concentrations1 and receptor numbers2 may
be reduced in limbic cortex of schizophrenics.
We have used an Re-

623

labeled oligonucleotide probe for CCK to study CCK mRNA, in 14 p thick
sections of fresh frozen prefrontal or entorhinal cortex, from age-matched
schizophrenics (n=7) and normal controls (n=7), with in situ hybridization
histochemistry. Density of CCK mRNA was measured from autoradiograms
(with 14c standards) for samples from layers 3+4, 5, and 6 in prefrontal cortex
and dentate gyrus, subiculum, and entorhinal layers 2, 3 and 5+6 in the
entorhinal section. Statistical analysis was by 2 way ANOVA (for region and
schizophrenic vs. control).
We found a small (8%) but consistent decrease in CCK mRNA across these
brain regions in the schizophrenics (p< .01), with no interaction between this
effect and the difference between regions. These results further implicate a
deficit in CCK, specifically in the interneurons in entorhinal and prefrontal
cortex, in the neuropathology underlying schizophrenia.

1 Ferrier et al., Life Sci. 33:475. 1983.2Farmery et al., Life Sci. 36:473,1985.
We thank W.S.Young, III, for generous donation of the CCK probe.

261.19

261.20

GENDER DIFFERENCES IN CORTICAL METABOLISM IN
SCHIZOPHRENIA. B.V. Siegel. Jr/. L. Shihabuddin. M.S.
Buchsbaum. Neuroscience PET Lab, Mt Sinai Sch. of Med., New
York, NY 10029.
69 unmedicated schizophrenics (62 male, 7 female) and 31 ageand handedness-matched normal controls (16 male, 15 female)
underwent
18-fluoro-2-deoxyglucose
positron
emission
tomography while performing a degraded stimulus continuous
performance test. Schizophrenics showed a different gender
effect for lateralization of relative cortical cortical metabolism
from controls. Schizophrenic females showed a more profound
right greater than left difference (6%) than males (2%), but both
male and female normal controls showed a right greater than left
difference of 3%. Male normals showed higher metabolism than
females in some anterior (frontal and parietal) cortical regions,
while females showed higher metabolism in posterior (temporal
and occipital) cortex.
Schizophrenic males showed higher
metabolism in some left frontal and parietal cortical regions than
females, while females showed higher metabolism in some right
frontal and temporal areas. These findings may relate to the
different course and phenomenology of schizophrenia in males
and females and may be consistent with gender differences in
lateralization in dopamine ligand binding and in ventricular
volume demonstrated by other investigators.

ATTENTION TO AUDITORY STIMULI IN SCHIZOPHRENIC PATIENTS AND
CONTROLS: A POSITRON EMISSION TOMOGRAPHY (PET) STUDY OF
REGIONAL CEREBRAL BLOOD FLOW (rCBF). M.L, Kesler*. D.S. O'Leary.
R.R. Hurtig. S. Arndt and N.C. Andreasen. Mental Health Clinical Research
Center, Dept of Psychiatry, Univ. of Iowa College of Med., Iowa City, IA 52242.
This study reports the initial phase of an investigation designed to map an
auditory attentional network using PET measures of rCBF and co-registered
magnetic resonance (MR) images. In a preliminary sample of 10 patients with
schizophrenia and 10 normal controls, we measured rCBF in two components
of the proposed network, the pulvinar nuclei of the thalamus and anterior
cingulate cortex. Regions of interest (ROIs) were drawn on MR images (1.5 mm
contiguous slices), followed by individual registration of the MR scans with the
PET scans (eight bolus injections of 15o-labelled water for each subject). Left
and right anterior cingulate gyri were traced as one ROI on coronal images. Left
and right pulvinar nuclei were traced on axial slices (with a stereotactic atlas
used to estimate the rostral extent of these nuclei). Using software developed
in our laboratory (BRAINS), average rCBF was calculated across all slice
samples within each subject's ROIs for each of the eight PET conditions.
Whole brain blood flow differed significantly across PET conditions but did not
differ between patients and controls. There were also no group differences in
rCBF in anteior cingulate or in left pulvinar nuclei, but there was a trend
suggesting higher right pulvinar flow in patients. In both patients and controls
flow was greater in the left than right pulvinar in most conditions. Preliminary
analyses using spearman partial correlations (controlling for whole brain flow)
suggest that rCBF in left and right pulvinar nuclei is coupled during both
baseline and activation conditions, perhaps more in schizophrenics than in
controls. In controls, there was evidence that left but not right pulvinar was
coupled with flow in the anterior cingulate. This coupling was seen in both a
baseline and an activation condition. These results suggest that the pulvinar
and anterior cingulate may be active even during low-level alerting (i.e., our
baseline task).
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SYMPOSIUM. CYTOKINES AND NEURAL DEVELOPMENT.
J. A. Kessler, Albert Einstein Coll. Med. (Chairperson); P. H.
Patterson. Caltech.; G. M. Jonakait. Rutgers Univ.; G.D.
Yancopoulos. Regeneron Pharm. Inc.
Many hematolymphopoietic cytokines subserve important
functions in the nervous system. This symposium will review
recent findings that indicate a critical role for such proteins in
orchestrating neural development. Paul Patterson will discuss
the role of leukemia inhibitory factor and other cytokines in the
regulation of neural differentiation and in mediating injury
responses. Jack Kessler will present evidence that macrophage
colony stimulating factor (CSF-1), interleukin 7, and bone

SYMPOSIUM. AUTONOMIC INTEGRATION IN THE CONTROL
OF FOOD INTAKE. T.H. Moran. Johns Hopkins Univ. Sch. of Med.
(Chairperson); T.L. Powlev. Purdue Univ.; H.E. Ravbould. UCLA;
G.J. Schwartz. Johns Hopkins Univ. Sch. of Med.; G.P. Smith. New
York Hosp., Cornell Med. Ctr.
The study of the physiological basis of motivated behaviors has
traditionally focused on the reductionist isolation and identification of
individual physiological events and neuroanatomical substrates.
However, during the motivated behavior of feeding, ingested food
stimulates multiple gastrointestinal sites simultaneously, and it is likely
that: 1) signals arising from these sites interact with one another, and 2)
the constellation of meal-stimulated neural and neuroendocrine signals
arising from the GI tract may provide a critical context that modifies the
processing of any individual visceral afferent signal. Thus, feeding
behavior likely represents the integrated outcome of a range of visceral
afferent GI signals impinging on the central nervous system substrates
underlying feeding. Recent multidisciplinary approaches have begun to
emphasize these integrative actions of the autonomic nervous system in
the control of food intake. Significant progress is being made on the
four fronts represented by the symposium speakers: 1) the
neuroanatomical basis of autonomic visceral afferent integration, 2) the
autonomic substrates underlying long and short-loop reflexes in the
control of postprandial GI function, 3) the vagal afferent integration of
meal-related Gi signals and their modification by meal-elicited gut
peptides, and 4) the moment-to-moment analysis of feeding behavior
reflecting the ongoing outcomes of integrated neural and endocrine
signals arising from meal-related gut stimulation.

morphometric proteins are neurotrophic factors, and that
mutation of the gene encoding CSF-1 leads to abnormal brain
development. Mill Jonakait will present evidence that interferon
regulates cholinergic neuronal development in the brain.
George Yancopoulos will discuss some of the recently identified
neuropoietic cytokines and their receptors, and the signal
transduction mechanisms that mediate their effects on neurons.
Taken together these data provide compelling evidence that
cytokines play an important role in modulating neural
development as well as function in the nervous system.
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FIRING RATE ENCODING BY VISUAL CORTICAL NEURONS IN VITRO
M. Carandini*, F. Mechler, C. S. Leonard and J. A. Movshonf
Ctr. for Neural Science and tHoward Hughes Med. InsL, NYU, NY 10003.

BINOCULAR RIVALRY: PHYSIOLOGY AND PERCEPTION
IN ALERT MACAQUES

Many models of cortical visual responses assume that firing rate is a static nonlinear function (e.g. rectification or half-squaring) of the synaptic current.
To test this assumption, we investigated the relation between intracellularly injected current, membrane potential and firing rate in guinea pig visual cortical neurons.
We recorded from regular-spiking neurons using intracellular electrodes. We
measured linear transfer functions betweeen current and voltage and between voltage and firing rate by injecting sinusoidal currents of different temporal frequency,
modulation amplitude and DC level. The nonlinear part of these transformations
was characterized by injecting sums of sinusoidal currents and analyzing the 2nd
order frequency kernels of the response.
The cell's passive properties were well approximated by a single RC circuiit
The linear part of the current—firing rate transformation has band-pass characteristics, with a peak between 8 and 32 Hz. Strong responses to high frequencies
(16-32 Hz) were uncovered by increasing the modulation amplitude or the DC level
of a sinusoidal current stimulus.
The 2nd order frequency kernel of the firing rate was consistent with an LNL
sandwich model comprising a low-pass linear filter (the RC circuit), a static nonlinearity, and a band-pass linear filter.
We used this model to predict the responses to current sinusoids, ramps and steps.
The model correctly predicts the observed dependance of a cell's optimal temporal
frequency on its resting potential and on the stimulus intensity. A simple threshold
model of firing rate would not account for this behavior.
Supported by grant NS2788l and by HHMI.

Allan C. Dobbins*. Richard Jeo, John Allman
Division of Biology, Caltech, 216-76, Pasadena, CA, 91125
We are studying binocular rivalry with the goal of understanding how
the brain determines which sensory data reach awareness. Binocular
rivalry — an alternating suppression of each eye's image — occurs when
the two eyes' images are sufficiently different. To explore the neural
basis of binocular rivalry, monkeys were trained to report which of two
image patterns was visible.
On some trials both eyes saw the same pattern, while on other
trials the patterns differed in orientation or direction of motion. Each
rivalry trial began with a sequence of nonrivalrous stimuli, followed
by rivalrous stimuli, the duration of which were unpredictable. Each
rivalry trial ended with a period designed to catch and deter cheating.
Neurons in cortical areas VI, V2, and V4 were recorded from while the
monkeys performed the behavioral task.
Neurons exhibited increased, decreased or no change in firing rate
during rivalry. Neurons with asymmetric ocular dominance often displayed some degree of suppression during rivalry, while a minority of
neurons exhibited changes in the variance of firing rate during rivalry.
In most neurons studied, neural response was not systematically linked
to the animal's behavioral responses, but in a small number of cases it
was.

266.3

266.4

STEREO MODEL BASED ON PHASE PARAMETERS CAN EXPLAIN
CHARACTERISTIC DISPARITY. N. Qian*. Ctr. for Neurobiology and
Behavior, Columbia University, 722 W. 168th St., New York, NY 10032
Freeman and colleagues studied binocular cells in the cat primary visual
cortex quantitatively and found that the left and right receptive fields of a
simple cell can be described by two Gabor functions with the same center
but different phase parameters (Ohzawa et. al., 1990, Science. 249:10371041). They further showed that responses of complex cells can be
modeled by summing the squared outputs of a quadrature pair of simple
cells. We have formalized and generalized this' framework and
demonstrated that units described by the phase parameters can be
properly combined to compute disparity maps from random dot
stereograms (Qian, 1994, Neural Computation. 6:390-404). The phase
parameter based approach, however, has recently been questioned by
Wagner and Frost (1993, Nature. 364:796-798). These authors recorded
from owl visual cortex and found that some cells have the so-called
characteristic disparity (CD). They concluded that a model based on
phase parameters is inconsistent with their data while a model using a
relative position shift between the left and right receptive fields fits the
data well. We found that under reasonable assumptions the difference
between the position-shift based model and the phase-parameter based
model is minimal if everything else in the two approaches is kept the
same. Specifically, we have demonstrated through analysis and computer
simulations that the model simple cells in both approaches do not have a
CD. The model complex cells of the position-shift based approach have
an exact CD and those of the phase-parameter based approach have a CD
with a small deviation. Interestingly, the similar deviation is also present
in the example cell shown in Wagner and Frost's paper. Our results
suggest that the experimental data of Wagner and Frost should not be
interpreted as evidence against the phase-parameter based approach.

OPTICAL RECORDING OF THE FUNCTIONAL ORGANIZATION OF
NORMAL AND REORGANIZED VISUAL CORTEX. Y. Xiao, E.
McClendon, R.J. Nudo*, and D.J. Felleman. Department of Neurobiology and
Anatomy, University of Texas Medical School, Houston, TX 77030.
Optical recording of intrinsic signals was used to characterize the functional
organizations of areas VI and V2 in normal monkeys and in monkeys that received
restricted binocular retinal lesions. A photomacroscope was constructed to image
the pattern of 630 nm. light reflected from the cortical surface onto a cooled-CCD
camera. A time series of images was collected and averaged while the monkey
viewed each of various luminance and chromatic stimuli on a computer graphics
display monitor. Differential image series were computed to identify regions of
cortex distinguished by ocular dominance and various spatial and chromatic
seleciviiies. In normal monkeys, characteristic ocular dominance stripes were
identified by alternating dense and pale stripes oriented perpendicular to the VI
border. In V2, segregated stripe regions were activated by iso-luminant chromatic
stimuli and low contrast low spatial frequency gratings.
The pattern of cortical activation was imaged in VI of a monkey that received
partially overlapping, binocular lesions of the inferior vertical meridian at
approximately 2 degrees of eccentricity.
The pattern of cytochrome oxidase
activity in this hemisphere indicated a highly complex pattern of ocular dominance
stripes in layer 4C and alternating rows of shrunken blobs in the supragranular
layers of deafferented cortex. Nevertheless, this partially deafferented cortical
zone was activated by visual stimuli and both the left and right eye signals
contributed to the optical pattern of ocular dominance. Future work will
investigate further the time course of this functional reorganization and will
examine the pattern of orientation selectivity in reorganized cortex. Supported by
N1H EY-08372, The Sloan Foundation, The Whitehall Foundation, Texas
Advanced Research Program 011618-025.
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KARHUNEN-LOEVE PRINCIPAL COMPONENT ANALYSIS OF
OPTICAL SIGNALS OPTIMALLY EXTRACTS FUNCTIONAL
ARCHITECHTURE OF MAMMALIAN VISUAL CORTEX.
R. Everson, L. Sirovich, B. Knight, E.V. O'Brien, D. Orbach, E. Kaplan
and J. Gordon*. The Rockefeller University, NY, NY 10021.

FUNCTIONAL ORGANIZATION OF MAMMALIAN STRIATE
CORTEX REVEALED BY OPTICAL IMAGING AND PRINCIPAL
COMPONENT ANALYSIS
E.V. O'Brien. D. Orbach. E. Kaplan*. R. Everson. L. Sirovich. and B.
Knight. The Biophysics Lab. The Rockefeller University. NY. NY 10021.
To understand visual perception, we must understand cortical processing
of visual information, including the spatial organization and function of
neuronal ensembles in the visual cortex. Optical imaging allows us to
measure the activity of large groups of neurons, responding in concert, but
the signal is small and noisy. We have developed extensions of the
Karhunen-Loeve (K-L) analysis to extract activity maps from the
mammalian cortex.
Intrinsic optical signals from visually-evoked reflectance changes in the
exposed visual cortex of anesthetized and paralysed cats and monkeys were
recorded with a cooled CCD camera. During recording, the animal viewed
patterns on a CRT.
The generalized K-L analysis produced best fits to the underiying
functional activity of known neuronal assemblies, including ocular
dominance columns and orientation and direction patches. The spatial
relationship between functional maps was investigated and, in the macaque,
correlated with the cytochrome oxidase blobs. We also analysed the spatial
variations in the time course of the optical signals. The existence of other
modes of neuronal interaction is being explored, and will be discussed.
Supported by EY 4888, EY 1428, ONR 93-1-0279 and EY 06476-02

The visual cortex in mammals is marked by a predominance of organizing elements, which are highly tuned and spatially clustered. Optical
imaging of cortical activity reveals known cortical structures and has the
potential to extract unknown ones. However, signals are relatively small
(10“4) and images are relatively large (104 pixels). Moreover, the response is dominated by other physiological processes. Previous methods
have extracted the noisy signal by frame averaging to increase the signal
to noise ratio and reduce the size of the dataset. We have developed
extensions of the Karhunen-Loeve principal component analysis which
optimally extract functional activity without frame averaging. These
methods exploit known properties of the response and use images collected in the absence of stimulation to remove vascular artifacts.
Large datasets of optical signals from the mammalian visual cortex
were analyzed, showing that seemingly noisy optical signals contain a
small number of spatially segregated dynamical components. Unlike
simple subtraction methods, these methods extract the optimal representation for a dataset, and even weak modes of interaction can be
clearly revealed. The spatial organization of ocular dominance columns,
orientation and motion patches is investigated. Information on the temporal development of the intrinsic signal is provided.

Supported by EY 4888, EY 4128, ONR 93-1-0279 and EY 06476-02

266.7

266.8

LONG-RANGE INTERACTIONS IN CAT STRIATE CORTEX
VISUALIZED BY OPTICAL IMAGING. A. Das* and C. D. Gilbert. The
Rockefeller University, New York, NY 10021.
Insights into the cortical mechanisms of visual processing can be obtained by
analyzing the patterns of excitation due to a "point stimulus" in visual space. We
used a combination of optical imaging and electrophysiology to visualize the area of
cat striate cortex excited by a stimulus confined, in effect, to a point. With
extracellular electrodes we measured the position, orientation and size of receptive
fields (RFs) of superficial layer neurons at a selected cortical site, and the optimal
single-line stimulus needed to drive them. Optical images were then obtained of
intrinsic cortical activity generated by the optimal stimulus. These images showed
the strongest excitation in the immediate cortical vicinity of the recording site, with
progressively weaker distal patches of excitation extending over 3 to 4 mm of
cortex. Electrode recordings from the distal patches of activation gave RFs of the
same preferred orientaton but well separated spatially from those obtained at the
original recording site, with no overlap. Optical images obtained with a pair of
orthogonal test bars at the same point in visual space showed complementary
patches of activity. The distal patches generated by these orthogonal bars appeared
to lie within significantly non-overlapping visuotopic regions on the cortical surface.
The differential distribution of activity obtained with extracellular recording and
optical imaging is likely to reflect the difference between the activity of firing cells
and the subthreshold activity of their distant targets. This technique is being used to
elucidate further the relationship between visuotopic and orientation maps in striate
cortex, and to explore the role played by cortical architecture in dynamic short-term
and long-term plasticity in the adult. (Supported by NIH grant EY07968, and the
McKnight Foundation)

MAPPING OF CAT AREA CENTRALIS WITH A 100 MICROELECTRODE
ARRAY. C. T. Nordhausen. E. M. Mavnard. P. J. Rousche. H. Kolb*. R. A.
Normaim. Department of Bioengineering, University of Utah, Salt Lake City, Utah,
84112.
Although it is known that a general retinotopic mapping exists in visual
cortex, the degree of conformity of this mapping of the foveal projection in monkey
is still in question. A high resolution two dimensional map of the cat area centralis
has yet to be reported. We are attempting to make such a map using an array of 100
penetrating microelectrodes.
The silicon based Utah Intracortical Electrode Array consists of a 10 x 10
grid of 1.5 mm long needles with metallized active electrode regions at the tips. The
interelectrode spacing is 0.4 mm, and each is electrically isolated from neighboring
electrodes with glass. We have been able to use this array in acute preparations to
record both multi-unit as well as single unit responses to visual stimuli. With 300
to 10kHz band pass filtering, typical peak to peak amplitudes range from 30 to 100
pVpp with a background activity level of 20 pVpp. The highest amplitude
responses we have recorded have been approximately 200 pVpp. Initial recording
experiments involved the use of a contact wire fixed to the end of a micromanipulator
to sequentially access each of the electrodes via back side contact pads. In order to
record from more than one site simultaneously, we have developed an array with a
6x6 subset of the electrodes hard wired to a 37 pin connector with 0.001” Pt/Ir lead
wires. This recording system will provide the capability of selecting any
combination of the 36 electrodes on the array for mapping.
Receptive field dimensions of the multi-unit clusters recorded have ranged
from 0.5 to 2°. Since we are recording from neural clusters, it would be expected that
receptive field sizes would be larger than those reported in single unit studies.
Preliminary data has also been obtained for two point magnifications in Vl. These
values range from approximately 0.45 mm/deg to 1.1 mm/deg. These numbers are
in the range reported by other investigators. We have yet to verify the spatial
conformity of the retinotopic map in area centralis, but current work is focusing on
this issue. Such high resolution two dimensional maps will help resolve the
question of spatial singularities in VI that have been suggested by other
investigators.

266.9

266.10

TETRODES MARKEDLY IMPROVE THE YIELD AND RELIABILITY OF
MULTIPLE
SINGLE
UNIT
ISOLATION
FROM
MULTIUNIT
RECORDINGS IN CAT STRIATE CORTEX. C.M. Gray*1. P. Maldonado1.
M. Wilson and B. McNaughton . The Center for Neuroscience, Univ. of Calif.,
Davis, CA 95616; Division of Neural Systems Memory and Aging, Univ. of Ariz.,
Tucson, Az 85724.
Multi-neuron recordings are often achieved by identifying the waveforms of
different cells recorded on a single electrode. This technique suffers from several
pitfalls that lead to errors in classification. In an effort to avoid these errors in
future experiments we have assessed the performance of the "tetrode* recording
technique on cat striate cortex. Multiunit recordings, using single tetrodes, were
made at 28 sites in area 17 of 3 anesthetized cats. The tetrodes were fashioned
out of tightly braided nichrome wire (12 um dia), beveled at the tip, and etched
with gold to bring the impedance to 0.7 Mohm. Neurons were activated with
moving bars and square wave gratings. Single units were separated by
identification of clusters in 2-D projections of either peak-to-peak amplitude,
spike width or spike area. For single electrodes cluster separation was performed
on projections of the 1st and 2nd principal components of the waveforms. The
performance of the tetrode was compared with the best of the 6 possible
stereotrode pairs and the best of 4 possible single electrodes of each tetrode.
Using tetrodes we recorded a total of 154 single cells (mean = 5.5, max = 9),
while the stereotrode and electrode analysis methods yielded 122 (mean = 4.4)
and 118 (mean = 4.2) cells, respectively. The number of cells isolated at each site
by the tetrode was greater than the stereotrode or electrode in 16/28 and 21/28
cases, respectively. Thus, both stereotrodes and electrodes often lumped 2 or
more cells in a single cluster that could be easily separated by the tetrode. We
conclude that tetrode recording currently provides the best and most reliable
method for the isolation of multiple single units in the neocortex using a single
probe. Supported by NEI EY08686-05 and the McDonnel Pew Foundation

HETEROGENEITY IN LOCAL DISTRIBUTIONS OF RECEPTIVE FIELD
PROPERTIES IN THE CAT PRIMARY VISUAL CORTEX. P.E.Maldonado*
and C.M.Gray Center for Neuroscience, University of California. Davis, CA
95616
We have employed the tetrode technique, that allows accurate
discrimination of individual neuronal spike trains from multiple single unit
recordings, in order to examine the variation of the receptive field properties
among local groups of neurons. We recorded a total of 298 neurons from 54
local clusters of cells in area 17 of halothane-anesthetized cats; each duster
contained between 3 to 10 neurons that were estimated to be less than 15Opm
away from the tetrode tip. For each cell, we determined the orientation and/or
spatial frequency tuning in response to moving bars and square waves
gratings, respectively. Of the cells tested, 32% had no preferential response to
a particular orientation, while 41% were tightly tuned. We found that while
most of the cells within a cluster had similar orientation preferences, in almost
all the cases we found adjacent cells with orientation preferences that differed
widely, 50° being the largest. Differences in orientation selectivity of cells
within a cluster typically followed a normal distribution. The average maximum
orientation difference between cells in the same cluster was found to be 29.1°.
In addition, 29% of the cells tested had no preferential response to a particular
spatial frequency, while 25% were tightly tuned. We also found substantial
differences in spatial frequency tuning among nearby cells. In most recordings
the preferred spatial frequency of cells in a cluster differed by much as 0.7
cycles/degree, with an average difference of 0.3 cycles/degree. Our data
shows that the tuning for spatial frequency and orientation is more
heterogeneously distributed at a local level, that previous studies have
suggested. Supported by NEI EYO8686-O5
and McDonnel Pew Foundation.
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INTEGRATIVE PHYSIOLOGY OF PYRAMIDAL CELLS IN TURTLE
VISUAL CORTEX: III. INTERACTION OF IPSPS AND EPSPS WITH
INWARDLY RECTIFYING CONDUCTANCES. J. M. Nicolau<S*P. S.

INTEGRATIVE-PHYSIOLOGY OF PYRAMIDAL CELLS IN TURTLE
VISUAL CORTEX: II. SYNAPSES OF INHIBITORY NEURONS UPON
PYRAMIDAL CELLS. M. Fowler?J. M. Nicolaus and P. S. Ulinski.

Ulinski and M. Fowler.

Depts. of Psychology and of Organismal Biology and Anatomy,
University of Chicago, Chicago, IL 60637.
Turtle visual cortex contains two major populations of
inhibitory interneurons. The outer layer 1 contains stellate
neurons with smooth dendrites that show GABA-like
immunoreactivity while the inner layer 3 contains GABAergic
horizontal cells with larger somata and extensive dendritic trees.
Following electrical stimulation of geniculate afferents,
intracellular recordings from pyramidal cells that are
postsynaptic to the layer 1
GABAergic cells show compound
IPSPs consisting of both fast, GABAA-mediated and slow, GABAq -

Depts. of Organismal Biology and Anatomy

and of Psychology, University of Chicago, Chicago, IL 60637.
Voltage-current plots for pyramidal cells in turtle visual
cortex show an inward rectification when the membrane potential
of the cell is hyperpolarized relative to the resting membrane
potential.
Analysis of voltage responses to hyperpolarizing
pulses suggests this rectification results from activation of fast
and slow inwardly rectifying (IR) currents. Activation of these
fast and slow IRs by GABAa - and GABAQ-mediated IPSPs was

studied using equivalent cable models of pyramidal cells and
inhibitory interneurons.
The simulations indicate that slow,
GABAg-mediated IPSPs preferentially activate the slow IR and

decrease the time courses of the IPSPs.

Fast, GABAA-mediated

IPSPs preferentially activate the fast IR and increase the
amplitudes of the IPSPs. These effects are most pronounced when
IPSPs are generated in trains resulting from the fast-spiking

firing patterns of the inhibitory interneurons. The fast IR can
decrease the amplitudes of EPSPs when the membrane is
hyperpolarized, as was demonstrated experimentally by studying
the relationship between the amplitudes of light-evoked EPSPs as
a function of membrane potential.
The results suggest that
postsynaptic potentials evoked by light stimuli reflect a complex
interaction between EPSPs, fast and slow IPSPs, and fast and slow
IRs. Supported by PHS Grant EY-3852.

mediated components. However, recordings with the preparation
in the dark consistently show a background of simple fast IPSPs.
Shape parameter analysis indicates the fast IPSPs occur on the
more proximal portions of the dendrites.
Increasing the light
intensity above threshold produces fast IPSPs, which can sum
linearly with EPSPs to inhibit the generation of action potentials.
Still higher intensities recruit slow IPSPs that eventually
counteract the EPSPs. These results suggest that the initial fast
IPSPs result from feedforward inhibition by layer 1 stellate
cells while the later fast and slow IPSPs result from feedback
inhibition by layer 3 horizontal cells.
Supported by PHS Grant EY-3852.
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CORTEX OF STRABISMIC MONKEYS. S. B. Fenstemaker*. C. Aoki. L.
Kiorpes and I. A. Movshon1. NYU and *HHMI, New York, NY.
In monkeys and humans, strabismus of early onset causes a loss of
binocular vision, and in some cases amblyopia. In normal animals, the
superficial layer interblob portions of monkey VI are a major site of
binocular interaction, in which both functional and structural changes
might be expected in strabismics. We have investigated the expression of a
range of activity-dependent markers in VI of two adult M. nemestrina made
strabismic near birth; the monkeys were not amblyopic. Single unit
recording from visual cortex as adults revealed the expected loss of
binocularly activated neurons. In tangential unstained and Nissl stained
sections, faint stripes resembling ocular dominance columns extended from
layers 2 through 6. The pale stripes contained normal numbers of less
densely stained neurons. Cytochrome oxidase (CO) staining was slightly
increased in the bridges between superficial layer blobs within an ocular
dominance column. Faint stripes were seen in the deeper layers. The CO
dark zones interdigitated with the dark Nissl stripes. Immunoreactivity for
the calcium binding protein, calbindin, primarily in inhibitory
intemeurons, and for SMI-32 (neurofilament) in pyramidal cell bodies and
dendrites, formed complementary stripes that extended through all layers,
but were most distinct in layer 3. SMI-32 stripes coincided with CO, and
alternate SMI-32 rows in both animals were darker and thicker, and were
separated by thin pale gaps. In summary, we have identified classes of
neurons whose expression of several molecules is affected by abnormal
binocular input, and their altered function may underlie the shift from
binocular to monocular vision in strabismic animals.
Supported by N1H.grants EY 2017, EY 5864, EY 8055 and NSF RCD92-53750.
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MOLECULAR ANALYSIS OF SPECIES-SPECIFIC PHARMACOLOGIES OF
SEROTONIN TRANSPORTERS TO IDENTIFY LIGAND BINDING DOMAINS.
E.L. Barker*. H.L. Kimmel. M.A. Gray. L. Demchyshyn. H.B. Niznik. and R.P.
Blakely. Dept. of Anatomy and Cell Biology, Emory Univ. School of Med., Atlanta,
GA 3O322;Lab. of Mol. Neurobiology, The Clarke Inst, of Psych.,Toronto, Ontario
M5T 1R8.
The serotonin transporter is responsible for the uptake of released serotonin and is
inhibited by antidepressants and cocaine. Pharmacologic inhibition of serotonin
uptake in HeLa cells transiently transfected with the cDNAs for the cloned rat,
human, or Drosophila serotonin transporters has revealed differential sensitivities to
antagonists across species. The tricyclic transporter antagonists (e.g., imipramine,
amitriptyline) were found to be more potent at the human transporter compared to
the rat homologue, whereas the nontricyclic antidepressants (e.g., fluoxetine,
paroxetine) showed no selectivity between rat and human transporters. Further, Damphetamine, which is also a substrate for the transporter, was more potent at the
rat versus the human transporter. In general, all antagonists were less potent at the
Drosophila serotonin transporter as compared to the mammalian counterparts;
however, the antagonist mazindol was significantly more potent at the Drosophila
transporter. Because of the high degree of sequence homology between these
serotonin transporters, the observed species-selective pharmacologies suggest that
minor changes in amino acid sequence can translate into major shifts in potencies for
certain drugs. The finding that certain ligands exhibit species selectivity, while
others do not, demonstrates that distinct ligand-specific contact sites exist on the
transporter protein. Chimeras between the rat and human SERTs have been created to
localize the observed differences in drug potencies to small regions of the SERT
protein. Site-directed mutagenesis has been undertaken attempting to identify specific
residues involved in the mammalian species selectivity of the tricyclics and
amphetamine. Similar approaches with Drosophilajhuman transporter chimeras are
being used to identify additional regions of the transporters involved in high-affinity
interactions of ligands.

POSSIBLE EXISTENCE OF QUATERNARY STRUCTURE IN THE
SEROTONIN TRANSPORT COMPLEX. A.S. Chang*. D.M. Starnes and
S.M. Chang. Center for Biotechnology, Baylor College of Medicine, The
Woodlands, Texas 77381.
Deletion mutants of the mouse brain 5-HT transporter (mSERT) were
generated by removing nucleotide sequences of the protein-coding region
that correspond to contiguous transmembrane domains (TMDs) of the
transporter cDNA. When transiently expressed in COS-1 cells individually,
these deletion-mutants rendered no detectable [^H]5-HT uptake activities.
When coexpressed with wild-type transporter cDNA, however, these deletion
mutants all led to decreased uptake activities when compared with the
activity rendered by the wild-type transporter. Such functional decrements
were SERT-specific since cotransfection of wild-type mSERT with the
human neuronal GABA transporter cDNA led to no decrement in [^H]5-HT
transport activity. These observations suggested that the deletion mutants
served as dominant negative mutants of the transport system, which in turn
suggested that the 5-HT uptake complex might be a homomeric aggregate of
the transporter protein. Linear concatenation (up to four copies) of the
protein-coding region of the mSERT cDNA revealed that transport activity of
the dimeric construct was comparable to that of the monomer, activity of the
tetrameric construct was discemable but substantially lower than that of the
monomer, and no detectable activity for the trimeric construct. Kinetic
analyses revealed that the Km values of the transporter monomer, dimer and
tetramer were highly comparable. Inhibitory potencies of several transport
blockers were essentially indistinguishable between these transporter
constructs as well. Surprisingly, highly comparable [3H]CFT binding
activities were observed for all concatenates (including the uptake-deficient
trimeric construct). These findings collectively support the existence of
quaternary structure in the 5-HT transport complex; said structure is critical
for ligand transport, but apparently not for inhibitor interactions.
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ELECTROGENIC PROPERTIES OF HUMAN MONOAMINE TRANSPORTERS.
F. La^zza, Aa GGII, S . Risso.B .J.Duke.l -J. DeFelice.R.P. Blakely*.
Anatomy end Cell Biology, Emory University, Atlente, GA 30322.
Monoemine transporters belong to a large family of geneo that encode
transporters for neurotransmitters, osmolytes and nutrients. Members of the
family share a high degree of sequence homology, structural motifs, end
transport mechanisms. Among the monoamine transporters, the human
norepinephrine transporter (hNET) and the human 5-HT transporter (hSERT) are
distinguished by their sensitivity to tricyclic antidepressants. Like all homologs,
however, Ne gradients provide the energy for accumulation of NE end 5-HT in
the synapse. We have stably transfected hNET and hSERT into HEK-293 cells
and studied transmitter-induced transporter currents with whole-cell voltage
clamp techniques. NE-induced currents are blocked by desipramine end
cocaine, and 5-HT currents by paroxetine and citalopram, but not desipramine.
Guanethidine (GU) can substitute for NE, but there is an absolute requiement
for Na. The KMs end K,s obtained from voltage-clemp data agree with
radiolabeled uptake assays. Whereas parental cells are insensitive to GU and
to tricyclic antidepressants, transfected cells have tricyclic-sensitive currents
even in the absence of transmitter. Transfected cells also have transient
currents not present in parental cells. Similar transients precede transmitterinduced steady-state currents in tranfected cells. Transient currents probably
represent a charge movement in the membrane, and NE- end 5-HT-induced
currents likely report the flux of transmitter through the membrane. This
conclusion contradicts date from uptake essays, that predict 5-HT uptake is
electroneutral. If hNETS and hSERTS are electrogenic, es our experiments
suggest, not only ion gradients but also voltage gradients may regulate
transport. Our studies also indicate that electrogenic SERTs end NETs may
mediate nonvesicular efflux under appropriate conditions. Supported by NIH
HL-26388 end NIDA 07390.

THE N-TERMINAL DOMAIN OF THE 5HT TRANSPORTER PARTIALLY
MEDIATES THE REGULATION OF UPTAKE BY PROTEIN KINASE C
(PKC). Beth J. Hoffman* and Keith J. Miller, Lab of Cell Biology,
NIMH Bldg. 36, Bethesda, MD 20892.

We and others have previously determined that the 5HT transporter

is regulated by the activation of cyclic nucleotide kinases, presumably
by phosphorylation. The majority of consensus sequences for the

various kinases, including PKC, PKA and cGMP dependent kinase,
reside on the intracellular amino and carboxy terminals of the
transporter molecule. We have taken advantage of a construct that

lacks the first 85 amino acids of the N-terminal domain of the 5HT

transporter to determine if this region is important for regulation by
cyclic nucleotide kinases. Activation of PKC by the active phorbol
ester PMA caused a 45% decrease in 3H-5HT uptake in COS cells
transfected with the wildtype 5HT transporter, but only produced a

decrease of 29% in uptake in COS cells transfected with the

transporter lacking the N-terminal domain. These data suggest that
the consensus PKC site present at Ser8 may play a role in the
regulation of the transporter by PKC. Other PKC sites are present at
Ser227 on the 2nd intracellular loop and Ser602 on the C-terminus.
Further mutational analysis should reveal more about the regulation

of the transporter by PKC-mediated phosphorylation.
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EX
VIVO
AUTORADIOGRAPHY OF
PRIMATE BRAIN
SEROTONIN
TERMINALS
WITH
[125JI-5-IODO-6-NITRO
QUIPAZINE A. Biegon. and W. Jagust*. Pharmos Ltd. Rehovot, Israel and
Lawrence Berkeley Laboratory, Univ. Calif. Berkeley, CA 94720.

BIOCHEMICAL AND ANATOMICAL CHARACTERIZATION OF
THE "ORPHAN" Na+/Cl--DEPENDENTTRANSPORTER RXTl.

The use of radioiodinated 5-iodo-6-nitroquipazine (INQUIP) as an in vivo imaging
agent for primate brain serotonin uptake sites was further validated hy ex vivo
autoradiography in the Rhesus monkey. Two adult animals were injected i.v. with
lmCi [!25ijiNQUIP (specific activity 2l75Ci/mmole). Animals were overdosed with
nembutal 17 hours later and the brain removed, sliced and frozen for cryostat
sectioning. Forty g sections were produced at 4OO intervals throughout the brain.
The sections were thaw monunted onto gelatin coated large glass slides and apposed to
Amersham Hyperfilm for 3 weeks. Following film development, the original sections
were stained with cresyl violet. Analysis of the distribution of radioactivity in the
brain was performed using a computerized, video-camera based image analysis system,
the stained sections and an atlas of the monkey brain. The pattern of anatomical
distribution of radioactivity in the two brains was virtually identical. Cortical lableing
was low and diffuse throughout the cortical mantle with the exception of striate
cortex, where very dense labeling and a specific lamination pattern were observed.
Hippocampal labeling was also moderate to low. Moderate labeling was observed in
the basal ganglia. The putamen was uniformly labeled but high densities of labeling
were seen in the medial and ventral aspect of the caudate. Thalamic labeling was
heterogeneous, ramging from low levels in the ventrolateral and pulvinalr nuclei to
very dense labeling in the anterior ventral nucleus. Heterogeneity was observed also in
the hypothalamic-preoptic nuclei, with low levels in the preoptic area, moderate
labeling in the dorsomedial nucleus and very high levels in the mammilary nucleus.
Other densely labeled regions include the subthalamic and interpeduncular nuclei and
the superficial layer of the superior colliculus. The highest densities of labeling were
seen in the raphe nuclear system. These data confirm and extend previous in vitro
studies of serotonin terminal distribution in the primate brain and underscores the
utility of this ligand for in vivo imaging of the serotonergic system.

S. El Mestikawy!. T Masson1. B. Giros3*. R. Werhle^. M ,B. Emerit1. M.G
Caron3. C. Sotelo2 and M. HamonT INSERM *U288 and 2U106, 75013 Paris,
France and 3HHMI, DUMC, Durham, 27707 N.C., USA.
We have isolated, from the rat brain, a protein named Rxtl, which belongs to
the 12 transmembrane domains Na+/Cl-d<p:>endent transporter family in the
same group as the monoamine- (dopamine, norepinephrine, serotonin), aminoacid- (taurine, proline, GABA, glycine), choline-, betaine- and creatinetransporters. Polyclonal antibodies have been raised against Rxtl using the
fusion protein strategy. In western blot experiments, the rabbit antiserum was
able to specifically label one glycosylated broad band (90-110 kDa) in
membranes from cerebral cortex, thippocampus, striatum and cerebellum of
rats. This band was absent in peripheral tissues (adrenals, eyes, kidney, liver,
lung, muscles, tongue, or spleen). The MW of native Rxtl from CHAPS
solubilized cortical membranes was found to be 1400.200 kDa by exclusion
chromatography (Sephacryl S400) and ultracentrifugation on sucrose gradients
(0-30%). Subcellular fractionation on sucrose layers showed a marked
enrichment of Rxtl in the synaptosomal fraction. The regional and cellular
distributions of Rxtl were also determined in rat and mouse brains by
immunoautoradiography and immunohistochemistry. No signal could be
detected in white matter and glial cells. Rxtl was mainly found in the olfactory
bulb and tubercle, the cerebral cortex, the striatum, the dentate gyrus, the CA3
layer of the hippocampus, the substantia nigra pars compacta, the superior
colliculus, the nucleopontine nucleus, the granular and molecular layers and
the deep nuclei of the cerebellum. In all these regions, Rxtl labelling was
always observed in the neuropile (dendrites and/or axon terminals). In
conclusion the "orphan" transporter Rxtl appears to be associated with
neuronal processes in brain regions with known glutamatergic innervation.
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THE HUMAN DOPAMINE TRANSPORTER EXPRESSED IN XENOPUS
OOCYTES IS ELECTROGENIC. M. S. Sonders*. N. R. Zahniser".
J. I.Wadiche. S. G. Amara and M. P. Kavanaugh. Vollum Institute,
Oregon Hlth. Sci. Univ., Portland, OR 97201, & 'Dept. Pharmacology,
Univ. Co. Hlth Sci. Ctr., Denver. CO 80262.
The ability of both native and cloned dopamine transporters (DAT)
to accumulate substrate has been shown to be strictly dependent on
external Na+ and Cl' ions. Previous work regarding the ion/substrate
stoichiometry has suggested that DAT may be electrogenic. To
address this question directly, the human DAT (huDAT) coding
sequence was cloned by PCR from human midbrain cDNA and ligated
into a oocyte transcription vector. Xenopus laevis oocytes were
microinjected with huDAT cRNA and assayed with (3HJDA (100 nM)
for radioligand uptake. Expression typically reached levels of ~3
fmol/sec/oocyte by 1 week post-injection. In voltage-clamped oocytes
expressing huDAT, application of DA induced inward currents in a
concentration-dependent fashion. This inward current was increased
by membrane hyperpolarization and did not reverse. Application of
cocaine or mazindol resulted in a decrease in membrane conductance
consistent with the blockade of a steady-state leakage current. None
of these responses were observed in uninjected oocytes.
These studies demonstrate that huDAT is electrogenic, and
possesses a variety of unexpected channel-like properties. Future
electrophysiological experiments should advance our understanding
of the mechanisms of DA reuptake and provide insight into the
actions of drugs like cocaine and amphetamine.
Grants 5T32DA07262, DA00174 , DA07595,and GM487O9 supported this work.

THE ROLE OF N-GLYCOSYLATION IN THE BIOSYNTHESIS, STABILITY
AND FUNCTION OF THE HUMAN NOREPINEPHRINE TRANSPORTER. H.E.
MeUkian*. C.G. Tats and R.P. Blakely- Dept, of Anatomy and Cell Biology,
Emory Univ. Sch. of Med, Atlanta, GA 30322 and Section of Molecular Biology,
MRC, Cambridge, UK
The human norepinephrine transporter (hNET) is predicted to be a polytopic,
integral membrane protein with three canonical sites for N-linked glycosylation.
Previous studies have demonstrated that hNET expressed both in stably and
transiently transfected cells contains N-linked carbohydrate moieties, although the
extent of glycosylation differs among various cell types (Melikian et al,
J.Biol.Chem.,1994). In the present study, we have taken advantage of a cell-surface
biotinylation method to determine which form of hNET is expressed on the cell
surface. In the stably transfected cell line LLC-NET, only the more extensively
glycosylated form of hNET is on the cell surface, implicating this form of hNET as
the functional plasma membrane transporter. Futhermore, the functional role of
glycosylation was investigated using biosynthetic inhibition of glycosylation, as
well as site-directed mutagenesis. Non-glycosylated hNET expressed under the
influence of tunicamycin treatment displayed a marked decrease in half-life as
compared to wild-type hNET, resulting in a depletion of the total hNET pool.
However, these studies were unable to distinguish changes in stability and function
attributable to hNET deglycosylation vs. possible non-specific cellular effects of
tunicamycin. Therefore, we examined an hNET mutant which is deficient in all
canonical glycosylation sites (hNET N184Q, N192Q, N198Q). Transient expression
of this mutant cDNA in HeLa cells resulted in synthesis of non-glycosylated hNET
protein that did not transport NE. Biosynthetic analysis of this mutant suggested
that lack of function is not due to alterations in hNET stability; rather, the lack of
function exhibited by non-glycosylated hNET is possibly a result of decreased
ligand recognition or inappropriate targeting of hNET to the cell surface. Ongoing
cell-surface biotinylation and radioligand binding studies of this mutant will further
define the functional significance of hNET N-glycosylation.
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SOLUBILIZED AND MEMBRANE-BOUND DOPAMINE
TRANSPORTER. A. P. Patel* and M. T. Mc Coy . Neuroscience Branch, Lab.
of Molecular Pharmacology, NIH-NIDA/Addiction Research Center, Box
5180 Baltimore, MD 21244.
Effects of monovalent cations cm binding of uptake inhibitors to the
membrane-bound dopamine transporters are known. However, their effects
on detergent solubilized transporters have not been studied. [i 2SI]RTI-55 binds
to both CHAPS-solubilized and membrane-bound dog caudate dopamine
transporter with similar affinity,Kd of O.3nM and pharmacological properties
were retained in the solubilized transporter (NeuroReport 5,157-160,1993).
Cocaine sensitive [^nRTL^ binding to the transporter was carried out in
10% sucrose and 10 mM sodium phosphate (mono and dibasic, pH 7.4) in
the presence of increasing concentrations of chloride salts of Na+, K+, NH4+
and Choli^^+ (0 - 1M). [i2l]RTT-55 binding to the membrane-bound or
solubilized transporter was abolished by K+, NH4+ or Choline+ chlorides at
200 mM. IC5O’s of K+, NH4+ and Choline+ (10 - 20 mM) for inhibiting
[,22l]RTT-55 binding were similar for the solubilized and membrane-bound
transporter.
Na+ ions affected binding of [t2SI]RTT-55 to the membrane-bound and
solubilized transporter differently. In membranes, [i25I]RTT-55 binding was not
abolished even at high concentrations of Na+ (1M, 60% inhibition).
Interestingly, [12SI]RTI-55 binding to the solubilized transporter peaked around
65 mM Na+ with an increase in binding by 250 % and then declined to 150%
of control at 1M NaCl. [123I]RTI-55 binding to the solubilized transporter in
the presence of 120 mM Na+ ions resulted in an increased Bmax without
affecting the Kd. Possible mechanism for the differential effect of Na+ ions
on [123I]RTI-55 binding to the solubilized transporter is under investigation.
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DOPAMINE TRANSPORTERS. J.L. Neumewr.* R.M. Baldwin.
S. Wwtg, R, A. Miliils, R.J. BBiaussasini, N, KulaiY. Zea-Ponce end
R. B. Innis Research Biochsmicals International (RBI), Natick, MA

01760.

A ssriss of N-w-fIuoroalkyl analogs of (IR)-2-/?-carbomethoxy-3-j0(4-iodopbenyl)nortropane esters were synthesized and characterized: the
[N-fiuoroethyl methyl ester (^--CIT-FE), the N-fluoropropyl methyl
ester (j S-CIT-FP), the N-fIaorostbyl isopropyl ester (IP- p-CIT-FE), and
the N-fIuoropropyl isopropyl ester (IP- p-CIT-FP). The trimetbyIstannyI
precursors were converted to their 123i isotopes and evaluated in baboons
by dynamic SPECT regional brain imaging, measurement of
pharmacokinetics in arterial plasma, and whole body imaging. Ths
affinity (Kj) at dopamine transporters of all compounds was evaluated in
rat corpus striatum homogenates, yielding affinity values similar or
higher than for p-CIT. These tropane analogs induced somewhat less
locomotor arousal in rats than cocaine, but produced sustained effects
that persisted >3 hrs. The methyl esters showed higher total and specific
peak uptake in the striatum than the isopropyl esters. Midbrain uptake
was uniformly lower than striatal uptake and washed out more rapidly.
P-CIT-FE had more rapid striatal elimination than p-CIT-FP, with
specific striatal washout rates of 10-14%c vs. 4-6%/h. The high uptake in
the striatum and relative specificity with respect to cortical, midbrain and
cerebellar areas, suggest that such p23I] and [18F] p-CIT analogs may
be valuable tracers for direct comparison of SPECT and PET imaging of
the dopamine transporter in vivo.
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NA+/GLUTAMATE TRANSPORTER IN MULLER GLIAL CELLS. W,
Reichelt*K J. Stabel#. T. Parmicksf and U. Heinemann#. +InsL of Physiology,
Univ. of Leipzig, 04301 Leipzig and #Inst. of Neurophysiology, Univ. of Cologne,
50931 Cologne, FRG.
To study the relation between glutathion (GSH) synthesis and Na+/gIutamate
cotransport the GSH content was monitored in enzymatically isolated MuIlsr cells
(MC) of adult guinea pigs using the GSH binding fluorescent dye
monochlorobimane (MCB). Following isolation with the protease Nagarse MC were
incubated for up to 16 hours in bicarbonate buffered Ringers'. The Ringers'
contained different additives from the beginning of the incubation periode.
In MC incubated in Ringers' without additives the GSH content was running down
during the observation time. When cystine (up to 1 mM) was added the GSH content
did not differ from that in pure Ringers'. However, when cystine was added together
with glutamate the GSH content increased. In one experiment, when MC were
incubated with cystine and glutamate (0.1 mM) the g Sh content after ten hours
incubation time amounted to 264% compared with cystine (0.1 mM) incubation
alone at eleven hours, that amounted to 100%. Blocking the glutamate uptake via
the Na+*7luttanate cotransporter using L-trans-PyrroIidine-2.4-dicarboxylic acid
(PDC) and DL-a-Aminoadipic acid also decreased the GSH content of MC
incubated in glutamate/cystine containing Ringers'.
Thus, glutamate uptake via the Na+/gIutamate cotransporter plays a crucial role
for the GSH content of MC. The intracellular glutamate concentration should be
able to limit GSH synthesis in two ways: first, glutamate is a substrate for GSH
synthesis and, secondly, glutamate is substrate also for the cystine/glutamate
antiporter, transporting cystine into the cell for GSH synthesis. Thus, failure of
Na+Vluunnate transport might lead to deficiency of intraglial glutamate causing
decreased GSH levels and leading to higher susceptibility of glial cells to injury by
free radicals. Supported by Bundesministerium far Forschung und Technologie (grant to WR and UH)

OF NOVEL 5' termini
of
rat
brain
glutamate
TRANSPORTER mRNA THAT EXPRESS TWO TRANSPORTER PROTEINS.
K Chaudhry, R S Roginski*. Department of Anssthssia, UMDNJ-Robert Wood
Johnson Medical School, New Brunswick, New Jersey 08903.
Glutamate uptake in the brain is mediated by high-affinity, Na+-dspsndent
glutamate transporters (GluTs) that participate in terminating glutamatergic
nsurotranamiaaion. We cloned a rat brain GluT cDNA, GluT-R, whose sequence
differs slightly from that of GLT-1 (Nature 360: 464, 1992) and which is 284 bases
shorter at its 5' end. GluT-R cDNA hybridizes with an 11 kb mRNA from rat
astrocytes. GLT-1 cDNA’s translation initiation site (TIS) predicts a 62 kD protein;
an amino terminal antiserum detected a 65 kD band in transfected cells. GluT-R
cDNA contains a TIS 360 bases 3' to that of GLT-1. Expression of GluT-R cDNA
reveals a 50 kD in vitro translation product and confers high-affinity, Na+dspendent GluT activity in transfected cells. To study whether both sites function
when present in the same cDNA and to detect the 5' end(s) of GluT mRNA in vivo,
we employed a 5' RACE procedure (PNAS 85: 8998, 1988).
Ws observed RACE products 510 and 310 bases upstream and 41 bases downstream from the 5' end of GLT-1 cDNA. DNA sequences show that the region 5'
to bass 285 has an sxtrsmsly high (G + C) content. The two largest 5' ends were
joined with downstream GluT-R sequences to gsnsrats clones with both TISs .
cRNAs from these clones and the original +285 GluT-R clone wsrs translated in
vitro to dstsrmins ths effects of upstream ssqusncss. Both longer clones generated
only 10% as much in vitro translation product as ths shorter GluT-R clone,
suggesting an inhibitory effect of ths GC-rich upstream sequences. Both longer
clones also showed 62 kD and 50 kD bands, consistent with ths utilization of both
initiation sites. GluTs corresponding to both in vitro translation products may bs
present in rat brain. Longer 5' termini may ssrvs a regulatory rols in vivo.
Dr. Roginski is a FAER/Burroughs-Wsllcome Young Investigator.
cloning
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THE HUMAN NEURONAL HIGH AFFINITY GLUTAMATE TRANSPORTER
EAACI: INSIGHTS INTO THE MECHANISM OF TRANSPORT. Sx
Nussberqer, Y. Kanai and M.A. Hediqer*. Renal Div., Brigham
and Women’s Hospital, Harvard Med. Sch., Boston MA 02115.
High affinity glutamate transporters play an essential
role in glutamatergic transmission. Subsequent to the
cloning of the rabbit neuronal high affinity glutamate
transporter EAACI (Nature, 360, 467-471, 1992) we isolated
and characterized EAACI from human (HEAAC1). The transport

REGIONAL DIFFERENCES IN THE INHIBITION OF GLUTAMATE AND GABA
UPTAKE BY NO AND cGMP. Keith J. Miller* and Beth J. Hoffman. Lab of
Cell Biology, NIMH Bldg. 36, Bethesda, MD 20892.

properties of HEAAC1 expressed in Xenopus oocytes were
studied using voltage clamp and voltage jump techniques.
The maximal transport rate (I ) and the apparent affinity
(Kg 5GIu ) of L-glutamate were "found to depend on membrane
potential. The increase of I
with hyperpolarization is
consistent with the model in which the charge translocation
step (i.e. the translocation of 2 Na* and 1 Glu") is rate
limiting. The increase of the apparent Kg^610 with
hyperpolarization suggests that L-glutamate binding occurs
within
the membrane-spanning
portion
of
EAACI
or,
alternatively,
that
the
charge
translocation
step
contributes to the voltage dependence of Kp 5Glu. We
furthermore found that the Ko ^lu increased with decreasing
external Na* concentration. Ihis is consistent with an
ordered kinetic model in which Na* binds first to change the
conformation of the protein and to increase the affinity
for glutamate. Voltage jump experiments revealed minor
current relaxations for depolarizing pulses in the presence
of extracellular Na* and glutamate. These were considerably
faster than those of the Na*/glucose cotransporter SGLT1.
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Glutamate and GABA are the major excitatory and inhibitory
neurotransmitters in the brain respectively, and their action is primarily
terminated by uptake into pre-synaptic terminals and glia. Regulation of
transport may play an important role in normal brain function and in diseases
such as ALS. 100uM S-nitroso-penicillamine (SNAP), an NO generating
compound, caused a decrease in 3H-glutamate uptake to 59 f 6 %
of basal in hippocampal synaptosomes. The decrease was not likely

due to glutamate release or redox effects as the synaptosomes were

washed after treatment and before uptake. The cell permeant cGMP
analog 8-bromo-cGMP produced a decrease in 3H-Glu uptake
suggesting that cGMP may mediate the action of NO on uptake.

Interestingly SNAP and 8-bromo-cGMP produced a smaller decrease

in uptake in cortical synaptosomes (86 Jl 4% and 76 jt 2% of
basal). The regional differences in uptake were observed for 3H-GABA

transport as well. SNAP caused a 40% reduction in uptake in
hippocampal

synaptosomes

and

a

10%

reduction

in

cortical

synaptosomes. Similarly 8-bromo-cGMP caused a decrease of 25%

in hippocampus and of 6% in the cortex. The effect of SNAP and 8bromo-cGMP was not generalized to all transporters as both
compounds produced similar elevations in 3H-5HT uptake in both

regions.

The regional differences may be due to the

regional

variations in the level of PKG and nitric oxide synthase in the brain.

These results suggest that regional differences could potentially allow

for control of neurotransmitter levels on a synapse by synapse basis.
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2-OXOGLUTARATE TRANSPORT IN SYNAPTOSOMAL GHOSTS. J.C.

CLONING AND BRAIN LOCALIZATION OF A RAT Ca2+ -SENSING
RECEPTOR
M . Ruat*. A .M. Snowman. N.A. Cohen and S.H. Snyder . Department of
Neuroscience, Johns Hopkins University School of Medicine, Baltimore MD 21205 .
A cloning of a gene encoding an extracellular Ca2+ -sensing receptor (RCa2+) in

Lehmann*. D. Kapkov. H.R, Zielke Dept. Neurosurgery,
Hahnemann University School of Medicine, Philadelphia PA
19102-1192; Bakh Institute of Biochemistry, Russian
Academy of Science, Moscow; and Dept. Pediatrics, Univ
Maryland School of Medicine, Baltimore MD.

In the course of studying control mechanisms
modulating [l4C]2-oxoglutarate (2OG) uptake, it was found
that contamination with a soluble' protein caused an
apparent increase in uptake. This protein was found to be
aspartate aminotransferase, and the apparent stimulation
due to conversion of 2OG to labeled glutamate, taken up by
the much more robust glutamate transporter.
For this reason, further studies on control mechanisms of
2OG uptake were carried out in synaptosomal ghosts synaptosomes which were lysed to remove cytoplasm and
then resealed. In this preparation, 2OG transport was
observed and was found to retain sensitivity to glutamate
and glutamine.
[Supported by NIMH 49898, NICHD 16596, Fogarty
TW00389 and Johnson & Johnson and carried out in
collaboration with Dr. R. Shank, R.W. Johnson
Pharmaceutical Research Institute]
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the bovine parathyroid gland accounts for parathyroid responses to Ca2+ (Brown et
al, 1993).
We have isolated a homologous cDNA by homology screening a rat striatal cDNA
library using probes derived from the bovine RCa2+ sequence. Sequence analysis
of a 6 kb cDNA insert reveals an open reading frame of 3240 bp and an initiation
codon consensus sequence surrounding a presumed initiator methionine. The
deduced 1080 amino acid sequence of the encoded protein exibits a 95% overall
homology to the bovine protein, and is characterized by i) a long amino terminal tail
exibiting homology to the metabotropic glutamate receptors and to a family of
bacterial periplasmic binding proteins involved in bacterial nutrient uptake, ii) seven
putative transmembrane domains characteristic of the super gene family of Gprotein coupled receptors, iii) a short third intracytoplasmic loop, iiii) a long Cterminal end. RT-PCR experiments using RNA prepared from various rat brain

regions and specific primers of the rat RCa2+ cDNA, reveals a DNA product of the
expected size amplified in cortex, striatum, hippocampus, cerebellum, brainstem,
thalamus, hypothalamus and in the pituitary gland. Northern blot analysis reveals a
6 kb transcript with highest expression in hypothalamus, pituitary, brainstem and
striatum with somewhat lower levels in cortex, hippocampus and cerebellum.
Preliminary in situ hybridization studies reveal a heterogeneous distribution of the
transcript in rat brain with highest levels in hypothalamus (ventromedial
hypothalamic nucleus), thalamus , olfactory bulb, and hippocampus. Our results
document rat RCa2+ transcript are expressed in discrete brain areas suggesting a
novel calcium sensing mechanism in brain and in the pituitary gland mediated by

RCa2+
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POLYPEPTIDE CALCIUM ANTAGONISTS AND STIMULUS
SECRETION COUPLING IN THE NEUROHYPOPHYSIS. J. Nordmann.
G. Dayanitiii, E. Stuericel, R. KristsPi^ti..J . Lemos* andR. Newcomb CNRS
Strasbourg, France F67084, Untv. Michigan Medical School, Ann Arbor, MI
48109, Worcester Foundation for Experimental Biology, Shrewsbury, MA
01545, and Neurex Corp., Menlo Park, CA 94025.
Recent work has shown ihai the transient (NT) component of the calcium
current of the posterior pituitary nerve endings is made up of two components
similar to N- and g-type currents (following abstract by Wang et al). These
nerve endings also possess distinct high affinity binding sites for synthetic coconopeptides, SNX-111 (MVIIA) and SNX-230 (MVIIC), indistinguishable
from those present on rat brain synaptosomal membranes. To study the role of
these calcium channels in the neurosecretory process we used fluorescent Ca2+
indicators and a vasopressin release assay to compare the effects of N-type
Ca2+ channel antagonist peptides, SNX-111, SNX-185 (TVIA, Olivera et al.
Ann. Rev. Biochem., in press), with effects of peptides, SNX-230 (MVIIC)
and SNX-183 (SVIB), which block additional classes of neuronal Ca2+
channels. SNX-185 and SNX-111 were able to block only 50% of the 30 mM
K+ induced vasopressin release with IC*, values of 0.1 and 1-10 nM,
respectively. SNX-183 and SNX-230 had effects similar to those of SNX-111.
With both classes of antagonists, effects on changes in intracellular [Ca2+] were
approximately the same as those on hormone release (10-20% inhibition at 1
nM peptide concentration). These results suggest that calcium channel blocking
peptides can be used as tools to define the role of calcium entry though
distinct, identified channels in the regulation of neurohormone release from
central nervous system terminals.

POLYPEPTIDE CALCIUM ANTAGONISTS REVEAL TWO TYPES OF
TRANSIENT Ca2+ CHANNELS IN NEUROHYPOPHYSIAL TERMINALS.
G. Wwie.e Br ^w ^i^O, D.Hom, G.Mero, J. Ramocich^dranand J. L^mM.
Worcester Foundation for Experimental Biology, Shrewsbury MA, 01545 and
Neurex Corp., Menlo Park CA, 94025.
Previous work has shown that the w-conopeptideGVIA partially inhibitstwo high
voltage activated Ca2+ current components in neurohypophysial terminals: one
transient (N- ICjq =5O nM) and the other long lasting (L, IC*,=5OO nM) (Wang et
al. 1992, J. Physiol. 445:181). We have examined the effects of synthetic wconopeptides on these nerve endings by radioligand binding and electrophysiology.
These studies utilized peptides, URX-111 (MVIIA), SNX-124 (GVIA), and SNX185 (TVIA), directed toward the N-type calcium channel, as well as peptides, SNX230 (MVIIC) and AgalVa, with a broader specificity for neuronal calcium channels.
Radioligand binding to the plasma membranes shows unique high affinity sites
indistinguishable from those on rat brain synaptosomal membranes (Ramachandsan
et al. 1993, Persp. Med. Chem., 375), with a K. for URX-111 of 0.5-2 pM, and
for SNX-230 of 5-10 pM. In perforated patch clamp experiments with 5 mM Ba2+,
low concentrations (<50 nM) of SNX-230, 124 and 185 specifically, but only
partially, inhibited (30%) the Nt current, whereas at higher concentrations (1 pM)
they could also block the L component. No effects were seen, however, on /n ..
Maximal block of the Nt current, with 800 nM SNX-124, is only 70-80%, but the
remainder is blocked by 300 nM SNX-230. AgalVa blocked 70-80% of the
transient component with an IC*, 100-300 nM (Lemos et al. 1994, NYAS 710:11).
These results show that the Nt current has two components: one of these behaves
most like the Q current (Sather et al. 1993 Neuron 11:291), while the other is
similar to the N current. This is consistent with the two distinct high affinity binding
sites for SNX-230 and URX-111. (Supported by NIH grant NS2947O and Neurex
Corp.)

268.3

268.4

UNIQUE PHARMACOLOGY OF VOLTAGE-DEPENDENT Ca CURRENTS
IN AtT-20 PITUITARY CELLS. R.A. Gross*-, R.W. Subiaga. Jr.-l & W.A.

Structural Features of N-type Calcium Channels Underlying their
Sensitivity to m-Conotoxin. J,-F. Zhang. P.T. Ellinor. W.A, Home# and
R.W. Tsien*. Dept. of Mol. Cell. Physiol., Stanford CA 94305 and
^Neurex Corporation, Menlo Park CA 94025.
Toxin-channel interactions have led to valuable insights about the
structure of Na+ and K+ channels. A variety of neurotoxins block
individual types of Ca?+ channels, as exemplified by w-CTx-GVIA
inhibition of the N-type Ca^+ channel, but little is known about the
molecular basis of the Ca^+ channel’s susceptibility to block. To study
this, we made chimeras combining individual motifs from the N-type
channel (<xib ) and an w-CTx-GVIA-insensitive channel (cia ), expressed
them in Xenopus oocytes, and characterized GVIA block of Ba2+
currents. Analysis of the kinetics of toxin block revealed significant
contributions of each of the four motifs to the overall toxin interaction.
While this has not been shown directly for other toxins and channels, it is
consistent with a direct pore-blocking mechanism. Motifs III and I
appeared predominant. The most dramatic effects on toxin interactions
were seen at a single cluster of residues in the large extracellular loop
between IIIS5 and IIIH5, 30-40 amino-acid positions away from a
glutamate residue important for Ca^+ selectivity. Here, mutations slowed
the development of block by ~3 0-fold and reduced the apparent affinity
for w-conotoxin by ~6OO-fold. Since the structure of the toxin and
positions of its key groups are known from NMR, these results provide
initial hints about the architecture of a Ca^+ channel's outer vestibule.

Home2. 1U. Minnesota, Minneapolis, MN; 2Neurex Corp., Menlo Park, CA.
p-endorphin release in AtT-20 (G.7) clonal pituitary cells is regulated by
the cyclic AMP kinase (PKA) and correlates positively with Ca current size.
In this study, we have identified AtT-20 G.7 Ca channel sub-types using
nifedipine and a variety of biological toxins, including m-conotoxin GVIA, magatoxin IVA, and SNX-230, a synthetic form of m-conotoxin MVIIC.
Whole cell Ca currents were evoked at +10 to +20 mV, in media which
blocked Na and K currents, with 5 mM Caz+ as the charge carrier.

Experiments were performed without perfusion, on one cell per dish.
Currents were insensitive to 10 pM mconotoxin-GVIA, applied from
pressure ejection pipettes for 15-30 sec each minute, for up to 10 min. (In
control experiments, this produced a 40 to 60% reduction in DRG Ca
currents within 2 min). Nifedipine (10 pM) reduced currents by 10-15%
when evoked from -80 mV, and by ~45% when evoked from -40 mV (-30%
of total current), magatoxin IVA (500 nM) reduced maximal currents by 6575% over 5-8 min, but by <10% at a concentration of 25-30 nM. SNX-230
reduced currents by -15% at 100-200 nM, and by 65-75% at 5 pM. This
effect was slow in onset, requiring application over 5-8 min.
These data suggest that AtT-20 G.7 cells have a unique complement of
Ca channels, with a predominance of Q-type channels and a smaller proportion of L-type. (Some AtT-20 lines appear, however, to have N-type channels as well {Randall & Tsien, Brit. J. Pharm. 111:194P, 1994}). Previous
experiments, using genetically-altered G.7 sub-clones with constituitively
increased or decreased PKA activities, suggest that Q-type channels may
be regulated by PKA and may participate in the release of p-endorphin.

Supported in part by NS19613 (RAG).
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P-, Q- and R-type Ca2+ channels
in cerebellar
granule
cells and their
distinctive
responses to ©-Aga -IVA and o -Aga III-A. A.D. Randall1 *, M.E.
Adams2 & R.W. Tsien1. *Dept. of Molecular and Cellular Physiology, Stanford
University & 2Depts of Entomology & Neurosci., University of California Riverside.
The Ba2+ current of cerebellar granule neurons includes a contribution of ~35%
from L- and N-type Ca2+ channels, which can be completely eliminated by
nimodipine and w-CTx-GVIA respectively. The remaining current can be divided
into three additional components: two of these (P, Q) show different kinetics and
sensitivities to block by w-Aga-IVA, while a third component (R) is resistant to wAga-IVA, but is sensitive to w-Aga-IIIA. At low concentrations, (1.5-15 nM) AgaIVA blocked a smaller, virtually non-decaying component of current; at higher
concentrations (0.3-3 pM) the toxin blocked a larger current that decayed 30-35%
during a 105 ms test pulse to 0 mV. These results indicate the existence of two AgaIVA-sensitive components with different waveforms viz, a non-decaying P-type
current like that described in cerebellar Purkinje cells, and a prominently decaying Qtype current resembling the a^ Ca2+ channel clone expressed in Xenopus oocytes.
Aga-IVA block of both P- and Q-type channels was relieved by strong depolarizing
voltage pulses. In the absence of such pulses, washout of 3 pM Aga-IVA resulted in
the recovery of a non-decaying Ba2+ current (xoff-8 min); subsequently applied
strong depolarizing voltage steps caused recovery of an inactivating current.
Evidently, P- and Q-type channels differ in the kinetics of their response to Aga-IVA,
in that block of P-type is both faster to develop and recover.
The R-type Ba2+ current is insensitive to nimodipine, w-CTx-GVIA and 3 pM . AgaIVA, and appears as a high-voltage activated, rapidly decaying component that is
both Cd2+" and Ni2+-sensitive. This current might correspond to the a1E Ca2+
channel subunit (Zhang et al. 1993, Neuropharmacology, 32, 1075-1088). Aga-IIIA
(3-50 nM) caused a dose-dependent, rapidly developing block of R-type current that
was not accompanied by a shift in the activation I-V relationship. At steady-state, the
block averaged 71.7 ± 3.8% at 3 nM and 74.5±l.l% at 10 nM Aga-IIIA. Upon
washout of toxin, recovery of current was slow, incomplete over 5 minutes, and not
speeded by the application of large depolarizing voltage steps.

THE VOLTAGE SENSITIVE Ca2+ CHANNEL (VSCC) ANTAGONISTS wAGA-IVA AND w-CTX-MVIIC INHIBIT SPONTANEOUS EPILEPTIFORM
DISCHARGES (SEDs) BUT NOT NMDA IN THE RAT CORTICAL WEDGE.
L.J. Robichaud* and P,A. Boxer. Neuroscience Pharmacology, Parke-Davis
Pharmaceutical Research, Division of Warner-Lambert Co. Ann Arbor, MI 48105
Neuronal VSCCs have been classified into various subtypes based upon
electrophysiological and pharmacological criteria. P-type channels may regulate
excitatory amino acid (EAA) release while biogenic amine release is controlled by
N-type and to a lesser extent P-type channels. The ability of VSCCs antagonists to
modulate excitatory amino acid (EAA) release was evaluated by measuring Nmethyl-D-aspartate (NMDA) receptor-dependent spontaneous epileptiform
discharges in rat cortical wedges. SEDs are dependent on spontaneous release of
EAAs and the subsequent firing of action potentials, providing an ideal model to
evaluate purported inhibitors of VSCC-dependent glutamate release.
The N-type channel blocker w-CTX-GVIA (100-1000 nM) was ineffective. The
P-type channel blocker w-Aga-IVA at 100 nM had no effect, but at 300 nM reduced
the frequency of discharges by 63% and blocked completely at 1 pM (ICM = 232
nM). The purported N- and Q-type antagonist w-CTX-MVIIC (SNX-230) was also
ineffective at 100 nM, while at 300 nM the frequency was reduced by 35% and at
1 pM SEDs were blocked (1C*, = 377 nM). The inhibitory effects of 1 pM w-AgaIVA or w-CTX-MVIIC had a slow onset (>60 min for 100% inhibition) and were
minimally reversed by removal of toxin for 1 hr. These effects are not the result of
any NMDA antagonism, since treatment with 1 pM of w-Aga-IVA or w-CTXMVIIC for 2 hr did not reduce depolarizations in response to 10 pM NMDA.
These results indicate that the VSCCs blocked by P-type and/or Q-type channel
antagonists are primarily responsible for mediating impulse dependent EAA release
in the rat neocortex.

268.7

268.8

VOLTAGE-GATED Ca2+ CHANNEL SUBTYPE SELECTIVITY OF
w-GRAMMOTOXIN SIA IN CULTURED RAT HIPPOCAMPAL
NEURONS. T.M. Piser*L R.A.Lampe2. R.A.Keith2 and S.A.
Thayer1 iDept. of Pharmacology, Univ. of Minnesota, Minneapolis,
MN 55455. *Dept. of Pharmacology, Zeneca Pharmaceuticals Group,
Zeneca Inc., Wilmington DE 19897.
w-grammotoxin SIA (w-GsTx), a peptide purified from tarantula
spider venom, blocks synaptosomal ^5Ca2+-uptake and [H3]-Daspartate release from hippocampal slices, suggesting that w-GsTx
blocks voltage-gated Ca2+ channels (VGCC) that mediate glutamate
release. To determine the VGCC subtype selectivity of w-GsTx, we
investigated the effects of w-GsTx on co-conotoxin MVIIC (MVIIC)sensitive and nimodipine-sensitive whole-cell Ba2+ current (Iga) in
cultured rat hippocampal neurons. MVIIC blocks Ba2+ currents
mediated by N-, P-, and Q-type VGCC, while nimodipine blocks Ba2+
currents mediated by L-type VGCC. 1 pM w-GsTx and 3 pM MVIIC,
determined to be maximally effective concentrations of the toxins,
produced statistically indistinguishable block of Ifia. 59 ± 7 % and 52
±4% (mean ± SE), respectively. Furthermore, maximal concentrations
of either w-GsTx or MVIIC completely occluded block of Iga by
subsequent application of a maximal concentration of the other toxin,
indicating that the two toxins block an identical component of Iga in
these cells. Following maximal block by w-GsTx, 10 pM nimodipine
produced an additional 18 % block of Iga, (P<O.OO1). These data
suggest that w-GsTx, similar to MVIIC, blocks N, P, and Q-type, but
not L-type VGCC. In contrast to MVHC, block by w-GsTx is readily
reversible, suggesting that coGsTx is a useful tool for studying VGCC.

W-CTX-MVIIC-SENSITIVE AND -INSENSITIVE CALCIUM
CHANNELS OF RAT CEREBELLAR GRANULE CELLS. D
Pietrobonf A. Moretti and A. Tottene. Dept of Biomedical
Sciences, C.N.R. Center Mitochondrial Physiology, University of
Padova, 35121 Padova, Italy
We have characterized in rat cerebellar granule cells the unitary
properties of three (Gl, G2 and G3) types of calcium channels
resistant to both dihydropyridines and w-CgTx-GVIA and
functionally different from T- and P-type channels. Gl-type
calcium channels are blocked irreversibly by w-CTx-MVIIC. In the
presence of 3 pM w-CTx-MVIIC in the patch-clamp pipette after
incubation of the neurons for at least 10 minutes with 10 pM toxin
in the divalent-free bath recording solution, Gl-type channels were
never observed in 51 cell-attached patches, while in paired controls
Gl channels were observed in 16 over 40 patches. In contrast, G2and G3-type calcium channels are not blocked irreversibly by wCTx-MVIIC since, using the same inhibition protocol, their cellattached single channel activity was not affected by the toxin. Also
not blocked irreversibly by w-CTx-MVIIC are two additional rare
(G4 and G5) types of calcium channels expressed by rat cerebellar
granule cells. Both G4- and G5-type channels have unitary
conductance (25 pS) similar to that of Gl-type channels. However,
G4 channels can be distinguished from Gl channels on the basis of
their slightly more positive activation threshold and of their steadystate inactivation at much more positive voltages. G5 channels can
be distingushed on the basis of the combined slightly higher current
and open probability at each voltage.

268.9

268.10

sFTX -ISOLATED P-TYPE CALCIUM CHANNEL PROTEIN IS BLOCKED BY
sFTX AND w-Aga-IVA, BUT NOT BY Q-CONOTOXIN. B. Cherksev*. M.
Sugimori and R. Llinds. Dept. Physiol. & Biophys., NYU Med. Ctr. New York, N.Y.
10016.
In order to test further the pharmacological characteristics of the P-type
calcium channel on lipid bilayers, single channel currents were voltage activated and
the effect of well known calcium channel blockers investigated.
The polyamine, 1-arginyl N,N',-Bis(3-aminopropyl)- 1,4-butane-diamine,
which we have previously termed synthetic FTX(3:4) was coupled to Sepharose 4B
CL via a 1,4-Butanediol Diglycidol ether linkage. This affinity gel allowed the
extraction of a protein from bovine cerebellum homogenate. The functional activity
of the resulting protein solution was assessed using the "tip-dip" bilayer technique.
The electrical activity was measured in solutions containing: 80 mM BaCl2, 10 mM
HEPES, pH 7.4 in the pipette; 120 mM CsCl, 10 mM HEPES, pH 7.4 in the bathe.
Single channel activity recorded under these conditions was characterized by a slope
conductance of l5±5 pS. Single channels were blocked by the addition of Cd or Co at
concentrations below 100 pM and by both the polyamine blocker synthetic FTX and
by natural FTX. Single channel activity was also blocked by the addition of the
peptide channel blocker w-Aga-IVA at a concentration of 1 uM. W-Conotoxin, at a
concentration of 1 uM was ineffective in inhibiting the activity of the isolated P-type
calcium channel. Ensemble averages of 60 mV steps from -90 to -30 mV showed that
the channel activity did not inactivate during the 500 msec pulse duration. These
microscopic currents were blocked by sFTX and 'by w-Aga-IVA.
The results obtained indicate a similariety in the pharmacology to that
encountered in the native P-channels in central neurons. Supported by NIH grants
NS 13742 and AG09480.

DIFFERENTIAL CALCIUM CURRENT EXPRESSION IN ZONA
FASCICULATA CELLS FROM RAT ADRENAL GLAND.
K. Takeda* and J.-G. Barbara. Universite Louis Pasteur,
Pharmacologie-CNRS URA600, Strasbourg 67401, France.
Voltage-dependent whole-cell calcium currents were studied
in cultured, steroid-synthesizing fasciculata cells isolated from
rat adrenal cortex. Immediately after dissociation and for up to
24 h after plating, an amiloride-sensitive, low-threshold,
transient T-type current was observed in all cells. V1/2 for
activation was -31 mV and for inactivation -51 mV with 20 mM
Ba. A decay time constant of 19 ms was found for test pulses to
0 mV. The voltage-dependence of tail current decay time
constants revealed a single channel-closing process, Ca and
Ba were equipermeant. ICso's for block by Cd, Ni and amiloride
were 24, 132 and 519 pM respectively, w-agatoxin IVA and
synthetic funnel web toxin were ineffective. Action potentials
were elicited under current clamp by small depolarizing current
pulses. A high-threshold, sustained L-type component was
seen in <2% of cells within 24 h after plating, even in the
presence of the dihydropyridine agonist (+)S 202 791. After
2-3d in culture, L- and T-type currents were coexpressed,
while after >4-5 d, T-type currents were absent and L-type
currents were seen in >90% of cells. V1/2 for L-type current
activation was -19 mV and for inactivation -34 mV with 20 mM
Ba. L-type current was potentiated by 407% with 1 pM
(+)S 202 791, and blocked by >80% with 1 pM (-)S 202 791,
w-conotoxin GVIA or nitrendipine. Such differential Ca current
expression if present in vivo might regulate corticoid synthesis.
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HETEROGENEITY OF N-TYPE ALPHA 1 SUBUNIT ANTIGENS
EXPRESSED IN RAT NEURONAL TISSUES. M.W.McEnerv*.
T.D. CopelandA. and C.M. Begg . Dept, of Physiology and
Biophysics, Case Western Reserve University, School of Medicine,
Cleveland, OH 44106, and AABL-Basic Research Program, NCIFrederick Cancer R & D Center, Frederick, MD 21702
The omega-conotoxin GVIA sensitive N-type voltage-dependent
calcium channel (N-type VDCC) is implicated in many neuronal
processes which include neurotransmitter release, neuronal migration,
and synaptic vesicle docking. What are the structural features of the Ntype VDCC which determine its involvement is these divergent
functions? To date, four cDNA clones have been reported which encode
the alpha 1 subunit (230-240 kDa) of the N-type VDCC. While these
cDNAs are very homologus, there are several putative "hot spots" of
sequence divergence that occur at corresponding sites in all N-type
alphal subunit cDNAs. Can these "hot spots" be used as markers for
distinct isoforms of N-type VDCC alphal subunits? We have prepared
a panel of anti-peptides antibodies designed to identify 1) N-type alphal
species-specific epitopes; 2) N-type alphal specific epitopes and 3)
"generic" epitopes represented in all VDCC. In a comparative study of
numerous tissues and cells lines (including rat forebrain and rat PC 12

TWO CLONED RAT BRAIN N-TYPE CALCIUM CHANNELS HAVE
DISTINCT KINETICS. S.J. Dubel*. A. Stea, and T . P, Snutch, Biotechnology
Laboratory, University of British Columbia, Vancouver, B.C., V6T 1Z3.
We previously reported the functional properties of a rat brain an (N-type)
cDNA, rbB-I (Stea et al., Neurophannacology 32: 1103-1116,1993). Analysis
of a second a1B cDNA, rbB-II, shows that it differs from rbB-I in three
regions: i) a glycine for a glutamic acid substitution in domain I S3, ii) a
deletion of a single amino acid between domain I S6 and II SI, and iii) a four
amino acid deletion in domain III S3. Expression of rbB-II in Xenopus oocytes
(with a2 and Pit, subunits) resulted in Ba currents which showed a complete
blockade with a short (1-2 min) exposure to lpM CgTx GVIA as was
previously described for rbB-I. Similar to rbB-I, the rbB-II currents first
activated at -30 to -20 mV (in 40 mM Ba) and peaked at ~ +20 mV. The
voltage dependence of inactivation was nearly identical with the two clones and
both rbB-I and rbB-II had a half point of current inactivation (with a 20 sec
prepulse to various holding potentials) of ~ -60 mV. In contrast, the waveforms
of the two isoforms were distinct. As previously reported rbB-I (with a2 and Pib
subunits) currents showed a slow activation rate (t ~ 30 msec) reached a peak
after 100 msec and inactivated slowly (t > 400 msec). On the other hand the
rbB-II currents showed a fast activation (t ~ 3 msec), reached a peak after 1520 msec and inactivated quickly (t ~ 140 msec). A comparison of the peptide
sequences of rbB-I and rbB-II, with
clones isolated from human (Williams
et al., Science 257: 389-395, 1992) and rabbit (Fujita et al., Neuron 10: 585598, 1993) indicates that the changes in rbB-II in domains I and III are
conserved in the human and rabbit sequences. Since both the human and rabbit
clones form fast-activating channels it is likely that one or both of these
changes are essential for altering kinetic properties of the a]B calcium
channels.

cells), we have identified multiple N-type alphal subunit antigens using
a combination of western blotting, ligand binding, immunoprecipitation
and photoaffinity labelling techniques. Our studies indicate coexpression of diverse N-type alphal subunit antigens in a single tissue.
[This work was supported in part by a grant from LHIMRF (MWM)
and by the National Cancer Institute, d Hh S under contract No. NOl-

C0-74101 with ABL (TDC)].

FORMATION AND SPECIFICITY OF SYNAPSES I
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A SYNAPSE-SPECIFIC CARBOHYDRATE IS INVOLVED IN
ACETYLCHOLINE RECEPTOR CLUSTERING. Paul T. Martin and
loshua R. Sanes*. Department of Anatomy and Neurobiology,
Washington University School of Medicine, St. Louis, MO 63110.
Lectins such as VVA-B4, which bind N-acetylgalactosamine
(GalNAc), selectively stain the neuromuscular junction (S^ott et al., /.
Neurosci. 8, 932-944). Acetylcholine receptors (AChRs) are also
concentrated at the neuromuscular junction, but do not bind VVA. We
used the C2 muscle cell line, which forms AChR clusters in the absence
of neuronal innervation, to show that VVA-B4-binding glycoconjugates
(VVA receptors or VVARs) play an important role in clustering of
AChRs. VVARs are concentrated at AChR clusters in C2 cells. Lectins
that bind GalNAc increase AChR clustering and potentiate the
clustering activity of agrin, but do not bind to agrin. Agrin induces the
expression of VVARs. Moreover, neuraminidase treatment, which
unmasks VVARs, induces AChR clustering. Agrin-induced AChR
clustering is blocked by P-hexosaminidase, which removes VVARs.
Agrin-induced AChR clustering can also be blocked by multivalent
sources of GalNAc, such as BSA-GalNAc. Taken together, these
experiments suggest a model in which agrin-induced accumulation of
VVARs is involved in agrin-induced AChR clustering. (Supported by
NIH and MDA)

LOCALIZATION OF mRNA’S ENCODING SYNAPSE-SPECIFIC
PROTEINS AT MAMMALIAN NEUROMUSCULAR JUNCTIONS.
L.M. Moscoso. I.P. Merlie* and I.R. Sanes. Department of Anatomy and
Neurobiology, Washington University School of Medicine, St. Louis,
MO 63110.
The postsynaptic apparatus at the neuromuscular junction is highly
specialized. Its basal lamina, plasma membrane and cytoskeleton
contain concentrations of several proteins that are nearly absent from
nonsynaptic areas of the muscle fiber. Studies of one membrane
component, the acetylcholine receptor, have shown that differential
transcription of its genes by synaptic nuclei contributes to its synaptic
accumulation. Here, we used the method of in situ hybridization
histochemistry to study the distribution of mRNAs encoding several
other proteins that are localized to the motor endplate. We found
endplate selective expression of mRNAs for a plasma membrane
protein, NCAM, and for a cytoskeletal protein, the 43 kDa
acetylcholine receptor associated protein (43K). In contrast, expression
of RNA encoding s-laminin, a protein concentrated in synaptic basal
lamina, is present throughout the muscle fiber. Control RNAs encoding
proteins expressed throughout the muscle, myosin heavy chain and
actin, were also expressed throughout the muscle fiber. Our data
suggest that selective transcription by synaptic nuclei is a general but
not universal mechanism for concentrating specific proteins in the
postsynaptic apparatus at the neuromuscular junction. (Supported by
NIH)
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LAMININ BINDS TO THE 190 kDa SUBUNIT OF THE
AGRIN RECEPTOR. K. A. Devst. M.A. Bowe. and J.R.
Fallon*. Worcester Foundation for Experimental Biology,
Shrewsbury, MA 01545

THE AGRIN RECEPTOR IN TORPEDO POSTSYNAPTIC
MEMBRANES IS A DYSTROGLYCAN-RELATED COMPLEX.
M.A. Bowe*. K.A. Devst. and J.R. Fallon. Worcester Foundation for Experimental
Biology, Shrewsbury, MA 01545

Agrin is an extracellular matrix molecule which directs the assembly
of the postsynaptic apparatus of the neuromuscular junction We have
identified the agrin receptor in Torpedo postsynaptic membranes as a
complex of two glycoprotein subunits related to a- and 8- dystroglycan
(see accompanying abstract, this volume). a-Dystroglycan, purified
from bovine brain or rabbit muscle, binds laminin and has been
proposed to function as . part of a transmembrane structural link between
the extracellular matrix and the cytoskeleton. The a-dystroglycanrelated 190 kDa subunit of the agrin receptor binds agrin. In view of
the similarity between the agrin receptor and dystroglycan, and that
between agrin and laminin, we tested the binding of laminin to the agrin
receptor. Using a ligand blot overlay assay, we now show that laminin
binds to the 190 kDa agrin receptor subunit. Both laminin and agrin
binding to the 190 kDa subunit require Ca++. In addition, the binding
of either ligand is inhibited by heparin.The relationship betwen agrin
binding and laminin binding to the agrin rceptor is being
investigated.This relationship may provide insights into the functions
of both agrin and laminin in cell-surface remodeling phenomena, such
as synapse formation.
Supported by NIH and MDA.

Agrin, an extracellular matrix molecule, plays a crucial role in neuromuscular
junction formation by inducing clustering of acetylcholine receptors and other
postsynaptic components in the muscle cell membrane. We have previously identified
a cell surface receptor for agrin from Torpedo electric organ postsynaptic membranes.
The purified receptor is a heteromeric complex of two membrane-associated
glycoprotein subunits of 190 kDa and 50 kDa. To gain more detailed structural
information about the glycoproteins, we obtained amino acid sequences from them.
Peptide fragments of each subunit were subjected to N-terminal peptide sequencing by
automated Edman degradation. The sequences show strong homology to the
dystroglycan precursor protein, which gives rise to a- and 8- dystroglycan. Peptides
from the 190 kDa agrin receptor subunit show strong similarity to a-dystroglycan, a
peripheral membrane protein of 156 kDa in rabbit muscle and 120 kDa in bovine
brain. Peptides from the 50 kDa agrin receptor subunit are similar to 8-dystroglycan, a
43 kDa transmembrane protein in rabbit muscle. Comparison of tryptic maps of the
190 kDa and 50 kDa subunits revealed no identical fragments, indicating that the
subunits do not share sequence. Thus, it is unlikely that the 50 kDa subunit is a
proteolytic breakdown product of the 190 kDa subunit. These data indicate that the
Torpedo agrin receptor is related to mammalian dystroglycan, and by analogy, may be
a complex of two glycoproteins derived from a single precursor. Comparison of the
proteolytic fragment sequences of the agrin receptor subunits with the predicted
sequence of the dystroglycan precursor protein also allows us to define the most likely
cleavage site.
Identification of the agrin receptor opens avenues for dissecting the mechanisms of
synaptogenesis and may provide insights into the pathology of muscular dystrophy.
Supported by NIH and MDA
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CALIBRATED IN VIVO IMAGING OF ACETYLCHOLINE RECEPTOR
TURNOVER OF NORMAL AND DENERVATED NEUROMUSCULAR
JUNCTIONS. S.M. Culican*. S.G. Tumey. and J.W. Lichtman. Department
of Anatomy and Neurobiology, Washington University School of Medicine,
St. Louis, MO 63110.
In order to study the dynamics of acetylcholine receptors (AChRs) at the
mammalian neuromuscular junction (NMJ) in vivo, we have developed an
intensity measurement protocol that allows us to determine changes in the
absolute intensity of fluorescence labelling of AChRs over time. By
calibrating the response of a SIT camera to a fluorescence standard we have
been able to demonstrate linear intensity measurements over at least 4 orders
of magnitude. This quantitative imaging technique permits comparisons• of
fluorescently labelled AChR intensity from one day to the next, without
regard to the video gain setting, illumination intensity or uniformity.
Changes in the number of labelled receptors were assayed by measuring the
intensity profile of exactly the same receptor area viewed at two or more
times. Because rhodamine conjugated a-bungarotoxin (R-BTX) binds
irreversibly to AChRs, decreases in intensity indicate AChR loss from that
site. Preliminary results suggest that NMJs denervated 6-7 days undergo only
a modest loss of R-BTX staining from individual sites over 48 hours. This
suggests that the high level of AChR turnover known to occur in denervated
muscles does not cause a substantial decrease in the density of labelled
receptors at endplates. A loss of synaptic area over 7 days was clearly
evident, however, suggesting that much of the AChR loss at denervated
junctions is accounted for by shrinkage of the postsynaptic area.

FOCAL MYASTHENIA GRAVIS INDUCED BY ANTIBODIES TO
a-BUNGAROTOXIN: THE ROLE OF THE POSTSYNAPTIC APPARATUS
IN MAINTAINING SYNAPTIC TERMINALS AT THE NEUROMUSCULAR
JUNCTION
H._Cd^lmanaIKLdJ.W:^iLhCnt^,t^epap^m^tt)f AIAtatnn&Neueobloiogy,
Washington University School of Medicine, St. Louis, MO 63110
While it is generally believed that the axon is responsible for establishing the
synaptic site on a postsynaptic cell, the postsynaptic apparatus may subsequently
serve the critical function of stably maintaining the overlying nerve terminal. For
example, during synapse elimination at the neuromuscular junction changes in the
postsynaptic apparatus, including ACh receptor loss, precede the withdrawal of
overlying nerve terminals. To see if postsynaptic changes induced by immune
attack can cause the withdrawal of overlying nerve terminals, we have been
studying the effects of antibodies against the AChR. Monoclonal antibodies against
the AChR induce local loss of AChRs and nerve terminal staining (Rich et al.,
Neurology, in press). In the present work we have devised a method to induce
immune attack on the postsynaptic apparatus by immunizing mice against
a-bungarotoxin (an irreversible ligand of the AChR) and then focally applying the
toxin to the surface of the stemomastoid muscle in vivo. This approach gives rise
to a highly stereotyped myasthenic syndrome that permits a detailed study of the
temporal relation between pre- and postsynaptic changes.
By viewing the same endplates multiple times in vivo over several weeks, we
have found that: 1) Early (within one week of bungarotoxin application) the AChR
distribution becomes ragged and stretches of the synaptic gutter show complete loss
of AChR staining. 2) At later times, the AChR pattern becomes very spotty and
resembles junctions in animals immunized with purified AChRs. 3) Nerve
terminal withdrawal occurs at precisely the sites where AChRs are lost.
We are presently applying a-bungarotoxin to denervated muscles in
immunized animals and then following the reinnervation process of individual
junctions in vivo. By examining whether sites that have lost AChRs are
reinnervated, we hope to determine whether an intact postsynaptic apparatus is
necessary to both maintain and encourage innervation.

269.7

269.8

INDUCTION OF PRESYNAPTIC DIFFERENTIATION BY BEADS COATED
WITH BASIC FIBROBLAST GROWTH FACTOR. H.B. Peng* and Zhengshan
Dai. Department of Cell Biology and Anatomy and Curriculum in
Neurobiology, Univ. of North Carolina, Chapel Hill, NC 27599-7090.
Presynaptic differentiation at developing neuromuscular junction
(NMJ) is induced by the contact between nerve and muscle. Recent studies
have shown that this contact elicits a rapid increase in presynaptic Ca^+ level
that accompanies the onset of transmitter release and have suggested the role
of muscle-derived cell surface molecules in mediating this response. Since
heparin-bound growth factors (HBGFs), such as basic fibroblast growth
factor (bFGF), are present at the muscle surface, they may play a role in
presynaptic induction. To test this idea, we applied bFGF to cultured Xenopus
spinal cord neurons and monitored the change in intracellular Ca^+ level
with fura-2 ratio imaging. In one third of the neurons (n=34), spritzing bFGF
at lpg/ml elicited a 30-140% increase in intracellular Ca^+ level. Ca^+-free
medium or suramin abolished this change. Latex beads coated with bFGF
induced dustering of synaptic vesicles at the bead-neurite contacts as
evidenced by anti-synaptotagmin antibody labeling and electron microscopy.
This response was also blocked by Ca-free medium and by suramin.
Uncoated beads or beads coated with PDGF were ineffective. Western blots
showed the presence of a bFGF receptor in the spinal cord. Significantly, a
tyrosine kinase inhibitor, tyrphostin RG-50864, inhibited the bead-induced
clustering of synaptic vesicles. In addition, bFGF-coated beads also induced
the localization of the depolarization-dependent Ca^+ influx mechanism to
the bead-neurite contacts. In constrast, depolarization caused a distributed
Ca^+ elevation in untreated neurites. These results suggest that bFGF and/or
other HBGFs are effective stimuli for signaling presynaptic differentiation.
(Supported by NIH grant NS23583 and MDA)

MOBILITY OF SYNAPTIC VESICLES DURING PRESYNAPTIC
DEVELOPMENT IN CULTURED NEURONS STUDIED WITH FMl-43.
Zhengshan Dai* and H.B. Peng. Dept, of Cell Biol, and Anatomy and Curr. in
Neurobiology, Univ. of North Carolina, Chapel Hill, NC 27599-7090.
The trafficking of synaptic vesicles (SVs) within the living nerve
terminal can be conveniently studied with the fluorescent dye FMl-43, which
labels the vesicles in an activity-dependent manner. To understand the
process of presynaptic development, we used FMl-43 to follow the
movement of SVs in cultured Xenopus spinal cord neurons in response
synaptogenic stimuli. FMl-43 were loaded into vesicular structures by
depolarization with high KC1 or with electrical stimulation. A second episode
of depolarization resulted in destaining of these vesicles. In naive neurons
that had not encountered targets, FMl-43-labeled vesicle packets were
observed along the entire neurite and were quite mobile. The most active
packets moved bidirectionally along the neurite at a speed of O.ll^n/sec. The
destaining process was also distributed along the entire neurite at a rate
similar to that documented at the neuromuscular junction (NMJ;
ti 22~Osec) . This suggests that the transmitter release and recycling
mechanisms are diffusely distributed in naive neurons, consistent with the
inducibility of transmitter release at the growth cone and along the neurite
upon myoball contact. In contrast, SVs are localized to the NMJ after its
contact with the muscle cell. Neurons contacted by bFGF-coated beads also
showed SV localization at bead-neurite contacts. Vesicles underwent
depolarization-dependent destaining process at both NMJ and bead-neurite
contacts and were essentially immobile. These data suggest that the
postsynaptic target-induced immobilization of SVs may underlie the
presynaptic development. (Supported by NIH and MDA)

269.9

269.10

DEVELOPMENT OF DROSOPHILA MOTONEURONS IN RESPONSE TO THE
ABLATION OF THEIR MUSCLE FIBER TARGETS. J.J, Fernandes. E.R. Farrell and
H. Keshishian*. Biology Dept., Yale University, New Haven, CT 06511
The Dorsal Longitudinal Muscles (DLMs) of Drosophila are a valuable system for
studying neuromuscular interactions that establish the adult pattern. The six DLMs
develop from three larval muscle fibers that survive the histolysis which destroys most
bodywall muscles at the onset of metamorphosis. Myoblasts fuse with the persistent
larval fibers which serve as templates for DLM development. In parallel with these
events, the larval mesothoracic nerve is extensively remodeled. Initially the larval
motoneuron branches retract into small contacts. Later, during pupal development,
the motoneurons sprout extensively over the developing DLMs. We have used laser
ablation to define the cues used by the motoneurons as they arborize. When a single
larval template muscle fiber (MF-9) that gives rise to two DLMs (e&f) is ablated, we
found in 2/3 of cases examined (n=19) that one or more fibers can still develop de
novo at the ablation site (fibers identified by expression of an adult-specfic actin
isoform). However, muscle development is significantly delayed with respect to the
adjacent DLMs, allowing us observe motoneuron differentiation in the absence of the
target. Despite the ablation, both myoblasts and nerve processes grow to the correct
bodywall site, showing that cues other than the larval template are sufficient to guide
both cell types. However, motoneuron arborizations onto the later-arising DLM fibers
are correspondingly delayed, suggesting that the developmental state of the target
regulates this aspect of motoneuron development. These results indicate that
connectivity to the later developing fibers is conserved, and suggest that cues from the
target muscle fibers regulate the timing of differentiation of the motoneurons. These
DLMs are normally innervated by a single motoneuron, MN5, and we are currently
investigating its behavior in response to target manipulations.

ROLE OF LARVAL MUSCLES IN THE FORMATION OF THE ADULT FLIGHT
MUSCLES IN DROSOPHILA. E. R. Farrell*. J. Fernandes, and H. Keshishian. Biol.
Dept., Yale Univ., New Haven, CT 06511.
The development of adult flight musculature in Drosophila is an excellent system
in which to investigate general questions of myogenesis, such as the role of
templates in muscle formation. During metamorphosis, most larval muscles
histolyse. However, the mesothoracic larval muscle fiber 9 (MF9) has a delayed
histolysis. Myoblasts surround and fuse with the persisting larval fiber, which at the
same time elongates and splits to form two of the dorsal longitudinal flight muscles
(DLM e&f). We tested the role of MF9 in DLM formation by laser ablating MF9 in
third instar larvae, and observed the resulting flight musculature in the adult (n=39).
In 64% of the animals examined, myoblasts aggregated in the appropriate
position and fused to form musculature in the absence of MF9. In those cases
where myoblasts had successfully aggregated, 52% were able to form two or more
muscle fibers in the absence of a splitting muscle template. 69% of those cases
exhibited normal muscle pattern formation. This latter category corresponds to 23%
of the animals examined. MF9 ablations in first instar larvae suggest that
membrane remnants or extracellular matrix secreted by MF9 do not play a role in
myoblast aggregation or multiple fiber formation. These results and the fact that
ablation of a single muscle fiber produces multiple outcomes suggest that MF9 is
not obllgate for correct DLM formation. Rather, i implies that other factors in the
immediate area of MF9 are also involved in DLM formation. Candidates include 1)
the epidermis beneath MF9, 2) the intersegmental nerve (ISN) which innervates
MF9, and 3) mesodermal cells (as Uentfied by twist expression) associated with
the mesothoracic ISN, which may serve as founder cells for thoracrc musculature.
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NITRIC OXIDE MEDIATES ACTIVITY-DEPENDENT
SYNAPTIC
SUPPRESSION
AT
DEVELOPING
NEUROMUSCULAR SYNAPSES.
B. Lu* and T. Wang.
Roche Institute of Molecular Biology, Roche Research Center,
Nutley, NJ 07110.
Postsynaptic activity plays an important role in functional
suppression and ultimately elimination of synapses. In cultured
Xenopus neuromuscular synapses, repetitive postsynaptic firing
asynchronous to the presynaptic activity, results in a persistent
synaptic suppression. We have studied the role of nitric oxide (NO) in
the activity-dependent synaptic suppression.
NO donors and

THROMBIN ACTIVITY IS NECESSARY FOR ACTIVITYDEPENDENT SYNAPSE REDUCTION AT THE MOUSE
NEUROMUSCULAR JUNCTION IN VITRO. Y. Liu*. R.D. Fields. B.
Festoff. P.G. Nelson. Lab. of Dev. Neurobiology, NICHD, NIH,
Bethesda, MD. 20892; Univ. of Kansas Med. Ctr., Kansas City, KS
66160; Neurobiol. Res. Lab., Vet. Admin Med. Ctr, Kansas City, MO
64128.
Proteases have been proposed to play a critical role in the large scale
activity-dependent synapse reduction (ADSR) that occurs during
development of the neuromuscular junction (Connold et al., 1986; Liu
et al., 1994). In a 3-compartment tissue culture chamber, we have
sought to determine which specific proteases might be involved. The
broad spectrum protease inhibitor, leupeptin, substantially blocks the
ADSR. Aprotinin, a serine protease that does not block thrombin,
cystatin, a cysteine protease inhibitor, and inhibitors of calpain I and II
do not block the ADSR. Hirudin, a highly specific blocker of the serine
protease, thrombin, completely blocks the ADSR at a concentration of
1 nM. The hirudin acts when it is added only to the center, synapse
chamber. The naturally occurring serine protease inhibitor, PN 1, which
blocks thrombin, also blocks the ADSR. Exogenous thrombin (10 nM)
produces a loss of functional synapses even in the absence of
stimulation and this is blocked by hirudin. We conclude that thrombin
is required for expression of activity-dependent synapse reduction in
our culture system.
Connold AL, Evers JV, Vrbova G, Dev. Brain Res. 28:99-107 (1986);
Liu Y, Fields RD, Fitzgerald S, Festoff B, Nelson PG, J. Neurobiol.
25:325-334 (1994).

activators of the cGMP pathway suppressed spontaneous and evoked
synaptic currents. Moreover, the synaptic suppression induced by
postsynaptic depolarization was prevented by the NO binding protein,
hemoglobin and by NO synthase inhibitors.
Thus, synaptic
suppression may be triggered by NO released from a postsynaptic
myocyte that fires asynchronously to the presynaptic terminal.

GENE STRUCTURE AND FUNCTION IV
270.1

270.2

EXPRESSION OF A LARGE MOUSE VIP/LACZ FUSION
GENE IN TRANSGENIC MICE. J .A. Waschek.* Department
of Psychiatry, Mental Retardation Research Center, Univ. of
California at Los Angeles, Los Angeles, CA 90024
The mouse vasoactive intestinal peptide (VIP) gene was
isolated from a genomic library. Sequence analysis revealed a
210 bp sequence 91% homologous to the human gene located 1.1
to 1.4 kb upstream from the transcription start site. This gene
fragment contained several consensus sequences that typically
bind transcription factors, suggesting that it has regulatory
significance. This is currently being tested in cell culture
systems
•
A large fusion gene was constructed that contained 16.5 kb of
the mouse VIP gene (including 12.0 kb of 5' flanking sequence
and 4.5 kb of intragenic sequences) fused to the lacZ reporter
gene.
When transfected into VIP-expressing mouse
neuroblastoma cells, the reporter was expressed at easily
detectable levels. Several lines of transgenic mice were made to
assess whether or not the VIP gene sequences on the fusion gene
were sufficient to target expression to VIP-expressing neurons
in intact mice. Results in the three independent mouse lines
analyzed so far are that no expression was detected by standard
histochemical assay in the suprachiasmatic nucleus or other
brain regions examined. The data suggest that the transgene
may be missing important enhancers necessary for UNS
expression. Taken together with previous transgenic data from
our laboratory and others, it is suggested that this transgene
contains an enhancer that targets expression to the neurons of
the intestine, and that it may also include elements that restrict
expression in the CNS.

ANALYSIS OF THE TRANSCRIPTIONAL REGULATION OF THE PNMT
GENE IN A HUMAN NEUROBLASTOMA CELL LINE. D, Steams and B.B.
Kaplan*.
Dept, of Psychiatry, Univ. of Pittsburgh, School of Medicine,
Pittsburgh, PA 15213.
Phenylethanolamine N-methyltransferase (PNMT, EC 2.1.1.28) catalyzes the
conversion of norepinephrine to epinephrine and is therefore a determinant of the
adrenergic phenotype. Investigation of the regulation of PNMT gene expression
has been limited in large measure due to the absence of a clonal adrenergic cell
line. We have identified a human neuroblastoma cell line, SK-BE(2)-C, which
expresses the reporter gene chloramphenicol acetyl-transferase (CAT) when linked
to the 3.6kb upstream region of the bovine PNMT gene in a transient transfection
assay. Deletion of 76Obp immediately upstream of the transcription initiation site
in the 3.6kb chimeric PNMT-CAT construct resulted in complete loss of CAT
expression. Results of primer extension analysis demonstrate that transcription is
initiated at the appropriate site within the PNMT promoter. The expression of
PNMT promoter activity was found to be cell- and sequence-specific. Neither
primary bovine fibroblasts, rat PC-12 cells, nor human HepG2 cells supported
PNMT promoter activity. Data derived from a deletion mutation analysis of the
5' flanking region indicates that a key positive regulatory element(s) is located
between -330 and -95 bp upstream of the transcription start site. Deletion of this
region results in a complete loss of basal promoter activity. Taken together, these
findings (1) provide preliminary evidence for the location of a cell-specific
positive regulatory element in the 5' flanking region of the PNMT gene, and (2)
indicate that the SK-BE(2)-C cells might serve as a useful start point for the
development of a model adrenergic cell line. Based on these findings, the
phenotypic characteristics of these cells are being re-evaluated.

270.3

270.4

INCREASING LENGTHS OF TYROSINE HYDROXYLASE PROMOTER
SEQUENCE INCREASES CELL TYPE SPECIFIC EXPRESSION IN VIVO.
J. Liu*. M. C. Nichol*. S.C. Wong, J.P. Merlie* and K.L. O'Malley. Dept. of
Anatomy and Neurobiology, and of Molecular Biology and Pharmacology*,
Washington Univ., Sch. of Med., St. Louis, MO 63110
As the rate limiting enzyme in catecholamine production, tyrosine hydroxylase (TH)
is primarily expressed in adrenergic, noradrenergic and dopaminergic cells in the CNS
as well as sympathetic ganglia such as the superior cervical ganglion (SCG) and the
adrenal gland (AG) in the PNS. To determine the TH promoter regions associated
with cell type specific expression in vivo, an abbreviated transgenic approach was
used. Specifically, constructs including 2.6, 3.8 and 6.8 kb of rat TH promoter
sequence driving LacZ, were analyzed in transgenic founder mice 12-16 days after
birth. Cell type specific expression was assessed by co-localization of ^-galactosidase
(P-gal) activity with endogenous TH immunoreactivity. In general, most animals
exhibited some level of ectopic P-gal expression which might be due to line specific
effects, non-extinguished temporal patterns of TH expression, or effects due to the
reporter construct. In spite of these, specific patterns of co-localization could be
discerned. In particular, a 2.6 kb THILacZ transgenic animal expressed P-gal only in ■
midbrain DA cells. The 3.8 kb THILacZ animals (3 of 7) exhibited co-localization of
P-gal and TH in noradrenergic and olfactory DA cells as well. Neither construct
expressed p-gal in the SCG or AG. The 6.8 kb TWLacZ mice were the most specific:
3 of 8 expressed P-gal in TH-positive cells in noradrenergic, hypothalamic and
olfactory DA neurons and in one case, the AG and SCG; 2 different founder mice
expressed P-gal in all CNS TH-positive cells except those in brainstem. Taken
together, these data suggest that there are discrete elements associated with the TH
promoter directing cell type specific expression.

HYPOTHALAMIC EXPRESSION OF A BOVINE OXYTOCIN
TRANSGENE IN MICE. Ho M.Y., Carter D.. Ang H.L., Ratty A*.
Murphy D. Neuropeptide Laboratory, Institute of Molecular and Cell
Biology, National University of Singapore, Kent Ridge Crescent,
Singapore 0511, Republic of Singapore.
A 3.5 kb transgene (bOT3.5), consisting of the oxytocin (OT)
structural gene flanked by 600 bp of upstream sequences and 1000 bp
of downstream sequences, was introduced into fertilised one-cell mouse
eggs. In lines expanded from four independently derived founders,
expression was confined to testis, lung and hypothalamus. In situ
hybridisation analysis revealed that, in the hypothalamus, transgene
expression was confined to the supraoptic nucleus and the
paraventricular nucleus, and coincided with the expression of the
endogenous mouse OT gene. The hypothalamic expression of the
bOT3.5 transgene was in marked constrast to that of the bOT4.2
transgene, consisting of the bovine OT structural gene flanked by 600
bp upstream and 1600 bp downstream. bOT4.2 was expressed only in
testicular Sertoli cells and lung (Ang et al., Endocrinology 128: 21102117). Although mouse sertoli cells do not express their own OT gene,
it was found that bovine Sertoli cells express abundant OT. These data
suggest that both the bOT3.5 and bOT4.2 transgenes contain sequence
information, not contained in the mouse OT gene, that is able to
mediate expression in Sertoli cell. Further, the 600 bp found in the
bOT4.2 transgene, but absent from the bOT3.5 transgene, must contain
sequences that repress expression in the hypothalamus. However, in
the normal genomic context of the bovine OT gene, the activity of this
repressor must itself be suppressed.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

633

634

GENE STRUCTURE AND FUNCTION IV

TUESDAY PM

270.5

270.6

THE BRAIN METALLOTHIONEIN ISOFORMS ARE REGULATED IN A
UNIQUE AND DISTINCT FASHION. M. Ebadi, P.L. Iversen. J.S.
Norris. J.E. Mata, and A.M. Earle*. Depts. Pharmacol, and
Anatomy & Structural Biol. Univ. Nebr. Coll. Med., 600 S.
42nd St., Omaha, NE 68198-6260.
In a previous study, we (A. Takeda, J.S. Norris, P.L.
Iversen, and M. Ebadi, Pharmacology 48:119-126, 1994) have
shown the c-myc antisense oligodeoxyribonucleotide led to
a greater induction of zinc-promoted, but not cadmium- or
dexamethasone-induced synthesis of metallothionein (MT).
In this study, we report that although MT isoforms isolated from rat brain and liver exhibit similar structural,
biochemical, and immunological properties, their synthesis
are not regulated by identical mechanisms. For example:

MATURATION OF STIMULUS-TRANSCRIPTION COUPLING PATHWAYS
IN THE HIPPOCAMPUS OF FOS-LACZ TRANSGENIC MICE
M. Vendrell*. L. Robertson. T. Curran and J.l. Morgan. Roche Institute of
Molecular Biology, Roche Research Center, Nutley, NJ.
Extracellular stimuli elicit the rapid, transient, transcriptional activation of a
class of genes known as cellular immediate-early (clE) genes. Many of
these genes encode nuclear proteins, that are known, or putative,
transcription factors such as Fos and Jun. To pursue the issue of clE gene
expression in vivo we have developed a fos-lacZ transgenic mouse that
recapitulates c -fos expression. Our lab has already shown that expression
of c-fos in certain regions of the nervous system during development
seemed to be associated with the acquisition of new neurophysiological
responses. We decided to determine how early in development could c-fos
expression be induced in the CNS, and how would that relate to the
underlying functional and anatomical maturation. We have administered the
excitotoxin, kainate, to developing transgenic mice at postnatal ages 2, 5,
10, and 15, and studied Fos-lacZ expression in the hippocampus. There is a
sequential and spatial induction of the transgene in the developing
hippocampus that closely reflects the cellular and physiological maturation
of the structure. To determine whether this involves maturation of particular
elements of the intracellular signal transduction cascade, rather than
physical growth of neurons, we have assessed inducibility of fos-lacZ. in: (1)
mice that have specific point mutations in the promoter of the transgene that
are necessary for selective inducibility by particular signalling pathways; (2)
in reeler mice, which have a genetic mutation that causes acute neuronal
malposrttoning. Our results suggest that both the appearance of glutamate
receptors and maturation of intra- and extracellular signalling pathways
underlie the final induction of c-fos.

Brain MT

Hepatic MT

Parameters Tested

Synthesis induced by
zinc

Yes

Yes

Synthesis induced by
cadmium

Yes

No

Synthesis induced by
ethanol

Yes

No

Basal level of MT

Very low but
is stimulated
dramatically

Relatively high
but is stimulated modestly

High
Low
Basal level of MT I&II
mRNA
The result of these and other studies are interpreted to
suggest that the synthesis of brain MT isoforms is
uniquely regulated (supported in part from a grant by
USPHS ES 03949).

270.7

270.8

Expression and activation of CREB, CREM, ATF, SRF and Jun, Foe

TRANSCRIPTION OF THE BRAIN CREATINE KINASE GENE (CKB) IN GLIAL
CELLS IS MODULATED BY CYCLIC AMP-DEPENDENT PROTEIN KINASE,
CHOLERA TOXIN AND PROSTAGLANDIN Ev
£.R. Mollov* and E.
Kuzhikandathil. Univ. of Delaware, Biol. Sciences, Newark, DE 19716
Creatine kinases (CK) catalyze the reversible transfer of a high-energy
phosphate group between creatine phosphate and ADP to regenerate ATP in
cell types which expend large amounts of ATP. We have previously shown
in primary rat brain cell cultures that CKB mRNA levels are high in
oligodendrocytes and astrocytes and low in neurons (J. Neurochemistry 59:
1925-1932 [19921). We now show that stimulation of adenylate cyclase by
forskolin in human U87 glioblastoma cells increases expression of CKB mRNA
from the transiently transfected rat CKB gene by 14-fold and from the
endogenous human CKB gene by 3-fold. Induction of CKB mRNA (i) is due
to increased transcription; (ii) occurs rapidly (with maximal induction after 6
hrs); (iii) does not require de novo protein synthesis but (iv) requires the
activity of protein kinase A (PKA). Induction is mediated through sequences
located within 188 bp of the CKB promoter and does not involve the two
consensus CRE elements located in intron 1 and intron 2 of the CKB gene.
Mapping CKB mRNA 5' ends showed that while basal transcription is directed
from both the upstream consensus (-60) TATA and the downstream
nonconsensus (-25) TTAA elements of the rat CKB promoter, the cAMPinduced transcription occurs almost exclusively from the (-25) TTAA. CKB
was also induced in U87 treated with cholera toxin, indicating involvement
of G„ proteins. Since CKB was also induced by Protaglandin E,, dependent
on PKA, PGE, may be a ligand stimulating a signal transduction pathway in
vivo regulating CKB. The results are also discussed with regard to the
possible mechanism by which the expression of CKB is increased, during
postnatal rat brain development, to meet the changes in energy requirement.

transcription factors: key events for selective control of gene

induction in the nervous systea.

T.Herdeaen*. E.Georaakopoulos.

S.Brecht, W.Schmidl. R.Bravo^. M. Zimmermann, P.Gaaa3; II. Inst, of
Physiology,

German Cancer Res. Center,

3inst. of Neuropathology,

Heidelberg (Germany); ^Bristol-Myers Squibb Comp., Princeton (USA)
Epileptic seizures evoke transcriptional changes in cortical

and hippocampal neurons:

(i) expression of CREB,

CREM,

SRF and

ATF2 are not or only slightly increased compared to their basal

differential levels,

(ii) CREB and SRF are rapidly phosphorylated

preceding (iii) the transient induction of AP-1 and Krox proteins

predominantly c-Fos and JunB revealing post-translational modifications ("c-Fos type" of induction by transynaptic stimulation).

Following axotomy,

(i) expression of CREB is reduced whereas

(as compensation) CREM is induced predominantly in surviving

neurons (motoneurons) but to a much lesser extend in dying neurons
(retinal ganglion cells, substantia nigra),

(ii) phosphorylation

of CREB and SRF are not enhanced compared to their basal levels,
(iii) c-Jun and JunD, but not JunB,

Fob

and Krox-20, proteins are

persistently induced ("c-Jun type" of induction by axotomy).
Control of c-iun induction by ATF2 is under current investigation.

These rapidly inducible patterns indicate the activation of
selective neuronal programs and might be predictive for survival
or death of axotomized neurons.

Supported by DFG.

270.9

THE RELATIONSHIPS OF VARIOUS SIGNAL TRANSDUCTION
SYSTEMS TO TYROSINE HYDROXYLASE GENE TRANSCRIPTION
K.S. Kim.* C. Tinti. B. Song. C.Y. Kim. G. Gibson and T.H. Joh Cornell
Univ. Med. Coll, at the Burke Med. Res. Inst., White Plains, NY 10605.
Transcription of the tyrosine hydroxylase (TH) gene is regulated by
various physiological signals such as increased cell-cell contacts,
intracellular cAMP, phorbol ester, [Ca2+],, and dexamethazone. However,
the role of specific signal transduction pathways and their potential
interactions in TH gene regulation are not well understood. Recent
evidence from this laboratory showed that cAMP dependent protein kinase
(PKA) is important for basal and forskolin-induced transcription of the TH
gene (Kim et al., PNAS 90:3471, 1993; Kim et al., J. Neurochem. 1994,
in press), suggesting that PKA may be required in TH gene regulation in
response to other signals.
To address this possibility, we studied the regulation of the TH
gene following increased cell density, or treatment with different reagents
including phorbol ester or dexamethazone, in the wild type and PKAdeficient PC 12 cell lines. In PKA-deficient cell lines, TH gene is upregulated by these stimuli to the same extent as in the wild type cells.
Thus, our results indicate that intact intracellular activity of PKA is not
required for transcriptional induction of the TH gene by these physiological
factors. Furthermore, transient co-transfection analysis using expression
plasmids encoding the heat stable inhibitor of PKA (PKI) and TH-CAT
fusion construct supported the above conclusion. Supported by MH48866
(KSK) and MH24285 (THJ).
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PHOSPHORYLATION-REGULATED ASSEMBLY OF THE cAMP-RESPONSIVE
ENHANCER (CRE):CREB:CBP COMPLEX. J.R, Lundblad. J.P.
Richards, M,R. Loriaux. R.G. Brennan*. H.P. Bachrnger+.

R.H. Goodman*. Vollum Institute, ^Department of
Biochemistry, Oregon Health Sciences University, and
+Shriner's Hospital, Portland, OR 97201.

The transcription factor CREB is activated via
phosphorylation by protein kinase A (PIKA), possibly by
allowing recruitment of a co-activator, CBP. We have
characterized the CRE:CREB:CBP interaction by measuring
the fluorescence anisotropy (FA) of a fluorescein-tagged
CRE oligonucleotide. The FA of fluorochrome-tagged DNA is
directly related to its rotational correlation time. FA
measurements can therefore provide direct solution
determinations of sequential protein binding. Our studies
utilized 5'-fluorescein-labeled somatostatin (SOM) or
tyrosine aminotransferase (TAT) CREs. Binding of CREB to
the TAT CRE was 10-fold lower than to the SOM CRE but, in
contrast previous reports, was not altered by CREB
phosphorylation. However, phosphorylation significantly
affected the ability of CBP to bind the CREB-DNA complex.
The CBP:phosphoCREB interaction fit a simple noncooperative model with a Kd of 2.2x 10'7m , whereas no binding
occurred between CBP and unphosphorylated CREB. These
studies suggest that CREB binds to the CRE constitutively
and activates transcription through the lower affinity,
but highly regulated, association with CBP.
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GROWTH FACTORS REGULATE CREB AT THE PROENKEPHALIN
CRE. Y.Tan. K.G.Low*. C.Boccia. S.Cariati and M.J.Comb. Lab. of
Molecular Neurobiology, Mass. General Hospital, Charlestown, MA 02129
Growth factors and cAMP are known to activate distinct intracellular signaling
pathways. Fibroblast growth factor (FGF) activates ras-dependent kinase
cascades resulting in the activation of MAP kinases whereas cAMP activates
protein kinase A. In this study, we report that growth factors and cAMPdependent pathways act synergistically to stimulate proenkephalin gene
expression. Transfection and mutational studies indicate that both FGF- and
cAMP- dependent gene activation require the CRE-2 element, a previously
characterized cAMP-dependent regulatory element. Furthermore, multiple
copies of this element are sufficient to confer FGF regulation upon a minimal
promoter, indicating that FGF and cAMP signaling converge upon
transcription factors acting at the CRE-2 element. One of the major CRE
binding protein CREB mediate proenkephalin transcription in a FGF or ras
dependent fashion. FGF stimulates the transcriptional activity of CREB which
require Ser 133, the same site phosphorylated in response to cAMP or Ca++.
FGF stimulates phosphorylation of CREB at Ser 133 via a pathway distinct
from that activated by cAMP. Gene activation by FGF is blocked by inhibition
of cellular Ras activity and is not affected by inhibition of protein kinase A
(PKA). In contrast, forskolin stimulation of CREB phosphorylation and
transcriptional activity requires PKA and is not blocked by Ras inhibition.
These studies identify a novel positive synergy between growth factor and
cAMP activation and a novel growth factor-activated signaling pathway capable
of regulating gene expression at a CRE and suggest the existence of rasactivated kinase(s) capable of phosphorylating CREB at Ser 133.

REGULATION OF EXOGENOUS GENES TRANSFERRED INTO
THE AVIAN LIMB IN VIVO -E. RONCHI. A. PROCHIANTZ*. -CNRS
URA 1414, Ecole Normale Superieure, 46 Rue D'Ulm-75005 PARIS-FRANCE

To examine the regulation of specific mesodermal homeobox
genes in the avian limb during embryonic development and at
innervation we have devised a method of direct gene transfer.
We micro-injected expression vectors containing genes for
chloramphenicol acetyltransferase, luciferase and B-galactosidase
under the control of various promoter sequences, directly into the
avian limb at various stages of embryonic development and
followed their regulation in vivo. Reporter gene expression is
strong and reproducible and correlates with the amount of DNA
injected. We further characterized our system by studying the
expression of reporter genes under the control of a chicken
muscle acetylcholine receptor a-subunit promoter of 85Obp
(Klarsfeld & al. 1987). Expression from the 85Obp fragment was
restricted to muscle cells and is up-regulated in chicken embryos
treated with curare, closely paralleling the reported regulation of
endogenous a-subunit mRNA by curare in the developing limb.
This study demonstrates that it is possible to target gene
expression in the chicken embryo mesoderm by direct gene
transfer and that the method can be used to analyze
transcriptional regulation of promoter sequences in vivo.
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THE ALZHEIMER'S AMYLOID PRECURSOR IS MISPROCESSED IN
CELLS SUBJECTED TO OXIDATIVE STRESS. K. Sambamurtf, R.A. Omar.
S. Efthimiopoulos, N.K. Robakis, M.A. Pappolla, UU-Houuton Medical
School, Dept nf Pathology and Laboratory Mddiaind. HnusOnn, TX 77030.
Oxidative stress has bddn proposed as a pathogenetic factor in
Alzheimer's Disease (AD). In order to visualize the cellular distribution of
the Alzheimer's amyloid precursor protein (APP) under oxidative stress, we
fused human placental alkaline phosphatase (SEAP) with the C-terminal 105
amino acids of APP and transfected C6 glioma cells with either APP751,
SEAP, orthe SEAP-APP fusion protein underthe cytomegalovirus promoter.
In transfected C6 glioma cells, the SEAP-APP fusion protein was cleaved
in a manner similar to APP and the SEAP domain was secreted into the
medium as detected by alkaline phosphatase activity and anti-SEAP
antibodies. Cytochemical staining for alkaline phosphatase reveals that only
a few isolated ceils showed detectable activity in either SEAP or SEAP APP
expressing cell lines due to rapid secretion of these proteins from the cells.
When protein transport was inhibited using monensin, most cells from SEAP
or SEAP-APP but not APP751 expressing cell lines showed accumulation
of SEAP in a Golgi-like pattern. All the cell lines were treated with diethyl
dithioakrbamia acid (an inhibitor of superoxide dismutase), to induce
oxidative stress. Under these conditions, a Golgi pattern of alkaline
phosphatase similar to monensin-treated cells was observed in the SEAPAPP cell line but not in cells expressing SEAP alone, or APP751 alone..
Accumulation of SEAP-APP but not of SEAP alone suggests that the APP
domain is important in this misprocessing event. We are currently in the
process of determining the specific effects of oxidative stress on the
amyloidogenic and antiamyloidogenic proteolytic pathways of APP turnover.

AMYLOID PRECURSOR PROTEIN METABOLISM IN HUMAN FOETAL
PRIMARY NEURON CULTURES UNDER STRESS CONDITIONS A.C.
LeBlanc*. Bloomfield Ctr Aging, Lady Davis Inst., Jewish General Hosp. &

McGill U., Montreal, Canada H3T1E2
B-amyloid peptide (AB) which is abundant in the cerebral lesions of
Alzheimer disease (AD) individuals arises from metabolism of amyloid
precursor protein (APP). The fundamental role of AB in AD pathogenesis is
strongly supported by increased AB production from mutant APPs identified
in some familial forms of AD (FAD). Both familial and sporadic AD share
symptoms and pathology characteristic of neuronal damage, dysfunction and
cell death. In sporadic AD, the cause of these manifestations remains
elusive. To elucidate if a jeopardized neuron also overproduces AB as
caused by mutant APPs in FAD cases, I investigated APP metabolism in
human foetal primary neuron cultures predestined to ceil death.
Immunofluorescence with cell type specific markers identifies over 90% of
the cells as neurons with astrocytes as the major contaminant. Both
dopaminergic and cholinergic neurons, identified with antibodies to tyrosine
hydroxylase and choline acetyl transferase (CHAT), are part of the neuronal
cultures. APP metabolism through the secretory, endosomal-lysosomal and
AB-producing pathway was assessed in the normal and stressed neurons by
metabolic labelling of the cultures in a pulse chase paradigm. The synthesis
and degradation of APP and APP fragments were then analyzed by
immunoprecipitation and quantitation by phosphorimaging. I find that there is
a definite decrease in the amount of APP metabolized through the secretory
pathway and am presently investigating if the APP is then metabolized into
amyloidogenic fragments through the endosomal-lysosomal or 4 kDa AB
generating pathways. Supported by JGH internal funds.
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AMYLOID B PEPTIDE (AB) INTERACTION WITH MOLECULAR OXYGEN
RESULTS IN FREE RADICAL PRODUCTION, GENERATION OF
SOLUTION STRUCTURE AND NEUROTOXIC FRAGMENTS. J.M. Carney .
M.E. Harris. P. Cole . K. Hensley and DA Butterfield. Departments of
Pharmacology and Chemistry, Univ. of Kentucky, Lexington, KY 40536.
The etiology of Alzheimer’s disease (AD) has been associated with a number
of intrinsic and extrinsic causes including viruses, neurotoxins, transient ischemia,
mitochondrial defects and the production of abnormal fragments of the amyloid
precursor protein. Numerous studies support the hypothesis that the generation
of abnormal fragments of AB are involved in the production of both the
neurotoxicity ana senile plaques that are pathonemonic for AD. Incubation of
either AB 1-40 or 25-35 in a variety of^ physiological buffers results in the
generation of both oxyradicals and carbon-centered radicals detected using
electron paramagnetic resonance (EPR) spectroscopy with the spin trapping
compounds DMPO and PBN , respectively. Consistent with the published rate of
neurotoxicity, the 25-35 peptide generated radicals at a more rapid rate than did
the 1-40. The rate of radical generation paralleled the rate of enzyme inactivation
using glutamine synthetase (GS) as a model system. Incubation of neocortical
cytosolic fractions with l-40 resulted in significant decreases in GS activity
following 24 hrs. of incubation, but not after 1 nr of incubation. Using Chelex-100,
deferoxamine. EDTA and EGTA as metal chelators (lOmM) it was concluded that
the process of radical generation was not dependent on transition metals. Sparging
the buffers with nitrogen did prevent the production of an EPR signal. Consistent
with this hypothesis, CD spectra of 25-o5 in nitrogen sparged buffer had little
solution structure and no minima at 210-220 nm. when tne solution was aerated,
the spectrum changed dramatically and a pronounced minimum was evident at 215
nm, indicating the establishment of C-foming of the peptide. Analysis of the 1-40
peptide incubation solutions at times 0-135 hrs indicated peptide fragmention
during the time that free radicals were being produced. Mass spectral analysis of
the incubate and sequencing studies both confirmed the presence of breakdown
fragments of the 1-40 parent peptide. We hypothesize that the release of the 1-40
into the extracellular space results in the spontaneous generation of free radical
species that can produce either neurotoxic or self-terminating reactions, depending
on the location of the peptide at the time of radicalization. (Supported in part by
AG-10836, AG-09690, NS-23307 and EHR9108764)

EVIDENCE OF OXIDATIVE INJURY BY THE ALZHEIMER’S AMYLOID B
PEPTIDE IN CULTURED HIPPOCAMPAL NEURONS. M.E. Harris*. K. Henslev.
D.A. Butterfield. R.A. Leedle and J.M. Camev. Dept. of Pharmacology,
University of Kentucky College of Medicine, Lexington, KY 40536
The B-Amyloid peptide (AB)
is hypothesized to
mediate the
neurodegeneration seen in Alzheimer’s disease. Recently, a new hypothesis
to explain the toxicity of AB has been proposed based on the free-radical
generating capacity of AB. We have recently demonstrated using electron
paramagnetic resonance (EPR) spectroscopy that AB generates carboncentered radicals in solution. It is therefore suggested that AB radicals can
attack cell membranes, initiate lipoperoxidation, damage membrane proteins
and compromise ion homeostasis resulting in neurodegeneration. To evaluate
this hypothesis, the ability of AB to induce neuronal oxidation, changes in
calcium levels, enzyme inactivation and neuronal death was compared with the
ability of AB to produce free-radicals. Using hippocampal neurons in culture,
we utilized several methods for detection of oxidation such as the conversion
of 2,7-dichlorofluorescin to 2,7-dichlorofluorescein, and a new fluorescence
microscopic method for the detection of carbonyls. The ability of AB to produce
carbon-centered and hydroxyl radicals was determined using EPR with the
spin-trapping compound PBN as well as the salicylate hydroxytation assay.
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Consistent with previous studies, we found that incubation (^«aging") of AB
increased the toxicity of the peptide. There is a strong correlation between the
intensity of radical generation by AB and decreasing viability. The highest
neuronal oxidation and toxicity was seen at a time when AB was capable of
generating the most intense radical signal. Furthermore, little oxidation and
toxicity was seen when cultures were treated with freshly dissolved AB which
did not generate a detectable radical signal. These data are consistent with the
hypothesis that oxidative damage induced by the B-amyloid peptide contributes
to the neurodegeneration of Alzheimer’s disease. (Supported in part by AG10836, AG-09690, NS-23307 and EHR9108764)
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Hydrogen Peroxide Mediates Amyloid Beta Protein Toxicity
C. Behl*, J. B. Davis, R. Lesley and D. Schubert. The Salk Institute for
Biological Studies, P.O. Box 85800, San Diego, California 92186-5800
Amyloid B protein (AB) is a 40 to 43 amino acid peptide which is

associated with plaques in the brains of Alzheimer's patients and is
cytotoxic to cultured neurons. Using both primary central nervous
system cultures and clonal cell lines, it is shown that a number of

antioxidants protect cells from AB toxicity, suggesting that at least one

pathway to AB cytotoxicity results in free radical damage. AB causes
increased levels of H2O2 and lipid peroxides to accumulate in cells.

The H2O2 degrading enzyme catalase protects cells from AB toxicity.
Clonal cell lines selected for their resistance to AB toxicity also become
resistant to the cytolytic action of H2O2. In addition, AB induces

NF-kB activity, a transcription factor thought to be regulated by

oxidative stress. Finally, AB induced H2O2 production and AB toxicity
are blocked by reagents which inhibit flavin oxidases, suggesting that

AB activates a member of this class of enzymes. These results show

that the cytotoxic action of AB on neurons results from free radical

damage to susceptible cells.
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IN VITRO STUDIES ON BIOLOGICAL EFFECTS OF B-AMYLOID
AND PRP FRAGMENTS. G. Forloni*R. Chiesa. R. Del Bo. N.
Angeretti. E. Lucca. M. Salmona. O. Bugiani° and F. Tagliavini0.
Istituto di Ricerche Farmacologiche Mario Negri, 20157 Milano, Italy
and °Istituto Neurologico Nazionale “Carlo Besta”, 20133 Milano, Italy.
Deposition of amyloid-B protein (AB) in brain parenchyma and vessel
walls is a major pathological feature of Alzheimer’s disease. Also in
prion-related encephalopathies, altered form of prion protein (PrP)
forms amyloid fibrils and accumulates in the brain of affected
individuals. In both conditions the amyloid deposition is accompanied
by nerve cell death, whose pathogenesis and the molecular basis are not
understood. A dramatic cell loss was observed in rat hippocampal
neurons chronically exposed to synthetic peptides homologous to B 2535 or PrP 106-126 fragments. Optical and electron microscopy
examination of nerve cell nuclei exposed to both peptides presented a
typical apoptotic morphology, with condensation of chromatin and
fragmention of the nucleus.We also investigated the effects of 14-day
exposure of rat astroglial cultures to micromolar concentrations of B 2535 or PrP 106-126. Chronic treatment with PrP 106-126 increased the
proliferation rate of astrocytes and resulted in 5-fold increase in glial
fibrillary acidic protein (GFAP) expression, as evaluated by Northern
and Western blot analyses. In similar conditions B 25-35 was
unaffected. The increase in GFAP expression of astroglial culture
exposed to PrP 106-126 was quantitavely similar to that found in
scrapie-infected hamster brain. Thus, both B 25-35 and PrP 106-126
exhibit self-aggregation properties and activate a mechanism of
programmed cell death in neurons but only PrP 106-126 induced
astroglial proliferation and hypertrophy.

271.7
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APOPTOSIS IN NEURONAL CELLS IS ENHANCED BY EXPRESSION
OF MUTANT AMYLOID PRECURSOR PROTEIN (APP) GENES. JL
ZhaoO)*> S. S. Sisodia(2). and j . w . KusiakO). Molecular Neurobiology
Unit, GRC/NIA/NIH, Baltimore, MD 212240); Department of Pathology,
Johns Hopkins University, Baltimore, MD 21205(2).
Genetic studies indicate that mutations in APP genes co-segregate with
familial Alzheimer disease. We previously showed that mutant APPs shift
their processing towards amyloidogenic pathways . and the aberrant
processing pattern of carboxyl terminal fragments (CTFs) of APP is unique
for each cell type. The present studies further investigated the cellular
morphological consequences of the expression of mutant APPs in
differentiated neuronal cells and the possible mechanisms involved. When
stably transfected PC12 and SH-SY5Y cells were differentiated with NGF
and cAMP for 48 hr, the cell bodies of the cells expressing mutant APPs were
severely compacted and rounded. Western blot analysis using APP antibody
CT15 revealed an elevated expression of larger CTFs in these cells as
compared with wild-type transfected cells. This was followed by detachment
of cells from the plates and cell death. Increased Ap peptide
immunoprecipitated by APP antibody SGY2134 in conditioned media was
not always associated with cells expressing mutant APPs. A ladder of
o!igonucleosome-length fragments of DNA was observed and its intensity
was increased in all mutant APP transfected cell lines as compared with wildtype transfected cells after treatment with NGF and cAMP for 6 days. This
intemucleosomal DNA fragmentation and the intensity of its pattern among
different APP transfected cell lines were confirmed by TUNEL technique.
The correlation of these results suggested that mutant APP, by producing
increased amounts of potentially amyloidogenic metabolites, may negatively
affect function and morphology in post-mitotic neurons leading to apoptosis.
This accelerated activation of an apoptotic pathway by expression of mutant
APPs may contribute to the neuronal loss in AD.

REGIONAL SUSCEPTIBILITY TO BAP TOXICITY IN RAT
ORGANOTYPIC CULTURES. J. A. London*. L. Nieeo and T.S.
Donta. Dept. BioStructure and Function, Univ. CT Health Center,
Farmington, CT 06030.
Alzheimer's disease pathologies (amyloid plaque deposition,
neurofibrillary tangle formation, and neuron death) are manifested first
and most strongly in the frontal, temporal and parietal lobes, while the
brain stem, pre- and post- central gyri and cerebellum are almost
completely spared. Organotypic cultures of rat brain taken from
different brain regions were exposed to the 25-35 amino acid fragment
of BAP and examined at 2, 4, 6, 8 and 12 hours after exposure.
Control cultures, exposed to vehicle alone, were examined at the same
time points. The ratio of dead to live cells was determined. Cultures
were then fixed and Nissl stained and the structures that were affected
were determined. Evidence suggests structures of the olfactory system
in the frontal cortex exhibit the effects of BAP first, followed by the
entorhinal cortex. These olfactory structures lost approximately 50%
of their cells in 4 hours. The entorhinal cortex lost the majority of its
cells at 6 hours. The somatosensory and motor cortex, as well as the
brain stem were relatively unaffected, gradually losing cells over the
12 hour period. These data suggest there are inherent differences in
brain structures that cause them to be differentially affected by BAP.
This work is supported by a Sandoz Foundation grant and a grant from die
Traveler’s Center on Aging.
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PREMATURE DEATH IN TRANSGENIC MICE EXPRESSING THE
ALZHEIMER'S AMYLOID PRECURSOR PROTEIN. DR Borchelt*1'4, J
Shen5, R Johannsdottir5, CA Kitt1,4. JC Moiekwu4. G Thinakaran1,4. SS
Sisodiai'4, DL Pric^i4. G Carlson6, and KK Hsiao5. Departments of
'Pathology, 2Neurology, and ’Neuroscience, 4Neuropathology Laboratory,

RAPID AND SPECIFIC INDUCTION OF ALZHEIMER AB AMYLOID
FORMATION BY ZINC. A L Bush*. W. H. Pettrnoell.M, d.Pandlis and
R. E. Tanzi. Lab. of Genetics & Aging, Mass. Gen. Hospital, Boston, MA 02114.
AB, the principle component of cerebral amyloid in Alzheimer's disease
(AD), is found in the CSF and remains soluble at relatively high concentrations.
Physiological factors which promote AB amyloid formation would therefore be
relevant to determining the genesis of AD pathology. Among the biochemical
lesions of AD is a cerebral and systemic defect of zinc metabolism. We have
recently shown that AB specifically and saturably binds zinc, manifesting both
high-affinity binding (Ka =1O7 nM) compatible with normal CSF zinc levels, and
low-affinity binding (Ka =5.2 pM). Zinc binding increases the peptide's adhesive
properties and resistance to proteolysis (Bush etal., J. Biol. Chem., in press).
We studied the stability of rat and human AB1-40 in neutral-buffered saline,
by filtration and sedimentation assays, as well as 65Zn competition binding
analysis. Zinc concentrations above 300 nM rapidly destabilize human ABl-40
solutions, producing >O.65p particles in less than 2 minutes. Amyloid particles

The Johns Hopkins University School of Medicine, Baltimore MD 21205;
’University of Minnesota School of Medicine, Minneapolis, MN 55455;
’McLaughlin Research Institute, Great Falls, MT 59405.
Early-onset familial Alzheimer's disease (FAD) has been linked to
mutations in the precursor protein (APP) of B-amyloid (AB). The
overexpression of mutant human (Hu) APP-695 (under the transcriptional

regulation of the Syrian hamster prion protein promoter) in transgenic
mice causes premature death (70-150 d) and gliosis in cortex and
hippocampus. However, the common pathological features of FAD,
extracellular AB plaques and neurofibrillary tangles, are absent. To begin
to define the molecular basis for these phenotypic changes, chimeric
mouse/human (Mo/Hu) APP genes were generated that encode specific
domains of Hu APP in the background of Mo APP-695, with and without
FAD-linked mutations. Analysis of the processing of Mo and Hu APP-695
in mouse neuroblastoma Ng^ cells revealed that Mo APP-695 was

as large as 40 pm are formed by 30 minute incubations in the presence of 3 pM
Zn2+. Zn2+;AB stoichiometry in these assemblies is 1:1. When the amyloid
assembly is stripped of its coordinating zinc ions it does not resolubilize. The rat
species of AB1-40 is immune from these effects, and binds zinc less avidly,
consistent with the scarcity with which these animals form cerebral AB amyloid.
The TYR residue at position 10 is a PHE in the rat homolog. lodination of this
residue abolishes both zinc binding and zinc-induced precipitation, indicating

preferentially cleaved by a-secretase, whereas cleavage of Hu APP-695
generated elevated levels of soluble AB peptides. Thus, Mo and Hu
APP-695 differ in their trafficking or proteolytic processing in mouse cells.
Transgenic mice that express these recombinant Mo/Hu APP genes have

that this residue may be critical in amyloid formation.
The high-affinity of zinc and copper for AB was exploited to develop novel
chromatography techniques which purified 4.3 kDa a B as well as a novel

been generated and are being monitored to assess whether the amino
acid sequence composition of APP influences lifespan or pathological
features.

copper-binding 3.6 kDa a B fragment from human CSF. Collectively, these data
indicate a potentially critical role for cerebral zinc metabolism in the
development of AD pathology.
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INFUSION OF AB (1-40) PLUS PERLECAN DUO RAT BRAIN: FURTHER
STUDIES CONFIRMING A CONSISTENT ANIMAL MODEL TO STUDY THE
CONSEQUENCES OF FIBRILLAR AB PERSISTENCE IN VIVO.
A.D. Snow*. D. Nochlin, J. Miller. C. Nod . M. Gordan,
L. Holcomb. and D.G. Morgan. Dept* of Pattology, Univ. of
Washington, Seattle, WA 98195 and Dept. of Pharmacology,
Uhiv. of South Florida, Tampa, FL 33612.
Previously, we described a new animal model to study
the consequences of fibrillar AB amyloid in brain (Neuron
12:219-234,1994). In the current study, we extend our
initial observations to further optimize our protocol.
Changes in the current methods included dissolving AB in
distilled water and use of perlecan from a commercial source
(Collaborative Biomedical, Bedford, MA). Sprague-Dawley rats
(5 per group) were infused for 1 week with AB (1-40), AB
(150 ug) plus perlecan (at 150 ug, 66 ug or 33 ug), or PBS.
100% of animals (15 of 15) infused with AB plus perlecan
demonstrated congophilic amyloid at the infusion site. The
optimum concentration of perlecan for 1 week infusions was
at least 66 ug per infusate. Infusion of AB alone was again
variable with respect to congophilic amyloid persistence,
which occurred in 3 of 5 rats. Marked accumulation of
endogenous heparan sulfate proteoglycans (HSPGs) usually
surrounded the infusion sites when AB was present and
appeared to be derived from microglia. The current study
therefore confirms our initial investigation and further
suggests that endogenous HSPG accumulation may be derived
from infiltrating microglia. Supported by an Alz. Assoc.
Grant IIRG-93-083 (DGM).

IMPAIRED RETENTION AFTER POST-TRAINING INJECTION OF BETAAMYLOID (BA4) IS NOT DUE TO DISRUPTION OF CONSOLIDATION.

University of Minnesota, Minneapolis, MN 55455 and GRECC, Veterans Affairs
Medical Center, Minneapolis, MN 55417

We previously reported impaired retention of spatial learning after injection of betaamyloid protein (b A4) in rats. This effect is typically attributed to impaired consolidation, the neurobioiogical cascade of events that makes short-term memories more
permanent. The notion that BA4 may impair Memory by continuously interfering
with consolidation is consistent with the deficits seen in Alzheimer's Disease (AD).
The current research tested this account Amnesia caused by a disruption of
consolidation should be irreversible; a reversal of the amnesia would mean that the
BA4-induced deficits were not due to interference with the consolidation process. In a
series of experiments, we injected 170 rats intrahippocampally with BA4(l-40), the
reverse-sequence peptide BA4<40-1), or the vehicle, immediately after 5 training trials
on a Y-maze (“training” phase). Rats learned to turn either left or right to get a pellet
of food. One week after training and injection, rats were trained to criterion (“testing”
phase). Results show that rats injected with BA4 immediately after training took
longer to reach criterion, than either vehicle or reverse peptide (40-1) groups. Three
experiments using the Y-maze paradigm exposed rats to different aspects of the training context during the week between training and testing, attempting to reverse the
amnesia. In one experiment, rats were given three exposures either to the Y-maze or
to a novel maze, without reinforcers. In another experiment, rats were allowed 1 min. access either to the reinforcers or to peanut butter. In another experiment, half
of each group (BA4 and vehicle) was injected with BA4 immediately before testing;
the other half was injected with vehicle. Two control groups were injected and run to
criterion in a single session on the Y-maze. Results show that exposure to aspects of
the training context between training and testing reversed BA4-induced amnesia under
some conditions. This indicates that such a deficit is not attributable to impaired
consolidation, and may not be compatible with the amnesia observed in AD patients.

HYPOTHALAMIC-PITUITARY-GONADAL REGULATION: GNRH II

272.1

272.2

DIFFERENT PROSTAGLANDIN E2 (PGE2) RECEPTOR SUBTYPES ARE
EXPRESSED IN IMMORTALIZED LUTEINIZING HORMONE RELEASING
HORMONE (LHRH) NEURONS. F. Rage, Y.J. Ma and S.R. Ojeda*. Div.
Neurosci., Oregon Regional Primate Res. Ctr., Beaverton, OR 97006.
It is known that PGE2 mediates the stimulatory effect of certain
neurotransmitters, such as norepinephrine, on LHRH release. It also appears
that transforming growth factor alpha of glial origin, which has been implicated
in the control of LHRH neuronal function, elicits LHRH release via PGE2
intermediacy. PGE2 initiates its biological actions by binding to at least three
receptor subtypes, known as EP,, EP2 and EP3. These receptors are coupled
to different signal transduction pathways; activation of EPt leads to calcium
mobilization, EP2 stimulates and EP3 inhibits adenylate cyclase activity,
respectively. Thus, the diversity of actions of PGE2 in different tissues may
depend on the type(s) of PGE2 receptors expressed. If more than one
receptor subtype is expressed in a single cell, changes in relative subtype
prevalence may define the cellular response to relevant regulatory inputs.
Utilizing cRNA probes constructed from full-length clones encoding EPp EP2
and EP3 mRNAs and RNase protection assays, we found that the immortalized
LHRH neuronal cell line GT1-1 expresses all three PGE2 receptor mRNAs.
Reverse transcription-polymerase chain reaction using oligodeoxynucleotides
complementary to the coding and 3' untranslated regions of EP3 revealed the
presence in GT1-1 cells of the two known isoforms of EP3 derived from
alternative RNA splicing (EPto and EP3P). Under the basal conditions studied,
EP, and EP3 mRNA subtypes were the most predominant. The results raise
the possibility that control of PGE2 receptor subtype expression in LHRH
neurons may be a mechanism by which the release response of these cells
to PGE2-mediated neuronal/glial inputs is regulated. Supported by NIH Grants

PREFERENTIAL INDUCTION OF C-FOS IN VIP-INNERVATED GNRH
NEURONS DURING A STEROID INDUCED LH SURGE
E.M. van der
Beek1-4 , V.M. Wiegant2-4. H.J.C. van Oudheusden3, and R.M. Buiis* ‘Dept
of Cell Biol, 2Dept of Med Pharmacol, Med Fac; 3Dept of Funct Morphol, Vet Fac,
Utrecht Univ, Utrecht, and 4Dept Human & Animal Physiol, Agric Univ,
Wageningen, Netherlands Inst for Brain Res, Amsterdam, The Netherlands
In small rodents, reproduction is critically dependent on the integrity of the
suprachiasmatic nucleus (SCN). Lesions of the SCN induce anovulation in
intact rats, whereas estrogen implantation in ovariectomized (OVX) females
results in daily LH surges. Vasoactive intestinal polypeptide (VIP), a peptide
synthesized in cell bodies of the SCN, has been implicated in the regulation
of LH release. Recently, we have provided immunocytochemical evidence for
a VIP-containing neuronal projection from the SCN to the gonadotropinreleasing hormone (GnRH) system. This suggests that VIP from the SCN
may modulate LH release via a direct influence on GnRH neurons. In order
to investigate the involvement of VIP-input on GnRH neurons and of SCN
neurons in the generation of an LH surge, we used immunoreactive c-fos as
a marker for cell activation in OVX mature and in immature female rats
treated with steroids. VIP-containing fibers were observed in apposition to
a substantial portion of the GnRH neurons containing c-fos. Expression of cfos was more frequently observed in VIP-innervated GnRH neurons than in
GnRH neurons in general. This difference in activation was most pronounced
during the onset of the LH surge. In SCN neurons, the steroid treatment did
not induce immunoreactivity for c-fos before or during the LH surge.
The present results indicate that VIP-containing fibers, possibly originating
in the SCN, are involved in the initiation of the LH surge. In view of the
reported inhibitory effects of VIP on LH release, it is suggested that the role
of the VIP-input in this respect is permissive.

HD25123, HD18185 and RR00163.

272.3
REGULATION OF GnRH RECEPTOR mRNA EXPRESSION AND
INOSITOL PHOSPHATE FORMATION BY GONADAL STEROIDS
IN RAT HIPPOCAMPUS. L. Jennes* and C. B. Brame.
Dept. Anatomy & Neurobiology, Umiv. Kentucky
Coll. Medicine, Lexington, KY 40536.
GnRH receptors are present in a variety of
brain regions in the rat, including the
hippocampus. The present studies were designed
to determine: a. if steroid hormones can alter
the amount of mRNA encoding the GnRH receptor; b.
if binding of GnRH stimulates inositol phosphate
formation. Quantitative "in situ" hybridization
with 33P-labeled GnRH receptor cRNA probes shows
that gonadectomy causes a significant increase
in the amount of GnRH receptor mRNA in the
pyramidal and granule cells of both, male and
female rats;. This increase is prevented by
administration of gonadal steroids. Addition of
GnRH to hippocampal slices in vitro causes a
significant dose-dependent increase in the
formation of inositol phosphates. Thus IP1
increases by 75%, IP2 by 70% and IP3 by 20%. The
results suggest that the amount of GnRH receptor
mRNA in the hippocampus is regulated by gonadal
steroids and that inositol phosphates function
as second messengers in the signal transduction
pathways which are activated by GnRH. Supported
by NIH HD 24697.
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LHRH NEURONS IN VITRO DERIVED FROM THE EMBRYONIC
OLFACTORY PLACODE OF THE RHESUS MONKEY RELEASE LHRH
INTO MEDIUM IN A PULSATILE MANNER. A. J. Burich. P. Claude* and E.
Terasawa. Wisconsin Regional Primate Research Center & Neuroscience
Training Program, Univ. of Wisconsin, Madison, Wl 53715
It has been well documented in primates that LHRH release in vivo occurs
in a pulsatile manner at an interpulse interval of 40-60 min. Since a
concentrated population of LHRH neurons derived from the olfactory placode
of monkey fetuses can be obtained in culture {Endocrinology 133: 2379,
1993), we have examined whether these LHRH neurons release the
decapeptide into medium in a pulsatile manner. The olfactory placode and
the migratory pathway of LHRH neurons from monkey fetuses at E36 were
dissected out under the microscope and cultured on plastic coverslips coated
with collagen in a culture medium. Two to four weeks later coverslips with
cultured cells were mounted into Sykes-Moore chambers and perifused with
a modified Krebs-Ringer phosphate buffer with BSA and glucose (pH=7.4)
under 95% O2 and 5% CO2. Perfusates were collected at 25 pl/min in 10min fractions or 50 pl/min in 5-min fractions for 3-5 h and LHRH in
perfusates was measured by RIA. After the experiment, cells were fixed and
immuno-stained for LHRH and neuron specific enolase. It was found that
LHRH cells released the decapeptide hormone in a pulsatile manner. Mean
interpulse interval was 41.2 ± 2.3 min. Interpulse intervals of LHRH neurons
from explants of the olfactory placode, which did not contain non-LHRH
neurons were not different from those of LHRH neurons derived from
explants of the migratory pathways which also contained non-LHRH
neurons. These results suggest that 1) LHRH neurons in culture release
LHRH in a pulsatile manner 2) the interpulse interval in vitro is very similar to
that observed in the rhesus monkey in vivo and 3) the presence of nonLHRH neurons does' not appear to influence the pulse frequency. (Supported
by NIH grants HD15433, HD11355 & RR0167).
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THE GNRH NEUROSECRETORY SYSTEM AS A SENSOR OF ENERGY
METABOLISM. D.C. Bucholtz. N.M. Vidwans. C.G. Herbosa. K.K. Schillo'.
D.L.Foster*. Reproductive Sciences Program, and Depts. of Physiology, Obstetrics
and Gynecology, and Biology. University of Michigan, Ann Arbor, MI 48104.
'Dept. of Animal Science, University of Kentucky, Lexington, KY 40546.
In the developing sheep, LH secretion is acutely sensitive to energy metabolism, in
particular to glucose availability. LH secretion decreases after a short-term (24h) fast,
and acutely increases upon re-feeding. In addition, LH secretion acutely decreases after
a competitive inhibitor of glycolysis (2-deoxyglucose) is administered either
systemically or within the brain. However, we do not yet know which component of
the neuroendocrine axis governing LH secretion is sensitive to energy availability.
The purpose of the present study was to determine if either the pituitary gland or the
GnRH neurosecretory system is sensitive to short-term glucose deprivation. Our
approach was to suppress LH secretion by pharmacologic blockade of glycolysis (2DG
treatment) and then to test the function of the pituitary by administering the LH
secretagogue, GnRH, and the function of the GnRH neurosecretory system by
administering a GnRH secretagogue (N-methyl-D,L aspartate, NMA). Our model was
the gonadectomized male lamb, raised on a limited diet of artificial milk. At 16 weeks
of age (23 kg BW), the pattern of LH secretion was determined from samples of
jugular blood collected from 21 lambs every 10 min for 8h. At Hour 4, 2DG (360
mg/kg) was administered peripherally (iv) to all lambs. Beginning at Hour 5, the
lambs received one of three treatments (n=7/treatment) iv each hour: vehicle, GnRH (5
ng/kg), or NMA (5 mg/kg). LH pulse frequency (mean±SE, 21 Iambs) was 2.7±O.2
pulses/4h before 2DG treatment. After 2DG treatment, LH pulse frequency decreased
in the vehicle treated group (to l.l±O.4 pulses/4h, p<.05). By contrast, l H secretion
did not decline after 2DG treatment in lambs given either GnRH (2.7±O.2 pulses/4h,
p>.05) or NMA (3.O±O.O pulses/4h, p>.05). Therefore, the pituitary gland itself is
not compromised by short-term glucoprivation. Moreover, reduced glucose
availability does not directly impair the GnRH neurosecretory system. These results
suggest that glucose' availability affects LH secretion through a detection site(s) distant
from the GnRH neuron perse. (Supported by NIH HD-18394 and 18258.)

SEXUAL DIFFERENTIATION OF THE SURGE MODE OF GONADOTROPIN
SECRETION: EVIDENCE THAT PRENATAL ANDROGENS ABOLISH THE
GnRH SURGE IN THE LAMB. C.G. Herbosa. G.E. Dohl. N.P. Evans*,.!. Pef &L
Wood, and D.L. Foster. Reproductive Sciences Program and the Deportments of
Biology, and Obstetrics and Gynecology, University of Michigan, Ann Arbor, MI
48109-0404.
In sheep, os in many species, the surge mode of gonadotropin secretion is sexually
differentiated. In this regard, the LH surge is present in the female but not in the male.
In this study, we determined whether sexual differentiation of the LH surge reflects a
sex difference in the pattern of GnRH, and whether androgens during prenatal
development abolish the surge mode of GnRH secretion postnatolly. In an attempt to
induce the GnRH/LH surge, gonadectomized pystpubertal moles (n=6), females (n=6),
and androgenized females (exposed prenatally to testosterone from day 30-90 in
gestation, n=8) were treated acutely with estradiol. Each lamb was implanted with
four capsules containing a 30-mm column of estradiol to produce high physiologic
concentrations of the hormone. Beginning about 7h after insertion of implants, blood
samples were collected hourly for 48h for GnRH (via a portal sampling device
installed a week before collection) ond LH (via an indwelling jugular catheter). All
females exhibited o GnRH surge l2.5±O.3h after the estradiol treatment; this was
accompanied by an LH surge. By contrast, only one male produced on increase in
GnRH secretion which began after a longer latency (3^), and was of lower amplitude
(2.1 pg/min) than that observed in females (l2.2±4.7 pg/min); nevertheless, a
corresponding increase in LH occurred in this male. Of the androgenized females, 6
of 8 had an increase in GnRH, but of longer latency (2O.O±L6h) and lower amplitude
(2.6±O.7 pg/min), and only one lamb had an increase in LH corresponding to the small
rise in GnRH. These findings provide the first direct evidence that the sex difference
in the surge mode of LH secretion results from the sexual differentiation of the pattern
of GnRH secretion. We conclude that ondrogens during prenatal development abolish
the GnRH surge, and hence the generation of the LH surge. (USDA 92-37203-7921,
NIH-HD 30773, 07642)

272.7

272.8

POST-TRANSCRIPTIONAL REGULATION OF THE GnRH GENE IN GT1-7
CELLS. Angela Ho*. Andrea C.Gore and James L Robert?. Fishberg
Research Ctrfor Neurobiology, Mount Sinai Medical Center, NY, NY 10029
It has been reported that treatment of GT1 cells with PMA, a phorbol
ester, inhibits transcription of the proGnRH gene and also decreases mRNA
levels post-transcriptk>naliy by increasing cytoplasmic turnover. To
investigate the mechanism for this decreased stability, we analyzed the
effects of PMA treatment on 1) GnRH mRNA poly A tail length and 2)
translational efficiency. Methods: 1) GT1 cells were treated with PMA (100

EVIDENCE THAT GALANIN (GAL) IS A COMPONENT OF THE
LHRH PULSE GENERATOR NETWORK IN THE HYPOTHALAMUS.
B. Xu. A. Sahu. J.F. Hyde1, and S.P. Kalra*. Dept, of Neuroscience, Univ.
of Fla., Gainesville, FL 32610 and ‘Dept, of Anatomy & Neurobiologal
Univ. of Kentucky, Lexington, KY 40536
GAL has been shown to stimulate hypothalamic LHRH ond pituitary LH
release and potentiate the LHRH-induced LH release from the pituitary.
However, the physiological role of GAL in the hypothalamic control of
episodic LH secretion has not yet been ascertained. We studied the effects of
passive immunization against GAL on episodic LH release in female rats.
Rots were ovariectomized and received a permanent cannula in the third
ventricle of the brain. A jugular cannula was placed 10-14 days after
surgery. On the following day with the aid of Alzet® pumps (8 ^l/h), these
rats were infused intraventricularly with either purified IgG containing a
specific GAL antibody (GAL-Ab) or IgG from normal rabbit serum at 1:5 or
1:1 dilution between 0600-1530 h. Blood samples were withdrawn at 5 min
intervals between 1230-1530 h. Plasma LH levels were measured by a
radioimmunoassay and were subjected to pulse analysis by the CLUSTER
program. The results showed that all parameters of episodic LH secretion mean LH levels, pulse amplitude and pulse frequency - decreased in a
concentration-dependent manner in GAL-Ab infused rats, with maximal
suppression observed at a 1:1 dilution (p < 0.05). Since GAL con stimulate
LHRH release, these findings reveal a physiological role of GAL in episodic
LH secretion ond further show that the release of GAL within the
hypothalamus from o stipulation of GAL-producing cells, distinct from
those that coexpress and corelease LHRH into the hypophyseal portal system,
may constitute an intrinsic component of the hypothalamic LHRH pulse
generator network. (Supported by NIH HD 08634).

nM) or vehicle (DMSO) for 24,8,4, & 0 h. Isolated cytoplasmic RNA were
incubated with oligo d(T) primer, which hybridizes to the poly A tail, followed
by treatment with RNase H, which digests this RNA: DNA hybrid, leaving the
mRNA without a poly A tail. Samples were resolved on a denaturing gel,
and the difference in size between RNA treated with and without RNase H is
equivalent to the length of poly A tail. The RNA was transferred to Nytran
and probed with a mouse GnRH cDNA probe. 2) GT1 cells were treated
with PMA or vehicle (0,1 & 4 h). Polyribosomes were isolated by a series of
centrifugations and fractionated on a sucrose gradient (0-40%). Fractions
were analyzed for the distribution of the polyribosome-associated mRNA
through the gradient by RNase protection assay for GnRH mRNA. Results:
1) PMA treatment resulted in a time-dependent decrease in the length of the
GnRH mRNA poly A tail, with a 11/2 of 8 h. This indicates a decrease in
mRNA stability occurs which may account for the decrease in mRNA levels
after PMA. It also suggests that GnRH mRNA turnover is induced in a

manner similar to the Fos system. 2) PMA was found to decrease
translational efficiency (i.e. fewer polysomes associated with GnRH mRNA),
suggesting that the PMA-stimulated increase in GnRH release is due to
secretion of pre-existing stores of peptide. These studies indicate that
negative post-transcriptional regulation of the GnRH gene occurs at at least
2 levels. Supported by NIH DK-08743 (ACG) and DK-39029 (JLR).

272.9

272.10

UP-AND DOWN-MODULATION OF LHRH RELEASE IN GT1.,-ASTROGLIAL
CELL CULTURES AFTER ACTIVATION OF GROWTH FACTOR
RECEPTORS: IMPLICATIONS FOR NEURONAL-GLIAL INTERACTIONS.
F. Gdto*, V . S pina-Purrero, R . Avola mid B . MpcrcttL Depts. of Pharmmology and
Biochemistry, University of CatanlOl 95125 Catanidl Italy.
Besides a number of neurotransmitter and neuromoBulator molecules known to be
involved in the regulation of LHRH secretion from the rapothd*amuSl we have recently
shown that growth factors (GFs) released from astroglia cells in primary culture exert
a biphasic effect on LHRH release from the GTbl immortalized hypothalamic neuronal
cell line, depending on the stage of astrocyte maturation and Bifferentidtion. In order
to unravel the mechanisms involved in LHRH modulation by astroglia, the effect of
different GFs known to be present in both glial and neuronal cells, was tested in
astroglial cells primary cultures and GTbl cell line, either alone or in mixed cultures.
An approximately 2.5- to 4-fold stimulation of basal LHRH secretion followed a 12 hrs
incubation of GTbl cells with EGF, IGF-1, or insulin (Ins). On the other hanBl 12
hrs prei^cubation of GTbl cells with the competent growth factor, bFGF, abolished
EGF-, IGF- and Ins-induced increased LHRH secretion. In GT^/astroglial cell
cultures, basal LHRH secretion was increased 3-Po IB over control values, while 12
hrs incubation with either EGF, IGF or Ins, resulted in a significant (30-60%)
inhibition of LHRH release. Present results suggest that the signaling pathways
activated by each of the three ligands separately significantly activates the Lh Rh
mochinerie, possibly via a kinase-dependent PKC pathway. Similarly, in the mixed
culture model, GFs endogenously released by the astroglial cells signiPiCdQt*a
stimulate LHRH output, while the addition of GFs may converge and saturate a
common transducing pathway resulting in a down-regulation of LHRH secretion.
These data suggest that EGF, IGF and Ins may represent extracellula signals
coupling neuronal and glial metabolism, and that differential induction and
interaction or cross-coupling between pathways participate in LHRH release.

IS A SUBSET OF GONADOTROPIN-RELEASING HORMONE (GnRH) NEURONS INVOLVED IN PULSATILE GnRH SECRETION IN THE EWE? R.L.
Goodman*, S.J. Berriman, X. Gu, and M.N. Lehman.
Physiology Dept, West Virginia Univ. Morgantown WV 26505 & Dept of
Cell Bio-Neurobio-Anat,Univ Cincinnati, Cincinnati OH 45267
A number of studies have used FOS/FOS-related antigens
(FOS/FRA) as markers for GnRH neurons active during the
preovulatory LH surge.
This experiment used FOS/FRA to
determine if a subset of GnRH neurons is active when pulsatile LH secretion is stimulated.
Pulsatile LH secretion
was stimulated in 3 luteal phase ewes by the iv injection
of the opioid antagonist, WIN44.441-3 (WIN; 12 mg); controls (n=3) received vehicle (5% dextrose).
Blood samples
(3 ml) were taken every 12 min for 2 hrs before and after
injection; ewes were killed 2 hrs after injection and
hypothalamic tissue processed for GnRH and FOS/FRA using a
dual immunoperoxidase procedure.
In all WIN-treated ewes,
1-2 LH pulses were observed in the 2 hrs before sacrifice
and FOS/FRA were detectable in some GnRH neurons, but only
those found in the medial basal hypothalamus ((MBH) . FOS/FRA
were co-localized in 19, 52, and 100% of MBH GnRH neurons.
In 2 control ewes, no LH pulses were observed and no GnRH
neurons contained FOS/FRA.; in one control, a spontaneous
pulse occurred 1 hr before sacrifice and 62% of MBH GnRH
neurons contained FOS/FRA. No GnRH neurons in the preoptic-septal area contained FOS/FRA in any ewe. Thus in the
ewe, pulsatile LH secretion associated with blockade of
opioid tone reflects activation of a subset of GnRH neurons
located in the MBH. (NIH-KD17864, NIH-HD21968, USDA9102515)
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EFFECTS OF OVARIECTOMY AND ESTROGEN REPLACEMENT ON GNRH
GENE EXPRESSION IN PERSISTENT ESTROUS RATS.

THE EXCITATORY EFFECTS OF NITRIC OXIDE (NO) ON CYCLIC
LH SURGES MAY BE MEDIATED BY THE NEUROPEPTIDE Y-LHRH
AXIS IN THE HYPOTHALAMUS. JJ. Bonavera*A. Sahu. P.S. Kalra,
W.R. Crowlev1 & S.P. Kalra. Depts. of Physiology & Neuroscience, Univ.
Fla., Gainesville, 'Dept. Pharmacology, Univ. Tenn, Memphis
Previous studies showed that NO may act as a neuronal messenger in
initiation and maintenance of protracted LH surges induced by progesterone
in estrogen-primed, ovariectomized (ovx) rats and in cycling rats
(Endocrinology 133:2481, 1993). Because the NPY-LHRH link is crucial in
induction of LH surge, we hypothesized that NO may act on this axis, and
conversely NO deficiency may contribute to low amplitude LH surges
normally seen in ovx rats primed with estrogen alone. Ovx rats bearing
permanent intracerebroventricular(icv) cannulae received 15 mm long Silastic®
capsules filled with estradiol-17/3 (300 ug/ml oil, s.c.) at 1000 h. Two days
later, saline or the NO substrate, L-arginine methyl ester (L-Arg; 0.1 or 1.0
nmole in 3
saline), was injected icv hourly from 1100 to 1400 h. Blood
samples were collected at 1100 h and at hourly intervals from 1400 to 1800
h via an intra-atrjal cannula implanted the day before. Whereas a moderate LH
surge occurred in saline-injected control rats, L-ARG greatly augmented the
magnitude of the LH surge, with peak values attaining the range normally seen
on proestrus and in response to progesterone in estrogen-primed ovx rats.
Further, the NO donor, sodium nitroprusside, or L-Arg (1 or 10 mM)
stimulated the in vitro release of NPY and LHRH and potentiated the response
to KC1 from the hypothalami of estrogen-primed ovx rats. Thus, these results
show that the stimulatory effect of NO on the LH surge are mediated by NOinduced NPY-LHRH secretion and that the endogenous NO deficiency may
underlie the low amplitude LH surges in ovx rats treated with estrogen alone.
(Supported by NIH HD 08634 and HD 11362).

M. Jakubowski*. B. Barkai and M. Jimenez-Liftan. Department of Obstetrics,
Gynecology and Reproductive Biology, Beth Israel Hospital, Harvard Medical
School, Boston, MA 02215

The role of estrogen in the regulation of GnRH gene expression during
persistent estrus (PE) was studied in middle-aged (8-9 month-old) rats showing
PE spontaneously, and in young (3-month-old) rats rendered PE by means of
frontal retrochiasmatic deafferentation (FRD), which disconnects the majority of

the GnRH perikarya in the preoptic area-anterior hypothalamus (POA-AH) from
their axon terminals in the median eminence. Rats exhibiting persistent vaginal
comification for >10 days were ovariectomized and immediately replaced with
s.c. Silastic capsules filled with crystalline estradiol 17-p (1.58 mm i.d., 3.18 mm
o.d.; 1, 2, or 4 mm long). OVX and sham-OVX controls received empty
capsules. All rats were killed 3 days after surgery and capsule implantation.
Cytoplasmic RNA from individual POA-AH dissections was analyzed for GnRH
and cyclophilin mRNAs and for 18S rRNA, using solution hybridization-RNase
protection assay. GnRH mRNA levels were markedly reduced (40%) in the
sham-OVX FRD rats compared to their middle-aged counterparts (p < 0.01).
Among PE rats with FRD, GnRH mRNA content increased 2-fold after OVX
compared to sham-OVX rats (p < 0.01); this post-OVX rise in GnRH mRNA
level did not occur in FRD rats replaced with estradioi. Among middle-aged PE
rats, no significant change in GnRH mRNA was observed following OVX or
estrogen replacement. Cyclophilin mRNA and 18S rRNA levels showed no
significant change among any of the treatment groups. The results suggest
that only a subset of GnRH neurons, presumably those spared by the FRD, are
rendered responsive to the negative feedback action of estradiol. However, the
actual level of GnRH mRNA in the hypothalamus does not appear to be
detrimental to the establishment of PE.
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HISTOCHEMICAL LOCALIZATION OF NITRIC OXIDE
SYNTHASE IN THE HYPOTHALAMUS: ASSOCIATION WITH
GnRH NEURONS. D.W. Brann*. G. Bhat and V.B. Mahesh.
Department of Physiology & Endocrinology, Medical College of
Georgia, Augusta, GA 30912.
Recent evidence suggests that nitric oxide may play a role in the
regulation of gonadotropin secretion. Hence, the purpose of the
present study was to examine the distribution of the enzyme which
catalyzes nitric oxide production, nitric oxide synthase (NOS), in
important reproductive hypothalamic nuclei as well as characterize
the association of NOS neurons with GnRH neurons. Localization
of NOS was achieved by staining hypothalamic sections from
female rats for NADPH-diaphorase activity, and associations with
GnRH neurons was determined by double-staining with a GnRH
antibody. Intense NOS cell body and fiber staining was observed in
the organum vasculosa lateral terminalis (OVLT) where numerous
GnRH cell bodies are located. Other major GnRH cell body sites
such as the median preoptic nucleus (MPN) and medial preoptic area
(MPOA) displayed moderately intense NOS cell body and fiber
staining. Moderate to intense NOS staining was also observed in the
regions of the arcuate nucleus and median eminence (ME). Doubleimmunohistochemistry revealed that GnRH neurons were frequently
surrounded by NOS neurons in the OVLT, MPN and MPOA.
Furthermore, there appeared to be numerous contacts between NOS
and GnRH neurons in these regions. At the level of the ME, there
was a significant overlap of GnRH fibers and NOS fibers. These
studies provide anatomical evidence that nitric oxide may be an
important regulator of GnRH secretion in the female.

EPILEPSY: BASIC MECHANISMS II
273.1

273.2

DEVELOPMENT OF SPINDLE WAVES (6-9 Hz) AND A BICUCULLINEINDUCED SLOWED OSCILLATION (2-3 Hz) IN THE FERRET LGNd
F, Trent*. A.-Eamoa, P,A,-McCormick Section of Neurobiology, Yale Univ. Sch.
Med. New Haven, CT 06510
Spindle waves are synchronized oscillations generated in the thalamus and are
prevalent during slow wave sleep. In humans, spindle waves first appear in the EEG
around the second postnatal month. Absence seizures are also a synchronized
oscillation, and in fact, are likely to be generated through cellular mechanisms
similar to spindle waves. In humans, absence seizures first appear around 3-5 years
of age. We have previously reported that slices of ferret dorsal lateral geniculate
nucleus (LGNd) generate spontaneous spindle waves when maintained in vitro and
that these spindle waves can be transformed into absence-seizure-like events through
block of GABA^ receptors (von Krosigk et al., Science, 261:361-364). Here we
examined the development of both spindle waves and the ability of block of
GABAa receptors to pervert these spindle waves into the slowed (2-3 Hz)
oscillation in the ferret LGNd, using both in vitro and in vivo recording techniques.
Extracellular multiunit recordings from ferret LGNd in vivo under barbiturate
anesthesia revealed a general lack of spindle wave generation prior to 3 weeks of
age. Between 3 and 4 weeks postnatally, rhythmic, synchronized activity became
progressively more prevalent, and after 6 weeks relatively adult-like spindle activity
was found. Similarly, in slices of ferret LGNd, spontaneous spindle waves were
absent prior to approximately P30, although after approximately P14 electrical
activation of corticothalamic fibers resulted in brief periods of synchronized
oscillatory activity. Block of GABA^ receptors resulted in a transformation of
spindle waves into the slowed oscillation only after approximately P35. Intracellular
recordings revealed a gradual development of various cellular and synaptic
properties involved in the generation of these oscillations, including development of
the low threshold Ca^+ spike and GABAergic inhibition. Supported by NIH.

SUSTAINED HYPERPOLARIZATION OF THALAMOCORTICAL CELLS
THROUGHOUT SPIKE-WAVE ABSENCE-LIKE SEIZURES IN CORTICAL AND
RETICULAR THALAMIC NEURONS. M. Steriade* and D. Contreras. Lab. of
Neurophysiol., Laval University, Quebec, Canada GIK 7P4.
Absence epilepsy with spike-wave (SW) EEG complexes is generally regarded as a
suddenly generalized paroxysmal activity involving the rhythmic bursting of cortical
and thalamic neurons at a frequency of 2-4 Hz. On the basis of multi-site extra- and
intracellular recordings as well as dual intracellular recordings from cortical and
thalamic neurons of cats under ketamine-xylazine anesthesia, we report that: (a) the
transition from sleep to paroxysmal SW patterns occurred smoothly, associated with a
progressive increase in synchronization among simultaneously recorded neurons; and
(b) a significant proportion (60%) of thalamocortical (TC) neurons displayed a
sustained hyperpolarization throughout spontaneously occurring seizures at 2-4 Hz
and/or higher frequencies; phasic IPSPs were superimposed during the sustained
hyperpolarization, produced by rhythmic spike-bursts of cortical neurons (Fig. 1),
impinging upon reticular thalamic (RE) cells. The cessation of cortical and RE
paroxysmal discharge was accompanied by disinhibition of TC cells (Fig. 1). The
inhibition of TC cells during SW seizures may explain the loss of consciousness, due
to the obliteration of synaptic transmission through the thalamus. Supported by MRC
of Canada (grant MT-3689) and Savoy Foundation.
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273.4

FUNCTIONAL ROLE OF METABOTROPIC GLUTAMATE RECEPTORS IN
EPILEPTOGENESIS IN THE RAT BASOLATERAL AMYGDALA (BLA). V.L.
Arvanov*. K.H. Holmes, N.B. Keele and P. Shinnick-Gallaqher. Department
of Pharmacology and Toxicology, University of Texas Medical Branch,
Galveston, TX 77555-1031.
Investigation of the functional role of metabotropic glutamate receptors
(mGluR) in epileptogenesis is hindered by the availability of specific
antagonists. Recently it has been reported that (RS)-a-methyl-4-carboxyphenylglycine (MCPG) is a selective mGluR antagonist in the rat brain. Using
single electrode voltage clamp, we examined in amygdala slices the effects
of MCPG on the responses elicited by agonists of mGluR and the
spontaneous epileptiform activity induced by 4-aminopyridine (4-AP).
Application of 1S,3R-ACPD {5-50 //M) produced an initial membrane
outward current followed by a more sustained inward current. MCPG (0.20.5 mM) selectively blocked both the 1S,3R-ACPD induced responses, but
in the same neurons did not block NMDA nor AMPA responses. In addition,
MCPG blocked responses produced by L-glutamate in the presence of
ionotropic receptor antagonists, CNQX {30 ^M) and D-APV (50 pM).
Superfusion of 4-AP {1 mM) produced convulsant effects in the BLA:
initially, spontaneous potentials appeared followed by rhythmic epileptiform
discharges (ED). Superfusing MCPG 10 min prior to 4-AP application
inhibited the EDs, however spontaneous EPSPs were still observed. After
washout of MCPG, EDs reappeared. In contrast, superfusing MCPG after 4AP failed to block EDs.
These results indicate that MCPG antagonizes 1S,3R-ACPD-induced
membrane responses and the mGluR-mediated induction of epileptiform
activity, but does not affect the maintenance of ED in BLA neurons.
(Supported by NS-24643).

OSCILLATORY
SYNAPTIC
RESPONSES
MEDIATED
BY
METABOTROPIC GLUTAMATE RECEPTORS IN GUINEA-PIG
HIPPOCAMPAL SLICES.
R. Bianchi* and R.K.S. Wong. Dept, of
Pharmacology, SUNY-HSCB, Brooklyn, NY 11203.
When GABAA-inhibition is blocked, hippocampal pyramidal cells (HPCs)
display epileptiform bursts mediated by ionotropic glutamate receptors
(GluRs). We observed a novel form of spontaneous synchronized activity in
HPCs consisting of slow excitatory oscillations that do not depend on
ionotropic excitatory and inhibitory transmission. Blocking the GABAa inhibition by adding picrotoxin (PTX; 50 pM) to a solution containing
ionotropic GluR blockers (CNQX and CPP, 10-20 pM each) and 4aminopyridine (70 pM) induced bursting depolarizations that lasted 3-30 s and
repeated at regular intervals (2-10 min). We refer to these events as 'Rhythmic
Bursts' (RBs). Simultaneous recordings from two HPCs showed that RBs are
synchronized events generated in the CA3 region. Perfusion with low
extracellular Ca 2+ concentration or with tetrodotoxin blocked the RBs.
Hyperpolarization of the cell revealed a depolarization generating each RB.
The amplitude of this depolarization was linearly related to the membrane
potential over the range -110/+10 mV. RBs were reversibly blocked by a
metabotropic glutamate receptor (mGluR) antagonist (MCPG; 0.5-1 mM) or
caffeine (1-5 mM). Preincubation of the slice in Li+ (10 mM; > 5 hrs)
prevented the induction of RBs. Similar treatments did not affect the PTXinduced interictal bursts mediated by ionotropic GluRs. These data suggest that
mGluRs mediate slow excitatory oscillations in the hippocampus.
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SYNCHRONIZATION OF INHIBITORY NEURONS BY
GLUTAMATE-INDEPENDENT PROCESSES IN THE DEVELOPING RAT. H.B. Michelson*. Dept, of Pharmacology, State Univ.
of N.Y. Health Science Ctr., Brooklyn, NY 11203.
In adult rats, hippocampal inhibitory neurons can be recruited via
the depolarizing GABA response to produce a triphasic synchronized
event in pyramidal cells, or via gap junctions to produce a synchronized GABAr event. Here, we characterize the ontogeny of these
glutamate-independent synchronization processes. In transverse
hippocampal slices (postnatal ages 3-50 days), CA3 pyramidal cells
and hilar intemeurons were impaled in the presence of 4-AP (75 uM),
CPP and CNQX (both 20 uM). In PN 3-5 rats, synchronized hyperpolarizing events were rarely observed in pyramidal cells. In PN 7-12
rats, rhythmically-occurring, monophasic synchronized IPSPs were
apparent, with a decreased frequency of occurrence (0.02 Hz in PN 8,
vs. 0.2 Hz in adults), and a longer time-to-peak (290 ms in PN 8, vs.
15 ms in adults). Each event consisted of several rapidly succeeding
synchronized IPSPs. The entire event was significantly longer in
duration (4.5 to 8.0 sec in PN8-10 vs. 500-800 ms in adults). Interneurons exhibited rhythmic bursting which coincided with the IPSPs
within the synchronized event. With picrotoxin present, the amplitude
of the synchronized events decreased, and repetitive synchronized
GABAb IPSPs were observed. As the animals matured, the synchronized event increased in frequency, the number of repeated IPSPs
within the synchronized event decreased, and the GABAa and
GABAb components of the event became distinct. These results
suggest that glutamate-independent synchronization processes mature
gradually during the second and third postnatal weeks.

GABAa

RECEPTOR AGONIST MODULATE RECURRENT
INHIBITION IN THE RAT HIPPOCAMPUS. H. Solis. J. Bravo. E.
Lopez, and J. Villarreal*. Department of Anatomy. Laboratory of
Neurophysiology. Faculty of Medicine. National University of Mexico.
UNAM.
.
The GABA-mediated inhibition observed in dentate gyrus (DG) and
CA1-CA3 hippocampal neurons induced by perforant path stimulation
consist in long-lasting inhibitory potentials and changes in Cl ' ion
conductance. However, it is not clear that GABAa receptors are
responsibles of this inhibition. The objetive of this study was to
evaluate the effects of GABAa agonists (muscimol (lmg/k i.p.)and
Gaboxadol (lmg/k i.p.) (THIP), and the channel Cl' blocker Ter-butylbyciclo-phosphoro-thionate;TBPS (100 pg i.c) in the DG of the
hippocampus of urethane-anesthetized rats. Paired-pulse technique was
used to study inhibition. The recurrent inhibition was assessed by
calculating the ratio of the amplitude of second (test) population spike
[PS(T)] to that of the first (conditioning) population spike [PS(C)].
Changes in recurrent inhibition were evaluated before and after tetanic
stimulation of the entorhinal cortex. Both muscimol and gaboxadol
provoked a significant enhancement of recurrent inhibition as well as
also reduced significatively the facilitation observed when the interval
between pulses is greater than 40 msec. By contrast the TBPS induced
a significant loss of recurrent inhibition. These data suggest that
GABAa receptors are directly involved in the recurrent inhibition
phenomenon.

273.7

273.8

SECONDARY EPILEPTIC FOCUS IN HIPPOCAMPUS CAN EXERT
INHIBITORY INFLUENCES ON KINDLING DEVELOPMENT. Olga A.
Timofeeva. Gary M. Peterson and Larry W. Means*. SIC "Hydrobios", Min
Health, Moscow, Russia and Dept Psychol, East Carolina Univ, Greenville, NC.
The distribution of interictal spikes among brain structures was studied in the
course of kindling to determine if it reflected kindling rate. Twenty-three adult
rabbits with chronically-implanted electrodes (hippocampus, amygdala, caudate,
sensory-motor and occipital cortices) were subjected to once-daily electrical
stimulation. Eighteen of the 23 animals were stimulated in the hippocampus and
5 in the amygdala. We found that hippocampal-kindled animals could be divided
into two groups: those which achieve generalized convulsion in 2-3 weeks and
those which did not progress beyond partial seizures despite prolonged
stimulation. The first group exhibited permanent predominance of epileptic
activity in the primary hippocampal focus and showed spike discharges in the
secondary foci which were synchronized with those in the primary focus (dependent
secondary foci). The second group demonstrated instability of the primary hippocampal focus: its spike activity was significantly suppressed with the development
of independent secondary foci which discharged asynchronously with the primary
focus. Amygdala-kindled animals rapidly acquired generalized convulsions. As
in previous groups, the hippocampus of these animals exhibited the most intense
epileptic activity. Spike propagation patterns resembled those of hippocampalkindled rabbits with generalized convulsions.
Our results showed that
development of stable generalized seizures was accompanied by permanent
predominance of epileptic activity in the primary hippocampal focus whereas
kindling retardation coincided with the suppression of the primary focus and the
development of independent, secondary foci. We suggest that independent
secondary foci in the mirror hippocampus can exert inhibitory influences on
primary hippocampal focus activity and cause the retardation of kindled effects.

THE SOLUBLE REDOX COFACTOR PYRROLOQUINOLINE
QUINONE (PQQ) DECREASES BICUCULLINE-INDUCED
EPILEPTIFORM ACTIVITY IN VIVO AND IN HIPPOCAMPAL
SLICE IN VITRO. G Gardner1* DL Tauck2. CB Geary1. F William;1.
CD Wang1. E Aizenman3. PA Rosenberg1. FE Jensen*. Neurol., Children’s
Hosp?, Harvard Med. Sch., Boston, MA; Biology, Santa Clara Univ.,
Santa Clara, CA 2; Neurobiol., Univ. Pittsburgh Sch. Med, Pittsburgh,
PA3.
PQQ is a putative essential nutrient that has been shown in vitro
to diminish NMDA ionic currents and neurotoxicity by direct oxidation
of the NMDA receptor redox site (J. Neurosci. 1992; 12). We have
previously shown that PQQ is anticonvulsant in vivo versus kainate and
pentylenetetrazol-induced seizures in rats (Epilepsia. 1993; 34(S6)). In
this study we evaluated the effect of treatment with PQQ (20 mg/kg
i.p.) or vehicle 30 min before administration of bicuculline (2 mg/kg
i.p.) in 12 d.o. rat pups. The duration of generalized convulsion after
bicuculline was significantly shorter in PQQ treated rats (1217 ± 555
sec, _+SD, n=14) versus vehicle treated rats (1864 +. 940 sec, n= 17)
(p<004^). In the hippocampal slice, extracellular recordings of
population spikes were obtained in CA1 by stimulation of CA3 Schaffer
collaterals (n=6 slices from 6 rats). Perfusion with bicuculline
methiodide (BMI, 7^M) produced multiple population spikes. The
addition of the reducing agent dithiothreitol (d Tt , 5OO/z M) prolonged
these evoked responses and in some cases (n=3) induced spontaneous
bursts. Subsequent perfusion with PQQ (lOO/xM) in BMI reversed this
prolongation of the response and suppressed the burst activity. Taken
together, these in vivo and in vitro studies demonstrate PQQ is effective
in suppressing bicuculline-induced seizures and that this action may
involve modulation of the redox site by PQQ. (Supported by EFA,
NS31718).
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PICROTOXIN-INDUCED CONVULSIONS IN RAT ARE OF SEVERAL TYPES
AND INDUCE FOS IN DIFFERENT FOREBRAIN REGIONS. J.O.Willoughby*.
L.Mackenzie. A.Medvedev and J.J.Hiscock. Centre for Neuroscience, Flinders
University, Adelaide, SA, Australia.
We examined the distribution of activated (Fos-positive) neurons after single
experimentally-induced convulsive seizures. Picrotoxin was slowly infused via a
previously implanted venous catheter into unhandled, unrestrained rats until a
convulsive event was recorded. Animals were then lightly anesthetised with iv
pentobarbitone for 9Omin when they were deeply anaesthetised and killed by
transcardiac perfusion of fixative. Brain sections were then processed for Fos
immunohistochemistry and counts of Fos-positive neurons were undertaken in defined
cortical and subcortical regions. Animals subjected to vehicle infusions, or in which
picrotoxin infusions did not cause convulsions did not exhibited Fos induction
(controls). Seizures involved the head and then sometimes spread to neck or further to
forelimbs or all limbs. In some of those with involvement of all limbs, loss of posture
control occurred. Seizure behaviors occurred unpredictably in the same experimental
environment over a range of picrotoxin doses.
Fos was consistently induced in cerebral cortex by all seizure-types and positive
neurons were distributed remarkably evenly through all laminae. After seizures
characterised by loss of posture control, Fos was induced in hippocampus but there
were significantly fewer Fos positive neurons in cortex and rarely was there induction
in thalamus, striatum and amygdala. In contrast, after seizures without loss of posture
control, Fos was induced in amygdala, striatum and thalamus, but not hippocampus.
We conclude (i) two assemblies of neurons appear to participate in seizures of
different types: hippocampus and cortex, or cortex and other subcortical structures, (ii)
convulsive events appear to be related to cortical Fos and loss of posture control
appears to be related to hippocampal Fos and (iii) seizures of different severities need
not be a progression from one stage to another, but can be independent events.

NEUROTOXICITY

274.1
Neuronal death induced in vitro by oxydative stress is less
pronounced in Calbindin-contalning neurons J. HUGON*. F.
HUGON. F. ESCLAIRE. M. LESORT. Ph. SINDOU. C. YARD1N. Unite

Neurobiologie Ceilulaire - Laboratoire d’Histologie - Facufte de Medecine LIMOGES - FRANCE

Free radical toxicity has been proposed as a key factor in a large variety of
cellular degenerative features including neuronal degeneration. Exposure
of mammalian cells to oxydative stress produces a depletion of intracellular
glutathione with modification of protein Thiols and decreased cell viability.
One of the major consequence of protein Thiol modification is a disturbed
intracellular Calcium homeostasis leading to the activation of degradative
enzymes. Calbindin is a Calcium-binding protein Witch has cellular
neuroprotective properties. The goal of this study was to determine if
Calbindin-containing neurons are more resistant to oxydative stress in
primary cultures. Primary cortical cultures were established from 18 day-okd

fetal rats. After 8 days of culture neuronal cells were exposed to the
association Xanthine (250 pM)/Xanthine oxydase (0,3 mU/ml) for five
hours. After this time cells were rinsed (PBS) and replaced in MEM Earle’s
salts for another 19 hours. At the end of this period, cellular viability was
analysed by fluorescein diacetate labeling in control and exposed cultures.
Then cortical cells were fixed and processed for immunocytochemistry
using an anti-Calbindin 28 Kd antibody. After 24 hours the percentage of
neuronal survival in treated cultures was 47.4 ± 10.4 of control cultures.
The percentage of Calbindin positive neurons was respectively 23.3 ± 5.7
and 50.0 ± 5.0 in control and XA -X0 treated cultures. This study shows
that Calbindin containing neurons are more resistant to oxydative stress in
primary cortical cultures.
Study supported by Fondation pour la Recherche Medicale.

274.2
THE PROTEASE THROMBIN INDUCES MORPHOLOGICAL
DEGENERATION AND CELL DEATH IN CULTURES OF ASTROCYTES
AND NEURONS. P. J. Vaughan1*, C. J. Pike2, C. W. Cotman2 and D. D.
Cunningham1. 1 Department of Microbiology and Molecular Genetics and 2Irvine
Research Unit in Brain Aging, University of California, Irvine, California 92717.
The clotting protease thrombin might contribute to the pathophysiology of CNS
injury by its ability to retract processes on neurons and astrocytes and to stimulate
astrocyte proliferation. There is significant potential for extravasated thrombin to
♦pnoiuce pathological effects following brain injury and subsequent alterations in the
blood-brain barrier. This is because prothrombin, the precursor of thrombin, is
present in plasma at micromolar concentrations and only picomolar concentrations
are required to retract processes on neurons and astrocytes. Since brain tissue may
be exposed to levels of thrombin even higher than those required for retraction of
processes for several days following brain injury, we deciced to examine the effects
of high concentrations of thrombin upon the survival of neurons and astrocytes. At
a concentration of ImM, thrombin induced morphological degeneration and cell
death in cultures of both neurons and astrocytes. These effects were exacerbated in
cultures treated with thrombin in the presence of lowered glucose concentrations.
As little as lnm thrombin induced significant degeneration and cell death relative to
cultures grown in low glucose alone. The degeneration and cell death induced by
thrombin were completely blocked by specific thrombin inhibitors. In addition, the
thrombin receptor agonist peptide, SFLLRN mimicked the effects of thrombin thus
indicating that the degeneration and cell death induced by thrombin were mediated
through activation of the thrombin receptor. These results may have important
implications for the survival of neurons and astrocytes that are exposed to high
concentrations of thrombin following brain injury, particularly in areas of the brain
that are rendered hypoglycemic as a result of the insult.
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MASTOPARAN OVERCOMES BOTULINUM TOXIN A INHIBITION
OF STIMULATED ACETYLCHOLINE RELEASE BY MECHANISMS
INDEPENDENT OF SNAP-25. P. Ray* and W. Middleton.
Div.
of Exptl.
Therapeutics,
Walter Reed Army
Institute of Research, Washington, D.C. 20067.
We previously demonstrated that in nerve growth
factor (NGF) differentiated PC12 cells, arachidonic
acid
(3H-AA)
release
is
associated
with
acetylcholine
(3H-ACh)
release,
botulinum toxin
(BoTx) inhibits both processes, and AA protects
against BoTx
(Ray,
P.
et al.,
J.
Biol.
Chem.
2 68:11057-11064, 1993).
Recently, we have found
that mastoparan, a bee venom G-protein activator,
also prevents BoTx effects in PC12 cells in a
concentration- and Ca2+-dependent manner.
These
effects
of
mastoparan
are
attenuated
by
phospholipase A2 (PILA) inhibitors as well as by the
G-protein
inhibitor
pertussis
toxin;
but
are
enhanced by the G-protein activator cholera toxin.

DITYROSENE FLUORESCENCE : A MONITOR FOR OXYGEN FREE RADICAL
INDUCED PROTEIN OXIDATION IN HUMAN CEREBROSPINAL FLUID.
A. Venna*. M. Erickson. J. Carver#, and G. Caarlson. Dept.Neurology,
Walter Reed, & Crit. Care, Child. Natl. Med. Ctr.#,Wash., DC.
Free radical action on L-tyrosine or protein tyrosine residues
generates tyrosyl radicals which cross-link via carbon-carbon
bonds to form the stable compound dityrosine. We have utilized the
intense and specific fluorescence of dityrosine to follow oxygen free
radical induced protein oxidation in human cerebrospinal fluid
(CSF). Exposure of free L-tyrosine solution or human CSF to oxygen
radicals generated by xanthine + xanthine oxidase or H2O2 +
peroxidase
in vitro generated a prominent fluorescent peak
identical to that for authentic dityrosine. H2O2 alone was
insufficient to produce this peak. Nearly all of the fluorescent CSF
oxidation products passed through a 10,000 MW cutoff filter. DEAEanion exchange chromatography showed the majority of the
dityrosine fluorescence in oxidized CSF to be associated with
polypeptides and proteins rather than free dityrosine. Exposure of
human CSF to human neutrophils (PMN) activated with phorbol
ester also resulted in production of fluorescence specific for
dityrosine. Oxidative production of CSF dityrosine by activated
PMNs was enhanced by superoxide dismutase and was diminished
by catalase, supporting the involvement of PMN generated H2O2
and myeloperoxidase. A survey of 23 random human cerebrospinal
fluid samples for dityrosine flouorescence revealed very low levels
in the majority of cases even following storage at
4°C for up to one year. Some CSF samples displayed a strong
endogenous fluorescent peak characteristic of dityrosine. CSF
dityrosine levels can thus be used as a new clinical monitor of free
radical mediated CNS injury.

BoTx
is
believed
to
inhibit
ACh
release
by
hydrolyzing one of the fusion proteins SNAP-25.
SNAP-25
antisense
oligonucleotides
inhibit
stimulated 3H-ACh release.
Mastoparan
(30 pM)
counteracts-this inhibitory effect.
These results
suggest that mastoparan can prevent BoTx effects by
stimulating AA release via mechanisms that are
independent
of
SNAP-25
and
are
coordinately
regulated by GTP-regulatory proteins and PLA2.
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THE NEUROTOXIN, MPTP, INCREASES CALBINDIN-D28k PROTEIN

LEVELS IN THE MOUSE MIDBRAIN.

A.M.

lacopino* , E.M. Quintero, C.-L.

Liang, P.K. Sonsalla, and D.C, German. Dept, of Biomed. Sci., Baylor Col.

of Dent., Dallas, TX 75246, Dept, of Neurol., Robert Wood Johnson Sch. of
Med., Piscataway, NJ 08854, and Dept, of Psychiat., UT Southwestern

Med. Cntr., Dallas, TX 75235.
The calcium-binding protein, calbindin-D2 gk (CALB), is localized in the

midbrain dopaminergic (DA) neurons that are spared degeneration in

humans with Parkinson’s disease, and in animals treated with the neuro-

toxin 1-methyM-phenyl-1,2,3,6-tetrahydropyridine (MPTP) (German et al.,
1992). The purpose of the present study was to determine whether CALB
protein was altered within the midbrain DA neurons following treatment

with MPTP. FVB mice were injected twice with either 15 or 25 mg/kg, and
sacrificed 3 or
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6 h after the last injection. The brains were fixed in formalin,

and sectioned at 30 pm thickness. Using the PAP immunohistochemical
staining procedure with an antibody against CALB (1:100,000), counts

were made of the number of CALB-containing neurons in nucleus A10.
The largest increase in number of CALB-containing neurons (226% above
control) occurred

6h after 50 mg/kg. There was also an increase in the

number of CALB-containing neurons in several other midbrain nuclei (e.g.,

superior colliculus, etc.). These data indicate that MPTP treatment rapidly

TIME COURSE AND MORPHOLOGY OF MPTP-INDUCED NIGRAL
NEURON DEGENERATION. V, Jackson-Lewis*. R. E, Burke and S. .Przedborski.
Movement Disorder Group, Department of Neurology, Columbia University, New
York, NY. 10032.

Administration of MPTP to mammals causes damage to the nigrostriatal
dopaminergic pathway similar to that seen in Parkinson's disease. The time course
for MPTP-induced reduction of tyrosine hydroxylase (TH)-positive nigral neuron
number has been reported. However, TH changes do not define the time course of
degeneration. Silver impregnation was used to address this issue. C57/bl mice
received 4 injections of MPTP (20 mg/kg) or saline i.p. over 8 hours. Immediately
after and at 12 hours after the last injection as well as daily for 7 days and at 14,
21 and 28 days after the last injection, 4 mice were used for HPLC measurements
and 4 others for were used for quantification of degenerating nigral neurons by
silver staining. Maximal reduction in striatal dopamine and metabolite levels
occurred within 2 days after the last injection and remained decreased, although to
a lesser extent, throughout the entire length of the experiment. Similarly, maximal
numbers of degenerating cells in the nigra occurred within 1-2 days after the last
injection. Thereafter, the number of degenerating cells decreased and silver
positive amorphous material was observed in the nigra. All degenerating cells
exhibited morphological hallmarks of neurons and were localized in the pars
compacta. The morphologic pattern of the cell death included cytoplasmic
granular silver deposits and heavily stained nuclei. This study shows that the loss
of striatal dopamine and nigral neurons parallel each other and that the pattern of
cell death resemble necrosis rather than apoptosis. Supported by the Parkinson's
Disease Foundation.

causes a general increase in CALB protein within the midbrain.
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INTRACEREBRAL INJECTION OF gpl2O RESULTS IN
NEURONAL INJURY AND LOCAL INCREASE IN
MACROPHAGE DENSITY. P Edgecomb*. K Park, E Masliah*. FE
Jensen. SA Lipton. Neurology, Children’s Hosp., Harvard Med. Sch.,
Boston, MA; lNeurosciences and Pathology, Uc Sd , San Diego, CA.
Clinically HIV infection results in neuronal loss and injury within
cortex (Arm. Neurol., l992;32:32l). The HIV envelope protein gpl2O
induces neurotoxicity indirectly by activation of macrophages in retinal
ganglion cells in vitro (Neuroreport, l992;3:9l3). In this study, we
evaluated histopathology induced by gpl2O in an in vivo rodent model.
Intracerebral injections of glycosylated gpl2O (96Ong in l^l) were
performed in 10 d.o. rat pups; control injections with heat-inactivated
gpl2O were made in the contralateral hemisphere. Rats were sacrificed
at 2, 7, and 21 d. following the injection and sections were analyzed
serially by light microscopy. At 2 days, the number of sections
containing pyknotic neurons and astroglial infiltrate was greater in the
gpl2O side (24.9±ll.2) than the control (21.7±5.6) (n=l5 rats). The
number of sections containing aggregates of macrophages around the
injection site was significantly higher on the gpl2O side (7.5±2.6) than
the control (5.7±2.2)(p<0.05). Confocal microscopic analysis of
double-labelling with the dendritic marker MAP2 and GFAP showed that
at 2 days post gpl^O injection there was a 45% loss of dendritic
complexity compared to the control side (p < 0.02), and this significantly
recovered by 7 and 21 days (n=3 per group, p<0.05). These changes
were most prominent in neocortical structures. These results demonstrate
that intracerebral injection of gpl2O induces neuronal injury and
macrophage accumulation, resembling components of HTV encephalitis
encountered in human brains.

NEURAL MICROSENSORS FOR AUTOMATED TOXICITY
AND PHARMACOLOGY ASSAYS V.C. Kowtha*, D.A.
Stenger, P. P. Bey, Ir., D,
KovacskK.E.
Foster2, and T.T. Hickman2 Center for Bio/Molecular Science
and Engineering, Naval Research Laboratory, Washington,
EXT 20375; 1: Dept, of Electrical Engineering, Stanford
University, Stanford, CA 94305; 2: Science Applications
International Corporation, McLean, VA 22102
Major technical hurdles to the use of electrophysiologybased assays for neurotoxicity and neuropharmacology are: (a)
the relatively low throughput inherent with conventional
(intracellular and membrane patch) recording methods, (b)
interpretation of signals from non-invasive (substrate
microelrctlodr) recording techniques, and (c) high costs
associated with live animal testing or isolation of primary
cells. Here we describe an approach using cultured NG108-15

cells which are chemically triggered to undergo spontaneous
repetitive firing. Silicon nitride-passivated iridium
microelectrode arrays are surface-modified using selfassembled monolayers and used for detection of repetitive
action potentials. In this case, the repetive APs of the NG108-

15 cells can be used to monitor both direct channel
activation/block and modulation by receptor/second
messenger interaction.
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RECOMBINANT EXPRESSION OF A COPPER/ZINC SUPEROXIDE
DISMUTASE:TETANUS FRAGMENT C FUSION PROTEIN IN E. COLI.
J.W,Francis**B.A. Hosier2. R,H. Brown. Jr.2 and P.S. Fishman! iDept, of
Neurology, Univ. of Maryland Sch. of Medicine, Baltimore, MD 21201; ^Cecil B.
Day Laboratory for Neuromuscular Research, Massachusetts General Hospital,
Charlestown, MA 02129.
Free radical damage to CNS neurons has been proposed as a major contributing
factor in stroke, brain injury, and various peurodegeperative diseases. Copper/zinc
superoxide dismutase (SOD-1) is a cytosolic metalloenzyme that breaks down
superoxide free radicals, and treatments that augment SOD-1 levels in neurons have
been shown to reduce free-radical mediated cell injury. The C-ffagment of tetanus
toxin (TTC) possesses the basic nerve cell binding/transport properties of tetanus
holotoxin which previous studies have exploited to selectively deliver various
enzymes to neurons. In an effort to target the delivery of SOD-1 to CNS neurons,
we have produced a recombinant hybrid protein in E. coli using an expression vector
wherein the cDNA encoding TTC has been tandemly joined to the cDNA for human
SOD-1 in the same translational reading frame. The expressed protein
(SOD:Tet 451) has a subunit molecular weight of 68 kD and is recognized on
immunoblots by both anti-SOD-1 and anti-TTC polyclonal antibodies. Analysis of
SOD-like enzymatic activity revealed that SOD:Tet 451 per mole possessed
approximately 50% of the activity of wild-type human SOD1 produced in the same
bacterial system. In addition, SOD:Tet 451 bound to cultured mouse spinal cord
neurons and the neuron-like hybrid cell line N 18-1RE-105 as determined by indirect
immunofluorescence. The avidity of SOD:Tet 451 binding to these cultured cells
appeared to be indistinguish-able from that of the TTC alone. These results suggest
that the two components of the hybrid protein retain their respective functional
properties when expressed as a single peptide, and that SOD:Tet 451 may prove to be
a useful agent for the targeted delivery of SOD-1 to neurons.

AP-I TRANSCRIPTION FACTOR DNA BINDING ACTIVITY IN RAT
BRAIN FOLLOWING SEIZURES AND CELL DEATH. B. Kaminska*
K. Lukasiuk8. R. K. Filipkowski*. G. Mosieniak8. M. Hetman8. W. Lasonb
R. Przewlockjb. and L. Kaczmarek8 aNencki Institute of Experimental Biolog}',
02-093 Warsaw, Pasteura 3, Poland
^Institute of Pharmacology, Cracow, Poland
Chemoconvulsants like kainate (KA) and pentylenetetrazole (PTZ) produce
changes in central nervous system, whose understanding have proved useful in
elucidating mechanisms underlying neuronal plasticity. Long term effects of both
compounds are apparently dependent on their influence on expression of various
genes, including those encoding AP-1 transcription factor made of proteins
belonging to Fos and Jun families. In our studies a functional feature of AP-1, i.e. its
DNA binding activity, was analyzed by electrophoretic mobility shift assay (EMSA),
in the rat brain following systemic injection of either KA or PTZ. After PTZ
treatment an increase of AP-1 was seen in the hippocampus, entorhinal and sensory
cortex at 2-6 h, while KA evoked two phases of elevated AP-1 DNA binding activity
in the hippocampus and entorhinal cortex, correlating with period of seizures (2-6 h)
and neuronal damage (48-72 h). In the sensory cortex only late phase of AP-1
increase was noted after the KA treatment. At 72 h after KA injection,
intemucleosomal DNA fragmentation (detected by gel electrophoresis as well as in
situ nick translation), believed to be diagnostic for apoptotic processes typical for
programmed cell death phenomena, was noted. At 2 and 6 h after both of the
treatments, AP-1 consisted predominantly of Fos B, c-Fos, Fra-2 and Jun B, while
at 72 h after the KA treatment Jun D comprised major AP-1 component in place of
Jun B, and no c-Fos was detected. Contrary to AP-1, no effect of seizures on levels
of other transcription factors, namely CREB/ATF (cAMP responsive element
binding proteins), NF-kB, SP-1 and OCT (octamer element DNA binding activity)
was seen. These data point to selective effect of seizures on AP-I in brain structures
known to be particularly vulnerable and implicate AP-1 transcription factor, and
more selectively Jun D protein, in kainate-driven programmed neuronal death.
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THE EFFECT OF NITRIC OXIDE AND PEROXYNITRITE ON
CATECHOLAMINE SYNTHESIS IN PC12 CELLS. J. Horwitz* and
H. Ischiropoulos. Dept. of Pharmacology, Medical College of
Pennsylvania, Philadelphia, PA 19129; Institute for Environmental
Medicine, University of Pennsylvania, Philadelphia, PA 19104
The pathology of neurodegenerative diseases is associated with excess
production of reactive species. Nitric oxide and superoxide are free
radicals that react at near-diffusion limited rate to form peroxynitrite, a
relatively long-lived and highly reactive species. We examined the
effect of various reactive species on dihyaroxyphenylalanine (DOPA)
production in PC12 pheocnromocytoma cells to learn which reactive
species might potentially cause oxidative damage to catecholamine
containing cells. Superoxide and hydrogen peroxide (3 uM/min),
generated enzymatically, caused a 290% increase in DOPA levels over
non-treated controls. Nitric oxide, (14 nM/min) generated by a
spermine-nitric oxide donor, caused a 31% increase in DOPA
production. Peroxynitrite was generated from 3-morpholinosydonimine
N-ethylcarbamide (SIN-1), a novel compound that releases nitric oxide
and superoxide simultaneously. In contrast to the other agents,
generation of oeroxynitrite (20 nM/min) by SIN-1 caused a 39%
decrease in DOPA production. The decrease in DOPA production was
not due to cell death as indicated by trypan blue exclusion. Peroxynitrite
may exert this inhibitory effect by a number of mechanisms. It may
inhibit the activity of tyrosine hydroxylase. This inhibition may be long
lasting since the removal of SIN-1 only partially reversed the effect.
The direct oxidation of DOPA by peroxynitrite may partially account for
the inhibitory effect Although tne mechanism(s) for the inhibition of
DOPA production are not clear, it is apparent that the formation of
peroxynitrite not only eliminated the stimulatory effect of nitric oxide but
also inhibited DOPA production.

Microtubule-Associated Protein 2 (MAP-2): a Sensitive Marker of
Seizure-Related Brain Damage. G.P.H. Ballough*. L.J. Martin1
E,J, Cann>_J,SjGraham, C .D. Smith. .CE, Kling,, J,S ..Forster.
S . Phann and M. G. Filbert. U .S. Army Medical Research Institute of
Chemical Defense, Aberdeen Proving Ground, MD 21010. The Johns
Hopkins University School of Medicine, Baltimore, MD 21205.

Microtubule-associated protein 2 (MAP-2) is a family of proteins
which is enriched almost exclusively in the somatodendritic compartments
of neurons in the adult mammalian brain.. We have assessed the efficacv
of MAP-2 immunohistochemistry as a marker of seizure-related brain
damage produced by 1.5 X LD50 soman and its suitability for quantitation
using image analysis. Damage was also examined using H&E and cresyl
violet (CV) histochemistry as well as glial fibrillary acidic protein (GFAP)
immunohistochemistry. Our results demonstrate that regional brain
damage was colocalized on adjacent serial sections with significant and
clearly demarcated reductions in MAP-2 immunoreactivity. Damage was
better delineated with MAP-2 immunostaining than with H&E, CV or
GFAP and was exceptionally well suited for quantitation. It is postulated
that the measurable loss of a neuron-specific marker is a more sensitive
and reliable indication of neuropathology than conventional histochemical
and immunohistochemical markers.

CATECHOLAMINE RECEPTORS IV
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275.2

ANALYSIS OF DOPAMINE RECEPTOR ONE (Dl) DEFICIENT MICE
M.Xu *. L.H.Golldl. A.M.Graybiell-. N.HfoQil. X.T.Hu2 G.Koot>l. R.Moratallal
F.J.White^ and S.Tonegawa Center for Cancer Res and ^Dept Brain and Cog Sci,
MIT, Cambridge, MA 02139, ^Dept Neurosci, The Chicago Med School, North
Chicago, Il 60064, 3pept Neuropharm, The Scripps Res Inst, La Jolla, CA 92037.
To examine the role of Dl in the central nervous system, we have generated Dldeficient mice using the gene-targeting technique. Phenolypically, the mutant mice
look normal except they weigh, on the average, 30% less than their wildtype
littermates. Nissl staining and immuUostaiuiug for tyrosine hydroxylase, DARPP32, enkephalin and calbindin as well as ligand binding for D2 and DA transporter all
look normal, suggesting that the general anatomy of the mutant mouse brain is
similar to that of the wildtype mouse. Interestingly, in the striatum, a Dl-rich brain
region, the dyuorphiu-possitive striosomal system is undetectable by
immunostaining although dynorphin stain is present elsewhere. This implies that
Dl might control aspects of the striosomal phenotype. Behaviorally, Dl deficient
mice have changed locomotor activity in that they are hyperactive in the dark phase
of the light-dark cycle as shown by the photocell beam interruption analysis.
Extracellular single unit recording in vivo shows that in the mutant mice, nucleus
accumbens neurons, which have been implicated in mediating the reinforcing
properties of cocaine and other drugs of abuse, are significantly less inhibited by the
Dl agonists SKF 38393, as compared to the wildtype mice. This result suggests
fundamental alterations in dopaminergic transmission within the nucleus accumbens
which may result in changes in drug reinforcement and dependence in the mutant
mice. From all these analyses, we conclude that Dl may play critical roles in
determining the compartmental chemoarchitecture of the striatum, in modulating
locomotor activity, and the activity of neuronal circuitry involved in drug addiction.

DIFFERENTIAL DISTRIBUTION OF Dj AND Ds DOPAMINE
RECEPTORS IN SPINES AND SHAFTS OF PROJECTION
NEURONS. C. Bergson*. L. Mrzliak. J.F, Smiley. P.S. GoldmanRakic and R. Levinson. Dept, of Cell Biology and Section of
Neurobiology, Yale Univ. Sch. of Med., New Haven, CT 06510.
The pathways governing signal transduction in the
mesocortical and nigrostriatal dopamine systems of the brain are of
central importance in a variety of drug actions and neurological
diseases. We have developed fusion protein-derived antibodies
specific for the Di and D5 dopamine receptors and have analyzed the
cellular and subcellular distribution of these receptors in rhesus
monkey brain. Light and electron microscopic analysis indicates that
Dj and D5 receptors display distinct expression patterns in cerebral
cortex and subcortical nuclei. In cerebral cortex, both Dj and D5
antibodies predominantly label pyramidal cells. However, the D,
receptor is mainly localized in spines, whereas the D5 receptor is
predominantly detected in dendritic shafts. In the caudate nucleus,
Dj receptor expression is detected in the spines of medium sized
neurons, whereas D5 antibodies predominantly labeled their dendritic
shafts as well as the soma and proximal dendrites of large
intemeurons. These results suggest that the Dj and D5 dopamine
receptors may be associated with diffe^^^'t axonal inputs and may
play distinct regulatory roles in synaptic transmission.

275.3

275.4

BEHAVIOURAL EFFECTS OF Da
ANTISENSE
OLIGONUCLEOTIDE
INFUSED INTO THE STRIATUM OR SUBSTANTIA NIGRA IN THE RAT.
N. Raiakumar*, H.B, Niznik and A.J, Stoessl: Department of Clinical
Neurological Saistass, University ef Western Ontnrie, Lenden, Cnnndn; &
ClnrUs Institute ef Psychintry, Terente, Cknndn.
In erder te study the role ef members ef the D2-deanmine receptor fnmily
in strintnl functien, n ahesphorothiekts-medifisd nntisense eligenualsotids
aomalsmsntnry to the first 19 bnes ef the ceding regien ef D2 receptor
mRNA wns infused bilnternlly into the strintum er the substnntin nigrn ef
ndult rnts, twice dnily tor 2-3 dnys, vin indwelling annnulns. After nn
inte^nl ef 8-12 hrs, rnts were hnbituntsd md chnllenged with high
(300pg/Ug; s.c.) er Iow (50pg/Ug; s.c.) deses ef naemerahine er its vehicle
(0.1% ksaorbia ncid).
Results shewed thnt the yn^ning nnd meuth
mevsmstts induced by lew-dese naemerahine were utnffsatsd by
nttisstss infusien into the strintum, wherens stereetyaic sniffing to^w^
high-dese naomorahits wns mn^ed^ suaarssssd. Ittrnstrintnl itfusiet ef

DEVELOPMENT OF THE AUTORECEPTOR RESERVE IN THE
NEOSTRIATUM OF RATS S.L. Andersen* and R.A. Gazzara2. ‘McLean
Hosptial, Harvard Med. Sch., Belmont, MA 02178 and 2Dept. of Psychology,
SUNY-Binghamton, Binghamton, NY, 13790.
Despite ontogenetic increases in D2 receptor density and extracellular levels of
dopamine (DA), previous work from our laboratory suggests that DA agonists
(quinpirole and apomorphine) inhibit DA release to an equal extent across age
{Dev. Brain Res. 78, 123; J. Neurochem. 61, 2247). In this study we determined
how the receptor occupancy that is required for this degree of modulation changes
with age. Au analysis of receptor reserve determines the receptor occupancy
required for the expression of 50% of the maximum response (ED*,). A receptor
reserve occurs when a small percentage of the total number of receptors needs to
be occupied to reach the EDjq and has been demonstrated in adult rats at the
release-modulating autoreceptor.
The development of the autoreceptor reserve in the neostriatum of rats 5, 1011, 15-16, 21-22, and 70 days of age was ascertained following non-competitive
antagonism of the DA receptor with 6.0 mg/kg EEDQ. Twenty-four h later, the
effects of die D2 agonist quinpirole on extracellular levels of DA were
determined. Quinpirole was reversed-dialyzed at increasing concentrations of
0.01-100 gM and DA was collected in 15 min intervals by microdialysis and
quantified with HPLC-ED. EEDQ shifted the dose-response curve to the right at
15, 21 and 70 days and attenuated the maximum effect of quinpirole at all ages,
suggesting that a D2 autoreceptor reserve exists in developing rats. A Furchgott
analysis indicated that at 5 and 10 days of age, the reserve is either quite small
or large ( q, die fraction of active receptors remaining, did not change following
EEDQ treatment). EEDQ attenuated q at the other ages and the autoreceptor
reserve is 48%of the total number of autoreceptors at 15 days, 97.6% at 21 days,
and is 92.2% at 70 days of age.

nttisstss oligotualsetids resulted in sigmfianttly diminished strintnl D2
binding sites (|3H]-rnaloarids), while D, binding ([3H]-SCH 23390) wns
utahntgsd. Fellowing ndministrntien ef kntissnss oligetualsotids inte the
substnttin nigrn, rnts shewed saentknseus stsrsetypia sniffing md hendbebbing, suggesting incensed levies ef stdegsnous deanm^ in the
strintum. Lew-dese naemerahins foiled te snhnnas ynwning in these
^^^8. The aresent dntn cenfirm thnt stsrsetypia sniffing is medi^ed vin
aost-sytkatia strintnl D2 receaters md suggest thnt ynwning induced by
deanm^ ngenists mny be medinted by nen^ ^eaters.

[Supported by MRCC and Ontario Mental Health Foundation!.
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AUTORECEPTOR REGULATION OF DOPAMINE SYNTHESIS IN A MOUSE
MESENCEPHALIC CELL LINE. C.M. O'Hara. K.L, O'Malley, and R.D.
Todd*. Depts. of Psychiatry, Genetics and Anatomy and Neurobiology, Wash.
Univ. Sch. of Med., St. Louis, MO 63110.
Besides having roles as postsynaptic receptors, one or more of the D2-like
receptors (D2, D3, and D4) are thought to function as autoreceptors in the
regulation of dopamine synthesis and release. Previously we have shown that
stimulation of transfected D2 and D3 but not D4 receptors inhibits the release of
dopamine from the dopamine producing mesencephalic cell line MN9D (Tang,
Todd, and O'Malley, in press). In the current study, we have determined the
effects of receptor stimulation on dopamine synthesis in the same cell lines.
Specifically, we are measuring changes in potassium-stimulated tyrosine
hydroxylase (TH) activity. In order to maximize our detection, cells are grown to
confluency in 12 well plates and then pretreated with lpM tetrodotoxin for 15
minutes to increase basal TH activity. The effect of receptor subtype stimulation
on TH activity is detennined by exposing the cells to 6OmM potassium and the
dopamine receptor agonist quinpirole(lO^M) for 1-20 minutes. Following
stimulation, buffer is removed and plates put on dry ice. TH activity is measured
by lysing cells with Triton X-100 in the presence of protease inhibitors,
homogenizing samples and incubating with UZ-tyrosine and cofactor. Quinpirole
stimulation of D2 receptors results in a sustained 30-40% inhibition of
K+stimulated TH activity for up to 20 minutes. In contrast, stimulation of D4
receptors results in a 40% increase in K+siimulated TH activity which desensitizes
within 5 minutes. Stimulation of the D3 receptor does not appear to regulate TH
activity. These results strongly suggest that D2, D3 and D4 receptors function
differently as autoreceptors in regulation of dopamine synthesis and release.
Collectively, these data suggest individual receptors can modulate different aspects
of autoreceptor function.

EXPRESSION OF A DOPAMINE D3-RECEPTOR-LIKE PROTEIN
(D3nf) IN HUMAN CORTEX. C. Schmauss#*. R. LevensonA. C.
Bergson* and K. Liu#. #DepL Psychiatry & Brookdale Center for Molecular

275.7
DOPAMINE D2 RECEPTOR DM RAT SPINAL CORD: IMMUNOCYTOCHEMICAL DETECTION AND IN SITU HYBRIDIZATION STUDIES.
H. van Pijken, J. Dijk,1 P. Woo,'2 J-C. Holstege and J. Voopd. Dept. of
Anatomy, Erasmus University Medical School, PO Box 1738, NL-3000 DR Rotterdam, The Netherlands. Sylvius Laboratory, Leiden, and 2Dept. of Anatomy and
Embryology, Free University, Amsterdam, The Netherlands.
We have investigated the distribution of the dopamine D2 receptor in the rat
spinal cord using affinity purified anti-peptide antibodies (Plug et nl., Eur. J.
Biochem. 206:123-130, 1992). In addition we have studied the expression of D2
receptor mRNA in rat spinal cord using [35S]-UTP labeled antisense cRNA probes.
For immunocytochemistry, rats were perfused with 4% paraformaldehyde in
phosphate buffer. Spinal cords were cut in 40 pm frozen sections, preincubated
with 10% normal goat serum, incubated with D2 receptor antibody (24-48 hours,
4°C), and processed with the ABC technique. For in titu hybridization, rats were
decapitated. Spinal cords were removed and rapidly frozen. Serial cryostat sections
(lOpm) were cut, thaw-mounted on gelatin-coated slides and hybridized with
[35S]-UTP labeled antisense cRNA probes. After stringency washing steps, the
sections were processed for emulsion autoradiography using 30-90 days exposure.
In all positive-staining regions, the antibody was highly localized to neuronal
cell bodies and their basilar dendrites, while the controls resulted in no contrast
staining. Within the spinal cord labeling was concentrated in neurons of the
parasympathetic area of the sacral cord, intprmpdio-latpral cell column, in the area
around the central canal, in laminae I of the dorsal horn, and in the lateral spinal
nucleus. In addition we found strong ^munoreactivity in the sexually dimorphic
motor nuclei (Onuf s nuclei) of the lumbosacral cord. Using in titu hybridization,
labeled cells were found in the same areas as described for immunocytochemistry,
but with this technique stronger labeling was found in the intermedio-lateral cell
column and related areas towards the central canal.

Biology, Mount Sinai School of Medicine, New York, NY 10029 and ADepf Cell
Biology, Yale University School of Medicine, New Haven, CT 06510.

A truncated version of the human dopamine D3-receptorencoded mRNA, named D3nf, differs from the D3 receptor mRNA in the
COOH terminus. The predicted membrane topology of its encoded
protein does not suggest that D 3nf functions as a typical G-proteincoupled receptor. To test whether D3nf mRNA is translated into protein
we have raised rabbit polyclonal antisera against the D 3nf-specific
COOH terminal peptide sequence. The specificity of these antisera was
first demonstrated with immunoblots of proteins extracted from stably
D 3nf-mRNA expressing COS 7 cells and from non-transfected cells
using pre-immune, immune, and pre-absorbed immune sera. On
immunoblots of proteins extracted from human parietal and motor
cortical tissues, the D 3nf-specific antiserum recognizes a protein of an
apparent molecular size of 68 kD. Interestingly, this protein species was
also found to be the major immunoreactive protein on immunoblots
probed with an anti-peptide antibody raised against the amino terminal
peptide sequence of the human D 3 receptor. Our results indicate that in
motor and parietal cortical tissues the D 3nf protein is several-fold more
abundant than the D3 receptor. In contrast, results from SI nuclease
protection assays indicate that in the same anatomical regions D3 and
D 3nf mRNAs are equally low-abundant. This is the first evidence that a
truncated D3-like mRNA (D 3nf) is indeed translated into protein, and
raises the possibility that D 3nf mRNA encodes a functional protein.

275.8
CELLULAR DISTRIBUTION OF mRNAs FOR DOPAMINE D1
RECEPTORS AND DARPP-32 IN CEREBRAL CORTEX AND
STRIATUM
OF
THE
CYNOMOLGUS
MONKEY.
RELATIONSHIP TO DOPAMINE D1 RECEPTORS. S. BRFNE.* H .
HALL. N. LINDEFORS. P. KARLSSON. C. HALLDIN. G. SEDVALL.
Department of Clinical Neuroscience, Section for Psychiatry and Psychology,
Karolinska Institute, S-171 76 Stockholm, Sweden.
The distribution of dopamine Dj receptor (DjR) mRNA and DARPP-32
mRNA was examined by in titu hybridization in the cynomolgus monkey brain.
The mRNA distribution was compared to the distribution of DjRs using
[3h ]SCH 23390 autoradiography. In the neocortex, different cell types expressing
D]R mRNA were seen in layers II-VI. However, DjR mRNA positive cells were
most abundant in layer V. In the caudate/putamen D]R mRNA positive cells
were unevenly distributed, and clusters of cells were apparent with an
approximately 3-fold higher intensity of labeling. These D]R mRNA intensive
cell clusters appeared to some extent to be matched to clusters of high intensity of
[^HjSCH 23390 binding sites in caudate nucleus. A more homogeneous labeling
of DjR mRNA was found in the n. accumbens. An even distribution of cells
expressing DARPP-32 mRNA was found in caudate/putamen and n. accumbens.
Quantitative image analysis was used to investigate if chronic SCH 23390
administration would alter the relative levels of the mRNAs coding for DjR,
DARPP-32 or the pHJSCH 23390 binding. However, treatment with SCH
23390 did not result in change of the relative levels of mRNAs for DjR,
DARPP-32 or [3H]SCH 23390 binding sites.
The present results show that D]R mRNA-expressing cells are present in
layers II-VI of the neocortex. In the caudate/putamen a patchy distribution of DiR
mRNA is reported which to some extent is correlated to patches of [3h ]SCH
23390 binding sites. However, the distribution of cells expressing DARPP-32
mRNA in the caudate/putamen was uniform .

275.9

275.10

D-AMPHETAMINE-INDUCED REDUCTION OF DOPAMINE D2
AVAILABILITY IN PRIMATES: COMPARISON BETWEEN
[l23I]IBF AND [l23I]IBZM M. LarueUe*. M. AI-Tikriti. A
Abi-Dargham. C. yan Dvck. S. S. Zoghbi. Y. Sea-Ponce R, M. Baldwin.
D. S. Chamey. P. B.Hoffer. R. B. Innis. Yale Univ. and West Haven VA
Medical Center, West Haven, CT 06516.
SPECT and PET might provide nloninyasiye tools to evaluate
dopamine (DA) release after injection of psychostimulants such as damphetamine (AMPH). We previously showed that AMPH reduces the
specific binding of the D2 tracer [l23I]IBF in primates and in humans.
Since AMPH has negligible affinity for D2 receptors, this phenomenon
might be mediated by increased intrasynaptic DA release. To document
the validity of this paradigm as an indirect measure of DA release, we
evaluated the relationship between the AMPH dose and the decrease in
D2 availability as measured with SPECT. Three animals underwent six
SPECT experiments to compare the effect of 3 doses of AMPH (0.3, 0.5
and 1 mg/kg, i.v.) and to compare the sensitivity to endogenous DA of
two SPECT D2 tracers: [l23I]IBF (37°C KD = 0.1 nM) and
[l23I]IBZM (37°C KD = 0.6 nM). Each experiment was carried under
sustained equilibrium conditions obtained during constant infusion of
the tracer. No dose effect was observed with [l23I]IBF (2l±12%,
l8±9% and l9±l2% reduction in D2 availability, after the 0.3, 0.5 and
1 mg/kg dose, respectively, p=O.38). In contrast, a significant dose
effect was observed with [l23I]IBZM (2O±5 %, 28±8% and 38±ll%,
after the 0.3, 0.5 and 1 mg/kg doses, respectively, p=0.016). Since
microdialysis experiments have shown a dose dependent increase in DA
release in this AMPH dose range, we conclude that specific binding
reduction observed with [l23I]IBZM, but not with [l23I]IBF, might
faithfully mirror ' the amount of DA released. The lower affinity and
higher lipophilicity of [l23I]IBZM might be the critical factors
underlying this increased sensitivity to endogenous DA release.

EFFECTS OF ADENOSINE A2 RECEPTOR STIMULATION IN VIVO ON
DOPAMINE D2 AGONIST BINDING IN THE RAT BRAIN. P.B.
Hedlund*. M. Hillefors-Berglund and G. von Euler. Dept, of Neuroscience,
Karolinska Institutet, S-17177 Stockholm, Sweden.
Modulatory effects of adenosine A2a agonists on dopamine D2 receptor
binding have previously been demonstrated in aitro. To investigate
whether such modulations can be detected also in viao, we have analyzed
the effects of 2-[[t--carboxyePhyl)phenylethylamino]-5'-N-pthylcarboxamidoadenosine (CGS 21680) on the ability of dopamine to compete at
[I25l]iodosulpride (0.25 nM) binding sites in filter-wiped cryostat sections
of the rat forebrain and on [3H]L-(----N-propylnorapomorphinp (pHJNPA)
binding (1 nM) using quantitative receptor autoradiography. CGS 21680 (13 mg/kg) decreased the IC50 value of dopamine on [12AIiiodosuIpridp
binding, and the decrease at 1 mg/kg was blocked by the A2 antagonist 3,7dimethyl-l-propargylxanthine (DMPX; 5 mg/kg). The decrease in the
IC50 value of dopamine was due to a decrease in the Kl value whereas the
Kjq value and the proportion of high-affinity binding sites were
unaffected. The binding of pH]NPA was significantly increased in the
rostral and caudal parts of the caudate-putamen and in the rostral part of
the olfactory tubercle, whereas no change could be demonstrated in the
nucleus accumbens and in the caudal part of the olfactory tubercle. These
results indicate that stimulation of A2a receptors in aiao causes alterations
in the binding characteristics of D2 receptors in certain regions of the basal
ganglia. These alterations may lead to a decreased signal transduction
over the D2 receptor which may explain the neuroleptic-like behavioral
actions of Aa agonists.
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ORIGIN
OF
THE
CORTICOTROPIN-RELEASING
FACTOR
IMMUNOREACTIVE INNERVATION OF THE PARAVENTRICULAR
NUCLEUS OF THE HYPOTHALAMUS. Johanne Beaulieu* and Guy
Drolet. Unitd d'Hypertension, Centre de Recherche du CHUL, Universitd Laval,

Antisense targeting of corticotropin-releasing hormone mRNA
THOMAS SKUTELLA..JQSEPH-CHRiHTQPHTR PRQBST.,_ RAINER
SPANAGEL*■ GUSTAV JIRIKOWSKI. Max-Planck Institute of Psychiatry.
Clinical Institute, Munich, Germany
The 41 aminoacid neuropeptide corticotropin-releasing hormone (CRH) is
the predominant substance by which the central nervous system controls
the activity of the pituitary-adrenal axis and accordingly the
endocrinological, neurochemical and behavioral response to stress.
Complete or endcapped phosphorolhioate and 3' inverted antisense
oligonucleotides corresponding to CRH mRNA were constructed and injected
according to different application protocols intracerebroventricularly.
After three injections 12 hours apart ACTH and corticosterone levels
were markedly decreased 30 min following ether stress. Accordingly, CRH
immunoreactivity and CRH mRNA hybridization signals in the PVN were
reduced in comparison to sense and vehicle controls. Similar results were
obtained with an antisense probe directed against CRH receptor mRNA. In
the shuttle-box avoidance procedure CRH antisense-treated rats showed
within 6 h after last injection significant increase in total amount of
discriminative avoidance responses compared to sense and vehicle
controls. After exposure to social defeat antisense injected rats showed
markedly suppressed CRH and ACTH levels compared to sense ODN and
vehicle control. An anxiolytic effect of the CRH antisense could be
demonstrated on the elevated plus maze after social defeat. Antisense
treated subjects showed significantly more time spent in exploration of
open arms in comparison to the sense ODN and vehicle treated animals with
favor of closed maze arms. In situ hybridization analysis revealed reduced
CRH mRNA in hypothalamic tissue after antisense treatment.This approach
may provide new strategies for the neuropharmacology of affective
disorders.

Qudbec, Canada, Q1V 4G2.
It has been reported that corticotropin-releasing factor (CRF) may regulate its
own biosynthesis in the paraventricular nucleus of the hypothalamus (PVN).
Whether this CRF autoregulation is mediated by local circuitry or from extra-PVN

CRF neuronal fibers terminating on CRF perikarya within the PVN is unknown.
In the present study we sought to determine the origin(s) of this CRF
innervation using retrograde transport of wheat germ-conjugated-gold particles
(WGA-Au) and immunohistochemistry for CRF (antibody provided by Dr. W.
Vale, The Salk Institute). 5 to 7 days after tracer injection, the rats received
colchicine (100 p.g, icv) and were perfused 24 hours later. Results of retrograde
labeling with pressure injections of WGA-Au restricted to PVN demonstrated
retrograde labeling of the previously established afferent projections including,
the suprachiasmatic nucleus, the medial preoptic area, the perifornical
hypothalamic nucleus (PeF) and the dorsolateral hypothalamic area (DLA).
Following the injection of the tracer into the PVN and subsequent
immunohistochemical staining for CRF, numerous retrogradely labeled (*3-4
cells / 40 pm-thick section) CRF-ir neurons were observed in the PeF and in the
DLA. Other groups of CRF-ir neurons that were retrogradely labeled (1 -2 cells /
40 pm-thick section) were found in the bed nuclei of the stria terminalis
(dorsolateral and dorsomedial nuclei), parabrachial nucleus, the dorsal raphd,
and the laterodorsal tegmental nucleus. No double labeling was found in the
CRF neurons of the central nucleus of the amygdala, the supramammiliary
nuclei, the nucleus of the solitary tract nor the ventrolateral medulla.
These pathways may represent an anatomical substrate underlying the
function of the CRF neurons in the neuroendocrine regulation during the
stress response and particularly, for its own autoregulation.
Support: MRC, HSFQ, FCAR.
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THE AREA POSTREMA IS INVOLVED IN PARAQUATINDUCED ACTIVATION OF
THE
HYPOTHALAMICPITUITARY-ADRENAL (HPA) AXIS.
B.K. Edmonds* and
G.L. Edwards. Dept. of Physiol. & Pharm., Coll, of Vet. Med., Univ.
of Georgia, Athens, GA 30602
Paraquat (PQ) is a toxin capable of eliciting a characteristic
behavioral response, conditioned taste aversion (CTA). The area
postrema (AP) is a hindbrain circumventricular structure important in
mediating PQ-induced CTA learning (Tox. Appl. Pharm. 87:212221, 1987). The relationship between neural substrates for PQinduced CTA and activation of the HPA axis was investigated in rats
with lesions centered on the AP (AP-lesioned) and sham-operated
Sprague-Dawley rats receiving injections of PQ (25 ^mol/kg) or
saline (1 ml/kg). Injection of PQ at a dosage sufficient to produce
CTA significantly increased plasma corticosterone levels (p<0.01) in
intact rats up to four hours after PQ administration. PQ-induced
activation of the HPA was attenuated in AP-lesioned rats as
compared to control (intact) rats (p<0.01). These results suggest a
common neural substrate, the AP, for PQ-induced CTA learning and
HPA activation and indicate a possible link between the behavioral
and neuroendocrine responses to this toxin. (Supported by the Dept,
of Physiol. & Pharm., Univ. of Georgia)

ALTERED DENSITY AND AFFINITY OF REGIONAL BRAIN
CRH BINDING SITES AFTER PSYCHOSOCIAL STRESS.
E. Fuchs* and G. Fluage. German Primate Center, 37077
Gottingen, Germany.

Corticotropin-releasing hormone (CRH) plays a crucial role in
eliciting and integrating an organism’s responses to stress. The
present study investigated whether long lasting psychosocial stress
(PSS) would affect CRH binding sites in the brain and the pituitary.
We used the tree shrew model for PSS in which prolonged
confrontation of a subordinate with a dominant male results in a
permanent elevation of urinary cortisol in the subordinate only.

After 24 days of PSS, CRH binding sites were quantified by in
v/fro-autoradiography with 125l-ovine CRH in 23 brain regions and
the pituitary. PSS significantly reduced Bmax in the anterior lobe of
the pituitary, the dentate gyrus, the CA1-CA3 areas of the
hippocampus, and in the superior colliculus. In cortical area 17, the
reduction of Bmax was accompagnied by an increase in Kd. A
significant stress-induced increase of Bmax was observed in the
frontal cortex, cingulate cortex, claustrocortex, the central and
lateral nucleus of the amygdala, and in the choroid plexus. This
increase was accompanied by a significant decrease of Kd-values
in the frontal and cingulate cortex, the lateral nucleus of the
amygdala, and the choroid plexus. These region specific response
patterns of CRH binding sites reflect distinct neuroendocrine
processes which are presumed to coordinate bodily responses to
long lasting psychosocial stress.

276.5

276.6

LONG-TERM SOCIAL ISOLATION DECREASES THE RESPONSE OF THE
HYPOTHALAMUS-PTTUTTARY-ADRENAL SYSTEM TO IMMOBILIZATION
STRESS. M. Mar Sanchez1. F. Aguado2 F. Sanchez-Toscano3 & D. Saphier*1
‘Dept. Pharmacology, Louisiana State Univ. Med. Center, Shreveport, LA 71130;
‘IDept Cellular Biology, Faculty of Medicine, Univ. of Barcelona, Spain; *Dept.
Cellular Biology, Faculty of Biol. Sci., Complutense Univ. of Madrid, Spain.

INTERLEUKIN-lB ACTIVATES THE HPA AXIS IN NEONATES:
INTERACTION WITH MATERNAL DEPRIVATION. S Kent*. C. Tom & S.
Levine. Dept, of Psychiatry & Behav. Sci., Stanford Univ., Stanford, CA 94305
In the neonatal rat between post-natal-day (pnd) 4-14 ACTH and
corticosterone (CORT) levels are normally low and non-circadian. The adrenal
is hyporesponsive to endogenous and exogenous ACTH. This period is
designated as the stress-hyporesponsive period (SHRP). Recently it has been
demonstrated that interleukin-lB (IL-lB), a cytokine that is released by activated
macrophages and monocytes, and mediates many of the local and systemic
responses to inflammation, can elicit the release of ACTH and CORT during the
SHRP. It has also been demonstrated that 24 h of maternal deprivation markedly
alters the HPA system of the rat pup.
This experiment examined the interaction between these two distinct and
dissimilar stimuli on the HPA axis of rats at pnd 12. Pre-injection levels of
ACTH were low in both maternally deprived and non-deprived pups, and both
groups demonstrated an elevation in ACTH although with very different time
courses. Deprived pups had significantly higher levels of ACTH within 15 min
(the first time point examined) and these levels remained elevated for at least
two hr. In contrast, non-deprived pups did not demonstrate increased levels until
1 hr post-injection. Pre-injection levels of CORT were slightly elevated in
deprived pups, increased 3-fold within 15 min post-IL-lB, and continued to rise
during the 2 hr observation period. However, CORT levels did not increase in
non-deprived pups although ACTH levels were equivalently elevated during the
last hr of the test period. No sex differences were observed on any of the
measures reported. These data suggest that in response to a immune stimulus
capable of eliciting an ACTH response the dynamics of this response are
markedly different in maternally-deprived rat pups.

We have studied the effects of long-term social isolation in male Wistar rats after
early weaning (at 15 days of age) on activity of the hypothalamo-pituitary-adrenal
(HPA) axis. In addition to study of basal HPA activity, we analyzed the response of
animals to 15 minutes of immobilization stress. Plasma corticosterone concentrations,
and Ae relative weights of adrenal glands, Aymus and testicular weight were
determined. Moreover, we carried out an immunohistochemical study of pituitary
adrenocorticotropin (ACTH) and its hypothalamic secretagogues: corticotropinreleasing factor (CRF), vasopressin (AVP) and oxytocin (OT), both at Ae level of Ae
synthesizing bodies in Ae paraventricular nucleus (PVN) and Ae releasing fibers in
the median eminence. Body weight and daily consumption of food and water were
not altered in Ae isolated animals. However, social isolation caused a reduction in
plasma corticosterone concentrations boA in basal and stress situations (F,^-59.92,
p<0.001), Aat was paralleled by a significant increase in the relative weight of the
Aymus (t-2.43, p<0.05), without affecting Ae weight of Ae adrenal glands or testes.
Social isolation caused a smaller increase in the number of ACTH immunoreactive
cells in Ae pars distatis of Ae anterior pituitary following immobilization stress than
observed in control rats. This was accompanied by an increase in CRF immunoreactivity in Ae external zone of the median eminence. No other changes were detected
in relation to Ae content of CRH, AVP or OT in the median eminence or the PVN.
These results suggest Aat long-term social isolation caused a reduction in adrenocortical activity, that could originate in an altered functionality of the HPA axis, that is
especially evident in response to stressful stimuli.
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CHRONIC SOCIAL STRESS INCREASES mRNA EXPRESSION OF
TYROSINE HYDROXYLASE IN THE LOCUS COERULEUS AND
PRO-OPIOMELANOCORTIN IN THE ANTERIOR PITUITARY IN
RATS. L. S. Brady*. R. J. Blanchard, and D. C. Blanchard.
Section on Functional Neuroanatomy, NIMH, Bethesda, MD
20892 and University of Hawaii, Honolulu, HI 96822.
Chronic social stress was produced naturalistically by housing
3 male and 2 female rats in a visible burrows system for 13 d. The
male rats formed social hierarchies consisting of one dominant
(DOM) male and two subordinates (SUB). Controls (CON) were
housed singly. SUB had multiple wounds, wt loss, and enlarged
adrenal glands, indicating that they were stressed by the
paradigm. We used in situ hybridization histochemistry to
examine mRNA expression in stress-responsive systems. In SUB,
tyrosine hydroxylase (TH) mRNA levels were increased (144%
of CON) in the locus coeruleus relative to DOM or CON. No
change was seen in mRNA levels of corticotropin-releasing
hormone in the hypothalamic paraventricular nucleus. In SUB,
POMC mRNA levels were increased (144% of CON) in the
anterior pituitary relative to DOM or CON. POMC mRNA levels
were correlated with the no. of wounds (r = 0.698, P < 0.01), %
of initial b wt (r = - 0.636, P < 0.01), and adrenal gland wt (r =
0.733, P < 0.01). TH mRNA levels were not correlated with any
of these variables. Thus, TH mRNA levels may reflect the rats'
level of arousal, and POMC mRNA levels reflect the severity of
chronic social stress. Supported in part by NSF BNS9l 1524 to DCB.

BASAL AND STRESS-INDUCED CRH AND CORTICOSTERONE ARE
ABNORMALLY REGULATED IN ENVIRONMENTALLY DEPRIVED
INFANT RATS. E.E. Gilles. S-J. Yi and T.Z. Baram*. Neurology,
Childrens Hospital Los Angeles and USC, Los Angeles, CA 90027.
RATIONALE: Environmental influences (e.g., handling, maternal
deprivation) in infant rats result in altered hypothalamic-pituitary adrenal
(HPA) function in the adult, with consequences on limbic neuronal
survival and function. This study focuses on the effects of drastic
environmental deprivation (no handling-no access to bedding) on
hypothalamic corticotropin releasing hormone (CRH) and plasma
corticosterone (CORT). Baseline levels and their response to acute cold
stress are reported. METHODOLOGY: Sprague-Dawley rats (n=82) were
assigned to 3 treatment groups on PND 2: NH-not handled, with bedding;
NHNB-not handled, no access to bedding; H-handled daily (l5min). Coldseparation challenge was performed on PND 9 (Yi et al 1992). CORT was
measured by radioimmunoassay, CRH-messenger RNA (CRH-mRNA)
abundance was assessed by in-situ hybridization. RESULTS: NHNB rats
gained weight poorly: On PND 9 mean weight of NHNB was l4.82g, of
NH 21.17g and of H 2O.O8g. Basal AM plasma CORT was significantly
higher in NHNB rats (1.63+0.3ug/dl; H=1.23+0.1 ug/dl; NH=1.07+0.15
ug/dl). Cold challenge resulted in plasma CORT elevation at l.5h in all
groups. At 4h, NHNB plasma CORT continued to rise significantly, while
H and NH CORT declined (NHNB= 4.59 ug/dl; H= 2.51 ug/dl; NH= 2.56
ug/dl). Basal CRH-mRNA was significantly higher in NHNB rats, and was
not further increased at 4h after stress, in contradistinction to H rats.
DISCUSSION: High basal CORT and poor weight gain in infant rats
subjected to environmental manipulation (e.g. bedding deprivation) are
compatible with a chronically stressed state. Plasma CORT response to
acute stress was exaggerated and prolonged, but without a "compensatory"
increase in CRH-mRNA abundance. The longterm consequences of this
developmental alteration of HPA are under study.

276.9

EFFECTS OF MATERNAL AND SIBLING DEPRIVATION ON BASAL
AND STRESS-INDUCED PLASMA CORTICOSTERONE IN INFANT
RATS. S.Avishai-Eliner1’3 ■C.J.L.Newth1’3.E.E.Giiles2-3,R.Sankar2’4
T.Z.Baram2'3 ICU1.Neurologv\CHLA-USC3.UCLA4.L.A..CA 90027
RATIONALE: In adult rats, acute stress causes CRH-mediated elevation
of plasma corticosterone (CORT) and "compensatory" upregulation of CRH
gene expression. The neonatal rat has a decreased CORT response to stress.
Prolonged maternal deprivation (MD) enhances plasma CORT levels in
response to saline stress (Suchecki, 1993). Upregulation of CRH synthesis
after acute cold stress occurs starting on PND9 (Yi, 1992). We hypothesized
that prolonged MD may alter the developmental profile of CRH-CORT
response to acute stress. METHODOLOGY: Rats (n=12O) were divided into
3 groups on PND5 or 8: 1). ND: Nondeprived, left with their mother. 2).
MD were kept with littermates. 3). MSD: Maternal-sibling deprivation,
placed in individual cages. Separated pups were not fed. Next day rats were
subjected to maximally tolerated cold stress (Yi,l992). Plasma CORT
(ug/dl) was measured before and at 30, 60, 150 and 240’ after cold
termination. RESULTS: Basal plasma CORT was significantly higher in MD
and MSD vs. ND group (PND6: 3.5±.3, 2.2±.3 and l.6±.2, respectively.
PND9: 7.1 ±1.4, 7.2±.8 and l.9±.2, respectively). Stress-induced plasma
CORT peak (,5-lh) was significantly higher in MD and MSD than in ND
group on both PND6 and 9. On PND9 peak CORT was higher in MD group
than MSD group and CORT remained elevated longer. (CORT at 4h:
l6.2±2.2 vs 7.9±.7) Separation affected body weight (BW): ND rats gained
14-16% of their BW/day; MD rats lost 3.7-5%, MSD rats lost 5.3-5.7%
BW/day (p>0.05 MD vs MSD). DISCUSSION: MD (24h) increases basal and
stress-induced CORT levels on both PND6 and 9. Stress response of MD
rats is more prolonged than that of MSD and ND rats. Weight loss of MD
and MSD is similar, excluding thermal-loss difference as the cause of the
prolonged stress response in MD. Exposure of MD pups to siblings with
ultrasonic vocalization may be an additional stressor.

276.11
SHORT-TERM
AND
LONG-TERM
EFFECTS
OF
PARACHLOROAMPHETAMINE
ON
HIPPOCAMPAL
SEROTONIN
AND
CORTICOSTEROID RECEPTOR LEVELS. M.T. Lowv* and S. Novotnev. Dept,
of Psychiatry, Case Western Reserve University, Cleveland, OH 44106
Hippocampal corticosteroid receptors are regulated by corticosterone as well
as by neurotransmitters, such as serotonin (5-HT). Studies have demonstrated
that long-term changes in 5-HT levels are associated with alterations In
hippocampal glucocorticoid receptor (GR) and mineratocorticoid receptor (MR)
number. However, the effect of short-term manipulations of 5-HT levels on
hippocampal corticosteroid levels has not been thoroughly investigated. The
present set of studies examined the effect of para-chloroamphetamlne (PCA)
administration on both short-term and long-term regulation of hippocampal 5-HT
and corticosteroid receptor levels. In the initial study rats were adrenalectomized
and 24 hr later injected with PCA (20 mg/kg) and sacrificed 3 hr later. PCA
produced a large decrease in hippocampal 5-HT (-79%) and 5hydroxyindoleacetic acid (5-HIAA) (-40%) concentrations. In addition, PCA
significantly decreased both hippocampal GR (-28%) and MR (-35%) levels.
Pretreatment with fluoxetine (20 mg/kg) completely blocked the PCA-induced

decreases in both 5-HT and corticosteroid receptor concentrations. In a final
experiment the long-term (7 days) effect of PCA administration on hippocampal
5-HT and corticosteroid reoeptor levels was examined. PCA (10 mg/kg given on

2 consecutive days) was administered to adrenal-intact rats which were
adrenalectomized 6 days later and subsequently sacrificed following a 24 hr
interval. PCA produced an 87% decrease in hippocampal 5-HT and 5-HIAA
levels, but did not alter hippocampal GR or MR levels. These results
demonstrate that acute PCA administration produces a fluoxetine-sensitive
decrease in hippocampal 5-HT and corticosteroid receptor levels. In contrast,
the long-term depletion of 5-HT by PCA is not accompanied by changes in
corticosteroid receptor levels. Supported by MH 44699
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INTRAVENOUS NICOTINE PREFERENTIALLY INDUCES FOS
EXPRESSION IN PARVOCELLULAR CRF NEURONS OF THE
PARAVENTRICULAR NUCLEUS. E.R. Brown* and P.E. Sawchenko. The
Salk Institute, La Jolla, CA 92037.
Systemic administration of nicotine stimulates hypothalamic corticotropinreleasing factor (CRF) neurons governing pituitary-adrenal responses to
stress, and both oxytocin- and vasopressin-containing magnocellular
neurosecretory neurons. We compared the time course and dose-response
relationships of nicotine effects on these cell types using c-fos expression as
an index of cellular activation. Freely moving rats bearing jugular catheters
received a single i.v. nicotine injection (.005, .01, .03, or .05 mg/kg in 50 pl)
and were perfused 30 min, 1 hr, or 2 hr later. Fos nucleoprotein and c-fos
mRNA were localized predominantly in the parvoceilular division of the
paraventricular nucleus of the hypothalamus (PVH) at 30 min and 1 hr after
injection of .03 or .05 mg/kg nicotine, but were not detectable after injection
of saline, .005 or .01 mg/kg nicotine. Induced c-fos expression in PVH
neurons is rapid and transient, and was not apparent at 2 hrs post-injection.
Combined immuno- and hybridization histochemical preparations revealed
the great majority of PVH neurons displaying nicotine-induced Fosimmunoreactivity to be positively hybridized for CRF mRNA. A secondary
accumulation of Fos-positive neurons, most of which were not CRF-positive,
was found in autonomic-related subdivisions of the PVH. Only sparse Fos
induction was evident in magnocellular neurosecretory cell groups over the
range of doses employed here, and this was localized preferentially to the
oxytocinergic compartment. The results support a differential sensitivity of
stress-related magnocellular and parvoceilular neurosecretory neurons to
the stimulatory effects of i.v. nicotine. The time course and dose- response
relationships described here will aid in evaluating the role of afferent
pathways in mediating individual neuroendocrine responses to a nicotine
challenge.

276.12

EFFECTS OF HUMAN AGING ON HPA AXIS SENSITIVITY
TO GLUCOCORTICOID FEEDBACK INHIBITION. M. A.
Raskind . E.R. PeskincfrC.W. Wilkinson. University of
Washington, Dept. of Psychiatry and Behavioral Sciences, Seattle
WA 98195.
HPA axis responsivity is increased in human aging in some
circumstances. To assess the effects of aging on the sensitivity of
the HPA axis to glucocorticoid (GC) feedback inhibition, the
responses of plasma ACTH to reduction of endogenous GC
feedback by metyrapone and subsequent reinstitution of GC
feedback by exogenous cortisol infusion were measured in 6 older
(3 men and 3 women, mean age ± SEM = 72 ± 3 years) and 6 young
(3 men and 3 women, age = 25 ± 1 years) normal volunteers.
Subjects were studied in an active drug condition and a placebo
condition in random order. In the active drug condition, subjects
were administered metyrapone 75Omg p.o. at 0600 hours and again
at 0900 hours. A 150 minute cortisol infusion (0.06 mg/kg/hr) was
then administered. The fall of ACTH during exogenous cortisol
infusion was significantly blunted in the older subjects compared to
younger subjects (p<0.02). Older subjects also tended to have a
smaller increase of plasma ACTH following metyrapone alone
(p=0.07). Plasma cortisol levels following metyrapone alone and
during exogenous infusion did not differ between groups. These
results support decreased HPA axis sensitivity to GC fast feedback
inhibition with human aging. They also suggest reduced HPA axis
sensitivity with aging to tonic GC feedback inhibition.
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A HUMAN MONOCLONAL ANTIBODY FROM A NEUROPATHOLOGICALLY
CONFIRMED PATIENT WITH ALZHEIMER'S DISEASE (AD) REACTS
WITH NEUROFIBRILLARY TANGLES (NFT) AND A 34 KD PROTEIN.
F. Gaskin* and S. Xu, Psychiatry and Neurology, Univ. of
Virginia Sch. of Med., Charlottesville, VA 22908
JGR80, a monoclonal antibody (mAb) secreted by an EBVtransformed B cell line, reacts with NFT, plaque neurites
and neuritic processes in AD brain in a staining profile
similar to Alz-50, tau-2 and our human CAN15 Ab. It is
also weakly reactive with neurons in AD and normal brain
temporal cortex and reacts with Hela cells in a
perinuclear and filamentous pattern. JGR80 blots to a 34
kD protein in AD and normal brain and Hela cell SDStreated extracts. The 34 kD protein reactivity is higher
in AD than normal brain. Densitometrie analysis of the
blotted bands shows 0.93 vs 0.53 relative OD units. Using
porcine microtubule-associated proteins (MAPs), JGR80
blots to 60-68 kD proteins and weakly to a 37 kD protein.
The 60-68 kD bands are consistent with tau reactivity
found with Alz-50 and tau-2 Abs. However, JGR80 did not
react to the 60-68 kD bands in AD and normal brain
extracts that reacted with anti tau-2.
MAPs (2Opl of
O.6mg/ml) did not block the staining of JGR80 (2Opl) on
NFT while Hela extracts (2Opl of 1x10* cells/ml) blocked
the staining of JGR80 supernatant (2Opl). These results
suggest the JGR80 epitope in MAPs is a weak crossreactive epitope.
The identity of the 34 kD protein
remains to be determined. Supported by NIH AGO6348.

277.3

MOLECULAR GENETIC INVESTIGATIONS OF THE TAU GENE
IN ALZHEIMER’S DISEASE. L. Lannfelt*. C. Forsell. L. Lilius. L.
Liu. K. Axelman. K. Kosik, A. Andrcadis. Karolinska Institute, Dept, of
Geriatric Medicine, Novum KFC, 141 86 Huddinge, Sweden. Center for
Neurological Diseases, Brigham and Women's Hospital, Harvard
Medical School, Boston, USA.
Alzheimer’s disease (AD) is characterised by extracellular plaques,
containing the B-amyloid peptide, and intracellular neurofibrillary
tangles, consisting of hyperphosphorylated tau protein. Recently,
pathogenic mutations in the amyloid precursor protein (APP) gene have
been discovered in some AD families. Some other AD families are
linked to an as yet unidentified gene on chromosome 14, and there is a
strong association between the £ 4 allele of the apoli{x>protein E gene on
chromosome 19 and AD. However, the genetic defects behind the
majority of familial AD is still unknown.
We are presently investigating the tau gene on chromosome l7q, to
see if mutations at this locus are associated with AD. Controls (n=95),
familial AD (n=l 14) and sporadic AD cases (n=4O) are being
investigated by SSCP and in cases with aberrant bands direct sequencing
is performed.
The tau gene consists of 14 exons. So far we have screened exon 9
and 10 for mutations by SSCP. Exon 10 was found to be highly
conserved. Investigations of exon 9 have revealed three polymorphisms,
of which one at the protein level, changing Ala to Thr. This mutation
was found in three AD cases in one family. However, the mutation was
not found in other AD cases in the family, and we conclude that it is not
disease-causing. Other parts of the tau gene is presently being
investigated.

277.5

PHOSPHORYLATION SITES IN TAU PROTEIN AND PAIRED HELICAL
FILAMENTS.
E.-M.
Handelkow*, U. Gross, J. Biernat.
G. Drewes, H.E. Mever+. J. Metzqer++. E.
Mandelkow.
Max-Planck-Unit foi Struct. Mol. Biol., Hamburg; +Inst.
physiol.
Chem., Ruhr-Univ., Bochum; ++Inst.
organ.
Chem., Univ. Tubingen, Germany.
Tau is one of the microtubule-associated proteins
(MAPs) in axons and is abnormally aggregated in Alzheimer
paired helical filaments (PHFs). Previous work (reviewed
in TIBS 18:480, 1993) showed that recombinant tau can be
phosphorylated by several proline-directed kinases which
convey Alzheimer-like characteristics on the protein; this
includes MAP kinase, GSK-3, cdk2 and cdk5 (Baumann et al.,
FEBS Lett. 336:417, 1992). Another non-proline-directed
kinase can phosphorylate Ser262 which has a
strong
influence on tau's binding to microtubules (Biernat et
al., Neuron 11:153, 1993). To determine which of these
sites are the predominant ones in vivo we have now
prepared normal tau, fetal tau, and Alzheimer tau, and
determined their phosphorylation sites by phosphopeptide
sequencing and mass spectroscopy. We also phosphorylated
recombinant tau by purified MAP kinase, GSK-3, and cdk5,
and determined the sites. All of the sites are serines or
threonines followed by a proline. Alzheimer tau showed
phosphorylation at Thr23l, Ser235, and the non-Ser-Pro
site Ser262 (in agreement with the results of Hasegawa et
al., JBC 26:17047, 1992), and other sites. Thus, several
types
of
phosphorylation
veent s
could
cause the
pathological state of tau. - Supported by BMFT and DFG.
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277.2

A CELL CULTURE SYSTEM TO STUDY INTERACTION BETWEEN 0AMYLOID PROTEIN AND TAU PROTEIN. K. Fukuchi*. A.C. Smith. N.T.
Dang. T. Ohman and G.M. Martin. Dept. of Pathology, Univ. of Washington,
Seattle, WA 98195
Two main pathological lesions found in the brains of patients with Alzheimer's
disease are deposits of 0-amyloid protein (A0) and neurofibrillary tangles mainly
consisting of tau protein. The relationship of these lesions, however, is poorly
understood.
We had previously demonstrated neurotoxicity of 14- and 15-kDa C-terminal
fragments of 0-amyloid precursor protein (0PP) using a cell culture system [a
mouse embryonic carcinoma cell line (P19) that can be induced to differentiate to
neurons] (Fukuchi et al., Biochem. Biophys. Res. Common. 182:165, 1992). We
have started to study the interaction between 0PP and tau in the same cell culture
system. First, we have established P19 cell lines that stably overexpress full-length
cDNA for 0PP-695, -751, and -770. In contrast to cell lines overexpressing only
the C-terminal region of 0PP (Fukuchi et al., 1992), all cell lines overexpressing
full-length cDNA for 0PP differentiated to neurons without exhibiting
neurotoxicity. This discrepancy could be explained by differences in the levels of
expression of the putatively neurotoxic 14- and 15-kDa fragments. All transformed
cell lines that overexpress the full-length cDNA and the C-terminal region showed
4- to 10-fold increases of Tau protein, when compared to the levels observed in
nontransformed parental cells. This finding is consistent with in vivo correlation
between tau and 0PP expression in the brains of patients with Down's syndrome
(Oyama et al, J. Neurochem. 62:1062, 1994). This culture system that we have
described may be useful for the elucidation of mechanisms relating the main
pathologic lesions in Alzheimer's disease. This work was supported by the
Alzheimer's Association, Inc. (KF) and the National Institutes of Health (GMm ).

277.4
STRUCTURAL STUDIES ON TAU PROTEIN AND PAIRED HELICAL
FILAMENTS BY X-RAY SCATTERING, SPECTROSCOPY, AND ELECTRON
MICROSCOPY. E. Mandelkow, 0. Schweers. A.
Marx. E.
ScPhenbrunn-Hanebeck. E.-M.
Mandelkow, D. Richter*.
Max-Planck-Unit Struct.
Mol.
Biol., Hamburg; *lnst.
Cell Biol., Univ. Hamburg, Germany.
To understand how paired helical filaments (PHFs) are
formed from tau protein in Alzheimer's disease one has to
investigate the structure of both the monomeric and
polymeric protein. The amyloid peptide (A0) can serve as
a paradigm: It assumes a beta conformation in solution
which favors aggregation, as judged by CD (Hilbich et al.,
JMB 228:460, 1992), and the assembled amyloid fiber has a
cohoo-beta conformation, as judged by X-ray diffraction
(Kirchner et al., PNAS 84:6953, 1987). In the case of
tau, a similar cross-beta structure had been proposed for
PHFs (Kirochneo et al., PNAS 83:503, 1986), yet monomeric
tau shows very little ^-conformation by CD; the same•is
true for tau constructs that self-assemble into PHF-like
fibers (Wille et al., JCB 118:573, 1992). To resolve this
paradox we are studying tau protein by CD, X-rays, and
electron microscopy.
Similarly, we study PHFs prepared
from Alzheimer
brain
tissue
by
X-rays,
electron
microscopy, and FTIR. These methods are complementary to
one another and sense different features in the structure
of tau and PHFs. The results will be compared, and the
applicability of the various methods will be discussed. Supported by BMFT and DFG.

277.6

CASEIN KINASE II PHOSPHORYLATION OF THE MICROTUBULE
ASSOCIATED PROTEIN TAU IN LA-N-5 HUMAN NEUROBLASTOMA
CELLS. J. A. Greenwood* and G. V. W. Johnson. Department of
Psychiatry, University of Alabama at Birmingham, Birmingham, AL 35294.
Previously we demonsitrated, by protein sequence and mass spectrometric
analysis, that casein kinase II phosphorylates human tau in vitro on Thr39.
Phosphopeptide mapping indicated that Thr39 is phosphorylated in the LA-N-5
human neuroblastoma cell line (JBC 269. 4373-4380). Treatment of LA-N-5
cells with 5,6-didhorol-0-i>ribofuranosyl benzimidazole (DRB), an inhibitor
of casein kinase n, decreased the incorporation of 32Pt into tau by 35%
suggesting that casein kinase II phosphorylates tau in situ. Indirect
immunofluorescence of LA-N-5 cells demonstrated that tau and casein
kinase II exist in the cytoplasm and in the nucleus. Nuclear tau staining was
localized at least partially to the nucleolar organizing regions resembling
staining observed in other human neuroblastoma cells as described by Loomis
et al. (PNAS 87: 8422-8426). Tau staining was distributed diffusely in the
cytoplasm. Casein kinase II staining was diffuse in the nucleus and
cytoplasm. Western blotting of nuclear and cytoplasmic extracts confirmed
the presence of tau and casein kinase II in the nucleus and cytoplasm. Casein
kinase II appears to regulate the rate of nuclear transport for many of its
substrates. We propose that casein kinase II may play a role in regulating the
localization and function of tau in the nucleus. Evidence for this potential
regulatory mechanism and implications to Alzheimer's disease will be
discussed. Supported by NIH grants NS27538 and AGO6569.
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PHOSPHORYLATION/DEPHOSPHORYLATION OF TAU AFTER HEAT
SHOCK IN NEURONAL PC 12 CELLS: COMPARISON OF NEWLY
SYNTHESIZED VS MATURE FORMS. W.C. Wallace? W.E. Lyons, L . A.
Mamounasl, C.R. Merril; Lab Biochem Genetics, NIMH, Washington, D.C.
20032 and * Molecular Geriatrics, Lake Bluff, IL 60044.
Hyperphosphorylation of tau may be involved in the formation of neurofibrillary
tangles of Alzheimer's disease. We previously found that heat shock of neuronal
PC 12 cells (459 C for 30 minutes) resulted in the hyperphosphorylation of newly
synthesized tau. The induction of heat shock protein 72 kD (hsp72) appeared to
protect the newly synthesized tau from the hyperphosphorylation as evidenced by
(1) co-precipitation of normally phosphorylated but not hyperphosphorylated tau
with hsp 72; (2) reduction of hyperphosphorylation with induction of hsp 72
during acquired thermotolerance; and (3) the inhibition of the hsp72 protection
by AZC, compound which prevents hsp function. In order to determine the
mechanism by which hsp72 associates with and protects tau, we examined newly
synthesized and mature forms of tau separately. Newly synthesized tau was
identified by immunoprecipitation of cell lysates that had been labeled with [-^S]
methionine at various times prior to or after heat shock and recovery. Mature tau
was assayed by immunochemistry. Untreated neuronal PC 12 cells (3 day of
exposure to NGF, 50 ng/ml) contained hyperphosphorylated mature tau (as
determined by immunocytochemistry using PHF-1) although newly synthesized
tau exhibited normal phosphorylation. Likewise, newly synthesized and mature
tau exhibited a differential response to heat shock; newly synthesized tau
underwent hyperphosphorylation while mature tau underwent dephosphorylation.
These results are consistent with the notion that newly synthesized tau is
associated with hsp72 cotranslationally, which we propose protects tau from
hyperphosphorylation. With maturation of tau, this association is lost and the
mature tau becomes vulnerable to alterations in its phosphorylation state.

ATP-DEPLETION IN DIFFERENTIATED PC 12 CELLS:
ACTIVATION OF TAU AND NEUROF1LAMENT KINASES AND
OF A TAU PHOSPHATASE. M.L. Bush, J.S. Miyashiro and V. M.
Ingram*, Dept. of Biology, Massachusetts Institute of Technology,
Cambridge, MA 021339, USA.
The concentration of ATP in rat pheochromacytoma [PC 12]
cells, previously differentiated with nerve growth factor, was lowered
greatly by treatment with FCCP, an uncoupler of oxidative
phosphorylation, or oligomycin, an inhibitor of ATP synthase.
(l)After3O minutes of ATP-depletion an increase in KSPphosphorylation of the intermediate neurofilament [NF-M] is observed,
lasting ~ 2 hours. The increase in KSP-phosphorylation can be due to
the activation of the kinase PKO^RK, a form of ERK-2 (Roder &
Ingram; JNeuro-sci. 1991,11:3325; Roder et al., BBRC 1993, 193:
639). PK4OERK phosphorylates TAU and neurofilaments; it is strongly
inhibited by high concentrations of free ATP. (2) At 2 hours of ATPdepletion we observe a striking dephosphorylation of TAU, i.e. a gain
of reactivity towards the mAb TAU-1 which is specific for nonphosphorylated TAUS1 "and/or TAUS202. These effects are due to the
activation of a phosphatase. PP1 and/or PP2A, since the phosphatase
inhibitors okadaic acid and calyculin A abolish the efffec. In the
presence of okadaic acid, FCCP activates a TAU kinase leading to
hyperphosphorylation of TAU. The activation of the phosphatase is
apparently not due to an increase of intracellular calcium. (3) While the
phosphatase activation is unexpected, the protein kinase activation upon
ATP-depletion mimics some of the changes in neurofilament and TAU
phosphorylation seen in old age and in Alzheimer's disease.

277.9

277.10

TAU PROTEIN PHOSPHORYLATION IN TRANSFECTED CULTURED
CELLS. L. Baurrf* and T. Saitoh.
Department of Neurosciences,

Tau protein

University of California, San Diego, La Jolla, CA 92093-0624.
In an effort to determine the role of tau phosphorylation in the
aggregation of tau into PHF, we constructed mammalian cell culture
systems producing high levels of intracellular phosphorylated tau. A
human fibroblast-like cell line, COS-1, was transiently transfected to
simultaneously express tau, MAP kinase (MAPK), and MAP kinase kinase
(MAPKK), or alternatively to express tau and glycogen synthase kinase 3
(GSK-3). A rat brain neuroblastoma line, B103 (which contains MAPK but
little tau or GSK-3), was stably transfected to express tau, or tau and GSK3. MAPK-transfected cells required a phosphatase inhibitor, such as
okadaic acid or calyculin, to phosphorylate tau to an AD-like state (as
determined by gel mobility shift and staining by Tau-1 and AT8), but GSK3-transfected cells phosphorylated tau to an AD-like state even without
phosphatase inhibitors. In vitro, the same concentrations of calyculin and
okadaic acid inhibit phosphatases 1 and 2A, except that 100-1000 times as
much okadaic acid is needed to inhibit phosphatase 1. To induce tau
phosphorylation in MAPK-transfected cells requires 2-10 times as much
okadaic acid as calyculin, suggesting the involvement of both
phosphatases 1 and 2A in blocking the AD-like phosphorylation of tau.
Contrary to expectations, phosphorylated tau was more soluble, with a
higher ratio of supernatant to pellet levels, maybe due to dissociation from
microtubules. Even though levels of AD-like tau reached 2-8% of COS-1
cellular protein, no tangles were observed after AT8 staining of cells;
perhaps time or co-aggregating proteins are needed to induce tau
aggregation into PHF.

increases

autophosphoryl

ation

of

Casein

2 in rat brain . D. Kapkov* J.C.Lehmann. Bakh
Institute of Biochemistry, Russian Academy of Science,
Moscow, and Dept. Neurosurgery, Hahnemann University
School of Medicine, Philadelphia PA 19102-1192
Kinase

Alteration of the activity of casein kinase 2 (CK2) and in
its subcellular distribution accompanies a variety of
physiological and pathological processes in neurons, such as
promotion of neuritogenesis and early neurofibrillary
changes leading to neurodegeneration. There is a selective
activation of CK2 in surviving hippocampal CA3 neurons
after ischemia. Here we report that self-phosphorylation of
the non-catalytic fi-subunit of CK2 is significantly increased
in the presence of tau-proteins, whereas it is usually
depressed in the presence of most other substrates. The
effect was the same for ATP and GTP as phosphate donors.
It is still not clear, whether the effect is determined by more

effective phosphorylation of Ser2 on the N-end of CK2
-subunit, or by additional phosphorylation of Ser3. The
effect of human tau proteins from normal and Alzheimer's
disease are now being investigated for effects of CK2
autophosphorylation.

277.11

277.12

FRESHLY EXTRACTED, BIOPSY DERIVED ADULT HUMAN BRAIN TAU IS
PHOSPHORYLATED AT MANY OF THE SAME SITES AS PAIRED HELICAL
FILAMENT TAU IN ALZHEIMER’S DISEASE. E.S. Matsuo1 R,-W, Shin! M. L.
Billingsley2*, A. V. Voorde3, M. O’Connor4. J, Q. Troianowski1. and V. M.-Y,
Lee1 'Dept, of Path, and Lab. Med., Univ. of Pennsylvania Med. School,
Philadelphia, PA 19104.2Dept. of Pharmacology, Pennsylvania State Univ. College
of Med., Hershey, PA 17033. 3Innogenetics S.A., Industriepark Zwijnaarde 7, Box
4, B-9052, Gent, Belgium, Graduate Hospital, Philadelphia, PA 19146.
Human tau proteins isolated from Alzheimer's disease (AD) paired-helical
filaments (PHF-tau) are phosphorylated at several sites that have not been found
previously in autopsy derived adult tau from normal human brains. This has led to
the hypothesis that PHF-tau proteins are abnormally phosphorylated. To explore this
hypothesis in greater depth, we examined human adult tau proteins that were freshly
isolated from surgical brain biopsy samples (biopsy derived brain tau) with no postsurgical delay, and we demonstrated that biopsy derived adult brain tau proteins are
phosphorylated at almost all of the sites previously thought to be abnormally
phosphorylated in PHF-tau. These sites also were shown to be phosphorylated in
autopsy derived human fetal tau as well as in rapidly processed adult and fetal rat
tau. We also provide evidence here that the apparent hypophosphorylation of
autopsy derived adult human tau is due to the rapid dephosphorylation of these
proteins during the postmortem interval. Both protein phosphatase 2A (PP2A) and
2B (PP2B) are active in human brain biopsy samples, and they were shown to
dephosphorylate tau in a site specific manner. Our data imply that the downregulation or inactivation of phosphatases (including PP2A and PP2B) during the
progression of AD could lead to the sustained phosphorylation of tau resulting in the
generation of maximally phosphorylated PHF-tau proteins that do not bind to
microtubules and aggregate in neurofibrillary tangles and dystrophic neurites as
PHps in the AD brain.

TAU PROTEIN BECOMES PROGRESSIVELY HYPERPHOSPHORYLATED IN
CEREBRAL CORTEX AND CONCOMITANTLY DIMINISHED AMOUNTS
ENTER THE WHITE MATTER AXONS IN ALZHEIMER'S DISEASE. S.Ch.
Papasozomenos* and M. Shaw. Dept. of Pathology, Univ. of Texas Med.
Sch., Houston, TX 77030.
Hyperphosphorylation of tau protein (7-) is a basic biochemical
abnormality in Alzheimer's disease (AD). We studied prospectively by
immunoblot analysis the evolution of r hyperphosphorylation in SDS
extracts prepared from cortex and underlying white matter of temporal,
parietal and frontal lobes using Tau-1 and 125l-labeled protein A. Five
control cases and 16 AD cases with postmortem interval of less than 6 h
were classified as nonadvanced (n = 10) and advanced (n = 6) according to
the distribution and amount of Tau-2 immunoreactivity (Lab. Invest.
60:123, 1989) in histologic sections taken from adjacent regions as the
SDS extracts and throughout the brain. We used the ratios: total r/nonphosphorylated t and cortical r/white matter t as indicators of the degree
of phosphorylation and the amount of r that enters the white matter
axons, respectively. In all 3 lobes, while in both nonadvanced and
advanced AD cases there was significantly less r in white matter than in
control cases, the ratio of total r/nonphosphorylated progressively
increased to significant levels only in cortex and remained similar to control
levels in white matter. In addition, while the cortex/white matter ratio for
nonphosphorylated r was not significantly different from controls, it
progressively increased to significant levels for total r. In advanced cases,
the degree of r hyperphosphorylation was highest in the temporal cortex.
These findings suggest that t becomes progressively hyperphosphorylated
in the cortex and concomitantly less r enters the white matter axons.
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278.1
NMDA RECEPTORS IN THE LUNG: ACTIVATION TRIGGERS ACUTE
INJURY THAT IS PREVENTED BY NO SYNTHASE INHIBITOR AND
BY VIP. S. I. Said*. H. Berisha. and H. Pakbaz. University Medical
Center and Northport VA Medical Center, Stony Brook, NY 11790.
NMDA receptor activation is a recognized mechanism of neuronal death.
We have investigated whether: a) NMDA receptors exist in neurons
within the lungs, b) their activation may result in acute lung injury, c) this
injury is largely mediated by excessive nitric oxide (NO) production, and
d) it can be prevented by VIP. Isolated rat lungs (n=4) were perfused in situ
at a constant flow for 1 h with Krebs/4% BSA, and ventilated with 95%
02/5% CO2. In the presence of L-arginine (10 mM), NMDA (1 mM), added
to the perfusate, induced acute lung injury, as evidenced by 2-3 fold
increases in peak airway and mean vascular perfusion pressures, and by
increases in wet/dry lung weight ratio and protein leakage into alveolar
spaces (p< 0.05). The lung injury was prevented by the selective NMDA
receptor antagonist DL-2-amino-5-phosphonovaleric acid (100 gM), and
was associated with marked increases in cyclic (c) 'GMP levels in the
perfusate. NO synthase inhibitor Nw-nitro-L-arginine methyl ester (2
mM) prevented the increase in cGMP and attenuated the injury. VIP (10
gg/kg -min1) totally prevented all manifestations of injury (p < 0.05), but
not the increased cGMP production. These results demonstrate that: 1)
NMDA receptors exist in the lung and their activation can produce acute
pulmonary injury; 2) as in NMDA neurotoxicity, this injury is associated
with stimulation of NO synthesis, and attenuated by inhibition of this
synthesis; and 3) VIP, which protects the lung against other forms of injury
and also promotes neuronal survival and differentiation, prevents NMd A
lung injury, without preventing cGMP production, suggesting that VIP may
inhibit a key neurotoxic action of NO but not its generation.

278.2
ASTROCYTIC NITRIC OXIDE INTERACTS WITH NMDA-INDUCED
OXYGEN RADICALS TO POTENTIATE NEUROTOXICITY IN CORTICAL
CELL CULTURES. S.J. Hewett*. C.A. Csemansky and D.W. Choi. Dept, of
Neurology and Center for the Study of Nervous System Injury, Washington
University School of Medicine., St. Louis, MO 63110.
In brain, neurons and astrocytes contain the constitutive form of NOS
(cNOS) while astrocytes and microglia possess the form of NOS inducible by
lipopolysaccharide and/or cytokines (/NOS), We demonstrated previously that
treatment of mixed neuronal/astrocyte cultures with interferon-y (IFNy) plus
interleukin 1-P (ILlp) resulted in an increase in NO production that alone caused no
neuronal damage. However, the neurotoxicity associated with subsequent exposure
to NMDA was markedly potentiated. In the present study, we investigated the
mechanism by which this cytokine treatment enhanced NMDA receptor-mediated
neurotoxicity.
Induction of /NOS and its cellular source were assessed by Western blot
analyses of astrocyte (>97%) and neuronal (>95%) cultures before and after a 42 hr
exposure to IFNy (500 U/ml) plus ILlp (250 pg/ml). Following cytokinestimulation of astrocyte cultures, a band at the expected /NOS molecular weight of
130 kDa was revealed. This protein was absent in untreated astrocyte or neuronal
cultures, either before or after cytokine stimulation suggesting that the NO produced
in mixed cultures was derived from induced astrocytic /NOS. The potentiation of
NMDA neurotoxicity by cytokine pre-treatment was prevented when either the NOS
inhibitors, N^-nitro-L-arginine (1 mM) or aminoguanidine (100 gM), or the
antioxidants, superoxide dismutase/catalase (50 U/ml each) or tempol (500 gM)
were added during the cytokine exposure. Taken together, these results raise the
possibility that NO production by induced astrocytic /NOS may contribute to
NMDA receptor-mediated neuronal death by interacting with oxygen radicals
resulting from NMDA exposure. Supported by NIH grant NS 30337 (DWC).

278.3

278.4

POLY(ADP-RIBOSE)SYNTHASE INHIBITORS ARE
NEUROPROTECTIVE AGAINST NMDA AND NITRIC OXIDE
NEUROTOXICITY. V.L. Dawson^*. J, Zhanq3, T.M.
Dawson1'3, and S.H. Snvder3. Depts of Neurol.1, Physiol.2 and
Neurosci.3, Johns Hopkins Univ. Sch. of Med., Baltimore, MD,
21287, USA.
Activation of NMDA receptors results in calcium activation of
neuronal nitric oxide synthase, to generate nitric oxide (NO).
NO has many roles as a messenger molecule, but excess NO
can be toxic and is, in part, responsible for glutamate toxicity in
cortical cell cultures. NO may damage DNA activating a suicide

REDOX CONGENER OF NITRIC OXIDE WITH ONE
ADDITIONAL ELECTRON (NO ) DOWN REGULATES
NMDA RECEPTOR ACTIVITY AND AMELIORATES
NEUROTOXICITY. Stuart A. Lipton*. Won-Ki Kim. Posina V.
Ravudu. Wacl Asaad. Jonathan S. Stamler. Dept, of Neurol, Children's
Hospital, Progr. in Neurosci., Harvard Med. Sch., Boston, MA 02115;
and Dept, of Medicine, Duke Univ. Med. Ctr., Durham, NC 27710.
Nitric oxide (NO*) is known to react only very slowly with thiol
(-SH) groups under physiological conditions, whereas other redoxrelated species (NO+, NO") react rapidly with thiol. Previously, we
have shown that nitrosonium ion equivalents (NO+, with one less
electron than NO*) down regulate NMDA receptor activity and prevent
neurotoxicity, effects best rationalized by the reaction or transfer of NO*
to RS" at a redox modulatory site of the NMDA receptor (Lipton et al.,
Nature 1993). Here, we extend these observations by studying die
effects of nitroxyl anion (NO'), which contains one additional electron
compared to NO*. NO" donors were applied to rat cortical neurons in
culture while monitoring their NMDA-evoked responses during patchclamp recording or digital Ca2+ imaging with fura-2. NMDA-evoked
responses were inhibited by 3 distinct NO" donors, and this effect was
reversed by subsequent chemical reduction with dithiothreitol (DTT).
Moreover, similar concentrations of the NO" donors consistently
ameliorated NMDA receptor-mediated neurotoxicity to some degree.
These effects can be explained by the known reaction of NO" with thiol,
which leads to sulfhydryl oxidation, through intermediate formation of
RSNOH, in this case at a redox modulatory site of the NMDA receptor.
The results suggest potential therapeutic uses of these redox-related
congeners of nitric oxide in neurologic diseases.

response by poly(ADP-ribose)synthase (PARS). DNA
incubated with sodium nitroprusside (SNP), s-nitroso-acetyl
penicillamine (SNAP), or NO gas stimulates PARS activity in

homogenates of rat brain which is blocked by the PARS
inhibitors, benzamide, 4-amino-naphthalimide, and 1,5dihydroxyisoquinoline. Neurotoxicity elicited by NMDA, SNP,
and SNAP is markedly reduced by PARS inhibitors in a dosedependent manner. The rank order of potency of PARS
inhibitors as neuroprotective agents against NMDA toxicity is
identical to their rank order of potency as PARS inhibitors.
PARS inhibitors do not inhibit NOS catalytic activity. PARS
inhibitors can be applied up to two hours after exposure to
NMDA and are still neuroprotective. Our studies link formation
of the free radical, NO, with DNA damage activating PARS,
which results in neuronal cell death.

278.5

NMDA-induced Excitoprotection in Cerebellar Granule Neurons is
Associated-With-Enhanced^ Intracelluar Ca2+ Homeostasis

S. M. PaulT2A. 1 Clinical Neuroscience Branch, NIMH, NIH, Bethesda,
MD 20892. Departments of "Pharmacology and Toxicology, and
3Medicine, Indiana University, School of Medicine, Indianapolis IN
46202. "Lilly Research Laboratories, Eli Lilly and Company, Lilly
Corporate Center, Indianapolis, IN 46285.
Exposure of cerebellar granule neurons to subtoxic concentrations of
NMDA has previously been shown to result in a neuroprotective state
as measured by subsequent exposure to toxic concentrations of
glutamate. Using fura 2 we have examined the effects of NMDAinduced excitoprotection on glutamate induced intracellular Ca"+
([Ca2+]j) responses in rat cerebellar granule neurons. Cerebellar granule
neurons were exposed to NMDA (50 gM) for 24 hrs., washed and
subsequently loaded with fura 2. Intracellular Ca2+ was monitored
before and after a 30 min application of glutamate (100 gM). The
baseline [Ca"+]j and initial (~6O s) glutamate-induced changes of [Ca"+]j
were similar in control (untreated) and NMDA pretreated cultures.
However, during the remaining period of glutamate exposure control
neurons on average slowly increased, whereas NMDA-pretreated (i.e.
protected) neurons maintained a near steady-state [Ca"+]j concentration.
Upon removal of glutamate almost all NMDA-pretreated cultures
rapidly returned to near baseline Ca2+ levels, whereas control neurons
had a slower Ca2+ recovery and ~3O% failed to return to baseline levels
over an observation period of 30 min. The mechanism(s) responsible
for this change in [Ca2+]i homeostasis is currently being investigated.

278.6
AN OBLIGATE ROLE FOR 02 IN GLUTAMATE EXCITOTOXICITY?
B.S. Kristal. M. Elizondo-Fournier and J.M. Dubinskv*. Department

of Physiology, University of Texas Health Sciences Center, San
Antonio, Texas 78284-7756.
Ischemic neuronal death has been attributed both to the rise in
extracellular glutamate during the ischemic event and to the injury
suffered when oxygen is restored to the tissue during reperfusion.
In vitro models of hypoxic/hypoglycemic injury reveal common

mechanisms with glutamate excitotoxicity.

However, the toxicity of

glutamate has not itself been tested under hypoxic conditions.
Therefore, we have administered toxic doses of glutamate to

hippocampal cultures in oxygen-free solutions in an atmosphere of
95% N2/5% CO2.

Cultures maintained in this nitrogen atmosphere

(02 tension < 1 %) experienced only a 30% loss over 24 hr.
Cultures receiving 5 min exposure to 5OOpM glutamate in nitrogen

and maintained in nitrogen for 24 hr did not experience further cell
death.

Oxygen removal only during the 5 min glutamate challenge

or only during the 24 hr survival period was not protective.

Intracellular calcium measurements using fura-2-AM loaded neurons
determined that glutamate receptor activity was normal in the

absence of oxygen. Thus our results demonstrated that glutamate
mediated calcium inflow was not by itself sufficient to induce cell
death.

Oxygen presence during either the glutamate pulse or the

incubation period, in conjunction with other subcellular events such
as calcium influx, was both necessary and sufficient for cell death.

Supported by NIA grants AG10Q34 and T32 AGQQ2Q5.
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IN-VIVO CHARACTERIZATION OF NITRIC OXIDE (NO)
PRODUCTION IN THE HIPPOCAMPUS WITH N-METHYL-DASPARTATE (NMDA)
AND
a-AMINO-3-HYDROXY-5METHYLIS OXAZOLE-4-PROPIONIC ACID (AMPA) RECEPTOR
STIMULATION AND BLOCKADE. A. Bhardwai. F.J. Northington. R.
Koehler. D.F. Hanley*. R.J. Travstman. Johns Hopkins University School
of Medicine, Baltimore, MD 21287.
Studies on brain slices and homogenates indicate that NMDA and AMPA
receptor stimulation increases NO production.
We adapted the
microdialysis technique in the rat hippocampus to test the hypothesis that
NMDA and AMPA receptor stimulation increases NO production in vivo.
Under controlled conditions of normoxia, normocarbia and normothermia
bilateral microdialysis probes were placed in the hippocampus of adult male
Sprague-Dawley rats and perfused for 5 hours with perfusates containing
3^M [14C]-L-arginine. Effluent [14C]-L-citrulline, which was previously
shown to be inhibited by nitroarginine was collected hourly and used as a
marker of NO production. At 5 hours of perfusion, [14C]-L-citrulline in the
effluent (femtomoles/minute ± S.E.M.) in 8 rats was greater on the side
perfused with 1 mM NMDA (317 ± 67) than on the control side perfused
with artificial CSF (141 ± 28). In 5 rats [14C]-L-citrulline was greater on
the side perfused with 1 mM AMPA (441 ± 56) than on the control side
(251 ± 42). In 5 rats [14C]-L-citrulline was greater on the side with 1 mM
AMPA (707 ± 95) than on the side with 1 mM AMPA plus AMPA
receptor
antagonist
CNQX
(6-cyano-7-nitroquinoxaline-2,3-dione)
(442 + 66).
These data indicate that NMDA and AMPA receptor
stimulation in the hippocampus increases the conversion of arginine to
citrulline indicative of increased NO production in vivo.

NMDA OR NITRIC OXIDE (NO‘)/SUPEROXIDE (O2*) INDUCES
APOPTOSIS IN RAT CORTICAL CULTURES. E. Bonfoco*. D. Krainc.
P.Nicotera. and S.A. Lipton. Dept, of Neurol., Children’s Hospital; Progr.
in Neurosci., Harvard Med Sch., Boston MA 02115; and Inst, of
Environmental Med., Div. of Toxicology, Karolinska Institute, S-171 77
Stockholm, Sweden.
NMDA receptor-mediated neurotoxicity may be at least partly dependent
on the generation of NO’ (Dawson et al., PNAS 1991) and 02* (Lafon-Cazal
et al., Nature 1993) whose reaction together forms peroxynitrite (Lipton et
al., Nature 1993). Here we report that either short exposure (or low dose)
NMDA or the drug SIN-1, which slowly generates N0702’", each incites
slow- or delayed-onset neuronal death accompanied by signs of apoptosis.
Apoptosis is characterized by chromatin condensation, nuclear pyknosis, and
extensive genome fragmentation; these events were detected by propidium
iodide staining, TUNEL (tdt mediated dUDP-biotin nick end labeling), cell
death ELISA with anti-histone mAb, and agarose gel electrophoresis. By
these criteria, a 10 min. exposure to 300 pM NMDA/5 pM glycine in Mg2+free medium induced apoptosis within 12 hr. In this time interval, 1 mM
SIN-1 also induced apoptosis, an effect partially prevented with 50 U/t I
superoxide dismutase. In contrast, prolonged exposure to NMDA (20 or 30
min.) decreased the number of neurons undergoing apoptosis and instead
triggered necrosis. Similarly, intense, brief exposures to higher doses of
NMDA (500 pM) or S-nitrosocysteine, which rapidly generated large amounts
of NO’, caused necrosis of cortical neurons. Both NMDA-meCiateC apoptosis
and necrosis were ameliorated by pretreatment with the NMDA antagonist
AP5 (3O)pLM). These results suggest that NMDA or NO7O2* neurotoxicity
can result in either apoptosis or necrosis depending on the dose and/or
exposure time.

Supported by Maryland American Heart Association.

278.9

278.10

EXPRESSION OF SENSITIVITY TO NMDA TOXICITY
REQUIRING MgCI2 IS SERUM DEPENDENT. KA, Hartnett*. S.
Raidev. PA, Rosenberg. IJ. Reynolds & E. Aizenman. Depts. of
Neurobiol. & Pharmacol., U. of Pittsburgh Sch. Med., Pgh, PA 15261,
& Dept. of Neurol., Children’s Hosp. & Harvard, Boston, MA 02115.
NMDA toxicity in Na+/Ca2+-free solutions containing N-methyl-Dglucamine requires 9 mM MgCl2 (Hartnett et al., Soc, Neurosci Abs.
19:1344; 1993). This toxicity is expressed in cultured rat cortical
neurons which have been maintained in DME with 10% F12 and 10%
calf serum (DF10C medium). In cultures maintained for at least one
week prior to experimentation with medium containing 2% serum and
no F12 (D2C medium), MgCl2-dependent NMDA (200 pM, 20 min)induced neurotoxicity was decreased by nearly 50% (p< 0.001).
Removal of F12 alone from DF10C was insufficient to decrease
sensitivity, and addition of F12 to D2C was insufficient to restore
sensitivity, eliminating this nutrient mixture and implicating serum
concentration as the component responsible for the expression of this
unusual form of excitotoxicity. Addition of 5 pM TTX, 100 pM CGS19755, or 30 pM CNQX to DF10C and D2C during culture
maintenance only did not alter the expression of sensitivity of
neurons, or lack thereof, to NMDA toxicity in the Na+/Ca2*-free
conditions. However, supplementing D2C with O.4-O.6% BSA was
sufficient to mimic the effects of DF10C. Thus, the expression of
MgCl2-dependent NMDA toxicity is dependent on culture conditions.

SMI-32 IDENTIFIES A POPULATION OF CULTURED MURINE
NEOCORTICAL NEURONS THAT ARE HYPERVULNERABLE TO KAINATE
TOXICITY. F.J. Gottron* . D.M. Turetsky and D.W, Choi. Dept, of Neurology and
Center for the Study of Nervous System Injury, Washington Univ. School of
Medicine, St. Louis, MO 63110.
SMI-32, an antibody raised against nonphosphorylated neurofilaments has been
shown to stain a small subpopulation of pyramidal neurons in humans that is
preferentially lost in Alzheimer's disease cortex (J.H. Morrison et al., Brain Res
416:331, 1987) and Huntington's disease cortex (M. Cudkowicz and N.W. Kowall,
Ann Neurol 27:200, 1990). In rat cortex, SMI-32 immunoreactive cells have been
shown to be sensitive to both NMDA and kainate exposure in vivo (E. Storey et al.,
Ann Neurol 32:526, 1992).
Only a minority of cultured mouse cortical neurons (approximately 5% ) were
labelled by SMI-32. Cell death was assayed 22-26 hours after exposure to
excitotoxins, using direct cell counts for the SMI-32 positive population, and lactate
dehydrogenase release to the bathing medium for the overall neuronal population.
SMI-32 immunoreactive cells showed similar vulnerability to NMDA-induced
death as the overall population (lOpM - 3OOpM NMDA, 10 min exposure).
However, SMI-32 immunoreactive cells were much more vulnerable to kainateinduced death than the overall population (1 OpM - 3OOpM kainate, 1 hr exposure).
Since such heightened vulnerability to kainate toxicity also characterizes cortical
neurons that exhibit kainate-stimulated Co2+ uptake (D.M. Turetsky et al., Soc.
Neurosci. Abstr. 18: 81, 1992), we colocalized the two markers. Most SMI-32
immunoreactive cells also showed kainate-stimulated cobalt uptake, and GABA
immunoreactivity. Although SMI-32 may stain different neurons in vivo and in
culture, one might speculate on possible linkages between SMI-32 positivity and
selective vulnerability to non-NMDA receptor-mediated excitotoxicity in disease
states. Supported by NIH grant NS 30337.

278.11

SELECTIVE VULNERABILITY OF CEREBELLAR PURKINJE CELLS TO
GLUTAMATE RECEPTOR-MEDIATED TOXICITY RELATES TO AMPA
RECEPTOR DESENSITIZATION. J.R. Brorson*. P.A. Manzolilto. S.J. Gibbons,
and R.J. Miller. Depts. of Neurology and Pharm./Phys. Sciences, the University of
Chicago, Chicago, IL 60637.
Cerebellar Purkinje cells are among the most sensitive neurons in the brain to
ischemia, but the reason for their selective vulnerability is not known. In cultured
cerebellar neurons, kainate produced significant delayed cell death which was Ca2+dependent but not selective for the Purkinje cells, as identified by iTTunostaining
for CalbindinD-28k. In contrast, the desensitizing agonists AMPA and glutamate
produced substantial toxicity to the Purkinje cell fraction of the neurons and little or
no toxicity to the non-Purkinje cell fraction. Inhibition of desensitization with
cyclothiazide enhanced the toxicity of AMPA in both cell fractions.
Whole cell-voltage clamp studies revealed that the Purkinje cells expressed AMPA
receptors which undergo less desensitization. Specifically, the ratio of the steady
state current produced by 3OM AMPA to that elicited by lOOM kainate averaged
0.32+/- 0.06, compared to an average ratio of 0.10+/-0.01 in nonPurkinje cells in the
same cultures (representing basket, stellate, and deep nuclear cells), and of 0.06+/0.01 in cultured cerebellar granule cells. [Ca2+] imaging followed by staining for
CalbindinD-28k also showed greater relative responses to AMPA compared with
kainate in the Purkinje cells. Amplification of AMPA subunits with degenerate
primers followed by Southern blotting revealed expression of each of GIuR-1,2 and
3 in the cultures containing Purkinje cells, with prominent expression of both the flip
and flop splice variants of GluR-3.
The expression of AMPA subunits producing non-NMDA receptors in Purkinje
cells which are less sensitive to desensitizadon may explain the selective
vulnerability of cerebellar Purkinje cells to glutamate-mediated toxicity.
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279.1

279.2

FAST EXCITATORY POSTSYNAPTIC CURRENTS IN HIPPOCAMPAL CA3
PYRAMIDAL CELLS IN THE PRESENCE OF IONOTROPIC GLUTAMATE
RECEPTOR ANTAGONISTS: INVOLVEMENT OF PTX-INSENSITIVE G PROTEINS
L. Pozzo Miller*. J.J. Petrozzlno. L Veraelis. and J.A. Connor
Roche Institute of Molecular Biology, Roche Research Center, Nutley, NJ 07110-1199
Most G protein-mediated postsynaptic currents in the CNS have slow time
courses due to the involvement of second messenger systems. We previously
described a fast (50ms to peak), synaptically-induced excitatory postsynaptic current
(EPSC) that was resistant to ionotropic glutamate receptor antagonists but reduced by
putative metabotropic antagonists, and carried by non-rectifying cation channels
(Pozzo Miller et al., Soc. Neurosci. Abs.19(1): 272,1993). To test directly the
involvement of metabotropic, G protein-coupled glutamate receptors in these
responses, we dialyzed cells with hydrolysis-resistant analogs of GDP and GTP, and
incubated slice cultures with pertussis toxin (PTX). The patch pipettes (6-1OMQ)
contained (mM) K+ gluconate, 120; KCI, 17.5; NaCI, 10; MgATP, 2; NaHEPES, 10;
EGTA, 0.2. The non-hydrolyzable analogs GDPBS and GppNHp were loaded into the
cells by pipette perfusion. This allowed control responses to be obtained before
introducing the non-hydrolyzable analogs. Bipolar stimulating electrodes were
positioned over stratum granulosum of the dentate gyrus. In control cells intracellularly
perfused with NaGTP (2OOjxFM), single shocks (0.8-2mA, 10Ops) elicited fast inward
EPSCs in the presence of D.L-APV (100pM), CNQX (10-25p.M), and picrotoxin (5OpM).
Bath application of the GABAg receptor agonist, baclofen (10pM) elicited an outward
current. Responses were stable for >1 hr. Intracellular perfusion with the GTP analog
GppNHp (25OpM) induced a slowly developing inward current, concomitant with a
decrease in the evoked EPSCs. The response to bath-applied baclofen was absent
after GppNHp perfusion. Intracellular perfusion with the GDP analog GDPSS (5OCOiM)
did not affect the holding current, but after 15-30 minutes the fast EPSCs were
progressively reduced, as well as the baclofen-induced current. In PTX-treated
cultures (5OOn<gnl, 48-72 hours) the fast EPSCs were present in cells intracellularly
perfused with NaGTP (2OtyM), while the baclofen response was absent, indicating the
effectiveness of the PTX treatment. These results suggest a novel involvement of
PTX-insensitive G proteins in the activation of ionic conductances underlying fast
EPSCs in hippocampal CA3 pyramidal neurons.

SYNAPTIC [Ca2+]j TRANSIENTS IN DENDRITES OF HIPPOCAMPAL CA3
PYRAMIDAL CELLS IN THE PRESENCE OF IONOTROPIC GLUTAMATE RECEPTOR
ANTAGONISTS: ROLE OF METABOTROPIC RECEPTORS

J.A. tanner*. J.J. Rrtirgaing. L VerMlfr. and L

Miner

Roche Institute of Molecular Biology, Roche Research Center, Nutley, NJ 07110-1199
Synaptic [Ca2+]j transients were investigated in hippocampal slice cultures using
simultaneous whole-cell recordings and digital imaging of CA3 pyramidal cells. Patch
pipettes (6-1 OMQ) contained (mM): Cs* gluconate, 120; CsCI, 17.5; NaCI, 10; MgATP,
2; NaGTP, 0.2; NaHEPES, 10; fura-2, 0.2. Bipolar stimulating electrodes were
positioned over stratum granutosum of the dentate gyrus. To prevent activation of
voltage-sensitive Ca2+ channels during synaptic stimulation, cells were steadily
depolarized to -t40mV in the presence of 10pM nimodipine (Perkel et al., Neuron
11:817,1993). Tetanic stimulation (1s @ 5OHz, 300-600pA; in 5OpM picrotoxin) at
these potentials induced dendritic and somatic [Ca2+]j transients concurrent with
outward postsynaptic currents (PSCs). The synaptic [Ca2+]j transients, and the outward
PSCs were abolished by D.L-APV (100pM) and CNQX (10-25pM). Tetanic stimulation at
higher intensities (0.8-2mA) in the presence of these ionotropic antagonists induced
fast outward PSCs (see accompanying abstract by Pozzo Miller et al.) and, in some cells,
delayed [Ca2+]j transients localized to dendritic regions. The synaptic [Ca2+]j transients
and the fast outward PSCs observed in D.L-APV and CNQX were insensitive to the
AMPA antagonist AMOA (5OOjxfM), or the kainate antagonist NS-102 (10pM). Synaptic
transmission blockade with 2pM TTX abolished the fast PSCs and the dendritic [Ca2+]j
transients. In some cells, tetanic stimulation at the reversal potential of the fast PSCs
(around OmV) did not affect the amplitude of the dendritic [Ca2+]j transients compared
to those observed at +40mV, suggesting that these transients are voltageindependent. The metabotropic receptor antagonists L-AP3 (100pM) and MCPG (0.51 mM) reduced the PSCs observed in the presence of ionotropic antagonists. However,
L-AP3 reduced the [Ca2+]j transients in only 46% of the cells, while MCPG reduced the
[Ca2+]j transients in 55% of the cells. These results suggest that different metabotropic
glutamate receptor subtypes might be involved in the generation of PSCs and [Ca2+]j
transients in the presence of ionotropic glutamate receptor antagonists, and that these
dendritic [Ca2+]j transients may represent intracellular Ca2+ mobilization.

279.3
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MODULATION OF GABAa RECEPTOR MEDIATED mlPSCs BY INTRACELLULAR CALCIUM. I. Mody* and Y. De Koninck. Depts. of Anesthesiology/Pain Mgmt. & Neurology, UT Southwestern Med. Ctr., Dallas, TX.
The reduction of GABAergic inhibition by elevations of intracellular Ca2+ is
thought to be an important mechanism underlying hyperexcitability asssociated with
epileptiform activity and excitotoxicity. However, our previous studies have shown
that the volatile anesthetic halothane may effectively increase the duration of GABAa
receptor mediated mIPSCs by releasing Ca2+ from intracellular stores.
In light of the above controversy, we .studied the modulation of mIPSC decay
kinetics by various levels of buffered intracellular Ca2+ and by activators of Ca
release from intracellular stores. We recorded mlPSCs in whole-cell mode from
granule cells in adult rat brain slices in the presence of IO"6 M TTX, 10‘5 M CNQX
and 4xIO'5 M D-AP5. Pipettes were filled with various amounts of Ca2+ and BAPTA,
or diBr-BAPTA yielding free Ca2+ concentrations ranging from 2x10'8 to 10‘ M. As
Ca2+ gradually diffused from the electrode into the cell, a progressive prolongation of
the mlPSCs was noted. With 10" M Ca2+ in the electrode, the decay time constants
(t d ) increased from 4.6 ms (control) to 6.1 ms and 7.1 ms after the first 15 and 30 min
of recordings, respectively. This prolongation was not accompanied by changes in
access resistance, 10-90% rise times, or peak amplitudes. Higher Ca2+ concentrations
(>IO‘s M) equally prolonged mIPSC Td , but also decreased their amplitudes. Release
of intracellularly stored Ca2+ by caffeine (10‘2 M) prolonged the Td by 76% and
decreased the amplitudes of mlPSCs by 23% with no change in their rise times.
These findings are consistent with a bell-shaped relationship between the
intraneuronal Ca2+ concentration and GABAa receptor channel function. This
relationship may reflect a high affinity potentiating mechanism coupled to a low
affinity inhibitory process activated by Caz+. The molecular mechanism of this dual
effect of Ca2+ on GABAa receptor channels remains to be determined.
Supported by NINDS grants NS-27528, NS-30549, and the Sid W. Richardson
Foundation. Y.D.K. is a Fellow of Medical Research Council of Canada.

NEURONAL VULNERABILITY AND Ca2+ DEPENDENT PLASTICITY OF
GABAa RECEPTOR FUNCTION FOLLOWING DENDROTOMY IN
DENTATE GYRUS GRANULE CELLS. I. Soltesz* and I. Mody. Depts. of
Anesthesiol./Pam Mgmt. & Neurology, UT Southwestern Med. Ctr., Dallas, TX.
Calcium dependent neuronal vulnerability occurs following physical damage to
CNS neurons. We have carried out whole-cell patch clamp recordings to investigate
changes in the intrinsic and synaptic physiology of neurons after dendrotomy. The
dendrites were removed with blade cuts made in 400 pm thick coronal slices parallel
to the granule cell layer between the middle and the inner one third of the molecular
(dendritic) layer. Miniature inhibitory postsynaptic currents (mIPSC) were recorded
in the presence of 1 pM TTX, 10 pM CNQX and 40 pM D-AP5, with 130 mM
CsCl, 10 mM HEPES, and 2 mM MgCl2 containing electrodes.
When the dendrotomy was done in warm (32°C) ACSF, no stable recordings
could be obtained. However, when the dendrites were cut in cold (4°C) ACSF,
stable recordings were possible. The mlPSCs recorded in such dendrotomized cells
showed dramatically different kinetics from those in control neurons. The decay
phase of the mlPSCs recorded from granule cells dendrotomized in cold ACSF
could be best fitted by a double exponential (Tf„t=1.84±1.0 ms; t s 1ow = l3.O±1.8
ms, n=7), whereas mlPSCs recorded from control cells showed single exponential
decays (T=4.25±O.2ms, n=2O). These differences persisted for the duration of the
experiments (up to 10 hours) and could not be reversed by including 30 mM
BAPTA in the recording pipette. When dendrotomy was performed at 32°C after
loading the cells with the calcium chelator BAPTA-AM, cell loss and changes in
mIPSC decay kinetics could be prevented. A comparable protection was seen when
dendrites were cut in the presence of APV and CNQX, and/or dantrolene, a drug
which inhibits calcium release from intracellular stores.
These results show that mechanical trauma results in plastic changes in GABAa
receptor function, and that calcium plays an important role in the induction but not
the maintenance phase of this plasticity.
Supported by NINDS grant NS-30549 and the Sid W. Richardson Foundation.
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CONTRIBUTION OF DIFFERENT CHANNEL TYPES TO SPIKEINDUCED CALCIUM INFLUX IN HIPPOCAMPAL CA1 PYRAMIDAL NEURONS. L. S. Eliot1*, B. R. Christie1, K. Ito2, H., Miyakawa2,
and D. Johnston1, "Div. of Neuroscience, Baylor Coll, of Med., Houston, TX
77030, 2Dept. of Physiology, Yamagata University, Yamagata 990-23, Japan
Hippocampal pyramidal cells express at least 4 different types of voltagegated Ca2+ channels as determined by voltage-clamp experiments (Fisher et
al., J. Neurophys. 64:91; Mintz et al., Neuron 9:85). To evaluate the contribution of these various channel types to physiological Ca2+ influx, we tested the
effects of specific Ca2+ channel antagonists on fura-2 Ca2+ transients induced
by brief trains of action potentials. Single CA1 pyramidal neurons in 400 pm rat
hippocampal slices were filled with fura-2 and then stimulated intracellularly
(25 Hz for 0.5 s) while imaging changes in fluorescence at 380 nm excitation using a cooled CCD camera and 25 ms frame intervals. Bath application of Cd2+
(100-200 pM) eliminated most of the spike-induced Ca2+ influx in the soma
(81 ± 2%), but eliminated progressively less along the length of the dendrite
(46 ± 8% in the most distal dendritic region, n=4). In contrast, 50 pM Ni2+
reduced the Ca2+ rise in both the soma and all dendritic regions by similar
amounts (39 ± 12% in the soma and 40 ± 12% in the most distal dendritic
region, n=8). Each of three specific Ca2+ channel antagonists, nimodipine (L
channel blocker, n=5), u>ccnoto?dn-GVIA (N channel blocker, n=4), and wagatoxin-IVA (P channel blocker, o =4) modestly reduced Ca2+ influx in the
soma (by 24, 22, and 16%, respectively) and proximal dendrites (by 27, 7, and
12%, respectively) but had no effect on more distal dendritic influx. These findings suggest that the various high-threshold Ca2+ channels previously identified
in somatic regions may be differentially distributed in dendritic regions of CA1
pyramidal neurons. (NS09255, NS11535, MH44754, and MH48432)
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DENDRITIC [Ca]i TRANSIENTS EVOKED BY EPSPs AND ACTION
POTENTIALS IN NEOCORTICAL LAYER V PYRAMIDAL NEURONS. J±
Markram* Max-Planck-Institut fur medizinische Forschung, Abteilung
Zellphysiokogie, Jahnstrasse 29, D-69120, Heidelberg, Germany.
An elevation of dendritic cytosolic calcium ion concentration ([Ca]i) may
alter the receptive and integrative properties of the dendritic compartment
during synaptic activity. The effects of excitatory postsynaptic potentials
(EPSPs) that propagate towards the soma and action potentials (APs) that
propagate back into dendrites, on dendritic [Ca]i were therefore examined
in apical dendrites of Layer V pyramidal neurons in slices of the rat
neocortex. Whole-cell recordings were performed on neurons identified
using infra-red differential interference contrast microscopy. Dendrites
were loaded, via the recording pipette, with the Ca indicator dye, Calcium

Green-1 (50 or 100 pM) and changes in fluorescence were monitored
using a confocal laser scanning microscope. A transient elevation of
dendritic [Ca]i was evoked by single dendritic EPSPs in 28 of 33 neurons.
The EPSP-evoked [Ca]i transient was dependent on the depolarising
voltage and on the integrity of voltage-activated Ca channels (VACCs) in
the dendritic membrane. Depolarisations caused by current injection
produced changes in [Ca]i comparable to those produced by dendritic
EPSPs. An elevation of [Ca]i was recorded when the dendritic voltage
exceeded -50 mV. Simultaneous recording from the soma and dendrite
and dendritic Ca imaging revealed that a [Ca]i transient was evoked by an
EPSP-evoked AP which propagated from the soma back into the dendrite.
The amplitude of the AP-evoked [Ca]i transient was approximately three
times larger than the EPSP-evoked [Ca]i transient. The AP-evoked [Ca]i
transient decayed with a time constant of 348±14 ms (S.E.M.; n=5O) at 2022°C and less than 80 ms at 37°C. It is suggested that Ca entry through
VACCs on apical dendrites of Layer V pyramidal neurons is involved in
synaptic integration during sub- and supra-threshold synaptic activity.
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SINGLE-CHANNEL CONDUCTANCE AND CALCIUM PERMEABILITY OF
AMPA AND NMDA RECEPTOR CHANNELS FROM THE DENDRITES OF
HIPPOCAMPAL NEURONS. N.Sprustoe*. P. Jonas and B. Sakmann.
Zellphysjologie, MPI fur medizinische Forschung, Heidelberg, Germany.
The single-channel conductance and calcium permeability of AMPA and
NMDA-type glutamate receptor (AMPA-R, NMDA-R) channels were
investigated in outside-out membrane patches isolated from the apical
dendrites of CA3 and CA 1 hippcampal pyramidal neurons in brain slices.
AMPA-R channels mediated rapidly rising and decaying currents in

RECEPTORS UNDERLYING EXCITATORY SYNAPTIC TRANSMISSION AT
THE END-BULB SYNAPSE OF THE RAT ANTEROVENTRAL COCHLEAR
NUCLEUS.
J.S. Isaacson* & B. Walmslev. The Neuroscience
Group), Department of Medical Biochemistry, University of
Newcastle, N.S.W., 2308, Australia.
In the anteroventral cochlear nucleus (AVON), auditory
nerve fibers make large axosomatic contacts,
the endbulbs of Held, onto a class of morphologically-defined
bushy cells.
While these neurons have been found to
respond to both N-methyl-D-aspartate (NMDA) and non-NMDA
receptor agonists, the contribution of these receptors to
synaptic transmission is unclear (Wickesberg & Oertel,
Brain
Research,
486:39-48,
1989).
To
address
this
question, we have used whole-cell recording techniques in
200 gm slices of the rat AVCN.
Excitatory postsynaptic
currents
(EPSCs)
were
evoked
using
a
stimulating
electrode placed near fascicles of the auditory nerve in
the presence of 20 gM strychnine to block inhibitory
transmission. EPSCs evoked at -80 mV were all-or-none,
large (400-5000 pA) and very brief (decay time constant
<1 ms at 22-25 C°) . Membrane depolarization revealed a
slow component to the EPSC that was abolished by dl -APV
(50 gM) and the remaining fast component of the EPSC was
blocked by CNQX (20 gM) . At -80 mV the amplitudes of
spontaneous EPSCs (sEPSCs), recorded in the presence of
TTX (1 gM) , were highly variable in individual cells
(cv~O.4). Furthermore, dual component sEPSCs, with time
courses similar to evoked EPSCs, were recorded at +40 mV.
The fast and slow components of sEPSCs were blocked by
CNQX and dl -APV, respectively. These results indicate that
NMDA and non-NMDA receptors
contribute
to
synaptic
transmission mediated by the auditory nerve and suggest
that both receptors are co-localized, possibly in quite
variable numbers, at end-bulb release sites.

response to brief pulses of glutamate (1 mM, 1 ms). Non-stationary fluctuation
analysis revealed a mean elementary conductance of AMPA-R channels of

10.1 ±0.6pS(mean±SEM, n=10) anda probobilrty of o chahnelbeingopenat
the peak of O.55±O.O5. Reversal potentials measured in 100 mM external
Ca2+ and 100 mM internal Cs+ indicated a low permeability of these channels
to Ca2+, with a Ca2+ to Cs+ permeability ratio (Pca/Cs) of 0.04.
NMDA-R channels mediated longer-lasting responses to brief pulses of
glutamate in the absence of external Mg2+ and in the presence of 5 pM
CNQX. The single-channel conductance (measured directly) was 44.9±O.8 pS
(n=6). The permeability of these channels to Ca2+ was high (P^±/^Cso 3 .O).
Assuming a quantal synaptic conductance of 350 pS (AMPA component;
Jonas et al. J. Physiol. 472, 1993), and using the above data, a me±e NMDA
to AMPA peak current ratio of 0.2 (measured in 0 Mg2+), a synaptic glutamate

pulse similar to that used in the patch experiments (Clements et al. Science
258, 1992), and a peak open probability of 0.05-0.30 for NMDA receptor
channels (Jahr, Science 255, 1992; Rosamund etal. Science 262, 1993;
Hessler et al. Nature 366, 1993), we estimate that about 64 AMPA receptor
channels and 5-30 NMDA receptor channels would be present in a
nostsynantia density opposite a release site. Is 1 mM external Mg2+, a
quanta! EPSP would result in the influx of about 60,000 Ca ioes through
NMDA-R chattels into a dendritic spine.
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GABAa -MEDIATED IPSC ON THE NMDA COMPONENT OF EPSPs IN A
PYRAMIDAL CELL MODEL. A.Kapur*. W.W.Lvtton and L.B.Haberly.
Neuroscience Training Program and Departments of Anatomy and Neurology, Univ.
of Wisconsin, Madison, WI 53706.
It has been shown experimentally that the NMDA component of the response to
afferent fiber stimulation in pyramidal cells in piriform cortex (PC) is enhanced by
blockade of a feedforward GABAA-mediated IPSP on dendrites (Kapur et al, Neurosci.
Abs. 19:1521). Blockade of the feedback GABAa IPSP on cell bodies had no effecl
on this NMDA component. Further studies with voltage clamp methods indicated
that the GABAa IPSC consists of 2 components: one with a fast decay (r-10 ms),
and one with a slow decay (r~5Oms). The slow component was larger distally in
dendrites and the fast component, larger proximally in the vicinity of cell bodies.
In the present study the differential effect of dendritic and somatic IPSCs on the
NMDA component was studied with a compartment model of a PC pyramidal cell.
The hypothesis was tested that the slow g Ab Aa IPSC in dendrites is better suited
for regulation of the NMDA component than the fast GABAa IPSC as a consequence
of spatial proximity and a better match in time course. Synapses mediating an
NMDA response were placed on an apical dendritic compartment and fast (r = 11 ms)
or slow (r = 58 ms) GABAa IPSCs were placed either on the same compartment or
on the cell body. Parameter sensitivity analysis was carried out for Rm, Ri, and Cm
over the full physiological range. The simulations showed that for values oi
cytoplasmic resistivity (Rj) 100 Q-cm or greater, GABAA-mediated IPSCs on cell
bodies were relatively ineffective in modulating the NMDA component, regardless oi
time course. By contrast, dendritic GABAa IPSCs were highly effective over the full
parameter range. In support of the hypothesis, the slow GABAA-mediated IPSC was
found to be more effective in blocking the NMDA component than the fast.
The results have implications for regulation of NMDA dependent associative
LTP in PC that requires blockade of the GABAa IPSC for expression (Kanter &
Haberly, J. Neurosci. 13:2477). Supported by NIH grant NS 19865 to LBH.

CONTROL OF EXCITABLE DENDRITES BY SYNAPTIC
INHIBITION IN NEOCORTEX. M. Beierlein*. H.G. Kim & B.W.
Connors. Dept. Neuroscience, Brown Univ., Providence, RI 02912
The apical dendrites of many neocortical pyramidal cells
generate sodium- and calcium-dependent spikes. GABA-mediated
synapses are abundant on dendrites, but interactions between
dendritic excitability and IPSPs have never been examined. We
obtained whole-cell recordings from apical dendrites about 100-500
pm from somata in layer V, in slices of mature rat SmI cortex at
35°C, bathed in the glutamate antagonists APV and DNQX. Both
intradendritic current and antidromic stimulation evoked simple, fast
spikes (type I; n=19 dendrites) or more complex fast and slow spike
patterns (type II; n=24), each type corresponding to a different
morphological class (J. Neurosci. 13: 5301, 1993). Single shocks to
layer II/III evoked IPSPs in all dendrites recorded. With high [C1-]
electrodes, EffSP was relatively positive (mean of -53 mV) for most
type I dendrites and negative for most type II (-85 mV); IPSP risetimes were about 11.5 ms and half-widths 22 ms for both types.
IPSPs could suppress both fast and slow spiking in type II
dendrites, and proper timing of an IPSP could phase-shift dendritic
spikes by up to +60 ms. In neocortex, synaptic inhibition plays a
pivotal role in the control of dendritic spiking. Integration of
EPSPs and IPSPs is profoundly influenced by the electrogenic
properties of dendrites.
Supported by the ONR and NIH.
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ANALYSIS OF CURRENT SPREAD IN A PASSIVE
MEMBRANE MODEL OF LATERODORSAL TEGMENTAL
(LDT) NEURONS. A. Surkis*. B. Tavlor. C. Peskin and C.S.
Leonard, Ctr. for Neural Science, NYU, 6 Wash. PL, NY, NY
10003.
To elucidate the nature of synaptic integration in brainstem
cholinergic neurons, which play a key role in controlling behavioral
state, the passive membrane parameters were determined for type II
LDT cells using intracellular recordings from guinea pig brain slices.
These parameters were used to explore the attenuation of synaptic input
by the dendrites. Cells were characterized with both long
(3O(Ons,~.O5nA) and short (lms,~lnA) current pulses, injected with
biocytin and visualized for computer reconstruction. Parameters were
determined by numerically solving the cable equation for cells of nonuniform geometry. Cells were assumed to be spatially homogeneous
for intracellular resistivity, membrane capacitance and membrane
conductance (Rj, Cm, Gm respectively) and a somatic shunt was
included (G^umt)- A simplex method was used to find cable
parameters which provided the best fit to experimental data, where the
error calculated was the difference between the recorded voltage traces
and the cable equation solution. Values of Cm, Gm and GShunt were
mainly consistent with those seen in previous studies, but values of Rj
were substantially larger than values typically reported. These Rj
values resulted in a high degree of synaptic attenuation.

LONG-TERM TRANSFORMATION OF HIPPOCAMPAL GABAergic SYNAPSES
AND THE ROLE OF ANANDAMIDE, AN ENDOGENOUS CANNABINOID
LIGAND. C. Collin'* WA Devine2. CT. Lee1. 1. Axelrod2, and D.L. AlkonL ‘Lab.
of Adaptive Systems, NINDS, “Lab. of Cell Biology, NIMH, NIH, Bethesda MD,
20892.
GABA-induced biphasic postsynaptic potentials (psp's) recorded from
the CA1 pyramidal neurons, were transformed into monophasic depolarizing
psp’s (a new depolarizing response) when pre-synaptic GABA release induced
by Schafer collaterals stimulation, or exogenous GABA applications were paired
with depolarization of the post-synaptic cell. Here we report that such pairings
are also followed by enhanced spontaneous impulse activity, a reduction of the
after hyperpolarization that follows an action potential, and an increase in the
input resistance at the resting level from 31 ±4 to 48 ± 6 MQ. The new
depolarizing response can persist for periods of up to 1 hour, and is associated
with an increased membrane conductance. These long term transformations are
blocked by the GABA* receptor antagonists (+)-bicucuUine (10 pM) or
picrotoxin (50 pM). TTX (1 pM) or calcium channel blockers prevented
transformation, but failed to affect the transformed response. Phaclofen, a GABAg
receptor antagonist, had no effect. Anandamide an endogenous cannabmumetic,
was applied to the bath (0.1 to 1 pM) causing a reduction of the depolarizing
phase of the GABA psp, but had no effect on the hyperpolarizing psp. At 10 pM,
these effects were irreversible. Finally, at 1 pM, it prevented transformation of
the GABA synapse by pairings. The present data suggest that both long term
transformation of GABA psp’s and its interaction with the cannabinoid receptors
may play an important role in memory storage.

Supported by NS2788l and MH10509.
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CORRELATION OF NEURONAL ANATOMY AND SYNAPTIC CONNECTIVITY
WITH ENGRAILED EXPRESSION. J.M. Blagbum*. C.R. Gibbon and J.P. Bacon .
Institute of Neurobiology, Univ. of Puerto Rico Sch. of Med., San Juan, PR 00901, and
Sussex Centre for Neuroscience, Sussex University, UK.
Each cercus of the embryonic cockroach (Periplaneta americana) develops two
filiform hair sensory neurons, one medial (M) and the other lateral (L), which mediate a
wind- escape response in the first-urstar animal. Previous studies have shed some light on
the way the positions of these neurons, and ofthe 39 which are present in the second-instar
animal, determine their axonal anatomy and patterns of synaptic connections in the
terminal ganglion. We used the 4D9 monoclonal antibody to localize engrailed protein
in the cerci of embryonic, first-instar and second-instar cockroaches. In embryos from the
23% to 40% stages of development engrailed staining is confined to the dorso-medial half
of the cereal epidermis, in which M is bom. After 42%, once the filiform afferents have
entered the terminal ganglion, engrailed staining is concentrated in the nucleus of M,
intensifying further up to the 60% stage as the neurons enlarge. This strong nuclear
staining in M persists throughout the rest of embryogenesis and the first instar. In mutant
animals with supernumerary filiform hair sensilla, engrailed staining is only seen in the
supernumerary medial neurons. In second-instar cerci, engrailed immunoreactivity
weakens in M, while some staining is also seen in the nuclei of neurons 4m, 4o, 51, 5m,
5o, 6k, 6m, 6o and 6p. All neurons with an M-type axonal arbor express engrailed,
although the k and o neurons, with a different branching pattern, also express it. All
neurons which express engrailed synapse mainly with giant intemeurons (GIs) 1, 2 and
5, although other engrailed-negative neurons also do so. The expression pattern of
engrailed is consistent with its being part of the system of positional information which
determines the identities of the filiform hair sensory neurons.
We would like to thank Dr. Corey Goodman for supplying the 4D9 antibody. Supported
by NIH Grant NSO7464 and SERC, UK, with additional support from NIH RRO3O51.

NEURONAL LOCALIZATION OF POTENTIAL MAMMALIAN
HOMOLOGS OF THE DROSOPHILA NEUROGENIC GENE,
PECANEX. S.J. Myers*, R. Nicholas. M. B. Comer. S. Kawaiiri. N.
Birkhahn. P.K. Lund, and R. Dingledine. Depts. of Pharmacology and
Physiology, Univ. of North Carolina, Chapel Hill, NC 27599 and Dept.
of Pharmacology, Emory Univ. Sch. of Med., Atlanta, GA 30322.
Rat forebrain and hippocampal cDNA libraries were screened with an
oligonucleotide probe for the bovine al subunit of the GABA-A receptor.
Two partial-length clones were isolated serendipitously that are unrelated
to the GABA-A receptor family but exhibit a large domain (292 residues)
of strong (52%) amino acid identity with the Drosophila melanogaster
pecanex locus. These cDNA clones, the longest of which was 4070 bp,
appear to be splice variants of each other and may be members of a larger
family of pecanex-like genes expressed in mammalian brain. Northern
blots show a single, strong 7.1 kb transcript present in hippocampus,
cortex, and cerebellum, but not liver. The expression of the 7.1 kb
transcript increased in hippocampus (8.5-fold) and cortex (3-fold) from
postnatal day 1-2 through adult. Relative expression in the adult was
greatest in the hippocampus (1.0) followed by forebrain (0.82), cortex
(0.57) and cerebellum (0.38). The expression of these genes in the adult
brain was studied by in situ hybridization. Intense labelling was found in
hippocampal pyramidal neurons and intemeurons, dentate granule cells,
cerebellar Purkinje and granule cells, and large neurons in the medulla.
The medial habenula, cingulate gyrus and piriform cortex were also
strongly labelled. No specific expression in meninges or blood vessels
was observed. These cDNAs may represent mammalian homologs of the
pecanex gene, which plays a role in the early determination of fate in
neuronal precursor cells in Drosophila..

280.3

ALTERING GENE EXPRESSION IN THE LEECH CNS. G. Aisemberg, T.
Gershon and E. Macaeno. Dept. of Biol. Sci., Columbia U., New York, NY 10027.
In the leech Hirudo medicinalis, a great deal of knowledge has been accumulated
on the morphology, physiology, and development of central neurons. Recently, a
number of leech homologs of genes that control embryonic development and neuronal
fate in other systems, such as transcription factors and membrane receptors, have
been cloned and their normal expression patterns determined. However, at present we
lack proven methods for altering the expression of these genes in Hirudo, and
searching for mutants using classic genetics is impractical. To overcome these
difficulties, we are developing two techniques that are new to this preparation: (1)
extracellular injection of antisense oligonucleotides into the body cavity of early
embryos, to block translation of endogenously expressed genes, and (2) intracellular
injection of nucleic acids into identified adult central neurons, to turn on genes that
are not normally expressed in the injected cells.
Our results show that labeled oligonucleotides injected into the body cavity are
taken up by embyonic tissues. Thiophosphate oligonucleotides (S-oligos) were found
to be more stable than normal oligonucleotides (O-oligos). Preincubation with cationic
lipids increases the stability and/or the uptake of both S- and O-oligos. We were able
to significantly decrease the expression of the homeobox gene Loxl in embryonic
neurons with an antisense O-oligo against the translation start. We have also been
able to express exogenous genes in adult neurons. Capped, polyadenylated mRNA of
the green fluorescent protein (GFP) of the jellyfish Aequorea victoria was synthesized
in vitro and injected into identified neurons. The product of this gene was easily
detectable in live neurons using its natural fluorescence. Leech neurons also expressed
GFP when plasmid DNA containing this gene under the control of a T3 phage
promoter, was coinjected with T3 RNA polymerase. We are currently examining the
effects of ectopically expressing leech homeobox genes in identified adult neurons.

280.5

TISSUE SPECIFIC EXPRESSION OF ZISH(ZEBRAFISH
ISL-1 HOMOLOG)-1,2 AND 3 mRNA SUGGEST THEIR
INVOLVEMENT IN SPECIFICATION OF MOTONEURONS
AND TARGET MUSCLES. H. Okamoto*1'2, M. Takahashi2, Z.
Gong3, C. L. Hew3, and Y Hotta2. 1 Keio Univ. School of Med., Tokyo
160 Japan, 2Div. of Cellular Communication, Natl. Inst. Basic Biol. ,
Okazaki 444 Japan, 3Dept. of Clinical Biochem., Univ. of Toronto, and
Research Inst., Center for Sick Children, Toronto Ontario M5GIL5,
Canada
We have isolated two novel zebrafish cDNA clones which encode the
proteins similar to the original Isl-1 by using the salmon pituitary cDNA
encoding a novel Isl-1-like protein as a probe. We named them ZISH
(Zebrafish Isl-1 Homolog)-2 and -3, by counting the original zebrafish
Isl-1 as ZISH-1. ZISH-2 mRNA is expressed only by CaP and VaP,
while ZISH-1 mRNA expression is restricted to RoP or/and MiP. Our
observation suggests that the Isl-1 (ZISH-1) and ZISH-2 genes may
together be involved in the determination of cellular identities by
motoneurons in embryonic zebrafish. ZISH-3 mRNA is expressed in the
ventral region of the axial muscle which is innervated by Cap, and both
in the eye and in the tectum, suggesting its involvement in the
recognition by Cap and the retinal ganglion cells of their proper targets,
i.e. the ventral axial muscle and the tectum, respectively.
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EXPRESSION OF THE LEECH UBX-abdA LIKE HOMEOBOX GENE

LOX4 CORRELATES WITH THE SEGMENTAL DIFFERENTIATION OF
SPECIFIC HOMOLOGOUS NEURONS. V.Y. Wong* G.O, Aisemberg,
W.B. Gan & E.R. Macaqno.

Dept, of Biological Sciences, Columbia

University, New York NY 10027
The complex expression patterns of Antennapedia-class homeobox
genes in the central nervous system suggest that these genes are likely
to play important roles in the determination of neuronal cell identity. We
characterized the embryonic expression pattern of Lox4, a homologue

of the Drosophila Ultrabithorax and/or abdominal-A gene in leech Hirudo

medicinalis, with anti-Lox4 antibodies. The Lox4 protein was detected
in several pairs of segmentally iterated neurons in the CNS, in midbody
segments 3 through 21. These Lox4-positive cells include two rostral

neurons in midbody ganglion 6 that take a fate different from their
segmental homologues in other midbody segments. The pair in segment

6, the rostral penile evertor neurons (RPEs), also showed a different

temporal regulation of Lox4 expression. At embryonic day 8, the Lox4
protein was detected in the RPEs as well as in their homologues in
midbody segments 4 through 21. However, the Lox4 protein became
undetectable at embryonic day 9 only in the RPEs, a time when both

the

RPEs and their homologues were growing to their different

peripheral targets. The correlation between a different fate and different

temporal-regulation of Lox4 expression suggests a role for Lox4 in the
differentiation of the RPEs from their homologues. We are presently

testing whether the peripheral target is required for the down-regulation
of Lox4 expression by the RPEs.

280.6

GENETIC ANALYSIS OF ZEBRAFISH NEURAL CREST D.W.
Baihte*. P.D. Henmm K,L. Stoesser. J.A. ..Weston, and J.S. Eisen
Institute of Neuroscience, University of Oregon, Eugene, OR 97403
We are interested in how cell fate is determined as neural crest cells
migrate to distinct locations throughout the embryo and generate diverse derivatives. By following individual crest cells in living zebrafish embryos, we have shown that cells appear to be specified to produce particular derivatives before reaching their final locations. By
transplanting individual cells between embryos, we have shown that
some neural crest cells are committed to generate neurons before beginning to migrate. To understand the genetic basis of crest cell fate
determination, we are screening for mutations that disrupt the formation of specific subsets of neural crest derivatives. We treat adult males
with the mutagen ethylnitrosourea and cross them to wild-type females
to produce heterozygous FI mutant stocks. We produce parthenogenetic diploid embryos by isolating eggs from individual FI stock females, fertilizing them with sperm inactivated by UV-irradiation and
treating them with pressure to block the second meiotic division. We
fix embryos at 3 d and screen them with specific antibodies to identify
defects in jaw, pigment, cranial ganglia and dorsal root ganglia (DRG).
In a pilot screen of 63 FI females, we have identified and recovered 2
mutations that disrupt jaw development and 1 mutation in which DRGs
do not form. Other aspects of crest development appear normal in
these animals, providing evidence that specific genes control development of subsets of crest derivatives. Supported by HD 22486.
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280.8

RETINOIC ACID RECEPTORS AND ADRENERGIC
DEVELOPMENT OF AVIAN NEURAL CREST CELLS.
J.M. Rockwood* and G.D. Maxwell. Neuroscience Program and
Dept. of Anatomy, Univ. of Connecticut Health Ctr., Farmington,
CT 06030.
In previous work we have demonstrated that all trans retinoic
acid (RA) increased the number of adrenergic cells which
developed in quail trunk neural crest cluster cultures, but did not
significantly alter the number of total cells or melanocytes
(Rockwood and Maxwell, 1993).
To investigate the mechanisms of action of RA on neural crest
cells, we studied the activity of several analogs which are
selective for RA receptor (RAR) or retinoid X receptor (RXR)
subtypes. Our results show that an agonist with specificity for all
RAR subtypes increased the number of adrenergic cells to a level
comparable to that seen with RA. Further investigation showed
that a RAR a selective agonist increased the number of
adrenergic cells which developed in neural crest cultures. In
contrast, a RAR y specific agonist did not increase adrenergic cell
number. Similarly, an agonist specific for the RXRs did not
increase the number of adrenergic cells, total cells or melanocytes.
One interpretation of these results is that the RA-induced increase
in adrenergic cell number can be mediated through RAR a.
Supported by NIH grant NS16115 to G.D.M.

EXPRESSION OF A NEURONAL PHENOTYPE BY NEURAL CREST-DERIVED
PARANEURONS (PARAFOLLICULAR CELLS) IS ANTAGONIZED BY THYROID
HORMONE (TRIIODOTHYRONINE; T3). R.J. Jacobs-Cohen* . H. Tamir. and M
D. Gershon. Dept. Anat. & Cell Biol., Columbia Univ. P&S and NYS Psych.
Inst., New York, NY 10032
Thyroid parafollicular (PF; "C") cells are derived from the vagal region of
the neural crest, which also gives rise to the neurons of the enteric nervous
system. Adult PF cells are plastic and "neuralize" (extend neurites,
synthesize neurofilament [NF] proteins, and produce calcitonin gene related
peptide (CGRP) instead of calcitonin) when exposed to NGF or co-cultured
with gut. We tested the hypothesis that PF cells acquire and maintain an
endocrine phenotype in the thyroid gland because they are exposed in this
location to a high concentration of thyroid hormone and/or are in contact with
follicular (F) cells. Adult sheep thyroids were dissociated and PF cells were
chromatographically purified to exclude F cells from the population. The
isolated PF cells were grown in vitro for 7 days on a collagen I or laminin
substrate. "Neuralization” was induced by co-culture with aneuronal chick
hindgut and assessed immunocytochemically with antibodies to 68, 160, and
200 kDa NF proteins and CGRP. Neither NF, nor CGRP immunoreactivity, was
demonstrable in cultures of hindgut alone. A minimal basal level of NF and
CGRP expression was detectable in cultures of PF cells when laminin was
used as substrate. Co-culture with hindgut massively increased both NF and
CGRP immunoreactivities (which were partially co-localized) in PF cells and
induced the extension of long neuritic processes. These effects were all
antagonized by adding T3 (50 pg/ml) to the medium. It is concluded that the
close association of F and PF cells in the thyroid gland contributes to
maintaining PF cells in an endocrine phenotype. Thyroid hormone is likely to
contribute to this effect. Supported by grants DK19743, NS07062 and
NS12969.

280.9

280.10

MULTIPLE LINEAGES IN THE DEVELOPMENT OF THE ENTERIC NERVOUS SYSTEM
(ENS): SELECTIVE FAILURE OF THE DIFFERENTIATION OF SEROTONERGIC
NEURONS IN MICE WITH A HOMOZYGOUS DISRUPTION OF THE MAMMALIAN
ACHAETE-SCUTE HOMOLOGUE (MASH-1). E. Blaugrund. T.D, Pham, V.M.
Tennyson*. U Sommer. D.J. Anderson, and M, D. Gershon. Dept. Anat. & Cell
Biol. Columbia Univ. P&S New York, NY 10032 and Howard Hughes Med Inst.
Cal. Tech., Pasadena CA 91106.
The ENS is formed by cells that migrate to the bowel from vagal and sacral
regions of the neural crest. At least some vagal precursors resemble sympatho-adrenal
(SA) cells in that they are transiently catecholaminergic (TC) and transiently express
differentiation antigens recognized by SA and B2 monoclonal antibodies (mAB).
Mature serotonergic neurons are known to be bom early in ontogeny and to develop
from TC cells. Experiments were done to determine whether all enteric neurons, or
only a subset, are derived from the TC (SA) lineage. Enteric neurons developed in
control cultures of bowel dissociated at E12-E14. Some of these cells transiently
expressed first SA and then B2 antigens, none of which were expressed by mature
neurons. All cells that expressed B2 were killed by complement-mediated lysis in the
presence of B2 mAB; nevertheless, despite the continuous lysis of all such cells for 6
days, B2' neurons differentiated in vitro, suggesting that enteric neurons can develop
from precursors that do not express the SA/B2 antigens. An arrest of the
development of sympathetic neurons and a delay in the appearance of enteric neurons
has been reported in mice -/- for the MASH-1 mutation. The ENS of -/- animals was
found to be abnormal. In comparison to +/+ and +/- controls, neurons were only
moderately reduced in number, but ganglia were irregular, and very few axons were
present in the ganglionic neuropil. Radioautographic experiments indicated that
neurons and axons able to specifically take up 3H-5-HT were almost absent. These
data suggest that enteric serotonergic neurons develop from an SA lineage that is
arrested in MASH-1 -/- mice. The Enteric neurons that develop in these animals
must be derived from other lineages . Supported by grants NS 15547 and HD17736
and the PMAF.

Retroviral Delivery of Transforming Ha-ras into Cultured Retinal Pigment
Epithelial Explants Causes Induction of Neural Differentiation. J. A.
Schmiesinq and T. A. Reh*. Dept, of Biological Structure and the

280.11

GABA COEXISTS WITH DOPAMINE IN SOME TADPOLE AMACRINE
CELLS. S. Huang* & S.A. Moodv. Department of Anatomy and Neuroscience
Program, The George Washington University, 2300 I Street, N.W.,
Washington, D.C., 20037.
Previous study indicated that the developmental expression of tyrosine
hydroxylase (TH) and neuropeptide Y (NPY) in amacrine cells may be
influenced by neighbors with the same neurotransmitter phenotype (Huang &
Moody, Neurosci. Abstr. 19:1289). This study was designed to similarly
investigate the determination of glycine and GABA expression in amacrine cells.
The initial spatial distribution of these cells and the coexistence of GABA with
other neurotransmitters were investigated. Glycine amacrine ceils were first
detected at stage 41, and they were distributed as small clusters that were seen
in all regions of the developing retina. This distribution pattern is very similar
to that seen for TH and NPY amacrine cells. GABA amacrine cells were first
detected at stage 35/36. They were so numerous that evidence for possible
lineage-related clusters was not discerned. It appeared that all amacrine cells
were GABA-positive, however when sections were double stained for GABA
and TH (which identifies about 1% of the amacrine cells at stage 45), about
10% of the TH amacrine cells also contained GABA. Among the Tfi clusters
we observed doublets comprised of both TH +, GABA- cells, both TH +,
G^A+ cells, and 1 TH + , 1 GABA+ cells. A doublet of TH+ cells in which
only one was GABA+ has not been observed. These results show that there are
two kinds of dopamine amacrine cells (GABA + , GABA-), and they initially
appear in homogeneous clusters.
Supported by NIH-NEI EY10096.

Program in Neurobiology, Univ. of Washington, Seattle, WA. 98195.
Previous studies have demonstrated that acidic fibroblast growth factor
(aFGF) causes the transdifferentiation of embryonic chick retinal pigment
epithelium (RPE) into neural retina. Activation of the ras signaling pathway
is involved in a number of receptor tyrosine kinase mediated events. In
order to investigate the signal transduction mechanism mediating the
process of transdifferentiation, we have infected embryonic day 4.5 (E4.5)
RPE explants with a replication competent avian sarcoma virus (RCAS)
encoding normal Ha-ras or two transforming variants of Ha-ras. Over a
period of 7-10 days, RPE infected with transforming Ha-ras lose
pigmentation, but no other obvious morphological changes are detected.
Cryostat sections were stained with antibodies against a panel of neural and
retinal markers. Transforming Ha-ras induced expression of neural cell
adhesion molecule (NCAM), neurofilament-m (NF-M) and neuron specific
B-tubulin, but expression of visinin and rhodopsin were not detected. NFM and B-tubulin staining reveal that many RPE cells have lost their normal
cuboidal epithelial shape and have adopted a neuronal morphology marked
by numerous cellular processes. Sections labeled with neural markers were
also stained with an antibody recognizing the viral coat protein p27. Those
regions that express neural markers also express high levels of p27.
Additionally, these regions are either devoid of pigment granules or show a
marked decrease in pigmentation. RPE infected with normal Ha-ras do not
display the same degree of pigment loss and do not express any neural
markers. These results - demonstrate that activation of ras signaling pathway
changes cellular phenotype of embryonic RPE.
Research supported by NIH grant EY07031 and NSF grant IBN9309502

280.12
EXPRESSION OF XOTCH CORRESPONDS WITH ACQUISITION OF
CELL FATE IN THE XENOPUS RETINA.
R. I. Dorskv*. D. H. Rapaport and W. A. Harris. Dept, of Biology, University
of California, San Diego, La Jolla, CA 92093.
The Notch family of genes has been implicated in the process of cell fate
acquisition during development of both vertebrates and invertebrates. We

were interested in investigating the function of the Xenopus Notch
homolog, Xotch, in differentiating retinal cells. In this study, we first used in
situ hybridization to localize expression of Xotch at a cellular level in the
embryonic, tadpole and adult frog retina. Xotch expression was found in
the ciliary marginal zones and in a population of mitotic cells in the central
retina, most of which eventually differentiated into Muller glia. Although
Xotch labeling overlapped with areas of cell proliferation, it was not in all
dividing cells and was present in retinas which had mitotic activity blocked,
indicating that Xotch function and expression are independent of cell cycle
activity. We then transfected XotchAE, an activated form of the gene, into
differentiating retinoblasts to examine the effects on cell fate.
We
microinjected DNA and a lipofection reagent into optic vesicles to
misexpress the mutant gene and detected expression with an antibody to a

myc-tag on the protein. Expressing cells appeared to adopt different fates
than those transfected with a control gene, luciferase. Our data support a
hypothesis that Notch genes are involved in cell determination in the
vertebrate retina and that they play a role similar to that in invertebrates in
the processing of differentiation cues.
(Supported by NIH and NSF)
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280.13
ACIDIC AND BASIC FIBROBLAST GROWTH FACTOR PLAY A
SIGNIFICANT ROLE IN THE DEVELOPMENT OF THE NEURAL RETINA
IN THE CHICK EMBRYO. C. Pittack* and T. A. Reh. Dept. of Biological
Structure, University of Washington, Seattle, WA 98195
During embryogenesis, the optic vesicle invaginates and forms a
bilayered optic cup that contains a neural retina (NR) and an adjacent
pigmented epithelial (PE) layer. To elucidate the mechanisms by which
these alternate cell fates arise, we cultured optic vesicles from stage 9-10
embryonic chicks (E 2.0) as explants for 24 hours. Isolated optic vesicles
formed optic cups in vitro with NR and PE layers, as well as a lens. The
optic cups were serially sectioned and processed for
immunohistochemistry to identify the pigment epithelium and neural
retina. Optic vesicles treated with either aFGF or bFGF had a significant
increase in the number of NF-M immunoreactive ceils (5/6) and a
decrease in the area of PE (14/14). By contrast, optic vesicles treated
with antibodies to bFGF had a significant decrease in the number of NF-M
immunoreactive cells (5/7). These optic vesicles also underwent some
interesting morphological changes that included the formation of a
smaller lens or no lens at all and in some cases an optic cup did not form
but rather the optic vesicle became a flattened tube. These experiments
indicate that FGF may be part of the signaling mechanism that directs cell
fate in the developing eye.
Research supported by NSF Grant IBN-9309502.
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280.14
TRIIODO-THYRONINE (T3) PROMOTES DIFFERENTIATION OF RAT
EMBRYONIC RETINAL PROGENITOR CELLS AS CONE PHOTORECEPTORS IN VITRO. M.W. Kellev*. J.K. Turner and T.A. Reh. Dept, of
Biological Structure, University of Washington, Seattle, WA 98195
Previous studies in our laboratory have demonstrated that retinoic acid (RA)
can induce retinal progenitor cells to differentiate as rod photoreceptors in
vitro. The effects of RA are mediated through nuclear localized receptors that
are members of the steroid/thyroid superfamily of transcription factors. The
specificity of receptor-DNA binding interactions is determined through the
formation of different receptor homo- and heterodimers. Therefore, it is
possible that other members of this family, such as thyroid receptors (TR),
might also influence cellular determination in the developing retina.
In order to determine the effects of activated TR's, embryonic day 18 rat
retinal cells were established as high density dissociated cultures and different
concentrations of triiodo-thyronine (T3), the active form of thyroid hormone,
were added to the culture medium. After 6 days in vitro, the phenotypes of
differentiated retinal neurons were identified using immunocytochemistry.
Addition of T3 induced an increase of approximately 200% in both total cell
number and in the number of ceils that differentiated as cone photoreceptors.
However, in the same cultures there was no increase in the number of cells
that differentiated as either rod photoreceptors or amacrine cells.
In order to examine the effects of activated TR-retinoic acid receptors (RAR)
heterodimers, cultures were treated with different combinations of T3 and RA.
Addition of these two factors together caused an increase in the number of
rod photoreceptors that was greater than the previously demonstrated
increase induced by the addition of RA alone. T3 plus RA also caused a
decrease in the number of cells that differentiated as cone photoreceptors.
These results suggest that activated steroid/thyroid receptors may play a key
role in photoreceptor differentiation and that the ratio of activated TRs to RARs
may determine whether a progenitor cell differentiates as a cone or as a rod.
Supported by funds from NINDS and NEI.

280.15

S-LAMININ PROMOTES PRODUCTION OF THE ROD PHOTORECEPTOR
PHENOTYPE. D.D. Hunter*'1. M.B. Parisi2. L. Meduri2. and W J. Brunken2.
Neuroscience Program, Tufts University School of Medicine, Boston, Mass. 02111;
2Biology Department, Boston College, Chestnut Hill, Mass. 02167
The production of the various cell types of the vertebrate retina follows a
stereotyped time course; this schedule is likely to be determined by both intrinsic and
extrinsic factors. We have focused on the latter; in particular, on a component of the
extracellular matrix, s-laminin, that may play a role in retinal differentiation. We
previously showed that antibodies to s-laminin inhibit the production of rhodopsinexpressing, presumptive rod photoreceptors ("rods") in a high density in vitro model
of retinal development. We have now found that neither of two putative rodpromoting factory-taurine or bFGF—alters production of rods in this system, even
when interactions with s-laminin are blocked. We extended these results by asking
whether an s-laminin-rich matrix can directly promote the production of rods.
When perinatal rat retinal cells are plated at high density (3 x 105/weIl in 24well plates) on glass coverslips, many (119/mm2) rods subsequently appear. In
contrast, when these cells are plated at low density (5 x 102/well), few (11/mm2) rods
appear. In such low density cultures, the production of rhodopsin-expressing cells can
be enhanced 5.4-fold (to 59/mm2) by plating the cultures on an s-laminin-rich matrix
derived from C6 glioma cells. Substitution of an s-laminin-poor matrix-created with
antisense s-laminin RNA in C6 cells-reduces the density of rods by 83% (to ^OW).
These changes are accompanied by neither an effect on production of presumptive
Muller glial cells (vimentin-expfessing cells), nor on overall proliferation (assessed
with BrdU incorporation). The alterations in levels of rhodopsin-expressing cells are,
therefore, consistent with our hypothesis that s-laminin is an extrinsic cue that
promotes the differentiation of neuroepithelial cells to rod photoreceptors.
Supported by a Boston College Research Expense Grant and EYO6776 to WJB and
NS29785 to DDH; DDH is a Sloan Foundation Research Fellow

280.17

MULTIPLE PROGENITORS FROM LOCAL EPITHELIUM FORM TASTE
BUDS IN MICE. L.M. Stone* and T,E, Finger. U. Colo. Sch. Med., Denver, CO
80262, P. Tam U. Sydney, Australia and S-S Tan. U. Melbourne, Australia.
The unique neuroepithelial character of taste cells suggests they may arise from
one of two sources: neurogenic tissue or local epithelium. With the exception of
taste cells, all other receptor cells as well as neurons originate from one of three
types of neurogenic ectoderm: neural tube, neural crest or neural placodes. Taste
buds are morphologically similar to lateral line organs which arise from both
neural crest and placodes. However, descriptive studies indicate that taste bud
progenitors come from the local epithelium. To resolve the issue of taste bud
origin, we examined taste buds and surrounding epithelium of transgenic Xinactivation mosaic mice. These mice contain approximately 14 copies of the
HMG-CoA reductase promoter linked to the E. coli. lacZ gene on the X
chromosome. An active HMG-CoA reductase promoter results in the ubiquitous
production of 6-galactosidase in cells of these transgenic mice. However, during
development of heterozygous females, as in all mammalian females, one of the
two X chromosomes is randomly inactivated in each cell. This process is stable
and clonally heritable, hence mosaic populations comprising either expressing or
non-expressing cells provide the opportunity to study clonal relationships. If taste
buds arise from local epithelium, then each taste bud would always match the
surrounding epithelium in terms of 6-galactosidase activity. In contrast, if taste
bud progenitors arise from a migratory population, then the 6-galactosidase
activity of the taste bud would not necessarily match the surrounding epithelium.
Our results show that the taste bud population invariably matches that of the
surrounding epithelium, suggesting that both tissues share a common lineage and
that taste bud progenitors derive from the local epithelium. In addition, this
suggests that both ectoderm and endoderm can generate taste bud progenitors
since different taste buds in the adult lie in epithelium derived from each of these
embryonic layers.
SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

280.16

EXPRESSION OF S-LAMININ IN THE DEVELOPING RAT RETINA
SUPPORTS ITS ROLE IN ROD DEVELOPMENT. R.T. Libbv*1 D.D Hunted.
W. J. BrunkenV ^Department of Biology, Boston College, Chestnut Hill, MA
02167 ^Neuroscience Program, Tufts Univ. Sch. of Med., Boston MA, 02111.
In neuronal development, components of the extracellular matrix (ECM) have
been shown to play several important roles. For example, the ECM molecule slaminin appears to be involved in the phenotypic differentiation of rat rod
photoreceptors (Hunter et al., Neuron 8:399-413, 1992 and Hunter et al., Soc.
Neurosci. abst ’94). Here immunocytochemical techniques were employed to
localize s-laminin in the developing rat retina to determine whether its
expression is spatially and temporally consistent with its hypothesized role in rod
development. Expression was studied prior to and during the period of rod cell
fate determination, which occurs from embryonic day 15 (E15) to postnatal day 8
(P8). Prior to rod genesis - E13 and E14 - s-laminin was detected around the
retinal pigmented epithelium (RPE). On the basal (choroidal) side of the RPE, slaminin immunoreactivity (S-IR) formed a line between the RPE and the
overlying choroid; this was seen throughout development. At E13 and E14, S-IR
also was detected apically in the ECM bordering the RPE; in addition S-IR
spanned the subretinal space and penetrated into the first cell layer of the retina.
Later in development, the apical S-IR is restricted to the RPE surface. In contrast
to the distribution of the S-IR around the RPE, laminin IR in the RPE was
restricted to the basal surface. At the opposite border of the retina, S-IR was
associated with the vasculature as it was always coextensive with von Willebrand
Factor, an endothelial marker. These data demonstrate that s-laminin has the
proper spatial and temporal expression to fulfill its hypothesized role in rod
development in mammalian retina.
Supported by Boston College research expense grant (WJB), EY6776 (WJB) and
NS29785 (DDH). DDH is a Sloan Foundation Research Fellow.

280.18
DEVELOPMENTAL POTENTIAL OF CELLS DISSOCIATED FROM THE
MATURE AND DEVELOPING OLFACTORY ORGAN AND TRANSPLANTED
INTO THE FETAL BRAIN.
L. Magrassi* and P. P. C.

Graziadei. Florida State Univ., Tallahassee, FL 32306.
Specific, developmentally regulated transcription factors are differentially expressed in olfactory placodes
with respect to neurons in the CNS. We studied developmental potential of isolated olfactory and vomeronasal
precursors from the beginning of morphological differentiation of the organ in the embryo to developed olfactory
mucosa in the adult. Dissociated cells were transplanted
from developing and adult olfactory organs of rats into
developing CNS of E15 rat embryos. Engrafted cells survived the procedure and descendants were still present 46
days after transplant; 40 days after birth of the host.
Engrafted cells were labeled in vivo by bromodeoxyuridine
injection to the donor's mother and in vitro by Dil after
dissociation. Although Dil labeling fades with increase of
survival time and usually less than 50% of engrafted cells
were labeled by BrdUdr, examples of neurons, glia, and
microglia-macrophages derived from transplant cells were
seen in the CNS of host animals. Results show cells dissociated from the epithelial portion of the olfactory and
vomeronasal organs (nervous structures developing independently from the neural plate) can be transplanted into rat
fetal brains and change completely their fate, developing
according to the site of their new position.
LM support, University of Pavia. PPG support;, NIH grants.
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MUSCLE AFFERENT DISTRIBUTION FOLLOWING STAGE 13/14
AP NEURAL TUBE REVERSALS. Michael P. Matise* & Cynthia Lance-

DEPOLARIZING STIMULI PROMOTE CATECHOLAMINERGIC
DIFFERENTIATION OF PRIMARY SENSORY NEURONS.
G. Fan* andD, M, Katz. Department of Neurosciences, CaseWesternReserve
University Sehccl cf Medicine, Cleveland, OH 44106-4975.
During fetzl develcpment, robretr cf neorcnr in the ncdcre (NG) end retrcsel (PG)
erzniel renrcry ganglia zeqoire z rteble ezteehcleminergie (CA) trenrmitter phenctype.
Hcwever, we previcorly fcond thet mzny mcre fetzl erzniel, zs well zs rpinel, renrcry
neorcnr ere ezpeble cf exprerring CA treitr, roeh zs the bicrynthetie enzyme tyrcrine
hydrcxylzre (TH; Fen & Kztz, 4993). It ir onelezr, therefcre, hcw differentizl
exprersicn cf the CA phenctype ir regolzted. The present study exemined whether
levels cf neorcnzl zetivity during fetel develcpment mzy plzy z rcle in prcmcting CA
phenctypie exprersicn. Treetment cf embrycnie dey (E)16.5 ret Ng dirrceiete
eoltores with e depclzrizing ecneentrzticn cf KC1 (34 mM) resulted in en 18-fcld
inereere in the pereentzge cf TH senscry neorcns withcot z ehznge in neorcnzl
rorvivzl (Mezn±SEM: CON=2.55±O.33, KC1=46.57±1.31). Treetment with
veretridine (10 gM) yielded rimilzr results, indiezting thet TH exprersicn ezn be
inerezred by depclzrizing zgents thet zet thrcogh diverse mechanirme. Mcrecver, KC1
indueed ecmperzble inereeses in TH exprersicn in the presenee end zbrenee cf
genglicnie ncn-neurcnzl eells, indiezting e direet effeet cf renrcry neorcn
depclerizzticn. In zdditicn tc inerezsing TH exprersicn, KC1 treetment zlrc led to
eleveted trenrmitter synthesis. HPLC enelyrir demcnstreted e 4-fcld inereere in
dcpemine levels in KCl-trezted NG eoltores ecmpzred tc ecntrclr (CON=7.11+2.59,
KC1=27.97±4.11 pg/gznglron). This wes zeecmpznied by z merked inereere in the
number cf ncdcre neorcnr exhibiting glycxylie zeid-indoeed ezteehclemine
flocrereenee. Depclzrizing stimuli were less effeetive et stimolzting TH exprersicn in
clder neorcnr. Fcr exemple, KC1 treetment cf newbcrn NG dissceiztes led tc cnly e
2-fcld inereere in the pereentzge cf TH renrcry neorcnr (CON=6.95±0.35,
KC1=12.98±0.27). There dztz reise the pceeibility thet depclzrizing stimuli,
pzrtieolzrly during fetzl develcpment, mzy plzy e rcle in prcmcting CA differentieticn
cf primzry renrcry neurons. Soppcrted by HL-42131 (DMK).

Jones , Department of Neurobiology, University of Pittsburgh School of
Medicine, Pittsburgh, PA 15261.
Sensory afferents innervating individual muscles in the chick hindlimb are
found in a characteristic set of contiguous lumbosacral (LS) dorsal root ganglia
(drg). These muscle afferent distributions parallel segmental motoneuron
distributions to the same muscles. It has previously been shown that, following
the reversal of 3-4 anterior LS neural tube segments 180° about the anteriorposterior (AP) axis at stages 15-16 (Hamburger & Hamilton, 1951), both
motoneuron and muscle afferent distributions were reversed (Lance-Jones &

Landmesser, 1981; Honig et al.,1986). These results suggest either that
muscle afferent precursors (neural crest cells) are target-specified by stage 15,
or that these afferents are guided by motoneuron axons.
Recently, we have shown that AP neural tube reversals at stages 13-14
result in motoneuron distributions which are not reversed, and are appropriate
for their new position (Soc.Neuro.Abstr.18,1111,1992;19,33,1993). This
result suggests that motoneurons are not target-specified at these early
neural tube stages. In these experiments, neural crest precursors were also
reversed. We have now studied muscle afferent distributions in these
embryos. We find that afferent distributions, determined by retrograde
transport of HRP from sartorius and femorotibialis hindlimb muscle injections at
E10 (stage 36), were similar to controls. This finding suggests that muscle
afferent precursors are not yet target-specified at stages 13/14. When
compared to motoneuron distributions to these same muscles in the same
embryos, afferent distributions matched quite closely. Our data suggests that
muscle sensory afferents may be guided to their targets by motoneuron
axons, or that the same specification and/or guidance mechanisms operate
separately on both populations of axons.
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CUTANEOUS AND MUSCLE AFFERENTS: DIFFERENTIAL
EXPRESSION OF ADHESION MOLECULES IN VITRO. S. A. Scott*. C.

CUTANEOUS AND MUSCLE AFFERENTS: INTERACTIONS WITH MYOTUBES
IN VITRO. C. J. Wccdborya end S.A. SerotL Dept. cf Neurobtetegy end Anztcmy,
Univ. cf Utah Sehccl cf Medieine, Szlt Lzke City, UT 84132.
During develcpment, eotzneco.r end mosele efferents zppeer tc fcllcw different
eoes tc their respeetive peripheral targets. Prevfous in vitro studies reveeled thzt
eotaneous end murele efferent grcwth ecnes respcnd differently tc skin explentr (Sectt,
Sce Neorcsei Abrt 18:1274). The present experiments were designed tc test the
reeponee cf these efferents tc myctuber. Explents frcm the trigeminzl system cf E10
ehieken embrycs, where murele (TMN) end eotznecus (DM-TG) efferents zre lergely
znetcmiezlly repente, were ec-eoltored with myctobes derived . frcm jzw cr peetcrzl
museler cf E12 embrycr. Interzeticns were fcllcwed with time-lzpse videc
miercsecpy.
•
The mejcrity cf DM-TG neurites (23/27) zppeered tc lergely igncre myctobes
end grew zercss with little cr nc ehznge in direeticn; mcst (18/23) ercssed in under 40
minutes, zlthcogh z few tack moeh lcnger. Twc zdditicnzl neurites retrzeted, wherezs
twc cthers remeined in ecnteet tc the end cf the reecrding. In ecntrzst, TMN neurites
zppezred tc exhibit mueh mcre heterogeneity. Relztively few (8/28) ercsred the
myctobe. Coriooely, hzlf (14/28) cf ell TMNs retrzeted frcm the myctobe; hzlf cf
these retrzeted in < 20 min, zlthcogh nezrly zs mzny (6/14) stayed in ecntzet fcr > 45
minutes before retrzeting. Surprisingly few TMNs (6/28) remeined in ecntzet with the
myctube thrcoghcot the reecrding; hcwever, mzny cf these ehznged ecorse end grew
in elcse zppoeiticn zlcng the myctube. Overzll, the TMNs tended tc remzin in ecntzet
with myctuber fcr lcnger pei-tods then DM-TGr; zfter 90 minutes, 25% cf TMN
neurites were still in ecntzet zs cppcsed tc cnly 7% cf DM-TG neurites. Whether the
onexpeeted hetercgeneity in the behzvicr cf TMN neurites tcwerdr their presumed
ncrmel targets in vitro refleets previcus target innervzticn, hetercgeneity zmcng TMN
efferents (e.g., spindle, GTO, free nerve endings) ot hetercgeneity zmcng the myctuber
themselves is onkncwn. Despite this vzrizticn, hcwever, cor cbrerveticns ecnfirm thet
DM-TG end TMN popolzticne differ cverzll in their behzvicr tcwerdr pctentizl targets
in vitro. (Suppcrted by NIH grznt NS 16067 tc SAS.)

A. Chau, and K. F. Randazzo. Dept, of Neurobiology and Anatomy, Univ.
of Utah Sch. of Med., Salt Lake City, UT 84132.
During embryonic development, cutaneous and muscle afferents
appear to use different cues as they grow to their respective targets. We
have recently shown that there are also differences in the behavior of
individual cutaneous and muscle afferent growth cones upon encountering
target skin or myotubes in vitro (Scott, Soc Neurosci Abst 18:1274;
Woodbury & Scott, this volume). To test whether these observations
reflect differences in the surface adhesion molecules expressed on the
growth cones of sensory neurons, we labeled growth cones from explants
of avian trigeminal mesencephalic nucleus (TMN), which contains only
muscle afferents, and from the dorsomedial pole of the trigeminal ganglion
(DM-TG), which is largely cutaneous, with antibodies to molecules involved
in adhesion or fasciculation.
Comparison of the relative intensity of labeling revealed striking
differences in the patterns of expression of adhesion molecules on
cutaneous and muscle afferents from E10 embryos. For example, TMN
neurons did not express detectable levels of axonin-1, whereas DM-TG
neurons were brightly labeled, as in vivo (Yip et al., Soc Neurosci Abst
19:1090). Cutaneous growth cones also appeared to express significantly
more L1 than did muscle afferents, in contrast to afferents in avian dorsal
root ganglia (Honig, Soc Neurosci Abst 17:209). Further experiments are
required to determine if any of these molecules play a role in growth cone
behavior or target selection either in vivo or in vitro. (Supported by
NS16067 toSAS)

281.3

281.4

LOCAL INFLUENCES ON BOTH THE INITIAL ORIENTATION AND SUBSEQUENT NAVIGATION OF THE C-CELL GROWTH CONE ARRAY IN THE
MEDICINAL LEECH. D.M. Kcpp* end J. Jellies. Neurcbiclcgy Resezreh Center end
Dept. Physicl. & Bicphys., Univ. cf Alzbzmz, Birminghzm, AL 35294.
Segmentzlly iterated C-eells in the embrycnie leeeh, Hirudo medicinalis, eeeh extend
zbcot 70 pzrellel grcwth ecnes. This provides z relztively simple in vivo system tc
exzmine grcwth ecne nzvigzticn. C-eell grcwth ecoes undergc en initizl pericd cf
relztively slcw grcwth end zlignment thet is fcllcwed by rapid, direeted extensicn
thrcogh the bcdy well. Previcus oltraetroctorzl studies demcnstreted thet grcwth ecnes
interzet exelosively with extrzeellulzr metrix. Forthermcre, the zverzge veetor cf
filicpcdiz cn clder, ecrreetly zligned grcwth ecnes zeeorztely prediets their direeticn cf
cotgrcwth. These results wcold be e^ristent with either z predcminznt rcle fcr intrinsie
eytcskeletzl ccnetrainte cr zetive sempling cf the lcezl envircnment. We fzvcr z rcle fcr
metrices in providing lceel grcwth ecne goidenee infcrmzticn fcr several reescnr. 1)
During the ezrly phese cf zlignment, grcwth ecnes routinely prcjeet in inzpprcpriete
wzys. These ezrly grcwth ecnes cften extended zlcng eetzbliehed lcngitodinel end eireulzr
murele founders, but phctczblzticn cf murele eells ezosed few nzvigzticnzl errors. We
suggest thet while phctczblzticn kills the mosele eells, it mzy leeve behind z metrix
imprinted with crientzticn infcrmzticn. 2) The mcrphclcgy cf 280 terminzl grcwth
ecnes wes znelyzed end the mezn prcjeeticn veetcr cf their fiioppclie predicted their
mcvement intc z future cbliqoe trzjeetcry. This is e^ristent with the idee thzt filcpcdie
ere reepcneive tc the lceel envircnment. 3) Smell strips cf bcdy well were remcved frcm
embrycnie dzy 10 dcncrs, rctzted zbcot 45 degrees end trensplented intc e sibling host
(n=7). Ccntrcl trzneplznte were nct rctzted. After zbcot cne week, C-eells were injeeted
with Loeifer yellcw. In the experimentzl prepzraticne, grcwth ecnes recriented et zbcot z
45 degree zngle zs they entered the regicn cf rctzted eetcpie tissue. This strongly
suggests thet lcezl guidenee feHtorer ere still present end thzt grcwth ecnes ezn respcnd
tc them in predietzble wzys. We zre eorrently pursuing these studies by exzmining the
stator cf murele bzsel lzminz et bcth the light end eleetrcn micrcsccpie level. Soppcrted
by NIH 28603, NSF 9209237 end z Steen Fcondztton Fell<^'wehip (Jellies).

EXTRACELLULAR PROTEIN KINASE C SCEctoPKC) IN BRAIN NEURONS:
ROLE IN NEURITOGENESIS. H-Ai. Yang. Z. Pawlowsko. E. Kornecki*.
MV. Hogan and Y.H. EhrUch. CSI/IBR Ctr. Dev. Neurosci., CUNY at
Staten Island, N.Y. 10314 & The Biol. Doc. Prog, of CUNY Grad. Sch.
The role of ecto-PK in neuronal development was studied in
primary neurons cultured from the telencephalon of 7-day chick
embryos. Proteins with apparent MW of 116K, 105K, 67K, 53K,
17K, 13K, and I2K were identified as endogenous substrates of ectoPK in these cells. Phosphorylation of the exogenous substrate
myelin basic protein (MBP) suggested the presence of a surface
located PKC. Indeed, peptides with the sequence recognized
specifically by PKC (pseudosubstrate and serine-pseudosubstrate)
inhibited the phosphorylation of three endogenous protein substrates
with MW of 67K, 13K, and I2K (which competed with MBP). A
monoclonal antibody developed against the catalytic site of purified
PKC (M.Ab. 1.9) inhibited selectively the surface phosphorylation of
the 67K, 13K, and 12K endogenous proteins when added to the
medium and reacted with intact cells. An antibody directed to the
catalytic region of the PKC isozyme 5 inhibited selectively the
surface phosphooylation of the 12K and 13K proteins, whereas an
antibody to the PKC isozyme Z inhibited only the phosphooylation of
the 67K protein in an ecto-domain, but not that of the 12K and 13K
proteins. The surface phosphor■rJlation of the 12K and 13K proteins
by ecto-PKC 5 reached a maximum during the period of maximal denovo neurite outgrowth and then declined, Indicating a regulatory
role in neuritogenesis.
Supported by NIH Grant no. HD 28788.
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281.5

281.6

TRANSFECTION AND EXPRESSION OF CALBINDIN-D28K IN
B104 NEUROBLASTOMA CELLS RESULTS IN AN INHIBITION
OF NEURITE ELONGATION IN RESPONSE TO RETINOIC
ACID. R. Gill. W. Hunziker1 and S. Christakos*. Dept, of
Biochem. UMD-New Jersey Medical School, Newark, NJ 07103 and

EGF AND KCL DEPOLARIZATION SYNERGISTICALLY INDUCE
NEURITE OUTGROWTH IN PC 12 CELLS. M.D. Mark. D.R. Storm*.
S. Wong. T.R. Hinds and Y. LiuL Dept. of Pharmacology, Univ. of
Washington, Seattle, WA 98195*. Dept, of Pathology, University of
Oklahoma, Oklahoma City, OK 73I9Ot
The rat pheochromocytoma cell line (PC 12) has been used as model system for
examining the mechanisms underlying neurite outgrowth. Previous studies have
demonstrated that nerve growth factor (NGF) induces neuronal differentiation, where
as epidermal growth factor (EGF) promotes neuronal proliferation in PC 12 cells. In
the present study, we report that EGF can induce neuronal differentiation in
combination with KC1 depolarization in PC12 cells. In attempts to elucidate the
mechanisms underlying EGF/KC1 induced neuronal differentiation, we measured the
levels of cAMP accumulation in whole cells. There was a 30-50% increase in cAMP
accumulation following EGF/KC1 treatment- Furthermore, elevation of intracellular
cAMP levels with dibutyryl-cAMP, forskolin or pertussis toxin applied in
combination with EGF induced neuronal differentiation m PC12 cells. In addition,
pretreatment with H89 (protein kinase A inhibitor) partially inhibits EGF/K.C1
induced neurite outgrowth of PC 12 cells. In order to examine the possible elevation
of cAMP by PKC activation of adenylyl cyclase, we treated cells with IpM phorbol
12-mynstate 13-acetate (PMA). Down regulation of PKC significantly inhibited
EGF/KC1 and EGF/dibutyryl cAMP differentiation. The addition of 5OnM PMA and
EGF will promote neunle outgrowth in these cells. Inhibition of transcription and
translation with actinomycin D and cycloheximide, respectively also blocks EGF/KCI
and EGF/dibutyryl induced differentiation. These results suggest that EGF/KC1
induced neurite outgrowth may be due to increased intracellular cAMP levels via PKC
and EGF-dependent transcription in PC12 cells.

'Hoffmann LaRoche, Basel, Switzerland.
In order to further the understanding of the functional significance
of neuronal calbindin-D28k, we transfected and expressed calbindin in
B104 neuroblastoma cells which do not contain calbindin
endogenously and examined changes in neurite extension in response
to retinoic acid (RA). A full-length rat calbindin-D28 cDNA sequence
was subcloned into the eukaryotic expression vector pBC4O. Stable
transfections were carried out using calcium phosphate precipitation.
mRNA was isolated from control B104 cells and B104 cells stably
transfected with calbindin. Using 35S methionine and a cell-free
system we found that calbindin-D28k could be immunoprecipitated
using mRNA from the calbindin transfected cells but not from control
cells. In control cells neurite elongation was observed 24, 48 and 72
h after RA treatment (10'8 M). In contrast, in the cells stably
transfected with calbindin, neurite elongation was suppressed at all
times examined. Since optimal levels of calcium influx promote
neurite elongation, expression of calbindin may result in calcium
buffering which would alter the levels of free intracellular calcium
required for neurite outgrowth.

281.7

281.8

THE MECHANISMS UNDERLYING BASIC FIBROBLAST GROWTH
FACTOR-MEDIATED AXONAL BRANCHING OF CULTURED RAT
HIPPOCAMPAL NEURONS. A.Aovagi*. H.Saito and K,Abe. Dep^ of
Chem. Pharmacol., Fac. of Pharmaceut. Sci., The Univ. of Tokyo, Tokyo
113, Japan.
Investigations of cellular mechanisms underlying neuronal
morphogenesis are very important not only for understanding of the
nervous system development but also for therapy of neurodegenerative
disorders such as Alzheimer’s disease. We have recently found that basic
fibroblast growth factor (bFGF) selectively enhanced axonal branching
without affecting axonal elongation of cultured rat hippocampal neurons.
In the present study, we analyzed in more detail the effect of bFGF on
neuronal morphogenesis using cultured rat hippocampal neurons. The
branching-accelerating effect of bFGF was concentration-dependent (0.1-10
ng/ml), which was abolished by the presence of anti-bFGF neutralizing
antibody. Removal of bFGF restored the effect to the basal rate,
suggesting that the action of bFGF is reversible and that the continuous
presence is required for bFGF to accelerate the branch formation.
Treatment with either heparitinase or tyrosine kinase inhibitors,
herbimycin A and lavendustin A, blocked the branching enhancement by
bFGF, indicating the importance of heparan sulfate and tyrosine kinase
in bFGF signal transduction. Forskolin, an adenylate cyclase activator,
significantly promoted the axonal elongation but did not affect the neurite
branching. The branching-accelerating effect of bFGF was not blocked by
a protein kinase A inhibitor H-89. Treatment with a protein kinase C
activator phorbol-12-myristate-13-acetate did not significantly affect the
neurite branching, and the action of bFGF was not blocked by a protein
kinase C inhibitor staurosporine. These results suggest that protein kinase
C and protein kinase A is unlikely to play a role in branch formation.

A TARGET-DERIVED CHEMOATTRACTANT ENHANCES DE
NOVO FORMATION OF CORTICAL AXON BRANCHES IN
VITRO. M. Sato*. L. Lopez-Mascaraque and D.D.M. O'Leary.
Molecular Neurobiology Lab, The Salk Institute, La Jolla, CA 92037
During development, cortical layer 5 axons recognize and innervate
their brainstem target, the basilar pons, by a mechanism that does not
involve the primary growth cone. Instead, target-recognition is
characterized by the de novo initiation and extension of collateral
branches along the length of the axon (O’Leary & Terashima, Neuron,
1988). Coculture studies in collagen matrices indicate that the basilar
pons releases a diffusible activity that attracts from a distance collateral
branches of layer 5 cortical axons (Heffner et al., Science, 1990).
We have used "delayed” and isochronic cocultures, and time-lapse
video microscopy, to address whether the pontine-derived chemoattractant initiates the formation of collateral branches, as well as
directing their growth. Explants of basilar pons enhances by 5-fold the
de novo initiation of transient branches along the axon shaft with a mean
lifetime of 2 minutes; most of these branches are directed towards the
pontine explant. 2 - 3% of the branches extended towards the pons are
stabilized, resulting in about 1 stable, directed collateral branch per 24
hrs per axon. Branches that extend away from the pons, or form in
cocultures of cortex and a control tissue explant, have not been observed
to be stabilized. Pons-conditioned medium also enhances the generation
of transient branches. These experiments provide evidence that the
diffusible activity released from the basilar pons enhances cortical branch
initiation, a novel action for a chemoattractant. (Present addresses: M.S.Dept of Anat I, Osaka City Univ Med Sch, Osaka, Japan; L.L.-M. Instituto Cajal, Madrid, Spain.)

281.9
VIDEO MICROSCOPY OF INTERSTITIAL BRANCH FORMATION
ALONG CORTICOSPINAL AXONS IN LIVING BRAIN SLICES
M. Bastmever* and D.D.M. O’Leary. The Salk Institute, La Jolla, CA.

Layer 5 cortical axons recognize and innervate their targets in the
brainstem and spinal cord by a mechanism that does not involve the
primary growth cone. These axons pass by their targets and collateral
branches arise days later interstitially along the axon shaft far behind the
growth cone. To establish definitively whether these branches form de
novo or from remnants of the growth cone, and to study the dynamics of
this process, we have established a slice culture system containing the entire
pathway of layer 5 axons from the cortex to the spinal cord.
Corticospinal axons were labeled by Dil injected in the cortex of
newborn mice. 12 hrs later a parasagittal slice was cut exposing the
corticospinal tract over the basilar pons, a target of corticospinal axons.
Labeled axons over the basilar pons were time-lapse imaged for periods of
up to 10 hrs using a SIT camera. We observed that a corticospinal axon
can have multiple active sites millimeters behind its growth cone and
characterized by the transient extension of filopodia-like structures or on
occasion “ruffling” along the axon shaft. Varicosities were observed both
to form de novo and to disappear, and they typically moved up and down
the axon. The active sites were often associated with varicosities but tended
to remain in place. The filopodia-like structures exhibited cycles of
elongation and retraction over several hours, and sometimes disappeared
completely; some eventually stabilized and formed branches up to 15 pm
in length. Active sites were rarely seen along these axons just caudal to the
pons where branches are not formed in vivo. Activity along the axons over
the pons diminished a few days after branches were first observed.
Our results demonstrate that: (1) collateral branches can form de novo
along corticospinal axons; (2) the axon shaft is dynamic with multiple sites
of activity; (3) only a proportion of the active sites form stable branches;
(4) active sites are spatially and temporally restricted.
SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994
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DYSFUNCTIONAL NEURITE GROWTH AND NERVE GROWTH FACTOR
INVOLVEMENT IN NF-1 NEUROFIBROMATOSIS M.R. Michaud. V.M.
Riccardi and C.E. Hulsebosch . Depts. of Anat. and Neurosci., Marine Biomed.
Inst., Univ. of Texas Med. Br., Galveston, TX 77550.
NF-1, a disorder of neural crest derived cells, is characterized by glial-like cell
proliferation which results in tumors. These experiments focus on the role of
neurons and Nerve Growth Factor (NGF) in the uncontrolled growth of NF-1
tumors. Neurofibromas (n=2), neurofibrosarcomas (n=2) and NF nerves (n=l)
were obtained from surgical excisions of patients who met the criteria for NF-1
neurofibromatosis. Tissues were examined by standard histological techniques and
immunocytochemical techniques. The following antibodies were used: anti-GAP43 (specific for neuronal growth cones), antl-nourofilamont protein NF-68
(specific for neuronal processes), anti-p75 human NGFR, anti-trk A (receptors of
NGF), anti-GFAP and anti-galactocorobrosido (controls, for glial cells). Densities
of reaction product were measured with a Quantex Image Analysis System. The
data was converted to mean optical density from background. Statistical methods
were ANOVA and Student’s T-test compared with controls with p<0.05. All
reaction products were statistically significant from background. GAP-43
demonstrated bifurcating processes along the margins of all tumors but little or
no reaction in the core portions whereas NF-68 reacted homogeneously in nervelike processes while p75 NGFR and trk A co-localized with glial elements
homogeneously. This data, together with previous reports that NF-1 tumors
contain a transmitter of fine primary afferents, CGRP, and have a large
population of unmyelinated fibers, support the hypothesis that these tumors are
formed by dysfunctional continued neurite growth of C-fiber polymodal
nociceptors, that NGF is involved and that glial proliferation is a related event.
Supported by NS 11255 and The Texas Neurofibromatosis Foundation.
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SERUM-FREE B27/NEUROBASAL MEDIUM SUPPORTS
DIFFERENTIATED GROWTH OF NEURONS FROM THE
STRIATUM, SUBSTANTIA NIGRA, SEPTUM, CEREBRAL
CORTEX, CEREBELLUM AND DENTATE GYRUS, P.J. Price1* and
G.J. Brewer2. 'Life Technologies, Inc., Grand Island, NY 14072 and
Southern Illinois Univ. Sch. Med., Springfield, IL 62794.
Two fundamental questions about cultured neurons were
addressed. Can one serum-free medium that was developed for
optimum growth of hippocampal neurons support the growth of
neurons from other regions of the brain? Is the region specific state
of differentiation maintained in culture? To answer these questions,
we isolated neurons from six other rat brain regions and cultured them
for 4 days in B27/Neurobasal™ defined medium. Distinctive neuronal
morphologies were maintained in culture for each brain region in the
virtual absence of glia. For cells plated at 16^/mm2, survival of cells
from cerebral cortex was 70%, septum (45%), dentate granule (40%),
cerebellar granule (45%), substantia nigra and striatum (50%). The
dopaminergic phenotype of the substantia nigral neurons was
maintained over two weeks in culture as judged by immunoreactivity
with antibodies to tyrosine hydroxylase. During this time, previously
synthesized enzyme concentrated in the soma was distributed into the
growing processes. Together, these studies suggest that
B27/Neurobasal will be a useful medium for maintaining the
differentiated growth of neurons from numerous brain regions.

NEUROTROPHIN RECEPTORS ARE EXPRESSED BY DRG NEURONS
DURING THE PERIOD OF PROLIFERATION OF NEURONAL PRECURSORS
AND EARLY AXON EXTENSION BY DIFFERENTIATED NEURONS. L.
Zhang*. I. Silos-Santiago, R.W. Gerfen. D.E. Wright. W,D, Snider. Dept.
Neurology, CSNSI, Washington Univ., Med. Sch., St. Louis, MO, 63110.
Previously, we have observed that by E12 rat DRG neurons express neurotrophin
receptors suggesting a capacity to respond to neurotrophins at an early developmental
stage. Here we investigate patterns of receptor expression in relation to cell
proliferation and early axon outgrowth. We show that by Ell, when the first neural
crest cells populate the DRG, trk.\- and /rttC-expressing cells are present. There is
also intense expression of p75 along the spinal nerves. Although trkC is the most
abundant message at Ell, it is clear that not every cell in the DRG expresses this
transcript. By E12 all 4 NT receptors are expressed in the DRG. When in situ
hybridization with both trkC and trkB probes was performed, we observed that more
cells were labeled than with either probe alone suggesting even at this early stage
labeled cells may be belong to different neuronal populations. Interestingly, this is a
period of very active cell proliferation in the DRG. Even as late as El 3, we observed
that cell proliferation is still occurring in the DRGs by BrdU labeling. To test the
hypothesis that ligands for these receptors are present at these early stages, we
performed in situ hybridization with riboprobes for NT-3 and BDNF. We observed
NT-3-expression within the DRG and in the ventral region of the spinal cord by El 1.
However, BDNF expression was observed only in the DRG. In order to assess the
relationship of receptor expression to target encounter, we placed crystals of Dil in the
DRG of El 1 embryos. We labeled both central and peripheral axons of DRG neurons,
however, these processes were far away from their target fields. These results indicate
that trks and p75 are expressed within the DRG during a period of proliferation and
prior to peripheral or central target innervation. These data are consistent with the
idea that local expression of neurotrophins may regulate DRG sensory neurons prior
to their target encounters.

281.13

281.14

NEURITE OUTGROWTH INHIBITORY ACTIVITY IS PRESENT
IN THE ADULT RAT CEREBRAL CORTICAL GRAY MATTER.
A. Ghosh* and S. David. Center for Research in Neuroscience,
Montreal General Hospital Research Institute, McGill University,
Montreal, Quebec, H3G 1A4.
The presence of molecules which inhibit axon growth may play an
important role in the prevention of regeneration following injury in the
adult CNS. Such molecules have been characterized in the adult rat
white matter but not the gray matter.
Neurite growth, assayed using NG108-15 cells plated onto CHAPS
solubilized membrane extracts from the adult rat cerebral cortical gray
matter, was reduced by 40 % as compared to controls. Membrane
extracts were fractionated on either CM-Sepharose or DEAE-Sepharose
ion-exchange columns. In the CM-Sepharose separation, 25 out of 58
fractions were found to have inhibitory activity as high as 45 %, while
in the DEAE-Sepharose separation, 12 out of 61 fractions had
inhibitory activity up to 30 %. In some of the fractions, the proteins
formed alternating bands of poly-L-lysine (PLL) and protein as
visualized with Coomassie blue. In such cases the cells showed
preferential growth on PLL, further demonstrating the non-permissive
properties of these fractions.
The inhibitory fractions are being used to generate monoclonal
antibodies. These results suggest that neurite growth inhibitory activity
is present in the adult rat gray matter.

THE EFFECT OF APPLIED DC ELECTRIC FIELDS ON THE
ORIENTATION AND GROWTH OF NEURITES OF
DIFFERENTIATED PC12 CELLS. M. E. McGinnis*, R. T. Cork. T
Tsai and K. R. Robinson. Biology Dept., Spelman College, Atlanta,
GA 30314 and Dept, of Biological Sciences, Purdue University,
West Lafayette, IN 47907.
The neurites of a variety of neuronal cell types orient with
specific geometries in response to applied DC electric fields in vitro.
This study examined the response of PC12 cells (a cell line derived
from rat adrenal chromaffin cells) to small applied fields after
treatment with NGF to induce differentiation to a neuronal
phenotype. Cultures were exposed to uniform fields for 48 hours
and the angular distribution of the neurites was determined by
digitizing photomicrogaphs and calculating various asymmetry
indices. The basic finding was that, while control cultures
exhibited a uniform distribution of neurites with respect to the
soma, neurites of the treated cultures were biased towards the
anode. The magnitude of this bias was strongly correlated with
field strength, with a detectable response as low as 1 mV/mm.
Above 30 mV/mm the neurites growing towards the cathode were
shorter than those growing toward the anode or perpendicular to
the field, although this response was not correlated with field
strength. This report confirms that mammalian neurons respond
to electric fields, although the apparent anodal response is contrary
to that seen in other cell types.

281.15

DYNAMIC INTERACTIONS AND THE MORPHOLOGICAL
DEVELOPMENT OF THE D MOTONEURONS IN C.
ELEGANS. J. A. Plunkett. L. Li, R. B. Simmons and W. W.
Walthall*. Dept. of Biology, Georgia State University, Atlanta,
GA 30302.
The fact that cell-cell interactions play critical roles in
neural cell differentiation is well documented in C. elegans.
Through selected ablations of target muscle we have
examined the role that these interactions play in the
morphological differentiation of the D motoneurons (mns).
The complete cell lineage of C. elegans has been
determined. The C stem cell lineage, specifically (Cap and
Cpp), gives rise to embryonic muscle. Selective ablations of
these cells were performed, and most of the muscle in the
posterior 1/4th of the animal was eliminated. Double label
immunostaining of the D mns and muscle revealed that in
regions "devoid" of muscle two major changes had occurred.
Ectopic muscle had moved into the ablated region and
multiple branches of D mn processes were associated with
the ectopic muscle. This was in contrast to regions of intact
muscle in which the D mns were unbranched. These data
suggest that muscles participate either directly or indirectly in
the establishment of D mn morphology.
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TIME-LAPSE STUDY OF THE FORMATION OF THE PERIPHERAL
TERMINAL FIELDS OF PRESSURE SENSORY NEURONS IN THE
LEECH. H. Wang* and E.R. Macagno. Dept. of Biological Sciences,

Columbia University, New York, N.Y. 10027

The receptive field of a pressure-sensitive (P) neuron consists of three
adjacent subfields generated by separate axonal projections that exit the

CNS from three adjacent ganglia. There is no overlap between these
subfields, although homologous P neurons overlap extensively with one

another.

We are studying how interactions between processes of the

same cell might be responsible for this lack of overlap between the

subfields.

Labeling neurons in 9-day-old embryos with the lipophilic

fluorescent dyes, we have recorded the growth of terminal arborizations
in vivo over periods of at least 12 hours. In observations at 1 min
intervals, we have detected the rapid extension and retraction of thin,

filopodia-like processes and branches.

The peak velocity of these

movements can reach 10 pm/min, although generally the movements
are slower. Branching patterns are clearly very dynamic. Moreover, we
have observed different branches of a cell subsequently occupying a

particular location, which suggests that branches interact with one

another, either inhibiting each other’s growth directly or by competing for
some unknown factors present in the target region.

We are currently

assaying whether branches of the same cell do contact each other

before retracting and examining how disconnecting individual branches
of a cell with a laser microbeam affects the growth of other branches of

the same cell.
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Michael O. Poulter, Yves Larmet.
Rebecca Pruss* and Paul Feltz . Laboratoire de physiologic generate, Univ.
Louis Pasteur. Strasbourg. France.
The rat central nervous system (CNS) beginning around embryonic day 15
preferentially expresses <x2,a-3,a5,f2>P3 and 72s GABAa receptor subunit
mRNAs. Evidence has accumulated over the past few years which suggests that
GABAcrgic signals may be neurotrophic and this differential subunit expression
may be a mechanism by which the GABAergic signal is tailored. In situ
hybridisation histochemistry was used to determine the expression of the
GABAa receptor subunit mRNAs which predominate during ontogeny in
cultured embryonic and new born rat cortical neurones. After one day in
culture, neurones isolated from post natal rat pups were found to selectively
express GABAa receptor subunit mRNAs coding for a-a, a.5, p3 and y2
subunit mRNAs in both the cell somas, neurites and growth cones of a
subpopulation of cells having a bipolar morphology . In contrast, the expression
of 1x3 and P2 subunit mRNAs was confined to the cell somas. The expression
of mRNAs in neuronal processes was also transient. After 5 days in culture it
was rarely observed. However, the ncuritic expression of mRNAs could be
maintained by growing the cells in low density cultures which limits cell to cell
contact. In contrast, these expression patterns were not seen in cells isolated
from embryonic rats. These results imply that GABAa receptor subunit mRNAs
arc transported in neural processes during the
differentiation and
synaptogenesis of the cortex, whereas during the migratory phase of
development this type of expression is not observed.

RECIPROCAL INDUCTION OF COLLAPSE BETWEEN NEURONAL
GROWTH CONES AND OLIGODENDROCYTE PROCESSES. M.V.
Wright *. A. Shibata and S. B. Rater. Dept. of Anatomy and
Neurobiology, Colorado State University, Ft. Collins Co. 80523.
Recently attention has focused on the negative effect
oligodendrocytes have on neurite outgrowth following lesions to the
CNS. Studies have shown that growth cones of rat DRG neurons
collapse in response to NI-35, an inhibitory protein expressed by
oligodendrocytes, due to a large intracellular calcium transient. We
have developed a high resolution, cell biological model system using
Gal C-positive, oligodendrocytes derived from the CG-4 cell line (O2A, oligodendrocyte progenitors) to dissect the signaling pathways
mediating growth cone collapse. In hippocampal pyramidal neuronoligodendrocyte co-cultures, we have found that elongating axonal
growth cones encountering oligodendrocytes typically make discrete
filopodial contact with the oligodendrocyte which results in loss of
lamellipodia and filopodia and retraction of the neurite tip, i.e.
collapse. These results are quite reproducible (9 of 10 encounters) and
do not occur in response to fibroblasts.
While studying growth cone-oligodendrocyte encounters we noted
that contact often resulted not only in collapse of growth cones, but
also in processes of the oligodendrocytes. In 6 of 10 encounters
neuronal growth cones induced phase darkening and retraction of the
contacted oligodendrocyte processes. Intracellular calcium elevation
appears to cause the collapse of neuronal growth cones and large rises
are seen with Fura 2. Experiments in progress will assess the role of
calcium in oligodendrocyte morphodynamics. It is possible that a
calcium-mediated dialogue occurs between neurons and CG-4-derived
oligodendrocytes that could function to sculpt the morphology of
both cell types through their reciprocal collapse-inducing capabilities.

281.20

281.19
NEUROPILAR BRANCHING AND CELL-CELL INTERACTIONS OF
IDENTIFIED LEECH NEURONS DURING EMBRYOGENESIS. L
Chine*. D. Reese and P. Drapeau. Dept. Biology and Centre for Res. in
Neuroscience, McGill Univ. and Montreal General Hosp. Res. Inst., 1650
Cedar Ave., Montreal, PQ., Can., H3G 1A4.
We have examined the early branching patterns of embryonic leech
neurons, in particular the serotonergic Retzius (R) neurons and their
postsynaptic partners, the pressure-sensitive (P) neurons, by intracellular dye
injection and 5-HT immunocytochemistry. The cells were visualized by
confocal microscopy in order to determine the extent and rearrangement of
neuropilar branching during embryonic stages at which the neurons form
synapses. At day 9, 5-HT immunocytochemistry revealed that R cell
branches, destined to leave the peripheral roots, were fasciculated around
another cell body, tentatively identified as the dorsal P cell. At day-10 of
development, Lucifer Yellow injection in dorsal P cells revealed a simple
neuropilar morphology: the two primary neurites, extending towards
neighbouring ganglia, had few neuropilar branches. Intracellular recording
detected spontaneous synaptic potentials in the P cells at this stage. At day
11, the neuropilar branches grew in number and in length and showed signs
of a sudden rearrangement to acquire a more adult, comb-like morphology
with processes extending towards the midline. At this time, the R cells had

elaborated profuse neuropilar processes and the cell bodies of other
serotonergic neurons were immunoreactive. These results suggest that
embryonic R and P neurons interact at several stages throughout development
in order to produce the final pattern of neurite branches and connections.

Supported by the MRC, FRSQ and FCAR of Canada.

PROCESS

DIFFERENTIAL EFFECTS OF DEPOLARIZATION ON THE
SURVIVAL AND GROWTH OF TWO POPULATIONS OF
MOTONEURONS IN CULTURE. K Egid* and G,A. Lnenicka Depart, of
Biol. Sci., State Univ. of New York, Albany, N.Y. 12222
Cell-specific effects of depolarization on the survival and growth of
neurons are well documented. For many neurons, acute depolarization
results in a reversible retraction of neurites, while for others it results in
neurite extension. The effects of chronic depolarization range from enhanced
survival and development to death.
We examined the effects of depolarization on the in vitro regeneration of
axons from two populations of motoneurons which normally show dramatic
differences in impulse activity, the tonically and phasically active neurons
from the crayfish nerve cord. We found that regenerating axons of the tonic
and phasic neurons differ in their responses to depolarization. In the
presence of 60 mM K+, both populations show an initial retraction of growth
cones, however, the tonic axons recover and continue to grow for up to 5
days. In contrast, phasic axons stop growing, and in most cases complete
degeneration occurs within 2 days. Ca++ is implicated in the differential
effects of depolarization. Depolarization in the presence of 40 mM Mg+ to
block Ca+ + entry, results in an initial retraction of tonic and phasic axons,
however, both populations recover and continue to grow. We propose that
the differential responses of tonic and phasic neurons to depolarization are
related to their normal differences in impulse activity. We are examining the
role of Ca++ entry and buffering in mediating the distinct effects of
depolarization on growth and survival of these two populations of neurons.
(Supported by NSF grant IBN-9121757)
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USE OF A TWO HYBRID SYSTEM TO IDENTIFY PROTEINS
THAT INTERACT WITH GAP-43. S. Chao. L.I. Benowitz. D. Krainc.
P. Black* and N. Irwin. Dept. Neurosurgery, Children's Hosp.; Dept.
Surgery, Prog. Neuroscience, Harvard Medical School, Boston MA 02115.
Although numerous studies have implicated GAP-43 in the development
and plasticity of neuronal connections, the molecular functions of the protein remain unclear. Previous work has suggested that GAP-43 may interact with calmodulin, PIP kinase, actin, G proteins, and enzymes involved in
its posttranslational modifications (e.g., kinases, acyl transferases).
However, most of these have not been demonstrated in living cells, and it
is also possible that other important interactions occur. We have therefore
used the powerful yeast-based "interaction trap" (developed in the laboratory of R. Brent) to screen for such interactors. In this system, the interaction of two proteins of interest confers the ability of a specially engineered
yeast strain to grow in the absence of leucine. A transcriptional activator
fusion cDNA library from 22-week human fetal frontal cortex was tested in
yeast transformed with a gene encoding GAP-43 linked to a LexA DNAbinding domain. Interactions were detected by the survival of yeast in the
absence of leucine. These studies repeatedly demonstrated an interaction between GAP-43 and calmodulin. Mutational analysis revealed that
this interaction was abolished by substituting asp for ser 41, the site phosphorylated by protein kinase C. These results provide strong in vivo

EVIDENCE FOR MULTISITE PHOSPHORYLATION OFB-5O(GAP-43) IN
RAT GROWTH CONES. M.AN. Edgar. M. DeWit. P. Pasinelli. B. Anton.
W.H. Gispen. LA Dokas* and P.N.E. DeGraan. Depts. of Biochemistry/Molecular Biology and Neurology, Medical College of Ohio, Toledo, OH; Rudolf
Magnus Institute for Neurosciences, University of Utrecht, Utrecht, The
Netherlands and New England Biolabs, Beverly, MA
The growth-associated protein B-50(GAP-43) is a prominent protein kinase
C (PKC) substrate in growth cones prepared from neonatal rat brains. Purified
B-50 can be phosphorylated not only by PKC at Ser4l, but also by casein kinase
II (CKII) at Serl91/192. To investigate the physiological relevance of CKII
phosphorylation at Serl91/192, growth cones were prepared from 5 day-old rat
forebrains and labeled with 32Pj. Phosphorylated B-50 was immunoprecipitated,
digested with a-chymotrypsin (a-CT) and peptide fragments resolved on 15%
SDS gels. In vitro, a-CT cleaves B-50 into 4 kD and 39 kD fragments
containing Sdr41 and Serl91/192, respectively, which can be recognized by Nterminal (NM2) and C-terminal (NM6) monoclonal antibodies (A gift of
Innogenetics, Ghent, Belgium; Oestreicher et al., J. Neurochem. 62:881-889,
1994). Phosphorylated fragments of each size were generated by a-CT from B50 after labeling of growth cones. A third prominent phosphopeptide of
intermediate size was also observed. Addition of 30 mM K+, 1 gM phorbol 12myristate 13-aaetate (PMA) or 1 gM okadaic acid (OA) to growth cones
stimulated ^P-lateeling of the 4 kD fragment. The combination of PMA and
OA stimulated phosphorylation of the 4 kD and 39 kD fragments to a greater
extent than either alone. Phosphorylation of the intermediate-sized a-CT
fragment was not stimulated under any condition. These results suggest that,
in growth cones, B-50 can be phosphorylated at sites other than Ser4l, most
likely by CKII at Serl91/192. Supported by a grant from NIH (NS 30792). P.P.
is supported by an ENP grant from ESF.

support for the results of Storm and others. The functional significance of
this interaction is being explored in neuronal systems, and further mutagenesis studies are underway to explore the interaction at a more detailed
level. We are also investigating other molecular interactions of GAP-43.

Support: NIH EY 05690, Boston Neurosurgical Foundation.
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OVEREXPRESSION OF B-50 (GAP-43) IN PC12
CELLS INDUCED SUBSTRATE INTERACTION
RESULTING IN CELL FLATTENING AND
SPONTANEOUS FORMATION OF PROTRUSIONS.

DISTRIBUTION OF GAP-43 EXPRESSION IN THE SPINAL CORD
FOLLOWING LOW THORACIC HEMISECTION M.D. Christensen?
and C.E, Hulsebosch . Depts.of Anatomy and Neuroscience..
Marine Biomed. Inst., Univ. of Texas Med. Br.., Galveston, TX.
77550
.
GAP-43 is a neuron specific phosphoprotein which is enriched in
the membranes of axonal growth cones. Previous work has
demonstrated an increased synthesis and axonal transport of GAP43 in neuronal systems that are extending neurites during
development and during sprouting following injury in mature
neuronal systems. Noteworthy, is the consituitive levels of GAP-43
in mature neurons but at significantly lower levels than that of
sprouting neurons. Hence, increased expression of GAP-43 can be
used as a marker for neuronal sprouting following injury. Previous
work has indicated that neuronal populations sprout in response to
spinal cord injury. To test the distribution of the intraspinal sprouting,
we examined the distribution of GAP-43 in the spinal cord following
T-13 spinal cord hemisection in adult male Sprague Dawley rats (N=5)
using immunocytochemistry. At post operative day 5, an increased
reaction product was demonstrated both ipsilateral and contralateral
to the lesion which extended 3 spinal cord segments rostral and
caudal to the hemisection site. GAP-43 staining strongly localized to
laminae land 2 of the dorsal horn, the tract of Lissauer and to large
alpha motor neurons in the ventral horn. Sham operated rats
displayed only low background staining. This data supports the
hypothesis that certain neuronal systems of the adult spinal cord are
capable of sprouting neurites following hemisection. We are
presently characterizing the sprouting neuronal populations.
Supported by the Cell Biology Graduate Program UTMB and NIH
grant NS 11255.

P. Schotman*. L.H.J. Aarts. J.E. Biewenga. A. J. van Rozen.
A.B.Oestreicher, W , H.Gispen and J.A.M.van der Linden Div. of Molec.

Neurobiol., Lab. for Physiol. Chem. Rudolf Magnus Inst, for Neurosciences, Umv. of
Utrecht, Universiteitsweg 100, 3584 CG Utrecht, The Netherlands.

To investigate how B-50 affects cell surface morphology, B-50
cDNA was mutated at its proposed functional domains, i .e. at Cys3’4
involved in membrane association, and at Se^1 the PKC phosphosite
implicated in regulation of CaM binding. Also 2 mutants lacking 26
and 51 amino acid residues at the C-terminus were constructed. The
various constructs were transiently expressed under control of a strong
CMV promoter in a PC12 cell line with very low endogenous B-50
expression (PC-B2). Morphological changes were visualized by
confocal microscopy using fluorescence labelling for B-50 and for Factin and by time lapse video microscopy using dil and diO membrane
labelling. Mutation of Cys34 caused B-50 to loose its specific
membrane association and enrichment in growth cones and
microspikes and interfered with processing of the protein by the Golgi
system and with cell-substrate interactions.
Supported by NWO and the Prinses Beatrix Ponds.

282.6

282.5

Universiteitsweg 100, 3584 CG Utrecht, NL.
(Spon: ENA)
Eight days after unilateral crush of the sciatic nerve in the rat,
we
studied the ultrastructural localization of B-50/GAP-43
in
nerve pieces, 2-15 mm proximal to the lesion site. Formaldehydeglutaraldehyde fixed nerve pieces were embedded in Lowicryl HM2O
and immunolabeled, using gold probes of various sizes. In the
proximal nerve pieces, the levels of B-50 were found to be
upregulated, both, in the axoplasm and at the plasma membrane of
unmyelinated axons. In contrast, in myelinated axons, the B -50
level only increased in the axoplasm. The increased presence of
B-50 in the axoplasm suggests that more B-50 is axonally
transported during nerve outgrowth. Using a collection ligature,
we characterized the type of transport vesicle for B-50 by
comparing B-50 immunolabeling with that of synaptophysin and of
CGRP as markers for small (5Onm) and large (100-12Ctam) vesicles,
respectively. We demonstrate that in the regenerating rat sciatic
nerve B-50 is transported in vesicles that have a diameter of
approximately 5Onm in both unmyelinated and myelinated axons. At
these vesicles B-50/GAP-43 cok>callzes with synaptophysin, but
not with CGRP. Our results suggest that B-50 and synaptophysin are
transported by vesicles of the constitutive pathway to the axonal
plasma
membrane,
where
synaptophysin-containing
vesicles
segregate and enter the regulated secretory pathway which also
conveys CGRP-containing vesicles.

TRANSFECTION OF THE GAP-43 GENE INTO A GAP-43
DEFICIENT PC12 CELL LINE INCREASES NGF NEURITE
OUTGROWTH AND RESTORES cAMP-MEDIATED NEURITE
OUTGROWTH. D,J, Perkins*1. N.I. Perrone-Bizzozero2. V.V,
Cansino2 K-C. Tsai2 & R.W. Burrv11Dep1t of Cell Biol., Neurobiol.,
Anat, The Ohio State University, Columbus, OH 43210 & 2Dept
Biochem., Univ. New Mexico, Albuquerque, NM 87131
GAP-43 is a growth-associated protein which undergoes increased
expression during neuronal differentiation and regeneration. NGF
stimulation of the rat pheochromocytoma cell line, PC12, leads to
neurite outgrowth and an increase in GAP-43 expression. Stimulation
of PC12 cells with cAMP elevating agents, such as forskolin, cause
neurite outgrowth with little or no increase in the expression of GAP43. We have found a GAP-43 deficient PC12 cell line, PC12-OS, which
grows neurites in response to NGF but does not express GAP-43
mRNA or protein. Treatment of PC12-OS cells with cAMP elevating
agents does not show the expected increase in neurite outgrowth. The
role of GAP-43 in neurite outgrowth was examined by transfecting
PC12-OS cells with the full length human cDNA for GAP-43 under the
control of the metallothionein-Ha promotor and hygromycin
resistance, PCI2-OS(G) cells. Ng F stimulation of PCI2-OS(G) cells in
the presence of GAP-43 expression led to a two-fold increase in
neuritic outgrowth. Forskolin stimulation of PCI2-OS(G) cells in the
presence of GAP-43 expression resulted in a five-fold increase in
neurite outgrowth. These results demonstrate that GAP-43 appears to
be involved in both NGF and cAMP-mediated neurite outgrowth.

282.7

282.8

MECHANISMS OF CONTROL OF GAP-43 mRNA STABILITY.
N.I PeiTQng-,3izzQzsrp.*K-C. Tsai, Y. Cansino, P, Kohn. L-Romero. and R.

CHARACTERIZATION OF RNA-BINDING PROTEINS
THAT MAY BE INVOLVED IN REGULATING GAP-43
EXPRESSION. N. Irwin*. V. Baekelandt and L.I. Benowitz. Dept.
Neurosurgery, Children's Hospital; Dept. Surgery & Prog. Neurosci.,
Harvard Med. Sch., Boston MA 02115.
The neuronal phosphoprotein GAP-43 plays a role in the development and plasticity of neuronal connections. The expression of this
protein is regulated through both transcriptional and post-transcriptional
mechanisms (Federoff et al, 1988; Perrone-Bizzozero et al, 1991, 1993;
Vanselow et al, 1994). Several proteins have been reported to bind to
highly conserved sequences in the 3' untranslated region (3'UTR) of
GAP-43 mRNA (Irwin et al, 1991, 1993; Kohn et al, 1992, 1993;
Chicurel et al, 1993) and these may influence the rate at which the
mRNA is degraded by nucleases. Through a series of affinity columns,
we have purified two proteins that bind to a polypyrimidine-rich sequence beginning about 300 bases beyond the termination codon. The
specificity of this binding is demonstrated by competition experiments
and by the fact that they do not bind to other polypyrimidine-rich sequences in GAP-43 mRNA nor to polypyrimidine-rich DNA sequences.
Partial amino acid sequencing reveals that one of the proteins is closely
related to a previously identified polypyrimidine tract binding protein,
whereas the other is a novel protein with limited sequence homology to
other RNA-binding proteins. Both of these proteins are found in neurons but not glia, and one of them shows a developmental pattern of
expression which correlates with that of GAP-43 itself. Transfection
studies will now explore the role of the mRNA-binding proteins in controlling the expression of GAP-43 in cell culture models.
Support: NIH EY 05690, Boston Neurosurgical Foundation,.
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transported
synaptophysine-positive
and
CGRP-negative
vesicles in the regenerating rat sciatic nerve. P. Verkade1.
A.J. Verkleii2. W.H. Gispen1 and A.B. Oestreicher1. 1 Rudolf Magnus
Institute,
2
Institute
of
Biomembranes,
University
of
Utrecht,

Thompson. Dept. Biochemistry, Univ. of New Mexico, Albuquerque NM, 87131.

The expression of the GAP-43 gene is regulated by both transcriptional and post-transcriptional mechanisms; the latter involving
selective changes in the stability of the mRNA (J. Cell Biol. 120,12631270, 1993). To study the molecular basis for the control of GAP-43
mRNA stability, a series of permanently transfected cells was
generated using wild type and mutant GAP-43 constructs. A full
length rat GAP-43 cDNA and different 3’ UTR mutants were cloned
into the expression vector pMEP4 that contains a metallothionein
promoter. Human neuroblastoma Sy5y cells, a PC12 clone devoid of
GAP-43 and COS-7 cells were transfected via lipofection or electroporation. GAP-43 expression in permanently transfected clones was
activated by treatment with 5 gM CdCl2. This treatment also resulted
in the accumulation of rat GAP-43 protein, verifying that the
exogenous constructs are properly translated. Upon removal of
cadmium, GAP-43 mRNA levels in PC12 cells decreased to basal
levels within 9 h. Treatment of these cells with cycloheximide
completely abolished the degradation of the mRNA, indicating that
this process is coupled to translation. Comparison of the rates of
decay of wild type and mutant GAP-43 mRNAs demonstrates that the
main stability elements are located in the middle of the 3' UTR. Also,
no correlation was found between the stability of the various mRNAs
and the lengths of their 3' UTRs. In conclusion, sequences localized
within the 3' UTR of GAP-43 mRNA are the main determinants for
the stability of this mRNA. Supported by NIH (NS-30255, GM-08139)
TSGH-NDMC-Taipei, and RAC-1090 from Un M School of Medicine.
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B-50(GAP-43) expression via defective Herpes- and Adenoviral
vectors results in a neuron-like morphology. W.T.J.H.C.
Hermens1,3,___ MiGj___ Kaplitt2,___ A.J.G.P.___ Holtmaat1^,
A.B.
Oestreicher3 .D.W.Pfaff2, W. H. Giapen3, J. Verhaaqen1 *3*. *Netherlands Institute for Brain Research, Amsterdam, NL;2The
Rockefeller University,
New
York,
USA;3Rudolf
Magnus
Institute, Utrecht, NL.
The objective of our current research is to devise In vivo
gene transfer for regeneration-related genes. The expression
of such genes in damaged CNS neurons may promote the
regeneration process. We constructed defective herpes virus,
adenovirus and adeno-associated virus vectors for the
reporter gene lacZ (dvHCL, Ad-lacZ, AAV-lacZ) and for the
neural growth-associated protein B-50 (dvHCB-50, Ad-B-50,
AAV-B-50). Infection of non-neuronal cells with the B-50
viral vectors resulted in major morphological changes
including extensive membrane ruffling, the formation of
filopodia and long thin extensions reminiscent of neurites.
Quantitative analysis at different times following infection
demonstrates that the surface area of the B-50 expressing
cells started to increase between 6 and 10 hours postinfection. At 72 hours B-50/GAP-43 positive cells were 3.0
times larger in size and one third of the cells expressed
long processes with a mean length of l65±14.5tm. The
dramatic changes in cell shape were similar in dvHCB-50 and
Ad-B-50 infected cells. These observations indicate that B50 acts in a mechanism that controls the formation of
cellular extensions. Recently the first in vivo studies on
the performance of the three available viral vector types
have been started. Viral vector injections in the rat cortex
or infusions in the nasal cavity resulted in virus-directed
gene expression in numerous neurons and non-neuronal cells
in
vivo,
including glial
cells,
in the
cortex and
sustentacular cells in the olfactory neuroepithelium. These
studies are a prelude to experiments aiming at the
assessment of the effect of B-50 on regeneration in the CNS.

Directed expression of B-50 (GAP-43) to cerebellar Purkinje cells and mature
olfactory neurons in transgenic mice.A.J.G.P. Holtmaat1,2. P.A. Diikhuizen1. N.
van der Lugt3. A.T.M. Berns3. J.S. Verbeek4. F.L. Margolis5. J. Oberdick6. A.B.
Oestreichefl. W.H. Gispen*1, J. Verbaagepl^ (SPON: Eur. Neurosci. Ass.) Rudolf
Magnus Inst., Utrecht, NL; 2Neth. Inst. Brain Res., A'dam, NL; 3Neth. Cancer
Inst., A’dam, NL; 4Department of Immunology, Utrecht, NL; 5Roche Inst, of Molec.
Biology, Nutley, NJ, USA; 6Ohio State Biotech. Center, Columbus, Ohio, USA;
To study the function of B-50 in vivo we constructed transgenes to express B-50 in
specific areas of the mouse nervous system. We report on the initial characterization
of transgenic mice obtained by using two transgenes, in which the coding sequence
of rat B-50 was cloned downstream of: (1) the mouse L7 protein promoter to direct
expression of B-50 to cerebellar Purkinje cells; (2) the rat olfactory marker protein
(OMP) promoter to direct expression of B-50 to mature olfactory neurons. Both cell
types do not normally express B-50 during adulthood. Mice bearing the L7-B-50
transgene exhibited B-50 immunoreactivity in cell bodies and axons of numerous
Purkinje cells in the cerebellum. This enables us to study the effect of B-50 on
development and morphological appearance of a well-characterized neuronal cell type.
Ip OMP-B-5O transgenic mice B-50 is expressed in numerous mature and immature
neurons throughout the olfactory epithelium (OE). Ip adult non-transgiaiic animals B50 expression is restricted to immature neurons located in the basal region of the OE.
In transgenic mice, however, the number of neurons showing B-50 immunoreactivity
in the basal region of the OE was significantly reduced. The effect of continued B-50
expression on the regeneration of the OE was studied in one line of OMP-B-50
transgenic mice, following a lesion of the OE with Triton X-100. Nine days after
lesion a cohort of dividing stem cells was labeled with bromodeoxyuridine (BRDU).
After 21 days the average number of BRDU positive neurons in the OE was 44%
higher in transgenic animals (n=7) as compared to non-transgenics (n=12). This
could indicate that continued B-50 expression results in a prolonged life span of newly
bom olfactory neurons in the OE of transgenic mice following a lesion.
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GENES EXPRESSED IN SUBSETS OF DEVELOPING MOTORNEURONS
AND MUSCLES IN THE DROSOPHILA EMBRYO. K. A. Sorensen*. C.A.
Callahan, and J.B. Thomas. Molecular Neurobiology Labs, Salk Institute, La Jolla,
CA, 92037.
We are interested in understanding how specificity of synaptic connectivity in the
nervous system is achieved. The Drosophila embryonic neuromuscular system is
especially tractable to study, as each abdominal segment contains just thirty body
wall muscles stereotypically innervated by 34 motomeurons. As a first step towards
the identification of genes underlying neuronal target specificity, the lab has
constructed an enhancer trap P element which contains a tau-lacZ axon-targeting
fusion reporter gene (Callahan and Thomas; PNAS in press). Unlike earlier
enhancer traps which fail to label the entire extent of developing neurons, the tau-Bgal reporter allows us to visualize entire cellular morphology and thus
unequivocally identify expression in developing motomeuons. Using this construct,
~25Oo independent lines were generated and screened; 15 exhibited highly
restricted patterns of reporter expression in motomeurons, muscles or both, during
the period of motomeuron outgrowth and neuromuscular synaptic connectivity. The
P element insertion sites for these lines were mapped cytologically and a
preliminary test of the roles of these "trapped" genes during development was
carried out by analyzing neuromuscular development in embryos homozygous or
transheterozygous for available chromosomal deletions spanning the insertion sites.
Several of the lines examined exhibit clear defects in motomeuronal pathfinding and
target selection. For two of these lines, which show expression in small subsets of
muscles, genomic DNA flanking the insertion sites has been cloned and candidate
cDNAs have been isolated. Further molecular and genetic characterization of these
genes will be presented. (Supported by an Amgen postdoctoral fellowship to KAS;
NIH and Pew Memorial Trust awards to JBT)

SEARCH FOR TARGET GENES OF pox-neuro INVOLVED IN THE
ESTABLISHMENT OF THE chemosensory
CONNECTIVITY. fL.
Nottebohm,. C. Dambly-Chaudi^ra and A. Ghysen*. Lab. of
Neurobiology, U. de Bruxelles, 1640 Rhode-St-G., Belgium.
We would like to determine which information do genes
provide the growing axons with to allow them to recognize
the appropriate pathway and to make connections with the
appropriate target neuron(s).
We previously showed that the gene poxn controls the
properties of chemosensory neurons, and particularly
their connectivity (Nottebohm et al., Nature:359.829.'92;
Neuron: 12., 25, ' 94) . poxn encodes a transcriptional
regulator and we believe that among its targets are the
genes directly or indirectly involved in the recognition
of the appropriate axonal pathway and target neuron ( s).
In order to identify these "connectivity" genes, we
are applying the ddPCR method of Liang and Pardee
(Science:257. 967,'92). We are comparing mRNA subpopulations from tissues that do or not contain chemosensory neurons. Legs from normal flies contain about 40
chemosensory neurons. For our analysis, we will use legs
from sc10'1 mutant flies which contain no chemosensory
neurons due to the inactivation of the ac and sc genes,
and legs from Nts; hsp7O-poxn flies heat-shocked around l6h
after the onset of metamorphosis. Such legs contain a
large excess of chemosensory neurons due to the
inactivation of N, which leads to the transformation of
the external cells of the sense organ into neurons, and
to the ectopic expression of poxn which results in the
transformation of the undifferentiated mechanosensory
neurons in chemosensory neurons.

283.3

283.4

EXPERIMENTALLY INHIBITING THE INHIBITION OF MOTOR
GROWTH CONES. M.N. Polinskv. M.B. Steketee and K.W.
Tosnev*. Neurosurgery Dept., Neuroscience Program and Biology
Dept., The University of Michigan, Ann Arbor, MI 48109.
Contact-mediated mechanisms of motor axon segmentation have
been identified using time lapse videomicroscopy of dissociated
cultures (Oakley & Tosney, ’93, Dev. Biol. 13: 3773). On contact
with permissive anterior sclerotome, growth cones enlarge, increase
their protrusive activity globally and then consolidate the contacting
processes which extend onto the cell. In contrast, contact with
inhibitory posterior sclerotome inhibits veil extension locally, reduces
growth cone size and causes the growth cone to turn.
We are now using this culture assay to dissect out inhibitory and
permissive interactions at the molecular level. In initial studies we are
investigating two molecular markers of inhibitory function, peanut
agglutinin (PNA) binding activity and chondroitin-6-sulfate (C6S)
expression. We incubate cultures of posterior cells with PNA or with
chondroitinase ABC. Both treatments prevent the typical inhibition of
veil extension and the decrease in growth cone size on contact. The
two treatments do not, however, give identical results, since the
chondroitinase less profoundly alters the inhibition. We are extending
these results by quantitatively analyzing growth cone activities under
these and other experimental conditions. The findings suggest that
C6S and GalBl-3Gal-Nac (the PNA binding site) are, or are intimately
associated with, molecular signals that mediate motor growth cone
inhibition. Supported by NIH #NS213O8.

DYNAMICS OF MOTOR GROWTH CONE ADVANCE.
K.B. Hotarv* and K.W. Tosnev. Biology Department., The
University of Michigan, Ann Arbor, MI 48109.
Motor growth cones show distinctly different morphologies in
functionally different regions of the chick embryo when examined in
HRP-labeled sections (Tosney & Landmesser 1985, J. Neurosci. 9:
2345). In "decision regions" (e.g. pelvic plexus), growth cones are
large, complex and often lamellopodial. In "non-decision regions"
(e.g. spinal nerves) they are simpler and often varicose. To extend
this static view and determine how these morphological differences
relate to pathfinding, we are analyzing the dynamic changes in motor
growth cones as they advance from the neural tube into the limb. We
use an embryo slice preparation that retains normal morphological and
molecular characteristics in culture. We monitor Dil-labeled motor
neurons in situ with image-enhanced time-lapse videomicroscopy.
We find that in the spinal nerve, growth cones maintain a simple
morphology during outgrowth and in many cases axons advance with
a peristaltic motion. In the plexus, growth cones are larger and more
complex. Moreover, when turning, growth cones often increase in
size and become more lamellopodial. We are also characterizing the
dynamics of epaxial motor growth cones, which exhibit a distinctive,
complex morphology as they project toward their target, the
myotome, which is essential to the formation of the epaxial motor
nerve (Tosney 1987, Dev. Biol. 122: 540). We are investigating the
target-dependence and the relation between the complex morphology
and the target by surgically manipulating the target in slices and then
examining outgrowth. Supported by NIH NS-09442 and NS-21308.
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THE GUIDANCE MOLECULE, SEMA in, MAY DIRECT AXONS OF RAT
DRG NEURONS DURING GROWTH TOWARD CENTRAL AND
PERIPHERAL TARGET FIELDS A. D. Konstantinidou*. I. Silos-Santiago. R.W.
Gerfen, D.E. Wright and W.D. Snider. Dept, of Neurology, CSNSI, Washington
University., St. Louis, MO, 63110.
Growing axons from dorsal root ganglion (DRG) sensory neurons to central and
peripheral targets are likely directed by highly complex interactions of guidance
molecules. The semaphorins are a family of molecules related to collapsin, a
molecule which is known to inhibit growth and collapse sensory neuron growth
cones in vitro (Kolodkin et al., Cell 75:1389, 1993; Luo et al., Cell 75:217, 1993).
To determine whether a member of this family, human sema HI, may act in vivo to
direct DRG neuronal axon growth, sema III mRNA expression was examined in
developing rat embyros using in situ hybridization. A cRNA probe encoding sema
III was kindly supplied by Dr. C. Goodman. Patterns of sema HI expression were
compared to patterns of axonal growth of DRG sensory neurons into the spinal cord
and periphery using the lipophilic dye, Dil. Following placement of Dil crystals in
DRG, neurons were observed to extend central and peripheral axons as early as
embryonic day 11 (Ell). Some central processes have reached the dorsal root entry
zone by Ell, whereas the peripheral projections exit the DRG ventrally and form
thick bundles that traverse regions between the dermamyotome and sclerotome
which then give rise to visceral and limb innervation. Sema III mRNA expression
was observed centrally in the midventral spinal cord and lateral motor pool.
Peripherally, high levels of mRNA expression were observed in the dermamyotome
and sclerotome, but was absent in a narrow region in which growing axons from the
DRG are passing. At E15, mRNA expression in spinal cord was restricted to
ventrolateral regions; expression persisted in similar peripheral regions but at
decreased levels compared to E13. Expression was absent in both spinal cord and
periphery by E17. Our results suggest that sema III mRNA is expressed in a
location and time frame consistent with the ability to guide sensory neuron axon
growth in central and proximal peripheral fields.

PRIMARY AFFERENT INNERVATION IN AN IN VITRO SPINAL CORD
SYSTEM. L.J. Redmond*. L. Ziskind-Conhaim#. H. Xie# and S. Hockfield.
Section of Neurobiology, Yale Univ. Sch. of Med., New Haven, CT 06510 and
#Dept. Physiol., Univ. Wise. Med. Sch., Madison, WI 53706
The question of specificity of innervation has been studied in many systems. We
are interested in the specificity of innervation of developing dorsal root ganglion
(DRG) neurons in the dorsal horn of the embryonic rat spinal cord. To study this,
we have used an in vitro technique established by Xie and Ziskind-Conhaim (Soc.
Neurosci. Abst. 19:1506). Briefly, embryonic spinal cords are sliced at 200-300um
with dorsal root ganglia attached, placed on collagen-coated membranes (Costar) and
maintained for 2-3 weeks in 95%/5% CO2/O2.
Several antibodies have been used to characterize this system
immunohistochemically. Antibodies to calcitonin gene related peptide (CGRP) and
substance P demonstrate that small diameter primary afferents enter and arborize
within the dorsal horn appropriately and neither enter nor arborize in the ventral
hom, even after 2-3 weeks in vitro. Islet-1 and neurofilament staining indicate that
motoneurons survive in this system, as has been shown previously by
electrophysiological methods (Soc. Neurosci. Abst. 19:1506). Based on our
immunohistochemical studies, the development of the slice preparation proceeds
until the equivalent of the first postnatal week in vivo.
To examine the specificity of innervation by primary afferents, isochronic and
heterochronic DRG/spinal cord cocultures were made and innervation assayed by
immunoreactivity to CGRP and/or substance P. Projections from DRGs removed
and replaced in isochronic cultures at E14, E16 and E18, enter and arborize in the
dorsal hom and avoid entering the ventral hom. Heterochronic cultures of P0 DRG
with E16 spinal cord also show specific innervation of the dorsal horn, indicating a
longer time window than previously thought for specific innervation in this system.
(Supported by EYO5511)

283.7

283.8

DELAYED AXONAL OUTGROWTH: EVIDENCE FOR A WAITING
PERIOD DURING THE DEVELOPMENT OF SYMPATHETIC
PREGANGLIONIC PROJECTIONS. D.A. Tamarkin* & J.W, Yip. Dept,
of Neurobiology, Univ. of Pittsburgh, Pittsburgh, PA 15261.
The sympathetic preganglionic motoneurons are bom during stages 18 to
24 (Hollyday & Hamburger, 1977; Prasad & Hollyday, 1991; staging per
Hamburger & Hamilton, 1951), yet they do not begin to project
intersegmentally within the sympathetic trunk until stage 27 (Yip, 1990).
We have investigated the early axonal outgrowth of the sympathetic
preganglionic motoneurons toward a better understanding of where the
preganglionic axons are between these times.
Ortho- and retro- grade HRP injections were used to examine when the
preganglionic axons reach the sympathetic ganglia. In preparations where
orthograde injections were made into the ventral neural tube, labelled
axons were considered to be preganglionic if they projected off the ventral
root toward the developing sympathetic ganglia. In preparations where
retrograde injections were made into the region of the developing
sympathetic ganglia, labelled somata in the ventral neural tube were
considered to be preganglionic. These techniques revealed that the
majority of preganglionic motoneurons do not reach the sympathetic
ganglia until stages 26 and 27. Prior to this time (stages 22 through 25),
relatively few presumptive preganglionic axons were found to project into
the region of the developing sympathetic ganglia.
These results suggest that preganglionic axons enter the developing
sympathetic ganglia immediately prior to their subsequent projection
rostrally or caudally within the sympathetic trunk. Thus, a waiting period
must exist in their early projection pathway, accounting for the delay
between neurogenesis and arrival at their target. Finally, this pattern of
axonal projection differs from that of the somatic motoneurons, which
project extensively into the periphery shortly after neurogenesis (Hollyday
& Hamburger, 1977).

THE PATTERN OF SYMPATHETIC PREGANGLIONIC AXON
PROJECTIONS IS ALTERED BY CAUDAL TO ROSTRAL SOMITE
TRANSPLANTS IN THE CHICKEN EMBRYO. E.B. Ezerman* and C.J..
Forehand. Dept. of Anat. & Neurobiol., U. of Vermont, Burlington, VT.O54O5.
Each thoracic spinal segment comprises a contingent of sympathetic
preganglionic neurons with a segmental identity based on the percentage of
axons that project rostrally or caudally within the sympathetic chain. Most
preganglionic axons from rostral segments project rostrally, while most from
caudal segments project caudally. There is a gradual transition along the
rostrocaudal axis from predominantly rostral to predominantly caudal projections. To determine factors that control the direction of preganglionic axon
outgrowth, we have initiated a series of somite manipulation experiments in
the chicken embryo. In these experiments, rostral somites in host embryos
were replaced with either whole caudal somites or caudal somitic blocks
consisting of only anterior or posterior somite halves from donor embryos.
Replacing rostral somites (19-21) with caudal whole somites (26-28)
significantly increased the percentage of caudally projecting preganglionic
axons from the second thoracic segment (T2) by selectively increasing the
number of caudally projecting neurons. Replacing somite 20 or 21 with
caudal anterior half somites had little effect on the percentage of caudally
projecting axons; however, the total number of both cell populations
increased slightly. Replacing somite 20 or 21 with caudal posterior half
somites significantly increased the percentage of caudally projecting axons
at T2. While the number of both rostrally and caudally projecting cells
increased, the increase was much greater for the caudal population.
These results imply that the identity of the set of preganglionic axons in
each segment may be determined by regulation of cell proliferation (or
death) in two separate populations of preganglionic neurons.

283.9

283.10

DORSAL HORN GUIDES SENSORY AFFERENTS TO PROPER
POSTSYNAITTC TARGETS IN THE SPINAL CORD. E. Frank* and
K. Sharma. Department of Neurobiology, University of Pittsburgh
School of Medicine. Pittsburgh, PA 15261.
Muscle and cutaneous afferents make distinct projections within the
spinal cord. Spatial cues within the cord are necessary for the formation
of these projections. We have examined if the ventral cord is required for
the development of specific sensory projections within the dorsal hom.
The development of sensory projections was studied in spinal
segments kept in culture for 2 days. To test whether the dorsal hom alone
has sufficient cues for guiding sensory afferents, we removed the ventral
half of the spinal cord (dorsal-only) or replaced it with an inverted dorsal
half from an adjacent segment (dorsal-dorsal). In both cases the dorsal
root and the dorsal root ganglia (DRG) were left attached and sensory
afferents were labeled by injecting Dil into peripheral nerves or DRG.
In dorsal-dorsal segments from st 31 and older embryos, sensory
afferents formed normal projections. Cutaneous afferents remained
restricted to dorsolateral laminae while some muscle afferents projected
ventrally into the duplicated dorsal hom (DDH). Within the DDH, these
afferents were restricted to medial laminae. Restriction of muscle afferents
to appropriate laminae in the DDH despite growth in the reverse direction
suggests the presence of spatially restricted guidance cues. In dorsal-only
segments, muscle and cutaneous afferents segregated appropriately within
the dorsal hom whenever the cut was made just dorsal to the motor
columns. These results show that sufficient cues are contained within the
dorsal spinal cord by st 31 to permit the formation of appropriate sensory
projections; cues from the ventral cord are apparently not required.
Supported by the NIH.

SIGNAL TRANSDUCTION MECHANISM FOR MODULATION
OF AXOPLASMIC TRANSPORT BY NEUROTRANSMITTERS
IN SUPERIOR CERVICAL GANGLION CELLS. T.Takenaka*.
T.Kawakami. H.Hori and Y.Bandou. Department of Physiology,
Yokohama City University, Fukuura, Kanazawaku, Yokohama,
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Signal transduction mechanism for modulation of axoplasmic
transport by neurotransmitters was studied using cultured
mouse superior cervical ganglion cells. The transported
particles were analyzed with a computer-assisted videoenhanced differential interference contrast microscope system.
Acetylcholine depressed and adrenaline increased axoplasmic
transport. G-proteins linked with both receptors activate or
inactivate adenyl cyclase, thereby altering the intracellular
concentration of cyclic-AMP. The cyclic-AMP activates Akinase, which phosphorylates certain enzymes and the
enzymes in turn phosphorylate motor proteins. An inhibitor of
A-kinase,KT-572O, decreases the number of the transported
particles. In a steady state the cyclic AMP level stays at a
normal level. Application of neurotransmitters causes a
change in this level, which changes the amount of A-kinase
and then decreases or enhances the phosphorylation of motor
proteins. These changes produce the modulation of
axoplasmic transport. As a result, long term potentiation of
transmitter release is produced and changes in neuronal
architecture and plasticity are also produced.
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284.1
DEAFFERENTATION-INDUCED EXPRESSION OF NCAM, NILE,
AND GAP-43 IN RAT DORSAL HORN. C C. LaMotte*. M. Wolfe,
and K. Arsenault. Section of Neurological Surgery, Yale Univ. Sch.
Med. New Haven, CT. 06510.
We have previously demonstrated expansion of the terminal field of
the saphenous nerve 4 months following unilateral deafferentation by
injection of the sciatic nerve with 20 mg of Pronase (JCN, '89; ’93a).
The deafferentation is accompanied by a rapid loss of substance P and
CGRP immunoreactivity in the superficial dorsal horn, with a later
recovery (JCN, '93b). In the present study, we examined the
expression of NCAM, NILE and GAP-43 in 20 rats which were
sacrificed 10 days, 20 days, 30 days, 2, 3, and 4 months after unilateral
pronase injection of the sciatic nerve. The necessary antibodies were
obtained either commercially (NCAM) or from individuals (Drs. L.
Benowitz (GAP-43) and W. Stallcup (NILE)). NCAM, NILE and
GAP-43 all increased in the superficial dorsal hom by 10-20 days after
pronase injection. The increase in NCAM and GAP-43
immunoreactivity spread into the deeper dorsal horn by 20-30 days,
but NILE staining returned to normal. NCAM expression throughout
the dorsal hom returned to normal by 60 days, but GAP-43 persisted
for 3-4 months. These results indicate that the expression of both
NCAM and NILE may be involved in the guidance of fine diameter
afferents to laminae I and II, but NCAM, rather than NILE, may also
be relevant to the guidance of the larger diameter afferents within the
deep dorsal horn. The prolonged expression of GAP-43 may indicate
its persistence beyond the establishment of terminals until synaptic
specializations are fully formed. (NIH grant NS 28876 and NS 10174)

284.3
NEONATAL AND ADULT TERMINAL SCHWANN CELLS
DIFFER QUALITATIVELY IN RESPONSE TO
DENERVATION. J. T. Trachtenberg* and W. J. Thompson.
Department of Zoology, University of Texas at Austin, Austin,
Texas, 78712.
Denervation of muscle fibers in the adult rat leads to sprouting of
the terminal Schwann cells (J. Neurocytol. 21: 50). These Schwann
cell sprouts appear to give some explanation of why nerve terminals
sprout in response to partial denervation (Son and Thompson, this
meeting). In view of the purported lack of motor neuron sprouting in
neonatal muscles (Neuroscience 2: 523), an examination was made
of the response of terminal Schwann cells in neonatal rat muscles to
denervation. At birth, terminal Schwann cells, visualized by staining
for the Schwann cell marker S-100, cover the nerve terminals at
developing neuromuscular junctions (nmj's). Within 7 days
following denervation, anti-S-100 antibody fails to identify terminal
Schwann cells at nmj's double labeled with bungarotoxin. Terminal
Schwann cells could also not be identified in denervated neonatal
muscles stained with two other markers for denervated Schwann
cells: antibody to the low affinity NGF receptor and the monoclonal
4E2. Myelinating Schwann cells, however, remain SI00
immunoreactive and are immunopositive for NGFR and 4E2
following denervation. This result suggests that Schwann cells in
neonates show an altered response to denervation and may explain
the inability of neonatal motor neurons to sprout and innervate
additional muscle fibers. We are presently trying to test this idea by
examination of partially denervated muscles in the neonate.

284.5
EPIDERMAL GROWTH FACTOR AND FIBROBLAST GROWTH
FACTOR IN HUMAN NEUROMA TISSUE. R. Beuerman*. S. Zhao.
H. Traa. S, Ma. D. Kim. D, Kline, LLU Eye Center aad Deet. of
Neurosurgery, LSU Neuroscience Center, LSU Medical School, New
Orleans, LA 70112
The formation of neuromas after injury or surgical repair of peripheral
nerves interferes with the establishment of functional connections by the
regenerating axons. The purpose of this study was to determine the types
of growth factors and growth factor receptors in human neuroma tissue
and in cultured cells from these tissues. Tissues obtained from five
patients at the time of surgery performed 8-10 months after trauma to the
brachial plexus was frozen in liquid nitrogen and small pieces were used
to establish primary cultures. Western blots for EGFR, FGF, and
bFGFR were carried out on cells and fresh tissue using antibodies for
EGFR (cytoplasmic), bFGF, and FGFR-1. The results showed that
EGFR was present in confluent cultured cells but not in the tissue. The
l8kD form of bFGF was present in cells and all tissues; the higher
molecular weight forms were seen in three of the tissues. FGFR-1 was
found in the cultured cells and, less abundantly, in the tissues. The
cultured cells stained positively for S-100 protein, suggesting that they
were Schwann cells. PDGF-bb was found in the cultured cells but not in
any of the tissues. The results suggest that FGF could be acting in an
autocrine fashion on cells in neuromas and 'that this growth factor may
have a role in the development of this condition.
Supported in part by DAMD17-93-V-3013.
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284.2
GROWTH CONES ARE DIRECTED UP CONCENTRATION
GRADIENTS BY FACTORS RELEASED FROM DENERVATED
PERIPHERAL NERVE TUBES. D.P. Kuffler' Institute of Neurobiology /
Dept. of Physiology, Medical Sciences Campus, Univ. of PR., San Juan, PR
00901
In vivo, the outgrowth of sectioned peripheral axons is directed by their
denervated targets, the cells of the peripheral nerve pathway and skeletal

muscle fibers. This influence is effective over distances of many millimeters
and diffusible molecules released by the target cells play a role in directing
the outgrowth (Kuffler, 1989, J. Comp. Neurol. 281:416-425). In vitro, growth
cones have now been exposed to concentration gradients of factors released
by pieces of peripheral nerve to determine whether they influence the
direction of process growth. The growth cones turn and grow up the
concentration gradients. Although the identities of the responsible factor/s are
unknown, molecules released by the cells of the nerve tube have been shown
to increase the process length of these neurons by 10 fold, have a molecular
mass of between 100 and 300 kD, and to be functionally related to nerve
growth factor (Dobretsov, et al, 1993, P.R. Neurosci. Conf. Abstr. 2:12) .
These results set the stage for experiments to study characterize the
responsible factors and determine the mechanism by which axons "read" the
chemical gradients.

Supported by: ARO DAALG3-<9OG-0189,ONR NB-91-12-101, NIH 5 POl
NS07464-25, and NSF-EPSCoREHR9W8775.

284.4
DEVELOPMENT OF THE LESION-EVOKED ABERRANT IPSILATERAL
CORTICOSPINAL PROJECTION IN RATS. B. B. Stanfield* and B. Shi. Lab. of
Neurophysiology, NIMH, NIH Animal Center, Poolesville, MD 20837.
In adult rats the corticospinal projection completely decussates and in the spinal
cord is essentially confined to the contralateral side. However, in adult rats which as
neonates had received unilateral cortical lesions, there is an significant ipsilateral
component of the corticospinal projection. It had been thought that the aberrant
ipsilateral corticospinal projection arises when developing corticospinal axons fail to
decussate in the absence of corticospinal axons from the contralateral hemisphere at
the spiefmndullare junction. The uncrossed corticospinal axons then simply would
remain ipsilateral as they extend down the spinal cord. More recent observations on
the aberrant ipsilateral corticospinal projection in adult animals however, indicate
that some of the aberrant axons do decussate at the spin^ed^^^ junction, but
then recross again within the spinal cord, near their level of termination. We have
begun to examine directly the development of the aberrant ipsilateral corticospinal
projection. Unilateral lesions of the sensorimotor cortex are made on the day of
birth and at various postnatal ages the developing corticospinal axons from the
untested hemisphere are labeled either by Dil placement in fixed tissue or by
injections of wheat germ agglutinin conjugated horseradish peroxidase. Results
obtained thus far indicate that even in untested controls there are small but
appreciable numbers of ipsilateral corticospinal axons during the development of the
corticospinal projection up until at least the sixteenth postnatal day. After the
sixteenth postnatal day ipsilateral corticospinal axons are seen in lesioned, but not in
control animals. By the twenty-eighth postnatal day the aberrant ipsilateral
corticospinal axons in lesioned animals have descended as far as lumbar levels of the
spinal cord. The bulk of the ipsilateral corticospinal axons in these cases descends
for considerable distances within the ipsilateral dorsal funiculus, rather than crossing
the midline within the spinal cord. These observations indicate that a significant
component of the lesion-evoked aberrant ipsilateral corticospinal projection may
arise through the maintenance and elaboration of a relatively small ipsilateral
component present during the normal development of the corticospinal projection.

284.6
REGENERATION OF NERVES TO GINGIVA IN RATS AFTER
AXOTOMY COMPARED TO AMPUTATED-HEALED GUM.

A. SUGAYA* and M.R. BYERS. Pnrifdfetologe*,Caeagawa Dental College,
Yokosuka,238 Japan. Anesthesiology,Univof Washingtoe,Seattln,WA, 98195.
Peripheral nerve regeneration is most successful when the Schwann cells of the
distal segment form guide tubes and make appropriate growth factors for axonal
outgrowth. Those distal nerve tracks are missing in healing tissues after
amputations such as g^^ectomy The purpose of this study was to compare
regeneration of trigeminal enaves to gingiva after axotomy with growth into new
gum after amputation. TWelve anesthetized adult male rats (200-250g) each
received two different surgeries for analysis at 1,3,7 or 14 days: (^palatal gingiva
of the left maxillary first molar was sliced to cut the nerves to the free gingiva and
junctional epithelium: and (2)palatal gingiva of the right first maxillary molar
was amputated. Tissues were fixed with formaldehyde, decalcified in EDTA,
frozen sectioned, and observed for PGP 9.5, CGRP and p75NGFR
immueoreactivite (IR). In the axotomy group at Id there were intense
p75NGFR-IR fibers in connective tissue but not epithelium, and few PGP-IR or
no CGRP-IR fibers were found. By 3d there was some reieeeavatioe by CGRPand PGP-IR fibers, and nerve patterns and immuno-ieteesitins were normal by
7d. The gingivectomy group had no nerve staining in healing tissues at Id.
There was some eeavn regeneration near the wound edges at 3d. Healed gingival
connective tissue was reieenrvated by 7d, but nerve fibers were not found in the
new epithelium until l4d. We conclude that nerves regenerate into new gum
tissue after giegivnctome and healing, but they enrd more time than after
axotomy. Supported by NIH grant DE05159.

664

AXON GUIDANCE: REGENERATION

TUESDAY PM

284.7

284.8

MOLECULAR MARKERS OF SYNAPTIC REMODELING IN
DENERVATED STRIATtM
H.W. Cheng* T. Jianq. N.
Mori and T.H.McNeill
Andrus Gerontology Center and

AGE-DEPENDENT REGULATION OF COMMISSURAL/ASSOCIATIONAL
FIBER SPROUTING AND GAP-43 mRNA EXPRESSION IN THE
HIPPOCAMPUS FOLLOWING A COMBINED ENTORHINAL
CORTEX/FIMBRIA FORNIX LESION. P.E. Schauwecker*. H-W. Cheng. R.
Serauinia. N, Mori, and T.H. McNeill. Andrus Gerontology Center and Dept. of
Biological Sciences, University of Southern California, Los Angeles, CA 90089.
Removal of synaptic connections following a deafferentation lesion results in a
sprouting of remaining afferents that terminate near the denervated area. While
the ability to form new synapses in response to injury occurs in both the young
and aged animal, previous studies have suggested that the injury-induced response
in aged animals may be delayed and/or not as extensive as compared to young
animals. Thus, we were interested in examining whether the magnitude and
timecourse of the sprouting response from commissural/associational (C/A)
afferents could be altered with age and whether a dampening of the response may
correlate with the lack of induction of growth associated proteins. We used the
Holmes fiber stain to determine the expansion of the C/A fiber plexus following
denervation and compared the timecourse of the sprouting response with that
observed by in situ hybridization for the neurite outgrowth proteins, GAP-43,
SCG-10, and NF-68. We found that C/A afferent sprouting was increased by
42% in young adult rats at 30 and 45 days postlesion and this was accompanied
by a significant increase in expression of GAP-43 mRNA in both ipsilateral and
contralateral CA3 pyramidal and hilar neurons at 30 and 45 days postlesion. In
contrast, a dampened sprouting response was observed in aged rats at all
timepoints postlesion and coincided with a lack of induction of any growthassociated proteins at any timepoints after the lesion. These results suggest that
GAP-43 is involved in neurite outgrowth in the hippocampus and that factors that
underlie the regulation of outgrowth in the hippocampus decrease with age.
Supported by AG 9793 and NS 30426.

Department of Biological Sciences, University of Southern
California, Los Angeles, CA 90089
The plasticity of pre- and postsynaptic neurons of
corticostriatal pathway have been documented anatomically
after brain injury. However the molecular events that
regulate synaptic remodeling after deafferentation are
unclear. The present study used a cortical lesion model to
identify changes in the prevalence and temporal occurrence
of mRNA sequences most likely related to synaptic remodeling
within the pre- and postsynaptic neurons i.e.,
synaptic
vesicle-associated protein, synapsin I (SI), synaptosomalassociated protein,
SNAP-25 and microtubule-associated
protein (MAP2) using Northern blot analysis and in situ
hybridization.
We found that there was a significantly increase in mRNA
prevalence for SI and SNAP-25 in the contralateral cortex by
27 days postlesion, which correlated with the formation of
new synapses and accumulation of the synaptic vesicles in
presynaptic terminals reported in previous ultrastructural
studies. In addition, the mRNA prevalence for MAP2 was
decreased at 3 days postlesion, and was increased at 10 days
postlesion compared with intact control. This time course
correlated with the temporal loss and regrowth of spines and
remodeling of dendritic arbor of MSI neurons in ST. These
data suggest that changes in SI,
SNAP-25 and MAP2,
correspond to change in the neuron circuitry of the
deafferented ST and are involved in remodeling the synaptic
connectivity of the ST following a cortical lesion.
This study was supported by AG-09793 and National
Parkinson's foundation.
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OUTGROWTH OF GNRH AXONS FROM THE PREOPTIC AREA (POA)
TO THE MEDIOBASAL HYPOTHALAMUS (MBH) IN AN ORGANOTYPIC
CULTURE SYSTEM. M . C. Rogers*. A.J. Silverman. T . J, Wu and MJ, Gibson.
Dept. Medicine, Mount Sinai School of Medicine, NY,NY 10029; Columbia College
of Physicians &Surgeons, NY, NY 10032.
GnRH neurons target the median eminence (ME) of the hypothalamus along specific routes during development or when embryonic POA grafts are placed in the
third ventricle of hypogonadal mice to correct their reproductive deficiency. The use
of explants in collagen gel matrices to study this targeting provided several interesting findings (Soc.Neur.Mbtr.l9:1293,’93). We now describe an alternative method
which eliminates the need to section the explant. Cocultures of embryonic day 15
POA with MBH containing the ME, or with control tissue were performed in insert
chambers with tissue cultured at an interface between medium and air on a porous
(O.4jim) collagen-coated membrane. The tissue was fed by capillarity from the underlying medium. Immunocytochemistry was performed directly on the whole mount
preparation. Staining for GnRH revealed survival of 200-450 GnRH neurons in the
cultures. GnRH cells extended long processes after one week of culture and established extensive ramifying networks. In over 94% of the cultures, axons with growth
cones were seen leaving the POA and extended on the membrane. In cocultures with
MBH (n=28) the number of GnRH cells was significantly higher than when POA
was cultured alone (n=l6), indicating a possible trophic effect of the MBH. The
number of GnRH growth cones on the membrane facing the cocultivated MBH was
significantly higher than on regions of the membrane not directly facing this tissue.
In initial control experiments (n=4) using spinal cord as target, GnRH axons entered
the membrane randomly. These preliminary results suggest that there may be a
trophic factor secreted by the MBH supporting GnRH neuronal survival, as well as a
chemoattractant potentiating GnRH axonal outgrowth.
Supported by NIH grant NS 20335.

REGENERATION OF ENTORHINO-HIPPOCAMPAL PROJECTIONS IN
HORIZONTAL ORGANOTYPIC SLICE CULTURE. P.M. Field, D.Q. Li.
N. Yoshioka and G • R15 PON:B rain Research Association. Norman
and Sadie Lee ReaearaA Centre, Lab. of Neurobiology, NIMR, and Teijin
Biomediaal Lab. London, NW7 1AA UK.
Previoua work in ao-aulture aAowed that entorAinal projeationa aan
grow apeaifiaally to the outer dentate moleaular layer and the
Oippoaampal atratum lnaunoaum-moleaulare in early poatnatal rat material.
To avoid the aomplexity of the aut tiaaue interfaaea in ao-aulture, and the
abnormal patterna aauaed by the neoeasity for glia and axona to grow
aaroaa the aulture medium, we deviaed a method of taking horizontal
aliaea through the ventral part of the hemiaphere. Thia plane of aeation
aevera all entorOiRo-Oippocampal aonneationa (beaauae of their doraal
inaliRatioR) but the intervening (glial) tiaaue of the fibre pathwaya (angular
bundle and perforant and alvear patha) remaina in coRtiRuity. Retrograde
and orthograde labelling ahow that (1) the entorhinal projeationa follow,
and are reatriated to their normal pathwaya, (2) the aelectivity of layer II
atellate aella for the dentate moleaular layer and layer III pyramidal aella
for the aubiaulum and field CA1 are maintained, and (3) the reaiproaal
aubiaulo-entorhinal projeation alao regeneratea.
The aingle aliae,
horizontal eRtorhino-Oippoaampal organotypia aulture providea an
exaellent ayatem for examining the age-related failure of axon
regeneration.
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FROM APPROPRIATE AND INAPPROPRIATE TARGETS. K. Kalil*
and M. Medine. Neuroscience Training Program and DepL of Anatomy,
University of Wisconsin, Madison, WI. 53706.
During development of the hamster corticospinal system, axons from
specific regions of sensorimotor cortex innervate topographically
appropriate segments of the spinal cord. In previous experiments, we
have shown that in explant co-culture this topographic specificity is
preserved. Cortical neurites avoid growth into inappropriate targets but
extend into appropriate spinal cord explants. To gain insight into whether
membrane bound cues underlie this specificity, we have tested the ability
of 1 day postnatal sensorimotor cortical explants to extend neurites onto
membrane carpets prepared from appropriate and inappropriate target
tissues. Neurite outgrowth on brain membranes was visualized with
florescence microscopy after the explants were stained with a vital dye.
Results showed first that cortical neurite outgrowth on inappropriate 1 day
cerebellar membranes was extremely sparse. In contrast, cortical neurite
outgrowth on membranes from both 1 day cortex and spinal cord was
robust. These results suggest that membrane bound cues play an
important role in determining specificity of target innervation. Results
obtained with membrane carpets from adult spinal cord suggest that these
cues are developmentally regulated since cortical neurites failed to extend
on these membranes. We are currently testing the ability of sensorimotor
cortical neurites to discriminate between membranes from
topographically appropriate vs. inappropriate spinal cord segments.
Supported by NIH Grant NS 14428 (K.K.)
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BASIC
FIBROBLAST
GROWTH FACTOR DIRECTLY
SUPPORTS THE SURVIVAL OF 'PURIFIED' RAT DOPAMINE
NEURONS IN CULTURE. A. A. Romero*. N.S. Stull and L.
Iacovlttl Dept. of Neurology, Institute of Neuroscience, Hahnemann
University School of Medicine, Philadelphia, PA 19102
One of the central issues in Neurobiology revolves around trophic molecules and
their role in the survival and differentiation of dopamine neurons during
development and after injury of the brain. Historically, studies elucidating the
mechanisms regulating dopamine cell survival have been done in tissue culture.
A major obstacle encountered in these studies, however, has been the
heterogeneity and preponderence of other cell types (>99%), making it
impossible to distinguish direct from indirect effects of growth factors on
dopamine neurons. Therefore, in the present study, we used a recently described
method for isolating neatly pure dopamine neurons for study in culture. The lipid
soluble dye 1 ,l'-dioctadecyl-333'3'-ttrrmetdyllud:kMauhocyanine perchlorate (dil)
was injected into the embryonic rat striata where it was taken up by nerve
terminals and transported overnight back to the innervating perikarya in the
ventral midbrain. Cells of the midbrain were then dissected, dissociated and
separated on the basis of their (rhodamine) fluorescence in a Becton-Dickinson
FACStar Plus cell sorter. The fluoraccnrt cells were plated into tissue culture
wells and maintained either on defined media or on media supplemented with
individual or combined growth factors (aFGF, bFGF, EGF, IGF, NGF, TGFB,
IL1, CNTF and LIF). Greater than 90% of cells isolated in this manner exhibited
fluorescence and TH immunolabeling immediately after plating. However, the
survival of these neurons for 1 or more days in culture required supplementation
of the media with basic fibroblast growth factor (bFGF). The addition of other
growth factors did not further enhance dopamine cell survival. Since bFGF
produced this effect in the virtual absence of other cell types, we conclude that
bFGF has a direct trophic action on dopamine neurons.

SIMULTANEOUS TREATMENT WITH AN
"ACTIVATOR'
REQUIRED FOR BENEFICIAL EFFECTS OF
ACIDIC
FIBROBLAST
GROWTH
FACTOR
IN
THE
*HYDROXYDOPAMINE LESIONED RAT. L. Iacovitti* and B.K.
Jin Dept, of Neurology, Institute for Neuroscience, Hahnemann University,
Philadelphia, PA. 19102.
We have previously demonstrated that substances found in the soluble extract of
muscle will increase catechol levels and partially restore motor functionm rats with
a 6-hydroxydopamine (6-OHDA) lesion. These changes have been attributed to a
selective increase in tyrosine hydroxylase (TH) in damaged dopamine neurons only;
intact neurons are not responsive. Recent developments now indicate that this upregulation of TH occurs as a result of an obligate interaction between two muscle
components: acidic fibroblast growth factor (aFGF) and an umdentifed substance of
<lOkD molecular weight which activates aFGF (See Du et al., 1994 abstract). In
the present study, we compared the individual and combined effects of these muscle
factors (aFGF, partially pure Activator) in 6-OHDA treated rats. 6-OHDA was
unilaterally injected into the rat substantia nigra and lesions were verified by
monitoring rotational behavior after amphetamine challenge (5mg/kg). Four weeks
after the lesion, either aFGF (Ing/ml-lOOng/ml), partially-purified Activator, aFGF
(lO^^g/ml) + Activator or PBS+BSA (control) was infused into the damaged
striatum via Alzet miniosmotic pump. Test solutions were delivered lul/hr for 12
days. Following treatment, all groups but controls showed a significant reduction
in rotational asymmetry (48%-68%) and a concomitant increase in the biochemical
indices of dopamine function (3-13 fold). As predicted, the greatest increases in TH
activity, dopamine and DOPAC levels were found in rats infused with both
lOOig/ml aFGF and its Activator. These findings suggest that the beneficial
response to exogenously administered FGF may depend on the simultaneous
presence of an Activator. If so, then intrinsic activators elicited during traum/mjury
(cannulation, transplantation or gel foam implantation) may be variably present,
accounting for the oftentimes discrepant responses to FGF reported in the literature.

285.3
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MULTIPLE SIGNALS REQUIRED FOR GENE INDUCTION:
ACIDIC FIBROBLAST GROWTH FACTOR AND AN
UNKNOWN ACTIVATOR TOGETHER INITIATE TYROSINE
HYDROXYLASE EXPRESSION X. Du*. N.S, Stull and L.
Iacovlttl Dept, of Neurology, Institute for Neuroscience, Hahnemann
University School of Medicine, Philadelphia, PA. 19102.

EFFECTS OF BONE MORPHOMETRIC PROTEIN 2 ON RAT
EMBRYONIC VENTRAL MESENCEPHALON IN VITRO. P. C.
Mabie, M. F. Mehler, and J. A. Kessler*. Depts. of Neurology
& Neuroscience, Albert Einstein Coll, of Med., Bronx, NY 10461.
Bone morphometric protein 2 (BMP2) is a member of a
protein family within the transforming growth factor p
superfamily. BMP2 is expressed in the developing mouse brain.
To define the effects of BMP2 on substantia nigra dopaminergic
neurons, primary dissociated cultures of rat embryonic day 15
ventral mesencephalon were grown in serum-free defined
medium in the presence of recombinant BMP2 (concentration
from 0.1 to 100 ng/ml). BMP2, in a dose-dependent manner,
enhanced survival of neurons expressing tyrosine hydroxylase
(TH) immunoreactivity after 6 days in culture. BMP2 also
increased the number of nonneuronal cells expressing
immunoreactivity to glial fibrillary acidic protein, an astrocytic
marker. Treatment of single cell cultures with BMP2 did not
promote neuronal survival.
Further, in preliminary studies,
treatment with conditioned medium from BMP2-treated cultures
did enhance survival of TH + neurons, suggesting that BMP2
stimulates astrocytic release of a soluble factor(s) trophic for
nigral dopaminergic neurons. Thus, BMP2 has multiple effects
on rat embryonic ventral mesencephalic cultures, including
enhanced survival of dopaminergic neurons.

Substances found in the soluble extract of muscle can alter the differentiative
fate of certain brain neurons in culture by triggering novel expression of the
gene for the catecholamine biosynthetic enzyme tyrosine hydroxylase (TH)
(Iacovitti ct al., 1989; Iacovitti, 1991). In this study, we demonstrate that TH
induction in cultured non-catecholamine neurons from the mouse striatum
requires the cooperative interaction of at least two substances found in muscle.
Purification studies, combined with biological assay, revealed that one
necessary component is acidic fibroblast growth factor (aFGF), the other an
unidentified molecule(s) of <^OkD molecular weight which activates aFGF.
Thus, muscle-derived aK}F, if incubated in the presence but not the absence of
the <lOkD fraction of muscle, induced 80% of striatal neurons to novelly
express TH. This expression was blocked by prior incubation and Protein A
preaptation of the factor with polydonal antibodies to aFGF (1:200-1; 1000).
Similar to muscle-purified aFGF, commercial preparations of native bovine
and human recombinant aFGF (0.1 - 100 ng/ml) were potent inducers of TH
when co-incubated with the <lOkD activator. In contrast, basic FGF produced
little and KGF no induction of TH. Unlike the unidentified activating agent in
mu^e, heparin (20-500 mUnits), a known activator of aFGF, did not
potentiate the factor's TH-inducing activity. Nonetheless, heparatinase
(lOOmUnits) prevented TH induction by aFGF and its activator, indicating that
binding the HSPG low affinity receptor is necessary for the effect These
findings suggest that an obligate interaction between aFGF and an unknown
activator may be required to signal TH gene expression during the
differentiation of a CA phenotype in brain neurons.
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ASTROCYTES GENETICALLY MODIFIED TO EXPRESS RECOMBINANT BRAINDERIVED NEUROTROPHIC FACTOR (BDNF) ENHANCE THE SURVIVAL OF
EMBRYONIC MIDBRAIN DOPAMINE NEURONS IN CULTURE L. A. Cunningham**. L

DIVISION AND DIFFERENTIATION OF NEUROEPITHEUAL CELLS IN
VITRO: EFFECTS OF GROWTH FACTORS. M.M. Bouvier* and C. Mvtilineou.
Dept, of Neurology, Mt. Sinai Sch. of Medicine, New York, N.Y., 10029.
The effect of growth factors on the division and subsequent differentiation of
neuroepithelial cells was examined. Primary cultures were prepared from the
ventral mesencephalon of embryonic day 12 rat, a time which corresponds to
the birth of the dopamine (DA) neurons of the substantia nigra. Cells were
plated on polyornithine coated dishes in serum-free medium. They were
treated at the time of plating and every 48 hours with one of the following: basic
fibroblast growth factor (bFGF; 2Ong/ml), glial cell line-derived neurotrophic
factor (GDNF; 1ng/ml), epidermal growth factor (EGF; 2Ong/ml), insulin-like
growth factor-l (IGF-I; 2Ong/ml), ora combination of bFGF+GDNF, bFGF+EGF,
or bFGF+IGF-l. 3H-thymidine incorporation demonstrated that bFGF had a
strong proliferative effect on cells cultured for up to 5 days in vitro (DIV), the
latest point examined. In contrast GDNF, EGF, or IGF-I had no effect on the
proliferation of these cells, nor were they able to modify the bFGF effect on
proliferation in co-treated cultures. In addition, bFGF caused a delay in the
differentiation of the cells compared to control cultures. This delay was
demonstrated by the lower number of tau- and tyrosine hydroxylase (TH)positive cells on DIV 5, in spite of the overall increase in the total number of
cells in the bFGF treated cultures. Differentiation progressed over time in the
bFGF treated cultures, with both tau- and TH-positive cells increasing by DIV9.
Staining of cultures treated with GDNF, EGF, or IGF-I yielded results similar to
control cultures, and these growth factors were unable to modify the bFGF
effect on differentiation in the co-treated cultures. (Supported by Ni H, NS-30898

Looez-Colbergl. X,O, Breakefield2 and D. Frim2 *Dept Pharmacology, Univ.
New Mexico School of Medicine, Albuquerque, NM 87131 ^Molecular

Neurogenetics Unit, MGH, Harvard Medical School, Boston MA 02114.
Previous studies demonstrated that genetically modified astrocytes can be used
to deliver nerve growth factor (NGF) to lrtrastriatal adrenal chromaffin cell grafts
in a rat model of Parkinson's disease {Brain Res. 561: 192, 1991) To assess
whether a similar approach might be used to deliver BDNF neurotrophic support
to grafts of embryonic dopamine neurons, type I astrocytes purified from newborn
rat striatum were infected with a replication defective retrovirus harboring the
human BDNF gene sequence under retroviral LTR transcriptional control. Low
density neuronal cultures established from embryonic day 15 rat ventral
mesencephalon (50,000 cells/Mm2 plating density) were grown for six days in
serum-free N2 medium conditioned by astrocytes infected with the BDNF
retrovirus (AsBDNF-CM). Neuronal cultures grown in regular N2 medium or in
medium conditioned by astrocytes genetically modified to produce NGF (AsNGFCM) served as controls. AsBDNF-CM increased the number of tyrosine
hydroxylase-immunoreacti^ (TH+) neurons 7-fold compared to cultures grown in
N2 alone (248 ± 19 vs. 37 ± 20 TH+ neurons/cm2, p<0.01) and 2-fold compared to
cultures grown in the presence of AsNGF-CM (124 + 34 TH+ ^^^7^2,
p<0.05). At higher plating density (100,000 Mells/Mm2), AsBDNF-CM, but not
AsNGF-CM, sigrlflMartly enhanced the number of TH+ neurons (4-fold)
compared to cultures grown in N2 alone. These results demonstrate significant

neurotrophic effects of BDNF-producmg astrocytes on embryonic dopamine
neurons in culture. Transplantation studies designed to test these effects in a rat
model of Parkinson's disease are currently underway.

Supported by NINDS NS32562
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NEUROTROPHIC EFFECTS OF PINEAL (PG) CELLS IN SURVIVAL AND
DIFFERENTIATION OF CO-CULTURED SUPERIOR CERVICAL GANGLIA
(SCG) NEURONS. S-Y. Tsai. J. A. McNulty*. Dept. Cell Biology, Neurobiology
and Anatomy, Stritch School of Medicine, Loyola Univ., Maywood, IL. 60153
It is well established that target-derived trophic factors play important roles in neuron
survival and differentiation during development. Based on reports that PG is a source of
various trophic factors (e.g., NGF, IGF, FGF) (Weskamp and Otten, J. Neurochem.
48:1779, 1987; Lievry, Develop. 111:105, 1991; Kiyama, Neuroendocrinol. 59:152,
1994). A dispersed SCG-PG co-culture model was developed to test neurotrophic
interactions of PG, an in situ target of SCG, to promote survival and differentiation of
SCG. PGs and SCGs were removed from S/D neonates (day 1) and dissociated cells
cultured in DMEM (10% FBS). PG co-cultures (separated by Millicell-HA) induced
process extension of PC 12 cells suggesting that a neurotrophic factor (NGF?) is
released by PG. To test the hypothesis that PG-derived NGF-like factor promotes
survival of SCG neurons, cultures were divided as following groups: 1) SCG cultured
alone; 2) SCG cultures treated with lOOngml NGF; 3) SCG-PG co-cultures; and 4)
SCG-PG co-cultures treated with 1% anti-NGF. All cultures were processed for
immunocytochemistry (tyrosine hydroxylase) after 7 days culture and number of
neurons/unit area counted. Our results showed that neuronal density was highest in the
NGF-treated and in SCG-PG co-cultures. Neuronal density was lowest in co-cultures
treated with anti-NGF (ANOVA; p<0.01). When SCG neurons were co-cultured with
established PG 7-day cultures, extensive neurite formation was observed within 24 h as
compared to SCG co-cultures with 1-day PG cultures. This result suggests that the
observed neurotrophic effects are attributable to the non-neuronal cells in PG. To test
whether the neurotrophic effect is a soluble factor or substrate-dependent, SCG neurons
were seeded for 24 h onto either 7-day PG cultures (as above) or onto 7-day PG
cultures, that had been previously killed by drying. There was decreased SCG surviv'al
and neurite extension when seeded onto dead cells. These findings indicate that a PGderived soluble NGF-like trophic factor mediated the survival of SCG target neurons.
Our results also demonstrate that this SCG-PG co-culture system is a good model to
test the roles of other neurotrophic factors in neuron-target interactions.

PURIFICATION OF A NEUROTROPHIC FACTOR SECRETED BY
CULTURED RAT SCIATIC NERVES. R. Villegas. A.T. Haustein and
G.M. Villegas*. Instituto Internacional de Estudios Avanzados (IDEA),
Apartado 17606, Caracas 1015-A, Venezuela.
A conditioned medium (CM) containing a neurotrophic factor secreted
by cultured rat sciatic nerves has been reported by us (Soc. Neurosci.
Abstr. 453.20, 1993). This CM differentiates PC12 cells and its effect
on PC12 cells is insensitive to anti-NGF, anti-bFGF and anti-laminin
antibodies, and is not mimicked by CNTF, laminin or fibronectin. Further
experiments were aimed to isolate and purify the factor from the CM
and also from nerve extracts (NE) obtained from the same cultured
sciatic nerves used to prepare the CM. CM was concentrated by
ultrafiltration and applied to a gel filtration column (Sephacryl S-100
HR). Active fractions were pooled, flown through a heparin affinity
column) and eluted with a linear gradient, 0-1 M NaCI. Active fractions
were pooled, dialized and concentrated by ultrafiltration and finally
purified by size exclusion chromatography (Protein Pak 125). Protein
peaks were collected separately and their PC12-neurite-promoting
activity was investigated. Activity was found to be associated with a
43.4 KKa p rptein. An active p rotein of 50.0 KKa was o btained from the
NE using similar purification procedures. Experiments are in progress
to determine whether these sizes correspond to dimeric structures.
Thanks to R. Apitz F. Bartoli and Y. Olivares for their cooperation.
Supported by CONICIT grants S1-1485 and S1-2180, and Vollmer
Research Fund of CEC-Caracas).
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EFFECTS OF IDENTIFIED TARGET-DERIVED GROWTH FACTORS IN THE
DEVELOPMENT OF CONNECTIONS BETWEEN THE THALAMUS AND
CORTEX IN VITRO.R.B.Lotto*, J.A. Clausen and D.J.Price. Dept, of Physiolgy.
Univ. Med. Sch., Teviot Place, Edinburgh, EH8 9AG, U . K.
Over the last three years we have shown that diffusible target-derived growth factors
markedly influence the development of both thalamus and cortex in vitro. We have
demonstrated that outgrowth from both thalamic and lateral cortical explants is
significantly enhanced when these tissues are cultured together. However, one problem
with assessing growth-promotion using organotypic explants is that considerable nonquantifiable growth is likely within the explants; for example, our recent Dil tracing
experiments have revealed a large number of fibers that course around the perimeter of
cultured thalamic explants. Thus, we have now shifted from using organotypic cultures
to the more accessible and quantifiable dissociated culture paradigm . In so doing, we
have attempted (i) to gain a better understanding of the actions of the thalamic- and
cortical-derived factors and (ii) to determine their identity .
E15 thalamic cells, when cultured alone, extend neurites to several microns after 48h
cultured on poly-1-lysine. Their average neurite length is, however, significantly
increased in the presence of the cortex, suggesting that cortical-derived factors may
enhance thalamic growth; given that isolated thalamic cells are capable of growing
neurites, it is unlikely that these factors initiate thalamic outgrowth in vivo. As to the
identity of these factors, it has previously been shown that many of the known
neurotrophic factors are synthesized in both cortex and thalamus. We have
demonstrated using the polymerase chain reaction that receptors for at least some of
these factors are present in these structures at the appropriate ages. At this time, we
postulate that the thalamus and cortex release already identified growth factors that act
either singly or in combination to promote the growth and arborization of axons as
they interconnect between these structures, and to regulate their plasticity during early
postnatal life.

THE DEVELOPMENT OF THE MURINE THALAMOCORTICAL
PATHWAY IN VITRO Warren, N.. Magowan. G. and Price. D.J.* Dept. of
Physiology, Univ. Med. Sch., Edinburgh EH8 9AG, UK.

We are studying the mechanisms that initiate the outgrowth of thalamocortical
axons and control their termination in cortical layer 4. Experiments were carried
out with co-cultured explants of the thalamus and cortex from mice, maintained
on collagen filters in serum-free medium. To study thalamic axonal outgrowth,
the explants were kept at a distance; thus, we ensured that any interactions were
mediated by diffusible factors. To study termination, the thalamic and cortical
explants were cultured touching from the outset, so that thalamic fibres invaded
the cortical tissue.
Previous work has shown that diffusible factors released from the cortex
stimulate the outgrowth of neurites from thalamic explants, and that the release of
these factors increases with age. These studies suggested that the the posterior
parts of the thalamus responded not only to the posterior cortex but also to the
anterior cortex. Our recent experiments have indicated that the increase in the
effect of the anterior cortex occurs earlier than the increase in the effect of the
posterior cortex. This finding may reflect the anteroposterior gradient of
maturation of the cortex.
In vivo, thalamocortical axons terminate mainly in layer 4; this can be
mimicked in vitro by culturing embryonic thalamic explants with postnatal
cortical slices older than postnatal day 6 (P6). In agreement with the work of
others, we have found that thalamic axons do not stop in layer 4 of younger
postnatal cortical explants. Our preliminary data suggest that the termination
signal does not mature in P0-1 slices that are cultured for 6 days before being
innervated by the thalamus. We are investigating whether neurotransmitters are
involved in initiating the expression of the stop signal in layer 4.
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NEUROTROPHIN-3 PROMOTES NEURITE OUTGROWTH
AND BRANCHING IN DEVELOPING RAT HIPPOCAMPAL
NEURONS. G. Morfini\ F.Feiguinl M.C. DiTellal N.G. Carri2 *

REGULATION AND BIOLOGICAL ACTIVITY OF BASIC
FGF AND OTHER NON-SECRETORY PROTEINS
EXPRESSED IN ASTROCYTES. H. Kamiguchi*, K. Yoshida,
M. SSgpo, H.WWcmamto, M.I naba, H. SS^a^lkk H.QOni, S . Toya.
Dept, of Neurosurgery, Keio University, Tokyo 160, Japan.
Western blot analysis revealed that 18, 22, 24 kD bFGF-isoforms are
expressed in astrocytic cell extracts derived from newborn rat
hippocampi. Protein levels of 18 kD bFGF-isoform were quantified by
using the image analyzing system. Interleukin-l)3(IL-1/3), tumor necrosis
factor-a (TNF-a), and epidermal growth factor (EGF) enhanced 18 kD
bFGF-isoform expression in astrocytes. Subsequently, biological
activities of astrocytic cell extracts were examined. As previously
described, bFGF increased the number of glial fibrillary acidic protein
(GFAP) immunoreactive cells in the neural cell cultures from embryonic
rat brain under the serum-free condition. Astrocytic cell extracts had a
similar mitogenic effect, which is enhanced by pretreatment of astrocytes
with IL-1 p or EGF. We also revealed that astrocytic cell extracts
increased choline acetyltransferase (CAT) activity of septal cholinergic
neurons, and that the effects of astrocytic cell extracts and bFGF, which
also enhances CAT expression in septal cholinergic neurons, were
additive, indicating that a part of the cholinergic neurotrophic effect of
astrocytic cell extracts is mediated by a non-FGF type neurotrophic
factor(s). Our current study aims to characterize the factor(s) expressed
in cytokine-activated astrocytes.

and A. Caceres1. 1 Instituto INIMEC, Cordoba and 2 IMBICE, La
Plata, Republica Argentina.
Low density dissociated cultures of embryonic rat hippocampal
cells were used to study the effects of recombinant neurotrophin-3
(NT-3) on neuronal morphogenesis. The results obtained indicate
that NT-3 enhances neurite outgrowth and branching; this is a dosedependent effect, detected in aproximately 50% of the neurons, and
prevented by K-252a an inhibitor of the neurotrophin receptor trk
family of receptor protein kinases. NT-3 also accelerates the
development of neuronal polarity, a phenomenon preceded by a
dramatic accumulation of bundles of looped microtubules within
axonal growth cones; these microtubule bundles contain
tyrosinated, detyrosinated and acetylated a--ubulin.
Taken
collectively, our data suggest that eventhough the basic shape of
hippocampal neurons may be endogenously determined, critical
aspects of their morphological development may be modulated by
trophic factors such as NT-3. In addition, our observation suggest
that at least some of the neuritogenic effects of NT-3 involve a
stimulation of microtubule assembly and / or transport.
INIMEC (Grant Fundacion Antorc has, CONICOR and CONICET PID-BID 91).
IMBICE (Grant CONICET PID-BID 1431-91-011 and TWAS, Trieste, Italy)
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A K252A ANALOG INCREASES CHOLINERGIC FUNCTION IN
PRIMARY NEURONAL CULTURE AND IN RATS SUBJECTED TO
LESIONING OF THE NUCLEUS BASALIS.
M.S. Saporito*. M.A.

TROPHIC EFFECTS OF BASIC FIBROBLAST GROWTH FACTOR
(bFGF) ON BASAL
FORBRAIN ASTROCYTES AND
CHOLINERGIC NEURONS. Lisa D. Cain* and Linda Perkins. Dept.
of Anatomy & Neurosciences, University of Texas, Medical Branch at
Galveston, Glaveston, Texas 77555-0843.
Basic fibroblast growth factor (bFGF) is a mitogen for
oligodendrocyte and astrocytes. To define the role of bFGF on basal
forebrain (bf) astrocytes and cholinergic neurons, we established bf
serum-containing
cultures from embryonic day 17 (El7) rats:.
Cholinergic bf neurons were studied by acetylcholinesterase staining
(AChE) and type 1 astrocytes were studied by staining for glial
fibrillary acidic protein. E17 cultures were treated with 2Ong/ml and
5Ong/ml of bFGF. Control cultures received no bFGF treatment. After
seven days in culture the number of type 1 astrocytes increased 2-fold
in response to 5Oig/ml of bFGF . To determine the effect of bFGF on
cholinergic neuron survival we counted the number of AChE positive
neurons surviving after seven days in culture. We observed that 2Ong/ml
of bFGF did not affect cholinergic neuron number when compared to
controls, however 5Oig/ml of bFGF elicited a 2-fold increase in
cholinergic neuron number. Similar results were observed for postnatal
day one cultures. This data indicates that high concentrations of bFGF
can increase the number of cholinergic bf neurons in culture. This
increase in bf cholinergic neuron number may result from the direct
effect of bFGF in increasing the number of astrocytes, which may
produce a trophic factor (s) for the neurons.

Glicksman. E.M. Brown. M.E. Forbes. J.E. Prantner. E. Robbins. C.
Murakata and S. Carswell. Cephalon Inc., 145 Brandywine Parkway, West
Chester, PA 19380.
K252a promotes neuronal survival in a variety of primary neuronal cell
culture systems. In the present studies, K-252a was compared to its
structural analog CEP1347 with respect to promoting survival of embryonic
basal forebrain neurons in culture. Application of either compound to the
culture medium resulted in increased neuronal survival and increased
ChAT activity that was sustained for as long as 6 days without refeeding.
CEP1347 proved to be more active than the parent compound at promoting
both of these neurotrophic parameters and was therefore assessed for its
ability to affect compromised forebrain cholinergic neurons in vivo.
Bilateral or unilateral excitotoxic lesioning of the nucleus basalis with
ibotenic acid resulted in a regionally selective 30% decrease in cortical
ChAT activity and a correlative decrease in ChAT mRNA levels in the
basalis region as measured by a ChAT RNase protection assay. The
decrease in cholinergic function was time dependent with maximal deficits
observed 7 days after lesioning. Systemic administration of CEP1347,
beginning the day after lesioning, attenuated the decrease in cholinergic
function in the frontal cortex measured at 14 and 21 days post-lesioning. In
unilaterally lesioned rats, ChAT activity on the contralateral side was
unchanged, suggesting that CEP1347 was only affecting lesioned neurons.
These results are suggestive of a neurotrophic or neuroprotective action of
CEP1347 in vivo on compromised cholinergic neurons and indicate that this
class of molecules may be useful in neurodegenerative disorders.

285.15

285.16

INTERLEUKIN-2 STIMULATES CHOLINERGIC NEURONS IN SEPTAL
CELL CULTURES. F. Mennicken1*. I.E. Mazzoni2. R.L. Kenigsberg2 and R.
Ouirion1. 1 Douglas Hospital Research Center, Dept Psychiatry, McGill
University, Montreal, Qudbec, Canada, H4H 1R3. 2 Hopital Ste-Justine,
Montrdal, Qudbec, Canada, H3T 1C5.
Previous studies have shown that interleukin-2 (IL-2) is a potent modulator of
in vitro acetylcholine (ACh) release from hippocampal slices (Araujo et al., Brain
Res., 498 : 257,1989 ; Hanisch et al., J. Neurosci., 13 : 3368, 1993). In order to
investigate further the cellular nature of this effect, we used embryonic septal
neuronal cell cultures, known to be enriched with the cholinergic phenotype, and
monitored choline acetyltransferase (ChAT) activity following exposure to IL-2.
Cultures of fetal septal neurons were prepared by dissecting the septa of 17-day old
rat embryos and dissociating the cells enzymatically (trypsin 0.08%, 15 min) and
then mechanically. Neurons were grown in a chemically defined serum-free
medium and plated at various densities in poly-L-lysine coated wells. Cultures
were kept at 37°C (5% CO2) for various periods (2 to 8 days), IL-2 (10’1^M to
10"8m ) being added to the medium, 24 hours after plating. ChAT activity was
determined according to the method of Fonnum. The results show that 1) for a
plating density of 375000 cells/cm2, IL-2 increased ChAT activity in a
concentration-dependant manner (10'14M to lO’^M), with a maximal effect
observed at 10'* *M (15-30%); 2) increases in ChAT activity were observed for a
IL-2 treatment of 4 to 7 days but not for a shorter treatment duration ; 3) the effect
of IL-2 (lO'*^M) on ChAT activity was abolished by the anti-TAC antibody
against the IL-2 receptor a subunit (1/400; 4) IL-2-induced increases in ChAT
activity was abolished at a higher density of cells (500000 cells/cm^) and
potentiated at a lower density (250000 cells/cm^) of 6-day old cultures. This study
adds further evidence demonstrating that IL-2 can directly modulate cholinergic
neurons (Supported by FRSQ and MRCC).

DIFFERENTIAL EFFECTS OF BRAIN DERIVED NEUROTROPHIC FACTOR
(BDNF) AND MORPHINE ON DEVELOPMENT OF LOCUS COERULEUS
NEURONS IN VITRO. L. Sklair-Tavron* and E.J. Nestler. Lab. of

285.17
NON-NGF TYPE CHOLINERGIC NEUROTROPHIC ACTIVITY
OF CYTOKINE-ACTIVATED ASTROCYTES AND FIBROBLASTS.
M. Sagoh*, K. Yoshida, H. Kamiguchi, H. Wakamoto, M. Inaba, H.
Sasaki, M. Otani and S. Toya. Dept, of Neurosurgery, Keio
University, 35-Shinanomachi, Shinjuku-ku, 160 Tokyo, JAPAN
Astrocytes have NGF type and non-NGF type cholinergic
neurotrophic activities. We previously demonstrated that astrocyteconditioned medium increases choline acetyltransferase (CAT) activity
of NGF-insensitive brainstem neurons which is enhanced by
cytokines. Fibroblasts also produce NGF in vitro. In the present study,
the neurotrophic activities of cytokine-activated astrocytes and
fibroblasts on neurons in the central nervous system were investigated.
The effect of astrocyte-conditioned medium (ACM) and conditioned
medium obtained from astrocytes activated by acidic fibroblast growth
factor, interleukin-lp and tumor necrosis factor-a on CAT activity of
septal, brainstem and spinal cord neurons were examined. The effect of
fibroblast-conditioned medium (FCM) and conditioned medium of
cytokine-activated fibroblasts on neurons were examined under the
same condition. ACMs and FCMs increased CAT activity of septal
neurons via NGF. ACM increased CAT activity of brainstem and spinal
cord neurons and which is enhanced by cytokines. FCM increased
CAT activity of spinal cord neurons and cytokines enhanced it, but not
of brainstem neurons. These results indicate that cytokines activate
non-NGF type of cholinergic neurotrophic effect in different manners.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

667

Molecular Psychiatry, Yale Univ. Sch. of Med., New Haven, CT
06508.
BDNF has been shown to affect survival and differentiation of
several populations of central neurons, including cholinergic and
dopaminergic cells. We have examined the influence of BDNF
(provided by Regeneron) on the development of noradrenergic
neurons from the locus coeruleus (LC) in vitro. Primary cultures of
dissociated LC neurons of 14 day old fetal rats were grown in serum
containing medium. Survival and differentiation of LC neurons were
assessed by measuring norepinephrine (NE) uptake and the number of
tyrosine hydroxylase immunoreactive (TH+) cells in the cultures.
Daily application of BDNF (100 ng/ml) resulted in an up to two-fold
increase in NE uptake but only a ~2O% increase in TH+ cell number.
Unlike the effects of other growth factors on LC cells, the effects of
BDNF were independent of high cell density and remained constant at
densities as high as 3.2x105 cells/cm2. Thus, BDNF appears to
enhance mostly differentiation, rather than survival, of LC neurons.
Previously we have shown that morphine (10 pM) inhibits the
trophic effects of NT-3 on these cells (Sklair-Tavron and Nestler,
Soc. Neurosci. Abs. 19, 666). Addition of morphine and BDNF to LC
cultures completely eliminated the BDNF- induced increase in TH+
cell number, but did not affect induction of NE uptake. These studies
will further our understanding of neurotrohin regulation of LC
development, and the influence of morphine, and possibly of
endogenous opioids, on this process.

285.18
GDNF: A NEW NEUROTROPHIC FACTOR FOR MOTONEURONS.
A.D. Zum*. L Winkel. E.E. Baetae. J.P. Hammana. A.C. Kato. and P.
Aebischer. Lausanne University Medical School, Lausanne, Switzerland;
CytoTherapeutics, Providence, Rl, USA; Geneva University Medical School,
Geneva, Switzerland.
Glial cell line-derived neurotrophic factor (GDNF) has recently been
postulated to be a dopaminergic neuron-specific neurotrophic factor (Lin et al.,
1993). We report here that GDNF released by GDNF-transfected Baby Hamster
Kidney cells induces a 5-6-fold increase in the activity of choline
acetyltransferase (ChAT) in cultures from the embryonic rat ventral
mesencephalon containing cholinergic neurons from the cranial motor nuclei
and the pedunculopontine nucleus. ChAT activity is also increased in spinal
motoneurons, but not in septal and striatal neurons in vitro. Moreover, when
the ventral mesencephalon is cut into rostral and caudal portions and cultured
separately, GDNF increases ChAT activity only in the rostral mesencephalon
containing cholinergic neurons from cranial motor nuclei, and not in the caudal
mesencephalon containing cholinergic neurons from the pedunculopontine
nucleus. Combinations of GDNF and brain-derived neurotrophic factor (BDNF),
or GDNF and ciliary neurotrophic factor (CNTF), which both by themselves
increase ChAT activity, have a synergistic effect on the cholinergic properties
of the cultured mesencephalic motoneurons. The present results suggest that
GDNF, either alone or in combination with BDNF and/or CNTF, may be a
potential therapeutic agent in the treatment of motor neuron diseases such as
amyotrophic lateral sclerosis.
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BDNF PROMOTES SURVIVAL OF RAT SPINAL DORSAL HORN
NEURONS IN VITRO. C. Bechade*. V. Devignot, and A. Triller Cellular
Neurobiol. INSERM U26l. Institut Pasteur. 75015 Paris France.
Disruption of the three trk receptor genes lead to neuronal cell loss in
the dorsal root ganglions (DRG), which may secondary involve neurons from
the dorsal horn (Klein ct al. 1993 Cell 75:113; 1994 Nature 368:249; Smeyne
et al, 1994 Nature 368:246). The neurotrophins BDNF, NT3 and NT4/5 have
been reported to promote survival in vitro of several types of neurons including
rat motoneurons (Henderson et al 1993, Nature 363:266). In this study, we
compared the ability of these neurotrophins to prevent the cell death of spinal
neurons from the dorsal horn.
Primary cultures were prepared at embryonic day 14 and maintained
in serum free medium supplemented by neurotrophins. We confirmed by RTPCR analysis that trkb and trkc mRNAs were expressed. Neuron survival was
assayed by counting cells after plating (4.104 cell /cm2) and after 7days of
culture. After one week, the number of viable cells was for the control : 25 ±
2.1%, for NT3 : 33.7 ± 7%(lng/ml) and 43.4 ± 3.4 %(lOng/ml), for NT4/5 :
33.2 ± 3%(lng/ml) and 41.5 ± 9.7%(lOng/ml). for BDNF : 53 ± 6.7%(lng/ml)
and 42 ± 7.8%(lOng/ml)(mean ± sem n= 4). Thus. BDNF was the most potent
factor for the dorsal horn survival, exerting its maximum effect at the
physiological dose of 1 ng/ml. NT3 and NT4/5 were less effective and had
their maximum effect at lOng/ml .The combination of NT3 and BDNF at
saturating doses did not augment the survival of these neurons.
At E14. BDNF is not detected in the rat spinal cord by in situ
hybridization but is expressed in the DRG ( Ernfors et al 1992, Eur. J. Neurosc.
4:1140) which, therefore, could represent a trophic source for the dorsal horn
spinal neurons. BDNF could reach its target by anterograde transport and thus
would represent a survival factor in vivo for the dorsal horn neurons.

a-SIALYL CHOLESTEROL INCREASES LAMININ IN SCHWANN CELL
CULTURES
AND
ATTENUATES
CYTOSTATIC
DRUG-INDUCED
REDUCTION OF LAMININ. P.N.M. Konings. F.A. Ducks. R.L.A. Philipsen.
G.H. Veeneman and G.S.F. Ruigt* Department of Nguropharmacology/Medicinal
Chemistry, NV Organon, PO Box 20, 5340 BH Oss, The Netherlands.
Schwann cells play an important role in peripheral nerve regeneration. Here we
report the effect of a-sialyl cholesterol (a-SC), a derivative of the sialic acidcontaining natural gangliosides, and the cytostatic agents, cisplatin, taxol and
vincristine on the laminin production in Schwann cell cultures isolated from rat
sciatic nerves. Laminin, one of several extracellular matrix components produced by
Schwann cells, is known to potentiate axonal outgrowth. Laminin content was
increased by a-SC starting at 7.0 gg/ml with a maximal effect at 22.4 Mg/ml ( + 30
%; P< 0.001). The three cytostatic drugs, dose-dependently reduced laminin content
in Schwann cell cultures: (a) cisplatin at a threshold dose of 2 gg/ml (-26.4 %;
P <0.001) (b) taxol, starting at a dose of 1 ng/ml (-8.0 %; P<0.05), and (c)
vincristine, starting at 0.5 ng/ml (-5.9 %; P<0.05). Cultured Schwann cells were
incubated with cytostatic drugs in combination with increasing amounts of a-SC and
it was found that depending on the cytostatic drug concentration used a-SC could
reduce or completely prevent the cytostatic drug induced reduction of laminin in
Schwann cell cultures. Co-treatment with a-SC also reduced part of the
morphological changes caused by the cytostatic drugs. a-SC did not counteract the
anti-proliferative effect of the cytostatic drugs on K-562 human erythroleukemia
cells. In conclusion a-SC increased laminin content in Schwann cell cultures and
protected Schwann cell cultures against the decrease of laminin by cytostatic drugs
without interfering with the anti-proliferative potential, suggesting that a-SC may
have clinical use in protecting cancer patients against the neurotoxic effects of
cytostatic drugs.
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NEURONS DERIVED FROM A HUMAN EMBRYONAL CARCINOMA
CELL LINE RESPOND TO CILIARY NEUROTROPHIC FACTOR. M. Zeller*
and W.L Strauss. Dept. of Molecular and Cellular Pharmacology, Univ. of
Miami Sch. of Medicine. P.O. Box 016189, Miami, FL 33101.
Growth in medium containing retinoic acid (RA) induces a population of
NTera2/clone D1 (NT2) human embryonal carcinoma cells to differentiate
into cells that resemble postmitotic neurons. These NT2-N cells can be
separated from non-neuronal NT2 cells by differential plating and maintained
in culture for many weeks making them attractive for studies that require a
pure population of neurons with a defined phenotype. We have noted that
a pure population of NT2-N cells, but not undifferentiated NT2 cells, express
both transcripts of the human gene for choline acetyltransferase (ChAT) and

CHARACTERIZATION OF CHOLINE ACETYLTRANSFERASE
REGULATION BY CILIARY NEUROTROPHIC FACTOR IN THE
LA-N-2 NEUROBLASTOMA CELL LINE. L. Zinman, D.H.
Maurice and R.T. Riopgllg*. Departments of Pharmacology and
Medicine, Queen's University, IGngston, Ont., K7L 3N6, Canada.

have moderate levels of ChAT enzyme activity (-40 pmol ACh
synthesized/min/mg protein). While examining the time required for the
induction of ChAT activity during RA treatment (ChAT activity increases
linearly from day 6 to day 28), we observed that cultures composed of both
NT2 and NT2-N cells had ChAT enzyme activities at least as high as those
measured in pure NT2-N cell cultures. Immunohistochemistry showed,
however, that in such mixed cultures only the neuronal cells, which comprise
-25% of the total, contained the ChAT protein suggesting that NT2-N cells
express much higher ChAT activity before isolation and, furthermore, that
ChAT activity in these cells might be regulated. A variety of trophic factors
were tested for the ability to upregulate ChAT activity in purified NT2-N cell
cultures. CNTF (50 ng/ml for 6 days) induced a 2-fold increase in NT2-N
cell ChAT activity with no change in protein content. Leukemia inhibitory
factor (20 ng/ml) produced a significant, but smaller, increase in ChAT
activity. The specificity of this effect for CNTF was confirmed by our ability
to detect CNTF receptor mRNA on Northern blots of NT2-N cells.

Ciliary neurotrophic factor (CNTF) is one member of a group
of growth factors known as ngurokinLgs. Recombinant rat CNTF
induces morphological and neurochemical changes in the LA-N-2
human neuroblastoma cell line characterized by the cessation of
cell proliferation and the induction of differentiation towards a
cholinergic phenotype.
Half-maximal induction of choline
acetyltransferase (ChAt) specific activity and neurite growth
occurs at approximately 100 pM CNTF. ChAt protein levels were
examined by SDS-PAGE followed by immunoblotting with a
monospecific polyclonal ChAt antibody. Analysis of ChAt
immunoreactivity has revealed several molecular weight variants
which potentially result from a variety of post-translational
modification processes or proteolysis of the enzyme during its
preparation. We have contrasted CNTF-induced increases in
ChAt activity with molecular weight variants of the enzyme. The
influence of CNTF on the activity and levels of ChAt enzyme in
cytosolic and membrane associated sub-cellular fractions have
also been investigated.
Supported by the Canadian NeuroScience Network.

286.3
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CNTF RECEPTOR LOCALIZATION AND THE EFFECTS OF
RECOMBINANT CNTF ON MAH CELL DIFFERENTIATION

A NOVEL NEUROTROPHIC FACTOR SECRETED BY A MOUSE
SCHWANN CELL LINE. R.Y. Xu* and S.U. Kim. Div. of Neurology,
Dept. of Medicine, Univ. of British Columbia, Vancouver, BC, V6T 2B5,
Canada.
Schwann cells are the major glial elements in the peripheral nervous
system, and therefore, could play important roles in supporting neuronal
differentiation and survival. Previous studies have indicated that Schwann
cells in culture could secrete molecules with neurotrophic activity into the
medium. We recently identified and partially characterized a dopaminergic
neurotrophic factor secreted by MSI, a mouse Schwann cell line initiated in
this laboratoiy (Watabe et al., J Neuropath Exp Neurol 49, 455,1990).
Ventral mesencephalic tissues containing substantia nigra were isolated
from 13-14 day fetal mouse brains, dissociated into single cells, and grown in
culture medium containing 5% fetal bovine serum. Twenty-four hours later,
cultures were washed and incubated in serum-free medium containing
varying concentrations of MSI conditioned medium for a period up to 7
days. In cultures exposed to MSI conditioned medium, there was a 3-fold
increase in the number of tyrosine hydroxylase (TH)-ammunoreactave
neurons and a 2-fold increase in dopamine uptake. This neurotrophic
activity was found to be more potent than other known trophic factors for
dopaminergic neurons such as bFGF, IGF, and EGF. Following partial
purfiication of the factor, it was found that the molecular weight of the
factor was between 17 and 30 kDa. The factor is a heat-sensitive, nonheparin binding, protease-digestible protein-like molecule. The factor did
not show any mitogenic effect on mouse astrocytes or survival effect on
mouse dorsal root ganglion or spinal cord neurons in culture. We
concluded that this Schwann cell neurotrophic factor (SCNTF) is a novel
and specific neurotrophic molecule for dopaminergic neurons.

M.A. Tokiwa*, E.M. Gaspar and L.C. Doering. Education Programme

in Anatomy, McMaster University, Hamilton, Ont., Canada L8N 3Z5
Our recent experiments showed that recombinant ciliary
neurotrophic factor (rCNTF) and recombinant nerve growth factor
(rNGF) favour chromaffin cell survival in vitro (NeuroReport 5:549-552,
1994). We have extended these studies to evaluate CNTF receptor
(CNTFR) expression and rCNTF-mediated differentiation of chromaffin
cells and a sympathoadrenal cell line (MAH).
An antibody to the CNTFR a subunit (RG3O, provided by Regeneron
Pharm. Inc.) identified MAH cells in culture, and a sub-population of
tyrosine hydroxylase-positive chromaffin cells in sections of the rat
adrenal medulla.
rCNTF (Genentech Inc.), at 50-500 ng/ml, initiated the development
of sympathetic-like neurons from MAH cells without the need for
fibroblast growth factor priming and subsequent exposure to NGF.
MAH cells exposed to rCNTF (4 days in vitro) extended long,
branched processes that reacted with an antibody to MAP2 (a dendrite
marker). This effect was independent of dexamethasone in the media.
Experiments in progress will assess the effects of rCNTF on RG3O
and lgG-192 (low affinity NGF receptor) expression in these cells.

Supported by the Parkinson Foundation of Canada.
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THE EFFECT OF NCF AND ECF ON PC12 CELL PROLIFERATION IS
MEDIATED . BY INTRACELLULAR TETRAHYDROBIOPTERIN.
P.Z.
Anastasiadis*1, R.L. Shoemaker2, B. Imerman1, |.C. States3, D.M. Kuhn4, and
R.A. Levine1,2,4. 'William T. Gossett Neurology Labs, Henry Ford Hosp.,
Detroit; ’Veterans Admin., Allen Park, Ml; ’Center for Mol. Biol. & ‘'Cellular
& Clinical Neurobiology Progam, and “Wayne State University, Detroit, Ml.
Tetrahydrobiopterin (BH4) is the essential cofactor for tyrosine
hydroxylase, tryptophan hydroxylase, and nitric oxide synthase, in
catecholamine, serotonin, and nitric oxide synthesis, respectively.
In
addition, BH4 is required for the proliferation of cultured murine
erythroleukemia cells. We tested the effects of BH4 on the proliferation of
cultured rat pheochromocytoma (PC12) cells. Cell proliferation was counted
by: 1) cell counting with the use of a hemocytometer and trypan blue
exclusion, and 2) monitoring live cells by the use of an enzymatic color
formation assay. Sepiapterin, dihydrobiopterin, nerve growth factor (NGF),
and epidermal growth factor (EGF) were used to elevate intracellular BH4
levels, whereas 2,4-diamino-hydroxypyrimidine (DAHP), N-acetyl-serotonin
(NAS) and methotrexate were used to inhibit intracellular BH4. Our results
indicate that elevating intracellular BH4 increases PC12 cell proliferation and
this increase can be reversed by inhibitors of BH4 synthesis. In addition,
stimulation of PC12 cell proliferation by NGF and/or EGF requires BH4
biosynthesis. All inhibitors of BH4 biosynthesis reversed the mitogenic effect

of these growth factors, and administration of exogenous BH4 reversed the
inhibition of the mitogenic response. Furthermore, both EGF and NGF
caused a significant increase in the activity (Vmax, in vitro) of GTPcyclohydrdase, the first and rate-limiting enzyme in BH4 biosynthesis, and
an increase in intracellular BH4 levels after 24 hours. Altering intracellular
BH4 levels did not affect NGF-induced neurite extension, indicating that in
PC12 cells BH4 mediates proliferative rather than differentiating processes.

286.6

SUPPRESSION OF ASTROCYTIC CELL PROLIFERATION IN
NEURONAL CELL CULTURES FROM EMBRYONIC RAT BRAIN
BY SODIUM BUTYRATE. K. Yoshida*, M. Sagoh, H. Wakamoto,
H. Kamiguchi, M. Inabb, H.Sasaki, M. Otani, S.Toyy. Dept. of
Neurosurgery, Keio University, Tokyo 160, Japan.
During our previous studies on the neurotrophic activities of
astrocytes, we found that acidic fii^I^<fblanS growth factor (aFGF) is the
most potent mitogen and the inducer of nerve growth factor (NGF)
synthesis for astrocytes. Dibutyryl cAMP (db-cAMP), which induces the
similar morphological change of astrocytes to aFGF, and aFGF
synergetically enhanced NGF synthesis and secretion in astrocytes.
However, mitogenic activity of aFGF was completely inhibited by dbcAMP. Moreover, sodium butyrate, which has no effect on NGF
synthesis in astrocytes, inhibited the mitogenic activity of aFGF. Based
on these findings, we applied sodium butyrate to the neuronal cultures
from embryonic rat cerebral cortex to suppress the proliferation of
astrocytes. As expected, both spontaneous and aFGF-induced
proliferation of astrocytes was significantly suppressed by sodium
butyrate. Subsequently, we examined the effect of aFGF and NGF on
septal cholinergic neurons in the presence of sodium butyrate. Both
growth factors significantly enhanced choline-acetyl transferase
expression under this culture condition, indicating that the selective
neuronal cultures in the presence of sodium butyrate is useful as the
assay system for neurotrophic factors.

286.7

286.8

ECTOPIC EXPRESSION OF THE IL-3 RECEPTOR MODULATES
CELL PROLIFERATION IN CONDITIONALLY IMMORTALIZED
ST14A NEUROEPITHELIAL CELLS E. Cattaneo#. B. Reinach#. L.
Benussi#. L.Bolis#. S. Govoni#* and E. Liboi#A #Instttute of
Pharmacological Sciences, University of Milano,Via Balzaretti 9, 20133
Milano; Ainstitute of Biological Chemistry, University of Verona, Italy.
The structural similarities between receptors acting on the hematopoietic
and nervous systems led us to investigate whether the IL-3 receptor (IL3R) could equally function in multipotent neuroepithelial cells as it does
on hematopoietic progenitors. For this purpose, the high affinity murine
IL-3R was reconstituted into temperature-sensitive striatal derived ST14A
cells (23rd Neuroscience Meeting, Abstr. 107.6) by transfecting the
cDNAs encoding for the a and 6 (AIC2A) chains of the receptor. Clones
have been selected in the presence of the hygromycin resistance gene and
independently expanded. By RNAse protection experiments we confirmed
the presence of the a and p IL-3R subunits in one line out of 7 analyzed.
This cell line, named a6l4, has been further analyzed for its response to
murine IL-3. We found that in quiescient a6l4 cells exposed to IL-3 for
24 hours in SFM at 33°C 3H-thymidine incorporation was increased by a
factor of 2.5. At the non permissive temperature of 39°C we also detected
increased incorporation in IL-3 stimulated cells. Dose response curve and
time course experiments showed that incorporation of 3H-thymidine was
maximal at the IL-3 concentration of 2 ng/ml and at 24 hours of
treatment. IL-6 and CNTF did not stimulate the proliferation of a6l4
cells. Furthermore, conditioned medium from stimulated a6l4 cells did
not elicit any change in the incorporation of 3H-thymidine in parental
ST14A cells. Finally, ST14A cells expressing the erithropoietin (EPO)
receptor or single subunits of the IL-3R did not show any effect upon
stimulation with EPO or IL-3 respectively. The data indicate that
neuroepithelial cells expressing the IL-3R acquire the ability to proliferate
in response to the addition of the specific ligand.

THE SURVIVAL OF EMBRYONIC CHICK COCHLEOVESTIBULAR
GANGLION CELLS IN BDNF, NT-3, AND NT-4. B.H.A. Sokolowski*. Dept, of
Surgery/Otolaryngology, Physiology & Biophysics, University of South Florida,
College of Medicine, Tampa, FL 33612.
The development of excitation and the onset of its timing during development may
affect the survival of neurons. In turn, the underlying basis of excitation, ionic
currents, may be regulated by growth factors such as neurotrfphias. In an effort to
determine which neurotrophins may play a role in regulating the expression of ionic
currents we have used an assay in which the long term survival of embryonic
cochleovestibular explants was examined under different media conditions. The
ganglion explants were removed 90 hours post-fertilization and placed in microwells
with serumless medium consisting of F14 and an N1 supplement in the absence
(control) or presence (experimental) of brain derived-neurotrophic factor (BDNF),
necrotrophia-3’ or necrotrfphia-4. Explants were grown in vitro for 23 days on a
laminin and poly-dl-omithine substrate. The survival of the explants was examined
by determining if the cells and their neurites were maintained and by measuring the
length of the growing fibers. In addition, survival was verified by immunohistochemical staining for intermediate-sized neurofilaments.
Neurite outgrowth was observed in both control and experimental conditions during
the first 1-9 days in vitro. Survival of explants gradually declined in control
conditions, reaching a 40-50% survival rate after 23 days in vitro. Relative to control
conditions, explants grown in media containing neurotrophias showed the following:
(1) those containing BDNF (5-200 ng/ml) showed an increase in survival as early as
ED 7, (2) for explants in NT-3, effects were seen first on ED 7-11, (3) NT-4 doses at
3ng/ml and above yielded increased survival rates starting at ED 7 while smaller
doses yielded no measurable differences at this age. When insulin was removed from
the N1 supplement, the survival of explants in BDNF was equivalent to control
conditions. In comparison, in NT-3 without insulin, survival declined significantly
within 3 days. Results suggest an influential role of these neurotrophias on the
survival of these explants. Supported by grants R29DC01923-02 from the N1H
(NIDCD) and the Deafness Research Foundation.

286.9

DOWN-REGULATION OF erbB2/neu RECEPTORS BY NERVE
GROWTH FACTOR IN PC12 CELLS.
M.Oshima*. L.Weiss.
W.C.Dougall and G.Guroff. Section on Growth Factors, National Institute
of Child Health and Human Development, Bethesda, MD 20892 and
Department of Pathology and Laboratory Medicine, University of
Pennsylvania School of Medicine, Philadelphia, PA 19104.
pl85eAB2/Iet js overexpressed in several types of malignant tumors and is
also known to be a receptor for certain glial growth factors. In order to test
the hypothesis that differentiation by nerve growth factor (NGF) inhibits the
mitogenic signaling mechanism, we have studied the action of NGF on
pI85ebB2Iet. PC12 cells display approximately 1-5 x 103 p
receptors per cell. Treatment of the cells with NGF for 5 days produces a
70-80% reduction in p 185er’82a;t receptors in concert with the neuronal
differentiation of these cells. Staurosporine, which causes NGF-like
differentiation on these cells, also down-regulates p ^"t^ne but to a lesser
extent. The level of 5.lkb erbB2/neu mRNA is not altered by NGF
treatment, suggesting that down-regulation is due to either a translational or
a post-translational alteration. Down-regulation of p use’82'"* has been
reported in several different systems, but the mechanism of down-regulation
by NGF seems different from those previously described. Similar downregulation of the epidermal growth factor receptor by NGF in PC12 cells
has been shown.
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ARIA INDUCES DIFFERENTIATION OF PC12 CELLS. G. Corfu*.
R. Krauss, C.A.Erickson. K. Wietasch. G. Plowman* and G.D. Fischbach.
Dept, of Neurobiology, Harvard Medical School, Boston, MA 02115, and
*augen’ Inc., Redwood City, CA.
ARIA, a protein that promotes the synthesis of acetylcholine receptors
(AChRs) in skeletal muscle, is a member of a family of ligands for tyrosine
kinase receptors related to the EGF-receptor. As many other growth and differentiation factors, ARIA may have other biological effects. In muscle, ARIA also
leads to an increase in the number of voltage gated Na+ channels. ARIA is
expressed in the ventricular and scbventriccIar zones of the telencephalon, as
well as in the external granule cell layer of the cerebellum, where neuronal
precursors proliferate and migrate to their final locations. Thus, ARIA may play
a role in proliferation, differentiation and/or migration of neuronal precursors.
As a first step in studying its effect on differentiation, we tested whether
ARIA can induce neuronal-like differentiation of PC12 cells. The effect of
ARIA was compared to the effect of NGF. Short treatment (5 min) with
recombinant ARIA leads to tyrosine phosphorylation of a 185 kD protein, as is
the case in muscle cells, suggesting that these cells express an ARIA receptor.
PC12 cells plated on collagen and maintained in DMEM + 5% horse serum,
exhibited more neurites when treated with ARIA than controls. In addition, the
cell bodies appeared more polygonal than the spherical controls. These changes
in morphology were most evident between 12-48 hr after addition of ARIA.
NGF’s effect on morphology had a slower and longer-lasting effect. Moreover,
NGF treated cells exhibited longer and more branched neurites.
Immunocytochemistry with antibodies against HER2 and HER4, two putative
ARIA-receptors, showed that PC12 express both molecules. ARIA’s effects on
the expression of nicotinic neuronal AChRs is under investigation.
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NEUROBLASTS CULTURED FROM EMBRYONIC HIPPOCAMPUS AND
SPINAL CORD CAN SURVIVE AND EXPRESS NEURAL MARKERS AFTER
GRAFTING IN THE ADULT CNS. J. Rav*. L. J. Fisher. H. G. Kuhn. D. A.
Peterson. M. Tuszvnski and F. H. Gage. Dept. Neuroscience., UCSD, La Jolla, CA
92037-0627, USA
Recently, we reported the establishment of long-term neuroblast cultures from
embryonic rat hippocampus and spinal cord using high concentrations of basic fibroblast
growth factor (20 ng/ml). These cultured cells express a variety of neuronal markers
including calbindin, MAP-5, GAD and neurofilament. The present study examined the
survival, integration and maturation of these perpetual hippocampal and spinal cord
neuroblasts in the adult rat CNS. Perpetual neuroblasts cultured for 3-4 weeks and
passaged once were pre-labeled in 3H-thymidine- or bromodeoxyuridine (BrdU)-enriched
media for 3 days. Hippocampal neuroblasts were then grafted into the hippocampus
and striatum of adult Fischer rats. The implanted cells survived for at least 6 weeks in
vivo. Irrespective of the region of injection, cells were found at sites distal to the site
of injection, suggesting that the grafted cells had migrated through the host brain.
However, hippocampal cells appeared to integrate cytoarchitecturally only when grafted
in the hippocampus. Specifically, some calbindin-D and MAP-5-positive cells that
showed co-localization with silver grains or BrdU label were found aligned with the
dentate granule region. Grafted spinal cord cells also migrated in a similar fashion as
the hippocampal cells when they were grafted to the adult rat spinal cord. These cells
also expressed some neural markers but did not tend to localize within any discrete
region of the spinal cord. Neither the cultured hippocampal nor the spinal cord cells
appeared to be tumorigenic in vivo. The survival and response of cells implanted in
different lesion models are currently under investigation. These results suggest that
cultured cells retain neuronal properties in vitro and, after grafting in the adult CNS,
can survive, integrate and express neuronal phenotypes in vivo. Supported by NIA,
the Veterans Admin., Hollfelder Foundation and Inti. Spinal Research Trust grants.

VOLTAGE- AND GLUTAMATE-GATED CURRENTS IN PROLIFERATING
NEURONAL STEM CELLS. D. W. Y. Sah* . J. Ray1 and F. Gage1. Signal
Pharmaceuticals, Inc., San Diego, CA 92121 and 1Dept. of Neurosciences,
Univ. Calif. - San Diego, La Jolla, CA 92093.
Primary embryonic rat hippocampal neurons proliferate when grown in
culture with high concentrations (20 ng/ml) of basic fibroblast growth factor
(bFGF). Since immortalized neuronal cell lines do not express functional
neuron-specific channels and receptors, it is of interest to determine if neurons
which are dividing, but not immortalized, exhibit these channels and receptors.
Whole-cell recordings of sodium currents (^3) showed that dividing and
passaged cells have smaller l|sa*s ^an primary neurons which are not
proliferating. 11^3 densities in primary cultures grown without and with bFGF
were 80 ± 23 pA/pF (n=7) and 30+13 pA/pF (n=5), respectively. After 3 or 5
passages, lfg3 densities were 12 + 4 pA/pF (n=11). Nevertheless, the voltage
dependence of activation and inactivation were the same in all cases, and
Ilia's in dividing cultures were blocked by 1 pM TTX. Calcium current (lga)
densities, recorded in 5 mM BaCI2, were 6 + 2 pA/pF (n=5) in primary cultures
grown without bFGF, and substantially higher (20 + 6 pA/pF, n=8) after growth
with bFGF. After 3 or 5 passages, the lg3 density was lower (2 + 1 pA/pF,
n=7). NMDA currents in primary cultures grown without and with bFGF were 6
+ 3 pA/pF (n=5) and 3 + 3 pA/pF (n=6), respectively, and not detectable after 3
or 5 passages (n=7). Kainate currents were large after several passages (29
± 14 pA/pF, n=7), comparable to those in primary cultures grown without
bFGF (34 ± 24 pA/pF, n=4).
These results indicate that functional neuron-specific sodium and NMDA
currents are smaller in conditions that promote cell division, in the absence of
immortalization. Experiments are in progress to determine if these currents
can be restored by growth with differentiating agents or other factors.

286.13
ADULT RAT SUBSTANTIA NIGRA CELLS PROLIFERATE IN RESPONSE TO
FGF-2 IN VITRO AND SURVIVE INTRASTRIATAL GRAFTING H.K. Ravmon*.
T,D, Palmer, J. Rav and F.H. Gage. Dept, of Neurosciences, University of California,
San Diego, La Jolla, CA 92093-0627.
Contrary to the theory that neurogenesis in most brain regions stops within the
first month of postnatal life, there have been reports of the generation of neurons and
glia from precursor cells located in the adult mammalian brain (Altman, 1962). The
isolation of proliferative precursor cells has been observed in vitro in the presence of
trophic factors. Recent work from our laboratory has shown that adult hippocampal
cells can be induced to proliferate in vitro and can be maintained for periods up to one
year in the continued presence of basic fibroblast growth factor (FGF-2) (Ray et al„
1993). The present study extends this finding to the adult rat substantia nigra (SN).
Cells from the SN of adult Fischer 344 rats were cultured in N2 medium in the
presence of 20 ng/ml FGF-2. Initially very few cells were attached to the plastic
substrate. Within two - three months, however, the predominant cell types were
small, phase bright cells with three or four main processes which branched into many
fine neurites or flat cells with a multipolar morphology, suggesting the presence of
both neuronal and glial cells. The nature of cells in the SN cultures was determined
through immunocytochemical staining for neuronal and glial cell markers. Passaged
SN cells were immunoreactive (IR) for the 200 and 150 kD neurofilament proteins
(NF), microtubule-associated proteins MAP-2 and MAP-5 or GFAP. Reverse
transcriptase PCR (RT-PCR) data confirmed the presence of mRNA for the 200 kD
NF and GFAP. Tyrosine hydroxylase mRNA also was detected in cultured SN cells
by RT-PCR.
In order to determine whether cultured SN cells would survive implantation in
vivo, passaged cultures were infected with an adenovirus vector carrying the reporter
gene p-galactosidase (P-gal) and grafted into the intact striatum. P-gal-IR cells with
processes extending into the host parenchyma were observed following grafting
indicating that the cells can survive in vivo and express a foreign transgene. Longterm survival and grafting into the denervated striatum are currently being examined.

286.15

CELLS FROM THE ADULT HIPPOCAMPUS SURVIVE IN
VITRO AND FOLLOWING GRAFTING TO THE ADULT
BRAIN. F.H. Gage. P.W. Coates*. D.A. Peterson. S.T. Suhr. L.J.
Fisher. H.G. Kuhn. T.D. Palmer, and J. Ray. Department of
Neurosciences, University of California, San Diego, La Jolla CA,
92093-0627.
Adult central nervous system (CNS) neurons have been
considered terminally differentiated and refractory to long-term in
vitro survival, replication and characterization. We now show
neurogenesis in long-term (> 8 mo) cultures of adult rat
hippocampal cells treated with basic fibroblast growth factor (FGF2). Cells that had incorporated bromodeoxyuridine were immunopositive for neuron-specific enolase and the 200 kD high molecular
weight subunit of neurofilament protein. Some cells displayed
morphologies typical of neurons, and some neuronal subpopulations
were immunopositive for microtubule associated protein 2 and
calbindin-D. Other cells in the cultures expressed glial fibrillary
acid protein and markers for oligodendrocytes. We subsequently
transduced these cells to express LacZ using viral gene transfer.
Both neuronal and non-neuronal cells expressed the foreign gene.
The genetically modified cells were then transplanted to the adult
hippocampus and striatum. LacZ-expressing cells engrafted within
both regions of the brain and displayed neural or glial
morphologies. These results indicate that neural cells from the adult
CNS can survive and replicate for extended periods in vitro in the
presence of FGF-2. Further, these cells are amenable to gene
transfer and subsequent in vivo engraftment.
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NEURONAL LOSS IN ENTORHINAL CORTEX LAYER II FOLLOWING
PERFORANT PATH LESION IS PREVENTED BY GRAFTS OF FIBROBLASTS
EXPRESSING FGF-2. D.A. Peterson*. C.A. Lucidi-Phillipi. J. Rav. D. Murphy.
and F.H. Gage Dept. Neurosciences, UC San Diego, La Jolla, CA 92093-0627
The entorhinal cortex connects with the hippocampus via the perforant pathway,
with the major cortical projection arising from entorhinal cortex layer II (ECL II)
neurons. We have previously shown that unilateral aspirative lesions of the dorsal
perforant pathway result in the death of 30% of ECL II neurons relative to the
unlesioned hemisphere as soon as 2 weeks after lesioning.
In this study, grafts of genetically engineered fibroblasts suspended in plugs of
reconstituted collagen were placed into the lesion cavity immediately following
lesioning. The fibroblasts were infected using retroviral vectors to either secrete
NGF or FGF-2 or to express FGF-2 on the membrane. Semi-serial thionen-slained
horizontal sections through the entorhinal cortex were produced after survival
times of 3 or 9 weeks. The total number of neurons within the defined ECL II
were determined for both unlesioned and lesioned sides using unbiased stereological
techniques (optical disector and the Cavalieri procedure).
While control grafts of gelfoam again resulted in a 30% loss of ECL II neurons,
there was only a 20% loss of ECL II neurons with grafts secreting NGF or FGF-2
at both 3 and 9 weeks survival. This loss was still significant compared to the
unlesioned side. However, grafts expressing membrane-associated FGF-2 resulted
in no significant loss of ECL II neurons at 3 or 9 weeks survival relative to the
unlesioned side. Furthermore, results with FGF-2 expressing grafts significantly
differed from the loss seen in control gelfoam, NGF, or FGF-2 secreting grafts.
Thus, grafts of membrane-bound FGF-2 provide support necessary to rescue
these ECL II neurons following axotomy.

286.16
PROLIFERATIVE CAPACITY AND LINEAGE RESTRICTIONS OF CELLS
ISOLATED FROM ADULT RAT AND HUMAN BRAIN. T.D. Palmer. A.
Scheinman. J. Rav. and F.H. Gage*. Department of Neurosciences, UCSD, La Jolla,
CA 92093.
Adult rat hippocampus gives rise to a variety of proliferative process-bearing cells
when cultured in the presence of basic fibroblast growth factor (FGF-2). With
repeated passage, these cultures become enriched for rapidly dividing cells, some of
which are immuno-positive for high molecular weight neurofilament (NF200), glial
fibrillary acidic protein (GFAP), or glactocerebroside (GalC). (F.H. Gage, et.al., Soc.
Neurosci. abstract, 1994). To determine if other brain regions contain similar
proliferative precursor populations, rat and human hippocampus, septum, cortex, or
subventricular zone cells were cultured in serum-free medium containing FGF-2 and
the types and numbers of surviving cells were documented over time. While viable
process-bearing cells were recovered from all rat and human brain regions, to date
only rat tissues have produced proliferative colonies with morphology suggestive of
neurons, astrocytes, and/or oligodendrocytes.
NF200, GFAP, or GalC-positive cells
often segregated to specific colony types indicating that many colonies arose from
lineage restricted precursors. Some colonies contained mixtures of GFAP, GalC, and
occasionally, NF2OO-Jx>sitiye cells. Metaphase figures were often observed in NF200
or GFAP-positive, process-bearing cells. To determine if "mixed" colonies arise from
an individual multipotent precursor or from simple co-plating of two or more
lineage-restricted precursors, cells have been uniquely marked with retroviral vectors
and the resulting clonally-derived populations are being analyzed for lineages present.
Populations enriched for each colony type are also being genetically marked via
retroviral or adenoviral vectors and transplanted into deafferented striatum or
hippocampus to determine if different colony types can provide genetically modified
donor populations of a specific lineage in vivo (see H.K. Raymon, et.al. and F.H.
Gage, et.al., Soc. Neurosci. abstract, 1994).
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FACTORS INFLUENCING BRDU-LABELING OF CELLS IN THE
ADULT RAT BRAIN. H.G. Kuhn*. L.J. Fisher. P, Taupin and F.H. Gage.
Dept. Neurosciences, UCSD, La Jolla, CA 92093-0627.
We have found that bFGF can induce the proliferation and long term
survival of neural cells cultured from several regions of the adult rat brain
(F.H. Gage et al., H.K. Raymon et al. and T.D. Palmer et al., Soc. Neurosci.
Abstr. 1994). The existence of precursor cells that are giving rise to these
neuronal cultures is supported by earlier findings of neurogenesis in the
adult hippocampus (Altman, 1962). To study the proliferative capacity of
precursor cells in situ in the adult brain under the influence of growth
factors, we established a quantitative assay of cell proliferation using
bromodeoxyuridine (BrdU) immunohistochemistry. When administered
intraperitoneally, BrdU predominantly labeled cells in the olfactory/lateral
ventricle wall, hippocampus and myelinated fiber tracts. Increasing numbers
and intensities of labeled nuclei were observed as the concentration of BrdU
increased from lOmg/kg to lOOmg/kg. The rapidly dividing population of
the subventricular zone was seen to label most intensely with multiple BrdU
injections in a single day whereas the dentate gyrus labeled strongest
following injections spread over several days. A double immunohistochemical procedure has been developed to follow the differentiated fate of
newly bom cells over time. In an avidin-biotin-peroxidase detection system
with two different chromogens, a monoclonal anti-BrdU antibody has been
successfully combined with mono- or polyclonal antibodies against neuronal
markers (neurofilamen--2OOkD, microtubule-associated proteins-MAP2 and
MAP5, neuronal nuclei-NeuN, glutamic acid decarboxylase-GAD,
Calbindin), astrocytes (GFAP) and oligodendrocytes (Rip). We are currently
investigating the influence of intracerebroventricular administration of
bFGF and other factors on the proliferation and differentiation of cells in the
intact and lesioned brain of adult rats. Supported by DFG and NIH.
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NGF INDUCES EXPRESSION OF A PERIPHERAL NERVE SODIUM
CHANNEL GENE IN VIVO. B.L. Moss*. A. Rueff. J.R. Tonra. L.M. Mendell
and G. Mandel. Dept. of Neurobiology and Behavior, SUNY at Stony Brook,
Stony Brook, NY 11794.
We have recently identified a cDNA from PC 12 cells encoding a new member of
the voltage-gated sodium channel gene family, called peripheral nerve type 1 (PN1).
PN1 is unique among sodium channel genes in that it is preferentially expressed in
neurons of the peripheral nervous system, including those in superior cervical
ganglion (SCG) and dorsal root ganglion ’(DRG).
We have shown previously that NGF treatment of PC 12 cells induces a rapid
(= 1 hr) increase in PN1 mRNA levels (D'Arcangelo et al., J. Cell Biol., 1993).
Since the NGF-induced transformation of PC 12 cells is strikingly similar to that of
differentiating sympathetic neurons, we hypothesized that NGF regulates PN1
expression in sympathetic neurons in vivo. To test this hypothesis, we injected
adult rats with a single dose of NGF (1 pg/g, i.p.). Twenty four hours later, we
removed the SCG and isolated total RNA. We then measured PN 1 mRNA levels
using a ribonuclease protection assay with an antisense RNA probe generated from
PN1 cDNA. We found that, relative to control animals, NGF increased PN1 mRNA
levels = 100%. The effect of NGF is specific; SCG neurons also express the type I
sodium channel gene, yet we detected no change in type I mRNA levels following
NGF treatment.
We also examined NGF induction of the PN1 gene in DRG neurons using the
assay described above, and found that NGF induced a = 50% increase in the level of
PN 1 mRNA. As in SCG, NGF did not affect expression of the type I sodium
channel gene. The same NGF treatment has previously been shown to cause
hyperalgesia (thermal and mechanical), which is detectable within hours and persists
for several days (Lewin et al., J. Neurosci., 1993). We are currently conducting
experiments to determine whether an increase in PN1 expression plays a role in
NGF induced-hyperalgesia.

NGF-INDUCED THERMAL HYPERALGESIA IN ADULT RATS
INVOLVES THE ACTIVATION OF BRADYKININ Bj-RECEPTORS.

Alain Rueff* & Lome M. Mendell. Dept, of Neurobiology & Behavior,
SUNY, Stony Brook, NY 11794-5230.

Adult rats develop a prolonged thermal and mechanical hyperalgesia following
a single dose of NGF (Lewin et al. 1993, J. Neurosci. 12, 2136-2148). The early
onset thermal hyperalgesia (<3h) involves acute degranulation of mast cells
following injection of NGF (lpg/g i.p.). Later (>7h post-NGF) thermal
hyperalgesia is blocked by the non-competitive NMDA-antagonist MK-801 (Rueff
et al. 1993, Soc. Neurosci. Abstr. 12, P1563). These results indicate peripheral and
central mechanisms for the early and late thermal hyperalgesia, respectively.
In order to further establish the pharmacology of NGF-induced hyperalgesia we
pretreated adult rats (s.c.) with the specific cyclooxygenase-inhibitor Ibuprofen
(5Omg/kg), the selective Bradykinin B2-receptor antagonist HOEI4O (O.lmg/kg),
or the selective Bradykinin B j -receptor antagonist des-Arg^[Leu^]BK (O.lmg/kg).
None had any significant effect on the initial NGF-induced thermal hyperalgesia as
measured by foot withdrawal latency to a constant radiant heat source. However,
injection of des-Arg^[Leu^]BK one day after NGF significantly reduced the late
thermal hyperalgesia without affecting the mechanical hyperalgesia which
develops 7h post-NGF. This suggests activation of BKq-receptors as an additional
peripheral component of the late NGF-induced thermal hyperalgesia. In addition,
injection of NKj-receptor antagonist CP96345 or its inactive enantiomer CP96344
(5mg/kg) one day post-NGF both reversed the thermal hyperalgesia indicating a
non-specific action as suggested earlier (Nagahisha et al. 1992, Br. J. Pharmacol.
107. 273-275). This was confirmed as another selective NKj-antagonist, RP67580
(3-9mg/kg), had no effect on the late NGF-induced hyperalgesia.
[Supported by NIH; NS 14899, NS 32264 ]

287.3
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EFFECTS OF ANTIBODIES TO NERVE GROWTH FACTOR (ANTI-NGF) ON
CGRP IMMUNOREACTIVE DORSAL ROOT GANGLION (DRG) CELLS IN
THE RAT. J.R. Tonra*1, L.M. Mendell2 'Dept. Physiology and Biophysics, 2Dept.
Neurobiology and Behavior, SUNY at Stony Brook, Stony Brook, NY 11794.
Anti-NGF injected subcutaneously from postnatal day (PND) 2 thru 14
reduces the vasodilation in ankle skin evoked by stimulation of the cut distal
stump of the sural or saphenous nerve in 8-9 week old rats with no change in
neurogenic extravasation (Lewin Euro J Neurosci 1992). This suggests that
lasting effects of a PND 2-14 anti-NGF treatment are directed towards CGRP
immunoreactive (positive) neurons lacking Substance P (Delay-Goyet Acta
Physio Scand 1992). We have investigated this question by examining whether
the PND 2-14 anti-NGF treatment selectively affects CGRP positive DRG cells.
At 5 and 19 weeks of age we looked at the distributions of cell diameters in the
L5 DRG of PND 2-14 anti-NGF treated and control (pre-immune serum treated)
rats after staining for CGRP. At 5 weeks the cell diameter histograms in antiNGF treated rats were shifted towards larger diameters for CGRP positive
(p<.O2) and CGRP negative (p<.005) cells when compared to controls. The
direction and magnitude of these shifts suggest a small relative loss of small
DRG cells with anti-NGF treatment (Hulsebosch J Comp Neurol 1987). At 19
weeks the direction of the shift was reversed for CGRP positive cells (p<.O5).
This finding is explained by the observations that the average diameter of
CGRP positive cells increased when the animals grew from 5 weeks of age to 19
weeks in controls (p<.01) (see also McCarthy Neurosci 1990) and that this
increase was prevented in anti-NGF treated rats (p>.2). In contrast SP positive
cells in anti-NGF treated and control rats exhibited no difference in size at 19
weeks (p>.5). Since many SP positive DRG cells are CGRP positive (Ju Cell
Tissue Res 1987) these data suggest that the smaller size of CGRP positive cells
in anti-NGF treated rats compared to controls at 19 weeks of age may be
limited to DRG cells that are both CGRP positive and SP negative.

Regulation
of Voltage -Gated Ca
Trk Receptors .
N.J. Tang. S.S.
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and

Lesser, and D.C. Lo*.
Department of
Neurobiology, Box 3209, Duke University Medical Center, Durham, NC 27710.
The neurotrophins (NGF, BDNF, NT-3, NT4/5) induce a broad range of effects
that promote neuronal differentiation and survival. One of their effects is the
regulation of neuronal excitability, first characterized in PC 12 cells treated with
NGF. Subsequent identification of additional neurotrophins and their high-affinity
receptors now enables us to compare the effects of different neurotrophin-f receptor
interactions on voltage-sensitive ion channel expression. Both factor-specific and
parallel effects are suggested by neurotrophin expression patterns in vivo.
To determine effects of individual neurotrophins on voltage-gated Ca currents, we
studied the PCI2-dterived cell line, PCI2nnr5, which expresses only the low-affinity
neurotrophin receptor (p75) and is not responsive to NGF. We transfected these cells
transiently with expression constructs for trkA, trkB, and trkC using particlemediated gene transfer, followed by treatment with an appropriate neurotrophin. Ca
currents increased by 3.7-fold in /rfC-expressing, NT-3 treated (/rfcdNT-3) cells,
and by 1.7-fold in trkB+NT4 cells. Neurotrophin treatment of transfected cells also
induced morphological differentiation, characterized by neurite outgrowth and
increases in cell body size. Comparisons on a cell-to-cell basis indicated that
morphology and Ca currents were not co-regulated. PCl2n^eotrkB cells were used to
compare the effects of trkA and trkB activation on voltage-gated Na and Ca currents;
these cells express trkA and were stably-transfected to express trkB. NGF, BDNF,
and NT-4 each induced increases in Ca currents (-1.6-fold), as did NGF and NT-4
together. In contrast, Na currents increased 3-fold after treatment with NGF, 1.8fold with BDNF, and 1.3-fold with NT-4. Treatment with both NGF and BDNF
caused a 2.7-fold induction in Na current. Such differences in the relative expression
of voltage-gated Na and Ca currents induced by different neurotrophins in vivo
would have substantial effects on neuronal signaling
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GROWTH FACTORS EFFECT THE EXPRESSION OF HIGH
VOLTAGE ACTIVATED CALCIUM CURRENTS IN MURINE
NEURAL CREST CELLS. M. Carey and S. G. Matsumoto* Dept.
Biol. Struct. & Funct., OHSU Portland, OR 97213.

ACUTE EFFECTS OF NGF ON SYNAPTIC TRANSMISSION OF CNS
NEURONS IN THE POND SNAIL LYMNAEA STAGNALIS. W.C. WILDERING*.
O. NEEIC, K. LUUOWIAK AND A.G.M, BULLOCH. Deeartment of Medical
Physiology and Neuroscience Research Group. The University of Calgary,
Calgary, Alberta, T2N 4N1, Canada.
Nerve Growth Factor (NGF) has been shown to induce sprouting in
different classes of Lymnaea neurons. Trophic actions of NGF typically occur
over a time course of days. The present study was designed to investigate
the immediate effects of NGF on neuronal physiology of identified neurons and
neuronal circuits in vivo and in vitro.
Superfusion of the isolated CNS with medium containing 2 pg/ml murine
2.5S NGF reversibly suppressed excitatory postsynaptic potentials originating
from a presynaptic source known as "wide-acting synaptic input 3" (IP3). Both
the suppressive effect of NGF occurred within minutes after its application.
NGF simultaneous suppressed epsp's of IP3 on its different followers,
suggesting that NGF acts at a presynaptic site.
In order to differentiate between pre- and postsynaptic effects of NGF,
we also studied the effects of NGF on physiology of follower neurons of IP3
in vitro. Right Parietal A group motoneurons (RPA cells) were plated on a
poly-L-lysine substrate and intracellularly recorded within 3 hours after plating.
RPA cells plated in defined medium (DM) proved electrically inexcitable under
these conditions. Addition of 0.4 pg/ml NGF to these cultures restored
excitability within one hour. Alternatively, RPA cells plated in DM containing
0.4 pg/ml NGF were electrically excitable. Removal of NGF from these cells
resulted in a loss of excitability. In some cases, NGF induced a reversible
change in accommodative properties of RPA cells in vitro. RPA cells typically
have a spike half-width duration of 8-12 ms. In the presence of 0.4 pg/ml
NGF, but not in its absence, spike duration increased to several tens of
milliseconds.
Taken together, these results indicate that NGF has acute effects on the
physiology of Lymnaea CNS neurons.

In the present study we have examined the properties of the
HVA calcium currents in neurons that have differentiated in cultures
of murine trunk neural crest. The trunk region of neural crest
normally gives rise to sympathetic and sensory neurons. Previous
studies have shown that these two populations of neurons utilize
different repertoires of high voltage activated (HVA) calcium
channels (Regan et al., 1991. Neuron 6: 269; Mintz et al., 1992.
Neuron 9: 85).
We have examined the pharmacology of the HVA calcium
currents in crest cells grown in the presence of human and mouse
recombinant leukemia inhibitory factor (hLIF and mLIF), ciliary
neurotrophic factor (CNTF) and embryo extract (EE). Neurons in
all growth conditions were found to have L-, N-, and P-type
channels based on their sensitivity to dihydropyridines, o>conotoxin
GVIA and m-agatoxin IVA respectively.
At early times in culture (<12 days) the neurons in all culture
conditions express similar compliments of calcium channels. With
increasing time in culture, however, the neurons in hLIF media
display distinctly sympathetic-like calcium currents while those in
mLIF, CNTF and Ee conditions have sensory-like calcium currents.
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DIFFERENTIAL REGULATION OF VOLTAGE-GATED ION CHANNELS BY
NEUROTOPHINS AND NEURAL CYTOKINES. S.S. Lesser* and D.C. Lo.
Department of Neurobiology, Box 3209, Duke University Medical Center,
Durham, NC 27710.
Neurotrophic factors strongly influence the development and maintenance of
neuronal excitability through the regulation of ion channel and neurotransmitter
receptor expression. Since different neuronal populations are responsive to
different neurotrophic factors in vivo, it is important to understand how functional
effects might differ between different neurotrophic factors.
The human
neuroblastoma cell line SK-N-SH is responsive to several neurotrophic factors,
including the neurotrophin nerve growth factor (NGF), and the unrelated neural
cytokines ciliary neurotrophic factor (CNTF) and leukemia inhibitory
factor/cholinergic differentiation factor (LIF/CDF). In addition, SK-N-SH cells
acquire responsiveness to a second neurotrophin, brain-derived neurotrophic factor
(BDNF), after treatment with retinoic acid (RA), presumably through induction of
trkB expression. Thus, the SK-N-SH cell line is ideal for the comparison of the
functional effects of several different neurotrophic factors; in this study, we
compared the effects of NGF, BDNF, CNTF, LIF/CDF, and RA on the expression
of voltage-gated sodium, calcium, and potassium currents in these cells.
We found that NGF and BDNF (in RA-treated cells) induced similar increases
in voltage-gated Na+ currents (2.3-fold; N=38, 2.6-fold; N=I3) and Ca2+ currents
(7.6-fold; N=42, 7.4-fold; N=I3). Treatment with either BDNF or RA alone did
not induce any significant increase in these currents. The neural cytokines, CNTF
and LIF/CDF did not increase Na+ or Ca2+ currents, but both factors increased K*
currents significantly (1.7-fold; N=IO and 1.6cfold; N=I9, respectively). Such
differential regulation of voltage-gated ion channel expression in vivo would have
profound effects on the excitability of target neurons.
This work was supported in part by an award from the Klingenstein Fund.

MECHANISMS MEDIATING ENHANCEMENT OF INTRACELLULAR CALCIUM
RESPONSE TO EeeN IN DEVELOPING CNS NEURONS TREATED WITH
INTERLEUKINS. Z Qiu*. K. L. Parsons and D. L, Gruol. Dept.
Enuropharm., The Scripps Res. Inst., La Jolla, CA 92037
We previously found that the amplitude of intracellular calcium

response to E-methyl-D-aspartate ^MD^ in cerebellar granule
neurons was significantly enhanced by chronic treatment with IL-6
during development in culture. To determine the mechanisms mediating
this increase, we have examined the contribution of various pathways
involved in the calcium signals including: a) calcium influx through
EeeN receptor-gated calcium channels; b) calcium influx through
voltage sensitive calcium channels, and c) calcium release from
intracellular calcium stores. The granule neuron cultures (from 8
day postnatal rat pups) were exposed to IL-6 (5 ng/ml) by addition to
the culture medium at 1, 4, 7 and 11 days in vitro (DIV). Calcium
signals were measured using Fura-2 based microscopic calcium
imaging at 5, 8 and 12 DIV. Reducing extracellular calcium from 2.2
mM to 0.22 mM, depleting intracellular stores with caffeine and
blocking calcium channels with nimodiainn, w-conotoxin GVIA or wAga-IVA toxin all significantly decreased the amplitude of the response
to EeDN in control and IL-6 treated neurons. However, age dependent
differences in the sensitivity of control and IL-6 neurons to these
manipulations were observed. At older culture ages, the IL-6 neurons
were significantly more sensitive to reduced extracellular calcium and
caffeine treatment than controls. These results suggest that IL-6
pretreatment enhances the intracellular calcium responses to EeDN
by increasing both calcium influx and release from stores. Supported
by MH4768O.
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INTERLEUKIN-6 ALTERS THE RESPONSE OF DEVELOPING CNS
NEURONS TO GLUTAMATE RECEPTOR AGONISTS AND K+
DEPOLARIZATION . D.L- Gruol*. Z. .Qiu. and K.L. Parsons. Dept.
Neuropharm., The Scripps Res. Inst., La Jolla, CA 92037
Elevated levels of cytokines have been observed in the CNS of
children infected with HIV and in other diseases associated with
developmental disorders. To determine if cytokines could play a role in
these abnormalities, we have examined the effect of elevated levels of
interleukin-6 (IL-6) on CNS neuronal development and function using
an in vitro model system, primary cultures of rat cerebellar granule
neurons. The cultures were prepared from 8 day postnatal rat pups.
IL-6 (5 ng/ml) was added to the culture medium at 1, 4, 7 and 11
days in vitro (DIV). IL-6 effects were assessed by a comparison of the
calcium signal produced in control and IL-6 treated neurons by the
glutamate receptor agonists N-methyl-D-aspartate (NMDA) and
domoate (Dorn) and by K+ depolarization. Calcium signals were
measured using Fura-2 based microscopic calcium imaging. In both
control and IL-6 treated neurons, all three stimulants elicited calcium
signals characterized by a rapid initial peak and slower recovery
phase. In control neurons, the amplitude and time course of these
signals changed with development, peaking at 6 DIV and then decreasing
with further maturation. IL-6 treatment significantly enhanced the
response to NMDA and altered the developmental pattern. Only minor
changes were observed for the response to Dorn and K+. These results
indicate that elevated levels of IL-6 can significantly alter CNS neuron
development and response to excitatory transmitters. Mechanisms
linked to the NMDA responses appear to be selectively targeted by IL6. Supported by MH4768O.

UP-REGULATION OF L-TYPE Ca2+ CHANNEL ASSOCIATED
WITH THE DEVELOPMENT OF ELEVATED K+-MEDIATED
SURVIVAL OF SUPERIOR CERVICAL GANGLION CELLS IN
VITRO. S. Tanaka*Land T. Koiked IDept. of Natural Science, Saga
Med. Sch., Saga 849 and ^Graduate Program in Biological Science,
Hokkaido Univ., Sapporo 060, Japan.
We have previously shown that elevated-K+ mediated neuronal
survival correlates well with a sustained increase in cytoplasmic Ca2+
([Ca2+]j) through the opening of L-type Ca2+ channels (Koike and
Tanaka, PNAS, 88:3892, 1991; Tanaka and Koike, BBA, 1175:114,
1992). Elevated K+ (40 mM), however, failed to support the survival of
superior cervical ganglion (SCG) cells freshly isolated from newborn
rats, while another depolarizing agent veratridine was able to do so,
suggesting that elevated K+-mediated Ca2+ influx occurs in a stagedependent manner. Indeed, sustained levels of [Ca2+]i in response to
high K+ remained low (90 nM) in these neurons, but became elevated
(240 nM) in SCG neurons that had been exposed to NGF for 5-7 days
and were capable of responding to elevated K+ by survival. Semiquantitative PCR measurements of L-type Ca2+ channel mRNA
revealed that this transcript increased dramatically during the
incubation with NGF for 3 days, and reach a plateau level at Day 5
(about 35 fold compared to that at Day 1). These findings show that
NGF-mediated up-regulation of the ' expression of L-type Ca2+ channel
mRNA correlates with stage-dependent neuronal survival with elevated
K+ in vitro, and suggest its involvement in coordinate strengthening of
pre- and post-ganglionic synapses in rat SCG neurons.
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VOLTAGE-DEPENDENT CURRENTS AND CALCIUM MOBILITY
IN PCI 2D CELLS AFTER TREATMENT OF DOPAMINE(DA)DEPLETED STRIATAL TISSUE EXTRACT. H. Hida, A. Fukuda*,
K. Nakajima, I. Fi^iir^c^tc^, Y. SSimano and H. Nishino. Dept.
Physiol., Nagoya City Uoiv.Med. Sch., Nagoya 467, Japan
Grafted mesencephalic DAergic opuroos grow better io the DAdpplpcpd striatum Chao io the ioCac. ooe, suggesting the increase of
neurotrophic activities io the DA-depleted striatum. To clarify the oature
of this trophic activity, we prepared ao extract from DA-depleted(Lextract) aod oormal striatal tissups(N-extract) aod iovehtignCed the
effects of extracts oo volt^ge-deppodeot curreots with whole-cell voltage
clamp method aod oo calcium mobility io PC12D cells. Io Wistar rat,
6-OHDA was microiojected io the substnotin oigra udilnternlly to make
chemical lesioos io the oigrostrintnl DAergic pathway. Two weeks after
the lesioo, L-extract were made from striatal tissue of rats that exhibited
mechnmphetnmidp-idduced roUsioos. PC12D cells were plated oo
collageo coated dishes supplied RPMI 1640 with 2% horse serum aod
1% fetal calf serum. Extracts were added to the culture every three days.
L-extract promoted oeurite outgrowth strooger thao N-extract.The
expressioo of the Na curreot aod the magoitude of the Kcurreot at the
8th day(D8) were bigger after the trpntmedt of L-extract thao N-extract.
The Ca curreot iocre-ased after the trpntmedt of L- aod N-extacts aod this
curreot was stroogly blocked by omega-coootoxio. Oo the D4, the basal
Ca levels, measured by fura2, were higher thao that of oaive PC12D
cells after trpntmeot of L- aod N-extrncth. Io high K-depolarized state,
the Ca level idcrpnhpd higher io cells treated with L-extract thao with NextracL Data suggests the DA-depleted striatal tissues express a strooger
oeurotrophic activity aod make PC12D cells more differeotiated.
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SELECTIVE DOWN REGULATION OF NMDA RECEPTOR CURRENTS
AND NMDAR2B MESSENGER RNA LEVELS BY BASIC FIBROBLAST
GROWTH FACTOR IN CULTURED RAT HIPPOCAMPAL NEURONS. A. L .
Boxer*1’2, h . Moreoo3’4. B. Rudy2'3and E. B. ZiffL2. lHoward Hughes
Medical Institute aod 2DppnrCmedC of Biochemistry, ^Departmeot of Physiology,
New York Uoiversity Medical Ceoter, New York, NY 10016, 4Uoiversidad
Nnciodnl de Colombia.CIF.
bFGF (FGF-2) has beeo showo to ameliorate NMDA receptor-depeodeot
exciCotoxiciCy in vitro. To explore whether the FGF receptor could be actiog as
ao ppigedetrc regulator of sydnptrc trndsmishioo, 8 day old cultures of E16-18 rat
hippocampal opurodh were subjected to whole cell patch clamp ndnlysis. 24 out of
26 oeuroos tested displayed large curreots io respoose to L-glutamate. To reveal
NMDA receptor curreots, oeuroos were stimulated with NMDA or L-glutamate io
the preseoce of 10 gM CNQX. UdCrentPd cells displayed large amplitude curreots
io respoose to applicatioo of 40 gM or 400 gM L-glutamate, io the preseoce of 10
gM CNQX (or 100 gM NMDA), while cells treated with 10 og/ml bFGF for
greater thao 5 days displayed a dramatically reduced NMDA receptor curreot (o=7).
Prelimioary studies with cells treated with Epidermal Growth Factor or Nerve
Growth Factor (uoder similar codditiods as bFGF) revealed respooses similar to
cootrols. Prelimidnry RT-PCR experimeots showed oo appareot chaoge io mRNA
levels for NMDAR1, NMDAR2A, or deurofilnmeoC-L io bFGF-crented culutures,
but NMDAR2B levels decreased by approximately 33%. There was oo appareot
differeoce io oeurofilameot-L, hydnptophysio, GluRl or NMDARl
immuoohtnididg io bFGF-treatPd versus cootrol cultures. The chaoges io NMDA
receptor curreots aod NMDAR2B mRNA levels reported here resemble those
receotly reported io the visual cortex duriog maturatioo aod complet^o of the
critical period. We suggest that dpvelopmedCnl chndgeh io n Mda receptor
properties may iovolve FGF receptor ncCrvntiod. This could occur through
secret-ioo of a FGF or by chaoges io cell adhesion molecules, such as NCAM,
whose effects may be Cradsducpd by the FGF receptor.
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COMPARATIVE PHYSIOLOGY OF NEURONAL GAP JUNCTIONS
DURING ONTOGENY IN VITRO: FROM NEUROBLASTS TO PRIMARY
CULTURED NEURONS. M. Morales. R. RozeoCnl. M.F. Mehler. R.
Dermietzel. JA. Kessler aod D.C. Spray . Depts. of Neuroscieoce aod Neurology,
Albert Eidsteid College of Medicioe, Broox, NY 10461.
Gap juoctioo-medinCed idtercellulnr commudicntioo has beeo
hypothesized to play a role io cell differedCintiod. Although the expressioo of
differeot gap juoctiod proteios (coddexros) is temporally patterned io the
developiog braio (PNAS 86: 10148, 1989), such chaoges have oot beeo
specifically idvestignted io mnCuriog oeuroos. Io order to evaluate the odtogeoeCic
fuoctiodnl properties of oeuroonl gap juoctioos, we have used murioe
hippocampal primary cultured oeuroos aod immortalized murioe embryooic (E17)
hippocampal progeoitor cells (MK31((/Va/ure 362: 62, 1993) treated with
IoCprleuaid-7 either aboe or io combioatioo with bFGF aod TGFa. Naive
oeuroblnsts mnidtnided at 39°C (ooopermissive for T notigeo expressioo) were
highly coupled as evideoced by L.Y. spread (92 %) aod dual whole cell recordiogs
(100%). As expected, macroscopic gj io these cells were high, average ~ 7 oS
aod Vj was ooly weakly voltnge-seosiCive; 7j io the preseoce of 1 mM hnlochnde
was predomionoCly 60 pS. Io nddiciod, immuoorenctivicy to coddexio 43 (Cx43)
was nbuddnot io oaive deuroblnsCs. However, as oeuroblnscs diffe^eoCinCpd ioto
oeuroos uoder the iofluedce of cytokioes, the exteot of dye coupliog aod streogth
of gj decreased. Io IL-7 treated oeuroblnsts, gj was markedly volCnge-sedsitive aod
a oovel populat^o of 200 pS chaooels was preseot. Primary cultured hippocampal
oeuroos were poorly coupled (9%), gj was quite low (< 1 oS), 7j was ~ 60 pS aod
immudorenctivicy to Cx43 was nbsedC. Our results show that differeot coddexids
are expressed duriog oeurooal OdCogpoy aod experimeots are uoderway to
evaluate their physiological role.

287.14
NEUROTROPHIC FACTORS MODULATE DIFFERENTIALLY THE
PHENOTYPES OF CULTURED AVIAN SYMPATHOADRENAL CELLS. &.
Ramirez-Orddhez* and J.E. Garcia-Arraras. University of Puerto
Rico, Biology Department, Rio Piedras, P.R., 00931.
Previous findings have shown that in vitro. NGF modulates
differentially the neuropeptide levels of sympathetic neurons without
altering their expression in chromaffin cells. We have extended our
study to five other growth factors: BDNF, NT-3, CNTF, bFGF and TGFp1 in order to compare their effects with those of NGF. Differentiation
of cultured sympathetic and adrenal cells was assessed by
morphological and biochemical criteria.
Cells from 10-d chick
embryos were exposed to the factors for 5 days. Neuropeptide Y (NPY),
enkephalin(ENK) and somatostatin(SS) levels were measured by RIA
and catecholamine(CA) content analyzed by HPLC. Each factor shows a
unique range of effects in neuropeptide modulation. For example, NT3 increased ENK levels in adrenal and sympathetic cultures but only
NPY in the sympathetic. All factors altered the CA levels of adrenal
cultures but none had an effect on sympathetic culture CA. NT-3 was
the only factor to induce process outgrowth, doing so in sympathetic
but not in chromaffin cultures. Our study shows that morphological,
catecholaminergic and peptidergic properties can be modulated
independently from each other and that even in the early embryo the
adrenal chromaffin cells respond different from the sympathetic
neurons.
This study also confirms that CNTF and bFGF act as

differentiation factors and defines TGF-P1 as a putative differentiation
factor for sympathoadrenal cells.[Supported by NSF (BNS-8801538)
and NIH-MBRS (RR-8102-18, partial support of NIH-RCMI (RRO
3641-01) and the Univ. of P.R.].
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BDNF AND DEPOLARIZATION DIFFERENTIALLY REGULATE
SEROTONERGIC NEURONAL DEVELOPMENT IN RAPHE NEURONS.
M.J. Eatoo* LM.C. Boho*KJ. KJose1, M.Y.-T. Globus3, aod S.R. Whittemore1-2.
The Miami Project! Dept. Neurological Surgery2 aod Cerebrovascular Disease
Research Ceoter Dept. Neuroloigy3, Uoiv. Miami, Miami, FL 33136 aod Dept.
Neurobiology & Aoatomy4, Uoiv. Rochester, Rochester, NY 146425

BRAIN-DERIVED NEUROTROPHIC FACTOR AUGMENTS PHENOTYPE
EXPRESSION OF DOPAMINERGIC AND SEROTONERGIC, AND GABAERGIC NEURONS IN FREE FLOATING ROLLER TUBE CULTURES OF
HUMAN FETAL VENTRAL MESENCEPHALON C. Spenger*. ’C. Hyman. L,
Studer. M. Egli. L. Evtouchenko. ’C. Jackson. +A. Dahl-Jorgensen, ’R,M.
Lindsay and R.W. Seiler. Department of Neurosurgery, University of Beme,
Beme, Switzerland. ’Regeneron Pharmaceuticals, INC., Tarrytown, N.Y. USA,
♦Department of Anatomy and Cell Biology, University of Odense, Odense C,
Denmark.
Brain-derived neurotrophic factor (BDNF) was tested in promoting the
survival and regulation of expression of phenotypic markers of dopaminergic,
serotonergic, and GABAergic neurons in free floating roller tube cultures of
human fetal ventral mesencephalon. Dopaminergic neurons were monitored by
tyrosine hydroxylase (TH) immunocytochemistry and measurement of
dopamine (DA) content and TH enzymatic activity. Serotonergic neurons were
detected by measurement of serotonin (5-HT). Determination of glutamic acid
decarboxylase (GAD) activity provided a measure of GABAergic neuron
function in the cultures. In cultures maintained in the presence of BDNF (10
ng/ml), the density of TH positive cells was increased by 3.3-fold (p< 0.05), and
the t H positive fibre density was increased by 10.2-fold (p<0.01) relative tc
control cultures. Similarly, DA content and t H activity were increased by 2.6-

The op^oo^ cell lioe, RN46A, was derived from E12.5 rat medullary raphe
followiog idfecciod with a retrovirus eocodiog the CempernCure-seositive mutaot of
SV4O large T ndtigpd. DifferedtinCed RN46A cells expressed immudorenctivities for
the low afftony NGF receptor (p75aGFR), the high affioity BDNF receptor (trk B),
low levels of CrypCophnd hydroxylase (TPH), aod aromatic L-amioo acid
decarboxylase (Aa Ad ). No serotooio (5HT) immuooreactivity could be detected
io differeotinted RN46A cells. Levels of TPH, AAAD, p75, aod trk B could be
eohaoced by trentmedt with BDNF duriog eight days of differedtintiod, but 5HT
immudorenctivity ooly appeared wheo 40 mM KC1 was added to the media duriog
the last four days of differeotiatioo. The iocrease io 5HT immuoorenctivity was
coofirmed by HPLC mensuremedC of 5HT. Thus the trndslntioo aod nctivntiod of
TPH are differedCinlly regulated. Fluoxpcidp-spdsitivp 5HT re-uptake was detected
io RN46A cells growo at 33°C, aod the the K,,, aod Bni^ were udchndged by
differedCinCiod or CreaCmeoC with BDNF/KCl. Studies to examioe the developmeot
of cnlcium-seositive/depolnrizatiod-idducpd 5HT release aod 5HT-biodidg to
specific receptors io BeNF/KCl-treated RN46A cells are oogoiog. These results
iodic^e that there are distort molecular mechndisms which regulate the various
features of the serotooergic pheootype duriog differeotinciod io RN46A cells aod
these mpchnoisms may reflect mechaoisms preseot io raphe oeuroos duriog
developmeot io the CNS. Supported by The Miami Project to Cure Paralysis aod
NS26887.
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and 2.3-fold, respectively, in the BDNF treated cultures (p<0.01 and p<0.01).
Elevations were also observed in serotonin content (2.0-fold, p<0.01) and GAD
enzymatic activity (1.4-fold, p<0.01). The results demonstrate that BDNF has
beneficial effects on human fetal tissue, which might be relevant in optimizing
transplantation techniques, and that multiple systems are influenced by BDNF
simultaneously, which can be the result of direct effects of the neurotrophin, or
be due to complex neuron and transmitter interactions . SNF - 31-36243.92.
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REGULATION OF CHOLINERGIC NEURONAL DIFFERENTIATION BY
TRANSFORMING GROWTH FACTOR ALONE AND WITH RETINOIC ACID.
H.S. Ved. B.P. Doctor H.C. Pant*, and JR. Dave Divisions of Biochemistry and
Neuropsychiatry, Walter Reed Army Institute of Research, Washington DC 203075100 and "Laboratory of Neurochemistry, NINDS, NIH, Bethesda, MD 20892.
Transforming Growth Factor-fl (TGF-fl) belongs to a family of proteins (fll-3) that
are known to have various biological effects on a variety of cell types. Although receptors for TGF-fl are found in brain, their role in the central nervous system is poorly
defined. Another small, lipid-soluble molecule, retinoic (RA) acid, that belongs to a
class of vitamin-A derivatives referred to as the retinoids, is involved in a wide variety
of biological phenomena, including proliferation, differentiation, cell communication,
and nutrition. We have recently shown the role of RA in the development of neuronal
cultures (H. Ved and R. Pieringer, Dev. Neurosci. 15 49, 1993). RA also exerts its
biological role by binding to cytosolic retinoic acid binding protein and nuclear
retinoic acid receptors. Interestingly, the receptors for both RA and TGF-fl belong to
the thyroid/steroid hormone nuclear super-family. In the present studies we report the
effect of these compounds on an enriched neuronal culture derived from the forebrain
of 16-17 day old embryonic rats. The culture was maintained in serum-free medium
and treated with graduated doses of either TGF-fl 1, RA, or both. At lower concentrations both these compounds induced cell differentiation, as assessed by increased
choline acetyltransferase (ChAT) and acetylcholinesterase (AChE) activities.
However, at higher concentrations, these compounds seemed to exert cytotoxic
activity, as assessed by increased extracellular lactate dehydrogenase (LDH) activity.
At low concentrations where neither of these compounds caused apparent activation
of the cholinergic markers, combined treatment showed a significant elevation in
ChAT and AChE activities. These observations correlated with morphological
changes. These preliminary data suggest that TGF- fl and RA may synergistically
stimulate the cholinergic neurones.

EFFECT OF NERVE GROWTH FACTOR (NGF) ON CHOLINERGIC
ENZYME ACTIVITY IN THE STRIATUM OF RATS PRETREATED WITH
AF64A JN VIVO. C.A. Willson* and I. Hanin Dept. Pharmacol, and Neurosci.
Program, Loyola Univ. Chicago Sch. Med., Maywood, IL 60153 USA
The septo-hippocampal pathway in rats pretreated with AF64A, is highly
sensitive to ICV injections of NGF (Willson, et al., Neurosci. Abstr. 1993, 276.3).
Our present work investigates whether a similar interaction between AF64A and
NGF is seen in striatal tissue. In pretreated Sprague-Dawley rats either vehicle or
AF64A (1.5 nmol) was first administered by ICV injection. Either NGF (0.36-2.85
/ig/day) or cytochrome C (CC) (2.85 pg/day) was then administered ICV for 14
days, from an osmotic pump, via an indwelling cannula. Another non-pretreated
group, was exposed for 14 days to either NGF or CC similarly to the group
pretreated with AF64A. Animals were sacrificed, the striatum was dissected out and
choline acetyltransferase (ChAT) and acetylcholinesterase (AChE) activities were
determined by radioenzymatic assay. The results are expressed as % of control and
are shown in the Table. Thus, 1) NGF increases cholinergic enzyme activity in the
striatum; 2) NGF acts specifically on ChAT activity, in a dose dependent manner,
in both the AF64A pretreated and non-pretreated animals; and 3) in contrast to the
septo-hippocampal pathway, the effect of NGF on striatum is similar in both AF64A
pretreated and non-pretreated animals. Supported by the Retirement Research
Foundation, Chicago, IL.

ENZYME
ACTIVITY

ChAT
AChE

TREATMENT GROUP
PRETREATED
NON-PRETREATED
CC, 0.36, 0.71, 1.42, 2.85# 0.36, 0.71, 1.42,
88*. 128*, 137*, 150*, 151*
123*, 131*, 137*,
108,
96,
96,
87
104,
107,
92, 90,

2.85#
170*
115*

*p < 0.05 vs control, N = 7-8 animals/group, ff pg NGF/day
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NGF INDUCES EARLY CHAT EXPRESSION SPECIFICALLY
IN CHOLINERGIC NEURONS IN THE STRIATAL MATRIX.
E.H.S. van Vulpen* and D. van der Koov. Neurobiology Research
Group, Dept. Anatomy, University of Toronto, Toronto, Ontario, M5S
1A8
Cholinergic neurons in the striatal patch compartment mature earlier than
cholinergic neurons in the striatal matrix compartment. The majority of the
cholinergic neurons in the patches turn on cholineacetyltransferase (CHAT)
embryonically. On the other hand, the absolute number of the CHAT
immunoreactive neurons in the small area of the matrix surrounding the patches
(intermediate zone) increases most between postnatal day (P)3 and P7, and the
absolute number throughout the rest of the matrix compartment increases most
between P3 and P4O. To ask if CHAT expression in the cholinergic neurons in the
matrix compartment could be induced earlier, we infused NGF into the lateral
ventricle of Pl pups. We also marked the patch compartment by injecting the
retrograde fluorescent tracer true blue into the substantia nigra at PI. The pups were
sacrificed at P3 and the tissue was processed few CHAT immunocytochemistry. NGF
induces a dramatic and significant increase in the number of CHAT immunoreactive
neurons in the matrix compartment, compared to either vehicle infusion or
untreated control animals. There was a 234% increase in the number of CHAT
immunoreactive neurons in the intermediate zone and a 342% increase throughout
the rest of the matrix compartment. NGF infusion did not increase the number of
CHAT neurons in the patch compartment. We conclude that NGF infusion
facilitates the normally slow cholinergic maturation of the cholinergic neurons in
the matrix. We hypothesize that patch and matrix cholinergic neurons have a
differential temporal responsiveness to endogenous levels of NGF. Considering that
the cholinergic neurons are thought to communicate between the adult patch and
matrix striatal compartments, the endogenous NGF levels may underlie the
development of this communication.

COMPARISON OF NEUROPEPTIDE INDUCING ACTIVITIES AMONG
NEUROTROPHINS IN VIVO AND IN VITRO. J. F. Carnahan* (1). and H.
Nawa. (2). (1) Amgen Ctr. Thousand Oaks, CA 91320 and (2) Neuroscience
Ctr., Cold Spring Harbor Lab, Cold Spring Harbor, NY 11724
Recently, we found brain-derived neurotrophic factor (BDNF) to
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EFFECTS OF CHRONIC NERVE GROWTH FACTOR (NGF)
TREATMENT ON VASOACTIVE INTESTINAL PEPTIDE (VIP) AND
NEUROPEPTIDE Y (NPY) LEVELS IN THE RAT HIPPOCAMPUS AND
CEREBRAL CORTEX. D. M. Araujo* & P. A. Lapchak. DepL
Neurogerontol., USC, Andrus Gerontol. Ctr., Los Angeles, CA 90089.
NGF plays a major role in the maintenance of cholinergic neurons of the
septohippocampal and basalocortical pathways. However, relatively little is known
about NGF effects on other neurotransmitters, such as neuropeptides, that are
localized extensively within these pathways. Thus, the present study determined
whether chronic NGF treatment (1 pg, iev, qod for 21 days) alters the hippocampal
and cortical contents of VIP or NPY, neuropeptides that have been suggested to
modulate cholinergic transmission in the CNS. Hippocampal choline
acetyltransferase (ChAT) activity in control cytochrome c (cc)-treated rats with
unilateral fimbrial transections was markedly reduced ipsilateral to partial (by 41%)
and full (by 60%) lesions. With NGF administration, this effect was partially
attenuated, but only in rats with unilateral partial, but not full, fimbrial lesions. In
contrast, the hippocampal contents of VIP and NPY were not altered either by
partial or full fimbrial transections, nor were they affected by chronic NGF
treatment. In cerebral cortical tissues, however, significant increases not only in
ChAT activity (by 28%), but also in VIP levels (by 68%), were observed in the
NGF-treated, compared to the control cc-treated rats. Cortical NPY levels were not
different in the NGF-treated compared to the cc-treated control rats. In summary,
the results suggest that the increase in cortical VIP levels observed in chronic NGFtreated rats may be specific to this tissue and consequent to the enhanced
cholinergic tone exerted by this neurotrophin in the basalocortical pathway. In
addition, it appears that n Gf , when administered in pharmacological doses, is not
involved in the regulation of hippocampal or cortical NPY synthesis, despite the
presence of an NGF-responsive element associated with the rat NPY gene.
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specifically enhance expression of neuropeptide Y (NPY) and somatostatin
(SOM) in cultured neocortical and striatal neurons. We now compared this
neuropeptide inducing activity among neurotrophins in vivo and in vitro.
BDNF and neurotrophin-5 (NT-5) increased NPY and SOM levels in
cultured neocortical neurons in a dose-dependent manner. Only higher
concentrations of neurotrophin-3 (NT-3) elevated these peptide levels
whereas BDNF was as potent as NT-3 at elevating substance P (SP). In
contrast, nerve growth factor (NGF) had negligible effect on neuropeptide
expression. We then examined their neuropeptide inducing activities by
injecting neurotrophins into cerebroventricle of neonatal rats. 2 days after
injection, we analyzed neuropeptide levels by radioimmunoassay and

immunohistochemistry. In the neocortex, NT-5 showed the strongest NPY
induction activity followed by BDNF and NT-3, while all three neurotrophins
increased SOM and SP similarly. In hippocampus and striatum,
neurotrophins, except NGF, had comparable induction properties on the
neuropeptides. Overall spatial patterns of neuropeptide induction were
almost the same among neurotrophins with slight variations. For example,
after NT-5 injection, NPY immunoreactive neurons were more noticeable in
layer II of neocortex when compared to BDNF or NT-3 which had a greater
effect on layers lll-IV. The increase in SP level observed following NT-5
administration seemed to result more from immunoreactivity in neuritic
processes than increased frequency of SP immunoreactive soma
especially in the striatum. These results indicate that multiple
neurotrophins might contribute to complex patterning of neuropeptide
expression in the developing brain.
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IN VITRO AND IN VIVO PHOSPHORYLATION OF SYNAPSIN I BY
MAP KINASE. J. N. Jovanovic1, Y. L. Siow2, S. L. Pelech2, P. Greengard1 and
A. J. Czernik! 'Lab of Molecular and Cellular Neuroscience, Rockefeller
Univ., New York, NY 10021 and 2Biomedical Research Centre, Univ. of British
Columbia and Kinetek Biotech. Corp., Vancouver, B.C., Canada V5Z 1A1.
Synapsin I, a neuron-specific protein localized to the cytoplasmic surface of
small synaptic vesicles, is believed to regulate the release of neurotransmitter in
a phosphorylation-dependent manner. In vitro, six distinct protein kinases have
been shown to differentially phosphorylate synapsin I. We have now found that
synapsin I can serve as an effective substrate in vitro for the seastar MAP
kinase, pp44mpk. The apparent K,,, was 20 pM and the stoichiometry was 3 mol
phosphate/mol protein. Sequencing analysis of 32P-labeled tryptic/chymotryptic
phosphopeptides purified by reverse-phase HPLC revealed that Serfi2, Ser67 and
Ser549 were the major phosphorylation sites for pp44mpk. We produced
phosphorylation state-specific rabbit polyclonal antibodies to the phosphorylated
Ser6267 sites, using a chemically phosphorylated synthetic peptide conjugated to
Limulus hemocyanin. These antibodies were employed to study the regulation
of phosphorylation of synapsin I by neurotrophins using primary cultures of
cerebrocortical neurons. The phosphorylation state of synapsin I at Ser1®-57 was
increased in response to treatment with 50 nM BDNF in 5-day old cultures. A
maximal increase occurred 30 min after BDNF was applied. The results suggest
a novel mechanism by which neurotrophic factors could modulate
neurotransmitter release acutely and indicate that synapsin I may be involved in
MAP kinase-dependent signal transduction pathways that regulate both
neurotransmitter release and synapse formation. [Supported by USPHS grant
MH 39327],

ACTIVIN RAPIDLY INDUCES MAP KINASE
PHOSPHATASE mRNA IN PC 12 CELLS Makoto
Hashimoto and Wvlie Vale*. Clayton Foundation Laboratories for
Peptide Biology, The Salk Institute for Biological Studies, La Jolla,
CA 92037
Activin, a member of the TGFp family, has been shown to
play significant roles in neural differentiation and survival. To
investigate the mechanism of activin signal transduction in neuronal
cells, we utilized PC 12 cells in which activin was found to suppress
cell proliferation without promoting neurite formation. We
previously reported that activin induces the expression of mRNA for
junB which has been shown in some cells to act as a negative
modulator of AP-1 activity and to inhibit transcription of some AP-1
dependent genes. Another plausible mechanism for activin’s
growth suppressive effect on PC 12 cells may involve negative
regulation of the MAP kinase dependent pathways. Here we report
that activin treatment caused a rapid increase in levels of mRNA for
MAP kinase phosphatase which is established to suppress MAP
kinase activity. Thus, activin signal transduction in PC 12 cells
might involve the early induction of negative regulators in a variety
of pathways.

288.3
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SIGNAL PATHWAYS INVOLVED IN NERVE GROWTH FACTOR (NGF)
PRODUCTION BY VASCULAR SMOOTH MUSCLE FROM SHR AND
WKY RATS. J.M. Spitsbergen*, W .D. Steers and J .R . Tuttle . Departments
of Neuroscience and Urology, University of Virginia School of Medicine,
Charlottesville, VA 22908.
Cultured vascular smooth muscle cells (VSMCs) from spontaneously
hypertensive rats (SHR) increase NGF release in response to sympathetic
neurotransmitters, while VSMCs from Wistar-Kyoto (WKY) rats do not. This
study examined signal pathways of NGF production by VSMCs to ascertain
which are altered in VSMCs from SHR. Confluent cultures of VSMCs
maintained in serum free medium for 96 hr were treated, then sampled at 4, 6,
8 and 24 hr, and culture medium assayed for NGF via a two-site ELISA. In
some experiments platelet derived growth factor (PDGF, 0.7 nM) was used to
increase NGF release. PDGF elevated NGF production in VSMCs from SHR
(maximum effect 3258% control at 4-6 hr) and WKY rats (maximum effect
1365% control at 24 hr). Activating protein kinase C (PKC) with phorbol ester
(PMA, 100 nM), increased NGF production at all times in SHR (4273%
control at 8 hr) and WKY VSMCs (7063% control at 8 hr). Down regulation
of PKC activity by pretreatment with PMA (24 hr), prevented the PMA
induced increase in NGF release and decreased PDGF induced NGF release in
both cell lines. However, PMA pretreatment alone increased basal NGF
release by SHR VSMCs. Forskolin (1-10 pM), which activates protein kinase
A by increasing cAMP levels, decreased NGF production and PDGF induced
NGF release in both cell lines. Raising forskolin to 100 pM increased NGF
release by VSMCs from SHR but not WKY rats. The results indicate that
activation of PKC stimulates, while PKA inhibits the production of NGF in
VSMCs ffom SHR and WKY rats. In SHR VSMCs, an aspect of PKC
signaling may be constitutively active and unaffected by PMA down
regulation. This defect may cause increased NGF output in SHR VSMCs.
(Supported by NINDS, NIDDK and AHA)

NGF, NOREPINEPHRINE AND THE DEVELOPMENT OF HYPERTENSION IN
DAHL S/JR AND R/JR RATS. J.S. Stewart*. J.M. Spitsbergen. R.C.
McCarty, and J.B. Tuttle. Depts. Neuroscience, Urology, Psychology, U.
of Virginia School of Medicine, Charlottesville, VA 22908.
Using inbred Dahl salt sensitive (S/Jr) and salt resistant (R/Jr) rats, we
are examining the role of NGF in the development of hypertension. S/Jr's
show rapid and dramatic increases in blood pressure when fed excess
salt. On a diet of standard lab chow, S/Jr's spontaneously develop
elevated blood pressure relative to normotensive R/Jr's. Reports using the
spontaneously hypertensive rat (SHR), suggest vessel hyperinnervation
and increased NGF contribute to the development of hypertension. Vessel
NGF maintains sympathetic adrenergic innervation, and vessel
norepinephrine (NE) content reflects innervation density. We have
examined tissues from Dahl S/JR hypertension-prone and R/JR
hypertension-resistant rats, maintained on normal (1% NaCI) lab chow, to
determine whether inter-strain differences in NGF and/or NE content also
exist in this model. Using a two-site ELISA for detection of NGF, and a
radio-enzymatic assay to detect NE, we have assayed lung, spleen,
kidney, and mesenteric vessels of S/Jr's R/Jr's aged 1 week, 3 weeks,
and 6 weeks. Across the 24 comparisons (4 tissues x 3 ages x 2 assays)
only kidneys from 1 week old S/Jr's showed more NGF and only
mesenteric vessels from 6 week old S/Jr's contained more NE than
comparable tissues from R/Jr's. Both differences were in densely
sympathetically innervated tissues, and in the predicted direction.
However the lack of similar findings across all ages indicates that altered
sympathetic function is not a dominant factor in the development of high
blood pressure in inbred Dahl rats, as has been suggested for SHRs. In
support of this conclusion, preliminary RNA-based PCR findings show
comparable levels of NGF mRNA in VSM cells from S/Jr's and R/Jr's.
(Support: NINDS, NIDDK, NIMH and AHA.)

288.5

288.6

EXPRESSED SEQUENCE TAGS (ESTs) IDENTIFY DIVERSITY OF
TRANSCRIPTS AND GENE EXPRESSION PROFILES IN PCI 2 CELLS
TREATED WITH NERVE GROWTH FACTOR. N.H. Lee. M.D. Adams. J.D.
Gocavne. S.M. Marmaras. J. Earle-Hughes. A. Glodek. C.M. Fraser* and J.C.
Venter. Department of Molecular and Cellular Biology. The Institute for
Genomic Research, Gaithersburg, MD 20878.
Partial sequencing of randomly selected cDNA clones (ESTs) from a
directionally cloned cDNA library offers a novel paradigm of identifying new
genes and their expression patterns in tissues and cell lines. PC2 cells are
a pheochromocytoma clonal cell line derived from a rat adrenal medullary
tumor. This cell line exhibits morphological features common of chromaffin
cells and undergoes differentiation to sympathetic neuron-like cells in
response to nerve growth factor (NGF). We present results of the
sequencing and analysis of ~4,OOO ESTs divided equally amoung two cDNA
libraries derived from untreated (control) and NGF-treated (50 ng/ml; 9
days) PC12 cells. For both libraries, GenBank/EMBL database searches
revealed that ~25% of the ESTs were exact matches to rat sequences
(>95% nucleotide match over the entire EST); 2-3% were non-exact
matches (<95% nucleotide match); 20% exhibited significant matches to
non-rat sequences at the protein level; and 47-50% of the ESTs were
unknowns. Of the ESTs with matches, these represented a broad spectrum
of transcripts ranging from cell surface receptors and transporters, signal
transduction proteins, nuclear proteins, structural and cytoskeletal proteins
to metabolic enzymes. For ESTs with exact matches, the redundancy was
approximately 2-fold. A significant number of ESTs were found only in
control (19%) or NGF-treated (20%) PC12 cell libraries. Preliminary
Northern analysis of selected clones confirm EST data and reveal
transcripts which were not known previously to be regulated by NGF.

A PC 12 CELL DIFFERENTIATION INDUCED BY NGF IS ASSOCIATED WITH
INDUCTION OF CYCLIN D1 AND ITS COMPLEXES. G-Z. Yan* and E. Ziff.
Howard Hughes Medical Institute, and Department of Biochemistry, New York
University Medical Center, New York, NY 10016.
The neuronal pheochromocytoma (PC 12) cell line can be induced to differentiate
into sympathetic neuron-like cells by NGF. NGF arrests asynchronous PC12 cells in
the G0/G1 phase. To investigate the effect of NGF on cell-cycle components, we
first measured expression of cyclins in PC12 cells and NGF-treated PC12 cells. NGF
treatment had little effect on protein levels of cyclin A, Bl, and E in asynchronous
PC12 cells. Cyclin D2 and d 3 were undetectable in NGF-treated or untreated PC12
cells. PCNA protein levels dramatically decreased in NGF-treated cells, as expected
since cell proliferation decreases during PC12 cell differentiation. In contrast, cyclin
D1 levels showed a dramatic increase in NGF-treated PC12 cells and peaked at day
10. Increase of cyclin D1 in the nucleus of NGF-induced differentiated cells was
confirmed by immunoflorescence assays. In addition, increase of cyclin D1 as well as
a cell differentiation marker, peripherin, were induced by both NGF and FGF, but not
by EGF or insulin. Expression of cdc2-related kinases and their activities was also
examined. Cdc2, cdk2, cdk4 and cdk6 protein levels gradually decreased upon NGF
treatment. Cdk5 levels remained constant. Both the histone HI and Rb kinase
activities of cdc2 and cdk2 immune complexes were down-regulated in NGF-treated
PC12 cells. Cyclin D1, cdk4, cdk5 and cdk6 immune complexes exhibited lower
histone HI kinase activities. Rb kinase activities of cyclin D1, cdk5 and cdk6
immune complexes remained unchanged. However, Rb kinase activities of cdk4
immune complexes were increased in NGF-treated PC12 cells. This can be due to an
increase of cdk4/Dl complexes. Dephosphorylation of Rb in NGF-treated PC12 cells
is also observed. Finally, we found that induction of cyclin D1 was associated with
increase of cdk2/Dl, cdk4/Dl, cdc2/Dl and Rb/Dl complexes in NGF- induced
differentiated PC12 cells. Taken together, these results suggest that induction of
cyclin D1, inhibition of cdc2-related kinases and accumulation of unphospharylated
Rb by NGF may result in an increase of Rb/Dl complex. Cyclin D1 and its
complexes may play an important role in PC12 cell diffentiation.
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INVOLVEMENT OF p53 IN PC 12 CELL RESPONSE TO NGF. Lakshmi
Gollapudi & Kenneth E. Neet.* Dept, of Biol. Chem., FUHS/
Chicago Medical School, N. Chicago, IL, 60064.
To investigate the anti-proliferative effects of nerve
growth factor (NGF) in PC12 cells, we have characterized the
tumor suppressor protein p53 with biochemical and
immunocytochemical
approaches
using
conformation
specific antibodies. In response to NGF, PC12 cells in serum
media stop replicating DNA and develop neurites by six days
whereas in a defined media, with no serum, they stop
replicating and differentiate in two days. Thus, a good
correlation exists between cessation of replication and
differentiation. There are two pools of p53 protein, one with a
mutant conformation in the cytoplasm and the other with
wild type conformation in both cytoplasm and nucleus. Upon
NGF treatment of PC12 cells there is a translocation of p53
protein from the cytoplasm to the nucleus by one day and
subsequently an increase in total cellular p53 protein. This
effect is not seen in the non-responsive mutant PC12 cell
line, PCnnr5. Fibroblast growth factor (bFGF), which also
causes PC12 cells to differentiate, shows a similar increase in
p53, whereas staurosporine, a protein kinase inhibitor that
induces differentiation, does not. These results indicate that
regulation of cell division by NGF is mediated by p53. Other
cell cycle proteins are currently being examined. (Supported
by NIH grant NS24380)

TGFpl CONTROL OF ASTROCYTE GENE EXPRESSION AND
PROLIFERATION IS SELECTIVELY REGULATED BY dBcAMP AND
MATRIX PROTEINS. J. M .Barnes and C. J. M. Kane*. Dept, of Anatomy,
University of Arkansas for Medical Sciences, Little Rock, AR 72205.
Transforming growth factor type beta-1 (TGF(31) is implicated in the CNS
response to injury and in neurodegenerative disease. Astrocytes at sites of
reactive gliosis appear to be principal targets of TGFpi which increases
localized deposition of extracellular matrix proteins. Since reactive lesions
are associated with increased levels of regulatory factors, including TGFp
and matrix proteins, the effect of these factors on astrocyte proliferation,
differentiation, and gene expression was determined.
The effect of TGFJ31 (10 ng/ml) on gene expression in differentiated and
undifferentiated purified, neonatal rat astrocytes in serum-free media was
compared.
TGF(it treatment increased fibronectin mRNA levels.
Pretreatment of cells with dBcAMP (1 mM) blocked the TGFp -induced
increase in fibronectin mRNA. The ability of TGFpi to alter differentiated
astrocyte morphology was determined by TGFpi treatment of dBcAMP
pretreated cells. TGFpi potentiated the characteristic dBcAMP-induced
morphologic change. Laminin, fibronectin, collagen type I, and collagen
type IV matrix substrata altered the sensitivity of differentiated astrocytes to
TGFpi in a manner distinctive for each matrix protein. TGFpi inhibited
astrocyte proliferation (3H-thymidine incorporation) in confluent and
subconfluent cultures. The presence of selective matrix protein substrata
reduced the sensitivity of astrocyte proliferation to TGFpi inhibition.
Preliminary analysis suggests that dBcAMP-treatment alters the receptor
binding kinetics of TGFpi, but not TGFP2, which may partially mediate the
altered TGFpi -responsiveness of differentiated cells.
Thus, reactive astrocytes in the CNS, like dBcAMP-differentiated
astrocytes in vitro, may exhibit responses to regulatory factors distinct from
that of astrocytes in uninjured tissue.
(Supported by funds from UAMS and NSF RII8922108).

288.9
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NEUROTROPHIN UPREGULATION OF THE mRNA FOR THE
GLYCOLYTIC ENZYME PHOSPHOGLYCERATE KINASE (PGK)
IN PRIMARY RAT CORTEX CULTURES. G. Bonner. T, Okazaki. F.
Hefti. F. Ohsawa*. N. Mori, and B. Knusel. University of Southern
California, Los Angeles, CA 90089.
At least part of the neuro-protective action of neurotrophic factors
has been proposed to be due to effects on oxidative mechanisms and free
radical generation (Perez-Polo et al., Mol. Neurobiol. 4:57, 1990). We
now found that chronic treatment of primary cultures of embryonic rat
cortex with the neurotrophins BDNF, NT-3 or NT-4/5 increases the
expression of mRNA for the glycolytic enzyme phosphoglycerate kinase
(PGK). Cultures were prepared from embryonic day E15 embryos and were
grown for 5 days. Treatment was during the last three days of culture. RNA
was extracted and was hybridized with a 32P-labeled antisense RNA probe.
Digestion was carried out with a mixture of RNase T1 and RNase A.
Protected fragments were resolved on 4% polyacrylamide sequencing gels
containing 7.5M urea. Messenger RNA for PGK was increased to 185%,
177% and 192% of control by BDNF, NT-3 and NT-4/5, respectively.
Other neuronal mRNAs, e.g. SCG10, were not increased. Our result
indicates that neurotrophins might modify metabolic processes in nerve cells
by controlling transcription or mRNA stabilization of glycolytic enzymes.
We are currently investigating whether other enzymes of the same and of
different metabolic pathways are similarly affected by neurotrophin
treatment and whether corresponding changes can be observed at protein
levels and also in their biochemical activity.

THE PRODUCT OF A LONGEVITY GENE, JmA, HAS A
NEUROTROPHIC EFFECT ON MOUSE CEREBRAL CORTICAL
NEURONS IN CULTURE. M. Michika\va *', I. Yoncmura; A.
Okano\ Y. Shimizu4 T. Kobayashi1 and H. Has^kuira:, ° Dept, of
Neurol, and 2) Dept. of Legal Med., Faculty of Med., Tokyo Med.
and Dent. Univ., Bunkyo-ku, Tokyo, 113 Japan. 3) Dept, of Lipid
Biochem., Institute of Cardiovascular Disease, Sinshu Univ. School
of Med., Matsumoto, 390 Japan. 4)Dept of Public Health, School of
Med.,Tokai Univ., Isehara, Kanagawa, 259-11 Japan.
Neurotrophic effects of Ju-myo protein (JP) , a 77 kDa protein
which is the product of autosomal longevity alleles Al and a 2 at the
JmA locus and is related to differentiation of longevity potentials in
the preimaginal stage of Drosophia melanogaster (Hereditas 117:
241-250, 1992; Hereditas 117: 251-258, 1992) , were examined using
cultured cerebral cortical neurons derived from mouse fetuses. Cultured
neurons were prepared from E17 mouse cortex according to the
methods described previously (Neurosci. Lett. 140: 75-77, 1992).
JP, which was added to the culture medium at 0.005-50 ng/ml,
promoted survival of neurons approximately 2-fold after 4 days in
culture with serum-free medium. In spite of its significant effects on
fetal cerebral cortical neurons, JP had no survival or mitotic effect on
glial fibrillary acidic protein (GFAP) positive cells; 2-3% of cultured
cells showed GFAP positive in our culture system at day 3-4 (n=8).
These results suggest that JP has a neurotrophic action to embryonic
mouse cerebral cortical neurons, and has no apparent effect on glial
cells in culture.

288.11
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BASIC FGF ELICITS SPECIFIC CHANGES IN MORPHOLOGY AND
GENE EXPRESSION
IN CULTURED CORTICAL TYPE 1
ASTROCYTES. M .R.Varia*. D.G. Schaar. H. Wu. C.F. Drevfus and I ,B.
Black. Department of Neuroscience & Cell Biology, RWJ Medical School/
UMDNJ, Piscataway, NJ 08854
In an effort to define astrocyte regulation, we have been studying the
effects of fibroblast growth factor (FGF) on enriched cultures of cortical
type 1 astrocytes. In agreement with others, we have found that bFGF
has dramatic effects on cortical astrocytes. Thus, dose-response studies
comparing the effects of acidic and basic FGF show that low doses (10
ng/mL) of bFGF, but not aFGF, cause distinct morphological changes.
The astrocytes are normally flat, irregular and polygonal-shaped but
acquire a fibrous, process-bearing morphology when treated with bFGF.
When cultures are treated for 24 hours, morphological changes are
accompanied by increases in glial fibrillary acidic protein (GFAP),
measured by Western blot analysis. To examine regulation, we monitored
levels of neurotrophin mRNA, as well as ATI 46 (Schaar et al, Soc.
Neurosci. Abs. 1992, 608.8), a gene expressed by astrocytes in neonatal
rats. Preliminary studies show that NGF and ATI 46 mRNA expression
decrease in response to bFGF treatment, whereas BDNF mRNA levels do
not change. To determine whether actions of bFGF extend to all brain
regions, effects of bFGF on type 1 astrocytes from substantia nigra (SN)
and basal forebrain (BF) were compared to cortex. Astrocytes from the
SN show morphological changes similar to those in cortical astrocytes,
while type 1 astrocytes from the BF remain unaffected. Thus, astrocytes
respond to FGF morphologically as well as physiologically. Moreover,
distinct populations of astrocytes respond differentially, in a region-specific
manner. (Supp: NIH grant HD23315)

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

Differential STAT complex formation by CNTF in neuronal cells of
different origins.

P. Raian*. A. Symes, B. Wainer and J. S. Fink.

Mol. Neurobiology Lab., Mass. Gen. Hosp. and Dept. of Neurology,
Harvard Medical School, Boston, MA 02114; Dept, of Pathology,
Albert Einstein College of Medicine, Bronx, NY 10461.
The interferons, EGF and CNTF activate the STAT family -of
transcription factors in a variety of cell types. CNTF
transcriptionally induces the VIP gene in NBFL neuroblastoma cells
and the STAT proteins are involved in this response. In CNTF treated
NBFL cells three nuclear DNA-protein complexes were formed in an
electrophoretic mobility shift assay (EMSA), STATIa (also called
p91) was part of the smaller two complexes. We have characterized
the STAT protein complexes formed with the STAT binding site in the
VIP promoter in response to CNTF in different neuronal cell types. As
in NBFL cells, CNTF treatment of embryonic cultures from rat
septum, striatum, cerebral cortex and ventral midbrain induced three
DNA-protein complexes, two of which contained STATIa . All the
brain areas responded by inducing the formation of the three STAT
complexes. Controlling the growth of the glial cells causes the
formation of the largest complex to diminish.
In contrast, in embryonic murine spinal cord cultures and a
murine septal cell line SN48, only the largest DNA-protein complex
was induced in response to CNTF. In SN48 cells the complex remains
induced upto 48 hours after CNTF stimulation, is protein synthesis
dependent and does not include STAT 1 a. Our results suggest that
neuronal cells form qualitatively and quantitatively characteristic
STAT complexes in response to CNTF.
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GROWTH FACTOR STIMULATION OF DIFFERENTIATED
SKELETAL MUSCLE CELLS INDUCES AN IMMEDIATE EARLY
GENE RESPONSE. S. Abu-Shakra* and F.C. Nachtman, Dept, of
Neurology, Wayne State Univ., Sch. of Med., Detroit, Ml 48201.
Skeletal muscle regeneration is closely regulated by the action of
growth factors on myogenic satellite cells. Several growth factors

CLONING AND EXPRESSION OF AN ANTIBODY AGAINST RAT NGF.
D.C. Huang. M. Pinard. M. Szyf and A.C. Cuello*. Department of

including bFGF, IGF-I/II, PDGF-BB, TGF-p, EGF, and CDF/LIF are
known to coordinate satellite cell proliferation, differentiation and
migration to a site of injury. These growth factors (GF) may also
play a role in rescuing injured mature myotubes and preventing
their degeneration. The effect of GFs on mature myotubes,
however, has not been well studied. We have therefore used the
C 2 skeletal muscle cell line, which consists of myogenic cells that
proliferate, fuse, and express skeletal muscle specific proteins; and
examined the effect of GFs on the expression of the immediate
early gene (IEG) zif268; using northern analysis. Zif268, which
encodes a transcription factor, is known to be induced in skeletal
muscle by neural activity, and is thought to play a role in cellular
plasticity.
We have found that bFGF, IGF-I/II, PDGF-BB,
CDF/LIF, and TGF-p induce a marked increase in zif268 mRNA
levels, while PDGF-AA, EGF, IL-6, NGF, and CNTF showed a
minimal or no response. This zif268 response was dosedependent and followed typical IEG kinetics. Our findings suggest
that mature skeletal myotubes respond to growth factor stimulation
and may therefore be useful in the treatment of muscular

dystrophies.

Pharmacology and Therapeutics, McGill University,
Drummond Street, Montreal, Quebec, Canada, H3G 1Y6.

3655

A novel way to study the role of endogenous NGF in CNS repair,
would be to neutralize it in situ. In order to achieve such a blockade,
we are trying to express an anti-NGF antibody gene in neural
(neuron and glial) cells of transgenic adult mice. We have cloned the
cDNAs encoding the monoclonal antibody NGF3O developed in our
laboratory which neutralizes efficiently the biological activity of
NGF. The heavy(H)- and light(K)-chain variable and constant
regions of the gene were PCR-amplified from the mRNA of NGF3O
hybridoma cells. The PCR products were cloned into pCRII™ vector
to generate the plasmids: pVH9, pCH32O, pVK536 and pCK23. The
cDNAs coding for anti-NGF from these clones were fully sequenced.
Nucleotide sequence analysis revealed that the heavy-chain variable
region comprises 375 bp, encoding 125 amino acids and that the
light-chain variable region is 354 bp long, encoding 118 amino
acids. Both these sequences are characteristic of an immunoglobulin
chain with three complementarity-determining regions (CDR) but
differ from all other known antibody variable regions. The variable
regions were linked in frame to the constant regions and to a signal
peptide sequence necessary for secretion. The gene complexes are
being cloned into expression plasmid vectors with NSE, GFAP or
CMV promoters. These plasmids should permit to construct a unique
binary transgenic model expressing the anti-NGF antibody NGF3O in
CNS cells. Supported by Canadian NCE.
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A PHYSIOLOGICAL ROLE FOR A PROPEPTIDE OF THE NGF PRECURSOR
ON FOREBRAIN CHOLINERGIC NEURONS. J. CIos and E. Dicou* URA 1197
CNRS, University Montpellier II, Montpellier and INSERM U 298 CHRU, 49033
Angers, France.
Forbrain cholinergic neurons are known to respond in vivo to nerve growth factor
(NGF) with a significant and selective increase of cholinergic enzyme activity. To
test the hypothesis that a propeptide derived from the NGF precursor might also
affect these neurons, we investigated the effect of its supplementation and
deprivation in the neonatal rat brain. Intracerebroventricular injections of a 29 amino
acid synthetic peptide reproducing the sequence -71 to -43 of the proNGF, flanked by
two Arg-Arg dipeptides, restored choline acetyltransferase (ChAT) and
acetylcholinesterase (AChE) activities by 24-40% in the cortex, septum and
hippocampus of neonatal hypothyroid rats. In contrast, intraventricular injections of
purified antibodies against this peptide reduced by 21-54% both enzymes in the same
forebrain regions of normal neonatal rats while there was no effect in the cerebellum.
Intraventricular injection of the iodinated propetide and autoradiography indicated
its internalization within the cytoplasm of neuronal cell bodies in the cortex and
hippocampus, as it was also observed for 125I-NGF. However, the propeptide, unlike
n Gf , had no effect on neurite outgrowth on PC 12 cells or chick embryo DRGs. In
conclusion, the present data provides first evidence for a physiological role for a
propeptide of the NGF precursor on developing forebrain cholinergic neurons with
an apparent regional specificity.

288.17

FUNCTIONAL ANALYSIS OF RECOMBINANT HUMAN
CNTF MUTANTS: RELATIONSHIP TO INTERLEUKIN-6.
J. Weis**. A. Kruttgen! R. Simon 1 M. Thier*. J. M. Schroder*.
P. C. Heinrich^. S. Rose-John^. Institutes of Neuropathology *

and Biochemistry^, Tech. Univ., D-52057 Aachen, Germany.
Ciliary neurotrophic factor (CNTF) and interleukin-6 (IL-6)
are structurally and functionally related "neuropoietic" cytokines
(Bazan JF, Neuron 7, 197-208, 1991). They share a common helical framework and use similar receptor systems. CNTF promotes
survival of several neuronal cell types in vitro and in vivo.
To elucidate structure-function relationships in CNTF, C- and
N-terminal truncations and a C-terminal double point mutation
(154 Lys to Glu and 157 Trp to Pro) were performed using PCR.
The mutants were expressed in E. coli. Survival promoting activities were determined in serum-free chick E8 ciliary and E1O
dorsal root ganglion cell cultures. The double point mutation
resulted in a complete loss of the survival promoting effect indicating that a positive charge and the alpha-helical structure of the Cterminus of CNTF are important for its biological activity. Similar
mutations at a homologous site had abolished biological activity of
human IL-6 (Brakenhoff J et al., J Biol Chem 269, 86-93, 1994).
Similar to IL-6, deletion of N-terminal amino acids did not affect
biological activity of CNTF. The C-terminal 18 amino acids,
which are not homologous to IL-6, were not functionally important either, .which is further proof for the close relationship between CNTF and IL-6.
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CHARACTERIZATION OF WILD-TYPE AND MUTATED NEUROTROPHIN
DIMERS. R. Kolbeck, S. Junqbluth and Y.-A. Barde*. Max-PlanckInstitute for Psychiatry, Neurobiochemistry, Am Klopferspitz 18a, 82152
Martinsried, Germany.
When NT-3 or BDNF are purified by reversed-phase HPLC, two distinct
peaks can be observed, and as shown by gel filtration, they correspond
to neurotrophin dimers and monomers. Using a Vaccinia virus expression
system, a BDNF mutant was obtained carrying a single amino-acid (R-»
K) replacement in the basic processing site of pre-pro-BDNF, leading to a
molecule with an additional 19 amino acids N-terminal from mature
BDNF. Upon purification on reversed-phase HPLC, R-1K BDNF eluted as
a single dimeric peak. Surprisingly, the N-terminal extension did not
affect the biological activity of this mutant which was identical to that of
BDNF when tested in the neuron survival assay. Neurotrophin monomers
can also be generated by incubation of the dimers in 6M guanidine
hydrochloride, and the time it takes for the dimers to generate
monomers can be accurately determined by quantifying the ratio
monomer/dimer by gel filtration. R-1K BDNF dimers were shown to be at
least as stable as NT-3 or BDNF dimers under these conditions.
Incubation of the neurotrophin monomers in PBS rapidly led to the
spontaneous reformation of neurotrophin dimers. The NT-3 monomers
were found to be 40 times less active in promoting the survival of
cultured embryonic chick sensory neurons, and 100-1000 times less
active when the extent of NT-3 induced trkC autophosphorylation was
measured on NIH3T3 cells stably expressing trkC. NT-3 dimers, reformed from NT-3 monomers, were indistinguishable from the original
dimers with regard to their biological activities.
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COMPUTATIONAL SIMULATIONS ON POSSIBLE LOCATIONS OF NAND C-TERMIN WITHIN THE NGF CRYSTAL STRUCTURE. MDory1. R.
Riopelle2. G. Ross2, and D. Weaver*!2. Departments of Chemistryl and
Medicine2, Queen's University, Kingston, Ontario, K7L 3N6
The crystal structure of NGF reveals the presence of a dimer for which each
protomer contains four loops and 7 anti parallel p-strands. However, the amino
and carboxy termini were not resolved suggesting that these domains are either
randomly flexible or exist in several distinct conformations. Based on
functional analyses of deletions of the amino and carboxy termini of mature
NGF (Drinkwater et al. 1993 JBC 268, 23202), we have constrained the 11-112
amino acid sequence, and allowed the N-terminus of one protomer and the Cterminus of the other to find an equilibrium conformation in the crystal
structure. The deletions are at the N-terminus (Vl-8, V2-8, V3-8, V3-9) with
the C- terminus remaining intact. A molecular dynamics calculation at 1000 K
and 310 K has been carried out with the Amber force field included in the
BIOGRAF 3.0 program operating on an IBM RS/6000 550 processor. Four
possibilities have been considered for intact NGF and the four N-terminal
deletions mutants : interaction of both termini with the "north" region of the
dimer, interaction of both termini with the "south" region of the dimer, and the
two termini moving in opposite directions. From these results, ten possible
interactions of the termini have been recorded. In relation to functional analyses
of deletion mutants of NGF in a trkA signaling assay (Drinkwater et al), and to
influences of N-terminus and C-terminus peptides on cross-linking of NGF to
neurotrophin receptors (see poster of Ross et al), an interaction of adjacent
protomer terminal domains in the NGF dimer at a single trkA receptor is
anticipated. These studies are supported by the Canadian NeuroScience
Network and Allelix Biopharmaceuticals.

CONFORMATIONALLY CONSTRAINED PEPTIDES BLOCK NGF
BENDING TO P75NGra AND TrkA AND INHIBIT NGF-MEDIATED
NEURITE GROWTH BY SENSORY NEURONS IN VITRO. G.M. Ross*.
M.Dory, D.F. Weaver and R.T. Riopelle. Departments of Medicine and
Chemistry, Queen's University, Kingston, Ont. K7P 3N6.
Linear and conformationally constrained peptides modelled from the
Nerve Growth Factor (NGF) crystal structure were synthesized and
characterized in a number of assay systems. Peptides designed from
variable domains as well as the N and C terminals were synthesized
and conformationally constrained using a variety of chemical modifications to produce peptides which were tested in receptor cross-linking,
trkA phosphorylation and ED8 chick DRG sensory neuron growth and
survival assays. Of the compounds tested, interactions between p75NGF
and peptides derived from NGF28-36, NGF41-50, NGF58-68 and
NGF91-98 were identified. Peptides derived from NGF58-68 as well as
the N (NGFl-11) and C (NGF110-118) terminals of NGF inhibited NGF
binding to trkA. While peptides modelled from regions 28-36 and 5868 inhibited neurite growth by sensory neurons, the 58-68 peptide also
inhibited NGF-mediated trkA phosphorylation in PC12 cells. These
data suggest that the variable loops from residues 28-36, 41-50, 58-68
and 91-98 mediate interaction between p75NGFR and NGF. Alternatively,
NGF-trkA interactions are mediated by residues within 58-68 as well
as the N and C terminal regions. Further, an NGF28-36 peptide
apparently selective for p75NGFR influences the NGF response of sensory
neurons. These studies are supported by the Canadian NeuroScience
Network and Allelix Biopharmaceuticals.
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PEPTIDE MIMICS OF AN NGF DOMAIN INHIBIT KINDLING AND
NEURONAL SPROUTING IN RATS. K,Rashid1 C.E.E.M.Van der Zee1.
G.M.Ross3.__ C.A.Chapman*. R.J.Racine2.__ R.J.Riopelle3. and__ &
Fahnestock^.Dept. of Biomedical Sciencesiand Dept. of Psychology2, McMaster
University, Hamilton, Ontario, L8N 3Z5; Apps Research Facility3, Kingston
General Hospital, Kingston, Ontario, K7L 3n 6, Canada.
Kindling is an animal model of epilepsy whereby repeated subconvulsive electrical
stimulation of the forebrain leads to a progressive and permanent amplification of
seizure activity. Kindling elicits neuronal sprouting within the hippocampus that
appears to make functional connections. Both neurotrophins and neurotrophin
receptors are upregulated in kindling, although the contribution of this upregulation
to the development of seizures is uncertain. We have shown that intraventricular
administration of antibodies to NGF inhibits both kindling and mossy fiber sprouting
(see poster of Van der Zee, et al). We show here that a depsi-bicyclic peptide which
specifically inhibits NGF biological activity in vitro retards kindling and mossy fiber
sprouting. This peptide, which mimics a putative receptor-binding domain in the
region of the NGF cysteine knot, has been shown to block NGF-induced neurite
outgrowth in primary sensory neurons and to block ‘“I-NGF binding to both trkA
and p75LNGFR in vitro (see poster of Ross et al). Rats infused intraventricularly with
the depsi-bicyclic peptide required a significantly greater number of stimulations to
reach the fully kindled state than rats infused with either linear or depsi-monocyclic
peptide. Depsi-bicyclic peptide inhibited kindling to the same extent as antibodies
against NGF (see poster of Van der Zee et al), whereas linear peptide was similar
to control serum. In addition, sprouting of dentate gyrus cells into stratum oriens
was measured by Timm staining of mossy fibers in kindled animals infused with the
peptides. Infusion of depsi-bicyclic peptide inhibited mossy fiber sprouting in
kindled animals, whereas infusion of depsi-monocyclic or linear peptide did not
inhibit kindling-induced sprouting. These results suggest that kindling and kindlinginduced sprouting are dependent on a receptor-mediated neurotrophic effect. Hie
kindling model represents a system for analyzing the role of neurotrophin agonists
and antagonists in vivo.

KINDLING AND NEURONAL SPROUTING ARE RETARDED BY
INTRAVENTRICULAR INFUSION OF NGF ANTIBODIES. C.E.E.M. Van
der Zeel K. Rashidl K. Lei. KA. Moore2, J. Diamond^. RJ. Racinei and M.
Fahnestockl Department of Biomedical Sciencesi and Psychology
Department2 McMaster University, Hamilton, Ontario, Canada, L8N 3Z5.

Behavioral convulsions mirroring generalized epileptic seizures in humans can
be evoked in rats by electrically stimulating certain areas of the forebrain.
Repeated subconvulsive electrical stimulation leads to a progressive and permanent
amplification of seizure activity known as kindling. Recent studies have shown that
kindling induces synthesis of Ng F protein and mRNA for NGF and BDNF in the
hippocampus and cortex. Kindling also elicits neuronal sprouting within the
hippocampus resulting in functional synaptic connections. These data suggest that
induction of NGF is required for both synaptic reorganization and kindling. In
support of this hypothesis, we show here that inhibition of NGF biological activity
inhibits both kindling and mossy fiber sprouting. Anti-NGF affinity purified IgGs
were delivered intraventricularly over a period of 14 days. Beginning 3 days after
the start of anti-NGF infusion, rats were stimulated in the amygdala twice a day
for 11 days, and the stage of kindling was measured. Infusion of NGF antibody
resulted in significant retardation of kindling. These antibodies have been shown to
specifically block NGF biological activity in vitro, and to have no effect on BDNF
or NT-3 biological activity. In addition to inhibiting kindling, Timm staining
histology demonstrated that neuronal sprouting is inhibited by anti-NGF infusion.
The density of Timm granules in the stratum oriens of anti-NGF treated kindled
animals was compared to the density of sprouting in control serum kindled rats
and non-kindled control rats. Mossy fibres present in the stratum lucidum of CA3
region of the hippocampus sprout into the stratum oriens after kindling, whereas
anti-NGF treatment partially blocks this sprouting response. These results indicate
a dependence of kindling and kindling-induced neuronal sprouting on NGF.
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SYNERGISTIC EFFECTS OF NEUROTROPHIN-4 AND
LAMININ ON ADULT RETINAL GANGLION CELL NEURITE
OUTGROWTH IN VITRO IS MEDIATED BY GLIAL CELLS.
A. Cohen. G. M. Brav* and A. J. Aguayo. Centre for Research in
Neuroscience, McGill University and Montreal General Hospital
Research Institute, 1650 Cedar Avenue, Montreal, Qudbec H3G 1A4,
Canada.

EFFECTS OF INTRAOCULAR NEUROTROPHINS ON AXONAL GROWTH IN
THE RETINA. H. Sawai. D.B. Clarke, G.M. Bray. A.J. Aguavo*. Centre for
Research in Neuroscience, The Montreal General Hospital Research Institute,
McGill University, 1650 Cedar Avenue, Montreal, Quebec H3G 1A4.
After intraorbital transection of the optic nerve (ON) in adult rats, intraocular
injections of brain-derived neurotrophic factor (BDNF) increase retinal ganglion

Neurotrophin-4 (NT-4) and brain-derived neurotrophic factor (BDNF)
both promote retinal ganglion cell (RGC) survival and neurite outgrowth

in vitro (Cohen et al., 1993). To investigate the differential effects of
NT-4 on RGC survival and neurite outgrowth, retinal explants were

cultured on Poly-L-lysine (PLL) or PLL with laminin (LM) and treated

with NT-4 (provided by Regeneron Pharmaceuticals Inc.). The addition
of LM promoted glial cell migration and neurite outgrowth without

affecting RGC survival.

NT-4, on the other hand, promoted RGC

survival on both substrates but significantly increased neurite outgrowth
on PLL with LM. Inhibition of glial cell migration from the retinal
explants resulted in repression of neurite outgrowth. These results
suggest that NT-4 primarily promotes RGC survival and that neurite

outgrowth is a secondary event that is influenced by glial (Muller) cells

that depend on LM.
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cell (RGC) survival and cause a marked proliferation of axons near the optic
disc but .db not enhance the growth of these CNS axons into peripheral nerve
(PN) grafts (Mansour-Robaey et al., PNAS 91:1632; 1994). We have further
investigated the effects of BDNF and the related neurotrophin, NT-4, (provided
by Regeneron) On the regrowth of individual severed axons. Immediately after
retinal dissection, NeurobiotinR was injected into RGCs while the retina was
superfused with oxygenated Ames medium. The extent of this axon growth
was measured by determining the distance of the axon tips from the optic disc
and the number of axon branches formed by individual axons.
By two days after ON transection, some r Gc axons in untreated eyes turned
away from the optic disc towards the periphery of the retina and, by 2-4 weeks,

grew as much as 600 pm from the optic disc. Single injections of BDNF
increased the proportion of axons that turned away from the optic disc and the
number of branches in these axons by nearly 3-fold but did not affect the
maximum length of RGC axon growth. Single injections of NT4 did not affect
RGC axon growth but continuous infusion of NT4 with an osmotic mini-pump
produced changes equivalent to those seen after a single injection of BDNF.
Thus, after ON transection, RGC axon growth and branching are facilitated by
BDNF or NT-4 but the extension of these axons is misdirected towards the
periphery of the retina rather than the ON stump and PN graft. Intraocular
concentrations of neurotrophin in the vitreous or inhibition of RGC growth at the
ON head may influence the aberrant course followed by these axons.
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ENDOGENOUS TROPHIC SUPPORT FROM THE INJURED EYE CAN
ENHANCE SURVIVAL OF AXOTOMIZED RETINAL NEURONS. D.B.
Clarke*. Y.-C. Wang, G.M. Brav and A.J. Aguayo. Centre for Research
in Neuroscience, The Montreal General Hospital Research Institute,
McGill University, 1650 Cedar Avenue, Montreal, Quebec H3G 1A4.
An anterior ocular puncture, which traverses the aqueous chamber of
the rat eye, prevents most axotomized retinal ganglion cells (RGCs) from
dying soon after injury (Mansour-Robaey et al., PNAS 91:1632; 1994).
This effect is minimized when the eye is punctured posteriorly, a route
that avoids the aqueous chamber and iris. To test the hypothesis that
trophic molecules produced by denervation of the iris and released into
the aqueous chamber exert their effect on RGCs by gaining access to the
vitreous chamber, the zonular fibres of the rat eye were surgically
interrupted at the time of axotomy. One week after axotomy and creation
of such an aqueous - vitreous communication, 81% (mean ± SD: 1803 ±
423) of the normal RGC population (2215 ± 169) survive, compared to
56% (1240 ± 244) after axotomy alone. The difference is more marked
at 2 weeks, when more than ten times the number of RGCs (60%; 1333
±498) survive in retinas with the communication than after axotomy alone
(5%; 113 ± 30). This potent effect is still present at 3 weeks, when 30%
(662 ±190) of the RGCs survive compared with only 5% (103 ± 31) after
axotomy alone. Thus, the creation of a communication between the
aqueous and vitreous chambers of the adult rat eye at the time of
axotomy leads to the rescue of significant numbers of RGCs for at least
three weeks.

SPECIFIC BLOCKADE OF BDNF EFFECTS ON RETINAL
GANGLION CELL SURVIVAL AND AXONAL ELABORATION. S,
Cohen-Cory* and S ,E. Fraser. Div. of Biology, California Institute of
Technology, Pasadena, CA 91125.
Previous evidence indicates that BDNF plays a role in the
development of the visual system of Xenopus (Cohen-Cory and
Fraser, Neuron 12, 747-761, 1994). BDNF is expressed in the eye
and tectum of developing tadpoles, and retinal ganglion cells (RGCs)
express TrkB as they project to the optic tectum. In addition, BDNF
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promotes the survival of developing and differentiated RGCs in
culture. To further evaluate the specificity of BDNF effects during
Xenopus visual system development, we have used antibodies to BDNF
that specifically block its function (Ghosh et al., Science 263,
1618-1623, 1994; a gift from J. Carnahan). Our previous evidence
showed that BDNF, in contrast to NGF or NT3 increased RGC survival
in culture. We now show that the effect of exogenously added BDNF on
survival is completely blocked by exposure to antibodies to BDNF.
Moreover, treatment with the antibody alone resulted in decreased
RGC survival, suggesting the presence of endogenous BDNF in our
cultures. To further evaluate the roles of BDNF during RGC
development and differentiation, we studied the effects of BDNF on
axonal extension. BDNF significantly increased RGC average axonal
length; this effect was also specifically blocked by treatment with
anti-BDNF. The possible effects of BDNF and of other neurotrophins
on neurite branching both in culture and in vivo are currently being
investigated. Our results indicate that BDNF specifically promotes
RGC survival and axonal elaboration, and suggest that it plays a
major role in the formation of functional retino-tectal maps.
(Supported by the Helen Hay Whitney Foundation and NIMH).

289.9

289.10

HEPATOCYTE SECRETED FACTOR ENHANCES NEURITE
REGENERATION FROM RETINA EXPLANTS OF AN ADULT
RAT. H. Hone*1, T.Takano2, T.Kadoya3, Y.Inagaki3, Y.Akahori \
T.NoguchU. Dept. Physiol.1 and Ophthalmol,/, Yokohama City Univ.,
Sch. of Med., Yokohama 236 and Pharmaceut.,Lab., Kirin Brewerv
Co.3, Maebashi 371, JAPAN.
'
Hepatocyte-conditioned media (HCM) from 3-month-old rats
enhanced neurite regeneration and their survival from nerve-transected
terminals of rat adult dorsal root ganglia with nerve fibers (Horie
et.al., NeuroReport, 1991). We applied this HCM to retina explants
from adult rats whose optic nerves were transected 7 days before
sacrifice. Explants were cultured in collagen gels which restored their
structures more than 10 days after in culture. Neurites with growth
cones appeared from explants around 24 h in culture and some of
them grew more than 1 mm. When HCM was applied to explants,
number of regenerating neurites increased 7O.O±43.O from 25.3±n.6
in control 3 days in culture. But the number decreased to 53.O±2O.5 7
days in culture which was nearly same as 47.O±24.2 in control. This
reduction was remarkable in double concentrated HCM. On the
contrary, double dilution of HCM retained enhancement of regeneration
by 7 days culture. These results indicate that HCM contained two
opposite factors to neural regeneration. Membrane filtration of HCM
revealed that the promoting activity was between 5k and 100k. This
enhancement factor lost its activity after incubation at 95°C for 5 min
and is thought to be heat labile protein. HCM includes factors to
enhance neural regeneration in both peripheral and central nervous
tissues that may be common. (Supported by JMESD of Japan and
Kihara MF of Yokohama)

INTERLEUKINS ENHANCED NEURITE OUTGROWTH FROM
ADULT RAT RETINA IN VITRO. M. Takano*, H. Horie, T. Takenaka
and S. Ohno, Depts. of Ophthalmology and Physiology, Yokohama
City Univ. Sch. of Med., Yokohama 236, JAPAN.
The influence of cytokines on neurite outgrowth from explants of
adult mammalian retina was investigated in vitro. Adult rat optic nerve
was transected intraorbital ly. At 7 days after the operation, the retina
was dissected from enucleated eye ball and then incised into 500 pm
square pieces. These explants were embedded in collagen gel and
cultured in a serum-free media. Interleukin lp (IL-IP) (1-100 U/ml)
and interleukin 6 (IL-6) (1-100 U/ml) were applied to the explants.
Neurites with spreading growth cones appeared from retinal explants
by 24 hr after in culture. These neurites were immunoreactive to anti
Thy-1 antibody that was specific to ganglion cells in the retina. The
numbers of outgrowing neurites per explant were 51.0 with IL-IP (10
U/ml), 55.8 with IL-6 (1 U/ml), and 36.8 without interleukins at 5
days in culture respectively. Numbers of regenerating neurites were
increased approximately 1.5 fold by the application of either IL-lP or
IL-6 in vitro. These enhancements on the neurite outgrowth continued
to 7 days in culture. Both IL-lP and IL-6 exhibited a biological activity
to enhance neural regeneration of axotomized retinal ganglion cells in
vitro. These results indicate that the cytokines might play a critical
role in regeneration of injured central nervous system neurons in vivo.
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EVIDENCE FOR A TROPIC ACTION OF BDNF IN GUIDING AXONS
FROM TRANSPLANTED EMBRYONIC RETINAE M.K.Panni*. T.Atkinson
and R.D.Lund. Department of Anatomy, University of Cambridge, England,
UK.
Previous work has suggested that optic axon outgrowth is directed partly
by substrate guidance and partly by target-derived diffusible molecules,
which may also have an important neurotropic role. Embryonic retinae
implanted in the cerebral cortex of neonatal rats show transient outgrowth
which persists only if cografted with a region such as the superior
colliculus. Could outgrowth be maintained with a sustained release of a
suitable factor? BDNF (brain derived neurotrophic factor) is produced in
the developing superior colliculus and expression of its high affinity
receptor, trkB, is present in the retina. BDNF may therefore be important in
mediating and sustaining retinal ganglion cell outgrowth. In this study
embryonic mouse (C 57) retinae were transplanted to the cortex of neonatal
rats (Lister) with a primary fibroblast line untransfected or transfected to
express BDNF. The animals survived for 21 days and were perfused with
paraformaldehyde under thiopentone anesthesia. Frozen brain sections
were cut and stained with anti-M4/anti-M6, two antibodies specific for
mouse neurons. Medium from the BDNF cells was also tested in vitro with a
bioassay on mouse embryonic retina and found to promote outgrowth. In vivo
retinal transplants alone or with untransfected cells survived but showed no
outgrowth into the cerebral cortical grey matter. By contrast there was
sustained growth into the cortex when transplanted with BDNF producing
cells and this outgrowth was frequently directed towards groups of cells.
This suggests that BDNF in addition to its neurotrophic role may also be
important in guidance of developing optic axons. Supported by Mr C and
Action Research.

INTRAHIPPOCAMPAL NGF INFUSION ENHANCES HIPPOCAMPAL
SPROUTING BY TRANSPLANTED SYMPATHETIC GANGLIA BUT DOES
NOT ALTER THEIR PATTERN OF INNERVATION J.M. Conner* and S.
Varon UCSD, Department of Biology, La Jolla, CA 92093
Following cholinergic denervation of the hippocampal formation (HF),
sympathetic fibers from superior cervical ganglia (SCG) will innervate HF
territory. Transplanted SCG selectively innervate discrete HF regions
containing NGF-immunoreactivity (NGF-IR) and lesion-induced alterations in
NGF-IR within the HF are paralleled by changes in the pattern of SCG
innervation, proposing the hypothesis that NGF may act as a substratumbound cue to define innervation fields for sprouting NGF-sensitive fibers.
Presently, we investigated the effect of intrahippocampal NGF infusion upon
the sprouting response by transplanted SCG.
Intrahippocampal
administration of 7S-NGF [0.16 pg/ml X 0.15 pl/hr for 16 days] resulted in -10fold increase in hippocampal NGF (measured by a two-site ELISA) and was
immunohistochemically detectable throughout most of the dorsal HF, often
masking the naturally occurring NGF-IR. NGF administration markedly
increased survival of neurons within the grafted ganglion and dramatically
enhanced the intensity of their NGF-staining, suggesting these neurons do
access the additional NGF. The density of sympathetic fiber ingrowth into the
HF was much greater in NGF-infused animals than in noninfused ones. The
pattern of sympathetic innervation, however, was ngt dramatically altered by
the exogenous NGF. Sprouting sympathetic fibers still tended to innervate the
hilus of the dentate gyrus and stratum lucidum of CA3 and CA2, although
occasional fibers could be seen within CA1 and along the dorsal rim of the HF
(but never within the dentate gyrus molecular layer).
Interestingly,
sympathetic fiber growth did not follow a gradient toward the NGF-infusion site
and was actually blocked in the area immediately surrounding the site of
infusion. These results strengthen the view that additional cues must operate
in conjunction with exogenously delivered NGF to define fields innervated by
NGF-sensitive fibers. Supported by NINCDS NS-16349.
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NEURITE ELONGATION OF EMBRYONIC-CHICK CORTICAL
NEURONS IS ENHANCED BY MEDIUM CONDITIONED FROM
ASTROCYTES OF SlOOb TRANSGENIC MICE. J. Yao*. D.C. Hilt and

NT-3 INCREASES NEURITE LENGTH OF BASAL FOREBRAIN
CHOLINERGIC NEURONS IN NEURON-GLIAL CULTURE. &
Sample*. I.B. Black, and C.F. Dreyfus. Dept. Neuroscience & Cell
Biology, Robert Wood Johnson Medical School /UMDNJ,
Piscataway, NJ 08854
Although the roles of neurotrophins in survival and function of
basal forebrain cholinergic neurons have been explored extensively,
it is unclear what effects these agents have on neurite outgrowth. To
approach this question, primary cultures from embryonic day 17 rat
basal forebrain were treated with NGF, BDNF, or NT-3 and grown
for 7 days. Cultures were grown under conditions which foster the
establishment of neuronal or neuronal-glial systems. Both neuronal
and mixed neuronal-glial cultures were evaluated by staining for
acetylcholinesterase. In the presence of glia, NT-3 increased the
mean length of the longest neuritic process by a significant 63%.
The presence of glia appeared to be critical, since similar effects
were not observed in virtually pure neuronal cultures. Moreover, the
NT-3 effect appeared to be relatively specific for neuritic length
since the number of primary processes and cell diameter were not
altered. When evaluated from 2 to 10 days, the increased neurite
length in response to NT-3 was maximal at 7 days, a point when
glial cells are abundant. In contrast to NT-3 actions, NGF and
BDNF did not alter neurite length in the presence or absence of glia.
Our results suggest that NT-3 specifically increases neurite length of
developing cholinergic neurons of the basal forebrain in the
presence of a glial substrate. (Supp: nih Grant HD23315)

R.H. Reeves. Dept. of Physiology, The Johns Hopkins Univ. Sch. of Med.,
Baltimore, MD 21205; and Amgen, Thousand Oaks, CA (D.C.H)

Glial cells play a trophic role in support of neurons. S100B, a small
acidic Ca++-binding protein primarily produced by astrocytes in the
CNS, promotes neuronal survival and neurite extension of certain types
of neurons. In addition, S100B induces astrogliosis. We have
established a transgenic mouse model that expresses murine S100B
mRNA and protein in a dose dependent and tissue appropriate manner at
levels 2-fold and 7-fold above normal. RT-PCR, RNase protection
assay and Northern blotting have been used to demonstrate that during
development, the transgene is regulated exactly like the endogenous
SlOOb gene. In aged transgenic mice, however, this chronic exposure
to increased S100B leads to a further S100B elevation in some brain
regions. An in vitro culture system with embryonic-chick cortical
neurons was used to examine the expression of neuronal growth factor
activity by transgenic or control astrocytes. Following incubation with
SlOOb transgenic conditioned medium, the percentage of cells with
neurites increased only slightly. However, the transgenic conditioned
medium enhanced the length of neurites significantly. This was evident
throughout culture period (1-5 days in vitro). Many cells exhibited
asymmetric morphology with extension of one long, distinguishable
major process, and several relatively short processes. These results
suggested that over-production of growth factors by SlOOb transgenic
astrocytes modulate neurite elongation and possibly differentiation of
developing neurons.
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USE OF A DEFECTIVE HERPES SIMPLEX VIRUS TO DELIVER BDNF TO
AUDITORY NEURONS PROMOTES NEURITE OUTGROWTH. C. J. Hartnick.
M.D. Geschwind. H.J. Federoff*. and T.R. Van De Water. Albert Einstein College of
Medicine, Bronx, NY 10461.
Brain-derived neurotrophic factor (BDNF), a member of the neurotrophin family,
has been shown to play a role in neuronal survival, maintenance of phenotype, and
neuritic outgrowth (Vazquez, et al, Anat Embrol. 18*9:157, 1994). It is postulated that
BDNF is a target-derived growth factor produced by auditory hair cells and that it
enhances the survival of auditory neurons. BNDF mRNA is expressed in the hair cells
of Corti's organ in the postnatal (PN) rat (Pirvola et al, PNAS 89:9915, 1992; Ylikoski
et al, Hear. Res. 65:69, 1993). Recent work has shown that the addition of BDNF (10
ng/ml) promotes the survival of 5 day PN rat auditory neurons (Hartnick et al, XXXIst
Workshop on Inner Ear Biology, Montpellier, France, September 1994). In this study,
we have used a defective Herpes Simplex Virus (HSV) that expresses BDNF
(HSVbdnf; Soc. Neurosci. Abstr. 110.14, Washington, DC, 1993) to facilitate the
delivery of the neurotrophin into the cochlea. Spiral ganglia, dissected from PN day 5
rats, were cut into sections and cultured as explants. Cultures were transduced with
HSVbdnf or treated with exogenous BDNF. Control cultures were either transduced
with HSVlac (control virus expressing ^-galactosidase) or were not infected. After
three days in culture, neuritic outgrowth from the explants was measured and
quantitated. Explants either transduced with HSVbdnf or treated with exogenous
BDNF showed significantly greater neuritic outgrowth than controls. To investigate
which cell types in the cochlea are capable of viral transduction and expression of the
transferred gene, explants of organ of Corti and ganglia, cultured together or alone,
were transduced with HSVlac and 24 hours later expressing cells were detected by Xgal histochemistry. Cells in all groups expressed the transferred gene. The ability of
HSV vectors to transduce and produce a biological response (i.e., neuritic outgrowth)
by the neurons in the spiral ganglia explants opens up the possibility for using such
methods to prevent the in vivo degeneration of auditory neurons that can result from a
loss of auditory hair cells involved in certain forms of deafness. Supported by NIH
grants DCOOO88, HD27l 16 and GM7288-16.

GANGLIOSIDE GM1 POTENTIATES THE STIMULATORY EFFECT OF NERVE
GROWTH FACTOR (NGF) ON PERIPHERAL NERVE REGENERATION. C.F. DaSilyal. R.D. Lainetti1 R.S. Pires1. C. Timo-Iaria* and F.C. Pereira1. *Dept. of Histology
and 2Laboratories of Clinical Physiology and Experimental Neurology, University of Sao
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HEPARIN OR HEPARAN SULFATE IS REQUIRED FOR THE
STIMULATORY ACTION OF ACIDIC FIBROBLAST GROWTH FACTOR
(aFGF) ON PERIPHERAL NERVE REGENERATION. RX>. Lainettj1. A.G.
Gamharini2 and C.F. Da-Silva*! Depts. of Histologyl and Biochemistry2,

University of Sao Paulo, SP, Brazil.
aFGF belongs to a family of structurally related proteins whose activities
include cell growth and division, angiogenesis, wound repair and embryonic
developmeint Previous studies have shown that aFGF also promotes regeneration
of both central and peripheral neuronal system. Here we demonstrate that
exogenously applied aFGF depends on the presence of either heparin or heparan
sulfate to stimulate peripheral nerve regeneration in vivo.
Adult C57BL/6J mice had the sciatic nerve transected at mid-thigh level.
Proximal and distal nerve stump were sutured into a polyethylene tube containing
one of the following solutions: human recombinant aFGF (0.5 pg/ml); aFGF +
heparin (1 pg/ml); aFGF + heparan sulfate (10 pg/ml); aFGF + Matrigel
(basement membrane extract which contains heparan sulfate). All these solutions
were dissolved in collagen (Vitrogen, LI) before adding to the tubes. After 6
weeks, myelinated axons were counted in the mid-portion of the regenerated nerve
cables formed in the tubes.
The results showed an increase in nerve regeneration in the groups with aFGF
+ heparin (3597±I23 axons), aFGF + heparan sulfate (41O81535) and aFGF +
Matrigel (36O3±IO4). However, when heparin and heparan sulfate were omitted

from the solutions, the activity of aFGF on nerve regeneration was absent
(2622±45 axons in the aFGF/Vitrogen group compared to 25I6±I59 axons in the
Vitrogen alone group).

Heparin and heparan sulfate, may be *tf<ng by stahilireng the native,
conformation of aFGF, therefore protecting it from inactivation.
Supported by FAPESP and CNPq grants.
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Paulo, SP, Brazil.
Local administration of NGF stimulates peripheral nerve regeneration in vivo (Da-Sika
&. Langone, Braz. J. Med. BioL Res., 22:691, 1989). Similar effect is obtained with
exogenous monosialogangtioside GM1 (Lainetti & Da-SQva, Braz. J. Med. BioL Res.,
26:841,1993). Here we demonstrate that a more robust PNS regeneration can be achieved
by simultaneous NGF and GM1 treatment.
Sixteen C57BL/6J male adult mice had the sciatic nerve transected and both proximal
and distal nerve stumps were sutured into a polyethylene tube (FT), leaving a 4 mm gap.
Animals were divided into 4 groups (n-4) in which the tubes were filled with one of the
following solutions: purified preparation of collagen (Vitrogen, 2.4 mg/ml); collagen plus
NGF (1:1, 0.62 pg of NGF/tube); collagen plus GM1 (1:1, 20 pg of GMl/ube); collagen
plus NGF and GM1 (2:1:1,031 pg of NGF and 10 pg of GMl/tube). After 6 weeks the FT
with the regenerating nerve cables were processed for myelinated axon counts.
The results showed that the NGF+GM1 group had significantly more axons (4559±72)
compared to the GM1 (33711110), NGF (3084158) and collagen alone (2549154) groups.
Our previous results had shown an increased survival rate of DRG neurons after sciatic
nerve lesion followed by local administration of NGF. We had also demonstrated that
exogenous GM1 injections into tubular prostheses can significantly improve nerve
regeneration. The presente results could be explained by a combined action of these two
substances, with NGF acting on neuronal survival and GM1 increasing axon sprouting.
Another interesting possibility is that GM1 could also be preventing DRG neuron
degeneration after axon damage (see Garofalo et aL, Neuroscience, 57:21, 1993). HRPtrating studies under way should answer these questions.
Supported by grants from FAPESP and CNPq.
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OSTEOGENIC PROTEIN-1 (OP-1) INDUCES DENDRITIC GROWTH
IN CULTURED SYMPATHETIC NEURONS. P. Lein*, M. Johnson2, x . Guq 3, d . Rueqer4, and D._Higgins*'3 *Canisius~ College, Buffalo, NY"14208; 2Univ. of Arizona,
Tuacon, AZ 85724; 3state Univ. of New York, Buffalo,
NY 14214; ^Creative Biomolecules, Hopkinton, MA 01748.
OP-1 is a member of the TGF/3 superfamily of growth
factors and mRNA for OP-1 is present in the brain. To
begin assessing the function of this protein, we have
examined its effects on cultures of perinatal rat
superior ganglion neurons. When sympathetic neurons
were grown in a serum-free medium in the absence of
nonneuronal cells, they extended only a single axonal
process and this unipolar state persisted for at least
4 weeks. Exposure to human recombinant OP-1 caused
these neurons to extend additional processes which had
the cytochemical (MAP2- and transferrin receptorpositive) and ultrastructural characteristics of
dendrites. Moreover, the amount of dendritic growth
that occurred during a 2-week exposure to OP-1 in
vitro was greater than that which normally occurs
during a comparable period in situ. These data suggest that specific trophic interactions regulate the
morphological development of sympathetic neurons.
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THE IMMUNOSUPPRESSANT FK5O6 PROMOTES NEURITE
OUTGROWTH BY AUGMENTING THE RESPONSE TO NERVE GROWTH
FACTOR IN CULTURES OF PC12 CELLS AND RAT DORSAL ROOT
GANGLIA. W . E. Lyons*! E.B. George. T.M. Dawson. J.P. Steiner and S.H.
Snyder. ^Laboratory of Biochemical Genetics, NIMH, Washington, D.C. 20032
and Johns Hopkins University, School of Medicine, Baltimore, MD 21205.
FK5O6 is an immunsuppressive drug that binds with high affinity to a class of
immunophilins, the FK5O6-binding proteins (FKBP's). The bound FK506-FKBP
complex in turn acts as an inhibitor of the Ca^+ -dependent phosphatase calcineurin.
High levels of FKBP in the brain, co-localized with calcineurin, suggests a functional
link between FKBP and calcineurin in the nervous system. Based on our findings in
models of neural regeneration that increased levels of FKBP during axonal
outgrowth parallel those of the growth-associated protein GAP43, a calcineurin
substrate that regulates neurite extension, we examined effects of FK5O6 in PC12 rat
pheochromocytoma cells and in rat dorsal root ganglia (DRG). In both culture
systems, addition of FK5O6 increased neurite outgrowth by augmenting the response
to nerve growth factor (NGF). Rapamycin, an FK5O6 antagonist, reversed the
outgrowth enhancing effects of FK5O6 in DRG demonstrating that these effects
involve FKBP. However in PC12 cells, rapamycin itself increased the neurite
outgrowth response to NGF. Therefore, rapamycin, another immunsuppressant
whose mechanism of action is separate from FK5O6, may also be neurotrophic in
some neuronal systems. In summary, these data demonstrate a dramatic
neurotrophic action of FK5O6 in two distinct cellular systems, PC12 cells and
sensory ganglia. These drug effects are detected at subnanomolar concentrations,
suggesting therapeutic application in diseases involving neural degeneration.

289.20
BOTH NGF AND PHORBOL ESTER ARE REQUIRED TO SIGNAL
NEURITE OUTGROWTH IN MUTANT PC12-N09 CELLS
R. W. Burry*. Dept Cell Biol., Neurobiol, & Anat, Ohio State Univ^
Columbus, OH.
Cultured PC12 cells differentiate into neuron-like cells when
treated with NGF. In a mutant PC12-N09 clone, NGF induces
expression of the developmentally regulated neuronal protein GAP-43,
but does not induce neurites (Burry & Perrone-Bizzozero, J. NeuroscL,
1993 36:241). Phorbol ester (PMA) activates protein kinase C (PKC)
and induces expression of both immediate early genes (e.g., fos & jun)
and late genes (e.g., GAP-43) in PC12 cells. However, PMA does not

induce neurites in PC12 cells. We tested the PC12-N09 cells for their
ability to grow neurites following stimulation with PMA. No neurites
were seen when cells were stimulated by either NGF or PMA. When
PMA stimulation was followed by NGF, the PC12-N09 cells grew long
neurites, but not when the order was reversed. PMA preincubation of
1 min followed by NGF incubation resulted in short neurites, and 1 to
24 hr preincubation resulted in long neurites. A dose response curve
shows that preincubation at normal PMA levels (50 to 5OOnM) resulted
in no NGF induced neurites, but at high PMA levels (1 to lOpM) long
neurites resulted. These data show that PC12-N09 cells grow neurites
in response to NGF, but only with PMA preincubation. In addition,
the high concentrations of PMA tolerated by PC12-N09 cells is
surprising and suggests a PKC deficiency. This cell line can be used as
model system to investigate PKC-dependent steps in NGF signaled
neurite outgrowth.
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BDNF PREVENTS NEURONAL DEATH OF
CEREBELLAR GRANULE CELLS IN VITRO
K. Suzuki and T.Koike*. Lab. of Neurobiol., Graduate Program in
Biological Sciences, Hokkaido Univ., Sapporo 060, Japan.
Cerebellar granule neurons isolated from 7-day-old postnatal rats
undergo massive degeneration around DIV 6-7, which appears to
mimic neuronal death due to unavailable trophic factor that occurs in
development. In support of this notion this neuronal death was
prevented by treating the cells with cycloheximide (0.1-1 ^M) or
cordycepin (1-3 ^M), suggesting that it is an active process requinng
protein and mRNA synthesis. It was previously shown that both
chronic depolarization with high potassium and NMDA prevent this
cell death in a dose-dependent manner. By measuring intracellular
Ca-+ levels,we generated a correlation curve between [Ca^+ji and
neuronal survival similar to that for sympathetic neurons. Besides
sustained levels of [Ca—+]i, various drugs including TPA, cAMP,
cGMP or others so far tested failed to support the survival. In
constrast, BDNF (5Ong/ml) completely prevented this neuronal death.
Moreover, semi-qantitative PCR measuremets revealed that trk B, the
proto-oncogene encoding a signal-transducing subunit for the BDNF
receptor, was up-regulated during DIV 5-6, just before neuronal
death occurred. These results suggest a pivotal role of BDNF in
regulating neuronal death/survival of cerebellar granule cells in vivo.

NGF RELEASE FROM POLYMER IMPLANTS INTO RAT NEONATAL
HIPPOCAMPUS: EFFECTS ON MEDIAL SEPTAL CHOLINERGIC
NEURONS. J. Chua-Couzens. D. Holtzman. C. Turner* & W. Mobley,
Dept. Neurology, Neuroscience Program,UCSF, San Francisco, CA 94143
NGF is a neurotrophic factor for forebrain cholinergic neurons. Whether
these neurons are subject to death during development and whether or
not they compete for NGF for their survival is uncertain. We reasoned
that if these cells compete for limiting quantities of target-derived NGF
which govern their survival, then administering NGF to achieve supraphysiologic levels would abort this process. In this study, exogenous NGF
was given to postnatal rats continuously during the first month of life,
NGF delivery was accomplished using ethylene-vinyl-acetate (EVac)
copolymer implants. Rat serum albumin (RSA) was used as a carrier.
Each implant measured lx2xlmm and contained RSA plus NGF (5.9pg)
or RSA alone (control). In vitro and in vivo release kinetics showed that
about 60% of total NGF incorporated was released on the first 2 days
(3,5OOng/day), and the amount tapered slowly down to 0.2% of total NGF
(14ng/day) at day 26. The material released was active in in vitro assays.
In vivo, NGF levels at least 10-fold normal were achieved for 28 days.
RSA implants induced a 5-fold increase in NGF levels compared to
untreated animals. NGF or carrier containing implants were placed into
the hippocampus on each side at postnatal day 2 and left in place for 28
days. On the 29th day, a large dose NGF (5pg NGF/day) was given via
osmotic pump for 5 more days. Pump infusion of NGF was used to
enhance detection of surviving cholinergic neurons. Frozen sections of
the perfused brain were immunostained for ChAT and positively stained
medial septal neurons were then counted. Preliminary results indicate
an increase in the number of cholinergic neurons in the NGF implant
group. If confirmed, these data will suggest that exogenous NGF can
prevent developmental death among medial septal cholinergic neurons.
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N-ACETYL-L-CYSTEINE PREVENTS APOPTOTIC DEATH OF
TROPHIC-FACTOR-DEPRIVED
PC12 CELLS
AND
SYMPATHETIC NEURONS. C.Y.I.Yan. G. Ferrari. M.P. Joyce*
and L.A. Greene. Dept, of Pathology, Columbia University, Coll, of
P & S, New York, NY 10032
In the present study we tested whether N-acetyl-L-cysteine (NAC)
affects apoptotic death of neuronal cells caused by trophic factor
deprivation. NAC, an antioxidant, elevates intracellular levels of
glutathione. We used serum-deprived PC12 cells, neuronallydifferentiated PC12 cells deprived of serum and NGF, and NGFdeprived neonatal sympathetic neurons. In each case NAC prevents
apoptotic DNA fragmentation and maintains long-term survival in the
absence of other trophic support. Although NAC shares with NGF the
ability to promote neuronal survival, it does not induce or maintain
neurite outgrowth or somatic hypertrophy. We have hypothesized that
trophic factors prevent neuronal death by either preventing or
coordinating cell cycle preogression. Therefore, we tested whether
NAC treatment can affect cell cycle and found that NAC suppresses
DNA synthesis by PC12 cells under conditions otherwise permissive
for proliferation, and does so at concentrations similar to those at
which it rescues neuronal cells from apoptotic death. These
observations raise the possibility that the ability of NAC to rescue
cells from apoptosis triggered by trophic factor deprivation may
derive from its effects on cell cycle progression rather than from its
direct influence on cellular responsiveness to oxidative stress.

TRANSCRIPTION FACTOR DNA-BINDING ACTIVITY IN PC12
CELLS UNDERGOING GLUCOSE DEPRIVATION-INDUCED
CELL DEATH. L. Tong* and J.R. Perez-Polo. Dept. of Human
Biological Chemistry and Genetics, U. of Texas Med. Branch,
Galveston, TX 77555-0652
Neuronal cell death plays an essential role in degenerative events
in die central nervous system. We have found that hypoglycemic
damage in PC12 cells involves excitotoxicity and oxidative stress and
is ameliorated by nerve growth factor(NGF) treatment. Here, we
report that glucose deprivation inhibits cellular redox activity,
depletes GSH, and degrades DNA. We have hypothesized that the
loss of redox balance resulting from glucose deprivation may activate
transcription factors that are responsive to cell death or protection. To
test this hypothesis, we analyzed AP-1 and NFk B DNA-binding
activities in PC12 cells after glucose deprivation, serum deprivation,
and H202 treatment by gel mobility shift assays. We found an
increase in AP-1 DNA-binding activity after glucose deprivation,
serum deprivation, and H^<Oj treatment (0.4 mM, 30 min). NGF also
enhanced AP-1 DNA-binding activity in the glucose deprivation
condition. The NFk B DNA-binding activity was also increased after
glucose deprivation but not serum deprivation at this time point.
NGF decreased the induction of NFk B DNA-binding activity. These
results support the hypothesis that neurotrophin cell sparing acts
through transcription factors acting on stress response elements.
Supported by NINDS grant NS 18708. This is publication 22A from
USPHS grant POl AG10514 awarded by NIA.
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PC12 CULTURES CODIFFERENTIATED BY NGF AND cAMP BUT NOT BY
EACH FACTOR INDIVIDUALLY, ACQUIRE TOTAL DEPENDENCE TO
TROPHIC SUPPORT: MECHANISMS OF APOPTOTIC CELL DEATH BY
DEPRIVATION. P.P. Michel*. S. Vyas, and Y. Aaid. INSERM U289, Hopital de
la Salpetriere, 47, bd. de I'hopital, 75013 Paris, France
Chronic dibutyryl cAMP (dbcAMP) treatment was shown not only to
potentiate the differentiating actions of NGF in PC12 cells, but to render them
completely dependent on trophic support for survival. When both NGF and
dbcAMP were withdrawn from doubly differentiated PC12 cultures, degenerative

ACTIVATION OF MAP KINASES DOWNSTREAM OF p21RAS IS
NOT REQUIRED FOR SURVIVAL OF RAT SYMPATHETIC
NEURONS. K. Virdee. C. D. Nobe^-& A. M. Tolkovsky* (Spon:
Brain Research Association) Dept Biochemistry, University of Cambridge,
Tennis Court Road, Cambridge,1LMCB, University College London, Gower
Street, London, UK.
Survival of rat sympathetic neurons by three survival factors:
NGF (acting via the tyrosine kinase receptor trk), the cytokines LIF
and CNTF (possibly acting via a non-tyrosine kinase subunit of the
IL-6 receptor) and the cAMP analogue chlorophenylthio cAMP (acting
via intracellular PKA), is blocked by injection of Fab fragments of the
anti-Ras blocking antibody Y13-259, suggesting that activation of
Ras is critical for survival. However, despite extensive evidence
that activation of MAP kinase(s) (or ERKs) lie downstream from Ras
activation, only NGF is found to activate ERK1&2 persistently
(days) and robustly (>100 fold). For NGF, the degree of persistence
of ERK activity is well correlated with the duration of survival.
Moreover, the waning of ERK activity after NGF withdrawal closely
coincides with death commitment point. Nevertheless, the activation
of ERKs downstream of Ras is clearly not necessary for survival,
since the cytokines or CPTcAMP do not stimulate persistent ERK
activity (nor appear to inhibit ERK activity stimulated by NGF) yet
they support survival for days (cytokines) or weeks (CPTcAMP).
Thus, although persistent MAP kinase activity may be one
mechanism for suppressing the cell death programme, pathways
that diverge from the Ras-to-ERK path (such as Ras-to-JNK) may
also carry important determinants of survival signalling.
This work was generously supported by The Wellcome Trust.

events occurred after a lag period of 12-18 h. and by 48 h. < 5-10% of the cells
remained viable. Neurite loss and reduction in [3H]-dopamine uptake paralleled
cell demise. At the cellular level, approximately 20-30% of the nuclei exhibited
clear signs of chromatin fragmentation suggesting that degeneration occurred
by apoptosis. The cells could be rescued completely from degeneration by
dbcAMP and by other cAMP analogs. NGF or depolarization were also
effective, but only partially. In contrast, phorbol esters, endonuclease inhibitors
and free radical scavengers were ineffective. If deprivation was interrupted, cell
demise could be stopped by restoration of initial culture conditions. In the
continued presence of both NGF and dbcAMP, the inhibitor of cAMP
dependent protein kinase (PKA) activity, H89, but not the inhibitor of protein
kinase C, H7, caused these doubly differentiated cells to degenerate.
Degenerative changes produced by deprivation and recovery processes were
not inhibited by macromdecular synthesis inhibitors. However, chronic addition
of cycloheximide prior to deprivation greatly impaired the differentiation of
NGF/dbcAMP cells, allowing these cells to withstand trophic support
withdrawal. Altogether our results indicate that the cAMP transduction signaling
pathway plays a crucial role not only in the differentiation but also in the
survival of NGF/dbcAMP PC12 cells.
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CHANGES IN GLUTATHIONE METABOLISM SUGGEST A
CRITICAL ROLE FOR THE REDOX EQUILIBRIUM IN
PROGRAMMED NEURONAL DEATH AFTER TROPHIC
FACTOR DEPRIVATION. T.L. Deckwerth* and E.M. Johnson.
Washington University School of Medicine, Department of Molecular
Biology and Pharmacology, St Louis, Missouri 63110, USA
Trophic factor-dependent neurons die by apoptosis when
undergoing programmed cell death after trophic factor deprivation
(Deckwerth and Johnson,/. Cell Biol. 123:1207-1222, 1993). Since
maintaining antioxidant defenses is critical for viability, we examined
how glutathione metabolism was affected by trophic factor
deprivation and whether manipulation of neuronal glutathione levels
would alter neuronal viability. Upon withdrawal of nerve growth
factor (NGF) from primary cultures of neonatal rat sympathetic
neurons maintained by NGF, total neuronal glutathione increased
significantly within 6 h, peaked after 12 h at ~ 150%, and then fell
concurrent with commitment to die. The transient glutathione
increase also occurred in sympathetic ganglia in vivo during the
period of developmental neuronal death. Depletion of glutathione
by various pharmacological agents led to rapid neuronal death while
agents which elevate glutathione levels protected from death after
NGF deprivation when given within few hours after NGF withdrawal.
These results are consistent with the hypothesis that early changes in
the redox equilibrium are critical for programmed neuronal death.

MICROINJECTION OF SUPEROXIDE DISMUTASE PROTECTS
SYMPATHETIC NEURONS FROM NERVE GROWTH FACTOR
DEPRIVATION INDUCED APOPTOSIS.
LJ.S. Greenlund*. T.L Deckwerth. and E.M. Johnson.
Washington University School of Medicine, Department of Molecular
Biology and Pharmacology, St. Louis, Missouri 63110, USA
When sympathetic neurons are deprived of nerve growth factor (NGF)
they die by apoptosis. The insufficient inactivation of superoxide has been
proposed to be involved in the death of neurons in amyotrophic lateral
sclerosis (ALS) in which there are mutations in copper/zinc superoxide
dismutase (Cu/Zn SOD) (Deng, et al. Science V261, 1047-51), and the
insufficient inactivation of hydrogen peroxide in trophic factor deprivation
induced apoptosis of a B-cell line (Hockenbery, et al. Cell V75, 241-51).
We have examined whether reactive oxygen species are involved in
neuronal apoptosis. Cytoplasmic microinjection of bovine erythrocyte
Cu/Zn SOD significantly retarded the death of neurons which were n Gf
deprived. Heat inactivation of the enzyme by 5 minutes of boiling blocked
the retarding effect. In addition, the putative superoxide dismutase mimic
4-hydroxy-2,2,6,(6-etramethylpiperidin-l-yloxy (TEMPOL) retarded the
death of NGF deprived sympathetic neurons. In contrast, microinjection
of bovine liver catalase had no effect on NGF deprivation induced death
of neurons. Experiments are underway to express wild type human Cu/Zn
SOD and some of the ALS isozymes in sympathetic neurons and to
determine the effect on apoptosis. These results suggest that the
inactivation of superoxide, but not hydrogen peroxide, may be a ratelimiting step in apoptosis of NGF deprived sympathetic neurons.
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MECHANISTIC STUDIES OF MOTONEURON CELL DEATH IN
RESPONSE TO TROPHIC FACTOR DEPRIVATION IN VITRO. C.E.
Milliaan*H§. K.J. Tomasellit. R ,W. Qppenheim§ and L.M. Schwartz^l.
^Department of Biology, University of Massachusetts, Amherst, MA, tlDUN
Pharmaceuticals, Menlo Park, CA, and §Department of Neurobiology and

SURVIVAL AND DEATH OF DEVELOPING SENSORY AND MOTOR
NEURONS IN VIVO FOLLOWING TARGET DELETION: EFFECTS OF
NEUROTROPHIC AGENTS. David Prevette> J. Caldero. A. D'Costa. X. Mei
and R.W. Oppenheim Department of Neurobiology and Anatomy, Bowman Gray
School of Medicine; Winston Salem, NC 27157.
Following the removal of limb bud anlage in the early avian embryo,
innervating populations of spinal sensory and motor neurons (MNs) are reported
to exhibit a greatly enhanced naturally occurring degeneration. We have used this
classic model to test whether putative trophic agents for these cells when
administered exogenously m vivo can promote survival. Following unilateral
hind-limb bud removal on embryonic day (E)2, lumbar MNs, as expected,
exhibited substantial cell loss (>90%) between E6 and ElO when compared to
controls (50%). Prior to E6 there were no differences in MN numbers between
control and target deleted embryos nor were there any differences in proliferation
in the neural tube during the period of MN generation. Treatment of limb
removal embryos with different trophic agents (BDNF, NT-3, bFGF, CNTF, IGF1) was ineffective in preventing MN loss. By contrast, treatment with partially
purified extracts from embryonic skeletal muscle (MEX) or brain (BEX) rescued
a significant number of MNs from cell death following limb removal. In contrast
to spinal MNs, sensory neurons in the lumbar dorsal root ganglia (DRG) exhibited
only a modest loss following limb removal. There was only a 10-20% increased
death of target-deprived DRG cells during and following the normal period of cell
death (E5-E12). Thus, large numbers of DRG neurons survived in the total
absence of their peripheral targets. Studies are in progress to examine the DRGs
in embryos after longer periods of survival and following treatment with
neurotrophins. These data indicate that avian sensory and motor neurons may
have different requirements for target-derived trophic support during development
in vivo.

Anatomy, Bowman Gray School of Medicine, Winston-Salem, NC.
The phenomenon of programmed cell death has been extensively
studied in the lateral motor column of chick embryos, where approximately
50% of the motoneurons initially produced subsequently die due in part to
a competition for a limited supply of target-derived trophic support. Prior to
their commitment to death, motoneurons can be isolated as a relatively
pure population from chick spinal cord for in vitro study. Cells plated with
muscle extract, a potent source of target-derived trophic support, survive
and have large, phase bright cell bodies and extensive neurite outgrowth.
In contrast, motoneurons cultured in the absence of muscle extract die
within 48 hours. Ve have taken advantage of these cultures to begin to
examine some of the biochemical and molecular mechanisms that may
mediate neuronal cell death. Inhibition of RNA synthesis with actinomycin
D at the time when the cells become committed to die prevents
motoneuron death, suggesting that new gene expression is required for
cell death. DNA fragmentation and -nuclear condensation indicate that
some of these cells die by apoptosis. These characteristics mimic those
observed in motoneurons in vivo when they undergo programmed cell
death. Preliminary experiments indicate that motoneuron death in the
absence of muscle extract may be prevented or delayed with peptide
inhibitors of the IL-1 ^-converting enzyme (ICE). These results suggest that
this protease may a play a role in regulating the programmed death of spinal
motoneurons. Supported by NIH NSO9292 to C.E.M., NIH NS20402 to
R.V.O. and NIH GM4O458 and AG000495 to L.M.S.
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SURVIVAL EFFECTS OF DEPOLARIZATION ON CHICK MOTONEURONS
IN VITRO. E.D. Lloyd*. A.C. Lo. R.W. Qppenheim and L.J. Houenou.
Department of Neurobiology and Anatomy and the Neuroscience Program,
Bowman Gray School of Medicine, Wake Forest University, Winston-Salem,
N.C. 27157.
Depolarization in high K+ medium has been shown to promote survival in a
variety of neurons (sympathetic, sensory and cerebellar)/n vitro (Franklin and
Johnson, Jr. TINS 15:501-508, 1992). To study the effect of depolarization
on enriched cultures of chick motoneurons, we treated cells with a range of
KCI (10, 20, 30, and 40 mM). All concentrations of KCI-supplemented
medium enhanced motoneuron survival with peak survival of 50% at 40 mM
after 3 days in culture compared with 40-50% survival with muscle extract. In
order to further elucidate the mechanisms of high K+ saving effects, we
treated motoneurons with 20 pM BAPTA , an intracellular chelating agent,
and 40 mM KCI. BAPTA reduced the saving effects of K+ to control levels.
Preliminary studies with 50 pM W-7, a Ca2+-dependent calmodulin inhibitor,
abolished the survival effects of high potassium (40 mM KCI) after 4 days in
culture. These data suggest that the saving effects of high K+ depend on
elevations of intracellular calcium and activation of calmodulin. In addition to
the K+-saving effects, we have shown previously that motoneuron survival is
enhanced by muscle extract and CNTF in vitro and in vivo. Currently we are
examining the effects of these trophic agents in relationship to rises in
intracellular calcium both in vitro and in vivo in order to understand the
intracellular mechanisms that drive motoneuron survival.

PREVENTION OF APOPTOTIC NEURONAL DEATH BY GM1
GANGLIOSIDE: INVOLVMENT OF TRK NEUROTROPHIN
RECEPTORS. G. Ferrari*. B. L. Anderson. R. M. Stephens. D. R.
Kaplan and L. A. Greene . Dept of Pathology, Columbia University,
Coll, of P & S, New York, NY 10032 and ABL-Basic Research
Program NCI-Frederick Cancer Research and Development Center
Frederick, Maryland 21702.
We have previously reported that GM 1 promotes long-term survival
and prevents apoptotic DNA fragmentation in serum-deprived PC 12
cell cultures. We observed in addition that GM1 rescues sympathetic
neurons from death after NGF deprivation (Ferrari et al., 1993).
Present studies are directed towards understanding the underlying
mechanism by which GM1 acts to prevent neuronal cell death. To this
end, we have used serum-deprived cultures of wild type and
genetically modified PC 12 cells. Our findings indicate that GM1promoted survival can be mediated by the TrkA NGF receptor as well
as by TrkB, and potentially by tyrosine kinase receptors for additional
neurotrophic growth factors. Experiments employing K-252a, an
inhibitor of Trk kinases, and PC12 cells over-expressing a dominant
inhibitory form of Trk both indicate that the survival-promoting
activity of GM1 is evoked by receptor dimerization and
autophosphorylation. In consonance with this we find that GM1
stimulates Trk tyrosine autophosphorylation and Trk-associated
protein kinase activity. These observations may provide a mechanism
to account for the reported in vitro and in vivo trophic actions of
GM1.
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PERTUSSIS TOXIN ENHANCES PROGRAMMED CELL DEATH OF
BDNF-DEPENDENT NEURONS IN THE ISTHMO-OPTIC NUCLEUS
OF CHICK EMBRYOS. E.C. Gunther. C.S. von Bartheld. M. Bothwell*.
Department of Physiology and Biophysics, University of Washington,
Seattle, WA 98195.
Neurons in the Isthmo-Optic Nucleus (ION) of the developing chick
brain project axons to the contralateral retina. These neurons go through
a well-defined period of programmed cell death at 13-17 days of
incubation (E13-17) during which the ION neurons transiently require
target-derived BDNf for trophic support (von Bartheld et al., 1994,
Neuron 12:639-654). To examine whether the trimeric G-proteins Gi or
Go are involved in neurotrophic signal transduction, 0.2 ng pertussis toxin
(PTX) was injected into the retinal target region of BDNF-dependent ION
neurons in 13-day old chicken embryos (E13). After 72 hours, 42%
fewer neurons survived in the treated i On relative to the untreated ION of
the same embryo. Injection of cytochrome C in E13 embryos had no
effect, indicating that PTX was required for enhanced cell death, rather
than other aspects of the procedure. To determine if this effect was
restricted to the embryonic period, PTX was administered to hatchlings by
the same protocol, with no resultant cell death. The potential effect of
PTX on retrograde axonal transport of BDNF to the ION was tested by
co-injecting 0.2 ng PTX and 10-20 ng I125-BDNF at E15; preliminary
results indicate retrograde transport of BDNF is unaffected by PTX. To
test whether the action of PTX is attenuated by BDNF, high doses (500
ng) of BDNF were co-injected with 0.2 ng PTX. BDNF partially rescued
iON neurons from the toxic effects of PTX compared to control
injections (PTX + cytochrome C). PTX may inhibit BDNF production by
retinal target cells, or may interfere with a yet to be identified G-protein
mediated neurotrophic signal transduction pathway.
BDNF kindly provided by Regeneron. This work supported by NIH
grants HD 29177 and NS 30305.

SUBSTANCE P PROTECTS CHOLINERGIC NEURONS AGAINST
EXCITOTOXICITY IN RAT STRIATAL CULTURES. J. AlberchE N.
Calvo. E. Perez-Navarro and J. Reiriz. Dept. Biolgia Cel.lular i Anatomia
Patoldgica. Universitat de Barcelona. Spain.
Substance P plays an important role as a neurotransmitter in the striatum,
regulating intrinsic circuits, as cholinergic neurons, and also projecting to
substantia nigra. Several studies have shown that substance P may have
neurotrophic functions. Substance P counteracts the anatomical, biochemical
and behavioral effects of neurotoxin damage to monoamine neurons.
Furthermore, tachykinins reverse the toxic effects of amyloid. Previous results
have also shown that cholinergic neurons stimulated by tachykinins are more
resistant than that stimulated by glutamate after intrastriatal quinolinic acid.
In the present study, the potential neurotrophic effects of substance P and
analogues were investigated in cultured prepared from rat embryonic day 18
striata after excitatory amino acid treatment. Quinolinic acid treatment
induced a dose dependent decrease of ChAT activity after 11 days in culture.
Substance P (20 pM) was able to protect cholinergic neurons against
quinolinic acid (125 pM) injury. NK2 receptor agonist ([Nle‘°]-Neurokinin A
4-10) and NK3 receptor agonists ([Me-Phe7]-Neurokinin B) reduced the
decrease of ChAT activity induced by quinolinic acid. However, substance
P could not block the toxic effect of kainic acid. On the other hand,
tachykinin antagonist, [D-Pro2, D-Trp7’9|-substance P, produced a decrease of
ChAT activity in striatal culture. These results suggest that substance P has
a neuroprotective effect after treatment with NMDA agonist, and that
stimulation of neurokinin receptor may promote survival of striatal
cholinergic neurons.

290.15
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DECLINING CELL NUMBER, APOPTOSIS, PYKNOSIS AND
PATTERN FORMATION IN TRIGEMINAL NUCLEUS PRINCIPALIS.

HIPPOCAMPAL NEURONS FROM THE TRISOMY 16 MOUSE:
ACCELERATED DEATH IN VITRO. LL Bambrick*. D. Broueher. P.J.
Yarowskv* & B.K. Krueger. Departments of Physiology and Pharmacology*, Univ.
of Maryland, Sch. of Medicine, Baltimore, MD 21201.
Accelerated neuron death underlies the pathology of several neurodegenerative
diseases. We have been studying the survival of cultured hippocampal neurons
from the trisomy 16 (Tsl6) mouse. Mouse chromosome 16 has extensive homology
to human chromosome 21, trisomy of which causes Down syndrome and results in
the premature (4th decade) development of Alzheimer’s disease. Glia-depleted
cultures of euploid and Tsl6 hippocampal neurons from E16 embryonic brain were
grown at low density in a serum-free defined medium. Neurofilament and glial
fibrillary acidic protein immunocytochemistry showed morphologically similar
neurons with few astrocytes at 2 days in vitro for both Tsl6 and euploid cultures.
When neuron survival was assessed over the first week in vitro by counting
identified neurons in predefined areas, the number of surviving neurons declined
logarithmically with 28% of euploid but 58% of Tsl6 cells lost per day. Thus, the
probability of a given neuron dying over this time is constant and greater for Tsl6
cells. Basic fibroblast growth factor (bFGF), which has been reported to enhance
hippocampal neuron survival, significantly slowed neuron death with a K, of 25ngfail for both euploid and Tsl6 cells. At the maximally effective dose of bFGF
(10 ng/ml), euploid neuron death was reduced to 17% per day. Tsl6 neurons
survival, though enhanced, was still below euploid levels (32% death per day).
These results establish Tsl6 brain cultures as a model of naturally occurring
aberrant cell death with possible relevance to human neurodegenerative disorders.
Supported by NIH and the Alzheimer’s Assn.

N.H. Hobart. M.W. Miller. K.W.S. Ashwell. P.M.E. Waite* & M.F.
Jacquin. Anatomy & Neurobiology, St. Louis Univ. Sch. Med., St. Louis,
MO 63104; Psychiatry, Univ. Iowa Coll. Med., Iowa City, LA 52242;
Anatomy, Univ. New South Wales, Sydney 2033, Australia;
Neurology, Washington Univ. Sch. Med., St. Louis, MO 63110.
There is growing evidence that naturally occurring cell death in the rat
trigeminal ganglion is neurotrophically mediated and that this process impacts
on whisker-related pattern formation in the brainstem. Given that ganglion
cells provide trophic support for brainstem neurons, it follows that whiskerrelated patterns form and are refined during a period of extensive naturally
occurring cell death in the brainstem. This was evaluated by comparing the
presence and maturity of cytochrome oxidase-revealed patterns in principalis
(PrV) with the total # of Nissl-stained neurons in PrV and the # of PrV cells
displaying signs of apoptosis or pyknosis. Labeling of nuclear DNA fragmentation (ApopTag™, Oncor) was used to count apoptotic PrV cells. Patterns
were first detected on embryonic day 20 (E2O), although only rows were
seen; by E2l single whisker patches were evident. Patterns were most clear
on and after postnatal day 3 (P3). PrV cell # was greatest between E18 and
birth (E22 = P0) and declined cumulatively by 17, 23, 43 and 49% by P2,
3,5 and 10, respectively. Large #s of pyknotic cells were seen from E19-P2,
with peak values at P0 (67O±2OO, n=4). Pyknotic cells were not seen before
E19 or after P10. Apoptotic cells seemed most prevalent on P0, though only
a small # of cells were labeled at any given age, perhaps due to the brief
time over which this marker reveals dying cells. Given the positive temporal
correlation between pattern formation and cell death, we hypothesize that
whisker patches emerge and are refined in PrV as a result of an inter-patch,
septa-like distribution of cells that undergo apoptotic processes. We are
testing this with above-listed methods. NIH DEO7734, NS 17763, NH, MRC.
SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994
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TUNICAMYCIN INDUCES PROGRAMMED CELL DEATH IN
SYMPATHETIC NEURONS. LY.Chang and V.V.Korolpv* Dept.

ARACHIDONIC ACID HAS BOTH TROPHIC AND TOXIC ACTIONS ON
CULTURED HIPPOCAMPAL NEURONS. S.Okuda* , H.Saito and H.Katsuki.
Dept, of Chem. Pharmacol., Fac. of Pharmaceutic. Sci., The Univ. of Tokyo,
Tokyo 113, Japan.
Arachidonic acid (20:4; AA) is a component of membrane lipids that has
been implicated as a messenger both in physiological and pathophysiological
processes, including ischemic injury and synaptic plasticity. In this study, we
have investigated the actions of AA on the survival and neurite outgrowth in
primary cultures of embryonic rat hippocampal neurons. A A significantly
supported neuronal survival and promoted neurite outgrowth at a concentration
of lO^M, but showed extreme neurotoxicity at lCsM. These effects were not
mimicked by other fatty acids, palmitic acid (16:0) and oleic acid (18:1). The
survival-supporting effect of lO’ M AA was potentiated by a cyclooxygenase
inhibitor indomethacin (lO5 M), but not affected by a lipoxygenase inhibitor
nordihydroguaiaretic acid (NDGA, lO’* M). Neither of these inhibitors inhibited
the outgrowth-promoting action of AA. The toxic effect of 10’ M AA was
markedly and significantly blocked by NDGA but not by indomethacin, which
indicates the involvement of the lipoxygenase pathway. This protective action
against AA neurotoxicity was also exerted by AA86l and baicalein (each at 10’
M), a selective inhibitor for 5- and 12-lipoxygenase, respectively. The toxic
action was also prevented by an antioxidant, a-tocopherol (lO-* M), but not by
superoxide dismutase (100 U/ml) or catalase (200 U/ml).
In conclusion, AA has both trophic and toxic influences on cultured
hippocampal neurons. The trophic actions may be exerted by AA itself, while
the toxicity may be manifested through lipoxygenase pathway and consequent
oxygen radical generation. We suggest that AA acts a> a messenger which
regulates neuronal survival and morphology at a low concentration. On the other
hand, when an excess amount of AA is present as in the case of ischemiareperfusion, it may have a critical role in the brain tissue injury.

Anatomy, Univ. Arkansas Med. Sci.,Little Rock, AR 72205
Programmed cell death is a phenomenon which occurs in the
natural development of neuronal systems. Under experimental
conditions, this type of cell death can be reproduced in vitro. This
phenomenon is best studied using the nerve growth factor-dependent
sympathetic neuronal cultures. Programmed cell death of these neurons
can be initiated by removal of NGF from the culture. The cell death is
characterized by atrophy of the cell bodies, condensation of chromatin,
and extensive neurite fragmentation. This type of cell death can be
prevented by protein synthesis inhibition (cycloheximide), RNA
synthesis inhibition (actinomycin D), neuronal depolarization (KC1),
and cAMP. Tunicamycin is an antibiotic which inhibits N-glycosylation
of proteins. In animals, this agent causes severe neurological diseases.
The etiology of this tunicamycin-induced neurological disease is not
clear. We found that addition of tunicamycin to sympathetic neuronal
cultures led to cell death in approximately 48 hours in a manner very
similar to the cell death induced by NGF deprivation. Dying cells in
tunicamycin treated cultures show signs of atrophic cell bodies and
extensive fragmented neurites. The EC50 for cell killing is between 1-2
ug/ml. This cell death can be inhibited, to various extents, by
cycloheximide (1 ug/ml), KC1 (50 mM), and cyclic AMP (500 uM). These
results suggest that the neurological disease caused by tunicamycin in
animals might result from programmed cell death. (Supported by NIH
R29NS32253 and UAMS Medical Research Endowment Award)

290.19

DIFFERENTIAL ACTIVATION OF MICROGLIA AFTER 192lgG-SAPORIN
IMMUNOTOXIN-INDUCED LOSS OF CHOLINERGIC CELLS IN RAT BASAL
FOREBRAIN COMPLEX. S. RoRnerVW. Hartiq1, R. Schliebs1, G. Bruckner1,
K, Brauerl J.R. Perez-Polo2*. R.G. Wilev3. and V. Bigll 1Paul Flechsig
Institute for Brain Research. Leipzig University, Germany, 2Univ. of TX Med.
Br., Galveston. USA. Experimental Neurology, VAMC, Nashville, USA.
To characterize the specificity of an immunotoxin (conjugate of the
monoclonal antibody 192lgG against the low-affinity nerve growth factor
receptor with the cytotoxic protein saporin), coronal sections through the
basal forebrain of adult rats that received a single intracerebro-ventricular
injection of 4 pg of 192lgG-saporin conjugate, were subjected to
histochemical and immunocytochemical analysis to evaluate cholinergic
(choline
acetyltransferase,ChAT-immunoreactive),
NADPH-diaphorasepositive and GABAergic (parvalbumin-immunoreactive), structures labeling of
perineuronal nets as well as microglial and astrocytic specific
immunostaining. Seven days after injection of the immunotoxin, ChATimmunoreactive cells had almost completely disappeared throughout the
magnocellular basal forebrain complex, and NADPH-diaphorase-containing
cells, that include a significant subpopulation of cholinergic cells, also
strikingly decreased by more than 90% in the magnocellular basal forebrain
complex as compared to controls. In contrast, the number of parvalbumincontaining GABAergic projection neurons in the septum-diagonal band
complex and nucleus basalis of Meynert from immunolesioned rats was not
affected. Seven days following injection of the immunotoxin, large numbers
of activated microglia were found in magnocellular basal forebrain nuclei,
corresponding to the distribution of degenerating cholinergic cells. The data
suggest that the novel immunotoxin represents a powerful tool to produce
selective cortical cholinergic dennervation.
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PROTECTION OF PURKINJE AND INFERIOR OLIVARY CELLS DEATH
FROM NATURALLY OCCURING CELL DEATH BY BCL-2 ONCOGENE.
H. Zaniani*. J ,C. Martrnon. N. Delhayy-Bouulihau andJ. Mrn-iani. I nstitut des
Neurosciences, UPMC and CNRS, Paris, France and Glaxo Imb, Geneva,
Switzerland.
Naturally occuring or programmed cell death is an important event during nervous
system development. Studies in nematode have shown that the ced-9 gene protects
cells against apoptosis and its mammalian homologue is the proto-oncogene bcl-2. In
the olivocerebellar circuits of rodents, neuronal death occurs during the first postnatal
week for inferior olivary neurons, but up to now no evidence of this phenomenon
exists for Purkinje Cells (PC). To study wether bcl-2 may protects the PC and
Inferior Olivary cells (IOC) from naturally occuring cell death, we used two strains of
transgenic mice (carrying a 1.8 Kb construct of the rat neuron specific enolase
promoter fused to the human bcl-2 cDNA). In one of these strains bcl-2 gene is
overexpressed during embryonic development but only after birth in the second one.
The Purkinje and olivary cells population were counted on serial sagittal paraffin
sections of the fixed brains tissue of several transgenic mice and their controls. This
analysis revealed a 50% excess of PCs within the cerebellum in the first strain
compared to the control animals while their number remain normal in the second one.
These results suggest that developmental cell death exist for cerebellar PC, and occurs
likely prenatally, and that these cells could be rescued from apoptosis by
overexpressino of bcl-2 gene. The number of IOC was 30% more than control value
in both strains of transgenic mice. The fact that this excess of olivary cells occurs
even when the number of target cells (PCs) is normal, suggest that it is related
directly to the overexpression of the bcl-2 gene in the olivary neurons. Our data
suggest that these transgenic mice could be a useful tools to study the quantitative
adjustment between neuronal populations in developing cerebellum.
It could be also possible that bcl-2 protects neurons from pathological cell death.
We have undertaken experiments to test this hypothesis in several mutant mice with
oeurodegeoeratino in the cerebellum.
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A CHOLINE ACETYLTRANSFERASE (ChAT) PROMOTERBCL-2 CONSTRUCT FOR THE GENERATION OF TRANSGENIC
MICE J.D.Cooper*. G.TzimaginrgisI T.MichaelldlsI HIThneoen and
D.Liodholm Department of Neurochemistry, Max-Planck-Institute for
Psychiatry, Martinsried, Germany.
The product of the bcl-2 oncogene been shown to be capable of
blocking naturally occurring or experimentally induced apoptotic cell
death in many in vitro models. However, the role of bcl-2 in the CNS
remains unclear. We have generated a choline acetyltransferase (ChAT)
promoter - murine bcl-2 fusion construct to produce transgenic mice in
which nverexpressino of bcl-2 is targeted to a defined population of
neurons. Genomic clones spanning the promoter and 5' untranslated
region of the mouse ChAT gene were isolated by screening a mouse
genomic DNA library, using as a probe a selectively amplified 75Obp
PCR product recognizing the N-type exon. A 4kb E^oRI/HindHI
fragment was placed upstream of the reporter genes lacZ or CAT and
was found to confer expression which was both cell type-specific and
NGF inducible in transiently transfected cell lines. This fragment was
linked to a murine bcl-2 mini-gene containing both coding exons
generated by PCR. Northern blot analysis demonstrated that this
construct directed expression of appropriately sized bcl-2 mRNA
transcripts. The biological activity of the bcl-2 protein produced was
assessed in survival assays of stably transfected PC 12 cells after NGF
deprivation. Subsequently this transgene has been used in pronuclear
injections to generate transgenic mice specifically overexpressing bcl-2
within the cholinergic system. These mice will be used in studies of
naturally occurring developmental cell death and the assessment of the
mechanism of cell death after oeurotrophlo withdrawal or neurotoxic
insult in defined in vitro and in vivo manipulations.
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ELECTROPHYSIOLOGICAL STUDY OF AXOTOMIZED NEONATAL
FACIAL MOTONEURONS OVEREXPRESSING BCL-2, S. Alberi. M.
Raggenbass. J. Staple!. J.-C. Martinou-K J. Fischer Lougheed*. M.DuboisDauphin. Dept. of Physiology, University Medical Center, 1211 Geneva, t
Glaxo Imb, Geneva, Switzerland.
In wild type (w.t.) two days old mice, lesion of the facial nerve results in
rapid degeneration of facial motoneurons. By contrast, in transgenic mice
overexpressing the Bcl-2 protein, morphological studies indicate that
neonatal facial motoneurons survive axotomy (Dubois-Dauphin et a/., PNAS
1994). We have investigated the functional properties of facial motoneurons
in w. t. and transgenic mice seven days after unilateral facialectomy, using
brainstem slices and whole-cell patch-clamp recordings. Motoneurons from
non-axotomized w. t. mice, or from transgenic axotomized mice, but located
contralaterally to the lesion, had input resistances of 45 ± 15 MD (n=11) and
fired repetitively following injection of positive constant current pulses. When
cells were voltage-clamped at or near their resting membrane potential,
AMPA (5 pM), NMDA (50 pM) or vasopressin (1 pM) generated sustained
inward currents (20 to 400 pA). In w. t. axotomized mice, no viable neurons
could be recorded ipsilateral to the lesion. By contrast, in transgenic
axotomized mice, facial neurons could be found located ipsilaterally to the
lesion: they had input resistance of 190 ± 40 MD, fired repetitively and
responded to AMPA, NMDA and vasopressin, but the induced currents were
smaller (30 to 120 pA). The location of some of these neurons within the
facial nucleus was ascertained using biocytin-filled patch pipettes. We
suggest that, in transgenic mice, the electrophysiological properties of
neonatal facial motoneurons which survive axotomy are, at least in part,
similar to those of non-axotomized ones. Their higher input resistance
probably reflects the fact that these surviving motoneurons are smaller than
unlesioned ones, as confirmed by electron microscopic examination.

BCL-2 ONCOPROTEIN CHANGE AND THE TOLERANCE
TO ISCHEMIA INDUCED NEURONAL DEATH IN THE
GERBIL HIPPOCAMPUS. K. Shimazaki1, A. Ishida1.
K. Watanabe2 and Y. Sshara331 Dept. of PPvsiologv, Jichi
Medical School, Tfchigi-kpa 329-04. 2Dppt. fl
Experimental Biology, Tokyo Metropolitan Institute fl
Gerontology, Ittabashi-ku 173. 3Dept. ol Physiology, Tokyo
Medical aad Dental Univ., Tokyo, 113.
In oadea to clarify the mechanism ol ischemic tolerance
by paetaehtmeat ol briel, sublethal ischemia, we studied
change in bcl-2 oncoprotein in the gerbil hippocampus.
Immunfstaining using monoclonal antibody raised against
bcl-2 oncoprotein revealed an increase in the CA1 sector
following 2 min ol ischemia that induced tolerance to
subsequent ischemia and prevented delayed neuronal
death (DND). The increased bcl-2 oncoprotein
immunfa2hctivity appeared in parallel with acquisition ol
tolerance lor DND. Following ischemia lor 5 min, bcl-2
oncoprotein immuaoa2hctivits was decreased, reflecting
the neuronal death in CA1 sector. On the other hand,
following 1 min ol ischemia which laild to induce
tolerance, no increase in the bcl-2 oncoprotein expression
was observed. The results evidenced that expression ol
bcl-2 oncoprotein in CA1 sector following a briel ischemia
is closely related to acquisition ol tolerance lor DND.

291.5
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Consequences Of Bcl-2 Overexpression In Olfactory
Receptor Neurons Of Transgenic Mice Michael D. Havward*.
Christopher Bocchiaro. James I. Morgan. Roche Institute of Molecular
Biology, Roche Research Center, Nutley, NJ 07110.
The active elimination of cells, termed programmed cell death,
is a process that often requires ongoing protein and RNA synthesis;
suggesting the involvement of particular gene products. Indeed several
studies have implicated specific proteins in the cell suicide program.
For example, the product of the proto-oncogene, bcl-2, blocks
programmed death in cells of the lymphoid and other lineages. We
wished to determine whether bcl-2 could prevent cell death in neurons
in vivo. To this end we have constructed a line of transgenic mice in
which bcl-2 overexpression has been specifically targeted to olfactory
receptor neurons using the Olfactory Marker Protein (OMP) promoter.
Our choice of this strategy lies in the fact that mature olfactory neurons
degenerate and are replaced by the proliferation and differentiation of
precursor neuroblasts with a half-life of approximately thirty days. In
addition, these neurons can be induced to undergo premature death
either by depriving them of their target, the olfactory bulb, or by
exposing them to a number of chemicals and viruses. Therefore, we
wished to determine whether bcl-2 expression could alter these
properties of olfactory receptor neurons. In parallel, we have been
examining the olfactory neuroepithelium of transgenic mice harboring
Fos-lacZ and Jun-lacZ transgenes following unilateral removal of the
olfactory bulb. Previous studies have indicated that expression of Fos
and Jun may be associated with neuronal death and regeneration.

THREE BCL-2 FAMILY MEMBERS ARE EXPRESSED IN DEVELOPING
AND ADULT RAT DRG. D.R. Zezule-Tornusciolo*. M. Dhar-Karihaloo. R.
Gerfen. I. Silos-Santiago,_D.E. Wright. D.H. Gutmann and W.D. Snider. Dept. of
Neurology, CSNSI, Washington University, St. Louis, MO, 63110.
Dorsal root ganglion (DRG) sensory neurons are known to undergo massive
apoptotic cell death when deprived of appropriate neuronal growth factors. However,
little is known about the cellular mechanisms which underlie this death. Recently,
the molecule Bcl-2, which regulates apoptosis in certain classes of lymphocytes,
has been found in the nervous system, particularly in DRGs and spinal cord. To
assess the potential importance of Bcl-2 in mediating apoptotic death of DRG
neurons, we have localized several Bcl-2 family members in DRGs during
development and in maturity and tested whether or not these genes are regulated by
NGF at the mRNA level. 33P-labeled riboprobes specific for the genes encoding rat
Bcl-2, rat Bax, human Bcl-x were used for in situ hybridization. We show here that
Bcl-2, Bax, and Bcl-x are all diffusely expressed in developing DRGs and spinal
cord. mRNA expression is well-established by E13 and declines during
development. However, expression of all 3 molecules is still detectable at PN2l,
particularly in DRG neurons. Interestingly, at every stage, expression is higher in
neurons than in non-neuronal cells. RT-PCR analysis of DRGs following NGF
administration or deprivation with NGF antibodies revealed that Bcl-2 and Bcl-x
mRNA levels do not change in either paradigm. To examine potential functions of
Bcl-2 in DRG neuron survival, we counted thoracic DRG neurons in mice with
targeted deletions of the bcl-2 gene (kindly supplied by S.J. Korsmeyer). Results in
2 animals suggest that numbers of DRG neurons in bcl-2 (-/-) mice are not
substantially different than controls. Our results show that Bcl-2 family members
are expressed in an appropriate time frame to regulate apoptotic cell death of DRG
neurons. However, results in KO animals suggest that Bcl-2 is not required for
DRG survival during development. Moreover, NGF does not appear to regulate the
mRNA levels of these genes in the DRG. Nevertheless, the expression of all of
these family members in DRGs throughout development suggests important
functions for these molecules in regulating DRG neurons.

291.7
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NEURITE OUTGROWTH OF PC12 CELLS AS A RESULT OF
PREVENTION OF CELL DEATH BY BCL-2. N. Sato. K. Hotta. S.
Waquri. T. Nitatori. K. Tohyama. Y. Tsujimoto# and Y. Uchiyama.*
Dept. of Cell Biol, and Neuroanat., Iwate Medical Univ., Sch. of
Med., Morioka, Iwate 020 Japan. #Osaka Univ. Med. Sch.,
Biomedical Res. Center, Suita, Osaka 565 Japan.
Rat pheochromocytoma (PC12) cells undergo apoptotic cell
death when cultured in serum-free medium. Neurotrophic factors
can not only rescue PC12 cells from cell death but also induce
neuronal differentiation. To further investigate the relationship
among cell death, survival, and differentiation, the bcl-2 cDNA,
which is known to prevent apoptosis in various types of cells
including PC12 cells, was introduced into PC12 cells. Six
monoclonal bcl-2-transfected cell lines were isolated and
confirmed to express mRNA and protein product of bcl-2.
Transfection of the human bcl-2 gene into PC12 cells induced
not only cell survival but also outgrowth of their long processes
when cultured in serum-free medium without any additive factors.

EXPRESSION OF BCL-2 ONCOGENE IN THE HUMAN BRAIN POSTMORTEM . S. VYAS, O. STRADA, U. HEBNER1, Y. AGID, F. JAVOYAG1D*. *INSERM U 289, Hopital Salpetriere, Paris 75014 ; 'Institut de
Genetique Moleculaire, CNRS Montpellier 34000
There is considerable interest in identifying genes involved in survival and
death of neurons in the understanding of the normal aging process and
neurodegenerative diseases. Thus, the expression of the proto-oncogene bcl-2,
which can inhibit programed cell death in some, but not all, post mitotic
neurons, was looked for in the adult human brain postmortem.
Results of RNase protection analysis with 32P-labelled 258 bp probe
synthesized from a human bcl-2 cDNA, revealed that the bcl-2 mRNA
transcript is present in several cerebral areas ; cerebellum, cerebral cortex,
substantia nigra, basal ganglia.
This was confirmed by microscopic examination of emulsion-coated
sections processed for in situ hybridization histochemistry with a 3SS-labelled
cRNA probe used for RNase protection analysis. A heavy accumulation of
silver grains was observed over neurons and occasionally over glial cells.
Immunolabelling’ was present in the large cells of nucleus basalis of Meynert
(most likely corresponding to cholinergic neurons). The neuromelaninpigmented neurons in the substantia nigra were positively hybridized,
suggesting’ that the dopaminergic neurons also express the bcl-2 transcript. In
addition, bcl-2 mRNA was detected in the Purkinje cells of cerebellum, as well
as pyramidal cells of cerebral cortex.
Bcl-2 gene is thus expressed in select populations of neurons in the aging
human brain. Bcl-2 may therefore play a role in the regulation of the survival
and death program of these neurons.

The cells also expressed a neurofilament protein (155 kd),
indicating that their processes are neurites. However, neuronal
differentiation of PC12 cells expressing Bcl-2 was not observed
when cultured in serum-containing medium. Accordingly,
neuronal cell survival under the condition which cells usually die
may be accompanied with neuronal differentiation. Supported in
part by Grant-in-Aid for Scientific Research on Priority Areas,
Ministry of Education, Science and Culture, Japan.
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SURVIVAL OF POSTGANGGIONIC SYMPATHETIC NEURONS IS DEPENDANT ON PREGANNGIONIC INNERVATION IN EXPERIMENTAL (TEOR-R)
CEICK EMBRYOS. P. Cauwenbergs* and Babak Missaghi.
Anat. Dept., CMCC, Toronto, Onbario M4L 3E6.

EFFECT OF THE EXTRACT OF GINKGO BILOBA ON AXOTOMYINDUCED DEGENERATION OF PRIMARY OLFACTORY NEURONS IN
RATS. F. Jourdan (1) D. Rouillcr(l). A. Didier (1). M.-T. Drov-Lefaix (2) and
Gervais R*(l). Lab Physiologie Neurosensorielle, URA 180, UCBL,F-69622
Villeurbanne cedex, France (1). Ipsen Institute, 75781 Paris cedex France (2).
Sectionning of primary olfactory axons induces apoptosis of the neuroreceptors
in the adult olfactory epithelium (Michel et al 1994, Neuroreport, in press). We
have tested the effect of the extract of Ginkgo biloba (EGb 761, Ipsen, France), a
free radical scavenger, on this model of axotomy-induced degeneration. EGb 761
was administered (daily oral dose of 50 mg/kg) for 10 days before and following
an unilateral axotomy of primary olfactory neurons performed under anesthesia
(Equitesine .3 ml/lOOg). A control group underwent the same procedure but was
treated with water. At survival times of 2, 8, 15 and 30 days, animals of both
groups were sacrificed by decapitation. The olfactory epithelium lining the
septum wall was quickly fixed by immersion, subsequently embedded in paraffin
and serially sectionned at 8 pm. The thickness of the epithelium, as an index of
epithelial degeneration, was measured using an image analyser (Imagenia,
Biocom). In control animals, the thickness of the epithelium on the side of the
lesion was significantly reduced at 2 and 8 and 15 days following axotomy
compared to the controlateral side (ANOVA, p<.005). In contrast, animals
treated by EGb 761 didn't show any significant reduction of the thickness of the
epithelium at 2 and 8 days following axotomy, but only at 15 days post axotomy.
For longer survival times, a significant increase in epithelial thickness (ANOVA
p<.O5) was observed in EGb 761-treated animals compared to controls, for both
axotomized and non axotomized sides.
Our results suggest that EGb 761 has a protective effect upon neuronal death in
the olfactory epithelium following axotomy. Studies in progress assess this
phenomenon using specific means of detecting neuronal death.

Previous studies in our laboratory demoontratpd reduced
survival of postganglionic neurons in syoptahepic trunk
ganglia (STG) following transplantation of tie thoracic
neural tube into tie brachial neural tube region of experimental (Tior-Br) chick eoOryos (Soc. Neerrsci. Abst.
19(1): 187.10, 1993). To determine if survival of STG
neurons is determined by factors derived from preganglionic
syootateeic neurons in tie thoracolumbar column of Teroi
(CT) tie thoracic neural tube eas removed at stage 13
(day 2E) in experimental (Tior-R) emtibyos. Under tiese
experimental (Tior-R) conditions STG neurons developed in
tie absence of prpganblisnic innervation. Counts of total
live postgangl^sbic cel 1s/ganglion in t^min-stained
serial cross-sections of experimental (Tior-R) embryos
revealed 20-25% fewer neurons in individual ganglia eien
compared to tiat of age matcied unoperated control (UC)
em^br^c^^. Tiese results indicate tiat structural and
functional interactions between pre-and postganngionic
neurons may influence tie survival of STG neurons during
eo0byoogebpis.

(Supported by tie Chiropractic Foundation for Spinal
Researci and CMCC.)
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NEURONAL CELL DAMAGE IN THE AMYGDALOID COMPLEX
IN EXPERIMENTAL STATUS EPILEPTICUS: PREVENTION BY
GABA ELEVATING DRUG, VIGABATRIN
J.J. Tuunanen. T.

INVOLVEMENT OF NF-k B INDUCTION IN NEUROPROTECTIVE
GENETIC PROGRAMS. S.W. Barger* and M.P. Mattson. Sanders-Brown
Center on Aging, Univ. of Kentucky, Lexington, KY 40536.
The neurotoxicity associated with excitatory amino acid stimulation and
other calcium-mediated insults can be attenuated by growth factors and
other physiological agents, including secreted forms of the Alzheimer's
amyloid precursor protein (APPss). In most cases these neuroprotective
factors are most efficacious if administered several hours prior to the
insult, suggesting that their effects involve long-term events such as
changes in gene expression. Therefore, we have analyzed contributions to
these events by the NF-k B family of transcription factors. These inducible
transcription factors are activated by posttranslational modification of
inhibitory subunits, including one expressed in brain termed MAD3. We
have used antisense techniques to reduce the levels of MAD3 and thereby
evoke a specific induction of NF-k B activity in the SY5Y human
neuroblastoma cell line. When differentiated with retinoic acid, these
cells were protected from calcium ionophore-induced cell death by MAD3
antisense. Tumor necrosis factor-p, which activates NF-k B in these cells
and primary hippocampal neurons, protected both against calciummediated death. We have previously shown that the neuroprotection
afforded by APPss involves elevation of cyclic GMP. APPS and 8-Br-cGMP
were both able to induce NF-k B transcription factor activity, as measured
by assays of an NF-KB-responsive CAT construct. Induction of CAT activity
by APPss was blocked by an inhibitor of cGMP-dependent kinase. NF-k B
activity was also monitored by gel shift assay in primary neurons with
similar results. These findings imply that members of the NF-k B family
can establish a neuroprotective program of gene expression in neuronal
cells. Supported by grants from the NIH and Alzheimer's Association.

Halonen* . A. Pitkanen. Dept, of Neurology, University of Kuopio, P.O.Box
1627, FIN-70211 Kuopio, Finland
In perforant pathway model (PP) of limbic status epilepticus (SE), the
elevation of neuronal GABA prevents the cell damage in the hippocampus.
It is not known, whether the other temporal lobe regions such as the
amygdaloid complex are preserved as well. In this study, we investigated
the neuronal damage in the lateral nucleus of the amygdala in SE. We also
studied the efficacy of GABA elevating drug, vigabatrin, to prevent the
amygdaloid damage. SE was induced in rats by electrical perforant pathway
stimulation. Ten of the rats were sham-operated, 9 were treated with saline,
and 9 with vigabatrin 4 hours before the onset of stimulation and for one
week thereafter (250 mg/kg/day). Two weeks later, the rats were perfused
with 4% paraformaldehyde. Cell damage was evaluated from sections
stained with thionin, Galiyas silver impregnation technique, and
somatostatin immunohistochemistry. Four of nine rats pretreated with saline
had damage in the lateral nucleus. In these rats, the number of
somatostatin-immunoreactive neurons (SOM-ir) in the lateral nucleus was
decreased 30% compared to controls (p<0.05). The number of SOM-ir
neurons in the hilus of the dentate gyrus was decreased 48% (p<0.01).
Five of nine vigabatrin pretreated rats also had neuronal damage in the
lateral nucleus. In vigabatrin group, however, the number of SOM-ir
neurons in the lateral nucleus and hilus did not differ from controls. These
results suggest that SOM-ir neurons represent one population of neurons
damaged in the lateral nucleus of the amygdala in experimental SE. The
elevation of neuronal GABA prevents the loss of SOM-ir neurons in the
amygdala as well as in the dentate gyrus in SE.

291.13
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IDENTIFICATION OF NOVEL ENDOGENOUS
FACTORS
AGAINST
NEURONAL
CELL
DEATH
IN
SERUM-FREE

ESTABLISHMENT

PRIMARY
CULTURES. N.
Fukushima*1-2. H. Ueda1 and Y_
Misu1Dept. of Pharmacol., Yokohama City Univ. Sch. of
Med.. Yokohama 236, 2Res. Lab., Sumitomo Pharm., Osaka 554.
Japan.
Neuronal cell death was determined in low (2xl05/2cm2) or
high density (106/2cm2) primary neuronal cultures of the
embryonic rat cortex in a serum-free medium by counting
the number of survived neurons stained with an antineurofilament antibody. Neuronal survival rate was 3.9% in
low-density cultures, while 25% in high-density ones. When
conditioned media (CMs) from high-density cultures were
added to the low-density cultures, the neuronal survival was
improved in a concentration-dependent manner. This effect
was inhibited by genistein or herbimycin A, suggesting that
tyrosine kinase is involved in such an enhanced survival.
However, neither NGF, aFGF, bFGF, EGF, laminin nor
fibronectin showed any survival effect in this culture. The
survival activities of the CMs were sensitive to heat and
proteinase K treatments. The apparent molecular weight of
the partially purified factors was 45kDa on TSK-Gel
(2000+3000)SW, while 20 and 22kDa on SDS-PAGE. The present
study suggests the presence of novel endogenous protein
factors of protective actions on the neuronal cell death.
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OF

HUMAN

NEUROBLASTOMA

SH-SY5Y

EXPRESSING HUMAN FAS ANTIGEN A. Adachi, H. Hasegawa, A.

Sato, M. Ino, H. Matsui, T. Hama-Mizuochi*. and A . Aoba Dept. of Neuropsychiatry, St. Marianna Univ. Sch. of Med., Kawasaki, 216 JAPAN
To clarify the mechanisms of neuronal cell death, especially pathological cell
death associated with Alzheimer's disease, we paid attention to apoptotic
cell death. Fas antigen (Fas) is a human cell-surface protein that mediates
apoptosis in the immune systems. It is expressed in various tissues, such as
thymus, liver, ovary and heart but not in the brain. However, it is interesting to
hypothesize that Fas homologue(s) may exist and intracellular machinery
analogous to Fas-mediated processes may contribute the apoptotic cell
death in the brain.To test this hypothesis, we attempted to establish the
human neuroblastoma SH-SY5Y expressing Fas as a model system.
The 2.6 kb Xho I fragment of Fas cDNA (generous gift from Dr. Nagata, S.,
Osaka Bioscience Institute) was ligated into the eukaryotic expression vector
pcDNA l(lnvitrogen) to produce pcDNA-Fas. SH-SY5Y cells were transfected
with pcDNA-Fas either by the electroporation or the lipofectine precipitation
method. Transformants were selected in a medium containing 0.3 mg/ml
G418.
Expression of Fas was determined by the RT-PCR and immunofluorescence method by using FITC-labeled anti-Fas antibody. Application of
anti-Fas antibody caused apoptotic cell death in not the native SH-SY5Y cells
but the SH-SY5Y cells expressing Fas.
These results suggest that the intracellular mechanism(s) analogous to the
Fas-mediated apoptotic cell death may contribute to the neuronal cell death
in the brain.
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CHANGES OF MAIN SENSORY TRIGEMINAL NUCLEUS IN RATS AFTER
MANDIBULAR NERVE TRANSECTION. M.K.KIM* AND J.C.LEE. Dept.
of Oral Anatomy. College of Dentistry, Seoul National University.
The purpose of this study was to investigate the changes
of the main sensory trigeminal nucleus in rats after transection of the third division of the trigeminal nerve by
light and electron microscopy. A^ul't male Sprague-Dawley
rats weighing 200 gm were used. The mnnii^i^l^r nerve was
transected at the foramen ovale and sacrificed at 21 days.
The paraffin embedded brain stem was then serially sectioned in horizontal plane with 15 pm in thickness. These sections were stained with Kluver-Barrera's method. The degeneration of the neuron after transection of the aantiblllar
nerve was 47.2$ of total cell number on operated side and
2.9$ of total cell number on non-operated side. In most
of affected neurons. sign of chromaaooysis. peripheral displacement of nucleus, vacuoSizatisn. reduced amount of endoplasmic reti'c^um, large nuaabrs of lipofuscin granites,
nuclear memarane folding, and decreased number of mitochondria were found. The glycogen, crystal-like vesicle, and
neurofilamentsus hypeeplasia indicating the early stage of
degeneeation were observed in the bouton. In add^^n, the
dark degeneeation of bouton, the disruption of myyein sheath, and degenerated myeein axon were also seen in the nucleus.

291.16
NEUROBLASTOMA CELL TYPE-SPECIFIC APOPTOSIS AND
MORPHOLOGICAL DIFFERENTIATION INDUCED BY ENEDIYNE AGENTS.
T. L HartseH and N. F. Schor*. Departments of Pharmacology, Pediatrics,

and Neurology, University of Pittsburgh, Pittsburgh, PA 15213
We have previously described the induction of both apoptosis and

CfffererniatMom-fike morphological change in murine and human
neuroblastoma cell Ines by neocarzinostatin(NCS), an enecfiyne natural
product with direct DNA-cleaving activity (HartseH, TL, and Schor, NF, Soc.
Neurosd. Abst. 12:635,1S93). A single, 1 hr treatment of human SK-N-SH
cells with NCS induces cell death in approximately 30% of the culture within
24 hrs; the remaining cells over time adopt the appearance of mature

Schwann cells. We have utiKzed two estabished subdones of the SK-N-SH
Sne, representing populations with distinct neurobastoid (SH-SY5Y) and
epithelioid (SH-EP1) phenotypes, to demonstrate that the multiple treatment
outcomes are due to subctone-spedfic effects of enediyne agents.
Following exposure to low doses of NCS or of the enediynes caficheamidn,
esperamidn, or dynemkan, cells of the subdone SH-SY5Y round up and
detach from the culture surface, exhibiting chromatin condensation and
cleavage of the genome into ofigonucleosomal fragments. Analogous
treatment of the SH-EP1 Vine results in population growth arrest, elongation
of soma, and elaboration of thick, bipolar processes. These two responses
are independently dose dependent, and each subclone manifests only its
own, distinct response. This evidence suggests that the induction of both
treatment outcomes in SK-N-SH cultures is due to the presence of two
distinct cell populations with neurobfastoid and epithefiod phenotypes,
respectively.

291.17

291.18

PURKINJE CELL DEATH INDUCED BY TRANSGENICALLY-TARGETED
SV4O T-ANTIGEN IS ACCOMPANIED BY ENDONUCLEASE ACTIVITY.
W.S. Yunis*. H.B. Clark. R. Ehlenfeldt. H.T. On. and R.E. Feddersen . Dept.
Lab. Med. & Path., Univ. of Minnesota Med. Sch., Minneapolis, MN 55455.
We recently have described several lines of transgenic mice that develop
ataxia secondary to expression of intact or truncated forms of SV4O T
antigen (Tag) targeted to Purkinje cells (PC) by the pep-2 promoter region.
The ataxia results from death of Purkinje cells that express the Tag. The PC

ROLE OF CLUSTERIN (APO-J) IN APOPTOSIS AND CELL
ADHESION IN P19 TERATOMA CELLS. M. FratelliS,
G.GalliS, L. Galli-Resta * and G.M. Pasinetti4 §Istituto di
Ricerche Farmacologiche "Mario Negri" Milan, Italy; ~ Istituto di
Neurofisiologia CNR, Pisa, Italy; ^Division of Neurogerontology,
University Southern California, Los Angeles, CA.
Clusterin is a sulfated glycoprotein that was discovered in
numerous neural and non-neural tissues and has been implicated
in several putative functions including cell adhesion and
apoptosis. Elevation of clusterin is found in regressing peripheral
tissues but also during neurodegeneration. In P19 cells
undergoing apoptosis (Galli and Fratelli, Exp. Cell. Res. 204:5460, 1993), we observed an increase in adhesion strength which

death in these animals has histologic characteristics that are consistent with
"apoptotic" mechanisms. A characteristic finding in that type of cell death
has been the presence of endonuclease-induced DNA fragmentation. A
recently developed histologic method for identifying DNA fragmentation,
the terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling
(TUNEL) technique, was employed to determine whether that mechanism of
cell death was occurring in the Tag model. Mice from the TO2 transgenic line
were used in these studies. TO2 mice express a truncated form of Tag
containing only the NH2-terminal 147 amino acids (the pRb-binding region)
of the molecule and phenotypically have a rapid loss of Purkinje neurons
early in postnatal life with an early onset of ataxia. In hematoxylin-and-eosinstained sections at postnatal day 9, both PC and some internal granule cells
had karyorrhexic nuclei suggestive of "apoptotic" cell death. The TUNEL
method labeled nuclei of some Purkinje cells as well as some granule cells
within the newly forming internal granular layer. Therefore, it appears that
cell death resulting from transgenic expression of SV4O Tag in PC is
accompanied by endonuclease activity. Similarly, secondary degeneration
of internal granule cells that occurs after apparent failure to form normal
parallel fiber connections with the rapidly degenerating Purkinje cells also is
accompanied by endonuclease activity. These findings are consistent with
"apoptotic" cell death. (Supported by NIH 1P01-NS31318).

291.19
CERAMIDE-INDUCED CELL DEATH IN RAT CORTICAL
CULTURE. M. Patel*. Y. A. Hannun and J.O. McNamara. Duke
University and VA Medical Centers, Durham NC 27710.

Programmed cell death (PCD) is an active physiological
process required for maintaining homeostasis. The intracellular
signaling mechanisms involved in cells undergoing PCD are
largely unknown. Recent studies using leukemia cell lines have
identified ceramide, a product of sphingomyelin hydrolysis as a
mediator of PCD in response to various extracellular signals
(Obeid et al. Science 259:1769-1771). Sphingolipids are crucial
for normal nervous system function and defects in their
metabolism results in severe CNS disorders. We asked whether
ceramide was capable of inducing cell death in neuronal cells and
if the mechanism of the cell death was similar to that found in
leukemia cells. Two synthetic analogs of ceramide (C2- and C6ceramide) were assessed for their ability to produce cell death in
mixed rat cortical culture. Cell death was measured by LDH
release and a fluorescence cell viability assay. Both C2- and C6ceramide produced time- and concentration-dependent cell death
in cortical culture. Cell death produced by C2- or C6-ceramide
was attenuated by a phosphatase inhibitor okadaic acid or protein
kinase C-activator, phorbol ester. In contrast with the selective
death of neurons induced by excitotoxic agents, ceramide was
capable of killing both neurons and glia. These results indicate
that the sphingomyelin metabolite, ceramide, can kill neuronal
cells and raises the possibility that a sphingolipid signaling
pathway contributes to death of neurons in physiological and
pathological conditions.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

was paralleled by elevation of clusterin mRNA expression (both
peaking by 8 hrs and declining thereafter) and preceded the

appearance of nuclear fragmentation (apoptosis). Incubation of
P19 cells in presence of a specific anti-clusterin antibody, partially
inhibited the increase of cell adhesion but did not prevent
apoptosis. Our data suggest that the extra-cellular/membrane
bound clusterin is not involved in apoptosis in P19 cells, but
might be, at least partially, responsible for changes in cells
adhesion. These observations suggest novel functions for clusterin
in surviving brain cells during neurodegeneration. Supported by
a grant from Alzheimer’s Association to GMP.
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CELL DEATH (APOPTOSIS) IN THE POSTNATAL FERRET
VISUAL CORTEX. J.K. Johnson* and N,E.J. Berman. Laboratory
of Neuroscience, Dept. Anatomy & Cell Biology, Univ. of Kansas
Medical Center, 3901 Rainbow Blvd., Kansas City, KS 66160-7400.
Naturally-occurring cell death (apoptosis) results when extracellular
signals direct cells to fragment DNA by activating endonucleases.
This form of cell death is commonly believed to be a necessary step
in the process of constructing mature neural circuits from an initial
surplus of neurons. Estimates of the chronology of apoptosis have
traditionally been made through indirect methods. We utilized in situ
molecular biology and immunocytochemistry to directly visualize cell
nuclei containing fragmented DNA (Oncor, Gaithersburg, MD). The
relative pattern of apoptotic cells was analyzed to delineate the time
course of apoptosis in the postnatal ferret cerebral cortex.
All postnatal animals showed scattered apoptotic cells in the cortical
plate and subplate. The major exception was a region containing
densely-packed apoptotic cells located at the corticoseptal boundary
at postnatal day 1 (Pl) (Hankin and Silver, J. Comp. Neurol. 272:191,
1988). At PI the apoptotic cells in the cerebral cortex had the same
distribution and occurred in about the same number as pycnotic cells
in thionin-stained sections. Patterns of apoptosis in developing
cerebral cortex and subplate are currently being analyzed. (Supported
by MH38399 and HD02528.)
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292.2

OLFACTORY NEURONS SHOW EARLY THE HALLMARKS OF CELL DEATH.
P. P. C. Graziidei* and L. Magrassi. F1orida SSate
University, Tallahassee, FL 32306-2043.
Olfactory neurons (ON) contained in the olfactory epithelium (OM) die and are replaced from undifferentiated
neurobOasts during animal life span. Although sustained
cell death represents a phenomenon peculiar to the olfactory system, it is unclear if neurons die as a result of
environment or by a natural program. Distribution and
characteristics of cell death in the OE of normal adult
rats were studied. Cells at LM and TEM levels appear at
s OO levels in the OE undergoing chromatin condensation and
fragmentation and may be demonstrated in vivo by acridine
orange staining. Mature ON present a condensed chromatin,
and increased electron density of cytoplasm. Morphology
suggests the hypothesis of a continuity between nuclear
condensation and darkening of the cytoplasm. Presence of
DNA fragmentation was investigated in situ by nonradLic^active end labeling with terminal transferase or the
Kleenow fragment of E. coli DNA polimerase in the cells of
the OE, strengthening our hypothesis of gradual but irreversible physiological cell death in the ON. DNA in ON and
in pycnotic bodies showed fragmentation when compared to
supporting cells or Bowmann's glands cells. In vivo incorporation of 5-baomruaaci0 was decreased in ON compared to
basal and supporting cells. Findings confirm early commitment of the ON to physiological cell death.
PPCG support, NIH grants. LM support, University of Pavia.
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292.4

AGE-DEPENDENT DECREASE IN NEURON NUMBER IS RELATED TO AN
INCREASE IN FREQUENCY OF PROGRAMMED HYPOTHALAMIC CELL
DEATH.
M.M.Millar.*
and
E.Waaq.
Departments
of
Obstetrics and Gynecology, Anatomy, and Bloomfield
Centre for Research in Aging, Jewish General Hospital,
McGill University.

PROGRAMMED CELL DEATH IN THE STRIATUM OF
THE NEONATAL RAT. T.J. Mahaiik* Dept. of Cell, and

Normal reproductive potential is modulated by both pendorphin (P-endo)
and tyrosine hydroxylase
(TH)
neurons. Interruption of their normal physiology is
likely to be associated with functional decline. He have
examined these two types of neurons using the model,
persistent diestrous female C57BL/6J mice. While a
dramatic age-related decrease in cell number/pm2 in
arcuate nucleus (ARC) p-endo neurons (-33% in estrogen
receptor [E2R] negative cells and -56% in E2R positive
cells) is seen, there are no changes in TH neurons of
either type. We suggest that there may be a cell-type
specific programmed cell death (PCD) in the ARC p-endo
neuron
subpopulation
and
investigate
this
by
identification of cells showing a typical phenotype of
PCD. Using nuclear localization by propidium iodide
staining and nick-end labelling with fluorescenceconjugated UTP there is a significant increase in ARC
neurons showing PCD morphology. The mean number of
neurons with fragmented DNA is 27.2+12.1 in young vs.
145.8+24.9 nuclei/pm2 in old mice, p=0.02 ANOVA. The 5
fold elevation in % of neurons containing fragmented DNA
suggests that PCD is increased in old animals and may be
a part of the cellular mechanism contributing to the
reduction in the p-endo neuron subpopulation. This may
subsequently dictate the age-dependent functional
decline in the neuroendocrine hypothalamus. Funded by
NIH R01 AGO7795 (MMM) and AGO927A (EW).

292.5

THE WEAVER GENE TARGETS DOPAMINERGIC
NEURONS GENERATED DURING A SPECIFIC TEMPORAL
WINDOW IN SUBSTANTIA NIGRA NEUROGENESIS. S.A.
Baver?L.C. Triarhou. J.D. Thomas, and B. Ghetti. Indiana-Purdue
Univ. and Indiana Univ. Sch. of M©±, Indianapolis, IN 46202.
The time of origin of dopaminergic substantia nigra (SN) neurons
was determined at an anterior level on postnatal day (P) 20 in normal
control mice (+/+) and homozygous weaver mutant mice (wv/wv)
after their dams were injected with tritiated thymidine on embryonic
days (E) 11-E12, E12-E13, E13-E14, and E14-E15. It is during this
time that SN neurons are being generated The proportion of labeled
neurons in the wv/wv animals was significantly lower than +/+
animals after injections beginning on E12 and E13 (p<0.05, z test).
The time of origin profiles for each group indicated that surviving
neurons in the wv/wv SN had their peak generation time on El 1 while
the peak for +/+ SN neurons was on E12. Other research by our team
indicates that nearly 50% of the dopaminergic SN neurons have died
by P2O (Triarhou et al., Exp. Brain Res., 70:256-265,1988). The
autoradiographic data reported here suggests that the older neurons
generated on ElO and El 1 are more likely to survive, while younger
neurons generated on E12 and E13 are more likely to degenerate as a
consequence of weaver gene action.
Supported by NIH grant NS27613.
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Struct. Biology. U. CO Health Sciences Center, Denver, CO
80262.
Programmed cell death (PCD) plays a major role in the
development of the vertebrate central nervous system. PCD
often requires the synthesis of new proteins and is
characterized the fragmentation of DNA. Thirty percent of
striatal neurons die in the first week after birth. In this study
we examined striatal PCD during the first postnatal week.
Postnatal rat brains were immersion fixed on either postnatal
day (PND) 1-2 (N = 4), 3-4 (N = 4) or 5-6 (N = 4).
Fragmented DNA was labeled by incubating sections in
biotinylated dUTP and terminal transferase. Some sections
were then incubated in an antibody against TH to identify
striatal patches.
At the 2 early timepoints the number of labeled cells per
field was low: PND 1-2 = 4.41 (1.15) vs. PND 3-4 = 6.045
(0.8). By PND 5-6 the number of labeled cells increased to
15.74 (2.2). Double labeling experiments indicated that cell
death was preferentially associated with the striatal matrix.
These results show that striatal PCD peaks late during the

first postnatal week, and that it is largely confined to the
matrix.

292.6

EVIDENCE FOR SUBSTANTIA NIGRA NEURONAL CELL
DEATH DM RETT SYNDROME USING TUNEL
HISTOCHEMISTRY. B.J. Wilcox* and C.A. Kitt. Division of
Cytokine Biology, Center for Biologies Evaluation and Research,
US Food and Drug Administration, Bethesda, MD 20892 and
Neuropathology Laboratory, Department of Pathology, Johns
Hopkins University School of Medicine 21205.
Rett syndrome (RS), a neurodegenerative disease which
affects ~l in 10,000 young females, is characterized by cognitive
deterioration, ataxia, apraxia, rigidity, and stereotyped hand
movements. Neuropathological features include reductions in
brain size and weight and hypopigmentation of neurons in the
substantia nigra pars compacta (SNpc). Neurochemical and
imaging studies support nigrostriatal involvement. Terminal
deoxynucleotidyl transferase (TDT)-mediated dUTP-biotin nick
end labeling (TUNEL) histochemistry was used to identify dying
neurons in brain tissue from RS cases. This technique
specifically identifies dying cells in situ by end-labeling
fragmented nuclear DNA, a process which occurs in some forms
of programmed cell death. TUNEL-labeled neuronal nuclei are
scattered throughout the SNpc in RS. No labeled nuclei are
detected in control brains or if TDT is omitted. This study
represents the first evidence of active cell death in RS using
TUNEL. This method may be an important tool for characterizing
the progression of neuronal cell death in RS and other
neurodegenerative disorders.
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292.8

RELATIONSHIP OF THE TIME OF ORIGIN AND DEATH OF NEURONS IN
RAT SOMATOSENSORY CORTEX: BARREL VERSUS SEPTAL CORTEX
AND PROJECTION VERSUS LOCAL CIRCUIT NEURONS. M.W. Miller?
Depts. of Psychiatry & Pharmacology, Univ. of Iowa Coll, of Med., Iowa
City IA 52242 and Research Serv., V.A.M.C., Iowa City IA 52246.
The decrease in the density of post-migratory neurons during normal
development was used as an index of neuronal death. The survival
indices varied with the neurons' times of origin. Neurons born from
gestational day (G) 15 to G18 had the highest rates of survival. In
contrast, the earliest and latest generated neurons (i.e., those born on
G12-G13 and on G19-G21, respectively) had the lowest survival rates.
The role of neuronal death in the formation of cortical patterns was
determined by assessing the survival of neurons in the barrels and septa
of somatosensory cortex. No differences in the survival index were
determined for neurons in the C-row barrels and adjacent septa. The
survival rate of projection and local circuit neurons was determined with
a double-labeling technique.
One label, (3Hlthymidine, was used to

QUANTITATIVE STUDIES OF CELL DENSITIES AND
HYPOTHETICAL APOPTOSIS IN INFANT, ADOLESCENT AND
ADULT RAT BRAINS. S. Zamenhof*. Dept, of Microbiology and
Immunology, and Brain Research Institute, UCLA School of Medicine,
Los Angeles, CA 90024.
Previous studies indicated inverse correlation between adolescent (30
d.) behavioral performance and brain cell density. (Rationale: Lower
cell density allows for more voluminous dendritic trees) (Physiol.
Behav., 23:945, 1979; Soc. Neurosci. Abstr. 17:1504, 1991). Present
work is continuation of such studies in infant, adolescent and adult rats.
DNA content (colorimetic method) was used as an index of total brain
cell number, and DNA/weight of studied brain part - as an acceptable
index of cell density in cerebral hemispheres or in cerebral cortex.
Neuron number (or DNA) increased till birth. Shortly after migration
(around day 7), neurons that were in excess, or were wrongly
connected, were killed presumably by apoptosis. Glial cells proliferate
mainly after birth and, eventually, their excess is also reduced by
apoptosis. Cell densities reached plateau (maximum) at weaning
(functional maturity):
.
Age, d._________ 0
10
20
30
60
90
120
Cell density
3.5
1.31 0.86 0.88 0.85 0.84 0.83
It is conceivable that the density of brain cells is one of the factors
precisely controlling apoptosis.

determine the time of origin of the neurons. The second label was used
to identify the chemical or hodological characteristics of a neuron;
projection neurons were labeled either by retrograde transport of
horseradish peroxidase or by glutamate immunohistochemistry, and local
circuit neurons were by GABA immunohistochemistry. The survival rate
for projection neurons (labeled by either technique) was as much as twice
that for GABA-immunoreactive local circuit neurons. Thus, the death of
cortical neurons is related to their time of origin. Although neuronal death
is not important for sculpting cortical patterns, death does selectively
affect neurons with a specific phenotype. Funded by the Department of
Veterans Affairs and NIH grants DE 07734, AA 06916, and AA 07568.
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DISTRIBUTION AND GRADUAL DISAPPEARANCE OF AN IG-LIKE
MOLECULE IN SUBPLATE NEURONS DURING POSTNATAL
DEVELOPMENT OF THE RAT CEREBRAL CORTEX. M. B. Upender* andJ.R.
Naegele Wesleyan University, Biology Department, Middletown, CT 06459
During development of the rat cerebral cortex, a transient neuronal population is
generated during embryonic days (E) 13-14 and forms the subplate layer (SP). This
population differentiates and subsequently begins to undergo cell death. Preliminary
studies have detected Ig-like immunoreactivity (ir) in the subplate of several species
during the period of cell death (Dunn et. al 1993, Wahle eL al. 1993, Fairen et. al.,
1992). We have extended this observation to a different species and investigated
whether Ig ir is specific to subplate neurons and its possible relationship with
subplate elimination. We have used the method of bromo-deoxyuridine (BrdU)
birthdating to label and identify subplate neurons, in vivo and in vitro. This method,
combined with immunostaining using a-rat immunoglobulin antibodies revealed
about 40% of BrdU labeled cells were Ig ir. In vivo, Ig ir is most prominent in the
subplate, but also extends into the cortical plate. The staining appears by E18 and
remains strong until postnatal day (P) 7, but then declines and disappears by P2l.
This time course spans the period of subplate elimination. Embryonic cortical
neurons maintained in culture also exhibit Ig ir, and approximately 20% of these
cortical cells are subplate neurons, as shown by BrdU labeling. In a second set of
experiments, we examined the association between microglia and subplate cells
containing Ig ir. Previous studies have shown that microglia express receptors for Fc
portion of IgG, and a variety of other cell surface antigens (Giulian et. al., 1986). B4
isolectin, from Griffonia simplicifolia, and ED-1 antibody were used as markers for
microglia. Numbers of activated microglia increased markedly between P0 and P7
near subplate neurons and their axons. By P14, their density declined to adult levels.
These results show a spatial and temporal overlap between microglia, Ig ir cells, and
the period of subplate elimination. Current studies utilizing subplate neurons in
culture will examine whether Ig-like molecules recruit microglia to the subplate.
Supported by Grant EYO9749.

A 38-kDa PROTEIN IS ASSOCIATED WITH APOPTOSIS IN
MATURE CEREBELLAR NEURONS. R. Ishitani'1. K. Sunaaa1 .
A. Hirano2 , N. Kafcsube2 and D.-M. Chuang3. l)Group on Cellu- '
lar Neuropharmacology, Josai Univ., Sakado, Saitama 350-02,
Japan. 2)Minase Research Institute, Ono Pharmaceutical Co.
Ltd., Mishima-Gun, Osaka 618, Japan. 3)Section on Molecular
Neurobiology, BPB, NIMH, Bethesda, MD 20892, U.S.A.
Under typical culture conditions (i.e., without medium exchange), cerebellar granule cells (CGC) die abruptly after 17
days in vitro. This burst of neuronal death involves ultrastructural
changes and DNA fragmentations characteristics for apoptosis
and is effectively arrested by pretreatment with actinomycin-D
(Act-D), cydoheximide (CHX), aurintricarboxylic acid (ATA), or 9amino-1,2,3,4-tetrahydroacridine (THA), an antidementia drug.
SDS-PAGE analysis of the particulate proteins of CGC revealed
that the level of a 38-kDa protein is markedly increased during
aging-induced cell death and also by pretreatment with N-methylD-aspartate (NMDA), which potentiates this cell death. Conversely, the level of this protein is markedly reduced by neuroprotective agents such as Act-D, CHX, ATA, and THA. Thus, CGC
undergo apoptosis after differentiation in culture, and this cell
death is associated with an increase in the level of a 38-kDa
protein. Furthermore, the molecular nature of this protein and its
potential role in neuroprotection and/or neurotoxicity will be presented.

292.11

292.12

MOLECULAR MARKERS OF APOPTOSIS IN MOTOR NEURONS OF
THE WOBBLER MOUSE. P.E. Mice\wch. P. Popper. C. A. Priest*.D.B. Farber
and J.M. Bronstein. Depts. of Neurobiol., Opthal. and Neurol., UCLA School
of Medicine, Los Angeles, CA 90024.
Although neuronal apoptosis has been described during development, little
is known whether apoptosis plays a role in neurodegenerative disease. One
problem in studying neurodegenerative cell death is that it is usually a slow
process and therefore difficult to identify traditional morphological changes.
We applied molecular techniques to study apoptosis and axonal sprouting in
the spinal cords of wobbler (wr ) mice, a model of motor neuron disease. 4-8
wk wr mice and pared littennates were perfused fixed and their cervical spinal
cords were dissected, sectioned, and mounted on slides for TUNNEL staining
and in situ hybridization using ^S-labeled TRPM-2 and GAP-43 riboprobes.
TUNNEL staining is a method of identifying fragmented chromosomal DNA
observed in apoptotic cell death. TRPM-2 expression has been shown to be
increased during some forms of apoptosis while GAP-43 expression is associated with axon sprouting. We found a significant increase in TRPM-2 and
GAP-43 labeled motor neurons in the wr mice compared to controls by 89%
and 600 % respectively (p< .01). Increased TRPM-2 expression was confired
by Northern blot analysis. Surprisingly, we found no Tunnel postive motor
neurons in wr mice. These data suggest that motor neurons in the wr mouse
undergo apoptotic cell death while some cells retain the ability to sprout
axons. The lack of TUNNEL staining maybe due to a short window in time
inwhich chromosomal DNA is fragmented prior to death and in a slow
degenerative disease, few dying cells are likely to be at this stage at any one
point in time. On the other hand, the TUNNEL method readily identifies dying
neurons in the outer nuclear layer of the rd retina, a rapidly progressive
neurodegenerative model of retinitis pigmentosis. TRPM-2 expression may
therefore be a more sensitive marker of aoontosis in slowlv degenerative ds.

DEPLETION OF REDUCED GLUTATHIONE (GSH) RESULTS IN
SELECTIVE MODIFICATIONS OF TAU AND OTHER PROTEINS.
S.GJP. Norman*. P. K. Davis. J.S. Beckman and G.V.W. Johnson. Depts. of
Psychiatry and Anesthesiology, University of Alabama at Birmingham,
Birmingham, AL 35294.
GSH plays a critical role in protecting neurons from oxidative stress.
Depletion of GSH has also been proposed to play a role in several
neurodegenerative diseases. In addition, reduction of g Sh through the use of
specific agents has been utilized previously as an experimental paradigm to
model oxidative stress. In our studies we have used ethacrynic acid, which
depletes both cytosolic and mitochondrial GSH, in rat brain cortical slices and
differentiated PC 12 cells to examine the effects of oxidative stress on the
microtubule-associated protein, tau and other structural proteins. Incubation
of rat brain slices with ethacrynic acid results in a dose-dependent
dephosphorylation of tau. This dephosphorylation of tau was not calriumdependent since it was not blocked by the addition of EGTA. In fact, the
presence of EGTA apparently enhanced the ethacrynic acid-induced
dephosphorylation of tau as evidenced by increased immunoreactivity with
Tau-1, which recognizes a dephosphorylated epitope. In contrast, the phenylhydrazone, CCCP (an uncoupler of oxidative phosphorylation), elicited a
calcium-dependent dephosphorylation of tau (Norman and Johnson, 1994). In
addition, there was a dose-dependent increase in nitration of Tyr residues on a
protein of an apparent molecular mass of 55 kD as detected by a monoclonal
antibody specific for nitrotyrosines. Treatment of PC 12 cells with ethacrynic
add also resulted in a dephosphorylation of tau and increased nitration of a
55kD protein. In addition, treatment of PC 12 cells with ethacrynic acid
resulted in a significant decrease in the mobility of P-tubulin on SDSpolyacrylamide gels and - a significant decrease in the levels of acetylated
tubulin. These data indicate that depletion of GSH results in selective
modifications of tau and microtubules.
Supported by NIH grants NS27538 and AGO6569.
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MODELS OF CELL DEATH: TAU IS DIFFERENTIALLY PHOSPHORYLATED
IN RESPONSE TO SERUM AND NERVE GROWTH FACTOR (NGF)
DEPRIVATION, CALCIUM IONOPHORES AND OXIDATIVE STRESS IN PC 12
CELLS. P.K. Davis*. S.G.P. Norman and G.V.W, Johnson. Dept, of Psychiatry,
University of Alabama at Birmingham, Birmingham, AL 35294-0017.
Differentiated PC12 cells that are deprived of serum and (NGF), or are exposed to
calcium ionophores, undergo a cascade of events called programmed cell death
(PCD). PCD is characterized by cell body and nuclear condensation, neuritic
fragmentation, and an intact plasma membrane until late in degeneration. In
comparison, cells that are oxidatively stressed often swell, bleb and exhibit ruptured
plasma membranes, a process referred to as necrosis. Since tau is a microtubuleassociated protein, and the cytoskeleton is apparently differentially altered in these
two processes of cell death, we examined the effects of serum and NGF deprivation,
calcium ionophore (A23187) treatment and oxidative stress (treatment with the GSH
depleting agent, ethacrynic acid) on the levels and phosphorylation state of tau in
PC12 cells. When PC12 cells were deprived of serum and NGF for 3 days or treated
with 1.5 pM A23187 for 12 hrs they exhibited the characteristic morphological
features of PCD. In addition, the phosphorylation of tau was evidently increased at
specific Ser/Pro sites within in theTau-1 epitope, since reactivity with this antibody
was significantly decreased on immunoblots. Treatment of PC12 cells with 100 pM
ethacrynic acid for 12 hrs resulted in morphological changes different from those
observed in serum and NGF-deprived, or A23187-treated cells. Tau from ethacrynic
acid-treated cells was extensively dephosphorylated as evidenced by enhanced Tau-1
recognition on immunoblots and increased mobility on SDS-polyacrylamide gels.
The results of these studies are particularly intriguing since tau from Alzheimer’s
disease (AD) brain is hyperphosphorylated and exhibits decreased Tau-1
immunoreactivity, and PCD has been purported to be involved in neurodegenerative
diseases, such as AD.
Supported by NIH grants NS27538 and AG06569.
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EARLY OMMATIDIAL PATTERN FORMATION IN THE RETINA OF
THE CRAYFISH Procambarus clarkii . G.S. Hafner* and T.R.
Tokarski. School of Optometry, Indiana University,
Bloomington IN 47405.
In the freshwater crayfish, the retina develops from an
epithelial layer that covers the surface of the forming optic
ganglion. Confocal microscopy of Rhodamine-phalloidin
stained embryos combined with 3D reconstruction of serial
thick and thin sections revealed the initial events in
ommatidial pattern formation.
Differentiation of the retinal layer proceeds from dorsallateral to ventral-medial over the ganglion's surface following
a wave of mitotic activity. Phalloidin staining of actin in early
embryonic retinas is confined to the surface where it outlines
the cells. This label is associated with actin present at a zone of
adherens junctions surrounding the cells. Staining shows that
from ventral to dorsal across the retina the surface area of the
cells decreases. In addition, within the region of smallest cell
profiles a regular punctate staining pattern appears. The
punctate staining marks the appearance of the initial
ommatidial cell clusters which elaborate actin containing
surface microvilli. Dorsal to the first row of ommatidial clusters
are additional rows each older than the one ventral to it and
each representing a distinct developmental stage. Also the
retinal thickness increases as cells separate into layers. While
it is unclear if cell determination is lineage based or positional,
the sequence of crayfish retinal pattern formation is generally
similar to Drosophila , a positional based process.

GLIAL-CELL DEVELOPMENT DURING FORMATION OF
GLOMERULAR BOUNDARIES AS REVEALED BY WHOLE-CELL
RECORDINGS FROM SLICE PREPARATIONS OF DEVELOPING MOTH
OLFACTORY LOBE. LA Oland’*, T Muller2, H Kettenmann2. University of
Arizona, Tucson, AZ 85721’ and University of Heidelberg, Germany2.
Glial cells have a role in the development of glomerular compartments that
characterize the neuropil of the olfactory (antennal) lobe of the moth. At the
beginning of the 18 stages of metamorphic development, glia form a boundary
around a simple neuropil. The arrival of sensory axons from the antenna initiates
a series of changes that lead to the formation of glomeruli, each nearly surrounded
by glial cells. In glia-deficient lobes, glomeruli do not form. To better understand
the afferent-axon induced process by which glial cells form the glomerular
borders, we have used the whole-cell patch-clamp techniques to record from glia
at stages before and after the arrival of sensory axons. Lucifer Yellow dye was
included in the pipette solution so that the morphology of the recorded glial cells
could be studied later with the confocal microscope. The neuropil-associated glia
in young lobes (st 4-5) had passive currents, were simple in morphology and were
dye-coupled to at least 15-20 other glia, but not to neurons. Two morphological
types of glia appeared at later stages (st 9-12): one type branched profusely with
processes extending into portions of the glomeruli, was not dye-coupled to other
glia, and showed a symmetrical pattern of decaying currents resembling those
seen in promyelinating oligodendrocytes in corpus callosal slices; glia of the other
type had simple morphologies, were restricted to the boundaries of glomeruli,
were dye-coupled to near-neighbor glia of the same type, and had passive
currents. Glia at all stages depolarized in response to superfusion of the slice with
acetylcholine and GABA.

293.3

293.4

INFLUENCE OF TENASCIN ON NEURON GROWTH IN AN INSECT
OLFACTORY SYSTEM: IN VITRO AND MOLECULAR BIOLOGICAL
STUDIES. NJ Gibson. A Nighom, CE Krull*. A Faissner and LP Tolbert, arl

THE EFFECT OF REDUCTION IN GLIAL NUMBER ON NEURONAL
BRANCHING PATTERNS IN THE DEVELOPING INSECT BRAIN.
P . M. Baumann. L. A. Oland. L,P. Tolbert*. A.R.L. Division of Neurobiology,
University of Arizona, Tucson, AZ 85721.
The antennal lobe of the moth Manduca sexta functions as the first-order olfactory
processing center in the brain. During metamorphosis from caterpillar to moth, the
antennal-lobe (AL) neuropil, like mammalian olfactory neuropils, becomes divided
into compartments called glomeruli, each surrounded by a border of glial cells. The
process of glomerulus development, which is initiated by the arrival of sensory axons
from the antenna, requires interaction among three cellular elements: glia, sensory
axons, and their targets, the AL neurons. Briefly, groups of sensory axons form an
array of spheroidal knots (protoglomeruli) that become surrounded by glia and serve as
a template for mature glomeruli. Previous experiments have shown that glomeruli are
not present in mature glia-deficient lobes, and AL neurons lack their characteristically
tufted arbors, even though protoglomeruli do form initially. Current investigation into
the specific developmental role of glial cells involves observing the development of
neurons in lobes in which the number of glia has been reduced severely by means of
either hydroxyurea or y-radiation. Glial-cell nuclei were stained with propidium
iodide; the sensory axons were filled with the dye Lucifer Yellow; and the processes
of the serotonin cell, a target neuron whose branching pattern is normally glomerular,
were labeled with a polyclonal antibody against serotonin and a Cy3-conjugated
secondary antibody. Using confocal microscopy, we have examined the changes in
branching patterns of sensory axons and AL neurons developing in the presence of
too few glial cells. In regions of the neuropil lacking glia, AL neurons branched
abnormally, extending across the discrete regions defined by the sensory axons. Where
sufficient glia were present between sensory-axon compartments, neuronal processes
did not extend across the glial border, suggesting that the formation of tufted arbors
requires the presence of glial boundaries around newly developing glomeruli.

Div.

Neurobiol., U. Arizona, Tucson; Dev. Bid. Center, U. California, Irvine; Dept NeurObid., U. Heidelberg.
Germany.

We have demonstrated previously the presence of a molecule, similar to vertebrate
tenascin in size and antigenicity, on the surfaces of glial cells during development of
the antennal (olfactory) lobes (ALs) in the moth Manduca sexta. Furthermore, we
have shown that many AL neurons grown in culture on alternating stripes of con A/
laminin and mouse CNS tenascin with con A/laminin avoid growing on the tenascincontaining lanes. Neurons from the lateral and medial cell body packets of the AL
have different fates: the medial group become uniglomerular projection neurons
whereas lateral neurons form several cell types. Because neurites from the medial
cells extend prior to, while lateral cell neurites extend after, formation of the
tenascin-containing glial border, growth of these cells might be expected to depend
on different cues. We therefore have repeated the lane assay experiments using
neurons dissected solely from one packet or the other. As predicted, we find that
most medial-cell-body neurons exhibit little or no response to tenascin, while the
lateral-cell-body neurons display both types of response. Further work along these
lines requires characterization of the tenascin-like molecule(s) from Manduca. Work
is therefore underway to purify the molecule(s) biochemically using chromatography
techniques. We also are attempting to clone the gene for the tenascin-like protein(s)
by screening a Manduca genomic library with probes made from the human tenascin
gene and the Drosophila ted1 gene (kindly supplied by Harold Erickson and Stefan
Baumgartner, respectively). In preliminary Southern blotting experiments we have
determined stringency conditions with which we have obtained one or two positive
bands with each of three probes derived from the egf, fh, and fbg regions of the
tenascin gene. One band of approximately 20Kb is recognized by all three probes.
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A GENETIC APPROACH TO THE DEVELOPMENT OF
THE NERVOUS SYSTEM IN ZEBRAFISH S.C.Neuhauss*.
A.F.Schier and W.Driever Cardiovascular Research Center,
Massachusetts General Hospital and Harvard Medical School,
Charlestown, MA 02129.
In a systematic genome wide screen for zygotic mutations
affecting zebrafish embryogenesis, we have recovered about 200
mutations which lead to abnormalities in the early development of
the nervous system. Most of these mutations have been identified
by high magnification visual inspection at 26-32 hours after
fertilization taking advantage of the optical clarity of the embryos.
At this stage the general patterning of the neural tube is established
and readily scorable. Phenotypic analysis indicates that our
mutations define genetic loci involved in several aspect of nervous
system development including early regionalization,
morphogenesis, differentiation, survival of neural cells and neural
crest development. The majority of mutations seems to affect the
overall architecture of the brain. We have grouped our mutations
into preliminary phenotypic classes. We will describe the different
classes including their initial embryological and genetic
characterization.

BIOCHEMICAL CHARACTERIZATION OF FORSE-1, A
POSITIONALLY-RESTRICTED PROTEOGLYCAN IN THE
DEVELOPING CNS. K.L. Allendoerfer,* S. Tole and P.H. Patterson.
Division of Biology, Caltech, Pasadena, CA 91125.
The developing central nervous system is parcellated into regions that
can be delineated both morphologically and by the expression patterns
of transcription factors. The FORSE-1 mAb labels a cell surface
antigen distributed in a rostrocaudal gradient in the developing CNS.
In the forebrain, some areas of FORSE-1 immunostaining share
boundaries with regions that express known transcription factors; for
example, the intense FORSE-1 staining in the telencephalon
corresponds to a domain of expression of the transcription factor, BF-1,
while in the ventral thalamus, FORSE-1 labeling respects a distinct
boundary also delineated by Dlx-2.
Immunoblots using the FORSE-1 mAb show that it recognizes a
single high molecular weight protein (>>2OO kd) in embryonic and
early postnatal rat brain. This protein is shifted in mobility on SDSPAGE by digestion with chondroitinase ABC, and is unaffected by
heparinase treatment, suggesting that it is a chondroitin sulfate
proteoglycan. Furthermore, immunoprecipitates of the FORSE-1
proteoglycan bind antibodies to the Lewis-X carbohydrate (SSEA-1,
DA3, AC4; J. Dodd, T. Jessell), showing that in brain this epitope is
present on the FORSE-1 proteoglycan, in addition to the glycolipids
that have been previously observed. The FORSE-1 epitope can be
partially removed by treatment of immunoprecipitates with endo-|3galactosidase (keratanase), showing that the epitope itself corresponds to
a carbohydrate moiety. The pattern of FORSE-1 expression, its
proteoglycan nature, and the presence of the Lewis-X epitope, which
has been implicated in cell adhesion, suggest that FORSE-1 may play a
role in cell-cell interactions during early forebrain development.

293.7

ONTOGENY OF THE "TRANSIENT" DRG OF THE CHICK EMBRYO: A
RE-EVALUATION. Ronald S. Goldstein*. Oma Rosen and Revital Geffen.
Dept. Life Sci. Bar-Ilan Univ. 52900 Ramat-Gan, Israel.
A striking example of position-dependent variation in DRG development is
the difference in their fate at trunk and occipital (cranial) levels. In birds and
mammals, the DRG that form in the most rostral sclerotomes, disappear early in
embryonic development. These ganglia are called "Frorieps ganglia", after their
19th century discoverer. In contrast, all other DRG are present throughout the
animal's life
We have begun to characterize the differences between Frorieps and normal
DRG in the chick embryo. First, the ontogeny of DRG (and their neural crest
(NC) precursors) in the four cranial and first two cervical somites (Cl-2) from
chick embryos from the 11 somite stage to embryonic day (E)5, were examined, using HNK-1 immunocytochemical staining of whole and sectioned
embryos. We focused especially on the DRG in C2, the last to "disappear".
NC migration into C2 begins at St. 11 (13 somites). By St. 14, the NC
colonization of this sclerotome is indistinguishable from that in adjacent
segments. Computerized morphometry shows that at St. 18(E2.5), the C2 DRG
appears "normal" having the same volume and shape as ganglia in segments C5
and C6. However, by St. 20 (E3) C2 is half the volume of and shaped differently from other cervical DRG, remaining so through at least St. 25. Therefore,
that the intial reduced size of C2 compared to other DRG is apparently not the
result of degeneration as was previously thought, rather, of much slower growth
than that of "normal" DRG at these early stages. Consistent with the
morphometric data, we did not find apoptotic cells in serial sections of C2 at
stages 20 and 23, and some cells in the ganglion enter S-phase through St. 23.
Recent studies have suggested that morphogenesis of NC-derived structures
in the hindbrain is autonomous, while in the trunk, it is dependent upon the
paraxial mesoderm. We are now performing experiments in-vivo and in-vitro to
examine the contributions of neuroectodermal specification and the somitic
environment in the determination of the unique developmental program of these
DRG, that are located at the interface between the hindbrain and spinal cord.

293.8

CENTRAL CATECHOLAMINERGIC NEURONS DIFFERENTIATE IN
VITRO IN A NON-RANDOM PATTERN. B. Gebelein, A. Chen and R.D.
Heathcote*, Department of Biological Sciences, University of Wisconsin, PO Box
413, Milwaukee, WI 53201.
Following neurulation a population of catecholaminergic neurons
differentiates in the spinal cord of the frog Xenopus laevis. The cells are located
in two longitudinal columns that eventually occupy the ventral floor plate region.
Within each column, the cells are dispersed from one another in a non-random
pattern. In order to test the mechanisms regulating non-random patterning and
induction of the catecholaminergic cell type, an in vitro system was developed that
supported the differentiation of central nervous system neurons. Explants
removed before neuronal differentiation (neural tube closure; 0.9 days; stage 19)
expressed a catecholaminergic phenotype after 5 days in culture. The nonrandom ventral population was isolated from other catecholaminergic neurons by
explanting the prospective spinal cord region. When explants were cultured at
the neural plate stage (0.7 days; stage 14), the morphogenetic movements'
associated with neurulation were disrupted. Nonetheless, catecholaminergic cells
differentiated by 5 days but were no longer arranged in the longitudinal columns
characteristic of development in vivo. Thus catecholaminergic neurons were .
organized in two dimensions rather than one. In contrast, the average distance
between catecholaminergic cells in vitro and those that developed in vivo for the
same time, was not significantly different (P = 0.45). The lower frequency of
close neighbors occurred in vivo and in vitro and was different from random
differentiation of cells in the floor plate region. Thus the mechanism resulting
in the differentiation of a non-random pattern of catecholaminergic cells was
maintained under conditions which disrupted both neurulation and the pattern
of longitudinal columns.

293.9

293.10

AN EARLY ROLE FOR PURKINJE CELLS IN THE GENERATION AND
SURVIVAL OF GRANULE CELL AND OLIVARY NEURON
POPULATIONS. T. ChuM, G. A. Bishop2.1. S. King2. R. I. Smevne4. and L
Oberdick*2,3. 1 Neuroscience Program, 2Department of Cell Biology,
Neurobiology and Anatomy, and 3The Biotechnology Center, The Ohio
State University, Columbus, OH 43210. 4Department of Molecular Biology,
Bristol-Myers Squibb Pharmaceutical Research Institute, Princeton, NJ.
Purkinje cell (PC) loss in mouse mutants has been shown to affect the
survival of mature granule cells. A novel mouse mutant (L7ADT) made by
expressing an attenuated diptheria toxin gene from a PC-specific promoter
(L7/pcp-2) shows relatively early PC degeneration in a pattern that
parallels that of L7 expression, progressing from medial to lateral. At P9,
PCs are already very difficult to detect in Nissl preparations, but some are
dearly present, minus dendrites, based on immunostaining for CaBP28K. By
P2l there are hardly any surviving PCs, and most intemeurons seem to be
missing as well. In addition, the inferior olive shows a progressive
degeneration which starts at PO and appears to be complete by P9.
Progressive loss of PCs results in a thinning of the overlying EGL, affecting
first the vermis, producing gaps in the vermal EGL by as early as P7. This
may suggest a dependence of immature granule cells (GCs) on PCs, for either
mitosis or survival. The former can be tested by BrdU labelling in vivo,
while the latter by an in situ assay that takes advantage of apoptotic DNA
fragmentation. In addition, the state of maturation of GCs will be examined
by performing in situ hybridization with markers specific for different
phases of GC development: TAG-1 for post-mitotic, pre-migratory GCs, and
the a6 subunit of the GABAa receptor for post-migratory GCs. Predictions
are that vermal GCs may never express either marker due to early PC loss,
while lateral ones will likely express both before they ultimately die.

A NOVEL NEURONAL MUTANT MOUSE PRODUCED BY
GENETIC ABLATION OF CEREBELLAR PURKINJE NEURONS.
S.A. Lira! A. Lewin! P. Zalameal. M. Swerdell. J.D. Qberdick2. ILL
Smevne*MDepartment of Molecular Biology, Bristol-Myers Squibb
Pharmaceutical Research Institute, Princeton, Nj. 08543
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One of the basic goals of neurobiology is to define the structural and
functional dependence of cells within neuronal circuits. This type of
analysis has been applied to several naturally-occurring single gene
mutant mice. Interpretation of these studies are complicated by the
existence of pleiotropic gene effects. These ambiguities could be

remedied if specific populations of neurons were able to be singularly
ablated. Recently, the promoter for the L7 gene, which directs

expression to Purkinje cells (PCs), has been identified, cloned and
characterized. To delete the PCs, we expressed an attenuated
diphtheria toxin under control of the L7 promoter (L7-ADT).
Transgenic animals display signs of cerebellar dysfunction including a
marked ataxia, abnormal posture and tremor. The cerebellum of adult
transgenic animals is small with relatively few folia. Histologically,
there is an absence of PCs and an almost total loss of granule cells and
inferior olivary (IO) neurons. Developmental analysis of this mutant
mouse demonstrates that the PCs are killed in a distinct parasaggital
pattern that mimics the cognate expression of the L7 gene and the
EGL superficial to zones of dying PCs is thinned. Further analysis of
this mouse should lead to a better understanding of the role of PCgranule cell interactions during cerebellar development.
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GLUTAMATE RECEPTORS MEDIATE DYNAMIC REGULATION OF
NITRIC OXIDE SYNTHASE EXPRESSION IN CEREBELLAR GRANULE
CELLS S.L. Baader and K. Schilling* Dept. Anatomy & Cell Biology,
University of Ulm, D-89069 Ulm, Germany
Nitric oxide (NO) is a multifaceted messenger molecule believed to be
involved in neural plasticity and development. In the adult cerebellum,
expression of the NO synthesizing enzyme, NO synthase (NOS), is
restricted to basket/stellate cells and can be utilized to define discrete
clusters of granule cell populations. Differential expression of NOS by
granule neurons coincides with the establishment of afferent
innervation, raising the issue whether NOS expression is regulated by
synaptic communication. In primary cerebellar cultures, K"-induced
depolarization of granule neurons down-regulates NOS expression, and
elimination of spontaneous synaptic communication between cultured
cerebellar neurons brings about an up-regulation of NOS expression. In
detail, the inhibition of NMDA and non-NMDA ionotropic glutamate
receptors, but not that of GABA receptors drastically increases NOS
synthesis in granule cells. Glutamate- and depolarization-mediated
regulation of NOS expression involves the activation of voltage-gated
calcium channels sensitive to omega-Agatoxin IVA (courtesy of Dr.
Saccomano, Pfizer Inc.) and omega-Conotoxin GIVA. Together, these
findings suggest that intracellular calcium is pivotal for the transduction
and integration of transsynaptic signals that regulate NOS expression.
Supported by BMFT grant 0316915A.

GLIA: DIFFERENTIATION AND CELL BIOLOGY
294.1

294.2

NEW HUMAN MYELIN BASIC PROTEIN (MBP) TRANSCRIPTS
IN THE IMMUNE AND CENTRAL NERVOUS SYSTEMS.
B. Grima, D. Zelenika, F. Agid & B.Pessac* CNRS UPR 9035,15 rue
de l’Ecole de Medecine, Paris, France. & (F.A. ): INSERM U 289,
Hopital de la Salpetriere, Paris, France.
We have previously identified, for the first time, novel mRNAs
produced from the mouse myelin basic protein (MBP) gene (J.
Neurochem. 1992, 59:2318 ; 1993, 60:1574). They contain a new
sequence, composed of three exons, which we called the O' region.
They are expressed in the central nervous and immune systems. We
now report the isolation and characterization of five new transcripts
from the MBP gene in adult humans. They can be divided into two
families of RNAs : 1) - The HMBPR (Hemopoietic MBP Related)
mRNAs only share the exon lb with the classical MBP mRNAs.
They start in the O' region. This region is followed by exons la and
lb and a part of intron 1 (named exon lc) of the MBP gene. The
HMBPR1 RNA is essentially, if not only, expressed in the immune
system whereas the HMBPR2 RNA is common to the immune and
nervous systems. 2) - The MBP2 a,b,c, RNAs are initiated in the
O' region and end in the exon 7 of the MBP gene. The MBP2 c RNAs
are only expressed in the CNS. Thus, the MBP locus can generate
multiple forms of mRNA whose start sites and splicing depend on
the tissue in which they are expressed. These results suggest
previously unsuspected functions for MBP.

ANN, A NOVEL PROTEIN IN APLYSIA NERVE AND
NEUROPIL.
S.T. Lockhart*, LB. Levitan and C.W. Pikielnv.
Departments of Biology and Biochemistry and Center for Complex
Systems, Brandeis University, Waltham MA 02254-9110.
We cloned a novel cDNA (ann, for Aplysia nerve and neuropil),
corresponding to an abundant mRNA specific to the nervous system
in Aplysia californica. Expression of ann mRNA apppears to be under
developmental control. Within the nervous system, ann mRNA is
absent from the large neurons. Instead, it is confined to a group of
small, apparently glial cells around the neurons and at the border of
the neuropil, as well as scattered within the neuropil. In contrast, antiann protein immunoreactivity has a broader distribution throughout the
neuropil and is also present in the connective nerves. The distinct
distributions of ann protein and mRNA, and the presence of a putative
signal peptide, suggest that ann protein is secreted from its cells of
origin into the surrounding tissue. The cells that express ann are
numerous and intimately associated with the neurons, but their
function is poorly understood. Ann serves as a means of distinguishing
between cell types within the ganglion, and may eventually help to
elucidate the function of non-neuronal cells in Aplysia nervous system.
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ROLE OF SPECIFIC PROTEIN KINASE C ISOFORMS IN THE
DIFFERENTIATION OF GLIAL CELL . C. Brodie*. L. Kronfeld.
A. Tsukennan and G. Kazimirskv. Department of Life Sciences, Bar-Ilan
University. Ramat-Gan 52900. Israel
Protein kinase C (PKC) is involved in the regulation of various cellular
processes for growth, differentiation and tumor promotion . PKC is a family of
at least nine related isoforms which differ in tissue distribution, regulation and
enzymatic properties. The biological significance of this heterogeneity may
reflect specialization in their function . In this study we examined the role of
PKC in the differentiation of glial cells using C6 glioma cells. These cells
have been reported to exhibit progenitor properties in culture, thus providing
an excellent model for studies on glial cell differentiation. We found that
staurosporine, a potent PKC inhibitor inhibited cell proliferation in a dosedependent manner and induced a distinctive differentiation of the cells to
express astrocytic phenotypes. This effect was assessed by the morphological
appearance of the cells, increased GFAP immunoreactivity as well as higher
glutamine synthetase activity and protein icvels as measured by Western blot.
Staurosporine effect was not mediated through activation of cAMP and
c-GMP-dependent protein kinase since HA 1004 did not exert similar effects.
The possible role of PKC in staurosporine effect is supported by our
observation that the differentiative effect of staurosporine was accompanied
by an increase in the y-PKC isoform and a decrease in the 02-PKC isoform.
Similar distribution of PKC isoforms was observed in late-passage C6 cells
which express astrocytic phenotypes. The results of this study raise the
possibility that specific PKC isoforms may play a role in astrocytic
differentiation.

DIFFERENTIATION OF OLIGODENDROGLIA IN THE OPOSSUM* S
BRAINSTEM AND CEREBELLUM. P-C. BumiAis*lU, g g Gomenl,
SI. Carvalho* and T.A Oavakcntee. 1. Institute de Biofsica, UFRJ, RJ
21941; 2. Institute de Biologia, UERJ, RJ 20551, Rio de Janeiro, Brazil.
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OBgxdenkocytes destined to the cerebral cortex and cerebellum arise from the
subventricular zone (SVZ) adjoining the lateral and fourth (IVv) ventricles,
respectively. Much leas is known about SNC regions without a dktinct SVZ in any
species. We report here die results of a pH]-diymidine (pH}-T) autoradiographic
and mnamohistodliamcal study in die opossum. Pooch youngs aged from 10 to 90
days (P10 to P9O) received a pH]-T pulse and were perfusion-fixed within 24 fare
Frozen section were reacted with an antibody against 2',3’-<ydic nucleotide 3'phoaph^^drolase (anti-CNP) and prepared for autoradiography. In die brainstem,
CNP+ eJenws* were first found in P27: cells lining the acqueduct and IVv and
fibers in the medulla and poos. There was a large number of pHJ-T+ cells in the
brainstem core and in cerebellar cortex but few double-labeled cells. In die
cerebdhim and midbrain tectum, CNP-t- cells appeared in P37 and P50, respectively.
There was a moderate number ofpHJ-Tf but no double-labeled cells. In subaeqxelt
stages, there was a generalized increase in the numbers of CNP+ fibers and a
decrease in f*EJ-T+ nuclei which became restricted to memngpd cells from P6O on
(eyes open by P67). Our results suggest that (1) an unknown bid probably small
number of midbrain oligodendrocytes originate from cells lining the IVv and near die
acqueduct (SVZ7), (2) most oligodendrocytes for the brainstem are either generated
simultaneously with neurons generation or their production is reinstated after
migration into the parenchyma, (3) CNP expression rarely precedes withdrawal from
the mitotic cycle.
[Support: FDNEP, CNPq, CEPG/UFRJ, SR2/UERJ]
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DEVELOPMENTAL EXPRESSION OF THE CALCIUMINDEPENDENT NITRIC OXIDE SYNTHASE IN RAT BRAIN.
E.Galea*. H. Ericson. D.J. Reis and D.L. Feinstein. Division of
Neurobiology, Department of Neurology and Neuroscience, Cornell
Univ. Medical College, New York, NY 1OO21.
Astrocytes and microglia in vitro can be induced to express a
calcium-independent nitric oxide synthase (iNOS) by cytokines such
as interferon--/, tumor necrosis factor-a and interleukin-1(3. In vivo.
expression of iNOS in normal adult mammal brain has not been
reported. However, iNOS mRNA or protein have been detected in rat
in demyelinating diseases and ischaemia, conditions in which the
brain levels of the above mentioned cytokines are characteristically
increased. Since these cytokines are also present at some stages -of
brain development, we seek to determine whether iNOS is
concomitantly expressed, as well as in what cells it is localized.
With this aim, rat brains from embryonic day (E) 5 to postnatal day
(P) 60 are being analyzed for iNOS mRNA by semi-quantitative
polymerase chain reaction (PCR) and by in situ hybridization.
Primers and riboprobes are derived from the rat glial iNOS cDNA.
Preliminary PCR analysis of whole brains suggests that iNOS
mRNA is transiently present in developing brain in a bi-modal
manner. It is detected as early as E14, and then decays until the first
posnatal week, when a second peak of expression, 3-fold higher than
the former, is observed. In this period, regional differences are
detected, with iNOS mRNA levels being the highest in cerebellum,
followed by hippocampus and cortex, and with little expression in
thalamus and striatum. No expression is found by PCR after P20.
Supported by grants from the National Sclerosis Society

294.6
LHRH NEURONS MIGRATE ALONG AN SIOOPOSITIVE GLIAL
SUBSTRATE. D.M. Cummings* and P.C. Brunies. Neuroscience Program,
University of Virginia, Charlottesville, VA 22903.
Luteinizing hormone-releasing hormone (LHRH) containing neurons arise
in the region of the medial olfactory placode and migrate along branches of
the terminal nerve to their destinations in the basal forebrain (SchwanzelFukuda and Pfaff, Nature, 338, 1989; Wray et al., Dev. Brain Res., 46,
1989). Neural cell adhesion molecule (NCAM) is expressed by terminal
nerve fascicles and appears to be a guidance molecule for migrating LHRH
cells. Another candidate molecule is the glial-associated protein, SI00. We
investigated the distribution of SI00 in the developing olfactory system and
forebrain of Monodelphis domestica (the grey, short-tailed opossum).
Monodelphis is an ideal species for studying early development since offspring
are bom in a very immature state after only 14 days of gestation. S 100positive cells have been observed in the olfactory nerve layer and around
glomeruli of both main and accessory olfactory bulbs in developing
Monodelphis (Shnayder et al., Chem. Senses, 18, 1993). We also saw S1OO
immunoreactivity in these regions and in cells of the terminal nerve along both
its peripheral projection to the vomeronasal olfactory organ and its central
projection to the preoptic area. Double-labelling experiments revealed that
SlOO-irnmunoreactivity is co-localized with migrating LHRH neurons. S100immunoreactivity is also found in several other regions which contain LHRHpositive cell bodies, e.g., the external glial limitans and the choroid plexus of
the third ventricle, and in structures that contain LHRH-immunoreactive
fibers, e.g., the median eminence and hypophyseal stalk. Since S1OO exerts
neurotrophic effects on various cells of the embryonic central nervous system,
it may play a similar role in guiding LHRH neurons from the olfactory
placode to destinations in the telencephalon and diencephalon.
Supported by NSF grant BNS-8919751
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EMBRYONIC RADIAL GLIA LABELED WITH THE GRIFFONIA
SIMPLICIFOLIA II LECTIN IN THE RAT. S.D. Hurley, M.B, Heaton*, and

EXPRESSION AND REGULATION OF NEUROTROPHINS IN
BASAL FOREBRAIN OLIGODENDROCYTES
P. Ou. R. C.
Elliott. W. J. Friedman*. H. Wu. I. B. Black and C. F. Drevfus. Dept.
Neuroscience and Cell Biology, UMDNJ / Robert Wood Johnson Medical
School, Piscataway, NJ 08854.
Previous studies suggest that neurotrophins produced by glial cells may play
important roles during brain development and after injury. For example, type-I
astrocytes in vivo and in culture express higher levels of NGF mRNA when
grown under proliferative conditions than when quiescent. In the present study,
we evaluated whether neurotrophins are also expressed by oligodendrocytes.
Basal forebrain oligodendrocyte cultures were established from postnatal day 1-2
rats using a modification of well established techniques (McCarthy and DeVellis
1980). More than 90% of the cells in these cultures were MBP (myelin basic
protein) positive by immunocytochemistry. A sensitive solution hybridization
technique was used to determine whether NGF and BDNF mRNAs were
expressed in these cultures. NGF mRNA was expressed (0.25-0.4 pg/pg sample
RNA) to a greater degree than BDNF mRNA (0.06-0.15 pg/pg sample RNA).
To define regulatory events, cultures were grown in the presence of KC1 (25
mM) for 48 hrs. KC1 selectively increased BDNF mRNA. However, no
consistent increase in NGF mRNA was detected. To determine whether these
neurotrophin proteins were also expressed, cultures were evaluated
immunocytochemically using antibodies to BDNF, as well as NT-3 and NT-4/5
(kindly provided by Dr. D. R. Kaplan). Oligodendrocytes were positively stained
with all three antibodies. The staining was specific, since it was blocked by
preadsorption with BDNF, NT-3 and NT-4/5, respectively.
Our data suggest that oligodendrocytes, as well as astrocytes, express
neurotrophins. Moreover, BDNF mRNA appears to be regulated by depolarizing
signals. (Supported by NICHD HD 23315 and UMDNJ Fdn.)

W.J. Streit. Dept. of Neuroscience, Univ. Honda, Gainesville FL 32610.
Griffonia Simplicifolia II lectin (GSL II) labels the golgi apparatus in
oligodendrocytes and selected neuronal populations in the adult rat CNS
(Supler et al. '94, GLIA 10:193-201). In the late embryonic rat brain this lectin
labels radial glia and a small population of developing neurons. These neurons
are seen in the developing striatum at E16 and E18, but not at E2O or E14.
GSL II stained radial glia traverse regions of developing fiber tracts in the
embryonic rat, long before myelinogenesis occurs. For example at E16, intense
staining of fibers in the developing hippocampus and fimbria can be seen. At
E18 and E19 the staining in the fimbria is prominent, while at E2O few radial
fibers in the fimbria are stained. The presence of the GSL Il-positive radial
glial fibers correlate well with known volumetric increase of the fimbria
during these developmental stages. Robust labelling with GSL II is also
present in the regions of the internal capsule, internal medullary lamina of the
thalamus, and the commissure of the superior colliculus, and more dispersed
staining is associated with the developing superior cerebellar peduncle and
medial lemniscus. There is a clear absence of staining in certain well-defined
fiber tracts including the internal capsule. In double-labelling experiments,
GSL II positive radial glia were not immunostained with RAT-401, an
established marker for rat radial glia. This suggests that GSL II decorates a
distinct population of radial glia which may play an important role in tract
formation and axonal migration in the developing CNS. Given that GSL II is
a selective marker for oligodendrocytes in the adult, these radial glia might
serve as precursors to oligodendroglioblasts in the postnatal CNS.

294.9
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NEUROTROPHIC REGULATION OF OLIGODENDROCYTE
DEVELOPMENT AND FUNCTION. L.N. Lee*. M. Yokoyarna, LB.
Black. C.F. Dreyfus. Dept, of Neuroscience, and Cell Biology, UMDNJ Robert Wood Johnson Med. Sch., Piscataway, NJ 08854.
To define roles of neurotrophins in oligodendrocyte development and
function, enriched oligodendrocyte cultures from rat basal forebrain were
grown for five days in the presence of NGF, brain derived growth factor
(BDNF) or neurotrophin 3 (NT-3). Using immunocytochemisby and
western blot analysis, we monitored changes in three myelin specific
proteins expressed by mature oligodendrocytes in culture: myelin basic
protein (MBP), myelin associated glycoprotein (MAG) and proteolipid
protein (PLP). BDNF significantly increased the number of MBPpositive cells to 34 percent (P<0.0S), and increased MAG and PLP per
unit protein. In contrast, NT-3 significantly decreased the number of
MBP-positive cells 44 percent (P<0.0S), and decreased MAG and PLP.
NGF elicited no effect on the cells. Our data suggest that BDNF
increases the number of mature oligodendrocytes while NT-3 decreases
this population. These actions correlate with our findings that
oligodendrocytes express the full-length, biologically active forms of
trk b and trk c (using antibodies from D.R. Kaplan), high-affinity
receptors for BDNF and NT-3 respectively, and p75, a low-affinity
receptor for all the neurotrophins. By defining neurotrophin regulation
of myelination we hope to obtain insight into oligodendrocyte function
and pathology.
(Supp: HHMLResearch Training Fellowship for Medical Students,
NICHD:HD 23315 and the UMDNJ Foundation)

IGF-1 GENE EXPRESSION DURING THE DEVELOPMENT OF
THE CENTRAL AUDITORY SYSTEM IN THE BARN OWL.
S.-M.Cheng. Y.Guan. G.A. Higgins* and C.E.Carr, Dept, of
Zoology, University of Maryland, College Park, MD 20742-4415.
Bam owls use interaural time differences (ITDs) to localize sound.
Timing information is processed in the cochlear nucleus
magnocellularis (NM), which projects bilaterally to the nucleus
laminaris (NL). Magnocellular inputs to the NL act as delay lines to
form maps of ITD in NL. Changes in the myelination of the delay
lines are correlated both with changes in auditory cues, and with
development of the circuit (Cheng and Carr,'94). We have
investigated the regulation of myelination, since myelination may act
to close the critical period for formation of this circuit.
Since IGF1 is one of the factors which upregulates the proliferation
of glial progenitor O-2A cells and their differentiation into mature
oligodendrocytes in vitro (McMorris et al., 1988), we hypothesize
that IGF1 may also be involved in regulating the timing of
myelination in CNS. We have analyzed the distribution of IGF1,
IGF1 receptor, and IGFBP2 mRNAs and their changes during
development, using in situ hybridization with riboprobes derived
from owl-specific cDNA clones.
Owl-specific cDNAs for IGF1 and IGF1 receptor were generated by
RT-PCR with primers designed from the chicken cDNA sequences.
The PCR products were then subcloned and sequenced. The
sequence homologies between chicken and owl cDNAs for IGF1 and
IGF1 receptor are 98.7% and 94.5%, respectively. Preliminary data
show low levels of IGF1 and IGF1 receptor mRNAs in NL in young
owls. (Supported by NIH DCD00436 to CEC)
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RESTING MEMBRANE POTENTIAL OF SCHWANNOMA CELLS
DURING DIFFERENTIATION. P.T. Hargittai, T. Hageman and E.M.
Lieberman,* East Carolina U., SOM, Physiology, Greenville, NC 27858
In our continuing studies of axon-to-Schwann cell signaling and the role of
Schwann cells in periaxonal ion homeostasis we have been investigating the
electrical properties of Schwannoma cell lines, in part, to establish an in vitro
model for axon-Schwann cell interactions. JS1 and RN22 rat Schwannoma cells
were cultured on collagen coated coverslips in DMEM containing 5 % and 10%
bovine calf serum, respectively. Resting membrane potentials (Em) were
measured at room temperature (22 °C) with glass microelectrodes at various
times in culture. The E%, measured at 4 days in vitro (DIV) was -31.7 ± 2.3mV
and -32.4 ± l.5mV for JS1 and RN22 cells, respectively. E,- of these
Schwannoma cell lines were lower than primary Schwann cells in culture (-42 E
± 4.7mV at 33 °C) and is attributed to the difference in temperature (Glia 4.611,
1991). Two morphologically distinct cell types were observed in both cultures:
multipolar (proliferating) and bipolar, spindle-shaped (differentiated). The
membrane potential of the bipolar JS1 cells showed a monotonic decrease of
membrane potential as a function of culture time from -32.4 to -26.8mV. The
multipolar cell population of this cell line demonstrated a significant increase of
membrane polarization at 3 DIV with a maximum -38.7 ± 3.7mV. The average
resting membrane potential of these cells decreased with age to -32.4 ± 3.7mV
by 6 DIV . These results indicate that Ej, of Schwann cells change as a function
of stages of differentiation and that they are probably not different from acutely
isolated or Schwann cells in primary culture. Studies are in progress to
determine the effect of neuron co-culture on Schwannoma cell electrical
properties. Supported, in part, by a grant from the Army Research Office.

ESTRADIOL STIMULATES GLUCOSE UPTAKE AND HAS CYTOPROTECTIVE EFFECTS IN RAT C6 GLIOMA CELLS. J. Bishop, M.
Singh, E.T. Bodor and J.W. Simpkins*. Center for the Neurobiology of Aging.
University of Florida, Gainesville, FL 32610.
A large body of evidence indicates that ovarian steroids modulate carbohydrate
metabolism. 17-^^ increases glucose metabolism in a variety of peripheral
tissues and in brain tissue in vivo, including those areas which are sparse in
estrogen receptors. An intriguing mechanistic possibility is that this ubiquitous
stimulation of glucose uptake is from E2 exerting its effects on glia. The present
study was undertaken to determine if E2 effects glucose uptake and has
cytoprotective effects on a glial cell line. Four hours of exposure of C6 cells to
E2 at concentrations of 54 or 544 pg/ml stimulated 2-deoxyglucose uptake by
30%. Exposure of C6 cells to varying levels of hypoglycemia caused a
hypoglycemic-induced, dose-dependent reduction in total and viable cell number,
with a 35 and 60% reduction in live cells when glucose was reduced to 80 and
0% or normal, respectively. Addition of E2 (544 pg/ml) to the media at 4 h prior
to the induction of hypoglycemia reduced the cell loss induced by hypoglycemia
by 24% (at 80% glucose) and 49% (at 0% glucose). Similar protection of live
cell numbers was observed at each of the reduced glucose concentrations with E2
increasing the number of viable cells by 35 to 60% when compared to serum free
cultures. The addition of E2 (544 pg/ml) to the media at 1 h after the onset of
hypoglycemia (0% glucose) also significantly reduces cell loss and improves
viability of cells. Collectively, these data indicate that estrogens play an
important role in glucose homeostasis in glia; an effect which may contribute to
the demonstrated cytoprotective effects of the steroid in glial cells. Supported
by grants POl AG 10485, T32 NS 07333 and HD 22540.
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PHYSIOLOGICAL PROPERTIES OF OLFACTORY GLIA M.O.K. Enkvist*
and G. von Blankenfeld. Dept, of Biochemistry and Pharmacy. Abo Akademi
University. Turku. Finland
The olfactory system of vertebrates has unique regenerative and plastic properties.
Neurogenesis in the olfactory epithelium continues throughout the entire life of the
animal. Differentiating olfactory sensory neurons project their axons into the
olfactory bulb, where they establish functional synapses within the glomeruli. The
properties of the glial cells of the olfactory nerve, the enshcathing cells, seems to be a
major difference between the olfactory bulb and the remaining CNS. We have
therefore begun to characterize the physiological properties of ensheathing cells using
the patch-clamp technique and optical Ca2+ measurements. Neurotransmitter
receptors and ion channels on enshething cells might enable them to interact with the
regenerating olfactory axons. The membrane potential of ensheathing cells is about 80 mV and the membrane resistance between 30 and DO Mohm. We can distinguish
three types of K+ currents, with a large heterogeneity of current patterns between
single cells. Blocking of K+ currents with Ba2+ unmasks an inward current with the
properties of a voltage dependent Ca2+ channel. The only consistently seen
ionotropic response to neurotransmitters is to GABA, with a reversal potential of
around 0 mV. indicating the presence of GABA^ receptors. About 30 % of the cells
arc dye coupled.
By incubating the slices with fura-2 acetoxymethyiester.
surprisingly good loading of the ensheathing cells can be achieved. A robust
response is seen to ATP. with both Ca2+ influx and release from intracellular stores.
A much smaller response, and only in part of the slices tested is seen with glutamate,
the muscarinic agonist carbachol and the aj adrenergic agonist phenylephrine. Ca2+
influx upon depolarization by a high extracellular K+ concentration is consistentlyseen, supporting the electrophysiological results. The study demonstrates that
ensheathing cells do not comprise a physiologically homogeneous population of cells.
Apart from the responses seen to GABA, they seem to express mainly metabotropic
neurotransmitter receptors.

PROTEIN KINASE C (PKC) CHANGES ASSOCIATED WITH CELL
CYCLE IN C6 GLIOMA CELLS M.R. SomaA, R.Baetta- M .R. De
Renzis#. G. Mazzini#. F,BattainiA. R. Fumagalli- S.Govoni-. O.Gandolfi*0
and S^reamas^-. -lnst. Pharmacol. Sci., Univ. of Milan, #
IetoeCemical Center of the NRC, Dept, of Animal Biology, Pavia,, °ins. of
Pharmacology, University of Bologna,, ITALY
A crucial role in signal transduction, cell growth and differentiation is
played by PKC. The relationship between PKC and cell growth depends
upon a number of factors among which cell type plays a prominent role
Recent evidences suggesting a link between cell cycle and PKC
modulation prompted us to investigate PKC activity in a C6 astrocytoma
cell line at various stages of the cell cycle. Cells at a specific cell cycle
phase were obtained either by treatment with various drugs as detailed
below or through synchronization by serum deprivation. PKC activity
was high in cells arrested in Go by serum starvation (0.4%). Following
addition of complete medium (17.5% serum) the PKC activity, in C6
synchronized cells entering the cell cycle, progressively decreased and
reached a minimum when more than 40% of the cells traversed the G2/M
phase, as determined by DNA analysis distribution. Treatment with
simvastatin 2.5 pM for 24 h resulted in cell growth arrest/retardation in
early G1 phase with a concomitant increase of total PKC activity (+ 66%,
p = 0.002). The effect of simvastatin was fully prevented by mevalonate.
In comparison with the activity in the Go phase PKC activity dropped 30%
in simvastatin-arrested early G1 cells; 40% in hydroxyurea-arrested cells at
the Gl/S boundary; and 70% in colchicine mitosis-blocked cells. The
results demonstrate that C6 PKC activity changes strikingly when cells
move in and out of Go. The precise functions of the activity modulation
during cell cycle are still unknown. It is also tempting to speculate that
drugs affecting PKC activity may have dual effects on cell growth
according to cell cycle phase during which they are delivered.
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DEPOLARIZATION-INDUCED ACID SECRETION OF GLIAL CELLS :
DYNAMICS OF EXTRACELLULAR BICARBONATE AND CO2 .

IMMORTALIZED ASTROCYTES EXPRESS CELL-SPECIFIC
MARKERS AND DIFFERENT TROPHIC ACTIVITIES
A.C. Sherwood1*. B-A Siebert G. Mendoza1. P Sabatini2. E, White2. C.F,
Drevfus1. LB. Black! iNeurosci & Cell Biol, UMDNJ-RWJMS. 2CABM ,
Rutgers Univ, Piscataway, NJ 08854.
Primary (1°) cultures of astrocytes from the substantia nigra (SN) of postnatal day 1 rats elaborate a factor(s) into conditioned eerum-frea medium (CM)
which is trophic for tyrosine hydroxylase positive (TH+) neurons from the SN.
To obtain source material for analysis of this nigral factor(s), we established cell
lines from 1° cultures. Astrocytes were transfected with either E1A oncogene
from adenovirus 5 (line E 1.1) or p53val 135 (line P2.2). P53val 135 gene
product acts as a dominant interfering mutant at 38.5° C, but reverts to wildtype phenotype at 32.5°C. ELI and P2.2 are immunopositive for glial
fibrillary acid protein (GFAP), and negative for both neuron specific enolase and
myelin basic protein as were. the initial 1° cultures.
Survival of TH+ neurons and TH catalytic activity from E16 SN increased
2-fold in CM from ELI, P2.2, or 1° astrocytes, maintained at their normal
growth temperature, compared with neurons grown in serum- free medium. CM
from P2.2 cells maintained at 32.5°C, the permissive temperature for wild-type
p53, enhanced survival of TH+ neurons significantly less than CM from
38.5°C. Survival of TH+ cells from SN was enhanced 2-fold in CM from ELI
prepared at 32.5°C.
In marked contrast to the similarity of effects seen in the SN, CM from 1°
astrocytes and the two lines have different effects on cholinergic cells from the
basal forebrain (BF). ELI CM actually reduced the survival of BF cholinergic
neurons. Survival was enhanced 2-fold in 1° CM and 3 to 4-fold in P2.2 CM
with a smaller increase in P2.2 CM made at the permissive temperature for wild
type p53. Hence, immortalization of GFAP+ glial cells gave rise to cell lines
retaining astrocytic markers, but which serve different trophic functions.

I. Grirhtchenkk* & M. Chester.

Dept. Physiol./Biophys. & Dept.
Neurosurg., NYU Med. Ctr., 550 IstAve, NY, NY 10016.

In gliotic hippocampal slices, depolarization of astrocytes by K+ or
Ba2+ induces an intracellular alkaline shift and a concomitant fall in
extracellular pH (pHo) that is HCO3--dependent (1). To study the
associated changes in extracellular HCO3 - ([HCO3 -Jo) and tissue PCO2
we used pH and CO3 ^selective microelectrodes. Corresponding
changes in [HCO 3-Jo and PCO2 were calculated from the appropriate
equilibrium relations. Gliotic hippocampi were prepared by stereotactic
injection of kainate in anesthetized, adult rats, 2-3 weeks prior to
preparation of slices. In the gliotic CA3 region, iontophoresis of K+
induced a fall in pHo of 0.14 - 0.37 unit pH. The acid shift was
associated with a fall in [HCO3-Jo of 0.40 - 4.7 mM and a rise in PCO2
of 13-48 torr. Superfusion of Ba2+ caused a similar acid shift (0.08 0.20 pH units) and fall in [HCO 3‘]0 (0.20 - 2.0 mM). Application of
benzolamide, a poorly-permeant carbonic anhydrase inhibitor, amplified
the K+-induced acid shifts by 27 ± 7 %, and reduced the [HCO3’]o fall
by 67 ± 9 % (n=5, p < 0.05, paired t-test). These data indicate that
acidification does not occur by the direct influx of HCO3 - ions. The
results support the notion that CO3 - is the inwardly transported species.
Supported by NINDS grant NS32123. (1) GricCteCanko & Chester
(1994) Neurosci., In press.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

TUESDAY PM

GLIA: DIFFERENTIATION AND CELL BIOLOGY

294.17
ARE THE ASTROCYTE GAP JUNCTIONS IMPLICATED IN
NEURONAL SYNCHRONIZATION IN THE CIRCADIAN
CLOCK ?
M. Lavialle and J. Serviere*. INRA, 78352 Jouy en Josas, France
Connexin43 (Cx43) has been reported as an astrocyte-specific gap
junction protein in the mammalian brain. The suprachiasmatic nuclei
(SCN) of anterior hypothalamus exhibit a particularly dense
astrocytic network as revealed by glial fibrillary acidic protein
immunoreactivity (GFAP-Ir). These nuclei are the main endogenous
clock generating circadian rhythms. In the SCN themselves circadian
rhythms in electrical and oxydative metabolic activity have been
described. We have previously demonstrated a 24h rhythm in GFAPIr distribution in the hamster SCN supporting the hypothesis of
astrocyte participation to the clock function. This rhythm is
characterized by two alternated states : i) a spreading of GFAPfilaments suggesting the existence of numerous interactions between
astrocytes (syncytium), ii) a retraction of filaments indicating an
insulation of astrocytes. A way to assess the syncytium coherence is
to look at gap junctions in parallel to filaments distribution using
immunohistochemistry. When GFAP-Ir looks like a dense network,
Cx43-Ir is widely spread troughout the SCN. When GFAP-Ir is
concentrated in isolated stellar-shape, Cx43-Ir is exclusively located
in the GFAP-Ir area. The synchrony with the drop observed in the
SCN oxydative metabolism rhythm could be explained by a transitory
modification of interactions within the clock. If astrocytes modulate
the synchronization of oscillating neurons, they could be regarded as
a constitutive element of the circadian clock.
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EFFECTS OF CjSMETHYLENE ATP AND FGF ON RAT STRIATAL
ASTROCYTIC PROCESSES IN CULTURE. M.P. Abbracchio*, M.J.Saffrey1,
S. Ceruti. R. Langfelder, G. Bumstock^ and F. Cattabeni. Inst.Pharmacol. Sci.,
Univ. Milan, Italy and *Dept. Anat. Dev. Biol., Univ. Coll. London. UK

Recent evidence suggests that purines may be involved in the processes
leading to gliosis in the CNS. We have previously shown that in primary
cultures of postnatal rat striatum, purine analogues modulate astrocyte numbers
and proliferation. Since GFAP expression is increased in reactive gliosis, we
have now examined the effects of the stable ATP analogue o^-methylene ATP
(o^-meATP) and basic fibroblast growth factor (bFGF) singly, and in
combination, on the number and length of GFAP- positive astrocytic processes
in culture. Dissociated striatal cultures from 7 day rats were grown in a serum free medium. After 3 days, cultures were immunolabellcd with an antiserum to
GFAP and the number and length of processes of GFAP- positive cells were
measured using an image analysis system. ojS-meATP (5xlO“^ - 5xlO_^M)
caused a significant and dose-dependent increase in the mean process length per
GFAP positive cell, but did not affect the number of processes per cell. The
effect was maximal (44%) at 10_>M. bFGF (O.Olng/ml - lOng/ml) caused a
similar increase which was maximal (52%) at lng/ml, no change was seen in the
mean number of processes per cell. When c9-meATP was added together with
bFGF. at a range of concentrations, no additive or synergistic increase in the
effects of the two molecules was detected, but mutual inhibition was seen at
some concentrations. These observations show that oj?-meATP affects
astrocytic processes in a similar manner to bFGF. suggesting that purines may
similarly play a role in reactive gliosis, moreover, the lack of additivity suggests
that these two molecules may utilise the same transduction system. This is
supported by the observation that both bFGF and o^-^meATP induced cFOS
expression in the cultured astrocytes.

294.19

294.20

GLUCOCORTICOID RECEPTOR PREVALENCE, RECEPTOR
SPECIFICITY, AND GLUCOCORTICOID REGULATION OF
GFAP AND GS EXPRESSION IN SHORT- AND LONG-TERM
PRIMARY ASTROCYTE CULTURES. I.Rozovskv*. N.J.LapinQ.

VASOACTIVE INTESTINAL PEPTIDE INCREASES THE SECRETION
OF EIGHT CYTOKINES FROM CEREBRAL CORTICAL ASTROCYTES.
D.E. Brenneman,* I.M. Hill, I. Gozes and T.M. Phillips. Lab. Dev.
Neurobiol., NICHD, NIH, Bethesda, MD 20892; Dept. Chem. Pathol.,
Tel Aviv Univ., Tel Aviv, Israel; Immunochemistry Lab., George
Washington Univ. Medical Center, Washington, D.C. 20037.
Vasoactive intestinal peptide (VIP) has demonstrated trophic
properties that increase neuronal survival (PNAS 83:1159,1986) and
stimulate embryonic growth (Nature 362:155,1993). VIP interacts with
high affinity receptors on glial cells to release neurotrophic substances.
The present studies characterized VIP-mediated release of eight
cytokines: interleukinIIL)-1 alpha, IL-1 beta, IL-3, IL-6, tumor necrosis
factor-alpha, interferon gama, granulocyte colony-stimulating factor and
macrophage colony-stimulating factor. Significant decreases in cellular
content of the cytokines were also observed after one hour treatment
with VIP. Maximal release of cytokines was observed between 60-90
min, with significant increases detected after 15 min of VIP treatment.
The EC5O for VIP that elicited this release varied among the cytokines
(3 pM to 10 nM). Three distinct dose-response patterns were apparent
among the cytokines. IL-1 alpha, a cytokine that increases survival of
developing spinal cord neurons (/. Neurochem. 58:454, 1992), was the
most abundant of the detected cytokines in the medium. These data
indicate that VIP stimulation of astroglia resulted in the increased
secretion of a complex mixture of cytokines. The trophic properties of
VIP may in part be explained by the action of these cytokines in the
developing CNS.

N.R.Nichols. B.Teter and C.E.Finch. Andrus Gerontology Center and
Department of Biology, University of Southern California, Los Angeles, CA
90089
Recently, we showed a change in the response of GFAP to
corticosterone (CORT) in astrocytes from neonatal rats cultured in vitro.
Short-term cultures (3 weeks) of primary astrocytes show strong induction
of GFAP transcription rates, mRNA and protein after 6 hours of CORT
treatment, while in neonatal astrocytes maintained for 12 weeks in culture,
the direction of the GFAP response is switched to repression as was
observed in vivo throughout the brain. Glutamine synthetase (GS)
transcription and mRNA are up-regulated by CORT in both short- and longterm astrocyte cultures. Secondary cultures derived from short-term
primary astrocyte cultures or from long-term cultures retain CORT-mediated
increase or CORT-mediated decrease in GFAP expression respectively.
We examined glucocorticoid receptor specificity of GFAP and GS mRNA
responses. The GFAP repression in long-term cultures and GS induction
in both short-and -long-term cultures with respect to CORT agonist and
antagonist confirm type II glucocorticoid receptor specificity. The GFAP
induction in short-term astrocyte cultures is due to activity of both type I and
type II glucocorticoid receptors. We also showed 3-fold increase of type II
glucocorticoid receptor mRNA prevalence in long-term cultures vs. shortterm astrocyte cultures. Therefore, the increase of type II glucocorticoid
receptors and /or receptor specificity in astrocyte in vitro as a function of
time in culture could be one of the factors in the switch from positive to
negative CORT-mediated regulation of GFAP. (Supported by PHS grant
AG07909 and NRSA grant AGO5593 to I.R.).

294.21
EFFECT OF 1,25 DIHYDROXYVITAMIN D3 ON GLIAL CELLS
P. Naveilhan. I. Neveu#. C. Baudet. F Jehan, M. Garabedian0. D. Wion and P.
Brachet* INSERM U 298, CHR Angers, F-490— Angers cedex 01, France.
#Lab of Molecular Neurobiology, Karolinska institutet, S-17177 Stockholm,
Sweden. °CNRS, URA 583, Paris, France.
The secosteroid hormone, 1,25-dihydroxyvitamin D3, has been recently shown
to enhance the synthesis of nerve growth factor (NGF) in mouse L929 fibroblast
and in primary cultures of rat astrocytes. The increase of NGF mRNA levels
observed in primary astrocytes and in C6 glioma cell line is accompanied by an
induction of the 1,25-(OH)D3 receptor gene and that of gene encoding the 25(OH)D3 24-hydroxylase, an enzyme of the vitamin D metabolism. Such a
regulation could constitute a mechanism for the hormone to control its own
responsiveness and degradation in glial cells. Others metabolites of the vitamin
D3, such as the 25-(OH)D- or 24,25-(OH)2D3, have also some stimulatory
effects but in a lesser extent and for high doses of hormone. Preliminary results
also indicate that 1,25-(OH)2D- has no effect on the expression of the brainderived neurotrophic factor (BDNF) gene, and the level of neurotrophin-3 or 4
transcripts are undetectable by northern blot in C6 cells.
On the other hand, in vitro studies have revealed that activated microglial cells
could metabolize the 25-(OH)D3 into the most active metabolite, the 1,25(OH)2D3. This raises the possibility that in addition to a transit of 1,25(OH)2D3 accross the blood brain barrier, an intracerebral synthesis of the
hormone may take place during inflammation. All these data taken together
support the concept that 1,25-(OH)2D- can act as a modulator of astrocytic
plasticity.
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NEURAL DEGENERATION IN VITRO. A STUDY OF MEMBRANE CURRENTS.
S. Solorzano, L. Valadez-Rodriguez, J. Hernandez-Falcon and
B. Fuentes-Pardo*. Depto. Fisiologia, Facultad de Medicina,
UNAM. Apdo. Postal 70-250, Mexico, 04510, D. F. MEXICO.
Neural degeneration consecutive to lesion of neural fibers
was investigated. Ventral nerve cord (VNC)was transected
between II and III abdominal ganglia of the crayfish and
explants were cultured in Van Harreveld saline solution
enriched with aminoacids. By the loose patch clamp
technique, inward and outward transmembrane currents from
medial giant fibers of the explant were determined. The
temporal course of changes in transmembrane current was
analyzed immediately after the VNC transection and later on
at 5, 10, 20 and 40 days of culture. Inward currents
sensitive to TTX were detected from the first to the 15th
day of culture; at 25th day they disappeared at all.
Outward currents sensitive to TEA disappeared around 15
days of culture. The different temporal course for the
extinction of inward and outward currents suggests that the
extinction is the expression of the degeneration process
itself. These results validate the use of explant culture
as an adequated model for the study of the mechanisms
underlying the neural degeneration.

SYNAPTIC REMODELLING IN MALE RATS WITH CONTUSIONS
INJURY TO THE FRONTAL CORTEX. L.I. Hansen. S.W. Hoffmant.
O.S. Jorgensen. Z. Fiilftp*t, and D.G. Steint. Lab. Of
Neuropsychiatry, Dept. Of Pharmacology, Univ. of Copenhagen,
RigshospitaIet-6102, DK-2100 Copenhagen, Denmark, and tBrainRes.
Lab., IAB, 101 Warren St., Rutgers Univ. Newark, NJ 07102.
Biochemical markers of synaptic remodelling and activation of
astrocytes were used to assess the consequences of bilateral frontal
cortex contusion in the adult rat. The contusions were produced by
delivering a controlled impact to the exposed cortex with a 5 mm
diameter pneumatic device. Rats were allowed to survive for 3, 7, 18
days postinjury (DPI). In cortical tissue near the contusion, the
specific gravity of choline acetyltransferase decreased to 37% of the
sham value by DPI, but returned to baseline levels by 18 DPI. The
concentration of the neuronal markers, neuron specific enolase (NSE)
and D3-protein, were also strongly decreased by 3 DPI to 41 and 42%
of sham values, respectively and were nearly normal by 18 DPI. In
contrast, neural cell adhesion molecule (NCAM) was not significantly
decreased by 3 DPI, consistent with the enrichment of NCAM in
sprouting nerve fibers. As an index of synaptic remodelling, we
calculated the ratio of NCAM to D3-protein, which was significantly
increased to 199% of the normal values by 3 DPI and then decreased
to baseline levels. The concentrations of the glial markers, glial
fibrillary acidic GFAP and glutamine synthetase (GS), were decreased
by 3 DPI but increased at 7 and 18 DPI compared to sham values;
indicating a relatively delayed activation of astrocytes. Our results
show that in contusion injury the synaptic remodelling measured by
NCAM/D3 behaves independently of astroglial activation. Supported
by the Danish Medical Research Council and the GenRe Co.

Supported by DGAPA IN2O2392 grant.

295.3

295.4

LACK OF PURKINJE CELL LOSS IN ADULT RAT CEREBELLUM
FOLLOWING PROTRACTED AXOTOMY: DEGENERATIVE CHANGES AND
REGENERATIVE ATTEMPTS OF THE SEVERED AXONS. I. Dusart* and C.

DEMYELINATION
AND
REMYELINATION AFTER
SEVERE
SPINAL CORD CONTUSION IN RATS.H.Salqado-Ceballos*
G.Guizar-Sahaqun, A. Feria-viel^^i^O/A .Ibarr^,I. Grijalva and I.Madrazo.Unidad Invest.Med.Enf.Neurol.
CMN Siglo XXI,IMSS; Proyecto Camina,A.C. and Fac.
Medicina, UNAM. Mexico D.F., MEXICO. 14050.
The pattern of demyelination and remyelination
in late stages after spinal cord injury (SCI) was
studied in rats subjected to severe low thoracic
contusion. Using transmission electron microscopy
and a digitizing computer system, the myelination
index (MI) of axons from the lesion epicenter was
obtained dividing the axonal diameter by fiber
diameter (axon
diameter
plus
myelin
sheath).
Axons
of
0.5 um
or
less
were
considered
collaterals and thus discarded for this report.
The MI of rats with no SCI (control) was 0.72,
while in the lesioned rats it was 0.86, 0.90,
0.88, 0.88, and 0.83 at 1,2,4,6, and 12 months
post-injury, respectively. A statistically
significant difference was observed when comparing
the control with each injured groups.
Comparing
the group of higest demyelination (0.90) with the
group of higest remyelination (0.83) a p 0.02 was
obtained. Our results indicate that remyelination
in this paradigm is not an abortive and incomplete
process, as suggested by other authors.

Sotelo, INSERM U106, Hdpital de la Salpetriere, 47 Boulevard de
l'Hopital, 75651 Paris cedex 13, France
The cerebellar Purkinje cells, owing to their geometrical disposition and
their high calbindin content, offer an optimal system in which to test the
adequacy of current opinions on axotomy effects. We have, therefore,
analyzed with calbindin immunostaining the morphological changes of
Purkinje cells from one day to one year after axonal section in the
cerebellar white matter. This method allows us to study the morphological
changes in their dendrites, cell bodies and axons.
This study demonstrates that Purkinje cells are extremely resistant to
axotomy; those severed in the white matter at distances varying from 100
pm to 3 mm remain alive for as long as one year. At all survival times
studied, axotomized Purkinje cells exhibit few changes in their somata
and dendrites as well as in their glial microenvironment. The major
changes occur in the axonal compartment. Axonal alterations, namely the
presence of torpedoes and hypertrophy of the recurrent collateral system,
are early events already noticeable 24 hours after the lesion, although later
they differ in their time course and spatial distribution. It is remarkable
that the distal segments of the central stumps of the cut axons survive in
large numbers without any apparent retraction, with their terminal
varicosities apposed to the wall of the wound cavity even 1 year after the
lesion. Despite this apparent immutability, some regenerative attempts do
occur in the severed axons, such as axonal sprouts penetrating the deeper
region of the granular layer in zones close to the lesion, presence of
arciform axons, and hypertrophy of the recurrent collateral system.

295.5

295.6

SURVIVAL OF MEDIAL SEPTAL (MS)
NEURONS AND
REAPPEARANCE OF TBANSMITTER-IELATED MOLECULES
AFTER BILATERAL FIMBRIAL LESIONS WITHOUT EXOGENOUS
NGF APPLICATION. T. Naumarm. P. Kenner. B. Hage. T. Deller. R. Bender.
A. Straube and M. Frotscher*. Institute of Anatomy, University of Freiburg,
P.O. Box 111, Germany.
We have shown that septohippocampal neurons survive bilateral fimbriafornix transection (ff-t) and that most cholinergic MS cells have regained
immunoreactivity to choline acetyl transferase (ChAT) 6 months post lesion. In
this study we applied several techniques such as anterograde PHAL-tracing,
parvalbumin (PARV) immunocytochemisUy, determination of ChAT activity,
and in situ hybridization for GAD, ChAT and NGFR (low affinity nerve growth
factor receptor) mRNAs to further characterize long-lasting changes in the MS
after axotomy.
Adult Sprague— Dawley rats received bilateral ff-t and were allowed to survive
for 3, 10 weeks and 6 months. PHAL injections into the MS post lesion revealed
strong projections in caudal direction passing the diagonal band and reaching
hypothalamic areas. This axonal labeling was unchanged when compared with
control. As previously demonstrated for cholinergic neurons, the number of
PARV-containing neurons transiently decreased to 35% 3 weeks following ff-t
and returned to 64% after 6 months survival. Loss of ChAT-positive neurons 3
weeks post lesion is accompanied by a reduction in ChAT and NGFR mRNApositive cells. ChAT activity in the MS was not affected by ff-t. In all survival
stages investigated the MS contained abundant GAD mRNA-positive neurons,
thus suggesting survival and transmitter synthesis of GABAergic neurons after
the lesion.
(Supported by the DFG: Leibniz Program and Fr 620/4-1)

BIDIRECTIONAL RELATIONSHIPS BETWEEN NERVES AND
INFLAMMATORY CELLS AFTER AXONAL INJURY: IN VITRO STUDIES.
A. Fabcr-Elman. D. L. Hirschbere. M. Marikovskv and M. Schwartz*.
Department of Neurobiology, The Weizmann Institute of Science, 76100 Rehovot
Israel.
Bidirectional cross-talk between injured nerves and invading inflammatory cells
appears to play a role in regeneration. Migration of astrocytes across the site of
injury is thought to be needed for regeneration of injured axons. In vivo, this
migration is correlated with the invasion of inflammatory cells into the injured
nerve. In mammalian CNS, repopulation of the injury site by astrocytes is aborted
and the invasion by macrophages is limited in rate, amount, and spatial
distribution. Here we examined the parameters defining the limited invasion by
inflammatory cells in vitro and the effects on astrocyte migration of products
secreted from the invading cells Invasion was evaluated using a modified Boyden
chamber assay, by determining the chemoattraction of monocytes to segments of
sciatic nerve (spontaneously regenerating nerve) or rat optic nerve
(nonregenerating nerves). Chemoattraction of monocytes to optic nerve segments
was limited relative to that observed with the sciatic nerve. This limitation was due
to the presence of inhibitory molecules rather than a deficiency of chemoattractive
molecules, in the optic nerve. This difference between the c Ns and PNS reflects
differences in nerve microenvironments which in turn influence the repertoire of
soluble substances (e.g. cytokines and growth factors) produced by the recruited
inflammatory cells, and the resulting effects on glial cells in their vicinity. We used
a scratch-wounded astrocyte monolayer as an in vitro wound model to follow
astrocyte migration in response to treatment with growth factors and cytokines
known to be secreted by monocytes in response to injury. The applied substances
could be divided into three groups according to their effects on astrocyte
repopulation of the wound site: EGF, HB-EGF, b-FGF, TGFa or TGFpl
stimulated intensive migration of astrocytes with consequent closure of the wound;
TNFa and IL-lp blocked astrocyte migration, and IL-2, IL-6, and IGF-1 were
ineffective. Though IGF-1 by itself had no effect, it potentiated the migrationinducing effects of EGF, HB-EGF and TGFa. Although EGF and b-FGF are
known mitogens of astrocytes, the migration-inducing effect was not dominated by
proliferating cells as assessed by thymidine incorporation in situ.
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PHOSPHORYLATION OF NEUROFI LAMENT PROTEINS IN
THE GOLDFISH MAUTHNER AXON. Tim D. Raabe.
Rebecca A. Shelter*, and Georae D. Bittner. Dept. of
Zoology, The University of Texas at Austin. Austin. TX
78712.
The survival of the distal segments of severed Mauthner
axons (M-axons) for 2 months has been correlated with the
maintenance (lack of proteolysis) of neurofilament proteins
(NFPs; Moehlenbruck et al. 1991. Soc. Neurosci. Abs. 17(1):
29.2). NFPs in the goldfish M-axon consist of six proteins
with molecular weights of 235, 145, 123. 105. 80, and 60
kDa. The extent of phosphorylation could help stabilize these
NFPs and protect them from calcium-activated proteolysis.
To begin to examine the extent of NFP phosphorylation, we
have incubated the M-axoplasm with alkaline phosphatase.
This treatment markedly alters the NFP silver stained
banding pattern on SDS-PAGE. To radiolabel the NFPs with
32p , we have used endogenous kinase(s) in the M-axon, as
well as exogenous protein kinase C (PKC) and protein kinase
A (PKA). The phosphorylation pattern of the NFPs obtained
from endogenous kinases is similar to the pattern produced by
PKC or PKA, suggesting that the endogenous kinase could be
PKC and/or PKA. We are currently using various kinase
inhibitors (e.g. staurosporine) to identify the kinase(s)
responsible for endogenous NFP phosphorylation in M-axons.
This work was supported by an ATP grant to G.D.B.
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296.2

Immunocytochemical Detection of the NK1 Receptor in Normal and
Deafferented Spinal Cord. W. Battisti* B.Zhanq* M. MurrafX. Bozek*.J.
Krause*,S. Croul® +Depts. of Anatomy/Neurobiology* and Pathology® ,
Medical College of Pennsylvania Phila.,Pa 19129 and Department of
Anatomy/Neurobiology* Washington University, St. Louis Mo. 63110

DIFFERENTIAL REGULATION OF JUN EXPRESSION IN RAT RETINAL
GANGLION CELLS AFTER OPTIC NERVE TRANSECTION AND DURING
REGENERATION. M.Hull and M.Bahr*. Neurologische Universitatsklinik,
Hoppe-Seyler Str. 3 and Max-Planck-lnstitut fur Entwicklungsbiologie.
72076 Tubingen, F.R.G.
JUN proteins belong to the family of immediate-early gene products
which regulate subsequent gene expression by binding to specific DNA
sequences. The expression of these transcription factors is correlated with
the early response of CNS neurons to lesions: JUN-immunoreactivity (JUNIr) was detected in retinal ganglion cells (RGCs) of goldfish and rat after optic
nerve axotomy (Herdegen et al.. 1993). In goldfish RGCs. JUN-!r was
detectable for a period of five weeks after optic nerve lesion during which
RGCs regrow axons and establish synaptic contacts on the tectum. In the rat,
RGC axons are not able to regrow in the optic nerve after axotomy and only a
transient expression of JUN-lr was detectable. In the present study. optic
nerves of adult rats were transected 2mm or 6mm from the optic bulb and
RGCs labeled with the fluorescent marker fluorogold (FG). The time course
of expression of the immediate-early gene product c-JUN (JUN) was
monitored immunocytochemically between 3 days and 4 weeks after
axotomy. In another experimental group. adult rats received a sciatic nerve
graft after optic nerve transection and FG labeling. RGC survival and JUN
expression was examined at 14 and 21 days after transplantation.
Significantly more RGCs survived after distal axotomy and after grafting than
after a proximal axotomy. In contrast, significantly more RGCs expressed JUN
soon after proximal axotomy and grafting, whereas the maximal JUN
induction was delayed after distal axotomy. Moreover, JUN expression
declined earlier after distal axotomy. Only in regenerating RGCs was a
sustained JUN expression detectable (Hull and Bahr, 1994). These data
suggest that JUN expression is differentially regulated in adult rat RGCs after
axotomy and transplantation and that a sustained JUN expression correlates
with axonal regrowth in vivo.

Dorsal root deafferentation elicits compensatory changes in the rat spinal
dorsal horn, including return to normal of substance P(SP) immunoreactivity
and a return to normal of the number of SP immunoreactive presynaptic
terminals at chronic timepoints.. Receptor binding autoradiography with
ligands for the SP (NK1) receptor demonstrates an increase in binding
density acutely following deafferentation that correlates with the initial phase
of terminal loss and a return to normal density chronically as a result of the
replacement of terminals due to the proliferation of substance P containing
interneurons. To achieve greater cellular localization of the changes seen
with receptor binding autoradiography, we have used a polyclonal antibody
prepared against synthetic peptide representing a partial sequence of the rat
NK1 receptor. In normal lumbar spinal cord, the antibody labels neurons and
processes in laminae l/ll,IX and X. Two weeks following L1-S2
deafferentation laminae l/ll on the operative side show an increase in the
intensity of immunostaining and in the number of labeled cells. In addition, a
subset of cells in medial laminae III-IV stain in the deafferented dorsal horn
which are not seen in controls. The density of immunolabeled cells in the
ventral horn is comparable on the two sides. These results suggest that the
increase in the NK1 receptor is due to synthesis by intemeurons in the
dorsal horn.
This research has been supported by grants NS 01564, NS 24707 and
NS21937 from USPHS

296.3
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CHANGES IN C-FOS EXPRESSION IN THE DORSAL COLUMN-MEDIAL
LEMNISCAL SYSTEM FOLLOWING DORSAL COLUMN LESIONS
L. A. Riley*. *1 . J. Bemsteini DVA Mwlical Centet, 50 Irving St. (151Q),
Washington, DC 20422
Transection of the hindlimb dorsal column fibers leads to a partial
deaffereetatiqe of the neurons of the nucleus gracilis, the first relay
nucleus of the dorsal column-medial lemniscal (DC-ML) neural
network. In response to the deaffereetatiqe, a synaptic renewal cycle
is initiated and the neurons of the nucleus gracilis atrophy. The present
study examines the molecular changes that occur in the synaptic relays
of the ascending DC-ML following a hindlimb dorsal column
transection. Compared to sham surgery animals, the level of c-fos
mRNA in caudal dorsal medulla, which contains the nucleus gracilis, is

STIMULATION OF GAP-43 AND Ta1-TUBULIN mRNA EXPRESSION BY
BDNF IN RAT RUBROSPINAL NEURONS AFTER THORACIC AXOTOMY.
Nao R. Kobavashi*. Annie Bedard and Wolfram Tetzlaff. Dept, of Physiology,
University of Ottawa, Ottawa, Canada.
We have previously found that rat rubrospinal neurons increase their
expression of GAP-43 and Ta1^t^ubuSn mRNA after axotomy at the cervical
spinal cord but not after axotomy at the k>w thoracic level (T10). This failure
of GAP-43 and Ta1 expression correlates with the failure to regenerate into
peripheral nerve transplants. Recently we found a sustainment of GAP-43

transiently increased at 24 hours post lesion (166 + 9% of control,
p<0.005). Levels of c-fos mRNA are no different than sham animals
72 hours post lesion. No change in c-fos mRNA was observed at early
time points (30 and 60 minutes post lesion) in caudal dorsal medulla or
at any time point in ventral medulla. The increase in c-fos mRNA
occurs in neurons rather than astrocytes as there is increased c-fos
immueoreactinlty in both the afferent cluster neurons and the
ietemeuroes of nucleus gracilis. In the somatomotor cortex (third
synaptic relay) of the same animals, there is a gradual decrease of cfos mRNA. At 72 hours post lesion, the somatomotor cortex c-fos
mRNA levels are 51 + 4% of control (p<0.05). The changes in c-fos

that we observe may be part of the initial response to the
deafTeree1atioe that leads ultimately to atrophy of the neurons of the
nucleus gracilis as well as synaptic reorganization of the ascending
DC-ML system. Supported by the DVA.
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and Tal-tubuin expression by BDNF after axotomy at the cervical spinal cord
(C3). Therefore, we have now tested the hypothesis that BDNF application
stimulates the expression of GAP-43 and Ta1 -tubulin mRNA after low thoracic
axotomy. The rubrospinal tract of male Sprague Dawley rats (240-280 g) was
transected at the level of the 10th thoracic vertebra and 1 pl of the retrograde
tracer FluoroGold was applied to the lesion site. During the same operation
a 28 gauge steel cannula was implanted 0.6 to 0.8 mm lateral to the red
nucleus and attached to an osmotic mlnipump infusing 5OOngJl/h of BDNF
over a period of 7 days. The animals were sacrificed on day seven and
processed for in situ hybridization for Ta1- tubulin and GAP-43 mRNA. In
control animals without injury, infusion of BDNF stimulated the mRNA
expression for Ta1^^ubulin by about twofold while the effect on GAP-43
mRNA was minimal. Combination of axotomy at the thoracic level with BDNF
infusion produced a marked upregulation of GAP-43 mRNA. Future studies
will test whether this approach can be used to stimulate rubrospinal
regeneration into peripheral nerves transplanted into the thoracic spinal cord.
Supported by MRC and the Network of Centers of Excellence for Neural
Regeneration and Functional Recovery (Canada) and the Spinal Cord
Research Foundation (PVA).
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MACROPHAGE SECRETED TGF/31 INCREASES TENASCIN
PRODUCTION BY ASTROCYTES. George M. Smith* and Jason Hale.
Dept. of Anesthesiology and Pain Management. U.T. Southwestern Medical
Center, Dallas TX 75235.
We have previously shown that astrocyte production of laminin, tenascin,
and chondroitin sulfate proteoglycan increased 2 to 3 fold when grown in the
presence of zymosan-A activated macrophage-conditioned medium when
compared to controls. To identify the macrophage secreted factors responsible
for this increase, we examined various cytokines and growth factors for their
ability' to increase extracellular matrix production by astrocytes. Purified
cortical astrocytes were grown in the presence of Sato’s N2 medium
containing activated or non-activated macrophage-conditioned medium,
cytokines, growth factors, or alone.
After 48 hours, astrocytes and/or
supernatant were examined for tenascin by ELISA, western and northern blot
analyses. Macrophage-conditioned medium was also examined after addition
of neutralizing antibodies to factors identified to increase tenascin production.
Astrocytes grown in the presence of bFGF (5 ng/ml) or TGF-fil(lO ng/ml)
elicited a 1.8 and 4 fold increase in tenascin production, respectively.
Immunoblot analysis of macrophage-conditioned medium showed detectable
amounts of TGF-Pl only after zymosan-A activation. Addition of neutralizing
TGF-Pl antibodies inhibited the ability of activated macrophage-conditioned
medium to stimulate the production of tenascin by astrocytes above control
levels and in a dose dependent manner. These data show that macrophage
released TGF-Pl increases tenascin production by astrocytes and may explain
increases in tenascin expression observed in glial-scars after CNS injury.
Supported by the Sid W. Richardson Foundation.

296.7

CHANGES IN fi-TUBULIN ISOTYPE EXPRESSION AFTER AXOTOMY
AND DURING REGENERATION OF RAT RETINAL GANGLION CELLS
(RGCs) Fournier. A.E.. McKerracher, L.* . Ctr. for Res. in Neurosci.,
McGill Univ. and Mtl. Gen. Hosp. Res. Inst., Montreal, Quebec.
Total tubulin mRNA levels in RGCs decrease after optic nerve injury, but
increase in regenerating RGCs. It is not known if fi-tubulin isotypes which
are differentially expressed during development, are differentially regulated
after axotomy and during regeneration in rat RGCs. Northern blots were
used to characterize isotype specific cDNA probes to tubulin mRNAs known
to be expressed in the brain, and to examine their developmental profile. By
in situ hybridization, we have investigated the response of fi-tubulin isotype
expression in RGCs 2 weeks after optic nerve cut, and during regeneration
supported by a peripheral nerve graft. Control and treated sections were
placed on the same slide and the silver grains over individual RGCs were
counted. RGCs that regenerated their axons into the peripheral nerve graft
were identified by Dil backlabelling, and silver grain densities over
regenerating cells were compared to those over non regenerating cells, fitubulin isotypes mfi2, mfi4, mfi5, and mfi6 were downregulated by 30% after
axotomy. The a-tubulin isotype Tal was also decreased in axotomized
RGCs. In regenerating RGCs, preliminary results indicate that mfi2 and
mfi6, the two isotypes which are expressed early in development, are
upregulated. These results suggest that one or both of the isotypes expressed
in early development may be of functional importance for successful nerve
regeneration after injury. We plan to examine if brain derived neurotrophic
factor (BDNF) can mimic the effects of the peripheral nerve graft on tubulin
isotype expression during regeneration.

TUESDAY PM
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GOLDFISH OPTIC NERVES REGENERATING WITH OR WITHOUT A PRIOR
CONDITIONING LESION HAVE SIMILAR RETINAL GAP-43 mRNA LEVELS.
V.K.L. Merrill and G.W. Perry*. Program in Complex Systems and Brain
Sciences, Florida Atlantic University, Boca Raton, FL.
Regenerating goldfish retinal ganglion cells (RGCs) show accelerated regrowth
of their axons following two lesions as compared to a single (test) lesion. This
conditioning effect has been seen with other nerves, although its mechanism remains
unknown. It has been observed, however, that transport rates and levels of fast
axonally transported proteins in regenerating nerves with prior conditioning lesions
are enhanced above those seen in regenerating nerves with a single lesion. In
particular, increased levels of the growth associated protein, GAP-43, have been
reported in some studies. Here, we investigated whether such additional
enhancement of GAP-43 levels might result from increased levels of transcript.
In one group, goldfish RGC axons were axotomized initially with a bilateral optic
tract cut at the level of the chiasm; 7 or 14 days later the right optic nerve fibers
were re-axotomized by an intraorbital crush. Total RNA was isolated from the
retinae of both eyes 5 days later. In a second group of goldfish, the right optic
nerves were crushed, and 5 days later total RNA was isolated from the retinae of
both eyes. The left eyes served as contralateral controls. Levels of GAP-43
mRNA were determined using Northern blot analysis. Densitometric scanning of
resulting autoradiographs revealed that the levels of GAP-43 mRNA in the retinae
of conditioned nerves were not significantly different from those of nerves without
a prior conditioning lesion regardless of whether the conditioning lesion had been
applied at 7 or 14 days before the test lesion.
We conclude that the increased levels of GAP-43 seen in conditioned versus
unconditioned regenerating nerves is not the result of increased levels of GAP-43
mRNA. Possibly the increased levels of GAP-43 protein may result from a
decrease in its turnover. Supported by NIH EYO6449.

296.8

NESTIN EXPRESSION IN NORMAL AND LESIONED ADULT RAT
HIPPOCAMPUS. S.R.Clarke. A.K.Shettv. and D.A.Turner*. Neurosurgery and
Neurobiology, Duke Univ. Med. Ctr. and Durham VAMC, Durham, NC 27710.
Nestin is an intermediate filament protein expressed by the immediate precursors
to neurons and glia in rats and humans and is a marker for potential CNS stem cells.
We hypothesize that stem cells in the subependymal region of adult rats may be
involved in repair mechanisms following injury. We have investigated alterations
of nestin expression in the subependymal regions of young adult rats as a function
of time following unilateral hippocampal kainic acid (KA) lesions.
Coronal sections through septal hippocampus were analyzed for nestin
immunoreactivity using Rat-401 antibody (Hockfield and McKay, 1985). The
immunostained region of the dorsolateral subependyma of the lateral ventricles was
measured as a contour and quantified on both sides. There was a significant increase
in nestin immunoreactivity in both ipsilateral and contralateral sides compared to
controls ( = 270% of controls; p < 0.02). These immunostained regions contained
primarily cells with an undifferentiated morphology. Immunostaining was also
observed in numerous reactive astrocytes in lesioned animals during the early post
lesion period (2-26 days), whereas astrocyte staining was not observed in controls.
Cultured neurospheres from fetal CNS also stained positive for Rat-401.
The increase in nestin immunoreactivity in lesioned animals could be due to a
combination of proliferation, differentiation, or migration ofpotential stem cells, and
suggests that the in vivo microenvironment after KA lesioning may enhance potential
stem cell activation. Nestin also is one of several embryonic markers expressed by
reactive astrocytes, suggesting a glial reversion to an embryonic phenotype possibly
involved in CNS repair following injury. Thus, potential CNS stem cells clearly
respond to injury and may be involved in recovery mechanisms. Supported by
NS29482-01. VA Merit Review and the Stead-Hartford Scholarship (to SRC).

296.9
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ISOLATION OF GENES SPECIFIC TO REGENERATING LEECH
NEURONS. S. Blackshaw*. S. Korneev and J. Davies. ‘Division of
Molecular and Cellular Biology, Institute of Biomedical and Life
Sciences, University of Glasgow, Glasgow G12 8QQ, Scotland, and
School of Biological Sciences, University of Sussex, Falmer, Brighton
BN1 9QG, U.K.
Our aim is to investigate synapse formation and nerve regeneration by
isolating molecules specific to regenerating neurons and to different
classes of neuron in the adult leech Hirudo medicinalis . We have used
PCR-based cloning techniques to construct cDNA libraries from small
numbers of identified neuron cell bodies individually dissected from the
leech nerve cord (Korneev et al.,1994, Progress in Neurobioloav . 42,
339-346). By constructing libraries from regenerating and nonregenerating cells, genes that are specifically active in regenerating
neurones can be identified by subtraction hybridisation.
For construction of regenerating cell libraries, peripheral nerve roots
containing axons of serotonergic Retzius cells were cut in anaesthetized
leeches, and the Retzius cell bodies dissected from the lesioned
ganglion after one week of regeneration in vivo. Directional cDNA
libraries were made from both intact and regenerating Retzius neurons
in Lambda GEM4 which contains T3 and T7 promoters. Using
subtraction hybridisation we have constructed a library containing
sequences specific to regenerating Retzius cells. Selected clones are
currently being analysed.

EXPRESSION OF nAChR SUBUNIT GENES IN REGENERATING
RAT RETINA. qa , Carter*1, f . Hoover2, P, Goldman2,
Reese1
and M.H. Hankin1. 1Medical College of Ohio, Toledo, OH 43614 and
2University of Michigan, Ann Arbor, Ml 48109.
In normal rat retina, nicotinic acetylcholine receptor (nAChR) subunit
genes are expressed in the ganglion cell (GCL) and inner nuclear (INL)
layers (Hoover & Goldman, Exp Eye Res 54:561). However, since these
layers contain more than one ceil type, the identity of cells expressing
these genes cannot be determined directly from this distribution. To
begin to address this issue, we examined nAChR expression in adult
retinae after optic nerve cut (ONX). In situ hybridization showed that
nAChR-a3 gene expression in the GCL decreased significantly 1-2d
after ONX and was virtually undetectable by 1w. In contrast, a4,
and B3 gene expression was modestly reduced in the GCL after 1w,
but dramatically reduced after 4w. Expression in the INL, however, did
not show similar regulation following ONX and appeared to be
maintained at near normal levels. These observations raise several
issues. (1) Does the layer-specific regulation of nAChR subunit genes
after ONX indicate expression in different cell types? This will be
examined using double-labeling to identify specific cell types. (2) Can
these genes be reexpressed under conditions which promote axonal
growth and cell survival? Earlier transplantation studies indicated that
while nAChR gene induction during development is regulated by factors
intrinsic to the retina (Hankin et al. J Neurobiol24:1099), maintained
expression depends on interactions with normal targets (Hoover et al.
UCMajbmrtted); reexpression in regenerating goldfish retina is also target
dependent (Hieber et al. J Neurochem 58:1009). Ongoing studies are
examining the role of growth factors and peripheral nerve grafts' in
promoting nAChR gene reexpression. Supported by NIH Grants
MH10218 (FH) and NS26777 (MHH), and The Markey Charitable Trust (DG).
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KINETICS OF IgG AGAINST NEURAL ANTIGENS AFTER SPINAL CORD
INJURY.
A. Ibarra*, D. Correa, A. Lucas, G. GulzarSahagun, I. Grijalva, H. Salgado-Ceballos and I. Madrazo.
U.Inv.Med.Enf.Neiurol., HE,CMN S.XXI-IMSS, Proyecto Camina,
A.C., Mexico, D.F. 1405O, Mexico.
It has been suggested that the immune system plays an
important role in spinal cord (SC) regeneration inhibition
after injury, probably through autoimmune mechanisms. Some
studies have demostrated the presence of serum autoantibodies against certain myelin components especially
myelin basic protein (MBP> and cerebral gangliosides in
spinal cord injured humans. Nonetheless, neither kinetic
analysis of this response nor the identification of other
antigenic components have been reported. Long-Evans adult
rats were subjected to severe low thoracic SC contusion.
Serum IgG specific antibodies against a crude SC extract
were searched for in samples taken 10 min before and 3> 6,
9, 12, 15, 24, 30, 48 and 60 days after SC contusion by
Western blot.
Three major antigenic bands were found, each one
recognized with a particular kinetics. Among them, MBP was
identified, but it was not immunodominant. In addition two
other bands with apparent molecular weights of 50 and 60
kDa were found, both being recognized with high titers by
all rats in a certain point of the study (day 24). These
results
can be of major significance to understand
the autoimmune phenomena secondary to a central nervous
system injury.

EFFECTS OF PERINATAL HYPOXIA ON THE BASAL AND HYPOXIAINDUCED EXPRESSION OF FOS PROTEIN IN MEDULLARY
RESPIRATORY-RELATED NEURONS IN DEVELOPING RAT. L.D. White*.
E.E. Lawson and D.E. Millhoim. Departments of Physiology and Pediatrics,
University of North Carolina, Chapel Hill, NC 27799.
Fos protein metabolic mapping of the NTS and VLM in a previous study
revealed a peak of basal Fos expression at P10, a peak in hypoxia-induced
expression at P14, and significant increases in the numbers of Fos-immunoreactive
cells with hypoxia exposure in postnatal rat (Soc. Neurosci. Abstr. 19:369.20).
To determine if chronic hypoxia may alter this developmental pattern, and in an
attempt to mimic episodic hypoxia experienced by human infants due to infantile
apnea events, pregnant rats were placed in 10% O2 at gestational day 18. They
remained in constant hypoxia until 24-30 h after giving birth. Litters then were
exposed to intermittent hypoxia until P7. At P10, P14, P2l and P28 animals were
given an acute hypoxic exposure, then transcardially fixed. Control groups
consisted of rats given no chronic or no acute exposure to hypoxia. Response to
acute hypoxic exposure seen at P14 in chronically exposed animals is somewhat
similar to that seen in P10 non-chronically exposed animals. Additionally, twocolor immunoperoxidase staining of Fos and the catecholamine synthesis enzymes
TH and PNMT have allowed chemical phenotyping of these putative respiratoryrelated neurons in the NTS and VLM of developing rat medulla. The highest
percentage of colocalization in NTS is seen at levels near area postrema. In the
Al/Cl group in the VLM there are only a small percentage of the TH positive
neurons that are also Fos positive. Just ventral and lateral to this cell group are
cells that are largely Fos positive, TH negative. Our results may indicate some
delay in O2 chemosensory pathway development in chronically hypoxic rats. The
effects of perinatal hypoxia exposure appear to be transient.

699

STAINING, TRACING, AND IMAGING TECHNIQUES I
297.1

297.2

EXPRESSION AND DISTRIBUTION OF al ADRENERGIC RECEPTORS IN
LIVING VISUAL CORTEX NEURONAL CULTURES. Y. H. Wang*. O . Gu.
B. Yang. J. Tan. F. Mao1. R. P. Haugland1 and M. S, Cvnader. Dept, of
Ophthalmology, Univ. of British Columbia, Vancouver. B.C. Canada V5Z 3N9
and 'Molecular Probes Inc., Eugene, OR 97402.
Using the fluorescently labeled al adrenergic receptor selective antagonist
BODIPY-prazosin, we have studied the activity-dependent distribution and
expression of the receptors in cultured neurons derived form rat visual cortex.
Binding of BODIPY-prazosin retained the specificity of prazosin for al receptors,
with a similar Ki and displacement profile. When visualized with a confocal
microscope, the receptors were predominantly localized to cell bodies early in
development in the culture environment. After 4 to 5 days in culture, the receptors
were found not only in cell bodies but also in neuritic processes. Chronic
membrane depolarization with 40 mM potassium chloride caused an increase in al
receptor expression in these cultured neurons. Conversely chronic blockade of
neural activity with 0.1 pM TTX decreased expression of the receptors. We have
used double label procedures to visualize both al adrenergic receptors and ml
ACh receptors in the same living neurons. The results show that both receptors
were expressed in cluster on the cell membrane and the clusters from different type
of receptors are localized individually in a same neuron. Comparisons of the
effects of neural use and disuse on expression of the two receptors are ongoing. In
this experiment the cells are treated chronically with the receptor antagonist
prazosin and agonist noradreneline and receptor distribution and densities are
assayed. These results demonstrate the precise location of adrenergic al receptors
in living cultured neurons and the effects of activity on receptor expression.

FUSION OF LIPOSOMES WITH CULTURED SPINAL NEURONS. H. M.
E . Azzazv1*. K. Hoong. and G. W. Grossl1 .Dept. Biolooical Sciennee ann
Center for Network Neuroscience, University of North Texas, Denton, TX
76203, and 2Canenr Research Institute, UCSF, CA 94143.
Positively charged liposomes composed of phosphatidy^^^o^ine,
dinayltoimnthyl-ammonium propane, and rhodamine labeled phosphatidylnthndolaminn (100:50:1 mole ratio) were added to monolayer neuronal cultures
derived from embryonic murine spinal tissue. Multichannel recording of
extracellular activity was used to monitor the spontaneous activity of the
network before, during, and after liposome application. Incubation periods of
1.5 hr at liposome concentrations of 300 pM total phospholipid resulted in
40% cell death and loss of action potentials on 5 out of 12 channels. Incubation
for 45 min at 150 pM resulted in maintenance of activity on all channels and
100% cell survival. Although spontaneous activity was not lost on the selected
channels, changes in integrated amplitude (i.e., spike frequency within bursts)
and in the overall burst patterns did occur. We believe that these effects can be
further reduced by adjusting the intra-liposomal ion environment. Strong, diffuse
rhodamine fluorescence was seen on Hl neurons in 8 networks and was found
evenly distributed throughout somata and neurites. Minimal fluorescence was
seen in the glial carpet. Since rhodamine was covalently bound to
phssphntidylnthndolnmidn, the uniform distribution of rhodamine fluorescence in
the living neurons as well as the association of this dye with membrane debris of
dead neurons imply that the liposomes fused with the neuronal membranes and
did not enter these cells via nddoeytosis. At a liposome concentration of 150
pM total phospholipid, the maintenance of electrical activity, 100% cell
survival, and strong staining of neurons with ohsdnmidn suggest that delivery of
mneromolnaules to nerve cells is possible without damage to the neurons or
major alterations of the associated electrophysiological network behavior. We
suggest that a reliable system for delivering ma^mo^^es into cultured
mammalian neurons has been established.

297.3
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PRIMARY CULTURED HUMAN FETAL NEURONS: A NOVEL METHOD.
F.-C. Chiu, R. Rozental. C. Bassallo, W.T. Norton* and D.C. Spray. Depts. of
Neuroscience and Neurology, Albert Einstein College of Medicine, Bronx, NY
10461.
Methods routinely used to establish primary cultures of rodent neurons
have not been applied successfully to human fetal material, in part because the
human neurons tend to reaggregate immediately after dissociation and do not
attach well to the substrate. We have overcome this problem by seeding the cells
on the substrate by centrifugation (spin-seeding). Long-term cultures enriched in
neurons were established using brain fragments (frontal pole; 5 months) from
legal abortions. By 2 days in culture (DIV) > 80% of cells were process-bearing
and by 5 DIV long processes (> 100 pm) were prevalent. At 7 DIV, the cultures
were enriched mainly in pyramidal-shaped (23%) and fusiform (mostly bipolar)
(73%) cells. The remaining 4% of cells were large, round or polygonal cells
lacking well-defined processes. Somal areas of 45 ± 0.8 and 64 ± 1.1 pm2 accounted for 90% of the total cells. Within 1 DIV, many cells and their processes
expressed the 66 kDa neurofilament protein. Between 7-14 DIV, 70-85% of cells
in culture expressed NF-66, corresponding to the 45 pm2 population. Most of the
cells not expressing NF-66 were positive for GFAP. Less than 1% of total cells
expressed a human microglia marker, EMB/11. Immunocytochemical staining
revealed GAD immunopositivity in the 45 pm2 neurons. GAD immunoreactivity
was not detected in the large, pyramidal-shaped, NF-66 + neurons. The level of
GAD expressed in culture reached half of the level found in caudate-putamen
from adult human brain. TH and CAT immunoreactivity were not detected. In
addition, inward currents were found in all neurons examined in these cultures
in response to depolarizing steps. In addition to offering an alternative to explant
cultures for study of human neuronal properties, this method should also be
useful for culturing other cells that are prone to self-aggregation.

Bulk Loading of Fura-2 AM in Mature Brain Slices. A. Peinado* and D.C. Spray.
Dept. of Neuroscience, Albert Einstein College of Medicine, Bronx, NY, 10461.
The usefulness of Ca2+- and other ion-selective indicator dyes as probes to
optically record activity in populations of neurons in brain slices has been hampered
by the poor neuronal staining attained in slices taken from mature brain (e.g. after
P6-7 in neoaortnx). We have extended the age limitation for bulk staining of Fura-2
AM by simple manipulations that preserve the structural integrity of cells at and near
the cut surface of slices made from hippocampus and deoeortnx.
Brains from rats ranging in age between postnatal day 3 (P3) and P24 were
removed and chilled immediately in ice-cold artificial CSF. Blocks of dnoeortnx and
hippocampus were isolated, placed in cold aCSF on a Vibratome, and sliced at 300
pm thickness. Slices were then transferred to a small submersion chamber kept at
28eC inside a humid, oxygenated chamber, with gentle shaking at 70 rpm. Fura-2
AM (dissolved in DMSO, Pluronic F-127 added) was mixed into the aCSF and slices
were incubated for 1 hour. Different aCSF compositions and protocols were hied in
order to find conditions which best preserved neurons at the surface of the slice.
We have found that combinations of low Ca2+, high Mg2+, and
tntraethylnmmsdium chloride in the aCSF, if used during slicing, are particularly
effective in yielding slices where many neurons are visible at the very surface when
viewed under Nomarski optics. Slices cut in this way contain large numbers of
Fura-stained neurons in all layers of neoco^x and in the pyramidal layer of areas
CA1 and CA3 of hippocampus even as late as at P24.
From these results we infer that cell damage resulting from calcium influx,
possibly through NMDA channels, during the slicing procedure, as well as the poor
ability of Fura-2 AM to penetrate deep into the slice, may be responsible for the
absence of staining seen in previous studies. We are currently testing another Ca2+
indicator, Indo-1 AM, for use with a Nikon Real Time Scanning codfoeal
microscope. These findings should lead to increased applicability of Fura-2 and
other ion-selective indicator dyes for examining activity in large numbers of neurons
in the brain slice preparation.
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OPTICAL MONITORING OF RHYTHMIC, SYNAPTIC AND
ANTIDROMIC ACTIVITY FROM IDENTIFIED SPINAL NEURONS
RETROGRADELY LABELED WITH VOLTAGE SENSITIVE DYES . _R
Wenner*S. Y. Tsaut L. B . Cohent. M.J. ODonovanS. and J. P. Wuskellt. Lab. of
Neural Control, NINDS§, Dept, of Physiology, Yale University, New Haven, CT
065 lOt, and Dept. of Physiology, University of Connecticut, Farmington, CT*.
To obtain optical signals from identified neuronal populations we have
developed a method for retrogradely labeling neurons with voltage sensitive dyes .
Chick embryo hindlimb motoneurons and dorsal root ganglia were retrogradely
labeled by injecting the ANEPPS and ANEPEQ styryl dyes into the spinal nerves
or ventral roots of the isolated spinal cord (E9-E12) . Optical signals were
monitored by placing the cord in a perfusion chamber on the stage of a microscope
with a 464 channel silicon-photodiode array or a single photomultiplier positioned
in the objective image plane. Labeled cells were viewed through the ventral white
matter and excited between 475-565nm while momtonng light emitted above
6lOnm. Stimulation of spinal nerves, the dorsal columns or the ventrolateral white
matter produced synaptic activity in motoneurons and could also trigger rhythmic
bursting that was recorded electrically from spinal or muscle nerves . Optical
signals (AF,/F=l-2%) could be recorded on individual diodes or the photomultiplier
without averaging and exhibited a similar time course and latency to the electrical
activity. The electrical and optically detected synaptic potentials were concurrently
depressed following bath-application of low calcium solutions to block synaptic
transmission. In some experiments it was also possible record antidromic action
potentials from ventral root axons or from motoneuron cell bodies . Our results
demonstrate the feasibility of optically recording the electrical activity from a
defined population of neurons . The technique should find application in the rapid
mapping of connectivity and for recording the activity patterns in identified
neuronal populations.
.

HYDROPHOBIC VOLTAGE-SENSITIVE DYES FOR MONITORING THE ACTIVITY
OF SPECIFIC POPULATIONS OF CENTRAL NEURONS. Y. Tsau. P. Wenner, D.
Kleinfeld, B.Friedman, R.A. Stepnoski, C.X. Falk, L.B. Cohen* L.M. Loew and M.
O’Donovan. Physiology, Yale, New Haven, CT; NINDS/NIH, Bethesda, MD; AT&T
Bell Labs, Murray Hill, NJ; Regeneron Pharm., Tarrytown, NY; Physiology, U.
Conn., Farmington, CT.
O’Donovan et al (1990) showed that selected groups of spinal neurons could
be retrogradely filled with calcium-sensitive dyes which could then be used to
monitor changes in the internal calcium concentration. We did similar experiments
using voltage-sensitive dyes. In vitro chick spinal cord (E8-E15): we tested seven
styryl dyes, di4- and di8-ANEPPS (- fixed charge), di2-, di4-, di8, di12-, and
di16-ANEPPQ (+ fixed charge), and one cyanine dye dil (di18l). The dyes were
pressure injected into ventral roots using a microelectrode filled with a concentrated
dye solution. After an incubation period, the preparations were examined for
specific staining and for signals resulting from suction electrode stimulation of the
rostral cord or a spinal nerve. All of the more hydrophobic dyes (> di8-) appeared
to specifically label motor neurons and their processes. The more hydrophilic dyes
(< di4-) initially (0.5-1.0 hours) seemed to stain motor neurons but after longer
incubation there was a diffuse staining of the entire cord. Activity related signals
of both action potential and synaptic origins were detected with all of the dyes
except dil. The signals obtained with hydrophilic dyes were opposite in sign from
those found using hydrophobic dyes suggesting that the signals may originate from
opposite sides of the surface membrane. In vivo rat olfactory bulb: the lateral
olfactory tract of juvenile rats was exposed, partially transected and a slurry of
di-8-ANEPPQ in DMSO was placed in contact with the tract. In 15 um sections of
unfixed tissue prepared 3-7 days after recovery, we observed specific staining of
somata and dendrites of parent projection neurons, the mitral cells, as well as
axon arbors in olfactory cortex. In anesthetized animals in which the dorsal/lateral
surface of the bulb was exposed but the dura intact, 6 Hz CCD images show
localized signals in response to shocks delivered to the tract. Collectively, our
results suggest that relatively large optical signals may be obtained from
specifically labeled populations of central neurons. We have not yet been able to
detect the optical signals from individual neurons.

297.7
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VIDEO-RATE, SLIT-SCANNING, CONFOCAL CALCIUM IMAGING
REVEALS PATTERNS OF INTERNEURON ACTIVITY IN THE
EMBRYONIC CHICK SPINAL CORD. A NL Ritter* and NL I O’Donovan .
Lab. of Neural Control, NINDS, NIH. Bethesda, MD 20892
In earlier studies we used conventional fluorescence microscopy to image
the activity patterns of rhythmically active chick embryo spinal lntemeurons
retrogradely labeled with calcium green dextran. Using this method it was often
difficult to resolve the activity of individual intemeurons because of the high
background fluorescence. We have overcome this problem by using video-rate, slitscanning confocal microscopy to image the activity of individual labelled spinal
intemeurons in El 0-El 2 chick embryos. The neurons were retrogradely labeled byholding a white matter strip from the ventrolateral funiculus in an electrode
containing 25mM calcium greqn dextran. Neurons in the cut face (typically LS4-5)
of the rostral lumbosacral cord were imaged during episodes of rhythmic activity .
As in earlier studies, labeled cells were located dorsomedial to the lateral
motor column ipsilateral to the injection and contralaterally near the central canal .
We found it necessary to limit the excitation light otherwise optical signals were
depressed. Only a proportion of the labeled cells exhibited activity-related calcium
signals. The calcium transients of the active intemeurons were synchronized with
each other and with the electrical activity recorded from the femorotibialis motor
nerve or with electrotonic population potentials recorded from the tract axons . Some
intemeurons expressed rhythmic transients in phase with each cycle of electrical
activity. Others exhibited tonic elevations of intracellular calcium during the
episode and another type exhibited a large transient at the onset of bursting and
smaller or absent rhythmic transients thereafter . The behavior of cells in the
ipsilateral and contralateral groups was similar. We conclude the neurons labelled
from the ventrolateral white matter are heterogeneous, and a that subset of them
may be involved in the genesis or coordination of rhythmic, spinal activity

OPTICAL IMAGING OF THE ACTIVITY IN DISSOCIATED NEURONS FROM
RAT HIPPOCAMPUS. H. Kawaguchi*. R. Tokioka. N. Murai. H. Kezuka and K.

Fukunishi. Advanced Research Laboratory, Hitachi Ltd., Hatoyama, Saitama
350-03, JAPAN.

To clarify the function of neurons in the central nervous system, functional
neuronal circuits were formed using dissociated hippocampal neurons from
18-day rat embryos after culturing them for 3 weeks in a conditioned medium

containing 2 % fetal calf serum. We measured the activity in these circuits with

a 128-channel optical imaging apparatus, with each 37.5 pm spatial resolution

using an absorptive voltage-sensitive dye, RH482 (10 pg/ml). Test stimuli
were applied every 1.5 seconds to the soma of one neuron within a circuit by a

whole-cell clamp electrode. Each data was averaged by 20-100 times. Neural

responses in the shape of a pulse were observed in the position of individual
somata and neurites. These neural activities disappeared at 1 pM TTX and

were recovered after removing the TTX.

We also compared two optical

imaging data for the activities before and after tetanic stimuli (50 Hz, 2
seconds). The action potentials in the region of post-synaptic neurons were
potentiated after the tetanus (the peak values for the responses were

amplified by a factor of 1.3).

This optical imaging could thus be used to

observe the activities of individual central nerve cells and the synaptic
facilitation of cultured neuronal circuits.

297.9
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IMAGING NMDA- AND KAINATE - INDUCED INTRINSIC OPTICAL SIGNALS
FROM THE RAT HIPPOCAMPAL SLICE, lohn R. Adams* and R. David Andrew.
Dept, of Anatomy & Cell Biology, Queen's Univ., Kingston, Ontario, K7L 3N6.

EXAMINING INTRINSIC OPTICAL SIGNALS ASSOCIATED WITH SYNAPTIC
ACTIVATION IN THE HIPPOCAMPAL SLICE. E.Phiiip Osehobo* & R.David
Andrew. Dept, of Anatomy & Cell Biology, Queen's Univ, Kingston ON K7L 3N6.

Brain trauma or ischemia causes excess glutamate release, leading to neuronal
depolarization, inward Ca*+ and CL fluxes, and neuronal death. Brain cell swelling
is also considered an early excitotoxic event, but remains poorly understood and
documented. Previously we showed that as cells swell, light transmittance
increases across the hippocampal slice (Andrew and MacVicar, Neuroscience, in
press), so we attempted to image cell swelling associated with a brief (1 min)

In the rat hippocampal slice, a brief stimulus train to CA3 axons evokes a
temporary increase in light transmittance (T) in the apical dendritic region (stratum
radiatum, RAD) of CA1 pyramidal neurons. This postsynaptic response primarily
results from cell swelling (MacVicar & Hochman, /. Neurosci. 11, 1458; Andrew
& MacVicar, Neuroscience, in press). The passive water uptake could be by the
dendrites in response to ionic imbalance or by glia (following uptake of K+ release
by depolarized dendrites). We investigated these two possibilities.
An
orthodromic stimulus train (10-50 Hz, 5 sec) to presynaptic axons in CA1 RAD
elevated T only in that region and not in the more distal dendrites of adjacent
stratum lacunosum moleculare (LM). Stimulation to LM (which contains axons
presynaptic to the distal dendrites) elevated T only in the more proximal RAD but
not in LM. The confinement of major T increases to RAD but not adjacent LM
also followed bath application of either NMDA or non-NMDA agonists (Adams
& Andrew, Polischuk & Andrew, this meeting). One hypothesis is that glia
swelling underlies the increased T and that there are more glial cells in RAD than
LM. However, GFAP immunostaining for astrocytes revealed comparable numbers
in RAD and LM (n-14). Moreover, this stimulus train to RAD (0.5 sec) evoked

exposure to glutamate agonists using a CCD camera and Imaging Workbench
software. At 22°C, NMDA (100 pM; n-38) or kainate (10 pM; n -41) elicited
large light transmittance (T) increases in the dendritic regions of CA1 and of upper
dentate gyrus that peaked by 2-3 min and reversed over the subsequent 20 min.
Surprisingly, the CA3 region was not affected. Maximum increases in T were over
50% in CA1 stratum radiatum (although smaller responses could be evoked with
as little as 10 yM NMDA or 5 pM kainate over 1 min). Fifty pM AP-5 (but not
CNQX) reduced the NMDA response by 76% (n-8), whereas 10pM CNQX (but
not AP-5) reduced the kainate response by 80% (n -6). Tetrodotoxin (1pM) which
blocks action potentials reduced the response to NMDA or kainate by only 38%
(n-12), so these responses appear to be primarily postsynaptic. Extraeellular tissue
resistance measured across CA1 stratum radiatum immediately increased upon
NMDA or kainate exposure and then slowly dissipated with a time course similar
to the changes in T. We conclude that brief activation of either NMDA or nonNMDA receptors leads to reversible, long-term cell swelling particularly in CA1
dendritic regions that is independent of neuronal firing. By imaging intrinsic
optical signals, the action of glutamate agonists or antagonists on cell volume can
be monitored in real time in the entire brain slice.
Supported by the Canadian MRC
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strong depolarization in glia as recorded intracellularly both in RAD and LM (peak
depolarization in LM was 63.1 +. 11.9% of that in Ra D; n — 5). Thus unlike the

increase in T, glial depolarization was not spatially confined to RAD. This
compartmentalization of synaptically-evoked swelling, which we suggest is
dendritic, may reflect low numbers of NMDA and non-NMDA associated channels
on distal CA1 dendrites.
Supported by the Canadian MRC
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BOVINE ADRENAL CHROMAFFIN CELLS INTERNALIZE THE DYE
FM1-43 IN AN ACTIVITY DEPENDENT MANNER.
C. Smith* and W. Betz. Neuroscience program and Dept, of Physiology,
Univ. of Colorado Medical School, Denver, CO 80262

CELLULAR STRUCTURES ARE IMAGED IN VITRO AND IN VIVO
WITH TWO-PHOTON EXCITED FLUORESCENCE. W. Denk*,
B. Strowtoidge, A. Gelperin, J. Flores, R. YuuUs,D. W.TTdcandD. Kleinfein.
AT&T Beil Laboratories, Murray Hiil, NF 07974.
We used fluorescence, excited by simultaneous two-photon absorption [Denk et. al.
(1990) Science 248, 731, to optically section highly scattering neural tissue into < 1 pm
thick successive planes. We recorded from a variety of preparations that were either
stained with voltage-sensitive dye or filled with free-calcium indicators. The excitation
source is a mode-locked Ti:sapphire laser (X = 860 nm, 100 fs pulse-width, 90 MHz
repetition rate, £^OmW average power) focused into the preparation with a
63X/D. 9NA water-immersion objective.
Voltage-sensitive dyes: In neocortical slices of adult rat that were stained with either
di-4-ANEPPS, RH-414 or RH-795, we observed bright outlines of axons, dendrites and
somata down to a depth of - 100 pm. In anesthetized adult rat in which parietal cortex
was stained with RH-795, we observed outlines of layer 2 pyramidal cell somata and
proximal dendrites that lay - 200 pm below the pial surface. In the isolated central
olfactory organ from the terrestrial mollusc Umax maximus, optical sections from
preparations stained with di-4-ANEPPS
obtained at all levels throughout the
- 250 pm thickness of the organ.
Calcium indicators: CA1 neurons in hippocampal slice from adult rat,
iontophoretically filled with Ca-Green, could be imaged to a depth of - 200 pm. Distal
dendrites and dendritic spines were clearly resolved. With neocortical slices from
newborn rat that were incubated with Ca-Crimson-AM, dendrites and somata and their,
nuclei were imaged down to - 150 pm.
In all cases, there was little photobleaching of the dye or indicator and the bleaching
that occurred was confined to the focal plane. Further, no changes in cell morphology
were observed after tens of scans at full laser-power. Thus, two-photon excited
fluorescence allows cellular substructure to be repeatedly imaged in thick tissue without
incurring significant photodamage.

The styryl dye FM1-43 has been used to stain living frog motor nerve
terminals in an activity dependent manner, apparently by staining the membranes of
recycled synaptic vesicles. Here we report the use of FM1-43 to stain living bovine
adrenal chromaffin cells in an activity dependent manner.
Chromaffin cells bathed in 4 pM FM1-43 and imaged by confocal
microscopy show a fluorescent ring staining pattern, corresponding to staining of the
plasma membrane. If unstimulated, virtually no fluorescence is seen in the interior of
the cell. If these cells are washed in Ringer containing no dye, the cells' fluorescence
is washed away. If, however, the cells are incubated for 5 minutes in 10 pM nicotine
and 4 pM FM1-43, the cells internalize the dye. This internal fluorescence remains
when the cells are washed in normal Ringer containing neither dye nor nicotine. It is
likely that this internalized fluorescence represents recycled FM1-43 stained
secretory granule membrane. The resultant internal fluorescence concentrates near
the nucleus of the cells within 10 minutes. FM1-43 thus may be a useful tool for
studying secretory granule trafficking in living chromaffin cells.
In preliminary work, the staining pattern of cells incubated for 1 hour in
2 pM colchicine, then stimulated, resembles that of untreated stimulated cells.
However, if cells are pretreated for 1 hour with 6 pM cytochalasin-D, then
stimulated, the staining pattern does not show local concentrations of fluorescence in
the interior of the cells. These results suggest the recycled granule membranes are
transported intra-cellularly in an actin dependent manner.

297.13

297.14

A COST-EFFECTIVE CONSTANT CURRENT SOURCE FOR
MICROIONTOPHORESIS. T. Walker. N. Dillman, M.L. Weiss.* Depts. of
Electrical Engineering and Anatomy and Physiology, Kansas State University,
Manhattan, KS 66506-5602
Our plan was to produce a high compliance constant current source for
iontophoresis which was inexpensive and incorporated 110 line voltage source,
pulsed 7s on/off mode option, individual settings for retaining and pumping
currents, remote triggering, and digital displays of pumping/retaining current and
pumping voltage. Using a high frequency, high voltage switching power supply
and an op-amp based current monitor section, we built a prototype unit which
meets the primary goal of 0 to ±20 pA into a load resistance of 0 to 100 MQ (2000
V compliance at 100 MQ load resistance). This constant current source works well
for iontophoretic application of neuronal tracers like, Fluoro-Gold and Phaseolus
vulgaris leucoaggultinin using glass microelectrodes. The voltage output display
permits the microelectrode resistance to be calculated and permits one to determine
if the electrode tip clogs during iontophoretic injection. The voltage display acts
as an out of compliance indicator, a feature not found on commercially available
iontophoretic units. Circuit diagrams and a prototype will be available for
examination. Supported by the American Heart Association, Kansas Affiliate.

STEREOLOGICAL ESTIMATION OF EPIDERMAL NERVE FIBERS IN
NORMAL HUMAN SKIN. E.A. Stocks, Mouton P., Hauer P„ Griffin
J.W.*, McArthur J.C. Johns Hopkins University Sch. of Med., Baltimore,
Md, 21287-7609.
Previous attempts to quantify cutaneous innervation have been
constrained by relatively insensitive staininrgmeasurement techniques.
In this study, epidermal nerve fiber length and total epidermal volume
in skin punch biopsies was quantified using reliable and efficient
stereological methods. Multiple 4 mm (diameter) punch skin biopsies
were taken from the lower leg of two normal, neuropathy-free, male
volunteers. After formalin fixation and frozen sectioning, 50 urn freefloating sections were immunostained with the pan-axonal marker
protein gene product 9.5 (PGP). Sections from two separate but
adjacent sites from each subject were selected for stereological
quantification. Intraepidermal fibers were readily identified after reaction
with DAB. The total epidermal volume in each punch biopsy was
measured using the Cavalieri formula and the total immunostained
nerve fiber length was estimated from vertical sections (Gokhale AM,
J Microsc., 159: 133-141, 1990). The estimated total length of
epidermal fibers in each punch was 33.95mm for the subject aged 37
years (coefficient of error [C.E.] =3.O2%)and 26.15mm for the subject
aged 52 years (CE = 2.03%). The between-subjects CE was 9.17%.
The technique of punch skin biopsy with stereological estimation of
total epidermal fiber length is a reliable and efficient approach to
measure epidermal innervation. The punch procedure is minimally
invasive, repeatable, and therefore may allow for the serial study of
cutaneous innervation in various neuropathies, as well as for
monitoring the effects of neurotrophic therapies.

297.15
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BRAIN TISSUE CLASSIFICATION AND QUANTIFICATION
T. Lei, Y. Song*, M. Simard, P. Amin, and W. Sewchand
Gamma Knife Center, Univ. of MD. Baltimore, MD 21201
Clinical studies show that many neurological diseases are accompanied
by the changes in brain tissue volumes. Neuroradiology uses these tissue
volumes to obtain the information about the neuropathology and the neuropsychiatric and neuropsychological functions. Various imaging modalities: MRI (Ti, T2, and Proton density), CT, PET/SPECT, angiography
are employed for this purpose. To accurately determine the tissue volumes,
different image analysis techniques have been developed. However, most of
them are the model-based approach, therefore, heuristic assumptions are
inevitably imposed and their applications are limited. This paper provides
a non-model-based approach for the brain image analysis. In this technique, the brain tissue types are represented by the image regions. The
technique formulates the region type detection in a multidimensional signal processing framework so that a signal structure similar to sensor-arraysignal presentation is created and the advanced sensor-array-signal processing techniques are utilized. Then, the classification and quantification are
performed by image segmentation. The developed technique eliminates the
ad-hoc assumptions in image modeling and can be used to all brain imaging modalities. It possesses extensive computation speed superiority over
existing model-based techniques. The spatial correlations among the pixels
are used so that the partial volume effects are considered. The obtained
results show that the cerebrospinal fluid (CSF), gray matter (GM), white
matter (WM), and their mixtures: CSF+GM, CSF+WM, GM+WM, are
siif.cftssfnl]y classified and quantified.--------------------------------------------------------

SimSCOPE® IMAGE-PROCESSING SOFTWARE APPLIED TO
MEASUREMENT OF SYNAPTIC VESICLES IN ELECTRON MICROGRAPHS
A.M. Berelund*. M.C. Liberman, and A. Dobrzeniecki Eaton-Peabody Laboratory,
Massachusetts Eye and Ear Infirmary, Boston, MA 02114.
Quantitative morphometric analysis involves time-consuming, repetitive tasks of
tracing individual elements from micrographs and then applying various measurement
methods. These tasks are continually being simplified by computer technology, but a
major problem is "teaching" the computer the relatively subjective criteria that
determine which objects in a continuous grey-scale image are to be analyzed.
SimSCOPE® is a novel image-processing program that can successfully be applied
to feature extraction problems in images from light or electron microscopy. We are
using SimSCOPE® to automate a morphometric analysis of synaptic vesicles in the
auditory central nervous system in order to quantify differences in size and shape. This
analysis is currently executed interactively: After digitizing (scanning) the micrograph
from within the SimSCOPE® program, the user first outlines a representative vesicle
that is used to construct relevant filters and to compute parameters (approximate size
of the vesicles, their edge strengths, and the amount of image noise) that best describe
the subsequent detection tasks. SimSCOPE® immediately adapts to the example
vesicle, and then the user points and clicks the mouse in the center of each vesicle to
be measured. The program automatically outlines the vesicle and computes the area,
perimeter, major and minor elliptical axes. This is done via an iterative, onedimensional ray-projection and edge-detection algorithm with subsequent hierarchical
smoothing to reject outlying edge points: the resulting set of non-centered edge points
is used to generate an ellipse via least-squares fitting. When compared to manual
execution of the same analysis (tracing vesicle outlines from enlarged micrographs and
digitizing these line drawings for automatic measurement with NIH Image®),
SimSCOPE® provides quantification of vesicle shape and size that is uniformly
consistent with the manual data, but in less than one-third the time. SimSCOPE®
runs on Unix work stations and is being ported to the PC platform.
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MORPHOLOGICAL COUNTING METHODS, THE DISECTOR. R.E. Coggeshall*
and H.A, L^tan. The Marine Biomedical Institute, Department of Anatomy and
Neurosciences, The University of Texas Medical Branch, Galveston, TX. 77555-0843.
Numbers of neurons and synapses (particles) are important data in evaluating disease
or experimental procedures. Because of the small size of the particles, it is necessary
to determine their numbers in histological sections. With such material, the most
accurate method is to reconstruct in serial sections. Inefficiency prohibits general use,
however. Accordingly it is necessary to sample.
The commonest way of sampling is to count profiles in sections, a profile being that
part of a particle that appears in a histological section. Unfortunately the resulting
estimates are significantly different from the true numbers, as we will illustrate.
Methods to convert profile counts to particle counts have been devised. These have in
common the making of assumptions (that nuclei or nucleoli are round, that there are
no invisible fragments, etc.), and then geometrical reasoning is used to convert profile
counts to particle counts. These methods are widely used, but since the assumptions
cannot be completely met, they will not lead to accurate estimates of particle numbers
as we will again illustrate.
The basic problem facing those estimating particle numbers from the above
methods, which rely on single section profile counts, is that size and shape as well as
numbers of particles influence the numbers of profiles. To deal with this problem the
disector method was devised (Sterio, 1984). This method determines numbers of
particles in a sample volume and then multiples by the total volume to get an unbiased
estimate of numbers. There are two types of disector analysis; 1) determining numbers
of particles between two physically different sections (the physical disector) or 2)
determining numbers of particles between two optical planes in one thick section (the
optical disector). Efficient ways to do both the optical and physical disectors will be
illustrated and discussed with particular reference to those who wish to begin doing
this type of analysis. (Supported by grants NS 10161, NS 11255, NS07185).

"MORPHOQWIN"
FOR
QU ANTI MET-570:
SOFTWARE
INTERFACE
FOR
AUTOMATIC
MORPHOMETRY
OF
NEOCORTEX. V.V.Istomin*. J.K.Marx and P.R.Hof. Departments of Psychiatry
and Neurobiology, Mount Sinai School of Medicine, New York, NY 10029, U.S.A.
Quantification is critically important for the evaluation of the neuronal organization in order to define the structural correlates of brain function and pathology. The
additional requirements on liability, precision, and reproducibility of measuring
methods appear to be due to the high variability of cytoarchitectural organization of
neocortex. In order to increase both speed and precision of morphometric procedure,
as well as the interaction productivity of the operator and the image processing
system, a Windows-oriented software interface for automatic registration of the
cortical plate's profile using Quantimet-570 (Leica, Inc.) was developed. Both the
hardware and the microscope were modified to optimize the configuration of the
system for neuromorphological application. The program was created in Borland
C++ (v.3.1) using ObjectWindows Library 1.0 (Borland) and image processing
library ADSOFT (v.1.0) (Leica, Inc.). Container-class library was used to derive
dynamic data storage arrays. Main functional parts of the interface include dialogs for
microscope automation (field illumination, scanning, focusing and image rotation),
TV-camera and display control, system calibration, scanning layout creation,
selection of morphometric parameters, and measurements control. Binary and greytone algorithms of mathematical morphology (J.Serra, 1982) were implemented for
image segmentation and detection of neurons in immunohistochemical preparations.
All parameters critical for adaptation of imaging procedures for staining and
geometrical variability of the specimens are adjustable through the dialog. The speed
of the developed procedure varies from 45 to 60 sec. per field of view, whereas the
specificity and sensitivity were estimated as 91.5% and 96.9% respectively. The
application of the program for registration of profiles that characterize layer-wide
distribution of two different subpopulations of GABA-ergic neurons immunoreative
for calretinin and parvalbumin in human neocortex was demonstrated. Supported by
NIH Grants MH45212 and AG05138.

297.19
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3D ANISOTROPY CONTRAST MAGNETIC RESONANCE
IMAGING T. Nakada*. I. L. Kwee . H. Matsuzawa. and H.
Igarashi, Neurochem. Res. Lab., VANCSC, Martinez, CA 94553
and Dept. of Neurol., Univ. of Calif., Davis, CA 95616.
Magnetic resonance imaging (MRI) obtained using a "diffusion
gradient" applied to only one spatial dimension contains 3D
information regarding intravoxel incoherent motion of water
molecules projected onto the corresponding ID spatial axis . Vector
summation of such projected information and hence, reconstruction
of 3D information can be achieved by creating a pseudo-color image
by combining three "diffusion weighted" images, each encoding
projected infomation of each spatial axis, to the gray scale of which
one of the three primary colors is assigned. The effects of isotropic
motion can be "whited out" from the pseudo-color image and only
motion which has significant anisotropy provides color-coded
contrast to the image (3D anisotropy contrast (3DAC)). Water
molecules in axons possess higher anisotropic motion compared to
water molecules in other structural elements of the nervous system.
Therefore, 3DAC represents a novel and effective MRI contrast
technique for elucidating axonal information qualitatively (direction)
as well as quantitatively (density). Axonography of the brain and
spinal cord of rats obtained using this technique showed remarkable
resolution of anatomic detail.
3DAC MRI exhibits significant
potential for various biological applications.

THREE-DIMENSIONAL HARDCOPY - COMPUTER GENERATED
STEREOSCOPIC IMAGES FROM ELECTRON, LIGHT AND
CONFOCAL MICROSCOPY.
J. Gemmill* and M.J. Friedlander.
Neurobiology Research Center 3-D Microscopy and Imaging Facility, University of
Alabama at Birmingham, Birmingham, AL 35294 USA.
Stereo presentation has been of interest since the invention of photography in the
early 1800's. The three-dimensional (3D) visual appreciation of structure when depth
information is available is startlingly different from flat projection onto a drawing or
photograph. Many computerized systems exist for collecting and storing 3D data,
such as neuron or ultrastructure reconstruction systems and confocal miscroscope
systems. Popular computer graphics techniques for incorporating depth information
into computer generated representations of 3D data include the use of motion, shading
and shadows, surface rendering and transparency. Stereo presentation is a simple yet
extremely effective technique for achieving the same result. Computers have become
an invaluable aid in presenting data as a single viewable object from recordings in
multiple focal planes or dozens of serial sections. For neurons and synapses
reconstructed in 3D at the light and electron microscope level, respectively, we
demonstrate the drawn stereo pair, anaglyph, linticular print and holographic methods
for producing computer generated 3D hardcopy. Stereo pairs drawn side by side can
be easily understood with the aid of a variety of simple stereo viewers, designed for
either paper or 35mm slide media. Anaglyph stereo utilizes colored or polarized filters
to present a separate image to each eye. Linticular prints are capable of presenting 4
or more separate views and require no special viewing apparatus. Holograms
incorporate dozens of views into a single image; the technology is still highly
proprietary and very expensive. Acceptance of stereo presentation as a more frequently
utilized technique depends on both popularization and development of inexpensive,
portable 3D hardcopy.
Supported by NIH Grant EY05116 and the Lucille P. Markey Foundation.
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FLUORESCENT DYE DASPEI SELECTIVELY STAINS
THE APICAL GANGLION IN LARVAL ILYANASSA
OBSOI&TA. E.M. Leise* and M.-F. Lin. Dept. of Biol.,

DENSITOMETRIC ANALYSIS OF THE IMMUNOCYTOCHEMICAL
LABELING OF FOS IN THE NUCLEUS OF THE SOLITARY
TRACT INDUCED BY VAGINOCERVICAL STIMULATION. &
Chjqapgn*» J. Nissappv1 and fi.R. Komisamk. Institute of Animal
Behavior, Rutgers University, Newark NJ 07102 and Imaging and
Computer Vision Center, Drexel University, PA 19104.1

U. of North. Carolina Greensboro, Greensboro, NC 27412.
An olfactory response to an environmentally produced
organic compound initiates metamorphosis in the
gastropod Ilyanassa obsoletco As part of our attempt to
locate the chemosensory neurons that mediate this
response, we stained larval nervous systems with the
mitochondrial dye DASPEI that is known to stain sensory
neurons in other systems (Jorgensen, J.M. 1992 ActaZooL
Stockh. 73(2): 79-83). Two to four cells on the tip of each
cephalic tentacle were stained, although we observed no
axons leading into the CNS. In addition to these cells,
numerous neuronal cell bodies in the apical ganglion were
fluorescent when heads from competent larvae were
osed to 10'3M DASPEI in 90% seawater for 20 minutes,
agen of other brain ganglia remained unstained except
for a few randomly distributed somata.
The apical ganglion is a recently described structure
(Marois et al. 1993, Soc. Neurosco Abstr.). It appears to be
a developmental outgrowth of the cephalic sensory organ
which has been described previously in other molluscan
larvae. The selective staining and irregular shapes of the
neurons in this ganglion suggest that -it may be the site
controlling larval swimming and crawling behaviors.
Identification of the tentacular cells as sensory must be
confirmed with other methods.
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Since there are variations in the intensity of fos labeling as detected by
immunocytochemistry, a criticism of the identification of fos labeled cells
is that there is no objective criterion for assessing whether or not a cell is
labeled for fos. The present method was designed to analyze the
frequency distribution of fos densities in a population of neurons. The
method entails quantitating the densities of individual cells relative to the
density of their neighborhood, generating a frequency histogram, and
statistically comparing the distribution of experimental and control groups
via the Kolmogorov-Smirnov test This method was applied to cells of
the nucleus of the solitary tract (NTS) after vaginocervical stimulation
(VS) [n=554 cells in 10 rats] or control stimulation [n=l85 cells in 5
rats]. A significantly greater number of densely labeled fos cells was
observed in the NTS of rats receiving 4OOg force of VS (K-S Chi
Square=8.471, df=2, p<0.05, 2-tailed) than in the control rats that
received 4OOg of force applied to the tail or perineum. This is consistent
with our previous finding that the number of cells in the NTS (identified
and counted by the experimenter who was blind to the treatment) was
also significantly greater in VS than control animals.
Support: NIH-NIGMS 5S06 8223-10 (BRK) & NIH 2 P4l RR01638
(OJT)
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CORRELATED LOCALIZATION OF Na+,K+-ATPase WITH CYTOCHROME
OXIDASE BUT NOT LACTATE DEHYDROGENASE IN RAT CNS: EVIDENCE
FOR HIGHLY LOCALIZED METABOLIC PLASTICITY IN HIPPOCAMPAL
DENDRITES. G.H. Kagevama* Dept Anat. Neurobiol., U. Calif. Irvine, CA 92717
Major sites of energy utilization, as determined by the histochemical localization
of Na+,K+-ATPase (p-nitrophenyl phosphatase, p-NPP), was compared to major sites
of energy production by glycolytic vs. oxidative metabolic pathways, as determined
by lactate dehydrogenase (LDH) and cytochrome oxidase (CO) histochemistry,
respectively. Adult and developing rats were perfused with aldehydes and 60 pm
vibratome sections were processed for either p-NPP, LDH or CO histochemistry and
compared. In the brainstem and thalamus, elevated levels of p-NPP and CO, but
reduced LDH levels, were observed in the primary sensory relay nuclei and somatic
motor (including oculomotor) nuclei. Elevated levels of p-NPP and CO were also
localized within the corresponding thalamocortical terminal fields in the
somatosensory, auditory and visual cortices. The distribution of LDH, in contrast, did
not correlate at all with p-NPP or CO, and often exhibited an inverse distributional
relationship. Elevated levels of LDH were found in some nuclei that exhibited low
levels of p-NPP and CO, including autonomic (preganglionic neurons),
monoaminergic (raphe nuclei, locus coeruleus, substantia nigra, pars compacta), and
neurosecretory (paraventricular, supraoptic) nuclei. A more detailed cellular analysis
was done in hippocampus where the highest levels of p-NPP and CO were found
within the distal dendritic segments of granule and pyramidal cells. The intense distal
dendritic p-NPP and CO activities were reduced by elimination of excitatory synaptic
input after entorhinal cortex lesions, indicating that there is a direct functional
relationship between levels of excitatory synaptic input. Na+ influx, active ion
transport (Na+,K+-ATPase activity), and oxidative metabolic activity, and that p-NPP
and CO levels are locally regulated postsynaptically in dendrite segments. A cellular
analysis of LDH revealed high levels of LDH in proximal dendrites, cell bodies,
axons and terminals of dentate granule and hippocampal pyramidal neurons, indicating
an inverse intracellular distribution and partial segregation of oxidative vs. glycolytic
enzyme functions in these cells. Support: DC 00450, NS 30109 (R.T.Robertson).

CHEMICAL MAPPING OF THE BRAIN USING INFRARED IMAGING
SPECTROSCOPY. A. M. Gorbach*, E. N. Lewis, and I. W. Levin. Laboratory of
Chemical Physics, National Institute of Diabetes and Digestive and Kidney Diseases,
National Institutes of Health, Bethesda, MD 20892.
Gross chemical mapping of unprocessed biopsy and autopsy samples of brain tissue
is performed using Fourier-Transfofm infrared (FUR) spectroscopic techniques. Special
features of FTIR spectroscopy include its ability to non-invasively obtain high-quality
spectra from small amounts of biological materials within a variety of in vitro
environments. The integration of FTIR analysis with spatial (x,y) scanning is used to
produce crude chemical maps of the cortex and to investigate the tissue composition at
the molecular level. In addition to this approach, we have developed a powerful new
technique for performing infrared imaging spectroscopy. This procedure visualizes and
monitors the chemical composition and distribution of various biological materials in
brain sections with a much higher image fidelity than previously attainable. In some
cases, real-time imaging can be achieved. This entirely new method for performing
chemical imaging of unprocessed and even living tissue appears to be the only physical
technique that can link morphology and chemical composition at the microscopic level
with structural information at the molecular level. Our novel microscope design
integrates a uniform infrared source with an acousto-optic or dielectric tunable filter and
an infrared focal-plane array detector, whose limits extend from 3-5 pm. 128 x 128
pixel images can be collected rapidly (217 frames/sec.) at conditions of moderately high
spectral resolution (2-5 nm) and spatial resolution (20 pm). Using both techniques,
images and transmission spectra from spatially resolved regions of different thicknesses
of cortical slices show absorption bands and enhanced image contrast due to the type,
amount and distribution of lipids and proteins within the tissue section. The spectra and
images are interpreted in terms of compositional heterogeneity or conformational and
structural variations at the molecular level.
The feasibility and additional power this technique provides for both qualitative and
quantitative chemical mapping of brain tissue in vitro and in vivo will be discussed.

298.5
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VISUALIZATION OF OVINE MICROGLIA AND PERIVASCULAR CELLS
USING THE B4-ISOLECTIN FROM GRIFFONIA S1MPUCIF0UA.
N,A,Pennell, S.D.Hurley, W.J.Streit*. Dept, of Neuroscience, Univ. of Florida,
Gainesville, FL 32610.
Both ovine Maedi-Visna Virus (MW) and Human Immunodeficiency Virus
(HIV) are members of the lentiviral subfamily and share many characteristics.
Among these are specific targeting of the CNS and infection of cells of the
mononuclear/macrophage lineage. Although microglial cells have been identified
as the target cells in the brain of individuals infected by HTV, their role in MW
infection has not yet been established, due to the lack of a reliable marker. Since
the use of immunohistochemistry for labelling of sheep microglia has not been
described, this study investigated the use of the B4-isolectin from Griffonia
simplicifolia, which is known to stain microglia across a broad phylogenetic
range, to visualize resting sheep microglia. Vibratome sections fixed in either
formaldehyde (FA) or paraformaldehyde (PFA) were subjected to various
pretreatments, and clearest microglial visualization was achieved only by letting
the sections incubate in PBS containing 0.4% Triton X-100 for 48 hours. Stained
sections showed the typical morphology of microglial cells with long and highly
branched processes extending in all directions, often with a beaded appearance.
Trypsinization did not yield any further improvement in staining quality.
Sections not soaked in Triton X-100 showed very light or no staining, with a
slight improvement after trypsin digestion. Glutaraldehyde-fixed tissue showed
no staining regardless of the pretreatmenL In contrast to rat brain, the lectin
stained perivascular cells in addition to microglia. This modified lectin method
should be helpful in studies concerned with the role of microglial and
perivascular cells in sheep viral encephalopathies.

DIGOXIGENYLATED ANTIBODIES FOR SINGLE AND DOUBLE
LABELING OF ANTIGENS IN HUMAN AND RAT BRAIN. W.Hartig*.
G.Bruckner. M.Holzer. K,BrauerL V.Bigl. Departments for Neurochemistry and
'Neuroanatomy, Paul Flechsig Institute for Brain Research, University of Leipzig,
D-04109 Leipzig, Germany.
The digoxigenin-anti-digoxigenin- (dig-)technique is a widely accepted tool for
non-radioactive in situ hybridization and several other bioanalytical procedures.
Advantageous properties of the dig-technique as the practical lack of endogeneous dig-like-immunoreactivity in animal tissues were recently applied to
immunocytochemistry (Hartig et al., NeuroReport 5:573,1994) including digtagged primary antibodies directed against the glial fibrillary acidic protein (diganti-GFAP) which were visualized by anti-dig conjugated to HRP and
diaminobenzidine as chromogen. In the present study blot analysis confirmed the
specificity of this staining which showed a sensitivity in the range of the PAPtechnique, e.g. less than lng of GFAP per dot was detectable. In dual-peroxidase
experiments the labeling of astrocytes using dig-anti-GFAP was combined with
the demonstration of either microglia or ^-amyloid or blood vessels in human
post mortem tissue without pathological alterations as well as in brains with
Alzheimer's disease. The versatility of digoxigenylated primary antibodies is
presented for several types of cytochemical double labeling in rat brain sections
including (1) the simultaneous application of two monoclonal antibodies (diganti-parvalbumin and biotinylated anti-calbindin), (2) a rapid staining protocol for
the concomitant visualization of astro- and microglia, and (3) the detection of
perineuronal nets with biotinylated Wisteria floribunda agglutinin combined with
parvalbumin-immunocytochemistry. A highly sensitive modification of the digtechnique resulted from the subsequent use of primary unconjugated and
secondary dig-antibodies revealed by anti-dig-HRP. Finally, the dig-technique
was extended to single and double immunofluorescent labeling with dig-antibodies revealed by fluorochromated anti-digoxin reacting with digoxigenin.

298.7
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THE USE OF PEROXIDASE SUBSTRATE VIP IN EM DOUBLE
ANTIGEN LOCATION. M. Zhou, I. Grofova and D. Tanaka*. Dept. of
Anatomy, Michigan State University, E. Lansing, MI 48824.
Combinations of anterograde and retrograde tracing techniques alone
or in conjunction with transmitter immunocytochemistry are widely used
for the study of neuronal microcircuits.
Double pre-embedding
immunocytochemical procedures are often necessary for detecting labeled

POSTEMBEDDING GOLD IMMUNOCYTOCHEMISTRY: PRESERVING

structures. This methodology requires a combined use of different
chromogens that are easily distinguishable at both light and electron
microscopic levels. Peroxidase substrate VIP is a purple chromogen that
was recently introduced on the market by Vector Labs for use in light
microscopic immuno-labeling. In the present study, we have explored the
electron microscopic properties of the VIP reaction product in double
and single labeling paradigms using the tracers Phaseolus vulgaris
leucoagglutinin (PHA-L), cholera toxin subunit B (CTB), and choline
acetyltransferase as antigens. In the electron microscope, the VIP
reaction product appears as discrete intensely electron-dense granules
which are readily distinguishable from the reaction products of 3,3’diaminobenzidine (DAB) and benzidine dihydrochloride (BDHC). The
results demonstrate that the peroxidase substrate VIP is a sensitive and
stable chromogen for immunostaining at both light and electron
microscopic levels. Due to its reliability, technical simplicity, sensitivity
and distinct electron microscopic appearance, it is preferable to BDHC
and is particularly useful for double-labeling experiments combining
anterograde tracing with PHA-L and retrograde tracing with CTB.
(Supported by N.I.H. grant NS 25744)
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STRUCTURE WITHOUT OSMIUM. K. Phend.» RJ. Weinberg, and A. Rustioni

Dept. of Cell Biology & Anatomy, UNC, Chapel Hill NC 27599.

.

Postembedding gold labeling for immunocytochemistry provides several
advantages over pre-embedding peroxidase techniques, including better EM

localization and optimal structural preservation, it is well suited for quantitative study,

as gold parttcles may be directly counted and the issue of variable antibody
penetration is eliminated. Immunocytochemistry for amino acids is compatible with
glutaraldehyde fixation, osmication, and embedding in Epon-based plastics, but
detection of larger molecules commonly requires limited exposure to glutaraldehyde,
elimination of osmium, embedding in acrylic plastics, and/or ulttracryotomy of tissue

without embedding. These compromise structural preservation and make samples
mare difficult to prepare and examine. We report a new approach: With pretreatment

in tannic acid and en bloc staining in uranyl acetate, tissue may be dehydrated and
embedded in Epon-Spurr resin without serious damage to ultrastructure. Structure and
antigenicity may be further enhanced by other heavy metal salts and paraphenylene

diamine. Tissue handled in this way exhibits good structural preservation and offers
the convenient handling of standard embedding techniques. Postembedding

immunocytochemistry gives excellent results for amino acids (e.g. GABA), and a

variety of neuropeptides (e.g. substance P, CGRP). This work was supported by NS29879 (RJW) and NS-12440 (AR).
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A PROTOCOL OF FIXATION ALLOWING ULTRA STRUCTURAL
INVESTIGATION OF FRESH BRAIN TISSUE. F. Monn*. C.
Crevier. G. Bouvier. J.-C. Lacaille, C. Beaulieu. Center for Research
in Neurological Sciences, Dept. of Pathology and Physiology, Univ.
of Montreal and Dept. of Neurosurgery, Hopital Notre-Dame,
Montreal, (Que.) CANADA.
Morphological analysis from fresh brain tissue has become
widespread in experimental designs. For example, in the case of rat
brain slices used in electrophysiological experiments or of surgically
resected human cortical tissue, a good preservation of tissue is
important for demonstration of chemically-defined connectivities. To
obtain the best ultrastructure for such fresh tissue, many conditions of
fixation were tested on rat cerebral cortex: microwave fixation, fixative
solutions comparing different concentrations of phosphate or
cacodylate buffer, aldehydes and DMSO. Microwave fixation was
discontinued due to its inconsistency. The best ultrastructural
preservation was obtained by immersing 400 ^m-thick rat brain slices
in solutions containing 0.1 M cacodylate buffer, 2% paraformaldehyde,
2.5% glutaraldehyde and 2.5% DMSO at 37°C for 5 min and then at
4°C for 4 hrs. This protocol is currently used to study GABA synaptic
contacts, demonstrated with the post-embedding immunogold
technique, in human cortical tissue surgically resected to alleviate
temporal lobe epilepsy and in rat hippocampal slices previously
characterized with electrophysiological recordings. (Supported by
MRC, FRSQ, FCAR and Savoy Foundation).

TUESDAY PM

298.10
A New Sensitization Procedure for Immunoimpregnation of Astrocytes
in Routine Postmortem Human Brain after Paraffin Embedding. &
Quinn*. A.W. Tooa. P. Davies. & D.W. Dickson. UCLA School of Medicine,
Los Angeles, CA, and Albert Einstein College of Medicine, Bronx, NY.
Glioarchitectonics and glial cytology can provide an important tool for
systems neuroscience- approaches to degenerative brain disease. However,
considerable immunoreactivity for glial fibrillary acidic protein (GFAP) can be
lost when routine postmortem brain is stored in formalin and paraffin
embedded, because far more detail is seen when alcohol-fixed cryosections
of human brain are stained for GFAP (1).
Unfortunately, alcohol-fixed
cryosections are unwieldy and a sensitization technique for paraffin sections
would allow retrospective study of glial cytoarchitectonics in systematic
archival collections for rare diseases. We found that for GFAP immunoreactivity, hydrated autoclave treatment before immunostaining (2) was more
sensitive than routine trypsin digestion or microwave heating (3,4). Possible

mechanisms could include protein conformational changes to reveal epitopes,
selective cleavage of formaldehyde bonds, or limited peptide bond hydrolysis.

A variety of acid, basic, chaotropic, metallic, reducing, oxidizing, and ion
pairing reagents were not more effective than distilled water for autoclaving as
assessed by GFAP antigen retrieval. The technique can be combined with a
silver immunoenhancement procedure (5) which did not stain plaques or
tangles in control Alzheimer sections. The technique can join recent paraffinPCR methods in enhancing the research value of paraffin block archives.
Sponsored by the Stanley Foundation/NAMI and the Hereditary Disease
Foundation.

(1) Quinn, Soc Neurosci 1993; (2) Dickson, Acta Neuropathol 1992 84:496; (3) Shi, J
Histochem Cytochem 1991 39:741, 1993 41:1599; (4) Taylor, Human Pathol 1994
25:263; (5) Quinn & Graybiel, J Histochem Cytochem 1991 39:722.
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THE GOLGI METHOD FOR HUMAN BRAIN TISSUE
J. Z. Mojsilovic-Petrovic* Depts. of Histology, University School of

DIGITAL CORRELATION OF HIGH RESOLUTION ANATOMY
AND HISTOLOGY FROM CRYOSECTIONED HUMAN BRAIN
K. L. Ambach*. P. Esfahani, R.M. Chann, J. S. Burton and A.W.Toga Lab of
Neuro Imaging, UCLA School of Medicine, Los Angeles CA 90024
Whole human brain specimens were fixed in situ, cryoprotected and frozen in
isopentane and dry ice. Several regions isolated regions including the cerebellum,
brainstem, hippocampus, caudate putamen, orbit, and hemisphere were isolated
for high magnification studies. Whole brains were embedded with gelatin to
improve sectioning characteristics. Digital images were captured in series directly
from the cryoplaned blockface using a high resolution (1024^) color digital
camera (DAGE MTI). Cryosections were were stained with cresyl violet,
modified von Braunmuhl or gold chloride and digitized using the same camera
system. In all cases it was necessary to modify staining protocols for thick, large
format sections. Digital imaging resulted in images with a spatial resolution
ranging from 30 microns/pixel in optically magnified data to 200 microns/pixel
for whole brain. To correlate anatomy, we used landmark based affine
transformations to register and superimpose section pairs. In some cases
regional deformations were necessary to fit boundaries. A graphic program on the
Macintosh (Adobe Photoshop 2.01) enabled us to render superimposed tissue
sections at varying degrees of transparency. Grey and white matter were easily
differentiated and several subnuclear and laminar structures distinguished in
unstained blockface images. Correlation of histologic images improved
delineation of anatomy in blockface images. These techniques demonstrate the
utility of high resolution imaging for delineadon of human brain structure.

Medicine, Kragujevac, 34000, Yugoslavia.
The Golgi method, introduced a century ago, continues to be the
method of choice for microscopic study of individual neurons and their
processes in the central nervous system.
A simple and successful modification of the Golgi method is
described. The Golgi procedure described below has been applied to
various areas of ten human brains, ranged in age from 30 to 77 years
and postmortem ranging from 4 to 12 hours.
All Brain tissue (with no clinical evidence of neurological disease)
was collected during normal autopsy procedures add stored in 10%
formalin-saline in 0.1 M phosphate buffer. The tissue was fixed in the
same fixative for 6 to 18 months by immersion.
The blocks of tissue, 5 mm thick, were immersed in freshly prepared
mixture containing potassium dichromate 2.5 g and ascorbic acid 0.5 g
in 100 ml of distilled water, for 4 to 7 days at 37 C.
After immersion the tissue was left in the solution of 2% silver
nitrate and stored for 4 to 7 days in the dark at room temperature.
The impregnated blocks of tissue may be embedded in celloidin
before sectioning. This Golgi method leaves the background very clear.
The morphological details of fine neuronal processes (delicate
dendritic branches and spines and axon) and glia are more consistently
visible.

298.13

298.14

EPR 2D-IMAGING OF NITRIC OXIDE PRODUCTION DURING
RAT BRAIN ISCHEMIA. P. Kuppusamv1, S.T. Ohnishi2*.
T. Ohnishi3 and J.L. Zweier1. 1 Div. of Cardiology,
Johns Hopkins Univ. School of Medicine, Balto.,
MD.2Phila.Biomed.Res.Inst.,King of Prussia, PA
& ^Dept.of Biochem.Biophy.,Univ.of Penna.Phila.PA
Using diethyldithiocarbamate (DETC) and iron
as spin-trapping agents, nitric oxide radicals
(NO) were shown to be produced during rat brain
ischemia and reperfusion (Brain Res.614:342,1993 ;
Biochim.Biophys.Acta 1181:195,1993). Using the
same agents, we performed EPR 2-D imaging of the
trapped NO in the frozen rat cerebrum. As shown
in Fig. (A), a high level of NO was observed in
the cortex during 10 min of global ischemia. This
supports i the previous finding that NO is produced
in the ischemic brain to improve blood flow.
An arrow
in Fig.(B)
shows the
direction
of the
imaging.
Supported
by HL17655,
HL38324,
NS30186 and
GM3O736.

AN HISTOLOGICAL APPROACH TO IDENTIFY VIABILITY OF MICRODIALYSIS
PROBE USAGE IN THE STRIATUM OF FREELY MOVING RATS. S. R. Bossi*. J. Yu.
I.N. Acworth and T. J. Maher. Division of Pharmaceutical Sciences, Mass. College
of Pharmacy/AHS, Boston, MA 02115 and ESA, Inc., Bedford, MA 01730
Although microdialysis is an universally used sampling technique there are still
some questions as to the level of tissue damage occurring around the probe and
guide cannula. With the avai&bility of different probes (loop and concentric) and
guides (penetrating and non penetrating) tissue viability after probe implantation
has not been fully addressed. Using histological and immunocytochemical staining
techniques, we examined brain tissue from the cortex and striatal regions of 35
freely moving male (7 groups, n=5/group) 290-31 Og CD rats in which 3mm, fused
silica shaft probes and guide cannulas were placed. Group 1 received a sham
operation only. The remaining groups received either penetrating (odd groups) or
non-penetrating (even groups) guide cannulae (striatum: 0.7mm a.p. and 2.7mm
l.r. to bregma). Groups 2 and 3 received guides but no probes. Groups 4-7
received either a loop or concentric probe (7mm ventral from dura). Probes were
implanted on two successive days (6 hours/ day) after allowing two days for post
operative recovery. Three days after the second probe implantation animals were
sacrificed using trans-cardial perfusion of 4% paraformaldehyde and 0.1%
glutaraldehyde. The resulting brains were sectioned coronally at 4Opm using a
freezing microtome and then were stained for GFAP, TH, Nissl, and NADPH
Diaphorase. The resulting sections were examined to determine the levels of gliosis
and neuronal loss around the probe guide, shaft and membrane tip and to
determine accuracy of intended probe path.
Our data show that although there seems to be some neuronal loss and gliosis
around the guide the area surrounding the probe membrane shows minimal
neuronal loss. Reinsertion of the probe follows the same tract originally created
and no deflection into nearby regions was noted. These data also suggest that the
use of non penetrating guides results in a lower level of gliosis and neuronal loss.
Further analysis of the tissue is now necessary to determine if there is any
degradation of specific neuronal pathways that are studied during microdialysis
experiments.
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IN VITRO AND IN VIVO DELIVERY OF PLASMID DNA BY pH SENSITIVE
IMMUNOLIPOSOMES. N.A. Del Mark E.G. Holmberp2 . Q,R. Reuer3. J,L.
Owens3* and E.E. Geisert.JrJ 'Dppartment of Anatomy and Neurobiology,
University of Tennessee Memphis, College of Medicine, Memphis, TN 38163.
2Dpaartment of Cbemistry/Pbysics and 3Deaartment of Biology, University of
Alaska Anchorage, Anchorage AK 99508.
Immunoliposomes were constructed using a mAh (5-113) directed to an antigen
on the external surface of rat glial cells, a mAb against Thy 1.1 and a non-immune
mAb. The antibodies were conjugated to N-gluytaryl-pbospbatidyletbanolamine.
The conjugated antibodies, a 8-galactosidase plasmid under the control of the
Cytomegalovirus promotor, and other lipid components were constructed into
liposomes. In the initial set of experiments, C6 glioma and NIH 3T3 cells were
transfected using 5-113 and control liposomes. The results indicated that the
antibody targeting of the liposomes increased the transfection rate and this increase
in the number of cells transfected was specific to the conjugated antibodies. The
increase in efficiency and specificity of transfection was expected to facilitate the
delivery of the reporter plasmid in vivo.
To test this hypothesis, each of the three types of immunoliposomes was injected
into the brain and spinal cord of adult rats. In general, the degree of cell-specific
transfection was greater in tissue culture than was observed when the
immunoliposomes were injected into the CNS. In all animals, the X-gal reaction
product was seen in neurons, astrocytes and vascular elements. There appeared to be
an increase in neuronal labeling when animals were injected with Thy 1.1
conjugated liposomes and there was an increase in glial labeling in animals injected
with 5-113 liposomes. In spinal cords, the immunoliposomes appear to penetrate a
substantial distance, transfecting neurons several centimeters from the delivery site.
These data suggest that immunoliposomes may provide an effective transfection
system for gene delivery in the CNS. Supported by the Spinal Cord Society.

RECOMBINANT HERPES SIMPLEX TYPE 1 VIRUS EXPRESSING
MARKER ENZYMES TO IDENTIFY SYMPATHETIC PREGANGLIONIC
NEURONS. MA LeVatte. GA. Dekaban, and L.C. Weaver*. John P. Robots
Research Institute, London, Ontario, Canada, N6A 5K8.
We generated two recombirant HSV-1 (rHSV-1) that express P-galactosidase
(P-gal) inserted either into the UL41 (encoding virus host shutoff) or the
US5 (encoding glycoprotein J) open reading frames. Both rHSV-1 labelled
sympathoadrenal preganglionic neurons after inoculation into the adrenal
gland of hamsters. These neurons were more clearly labelled with less
cytopathology and lysis than was observed when wild-type virus was used
to infect and label them. The infection of spinal cord neurons by the UL41
mutant was not dramatically different from the US5 mutant. Both rHSV-1
were capable of crossing synapses to label CNS neurons. However, infection
with the UL41 mutant led to greater labelling of oligodendrocytes than was
observed with the US5 mutant. HSV-1 is currently being engineered to
express human placental alkaline phosphatase (AP), which, like P-gal, also
can readily be detected using a single step histochemical reaction. The
mutagen ICP6: AP, which contains the promoter and 5’non-coding mRNA
of the large subunit of ribonucleotide reductase (ICP6, UL39) fused in frame
at the translational start of the AP, will be used to generate the HSVAP.
ICP6: AP has been blunt-end ligated into a unique Nrul site in US5 in pS456,
generating pS5AP, and ligated into a unique BamHI site in UL41 in pvhs,
generating pvhsAP. These US5 and UL41 mutations will be transferred
from plasmid DNA to the viral genome using DNA-mediated marker rescue.
Once generated, the AP-expressing HSV-1 can be used in combination with
P-gal expressing HSV-1 to label two different neural circuits simultaneously.
Support: Medical Research Council of Canada.
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EXPRESSION AND TRANSLATION OF A "KIN" NUCLEAR PROTEIN
IN SEROTONERGIC RAPHE NEURONS. S. ARANEDA*. J. ANGULO0.
M. TOOURT** and MM>ALL,LANON^,»D^t. deCCologie,fast. Nncosos
75252 Paris; F.°Lab. de Cylomclric, DPTE, CEA Fontenay-aux-Rosts;
♦*Dept. dt Medecine experimcntale, Univ. C.Btrnard, Lyon, F.
RecA protein, the recombination enzyme of Eschtricha coll, has been
extensively studied in genetic recombination, mutagenesis and DNA repair
following DNA damage. Using immunological detection of RecA epitopes in
combination with recombinant DNA methodology, it has been identified a
protein named Kin in eukaryotic cells. Now, we study the presence of Kin
protein in cells of the rat central nervous system (CNS) by using antibodies
raised against RecA protein of E. coli and by in situ hybridization with
identified cDNA (1). A Western blot analysis plus immunodetection with an
antibody raised against Rec A protein was performed in raphe extract. A
protein of 41 kDa. apparent molecular weight was revealed.
Immunocytochemistry for Kin was demonstrated in the nuclei of various

FLUORESCEIN LABELLED OLIGONUCLEOTIDE PROBES FOR IN SITU
HYBRIDIZATION I. Durrant *, S. Brunning and M. Cunningham. Research
and Development Labs., Amersham International, Amersham, U.K.
In situ hybridization has traditionally utilized radioactive probe labels for
the detection of messenger RNA. Pressure has mounted for the
adaptation of in situ hybridization procedures to a non-radioactive format.
Recently fluorescein labelled nucleotides have been used successfully
with both RNA and DNA probes. However, while much work has been
performed with single-stranded RNA probes, and to a lesser extent with
DNA probes, there is an increasing desire to move towards
oligonucleotide probes. This is due to their ease of production, the lack
of reliance on molecular techniques and their targetted specificity. It is
this last point in particular that makes oligonucleotide probes applicable
to neuroscience where definition of peptide mRNAs and receptor subtype mRNAs, for example, is required. Consequently, we have devised a
new non-radioactive labelling and detection system based on
oligonucleotide probes labelled with fluorescein-11-dUTP. The labelling
reaction has been optimised to produce a short tail only so that
stringency control and specificity of the probe is maintained. The
hybridization step utilizes a novel formulation of buffer that gives higher
signal and lower background than traditional buffer and makes rapid
hybridizations possible, typically as short as 1 -2 hours. The signal can be
detected by colorimetric detection processes or by direct fluorescence.
The colorimetric system works routinely; the fluorescence system relies
on the availability of a light capturing device (such as a CCD camera) and
the presence of relatively high target levels. These procedures have been
investigated on a variety of model systems including adrenal, brain and
pituitary tissue sections.

cells of adult brain rats. Double labelling experiments, using in situ
hybridization of Kin-17-mRNA and serotonin immunocytochemistry,
demonstrated a cytoplasmic distribution of radiolabelling. Six hours after
intracerebral injections of
a specific serotonergic neurotoxin (5,7dihydroxytryptamine), the level of Kin mRNA messenger was enhanced
indicating the translation of this messenger in damaged serotonergic neurons.

These data indicate the presence of a Kin nuclear protein in the CNS and
suggest that neurons may possess DNA-repair pathways analogous to those
described in bacteria.
1) C. R. Acad. Sci. Paris, Life Sciences, 1993, 316 : 593-7.
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299.1

299.2

SCHWANN CELLS AND OLIGODENDROCYTES
EXPRESS CONNEXIN32. S.S. Scherer* 1. S. Deschenes1.
K. Fischbeck1. and D. PauP. lDtpt. Neurol., University of
Penn., Philadelphia, PA 19104, ^Dept. Neurobiol., Harvard
Med. Sch., Boston, MA 02115
Wc recently found that mutations in connexin32 (Cx32) cause the
X-linked form of Charcot-Marie-Tooth disease (CMO)/hertditaro
motor and sensory neuropathy (HMSN). Cx32 is a gap junction
protein that is expressed in many tissues, but the phenotype of
patients who have CMT/HMSN-X appears to bt limited to the
myelinated fibers of peripheral ntrvt. Western blot analysis
demonstrated that Cx32 protein is present in adult rat peripheral
nerve and brain. In peripheral nerve, Cx32-immunortaclivilo is
found at nodes of Ranvier and Schmidt-Lanterman incisures. In
brain, Cx32-immunoreaclivilo was found in compact myelin. In
both peripheral ntrvt and brain, the level of Cx32 mRNA increase
during development in parallel with those of the other myelin
genes. After axotomy of peripheral nerve, tht levels of Cx32immunoreactivity and mRNA decline in parallel with those of
other myelin gents, and do not return unless axons regenerate and
art rtmoelinated. In cultured Schwann cells, forskolin increases
the level of Cx32 and Po mRNA. Thus, Cx32 is expressed in
Schwann cells and oligodendrocytes in a coordinate manner with
other mytlin genes, but is localized to different aspects of their
myelin shtaths.

ORIGINS OF MYELIN BASIC PROTEINS. Robert M. Gould^nd Warren D.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

Spivack. Laboratory of Membrane Biology, N.Y.S. Institute for Basic
Research, Staten Island, New York 10314.
Myelin sheaths of all vertebrates contain low molecular weight basic proteins
as dominant components. These highly basic proteins function to compact
the cytoplasmic surfaces of the myelinating cell's plasma membrane and form
the major dense line. In order to understand features of myelin basic proteins
(MBPs) important for compaction, we developed a reverse transcriptasepolymerase chain reaction (RT-PCR) approach to clone these proteins from
members of each vertebrate class. We reasoned that domains important for
compaction would be highly conserved. At the time we started, nucleotide
sequences were available for MBP isoforms from mammals (human, rat,
mouse), bird (chicken) and cartilaginous fishes (spiny dogfish, horned shark
and little skate). From these sequences, "universal" MBP primers were
designed, an upstream primer corresponding to the 5’ end of fish exon 1 and
a downstream primer corresponding to the 3’ end of exon 3. This exon
contains a seven amino acid stretch (WHFFKN), which we find is invariant in
all vertebrate MBP sequenced. PCR products (roughly 250 bp) were obtained
and sequenced from additional mammals (cow, rabbit), bird (chick, barn owl),
reptiles (red-eared turtle and three snakes), amphibians (bullfrog, marine toad,
salamander and mudpuppy), teleost fish (Northern sculpin, trout, goldfish,
medakaand zebrafish), cartilaginous fish (twelve species). Surprisingly, similar
sized PCR products were obtained from sea lamprey and pacific hagfish spinal
cord. These cyclostomes lack myelin. We have used the cloned PCR
fragments to generate digoxygeninin-labeled cRNAs and localized mRNAs in
oligodendrocytes and Schwann cells by in situ hybridization. Current efforts
are to determine mRNA sequences flanking the region amplified with an
anchored PCR approach. (Initial portions of this work were supported by
grants from NIH and the MS Society).
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DISTRIBUTION OF ECTO-ATPASE ACTIVITY DURING CENTRAL
DEMYELINATION AND REMYELINATION. P .A. Felts* and K.J. Smith. Dept.
Neurol, and Div. Anat. & Cell Biol., UMDS-Guy's Campus, London SE1 9RT, UK
Primary demyelination in the CNS alters the distribution of axolemmal voltage-gated
ion channels, but it is not clear whether other membrane proteins are also affected.
Using the cytochemical technique of Ando et al . (Acta Histochem. Cytochem. 14:705726, 1981) we have examined the distribution of ecto-ATPases (i.e. nucleotidases with
their hydrolysing site located on the outside of the cell surface) on axons in the rat
dorsal column following demyelination induced by the intraspinal injection of ethidium
bromide. In normal white matter, ecto-ATPase activity was present on the external
surface of the myelin sheath and on the axolemma at the nodes of Ranvier, but it was
only very sparsely present on the intemodal axolemma beneath the myelin . After
demyelination however, the previously intemodal axolemma was continously labelled
for ecto-ATPase, with especially dense labelling at sites of axo-glial contact. Labelling
on completely naked demyelinated axolemma established that the axons themselves
exhibited ecto-ATPase activity. During remyelination, which despite the central
location was accomplished predominantly by Schwann cells, myelin thickening was
accompanied by a gradual decrease in the proportion of the axonal surface which
exhibited labelling. The Schwann cells exhibited ecto-ATPase activity on their external
surface and at sites of contact between processes which contained cytoplasm:
ecto-ATPase activity ended abruptly at the site of myelin compaction. No labelling
was observed with control solutions in which either calcium or ATP were omitted.
The identity of the molecule responsible for labelling is not known, but ecto-ATPase
activity has recently been reported for two cell adhesion molecule (CAM) members
of the immunoglobulin gene superfamily, namely cell-CAMlO5 (Aurivillius et al.,
FEBS Let. 264:267-269, 1990) and, notably, the neural cell adhesion molecule
(Dzhandzhugazyan and Bock FEBS Let. 336:279-283, 1993) . Thus the observed
labelling may be due to a CAM. If so, then the fact that CAMs are known to be
important in myelination during development suggests that the expression of
ecto-ATPase by demyelinated axons may be an important step in the establishment of
axo-glial associations prior to repair by remyelination.

Clustering of Na+ Channels During Remyelination in Transected
Axons of Mouse Sciatic Nerves. E. Tzoumaka. S.D. NovakoviC. A.G.
Koszowski. S.R. Levinson, & P. Shrager*. Depts. of Physiol., U.
Rochester. Rochester. NY 14642 & U. Colorado. Denver, Co 80262

Supported by grants from The Wellcome Trust, The Burroughs Wellcome Fund and
the Multiple Sclerosis Society of Great Britain and Northern Ireland..

During remyelination new nodes of Ranvier appear at regions that
previously were intemodal. Is this aggregation of Na+ channels
dependent on the continuity of the axons with their cell bodies? In
attempting to answer this question, we investigated the clustering of
Na" channels in remyelinating axons in sciatic nerves of C57BL/Wld
(Ola) mice, a strain resistant to Wallerian degeneration (Eur. J.
Neurosci.. 1:27, 1989). Nerves were transected 3-6 days after they
were injected intraneurally with lysolecithin. Control experiments
showed that at the time of cutting, Na+ channel clustering had not yet
begun in demyelinated axons. Immunofluorescence studies during the
period of 8-13 days after injection showed that Schwann cells adhered
to some demyelinated axons, and clusters of Na+ channels formed at
their edges.
In demyelinated but uncut controls, clustering was
similar, though many more such axons were seen, presumably due to
some loss from degeneration in cut + injected fibers, even in this
strain (J. Neurocytol. 22:480, 1993). In other studies, in the rat, such
clustering is the first observable step in the formation of new nodes of
Ranvier in demyelinated but uncut axons. Thus, this early aggregation
of Na" channels may not require continuous association of axon and
soma, and could be under local control by Schwann cells •
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5-HT2A RECEPTORS IN CULTURED RAT SCHWANN CELLS.

CHARACTERIZATION OF A SCHWANN CELL LINE (SCT-1) DERIVED
FROM A Po-SV4O TRANSGENIC MOUSE. M. Schinstine*. D.M. Fiore. A.
Messing1. and J.P. Hammana. CytoTherapeutics, Inc., Providence, Rl

Yoder*. B Lee, and M- H. Ellisman. San Diego Microscopy and
Imaging Resource, Department of Neuroscience, University of
California, San Diego, School of Medicine, La Jolla, CA 92093-

0608.

We previously reported that primary and secondary cultures of Schwann cells
from neonatal rat sciatic nerve express one or more functional members of the 5HT2 receptor family (Yoder et.al., NS Abstract 460.18, 1993). This was
determined by observing changes in intracellular calcium levels in cultured Schwann
cells (loaded with the calcium indicator dye fluo3-AM) during pharmacological
manipulation. Serotonin (5-HT; lpM) evoked calcium transients in a
subpopulation of the Schwann cells via release from an intracellular calcium store,
probably through IP3 receptors. These observations implicated one or more
members of the 5-HT2 receptor family, since IP3 was apparently utilized as a
second messenger. Supporting this supposition we determined that the serotonininduced calcium transients were reversibly blocked by ketanserin, an antagonist of
the 5-HT2 receptor family.
Additional experiments were conducted to delineate which 5-HT2 receptor is
responsible for these calcium transients. The antagonist spiperone, which has been
shown to block 5-HT2A but not 5-HT2C receptors, was employed to discriminate
between these two receptor subtypes. The ability of spiperone to block the
transient increases in intracellular calcium evoked by 5-HT application was
examined. In Schwann cells which responded to 5-HT by transiently increasing
their calcium levels, transients were blocked by spiperone at doses as low as O.lnM.
Control applications of dopamine (DA; lOOPM with acsorbate) were performed,
since spiperone can also block DA receptors. Less than 15% of the cells that
responded to 5-HT also responded to DA. We conclude that serotonin-induced
intracellular calcium transients in cultured rat Schwann cells are largely mediated by
5-HT2A receptors. Future studies will attempt to determine if Schwann cells
express these receptors in vivo.

02906 and iDept. of Pathobioiogical Sciences, School of Veterinary

Medicine, University of Wisconsin-Madison, Madison, Wl 53706.
SCT-1 cells, cloned from a sciatic nerve tumor (Messing et al., J.
Neuroscience, In press), were characterized in vitro to determine their
similarity to cultured primary Schwann cells.
SCT-1 cells were
immunoreactive for S100 and Po, as well as for T-antigen. Most cells
displayed a fibroblast-like morphology on a plastic substratum; however,
some bipolar cells were present. Cells doubled in -18-20 hrs. and
displayed no contact inhibition. In contrast, SCT-1 cells suspended in type I
collagen exhibited a bipolar morphology and a dramatic decrease in mitotic
activity (i.e., doubling time was > 30 days). Some SCT-1 cells were grown
on tissue culture plastic in the presence of 50 pg/ml ascorbate to induce
differentiation. These cells demonstrated slower growth and a more robust
staining for fibronectin and type IV collagen. Laminin immunoreactivity, on
the other hand, was similar in differentiated and control cultures. Since
SCT-1 cells express the temperature-sensitive mutant of the SV4O
oncogene, cell growth and ECM expression at the nonpermissive
temperature (39°C) was studied. Cells maintained at 39°C assumed a
rounded morphology with actin filaments accumulating at the cell periphery.
There was very little fibronectin or type IV collagen staining, but laminin
immunoreactivity remained unaffected.
Finally, SCT-1 cells were
introduced to Schwann cell-free DRG cultures. SCT-1 cells aligned with
bare neurites, but did not demonstrate any migratory behavior. Other
properties of differentiated SCT-1 cells will be described.
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ACTIVITY OF CYCLIC AMP PHOSPHODIESTERASE ISOZYMES AFTER
CRUSH AND TRANSECTION INJURY IN RAT SCIATIC NERVES. Randall
S. Walikonis*. Joseph F. Poduslo. Molecular Neurobiology Lab., Depts. Neurol. &
BiochemTMolec. Biol., Mayo Foundation, Rochester, MN 55905.
Artificial alterations of cAMP have been shown to induce several myelin-like
features in Schwann cells (SC). cAMP levels have been measured in rat sciatic
endoneurium following crush and permanent transection injuries, paradigms which
alter SCs from a myelinating to a nonmyelinating phenotype with subsequent
remyelination in the crushed nerve. The cAMP levels dropped to 8-10% of normal
following both injuries, with a partial recovery by 35 days after crush injury.
Phosphodiesterase (PDE) activities were measured in normal endoneurium and at
7, 21, and 35 days following injury to determine their role in these changing cAMP
levels. Basal cAMP PDE activity in soluble endoneurial homogenates from normal
nerves was 31.04 ± 2.46 (x ± SE) fmol/pg protein/min. This increased ~ 4 fold to
110-125 fmol/pg protein/min within 7 days following both injuries. Basal activity
remained high in the transected nerve, but declined to 70 fmol/pg protein/min in the
crushed nerve at 21 and 35 days. Cilostamide, a PDE type Hl inhibitor, decreased
activity by 6-10 fmol/pg protein/min both before and after injury indicating little
change in activity of this isozyme after injury. No type II PDE activity could be
found in soluble homogenate either before or after injury when stimulated with
cGMP. Rolipram, a type IV inhibitor, decreased activity by 10.74 ± 3.51 fmol/pg
protein/min in normal nerve and by 32.25 ± 3.37 fmol/pg protein/min at 7 days
following injury. 8-methoxy-methyl-IBMX, a type I PDE inhibitor, decreased
activity only slightly in normal nerve and by 45.78 ± 14.48 fmol/pg protein/min 7
days after injury. Increases in types I and IV isozyme activities, therefore, are
responsible for the decreased cAMP present following injury, and these PDE
isotypes may be involved in regulating the conversion of the SC from a
myelinating to nonmyelinating phenotype. (NS 20551)

SIGNAL TRANSDUCTION PATHWAYS OF BRADYKINININDUCED RELEASE OF GLUTAMATE FROM SCHWANN
CELLS. F. Liu*. K. Jeftiniia and S. Jeftiniia. Dept, of Vet. Anatomy
and Neuroscience Program, Iowa State University, Ames, IA 50011.
Bradykinin (BK) is a potent inflammatory nonapeptide whose
generation in tissues and body fluids elicits numerous responses. Our
studies were conducted using Schwann glia derived from the dorsal
root ganglion of 1-4 day old Sprague-Dawley rats. Quantification of
amino acids was performed by high performance liquid
chromatography utilizing fluorescence detection and pre-column OPAderivatization. Baseline concentration of glutamate in Schwann glial
cultures was 26.6±2.lnM (mean±SEM). Perfusion application of
lOnM bradykinin for lmin to Schwann glia produced a 7-fold
elevation in the concentration of glutamate in normal calcium Ringer
solution. The specific objective of this research was to determine the
mechanism by which BK releases glutamate from Schwann cells.
Previously reported data indicate that BK activates phospholipase C
(PLC) and releases calcium from internal IP3 sensiyive calcium stores.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

To prove that BK was activating the PLC pathway, the selective PLC
inhibitor U73122 was used. Cultures pretreated with U73122 for 10
minutes showed little or no response to the application of BK. An
inhibitor of the electrogenic glutamate transporter p-chloromercuriphenylsulphonic acid, did not reduce BK-induced glutamate release.
Furosemide (5mM) was used to test whether BK-induced release of
glutamate from Schwann glia is sensitive to the ion transport blockers.
BK-induced release of glutamate was reduced by 98% in the presence
of furosemide. This data demonstrate that the release of glutamate
from Schwann cells is regulated by BK.
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HEREGULIN AND p^^^erbB2 ARE INVOLVED IN AXONINDUCED SCHWANN CELL PROLIFERATION
T.K. Morrissey*, A.D.O. Levi, M.X. Sliwkowski, R.P. Bunge.
The Miami Project to Cure Paralysis, Uni?. Miami Sch. of Med.
1600 NW 10th Ave. R48, Miami, FL 33125. Genentech, Inc.,
390 PL San Bruno Blvd, South San Francisco, CA 94080.
The presence of an axon-associated Schwann cell mitogen was
established in the 1970’s. Although this mitogen has been biochemically
characterized, it has yet to be identified. Recent advances have led to the
isolation and characterization of a family of molecules known as heregulins.
This family includes the Schwann cell mitogen glial growth factor, (GGF).
Heregulins have been shown to interact with and activate a number of class
1 receptor tyrosine kinases, including erbB2, erbB3 and erbB4. We have
tested antibodies against components of this ligand-receptor system in
cocultures of rat sensory neurons and human (or rat) Schwann cells. A
monoclonal antibody specific to human pl85erbB! stained the surface of
human Schwann cells and reduced human Schwann cell ’H-thymidine
incorporation by greater than 90% compared to untreated controls in this
coculture system. This antibody had no effect on rat Schwann cell 3Hthymidine incorporation. A polyclonal antibody raised against heregulin
(HRGfll) reduced human Schwann cell 3H-thymidine incorporation by
nearly 80% over controls, and blocked rat Schwann cell 3H-thymidine
incorporation by up to 49% over controls. These results imply that
heregulin, or a heregulin-like molecule, is a component of the axonal
mitogen, which is presented to Schwann cells by axons and induces
proliferation through an interaction that involves pl85erbB2 on Schwann
cells.
This work supported by The Miami Project and NS09923-23.

EXPRESSION OF MYELIN-SPECIFIC MOLECULES IN SCHWANN
CELL/SENSORY NEURON CULTURES LACKING FUNCTIONAL
ACTIN. C. Fernandez-Valle*. A.M. Gomez, and M.B. Bunge. The
Miami Project and the Depts. of Neurol. Surg. and Cell Biol, and Anat.,
Univ. of Miami School of Med., Miami, FL 33136.
This study was undertaken to determine the molecular pathway by
which the extracellular matrix induces Schwann cell (SC) differentiation
into a myelinating cell. Studies in our laboratory have identified several
critical elements in this pathway, specifically, 1) assembly of laminincontaining basal lamina on the SC surface, 2) binding of a Bl integrin
to laminin, and 3) assembly of a filamentous actin network. We have
used immunostaining, in situ hybridization, immunoprecipitation, and
RT-PCR techniques to determine if myelin-specific molecules or
mRNAs are expressed in cultures treated with 0.25 pg/ml cytochalasin
D.
Preliminary results indicate that 2’,3’ cyclic nucleotide-3'phosphodiesterase (CNPase) and galactocerebroside (GALC) but not
myelin-associated glycoprotein (MAG), Pq , or myelin basic protein
(MBP) are expressed in cytochalasin D-treated cultures. Basal lamina
is present as assessed by immunostaining for collagen type IV and
heparan sulfate proteoglycan and electron microscopy. These results

indicate that expression of CNPase and GALC does not require actin
polymerization in contrast to induction of Pq gene expression and
synthesis of MAG and MBP that do require assembly of f-actin.
Expression of myelin-specific molecules by SCs is, therefore, regulated
by at least two different pathways. (Supported by NIH NS 09923, the
State of Florida and The Miami Project.)
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THE INFLUENCE OF HEREGULINS ON HUMAN SCHWANN CELL
PROLIFERATION. Allan D.O. Levi*1. Mark X. Sliwkowski2 Julie Lofgren2.
Franz Hefti2. Richard P. Bunge1 ‘The Miami Project to Cure Paralysis,
University of Miami School of Medicine, Miami, FL 33136; Genentech, Inc.,
South San Francisco, CA 94080.
The use of Schwann cell (SC) autotransplantation to influence neural repair
in humans is dependent upon identifying mitogens which will effectively expand
human SCs in culture. The recent purification and molecular cloning of glial
growth factor (GGF), a potent mitogen for rat SCs, has led to the recognition
that a family of proteins (GGF/HRG/NDF/ARIA) are alternatively spliced
products of a single gene. The heregulins (HRGs) have been characterized
with respect to their influence on human breast cancer cell lines; here we
examined whether the HRGs have mitogenic activity for SCs isolated from
human peripheral nerve (avg. age=22 yo; n= 14 donors). Using DNA synthesis
assays, we demonstrate that HRG is an effective mitogen for human SCs. In
the presence of agents which elevate cAMP, it is possible to expand these cells
over multiple passages without overwhelming fibroblast contamination.
One putative target for this family of proteins is pl85CTbB2, an EGF receptorlike tyrosine kinase. In this report we also demonstrate that both the erbB2
and erbB3 receptor proteins are present within cultured human SCs. The
addition of HRG to human SCs results in tyrosine phosphorylation of a 185
kD protein. In the presence of stimulatory concentrations of HRG (1 nM), a
blocking monoclonal antibody (2C4) to pli^r^ is capable of significantly
inhibiting phosphorylation of a 185 kD protein as well as the subsequent
incorporation of 3H-thymidine within the human SC nucleus. These latter
results implicate an essential role for pl85er>B2 in mediating the mitogenic
response of human SCs to HRGs.
Supported by NSO9923 [NIH/NINDS] and The Miami Project to Cure
Paralysis. Dr. Levi is a Fellow of the Medical Research Council of Canada.

Ca2’ RESPONSES MEDIATED BY PURINOCEPTORS AT PERISYNAPTIC
SCHWANN CELLS. R. Robitaille*. Department of Physiology, University of

299.13

NEUROMA FORMATION AND FATE OF THE SCHWANN CELLS IN THE
CONSTRICTION OF SCIATIC NERVE AND HOMOGRAFT NERVE
REPAIR. S. Zhao. R. W. Beuerman. D. H. Kim. D, Zhang and D. G. Kline*
Dept, of Neurosurgery and Ophthalmology, LSU Medical School, New Orleans,
LA 70112.
A fluorescent dye with high affinity for DNA (DAPI) was used to investigate
the origin of the cell components in the formation of neuroma. Unilateral sciatic
nerve of rats was injected with 3 pl DAPI (20 /ig/ml). Four weeks later, the same
rats underwent a 10 mm homograft. In the first experiment, a nerve section with
DAPI was used as a homograft surgically connected to the contralateral sciatic
nerve. In the second experiment, the recipient nerve with DAPI had a homograft
not containing DAPI. The rats were sacrificed at two weeks and six weeks
respectively after secondary surgery. The nerves with the graft were sectioned in
a cryostat and used for fluorescent microscopy. Grossly, the nerve graft and
adjacent proximal sectioned sciatic nerve ands were thickened and the graft was
obviously shortened. By microscopy the nuclei of the Schwann cells were intact
indicating a viable graft, however, there was no fluorescent nuclei in either the
graft or in the recipient nerves. The thickened tissue suggesting an early neuroma
did not show evidence of cells crossing the interface between graft and recipient
nerve. In another animal model, the sciatic nerves of two rats were constricted
completely with a No.4 suture. The DAPI was injected into the nerve proximally
to the constriction, or distally to the constriction. At two and 4 weeks postoperatively, connective tissues were found growing around the constricted site.
Histological examination from these nerves showed cell components in the
connective tissues with labeled nuclei. Supported in part by DOD 17-83-V-3013.
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Montreal and Centre de Recherche en Science Neurologique, Montreal,
Canada, H3C 3J7.
Nerve-evoked release of neurotransmitter triggers Ca2* responses
in the perisynaptic Schwann cells (PSC) of the frog neuromuscular junction
(nmj). These Ca2 + responses can be mimicked by local applications of ATP

and ACh. However, the presence of an enzyme in the synaptic cleft that
hydrolyses ATP to adenosine suggests that Ca2* responses induced by ATP
could be mediated either by ATP or adenosine receptors. The goal of this
study is to characterize the mechanisms involved in the Ca2* responses
induced by ATP at PSCs. PSCs were loaded with the fluorescent Ca2 +
indicator fluo-3-AM and changes in intracellular Ca2* were monitored with

an intensified CCD camera.
Agonists were applied locally with a
micropipette. Application of L-AMP-PCP (5OpM), a non-hydrolysable analog
of ATP, induced Ca2* responses which required the presence of external
Ca2\. This indicates the presence of ATP receptors linked to ion channels.
Ca2* responses induced by adenosine (10-20 pM) are due to the release of
Ca2* from internal stores since they persist in absence of external Ca2 + .
These responses are blocked by 1,3-dipropyl-8-p-sulfophenylxanthine (50
pM), a non selective antagonist of adenosine receptors. The responses
induced by adenosine are blocked by pertussis toxin (PTX; 2 pg/ml, 12 hrs)
whereas the ATP responses are not. This suggests that the adenosine
receptor acts via a PTX sensitive G-protein. In conclusion, PSCs bear
different types of purinoceptors regulating different cellular mechanisms,
thus possibly playing different regulatory roles at PSCs.
Supported by MRC of Canada, FRSQ, FCAR and University of
Montreal research funds.
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EFFECTS OF RAS GENE PRODUCTS ON SCHWANN CELL
PROLIFERATION AND DIFFERENTIATION Haesun KimL Jeffrey E.
Neurobiology and Anatomy University of Cincinnati, College of Medicine,
Cincinnati, OH 45267, and 2Laboratory of Cellular Oncology, National Cancer
Institute, Bethesda, MD 20892
Patients with type 1 neurofibromatosis (NF1) develop benign peripheral nerve
tumors called neurofibromas, comprised primarily of Schwann cells (SC). The NF1
gene product, neurofibromin, accelerates the GTPase activity of ras. In human
schwannoma cell lines from patients with NF1, loss of neurofibromin was
correlated with increased GTP-ras activity. To determine the role of ras in SC, we
introduced into primary SCs retroviruses encoding a constitutively GTP-bound
active v-rasH (pBWI423) and a deletion mutant of c-rasH (pBWI65O) which fails to
associate with plasma membrane. Expression of ras proteins in SCs were confirmed
by immunoprecipitation and guanine nucleotide binding analysis. Pooled
populations of SCs expressing each ras were tested for their ability to proliferate,
either alone or in association with neurons in culture. Both pBWI423 and
pBWI65O expressing SCs, but not cells infected with helper virus alone, displayed
decreased rates (75-78%) of proliferation undo both culture conditions. In contrast,
Ridley et al. (Ridley et al. EMBO 1988) found that expression of v-ras in SCs
caused growth arrest Interestingly, no difference in the effects of ras gene products
was observed between pBWI423 and pBWI65O expressing SCs. Activation of ras
has been proposed to trigger SC differentiation (Gutmann et al. J. Neuroscience Res
1993). To determine the role of ras in SC differentiation, we measured SC
differentiation (myelination) in neuron-SC cocultures (assessed by Sudan black
staining) using ras expressing SCs. Myelination was not affected by
overexpression of ras. We conclude that activation of ras in SCs causes decreased
proliferation without affecting myelination.
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ABNORMAL PROLIFERATION AND MYELINATION IN NEURONSCHWANN
CELL
CULTURES
FROM
NEUROFIBROMIN
DEFICIENT MICE.
T. Rosenbaum. K.W. Kombrinck. C.l. Brannan1, N.A. Perkins1, N.G.

MUSCARINE, BUT NOT ATP, REGULATES GFAP EXPRESSION IN
SYNAPTIC GLIA.
J. Geortai^^*. R. Robitaille and M.P. Charlton.

Copeland1, and N.

Ratner*. Dept. of Cell Biology, University of

Cincinnati College of Medicine. Cincinnati OH 45267 and 1Frederick
Cancer Research and Development Center. Frederick. MD 21702
Patients with type 1 neurofibromatosis (NF1) develop benign
peripheral nerve tumors containing axons, Schwann cells, and
fibroblasts. It is not known how mutations at the NF1 locus cause

tumor formation, nor which cell type(s) are abnormal in these
tumors. To define cellular abnormalities caused by mutations at the
NF1 locus, we cultured cells from embryonic day 12.5 mouse
embryos in which the NF1 gene has been targeted (Brannan et al,
Genes and Development, 1994). We tested whether proliferation or
myelination were altered in cultures from mutants. When added to
normal rat neurons in serum-free medium neurofibromin deficient
Schwann cells show a 36% decrease in proliferation compared to
wildtype Schwann cells. When neuron, fibroblast and Schwann cell
cocultures are maintained in a myelination promoting medium for 18
days, cultures from neurofibromin deficient mice show a 70%
decrease in myelination compared to wildtype cultures and a 32%
decrease compared to heterozygous cultures. Myelination is also
dramatically reduced when normal rat Schwann cells are cocultured
with neurons from NF knockout mice. Thus, abnormalities in neuronSchwann cell interaction can be caused by lowered neurofibromin in
Schwann-cells (proliferation) and neurons (myelination).

Dept. of Physiology, Univ. of Toronto, Toronto, ON, Canada M5S 1A8.

Single cell nerve-glial signaling can be studied at the neuromuscular
synapse which is covered by a perisynaptic Schwann cell (PSC). This cell
responds to nerve-evoked neurotransmitter (NT) secretion with release of
Ca2+ from internal stores, and this can be mimicked by local application of
the NTs ACh and ATP (Jahromi et al., 1992; Neuron 8, 1069-1077). ACh
binds to a muscarinic receptor, while ATP is hydrolysed to adenosine and
targets both ATP and adenosine receptors. Few PSCs normally express glial
fibrillary acidic protein (GFAP), but 6 hours after blockade of NT release,
most cells express GFAP (Georgiou et al., 1994; Neuron 12, 443-455). We
wondered whether muscarine or ATP/adenosine, which both activate
G-protein coupled types of receptors, can prevent GFAP up-regulation.
After loading with the Ca2+ indicator fluo-3, either muscarine or ATP was
released using pressure pulses from a microelectrode positioned near PSCs
every 15-30 min. Ca2+ signals were seen with the first 1-4 puffs of
muscarine, while non-desensitizing responses occurred with ATP. At 6 hrs,
muscles were fixed and assessed for GFAP.
Muscarine, but not ATP, prevented GFAP up-regulation at the puff sites.
Distant PSCs, which did not receive NTs, always produced GFAP. We
conclude that ACh, operating on muscarinic receptors, is a nerve-glia
signaling molecule which prevents GFAP up-regulation. Because ATP
induced glial Ca2+ signals, but failed to regulate GFAP, Ca2+ alone is not
sufficient to keep GFAP levels low. This indicates that activation of the
correct G-protein in PSCs may also be necessary to regulate GFAP.
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Iv4GalNAcGgOse4Cer : A NOVEL NEUTRAL GLYCOSPHINGOLIPID FROM BOVINE BRAIN. S. Dasaupta, E.L.
Hogan* and E.C. Terry. Neurology, Medical
University of SC, Charleston, SC 29425.
We characterized two neutral glycosphingolipids (Ngsls) from bovine brain as GgOse4Cer
(Dasgupta et al., FEBS Lett 1992; 301:141) and
IV3GalGbOse4Cer (Dasgupta and Hogan, Trans ASN
1991; 22:191) and identified them in rat and
human brain. We recently purified several bovine brain short (CHO = 1-4) and long chain (CHO
> 4) Ngsls. One purified Ngsl migrates with a
lower Rf than nLcOse5Cer in different solvent
systems. The carbohydrate composition indicates
Gal :Glc:GalNAc in a molar ratio of 2:1:2. The
permethylated alditol acetates of the native
Ngsl
reveals
2,3,6-OMe3Gal;
2,3,6-OMe3Glc;
3,4,6 -OMeMealNAcMe and 4,6-OMe2GalNAcMe. The
Ngsl was hydrolyzed with E-hexosaminidase (JBM
or S. plicatus) to an Ose4Cer that comigrates
with GgOse4Cer. The product is subsequently
hydrolyzed with E-galactosidase (bovine testes)
and E-hexosaminidase to an Ose3Cer and lacCer.
Our data strongly suggests the Ngsl structure
as
GalNAcEl-4GalEl-3GalNAcEl-4GalEl-4GlcCer
(GalNAc-GAl). Supported by NIH-NINDS 31355.

EXPRESSION OF 9-0-ACETYLATED GANGLIOSIDES DURING
DEVELOPMENT OF THE RAT OLFACTORY SYSTEM. R. MendezOtero* and A, Ramon-Cueto. Univ. Federal do Rio de Janeiro,
RJ 21941-590, Brazil and Instituto Cajal, Madrid, Spain.
Gangliosides are cell surface glycolipids, many of which
display differential expression in the developing nervous
system. The expression of 9-0-acetylated gangliosides
recognized by Jones monoclonal antibody (Jones mAb)
correlates with cell migration and axonal growth during
development in the rat nervous system. We have used Jones
mAb to follow the development and maturation of the
olfactory nerve in the rat from embryonic day 13 (E13)
until adulthood. Beginning on E13, the olfactory epithelium
and the migratory mass originating from it were intensely
stained with Jones mAb. The immunoreactivity could be
followed up to the point where the migratory mass reached
the rostral pole of the telencephalic vesicle.We have also
observed that Jones staining remained in a few fascicles and
some glomeruli of the newborn and adult olfactory bulbs.
We concluded that Jones mAb could be used to trace the
migratory mass in the developing olfactory nerve, as well as
new generated axons and glomeruli within the adult
olfactory system. Supported by CNPq, FINEP and CEPG/UFRJ.
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MODELING OF GANGLIOSIDE COMPARTMENTS IN NEURAL
MEMBRANES. L, N, Irwin* and R. Cabeza. Dept. of Biological Sciences,
University of Texas at El Paso, TX 79968.
As major constituents of neural membranes, gangliosides may participate in
a complicated set of intermolecular interactions that mediate information
processing at the interface of brain cells and their microenvironment.
Exogenous gangliosides are known to be incorporated into membranes through
a series of compartments distinguished experimentally by their differential
interaction with serum, enzymes, and other neuroactive influences.
Functionally induced metabolic transformations may superimpose an

TISSUE DISTRIBUTION OF GANGLIO- AND LACTO-SERIES GANGLIOSIDES AND
SULFATIDE IN THE RAT CNS. A COMBINED IMMUNOHISTOCHEMICAL AND
BIOCHEMICAL STUDY.
H.G. Persson*1. P. Fredman2, C-H Berthold1. M. Motander2 and J-E Mdnsson2.
University of Goteborg, Dept of Anatomy and CeU Botogy1 and Dept of
Psychiatry and N^roch€mistfy2, Medicinaregatan 3, S-413 90. Goteborg,
Sweden.
• Our knowledge of the distribution of glycolipids, including gangiiosides and sufatkde in the CNS is based mainly on anayses of tissue lipid extracts.
Information about their ceilular and subcellular distribution in the tissue in vivo
is scarce. This is mainly due to the previous lack of specific immunological
probes and proper fixation protocols for gUycoiipid antigens. Recently, a rapidly
increasing interest has been raised concerning the potential role of these
molecules in different functional aspects of neurons, giial ce8b and neuron-glia

additional variable on the membrane dynamics of which gangliosides are a
part. We propose that these interactions and transformations ("transitions")
can serve as a paradigm for exploring the functional dynamics of ganglioside
interactions with other molecules and chemical conditions within the brain cell
microenvironment. We are developing kinetic models for predicting the
translocation of gangliosides among functionally distinctive compartments,
and are testing them by analyzing the movement of exogenous and endogenous
gangliosides in hippocampal slices and other brain membrane preparations
under a variety of fimctionally-relevant conditions. Our preliminary evidence
suggests that (1) different compartments are functionally linked though
differing in capacity by orders of magnitude, (2) at least some transitions are
selective as to ganglioside species involved, and (3) factors that modify
membrane excitability influence ganglioside transitions. Supported by NIH

Grant 5G12RR08124 from the National Center for Research Resources,
and by an endowmentfrom J. Edward and Helen M. C. Stem.
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interactons. Data have recently emerged, implicating gangiiosides and
suttatide in the processes of e.g. cell adhesion, tumor spreading, Ca2+ ion
regulation and synaptic trarsmlssiion. Therefore, the precise location of these
molecules, has become increasingly vital to elucidate.
• In the present study, highly specific monoclonal antibodies aganst
a panel of gangliosides and suttatide were used for conventional and
confocal immunofluorescence light microscopy and immunoelectron
microscopy examination of their tissue distribution. Cryostat, Vibratome and LR
Gotd embedded sections from rat hippocampus and cerebellum, fixed
according to a protocol optimized for giycolipidte were used. Bcoclhemicai lipid
extract analyses from the corresponding regions are presented in conjunction
with the mmurnohescclhemical data in order to convey a semi-quantitative
aspect to the evaluation of the results.
This work is supported by Te Swedish Medical Research Coun'ci, projects #(31157 and
03X-09909-01A.
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3’-PHOSPHOADENOSINE 5'-PHOSPHOSULFATE (PAPS) BIOSYNTHESIS
MODULATORY PROTEIN (PAPS-IP) FROM MAMMALIAN TISSUES.
F. Vargas* and D.P. Ringer. Oklahoma Medical Res. Fnd.,
825 NE 13th St., Oklahoma City, OK 73104.
PAPS is the biochemical source of sulfate in sulfation
reactions which activate various hormones and neurotransmitters. Previously we observed the presence of a membrane thermolabile component (PAPS-IP) that exerted an inhibitory action on cytosolic PAPS biosynthesis;. Here we
report partial purification and further chacterization of
PAPS-IP. PAPS-IP was solubilized following special detergent treatment utilizing 1% Brij-35 and 2% Triton X-100.
Solubilized PAPS-IP had an IC50 of 15-20 ug of protein in
an in vitro PAPS synthesis assay. Further purification by
ion-exchange, gel filtration, and hydroxylapatite chromatography produced an additional 15-20 fold enrichment.
Contrary to the solubilized PAPS-IP the enriched PAPS-IP
became increasingly unstable. The purification procedures
showed that PAPS-IP activity depended on 2 subunits which
are inactive when separated. These subunits are dissociated by moderate ionic strength (O.5M NaCl), and are unstable in the absence of glycerol and dithiotreitol.
PAPS-IP action on the PAPS biosynthesis enzymes, adenosine
triphosphate sulfurylase and adenosine phosphokinase, were
also evaluated. PAPS-IP may play an important role in the
cell sulfation reactions governing hormone and neutrotransmitter actions.
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. R.E. Shapiro*1, C .D. Specht2 & R,L,

Schnaar23. Depts. of 'Neurology, Pharmacology, and ^Neuroscience,
The Johns Hopkins School of Medicine, Baltimore, MD, 21205.
Gangliosides on motomeuron terminals, particularly of the "b"
series, may comprise specific receptors for pathogens and/or molecules
derived from local tissues such as skeletal muscle. We previously reported
[Soc. Neurosci. Abstr. 18:1327 (1992)] the presence of proteins in rat
skeletal muscle cytosol capable of oligosaccharide-specific binding to
synthetic ligands derivatized with G>plb gangliosides (neoganglioproteins).
We have now purified this binding activity 135-fold from crude sarcosol by
sequential adherence to DEAE-Sepharose, CM-Sepharose, and
calmodulin-Sepharose. SDS-PAGE analysis of the calmodulin-Sepharose
eluate demonstrated two major bands of approximately 40 and 48 kDa
respectively, and several minor bands. To further identify candidate
proteins responsible for this binding activity, we utilized a novel
photoaffinity ligand derived from ganglioside GDlb (1251-AzIdo-C^ib). We
synthesized this ligand by modification of the C7 position of the terminal
sialic acid of Gd ^ to include a radioiodinated photoactivatible moiety.
Incubation of the calmodulin-Sepharose eluate with this ligand yielded
radiolabeled bands on SDS-PAGE also migrating at 40 and 48 kDa.
Consistent with the proposed specificity of these binding activities for "b"
series gangliosides, radiolabeling of both of these bands could be inhibited
by the presence of 10 pM Gj^ ganglioside in the reaction buffer, but not
by the presence of 10 pM GM3 ganglioside. [NIH: K08N01518& IDH4010].

300.7

300.8

ANALYSIS OF THE ROLE OF NCAM IN NEUROMUSCULAR
DEVELOPMENT IN TRANSGENIC MICE. M.S. Fazeli*. C. Hobbs, S.A.
McKenzie, D.J. Wells, F.S. Walsh. Dept. Exp, Path. UMDS, Guy’s Hosp.,
London. U.K.; Royal Vet. Coll.. Royal Coll. St., London U.K.

REGULATION OF ACETYLCHOLINESTERASE (AChE) EXPRESSION IN
SKELETAL MUSCLE BY SECOND MESSENGERS AND ELECTRICAL
STIMULATION. R.O. Godinho. B. Trivedi. and R.L. Rotundo*. Dept, of Cell
Biology and Anatomy, University of Miami School of Medicine, Miami, FL 33136.
The intracellularpathways linking receptor activation/membrane depolarization
to AChE regulation in skeletal muscle are not well understood. Treatment of tissuecultured myotubes with the Na+ channel antagonist tetrodotoxin (TTX) results in
decreased assembly of the An AChE form, whereas Na+ channel agonists such as
veratridine result in an increase. The effects of TTX can be reversed by activators
of protein kinase C suggesting that endogenous stimulation of diacylglycerol (DAG)
production may be involved in AChE regulation. However, since depolarization of
skeletal muscle is initiated through nicotinic acetylcholine receptors, we have now
also examined the effects of carbachol and electrical stimulation on the distribution
of AChE in quail muscle cultures. Electrical stimulation of myotubes using a fast
twitch pattern (1 s trains of 200 ps pulses at 10 Hz every 10 s) results in a 40%
decrease in total G,/G2 AChE compared to unstimulated controls. The opposite effect
is observed following 48 hours carbachol treatment which increases total AChE by
36% with a 55% and 47% increase in the G,/G2 and G4 forms, respectively.
Carbachol is also a potent stimulator of DAG production in a dose and time
dependent fashion (ECW = 50 /iM). This increase in DAG production is blocked by
atropine and QNB and is non-competitively blocked by d-tubocurarine indicating that
it is related to muscarinic receptor activation (Godinho and Rotundo, 1994).
Although TTX alone does not alter DAG production, the effects of TTX on A,2
AChE are partially reversed by carbachol . These results indicate that electrical
stimulation can down regulate AChE in muscle and that an increase in AChE
biosynthesis regulated via DAG as a consequence of muscarinic receptor activation
can occur. These processes may, in part, underlie the opposite regulation of AChE
in innervated and non-innervated regions of muscle fibers. This work was supported
by the NIH (RLR) and a fellowship from FAPESP, Brazil (ROG).

NCAM has been shown to be Important in the processes such as axon
growth and myoblast fusion. Thus, the outgrowth of neurites from a
variety of neurones is enhanced when cultured on monolayers of cells
expressing different NCAM isoforms. Furthermore, overexpression of
n Cam in C2 myoblasts results in significant enhancement of fusion. To

extend these findings and further examine the role of NCAM in such
phenomena in vivo, we have generated transgenic mice expressing a
human 125 kD NCAM corresponding to a muscle specific GPI isoform with
and without the alternatively spliced VASE exon and under the control of
the skeletal muscle alpha actin or creatine kinase promoters. Both
promoters drive high level expression of the transgene in a tissue specific
manner, with the heart being the only other tissue expressing but with
noticeably lower levels of the transgene. NCAM expression driven by the
alpha-actin promoter is 3-4 fold higher in predominantly fast compared to
slow muscle. Cell culture experiments show that both the alpha-actin and
the creatine kinase promoters are expressed in myotubes and only a few
mononucleated cells. Analysis of mice expressing NCAM 125 driven by
the alpha-actin promoter, revealed a significant increase in myofibre radius
in all fibre types examined. This was accompanied by a significant
reduction in the number of myofibres in each muscle. There was no
significant change in total muscle size and were no gross alterations in
nerve branching patterns and neuromuscular junctions.

300.9

300.10

LOCAL CONTROL OF ACETYLCHOLINESTERASE EXPRESSION IN
SKELETAL MUSCLE. S.G. Rossi. A.E. Vazquez*, and R.L, Rotundo. Dept. of
Cell Biology and Anatomy, Univ. of Miami School of Medicine, Miami, FL 33136.
Acetylcholinesterase (AChE) mRNA and protein are highly concentrated at the
vertebrate neuromuscular junction (Jasmin et al., 1993). In tissue-cultured myotubes
AChE catalytic subunits are translated and assembled in the vicinity of the nuclei
expressing their mRNA, and the newly-synthesized molecules transported to the
overlying region of the myotube. The collagen-tailed AChE form is then attached to
the extracellular matrix organized over the nucleus expressing the AChE (Rossi and
Rotundo, 1992). Together, these studies indicate that synthesis, targeting, and
localization of AChE is compartmentalized, and suggest that signals generated at the
plasma membrane overlying individual nuclei may be responsible for locally
regulating AChE expression. To test this hypothesis chambers were designed to
isolate the tissue culture medium over small regions of individual quail myotubes and
sodium channel agonists or antagonists added to one side. AChE clusters per nucleus
were quantitated using a-AChE mAb to localize surface enzyme molecules, and
Hoescht 33342 to stain nuclei. Tetrodotoxin reversibly suppresses formation of cell
surface AChE clusters while veratridine and scorpion toxin increases them. When
a segment of a cultured myotube is exposed to tetrodotoxin AChE cluster formation
is suppressed only on that region. Conversely, scorpion toxin increases AChE cluster
formation only where in contact with the muscle surface. The morphology of the
myotubes is similar along the entire fiber length regardless of treatment, yet the
propagation of spontaneous contraction is inhibited only in those fiber regions
exposed to TTX. These results indicate that the effects of membrane depolarization
on AChE expression are highly localized from the surface to individual nuclei. Since
AChE mRNA levels are dependent, at least in part, on membrane depolarization,
experiments in progress will address the question as to whether AChE transcript
expression .also depends upon signals that each nucleus receives from the overlying
membrane. This work was supported by grants from the NIH and MDA to RLR.

INSULIN RESTORES EXPRESSION OF NA PUMP ALPHA-1
ISOFORM
IN
HEART
AND
SCIATIC
NERVE
OF
SPONTANEOUSLY DIABETIC BB/WOR RATS. M. ArecesPernas and S.Corev Specht*. Dept. Pharmacol.,
Univ. P. R. Sch. Med., San Juan, P.R. 00901.
Sciatic nerves and heart of diabetic and
diabetes-resistant
female
BB/Wor
rats
were
analyzed with monoclonal antibodies against two
isoforms of the Na pump catalytic subunit, al and
a2
(K.
Sweadner).
The
nerves
were
cut
longitudinally for examination of the nodal
regions. Marked autofluorescence was observed in
the outer Schwann cytoplasm and Schwann fingers.
Both al and a2 were expressed in the axon, but
not in the Schwann cell. Heart and nerve were
also analyzed by immunoblot staining. Expression
of both isoforms were significantly decreased in
insulin-poor nerve and heart (21-28 weeks of
insulin dependence). Euglycemia for 15-21 days
restored expression to control or supernormal
levels. These results suggest that impaired Na,KATPase/Na pump activity of diabetic nerve is due
not solely to low levels of myo-inositol, but
also to low expression of the transport protein.
Expression of Na,K-ATPase may be down-regulated,
albeit indirectly, by low levels of insulin.
[Supported in part by JDF grant 190919 to S.C.S.
and NIGMS grant SS RR 08224 to A. Baez].
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SUPPRESSION OF Na7CaJ+ EXCHANGER ACTIVITY IN RAT NEURONS
BY ANTISENSE OLIGONUCLEOTIDES AND ITS EFFECTS ON
NEURONAL VIABILITY. K.S. Bland, J.L. Walsh and M.L. Michaelis’.
Dept, of Pharmacol. & Toxicol., Univ. of Kansas, Lawrence, KS 66045.
Work in our laboratory has foccussed on the characterization of a plasma
membrane Ca2+ transporting protein, the Na7Ca2+ exchanger, which plays a role
in maintaining Ca2+ homeostasis in excitable cells. Antisense oligonucleotides
were synthesized to a Na7Ca2+ exchanger based on the sequence of a cloned
sarcolemmal protein. Primary rat cortical neurons from embryonic pups were
grown for 3 to 5 days in culture and then treated with 10 uM sense or
antisense oligos for 24 hours and then assayed for sodium-dependent Ca2+
activity. The specific Ca2+ transport activity in neurons treated with antisense
oligos was 40 to 60% less than that in neurons treated with the sense oligo or
neurons receiving no treatment. We were interested in determining whether
such reduction in this Ca2+ transport process affected neuronal viability either
under normal growth conditions or when cells were challenged by the addition
of a glutamate receptor activator which causes substantial Ca2+ influx. Cell
viability was monitored using an assay for mitochondrial dehydrogenase
enzyme activity. Neurons treated with the antisense oligo showed a slightly
decreased survival rate under control conditions while neurons treated with the
sense oligo were identical to the untreated neurons. When the glutamate
receptor activator N-methyl-D-aspartate (NMDA) was added 12 hours after the
initial oligo treatment, the antisense-treated cells showed less viability than
either the cells that received the sense probe or NMDA alone. These
observations suggest that the Na7Ca2+ exchanger assists in enabling neurons to
maintain normal calicum homeostasis and that any reduction in the activity of
this system makes cells vulnerable to toxicity from stimuli that can lead to
increased intracellular Ca2+. Studies are underway to quantify mRNA levels
in treated and untreated neurons by hybridization to radiolabelled antisense
probe in a Northern blot. (Supported by Alzheimer’s Dis. Assoc., Marion
Merrell Dow SEP, AA04732 and KU-UGRA.)

IMMUNOHISTOCHEMISTRY AND IN SITU HYBRIDIZATION OF A
MEMBRANE PROTEIN ASSOCIATED WITH Ca2+ TRANSPORT. S. Islam*.
J. Walsh. R. Pal. G. Hadwiger. M. Hurlbert. and M, Michaelis. Dept. of
Pharmacology, Univ.of Kansas, Lawrence, KS 66045
The plasma membrane Na+/Ca2+ exchanger plays an important role in regulation
of neuronal [Ca2+]i, but the brain exchanger protein has not yet been fully
characterized. Ab's we raised against a —36 kDa synaptic membrane protein
immunoextracted >90% of the activity in solubilized membranes (J. Neurochem.
58:141). In these experiments we tested the Ab’s for immuno-extraction of
exchanger activity from primary cortical neurons in culture and confirmed that the
Ab’s extracted ~90% of the exchanger activity, whereas pre-adsorbed Ab’s
extracted <5%. We used the Ab’s in immunohistochemical studies rat brain
sections and found the antigenic sites were heavily localized in regions rich in axons
and terminal fields. Punctate structures, which we interpreted to be presynaptic
terminals, surrounded the dendrites and cell bodies of neurons in layers of the
cerebrum and cerebellum. The most intense labeling was in the hippocampal CA3
and CA1 regions and the molecular layer of the cerebellum, areas highly enriched
in synaptic contacts. This pattern was compared with that seen in in situ
hybridization using an MS-labeled antisense probe to a cDNA clone identified by Ab
screening of a brain cDNA library. The mRNA was widely distributed, but it
appeared to be most abundant in specific regions of the hippocampus and the
cerebellum. Efforts to clone the cDNA in a bacterial expression system under a T7
polymerase promoter (pET) yielded preliminary results suggesting the insert
enhances exchanger activity, though the isolated/reconstituted bacterial protein does
not have activity by itself. Thus, although the brain protein appears to be strongly
associated with the brain exchanger, it may not be sufficient alone to account for
neuronal exchanger activity. (Supported AA 04732, HD 02525, Alz. Assoc., &
Marion Merrell Dow SEP.)

SYNAPTIC STRUCTURE AND FUNCTION I
301.1
LIGHT SCATTERING FOLLOWS EVOKED POTENTIALS FROM
HIPPOCAMPAL SCHAEFFER COLLATERAL STIMULATION D.M. Rector*.
G.R. Poe. M.P. Kristensen. C.L. Wilson, and R. M. Harper, Department of
Anatomy and Cell Biology and the Interdepartmental Neuroscience Program,
UCLA School of Medicine, Los Angeles, CA, 90024-1763.
We assessed evoked electrical and light scattering changes in the cat dorsal
hippocampus to determine temporal characteristics of the two phenomena
during Schaeffer collateral stimulation. Under surgical anesthesia, stimulating
electrodes were placed in the hippocampal CA1 field, and an optic probe
coupled to a photodiode was lowered to the surface of the contralateral dorsal
hippocampus. The photodiode detected changes in reflected light intensity
through the optic probe. Fine wire monopolar electrodes, attached to the side of
the optic probe, recorded hippocampal commissural potentials evoked by
contralateral CA1 stimulation.
After recovery, recordings from the fine wires and photodiode output were
made during 20 to 100 single biphasic pulse stimuli at a range of currents
starting at lOOuA, 0.5ms duration, 0.1Hz. Stimuli elicited a complex population
synaptic potential which lasted 100 to 200msec, depending on stimulus
intensity. The optical signal peak (0.025% maximum absolute change) occurred
over a similar time course as the electrical signal and increased with larger
stimulation amplitude. Microdialysis of l5mM kynurenic acid decreased the
electrical response and increased variability in the optical response. We
conclude that light scattering changes accompany electrical responses. The
maximal optical change occurs over a similar time course as slow inhibitory
potentials, implicating involvement of inhibitory interneurons.
Supported by HL-22418. G.P. is supported by a Howard Hughes Medical
Institute Predoctoral Fellowship. D.R. is supported by NIDR DE 07212.

301.2
VISUALIZING HIPPOCAMPAL SYNAPTIC FUNCTION BY OPTICAL
DETECTION OF CA2+ ENTRY THROUGH SYNAPTIC NMDA CHANNELS. K
Malinow*. N. Otmakhov. K. Blum and J. Lisman. Cold Spring Harbor Laboratory
and Dept of Biology, Brandeis University.
The thousands of synapses that converge on hippocampal neurons are
conventionally studied by monitoring their summed electrical effect in the soma. To
study properties of dendritic synapses more directly we have developed a real-time
optical assay of elicited synaptic activity. Our experiments build on previous work
showing that channels at these synapses, NMDA channels, are permeable to Ca2+
(MacDermott et al 1986) and on recent evidence that synaptic stimulation produces
localized regions of Ca2+ elevation (Muller & Connor, 1991).
We obtained whole-cell recordings from CA1 hippocampal slice neurons under
visual guidance using 4OX water-immersion optics. The membrane potential was
continuously depolarized to -15 mV to relieve the Mg2+ block of the NMDA channel
and maximize Ca2+ entry during synaptic stimulation. The Ca2+ indicator, FURA-2
was delivered through the recording pipette and visualized with epifluorescence
excitation (380 nm) and computer-controlled cooled CCD detection. A dendritic
region of interest was identified and a stimulating electrode was positioned 20-40 gM
from this site. Stimulation evoked synaptic currents (5-50 pA) and one or more hot
spots of Ca2+ elevation in the nearby dendritic region. By combining
microfluorimetry, whole-cell voltage clamp and focal synaptic stimulation we show
that these "hot spots" are due to Ca2+ entry through synaptic NMDA channels, rather
than Ca2+ entry through voltage-dependent Ca2+ channels activated by synaptic
depolarization. These hot spots are therefore indicators of local synaptic function.
The signals obtained during different stimulation protocols (single stimuli as well as
trains of stimuli) support the view that synapses differ markedly in probability of
transmission and facilitation properties.

301.3

301.4

DIFFERENTIAL SENSITIVITY OF GLIAL METABOLISM IN CA1
AND AREA DENTATA OF HIPPOCAMPUS: IMPLICATIONS FOR
SYNAPTIC TRANSMISSION. D.O. Keyser* and T.C. Pellmar.
AFRRI, 8901 Wisconsin Avenue, Bethesda, MD 20889.
We have shown previously that glial cells in field CA1 of
hippocampal slice are critical to maintenance of synaptic transmission
(GLIA 10:237-243, 1994). To determine if this tight glial-neuronal
coupling exists in other regions, we compared the effect of
fluoroacetate (FAC), a glial specific metabolic blocker, on synaptic
transmission in CA1 and area dentata (DG). FAC was significantly
more effective in decreasing synaptic potentials in CA1 than in DG.
The ICjoj were 65 pM and 554 pM respectively. A similar disparity
in FAC-induced ATP changes was also noted (CA1 IC^ = 120 pM;
DG ICj = 753 pM). As in CA1, isocitrate (1 mM), a glial specific
metabolic substrate, blocked the synaptic depression with FAC in DG.
Even though the sensitivities of the two regions to FAC differ, the
mechanism of synaptic depression appears to be the same.
The regional sensitivity to FAC could result from either differences
in 1) glial-neuronal coupling or 2) glial functional properties including
sensitivity to FAC. Our data showing differences in ATP depletion
would support the latter. Further studies will elucidate the differing
properties of glial cells in the two regions and their role in synaptic
transmission.

FUNCTIONAL DIFFERENCES BETWEEN DENDRITIC AND PERISOMATIC HIPPOCAMPAL INHIBITION. R. Miles+, K. Tdth, A.I. Gulyfcs, N.
Hajbs and T.F. Freund* "Neuuobiol. Cell, INSERM U26l, Institut Pasteur, Paris,
France and Inst. Exptl. Med., Acad, of Sciences, Budapest, Hungary.
In this study we examined differences in post-synaptic actions of
hippocampal inhibitory cells which contacted either peri-somatic or dendritic
regions of pyramidal cell membrane.
Dual records were made with biocytin-filled electrodes from CA3 inhibitory
cells and post-synaptic pyramidal cells in guinea-pig hippocampal slices. The
axons of 13 inhibitory cells ramified exclusively close to pyramidal cell somata.
The axons of another 8 inhibitory cells arborised in zones occupied by pyramidal
cell dendrites. The mean amplitude of 9 IPSPs initiated by somatic inhibitory cells
was 1.2 ± 0.5 mV. Their mean time to peak was 2.7 ± 0.9 ms and duration at half
amplitude was 26 ± 10 ms. The mean amplitude of dendritic IPSPs was 1.0 ± 0.4
mV (n=4). The kinetic of dendritic IPSPs were significantly slower. Their time to
peak was 7.6 ± 2.2 ms and duration at half amplitude was 43 ± 7 ms. In 5 pairs
with good ultrastructure, EM revealed that peri-somatic inhibitory interactions
were mediated via 3-8 synaptic terminals. In two dendritic interactions 5 and 22
terminals were verified at the EM level.
We examined differences in the control exerted by dendritic and somatic
inhibition over post-synaptic activity. Dendritic or somatic IPSPs were elicited by
stimulating a single inhibitory cell (with subsequent morphology) or by focal
extracellular stimulation. Their effects on pyramidal cell activity induced by either
intrasomatic or intradendritic current injection were examined. Somatic IPSPs,
either unitary or focally induced, could most efficiently suppress repetitive firing
of Na spikes when timed to co-incide with a pyramidal cell DAP. In contrast
focally induced dendritic IPSPs were most effective in preventing discharge of
broad presumed Ca-dependent dendritic spikes.
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301.6

Physiological activation of metabotropic glutamate receptors in CA1 of adult rat
hippocampus using a stepped frequency 'Ziggurat' stimulation protocol.
Gavin Woodhall*. John B, Chad
Howard y, Wheal
Synaptic Function and Epilepsy Research Group, Dept, of Physiology and Pharmacology,
University of Southampton, SO9 3TU, UK.

STUDY OF INDIVIDUAL HIPPOCAMPAL SYNAPSES IN CULTURE L.Forti*. A.Villa.
M.Bossi. A.Bergamaschi. A.Malgaroli. Sc.Inst .S.Raffaele, DiBit, Milano, Italy
The sources of variability in CNS miniature synaptic currents (minis) are still
debated and characterization of signals arising from single synapses would be
clarifying. To this end, synapses from cultured neonatal hippocampal neurons were
visualized with FM1-43 and glutamatergic minis arising from individual synapses
recorded with two different approaches: i) somatic whole cell recording of minis while
stimulating isolated synapses with brief hypertonic puffs (n=6). This procedure raised
basal mini frequency for -300 ms (a); from preliminary analysis minis occurring in this
period had variable amplitude and kinetics, as previously described (Bekkers et al.,
1990). ii) enclosure of single synapses inside recording electrodes while monitoring
synaptic currents flowing into patched membranes (n=5) (b). Even with this very local
technique minis had a variable amplitude; the extent and nature of this variability is
currently being investigated . We also performed electron microscopical analysis of
serial sections from CA3-CA1 synapses (n=5l synapses). A large number of small
synaptic vesicles (SSV) was presumably docked at resting active regions (average
number of docked vesicles per synapse=l 5.4), and in terminals vitrified by quick
freezing multiple SSV fusing simultaneously at the same active region were
sometimes seen. This suggests that multivesicular release could contribute to mini and
evoked variability.

Using loss of spike-frequency adaptation and reduction in the after-hyperpolarization
as markers for metabotropic glutamate receptor activation we have investigated the
response of CA1 pyramidal neurons from rat hippocampus to a Ziggurat stimulation
protocol. The protocol comprises six conditioning trains of 20 impulses, each successive
train increasing e-fold in frequency between 0.67 and 100 Hz with test responses to field
stimulation and current injection recorded after each train. Whole-cell patch-clamp
recordings were made from CA1 cells in current-clamp mode, series resistance was
monitored in voltage-clamp before and after the stimulation protocol to ensure that data
were not compromised by electrode block. A bipolar twisted-wire stimulating electrode
was placed in the Schaffer collateral input to CA1. Using the Ziggurat protocol, we were
able to calculate the relationship between conditioning frequency and reduction of spike
adaptation and the after-hyperpolarization.
We found that these parameters were maximally decreased following 100Hz stimulation,
and that the effect was 50% of maximum at around 25 Hz. Preliminary experiments are
now being undertaken to investigate whether the adenylate cyclase inhibitor Rp-cAMPs
in the patch solution or the putative metabotropic antagonist (+)MCPG added to the
perfusate prevent the effects of stimulus-evoked metabotropic glutamate receptor
activation.
Supported by the Wellcome Trust.
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301.8

IDENTIFICATION OF mEPSCs FROM THE HIPPOCAMPAL MOSSY FIBERCA3 SYNAPSE USING A DECRANULATED PREPARATION D . A. Henze.'
J.P. Card. G. Barrionuevo.and Y. Ben-Ari* Dept of Neuroscience, University of
Pittsburgh, Pittsburgh, PA 15260 and *Unite 29, INSERM, Paris, France.
The use of mEPSCs is a simple method to study the presynaptic component of
synapses. The application of this method in the CNS has been hindered because
the synaptic origin and location of a given mEPSC are generally unknown. We
have developed a preparation that allows the identification of the synaptic origin
of a class of mEPSCs that occurs in the hippocampal CA3 pyramidal neuron.
The granule cells of the dentate gyrus, which give rise to the mossy fibers
(MF) that synapse on the proximal apical dendrite of CA3 pyramidal neurons in
rats, were selectively destroyed by y-irradiation delivered at birth (P0). This
procedure results in an 85% reduction in the number of dentate granule cells
(Gaiarsa, et al. '92, J.Comp.Neurol. 321:612). We have used in vitro transverse
hippocampal slices to record mEPSCs in CA3 neurons using blind whole cell
recording (WCR). All data were collected in the presence of lpM TTX and
lOpM Bicuculline at 3O0C. Following irradiation, 85% of the largest spontaneous
events (>2OpA) recorded from CA3 neurons are removed. To determine the actual
number of MF synapses remaining on the recorded neurons, the whole cell
pipettes contained biocytin to allow subsequent EM analysis. Serial ultrastructural
analysis of the slices has demonstrated good structural integrity of the filled
neurons and the surrounding neuropil. Reconstructions of the proximal apical
dendrite of the CA3 neurons from irradiated and control slices are being used to
correlate the number and size of the mEPSCs with the number of MF synaptic
release zones. Supported by NIMH Predoctoral Fellowship MH10474, NS 24288,
and INSERM.

DECAY TIME CONSTANT OF THE SPONTANEOUS MINIATURE EPSC
OF THE HIPPOCAMPAL MOSSY FIBER - CA3 SYNAPSE. S. Smerin*,
D.A. Henze, S. Menon, and G. Barrionuevo. Department of Neuroscience,

University of Pittsburgh, Pittsburgh, PA 15260.

Toward analyzing long-term potentiation at the synapse formed by the
hippocampal mossy-fiber on the CA3 pyramidal neuron, we are measuring
the decay time constant of EPSC at this synapse. Since the kinetics of the
evoked EPSC here are obscured by the asynchronous release of numerous
synapses, we are focusing on a quantal EPSC -- the spontaneous miniature
EPSC.
The hippocampus of the rat was sliced and maintained in vitro. Action
potentials were blocked with tetrodotoxin. Spontaneous miniature EPSCs
were recorded from the CA3 pyramidal neuron in whole-cell voltage clamp.
Spontaneous miniature EPSCs of peak amplitude greater than 20 pA
were considered to be generated by the mossy-fiber synapse (Henze and
Barrionuevo, 1994). A single exponential was fit to the decaying phase of
each mossy-fiber miniature EPSC in a one minute epoch (typically about 100
miniature EPSCs) using a sum of squared errors minimization procedure.
Rise-time (10-85%) was also measured.
Amplitude ranged from 20-50 pA, with a mean of 30 pA. Rise-time
ranged from 0.6-3.1 msec, with a mean of 1.7 msec. The decay time
constant ranged from 9-40 msec, with a mean of 21 msec. Scattergrams
revealed that the decay time constant became constrained to higher values
with increasing amplitude.
Supported by NS24288, Neural Processes in
Cognition (NSF) postdoctoral and Andrew Mellon predoctoral fellowships.

301.9

301.10

LEVELS OF PRESYNAPTIC GLUTAMATE IMMUNOREACTIVITY
CORRELATE WITH RELEASE PROPERTIES IN TONIC AND PHASIC
EXCITATORY MOTOR AXONS
O, ShupliakovLH.L. Atwoodi A.J, Mercierd J. Storm-Mathisen4. O . P. Ottersen4 and
L. Brodin1* Dept, of Neuroscicnce1, Karolinska Institutet, Stockholm, Sweden; Dept
of Physiology2, University of Toronto, Toronto; Dept, of Biological Sciences1 Brock
University, St. Catherines; Anatomical Institute4, Oslo University, Oslo, Norway
The glutamatergic axons in the neuromuscular system of invertebrates, such as
crayfish and Drosophila larvae, can be broadly divided into a "phasic” type, which
normally fires in brief bursts and shows a fatigue of release during repetitive
stimulation, and a "tonic” type, which can maintain transmission for long periods.
To examine whether the presynaptic level of transmitter can be correlated with the
release properties, we performed quantitative immunogold cytochemistry on the
"tonic” axons innervating the superficial flexor muscles of the crayfish abdomen, and
the "phasic" axons to the deep extensor muscles. The "tonic" axons were found to
contain 2.1 times higher levels of glutamate labeling over axoplasmic matrix (mean
particle density ratio, 3 exp.) and 2.3 times higher levels over mitochondria, as
compared to the "phasic" axons. In contrast, the levels of glutamine-labelling did not
differ significantly. Similar results were obtained when "phasic” and "tonic" axons
to the main extensor of the walking leg were compared. In sections from terminal
regions, an enrichment of glutamate-labelling was observed over synaptic vesicles
in both types of axon. In axon terminals from Drosophila larvae a similar
accumulation of glutamate immunoreactivity occurred over synaptic vesicles.
Preliminary observations suggest that the levels of labelling over axoplasmic matrix
may differ between terminals with different morphology, which may correlate with
their release properties. These results indicate that "tonic" glutamatergic axons
contain high levels of glutamate, which should enable an efficient refilling of the
synaptic vesicles during sustained release. In "phasic” axons a lower level may be
sufficient as these normally release transmitter only for brief periods.

ROLE OF ELECTROTONIC STRUCTURE IN GENERATING SYNAPTIC
VARIABILITY IN CORTICAL NEURONS. D.K. Smetters* and S.B. Nelson
Dept, of Brain & Cognitive Sciences, M.I.T., Cambridge, MA 02139.
Synaptic inputs to cortical neurons exhibit extensive amplitude variability.
This may result from variation in synaptic conductance, or from filtering by the
postsynaptic cell due to differences in synaptic input location. We have used a
combination of electrophysiological and computational techniques to assess the
role of electrotonic filtering in the generation of EPSC variability.
Amplitude and kinetic distributions of mEPSCs and mEPSPs were obtained
using whole-cell recording from slices of rat visual cortex in TTX (lpM), APV
(3OpM) and Bicuculline (5QpM). These were compared to the distributions
predicted by passive compartmental models of 4 reconstructed cortical neurons.
Voltage-clamp simulations using uniform synaptic inputs over the entire cell
generated skewed distributions of amplitude and rise time similar to the data, even
though cable filtering was the only source of variability. Increasing series
resistance masked the effects of electrotonic filtering. Simulated current clamp
distributions were narrower than the data. These results held over a wide range of
electrotonic parameters. For fast inputs, amplitude and maximum slope are more
sensitive measures of synaptic distance than is rise time. Amplitude and slope
decrease exponentially with distance, while rise time increases only linearly, hence
events with "fast" rise times can be subject to significant cable filtering.
Incorporating conductance variation improves the match between simulated and real
distributions, particularly in the cases of current clamp and high series resistance.
We estimate that conductance and cable variability are roughly equal in magnitude.
We have experimentally examined the effects of synaptic location on recorded
kinetics by using local application of CNQX (lOOpM) to selectively block
miniature EPSCs occurring on particular parts of the cell. As predicted by our
simulations, blocking events over the soma and basal dendrites a) blocks the major
portion of the events, b) blocks all of the largest events, and c) has a much more
pronounced effect on peak amplitude and maximum slope than on rise time.
Supported by HHMI (DKS), EY06363 (SN), and EYO7O23 to M. Sur.
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EXCITATORY AND INHIBITORY MONOSYNAPTIC CURRENTS AND
AUTAPSES IN CULTURED NEOSTRIATAL NEURONS. D. Garrett. Jr., and
J. L. Story*. Division of Neurosurgery, UT Health Science Center at San
Antonio, San Antonio, TX 78284-7843.
Monosynaptic currents occurring in developing rat neurons from postnatal neostriatal cultures were studied using the whole-cell patch-clamp technique. Neurons
intrinsic to the neostriatum are thought largely to contain gamma-aminobutyric acid
(GABA) and are thus inhibitory; however, excitatory neostriatal neurons, largely
using glutamate, have not been well studied. This study sought to define the relative numbers of excitatory neurons present in neostriatal cultures and determine if a
single neostriatal neuron can produce a synapse upon itself, also known as an
autapse. Dissociated neostriatal neurons were grown over either a confluent layer
of glial cells or over single glial islands in low cellular density conditions. Synaptic pairs of neurons were found using dual electrodes, recording simultaneously
from pre- and postsynaptic cells. Bicuculline and CNQX (6-cyano-7-nitroquinoxaline-2,3-dione) were used to pharmacologically confirm the inhibitory or excitatory
nature of postsynaptic currents. 48 pairs of neurons were studied and 15 pairs
yielded 17 post-synaptic currents. Two pairs were reciprocally related. The largest
number neurons were inhibitory (59%), but excitatory neurons were also common
(41%). In all but one excitatory cell pair, glutamate was the neurotransmitter
causing the excitatory postsynaptic currents, as proved by the abolishment of the
current by CNQX and by the electrophysiologic behavior of the currents over a
range of bolding potentials. Immunostaining with antibody to glutamic acid
decarboxylase (GAD-6) showed small puncta along neuronal processes in
presynaptic cells of inhibitory pairs. In low density cultures, postsynaptic currents
immediately following the action currents, were demonstrated in five of 30 neurons
tested, which is electrophysiologic evidence for an isolated neuron forming an
autapse. This is the first demonstration of autapses in neostriatal cultures.

EVIDENCE FOR GABA-MEDIATED SYNAPTIC RESPONSES OF
CORTICAL PYRAMIDAL NEURONS FOLLOWING STIMULATION
OF THE LOCUS COERULEUS (LC). P. Branchereau*. E.J. Van
Bockstaele. R.L Cowan. J. Chan and V.M. Pickel. Cornell Univ. Med. Coll.,
Dept, of Neurol, and Neurosci., New York, NY 10021.
We examined the physiological and chemical substrates for LC modulation of
cortical activity. Individual neurons in rat frontal cortex (FC) were impaled in vivo
with pipettes containing either biocytin or lucifer yellow (LY) in potassium
acetate (KAc) or potassium chloride (KCI). Responses to single bipolar
electrical stimulation were recorded in current-clamp configuration. Both

301.13

FUNCTIONAL GABAergic SYNAPSE FORMATION BETWEEN RAT
HYPOTHALAMIC NEURONS AND PITUITARY INTERMEDIATE LOBE
CELLS GROWN IN COCULTURE. P. Poisheau. P. Feltz* and R. Schlichter.
Lab. Physiologie generale, Univ. Louis Pasteur, 21 r. Descartes, 67084 Strasbourg,
France.
Hypothalamic neurons from 15 day rat embryos and endocrine cells from
the intermediate lobe (IL) of the pituitary obtained from neonatal (1-7 days) rats
were grown in dissociated coculture. IL cells had a characteristic rounded appearance
whereas neurons rapidly extended long neurites which apparently established
contacts with the endocrine c^lls. These contacts could correspond to functional
synapses as observed during normal development in situ. In order to test the
functionality of these contacts, we have recorded from IL c^lls in such cocultures
using the whole-cell configuration of the patch-clamp technique. Release of
neurotransmitter from the neurons was induced either by local application of an
extracellular solution containing 50 mM KC1 or by extracellular electrical
stimulation of the visually identified presynaptic neurone. Synaptic currents were
never observed before 6 days in culture. At a holding potential of -60 mV, these
currents were characterized by variable amplitudes (10 pA - 1 nA), fast rise times
(0.5-1.5 ms) and decaying phases which could in most of the cases be fitted with a
single exponential function (mean time constant 40 ms). These events were blocked
in the absence of extracellular Ca2+ or after addition of La3+ ions (200 u.M), a
voltage-independent Ca2+ channel blocker. The synaptic currents reversed polarity at
the theoretical equilibrium potential for Cl' ions (Ezp and their reversal potential
shifted as predicted when Eci was varied. Moreover, the synaptic events were
reversibly blocked by bicuculline (5 pM) and SR9553l (5 uM), two competitive
antagonists at the GABAa receptor. Our results indicate that hypothalamic neurons
and IL cells grown in coculture form functional GABAergic synapses and that this
model might be useful for studying the development and the electrophysiological
properties of such synapses.

301.15
FREQUENCY DOMAIN ANALYSES OF SYNAPTIC INTERACTIONS BETWEEN INDIVIDUAL
GROUP IA AFFERENTS AND MOTONEURONS Brian D. Clark* and Timothy C. Cope.
Dept. Physiology and Biophysics, Hahnemann University, Philadelphia. PA 19102.
This preliminary account describes our efforts to characterize the nature of pattern
transmission from individual spindle primary afferents to active motoneurons, and to test
whether that transmission is altered in the presence of synchronized afferent firing. In one
series of experiments the axons of individual medial gastrocnemius (MG) pnmary afferents
were penetrated in dorsal root filaments of nembutal-anesthetized cats. MG motoneurons
were penetrated with glass microelectrodes using standard procedures, and excitatory postsynaptic potentials (epsp's) were measured by spike-triggered averaging. While the
motoneuron was induced to fire repetitively via the injection of steady depolarizing current, the
afferent was activated with brief pulses of current at pseudorandom intervals having a
truncated exponential distribution. Auto- and cross spectra of afferent and motoneuron spike
trains were estimated (French and Holden. 1971), and from them, spectra of coherence
(squared coherency). Even for synapses showing the largest epsp's (385-685 pvotts). peaks
of coherence spectra were small (0.02 - 0.05), demonstrating a small linear relationship
between individual primary afferent and motoneuron spike trains. In a second series of
experiments, primary afferent activity was discriminated from extracellular recordings from
dorsal root filaments while a feedback-controlled motor imposed broadband patterns of stretch
on the MG muscle. Afferent activity became highly synchronized during patterned stretch,
with coherence spectral peaks between pairs of afferents as great as 0.95. Patterned muscle
stretch also dramatically enhances the peak coherence between the spike trains of individual
afferents and motoneurons, as expected from the coherent afferent activity. Ongoing work is
aimed at defining whether the influences of individual afferents combine linearly. Supported
by NSF IBN-9208649.
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regular spiking ar>d bursting neurons responded to LC stimulation. Two types
of events were recorded; an early inhibitory post-synaptic potential (IPSP) and
a late IPSP occurring alone or after an early IPSP. The early IPSP was
depolarizing at resting membrane potential and reversed at around -3OmV with
KCI-filled pipettes and -7OmV with KAc-filled pipette, indicating the
involvement of chloride ions and likely post-synaptic GABAa receptors. The
early IPSP occurred after an 11.9 ± 4.1 ms delay and had a time to peak of 25.8
± 13.1ms. The late IPSP had a 32.4 ± 4.3ms delay and duration of 120 to
250ms. The late IPSP reversal was extrapolated at -107.7 ± 9.3mV indicating
the involvement of potassium ions and likely post-synaptic GABAb receptors.
Following recording, the rat was transcardially perfused, the brain removed

and processed for light and electron microscopic immunocytochemical
localization of biocytin or LY combined with dopamine-B-hydroxylase (DBH),
the enzymatic marker for norepinephrine (NE), the major transmitter in the LCcortical pathway. LY, detected by immunogold gave the most optimal
visualization of synaptic junctions on soma, dendrites and dendritic spines.
DBH-immunoreactive terminals were readily seen in the neuropil near, but not
in contact with, the filled pyramidal cells. In contrast, separately filled neurons
were frequently post-synaptic to GABA-immunoreactive terminals. These data
strongly implicate GABA intemeurons in the response of certain pyramidal
cells to LC stimulation. Supported by MH4O342 MHOOO78.

301.14
LOCAL STIMULATION OF
POSTSYNAPTIC

CORD

IDENTIFIED PRE- AND

STRUCTURES

MOTONEURONS

IN

ON

RAT

SPINAL

VITRO

K. Vogt*. J. Strait, H-FulUSCher. Institute of Physiology,

University of Berne, Buhlplatz 5, 3012 Berne, Switzerland
Direct correlation of structural and functional data on synapses in
the central nervous system is rarely done, because individual synaptic sites are difficult to identify. Hence the interpretation of postsynaptic current shape and amplitude is hampered as the sites of
release are usually unknown.
We investigated transmission at identified synapses on rat spinal
cord motoneurons in organotypic slice cultures. Postsynaptic currents were recorded using the patch clamp technique in the whole cell
configuration. Staining with the fluorescent dye FM 1-43 (Molecular
Probes) permitted visualisation of presynaptic sites during the experiment. Glutamate was applied locally with a high resistance
iontophoresis electrode. Currents with fast rise times could only be
elicited over small distinct areas of the dendritic surface. They
coincided precisely with stained presynaptic boutons. Application of
hypertonic sucrose to these boutons evoked quantal transmitter
release. The maximum current induced by application of glutamate on
a single site was always considerably greater than any spontaneous or
evoked mepsc.
From these findings we conclude that glutamate receptors are
clustered at sites where transmitter release occurs.
Supported by SNSF grant 31-27553.89 and Roche Foundation

301.16
FLUCTUATION ANALYSIS OF ELECTRICAL POSTSYNAPTIC
POTENTIALS IN FROG MOTONEURONS H. P. Clamann* and
A. E, DitWev Dept. o f Physiol., Unin. of Bem, BuWplaiz 5 ,
3012 Bern. Switzerland.
Primary aPPerent ertborizattono contacting Prog lumbar motoneurons are
complex branching structures which may Pail to propagate orthodromic
spikes. To examine thio, the electrical component oP excitatory
pootoynaatic potentials (EEPSP) was revealed by superfusion oP
hemisected spinal cords with Ringer solution in which Mg2+ replaced
Ca:*. EEPSPs evoked by dorsal root stimulation had a Pirst, Past
component (PalP-width lO.9±4.8 ms at 7.5-10° C) resembling a spike in
shape and a second component with a slow decay (244±67 ms) and a
maximum with an amplitude Pz 1P that oP the Past component. Standard
deviation (SD) oP the noise-Pree EEPSP peak amplitude (SDs) was calculated Pnom the SD oP measured amplitudes (SDs+J and oP noise (SDd ).
OP 22 samples oP amplitudes without visible trends, 13 SD, estimates
were < 0, with mean -0.9 pV (SE=5.8) which did not diPer Prom 0
(P>0.5). In only 2 cases was SDi+ > SDd (P=0.05, F-test). Resting
membrane potential oP these cells was about -60 mV and fluctuations oP
cell resistance were detected. Accuracy oP calculation was suPicient:
mean SDd was 58 pV and in Pz IP the samples SDn was < 50 pV. The
fluctuations oP chemical EPSP and EEPSP evoked by submaximal
stimulation were easily detected. We conclude that branch point P^lures
do not occur randomly in time in Prog sensorimotor synapses. Supported
by the Swiss NP.
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VESICLE PROCESSING AND TRANSMITTER RELEASE IN SINGLE

TRANSGENIC MICE WITH SLOW ACETYLCHOLINE RECEPTOR (ACHR)
ION CHANNELS: REDUCED MINIATURE ENDPLATE CURRENT (MEPC)
AMPLITUDES MAY BE DUE TO ACHR DESENSITIZATION.
B. BBttacharyya*. J, W, DavandC .M^MjommDD^t.of IfNiuuloi^o^.Univ.of ^N.
Mpls MN 55455.
Tihvsguvic micu expressing mutant AChR (SC-micu) have repetitive musclu
action potentials, prolonged, low amplitude MEPCs avd curare sensitivity, as iv thu
human neuromuscular disorder, thu slow channel syndrome. Wu investigated thu
reason for the reduced MEPC amplitudes since this is often the basis for
neuromuscular weakness. SC-mice have normal AChR number, as determined by
immunoassay. The single channel conductance of AChRs recorded from acutely
dissociated muscle fibers of control avd SC-mice is approximately 6O?S. The
transgenic AChRs are abnormally sensitive to acetylcholine (ACh), with frequent
channel openings at O.lnM, bursting at lOOiM, avd absence of openings at 3OOM
ACh, compared with control AChRs that show frequent bursts at >3OOnM ACh.
This fact suggests that SC-mice AChRs undergo CesensitiDation in situ. To test this
we compared the effect of phrenic nerve stimulation ov MEPCs recorded iv voltageclamped diaphragm muscle fibers. A 2s, 2Ohz train reduced amplitudes by 31% iv
SC-mice and by <5% iv controls. Moreover, 25% of SC-mice MEPCs decay
^exponentially, where O.37±O.O3ms is the time constant of the fast component.
Since this is smaller than the mean channel open time of the predominant single
channel openings in either transgenic or control endplates, it suggests that SC-mice
AChRs rapidly enter another closed state avd are possibly desensitized. We
conclude that reduced MEPC amplitudes avd curare sensitivity iv SC-mice is vot
due to reduced channel number or conductance avd may be due to increased
desensitiza^ of AChRs within the neuromuscular junction.
Supported by NIH K08NS011540-01 and MDA.

NEUROMUSCULAR BOUTONS OF GARTER SNAKE.
and R. S. Wilkinson*.

K. R. Fischer

Department of Cell Biology and Physiology,

Washington University School of Medicine, St. Louis, MO 63110.
Despite their importance as the anatomical substrate for release, little

is known about secretion and vesicle processing at individual release

sites, in part because axon terminals contain many synchronously active
sites. We have devised a method to remove all of the -60 terminal
boutons from an NMJ save one. The single bouton (-6 release sites)
may be visualized in situ with Nomarski or confocal fluorescence optics,
activated for postsynaptic recording of quantal events, then fixed for
subsequent immunofluorescence and EM examination. Our method
thereby

allows

physiological

study

of

a

few

release

sites,

with

concomitant anatomical study of vesicle pools and other structures.

Release fluctuated among 1-6 quanta per low frequency stimulus (1
Hz) in normal Ca+*. Mean quantal content was -3 at 1 Hz, decreasing

with increasing stimulus rate to ~1.2 at 20 Hz.

Confocal images of

boutons stained with biotin-o-conotoxin suggested -6 putative release
sites, in agreement with the maximum number of released quanta
measured. Boutons immunostained for vesicular proteins such as SV2
and synaptotagmin showed -6 discrete vesicular pools, each possibly
associated with a release site. Specific staining patterns differed among
different vesicular proteins, different bouton types (twitch and tonic) and
among similar boutons subjected to various K*- and La+~- induced
activity patterns. Results suggest that release from single boutons is

inadequately described by the binomial theory and that some vesicle
pools are altered by activity. Supported by NIH grant NS24752.
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302.1

302.2

CHANGES IN RELIABILITY OF SYNAPTIC FUNCTION AS A MECHANISM
FOR PLASTICITY. Y.Y. Wave* avd C.F. Stevens. Salk Institute, La Jolla, CA
92037.
Whole cell recording was performed iv rat hippocampal CA1 region to examine
how the synaptic strength is altered after the induction of long-term potentiation
(LTP) or long-term depression (LTD). The current passed through stimulating
electrode positioned in the stratum radiatum is reduced to a level that produces
postsynaptic response with a release probability less than or about 0.5. This method
called minimal stimulation allows us to activate only one or a few synapses and
permits us to measure both synaptic reliability, the fraction of stimuli that produce a
postsynaptic current, avd potency, the average peak size of the postsynaptic current
when does occur. Both LTP avd LTD could be induced by standard stimulation
protocol. The LTP avd LTD carried out with "microscopic" stimulation has similar
characteristics to those with "macroscopic" stimulation. From the experiments
conducted with minimal stimulation, we conclude: (1) stable LTP was represented
as av increase iv the response size averaged from all events, a decrease in the
synaptic failure rate, avd no significant change in the average size of the response
when release occurred, (2) stable LTD was represented as a decrease iv the
response size averaged from all events, av increase iv the synaptic failure rate, and
no significant change in the average size of the response when release occurred.
Therefore, both LTP and LTD operate in the CA1 region of the rodent hippocampus
under our study by changes iv the probability that av hrriaivg verve impulse will
produce a synaptic current: LTP increase synaptic reliability, avd LTD decrease it.
Neither form of plasticity seems to alter appreciably the synaptic potency (the size of
those postsynaptic currents that Co occur). Whatever the precise mechanism by
which it is achieved, the fact that synaptic plasticity operates by modifications iv
reliability rather than potency has implications for information processing.

LONG-TERM POTENTIATION IN THE CA1 REGION OF THE
HIPPOCAMPUS IS NOT ASSOCIATED WITH AN INCREASE IN
TRANSMITTER RELEASE PROBABILITY. T. Mavabe* and R. A. Nicoll
Dept. Neurophysiol., Institute for Brain Res., Univ. Tokyo, Tokyo, 113 Japan &
Depts. Pharmacol. & Physiol., UCSF, San Francisco, CA 94143-0450 U.S.A.
It is generally agreed that long-term potentiation (LTP) in the CA1 region of
the hippocampus is initiated postsynaptically, but there is considerable debate
as to the site at which the increase iv synaptic strength is expressed. In order to
address the issue of whether the probability of transmitter release (Pr) is
increased Curing LTP, we have used whole-cell recording techniques in guinea
pig hippocampal slices in conjunction with the irreversible open channel
blocking action of the NMDA receptor antagonist MK-801. CA1 pyramidal
cells were voltage-clamped at +50 mV and NMDA receptor-mediated EPSCs
were evoked by stimulating afferent fibers iv stratum radiatum in the presence
of 10 pM CNQX. We have confirmed previous results (Rosevmuvd et al.,
Science, 262:754 (1993); Hessler et al., Nature, 366:569 (1993)) that the rate of
decline of the NMDA receptor-mediated EPSC amplitude iv the presence of 40
pM MK-801 strongly depends on Pr. In LTP experiments von-NMDA
receptor-mediated EPSCs were recorded at -80 mV avC LTP was induced in
one of the two pathways in the same cell by pairing depolarization to 0 mV
with 2 Hz electrical stimulation of afferent fibers. After the establishment of
LTP NMDA receptor-mediated EPSCs were recorded. We have fouvC that,
despite the strong dependence of the rate of decline of the NMDA receptormediateC EPSC ov Pr, the rate of decline at synapses expressing LTP is
identical to that observed at synapses not expressing LTP. These findings are
incompatible with models of LTP in which the expression of LTP is due to an
increase in the probability of transmitter release.

302.3

302.4

GLUTAMATE
INDUCED
SYNAPTIC
POTENTIATION
PRODUCES
ENHANCED
POSTSYNAPTIC
SENSITIVITY
TO
AMPA
PULSES.
R.J. Cormier* and P.T. Kelly.
Dept, of Neurobiology and Anatomy.
UT Medical School, Houston TX 77225.
Although a wealth of evidence indicates that the induction of long-term
potentiation (LTP) is postsynaptic, a variety of data indicate that LTP

GLUTAMATE RELEASE FROM HIPPOCAMPAL SYNAPTOSOMES
IS ENHANCED AFTER LTP AND SPATIAL TRAINING:
IMPLICATIONS FOR THE ROLE OF LTP IN LEARNING.
G.Richter-Levin*. L, Canevari and T.V.P. Bliss. National Institute for
Medical Research, Mill Hill, London, NW7 1AA, U.K.
High-frequency stimulation (HFS) of the perforant path in the
anaesthetized rat leads to an enhancement (l9.2±2.3%, n=6, p<0.05,
paired t-test) of veratridine-induced glutamate release from synaptosomes
subsequently prepared from the dentate gyrus. To examine whether
learning is associated with a similar biochemical plasticity we examined
glutamate release in synaptosomes from the dentate gyrus of rats trained
in the Morris water-maze. Glutamate release was significantly greater in
well-trained animals (n=ll) compared to naive animals (n=6; p<0.005,
Mann-Whitney). If similar cellular mechanisms are involved in learning
and HFS, prior learning should occlude the enhanced release expected
following HFS. In agreement with this prediction, the enhancement of
synaptosomal glutamate release associated with h Fs was abolished in
well-trained rats, but not in partially trained rats. The specificity of the
’occlusion' effect to spatial learning was examined by using a non-spatial
procedure (a visible platform). In this group (n=5) HFS induced a
smaller but still significant enhancement of release. Thus, spatial learning
and HFS may engage a common pathway to enhance glutamate release.
HFS also produces long-term potentiation (LTP). However, the degree
of LTP obtained in well-trained animals was not significantly different
from that observed in naive animals. The increase in glutamate release
argues against the explanation that learning engages fewer synapses than
LTP. Together, these findings present a challenge the hypothesis that
LTP provides a necessary neural substrate for spatial learning.

expression can be pre- and/or postsynaptic. We have shown that LTP of
synapses on CA1 pyramidal neurons can be induced by glutamate

iontophoresis in the absence of presynaptic stimulation (Neuron, 1993, 10(5),
907-919). This LTP is accompanied by increased miniature EPSC amplitude
(Cormier et al., SN Abstracts, 1994, 106.6).
Other studies have reported
increased responses to AMPA iontophoresis following tetanus induced LTP, or
strong postsynaptic depolarization. Thus, it is possible that both induction and
expression mechanisms for some types of LTP are contained entirely in the
postsynaptic neuron. We have used a strategy independent of evoked
synaptic transmission to study alterations in the sensitivity of postsynaptic
neurons to neurotransmitter following glutamate induced synaptic potentiation.
Micropressure application (MPA) of AMPA was used to stimulate non-NMDA
ionotropic glutamate receptors on CA1 pyramidal neurons. MPA of AMPA
produced responses of short duration (0.5 - 10 s), making it an ideal tool for
the study of non-desensitized AMPA receptors. Whole-cell recordings were
used to measure AMPA-MPA responses in single CA1 pyramidal neurons.
AMPA-MPA responses were abolished by CNQX but were not sensitive to
tetrodotoxin. Synaptic potentiation was induced by 10 mM glutamate-MPA
(10 PSI for 20 ms; 20 MPA at 2 Hz, repeated 5 times). Currents produced by
50 pM AMPA-MPA (10 PSI for 10 ms) were enhanced approximately 30% at
15 min following glutamate-MPA.
These data are consistent with the
contention that mechanisms underlying the expression of some forms of LTP
are mediated by enhanced sensitivity of postsynaptic AMPA receptors.
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302.5

302.6

SINGLE ELECTRODE HIGH-FREQUENCY STIMULATION GENERATES LTP IN
ONLY A SMALL FRACTION OF SYNAPSES IN THE HIPPOCAMPAL CA 1 MINISLICE. A.S. Navak* and M.D. Browning. U. Colo. Hth. Sci. Ctr., Denver, CO, 80262.
We are interested in characterizing the biochemical changes accompanying LTP
generated by electrical stimulation in the rat hippocampal slice. In order to detect such
changes, it is necessary to produce LTP in a significant portion of the hippocampal tissue
to be analyzed. Others have suggested that high-frequency stimulation (HFS) delivered
via a single electrode may generate LTP in only a small fraction of hippocampal
synapses. Here we examine this issue directly using a multi-electrode array (rake). The
rake is a linear array of four monopolar electrodes, each separated by 100 pm. In our first
set of experiments we delivered saturating HFS via a single electrode in the rake. We
then determined whether any LTP could be observed in the rake’s unstimulated
electrodes. No LTP was observed in the majority of such electrodes (11 of 21). In four
of the ten cases where there was spread of LTP to an unstimulated electrode, we tested
whether this LTP was saturating. In all four cases the LTP was not saturating as
additional LTP was seen following HFS delivered directly to the second electrode.
HFS delivered simultaneously to all four of the rake's electrodes reliably produced
saturating LTP in all four electrodes (7 of 8). These data suggest that the rake can be
used to produce saturating LTP in a portion of a CA1 mini-slice. However, the data do
not indicate the degree to which this saturaton is produced along the adjacent portions
of the CA1 mini-slice. To test this we first delivered simultaneous HFS to all electrodes
of the rake. We then demonstrated that additional LTP could be elicited in the same minislice at each of three subsequent posterio-lateral positionmgs of the rake electrode
provided they were separated by at least 0.75 mm. Rake-generated LTP resembles
conventional LTP in its magnitude, duration, and sensitivity to NMDA-receptor
antagonists. Ou results show that multiple drops of a multi-electrode array are required
to produce saturating LTP in a significant portion of the synapses in a CA1 mini-slice.
Such stimulation is thus likely to be required to clarify the biochemical processes which
underlie LTP. Supported by PHS-AAO9675.

THE STIMULUS DEPENDENT INDUCTION OF LONG-TERM
POTENTIATION IN THE HIPPOCAMPAL CA1 AREA
IDENTIFIED BY THE OPTICAL IMAGING METHOD
T. Aihara1 , M. Mizuno1 M. Tsukada1, H. Saito1* and H. Kato2
‘Dept, of Information-Communication Engineering, Tamagawa
Univ., Machida,Tokyo, 194, and 2Dept. of Physiology, Yamagata
Univ., School of Medichine, Yamagata, 999-23, Japan.
Long-term potentiation (LTP) in the CA1 area of hippocampus
are highly sensitive to the higher order statistical characteristics of
the stimulus ( correlation between successive pairs of inter-stimulus
intervals ) ( Tsukada et al. 1993, Aihara et al. 1993). The temporalpattern sensitivity in LTP was identified in a slice preparation from
the hippocampus of a guinea-pig by using the optical imaging method.
The inter-stimulus intervals of the temporal pattern applied as stimuli
are consisted of the pair of any two components from 50msec to

1000msec.

In this experiment, we found that spatial pattern of LTP in CA1
area differed depending on the temporal pattern of stimulus; positively
correlated sequences were much more effective (large area) in
producing l Tp , while negatively correlated sequences were
ineffective (small area). As the second finding the spatial pattern of
LTP was closely related to the position where the repetitive firing
of population spikes was evoked during the period of temporal-pattern
stimuli. These results suggest that there is a transformation from
the temporal pattern into the spatial pattern in coding process of
the hippocampal learning system, the repetitive firings represent
the dynamics of the inducing process of LTP.

302.7

302.8

CALCIUM IMAGING OF DENDRITIC SPINES OF CA1 PYRAMIDAL
NEURONS IN RAT HIPPOCAMPAL SLICES . B. Potier. B.G. Frenguelli.
M.Vignes. W.W, Anderson* & G.L. Collingridge Department of
Pharmacology, The University of Birmingham, Birmingham, U.K.
We have recently described the nature of Ca^+ signals in the dendrites of

PERSISTENT ENHANCEMENT OF SPONTANEOUS PRESYNAPTIC
TRANSMITTER RELEASE FOLLOWING K+ DEPOLARIZATION OF
CULTURED HIPPOCAMPAL NEURONS. F.E. Schweizer*. K. Deisseroth and
R.W. Tsien. Dept, of Mol. Cell. Physiology, Stanford University, Stanford CA
94305.
Hippocampal neurons in culture exhibit several forms of synaptic plasticity,
expressed as changes in the amplitude of evoked synaptic responses or the frequency
or amplitude of spontaneous synaptic events (minis). Here we report that a 30 s
application of isotonic high potassium extracellular solution (90 mM KCI) causes a
pronounced increase in mini frequency, with little or no effect on mini amplitude
(holding potential -70 mV). The increase in mini frequency could be seen in the
presence of the NMDA-receptor blocker MK-801 (10 pM) in the external solution,
with inclusion of the Ca^* chelator BAPTA (5 mM) in the patch pipet, and after
prolonged (up to 50 min) dialysis by the whole-cell recording electrode. However, it
was prevented by omission of added Co ^ + from the external media. In the presence
of MK-801, the mini frequency enhancement lasted for at least 15 min, and in some
cases, up to 30 min. The induction of the potentiation is not simply due to increased
transmitter release inasmuch as application of sucrose in the presence of MK-801
temporarily increases transmitter release but fails to produce persistent enhancement.
In addition to the K +-evoked increase in excitatory mini frequency, we also observed
a similar increase in the frequency of inhibitory minis, monitored as outward currents
at 0 mV. We conclude that application of high K+ leads to an increase in mini
frequency that is independent of ion flow through the NMDA receptor or a rise in
postsynaptic Ca^ +. We hypothesize that the increase of spontaneous transmitter
release is triggered by the influx of Ca^+ into the presynaptic terminal, while
recognizing that the mini frequency increase most likely outlasts the presynaptic
^2 + transient itself. It may represent a form of synaptic plasticity independent of
the postsynaptic cell, and would thus differ from classical LTP at the CA3-CA1
synapse.

patch-clamped CA1 neurons following high frequency stimulation of the
Schaffer collateral-commissural pathway (Alford et al, 1993, J. Physiol.. 469,
693-716). In some neurons we could resolve dendritic spine-like structures
and observed transient Ca^+ rises which, due to the experimental conditions
employed, were initiated by Ca^4 permeation through NMDA channels.

These experiments were, for technical reasons, performed using a 20 X, 0.75
NA objective and so the spines were close to the limit of resolution. We have
now examined these spine-like structures using a more powerful (60 X, 1.4
NA) objective. Experiments were performed on 200 pm thick slices obtained
from 11-17 day old rats, as described previously (Alford et al, 1993).
Images were obtained, using a BioRad confocal microscope, approximately 2
h after the introduction of fluo-3 into the tip of the patch-pipette. An analysis
was made of 30 dendritic spines on the apical dendrites of 4 neurons. Spines
were observed with a separation, along one axis, of approximately 1.6 pm.
The spine heads had a width of 0.56 ± 0.02 pm and the spine length was 0.76
± 0.03 pm. These values are similar to those derived from fixed tissue using
electron microscopy (Hams et al, 1992, J. Neurosci. 12, 2685-2705). We
conclude that fluo-3-filled spines can be clearly resolved in living CA1
neurons in hippocampal slices and confirm our initial measurements of spinelike structures, obtained with a 20 X objective.
Supported by the Wellcome Trust.
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LONG-LASTING DEPRESSION OF EXCITATORY SYNAPTIC
TRANSMISSION IN CULTURED HIPPOCAMPAL NEURONS. K. Deisseroth*.
A, D. Randall, and R.W. Tsien. Dept. of Molecular and Cellular Physiology,
Stanford University, Stanford CA 94305.
Forms of synaptic plasticity expressed at the synapses between cultured neurons
include paired pulse facilitation, paired pulse depression, and long-lasting
potentiation. Here we report that long-lasting depression of synaptic transmission
can be induced in cultured rat hippocampal neurons by a stimulus designed to give
low level activation of the NMDA receptor. Mild persistent depolarization of the
postsynaptic cell (-35 mV for 2 min) depressed miniature excitatory postsynaptic
current (mini) frequency (42±6% depression, n=7). The depression of mini
frequency induced in this way was stable for >15 min and was associated with no
change in the kinetics or amplitude distribution of the mEPSCs. The depression of
mini frequency could be reversed by a stimulus protocol which gives rise to a longlasting potentiation of mini frequency (brief application of high K^). Mini
frequency depression was reduced in the presence of NMDA receptor antagonists
(lOpM CPP in the presence or absence o^ lOpM MK-801 and 5OpM D-APV; 11±
8% depression, n=6).
Steady depolarization to -35 mV (in the absence of presynaptic stimulation)
also reduced the amplitude of monosynaptically evoked EPSCs between pairs of
neurons (n=3). The magnitude of this depression of evoked EPSCs was comparable
to the depression of mini frequency induced by the same protocol. The high level of
spontaneous excitatory activity in these cultures may allow sufficient ion flux
through depolarization-unblocked NMDA receptors to induce long lasting synaptic
depression. These experiments suggest that a depression of synaptic transmission
that is postsynaptically induced could be presynaptically expressed. A phenomenon
such as this in conjunction with the presynaptically expressed component of LTP
would provide bidirectional control of synaptic strength at the presynaptic terminal.

MODIFICATION OF SYNAPTIC CURRENTS BY TETANIC STIMULI IN
DISSOCIATED CORTICAL CELL CULTURES. Y. Jimbo. H.P.C. Robinson*.
E. NMala. Y. KKurlaand A. Kawwia. NTT Basic Res. Lalas, 3-1 Monnosato
Wakamiya, Atsugi-shi, Kodagowo 243-01, Japan, Physiol. Lab., Univ. Cambridge,
U.K., and Tokyo Met. InsL for Neuroscience, Japan
Repetitive electrical stimulation can induce persistent synchronized bursting in
initially silent cultures of cortical neurons (Maed^ et al., Soc. Neurosci. 1993). In
order to analyze the mechanism of this phenomenon, we studied the changes in
synaptic currents during induction of synchronized bursting. Cortical neurons
isolated from 18-day rat embryos were cultured on substrates with embedded
microelectrode arrays for stimulation. Whole cell patch recording was carried out
after 2 weeks in culture, in external medium containing 10 mM Mg2+. Localized
groups of cells were stimulated through individual substrate electrodes, using a test
stimulus consisting of 10 X 1.2 V, 200 ps pulses, separated by 2 ms, applied every
10s. Evoked multicomponent synaptic currents were recorded by whole cell voltage
clamp at the resting potential, and a sequence of tetanic stimuli were applied.
Starting with a low initial probability of evoking a synaptic current with each test
stimulus (Pev < 1/3), tetanus (100 X 2V pulses, 2ms separation) applied during
voltage-clamp at the resting potential produced a transiently increased amplitude of
late synaptic currents in the test response and an increase in P.v , associated with a
transient (c. 30s) episode of periodic spontaneous synaptic currents. Subsequent
pairing of the same tetanus with a 40 mV depolarization produced the same effects
more strongly, with periodic spontaneous synaptic input persisting for over a minute.
Finally, 5 paired tetani separated by 10s gave even longer-laster effects, with a clear
emergence of new peaks in the test synaptic current, and an increase in Pev to almost
1. Th^e effeftc persrst for rvor r minutes. Thus, theinductionof syncnconined
bursting by localized tetanic stimulation is linked to a potentiation of excitatory
synaptic currents.
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DENDRITIC NA CHANNELS INTERACT WITH SOMATIC FIRING TO SHAPE
NEOCORTICAL CIRCUIT FORMATION: A COMPARTMENT MODEL STUDY.
Paul Rhodes*. Plaza Center, 25 la Royal Palm Way, Palm Beach, FL 33480
Single neuron studies using electrode recording, optically sensitive dye, and now
immunohistochemical methods have provided evidence that neocortical pyramidal
neurons have electrically active dendritic trees. The consequences include not only
amplification of distal synaptic inputs but also voltage signals propagating outward
from soma to dendrites, providing a means for the somatic spike to gate NMDA
conductance at distal synapses (Rhodes and Gray 1993). This implies that the
presence of dendritic channels may fundamentally alter the modification of
neocortical circuits, affecting the conditions under which new or strengthened
synapses form during activity. To gain some insight into how active dendrites could
affect synapse modification, compartment model methods were used to construct a
test circuit incorporating an interconnected set of simulated layer III and V regular
spiking and fast spiking model neurons. Synaptic conductances, 80% AMPA and
20% NMDA, were initially set at uniform low levels, increased as a function of the
Ca component of the NMDA current, and decreased if the local post synaptic voltage
exceeded -3OmV without accompanying NMDA current. Three test cicuits were
used, initially identical but for the presence of 0, 1, or 8 mS/cm2 Na and K(DR)
channel conductance density in the pyramidal dendrites. Each test circuit was
repeatedly subjected to a patterned train of synaptic input applied to layer III
pyramidal proximal dendrites and the FS neurons, with a separate train applied to
pyramidal layer I apical tufts. Qualitatively different synaptic connectivity patterns
emerged. With purely passive dendrites, few distal synapses strengthened, but those
that did were stable, while with dendritic Na channels present, distal synapses
modified much more readily, both strengthening and weakening. The results
illustrate the possibility that dendritic Na channels may play a role in shaping the
distributions of strengthened synapses which emerge during neural activity.

BIOPHYSICAL ACCESSIBILITY OF MOSSY-FIBER SYNAPSES IN RAT
HIPPOCAMPUS. N.T. Camevale*b3. k .Y. TsaPA R. Gonzales*. B. J. Claiborne*,
and T.H. Brown1^. Depts. of Psychology1 and Cellular & Molecular Physiology2, the
Center for Theoretical & Applied Neuroscience3, Yale Univ., New Haven, CT 06520,
and Division of Life Sciences4, Univ. of Texas, San Antonio, TX 78249.
The mossy-fiber (MF) synapse onto CA3 pyramidal cells is considered a favorable
system for the study of synaptic transmission due to its large size and relative
proximity to the soma. Assumptions of perfect space clamp may be relevant to some
of the recent controversies regarding mechanisms of Mf LTP induction. We
evaluated the biophysical accessibility of this synapse with respect to somatic voltage
clamp, and examined how the associated spine (thorn) affects control of subsynaptic
membrane potential (Vm).
Simulations with NEURON [Hines, 1993] used detailed anatomical reconstructions
of 4 CA3 neurons [Gonzales et al. unpublished] that included actual thorn locations.
Thom morphologies were as reported by Chicurel & Harris [1992]. Passive
membrane properties were Rm 7Okfl cm2, Cm lpF/cm2, Ri 2000 cm [Spruston &
Johnston, 1992]. Synaptic inputs were modeled by a conductance change with a
double exponential time course (gpeak 2.5nS, Erev OmV, rl 0.5ms, T2 5.0ms, 20 - 80
trise 0.45ms) [Xiang et al., 1994; Jonas et al., 1993]. Fast kinetics (rl) were used to
get worst-case estimates of the distorting effects of electrotonic low-pass filtering.
For a synapse onto a large thorn, a somatic voltage clamp captured >92% of actual
synaptic charge, and estimated Erev was 0 - 5.2mV for all synaptic locations.
However, because of electrotonus, the ratio (clamp Ipeak / actual synaptic Ipeak)
ranged from 45 - 98%. A large thorn further attenuated apparent gpeak and Ipeak but a
small thorn had little or no effect. Measured trise for all MF inputs was <2ms but this
did not guarantee good space clamp; for clamp Ipeak accuracy better than 80%,
observed trise had to be <O.5ms. Peak Vm at the subsynaptic region in the large thorn
was 18 - 21mV above rest in the unclamped cell, and voltage clamping reduced this by
<ImV. High-frequency stimulation produced peak depolarizations up to 35mV.
Supported by NIH, ONR, CTAN, and The Texas Higher Education Coord. Board.
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THE DURATION AND PATTERN OF TETANIC STIMULATION
INFLUENCE THE TIME COURSE OF POTENTIATION AT THE MOSSY
FIBER-CA3 SYNAPSE. NN Urban. RB Langdon. and G Barrionuevo*.
Department of Neuroscience, University of Pittsburgh, Pittsburgh, PA, 15260.
We have examined the time course of NMDA-independent long-term
potentiation (LTP) of EPSPs in hippocampal area CA3 elicited by two protocols
of dentate gyrus (DG) tetanic stimulation. One protocol, 'short trains,' consisted
of 6-10 pulses at 100 Hz, applied 8 times at 5 second intervals. A second
protocol, long trains,' consisted of 100 pulses at 100 Hz, applied 1-3 times at 10
second intervals. Hippocampal slices were bathed in ACSF containing 10 pM
bicuculline, 10 pM MK-801, 3 mM Ca2* and 3 mM Mg2*. Test stimuli were
applied to the DG at 0.1 Hz. Stable population EPSPs (pEPSPs, 150-400 pV)
from s. lucidum or intracellular EPSPs (iEPSPs, 7-12 mV) from CA3 pyramidal
cells were recorded for 15 minutes prior to tetanus. LTP was defined as a 20%
or greater increase in response amplitude 15 minutes following the last tetanus.
Short trains elicited LTP with an average magnitude of 63%, in 8 of 15 cases (3
of 5 cases for pEPSPs and 5 of 10 cases for iEPSPs). In 7 of 8 cases, short
trains induced minimal PTP (mean = 50%) followed by slowly developing LTP
which peaked at about 25 minutes post tetanus. Long trains elicited LTP with
an average magnitude of 90%, in three of eight experiments (1 of 1 cases for
pEPSPs, 2 of 6 cases for iEPSPs). Long trains invariably induced significantly
greater PTP (mean = 410%) which decayed to a stable LTP by 15 minutes post
tetanus. We are currently using whole cell recording techniques in combination
with the 'suppression' method (Langdon et al., J. Physiol. 472:157, 1993) to
determine whether mono- and/or polysynaptic inputs contribute to the observed
potentiation. Supported by NSF 24288, NIH 45156, and a Howard Hughes
Medical Institute Predoctoral Fellowship.

COMPARISON OF MOSSY FIBER LTP IN THE
RAT AND GUINEA-PIG HIPPOCAMPUS.
Stephen H. Willtam£- Department of Neurology and Division of Neuroscience,
Baylor College of Medicine, Houston, Tx 77030.
The mossy fiber-CA3 synapse of the hippocampus exhibits a form of longterm potentiation that is independent of NMDA receptor activation. The
mechanism of induction of this form of LTP is not well understood, and there
is debate concerning the locus of induction. Our data suggests that a postsynaptic rise in calcium is necessary but not sufficient, for LTP induction, although other evidence suggests the induction mechanism is presynaptically
located. Furthermore there are conflicting data concerning the role of opioids released from mossy fiber terminals during LTP induction. An important
methodological difference in several of these studies was the use of rat versus
guinea-pig hippocampal slices. We have begun to compare the properties of
LTP in these two species. Intracellular and extracellular recordings were made
from area CA3 of the hippocampus at 34-35°C. The NMDA antagonist APV
was routinely added to the saline, but inhibition remained intact. Mossy fiber
responses were identified either on the basis of short latency and rapid 1090% rise time (intracellular) or by the presence of a current sink in stratum
lucidum (extracellular). When mossy fibers were subject to tetanic stimulation (3 episodes of 1 sec duration, 100Hz, over 15 secs) it was clear that slices
prepared from guinea-pig had a higher probability of LTP induction (83%,
n=l2) than those from rat (33%, n=l5). In those slices that did exhibit LTP
however, the magnitude of the potentiation was similar, 56% in rat compared
to 76% in guinea-pig. Stimulation of the mossy fibers also leads to activation
of multiple synaptic pathways. We are currently investigating whether these
other synaptic inputs influence mossy fiber LTP induction. (Supported by
DAO7954).
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RECONSTITUTION OF THE HIPPOCAMPAL MOSSY FIBER PATHWAY IN
DISSOCIATED CELL CULTURE. D. Baranes, J.C. Lopez-Garcia. C.H. Bailev.
M.Chen*. and E,R . Kandel. Ctr. Neurobiol. & Behav., Columbia Univ.,
HHMI, NY, NY 10032.
The mechanisms underlying non-NMDA-mediated long-term potentiation in the mossy fiber (MF) pathway have proven difficult to study because
of the complex circuitry of the hippocampal slices (Claiborne et al.,
Hippocampus, 3:115, 1993). We therefore have established dissociated cell

MDCRAHN POTENTIAL EFFECTS ON LONG-TERM POTENTIATION
IN DENTATE GYRUS GRANULE CELLS. R.L. Barry* & J-M.
flarvey. Dept. of Pharm., USUHS, Bethesda, MD 20814.
We have investigated the effects of membrane
potential and spiking during high frequency stimulation
(HFS) on LTP in rat dentate gyrua granule cells using
whole cell patch clamp recordings (NCR).
Hippocampal slices (350 pm) were prepared and
maintained in an interface chamber at 27*C using
standard protocols. Current clamp was used to set the
membrane potential at various levels at the beginning
of HFS (25 Ha, 2 s) of the medial perforant path.
Concomitantly with WCR, field potentials were recorded
in the granule cell layer of the dentate gyrus. HFS
always elicited LTP of the population spike. But in the
patched cell HFS yielded LTP, transient potentiation,
or no change in EPSC amplitudes and slopes, depending
on the membrane potential during HFS. Depolarized (>50 mV) cells demonstrated MTP; cells held near the
resting potential (-90 to -50 mV) demonstrated
transient potentiation (<20 min); and EPSCs from
hyperpolarized cells (<-9O mV) were unchanged. The
occurrence and the magnitude of LTP were unrelated to
the number of spikes that occurred during HFS.
In some
instances LTP occurred in the absence of spiking, and
in others LTD was observed in cells that spiked during
HFS. nih NS23865

culture system of the MF by selectively coculturing cells from the dentate
gyrus (greatly enriched for granule cells) with those of the CA3 fields
(enriched for pyramidal cells). Pyramidal neurons in culture resemble their
mature in vivo counterparts. Most of the granule cells are immature,
having one major apical and one basal dendrite. Dynorphin A, exclusively
expressed in granule cells, is found along axons of granule cells, but is
absent from cocultures of CA3 and CA1 neurons. Similarly, large varicosities were positive for Timm staining, indicating high levels of zinc similar to
the MF in vivo. Preliminary EM analysis reveal presynaptic expansions
(0.5-3 pm), which make predominantly asymmetric contacts with dendritic
shafts. Axospinous synapses are relatively rare and consist of a single,
invaginated head. We recognize individual granule and pyramidal cells by
inspection. As is the case in vivo (Jonas et al., J. Physiol. 476:615, 1993), the
postsynaptic current in pyramidal cells, evoked by stimulation of a single
granule cell, is mediated mainly through non-NMDA receptors, with a
minor NMDA component. These connections showed NMDA-independent
long-lasting potentiation. Thus, important characteristics of the MF
pathway, including aspects of its plasticity, can be reconstituted in culture.
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MEDIAL PERFORANT PATHWAY HAS MORE CAPACITY FOR LONG-TERM
POTENTIATION THAN LATERAL PERFORANT PATHWAY IN RAT DENTATE
GYRUS. S.Wang*,J.M.Woitowicz. Department of Physiology, MRC Group,
University of Toronto, Toronto, Ontario, Canada, M5S 1A8.
Anatomically, medial perforant pathway (MPP) and lateral perforant
pathway (LPP) form distinct synaptic contacts with dentate gyrus granule
neurons at the outer two thirds of the molecular layer. We had previously
found that coactivation of these two pathways produced much stronger
long-term potentiation (LTP) in MPP than in LPP. (Wang & Wojtowicz,
Society for Neurosciences Abstract, 19:908). We now report that the
preferential induction of LTP in MPP is due to their intrinsic properties of
synapses in the two pathways. To examine the capacity for LTP in the MPP
and LPP after repetitive tetanization, we used field potential recordings in
rat hippocampal slice preparation. All the experiments were performed with
10 pM bicuculline in the perfusion bath to block the inhibitory inputs. In
each slice either the MPP or the LPP was tetanized four times with 20 to 30
minutes intervals between tetanizations (4 trains at 100 Hz, 500 ms each).
The first tetanization (T1) produced similar LTP in both pathways (% of
control, MPP, 241 ±66%; LPP, 184±43%, n = 4 each). However, the
additional potentiation after four tetanizations (T4) was greater in MPP
(358±115%) than in LPP (212 ±43%). MPP generally potentiated after
every tetanization while the LPP showed little further potentiation after the
first tetanus. The difference between T1 and T4 in the MPP was 116 ± 67%
(n = 4), while the change in the LPP was 28 ±10% (n = 4). These
experiments clearly demonstrated that MPP has greater capacity of express
LTP following repetitive tetanization than LPP. We propose that the
relatively high capacity for LTP in MPP is a major reason why the two
pathways interact in a "teacher and pupil" manner when
activated
together. Supported by MRC of Canada.

302.19

CURRENT-SOURCE DENSITY ANALYSIS OF LAYER IV AND WHITE
MATTER-EVOKED FIELD POTENTIALS: IMPLICATIONS FOR PLASTICITY
C.D.Aizenman. A.Kifkwood. E. Sklar. M.A. Paradiso* and
M.F. Bear Department of Neuroscience, Brown University, Providence RI 02912.
Recent work in our laboratory has shown that LTP of synaptic responses
in layers II/III of the visual cortex can be evoked by theta burst stimulation (TBS) of
layer IV. In contrast, TBS of the white matter typically fails to evoke LTP in adult
visual cortex unless GABAa receptors are inhibited. We performed current-source
density (CSD) analysis to determine how the patterns of cortical activation compare
under these different stimulation conditions.
Single-pulse stimulation of layer IV and the WM yielded strikingly similar
CSD patterns. The major sinks were located in layers D and III after layer IV
stimulation and in layers II, III and IV after WM stimulation. To address the
possibility that the superficial sinks following WM stimulation were di-synaptic
and depended on activation of layer IV neurons, we repeated the experiment in high
divalents (12 mM Ca2+ and Mg2+). A substantial synaptic current sink remained in
the superficial layers under these conditions, indicating that stimulation of either site
leads to monosynaptic EPSC's in layer III. Thus, the absence of LTP after WM
stimulation is not accounted for by the absence of monosynaptic input to layer III.
We next studied the response to paired pulse stimulation (20 ms ISI). This revealed
striking differences among the different stimulation conditions. While there was
little evidence of a paired-pulse interaction after stimulation of layer IV (5±7%
SEM, facilitation of sink area, n=3), there was marked paired-pulse inhibition after
stimulation of the WM (sink area reduced by 5l.3±23% SEM, n=3).
Taken together, our results support the hypothesis that induction of LTP in
layer III requires activation of an input originating in layer IV. This input fails to
be recruited by TBS of the WM because of GABAA-mediated inhibition. Thus,
inhibitory circuits in layer IV may act as a "plasticity gate" by constraining the type
of activity that reaches the modifiable synapses in layer III.
(supported by the National Eye Institute)
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TRANSSYNAPTIC INDUCTION OF PRESUMED MOSSY FIBER
LTP WITH PERFORANT PATH STIMULATION IS NMDARECEPTOR INDEPENDENT M.F. Yeckel* and T.W. Berger. Dept, of
Biomedical Engineering, and Program in Neuroscience, University of Southern
California. Los Angeles, CA 90089-1451.
We previously have reported that different patterns of perforant path stimulation
can selectively determine the spatial distribution of potentiated synapses within the
hippocampus, in vivo: i) 50-400 Hz impulses induces monosynaptic LTP of both
the dentate and CA3: ii) 15 Hz stimulation selectively induces LTP,
transsynapucally, of presumed mossy fiber input to CA3; iii) theta-like bursts (200
Hz bursts, 10 Hz interburst interval induce both monosynaptic LTP of perforant
path input to the dentate <and CA3, and tntnssynaptic LTP of afferents to CA3. We
also have demonstrated that similar to the excitatory recurrent collaterals, induction
of LTP for perforant path input to CA3 is dependent upon activation of NMDA
receptors: mossy fiber-induced LTP has been shown previously not to require NMDAreceptor activation. Therefore, we tested in vivo, whether or not transsynaptically
induced LTP is NMDA-independent, thus resulting from potentiation of mossy fiber
input, <and not from other afferents. such <as the excitatory recurrent collaterals.
Stimulating electrodes were placed into the perforant path <and the hilus of
halothane-anesthetized rabbits. The NMDA <antAgonist, d-APV (100 pM, 0.75 pl),
was pressure-ejected into the CA3c apical dendritic region. Following application of
APV. perforant path-evoked responses in the dentate and CA3, and Ca 3 responses
evoked by hilar stimulation were obtained before and after thetA-burst stimulation of
the perforant path. The results show that in the presence of d-APV, LTP induction
is blocked for perforant path input, but not for induction of tntnssynaptic input to
CA3. Recovery was observed for perforant path input approximately 60 min ;ifter
the cessation APV infusion, with induction of dentate <and CA3 LTP. These data
further demonstrate that perforant path-evoked, transsynaptic induction of LTP to
CA3 reflects potentiation of mossy fiber <afferents and not recurrent collaterals.
Supported by On R, NIH, BMSR. Human Frontiers Org., and NIMH.
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HETEROGENEITY OF LAMINAR PLASTICITY IN POSTERIOR
CINGULATE CORTEX. T.G. Hedberg* and P.K. Stanton. Depts
Neurosci. and Neurology, Albert Einstein Coll. Med., Bronx, N.Y. 10461
Long-term potentiation (LTP) and depression (LTD) of synaptic
transmission can be induced in posterior cingulate cortex (PCC) by
stimulation of the subiculo-cingulate tract (SCT). Large pyamidal cells
with somata in deep laminae V and VI are activated monosynaptically by
SCT while smaller pyramidal cells with somata in superficial laminae Ii /III
and IV are activated polysynaptically. In-vitro intracellular and in-vitro/invivo extracellular field potential recordings showed minimal paired-pulse
facilitation, but pronounced homosynaptic LTP of PSP latency (-61 ±17%)
and amplitude (l29±l8%) in deep laminae responses following high
frequency SCT stimulation (HFS; 60-100 Hz). Those responses were
blocked by 15 pM AP5, an NMDA receptor antagonist. In contrast,
following HFS, superficial laminae elements showed pronounced paired
pulse facilitation (88±9%), but no LTP. Following low frequency
stimulation (LFS; 1-5 Hz) deep laminae responses showed LTD, (blocked
by 15 pM AP3, a metabotropic receptor antagonist), while superficial field
responses were unchanged. When LFS was followed by HFS, deep laminae
LTP was enhanced and longer-latency components of superficial laminae
responses became more prominent. Significantly, those changes were
blocked in deep laminae but markedly enhanced (25±4%) in superficial
laminae in the presence of bath applied 15 pM AP5.
Given the
microcircuitry of PCC, these results suggest: 1) LTP and LTD in deep
laminae are mediated by NMDA and metabotropic glutamate receptors
respectively, 2) LFS in theta range may “prime” synapses in both
superficial and deep laminae yielding enhanced plasticity, 3) mechanisms
disabling superficial plasticity induction may be NMDA-mediated.
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LONG-TERM POTENTIATION (LTP) IN THE BARREL CORTEX.
Keller* and V.A, Aroniadou. Departments of Anatomy & Cell Biology
and Neuroscience, USUHS, Bethesda, MD 20814
We studied the properties of LTP in intracolumnar and intercolumnar
connections in the rat barrel (somatosensory) cortex. In coronal slices of
rat barrel cortex, synaptic potentials were recorded in layer n/IB in
response to vertical input from layer VI or horizontal input from layer
D/Dh In normal medium, without suppressing inhibitory activity, two
different patterns of tetanic stimulation (a single 5 sec train at 50 Hz, or
250 msec trains at 100 Hz delivered every 5 sec for 10 min) in either layer
VI or n/m were effective in inducing LTP. The time courses of LTP
induced by the two different stimulation patterns were distinct. LTP could
also be induced when NMDA receptors were blocked during tetanus by
bath application of APV. A potentiated synaptic response could be further
enhanced by subsequent tetanic stimuli When no further potentiation was
induced using one of the two tetanus parameters, the other stimulation
pattern was still effective in inducing further LTP. Thus, the two different
tetanus parameters may induce LTP by activating different, nonoverlapping biochemical events. These results suggest that in a set of
synapses where the efficacy of impulse transmission has been enhanced to
"saturation" following high-frequency presynaptic and postsynaptic
coactivity, further enhancement may still be acheived when the same set
of synapses is activated at a different high-frequency pattern.
Supported by PHS:NIH grant #NS31078.

NMDA RECEPTORS AND DIHYDROPYRIDINE-SENSfnVE
CALCIUM CHANNELS MEDIATE LTP INDUCTION IN RAT
MOTOR CORTEX. V.A. Aroniadou* and A. Keller. Dept Anatomy &
Cell Biology, USUHS, Bethesda, MD 20814
In slices of rat (13-24 d) motor cortex we studied the mechanisms of LTP of
synaptic responses, recorded extracellularly or intracellularly in layer n/m and
evoked by stimulation in layers V or VI below the recording site, or in layer D/H
medial or lateral to the recording site. Tetanic stimulation in either layer E/ffl or
V/VI, in normal medium, induced homosynaptic LTP in 78% of the cells. In
response to depolarizing intracellular current pulses, most of these cells exhibited
an initial phasic response, followed by tonic firing with dferent degrees of
adaptation. A few cells responded with a burst at the beginning of the pulse,
followed by non-adapting tonic firing, while other cells displayed only trade
firing wife different degrees of adaptation. We did not find a correlation between
fhe firing properties of a cell and its ability to express LTP. In field potentials,
homosynaptic LTP was induced in normal medium in 60% of toe slices. Bath
applied APV did not affect potentiated field potentials, except in a few slices
where a second component fhat appeared in fhe potentiated response was
reversibly Nocked by APV. Bath applied CNQX blocked most of fbe. potentiated
response. A low-amplitude CNQX-resistant negativity was reversibly blocked by
APV. Tetanic stimulation in the presence of APV caused no change in toe
responses, while tetanus after washing out APV induced LTP. Tetanic
stimulation in the presence of rnfedipine induced LTP in only 28% of toe slices.
We conclude that NMDA receptor activation is necessary foa LTP induction in toe
superficial layers of motor cortex of young rats. DihydropyOdiine-sensitive Ca"*
channels also participate in the induction of LTP, and when they are blocked toe
Gt+* entering through tee remaining Ca** routes, primarily NMDA receptors, is
not always sufficient to trigger LTP. Based on the present data and previous
LTP studies, we suggest that in many forms of LTP more than one mechanism
participates in fee induction process. Supported by PHS:NIH grant #NS31078.
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PHOTOAFFINITY LABELLING OF THE BREVETOXIN
BINDING REGION OF RAT BRAIN SODIUM CHANNELS. V.L.
Trainer. D.G. Baden#. Lori L. Isom*, and W.A. Catterall. Department
of Pharmacology, SJ-30, University of Washington, Seattle, WA
98195, #Rosenstiel School of Marine and Atmospheric Sciences,
University of Miami, Miami, FL 33149.
To identify the binding region for brevetoxins, a family of lipophilic
neurotoxins acting at Na+ channel receptor site 5, rat brain Na+
channels were photolabelled with p-AB pH]PbTx-3 and the labeled
tryptic peptides were identified. Two separate 6 kDa peptides were
specifically immunoprecipitated by anti-peptide antibodies recognizing
amino acid sequences within or adjacent to Na+ channel
transmembrane segments IS6 and IVS5. These results provide
evidence for close association of transmembrane segments IS6 and
IVS5 in the native conformation of the Na+ channel a subunit and
implicate their region of interaction as an important component of the
brevetoxin receptor site.

[3H]BATRACHOTOXININ a 2O-a-BENZOATE (BTX) BINDING TO
SODIUM (NA) CHANNELS IN RAT BRAIN, RAT HEART AND CHO
CELLS EXPRESSING CNAII IS DIFFERENTIALLY MODIFIED BY
BREVETOXIN AND THE PYRETHROID RU39568. D.W. Bonhaus* E.
Stefanich and E,H.F. Wona Dept. of Neurosciences, Inst, of
Pharmacology, Syntex Discovery Research, Palo Alto CA 94303.
Voltage gated Na channels are the target of numerous venoms, toxins
and insecticides. Previous studies have .shown that different Na channels
have different sensitivities to toxins such as tetrodotoxin. To further test
for the ability of Na channel ligands to distinguish among subtypes of Na
channels we characterized the effects of brevetoxin (PbTx), the scorpion
venom leiurus quinquestriatus (LqTx) and the pyrethroid RU39568 on BTX
binding to Na channels in membranes prepared from rat brain cortex, rat
heart and CHO cells expressing a Na channel subunit cloned from rat
brain (CNall). Marked differences between tissue preparations were
detected. RU39568, in the presence of LqTx, produced a 7 fold increase
in BTX binding to brain cortex, a 2 fold increase to heart but no effect on
BTX binding to cells expressing CNall. Similarly, PbTx produced a 3 fold
increase in BTX binding to cortex, a 2 fold increase to heart but no effect
on BTX binding to cells expressing CNall. These findings demonstrate
that different populations of Na channels have different sensitivities to
PbTx and RU39568 (as measured with BTX binding). The marked
difference in the effects of PbTX and RU39568 on BTX binding to rat brain
and to CHO cells expressing the rat brain Na channel subunit CNall raises

the possibility that differences in coupling to beta subunits may account for
the different sensitivity of Na channels to toxins and insecticides.

303.3

303.4

EFFECT OF THE PYRETHROID TETRAMETHRIN ON SODIUM CURRENTS
OF RAT CEREBELLAR PURKINJE CELLS.
J-H. Song, H.
Tatebavashi* and T. Narahashi. Dept. of Pharmacol.,
Northwestern Univ. Med. Sch., Chicago, IL 60611.
The pyrethroid insecticides keep the sodium channel
open for a prolonged period of time. Most of the
previous voltage clamp analyses of the pyrethroid action
were performed with invertebrate nerves. Our recent
study has shown that tetrodotoxin-sensitive (TTX-S)
sodium channels of rat dorsal root ganglion neurons are
modified by pyrethroids in a manner somewhat different
from that of invertebrate TTX-S sodium channels. We now
report pyrethroid actions on the TTX-S sodium channels
of rat cerebellar Purkinje neurons.
Tetramethrin
induced a slowly decaying sodium tail current with a
slow rising phase (hooked tail current) upon
repolarization. The hooked tail current increased in
amplitude with lowering the temperature in keeping with
the negative temperature dependence of the insecticidal
activity.
In the presence of 10 pM tetramethrin, the
voltage dependence of the sodium channel steady-state
inactivation was shifted by about 20 mV in the
hyperpolarizing direction. The removal of inactivation
by pretreatment with chloramine-T greatly increased the
amplitude of the tetramethrin-induced tail current and
abolished its rising phase.
TTX-S sodium channels of
both cerebellar Purkinje neurons and dorsal root
ganglion neurons behave similarly in response to the
action of tetramethrin. EC^ values for pyrethroid
modulation in both neurons are considerably higher than
those in invertebrate nerves.
This is deemed partially
responsible for the selective toxicity between mammals
and invertebrates.

MODIFICATION OF INSECT NEURONAL Na AND Ca CHANNELS
BY DELTAMETHRIN. Eric. A. Ertel. T.A. Bale & Charles J. Cohen*
Merck Research Laboratories, Rahway, NJ. 07065.

303.5

303.6

8-CONOTOXIN GMVIA, A NEW SODIUM CHANNEL LIGAND FROM
THE VENOM OF CONUS GLORIAMARIS. 1K, Shon. 2a . Hasson. 2M,

E. Spira.1 W. R. Gray.1 L. J . CruzV arad 1B.M. QIO/era.

To clarify the basis of the specificity of the pyrethroid insecticides for
insects, we examined the action of deltamethrin (AM) on patch-clamped
locust (5. americana) thoracic ganglion neurons. AM is very selective for
insect vs. mammalian Na channels: 100 pM produces substantial modification in locust neurons whereas 1-10 p.M is needed for comparable effects in GH 3 cells. As for vertebrate Na channels, AM slows the inactivation and deactivation of insect Na channels and induces opening at more
negative potentials than normal. Its effects on channel gating are more
extreme in insect cells, where the deactivation of modified channels is
=1000-fold slower than in GH3 cells. At concentrations required to affect
mammalian Na channels AM also modifies insect Ca channels, slowing
deactivation >5O-fold. The effects of 0.1-10 nM AM on Na channels require channel opening: 1) modification
is promoted by trains of brief depolarizations that open channels and not by a
single long depolarization; 2) the voltage-dependence of modification parallels
that of channel opening; 3) modification
by AM occurs after fewer depolarizations if Na channel inactivation is slowed with toxin II from A. sulcata.
Surprisingly, the channel deactivation
slows as the length of the conditioning
pulse train increases (Fig., 1 nM AM).
Thus, tail currents after long pulse trains decay with Ti/2> 1 min.

1 DDeLof B ioi.,

Univ. of Utah, S.L.C., Utah, 84112, 2Dept. of Neurobiology, Hebrew
Univ. of Jerusalem, and the
Inst, for Marine Sciences Eilat,
Israel.
8-conotoxins such as TxVIA (previously known as King Kong peptide)
are a new class of sodium channel probes from Conus venoms. They
are hydrophobic peptides which bind and modulate sodium channel
function at a new site, distinct from previously known sites (Woodward et
al., 1990, EMBOJ, 1, 1015.; Fainzilber et al., 1991, Eur. J. Biochem.,
202, 589.; Hasson et al., 1993, Eur. J. Neurosci., 5, 56 ).
We have purified and characterized S-conotoxin GmVIA from the
venom of Conus gloriamaris, a mollusc-hunting cone snail. It consists of
29 amino acids, with three disulfide bridges. The peptide shares many
similar biochemical properties with o-conotoxins, which are Ca channel
ligands; however, the peptide appears to have no o-conotoxin activity
since intracranial injection into mice produced no overt symptoms and
the peptide did not compete with o-conotoxin GVIA . Instead, initial
electrophysiological results reveal that the peptide induces action

potential broadening in molluscan neurons by slowing down Na+ current
inactivation. The mechanism is thus quite dferent from that of pconotoxins which block voltage-activated Na channels of skeletal muscle.
Synthetic S-conotoxin GmVIA and an analog suitable for 125l radio
labeling were prepared by solid-phase methods. In vivo bioassays have
shown that chemically synthesized peptides are as active as the native
peptide. Detailed electrophysiological studies and pharmacological

ligand binding assays will be presented.

THE o-ANTAGONIST, RIMCAZOLE, IS ALSO A Na+ CHANNEL BLOCKER
AND GLUTAMATE TRANSPORT INHIBITOR. P.G. Lvsko». C,L. Webb, and
G. Feuerstein. Dept, of Cardiovascular Pharmacology, SmithKIine Beecham

Pharmaceuticals, King of Prussia, PA 19406.
The low-afinity ^antagonist, rimcazole, is an effective antipsychotic agent
having physiological effects which suggest a relation ’to NMDA receptor

modulation. To explore neuroprotective mechanisms of rimcazole, we have
used cultured rat cerebellar granule cell neurons. We found no protection by
rimcazole from 5OmM glutamate excitotoxicity, but decided to examine
rimcazole modulation of ve-at-idina-opaned Na+ channels. We found
rimcazole to be protective (PC5O=0.91pM) against 4OpM veratridine-inducad
neurotoxicity, where neurons succumb in 60 min regardless of energy state.
Rimcazole was also a potent inhibitor (IC^=^^.t3^|pM) of veratridine-stimulated
3[H]aspartata release from neurons preloaded for 15 min. Such release was
Na+-driven, only 25% Ca^-dependent, and was evidence for reversal of the

^♦-dependent glutamate transporter. Ve-atridina also caused sustained
increases in intracellular calcium ([Ca2+]j) to a net 473nM (n=36). Rimcazole
-evarsad the [Ca2+J levels by a maximum of 76% with an ICM of 2.2pM. Such
reversal of [Ca2+]i was facilitated by Na+/Ca2+ exchange, since the

stoichiometry of exchange could be disrupted by prior treatment with 10pM
ouabain to inhibit the Na+/K+ pump. Rimcazole did not interfere with
subsequent KCI-induced Ca2+ fluxes, suggesting little activity at voltagesensitive Ca2+ channels. Selective ^agents may possess antipsychotic
activity, and may also provide naurop-otection from ischemia-induced injury
as Na+ channel blockers. By limiting toxic (e.g. glutamate) neurotransmitter
release, they would also give the appearance of modulating NMDA receptor

function.
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NEURO- AND MYO-TOXICITY OF EXTRACTS FROM THE
BENTHIC DINOFLAGELLATE Ostreopsis lenticularis
IS SENSITIVE TO g-CONOTOXIN. Mercado, J.A. Rivera-

Rentas.A.L,, Gonz£lez,I. _ , Tosteson.T.R.
, Molqo,J.
and Escalona de Motta, G*
U, of Puerto Rico Inst, of
Neurobiology and Dept. of Biology, 201 Blvd. del Valle,
San Juan PR 00901,
Dept, of Marine Sciences, Mayaguez
PR
006S0,
Lab.
de
Neurobiologie
Cellulaire
et
Moleculaire, CNRS 9119S, Gif sur Yvette, France.

Methanolic extracts of O.
lenticularis
increase 10 times their mouse toxicity when
obtained from acetone-insoluble material. These
extracts, enriched in one major component
(ostreotoxin-3 or OTX-3), depolarized frog
skeletal muscle and decreased epps and mepps
amplitudes. This was partially abolished by 10
gM TTX and completely blocked by 5 gM gconotoxin (GIIIA).
Extracts had no effect on
nerve
action
potential
conduction
and
refractory periods.
In cultured chick embryo
sympathetic neurons the average INa+ was blocked
S0% by lgM TTX and 20% by
GIIIA.
OTX-3
extracts decreased peak INa + amplitudes and
shifted
voltage
dependences
toward
more
negative potentials. In the presence of GIIIA,
extracts had no effect on these sodium currents
suggesting that O. lenticularis toxic extracts
act on a fraction of the sodium channels
sensitive to g-conotoxin GIIIA. (Support by NIH
GM0S102 and MH4S190, and by NSF-EPSCoR PRTMBC.)
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303.8
BLOCK OF VOLTAGE-GATED SODIUM CURRENTS BY THE NOVEL
ACENAPTHYL GUANIDINE, CNS 1237. L.D. Margolin *. A.G. Knapp &
R. Sharma.CambibdgeNeuroScierce.Inc., Cambibdge,MA02l39.
The voltage-gated sodium channel exists in three principal functional
states: closed or resting, open, and inactivated. Wn examined the interactions of the novel guanidine derivative CNS 1237 (N-acNnaphth-5-y!-N'-4mrthoxynaphthyl guanidine) with each of the three states of the sodium
channel. Four sets of experiments were employed to determine the degree
of tonic (resting) block, use-dependent (open channel) block, produced by
CNS 1237, as well as its effects on steady-state inactivation and the kinetics

of recovery from inactivation.
Standard whole-cell voltage-clamp recordings (Hamill etal, 1981) from a
cell line expressing the subunit of the mammalian sodium channel (CNallA1) were made. Inward sodium currents were elicited by stepping from a
holding potential of -90 mV to various test potentials.
Block of resting channels by CNS 1237 was found to occur in a
concNntration-dNpNndNnt manner with an IC50 of about 100 gM, compared to
30 nM for the guanidine toxin, TTX. With infrequently applied stimuli (0.1 Hz)
development of maximum block by CNS 1237 took ~3 minutes, while
recovery took >20 minutes. At higher stimulus rates (1-10 Hz) CNS 1237
produced significant use-dependent block. Increasing concentration caused a
50% reduction in block onset time constant at 20 gM and a 50% reduction of
total sodium current at10 gM. CNS 1237 caused concentration-related
hyperpolarizing shifts in the steady-state inactivation relationship with a 9 mV
shift in midpoint voltage at 10 gM (compared to 10 nM for TTX). Recovery
from inactivation was slowed by CNS 1237. The proportion of slowly
rrpriming channels increased by 20% at the highest concentration tested (20
gM).
The results indi^^N that CNS 1237 appears to block sodium channels in
a use-dependent manner distinct from that of TTX.

303.9

303.10

PHENYTOIN LIMITS HIGH FREQUENCY REPETITIVE FIRING OF SODIUM
ACTION POTENTIALS BUT NOT HIGH FREQUENCY, VOLTAGE-CLAMPED
SODIUM CURRENTS. D.Y. Sanche^and E.W. Harris. Biology Department,

INACTIVATED SODIUM CHANNELS AND USE-DEPENDENT ACTION OF
THE ANTICONVULSANT LAMOTRIGINE. X. Xie. T. Peakmnn.
J. Gar^lrwain;<& B , I.ancasK^it*.WWcon^<e ResearchLaLoratories,BeckenIiani,
Kent BR3 3BS, U.K.
Anticonvulsant drugs which ant at Na channels nan show the phenomenon of
use dependence which promotes drug action during sustained elentrinal activity.
The mechanism of this effect was examined for the drug lamotrigine using whole
cell recording of recombinant type IIA Na channels from rat brain stably expressed
in CHO-K1 cells. Lamotrigine (5OgM) inhibition of peak Na+ current was
12 + 2% (mean ± s.e.m., n=25, holding potential -90 mV: nf Taylor, 1993 Son.
Neurosci. Abstr. 19:1631). This tonic inhibition was augmented by a usedependent action (Lang et. al., 1993 JPET 266:829) which was examined using 11
Hz trains of variable duration depolarizing pulses to -10 mV from Vh -90 mV.
Trains of up to 60 pulses of 3.5 ms duration, produced little use-dependent drug
effects. In contrast, significant inhibition was observed even for 3 or 4 pulses of 20
ms duration, progressing to 20 ± 2% inhibition (n=l3) at pulse 20 compared to
12 ± 1% (n= 16) in the absence of drug. This suggests that the effect was not due to
channel opening per se, but supports an interaction with the inactivated
confonnation of Na channels. These results were compared with the drug action
on firing properties of pyramidal neurons in rat hippocampal slices in vitro. Trains
of Na+ spikes were elicited by current injection (700 ms) in the absence of spike
frequency adaptation. Lamotrigine (50 gM) reduced firing frequency,
predominantly for the later spikes in a train (29 ± 8%, s.d., n=4). This
observation is consistent with enhanced drug effects as the fraction of inactivated
channels accumulates during repetitive spiking.

Fisons Pharmaceuticals, Rochester, NY 14603.
Many anti-convulsant drugs effective in treating generalized, tonic-clonic,
and partial seizures have been demonstrated to suppress sustained repetitive
firing (SRF) of intracellularly recorded action potentials in cultured neurons
(McLean and MacDonald, 1983; J Pharm and Exp Ther. 227:779-789).
Because the action potentials in SRF are sodium-mediated (blocked by
TTX), the presumed site of anti-convulsant action is the voltage-gated
sodium channel.
PHT and other anticonvulsants have been shown to (1) shift the voltage
dependence of slow inactivation and (2) slow recovery from fast inactivation
in type !IA sodium channels expressed in CHO cells (Ragsdale, Scheuer,
Catterall, 1991; Mol. Pharmacol. 40:756-765). Of these 2 effects, only the
faster one, slowed recovery from fast inactivation, is consistent with the time
course of action potential block by anticonvulsants in the SRF test.
To elucidate the mechanism of use-dependent, action potential block, we
studied the effects of phenytoin on whole-cell sodium currents in dissociated
neurons from rat cerebral cortex. Sodium current was elicited, using a
100Hz voltage-clamp protocol which mimics SRF.
Sodium currents
decreased in peak amplitude after 5 or more depolarizing pulses, however,
phenytoin-treated cells were no different from controls (at p=0.05). Thus,
phenytoin does not suppress repetitive firing of action potentials via block
of sodium channels on the cell body.

303.11

303.12

MAPPING THE PORE OF THE SODIUM CHANNEL BY
CYSTEINE-SCANNING MUTAGENESIS. M.T. Perez-Garcia. R,
Marban* and G.F. Tomaselli. Dept. of Medicine, The Johns Hopkins
University, Sch. of Med., Baltimore, MD 21205.
Sodium channels from brain and skeletal muscle are distinguishable
from the cardiac isoform by their sensitivity to tetrodotoxin (TTX) and
insensitivity to block by Cd2+. Much of this effect is mediated by a

MOLECULAR EFFECTS OF ALFENTANIL ON HUMAN CNS SODIUM
CHANNELS. A.Gerhard. CFrenkel. B,W, Urban*. Institut fur Anasthesiologie,
Univ. Bonn, 53105 Bonn, Germany.
Introduction: We studied the actions of the specific opioid drug alfentanil on
human brain sodium channels. Previously, sodium channels showed altered
functions in the presence of clinically relevant levels of hypnotics. By contrast,
more specific anaesthetics (e.g. midazolam) did not affect sodium - channels at
comparable doses. It is of interest to determine the dose range at which alfentanil,
a specific agonist of central receptors, affects the human CNS sodium channel.
Methods: Sodium channels from synaptosomal fractions of human brain cortex
were fused with planar lipid bilayers. Sodium channel currents were measured
under voltage clamp conditions before (control) and after the addition of alfentanil
(2OOgM-8mM) to either extra- or intracellular electrolyte.
Results: Alfentanil caused a dose-dependent and membrane potential-independent block of the single channel amplitude and the fractional open time. The doseresponse curve of the product of both effects (the averaged single channel conductance) was plotted as a weighted computer fit. This yielded a maximal conductance block of 50% and a K50 of 1.3 mM. Alfentanil had no significant effect
on channel steady-state activation beharioiu.
Conclusions: Alfentanil reduced the time-averaged single channel conductance
in a concentration range comparable to other specific anaesthetic compounds but
far beyond alfentanil serum levels during clinical anaesthesia (up to 2gM.). Thus
the human CNS sodium-channel, being highly sensitive to unspecific hypnotics, is
not a primary target site for alfentanil, but it shows the ability to discriminate
between different anaesthetic substances on the molecular level.

cysteine residue in the P-loop of repeat I (1-52) of the cardiac but not the
skeletal muscle or brain isoforms. We investigated the topology of the
skeletal muscle sodium channel by serial cysteine substitutions of
residues located at equivalent positions in the SS2 region of the four
repeats. Electrophysiological studies were performed to characterize the
Cd2+ and TTX sensitivity of the mutated sodium channels expressed in

Xenopus oocytes, as well as their conductance and selectivity. Cysteine

substitutions of residues at equivalent position of 1-52 in the other three
repeats of the skeletal muscle sodium channel do not confer Cd2+
sensitivity and TTX insensitivity. However, cysteine replacement of
residues predicted to be further out of the pore in repeats II and IV
renders the mutant channels TTX resistant but with increased sensitivity
to Cd2+. The use of voltage-dependent high-affinity Cd2+ block of these
cysteine-substituted sodium channels will aid locating the position of the
mutated residues within the transmembrane field.
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MODULATION OF GLIAL SODIUM CHANNELS
BY P-ADRENERGIC AGONISTS.
Mary-Louise Rov* and Harald Sontheimer.
Yale University School of Medicine, New Haven, CT 06510.
Cultured astrocytes have been shown to express voltage-dependent Na+,
K+, and Ca^+ channels. We have recently demonstrated that inwardly-

rectifying K+ (Kjr) and delayed-rectifying (K^r), but not A-type K+ channels,
are modulated by isoproterenol (ISO) and epinephrine (EPI), presumably
through the activation of P-adrenergic receptors, adenylate cyclase and protein
kinase A (PKA). This work has been expanded to analyze the effects of these
compounds on sodium channels in spinal cord astrocytes.
Isoproterenol, a selective P-adrenergic agonist, and epinephrine, a nonspecific p- adrenergic agonist, each reversibly reduced peak sodium current
amplitudes in a dose-dependent manner (ISO:
~ 10 pM , n = 7; EPI: K^ ~
15 pM, n = 5) without shifting the half maximal steady-state inactivation
voltage. Application of 25 pM forskolin, an activator of adenylate-cyclase, or
1,9 dideoxyXyrsrolhlian inactive form of forskoluii did not significantly alter
sodium channel amplitudes or kinetics. Pretreatment with H-7 (6 pM, c = 5),
an inhibitor of PKA, did not prevent ISO reduction of Na* current
amplitudes. The mechanism of Na+ channel modulation by P-adrenergic
receptor activation is currently under investigation.
These results suggest that neurons, by release of neurotransmitters, can
potentially modulate the activity of astrocytic Na+ channels. This observation
adds to the growing list of neuronal-glial interactions in the CNS.

IDENTIFICATION OF THREE SITES OF SELECTIVE
PHOSPHORYLATION OF THE RAT BRAIN Na+ CHANNEL a
SUBUNIT BY PROTEIN KINASE C. B. J. Murphv* and W. A. Catterall.
Dept. of Pharmacology. SJ-30, Univ. of Washington, Seattle, WA 98195.
Phosphorylation of voltage-sensitive Na+ channels in neurons by
protein kinase C (PKC) slows Na+ channel inactivation and reduces peak
Na+ currents. Na+ channels purified from rat brain and reconstituted into
phospholipid vesicles under conditions that restore Na+ channel function
are rapidly phosphorylated at three serine residues by PKC on their 260 kDa
a subunit (Murphy and Catterall, J. Biol. Chem 267: 16129-16134). Critical
to understanding the molecular mechanisms whereby phosphorylation
modifies channel function is the identification of the phosphorylated
residues. In the present study we have employed synthetic peptides, antipeptide antibodies, site-specific proteolysis and two dimensional
phosphopeptide mapping to identify PKC-mediated sites of phosphorylation
on the a subunit of purified rat brain Na+ channel. Our results indicate that
the a subunit is phosphorylated by PKC at Serine 1506 in the conserved
loop connecting homologous domains III and IV. This is consistent with
electrophysiological data from this lab which showed that phosphorylation
of 1506 is required for both modulatory effects on Na+ channel function.
Our data also show that the a subunit is phosphorylated at Ser 610 and Ser
576 in the intracellular loop connecting domains I and II. Ser 610 is also
phosphorylated by protein kinase A (Murphy et al. J. Biol. Chem. 268:
27355-27632). Phosphorylation of Ser 610 via both second messenger
pathways may play a role in convergent regulation of channel function.
Mutagenesis experiments are currently being carried out to examine the role
of Ser 610 and 576 in the modulation of Na+ channel function by PKC and
protein kinase A.

303.16

303.15

INVESTIGATION OF PKA PHOSPHORYLATION OF THE RAT BRAIN IIA
SODIUM CHANNEL. R.D. Smith* and A.L. Goldin. Dep't. of Microbiology &
Molecular Genetics, University of California, Irvine, CA 92717.
The rat brain IIA sodium channel a subunit is a substrate for
phosphorylation in vivo by cAMP-dependent protein kinase (PKA). We have
reported that PKA induction in Xenopus oocytes leads to an increase in
sodium current amplitudes without affecting other electrophysiological
properties (Am. J. Physiol., 1992, 263:C66O-C666). To determine if PKA
modulates the sodium channel by direct phosphorylation, we have mutated
eight PKA consensus sites located throughout the channel, substituting
serine residues with alanine. We have focused on five PKA sites in the
cytoplasmic linker between domains I and II, since only those sites have
been demonstrated to be phosphorylated in vivo. These five sites have
been eliminated collectively either by deletion of a 139 amino acid region
containing the sites, or by replacement of all the serine residues with
alanines. The same five sites have also been altered by replacement of the
serines with aspartates in an attempt to mimic phosphorylation at these
sites. Wild type and mutant sodium channel proteins expressed in Xenopus
oocytes were immunoprecipitated following 32P labeling. The wild type
channel demonstrated a five to ten fold greater level of MP incorporation
compared to that observed for the deletion and composite PKA site mutants,
indicating that these l-ll linker sites are normally phosphorylated by basal
levels of PKA phosphorylation in Xenopus oocytes. All of the mutants have
electrophysiological properties similar to the wild type channel, as
determined by two-electrode voltage-clamping. We are currently testing
whether elimination of PKA phosphorylation in the l-ll linker prevents the
increase in current amplitude following PKA induction that we previously
observed for the wild type channel.

DEPOLARIZATION INCREASES SODIUM CHANNEL PHOSPHORYLATION
IN RAT BRAIN SYNAPTOSOMES. S. Rossie* and T. ^^3171^. Department of
Biochemistry, Purdue University, West Lafayette, IN 47907.
Voltage-sensitive sodium channels in rat brain are phosphorylated at multiple serine
residues by cAMP-dependent protein kinase (PKA) and protein kinase C (PKC).
Phosphorylation by either of these kinases decreases sodium current during
depolarization, with no change in the voltage dependence of channel activation.
Phosphorylation by PKC also slows channel inactivation. To determine the effect of
depolarization on the state of sodium channel phosphorylation, rat brain
synaptosomes were briefly depolarized in Krebs-Ringer buffer noctaicicg 60 mM
potassium, then sodium channels isolated and their state of phosphorylation measured
by back-phosphorylation with y32p-ATP and the catalytic subunit of PKA.
Depolarization increased phosphorylation of channel protein by 30-40%. No change
occurred if synaptosomes were depolarized in calcium-free buffer containing 0.1 mM
EGTA, suggesting that the effect of depolarization required calcium influx.
Phosphopeptide maps showed that depolarization increased phosphorylation of Ser573, 610, 623, and 687, which have been shown to be phosphorylated by PKA. The
effect of depolarization is not mediated by PKA, since the activity of this enzyme was
not increased by depolarization, and treatment with the PKA inhibitor, (Rp)adenosine 3’, S'-monophosphorothioate (10 pM), did not block the response to
depolarization. The nepolarizatioc-depennect phosphorylation of sodium channels is
likely to be mediated by PKC, since the response to depolarization was mimicked by
treatment with the PKC activator, phorbol 12-myristate 13-acetate (100 ng/ml), and
was blocked by the PKC blocker, bisinnolalmaleimine (1 pM). It is unclear whether
the change in sodium channel phosphorylation during depolarization is a result of
direct phosphorylation of Ser-573, 610, 623, and 687 by PKC or an uninentiCen
kinase, or by a reduction in channel ^phosphorylation by a protein phosphatase.
This depolarization-dependent phosphorylation, which would be expected to inhibit
sodium channel activity, may be an important mechanism in the regulation of neural
transmission by attenuating action potential formation.

POTASSIUM CHANNELS II
304.1
CLONING AND CHARACTERIZATION OF THE Kv3.1 POTASSIUM
channel
gene
promoter
L. Gan. T. M. Perney*. L K. Kaczmarek
Department of Cellular and Molecular Physiology and Department of
Pharmacology, Yale University, School of Medicine, New Haven, CT
06510.
The expression of the Kv3.1 K+ channel gene has been shown to be
developmentally regulated in rat brain. In addition, this gene has been
shown to be regulated in vitro by growth factors, cAMP and Ca2+. To
understand the mechanisms of transcriptional regulation of the Kv3.1
gene, we have cloned the Kv3.1 promoter from a rat genomic library.
Multiple transcriptional start sites were identified from RNase protection
and primer extension assays. Sequence analysis revealed the presence
of two putative cAMP response elements (CRE) as well as a SP-1 and an
AP1-like site. A construct containing 6 Kb of the 5’ flanking region linked
with the Chloramphenicol Acetyl Transferase (CAT) reporter gene with a
SV4O enhancer element produced high levels of CAT activity when
transfected into PC-12 cells. A senes of similar constructs containing
progressively truncated 5’ flanking regions were also transiently
transfected in PC12 cells to examine regulation by cAMP and
depolarization. Our results show that cells transfected with constructs
containing the CRE-Iike elements were upregulated by both 1 mM
dibutyryl-cAMP and by depolarization with 50 mM K+, while no such
effects were observed in cells transfected with constructs without the
CRE-like elements. We also observed similar effects of dibutyryl-cAMP
and depolarization in stable cell lines transfected with constructs
containing the CRE-like elements. In addition, our results suggest that the
upregulation by depolarization is dependent on Ca2* influx as it can be
blocked by the calcium channel antagonist, nifedipine. Mobility shift
experiments are in progress to determine which site(s) confer foe cAMP
and Ca2+ induced" response.
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TGF-p2 DELAYS THE DEVELOPMENTAL DECREASE IN FAST
TRANSIENT A-CURRENT EXPRESSION IN CULTURED RAT SUPERIOR
CERVICAL GANGLION NEURONS. C. J. M. Kane. K. D. Phelan and J. Y.
Chang* . Department of Anatomy, University of Arkansas for Medical Sciences,
Little Rock, AR 72205.
Transforming growth factor-P2 (TGF-P2) belongs to a family of peptide growth
factors involved in normal cellular development and tissue response to injury.
However, the functional role of TGF-P2 in the central and peripheral nervous system
remains unknown. We examined the effect of continuous treatment with TGF-p2 (10
ng/ml) on the developmental expression of voltage-gated potassium (K*) currents in
mixed cultures of neurons and non-neuronal cells derived from neonatal rat superior
cervical ganglia (SCG). Whole-cell patch clamp techniques were used to monitor
developmental changes in three separate K+ currents: a rapidly inactivating A-current
(IAf), a slowly inactivating A-current (IAs), and a non-inactivating current (IK).
TGF-P2 exposure selectively altered the normal developmental decrease in
expression in cultured SCG neurons, but did not significantly affect either IAs or IK.
There were no differences during the first week indicating that acute TGF-p2
exposure does not alter current expression. After 2 weeks in culture, the mean lAf
current density in TGF-P2 treated cells was ~2-3 times control values (e.g., TGF-P2:
83 ± 12 pA/pF, n = 11; Control: 28 ± 7 pA/pF, c = 10). TGF-P2 did not change the
activation kinetics or voltage-dependence of IAf. Although the mean current density
of 1^ and IK were not affected, TGF-P2 did appear to alter the ability of individual
SCG neurons to coordinate their expression of voltage-gated K+ currents. These
findings indicate that TGF-P2 may play an important role in modulating the
development of neuronal excitability. It remains to be determined if these effects are
mediated by direct action on SCG neurons or indirectly through non-neuronal cells.
Supported by NIH R29NS32253, NSF RII8922108, and UAMS.
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EFFECT OF Kvl.5 K+ CHANNEL SUBUNIT INDUCTION BY
DEXAMETHASONE ON ASSEMBLY AND CELL SURFACE
EXPRESSION. K. Takimoto* and E. S. Levitan. Dept. of Pharmacology,
Univ. of Pittsburgh, PA 15261
The glucocorticoid agonist dexamethasone (Dex) specifically increases
the expression of Kvl.5 protein without affecting Kvl.4 protein level in
GH3 clonal pituitary cells1. The hormone induction of Kvl.5 protein
might change the expression of Kvl.5 homomeric and Kvl.4-Kvl.5
heteromeric channels, and channel subunit stoichiometry. We tested
these possibilities using antibodies specific for each channel subunit. Gel
filtration of GH3 membrane extract before and after boiling with 1% SDS
indicates that most of the Kvl.4 and Kvl.5 immunoreactive proteins are
present as high molecular weight multimeric forms both in control and
Dex-treated cells. Biotinylation of cell surface glycoprotein, followed by
precipitation with avidin-sepharose suggests that at least 30% of Kvl.4
and Kvl.5 immunoreactive proteins are present in the plasma membrane.
Dex treatment for 15 hours increases both the cell surface and total
cellular Kvl.5 immunoreactive protein ~3-fold. In contrast, the cell surface
and total cellular Kvl.4 immunoreactive proteins were unchanged. AntiKvl.4 antibody immunoprecipitates only a small fraction of Kvl.5
immunoreactive protein in Triton extracts from control cells. Dex
treatment only slightly increases Kvl.5 protein immunoprecipitated with
anti-Kvl.4 antibody. These results suggest that Dex increases the
expression of assembled Kvl.5 channels in the plasma membrane, and
that the hormone-induced Kvl.5 protein mostly forms homomeric
channels.
!K. Takimoto et al. (1993) Neuron, 11, 359-369

DO RESPIRATORY NEURONS FROM IN VITRO MEDULLARY
SLICE PREPARATIONS OF NEONATAL RAT EXPRESS AN
INWARD RECTIFYING K+ CONDUCTANCE? S.M. Johnson*. J.C.
Smith. & J,L. Feldman. Systems Neurobiology Lab, Dept of Physiological
Science, UCLA, Los Angeles, CA, 90024-1527.
We hypothesized that GABA, 5-HT, and norepinephrine decrease
respiratory frequency in vitro by increasing an inward rectifying K+
conductance (Kir) in neurons involved in respiratory rhythm generation
(Johnson et al., The Physiologist, 36:AI2, '93). We showed that 4/5
inspiratory (I) neurons with pacemaker properties in the ventrolateral
medulla (VLM) bathed in low Ca2+/high Mg2+ solution stopped bursting
in the presence of baclofen, a GAB Ag agonist. In this study, we tested the
hypothesis that respiratory neurons in VLM have a baclofen-sensitive Kir.
Whole-cell recordings were obtained from neurons in VLM of
medullary slice preparations (650 pm thick) from neonatal rat (PO-P4)
that generate rhythmic respiratory oscillations (Smith et al., Science
254:726, ’91). While voltage-clamped at -50 mV, 4 I neurons (bursting in
phase with hypoglossal nerve inspiratory discharge), 2 expiratory (E)
neurons (discharge tonically except during inspiratory phase), and 4
nonphasically modulated (tonic) neurons were stepped to more negative
potentials for 0.5 s. I and E neurons had a roughly linear current-voltage
relationship; one tonic neuron had a marked increase in inward current at
voltages more negative than the calculated Ek , a pattern typical for Kjr.
Bath application of 1-10 pM baclofen resulted in a decreased input
resistance in 3/4 I and 1/2 E neurons; there was no evidence for induction
of a current resembling Kir in these neurons.
These data suggest that tonic neurons, but not I or E neurons, express
Kir. We propose that modulation of respiratory frequency via Kir can be
mediated through neurons with tonic discharge. Supported by NIH Grants
HLO22O4, HL40959 & HLO8524.

304.5
USE OF HYDROPHILIC AMINO ACID EPITOPE INSERTIONS TO PROBE
THE TOPOLOGY OF THE SHAKER H4 POTASSIUM CHANNEL. T.M.
Shih and A. L. Goldin*. Department of Microbiology & Molecular Genetics,
University of California, Irvine, CA 92717.
The structure of the Shaker H4 potassium channel has been modeled as
passing through the cellular membrane eight times, with both the N-and Ctermini on the cytoplasmic side (Durell and Guy, Biophys. J., 1992, 62:238250). To test the validity of this structural model, we have inserted an
epitope consisting of eight hydrophilic amino acids (DYKDDDK) in predicted
extracellular and intracellular loops throughout the channel. The channels
containing the synthetic epitope were expressed in Xenopus oocytes, and
function was examined by two electrode voltage-clamping. Epitopes have
been inserted in all of the putative extracellular and intracellular regions.
There were only two regions in which insertion of the epitope resulted in nonfunctional channels: the S2-S3 and S4-S5 loops. Insertion of the epitope in
each of the other six regions did not significantly alter the
electrophysiological properties of the channels, suggesting that these sites
are not normally embedded in the cellular membrane. Numerous insertion
and replacement mutations in the S2-S3 loop resulted in nonfunctional
channels, suggesting that the structure of this region is critical for normal
channel function. One insertion mutation after amino acid 300 did result in
channels
that
demonstrated
very
small
current
ampiitudes.
Immunofluorescent staining was used to determine the membrane location
of the epitope in each of the insertion mutants. Extracellular epitopes are
identified by incubating whole oocytes with the antibody before fixation, and
intracellular epitopes are identified by injection of the antibody before fixation
and fluorescent labeling. Data concerning the localization of the various

304.6
CONSTRUCTION OF A NULL MUTANT MOUSE CARRYING A
DISRUPTED VOLTAGE-GATED POTASSIUM CHANNEL GENE.
C.S. Ho* and R.H. Joho. Department of Cell Biology and Neuroscience, The
University of Texas Southwestern Medical Center, Dallas, Texas 75235-9111.
More than a dozen different voltage-gated potassium (K+) channel genes
have been cloned from mammalian tissues, however, the biological
significance of individual genes is not known. We know from our previous
studies that two voltage-gated K+channels. Kvl.6 and Kv3.1, are preferentially
expressed in the brain. Kv3.1 is predominantly expressed in granule cells of the
cerebellum; it is first detectable around postnatal day 7 during cerebellar
development. It has also been suggested that Kv3.1 forms the /-type K+ channel
in T-lymphocytes. To study the biological significance of Kv3.1, we are
generating mice with a null mutation by homologous recombination in
embryonic stem cells (ES cells). A replacement targeting construct containing
6 kb of homologous genomic DNA sequence was used to generate ES cell lines
carrying a disrupted Kv3.1 allele. One targeted cell line was injected into 13
C57BL6 and 80 BALB/c blastocysts. We obtained 10 chimaeric mice (8 males,
2 females) bearing 25-100% agouti hair. In 4 of the 8 male chimaeras, ES cells
had entered the germline as judged by the successful tranfer of the agouti allele
to FI animals. Three male chimaeras failed to produce offsprings. Mice
heterozygous for the disrupted K+ channel gene were identified by Southern
blot analysis of Bam Hi-digested tail DNA. Heterozygous mice did not exhibit
an obvious mutant phenotype. Some of the heterozygotes were bred inter se to
generate homozygous Kv3.1 null mutapt animals. (Supported by NIH grant
NS-28407 and by the Kent Waldrep National Paralysis Foundation to R.H.J.)

loops will be presented.

304.7

304.8

MAPPING THE P-REGION OF DRK1 BY TARGETED CHEMICAL
MODIFICATION. J. M. Pascual*. C.-C. Shieh2. G. E. Kirsch** and A. M.
Brown1. Depts. of Molecular Physiology and Biophysics1 and Anesthesiology2,
Baylor College of Medicine, Houston, TX 77030.
In an attempt to determine side chain accessibility to the aqueous lumen of the
pore of DRK1 residues, we have engineered single cysteine substitutions in the Pregion. From the tolerated mutations that did not affect significantly macroscopic
and single-channel gating properties, Y38OC and K382C had single-channel
conductances similar and 20% greater than wild-type channels respectively.
Consistent with a deeper location of Y38OC in the channel pore than K382C, we
found greater modifications at Y38OC than at K382C with methanethiosulfonate
ethylammonium (MTSEA) and ethylsulfonic (MTSES). MTSEA, which introduces
a positive charge, decreased currents more potently in Y38OC than in K382C, and
the negatively charged MTSES enhanced Y38OC currents, with less effect on
K382C. These effects were more pronounced on inward currents. Modification
of Y38OC by MTSEA required channel openings, while K382C was equally
available for modification in open and closed channels. Compared to wild-type
channels, external TEA (TEAe) affinity was decreased fifteen-fold in Y38OC and

STRUCTURE-FUNCTION OF DELAYED RECTIFIER AND Ca2+-ACm/ATED
K+ CHANNELS DETERMINED BY CHIMERIC CHANNEL PROTEINS J.P.
Krause*. S.S. Lesser. F.M. Schmalz. A. M. Vandoncen. P.H. Reinhart. Dept, of
Neurobiology, Duke University Medical Center, P.O. Box 3209, Durham, NC 27710
We have examined the range of functions contributed by the pore regions of two
different potassium channels by exchanging this region using "cassette" mutagenesis.
By choosing channel types with vastly different properties we were able to determine
the influence of the pore on channel characteristics such as the single-channel
conductance, the voltage-dependence, gating kinetics and the Ca2+-dependence. The
pore coding region of the delayed rectifier clone, drkl, was removed and replaced
with the appropriate region of the large conductance Ca2+-activated K+ clone dslo.
Chimeric RNA was injected into Xenopus oocytes and single-channel properties were
determined by inside-out patch clamp recording. Injections of chimeric RNA lead to
the expression of a novel type of ion channel that was not observed in over 200
recordings from either un-injected or mock-injected oocytes. The chimeric channel
exhibits a linear current-voltage relationship over a holding potential range of -60 to
+60 mV, with a slope conductance of 247 ± 6.3 pS (mean ± s.e.; n = 12). This slope
conductance is similar to that of dslo rather than that of the drkl, which comprises
the backbone of the chimera into which the dslo pore was inserted. The voltagedependence however, was similar to that of drkl (8 mv/e-fold change in Po). The
gating properties of the chimeric channel construct also revealed an influence of the
pore region on the effects of intracellular Ca2+.
This research supported by NIH grant NS 31253.
Single-channel records of
drkl (top) and chimera.
Currents are 0.4, and 12.5
pA, respectively at 50 mV
driving force. 400 msec of

increased five-fold in K382C. MTSEA modification of K382C gave a Kd for
TEAe similar to the Kd observed in a dimeric construct of DRK1 which contained
K382C in one repea MTSEA modification of this dimer restored the wild-type
channel Kd for TEAe. We conclude that residue 382 is exposed in both open and
closed gating states, whereas residue 380 is exposed only in the open state. These
results are consistent with residue 380 being part of an external site for the open
channel blocker TEA. Supported in part by NIH grants NS23877 to A.M.B. and
NS29473 to G.E.K.

data shown
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CALCIUM-ACTIVATED POTASSIUM CHANNEL GENE
EXPRESSION IN DROSOPHILA MELANOGASTER . FL
Brenner, M, Becker. Y-Y Yu, and N.S. Atkinson.* Dept of
Zoology, Univ. of Texas at Austin, Austin, TX 78712.
The s/owpoke (slo) gene of Drosophila melanogaster
encodes a calcium-activated potassium channel protein in neurons
and muscle. We have found slo to be broadly expressed in
neuronal and muscle tissues from late embryonic through adult
stages. One goal has been to identify the distribution of slo
expression and the cw-acting elements that regulate temporal and
tissue specific patterns of slo gene expression. A 10 kb slo gene
fragment has been identified that drives neuronal and muscle
specific expression in transformed flies. This fragment was
found to contain two promoters with different tissue specificities,
a neuronal promoter and a muscle promoter. Expression from
these promoters results in different products: a neuronal
expressed 5' untranslated exon and a muscle 5' exon that adds 17
amino acids to the slowpoke protein. Deletion analysis of the slo
promoter has been performed as a means of identifying
developmental and tissue-specific regulatory elements within the
promoter.
In order to determine a role for the alternative 5' exons,
heat shock promoter/s/o cDNA constructs with and without the
17 amino acid sequence have been transformed into flies.
Electrophysiological analysis is underway to determine if there is
a difference in the properties of the slo channel due to this amino
terminal sequence.

ALTERNATIVE EXON UTILIZATION OF A CALCIUMACTIVATED POTASSIUM CHANNEL IN DROSOPHILA
MELANOGASTER. Y-Y. Yu. R. Brenner. M. Becker. G.
Poliak*, and N.S. Atkinson. Dept, of Zoology, The University
of Texas at Austin, Austin, Tx 78712
We are working on the slowpoke (slo) gene which encode a
calcium-activated potassium channel in Drosophila melanogaster.
The channel has been found to conduct a large calcium-dependent
potassium current called Icf - We are interested in how
expression of this gene is regulated temporally and spatially and
how transcriptional and post-transcriptional regulation affects the
electrophysiological properties of the channel.
We have identified the tissue specific expression pattern of the
gene in embryos and adults by in situ hybridization and by
immunohistochemistry. Alternative exons are used to generate a
group of distinct but related slo products. RNA/PCR has been
used to identify alternatively spliced products. Several splicing
products have been found to be used tissue specifically or
developmental-stage specifically.
To characterize the function of alternative exons, slo
minigenes with and without different alternative exons have been
constructed and transformed into flies. Electrophysiological
analysis of channels produced by the minigenes in Drosophila
muscle has been performed.
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304.12

CLONING AND EXPRESSION OF THE HUMAN LARGE CONDUCTANCE
CALCIUM-ACTIVATED POTASSIUM CHANNEL. S. I. Dworetzkv«. J. T.
Trojnacki. and V.K. Gribkoff. CNS Neurodegenerative Diseases, BristolMyers Squibb, Wallingford, CT 06492.
Large conductance calcium-activated potassium channels, known as maxiK, are localized on a variety of excitable cells and have been implicated in
several cellular functions including secretion and neurotransmission,
endogenous neuroprotection, and smooth muscle contraction. The gene
encoding the protein subunits that comprise the human maxi-K channel was
cloned using different DNA probes designed from the mouse maxi-K gene
(mSlo]. Several human brain cDNA libraries were screened, under high
stringency conditions, to identify the human homolog of mSlo. In addition,
PCR using degenerate primers and 3' RACE (Rapid Amplification of cDNA
Ends) protocols were employed as alternative strategies to identify the 5' and
3' termini of the gene. Several large partial clones were identified from a
substantia nigra cDNA library. One of these clones extends from an internal
EcoRI site to the 3' untranslated region and another extends from the 5'
untranslated region to the same internal EcoRI site. These partial clones
were ligated together to reconstruct the full length human maxi-K gene. The
integrity of the EcoRI junction was verified by generating a clone that spans
this enzyme restriction site using degenerate primers in the PCR protocol.
The sequence of the full length clone shows high homology with the mSlo
gene suggesting that this cDNA is the human homolog (hSIo). Similar to
mSlo, this clone does not contain either exon A or B, and contains a long
string of serines at the 5' end. To test for expression, cRNA was in vitro
transcribed from the hSIo cDNA, microinjected into oocytes and analyzed by
two-electrode voltage clamp protocols. After step depolarizations from -80 to
+80 mV, the family of currents observed were blocked by iberiotoxin and
activated by the compound NS004, a known opener of native maxi-K
channels as well as dSlo and mSlo expressed in oocytes.

ELECTROPHYSIOLOGICAL EVALUATION OF A HUMAN
LARGE-CONDUCTANCE CALCIUM-ACTIVATED POTASSIUM
CHANNEL (hSIo) USING XENOPUS LAEVIS
OOCYTES.
C.G.Boissard1*. J.T.Lum-Ragan1 J.T.Trojnackj1. N.A.MeanwelP.

304.13

NOVEL SPLICE REGIONS IN CLONED HUMAN Ca2+ACTIVATED K+ CHANNELS.
C.D.Fosterl P.H.Reinhart2. R.J.Mertz1 and J.Tseng-Crank1*.
department of Cell Physiology, Glaxo Research Institute, RTP, NC
27709, and 2the Department of Neurobiology, DUMC, P.O. Box 3209,
Durham, NC 27710.
Ca2+-activated K+ channels are found in virtually every cell type
examined. The properties of these channels in different cell types

differs widely. To define the distribution of functionally identifiable
Ca2+-activated K+ channel isoforms in human brain we have cloned the
human homolog of large conductance Ca2+-activated K+ channels
previously described for mouse (mslo) and Drosophila (dslo). We have
used degenerate PCR primers from the H5 and S9 regions of dslo and

mslo Ca-activated K+ channels to amplify partial cDNA sequences of
the human Ca2+-activated K+ channel (hslo). Using these PCR probes

35 cDNA clones were isolated and characterized from a human brain
XgtlO library. A full length cDNA that covers the entire coding region
of hslo was constructed from 2 overlapping clones. The polypeptide
predicted from hslo cDNA sequence is over 90% identical to the primary
sequence of mslo with both the A and B differential splice sites being

conserved in hslo. Both the N and C termini of hslo show significant
differences to the primary sequence of mslo. The most significant
difference between hslo and mslo are the presence of 4 novel splice sites
in the body of hslo. We are currently determining the functional
properties of these novel hslo splice variants. Work supported in part
by NIH grant # NS31253 to PHR.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

E.S.Kozlowskj2. S.I.Dworetzkv 1
and V.K.Gribkoff1. 1C N S
Neurodegenerative Disorders and 2Central Chemistry, Bristol-Myers
Squibb Pharmaceutical Research Institute 5 Research Parkway
Wallingford, CT 06492.
A human large-conductance Ca2+-activated potassium
(maxi-K) channel was successfully expressed in Xenopus laevis
oocytes. This human brain channel (hSIo) is highly homologous to the
mouse slopoke sequence (mSlo) previously described by Butler et al.
(Science 261: 221-4, 1993). Comparative pharmacological studies of
the expressed hSIo and mSlo channels, using standard two-electrode

voltage-clamp techniques, were undertaken to evaluate the responses
to the maxi-K opener NS004 and the specific maxi-K blocker
iberiotoxin (IBTX) on membrane currents. Preliminary results
indicate that the hSIo and mSlo channels show similar sensitivities to
NS004 (1.0-100 pM), as well as, to IBTX (0.1-50 nM). As expected,
NS004 produced a concentration-dependent increase in IBTXsensitive outward currents in oocytes (expressing either channel)
beginning at 10 pM. IBTX-blockade of outward currents was also
concentration-dependent with maximal inhibition seen at 25-50 nM.
These results suggest that this newly isolated human gene encoding a
maxi-K channel is pharmacologically equivalent to the maxi-K
channel derived from the mouse.

304.14

A PUTATIVE CA2+-SENSING SITE IN THE MOUSE BK-TYPE K+
CHANNEL. M. A. Schreiber. C. Lingle. A. D. Wei and L. B. Salkoff*. Dept, of
Anatomy and Neurobiology, Washington University Sch. of Med., St. Louis, MO
63110.
Regions responsible for Ca2+ sensitivity of the mouse Ca2+-activated, BK-type
K+cChirnel (mSlo; Butler etal.. 1993) were investigated using site-directed
mutagenesis. BK-type channels are organized into a core domain resembling
voltage-gated channels and a large, appended C-terminal tail possibly supplying
functions unique to these channels. Previous experiments implicated the tail
domain of the channel in conferring Ca2+ sensitivity (Wei etal.. manuscript
submitted). Because aspartate residues play a critical role in EF-hand Ca2 binding domains, we focused on an aspartate-rich region in the tail as a candidate
for the Ca2+-sensing site in the channel. Two functional categories of mutants
were produced. First, a diverse group of deletion and substitution mutations all
resulted in the same phenotype: a 50 mV shift to the right in the V50 of
activation. This shift was constant at all Ca2+ concentrations tested (4-1000
micromolar). We interpret this to be a class of loss-of-function mutations in which
the function of this site has been destroyed. Second, a single amino acid
substitution of a negative to a polar residue resulted in an intermediate phenotype
which behaved as a loss-of-function mutation at low Ca2+ concentrations, but as
wild-type at high Ca2+. We infer that this mutant has reduced affinity for Ca2+ at
this site. In conclusion, these results demonstrate the presence of a Ca2+-binding
site in the mouse Ca2+-activated K+ channel which can be destroyed by
mutagenesis. The continued existence of Ca2+-dependent gating in mutant
channels, however, implies the presence of a second Ca2+-binding site with a
functionally distinct role.
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MOLECULAR ANALYSIS OF BK CHANNELS IN ADRENAL
CHROMAFFIN AND PC12 CELLS. M. SaitofC. Nelson. D. McCobb. L.
Salkoff. and C. J. Lingle . Dept. Anesthesiology and Dept, of Anatomy &
Neurobiology. Wash. Univ. Sch. Med. St. Louis, MO 63110.
Large conductance, Ca2+- and voltage-dependent K+ channels (BK

The beta subunit of maxi-K channels modifies gating and
pharmacology of expressed mslo channels. O.B. McManus. L.

channels) play a major role in the regulation of excitability in adrenal
chromaffin cells and PC12 cells. Previous work on these cells has shown the
presence of two distinct types of BK channels, an inactivating type and a
non-inactivating type. To investigate the molecular basis for the differences
in inactivation properties of BK channels, we screened cDNA libraries from
mouse adrenal gland cDNA and rat PC12 cell for cDNA’s homologous to the
mSlo gene. We have found two alternative forms of BK channel messages in
the PC12 cDNA library. One has an extended 5’ sequence (incomplete) and
is truncated at mSlo splice junction A. The other sequence has a shorter and
complete 5’ end and has a novel alternative exon consisting of 59 amino
acids at splice junction A. This exon has a pattern of cysteine residues
characteristic of those found in zinc finger domains, but no homology of the
zinc finger loop residues to other protein sequences has been identified. Both
forms of the splice junction A variants are present in the mouse adrenal
cDNA library. To analyze the function of the unusual exon, we inserted the
59 amino acid exon into an mSlo expression vector for expression in Xenopus
oocytes. Preliminary results suggest that the exon increases the apparent Ca24

sensitivity of the channel. The presence of the alternative exon does not
result in inactivation of mSlo. (Supported by NIH grants CL and LS).

304.17
DO K+ CHANNELS INTERACT WITH METAL-CONTAINING PROTEINS

IN NEURONAL MEMBRANES TO SENSE LOW PO2? C. Jiang* and
G.G. Haddad. Dept Peds, Sect Respir Med, Yale Univ Sch Med, New
Haven, CT 06520
Although 02 deprivation can affect ion channel activity via
changes in concentrations of cytosolic factors such as ATP and Ca++,
our recent studies have suggested that an identified K+ channel
(inhibited by ATP and activated by Ca++) is reversibly inhibited by lack
of 02 in the absence of cytosolic soluble factors. To understand the
mechanisms underlying K+ channel modulation, we studied this K+
channel in cell-free excised membrane patches from neocortical and
substantia nigra neurons. Lack of 02 reversibly inhibited this K+
channel in a concentration-dependent manner, consistent with our
previous observations. This channel was inhibited by reduced forms of
glutathione (GSH) and dithiothreitol, indicating that channel activity is
affected by redox state. Using metal chelators to block metal-containing
02-sensing proteins such as heme, non-heme iron, copper and flavin
(representing >90% of known centers interacting with 02), we found

that iron-center, but not copper-center blockers inhibited the channel in
a similar fashion as low PO2 and GSH. Our results do not support the

idea that this channel modulation is mediated by reactive 02 species
because inhibition of NADP(H) oxidase using diphenyliodonium and
scavenging of oxygen free radicals with acetylcysteine and hemoglobin
did not have any effect on this channel. These results indicate that K+
channel inhibition during 02 deprivation is likely mediated by nonheme iron-containing proteins functionally associated with channel
molecules, thus providing the first evidence for modulation of K+
channels by an 02 sensor protein in neuronal membranes.

Pallanck. L.M.H. Helms. R. Swanson and R.J. Leonard*.

Dept, of

Membrane Biochem. and Biophysics, Merck Research Labs, Rahway,
NJ and Laboratory of Genetics, U. of Wisconsin, Madison, Wl.
Mammalian high-conductance, calcium-activated potassium
(maxi-K) channels are composed of two subunits. The pore-forming
subunit (KCAa) is encoded by a homologue of the Drosophila
slowpoke gene. The non pore-forming subunit (KCAp) was identified
by protein purification from bovine trachea and is structurally
unrelated to other known potassium channel subunits. We examined
the properties of KCAa and KCAp heterologously expressed in Xenopus
oocytes.
Expression of KCAp alone did not produce measurable
currents, while expression of KCAa cloned from mouse brain
produced high-conductance potassium channels gated by calcium and
membrane potential. Coexpression with KCAp did not change the
apparent number of maxi-K channels.
However, the gating and
pharmacology of channels from coinjected oocytes differed from
oocytes injected with KCAa alone.
KCAp shifted the voltagedependence of channel activation by more than 50 mV so that channel
opening occurred at more hyperpolarized potentials. This shift in
the voltage-dependence of channel gating is equivalent to the shift
that occurred in response to a ten-fold increase in calcium
concentration.
KCAp also conferred sensitivity to DHS-I, a potent
activator of smooth muscle maxi-K channels, while channels
composed of KCAa alone were insensitive to this agonist. We have
shown that KCAp functionally associates with KCAa and participates
in channel gating.

304.18
A MUTATIONAL ANALYSIS OF PUTATIVE G-PROTEIN BINDING SITES
ON GIRK1. K.M. Hurley*. A. Kuznetsov. L. Philipson. and DJ. Nelson. Depts.
of Neurology, Medicine and Pharmacol, and Physiol. Sci., The University of
Chicago, Chicago, IL 60637
Using full legnth cDNA we have successfully expressed GIRK1 in
conjunction with the M2 receptor using the oocyte expression system and
demonstrated consistent activation of a Ba++ sensitive, inwardly rectifying K+
current with carbachol. We are now in the process of undertaking a number of
studies aimed at basic structure-function . analysis of GIRK1. We have begun the
structure-function studies by looking for the site on the channel which binds Gprotein(s). To this end we have (1) generated an algorithm which will search
protein sequences for secondary structures known as coiled coils important in stable
protein-protein interactions; (2) identified three sites on the C-terminus of GIRK1
which are likely candidates for G-protein binding; (3) made C-terminal deletion
mutants to confirm the general location of the G-protein binding site; and (4) have
deleted the putative coiled-coil regions while maintaining the integrity of the
remaining C-terminus as determined by subsequent sequencing of these constructs.
These studies to date have shown that the putative coiled-coil sites are necessary for
GIRKl's proper function in terms of peak current expression as well as current
kinetics. In addition, it appears that there may be several G-protein binding sites
on the channel which interact with these proteins with different affinities.
In addition, we have successfully expressed a functional construct of GIRK1
with a "marker" attached to the C-terminus of the ion channel. All remaining
mutations will be carried out using this construct which will allow us to
determine, by Western blot analysis of the cells we record from, whether the coiled
coil mutants are in fact being expressed.

This work was supported by ROl GM36823 to DJN.

304.19

304.20

PROTEOLYTIC SWITCH FROM BUZZ MODE TO NORMAL

DOCOSAHEXAENOIC ACID, THE MAJOR POLYUNSATURATE FOUND IN
NEURONAL MEMBRANES, IS AN OPEN-CHANNEL BLOCKER OF
VOLTAGE-GATED POTASSIUM CHANNELS. Jon S. Poling*. John W. Karanian.
Norman Salem. Jr., and Stefano Vicini. Laboratory of Membrane Biochemistry and
Biophysics, NIAAA, Rockville M.D. 20852; Department of Physiology and
Biophysics, Georgetown University School of Medicine, Washington, D.C. 20007.
Docosatexrenoic acid (22:6n3) acts as an open-channel blocker at an extracellular
site on voltage-gated K+ (potassium) channels with similar kinetics to that classically
described for intracellularly applied quaternary ammonia compounds. Voltageclamp experiments performed on pinealocytes were confirmed by similar results on
neocortical neurons Polyunsaturated fatty acids (22:6n3, 2O:5n3, 2O:4n6) reduce
both early transient (IA) (for 22:6n3,1C* = 2.6 + 0.6 ^M) and late sustained (j
(ICjo = 4.9 ± 0.4 ^M) components of K+ current when applied extraoellularly but not
when introduced into the patch pipette. The monounsaturate, oleic add (18: ln9), has
minimal efficacy on either current type (1-50 /cM). 22:6n3 not only reduces peak
current amplitude but also produces a dose-dependent "secondary inactivation" of IK,
and increases the macroscopic inactivation rate of Ia - "Secondary inactivation" is
observed for whole-cell and outside-out macropatch configurations. Two known K+
channel ligands interact with 22:6n3-^duced blockade. 4-aminopyridine enhanced
peak depression of IK without affecting the tonic component of block, therefore
preventing "secondary inactivation." Second, zinc (and cadmium), known to shift
the steady-state activation/inactivation of Ia to more positive potentials,
competitively inhibits 22:6n3-inducee Hock of both K+ currents studied.
The clinical importance of an open-channel blocking mechanism may already have
been realized in the cardiovascular field as it is reported that polyunsaturates but not
monounsaturates alter the susceptibility to fatal cardiac arrhythmias (McLennan PL,
Am J Clin Nut 41:533, 1993). Although the role of n-3 polyunsaturates in the brain
remains largely unknown, these results may provide justification for the finding that
22:6n3 is selectively incorporated into the phospholipid pool of neuronal membranes
(Bazan NG, Can J Physl 71:690,1993; Salem N, Mol Mem Biol, 1994).

MODE IN A MAXI K CHANNEL FROM EMBRYONIC RAT
TELENCEPHALON. J.-M. Mienville*. Lab of

Neurophysiology, NINDS, NIH, Bethesda, MD 20892.
Single-channel recording techniques allow direct
observation of channel gating as a step-like process
reflecting conformational alternation between conductive and

non-conductive states. In rat embryonic telencephalon, ~85%

of large-conductance K (maxi K) channels do not follow such
a simple scheme but instead display noisy current

fluctuations that preclude straightforward analyses. Such

behavior is reminiscent of the buzz mode described

previously as accounting for only 0.1% of maxi K channel

openings in rat skeletal muscle (McManus & Magleby, 1988,

J. Physiol. 402: 79-120). In excised patches from
telencephalic cells, intracellular trypsin converts the buzz

mode of the maxi K channel into a “normal- mode, which

leads to conductance, kinetics and sensitivities to Ca2+ and

voltage comparable to those of the -15% normally gating
channels. These observations suggest that the immature

maxi K channel in embryonic brain is initially expressed with
a proteolysable component that prevents its normal gating.
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PKC-INDEPENDENT MODULATION OF CLONED VOLTAGE-GATED
K+ CHANNELS BY THE SECOND MESSENGER DIACYLGLYCEROL.
M.R. Bowlbv* and I. B. Levitan. Dept, of Biochemistry and Center for
Complex Systems, Brandeis Univ., Waltham, MA 02254.
Diacylglycerol (DAG) is a common intracellular second messenger which
activates protein kinase C (PKC). We are examining effects of DAG on gating
kinetics of cloned voltage dependent K+ channels. K+ channels were studied by
overexpression of their cRNA's in Xenopus oocytes or of their cDNA's in HEK 293
cells, and macroscopic currents were recorded from inside-out membrane patches.
When applied internally, 1,2-dioctanoyl-sn-glycerol (DOG) produces a large
increase in the inactivation rate of Shaker IR, Kvl.3 and Kvl.6 in both expression
systems. Longer chain length DAGs were much less effective at producing this
response. DOG has an IC50 of 163 nM and a fast time course, with a wash in and
reversal to control within about 30 sec. The action of DOG is independent of PKC
activation, as it does not require trinucleotides nor is it blocked by the PKC
inhibitor peptide 19-36 or by staurosporin. Several lines of evidence indicate that
DOG is preferentially blocking the open state of these K+ channels, ' rather than
modulating gating. DOG and the open channel blocker tetraethylammonium (TEA)
competitively interact with the Kvl.3 channel, as the IC50 for DOG increases to
440 nM in the presence of 9 mM internal TEA. The binding site for DOG, however,
is not identical to that for TEA, as the Shaker mutant T441S has a 10 fold lower
affinity for TEA, yet its affinity for DOG remains unchanged. Recovery from DOG
block is voltage dependent and appears to occur when the channel is in the closed
state. This voltage dependence is due to the voltage dependence of deactivation,
which allows channels to remain open longer and therefore remain blocked. Direct
interaction with DAG may be a common mechanism of K+ channel modulation.

TYROSINE
KINASE
ACTIVATION
INDUCES
THE
PHOSPHORYLATION OF Kvl.3 POTASSIUM CHANNELS.
T.C. Holmes* and I.B. Levitan. Department of Biochemistry and
Center for Complex Systems, Brandeis University, Waltham, MA
02254.
Tyrosine phosphorylation of voltage-gated Kvl.3 potassium
channels was examined in transiently transfected human

embryonic (HEK 293) cells. Kvl.3 contains potential tyrosine
kinase recognition sequences which are similar to src-kinase and
insulin receptor substrate sequences. HEK 293 cells were
transiently transfected with Kvl.3, and Kvl.3 channels were
isolated by immunoprecipitation using polyclonal antibodies
directed
against
the
C-terminal
of
the
channel.
Immunoprecipitates were run on SDS polyactylamide gels, and
the extent of tyrosine phosphorylation was assayed by probing
blots with an anti-phosphotyrosine antibody. Stimulation of the
endogenous HEK 293 cell insulin receptor (10 /iM insulin, 45
min) of Kvl.3 transfected cells increased anti-phosphotyrosine
immunoreactivity and the apparent molecular weight of
immunoprecipitated Kvl.3 channels. Furthermore, in cells cotransfected with Kvl.3 and v-src, there was increased antiphosphotyrosine immunoreactivity associated with Kvl.3. Sitedirected mutagenesis of Kvl.3 will be used to identify the site(s)
of tyrosine phosphorylation on this channel.

305.3

305.4

GENISTEIN, A TYROSINE KINASE INHIBITOR, SUPPRESSES VOLTAGE
-GATED K+ CURRENTS. B.A. Wible». D. Solomon® and S.D. Critz*. Depts. of
Molec. Physiol. & Biophys., Baylor, Houston, TX#, Pharmacology, Columbia,
NY®, and Structural & Cell Biology, U. of South Alabama, Mobile, AL 36688*.
Although much is known about the regulation of ion channels by serine/threonine
protein kinases, much less is known about the regulation of ion channels by tyrosine
kinase (TK). We have previously examined the effects of insulin on voltage-gated
K+ channels stably transfected in human embryonic kidney (HEK 293) cells
(Solomon et al., Soc. Neurosci. Abstr. 19:711, 1993). These findings have been
extended by examining the effects of TK inhibitors on the K* channels expressed in
HEK 293 cells.
Stably transfected HEK 293 cells expressing either KV3.1 or KV2.1 were wholecell voltage clamped at -60 mV or -80 mV, respectively, and perfused with Tyrone’s
saline. Membrane currents, elicited by depolarizations ranging from -60 to 60 mV,
were recorded before and after perfusion with various concentrations (1.0- 300 gM)
of the membrane permeable TK inhibitor, genistein (GEN) (Akiyama et al., JBC
292:5592-5595,1987). Inhibition of TK by GEN produced a rapid, dose-dependent
and reversible suppression of both KV3.1 and KV2.1 currents. Half-maximal
suppression was observed at about 50 gM, corresponding to the K, of GEN in vitro,
and maximal suppression (< 9O%) was observed at 300 gM. Similar effects were
produced by addition of the membrane impermeant tyrosine kinase inhibitor
Lavendustin A (1 gM) to the pipette. Diazdein (1- 300 gM), an inactive isoform of
GEN, did not effect KV3.1 currents. Although both K+ channels were suppressed
by GEN, the mechanism of the effect appears to differ. The suppression of KV3.1
was voltage-dependent, whereas the suppression of KV2.1 was not. We are
currently examining the structural basis for this differential response to TK
inhibition.

INVOLVEMENT OF MAXI-K (BK) POTASSIUM CHANNELS IN
NEURONAL FUNCTION IN THE RAT HIPPOCAMPUS.

YK

Gribkoff*. C.G. Boissard. J.T. Lum-Ragan. M.C. McKay. D.J,
Post-Munson. S.P. Qlesent and N.A. Meanwell. Central Nervous

System Drug Discovery and Central Chemistry, Bristol-Myers

Squibb Pharm. Res. Institute, 5 Research Parkway, Wallingford,
CT 06492 and *NeuroSearch A/S, D/K-2600 Glostrup, Denmark.

We have used rat hippocampal neurons in culture and
hippocampal slices, in conjunction with the specific maxi-K
channel blocking toxin iberiotoxin (IBTX) and the recently
described maxi-K opener NSOO4, to determine the density and
function of large-conductance Ca2+-dependent (maxi-K) K+

channels in these cells. In 223 inside-out membrane patches

excised from somas of cultured hippocampal neurons, a total of
26 (11.6%) contained single maxi-K channels identified on the

basis of calcium sensitivity and single-channel conductance

(265±12 pS). The open probabilities of hippocampal maxi-K

channels were greatly enhanced by NSOO4.

In the whole-cell

patch configuration, spontaneous EPSC's were reduced in
frequency and amplitude by NSOO4 >10 gM.

These results

indicate that maxi-K channels are present and may play a role in
regulating

synaptic

transmission

and

cell

excitability

of NSOO4 and IBTX in hippocampal slices; NSOO4 produced a

concentration-dependent depression of population synaptic
responses which was blocked by IBTX.

305.5

305.6

CHARACTERIZATION OF dslo CA2+-ACTIVATED K +
CHANNELS AND MODULATION BY PROTEIN KINASE A. T.J.
DiChiara and P.H, Reinhart*. Dept, of Neurobiology, Duke University,
Durham, NC 27710.

STATE-DEPENDENT MODULATION OF mSLO, A CLONED
CALCIUM-ACTIVATED POTASSIUM CHANNEL. D. Madam
M. Muller* and I.B. Levitan. Department of Biochemistry and Center
for Complex Systems, Brandeis University, Waltham, MA 02254.
We have examined the modulation of a cloned calcium-activated

The single-channel and macroscopic current properties of slowpoke
(dslo) Ca2+-activated K+ channels were examined in Xenopus oocytes
and the human embryonic kidney (HEK 293) cell line. Excised inideout patches exposed to various internal calcium concentrations reveal
that activation kinetics are strongly calcium dependent: increasing
cytoplasmic calcium greatly decreases the activation time constant and
increases the deactivation time constant. In contrast, activation is
independent of membrane voltage, as the time constants were
unchanged at membrane potentials from -80 to +80 mV. When excised
inside-out patches were exposed to 400 nM of the catalytic subunit of
cAMP-dependent protein kinase (PKA) in the presence of 0.5 mM MgATP, single channel open probability increased from 0.10 to 0.54 at
Vm = 50 mV (n=6). This effect was reversed to pre-treatment levels by
the addition of 50 gg/ml alkaline phosphatase. No change in P0 was
observed in absence of Mg-ATP (n=4) or due to alkaline phosphatase
alone (n=3). When macroscopic currents were recorded from insideout patches, the peak amplitude reversibly increased 38.2% (n=2) and
activation kinetics were significantly quickened (x's decreased an
average of 29.2%). These results demonstrate that dslo Ca2+-activated
K+ channels are reversibly regulated by PKA-dependent
phosphorylation by a mechanism consistent with an inceased affinity
for calcium rather than by any change in their voltage-dependence.
Supported by NIH grant NS31253 to PHR.
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in

hippocampus. This has been confirmed by examining the effects

potassium channel, mSlo, expressed in a mammalian cell line (COS)
and reconstituted into planar lipid bilayers. Addition of 660 pM
MgATP alone to the cytoplasmic side of the channel produces only
minimal effects on channel open probability. Furthermore, the channel
is not modulated when exogenous protein kinase A or protein kinase
C is added together with MgATP. However, when mSlo channels are
treated with the calcium-activated potassium channel opener NSOO4 (5trifluorometiiyl-1 -(5-chlor<^^-2-h^d^o;<3^^1^^i^n^l)^ 1,3-dihydro-27Y-benzimidazole-2-one, 5 pM), subsequent addition of MgATP does cause a
large increase in channel open probability. NSOO4 treatment alone

increases the open probability of the channel; however such an increase

is not by itself sufficient to confer sensitivity to ATP, because MgATP

does not modulate channels whose open probability has been increased
by elevated calcium. This raises the interesting possibility that
modulation by MgATP is state-dependent, and that NSOO4 drives the
mSlo channel into a conformation in which it is sensitive to MgATP.
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SHAKER INACTIVATION PEPTIDE BLOCKS A CLONED CALCIUM-

ANTAGONISTS OF PROTEIN KINASE A
(PKA)
ALTER THE
CONDUCTANCE OF A GABAp ACTIVATED S-TYPE K+ CHANNEL IN
BULBOSPINAL NEURONS FROM NEONATAL RATS. P.G. Wagner*, Y.

ACTIVATED POTASSIUM CHANNEL. D.A. Sullivan* and I.B. Levitan
Department of Biochemistry and Center for Complex Systems, Brandeis
University, Waltham, MA 02254
The fast inactivation of Shaker B potassium channels occurs by a ball and chain
type of mechanism. The N-terminal twenty amino acids of the channel act as the
inactivation domain. Synthetic peptides corresponding to this domain block other
channels, including voltage-dependent and Ca-activated K channels and cyclic
nucleotide gated channels. We are characterizing the blocking events resulting
from the interaction of synthetic peptides with the cloned Ca-activated K channel,
mSlo. mSlo channels expressed in COS cells were incorporated into lipid bilayers
and studied under conditions of symmetrical potassium, 200 pM free Ca, and a
voltage of +20 mV. In the presence of peptide (applied to the cytoplasmic side
of the channel) at least three kinetically distinct blocking events are observed. The
two longer events have been analyzed in detail. They occur with blocking time
constants of 125 msec and 3 sec, and Kd's of 280 pM and 2 mM, respectively.
The on and off rates of the peptide for these blocking events are not affected by
voltage (-30 to+20 mV) or 6OmMTEA. To further investigate the peptide's
interaction with the channel, initial experiments have been done using synthetic
peptides which vary in their charge and hydrophobicity. A mutant peptide with

an overall net charge of +6 (compared to the net charge of the wild type peptide
of >+2) shows a 100 fold increase in on rate without showing any change in off
rate. A mutant peptide with a net charge of +4 and an increase in hydrophobicity
shows a 2 fold increase in on rate but shows no change in off rate. The use of
mutant peptides will provide information on the nature of the peptide's interaction
with the channel.

Sun and M.S. Dekin. Dept. of Medicine, UMDNJ-Robert Wood Johnson
Medical School, New Brunswick, N.J. 08903.
Baclofen, a GABAg receptor agonist, activates a Ba++-insensitive

outward rectifying K* conductance (g^,) in bulbospinal neurons of
neonatal rats (Wagner and Dekin, J. Neurophysiol. 69:286, 1993). The
biophysical and pharmacological properties of g^, are identical to those
of the S channel found in invertebrates. Like the S channel,
is
inhibited by cAMP through a reduction in the mean open time probability
(nPo). These results suggest that activation of gKo, by GABAe receptors
could be mediated by inhibition of adenylate cyclase. To test this
hypothesis, we determined if direct inhibition of PKA could activate gKor
All recordings were made using the patch clamp technique in the cellattached configuration.

PKA was inhibited by either 100/uM H-7 or 1

pM Rp-cAMP. Neither agent by itself was capable of activating the
channel. However, the addition of baclofen in the presence of either H7 or Rp-cAMP produced single channel activity. The channels recorded
under these conditions exhibited similar pharmacological and biophysical
properties to that of
and nP0 was greatly increased (>7O%).
However, a reduction in the single channel conductance was observed.
With baclofen alone, the single channel conductance was 100 pS. The
conductance in the presence of baclofen + H-7 or Rp-cAMP decreased
to 40 pS. These data indicate that although cAMP does not directly
activate g^, it does modulate its single channel conductance and mean
open time probability. Supported by NIH Grant HL4O369 and HL02314.

305.9

305.10

PROTEIN KINASE A-DEPENDENT MODULATION OF THE SLOW Ca2+-

INHIBITION OF cAMP-DEPENDENT
PROTEIN KINASE BLOCKS
CANNABINOID RECEPTOR MODULATION OF POTASSIUM A-CURRENT IN
CULTURED RAT HIPPOCAMPAL NEURONS
S.A. Deadwyler*. J. Mu, V.C. King, R.E. Hampson and S.R. Childers. Dept. of
Phys. & Pharm. and Center for the Neurobiological Investigation of Drug Abuse,
Bowman Gray School of Medicine, Wake Forest Univ., Winston-Salem, NC 27157.
Previous results from this laboratory have shown that cannabinoids enhance a
voltage-sensitive potassium "A-current" in hippocampal neurons. The effect is Gjprotein mediated, and associated with a pronounced inhibition of adenylyl cyclase.
The inverse relationship between levels of cAMP and enhancement of A-current, was
further examined by modulating activity of cAMP-dependent protein kinase (PKA)
in the presence of the potent cannabinoid agonist WIN 55,212-2.
Whole cell potassium currents were recorded in neural cultures prepared from
fetal hippocampi. WIN 55,212-2 (2 pM) and Forskolin (10 pM) were applied via
extracellular pressure pipette. Neurons were selectively dialyzed with the protein
kinase inhibitory peptide, IP-20 (Greengard et al. Science 253:1135-1138, 1991), via
the recording pipette.
Treatment of neurons with IP-20 at all concentrations employed (1-6 pM)
resulted in an overall decline in total A-current, but no other apparent change in
kinetics. Low concentrations (1-2 pM) of IP-20 dialyzed into the cell, caused a
decrease in steady-state inactivation of A-current (corrected for the declining
conductance baseline) that was sufficient to cancel out (reverse) the increased
inactivation by forskolin. Application of WIN 55,212-2 to IP-20 treated cells resulted
in an additional decrease in inactivation. Higher dialysate concentrations (6 pM) of
IP-20 by itself produced a decrease in inactivation of A-current equivalent to WIN
55.212- 2 vi a the receptor,as weHas renderingthe cells insensitivt to toplied WIN
55.212-2. Herne even tn oughth e PKA inhinihor reduced A -currenr
ft
altered the steady-state voltage dependent inactivation of the channel in the same
manner as WIN 55,212-2, suggesting that PKA dependent "A channel"
phosphorylation is reduced by cannabinoid receptor stimulation.
[Supported by NIDA Grants DA03502, DA00119 and DAO7625 to S.A.D.J

ACTIVATED K+ CURRENT BY DOPAMINE IN HIPPOCAMPAL NEURONS
P. Pedarzani* & J.F. Storm. Inst, of Neurophysiol., University of Oslo, Norway.
The slow Ca2+-dependent K+ current Iah p - which causes spike frequency

adaptation in hippocampal neurons, is modulated by several transmitters.
However, the effect of dopamine (DA) on Iahp has been problematic: (1) DA
has been reported to both enhance and reduce l^HP; (2) the effect of DA has
been suggested to be due to cross reactivity with p-adrenergic receptors, and
(3) the mechanism of modulation is unknown. By whole-cell and intracellular
recordings in hippocampal slices we have now obtained evidence that DA
suppresses Ia hp
and spike frequency adaptation by a mechanism
independent of p receptors, but dependent on protein kinase A (PKA).

Whole cell recordings were obtained from 130 CA1 pyramidal cells in slices
from young rats. Ia hp was reversibly suppressed by dopamine (DA, 30 h M),
both in control conditions (85.2±3.9 % reduction, n=2O), and after blocking the
P receptors with propranolol (50 h M; 85.4+6.4 % reduction, n=22), or timolol
(30

h M;

90.1+4.8 % reduction, n=7). In these experiments, the effect of even

high doses of isoprenaline (10-30 h M) was blocked. DA also suppressed Ia hp

after desensitizing the p receptors by repeated applications of isoprenaline.
To study the mechanisms mediating the effect of DA on Iah p - we used the
selective PKA inhibitor Rp-cAMPS. When applied intracellularly, Rp-cAMPS
blocked the effects on Iahp bY DA (17.9±4.7 % reduction, n=5). Similar results
were obtained in current clamp experiments with sharp microelectrodes in
slices from adult rats: the effects of Da on spike adaptation and the slow AHP

were blocked by intracellular application of Rp-cAMPS, but not by propranolol
or timolol, while the isoprenaline effect was blocked.These results suggest that
protein kinase A mediates the effects of DA on Ia hp and accommodation, and
that these effects are not dependent on p receptors. [Supported by NFR.]

305.11

305.12

PRE- AND POSTSYNAPTIC EFFECTS OF THE CANNABINOID RECEPTOR
AGONIST WIN 55,212-2 ON SYNAPTIC POTENTIALS IN THE DENTATE
GYRUS.
M.T. Kirbv*. R.E. Hampson and S.A. Deadwyler. Center for the Neurobiological
Investigation of Drug Abuse and the Interdisciplinary Program of Neuroscience,
Bowman Gray School of Medicine, Wake Forest Univ., Winston-Salem, NC 27157.

Ca2+-CALMODULIN KINASE II

Previous reports have suggested that cannabinoid receptor agonists enhance
the voltage dependent potassium A-current in cultured hippocampal neurons
(Deadwyler etal. 1993). The mechanism through which the conductance properties
are altered has been shown to involve decreased steady state-inactivation of the Acurrent channel. Results from paired pulse facilitation of extracellular synaptic
potentials recorded from in vitro slices of dentate gyrus have suggested a possible
presynaptic localization of these receptors since such facilitation is markedly reduced
by the cannabinoid receptor agonist WIN 55,212-2 (Mu et al. Soc.Neurosci.Abstr.
19:280, 1993).
Using intracellular recording techniques, calcium dependent paired pulse
facilitation and input-output curves were constructed from perforant path-generated
synaptic potentials in granule cells of the dentate gyrus. Verification of cell type
was made via lucifer yellow injection and labelling. Following addition of WIN
55,212-2, input-output curves were systematically shifted to the right, indicating an
overall decrease in synaptic efficacy. Paired pulse facilitation of postsynaptic
currents was reduced under these conditions as well, and suggest that agonist
stimulation of presynaptic cannabinoid receptors can effectively modulate transmitter
release at perforant path terminals via modulation of voltage dependent A-current.
Increases in postsynaptic membrane conductance to hyperpolarizing current pulses
indicated that the cannabinoid agonist was effectively delivered to the tissue.
[Supported by NIDA Grants DA03502, DA00119, DAO7625 to S.A.D. and Training
Grant DAO!246.]
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INHIBITION OF Iahp

INVOLVEMENT IN

MUSCARINIC

IN BASOLATERAL AMYGDALOID NEURONS.

M.D. Womble* and H.C. Moises. Dept, of Physiology, Univ. of Michigan
Medical School, Ann Arbor, Ml, 48109-0622.
Cholinergic enhancement of neuronal excitability in the mammalian CNS
results in part from the muscarinic inhibition of the slowly decaying, Ca2+activated K+ current (Iahp ) that underlies production of the slow afterhyper-

polarization (AHP).
Evidence from hippocampal neurons suggests that
muscarinic blockade of Ia hp involves the activation of Ca2+/calmodulin-

dependent protein kinase II (CaMKII) (Muller, J.Neurophysiol. 68:2264,1992).
We have utilized whole-cell patch electrodes to examine Iahp in pyramidal
neurons of the basolateral amygdala (BLA) in brain slices obtained from 1326 day old rat pups. Hybrid-damp recordings revealed Iahp as a slowly
decaying outward current with a peak amplitude of 61 ±18 pA and decay tau
of 2642±177 ms (n=14; ±SEM). It was reduced or eliminated by perfusion of
Ca2+-free bathing medium. Bath application of carbachol inhibited Ia hp in a
dose-dependent manner, with an IC50 of O.45±O.O5 pM (n=5). To examine
the role of CaMKII in muscarinic inhibition, CaMKII inhibitor peptide ([Ala286]CaMKII,281-302) was included in the recording patch electrode (20-50 pM).

Neurons internally dialyzed with this peptide showed an average IC50 for
Ia hp inhibition by car-bachol of O.78±O.O5 pM (n=3), significantly higher
(p<0.01) than control neurons. This reduction in Iahp sensitivity to carbachol
inhibition was greatest at low concentrations. For example, 0.3 pM carbachol
reduced the Iahp of control neurons by 42±3% (n=4), while this concentration
of carbachol reduced Iahp in neurons recorded with inhibitor peptidecontaining electrodes by only 18±2% (n=3; p<0.01). These findings suggest
that activation of CaMKII may be involved in mediating the muscarinic
inhibition of Ia h p in BLA neurons. (Supported by AG10667 to HCM.)
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PROTEIN KINASE A MODULATES A VOLTAGE GATED K+ CHANNEL
PROTEIN PRESENT IN THALAMO-CORTICAL PROJECTIONS. H. MorenoU
A. Hernandez-Cruz*^, E. Buencok E. Vega-Saenz dc Mienak C, Kentrosk D
PodberesfoyLand B. Rudy-- 1 Department of Physiology and Biophysics, New York
University; N.Y. N.Y., U.S.A. 2 Instituto de Fisiologia Ce-u-ar, UNAM. 3
Departamento de Fisiologia Universidad National de Co-ombia-CIF.
KV3.2 is one of the four genes of the Shaw related K+ channel subfamily. This
gene encodes at least four alternatively spliced isoforms which express voltagedependent delayed rectifier-type currents with identical characteristics in Xenopus
laevis oocytes. KV3.2 mRNAs are localized predominantly in thalamic relay
neurons throughout the dorsal thalamus. However immunostaining reveals that there
is little protein in the soma of these neurons. Instead the protein appears to be
present mainly in the projections of these neurons to the reticular thalamic nucleus
and to the cerebral cortex. We have stably transfected CHO K1 cells with KV3.2a
DNA (one of the alternatively-spliced variants) and observed currents similar to the
ones described in oocytes. Bath application of membrane permeable cAMP analogs
at ImM local concentration during whole cell recordings, inhibited the currents by
20-40%. Concomitant application of ImM IBMX intensified the effect inhibiting
the currents about 40-70%. These effects were reversible. In CHO cells treated with
either 30 pM H8 or 400 nM KT5720 (a selective inhibitor of PKA) the currents were
not inhibited by cAMP or IBMX. KV3.2 proteins have one putative site for PKA
phosphorylation (RRSS) in the carboxyl end region following the sixth membrane
spanning domain and prior to the alternative splice site. A related subunit KV3.1
which lacks such mottl" is not affected by cAMP or IBMX. Since both serines could
be phosphorylated. site directed mutagenesis is being performed in which one or both
residues are mutated. This study raises the possibility that signal transmission across
thalamo-cortical synapses is regulated by neurotransmitters or neuropeptides that use
cAMP as a second messenger. Supported by NIH grant NS30989.

MODULATION OF KV3.3 K+ CHANNELS BY OXIDATION AND
PHOSPHORYLATION. E. Veea-Saenz de Miera*. .H. Moreno and.B. Rudv. Dept.
of Physiology and Biophysics and Dept. of Biochemistry; New York University
Medical Center, N..Y.
Transcripts of Kv3.3, a member of the Shaw-related subfamily of K+ channel
genes, express in Xenopus oocytes TEA-sensitive A-type K+ channels. Kv3.3
currents are very similar to an O2 sensitive K+ current present in type I cells of the
carotid body which is believed to mediate the modulation of the excitability of these
cells by changes in arterial pO2. The Kv3.3 protein has in its amino terminal
region a cysteine<ontaining sequence motif (o-r motif). A similar motif is present
in the amino end region of KV1.4 and KV3.4 proteins, which also express
inactivating currents. Oxidation of the cysteine in the o-r motif by air or H2O2 (a
possible intermediate of the effects of pO2 in chemoreceptor organs) removes the
inactivation of Kv3.4, Kv3.3 and Kvl.4 channels. Site-directed mutagenesis
confirms that the effect of H2O2 is mediated by oxidation of the cysteine in the o-r
motif. This cysteine is located in a key position for the inactivation of the channel.
Its substitution with negatively charged aminoacids removes inactivation;
conversely, positive aminoacids speed up inactivation. These data are consistent
with a model in which this region interacts with a negatively charged intracellular
receptor. The Kv3.3 channel is also modulated by phosphorylation. Application of
10 nM PMA produces a several fold increase of Kv3.3 currents with little removal
of inactivation. This effect is reversible and blocked by H7, suggesting a
phosphorylation event by protein kinase C. A chimera with the amino terminal of
Kv3.3 and the core region of Kv3.4 is not affected by PMA. These data suggest that
the mechanisms of stimulation of Kv3.3 by PMA are different from those of Kv3.4
channels. In the case of Kv3.4 channels inactivation is removed probably due to
phosphorylation of amino-terminal serines ( Vyas et al.(l993)^c. Neurosci Abs.
712). Supported by a Grant-in-Aid from the American Heart Association.

305.15
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PHOSPHORYLATION OF THE Kv2.1 K+ CHANNEL
DURING BIOSYNTHESIS G. Shi, S. A. Keilbaugh and J. S.

REGULATION OF K+-CURRENTS IN CULTURED MOUSE

Trimmer*, Department of Biochemistry & Cell Biology, SUNY at
Stony Brook, Stony Brook, NY 11794-5215
Voltage-dependent K+ currents are known to be modulated by
agents that effect protein phosphorylation, and recently a number of
K+ channel proteins have been shown to be phosphorylated.

However, the physiological role of K> channel phosphorylation
remains unclear. Kv2.1 is a member of the Shah subfamily of
mammalian K+ channel expressed in rat brain, heart and skeletal
muscle. Immunoblot analysis of membranes prepared from rat brain
in the absence of phosphatase inhibitor reveal a broad band ranging
from 110 kD to 130 kD, whereas in the presence of phosphatase
inhibitor, the majority of Kv2.1 polypeptide in rat brain membrane
migrate as a single band at 130 kD. By treating the rat brain
membrane with alkaline phosphatase, Kv2.1 polypeptide shift to the
lower molecular weigh form at 110 kD; this conversion can be
inhibited by adding phosphatase inhibitor. Thus, phosphorylation
state has a significant effect on the mobility of the rat brain Kv2.1

polypeptide on SDS gel. By 32P_labeling transiently expressed
Kv2.1 polypeptide in COS cells and subsequent immunoprecipitation,
we find that the Kv2.1 polypeptide is constitutively phosphorylated
and that this phosphorylation contributes all of the mobility shift
observed during Kv2.1 biosynthesis. Constitutive phosphorylation
appears to be a major contribution to the nature structure of the Kv2.1
polypeptide in neurons and other mammalian cells.

MICROGLIA BY ATP AND TNF BY Ca2+ AND G-PROTEINS.

S.

Ilschner and H. Kettenmanri*

Institut fur Neurobiologie, University of Heidelberg, Germany

The electrophysiological properties of ameboid microglia from
rodent brain are dominated by inwardly rectifying K+ channels

and by the lack of outward currents. This distinct channel pattern

means that small depolarizing events,
receptor activation,

can

lead to

a

e.g.

long

following ATP

lasting membrane

depolarization. Here we address the question whether this
resting K+ channel activity can be modulated and thus whether

the

physiology of

microglia

is

under

short term

control.

Intracellular application of GTPyS induced an outward current

and led to a complete disappearance of the inward current as
measured with

the patch

clamp technique.

Moreover,

an

elevation in Ca2+ (to 1.6 pM) via intracellular perfusion reversibly
blocked the inward current. The inhibition of inward currents by

GTPyS could be enhanced by ATP receptor activation. ATP and

TNF receptor activation alone led to a transient partial block of

the inward rectifier and the activation of a delayed outward

current. We conclude that the activity of microglial K+ channels
and thus the physiological behavior of microglia is under short-

term control by a variety of factors.
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ADENOSINE ACTIVATES A GLIBENCLAMIDE-SENSITIVE K+

A SLOW POTASSIUM CURRENT EVOKED AFTER A HYPERPOLARIZING
PRE-PULSE IS REDUCED BY METABOTROPIC GLUTAMATE RECEPTOR
ACTIVATION IN RAT HIPPOCAMPUS. A. Luthi». B. H. Gahwiler, S. M.
Thompson. U. Gerber. Brain Research Institute, University of Zurich, CH-

CURRENT IN POSTSYNAPTIC NEURONS.
G. G. Haddad* &
C. Jiang. Dept Peds, Sect Respir Med, Yale Univ Sch Med, New
Haven, CT 06520.
Adenosine-mediated synaptic transmission plays an
important role in the control of a variety of neural behavior. Although
it is known that adenosine inhibits presynaptically neuronal activity,
its effect on postsynaptic membranes is not well characterized. To

test the hypothesis that adenosine
postsynaptic neuronal membranes,
acutely dissociated hypoglossal and
voltage-clamp mode, we found that

modulates K+ channels on
we studied K+ currents in
substantia nigra neurons. In
whole-cell outward currents

increased by 10-20% when cells were exposed to adenosine
(4OpM). The increase in outward currents was reversible and
concentration-dependent. This effect was likely mediated by

activation of adenosine A! receptors since A! receptor agonist
N6-cyclopentyladenosine (CPA, 2nM) enhanced the outward

currents almost as potently as adenosine. Our results also showed
that adenosine or CPA activated at least two current components.
One of them was transient and was greatly inhibited by 1mM 4aminopyridine. The other component was a sustained current that
was substantially suppressed by 2OpM glibenclamide. These results

therefore indicate that: 1) adenosine activates K+ currents on
postsynaptic membranes in hypoglossal and substantia nigra
neurons; 2) this effect is likely mediated via A! receptors; and 3) an
ATP-sensitive K+ current and an A-type K+ current may be the
functipnal targets of adenosine.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

8029 Zurich, Switzerland.
Activation of metabotropic glutamate receptors (mGluRs) is known to modulate cellular excitability in the hippocampus via suppression of several K+
conductances. A novel conductance sensitive to activation of mGluRs was
characterized in CA3 pyramidal cells voltage-clamped at -60 mV (2 M KCI or
2 M KMeSO4 electrodes). A voltage-dependent K+ current was observed fol-

lowing hyperpolarizing voltage steps negative to -75 mV (t for half activation
= 5.3 s) and stepping back to -60 mV. It appeared as an instantaneous outward current with an amplitude of 218±36 pA decaying monoexponentially
with a time constant of 7.5±O.5 s. The current was not sensitive to 4-aminopyridine (0.1-1 mM). The current was neither due to activation of an electrogenic cation pump (increase in membrane input conductance at the peak of
the current: 119±39 %) nor to altered driving force for K+ ions (unchanged
reversal potential for K+ ions, measured with iontophoretic application of
baclofen). Bath application of a solution containing Cd2+ (50 pM) or low
concentrations of Ca2+ (0.5 mM) did not affect the amplitude of the current.

The current was reduced by K+ channel blockers including Cs+ (1 mM) by 21 ±
10 %, TEA (50 mM) by 57±19 % and Ba2* (1 mM) by 49±25 %. Application of
ACPD (100 pM), a selective agonist for mGluRs, reduced the amplitude (by
37±12 %) and the time constant (by 73±11 %) of the current reversibly. This
slow K* conductance evoked after a hyperpolarizing pre-pulse presumably
delays the onset of firing in response to a depolarizing stimulus as previously
described for the much faster D-current in CA1 pyramidal cells. Activation of
mGluRs would hence result in an accelerated onset of firing.
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SMALL-CONDUCTANCE POTASSIUM CHANNELS IN NG108-15

G PROTEIN REGULATION OF THE BK CALCIUMACTIVATED POTASSIUM CHANNEL IN BOVINE ADRENAL
CHROMAFFIN CELLS. S.D. Cannon. S.P. Wilson* and K.B.
Walsh. Department of Pha^^^c^<^^ogy, University of South Carolina,
School of Medicine, Columbia, SC 29208.

CELLS ARE OPENED BY PURIFIED G^ AND G PROTEIN By
SUBUNITS. M.A.Harrington/ J.R.Hepler. E. Lee and F. Belardetti

Dept. of Pharmacol. Univ. of Texas Southwestern Med. Center,
Dallas, TX, 75235.

Previous work has demonstrated that GTPyS activates two K"

channels with conductances of 15 and 26 pS, respectively, in
inside-out patches from NG 108-15 cells, and that this activation is
blocked by an anti-peptide antibody to the c-terminus of G^. We
now demonstrate that in the presence of 2 mM GDP, addition of

60 nM G« activated with GTPyS to inside-out patches produced a
large increase in K" channel activity (in 9 out of 14 patches there

was a 3- to 31-fold increase in open probability). This increased
activity was not observed if non-activated (GDP bound) G«, were

added instead (1 out of 13 patches). In addition, 440 nM of
purified By subunits from brain activated both K" channels to the
same degree as G*,-GTPyS (8 out of 12 patches, 3- to 31-fold

increase in open probability). In contrast, neither G<0-GTPyS nor G„GTPyS were able to stimulate K" openings (0 out of 6 patches for

both proteins). Interestingly, when 50 nM of a mutant of G„ with
very high affinity for By was added to inside-out patches, it was
able to block 60% of GTPyS-mediated K" activation.
Taken together, these data indicate that both a and By subunits

may play a role in the intramembranous K" channel activation

mediated by Gq.

G proteins regulate ion channels through both direct and indirect
mechanisms. In the present study, the effect of G protein stimulation
was studied on K+ channels measured in cultured bovine adrenal
chromaffin cells. In whole-cell experiments, internal dialysis of the
chromaffin cells with guanosine 5’-O-(3-thiotriphosphate) (GTPyS) or
external application of A1F*4, to stimulate G proteins, resulted in a
voltage-dependent increase in the amplitude of the outward K+
currents. This augmentation in the K+ currents was accompanied by
the appearance of a fast component of current activation not present
in control records. In order to understand the molecular nature of G
protein action, single K+ channels were measured in excised, insideout patches. Cytosolic application of either GTPyS or AIF' resulted
in a 10-fold increase in the open probability of the large conductance
(BK) Ca2+-activated K+ channel recorded in the presence of 1 gM
Ca2+. A similar stimulation was observed following the application of
an activated, mixed GoG preparation. The increased open probability
produced by GTPy S, A1F' and G^G; resulted in part from an increase
in the mean open time of the channel. The ability of G proteins to
modulate the Ca2+-sensitivity of this channel is currently under study.
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306.1
ASSESSING THE FUNCTION OF THE C-TERMINAL DOMAIN OF
THE NMDA RECEPTOR SUBUNIT NR2A BY GENE TARGETING

R. Brass. F. Zimmermann. M.Y. Catania*. P.H. Seeburq and FL

Sprenael. Center for Molecular Biology (ZMBH), University of
Heidelberg, 69120 Heidelberg, Germany.
The NMDA receptors seem to trigger different processes in the
mammalian brain ranging from trophic developmental actions such
as the movement of neuronal growth cones, to an activity
-dependent resetting of the synaptic strength underlying some forms
of learning and memory. These processes might be associated with
some signal transduction pathways activated by the Ca2" influx or
with conformational changes of the receptor itself.
To investigate the importance of the C-terminal domain of the
NR2A subunit of NMDA receptors, we have used the gene targeting
approach to mutate the NR2A gene in mice. First we identified a

NR2A

pseudogene in the mouse and we used this knowledge to

target the NR2A wildtype gene specifically. For this two different ceil
lines of embryonic stem cells, E14 and R1, were transfected with a

NR2A wildtype gene construct in which a neomycin resistance gene,
preceded by stop codons in all three reading frames, were inserted

at the 3’ end of the exon encoding the TM4 receptor domain. After
selection in G418, 300 neomycin-resistant clones were analysed by
PCR for homologous recombination events at the NR2A locus.
Three targeted clones were identified, two from the E14 and one
from the R1 cell line. Two independent clones were injected into host
mouse blastocysts and germline chimeras were obtained at high
rate. Preliminary data on the phenotype of the homozygous mouse
mutants will be presented.

Patch

clamp recordings
from dbsociated
adult subfornical
organ neurons
maintalned
in tissue culture
: angiotensin
responsiveness
and sodium
currents
Are retained
for up to 6 DAYS. A . V. Ferguson*. R.J. Bicknell, and

W.T. Mason. The Babraham Institute, Babraham, Cambridge, CB2 4AT, UK.
Neurons of the subfornical organ (SFO) represent the essential interface
whereby circulating angiotensin II (ANG), accesses the central nervous system
(CNS) and influences the central control of body fluids. The specific
mechanisms through which ANG influences SFO neurons remain to be
established. We utilised whole cell patch clamp techniques to record from
SFO neurons dissociated from adult rat CNS. Wistar rats were stunned,
decapitated, and after dissection of tissue blocks containing hippocampal
commissure and SFO, the latter structure was microdissected from all
surrounding CNS tissue. This tissue was placed in ACSF with 2.5mg/ml
trypsin and triturated at 5 min. intervals. Dissociated cells were suspended in
Dulbcco's medium, washed and plated on plastic petri dishes to which they
attached within 30 mins. Cells were incubated in a 95% 02, 5% CO2
environment until whole cell patch clamp recording. Stable long term (>15
min) recordings were obtained from 98 cells (membrane potential -30 to 85mV), displaying rapid voltage dependent (< I msec to peak) inward currents
and current evoked action potentials. These were classified as SFO neurons.
After 24 hours in culture growth of processes was observed in some cells. All
of these cells demonstrated voltage dependent outward currents characteristic
of potassium currents. Current clamp recordings from 55 cells tested with bath
application of ANG (lO‘5 - 10'’ M), showed 25 to respond with either
depolarisation, increased conductance, or both. Similar recordings were
obtained for up to 6 days after initial cell dissociation. These data demonstrate
the long term viability of this dissociated SFO neuronal preparation, as well
as providing a model system for study of peptide actions on SFO neurons.
Supported by The WeU^me Trust, and BBSRC.

306.3
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STRUCTURE-ACTIVITY RELATIONSHIP FOR AMANTADINE:
INHIBITION OF THE M2 CHANNEL AND REPLICATION OF INFLUENZA
A VIRUS.
R.K. Rader*,, T.R. Stiebel Jr., R.W. Forgey,
S.P. Tucker, and_K. Giffin. Research and Development,
Searle, Chesterfield. MO 63198
It has been reported (Pinto et.al., Cell 69:517-528,
1992) that the influenza A virus M2 protein is a proton
channel. The M2 channel is activated by low pH ( — 5.5) while
the virus particle is present in the secondary endosome of
the host cell. Once the channel is activated, it is thought
to pass protons to the interior of the viral particle
allowing for the acid-induced changes which mediate viral
uncoating. In addition, M2 channels from some avian
influenza viruses dissipate the pH gradient across the
golgi membrane allowing the hemagglutinin protein to emerge
on the cell/virion surface in the neutral pH conformation
which is essential for infectivity in the next cycle.
Under the proper recording conditions, the M2 channel
expressed in Xenopus oocytes passed sodium ions, allowing
study of the channel. Studies concerning the inhibition of
the M2 channel with amantadine (1-aminoadamantane HCl) and
rimantadine (a-methyl-1-adamantane methylamine HCL), the
only two clinical agents, available for treatment of
influenza A, and their analogues on the M2 channel were
investigated. Seven analogues showed significant inhibition
of the M2 channel. Only three of the seven were anti-viral.
Those compounds which displayed anti-viral activity also
showed little, if any current recovery upon washout.
Compounds lacking anti-viral activity but which inhibited
the M2 channel, showed good recovery of the current upon
washout. The anti-viral properties of the analogues are
likely ' conferred by the long If values which were
comparable to amantadine and rimantadine.

TRANSIENT INTRACELLULAR [Ca""] INCREASE TRIGGERS A PLATEAU-LIKE

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

CURRENT IN ISOLATED GUINEA PIG HIPPOCAMPAL CA1 PYRAMIDAL
NEURONS.
Steven R. Youna* and Robert K. S. Wonq.
Dept, of
Pharmacology, SUNY/Health Science Center, Brooklyn, NY 11203
In isolated CA1 pyramidal cells (Kay and Wong, J. Neurosci. Meth. 16: 227,
1986) under conditions in which most voltage-activated currents are blocked
(outside, in mM: Tris, 115; HEPES, 10; CsCI, 20; dextrose, 25; KCI, 5;
CaCI2, 5; glycine, 0.01; pH 7.4; inside: Tris, 115; HEPES, 10; BAPTA-Cs4,
1; Mg-ATP, 2; fura-2, 0.1; leupeptin, 0.1; cAMP, 0.01; phosphocreatine, 10;
creatine phosphokinase, 50 U/ml; pH 7.2), voltage-clamp depolarizations from
-50 to -10 mV for 0.5-5 sec activated calcium currents of up to 2 nA. An
additional plateau current of 50-150 pA (I , inward under these conditions, and
associated with a conductance increase) followed the depolarizing step and

lasted for as long as 15-20 sec. Increasing the length of the depolarization,
and thus the duration and amplitude of the resulting [Ca">] in transient (imaged
with a cooled CCD camera and fura-2, Grynkiewicz et al., J. Biol. Chem. 260:
3440,1985; Lasser-Ross et al., J. Neurosci. Meth. 36: 253,1991), increased the
length of the plateau current but not the plateau amplitude. Depolarizations to
+40 mV, which produced minimal [Ca""]^ increases, failed to stimulate I . On
the other hand, 10 mM caffeine, which produced large transient [Ca""]^

increases in some cells, could then stimulate lp. Fura-2 responses were near
or above saturation for the entire lp time course. Thus, high [Ca""]^ levels

appear to be required to stimulate lp.
Cesium blocks calcium-activated potassium currents (Hille, Ionic Channels
Excitable Membranes. 2™* edition, 1992;
Q.X. Chen, personal

of

communication). The occurrence of lp in the presence of Cs" therefore
suggests that lp may be a novel, high-threshold, Ca""-activated current.
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306.6

ACTIVITY-DEPENDENT CALCIUM TRANSIENTS IN NEURONS FROM THE
DORSAL VAGAL MOTOR NUCLEUS. N. Lasser-Ross*. W.N. Ross, and Y.
Yarom. Dept. of Neurobiology, Hebrew University, Jerusalem. 91904. Israel and
Dept, of Physiology, NY Medical College, Valhalla, NY 10595.
Single neurons in brain stem slices from young guinea pigs were filled with fura-2
via sharp microelectrodes or whole-cell patch electrodes. Time dependent fluorescence changes, excited at 38Onm, were detected with a high speed, cooled CCD
camera. A burst of action potentials evoked [Ca2+]j increases in the soma and in fine
individual dendrites up to 150 pm from the cell body, about the limit of detection.
[Ca2+]j rose throughout the burst and began to decline immediately following the
last spike. Ca2+ action potentials evoked in the presence of TTX and TEA caused
much larger changes at all locations.
Following action potentials these neurons are known to generate a long-lasting
Ca2+-dependent K+ conductance (Hockerman, Werman. and Yarom, 1992). Consistent with this finding, the magnitude of the [Ca2+]i increase and the amplitude of the
hyperpolarization were proportional to the number of spikes. At low intracellular
fura-2 concentrations the time course of the recovery of the hyperpolarization was
usually matched by the recovery of the fluorescence transient. Recovery- time constants varied between 5-15 sec. the recovery time in the dendrites was usually faster.
When the hyperpolarization was reversibly prolonged by stopping the superfusion the
recovery time course of the fCa2+]j transient was also prolonged. At higher fura-2
concentrations both the time course of the recovery of the undershoot and the
calcium transient were longer and the [Ca2+]j no longer followed the changes to the
undershoot caused by stopping superfusion. Together these results indicate that the
K+ conductance depends closely on the time course of the [Ca2+]j change in these
neurons and that the intrinsic buffering power of the cytoplasm is low compared with
that of many other neurons which have been examined.
Supported in part by a Fogarty International Fellowship to WNR and grants from
the u Sp HS and the Office of Naval Research.

CONFOCAL IMAGING OF CALCIUM TRANSIENTS IN MOUSE
DENTATE GRANULE CELL DENDRITES AND AXONS DURING
SIMULTANEOUS WHOLE-CELL RECORDING. T.-P. Yu*. D.B.
Jaffe and T.H. Brown. Depts. of Psych, and Cell, and Mol. Physiol.,
Yale University, New Haven, CT 06520.
Changes in intracellular calcium ([Ca]O are believed to trigger both
short- and long-term forms of synaptic plasticity. Here we used the
high-spatial resolution of confocal microscopy in conjunction with
calcium (Ca)-sensitive dyes to observe changes in [Ca]j in hippocampal
neurons during simultaneous neurophysiological recordings.
Whole-cell recordings were obtained under direct visual guidance
from dentate granule cells in thick mouse hippocampal slices (300 pm).
The cells were visualized using infrared DIC video microscopy.
Neurons were filled with a Ca-sensitive dye (Fluo-3 or Ca-Green) via
the recording pipettes, which were also used for direct cell
depolarization. Fluorescence imaging was performed using confocal
laser scanning microscopy (4OX water-immersion lens). Calcium
transients were induced by depolarizing the cells via the recording
pipette. Depolarization consisted of a current step that generated trains of
action potentials or a voltage step to +10 mV.
Results showed that the granule cell dendrites are not passive.
Depolarization-produced Ca entry was clearly observed within the
dendrites, sometimes as far as 160 pm from the soma. More distal
dentrites have not yet been studied. In addition, Ca transients were
evident in the soma and, interestingly, also in the axons. We are
currently characterizing the types of Ca channels and their spatial
distribution across the dendritic tree and along the axons. (Supported by

306.7

Intracellular calcium signaling induced by thapsigargin in
excitable and inexcitable cells, s. Razani-Boroujerdi1*. LD.

Partridge*, and M.L. Sopori1 ‘Lmmunotoxieology, Institute for Basic and
Applied Research, The Lovelace Institutes, Albuquerque, NM 87108, and
dSeparrtment of Physiology, University of New Mexico, Albuquerque, NM
87131.
Signaling between intracellular Ca2* stores and cell membrane channels
or transporters is important to Ca*+-based second messenger systems.
Two hypotheses, the capacitative and the Ca2*-induced CaJ+--nflux
models have been proposed to explain aspects of this signaling. In this
study, we examined the applicability of these models in neuroendocrine
(PC12), neuronal (dorsal root ganglion), immune (spleen), and
fibroblast (3T3) cells. We used thapsigargin (TPG) to deplete specific
intracellular Ca2* stores and to increase the cytoplasmic Ca2*
concentration ([Ca1*]), and Ca2* free medium to prevent Ca2* influx and
lower cytoplasmic [Ca2*]. We demonstrate that, although TPG causes an
increase of [Ca2*], in all cells examined, the subsequent stimulation of
Ca2* influx varies from high in spleen, to moderate in 3T3 and PC12, to
undetectable in DRG cells. All cell types exhibited Ca2* influx when Ca2*
was added to the medium following an exposure to Ca2*-free medium.
Without added provisions, the two aforementioned hypotheses are
inadequate in explaining the TPG-induced Ca2*-influx in all cell types.
These results support the hypothesis of the existence of unique Ca2*
channels or transporters in spleen cells that operate subsequent to TPG
treatment and are distinct from the voltage-gated Ca2* channels and
Ca2*-activated non-selective cation channels present in excitable cells.

306.9
EFFECTS OF TRANSIENTLY BLOCKING Ca2+ CURRENTS ON THE DIFFERENTIATION OF
MUSCLE CELLS IN THE ASCIDIAN Botonia vittosa. J, E. DaUrnan. A. A. Greaves. A. K
Pavla*, and W.J. Moody. D^p. of Zoology, Univ. of Washington. Seattle, WA, 06195.
The changing expression of ionic currants during the dSheentiatfon of excitable cells has
been described in nerve and muscle of several organisms. These studies have shown that ion
channets are expressed early in the process of differentiation, implying a rde for Ionic fluxes in
the elaboration of a mature phenotype. In most cases, however, the osls cannot be identified
until they have already begun to differentiate electrically. We have circumvented this problem
by using Bottonia vitosa which contains a pigmented muscle lineage. This pigment makes it
possible to Identify cels throughout development which are destined to become muade. We
have described the changing complement of ion channels from neuruta stage, when the cels
first acquire muscle specific proteins, until hatched tadpole stage, when the cells are
contractile. The observed currents define two phases of differentiation. The first is
characterized by the loes of an inwardly rectifying K+ currant (present in al cells from
fertilization to gastruia stage) and the initial expression of an inward Ca2+ current and an
outward K+ cunrsrrt. The second phase involves the return of the inward rectifier as wall as a
speeding in rats of activation and an increase in density of oompoiete inward Ca2+ currents
and ouftrnrd K+ currents. The Inward rectifier is the only channel open at the cells’ resting

potential. Its transient abeenos during the first phase of diftarentialion suggests the
pomlbilKy of spontaneous action potentials as the resting potential Is unstable and membrane
resistance is high so that leas current is needed to reach threshold.
We have applied the Ca2+ channel blocker cadmium (Cd2+) to the muscle cells during the
first phase of differentiation in an attempt to test the hypothesis that spontaneous activity
during this period allows Ca2+ entry which is important for some aspects of normal

development of the osfe When ionic currents in treated and control »Hs are oompsred at a
time when the control embryos have hatched, the outward K+ currents of the Cd2* treated
osls do not undergo an increase in rate of activation or density relative to controls, however
other currents appear unaffected. In addition, tire cells fal to contract in response to
depolarizing pubes, implying that myofibrils have not formed. These results support the
hypothesis that Ca2+ action potentials may be Important for proper differentiation of muscle
cels.
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306.8
A MODEL FOR MUSCARINIC MODULATION OF INSULIN SECRETION
VIA A CALCIUM RELEASE ACTIVATED CURRENT (CRAC)

R. Bertram*, P. Smolen, and A. Sherman
Math. Res. Branch, NIDDK, NIH, BSA Bldg., Suite 350, Bethesda, MD 20892

In vitro

experiments on intact islets of Langerhans have shown that mus-

carinic agonists have a modulatory effect on the electrical activity and insulin
secretion of mouse pancreatic /3-cells (Henquin et a/.,

Endocrinology,

122:2134).

Under control conditions, in the presence of glucose, these cells generate a

rhythmic bursting pattern of action potentials. Upon application of muscarinic
agonist the frequency of bursting increases and the repolarization of the silent

phase is reduced. It is known that muscarinic agonists increase IP3 production
in /?-cells.

We describe a model in which the sole effect of the agonist is to

increase production of IP3, which increases Ca2+ efflux from the endoplasmic

reticulum (ER). In our model, the decrease in free ER Ca2+ leads to an increase in calcium release activated current (CRAC). The resulting modulation

of electrical activity is consistent with experimental observations, suggesting
that CRAC may be responsible for muscarinic modulation in
evidence (Worley

et al., Biophy. J.,

^-cells.

in /?-cells. We argue that depolarization by thapsigargin (Dukes

J.,

Recent

66(2):A248) suggests that CRAC is present

et al., Biophy.

66(2):A248) as well as muscarinic agonists supports this claim.

306.10

FOCAL CONCENTRATION OF HVA CA2* CHANNELS IN THE APICAL
DENTRITES OF NEOCORTICAL PYRAMIDAL NEURONS. D. Saar. I. Reuveni
and M.J. Gutnick*. Dept, of Physiol., Faculty of Health .Sciences, Ben Gurion
University of the Negev, Beersheva, Israel.
We previously showed (Reuveni et al, J. Neurosci. 13:4609-4621, 1993) that in
neocortical pyramidal cells, Ca2* channels are distributed non-homogeneously in the
soma-dendritic membrane, with regions of increased channel density located at a
distance from the soma. Thus, in intracellular recordings from neocortical slices in
24 mM TEA and 1 pM TTX, pyramidal cells generated prolonged Ca2* plateaus
which often repolarized in a step-wise manner. Using a computer model, we showed
that the experimental data are best explained by hypothesizing that Ca2* channels with
similar properties are restricted to sites electrotonically distant from one another.
Subsequent fura 2 imaging experiments (Ywsteetal, Soc. Neurosci. Abst, 1495,1993)
suggested that Ca2* channels are present throughout the soma-dendritic membrane,
and that the smaller steps -correlate with enhanced Ca2* entry in an apical dendritic
focus. We now present further evidence in support of this. In Layer V neurons
whose apical dendrites were severed by a horizontal cut in Layer IV, stepwise
repolarization from the Ca2* spike was not observed. Moreover, in intact slices,
when 2 mM Cd2 * was applied locally near the apical dendrite, the smaller step
gradually disappeared, leaving the preceding Ca2* spike intact; when the Cd2 * was
applied deep to the soma, the large Ca2* plateau gradually disappeared, often leaving
the steps intact. Finally, further computer simulation revealed that if Ca2* channels
are present throughout the soma and dendrite membranes, repolarization is still
stepwise if a focus of higher channel density is present in a narrow dendritic band.
If the density at this focus were slightly smaller, a large somatic plateau would be
followed by a depolarizing afterpotential similar to that often observed experimentally.
Funded by a grant from
the U. S. - Israel Binational Science Foundation.
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306.11
TRICHOSPORIN-B IS A CALCIUM CHANNEL-FORMING PEPTIDE.
E.
Tachikawa1*. K. Noqimori2. T. Kashimoto1. Y. Nagaoka3. A. lida3. T. Fuiita3 and
Y. Nakagawa4. 1Dept. of Pharmacology, School of Medicine, hwat^ Medical
Univ., Morioka 020, Central Research Lab., Kaken Pharmaceutical Co. Ltd.,
Kyoto 607, 3Faculty of Pharmaceutical Science, Kyoto Univ., Kyoto, and
4Dept. of Life Science, Univ. of Tokushima, Tokushima 770, Japan.

Trichosporin-Bs (TS-Bs) are 11 kinds of antibiotic peptides with similar amio
acid sequences isolated from the fungus Trichoderma polysporum. Their
fungal peptides consist of 19 amino acid residues and an amino alcohol,
phenylalaninol, and contain a high proportion (about 50%) of aaminoisobutyric acid, an abnormal amino acid.
We have reported thatTS-B causes Ca2* influx into adrenal chromaffin cells
and results in an increase in the secretion of catecholamines from the cells
and that both the Ca2+ influx and the secretion are antagonized by blockers of
voltage-sensitive calcium channels (Mol. Pharmacol. 40,790-797, 1991). We
concluded that TS-B activates voltage-sensitive calcium channels or itself
forms the channels in the cell membranes and produces Ca2+ influx and
catecholamine secretion. In this study, we investigated whether TS-B can
induce Ca2+ influx into non-excitable cells, C6 glioma cells and bovine
platelets. The incubation of fura-2 loaded C6 cells with TS-B (1-5 j M) resulted
in an increase in the intracellular free calcium concentration ([Ca2+]i). The
stimulatory effect of TS-B on [Ca2+]i relied on its concentration, and it was
abolished when the external Ca2+was eliminated, indicating that the increase
in [Ca2+]i induced by TS-B is due to Ca2* influx into the cells. This TS-Binduced increase in [Ca2+]iwas also maintained in Na+-free medium but it was
not affected by voltage-sensitive calcium channel blockers and SK&F 96365,
a blocker of receptor-operated Ca2* entry. Similar results were also obtained
in the platelets.
These results strongly suggest that TS-B itself forms ion channels in cell
membranes and causes Ca2* influx into cells. TS-Bs can be a good tool for

allowing Ca2+to enter cells.

306.13

REGULATION OF INTRA- AND EXTRACELLULAR PH IN THE
RAT BRAGIN IN ACUTE HYPERCAPNIA: A REAPPRAISAL.
K, Katsura »T. Kristen, R. Naif, and B,K. Sks,& Lab for Exp. Brain
Res., Lund University Hospital, Lund, S22l 85, Sweden
Recent results have demonstrated that intracellular pH (pHj) in nerve
and glial cells is not regulated back to normal during CO 2 exposure if
extracellular pH (pHe) is reduced. This raises the question about
regulation of pHj and pHe in vivo. In order to successively reduce pHe
we exposed animals to incremental increases in CO2 tension (11, 27.5,
42.5 %) ann started reeglation of pHj ddring the firrt 90 min of
hypercapnia. Extracellular pH, as well as [Na*]e, [K+L, and [Cl“]e,
were measured, as were whole tissue contents of Na , K , and Cf.
At all CO2 tensions studied, pHe slowly increased during CCb
exposure. In animals breathing 11 % CO2 (ApHe ~ 0.2 units), pHj
increased slowly. However, in animals exposed to 27.5 % CO2 or 42.5
% CO 2 (ApHe > 0.4 units), no regulation of pHj was observed.
Extracellular HCO3' concentrations increased substantially already
during the first 15 min of hypercapnia and then gradually rose. These
increases were accompanied by decreases in [Cl'Je and increases in
[Na+]e, [K+]e remaining constant. The total tissue content of these ions
remained constant, suggesting that extracellular HCO3' concentration
increases by O7HCO3' antiport and/or by Na**2HCO3' symport,
HCO3' emanating from intracellular sources.
The results challenge the dogma of the supremacy of mechanisms
regulating pHj, and suggest that brain cells, possibly astrocytes,
regulate pHe at the expense of their own pH homeostasis. By
inference, we further conclude that regulation of pHj normally occurs
only if pHg is first regulated back to normal.
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306.12

VOLUME REGULATION IN HUMAN T LYMPHOCYTES: Ca, SIGNALLING
AND Cl CHANNELS. L.C. Schlichter*. P.A. Schumacher. G. Sakellaropoulos. L.
Mills. Playfair Neurosci. Unit, Toronto Hosp. and Dep't Physiol. Univ. of Toronto,
Ontario, Canada M5T 2S8.
Most vertebrate cells regulate their volume after exposure to hypo-osmotic
media by losing electrolytes and water; i.e., regulatory volume decrease (RVD).
RVD requires a sensor(s) to detect swelling, a transducers) to translate the signal,
and effectors that cause electrolyte loss. In many cell types an increase in
cytoplasmic calcium (Ca,) is the transducer and separate Cl and K+ channels are
the effectors. It is uncertain whether T lymphocytes (TL) normally use Ca, as the
transducer and whether the K’ or Cl ' channels are Ca, dependent. We used
normal, human TL loaded with fluo-3 dye and mounted on Aclar plastic slides with
Cell-Tak to measure Ca, changes in perfused fluorimeter cuvettes. Hypo-osmotic
shock results in a significant increase in Ca,, the average Ca, rise is biphasic and
comprises both release from internal stores and influx. Confocal microscopy shows
that the mounting medium and substrate do not interfere with volume changes.
Following hypo-osmotic shock, normal Ca, responses to mitogenic lectin could be
elicited. We then examined the Ca, dependence of a small-conductance (0.7 pS)
Cl ' channel in these cells, which is thought to provide the volume-sensitive Cl
efflux pathway. The whole-cell Cl current builds up after establishing a whole-cell
recording then spontaneously runs down over several minutes. The current is
somewhat sensitive to cell volume; i.e. reduced by cell shrinkage but apparently
insensitive to Ca,. That is, TL could be Ca, depleted or loaded either before or after
establishing a whole-cell recording with little or no effect on the amplitude of the
current or its time course of build up or rundown. Our results, together with
literature on volume changes, suggest that the Cl pathway for RVD is not Ca,
sensitive. We are now examining the sensing and transduction mechanisms; i.e.
swelling and Ca2’ entry. (Supported by MRC, Canada).

306.14
EXPRESSION OF cGMP-GATED CATION CHANNEL AND SOLUBLE
GUANYLATE CYCLASE IN HIPPOCAMPAL, CEREBELLAR AND
OLFACTORY BULB NEURONS. I. Ahmad* and C.J. Barnstable. Dept,
of Ophthalmology & Visual Science and Section of Neurobiology, Yale
University School of Medicine, New Haven, CT06510
cGMP has emerged as an important second messenger in
neuronal signalling. One of the mechanisms by which cGMP can
modulate cell responsiveness is by directly affecting the cGMP-gated
cation channel activity. Such channels have widespread distribution
(Ahmad et al., BBRC I73;463-47O, 1990; Ahmad et al., PNAS 89;IO26210266), and we have recently shown that a cGMP-gated cation channel
can modulate the activity of retinal ganglion cells in response to NO
(Ahmad et al., Neuron 12:155-165, 1994). To extend our hypothesis that
cGMP-gated cation channels play a critical role in neuronal signalling, we
have investigated the expression of cGMP-gated channel and soluble
guanylate cyclase genes. We have found that the cGMP-gated channel is
expressed in hippocampus, cerebellum and olfactory bulb. This channel is
homologous to the rat rod cGMP-gated channel gene as revealed by RTPCR analyses of 5' end of the coding regions. These CNS regions also
expressed both subunits of soluble guanylate cyclase genes. Initial in situ
hybridization analyses have localized transcripts for channel and soluble
guanylate cyclase in the dentate gyrus and Ammon's horn in
hippocampus; mitral-cell layers in olfactory bulb and granule-cell layers in
cerebellum. We are currently evaluating the cellular distribution of NOS in
these regions. The regional co-localization of the expression of cGMPgated channel and soluble guanylate cyclase genes in hippocampus,
cerebellum and olfactory bulb suggests that the regulation of cGMP-gated
channel activity in response to free radicals such as NO and CO can offer
an additional mechanism by which efficacy of the synaptic interaction can
be modulated. Supported by a Browne-Cox Fellowship and NIH.

306.15

306.16

THE EFFECT OF NITRIC OXIDE ON THE SODIUM-POTASSIUM ATPase
ACTIVITY IN PC12 NEURONAL CELLS.
Shlomo Shapira*. Shira Chapman. Eli Heldman. Israel lns.Biol.Res.,
P.O.Box 19, Ness-ziona IL-70450, Israel.
The effect of nitric oxide (NO) on the activity of Na/K-ATPase was
assessed in PC12 pheochromocytoma cell line, and in ^6 glioma cell line.
The assessment of Na/K-ATPase activity was based on measuring ouabainsensitive (OS) ®>Rb influx. N“-nitro-L-arginine (NARG), 0.1-20pM, was
found to inhibit the OS ®>Rb influx into PC12 cells in a dose-dependent

GAP JUNCTIONAL COMMUNICATION IN THE RT4 PNS-DERIVED
CELL LINE FAMILY. I. Martinez. D. R. Webster. D.C. Spray1 and L.M.
Donahue*. Dept. of Cell Biology and Anatomy, Texas Tech Univ. H.S.C.,
Lubbock, TX 79430; IDept. of Neuroscience, Albert Einstein College of
Medicine, Bronx, NY 10461.
We are interested in the potential role of gap junctional communication
during differentiation in the mammalian nervous system. Gap junctions
allow passage of small molecules from interacting cells to their partners.
Gap junction channels are constructed from transmembrane proteins called
connexins, which are encoded by a multi-gene family. To study
differentiation we are using an in vitro system called RT4, a family of four
cell lines isolated from an ethylnitrosourea-induced rat peripheral
neurotumor. The stem cell line spontaneously converts in culture to three
derivative cell types: two are neuronal and one is glial. In this report we
demonstrate that (1) all of the RT4 cell lines express connexin (Cx) 43
mRNA, (2) the glial derivative expresses ~2-3 times as much Cx43 mRNA
as either the stem cell line or the neuronal derivatives, and (3) none of the
RT4 cell lines express appreciable Cx26, Cx32, Cx37, Cx4O or Cx45 mRNA.
Although all of the RT4 cell lines are capable of passing microinjected
sulforhodamine dye and of supporting intercellular Ca2+ waves,
indicating the presence of functional intercellular channels, there are
differences among the cell lines in the extent of coupling. The percentage
of microinjected cells that can pass dye, and the number of cells to which
the injected cell passes dye is greatest for the glial derivative > stem cell
> neuronal derivatives. We are currently analyzing the effects on
coupling when the RT4 cell lines are grown under conditions that promote
further differentiation. These conditions include treatment with cAMP
and testosterone, as well as growth on various substrates.

manner, with an IC5O of 10pM. In PC12, L-arginine (3OO|j M) reversed the
NARG (10pM) inhibited OS 86Rb influx from 57.5±13.6% (mean±SD) to
83.0% of control. Glia C6 cells displayed a similar response: 65.8±8.O%, to
81 .O±7.8% of control, respectively. In both cell lines, L-arginine alone
(3OOpM) increased the OS ®>Rb influx, 153.O±4.2% of control in PC12 and

121.0% in C6. Sodium nitroprusside (100j M) caused only minor increase
(105% of control) in both cell lines. Incubation of PC12 in a K+-free medium
for 1.5 hr, increased the OS ®*Rb influx to 189.3±26.3%, as a response to
increased intracellular Na4 concentration, which is a strong stimulator of the
Na/K-ATPase activity. At peak Na/K-ATPase activity, the effect of NARG
(10j M) was similar (60% of
cells incubated in K*-free medium) as
compared to cells incubated in a normal K+ medium (54% of control).
Incubation of PC12 cells with LPS (100jg/ml, 4 hr) caused an incease in OS
®®Rb influx to 150% of control, with a similar (27%) reduction in activity in
response to NARG (10j M). It is concluded that NO may play a modulatory
role on the Na/K-ATPase activity in neuronal cells, and that this effect is not
accomplished by increasing intracellular Na+ concentration, but via other

mechanism, with a possible direct effect of NO on the membrane ATPase
activity.
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307.1
DIFFERENT EFFECTS OF EXCITATORY AMINO ACIDS ON
NORADRENALINE INDUCED CYCLIC AMP ACCUMULATION IN
RAT CEREBRAL CORTICAL SLICES. A.Pilc*. T.Frankiewicz. B.Legutko.
Institute of Pharmacology, Polish Academy of Sciences, 31-343 Krakow,
Smetna 12, Poland.
In this study we describe the effects of (lS,3R)-ACPD, quisqualate,
ibotenate, glutamate, kainate, NMDA, A MPA and L-AP3 on noradrenalinestimulated cyclic AMP accumulation in slices from rat cerebral cortex.
(lS,3R)-ACPD and ibotenate greatly (4-5 fold), in a concentration dependent
manner enhanced the cyclic AMP response to noradrenaline (NA), while
response to /3-adrenoceptor agonist isoproterenol and an a{ adrenoceptor
agonist methoxamine was not modified. The (lS,3R)-ACPD mediated
enhancement of NA-stimulated cAMP accumulation was inhibited by a
putative metabotropic EAA receptor antagonists L-AP3 in a biphasic manner,
with the IC50 of 4.5 gM for the high affinity sites and the IC- of 250 gM for
the low affinity sites. Also /3-adrenoceptor antagonist propranolol and alpha,adrenoceptor antagonist prazosin, but not alpha^-adrenoceptor antagonist
yohimbine inhibited the interaction between noradrenaline and (lS,3R)ACPD. The NA-stimulated cAMP accumulation was inhibited in a dose
dependent manner by quisqualate, L-AP3 and glutamate with the IC-’s of
105, 275 and 950 gM, respectively. NMDA and AMPA were without any

effect on NA-stimulated cAMP accumulation. The dual effects of EAA on
NA-stimulated cAMP accumulation indicates for the involvement of different
metabotropic EAA receptor subtypes and/or different molecular mechanisms
in both of the effects.

307.3
METABOTROPIC GLUTAMATE RECEPTORS AND TRANSMITTER
RELEASE G, Lombardi , P. Leonard) and F. Moroni. Dept. Pharmacol., Univ.
Florence, Florence, Italy.
The stimulation of metabotropic glutamate receptors (mGluRs) may either
facilitate or inhibit synaptic transmission (Herrero I. et al., Nature, 360, 163, 1992;
Lombardi G. et al., Br. J. Pharmacol., 110. 1407, 1993). In order to identify the
mGluR subtypes involved in this modulation, we studied the depolarization-induced
release of newly synthesized labelled glutamate ([3H]Glu) from rat slices taken
from brain regions (cortex and striatum) expressing different mGluR populations
and from cerebellar granule cells. The presence of (lS,3R)ACPD, a non selective
agonist, caused a decrease of KCl-induced pHJGlu output from striatal slices (the
maximum inhibition was 60+8% at 300 gM) and in cerebellar granule cells (the
maximum inhibition was 30+5% at 300 gM), while potentiating pHJGlu efflux
from cortical slices (the maximum potentiation was 165+6% at 300 gM). In the
cortex, this potentiation was prevented by bovine serum albumin (BSA; lmg/ml).
When BSA and arachidonic acid (1 gM) were simultaneously present,
(lS,3R)ACPD was able again to potentiate transmitter output. On the contrary,
(1S,3R)ACPD inhibitory effect on striatal slices was not affected by BSA .
(lS,3R,4S>arrtxxycyclopropylglycine (L-CCG-1), a relatively selective agonist of
the mGlu2 and mGluR3 receptor subtypes had an inhibitory effect on the [3H]HGlu
release from both cortical and striatal slices (EC50: 0.3 gM). L-AP4 (10-300 gM),
a mGluR4 agonist, did not affect the output of radioactivity in brain slices, but
significantly decreased it in cerebellar granule cells (the maximum inhibition was
50+2% at 300 gM; EC50: 10 gM). Our results suggest that the stimulation of
mGluRs may either decrease or increase transmitter release depending on the
receptor subtype prevalent in the region under study.

307.5
ACTIONS of PHENYLGLYCINE DERIVATIVES at l -AP4 receptors
IN RETINAL ON-BIPOLAR CELLS. T,J, Velte** W.B. Thoreson*. and
R.F. Miller*. *Dept. of Physiology, Graduate Program in
Neuroscience, Univ. of Minnesota, Minneapolis, MN 55455, sDept. of
Ophthalmology and Pharmacology, Univ. of Nebraska Medical
Center, Omaha, NE 68198.
Phenylglycine derivatives can act as agonists or antagonists at different
metabotropic glutamate receptor (mGluR) subtypes, including subtypes
sensitive to L-2-amino-4-phosphonobutyric acid (l -AP4). We examined the
pharmacology of four phenylglycine derivatives at l -AP4 receptors in ONbipolar cells in the amphibian retina. Using whole cell recording techniques in
a retinal slice preparation, we observed that s-4-carboxy-3-hydroxy
phenylglycine (s-4C3H-PG), s-3-carboxy-4-hydroxyphenylglycine (s-3C4HPG) and s-4-carboxyphenylglycine (s-4C-PG) are l -AP4 receptor agonists.
Concentration/response curves for these compounds were obtained using the bwave of the electroretinogram (ERG) as an assay for ON-bipolar cell activity.
The rank-order potency and ICjo values obtained in this way were: s-4C-PG
(205 gM) > s-4C3H-PG (399 gM) * s-3C4H-PG (558 gM). A difference
between retinal and spinal cord l -AP4 receptors is that RS-methyl-4carboxyphenylglycine (rs -M4C-PG) is an l -AP4 receptor antagonist in spinal
cord (Pook et al., Br. J. Pharmacol. (Suppl.) 108: 87P), but acts as a very
ineffective agonist, suppressing the ERG b-wave by less than 20% at a
concentration of 1 mM in retina. Also, s-4C-PG does not potentiate the effects
of L-AP4 as has been shown for L-AP4 receptors in spinal cord (Pook et al.).
Our results are consistent with the proposal that there are multiple l -AP4
sensitive mGluR subtypes and indicate that phenylglycine derivatives may be
useful for pharmacologically discriminating among them.
(Work supported by NIH Grant: EY-07133 to TJV and EY-03014 to RFM,
WBT supported by Gifford Laboratory of Ophthalmology, Omaha, NE)

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

729

307.2
o-METHYL-4-CARB0XYPHENYLGLYCINE (MCPG) PRESYNAPTICALLY
INHIBITS GLUTAMATERGIC EXCITATORY SYNAPTIC TRANSMISSION IN
THE BASOLATERAL AMYGDALA. N,B. Keele*. V.L. Arvanov. and P.
Shinnick-Gallaqher.
Department of Pharmacology and Toxicology,
University of Texas Medical Branch, Galveston, Texas 77555-1031.
Previous research from this laboratory has demonstrated that, in the
basolateral amygdala (BLA), metabotropic glutamate receptor (mGluR)
agonists trans-ACPD and L-AP4 presynaptically inhibit the amplitude of the
glutamatergic EPSP evoked by stimulating the stria terminalis (ST). Using
sharp intracellular current clamp recordings, we have examined the effects
of the reported mGluR antagonist, MCPG, on EPSP amplitude in the BLA.
EPSP amplitudes and membrane resistance measures were obtained
before and during application of MCPG. Superfusing (RS)MCPG (5OOgM),
or the pure isomer ( + )MCPG (100gM), produced membrane depolarization
in some cells without an apparent change in membrane resistance. After at
least 15 min exposure to (RS)MCPG (500 gM), the EPSP amplitudes evoked
by stimulating ST and the lateral amygdaloid nucleus (LA) were reduced in
all cells tested an average of 32.6% and 70.0%, respectively. Similarly,
( + )MCPG (1 OOpM) reduced the ST-evoked EPSP amplitude by 19.0%, and
the LA-evoked EPSP amplitude by 49.0%.
In cells where the EPSP
amplitude was reduced, postsynaptic responses to NMDA were potentiated
whereas responses to AMPA were unchanged in the presence of MCPG,
suggesting that MCPG has agonist actions postsynaptically, as well as
acting presynaptically to inhibit transmitter release.
From these results we conclude that, in the BLA, MCPG is an agonist for
the presynaptic mGluR mediating depression of synaptic transmission.
Furthermore, since the data suggest that MCPG has mGluR agonist
properties, its use as a specific mGluR antagonist is questionable.
Supported by [NS24643].

307.4
GLUTAMATE RECEPTORS NEGATIVELY COUPLED TO ADENYLATE
CYCLASE CONTROL NMDA RECEPTOR ACTIVITY IN MESENCEPHALIC
NEURONS IN VITRO. A. Ambrosini. L. Bresciani. S. Fracchia. N. Brunello*
and G. Racagni. Center of Neuropharmacology, Univ. of Milan, Milan
and*Dept. Pharmacological Sciences, Univ. of Modena, Modena (Italy).
Neuronal cultures of ventral mesencephalon express both ion channel-linked
glutamate receptors, that induce cyclic GMP formation (BBRC, 193:1098-1103,
1993), and G protein-linked receptors, that trigger polyphosphoinositide
(PPI) hydrolysis or inhibit forskolin-induced cyclic AMP production when
stimulated by (lS,3R)-aminocyclopentane dicarboxylate (ACPD). New
selective compounds enabled us to distinguish between the two second
messenger pathways triggered by ACPD: low concentrations of 2S,3S,4S(carboxycyclopropyl)glycine (CCG-I) selectively decreased adenylate
cyclase activity (EC5O=5OO nM), whereas the antagonists (RS)-alphamethyl-4-carboxyphenylglycine and (S)-4-carboxy-3-hydroxyphenylglycine
preferentially counteracted the PPI-linked receptor activity.
The possibility of cross talk phenomena between EAA receptors in
mesencephalic neurons was examined. Dibutyril cyclic GMP (10 gM) blocked
almost completely the PPI-linked receptors, a response observed also with
NMDA (10 gM). Activation of protein kinase C potentiated both NMDA and
kainate-induced cyclic GMP formation. On the contrary, ACPD selectively
inhibited NMDA-induced response, whereas it did not affect kainate
receptors. Similar results were obtained with CCG-I (100 nM and 1 gM),
suggesting that glutamate receptors negatively coupled to adenylate cyclase
are co-expressed with NMDA receptors and control their activity. Such event
appears also to be an important mechanism for neuroprotection from toxic
events that involve NMDA receptor hyperactivity in mesencephalic neurons.

307.6
Novel Antagonists of Metabotropic Excitatory Amino Acid
(EAA) Receptors L. Littman*. M.J. Renzi. A.B. Garlin. J.F.
Koerner. R.L. Johnson, and M.B. Robinson. Children's Seashore
House; Depts. of Peds. and Pharm., U. of Penn.; Phila., PA 19104 and
Depts. of Med. Chem. and Biochem. U. of Minn., Mpls., Mn, 55455.
Metabotropic EAA receptors have been implicated in a number of
physiological and pathophysiological events. An understanding of the
functions of these receptors has been hindered by a lack of high-affinity
antagonists. In the current studies, the effects of quisqualate (Quis)
analogs from J. Med. Chem. 35(1992)4602 on PI hydrolysis stimulated
by 50 gM trans-(+)---amino- 1,3-cyclopentanedicarboxylate (transACPD) were examined in neonatal rat hippocampus. Analogs 2 and 3
blocked PI hydrolysis with IC50 values of 240 ± 70 gM and 250 ± 90
gM, respectively, making these compounds among the most potent
antagonists identified to date. Analog 4 (100 gM) blocked this response
by 20 ± 5%. Analogs 2-4 did not stimulate Pi hydrolysis. Newly

synthesized deaminoquisqualate and a conformationally constrained
analog neither stimulated PI hydrolysis nor blocked the effects of transACPD. Three other Quis analogs stimulated PI hydrolysis but did not
block the effects of trans-ACPD. The levels of stimulation of PI
hydrolysis (in DPM/100,000 DPM incorporated) by 100 gM of these
Quis analogs were 30,500 ± 3,100 by homoquisqualate, 8,500 ± 3,100
by analog 5B, and 8,900 ± 3,200 by analog 6. In parallel assays, 300
gM trans-ACPD stimulated PI hydrolysis by 36,000 ± 2,200. None of
these analogs inhibited sodium-dependent high-affinity [ 3H]-glutamate
uptake. The results of the current studies suggest that these Quis
analogs will provide valuable tools for the study of the functions of the
EAA receptors coupled to PI hydrolysis, (supported by GM 36471)
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307.8

A METABOTROPIC GLUTAMATE RECEPTOR SUBTYPE,
MGLUR1A IS DIRECTLY COUPLED TO ADENYLATE CYCLASE
WHEN EXPRESSED IN BABY HAMSTER KIDNEY CELLS. Q,
Thomsen* and P.D. Suzdak. Novo Nordisk A/S, Pharmaceuticals
Division, Novo Nordisk Park, DK-2760 Maaloev, Denmark.

PHARMACOLOGICAL CHARACTERISTICS OF A MAMMALIAN CELL LINE
EXPRESSING A CLONED METABOTROPIC GLUTAMATE RECEPTOR.
B. Ssmmer*, H. W. G. M.BoOteke, K, Ssuwenand D.J. Laurie. PrPcIinical
Research, Sacdmz Pharma Ltd., CH-4002 Basle, Switzerland.
Metabotropic glutamate receptors are linked to phmsphmicmsitide hydrolysis via
PLC activation acd cAMP reduction via adenylate cyclase inhibition. They cac
be grouped icto three molecuterty acd pharmacologically distinct families acd
are cocsidered to be involved ic several regulatory acd pathophysiological
processes in the CNS.
Here, ee report the generation acd pharmacological characterization of a
stable ceil lce expressing a cloned metabotropic glutamate recepor. A cDNA
encoding rat mGluR-3 (Tacabe et al., 1992 Neuron 8:169; kindly provided by Dr.
S. Na^k^r^nsh^h wes stabty traasfeeted into HEEK29 cells. Merntbanee oo
expressing ceils were subjected to receptor binding studies using [3H]Lglutamate ss s ^scd. A K. value of 300 s M wss determined in saturation

Based on the mismatches between the developmental patterns of
expression of mGluR la mRNA compared to mGluR-mediated
phosphoinositide (PI) hydrolysis and on the differential distribution of
mGluRla compared to the distribution of IP3-receptors is has been
suggested that mGluRla is not primarely coupled to phospholipase C.
While it has been previously shown that mGluRla is coupled to
adenylate cyclase when expressed in mammalian cell lines, the
observed stimulation of cAMP-formation may be a consequence of
'cross talk' (as is the case for the m 1 muscarinic receptors) since these
experiments were performed with intact cells. When mGluRla is
expressed in BHK cells mGluR agonists stimulate cAMP-formation by
30-40 fold in intact cells (quisqualate (1 pM) > glutamate (29 pM) >
ibotenate (40 pM) > (IS,3R)-ACPD (55 pM)) with a rank order of
potency similar to that for stimulation of Pi-hydrolysis in these cells.
Treatment with cholera toxin results in a similar increase in cAMPformation suggesting that a cAMP-stimulatory G-protein (possibly Gs)
is present in these cells. In broken membrane preparations from BHK
cells expressing mGluRla, quisqualate significantly stimulated cAMPformation in the presence of GTP and an ATP-regenerating system
whereas no stimulatory effects of GPT and quisqualate were observed
in the absence of this system. These data suggest that mGluRla is
directly linked to activation of the cAMP-cascade.

307.9
A COMPARISON OF THE ACTIONS OF ACPD AND CAFFEINE
ON THE SPINAL CORD. J.C. Hackman*. A.M. Holohean. and R.A.
Davidoff. Neurol., VAMC and U. Miami Sch. Med. Miami, FL 33101.
ACPD ( + -l-ammccyclopentane-rraz/w-l,3-dicarto>xylic acid) and
caffeine both release calcium from internal neuronal stores. By means
of sucrose gap recordings from the ventral roots of isolated, hemisected
frog spinal cords (superfused with HCO*-Ringer solution) we compared
the effects of ACPD and caffeine on: (1) motoneuron membrane potentials; (2) evoked reflexes (DR-VRPs); and (3) inhibitory (GABA) and
ionotropic excitatory amino acid responses.
Both ACPD (100 m M) and caffeine (10 mM) depolarize motoneurons (5.2 + 1.2 mV, 5.4 + 0.5 mV respectively). However, the amplitude of DR-VRPs was not significantly changed by either compound, but
the area was significantly enhanced by addition of ACPD (30 m M, 239 +
39%) or caffeine (0.3 mM, 134 + 10%) . In TTX-Ringer, both ACPD
(30 m M) and caffeine (1 mM) reduced motoneuron depolarizations
induced by the GABAa agonist, muscimol (10 m M, 10 s applications) (71
+ 10%, 75 + 4% respectively). In TTX-Ringer, ACPD (30 m M) did not
affect motoneuron depolarizations evoked by NMDA (100 m M, 10 s),
AMPA (10 m M, 10 s) or kainate (30 m M, 10 s). In contrast, caffeine (1
mM) reduced the depolarizations produced by NMDA (87 + 4%) and
AMPA (83 + 2%). Increasing the caffeine concentration to 3 mM
further reduced NMDA (71 + 2%) and AMPA (61 + 7%) responses.
In sum, the increased internal calcium levels induced by ACPD
and caffeine may reduce GABA, motoneuron responses and contribute
to the increased neuronal excitability. In addition, caffeine appears to
suppress excitatory amino acid-induced depolarizations. (Supported by
VAMC MRIS #1769 and 3369 and USPHS #NS 17577).

experiments. Displacement of [3H]L-glutamate with several ligands gave rise to
a rack order of potency L-glutamate > 1S.3R-ACPD > L-AP3 = quisqualate =
.botenned = L-AP4. Inhibition coestasts of several phecylglycinef (kindly
provided by Dr. J. Watkins) were in the range of 300 - 500 pM. Ionotropic
glutamate receptor agonists NMDA, AMPA acd kainic add were virtually
inacevd.
Forskolin-stimulated cAMP formation ic this cell lice was inhibited by
mdeabmeropie receptor agonists ic a dose-depecddct manner. The rack order of
potency was L-glutamate > 1S.3R-ACPD > quisqualate. Cell lines expressing
other members of the metabotropic glutamate receptor family are currently
under investigation.

307.10
MODULATION OF cAMP ACCUMULATION BY METABOTROPIC
GLUTAMATE RECEPTORS IN THE PRESENCE OF ADENOSINE
DEAMINASE. RA Wright* and D.D. Schoepp. Lilly Research Laboratories,
Eli U!ly and Company, Indianapolis, Indiana 46285.
Endogenous adenosine may interfere with in vitro studies of metabotropic
glutamntd receptors (mGluRs) that are negatively coupled to adenylyl cyclase
(Neurmpharmscology 32:1359, 1993). In this study, the effects of mGluR
agonists on receptor and non-reeeptmr sfsmcinted accueulntiosf of cAMP in
adult rat hippocampal slices were examined in the presence of adesmfisd
deaminase (1 unit/ml). In the nbsdned of endogenous addsosicd, relatively
large increases in cAMP formation (>5x) were measured after 15 minute
incubations with forfkolin (10pM), vasoactive isteftisnl peptide (1pM) or 5'-Ndthylcarboxsmidoadenofine (NECA; 10pM). A moderate increase in cAMP
fmrentime (approximately 2x) was produced in the presence of prostaglandin
E2 (10pM). No significant effects were produced by the monoamine agonists,
isoproterenol (100pM), npmmorphise (100pM) and 5-methoxytryptneisd
(100pM). A slight decrease in basal cAMP fmrmntims wss observed after
incubation with pilocarpine (100pM).
The accumulations of cAMP due to forskolin stimulation in the prefence of
adenosine deaminase were inhibited by various mGluR agonists (>80% st
maximally effective concestratimns). The relative order of potency for this
^hibitory effect wss (2S,3S,4S)-al^ha-Cnrtm>xycyctopropyl)-glydce (L-CCG-I)
> (1S,3R)-1-ne^ismeyelmpdstace-1,3-dicaabmxylie acid > L-(+)-2-nmiem-4phofphmsmbutyric acid (L-AP4) > L-ferine-O-phofphste. Nmcd of these
feletttiyd mGluR agonists had s f^gsircatt effect on basal cAMP formation in

the absence of fmrskmlis snd endogenous adenosine.
These dsts
deemnftrntd that ic the absence of the positive modulatory influence of
endogenous addsofine, various selective mGluR agonists elicit pronounced
ishibitmry effects on fmrfkmlin-ftieulated cAMP formation in the in situ
environment. The pharmacology of these effects suggest the coupling to
both L-CC.-l-sensitive (mGluR2-3) and L-AP4-fesfitivd (mGluR4, mGluR7)
mGluR subtypes in the rst hippocampus.

307.11

307.12

DIFFERENTIAL
DISPLACEMENT
OF
[3H]GLUTAMATE METABOTROPIC BINDING
SITES BY L-CCGI, L-CCGII AND DCGIV.
HQUingswQELh*, £,M..TgStL-J-P.-_ Pgnney and A,P, Yppng,
Department of Neurology, Massachusetts General Hospital,
Boston, MA 02114.
Glutamate, the major excitatory neurotransmitter in the brain,
acts through multiple receptors, termed ionotropic and
metabotropic. pHJGlutamate binding assays identify at least two
types of metabotropic receptor (mGluR) binding: metl,
quisqualate-sensitive, and met2, quisqualate-insensitive. These
binding sites may correspond to group 1 mGluRs (mGluR 1 and 5)
and group 2 mGluRs (mGluR2 and 3) respectively. New
conformationally restricted forms of glutamate may more precisely
pharmacologically delineate the various mGluR subgroups. We
used L-CCGI, L-CCGII, and DCGIV to displace [3H]glutamate
metl and met2 binding. L-CCGI displaced both metl and met2
binding with no clear preference for one site over the other. In
contrast, L-CCGII specifically displaced metl binding while
having little effect on met2 binding even at high concentrations.
DCGIV displaced met2 binding with a higher affinity than metl
binding, so that low concentrations of DCGIV appear to act
specifically on met2 sites. L-CCGII and DCGIV are therefore
particularly useful in binding studies for elucidating the anatomical
and physiological characteristics of in vivo metabotropic sites.
Supported by USPHS grants NS19613 and NS31579.

3,5-DIHYDROXYPHENYL GLYCINE IS A HIGHLY SELECTIVE AGONIST
FOR PHOSPHOINOSITIDE LINKED mGluRs IN THE RAT HIPPOCAMPUS
Bryan G. Johnson8* John Goldsworthy^ Craig R. SalhofF. S. Richard
Baker* , and Dsnyte D. Schoeop^. Central Nervous System Research Eli
Lilly acd Company, “Lilly Research Laboratories, Indianapolis, Indiaca
46285 USA snd bLilly Research Centre Ltd. Wicdlesham, Surrey GU2O
6 PH United Kingdom.
Metabotropic glutamate receptors (mGluRs) are a hetdrmgeeemus family of
G-protein coupled glutamate receptors licked to multiple second messenger
systems ic the CNS. Ic this study, the selectivity of mGluR agonists for
different mGluR sdcmed messenger effects were characterized in slices of
the rat hippocampus. The mGluR agonists 1 S,3?-1 -nmiemcyclmpdetaee1,3-diearbmxylic acid (ACPD), snd (2S,3S,4Sn-(tnrrimxytcyc0prmpyl)glyciee,
(L-CCG I), produced multiple effects on second mdssdegdrs that included
enhanced phosphoinositide hydrolysis ic adult acd cemeatnl rat
hippmenmpuf. ACPD snd L-c Cg I inhibit forskolin-stimulated cAMP

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

fmrmatime in adult tissue acd iecreasd basal cAMP formation ic the eemeatal
hippocampus. 3,5-Dihydroxyphecyl glycine (DHPG), was potent acd
effective in increasing phosphoinositide hydrolysis in both adult and
cemental hippocampus, but unlike the other mGluR agonists did not inhibit
fmskmlie-stimulatdd cAMP fmrmntioe (in the adult) or substantially dchnecd
basal cAMP formation (ic the cemestd). (see table)

Adult

Cmmmmusd
ACPD
L-CCG I
DHPG

tPl___

47.2 ±8.1
45.3 ±91
27.6 ±2.2

EC5O(uM)

Neonate

kAMP________________ tPLjcAMB—.
5.7 ±1.6
13.8 ±7.9
47.3 ±16.4
8.4 ±1.0
23.2 ± 2.5
2.0 ± 0.6
>1000
7.9 ± 2.3
>1000

Thus, in the rst hippocampus, mG^R-agonist mediated increases or
decreases ic cAMP formation are not secondary to mGluR-mediated
changes in phosphoinositide hydrolysis.
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L-antf-<?/i</0-3,4-METHANOPYRROLIDINE DICARBOXYLATE (MPDC): A NEW GLUTAMATE UPTAKE
INHIBITOR R.J. Bridges*. F. Lovering, H. Koch, C.L. Willis,

DIFFERENT NMDA RECEPTORS CONTROL THE RELEASE OF
ACETYLCHOLINE, GABA, SPERMIDINE AND DOPAMINE IN THE RAT
STRIATUM. M.Nankai. D.Faqe. O.Curet* and C.Carter. Department of

C.W. Cotman, and A.R. Chamberlin. Dept. of Pharm. Sci., Univ. of
Montana, Missoula, MT 59812 and Depts. of Neurol, and Chem.,
Univ. California, Irvine, CA 92717.

High-affinity transport of L-glutamate is a key step in the
process of excitatory transmission; contributing to signal termination,
the recycling of the transmitter, and the regulation of extracellular levels
of glutamate below those which will induce excitotoxic pathology. In
previous studies we identified L-/rat/w-2,4-pyrrolidine dicarboxylate (Ltrans-2,4-PDC) as a potent and selective inhibitor of sodium-dependent
glutamate transport in rat brain synaptosomes. We have now prepared
a novel series of L-3,4-methanopyrrolidine dicarboxylate isomers as
bicyclic analogues of L-Zra/i5-2,4-PDC and tested them as potential
inhibitors of the high affinity, sodium-dependent glutamate uptake.
Studies following the transport of the 3H-D-aspartate, a nonmetabolized substrate, into rat forebrain synaptosomes identified Ld/f'-e«fcf-3,4-methanopyiTolidine dicarboxylate (L-anti-endo -MPDC)
as a potent competitive inhibitor. Kinetic analysis yielded a Ki value of
about 5 pM, comparable to that of L-glutamate and L-£ra/ts-2,4-PDC.
Given their constrained structures, L-trwis-2,4-PDC and L-cant-endoMPDC are particularly valuable in delineating a model of the
conformational requirements of the glutamate transporter binding site.
This work was supported in part by NIH grants NS30570 and
NS27600.

308.3

CHARACTERIZATION AND DESENSITIZATION OF EXCITATORY AMINO
ACID STIMULATED DOPAMINE RELEASE IN RAT OLFACTORY TUBERCLE
SLICES. W. A. Abom and K. J. Kellair Department of Pharmacology, Georgetown
University School of Medicine, Washington, DC 20007.
N-methyl-D-aspartate (NMDA: 3 ^M-1 mM) and L-glutamate (L-glu: 30 ^M-10 mM)
elicited concentration-dependent, Ca2+-sensitive release of tritiated dopamine from
olfactory tubercle slices of adult male Sprague-Dawley rats. This release was
completely blocked by physiological concentrations of Mg2+ (1.2 mM) as well as by
CPP and MK-801, competitive and non-competitive inhibitors of NMDA receptors,
respectively. Exposure to the non-NMDA receptor agonist, a-amino-3-hydroxy-5methyl-4-isoxazole propionate (AMPA) did not stimulate release, and the competitive
non-NMDA receptor antagonist 6-cyano-7-nitroquinoxaline-2,3-dione(CNQX) did not
inhibit L-glu-stimulated dopamine release. Interestingly, maximal stimulated dopamine
release evoked by L-glu was 40% higher than that evoked by NMDA.
When slices were subjected to a second L-glu stimulation, there was a significant
decrease in dopamine release. This apparent desensitization to was dependent on the
concentration of L-glu at the first stimulation and did not affect K+-stimulated release.
Initial exposure to 30 mM K+ did not produce desensitization to L-glu. Initial exposure
to NMDA produced desensitization to a subsequent exposure to L-glu; however, when
l.2nM Mg2+ was present during this initial NMDA stimulation, desensitization was
blocked. In contrast, exposure to L-glu, even in the presence of l.2mM Mg2+, did
produce significant desensitization upon a subsequent exposure to L-glu. Initial
exposure to L-glu in the presence of CPP partially blocked the desensitization effect of
L-glu. These observations indicate that the majority of L-glu-stimulated dopamine
release and desensitization occurs via NMDA receptors; however, a significant L-glusensitive component other than the NMDA receptor may modulate/regulate release
and desensitization.
This work was supported by NIH grant AG09884 & AGO9973.

Neurochemistry, Synthelabo Recherche, 10 Ruedes Carridres, BP248, 92450
Rueil Malmaison, France.
In rat striatal slices in vitro, NMDA (300 pM) increases the release of
[14C]acetylcholine (ACH) and [3H] spermidine (SPD), or [14C]GABA and

[3H]dopamine (DA). These responses are blocked with differing potencies by
NMDA antagonists as shown by the IC50 values (pM) in the table below.

|ACH

SPD

MK801

0.21 ±0.1

O.35±O.2 0.014±O.002 0.009±0.001

CGP 37849

23±13

4.8±O.8

4.2±O.8

1.9±O.9

L- 689,560

0.22±0.11

O.27±O.1

O.52±O.2

O.72±O.O3

Ifenprodil

5.411.4

GABA

DA

>100

5.6±2

O.6±O.14

Dextro methorphan 12±3

>100

O.74±O.19

1.03±0.1

MgCI2

>1000

218±125

132±4O

200±10

suggests that they may be mediated by different NMDA receptor subtypes and
that MK801, ifenprodil, dextromethorphan and MgCI2 may show NMDA
receptor subtype selectivity. The differing selectivities f if>--:-pr<-.ciii
/dextromethorphan
and
MK801
may
explain
then
dillerent
neuropharmacological profiles in vivo.

308.4

UPTAKE AND RELEASE OF [3H]GLUTAMATE IN RAT REGIONAL BRAIN
AND SPINAL CORD SYNAPTOSOMES D.J. Jones* and G.L. Woodlee.
Depts. Anesth. and Pharm. Univ. TX Health Sci. Ctr., San Antonio,TX
78284.
As a prelude to measuring the effects of cardiac arrest-induced ischemia
on CNS glutamate (GLU) systems, we measured the uptake and K+induced release of PH1GLU in rat regional brain and spinal cord
synaptosomes. Synaptosomes were incubated with PHJGLU (2.5//M) for

5 min and the reaction stopped by addition of ice cold buffer (X3) and
rapid filtration through GF-B filters. Aspartate (1mM) was added to
controls to serve as blanks. Uptake (pmol/mg protein) averaged 1.95 ±
0.10 in dorsal and 1.06 ± 0.08 in ventral spinal cord (p<0.001). For
comparison, uptake of PH1GLU at 5 min was 19.4 ± 0.6 pmol/mg protein
in cerebral cortex and 17.3 ± 1.7 pmol/mg protein in hippocampus. The
K+-stimulated release of PH)GLU was measured from aliquots of
synaptosomes preincubated for 20 min with O.O5,pM PHJGLU. Release is
expressed as percent of total PH)GLU remaining in the synaptosomes.
Release in all regions was dependent on the K+-concentration. For
example in spinal cord, release of PHJGLU with 15mM K+ was
0.95±0.12% and 3OmM, 4.27±O.I8%. Dorsal spinal cord release of
PH1GLU was 50-60% greater (4.78 ±0.31%) than in ventral cord
(3.01 ±0.19%) with 3OmM K+.
Release of PHJGLU under similar
conditions was 7.35 ±0.25% in cortex and 6.02 ±0.28% in
hippocampus.
Addition of 100//M EGTA to the perfusing buffer
demonstrated that Ca++-dependent release of PHJGLU represented 6070% of total PHJGLU released by K*. The use of PHJGLU permits the

investigation of GLU synaptic pharmacology in-vitro that is rapid and
reproducible. Supported by Miles Laboratories.

308.5

308.6

AMPA RECEPTORS SELECTIVELY REGULATE ASPARTATE RELEASE
FROM CA1 SYNAPTOSOMES. Y.-B. Lu and J.V. Nadler*. Depts. Pharmacology and Neurobiology, Duke Univ. Med. Ctr., Durham, NC 27710.
Slices and synaptosomes prepared from hippocampal area CA1 release
both glutamate and aspartate in a Ca2 + -dependent manner. Studies of

INHIB^ORY MODULATION OF NMDA RECEPTOR-MEDIATED GLUTAMATE

CA1 slices indicated that ligands for the AMPA-sensitive type of glutamate receptor selectively alter the K+-evoked release of aspartate. This
issue was studied with CA1 synaptosomes to determine whether AMPA
receptor ligands could exert their effects by acting directly on the synaptic terminal. Synaptosomes were exposed to the test compound(s) 4
min before and during a 1 min stimulation with 25 mM K + . Kainate
(100//M) depressed and CNQX (20 ^M) enhanced the K + -evoked release of aspartate. AMPA (20 //M) enhanced aspartate release, like the
antagonist CNQX. To determine whether this action of AMPA could be
explained by its desensitization of the receptor to activation by released
glutamate, these experiments were repeated in the presence of 500 pM
diazoxide. When applied with diazoxide, AMPA and kainate both depressed aspartate release and CNQX still enhanced release. AMPA receptor ligands did not significantly alter the K+-evoked release of gluta-

mate in the presence or absence of diazoxide.
These results suggest that glutamate negatively modulates the release
of aspartate by activating AMPA receptors. The relevant AMPA receptors may be located on Schaffer collateral-commissural terminals. The
actions of AMPA receptor ligands reinforce the view that glutamate release and aspartate release are distinct and independently-regulated
processes.

RELEASE VIA 5-HT1A RECEPTOR IN

GYRUS.

Pharmacology, Kobe Univ. School of Medicine1, Kobe 650; Hyogo Institute
for Aging Brain and Cognitive Disorder^, Himeji 670, Japan.

There are accumulating evidences that

glutamate

released

from

glutamate neurons in the hippocampus plays an important role in LTP and 5HT modulate LTP. In the present study, we investigated the effect 5-HT-j a
receptor activation on NMDA receptor-mediated glutamate release in the
hippocampal slices. Slices of the guinea pig hippocampal dentate gyrus were

superfused with Krebs medium. Levels of glutamate in the perfusate were
measured by HPLC. The neuronal glutamate release was induced by NMDA

in a dose-dependent manner. Glutamate release induced by 0.2 mM NMDA
was inhibited by the treatment of 8-OH-DPAT, 5-HTj a agonist, and enhanced

by the treatment of NAN, 5-HT-j a antagonist.

Furthermore, spontaneous

glutamate release was increased by NAN in a dose-dependent manner, which
was blocked by 8-OH-DPAT. These results suggest that NMDA receptormediated glutamate release occurred from glutamate neurons in the guinea

pig hippocampal dentate gyrus and that spontaneous glutamate release and
NMDA receptor-mediated glutamate release were modulated via the 5-HTj a
receptor in an inhibitory fashion.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

IN HIPPOCAMPAL DENTATE

S. Matsuyama! K. Nej1. H. Shuntoh1. C. Tanaka*2 Dept. 0f
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ANALYSIS OF AGONIST-EVOKED GABA RELEASE INDICATES THREE
DIFFERENT TYPES OF NON-NMDA RECEPTORS EXPRESSED BY
CULTURED RETINAL NEURONS. H.-D. Hofmann* and A. Kordon. Institute of
Anatomy I, University of Freiburg, D-79104 Freiburg, Germany.
We have studied the release of preloaded [3H]-GABA evoked by the non-

FURTHER EVIDENCE FOR CONTROL OF NEOSTRIATAL ASCORBATE

NMDA glutamate receptor agonists kainate (KA), quisqualate (QU) and AMPA
in dissociated retinal cultures from embryonic chick and early postnatal rabbit.
Combining quantitative determination of [3H]-GABA release and autoradiographic visualization of [3H]-GABA containing neurons we simultanously
analyzed the pharmacology of the agonist effects and the responsive neuronal
populations. At saturating concentrations, KA (EC5o: 12.2 pM), AMPA (EC50:
4.3 pM) and QQ( EC50: 0.06 pM) evokedthe releaseof 50-000o, 40-50% and
25-30%, respectively, of the preaccumulated [3H]-GABA in chick retinal cultures
during a 10 min stimulation period. These differences in efficacies
corresponded to the percentage of GABAergic neurons responding to the
respective agonist as revelaled by autoradiography. Virtually all of the pH]GABA accumulating cells (> 98%) released the transmitter during incubation
(00 min) with 40 pM KA, whereas only 80% and 50% responded to AMPA and
QU, respectively. When applied in combination the agonists exhibited complex
interactions. QU competitively inhibited the effect of KA on 'QU-unresponsive'
neurons and non-competitively blocked the AMPA response in these cells .
AMPA, in contrast, did not detectably influence KA-induced release from
'AMPA-unresponsive' cells.
In cultures from immature rabbit retinae very similar differences with respect
to the effects of the three agonists were obtained. In addition, autoradiographic
experiments indicated that KA, AMPA and QU (and NMDA) addressed
morphologically distinct subpopulations of GABAergic neurons.
Our results suggest that three pharmacologically distinct non-NMDA receptors

RELEASE VIA A NIGRO-THALAMO-CORTICONEOSTRIATAL LOOP.

J. R.C. CCristensen* and G. V, Rebec, Program in Neural Science and

Dept. of Peyehklkgy, Indiana University, Bloomington, IN 47405.

Ascorbate, which modulates duoetriatal function, is released from
ekstiekduketrimtml glutamatergic neurons under the control of a

multisynaptic loop, which includes substantia nigra pars reticulata
(SNr) output neurons (Rebec and Pierce Proa. Neur^tol.. in press).
To assess the role of SNr GABAergic afferents, we infused GABA (50
pg/pl) directly into the SNr of freely moving rats and measured

duoetriatal ascorbate with staircase voltammetry.

GABA infusions

into SNr, but not adjacent sites, significantly decreased nuketriatal

ascorbate release.

These results support the hypothesis that the SNr

affects neostriatal ascorbate via a digro-thalamo-ekrtieo-duostriatal

loop.

According to this model, infusion of GABA in the SNr disinhibits

inhibitory

thalamic

idtesduuskde,

thereby

inhibiting

cortical

projections to striatum, which release ascorbate via a glutamateascorbate huteskexehadge mechanism.

Supported by NSF Grant, 91-12055

are expressed by different subpopulations of cultured retinal neurons.

308.9

308.10

MANIPULATION OF EXCITATORY AMINO ACID-EVOKED RELEASE OF
ADENOSINE FROM RAT CORTICAL SLICES. T.D. White*. Department of
Pharm^ology, Dalhousie University, Halifax, N.S., Canada B3H 4H7.
Activation of adenosine (ADO) receptors diminishes EAA transmission,
prevents the spread of seizures, and protects against hypoxic/ischemic damage in
the CNS. Unfortunately, adenosine agonists produce numerous unacceptable side
effects, due to the wide spread distribution of adenosine receptors throughout the
body. An alternative approach would be to augment the levels of endogenous
extracellular adenosine in an event-specific manner. Event-specific release of
adenosine occurs when cortical EAA receptors are activated. Kainate and AMPA
release adenosine per se, whereas NMDA releases a nucleotide which is then
degraded extracellularly to adenosine. Extracellular adenosine levels are
controlled by 1) release and reuptake on nucleoside transporters, 2) conversion
from 5’AMP by ecto-5’nucleotidase, 3) conversion to 5’AMP by adenosine
kinase, and 4) conversion to inosine by adenosine deaminase. Adenosine transport
inhibitors (dipyridamole, NBI) augment the release of adenosine evoked by
NMDA, kainate and AMPA. AICA riboside (a weak inhibitor of adenosine
kinase and adenosine deaminase) had no effect on basal adenosine release or on
NMDA and AMPA-evoked release, but it doubled kainate-evoked adenosine
release. 5’NH25’deoxyADO (an adenosine kinase inhibitor) slightly augmented
basal adenosine release but increased NMDA, kainate and AMPA evoked
adenosine release over 4-fold. These findings parallel similar observations in a
model of epilepsy, where adenosine transport inhibitors and NH2dADO, but not
AICAr, had potent anti-seizure activity (Zhang et al., JPET, 264, 1415, 1993).
Event specific augmentation of extracellular adenosine levels may be a useful
strategy for the treatment of neurological disorders associated with excessive CNS
activity. (Supported by the MRC of Canada).

TIME DEPENDENT CHANGES IN EXPRESSION OF IMMEDIATE
EARLY GENES IN RAT BRAIN AFTER PHENCYCLIDINE. X.M. Gao*.
T. Hashimoto and C.A. Tamminga. M.P.R.C., Department of Psychiatry,
U. M.A.B.,Baltimore, MD 2 n222
Wu have previously reported timu-dupuddudt extended actions
of PCP and MK801 in rat brain on regional cerebral glucose utilization
and hippocampal glutamate receptor density (Eur. J. Pharmac. 241:7
1993; Neuroscr Lett., in Press, 1994). Now we have examined the timedependent, extended action of PCP (8.0 mg/kg) on the pattern of
expression of four different immediate early genes (lEGs) in rat. Zif208,
c-fos, c-jun and jun-B mRNA were quantified by in situ hybridization at
0, 1,3, 0, 24, and 48 hours after PCP. The expression of zif208 mRNA
was dramatically reduced at 3h, 0h and 24h after PCP. Although the
effect was broad, a selective reduction of more than 50 percent zif268
mRNA oeerrsud in the limbic system (hippocampal CA, and anterior
cingulate cortex) and nuoekrtux (frontal, parietal and sensorimotor
areas). In contrast, selective induction of c-fos, c-jun and jun-B mRNAs
occurred in cingulate cortex at one and three hours after PCP with
normalization at 24 hours. These data suggest that PCP stimulates
expression of c-fos, c-jun and jun-B lEGs in cingulate cortex, with
simultaneous suppression of zif268 in selected limbic system and
nuoekrtieal structures. This zif268 suppression lasting at least 24 hours,
parallels the time course of PCP action in our previous 2DG metabolism
study. These results suggest that the expression of lEGs in rat brain is
time-dependent and regional after PCP administration.
Wu will
demonstrate which of the changes in expression of lEGs by PCP are
related to an e-muthyl-2-aspartatu receptor-mediated mechanism.

308.11

308.12

ENZYMES ASSOCIATED WITH THE GLUTAMINE CYCLE
IN THE CAT CNS: mRNA ANALYSIS. B. Srinivasan* and HE.
Miller. Dept. Anatomical Sciences, Oklahoma Center for
NeuroSciences, Univ. Oklahoma Health Sciences Center,
Oklahoma City, OK 73190.
It has been postulated that glutamate is regulated as a
neurotransmitter in a ’glutamine cycle.’
In order to better
understand the regulation of glutamate, mRNA for enzymes
associated with the glutamine cycle were evaluated from the cat
cerebral cortex and spinal cord. Brains and spinal cords from adult
cats were removed rapidly, total or polyA+ mRNA were extracted,
and slot blots and Northern blots were prepared. Blots were

REGULATION OF GENE EXPRESSION BY VIP AND
GLUTAMATE IN CULTURED CORTICAL NEURONS.
G. Pellegri, P.T. Magistretti and T-L. Martin*. Institut de
Physiologie, University de Lausanne, Lausanne, Switzerland.

probed with cDNA’s for gjutaminase, glutamine synthetase, and
glutamate dehydrogenase. The mRNA’s for the three enzymes
were present in both the cerebral cortex and spinal cord, but the
abundance for each of the three was higher from the cerebral
cortex. These studies provide a baseline to study alterations of the
glutamatergic system during experimental or disease conditions.
Supported by NS27213 (KEM).
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The regulation of c-fos mRNA expression by VIP was examined in primary
cultures of neurons originating from the mouse cerebral cortex. In these
cultures VIP increases cAMP levels and stimulates c-fos expression. VIP
stimulation of c-fos expression is completely blocked by MK-801 but not by
CNQX or AP3, thus suggesting an involvement of endogenously released
glutamate acting at NMDA receptors in the stimulation of c-fos mRNA
expression evoked by VIP. At the intracellular level activation of both protein
kinases A and C mediates c-fos expression evoked by VIP, since H-89 and
staurosporin inhibit, although to a different extent, VIP-evoked c-fos
expression. Similarly, glutamate-stimulated c-fos expression is inhibited by
staurosporin and H-89. These results point to an "and gate-type” mechanism
implying the obligatory and simultaneous activation of both protein kinases A
and C in the mediation of c-fos expression evoked by VIP or glutamate.
PACAP27, which shares a high degree of homology with VIP also stimulates in
a glutamate-dependent manner c-fos expression. Based on their potency to
stimulate cAMP formation, VIP as well as PACAP enhance c-fos expression by
acting at type I PACAP receptors.
As a next step in this project, we are investigating the regulation of late gene
expression by glutamate in cultured cortical neurons. To this aim we have set
up the technique of differential diplay, which allows to identify by PCR
differentially expressed mRNAs. Using this technique we have observed
several differences in the pattern of amplified mRNAs in control and glutamate
stimulated cultures. We are presently characterzing by Northern blot and
DNA sequencing these glutamate-modulated mRNAs.
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ISOLATION OF A cDNA CLONE FOR AN ENZYME WHICH
GENERATES
GLUTAMATE
FROM
NACETYLASPARTYLGLUTAMATE (NAAG). R.E. Carter*. A.
Feldman, and J.T. Coyle. Laboratory of Molecular and
Developmental Neuroscience, Massachusetts General Hospital and
Consolidated Department of Psychiatry, Harvard Medical School,
Boston, MA.
Our laboratory has characterized, purified, and
immunocytochemically localized a novel peptidase previously which
hydrolyzes the neuropeptide NAAG to N-acetylaspartate (NAA) and
glutamate in vitro and in vivo; this enzyme has been named the Nacetylated alpha-linked acidic dipeptidase (NAALADase).
NAALADase is enriched in synaptic fractions of brain tissue and
exhibits a nonuniform distribution in the CNS which overlaps the
distribution of NAAG. Since we know that NAAG can be released
intro the extracellular space following neuronal depolarization and
that NAALADase can generate free glutamate from NAAG present in
this compartment, we have hypothesized that NAALADase may

PROLINE-GLUTAMATE INTERACTIONS IN THE CNS
J. G. Ortiz-, M. L. Cordero. G.
Santiago.. O.
Claudio and A. Rosado. Dept of Pharmacology,
University of Puerto Rico School of Medicine, PO
Box 36067, San Juan, Puerto Rico 00936
Proline (Pro) fulfills many of the criteria
of a neuromodulator. Many of its effects have
been attributed to interaction(s) with EAA
transmission. Competitive NMDA antagonists, such
as AP-7, inhibit 3H-proline binding (Cordero et
al., 1991). Varying degrees of inhibition in
different brain regions (CPP, 60 % inhibition in
midbrain; 75 % in cortex; CGS 19755, 75 % in
midbrain) suggest regional specificity in proline
-NMDA interactions. While MK-801 inhibits 3H-Pro
binding, the converse is not observed, even at
very high proline (200 mM) concentrations. HA966, a glycine site partial agonist inhibits 3Hproline binding suggesting the possibility of
interaction at this site. Using FURA-2, we could
not detect anv effect of Pro on glutamate
mediated [Ca+2]-. Similarly, we could not detect
inhibition of glutamate uptake in synaptosomes at
physiological concentrations (K^ = 186 mM).
However, preliminary experiments in neuroblastoma
cells suggest that proline may inhibit 3H-GABA
uptake. (Supported by the institutional MBRS,
RCMI and CIDIC Programs).

regulate the availability of glutamate at junctions where NAAG is
released. We have recently used our anti-NAALADase antiserum to
isolate a candidate NAALADase clone from a rat brain Xgtl 1 cDNA
library by immunoscreening. This 1426 bp cDNA detects 3.9, 3.0,
2.8, and 2.1 kb transcripts in northern analyses of rat brain RNA. The
expression of transcripts detectable with this probe is restricted to rat
tissues which are NAALADase-positive by radioenzymatic assay,
with mRNAs detectable in brain and kidney but absent from liver and
prostate.

308.15

Regulation of Expression and Phosphorylation of
CCAAT/Enhancer Binding Protein (C/EBP) Family Members
by Stimulation of Glutamate Receptors in Cultured Rat
Cortical Astrocytes

S.Yano1'2*. K.Fukunaga1. M.Takiguchi3. Y.Ushio2. M.Mori3 and
E.Miyamoto1. Departments of 1 Pharmacology, 2Neurosurgery and
3Molecular Genetics, Kumamoto University School of Medicine,
Kumamoto 860, Japan
Glutamate receptors play an important role in synaptic plasticity and
neuronal cell death via the increase in the intracellular Ca2+ concentration.
We previously showed that stimulation of glutamate receptors activate
Ca2+/calmodulin-dependent protein kinase II (CaM kinase II) in cultured
astrocytes (J. Biol. Chem. 269,5428, 1994). Recently, CCAAT/enhancer

binding protein (C/EBP) p was reported to be phosphorylated by CaM
kinase II in a pituitary cell line. In this study, we examined effects of
glutamate on expression and phosphorylation of C/EBP family members
in cultured rat cortical astrocytes. C/EBPa mRNA was not detectable
before and after glutamate treatment. The C/EBPp mRNA level increased
rapidly and reached a maximal level lh after exposure to glutamate. The
C/EBP8 mRNA levels decreased at 6 h and recovered at 12 h. Gel-shift
analysis using nuclear extracts from astrocytes revealed that C/EBPpbinding activity increases at 6 h. Stimulation of glutamate receptors also
caused an increase in phosphorylation of C/EBPp. The increase in the
expression and phosphorylation of C/EBPp required the extracellular
Ca2+. These results suggest that glutamate receptors regulate expression
and phosphorylation of C/EBP family members through elevation of
intracellular Ca2+ concentration in cultured astrocytes.

EXCITATORY AMINO ACID RECEPTORS IV
309.1

309.2

MOLECULAR CHARACTERISATION OF NMDA RECEPTORS
EXPRESSED IN MAMMALIAN CELLS YIELDS EVIDENCE FOR THE
COEXISTENCE OF THREE SUBUNIT TYPES IN CEREBELLAR NMDA
RECEPTORS. M. Cik. P.L. Chazot. S.K. Coleman and F.A. Stephenson*.
School of Pharmacy, University of London, 29/39 Brunswick Square, London
WC1N 1AX, UK.
The N-methyl-D-aspartate R1 (NMDA Rl), NMDA R2A and NMDA R2C
subunits were expressed transiently in double or triple combinations in human
embryonic kidney (HEK) 293 cells. The biochemical and pharmacological
properties of the cloned receptors were compared with those of adult rat
forebrain and cerebellum. Under conditions established for maximal expression,
cotransfection of the NMDA Rl and 2C subunits yielded a protein detected
immunologically with a molecular size 780 000-850 000 daltons. No cell death
was observed in the transfected cells and the KD for [3HJMK8Ol binding to the
NMDA Rl/2C receptor was 346 ± 158 nM. This was in contrast to a value of
KD = 22 ± 9 nM found for native cerebellar membranes. Cotransfection with
NMDA Rl/2A/2C subunits resulted in the expression of a protein with a similar
size to the NMDA Rl/2C combination but the affinity for [H]MK8Ol was now
22 ± 5 nM and the percentage cell death post-transfection was 56 ± 18%.
Immunoprecipitation assays ofdetergent-solubilised transfected cells with NMDA
Rl subunit-specific antibodies coprecipitated the NMDA R2A and NMDA R2C
subunits in 1/2A and 1/2C transfections. Similarly, immunoprecipitations with
either NMDA Rl or NMDA R2C subunit-specific antibodies coprecipitated the
NMDA R2A subunit in the Rl/2A/2C triple transfections. These results show
that three NMDA receptor subunit types can coassemble following their
coexpression in mammalian cells with a pharmacological profile that is similar
to that found for adult cerebellar NMDA receptors. Furthermore, they imply that
the molecular determinants required for high affinity binding of MK801 reside
in the NMDA R2A subunit.

SINGLE CHANNEL PROPERTIES OF RECOMBINANT
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Co-expression of the NR1 subunit with the NR2A or
NR2B or NR2C subunit in Xenopus oocytes yields NMDA

(N-methyl-D-aspartate) and

glutamate

gated

channels

whose single channel conductance levels and

kinetic

behavior look like NMDA receptors found in vivo.
Both, the NR1-NR2A and NR1-NR2B subtypes have
single channel conductance levels of 5OpS and 38pS and

resemble native channels found in the hippocampal CA1
region of slices. The NR1-NR2C channel subtype has

conductance levels of 36pS and 19pS and thus is similar to

native channels measured in post-migratory cerebellar
granule cells (Stern et al., Proc.R.Soc.London B. (1992)

250, 271-277).
It was found, that a truncated version of the NR2C

missing

the

C-terminal

275

amino

acids,

when

co-

expressed with NR1, showed single channel properties that
were indistinguishable from those produced by the wild-

type NR1-NR2C receptors.
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DIRECT COMPARISON OF CONDUCTANCE PROPERTIES OF SYNAPTIC
AND SOMATIC NMDA CHANNELS IN CEREBELLAR GRANULE CELLS
Beverley A. Clark*, Mark Farrant & Stuart G. Cull-Candy Dept. Pharmacology,
University College London, London WC1E 6BT, UK.
Recordings of single glutamate-gated channels are generally restricted to
somatic membrane patches, due to the inaccessibility of synaptic channels.
NMDA channels in somatic outside-out patches from granule cells in rat
cerebellar slices have a main conductance of 5OpS in 1 mM Ca2+ (Farrant et

MAGNESIUM AND KETAMINE INCREASE THE AFFINITY OF
NMDA RECEPTORS FOR GLYCINE. L.-Y. Wane, B.A, Orser, Z, Jia. J.
Roder and J.F, MacDonald*. Depts. of Physiol., Pharmacol., Anesth.,
Immunol, and Mol. Med. Genetics, University of Toronto, Medical Science
Building, Toronto, Ontario, Canada M5S 1A8
The N-methyl-D-aspartate (NMDA) receptor, plays an important role in
a variety of physiological and pathological processes. This receptor is
directly regulated by physiological concentrations
extracellular glycine
and magnesium. Glycine potentiates NMDA currents and reduces
desensitization of this receptor whilst magnesium causes a characteristic
voltage-dependent block of the channel by interacting with a binding site
located inside the channel pore. Here we report that NMDA currents
recorded from cultured fetal and acutely isolated hippocampal neurones as
well as HEK293 cells expressing NMDAQ/e2 subunits were enhanced by
magnesium at positive membrane potentials. Furthermore, this cation
reduced the desensitization of these currents. Unlike the blockade by
magnesium these effects were not strongly voltage-dependent. Comparisons
of concentration-response curves for glycine and a specific glycine site
antagonist, 7-chloro-kynurenic acid demonstrated that magnesium
significantly increased the affinity of the NMDA receptor for glycine.
Similarly, ketamine, an open-channel blocker also enhanced NMDA
currents and reduced their desensitization. These results suggest that there
is likely a distinct site on the NMDA receptor which permits an allosteric
interaction between the glycine site and cationic molecules such as
magnesium and ketamine. This interaction may be a key physiological
mechanism through which modulation of the NMDA receptor is achieved.
Supported by MRC of Canada group grant to “Nerve Cells and Synapses”.

al. Nature 368:335, 1994). A 5OpS conductance is also seen for NMDA
channel openings in the decay of miniature epscs recorded in 2mM Ca2+
(Silver et al. Nature 335:163, 1992). Since extracellular [Ca2+] is known to

influence the conductance of NMDA channels, these data suggest that
synaptic and somatic NMDA channels may have different conductances. We
have directly resolved NMDA channel openings in the decay of evoked epscs
at the mossy fibre-granule cell synapse in thin cerebellar slices, and compared
them with somatic NMDA channels both in cell-attached and outside-out
patches recorded under identical ionic conditions (1mM Ca2+). Epscs were
examined in the presence of 3-1 OgM AP5, to reduce synaptic NMDA channel
activity to levels where single channel openings were readily resolved. During
cell-attached patch recordings cells were whole-cell voltage-clamped with a
second electrode. While synaptic channels and somatic channels in cellattached patches had very similar slope conductances (57.2 ± 2.4pS, n=4 and
59.0 ± 1. 4pS,n=6, respeptively), somaticchannels in n utside-eutpatchehsad
a lower slope conductance of 49.0 ± O.6pS (n=6). Our data therefore suggest
that the conductances of somatic and synaptic channels are similar but that
NMDA channel conductance is significantly reduced by the process of isolating
a membrane patch.

309.5

309.6

GLYCINE INSENSITIVITY OF NMDA RECEPTOR-MEDIATED
CALCIUM INFLUX IN CEREBELLAR GRANULE CELLS(L
Hough*. X.-M. Gao. M. A. Rogawski. D.-M. Chuang Biological
Psychiatry Branch, NIMH and Epilepsy Research Branch,
NINDS, NIH, Bethesda, MD 20892.
We studied NMDA receptor-mediated calcium influx by fura-2
microfluorometry in cultured cerebellar granule cells. NMDA
responses in these cells were less sensitive to glycine than is
the case in other CNS neurons (EC50 of 10.8 ± 7.5 pM; Hill
coefficient, 1.27 ± 0.23; age 6-13 days in culture). The potency
of glycine decreased with age in culture: the EC50 increased
significantly with culture age (2-10 pM). In addition the slope
of the glycine concentration-response curve increased in a
corresponding fashion (Hill coefficient, 1.3-1.6).
The
insensitivity to glycine could be acutely overcome by
depolarizing concentrations of KC1. At 10 mM KC1, a
concentration that by itself did not stimulate Ca^ + influx, the
slope of the glycine concentration-response curve was
significantly decreased.
A similar effect was produced by
carbamazepine.
The mechanism underlying the effect of these
treatments on glycine responsiveness is obscure.
However,
since NMDA receptor-mediated calcium flux is necessary for
granule cell survival, the depolarization-induced
enhancement of glycine sensitivity could account for the
beneficial effects of concentrations of K+ below those that
stimulate Ca2+ influx.
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309.7

309.8

BINDING of the
novel
ligand
[3h ] win 63480 TO THE
PHENCYCLIDINE (PCP) RECEPTOR. D.L. DpHavp6-Hsdki6n*.

[3H]TCP AND [i25i]MK-80I BIND TO THE DIFFERENT STATE OF THE
NMDA RECEPTOR/ION CHANNEL COMPLEX IN RAT CEREBRAL
CORTEX. T. Yamamoto*1>2. H. Yamamoto* and T. MorojiL iDept. of
Psychopharmacology, Tokyo Institute of Psychiatry, Tokyo 156, Japan and
2Lab. of Molecular Recognition, Grad. Sch. of Integrated Sci., Yokohama
City Univ., Yokohama 236, Japan.
NMDA receptor/ion channel complex is thought to have several
different binding site, such as the recognition sites for NMDA, glycine,
polyamine, Mg2+ and the phencyclidine (PCP)-like drugs (PCP, TCP and
MK-801). Electrophysiological studies indicate that glycine is required
for channel opening by L-glutamate (NMDA) as a coagonist. However, we
have previously demonstrate that L-glutamate, glycine or Mg2+ alone
stimulate the [3H]TCP binding in well-washed rat cerebral cortical
membranes. To confirm the requirement of both L-glutamate and glycine to
stimulate the NMDA receptor/ion channel complex, the binding of [3H]TCP
and [125I]MK-801 to well- washed membranes were characterized. In
agreement with other reports, L-glutamate stimulated the [125I]MK-801
binding only in the presence of glycine (EC5o=O.5 pM). In the presence of
Mg2+, however, L-glutamate also stimulated the [125I]MK-801 binding more
potently (EC5o=O.l pM) than in the presence of glycine. On the other hand,
[3H]TCP binding were stimulated by L-glutamate, glycine or Mg2+ alone in
same washed membrane preparations. These results suggest that the
[3H]TCP and [125I]MK-801 recognize a different state of the NMDA
receptor/ion channel complex stimulated by each agonist. In addition,
these findings suggest that Mg2+ acts as a coagonist on the NMDA
receptor/glycine/ion channel complex.

F,Y. Fosd-Rias, J.D. Daubert, W. Earley. J.P. Mallamo and L.F.

Laovoo.
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19426.
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ALTERATIONS IN [3H]CGP-39653 BINDING TO N-METHYL-D-ASPARTATE

EFFECT OF HYDROGEN IONS ON [3HJMK-801 BINDING IN RAT
CELEBRCCCLTICAW MEMBRANES. Y. Liu* and G. von Euler. Dept, of
Neuroscience, Karolinska Institutet, S-17177 Stockholm, Sweden.
Hydrogen ions (H*) have been shown to attenuate the current flow over
the N-methyl-D-aspartate (NMDA) receptor-coupled ion channel. In the
present study we have investigated the effects of H* on the pHJMK-801
binding in crude membrane preparations of rat cerebral cortex. We found
that H* has at least two different actions on pHJMK-801 binding. Firstly,
H* decreased the observed association rate of pH]MK-801 binding
leading to an increased pHJMK-801 binding under nonequilibirum
conditions, by decreasing the sensitivity of the glutamate and glycine
binding sites and perhaps also by a direct inhibiting effect on the
association rate. Secondly, H* blocked the glutamate- and glycineinduced decrease of pHJMK-801 binding affinity observed under
equilibrium conditions in the presence of millimolar concentrations of
Mg2* (or in Krebs buffer), suggesting that H* blocks a putative Mg2+
binding site having a permissive action on the affinity-decreasing effect
of glutamate and glycine on pH]MK-801 binding. In addition, there may
exist a subset of permissive Mg2* binding sites which is H*-insensitive.
This site was observed at pH 6 in the presence of millimolar
concentrations of Mg2* but not in a Krebs buffer, probably due to some
blocking salt component in the Krebs buffer. Since the pHJMK-801 binding
site may correspond to the site at which Mg2* induces its voltagedependent block of the NMDA channel, the H*-induced increase in
pH]MK-801 binding may correspond to a increase in the potency of the
Mg2* block.

(NMDA) RECEPTORS IN THE FRONTAL CORTEX OF SUICIDE VICTIMS.
G. Nowak. G.A. Ordway*C.A. Stockmeier. H.Y. Meltzer. J. Overholser and

I.A. Paul. Department of Psychiatry and Human Behavior, University of
Mississippi Medical Center, Jackson, MS 39216 and Departments of
Psychiatry & Psychology, Case Western Reserve University, Cleveland, OH
44106.
Chronic antidepressant treatment results in adaptation of the NMDA
receptor complex in the rodent cortex (reviewed in Paul et al. J. Pharmacol.
Exp .'Then, in press and Nowak etal, J. Pharmacol, Exp . Ther. 265.1380,

1993). This adaptation consists of a reduction in the potency of glycine to
displace [3H]5,7-dichlorokynurenic acid from strychnine-insensitive glycine
receptors and a reduction in high affinity, glycine-displaceable [3h ]CGP-39653
binding to glutamate receptors. We hypothesized that dysfunction of NMDA
receptors might occur in frontal cortices from human suicide victims. We now
report that high affinity, glycine-displaceable [3H]CGP-39653 binding is absent

in frontal cortical homogenates from suicide. Moreover, specific binding of 10
nM [3h ]CGP-39653 was significantly lower (40 ± 14%, p < 0.004, n = 20, 2-

tailed t-test) in cortices from suicide victims relative to that from age- and postmortem interval-matched control subjects. No differences between control
and suicide tissue were observed in the ICM for the low affinity component of
glycine displacement of [3h ]CGP-39653 binding. Studies in progress are
aimed at determining whether the effects observed are a general correlate of
disorders leading to suicide or specific to major depression as assessed from
psychiatry autopsy studies. These preliminary data represent the first
demonstration supporting the hypothesis that glutamatergic dysfunction is
involved in psychopathology underlying suicide and, potentially in human
major depression.
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309.12

CHRONIC BUT NOT ACUTE INTRATHECAL MK801 ATTENUATES
INTRATHECAL MORPHINE TOLERANCE IN THE RAT. S.A Dunbar. K.
Ihamandas, M. Grafe*. T.L. Yaksh. Dept. of Anesth., Univ. of California
San Diego, La Jolla Ca 92093. (Supp. T32NS07329 and NIH-DAO2110 TLY).
The N-Methyl-D-Aspartate (NMDA) antagonist, MK801 (MK), has been
shown to attenuate systemic morphine (MS) tolerance. In the present study
we examined the effect of intrathecal (IT) seven day co-infusions of MS
2Oimol/hr and MK in the rat on the hot plate (HP) response latency.
Groups examined were MK 3nmol/hr+MS, MK lOnmol/hr+MS, MK
lOnmoo/hr, MS, and Saline(S). (1) MS infused rats tested daily on the HP
returned to baseline latency 5 days after initiation of infusion, whereas MK
groups showed a dose dependant preservation of latency over the seven day
period, including a separate group tested only on day 1 and 7. (2) Rats
infused with MK alone showed no change in latency over baseline. (3) MS
tolerant animals given MK 10 ug IT on day 7 showed no restoration of
sensitivity to MS, demonstrating a lack of acute augmentation, and a prerequisite that MK be administered during induction of tolerance. (4)
Naloxone given on day 7, precipitated withdrawal in animals receiving
MS or MS+MK, as measured by tactile allodynia, spontaneous vocalisation,
and ejaculation. The magnitude of withdrawal signs as measured by group
were; MS>MK+MS>MK=S. 5. In separate groups, MS tolerant animals
showed a 50-100 fold right shift in their dose response curve to IT MS
administered on day 8, ie one day after cessation of infusion, when
compared to those receiving MK +MS. Animals infused with MK alone
showed a similar dose response curve to those receiving MK+MS. These
results show that IT MK when given during induction, attenuates IT MS
tolerance, suggesting that the NMDA receptor plays a role in the
development of spinal opioid tolerance.

ANTAGONISM OF NMDA AND 5-HT3 RECEPTORS BY IFENPRODIL IN
MAMMALIAN CELLS B. A McCool*ttid D. M. Lovineer* Dept. Mol. Physiol,
and Biophys., Vanderbilt Med. Sch., Nashville TN 37232
Using electrophysiology and recombinant DNA techniques, we have examined the
specificity and mechanism of action of the antihypertensive/anti-ischemic agent
ifenprodil for a number of different ligand-gated ion channels. GABA and Kainatemediated conductances in rat primary (E17) cortical neuron cultures are insensitive to
ifenprodil. Conversely, as previously reported, NMDA receptor-mediated currents are
sensitive to ifenprodil, which acts as a non-competitive antagonist and whose time
dependent block presumably reflects slow association kinetics. Importantly, there is a
developmental decrease in the maximal inhibition by ifenprodil of NMDA currents in
these neurons. 1 week old cultures exhibit a maximal inhibition of 91% (1 OpM
ifenprodil) while in 3 week old cultures inhibition reaches only 64%. However, the
ICy, in both cases is essentially the same (O.2pM and O.3pM, respectively). When
expressed in transiently transfected HEK293 cells, NMDA receptors containing the
NMDAR2B subunit are more sensitive (1C*, =1.0 pM) to ifenprodil than receptors
containing the 2A or 2C subunits (<10% inhibition at lOpM). Therefore, the agedependent decrease in maximal inhibition in primary cortical neuron cultures is likely
to reflect developmentally regulated expression of different NMDAR2 subtypes.
In the neuroblastomaXglioma cell line, NG108-15, we find that 5-HT3-mediat2d
currents are also inhibited by ifenprodil. As with NMDA receptors, this inhibition is
time dependent since preteatment of cells with ifenprodil prior to 5-HT causes much
greater inhibition than simple co-application. Furthermore, 5-HT dose response
curves either with or without ifenprodil pretreatment (lOpM) indicate that inhibition
is non-competitive (ICX = 2.1 pM). The exact mechanism of ifenprodil action on 5HT3 receptors is currently under investigation. This is the first report of ifenprodil
inhibition of non-NMDA ligand-gated ion channels. (Supported by #AAO8986)

309.13

309.14

ELECTROPHYSIOLOGIAL EVIDENCE FOR THE DIFFERENTIAL
SENSITIVITY OF NMDA RECEPTOR SUBTYPE COMBINATIONS TO
POLYAMINES AND IFENPR^C^DEL IN TRANSFECTED 293 CELLS.
J. J, Lawrence1 *. D, R. Lynch2>3»>. D . P. Pritchett2»3. and M. A.
Dichterl»2>4,> . lDept. of Neurology, ^Dept. of Pharmacology, SDept. of
Pediatrics, 4The David Mahoney Institute of Neurological Sciences,
University of Pennsylvania School of Medicine and ^Graduate
Hospital, Philadelphia, PA 19104.
Large currents (100-1200 pA) were successfully elicited from
293 cells transfected with combinations of NR 1A with 2A, 2B, or 2C by
application of 100 pM NMDA. Currents elicited from cells transfected
with 1A/2B were potentiated by the polyamines spermine/spermidine
and, in the same recordings, were potently inhibited by ifenprodil.
This potentiation was slightly enhanced at depolarized potentials,
suggesting the presence of an additive channel block at hyperpolarized
potentials. In contrast, currents elicited from cells transfected with the
1A/2A combination were blocked by polyamines and inhibited by
ifenprodil at only very high concentrations.
The lA/2C-type were
neither potentiated nor blocked by polyamines and showed very low
affinity for ifenprodil. Our results demonstrate a highly selective
pharmacological specificity for both polyamines and ifenprodil based
on NMDA receptor subtype combinations as previously noted in oocytes
(Williams et al., in press). This subtype-specific potentiation and
block suggests that both NR 2A and 2B are present in cultured
hippocampal and cortical neurons and are responsible for the biphasic
polyamine dose response curve often seen in these cells.

NMDA RECEPTORS: MUTAGENESIS OF N1 RESCUES SPERMINE
AND ZINC POTENTIATION AND RESTORES AGONIST AFFINITY
BUT DOES NOT REDUCE PKC POTENTIATION. X. Zheng*. L. Zhang.
D. Fan, R.S, Zukin ann M.V.L. Bennett EDpt ofNeeroscienoe, Albert
Einstein College sf Medicine, Bronx, NY 10461
NR1 reeeptor spliee variants differ markedly in their physiological
properties. Splicing in of the N-terminal insert N1 decreases agonist affinity
and potentiation by Zn2+ and by spermine (at high glycine). N1 increases
potentiation by activators of protein kinase C (PKC). Oocytes expressing N1
containing NR1 receptors exhibit larger currents than do oocytes expressing
corresponding N1 lacking receptors. To identify structural features of N1 that
control these properties, we constructed mutant NR1 receptors with
substitutions in N1. Neutralization of the six positively charged residues in
N1 by replacement with alanines rescued spermine and Zn2+ potentiation.
Neutralization of positive charges in N1 reduced response amplitude and
restored agonist affinity to that of N1 lacking receptors. In contrast,
neutralization did not affect potentiation of N1 containing receptors by
activators of PKC. These findings indicate that the positively charged
residues in N1 critically control spermine and Zn2+ potentiation, agonist
affinity and current amplitude, but have little or no effect on PKC
potentiation of the receptor. To identify candidate residues at which PKC
phosphorylates the receptor, Ser and Thr residues in the second cytoplasmic
loop are being replaced. Substitution of Ala for Ser676 in NR1011 had no
effect on PKC potentiation of NMDA responses. We are currently
investigating PKC actions by mutating NR1,„0 receptors, which exhibit the
greatest degree of PKC potentiation.
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ZINC, COPPER, AND CARNOSINE MODULATION OF AMINO ACID
RECEPTORS IN OLFACTORY BULB NEURONS. P. O. Trombley* and G. M.
Shepherd Section of Neurobiology, Yale Medical School, New Haven, CT 06501

DEVELOPMENT OF A PHOTOAFFINTITY PROBE FOR THE PENTAMIDINE
BINDING SITE ON THE NMDA RECEPTOR COMPLEX. A.C.Nichols*
and K.L. Yielding. Dept. of Pharmacology, Univ. of Texas
Medical Branch. Galveston. TX.
77555.
It has been reported by Reynolds and Aizenman (1992)that
the trypanocidal diamidine pentamidine can function as an
NMDA receptor antagonist and may be neuroproctective. Unfortunately. the mechanism by which pentamidine exerts this
activity has not been elucidated. We have synthesized two
light sensitive pentamidine derivatives for use as photoaffinity probes to investigate the interaction of pentamidine with the NMDA receptor complex.
The first probe we produced was a chlorodiazirine derivative of pentamidine (in which the two amidines were each
replaced with a 3-chlorodiazirine ring to generate photosensitivity) .
Although this coimpound had trypanocidal
activity comparable to that of pentamidine (to be published
elsewhere), it did not inhibit 3H-TCP binding in synaptosomal membrane fragments.
Next, we synthesized 1,5-bis
(4-mnidino-2-azido-phenoxy)pentanie.
This compound also was
found to be trypanocidal.
In addition. the azido derivative was able to inhibit 3H-TCP binding in a competition
binding assay using synaptosomal membrane fragments(Johnson
et al.. 1988).
Activity was observed in a probe dose range
of 1-100 uM with experiments conducted under darkroom conditions. When a membrane suspension washed extensively.
approximately 40% of the specific 3H-TCP binding was removed.

Information processing in the glomerular region of the olfactory bulb involves
complex interactions between glutamate, GABA, and possibly glycine acting at
multiple types of amino acid receptors. Olfactory receptor neurons (ORNs) likely
use glutamate as a transmitter. Furthermore, ORNs may release camosine, although
a specific function for camosine has yet to be identified. Olfactory nerve terminals
also contain a high concentration of zinc (Zn), and Zn has been shown to modulate
some amino acid receptors including NMDA and GABA receptors (NMDAR,
GABAR). The olfactory bulb also contains a high concentration of copper (Cu)
which, like Zn, recently has been shown to modulate GABARs. The similarity
between the effects of Zn and Cu on GABARs led us to hypothesize that Cu may
also modulate NMDARs. Because it has been proposed that camosine can chelate
Zn, we also examined the effects of camosine on the modulatory actions of Zn and
Cu. Olfactory bulb neurons from E18-P3 rat pups were grown in primary culture
and examined using whole cell voltage clamp recording techniques. In all neurons
examined (n=52) the current evoked by NMDA or by GABA but not by glycine was
reversibly blocked by either Zn or Cu (IC50 -25 pM). The effects of Zn or Cu were
not voltage dependent indicating that they act at a specific neuromodulatory site
rather than as an open channel blocker or by a screening effect Camosine (<l mM)
had no direct effect on OBNs nor did it affect currents evoked by glutamate, NMDA,
GABA, or glycine. Camosine (0.1-1.0 mM) however, potently blocked the effects
of Cu (30-100 pM) but only had a small affect on Zn (30-100 pM). It has been
demonstrated that Zn, Cu, and camosine can be released from nerve terminals by
depolarization. The high concentrations of Zn, Cu, and camosine in the olfactory
bulb may suggest that they play a role in odor information processing through
activity-dependent modulation of amino acid mediated synaptic transmission.
Supported in part by research grants from NIDCD and NINDS to GMS.
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A NOVEL SYNTHETIC PEPTIDE (5-[l(S--(L-PROLYT)AMTNO-3-MITHYTBUTYL] -2-TETRAZOLYACETAMDE HC1) PAMTA: EFFECT ON NMDA
RECEPTOR ANTAGONIST CPP-INDUCED DARTING BEHAVIOUR.
J.E. Savelli. C. Cheng, A. Chugh. R.L. Johnson. R.K. Mishra and E.S. Werstiuk*.
Dept. of Psychiat./Biomed. ScL, McMaster Univ., Ham., ON., Dept, of Med.
Chem., Univ. of Minnesota. Minneapolis, MN.
In the present study, we have investigated the behavioural pharmacology of a
novel synthetic peptide PAMTA, through its interaction with the polyamine site
on the N-methyl-D-aspartate receptor. Data from our lab has shown PAMTA to
inhibit the binding of [*H]MK-8O1 at maximal concentrations of glutamate and
glycine. On the basis of radioligand binding studies, PAMTA has been suggested
to act putatively at the polyamine site. To determine the behavioural effects of
PAMTA, rats injected with PAMTA, 3(2-carboxypiperazin-4-yl)-propyl-1phosphonic acid (CPP), a potent competitive NMDA receptor antagonist, or a
CPP/PAMTA combination, were assessed for general motor hyperactivity and
locomotion. Bilateral microinjection of CPP (2pg) into the prefrontal cortex
(PFC) consistently resulted in increased motor activity. This stereotypic increase
in activity induced by CPP was augmented significantly when given in combination
with PAMTA (20/xg). PAMTA (2Op.g) given alone had no significant effect on
activity. We also studied the effect of PAMTA on a unique behavioural
paradigm, known as darting, elicited by CPP microinjection into the PFC.
PAMTA, in combination with CPP also augmented CPP-induced darting in the
rat. Since the polyamine agonists spermine and spermidine have been shown to
attenuate this behavioural profile, the results presented propose that PAMTA
may be interacting as a putative antagonist at the polyamine binding site. These
results suggest this compound may be therapeutically useful and the polyamine
site may prove to be a potential target for novel anticonvulsants, anxiolytics, and
neuroprotective agents. (Supported by NIH grant NS20036).

Effects of MDL 100,453 on NMDA Dependent Ca2+ Currents in
Cultured Rat Neurons. M.M. Murawskv. A.M. Ogden. M, G.
Palfrevman*. C.J. Rogers. Marion Merrell Dow Research Institute,
Cincinnati, OH 45215
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Donoxian Zhanq. Vincent H.S. Chen*, and Stuart A. Upton.
Dept.
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Neuroscience, Harvard Medical School, Boston, MA 02115.

Methylene Blue (MB+) has recently been shown to be
neuroprotective (Sun et al., Soc Neurosci Abstr 1993;
19:1664). To help elucidate the underlying mechanism(s), we
performed whole-cell recordings on freshly dissociated rat

retinal ganglion cells and cultured cortical neurons.
Drugs
were administered by pneumatic puffer pipettes. MB+ inhibited
responses to NMDA. For example, in retinal ganglion cells
100 pM MB+ decreased the response to 200 pM NMDA by
approximately 50%. MB+ also decreased strychnine-sensitive
glycine-activated currents. The degree of blockade of the peak
glycine current by 10 pM MB+ decreased from 87% to 20%

when the glycine concentration was increased from 10 to 100
pM, suggesting a competitive mode of antagonism.
The
inhibition of NMDA- and glycine-activated currents by MB+ was
readily reversible and was not voltage-dependent. In contrast
to these ligand-gated currents, voltage-gated sodium currents
were not affected by MB+. These results suggest that MB+
might act directly on the receptor-channel complex of NMDAand glycine-gated receptors.
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During ischemia, excessive glutamate receptor activation occurs
which ultimately leads to calcium overload and neuronal toxicity.
Competitive antagonists of NMDA type glutamate receptors have been
synthesized as potential therapeutic agents to lessen neuronal toxicity. We
studied the effects of several of these antagonists, on calcium currents in
cultured rat neurons, by using the whole-cell configuration of the patch
clamp technique in conjunction with rapid perfusion. The competitive
NMDA antagonists MDL 100,453, CGS 19,755, and CPPene all blocked
calcium currents elicited by lOO-M NMDA and 2pM glycine in both rat
hippocampal pyramidal neurons (IC50 - l9.7pM, O.75pM, and 5.OlpM
respectively) and cortical neurons OC50 - 33.6pM, O.65pM, and 5.O3pM,
respectively). These values did not correlate with either the magnitude or
the rank order of potency suggested from [3H]CPP binding data. At a
holding potential of - 75mV, these antagonists rapidly achieved maximal
blocking effects and were easily removed by perfusion, allowing full
recovery of control currents. Hill plot analyses of the dose response curves
for the tested compounds were all near unity, suggesting simple
competitive kinetic interactions. Future experiments will be directed to
understanding the mechanism by which these compounds modulate
channel gating and to determine their receptor configuration selectivity.
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CLONING OF A PUTATIVE RAT BRAIN GLUTAMATE RECEPTOR cDNA.
R Roginski*. K Choudhurv*. M Maroneb H Geller1*, N L Hayesc-*. Depts of
Anesthesia’, Pharmacology* and Neuroscience/Cell Biology0, UMDNJ-Rohert Wood
Johnson Medical School, New Brunswick, NJ 08903.
Cloning of glutamate receptor (GluR) cDNAs has revealed a plethora of subtypes
that correspond fairly well to the older, pharmacologic taxonomy. However, cloned
subunits for all of the pharmacologic classes have not been isolated, while several
cDNAs appear to he GluRs hy sequence hut do not show GluR pharmacology. It
seems likely that additional GluR genes may exist.
The 3.6-5.8 kh sucrose gradient fraction from total rat forehrain mRNA was
shown to have increased electrophysiologic responses to applied Glu and NMDA
when injected into Xenopus oocytes. A cDNA lihrary was generated in pSP64T
(NAR 12: 7057, 1984) and expressed in Xenopus oocytes. Application of NMDA
gave rise to inward currents of 1-2 nA in 32% of viahle oocytes from 3 animals.
No currents were elicited from oocytes injected with cRNA prepared from the
pSP64T vector. A clone from the lihrary, GluRR, contained a large insert and was
selected for sequencing. The putative 5' end displayed features of mRNA 5'
untranslated regions and 69 AAs of an open reading frame that hegan with a signal
peptide. Pairwise alignments with extant GluR sequences revealed significant
homology to several rat GluRs, especially GluRl (31% identical AAs/50% similar
AAs), the el NMDA receptor (2l %/5O%), and the glutamate hinding protein
(26%/46%). In situ hyhridization of adult rat hrain sagittal sections revealed signals
in the dentate gyrus and CA-1 and CA-3 fields of the hippocampus, the cerehellum,
inner and outer neocortex, and the striatum. These areas overlapped hut did not
precisely match those of other GluRs. Hyhridization of Northern hlots with GluRR
cDNA detected a 5.3 kh, hrain-specific mRNA. GluRR most likely represents the
first memher of ' a new GluR class.
Dr. Roginski is a FAER/Burroughs-Wellcome Young Investigator.

A NOVEL GENE IN THE CNS WITH INTERMEDIATE
HOMOLOGY TO NMDA AND NON-NMDA RECEPTOR
SUBUNITS. N.J. Sucher*. C.L. Chi. M. Awobuluvi. C.L. Leclerc.
D.L. Deitcher. and S.A. Lipton. Dept. of Neurology, Children's
Hospital, Harvard Medical School., Boston, MA 02115.
Emerging evidence suggests that the full complement of NMDA
receptor activity in the CNS cannot be accounted for by the NMDA
receptor subunits published to date. We used degenerate PCR primers
with homology to NMDA receptor Subunits to investigate whether the
brain expresses as yet uncharacterized NMDA receptor genes. A PCR
product with homology to the five known NMDA receptor subunits was
used to screen brain cDNA libraries with high stringency. Several
clones were sequenced and subcloned for oocyte expression. We
isolated a clone (clone 4) with an open reading frame corresponding to a
coding region of 1115 amino acids (see also Ciabarra et al., this
meeting). On the amino acid level, clone 4 shares 27% identity with
NMDAR1, ~27% to members of the NR2 class, and ~24% to the nonNMDA subtypes of glutamate receptor subunits. Structural analysis of
the amino acid sequence indicates the presence of 4 transmembrane
regions (TM I-IV), characteristic of ligand-gated ionic channels. The
presence of an arginine in putative TM II, similar to the Ca2+
impermeable form of GluR2, is different from other known NMDA
receptor subunits. The novel gene codes for an ~8 kb message that is
expressed in the brain. We are currently performing in situ
hybridization, and have also begun to express clone 4 in Xenopus
oocytes for electrophysiological and pharmacological characterization.
Antibodies are being developed for biochemical and histological studies.

310.3

310.4

CLONING AND CHARACTERIZATION OF A NOVEL MEMBER
OF THE GLUTAMATE RECEPTOR SUPERFAMILY.
A. M.
Ciabarra*! J. M. Sullivan?. L. G. Gahn! S. Heinemann2. and K. A. Sevarino!
IDivision of Molecular Psychiatry, Departments of Pharmacology and Psychiatry,
Yale University School of Medicine, 34 Park Street, New Haven, CT 06508;
2Molecular Neurohiology Laboratory, The Salk Institute, La Jolla, CA 92037.
Ionotropic glutamate receptors mediate the majority of rapid excitatory
transmission in the CNS. We have identified and cloned a novel member of the rat
glutamate receptor superfamily that has greatest homology to the NMDA receptor
family. The sequence of this receptor has an average amino acid identity of 27% to
the NMDA receptor family. Homologies to the AMPA, kainic acid, and delta
families are only a few percent less, with an average identity of 23%. This receptor
is encoded hy an 8 kb mRNA in all brain regions examined. While the mRNA is
widely expressed throughout the brain, it is not as highly expressed as other
glutamate receptor subunits. Although this receptor is most closely related to the
NMDA receptor family, the sequence of this receptor suggests that it may not
possess some of the properties associated with an NMDA receptor. All identified
NMDA receptors possess an asparagine residue in the second transmembrane region
which has been shown to be critical for calcium permeation. However, this receptor
does not possess an asparagine in this position. Expression and co-expression
studies in Xenopus oocytes with the clone are in progress. The clone was transiently
transfected into HEK-293 cells in order to study its ligand binding characteristics.
However, ligand binding was not observed with [3H]-CGP39653 or [3H]-kainate. In
vitro translation of this clone in a reticulocyte lysate system yielded a protein of the
correct molecular weight. In situ localization of the mRNA and characterization of
antisera are ongoing. During the course of these investigations, we learned that this
receptor was also being studied by Sucher et al. as described elsewhere in these
abstracts.

SELECTIVE BLOCKADE OF CALCIUM-PERMEABLE AMPA RECEPTORS
BY SPERMINE AND POLYAMINE ARTHROPOD TOXINS. M.S. Washburn*
and R. Dingledine. Dept, of Pharmacology, Emory University, Atlanta, GA 30322.
Recent studies have demonstrated that a variety of polyamine spider and wasp
toxins, known to block NMDA receptor channels, are also potent antagonists of
recombinant AMPA receptors that lack the GluR2 subunit (Blaschke et al., PNAS,
1993; Herlitze et al., Neuron, 1993). Here we demonstrate that the endogenously
occurring polyamines spermine (SP) and spermidine (SPD) also block AMPA
receptors expressed in Xenopus oocytes in a subunit specific manner. Thus, GluR2lacking receptors or unedited GluR2 receptors, which are Ca++*penneeble and have
inwardly rectifying current-voltage (I-V) relationships when activated by kainate,
were blocked reversibly in a use-dependent manner. In contrast, kainate currents
through receptors which contained the edited GluR2 subunit and had linear I-V
relationships were unaffected by the polyamines. The potency of blockade of GluR3
receptors hy SP and SPD (ICsos = 160 and 1000 gM at -70 mV, respectively) was
comparable to that reported for blockade of NMDA receptors (Rock and Macdonald,
Mol. Pharm., 1992) and was greater than for block of GluRl or GluR4 receptors.
This latter finding suggests that some determinants of antagonist actions of
polyamines are likely to lie outside the channel since the sequence of GluRl, 3 and
4 are identical in the first three putative transmembrane regions.
Polyamine toxins from the spider Agelenopsis aperta (Agel-489) and wasp
Philanthus triangulum (PhTx-433) blocked GluR2-lacking receptors at low
concentrations (GluR3 IC5os «* 0.08 and 0.8 gM at -70 mV, respectively). The
blockade was use- and voltage-dependent and very long-lasting. Recordings from
receptors mutated at an amino acid in the transmembrane region which controls
divalent cation permeabilty and rectification properties (the so-called Q/R/N site)
demonstrated that polyamine block of AMPA receptors is correlated with calcium
permeability and not inward rectification. Together with previous reports, these data
suggest that spermine-like polyamines, including the polyamine components of
wasp and spider toxins, may block all Cap-p-peenmable glutamate receptors and may
therefore serve as useful therapeutic agents in reducing Ca+"--a‘sxKiated excitoxicity
following stroke.

310.5
INWARDLY RECTIFYING KAINATE RESPONSES IN ACUTELY DISSOCIATED
HIPPOCAMPAL NEURONS FROM RATCA3 STRATUM RADIATUM. M. Numberaer. M.S.
Washburn and R. Dimlcdre* . Dept, of PharmacoL, Emory lUnversfcy, Atlanta, GA 30322.
RecemJy, a population of neurons In the rat hippocampus have been idetntifed that
show inwardly-rectifyi^ and calcium-permeable responses to exogenous application of
kainate (KA). While these responses have been elicited in a population of cells in neuronal
cultures of whole embryonic hippocampus, they have also been observed in so-called Type
II intemeurons inCA3 stratum radiatum In slices prepared from rats of postnatal days
3--5. Based on results of experimeints examining the properties of recombhant AMPA
receptors, it is possible that the characteristic responses of these cells might be
explained if these cells possess AMPA receptors that lack the GluR2 subunit. The
purpose of the present study was to use recordings from acutely dissociated CA3
stratum radiatum neurons to determine whether the rectificaton properties of a given
neuron can be correlated with the presence or absence of GluR2 mRNA in the same cel
Whole-cell voltage clamp recordings were obtained from postnatal (P&-21) neurons
plated onto coated coversiips. As previously reported, inwardly rec^H^>irg KA (300 gM)
current-voltage (1-Y) relatwrehips were obtained from cells with small oval or spherical
somata, whereas other neurons in the stratum radiatum had linear or outwardly
rec^yt^ I-Ys. The neuron under study was then aspirated and its cytq?lasmic mRNA
served as a source of material for subsequent reverse transcription RT products were
were used as templates for two rounds of nested PCR to iderntify GkjRV4 mRNAs
expressed by individual cells. In many cells, KA rectification propertes correlated well
with absence or presence of GluR2 mRNA, although some cells with inwardly rectf^j^ng
I-Ys contained substantial GluR2 message.
Joro spider toxin, phiilanthot:©xitr-433 and Agel-4B9 (each 3 gM), polyaminscontaning arthropod toxins that selectively block recombinant GbR2-lackhg AMPA
receptors (see Washburn and Dingledine, this meetng), produced a large voltagedependernt reduction of KA (300 gM) responses in cells with inwardly rectify'»1g I-Y
relationships. In contrast, -the toxin had only small effects on other stratum radiatum
rrteneurons or CA3 pyramidal cells that had Inear or outwardly rec^ylng KA I-Y curves.
These findings sug^st that polyamine tox'ns may serve as useful tools in examining the
relatve contribution of GluR2-lacking AMPA receptors to the whole-cell KA response of
neurons in the CNS.
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CHARACTERIZATION OF AMPA RECEPTOR mRNA EXPRESSION IN
SINGLE CULTURED RAT NEOCORTICAL NEURONS. H ,S. Yin?* and D . W .
Choi. Dept, of Neurology and Center for the Study of Nervous System Injury,
Washington Univ. School of Medicine, St. Louis, MO 63110.
Fourteen different ionotropic glutamate receptor (GluR) subunits, not including
various alternatively spliced and edited isoforms, have been cloned from the rat
CNS. Since differences in suhunit expression may underlie differences in the
vulnerability of certain neuronal subpopulations to glutamate agonists, we have
begun to measure AMPA receptor mRNA levels in cultured rat cortical neurons.
Cellular RNA from neurons (DIV 7-30) was harvested through a patch clamp
recording electrode and amplified. Both RT-PCR and the transcription-based
amplification system (TAS) developed hy Eberwine et al. (PNAS 89:3010, 1992)
were employed. RT-PCR after one round (35 cycles) revealed AMPA receptor
GluRl mRNA in all neurons (12/12, randomly chosen), whereas the other AMPA
receptor mRNAs were detected with lower prevalence. The relative number of cells
expressing each subunit was as follows: GluRl > GluR2 > GluR3 > GluR4. The
presence of GluRl mRNA in these cells was confirmed by the TAS method where
amplified antisense RNA was used to probe slot-hlotted GluR cDNAs. While only a
small subset of cultured mouse cortical cells exhibit high GluRl immunoreactivity
(S. Reid et al., Soc. Neurosci. Abstr. 19:474, 1993), present data suggest that most
rat cortical neurons synthesize GluRl mRNA. This could he a species difference.
Alternatively, perhaps many cortical neurons translate only limited GluRl mRNA,
helow the detection threshold of immunocytochemistry, or express GluRl protein
only in distal neurites.
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GLUTAMATE RECEPTOR mRNA EXPRESSION IN SINGLE
CHICK NUCLEUS MAGNOCELLULARIS NEURONS. A.
Ravindranathan*‘-3. R. Temkin2. T.N. Parks3, and D.O. Smith1. Dept,
of Physiology1 and Neurosciences Training Program2, Univ. of

GLUTAMATE RECEPTOR mRNA EXPRESSION IN ENRICHED
POPULATIONS OF ISOLATED MOTONEURONS AND IN SINGLE
EMBRYONIC MOTONEURONS. R. Temkif*! A. Ravindranathan.
T.N. Parks2, and D.O. Smith1 Neuroscience Training Program!

Wisconsin, Madison, W1 53706 and Dept. of Neurobiology and
Anatomy3, Univ. of Utah, Salt Lake City, UT 84132.
There is physiologial evidence for developmental changes in the
expression of divalent cation-permeable kainate and NMDA receptors
in the avian cochlear nucleus magnocellularis (NM). To determine if
there are corresponding changes in receptor expression, we assayed
mRNA levels of glutamate receptor subtypes in single MN neurons at
various developmental stages. Total mRNA from one cell was reverse
transcribed to cDNA, and radiolabeled antisense RNA (aRNA) was
transcribed from this cDNA. The labeled aRNA served as a probe when
hybridized to cloned cDNA encoding GluRs 1 -7 and NR1. GFAP, an
astrocyte-specific marker, was also tested but not detected. Each of
these glutamate receptor subtypes was present in all neurons assayed at
ages E13, E18, and E2l. The relative abundances were similar for E18
and E2l: NR l>GluR7>GluR2=GluR3=GluR4=GluR5>GluR 1=GluR6.
This is different from the relative abundances in single a-motoneurons
at E6.5. We conclude that RNA encoding most, if not all, glutamate
receptor subtypes is transcribed in each MN neuron and that NR1 is the
most abundant at these developmental stages. Supported by NIH grants
NS 13600 (DOS) and DC00144 (TNP).

University of Wisconsin, Madison, WI 53706 and Dept, of Neurobiology
and Anatomy2, University of Utah, Salt Lake City, u T 84132.
Previously, we have shown by RT-PCR that mRNA encoding all
glutamate receptor subunits is present in an enriched population of
motoneurons isolated from embryonic chicks (E6.5). Since GluRs 1-4
exist in alternatively spliced forms (flip and flop}, we tested this RNA for
expression of these variants by restriction-enzyme analysis of cDNA
encoding the AMPA selective subunits. GluRl was present as both flip
and flop, GluRs 2 and 3 were present only as flip, and GluR4 was present
only as flop. Because contamination of the enriched population by other
cell types could occur, we assayed mRNA expression in single
motoneurons. Total mRNA from a single cell was reverse transcribed,
and radiolabeled antisense RNA (aRNA) was transcribed from the
cDNA. The aRNA served as a probe that hybridized to cloned cDNA
encoding GluRs 1-7 and NR1; astrocyte-specific GFAP was also tested
but not detected. Similar results were obtained from single CNS neurons
at later developmental ages (E18 and E2l). Thus, mRNA encoding
most, if not all, glutamate receptor subtypes--but not all splice variants—
is present in embryonic chick motoneurons. Supported by NIH grants
NS13600 (DOS) and DC00144 (TNP).
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FACTORS CONTROLLING THE EXPRESSION OF GLUR2 GENE
ISOFORMS. J. A. Izzo*. C. A. Sherman and J. W. Kusiak. Molecular
Neurobiology Unit, GRC, NIA, NIH, Baltimore, MD 21224
Mutually exclusive splicing of the Flop and Flip exons of the
glutamate receptor subunit genes GLUR1-4, generates functionally
distinct protein isoforms. To investigate the mechanisms involved in
regulating the expression of these isoforms, we constructed a minigene
(WT) containing the Flip and Flop genomic region of the mouse GluR2
gene. We have utilized a quantitative RT/PCR assay to measure the
relative percentage of Flip and Flop forms. We have examined •
endogenous GLUR2 gene expression and that of our WT construct in
several cell lines. C6 glioma cells endogenously express GLUR2
mRNA with the Flip form accounting for 75% of the total GLUR2
message. The WT construct expressed in C 6 cells produced 97% Flop
form. HeLa cells do not express endogenous GLUR2, however RNA
from WT is spliced accurately with Flop utilized 98% of the time.
Splicing together of the flanking constitutive exons is seen in both cell
lines. A deletion analysis was conducted to identify important cis-acting
sequences. Deleting most of the intron between Flip and the
downstream exon increased Flip utilization to 50%. Unexpectedly,
deleting most of the intron upstream of Flop also increased the
utilization of Flip, although only to 22%. Deletion of the long
polypyrimidine tract between Flop and Flip resulted in 70% Flip form.
A l65bp deletion from -47 to -212 upstream of the Flip exon increased
the percentage of Flip to 60%. In conclusion, we have shown that
several deletions can effect the control of Flop and Flip exon utilization.
The ability of HeLa cells to splice both isoforms suggests that
recognition of the these exons may not require neuron -specific factors.

KCI CONTENT IN THE CULTURE MEDIUM OF CEREBELLAR GRANULE NEURONS
AFFECTS GluR2 mRNA LEVELS AND FUNCTIONAL RESPONSES OF CELLS TO
KAINATE. D. Milani.1 M. Favaron.1 P. Candeo? N. Gabellini.2 R.M. Manev.*4 D.E.

Pellearini-GiamDietro3 and H. Manev.4 FIDIA Res. Labs., Abano Terme, Italy! Dept.
Biol. Chem., Univ. Padova, Italy2; Dept. Pharmacol., Univ. Florence, Italy3; Medical
College of Pennsylvania, Pittsburgh, PA 15212 4

The amount of KCI in culture medium determines the pattern of glutamate receptor
expression in primary cultures of cerebellar granule neurons. This in vitro model
resembles the in vivo situation in which external stimuli modulate the expression of
kainate/aJpha-amino-3-hydroxy-5-methyl-4-isoxazoiepropionic add (AMPA) receptor
subunits. In this study, we address the crudal issue of what the functional implications of
altered receptor subunit expression are. Specifically, the relative hypo-expression of the
GluR2 subunit, which prevents caldum permeability of the kainate/AMPA receptor, has
been implicated in the occurrence of excitotoxirdty. In prrmary cultures of rat cerebellar
granule neurons, we determined the effect of KCI on the: 1) amount of GluR2 and GluRl
mRNA (Northern blot analysis); 2) kainate-stimulated single-cell calcium rise (d'gital
imaging fluorescent microscopy with fura-2); and 3) kainate-induced cell death [3-{4,5dimethytthiazo!-2-yl),5-dipheny1 tetrazolium bromide staining]. We found a greater
amount of GluR2 mRNA, a lower kainate-induced caldum rise (in both the presence and
absence of sodium), and a higher resistance to kainate toxicity in cultures grown with
higher concentrations of KCI (25-30 mM) than in cultures grown with lower
concentrations of KCI (10-15 mM). In addition, we found that kainate-induced caldum
increases in sodium-containing buffer were sensitive to blockers of voltage-operated
caldum channels only in cultures grown with higher KCI concentrations. The latter
suggests that more than one pathway (i.e., GluRs) can be responsible for the effect of
KCI on the type of kainate-induced response. Our results support the proposition for the
role of a switch in glutamate receptor subunit expression in neurodegenerative
pathophysiology.

310.11
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KAINIC ACID-INDUCED STATUS EPILEPTICUS ALTERS GLUR2 RECEPTOR
PROTEIN IN HIPPOCAMPUS PRIOR TO NEURONAL CELL LOSS. L.K.
Friedman*. M,-SegalA< J.M, AuerbachA. M.V.L. Bennett. S.L. Moshe.
and R.S. Zukin. Dept, of Neuroscience, Albert Einstein Coll, of Med.
Bronx, N.Y. 10461, AThe Weizmann Inst., Rehovot, Israel.
Seizures induced by kainic acid or kindling lead to alterations in
glutamate receptor gene expression. For example, expression of GluR2
mRNA (the AMPA/kainate receptor subunit that limits Ca2 +
permeability) is markedly decreased at times (12-24 hrs) preceding
obvious cell loss, assayed by standard histological methods (Friedman et
al, /. Neurosci., in press, 1994).
We examined GluR2
immunoreactivity (mB 3A11), neurodegeneration by silver impregnation,

NON-NMDA GLUTAMATE RECEPTOR (GluR) EXPRESSION
FOLLOWING FIMBRIA-FORNIX (FF) TRANSECTION. SD Ginsberg*!4,
DL Price1''*, and LJ Martin1,3,4. Departments of 'Pathology, 2Neurology,
and ’Neuroscience, 4Neuropathology Laboratory, The Johns Hopkins

and intracellular Ca2+ by Ca2+ imaging in adult rat brains at early times
after kainate-induced status epilepticus. In control adults, GluR2
immunoreactivity was prominent and uniformly distributed throughout
pyramidal and granule cell layers. At 12-16 hrs after status epilepticus,
GluR2 immunoreactivity was selectively reduced in CA3/CA4 pyramidal
cells similar to that observed for mRNA by in situ hybridization, no
silver impregnation of CA3/CA4 neurons was detected, and fura-2
imaging revealed increases in CA3/CA4 basal Ca2+ levels. At 24 hrs
after status, many pyramidal cells were silver impregnated and
neurodegeneration was apparent at 48hrs. Thus, changes in GluR2
receptor protein follow changes in GluR2 mRNA in the vulnerable
CA3/CA4 subfield prior to cell loss. These findings support the
hypothesis that decreases in GluR2 increases formation of Ca2+permeable AMPA/kainate receptors and enhances glutamate pathogenicity
in the CA3/CA4 area.
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University School of Medicine, Baltimore, MD 21205.
The FF comprises the major outflow pathway of the hippocampal
formation and subicular complex, two critical components of memory
systems that are severely affected in Alzheimer's disease. Glutamate is
the principal neurotransmitter, and GluR are believed to mediate synaptic
events on neurons interconnected by the fomical system, including cells
within the hippocampal formation, septum, and hypothalamus. We tested
the hypothesis that unilateral FF transection in adult male rats affects
non-NMDA GluR expression in a regionally selective manner. To
determine a time course of cellular events, rats were sacrificed at 3, 7, 14,
and 30 days postlesion for qualitative and quantitative analyses using
antipeptide antibodies directed against AMPA (GluR1-GluR4) and kainate
(GluR6-GluR7) receptors. Immunodot blots of regional brain tissue
homogenates prepared from 14-day postlesioned rats did not demonstrate
changes in GluR2/3 immunoreactivity within the lesioned hippocampus.
However, an increase in GluR2/3 immunoreactivity was observed within
the unlesioned hippocampus relative to the lesioned side and to surgical
controls. By immunocytochemistry, increased immunoreactivity is
localized to the stratum radiatum and stratum oriens of CA1 and CA3,
suggesting postsynaptic, dendritic sprouting of unlesioned hippocampal
neurons. In contrast, no changes in GluR2/3 immunoreactivity were
observed at 14 days postlesion within the septum or hypothalamus.
These changes are likely to reflect selective pre- and postsynaptic
reorganization of injured glutamatergic hippocampal circuits.
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DIFFERENTIAL ROLE OF TWO TYPES OF Ca2*-PERMEABLE NON-NMDA
GLUTAMATE CHANNELS IN RAT RETINAL GANGLION CELLS IN
INDUCING ELEVATED CYTOPLASMIC AND NUCLEAR Ca2* SIGNALS
T, Leinders-Zufall. M.N. Rand. S.G. Waxman and J.D, Kocsis*. Department of
Neurology, Yale University School of Medicine, New Haven, CT.
Increased [Ca2+]j can initiate a variety of cellular events from neurosecretion to
gene expression. Elevations in [Ca2+]j can arise from Ca2* influx via voltagesensitive Ca2* channels or receptor-operated Ca2*-permeable ion channels. This
influx can in turn release Ca2* from internal stores. Several recent studies have
reported high nuclear Ca2* signals in stimulated neurons, which may facilitate
activation of gene expression.
The Ca2* permeability of the non-NMDA glutamate receptor channel in neonatal
rat retinal ganglion cells was investigated using the whole-cell patch-clamp
technique and Ca2*-imaging with confocal microscopy. Kainate produced
nondesensitizing, nonselective cation currents. The Ca2* permeability experiments
indicated two populations of ganglion cells having kainate-induced currents with
either low or high Ca2* permeability. The permeability ratio Pca/Pcs were
calculated to be 3.3 for the type 1 currents and 8.5 for the type 2 currents. Imaging
experiments showed that kainate was able to induce an increase in intracellular Ca2*
in both types of ganglion cells, but only the type 2 ganglion cells showed a
substantial increase in cytoplasmic and nuclear Ca2* signals. When intracellular
Ca2* stores were depleted by brief treatment with thapsigargin, kainate no longer
induced large Ca2* signals in the cytoplasm and nucleus, despite normal influx of
Ca2* through the type 1 and type 2 non-NMDA receptors. The high Ca2*
permeability of the type 2 non-NMDA receptor indicates that it may contribute to a
variety of Ca2*-dependent processes in the retina, including Ca2*-induced Ca2*
release and amplification of cytoplasmic and nuclear Ca2* signals. The functional
properties of these two non-NMDA glutamate receptor types have important
implications for potential activation of gene expression. Supported by grants from
the Department of Veterans Affairs and the NIH.

CALCIUM ENTRY THROUGH KAINATE-ACTIVATED RECEPTORS IN RAT
DORSAL HORN NEURONS.
P.A. Goldstein, C.J. Lee, and A.B.
MacDermott*.
Dept, of Physiology & Cellular Biophysics and Center for

Neurobiology & Behavior, Columbia Univ., New York, NY 10032 and Dept, of
Anesthesiology, Columbia-Presbyterian Medical Center, New York, NY 10032
There is evidence that Ca2* entry occurs through non-NMDARs in rat dorsal
hom (DH) neurons (Reichling & MacDermott, 1993). Ca2* permeability of nonNMDARs depends on the presence or absence of the edited GluR-2 subunit,
in which mRNA editing has led to the substitution of a glutamine by an
arginine residue in the TMII region (Bumashev et a!., 1990). Using whole-cell
voltage-clamp methods, we examined Ca2* permeability of non-NMDARs in
cultured embryonic rat DH neurons. When Ca2* was the only permeant

extracellular cation (extracellular solution, in mM: NMDG 155, glucose 5.5,
HEPES 10, pH 7.3 -7.4 with HCI, and mOsm 325-330 with sucrose), 100 uM
kainate-evoked inward currents were present in 10/15 (67%) cells tested,
confirming Ca2* entry through the receptor. Ca2* permeability was quantitated
by comparing E** in Ca2* = 0.2 or 20 mM [extracellular solution, in mM:
NMDG 65, NaCI 70, KCI 5, glucose 5.5, HEPES 10]; the Pca/Pmonovaient for
kainate-activated receptors was smaller (mean + S.D.; 0.53 + 0.4; n = 32)
than for NMDA receptors (7.77 + 4.95; n = 8). The Pca/PonKvaient ranged from
0-134 for kainate-activated receptors, suggesting that non-NMDARs are
heterogeneous in DH neurons. Immunocytochemical staining for GluR-1,
GluR-2/3, and GluR-4 demonstrated variable levels of subunit expression
among DH neurons, further supporting the hypothesis that non-NMDARs are
heterogeneous. The physiologic consequence of Ca2* entry through these
receptors is not entirely known, but there is evidence that it may contribute to
Ca2* dependent desensitization of NMDARs (see abstract by Kyrozis et al„

1994) and thus play a role in modulating synaptic transmission. [Supported by
NIH Grants NS29797, T32-GM08464092 and the Foundation for Anesthesia
Education and Research]
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CHANGES IN L-GLUTAMATE AND NMDA-EVOKED ION CHANNEL ACTIVITY
IN RECONSTITUTED PREPARATIONS BY ANTIBODIES TO A GLUTAMATEBINDING AND CPP-BINDING PROTEIN. G.L. Aistrup*. K.N. Kumar. K.T.
Eggeman. R.L. Schowen. and E.K. Michaelis. Higuchi Biosciences Centers, Center for
Biomedical Research, Dept. of Pharmacology & Toxicology, DepL Biochemistry,
University of Kansas, Lawrence, KS 66047.

EXPRESSION IN BACTERIA AND SITE-DIRECTED MUTAGENESIS OF THE
GLUTAMATE-BINDING PROTEIN. O. Hong*S. Islam. P.S. Johnson. K.N.
Kumar and E.K. Michaelis. Department of Pharmacology and Toxicology and The
Higuchi Biosciences Center University of Kansas Lawrence Kansas, 66045.
We have previously reported on the isolation and the cloning of a glutamatebinding protein (GBP) which may be a component of functional glutamate receptors
in neurons (Kumar et.al., Nature.354,70,1994). E.coli cells fXL-1 Blue!
transformed with a pBS vector that has the cDNA for the GBP, express the GBP in
a state that binds L-[3H]glutamate with the same affinity as that of the protein
purified from the brain synaptic membranes. The ligand-binding activity of the
expressed protein was used to probe the effects of site-directed mutagenesis on the
ligand binding activity of the GBP. We have identified a 14 amino acid sequence
near the C terminal region which appears to play a dominant role in the expression
of glutamate binding activity in the GBP. Mutants which express a protein that has
the whole N-terminal region up to the putative transmembrane domain #4 removed,
exhibit higher levels of binding activity than mutants which have the 14 a.a.’s near
the C- terminal region deleted. The change in ligand binding characteristics of the
mutated protein in this critical region is a decrease in K for L-glutamic acid binding
to the protein. Larger deletions in the C-terminal region reduced the
to one-half
of the wild type GBP. These observations confirm the likely extramembranous
position of the C-terminal of the protein and indicate that expression of this protein
in bacterial cells provides a useful model for the study of ligand binding selectivity.
Because of these observations, the GBP was overexpressed in BL2l(DE3) cells
using a T7 RNA polymerase plasmid expression (pET) system. This high
expression system is currently being used to isolate substantial quantities of the GBP
expressed in bacteria. [Supported by grants AA 04732 and DAA1 0391-G-0167 and
a grant from Parke-Davis].

As previously reported, a group of proteins isolated from rat brain synaptic membranes

by L-glutamate affinity purification procedures exhibited ligand binding and ion-flux

response characteristic of an N-methyl-D-aspartate (NMDA) type receptor ion channel
complex upon reconstitution into lipid vesicles and incorporation into a planar lipid bilayer

membrane (PLM) system. After PLM incorporation, ion channel activity can be elicited with
either L-glutamate or NMDA, concomitant with glycine. These ion channels can be blocked
by MK-801 and/or ketamine and appear to have cation permeability for Na* and to lesser
degree, Ca2*. These preparations do not contain any traces of the NMDAR 1 receptor protein.

In order to determine which protein(s) are associated with this ion channel activity, purified

monoclonal and polyclonal IgGs raised against the 63-70 kDa glutamate-binding protein and
the 53-58 kDa CPP-binding protein were introduced into the PLM system.

indicate that three different effects were produced by these antibodies on

activity.

Initial results

the ion channel

1) When polyclonal IgGs to the glutamate-binding and/or CPP-binding proteins

were added to the PLM system in the chamber representing the “extracellular face” of the
putative ion channel complex, after about 10-20 minutes, channel activity was reduced by

about 20-40 percent. 2) When monoclonal IgGs to the glutamate-binding protein were
similarly introduced, 15-30 minutes later the channel activity was reduced to that of
background levels. 3) When polyclonal IgGs to the glutamate-binding protein is added to the
PLM system in the chamber representing the “cytoplasmic face” of the complex, channel

activity was potentiated within 5-10 minutes to levels greater than 50-100 percent of pre-

antibody addition activity. This potentiation was not observed when polyclonal IgGs to the
CPP-binding protein were similarly introduced.

These results indicate that the isolated

group of proteins form a new type of NMDA receptor-ion channel. [Supported by AAO4732,
DAA603-91-6-0167, and an unrestricted grant from Parke-Davis]
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AUDIOGENIC SEIZURE FREQUENCY CONTRIBUTES TO AN IMBALANCE BETWEEN GLUR1, GLUR2, AND GLUR3 SUBUNITS IN THE
FRINGS AUDIOGE1NC2SEIZURE SUSCEPTIBLE MOUSE. H.S. White*1.

NON-NMDA GLUTAMATE RECEPTORS ACTIVATE TRANSCRIPTION OF
NGFI-A AND C-FOS IN GLIAL PROGENITOR CELLS BY A CALCIUMDEPENDENT PATHWAY. M. Pende* and V. Gallo Lab. Cell. Mol.
Neurophysiol., NICHD, NIH, Bethesda, MD 20892.
Oligodendrocyte progenitors (O-2A) from rat cerebral cortex and from the
primary cell line CG-4 express distinct and functional populations of kainate- and
AMPA-preferring receptors. Activation of non-NMDA receptors promotes
transmembrane calcium influx that is only partially inhibited by the calcium
channel blocker nimodipine. Our goal is to determine whether activation of
ionotropic glutamate receptors regulates gene expression in O-2A progenitors and
to analyze the glutamate-activated mechanisms that initiate gene transcription.
Kainate, AMPA and glutamate (300 pM) induce a rapid increase of mRNA levels
for the immediate early genes (IEGs) c-fos and NGFI-A, as detected by Northern
blot analysis. The induction of IEG mRNAs is calcium dependent, since chelation
of extracellular calcium ions by EGTA completely blocks the effect of kainate.
The effect of excitatory amino acid on gene expression is not inhibited by the Ltype calcium channel blocker nimodipine (20 pM), indicating that calcium influx
through a different route is sufficient to increase IEG mRNAs. AMPA-preferring
receptors are directly involved in intracellular calcium and IEG mRNA regulation,
since the effects of kainate (30 and 100 pM) are greatly enhanced by cyclothiazide
(30 pM), that selectively suppresses desensitization at AMPA, but not kainate
receptors. The RNA synthesis inhibitor actinomycin D (5 pg/ml) completely
prevents the induction of IEG mRNAs by kainate. Runoff transcription assays in
nuclei isolated from O-2A progenitor cells after kainate exposure confirm that
glutamate receptor stimulation activates transcription of IEGs. Preliminary data
indicate that the phospholipase A2 inhibitor quinacrine (20 pM) blocks kainate
induced increase of c-fos and NGFI-A mRNAs. Phospholipase A2 is a calciumactivated enzyme that releases arachidonic acid from the membrane. Further
experiments will elucidate whether arachidonic acid may serve as intracellular
signal coupling non-NMDA receptor activation and EEG transcription.

Drug Development Program; Depts. Pharmacology & Toxicology, 2Human
Development and Aging, and Neurobiology and Anatomy, Univ. Utah, and SJL.C.
VA-GRECC, S.L.C., UT.
The Frings audiogenic seizure (AGS)-susceptible mouse possesses a geneticsusceptibility to sound-induced seizures which begins around 18-days-of-age and
lasts throughout life. Results from in vivo studies conducted in this laboratory
suggest that non-NMDA-preferring glutamate receptors contribute to their AGS.
For example, Frings mice were found to be 4 to 5 fold more susceptible to
quisqualic acid-induced tonic extension seizures than non-susceptible CF#l mice
at 3- (CD5O’s: 0.6 vs 2.5 pg i.c.v., respectively) and 7- (CD5O's: 1.6 vs 10.5 pg
i.c.v., respectively) weeks of age.
To assess further the role of non-NMDA receptors (GluRl, GluR2, and GluR3)
in the pathophysiology of AGS, qualitative immunohistochemistry was employed.
When compared to seizure-naive Frings mice (n=l2), marked region-specific
changes in the immunoreactivity of GluRl and GluR3 were observed in brain
slices of chronic seizure Frings mice (14 - 21 seizures; n=l6). Specifically, GluRl
expression was substantially elevated in the nucleus accumbens (11/16) and was
often associated with altered staining in the bed nucleus of the stria terminalis.
Relative to controls, GluR3 in the basolateral nucleus of the amygdala was reduced
to a less extensive pattern of expression in chronic seizure animals (7 of the 12
analyzed). Putative lesions that appeared to initiate in the nucleus accumbens or
dorsal hypothalamic region were also observed (9/16). No difference in GluR2
immunoreactivity between seizure-naive and chronic seizure Frings mice was
observed. These results may suggest that chronic seizures lead to an imbalance
between GluRl, GluR2, and GluR3 subunits. Whether such an imbalance
contributes to the genetic susceptibility of these mice to AGS has yet to be established. (Supported by NIH/NINDS Contract no. NO 1-NS-9-2328)
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THE
HUMAN
NMDAR2C
SUBUNIT
IS
STRUCTURALLY
AND
FUNCTIONALLY DISTINCT FROM THE RAT NMDAR2C.
L_. E\
Daggett, C.-C. Lu, J. Crona, S. D. Hess*. B. C. Johnson,
S. B. Ellis and G. Velicelebi. SIBIA, Inc., La Jolla, CA
92037.
Overlapping cDNAs encoding the human NMDAR2C receptor
were isolated from cerebellar cDNA libraries using a PCR
fragment encoding the transmembrane regions of the human
NMDAR2A sequence.
The deduced amino acid sequence of
human NMDAR2C cDNA contains 1236 amino acids. Although
the overall sequence identity between the human and rat
sequences is 88.5%, the 3' region from Gly-925 to Val1236 displays only 71.5% identity. Analysis of the 3' end
of human and rat genomic DNAs by Southern hybridization
and sequencing has revealed that the 3'
sequence
divergence between human and rat DNAs results from a
difference in their genomic structure rather than
alternative
splicing.
Three
alternatively-spliced
isoforms of the human NMDAR2C receptor were also
identified.
In Xenopus oocytes co-injected with human
NMDAR1A and NMDAR2C transcripts, application of 10 pM
glutamate and 10
glycine elicited inward currents
which were not significantly different from those
observed in oocytes injected with human NMDAR1A alone.
Comparison of the glycine and NMDA sensitivities of the
inward current in lA/2A/2C-injected oocytes with those of
1A/2A-injected oocytes indicated that the recombinant
human NMDAR1A/2A/2C receptor is more sensitive to glycine
and NMDA than the human NMDAR1A/2A receptor.

AN ANTIBODY TO GLUTAMATE RECEPTOR DELTA SUBUNITS.
Mayat. R.S. Petralia. Y-X. Wang and R.J. Wenthold*. Laboratory
of Neurochemistry, NIDCD, NIH, Bethesda, MD 20892.
Two members of the glutamate receptor (GluR) superfamily,
delta-1 and delta-2, have been identified by homology screening
of cDNA libraries. While they have a weak homology (14-28%)
to other GluRs, these putative GluRs do not form functional ion
channels when expressed either alone, in combination with each
other or with other GluRs. To study the distribution and the
biochemical properties of the delta subunits, an antibody was
made to a C-terminal peptide of delta-2. Positive staining of
Western blots was obtained for human embryonic kidney 293
cells transfected with delta-2 cDNA and those transfected with
delta-1 cDNA. Western blot and immunocytochemical analyses
showed marked expression of delta in the cerebellum while lower
levels were detected in the spinal cord, brainstem and
hippocampus of the adult rat. Light and electron microscopy,
respectively, demonstrated dense immunostaining in Purkinje
cells and in postsynaptic densities of the parallel fiber-Purkinje
cell synapse. Binding of radioactive GluR ligands, 3H-glutamate,
3H-AMPA and 3H-kainate, to solubilized cerebellar membranes
was not reduced following immunoprecipitation with the delta-2
antibody. Immunoprecipitation of Triton X-100 solubilized
cerebellar membranes with delta-2 antibodies did not coimmunoprecipitate other GluR subunits including GluR 2/3,
GluR6, NR1, NR2A/B, KA2 and mGluRlalpha. These results
suggest that the delta subunits are not part of AMPA, kainate,
NMDA or metabotropic receptor complexes.

EXCITATORY AMINO ACID RECEPTORS: TOPOLOGY
311.1

311.2

SECONDARY STRUCTURE OF THE NICOTINIC
ACETYLCHOLINE RECEPTOR'S (AChR) TRANSMEMBRANE
DOMAIN.
F. Hucho*. U. Gdrae-Tschelnokow, A.
Strecker.
Institute of Biochemistry, Freie
Universitat Berlin, 14195 Berlin, Germany.

IMMUNOLOCALIZATION AND MEMBRANE TOPOLOGY OF THE
MAMMALIAN 5HT3 SEROTONIN-GATED CHANNELS. P. Seguela.
1. Mukerji, E. Dumont and D. Baxter*. Neurobiology Unit, Montreal
Neurological Institute, McGill University, Montreal, Quebec, Canada
H3A 2B4.
To visualize the rodent 5HT3 gene product in situ, polyclonal antibodies
were raised against GST and MBP fusion proteins containing non conserved
segments of the cytoplasmic loop (amino acids 334-449) between putative
TMD3 and TMD4. Positive sera were affinity-purified and their
specificity was checked in Western blot of membrane proteins prepared
from brain, PC12 cells or Sf9 cells, Xenopus oocytes and transfected Cosl
cells expressing wild-type mouse 5HT3A subunits (cDNA kindly provided
by A. Maricq, UCSF). To detect translated full-length 5HT3A subunit, the

Treatment of receptor-rich membranes
prepared from Torpedo californica electric
tissue with proteinase K results in an AChR
preparation devoid of extra membrane protein.
FTIR spectroscopy showed that the intraroedorane
protein contains about 50% each beta-structure
and alpha-helices.
Investigating the linear
dichroism of an oriented membrane preparation
indicates no uni-directional orientation of the
beta structures. These results disagree with
current models of the transmembrane folding of
the receptor,
including results from other
laboratories, a model is proposed which depicts
the transmembrane domain as being composed of a
pore-forming helical bundle, surrounded by beta
strands which may serve as a scaffold,
supporting the correct and flexible channel
structure.

311.3

BIOCHEMICAL CHARACTERIZATION OF NMDA
RECEPTOR STRUCTURE USING SUBUNIT SPECIFIC
ANTIBODIES Y, A. Sheu *. M.J. Gallagher. D.R. Lvnch. and D.B,
Pritchett. Department of Phanmacology, University of Pennsylvania;
Department of Neurology and Pediatrics, Children's Seashore House,
Philadelphia PA, 19104
Native NMDA receptors are currently believed to exist as
heteromeric combinations of type-1 and type-2 subunits. Little is
known about the subunit constitution or stoichiometry of
physiologically functional receptors, although it is likely that
expression of different combinations of receptor subunits yield
receptors with distinct pharmacologies. Polyclonal antibodies have
been raised against the NMDA type-2 subunits 2A, 2B, 2C, and 2D by
injection of either fusion proteins or peptide conjugates containing
subunit selective sequences. Likewise, antibodies against the Nterminal insert and alternate C-termini of the NMDA type 1 subunit
have also been produced. We have verified antibody specificity by
western blot analysis. Each of the type-2 subunit antibodies recognize
proteins of 175-180 KDal isolated from both human kidney 293 cells
transfected with the appropriate DNA and from native brain tissues,
which is consistent with the predicted molecular weight of the type-2
subunits. Using these antibodies we have correlated the expression of
different combinations of NMDA type-1 and type-2 subunits with
unique binding phenomena. In addition, the use of these antibodies in
immunoprecipitation experiments will allow determination of the
stoichiometries and composition of subunits in physiologically
relevant receptors, and examination of the developmental correlate of
NMDA subunit expression.
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predicted stop codon was mutated by PCR to add in-frame hydrophilic
epitope tags recognized by characterized monospecifc Abs. Tagged 5HT3A
subunits were heterogously expressed in Xenopus oocytes and shown to
behave electrophysiologically like wild-type curare-sensitive
serotoninergic receptors, suggesting that modification of the C-terminal
domain of ligand-gated channels subunits does not interfere with
assembly or activation. The possibility to add silent artificial epitopes
to the channel subunit allowed us to study its modalities of association in
immunoprecipitation and the membrane topology of the mutated region
using immunolocalization in heterologous expression systems.
Localization of serotonin-gated cation channels at the cellular level will
precise the distribution and identity of neurons integrating fast
serotoninergic inputs in central and peripheral nervous systems.
(Supported by MRC, MT-12549)

311.4
CYSTEINE-SUBSTITUTIONS REVEAL STRUCTURAL ASYMMETRY
OF THE ION PORE IN NMDA RECEPTOR CHANNELS. T. Kuner.

P.H. Seeburq*. B. Sakmann. Center for Molecular Biology and MPI
fur Medizinische Forschung, 69120 Heidelberg, Germany.
Ionic fluxes mediated by ion channels are determined by the

structure of the ion pore. To investigate the NMDA receptor

channel, we replaced single residues of the putative pore lining
segment (TM2 region) in the NR1

and NR2C subunits by

cysteines. After coexpression in Xenopus oocytes of any one
mutant subunit with its wild type partner subunit we probed

the resulting channel with methanethiosulfonate (MTS) derived
compounds capable of covalently modifying cysteine residues

(Akabas et al., 1992,

Science 258:307).

When replaced by cysteines and treated with MTS, a
critically important asparagine position (equivalent to the Q/R
site in AMPA receptors) and a position located two residues

further towards the C-terminus of the NR1

and the NR2C

subunits exhibited a robust and persistent inhibition of the
current amplitude. Hence, these positions are exposed to the

lumen of the

ion

pore.

However,

they

are

not

equally

accessible to MTS derivatives of different size, suggesting a
structural asymmetry which might be functionally correlated to

the unequal contribution of NMDA receptor subunits to

blockade and Ca2+ permeability (Burnashev et al.,
Science 257:1415).

Mg2+

1992,
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AN ADDITIONAL TRANS MEMBRANE DOMAIN IN THE AMPA
RECEPTOR SUBUNIT GLUR3. JA Bemet*. W. Escobar, and R. D'mdedine.
The Departments of Pharmacology, The Unvcmsty of N. CaroWna, Chapel Hill, NS
27599 and Emory University, Atlanta GA 30322.
The glutamate receptors are thought to belong to a superfamily of ligand gated
ion channel receptors defned in part by a common trar&memb--ane tropology
based on hydrophobicity analysis. The most well-studied member of this family
is the nicotinic acetyh:hoine receptor which has four trasrniembranie domains
with both the N-terminus and the C-teminus intracellular. Understanding the
stiuicture function relationship of AMPA receptor channels requires an accurate
typological model. This study evaluates the trarsmembrane topology of the
AMPA receptor suburnt GluR3 by three ndcpenderrt methods. We found all N linked glycosylation sites in the ^terminal region of GluR3 were used in an h
vitro tr" relation assay in the presence of microsomes suggesting the Ntemiinus is extracellular. A prolactin epi-tope was fused to the C-terminus of
GluR3 and the chimera was in vitro translated in the presence of microsomes.
The epitope was available to proteinase-K digestion without permeabllizing the
microsomal membrane, ndicatftg the extramicrosomtal or ntraceWlar locaton of
the C-terrnnus. An epitope fused to the flip/fkp region of GluR3 was found only
to be accessible to proterase-K following permeabilization of the microsomes,
indicating the crtramicrosomai or extracellular location of the flip/flop region
contrary to the current topological model. Supporting this, an N-Iidked
glycosylation site merted 22 amino acids 5' to the flip/f lop region was
glycosylated in the in vitro translation assay. A phosphorylation site was
inserted 40 amino acids 5' to the inserted glycosylation site. This region was
phosphorylated in the in vitro translrtion assay with microsomes by the
catalytic subunit of PKA rdic atrg the extramitcrcsmal or intracellular location of
this region. In conclusion, the N-terminus of GluR3 is located on the extracellular
surface as predicted, but the C-tetmnus is located on the intracellular surface.
The flip/f lop region is not located within a large intracellular loop, but is located on
the extracellular surface. The region upstream of the flip/f lop cassette also
thought to reside in this large intracellular loop is located intraceHularly. These
results support an additional taarsmembrane domain between the current TM3
and TM4 in GluR3.

TRANSMEMBRANE TOPOLOGY OF AMPA/KAINATE
RECEPTOR SUBUNITS REVEALED BY POST-TRANSLATIONAL
MODIFICATIONS. KAY. Roche*, C.D. Blqck$tong, J.P. Bernhardt,
and R.L. Huganir. Dept, of Neuroscience, Howard Hughes Med.
Inst., Johns Hopkins Univ. School of Med., Baltimore, MD 21205.
AMPA/kainate glutamate receptors are oligomeric complexes
composed of homologous subunits (GluRJ-7; KA 1-2). The initial
proposed transmembrane topology of these subunits included four
transmembrane domains with the N and C termini located
extracellularly. This model was largely conjectural, based on
hydrophobicity analyses and comparison to the proposed topology of
other ligand-gated ion channel subunits. In order to determine which
regions of the AMPA/kainate subunits are intracellular and which are
extracellular, we have investigated both glycosylation and
phosphorylation of these subunits using site-directed mutagenesis. Asn
720 of the glutamate receptor subunit GluR6 is glycosylated in 293
cells transfected with the GluR6 cDNA. This provides convincing
evidence that this residue is extracellular, contrary to the previously
accepted topology model in which this residue was located in the major
intracellular loop between TM3 and TM4. In additon to mapping
glycosylation sites, phosphorylation of the AMPA receptor subunit
GluRl is being investigated to determine which regions of this receptor
subunit are intracellular and therefore accessible to protein kinases.
Using these strategies we have proposed a new transmembrane
topology model for the ionotropic glutamate receptor subunits
consisting of five transmembrane domains and the C terminus located
intracellularly.
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POST-TRANSLATIONAL

GLUTAMATE

POSTTRANSLATIONAL MODIFICATION

PALMITOYLATION

OF

A

RECEPTOR. D.S. Pickering* and D.R. Hampson.

Faculty of Pharmacy, University of Toronto,Toronto, Ont., Canada. M5S 2S2
Within the last few years it has become apparent that many G-protein
coupled receptors undergo a post-translational modification, palmitoylation,
whereby a C-,g fatty acid chain is covalently attached to the receptor (e.g.
P2AR, D-|R, 5-HTit>R).

Palmitoylation is thought to occur as a thioester

bond at a cysteine residue C-terminal to TMD7 in these receptors (e.g.
P2AR). We investigated whether the G-protein linked metabotropic receptor
mGluRla, expressed in the baculovirus system, also is palmitoylated upon
metabolic labelling of the cells with [3H]palmitic acid. As a negative control
(for palmitoylation of viral proteins) we used the kainate receptor, GluR6,
expressed in the same system.
After solubilisation, immunoprecipitation, SDS-PAGE, Western transfer
and autoradiography, we observed no palmitoylation of mGluRl a but saw an
intensely palmitoylated GluR6 band. The sensitivity of GluR6 labelling to 1M
NaOH and 1M hydroxylamine (at pH 7.0- 7.4) indicates that attachment of
palmitate is via a thioester linkage (i.e. cysteine). Since GluR6 contains 12
cysteine residues, we are attempting to identify the site of palmitoylation
using a combination of deletion mutation and site-directed mutagenesis.
The functional role of palmitoylation is controversial in the case of G-protein
linked receptors and completely unknown in the case of ligand-gated ion
channels. Therefore, we are also interested in examining the functional
effects on GluR6 upon removal of this palmitoylation site.

(This work was funded by the Medical Research Council of Canada. D.S.P.
was supported by an NSERC Fellowship).

PHOSPHORYLATION OF GLUTAMATE RECEPTORS IN

CULTURED NEURONS AND MG1 INSECT CELLS.

F. A. Taverna* and D. R. Hampson. Faculty of Pharmacy,
University of Toronto, Toronto Ontario, Canada. M5S 2S2
Glutamate is the major excitatory neurotransmitter in the
mammalian central nervous system. Glutamate-mediated synaptic
transmission has been proposed to play an essential role in many
neuronal functions including memory and learning. Modulation of
glutamate receptor function by dynamic post-translational
modifications may play a key role in mediating the synaptic
plasticity involved in those processes.
We have previously reported the phosphorylation and
functional modulation of GluR6, a kainate-specific glutamate
receptor, by cAMP dependent protein kinase (PKA). These
studies were performed in recombinant systems; however, kainate
responses have also been shown to be modulated by PKA in
cultured neurons. We are presently investigating the metabolic
phosphorylation properties of glutamate receptors both in the
baculovirus expression system and in cultured neurons from
various brain regions including the cerebellum and striatum. We are
studying the regulation of phosphorylation by both endogenous
and synthetic modulators of PKA. Preliminary results indicate that
GluR6 is basally phosphorylated at a very low level when
expressed in MG1 cells. The phosphorylation can be significantly
increased if the cells are treated with Sp-cAMPs, a membrane
permeable PKA stimulator. Our work may lead to an understanding
of the methods of regulating glutamate receptor function in vivo.
(This work was funded by the Medical Research Council of Canada.
F.A. Tavema. was supported by an Ontario Graduate Scholarship.)
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PHOSPHORYLATION OF AMPA-TYPE GLUTAMATE RECEPTORS IN
PURKINJE CELLS DETECTED BY PHOSPHORYLATED FORM-SPECIFIC
ANTIBODY. K. Nakazawa1*. T. Tadakuma2. R. Yano1. K. Nokihara3. & Mf

CALMODULIN KINASE II AND PKC PHOSPHORYLATE A FUSION PROTEIN
DERIVED FROM THE C-TERMINAL REGION OF NMDAR2A. R.L.LICKTEIG
& M.D. BROWNING.* Dept. of Pharmacology, UCHSC Denver CO 80262.
NMDA receptors (NMDAR) are believed to play a critical role in neuronal
development, plasticity, and exicitotoxicity. They are thought to be a heterooligoroeric channel forming complex composed of various combinations of subunits
from two related gene families, NMDARl(NRI) and NMDAR2(NR2). We and
others have shown NMDAR function is enhanced by injection of PKC into
hippocampal (Wang et al., J. Physiol. 475:431, 1994) and spinal trigeminal neurons
(Chen and Huang, Neuron 7;3I9, 1991). Enhanced phosphorylation of a NR1 splice
variant by the PKC activator, TPA, has been demonstrated in cortical neurons and
in HEK 293 cells expressing homomeric NR1 receptors. However, the role that these
phosphorylation sites play in receptor function has been questioned by reports
showing that deletion of these sites does not alter TPA-mediated effects on NMDAR
function. To determine if phosphorylation of NR2 receptor subunits could account
for the PKC-mediated modulation, we constructed a fusion protein containing a Cterminal region of NR2A. PKC and CAM kinase II catalyzed the rapid and
stoichiometric phosphorylation of the NR2A fusion protein. PKA did not catalyze
significant phosphorylation of the fusion protein. The stoichiometry of CAM kinase
II phosphorylation was approximately 1 mol phosphate/mol fusion protein. PKC
catalyzed the incorporation of approximately 1 mol phosphate/mol fusion protein and
with long incubations (ca 45 min) approximately 1.8 mol phosphate/mol fusion
protein could be achieved. One dimensional phosphopeptide maps of the
phosphorylated fusion proteins revealed that the sites phosphoiylated by PKC and
CAM kinase II were both present on a fragment with an Mr of l8kD. Our data
suggest that PKC modulation of NMDAR function may be mediated via
phosphorylation of NR2 subunits. Our data also suggest that CAM kinase II may
play a role in modulation of NMDAR function. Supported by PHS AAO9675.

1Lab. for Neural Networks, Frontier Res. Prgm., The Inst, of Phys. and Chem.
Res.(RIKEN), Saitama 351-01; 2Dept. of Microbiol., Keio Univ. Sch. of Med.,
Tokyo 160; ^Biotechnology Inst. Dept., Shimadzu Corp., Kyoto 604, Japan.
Modulation of ionotropic glutamate (Glu) receptor function is a central
mechanism underlying synaptic plasticity and, in part, may be mediated by its
receptor phosphorylation. In the cerebellum, a long-term depression (LTD) of
synaptic efficacy between parallel fiber-Purkinje cell synapses has been
proposed as a model for motor learning and memory. At these synapses,
AMPA-selective subtype of ionotropic Glu receptors mediates excitatory
synaptic transmission, and a decrease in their sensitivity to Glu underlie LTD.
From the studies using activators and/or inhibitors of protein kinases and
phosphatases, it is suggested that AMPA receptor phosphorylation is involved
in LTD. To identify the sites of which are to be phosphorylated in the AMPA
receptors, in vitro phosphorylation assay was firstly performed using various
synthetic peptides of 12 amino acid residues which were chosen from the TM3
end to C-terminals of rat GluR2/3. The two peptides located in a large intracellular loop were effectively phosphorylated by protein kinase C. To confirm
whether these sites are phosphorylated in the brain, antibodies specific to the
phosphorylated peptide were prepared by extensive affinity-column purification,
and were characterized on Western analysis using PSD fraction purified from
rat cerebellar slices. One of the antibodies, 12P3. reacted with GluR2/3
subunits immunoprecipitated using an antibody against C-terminal fragment of
GluR2/3. 12P3-immunoreactivitv (IR) was clealy enhanced on the GluR2/3
band following application of Glu. Immunohistochemical experiment showed
the expression of 12P3-IR on Purkinje cells. These results indicate that AMPA
receptor subunits in Purkinje cells are phosphorylated in response to Glu, and
that 12P3 can be utilized to detect phosphorylation of AMPA receptors.
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MODULATION OF NMDA AND AMPA RECEPTORS IN ACUTELY ISOLATED
RAT SPINAL DORSAL HORN NEURONS BY CALCIUM/CALMODULINDEPENDENT PROTEIN KINASE II. M. Kolai. R. Ceme and M. Randid". Dept,

NMDA RECEPTOR MODULATION BY PROTEIN KINASE-C: PUTATIVE
REGULATORY PHOSPHORYLATION SITES. S.M. Logan, S.J. Chen,
and J.P. Leonard * Dept. Biol. Sci., University of
Illinois at Chicago, Chicago, IL 60607.
The NMDA receptor, a subtype of glutamate receptor, has
been implicated in a vide variety of neuronal processes
including synaptogenesis, neurotoxicity and LTP. Work in
our lab has shown that NMDA receptors expressed in
oocytes from total rat brain mRNA are selectively
enhanced ~2.4 fold by the addition of £-phorbol ester
dibutyrate (PDBu), a PKC activator.
We have found a
similar enhancement by PDBu when NMDA receptor clones,
isolated from rat (NR1) or mouse (f-1) were expressed.
Interactions between the NMDA receptor and PKC remain
elusive at the molecular level.
In support of our
hypothesis that PKC is acting directly on the receptor,
we are using site-directed mutagenesis (Ser to Ala or Thr
to Val) at putative PKC sites found in both the rat NR1
and the nearly identical Z-1 NMDA clones.
Five unique
sites, located between the TM3 and TM4 domains of the
receptor, were considered strong candidates for mutation
based on their sequence identity to PKC phosphorylation

of Vet. Physiol, and Pharmacol., Iowa State University, Ames, IA 50011.
There is evidence that the function of glutamate receptors can be regulated
by phosphorylation and that this mechanism could contribute to the
postsynaptic component of long-term potentiation and other forms of synaptic
plasticity. In this study we have examined whether calcium/callmodulindependent protein kinase II (CaM-K II) can regulate N-methyi-D-aspartate
(NMDA) and a-amino-3-hydroxy-5-methyl-4-isoxa2olepropionic acid (AMPA)
receptors in acutely isolated neurons from the laminae l-IV of the spinal dorsal

horn (DH) of young rats (7-14 days). Whole-cell voltage-clamp recording mode
was used to examine the effect(s) of CaM-K II, on the current responses of DH
neurons to NMDA and AMPA. Intracellular application of activated CaM-K II
(2OOnM, n=28) potentiated the responses evoked by NMDA (100/M+0.1 -1//M
glycine), and AMPA (3OjgM) compared to the heat-inactivated CaM-K II control
(n = 13). Furthermore, KN-62 (10//M, n=9), an inhibitor of CaM-K II prevented
the enhancement of the AMPA responses (133.6 ± 7.1%, n=12) induced by
CaM-K II. Our results suggest that the function of postsynaptic NMDA and
AMPA receptors of DH neurons can be regulated by the activity of CaM-K II
and that this regulation may contribute to control excitability of spinal DH
neurons and the plasticity of synaptic transmission. (Supported by NS-26352

and IBN-9209462).

motifs. All of these mutants, S676A, T683V, and S741A in
the NR1 clone and T683V and S748A in the f-1 clone,
however, yield currents that remain potentiated by PKC
activation. Ten other candidate sites, less similar to
the consensus motif for PKC, are under consideration.

312.7

312.8

PKC MEDIATED POTENTIATION OF NMDA RECEPTOR

PROTEIN KINASE C TRANSIENTLY ACTIVATES HETEROMERIC NMDA
RECEPTOR CHANNELS INDEPENDENT OF THE PHOSPHORYLATABLE
C-TERMINAL SPUCE DOMAIN AND OF CONSENSUS PHOSPHORYLATION
SITES. P. Malher.be*!. r . Bau2 and E. Sigefc. P Pharma Division.
Preclinical Research, F. Hoffmann-La Roche Ltd, CH-4002 Basel and
institute of Pharmacology, University of Bern, Switzerand

SUBUNITS BY g-OPIOID RECEPTOR ACTIVATION. Murat
Oz*. Li Zhang. Khalid Masood. and Forrest Weight. Lab. of
Molecular & Cellular Neurobology, NIAAA, NIH, Bethesda, MD
20892.
It has been reported that NMDA-activated current in trigeminal
neurons can be potentiated by activation of g-opioid receptor through
PKC {Neuron 7:319-326, 1991). We report at this meeting a study
on recombinant receptors expressed in Xenopus oocytes showing
that different combinations of NMDA receptor subunits exhibit a
differential sensitivity to activation of g-opioid receptors. This study
was designed to investigate the effects of the PKC activator, TPA,
and the PKC inhibitor, staurosporin, on this phenomenon. DAGO (5
gM) potentiated NMDA-activated current for the NMDA receptor
subunit combinations el/£l, and e2/Z 1, but not e3/Zl subunits. The
potentiation of el/Zl and e2/Zl could be blocked by pretreatment with
staurosporin, but not by 5 gM H89, a PKA inhibitor. TPA (1 gM)
potentiated the current for el/Zl and e2/£l subunits up to 256% and
343%, respectively. On the other hand, TPA significantly decreased
NMDA-activated current for e3/Zl subunits by 49±6% (n=6, p<0.01,
paired t test). The inhibition could be prevented by pretreatment with
5 gM staurosporin. The observations suggest that activation of gopioid receptors potentiate NMDA activated current of NMDA
receptor subunits el/Zl and e2/Zl through activation of PKC. The
insensitivity of the e3/£l combination to the potentiation by g-opioid
receptor activation may be explained by the different response of this
subunit combination to the activation of PKC by phobol esters.

We have expressed dual subunit combincrtions of isoforms of the
N-methyl-D-asparfate (NMDA) receptor. NR1 A-NR2A and NR1CNR2A, in Xenopus oocytes. We show that both forms of the receptor
are stereo-specifically activated by low concentrations (10 nM) of
4B-phorbol 12-myritfate 13-acetate, known to activate protein kinase
C (PKC). Activation is transient and rapidly decreases after reaching a
maximum after about 10 min, even in the continuous presence of
phorbol ester. 2 gM oleoylacetylglycerol had similar consequences.
NR 1C differs from NRA1 by a deletion of 37 amino acids that include
four consensus phosphorylation sites for PKC. The corresponding
peptide has been shown to become phosphorylated upon
activation of PKC in neurons (Tngley et al.. Nature 364, 70 (1993)).
Activity of NR1 A-NR2A and and NR1C-NR2A receptore could be
stimulated 3.5- and 7-fold. respectively. By site specific mutagenesis,
we removed 3 consensus, phosphorylation sites for PKC in NR1C and 1
in NR2A. Coexpression of the mutant subunits showed a similar
response to phorbol esters as wild type receptore. our data indicate
that neither the predicted consensus phosphorylation sites between
transmembrane sequences M3 and M4, nor the phosphorylatable
C-terminal splice domain is essential for the modulation of NDMA
receptors by PKC.

312.9

312.10

PKC ACTIVATION INCREASES PROTEIN PHOSPHORYLATION
OF THE NMDA RECEPTOR SUBUNITS NR2A AND NR2B IN
TRANSFECTED HEK 293 CELLS. E.T. Fung*. A.L. Mammen.
M.D. Ehlers. and R.L. Huganir. Dept. of Neuroscience, Howard
Hughes Medical Institute, Johns Hopkins University School of
Medicine, Baltimore, MD, 21205
The NMDA receptor plays a prominent role in models of
synaptogenesis, synaptic plasticity, and neurodegeneration. Members
from each of two subtypes of NMDA receptor subunits, NR1 and
NR2A-D, are thought to assemble in numerous combinations to form
heteromeric ligand-gated ion channels. Accumulating evidence
suggests that PKC may regulate these channels. We have previously
shown that the NR 1 subunit of the NMDA receptor is phosphorylated
by PKC. To determine whether PKC phosphorylates the NR2A and
NR2B subunits, we have transfected HEK 293 cells with either
recombinant NR2A or NR2B and incubated the cells with 32Porthophosphate. Following treatment of the pre-labelled cells with
either 100 gM TPA or vehicle alone, the subunits were
immunoprecipitated from detergent-solubilized cell extracts with
subunit-specific antibodies and analyzed by SDS/PAGE. TPA
treatment increased the phosphorylation of both NR2A and NR2B by
approximately two-fold relative to subunits immunoprecipitated from
control cells.
This result provides evidence that PKC may
phosphorylate NR2A and NR2B. Future work aims to identify the
precise phosphorylation sites on NR2A and NR2B and to examine the
possible functional significance of their regulation by PKC.

EVIDENCE THAT PROTEIN KINASE ACTIVITY MODULATES
NMDAR1 SUBUNIT EXPRESSION IN THE HIPPOCAMPUS AND
CEREBRAL CORTEX IN VIVO. T.A. O’Keefe*. M. Kihiko. Y. Goodman
and M.P. Mattson. Department of Clinical Sciences and Sanders B^o^'n
Center on Aging, University of Kentucky, Lexington, KY 40536.
The NMDA receptor plays a key role in synaptic plasticity and related
activity dependent processes in the CNS which form the basis for
neuronal development, learning and memory, and compensation for injury.
The NMDAR1 subunit of the NMDA receptor complex is the fundamental
subunit required for a functional receptor. In order to examine the
relationship between phosphorylation events and NMDA receptor
expression, we treated neonatal rat pups with the protein kinase
inhibitors, staurosporine or K-252b. These alkaloids are reportedly
inhibitors of protein kinase C, receptor tyrosine kinases, and cyclic
nucleotide- and calmodulin-dependent protein kinases. Pups were given
daily subcutaneous injections of staurosporine, K-252b (0.1 wg/g BW or
0.01 ug/g BW) or vehicle beginning on postnatal day 1 and continuing for
a 2 week duration and then sacrificed. We found an upregulation of the
NMDAR1 receptor subunit in the hippocampus and cerebral cortex of
staurosporine and K-252b treated rats at both the mRNA and protein
level as determined by RNAse protection assays and Western Blot
analysis, respectively. We are currently investigating the potential
protein kinases mediating these effects. Upregulation of the
fundamental subunit of the NMDA receptor by protein kinase modulation
suggests an important link between phosphorylation events in the CNS
and activity dependent neuronal plasticity.
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PHOSPHORYLATION OF NMDA RECEPTORS BY ENDOGENOUS
PROTEIN KINASES IN THE POSTSYNAPTIC DENSITY OF THE
RAT BRAIN. P.C. Suen*h2. K. Wu1^, r ,j , Wenthold3. S.Y. Lin*-2 and
I .B. Black!2. iDept. Neurosci. and Cell Biol., UMDNJ/RWJ Med. Sch.
and 2Program in Physiol, and Neurobiol., Rutgers-The State Univ. of NJ,
Piscataway, NJ 08854; 3Lab of Neurochem., NIDCD, NIH, Bethesda. MD
20892.
The N-methyl-D-aspartate (NMDA) receptors are involved in a
variety of brain functions, such as induction of a long lasting synaptic
changes associated with learning and memory. Molecular cloning revealed
that the receptors are composed of two distinct types of subunits,
NMDAR1 (NR1) and NMDAR2 (NR2A-NR2D). Our recent studies
indicated that NR1 and NR2A-C are enriched in the postsynaptic density
(PSD). Previously, we have shown that the isolated PSD contains several
intrinsic protein kinases, including PTKs, PKC, PKA and CaM Kinases.
Colocalization of NMDA receptors with these kinases in the PSD suggest
that the receptors may be regulated by the enzymes. Consequently, we
examined phosphorylation of the various PSD receptor subunits isolated
from cerebral cortex and cerebellum by endogenous protein kinases to
begin defining regulation of the receptors. Both immunoprecipitation and
Western blot analyses using specific anti bodies to the NMDA receptor
subunits were performed to verify specificity. Our studies revealed that
phosphorylation of NR1 and NR2A were significantly enhanced by specific
activators of CaM kinases or PKC, but not by those of PKA. The extent of
phosphorylation elicited by CaM kinases was greater than that by PKC.
Our present results, together with the previous findings showing
phosphorylation of NMDAR1 by PTK, suggest that the PSD is a coherent
functional unit containing enzymes that regulate receptor structure and
function.

TYROSINE PHOSPHORYLATION OF NMDA RECEPTOR
SUBUNITS. L.-F. LauAind R.L. Huganir. Howard Hughes Medical
Institute, The Johns Hopkins University School of Medicine,
Baltimore, MD 21205.
The N-methyl-D-aspartate (NMDA) receptor plays a critical role in the
induction of several forms of neural plasticity. NMDA receptors are
thought to be heteromeric complexes of at least two types of subunits,
the NR1 and NR2 (NR2A-D) subunits. A variety of studies have
suggested that protein phosphorylation of the NMDA receptor may be
important in the regulation of its function. In this study, we
investigated the possibility that NMDA receptor subunits are regulated
by tyrosine phosphorylation. Using affinity-purified antibodies against
the different NMDA receptor subunits (NR1, NR2B, and NR2A), we
immunoprecipitated these subunits from rat cerebral cortex synaptic
plasma membranes. The precipitated NMDA receptor subunits were
then immunoblotted using a monoclonal anti-phosphotyrosine
antibody. The NR2B subunit was phosphorylated on tyrosine
residues. Moreover, immunocytochemical staining of hippocampal
neurons in culture with antibodies against the NR2B subunit and
phosphotyrosine demonstrated that the NR2B subunit clustered and
colocalized with some of the phosphotyrosine staining. Tyrosine
phosphorylation of NR2A was also observed when synaptic plasma
membranes were incubated with ATP and tyrosine phosphatase
inhibitors. In contrast, the NR1 subunit did not contain any detectable
phosphotyrosine. These studies demonstrate that NMDA receptor
subunits are differentially phosphorylated on tyrosine residues and
suggest that the NMDA receptor is functionally regulated by protein
tyrosine phosphorylation.

312.13

312.14

RUNDOWN OF NMDA CURRENTS IN RAT SPINAL DORSAL HORN
NEURONS IS DUE TO ALTERATION OF PROTEIN TYROSINE
PHOSPHORYLATION. Y.T. Wang* and M.W. Salter. Div. Neurosci., Hosp.
Sick Children and Dept. Physiol. Univ. Toronto, Toronto, M5G 1X8 Canada.
NMDA receptor-mediated currents in cultured dorsal horn neurons ‘rundown’
to about 50% of their initial amplitude during whole-cell recordings. This

NR1-NR2A RECOMBINANT NMDA RECEPTORS EXPRESSED IN
CHO CELLS CAN HAVE DIFFERENT REDOX PROPERTIES
FA. Boeckman* and E. Aizenman. Department of Neurobiology,
University of Pittsburgh School of Medicine, Pittsburgh, PA 15261.
Chinese Hamster ovary cells stably expressing the NR1 subunit
(CHO-BA1 cell line) lack functional NMDA receptors unless
transiently transfected with NR2A (Boeckman & Aizenman, Neurosci.
Lett, in press). The sensitivity of NMDA-induced whole currents to
sulfhydryl redox reagents in CHO-BA1 cells transiently expressing

rundown can be prevented by including Mg-ATP or Mg-ATPyS in the
intracellular recording solution, suggesting that the rundown may be due to
altered protein phosphorylation. As NMDA receptors in dorsal horn neurons
are regulated by protein tyrosine kinases (PTKs) and phosphatases (PTPs) (Wang
and Salter, Nature, in press), in the present study we investigated the role of
tyrosine phosphorylation in the rundown of NMDA currents. Experiments were
done using whole-cell recording. The intracellular recording solution contained
(mM): CsCl 140, BAPTA 10, HEPES 10 and ±Mg-ATP 4. NMDA currents
were induced by pressure-ejection of L-aspartate (250 gM) at 1 min intervals.
When Mg-ATP was included in the intracellular recording solution, NMDA
currents were maintained over recording periods of more than an hour. However,
when the intracellular solution also contained peptide A (100 gM), a specific PTK
inhibitor, the currents declined progressively within 15 min and then stabilized at
63 ±6% (n=8) of the initial level. NMDA currents also declined to a stable level,
67±6% of initial (n = 5), when the intracellular recording solution was
supplemented with a truncated T-cell PTP (100 nM). Furthermore, the rundown
observed in the absence of Mg-ATP was prevented when neurons were pretreated
with genistein (100 gM), a membrane-permeant PTK inhibitor: NMDA currents
were 97±3% (n=5) after 20 min of recording. These results indicate that
rundown of NMDA currents in the dorsal horn neurons is mainly due to
tyrosine dephosphorylation. (Supported by Canadian MRC and Fealdman Fund.)

312.15
MODULATION OF NMDA RECEPTORS BY HYDROXYL
RADICALS IN RAT CORTICAL NEURONS IN VITRO.
E. Aizenman.* Department of Neusobioldgy, University of Pittsburgh
School of Medicine, Pittsburgh, PA 15261.
In previous work we demonstrated that oxygen-derived reactive
species generated by xanthine/xanthine oxidase (X/XO) could
modulate the NMDA receptor via its redox modulatory site
(Aizenman et al., Neuron 5,841; 1990). Here it is shown that hydroxyl
radicals are the likely agents responsible for NMDA receptor
oxidation following X/XO treatment. Spectrophotometric assays
revealed that the amounts of superoxide anion and H2O2 produced
by X/XO (ImM/O.O5U/Ml) were not decreased by the hydroxyl
radical-specific scavenger mannitol (10 mM). This sugar, however,
was effective in preventing most of the oxidizing action of NMDA
receptors by X/XO. Thus, a 1-2 minute treatment with X/XO
resulted in NMDA (30 pM)-mediated whole-cell currents that, in the
absence and presence of mannitol, were 55±1% (n=5) and 91 ±8%
(n=5) of the maximally potentiated currents recorded after a 2 min
treatment with dilhidthreitdl (DTT, 4 mM). By comparison, the
actions of the thiol oxidizing agent 5,5’-dileid-bis-ailsobenzdic acid
(0.5 m M, 1 min) on the NMDA receptor were unaffected by this

scavenger (45±3%, n = 6, and 47±9%, n = 9, of the maximally DTTpotentiated currents, in the absence and presence of mannitol).
Supported by NS29365.
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NR2A were compared to receptors expressed in native CHO-K1 cells
transiently transfected with both NR1 and NR2A. In both instances,
NMDA responses could be dramatically potentiated (3.5±0.6 and
3.1 ±0.7 fofdl by y ithththteitol (DDT, 4 mM) in a mannnr simdar to
native receptors (Tang and AizeaMaa, J. Physiol 465:303; 1993). In
contrast, 5,5’-dithid-bis-nltrobeazoic acid (DTNB, 0.5 mM) was
substantially less effective in reversing the actions of DTT in CHOBA1 cells (45.3±6.9% of the maximally potentiated currents) than in
CHO-K1 cells (29.6 ±4.8%). Thus, although in both instances the

NMDA receptors were composed of only NR1 and NR2A, different
subunit stoichiometry or possible differences in the subunit
arrangement may have rendered the receptor with varying degrees of
sensitivity to oxidizing agents. This suggest that the properties of the
NMDA receptor redox modulatory site may be critically dependent
upon subunit interactions. Supported by NS29365.
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MOLECULAR CLONING, TISSUE DISTRIBUTION AND CHROMOSOMAL
LOCALIZATION OF A NOVEL MEMBER OF THE OPIOID RECEPTOR
GENE FAMILY. Y, Chen*. Y. Fan, J, Liu, A. Mestek. M. Tian. C, A. Kozak1
& L, Yu. Dept, of Med. & Mol. Genetics., Indiana Univ. Sch. of Med.,
Indianapolis, IN 46202; 'Lab. of Mol. Microbio., NIH, Bethesda, MD 20892.
A cDNA was isolated from rat brain by low stringency hybridization with the
rat i opioid receptor cDNA. Sequence analysis of this clone indicated that it
contains an open reading frame capable of encoding a 367 amino acid protein.
The deduced amino acid sequence of this protein shows high degrees of
homology to all three opioid receptors, i, k , and 5. RNA blot analysis detected
high level expression of the receptor mRNA in the brain. Southern blot analysis
suggests that it is a single-copy gene, and mapping studies localized the gene on
mouse Chromosome 2. Reverse transcription PCR with the rat brain total RNA
was used to estimate the relative mRNA abundance of all four members of the
opioid receptor gene family in the brain. The results suggest that the i receptor
mRNA has the highest abundance of -68%, followed by -14% for 5, -10% for k
and -8% for this new clone. Despite the high sequence homologies between this
protein and the other opioid receptors, expression studies of this clone in COS-7
cells did not show binding to pHjdiprenorphine. Furthermore, coexpression of
this receptor with a G protein-activated potassium channel in Xenopus oocytes
did not show functional coupling upon stimulation with i, k and 5 agonists.
Given the similar degrees of high homology to the i, k and 5 opioid receptors
and the lack of apparent affinity for their ligands, this receptor does not appear
to belong to any of the three known classes of opioid receptors. Rather, it
represents a novel member of the opioid receptor gene family, not identified
from previous pharmacological studies.

PHARMACOLOGICAL
AND
FUNCTIONAL
CHARACTERIZATION OF A PUTATIVE MEMBER OF THE
OPIOID RECEPTOR FAMILY J.R. Bunzow.* R. Maneckiee. A.
UnteutSQh, 0, B.ouvigU 3._Hggen_WLZhu, and D, Qrandy, Vollum
Institute, OHSU, Portland, Oregon, 97201.
Previously we have described the cloning of a novel G-protein
coupled receptor, LC132, which structurally appears to be highly
homologous to the known cloned opioid receptor subtypes.
However, when a variety of radioligands which are selective for the
three major opioid receptor subtypes were used in binding analysis
of heterologous cell lines expressing the LC132 clone, we were
unable to detect any specific binding. Further investigations are
being carried out to determine from binding and functional assays
whether LC132 is a previously undefined receptor or a nonconventional member of the opioid receptor family. Data will be
presented from these studies which should help elucidate the
relationship of the LC132 receptor to the opioid receptor family. In
situ hybridization analysis of the LC132 localizes this receptor to
areas in the limbic and cortical areas of the brain as well as the
spinal cord which correspond to pathways thought to mediate
analgesia and pain perception. Based on these findings we propose
that LC132 is a new member of the opioid receptor family with a
unique pharmacological profile which may have a role in analgesia.

313.3

313.4

CLONING AND CHARACTERIZATION OF A NOVEL OPIOID
RECEPTOR ASSOCIATED WITH KAPPA, OPIOID ANALGESIA.
Y.X. Pan. J. Xu. J. Cheng. A.I. Brooks. H. Furneaux* and G.W.
Pasternak. The Cotzias Laboratory of Neuro-Oncology, Memorial SloanKettering Cancer Center, New York, NY 10021
Using a PCR-based approach, we isolated a portion of cDNA which
appeared to be an opioid receptor homolog. To determine whether it might
correspond to an opioid receptor, we explored its function using an antisense
oligodeoxynucleotide and observed that in vivo it selectively blocked the
analgesic actions of the kappa3 analgesic naloxone benzoylhydrazone
(NalBzoH). The cloned complete coding region from a mouse cDNA library
predicts a protein of 368 residues with a calculated molecular weight of
41,065 daltons. Kyte-Doolittle analysis shows a predicted protein containing
seven transmembrane domains, typical of the G-protein-coupled receptor
family. Comparison of its amino acid sequence to the published opioid
receptors indicates a great degree of conservation with mu, delta and kappa,
receptors, especially in transmembrane and intracellular regions, but
divergence in N- and C-terminal and extracellular regions. Functionally,
transfection of the cDNA into COS cells results in inhibition of liganddependent adenylate cyclase activity with a selectivity profile distinct from
those of traditional mu, delta or kappa, receptors. The expressed protein is
recognized by a highly selective monoclonal antibody against kappa;, receptor
using Western blot analysis. At least two isoform(s) of this opioid receptor
have been indentified, presumably reflecting alternative RNA splicing. These
results further support the notion that there exists a novel class of opioid
receptor.

AN ANTISENSE OLIGODEOXYNUCLEOTIDE TO A NOVEL
OPIOID RECEPTOR BLOCKS KAPPA, ANALGESIA J. Cheng*. YX Pan. J. Xu-Pan and G. W. Pasternak. The Cotzias Laboratory of
Neuro-Oncology, Memorial Sloan-Kettering Cancer Center, New York,
NY 10021
Kappa3 opioid receptors, initially defined on the basis of binding
studies, have a very high density in the brain, typically twice that of
traditional mu and delta receptors, and a distinct binding profile. Highly
delta and kappa, selective ligands do not label this site and most mu
ligands have affinities approximately 10-fold lower. Major differences in
binding differentiate this site from the proposed kappas receptor.
Additional studies exploring kappa3 actions have established a unique
analgesic profile consistent with a novel class of opioid receptor. The
analgesia is inse^itive to selective mu, delta and kappa, antagonists and
shows no cross tolerance with the other classes. The recent cloning of
mu, delta and kappa, receptors enabled us to carry out antisense studies
on their pharmacology.
In brief, antisense oligodeoxy-nucleotides
directed at a specific opioid receptor down-regulated the activity of that
receptor alone. Using PCR approaches, we have identified several PCR
fragments with high homology to the published opioid receptor clones.
Antisense oligodeoxynucleotides directed at one of these products
administered i.c.v. blocks the analgesic actions of the kappa3 opioid
analgesia NalBzoH without interfering with morphine or DPDPE
analgesia. Mismatch and sense oligodeoxynucleotides are without effect.
We have sequenced the full length cDNA clone and are characterizing it
further.

313.5

313.6

CLONING OF HUMAN OPIOID RECEPTORS. J. Zhu*. C. Chen.
J.-C. Xu . S.P. Kunapuljl. J.K, DeRieU. J.K, FangL N.G.
Avadhani 2 and L.-Y, Liu-Chen. Depts. of Pharmacology and
Physiologyi, and Fels Institute2. Temple Univ. Sch. of Med.,
Philadelphia, PA. 19140. Dept. of Animal Biology3, Sch. of Vet
Med., Univ. of Pennsylvania, Philadelphia, PA. 19104.
Opiates and opioid compounds act on cell-surface receptors to
regulate many physiological functions. The presence of three types of
opioid receptors - g, k , 5 - in the peripheral and central nervous
system has been established by pharmacological and binding studies.
Subtypes of g, k and 5 receptors have also been demonstrated.
Recently, one subtype of each of g, 5 and k receptors have been
cloned from rodents. This study was carried out to clone human
opioid receptors and possibly other receptor subtypes and to
investigate the properties of cloned receptors . A human brain cDNA
library was screened under low-stringency conditions with rat k and g
receptor cDNAs. Twenty-nine positive clones were isolated and their
nucleotide sequences determined. On the basis of sequence similarity
to rodent opioid receptors, one full-length g receptor, one partial k
receptor and one full-length orphan receptor that has high similarity to
g, k and 5 receptors were identified. The partial k receptor was used
to screen cDNA and genomic libraries to obtain the full-length
sequence. We are in the process of expressing these clones for
functional characterization and compare their characteristics to those of
rat receptors. Sequences of fourteen clones are still being determined.
(Supported by NIDA grant 04745)

HUMAN OPIATE RECEPTORS: cDNA AND GENOMIC CLONES,
PHARMACOLOGIC CHARACTERIZATION AND CHROMOSOMAL
ASSIGNMENT. Jia-Bei Wang**. Peter S. Johnson”. Akivoshi Moriwaki#.
Heng Xu = . Antonio M, Persica*. Wen Fei Wang#. David Surratt*. Anita
L, Hawkins@. Constance A. Griffin®. Richard B. Rothman\ and George
R. Uhl#%!. #Mol. Neurobiology Br., ! Office of the Director, and
“Clinical Pharmacology Br., NIH/NIDA Intramural Research Program;
#!Pharmacology Research Associate Program, NIGMS; @Oncology Center
and %Depts. of Neurol, and Neurosci., JHUSM, Balto. MD 21224.
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Human iOR, 5OR and xOR cDNAs (hiORl, hxORl, and h5ORl)
were identified from human cerebral cortical and hypothalamus cDNA
libraries. The hiORl cDNA is 87% identical to the rat iOR cDNA
and displays similar homology to the h5ORl and hdORl cDNAs.
Expressed hiORl recognizes tested opioid drugs and peptides with
Na+- and GTP-sensitivity. Morphine and naloxone affinities in
displacing [12SI]-IOXY-AGO (agonist) are almost twice those displayed
at the rat receptor; more than 20 other drugs display virtually identical
hiOR and riOR affinities. DAMGO provides naloxone-hlockable
inhibition of cyclic AMP accumulation. Genomic analyses reveals a
hiORl coding region on 4 exons separated by introns ranging from
780 bp to > 13 kb. Somatic cell hybrid and chromosomal in situ
hybridization localize the hiORl gene to 6q24-25. MspI, Nsil produce
RFLPs which allow assessment of linkage and association with
neuropsychiatric disorders. Preliminary data indicate interesting
alterations in human x/i chimeric receptors.
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THE HUMAN DELTA OPIOID RECEPTOR. Frederic Simonin. Katia
__ Gaveriaux-Ruff and Brigitte
Kieffer, ESBS, Univ. Louis Pasteur, 67 Strasbourg, France.
Opiates have strong analgesic, as well as euphoric and
addictive properties. Their action is mediated by multiple
receptors (mu, delta and kappa), which exhibit distinct
pharmacological properties and anatomical distribution.
Using an expression cloning approach, we (Kieffer et al.,
1992, PNAS, vol 89, 12048) and others (Evans et al., 1992,
Science, vol 258, 1952) have isolated a cDNA encoding a
mouse opioid receptor of delta subtype (mDOR). We have
screened a mouse and a human genomic library, using mDOR
as a probe, and we have isolated clones encoding the mouse
gene and its human homologue. The two genes show a
similar intron-exon organization. In both species the coding
region is spread over three exons . Sequence identity is 89%
at the nucleotide level and 93.5% at the protein level.
Genomic clones encoding human mu and kappa receptors
have also been isolated and analyzed. A cDNA encoding the
human delta receptor has been isolated by PCR from SH-SY5Y
cells. Pharmacology and functional expression of this
receptor will be presented. The anatomical distribution of
the delta receptor transcript in human brain is presently
under investigation.

ANALYSIS OF THE HUMAN OPIOID RECEPTOR GENES.
D.K. Grandv*'. S. Hagen. Z.W. Zhu. J.R. Bunzow and
R.E.Magenis". Vollum Institute, 'Dept. Cell Biology and
Anatomy and "Dept, of Medical and Molecular Genetics,
OHSU, Portland, OR 97201.
Animal studies have provided evidence that addictive
behaviors are a manifestation of environmental and genetic
interactions. Since the physiological effects of the opiate drugs
are meditated by a family of G protein-coupled receptors
(GPCRs) we have initiated a study to investigate the contribution
of opioid receptor genes to human addictive behavior. Recently
the sequences of the mu, delta and kappa opioid receptors were
reported. Based on this information we designed probes that
were used to screen human genomic libraries. Analysis of the
resulting clones revealed that these receptors are encoded by
genes that contain introns. These genomic clones, together with
Southern blotting and the polymerase chain reaction are being
used to study the organization, chromosomal localization,
multiplicity and variability of the human opioid receptor gene
family. The current status of this analysis will be presented.
This research is supported by NIDA DAO8562.

313.9

313.10

OPIATE RECEPTOR: SITE-DIRECTED MUTAGENESIS
PRODUCES DIFFERENTIAL EFFECTS ON SECOND MESSENGER
SYSTEMS. P.S. Johnson"® C.K. Surratt®, B.K. Seidleck.ti2>, C.J.
Blascha^(g). J.B. Wang®), G.R. Uhl(3)fr ©Molecular Neurobiology Branch.

AMINO ACIDS IMPORTANT FOR OPIOID RECEPTOR BINDING: A
SITE-DIRECTED MUTAGENESIS STUDY OF THE MU OPIOID
RECEPTOR. I.L. Fine. R.C. Thompson. L.P. Taylor. M. Hoversten. H. Akil
and A. Mansour*. Mental Health Research Institute, University of
Michigan, Ann Arbor, MI 48109.
The opioid receptors are members of the G-protein family of seven
transmembrane receptors. The recent cloning of three opioid receptor
types, referred to as g, 8 and k , allows more precise structure-function
analysis of these receptors. Mutation of individual amino acids is now
possible, allowing the examination of the specific residues important for
opioid receptor binding and G-protein coupling. Based on molecular
modeling of the opioid receptor proteins, four single amino acid mutations
were constructed to better define the critical amino acids involved in
morphine binding to the g receptor. Amino acids Asn-150, His-297, Tyr326 and Ser-329, potential hydrogen bonding sites between the g receptor
and g agonists, were mutated to either alanine (Asn, His and Ser) or
phenylalanine (Tyr) using site-directed mutagenesis. Asn-150, His-297
and Ser-329 were converted to Ala, a small residue with no ability to
form hydrogen bonds. Tyr-326 was converted to Phe, keeping the
aromatic nature of the amino acid, but eliminating its potential for
hydrogen bonding. Mutations were verified by DNA sequencing and the
entire protein coding region of the rat g receptor mutants were subdoned in
a pCMv expression vector. Binding studies are in progress to determine
whether eliminating these possible hydrogen bonding interactions are
critical to g receptor binding.

NIH/NIDA, IRP, !Pharmacology Research Associate Program, NIGMS; #Dept. of Neurology
and Neuroscience, Johns Hopkins School of Medicine.

Opiate receptors are one of the primary CNS sites of action for
analgesic and abused opiate drugs. These receptors have been shown to
be members of the seven transmembrane domain G-Iinked receptor
family. Opiate receptor family member cDNAs, and their mutants, can
provide different effects on second messenger systems. Both human
and rat gOR receptors can mediate morphine and DAMGO inhibition
of forskolin-stimulated adenyl cyclase activity in COS and CHO cell
expression systems. Agonist binding at the human gOR stimulates IP3
accumulation in the same cellular expression systems. Deletion of 64 Nterminal amino acids yields a receptor that binds DAMGO and
mediates DAMGO and morphine inhibition of cAMP accumulation,
while deletion of an additional 33 C-terminal amino acids removes
J)AMGO’s ability to inhibit cyclase. Opiate inhibition of cyclase is
preserved for D114E, D147E and H297A mutants, while substitution at
conserved cysteine residues in the receptor’s putative C-terminal
intracellular domain alters G protein coupling. These results
underscore the importance of amino acids in the C-terminal domain of
the gOR in G protein coupling and suggest differential functional
consequences of opiate drug or opioid peptide binding at this receptor.

313.11

313.12

POINT MUTATIONS AT CYSTEINE RESIDUES IN THE CLONED
MOUSE DELTA-OPIOID RECEPTOR

common
opioid
binding
pocket
of the k AND 8 OPIOID
RECEPTORS: A MUTAGENESIS STUDY. F. Meng». M. T. Hoversten. A.
Mansour. L. Taylor and H. Akil. Mental Health Research Institute,
University of Michigan, Ann Arbor, MI-48109.
Previous studies on the structure-function relationship of the opioid
ligands indicate that the minimal structure necessary for their interaction
with the opioid receptor is a basic nitrogen, a hydroxylated phenyl ring,
and a second phenyl ring fixed at appropriate points in space. Therefore,
we presume that there are complementary sites on opioid receptors which
interact with these active groups. Site-directed mutagenesis was
employed to unveil the amino add residues in the opioid receptor which
may be involved in the binding of the common opioid core Tyr-Gly-GlyPhe. The potentially charged amino add residues in the transmembrane
domains were selected as the first-round targets because of their ability to
form strong ionic interaction or hydrogen bond with the ligands.
Preliminary results showed that the mutation of Asp^O5, Aspl^8 and
His291 in the k opioid receptor greatly reduced its ability to bind pH]EKC
and pH]bremazocine, which suggest that these residues may be part of the
opioid binding pocket. Additional mutations are being made to search for
the residues that are responsible for the aromatic interadtions. Similar
mutations will also be introduced into the 8 opioid receptor and their
effects in binding will be compared with the k receptor.

Ehrlich, G.K.X*, Andria, M.L. x, Kieffer, B.** and Simon, E.J.X
xDepartments of Psychiatry and Pharmacology, NYU Medical
Center, New York, NY, ^Ecole Superieure de Biotechnologie,
Strasbourg, France

The functional dependence of opioid receptors on sulfhydryl groups was
first demonstrated by Simon et al. (1973). To evaluate the functional
significance of particular cysteine residues in the delta-opioid receptor,
five different cysteine to serine point mutants, along with the wild type,
were expressed and characterized in cos7 cells. These point mutations
were generated at cysteines in the transmembrane or extracellular regions
(i.e. cysteines 60,121,171,216 and 303). Transiently expressed wild-type
delta-opioid receptors displayed a similar pharmacological profile to that
observed in NG108-15 cells but yielded different levels of expression in
different transfections. DTLET-induced stimulation of GTPase of the
wild type delta opioid receptor suggested high levels of G-protein
coupling. The point mutant at cysteine 121 exhibited no specific [8H]DSTLE or [sH]-bremazocine binding and no opioid stimulation of GTPase.
The other mutants exhibited variable levels of specific agonist and
antagonist binding and agonist-induced stimulation of GTPase. These
results will be presented and discussed.
Reference Simon, E.J., Hiller, J.M. and Edelman, I. (1973) Proc. Natl.
Acad. Sci. USA, 77, 281-284.
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INTERACTION OF OPIOID LIGANDS WITH CLONED OPIOID

EFFECTS OF CHRONIC RETINOIC ACID (RA) ON DELTA OPIOID AND
NMDAR1 GENE EXPRESSION IN NG108-15 NEUROBLASTOMA HYBRID
CELLS.
I.M. Beczkowska*. S. Jenab, V.M. Pickel and C.E.
Inturrisi.
Depts. of Pharmacology, and Neurology and
Neuroscience. Cornell U. Med. Coll., New York, NY 10021.
RA upregulates delta opioid receptors (DOR) in SH-SY5Y
neuroblastoma cells [Yu and Sadee, 1988] and the NMDA
receptors in NT-2 cells [Younkin et al., 1993].
Me
determined the effects of RA on the levels of DOR mRNA and
NMDAR1 mRNA in NG108-15 (NG) cells.
RNA levels were
measured using quantitative solution hybridization assays.
The riboprobes are complementary to major portions of the
coding region of the DOR and NMDAR1 cDNAs. After six days
of exposure to 10 uM RA, cells were processed for
immunoperoxidase
localization
of
polyclonal
delta
antiserum. In DMSO treated NG cells, the immunoperoxidase
labeling for DOR was seen within the cytoplasm of both soma
and rudimentary processes. A similar labeling pattern was
seen in RA treated cells. However, neurite-like processes
were longer and showed more numerous branching patterns.
Treatment with RA increased DOR mRNA 3 fold to 1.03 pg/ug
RNA and NMDAR1 mRNA by 1.6 fold to 1.75 pg/ug RNA.
The
DMSO vehicle did not affect these mRNA levels.
Thus, RA
induced differentiation is accompanied by an increase in■
both DOR mRNA and NMDAR1 mRNA in NG cells.
Supported by
DAO1457. DAO7274 and DA00198.

MU RECEPTORS STABLY EXPRESSED IN CHO CELLS: A

[3H]DAMGO AND [125|]|0XYH. Xu1*, J.-B. Wang2. J.S. Partilla1, H. Kavakiri3. K.C.
Rice3, G.R. Uh|2. R.B. Rothman 1JCPS and 2MNB, IRP, NIDA,
NIH, Baltimore, MD 21224. 3LMC, NIDDK, NIH, Bethesda, MD
20892.
A high affinity, high specific activity p-opioid receptor agonist
analog of IOXY, termed [125|]I0XY-AG0 (66-125iodo-3,14dihydroxy--7-methhl-4,5aepoxymorphinan) and [3h ]DAMGO
were used to characterize cloned rat and human p receptors. In
the first study, we determined the Ki values of 22 opioids from
different structural classes of opioid drugs for the rat and human
p receptor transiently expressed in COS cells and labeled with
[125|]IQXY-AGO. This study demonstrated small but significant
differences between the Ki values of some test agents for the rat
and human p receptors. To determine if these differences were
dependent on the radioligand used to label the p receptor, we are
currently comparing the Ki values of these agents for the cloned
human and rat p opioid receptor stably expressed in CHO cells
using [3h ]DAMGO and p25|]ioxy -AGO. The results will be
presented at the meeting.

QUANTITATIVE STUDY WITH
AGO.
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314.2

IODOBENZAMIDES AS NOVEL SIGMA RECEPTOR LIGANDS AND
POTENTIAL SPECT IMAGING AGENTS. B.J. VilnerV C.S. John, and W.D.
Bowen. Lab. Medicinal Chemistry, NIDDK, NIH, Bethesda, MD 20892 and
Dept. Radiol., George Washington Univ. Med. Ctr., Washington, D.C., 20037.
In an attempt to develop new sigma receptor radioligands for biochemical
studies and in vivo SPECT imaging, we have investigated a series of novel
iodo-substituted benzamides for affinity at sigma-1 and sigma-2 receptors.
Sigma-1 receptors of guinea pig brain were labeled with [3H](+)-pentazocine.
Sigma-2 receptors were labeled with [3H]DTG in the presence of 1 uM
dextrallorphan using rat liver membranes, a rich source of sigma-2 sites. An
extensive series of substituted benzamides yielded several compounds with
promising sigma-1 and sigma-2 affinities.
Two compounds, N-[2(piperi(^ir^y^l^r^ir^c^)f^tt^;/l]--1-i(^(^(^l^e^^amide (IPAB) and (N-benzylpiperidin-4yl)-4-iodobenzamide (4-IBP), were of particular interest. IPAB had high affinity
and selectivity for sigma-1 receptors (sigma-1 Ki = 3.56±1.13 nM; sigma-2 Ki =
319±104 nM). 4-IBP exhibited high affinity for both sigma-1 and sigma-2
receptors (sigma-1 Ki = 1.7Q±Q.44 nM; sigma-2 Ki = 25.22±1.28 nM). Both
IPAB and 4-IBP exhibited low affinity for dopamine-D2 receptors, with Ki =
>10,000 nM and 382±39 nM, respectively, vs. [3H](-)-sulpiride, and lacked
affinity for PCP and muscarinic cholinergic receptors. The 1-125 derivatives
were synthesized for evaluation as sigma receptor radioligands. 1 25|]pab
and 4-[125|]bp (0.1 - 0.3 nM) were incubated with various unlabeled sigma
ligands (0.05-100,000 nM). Non-specific binding was determined in the
presence of 10 uM haloperidol. [125|]PAB labeled sites in guinea pig brain

E-8-BENZYLIDENE-2-METHYL-5-PHENYLMORPHANS: A NOVEL CLASS
OF HIGH AFFINITY LIGANDS WHICH EXHIBIT SIGMA-1 OR SIGMA-2
SUBTYPE SELECTIVITY. C.M. Bertha. B.J, Vilner. W. Williams, K.C. Rice*,
and W.D. Bowen. Lab. Medicinal Chem., NIDDK, NIH, Bethesda, MD 20892.
Sigma receptor subtypes are distinguishable by the high affinity of sigma-1
sites for dextrorotatory benzomorphans and the low affinity of sigma-2 sites
for these compounds. Most sigma ligands available to date either fail to

[

membranes with a sigma-1-like profile: haloperidol > (+)-pentazocine > DTG >
(-)-pentazocine. 4-[125(]bp also labeled sites with a sigma-1-like profile in
guinea pig brain. However, when incubated with rat liver membranes in the
presence of 1 uM dextrallorphan to mask sigma-1 sites, 4-[125|]bp labeled
sites with a sigma-2-like profile; where (-)-pentazocine had higher affinity than
(+)-pentazocine. Thus, radioiodinated IPAB and 4-IBP will be useful as
sensitive probes for further characterization and imaging of sigma receptors.

314.3

discriminate the two sites or exhibit selectivity for sigma-1 sites. This has
hampered progress in delineating the functions of the sigma-1 and sigma-2
sites in vivo and in vitro. Here we have investigated a series of £-8benzylidene-2-methyl-5-phenylmorphans for sigma affinity and subtype
selectivity. The study is based on the finding that E-8-benzylidene
substitution on the synthetic opioid analgesic 5-phenylmorphans resulted in
compounds with high affinity for sigma sites. Sigma-1 receptors of guinea pig
brain were labeled with [3H](+)-pentazocine, and sigma-2 sites of rat liver or C6
glioma cells were labeled using [3H]DTG in the presence of 1 uM
dextrallorphan. Of particular interest were the (-)-lS,5S- and (+)-1R,5Risomers of E-8-benzylidene 2-methyl-5-(3-hydroxyphenyl)morphan-7-one.
Like the opiate benzomorphans, these compounds showed reverse
enantioselectivity at sigma-1 and sigma-2 receptors. The sigma-1 affinities (Ki
values) for the (+)- and (-)-enantiomers, respectively, were 3,O63±78 nM and
10.47±1.56 nM. The sigma-2 affinities were, respectively, 16.53±2.65 nM
and 154±3 nM. Thus, the sigma-1 site is enantioselective for the (-)-isomer,
whereas the sigma-2 site prefers the (+)-isomer. Importantly, a comparison
across subtypes reveals a 185-fold selectivity of the (+)-isomer for sigma-2
sites over sigma-1, and a 15-fold selectivity of the (-)-isomer for sigma-1 sites
over sigma-2. The high sigma-2 affinity and lack of significant sigma-1 affinity
make the (+)-isomer a useful tool for further studies of the function of sigma-2
receptors. This compound may also prove useful as a selective radioligand for
sigma-2 sites. The activity of other compounds in this series will be
discussed.
-
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RLH-033, A NOVEL, POTENT AND SELECTIVE LIGAND FOR

RE-EVALUATION OF A SPURIOUS SIGMA

THE oi RECOGNITION SITE.

LIGAND. R.A. Glennon. S.Y. Ablordeppey. M. El-Ashmawy. K.

and D.L. DeHaven-Hudkins.

R.L. Hudkins*. R.B. Mailman

Albany Molecular Research,

Albany, NY 12203, Univ. of North Carolina School of Medicine,

Chapel Hill, NC 27759 and Sterling Winthrop Pharmaceuticals

Research Division, Collegeville, PA 19426.

RLH-033 (2-(4-phenylpiperidinyl)ethyl 1-(4-nitrophenyl)cyclopentanecarboxylate HCI) was a rationally designed ligand

that was synthesized and evaluated for its binding affinities at

oi and 02 sites in guinea pig brain.

Burke Howie. J.B. Fischer*. Depart, of Medicinal Chemistry,
MCV/VCU,

Richmond,

VA

23298

and

Cambridge

NeuroScience, Inc., Cambridge, MA 02139.
We have recently developed several different series of high-

affinity sigma (sigma-1) receptor ligands (e.g. Glennon etal., J.

Med. Chem. 1994, in press). In an attempt to better understand
the structural requirements for binding, we have conducted
structure-activity (SAR)

and quantitative structure-activity

RLH-033 was a potent
inhibitor of [3H](+)pentazocine binding to the ai site with a Ki of

field analysis (CoMFA).

50 pM, while it was over 2000-fold less potent at 02 sites
labeled by [3 H]DTG in the presence of 500 nM (+)pentazocine

identified that accounts sigma-1 binding (n = 65, r > 0.9). One
agent that behaves as an exception is the putative superpotent

Unlike its potent a activity, the compound

sigma ligand SC-50691 (Cheng B.K. etail., ABSTR. Am. Chem.

(Ki ' = 105 nM).

demonstrated weak affinity at dopamine D1 (Ki = 2.9 ^M), D2
(Ki = 0.35 ^M), muscarinic Mi (Ki = 0.88 ^m ) and M2 (Ki = 1.7

^M)

receptors, and was inactive at NMDA, PCP and opioid
receptors. RLH-033 is the most potent ai ligand reported to

date, and its very high affinity makes it a useful compound for

radiolabeling in order to facilitate characterization of the

pharmacology of ai recognition sites.
‘Current address: Cephalon, Inc., Department of Chemistry,
145 Brandywine Parkway, West Chester, PA 19380.
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relationship (QSAR) studies, including comparative molecular
In the latter, a relationship was

Soc., Div. Med. Chem. 200th Nat’l. Mtg., Spet. 1990). Although

previously reported to bind with high affinity (Ki = 0.075 nM), our
forecasted affinity was significantly lower.

Consequently, in

order to test the validity of our SAR, we resynthesized this
compound , as well as its endo and exo isomers.

Consistent

with our predictions, this agent was found to bind only with
modest affinity at sigma-1 sites (Ki = 66nM) and with even lower

affinity at sigma-2 sites (Ki = 520 nM). Although both geometric
isomers display low affinity, the exo isomer (sigma-1 Ki = 55 nM)

appears to be the more potent of the two.

TUESDAY PM

OPIOID RECEPTORS:

SIGMA RECEPTORS

314.5

314.6

FURTHER IN VIVO AND IN VITRO CHARACTERIZATION
ON SIGMAj ANTIOPIOID SYSTEMS. C.-C. Chien1’4’*. J. P,

COMPARATIVE IN VIVO AND IN VITRO AUTORADIOGRAPHY OF
SIGMA(o) RECEPTORS IN THE MOUSE BRAIN: EVIDENCE FOR IN VIVO
INTERACTIONS WITH NPY- AND CGRP-RELATED PEPTIDES.
*P.Bouchard(1.2L F.Roman(4). J-L Junien(4). R.Ouirion(1.2.3). l)Douglas
Hospital Research Center, Verdun, Quebec, Canada, 2) Dept. Neurol. &
Neurosurgery and 3)DepL Psychiatry, McGill University, Montreal, Quebec, Canada
4)Inrtitut de Recherche Jouveinal, Fresnes, Cedex, Fance.
It has recently been reported that neuropeptide Y (NPY) and calcitonin generelated peptide (CGRP) can interact, in vivo, with 0 receptor sites in both rat and
mouse hippocampus. In order to localize the site^) of interaction between those
peptides and a receptors, we performed in vivo autoradiography in mouse brain
using [3H](+)NANM as a receptor ligand. Mice were injected at time (t)=O with the
a ligand haloperidol (2 mg\kg) or saline in order to determine non-specific labeling.
At t=l5 min, under light ether anesthesia, animals received an i.c.v. injection of
peptide or saline (3pl). 15 min later (t=3O min), animals were injected in the tail
vein with 5 pCi of [3H](+)NANM. At t=6O min, ether-anesthetized mice were
perfused with saline plus heparin in order to minimize non-specific labeling. Brains
were then removed and immediately frozen in isopentane. Brain slices (20 pm thick)
mounted on gelatin-coated slides were apposed, along with standards, to tritiumsensitive films for 7 to 9 months before development and quantification. Average
estimates of specific labeling across brain regions represented about 50% of total
radioactivity. High levels of labeling were concentrated in most cranial nerve nuclei,
while lower but important labeling were seen in the cortex, hippocampus,
cerebellum, olfactory bulb and various hypothalamic nuclei. In all brain areas
enriched with specific labeling, the peptides [Leu31,Pro34]NPY, PYY and CGRP
significantly inhibited [3H](+)NANM signal. These results extent previous findings
demonstrating the existence of in vivo interactions between NPY, CGRP and a
receptors. These findings will also be discussed as they relate to the distribution of
NPY, CGRP and a receptors revealed by in vitro receptor autoradiography.
(Supported by MRC, FRSQ, FCAR and Institut de Recherche Jouveinal)

Ryan-Moro1. K. M. Standiferl J. L. Biedler2. G. W. Pasternak1,3. 'The

Cotzias Laboratory of Neuro-Oncology, Memorial Sloan-Kettering Cancer
Center, laboratory of Cellular and Biochemical Genetics and 3Depts. of
Neurology/Neuroscience and Pharmacology, Cornell U. Medical College,
NY, NY 10021 and 4Cathay General Hospital, Taipei, Taiwan.
In our previous reports, we demonstrated the existence of a tonically active
sigma, antiopioid system. We now have extended our study towards the strain
differences in kappa analgesic sensitivity. BALB-C mice are as sensitive to
morphine as CD-I mice; however, the kappa, analgesic U5O,488H and the kappa3
analgesic naloxone benzoylhydrazone (NalBzoH) are far less active in BALB-C
mice. Haloperidol, a sigma and D, antagonist, but not the selective D2 antagonist
(-)sulpiride, eliminates these strain differences. In the presence of haloperidol, the
kappa sensitivity of the two strains are indistinguishable. Our observations suggest
that the tonically active sigma, antiopioid systems may modulate the sensitivity of
To further explore the sigma,/opioid
strains towards opioid analgesics.
interrelationship, we examined these interactions in a tissue culture system. The
human neuroblastoma cell line BE(2)-C expresses p, 5, and k 3 opioid receptors as
well as sigma, receptors, as measured with [3H]( + )pentazocine (K = 3.9±l.5
nM and B^, = 3.8±1.1 pmol/mg protein). (+)Penazox:me neiher alters
adenylyl cyclase activity alone, nor affects morphine’s inhibitory effects. The lack
of interaction between opioid and sigma, receptors in the cell line implies that the
interaction in vivo reflects intercellular, rather than intracellular, mechanisms.

314.7
Identification

314.8
of

(+)-[3H]-pentazoclne

labeled

sigma

(cm )

receptors on T cell lines.
B.B. Whitlock and S.A. Wolfe. Jr.*
Department of Medical Microbiology and Immunology, Ohio State Univ.,
Columbus, OH 43210.

PARTIAL PURIFICATION OF SIGMA RECEPTORS FROM RAT LIVER
MEMBRANE EXTRACT: * EVIDENCE OF A CO-MIGRATING

constants in the low to mid-nanomolar range in LBRM-33 and EL4.IL2 cells.
Preliminary drug competition binding studies in LBRM-33 cells and mouse
spleen confirmed that the sites had a 01 receptor pharmacology, i.e., were
haloperidol and 1,3-di-(2-tolyl)guanidine (DTG)-senstive and were selective
for the (+) over the (-)-enantiomer of N-allylnormetazocine (SKF-io,o47). We
postulate that 01 receptors on T cells may modulate cellular functional
activities such as production of the cytokine, interleukin-2 (IL-2).

Section, Neuroscience Branch, Addiction Research Center, National Institute
on Drug Abuse, NIH, Baltimore, MD 21224.
In s continuing effort to purify sigma receptors, we have previously
demonstrated
by anion exchange and hydrophobic interaction
chromatographies that CHAPS-solubilized sigma receptors from rat liver
membranes may exist in multiple forms (Tsao et al., Soc. NeuroscL Abstr.,
19:421,1993). Using the same chromatographic procedures, the present study
describes the existence of a chromophore which appeared to co-migrate with
sigma receptors during the purification. Sigma receptors were solubilized
from hepatic membranes from Fischer-344 rats by using CHAPS. The
detergent-solubilized a receptors were then subjected, in series, to the MonoQ
anion exchange and phenylsuperose hydrophobic interaction chromatographies
following the described procedures (Tsao et al., ibid). When sufficient
quantities of concentrated signa receptors were thus obtained, it was noticed
that a yellowish-green chromophore was co-migrating with sigma receptors
throughout the chromatographic procedures. The chromophore exhibited a
strong absorbance at 415 nm, and less at 536 and 568 nm. Further, it was
found that, in each chromatographic eluate which contained sigma receptors,
the magnitude of the 415 nm absorbance was proportional to the magnitude
of sigma receptor binding using (+)[’H]SKF-10047. Thus, although further
studies are needed, our results suggest that signa receptors from rat liver may
bear certain close relationship with a chromophore.

314.9
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SIGMA-1 AND SIGMA-2 RECEPTORS ARE DIFFERENTIALLY SOLUBILIZED
FROM RAT LIVER MEMBRANES. C. Torrence-Campbell* and W.D. Bowen.
Unit on Receptor Biochemistry and Pharmacology, Laboratory of Medicinal
Chemistry, NIDDK, NIH, Bethesda, MD 20892.
We have previously demonstrated that rat liver membranes contain a high
density of both sigma-1 and sigma-2 receptors (Soc. Neurosci. Abstr. 16:370,
1990; Eur. J. Pharmacol., in press). In an attempt to purify these receptors,
we have investigated the effect of solubilization. Rat liver membranes (P2
membranes) were solubilized in 10 mM Tris-HCI, pH 7.4 containing 7 mM
CHAPS (Extract 1). The 105,000 x g pellet was washed once, and then
extracted a second time (Extract 2). The various resulting fractions were
assayed for sigma binding characteristics, using [3H](+)-pentazocine to label
sigma-1 sites and [3H]DTG in the presence of 1 uM dextrallorphan to label
sigma-2 sites. Both of the extracts and resultant pellets (Pellet 1 and Pellet 2)
contained sigma-1 and sigma-2 receptors, as indicated by the
pharmacological profiles upon competition studies. The Kd and Bmax values
for sigma-1 activity in the original P2 membranes were 8.3 ± 0.7 nM and 5,333
± 572 fmol/mg protein; Kd and Bmax for sigma-2 activity was 19 ± 0.17 nM and
9,190 ± 800 fmol/mg protein. There were no significant changes in the
affinity of the two sites in the subsequent soluble and particulate fractions.
However, the ratio of the Bmax values for sigma-2 to sigma-1 sites varied
markedly across fractions. The Bmax ratio of sigma-2/sigma-1 binding in
Extract 1 and Extract 2 was 0.86 and 0.68 respectively, lower than the ratio of
1.7 in theo riginal P2membrbnefraction. However.the ratio in Pellet2 was
3.8, twice that of the original P2 membranes. Furthermore, the Bmax value for
sigma-1 sites in Pellet 2 did not change, whereas the sigma-2 Bmax increased
1.8-fold relative to the original P2 membranes. Taken together, these data
suggest that sigma-2 sites are more resistant to solubilization relative to sigma1 receptors and other membrane proteins and therefore become slightly
enriched in the particulate fractions. This may indicate different modes of
association with the cell membrane for sigma-1 and sigma-2 receptors.

SIGMA RECEPTOR-MEDIATED MORPHOLOGICAL AND CYTOTOXIC
EFFECTS ON PRIMARY CULTURES OF RAT CENTRAL AND PERIPHERAL
NERVOUS SYSTEM. W.D. Bowen* and B.J. Vilner.
Unit on Receptor
Biochem. Pharmacol., Lab. Med. Chem., NIDDK, NIH, Bethesda, MD 20892.
Sigma ligands specifically produced marked changes in the morphology of
C6 glioma cells and were cytotoxic upon continued exposure (Vilner and
Bowen, Eur. J. Pharmacol, 244:199, 1993; Bowen et al., Soc. Neurosci.
Abstr. 19:420,1993). Robust effects over a 3-day observation period were
observed in the range of 30 - 300 uM, with 30 uM being the threshold dose.
These studies suggested that lower doses might produce effects upon
longer exposure times. However, this is precluded with rapidly dividing cell
lines, since cells will overgrow the system, making gradual effects of the drugs
impossible to assess. Here we examine the effects of sigma ligands on
primary culture of cells from the rat nervous system. Over an observation
period of 21 - 35 days, sigma ligands were found to produce alterations in the
morphology of cells from cortex, cerebellum, thalamus, spinal cord, and
superior cervical ganglion. Similar to observations with C6 glioma cells, initial
effects involved alterations of processes, followed by cell rounding or
swelling, and cell death. Neurons appeared to be more sensitive than nonneuronal cells which were present in the cultures. Importantly, effects were
observed at much lower ligand concentrations compared to C6 glioma cells.
For example, in cerebellum, BD737, reduced haloperidol, and fluphenazine
produced initial effects at 10 uM after 7 days and at only 3 uM after 21 days.
Several aryl ethylenediaminos killed spinal cord neurons after 15 days at 3 uM.
^-Pentazocine, a "low efficacy" sigma ligand which had little effect on C6
glioma cells at 300 uM after 3 days, produced effects on primary cells at 10 30 uM after 21 days of exposure. Compounds lacking sigma affinity produced
no effects in this concentration range. This supports the notion that damage
to CNS neurons or glia in sigma receptor-rich motor areas may contribute to
irreversible neuroleptic-induced motor disorders such as tardive dyskinesia. It
may be possible to design sigma receptor blockers to attenuate these effects.

We have previously demonstrated the presence of o receptors in
immune tissues, and we have shown that a agonists act at 01 receptors to
suppress proliferation of rat splenocytes stimulated by the T cell mitogen
Con-A. In the present study we examined several cloned T cell lines for the
presence of o-| receptors. Radioligand binding assays were carried out
using (+)-[3H]-pentazocine in the absence or presence of 1pM haloperidol
to define non-specific binding. 100pM naltrexone was present throughout
the assays to block opioid-like, haloperidol-insensitive binding sites we
have previously shown to be present in immune tissues. These conditions
labeled a single site in C57BI/6 mouse spleen with a Kd of 2-5nM. Initial
screening of membrane preparations from three T cell lines, EL4.IL2 mouse
thymoma, Jurkat human T cell leukemia and LBRM-33 4A2 mouse T
lymphoma, revealed that LBRM-33 > EL4.IL2 >> Jurkat in binding of (+)[3H]-pentazocine. Saturation binding revealed single sites with dissociation
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PROGESTERONE SUPPRESSES THE POTENTIATION OF THE NMDA
RESPONSE INDUCED BY SELECTIVE SIGMA LIGANDS.
R. Bergeron*, C.d e MontignyaraJ G.DDaonnel. Neurobiological Ps^^c^f^iatry
Unit, McGill University, Montreal, Quebec, Canada, H3A 1A1.
Sigma (o) receptors have been suggested tn mediate the psychotomimetic
effects induced by SKF-10,047. Gonadal and adrenal steroids such as
progesterone and testosterone are competitive inhibitors of the o receptor
ligand [3H](+)SKF-10,047. Low doses of a ligands such as DTG potentiate the

STIMULATION OF BRAIN cAMP and

NMDA response in the CA3 region of the rat dorsal hippocampus, whereas
low doses of other a ligands such as haloperidol reverse this potentiation. The
purpose of the present experiments was to determine the effect of
progesterone in this model.
The first series of experiments was carried out under urethane anesthesia
in female Sprague-Dawley rats 10 to. 15 days following ovariectomy (OVX).
Fiae-barelled micropipettes were used for extracellular recording of CA3 dorsal
hippocampus pyramidal neurons. At low doses (1 pg to 1 mg/kg, i.v.),
progesterone did not potentiate NMDA-induced activation. However, at doses
higher than 10 pg/kg, progesterone, similarly to haloperidol, prevented and
reversed the potentiation of the NMDA response induced by low doses of the
g ligands DTG, (+)pentazocine, JO-1784 and L-687,384. In the second series
of experiments, we compared the potentiation of the NMDA response
produced by DTG (1 pg/kg, i.v.) in male and in female rats either at day 1 or
3 of menstrual cycle and 10 days following OVX. No difference was found

between males and non-OVX females, neither at day 1 nor at day 3 of
menstrual cycle. However, in OVX females, the potentiation induced by DTG
was significantly greater than those obtained in males and in non-OVX
females.
These results suggest that progesterone is acting as a potent antagonist at
the g receptors.

TUESDAY PM

DOPAMINE SYNTHESIS BY

A2 and 03 agonists . NY Choksi,. A. Hussain. AM Myers. CE
Owens. RD Hacm SD Wyrick. RJ Baktessarini. RG Booth*. Div of Medicinal
adenosine

Chemistry, UNC-Chapel Hill, NC 27599, Harvard Med Sch & McLean Hosp MA
Guanosine binding protein (G-protein) coupled adenosine A2 receptors
reportedly stimulate dopamine (DA) synthesis in rat striatum, possibly via
increased adenylyl cyclase (AC) activity and intracellular adenosine-3’,5’(cycli^-monophosphate (cAMP) concentration. We report that the adenosine
A2 agonist 2-phenylaminnadennsine (2-PAD) stimulates tyrosine hydroxylase
activity and DA synthesis in rat striatum in vitro (EC5O = 10 pM). 2-PAD also
stimulates AC and cAMP formation in rat striatum in vitro (EC5O = 10 pM), and
both effects are blocked by the adenosine A2 antagonist 3,7-dimethyl-1prnparcylxanthine (DPMX). Using a gamma-butyrolactone (GBL) model, that
isolates presynaptic neurons, 2-PAD stimulates DA synthesis in rat striatum in
vivo after intracerebrnventricular (icv) injection. These results support the
hypothesis that A2 agonists stimulate brain DA synthesis by activating
presynaptic G-protein coupled A2 receptors to stimulate AC and cAMP. Sigma
(g ) receptors also are proposed to be G-protein coupled and modulate DA
synthesis in rat striatum. Novel frans-1-phenyl-3-amino-1,2,3,4tetrahydronapthalenes (PATs) were synthesized and shown to increase brain
DA synthesis by a proposed o (03) receptor. Preliminary binding data, using
non-hydrolyzable cuannsine triphosphate, support the hypothesis that the [3h ]-

H2PAT-03 sites are G-protein coupled. Using the GBL model, H2PAT
stimulates DA synthesis in rat nucleus accumbens in vivo by 175% at 10 pg/kg
icv. These results are consistent with autoradiographic mapping that indicate
[3h ]-H2PAT binding is highest in nucleus accumbens. Signal transduction

pathways for 03 sites are under investigation. [Supported by NIMH 31154,34006,
40537, 47370, Pharmacy Foundation of North Carolina, and Anderson Foundation]

314.13

Chemistry, School of Pharmacy, University of North Carolina, Chapel Hill, NC
27599 and Harvard Medical School and McLean Hospital, Belmont, MA 02178
The 1-phenyl-3-amino-tetrahydronapathalene (-fans^-PAT stimulates
tyrosine hydroxylase (TH) activity and dopamine (DA) synthesis in guinea pig
(.P) forebrain and this effect is blocked by the sigma (a) receptor antagonist
BMY-14802. This TH stimulating effect is similar to that produced by the
benzomorphan a ligands W-N-allyl-normetazocine and (+)-pentazocine.
Accordingly, we hypothesized that stimulation of DA synthesis by (-)-transH2-PAT is a receptor-mediated. We synthesized pHj-H-raaJS-Ho-PAT and
determined that it bound saturably (Bmax=20 fmol/mg protein) ana with high
affinity (Kd =8O pM) to GP brain membranes. Competition binding studies
indicated that the pH—-) -trans-Ho-PAT site is not an adrenergic, cholinergic,
dopaminergic, GABAergic, NMDA/PCP, opioid, serotonergic, or any of twodozen other CNS recognition sites. The binding affinity of a ligands for the
pHH-j-rans-^-PAT site was severalfold tower than for known Gi or 02
receptors; however, the overall rank order of a ligand binding was similar for
PAT and o sites. Autoradiographic receptor mapping studies in GP brain
indicated high density of [3H]-(-)-rans-H2-PAT sites (150-300 fmol/mg
protein) in nucleus accumbens and hippocampus, and moderate density (1545 fmol/mg protein) in caudate-putamen. Overall distribution of sites labeled
by [pHH-Wrans-^-PAT is similar to distribution of a-f and a2 receptors
labeled by [3H]-DTG. In conclusion, while functional effects, rank order of a
ligand binding, and distribution of PAT binding sites indicate that the PAT site
is a a receptor, the overall pharmacological profile of pH^H-riantt-Hp-PATlabeled sites is inconsistent with known ai or 02 receptors. We hypothesize
pHW-H/ans-^-PAT labels a novel a receptor subtype, a3, linked to
stimulation of catecholamine synthesis in mammalian forebrain. Molecular
modeling studies are in progress to design potent and selective PAT a3
agonists and anyac9nists that may have pharmacotherap-euhc potential in
diseases involving disturbances of brain catecholamine metabolism. [Support:
NIMH 31154,34006,40537,47370, Pharmacy Foundation of N. Carolina, & Anderson Foundation]
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MULTIPLE P-ENDORPHIN RECEPTORS MEDIATE ANTINOCICEPTION FROM THE PERIAQUEDUCTAL GRAY (PAG). A
A. Hawranko . D.L. Smith. P.J. Monroe. D.J. SmitHf Depts. of Anesth.
and Pharmacol./Tox., WVU Health Sci. Center., Morgantown WV 26506
P-endorphin receptors in the PAG are resolved into pharmacologically
distinct groups. Some are sites with which morphine also interacts. These
are antagonized by doses of CTP (D-Phe-Cys-Tyr-D-Trp-Lys-Thr-PenThr-NH2) > 10 Pmol following sequential microinjection into of the
agonist and antagonist into the PAG (Neuropharmacol. 31,1137,1992;
Reg. Peptides 5O(S1), 99, 1994). Others, specific for P-endorphin, are
selectively antagonized by s 10 pmol of CTP. These are resolved into two
groups by naltrexone which completely inhibits the response to morphine,
but only reduces P-endorphin's response to 25% of control. Using the tail
flick test, a maximally effective dose (100 pmol) of naltrexone was
evaluated for inhibition of the response of various doses (1, 3 and 10 nmol)
of P-endorphin. It was determined that naltrexone resistant receptors were
responsible for a greater proportion of the effect induced by lower doses of
the peptide (63,50 and 20%, respectively). Additionally, the specific Pendorphin receptors are differentially sensitive to pentobarbital anesthesia.
Pentobarbital which completely suppresses the response to morphine and
thus the function of the common site also attenuates the response mediated
through naltrexone resistant P-endorphin receptors. These data confirm
the existence of multiple P-endorphin receptors in the PAG.
[Supported by NIH 5 T32 GM070392; UHA Anesthesia Research Fund].

Synthesis of 3H-Morphine-6p-Glucuronide: A Potent
Opioid Analgesic G.P. Brown*. O. Ouerfelli. G. Rossi. K.A.
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Watanabe. G.W. Pasternak The Cotzias Laboratory of NeuroOncoclogy, Memorial Sloan-Kettering Cancer Center, 1275 York
Ave. New York, NY 10021.

Morphine is metabolized by the liver to form morphine-3pglucuronide (M3G) and morphine-6p-glucuronide (M6G). The major
metabolite, M3G, comprises over ninety percent of morphine
metabolites, is inactive at all opiate subtypes and readily excreted by
the kidney. The minor metabolite, m 6g , represents less than ten
percent of morphine metabolites, but unlike M3G, M6G has direct
actions on opioid analgesia. Previous work from our laboratory
indicates that systemic M6G is twice as potent as morphine. An
analysis of the time action curves for both analgesics reveals that the
duration of M6G analgesia is signifigantly greater than morphine
analgesia. Adminstered either intracerebroventricularly (i.e.v.) or
intrathecally (i.t.), M6G is greater than 100-fold more potent than
morphine. However, competition studies of M6G show that M6G
has 5-to 10-times lower affinity for all opiate receptor subtypes than
morphine. Efforts to explore M6G phannia:ology have been hindered
by the lack of a radiolabelled derivative. In an effort to directly
measure the actions of M6G in the CNS we synthesized
-H-M6G
from 3H-morphine with a specific activity of 60.4 Ci/mmol.
3H-M6G specifically labels rat and mouse brain membrane
homogenates in binding assays.

TUESDAY PM
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THE EFFECTS OF CHRONIC INTRACEREBROVENTRICULAR
ADMINISTRATION OF SELECTIVE OPIOID RECEPTOR
ANTAGONISTS. B. J. Keck*. J. L. Stafinskv and T. Crisp. Department of
Pharmacology, Northeastern Ohio Universities College of Medicine,
Rootstown, OH, 44272.
Male Sprague-Dawley rats were chronically treated with
intracerebroventricular (i.c.v.) CTOP, a mu receptor opioid antagonist, to
determine if supersensitivity developed to i.c.v. DAMPGO, a mu receptor
agonist. The tail-flick apparatus was used to measure antinociception. Each
rat was implanted with an indwelling i.c.v. cannula which was later connected
to a subcutaneously-implanted Alzet osmotic minipump (model 2001). The
minipumps continuously delivered CTOP for 7 days. Following a 24 hour
wash-out period, rats were tested for supersensitivity to an i.c.v. bolus dose
(ED*,) of DAMPGO.
Findings revealed that chronic i.c.v. treatment with the mu opioid receptor
antagonist CTOP did not induce supersensitive responses to the mu agonist
DAMPGO on the tail-flick measure of thermal analgesia. These data
complement earlier findings in which spinal administration of receptorselective antagonists also failed to produce supersensitivity to spinallyadministered receptor-selective agonists. It is suggested that, in rats, receptorselective supersensitivity to opioids is dependent upon changes in receptors
at both spinal and supraspinal sites collectively and is produced only with
antagonists that possess negative intrinsic activity.

ANTISENSE OLIGODEOXYNUCLEOTIDE TO A S-OPIOID
RECEPTOR SELECTIVELY BLOCKS THE
SPINAL
ANTINOCICEPTION INDUCED BY S- BUT NOT p- OR k -OPIOID
RECEPTOR AGONISTS IN THE MOUSE. L. F. Tseng* and K. A.
Collins. Department of Anesthesiology, Medical College of Wisconsin,
Milwaukee, WI 53226.
An antisense oligodeoxynucleotide (A-Oligo, 5'-AGG GCA CCA
GCT CCA TGG CG-3) to S-opioid receptor mRNA was utilized to
block expression of mouse S-opioid receptor in the spinal cord. The
study was designed to determine if the blockade of synthesis of S-opioid
receptors in the spinal cord by intrathecal (i.t.) pretreatment of A-Oligo
selectively blocks the antinociception induced by i.t. administered 5-,
but not p- or x-opioid receptor agonists. A-Oligo (0.01 to 1 pg),
scrambled sense oligodeoxynucleotide (S-Oligo, 5'-GGC GTC GAC
CTA CTT CGG CG-3', 1 pg) or saline (5 pl) was injected i.t. once a

315.5
EFFECT OF MK-801 OR CNQX INJECTED INTRACEREBROVENTRICULARLY (ICV) ON THE ANTINOCICEPTION INDUCED BY
B-ENDORPHIN, MORPHINE, DPDPE AND U50, 488H ADMINISTERED ICV IN THE MOUSE. 1D.K Song* JH. W. SuhAY. H. Kim.
JY. S. Choi, JK.H. Lee, and ^L. F. Tseng, !Dept. Pharmacol., Coll.
Med., Hallym Univ., Chunchon, Korea, and 2Dept. Anethesiol., Med.
Coll. Wisconsin. Milwaukee, WI U.S.A.

The effect of MK-801 (a NMDA receptor antagonist) or CNQX (a
non-NMDA receptor antagonist) administered ICV on the antinociception
induced by B-endorphin, morphine, DPDPE or U50, 488H administered
ICV were studied in ICR mice. Tad-flick test was used as an analgesic
assay. MK-801 (0.001-1 pg) administered ICV dose-dependently reduced
inhibition of the tail-flick response induced by morphine (1 pg), DPDPE
(10 pg) and U50,488H (60 pg) administered ICV. However,
B-endorphin-induced inhibition of the tail-flick response was not affected
by MK-801. CNQX (0.01 to 0.5 pg) administered ICV dose-dependently reduced inhibition of the tail-flick response induced by morphine or
U50,488H, without changing inhibition of the tail-flick response induced
by B-endoiphin administered ICV. We are currently examining the effect
of CNQX administered ICV on DPDPE-induced inhibition of the tail-flick
response. Our results suggest that, at supraspinal level, NMDA receptors
are involved in morphine-, DPDPE-, and U50,488H-induced
antinociception. Non-NMDA receptors are involved in morphine- and U50,
488H-induced antinociception. However, neither NMDA nor non-NMDA
receptors are involved in B-endorphin-induced antinociception.

315.7
EFFECTS OF NALOXONAZINE ON STRIATAL AND LIMBIC DOPAMINE
TRANSMISSION ACCELERATED BY MORPHINE AND ETONITAZENE. T.P.
Piepponen. A. Honkanen and L. Ahtee*. Dept, of Pharmacy, Div. of
Pharmacology and Toxicology, P.O.Box 15, FIN-00014 University of Helsinki,
Finland.
The p-opioid receptors are involved in the control of nigrostriatal and
mesolimbic dopamine (DA) transmission. In this study we investigated the
roles of the two postulated subtypes of these receptors, p1- and p2-receptors,
in the morphine-induced changes of striatal and mesolimbic DA transmission
in rat brain by using selective pi-receptor antagonist, naloxonazine. The
effects of putative pi-receptor preferring agonist, etonitazene (Moolten et al.,
Life Sci. 1993; 52:PL1 99-203), were studied as well. Morphine (3 mg/kg) and
etonitazene (2.5 pg/kg) were given s.c. 60 min before rats were killed by high
intensity microwave irradiation focused in the head. Naloxonazine (15 mg/kg
i.p.) was administered 12-14 h before agonists. The 3-MT/DA ratio was used
as an index of synaptic DA release and the DOPAC/DA ratio as an index of
intraneuronal DA metabolism. Morphine and etonitazene increased
significantly DOPAC/DA ratios both in striatum and nucleus accumbens and
these effects were antagonized by naloxonazine. However, only morphine was
able to significantly increase the 3-MT/DA ratio in striatum and this effect was
not antagonized by naloxonazine. Both etonitazene and morphine increased
significantly the release of DA in nucleus accumbens. Naloxonazine
significantly interacted with this effect of etonitazene but only tended to do so
with morphine. These results suggest that both putative subtypes of p-receptor
are involved in control of mesolimbic DA transmission. p1-subtype appears to
be important in mediation of accelerated intraneuronal DA metabolism by
these opioids. Still, p2-subtype seems to be more important in mediation of
increased mesolimbic DA release by morphine and the only subtype involved
in mediation of increased striatal DA release.
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day for three days and on the fourth day, tail-flick antinociception was
induced by i.t. injection of DPDPE, [D-Ala2]-deltorphin (S-opioid

receptor agonists), DAMGO (p-opioid receptor agonist) or U50,488H
(x-opioid receptor agonist) in male ICR mice. Treatment with A-Oligo
dose-dependently attenuated the antinociception induced by i.t.
administered DPDPE or [D-Ala2]-deltorphin. On the other hand, i.t.
treatment with A-Oligo did not have any effect on the antinociception
induced by DAMGO or U50,488H. S-Oligo was ineffective against
DPDPE- or [D-Ala2]-deltorphin-induced antinociception. The studies
confirm previous pharmacological studies at the molecular level
indicating a distinct S-opioid receptor for antinociception in the spinal
cord (supported by U.S. Public Health Service Grant DA 03811 from
National Institute of Health).

315.6
DUAL REGULATION BY OPIOIDS OF ^-NCREaPDEPHRINE RELEASE
IN THE HUMAN NEUROBLASTOMA CELL-LINE SK-N-SH. O. Keren* ,
M. Garty, Y.
Clin. Pharmacology Unit-Medicine'F,
Beilinson Medical Center, 49100, Petah-Tiqua, Dept. of
Physiology, Sackler Sch. of Med., Tel-Aviv Univ Israel.
To study the molecular mechanisms underlying the regulation of neurotransmitter release by opioids there is a
need for a simple homogenous preparation, where the effect
of opioids on release can be correlated with intracellular
processes which are activated by opioids. The SK-N-SH cell
-line which displays catecholaminergic characteristics and
expresses mu and delta opioid receptors was investigated
as a possible candidate for such studies. We found that
SK-N-SH cells can be induced to release 3H-norepinrephrine
(NE) in response to stimulation by K+-dejee>larization or
carbachol. Opioid ligands regulated depolarization-induced
release of 3H-NE through opioid receptors in non-differentiated and differentiated cells. In most experiments (26
out of 39) inhibition of NE release was observed. This
effect was (a) reversed by the antagonist naloxone; and
(b) was stereospecific, as levorphanol was more effective
than its nonopioid stereoisomer dextrorphan. Interestingly,
in same experiments (10 out of 39) opioids augmented,
rather than inhibited, K^-evoked release of NE through
opioid receptors. Dual effects of opioids on intracellular
Ca++ and 45cr-uptaka were also observed. The SK-N-SH cellline provides an excellent model for studying the various
regulatory processes by which opioids modulate transmitter
release.

.,

315.8

CHARACTERIZATION OF OPIOID RECEPTORS IN RAT SENSORY
NEURONS IN CULTURE U. Chen*. I. Dvmshitz. L. Yu. M.R. Vasko,
Dept. of Pharmacology & Toxicology and Dept. Medical & Molecular
Genetics, Indiana University School of Medicine, Indianapolis, IN 46202.
Although numerous studies have identified opioid receptor binding on
sensory nerve terminals in the dorsal spinal cord, direct evidence
characterizing specific receptor subtypes on sensory neurons is limited.
Consequently, we assessed the binding and mRNA levels for opioid
receptors in isolated rat sensory neurons grown in culture.
Dorsal root ganglia cells from E15-E17 rat embryos were dissociated with
trypsin and grown in culture. Receptor binding was measured using 3Hdiprenorphine in 50 mM Tris-HCl, pH 7.4, at 4°C for 90 min in membranes
from neurons cultured for 1-18 days. Non-specific binding was determined
using 10 pM naloxone. The expression of the mu opioid receptor gene was
investigated by Northern blot analysis of total RNA of the sensory neurons.
Equilibrium binding of 3H-diprenorphine after 13-15 days in culture
revealed a saturable binding site with a Kd of 0.28 ± 0.11 nM (n=3) and an
approximate Bmax of 2 pmol/mg protein. The binding increased 3-fold from
1 to 15 days in culture. Preexposing cultures to 20 pM naloxone for 48 hrs
increased the maximal opioid binding by ~ 50%. DAMGO inhibited the
diprenorphine binding with a Ki of ~4.9 nM, whereas DPDPE and U50,488
displayed Ki values in the micromolar range. RNA blots hybridized with
a mu receptor cDNA probe showed a single mRNA transcript of 10.5 kb.
These results demonstrate expression of opioid receptors in isolated
sensory neurons. Based on displacement of 3 H-diprenorphine binding by
selective opioid agonists, the mu receptor is the predominant type of opioid
receptor present in these cultures. In addition, exposing cultures to naloxone
results in upregulation of opioid receptors. (Supported by PHS DA07176)
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CHOLECYSTOKININ (CCK) AND NEUROPEPTIDE FF (NPFF) INHIBIT
MORPHINE-INDUCED EXCITATION OF PYRAMIDAL NEURONS IN THE
RAT HIPPOCAMPUS. Karen K. Miller* and Carl R. Lupica. Dept, of
Pharmacology, Univ. Colorado Health Sciences Center, Denver, Colorado 80262.
Opioids have an excitatory effect on CA1 pyramidal neurons in the hippocampus
due to the inhibition of GABA release from intemeurons. This pyramidal cell
excitation is manifest as an increase in extracellularly recorded population spikes
(PS) and intracellularly recorded excitatory postsynaptic potentials (EPSPs),
monitored by eiectrophysiological techniques. Behavioral effects of opioids, such
as antinociception, can be inhibited by the neuropeptides cholecystokinin (CCK)
(Faris et. al., Science, 219:310-312, 1983) and neuropeptide FF (NPFF) (Yang et.
al., PNAS. 82:7757-7761, 1985). We have recently reported that activation of
CCKb receptors by sulfated CCK (CCK-8S) inhibited the morphine-induced
excitation of PS amplitude in a non-competitive manner (Miller and Lupica, JPET.
268:753-761, 1994). In the present study, we examined this CCK-morphine
interaction further and also tested the effect of NPFF on the morphine-induced
increase in pyramidal cell excitability. We found that NPFF (IgM) alone did not
significantly affect PS amplitude, however like CCK-8S, NPFF pretreatment
significantly blocked the morphine-induced increase in population spikes. In another
set of experiments, preliminary intracellular studies indicate that CCK-8S (lgM)
alone had no effect on inhibitory post synaptic responses (IPSPs), suggesting that
the antiopiate action of this peptide occurs without altering GABA release from
intemeurons. These results demonstrate that both NPFF and CCK can block the
excitatory effects of morphine in the hippocampus, and suggest that these
neuropeptides may play a general role as modulators of opioid activity throughout
the central nervous system. Supported by NIDA grant DA 07725 (C.R.L.).

FURTHER EVIDENCE AGAINST THE EXISTENCE OF DELTA OPIOID
RECEPTOR SUBTYPES IN THE CA1 REGION OF THE HIPPOCAMPUS.
Carl R. Lupica* and Karen K, Miller Department of Pharmacology, University of
Colorado School of Medicine, Denver, Colorado 80262.
A previous study suggested that the 5 opioid-induced increase in hippocampal CA1
population spike (PS) amplitudes was due to the activation of 5j, and not 62 opioid
receptors (Watson and Lanthom, Brain Res. 601: 129, 1993). This conclusion was
based partly on the inability of the putative 62 agonist [D-Ala2]-deltorphin II (DLT-II,
0.01-lgM) to increase these responses. However, in our laboratory DLT-II was
found to potently (EC50 = 44nM) increase PSs in this brain region. In an effort to
determine if this action of DLT-II was due to an interaction with 62 opioid receptors,
its effects on PSs were compared with those of the 6j agonist DPDPE. Also, the
antagonism of responses to these agonists by selective 5, (BNTX) and 62 (NTB)
antagonists was examined. The large increases in PSs caused by DPDPE (0.1 gM)
were unaffected by NTB (0.01-lgM), and reversed by BNTX (0.1-lgM). Similarly,
the increased excitability seen in the presence of DLT-II (O.lgM) was substantially
reversed by BNTX and unaltered by NTB. Desensitization of 5 receptors has also
been reported in area CA1 of the hippocampus following 6 agonist application
(Dingledine et al., Life Sci 33:333, 1983). We reasoned that if DPDPE and DLT-II
were acting through the same receptor to increase PSs in the hippocampus, then these
two agonists should demonstrate cross-desensitization. To test this, hippocampal slices
were exposed to either DPDPE or DLT-II (both at O.lgM) for lOmin. Then, 2025min later, the effect of the alternate 6 agonist on PSs was determined. In each case
the response to the second 6 agonist was greatly reduced or eliminated by prior
exposure to the alternate 6 agonist. These results suggest that both DPDPE and DLTII increase the synaptic excitability of hippocampal CA1 pyramidal neurons by
activating the same 6 receptor, and provide further evidence against 6 opioid receptor
heterogeneity in the hippocampus. Supported by NIDA grant DA 07725 (C.R.L.).
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Ba2+ ELICITS REVERSAL OF LOW CONCENTRATION
ETORPHINE-INDUCED gK DECREASE IN CULTURED
SENSORY NEURONS S. I Fan*1 & S.M, Crain2. 'Dept, of
Physiology & Biophysics, SUNY at Stony Brook, NY 11794 &
2Dept. of Neuroscience, Albert Einstein College of Medicine.
Bronx, NY 10461
Low cone. (<nM) of most opioid agonists decreases the gK of
cultured mouse DRG neurons (DRGn) regardless of the presence of
Ba2+ (Br. Res. 558:166*91). However, in some DRGn the effect
of a low cone. (vpM) of etorphine (Et) on gK was highly Ba2’dependent. With whole-cell patch clamp method we found that it
dec. gK in the absence of Ba2+ (n = 5) but increases gK in the
presence of 5 mM Ba2+ (in 3 out of 8 cells). We have found that
low cone, of various opioids can elicit opposite effects on gK in
DRGn with similar threshold. The net result depends on which
effect predominates (paper in prep.). Therefore the Ba2* reversal
of Et-induced g change might be due to the suppression of the gRdec. effect and/or the enhancement of the gjinc. effect. Tne

g, 5 and

unusual inc. in gK elicited by such low cone, of Et in the presence
of Ba2+ may be related to the remarkable efficacy of Et in
shortening the action potential of nociceptive types of DRGn (Br.
Res. 636:286'94) and in eliciting analgesia in vivo at 1,000-fold
lower doses than morphine. The results suggest that Ba2+ may
modulate the functions of DRGn in culture so that their responses to
Et correlate more closely with the inhibitory responses of
nociceptive neurons in vivo. (Supp. by NIDA Grant d A-02031 to
S.M.C.)
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agonist DAMGO (1 gM) reduced both the amplitude and latency of the
P3. The amplitude of the negative potential was increased by DAMGO
while its latency was decreased. All effects of DAMGO were reversed

by 1 gM naloxone. The 5 selective agonist DPDPE (1 gM) did not
influence the P3, however the amplitude of the negative potential was
inhibited. This effect of DPDPE on the negative potential was blocked
by pre-treatment with naloxone (lgM), however it could not be
reversed by 1 gM naloxone. The Kj selective agonist U69,593 did not
influence either the P3 or the negative potential. These findings indicate
that g and 5 receptors play discrete and separate roles in the information
processing that generates these long latency potentials.
AND PHYSIOLOGY I
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MU RECEPTOR AGONIST MICROINJECTED INTO THE MEDIAL PONTINE
RETICULAR FORMATION (mPRF) OF CAT INHIBITS RAPID EYE
MOVEMENT (REM) SLEEP. A. Cronin. J.C. Keifer*. H.A. Bashdovan. and JL
Lvdic. Department of Anesthesia, Pennsylvania State University, College of
Medicine, Hershey PA 17033.
REM sleep inhibition is a clinically important but poorly understood opiate side
effect (Brit J Anaesth 72:145-150, 1994 and Anesthesiology 74:52-61, 1990). The
mPRF may mediate this side effect since morphine microinjected into the mPRF of
awake cat inhibits REM sleep (Anesthesiology 77: 973-982, 1992). The present
study is testing the hypothesis that the mu receptor subtype mediates opiate-induced
REM sleep inhibition. Four male cats were chronically implanted with electrodes
for objectively scoring sleep and with guide tubes for mPRF microinjections.
Following surgery the animals were trained to sleep in the laboratory. Then,
repeated microinjections, separated by 4 day intervals, were delivered into the mPRF
during quiet wakefulness. The following drugs were administered: 8.95gg of the mu
agonist, DAGO ([D-Ala2,N-Me-Phe4,Gly-ol5]-Enkephalin); 3.92gg of the delta
agonist, DPDPE (EnkephaHn,[D-Pen2,5]); lO.2gg of the kappa agonist, U50488
(trans-(+)-3,4-DIchloro-N-methyl-N-[2-(l-py^'olidinyl)-cyclohuxyl]-bunzunu
acetamide methane salt); and 0.9% saline. Drugs were carried in O.25gl of H2O
except for DPDPE which required O.5ul because of limited solubility. A drug main
effect on the percent of time spent in REM sleep during the two hour recording
period following the microinjection was demonstrated by analysis of variance
(F=5.36, d.f.=3,4O p<0.004). For the 4 drugs, the percent of time spent in REM
sleep (mean ± SD and number (n) of injections) was: DAGO 9.82 ± 7.82 (n=l 1);
DPDPE 19.4 ± 6.21 (n=9); U50488 18.5 + 5.89 (n=6); and saline 18.9 ± 5.75
(n=l5). Only DAGO, the specific mu agonist, significantly decreased the percent of
time spent in REM sleep (t=3.41, d.f.=24, p<0.001). These data support the
hypothesis that the mu opiate receptor subtype in the mPRF mediates morphineinduced REM sleep inhibition.
Support: Dept, of Anesthesia, MH-45361(HAB), and HL-4O88KRL).

SEPARATION OF ANALGESIA AND RESPIRATORY DEPRESSION
IN AN ANALOG OF FENTANYL. M.F. Davies*. P, A. Maguire. S._Chen. L. Rodrieuez. N.F. Tsai and G.H. Loew. Molecular
Research Institute, Palo Alto, CA 94304.
A series of five fentanyl analogs, previously reported by Bagley et al.
(J. Med. Chem. 34:827, 1991), were synthesized and evaluated in the
rat for their analgesic properties in tail flick assay and their
respiratory depressant effects as determined by the decrease in PO2
and increase in PCO2 in arterial blood. In addition, in vitro assays
were performed to determine their affinity at gi, g2, 8, ki , <2 and a
receptors as well as activity at g2, 8 and Ki receptors. All compounds
produced potent, naloxone-reversible, analgesic effects, with ED50
values ranging from 0.04 to 0.44 mg/kg. Three of the compounds
(#16,#17,#29) produced significant respiratory depression, one (#13)
produced mild effects, and one (#28) antagonized the respiratory
depressant effects of morphine while producing no effects of its own.
However, #13 and #28 produced convulsions at doses of 5 and 10 mg/kg
respectively, which were not blocked by naloxone, naloxonazine or
naltrindole. These compounds differed in their binding profile from
the other compounds in that they showed significant affinity for both ki
and a receptors. In model tissues, all of the compounds showed
moderate agonism only at the g2 receptor, with the exception of #28
which was an antagonist. In light of the potent analgesic effects, the
lack
agonism of #28 in model tissues led to the confirmation that its
analgesic effect was mediated through the gi receptor as determined by
antagonism by naloxonazine. Thus, compound #28 showed a clear
separation of analgesia and respiratory depression.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994
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R.M , Caudle*. Neurobiology and Anesthesiology Branch, NIDR, NIH,
Bethesda, MD 20892.
Previously, it was demonstrated that stimulation of the Schaffer
collaterals in the CA1 region of the rat hippocampal slice evokes not
only an extracellular population potential, but also small longer latency
potentials (Brain Res. 613:247, 1993). The first of these potentials
peaks in the positive direction between 100 and 400 ms after the
stimulus and was labeled the P3. Following the P3 there is a broad
potential in the negative direction peaking between 1 and 8 s after the
stimulus. In this study, selective opioid agonists were examined to
determine their effects on these long latency potentials. The g selective
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The Effects of Aging on the Antinociceptive Properties of

MU AND DELTA OPIOIDS: HIERARCHICALLY ORGANIZED
RESPONSES TO AVERSIVE ENVIRONMENTAL AND SOCIAL
STIMULI. J.A. Vivian* and K.A. Miczek. Department of Psychology,
Tufts University, Medford, MA 02155.
Acute exposure to various stressors such as restraint and electric shock
increases the analgesic and hyperthermic effects of opiates. This study
evaluated the effects of selective mu and delta opiate receptor agonists on
vocal, escape and reflexive responses to aversive stimuli in naive and
defeated adult male Long-Evans rats. Defeat stress consisted of: (1) an
aggressive confrontation (ca. 5 bites in 60 s) from which the intruder
escaped and eventually displayed defensive and submissive behaviors (i.e.,
upright, supine postures and the production of USVs), and subsequently,
(2) protection from the resident with a wire screen for 10-20 min. Defeat
stress was immediately followed by a tactile startle session (18 stimuli at
20 psi). In undefeated rats, the mu receptor agonists morphine (1-10 mg/kg
i.p. or 0.1-6 ug i.c.v.) and DAGO (0.01-0.3 ug i.c.v.), and the delta receptor
agonist DPDPE (10-100 ug i.c.v.) dose-dependently increased tail flick
latencies, while decreasing startle-induced USVs and motor activity. In
defeated rats, the analgesic dose-effect curves for morphine, DAGO and
DPDPE were shifted to the left while the dose-effect curves for the
suppression of USVs were similar to those of undefeated rats. These results
confirm mu and delta opiate receptor activation as significant in reflexive
analgesia to thermal stimuli and extend their importance to vocal
responses. Similar to restraint and electric shock stress, activation of
endogenous opiate peptides during defeat stress is implicated by the
potentiation of analgesia.

DAMPGO,

DPDPE

or

Sulfate

Morphine

Following

Intracerebroventricular (i.c.v.) Administration in the Rat.
M.A. King. M.L. Ko. J.L. Stafinskv and T. Crisp*. Department of

Pharmacology,

Northeastern

Ohio

Universities

College

of

Medicine, Rootstown, OH 44272.
These studies were designed to investigate how the aging

process alters the supraspinal antinociceptive efficacy of mu(p)
and delta( 6) opioid receptor agonists in rats. Various doses of
the p agonist DAMPGO, the < agonist DPDPE or the p/s agonist

morphine were injected i.c.v. in young, mature and aged Fischer
344 rats (5-6, 15-16 or 25-26 months old, respectively).

The

antinociceptive efficacy of these agents was tested on the tail-flick
and hot-plate analgesiometric assays. The findings revealed that

each

age cohort responded to

i.c.v.

DAMPGO in

a dose-

dependent manner. On the other hand, only the highest dose of

DPDPE tested

(300

nmol)

elevated

tail-flick

and

hot

plate

latencies (i.c.v. doses of DPDPE greater than 100 nmol produced
seizures and/or flaccidity in approximately 30% of the rats). The

3 age cohorts of rats responded in a dose-dependent manner to

i.c.v. morphine sulfate. In summary, the aging process does not

alter the supraspinal action of p agonists.
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ROLE OF OVARIAN STEROIDS IN THE REDUCED RESPONSE OF
LACTATING RATS TO THE HYPOALGESIC EFFECTS OF
MORPHINE J. Rochford* and B. Woodsidet *Douglas Hospital
Research Centre, Dept, of Psychiatry, McGill University, tcSBN, Dept
of Psychology Concordia University, Montreal, Quebec, Canada.
It has recently been demonstrated that lactating rats are less responsive
to the hypoalgesic effects of morphine than are cycling rats and that this
change in responsiveness is dependent on suckling stimulation rather than
on milk production (Woodside, Lee and Rochford, 1994). In the present
studies we determined the contribution of ovarian steroids to this effect by
comparing responsiveness to the analgesic effect of morphine of lactating
and non-suckled postparturient female rats which were either
ovariectomised or sham-operated on Day 1 postpartum. On Day 12
postpartum animals were placed on a hot-plate (52° C) prior to (baseline)
and 30 minutes after a subcutaneous injection of morphine (5mg/kg) and
latency to lick the hindpaw was measured. Consistent with previous
reports females in the lactating group had shorter paw lick latencies after
morphine administration than the sham-operated non-suckled females.
Ovariectomy completely restored the responsiveness of lactating females
to morphine. Since ovariectomy removes the major source of
progesterone and serum progesterone concentrations are high in lactating
animals we determined the effect of replacing progesterone in
ovariectomised lactating animals on the analgesic response to morphine.
Preliminary data suggest that progesterone replacement alone is not
sufficent to render postparturient females hyporesponsive to the analgesic
effects of morphine.

MORPHINE MICROINJECTED INTO THE MEDULLARY
DORSAL HORN PRODUCES DOSE-DEPENDENT, NALOXONEREVERSIBLE FACIAL SCRATCHING IN RATS. D.A. Thomas*
and D.L. Hammond. Dept. of Anesthesia and Critical Care, Univ. of
Chicago, Chicago IL, 60637
This study established a rodent model of opioid-induced pruritus (i.e.
itch). In anesthetized rats, the atla^^c^^^ccipital membrane was surgically
exposed through which 0.2 g\ microinjections of saline or morphine (0.1,
0.3 or 1.0 pg) were made into the medullary dorsal horn (MDH;
trigeminal subnucleus caudalis). The 100 min sessions (20 min pre-, 80
min post-microinjection) were videotaped and the number and location of
scratches were recorded. Morphine produced dose-dependent increases
in facial scratching, with 1.0 gg resulting in a mean ± S.E. of 2,139.4
± 640.3 facial scratches (n=7), a nearly 65 fold increase over saline
(33.2 ± 11.6; n=5). Peak effect occurred 30-40 min post microinjection
and scratching remained elevated for the entire session. Most facial
scratches were ipsilateral to the microinjection (69.1,71.7 and 81.8% for
the 0.1, 0.3 and 1.0 gg groups, respectively). In other rats, s.c.
injections of 0.4 mg/kg naloxone (n=5) or saline (0.1 ml/kg; n=6) were
made 30 min after the microinjection of 0.3 gg morphine into the MDH.
Mean facial scratching remained high for the 30 min period following
saline (354.0 ± 171.9) but was substantially attenuated after naloxone
(14.4 + 10.8). The present findings demonstrate a role of the MDH in
opioid-induced scratching in rats. Supported by PHS grants DA07004
and DAO6736 to DLH.
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DECREASE OF MORPHINE ANALGESIA BY A N
ANTISENSE OLIGODEOXYNUCLEOTIDE
AGAINST
THE MU RECEPTOR IN THE RAT G. Rossi*. Y.X. Pan. J.
Cheng. G.W. Pasternak. The Cotzias Laboratory of Neuro-Oncology,
Department of Neurology Memorial Sloan-Kettering Cancer Center,
New York, NY U.S.A. 10021
The recent cloning of opioid receptors has led to the identification of

THE SUPPRESSIVE EFFECT OF ADENOSINE ANTAGONISTS ON

clones encoding p, 6 and kj receptors. Prior work has demonstrated
that antisense oligodeoxynucleotides (ODNs), against the 8 opioid
receptor blocks both DPDPE and deltorphin. Therefore, since
morphine acts through p receptors, and the role of the cloned p receptor
in morphine phanmacology has not yet been established, the analgesic
properties of morphine were examined supraspinally in the presence of
a MOR-1 antisense ODN. Using the strategy developed against 8 and
k j opioid receptors, we examined an antisense ODN, directed against
the 5' non-coding region of the MOR-1 clone. Antisense was infused
into the periaqueductal gray of the rat, and 24 hours after the last
antisense treatment animals were given morphine (2.5 mg) and tested
for analgesia. Repeated injections of antisense ODN against the p
opioid receptor completely eliminated morphine analgesia. Over a
period of 5-7 days the animals' analgesic-state returned to control
values. To confirm the specificity of the 5' non-coding region of the
clone, mismatch ODNs were administered to naive rats. Rats treated
with vehicle or with a mismatch ODN were not affected. These
findings confirm the pharmacological relevance of the MOR-1 clone
and its ability to downregulate morphine analgesia, indicating that this
antisense clone is specific to p-associated analgesia.

administered centrally or intrathecally, on fentanyl-induced muscular rigidity.
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FENTANYL-INDUCED MUSCULAR RIGIDITY IN THE RAT. P.W. Lui*.

C.P.

Yeti,

L.Y.

Anesthesiology,

Tsen.

M.J.

Veterans

Fu and

General

Samuel

H.H.

Hospital-Taipei,

Depit

of

Institute

of

Chan.
and

Pharmacology, National Yang-Ming Medical College, Taipei, Taiwan 11217,

R.O.C.
We investigated the effects of adenosine A-|

and A2 antagonists,

Male Sprague-Dawley rats were anesthetized with ketamine (120 mg/kg,
i.p., followed by 5 mg/kg/hr, i.v.), and their lungs were mechanically
ventilated. Intravenous administration of fentanyl (100 pg/kg) consistently

evoked a significant increase in the electro-myographic (EMG) activity

recorded from the sacrococcygeal dorsalis lateralis muscle. This implied
muscular rigidity was appreciably antagonized by intracerebroventricular
administration of a highly selective and hydrophilic adenosine A! antagonist,
1-allyl-3,7-dimethyl-8-sulfophenylxanthine (30 pg/2.5 pl, n=7 per group),
although the lower dose (15 pg) was ineffective.

The adenosine A2

antagonist 3,7-dimethyM-propargyl-xanthane (DMPX, 20 and 40 pg, n=7
per group), on the other hand, exerted no appreciable effect on muscular

rigidity induced by fentanyl. Intrathecal administration of both A1 and A2
antagonists (15 pg and 20 pg/20 pl, n=7 per group) also prevented fentanylinduced muscular rigidity. We suggest that A1 adenosine receptor in the

brain and both A1 and A2 receptors in the spinal cord may be involved in the
mediation of fentanyl-induced muscular rigidity. Supported by grant from the
National Science Council (NSC-82-0414-B075-135, PWL).
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SEX DIFFERENCES IN RELATION TO CONDITIONED
FEAR'S ENHANCEMENT OF MORPHINE ANALGESIA.
H.S. Stock*. B J, Caldarone. G.C. Abrahamsen. D.L. Mongeluzi.
& R.A. Rosellini. Dept. of Psychology, University at Albany:
SUNY, Albany, NY 12222.
'
A number of studies have reported that both the immediate and proactive
effects of exposure to a shock stressor are less pronounced in female than in
male rats. A separate area of research has demonstrated that female rats are
less reactive to the analgesic effects of morphine than males. Experiments
from our laboratory, as well as others, have found that exposure to a context
associated with shock (i.e., conditioned fear context), at the time of morphine
administration, enhances the analgesic effects of morphine. Because previous
studies have exclusively employed male rats, the purpose of Experiment 1 was
to determine if a sex difference exists to this context conditioned fear
enhancement of morphine analgesia. The results demonstrated that exposure
to the conditioning context enhanced morphine analgesia in males, but not in
females. Experiment 2 investigated if this lower analgesic response in females
was mediated by ovarian hormones by examining the context conditioned fear
induced enhancement of morphine analgesia at two distinct stages of the estrus
cycle. Diestrus and estrus were chosen, because previous research
demonstrated that females are most reactive to the analgesic effects of
morphine during diestrus and show lower morphine analgesia levels during
estrus. The results showed that context conditioned fear enhanced morphine
analgesia in females tested during diestrus, but not during estrus. These
findings begin to elucidate some of the hormonal variables that may be
mediating the sex difference observed in Experiment 1.

SEX DIFFERENCES IN TOLERANCE TO PREDATORINDUCED ANALGESIA. M. Kavaliers* and D. G. L. Innes.
Univ. Western Ontario, London, Canada.
In rodents relatively short exposures to a predator induce
naloxone-insensitive, non-opioid analgesia while more prolonged
exposures elicit opioid analgesia. There are also sex differences in
analgesia, with males displaying greater opioid and females greater
non-opioid analgesia. In this study determinations were made of the
effects of daily (7 days) brief (30 sec) and more prolonged (15 min)
exposures to weasel odor on the nociceptive responses of
reproductive adult male and female meadow voles. Voles exposed
to the predator odor for 30 sec showed the same pattern of response
across the 7 days, with females displaying significantly greater
levels of non-opioid analgesia than males. In voles that were
exposed for 15 min males initially (days 1 and 2) displayed
significantly greater opioid analgesia than females. Over the 7 days
there was a significant decline in the analgesic responses of the
males such that by days 6 and 7 females displayed significantly
greater levels of analgesia than males. The decreased responsiveness
of the males was suggestive of the induction of tolerance and could
be reversed by the presentation of novel cues in a manner consistent
with the environmental specificity of tolerance. These results
suggest sex differences in the expression of tolerance to predatorinduced analgesia.
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ANALGESIA PRODUCED BY ICV INJECTION OF DPDPE IN

ENHANCED BY PLACENTA INGESTION.

RATS IS

J.M. PiPiTO and M.B. Kristal*.

Behavioral Neuroscience Program., DepL of Psychology, University at Buffalo,

Buffalo NY 14260.
Ingestion of POEF (Placental Opioid-Enhancing Factor), contained in amniotic fluid
and placenta, has been shown to enhance opioid-mediated analgesia in the rat.

Furthermore, POEF ingestion enhances analgesia by affecting the central, rather than

peripheral, action of morphine. On the other hand, ingestion of POEF does not affect
morphine-induced hyperthermia. Because morphine is a relatively nonselective opioid

agonist, this finding does not indicate which of 3 opioid receptor subtypes (mu, delta,

or kappa) is involved in the POEF effect on analgesia, or whether the differential effect
on analgesia and hyperthermia is due to receptor specificity or location specificity. In
order to examine the receptor-specificity hypothesis, we began by examining whether
POEF ingestion can enhance the analgesia produced by the 5-preferential agonist

DPDPE.
Rats were fed 1.0 g placenta or control substance (ground beef). Ten min later, they
received an ICV injection of DPDPE (45 pg/4.5 pl) or saline. Analgesia (paw-lick

latency on a 52° C hot plate) was determined 10 min after drug injection. The results

indicate that placenta significantly enhanced the antinociception induced by DPDPE;
paw-lick latency was about twice as long for placenta-fed rats receiving DPDPE as
control-fed rats receiving DPDPE (50 sec vs. 28 sec).
These results provide strong evidence for the involvement of the 5 opioid receptor in

the POEF effect, but do not preclude the possibility that p and K receptors are also
involved. In fact, pilot data suggest that analgesia produced by selective agonists for

both K and p subtypes are affected by POEF ingestion, raising the possibility that the
ability of POEF to modify only some opioid-mediated phenomena may be based more

on locus of action than on receptor specificity.

Supported by NSF grant BNS 91-23748 awarded to M.B.K.

EFFECTS OF CHRONIC FOOD RESTRICTION ON PRODYNORPHIN-DERIVED
PEPTIDES IN RAT BRAIN REGIONS. Y. Berman. L. Devi and K.D. Carr*.
Departments of Psychiatry and Pharmacology, NYU Medical Center, New York, NY
10016.
Chronic food restriction facilitates brain stimulation reward in a manner that is
reversed by p and x opioid antagonists (Carr & Papadouka, Brain Res. 639:253-260,
1994) and alters p and x opioid binding in several brain regions (see Wolinsky et al.,
this meeting). In the present study, effects of food restriction on brain regional
concentrations of prodynorphin-derived peptides were determined.
Rats in the experimental group had access to food for a single 1-hr period per day.
Control rats had ad libitum access. Prior to mealtime on day 15, rats were sacrificed
and eleven brain regions were micropunched from frozen sections and assayed for
immunoreactive dynorphin A,.n, dynorphin A,4 and dynorphin B,.l3. Rats with
restricted access showed increased dynorphin A,.l7 in the medial preoptic area (136.5
±21.8 vs 74.6 ±4.9 fmol/mg protein), ventromedial hypothalamus (219.9 ±17.0 vs
177.0 ± 10.2) and dorsornmliai hy]X)ththamm( 175.5 ±5.4 vsl 46.6 ±6.5). A,.,,
decreased in central amygdala (67.9 ±9.7 vs 104.7 ±8.0). Dynorphin AM
concentrations increased in nucleus accumbens (2^4.4 ±22.3 vs 196.6 ±16.7), bed
nucleus of stria terminalis (162.3 ±6.7 vs 130.0 ±7.0) and lateral hypothalamus
(332.1 ±35.0 vs 233.9 ±23.5). Peptide levels were unchanged in caudate, ventral
pallidum, VTA and parabrachial nucleus. There were no significant changes in
rynhrphin B1.13. Increased ratios of dynorphin Ai^idynoiphin A,.n in four brain
regions suggests a change in posttranslational processing rather than transcriptional
regulation of prodynorphin. Studies in progress are evaluating these two mechanisms.
Supported by DA 03956 (K.C.) and T32 DA 07254 from NIDA.
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EFFECT OF CHRONIC FOOD RESTRICTION ON REGIONAL KAPPA OPIOID
RECEPTOR BINDING IN THE RAT: A QUANTITATIVE AUTORADIOGRAPHIC
STUDY T.D. Wolinsky." K.D. Carr, J.M. Hiller, and E.J. Simon Department of
Psychiatry, NYU School of Medicine, New York, NY 10016.

BLOCKADE OF MORPHINE TOLERANCE BY 5-NITRO-6,7DIMETHYL-2,3-QUINOXALINEDIONE (NDMQX), A NOVEL NMDA
RECEPTOR/GLYCINE SITE ANTAGONIST IN THE FORMALIN
TEST.
K. Luttf, I. Kwon1, S.X. Cai2 and E. Weber1. 1 Dept, of
Pharmacology, UCI, Irvine, CA 92717; ^Acea Pharmaceuticals, Inc.,
1003 Health Sciences Rd. W., Irvine, CA 92715.
Recent studies have suggested a modulatory role for the N-methyl-D-aspartate
(NMDA) receptor in morphine tolerance. In the present study we used NDMQX, a
novel NMDA receptor/glycine site antagonist to block morphine tolerance in the
formalin test in Swiss Webster mice. Mice were daily injected with NDMQX (120
and 40 mg/kg, i.p.) or Bis-Tris (0.2 M) immediately followed by an injection of either
morphine (20 mg/kg. s.c.) or saline for 8 days. For comparison, the effect of MK801, a non-competitive NMDA receptor antagonist also examined on morphine
tolerance in which for 8 days mice were injected daily with either MK-801 (0.1 mg/kg,
i.p.) or saline. Thirty min later, mice were injected with either saline or morphine (20
mg/kg). On day 9 (test day), mice were placed in plexiglas jars for 1 hr for
accomodation to the experimental environment Mice were 'then injected with
morphine (4 mg/kg); 30 min later mice were injected with formalin into the dorsal
surface of the right hindpaw and the amount of time that each mouse spent licking
and/or biting the injected paw was recorded for 1 hr. Morphine produced a 'signifiant
antinociceptive effect in mice treated with vehicle followed by saline. On the other
hand, morphine did not produce antinociception in mice treated with vehicle followed
by morphine. This indicates that tolerance developed to the antinociceptive effect of
the drug in both phases of the formalin test Tolerance neither developed in mice
treated with MK-801 followed by morphine nor in mice treated with NDMQX
followed by morphine. The inhibitory effect of NDMQX on morphine tolerance was
dose-dependent. These data suggest that blockade of the glycine co-agonist site
associated with the NMDA receptor is another means to antagonize NMDA receptor
and prevent morphine tolerance. (Supported by Acea Pharmaceuticals, Inc. and NIDA
Grant DA 06726)

Chronic food restriction lowers the threshold for lateral hypothalamic selfstimulation in a manner that is reversible by p and k receptor-selective antagonists
(Carr & Papadouka, Brain Res. 639:253-260, 1994), and alters the regional
concentrations of prodynorphin-derived peptides in brain (see Berman et al., this
meeting). Using quantitative autoradiography to investigate whether chronic food
restriction (10 grams/day for 14 days) alters regional p and c opioid receptor binding,
we have previously demonstrated significant reductions in p binding in the caudal
portions of the habenular complex and basolateral amygdala (Soc. Neurosci. Abstr,
vol 19, 1993).
We now report that k binding is also altered in these same subjects. [^TJBMZ, in
the presence of 400 nM unlabelled DAGO and DPDPE to block p and 5 receptors,
respectively, was used to evaluate k receptor binding in 34 brain regions from the
level of the medial prefrontal cortex to the posterior hypothalamus, x binding was
reduced in the medial habenula by 27.5 %. Large increases in k binding were observed
in medial preoptic area (59.3 %), ventral pallidum (39%), and the various subdivisions
of the bed nucleus of the stria terminalis (34 - 52.3 %), all at the level of the anterior
commissure.
The results from ongoing investigations of p and x binding in mid- and hindbrain
structures will also be presented.
Supported by DA05441 (TDW) and DA03596 (KDC) from NIDA.
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SPINAL RELEASE OF L-GLUTAMATE DURING NALOXONEPRECIPITATED OPIOID WITHDRAWAL IN THE
UNANESTHETIZED RAT. K.H. Ihamandas*, M.Marsala and
T.L.Yaksh, Anesthesiology Research Lab., Univ.Califomia, San Diego,
La Jolla, CA. 92093-0818, *Dept. of Pharmacology-Toxicology,
Queen's Univ., Kingston Ont., Canada.
Excitatory amino acid (EAA) pathways have been implicated in the
development of opioid tolerance and physical dependence.
We
investigated the function of spinal EAA neurons during naloxoneprecipitated morphine withdrawal by measuring release of L-glutamate
and other amino acids using intrathecal microdialysis. Under brief
anesthesia, rats received intrathecal (IT) implants of a loop dialysis
catheter and a polyethylene catheter which was linked to an osmotic
minipump containing morphine or saline. Four days following continuous
morphine (20 nmol/hr) or saline (lpl/hr) infusions, amino acid release was
monitored in conscious animals. Injection of naloxone (2mg/kg) in morphine
but not saline-infused animals produced a significant increase in Lglutamate release over a 20 min period coinciding with the highest
intensity of withdrawal signs, including profound allodynia. Naloxone also
induced release of taurine but not glycine, serine, glutamine, asparagine or
citrulline. Clonidine (2Opg, IT) significantly suppressed the naloxoneevoked glutamate release. The results indicate that spinal opioid
withdrawal is associated with activation of glutamatergic neurons in the
spinal cord. [Supported by NS16541 and MRC (Canada) ].

CLONIDINE SUPPRESSES OPIATE ABSTINENCE IN
NEONATAL RATS. C. Kuhn*R. Hinton, P.F. Little.
Dep't of Pharmacology, Duke Medical Center, Durham, NC
27710.
The opiate antagonist naloxone (NAL) precipitates an
atypical abstinence syndrome in opiate-treated neonatal rats
characterized by wall climbing (WC), tremor (TR), mouthing
(MO), and vocalization (VO). The purpose of the present
study was to compare the effects of the alpha-2 agonist clonidine (CLO), which blocks certain aspects of opiate abstinence in adults, on the syndrome elicited in neonatal and
weanling rats by NAL after chronic MOR treatment.
MOR (25 mg/kg, bid) was administered for 5 days to
weanling (days 20-24) or neonatal (days 5-9) rats. On day 6
of treatment, all rats were treated with MOR (25 mg/kg), fol
lowed 2 hrs later by saline or NAL (5 mg/kg). Animals
were pretreated with saline or CLO (0.2 mg/kg) 10 min.
before NAL. Weanlings showed significant incidence of
MO, VO, forepaw treading (FP), ptosis (PT) and diarrhea
(D). CLO decreased MO, FP, PT and D, but enhanced VO
and elicited teeth chattering and piloerection. In neonatal
rats, NAL elicited WC, TR, MO and VO. CLO increased
WC but diminished TR and MO and did not change VO.
None of these behaviors were observed in untreated weanlings but CLO elicited WC in opiate-naive neonatal rats.
These results suggest that noradrenergic hyperactivity might
contribute to developmentally-specific and conventional
abstinence signs. Supported by DAO2739.

316.17
OROFACIAL DYSKINESIAS PRODUCED BY MICROINJECTION OF SIGMA
LIGANDS INTO CRANIAL NERVE NUCLEI. R.R. Matsumoto*. T.T. Tran

and D.D. Truong.

Department of Neurology, University of California

Irvine, Irvine, CA 92717.
Systemic administration of sigma ligands have been reported to
produce vacuous chewing movements in rats (Patrick et al., Eur. J.Pharmacol. 231:243-249, 1993).
Since many cranial nerve nuclei
that are rich in sigma receptors subserve muscles that control face
and mouth movements, in the present study, we microinjected the
sigma ligands di-o-tolylguanidine (DTG) and haloperidol into the
facial nucleus and spinal trigeminal nucleus, oralis. DTG (10 nmol)
produced significantly more episodes of vacuous chewing movements
when microinjected into the facial and spinal trigeminal nuclei than
similar injections of saline (P<0.05 for both).
There was also a
tendency for DTG to produce facial tremors, although this effect was
not statistically significant.
Haloperidol (10 nmol), on the other
hand, appeared to produce mostly facial tremors, with less of an
effect on vacuous chewing. In preliminary studies, these movements
were attenuated with the sigma antagonist, BD1063. Since many
neuroleptics that are prone to causing dyskinesias interact with
sigma receptors, and sigma ligands also produce dystonic reactions
(cf. Walker et al., Pharmacol. Rev. 42:355-402, 1990), the
results herein provide further support for the possible involvement
of sigma receptors in some of the motor side effects of antipsychotic
drugs. Further studies are underway to test the effects of other sigma
ligands and cranial nerve nuclei on orofacial movements.

SOMATOSENSORY CORTEX AND THALAMOCORTICAL RELATIONSHIPS II

317.1

317.2

EVIDENCE FOR INTERDIGITATION OF DIFFERENT BODY PART
REPRESENTATIONS IN THE SECOND SOMATOSENSORY AREA (Sll) OF
MACAQUES. I. Danielsson* and T.P. Pons. Lab. Neuropsychology,

CORTICOTHALAMIC PROJECTIONS FROM LAYER V CELLS ARE
COLLATERALS OF LONG-RANGE CORTICOFUGAL SYSTEMS. Jacques
Bourassa. Didier Pinault*and Martin DeschSnes . Centre de Recherche en
Neurobiologie, Hdpital de rErrifunt-Jdsus, University Laval, 1401, l8£me rue,
Quebec G1J 1Z4, Canada.
The vast majority of corticothalamic (CT) axons projecting to sensoryspecific thalamic nuclei arise from layer VI cells but intralaminar and
paralaminar thalamic nuclei also receive, to various degree, a cortical input
from layer V pyramidal cells. It is also well established that all long-range
eortieofugal projections reaching the brainstem and spinal cord arise exclusively from layer V neurons. These observations raise the possibility that the
CT input of layer V cells may derive from collaterals of those long-range
axons projecting below thalamic level. The thalamic projections of layer V
cells were mapped at a single cell level following small microiontophoretic
injections of biocytin performed in the motor, somatosensory and visual
cortices in rats. Camera lucida reconstruction of these axons revealed that all
CT fibers arising from layer V cells are collaterals of long-range corticofugal
axons. These axons do not give off axonal branches within the thalamic
reticular nucleus and they arborize exclusively within intralaminar and
paralaminar thalamic nuclei where they form small clusters of varicose
endings. As layer V cells are involved in motor commands everywhere in the
neocortex, these CT projections and their intralaminar and paralaminar
thalamic targets should be directly involved in the central organization of
motor programs. Supported by the MRC of Canada.

NIMH, Bethesda, MD 20892 and Dept, of Neurosurgery, Bowman Gray
School of Medicine, Winston-Salem, NC 27157.
It is well established that projections from primary somatosensory
cortex (3a, 3b, 1 and 2), to Sll, are patchy in appearance, indicating
some type of modular organization. An obvious question that arises is:
What region(s) of cortex projects in between the above patches? We
first determined if projections from areas 3a, 3b, 1 and 2, might be
interdigitating by injecting the entire hand representation in these
cortical areas with fluorescent tracers and biotin dextrans. The results
indicated a continuous band of label in the middle layers of Sll,
suggesting that projections from these four areas do interdigitate. In
four additional animals we used electrophysiological recording
techniques to identify the same body part representation, such as the
distal portion of a finger, in areas 3b, 1 and 2 and then inject the
matched representations with different tracers. Since mostly
cutaneous information is processed in areas 3b & 1 and information
from "deep" receptors in area 2, we hypothesized that there might be
an interdigitation of cutaneous and "deep" inputs. Instead, our results
indicated a strong convergence of inputs onto the same modules in Sll.
Interestingly, however, when we injected tracers into the
representations of different body parts, such as distal digits 1 and 3,
the label in Sll interdigitated. These findings indicate that within Sll
the representations of different body parts are interdigitated but not
cutaneous and "deep" submodality information.
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SOMATOSENSORY CORTICAL INPUTS TO THE RAT AMYGDALOID
COMPLEX. Martin D. Cassell* and Chanq-iun Shi. Dept. of Anatomy,
University of Iowa, Iowa City, IA 52242.
The pathways by which somatosensory information could be
relayed from the cortex to the amygdaloid complex were investigated
by using the anterograde axonal transport of biocytin following cortical
microinjections. Injections of biocytin into head, trunk and limb areas
of secondary somatosensory cortex (S2) produced heavy labeling of
fibers and terminals in caudal granular insular cortex (head) and
granular posterior insular cortex (limb and trunk) - grouped here as
granular parietal insular cortex (gPI) and equivalent to area PV of Fabri
and Burton (JCN 311:1991) - but only sparse labeling in the lateral (L)
and basolateral (BL) amygdaloid nuclei.
Biocytin injections into gPI
resulted in heavy labeling of the subjacent dysgranular parietal insular
cortex (dPI) - equivalent to area PR of Fabri and Burton - but again only
modest labeling in L and BL.
Injections into dPI resulted in strong
labeling of fibers and terminals in the dorsal part of L, with moderate
labeling of fibers in anterior and posterior BL, the anterior basomedial
nucleus and the most lateral part of the central nucleus. Injections into
S2 and gPI labeled the ventroposteriomedial, ventroposteriolateral and
posterior (PO) thalamic nuclei: injections in dPI labeled only PO. These
results suggest that while secondary and tertiary somatosensory areas
project only very sparsely to the amygdala, the bulk of somatosensoryrelated inputs to the amygdala arise in the dysgranular parietal insular
cortex. The singular association of dPI with the posterior thalamus
suggests dPI may relay nociceptive information to the amygdaloid
complex. Supported by NIH grant NS25139.

SPECIES VARIATIONS IN PATTERNS OF AChE STAINING IN SI
CORTEX OF DEVELOPING RODENTS. R.Erzurumlu. E.Scndemir and S.
Jhaveri*. Dept. Brain & Cognitive Sciences, M.I.T., Cambridge, MA 02139.
We have observed a striking difference in the pattern of AChE staining in the
developing barrel field cortex of mice and hamsters as compared to rats.
Sections through the SI cortex of postnatal (P0-P15) rats (Sprague-Dawley),
mice (CD1) and hamsters (Syrian) were cut in the coronal plane or parallel to the
pial surface, and processed for AChE histochemistry. Alternate series were
incubated in the acetylthiocholine iodide solution for short (4-6 h) or long (1824h) periods. In all cases incubated for short times, AChE-positive axons were
black and clearly delineated. With longer times, the staining of axons became
progressively more granular and an amorphous brown staining, presumably of
neuropil components, appeared in regions of AChE reactivity. This alteration in
staining with incubation times was especially pronounced in younger tissue.
In postnatal rats, the lower part of the cortical plate (or layer IV) was stained
dark brown (neuropil staining), and whisker-specific patches were visible
starting on day 2. However, in both hamsters and mice on P0-P2, layer IV of the
barrel field cortex was light, standing out against the darker staining of supraand infra-granular layers and agranular cortex. Especially striking was a dark
band of AChE-positive staining localized to the border between layers IV and V.
In flattened cortices from P3 and older animals, light AChE reactivity was
present in barrel cores but barrel walls were AChE-negative. More intense
staining was visible in the septae, resulting in rings of AChE-positive reaction
product surrounding each barrel. This pattern of staining persisted at least until
P15, well past the time when thalamic axons have formed vibrissa-related
patches in layer IV of both mice and hamsters.
These results call for a revaluation of the use of AChE staining as a marker for
thalamocortical axons in rodents. (Support: NIH Grant NS26278)

317.5

317.6

NADPH-d IN THE DEVELOPING RAT TRIGEMINAL SYSTEM.
E. Sendemir, 1=1 . IE rzurumlu* a nd S . J haven.
Cambridge, MA 02139
Nitric oxide (NO) is a byproduct of the conversion of arginine to citrulline
by the enzyme NO synthase (NOS) and is considered to be a messenger
molecule with a variety of physiological actions. In particular, NO is
produced in postsynaptic neurons as a result of NMDA receptor-mediated
increases in intracellular calcium levels, and may serve as a retrograde
messenger involved in the consolidation of select sets of synapses in the
brain. We have employed histochemical staining for NADPH-d to examine
the distribution of NOS-positive cells and proceses in the rat trigeminal
system in relation to development and lesion-induced plasticity of whiskerspecific neuronal patterns.
At all ages, NADPH-d histochemistry revealed two distinct types of
staining: 1) Intense neuronal staining and 2)diffuse neuropil staining. In the
SI cortex stained cells, prominent from P1 onward, were multipolar and
resembled the GABAergic aspiny stellate cells (Weinberg et al., SN Abstr.,
92). The number of stained cells increased during postnatal development.
In flattened sections through the barrel cortex of P5 and older rats .the
majority of NADPH-d positive cells were found in agranular and septal areas.
There was no staining of individual neurons in the ventrobasal nucleus of
the thalamus and only a few cells within the spinal trigeminal nucleus.
Neuropil staining was diffuse in the cortical plate on P1 but became dense
in the face region and decreased from agranular areas by P3. On P5
whisker-specific patches could be identified by the dense neuropil
staining. Similar patterns were also seen in the trigeminal nuclei and
thalamus of P3 rats. Peripheral nerve lesions lied to decreased neuropil
staining and disappearance of whisker-related patterns at all levels, but did
not effect the cellular staining. Our results show that NADPH-d positive
modules develop shortly after the patterning of postsynaptic neurons into
whisker-specific aggregates. (Supported by N.I.H. NS27678)

LOCALIZATION AND DEVELOPMENTAL REGULATION OF NICOTINIC
RECEPTOR a7 SUBUNIT mRNA AND a-BUNGAROTOXIN BINDING SITES IN
MOUSE SOMATOSENSORY CORTEX. K.G. Bina*1*2- P, Guzman1.2. R.S.
BlOide3, F.M. Leslie3. M.A, Smith2 and P.K. O'Dowd] p. Dents. of
Dev. & Cell Biol.1; Anat. & Neurobiol/; PharmacolA UC Irvine,
Irvine, CA.92717.
We are interested in the developmental events that lead to the
establishment of functional thalamocortical connections in the mouseprimary somatosensory cortex (SI). In the CNS, a-bungarotoxin
(aBTX) binds to nicotinic receptors that contain the a7 subunit.
Previous studies have revealed expression of both a7 mRNA and aBTX
binding sites in pre- and postsynaptic elements of the thalamocortical
pathway in the rat brain during early postnatal development suggesting
that this receptor may play a role in thalamocortical connectivity. The
present study demonstrates a transiently elevated bilaminar pattern of
expression of both a7 mRNA and aBTX binding sites in layer IV and
deep V/superficial VI in the SI of ICR mice. Levels of both a7 mRNA
and aBTX binding peaked around P4 and P7 respectively and declined to
adult levels by P14. In tangential sections, both aBTX binding sites and
a7 message delineated a barrel pattern in layer IV of the SI by P3-5. In
marked contrast to the findings in rat, al mRNA and aBTX binding sites
in VPL/VPM, the thalamic nuclei innervating the SI, were below levels of
detection. However, both al mRNA and aBTX binding sites were
found in the caudal aspects of basal forebrain, an area that provides
cholinergic input to the SI. These studies delineating the distribution of
the aBTX sensitive nicotinic receptors in the mouse will facilitate analysis
of the potential role of this receptor in development of thalamocortical

317.7

317.8

VB THALAMIC INPUT TO PUTATIVE INTERNEURONS OF RABBIT S-l BARREL
CORTEX: EVIDENCE FROM CROSS-CORRELATION AND MICROSTIMULATION.
H. A. Swadlow*. Dept, of Psychology, University of Connecticut, Storrs, CT 06269
Previous studies of rabbit S-l (S^^^ow, I. Neurophysiol. 1989; 1990) identified
suspected intemeurons (SINs) by their high frequency (> 600 hz) burst of very shortduration spikes to VB stimulation. Because SINs were the first cells to respond to
thalamic stimulation, it was suggested that they were involved in feed-forward
inhibition of efferent neurons. This notion was further supported by showing that SINs
respond to peripheral stimulation only 0.7 ms following the response of VB
thalamocortical terminals (Swadlow, Soc. Neurosci. Abst., 1993). The present work
examines the influence of individual VB neurons on S-l SINs of awake rabbits by crosscorrelating spikes of VB neurons and SINs that were in precise topographic alignment.
Inferences of connectivity were supported by applying very low intensity (1- 10 pA)
pulses to the VB microelectrode and observing evoked responses in the SIN.
Many SINs (23/34) showed significant shift-corrected cross-correlograms (CCGs) with
VB neurons. Most significant CCGs revealed a very brief (- 1 ms) peak 1.4 - 2.0 ms after
the VB spike. Although "efficacy" and "contribution"values were low (means -2%), the
reliability of these measures taken from repeated data sets was high (r2 >.8, p< .0001 in
both cases). Significant CCGs were seen in nearly all (23 of 25) SINs that responded at
very short latencies to both sensory stimulation (< 7 ms) and VB stimulation (< 1.8 ms),
and in 18 of 19 SINs estimated to lie in or very near to layer-4. Whereas all SINs
(22 of 22) showing significant CCGs responded to low-intensity VB microstimulation
(mean threshold = 4.9 pA), only 4 of 9 SINs that failed to show significant crosscorrelations responded at intensities as high as 10 pA.
These results yield four conclusions: (1) moist VB input onto SINs occurs within or
very near layer-4, (2) nearly all SINs of this depth receive VB input, (3) SINs of layer-4
receive a highly convergent input from many VB afferents and (4) a subclass of VB
afferents entering an S-l barrel diverge to synapse upon nearly all SINs within or near
layer-4. Such a network approximates a "complete transmission line" (Griffith, J. S.
Biophys. I.. 299-^3^^, 1963.), which is characterized by a very "high reliability", but at a
cost of sacrificing "complexity of task". S-l barrel SINs indeed respond very reliably to
peripheral stimulation, showing very low thresholds and a very high temporal
resolution. They have sacrificed "complexity of task" however, in that they lack the
direction selectivity seen in many VB afferents. Supported by IBN 9213451; NS32021.

Cholecystokinin selectively increases excitability of thalamic reticular neurons by
suppressing a resting K* conductance. C.L.Cox*. J.R.Huguenard and D.A.Prince.
Dept. Neurology & Neurological Sciences, Stanford University School of Medicine,
Stanford, CA.
Although the thalamus is richly innervated by neuropeptides, their actions on thalamic
neurons are unknown. We have investigated the actions of CCK upon neurons of
nucleus reticularis (nRT) that receive CCK-containing afferents from thalamus and
cortex.
Voltage- and current-clamp recordings using "blind" whole cell patch technique were
obtained from in vitro slices of young Sprague Dawley rats (35 °C). CCK (est 0.5-1 pM,
bath) produces a long-lasting (70-520s), concentration-dependent membrane
depolarization that can result in prolonged spike discharge from nRT neurons. Voltage
clamp recordings revealed that CCK produced an inward current associated with a
decreased conductance (1.8±O.9 nS, n=l4), accounting for ~25% of resting
conductance. The response reverses near EK and persists following blockade of evoked
synaptic activities (TTX or low [Ca~]/high [Mg**]). The underlying conductance is
voltage independent, cesium sensitive and changes in [K+]o produced expected shifts in
the reversal potential. The depolarization is selectively attenuated by the CCKA receptor
antagonists L364.718 (0.2- lpM) and Cam-1481 (lpM), but not by the CCKB antagonist
L365.26O (0.2-1 pM). Furthermore, the CCK depolarization appears specific to nRT
neurons; ventrobasal nucleus (VB) neurons are unchanged or slightly hyperpolarized in
response to CCK.
Interestingly, local electrical stimulation of afferents in nRT evoked an EPSP that could
be followed by a recurrent rebound EPSP, presumably via intrathalamic connections
between nRT and VB. CCK suppresses the rebound EPSP while having a mixed action
upon the initial EPSP. These data suggest that CCK, acting via CCKa receptors,
depolarizes nRT neurons by decreasing a K+ leak conductance. Such an action of CCK
could lead to a dampening of the intrathalamic oscillations by shifting nRT neurons from
a resting burst firing mode towards a depolarized single spike firing mode, resulting in a
decrease in intrathalamic oscillations that are postulated to underlie spike wave
epileptiform activity as well as sleep related spindle activity. Supported by NIH grants
NSO6477 and NS07280 and the Pimley Fund.
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DISTRIBUTION OF PARVALBUMIN IMMUNOREACTIVE AXON

DETECTION OF THE MAGNETIC FIELDS FROM SUBCORTICAL
AREAS OF THE TRIGEMINAL SOMATOSENSORY SYSTEM IN THE
JUVENILE SWINE. I. Hashimoto#. C. Xu* and Y. C. Okada.
Magnetophysiology Lab., V A Med. Center, Albuquerque, NM 87108,
and Depts. Neurol, and Physiol., Univ. New Mexico Sch. Med.,
Albuquerque, NM. #Tokyo Institute of Psychiatry, Tokyo, Japan.
We assessed whether the thalamus and other subcortical structures can
produce magnetic fields detectable outside the brain, by measuring the
somatic evoked magnetic fields (SEFs) from a decorticated in vivo porcine
preparation. The entire dorsal portion of the neocortex of the juvenile farm
swine (7-13 kg) was removed bilaterally by suction under ketamine and
xylazine anesthesia, eliminating possible contributions of cortical sources
to the SEF. The snout was briefly stimulated electrically with a concentric,
bipolar needle electrode (0.05-0.3 ms, 2-10 mA) to elicit SEFs from the
subcortical structures. The SEFs were measured with a high-resolution
superconducting magnetometer with the four detection coils 2 mm above
the exposed tissue surface. SEFs of as much as 2 pT could be detected 5
mm above the thalamus. The waveform consisted of a small spike (about
0.2 pT) with a peak latency of 5-6 ms and a larger spike (about 2 pT) with
a peak latency of 10-12 ms, followed by a slow wave lasting about 100
ms. The SEF topography on a plane above the thalamus indicated the
underlying source of the large spike to be in the region of the ventral
posterior medial (VPM) nucleus contralateral to the side of stimulation that
receives the trigeminal projection. The results are against the notion that the
thalamic field is confined within this structure and suggest that SEFs from
the subcortical sources may be detectable even outside an intact cortex in
the swine.
Supported by NINDS ROl-NS3O968-Ol.

TERMINALS ON THE SOMATA OF CALLOSAL PROJECTION
NEURONS IN VISUAL AND SOMATOSENSORY CORTEX.

D.

Czeiger* and E.L. White. Center for Brain Research, Faculty of

Health Sci., Ben-Gurion Univ., Beer Sheva, ISRAEL.
Callosal projection neurons in mouse somatosensory and
visual cortical areas were labeled by the retrograde transport of

HRP injected into the contralateral hemisphere; the tissue was
vibrotomed at 5Opm, reacted for HRP and the reaction product
intensified using silver intensification and gold toning prior to

immunoreacting for parvalbumin.

that occurred in

positive terminals were selected for
microscopy.
visual

HRP labeled callosal cells

planes of section containing parvalbumin

serial thin section electron

Results to date indicate that with one exception in

cortex,

the

proportion

of

parvalbumin

positive vs.

unlabeled synapses was essentially the same for cells in each

area. However parvalbumin positive terminals formed 40% of

the synapses onto the somata of callosal projection cells in
somatosensory cortex (n = 3), but only 15% of the synapses

onto callosal cells in visual cortex (n = 5); a highly significant

2

difference as assessed by X test (p« 0.005). Previously, we
showed that callosal projection cells possess synaptic output

patterns in both somatosensory and visual cortex.

In contrast,

the present results suggest differences in the synaptic input
patterns to callosal cells in different cortical areas. Supported
by Israel Acad, of Sciences 618/93 to E.L.W.

317.11

317.12

DIFFERENTIAL PROCESSING OF VERTICAL AND HORIZONTAL
COMPONENTS OF ARM POSTURE IN SI. SI Helms Tillery*, TJ Ebner
and JF Soechting. Neuroscience Program, Univ. Minnesota, Minneapolis, MN
55455.
•
SI discharge was recorded during steady postures and slow passive movements
of the arm. Of 280 neurons recorded, 91 showed significant relations between
the location of the hand and discharge rate. The discharge of the neurons tended
to be monotonic with respect to hand position, reaching extremes as the hand
reached the edges of the workspace. This relation could generally be described
using only one or two spatial axes. This provided a distinct spatial character to
each neuron: each neuron had one or two ‘null’ axes. Displacing the hand along
a neuron’s null axis resulted in no modulation in that cell’s discharge rate.
Changing the task requirements - arm posture relative to hand position, force
profile relative to hand position, or passive movement through the hand position
— had a range of effects on the observed discharge. Some neurons discharged
similarly in relation to hand position regardless of the task. In other neurons, the
relations betweeen hand position and discharge rate were different for each task.
Such differences could include changes in the directional properties of the neurons.
The directionality of the neurons provided a means of assessing the uniformity
of the population’s spatial distribution. The population distribution was not uniform in any task. In each task, the number of cells which were modulated by
displacements in the horizontal plane was greater than the number modulated by
displacements along the vertical axis. This observation leads to the hypothesis
that information relating to the horizontal and vertical components of arm posture
are processed differently.

SPATIAL ANALYSIS OF SOMATOSENSORY AND VISUAL
STIMULI BY SINGLE NEURONS IN MACAQUE AREA 7B.
P.R. Field and C.R. OLon*. Department of Anatomy, Dental
School, University of Maryland at Baltimore, Baltimore, MD 21201.
Objects detected through different sensory modalities are perceived
as having positions relative to a common spatial framework. To
study the neural substrates of this phenomenon, we have recorded
from neurons in Area 7b of alert macaque monkeys, using a
paradigm in which, by varying gaze-angle and arm-position, we
dissociate the proximal coordinates of a stimulus (as referred to the
retina or to the skin surface of the hand) from its distal coordinates
(as referred to extrapersonal space). We have found that neurons
with visual and trigeminal receptive fields are concentrated in a zone
on the rostrolateral inferior parietal lobule whereas neurons with
receptive fields on the hand occupy an adjacent more medial zone.
Some neurons sensitive to stimulation of the hand respond more or
less strongly as a function of arm position. Some neurons
responsive to visual stimulation are also influenced by the angle of
gaze. Neurons responsive both to somatosensory stimulation of the
hand and to visual stimulation are rare or absent. We conclude (a)
that neurons in separate divisions of Area 7b contribute to spatial
preprocessing of visual and hand-somatosensory stimuli and (b) that
full integration of visual and hand-somatosensory inputs, at the
single-neuron level, must occur at sites downstream from Area 7b.
McDonnell-Pew Program in Cognitive Neuroscience Individual
Research Grant 90-37 to CRO.

Partially supported by the Human Frontiers in Science program.
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Responsiveness of the somatosensory cortex following the selective lesioning of
cholinergic neurons in nucleus basalis of MeynertP. Herron*t, J. B.
Schweitzer^, K. A. Baskervillef, A. A. Book!, and R. G. Wiley+. Depts. of
Anatomy and Neurobiologyt and Pathology! The Univ. of Tennessee,
Memphis, Col. of Medicine, Memphis, TN 38163 and Laboratory of
Experimental Neurology, DVAMCfNashville, TN 37212.
Acetylcholine (ACh) has been shown to modulate excitability of cortical
neurons. Recently, an immunotoxin (IT), 192 IgG-saporin, has been developed
that enables the selective lesioning of cholinergic neurons in nucleus basalis of
Meynert (NBM), the major source of ACh inputs to the cortex. The purpose of
these experiments was to determine the effects of IT lesion of ACh neurons in
the NBM on spontaneous activity and neural activity activated by
mechanosensory stimulation of afferent inputs to the face representation area of
primary somatosensory cortex (SIf) in rats. We used extracellular recording
techniques and repetitive mechanosensory stimulation of single whiskers with a
Chubbuck stimulator to quantitatively assess the responsiveness of single
neurons or small clusters of neurons in IT-lesioned animals and in control
animals with PBS injections. The results show that the overall spontaneous
activity was not significantly different for the IT-lesioned and control animals.
However, spontaneous activity was significantly higher in laminar Vb and lower
in laminar VI of control animals compared to IT-lesioned animals. Neural
activity driven by mechanosensory stimulation was significantly lower in
IT-lesioned animals compared to control animals. Reduced driven activity was
observed in all laminae of IT-lesioned animals compared to controls and was
particularly striking for lamina VB and VI. These results suggest that cortical
functioning that requires increased excitation such as arousal and plasticity may
be significantly reduced when ACh input from NBM is lost (Supported by NIH
grant AGO5944, PHS MH10121, and NS25122).

SPECTRAL DENSITY MAPS OF RECEPTIVE FIELDS IN THE
RATS SOMATOSENSORY CORTEX. M. Xie. K. Pribram*. J. King,
and B. Zheng. Dept. Of Psych, and BRAINS, Radford Univ, Radford,
VA 24142.
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To extend findings from visual neurophysiology we plotted responses
for 48 locations in the somatosensory "barrel cortex" of the rat to spatial
and temporal frequency stimulation of their vibrissae. The recordings
obtained from bursts of spikes were plotted as response manifolds
resembling field potentials such as those recorded with macoelectrodes.
The burst manifolds were shown to be composed of those obtained from
single spikes and to vary systematically according to the direction of
stimulation.
A computer simulation of our results showed that, according to the
principles of signal processing, the somatosensory receptive fields can be
readily described by Gabor-like functions much as in the visual system.
Further, changes with respect to direction of whisker stimulation could
be described in terms of spatiotemporal (vectorial?) shifts among these
functions.
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EFFECT OF NK-1 RECEPTOR ANTAGONIST, CP-96,345 ON
THE C-FOS EXPRESSION IN GRACILE NUCLEUS AFTER
ELECTRICAL STIMULATION OF THE INJURED SCIATIC
NERVE
K. Noguchi * U, Y. Kawai 2>. Y. Tamai 3> and E. Senba 2)
* Dept, of Anatomy, Hyogo College of Medicine, Nishinomiya 663, JAPAN
2) Dept. of Anatomy & Neurobiology,
Dept, of Physiology, Wakayama
Medical College, Wakayama 640, JAPAN
We have previously reported the induction of preprotachykinin mRNA in
large DRG neurons and increase in the level of substance P immunoreactivity
in the gracile nucleus after peripheral axotomy. Recently, c-fos expression in
the gracile nucleus after electrical stimulation of the injured sciatic nerve was
reported. This study was designed to analyze the effect of nonpeptide NK-1
receptor antagonist, CP-96,345 on the axotomy-induced c-fos expression in
the gracile nucleus. Male Sprague Dawley rats (100-150g) received i.p.
injections of CP-96,345, the enantiomer, CP-96,344 (no NK-1 antagonist) or
saline (up to 5 mg/kg of body weight) 30 min prior to and every 12 hr after
unilateral sciatic nerve cut at the midthigh level. Seven days later, the electrical
stimulations to the bilateral sciatic nerves just distal to the level of the hip joint
were delivered. Following the perfusion with 4% paraformaldehyde 2 h after
electrical stimulation, the medulla oblongata was dissected out and processed
for immunohistochemistry with Fos antibody. The treatment with CP-96,345
reduced the number of Fos-labeled nuclei in the gracile nucleus ipsilateral to
sciatic nerve cut after electrical stimulation significantly, while CP-9j344
showed no effect compared to control animals. This result indicates that
substance P newly synthesized in DRG neurons after peripheral nerve injury
was transported through the dorsal funiculus and affect the excitability of
neurons in the gracile nucleus.

FACILITATION OF ACUTE NOCICEPTION BY THE MEDULLARY
DORSAL RETICULAR NUCLEUS OF THE RAT.
A. Almeida, D . Lima, A . C oimbra.K. Hole ed A . Tielgrn
(SPON: European Neuroscience Association). Institute of Histology and
Embryology, University of Oporto, 4200 Perte, Portugal and Department of
Physiology. University of Bergen, 5009 Bergen, Norway
The dorsal reticular nucleus (DRt) receives afferents from and projects to spinal
cord laminae that mediate nociception. DRt neurons are mainly activated by
noxious stimuli and are involved in descending control of the nociceptive activity
of WDR spinal neurons. The effects on nociception of unilateral and bilateral
lesions after quinolinic acid injections (0.3 pl, 180 nmol/pl) and of glutamate
stimulation (0.5 pl, 50 nmol) in the DRt in rats, were studied using the tail-flick
and increasing temperature hot-plate tests of nociception. Lesioned rats were tested
before and 1, 3, 5, 7 and 9 days after the lesions. In the glutamate stimulated rats
tail-flick tests were performed before and 1, 2, 3, 5 and 10 minutes after the
injection. Lesion caused a significant increase in tail-flick latency compared to
saline-injected controls, mainly after 1 and 3 days . The increase was more evident
after bilateral lesions. The response temperature in the hot-plate test was
significantly increased 1 day after unilateral and bilateral lesions, with a greater
response in the last case . Glutamate injections caused a significant reduction of the
tail-flick latency after 1 minute, followed by a rapid return to control levels.
These results indicate that the DRt is involved in the facilitation of nociception
after the acute thermal noxious stimulation in the tail-flick and hot-plate tests.
Recent anatomical data showed asymmetrical synaptic contacts at the spinal level
between descending projections from DRt neurons and lamina I cells projecting
back to the DRt (1). Since this type of contacts suggests an excitatory action, it
supports the results presented here.
(l)A. Almeida et al.. Neuroscience, 55: 1093-1106, 1993.
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DOSE-DEPENDENT INHIBITION AND FACILITATION OF SPINAL
UNIT RESPONSES TO NOXIOUS HEAT BY NEUROTENSIN IN THE
NUCLEUS RAPHE MAGNUS. M . O. Urban* and G . F . Ge^harlt. Dept . of
Pharmacology, Univ. of Iowa, Iowa City, LA 52242.
Neurotensin is a neuropeptide that has been implicated in pain modulation
in the medullary nucleus raphe magnus (RMg). Previous investigations
utilizing the noxious heat induced tail-flick response demonstrated
neurotensin microinjections into the RMg dose-dependently facilitate (30-300
pmol) and inhibit (3-30 nmol) this spinally organized behavioral reflex . The
current study was designed to determine the effects of neurotensin in the RMg
on spinal unit responses to noxious heat. Spinal units (wide dynamic range)
responding to mechanical stimulation and noxious heating (50 °C) of the
ipsilateral hind foot were identified in the dorsal hom of pentobarbital
anesthetized male Sprague Dawley rats. Microinjection of neurotensin (10
nmol/0.2 pl) into the RMg completely inhibited responses to noxious heat in
5/7 units (99.2% inhibition). The remaining units were partially inhibited by
neurotensin (61.9% inhibition), resulting in a reduced slope for the stimulusresponse function to graded heating (42-50 °C) . In all cases, this inhibition
was maximal 9 min. following neurotensin administration and lasted from 60120 min. Injection of a lower dose of neurotensin (30 pmol/0.2 pl) into the
RMg resulted in an enhanced response to noxious heat (50 °C) in 3/4 units
(200% of control) which was maximal 3 min. post-injection and lasted
approximately 10 min. These results support previously obtained behavioral
data and demonstrate dose-dependent biphasic modulation of spinal thermal
nociceptive transmission by neurotensin in the RMg.

CHARACTERIZATION OF PAIN MODULATORY NEURONS IN
THE PONTOMEDULLARY RAPHE MAGNUS OF THE
ISOFLURANE-ANESTHETIZED RAT. C. Leung* and P. Mason.
Dept. of Pharmacological and Physiological Sciences and the Committee
on Neurobiology, The University of Chicago, Chicago, H 60637
Pontomedullary raphe magnus (RM) neurons were characterized by
their responses to noxious somatic stimulation and systemic opioids in
rats anesthetized with a low concentration of Isoflurane ([IF]; 1.051.25 %). The spontaneous activity of these neurons was then recorded
for one hour at steady state [IF]s where nociceptive reflexes were either
present (1.2 %) or absent (1.8 %). Blood pressure, heart rate, EEG,
and end-tidal [IF] were simultaneously recorded.
Noxious stimulation completely inhibited off cells for several seconds,
and excited both on and neutral cells. The average increase in activity
evoked by noxious stimulation was 10-fold greater for on cells than for
neutral cells. Off cells were excited, on cells inhibited, and neutral cells
unaffected by morphine. At a low [IF], the spontaneous activity of on
and off cells cycled between bursts of activity and periods of inactivity,
and in some cases was correlated with autonomic measures. At an [IF]
sufficient to block nocifensive movement, all on cells and most off cells
were inhibited. Thus, although off cells are hypothesized to inhibit
nociceptive transmission, they are not activated by a high [IF] which
suppresses nociceptive reflexes. These results aiso suggest that the
previously reported reciprocal relation between on and off cell firing
may not occur at a high [IF]. Finally, a subclass of neutral cells was
insensitive to a high [IF] and maintained a nearly constant firing rate
across all [IF]s tested. Sensitivity to [IF] may provide a method for
discriminating between serotonergic and non-serotonergic neutral cells.
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PHENYLEPHRINE-INDUCED ANTINOCICEPTION DOES NOT
REQUIRE THE ROSTRAL VENTRAL MEDULLA (RWM.
C.L. Thurston*, E.S. Helton, K.E. Wielkens,
Dept. Biomedical Sciences, University of South
Alabama, Mobile, AL 36688.
Intravenous (IV) infusion of phenylephrine
attenuates the tail flick reflex in rats.
Recent studies have shown that IV phenylephrine
also excites OFF cells and inhibits ON cells of
the RVM, effects hypothesized to produce
antinociception. The current study was
designed to determine if the RVM was necessary
for IV phenylephrine-induced attenuation of the
tail flick reflex. The effects of IV
phenylephrine on tail flick latency were
determined in male Sprague Dawley rats before
and after microinjection of 0.5 ul lidocaine
into the RVM. Only high doses of phenylephrine
(10 ug/min) consistently inhibited the tail
flick reflex to a 12 second cutoff latency.
Lidocaine microinjected into the RVM had no
significant effect on the ability of
phenylephrine to inhibit the tail flick. These
data suggest that the excitation of OFF cells
and inhibition of ON cells produced by IV
phenylephrine is not responsible for the
inhibition of the tail flick.
Supported by NIH grant NS31495.

AF64A AT THE ROSTRAL VENTRAL MEDULLA IMPAIRS
RETROGRADE TRANSPORT OF WGAHRP BUT NOT FLUORO-GOLD
INTO CHOLINERGIC PEDUNCULOPONTINE TEGMENTAL NEURONS.
M.K. Nihei* and E.T. Iwamoto. Graduate Center for Toxicology and Dept, of
Pharmacol., Univ. of Kentucky Coll, of Med., Lexington, KY 40536.
Nicotinic stimulation of the pedunculopontine tegmental nucleus (PPTg) or the
rostral ventral medulla (RVM) produces antinociception in rats. The PPTg contains
cholinergic cell bodies that project to and terminate in the RVM, and following
administration of the cholinotoxin, ethylcholine mustard aziridinium (AF64A) into
either site, nicotinic antinociception is reduced. Retrograde tract tracing techniques
and concomitant choline acetyltransferase (ChAT) immunocytochemistry were used
to study the PPTg-to-RVM pathway of rats injected with AF64A. Buffer or 60 pmol
of AF64A was injected into the RVM of ten rats 7 days before horseradish
peroxidase conjugated to wheat germ agglutinin (WGA-HRP) was injected into the
same site. Rats injected with buffer exhibited ir-ChAT neurons at the PPTg that
also contained WGA-HRP reaction product. In contrast, WGA-HRP was not
transported to the PPTg in the AF64A-lesioned group. Ten additional rats were
injected with either buffer or 60 pmol of AF64A into the RVM 7 days before
microinjection of Fluoro-Gold. Evidence of Fluoro-Gold in ir-ChAT neurons was
observed at the PPTg of AF64A treated rats. However, no retrograde transport of
Fluoro-Gold occurred in the ir-ChAT PPTg neurons of rats injected with buffer. We
conclude that failure of WGA-HRP to appear in the PPTg from rats injected with
AF64A in the RVM may have been due to damage at terminals preventing
pinocytosis and transport WGA-HRP, and that uptake and retrograde transport of
Fluoro-Gold from the RVM to the PPTg occurred more readily at damaged
terminals. These studies indicate that injection of AF64A into the RVM damaged
cholinergic terminals of neurons whose cell bodies reside in die PPTg. (Supported
by NIH NS 28847, NIH GM 15550 and KTRB.)
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EFFECTS OF ANTERIOR PRETECTAL NUCLEUS (APT) STIMULATION
ON THE TAIL-DUCK REFLEX AND OFF AND ON CELLS IN THE
ROSTRAL VENTROMEDIAL MEDULLA (RVM) OF ANESTHETIZED RATS.
A. Afrashteh. W/D. Hutchison* and J.O. Dostrovsky. Dept. of Physiology,
University of Toronto, Toronto, ONT, Canada M5S 1A8.
Electrical stimulation of the APT causes an increase in the latency of the rat tailflick reflex (TF) to noxious heat. Since projections from the APT to the RVM
have been demonstrated, this effect may be mediated in part by the RVM. The
RVM contains OFF and ON cells that decrease or increase respectively their firing
rate just before the flick and have been implicated in the descending modulation
of nociception. The present study examined the effects of APT stimulation on OFF
and ON cells.
Under barbiturate anesthesia, the latency of the TF to noxious heat was
measured during recordings of OFF or ON cells. Effects of electrical stimulation
(lOOpA, 0.1ms p.w., 15s, 100 Hz) of either APT or periaqueductal gray (PAG) on
the response to noxious thermal stimulation were determined from peristimulus
time histograms and CUSUM analyses. All recording and stimulating sites were
histologically confirmed.
APT stimulation increased the latency of the TF in 13 rats and in all 5 OFF
cells tested decreased the inhibitory response to noxious heat as well as increasing
the latency of this response. PAG stimulation had similar but more pronounced
effects on 3 OFF cells tested. Recovery of the inhibitory response as well as the
TF latency to control levels occurred within 5-10 mins following APT stimulation
and 15-20 mins following PAG stimulation. APT stimulation failed to produce
consistent effects on 2 ON cells tested.
The above preliminary findings suggest that the antinociceptive effects of APT
stimulation are mediated at least in part by an action on OFF cells in the RVM.
Supported by the Canadian MRC and NSERC.

PERIPHERAL INFLAMMATION PREVENTS COERULEOSPINAL
ANTINOCICEPTION IN THE NON-INFLAMED PAW OF THE RAT. M,
Tsuruoka* and W.D. Willis. Mar. Biomed. Inst., Univ. of Texas Med. Branch,
Galveston, TX 77555
The aim of this study was to evaluate stimulation-produced antinociception
(SPA) from locus coeruleus (LC) in rats with unilateral hindpaw inflammation
induced by an intraplanter injection of carrageenan. Rats had a chronically
implanted monopolar stimulating electrode in the LC ipsilateral to the site of the
inflammation. Antinociception was assessed by the prolongation of paw
withdrawal latency to noxious heating. Prior to inflammation, LC stimulation
significantly prolonged paw withdrawal latency in all four paws compared to nonstimulated controls. Following inflammation, LC stimulation produced SPA in
inflamed, but not in the other three non-inflamed paws. This prevention of SPA
was reversed by additional inflammation in a non-inflamed paw. These phenomena
were also observed in rats in which a light level of anaesthesia was maintained by
a continuous infusion of methohexital (20 mg/kg/h, i.v.). Hemisection of the
thoracic cord (T9-T10 level) contralateral to the inflamed paw prior to
inflammation permitted SPA from LC in the non-inflamed paw, as well as in the
inflamed paw. Transection of dorsal half of the spinal cord was ineffective. These
results suggest that the prevention of SPA from LC in the non-inflamed paw
during unilateral carrageenan-induced inflammation is a supraspinal structuremediated effect. Supported by NSO9743, NS11255 and a grant from Bristol-Myers
Squibb Co.
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PROJECTION OF SUBSTANCE P AND MET-ENKEPHALIN NEURONS TO
THE DORSOLATERAL PONTINE TEGMENTUM: A POSSIBLE ROLE IN
THE MODULATION OF NOCICEPTION. J.E. Holden* and H.K. Proudfit.
Dept. of Pharmacology, Univ. of Illinois at Chicago, Chicago, IL 60612
The dorsolateral pontine tegmentum (DLPT) plays a major role in
modulating nociception. The DLPT is part of a descending antinociceptive system that includes the ventromedial medulla (VMM) and
the spinal cord dorsal horn. Met-enkephalin (mENK) neurons that project
to the spinal cord have been identified in the DLPT and activation of
these neurons produces antinociception. Projections from the VMM to
the DLPT exist, but their effect on mENK neurons is unclear.
The nature of VMM projections to DLPT mENK neurons was studied
in a series of anatomical experiments in rats. Double-labeling immunocytochemistry (ICC), using both fluorescence and the avidin-biotin
complex-alkaline phosphatase method (Vector), revealed substance P
(SP) terminals in apposition to DLPT mENK somata and dendrites.
lontophoretic injections of a retrograde tracer, Fluoro-Gold (FG), into
the DLPT combined with ICC demonstrated cells in the VMM doublelabeled with FG and SP. Furthermore, VMM cells were also labeled with
FG and met-enkephalin. These cells were located primarily in the midline
of the nucleus raphe magnus. Cells labeled only with FG were found
mainly in the VMM, the ventrolateral periaquaductal grey, the A5
catecholamine cell group and the parvocellular reticular nucleus.
These findings suggest that the antinociception produced by
stimulating the VMM may be mediated in part by SP and mENK neurons
that project to the DLPT. (Supported by USPHS grant DAO398O,
National Institute on Drug Abuse)

MIDBRAIN OPIOID RECEPTOR mRNAs ARE MODULATED IN A
RAT MODEL OF PERIPHERAL NEUROPATHY F. G. WiUiamsfcnd
A. J. Beitz Department of Pathobiology, University of Minnesota, 1988
Fitch Ave., St. Paul, MN 55108
Investigations of opioid receptor binding have not resolved the basic question of which
midbrain endogenous opioid systems are activated by chronic nociception. Various
studies have implicated each of the three major opioid receptor subtypes in descending
antinociceptive circuits. The present studies examined changes in cellular levels ofopioid
receptor mRNA that accompany the chronic nociception that is secondary to sciatic
ligations. We examined midbrain areas in which we previously observed modulation of
both opioid peptides and their mRNAs. Riboprobes incorporating ”P-UTP were
transcribed to the 3' non-coding region of the rat k receptor, the 3' non-coding region of
the rat p receptor, and the initial coding sequence of the mouse 3 opioid receptor*. Adult
male S-D rats received unilateral sciatic ligatures 10 days before tissues were prepared for
hybridization histochemistry. Hyperalgesia was confirmed by paw withdrawal latency
tests. Approx. 2X10' CPM ofriboprobe per section was hybridized overnight at45°C with
50% formamide, washed at 5O°C in 2X SSC, and ribonuclease-A treated prior to a final
5O°C wash. Autoradiograms were made using Hyperfilm P-max and exposure densities
of the regions of interest were quantitated using an image analyzer. Although the Dorsal
Raphe nucleus and ventro-caudal Periaqueductal Gray (PAG) contained the greatest
hybridization signals, the greatest hybridization differences between experimental and
normal control midbrains were observed in the region of the Nucleus Cuneiformis (CnF),
the Mierocellular Tegmental (MiTg) nucleus, and the adjacent dorso-lateral tegmentum.
Contralateral to the ligatures, delta receptor mRNA hybridization signal was increased in
the CnF, while both delta- and mu-opioid receptor mRNA hybridization was increased in
the region of MiTg. These data provide further evidence that a significant difference
between chronic and acute nociception may involve opioid systems outside of the welldescribed PAG-Raphe Magnus axis. Supported by NIH grants NS 28016, DA 06687, and
DE 06682. *Plasmids provided by Drs. M. Minami, M. Satoh, and C. Evans.
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THE EFFECT OF DORSAL RAPHE NUCLEUS LESIONS ON
TONIC FORMALIN-INDUCED PAIN. HL Nowak* and V.C. Cox.
Dept, of Psychology, Univ. of Texas, Arlington, TX 76019-0528.
Previous research has implicated the involvement of the Dorsal
Raphe Nucleus (DRN) in both stimulation-induced and continuous
modulation of phasic pain via descending spinal inhibitory pathways.
The DRN and other sites such as the Nucleus Raphe Magnus (NRM)
appear to be components of this descending inhibitory pathway
involved in the modulation of phasic pain input. Recently findings
have been reported that indicate that there exists a descending spinal
path involved in the inhibition of tonic pain input as well. The DRN
when stimulated, yields analgesia for tonic pain. However, at present,
it is not known whether or not the DRN may also be involved in the
continuous modulation of tonic nociceptive input, as well as phasic
pain input, at the level of the spinal cord. The present study was
designed to determine whether lesions of the DRN would result in
tonic pain hyperalgesia that would suggest a role of the DRN in
continuous modulation of tonic pain input. Two groups (n=8) of
Harlan SD female rats were employed in the formalin pain test in a
comparison of subjects with lesions of the DRN and control subjects.
Both groups, after a 10 min adaptation period and a 10 min baseline
period, received subcutaneous injections of formalin into a hindpaw.
The duration and frequency of hind paw elevation and licking were
observed for 50 min. The results demonstrated that DRN lesions
failed to yield hyperalgesia in the formalin pain test. These findings
indicate that the DRN does not play an essential role in the
continuous modulation of tonic nociceptive input.

THE POSTERIOR HYPOTHALAMUS: A CRITICAL SITE OF ACTION FOR
THE PRODUCTION OF MORPHINE ANALGESIA IN THE FORMALIN
TEST. B.H. Manning1 and D.J. Maver2 Depts. of 'Anatomy and 2 Anesthesiology,
Medical College of Virginia, Virginia Commonwealth University, Richmond, VA
23298.
The rat paw formalin test is an animal model of prolonged pain due to mild tissue
injury. Systemic morphine can dose-dependently reduce the behavioral responses to
a hind paw injection of formalin, but the brainstem and spinal cord substrates
normally associated with pain suppression do not appear to mediate this effect. In
this regard, we have recently shown that the central nucleus of the amygdala (Ce) is
a structure necessary for the production of morphine analgesia (MA) in the formalin
test (Manning and Mayer, -1994; submitted). Another forebrain region which may be
involved in pain modulation is the posterior hypothalamus (PH). There is evidence
that microinjection of morphine into the PH can suppress transient pain (e.g. Jacquet
and Lajtha; Science 182 (1974): 490-492). It has also been demonstrated that this
region, like the Ce, can evoke the cardiorespiratory components of the defense
reaction (e.g. Markgraf et al., Physiol. Behav. 49 (1991): 493-500). We tested the
possibility that the PH is also involved in the generation of MA in the formalin test.
Reliable analgesia without behavioral sedation was produced during the second phase
(30-50 min) of the formalin test following microinjection of morphine (5.0 nmol; 500
nL injection volume) into a discrete area of the PH. The effective area appeared to
be bounded by the mammilothalamic tract, the dorsomedial hypothalamic nucleus and
mesencephalic/diencephalic border. Furthermore, excitotoxic lesions of this region
with jV-methyl-D-aspartate (NMDA) attenuated the ability of systemic morphine (7
mg/kg s.c.) to suppress formalin-induced pain. The results suggest that morphine
acts, at least in part, at the PH to produce analgesia in the formalin test. It seems
likely that the PH and Ce, in addition to mediating fear and defense reactions, are
primary components of endogenous antinociceptive circuitry not yet fully understood.
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INHIBITION EVOKED FROM THE ANTERIOR HYPOTHALAMUS IS
SELECTIVE FOR NOCICEPTIVE RESPONSES OF SPINAL DORSAL HORN
CONVERGENT NEURONES. B.M. Lumb and B.J. Workman (SPON: Brain
Research Association). Department of Physiology, School of Medical Sciences,
Bristol BS8 LTD, U.K.
The aim of the present study was to determine whether or not inhibitory effects
of anterior hypothalamic stimulation are selective for transmission of nociceptive
information in the spinal cord.
Adult male rats were anaesthetised with alphaxalone-alphadolone and paralysed
with pancuronium bromide. Neurones in the anterior hypothalamus were activated
by microinjections of homocysteic acid. Extracellular single unit recordings were
made from 32 dorsal horn neurones with convergent high and low threshold inputs
from receptive fields on the ipsilateral hindpaw. Hypothalamic influences were
tested on the responses of 11 of these neurones to 'natural' stimulation within their
receptive fields using electronically controlled pinch, prod and radiant heat stimuli.
In 6 cells, a thorough investigation was made of effects on discharges evoked by
both low and high intensity stimulation. In all of these cells, the reponses to
noxious heat and/or pinch were depressed while their responses to non-noxious
mechanical stimulation remained intact following hypothalamic stimulation.
Incomplete data was obtained from a further 5 cells; in 2 cells responses to high
intensity stimulation alone were tested and both were inhibited. Ln contrast, in a
further 3 cells responses to low intensity stimulation alone were tested and none of
these were inhibited.
These data suggest that descending inhibition originating in the anterior
hypothalamus is highly selective for neuronal responses to nociceptive inputs in the
spinal dorsal horn. This selective inhibition may mediate, at least in part, the
antinoceptive effects produced by stimulation in this area in awake animals.
Supported by the Wellcome Trust.

VISCERO-SOMATIC INTERACTIONS IN THE VENTRAL POSTEROLATERAL NUCLEUS (VPL) OF THE SQUIRREL MONKEY. £
Bruggemann*. T. Shi and A.V. Apkarian. Dept. of Neurosurgery, SUNY
Health Science Center, Syracuse, NY 13210.
Recently we showed that most VPL neurons in the squirrel monkey
have convergent visceral and somatic responses. These neurons meet
the criteria necessary for coding visceral stimuli. The latter does not
preclude a viscero-somatic modulatory role as well. The present study
investigated interactions between visceral and somatic inputs.
Squirrel monkeys were chronically implanted with recording
chambers and single unit recordings from VPL cells were performed (23 times/month) under halothane anesthesia. The lower esophagus and
distal colon were distended with balloon catheters and somatic receptive
fields were stimulated with innocuous and noxious stimuli.
The somatic responses of 7 (of 11 tested, 8 low threshold and 3 wide
dynamic range type) VPL neurons showed modulation by visceral
conditioning. Conditioning by colon stimulation in 4 cells decreased
responses to air puff, to skin displacement and/or to noxious heat
stimuli. These cells had somatic receptive fields on the lower body.
Conditioning by esophagus distension in 4 cells resulted in decreased,
increased or mixed modulatory effects. The somatic receptive fields of
these cells were located on the upper and lower body. In some cases
only the somatic responses were affected by the conditioning stimuli, in
others both the ongoing activity and stimulus responses were affected.
These preliminary results show that noxious visceral conditioning
modulates the somatic coding properties of the squirrel monkey VPL.
J. Briiggemann is supporped bd a fellowship of the Fogarty
International Center of NIH
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EVIDENCE FOR SPIKE INTERVAL PATTERNS DIFFERENTIATING AMONG
SOMATOSENSORY DIMENSIONS T. Shi*. L.R.Airapetian. J. Bruggemann and
A,V. Apkarian SUNY, Health Science Center, Syracuse, NY 13210.
Wide dynamic range type (WDR) neurons in the somatosensory system respond to
different somatic stimuli with changes in their firing rates and, thus, may participate
in discriminating between somatosensory stimulus dimensions. Here we test new,
more sensitive spike interval metrics to distinguish between stimulus dimensions
from the WDR neurons' responses.
WDR neurons were recorded from the anesthetized squirrel monkey ventroposterior
lateral and inferior nuclei (VPL and VPI) of the thalamus. Neuronal spontaneous
activity (SP) and responses to brush (B), pressure (PR), cooling (C), pinch (PI) and
noxious heat (H) were recorded. Unit firing rate, algorithmic complexity and
Boltzman entropy including the second moment of entropy and the second moment
of distribution, for 1 or 2 dimensional partitioning of the spike intervals were
measured, with the probability density defined either upon the distribution (i) or the
sequence (ii) of the interspike intervals.
For the population of WDR neurons, there was a monotonic increase in firing rate
from SP, B, PR, C, PI, to H. The average values of all the metrics using method i
resulted in a similar pattern, i.e., responses to B were the most complex, followed by
PR, C, PI, H, and SP had the lowest complexity. When measured with method ii, the
average values of the metrics had a complimentary pattern to that of method i. When
measured with method ii, greater differences between SP, B and PR were obtained by
the complexity metric as compared to differences in firing rate. This metric also
differentiated better between PI and H than did the other measures. This study
suggests that spike interval orderings and distributions contain information
representing the multiple stimulus dimensions to which WDR neurons respond.
These measures provide another approach to study the coding ability of neurons.
This study was partially funded by NIMH 1R01 MH50064.

LESIONS OF THE CENTRAL NUCLEUS OF THE AMYGDALA
ATTENUATE MORPHINE ANALGESIA IN THE TAIL-FLICK TEST.
B.K. MatthiesU B.H. Manning2. L.P. Keniston3 D.D. Price3 and D.J. Mayer3.
Depts. of 'Physical Medicine and Rehabilitation, :Anatomy, and 3Anestheslhlogy,
Medical College of Virginia. Richmond. VA 23298.
The neural substrates underlying morphine analgesia (MA) have been
extensively studied using phasic pain tests such as the tail-flick test. The current
view holds that these substrates lie within the brainstem and spinal cord,
including serotonergic and noradrenergic projections descending to the spinal
cord dorsal horns. The general role of this circuitry in the control of nociception
has been increasingly questioned, however, since different substrates appear to
underly the ability of morphine to suppress prolonged, formalin-induced pain.
In this regard, we have recently shown that the forewarn, specifically the central
nucleus of the amygdala (Ce). is critical for the production of MA in the rat paw
formalin test (Manning and Mayer. 1994; submitted). To further investigate the
role of the Ce in pain suppression mechanisms, we sought to determine whether
or not the involvement of the Ce is restricted to the prolonged nociceptive
conditions reflected by the formalin test. To our surprise, bilateral excitotoxic
lesions of the Ce using V-methvi-D-;aspartate(NMDA; O.25M in 0.1 M PBS, 150
nL injection volume, pH 7.4) reliably attenuated the ability of systemic morphine
(2.5 mg-kg; s.c.) to suppress the spinallv mediated tail-flick reflex (3-3.5 sec
baseline latency). Transient interruption of neural activity in the Ce with the
local anesthetic lidocaine (2.0%, 250 nL bilaterally) produced a similar result.
These findings suggest a general role for the Ce in pain suppression mechanisms,
a role which is apparently not dependent on the temporal parameters or intensity
of the nociceptive stimulus.

318.17
SEX-DEPENDENT EFFECTS OF FORMALIN PAIN ON BRAIN >-ENDORPHIN
AND HIPPOCAMPAL CHAT ACTIVITY IN RATS. A.M.Aloisi*, M.E.
Albonetti, L.Lodi, P.Sacerdote1 and G. Carli. 1st.Fisiologia
Umana, Universita di Siena, Siena; eDip. Farmacologia, Uni.
versita di Milano, Milano, Italy.
It has been shown recently that female rats show higher
formalin-induced pain responses than males. The present
experiment was designed to assess whether these behavioural
differences are associated with sex-dependent changes in
e-endorphin (5-EP) levels in the adenohypophysis (AH),
hypothalamus (HY) and periaqueductal grey matter (PAG) and
in choline acetyltransferase (ChAT) activity in the hippocampus. Male and female rats were subcutaneously injected
with formalin (50 ul 0.1%: F01 or 10%: F10) and exposed to
the holeboard. Sacrifice by decapitation occurred 60 minutes
later. In females/3-EP decreased both in the HY (F01) and
in the PAG (F10), while in males no modifications (PAG) or
slight but not significant increase (HY) occurred. As
regards AH, although females showed lower levels than males,
no significant modifications were found after treatment in
both sexes. ChAT activity decreased only in male rats(F10).
The present findings showing sex differences in/3-EP and
ChAT responses to formalin pain can provide a neural basis
for explaining the different behavioural responses observed
previously.
SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994
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THE ANALGESIC EFFECT OF MORPHINE LN THE PIRIFORM (PC) CORTEX
MAY BE MEDIATED THROUGH DESCENDING INHIBITORY CONTROL AS
EVIDENCED BY CORRELATION OF NOCICEPTIVE BEHAVIOR AND C-FOS
EXPRESSION IN THE FORMALIN TEST. J. Wenm^. M. Proctor. K. Gale. L.
Jasmin*. Anatomy. Pharmacology and Neurosurgery. Georgetown University,
Washington DC 20007.
'
Morphine can produce analgesia directly, by blocking the nociceptive message at
various sites of the nervous system or indirectly, by activating the descending pain
inhibitory system. Little is known about the analgesic effect of morphine on the
cerebral cortex, as compared to the spinal cord and the brain stem. Recently, the rostral
PC has been shown to be a site where very low concentrations of opioids produce
antinociception on short lasting stimuli such as the tail flick and hot plate test. To
further investigate the neural system by which opioids produce analgesia through the
PC we looked at the effect of locally administered morphine (200 ng/200 ul) on a
sustained nociceptive stimulus in the rat. Formalin (50 pl of 2.5%) was injected in the
plantar aspect of the paw 5 min. after saline or morphine was administered in the
contralateral PC through a st^reotaxica^ implanted cannula. The resulting pain
behavior was continuously scored for one hour and then the animal was perfused
transcardially with an aldehyde fixative. Morphine injected animals compared to saline
had a significantly lower pain score (0.7 +/- 0.1 vs 1.6 +/- 0.1, p<0.01). Furthermore,
the number of Fos lmmunoroactivo cells (FLI), indicative of neuronal activity, in the
L4-L5 spinal cord of morphine treated rats was significantly decreased in the ipsilateral
superficial dorsal horn (36.8 +/- 3.9 vs 97.2 +/- 3.7 per 50 pm section, p<0.0001), in
the reticular area of the dorsal horn (15.5 +/- 2.7 vs 40.7 +/- 1.7, p=0.0001) and in
lamina VII (12.9 +/- 2.6 vs 34.7 +/- 4.5, p=0.001). This reduction in FLI is believed
to reflect an inhibition of spinal nociresponsive neurons. The small dose of morphine
and the site specific effect suggest that morphine did not act directly on spinal neurons
through a redistribution through the systemic circulation. In conclusion, we propose
that the analgesia that follows PC injections of morphine might be mediated by the
activation of the descending pain inhibitory system.
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319.2

CGRP LEVELS IN THE TRIGEMINAL GANGLION AFTER
ADMINISTRATION OF CAPSAICIN TO THE RAT TMJ.
R. Spears. R.J. Hinton. E.K. Miller, and B. Hutchins*. Dept, of
Biomedical Sciences, Baylor Coll, of Dentistry, Dallas, TX, 75246.
Capsaicin can selectively desensitize neurons involved in
nociception. Associated with this effect is the depletion of calcitonin
gene-related peptide (CGRP), a neuropeptide that enhances the
nociceptive actions of substance P. Capsaicin's ability to increase
nociceptive thresholds has therapeutic potential for relief of chronic
pain symptoms such as those affecting the temporomandibular joint
(TMJ). Therefore, the purpose of the study was to determine the
effect of periarticular capsaicin injections to the TMJ by measuring
CGRP levels in the trigeminal ganglion (TG). Eight female SpragueDawley rats (225-250 g) were anesthetized with a 1 ml/Kg dose of a
Ketamine/Rompun cocktail. Capsaicin, at a dosage of 50 mg/Kg, was
injected into the left TMJ while vehicle only was injected into the

mRNA ENCODING SEROTONIN RECEPTOR SUBTYPES IS FOUND IN
SMALL-DIAMETER DORSAL ROOT GANGLION NEURONS. S.A. Schnell*
and M.W. Wessendorf. Dept. Cell Biology and Neuroanatomy, University of
Minnesota, Minneapolis, Minnesota, 55455.
Small-diameter dorsal root ganglion (DRG) neurons are thought to mediate
the sensation of pain. The neurotransmitter serotonin (5-hydroxytryptamine, 5HT) has been demonstrated to have effects on primary afferent neurons and it
has been proposed to modulate pain. Therefore, it is of interest to determine
what 5-HT receptor subtypes might be expressed by small-diameter DRG
neurons.
48-residue deoxyoligonucleotide probes were synthesized for the 5-HT1A, 5HT^g, 5-HTc, 5-HT2, and 5-HT3 receptors. Probes were 3'-end labeled with
35S-ATP using terminal deoxynucleotidyl transferase. Unfixed DRG sections
were hybridized with these probes and counterstained with bisbenzimide. The
DRG cell bodies in which a nucleus was clearly visible were measured and a
population histogram was made. A bimodal distribution of cell areas was
observed with modes between 625 and 750 pm2 and between 1000 and 1125
pm2; cells with areas smaller than 750 pm2 were designated small cells. The
small cells were labeled at densities significantly above background for all the 5HT receptor mRNA's examined, except for the 5-HTj receptor. We conclude
that, in agreement with previous ligand-binding studies, 5-HT1A and 5-HT3
receptors are expressed by small diameter nociceptive primay afferents.
In addition, 5-HT-jg and 5-HT2 receptors may also be expressed by
nociceptive primary afferents. Thus a variety of serotonergic receptor subtypes
may play roles in the modulation of nociceptive input at the level of primary
afferents.
These studies were supported by DAO54666 (MWW).

contralateral TMJ. Two days post-injection, the rats were sacrificed
and the TG removed, homogenized, and CGRP levels quantified via
radioimmunoassay (RIA). A significant (p <0.05) elevation of CGRP
levels (3.40 ± 2.41 pg/mg total protein) was observed in comparison
to the control TG (1.70 ± 1.60 pg/mg t.p.). These preliminary results
suggest that capsaicin significantly increases CGRP levels in the TG
48 hours after administration to the TMJ and supports the hypothesis
that capsaicin may sequester CGRP within the cell body by inhibiting
axoplasmic transport.
This research was supported by Baylor Research Funds.

319.3

319.4

SEROTONIN INHIBITS CALCIUM CURRENTS IN ACUTELY ISOLATED
CAPSAICIN SENSITIVE C-TYPE RAT SENSORY NEURONS L.P. Del Mar*,
C.G. Cardenas, and R.S. Scroggs University of Tennessee, College of Medicine,
Department of Anatomy and Neurobiology, Memphis, TN 38163.
In order to better understand mechanisms by which serotonin (5HT)
released into the spinal cord can inhibit the transmission of pain information, the
effect of 5HT on Ca2+ currents in capsaicin sensitive C-tvpe dorsal root ganglion
(DRG) cell bodies was studied using the whole cell patch clamp technique.
After acute isolation, C-type DRG cell bodies (N=7) were identified by their
small diameter (average = 26 pm ± 0.4 SEM), long duration action potentials
(AP's) (average = 8.2 ms ±1.4 SEM), and lack of I^ current. In these cells,
superftision with lpM capsaicin produced an inward shift in holding current
(holding potential -60 mV) by an average of 558 pA ± 64.9 SEM. AP shape, Ipj
current, and sensitivity to capsaicin were measured in Tyrode's solution containing
(in mM); 140 NaCl, 4 KCI, 2 MgCl2, 10 glucose, and 10 HEPES, pH 7.4 with
NaOH. The patch pipette solution contained (in mM); 120 KCI, 5 EGTA, 2.78
CaCl2, 5 MgCl2, 5 ATP, 0.4 GTP and 20 HEPES , pH 7.4 with KOH (intracellular
Ca2+ was calculated to be 100 nM).
In the above 7 neurons, whole-cell Ca2+ currents were isolated by
exchanging the external Tyrode's solution with a solution containing 160 mM TEA,
10 mM HEPES, and 2 mM Ba2+. 5HT (10 pM) inhibited peak whole-cell Ca2+
current (holding potential = -60 mV, test potential = -10 mV) by 61.5% ± 6.9 SEM.
In 5 neurons where both 5HT and the 5HTA selective agonist (+) 8-OH-DPAT
were studied, lOpM 5HT inhibited Ca2+currents by 57.5% ± 7.1 SEM, while lp
M(+)8OHDPAT produced 53.3% ± 8.2 SEM inhibition.
Based on the above information we hypothesize that serotonin secreted in
the spinal cord may inhibit pain transmission by blocking Ca2+ influx into afferent
terminals of C-type nociceptors via activation of a 5HTj A receptor.

ADRENERGIC EXCITATION
OF
CUTANEOUS
NOCICEPTORS
IN
SYMPATHECTOMIZED, ADJUVANT-INDUCED INFLAMED RATS.
J.
Sato*, S. Suzuki, R, Tamura and T. Kurnazawa, Res. Inst.
Environ. Med., Nagoya University, Nagoya, 464-01 Japan.
We have shown that sympathetic nerve 'stimulation or
norepinephrine
administration
(NE)
excited
some
cutaneous
C-fiber
polymodal
receptors
(CPRs)
in
adjuvant-induced inflamed rats (AI rats). To evaluate
the
hypothesis
that
adrenoceptors
located
in
sympathetic post-ganglionic neurons (SPGNs) contribute
to adrenergic excitation of CPRs, we studied the
effects of NE in a group of
AI rats sympathectomized
by
guanethidine.
Inflammation was
induced
by
an
inoculation of M. Butyricum
(0.6 mg) into the tail of
Lewis rats. Three weeks after treatment, guanethidine
(30-50 mg/kg) was given intraperitoneally daily for 4-6
weeks. Terminally, under deep anesthesia, single nerve
recording of CPR was done from saphenous nerve. Intraarterial injection of NE (400-800 ng)'excited 30% CPRs
with frequency discharges higher than that observed in
AI rats. Even lower dose of NE (200 ng) also excited
CPRs. The specific au-adrenoceptor antagonist, CH-38083
(0.5-1.0 mg/kg) reduced NE excitation. These results
suggest that adrenergic excitation of nociceptors in AI
rats is
mediated
through the
interaction of
azadrenoceptors presenting except in SPGNs.

319.5

319.6

DEVELOPMENT OF ADRENERGIC SENSITIVITY BY DORSAL ROOT
GANGLIA (DRG) NEURONS DURING CULTURE. L ,A. Birder* and E ,R ,
Perl. Dept, of Physiology, Univ. of No. Carolina-CH, Chapel Hill, NC 27599
After partial nerve injury some primary afferent nociceptors develop a novel
excitatory response to norepinephrine (NE) and sympathetic stimulation (Sato
& Perl, Science, 257:1608-10, 1991). Consistent with in vivo observations, NE
did not excite neurons in DRG excised from deeply-anesthetized normal guinea
pig. To examine processes underlying the induced adrenergic excitation, tightseal, whole-cell recordings were made from dissociated DRG neurons in vitro.
DRG excised from deeply-anesthetized adult rats (100-300 gms) were
enzymatically dissociated in a DMEM medium (Aguayo & White, Br. Res.
570:61-7, 1992). Recordings were obtained immediately after dissociation and
following 5 to 8 days in culture in a glutamine-MEM and serum containing
solution. The current-clamp recordings concentrated on neurons 15-25 pm
diameter since this was the presumed range of those showing induced
adrenergic excitation in vivo. None of the neurons tested in the acutely
dissociated preparations were depolarized by puff application of bath solutions
containing 10 pM NE. Only a rare acutely-dissociated neuron was depolarized
by a low (50 nM) concentration of capsaicin (CAP). About 25% of neurons
cultured 5-8 days depolarized (median 1 lmV) in response to 10 pM NE. Most
(80%) cultured neurons depolarized by NE also were depolarized (median
l2mV) by 50 nM CAP. These observations indicate that adrenergic excitation
is not a feature of most DRG soma but can be induced by circumstances
associated with culture of adult DRG neurons and is paralleled by development
of an excitatory reaction to CAP. (Supported by NIH grant NS 10321. LB is
recipient of NRSA award, NS09402.)

PAIN MECHANISMS : NEGATIVE FEEDBACK TRIGGERED BY SPATIAL
SUMMATION OF NOCICEPTIVE STIMULI. D. Bouhassira. O. Gall. D. Chitour
and D. Le Bars (SPQN ; European Neuroscience Association) INSERM U-161, 2,
rue d'Atesia 75014 Paris, France.
The existence of supraspinally-mediated feedback which controls the spinal
transmission of nociceptive signals is supported by experimental data : i) both
behavioral and spinal neuronal responses to noxious stimuli, are powerfully
inhibited by stimulation of discrete areas within the brain ; ii) these inhibitory
effects disappear after lesions of the dorsolateral funiculi. However, the physiological
activation of such a system by nociceptive inputs was suggested only on the basis of
indirect anatomical evidence.
The possible triggering of descending controls by activation of a large population
of spinal noci-responsive neurons was investigated by comparing, in intact and
spinal anesthetized rats, responses of lumbar convergent neurons elicited by natural
noxious stimuli applied to areas of the body, much greater in size than their
individual excitatory receptive fields.
For each neuron, four successive immersions of increasing areas (1.9, 4.5, 7.5 and
18 cm2) of the ipsilateral hindpaw in a 48°C water bath (15s duration) were
performed with 10 minutes interval, in a randomised and balanced order.
The responses of spinal dorsal horn convergent neurons progressively decreased
when the area of noxious thermal stimulation reached and then exceeded
approximately twice the area of their individual excitatory receptive fields (2.0 ± 0.2
cm2). Such inhibitory phenomena were not observed for neurons recorded in spinal
animals although their excitatory receptive field areas were not significantly different
(2.1 ± 0.2 cm2). The patterns of the responses were similar in both groups of
animals.
These results indicate that the activation of a large population of noci-responsive
spinal neurons triggers supraspinally-mediated inhibitory controls which modulate
the transmission of nociceptive signals. Preliminary results of similar experiments
performed in animals transected at various levels of the brainstem, indicate that these
controls are organized in the caudal medulla.
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319.8

CHANGES IN SYMPATHETIC INNERVATION TO THE SENSORY
GANGLIA AT VARIABLE TIMES AFTER A NEUROPATHIC
NERVE INJURY. K. Chtmg\ H.J . Kim. H.S. Na, Y W . Yoon and J.M.
Chung. Sch. of Allied Health Sci. and Marine Biomed. Inst., Univ . Texas
Med. Branch, Galveston, TX 77555.
A type of neuropathic injury of the rat produces a profound change
in sympathetic innervation to the injured nerve and dorsal root ganglia
(DRG). The aim of this study was to examine the time course of these
changes.
The neuropathic injury was produced by tightly ligating the L5 and
L6 spinal nerves of rats. Behavioral tests for neuropathic pain were
performed and animals were sacrificed at 3 different postoperative (PO)
times (1,4, and 20 weeks). The pattern of sympathetic innervation was
visualized by immunohistochemical staining, using antibody against
tyrosine hydroxylase (TH) on the L5 DRG as well as the L5 spinal
nerve proximal to the ligation site;.
The abnormal penetration of TH-immunoreactive (TH-IR) fibers
into the DRG and the population of DRG cells that were wrapped
around with TH-IR fibers were the most prominent at 1 week PO and
were markedly reduced at 20 weeks PO . These changes in staining
pattern correlated well with the degrees of neuropathic pain behaviors
The data suggest that the changes in the sympathetic innervation of
the DRG play an important role in the development of sympathetically
maintained neuropathic pain. (Supported by NTH grants NS31680 and
NS11255)

CHANGES IN SYMPATHETIC INNERVATION TO THE SENSORY
GANGLIA IN SEVERAL NEUROPATHIC PAIN MODELS. B.H. Lee.
YW Yoon. K. Chung and J.M, Chung*. Marine Biomed. Inst., Depts. of
Anat . & Neurosci. and of Physiol. & Biophys., Univ. Texas Med Br.,
Galveston, TX 77555.
The aim of this study was to compare the changes in sympathetic
innervation to the dorsal root ganglia (DRG) in three different rat models
for neuropathic pain (Bennett and Xie, Seltzer et al, and our models).
Under halothane anesthesia, neuropathic injury was produced in
three groups of rats according to the description of each model.
Behavioral tests were done for the next 1 or 4 weeks, followed by
immunohistochemical staining with antibody against tyrosine hydroxylase
(TH) at the L4 and L5 DRG to visualize the pattern of sympathetic
innervation.
Operated rats in all groups showed behavioral signs of neuropathic
pam . Many DRG cells (~20-30/DRG) of rats in our model were wrapped
by abnormally penetrated TH-immunoreactive fibers. However, very few
DRG cells (~l/DRG) of rats in the other two models showed such
changes in sympathetic innervation. This was true at both 1 and 4 weeks
postoperative periods.
The data suggest that our model represents sympathetically
maintained neuropathic pain, whereas the other two are models for
sympathetically independent neuropathic pain. (Supported by NIH grants
NS31680 and NS1 1255)

319.9

319.10

ECTOPIC DISCHARGES FROM INJURED AFFERENT FIBERS IN A
RAT MODEL OF NEUROPATHIC PAIN . H.C, Han*. H.S. Na. Y. W.
Yoon and J.M. Chung Marine Biomed. Inst., Depts. of Anat. & Neurosci.
and of Physiol. & Biophys., Univ. Texas Med Br., Galveston, TX 77555.
The aim of this study was to characterize ectopic discharges
produced by the injured afferent fibers in an experimental rat model
for neuropathic pain.
In male Sprague-Dawley rats, the left L5 and L6 spinal nerves
were tightly ligated under halothane anesthesia. After confirmation of
the presence of neuropathic pain behaviors at the 3rd and 5th
postoperative days, single unit recordings were made on fascicles
divided from the ligated L5 dorsal root. Conduction velocity was
determined by stimulating the root at a site distal to the recording
electrodes.
There were numerous units which display spontaneous ectopic
discharges, with either a regular or bursting discharge pattern. As
judged from the conduction velocity, about half the sampled units
were Ap and most of the remaining were AS fibers. A small number
of C fibers were also recorded. Some of these, but not all, showed
sensitivity to adrenergic manipulations.
These ectopic discharges produced in the injured afferent fibers
may play an important role in sensitizing the spinal cord, and hence,
maintaining pain behaviors in the neuropathic pain state . (Supported
by NIH grants NS31680 and NS11255)

VERAPAMIL INHIBITS THE SPONTANEOUS ACTIVITIES
ORIGINATING IN DORSAL ROOT GANGLION CELLS AFTER CHRONIC
NERVE CONSTRICTION IN RATS. J.M. Zhang. L.M. Kitahata* and R.H.
LaMotte. Department of Anesthesiology, Yale University School of Medicine,
333 Cedar Street, New Haven, CT 06510.
Our aim was to study the role of calcium in the generation and maintenance
of ectopic discharge in dorsal root ganglion (DRG) somata after a chronic
constriction injury of the sciatic nerve. Mierofilament recordings were made
from the dorsal root of L5. A- and C- fibers with or without spontaneous
activity (SA) were recorded. Verapamil (0.05 - 5 mM), an L-type calcium
channel blocker, was applied topically to the DRG once a fiber was identified.
The SA of most C-fibers (7/8) was abolished or reduced 1-10 min after the
application of verapamil to the DRG but typically recovered to the base level
within 30 min after washout with control solution. Most Afi-fibers (7/13) were
inhibited, some (2/13) we^ excited and others unaffected. The excitatory
effects of norepinephrine applied to the DRG wer? inhibited in 2 of 3 C-fibers
pretreated with verapamil but could again be elicited after washout.
Verapamil did not affect electrically evoked action potentials when applied to
DRGs of either normal or nerve-injured rats. Thus, calcium may be involved
in the ectopic generations of discharge after nerve injury and might be a
hamc factor in the excitatory effect of NE on nerve-injured DRG cells
(Supported by PHS grant NS14624).

319.11

319.12

A BEHAVIORAL PERIPHERAL NEUROPATHY MODEL
PRODUCED BY RESECTION OF THE INFERIOR CAUDAL
TRUNK SUPPLYING THE RAT TAIL. H.S. Na*. J.S. Han. K.H.
Ko and S.K. Hong. Dept. Physiol., Med. Coll., Korea Univ.,
Seoul, KOREA.
We attempted to develop an experimental model for peripheral
neuropathic pain by removing some nerve supplies to the rat tail.
Under sodium pentobarbital anesthesia, the left inferior caudal
trunk of the rat was resected between the S3 and S4 spinal nerves.
Latency of the tail-flick induced by thermal stimulation to the tail
(warm, 4O°C; cold, 4°C, water immersion) was measured for the
30 weeks following the surgery. In addition, sensitivity of the tail
to mechanical stimulation was examined with von Frey hairs.
Unlike sham-operated rats, the experimental ones had much
shorter tail-flick latencies and showed tail-flick responses to
normally innocuous mechanical stimulation.
We interpret these abnormal sensitivities as signs of neuropathic
pain following the inferior caudal trunk injury and believe we
have developed an experimental model for peripheral neuropathy.
(Supported by Korea Research Foundation Fund)

SUBCUTANEOUS FORMALIN EVOKED ACTIVITY IN SINGLE FIBERS OF
RAT SURAL NERVE. S. PUIG* and L.S. SORKIN. UCSD. Anesthesiology
Research Lab., La Jolla, CA 92093-0818.
Injection of formalin in rat paw elicits a biphasic increase in spinal WDR neuron
activity and a corresponding biphasic flinching behavior in unanesthetized rats. To
correlate these data with afferent input, single fiber recordings were made from sural
nerve to evaluate separately activity of Ap, AS and C afferents evoked by formalin.
Rats (Sprague-Dawley) were anesthetized with Na pentobarbital, and
physiological parameters controlled (temperature, blood pressure and end tidal
CO2). A small filament of the sural nerve was placed on a silver recording electrode
and teased until a single fiber was identified during mechanical stimulation of the
rat foo Receptors were characterized according to mechanical threshold (determined
with von Frey hairs) and physiological properties: response to mechanical and
thermal stimuli, adaptation rate and conduction velocity evaluated by electrical
stimulation of the receptive field (RF). Fibers were classified as <2 m/s for C
fibers, 2-15 m/s for AS and > 15 m/s for Ap. RFs were mapped and formalin was
injected into (RFin) or adjacent (RFad) to the RF and activity recorded for 60 min.
Only thermoreceptive afferents displayed spontaneous activity. Formalin evoked
results are summarized as follows: Ap Rin: brisk phase 1, no phase 2 response.
AS nociceptor RFin: strong phase 1 activity, little or no phase 2; RFad: No
phase 1 response, delayed phase 2 (2O’-5O'); C nociceptors RFin: some had a
phase 1 response, all had prolonged phase 2 (>6O') responses; RFad: weak phase 1,
pronounced phase 2 response. Presumptive chemoreceptors - fibers that were
not identified prior to injection were activated in phase 2 and fired at high frequency
for periods exceeding 60’. All those classified were C fibers and some developed
mechanical RFs post-formalin.
All afferent classes could contribute to phase 1 in the formalin test. C and AS
fibers could maintain phase 2. Chemospecific fibers may play a prominent role.
This work has been supported by NS 18715 and Fondation Recherche Medicale.
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319.13
IMMUNOHISTOCHEMICAL AND ELECTRON MICROSCOPIC
STUDIES OF CUFF-INDUCED PAINFUL MONONEUROPATHY. T.
Mosconi*, P. Lue, E. McNally, D. Anderson, J. McDonald, and L. Kruger.
Dept. of Anatomy and Cell Biology, and the Brain Research Center,
UCLA, Los Angeles, CA 90024
Slit cuffs of polyethylene tubing of fixed diameter applied to rat
sciatic nerves produce consistent painful mononeuropathy. Alterations in
fiber spectrum and immunoreactivity (IR) to CGRP, galanin, nerve
growth factor (NGF), and tyrosine hydroxylase (TH) were observed at 3,
7, 10, 14, 18, and 28 days postoperatively. Large myelinated axon (> 7
pn\2) numbers were maximally reduced by 7 days and did not recover to
control levels by 28 days. Small myelinated and unmyelinated axons
were also reduced at 7 days, but this is followed by large increases in
numbers at later stages. Increases in numbers of small myelinated and
unmyelinated axons may be due to a combination of 1) demyelination of
large myelinated axons, 2) early stages of remyelination of demyelinated
axons, and 3) re-growth and/or sprouting of interrupted axons. The large
increases are subsequently reduced, indicating the possibility of
enlargement and continued remyelination of injured large axons, and/or
elimination of supernumerary axon sprouts. Superficial IR axons
undulated with swellings of the nerve into the spaces between cuffs.
CGRP-IR axons declined to a minimum and NGF-IR axons increased to a
maximum by 10 days, and both returned to control levels. Galanin-IR
peaked between 10-14 days and remained elevated through 28 days. THIr increased to a peak at 14 days that was sustained at 28 days. These
changes appear to correlate with alterations in the perineurial
epithelium and intraneurial fluid compartment in relation to pain.

PAIN:

MODELS OF NOCICEPTION

320.1

320.2

COMPARISON OF ANIMAL MODELS FOR PERIPHERAL
NEUROPATHIC PAIN. K.J. Kim*, Y.W. Yoon. B.H, Lee and J.M.
Chung. Marine Biomed. Inst., Depts. of Anat. & Neurosci. and of
Physiol. & Biophys., Univ. Texas Med. Br., Galveston, TX, 77555.
The aim of this study was to compare various pain behaviors
between three recently developed experimental rat models for
peripheral neuropathic pain.
Under halothane anesthesia, neuropathic injury was produced in
three groups of rats by: 1) tightly ligating the left L5/L6 spinal nerves
(our model); 2) tightly ligating half of the sciatic nerve (Seltzer et al’s
model); or 3) placing 4 loose ligatures around the left sciatic nerve
(Bennett and Xie model). Behavioral tests for ongoing and evoked
pain were conducted for the next 20 weeks.
Rats in all three models displayed variable degrees of behavioral
signs of ongoing and evoked pain with similar time courses, lasting
8-12 weeks. However, the magnitude of the behavioral index for
ongoing pain was highest in the model developed by Bennett and Xie,
whereas that for evoked pain was highest in our model. The model
developed by Seltzer et al displayed behavioral signs of medium
magnitude.
The data suggest that all three models of peripheral neuropathic
pain display similar pain behaviors when tested with the same set of
methods. (Supported by NIH grants NS31680 and NS11255)

DIFFERENCES IN THE DEVELOPMENT OF BEHAVIORAL SIGNS
OF NEUROPATHIC PAIN IN SEVERAL STRAINS OF RAT. Y.W.
Yoon* and J.M. Chung. Marine Biomed. Inst., Depts. of Anat. &
Neurosci. and of Physiol. & Biophys., Univ. Texas Med. Br., Galveston,
TX, 77555.
The aim of this study was to compare the manifestation of
neuropathic behaviors in six strains (ACI, Brown-Norway, Fisher 344,
Lewis, Sprague-Dawley from Harlan, and Wistar-Furth) following
neuropathic injury.
Neuropathic injury was produced by tightly ligating the left L5
and L6 spinal nerves of rats under halothane anesthesia. Behavioral
tests were performed to examine the presence of mechanical allodynia,
cold allodynia, and ongoing pain for 2 weeks.
There was no difference among strains in ' any of the tested
behaviors before surgery. After the neuropathic surgery, rats in all six
strains developed behavioral signs of mechanical allodynia, with the
smallest magnitude in Brown-Norway rats. Although rats of all strains
displayed the behavioral signs of cold allodynia, Fisher 344 rats were
the most sensitive to a cold stimulus. Spontaneous pain behaviors
were observed in all strains except Brown-Norway rats.
These data suggest that the differences between different strains

may influence the predisposition for the development of pain
behaviors after neuropathic injury. (Supported by NIH grants
NS31680 and NS11255)

320.3

320.4

ELECTROPHYSIOLOGICAL PROPERTIES OF EXPERIMENTAL
NEUROPATHY (CCI) IN RATS. E. ELIAV and M. TAL* (Dep. of
Oral Diagnosis and Anatomy, School of Dentistry, Hebrew UniversityHadassah, Jerusalem, Israel.)

CHARACTERIZATION OF AN ANIMAL MODEL OF INCISIONAL PAIN. TJ.
Brennan*. G.F. Gebhart. E. Vandermeulen. Departments of Anesthesia and
Pharmacology, University of Iowa Hospitals and Clinics, Iowa City, IA 52242
Postoperative incisional pain is characterized by pain at rest and evoked pain from
movement or mechanical pressure. The purpose of this study is to develop a model
of incisional pain and characterize the mechanical sensitivhy.
Rats were anesthetized with 2% halothane and the surgical field was prepared. A
lcm. longitudinal incision was made in the plantar aspect of the foot near the heel
and closed with 5-0 nylon suture. After recovery, the rats were placed in cages with
an elevated plastic mesh floor and a clear cage top. Two hours later, the threshold
force to withdrawal was determined by applying calibrated von Frey filaments from
beneath the test cage to an area adjacent to the wound at the heel. Each filament was
tested once "starting with l5mN and continuing to 522mN until a withdrawal
response occurred. Three responses were measured 5 minutes apart and the lowest
response was taken as the threshold. Mechanical sensitivity was assessed daily for
the next 6 days in the same manner.
Before surgery the median withdrawal threshold was 522mN, the cutoff value.
Two hours after incision through skin, plantar fascia, and muscle, the median
withdrawal threshold was 54mN 0^=8).
The threshold increased to
61,94,106,198,198, and 522 on postoperative days 1,2,3,4,5, and 6, respectively.
Incision through skin and fascia only appeared to produce a less intense and shorter
period of hyperalgesia. Thresholds were 119,106,118,360,522, and 522mN on days
1,2,3,4,5, and 6, respectively (n=8). Prior resection of the tibial, but not the sural
nave, eliminated the mechanical sensitivity.
In conclusion, a surgical incision in the plantar aspect of the rat foot produces
reliable, quantifiable mechanical hyperalgesia largely from injury of the skin and
fascia. Recovery from incision-induced hyperalgesia was complete by 6 days. Tibial
denervation blocked the response. Further studies will assess the occurrence of
primary and secondary hyperalgesia, efficacy of pre-emptive analgesia, and novel
approaches to preventing mechanical sensitization from an incision.

Rats with an experimental painful peripheral neuropathy created by
placing loosely constrictive ligatures around the sciatic nerve (the CCI
model, Bennett and Xie, 1988) display heat-hyperalgesia. The aim of
this study was to examine the electrophysiological characteristic behavior
of myelinated axons in the CCI. Heat pain threshold was studied using
the paw flick method. Electrophysiological recording revealed
spontaneous impulse activity in myelinated primary afferent axons
which originated at the site of nerve constriction. Overall lO.l%±1.5 of
the fibers sampled had spontaneous activity during the period 2-14 days
post injury. The spontaneous activity fell into three patterns: 1)
continuous ongoing activity “toni<^” rhythmic pattern. The interval
between successive spikes in a train was uniform and ranged from 25-60
ms (discharge rate 20-30 Hz). 2) Interrupted, bursty or “on-off ’ pattern,
with variable silent period between high frequency bursts. 3) “irregular”
on going pattern with random inter-spike intervals. As time elapsed from

the injury the proportion of units with the tonic activity pattern increased
while proportion of units with the irregular pattern decreased. Axons
trapped at the injury site also became hyperexcitable to mechanical
stimulation. The location of mechanosensitivity progressively shifted in
time from the proximal to the distal end of the injury site. The
spontaneous discharge of injured primary afferent fibers may be one of
the mechanisms underlying the abnormal sensation in these animals.
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320.6

BEHAVIOURAL RESPONSES TO TOOTH-PULP STIMULATION IN CATS.
M. Kuriakose. D. Banks1, and B. Matthews*. Dept. of Physiology, University of
Bristol, BS8 1TD and 1 Division of Physiology, UMDS, London SE1 7EH,
England.
It has consistently been found in experiments in our laboratory that bipolar
electrical stimulation of tooth-pulp (up to 1 mA, 1 ms duration, 0.5 Hz) in
chronically-prepared, conscious cats produces no signs of aversive behaviour,
although this has not always been the experience in other laboratories (Boissonade
& Matthews, J. Neurophysiol. 69, 174-186, 1993). In recent experiments we have
changed the method of preparation of the animals to investigate whether this lack
of effect is due to the type of anaesthetic used during the initial surgery, is in some
way a consequence of producing the craniotomy, or is the result of inadvertent
conditioning of the animals during pre-operative visits to the laboratory.
Three cats were prepared for chronic recording using methods similar to those
described previously (J. Neurosd. Meth. 38, 35-40, 1991; 46, 83-88, 1993). In
one, halothane was used as the anaesthetic instead of the steroid mixture of
alphaxalone and alphadolone (Saffan). Also, the operation was performed in two
stages instead of one, with the tooth and EMG electrodes being inserted at the first
and the craniotomy and implant for brainstem recording added at the second. Two
other animals were prepared as usual but without the preliminary visits to the
laboratory. None of the cats showed any signs of aversive behaviour during toothpulp stimulation (up to 1mA, 1ms, 0.3/s). It is concluded that either stimulation of
tooth-pulp afferents in the cat is incapable of producing pain, which is contrary to
the clinical experience of veterinary surgeons, or that the electrical stimuli either
do not create an appropriate pattern of afferent activity or simultaneously excite
inhibitory as well as excitatory pathways.
Supported by the Medical Research Council of the U.K.

AUTOMATED SCORING OF THE FORMALIN TEST IN MICE.
R. Starkson. Q-G. Berge*,A. Tjalsen and K. Hole*. Department of Physiology,
University of Bergen, Norway, fAstra Pain Control AB, Sodertalje, Sweden.
A computerized system for recording of different behaviours in small
animals has been developed. The system has been used to score behaviours
in the formalin test in mice. Dose-response effects of morphine were studied
and validated.
The time spent licking or biting the injected paw is the most common
parameter associated with pain in the formalin test in mice. Typically a first
phase of pain-related behaviour is seen during the first 5 minutes of the test,
followed by a second phase 15 to 45 minutes after formalin injection.
The automated scoring was performed using an image processing system
that analyses standard video recordings of animals. Predefined categories of
behaviour are recognized and the time spent in each category is recorded.
The system recognizes licking and biting of the injected paw, contralateral
Kicking, rearing, immobility and locomotor activity. These parameters may be
affected separately reflecting the involvement of different parts of the
nociceptive system and the degree of sedation.
The automated scoring recognized licking or biting of the injected paw with
a specificity of 98 % and a sensitivity of 80 %. A significant dose-response
relationship was established when treating the animals with morphine 2,4 and
8 mg/kg s.c. Also an increase in locomotor activity induced by the higher
doses of morphine could be quantified. There was no clear sign of morphineinduced sedation.
The formalin test is a valuable tool for studying nociceptive mechanisms
in rodents (Tjelsen & al., Pain 51,1992, 5-17). We have shown that the timeconsuming task of scoring video-recordings of the animals can be automated
with a relatively high precision. Furthermore, this standardization of scoring
may be valuable because of a high reproducibility, eliminating observer’s bias.

320.7

320.8

SHOCK-INDUCED HYPERALGESIA IN RATS: BEHAVIORAL PROPERTIES.
T. E. King*. J. W. Grau. Psychology, Texas A&M Univ. College Station, TX
77843.
Rats exposed to mild tail shock (3,0.75-s, 1-mA) are less responsive to radiant heat
applied to the tail. Both associative and memorial mechanisms appear to play a role
in producing this analgesia. Interestingly, at the same time points rats are
unresponsive to radiant heat, they are hyperreactive to a very mild test shock. The
experiments reported here explore the behavioral/ psychological mechanisms
involved in the production of this enhanced reactivity (hyperalgesia). Experiment 1
assessed the role of classical conditioning. Rats (N=48) received mild shock in
contexts distinguished by olfactory and visual cues. After shock or an equivalent
period of restraint, subjects were removed from the apparatus and returned to either
the same, or to a different, context. The shock intensity needed to elicit a motor
response or vocalization was tested 2 and 8 min later. Shocked rats exhibited lower
thresholds irrespective of test context. Experiment 2 evaluated the role of memorial
mechanisms by testing the impact of a 1-min flashing light "distractor". Rats
(N=32) experienced mild shock or nothing followed by the distractor. Subsequent
tests of shock reactivity revealed that the distractor did not affect the hyperalgesia.
These results indicate that associative and memorial mechanisms do not play a role
in the production of mild shock-induced hyperalgesia. Experiment 3 assessed
whether exposure to mild shock alters vocalization thresholds to radiant heat applied
to the tail. Rats (N=4O) were exposed to mild shock or nothing. Tail-flick latencies
were assessed 2 and 8 min later in half die rats. As usual, shocked rats flicked later
than unshocked rats. Vocalization thresholds were assessed in the remaining rats by
manually holding the rat's tail under the radiant heat. Shocked rats exhibited lower
vocalization thresholds. Interestingly, shocked rats tended to vocalize at about the
same time that unshocked rats flicked. These results suggests that shocked rats may
perceive the noxious heat even though they fail to flick.

B-FNA, A p-OPIATE RECEPTOR ANTAGONIST, ATTENUATES
ANTINOCICEPTION EVOKED BY HIGH INTENSITY, LOW
FREQUENCY PERIPHERAL STIMULATION IN RATS V.V.
Romita* and J.L. Henry. Departments of Physiology and Psychiatry,
McGill University., Montreal, Quebec H3G 1Y6
In intact rats lightly anaesthetized with Na-pentobarbital (20 mg/kg)
and chloral hydrate (120 mg/kg) i.p., 20 min of high intensity electrical
stimulation(at 20 X threshold to evoke muscle contraction) of hind limb
meridian points femur-fau (ST-32) and fengshi (GB-31) produces a
brief antinociception during the stimulation and a prolonged
antinociception which persists for greater than one hour after the end
of stimulation, in the tail flick test. Previously we have reported that the
brief and the persistent antinociception were attenuated and blocked,
respectively, by both a substance P antagonist and a high dose of
naloxone. In the present study, designed to identify the specific type of
opiate receptor involved in each of the brief and prolonged
antinociception, CSF or B-FNA was given intrathecally at the lower
lumbar level. While CSF (n=8) had no effect on the evoked response,
B-FNA (10 nmoles, n=4) attenuated the antinociception during the
stimulation and blocked the persistent effect. These results suggest that
the evoked antinociception during the stimulation is partly mediated via
substance P and p-opiate receptors in the spinal cord. However, the
persistent effect appears to be completely dependent on activation of
these two receptor types and suggest that there are separate mechanisms
mediating effects during and after the stimulation. (Supported by the
Fonds de la recherche en santd du Quebec)

320.9

320.10

CONDITIONED ANTINOCICEPTION IN
THE
SPINALIZED
RAT:
THE
ROLE
OF
NONASSOCIATIVE MECHANISMS. R.L. Jovnes*. T.W ,
Prentice. & J.W. Grau. Department of Psychology, Texas A&M
University, College Station, TX 77843.
Conditioned antinociception can be demonstrated in spinalized
rats by pairing stimulation (10-s, 1-mA shock) to one hind leg
(the conditioned stimulus, or CS+) with an intense (2-s, 3-mA)
tailshock (the unconditioned stimulus, or US). In these same
subjects, a second CS (the CS-) is presented alone. An hour after
rats have experienced 30 presentations of the CS+ and CS-, they
exhibit longer tail-flick latencies during the CS+ (Grau et al.,
1990, Behav. Neurosci., 104, 489). The present study explores
whether a nonassociative mechanism, habituation, contributes to
this effect.
Experiment 1 assessed whether nociceptive thresholds during a
CS are affected by prior exposure to the CS alone. Twenty-four
hrs after rats were spinalized at T2, one CS (CS-habit) was
presented alone 30 times (ITI=2 min). Tail-flick latencies during
CS-habit, as well as a novel CS (stimulation of the opposite hind
leg), were tested either immediately after training or one hour
later. At both test points, the novel CS induced a slight
antinociception, while CS-habit did not. Experiment 2 showed
that presenting a US during the preexposure phase enhanced the
antinociception elicited by both CSs and eliminated the habituation
effect. Supported by MH48994 to J.W.G.

REKINDLING
OF
MECHANICAL
ALLODYNIA
BY
SUBCUTANEOUS
INJECTION OF NOREPINEPHRINE IN
SYMPATHECTOMIZED NEUROPATHIC RAT. J, Xie. Y.W. Yoon.
M.B. Hancock* and J.M. Chung. Marine Biomed. Inst., Depts. of
Anat. & Neurosci. and of Physiol. & Biophys., Univ. Texas Med. Br.,
Galveston, TX, 77555.
The aim of this study was to examine a possible interaction
between sensory receptor terminals and the adrenergic system in
sympathetically maintained pain (SMP) using a rat neuropathic pain
model.
Under halothane anesthesia, neuropathic injury was produced by
tightly ligating the left L5/L6 spinal nerves of rats. These animals
displayed well developed behavioral signs of mechanical allodynia
which were abolished by a bilateral lumbar sympathectomy performed
one week later. Then, 3 doses of norepinephrine (NE; 0.01-0.05 pg in
20 pl saline) were injected subcutaneously into the previously
allodynic area of the paw.
Subcutaneous injection of NE rekindled signs of mechanical
allodynia lasting about 30 min in a dose-related manner. The
sensitivity to mechanical stimulation was limited to the area of
injected NE spread as determined by dye injection.
The data suggest that an important adrenergic-afferent interaction
occurs at the afferent terminals for the production of mechanical
allodynia in SMP. (Supported by NIH grants NS31680 and NS11255)
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320.12

ONTOGENY OF HYPERALGESIA INDUCED BY MUSTARD OIL IN
SPINALIZED RATS. Minchun Jiang*. Corev. L. Cleland and G. F. Gebhart.
Department of Pharmacology, University of Iowa, Iowa City, IA 52242
Although infants and children experience pain, their response to
noxious stimuli and its modulation by analgesic drugs such as morphine
differ from adults. Similarly, nociceptive sensitivity and spinal
mechanisms in rats undergoes dramatic changes during development. The
goal of these experiments was to characterize the maturation of centrallymediated hyperalgesia in spinalized rats.
Rats (newborn to adult) were anesthetized (ether/cold or pentobarbital),
spinalized (T8-T9), and allowed to recover for 3-24 hours. The hindfoot
was electrically stimulated (subcutaneously, paired 2 mA, 1 ms stimuli)
and the flexion withdrawal reflex was monitored by recording integrated
EMG from the knee flexor muscles. Stimuli were repeated every 3

HEAT SENSITIZATION OF PARTS OF RECEPTIVE FIELDS IN HUMAN
SKIN C NOCICEPTORS HO. Handwerker*2. M. Schmelz2 R Schmidt! M
Ringkamp2 and HE. Torebiork1 ^Dept. of Clinical Neurophysiology, Univ.
Uppsala, Sweden 2Dept. of" Physiology und Biocybemetics, Univ. Erlangen/
Nurnberg, Germany.

minutes for 1 hour to establish a baseline response. Mustard oil (3-20 pl,
100 %) was then applied to the upper leg/hip area and stimuli continued
for another 2 hours. Each rat was only used once.
Electrical stimulation evoked both short latency (10 ms) and longlasting (1 sec) EMG responses. Mustard oil potentiated both the short
latency and long-lasting responses. An enhanced response, or
hyperalgesia, was present in all age groups (2 days to adult). The
duration of hyperalgesia was greater for the short latency than for the
long-lasting response. Hyperalgesia was brief in newborn rats (3 minutes)
and then gradually increased, reaching adult durations (45 minutes) by
day 24. These results demonstrate that mustard oil can induce spinally,
and presumably C-fiber, mediated hyperalgesia in young (<8 day) rats
and that the hyperalgesia increases as the rat matures.

320.13
EFFECTS OF MK-801 ON JAW MUSCLE ACTIVITY AND PLASMA
EXTRAVASATION INDUCED BY MUSTARD OIL INJECTED INTO
TEMPOROMANDIBULAR JOINT (TMJ). X.-M. Yu*. B.J. Sessle. D.A. Haas.
A. Izzo. H. Vernont. and J.W, Hu. Fac. of Dentistry, Univ. of Toronto, and
tCan, Mem. Chiropractic College (CMCC), Toronto, M5G 1G6, Canada.
To examine the possible role of NMDA receptor mechanisms in
responses induced by the ^mall-fibre excitant and inflammatory irritant
mustard oil injected into the TMJ region, effects of a non-competitive
NMDA antagonist MK-801 on the mustard oil-evoked electromyographic
(EMG) activity in the masseter and digastric muscles and Evans' Blue (EB)
plasma extravasation were tested in rats. MK-801 or vehicle was
administered i.v. or into the third ventricle (i.c.v.) or locally into the TMJ
region 5 min before the mustard oil injection. Compared with the control
animals receiving the vehicle, the mustard oil-evoked masseter and
digastric EMG responses and EB extravasation were significantly (P< 0.05)
reduced by 0.5 mg/kg (n = 5) but not by 0.1 mg/kg (n= 5) i.v. MK-801. In
contrast, 0.1 mg/kg (n = 5) and 0.01 mg/kg (n = 5) i.c.v. MK-801
significantly (P<0.05) reduced the mustard oil-evoked masseter EMG
response but not the digastric EMG response and EB extravasation. Both
the mustard oil-evoked masseter and digastric EMG responses were also
significantly (P<0.05) reduced by 0.1 mg/kg (n = 5) but not by 0.01
mg/kg (n = 5) MK-801 administered into the TMJ region, and neither TMJ
dose reduced the EB extravasation. These data suggest that central and
peripheral NMDA receptor mechanisms may play an important role in the
mustard oil-evoked EMG responses and that the neurochemical
mechanisms involved in the plasma extravasation and EMG responses may
be different. Supported by Can. MRC grant MT-12286, the Can. Arth.
Soc. grant 91053 and CMCC.

320.15
MOTOR CONSEQUENCES OF AN EXPERIMENTAL PERIPHERAL
MONONEUROPATHY INDUCED BY NaCrO, OR CrCI3. B.J. Winterson*.
G. Yonuschot &. D.J.Molker. Depts. Physiolooy, Bicoh^h^r^istry &
Pharmacology, University New England College Osteopathic Medicine,
Biddeford, ME 04005.
Ligation of the sciatic nerve with chromic gst produces an
experimental mononeuropathy (EMN), a syndrome of hyperalgesia,

trophic changes and motor disturbances (Bennett & Xie, Pain, 1988).
Recent evidence suggests that chemicals found in chromic gut may be
causative agents in EMN (Maves, & al., Pain, 1993).

EMN was produced in rats by applying Gelfoam pads that contained
either NaCr04 or CrCl3 to the common sciatic nerve. Rats were

observed for neuropathic behaviors on days 3, 7 and 14 while alert.
When anesthetized with pentobarbital, persistent flexion was measured
by applying weight until leg lengths were equal. Both neuropathic
behaviors and persistent flexion were observable at days 3, 7 and 14
when NaCH04 was applied at doses of 50 ^mol. Neuropathic behaviors
were observed when CrCl3 was applied at a dose of 50 pmol.
Chromate (50 pmol) injected into the biceps femoris overlying the
sciatic nerve also produced neuropathic behaviors and flexion. This
shows that chromate alone at high concentrations is sufficient to
produce neuropathic motor disturbances.
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Topical application of mustard oil causes heat hyperalgesia which is attributed
to peripheral sensitization of C nociceptors. The aim of the present study was to
answer the question whether C units are sensitized as a whole when only parts of
the receptive field are treated with mustard oil. Microneurographic techniques
were employed to record from cutaneous C-fibers in the peroneal nerve in healthy
subjects. Activation of the units by mechanical or heat stimulation was detected by
slowing of conduction velocity during the relative refractory period. Receptive
fields (RFs) of afferent C-nociceptors were carefully mapped with mechanical and
transcutaneous electrical stimulation. Mechano- and electroreceptive fields in 6
mechanoheat sensitive units were found to coincide (range 40-160mm2). In these
units heat and mechanical thresholds were measured in two distinct parts of the
RFs. Mustard oil (100%) was applied for 5 minutes exclusively to one part of the
RFs and thereafter thresholds were measured again. In two units this procedure
was repeated with capsaicin (1% in ethanol) for 30 minutes. Heat thresholds as
measured by application of feedback controlled radiant heat ranged from 37 to
5O°C (median 44°C) in the beginning of the experiment, mechanical thresholds as
obtained by calibrated v. Frey filaments from 1.4 to 9 g (median 4.9 g).
Application of mustard oil on parts of the RFs did not yield a significant change
in mechanical thresholds, in the treated or in the untreated part (p=.68, .16 resp.;
Wilcoxon matched pairs test). Also heat thresholds in the untreated areas were
virtually unchanged (p=.35). In contrast, heat thresholds in all treated parts of the
RFs dropped significantly (mean drop: 5.2°C, p=.01).
It is concluded that heat sensitization of C nociceptors by mustard oil is
restricted to the treated part of the RFs.
supported by the DFG (SFB 353)

320.14
NEUROPATHIC PAIN (NP) IN RAT IS ASSOCIATED WITH ALTERED
NITRIC OXIDE SYNTHASE ACTIVITY IN NEURAL TISSUE JR Tobin.*
SN Raia. L Moore. Y Choi. Departments of Anesthesiology & Critical Care
Medicine, The Bowman Gray School of Medicine, Winston-Salem, NC 27157, and
The Johns Hopkins University, Baltimore, MD 21287
Animal models of neuropathic pain have been recently developed by partial
injuries to the sciatic nerve or its roots. The NP behavior is reported to result from
sensitization of central neurons via an NMDA-Nitric oxide (NO) system. NO synthase
(NOS) activity was determined following nerve injury in peripheral and spinal neural
tissues of sham operated and NP rats. Nerve injured and contralateral side tissues
were examined separately. Six rats had sham surgery and 12 rats underwent L^Lg
nerve ligations. Behavioral testing was done 2 wk after nerve ligation in NP and
sham rats. Tissue samples were obtained at 2 and 4 wk (NP2 and NP4) after NP
surgery (N=6 per group) and at 2 wk after sham surgery. The paw withdrawal
threshold was tested in hind paws using an ascending series of von Frey (vf )
filaments applied to the plantar surface. NOS activity was quantified by conversion
of [14C]-arginme to [^Cj-dtrulline. Differences between tissue from shrnn and NP
animals were compared using ANOVA; left and right sides by paired t-test. Hyperalgesia was observed in the NP foot as evidenced by lower withdrawal thresholds
in the lesioned paw (l^O.6± 0.7 vs l5± 0.1 bar, p<0.05) of NP rats, but not in sham
rats, nos activity was decreased bilaterally in the lumbar (l4.l± 13 [sham] vs
9.2 0.7* [NP2] vs . 93± 1.6* [NP4] pm/mg prot/min, *p<0.05), but not thoracic,
spinal cord and ipsilaterally in the sciatic nerve in NP rats (03± 0.1 [sham] vs
O3± 0* [NP2] vs O.l± 0.1* [np 4], *p<0.05) A transient rise in NOS activity in the
lesioned DRGs (L3-L6) (2,6±O.6 [sham] vs 5.2± 0.8* [NP2] vs 2,4±O.7 [NP4],
*p<0.05), but not at adjacent segments (L4), was observed at 2 wk that returned
to baseline at 4 wk. The decrease in nos activity in spind cord is not consistent
with increased local spinal production of NO. Alterations in NOS in DRG of lesioned
roots may initiate a sequence of events that result in spinal plasticity and NP pain.

320.16
Dose -dependend

competitive

Block

by

topical

Acetylsalicylic

Salicylic
Acid
of
ph - induced
cutaneous
Pain .
K.H. Steen. P.W. Reeh. H.W. Krevsel (SPON by Europ Neurosci Assoc). Dept, of
Dermatology, D-53105 Bonn; Dept, of Physiology, D-91054 Erlangen, Germany.
In molluscan neurons, a decrease in membrane potential and conductance due to a
reduction of K+- and an increase in CT- conductance with lowered pH was shown to be
competitively antagonized by salicylic acid (SA; Barker & Levitan 1972, Biochim
Biophys Acta 274, 638). This antagonism and a similar action assumed for aspirin
(ASA) were confirmed in our human acid pain model which uses continuous
intradermd pressure infusion of phosphate buffer (pH 5.2) to induce localized nonadapting pain (Steen & Reeh 1993, Neurosci Lett 154, 113). The flow was adjusted as to
result in constant pain ratings around 20% resp. 50% on a visual analog scale (VAS).
Six volunteers in each group joined in different placebo-controlled double-blind crossover studies to measure the rapidly evolving cutaneous analgesia from topically applied
ointment formulations of ASA, SA, ibuprofen and benzocain. Similar, log-linear doseresponse' curves were found for both ASA and SA, significant in effect with 3g/kg and
higher drug contents and saturating with 3O{gkg which caused a mean pain supression
by 95% but no measureable blood plasma levels of ASA and SA within 2 h. With higher
flow of the acidic buffer (and 50% VAS), producing lower effective tissue pH, the effect
of ASA was still 82% suppression while SA's effect dropped to 58%. The SA action was
also clearly slower to develop. The pain reduction achieved with 15g/kg ASA and SA
could be canceled out by increasing the buffer flow by a factor of x=1.95, suggesting a
competitive mechanism. Commercial ibuprofen (5Og/kg) and benzocain cream
(lOOg/kg) were comparably effective as ASA and SA, but the local anaesthetic caused a
loss of all cutaneous sensations while the touch threshold (v.-Frey) under the analgesics
were the same as under the placebo ointment.
Thus, classical "non-steroidal antiinflammatory drugs" have proven most effective and
specific in suppressing pain from cutaneous acidosis by a local and competitive
mechanism (This work was supported by BAYER AG and by a DFG grant Ste 593/1-2).
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VAGINAL SENSITIVITY IN THE RAT BEFORE, DURING AND

REPRODUCTIVE

AND

AFTER

OVARIECTOMY AND ESTROGEN REPLACEMENT.

Karen J.

AFTER

SENESCENCE

Berkley*. Elizabeth Wood and Jennifer Siblev-Perone. Program in

Neuroscience.,

Department

of

Psychology,

Florida

State

University, Tallahassee, FL 32306-1051 USA.

Vaginal pains that occur in many women after menopause are
thought to be due to decreased circulating levels of estrogen.

Unlike women,

reproductive senescence in

most female rats

results in elevated levels of estradiol, a condition called persistent

estrus (PE). This study examined escape responses to various
vaginal distension volumes in 6 rats as they aged from cycling
adults to PE, after ovariectomies (to decrease estrogen) and after

subcutaneous

estrogen

replacement.

Escape

response

probabilities did not differ in different estrous stages of the cycling

rats.

In

TUESDAY PM

contrast,

escape

responses to

the

lower distension

volumes increased significantly as PE developed and increased
even further after ovariectomy.

Estrogen replacement decreased

responses and this effect lasted well after replacement had been
discontinued. These data suggest that age-related increases in
vaginal pain sensitivity are due only in part to decreases in
estrogen.

Supported by NIH grant NS 11892.

TAIL-FLICK LATENCY: INTERACTIONS WITH TAIL TEMPERATURE
AND INTER-FLICK INTERVAL IN ANESTHETIZED RATS.
J.P. O'Brien. R.J. Brennan, R.A. Wheeler. A.E. Baldwin. & J.T. Cannon*.
Dept, of Psychology & Neuroscience Program, University of Scranton, Scranton,
PA 18510-4596.
The tail-flick response to heating is one of the most widely used indices of
nociception in rodents. Several lines of evidence, however, suggest that this test
may possess some undesirable characteristics. For example, it may be altered
both qualitatively and quantitatively by variations in heat intensity (e.g., Cannon
et al., 1990; Kelly, 1983; Ness & Gebhart, 1986). It also interacts with tail
temperature (e.g., Hole & Tj^lsen, 1990). In aw^e animals, we (Bolan et al.,
1991) found that tail-flick latencies decreased across the first 10 min of testing
regardless of inter-flick interval (1, 5, or 10 min IFI). The present study sought
to determine if a similar response pattern occurs in anesthetized animals. Surface
tail temperature was also recorded to assess its contribution to variations in
response latency.
Twenty-four male albino rats were tested during the dark phase of a 12/12 hour
light/dOrK cycle. Animals (8/group) were assigned to one of three conditions:
1 min IFI, 10 min IFI, or 10 min IFI following a 30 min delay. For all animals,
tails were handled and temperatures taken at 1 min intervals. Fifty min of
testing/handling began 40 min after pentobarbital injection (55 mg/kg, ip).
For both ANOVA and ANCOVA (using tail temperature as the covariate),
there was a significant decrease in tail-flick latencies across trials for the 1 min
IFI. Neither ANOVA nor ANCOVA produced significant main effects for trials
in either 10 min group. ANOVA, but not ANCOVA, revealed a robust difference
in tail-flick latencies between 1 min and 10 min conditions. In relation to tail
temperature, ANOVA revealed significant main effects for Groups, Trials, and
Groups X Trials interaction. Temperatures increased much more in the 1 min IFI
condition, eventually becoming almost 2°C higher than the 10 min conditions.
These results indicate that in anesthetized animals there is a significant decrease
in tail-flick latencies across trials whan using a 1 min inter-flick interval, and that
this effect is at least partially independent of changes in tail temperature. Unlike
our work with awake animals, it appears that in pentobarbital anesthetized rats,
no decrease in tail-flick latency occurs with a 10 min IFI.
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THE MAGNITUDE OF SHOCK-INDUCED ANTINOCICEPTION
OBSERVED ON THE TAIL-FLICK TEST IN RATS DEPENDS ON
WHERE RADIANT HEAT IS APPLIED. T.W. Prentice. J.W. Grau. and
M.W. Meagher*. Dept, of Psychology, Texas A&M University, College
Station, TX 77843.
Exposure to 3 2-s 3.0-mA tailshocks produces a strong naltrexonereversible, "opioid", antinociception on the tail-flick test in both
spinalized and intact rats. Recently, we had difficulty replicating this
basic effect. Systematic studies revealed that the primary variable
determining the magnitude of antinociception observed across
researchers was where the radiant heat was applied. To characterize this
effect, spinalized rats received tail-flick tests at 4 different sites,
designated A (proximal) to D (distal). Rats experienced tailshock, or
nothing, through electrodes attached at site C. Tail-flick latencies were
assessed 2-8 min after shock in a counterbalanced order. Shock
produced a significant antinociception at C and D, but not at the more
proximal sites. If tailshock was applied more proximally, at site B,
antinociception was observed at sites B-D, but not at the more proximal
site. The remaining experiments evaluated whether other examples of
shock-induced antinociception were similarly- sensitive to test location.
Exposure to much longer (75-s) 3 mA tailshocks produces a naltrexoneinsensitive, "nonopioid", antinociception in spinalized rats. This effect too
was only observed at the location where shock was applied and at more
distal sites. Exposure to 3 much milder (0.75-s, 1.0 mA) tailshocks
produces a forebrain-mediated nonopioid and opioid analgesia in intact
rats. This analgesic effect varied in a similar fashion as a function of test
location. Finally, 3 longer (25-s) 1.0-mA tailshocks have been shown to
produce a brainstem-mediated nonopioid analgesia. This shock schedule
produced a significant analgesia at all test locations. Supported by NIMH
grant MH 48994 to J.W.G.

TIME-COURSE AND CNS DISTRIBUTION OF THE FORMALIN-INDUCED
INCREASES IN C-F0S mRNA. M. Brodsky, K. Elliott. A.
Hvnanskv and C.E. Inturrisi. Dept. of Pharmacology, Cornell
University Medical College, New York, NY 10021.
The c-fos proto-oncogene has been implicated as a marker
of neuronal
activation and a signal
transducer in
nociceptive pathways.
We used quantitative solution
hybridization and a microdissection technique to study
changes in c-fos mRNA in mouse CNS in response to
intraplantar injection of 5* formalin (FORM, 20 ul). At 0.5
hr post-injection (PI) c-fos mRNA is increased in the
ipsilateral dorsal horn of lumbar-sacral spinal cord (ipsiSpC) of FORM-treated mice as compared to saline (SAL)
controls (4.0+0.2 vs. 2.1+0.2 pg equiv./ug RNA). At 1 hr
PI, c-fos mRNA is increased (FORM vs SAL) in periaqueductal
gray (2.4+0.1 vs. 1.8+0.1), contralateral somatosensory
cortex (Ctx, 3.2+0.2 vs. 2.2+0.1) and ipsilateral Ctx
(2.7+0.0 vs. 1.9+0.1 pg equiv./ug RNA). c-fos mRNA levels
were 50* lower in ipsi-SpC compared to the 0.5 hr.
No
differences were detected in c-fos mRNA levels in nucleus
raphe magnus or medial thalamus.
At 4 hr PI each CNS
region exhibited low levels of c-fos mRNA and no effect of
FORM. Thus, at 0.5 hr PI the FORM-induced increase in cfos mRNA is confined to the ipsi-SpC, at 1 hr PI c-fos mRNA
is induced by FORM in selected supraspinal regions, while
at 4 hr PI no effect of FORM is observed on c-fos mRNA
levels in these CNS regions.
Supported by DAO7274,
DAO1457, DA00198 and VZV Research Foundation.
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OVERLAP WITH mRNA CODING FOR NITRIC OXIDE

SYNTHASE, ml RECEPTOR AND SOLUBLE GUANYLYL CYCLASE.
E.T. Iwamoto*. L.J. Marion, R.M. Booze, and M.C. Tyler8. Dept, of
Pharmacology, Univ. of Kentucky Col. of Med., Lexington, KY 40536,
and sDu Pont Res. and Devel./NEN Products, Boston, MA 02118.

Microinjection of muscarinic agonists into the rostral ventral medulla
produces antinociception in the hot-plate and tail-flick tests in rats which
is antagonized by M1 receptor blockers, and by inhibitors of nitric oxide

or cyclic GMP synthesis. This study was designed to examine the brain

sites of muscarinic analgesia in greater detail, and to determine the
localization of m1 receptor, neuronal nitric oxide synthase, and soluble
guanylyl cyclase mRNAs by in situ hybridization. Using a 2.5 nmol dose
of the muscarinic agonist (+)-c/s-methyldioxolane, the most sensitive
sites of hot-plate and tail-flick antinociception were nucleus raphe

magnus, nucleus raphe pallidus, the gigantocellular reticular nucleus
pars alpha and the lateral paragigantocellular nucleus. Oligonucleotides
complementary to the mRNAs of the m1 receptor, nitric oxide synthase,

and the 70 and 82 kDa subunits of rat soluble guanylyl cyclase, were 3'end labeled using [a-MP]dATP and localized by in situ hybridization

histochemistry. Significant levels of m1 receptor, nitric oxide synthase
and soluble guanylyl cyclase mRNAs were localized in a region that
included raphe magnus, raphe pallidus, the gigantocellular reticular
nucleus pars alpha and the lateral paragigantocellular nucleus. These
data support the hypothesis that muscarinic antinociception is mediated
by nitric oxide/cyclic GMP transduction in the rat rostral ventral medulla.
(Supported by NIH NS 28847)
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Nicotinic Involvement in Intrathecal Baclofen Antinociception. D. T. Rogers*
and E. T. Iwamoto. Dept. of Pharmacol., Univ. of Kentucky Coll, of Med.,
Lexington, KY 40536.
Previous investigations by our lab have indicated that the antinociception
associated with intrathecal (i.L) baclofen (BAC) may be regulated in part by
nicotinic receptors. Intrathecal BAC antinociception is attenuated following
injection of s.c. nicotine, or 100 nmol of the nicotinic antagonist mecamylamine
(Neurasd. Abstr. 736.19, 1993). This study explores the effect of nicotinic
antagonist administration on the antinociception produced by i.L BAC, as
demonstrated in intrathecally catheterized, male Sprague-Dawley rats using the
hot-plate and tail-flick tests. Ten to 15 min after its i.L administration, 47 nmol
of the GABA. receptor agonist BAC produces 100% inhibition of hot-plate and
tail-flick test response for up to two hrs. Twelve min i.t. pretreatment with
mecamylamine dose-dependently attenuated BAC antinociception in both the
hot-plate and the tail-flick tesL Parenteral mecamylamine or hexamethonium
produced no changes in BAC antinociception. One hr pretreatment of the
rostral ventral medulla with 7 nmol of the high-affinity choline transport
inhibitor hemicholinium-3 blocked i.L baclofen antinociception in both the hotplate and tail-flick tests. These results indicate that i.t. baclofen antinociception
may be dependent upon functionally intact nicotinic receptors in the CNS.
Peripheral nicotinic receptors do not appear to be involved in i.t. BAC
antinociceptioo. BAC antinociception appears to be dependent upon cholinergic
neurotransmission in the rostral ventral medulla. (Supported by NS-28847 and
the KTRB).
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NICOTINIC RECEPTOR REGULATION OF THERMAL NOCICEPTIVE
RESPONSES. T. S. Rao*. G. K. Llovd. Salk Inst. Biotech.
Ind. Assoc. (SIBIA), La Jolla, CA 92037-4641.
Anti-nociceptive effects of (-)-nicotine (N) are well
documented.
In
the
present
investigation,
antinociceptive effects of isomers of nicotine (N) , cytisine
(C) , dimethylphenylpiperizinium iodide (D) and (±)epibatidine (E) were examined in the rat Tail-Flick (TF)
assay as per methods described by D'Amour and Smith (J.
Pharmacol. Exp. Ther. 72, 74-79, 1941). Anti-nociceptive
response to parenteral (-)-N (ED5o of 0.7 mg/kg, sc) was
sensitive to mecamylamine (MEC) and hexamethonium (H),
but not to naloxone or atropine (A) . ( + ) -N was less
active than (-)-N (ED50> 5 mg/kg, sc). Parenterally
administered D and C,
at sub-lethal doses,
were
minimally active in the TF assay. E was the most potent
of the agonists (ED50 of 3 Mg/kg, sc) with a longer
duration of action (> 2 hr). The anti-nociceptive
response to morphine was insensitive to MEC suggesting
divergence between opioid and nicotinic anti-nociceptive
responses.
Intracerebroventricular
administration
studies indicated the rank order of potency of E >> D =
(-)-N> (+)-N > C. The anti-nociceptive response to (-)-N
was completely attenuated by co-administration of MEC,
partially by H or ( + ) -N, but not by A. These results
suggest peripheral (possibly a spinal site) as well as
central loci for anti-nociceptive responses to nicotinic
ligands. Secondly, these results also suggest that
distinct nicotinic receptor subtypes regulate different
pharmacological actions of nicotine.

SYSTEMIC (+)BACLOFEN (BAC) REMAINS ANTINOCICEPTIVE AFTER SPINALIZATION AND
REDUCES SPASTICITY IN CHRROIC SPINAL RATS. L. Berfran and C. Advokat*.
Dept. of Psychology, Luisiana State UUiversity, Baton Rouge, LA. 78803.
BAC is particularly effective in treating sparticity of spinal origin in
hums. Howeer, the Bajority of annual studies with this drug have assessed
only its antinociceptive effect, presumaby because of the difficulty in
developing aninal lodels of s^^^s^^city. This study attempted to evaluate the
antinociceptive and antispastic action of BAC by incorporating the chronic spinal
prepaaation, in wthch sparticity develops during the p^^^transect^on interval.
Because the clinical use of BAC genneaHy involves chronic adiintvSration,
tolerance ws assessed over 3 successive days. Separate groups of Intact (N=l5),
Acute spinal (NUB;l
, or CCiouic spinal (N=12;24 days) rats were pretested
on the tail-flick (TF) assay prior to subcutaneous injection of (♦)FA! (tb mre
active enantioier) and retested 15, 30, 60, & 120 mn later. Hindliib sparticity
ws elicited in chronic spinal rats (by application of a meUl probe to the
abdomen) before and 30, 60, t 120 mn after injection. Anayses of the change in
TF latency and l decrease in sparticity showed dose-dependent antinociception in
the Intact (1.0, 2.5, 5.Oi |/1^)^), Acute (2.5, 5.0, 15, 30Og/kg) and CCrnR spinal
(5.0 V l5m/kg) conditions. In contrast to previous studies using (vjBAC,
^panson of the common 5.8^/kg dose indicated that spinal transection did not
significantly alter the antinociceptive action of (+)BAC. In addition, a
dose-dependent antispastic effect was observed in Cmnc spinal rats. Intact
(5.Omg/kg) and 011™!!^ spinal rats (5.0 & l5ig/kg) showed minimal tolerance to
both a^t^inot^^ceptive and antispastic effects of this isomer.
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MICROINJECTION OF BACLOFEN IN THE NUCLEUS RAPHE
MAGNUS OF THE RAT PRODUCES ANTINOCICEPTION OR
HYPERALGESIA, DEPENDING ON THE DOSE. D.L. Hammond*.
D.A. Thomas, and M.K. McGowan. Department of Anesthesia &
Critical Care, University of Chicago, Chicago IL 60637
This study examined the role of medullary GABAb receptors in
nociception. Rats were implanted with a guide cannula aimed at the n.
raphe magnus (NRM). One week later, baseline tail flick and hot plate
latency were assessed. Either saline or the GABAb receptor agonist (R)baclofen hydrochloride was then injected in the NRM and response
latencies were redetermined 5, 15, 30, 45 and 60 min later. The effect
of baclofen on nociceptive threshold was a function of dose. For
example, tail flick latency was significantly increased 15-30 min after
microinjection of 0.1 - 0.5 ng of baclofen. However, microinjection of
slightly higher doses (1 - 5 ng) did not alter tail flick latency, whereas
still higher doses of baclofen (50 - 150 ng) significantly decreased tail
flick latency. Hot plate latency was not altered by any dose of baclofen,
with the exception of 150 ng at which the increase in hot plate latency
resulted from severe motor impairment. The antinociception produced
by low doses of baclofen is consistent with the existence of presynaptic
GABAb receptors on inhibitory inputs to the NRM and subsequent
disinhibition of NRM neurons. The hyperalgesia produced by high doses

ANTINOCICEPTION BY TRAMADOL IN RATS IS REVERSED
BY INTRATHECALLY INJECTED GALANIN ANTAGONISTS.
W.S. Reimann*. N. Selve, W, Enelberger. E. Friderichs and B.
Wilffert. Dept. Pharmacology, Grunenthal GmbH, 52078 Aachen,
FRG
The antagonism by the galanin receptor antagonists galantide and
M-35 to morphine-induced antinociception has only recently been
shown (Naunyn-Schmiedeberg's Arch. Pharmacol. 349, R 88, 1994),
indicating a galaninergic link in the spinal effects of morphine. Tramadol is an analgesic with only low affinity to opioid receptors and additional norepinephrine uptake inhibition and enhancement of serotonin
release. We tested whether it shares the same galanin link. For measurement of antinociception we used the rat tail-flick test and the
Randall-Selitto test with vocalization as criterion. Intrathecal (i.t.) injection of 12 Mg tramadol evoked antinociception of about 50 %o of the
maximal possible effect (% MPE) in the tail-flick test. Co-injection
with tramadol of either 2 Mg galantide or M-35 almost abolished the
antinociceptive effect of tramadol. I.p. injection of 4.6 mg/kg tramadol
evoked antidociceptiod between 60 and 90 % MPE, which was greatly
reduced by i.t. injected galantide but not changed by M-35. In the
Randall-Selitto test, i.t. injection of 24 Mg tramadol elicited antinociception of about 60 % MPE which was partly reduced by galantide and
M-35. The 90 % MPE antinociception produced by i.p. injection of 10
mg/kg tramadol was partly reversed by galantide but not by M-35.
Tramadol, 10 m M, showed no affinity to the [ 125I]galanin binding site.
Though the pharmacological profile of tramadol differs from that of
the pure opioid agonist morphine, in the spinal antinociception of both
substances an activation of endogenous galanin is involved.
.

of baclofen is consistent with the existence of postsynaptic GABAb
receptors, activation of which results in inhibition of neurons in the
NRM. Supported by PHS grant DA 07004 to DLH.

(♦)BAC was a generous donation from CBA-C^eegy, Base, Swiizerland.
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SPINAL IMIDAZOLINE RECEPTORS DO NOT MEDIATE THE ANTINOCICEPTIVE ACTION OF INTRATHECAL CLONIDINE IN THE
RAT. PJ. Monroe*. D.L Smith. H.R. Kirk, and D.J. Smith. Dept. Of
Anesthesiology, The Robert C. Byrd Health Sciences Center of West
Virginia University, Morgantown, WV 26506-9134
The intrathecal (i.t.) administration of clonidine to rats results in
profound antinociception, which is thought to be mediated through an

DOSE-DEPENDENT EFFECTS OF m - 5- AND k -OPIATE RECEPTOR
ANTAGONISTS IN THE INHIBITION OF ANTINOCICEPTION
PRODUCED BY NOXIOUS HETEROSEGMENTAL STIMULATION IN
THE RAT. G.M. Pitcher. K. Yashpaf T.J. Coderre. S. McGaraughty and
J.L. Henry. Departments of Physiology & Psychiatry, McGill University, and
Pain Mechanisms Laboratory, Clinical Research Institute of Montreal,
Quebec.
Noxious thermal stimulation of one hind paw in the lightly anaesthetized rat
produces a transient (1-3 min), naloxone-sensitive, heterosegmental
antinociception in the tail flick test. The present study was performed to
determine the specific types of opiate receptor contributing to this response.
Sprague-Dawley rats (250-300 g) were lightly anaesthetized with Na- .
pentobarbital (20 mg/kg) and chloral hydrate (120 mg/kg) i.p. After
recording baseline readings in the tail flick test, the animals were given
one of the following intrathecally to the lumbar spinal cord: artificial CSF
(n=9), the M-opiate receptor antagonist, 0-FNA at doses of 6.50 (n=5),
0.65 (n=5), 0.065 (n=6) or 0.0065 nmol (n=6) in CSF, the specific 5opiate receptor antagonist, TIPP^ at doses of 6.50 (n=6), 3.25 (n=6),
0.325 (n=8) or 1.625 nmol (n=5) in CSF + DMSO, or the x-opiate
receptor antagonist, nor-BNI at doses of 6.50 (n=ll), 0.65 (n=5), 0.065
(n=6) or 0.0065 nmol (n=7) in CSF. Ten min later one hind paw was
immersed in water at 55 °C for 90 s. In the group of rats given CSF the
full antinociceptive response was observed. However, in the other 3
groups, each opiate receptor antagonist produced a dose-dependent
decrease in the response. The data indicate that m -, 5- and x-opiate
receptors contribute to the antinociceptive response to heterosegmental
natural aversive sensory input to the spinal cord. (Supported by MRC

interaction of the agonist with a2-adrenergic receptors (Reddy et al.,
1980). However, clonidine has been shown to also interact with nonadrenergic imidazoline receptors (Bousquet etal., 1984). Consequently,
this study was undertaken to determine if spinal imidazoline receptors
are involved in the antinociceptive action of i.t. administered clonidine.
Rats were fitted with chronic intrathecal catheters and allowed to
recover for one week. Antinociception was produced using a 400 nmole
dose of clonidine, and quantitated using the tail flick reflex. Doseantagonist relationships for yohimbine and idazoxan were determined
following administration of the antagonists at times such that their peak
effects coincided with that of clonidine. Radioligand binding studies
using [3H]-clonidine were also performed in order to assess the relative
densities of a2-adrenergic and imidazoline receptors in the spinal cord.
Idazoxan, an imidazoline, completely blocked the antinociceptive effect
of intrathecally administered clonidine, yielding an IC50 near one nmole.
Similarly, yohimbine also completely blocked the antinociceptive action
of clonidine (IC50 approx. 15 nmols). However, yohimbine is a nonimidazoline a2-adrenergic antagonist which interacts poorly with
imidazoline receptors. Thus, although the results of the radioligand
binding studies indicate that approximately 40% of all specific spinal
sites labelled by [3H]-clonidine are non-adrenergic, these receptors do
not appear to be involved in the antinociceptive action of spinally
administered clonidine. [Supported by WVU Medical Corporation]
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Intrathecal Administration of Interleukin 1-B Evokes
Antinociception in Carrageenan Inflamed Hindpaws.
M.G. Garry*. A. Souter. & D.L. Tanelian. Dept of Anesthesiology and
Pain Mgmt. Univ. of TX, Southwestern Med. Ctt., Dallas, TX 75006.

INHIBITION OF SPINAL NO SYNTHASE BY Na-NITRO-LARGININE BLOCKS THE RELEASE OF MET-ENKEPHALIN
AND ANTINOCICEPTION INDUCED BY SUPRASPINAL BENDORPHIN IN THE RAT. H. O. Wang*. J. Y, Xu and L. F. Tseng.
Dept. of Anesthesiology, Medical College of Wisconsin, Milwaukee,
WI 53226.
The antinociception induced by intraventricular (i.vt.) injection of Bendorphin (B-EP) is mediated by the release of Met-enkephalin (MEK)
and stimulation of 5-opioid receptors in the spinal cord. The present
study was designed to determine if nitric oxide (NO) in the spinal cord
is involved in B-EP-induced release of MEK and production of
antinociception in pentobarbital anesthetized male Sprague-Dawley
rats. The release of MEK was performed using a spinal cord perfusion
technique and the MEK released in the spinal perfusates was measured
by radioimmunoassay. Antinociception was assessed by the tail-flick
(TF) test. B-EP (2 pg) given i.vt. induced the release of MEK from the
spinal cord. Na-nitro-L-arginine (NA, 0.1 nM-10 pM) added into

Previous studies indicate that Interleukin-IB (IL-lB) is a potent
hyperalgesic agent when introduced into peripheral tissues (Nature
334:658, 1988). Presently, we evaluated the effect of intrathecal (i.L) ILlB on the• latency of paw withdrawal (PWL) in normal and inflamed
hindpaws. Rats were tested for PWL to radiant heat. Next, all rats
received a unilateral injection of carrageenan (CARRA; 4 mg/paw). The
contralateral paw (CL) was untreated. Two hrs following the injection of
CARRA, animals were again tested for PWL to assess the development
of hyperalgesia. Following the injection of CARRA (2.5 hrs), animals
received a free hand i.t. injection of either IL-lB (O.O125|Ag/lOpL; n=2O)
or saline (lOpL; n=2O). The animals were reassessed for PWL at certain
times following the i.t. injection. Intrathecal injection of IL-lB produced
significant anti nociception in the inflamed hindpaw relative to the animals
which received and i.t. injection of saline (F3 ,i43=79.Ol; p<0.01). In
contrast, i.t. injection of IL-lB had no effect on the CL paw
(F3,145=2.26; p=n.s.). This analgesia peaked at 1 hr post i.t. injection
and persisted for 2 hrs following injection.
In addition, the
antinociceptive effect of IL-lB on CARRA-induced hyperalgesia was
dose-related (0.00125-0.lpg; n=8-19/dose). Finally, the effect of IL-lB
appears selective since i.t. injection of IL-6 (OOOiSpg/lOpL) had no
effect on PWL in normal or inflamed hindpaws. These data indicate that
IL-lB is a potent antinociceptive agent when administered i.L and the the
effect of IL-lB is both dose-related and selective. This work was
supported by the Sid W. Richardson Foundation.

induced release of MEK by intrathecal (i.t.) NA was reversed by i.t. Larginine. Na-nitro-D-arginine given i.t. did not inhibit the release of
MEK induced by i.vt. B-EP. The TF inhibition induced by B-EP (4 pg)
given i.vt was blocked by i.t. NA (5 pg) and the blockade was reversed
by i.t. L-arginine (50 pg). Na-nitro-D-arginine (5 pg) given i.t. did not
block i.vt. B-EP-induced TF inhibition. It is concluded that NO in the
spinal cord is involved in the release of MEK and the production of
antinociception induced by i.vt. B-EP (Supported by NIH Grant, DA
03811).

spinal perfusates dose-dependently attenuated i.vt. B-EP (2 pg)-induced
release of MEK from the spinal cord. The inhibition of i.vt. B-EP-
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NALOXONE PARTIAL REVERSAL OF THE ANTINOCICEPTION
PRODUCED BY MICROINJECTION OF DIPYRONE INTO THE
PERIAQUEDUCTAL GRAY. POSSIBLE INVOLVEMENT OF
MEDULLARY OFF- AND ON-CELLS. V. Tonorici and H. Vancgas* .
Instituto Venczolano dc Investigaciones CicntTicas (IV1C). P.O. Box 21827.
Caracas 1020A, Venezuela.
The non-steroidal antiinflammatory drugs (NSAlDs) also have an
antinociceptive effect when administered in the central nervous system.
Mieroinjeetlon of dipyrone (DIP) into the periaqueductal gray matter (PAG) elicits
antinoc'iception in rats possibly through the involvement of medullary off- and
on-cells, which are nociception-modulating neurons that project to the spinal cord.
This study evaluates the possible participation of opioid mechanisms in the central
action of DIP.
Forty medullary neurons were recorded in rats during application of noxious
heat to the tail. Thiopental anesthesia enabled the tail-flick (TF) to occur but kept
the animal free from signs of pain or discomfort. Off-cclls stopped their firing, and
on-cells increased their activity, just before TF. Baseline latencies of the off-ccll
pause, on-cell burst and TF were determined and then DIP was microinjected
(lOOpg in O.5pl) into PAG. Twenty min thereafter, when latencies were about
200% of baseline, naloxone (NAL) was given i.v. (1 mg/kg) or microinjected into
PAG (5pg in O.Spl).
NAL induced a return of latencies towards baseline \alucs. Its maximum effect
occured 15-20 min after i .v . or PAG mieroln)eetion, and 10-20 min thereafter the
usual time-course of the antinociception produced by DIP was again apparent.
These results suggest that endogenous opioids are partly responsible for the central
antinociceptive action of NSAIDs, and support the notion that such action
intimately involves medullary off- and on-cclls.
(Supported by grant SI-2672 of CONICIT)

INJECTIONS OF CORTICOTROPIN RELEASING FACTOR INTO THE
VENTROLATERAL PERIAQUEDUCTAL GRAY PRODUCE
ANTINOCICEPTION
S.A. Tershner* & F.J. Helmstetter. Department of Psychology, University of
Wisconsin, Milwaukee, WI 53201
Corticotropin releasing factor (CRF) is involved in the mediation of
certain physiological and behavioral responses to stress. Neurons within the
central nucleus of the amygdala (CeA) that project to the ventral
periaqueductal gray (vPAG) and are important for the expression of defensive
behavior and stress-induced hypoalgesia may release CRF [Magnuson &
Gray, 1992].
We have previously reported that the application of small amounts of
CRF to neurons in the ventrolateral periaqueductal gray (vPAG) in the rat
results in a potentiation of aversive Pavlovian conditioning using foot shock
[Tershner & Helmstetter, 1992]. In the present study we investigated the
ability of CRF to modulate tail flick (TF) reflex latency. Rats were prepared
and maintained under constant intravenous barbiturate anesthesia and guide
cannulae were positioned over the vPAG or lateral ventricle. The latency of
the TF reflex elicited by radiant heat was recorded at 2 min intervals
throughout the session. Application of CRF (0.1-0.8 pg, .25-.50 pl) to the
vPAG caused a moderate dose-dependent inhibition of the TF reflex. No
simultaneous changes in arterial blood pressure were observed.
Intraventricular injection of CRF (1.0 pg/ 4.0 pl) resulted in an increase in
heart rate but no significant change in TF latency.
These data are consistent with our proposal that the efferent
projection from the CeA to vPAG is important for the expression of stressinduced hypoalgesia and defensive behavior.
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ANTINOCICEPTION OF FENTANYL, SPIRADOLINE,
U-50488H, AND ENADOLINE IN FLINCH JUMP, COLD
WATER TAIL-FLICK, AND COLORECTAL DISTENSION.

PERIPHERAL CRF ANTINOCICEPTION IS BLOCKED BY
METHOTREXATE. F. Onorati and K. M. Hargreaves*
Depts. Rest. Sci. & Dept Pharm., Univ. Minn., Minneapolis, MN
Although CRF is analgesic in humans and antinociceptive in rats
[Hargreaves et al., Brain Res 422:154, 1987; Eur J Pharm 170: 75,
1989], its peripheral mechanism(s) of action is unclear. To evaluate
peripheral mechanisms, we selectively blocked certain immune cells
(methotrexate, Mtx), nociceptors (capsaicin, Cap), and sympathetic
fibers (6-OH-dopamine, 6-OHDA) prior to CRF injection. Rats (n=68/group) were pre-treated with either Mtx (2.5 mg/kg X 4 days), Cap
(30, 60, 60, 100, 100 & 150 mg/kg sc), 6-OHDA (50, 50 & 100
mg/kg), or veh. Rats were injected with carrageenan (3 mg ipl) and
either CRF (100 nmol/kg) or veh. Rats were tested for thermal
hyperalgesia (Pain 32:77, 1988) by hindpaw exposure to infrared heat
aimed through a glass floor, with photocell detection of paw withdrawal
latencies (Ugo Basile). Data were analyzed by two-way ANOVA. All
data were collected by observers unaware of treatment allocation. Pretreatment with Mtx significantly reduced CRF antinociception (controls:
veh: 4.9 ± 0.7 sec vs CRF: 11.2 ± 1.1 sec p<0.05; Mtx: veh: 8.5 ± 0.8
sec vs CRF: 9.8 ± 0.9 sec; p=NS). Although capsaicin significantly
increased basal latency values, it did not block CRF antinociception

3LU?riggs,

R,Ht Rech*, D,C, $awyert_jL.U-£tnler, K,E,
Paul. Depts. of Pharmacol. & Toxicol, and Sm. Anim. Clin.

Science, Michigan St. Univ., E. Lansing, MI 48824.
The antinociceptive effects of fentanyl, spiradoline,
U-50488H, and enadoline were assessed in flinch-jump (FJ),
cold water tail-flick (CWTF), and colorectal distension (CRD)
in order to provide information as to the actions of these
agonists in different nociceptive procedures. The four agonists
plus a placebo were blindly administered and tested in FJ,

CWTF, and CRD. Results from FJ showed that none of the
opioid agonists at the doses tested produced antinociception
that differed significantly from placebo. However, results
from CWTF showed that all opioid agonists produced
significant antinociception in comparison to placebo. Finally,
results of CRD showed that only fentanyl and spiradoline
produced significant antinociceptive effects.

These results

suggest that differences in drug effect relate to different levels
of mu and kappa opioid receptor activity.
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(controls: veh: 7.3 ± 0.2 sec vs CRF: 13.9 ± 1.7 sec; Cap: veh: 11.3 ±
0.8 sec vs CRF: 18.3 ± 1.5 sec). Pre-treatment with 6-OHDA also did
not alter CRF antinociception (18 ± 1.2 sec vs 18.8 ± 1.7 sec; p=NS).
These results suggest that CRF antinociception is dependent in part, on
methotrexate-sensitive cells present in inflamed tissue, such as
leukocytes. (Supported in part by DEO986O).
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ANTINOCICEPTIVE EFFECTS OF TRICYCLIC ANTIDEPRESSANT DRUGS
ARE EVIDENT AFTER TOPICAL APPLICATION OF CAPSAICIN TO THE
SKIN. J. S. Kusmirek. E. G. Anderson*. H. K. Proudfit. and D. C. Yeomans.
Dept. of Pharmacology, U. Illinois at Chicago. Chicago, Illinois 60612.
Numerous clinical reports have suggested an analgesic role for tricyclic
antidepressants, but this effect has been difficult to demonstrate in animal

NITRIC OXIDE AND SUBSTANCE P N-TERMINAL MEDIATION
OF CAPSAICIN-INDUCED ANTINOCICEPTION. J. S. Kreeger*.
K. F. Kitto ann A.A.Larson. Dept of Vet. PathoBioloey, Univ. of
Minn., St. Paul, MN 55108
The present investigation tests the hypothesis that the
antinociceptive effect of capsaicin in the acetic acid-induced
abdominal stretch assay is mediated by nitric oxide (NO) and
substance P N-terminal metabolites. When injected in mice i.t. 24
hr prior to testing, 2.6 nmol of capsaicin and 10 nmol of SP(l-7) both
produced a decrease in the number of abdominal stretches induced by
an i.p. injection of acetic acid. The antinociceptive effects of
capsaicin and SP(l-7) followed a similar time-course and persisted
for 62 hr after their injection. Capsaicin-induced, but not SP(l-7)induced, antineciception, was prevented by pretreatment with N®'
nitro-L-arginine methyl ester (L-NAME), a NO synthase inhibitor.
L-NAME inhibition of capsaicin was reversed by coadministratien
of 120 nmol of L-arginine. Reduced hemoglobin failed to prevent
capsaicin-induced antinociception. These findings suggest NO is
produced and acts within capsaicin-sensitive primary afferent fibers
in the dorsal spinal cord. This activity appears to result in the release
of SP from primary afferent fibers. It was further determined that
this mobilization of SP mediates capsaicin-induced antinociception
as D-SP(l-7), a SP(l-7) D-substituted analog and antagonist,
prevented both capsaicin and SP(l-7)-induced antinociception.
(NIDA04090 to AA.L.and K20-DA00177 to J.S.K.)

models. Since tricyclic antidepressants act by blocking the reuptake of the
monoamines serotonin (5HT) and/or norepinephrine (NE). it is possible that
under normal conditions the level of monoamine release is insufficient for these
agents to have consistent effects. However. tonic noxious stimulation by topical
application of capsaicin (Cap) increases monoamine release in the spinal cord.
This observation suggest that tricyclic antidepressants may have significant
antinociceptive effects in the presence of tonic or chronic noxious stimulation.
We tested the effects of topical Cap on the antinociceptive effect of
intraperitoneal (i.p.) or intrathecal (i.t.) application of the NE reuptake blocker
desipramine (D) or the 5HT reuptake blocker fluoxetine (F). The latency of foot
withdrawal responses to a low rate of noxious radiant heat was used to
selectively assess responses mediated by the activation of C nociceptors.
Neither i.p. nor i.t. injections of a range of doses of D affected response
latencies in normal animals. but Cap treated rats demonstrated a profound,
dose-dependent antinociception. This antinociceptive effect was partially
blocked by i.t. application of by the alpha adrenoceptor antagonist
phentolamine. In normal rats. i.p., but not i.t. application of F produced
antinociception. However. after Cap treatment both i.p. and i.t. F produced
antinociception which was partially blocked by the i.t. application of the 5HT
antagonist methysergide. These results indicate that C fiber activation and/or
sensitization produced by topical capsaicin increases the antinociceptive
efficacy of monoamine uptake blockers by increasing the spinal levels of NE
and 5HT. Supported by the Helen M. Thomsen Fund. and USPHS Grants
DA05406 (DCY) and DA03980 (HKP).

321.17
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ONDANSETRON REDUCES THE PERIAQUEDUCTAL GRAY-INDUCED
INHIBITION OF DORSAL HORN CELL ACTIVITY IN RATS. Y.B.PENG*.
Q.LIN, W.D.WILLIS. Dept. of Anatomy and Neuroscience, The University of
Texas Medical Branch, Galveston, Texas 77555.
Electrical stimulation of the periaqueductal gray (PAG) can induce an inhibition
of the dorsal horn cell responses to both innocuous and noxious stimuli. This
inhibition is largely due to the release of serotonin (5-HT) into the dorsal horn area
of the spinal cord from the descending axons of the nucleus raphe magnus. It is
still not clearly known which subtypes of 5-HT receptors are involved in the PAGinduced antinociception. Male Sprague-Dawley rats (270-360g) were anesthetized
by Nembutal. A microdialysis fiber was introduced into the dorsal horn of the
lumbar enlargement for drug administration. An electrode was placed in the
vicinity of the microdialysis fiber for extracellular single unit recording. Two sets
of data were collected. One set was the responses of a cell to different applied
stimuli (brush, press, and pinch), another set was the responses of the cell to the
stimuli while PAG was stimulated. When stimulating the PAG, responses to brush,
press, and pinch were inhibited. When a 5-HT3antagonist, ondansetron (1 mM),
was administered, the responses of the cell to brush, press, and pinch stimuli and
the spontaneous activity of the cell increased. Interestingly, the PAG-induced
inhibition to various stimuli was reduced by ondansetron. This result suggests that
5-HT acts through 5-HT3 receptors located on inhibitory intemeurons. The excited
inhibitory intemeurons may inhibit the dorsal horn cells by increasing the release
of inhibitory neurotransmitters. When 5-HT3 receptors were occupied by
ondansetron, excitation of the inhibitory intemeurons was reduced, and thus the
PAG-induced inhibition of the dorsal hom cell activity could not be elicited, and
an increase of spontaneous activity and responses of the cell to different stimuli
could be observed. This study was supported by NIH Grants NSO9743 and
NS11255.

FOREBRAIN MODULATION OF NOCICEPTIVE REFLEXES.
EFFECTS OF GABA ANTAGONISTS IN THE AMYGDALA L.H.
Poore* & F.J. Helmstetter. Department of Psychology, University of
Wisconsin, Milwaukee, WI 53201
The amygdala is an important brain structure in the expression of several
stress-related behavioral responses. We have shown that lesions of the
amygdala prevent the expression of hypoalgesia in rats during exposure to
environmental stressors. Furthermore, microinjection of small amounts of
mu opioid agonists into the basolateral nucleus of the amygdala in
barbiturate-anesthetized rats results in an elevation of radiant heat tail flick
(TF) latency that is expressed via the periaqueductal gray and rostral
ventromedial medulla. Recent evidence suggests that stimulation of opioid
receptors within the amygdala may activate descending antinociceptive
systems via interactions with intrinsic GABAergic neurons. In the present
study rats were anesthetized by constant i.v. infusion of hexobarbital and
steel guide cannulae were positioned over the basolateral (BLA) or central
(CeA) nuclei of the amygdala. TF reflex latencies were recorded at 2 min
intervals throughout the test session. Bilateral micreinjectien of bicuculline
methiodide (BMI, 30-50ng) into either site resulted in a gradual increase in
TF latency lasting more that 50 min although injection sites in or near the
CeA appeared to be more effective. Systemic pretreatment with the opioid
antagonist naltrexone HC1 (5mg/kg, i.p.) did not block the effects of BMI.
These results are consistent with the idea that mu opioid agonists in BLA
elevate TF by inhibiting local GABAergic neurons that tonically control
critical amygdaloid efferents.
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EXPRESSION OF Gof IN MAMMALIAN HORIZONTAL CELLS.
Noga Vardi*and Matthew Studer. Department of Neuroscience, University
of Pennsylvania, Philadelphia PA 19104-6058.

ORGANISATION
OF
THE
CYTOSKELETON
IN
CONE
HORIZONTAL CELL DENDRITES OF TELEOST RETINAE. Behrens
UP*. H.-J. Wagner. Inst. Anatomy, Univ. Tubingen, Oesterbergstr. 3, D-72074
Tubingen, Germany.
During light adaptation, horizontal cell (HC) dendrites flanking the synaptic ribbons
extend finger-like structures (spinules) into the cone pedicle cytoplasm and retract
them during darkness. Spinule formation is mediated by light and dopamine, while
degradation is controlled by darkness and glutamate. Spinules are thought to be
involved in chromatic feedback interactions in the outer plexform layer (OPL) and
the control of the adaptation dependent component of ganglion cell colour
opponency. In the nervous system plasticity of synaptic morphology is mediated by
cytoskeletal elements. However the role of the cytoskeleton in the morphological
changes of HC dendrites is only porly understood. Therefore we have studied the
ultrastructure of cytoskeletal elements within HC dendrites in relation to spinule
dynamics of light and dark adapted teleost retinae (roach). We find three different
components of cytoskeletal elements with a different distribution in proximal and
distal regions of HC dendrites. The proximal parts of the dendrites are dominated by
mikrotubules and 10 nm filaments (possibly representing intermediate filaments). A
meshwork of 7 nm filaments is localized proximally and distally in the dendrites.
The amount of filaments appeares to decrease towards the tips and is only rarely
observed in spinules, suggesting that the maintenance of spinules does not require
these filaments. 7 nm filaments are often associated with a thin sheet of
subplasmalemmal electron dense material, resembling the cortical membrane
cytoskeleton. No major differences in the distribution and density the cytoskeletal
components are observed when comparing light and dark adapted retinae. This
indicates that either the cytoskeletal components studied play no motile role in
spinule dynamics or that the tools of classical transmission electron microscopy are
inadequate for this type of analysis.

Gap junctions between horizontal cells are modulated by
dopamine through the D1 receptor and a second messenger. This suggests
the involvement of a G-protein as a coupling agent between receptor and
effector. To identify which G-proteins might be expressed by cat
horizontal cells we applied antibodies specific for 6 different G-proteins,
and using immunocytochemistry we identified which of them stains the
horizontal cells. We found a high level expression of Gof in these cells.
In contrast, G„ which is highly homologous to Gof, and like Gof
stimulates adenylyl cyclase was negative in cat retina. Other G-proteins:
Go, Gj, Gz, and Gq were negative in cat horizontal cells even though they
were present in other retinal neurons. To determine reactivity of the antiGolf in other species, and assess its possible involvement in gap junction
modulation, we also stained retina from rabbit and rat. Rabbit horizontal

cells, which are strongly coupled, did stain for Gof, but rat horizontal
cells that lack the strongly coupled A type horizontal cell, did not. In
addition to horizontal cells Gof stained cones, a subset of amacrine cells
and ganglion cells in all species tested. This indicates that the stain for
Gof is consistent and conserved in retinas across species. In rat basal
ganglia Golf apparently couples the D1 receptor to adenylyl cyclase. It is
therefore reasonable to hypothesize that G^f modulates horizontal cell gap
junctions by coupling the D1 dopamine receptor to a second messenger.
Supported by MH48168 and EYOO828.
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THE EFFECT OF CELL COUPLING ON MEMBRANE CURRENTS MEASURED
FROM CATFISH CONE HORIZONTAL CELLS IN THE RETINAL SLICE
PREPARATION. L.J. Giblin and B.N. Christensen*. Dept. Physiology &
Biophysics, University of Texas Medical Branch, Galveston, Texas, 77555.
A number of voltage-sensitive and ligand-gated channels have been described in
isolated catfish cone horizontal cells. We have measured membrane currents from
horizontal cells in a retinal slice preparation in an attempt to begin studying the roles
of the various membrane channels in regulating the horizontal ceU membrane
potential during phototransduction. Since horizontal cells exhibit electrical coupling,
adequate control of membrane potential with a voltage clamp requires control of
horizontal cell coupling. To test the effects of electrical coupling on the recorded
membrane currents, voltage-sensitive currents were recorded under light adapted
conditions before and after bath application of a dopamine D1 receptor antagonist
(SKF-83566, 100 pM). Cell coupling was visualized by injection of Lucifer yellow
or neurobiotin through the patch recording pipette. Both substances have been
shown to pass through gap junctions. Lucifer yellow fluorescence was visualized in
unfixed or paraformaldehyde fixed slices using a confocal microscope.
Our results demonstrate that, under conditions in which the extent of coupling
between horizontal cells should be reduced, voltage-sensitive membrane currents
could be recorded that were similar to currents measured from isolated cells.
Activation of the Iq ,2+ began near -20 mV which is similar to that observed in
isolated cells. In the presence of dopamine antagonist, the voltage-sensitive
membrane currents were reduced. Removal of the antagonist restored these
membrane currents. As expected, we have found that the greatest voltage-sensitive
membrane currents could be recorded from cells which showed little or no dye
coupling. This study provides evidence that, under conditions in which cell coupling
is reduced, a voltage clamp can be used to measure membrane currents from
horizontal cells in the retinal slice. Supported by grant NEI-01897.

DIFFERENTIAL EFFECT OF NIFEDIPINE AND DILTIAZEM ON HORIZONTAL CELL
MEMBRANE PROPERTIES IN THE TELEOST RETINAL SLICE. D.M. Linn* and E.M.
Lasater. Dept. of Ophthalmology, Moran Eye Center, Univ. of Utah, Salt Lake City, UT

84132.
Previously, we have examined the effect of dopamine (DA) on horizontal cell (HC)
membrane properties in the white bass (Roccus chrysops) retinal slice. More recently, we
have been investigating the role of calcium current modulation by DA on HCs in the slice.
We have been able to mimic some of the effects of dopamine, including enhanced OFF
responses, on horizontal cells (HCs) in the dark adapted retinal slice using the L-type calcium
channel agonists barium (10 mM) and Bay K 8644 (10 pM). Next, we examined the effects
of the specific L-type calcium channel blocker diltiazem (DTZ) on the light responses of HCs
exposed to DA. Dt Z (100 pM) selectively reduced the OFF responses of HCs from slices

exposed to DA further supporting the importance of calcium currents in the formation of OFF
responses. However, when we pico-spritzed the traditional L-type Ca++ channel blocker
nifedipne directly onto HCs from dark-adapted slices or slices exposed to DA we observed
no effect. This is consistent with the report that nifedipine has no consistent effect on

isolated white bass HC Ca++ currents (Sullivan and Lasater, 1992). However, Tachibana et
al. (1993) have shown that the Ca++ dep. release of transmitter from goldfish bipolar cell
terminals is blocked by nifedipine. Therefore, we bath applied 200 pM nifedipine on dark
adapted retinal slices and slices exposed to DA. We found no effect of nifedipine on slices
exposed to DA, but we often observed responses similar to DA perfusion, including robust
light responses, from HCs in dark adapted slices bathed with nifedipine. If nifedipine is
blocking bipolar cell output as in the goldfish, we may be observing an effect similar to Critz
and Marc (1992) where blocking hyperpolarizing bipolar cell activity resulted in DA release.
We are currently testing this hypothesis by applying nifedipine in the presence of a specific
D1 blocker. If this hypothesis proves correct it may offer a pharmacological method to
distinguish between calcium dependent mechanisms in the outer vs. inner teleost retina.
Supported by NRSA EY 06383, NIH grant EY 05972 and Research to Prevent Blindness, Inc.

322.5

322.6

ACTIVATION OF THE APB-TYPE METABOTROPIC RECEPTOR
SUPPRESSES THE INWARD RECTIFIER CURRENT IN RETINAL
HORIZONTAL CELLS. P.B. Dixon* and Pi R. Copenhagen. Dept. of
Ophthalmology, UCSF San Francisco CA 94143-0730.
We examined the inwardly rectifying K+ current in isolated catfish
horizontal cells using the whole-cell patch-clamp technique. Glutamate
caused a reduction in the inward rectifier current magnitude, without
altering the activation voltage. This suppression develops slowly over the
course of 1 to 3 minutes and persists for several minutes, depending on the
concentration and duration of the glutamate exposure.
The effect of glutamate is mimicked by the metabotropic receptor
agonist APB, but not by kainate. 8-Br-cGMP, a phosphodiesterase
resistant analog of cGMP, produced a small suppression of the inward
rectifier, as did the phosphodiesterase inhibitor IBMX when included in
the patch pipet. 8-Br-cAMP, also phosphodiesterase resistant, did not
affect the inward rectifier. Finally, when H-8, a broad spectrum kinase
inhibitor was included in the patch pipet, the effects of glutamate, APB
and 8-Br-cGMP on the inward rectifier were eliminated.
Our data shows that glutamate modulates the inward rectifier current in
retinal horizontal cells. Our results provide evidence that the modulation
is through the APB receptor subtype, and the signal is carried via the
cGMP/protein kinase G second messenger pathway. Suppression of this
current by glutamate would serve to reduce competing currents during
prolonged, glutamate induced depolarizations typical of theses cells (e.g.
in darkness) and potentially enhance the horizontal cell light response.
This work is supported by EY 01869

THE EFFECTS OF DOPAMINE ON QUININE-INDUCED
CURRENTS OF RETINAL HORIZONTAL CELLS .
R. P. MalchoWand H, Ripps. Department of Ophthalmology and Visual
Science, University of Illinois at Chicago College of Medicine, Chicago,
Illinois 60612

The cinchona alkaloid quinine promotes an outward current thought to
reflect the opening of hemi-gap junctional channels in rod-driven
horizontal cells of the skate. We report here that quinine elicits a
current in cone horizontal cells of the catfish which appears to differ
from that of the skate in its sensitivity to dopamine. Experiments were
done on enzymatically isolated cells voltage-clamped using the wholecell version of the patch clamp technique. 200 uM quinine applied to
catfish cone horizontal cells held at +40 mV induced an outward
current, which turned off rapidly upon repolarization of the cell to -70
mV. 100 uM dopamine markedly reduced the current elicited in the
cone-driven catfish horizontal cells; however, similar concentrations of
dopamine had no effect on quinine-induced currents of the rod-driven
skate horizontal cells. These findings are consistent with the
observation that functional gap junctional coupling between pairs of
skate horizontal cells is not affected by dopamine, while electrical
communication between catfish cone horizontal cells is markedly
reduced by the application of dopamine via a cAMP-dependent pathway.

Supported by NEI grants EYO94l 1 and EYO 6516.

322.7

MODULATION OF THE L-TYPE CALCIUM CHANNEL BY PROTEIN
KINASES A & C IN ISOLATED CATFISH HORIZONTAL CELLS. F. Zinebi» and
B.N. Christensen. Dept. of Physiology & Biophysics, University of Texas Medical
Branch, Galveston, Texas, 77555.
In previous research we have reported that dopamine (DA) and cAMP activators
decrease I^* and [Ca**], in isolated catfish horizontal cells. However, in a few cells,
DA increased I^* and [Ca2+]i. To provide more information on the intracellular
second messenger pathways involved in the regulation of the L-type calcium channel
in these cells, we examined the effects of modulators of protein kinase C (PKC) and
protein kinase A (PKA) on Ca2+ channel regulation.
We studied the effects of GTPyS, protein kinase A inhibitor (PKI), phorbol,2O-oxo20-deoxy-12-myristate-13-acetate (PMA), a PKC activator and a PKC inhibitor,
staurosporine. Enzymatically dissociated cone horizontal cells (HC) were voltage
clamped using the patch clamp method in the whole cell mode. The I^* was
measured during a step potential change to +15 mV in the presence of 15 mM Ba2+.
Our results show that activation of PKC increases
by nearly 30% within 3
minutes, whereas inhibition of PKC decreases Lc2* nearly 60% compared to control
responses. On the other hand, PKI injected into the cell increased the I^* by 26%
over control within 2 minutes. Unlike PKI, the PKA inhibitor H-89 (500 nM)
unexpectedly decreased the I^* This may reflect the different mechanisms by
which the two inhibitors act Although dopamine decreases the I^* by a G-protein
coupled process, GTPyS, introduced into the cell through the patch pipette, produced
an increase of nearly 20% in I^* during the first 5 minutes of recording.
Together, these results suggest that 1) both PKA and PKC are involved in the
regulation of Ic«2+ in horizontal cells; 2) there is a basal activity for both kinases that
regulate this calcium channel in the absence of surface membrane receptor
activation. Supported by grant NEI-01897.

322.8
KINETIC ANALYSIS OF VOLTAGE-SENSITIVE CONDUCTANCES IN

CATFISH HORIZONTAL CELLS BASED ON ADMITTANCE MEASUREMENTS. E.C. Hymel*, C.R. Murphey, B.N. Christensen. Dept. of Physiology

k.

Na +,

L-type C«2+, and anomolous rectifying A'+ conductances. The char-

acterization of each of these conductances will be necessary for the development of a mathematical model of the cell, which could then be utilized

in a model of photic stimulus transmission in the retina.
L-type calcium currents were investigated.

As a first step,

A frequency domain voltage

clamp method was used to measure the input admittance of these cells

to estimate channel kinetic parameters in a Hodgkin-Huxley type model.

From the resting membrane potential of —65mV, depolarizing steps in
the presence of tetrodotoxin were used to obtain the admittance data.
These data were fitted to a mathematical model of the driving point ad-

mittance using a gradient technique to determine the non-linear voltage
dependance of the L-type

Ca2+

conductance. Plots A and B below show

the admittance magnitude and phase at clamped potentials of

— 10mV. Near rest

the admittance at .5

Hz

is net positive

—55

(3nS).

and

Closer

to 0mV where a steady state L-type Ca2+ current is most likely to be
observed the measured whole cell admittarnce has a net negative real part
(—l.3nS), indicating a negative conductance.

01897.
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Biophysics, Univ. of Texas Med. Branch, Galveston, TX 77555-0641.

Catfish horizontal cells are known to possess three active conductances:

•”<*>

Supported by grant NEI-

MW
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PROTEIN KINASE C (PKC) IMMUNOREACTIVITY (ir) IN ROD
BIPOLAR CELLS (RBCs) OF THE DEVELOPING RABBIT RETINA.
G. Casini*, A. Grassi, L. Trasarti and P. Bagnoli. Dept. of
Environmental Sciences, Tuncis University, 01100 Viterbo snd Dept, of
Physiology and Biochemistry, University of Pina, 56123 Pina, Italy.
In the vertebrate retina, PKC ir is preferentially localized to RBCs. We
investigated the postnatal development of RBCs identified with PKC ir in
the rabbit retina. Retinas from postnatal day (P) 0 to adulthood were
treated with a monoclonal antibody to PKC using the avidin-biotinperoxidase technique. In adult retinas, PKC-immunoreactive (IR) RBCs
have the cell bodies located in the outer inner nuclear layer (INL), dendritic
arbors in the outer plexiform layer (OPL) and axons ending with enlarged

bulbs in the proximal inner plexiform layer (IPL). PKC ir is first observed
at P6. At this age, faintly p KC-IR processes (presumably RBC dendrites)
are observed in the OPL of all retinal regions. Occasional PKC-IR cell
bodies are located in the INL adjacent to the OPL, and they are
characterized by PKC ir confined to their distal cytoplasm, likely because
of the unstained nucleus occupying most of the cell body. At P9, several

PKC-IR processes (presumably RBC axons) extend vertically from the
outer to the inner INL. Between P10 and PI2 (eye opening), densely
distributed, strongly PKC-IR cell bodies are present in the outer INL.
They originate processes descending through the INL and entering the
proximal IPL, where they terminate as enlarged bulbs. By PI 8, the pattern
of PKC ir is similar to that of adult retinas. These observations show that
the maturation of RBCs, including PKC expression, is complete by eye
opening, indicating that the rod pathway may be functional at this time.

profiles
of
GABAa and glutamate
ionotropic
RECEPTORS IN RAT RETINAL BIPOLAR CELLS. E. V.Grigorenko* and
H.H.Yeh. Dept. Physiology and Pharmacology, Bowman Gray School of
Medicine, Winston-Salem, NC 27157.
As second-order neurons in the retina, the bipolar cell receives
prominent excitatory (glutamatergic) and inhibitory (GABAergic) inputs.
As part of an effort to reveal the functional and molecular profiles of
GABAa and glutamate receptors in the retina, we are analyzing the
coexpression of GABAa , kainate- and AMPA-type of ionotropic glutamate
receptor mRNAs in single, acutely-dissociated bipolar cells by means of
antisense (aRNA) amplification and RT/PCR, both techniques of which we
have demonstrated to be effective in revealing neuroreceptor subunit
messages in single neurons.
An individual bipolar cell expressed a wide variety of GABAa and
glutamate ionotropic receptor subunit transcripts. Thus far, for the
GABAa receptor, we have identified the a,, Ga,
03> and Kat transcripts.
Occasionally, the P2 message was found instead of the ^/^ combination.
For the glutamate ionotropic receptor, despite the fact that the retina, as
a whole, expressed all GluR1-7 messages, single bipolar cells expressed
a distinct subset of glutamate ionotropic receptor transcripts, namely,
GluRI, GluR2, GluR3, GluR6, GluR7. Overall, for both the GABAa and
glutamate ionotropic receptor, the number of subunits expressed in a
given bipolar cell appears to be more than that needed to form one type
of functional receptor. An implication of our results as well as the
hypothesis tested by ongoing work is that receptor subtypes with
differing subunit compositions may exist in bipolar cells to mediate
excitatory and inhibitory synaptic processes.
Supported by NS24830 and A A 09861 to HHY

molecular
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REGIONALLY SPECIFIC PHARMACOLOGICAL MODULATION OF
cGMP LEVELS IN BIPOLAR CELLS IN THE TURTLE RETINA.
T.A. Blute. D. Zhano and W.D. Eldred* Department of Biology,
Boston University, Boston, MA 02215
Our previous studies have shown that levels of cGMP-like
immunoreactivity (LI) can be modulated in retinal neurons by agents
which release nitric oxide and by different neuroactive substances.

RESPONSES OF RABBIT STARBURST-B AMACRINE CELLS TO
MOVING SINUSOIDAL GRATINGS. M.H. Criswell* and C. Brandon.
Department of Cell Biology and Anatomy, Finch University of Health
Sciences/The Chicago Medical School, North Chicago, IL 60064.
Starburst amacrine cells probably contribute to the synaptic circuitry of
directionally-selective ganglion cells in the rabbit retina. We have now
studied the reponses of these cells to moving stimuli.
Intracellular potentials of DAPI-labeled, starburst-b Amacrines were
recorded in response to sinusoidal gratings (spatial frequencies: 262.5,
525, & 1050 pm/cycle) that moved At temporal frequencies (0.9 - 9.9 Hz)
and. At 0 - 360° orientations.
In response to these stimuli, All cells produced graded, modulating
depolarizations, of which the rising phase to increasing illumination was
slightly faster than that of the falling phase. Transient, spike-like potentials
were also evident Along the graded potentials of two cells, as reported by
Bloomfield ('92). Cells responded best to the two largest spatial-frequency
gratings, moving at relatively slow speeds (up to 2.9 Hz).
When focused across the entire retinal section (1 cm2), grating
movements in any direction produced similar response amplitudes.
However, when grating movements were restricted to a stationary spot
field (500 pm dia) that was centered around the cell soma, response
amplitudes were Appreciably greater for grating movements in one
particular direction. This suggests that starburst amacrines may respond
differently to moving stimuli, depending on whether they respond as
members of the global Amacrine network to large moving stimuli or as
individual cells to localized movement within their receptive field centers.
Supported by the Fight for Sight Research Division of the National
Society to Prevent Blindness, the Illinois Society for the Prevention of
Blindness, and NIH/BRSG grant SO7 RR05366-28.

These studies showed increases in cGMP-LI in large numbers of
amacrine cells and bipolar cells. However, potential regional differences
were not examined in detail in these previous studies. The purpose of
the present study was to study the effects of kainate, NMDA, nicotine,
dopamine and GABA on levels of cGMP-LI in different regions of the
retina. Isolated turtle eye cups (Pseudemys scripta elegans) were
preincubated in Ringers with IBMX for 15 min. The agonists were then
added and the eyecups were incubated for another 45 min. The
eyecups were then fixed and routinely processed for immunocytochemistry using an antiserum directed against cGMP. Although kainate
elevated cGMP-LI in more amacrine cells than NMDA, and NMDA
elevated cGMP-LI in predominately bipolar cells, there were no striking
regional differences in the cGMP-LI labeled cell populations seen with
either agonist. In contrast, nicotine, dopamine and GABA all increased
cGMP-LI in a select population of bipolar cells. This group of bipolar
cells was confined to a very narrow band in the extreme peripheral
retina. This indicates that there are neurotransmitter specific regional
specializations in the activation of the cGMP second messenger system
in discrete retinal neurons. This research supported by NIH grant
EYO4785 to WDE.

322.13

322.14

DEVELOPMENT OF ChAT AND GAD IMMUNOREACTIVITY IN
RELATION TO STARBURST AMACRINE CELLS OF RABBIT
RETINA. E. V. Famiglietti* and S. J. Sharpe. . Dept. of Anatomy &
Lions' Sight Ctr., The Univ. of Calgary, Calgary, AB, Canada T2N 4N1.
Starburst amacrine (SA) cells occur as two mirror-symmetrical subsets
with cell bodies flanking the borders of the inner plexiform layer (IPL)

DEVELOPMENT OF A SECOND POPULATION OF CATECHOLAMINERGIC
AMACRINE CELLS IN THE CHICK RETINA. R.M. dos Santos. P.F,
Gardino*. J.N. Hokoc. Instituto de Biofisica Carlos

and narrow dendritic branching in sublamina a and sublamina b of the
IPL (Famiglietti, ’83). In rabbit, SA cells were shown to contain choline
acetyl transferase (ChAT), the synthetic enzyme for acetylcholine (ACh)
(Famiglietti and Tumosa, '86, '87). Although GABA and possibly its
synthetic enzyme glutamic acid decarboxylase (GAD), colocalize with
ChAT in adult SA cell bodies, SA dendrites appear free of GAD
(Brandon, '87; Famiglietti and Vaughn unpublished). To explore a
possible developmental or trophic role for GABA in SA cells, we
investigated the postnatal appearance of GABA, ChAT and GAD, with
immunocytochemical methods (ICC) using antibodies to human ChAT,
GABA, mouse-brain GAD (65KD) and mouse-brain GAD (67KD). At
birth (P0) ChAT-like immunoreactivity (ChAT-IR) was found in cell
bodies lying in the positions of adult SA cells, bordering the IPL. The
adult pattern of dendritic staining emerged faintly at PI and clearly at P2.
GAD^c-IR emerged adult-like at P3 with four bands of puncta in the
IPL. GAD^j -IR appeared similar to ChAT-IR at P0, but at later stages
diverged, faintly staining horizontal cell bodies (P1-P4), many amacrine
cell (AC) and displaced AC bodies (P2 on), and a few brightly staining
ACs with scattered processes in sublamina a of the IPL (P3 ,P4). At P4
there was also a suggestion of faint staining of two bands in the IPL
more prominently displaying GABA-IR. ChAT and GAD^-IR do not
coincide in retinal development, but GADgj requires further study.

Supported in part by NSERC of Canada.
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Chagas FQ, Univ.Fed.do Rio de Janeiro,, 21949-900, BRAZIL.

We have formerly shown two types of tyrosine hydroxylase
immunoreactive (TH-IR) amacrine cells (AC1 & AC2) in the
mature chick retina. The AC1 type is the classic
bistratified amacrine cell and the AC2 type displays
different morphology with a less strongly immunostaining
than AC1 and a topographical distribution confined to the
inferior portion of the retina. In this study we investigated the development of AC2 in whole-flatmounted retinas
of chick embryos, using TH-immunocytoehemistry, in an
attempt to quantify this cell type. AC2 TH-IR cells were
firstly identified at embryonic day 14 (E14), although
AC1 type of TH-IR cells were already seen at E12. As
expected, the AC2 TH-IR small cell bodies display a very
weak immunostaining, distinct from AC1 type. Since their
onset, the distribution of AC2 TH-IR cells is limited to
the ventral region, remaining so at E16 and E18.Processes
from AC2 cells branching towards the inner plexiform
layer could be seen only at E16 and E18. Our data confirm
the presence of a second population of TH-IR amacrine
cell with a confined topographical distribution, not only
in the post-hatched animal, but early in embryonic life
starting at E14, two days later than the AC1 population.
Whether the AC2 cells are functionally distinct from AC1
remains to be clarified, supported by CNPq/FiNEP/CEPEG.
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Retinally-Evoked Synaptic Potentials in the Accessory Optic System
of Turtle. N. Kogo* and M. Ariel. Dept. of Anatomy and Neurobiology,
St. Louis University. Sch. of Med., St. Louis. MO 63104.
An in vitro turtle retina-brain preparation was used to study the
sensory convergence of excitatory post-synaptic potentials (EpSPs)

EFFECTS OF DOPAMINE AND PIRIBEDIL (A STRONG
DOPAMINE D2 AGONIST) ON FROG MONOCULAR OKN
ASYMMETRY. B. L. N. JardonL N. Bonaventure2 and B.
Pettmann3*. troupe de Recherche en Neuropsychologie
Expdrimentale, Dpt de Psychologie, University de Montrdal, Montreal
H3C 3J7, Canada; 2LNBC, UPR 419 du CNRS, 3LNO, UPR 417 du
CNRS, Centre de Neurochimie, Strasbourg, France.
Frog monocular optokinetic nystagmus (OKN) displays a directional
asymmetry. T-N stimulation is efficient in provoking the reflex, whereas
stimulation in the N-T direction evokes almost no response. The
analysis of recordings using a search coil technique, after administration
of pretectal or systemic injection of dopamine, at various concentrations,
hardly modifies the H-OKN triggered by the viewing eye. Haloperidol, a
dopamino antagonist acting mainly on D2 receptors, has no effect upon
monocular OKN unidirectionality. At various concentrations, pretectal
or systemic injection of Piribedil (Servier), a strong D2 dopamine
agonist, provokes the appearance of a N-T component, suppressing the
monocular OKN asymmetry. A monocular OKN N-T component still
appears even if injection of Piribedil is preceded by administration of
haloperidol, effectively blocking the dopaminergic receptors. Conversely,
administration of atropine, a cholinergic muscarinic antagonist, following
Piribedil, suppresses the N-T component. When injected before
Piribedil, atropine prevents the appearance of the N-T component.
These results suggest that the dopaminergic system does not seem to
be involved in OKN asymmetry. Furthermore, it is probable that
Piribedil binds with muscarinic receptors, provoking, like muscarinic
agonists (Jardon and Bonaventure ’92), the appearance of the OKN NT component.

onto a single brainstem neuron. Previous extracellular analysis had
shown that the basal optic nucleus (BON) receives a direct input from
direction-sensitive retinal ganglion cells (J Neurophys 65:1022,1991).
Because these ganglion cells are distributed widely across the retinal
surface, we chose to analyze EPSPs from individual retinal afferents
to determine the mechanism of sensory convergence onto BON cells.
Applying whole cell techniques, BON recordings were healthy and
stable for several hours (resting potential of ~55 mV and time
constant of ~25 ms). Visual pattern stimulation of the contralateral
retina evoked strong synaptic activity when moving in one direction,
but not its opposite direction. When the EPSPs summed to exceed
spike threshold, the elicited spike rate for different directions was
identical to that of previous extracellular BON recordings.
Monosynaptic EPSPs were evoked by focal retinal stimulation (34 120 pA, 0.1 ms) to excite single retinal afferents to BON cells. Evoked
EPSP latencies were 4 - 7 ms with peak amplitudes of 4 - 13 mV and
half widths of 4 - 31 ms. An occasional long duration EPSP suggests
additional polysynaptic pathways in some cases.
Simultaneous
stimulation of two distant retina loci evoked a EPSP that was roughly
the sum of the two individual EPSPs. These data show the formation
of full-field 'retinal slip' signals in the accessory optic system by the
spatial convergence of small-field direction-sensitive retinal inputs.

323.3

323.4

GABA-UKE IMMUNOREACTIVE NEURONS IN THE BRAIN AND RETINA OF
THE FROG RANA PIPIENS. Z. Li* and K. V. Fite. Neuroscience and

BIOTINYLATED DEXTRAN
(BDA)
AND BIOCYTIN-HCL
(BH) AS
SUPERIOR TRACERS FOR THE STUDY OF RETINAL PROJECTIONS*.
S. Eisner, E. Harris, S.M. Galovan, W. Su, H. Halpern and
F. Scalia. Dept. of Anatomy and Cell Biology, SUNY Health
Science Center at Brooklyn, Brooklyn, New York 11203.
Anatomical study of the topographic organization of the
retinal projection in normal amphibians and specimens
undergoing optic nerve regeneration requires that the
tracer used allows resolution of fine morphological detail
and permits analysis of the projection from either the
whole retina or selected sectors. Previously available
tracers of high sensitivity do not meet these needs as well
as the complementary use of BDA and BH described here.
BDA [Molecular Probes, m.w. 3000] or BH [Sigma] (4-10
uL, 10-15* in H20 or saline) was injected into one eye of
adult R. pipiens. BDA injections were made immediately
after scratching the retina to interrupt fibers from a
selected sector. To damage the retina over its full extent,
no attempt was made to buffer the the high acidity of the
injected BH (pH < 1). Frogs were killed after 48-72 hr by
perfusion with 4* glutaraldehyde, sectioned frozen and the
brain
and
retina
(flat-mounted)
reacted
for
biotin
(avidin/HRP: Ni-Co DAB). BDA-labeled retinal axons streamed
from the lesion into the optic disc, formed a fascicle in
the optic tract, and terminated in the appropriate sectors
of the tectum and thalamus. No axons arising in the
undamaged sectors of the retina were labeled. BH-labeled
retinal axons filled the entire extent of the optic
pathway. Both tracers labeled axons and terminal arbors
more heavily than comparable material studied by HRP-fiber
filling (e.g., Scalia and Colman, '74). Especially in the
BDA-filled material, the finest fibers in tectal layers A,C
& E (1.5-3.5 um diam.) and their synaptic boutons were
readily visible. (Supported by NIH Grant EYO5284.)

Behavior Program, University of Massachusetts, Amherst, MA 01003.

Immunocytochemistry was used to assess the localization of y -

aminobutyric acid (GABA) in the CNS and retina of frog Rana pipiens.
Preliminary results show that GABA-like immunoreactive perikarya were
found in the dorsal, lateral and medial pallium of the forebrain. In the

diencephalon dense but scattered GABA-like immunoreactive perikarya
were observed positioned within or along the lateral and ventral margins
of two thalamic neuropil--corpus geniculatum and neuropil of Bellonci. In

the mesencephalon, GABA-like immunoreactive perikarya were present

in all cellular layers of the optic tectum (OT), with the highest level of

immunoreactivity located within the superficial layers—the 9th and 8th
laminae. Moderate immunoreactivity was noted within the deep tectal
layers. Purkinje cells showed a variable GABA immunoreactivity, and a

large number of small and moderate-sized cell bodies throughout

cerebellum were heavily immunostained.
Within the retina, the highest level of GABA-like immunoreactivity was

observed in the ganglion cell layer. A large number of putative ganglion
cells were strongly immunoreactive. As comparison, only small numbers
of cells in the inner nuclear layer were immunosta'ned. GABA is well

documented as an inhibitory neurotransmitter in the CNS. Taking into

account that both retinal ganglion cells and the primary retinorecipient
superficial layers of the OT contain GABA, we propose that GABA plays
an important role in the visual function of Rana pipiens at the first-order

synaptic level in the CNS. (supported by NSF Grant # I BN 921157).

323.5

323.6

MORPHOLOGICAL CHARACTERIZATION OF RETINAL GANGLION
CELLS WHICH PROJECT TO THE ANTERIOR THALAMUS IN A
FROG. E. Kicliter* and F. Bengoa. Institute of Neurobiology and
Department of Anatomy, University of Puerto Rico Sch. of Med., San
Juan, Puerto Rico.
Positive phototaxis in Rana pipiens is dependent on retinal projections to
the anterior thalamus. The ganglion cells projecting to this area have been
shown to respond only to the onset of a light flash (i.e. they are ON-units)
and to respond best to short wavelength illumination. We were interested
in determining whether these cells belong to one or more of the seven
morphological types of ganglion cells that have been described in this
species (Frank and Hollyfield, 1987). To study the morphology of these
cells, a retrograde tracer, the B fragment of cholera toxin, was injected
into the retino-recipient neuropils of the anterior thalamus. After a survival
period of five days, the toxin was visualized with the aid of the avidinbiotin immunohistochemical technique. The labeled cells had a mean soma
diameter of 17.35 um. They were regularly spaced with a mean distance
to nearest neighbor of approximately 105-110 um. Their processes followed
a straight path. They branched sparsely and ramified exclusively in the
vitreal portion of the inner plexiform layer. These cells are similar to the
class 4 cells described by Frank and Hollyfield.(Supported in part by NIH
Grant MH-48190 and NS-07464 and ONR Grant N00014-89-J-3070).

CALBINDIN AND SMI-32 IMMUNOSTAINING DELINEATE
SUBDIVISIONS OF THE VISUAL PULVINAR IN MACAQUE
MONKEYS. C. Gutierrez*. A. Yaun. and C.G. Cusick. Dept. of Anat.
and Neurosci. Training Prog., Tulane Univ., New Orleans, LA 70112.
The neurochemical organization of the macaque pulvinar was
investigated to provide reliable markers for subdivisions and their
boundaries. Calbindin-D28k immunostaining differentiates the following
pulvinar subdivisions: the medial division of the inferior pulvinar (PIm)
stands out as a lightly stained "hole", the central nucleus (PIc) stains
intensely, and the lateral division (PI1) stains moderately. The present
analysis indicated that PI1 but not Pic is characterized by a dispersed
population of large (> 300 pm2), intensely stained calbindin-positive
neurons with extensively ramifying dendrites. As identified by the
presence of these large cells, PI1 continued rostrally to occupy nearly the
full width of the inferior pulvinar adjacent to the hilus of the lateral
geniculate nucleus. Immunostaining for neurofilament protein using the
SMI-32 antibody showed a population of large (> 340 pm2) neurons in
both PI1 and Pic. In addition, PIm contained many large neurons stained
for SMI-32 that were less intensely stained and more densely distributed
(13.5 cells/mm2) than those in PI1 and PIc (2.0 and 2.2 cells/mm2,
respectively). In summary, the distribution of large neurons stained for
calbindin appears to discriminate PI1 from PIc, whereas SMI-32
immunoreactivity identifies the PIm subdivision. The SMI-32 stain In
PIm parallels that of the magnocellular layers of the lateral geniculate
nucleus. The strong connections of PIm with MT suggest PIm may share
other features of the "M pathway" within the primate visual system.
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323.8

MOTION SENSITIVITY OF CELLS IN THE STRIATE-RECIPIENT ZONE OF THE
CATS LP NUCLEUS. I: RESPONSES TO VISUAL NOISE. T. Savard». K. Minvitle,
S. MMotchnikoff. P. LaLhapeUe1 araJ C . Casanova.Depar&nents of O phthalmology
and af Physiology and Biappynian, Faculty af MaaSCna, University af SkerbraaCa, and
’Depaitaena af OrPaPhlmalygy> MaGill University, Quebec, Canada.
The striate recipient zane (LPI) af the cat's lateralis ranteriar-rulvinar
aamrlex reaeiven a majar input fram aamrlex celte in layer V af area r 7. Mant
aarttco-LPI aeUn are texture-navsiave. We have ntudied the sensitivity af LPI aelln to
visual noine in arder ta compare their response prapertien ta that af oartico-LPI unite.
Experiments were dane an anesthetized and paralyzed adult normal oats. Under
oamputer aantral, full-screen maving randam dat patterns and sinunaidal drifting
gratingn were presented in the aelts' receptive fieldn. The pattern had a maximal
devstty oP 256 x 256 element. Each element subtended 0.13° of vinual angle. The
2D Faurier power spectrum af the texture framen showed that all spatial frequencies
had the name expected amauva af pawer. A tatal af 48 LPI aelln aut af 56 (86%)
raspavdad ta Oe matian af vinual vyine. Respynsen af half the aelln were sustained
i.e. their discharge rate wan maintained at a fairly constant level thraughaut the
stmulus rresavthtian. The remaining aeltn responded with several bursts of
discharges. Far all but 1 1 aelln, renrassas ta noise varied an a function of the
Crectias af matian. Generally, the preferred direatian af naise motion matched well
with that af the drifting grating. On average, LPI veurans were mare braadly tuned
far the direatian af matian af the vinual naisa than far the ariestatias of driftivg
gratings (mean banCwiCtPs far naise and gratings are 48° and 38° resraativaly; t tent,
p<0.05). Generally, LPI aeln exhibited similar degrees af direatian saleativity whether
they were stimulatad by drifting naise ar gratingn. Mean aptimal tiring rates were
almost always greater far gratingn than that far noise. Far all aelln, resravses vary
an a fusctios af drift velocity. The mean aptimal valyai1y wan 28 dag/saa. Mare than
half af the cefe (63%) were bandpass fitters with a mean bandwidth af 2.6 aataves.
These results showed that the rasravsivanass ta noise af LPI oalls compares well ta
that af the aamplex aelln af layer V in area 17. (Supporttedby MRC, FRSQ, FCAR)

MOTION SENSI0MTY OF CELLS IN THE STRIATE-RECIPIENT ZONE OF THE
CAT’S LP NUCLEUS. II: MODULATORY INFLUENCE OF A MOVING TEXTURE
BACKGROUND ON SPATIAL FREQUENCY TUNING. C. Casanova*. T. Savard.
K. Min^Hel L. Merebet and L. Boumqhar. Deerameetenf pphtpalmeto-y and of
Pkysialagy and Biyrkasios, Faculty af Medicine, Unive^sita af SPerbraaCe, Quebec,
Canada.
Saveral ntudien rapartad that the resranses ta maving barn af aalls in area
17 are suppressed by the matian af a texture baaCgraund. We Paund, an rara^tad in
the companion abstract, that mant aelln in the striate raaipiev1 zane [LPI] af the LPruPivar aamplex are tuned ta the drift direatias and velaaity af vinual noise. We have
investigated the extent ta which vinual natee, presented an a stationary ar a maving
eaoCgrauvd, aan modify the bar renravsan af LPI aelln and rartioularla their npatial
frequency tuning ^0^. Experiments were carried aut an anesthetized adult oats.
A 1uvgstan miaraelectrade wan towered into the LPI ta record nivgla-uvit activity.
Under aamputer aavtral, fuHs<o■ean maving random dat ratterss and ninunaidal
drifting gratingn were prasav1ad in the oells' raoertiva fieldn. Each element af the
pattern subtended 0.13° af vinual angle and reprasavtad the autoama of an
ivdtravdev1
trial, with equirryeaela states. The 2D Faurier pawer spaaarum
of the texture framen showed that all spatial frequencies had the name expected
amount of power. At aptimal yriantatian, the SF tuning fusotias wan ntudied at twa
contrasts (near threnkold and at saturaton level) with and without a noise baoCgraund.
The baoCgrauvd wan either stationara ar maving [in phase and antiphase matian] and
surerimrasad with the grating. Our renultn showed that the responses at optimal
npatial f^equescies were surpressed when the grating and the naine were maving in
appysi1a ’■^0X0^. Generaly there wan na manCing effect af vaina when bath stimuli

were in phase; moreover, in thin aanditias, we rarely observed any llnear summation
af the responses ta noise and gratingn with name exaerttovs at law sratial frequevaien
af the grating. These renultn rOcae that, an s Pows in the vinual cortex, bar resravses
af LPI aells aan be modulated by the addition af a texture baoCgraund. (Supported by
MRC, FRSQ, and FCAR).

323.9

323.10

Subcortical afferents on the nucleus reticularis tegmenti pontis in
cats S. Watanabe**, I. Kato1 and M. Norita2 Department of Otolaryngology, St.
Marianna University School of Medicine, Kawasaki, Japan*. Department of
Anatomy, Niigata University School of Medicine, Japan2.

ANTEROGRADE TRANSPORT OF CHOLERA TOXIN SUBUNIT B (CTB) REVEALS DETAILED MORPHOLOGY OF OPTIC TERMINALS IN
CERTAIN RETINORECIPIENT ZONES OF HAMSTERS Changying
Lin.g*. Gerald E. Schneider. Sonal Jhaveri. Dept. Brain & Cognitive Sciences,
M.I.T., Cambridge, MA 02139.
Anatomical study of long-axon systems has been impeded by lack of
consistent labeling techniques which reveal the detailed morphology of
individual terminal arbors. Immunolocalization of transported CT-B provides
such a method. Injections of 1% CT-B (1 gl, diluted in distilled water) were
made in the posterior chamber of adult hamster eyes. After 4 days survival,
animals were perfused with 2% paraformaldehyde and their brains were
sectioned coronally on a freezing microtome. The tissue was processed for
localization of the transported toxin using an anti-CT-B primary antibody (List)
and a biotinylated secondary. The biotin was visualized with use of an Ab C kit
followed by a DAB reaction.
The immunostaining provided a very sensitive marker for retinal axons in
zones of sparse projection (e.g., ipsilateral visual targets, nuclei of the accessory
optic tract, hypothalamus). Terminal labeling was visualized in exquisite detail,
from very fine varicosities spaced along thin axons within the MTN, in the
intergeniculate leaflet, in the paraventricular nucleus of the hypothalamus and in
lateral hypothalamus, to clusters of fine terminals in the LGBv, and dense
varicosities completely enveloping the perikaryon and proximal dendrites of
pretectal neurons. In regions of dense projection, the individual terminal
morphologies were less clearly delineated.
Observations from such labeling support and add to earlier results (Jhaveri &
Schneider, SN Abstr., '92) on parallel processing in the rodent retinofugal
projections.
(Support: NIH Grant EY00126, EY05504, EY02621)

The NRTP is supposed to be a precerebellar relay nucleus, and sends its
efferents to the cerebellum, whereas, in return, receives return projection from the
deep cerebellar nucleus. How these signals are conducted through the brainstem? To
achieve this goal, NRTP efferents and afferents were investigated in cats with the
aid of anterograde and retrograde techniques.
Twenty-four cats were anesthetized with halothan and placed in a stereotaxic
apparatas. In five cats, biocytin as an anterograde tracer was injected into the lateral
and medial NRTP in which place that has been shown in several species to be
involved in eye movements. Small injection of horseradish peroxidase wheat germ
agglutinin were placed in the thalamus and Forel field H (Ff H) in nine cats, and in
the oculomotor nucleus in two cats. Other large injections in the NRTP, FFH or
small injections made just outside the nuclei were used to clarify the NRTP
afferent and/or efferent projections. Results indicate that NRTP projectes its
efferents to the rostral brain stem, including the superior colliculus, the zona
inserta, FFH, the interstitial nucleus of Cajal, the ventral relay zone of the ventral
tegmental area of Tsai, mesencephalic, pontine and reticular formations. On the
other hand, the majority of descending fibers had a much smaller fiber in the caudal
brain stem. In addition to projections from the vestibular nuclei, those from the
NRTP and deep cerebellar nuclei to the FFH were found that provide the
anatomical basis for head and eye velocity signals. Therefore, it is posibility that
NRTP-cerebellum-FFH seems greatly involved in the feedback control of cerebellar
function.

323.11
HISTAMINERGIC
INNERVATION
OF
CORTICAL
AND
SUBCORTICAL VISUAL AREAS IN THE MACAQUE.
DJ. Uhlrich*.
I. Wilson1. I. Zhu. and K.A. Manning. Dept. Anatomy, Univ.Wisocnsin,
Madison, WI 53706, and *Yerkes Research Center, Emnry Univ., Atlanta
GA 30322.
Histamine appears to act as a neuromodulator in the brain and may
play a role in switching between behavioral states of alertness. However,
little is known about the histaminergic innervation of the primate brain.

We examined in detail histamine-containing axonal fibers in visual areas in
the macaque using tissue obtained after rapid autopsy or standard perfusion.
We used the histamine immunohistochemical procedure of Panula (1988),
ABC reaction, and DAB visualization of histamine in 40-60 pm sections.
The somata of histamine-containing neurons were found primarily in
ventrolateral hypothalamus, from the perimamillary region to the optic
chiasm. Histamine-reactive axon fibers were present in all areas examined
in the brain, branched occasionally, and contained en passant swellings of
varied size. In the superior colliculus, fibers covered evenly all laminae
and were most dense in the central gray. In the lateral geniculate nucleus
(LGN), the evenly distributed labeled fibers were sparse in the dorsal LGN
and the thalamic reticular nucleus and more moderately dense in the ventral
LGN. Fibers ran for long distances medial-laterally, parallel to the
geniculate laminae. Labeled fibers were present in all layers of the cortex
examined and were relatively dense in layer I. A relative sparseness of
fibers was seen in layer IVc in area 17, but different laminar distributions
appear present in extrastriate areas.
These results suggest that
histaminergic innervation may contribute significantly to modulation of
visual functions in the macaque.
Supported by NIH EY06610 and
RR000165.
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A SUBPOPULATION OF RETINAL GANGLION CELLS THAT PROJECT
TO THE RODENT PRETECTUM: CELL SIZE, TYPE, AND DISTRIBUTION
M. J. YoungS*. M Vidal-Sanzi. P. Paisadot. and R. D. Lund6. § Dart. of
Anatomy, Univ. of CameriCga, Cambridge, UK; t Laboratory of Experimental
Ork1Palmy|ygy, Dar1. of Ork1Palmolyga, Univ. of Murcia, Spain.
It in well antablinkeC that tke ^^^■7 light reflex (PLR) in rats in mediated
by a dired retinal rryjao1ios to tke olivary rra1aotal nuolaus (OPN) (Trejo and
Cioaryna, Brain Res.. 300, 49-62:1984; ClarCe and ICeda, Exp . Brain Ren..
57, 224-232:1985). Al1kyugp several authors Pave aymmantad on tke
sraoifio suerorulation of retinal ganglion aells (RGC) that proied to tke rat
rrataotum, and OPN $^0X0^, muak of tkis avidasoa is oiroumstantial, and
depends up ^s alaotryrkysiy|ygioal data (e.g. aysCuotiyn velocity). Here, we
pave used miaryisjaotiysn of Fluoro-Gold into tke r^atactum to ratrogradala
label RGCs projecting to tkin region.
Injections were made via a
Piconpritzer, and were centred on tke left o Pn . Control injections were
made into tke r^ateotum and superior aolliculun (SC). Tke animals were
allowed to survive for 7 days, after wkick they were rerfuseC with fixative,
and tke retinae wPyla-moustaC and viewed under fluorescence. Distribution,

cell niza/tyra were determined with tke aid of an image analysis program.
Tke resuhn show that, usliCa SC injections, OPN and pretectal injections
laeellaC a very small nuerorulatiys of RGCn. In tke ipsilateral retinae, tkene
cells were concentrated in the rerirkara of tke inferior and nasal retinal
quadrants. In the contralateral retinae, laeellaC RGCs were more numerous
and widespread, but still were more dense in tke inferior and nasal retinal
quadrants. Approximately 90-95 % of tke ^6^ RGCn . Pad cell diameters
of 10-12 gm, while tke remaining aells Pad diameters of 20-25 gm.
These results show that not all RGCs mediate tke rurillara renrynne; mast
are likely to be w-cell type, altkougk a small % appear to be y-liCe cells.

Supported by grants from the MRC, Cambridge Foundation and British Council.
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THE PUPILLARY LIGHT REFLEX IN PIGMENTED AND ALBINO RATS:
INTERACTIVE EVENTS AND THE FUNCTIONAL SIGNIFICANCE OF
CROSSED AND UNCROSSED PATHWAYS
K. M. C. Chan. M. J. Young and R. D. Lund* Dept, of Anatomy, University of
Cambridge, Cambridge CB2 3DY UK.
It has been shown that the level of uncrossed retinofugal fibres is correlated
with the pigmentation pattern of the rat. We have attempted to clarify the
previously mixed reports on the pupillary light reflex (PLR) in pigmented and
albino rats, particularly regarding the consensual response, as well as
correlating the amplitude of the direct and consensual PLR to differences in

LESION OF THE NUCLEUS OF THE OPTIC TRACT (nOT) IMPAIRS
IPSILATERAL SMOOTH PURSUIT. S. Yakushin*. M. Gizzi. H.
Reisine. B. Cohen. Mt. Sinai Med. Sch. and NJ Neuroscience Inst.
Electrical stimulation of nOT elicits nystagmus with a slow rise in
ipsilateral slow-phase eye velocity and after-nystagmus. nOT lesions
eliminate the slow rise in optokinetic nystagmus (OKN) as well as
optokinetic after-nystagmus (OKAN). Therefore nOT is postulated to be

anatomical connectivity. Using infrared pupillometry, it was found that
pigmented rats have comparable direct and consensual PLR. In albinos, the
threshold of light intensity to elicit a direct PLR is similar to that of the
pigmented rats (14.94 cd/m2 in pigmented compared to 16.52 cd/m2), but the
amplitude of the consensual PLR was significantly reduced. The ratio of
consensual to direct PLR was correlated with the proportion of uncrossed
retinal projections to the olivary pretectal nucleus (OPN). After unilateral OPN
lesions, it was possible to deduce the functional significance of various
components of the circuit. The crossed connections between retina and OPN
as well as between OPN and Edinger-Westphal nucleus (EW) were shown to
be predominant, contributing 66% and 54% respectively of the function of the
total projections. By stimulating both eyes, the inputs from each were shown
to be integrated in a logarithmic fashion to produce a pupillary response.
This normal integration, together with results from other experimental

preparations (e.g. lesion studies, one eyed rats with intracranial retinal
transplants) suggests that integration occurs in part at the OPN, as well as in
the EW, the latter being more evident at the lower light intensities. This

system has proven to be an excellent model circuit in which to examine how
interacting inputs converge to produce an output function.
Supported by grants from the MRC and the Cambridge Foundation.

critical for producing the indirect, i.e. velocity storage, component of
OKN. Since nOT lesions also cause a decrease in the rapid component of
OKN, nOT may mediate part of the direct optokinetic pathway and be
linked to the smooth pursuit system. We determined whether nOT lesions
would affect smooth pursuit.
Two monkeys were trained to pursue a laser target moving at a
constant velocity or sinusoidally at velocities of 5 to 80°/s, amplitudes of
±5 to ±20° and frequencies of 0.01 to 1 Hz. nOT was located by
electrical stimulation. Electrode tracks in the vicinity of nOT resulted in
deficits in ipsilateral smooth pursuit. After an electrolytic lesion,
ipsilateral OKN was reduced and OKAN was lost. Contralateral
OKN/OKAN were unchanged. Ipsilateral pursuit velocities were reduced,
and the monkey made corrective saccades to maintain accurate following.
Contralateral pursuit was unaffected. The velocity of ipsilateral pursuit
was dependent on eye position: the velocity was highest when the eyes
were contralateral and greatly decreased as they crossed primary position
toward the lesioned side. Pursuit amplitude was unaffected. We conclude
that nOT participates in the generation of ipsilateral smooth pursuit.
Supported by EYO2296, EY01867, EY00306.
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324.2

PERCEPTUAL MOTION COHERENCE AND OCULOMOTOR
RESPONSES TO TRANSPARENT PLAIDS. R.O. Duncan. G.R. Stoner. T.D.
Albright*. The Salk Institute, La Jolla, CA 92037.
When two moving gratings are superimposed, they can be perceived as either
a single coherently moving “plaid pattern” or as two component gratings
sliding non-coherently across one another. The correspondence between eye
movement direction and perceptual motion coherence was previously
demonstrated in an experiment using heterochromatic plaids (Dobkins et al.,
Neurosci. Abstr. 18, 1992). Recently, we have replicated this result using
image cues for perceptual transparency/occlusion as a means to manipulate
perceptual motion coherence.
Plaid patterns were constructed using two gratings of equal spatial frequency,
contrast, and luminance. Motion of the plaid was produced by moving only
one of the two gratings. Maximal coherent and non-coherent percepts elicited
by these "uni-kinetic" plaids are each associated with a single direction of
motion. We varied luminance ratios to manipulate perceptual coherence while
recording oculomotor activity. Both coherent and non-coherent percepts were
elicited by each plaid. Eye movement direction was found to co-vary with
perceptual coherence: eyes moved in the pattern direction on trials judged
coherent and in the component direction on non-coherent trials.
These results have three important implications. First, they support the claim
that eye movements may be fed by the same neural circuits that underlie
perception. Second, we have demonstrated that perceptual motion coherence
co-varies with eye movements in the absence of changes in the physical
stimulus. Third, because there is a reliable correspondence between reports of
perceptual state and movements of the eyes, we can infer the former from the
latter. These results suggest a means to infer the perceptual state of our animal
subjects on a trial-by-trial basis during the course of a neurophysiological
experiment.

A COMPUTATIONAL MODEL OF MOTION PROCESSING IN AREA MST:
LEARNING TO SEGMENT THREE-DIMENSIONAL MOVING OBJECTS
R. S. Zemel, S. J. Nowlan*, and T. J. Sejnowski. Howard Hughes Medical Institute, Salk Institute, P.O. Box 85800, San Diego, CA 92186-5800
Many cells in the dorsal part of the medial superior temporal (MSTd) area
of visual cortex respond selectively to spiral motions that combine both expansion/contraction and rotation motions (Graziano et al., 1994). It has been
suggested that these MST responses convey information about the heading of
a moving observer. Models based on this hypothesis (Lappe L Rauschecker,
1993; Perrone L Stone, 1994) have considered cell responses in the limited
condition of an observer moving through a static environment. Our model is
based on an alternative hypothesis, that MSTd is responsible for segmenting
moving objects and that selective tuning of MSTd cells reflects the grouping of
object components undergoing coherent motion. Such a grouping operation is
essential in interpreting scenes containing multiple objects, each with its own
motion based on its three-dimensional (3-D) position and velocity relative to
the observer. Inputs to the model were generated from sequences of ray-traced
images that contained a variety of shapes undergoing independent 3-D motion
under different lighting conditions and settings. Local motion was represented
using population codes to model response properties of neurons in area MT,
which provides the primary input to area MST; the connectivity between units
in the model was based on the receptive field properties of MSTd cells. After
applying a self-supervised learning algorithm, the units became tuned to patterns signalling coherent motion, including many spiral patterns, in a manner
that was invariant to object shape and position within a unit’s receptive field.
These results match many of the known properties of MSTd cells and are consistent with recent studies indicating that these cells process 3-D object motion
information (Lagae et al., 1994). Supported by the Office of Naval Research.

324.3

324.4

DIRECTION OF MOVING PLAIDS IS BIASED BY ASYMMETRIC
VIEWING WINDOWS. B. R. Beutter*. J, B. Mulligan, and L. S. Stone.
Life Science & Aerospace Human Factors Div., NASA Ames Research
Center, Moffett Field, CA USA, 94035 -1000
Directionally selective V1 neurons are tuned to particular spatiotemporal frequencies and respond to local 1-D edge motion. At least
some MT neurons however appear to respond to the actual velocity of
moving 2D patterns (Movshon et al., EBR, 11:117, 1986). To better
understand how the 1D local motion information available from V1 is
integrated to derive a 2D velocity signal, we investigated human
perception of moving plaids, 2-D patterns composed of the sum of two
1-D sinusoidal gratings of different orientations. We measured the
effect of the shape of the viewing window on the perceived direction of
plaid motion. The plaids were spatially windowed by 2-D Gaussians
with unequal standard deviations (o1, o2). Four observers indicated
perceived direction by adjusting a pointer.
Direction errors were
measured as a function of the difference between window orientation
and true plaid direction (A0) for several grating spatial frequencies (SF
= 0.3, 0.6, 1.2 c/d) and window aspect ratios (AR = o1/a2 = 1, 1.4, 2,
4). Observers showed systematic errors in perceived direction (-15°
for AR = 4 and SF = 0.6 c/d) that peaked at A0~ 40°. The errors
increased for increasing aspect ratio and decreased for increasing
spatial frequencies (or number of cycles). These results show that
despite the unambiguous motion of the plaids, within asymmetric
windows, human can systematically misperceive plaid direction. These
data constrain models of motion integration within extrastriate cortex
and, in particular, are inconsistent with algorithms that use either the
Intersection of Constraints rule or cross correlation to compute velocity.
Supported by NASA RTOPs 199-16-12-37 & NASA NCC 2-307.

A ROLE FOR MST NEURONS IN HEADING ESTIMATION.

L. S. Stone* and I. A. Perrone. LiLe SSienne Div., NASA ARC,

Moffett Field, CA 94035 and Univ. of Waikato, New Zealand.

A template model of human visual self-motion perception

(Perrone, JOSA, 1992; Perrone & Stone, Vis. Res., in press),
which uses neurophysiologically realistic "heading detectors", is

consistent with numerous human psychophysical results (Warren

&

Hannon, Nature,

1988; Stone & Perrone,

Neuro. Abstr.,

1991) including the failure of humans to estimate their heading
(direction of forward translation) accurately under certain visual
conditions (Royden et al., Nature, 1992).

We tested the model

detectors with stimuli used by others in single-unit studies. The

detectors showed emergent properties similar to those of MST
neurons: 1) Sensitivity to ene-preenrrnd flow. Each detector is
tuned to a specific combination of flow components and its
response is systt^r^i^i^i^ally reduced by the addition of nonpreferred flow (Orban et al., PNAS, 1992), and 2) ensitinn
invariance. The detectors maintain their apparent preference

for particular flow components over large regions of their

receptive fields (e.g. Duffy & Wurtz, J. Neurophys., 1991;
Graziano et al., J. Neurosci., 1994). It has been argued that this

latter property is incompatible with MST playing a role in
heading perception. The model however demonstrates how
neurons with the above response properties could still support
accurate heading estimation within extrastriate cortical maps.

NASA Neuroscience (199-16-12-37) & Human Factors (199-06-12-24) RTOPs
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324.5

324.6

RESPONSES OF MT AND MST NEURONS IN MACAQUE MONKEYS TO
OBJECTS MOVING IN TWO DIRECTIONS. G.H. Recanzone* and R.H.
Wurtz Laboratory of Sensorimotor Research, N.E.I., N.I.H., Bethesda, MD
20892 and Center for Neuroscience, UC Davis, Davis, CA 95616.
The responses of neurons to single objects and random dot patterns in
areas MT and MST have been extensively studied, however, very little is
known about the interactions of two objects moving in different directions
within the receptive field. We asked if the responses to such stimuli reflected
a summation or an average of the responses to each stimulus by itself.
One or two identical 2X2 degree stimuli were presented in the receptive
field moving at a velocity of 16-20 deg/sec while the monkeys fixated. Either
a single stimulus moving in one of 8 different directions, or two stimuli moving
in 1 of 8 different directions were presented simultaneously (36 total trials
representing all possible combinations). All stimuli reached the center of the
receptive field 150 msec after stimulus onset. The mean spike count for 300
msec from stimulus onset from trials with only one stimulus present were
either added (summation) or averaged to predict the response of two stimuli
simultaneously moving in those directions.
Regression analysis was
performed between the predicted values and the responses measured when
the two stimuli moved through the receptive field; slopes of 1.0 represent
perfectly accurate predictions. In areas MT and MST, 41/51 and 52/63
neurons respectively, showed a significant correlation between the
experimentally measured and both the summation and averaging prediction.
The mean slope of the regression line using the summation prediction was
0.468 in MT and 0.486 in MST, and using the averaging prediction was 0.926
in MT and 0.950 in MST. We conclude that the responses of MT and MST
cells to two objects in the receptive field is approximated by the averaged
response to the two stimuli.

DOES THE SURROUND REALLY SURROUND THE
CLASSICAL RECEPTIVE FIELD OF MACAQUE MT
CELLS? D.-K. Xiao. V.L. Marcar. S.E. Raiguel* & G.A.
Orban. Lab. Neuro- en Psychofysiologie, Medical School,
KULeuven, Leuven, Belgium, EEC
Uniformity of the antagonistic surround reported in area
MT (Allman et al, 1985, Perception, 14) has been assumed and
only coarsely explored (Tanaka et al, 1986, J.Neurosci.,6).
We recorded from area MT of paralysed and anaesthetized
macaques prepared for acute recording. Determining the
optimum direction of motion, the receptive field centre and
CRF diameter preceded the testing of the Surround. The
inhibition elicited by the full surround was then compared with
that of the eight positions around the CRF and pairs placed on
opposite sides of the CRF along four axes. We calculated a

Sensitivity Index (SI) using either the suppression of the eight
positions or the four axes. Cells with a SI of 20 or greater were
considered to have an asymmetrical surround. Of 57 cells
studied, 60% exhibited an asymmetrical surround for position
and 35% for the axes. A strong non-linear relationship was
established by comparing the inhibitory levels of the eight
positions with the pairs along the four axes and the full
surround.
(Supported by BRA INSIGHT II
Mobility)

+

Human Capital &

324.7

324.8

NEURAL SUBSTRATE FOR A HIGH DEGREE OF NOISE
TOLERANCE IN VISUAL FLOW DISCRIMINATION IN
MACAQUE DORSAL MST AREA. E. Hida* H.-A. Saito,
M.Mizuno, and M. Tsukada. Dept. of Information-Communication
Engineering, Tamagawa University, Machida, Tokyo, 194. JAPAN
To reveal the underlying cellular mechanisms of the noise

PERISACCADIC CHANGES IN THE EXCITABILITY OF VISUAL NEURONS
IN MONKEY PARIETAL CORTEX. M. Kusunoki*, C. L. Colby and M. E,
Goldberg. Laboratory of Sensorimotor Research, National Eye Institute, Bethesda,
MD 20892.
The receptive field (RF) of each visual neuron in the lateral intraparietal area
(LIP) moves with each eye movement, so that it covers a new portion of visual
space. Some LIP neurons can respond predictively to a stimulus that will be
brought into the RF by a saccade (Duhamel et al., 1992). This is equivalent to a
transient shift in the RF of the cell. It is not clear whether the RF briefly expands
to encompass the new spatial location, thereby losing spatial specificity, or whether
the RF actually moves on the retina. If the latter were true, excitability should
decrease at the presaccadic RF location, as well as increasing at the retinal
location containing the stimulus that will be brought into the RF by the saccade. In
order to clarify this mechanism, we tested the excitability of visual neurons during
the perisaccadic period. We recorded from visual neurons in LIP in an alert
monkey performing a visually guided saccade task. An irrelevant stimulus was
flashed at various times from 300 ms before to 500 ms after the onset of the
saccade target. When the saccade moved the RF away from the stimulus, some
neurons showed a decrease in excitability that began 200-300 ms before the
saccade onset. When the saccade brought the stimulus into the RF, the predictive
response of some neurons increased transiently before the saccade onset as the
excitability in the original RF decreased. Thus the change in excitability is not
merely an expansion, but an actual shift of the RF. The decrease in excitability
was also observed even when the saccade was arranged so that the stimulus moved
only within the RF, but in this case, the excitability returned to previous level
within 50 ms after the saccade. These results suggest that, before a saccadic eye
movement, some parietal neurons transiently shift their retinal RFs to enable
processing in the coordinate frame of the next fixation. This mechanism maintains
a continuously updated representation of visual space.

tolerance in the discrimination of the direction of visual flow, we
analyzed response behaviors of directionally selective cells in the
dorsal part of the medial superior temporal (d-MST) area of the
macaque and discrimination properties of human subjects for visual
flow by using large-field texture flow. The stimulus was a 32X32pixel random checker pattern refreshed at every 16 msec in which
coherency of the motion of the texture was systematically controlled
by a special purpose computer. In physiological recording session,
single unit recordings were made from anesthetized and paralyzed
Japanese monkeys (Macaca fuscata). Correct response curves from
human subjects showed that the percentage of correct responses
increased monotonically with initial rise at very low value (10%)
of coherency and reached to 90% correct level at 30% coherency.
This result indicates that human discrimination performance of
wide-field visual flow is highly tolerable for directional noise. Fieldtype D-cells in d-MST also showed response properties which closely
resembled human discrimination performance. These results strongly
suggest that cells in d-MST area play a crucial role in the generation
of signals for perception of global motion.

324.9

324.10

UP-DOWN ASYMMETRY OF SACCADE-RELATED AND FIXATION
ACTIVITY IN AREA LIP C.-S. Li* & R.A. Andersen Division of Biology,
217-76, California Institute of Technology, Pasadena, CA 91125
Previously microstimulation study from our laboratory showed that upwardly
directed saccadic eye movements are more easily evoked by electrically
stimulating area LIP. In this study we continue to explore the possibility of a
representational bias of space in this cortical area by recording from awake
primates performing fixation and visual saccade tasks in the dark with head
fixed. Two macaques were used in this experiment. Results showed that, in
agreement with microstimulation study, there are more cells in area LIP with
upward directional tuning than with downward tuning(n=259, p<0.001, x2)The result still holds after we correct for possible sampling bias. Directional
tuning did not follow a clear topography; rather, cells preferring upward
saccades are localized in a larger area in LIP, both in the antero-posterior and
medio-lateral extent, while those preferring downward saccades are localized
in a few discrete spots. In contrast, fixation activity showed a reverse pattern
of asymmetry. In other words, there are more cells showing an increased
response when the monkeys direct their gaze downward than upward(n=l52,
p<0.001, x2). As has been shown previously with the gap paradigm, this gaze
position effect is mostly extra-retinal in origin, since activity modulation still
exists during the gap period in which no visual stimulus is available.
(Andersen et al., ('90) J. Comp. Neurol.,296,65-113)
This up-down asymmetry of saccade-related and fixation activity might have
to do with the ecological observation that primates tend to have more
downward fixation and upward refixation activity in the natural setting. It
might also be the neural substrates for some of the behavioral observations
about the functional anisotropy of upper and lower visual hemifields that have
recently been reported in the literature.

VISUAL SPATIAL MEMORY RESPONSES IN THE MONKEY POSTERIOR
PARIETAL CORTEX. C. Constantinidis and M.A. Steinmetz*. Mind-Brain
Institute and Department of Neuroscience, Johns Hopkins University, School of
Medicine, Baltimore, MD 21205
A population of neurons in area 7a of the parietal cortex is active not only
to the presentation of a visual stimulus, but also when monkeys have to
remember the spatial location of a stimulus in a match-to-sample task. Monkeys
were trained to remember the location of a cue, ignore subsequent stimuli
appearing in different locations and release a key bar when a match stimulus
appeared in the same location as the cue. The animals fixated a small target
light throughout the trial and eye movements resulted in an error. A delay period
intervened between the presentation of successive stimuli in each trial.
About 1/6th of the cells that responded to visual stimuli also responded
during a delay period. Three types of responses were identified', a) Responses
to the presentation of the cue that persisted during the delay period until
another stimulus was presented, b) responses that built up before the

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

presentation of any stimulus if the cue had appeared at the preferred location
of the cell, c) responses to a non-match stimulus that persisted until the
presentation of any subsequent stimulus. All three types of responses in the
delay periods were specific for the spatial location of the preceding stimulus.
These results suggest a role of the parietal cortex in short-term memory

mechanisms. Previous studies have reported that neurons in areas 7a and LIP
are active during the delay period of a delayed-saccade task and suggested
that these responses represent the intent of the animal to make a saccade of
particular direction and amplitude. The current results indicate that activity in a
population of visual neurons in area 7a may represent the remembered spatial
location of a stimulus independent of an intended eye movement.
Supported by NIH EY09129.
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CONNECTIONS OF AREA VIP WITH AREA MIP
AND

OTHER

ARCHITECTONICALLY IDENTIFIED

AREAS OF THE INTRAPARIETAL SULCUS

IN

MACAQUE MONKEYS.
J.

W. Lewis*, D. C. Van Essen. Department of Anatomy and

Neurobiology, Washington Univ. Sch. of Med., St. Louis, MO 63110.
The intraparietal sulcus (IPS) in the macaque monkey contains
multiple areas involved in motor control and in visual,
somatosensory, or multimodal sensory processing.
The precise
location of different areas as well as their connections remains only
partially understood.
In this study, we have concentrated on
anatomical connections of area aIP (ventral intraparietal),
particularly with nearby area MIP (medial intraparietal) and other
architectonically distinct areas of the IPS.
We pressure-injected retrograde tracers into the IPS using a
multibarreled glass electrode that permitted simultaneous
electrophsyiological recording.
Restricted injections of two or
three tracers were made into separately mapped locations in or near
the fundus of the IPS.
We found a dense projection from area MIP to area aIP, which is
distinct relative to the immediately neighboring cortex of areas PIP,
PO and area 5. We also found connections of area aIP with areas in
or near the IPS, which include areas MDP, LIP, and PO.
We
confirmed that areas
PO and
MIP can
be
identified
myeloarchitectonically and showed that their and other IPS areal
borders are also identifiable using CAT-301 and SMI-32 antibodies.

PARIETAL AREAS I

TUESDAY PM

324.12
Functional synergism between putative GABergic (fastspiking, FS) and pyramidal (regular-spiking, RS)
neurons in mjxncey prefrontal cortex

F.A.W. Wilson*. S.P. 6 Scalaidhe, P.S .__ Goldman-Rakic.
Neurobiology, Yale Medical School, New Haven, CT 06510
FS neurons have brief-duration action potentials,
high firing rates and low incidence (121/804; 15%)
compared to RS neurons (683/804; 85%). We compared the
responses of FS/RS cell pairs recorded within 4OOgm of
each other in monkeys performing visual and memoryguided oculomotor tasks. FS neurons were often highly
responsive, 97/121 FS neurons being task-related. FS/RS
pairs had similar foveal or peripheral receptive
fields, indicating that GABAergic interneurons carry a
specific informational signal, as opposed to providing
non-specific modulation. However, the responses of
FS/RS pairs were often inverted (excitation versus
inhibition): of 36 FS/RS pairs, 19 (53%) showed
inversions of activity for their optimal stimuli,
compared to 15/153 (10%) RS/RS pairs. Furthermore, the
timing of excitatory and inhibitory responses appeared
to be phased as there were marked differences in the
onset latencies of the responses between the pairs.
These observations provide evidence that interneurons
and pyramidal cells can be differentiated in vivo and
the distinction between FS and RS neurons may
facilitate the analysis of local circuit operations
underlying sensory,, motor and cognitive function.
Supported by MH-44866 and 38546

INVERTEBRATE SENSORY SYSTEMS I

325.1

325.2

SULFIDE RESPONSES IN ANTENNAL AXONS OF SHRIMP
FROM MID-ATLANTIC RIDGE HYDROTHERMAL VENT SITES.
G.H. Renninger*1. R.A. Gleeson2, L. Kass3, C.L. Van Dover4.

POSTEMBRYONIC DEVELOPMENT OF TACTILE HAIRS
AND TACTILE RESPONSES IN SPIDERS.
Ulli Hoger and Ernst-August Seyfarth*. Zoologisches Institut, J.W.
Goethe-Universitat, D-60054 Frankfurt am Main, Germany.
We have traced the development of tactile hairs and of tactile

^Biophysics Group, Univ. Guelph, Ont NIG 2\Vl; -Whitney Lab., Univ. Florida, St.
Augustine, FL 32086; 3Zoologv, Univ. Maine, Orono, ME 04469; Av.H.O . I.,
Woods Hole, MA 02543
'

Deep-sea hydrothermal vent fields are isolated and transitory.
Animals adapted to the vents face severe challenges in relocating vents
after separation from them and in locating new sites suitable for
colonization. Chemical gradients in hydrothermal vent plumes are .
candidate physical cues for use in orientation. We report that the
second antennae of two Mid-Atlantic Ridge (MAR) bresiliid shrimp
(Rimicaris exoculata and a small orange-colored shrimp of uncertain
taxonomic status) respond in a concentration-dependent way to
sulfides, which are major constituents of vent fluids. The observed
concentration dependence indicates that half-maximal response occurs
at about 90 mM and that 1 % of the maximal response occurs at about 3
gM. This suggests that hydrothermal vent shrimp can respond to a
wide range of concentrations occurring naturally in their environment
(e.g., 1 - 300 gM at diffuse, low temperature vents and 6 mM at a
black smoker's orifice at Snake Pit, a MAR site).
Do other shrimp show similar responses to suifides? In Panaeus
aztecus, we found that axons in the second antenna which responded
to broad-spectrum odorants also responded to sulfide stimulation in a
concentration-dependent way. The sulfide response which we have
found in hydrothermal vent shrimp may thus represent an adaptation of
a widespread sensitivity to sulfides in shrimp. (Research supported in
part by NSF USA and NSERC Canada.)

325.3

325.4

NERVOUS SYSTEM OF THE LARVAL ASCIDIAN MOLGULA
citrina

behavior in wandering spiders (Cupiennius salei Keys.) before and
after the spiderlings hatch.
Hairs first appear ventrally at Stage 2 (still within the egg sac)
when muscles and all leg segments are present; tactile stimuli to the
legs of these spiderlings (removed from the egg sac) only elicit
uncoordinated struggling movements.
The number of hairs sharply increases with the next moult at Stage
3, and particular tactile hairs begin to appear which remain uniquely
identifiable into adulthood. At this stage the spiderlings hatch, and
the stimulation of single tactile hairs on proximal leg parts suffices to
evoke a well-coordinated behavior ("body raising"), which is exactly
the situation found in the adult animals.
The behavioral change from Stage 2 to 3 is paralleled by gross
anatomical changes in the central nervous system which suggest that
profuse synaptic contacts are formed by the time the spiderlings are
ready to hatch.
[Supported in part by the DFG, SFB 45/A3]

. l,

P, Neriin. M. N» Vorontsova and I. A, Mcinentthagen*.

Neuroscience Inst., Dalhousie Univ., Halifax, NS, Canada B3H 4J1.
Ascidians are presumed closest to the ancestral stem of all chordate
groups, including vertebrates. Structures in the central nervous system
(CNS) of their tadpole larva find apparent homology with those in the brains
of vertebrates. To study evolution of the CNS we have examined the
nervous system of larval M. citrina, using immunocytochemical, backfilling, and electron-microscopic (EM) techniques. The CNS comprises
larval (sensory vesicle, visceral ganglion, nerve cord) and adult structures,
the infundibulum and hypophysial duct (the primordia of the ganglion and of
the dorsal tubercle and neural gland, respectively). Antibodies against
acetylated a-tubulins mark a double bundle of fibres dorsally, in the nerve
cord, a fine ventral nerve with one commisure in the tail, and two
mechanosensory cells near the statocyte; these are also seen in Ciona
(Crowther & Whittaker J. Neurobiol. 23:280, 1993). In the trunk, a dorsal
bundle of fibres forms a plexus over the surface of the sensory vesicle. Two
populations of 8-10 superficial terminals over the surface of the larva have
fibres that unite to form two rostral nerves. These nerves, probably
sensory, pass on either side of the rudiment of the oral siphon and then join
the dorsal bundle of nerve fibres in the trunk, where it runs along the medial
surface of the sensory vesicle. A tuft of ca. 50 cilia is labeled inside the
hypophysial duct. EM shows that the hypophysial duct is formed by a
multiciliated simple epithelium and that it borders the infundibulum. The
hypophysial duct is considered to be homologous with the
adenohypophysis, and the infundibulum with the neurohypophysis, of
vertebrates. Nickel back-filling through the tail demonstrates two different
pathways, (me originating from somata in the caudal visceral ganglion, the
other extending into the sensory vesicle.
Supported by grant A0065 from NSERC and G. Soros Foundation.
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ULTRASTRUCTURE OF THE SYNAPTIC INTERACTIONS OF
DORSAL GIANT AND DORSAL COMMISSURE NEURONES IN
CRAYFISH BRAIN. A.H.D. Watson*. R.E.Sandeman.
D.C.Sandeman. Spon: Brain Research Association.
Anatomy Dept. UWCC, Cardiff, CF1 3YE, UK
In the brain of the crayfish Cherax
destructor a serotonergic dorsal giant
interneurone (DGN) branches ipsilaterally in
glomeruli of two olfactory neuropiles, the
olfactory (OL) and accessory (AL) lobes.
Physiological evidence suggests that the DGN
receives indirect input in AL from interneurones with axons in the deutocerebral
commissure (DC), and makes its output in the
olfactory lobe. We injected the DGN and DC
neurones with neurobiotin and examined AL
glomeruli that contained branches of both.
Though the DGN receives many input synapses and
DC neurones make many outputs within the
glomeruli, no direct connections were seen
between them. This confirms physiological
evidence. Reciprocal connections predicted
physiologically between between DC and other
neurones in the AL were found. The DGN receives
inputs in OL but output synapses were rarely
seen in any of its branches, thus we propose
that serotonin release is mainly extrasynaptic.
(Funded by ARC [Australia] and SERC[UK].
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325.5
BRAIN SIZE AND DEUTOCEREBRAL STRUCTURE IN THE
ONTOGENY AND PHYLOGENY OF DECAPOD CRUSTACEANS. S. M.
Helluy*, M. L. Ruchhoeft and B. S. Beltz. Bio. Dept., Wellesley College,
Wellesley, MA. 02181.
Allometric changes characterize the growth of the deutocerebrum or
midbrain of the American lobster (Homarus americanus). During
embryogenesis of the midbrain the paired accessory lobes (higher order
processing areas) appear later than the paired olfactory lobes (primary
olfactory centers), but the former grow faster from their emergence until
metamorphosis. As the accessory lobes enlarge, they shift progressively
from a medial to a posterior position in the lateral deutocerebrum. In early
juvenile stages the accessory lobes are one of the largest neuropils of the
brain but these lobes stop growing in adult animals, whereas brain and
olfactory lobes continue to enlarge, albeit at a slow rate. These results
were obtained using computerized 3-D reconstructions of serial brain
sections.
The shape of the brain and the relative proportions and locations of
the deutocerebral neuropils and associated cell clusters of various lobster
ontogenetic stages are similar to those of selected adult decapods. In
addition, size-shape relationships of the brain are of the same nature
during lobster development and across crustacean species.
Measurements of the brains of 13 species of decapods (illustrated in
Sandeman et al., 1993, J. Exp. Zool., 265:112) indicate the following
trends: small brains are devoid of accessory lobes, larger brains possess
relatively small medial accessory lobes and the largest brains contain
relatively voluminous posterior accessory lobes. These observations
suggest that ontogenetic scaling of proportions may apply to the
deutocerebral neuropils of decapods, and emphasize the importance of
absolute brain size for deutocerebral organization in crustaceans.
(Supported by BNS-8718938 and 8958169, and NIH NS-25915).
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325.6
SEROTONIN DEPLETION BY 5,7-DIHYDROXYTRYPTAMINE ALTERS
DEUTOCEREBRAL DEVELOPMENT IN THE LOBSTER, HOMARUS AMERICANUS.
J. Benton. S. Helluv. R. Huber§. M. Ruchhoeft. and B. Beltz*. Dept. Bio.
Sciences , Wellesley College, Wellesley, MA. 02181 and §Dept. Zool., KarlFranzens-University, Universitaetplatz 2, A-8010, Graz, Austria.
The development of the olfactory lobes (OLs, primary chemosensory
areas), and accessory lobes (ALs, higher order processing areas) in the
deutocerebrum of the lobster is of particular interest because of the
glomerular nature of these neuropils and because of a dense serotonergic
innervation. The OLs emerge at 10% embryonic development (E10%),
whereas the ALs appear later at E40-45%. Serotonin is detectable
immunocytochemically in the deutocerebrum by E4O%.
Because the ALs receive serotonergic innervation from their first
appearance, it was proposed that serotonin might be involved in the
assembly and/or growth of these neuropils. To test this hypothesis, the toxin
5,7-dihydroxytryptamine was used to deplete serotonin in embryos by
weekly injections over a 4-5 week period; HPLC analyses demonstrated a
90% reduction in serotonin levels compared to embryos receiving control
injections without toxin. In embryos that were toxin-treated beginning at
E35% and sacrificed at E55%, little or no immunoreactivity for serotonin was
detectable in the brain. OL glomeruli formed and the ALs emerged as
expected during this period, but the sizes of these neuropils were
significantly altered in the experimental group. The ALs were affected most
dramatically, their volumes reduced by 50% compared to control brains. The
growth of the antenna 2 neuropils, which do not receive early embryonic
serotonergic innervation, was unaffected by toxin treatment. These results
suggest that serotonin may exert a morphogenic effect in the lobster
deutocerebrum. It remains to be determined whether the lengthening/
arborization of fibers contributing to the emerging ALs is retarded, or whether
the ingrowth of new fibers to the lobes may have been affected. (Supported
by BNS-8718938 and NIH NS-25915 to B.B., and Univ. Graz to R.H.)

325.7

325.8

SCANNING ELECTRON MICROSCOPY OF NEURONS DISSOCIATED FROM
TENTACLES OF A SEA ANEMONE. J.A. Westfall*, L.D. Saripalli, K.L.
Savvar. Department of Anatomy and Physiology, Kansas State University,
Manhattan, KS 66506.
As a prelude to a study of neural pathways in their tentacles, scanning
electron microscopy was used to characterize the morphological types of
nerve cells dissociated from the sea anemone Calliactis parasitica.
Segments of tentacles were dissociated in collagenase and allowed to
settle on coverslips coated with Cell-Tak® before fixing with glutaraldehyde. The cells were dehydrated in ethanol, critical point dried in CO2 and
a 10 mm diameter copper SEM finder grid was attached to the coverslip.
Nerve cell counts were made and selected nerve cell types were located by
phase microscopy, then the coverslips were coated with gold-palladium for
SEM. Initial results indicated the presence of both unipolar sensory cells
and ganglion cells, bipolar ganglion cells, and multipolar neurons. Unipolar
sensory cells were characterized by having either a single apical cilium or
a cone complex of a cilium surrounded by a ring of stereocilia. The nucleus
was apically located with a slender axon. Unipolar ganglion cells had either
a round or elongate apical nuclear region with a single slender tapered
axon. Bipolar neurons had either simple, short or long, isopolar processes
or asymmetrical processes with both simple and complexly branched
processes extending in opposite directions from the nucleus. Multipolar
neurons had numerous slender or fleshy, simple or complexly branched
processes extending from a round or elongate nuclear region. The overall
ratio of sensory cells to ganglion cells was 1.0:3.4. This study of types of
nerve cells in Calliactis parasitica provides a much needed morphological
basis for electrophysiological and biochemical investigations of the sea
anemone nervous system. (Supported by NSF grant IBN 9120161).

MODULATION OF THE RECEPTIVE HELD PROPERTIES OF LEECH T
AND P MECHANOSENSORY NEURONS BY SEROTONIN. A. Mar* and
P. Drapeau. Dept. Biol., Center Res. Neurosci., McGill Univ. and Montreal
Gen. Hosp. Res. Inst., 1650 Cedar Ave. Montreal, PQ, Canada H3G 1A4.
Touch (T) and pressure (P) sensitive cells of the leech, have well-defined
receptive fields.
Repetitive firing of these cells induces an afterhyperpolarization (AHP) which underlies conduction block of the minor
receptive fields, a form of adaptation. Activation of the serotonergic
Retzius cells or application of 5-Ht suppress this AHP in the T cell. In the
P cell, 5-HT activates a cation conductance in the soma. We examined the
effects of 5-HT on adaptation of the T and P cell receptive fields.
In the T cell, trains of action potentials were evoked by current injection in
order to generate a 15-30 mV AHP and conduction block of mechanically
stimulated minor receptive fields. Superfusion with 5-HT (10-50 pM for 510 min.) or intracellular stimulation of the Retzius cells (2-3 Hz. for 5-10
min.) reduced both the amplitude of the AHP and the duration of
conduction block. The ganglion and the peripheral skin were separated by
a vaseline gap in order to superfuse one or the other. Superfusion of the
ganglion with 5-HT reduced conduction block whereas superfusion of the
skin had no effect, implying a central modulatory effect. In the P cell,
repetitive stimulation of the skin progressively reduced the number of
spikes that were elicited by prolonged test stimuli. 5-HT application or
Retzius cell stimulation increased the number of action potentials in
response to each stimulus and suppressed adaptation to repetitive stimuli.
These results suggest that 5-HT modulates the receptive field properties of
sensory neurons.
Supported by the FRSQ and MRC of Canada.

325.9

325.10

MODULATION OF THE AFTER-HYPERPOLARIZATION IN T SENSORY
NEURONS OF THE LEECH BY ENDOGENOUS NEUROTRANSMITTERS.
S. Catarsi. R. Scuri. M. Brunelli and P. Drapeau* Centre for Research in
Neuroscience, McGill University and Montreal General Hospital, Montreal,
PQ, Canada H3G 1A4 and Dipartimento di Fisiologia e Biochimica
G. Morozzi, Universite'di Pi&i, 56167PiPa, Italy.
In the tactile (T) sensory neurons of the leech a train of action potentials
or the prolonged stimulation of their receptive fields causes an afterhypsrpolyrizytiov (AHP) mainly due to the activity of an elsclrogevic
Na+/K+ pump and partly to a Ca++ activated K+ conductance. It was found
that 5-HT, acting through cAMP, reduces the amplitude of the AHP by
inhibiting the slsctrogsvic pump. Intracellular stimulation of the
serotonergic Retzius cells mimics this effect.
Ws have tested the possible modulation of the AHP by other endogenous
neurotransmitters. We have found that octopamine or the intracellular
stimulation of the octopaminergic Leydig cells are able to reduce the
amplitude of the AHP. We have compared the actions of the two amines
and found that the effect of 5-HT is blocked by msthysergidst but not by
high Mg++ or by phevtolamive and it is still present in T cells cultured in
isolated conditions. On the contrary, the octopamine modulation of AHP
does not occur r in single T cells in culture and it is blocked by all these
treatments. These data suggest that while 5-HT should act monosyvapticallyt octopamine action should be di- or poly-symaptic, possibly
through the serotonergic pathway. By the synergistic modulation of the
AHP, 5-HT and octopamine may exert a crucial role in relieving conduction
block at axonal branching points caused by a prolonged activity.
Supported by the HFSP and by the FRSQ and MRC of Canada.

OLFACTORY OSCILLATIONS IN UMAX: IN VIVO RECORDINGS AND
ACTIVATION OF REMOTE RELAY NEURONS. A. Gelperin*. T Flores.
D. Kleinfeld & P. Balaban! Biol. Computation Research Dept.,
AT&T Bell Labs, Murray Hill, N.J. 07974 and Unst. Higher
Nervous Activity & Neurophysiol., Russian Acad. Sci., Moscow.
The procerebral (PC) lobe of the terrestrial slug Umax
generates a 0.7 Hz oscillation in field potential in vitro which is
modified temporally and spatially by odor stimulation (Delaney
et al, 1994, PNAS 91:669). To determine if the PC oscillates in
vivo, a wire electrode was implanted onto the surface of the PC
(Balaban & Maksimova, 1993, Eur. J. Neurosci. 5:768). In 3 slugs
in vivo recordings gave clear evidence of a prominent field
potential event occurring at 0.7 Hz (Fig). PC output cells in pedal
ganglia were located by Dil injection into the PC. After 18
hours we used epifluorescent illumination of the desheathed
pedal ganglion to locate and impale Dil-stained
cells. The PC-connected
pedal cells do not change
the PC oscillation when
activated with
current
pulses. Localized nitric
oxide stimulation of the PC
using small flashes to
uncage NO changed PC
oscillation frequency and
spatial structure and
elicited a burst of action
potentials in the PCconnected Dedal cells.
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325.11

325.12

IMMUNOCYTOCHEMICAL LOCATION OF TAURINE IN THE
RETINA OF THE BLOWFLY . M. Jarviiehto*, R. Haijula and J . Mettala .
Orbis Sensorius Ouhi, Neurobiol. Unit., Unlv. of Oulu, Llnnanmaa, 90570
Oulu, Finland.
The photoreceptors of the fast flying blowfly provide a well known
sensory input to two optic ganglia . the lamina and medulla . Taurine is
widely found in the visual tissues, e g, in locusts and bees . We have
examined the distribution of taurine in the photoreceptors and visual
neurons in blowflies . The taurine antiserum (a generous gift from Dr P .
Panula) was applied on prefixed (2% PA/0.1M PBS) cryosections
pretreated with carbodiimidi solution (4%/0.1M PBS) . The immunofluorescence was obtained with FITC-conjugated goat anti-rabbit
secondary antiserum. Immunospecificity was controlled by taurine
preabsorption tests.
We found variably
weak
taurine-like
immunoreactivity in the photoreceptor cell bodies, but very potent in two
groups of axons in the first optic ganglion, the lamina . These groups of
cells are R7 and R8 photoreceptors, and monopolar neurons, LI and L2 .
Neither light nor dark adaptation (2h) changed this distribution
noticeably. A transmitter or neuromodulator function of taurine in these
cells is not ruled out . Some electrophysiological findings (Review Bicker,
Comp Biochem Physiol lO3C:423, 1992), although somewhat
controversial, show that taurine iontophoresis can depress the synaptic
activity and cause inhibition in the cockroach central neurons

OPSIN GENES FROM MANDUCA AND THEIR EXPRESSION IN
VITAMIN A DEFICIENCY. R.H. White. R.R. Bennett* and M. Chase.
Biology Dept., Univ. of Mass/Boston, Boston, MA 02125-3393.
The compound eye of the sphingid moth Manduca sexta contains green-,
violet- and UV-sensitive rhodopsins. Two opsin genes were isolated as
cDNA by PCR amplification of reverse transcribed retinal RNA. The
amino acid sequence inferred from one is similar to the RH3/4 UVsensitive opsins of Drosophila. The other is similar to the RH1/2 bluesensitive Drosophila opsins, but shows yet greater homology to the greensensitive opsin of a mantid species. We earlier identified a single band of
mRNA at approximately 1.8 kb on Northern blots of Manduca retinal
extracts using Drosophila ninaE (RH1) cDNA as probe. The same band
strongly binds the putative long-wavelength Manduca opsin cDNA. This
message is absent from non-retinal tissue.
Opsin as well as rhodopsin is reduced by vitamin A deficiency in both
fly species and Manduca. Whether the chromophore exerts it’s influence
in insect photoreceptors at the levels of transcription, translation or posttranslational opsin processing has been a matter of controversy. In
Drosophila transcription of opsin mRNA is activated by retinoids. Opsin
mRNA levels are low in vitamin A deprived Calliphora and increase in
response to 11-ris retinal. By contrast we find that Manduca mRNA levels
(whose comparative accuracy was verified by reference to actin mRNA)
were similar in normal and severely retinoid-deprived photoreceptors,
suggesting that the chromophore is not required for opsin gene
transcription.
Supported by NSF grant IBN-9210933.

325.13

325.14

Comparative aspects of chemosensation: Sex-specificity and variation in
chemosensory properties of claws and legs of fiddler crabs . M. Weissburg and C. D.
Derby*. Dept. Biology, Georgia State Univ., Atlanta, GA, 30303.
Fiddler crabs (Uca spp.) display pronounced sex-specific behaviors to compounds
that stimulate feeding, with females displaying greater sensitivity than males.
Patterns of anatomical organization and physiological properties of cells are also sexspecific. Using TEM to examine axonal populations in the feeding claw, we have
shown females posses 20-30% more chemosensory axons than males in 2 species
crabs. Neither mechanosensory, nor motor neurons show such sex-specificity
(Weissburg etal. 1993 Chem. Senses 18:648). Electrophysiological responses of
single unit extracellular recordings of receptors in both claws and legs also differ. In
response to single presentations of stimuli, female neurons respond to lower
concentrations, are active over a greater concentration range, and show increased
firing relative to male neurons tested at equivalent doses. Patterns of adaptation failed
to show evidence of sex-specificity, although adaptation rates were quite low. All
cells began to adapt to a continuous stimulus only after 5-10 s. After a 60 s stimulus
pulse both male and female cells disadapted fully after 3 minutes. Repeated
presentations of the stimulus at 60 s intervals elicited no evidence of cumulative
adaptation. Receptor neurons on the dacty ls of walking legs show properties similar
to that displayed by claw neurons. Adaptation rates displayed no sex-specificity,
although they were even slower than rates displayed by claw neurons. Thus, the sexspecific properties of both anatomical organisation, and receptor cell physiology
allow females to extract information at dilute chemical concentrations unuseable by
males. This is consistent with observations of greater behavioral chemosensitivity of
females during foraging. Additionally, leg receptor neurons are exposed to stimuli
more frequently in the natural environment than claw cells, so leg and claw
chemoreceptors experience different stimulus regimes. Low adaptation rates are a
general feature in fiddler crab receptor neurons, and legs appear more resistant to
adaptation than claws, possibly because of these environmental differences.

LIGAND-GATED CURRENTS IN KENYON CELLS OF THE
LOCUST MUSHROOM BODY. H. Zhang*1 and G. Laurent2.
Divisions of Physics 1 and Biology2, CNS Program, 139-74,
California Institute of Technology, Pasadena, CA 91125.
The mushroom bodies (MBs) in the brain of insects are putative
centers for multimodal associative learning. We studied the
biophysical properties of Kenyon cells (KCs, the intrinsic
intemeurons forming the mushroom bodies) using whole-cell patchclamp techniques and focal application of ligands on dissociated
somatas.
KCs receive direct excitatory inputs from olfactory projection
neurons in the antennal lobes. These projection neurons appear to be
cholinergic (Kreissl and Bicker 1989). We therefore examined the
current evoked by ACh in dissociated KCs in culture. This current is
carried both by cations and Cl" (25% contribution), reverses at about
-20 mV (if E<ci = -90 mV), and shows very little desensitization
during long pulses of ACh. GABA evokes a current that reverses at
-55 mV when EQ is -90 mV, with a rate of desensitization of about
500 ms that is independent of voltage. Glutamate evokes a complex
current, which usually reverses at -65 mV when Eci is -90 mV
(indicating a large contribution of Cl-). The rate of desensitization of
this current is voltage-dependent, such that, when measured 100 ms
after the peak, the current shows a nonlinear I-V relationship, similar
to that of the vertebrate voltage-dependent NMDA current. This
current, however, is insensitive to both NMDA and the NMDA
channel blocker APV and is still present in Mg++-free saline.

Supported by NIH.

325.15

325.16

PROPRIOCEPTORS OF THE THORACIC LEGS THE TOBACCO
HORNWORM MANDUCA SEXTA. K. S. Kent*. C.C. Field, and R.
Anderson. Dept. Biological Structure & Function, Oregon Health
Sciences University, Portland, OR 97201
As part of an on-going study to determine if changes in sensory
inputs influence the reorganization of central neuropil during
metamorphosis of the moth Manduca sexta, we have examined the
proprioceptors of the larval metathoracic legs. In addition, we have
examined the central projections of sensory neurons (SNs) innervating
the campaniform sensilla (CS) of the larval lees and compared those
with projections of SNs innervating CS of tne adult legs. Using
scanning electron microscopy and cobalt staining methcxis. singlyinnervated CS were located on the pretarsus, tarsus, tibia, and fused
femur/trochanter of the larval legs. Internal sensoiv organs typical of
connective chordotonal organs were also located in the tibia and
femur. Cobalt staining was used to map the central projections of CS
SNs at both larval and adult stages. In larvae, each CS SN has a
characteristic central projection, with arborizations in the lateral leg
neuropil and in a more medial region of ventral neuropil. Medial
processes from some of the more distal SNs cross the midline of the
ganglion. By comparison, the projections from CS on the adult leg are
more extensive although they too have arborizations in the lateral leg
neuropil and in a more medial ventral region. Some medial processes,
notably those from more proximal SNs, cross the midline of the
ganglion. In many cases the adult SNs project anteriorly and/or
posteriorly beyond the metathoracic neuromere. In both larval and
adult ganglia, the arborizations of proprioceptive SNs extend more
dorsally than those from tactile SNs. There does, however, appear to
be some overlap between the arborizations of proprioceptive and
tactile sensory inputs. (Supported NSF grant ffiN-9209497)

INTRACELLULAR RESPONSES TO MECHANICAL AND
ELECTRICAL STIMULATION OF A SPIDER SLIT SENSE
ORGAN. M.I. Juusola, E.-A. Sevfarth and A.S. French*. Dept, of
Physiology, Univ. of Alberta, Edmonton, Canada and Zoologisches
Institut, J.W. Goethe-Universitat, Frankfurt am Main, Germany.
We have developed a new mechanoreceptor preparation which
allows direct observation of sensory transduction and encoding. The
anterior lyriform slit sense organ on the patella of the wandering
spider (Cupiennius salei) has 7-8 cuticular slits, each innervated by
a pair of large bipolar sensory neurons. A concave piece of cuticle
containing the organ was removed, mounted into a holder with wax,
and filled with saline. The preparation allowed intracellular currentclamp and voltage-clamp recordings from the neuronal somata while
stimulating the organ from below with an electromechanical pusher.
Bdth mechanical stimulation and depolarization by current injections
caused action potentials. The maximum receptor potential observed
was -10 mV and action potential amplitudes were 50-80 mV. Two
populations of cells were observed, giving either single action
potentials or bursts with mechanical or current stimulation. TTX
eliminated the action potentials without affecting the receptor
potential. Under voltage-clamp, mechanical stimulation produced
receptor currents up to ~0.8 nA.
Supported by the DFG, AHFMR and MRC of Canada.
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325.18

INTEGRATION OF PSPS FROM CRAYFISH STRETCHRECEPTOR AXONS IN IDENTIFIED TARGET NEURONS. B,
Mulloney* and H. Nakagawa. Neurobiology, Physiology and Behavior,
University of California, Davis CA 95616 USA
Each stretch-receptor (SR) neuron from each abdominal
muscle-receptor organ in the crayfish, Pacifastacus leniusculus,
projects an axon into the CNS that synapse with the same target
neurons. SR axons from different segments make synapses of different
strength (Bastiani and Mulloney 1988). To study the structural basis for
these differences, we recorded SR psps from the cell body of FI6
neurons (Dumont and Wine 1987), whose SR psps were large.
These SR psps were resistant to depression, but were sensitive to
changes in extracellular Ca+ + . In FI6, summation of psps from
different SR axons was linear. Peak amplitudes of psps from different
SR axons varied significantly. SR axons from the third abdominal
segment made the strongest synapses.The same gradient was recorded
with the microelectrode in the integrative processes of FI6 neurons.
Shape indecies of psps from different segments were not significantly
different.
To examine the structural differences between strong SR synapses
and weak ones, we filled individual SR axons and target neurons with
biocytin, and mapped the points-of-contact between the SR axon and its
target. The points-of-contact made by strong SR axons were mixed with
those made by weak SR axons. Therefore, differential passive
attenuation of psps can not account for the observed gradient in
strength. The numbers of points-of-contact made by strong SR axons
were greater than the number made by weaker SR axons.
Supported by NIH grant NS26742 and NSF grant IBN 92-22470.

TACTILE SENSORY PATHWAYS LEADING TO ESCAPE CIRCUITRY IN
THE COCKROACH. A.J. Pollack and R.E. Ritzmann*. Dept, of Biology,
Case Western Reserve University, Cleveland, OH 44106.
The escape system of the cockroach, Periplaneta americana, has been
the subject of numerous studies. Although most of this work has focused
upon wind mediated effects, Comer recently demonstrated that cockroaches
also escape from tactile stimuli. Our own work shows that tactile evoked
activity converges upon the same intemeurons that receive giant intemeuron
inputs and excite leg motor neurons. This population of intemeurons is
referred to as the type A thoracic interneurons (TIas ).
In order to take advantage of this organization in future experiments, we
must identify the pathway from tactile sensory structures on the cuticle to the
TIas . We have found that at least two pathways exist. Tactile responses
recorded from TIas are typically bimodal, having a very short latency (1.5-3
msec) phase followed at approximately 10 msec by a much stronger second
phase that contains most of the directional information. The first phase
persists after lesion of the ventral nerve cord between the site of stimulation
and the thoracic ganglion, indicating that it is conducted via a non-neural
pathway such as vibration of the cuticle.
The second phase appears to be initiated by mechanosensory structures
previously described by Florentine. Tactile stimulation of those structures
evoke strong sensory activity in the ipsilateral abdominal nerve that serves
the same segment and little or no activity in the contralateral nerve.
Stimulation of these nerves evokes activity in both abdominal connectives
and also generates appropriate responses in both bilateral and unilateral TIas .
We are currently attempting to identify the intemeurons within the abdominal
nerve cord that conduct tactile information between these sensory neurons
and the TIas and to extend our investigation to the thoracic regions.
Sponsored by NIH grant NS-17411 to RER.

325.19

325.20

THE TOPOGRAPHIC MAP IN THE CRICKET CERCAL
SENSORY SYSTEM FORMS A SPIRAL AS A FUNCTION OF
WIND DIRECTION. T. Trover*1 and G. Jacobs2. 1 Keck Center for

SUB-NANOMETER VIBRATION THRESHOLD AND RESPONSE
MODALITY REVISED FOR AN INSECT AUDITORY-VIBRATION
DETECTING ORGAN. S. R. Shaw.* Psychology Dept. /Neuroscience
Program, Dalhousie University, Halifax, Nova Scotia, Canada, B3H 4J1
The subgenual organ (SGO) in the tibia of the cockroach leg probably
resembles the evolutionary precursor of the auditory organ in the foreleg
of crickets, and is also sensitive to airborne sound in the low kHz range
(S.R. Shaw, J. Exp. Biol. 193, in press). It is claimed that the SGO can
detect vibrational displacements as low as 0.002 nm at 1.5 kHz, which
would make it the most sensitive known vibration detector by far, two
orders of magnitude better than the threshold established for hair cells in
guinea pig cochlea (0.4 nm). The SGO's vibration threshold has been redetermined by a new, more direct method at 1.57 kHz on a cantilever
beam, controlling for certain acoustic and vibrational artifacts that might
have compromised earlier determinations. The threshold is revised
upwards to about 0.2 nm for the most sensitive preparation, about the
same as the cochlea, and is lowest when the leg is slightly tensed, as it is
when loaded naturally by the body. Data on subthreshold summation and
response-intensity relationships provide further evidence that sound and
contact vibration are both sensed by the same receptor neurons.
Measurements on the cantilever argue against the prevailing "ground
vibration hypothesis", that airborne sound is detected indirectly as
induced vibration of the substratum by these organs. Other tests also
weigh strongly against the "tuning fork hypothesis", that generalized
resonance of the leg’s exterior accounts for acoustic pick-up. The results
fit with a recent proposal that the auditory response must be direct, and
that acoustic fluctuations inside the tracheae could be the primary
response mode in the transduction of both vibration and sound.

Integrative Neuroscience, UCSF, San Francisco, CA 94143; 2Dept.

of Molecular and Cell Biology, UCB, Berkeley CA, 94704.
In the cricket cereal sensory system, direction selective
mechanosensory afferent arborize in the CNS according to their
directional tuning properties. This organized projection pattern
forms a functional map of stimulus direction in the CNS. To
investigate the structure and development of this map, single
afferent arbors representing senstivity to all wind directions and all
circumferential locations on the cercus were stained and digitally
reconstucted. Computer imaging techniques reveal that the synaptic
varicosities of the entire ensemble of afferents form a roughly spiral
shape in the ganglion. Directional tuning changes continously along
the spiral. To quantify this geometry, the location of each varicosity
was expressed in cylindrical coordinates, (radius, angle, height).
The central axis chosen to define this coordinate system is
perpendicular to the mid-sagittal plane and goes through the centroid
of the varicosity cloud. The direction of peak sensitivity vs. the
angular location of the varicosity centroid for each afferent type was
plotted and compared to similar plot of somatotopic location vs.
angular location. The data indicates that the cereal system is more
tightly organized as a functional rather than somatotopic map.
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EVOLUTION OF A DIPTERAN TYMPANAL HEARING ORGAN.
R.S. Edgecomb*. D. Robert. M.P. Read and R.R. Hoy. Neurobiology
and Behavior, Cornell University, Ithaca, NY 14853-2702.
The parasitoid fly Ormia ochracea (Diptera, Tachinidae) has a tympanal
hearing organ in the ventral, anterior region of the prothorax (Robert et
al., 1994, Cell Tissue Res., 275:63-78). A tympanal hearing organ has
several essential morphological features: an external tympanal membrane
consisting of thin flexible cuticle that will vibrate in response to sound;
an air sac internal to the tympanal membrane; and a chordotonal
(mechanoreceptive) sense organ coupled to the tympanal membrane. All
three of these key components are present in the fly O. ochracea.
Although almost all other dipterans lack a tympanal hearing organ, some
of the individual components may be present. Flies from the two
subordinate groups of the Schizophora, Acalyptratae (e.g., Tephritidae,
Drosophilidae) and Calyptratae (e.g., Tachinidae, Calliphoridae, and
Sarcophagidae), have a chordotonal organ present in the same relative
position as in 0. ochracea. The chordotonal organ attaches basally to the
prostemal apophysis and apically to the prestemum, a structure critical
for sound transduction in Ormiine flies. Acalyptrate flies lack a suitable
acoustic chamber, having the plesiomoiphic tube-shaped trachea. In
calyptrate flies, however, this tracheal tube is expanded into an air sac
that is largest in O. ochracea. Specific modification of the prestemum,
probasistemum and surrounding flexible cuticle to form a tympanal
membrane is restricted to flies with a functional tympanal hearing organ.
These results suggest that the chordotonal organ appeared first.
Subsequent development of a prostemal air sac in calyptrate flies made
the formation of a tympanal ear possible. (Supported by NIH and the
Swiss Science Foundation.)

A NEURONAL CIRCUIT WITHIN CHEMOSENSORY SENSILLA ON THE
PECTTNES OF SCORPIONS. D. D. Gaffin and P. H. Brownell. Dept, of
Zoology, Oregon State Univ., Corvallis, OR 97331-2914.
The pectines of scorpions are a useful preparation for the study of peripheral
chemosensory integration.
In Paruroctonus mesaensis these chemosensory
appendages support a 2-dimensional array of several thousand peg-shaped (2 gm tall)
sensilla that contact the substrate during locomotion. Morphologically, each
sensillum contains 12 to 18 sensory neurons, with a subset of these showing axoaxonic synaptic profiles. In extracellular recordings from individual peg sensilla, at
least 5 distinct sensory units can be identified and segregated by spike shape and
firing frequency using a computer algorithm. Cross-correlation analysis of the
segregated spike activities shows both inhibitory and excitatory types of interactions.
For example, one identifiable unit, labeled B, is inhibitory on units A1 and A2 which
appear reciprocally excitatory on unit B. A1
and A2 are inhibitory on unit Z which, in
turn, involves unit Y in an indirect excitatory
feedback onto A1 and A2.
A phasic
mechanoreceptor (M) fires independently of
the other sensilla units. These physiological
observations support morphological
descriptions of reciprocal and serial synaptic
connections within the plexus of the peg
sensillum. The accessibility of this circuit to
electrophysiological manipulation make the
pectines an attractive system for analysis of
processing within a peripheral chemosensory
network.
(Supported by NSF grant BNS 8709890)
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GAP-JUNCTIONS COUPLE THE SOMATA OF OLFACTORY PROJECTION

ARE LIMULUS WITH VARIEGATED CARAPACES VISUALLY
INCOMPETENT? AN ELECTRORETINOGRAPHIC (ERG)
CHARACTERIZATION OF THEIR VISUAL SENSITIVITY
RELATIVE TO L/MULO/SWITH UNIFORM CARAPACES. Gerald

NEURONS IN THE SR NY LOBSTER M SchmktL MfhCWOK and P, W
AChe*. Inst Bidogie, TU Berlin, 10587 Berlin, FRG, and Whitney Lab and
Depts. of Zoology and Neuroscience, Uruv. of Florida, St Augustine, FL
32086.
The lateral soma duster (LC) in the deutocerebrum of decapod crustaceans
contains the somata of the olfactory projection neurons (PNs). The LC is the
target of a massive descending projection from the protocerebrum (Sandeman
et al., J. Comp. Neurol. 294:569, 1990; Schmidt & ^che, Cell Tiss. Res. in
press). Wk studied the possible functional si^i^ccanoe olf the descending input

to the somata of the PNs by whole-cell recording from the LC somata with
biocytin-filled patch electrodes and by electron microscopical analysis of the
contact structures between PNs. About 50% of the PNs responded to afferent
fiber stimulation with action potentials of multiple amplitudes. In about 40% of
these instances, 1-2 other PNs were also labelled in the region of the soma

and primary neurite. Correlation between dye coupling and multipie amplitude
spiking suggests that the PNs are electrically coupled via functional

gap-junctions in the region of the LC. Gap junction-like contacts occurred
between somata and the neurites of neighboring PNs in the LC. The oontacts
had a narrow membrane distance, accumulation of electron-dense material on
the opposing membranes and a asterna of the ER attached to the soma
membrane. Such zones of soma-neurite apposition always had multiple
gap-junction-like contacts covering large areas and occurred in triadic
arrangements with an efferent profile connected to soma and/or neurite via
dassical chemical synapses. Evidence for dopamine-like immmoreaclivity in
the descending fibers suggests that dopamine may alter functional coupling
between or among olfactory PNs in the lobster.
Supported by the DFG (Schm 738/4-1) and the NSF(IBN 92-22765).

326.5

VISUAL EVOKED POTENTIALS JN THE CRAYFISH ^RApi. S. Elenes1,
J. Serrato , 0. Hernandez , and F. Ra»on* . Departaaento
de Fisiologia, Biofisica y Neurociencias, CINVESTAV del
IPN. Facultad de Cien^ias Qulaico Biologicas, Universidad
Autonoma de Campeche. Division de posgrado, Facultad de
Medicina, UNAM, Mexico.

Processing of visual information is one of the most
complex functions performed by the brain and a great deal
of effort has been devoted to unravel the mechanisms
involved. Thus, we studied visual signals in crayfish
chronically implanted with electrodes for extracellular
recording on the brain. We also recorded the electroretinogram (ERG) and different points of the eyestalk.
Stimulation was produced by pulses of light of different
wavelengths. In dark adapted crayfish, pulses of different
wave lengths produce ERG's with maximum rate of rise and
amplitude at 575 nm. These elicit a train of 8-10 spikes
in the visual path similar for all wave lengths but with
different latencies. Recordings from the brain show the
arrival of a similar train, after which there slow waves
and spikes of variable amplitude and at irregular
intervals that depend on the stimulus wavelength. We
conclude that light pulses generate visual responses that
seem to travel different neuronal circuits in the
crayfish brain.

S. WwssssnTmn* and ZixiCheng. Sennsy Cding Laboratoiy, Dept. of
Psychological Sciences, Purdue University, West Lafayette, IN 47907-1364
Vision researchers prefer Limulus with clear lateral eyes. Recently,
Brockmann & Penn (Anim. Behav., 1992, 44, 653-665) found that
carapace characteristics relate to mating success: males with light, uniform
carapaces are more successful than males with variegated carapaces (which
tend to be encrusted with barnacles, and dark as well as mottled). Since clear
eyes tend to go with uniform carapaces, and since male Limulus use vision
to locate females (Barlow, et al., Nature, 1982, 296, 65-66), Brockmann
and Penn suggested that mating failure may stem, to some degree, from
visual incompetence.
We therefore investigated the effect of carapace character on visual
sensitivity. We dichotomized 26 Limulus on 3 dimensions: clear vs. dark
eyes, light vs. dark carapaces, and presence vs. absence of barnacles. Eye
and carapace color gave similar partitions of the specimens into roughly
equal groups while barnacles were found on about a third of the specimens.
A non-invasive measure of visual sensitivity was obtained from the lateral
eye ERG. To avoid trivial effects, which might be caused by possible
differences in carapace conductivity, ERG latency was measured.
All three dichotomizations gave similar results: Although responses to
dim flashes were similar for all animals, uniform specimens gave more rapid
responses to brighter lights than variegated. These trends could be fairly
quantified by straight-line fits of the logarithm of ERG latency to the
logarithm of light flash energy. The fitted slopes were significantly steeper
for uniform specimens. This cannot be a result of greater light absorption
by the variegated specimens’ darkened corneas. It is therefore likely that
the eyes of variegated specimens are indeed compromised.

326.6
NEW ELEMENTS OF MOTION DETECTION IN INSECTS: RECORDINGS
AND ANATOMICAL RECONSTRUCTIONS FROM SMALL MOTION-SENSITIVE
CELLS IN FLY OPTIC LOBES. J.K. Douglass* and N.J. Strausfeld. Arizona
Research Labs, Division of Neurobiology, Univ. of Arizona, Tucson AZ 85721.
Analyses of retinal morion performed within fly optic lobes (lamina,
medulla, lobula & lobula plate) provide the basis for visuomotor behaviors.
Observations of optomotor responses have led to minimal wiring models for
elementary motion detection (Egelhaaf et al., TINS 11, 351-358, 1988) which
are, in part, borne out by available recordings limited mainly to large
directionally-sensirive tangential cells in the lobula plate (Franceschini et al.,
In: Facets of Vision, 360-390, 1989). The specific circuits responsible for
elementary steps in motion detection remain unknown, but are expected to
involve small cells in the medulla &/or iamina. These cells are the subject of
the present investigation employing Calliphorid flies Phormia regina and
Phaenicia sp. Responses to visual motion were recorded intracellularly,
followed by fluorescent dye injection and anatomical reconstruction.
Recordings from identified cells include the lamina monopolar cell L5, the
transmedullary cell iTm, and a bushy T cell T5, all of which exhibited small
nonspiking depolarizations and/or hyperpolarizations in response to moving
gratings. Preliminary analyses indicate directional selectivity in T5 but not
iTm or L5. The T5 responds preferentially to horizontal progressive morion
and terminates onto the dendrites of HS neurons, themselves collator elements
responding to progressive motion. The results so far are consistent with
growing evidence that directional selectivity is computed among small
projection neurons to the lobula plate. Current studies of rite relative roles of
flicker, motion, and directional motion in the responses of these and other
small retinotopic neurons provide neural correlates to theoretical motiondetecting circuitry. (Supported by NIH grant NCRR ROl RRO8688.)

326.7

326.8

OPTOMOTOR CIRCUITRY IN INSECT VISION: COMPARATIVE AND
EVOLUTIONARY STUDIES OF CONSERVED RETINOTOPIC PATHWAYS Elke
K. Buuscbeck*1 aad N. J. Straaufeld2. 1Deet. of Ecol. aad Evol Biol.,
ZArizona Res. Labs., Div. Neurobiol., Univ. Arizona, Tucson, AZ 85721.

PROCESSING OF VISUAL STIMULI IN THE CENTRAL COMPLEX OF THE
LOCUST BRAIN. U. Hombero* and M. Muller. Inst, of Zoology, University of
Regensburg, 93040 Regensburg, Germany.
The central complex is a group of neuropils in the insect brain consisting of
the protocerebral bridge, the upper and lower divisions of the central body, and
a pair of noduli. Anatomical and physiological evidence from several species
suggests that the central complex is involved in visual integration and motor
control (Homberg 1987, in Gupta AP [ed] Arthropod brain: Its evolution,

In cyclorrhaphan Diptera (e.g. Calliphora), directionally-selective
motion sensitive neurons with wide dendritic fields in the lobula plate are
supplied by achromatic small-field retinotopic 'magnocellljlarr relays
possessing relatively large axons. These relays involve only 3-5 synaptic
stations between the photoreceptors and their lobula plate targets.
Peripherally, the magnocellular neurons L1, L2, and L5, with their
postsynaptic relays ITM and Tm1, are restricted to a single retinotopic
sampling point. At deeper levels, ITM and Tm1 visit quartets of T4 and T5
neurons whose asymmetric dendrites extend across three neighboring
retinotopic columns. Intracellular studies (Douglass and Strausfeld, this
meeting) reveal motion and directionally selective roles played by iTM and
T4/5, respectively. Comparative morphology reveals that it is these, and
other •magnocellularr neurons, that are conserved throughout the Diptera,
irrespective of elaboration of wide-field systems. The same morphological
types are present both in Lepidoptera and Hymenoptera. Comparison of
drosophilids, glossinids, syrphids, bombyliids, asilids, dolichopodids,
tabanids, simuliids, tipulids, and culicids, as well as Lepidoptera (Manduca
sexta) and Hymenoptera (Ap/'s mellifera) suggests conservation or parallel
evolution of small-field neurons involved in elementary motion computation.
Morphological characterization of •magnocellular and lobula plate neurons
has been used for phylogenetic analysis using parsimony to demonstrate a
phylogenetic tree for Diptera showing a high level of accordance with
conventional phylogenies. Supported by NIH Grant NCRR R01 RRO8688,
the MacArthur Foundation, and the Center for Insect Science.
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development, structure and functions. New York, Wiley, pp. 347-367). This study
investigates visual pathways to the central complex and the responses of
central-complex neurons to a variety of visual stimuli in the brain of the locust
Schistocerca gregaria.
A combination of immunocytochemical and dye-injection techniques revealed
two possible pathways from the optic lobes to the central complex: (i) from the
accessory medulla via the posterior optic tubercle to the protocerebral bridge

and (ii) from the lobula via the anterior optic tubercle and lateral accessory lobe
to the upper and lower divisions of the central body. Several types of columnar
and tangential neurons of the central complex responded to stationary light
stimuli to one or both compound eyes, but responses to moving black and white
gratings were not observed. One type of tangential neuron of the lower division
of the central body showed strong responses to polarized light to dorsal areas
of both compound eyes. The neurons were tonically excited or inhibited during
stimulation with polarized white light depending on the direction of the e-vector.
The neurons had arborizations in small areas of the lateral accessory lobes of
the brain and invaded single layers in the lower division of the central body.
The data are consistent with a role of the central complex in long-range visual
orientation of the insect involving polarized-skylight information. Supported by
DFG grants Ho 950/4-3 and Ho 950/6-1.
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326.10

D

affecting

Visual

and

Taste

Behavior

and

Physiology
in rosophila
melanogaster
.
D. Baldwin*!. S. Hannaforcl* and J. Palkat. tDept. of Zoology, Univ. of
Washington, Seattle, WA 98195 and 4 ARL Div. of Neurobiology, Univ. of
Arizona, Tucson, AZ 85721.
Mutations have provided many novel insights into the functioning of sensory
systems in Drosophila. Here we describe the sensory phenotype defining a
new mutation affecting vision, taste, and possibly certain aspects of olfaction.
6705 is an enhancer trap line showing prominent staining in the lamina (but
not the retina), in all known primary taste receptors (but not mechanoreceptors), and in sensory cells of the labial palps (but not the antennae). It
maps to 57A/B on the right arm of the second chromosome where no
mutations affecting vision, taste or olfaction have been reported previously.
The ERG of 6705 shows a normal sustained component (of retinal origin),
but a complete loss of the on-transient and an adaptation-dependent reduction
of the off-transient (both generated by the lamina). However, recordings from
deep sites show that on- and off-transients are still generated by lamina cells.
Evidently they are masked in routine ERGs. 6705 flies are almost completely
non-phototactic, but their behavior in a test of object detection (Buridan's
paradigm) is indistinguishable from normal. Therefore, no generalized lose of
vision has occured. Their taste behavior is abnormal in that the usual
suppression by salt of sugar-elicited proboscis eversion is largely lost.
Responses to pure sugar solutions, however, are normal, showing that there is
also no generalized loss of taste input.
Thus, specific functional deficits parallel the expression of the gene
putatively identified by 6705. This will be of great help in understanding the
function of the 6705 gene product. The unexpected loss of phototaxis but
sparing of object detection may lead to a fuller understanding of lamina
function.

STRUCTURE OF THE EYE AND IN SITU MSP ABSORPTION
SPECTRUM OF A VISUAL PIGMENT IN THE RHABDOMS OF
FIREFLY Photinus pyralis (COLEOPTERA: LAMPYRIDAE).
A. B. Lall*1, M. Jarvilehto2 and T. W, Cronin! ^epL of Biology,
Howard University, Washington, D.C. 20059, 2Dept. of Zoology,
University of Oulu, Oulu 90570, Finland, and 3Dept. of Biological

Sciences, University of Maryland, Catonsville, MD 21228 USA.
The compound eye of the firefly is of the superposition type. The
clear-zone between crystalline cones and rhabdoms is divided into
two layers. The distal layer (ca. lOOpm thick) contains screening
pigments, the position of which is dependent upon light intensity and
the state of adaptation. The proximal layer (ca. 6Opm thick) does not
contain pigment granules, but is electron-dense, stains differentially
and is located in front of the rhabdoms. In situ absorption spectrum
of the photopigment housed in the rhabdoms was determined by
MSP.
The difference spectra were obtained in three sets of
experiments: (1) dark-adaptation followed by treatment with bright
red light (n=2); (2) pretreatment with bright blue light followed by
posttreatment with bright red light (n=9); and (3) pretreatment with
bright red light followed by a posttreatment with bright blue (n=6).
The analysis of these difference spectra (n=15) suggests the presence
of a rhodopsin with a
at 545nm which interconverts with a
metarhodopsin with a
at 485nm. The extinction coefficient ratio
forM/R was 1.35:1. Supported by NSF BNS #9013076 & #8917183

326.11

326.12

THE 3D ELECTRICAL CIRCUIT OF FLY PHOTORECEPTORS (RlR 6) AND ITS PARAMETER VALUE MESUREMENT.
S. Gaend*. and S. Comtois. Lab. of Vision and Digital Systems, Elec.
Engn Dept., Laval University, Qudbec, Canada, G1K 7P4.
The fly eye has been characterized has a neural superposition structure. That is, the six photoreceptors (Rl-R6) looking in the same space
direction feed the same LMCs (Large Monopolar Cells) with approximately equal -weight signals. When studying the intriquate 3D photore-

ACTICE MEMBRANE PROPERTIES OF VISUAL INTERNEURONS OF
THE BLOWFLY CALLIPHORA ERYTHROCEPHALA J.Haag* and
A.Borst Friedrich-Miescher-Laboratorium der Max-Planck-Gesellschaft,
Spemannstr. 37, D-72076 Tuebingen
The large motion-sensitive intemeurons located in the posterior part of the
third visual neuropile (lobula plate) of the blowfly spatially integrate with
their extended dendrites the signals of numerous local motion-sensitive
elements. Their particular response characteristics to motion stimuli and their
role in visual course control have been studied intensively so far. However,
not much is known about their intrinsic electrical properties. In this study
single-electrode voltage clamp experiments are performed on various types of
these motion-sensitive neurons to clarify what currents occur within them and
how and to what extent these currents contribute to the responses when the
cells are activated by their natural synaptic input, i.e. visual motion displayed
in front of the fly's eye. There exist three classes of motion-sensitive neurons
which differ in the way they respond to visual motion: Cells which respond in
a purely graded manner by a shift of their axonal membrane potential (CHcells), cells which respond mainly by a graded shift of their axonal membrane
potential but with small spike-like events superimposed (e.g. HS-cells), and
cells which exhibit full-blown action potentials. The voltage-clamp experiments reveal the following: i) The CH-cells show a slowly inactivating early
inward current followed by a persistent outward current. The inward current is
activated at a potential of about -50 mV, the outward current at a potential of
about -30 mV. ii) The HS-cells show a fast inward current that inactivates
within 1-2 ms. This sodium current is already activated at about -60 mV. At
normal resting potential of HS-cells (between -40 and -50 mV as measured in
the axon) a large fraction (60 - 80%) of the underlying ion channels are in an
inactivated state. At potentials more positive than -40 mV an outward current
is activated.

ceptor arrangement, it is realized the equivalent electrical circuit is
difficult to characterize because it includes many unknowns (light and

dark soma resistances, axon resistance, terminal resistance, gap junction
resistance, barrer resistance and photoreceptor potential). As if it were
not enough, further analytical complications have to be considered, in
some cases, when parameter distribution is not negligeable. In normal
physiological conditions, the circuit is rather simple to analyze but it is
difficult to obtain the circuit parameters from electrophysological experiments. This is because, any voltage, current or input resistance measurements, lead to a complicate 3D equivalent asymmetric circuit. No simple
relationship can be extracted from the circuit analysis and it is not surprising to realize the parameter values found in the literature do not fit with
those predictable from the 3D model. We show it is possible to find, considering the circuit 3D arrangement and simplifications resulting from
symmetric measurements, the 3D electrical parameters and give some
meaning to their physiological values.
Supported by NSERC of Canada (Grant: OGPOOO971).

326.13

326.14

PASSIVE MEMBRANE PARAMETERS AND POTENTIAL SPREAD IN
VISUAL INTERNEURONS OF THE BLOWFLY, CALLIPHORA ERYTHROCEPHALA. A.Borst* and J.Haag. Friedrich-Miescher-Laboratorium der
Max-Planck-Gesellschaft, Spemannstr.37-39, D-72076 Tuebingen
In the fly lobula plate there resides a network of 50-60 identified motionsensitive intemeurons which are involved in the neural control of various
components of visual orientation behavior. All these cells acquire their specific response properties by dendritic integration of retinotopically organized
local motion-sensitive elements and by synaptic interactions with other lobula
plate cells. In order to understand the biophysical mechanisms underlying the
characteristic spatial integration properties of these neurons we measure their
specific membrane (Rm) and cytoplasmic (Rp resistance. We determine these
parameters by injection of a hyperpolarizing current of variable frequency at
various locations of the nerve cell and by comparison of the experimental data
with the response of a compartmental model of the cell. Using the precisely
reconstructed geometry of the cell the software (NEMOSYS, developed and
kindly provided by J.P.Miller and F.Theunissen, UC Berkeley, CA) allows
adjustment of all specific membrane parameters either for the whole cell or for
user-defined subregions of the cell. Assuming homogeneous membrane parameters the experimental data can be fitted for the various cell types with a
value of Rm of 3-4 Mftcm^ and a value of Rj of about 300-400 Qcm (the
precise values vary for the different cell types). This allows to extrapolate the
potential spread within these neurons following synaptic stimulation of a given part of the dendrite. The simulated data obtained in this way are in qualitative accordance with the experimentally determined spatial integration characteristics of these cells.

ESTIMATION OF TIME-VARYING SIGNALS ENCODED
IN NEURONAL SPIKE TRAINS.
F. Gabbiani, C. Koch ann E. Niebur*.
Division of Biology, Caltech 139-74 , Pasadena, CA 91125.
We study the linear decoding of time-varying velocity signals from
neuronal spike trains by means of analytic and computer simulation
methods. Decoding algorithms were first applied by Bialek et al. (Science, vol. 252, pp. 1854-1857) in experiments on the visual system
of the fly. We consider a model of integrate-and-ffire neuron having
a random threshold. For an exponentially distributed threshold this
model coincides with an encoding of the time-varying stimuli in Poisson spike trains. Under some general assumptions, we are able to
derive an explicit formula for the optimal decoding filter. Our results show that it depends in a non-trivial way on the statistics of
the stimulus (power spectral density) as well as on the firing rate of
the neurons. We estimate the rate of information transmission of the
spike train on the stimulus. More complex models are examined by
means of computer simulations.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

780

TUESDAY PM

BASAL GANGLIA AND THALAMUS V

327.1
INVOLVEMENT OF D1 AND D2 DOPAMINE RECEPTORS IN PUTAMEN
NEURONAL ACTIVITY RELATED TO A DELAYED GQNOGO TASK IN THE
MONKEY. M. INASE*, B.-M. LI, AND J. TANJI. National Institute
for Physiological Sciences, Okazaki 444, Japan.
We tested whether putamen neurons are divided into subgroups
based on responses to selective D1 and D2 dopamine agonists, and if
so, what kind of information each subgroup possesses in motor
control.
By using multi-barreled glass microelectrodes, we
recorded neuronal activity in the putamen and iontophoreticly
applied
the
selective
dopamine
agonists
and
antagonists
(SKF38393, SCH2339O, Quinpilore, Sulpiride) while monkeys
were performing a delayed Go/Nogo task. Out of 296 task-related
neurons that were tested for both D1 and D2 substances, 234
neurons responded to either substances or both. Among them 41 %
of neurons responded to the D1 only (D1 group), 36% responded to
the D2 only (D2 group), and 23% responded to both the D1 and D2
(D1/D2 group). On the other hand, the putamen neurons were
subdivided into Gotrial-related, Ncxgotrial-related, and both Go and
Nogo-trial related ones, based on their task relation. Each of the
three groups, the D1 group, the D2 group, and the D1/D2 group,
contained Go-, Nogo-, and both Go and Nogo-related neurons. More
than half of the D1 group and D2 group neurons were either Gorelated or Nogo-related, while nearly two thirds of the D1/D2
group neurons were related to both Go and Nogo-trials.
These
results suggest that a group of putamen neurons use both D1 and D2
receptors functionally and activation of the D1 and D2 receptors
modulates comparable information.

327.2
NEURONAL ACTIVITY RELATED TO SENSORY CUES AND
MOVEMENT IN THE SUBTHALAMIC NUCLEUS OF THE CAT. J,W,
Aldridge*. J,F. Thompson, and S. Gilman. Dept. of Neurology, Univ. of
Michigan, 1103 E. Huron, Ann Arbor, MI 48104.
We examined the functional role of the subthalamic nucleus (STN) in a visually
cued motor task. Activity was recorded from single STN neurons in cats trained
to make a forelimb reaching movement in response to a visual GO cue and
withhold movement in response to a NO-GO cue. The animals sat on a force
platform with sensors for limb and head movements. A computer controlled the
motor task and stored neuronal activity. Neuronal activity was recorded with
tungsten microelectrodes inserted through an implanted recording chamber. In 2
of the 4 cats studied, the effects of a unilateral excitotoxic lesion of the
neostriatum (15-17 injections of 200 nM quinolinic acid ranging from 25 to 1.25
pl in volume) were assessed. Data consist of recordings from 112 neurons in
intact controls and 43 neurons after striatal lesions. Most neurons in controls
(78/112, 69.6%) were functionally related to the visual cues. A smaller
proportion (44/112, 39.3%) had activity associated with movement and some
were unresponsive (29/112, 25.9%). Most (88.6%) neurons with movementrelated activity also exhibited cue-related changes and most of the changes
(80.2%) were increases in activity. The striatal lesion, which impaired task
performance, had little effect on STN responses. Cue-related (32/43, 74%),
movement-related (18/43, 41.9%), non-responsive (7/43, 16.3%), and neurons
with both cue and movement related (14/43, 32.6%) were found in similar
proportions. However, the number of increases in activity was higher (92.8%)
and decreases (7.2%) lower. Furthermore, increases were weaker after the lesion
as indicated by their significantly lower discharge rates. In summary, STN
activity is functionally correlated to sensorimotor behavior especially visual cues
triggering movements. Cortical inputs seem to be the dominant influence on
STN, but reducing striatal control weakens excitatory changes in STN neurons.
Support: NIH grant NS19613 and United Cerebral Palsy Foundation.

327.3

327.4

NEURONAL ACTIVITY IN THE CAT ENTOPEDUNCULAR NUCLEUS
RELATED TO CONDITIONED VISUAL STIMULI AND REWARD IN A
SEQUENTIAL MOVEMENT TASK. R.C. Mever*. J,W, Aldridge, J,F.
Thompson, and S. Gilman. Dept, of Neurology, Univ. of Michigan, 1103 E.
Huron, Ann Arbor, MI 48104.
We investigated the functional role of the entopeduncular nucleus (EN) in a
visually-guided, sequential movement task: Neuronal recordings from the EN
were conducted in cats trained to perform multiple trials of either 2 or 3
sequences of forelimb reaching movements. Each movement in the sequence was
triggered by identical visual stimuli consisting of a WARNING stimulus (WS)
followed in 200 to 1000 msec by a GO stimulus (GS). A computer controlled the
behavioral task and stored neuronal data. The data consist of 23 EN neurons.
Most neurons showed strong changes in activity to visual stimuli (17/23, 73.9%)
including the WS (47.1%), GS (17.6%), or both WS and GS (35.3%). Increased
activity was observed in 88.2% of these neurons and 11.8% exhibited decreased
activity. Many neurons also exhibited phasic changes in activity during the
reward period (14/23, 60.9%). Eleven (47.8%) showed changes in activity to
both visual stimuli and reward. Neurons responding during the reward period
showed a brief initial inhibition followed by a strong excitation that continued to
the end of the reward period. Activations during the reward period were typically
greater in magnitude than responses to visual stimuli. These data suggest that the
EN may play a role m the processing of conditioned stimuli that signal different
stages in a behavioral task requiring sequential movements. EN activity related to
reward may reflect, in part, a salient property of this event that signals the end of
one behavioral sequence (i.e., trial) and the beginning of another. Support. NIH
grant NS19613.

NEURONAL ACTIVITY IN PRIMATE STRIATUM NEURONS DURING
LEARNING. L. Tremblay. J. Hollerman. and W. Schultz.* Institut de Physiologie,
Univ. Fribourg, CH-1700 Fribourg, Switzerland.
In order to investigate the activity of individual striatal neurons during the course
of learning, we used a learning set paradigm in conjunction with a conditional
motor task in which the animal performed, or refrained from performing, an arm
movement in response to a trigger signal depending on a preceding instruction. In
order to differentiate reward-related activity from movement-related activity,
movement trials were of two types: 1) rewarded with fruit juice or 2) unrewarded
(correct performance indicated by auditory signal). Correct performance in nonmovement trials was also rewarded with fruit juice. Striatal neurons were recorded
in two basic conditions: 1) using standard instruction stimuli that were previously
well learned (stimulus-reward associations previously formed), and 2) a learning
situation in which the instructions consisted of previously unseen stimuli (new
stimulus-reward associations forming). One hundred and ninety-six neurons were
recorded from two monkeys under both standard and learning conditions. Although
the types of activity observed were generally similar under standard and learning
conditions, the strength and/or specificity of these responses were frequently
modified during learning. Task-related changes included anticipatory activity before
and both short and long duration responses after the different task events. Two
basic types of modification were observed in the learning situation. The first
involved a change in the strength of trial specific activity in initial learning trials
which progressively returned toward the pattern seen in the standard trials with
experience. This type of change was observed most frequently in responses to the
instruction stimuli. The second type of change observed in learning trials was a
reduced specificity of responses (i.e., the responses were either absent or occurred in
inappropriate trials). This modification was particularly evident for anticipatory
activity preceding trigger or reward and often disappeared abruptly when behavioral
performance increased. These types of change may reflect the increased processing
of information in the striatum in a learning situation and the current behavioral
strategy for the learning animal respectively.

327.5

327.6

REWARD DEPENDENCY OF SEVERAL TYPES OF NEURONAL ACTIVITY
IN PRIMATE STRIATUM. J. Hollerman*. L. Tremblay, and W. Schultz. Institut
de Physiologie, Univ. Fribourg, CH-1700 Fribourg, Switzerland.
The activity of neurons in the anterior striatum was recorded during performance
of an instructed conditional motor task comprised of three trial types: 1) requiring
the subject to make a simple reaching movement when the trigger stimulus follows
one instruction in order to obtain a small quantity of fruit juice (GO trials), 2)
requiring the subject to refrain from arm movement when the trigger follows a
different instruction stimulus, again in order to obtain a fruit juice reward (NOGO
trials), and 3) to respond as in the GO condition following a third instruction
stimulus, with correct performance indicated only by an auditory signal instead of
juice reward (UNGO trials). Over 1800 neurons were recorded from two monkeys,
with about 20% exhibiting task specific activity which was not directly related to
muscle activity. For each of the task events (instruction, trigger and reward),
neurons exhibiting activity preceding the event as well as neurons with either short
or long duration responses following the event were observed. Among the most
prominent response types recorded were responses to the presentation of the
instruction and activity preceding the trigger stimulus or reward delivery. For many
neurons this activity was specific for rewarded versus unrewarded trials, as well as
movement versus non-movement trials. Specifically, over half of the instruction
responses were present only in rewarded trials and nearly three quarters of the
activity preceding trigger was likewise restricted to rewarded trials, including
movement preparatory activity specific to GO versus UNGO trials. This suggests a
dependency on the subsequent reward rather than the movement itself. Reward
anticipatory activity was also restricted to GO and NOGO trials for most neurons,
indicating that the activity was truly in relation to the anticipation of juice delivery
and not to a "correct" or end of trial signal in general. A smaller number of neurons
in each class showed the reverse specificity , responding only in unrewarded trials
(UNGO). These results indicate that the striatum processes information not only
with regard to the physical parameters of stimuli and movements, but also with
regard to the outcome of actions based on these stimuli and movements.

NEURONAL
INTERACTIONS
IN
THE
STRIATUM
DURING
PERFORMANCE OF A REACTION-TIME TASK. S.F. Sawver*, M.G.
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Laubach.

A.B.

Kirrilov

and

D.J.

Woodward.

Department

of

Physiology and Pharmacology, Bowman Gray School of Medicine of

Wake Forest University, Winston-Salem, NC 27157-1083.
The goal of this study was to determine whether coherent patterns
of coactivation occur in neuronal ensembles in the striatum of freely-

moving rats performing a tone-cued reaction-time task.

Neuronal

interactions were studied in an ensemble of 19 neurons that were

recorded simultaneously.

Coactivation, due to common input,

occurred for 5 of the 19 neurons: correlogram peaks were centered
on zero and were eliminated with the shift-predictor method.

One

neuron evidenced decreased firing, "coinhibition," at the time of

coactivation.

The interactions were confirmed using the joint-

peristimulus histogram method.

The relation of coactivation to

behavior and to the occurrence of bursts of spikes (3 or more spikes
within 10 ms) was determined by using an algorithm that searched
for

firing

of

3

or

more

neurons

within

10

ms

bins.

The

spatiotemporal structure of firing during coactivation was related to
the animal's behavior:

different neurons fired in bursts during the

initial of trials and during walking to acquire the reinforcer. This is

the

initial

discovery

that

neurons

in

the

striatum

exhibit

a

coordinated pattern of coactivation with a spatiotemporal structure

that is related to the sequencing of behavior.
DA 02338 to DJW and DA 07246 to MGL.
W.W.W. server: http://biogfx.bgsm.wfu.edu.
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NEURONAL ACTIVITIES IN BASAL GANGLION AND FRONTAL CORTEX
DURING DELAYED MATCH TO SAMPLE TASK IN FREELY MOVING RATS.
J.-Y. Chang*. M.G. Laubach, A. Kirillov and DJ. Woodward. Dept. of Physiology
and Pharmacology, Bowman Gray School of Medicine, Winston-Salem, NC 27157
The basal ganglia-thalamocortical loop has been defined as an anatomic circuit
involved in a variety of functions including sensorimotor integratory and cognitive
processes. Using single unit-multichannel chronic recording technique, we
concurrently recorded activity up to 46 single neurones from medial prefrontal cortex
(mPFC), striatum (STR) and substantia nigra pars reticulata (SNR) during a Delayed
Match To Sample task (DMTS). In DMTS, rats pressed a sample lever and a later
nosepoke. The next nosepoke after the end of a variable delay (5-20 sec) resulted
in a presentation of both retractable levers. At this point, rats had to make a choice
to press one of the two levers. Pressing the same lever as sample one (match) led
to a reward ( a water drop) while pressing another lever (no-match) caused a timeout for 5 seconds when the ceiling light turned off. A phasic pattern of activity in
the ensemble was observed in all three recording areas in associated with different
behavioral episodes. An alteration of firing rates during delay period was observed
in the mPFC neurons, which may reflect a short term memory processes. In some
neurons, an alteration of activity before lever press in the match phase depend on
the context of the different lever press, i.e. different firing patterns could be detected
between match and no-match trials, even the same lever was pressed in different
trials. This response was more frequently observed in striatum neurons. Likewise,
different patterns were found before lever presses between sample and match
responses in which the same lever was pressed in different contexts during the same
trial. This preliminary result suggests basal ganglion-thalamocortical circuits play a
significant role in coding of cognitive and motor processes in DMTS.
(Supported by DA 2338 to DJW)

ENCODING OF A SEQUENCE OF BEHAVIORAL EVENTS BY NEURONAL
ENSEMBLES IN THE STRIATUM. M.G. Laubach**. S.F. Sawyer. A.B.
Kirillov and D.J. Woodward. Dept. of Physiology and Pharmacology,
Bowman Gray School of Medicine of Wake Forest University, WinstonSalem. North Carolina 27157-1083.

This study examined the possibility that neuronal ensembles in the
striatum encode behavioral events which lead to a goal.
The spike
activity of 15-30 single-units were recorded simultaneously in freelymoving rats performing a tone-cued reaction-time task that employed a
nose-poke operandum and water as reinforcer. Neuronal firing rates in a
500 ms and in 3 sequential 1 50 ms bins were analyzed using multivariate
statistics during 6 events: walking to the operandum. initiating the nosepoke, sustaining the nose-poke until the tone. withdrawing from the
operandum. walking to the water source and drinking. A main effect of
neuron x event (MANOVA. p< .001) and simple effect of event (ANOVA.
p < .001) were detected. A discriminant analysis (DA). with 5 canonical
variables (Chi square. p<10‘6). accurately discriminated the patterns of
spike activity during the 6 events (Mahalanobis D2 > 5; error df > 400;

power > .99). An additional DA was found to discriminate spike activity
before trials that resulted in either errant (anticipatory withdrawal) or
correct performance.
Classifications based on a DA model from 19
neurons were better than expected by chance (Huberty’s z) and were
validated using novel datasets (t-tests of % correct. p <0.001). Taken
together. these data suggest that spatiotemporal patterns of spike activity
in the striatum encode behavioral events that lead to a goal. Supported
by DA 02338 to DJW and DA 07246 to MGL. Poster available on

W. W. W. server: http://biogfx.bgsm. wfu.edu.
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PREPULSE INHIBITION OF STARTLE: ANATOMY AND
NEUROCHEMISTRY OF STRIATO-PALLIDAL MODULATION. M.H.
Kodsi*. F.l. Wan and N.R. Swerdlow. Dept. of Neuroscience, UCSD Sch.
Of Med., La Jolla, CA 92093.
Prepulse inhibition (PPI) occurs when the startle reflex is inhibited by a
weak prepulse 30-500 msec prior to the startling stimulus. PPI is used as a
measure of sensorimotor gating and appears to be modulated by elements of
the ventral striato-pallidal system. Patients with neuropsychiatric
disorders such as Schizophrenia, Obsessive Compulsive Disorder, and
Huntington's Disease, which may involve striato-pallidal dysfunction are
also deficient in PPI. To better understand the striatal substrates of PPI,
the cell-specific neurotoxin quinolinic acid was used to selectively destroy
ventral and dorsolateral striatal regions. The effect on PPI of blockade of
GABAergic projections from these sites to the ventral pallidum and the
globus pallidus was also examined. As seen previously, ventral striatal
lesions significantly impaired PPI. Interestingly, damage to the caudal
portion of the dorsolateral striatum also resulted in reduced PPI. While
lesions of the rostral dorsolateral striatum had no significant effect on PPI.
The reduction of PPI caused by pallidal infusions of the GABA-A
antagonist picrotoxin followed a parallel anatomical pattern, with a
potent reduction in PPI observed after infusion into the ventral pallidum,
marginal effects on PPI observed after infusion into the caudal globus
pallidus, and no effects observed after infusion into the rostral globus
pallidus. Infusion of the GABA-B antagonist saclofen into the ventral
pallidum had no significant effect on PPI. These findings demonstrate the
anatomical and neurochemical specificity of the striato-pallidal
modulation of PPI in rats.

LOCOMOTOR RESPONSE ELICITED BY MICROINJECTION OF DAMGO
IN THE VENTRAL PALLIDAL REGION DOES NOT SHOW ASYMMETRY.
N.A. Otmakhova. C.H. Woodworth* and R.G. Robinson. Dept. Psychiatry.
Univ. of Iowa Coll. Med.. Iowa City. IA 52242.
Motor activity elicited from the nucleus accumbens (NAS) by dopamine

(DA) D1 receptor stimulation exhibits a functional asymmetry: stimulation of
the right NAS elicits greater activity than the left. Whether the NAS itself is
the salient anatomical substrate for the asymmetry. or simply a relay station.
remains to be determined. The substantia innominata/ventral pallidal region
(SI/VP) receives GABAergic and enkephalinergic input from the NAS. as
well as DAergic input from the midbrain. Previous results showed no
asymmetry in the locomotor response elicited by inhibiting GABAergic
transmission in the SI/VP. The goal of the present ,study was to ascertain
whether the locomotor response to unilateral stimulation of either dopamine
or mu-opioid receptors in the SI/VP is characterized by asymmetry.
Unilateral microinjections (0.5 pl over 1 min) of either the mixed DA D1/D2
receptor agonist apomorphine (APO) or the mu-opioid agonist DAMGO were
used to elicit locomotor activity. Male Sprague-Dawley rats were implanted
bilaterally with cannulae in the SI/VP. and tested in automated activity
monitors every other day for 2 hours following treatment with either APO
(0.5. 1. and 2 pg) or DAMGO (25. 50 and 100 ng). Animals in each series

(n = 7) received saline and all doses of agonist per hemisphere.

Results showed that DAMGO. but not APO. produced significant
increases in locomotor activity when injected unilaterally in the SI/VP.
However. no greater increase in locomotor activity over control levels was
produced by DAMGO injections in the right hemisphere compared to the left.
leading to the conclusion that mu-opioid receptors in the SI/VP do not
contribute to the locomotor asymmetry elicited from the NAS.

327.11

327.12

EXCITOTOXIC LESIONS OF THE PEDUNCULOPONTINE TEGMENTAL
NUCLEUS IN RATS AFFECT RESPONDING FOR FOOD ON A
PROGRESSIVE RATIO SCHEDULE OF REINFORCEMENT. A,H.
Robertson, E.M. Bowman.* Vj J. Brown, M.P. Latimer and P. Winn School of
Psychol., Univ. St Andrews, Fife, Scotland KY16 9JU
The pedunculopontine tegmental nucleus (PPTg) has been implicated in rewardrelated processing. Ibotenate (IBO) lesions here disrupt responding for conditioned
reinforcement stimulated by microinjection of amphetamine into nucleus accumbens
and the formation of conditioned place preferences, while having no effect on
locomotion. The present study sought to determine the involvement of PPTg in
assessment of reward cost. We measured progressive ratio (PR) responding, in
which the cost in lever presses of a food pellet increases incrementally with each
pellet. Bilateral IBO or quinolinate (QUIN) lesions were made in PPTg (each
excitotoxin: 0.12M: 2 X O.2pl injections/hemisphere: sham lesions 2 X O.2pl PBS)
of rats at least 30 days before testing started. Both IBO and QUIN destroy
cholinergic PPTg neurons but QUIN is thought to have less effect on noncholinergic neurons (Pugg E. et al. 1992 Brain Res. 589:181-193).The point at
which sham lesioned rats stopped responding (breaking point) under a PR schedule
was stable over days, as were latencies to collect pellets; the post-reinforcement
pause increased as a function of schedule progress. These effects are consistent with
previous reports. Rats with PPTg IBO lesions showed significant decreases in
breaking point compared to controls, indicating that they were less prepared to work
at greater cost. Rats with PPTg QUIN lesions showed increases in breaking point
compared to controls. These data are consistent with the hypothesis that the PPTg is
an important site mediating reward-related output from the ventral striatal-ventral
pallidal axis. The data also suggest however that different neuronal elements within
the PPTg have different functions with regard to reward-related responding.

EXCITOTOXIC LESIONS OF THE PEDUNCULOPONTINE
TEGMENTAL NUCLEUS IN RATS: EFFECTS ON ORAL STEREOTYPY,
ORIENTATION AND STARTLE RESPONSES. L.F. Allen.* M.P. Latimer.
P. Redgrave and P. Winn School of Psychol., Univ. St Andrews, Fife, Scotland
KYI6 9JU and (PR) Dept. Psychol, Univ. Sheffield, Sheffield S10 2TN, UK.
Bilateral ibotenate (IBO) lesions of PPTg increase the incidence of biting elicited
by <-amplh:tamine (AMPH) injected systemically or into ventrolateral caudateputamen (VLCP). The present experiment examined which elements of PPTg are
involved in mediating this. To do this the effects of different kinds of PPTg lesion
on biting induced by injections of AMPH into VLCP were determined (5, 10, 2Opg
AMPH and vehicle control injection; O.Sjpt/hemisphere via 3Oga cannulae, O^^pl6Osec). In addition, the effects of the lesions on startle responses to overhead
threat, orienting to tactile stimulation and locomotion were assessed. The
following groups were tested, bilateral IBO lesioned; bilateral quinolinate (QUIN)
lesioned; PPTg microknife undercut; sham lesioned (each excitotoxin: 0.12M: 2 X
O.2pl injections/hemisphere; sham lesions 2 X O.2pl PBS). Both IBO and QUIN
destroy cholinergic PPTg neurons but QUIN is thought to have less effect on noncholinergic neurons (Rugg E.L. et al. 1992 Brain Res. 589:181-193). Microknife
lesions were intended to destroy descending outflow from PPTg. Sham lesioned
rats showed dose dependent biting in response to intra-VLCP AMPH. Biting was
directed at the cage floor and paws. Neither QUIN nor knife cut lesions had a
substantial effect on this but IBO lesions significantly enhanced biting after VLCP
stimulation. All lesions attenuated the startle response to overhead threat but none
affected locomotion measured in photocell cages. Orientation to tactile stimulation
was unaffected by IBO lesions but QUIN and microknife lesioned rats showed
significant deficits. These data suggest that different neuronal groups in PPTg and
local fiber systems are involved in the mediation of biting elicited from the VLCP
by AMPH, orientation and startle responses.
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DELIVERY OF MUSCIMOL TO THE SUBTHALAMIC NUCLEUS OR
KYNURENIC ACID TO THE GLOBUS PALLIDUS OF HEMIPARKINSONIAN
MONKEYS M.K.Home, D.W. Bourke. D.I. Finkelstein*and E.G. Butler Dept,
of Anatomy, Monash University, Australia, 3168.
The MPTP-monkey is the best animal model of human Parkinson’s disease (PD),
sharing many of the clinical, electrophysiological and neuropathological
characteristics. Recent evidence suggests that neural activity in the subthalamic
nucleus (STN) and globus pallidus internus (GPi) is overactive in PD, playing a
pivotal role in the production of bradykinesia. The STN is presumed to receive
GABAergic inhibitory input from globus pallidus externus (GPe). It has been
proposed in PD that the inhibitory input from GPe is reduced. From these
observations it was predicted that bradykinesia could be reversed by local
administration to the STN of muscimol, a reversible GABA agonist, or by
administration to GPi of kynurenic acid, an excitatory amino acid antagonist. A
recording chamber was affixed in 3 cynomolgous monkeys, allowing access to both
the STN and GPi before and after intracarotid MPTP administration. The limits of
STN and GPi were identified by known electrophysiological criteria and confirmed
histologically. 1-2 of 1 mg/ml muscimol was injected into different areas of the
STN on different days using a Hamilton syringe which was configured to also allow
simultaneous multi-cell recordings. At other times 2-4
of 25 mg/ml kynurenic
acid was injected into GPi. Changes in movement were videotaped. With
muscimol injection into STN in naive and hemiparkmsonian monkeys there was
production of torticollis and truncal dystonia in a contralateral direction to the side
of the injection. This first appeared 10-90 min later, but no dyskinesia was
observed, and bradykinesia was not alleviated. Kynurenic acid injections and N
saline controls produced no clinical change. These results are at variance with
earlier reports of reversal of Parkinsonism following neuronal blockade of the STN
and GPi, and cast doubt on the validity of current theories regarding the mechanism
of bradykinesia.

327.14
CHARACTERISTICS OF BURSTING NEURONAL ACTIVITY IN GLOBUS
PALLIDUS EXTERNUS IN PARKINSON'S DISEASE (PD) PATIENTS.
D. Sterio* &ABerib. Department of Neurology, NYU School
of Medicine;, Hospital for Joint Diseases, New York, NY
Experimental studies suggest that the loss of striatal dopamine in MPTP animals results in increased
inhibition of the globus pallidus externus (GPe) manifested by highly irregular, bursting cell activity. We
hypothesized that the bursting activity of GPe neurons
could be low-threshold calcium spike (LTS) bursts.
Neuronal activity of 347 cells from the GPe in PD
patients prior to postero-ventral pallidotomy was
recorded. We analyzed single cells' discharge patterns
during rest in 37 awake PD patients suffering from
bradykinesia and rigidity, rather than tremor.
Neurons in the GPe exhibited mainly two types of
activity: 1) highly irregular, low-frequency discharges with occasional brief, high-frequency bursts;
bursts usually consisted of 2-5 spikes, with interspike intervals within the bursts ranging from 4-7ms;
and the first spike in the burst was often of higher
amplitude. 2) high-frequency, long-lasting bursts
interrupted by relatively long pauses; bursts consisted
of 15-30 spikes with interspike intervals within the
bursts ranging from 2-15ms; interburst intervals ranged
from 140-200ms. Contrary to our hypothesis we found
only a few cells with low threshold calcium spike
bursts in the GPe. The majority of recorded GPe cells
exhibited different types of bursting activity.

327.15

327.16

LEFT-RIGHT THRESHOLD DIFFERENCES DURING PRE-PALLIDOTOMY
ELECTRICAL STIMULATION IN PARKINSON'S DISEASE PATIENTS.
f. BeriQ*« M. Pogali 4P. Sterio, Department of
Neurology, NYU School of Medicine;, Hospital for Joint
Diseases, New York, NY
We hypothesized that human handedness might be
associated with differences in the excitability of the
motor system. The globus pallidus (GP) was electrically
stimulated in 36 right-handed Parkinson's disease
patients prior to unilateral posteroventral pallidotomy.
We found that electrical stimulation of the GP target
elicited two principal responses: contractions of the
contralateral hand due to the spread of current towards
the internal capsule and flashing lights in the visual
field due to the spread of current towards the optic
tract.
The electrical stimulation threshold intensities that
elicited contralateral hand contractions were
significantly lower (p<0.0003) in the left GP (mean
=4.7V; n=l7) than in the right GP (mean =6.6V; n=l5). We
also found that in four patients undergoing bilateral
pallidotomy, threshold intensities that elicited motor
responses were lower with stimulation of the left GP
target. We did not find left vs. right visual threshold
differences in our seven patients who showed had such
responses. The lower threshold for the left-hand muscles
is probably related to the asymmetry of
corticomotoneuronal monosynaptic connections.

A MODEL OF PARKINSON’S DISEASE PATHOPHYSIOLOGY
BASED ON COUPLED OSCILLATORS Erwin B. Montgomery, Jr/

327.17
SYNAPTIC PLASTICITY IN THE STRIATUM OF PATIENTS WITH
PARKINSON'S DISEASE. P. Analade. A. Mouatt-Priaent. Y. Aaid and
E.C. Hirsch*. INSERM U289, Hdpital de la SalpStridre, 75013 Paris,
France.
The loss of dopaminergic neurons in the substantia nigra in
Parkinson's disease may provoke reorganization of the cellular
interactions in the nigrostriatal pathway. Indeed, a plasticity of
putative corticostriatal synapses has been evidenced in the striatum
of rats with a 6-hydroxydopamine-induced lesion of the substantia
nigra. However, to our knowledge, the involvement of synaptic
plasticity in the striatum has not previously been investigated in
Parkinson's disease. In our study, involving three control subjects
and three parkinsonian patients, we analyzed at electron microscope
level the asymmetric synapses formed by the afferents with the
head of dendritic spines of striatal neurons by measuring
morphological indexes of synaptic activity. The length of
postsynaptic densities and the number of perforated synapses were
significantly increased (24 and 88%, respectively) in the
parkinsonian patients; the size of these afferents and the surface
occupied by their mitochondria also showed an increase (24 and
50%, respectively), although not statistically significant. The size
and density of dendritic spines were unchanged. These data indicate
the presence of plasticity of the putative corticostriatal synapses in
Parkinson's disease, and suggest hyperactivity of cortical afferents
to GABAergic neurons. It may be further hypothesized that an
increased activity of the corticostriatal pathway may participate in
the clinical symptoms of Parkinson's disease.
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Dept. of Neurology, Uni. of Arizona, Tucson, AZ 85724.

A computer model of the

basal ganglia-ventrolateral thalamic

(VL)-motor cortex (MC) circuit was constructed from neurons with
synaptic inputs modified by a synaptic weights (SW), an intrinsic
excitability (IE), and a decaying memory that allowed for temporal

summation of inputs. Initial SWs and lEs were chosen such that
neuronal activity approximated those found in primate recordings.

Changes in the IE of putamen (PT) neurons consistent with
dopamine depletion produced oscillations within the circuit.
Oscillations resulted from the interplay between the globus pallidus
interna (GPi)-VL-MC and the MC-subthalamus (STN)- GPi portions
of the circuit and depended on the decaying memory.

These

oscillations stopped with a phasic input into the MC neuron and
depended on the MC-PT-globus pallidus externa (GPe)-STN-GPiVL portion of the circuit. The oscillations returned when the pulse
stopped in a manner analogous to resting tremor stopping with
movement.

Multiple independent circuits were cross-coupled by

neurons modeling PT cholinergic intemeurons.

This resulted in

synchronization of oscillations across the circuits and degradation
of phasic pulses injected into the circuits. This model extends
current models by using a common mechanisms to explain resting
tremor, bradykinesia and the effects of anticholinergic medications

that have not been explained by current models.

327.18
ABNORMALITIES OF MOTOR CORTEX ORGANISATION IN
PATIENTS WITH PARKINSON’S DISEASE. J C Rothwell*. M C Ridding.
R Inzelherg. G Sheean. MRC HMBU, Institute of Neurology, Queen Square,
London WC1N 3GB, UK.
With transcranial magnetic stimulation it is now possible to investigate
some of the intra-cortical connections between areas of the motor cortex.
Two stimuli are given through the same figure of 8 coil at inter-stimulus
intervals of 1 to 6ms. If the first stimulus is sub-threshold for producing any
motor activity in voluntarily active target muscles, it can suppress the
response to a second, supra-threshold stimulus. The suppression is thought
to occur through activity in cortico-cortical connections since spinal cord
reflexes are unaffected, or even facilitated by the conditioning stimulus.
In patients with Parkinson's disease studied 12 hours after withdrawal of
their normal therapy, responses were suppressed to only 90 ± 33% (mean ,f
SE) (n^ll) of control values at inter-stimulus intervals of 1 to 6ms,
compared with suppression of 6l± 21% (n=lO) (P <O.O5) in normal aged
matched controls. The threshold for magnetic stimulation of the motor cortex
was the same as in the normal control group. Preliminary data suggests that
abnormalities in cortical inhibition also occur in patients with torsion
dystonia, but not in patients with cerebellar deficits (Ugawa et al, 1994).
We suggest that abnormalities in the output of the basal ganglia in patients
with Parkinson's disease may change the excitability of interneurones in the
motor areas of cortex, leading to a net decrease in the amount of corticocortical inhibition. This may contribute to the reduced selectivity of motor
cortical cell discharge which has been observed in primate models of
Parkinson’s disease. It may also contribute to some forms of dyskinesias in
patients with Parkinson's disease.
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TREMOR-RELATED ACTIVITY (TRA) IN GLOBUS PALLIDUS OF
PARKINSON'S DISEASE (PD) PATIENTS. W.D. Hutchison, AM. Lozano.
ZB.T. Kiss, K.D. Davis, AE. Lang*, RR. Tasker, J.Q. Dostrovsky. Dept. of
Physiology, Univ. of Toronto, and Div.'s. of Neurosurgery and Neurology,
The Toronto Hospital, Ontario, Canada.
Recent studies in human and non-human primates suggest that a central
oscillator may be involved in genesis of tremor in PD. Although the motor
thalamus (Vop, Vim) is believed to play a major role, little is known
concerning the involvement of the globus pallidus (GP) in tremor
mechanisms. The aim of the present study was to determine whether TRA
is present in GP of PD patients. Microelectrode recording and
microstimulation (300 Hz, 50-100 uA, 0.1 ms p.w., 2 or 4 s train) were carried
out for functional localization in patients prior to stereotactic pallidotomy,
while measuring EMG activity in contralateral wrist flexors/extensors, and
foot dorsiflexors. In 6 patients, 22 neurons were identified that had
oscillations in firing rate in synchrony with the tremor-generated EMG. All
these TRA neurons were located in the internal segment of the GP (GPi) and
most were in its ventral portion (3-6 mm from optic tract). Most of the TRA
neurons had high rates of spontaneous ongoing activity (mean ± s.d.; 95 ±
29 Hz), and had no or only very weak responses to voluntary and passive
movements of the limbs. In one patient, microstimulation in posteroventral
GPi caused tremor arrest in the contralateral arm and leg lasting up to 25 s.
In this same patient, microstimulation in the anterior portion of GPi had no
effect on tremor. The identification of TRA neurons in GPi and observations
of tremor reduction from microstimulation in GPi suggests that the basal
ganglia may be involved in mediating the tremor of PD.
Supported by The Parkinson Foundation of Canada.

ATTENTION DEFICIT HYPERACTIVE DISORDER AND HANDEDNESS.
D. Panich (lh: T. J. Snyder (2); and S. L. Schmidt C.3) *. Department
of Psychology, University of Alberta, Canada (1) ; University of
Alberta Hospitals , Canada (2); Universidade do EsSado do Ro de
Janeiro, Brazil (3).
Both lateralized motor control and attention-deficit
hyperactivity disorder (ADHD) have been found to be associated
with anatomical and functional asymmetry of the basal ganglia.
This study investigated the relationship between handedness and
ADHD. A preliminary analysis of consistency of hand preference,
assessed with a 7 item inventory, showed that most of the patients
(87%, N=31) could be classified as consistent right-handers. In 14
consistent right-handed ADHD boys (average age 9y, VIQ =107,
PIQ =110), the relative proficiency of each hand was assessed,
with three different tests of motor ability: Grip strength (gross motor
skiilss, finger tapping (fine motor skills ), and grooved pegboard
(fine visually guided motor skills). The performance of the ADHD
patients was compared with those obtained by 10 control boys
(average age 9y, VIQ= 114, PIQ=ll4). A multivariate anay^^s
showed a tendency to reject the hypothesis that ADHD patients
and controls did not differ on the three measures of handedness
(Hotelling's t 2 = 0.35). The univariate tests for the individual
variables showed a significant effect of ADHD on the laterality
index of grooved pegboard (F= 6.12; d.f.= 122; P=0.02) and an
absence of any effect on the other two indexes. These data
suggest that lateralized fine motor control, especially dexterity,
may be selectively affected.
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IMMUNOCYTOCHEMICAL IDENTIFICATION OF ELECTROPHYSIOLOGICALLY CHARACTERIZED NEURONS IN THE GUINEA PIG
SUBSTANTIA NIGRA IN VITRO. C.D. Richards. J.F. O'Callaghan.
S.A. Greenfield. E. F. Johnson* and S.T. KitaU University of Tennessee,
College of Medicine, Dept. of Anatomy and Neurobiology, Memphis, TN 38163 and
University Dept, of Pharmacology, Mansfield Road, Oxford OX1 3QT, UK.
It has recently been reported that the rat substantia nigra contains two electrophysiological types of dopaminergic neurons, one with (Type I neurons) and one without
(Type II neurons) a low-threshold calcium conductance (LTS). In the guinea pig
substantia nigra, neurons also possessing an LTS have been described. This study was
to investigate the phenotype of these three classes of neuron in the guinea pig using
immunocytochemistry.
Intracellular electrophysiological recordings were performed in slices of midbrain
(400 pm thick) containing the substantia nigra using electrodes containing 0.05%
biocytin. Neurons were classified as ‘Type I' or ‘Type II’ based upon the presence or
absence of an LTS and, in both cases, the presence of the anomalous rectifier (Ih), the
delayed rectifier (Ia ), broad action potentials (around 2 ms) with pronounced afterhyperpolarizations (AHPs), and slow, rhythmic firing. ‘Phasic neurons’ were classified
as also possessing an LTS, but had shorter duration action potentials with less
pronounced AHPs, a small I, and faster, more phasic firing. After electrophysiological characterization, the neurons were injected with biocytin and the slices
containing the labeled neurons were processed for immunocytochemistry using AvidinTexas Red to reveal biocytin, and FITC to reveal tyrosine hydroxylase. Type I and
Type II neurons were double-stained for biocytin and tyrosine hydroxylase, confirming
them as dopaminergic, while no phasic neurons have yet been double-labeled. This
study shows that phasic neurons are distinct from Type I and Type II neurons.
Supported by USPHS Grant NS 20702 and the Human Frontiers Science Program, and
also by Bristol-Myers Squibb. CDR holds an MRC (UK) studentship.

DIFFERENTIAL SYNAPTIC INNERVATION OF STRIATAL NEURONES
PROJECTING TO THE INTERNAL OR THE EXTERNAL SEGMENTS OF
THE GLOBUS PALLIDUS BY THALAMIC AFFERENTS IN MONKEYS.
M. Sidibl* and Y. Smith. Centre de Recherche en Neurobiologie, Fac. de
M6decine, Hop. de 1Enfant-J6sus and Univ. Laval, Quebec, Canada.
It is well established that the centromedian nucleus (CM) is the major source of
thalamic afferents to the sensorimotor territory of the striatum in monkeys.
However, the projection site of striatal neurones contacted by thalamic afferents still
remains to be determined. We therefore carried out a study that aimed at elucidating
the hodology of striatal neurones that receive input from CM in squirrel monkeys.
Our approach was to combine the anterograde transport of Phaseolus vulgarisLeucoagglutinin (PHA-L) from CM with the retrograde transport of biotin-dextran
(bio-dex) from the internal (GPi) and the external (GPe) segments of the globus
pallidus. Following CM injections, rich plexuses of anterogradely labelled thin
varicose fibres aggregated in the form of bands that were confined to the postcommissural region of the putamen. On the other hand, injections of bio-dex in
GPe or GPi led to profuse retrograde labelling of a multitude of medium-sized spiny
neurones. In the cases where the injections of bio-dex involved the sensorimotor
territory of GPe or GPi, the retrogradely labelled striatopallidal cells and the
anterogradely labelled thalamostriatal fibres occupied the same territory in the
putamen. Although striatal neurones labelled after GPi injections were in register
with the bands of anterogradely labelled thalamic fibres; injection in GPe led to
clusters of retrogradely labelled cells that were segregated from the zones of dense
anterograde labelling in the dorsolateral putamen. However, other groups of GPeprojecting cells located more ventrally closely overlapped bands of thalamic fibres.
Electron microscopic analysis of striatal regions containing both the anterogradely
labelled thalamic afferents and the retrogradely labelled cells, revealed that terminals
from CM form asymmetric synapses frequently with dendritic shafts and spines of
striato-GPi cells but rarely with those of striato-GPe cells. In conclusion, our
findings demonstrate that thalamic afferents from CM innervate preferentially
striatopallidal neurones projecting to GPi in monkeys. (Supported by MRC and
FRSQ).

328.3

328.4

DOPAMINE AND
GLUTAMATE
RECEPTOR
SUBTYPE
DISTRIBUTION IN THE RAT SUBSTANTIA NIGRA. J. A Whittaker.*
J.W. Patrickson and K.H. Thomas. Department of Anatomy, Morehouse
School of Medicine, Atlanta, GA 30310-1495.
A number of in vitro studies have shown that dopamine (DA) facilitates
excitatory amino acid (EAA) responses in neural tissues (Knapp and
Dowling, Nature, 325, 437,1987). However, not much is currently known
about the functional inter-relationships of these two transmitter systems in
the zona compacta of substantia nigra (SNc).
To address this problem, patterns of differential expression of dopamine
(DA) and glutamate (Glu) receptor subunits were studied in parasaggital rat
brain slices using immunocytochemical methods. Commercially available

COMPARISON OF DOPAMINERGIC INPUT TO ENK+ VS. SP+ STRIATAL
NEURONS AT THE EM LEVEL E.J. Karle*. K.D. Anderson and A. Reiner.
Dept. of Anat. & Neurobiol., Univ. of Tenn., Memphis, TN, 38163.
Enkephalinergic (ENK+) and substance P-containing (SP+) striatal
neurons respond differently to dopaminergic input.
Little is known,
however. regarding similarities and differences between the dopami-

primary antiixodies directed against the respective subunit types (Chemicon,
CA) were utilized for these morphological studies. FITC-labelled D2/D3
receptor immunoreactivity was observed in a homogeneous pattern of
distribution throughout the SNc. The EAA metabotropic GluR 2/3 receptor
subtypes were expressed primarily among the larger DA projection neurons.
In addition, GluR 2/3 and D2/D3 receptors appeared to be co-expressed in
some DA neurons. No significant levels of GluR 4 receptor expression was
observed in the SNc. These results strongly suggest that the co-expression
of specific DA and Glu receptor subtypes in the SNc neurons most likely
determine functional interactions that result in unique ionic gating properties
which may subsequently account for the increased observed sensitivity to
EAA toxicity. Supported by NIH/RCMI RRO3O34.

nergic input to ENK+ and SP+ striatal neurons. Therefore, we investigated this input in pigeons, in whom ENK+ and SP+ striatal neurons
can be readily immunolabeled. Our goal was to determine whether
dopaminergic inputs differed in either abundance or distribution on
ENK+ versus SP+ neurons. Neurons were labeled with diaminobenzidine using antibodies against either leucine-enkephalin or SP. Dopaminergic terminals in the striatum were labeled with silver-intensified immunogold using antibodies against tyrosine hydroxylase (TH).
Our results showed that TH+ terminals formed appositions and synapses with dendritic spines, distal and proximal dendritic shafts, and
perikarya of ENK+ and SP+ striatal neurons. There was a similar distribution of more distal than proximal TH+ input on both types of neurons. The TH+ terminals seemed to be usually as abundant on the ENK+
neurons as on the SP+ neurons. In conclusion, both ENK+ and SP+
neurons receive direct dopaminergic input, and do not seem to differ
substantially in the distribution and relative abundance of dopaminergic terminals contacting them. This suggests that most differences in
response to dopaminergic input between these neurons are probably
due to differences in receptor subtypes, not to morphological differences in dopaminergic input. Since birds and mammals are similar in
basal ganglia structure, this should also be true of striatal medium

spiny neurons in mammals.
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LOCALIZATION OF GLUTAMATE RECEPTOR SUBUNITS ON SPECIFIC
STRIATAL NEURON TYPES IN RAT - A DOUBLE-LABELING STUDY. &
Chen*. C.L. Veenman. A, Reiner. Dept. AnaL & Neurobiol., Univ. of Tennessee,
Memphis, TN 38163.
Glutamate jreceptors are composed of subtype specific subunits. Variation in the precise subunit composition of a receptor may result in significant functional differences.
A precise knowledge of subunit composition on striatal neurons is a prerequisite for
understanding the selective vulnerability of striatal neurons to excitatory amino acids.
In the present study, we used an immunohistochemical double-labeling approach to
localize glutamate receptor subunits on specific striatal neuron populations. Receptor
subunits were recognized by selective antibodies for GluRl, GluR2/3, GluR4
(Chemicon), GluR5,6,7, and NMDAR1 subunits (Pharmingen); striatal somatostatin
(SS) and parvalbumin neurons were labeled with specific antibodies for their defining
peptide or protein; and substance P (SP) containing striatonigral neurons were retrogradely labeled with fluorogold injection into substantial nigra. Our results showed
that numerous striatal neurons were immunoreactive to GluR2/3, GluR5,6,7 and
NMDAR1 antibodies while only a small percent of the neurons were labeled with
GluRl or GluR4 subunit antibody. In striatum, all parvalbumin intemeurons expressed GluRl subunits, while 90% GluRl subunit + neurons were parvalbumin neurons. In addition, 98% of parvalbumin neurons expressed GluR2/3 subunits. SS intemeurons and SP striatonigral neurons did not express GluRl subunits. 98.4% of SP
striatonigral neurons expressed GluR2/3, while 63.8% GluR2/3 subunit + neurons
were SP striatonigral neurons. 45% of SP striatonigral neurons expressed GluR5,6,7
while 53.5% GluR5,6,7 subunit + neurons were SP striatonigral neurons. Our results
indicate that there is a high degree specificity in the subunit composition of specific
striatal neuron types. Such findings will be beneficial for understanding the selective
vulnerability of striatal neurons to excitatory amino acids. NS-19620, NS-28721 (AR)

METABOLIC MAPPING OF SUBSTANTIA NIGRA EFFERENTS
REVEALS TWO GABA-SENSITIVE SYSTEMS. L.L. Brown*. ,L

and UT, Neuroscience Center of Excellence (QC).

Veliskova. S.L. Moshe.

Department of Neurology, Albert Einstein

College of Medicine, Bronx, NY 10461.

Previous studies have shown that bilateral infusions of the GABAa

agonist, muscimol, into the substantia nigra reticulata (SNR) can

modify seizures. To determine the efferent influences of the SNR
that modify seizures, we used 14C deoxyglucose (DG)
autoradiography and local infusions of muscimol. Twenty adult
male rats were used.

Through implanted unilateral cannulae,

muscimol was locally infused in the SNR; control groups received

saline in the SNR or muscimol dorsal to the SNR.

DG

autoradiography was carried out according to the methods of
Sokoloff et al., 1977.
j I)

Muscimol injections (100 or 1000 ng in 0.25

in the anterior third of the SNR decreased glucose utilization in

the Vm thalamus, layer IV of the cortex, and neostriatum. In

contrast, muscimol injections into the posterior SNR increased
glucose utilization in the striatum and globus pallidus, and did not
affect layer IV of the cortex.

Both anterior and posterior injections

increased glucose utilization in the deep layers of the superior

colliculus. The results suggest that there are two distinct GABAsensitive populations of cells in the SNR that have both similar and

divergent efferent targets. The results are consistent with recent
findings that posterior SNR infusions of muscimol are proconvulsant
while anterior infusions are anticonvulsant.

328.7

328.8

DECREASED DENSITY OF CHOLINERGIC INTERNEURONS IN THE STRIATUM OF SCHIZOPHRENICS.
D.J.Holt*. A.M.Gravbiel, T.M Hvde. M.M. Herman. J.E. Kleinman,
D.C.German. C.B.Saper. Comm, on Neurobiol., Univ. of Chicago IL
60637; Beth Israel Hosp., Harvard Med. Sch. Boston, MA 02115: Dept.
Brain and Cogn. Sci., MIT, Boston, MA 02139; NIMH Neurosci. Ctr.
at St. Eliz.,Wash., D.C. 20032; Univ.of Texas SW. Dallas, TX 75235.
Schizophrenia is a chronic thought disorder with features shared by
many neurologic degenerative conditions. However, cellular
neuropathology that consistently distinguishes schizophrenic brains from
normal controls has been difficult to establish. We examined human
striatal sections from a series of schizophrenic and normal subjects by
means of immuno-histochemistry with an affinity-purified antibody to
human choline acetyltransferase (ChAT) (see Holt et al., Soc Neurosci
Abstr 18:307, 1992; ibid 19:1435, 1993). We observed regional losses
of ChAT-positive perikarya in the schizophrenic striata. The cholinergic
cell loss varied in location in different schizophrenics but tended to
involve prominently the ventral portions of the striatum. In the regions of

MOTOR CORTICOSTRIATAL SYNAPSES WITH D1 AND D2
RECEPTOR IMMUNOREACTIVE NEURONS IN THE RAT
NEOSTRIATUM. S.M. Hersch*. C.-A. Gutekunst. B.J. Ciliax. H.R.
Rees. H. Yi. A.I. Levey. Dept, of Neurology, Emory Univ. School of
Medicine, Atlanta, GA 30322
Cerebral cortical afferents provide rich bilateral synaptic input to
the striatum. However, little is known about their relationships with
heterogeneous postsynaptic targets. We examined ipsilateral and
contralateral motor corticostriatal (CST) synapses with subpopulations
of dendrites and spines expressing Dl or D2 dopamine receptor
immunoreactivity (Levey et al., 1993, PNAS 90:8861-5). Ipsilateral
CST were labeled by lesion-induced degeneration following aspiration
lesions of motor cortex (Frl, Fr3, FL, & HL) while contralateral CST
afferents were labeled with injections of biotinylated dextrans (BD).
Using montaged electron micrographs, counts were made of all labeled
and unlabeled CST afferents as well as D1 or D2 spines and dendrites in
the striatal neuropil. In D1 montages, 43% of dendritic profiles and
44% of spines were labeled. In D2 montages, 36% of dendritic profiles
and 48% of spines were labeled. Degenerating and BD-labeled axon
terminals formed asymmetrical synapses primarily with spines, but also
with dendritic shafts. Ipsilateral CST afferents formed about 9% of
synapses in the striatal neuropil, while contralateral CST formed about
4.5%. Ipsilateral CST formed significantly more synapses with D1 than
D2 dendrites (65% vs 47%, p = .002). Contralateral CST synapses were
in equal proportions with D1 and D2 dendrites and an unexpectedly
large number were axodendritic. These results indicate that motor
cortex synapses differentially with striatal neurons expressing D1 and
D2 receptors and that ipsi- and contralateral CST projections have
differing synaptic relationships. Supported by NS01624, NS31937.

cell loss, decreases in the density of cholinergic fibers were also evident
Adjacent sections stained immunohistochemically for calbindin exhibited
a normal organization of neuropil and perikarya. Thus, the abnormality
in the striatal cholinergic system in these schizophrenic cases is not likely
to be due to a generalized destructive process that affects all striatal cell
types or the architecture of the striatum. Since the schizophrenic patients
had received neuroleptics, a treatment effect cannot be excluded in this
study. Alternatively, the regional decrease in the density of striatal
cholinergic intemeurons may be a primary effect of the disease related to
some of the variability in the clinical features of schizophrenia.

328.9

328.10

MIDBRAIN DOPAMINERGIC NEURONS IN THE MOUSE: COMPUTERASSISTED MAPPING. E Nelson, C.-L. Uanq and D.C. German*. Dept, of

MORPHOLOGICAL CHANGES IN MET5-ENKEPHALINIMMUNOREACTIVE SYNAPTIC BOUTONS IN THE RAT NEOSTRIATUM
AFTER HALOPERIDOL DECANOATE TREATMENT. M.J. Munster! C.A.
Ingham2, G.E. Meredith*1 and G.W. Arbuthnott2 Graduate School of Neuroscience, Vrije Universiteit, Dept, of Anatomy, Amsterdam, Netherlands and 2Dept. of Preclin. Veterinary Sciences, Univ. of Edinburgh, Scotland, U.K.
Neuroleptics are used clinically as anti-psychotic drugs. They block Dopamine
type 2 (D2) receptors and it has been suggested that the striatum is their main
target area. Since the anti-psychotic effect takes a few weeks to develop, we
speculate that the underlying mechanism could be a morphologic change in the
target neurons of the dopaminergic pathway to the striatum. These target
neurons include projection neurons which express D2 receptors and preproenkephalin (PPE) mRNA. Neuroleptic treatment produces major increases in
PPE mRNA and in the peptide enkephalin and its release, probably via the D2receptor. Dopamine depletion alters enkephalin metabolism similarly and
changes the morphology of enkephalin-immunoreactive (ENK-ir) synaptic boutons. We investigated the hypothesis that morphological changes occur in the
enkephalin containing synaptic boutons in response to neuroleptic treatment as
well as investigating the time-delay of such a change. Rats were treated with
Haloperidol Decanoate (HalDec), either short-term (24 hrs.) or long-term (14
days) and morphological features of Met5-ENK-ir boutons were compared to
those of control animals. We observed a significant increase in cross-sectional
area of ENK-ir boutons in long-term HalDec-treated animals compared to
their controls and a smaller (not-significant) increase in cross-sectional area
after short-term treatment. Furthermore, the circularity of ENK-ir boutonprofiles was decreased and their longest diameter was increased after long-term
HalDec treatment and not after short-term treatment. This observation suggests
an elongation of ENK-ir bouton profiles after long-term HalDec treatment.

Psychiat., UT Southwestern Med. Cntr., Dallas TX 75235.
The midbrain dopaminergic (DA) neurons play an important role in the
regulation of movement. A loss of these neurons contributes to the

symptoms of Parkinson’s disease (PD). The mouse has been used to

produce an animal model of PD because some of these neurons degenerate following treatment with the neurotoxin 1 -methyl-4-phenyl-l ,2,3,6-tetrahydropyridine (MPTP). The purpose of the present study was to map
and quantify the number of DA neurons in nuclei A8, A9 and A10 in two

mouse strains; the C57BLV6J strain which has been used in many MPTP

studies, and the FVB strain that is useful for transgenic manipulations.

Three mice of each strain were sacrificed, the brains were blocked in a

coronal plane, and frozen sections were cut at 20 pm thickness. DA
neurons were identified, in every 5th section, using an antibody against

tyrosine hydroxylase. Cell locations were entered into a computer imaging

system. The FVB strain has 15,097 ± 477 neurons (mean ± SEM), and
the C57BL/6J strain has 10,671 ± 315 neurons. In both strains, approxi-

mately 10% of the neurons are located in nucleus A8, 40% in nucleus A9.

and 50% in nucleus A10. The midbrain DA cell maps will be useful for
future studies that seek to quantify the location of cell loss following treatments with neurotoxins like MPTP.
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ULTRASTRUCTURAL FEATURES OF THE DEVELOPING AND ADULT
HUMAN STRIATUM. R.C. Roberts1*. C.E. Strain-Saloum1, L.A. Gaither*. F.J.
Perretti2 and R.D. Vigorito'. Maryland Psychiatric Res. Center1. Depts. of Pathology*
and Pediatrics', Univ. of Maryland School of Medicine, Baltimore, MD 21228.
Ultrastructural observations from the human brain are scarce due to difficulty in
obtaining tissue with short post mortem intervals. Brains from control second
trimester fetuses and adults obtained at autopsy with postmortem intervals less than
3.S hours were fixed in 4% paraformaldehyde and 1% glutaraldehyde. Fetal brains
(17-20 wks gestation, n=4) were obtained from the University of Maryland Brain
and Tissue Bank for Developmental Disorders, whereas adult brains (mean age=
49yrs, n=4) were obtained from the Maryland Brain Collection. Tissue from the
striatum was processed for the immunocytochemical localization of calbindin or
tyrosine hydroxylase (TH) and subsequently processed for electron microscopic
analysis. At the ultrastructural level, fetal striatum was characterized by varied cell
types, growth cones, processes, large extracellular spaces and few synapses.
Calbindin labeled cells and processes were present in the fetal caudate and putamen.
Most labeled cells were medium-sized and contained a large nonindented nucleus.
Synapses were present on calbindin labeled neurons. Proximal processes were
heterogeneous in shape and size, tortuous and ranged from 0.5-5.0/im in diameter.
Labeled processes throughout the neuropil were also of varied morphologies and
sizes. TH labeled fibers of various sizes and morphologies were present throughout
both the putamen and caudate. Some labeled profiles appeared to form synapses. In
the adult striatum, the proportion of axospinous and axodendritic synapses to total
synapses (87.5+6.4% and l2.3_+6.2%, respectively) was similar to that found in
rats. The proportion of perforated synapses (23.1+6.2%) to total synapses was
greater in humans than in rats. Throughout the striatum, calbindin immunoreactivity
(-i) was present in neuronal somata, myelinated axons, spines and dendrites. TH-i
was largely present in unmyelinated beaded fibers. Supported by grants from HDSA
and Scottish Rite (RR).

328.12
ULTRASTRUCTURAL CORRELATES OF HALOPERIDOL-INDUCED ORAL
DYSKINESIAS IN RAT STRIATUM. L.A. Gaither. C.A. Tamminga. X.-M. Gao.
S.M.Kashvap, G.K. Thaker* and R.C. Roberts. Maryland Psychiatric Res. Cntr.
Dept. of Psychiatry, Univ. of Maryland School of Medicine, Baltimore, MD 21228.
Neuroleptics given chronically to rats induce behavioral sequelae which mimic
tardive dyskinesia in some respects. The intent of this study was to investigate the
correlates of oral dyskinesias in rats (vacuous chewing movements [VCMs]), induced
by chronic haloperidol treatment, with ultrastructural changes in the striatum. After
6 months of treatment (2.5mg haloperidol/100ml drinking water) rats were divided
into low (< 10VCMs/5 min, n=15) and high (> lOVCMs/5min, n=13) VCM
groups. Rats in the high VCM group were either sacrificed on drug (n=6) or were
withdrawn (n=7) from drug for 4 wks (VCMs diminished to <2/5min). Ultrastructural analysis of the striatum indicated that 1) synaptic density (mean ± sd/22^nf)
was significantly decreased in both the low (5.O± 1.5, p< .05) and high (4.1 ±0.4,
p < .005) VCM groups compared to normal (water-treated controls, 6.6 ± 1.5); 2) was
more profoundly decreased in the high VCM group as compared to the low VCM
group (p < .05); and 3) recovered to normal following drug withdrawal (5.7 ±0.9).
Compared to controls (5.9 ± 1.4) the density of asymmetric synapses was reduced by
a similar magnitude in both the low (4.1 ±1.3) and high (3.8±O.4) VCM groups,
suggesting that this change is a result of haloperidol treatment and independent of
VCMs. Conversely, the density of symmetric synapses was reduced compared to
normal (O.<6I±O.4), only in the high VCM group (0.31 ±0.04), suggesting that this
change is specifically related to the expression of VCMs. In addition, mitochondrial
profiles were hypertrophied and less frequent in the high VCM group (size,
O.24±O.O5Am*, p<0X)1; number, l2.8±2.6/22^mf, p<0^1) in comparison to
controls (size, O.l5±0.07/xn*; number, l6.2±4.8/22^nf); size but not number
recovered following drug withdrawal. This suggests that the mitochondrial changes
are related to the behavioral manifestations and partially recover following drug
withdrawal. Supported by grants from Scottish Rite and HDSA.

328.13

328.14

IMMUNOCYTOCHEMICALLOCALIZATION OF 3-HYDROXYANTHRANILIC
ACID OXYGENASE AND KYNURENINE AMINOTRANSFERASE IN THE
QUINOLINIC ACID-LESIONED RAT STRIATUM. K.E. McCarthy. R.C. Roberts
and R. Schwarcz*. Maryland Psychiatric Research Colter, Baltimore, MD 21228.
Under normal conditions, the biosynthetic enzymes of the neurotoxin quinolinic
acid (QUIN) and the neuroprotectant kynurenic acid, 3-hydroxyanthranilic acid
oxygenase (3HAO) and kynurenine aminotransferase (KAT), respectively, are present
in astrocytes. Both enzymes were now localized immunocytochemically in adult rat
striata (n=8) 1 week after a unilateral intrastriatal injection of QUIN (120 nmol).
At the light microscopic level, the lesion area, defined in Nissl sections as a region
of gliosis and extensive neuronal depletion, was characterized by different zones of
immunoreactivity. The central portion of the lesion, which occupied about half of
the total lesioned area, was characterized by lightly stained neuropil and decreased
numbers of lightly-labeled astrocytes; these cells were either swollen, or were smaller
than normal with a paucity of process staining. Within the peripheral lesion zone,
3HAO-i and KAT-i were heavily deposited in astrocytes, which were more abundant
and larger than on the contralateral side. In the transition zone, increased numbers
of 3HAO-immunoreactive (-i) and KAT-i astrocytes were present as compared to
normal. Preliminary quantitation from all subregions described above revealed that
there was an overall increase in the number of labeled glial cells in the lesioned
striata as compared to the contralateral side. At the electron microscopic level, the
pattern of 3HAO-i and KAT-i was normal in many respects, ie labeling was present
in astrocytic cell bodies and processes surrounding capillaries and synaptic profiles.
However, reactive astrocytes and hypertrophied astrocytic processes surrounding
capillaries were robustly labeled with both enzymes. Thus, the patterns of
immunoreactivity described here are consistent with biochemical data showing
increases in the activity of both enzymes in the striatum following QUIN lesions.
Supported by USPHS grant NS 28236 and a HDSA grant (RR).

HIGH DENSITIES OF ENKEPHALIN AND D2 DOPAMINE RECEPTOR
mRNAs ARE CO-DISTRIBUTED IN THE STRIATUM OF RATS BUT NOT
MONKEYS. B. Lavoie*. W. Lu and S.N. Haber Depart, of Neurobiology and
Anatomy, University of Rochester School of Medicine, Rochester NY 14642.
The striatum contains high levels of enkephalin (ENK) and D2 dopamine
receptor (D2R) mRNAs. In rodents, previous studies have demonstrated
that these two mRNAs are co-expressed in striatopallidal neurons. These
studies suggest that dopamine binding to the D2R modulates the activity of
the indirect basal ganglia pathway. The abundance of ENK-positive fibers in
the substantia nigra in primates, opposed to a few ENK fibers in rodent
substantia nigra, indicates differences in the organization of the striatofugal
projections between rodents and primates. In this study, adjacent sections
from rat and monkey striatum are processed for ENK or D2R mRNA using in
situ hybridization (ISH) histochemistry. The autoradiographs, analyzed by
computer-assisted image analysis, reveal that densities of these two
mRNAs is not uniform throughout the striatum in both rats and monkeys. In
rodents, the highest densities of ENK mRNA are observed in the
ventrolateral part of the striatum. This area also contains high densities of
D2R mRNA. In primates, the highest densities of ENK mRNA are found in
dorsal and lateral parts of the putamen. High densities of D2R mRNA have
a distribution similar to that of ENK mRNA In the rostral striatum. However,
in the caudal striatum the highest densities of D2R mRNA are observed
where low densities of ENK mRNA are observed. These results suggests
that in primates the mRNAs for ENK and D2R may not be co-localized in all
regions. Double ISH experiments are needed to determine the extent of
colocalization at cellular levels, in the monkey striatum. The lack of overlap
of high densities of ENK mRNA and high densities D2R mRNA densites in
some regions of monkey striatum represents another difference in the
organization of striatofugal projections between rodents and primates.
(Supported by NS22511, MH45573 and Lucille P. Markey Charitable Trust)

328.15
CELLULAR ORIGIN OF THE ENKEPHALINERGIC STRIATONIGRAL
PROJECTION IN MONKEYS.
S.N. Haber*. W. Lu and B. Lavoie
Department of Neurobiology and Anatomy, University of Rochester School
of Medicine, Rochester, N.Y. 14642
Previous immunohistochemical studies have demonstrated the presence
of numerous enkephalin-immunoreactive fibers in the substantia nigra of
monkeys and humans, while in rats only a few enkephalin-immunoreactive
fibers are found. Indirect evidences suggest that these enkephalinergic
fibers have a striatal origin.
However the distribution of these
enkephalinergic striatonigral neurons have not been demonstrated . In this
study, retrograde tracers (WGA-HRP and dextran Lucifer Yellow) are
injected into different areas of monkey substantia nigra including the dorsal
and ventral tiers of the substantia nigra pars compacta and the substantia
nigra pars reticulata. The distribution of retrogradely labeled neurons
revealed by immunocytochemistry is analyzed on sections that are also
labeled for enkephalin mRNA using in situ hybridization. The distribution
and number of retrogradely neurons in the striatum vary according to the
location of the injection site at nigral levels. On sections processed for both
immu nocytochemistry and in situ hybridization, silver grains (indicative of the
enkephalin mRNA) can be seen over both retrogradely labeled neurons and
unlabeled neurons. The retrogradely labeled neurons that express
enkephalin mRNA are intermixed with retrogradely labeled neurons devoid
of enkephalin mRNA labeling. Overall retrogradely labeled neurons that
express enkephalin mRNA are less numerous than labeled neurons devoid
of enkephalin mRNA. These results represent the first direct evidence for a
striatal cellular origin of enkephalinergic fibers in the substantia nigra. The
relationships of these enkephalinergic striatonigral neurons with functional
and compartmental striatal organization will be discussed. (Supported by
NS22511).

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

328.16

SUBSETS OF MIDBRAIN DOPAMINERGIC NEURONS IN MONKEYS
ARE DISTINGUISHED BY DIFFERENT LEVELS OF mRNA FOR THE
DOPAMINE TRANSPORTER AND THE DOPAMINE D2 RECEPTOR. JL
Rvoo. W. Lu* and S.N. Haber. Department of Neurobiology and Anatomy,
University of Rochester School of Medicine, Rochester, NY 14642.
Subpopulations of midbrain dopaminergic neurons have been identified based
on cellular morphology, electrophysiological and biochemical properties, and
striatal connectivity. The dopamine transporter (DAT) and the dopamine D2
receptor (D2R) on presynaptic terminals regulate dopamine action by active
reuptake and as an autoreceptor, respectively. Levels of mRNA for DAT and
D2R were quantified using in situ hybridization histochemistry. The
dopaminergic neurons were divided into dorsal and ventral tier groups based on
tyrosine hydroxylase and calcium binding protein (CaBP)
immunocytochemistry. The dorsal tier group includes the CaBP-positive ventral
tegmental area (VTA) and the dorsal substantia nigra pars compacta (SNc)
whereas the ventral tier group consists of the CaBP-negative densocellular and
the cell columns of the SNc. For both DAT and D2R, the levels of mRNA are
significantly higher in the ventral tier group in comparison to the dorsal tier.
Within the ventral tier, there is no difference in the level of DAT or D2R mRNA
between the densocellular and the cell columns. Within the dorsal tier, however,
the VTA exhibited a slightly higher mRNA level than the dorsal SNc. The
present results indicate that in monkeys, the VTA and the dorsal SNc form a
dorsal continuum of dopamine neurons which express lower levels of mRNA for
the DAT and D2R than the ventral tier. DAT has been shown to mediate the
reinforcing properties of cocaine and the selective neurotoxicity of MPTP. The
different levels of mRNA may explain the differential effects of cocaine on
nucleus accumbens versus dorsal striatum and the relative sparing of the dorsal
tier by MPTP neurotoxocity. (Supported by NS225l 1 and MH45573, Lucille P.
Markey Charitable Trust.)
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LOCALISATION AND SYNAPTIC INPUT OF DOPAMINE D1 AND D2
RECEPTOR-IMMUNOREACnVE NEURONS IN THE RAT NEOSTRIATUM.
K.K.L. Yung. J.P. Boiam*. A.D. Smith. S.M. Herscht. B.J. Ciliaxt and A.I.
Leveyt. MRC Anatomical Neuropharmacoiogy Unit, Oxford, 0X1 3TH, U.K. and
fDept. Neurology, Emory Univ. Sch. of Med., Atlanta, GA 30322, USA.
The spiny neurons of the neostriatum giving rise to the direct and indirect pathways
through the basal ganglia have been proposed to express D1 and D2 dopamine
receptors respectively (Gerfen et al., 1990, Science 250, 1429-1432). Since
antibodies directed against these receptors label dendrites and spines, they may prove
useful in the analysis of the synaptology of the two pathways. The objectives of the
present study were first, to determine whether D1 and D2 receptor immunoreactivity
is present in separate populations of striatal neurons and secondly, to use the them as
markers to examine the synaptology of neurons giving rise to the direct and indirect
pathways. Sections of the neostriatum of perfused-fixed rats were immunostained by
the avidin-biotin-peroxidase method using D1 or D2 receptor specific antibodies
(Levey et al., 1993, PNAS 90, 8861-8865). The sections were double
immunostained to reveal either both of the receptors or one receptor together with
substance P (SP), enkephalin, tyrosine hydroxylase (TH), GABA or glutamate. In
the light microscope, the neostriatum was dense in both D1 and D2 receptor
immunoreactivity that appeared to be located in different structures. In the electron
microscope, D1- and D2-immunoreaction product was located in separate neuronal
elements. Both Dl-and D2-immunoreactive elements received synaptic input from
TH-, GABA- and glutamate-positive terminals. SP- and enkephalin-immunoreactive
terminals made synaptic contacts with Dl-mmunoreactive elements. These results
suggest 1) that dopamine D1 and D2 receptor subtypes are largely localised in
separate populations of spiny neurons, 2) that the two populations receive a
qualitatively similar synaptic input and 3) that neurons giving rise to the direct
pathway (D1 and SP-positive) are in synaptic contact with each other and receive
input from those giving rise to the indirect pathway (enkephalin-positive).
Experiments are in progress to determine whether neurons of the indirect pathway
(D2-positive) receive input from neurons of the direct pathway (SP-positive).

ABSENCE OF DYNORPHIN-IMMUNOREACTTVE STRIOSOMES IN THE
CAUDOPUTAMEN OF MICE MUTANT FOR THE DOPAMINE D1 RECEPTOR.
N. Hiroi*1., M .Xu2. R. Moratidlall, S. Tonenawa1,2.ana A.M. Graybieji. DeparUnent of
Brain and Cognitive Sciences1, Center for Cancer Research and Department of
Biology2, MIT, Cambridge, MA 02139
The dopamine D1 receptor has been implicated in the regulation of neuropeptides,
intracellular messengers, immediate—early genes as well as behaviors related to
motivation and learning and is predominantly distributed in the basal ganglia. The
striatum, in rbrliculbo, has high levels of D1 receptor ligand binding and mRNA. We
have examined striatal chamabichilactuoa in adult mice that lack the dopamine D1
receptor gene as a result of gene targeting. Brain sections were stained
immunahislachamicblly with antibodies against met-enkephalin, dynorphin B,
DARPP-32 and calbindin D2n, markers of striatal projection neurons, and against
tyrosine hydroxylase (TH), a marker of the nigoaslrialbl dopamine-containing
innervation. Dynarphln-immunaraacliva neuronal cell-clusters, which characterize
striasamas in the caudarutbman of wild type mice, were not detectable in the mutant
mice. In the ventral striatum (the nucleus accumbens and the olfactory tubercle) and
its extensions, and elsewhere in the brain, dynoIo^hin-pasitiva neurons were present in
the mutants. The other immunahislachamically detected phenotypic markers of striatal
neurons, and TH, had bpparantiy normal distributions in the striatum of the mutants.
Calbindin-poor stoiasamas in a calbindin-rich matrix were also present, and Nissl
staining of the mutant mouse brains showed no obvious abnormality in the striatum.
These results suggest that a major phenotype of striasamas of the cbudarulaman may
be dependent on the dopamine D1 receptor. The apparent selectivity of the dynorphin
deficit for sttiosomal neurons suggests that these neurons, or their capacity to express
dynarphin-lika protein, may be under the control of the dopamine D1 receptor.
(Supported by the Human Frontier Science Program Fellowship (NH), the Dystonia
Medical Research Foundation (RM), Helen Hay Whitney Foundation (MX), the
Howard Hughes Medical Institute (ST), and NIH Javits Award NS25529(AMG))

328.19
RELATIONSHIPS OF PREFRONTAL CORTICAL. MIDLINE THALAMIC AND
AMYGDALOID INPUTS IN THE NUCLEUS ACCUMBENS OF THE RAT.

C.I. Wright and H.J. Grecncwcgcn*. Graduate School of Neurosciences, Vrije

Universileit, Depl. of Anatomy and Embryology. Amsterdam, The Netherlands.

Prefrontal cortical inputs to the nucleus accumbens (Aeb) are topographically
arranged. In the rat. fibers from the prelimbic cortex (PL) terminate in the medial
aspect of the Aeb. This part of the Acb is also reached by fibers from the anterior

paraventricular thalamic nucleus (PVa) and the pao^ocellulao basal amygdaloid nucleus
(Bpc). It has further been described that all three afferent systems have a patchy,

compartmentalized distribution within the medial Acb. However, whether these
cortical, thalamic and amy gdaloid structures project to precisely the same areas within
the Acb is unknown. Our specific aim was to evaluate the extent to which these inputs

overlap in the Acb. For this purpose, single-anterograde tracing combined with calcium
binding protein (CaBP) immunohistochemistiy- and double-anterograde tracing
experiments were performed. We report that these three inputs express different

degrees of overlap or separation that vanes with their position in the shell and core
regions of the Acb. In dorsal aspects of the shell. PL and Bpc projections overlapped

extensively. This was also the case along the medial and lateral borders of the ventral
shell, where PL and Bpc fibers were associated with dense clusters of cells. In contrast,
PVa projections in the Acb shell were largely separate and complementary to those of

PL and Bpc. Fibers labeled from PVa injections were found primarily in ventromedial

parts of the shell and avoided regions with cell clusters. PL and Bpc fibers occupied
these cell cluster regions and were surrounded by dense PVa projections. In addition,

PVa fibers in the Acb avoided the border regions of the shell selectively occupied by

PL and Bpc projections, in the core, the PL. PVa and Bpc projections overlapped
extensively in the medial patches as determined by CaBP immunoreactivity.

The results suggest that PL and Bpc projections to the Acb shell may influence the
same cell population, while those from the PVa may control complementary neurons.

However, all three regions send overlapping projections to the patch compartment of
the Acb core, and thus may collectively contribute to the functions of this region.
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REM SLEEP FIRING RECRUITMENT ORDER CORRELATES WITH
SOMA SIZE OF PONTINE RETICULAR FORMATION NEURONS:
INTRACELLULAR RECORDING AND LABELING IN THE
NATURALLY SLEEPING CAT.
K. Ito*. H.Imon. M.Ybnbgihaoa. L. Dauphin. & R.W. McCartey. Lab.
Neu^asci.,Dept.Psych.,Ha^vaod Med. Sch./VAMC, Brockton Ma 02401.
Acute intracellular labeling studies in our laboratory have examined
the projections of giant cell field pontine reticular formation (FTG) neurons.
Type I neurons had primarily reticu^-spinal projections, relatively few
collaterals, and most had soma diameters
47.5 gm. Type II neurons
projected to brainstem reticular sites, often had collaterals, and had soma
diameters < 45.7 gm. The present study used intracellular recording and
intobcellulbo labeling (PhAL, biocytin, or neurobiotin) in naturally sleeping,
chronic cats to determine if the "lead time" of onset of markedly increased
discharge rate prior to REM was correlated with soma size. Soma diameter
was determined from digitizer measurements of cross-sectional area (interand intra-rater variation < 5%), and done blind to the physiology.
RESULTS. Diameters of the 23 labeled neurons ranged from 43 gm to 88gm
(soma size range: * 1500 - 6000 gm2). Within this range there was a strong
positive linear correlation between diameter and "lead time", which ranged
from near zero minutes to about six minutes. That larger neurons had longer
"lead times" was contrary to our expectation that smaller neurons, which
might be Type II neurons with abundant reticular projections, would show
earlier recruitment. It was also expected from the inverse size dependence
of recruitment order in alpha motoneuron^ pools. Earlier recruitment of
larger neurons may reflect a stronger cholinergic excitatory input.

PLASTICITY OF THE CEREBELLO-RUBRAL SYNAPSES DURING THE
CONDITIONING OF A FORELIMB MOTOR RESPONSE. M.Pbnanceau. E.M.
Meftah. L. Rispal-Pada??C■R. Cerveau et Cognition UMR 9940 Faculty de Medecine,
31062 TOULOUSE. FRANCE
The caraballo-thblamo-cortico-spInal (CTCSp.) and cerebello-rubro-spinal
(CRSp.) pathways are known to play an important part in both the control and the
execution of movements (Allen and Tsukahara 1974). These pathways may also play a
preponderant role in motor learning (Ito 1984). The CTCSp. pathway has to be intact
for the learning of new motor skills (Fabre and Buser 1980) and the cortica-ruboal
(Tsukahara 1981) and thalamo-cortical (RIspbi-Padel and Meftah 1992) synaptic
transmissions are modified when a new conditioned 'motor response is learned. Here it
was proposed to investigate whether the CRSp. may also participate in the conditioning
of the forelimb flexion. The procedure used consisted of applying a sub-threshold
electrical conditional stimulus (CS) to one cerebellar nucleus of a chronic cat
preparation, associated with an unconditional cutaneous stimulation (UCS) inducing a
forelimb flexor reflex which was applied 100 ms. later. Electrophysiological tests were
carried out to check the efficiency of the carebelio-oubrai synaptic transmission. The
parameters of the motor responses induced by the CS were also quantified.
An increase in the efficiency of the cerebellar stimulation as a means of inducing this
motor response has been observed. By the end of the conditioning, both the frequency
and the amplitude of the conditioned motor responses were two or three times higher
than the initial levels. It was observed that the postsynaptic rubral response was
enhanced during the acquisition. This change in synaptic transmission took place
gradually and was correlated with the increase in the frequency and the amplitude of
the motor responses. The fact that these changes in the postsynaptic responses were set
up without affecting either the presynaptic responses or the excitability of the
postsynaptic (rubral) neurones was consistent with the enhancement of the synaptic
transmission between the cerebellar terminals and the rubral neurones. These changes
may have been mediated by an increase in either the amount of neurotransmitter
released or the sansibiiisatian, or the formation of new postsynaptic receptors.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

SPINAL CORD AND BRAINSTEM:

TUESDAY PM
329.3
FOCAL

787

FUNCTIONAL NEUROPHYSIOLOGY
329.4

ELECTRICAL

BRAIN

STIMULATION

INCREASES

MUS-

CLE RIGIDITY. M. B, Weinger* and D. Y. Chen. Dept. of Anesthesiology,

Univ. of California, San Diego andVA Medical Center, La Jolla, CA 92161.
High dose opiates produce centrally-mediated muscle rigidity.

Previous

pharmacological studies have identified discrete brain sites, such as periaqueduetal gray
(PAG), pontine reticular formation (PRF), and locus coeruleus (LC), that appear to
mediate this effect. Focal brain microstimulation (FBS) was used to delineate further

the contribution of different brain sites to the control of muscle tone. Guide cannulae

were implanted in the region of the PAG (n=8), PRF (n=ll), or LC (n=7). After
recovery, baseline hindlimb EMG activity was measured and then 10 sec trains of 150

pA biphasic 0.1 msec square wave pulses were delivered via a monopolar electrode.

Alfentanil (ALF) (0.5 mg/kg sc) was given and 10 min later, FBS was repeated.
Stimulation sites were verified histologically. An increase in EMG activity of 7 pV
was the criterion for a significant FBS effect pre or post-ALF in individual subjects.
Significant FBS effects were observed in PAG and PRF (Figure), but not in LC. In

the PRF, an effect was seen at two sites both pre- and post-ALF. An overall site effect
was only significant in the PRF pre-ALF. To our knowledge, this is the first

description of brain stimulation-induced muscle rigidity in awake rats. These results
are consistent with previous pharmacological microinjection studies and suggest that

PRF may contain critical systems for the expression of opiate-induced muscle rigidity.
Further studies will elucidate the mechanism of FBS-induced increased muscle tone

MOTOR EVOKED RESPONSES ELICITED OVER PROXIMAL AND
DISTAL CAUDA EQUINA BY A LARGE TWIN MAGNETIC COIL
P. J. Macacfcab*.M.E.Lipin.T. Dpudchit R, Golob. V. E. Ammsian. J, P,
Bania. L.P. Eberle. V.W. Nitti. and R.O. Cracco. Depts. of Neurology,
Physiology, and Surgery, SUNY-Health Science Center, Brooklyn, NY 11203
It was hypothesized that in the human, low threshold sites to magnetic
coil (MC) stimuli exist over both proximal and distal cauda equina. We first
recorded the electric fields induced into a segment of lumbosacral vertebral spine
immersed in a saline filled tank. Maximal fields induced by an external twin MC
were recorded across L 3-4, L 4-5, and L 5 - S 1 neuroforamina ( horizontal MC
junction) and in the central sacrum ( vertical MC junction ), but not across sacral
neuroforsmins ( which are oriented anterior - posterior).
Corresponding results were obtained in normals when the MC junction
was placed over the distal cauda equina, recording motor evoked responses from
limbs, external anal sphincter, and urinary striated sphincter. Lumbar roots were
optimally excited by a horizontally placed MC junction and sacral roots by a
vertically placed MC junction, with the most effective induced current directed
towards the spinal fluid filled thecal sac.
A vertically oriented MC junction ( optimal current induced rostrally )
placed over conus medullaris gave similar motor evoked responses, with longer
onset latencies ( 1.8 - 3.0 ms). Robust H Soleus reflexes were elicited over distal
cauda equina and a prominent transynaptic response was elicited over proximal
cauda equina.
These techniques may be valuable in assessing lesions of the cauda
equina and proximal lumbosacral roots.

329.5

329.6

THE RELATIVE CONTRIBUTION OF SHOCK ONSET
(PUNISHMENT) AND OFFSET (ESCAPE) TO LEARNING OF A
FLEXION RESPONSE IN THE SPINAL RAT. D .G. Barstow. J.W.
Grau*. R.L. Jovnes. T.W, Prentice. Dept, of Psychology. Texas A&M
Univ., College Station, TX 77843.
Prior studies suggest that spinal neurons can support a simple form of
operant learning. In a typical experiment, spinal rats (Exp. Group) are
given shock to one hind leg whenever the leg is extended. Yoked
subjects experience the same shock irrespective of leg position. When
care is taken to equate flexion force prior to training, subjects in the
Exp. Group learn to maintain a flexion response (Barstow et al..
Neurosci. Abs., 19, pg. 1001). Yoked rats do not exhibit this learning.
Yoked rats also exhibit a learning deficit if they are subsequently
exposed to controllable shock ( a learned-helplessness-like effect).
Here we look at whether the learning observed in the Exp. Group is
reinforced by the onset of shock (Punishment) or its offset (Escape).
Rats were spinalized at T2 and trained 18-24 hrs later. Training was
conducted in 2 phases, each 30 min long. Prior to each phase, flexion
force was equated across subjects (0.6 N). During Phase 1, we varied
response reinforcer contiguity by delaying shock onset and offset. In
Phase 2, subjects were tested with 0 delay. If both shock onset and
offset were delayed by 100 msec, subjects did not acquire the flexion
response in phase 1 and exhibited a helplessness-like effect when the
delay was removed in Phase 2. A delay of 100 msec in either shock
onset or offset alone yielded similar results. This suggests that both the
onset of shock, and its offset, contribute to learning. A simple model of
these behavioral effects will be presented. Supported by MH48994 to
J.W.G.

CONTRACTILE RESPONSES OF CAT LATERAL RECTUS MOTOR UNITS TO

STIMULATION WITH VARYING FREQUENCIES AND DURATIONS.
K,W. Lindsey, M.S. Shall*. Y. Guo and S.J. Goldberg. Depts. of Anat. and Phys.

Ther., P.O. Box 980709, Med. Coll. Va.-VCU, Richmond, VA 23298-709.

Investigations of motoneuron (MN) firing patterns during eye movements often

involve analyses of steady fixation, lasting a second or more, after saccades of
varying distances. MN firing rates, therefore, have at least two components: an

initial high frequency burst and a lower frequency steady state which correlates

with eye position. In contrast, motor unit studies typically examine contractile
characteristics such as tetanic tension and fusion frequency in response to MN
stimulation with a range of briefly applied

(200 msec) monotonic

frequencies.

Both types of studies have shown that MN action potential frequencies within a
range from about 50 to 200 Hz correlate well with eye fixation position or muscle

unit tetanic tension.
Our current studies have used a 2 sec MN stimulation paradigm which

incorporates a high frequency burst followed by a constant frequency. The first 10
msec of stimulation (4 pulses) is at 350 Hz followed by 15 msec (3 pulses) at 200

Hz followed by 1975 msec at a constant frequency below 200 Hz. The resultant
range of steady state tensions was compared to those tensions obtained in response

to the short, monotonic stimulation paradigms used in many motor unit studies.
Preliminary data suggests that the range of steady state stimulation frequencies,
which are predictive of tetanic tension when applied monotonically, is lowered

following an initial high frequency burst. Some motor units maintain the same
tension reached after the first 25 msec even when the steady state stimulation rate

is dramatically altered. Current analyses are directed at correlating contractile
characteristics during the

2 sec

stimulation paradigm with extraocular motor unit

type (Shall and Goldberg, Brain Res. 587:291, 1992).
Supported by an A.D. Williams grant from VCU and EYO7924.

329.7

329.8

SYSTEMATIC MAPPING OF FORCE RESPONSE AND MUSCLE ACTIVITY IN
THE LUMBAR SPINAL CORD OF THE FROG. S.F. Giszter*. FA Mussa-Ivaldi,
E Loeb, and E Bizzi. Dept Brain and Cognitive Sci., MIT, Cambridge MA.
Previous results obtained from microstimulation of frog spinal cords suggest there
may exist a few primitive modules for controlling force and movement (Bizzi et al.
1991, Giszter et al. 1993, Loeb et al. 1993, Mussa-Ivaldi et al. 1994). A few forcefield types were stable and scaled in magnitude with increasing stimulation strength
or duration. These force-field types could be combined by simple vector
superposition. Early wok suggested that these primitives were located in specific
regions in the spinal cord. These maps of the modules rested on sparse random
samples combined across several frogs. Moreover, cord depth was largely neglected.
The present study validates and extends the earlier work using a systematic
measurement grid at a finer grain. The data collected examine the spatial variations
of force production and muscle activity across the entire lumbar spinal cord in 6 frogs
at 200 micron intervals mediolaterally and dorsoventrally, and 1mm intervals
rostrocaudally. A fixed limb configuration where the force vector was expected to be
sensitive to field type was selected. The collected data can be summarized as three
dimensional maps of the lumbar cord. To generate these maps we focussed on
measurement of force samples at a fixed limb configuration. This restriction of data
to single force vectors rather than fields made these mapping experiments feasible.
Full force-field collection would not have been possible due to the data explosion of
at least an order of magnitude required to adequately sample a force-field.
The single configuration data collected here confirm that only a few force
directions are represented. Despite extensive cocontraction some specific patterns of
muscle activity can be used as predictors of some of the force directions. Finally, the
data demonstrate that the spatial distributions of force directions elicited by
microstimulation can be related to the cord structure and in particular the intemeuron
target fields of different descending and sensory systems in the grey matter.
Acknowledgements: ONR N00014/88/K/0372 and NIH AR26710 and NSO9343.

H-REFLEX OPERANT CONDITIONING AFFECTS SYNAPTIC TERMINAL
COVERAGE OF PRIMATE MOTONEURONS. K.A, Starr*, K,C, Fene-Chen,
and J.R. Wolpaw. Wadsworth Laboratories, New York State Dept of Health
and State Univ of New York, Albany, NY 12201.
Operant conditioning of the primate triceps surae (TS) H-reflex, the
electrical analog of the spinal stretch reflex, changes the spinal cord (TINS
13:137-142, 1990). To define this spinal cord plasticity, we are studying TS
motoneuron (MN) synaptic coverage electron microscopically in animals in
which one leg’s TS H-reflex has been trained down (HRdown mode) or up
(HRup mode), as well as in naive (i.e., untrained) animals. MNs are labeled
retrogradely with cholera toxin-HRP.
We have examined somata and attached proximal dendrites of 21 TS MNs
from the trained side of 3 HRdown animals (805 terminals), 15 MNs from the
trained side of 3 HRup animals (797 terminals), and 15 MNs from 3 naive
animals (371 terminals). Almost all (>98%) of the terminals were F-type
(flattened or pleomorphic vesicles), S-type (spherical vesicles), or C-type
(postsynaptic scbscrfsce cisterns associated with rough endoplasmic
reticulum). HRdown and HRup MNs differed in C frequency (P<0.01) and
probably in C size (P<0.03), and also differed in F size (P<0.01). C frequency
was only 48% of naive in HRdown MNs and 92% in HRup MNs. C size was
96% of naive in HRdown MNs and only 64% in HRup MNs. F size was 113%
of naive in HRdown MNs and 93% in HRup MNs.
These data indicate that operant conditioning of the H-reflex is associated
with mode-specific changes in MN synaptic coverage. The relationships among
this anatomical plasticity, previously described physiological plasticity, and the
H-reflex changes are yet to be defined. (Supported by NIH NS22189.)
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CHANGES IN C TERMINAL COMPLEXES ON PRIMATE
MOTONEURONS WITH OPERANT CONDITIONING OF H-REFLEX.
K:C. Feng-Chen*, KA. Starr, and J.R. Wolpaw. Wadsworth Labs, New
York State Dept of Health and State Univ of New York, Albany, NY 12201.
C terminals normally comprise about 10% of terminal number and 1520% of terminal coverage on primate triceps surae (TS) motoneuron (MN)
cell bodies and proximal dendrites (Starr and Wolpaw, J Comp Neurol, in
press). They are large terminals with postsynaptic subsurface cisterns
associated with rough endoplasmic reticulum, and usually occur in groups
(i.e., complexes) of two or more. Operant conditioning of the primate triceps
surae (TS) H-reflex (the electrical analog of the spinal stretch reflex) affects
C terminal number and size (Starr et al., adjacent poster). The present study
analyzes effects on C complex frequency and complexity.
Fifteen TS MNs from the trained side of 3 monkeys (Macaca nemestrina)
in which the H-reflex had been increased by operant conditioning (HRup
animals) averaged 6.4 C terminals in 2.7 complexes per 100 pm of somatic
or proximal dendritic terminal coverage, while 21 TS MNs from the trained
side of 3 HRdown monkeys averaged only 2.9 C terminals in 1.8 complexes
(P<0.01 for terminal frequency difference). HRup and HRdown C complexes
were similar in average size (5.8 and 5.6 pm, respectively), but differed
(P<0.01) in complexity (2.4 and 1.6 terminals/complex, respectively).
C terminals are thought to be cholinergic and to originate from
intemeurons, and may be involved in Ca*~ entry. The origin and behavioral
significance of the operantly conditioned C terminal changes described here
remain to be determined. (Supported by NIH NS22189.)

DISTRIBUTION OF SYNAPTIC TERMINAL TYPES ON PRIMATE
TRICEPS SURAE MOTONEURONS. D.M. Maniccia\ K.A. Starr, C.L. Lee,
& J.R. Wolpaw. Wadsworth Labs, NYS Dept Hlth/SUNY, Albany, NY 12201.
To define the plasticity produced by operant conditioning of the primate
triceps surae (TS) H-reflex (adjacent posters), we are studying TS motoneurons
(MNs) and their synaptic terminal coverage. The present study combines
reconstruction of intracellularly-labeled MNs (Eutectic Electronics) with EM
analysis of terminal coverage of retrogradely-labeled MNs to define the normal
topographical distribution of terminal types (i.e., F, S, C, M).
Average dendritic segment diameter declined rapidly at first (from 6.9 pm
in the first 50 pm of path length to 3.2 pm at 200-300 pm) and then slowly (to
1.7 pm at 1000-1200 pm). The smallastlabeledsegments seen at th eEMlevel
were 2 pm in diameter. Initial analysis summarized terminal coverage at 4
locations:
>100 pm

Location

Soma

0-50

50-100

# of terminals

173

388

52

80

F

56%

59%

63%

55%

S

33%

33%

37%

38%

C

11%

6%

0%

0%

M

0%

2%

0%

7%

Coverage (% of membrane)

39%

60%

42%

34%

Terminal coverage was highest on primary dendritic segments. F terminals
were most frequent everywhere, S terminals were somewhat more frequent
distally, C terminals were not found beyond 50 pm, and M terminals were not
found on the soma. Further analysis and comparison to data from conditioned
animals is underway. (Supported by NIH NS22189 and Paralyzed Veterans of
America Spinal Cord Research Foundation.)

329.11

329.12

MOTONEURON PROPERTIES AFTER OPERANTLY CONDITIONED
INCREASE IN PRIMATE H-REFLEX. J.S. Carp* and J.R. Wolpaw.
Wadsworth Labs, NYS Dept Health and SUNY, Albany, NY 12201.
Monkeys (Macaca nemestrina) can gradually decrease (HRdown
conditioning mode) or increase (HRup -conditioning mode) the triceps surae
(TS) H-reflex (HR), the electrical analog of the monosynaptic spinal stretch
reflex, and this conditioning changes the spinal cord (TINS 13:137-142, 1990).
In order to localize and define this plasticity and its role in the behavioral
change, we have measured motoneuron (MN) intrinsic properties and la EPSPs
intracellularly. Study of HRdown animals revealed a positive shift in firing
threshold and a modest decrease in EPSP amplitude that together appeared
able to account for the behavioral change (i.e., HR decrease) (J Neurophysiol,
in press). In the present study, data were gathered from 149 TS MNs in 12
HRup animals in which the TS HR had increased to 188% (+75% SD) of its
initial value. These data were compared to data from 109 MNs of 14 naive
(NV) animals. Animals were deeply anesthetized throughout and killed by
overdose.
HRup MNs displayed few differences from NV MNs. They were similar to
HRdown MNs in that firing threshold was more positive (P<0.01), but differed
in that EPSP size was slightly larger rather than smaller. Thus, unlike the
HRdown intracellular data, the HRup intracellular data do not appear to
provide an explanation for the HR change evident in the awake behaving
animal.
This result suggests either that the present analysis missed important
changes in HRup MN properties or that the spinal cord plasticity
accompanying HRup conditioning (J Neurophysiol 61:563-572, 1989) is
located elsewhere in the spinal cord. (Supported by NIH NS22189 and
Paralyzed Veterans of America Spinal Cord Research Foundation.)

DO
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OPERANTLY CONDITIONED MOTONEURON PLASTICITY. J. A, Halter*, J. S.

Carp1 and J. R. Wolpaw1. Division of Restorative Neurology and Human Neurobiol-

ogy, Baylor College of Medicine, Houston, TX, 77030 and ‘Wadsworth Labs, New
York State Department of Health/State University of New York, Albany, NY, 12201.
Learning is traditionally thought to depend on synaptic plasticity. However, recent

work (Carp & Wolpaw, J Neurophysiol '94, in press) found that operantly conditioned

decrease in the primate H-reflex is associated with an increase in the depolarization

needed to fire the spinal motoneuron

(VDEp)

and a decrease in its conduction velocity

(CV) without a significant change in other properties.

Using a mathematical model

of the mammalian myelinated nerve fiber (Halter & Clark, J theo Biol 148:345-82
'91), the present study tested the hypothesis that operant conditioning alters

Vdep

and

CV by modifying motoneuron sodium (Na+) channel properties.
The modeFpredicted that a +2.1 mV shift in the voltage dependence of Na+ channel

activation o? a 23% decrease in the Na* channel peak permeability could account for
the 4.4 m/s decrease in CV. The accompanying effects on

Vdep

and action potential

amplitude (APA) were also predicted. The shift in Na* channel activation reproduced
exactly the experimentally observed changes in

Vdep

(+2-1 mV) and APA (-0.5 mV).

The decrease in Na* channel permeability did not (predicted A Vdep

= +0.3 mV,

predicted AAPA = -4.0 mV).
These modeling results are consistent with the hypothesis that operantly conditioned

decrease in the primate H-reflex is due to a positive shift in the voltage dependance

of Na* channel activation.

This shift might be produced by change in activation of

protein kinase C (Dascal & Lotan, Neuron 6:165-75 ’91; Gershon et al., J Neurosci
12:3743-3752 ’92; Meiri & Gross, Brain Res 502:410-409 ’89). (Supported by the

Whitaker Foundation, Vivian L. Smith Foundation for Restorative Neurology, NSF
CCR-9120008

(JAH),

Paralyzed

Veterans

of

America

Spinal

Cord

Research

Foundation (JSC) and NIH NS22189 (JRW).)
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STUDY OF SPINAL CORD FUNCTION IN ACUTELY DECEREBRATED
MONKEYS. J.R. Wolpaw*. J.S. Carp, P.A. Herchenroder, and C.M. de Luna.
Wadsworth Labs, New York State Department of Health and Division of
Neurosurgery, Albany Medical College, Albany, NY 12201.
Operant conditioning of the primate triceps surae (TS) H-reflex changes the
spinal cord. Recent intracellular studies show that this plasticity involves the
TS motoneuron itself (Carp & Wolpaw, J. Neurophysiol., in press). These and
other data suggest that change also occurs elsewhere in the spinal cord. Studies
to date used pentobarbital anesthesia, which greatly limits evaluation of spinal
cord function. In response to this problem, we have begun to study spinal cord
function in acutely decerebrated animals.
Animals are deeply anesthetized with isoflurane, both internal carotid
arteries are ligated, and the skull is opened. All CNS tissue above the level of
the superior colliculi is removed so that anesthesia can then be discontinued.
A L2-L7 laminectomy exposes the cauda equina and the L6-7 and L5 dorsal
roots are mounted on stimulating electrodes. Both legs are opened, sciatic,
posterior tibial, common peroneal, and sural nerves are mounted on stimulating
electrodes, and fine-wire EMG recording electrodes are placed in the 3 TS
muscles (medial and lateral gastrocnemius and soleus) and tibialis anterior
(TA). The effects on the TS and TA rectified EMG responses to supramaximal
L6-7 stimulation of conditioning stimuli delivered to ipsilateral and/or
contralateral sural, common peroneal, and posterior tibial nerves and L5 are
assessed for 6-7 hrs. Direct muscle responses to supramaximal sciatic nerve or
ventral root stimulation provide the denominator needed to define response
size. At the end of study, the animal is killed by pentobarbital overdose.
By evaluating the efficacy and symmetry of a variety of oligosynaptic spinal
cord pathways, these studies should provide significant new insight into the
locations and nature of the spinal cord plasticity produced by H-reflex
conditioning. (Supported by NIH NS22189.)

OPERANT CONDITIONING OF H-REFLEX IN FREELY MOVING RATS.
X.Y. Chen* and J.R. Wolpaw. Wadsworth Labs, New York State Department
of Health and State University of New York, Albany, New York 12201.
Operant conditioning of the H-reflex (HR), the electrical analog of the
monosynaptic spinal stretch reflex, has been demonstrated in the primate CNS
(TINS 13:137-142, 1990). To increase its practical and theoretical potential as
a model for studying adaptive plasticity, we are developing it in the rat.
Male Sprague-Dawley rats (300-500 g) are implanted with chronic EMG
recording electrodes in soleus muscle and nerve cuff stimulating electrodes on
posterior tibial nerve. Electrodes connect to a head-mounted tether cable. If
background EMG remains in a specified range for a randomly varying period,
nerve stimulation at M response threshold elicits the HR. Under control mode,
no reward is given. Under HRup or HRdown mode, reward occurs 200 ms
after stimulation if HR size is above (HRup) or below (HRdown) criterion.
The reward was medial forebrain bundle stimulation in the first animals and
is now a food pellet. Data are collected under control mode for 3-10 days and
then under HRup or HRdown mode for 30-70 days.
Results from 14 animals studied to date indicate that rats can increase or
decrease soleus HR size without change in background EMG or M response
size. In 9 HRup animals, HR size rose to 164% (+58% SD) of initial value,
while in 5 HRdown animals it fell to 69% (+10% SD). Background EMG and
M response size did not change. While the influence of initial HR size needs
further exploration, HR change in the rat appears similar in rate and magnitude
to that observed in primates.
These data indicate that adaptive plasticity of the behavior mediated by the
two-neuron monosynaptic reflex pathway can occur in a subprimate species.
Whether HR conditioning in the rat is similar to that in the primate in
mechanism and in the occurrence of spinal cord plasticity (e.g., adjacent
posters) remains to be determined. (Supported by NIH NS22189.)
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PRIMATE SPINAL INTERNEURONS: RELATION TO WRIST
MOVEMENT PARAMETERS. M.A. Maier*. S.I. Perlmutter and E.E.
Fetz. Dept. of Physiology & Biophysics, and Regional Primate
Research Center, University of Washington, Seattle, WA, 98195.
Activity of 115 task related C7-Tl spinal neurons was recorded in a
macaque generating isometric torques about the wrist to unpredictable
target levels. From a relaxed center position, the monkey produced
ramp-and-hold flexion or extension torques up to 0.1 Nm. l7 neurons
were classified by their post-spike effects as motoneurons (MNs), 48 as
premotor intemeurons (PreM-INs) and 50 as unidentified intemeurons
(U-INs) with no post-spike effect. Response patterns of MNs were
predominantly tonic. Most PreM- and U-INs patterns consisted of
unidirectional phasic-tonic activity (-50%), purely tonic (-30%) or
phasic (-10%) patterns; the rest involved decrementing and bidirectional
patterns. Linear correlations between static firing rate and steady torque
yielded a mean coefficient of .85 ( ±.09 s.d.) for 13 MNs. Of the tonic
and phasic-tonic PreM-INs, 80% had a significant correlation with
torque during the hold period, compared to 60% of the U-IN, each
yielding a mean correlation of .65 (±.15). The average rate-torque slope
was similar for MNs, PreM- and U-INs, and is comparable to values of
cortical PreM flexion units. Rate-torque slopes of flexor and extensor
cells for all three groups were not significantly different; in contrast a
higher sensitivity was found for PreM extensor cells in cortical and
rubral populations (Fetz et al, Prog Brain Res 80:437-449). Phasic peak
firing rate was significantly correlated with rate of change of torque for
35% of PreM-IN and U-INs. Thus, PreM-INs have a more equitable
representation of rate-torque slopes between flexor and extensor cells
than supraspinal PreM units and a higher torque sensitivity than rubral
PreM cells. (Supported by NS 12542, RR00166 and the Swiss NSF)

PRIMATE SPINAL INTERNEURONS: SPIKE-RELATED EFFECTS
ON FORELIMB MUSCLES DURING VOLUNTARY MOVEMENT.
S.I. Perlmutter*. M.A. Maier. E.E. Fetz. Dept. Physiol. & Biophys.,
Regional Primate Res. Cntr, Univ. of Washington, Seattle WA 98195
We recorded EMG from 12-14 forearm muscles and unit activity of
C7-Tl spinal neurons in 3 macaques performing isometric ramp-andhold flexion-extension torques about the wrist. Spike-triggered averages
(STA) of EMG detected significant features in 115 of 325 task-related
and 5 unmodulated cells, including 25 motoneurons. 72 were identified
as premotor intemeurons (PreM-INs) by post-spike facilitation (PSF) or
suppression (PSS) with onset latencies >3.5 ms after the trigger spike
(the shortest latency for post-stimulus effects in muscles evoked by
intraspinal microstimuli). The PSF/S in 29 of these were superimposed on broad peaks or troughs, usually of larger magnitude and
longer duration, beginning <3.5 ms after (often before) the trigger,
attributed to synchronous firing of other PreM cells. STA of 22 neurons
exhibited only synchronous facilitations (SF) or suppressions (SS) with
no clear post-spike effects. STA features occurred more often in flexors
alone (59% of all effects), than in extensors alone (28% ) or in both
(13%). In 1 monkey, PreM-INs had more divergent effects and SF/S
were more common, suggesting that different animals may use different
neural mechanisms to execute similar movements. Magnitudes and
timing of PSF/S were similar in all monkeys, and in flexor and extensor
muscles. PSF magnitude and onset latency were similar to those of
cortical and dorsal root ganglion PreM cells, and magnitudes were larger
than those of rubral PreM cells. Spinal PreM-INs had PSS of shorter
latency and larger amplitude than supraspinal PreM cells. Synaptic
interactions between spinal intemeurons will be documented by crosscorrelating activity of 54 cell pairs. [NS12542, NS09189, RR00166]
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ALTERATION OF SYNAPTIC ACTION ON MOTONEURONS SLOWED BY
and J.B.
CHRONIC STIMULATION. T. Gordonx L.M. Mendell

«3.
uT
Munson^, U. Alberta1, SUNY-Stony ------Brook
z,--------U. Florida^
Chronic stimulation of the medial gastrocnemius (MG)
nerve results in slowing of the MG muscle; the motoneurons
innervating
these
muscles change correspondingly by
lengthening their afterhyperpolarization (AHP) (Gordon et
al.
Neurosci. Abstr. 1993). We have tested whether this
conversion of motoneurons resulted in a corresponding
conversion
of
the
functional
properties of their
la-afferent synapses, Experiments were carried out in 4
previously
subjected
to
24h/d
anesthetized
cats
stimulation of the MG nerve by implanted cuff electrodes
(2.5s trains at 20Hz;
50% duty cycle) for 8-15 weeks.
Composite EPSPs elicited by bursts of high-frequency
stimulation (32 shocks at 167 Hz) delivered to the normal
LGS nerve were
recorded
in
MG
motoneurons,
the
distribution of whose AHPs had shifted to longer values.
Amplitude modulation ([EPSP3q +32/2]/EPSP^1)
changed
in
accordance with the inverse correlation previously noted
between modulation and AHP (Munson et al. Neurosci. Abstr.
1992).
Only 1 of 50 motoneurons exhibited positive EPSP
modulation (vs. 21 of 55 normally),
and cells with AHP
beyond the normal range exhibited the most negative values
of modulation.
We conclude that synaptic input onto
motoneurons
is
dynamically
regulated
to
maintain
correspondence with the motor-unit type that is supplied.
Supported by MRC and NIH.

RAPID COOLING INDUCED-MOTONEURON MEMBRANE
DEPOLARIZATIONS VARY AMONG AMPHIBIAN SPECIES. N.L.
Dalo! J.C. Hackman3,4. K. Storey2 and R.A. Davidoff3,4*. 1Dept. Basic
Sciences, Univ. Centroccid., Vet. Sch. Barquisimeto, Venezuela;
1Dept. Biol. 2Carleton Univ., Ottawa, Canada and 3Dept. Neurol.
VAMC and 4Univ. Miami Sch. Med., Miami, FL 33101.
We studied the effects of sudden cooling on isolated, hemisected
spinal cords of the tropical toad, Bufo marinus (that expires at temperatures <5 • C); the leopard frog, Rana pipiens (a cold-resistant frog that
survives temperatures of 2-5 ° C); and the wood frog, Rana sylvatica (that
endures sustained freezing at -2.5 ° C). Recordings were made from the
ventral root (VR) using a sucrose gap technique. The spinal cord was
superfused with HCO3-buffered Ringer maintained at 21 °C and the
temperature of the cord was abruptly changed by rapid application of
cold Ringer (6-8 °C). Rapid cooling produced: (1) toad, a sustained VR
depolarization (6.2 ± 1.0 mV; n = 19) that returned slowly (26.2 ± 4.2
min) to base line, accompanied by extensive paroxysmal activity; (2)
leopard frog, a larger (11.3 ± 1.4 mV, n = 17), but shorter lasting (5.5 ±
0.6 min) VR depolarization, that displayed paroxysmal activity only
below 40 C; and (3) wood frog; a smaller (2.8 ± 0.4 mV, n = 20) and
brief (0.9 ± 0.2 min) VR depolarization followed by a hyperpolarization
(1.7 ± 0.5 mV) or a hyperpolarization not preceeded by a depolarization. In all 3 species, the cold-induced depolarization was inhibited by
kynurenate (1.0 mM). In the wood frog cord, replacement of NaCl with
Na-isethionate reversed the cooling-induced hyperpolarization. The
unusual responses of the wood frog spinal cord to rapid cooling may
contribute to its tolerance to freezing temperatures. (Supported by
USPHS #NS17577 and VAMC MRIS #1769 and #3369)

330.3

330.4

POSTNATAL MATURATION OF FREQUENCY-DEPENDENT BEHAVIOR OF
RAT Ia-MOTONEURON SYNAPSES. B.S. Seebach* & L.M. Mendell. Dept, of
Neurobiology & Behavior, SUNY, Stony Brook, NY 11794-5230.
Frequency sensitivity of Ia-motoneuron excitatory postsynaptic potentials (EPSPs)
was studied in postnatal day 2 , 8 and 15 (P2, P8, and P15) neonatal rats, using
dorsal root stimulation and recording intracellularly from lumbar motoneurons in an
in vitro spinal cord preparation. Monosynaptic EPSPs are severely depressed by
repetitive stimulation even at low frequencies in standard extracellular solution
(Kudo & Yamada, 1985; Ziskind-Conhaim, 1988; Lev-Tov & Pinco, 1992; Seebach
& Ziskind-Conhaim, 1994). However, tetanic potentiation has been shown in P6-P10
neonates using low Ca2+/high Mg2* extracellular solution (Pinco & Lev-Tov, 1993).
Also, in vivo experiments with adult rats (Peshori et al., 1993) indicate that mature
Ia-motoneuron EPSPs exhibit a broad range of frequency-dependent behavior.
The present study charted the development of adult characteristics during the first
two weeks of neonatal life. Stimuli were presented at 0.1 Hz, and in 10, 33, and 100
Hz stimulus trains. In order to facilitate comparison with in vivo conditions,
polysynaptic activity was not blocked pharmacologically. Concentrations of Ca2+ and
Mg2+ were altered in order to mask or unmask frequency-dependent behaviors. Most
monosynaptic EPSPs at all ages displayed tetanic depression in high Ca2+ solution,
though depression was much less severe in the older animals. Low Ca2+/high Mg2+
solution attenuated EPSP amplitude and decreased tetanic depression. P8 and P15
synapses often showed less depression at higher frequencies than at 10 Hz, as
previously described in the adult cat (Honig et al., 1983). Surprisingly, a minority of
motoneurons in each age group exhibited tetanic potentiation rather than depression
at 10 and 33 Hz, and some faithfully followed 500 ms trains of 100 Hz stimuli even
at P2. These findings suggest that axonal conduction is relatively secure at these
frequencies in neonates (see also Lev-Tov & Pinco, 1992). We conclude that the Iamotoneuron synapse develops significant frequency-following ability over the initial
2 postnatal weeks. [Supported by NIH-NS16996.]

SELECTIVE PRESYNAPTIC MODULATION OF SEGMENTAL AND ASCENDING INFORMATION TRANSMITTED BY THE SAME MUSCLE AFFERENT FIBER LN- Quevedo*. J. Lomeli, J. R. Eguibar and Rudomin. P. Dept.
Physiol., Biophys. & Neurosci. CINVESTAV Mexico 07000 and CICF, ICUAP
Pue.
We have shown that the PAD elicited in two different collaterals of a single
muscle afferent fiber ending at L6-L7 in the intermediate nucleus is selectively
modulated by the motor cortex (Brain Res. in press). However, very little is known
on the relative effectiveness of the descending control exerted on segmental and ascending collaterals of the same afferent fiber. In barbiturate anesthetized, paralyzed
and artificially ventilated cats, stimulating pulses were delivered in alternation
through two micropipettes, one placed at L3 in Clarke's column and the other at L6
in the intermediate nucleus. Collision tests were performed to ensure activation of
two collaterals of the same afferent fiber. PAD was estimated from the intraspinal
threshold changes measured at each collateral. In 2/4 la fibers, conditioning
stimulation of the PBSt nerve (4 shocks, 300 Hz, applied 25 ms before the testing
pulse), with strengths above l.5xT, produced larger PAD in the collateral ending at
L6 than in the L3 collateral. In the other two la fibers, the intraspinal threshold of
the L6 and L3 collaterals was reduced to about the same extent. The PAD evoked in
3/4 la fibers by stimulation of the PBSt nerve (1.5-2.5 xT) was differentially inhibited by stimulation of different sites of the motor cortex. That is, one cortical site
produced larger inhibition of PAD in the L6 than in the L3 collateral, whereas
stimulation of another cortical site had the opposite effect. In 3/4 la fibers, the inhibition of PAD produced by stimulation of cutaneous and of joint nerves was
larger in the L6 than in the L3 collateral. In 3/3 lb fibers, stimulation of the bulbar
reticular formation and of the nucleus raphe magnus (NRM) produced a larger
PAD in the L6 than in L3. In one of these fibers stimulation of the NRM produced PAD only in the L6, but not in the L3 collateral. We suggest that sensory
and descending inputs can exert a selective presynaptic modulation of the information transmitted by segmental and ascending collaterals of the same afferent fiber. This mechanism may be of relevance for the coordination of spinal reflex
actions and voluntary movements. Partly supported by grants NIH NS09196,
CONACyT 039-N91107 and SNI, Mexico.
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THE MAGNITUDE OF PAD ELICITED IN MUSCLE SPINDLE
AFFERENTS IS RELATED TO THE BAG1 AND BAG2 INFLUENCE IN
THE CAT SPINAL CORD. M. Enriquez, and R Rudomin*. Department of
Physiology, Biophysics and Neuroscience. CINVESTAV, Mexico.
We found previously that in some experiments the magnitude of the PAD elicited
in single spindle afferents was inversely related to their dynamic response to
muscle stretch (Neurosc. Abst. 1991). These observations have now been extended
and we have explored the relation between PAD amplitude and the bagl and bag2
intrafusal influence, the latter determined as described by Taylor et al. (J. Physiol.
456: 629, 1992). Experiments were performed in 5 unparalyzed, barbiturateanaesthetized cats with the L5-L7 ventral roots cut. Intracellular recordings were
made in the dorsal column from single afferents left in continuity with the
ipsilateral gastrocnemius muscle. PAD was produced by a standard PBSt train (3
pulses, 300 Hz, 2 xT). 3 mm longitudinal ramp stretches (6 mm/sec) were applied
every 6 sec, and after a suitable control, 0.3 mg of succinylcholine were injected
into the muscle arteiy. After the experiment we measured the succinylcholineinduced increments in peak frequency of the muscle discharge immediately after the
stretch (delta PF), the baseline discharge (delta IF) and the dynamic difference
(delta DD=PF-IF). The mean (± S.D.) PBSt-induced PAD recorded from 5 fibers
with delta DD >75 Hz was of 1.3 ± 0.2 mV, which is significantly larger (a. > 0.05
ANOVA) than the mean PAD recorded from 13 fibers with delta DD <75 Hz (0.6
± 0. lmV). That is, fibers with a high baglbag2 intrafusal influence appear to have
the largest PBSt-evoked PAD. Quite interestingly, the synaptic strength of jaw
muscle spindle afferents in the brainstem is also related to intrafusal fiber influence
(Taylor et al. 465: 647, 1993). It thus seems that in addition to the synaptic
strength of muscle spindle afferents, the segmental presynaptic control that is
exerted on their intraspinal terminals is also related to the functional and/or
structural characteristics of the spindle receptors. Partially supported by CONACyT
grant 0319N9107, NTH grant 09196 and Sistema Nacional de Investigadores.

EPSPS ELICITED BY SINGLE SPINDLE AFFERENTS IN TRIGEMINAL
MOTONEURONES IN THE RAT. P.D. Grimwood. (Spon: Brain Research
Association). Dept, of Physiology, Univ. of Leeds, Leeds, LS2 9NQ, UK.
We have compared average EPSPs elicited by single masseter and temporalis
spindle afferents in trigeminal motoneurones of pentobarbitone anaesthetised
rats. Masseter afferents elicited average EPSPs with a mean of 39.3 pV in a
sample of 9 masseter and 5 masseter synergist motoneurones. Temporalis
afferents elicited a mean average EPSP of 97.7 pV in a sample of 8 masseter
synergist and 3 masseter motoneurones. The average EPSPs elicited by the two
groups of afferents were significantly different (p = 0.02). Analysis of the
individual sweeps comprising the average EPSPs revealed an inverse relationship
between average EPSP amplitude and the probability of failure of the
presynaptic spike to elicit a detectable postsynaptic response (p < 0.001). The
probability of failure was significantly greater for EPSPs elicited by masseter
compared to temporalis spindle afferents (p = 0.02). However when sweeps
containing failures were excluded from the average there was no significant
difference between the amplitude of average EPSPs elicited by masseter and
temporalis afferents. This suggests that the underlying synaptic events elicited
by both types of afferent are of similar amplitude. Therefore the difference in
size of average EPSPs elicited by masseter and temporalis afferents may be due
to the difference in the probability of failure. Taken together the data indicates
differences in transmission at synapses of masseter and temporalis afferents onto
trigeminal motoneurones, and suggests that these may be governed primarily by
the nature of the presynaptic neurone and not the postsynaptic target.

330.7
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MAGNOCELLULAR RED NUCLEUS AFTER STIMULATING THE PYRAMIDS.

Y, Padel*. L. Vinav, Centre de Recherche "Cerveau et Cognition", CNRS, Faculte de

Medecine, Toulouse, France.

It is generally assumed, as proposed by Tsukahara et

al.

(1968), that the motor

cortex can act on the magnocellular red nucleus (RNm) through axon collaterals
branching off from the cortico-spinal tract, which is running in the pyramids at the the
bulbar level. However the RNm receives afferents from the spinal cord, ascending in

the medial lemniscus (ML) located just dorsally to the pyramids (Padel et al.,1988).

The present experiments were realized to verify whether the ML might contribute to
the responses observed in the RNm cells after stimulating the ventral part of the bulb.

Both the motor cortex and the RNm were recorded simultaneously: field
potentials were obtained from the depth of the cortex while rubrospinal neurones were

investigated intracellularly. Low current (max.

8OpA)

pulses were delivered through a

monopolar electrode moving in the medulla oblongata, crossing alternately the medial

lemniscus and the pyramids. Monosynaptic excitatory post synaptic potentials (EPSPs)
and disynaptic inhibitory post synaptic potentials (IPSPs) were only recorded from the

RNm cells when the stimulating electrode tip was localized in the medial lemniscus.
No responses could be recorded in these cells when weak stimulation was delivered in

the pyramids. Conversely, antidromic field potentials were recorded in the motor

cortex when the electrode tip was localized in the pyramids and post synaptic field
potentials were recorded when the tip was in the medial lemniscus.
These results suggest that the responses recorded in rubrospinal cells after

strong stimulation delivered in the pyramids could be due to spread of currents the
overlying medial lemniscus.

Tsukahara

et al.,

(1968) J. Neurophysiol. 31: 467-484. Padel

et al.,

(1988) Beh. Brain

Res. 28: 139-151.

CEKVICALLY DRIVEN ANTIDROMIC PRIMARY SENSORY AFFERENT
ACTIVATION (APSAA) EVOKES DESCENDINGLY ACTIVATED MOTOR
NERVE (DAMN) RESPONSES. RD Rose* CON, Neurosurgery, CHP,
University of Pittsburgh Sch. of Med., Pgh, PA 15213
Monitoring descending spinal tracts clinically has
decreased postoperative complication rates in orthopedic
and neurosurgical cases that place the patient’s nervous
system at risk. Often this is done by stimulating the
cervical spine and recording evoked responses (EPs) from
distant spinal cord, nerves or muscle (DAMN responses).
APSAA is likely to account for some portion of DAMN EPs
(Owen et al 89, Tamaki et al 89), but has not previously
been shown to drive muscle EPs. Cervical stimulation
activates descending fibers orthodromically and ascending
fibers antidromically. At spinal segmental branchpoints,
descending antidromic APs continue orthodromically to the
afferent axon’s synaptic terminals (eg Ia-motoneuron
synapse of H-reflex). In deeply anesthetized male albino
rats, Tl cord stimulation of partially transected cord (at
T6; dorsal columns, DC, spared) evoked EMG in hindlimb and
tail muscles. T7 DC transection abolished this DAMN EMG.
Thus, DC stimulation is sufficient to evoke DAMN responses
and motor activity post cervical stimulation does not
require intact motor tracts. Given that ASPAA is
sufficient to evoke DAMN responses, these data suggest
caution be exercised in clinical interpretation of
cervically evoked motor responses.
Supported by grants
from Children’s Hospital and the Copeland Foundation.
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PROPERTIES OF SPINAL NEURONS IN ADULT TURTLES
J.C. McDonagh*. R.B. Gorman. E.E. Gilliam. R,M. Reinking and D.G. Stuart.
Dept. of Physiology, Univ. of Arizona, Tucson A2 85724.
In slices of adult turtle spinal cord. cells located in the central vs.
ventrolateral margin of the ventral horn were provisionally classified as
interneurons (INs) vs. motoneurons (MNs), respectively, using the preparation
and techniques described by Hounsgaard et al. (J. Physiol. Lond. 398: 575589, 1988). The figure shows the mean stimulus current - firing frequency
relation (l-f; 2 s stimulus pulses) for 5 MNs with the following properties (mean
± S.E.): resting potential (Vm) -60 + 2 mV; action-potential amplitude (Vp-p,
peak-to-peak; mean value during 2nd s of first l-f test pulse), 57 ± 3 mV; input
resistance (R/y), 31 ± 3 MO; rheobase (Rh) 0.6 ± 0.1 nA; R/vR/y, 0.02 ± 0.01
nA/MO; threshold for rhythmic firing (In), 0.9 ± 0.2 nA; frequency/current slope
for primary range of firing (f/l-, 2nd s of firing), 16 ± 2 Hz/nA. In comparison, the
values of 3 parameters for 2 INs, (•, B-firing spontaneously) were: Vp-p - 59,
86 mV; R/y - 24, 30 MO; ffl - 62, 63 Hz/nA,
respectively.
The ffl measurements,
including a test for hysteresis, were
particularly robust, as measured repeatedly
throughout test runs of 44-165 min.
However, a secondary range of firing was
not addressed due to inability to pass large
currents through high impedance (40-90
MO) electrodes. For the MNs, there was no
association between R/y and Rh, but the
ranges of R/y(x 1.9), Rh (5.9), R/vR/y (8.3)
and Iq (3.5) values were comparable to
those of type F cells in mammals. From the
above, INs and MNs can be provisionally
classified on the basis of their spinal cord
location and ///values, with the classification
potential of R/yand Rh still an open issue.
Supported in part by USPHS grants NS 20577, NS 01686, NS 07309, GM
08400 and University of Arizona Small Grants Program.

LATE ADAPTATION OF ADULT TURTLE SPINAL NEURONS IN
RESPONSE TO SUSTAINED ACTIVATION.
R.B. Gorman. E.E. Gilliam. J.C. McDonagh. R.M. Reinking and D.G. Stuart*.
Dept, of Physiology, Univ. of Arizona, Tucson AZ 85724.
In slices of adult turtle spinal cord, recordings of firing rate (/) and late
adaptation to sustained stimulation were made in provisionally classified
interneurons (INs) and motoneurons (MNs; for techniques see Hounsgaard et
al., J. Physiol. Lond. 398:578-589, 1988). Fig. 1 compares responses of 2
INs (1 firing spontaneously) and 4 MNs to 30 s depolarizing pulses set at x1.5
the threshold for repetitive firing (similar level for spontaneously firing IN).
Between the 2nd and 26th s of stimulation, the mean f decrease was 38 to 27
Hz (29%) for the INs vs. 14 to 9 Hz (36%) for the MNs. There was a linear
relation (r = 0.88, p < 0.01) between f at 2 s and the reduction of / at 26 s for
this sample of INs + MNs. Similarly, Fig. 2 shows f for the spontaneously
firing IN when hyperpolarized by 0.27 nA to stop firing, and then depolarized
for 30 or 90 s using current steps of 0.3, 0.4, 0.5, 0.8 and 1.6 nA . The
corresponding 2-26 s decreases in f were 35, 24, 27, 27 and 27%,
respectively, and again, the relation between the f and late adaptation was
linear (r = 1.00, p < 0.001; cf. Kernell & Monster, Exp. Brain Res. 46:191-196,
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RENSHAW CELLS AND RECURRENT INHIBITION: COMPARISON OF
RESPONSES TO CYCLIC INPUTS. U, Windhorst*. G. Boorman and D.
Kirmayer. Dept, of Clin. Neurosciences, Univ. of Calgary, Calgary, ALTA T2N
4N1, Canada
Spinal recurrent inhibition influences the discharge patterns of motoneurons and
other neurons, depending on its static and dynamic characteristics. We here compare
nonlinear features in Renshaw cells and recurrent inhibition of motoneurons in
response to cyclic stimulation of motor axons.
In anesthetized or decerebrate cats, intra- and extracellular recordings were
obtained from hindlimb skeleto-motoneurons and Renshaw cells. Various hindlimb
muscle nerves or ventral roots were prepared. Stimulus patterns consisted of cyclic
repetitive pulse trains whose rates varied between a minimum of less than 10 and
a maximum of around 50 pps at modulation frequencies between 0.1 and 1.0 Hz.
Recurrent inhibitory potentials in motoneurons and discharge patterns of Renshaw
cells were averaged with respect to a fixed phase in the stimulation cycle.
Most often the cycle-averaged motoneuron membrane potential changed in a
temporally asymmetrical way, i.e. it fairly rapidly hyperpolarized early in the
stimulus cycle (during increasing rate) and then depolarized more slowly throughout
the rest. Plotting hyperpolarization vs. stimulus rate yielded a hysteresis curve.
Similarly, Renshaw cell discharge was more prominent during the increasing than
the decreasing stroke of the cycle, again yielding a hysteresis curve compatible with
that of recurrent motoneuron inhibition. Thus, Renshaw cells appear to impose their
nonlinear dynamic behavior on the entire system including the next synapse.
This nonlinear behavior of recurrent inhibition distorts motoneuron discharge. If
the latter were sinusoidal without recurrent inhibition, introduction of the nonlinear
recurrent inhibition demonstrated here would slow the rise and accelerate the decline
of firing rate during a cycle. This temporal pattern would distort muscle force time
course even further beyond what it would be with sinusoidal input patterns. Hence,
in this form, recurrent inhibition cannot compensate for distortion of signal
transmission through skeletal muscle. The hysteresis would have to be reversed,
which might be effected by additional inputs modulating recurrent inhibition.

DIFFERENTIAL CHARACTERISTICS OF RAT DORSOMEDIAL
MOTONEURONS. G.M. Holmes*. J.C. Bresnahan. R.C. Rogers. G.E.
Herrmann. M.S. Beattie. Depts. of Cell Biol., Neurobiol.,and Anat., and
Physiol.. The Ohio State University, Columbus, OH 43210.
The motoneurons of the dorsomedial (DM) and dorsolateral (DL) spinal
cord nuclei innervate, through the motor pudendal nerve (mPN), the striated
perineal muscles involved in sexual and eliminative functions. Motoneurons
(MNs) innervating the bulbospongiosus (BS) and external anal sphincter
(EAS) muscles are located dorsomedially, the remaining MNs are
dorsolaterally located. Despite innervation by the same motoneuron pool, it is
readily apparent that the BS and EAS are involved in different behaviors. In
addition to previous reports of differences in conduction velocity and size, we
present evidence that the BS and EAS MNs are physiologically different,

perhaps due to differences in local and descending circuitry. Extracellular
recordings from antidromically identified pudendal MNs show that EAS MNs
are tonically active while BS MNs are silent. We have shown that intrathecal
infusions of thyrotropin releasing hormone (TRH) influence internal anal
sphincter (IAS) activity which is mediated through the pelvic nerve.
Intrathecal TRH at the most effective dose (0. lpM) for eliciting prolonged
(>20 min) IAS contractions increased the firing rate of EAS MNs, though for
a much shorter time (2-5 min). Intrathecal TRH did not elicit BS muscle
firing. These data further support the hypothesis of differential circuitry
regulating sexual and eliminative reflexes. Based upon our previous findings,
we propose that the nucleus raphe obscurus is the main source of the
descending control for defecatory reflexes (Support: NS07291 & NS 10165).

330.13

330.14

REGULATION
OF
MOTONEURON
ELECTRONIC
STRUCTURE BY CALCIUM ACTIVATED POTASSIUM
CHANNELS. P.K. Rose' and P. Brennan, MRC Group in SensoryMotor Physiology, Queen’s University, Kingston, Ontario, Canada

WHY DO THE DISCHARGE PATTERNS OF VOLUNTARILY ACTIVATED
HUMAN MOTOR UNITS DIFFER FROM THOSE OF MOTONEURONS
ACTIVATED BY CURRENT INJECTION IN ANIMALS? A.V. Poliakov. T.S.
Miles*, and M.A. Nordstrom. Department of Physiology, The University of
Adelaide, Adelaide, SA 5005, AUSTRALIA
When made to discharge regularly, the spike trains of CNS neurons, and

It is well established that calcium activated potassium channels in
motoneurons play a key role in the size and duration of the afterhyperpolarization. Yet, these same channels, if tonically active, may
also influence the responsivenes$ of the motoneuron to synaptic
activity. To determine the potential importance of this role, the
electrotonic properties of identified neck motoneurons in anesthetized
cats were determined during intracellular injections of the calcium
chelator, EGTA.
The consequence of EGTA injections were consistent across all
cells examined. The late after-hyperpolarization following antidromic
invasion was lost 2 to 3 minutes after impaling the cell. The resting
membrane potential gradually depolarized (2-10 mV) and this was
associated with an increase in input resistance (14-92%). These
changes were matched by an increase in the ratio of the specific
resistivity of the somatic membrane to the dendritic membrane (17106%). Calculations of the conductance attributed to potassium
channels demonstrated that this conductance decreased by 20-53%.
These results indicate that calcium activated potassium channels may
be tonically active at "rest". By increasing the somatic leak on
motoneurons, these channels may play an important role in regulating
the transformation of synaptic activity to changes in motoneuron
activity (supported by MRC of Canada).

a-motoneurons in particular, show substantial dispersion of the interspike

interval (ISI) values. This is found in both reduced animal preparations and
intact human motoneurons, and is believed to be a consequence of synaptic
noise. However, detailed analysis of the ISI distributions and their
parameters reveals significant differences between these two experimental
paradigms. In the animal motoneurons driven by the injection of a constant
current, the ISI distribution is close to Gaussian, but the ISI distributions of
human motoneurons driven voluntarily at a constant rate are positively
skewed. We repeated the human experiments in first dorsal interosseous,
masseter and tibialis anterior muscles, recording long spike trains from
individual motor units at two or more target firing frequencies. Subjects used
auditory and visual feedback of the unit's firing rate. A rejection criterion was
applied to exclude the segments of the spike train in which the subject had
failed to maintain the firing rate close to target. For these three muscles, the
resulting ISI distributions were positively skewed, and the standard deviation
of the distribution increased at a rate greater than the rate of increase of the
mean ISI. The motoneuron drive in current injection experiments is constant.
However, in human experiments, the feedback signal inevitably fluctuates
around the target which imposes a principal limitation on the accuracy of the
drive. We attempted to reconcile the differences by incorporating this
fluctuation into an existing model based on the animal data. When this was
included, the model was found to be in a good qualitative and quantitative
agreement with the human experimental data.

330.15

330.16

CONTRACTILE PROPERTIES OF THE TONGUE: EFFECTS OF
EXTRACELLULAR HYPOGLOSSAL MOTONEURON STIMULATION IN RAT.
E.E. Gilliam*. J.R. McClung and S.J. Goldberg. Dept. Anat., P.O. Box 980709,
Med. Coll.Va.-VCU, Richmond, VA 23298-0709.
The current study continues our examination of the contractile properties of
the tongue muscles in response to hypoglossal nerve branch and nucleus
stimulation.
Extracellular stimulation of hypoglossal motoneurons elicited protrusive or
retrusive movements with the medial branch of the nerve intact. Protrusive
movements were evoked by stimulation generally ventral in the nucleus, but
rostral to the obex only, and were thought to be caused by geniogiossus
motoneurons. The average protrusive twitch tension elicited was 47.1 mg with
a 16.0 ms twitch contraction time and a 1.1 fatigue index (FI). Retrusive
movements were evoked by stimulation throughout the length of the
hypoglossal nucleus, generally ventral, and were thought to be caused by
intrinsic muscle motoneurons. The average retrusive twitch tension was 67.1
mg with a 18.5 ms twitch contraction time and a 0.97 FI. The difference in
the evoked protrusive and retrusive twitch tension was significant (p<0.0001)
as was the difference in twitch contraction time (p<0.01).
Extracellular stimulation of hypoglossal motoneurons with the lateral branch
of the nerve intact elicited retrusion only. This retrusion was elicited from
nuclear stimulation sites generally dorsal in the nucleus, but primarily rostral
to the obex, and was thought to be caused by styloglossus/hyoglossus
motoneurons. The average retrusive twitch tension was 86.0 mg with a 13.5
ms twitch contraction time and a 1.4 FI. This styloglossus/hyoglossus
motoneuron evoked twitch tension was significantly stronger than that elicited
by stimulation of geniogiossus (p<0.0001) or intrinsic (p<0.0001) motoneurons.
The styloglossus/hyoglossus elicited twitch contraction time was significantly
faster than that elicited by stimulation of geniogiossus (p<0.01) or intrinsic
(p^0.001) motoneurons.
Supported by an A.D. Williams grant from VCU and DC02008.

DEVELOPMENT OF VOLTAGE-GATED CURRENTS IN RAT SPINAL
MOTONEURONS. B.-X. Gao* and L. Ziskind-Conhaim. Dept. of
Physiol. & Ctr. for Neuroscience, Univ.of Wisconsin, Madison WI,53706.
Motoneuron excitability increases during embryonic development. The
action potential in embryonic motoneurons is long in duration and a
prolonged depolarizing current generates only one action potential, while
a similar current produces a train of action potentials in neonatal
motoneurons. To characterize the changes in the ionic dependence of the
action potential, whole-cell voltage-clamp technique was used to record
voltage-dependent currents in motoneurons in spinal cord slices of
embryonic (E15-E16) and newborn rats (0-3-day-old, Gao and ZiskindConhaim, 1993, Society for Neuroscience, 19:984). We identified the
developmental changes in the current density, voltage dependence and
activation time of sodium, calcium and potassium currents.
The major change in sodium current was a 4-fold neonatal increase in
its peak current density, and small but consistently faster times for its
activation and inactivation. The peak density of calcium current increased
3-fold after birth, and the current was activated significantly faster than in
embryonic motoneurons. The slow activation of calcium current in
embryonic motoneurons probably contributed to the long duration of
their action potentials. After birth there was a 6-fold increase in the peak
density of calcium-dependent potassium current, but calcium-independent
potassium currents did not change during motoneuron differentiation.
The voltage dependence of the inward and outward currents examined in
this study did not change during the last week in utero. The
developmental changes in sodium, calcium and calcium-dependent
potassium currents contributed to shorter duration action potential, and
increased motoneuron probability to fire repetitively.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

791

792

SPINAL CORD AND BRAINSTEM:

CELLULAR NEUROPHYSIOLOGY

TUESDAY PM

330.17

330.18

ACTIVITY-DEPENDENT DIFFERENTIATION OF MOTONEURON
ELECTRICAL PROPERTIES. H. Xie and L. Ziskind-Conhaim*. Dept,
of Physiol. & Ctr. for Neuroscience, Univ. of WI, Madison WI 53706.
The effects of electrical activity and synaptic transmission on the
differentiation of motoneuron electrical properties were studied in spinal
cords of rat embryos cultured at day 15 of gestation. Spinal cord slices
were maintained in organotypic culture at 37°C for 1-3 weeks (Xie and
Ziskind-Conhaim, 1993, Soc. Neurosci., 19:1506). The changes in the
properties of cultured motoneurons were compared to those of neonatal
motoneurons (0-3 days after birth) using intracellular recordings. The
average resting potential of cultured motoneurons, their action potential
threshold, and their ability to fire repetitively changed with a time course
similar to that of neonatal motoneurons. However, motoneuron input
resistance and action potential maximum rate of rise developed slower
than in utero.
Within one week in culture, the frequency of spontaneous potentials was
higher than the frequency recorded in neonatal motoneurons. To
determine whether the increased synaptic activity regulated the changes in
motoneuron properties, electrical activity was blocked by TTX. Electrical
inactivation resulted in slower differentiation, and the properties of
motoneuron cultured for 2 weeks in TTX-containing medium were
significantly different from those of neonatal motoneurons. To examine
whether the halted differentiation was due to the suppression of excitatory
synaptic transmission, spinal cords were cultured in the presence of APV
and CNQX, antagonists of glutamate receptors. However, inhibition of
glutamate-mediated transmission did not affect the time course of
motoneuron development. Our data suggested that electrical activity but
not excitatory synaptic transmission played an important role in
regulating the differentiation of motoneuron properties. Supported by
NS23808 to L. Z-C.

MATHEMATICAL MODEL OF BRANCHING MULTIPOLAR NEURON WITH
DENDRITES OF ARBITRARY MEMBRANE TIME CONSTANT. Lovd L.
Glenn*and Jeffrey L. Holmes. Neuromechanics Research Group, East
Tennessee State University, Johnson City, TN 37614-0658.
The membrane time constants of neuron dendrites are unlikely to be equal
across all dendrites, however all mathematical models of passive propagation
to date have assumed a time constant uniformity among dendrites. The
solution for the membrane voltage and axial current of a general cylinder
model was derived for a neuron with an arbitrary number of stem dendrites;
arbitrary number of orders of branching, where the order of branching can be
different for every terminal dendrite; an arbitrary number of branches per
branchpoint; any branch, regardless of location, can have an arbitrary length,
diameter, membrane resistance, time constant; a lumped soma (represented
by a resistor and capacitor in parallel) with an arbitrary time constant;
recording and stimulation on any pair of dendrites, and either an
instantaneous pulse or current step.
The membrane time constants had two effects on the rate and initial

amplitude of the superimposed exponential waveforms that formed the
solution. The first was length and diameter weighting, such that cylinders
with greater time constants had greater length and diameters when
calculating decay rates and initial amplitudes. The second effect was only on
initial amplitudes, such that cylinders with greater time constants had smaller
initial amplitudes. The conclusions are: (1) multipolar models explain
experimentally-derived waveforms without the need to assume a lumped or
shunted soma, (2) if stimulus and recording sites are interchanged, the
resulting waveforms are identical in magnitude and time course, and (3)
models used to interpret experimental charging curves from multipolar
neurons can have the same metric and electrotonic length if the dendritic
time constants are unequal.

330.19

330.20

A MORPHOLOGICAL FIGURE OF MERIT THAT IS
APPROXIMATELY
MAXIMIZED
BY
NATURAL
MOTONEURONAL DENDRITES
W. B. MARKS* LAB OF
NEURAL CONTROL, NINDS, BETHESDA, MD 20892
What factors contribute to the determination of the branching
structure, fineness, and overall extent of neuronal dendrites?
Although it is premature to attempt to answer these questions in
detail, enough is known about motoneuron morphology begin to chose
among some gross models. All of the models considered here are
functions of the “coupling" m(x) between point x on a dendritic tree
and the cell soma, where m is the fraction of current injected at
location x that reaches the soma. The dendrite is considered to
passive and linear, and without interactions between injection sites.
Thus we can sum m(x) over the dendrite surface to obtain the
"weighted surface area" of the dendrite Aw = J m(x)dA where dA is

RECOVERY FROM ADAPTATION DURING SUSTAINED
DISCHARGE OF RAT HYPOGLOSSAL MOTONEURONS.
A. Sawczuk*. R.K. Powers, and M.D. Binder. Dept. of Physiology &
Biophysics, Univ. of Washington, Seattle, WA 98195.
We have been studying spike-frequency adaptation of rat hypoglossal
motoneurons in vitro. Initial adaptation is characterized by a linear
decline in frequency over time. The subsequent decline in frequency can
be described by a single (i.e., late adaptation) or a double exponential
function (i.e., early and late adaptation) of time. To examine cell
recovery from adaptation, we introduced brief repolarizing pulses (<600
ms) during the discharge period. The recovery following these short
interruption pulses is confined to the initial and early phases of
adaptation. Generally, recovery from late adaptation requires longer
interruptions.
Preliminary results suggest that the magnitude of
recovery is dependent on the level of membrane depolarization during
the pulse and on ' the total period of discharge prior to the pulse.
Introduction of a hyperpolarizing pulse during the course of discharge
results in near complete recovery from all phases of adaptation, whereas
introduction of depolarizing pulses results in recovery from primarily the
initial and early phases. However when the depolarization exceeds the
original injected current, the firing rate following the pulse is initially less
than the prepulse rate and then recovers to the pre-pulse level within 2 s.
These data are consistent with hypotheses implicating Na+ channel
inactivation or differences in transmembrane ionic gradients as
contributors to adaptation. Future investigations are planned to expand
the scope of these studies in an effort to identify cell mechanisms
responsible for each of the three phases of adaptation. (Supported by
NINDS grant NS01650-01 and NIH grant NS2684O)

a local surface element. However this grows without limit with
neuronal size, and cannot serve to suggest an optimal size range.
Therefore we normalize by an estimate of metabolic cost, the
dendritic volume V. However Aw / V increases without limit for
small sizes. The ratio Alw / V , where A,w = j m(x)l(x)dA and l(x) is

local path distance from the soma, was approximately constant for
all dendritic sizes. However when m(x) was multiplied by a local
non-overlapping volume element dV = it R2dx to give Vw = I m(x) dV,

where R was a constant parameter of the model, the ratio Vw / V
actually had a maximum value for dendrites that branch and have a
definite size range.

CONTROL OF POSTURE AND MOVEMENT IV
331.1

331.2

THE IMPACT OF SPACE FLIGHT ADAPTATION ON POSTFLIGHT
LOCOMOTION. E Y, McDonald^ C.S. Layne 1 *, JJ. Bloomberg^. L. Merkle2. (X
Jones1 and C.J. Pruett 1 Motor Performance Laboratory!, KRUG Life Sciences,
University of Houston^, and the Space Biomedical Research Institute 3, NASAJohnson Space Center, Houston, Tx 77058.
During space flight the characteristics of human contact with environmental
surfaces is sufficiently changed such that adaptation to this altered inertial
environment is expected to have a large effect on musculoskeletal impedance. The
persistence of these adaptive changes on return to the terrestrial environment will
compromise the body's capacity for the efficient transfer of energy during postflight
locomotion. Problems associated with such a phenomenon may be observed
throughout the body including head and gaze control. In order to assess the impact
of space flight on postflight locomotor performance, patterns of neuromuscular
activation and lower limb kinematics were obtained from astronauts during a
treadmill locomotion task requiring gaze fixation on a stationary target. Lower limb
surface electromyograms (EMG) and angular displacements of the thigh and knee
joints were obtained prior to and immediately following space flight. Amplitude
normalized EMG waveforms, temporally referenced to heel strike, were evaluated
for potential changes in synergistic activation patterns. Phase plane portraits for the
thigh and knee joints were evaluated to identify changes in energy fluctuations
throughout the gait cycle represented as changes in the radius of the phase portrait.
Since heel strike represents the event most likely to cause high frequency
perturbations to the locomotor system particular emphasis was placed on this event
during data analysis. Results indicate alterations in the muscle activation
characteristics surrounding heel strike which may impact joint stiffness during
postflight locomotion. Qualitative evaluations of the changing relationship of
muscular activation, joint motion, and energy fluctuations based on plots of muscle
activation patterns overlayed on the phase portrait will be presented in the context of
evaluating changes in musculoskeletal impedance.

HORIZONTAL PLANE HEAD STABILIZATION DURING
LOCOMOTOR TASKS. R.L. Cromwell*. DepL of Physical Therapy,
Temple University.
Head stability is essential for maintaining gaze during normal daily
activities. This study examined the ability of the head to remain stable in
space in response to variations of trunk motion in the horizontal plane.
Ten subjects performed walking tasks where arm swing patterns were
manipulated to allow for alterations in trunk motion, thus, imposing
different demands on the maintenance of head stability. Four locomotor
tasks were studied: normal walking (N), arm swings at twice the normal
frequency (F), large amplitude arm swings (A), and arm swings 180°
out of phase (P). Angular velocities of head and trunk were collected.
Frequency analyses of head with respect to trunk angular velocities
revealed successful attempts at head stability during all tasks. At 1 Hz in
N, most subjects showed relative gains <1 with corresponding phases
<180°. At higher frequencies, gains clustered around 1 and phases near
180° indicating head to trunk compensations. Responses in F, A, and P
at all frequencies were similar to this higher frequency pattern observed
in N. These data indicate at lower frequencies during N, subjects do not
compensate trunk motion with head motion; instead, they probably rely
on other mechanisms such as the vestibulo-ocular reflex (VOR) to
maintain gaze during locomotion. When the VOR is challenged at higher
frequencies in N and during more difficult tasks such as F, A, and P,
head motion directly compensates trunk motion to keep the head stable in
space thus reducing the demands placed upon the VOR.
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This work was part of R. Cromwell's doctoral dissertation at the
University of Illinois-Urbana Champaign. Supported by grant DC01125
to E.A. Keshner.
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POSTURAL SITTING STRATEGIES IN INFANTS: A MOTOR
LEARNING PARADIGM. D.L. SCALISE-SMITH. C.A. GIULIANI
and P.E. MEYERS*. University of North Carolina-Chapel Hill, Chapel
Hill, N.C. 27514 and Temple University, Philadelphia, PA., 19140.
This study was designed to characterize changes in infants' responses
to a postural perturbation using surface electromyography (EMG) and
videography. Healthy infants (n=31), aged 3-6 months, participated.
Infants sat on a bench and were supported at the trunk, while auditory
cues were given prior to release or catch (hold) trials. Three hold trials
were randomly distributed in each block of ten trials. Two blocks of
acquisition trials [Al, A2] and two blocks of retention trials [Rl, R2]
were performed. Retention trials were conducted 15 minutes and 24
hours after the acquisition trials. Angular velocity and displacement of
the trunk were measured. A contact switch signalled the perturbation.
Onset latency of EMG from trunk and lower limb muscles were
recorded. Individual and group means were calculated for trunk
displacement, velocity, and muscle onset latency in each block of trials.
Mean trunk velocity tended to decrease from Al (46.9°/sec) to R2
(4O.4°/sec). Muscle onset occured earlier in R2 (-75.6 msec) than Al
(-25.4 msec). Hamstring, lower paraspinal and quadriceps muscles were
activated in 51% of the trials. The postural synergies identified in infants
as young as 3 months of age, implies that these infants had the capacity
to produce appropriate synergies, although the onset and sequencing of
the muscles activated, is immature. Utilizing paradigms consisting of
functional behaviors, rather than laboratory paradigms, may provide
useful learning paradigms for studying postural control in infants.

PONTINE CATAPLEXY-RELATED CELLS IN THE
NARCOLEPTIC DOG. M.-F. Wu*, B. Nienhuis. E. Mignot, W.
C. Dement and J. M. Siegel. Neurobiol. Res. (151 A3), VA Med. Ctr.,
Sepulveda, CA 92343, Dept. Psychiatry, UCLA, CA 91020 and Dept.
Psychiatry, Stanford University Sch. Med., Palo Alto, CA 94305.
Cataplexy-related cells were identified in the nucleus reticularis
pontis oralis of the narcoleptic dog using microwire recording
techniques. These cells were maximally active during cataplexy and
REM sleep, inactive during movement, and had the lowest discharge rate
during waking and non-REM sleep (NREM) (mean discharge rate: AW
= 3.4±2.2, QW=3.9±2.0, NREM=3.5±1.5, cataplexy/sleep-onset REM
= 7.8±4.7, REM = 11.5±6.2). All of them had a regular firing pattern
in all states. Physostigmine immediately increased cell activity in waking
and increased cell activity during cataplexy/sleep-onset REM episodes.
Prazosin increased the frequency and duration of cataplexy. However,
cell activity was not significantly changed from the pre-drug level.
Most of other pontine cells were maximally active in both waking
and REM sleep. These cells showed a decrease of firing during
cataplexy. Most of them did not show a significant change in activity in
response to either physostigmine or prazosin.
We hypothesize that the pontine REM-on, cataplexy-on cells are
afferent to the medullary cataplexy-related cells in the final common path
for atonia. The cholinergic activation of these cells is gated or summated
with other inputs at or before the medullary cells in the descending atonia
pathway. These cells may be cholinoceptive or receive indirect input
from cholinergic cells. Noradrenergic system may act independently of
the cholinoceptive mechanism driving the cataplexy-related cells.

Supported by Fondation for Physical Therapy to D. S-S.

331.6

331.5
LOCOMOTOR-RELATED MODULATION OF DORSAL ROOT POTENTIALS
EVOKED BY THE STIMULATION OF THE MEDULLARY RETICULAR
FORMATION (MRF) DURING FICTIVE LOCOMOTION IN THE CAT. J.-P.
Gossard". J.-M. Cabelguen. E. Brustein. S. Rossignol. CRSN, U. de Montrdal, C.P.
6128, Succ. Centre-ville, Montrdal, Qudbec, Canada H3C 3J7.
Primary afferent depolarization (PAD) pathways are recruited by central pattern
generator (CPG) for locomotion in the spinal cord. Supraspinal structures such as the
MRF can influence the PAD pathways in anesthetized cats (Rudomin 1990) and can
also evoke powerful motor responses during fictive locomotion (Perreault et al.
1994; Fleeter et al. 1993). This project investigates the PAD patterns evoked by the
stimulation of the MRF during fictive locomotion. Six cats were decerebrated and
curarized. Fictive locomotion was either spontaneous or induced by mesencephalic
stimulation. Dorsal root potentials (DRPs) were evoked bilaterally at different
moments of the fictive step cycle or several times per cycle by the stimulation of 1)
the MRF (3 pulses, 30-100 ^A), 2) muscle or cutaneous nerves and 3) both together
(3 cats) before and during fictive locomotion. As expected, spontaneous cyclic
changes in DRP were seen bilaterally during fictive locomotion, peaking during the
flexor phase (Gossard and Rossignol 1990). The amplitude of MRF-evoked DRPs
was markedly modulated during fictive locomotion with a maximum occurring during
the extensor phase on the ipsilateral side (12/16 trials) with an opposite and deeper
modulation pattern on the contralateral side (12/16 trials). Also, DRPs evoked by
segmental inputs were not facilitated by a preceding conditioning stimulation of the
MRF before or during locomotion, even though both DRPs were maximal during the
extensor phase. The results suggest that the MRF-evoked DRPs were relatively
decreased during the flexor phase because the PAD system was already maximally
recruited by the CPG during that phase. The lack of facilitation between MRF and
segmental inputs suggests that they are mediated through different interneuronal
pathways but this issue needs to be further investigated with the recording of
identified primary afferents. Supported by a grant of the Canadian MRC.

POSSIBLE CONTRIBUTION OF AN OTOLITH SIGNAL
TO AUTOMATIC POSTURAL STRATEGIES • C.F. Runge”.
C.L. Shuparr. F.B. Horak~. F.E. Zaiac**” *Mechanical Engineering

Department, Stanford University, Stanford, CA 94305-4021, "Rehabilitation RAD
Center (153), VA Medical Center, Palo Alto, CA 94304, “R. S. Dow Neurological
Sciences Institute, Good Samaritan Hospital, Portland, OR 97209-1595.

Patients with bilateral vestibular deficits do not use a "hip strategy” to control
posture, even when it is necessary to prevent falling. This implies an important role
for vestibular signals in the selection and execution of postural control strategies. To
examine the relation between head acceleration and postural control strategies, we
translated normal subjects standing on a flat support surface with a range of velocities
from slow (15 cm/s), which elicits an “ankle strategy,” to fast (55 cm/s), which
elicits a “hip strategy.” Body kinematics, EMGs, and horizontal and vertical linear
accelerations of the head (mastoid) were recorded. In all trials we observed a quick
downward head acceleration (duration 50-90 ms, peak magnitude 0.2-1.4 m/s2)
shortly after die onset of the platform movement. For high and medium velocity
translations, we observed a rectus abdominis (trunk flexor) EMG burst 55-85 ms after
the downward head acceleration. For lower velocities, the abdominal EMG bust was
discernible only when the peak magnitude of the downward head acceleration exceeded
a threshold characteristic to each subject (about 0.5 m/s2). We are currently
examining the relationship between the peak magnitude of the downward acceleration
and the amplitude of this abdominal EMG burs We are also investigating whether
the time derivative of head acceleration (head jerk), which is believed to stimulate
irregular otolith neurons, has a role in triggering the abdominal EMG buns. These
results are consistent with the hypothesis that linear head movement signals, such as
acceleration and/or jerk, play an important role in the selection of postural control
strategies. (Supported by NIH grants DC01104, DC02072, DC01849, and the Dept
of Veterans Affairs Rehabilitation R&D Service.)

331.7

331.8

RUBROBULBAR PROJECTIONS MODIFY PYRAMIDAL AND
EXTRA-PYRAMIDAL FUNCTION DURING RAT LOCOMOTION.
K.A. Krobert*. D.M. Feeney and G.K. Weiss.
Depts. of Physiology'& psychology, univ. of New
Mexico, Al^ucqterque, NM $7131.
Analysis of rat paiwpnnts are a sensitive
ieasure of gait change after various CNS
insults. We used this method after sensorimotor cortex (SMCX) ablation, transection of
the rubrospinal tract (RST), red nucleus (RN)
lesion, singularly or in combination. Unilateral transection of the RST within the cord
or excitotoxic RN lesions (which destroys
BOTH RST and rubrobulbar projections)
prodeced marked adduction of the hinalimb
lasting more than 15 days postsurgery.
Surprisingly, SMCX ablation resulted in minor,
transient gait changes (1 day).
In contrast,
SMCX ablation in rats "recovered" from RSf

HAVE
INFANTS POSTURAL RESPONSES FOLLOWING
SURFACE ROTATIONS IN PRONE? H. Hirschfeld. M, HaddersAlera. H. Forssberg. P. Roland*. Dept. of Neuroscience, Dept. of
Woman and Child Health, and Dept, of Physical Therapy, Karolinska
Institute, 171 77 Stockholm, Sweden.
This study investigated if reactive postural responses are present in
2-5 weeks old infants. Eight infants were exposed to sudden head-down
and head-up rotations of 4 or 6 deg amplitude and 35 deg/s velocity
while EMGs and kinematics were recorded from neck, trunk and right
arm.
The results indicated that during head-down rotation the platform
acceleration, and during head-up rotation the platform deceleration
triggered a similar response in the arm with EMG onset latencies
between 80-160 ms. Higher amplitude (6 deg) of head-up rotation,
resulting in later onset of the platform deceleration induced longer
delays of the EMG responses. Vertical displacement of the wrist and
change of the elbow angle occurred earlier (30 ms) than the onset of
head movement.
The results suggest that the release of pressure on the arm or the
vestibular stimulation triggers the postural response. In conclusion, the
results support the hypothesis of innate neural circuits for generation
of postural responses in humans and that these may be elicited a few
weeks after birth.

_______

time _______

_________

________ ____

Interestingly, ng gait changes were observed
after SMCX ablation in rats "recovered" from
rior RN lesions. Thj.s indicates £hat Tubroulbar projections (likely to the inferior
olive) are critical for gait modifications
after SMCX ablation. Additionally, the same
abnormal gait described above, rather than
hindlimb adduction is observed after RST
transaction in rats recovered frgm prior SMCX
ablation. Together, these data indicate
rubrobulbar prgjectiong mediate alterations in
gait after brain or spinal cord injury,
whether these gait changes are pathological or
compensatory is unclear.
Supported by U.S. Army Grant DAMD17-91-Z-1006.
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331.9

331.10

INFLUENCE OF PRIOR EXPERIENCE AND INSTRUCTION ON
POSTURAL ORGANIZATION OF PERTURBED STEP INITIATION.

IMPAIRMENT
OF
POSTURO-KINETIC
CO-ORDINATION
DURING
INITIATION OF FORWARD ORIENTED STEP IN PARKINSONIAN PATIENTS
N. Gantchev. F. Viallet*. R. Aurentv. J. Massion NBM, CNRS, Marseille, FRANCE,
lab. of Biophysics, BAS, Sofia, BULGARIA
One approach to specific disturbances in Parkinsonian patients (PD) consists of
studying their motor performance during motor tasks, which involve co-ordination
between posture and movement such as a forward oriented step. The subjects were
standing in a upright position barefoot on a Kistler force platform and instructed to
perform, as soon as a tone was given, one out of three types of step initiation:
initiation of walking; initiation of a single step, "place" the moving leg under visual
control. Five PD and 5 healthy age-related controls took part in the study . They
performed 5 consecutive trials for each task. Two phases in the motor tasks were
defined: the postural phase (Tl-T2) starting with first change (Tl) in the centre of
pressure (CP) up to the onset (T2) of the vertical shift of the marker on the malleolus
indicating the initiation of the step; the movement phase (T2-T3) starting from T2
and finishing, when the foot struck on the ground (T3). Kinematic profiles were
reconstructed using the E.L.I.T.E. system. In controls, the postural phase was shorter
in duration than the movement phase in all the motor tasks. The duration of the
postural phase, which was shortest in "place" task, was variant characteristic of the
given motor task. The movement phase duration remained invariant during different
tasks. In PD postural phase was longer in all the motor tasks than in the controls and
the duration did not vary depending on the task. The duration of the movement phase
was almost the same in PD and controls, thus remaining invariant even in PD. The
maximal velocity of the centre of gravity (CG) during the movement phase in all
motor tasks was lower than in normals. In conclusion PD posturo-kinetic coordination is impaired in terms of the initiation of forward oriented movements They
cannot regulate the duration of the postural phase and the amplitude of the initial
backward shift of CP in the antero-posterior direction. PD are not able to generate
strong enough propulsive forces during the postural phase to perform motor tasks of
this kind as efficiently as normal subjects.

A, L. Burleigh* and F.B. Horak. R.S.D. Neurol. Sci. Inst., Portland OR, 97209 &
Oregon Health Sciences University, Portland, OR 97201.
Our previous research has shown that voluntary step initiation, paired
with backward translation of the support surface, suppresses the automatic
postural response in the stretched gastrocnemius and soleus up to 100 ms
prior to muscle activation for the step initiation. Also, the postural
adjustments preceding the step are shorter in duration, due to the higher
velocity of forward movement in the perturbed step.
This current study investigated the relative influence of prior
experience and prior instruction in postural reorganization for voluntary
but perturbed step initiation. EMGs, platform forces and kinematics were
analysed. To determine the role of prior experience, subjects were
exposed to four velocities of backward surface translation, either random
or blocked, and in advance, instructed to step on every trial. To determine
the role of prior instruction, subjects were instructed to step only when
they felt a cutaneous cue that was paired with the onset of translation. If
no cue was felt, subjects remained standing during the translation.
Both prior experience with the perturbation and prior instruction to
step were required for a significant suppression of the automatic postural
response across all velocities. In contrast, experience with the perturbation
was not required for velocity-dependent modification of the postural
adjustments for step initiation. Step initiation included activation of the
bilateral tibialis and swing limb tensor fascia latae to create a posteriolateral change in center of pressure (COP) to propel the body forward
over the stance limb. In both random and blocked trials, the onset of the
tensor occurred earlier with increasing velocity, even though the onset of
tibialis was unchanged. The duration from the first change in the lateral
COP to foot-off was also shortened with increasing velocity.

Supported by the Foundation for Physical Therapy and NIA

331.11

RELATIVE TIMING OF MUSCLES AND MOVEMENTS DURING
SITTING TO STANDING MOVEMENT. B.R. Etnvre*. R.L. Rahl. D. O.
Thomas and D. Justice. Human Performance and Health Sciences Dept., Rice
University, Houston, TX 77251 and Texas Woman’s University
The importance of sitting-to-standing (STS) motion has recently facilitated
several research studies in regard to characteristics which should be considered
for adaptive conditions for various pathologies. By understanding the
conditions of the normal STS movement, strategies can be formulated better
for retraining during rehabilitation. The purpose of this study was to compare
the relative timing of muscles and forces during four conditions of STS. The
four conditions were with the arms: free; crossed; on knees; and on armrests.
Using an AMTI force plate six events were identified in the vertical direction.
These were compared with the onset/offset of five muscles of 50 normal
subjects (mean = 23.0 years, S.D. =9.0). The six vertical events identified
were: 1) first movement; 2) counter movement; 3) seat-off; 4) maximum
vertical force; 5) amortization and 6) first steady standing. The five muscles
monitored with surface electromyography (EMG) were: tibialis anterior;
triceps surae; rectus femoris; medial hamstrings; and gluteus maximus/medius.
Time durations between vertical events were converted to percent of total time
for further analysis. A significant interaction was revealed for the condition by
vertical force event ANOVA (F( 12,588) = 22.9, p < 0.001. Post hoc analysis
(Tukey HSD) indicated the armrest condition was significantly different at the:
1) seat-off to maximum force phase; and 2) maximum force to amortization
phase, compared with the other three conditions. Tibialis anterior was always
the first muscle active. Separate ANOVA’s revealed no significant differences
for EMG durations among the four conditions p > 0.05. It was concluded the
longer impulse of the armrest condition during maximum force can reduce the
impact of overall forces during the STS movement.

331.13
AN ARTIFICIAL NEURAL NETWORK APPROACH FOR MODELLING
THE LOCOMOTOR PATTERN GENERATOR.
S.D.Prentice* and A.E.Patla. Dept. of Kinesiology, Univ. of Waterloo,
Waterloo, Ontario, Canada, N2L 3G1.
A model of locomotor pattern generation was developed using artificial neural
networks. The model consisted of two components: a timing network
responsible for producing the fundamental locomotor rhythm, and a shaping
network that transforms these simple oscillations into complex muscle activation
time histories. The timing network utilized a sequential neural network that
generated two sinusoidal outputs whose frequency was dependant on the
magnitude of a single tonic input. The shaping network, represented by a 3 layer
feedforward neural network, received the two sinusoidal waveforms to form the
activation patterns of six major muscles of the lower limb. All trainable
parameters for both networks were determined using a backpropagation
algorithm. The timing network was successfully trained to oscillate at a range of
frequencies and not to oscillate in the absence of tonic input. EMG from the
soleus, med. gastrocnemius, tibialis anterior, peroneus longus, biceps femoris and
rectus femoris for 12 successive strides were collected from a subject walking on
a treadmill at various speeds (1.2-2.0 m/s). Inputs to the timing network were
selected to produce oscillations corresponding to the mean stride frequencies.
The timing output and the EMG data from two walking speeds were used to train
the shaping network and data from three unique speeds were reserved to test the
model's ability to generalize to other rates of locomotion. The predicted muscle
activations closely resembled the actual EMG and generalized well to the novel
conditions. Cross-correlations and RMS error scores were used to quantify the
results. The poorest prediction was in the tibialis anterior while the plantar flexor
muscles showed the best results. (Supported by a grant from NSERC, Canada)
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331.12

GAIT AND POSTURAL CONTROL IN DIABETIC NEUROPATHICS.
R. Courtemanche. N. Teasdale. P. Boucher, M. Fleurv*. C. Bard.
Laboratoire de performance motrice humaine, University Laval, Quebec,
Canada, G1K 7P4.
The purpose of this study was to determine the effects of somatosensory
deficits resulting from diabetic distal peripheral neuropathy on the control
of upright standing and walking. The polyneuropathy was quantified using
a clinical scoring system (Valk et al., 1992) and nerve conduction studies.
Diabetic neuropathies (DNs, n=l2) were less stable than controls (n=7)
when asked to maintain an upright posture (with and without vision). More
important, they were particularly affected by no-vision to vision transitions.
The postural behavior of the DNs with vision after a no-vision period
(visual transition) was comparable to that of the control subjects in the novision condition. When walking, DNs had a slower gait, a shorter stride
length, and spent a greater proportion of time in double support than
controls. Walking also required a greater proportion of their attentional
resources (as indexed by longer probe reaction times using the dual-task
paradigm). Reduced peripheral sensibility conditions may yield an increased
cognitive regulation and/or a decreased automaticity in the sensory
integration processes. Supported by NSERC (Canada) and FCAR
(Quebec).

331.14
ORIGIN AND ORGANIZATION OF PREPARATORY POSTURAL RESPONSES
FOR THE INITIATION OF LATERAL BODY MOTION DURING GOAL
DIRECTED TASKS. M.W. Rogers*. Y-C. Pai, T.A. Hanke. Programs in Physical
Therapy and Institute for Neuroscience, Northwestern Univ., Chicago, IL 60611
Postural responses prior to standing leg raising movements consistently include an
early increase in vertical loading beneath the withdrawing limb with contralateral
unloading which contribute to rotation of the body towards the single stance limb.
This study examined a hypothesized primary role of the hip abductor (gluteus medius:
GM) - adductor (adductor magnus: AM) musculature in initiating lateral weight
transfer during goal directed tasks, and for similar actions evoked by transcutaneous
neuromuscular electrical stimulation (NMES) in healthy human adults.
Surface electromyographic (EMG) recordings, ground reaction forces (GRFs), and
kinematics were analyzed for rapid leg flexion and forward step initiation. Leg
flexion was also performed over a range of speeds. For both rapid tasks, concomitant
phasic bursts of GM (swing leg) and AM (stance leg) responses preceded the onset of
GRF changes and were associated with an increase in the corresponding hip joint
torques. These response characteristics were consistent with predicted profiles based
on a mechanical model. As the speed of leg flexion became slower, the frequency of
discrete AM responses was markedly reduced in the presence of a progressive
downscaling in peak loading and GM EMG magnitude. In addition, strikingly similar
vertical loading-unloading responses were reliably reproduced and modulated during
relaxed standing with single trains of NMES of the GM applied over a range of
intensities and durations.
The findings suggest a likely origin of preparatory postural responses for the
initiation of laterally directed rotation of the body which may be utilized as a common
programming component by the CNS for different goal directed tasks. Moreover, the
details of the response organization appear to reflect the speed requirements of the
forthcoming movement goal. Supported by NIA AG00581
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331.15

331.16

EVALUATION OF NECK REFLEX CONTRIBUTIONS DURING HEAD
STABILIZATION USING A DYNAMICAL MODEL.
G.C.Y. Peng.
T.C. Hain. B.W. Peterson*. Northwestern University, Chicago, IL 60611
We developed a horizontal plane dynamic model of the human head-neck
system to study the influence of the vestibulocollic (VCR) and cervicocollic
(CCR) reflexes during trunk perturbations. Passive viscoelastic properties
of the head were modeled as a 2nd order lumped parameter plant
(Zangemeister et al., 1981). Active dynamics of the VCR and CCR, based on
head acceleration to EMG transfer functions (Bilotto et al., 1982; Dutia &
Hunter, 1985), were concatenated with a low pass filter approximation of
muscle contraction to supply torque to the mechanical plant. Using Matlab
and Simulink, we analyzed linear models of the system in the frequency
domain in terms of head acceleration with respect to trunk acceleration.
Passive mechanics of the head exhibited a slightly underdamped response
with a natural frequency of 2.8 Hz (3.2 dB peak). Addition of the VCR
feedback loop created a gain minimum at 0.5 Hz and a phase minimum at
0.25 Hz. The resulting response resembled a lead compensator at ~l Hz.
Adding the CCR feedback loop dampened the gain and phase at the natural
frequency. The combined dynamics closely match human head stabilization
behavior (Keshner and Peterson, 1994). Simulating a weighted head
paradigm, by increasing inertia, shifted the gain minimum, natural
frequency peak and phase peak to lower frequencies and increased both
gain and phase, correlating with results observed in cat experiments
(Goldberg and Peterson, 1986). Removing the VCR increased the gain at the
natural frequency, but the resonance remained dampened by the action of
the CCR. Below 2 Hz head stability decreased, as found in patients with
bilateral vestibular loss (Guitton et al., 1986).
Supported by NS2249O, DC02072.

APPLICATION OF A COMPUTER GRAPHICS BASED MODEL TO CAT HEADNECK KINEMATIC DATA. K. D. Stader. E.A. Keshner*. S. Delo. and B. W.
Peterson. Sensory Motor Perf. Prog., Rehab. Inst, of Chicago, Dept. of Biomed. Eng.
and Dept, of Physiol., Northwestern Univ. Med. School. Supported by grants
BNS9109705 and NS2249O.
Kinematic data of the head and neck from two alert, cats was analyzed using a
computer model. The model was used to characterize the limits of movement in the
cervical spine and to estimate the moment-generating capacity of the neck muscles at
different orientations of head-neck movement. Simultaneous video-fluoroscopic and
neck muscle EMG data were recorded from one standing and one prone lying cat
performing ±15° sinusoidal (0.25 Hz) head tracking movements in the sagittal plane.
Radio-opaque markers were inserted into the anterior/posterior and lateral aspects of the
occipital ridge and C1-C7 to measure vertebral displacement. The model predicted that
the standing and prone cats were capable of producing muscle moments of similar
magnitude with different head positions if the same muscles were selected. Results
revealed, however, that the two cats had similar joint centers of rotation and muscle
moments, but different muscle activation patterns. In . the standing cat, complexus and
splenius capitis muscles always phase lead the vertebrae by about 90°. Biventor
cervicis and rectus major muscle EMG responses in the prone cat were always in phase
with the peak up position of the head, and either phase lead or lagged the vertebrae.
Vertebral motion differed both in a global and specific fashion between the two cats. In
the standing cat, vertebral motion described a more circular arc as compared to a forward
diagonal in the prone cat. The selection of different muscles by these cats could be
indicative of an attempt by the CNS to compensate for changes in the vertebral
alignment. Shifting muscle and intervertebral phase relations might then represent a
strategy towards more efficient force production in each postural orientation. The main
advantage of the computer graphics based model is that predictions are based on
accurate digitized representations of the vertebra and muscle attachments.

331.17

THE EFFECTS OF BALANCE TRAINING ON GAIT
FOLLOWING STROKE: A PILOT STUDY. D.S. Nichols*.
T.M. Glenn, K. Hutchinson. Physical Therapy
Division, The Ohio State University, Columbus,
OH 43210.
The effect of static and dynamic balance
training on gait components (single limb stance,
step length, and velocity) was assessed in 9
individuals with hemiparesis secondary to
stroke. Five subjects participated in 12
training sessions with the Chattecx Balance
consisting of standing weightshift on
the force platform under stable and vertical
movement conditions with center of pressure
biofeedback provided by the computer monitor.
Four control subjects participated in 12
sessions of conventional static weight-shift
activities without visual biofeedback. Each
subject underwent balance testing and gait
analysis pre and post training. Balance testing
also used the Chattecx Balance System. Gait
analysis was conducted using a Vicon videography
and an AMTI force plate system. Data analysis
identified a significant increase in percent
weight on the involved leg during standing and
trends toward increased single limb stance and
step length of the involved leg and overall
velocity during gait for both groups.
LEARNING AND MEMORY:

PHYSIOLOGY I
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332.2

ASYNCHRONOUS BILATERAL EYELID CONDITIONING IN RABBITS.
J-S Choi* and J.W. Moore. Neuroscience and Behavior Program, University of

CEREBELLAR SINGLE UNIT RECORDING DURING DISCRIMINATION
LEARNING TO DIFFERENT CS-US INTERVALS IN THE CLASSICALLY
CONDITIONED RABBIT EYEBLINK PARADIGM. M. T. Allen* & J. E.
Steinmetz.
Program in Neural Science and Department of
Psychology. Indiana University. Bloomington, IN. 47401.
Rabbits are able to discriminate between two different tone
frequencies that are used as conditioned stimuli (CS) when paired
with an airpuff unconditioned stimulus (US) at a long or short
inter-stimulus interval (ISI) (Mauk & Ruiz, Behavioral
Neuroscience. 106. 1992). The timing of CRs in well trained
animals is adaptive for maximal eyelid closure immediately prior to
US onset for both the long and short ISI intervals.
We were
interested in single unit responses in the cerebellum during this
differential ISI discrimination task.
Rabbits were trained in this
paradigm using two different tone frequencies paired with the US at
either a long (747 msec) or short ISI (249 msec) in a standard
delay paradigm. Each rabbit received 120 paired presentations of a
tone CS and an air puff US. Over one half of the trials, a 249 msec
period was allowed between CS and US onsets while on the other half
of the trials, a 747 msec period was allowed. After rabbits reached a
criterion of 80% CRs to both tone/ISI pairings, single units were
recorded from cerebellar cortex and the deep cerebellar nuclei.
Preliminary results indicate that individual single units are capable
of exhibiting increases in neural activity that are highly correlated
with and proceed the conditioned response to both tone frequencies
and at the appropriate latency for both the long and short ISIs.
Supported by NIMH grant # MH44O52.

Massachusetts, Amherst, MA 01003.
In unilateral eyelid conditioning, a CS is followed at some fixed time by a US
applied to one eye. Conditioned eyelid movements develop in both the ipsilateral
(stimulated) eye and in the contralateral eye. Although reduced in amplitude and
prone to extinction, the timing of the contralateral response matches that of the
trained eye (Stickney, KJ & Donahoe, JW, Animal Learning & Behavior 1983, 11:6066). We instilled asynchronous timing of conditioned eyelid movements using a
procedure in which the CS preceded asynchronous USs applied to the right and left
eyes ON THE SAME TRIAL. Three albino rabbits received 100 trials/session daily, with
an intertrial interval of 20 s. Ten of these trials were CS-alone probes. The CS was
an 80-dB 1-kHz tone of 300-ms duration. The right and left USs were 2.5-mA 1-ms dc
pulses delivered via stainless steel sutures. The right-eye CS-US interval was 300
ms. The animals were first trained with a temporal separation between the right-eye
and left-eye USs of 300 ms. Averaged probe-trial conditioned responses from the two
eyes on the last session are shown below. The arrows mark the times of the right and
left USs. The temporal separation between the two USs was then reduced
progressively by shortening the left-eye CS-US interval. The timing of the toft-eye
conditioned response progressively decreased to match whatever left-eye CS-US
interval was then in effect.
The timing of the right-eye
conditioned response remained
invariant, matching its 300-ms
CS-US interval. Thus, the timing
of right and left conditioned
responses depended only on
their respective CS-US intervals.
(Supported by NSF and AFSOR)
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332.3

332.4

HIPPOCAMPAL CR-RELATED ACTIVITY OCCURS ONLY DURING CERTAIN

COMPARISON OF HIPPOCAMPAL SINGLE CELL ACTIVITY DURING
HIPPOCAMPAL-DEPENDENT AND HIPPOCAMPAL-INDEPENDENT
EYEBLINK CONDITIONING. C.Weiss.» M.A. Kronforst. and J.F. Disterhoft.
CMS Biology, Northwestern University Medical School, Chicago, IL 60611.
The activity of single cells from the hippocampus of New Zealand White
female rabbits has been recorded during hippocampally-dependent "trace"
eyeblink conditioning (Moyer et al., '90; Weiss et al., ’93). For comparison,
we have recorded the activity of hippocampal neurons during
hippocampally-independent delay conditioning.
Rabbits were anesthetized for surgical implantation of a head restraining
device and a microdrive with either a bundle of 25pm nichrome wires or an
array of 5Opm stainless steel wires. The wires were lowered towards the
CA1 region of the dorsal hippocampus. After recovery, the rabbits were
habituated and then given daily training sessions in either a delay or trace
eyeblink conditioning paradigm. We typically recorded activity from more
than one wire at a time, and often recorded the activity of at least two
neurons on a given wire. This yielded a relatively inclusive sample of
neurons. The activity of different cells was then separated with the
Brainwave system.
Our analysis indicates that there is a surprisingly heterogeneous
population of response types during both types of conditioning. During trace
conditioning a small percentage of pyramidal and theta cells exhibited robust
neural models (i.e., a PSTH with a time/amplitude shape that mimicked the
average behavior). Inhibition was frequently observed. The best neural
models were recorded from pyramidal cells during the delay paradigm while
simultaneously recorded pyramidal cells were often unresponsive.
We are currently analyzing the different neuronal response types in
relation to anatomical clustering, the behavioral responses themselves, and
the two tasks, i.e., whether or not the more difficult trace paradigm yields
more varied responses.
Supported by R01 MH47340 and AG08796

PHASES OF RABBIT DISCRIMINATION/REVERSAL CONDITIONING. D. P.
Miller Land I. E. Steinmetz2. Dept. of Psych., Carthage Collegel, Kenosha, WI

53140; Prog, in Neural Science and Dept. of Psych., Indiana University2,

Bloomington, IN 47405.

Previous research demonstrated that hippocampal lesions did not affect initial

discrimination learning but did disrupt reversal learning during rabbit eyelid

discrimination/reversal training (Berger & Orr, Behav.

Weikart & Orr, Behav.

Brain

Res.. 22:85, 1986).

Brain

Res.. 8:49,1983;

During reversal training

hippocampectomized rabbits quickly learned to make conditioned responses on CS+
trials but were severely disrupted in learning to inhibit conditioned responding on
CS- trials. In the present study, hippocampal multiple unit activity was recorded

during rabbit eyelid discrimination/reversal conditioning that involved pairing a

tone (the CS+) with an airpuff (US) on some trials while presenting a tone of
another frequency (the CS-) without the US on other trials. During the early stages
of discrimination training when rabbits were making conditioned responses on both
CS+

and

CS- trials,

significant

conditioning-related

hippocampal activity

developed that preceded and modeled the behavioral response.

Similar but

nonsignificant increases in averaged hippocampal activity were observed on CS-

trials. As rabbits learned to discriminate between the CS+ and CS- tone frequencies,

significant conditioning-related hippocampal activity continued to be observed on
CS+ trials but not on CS- trials. When the CS+ and CS- tone frequencies were
initially reversed, hippocampal conditioning-related activity was virtually
abolished, with only a weak US period activation remaining on CS+ trials. As

rabbits learned the correct reversal response, however, significant hippocampal

conditioning-related activity again appeared on CS+ trials but not on CS- trials.

Our data suggest that during discrimination/reversal training the hippocampus was
not encoding conditioned response execution per se. Rather, hippocampal activity

appeared to encode correct conditioned responding at points in training when the
response solved the demands of the tasks being learned. Supported by NIMH Grant

MH44O52.

332.5

332.6

THE HIPPOCAMPUS AS AN INTERMEDIATE STORAGE BUFFER AFTER
ASSOCIATIVE LEARNING: IN VITRO EVIDENCE FROM RABBIT CA1.
J.R. Mover. Jr.*. L.T. Thompson & JJ, Disterhoft. CMS Biology, Northwestern
University Medical School, Chicago, IL 60611.
Acquisition of hippocampally-dependent trace eyeblink conditioning yields increased
excitability of CA1 and CA3 neurons in vitro (Moyer et al. & Thompson et al., 1993).
We asked: 1) How long do these changes persist? 2) Do the changes correlate with
behavioral retention? 3) Are the changes performance- or learning-specific?
NZW rabbits (1.8 ± 0.3 mo.) received trace conditioning (100 ms tone CS; 500 ms
trace ISI; 150 ms, 3 psi corneal airpuff US), pseudoconditioning or were naive. Hippocampal slices were prepared 1h, 24 h, 3 d, 5 d, 7 d, or 14 d after learning (> 80% CRs).
Slices were also prepared from poorly-conditioned (< 25% CRs) and retention rabbits
(received an additional session 2 wk after learning). Intracellular recordings were made
from 206 stable CA1 neurons from 71 rabbits. All neurons were selected using strict
criteria for cell health (RMP < -60 mV, AP amplitude > 90 mV, IR > 25 MO).
A statistically significant reduction of the post-burst afterhyperpolarization (AHP)
was observed in CA1 neurons studied up to 5 d after learning. The effect was maximal
at 24 h and gradually decayed with time. Spike frequency adaptation (accommodation)
was also decreased after learning, but this effect was only statistically significant for up
to 3 d after learning and decayed fairly rapidly with time. Rabbits tested up to 160 d
after learning still showed > 80% CRs, suggesting that the learning-specific excitability
changes in CA1 were not required for maintenance of the behavioral CR. When rabbits
were given an additional conditioning session 2 wk or more after initial acquisition, they
maintained a criterion level of performance (> 80% CRs). When slices were prepared
from these rabbits 24 h later, no excitability changes were observed, suggesting that
increased excitability of CA1 neurons is acquisition-, not performance- or memorydependent. No effects on active or passive membrane properties were observed in either
pseudo- or poorly-conditioned rabbits.
These results suggest that increased excitability of CA 1 pyramidal neurons occurs
during learning but is not required for long-term memory of trace eyeblink conditioning
in rabbits. (Supported by NIH MH47340, DAO7633 & AG08796)

LEARNING (NOT PERFORMANCE OR MEMORY) INCREASES IN VITRO
EXCITABILITY OF HIPPOCAMPAL CA3 NEURONS. L.T. Thompson*.
J.R. Mover. Jr. & J.F. Disterhoft. Dept, of CMS Biology, Northwestern University
Medical School, Chicago, IL 60611.
Hippocampal pyramidal neurons exhibit increased excitability after acquisition of
trace 500 NMR conditioning. The specificity of these changes to learning, performance,
training, or memory (retention) processes were examined in vitro in the present study.
Intracellular recordings were made from > 190 stable CA3 neurons from young (6-8
wk) NZW rabbits (see Moyer et al. for young CA1 & Disterhoft et al. for aging CA3
& CA1 results). Hippocampal slices were freshly prepared from rabbits that were naive,
pseudoconditioned, trained to a criteria of 80% conditioned responses (CRs) then held
for varying intervals, or trained to criteria then held for varying intervals prior to
behavioral retention testing. Trace conditioned (100 ms tone CS, 500 ms trace ISI,
150 ms airpuff US; 80 trials/day) and pseudoconditioned rabbits were matched for
number of stimulus presentations. Strict neuronal stability criteria were used, including
resting membrane potentials (RMPs) < -60 mV and input resistance > 30 MO. Recordings
were made at RMPs between -65 & -70 mV to control for voltage-dependent effects.
Post-burst AHPs & spike frequency accommodation evoked by depolarizing current
injection, as well as other biophysical measures unaffected by learning, were examined.
Significant reductions of post-burst AHPs and accommodation of CA3 neurons
were observed 1to 24 hr after reaching criterion. Pseudoconditioning had no effect on
excitability, indicating no sensitization from unpaired stimulation or unconditioned
responding. The effects of learning decayed fairly rapidly, with progressively less
excitability observed 3 or 5 days after criterion was reached, and a full return to baseline
levels after 7 days. Further, memory of the trace conditioned task was independent of
hippocampal excitability, as rabbits tested at intervals up to 6 mo later exhibited > 80%
CRs per retention session. Neurons recorded 24 hr after retention sessions were
indistinguishable from controls, again dissociating excitability changes from memory or
performance. The changes observed thus appear to be specific to acquisition of the
conditioned response. Supported by 1 R01 DAO733,1 R01 MH47340, and 1 R01 AG08796.

332.7

332.8

TRACE EYEBLINK CONDITIONING INCREASES SYNAPTIC EFFICACY
BETWEEN CA3 AND CA1 IN VITRO. J.M. Power. J.R. Mover. Jr.. L.T.
Thompson. M.C. Dal Canto*. J.F. Disterhoft. CMS Biology and Pathology,
Northwestern Univ. Med. Sch., Chicago, IL 60611.

IN VITRO ANALYSES OF AGING-RELATED LEARNING DEFICITS.
JJ. Disterhoft*. J,R. Mover. Jr.. L.T. Thompson. F.B. Cutting & J.M. Power. CMS
Biology, Northwestern University Medical School, Chicago, IL 60611-3008.
Acquisition of hippocampally-dependent trace eyeblink conditioning is impaired in
aging animals. Aging CA1 neurons exhibit larger AHPs, more accommodation and
prolonged Ca2+-APs (Moyer et al., 1992,1994). Conversely, young CA1 (Moyer et al.,
1994) and CA3 neurons (Thompson etal, 1994) show increased excitability in vitro
(e.g., reduced AHPs & accommodation) after trace conditioning. We examined whether
learning-specific changes also occurred in aging hippocampal neurons and whether an
interaction existed between aging-dependent and learning-dependent effects.
Subjects were 14 naive or trace conditioned (80 trials per day; 100 ms, 6 kHz tone
CS; 500 ms trace ISI; 150 ms airpuff US) 2 or 38 mo female NZW rabbits. Aging
rabbits were further separated into two groups after a similar number of training
sessions: conditioned (> 60% CRs) or poorly-conditioned (< 25% CRs). Hippocampal
slices were prepared 24 h after the last training session, and intracellular recordings
were made from 73 CA1 and CA3 neurons (criteria: RMP < -60 mV, AP > 90 mV, IR
> 25 MQ).
Aging CA1 neurons had larger AHPs and accommodated more than young neurons.
Conversely, preliminary data suggests that these aging-related differences are absent in
CA3 neurons, perhaps due to already large (perhaps maximal) AHPs in young neurons.
Aging CA1 neurons from conditioned, but not poorly-conditioned rabbits showed
reduced AHPs and accommodated less than aging naive cells. Although qualitatively
similar learning-specific changes occurred in both aging and young CA1 neurons, the
electrophysiological properties of aged neurons after learning suggested that these cells
were still less excitable than those from young CA1 neurons after learning.
We hypothesize that the larger AHPs observed in aging CA1 pyramidal neurons may
contribute to the learning deficits observed in aging rabbits in hippocampally-dependent
learning tasks. Future studies will be directed toward evaluating the effects of learning
on aging CA3 neurons. By using whole cell recording techniques, we will also attempt
to elucidate the subcellular mechanisms underlying our observed aging- and learningrelated changes in the hippocampus. (Supported by NIH AG08796, DAO7633 & MH47340)

The present study examined the effects of hippocampally-dependent trace eyeblink
conditioning on synaptic transmission between CA3 and CA1 pyramidal neurons.
15 naive, pseudoconditioned, or trace conditioned (80 trials daily: 80 dB, 6 kHz,
100 ms tone CS; 500 ms trace interval; 3 psi, 150 ms airpuff US) female NZW
rabbits (2 mo) were used. Hippocampal slices were prepared 1 h following
acquisition to a criterion of 80% CRs in a session. Field potentials were evoked
with a stainless steel bipola electrode positioned in the Schaffer collaterals and
dendritic and somatic recordings were taken from CA1,750 pm from the stimulating
electrode. An input-output curve for each slice was generated using a 100 nA
current, with 8 different stimulus durations (20L600 ps) encompassing subthreshold
to maximal population spike responses.

Group (# of slices)
Naive (11)
Pseudoconditioned (12)
Trace conditioned (6)

Population Spike (mV)
3.59 ±37
3.06 ±31
5.08 ±.52 *

EPSP slope (mV/ms)
-1.60 ±27
-1.02 ±.19
- 2.67 ± .53 *

Conditioned animals had significantly greater maximum population spike
amplitudes than naive or pseudoconditioned animals. Conditioned animals also had
greater initial EPSP slopes than naive or pseudoconditioned animals. Field
potentials from naive and pseudoconditioned animals were indistinguishable. These
results were consistent if either mean or strongest slice values for each animal were
compared. All recording and data reduction was performed blind to the conditioning
task. Supported by NIH R01 DAO7633, R01 MH4734, and R01 AG08796.
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INVERTED NEURONAL CODING OF DISCRIMINATIVE STIMULI IN THE
MEDIAL DORSAL THALAMIC NUCLEUS DURING AVOIDANCE
LEARNING IN RABBITS. M. Gabriel*, Y. Kubota. A. Poremba. M. Wolske.
Dept, of Psych, and Beckman Institute, Univ. of Illinois, Urbana IL 61801.
Neuronal activity elicited by conditional stimuli (CS) becomes differentiated
as rabbits learn to avoid footshock by stepping in response to a shock-predictive
tone (CS+), and to ignore a non-predictive tone (CS-). Greater elicited multi-unit
discharge frequencies emerge during conditioning 15 - 400 milliseconds after CS+
onset relative to the discharges elicited by the CS-. Moreover, in trained rabbits
"pre-motor" activity occurs: firing rates of single cells increase just before
conditioned locomotion is performed. These changes occur widely in cingulate
cortex, limbic (anterior and medial dorsal) thalamus, and in other limbic and
non-limbic brain areas (Gabriel, M., Neurobiology of Cingulate Cortex and
Limbic Thalamus, 1993, Birkhauser: Toronto, 478-523).
Although the
aforementioned changes are widespread, there are many intriguing regional
differences in their expression. Here we report a unique property of medial
dorsal (MD) thalamic neurons that has come to light recently as single cell
records have been accumulated. Six of 29 records (20.69%) analysed to date
showed inverted differentiation, i.e., development with training, of greater Bring
frequency in response to the CS- than to the CS+. In addition, 11 of the 29
records (37.93%) exhibited inverted pre-motor discharges: neuronal firing
frequency was reduced in anticipation of response output, to levels below those
seen in trials in which the learned response was not performed. In contrast, a
much lower incidence of inverted differentiation is found in anterior thalamus
and posterior cingulate cortex, and inverted pre-motor activity is virtually nonexistent in these areas (Kubota et al., Soc. Neurosci. Abstr., 17:324, 1991).
Ongoing analyses are expected to reveal the regional distribution of these effects
within the MD nucleus. It is suggested that the inverted activity reflects a neural
circuit function which maintains the rabbits' immobility. CS+ presentation to a
trained rabbit selectively reduces the activity in this circuit, allowing the
contextually primed locomotory program to be executed. (Support: NIH grant
NS26736 to MG).

TRAINING-RELATED NEURONAL ACTIVITY IN THE MAMILLARY
COMPLEX AND BRAINSTEM CHOLINERGIC NUCLEI DURING
AVOIDANCE LEARNING IN RABBITS. Y. Kubota*. C. Burkybile and M.
Gabriel. Dept, of Psych, and Beckman Institute, Univ. of Illinois., Urbana, IL
61801.
Limbic (anterior and mediodorsal) thalamic neurons exhibit training-induced
multi-unit neuronal activity (TIA), as rabbits learn to make avoidance responses
(stepping in a large activity wheel) upon hearing a footshock-predictive tone
conditional stimulus (CS+, 1 or 8 kHz). They also learn to ignore another tone
(CS-, 1 or 8 kHz), not predictive of shock' TIA is an increase in cue-elicited
discharge magnitude during learning (excitation), which is greater in response
to the CS+ than to the CS- (discrimination). Maximal excitation occurs in
different thalamic nuclei and cingulate cortical layers in different training stages.
Cortical and noradrenergic inputs are not required for anterior ventral (AV)
thalamic TIA. In contrast, AV thalamic TIA was eliminated by bilateral
transection of the mamillothalamic tract (Gabriel et al., J. Neurosci., under
review) and by blockade of cholinergic afferents with local injection of
scopolamine (Kubota et al., Neurosci. Abstr., 1993, 19:802), suggesting critical
involvement of these subcortical inputs in TIA production. Here it is shown that
excitatory TIA develops in the lateral dorsal tegmental (LDT) nucleus (the source
of AV thalamic cholinergic inputs) during the intermediate stage of learning, and
in the supramamillary (SM) nucleus during the intermediate and late
(asymptotic) stages. Discrimination was also found in the LDT nucleus during
the intermediate and late stages of learning. Exclusively late discrimination
occurred in the SM nucleus as well as the medial mamillary (MM) nucleus and
mamillary peduncle. Analyses of extracted single-units in trained rabbits
indicated that the majority of SM, MM and LDT units fired preferentially to the
CS+. These results implicate these mamillary and brainstem areas in production
of thalamic TIA, the LDT nucleus being responsible for training-stage-specific
excitation peaks and mamillary nuclei for late-developing discrimination.
(Support: NIH grant NS26736 to MG).

332.11

332.12

LESIONS OF THE LIMBIC THALAMUS DIFFERENTIALLY IMPAIR
PAVLOVIAN EYEBLINK CONDITIONING UNDER NON-OPTIMAL
PARAMETRIC CONDITIONS. Shirley L. Buchanan*. lames Penney
and D.A. Powell. VA Medical Center and University of South
Carolina, Columbia, SC 29201.
Previous experiments have shown that ibotenic acid lesions of the
mediodorsal nucleus (MDN) of the thalamus retard acquisition of
both Pavlovian and instrumental eyeblink (EB) conditioned
responses. The present study evaluated the hypothesis that this
mild impairment of skeletal conditioning would be augmented by
using non-optimal parametric conditions for acquisition of the
response. Thus, animals with sham lesions or lesions centered on
MDN received Pavlovian EB conditioning under conditions of partial
reinforcement, which is known to greatly retard the rate, and
decrease the asymptotic performance, of EB conditioning in normal
animals. Three groups each of lesioned and sham animals were
studied, in which 100%, 50% or 25% of the trials were reinforced.
Animals with MDN lesions revealed mild impairments in the 50%
reinforcement condition, and were severely impaired under the 25%
reinforcement condition, compared to sham animals. These results
suggest that prefrontal and cingulate afferents from the limbic
thalamus play a crucial role in associative learning when conditions
are not optimal for learning to occur.
Supported by DVA Instutitional Research Funds

LESIONS CENTERED ON THE CENTRAL NUCLEUS OF THE
AMYGDALA HAVE NO EFFECT ON DISCRIMINATION OR
REVERSAL OF THE PAVLOVIAN CONDITIONED EYEBLINK
RESPONSE. Mark E. Chachich* and D.A. Powell. VA Medical
Center and University of South Carolina, Columbia, SC 29201.
Lesions of the amygdala and medial prefrontal cortex (mPFC)
have similar effects on many kinds of learned behaviors. In a prior
study we showed that mPFC lesions have no effect on differential
Pavlovian eyeblink (EB) conditioning, but reversal learning was
severely impaired. The present study evaluated the effects of
amygdala central nucleus (ACN) lesions on EB discrimination and
reversal. Tones differing in frequency served as either a CS+,
reinforced with a 100 msec paraorbital shock US, or as a nonreinforced CS-. Animals were run to a criterion of 30% difference
between CS+ and CS- during differential conditioning, at which
time the CS+ and CS- were reversed and the animals run to a
similar criterion during reversal training. All animals with ACN
lesions met original discrimination as well as reversal criterion. In
a previous study it was found that although all animals with mPFC
lesions met a discrimination criterion, 9 of 10 animals with mPFC
lesions failed to show reversal. These data thus suggest a major
difference between mPFC and amygdala control over skeletal
conditioning.
Supported by DVA Institutional Research Funds

332.13

332.14

LESIONS CENTERED ON THE AMYGDALA CENTRAL NUCLEUS
ATTENUATE
NEURONAL
ACTIVITY
IN
THE
MEDIAL
PREFRONTAL CORTEX DURING PAVLOVIAN HEART RATE
CONDITIONING. Virginia Murphy* and D.A. Powell. VA Medical
Center and University of South Carolina, Columbia, SC 29201.
Damage to either the amygdala central nucleus (ACN) or medial
prefrontal cortex (mPFC) greatly attenuates and in many cases
completely prevents acquisition of conditioned bradycardia in
rabbits. Changes in neuronal activity in both structures also
accompany this kind of associative learning. The present study
evaluated the extent to which known interconnections between the
mPFC and amygdala might affect such neuronal activity. Rabbits
with lesions centered on the ACN were compared with sham
animals during Pavlovian heart rate conditioning. Multiple unit
activity was measured from different layers of the mPFC. CSinduced increases in neuronal activity were observed in the
superficial and deep but not middle layers of the mPFC, and were
greatly attenuated by lesions centered on the ACN.
The
accompanying conditioned bradycardia was also severely attenuated
by these lesions. These results thus suggest that the neuronal
activity that accompanies Pavlovian conditioned bradycardia in the
mPFC during Pavlovian heart rate conditioning may be at least
partially due to amygdala input.
Supported by DVA Institutional Research Funds

DISCONNECTION OF THE AMYGDALA AND
MEDIAL
PREFRONTAL CORTEX BY CONTRALATERAL LESIONS IMPAIRS
BUT DOES NOT PREVENT ACQUISITION OF CONDITIONED
BRADYCARDIA. Joselvn McLaughlin. Virginia Murphy, James
Penney. Mark E. Chachich and D.A. Powell*. VA Medical Center
and University of South Carolina, Columbia, SC 29201.
Medial prefrontal cortex (mPFC) and amygdala central nucleus
(ACN) lesions greatly attenuate acquisition of Pavlovian
conditioned heart rate (HR) decreases, suggesting independent
control of autonomic learning by the mPFC and ACN. Connections
between these two structures, however, suggest a possible series
circuit that supports autonomic conditioning.
These two
alternatives were evaluated by comparing Pavlovian HR
conditioning in rabbits with unilateral lesions of the amygdala or
mPFC on separate sides of the brain, with rabbits with only
bilateral or unilateral lesions of the amygdala or mPFC. Unilateral
lesions had no effect on conditioned HR decreases, whereas
bilateral lesions of either structure completely abolished the
response. Separate contralateral lesions of these structures in the
same animals attenuated but did not prevent acquisition of the
response, suggesting that the mPFC and amygdala exert separate
control over conditioned bradycardia.
However, connections
between the two structures may also modulate the response.
Supported by DVA Institutional Research Funds
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332.16

EXAMINATION OF BRAINSTEM INFLUENCES ON CLASSICAL
CONDITIONING OF THE RABBIT NICTITATING MEMBRANE
RESPONSE AND CONDITIONING-RELATED POTENTIATION. G. B.
Robinson*. Univ. of New Brunswick, Fredericton, N. B., E3B 6E4
Canada.
This study examined the effect of norepinephrine (NE) depletion
and of the acetylcholinergic (ACh) antagonist scopolamine on classical
conditioning of the rabbit nictitating membrane (NM) response and on
conditioning-related potentiation of the perforant path-granule cell
population spike. New Zealand rabbits, deeply anaesthetized with
halothane, were implanted with stimulation and recording electrodes in
the perforant path and hippocampal dentate gyrus, respectively. A
headgear assembly (to hold an airjet and potentiometer) was then
attached to the skull and a nylon loop sutured in the NM. NE depletion
was induced with the neurotoxin DSP4 (30 mg/kg, iv) 2 days before the
first conditioning session. The remaining rabbits received either saline
or scopolamine (1.5 mg/kg, sc) 30 mins prior to each conditioning
session. A 400 ms 82dB tone served as the conditioned stimulus and
coterminated with a 100 ms, 5 psi corneal airpuff unconditioned
stimulus. Hippocampal dentate granule cell responses were evoked by
perforant path stimulation applied midway between each trial and 220
ms after tone onset within each trial. Each conditioning session
consisted of 12 blocks of 9 trials each. Animals were trained to a
criterion 8 consecutive conditioned responses in 9 trials.
NE lesions and scopolamine pretreatment retarded learning but did
not disrupt conditioning-related potentiation
the perforant pathgranule cell population spike. These results suggest that conditioningrelated potentiation is not the result of altered activity from brainstem
structures known to modulate perforant path-granule cell responses.
Supported by NSERC.

THE BRAIN STEM AS A SITE FOR THE INITIATION OF EYELID
MOVEMENTS REFLEXIVELY-INDUCED OR CLASSICALLY-CONDITIONED.
P. BIBzquez, A. Gnmrt and J .M. Delgadoo5aacfa*. Lab. deNeunxocnciai Ff :. de
Biologia, Univ. de Sevilla, E- 41012, Sevilla, SPAIN.
Classical conditioning of the nictitating membrane/eyelid response is one the mostused paradigms in the study of the neural mechanisms underlying associative learning
in mammals. Our aim has been to determine the latency and topography of eyelid
movements reflexively-evoked and/or classically-conditioned, to elucidate the primary
site in which a new motor response is elaborated and the differences with wellestablished reflex responses. Experiments were carried out in alert cats prepared for
the chronic recording of upper eyelid movements with the magnetic search-coil
technique and of the bilateral electromyography of the orbicularis oculi muscles
during different classical conditioning paradigms. Conditioning sessions consisted of
120 trials repeated for 6 to 10 days. The unconditioned stimulus (US) was an air puff
for 100 ms and 3 Kg/cm2. Three types of conditioned stimuli (CS) were used: i) a
tone for 350 ms (600 Hz, 90 0b ) followed 250 ms later by the US; ii) a 20 ms air
puff (0.8 Kg/cm2) presented 250 ms earlier to the same cornea that the US; and iii)
the same CS than in ii), but applied to the contralateral cornea. The latencies of the
conditioned responses (CRs) recorded in each paradigm were similar to the (small)
reflex responses obtained prior to the conditioning sessions with each CS. These
results suggest that CRs are initiated in the respectively-involved reflex arcs. Once
the response was initiated, other structures seemed to be responsible for the
performance of the CR, since it presented clear differences (in amplitude and peak
velocity) with the well-established reflex response. Through a kinematic study, it was
observed that the successive sags (10-40 Hz) in the downward direction that shaped
the CR kept a close similarity with the long latency components of eyelid movements
during reflex blinks. The kinematic analysis of these latter components suggests the
involvement of cerebellar structures in the generation of new motor responses.

332.17

332.18

CONTRALATERAL, BUT NOT IPSILATERAL REVERSIBLE
BLOCKADE OF CRITICAL BRAIN STRUCTURES IMPAIRS
CONDITIONED TASTE AVERSION (CTA) LEARNING IN
RATS. G. Rolddn. E. Bielavska. M. Gallo. J. Bure§ and R. A.
Prado-Alcald*. Fac. Med. Natl. Univ. of Mexico, Mexico, D.F.
04510; Fac. Psychol. Univ. of Granada, Spain and Inst. Physiol.

INESCAPABLE
STRESSORS
ENHANCE
NONASSOCIATIVE AND ASSOCIATIVE LEARNING IN
THE RAT AS MEASURED BY EYELID EMG: EFFECTS
OF NMDA ANTAGONISTS. R.J. Servatius*& T.J. Shors.
Department of Psychology, Green Hall, Princeton University,
Princeton NJ 08544.
Exposure to inescapable stress (90, 1-mA tailshocks)
enhances the unconditioned eyeblink response of freely
moving rats to a white noise stimulus (CS; 85 dB, 5 ms
rise/fall) 24 h after stressor cessation. When the CS (350 ms)
is paired with a 0.7 mA periorbital shock (100 ms) in a
delay-type paradigm these rats also acquire the classically
conditioned eyeblink response (CR) faster than nonstressed
rats. Preliminary evidence indicates that intraperitoneal
injection of CGP-39551 (30 mg/kg), a competitive reversible
NMDA receptor antagonist, inhibits the stress-induced
sensitization and enhanced acquisition. However, CGP39551 alone also appears to interfere with the acquisition of
the eyeblink CR.
Such interference mitigates clear
statements regarding the role of NMDA receptors in the
stress-related sensitization and enhancement of acquisition.
Supported by McDonnel-Pew and Whitehall Foundations
and ONR (N0001492J1897) to TJS.

Acad. Sci., Czech Republic.
Acquisition and retrieval of CTA is mediated by interaction
between critical brain structures, e.g., gustatory neocortex (GNC),
amygdala (AMY) and parabrachial nucleus (PBN). The possible
lateralization of the neural circuits involved in these processes was
studied injecting unilateral tetrodotoxin (TTX) in GNC, AMY or
PBN during acquisition only or during acquisition and retrieval of
CTA. Inactivation of PBN and AMY, PBN and GNC, or AMY
and GNC in opposite hemispheres impaired acquisition of CTA,
whereas inactivation of these centers in the same hemisphere was
ineffective. CTA acquired during unilateral blockade of PBN,
AMY or both was tested under TTX-induced blockade of GNC,
AMY or GNC and AMY either in the same or in the contralateral
hemisphere. A clear amnesia was found only when contralateral
structures were blocked. These results indicate that acquisition and
retrieval of CTA are controlled by ipsilateral cortico-subcortical
circuits.

332.19

332.20

CHANGES OF SYNAPTIC EFFICACY IN THE MEDIAL SUBNUCLEUS OF
THE MEDIAL GENICULATE NUCLEUS AS THE RESULT OF CLASSICAL
CONDITIONING TO AN ACOUSTIC STIMULUS. M.D. McEchron*. P.M.
McCabe. E.J. Green. R.W. Winters. T.G. Nolen, and N, Schneiderman, Dept, of
Psychology and Biology, University of Miami, Coral Gables, FL 33124.
Previous studies have shown that neurons in the medial subnucleus of the
medial geniculate nucleus (mMG) exhibit changes in activity as the result of
pairing acoustic and noxious stimuli in a classical conditioning paradigm, and that
destruction of these neurons prevents the acquisition of conditioned cardiovascular
or behavioral responses. The purpose of the present study was to determine if
heart rate (HR) conditioning to an acoustic conditioned stimulus (CS) produces
increases in synaptic efficacy on the inputs carrying CS information to mMG
neurons. New Zealand albino rabbits were implanted with a recording electrode in
mMG and stimulating electrodes in two sites: the brachium of the inferior
colliculus (BIC), an area which sends acoustic-CS information monosynaptically
to mMG; and in a control site, the superior colliculus (SC), which also sends
monosynaptic inputs to mMG. In order to test the efficacy of these inputs to
mMG, stimulation test pulses were delivered to BIC and SC while short latency
(2.0-4.0 ms) single unit responses were recorded in mMG. The synaptic efficacy
of the BIC and SC inputs was tested before, immediately after, and 1 hour after
one session (20 trials) of HR conditioning to a tone-CS (3350 Hz; 90 dB; 2 s) and
an air puff unconditioned stimulus (15 N/cm2; 0.5 s). All animals exhibited
significant HR conditioning relative to controls. Immediately following
conditioning BIC-evoked• mMG units exhibited: a decrease in discharge latency,
an increase in the probability of time-locked discharge, and an increase in discharge
magnitude. The same mMG neurons did not exhibit these changes to test pulse
stimulation of SC. Pseudoconditioning did not change evoked mMG unit
responses. These findings suggest that the synapses carrying auditory-CS
information to mMG increase in strength as a result of conditioning. Supported
by NSFIBN9222194 and NIHHLO7426.

ALUMINUM INHIBITS HIPPOCAMPAL ACETYLCHOLINE
OVERFLOW DURING RABBIT EYEBLINK CONDITIONING. Jerome
J. Meyer and Robert A. Yokel*. College of Pharmacy and Graduate
Center for Toxicology, University of Kentucky, Lexington KY 40536.
The classically conditioned rabbit nictitating membrane reflex (NMR) is
modulated by the hippocampal cholinergic system. Aluminum (AI) is a
neurotoxin which alters the normal functioning of the hippocampal
cholinergic system of rabbits. Using microdialysis, this study examined the
role of the hippocampal cholinergic system in NMR acquisition by
measuring the overflow of acetylcholine (Ach) in control (n=6) and Alintoxicated (n=7) rabbits. NMR training consisted of four sessions of 100
paired presentations of conditioned stimulus (1 kHz tone) and
unconditioned stimulus (3 mA shock) in a delay paradigm. The percentage
NMR increased with each training session for both groups, although %
NMR was significantly greater in the control group. Ach overflow in the
ventral hippocampus increased significantly over baseline in the control
group during training Session 2 (155%± 14%) and Session 3 (208% ± 13%)
but not Session 4 (128% ± 15%). In the Al-intoxicated group, Ach overflow
did not increase significantly over baseline during any of the training
sessions. These results suggest that the increase in Ach overflow during
NMR acquisition is not simply a result of response performance. The lack
of increased Ach overflow in Al-intoxicated rabbits may have contributed
to their response acquisition deficit. The results of this study are consistent
with the role of the hippocampal cholinergic system as a facilitator of NMR
acquisition. Supported in part by the University of Kentucky Medical
Center Research Fund and NIH ES K04 174.
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AUTOAS S OCIATIVE MEMORY FUNCTION IN REGION CA3 OF
RAT HIPPOCAMPUS AND CHOLINERGIC SUPPRESSION OF
SYNAPTIC TRANSMISSION. Michael E. Hasselmo*. Joshua D,
Berke and Edi Barkai. Dept. Psych., Harvard Univ., Cambridge MA 02138.
The effects of acetylcholine may set appropriate dynamics for learning in cortical
structures (Hasselmo, Neural Networks 7:13, 1994; Hasselmo, Neural Comp. 5:32,
1993). A model of hippocampal region CA1 predicted that heteroassociative memory
function at the Schaffer collaterals would require stronger cholinergic suppression of
synaptic transmission in stratum radiatum than in stratum lacunosum-moleculare, and
experimental work demonstrated this laminar selectivity (Hasselmo & Schnell, J.
Neurosci. in press). The effects of acetylcholine would be even more important for the
putative autoassociative memory function of excitatory recurrent synapses in
hippocampal region CA3 (McNaughton & Morris, TINS 10:408,1987). A simplified
model of region CA3 was programmed in the following form:

CHOLINERGIC ENHANCEMENT OF LTP AND LTD IN RAT
PIRIFORM CORTEX: TESTING PREDICTIONS OF A MODEL.

= /,• - j-na +1(1- AyWfiaj -ef]+-\Hik[hk j
k

A« = y[vi-%J+-Q£i,^fik=/Ik-'yhk + '£N/y[aj-ej]+,A = [l + e

•

] 1

j
This model responded to novel input patterns (I) with high levels of acetylcholine (A),
suppressing feedback excitation (W) and allowing effective storage. In response to
familiar patterns, cholinergic modulation decreased, allowing recall due to feedback
excitation to dominate. This function of the model depended upon greater cholinergic
suppression at synapses in stratum radiatum than at synapses from the entorhinal cortex
and dentate gyrus. Extracellular recording in brain slice preparations of the rat
hippocampus demonstrated that perfusion of 2OpM carbachol suppressed the height of
synaptic potentials in stratum radiatum by 54.4±7.3% and the rising slope of potentials
by 65.8±3.7% (n=5). Preliminary data in stratum lacunosum-moleculare showed that
2O(pM carbachol suppressed the height of synaptic potentials by 28±4.7% (n=3).
Supported by an Office of Naval Research Young Investigator Award to MEH.

Edi Barkai* and Michael E. Hasselmo.

Department of Psychology, Harvard University, Cambridge MA 02138.
A combination of brain slice physiology and computational modeling suggests that
acetylcholine enhances cortical learning processes. During intracellular recording from
brain slice preparations of piriform cortex, 50 stimulus pulses at 5Hz did not induce
long-term potentiation (LTP) in neurons recorded at resting potential (n=8). Coupling
stimulation with postsynaptic depolarization resulted in potentiation in 6 out of 9
neurons (mean=13.7, SE=3.1). In 20 pM carbachol , LTP could be evoked without
postsynaptic depolarization. The increase in EPSP amplitude was gradual, reaching
mean values of 48.3%±1O 15 minutes after stimulation (n=9) and 6l.3%±l2.2 after 25
minutes (n=7). Induction of LTP was blocked by 50 pM APV or 10 pM atropine. This
gradual increase in EPSP amplitude was studied in a 240 neuron biophysical network
simulation (Barkai & Hasselmo, J. Neurophysiol. in press) using GENESIS. LTP was
simulated by strengthening synapses between active neurons during storage of five
overlapping patterns. We tested if the network responded to degraded versions of
patterns with output resembling the response to full patterns. Performance increased as
a function of the learning rate until a point where strengthening of connections caused
excessive spread of activity, preventing discrimination between the different stored
patterns. When a decay constant was introduced during learning, the network
maintained discrimination between patterns at any learning rate. Decay of weights
during recall did not improve network performance, suggesting that weakening of
synaptic connections should occur during learning, rather than during recall. We tested
this hypothesis in brain slices, where long-term depression (LTD) was induced with
900, 1Hz stimuli. In the presence of carbachol, the extracellular potential was reduced
by 39.4%±7.7 (n=5), but only by l6.O±2.5 (n=5) in control solution. We propose that
ACh has two opposing effects during learning in the cortex: enhancing the increase in
essential synaptic connections, while enhancing the decay of unnecessary synapses.
Supported by an Office ofNaval Research Young Investigator Award to M.E.H.

332.23

332.24

MEDIAL GENICULATE LESIONS: STARTLE AMPLITUDE,
HABITUATION, AND FREEZING IN AN ACOUSTIC STARTLE
PARADIGM. R. N. Leaton* and J. M. Kelso. Dept. of Psychology,
Dartmouth College, Hanover, NH 03755.
Startle stimuli induce fear, indexed by freezing, in a standard acoustic
startle paradigm (Borszcz, Cranney & Leaton, 1989). This fear
elevates startle amplitudes and attenuates apparent habituation.
Amygdala lesions attenuate freezing in this paradigm (Leaton &
Supple, 1987). The medial geniculate nucleus (MG) projects to the
amygdala, and lesions of the MG block fear conditioning to an acoustic
conditioned stimulus. From this background, we hypothesized that the
unconditioned, fear-provoking effects of a startle stimulus might reach
the amygdala via the MG. If this were the case, lesions of the MG,
like amygdala lesions, would block freezing in the startle chamber and
facilitate apparent habituation.
Acoustic startle was measured in 14 rats with bilateral, electrolytic
lesions of the MG and 15 sham-operated controls. Startle was
measured in 7 daily sessions to l0 presentations of a 112-dB, 100-ms,
white-noise stimulus on a 40-sec ISI. Freezing was measured using an
observational time-sampling procedure for the 20 sec before and after
each stimulus presentation. Contrary to our expectations, MG-lesioned
rats showed significantly higher startle amplitudes than controls and
froze significantly more in the startle chamber. Both groups showed
significant long- and short-term habituation and did not differ on that
dimension. Apparently the MG is not part of the anatomical pathway
that mediates the unconditioned, fear-provoking qualities of an acoustic
startle stimulus.

VOCALIZATION AFTERDISCHARGES PREDICT PAVLOVIAN
CONDITIONED VOCALIZATIONS IN THE RAT: THE EFFECT OF
AMYGDALA LESIONS. G.S. Borszcz* and R.N. Leaton. Department of
Psychology, Dartmouth College, Hanover, NH 03755
The capacity of tailshock to support avoidance conditioning in the rat depends on
the proportion of vocalization afterdischarges (VAD: vocalizations that exceed
application of tailshock) that are generated (Borszcz, 1993). A Pavlovian
conditioned vocalization paradigm using tailshock as the. unconditional stimulus
(US) has been developed in this laboratory (Borszcz, 1994). The present study
examined the effects of amygdala lesions on conditioned vocalizations. Amygdala
lesions suppress both VADs and aversively motivated Pavlovian conditioning.
Therefore, we expected the lesions to attenuate conditioned vocalizations.
Male Long-Evans rats received electrolytic lesions of the amygdala or sham
operations. Following recovery animals' nociceptive thresholds were evaluated
using the procedure of Carroll & Lim (1960). Graded tailshock (DC: 20-ms pulses
at 50 Hz for 1 sec) was administered, and the threshold currents necessary for
generation of spinal motor reflexes (SMRs: tailflick and hindlimb movements),
vocalizations during shock (VDSs) and VADs were determined. A minimum of
twelve days later animals received Pavlovian conditioning. A 6-sec light CS
preceded a 1-mA, 1-sec tailshock that overlapped with the last second of CS
presentation. Animals received 15 trials/day on a VI-2.5 min schedule for 5
consecutive days. The occurrence of audible vocalizations during the first 5 sec of
CS presentation was monitored during the course of training.
Rats with amygdala lesions exhibited a selective increase in the tailshock current
necessary to generate VADs. VDS and SMR thresholds were not altered. These
animals also exhibited retarded acquisition of conditioned vocalizations. These
results support the proposition that the production of VADs is necessary for
Pavlovian fear conditioning that is supported by tailshock, and that VADs reflect
the aspect of US processing that is critical for this form of conditioning (Borszcz,
1993). The amygdala may therefore be involved in this aspect of US processing.

332.25
AMPAKINES FACILITATE CLASSICAL CONDITIONING. T. J. Shore*.
R. J. Servatius. R. F. Thompson2. G. Rogers3, and G. Lynch4.

Dept. Psychol., Princeton Univ., Princeton NJ 08544; Dept. Psychol.,

USC, LA, CA 900892; Neurosci. Res. Insti., UC Santa Barbara, CA

931063; Dept. Psychobiol., UC Irvine, Irvine, CA 927174.
Centrally active drugs that enhance AMPA receptor-gated currents

have been recently described. These compunds ("Ampakines")

increase the amplitude and duration of fast, excitatory synaptic

responses in hippocampal slices and in vivo after intraperitoneal
injection. Here we examined the effects of the compound BDP [1-(1,3-

benzodioxol-5-ylcarbonyl) perperidine] on the classically-conditioned

eyeblink response in the freely moving rat, a task dependent on the
cerebellum for normal acquisition. Rats were injected with BDP (100
mg/kg) or vehicle and 30 min later exposed to 10 white noise stimuli

(85 dB) followed either by paired or explicitly unpaired training with a
periorbital shock US. Rats injected with BDP responded significantly

more to the white noise (60%) than did vehicle controls (31%),

indicating that the drug enhances sensitization to discrete auditory
cues. To reduce sensitization, CS intensity was decreased to 80 dB. In

the absence of sensitization or pseudoconditioning, rats injected with

BDP acquired the conditioned response at a facilitated rate (P< 0.001).
These results suggest that increasing excitatory neurotransmission
enhances the processing of discrete auditory cues and thereby

facilitates the detection of cues and their relation to other cues
embedded in subsequent contingencies, [onr , Whitehall, McDonnet-pewtoTJS]
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DENDRITIC DIMENSIONS AND SPINE DISTRIBUTION IN RAT CA1
PYRAMIDAL CELLS EXAMINED WITH A CONFOCAL MICROSCOPE.
M. Trommald*. V. Jensen and P. Andersen. Dept. Neurophysiol., University
of Oslo, Pb. 1104 Blindern, 0317 Oslo, Norway.
A technique was developed to improve the analysis of the dendritic pattern
and spine distribution in hippocampal neurons. In slices taken from adult
Wistar rats, CA1 pyramidal cells were intracellularly injected with Lucifer
yellow and examined in a laser-scanning confocal microscope.
The basal dendrites were evenly distributed inside a regular cupolashaped volume. Their total length was about 4 500 pm. The branches
divided between one and three times, the initial segments comprised less
than 2% of the total. The long terminal segments (mean length 119 pm)
comprised more than 80% of the total length of the basal dendrites. The
apical dendritic branches emerged obliquely from the apical main shaft, ran
for a distance of 50 to 250 pm, and made up a total length of about 5 100
urn in stratum radiatum and between 1 100 and 3 200 pm in stratum
lacunosum-moleculare. This fits with analysis on HRP stained material, but
the numbers are higher than those obtained from Golgi stained material.
The mean total length of the dendritic tree was 11 900 pm. All values are
corrected for shrinkage. Shrinkage was measured in three dimensions and
was 20.5 % in the horizontal (x/y) plane and 40.5 % in the vertical (z)
plane.
Both the basal and the apical dendritic branches were covered by
regularly spaced spines. The spine densities measured were 1.65 and 1 72
spines/pm dendritic length for the basal and apical dendritic branches,
respectively. These numbers are considerably higher than the spine
density of about 1.0 spines/pm measured in Golgi stained material. Apart
from the initial parts of the branches which had few or no spines, the spines
were remarkably evenly spaced. In particular, the distance between the
spine heads were significantly different from a random distribution,
suggesting a regulatory process for spacing of spines.

EXPOSURE OF ADULT RAT'S TO A COMPLEX SPATIAL ENVIRONMENT
GIVES ENHANCED SPINE DENSITY IN RAT CAl PYRAMIDAL CELLS
M-B. Moser*. M. Trommald and P. Andersen. Dept. Neurophysiol,
University of Oslo, Pb 1104 Blindern, 0317 Oslo, Norway.
Rats exposed to an enriched environment show faster learning in a water maze

tlian normally housed or isolated rats (Ringvold et al. Soc Neurosci. 79:150.10).

We have asked whether spatial training in an enriched environment, a
hippocaimpus-dependent behaviour, can lead to a changed number of spine
synapses in rat CAl pyramidal cells.
Adult (10-15 weeks) Long Lvauis rats were exposed to one of three different

environments for IX days: isolated (I: single animal in opaque cage), paired
(P.:two animals in standard translucent cage), and enriched (E, 14 animals in large

and complex cage, 4 hrs daily) . In hippocampal slices from these animals, CAl

pyraunidad cells were filled with Lucifer yellow from intracellular electrodes. The
tissue was examined in a laser-scanning confocal microsope using a sensitive and

reliable method for spine detection. All three investigators were blind to the

prehistory of the preparations, and their spine detection incidences were not
statistically different.

Based upon 137, 74, and 68 dendritic segments (length 15-46 pm) from the E, P

and I groups, respectively, die spine density (spines/pm) in die E group was 1.96
±0.03 (mean ± s .e .m .), against 1 <80 ± 0.04 for the P and 1.79 ± 0.04 for die I
group. The differences between die E and P, and between E and I groups were bodi

highly significant (both /s > 3.09, both ps < 0.001, one-tailed /-test). In an analysis
of variance die environmental exposure was responsible for 5.3 per cent, whereas
die rats and cells accounted for 37 and 53 per cent of die total variability,
respectively.
In conclusion, exposure to a complex and taxing spatial environment is

associated widi an enhanced density of spines in basal dendrites of CAl pyramidal

cells and widi an enhanced aquisition of spatial learning task, suggesting that the
two effects may be causally related.

333.3
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LONG-LASTING NEURAL EXCITATION IN THE DEEP LAYER OF THE
PERIRHINAL CORTEX IS NECESSARY FOR THE PROPAGATION OF
NEURAL ACTIVITY AMONG THE ENTORHINAL- PERIRHINAL- TEMPORAL
CORTICES. Toshio liiima. Riichi Kajiwara. Michinori Ichikawa* and M. P. Witter^

ENHANCEMENT OF SYNAPTIC TRANSMISSION INDUCED BY
BEHAVIORAL LEARNING IN RAT MOTOR CORTEX. L.Yi* and W.T.
Greenough. Neuroscience Program, Depts. Psych, and Cell Struct Biol.,
Beckman Institute, University of Illinois, Urbana, IL 61801.
Long-term potentiation (LTP) has provided a valuable model for the study of
memory-like processes at the cellular level, but relatively few studies have
investigated the role of LTP-like phenomena in relation to learning and memory
processes in the cerebral cortex. The present study examined the possible
relationship between the induction of LTP in motor cortex in vivo by stimulation
of somatosensory cortex (SCx) and motor learning. Rats were trained to reach
into a chamber with their forelimbs for food. After 3 days or 8 days of training,
evoked field potentials were measured. Based on extracellular recordings from
layer II/III of motor cortex in response to SCx stimulation, monosynaptic evoked
potentials were composed of a population spike (PS) which was a positive-going
sharp spike and the excitatory postsynaptic potential (EPSP) which was a
negative-going wave. Significant increases in synaptic efficacy were observed
following 3 days and 8 days of training. Overall, reach trained rats showed
significantly larger population spike amplitudes, EPSP amplitudes and EPSP
slopes, as compared to non-trained rats. In addition, behavioral learning
significantly facilitated induction of LTP by tetanic stimulation of the SCx in
motor cortex.
These results indicate that enhancement of synaptic transmission results from
behavioral training; and suggests that the enhancement of synaptic transmission
in the input from the somatosensory cortex to the motor cortex may play an
important role in motor learning; the behaviorally-induced synaptic potentiation
may reflect synapse formation and/or modification involved in the encoding of
a learned behavior. Supported by MH40631 and NSF BNS 8821219.

Molecular and Cellular Neuroscience Div., Electrotechnical Lab., 1-1-4
Umezono, Tsukuba , Ibaraki 305, Japan, t Dep. Anatomy and Embryology,
Vrije Universiteit, Van der Boechorststraat 7, 1081 BT Amsterdam, The
Netherlands.
Although the hippocampal formation is regarded as a critical component of
the medial temporal lobe memory system, there is now convincing evidence
that it does not actually store memories for a long time. The repository of
memory traces most probably is in the domain of the association cortex. For the
elucidation of the memory function of the brain, it is thus important to reveal the
functional architecture of the cortical systems connecting reciprocally the
hippocampal formation and these cortical domains.
We studied the propagation of neural activity in cortical slices of the rat
containing the hippocampal formation, the entorhinal cortex (EC), the perirhinal
cortex (PC) and a part of the temporal cortex. For the study we employed
optical recording techniques using a voltage-sensitive dye which allows the
high-resolution imaging of the propagation of neural activity among these
cortical areas.
When a focal electrical stimulus was applied to the deep layers of the EC
(layers V, VI), the activity propagated to the border of EC and PC with a velocity
of about O.O63m/sec. The activity then further propagated to a part of deep
layers of the PC near the EC/PC border. The activation of the deep layer of the
PC was followed by an activation of the superficial layer of the PC. The
propagation from the EC to the superficial layer of the PC was blocked by an
electrical region of the deep layers of the PC. There was a latent period of
about 30 msec before the excitation spread to a superficial part of the PC. A
sustained neural excitation in the deep layer of the PC appeared to be
important for the propagation of neural activity from the EC to the PC.

333.5
PASSIVE AVOIDANCE BEHAVIOR AND LONG-TERM POTENTIATION IN
ADULT AND AGED RATS. S. Nomoto. T. Inadomi and K. Kanda*. Dept. of CNS,
Tokyo Metropol. Inst. of Gerontol., Itabashi-ku, Tokyo 173, Japan.
The correlation between mnemonic ability and the rates of acquisition and decay of
long-term potentiation (LTP) of perforant terminals in the dentate gyrus was studied in
eight adult (9-21 months) and 4 old (23-29 months) male Fischer 344 rats. The animals
were obtained at 4 weeks of age from Charles River Japan, and were raised in a vivarium
at our institute. The colony room was maintained at 23 ± 1 °C on a 12:12 hr light/dark
cycle. Mnemonic ability was assessed using a step-through passive avoidance apparatus.
Retention of avoidance behavior was tested by measuring the avoidance latency up to a
maximum of 300 sec during the first half of the light phase. The tests were continued for
14 to 104 days varying with rats, after the learning trial in which an electrical foot shock
was applied. The mnemonic ability of each rat was expressed as the average avoidance
latency (aAL) of all trials. Following the behavior test, LTP was recorded from the dentate gyrus under urethane anesthesia (1 g/kg i.p.).
The retention of avoidance behavior generally decreased with age. However, compared to rats in corresponding age groups, two adult rats showed worse mnemonic ability, and two aged rats showed better ability. Thus, the rats were divided into four groups
(i.e., Adult-B group; aAL=289.8 ± 14.3 sec, Aduh-D group; 230.5 ± 5.7 sec, Aged-B
group; 244.5 ± 2.8 sec, Aged-D group; 138.5 ± 20.6 sec). The rates of acquisition and
decay of LTP were compared among these four groups. The amplitudes of population
spikes were potentiated up to about 160% of the pretetanic level in the Ad-B group,
about 135% in the Ad-D and Ag-B groups, and about 110% in the Ag-D group. The
potentiated state lasted for 50 min in the Ad-B group, about 30 min in the Ad-D and AgB groups, and only about 10 min in the Ag-D group. The Ag-B amplitude rapidly decayed after 30 min, whereas the Ad-D amplitude was maintained at about 120% level
until 50 min. The Ag-D amplitude rapidly decreased to the 90% level after 10 min and
remained at this level until 50 min. The results indicate that the amplitudes of population
spikes are easily potentiated and maintained longer in rats with better mnemonic ability
and they are hardly potentiated and decayed faster in rats with worse mnemonic ability.
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INDUCTION OR BLOCKADE OF LONG-TERM POTENTIATION DOES
NOT INFLUENCE INSTRUMENTAL LEARNING IN RATS. K.S.
Sevbold*, R.L. Trodden and R.L.
Port.
Dept. of
Psychology, Grove City College, Grove City, PA 16127
and Slippery Rock University, Slippery Rock, PA 16057.
Long-term
potentiation
(LTP)
of
hippocampal
synaptic transmission occurs during classical and
instrumental learning.
Experimental induction of LTP
facilitates,
and
blockade
of
LTP
impedes,
the
acquisition of classically conditioned responses. The
present study examined the impact of LTP manipulation
on the acquisition of an appetitive instrumental
response.
Young adult male rats (ri=18) were randomly assigned
to
control,
LTP-induced
or
LTP-blocked
groups.
Subjects in the LTP groups were implanted with bipolar
stimulating electrodes in the perforant path and a
recording electrode in the ipsilateral dentate gyrus.
LTP was induced by four daily sessions of highfrequency trains (400 Hz, 50 ms, 10 trains at 10 sec
intervals) prior to training.
Animals in the LTPblocked group received an i.p. injection of MK-801
(O.lmg/kg) approximately 30 min prior to each training
session. Results indicated that a high dosage of the
NMDA receptor antagonist MK-801 did not slow and
induction of LTP did not facilitate acquisition of an
appetitive instrumental response.
These results are
consistent
with
findings
that
classical
and
instrumental learning are mediated via different
neural networks.
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MEMORY CIRCUITS MADE BY SUSTAINED SYNCHRONOUS
OSCILLATION IN CORTICAL NEURONAL NETWORKS WITH
HIGH SYNAPTIC CONVERGENCE: A HYPOTHESIS SUGGESTED
FROM OBSERVATIONS IN SELF-ORGANIZED NETWORKS IN
CULTURE. Y.Kuroda*. Department of Molecular and Cellular Neurobiology,

Synchronous oscillation of Ca2+ increase in cultured cortical
networks is compartmentalized even in each neuronal cell
bodies and changed spatio-temporally by tetanic stimulation.

Tokyo Metropolitan Institute for Neuroscience, Fuchu-shi, Tokyo 183 Japan.
Since Hebb proposed closed (reverberating) circuits for memory, changes of
synaptic efficacy by sustained repetitive firing in cell assemblies have been
considered important. However, the mechanism of the sustained activity has
not yet been made clear. We have found that dissociated cortical neurons
make many synapses in culture and the self-organized networks fire
spontaneously in synchronous oscillations (Kuroda etal, Neurosci.Let. 135:
255, 1992; Robinson eltal, J.Neurophysiol. 70: 1606, 1993). The oscillatory
activity sometimes shows state transitions. But the spatio-temporal pattern of
the oscillation is generally stable in networks with high synaptic convergence. It
can be changed by electrical stimulation and sustained for more than 30 min
(Kuroda etal, Soc.Neurosci.Abstr.19: 413, 1993). It seems that both dynamic
state transitions and stabilization of the oscillating cell assembly can occur in a
network with a sufficient number of neurons with high synaptic convergence.
These observations on self-organized networks in culture suggest that
synchronous oscillation is a fundamental property of cortical neuron networks
and it provides not only binding of representations over the order of a hundred
ms, but also a mechanism for sustained repetitive firing during short-term
memory. In support of this, oscillations of firing activity (3-4 Hz) in lateral cortical
neurons of monkey during delayed period of learning tasks have been
reported (Nakamura etal, Neuro.Rep. 3: 17, 1992). Cortical neuron networks
in culture seem to be a good model system to elucidate factors controlling the
period, patterns and phase transitions of synchronous cortical oscillation.

K.Kobayashi*. S.Yamazaki. A.Nozawa. M.Kawahara. K.Muramoto. Y.Sekino.
E.Maeda#, A.Kawana* & Y.Kuroda. Department of Molecular and Cellular
Neurobiology, Tokyo Metropolitan Institute for Neuroscience, Fuchu-shi,
Tokyo 183, Japan. & #NTT Basic Research Laboratories, Atsugi-shl, Kanagawa
243-01, Japan.
Synchronous oscillation of neuronal activities is suggested to be important
for the processing of information and short-term (eventually long-term)
memory in the cortex. We reported that patterns of synchronous oscillation in
cultured cortical neuronal network with high synaptic convergence is changed
spatio-temporally by electrical stimulation (Kuroda, etal. Soc. Neurosci. Abstr.
19:413,1993). We further analyzed the spontaneous synchronous oscillations
of Ca2+, which generally represent bursts of action potentials in the observed
neuron (Robinson et al, J.Neurophysiol. 70:1606,1993), at higher spatial
resolution. In some neurons in the cultured network, the transient Ca2+
increase is highly compartmentalized along its cell membrane, mainly at the
joints of dendrites. In these neurons, in contrast to other active neurons, the
Ca2+ increase did not occur over the whole cell body, suggesting that the
neuron itself did not make action potentials. Instead, the local increases moved
and diffused out into surrounding region. The local Ca2+ increase still occurred
synchronously with other neurons in the network. Moreover, the pattern of
local intracellular Ca2+ increase in the neuron was changed by tetanic
stimulation, presumably due to the change of input patterns through dendrites
and/or axo-somatic synapses. These results suggest the possibility that
integration of information from many synaptic inputs is also carried out in
single neurons, even without firing, by intra-neuronal Ca2+, not only in the
dendritic trees but also in the sub membrane compartments at the joints of
dendrites and/or under axo-somatic synapses.
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EXCITATORY AND INHIBITORY AMINO ACID LEVELS IN
THE CEREBRAL CORTEX OF
NUCLEUS BASALIS
MAGNOCELLULARIS - LESIONED RATS. S. A. Weiner*. P.
M.-E. Laplante. J.-A. St. Pierre and R. Alonso
Douglas
Hospital Research Centre, Department of Psychiatry, McGill
University, Montreal, Quebec, Canada H4H 1R3.
It is well known that pathways arising from the nucleus
basalis magnocellularis in the basal forebrain which terminate
in the cerebral cortex are involved in cognitive function. The
cholinergic system is generally thought to play a large part in
these
processes
from
lesion,
pharmacological
and
transplantation studies. With increasing evidence suggesting
the involvement of amino acid transmitters in learning and
memory processes, it is of interest to also evaluate possible
changes in the levels of amino acid transmitters in the cortex of
nucleus basalis magnocellularis-lesioned rats. In the present
study, 9 cortical amino acids were measured in rats with
bilateral lesions of the nucleus basalis magnocellularis using
high performance liquid chromatography.
We measured
significant reductions in aspartate, alanine and gamma-amino
butyric acid; these were 80%, 75%, and 81%, respectively, of
control brain values. These results suggest that changes in
the amino acid content of the cerebral cortex following lesion of
the nucleus basalis magnocellularis-lesioned rat should
perhaps also be considered when evaluating behavioral effects
in this model. (Supported by the Medical Research Council of
Canada)

AROUSAL AND HABITUATION TO NOVELTY INCREASE RYBONUCLEIC
ACID SYNTHESIS IN NEURAL NETWORKS. P.Romanelli1; L.DiMatteo2,
B.Varniale2, G.Cobellis* and A.G.Sadile1*. 1Lab. Neurophysiol. Behav. &
Neural Networks, and ^ab. Mol. Biol., Dept. Human Physiol. "F. Bottazzi",
Second Univ. Naples, 80138 Naples, Italy.
The neural consequences of exposure to spatial novelty were mapped
in the rat brain by studying RNA synthesis with ^H-uridine autoradiography

and RNA extraction. Adult male Sprague-Dawley rats with chronically implanted i.c.v. cannulae were all given an icv injection of 5,6-[3H]-uridinn 5'triphosphate (Specific activity: 4O-6OCi/mmol; 5Op.Ci in 10pl of buffered
saline) over a 2min-period and either exposed O.5h later to a LAt-maze for
10 min or unexposed. During testing horizontal (corner-crossings) and
vertical activity (rearings on hindlimbs), along with defecation score, as
emotionality index were measured. Rats were sacrificed 6 or 24h after
testing or sham-testing. One hemisphere was paraffin-embedded, cut in
5^m-thick microtome sections, and processed for autoradiography, while the
other hemisphere was used to extract total cellular RNA by the guanidine
thiocyanate method. RNA concentration was evaluated by its optical density
at 26Onm, while the quality of the RNAs was achieved routinely by agarosegel electrophoresis. While control rats showed a low level of RNA synthesis,
exposed rats showed numerous positive cells with nuclear localization of
staining in the ependymal layer, hippocampus and cerebellum 6h after
testing, and in the somatosensory cortex 24h later. RNA extraction indicated
that exposure to novelty significantly increased RNA synthesis three-fold in
the hippocampus and neocortex, and two-fold in the cerebellum. The widespread RNA synthesis suggests that spatial and emotional information
processing activates overlapping neural networks across different
organizational levels of the CNS. (Supported by CNR 92.01092.CT04 and
93.00408.CT04, and MURST 40% grants).
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EFFECTS OF POSTOP HAPTIC TRAINING ON VISUAL RELEARNING
AFTER VISUAL CORTEX LESIONS IN RATS. E.R. Delay* and
M.C. Cartford, Dept. Psychology, Regis University,
Denver, CO 80221.
In rats postop training with an intact modality
reduced deficits on an avoidance task after auditory or
visual cortex lesions (Delay & Rudolph, Physiol.
Behav., 55: 293-300, 1994). Our goal was to determine
whether postop haptic training would have similar
effects for visual decorticate rats trained on a visual
discrimination task. Water deprived albino rats were
trained to 18 correct choices in 20 trials in a 2-arm
maze using black/white cues placed on the maze floor.
The day after preop training each rat underwent
bilateral ablation of area Oc2L, or sham surgery. One
lesion group was given postop training with haptic cues
(rough/smooth) placed on the maze floor. Rats were then
retrained on the black/white discrimination to the
18/20 criterion. A second lesion group was given
pseudoconditioning before retraining. A third lesion
group and a sham-operated group were not given any
training before relearning the visual task. Lesion rats
given postop haptic training and sham rats showed
positive savings when relearning the visual task while
all others showed negative savings. It appears that
postop cross-modal training enhances recovery of a
discrimination task through general response sets.

ATROPINE-RESISTANT HIPPOCAMPAL THETA IS MEDIATED
BY DOPAMINE Henriksen. S.J.*. Criado. J.R. and Steffensen, S.C.. Scripps
Research Institute, La Jolla, CA 92037
Theta rhythm is a prominent electroencephalographic pattern generated by the
hippocampus that is characterized by spontaneous slow wave 4-10 Hz rhythmic
activity. It occurs in two forms: Type 1 theta is correlated with voluntary
movement and is atropine-resistant while Type 2 theta is correlated with the
processing of sensory input relevant to the initiation of movement and is atropinesensitive. Theta recorded from urethane-anesthetized animals is predominantly
atropine-sensitive. Cholinergic septohippocampal afferents appear to be responsible
for atropine-sensitive theta but there is no clear consensus regarding the identity of
the neurotransmitter mediating atropine-resistant theta. Both septohippocampal
GABAergic and brainstem serotonergic inputs are potential candidates. Recently we
reported a robust modulation of hippocampal responses by mesolimbic
dopaminergic inputs. To further evaluate the role of dopamine on hippocampal
physiology, we studied the effects of the D1 antagonist, SCH23390, and dopamine
depletion on spontaneous and tail pinch-induced theta in the dentate gyrus and CA1
hippocampus of halothane-anesthetized rats. Under light halothane anesthesia (0.70.9 %), a 10 s tail pinch produced 1-5 min (mean = 2.2 min) of theta rhythm (3.55.5 Hz) in diedentate gyrurandCAl h ippocampus thatwere 180 0egrees out of
phase. High systemic doses of atropine (50 mg/kg) had no effect on theta induction
in the dentate or CA1 but produced a state of continuous theta. Contrary to uestPanganesthetized animals, atropine-resistant theta prsgominatgg in halotPdng-dngsthetizgg
animals. Systemic administration of SCH23390 (0.2-1 mg/kg) either in naive or
atropine-trrdtgn animals produced a dasg-ggpgnngna suppression of theta induction and
spontaneous theta in both hippocampal subnets. Furthermore, dopamine depletion
produced by prior administration of 6-OHDA (nesipraming ore-treatgC) attenuated
theta induction. These findings implicate dopamine as a potential neurotransmitter
mediating atropine-resistant theta either by direct actions on the hippocampus or by
indirect modulation of non-cholinergic sgptoPippocampal inputs.
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POST-TRAINING UNILATERAL VAGAL STIMULATION ENHANCES RETENTION PERFORMANCE IN THE RAT. K , B. Clark*. S.E.
K.rahL D.C. Smith, and R.A. Jensen. Biopsychology Laboratory, Department
of Psychology, Southern Illinois University, Carbondale, Illinois 62901.
It is well known that the peripheral administration of the catecholamines norepinephrine and epinephrine following training modulates later retention performance. However, the mechanism mediating this effect is not well
understood as neither substance freely crosses the blood-brain barrier. Recent
studies in our laboratory demonstrated that severing the vagus nerve below the
diaphragm markedly decreases the capacity of 4-OH amphetamine, an
amphetamine derivative which does not cross the blood-brain barrier, to
enhance retention performance (Williams and Jensen, 1991). This finding
suggests that vagal afferents may be one pathway by which peripherally acting
substances may modulate memory storage processes. To further explore this
possibility, male Long-Evans rats were chronically implanted with cuff
electrodes along the left vagus nerve at the cervical level. Forty-eight hours
after surgery, each animal was trained in a one-trial inhibitory avoidance task
with a 0.75-mA, 1.0-sec footshock. Immediately after training, each animal
was placed in its home cage and either no stimulation or vagal stimulation (0.5msec biphasic pulses; 20 Hz; 30 sec) at one of three intensities (0.2, 0.4, 0.8
mA; 8 animals per group) was administered. Retention was tested 24 hours
later with a 900-sec ceiling. Neither the 0.2- nor the 0.8-mA groups (22.11
sec; 53.72 sec median latency) showed any modulation of retention performance, but the 0.4-mA group showed significantly enhanced retention performance (881.03 sec) compared to unstimulated control animals (21.05 sec; U
= 6,p< .01). This inverted-U shaped pattern of effect suggests that activation
of vagal afferents can enhance retention performance.

HEMODYNAMIC STRESS RETARDS ASSOCIATIVE LEARNING IN THE
RABBIT. W, Dy A,G, Rgm^p an< JA, Harvey*. Department of Pharmacology,
Medical College of Pennsylvania, Philadelphia, PA 19129.
This study examined the effects of hemodynamic stress on associative learning
using classical conditioning of the rabbit’s nictitating membrane response. Rabbits
received four days of training consisting of 60 presentations of a 90 db tone
conditioned stimulus (CS) paired with a corneal airpuff unconditioned stimulus
(US). Hemodynamic stress was produced by a 30 min iv infusion of sodium
nitroprusside (8Oug/kg, lOul/min) prior to each daily session. The infusion
produced a 50% reduction in blood pressure and a 50% increase in heart rate.
The rate of conditioned response (CR) acquisition was significantly retarded in
stressed animals. Control animals required 98 trials to achieve a criterion of 5
consecutive CRs compared to 167 trials for stressed animals [f(26) = 4.29, p <
.001]. A second experiment assessed the effect of hemodynamic stress on the CS
intensity threshold for eliciting CRs. Untreated rabbits were trained as above until
they achieved a criterion of 90% CRs in one session. On the following day, half
of the animals were infused with sodium nitroprusside prior to a testing session in
which the tone intensity was varied between 50 and 90 db. Both groups of animals
showed increases in the frequency of CRs as a function of increases in tone CS
intensity. Furthermore, the CS intensity function was unaffected by hemodynamic
stress. Taken together, these data suggest that hemodynamic stress can induce a
learning deficit without affecting sensory processing of the CS. Thus, this stressinduced learning deficit may be a useful model for other stress-induced cognitive
deficits such as the long-term amnesia associated with post-traumatic stress
disorder. Supported by NIMH grant MH16841.
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ESTROUS CYCLE REGULATES SYNAPTIC PLASTICITY:
ENHANCED LTP SENSITIVITY IN PROESTRUS RATS. A.G.
Humphreys, S.G. Warren. LIM. Turaska* and W.T. Greenough.
Neurosci. and Med. Scholars Programs, Depts. Psych., Cell Struct.
Bio., Beckman Inst., Univ. Illinois, Urbana IL 61801.
Synaptic density in hippocampal CA1 stratum radiatum
decreases more than 30% between the proestrus (high estrogen)
and estrus (low estrogen) phases of the rat estrous cycle (Woolley
and McEwen, 1992). We hypothesized that such ultrastructural
change would be reflected in the electrophysiology of this area.
CA1 stratum radiatum responses to Schaffer collateral
stimulation revealed no differences in initial I/O curves between
the females in each phase of the estrous cycle (proestrus, estrus
and diestrus) or the male controls; however, there was a
differential response to LTP stimulation. Both males and
proestrus females demonstrated significant LTP (increase in the
slope of the EPSP) following high frequency stimulation, while
estrus and diestrus females failed to demonstrate LTP with the
stimulation parameters used in this experiment. Proestrus
females demonstrated a significantly greater increase in the EPSP
slope as compared to estrus and diestrus females. These data
demonstrate that (1) LTP in females is differentially affected by
the phase of the estrous cycle, and (2) the increased synaptic
density during proestrus is not directly reflected in the initial I/O
curve but is evident in the response to LTP-inducing stimulation.
Supported by: NSFBNS8821219, NSFIBN9310945, HDO7333,
NSFDIR91167, Walter Rice Craig Fellowship from UIUC-COM.

SOMATOTROPHINE EFFECTS AND ITS INTERACTION WITH
TESTOSTERONE UPON THE EXTINCTION RESPONSE IN YOUNG
AND OLD RATS. S.Rivas-Arancibia*; S. Schneider-Rivas; F. VazquezPerevra: G. Borgonio-Perez A. Loaeza-del-Castillo. Department of
Physiology. Faculty of Medicine. Universidad Nacional Autonoma of
Mexico.
The possibility of modifying the extinction response with
neurotransmitters and hormones is a model wich can be used to understand
the cerebral plasticity and the changes elicited by the oldness.
This work analyses the role of the sexual hormones and their interaction
with somatotrophine on the modulation of these processes, so as the changes
which are present on the old age Wistar male rats of three months and two
years old were used. They were individually housed with free access to food
and water and divided in two groups, the firts one with young rats and the
second one with old rats. Each group was divided in four subgroups and the
following intramuscular treatments were applied: saline solution,
somatotrophine, testosterone, testosterone plus somatrophine before the
animals were submited on a one-trial passive avoidance conditioning and its
extinction, twice for week during seven weeks.
The results suggest that somatotrophine has the biggest response in old
rats, while the combination of somatotrophine-testosterone has the biggest
eficiency in young rats.
This work was supported by DGAPA Project in 203292.
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EFFECT OF PROTEIN MALNUTRITON ON PASSIVE AVOIDANCE
BEHAVIOR RATS OF TWO AGES.
Garcia-Ruiz. M.*L Quirarte. G.I, Dlaz-Cintra. S.L Olivera. H.S and
Prado-AlcalS. R*
Centro de Neurobiologlal and Facultad de Medicinal UNAM,

AUGMENTATION OF SEPTO-HIPPOCAMPAL RESPONSES DURING JAW
MOVEMENT CONDITIONING IN THE RABBIT. R.L. Borgnis*, M.A.
Seager, C.G. Oliver, and S.D. Berry. Dept. of Psychology,
Miami University, Oxford, OH 45056
Simultaneous recordings of unit activity and slow waves
were taken in medial septal nucleus and dorsal hippocampus
during classical conditioning of rhythmic jaw movements.
Eight New Zealand White rabbits were chronically implanted
with stainless steel microelectrodes under anesthesia with
ketamine (5Omg/kg) and xylazine (ltag/kg). Animals were
given either control (unpaired) stimulation or classical

Mexico, D.F. 04510. Inst. Nal. de Diagndstico y
Epidemiol6gicos-SSA2, Mexico, D.F. 11340.

Referenda

In the last few years the relation between alterations produced
by malnutrition on the CNS and the cognitive processes of the
organisms have been studied. However, the results obtained hitherto
are controversial. Several groups have reported that malnourished
animals can perform either worse than, similar as or even better than
well nourished animals. In the present work we have evaluated the
effects of chronic protein malnutrition (6% casein diet) and postnatal
nutritional rehabilitation (25% casein diet) in the avoidance behavior in
rats of two ages (30 and 90 days old). Rats were trained in a one-trial
passive avoidance task and tested for retention 24, 48 hours and 7
days later. The results showed that the retention performance of 30
day control animals was significantly better than that of 30 day
malnourished rats in the three tests. There was no significant
differences between control and rehabilitated animals. These findings
support the idea that a low-protein diet, when settled chronically,
produces severe alterations in learning and memory processes; these
alterations were related to the age. However, if a well nutrition is
settled at birth the damage of prenatal malnutrition in cognitive
processes are reverted. Supported by DGAPA IN.2O4892 and IN-2O4O93.
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delay conditioning to paired presentations of a tone followed by sweetened water. Group averaged neural responses
were computed for both slow wave evoked potentials and
unit activity from each structure. Results indicated that
conditioned unit activity in both hippocampus and septum
occurred in the trained group), but not in controls. Hippocampal slow wave evoked responses occurred to both tone
and water in the untrained group, but were much greater in
amplitude in the trained group. The medial septal conditioned response to the tone paralleled the difference in
the hippocampal EP to tone and preceded it by 10-15 nsec
on each trial. Results suggest that same learning-related
changes in hippocampal neurons during jaw movement training may be proj ected from medial septan.
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IONIC CURRENTS OF KENYON CELLS POSSIBLY INVOLVED
IN OLFACTORY LEARNING IN INSECTS
H. Rosenboom. F, Goldberg. S. Schafer and R. Menzel*.
Inst. f. Neurobiologie, Freie Universitat Berlin, 14195 Berlin, Germany

ALTERED SPIKE ACTIVITY IN CULTURED "GIANT" NEURONS
DERIVED FROM DUNCE AND RUTABAGA MUTANTS OF
DROSOPHILA. M.-L. Zhao* and C.-F. Wu. Department of Biological
Sciences, University of Iowa, Iowa City, IA 52242.
Neuronal activity modulation by second messenger cascades plays a
major role in signal processing and plasticity of the nervous system. Two
genes, dunce (dnc) and rutabaga (rut), are known to code for cAMPspecific phosphodiesterase and calcium/calmodulin-responsive adenylyl
cyclase, respectively. Previous studies showed that the altered cAMP
cascade accounts for the learning and memory defects in adult flies, and
altered
synaptic plasticity has been demonstrated at the larval
neuromuscular junction in these mutants. Nevertheless, how central
neurons in CNS are affected in the mutants is not yet known. We have
investigated possible alterations of neuronal excitability in cultured
embryonic "giant" neurons which allow for whole-cell current-clamp
analysis of CNS. Several alleles of dnc (dncl’ dne%) and rut (rut1, ruP)
have been examined in this study while Canton-S (CS) was used as
control. We found that individual mono- or bi-polar neurons from dnc
and rut mutants, like CS neurons, display different action potential (AP)
patterns, such as all-or-none or graded types. However, several categories
of abnormal APs, such as broadened APs and sustained plateau potentials
not seen in CS, have been observed from subsets of neurons in dnc and
rut mutants. Our pharmacological and voltage-clamp studies indicated
changes in the amplitude and properties of voltage-gated K+ currents in
these mutants. Both dnc and rut cause hyperexcitability despite their
opposite effects on cAMP levels, suggesting that an optimal level of
cAMP may be required for maintaining normal neuronal excitability.

The mushroom bodies have been suggested to be essentially involved in
learning and memory in insects. Since the transmitters involved in the CS
and US pathways converging onto Kenyon cells are known, we studied their
possible involvement in neural plasticity on dissociated Kenyon cell somata
of the honeybee Apis mellifera. Using a combination of whole-cell patch
clamp recordings and fluometric calcium measurements we were able to
characterize voltage-dependent and ligand-activated ionic currents. Several
outward and inward currents were studied by electrophysiological and
pharmacological means such as an A-type, a delayed rectifier-type, and a
calcium-activated potassium current, a rapidly inactivating sodium current,
and a calcium current.
Furthermore, we identified a nicotinic-type
acetylcholine-activated inward current.
This current is enhanced by
extracellular calcium and magnesium and reduced by intracellular calcium,
while intracellular magnesium seems to block the current. The
corresponding ionic channel is permeant to sodium and probably not to
calcium. The current slowly inactivates within 3-5 seconds. These data are
consistent with our fluometric calcium measurements on Kenyon cells. The
combined use of calcium fluometry and patch clamp studies has proven
helpful in determining the action of transmitters and neuromodulators at the
input site of the mushroom bodies. It will also allow investigations into the
role of the adenylyl cyclase pathway, elements of which are expressed in
Kenyon cells, and are known to be essential for learning in invertebrates.
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REPETITIVE CONDITIONING OF THE DROSOPHILA GIANT FIBER
RESPONSE IS ALTERED IN A MUTANT WITH LEARNING
DEFICIENCIES. T. E. Engel* and C.-F. Wu. Dept. Biological Sciences, Univ.
of Iowa, 138 Biology Bldg, Iowa City IA 52242-1324
The giant fiber escape response of D. melanogaster may be triggered
visually, or with electrical stimulation that activates the cervical giant fiber
producing a DLM flight muscle spike latency of ~1.3 ms (Tanouye &
Wyman 1980). Less intense electrical stimulation evokes a DLM latency of
~4 ms, probably by activating low-threshold afferents to the giant fiber
(Tanouye & Wyman 1980). We have examined the conditioning of this
"long-latency" response by repetitive stimulation. At rates of 1—10 Hz,
response failures increase over time in a frequency-dependent manner, and
recovery is time-dependent over a range of minutes.
Mutants at the rutabaga and dunce loci are deficient in associative learning
paradigms (Dudai 1988). We find that rutabaga^ markedly reduces the rate
of attenuation of the long-latency response, rutabaga affects CaM-dependent
adenylyl cyclase activity (Dudai 1988), and this Qr+-responsive process
may be involved in conditioning of synapses upstream of the giant fiber.
Conversely, dunce^M, which eliminates a cAMP-specific phosphodiesterase
(Dudai 1988), has little apparent effect on attenuation of the long-latency
response.
The long-latency giant fiber response is labile and is altered by a mutation
that affects synaptic stability and learning. The giant fiber pathway may
also be triggered at two other points: visually, or with electrical stimulation
sufficient to activate the cervical giant fiber directly. For these reasons, this
system is a potentially useful model for a genetic analysis of neural
plasticity.

DELETION MUTATION OF THE Snap GENE ALTERS
HIPPOCAMPAL PLASTICITY Collins. K.A.. Mehta. P.P.*. Steffensen.
S.C.. Henriksen. SJ. and Wilson. M.C.. Scripps Research Institute, La Jolla, CA
92037
SNAP-25 (synaptosomal-associated-protein of 25kDa) is a membrane associated
nerve terminal protein whose expression correlates with synaptogenesis. Mice
heterozygous for the semidominant mutation coloboma (Cm/+) carry a deletion of
the Snap gene sequence and evince distinct neuropathologies including head bobbing,
opthalmic deformation and profound hyperactivity. Because of their unusual
synaptic development, we have chosen to study the hippocampus in these mutants as
a model system for the evaluation of potential abnormalities associated with this
genetic deletion. We studied electroencephalographic (EEG) and evoked potential
recordings in the dentate gyrus and CA1 hippocampus of halothane-anesthetized
Cmf and normal (+/+) littermates. Hippocampal EEG activity was recorded by
microelectrodes oriented in the dentate hilus and CA1 hippocampus and frequency
spectra were generated from 4 sec EEG epochs. The hippocampal EEG of +/+ mice
exhibited frequent spontaneous theta rhythmic episodes characterized by a prominent
4-6 Hz theta power band alternating with low voltage mixed activity. Cmf+ mice
demonstrated little or no theta activity and exhibited regular high voltage paroxysmal
discharges with a predominant 0.3 Hz power band. While sensory activation elicited
by brief (10s) tail-pinch produced 2-3 min of theta rhythm in +/+ mice, the
amplitude and duration of theta induction was markedly reduced in Cmf mice.
There were no significant differences in dentate and CA1 afferent-evoked field
potentials, paired-pulse responses or post-tetanic potentiation between Cmf and +/+
mice. However, while brief high frequency stimulation of the perforant path
produced robust long-term potentiation (LTP) of synaptic responses in the dentate
gyrus of +/+ mice, no LTP was generated in Cmf mice. These findings indicate
that alterations in synaptic transmission may underlie the behavioral abnormalities,
in particular the hyperactivity associated with coloboma mutant mice. Supported by
PHS MH48989 to MCW.

Dudai 1988, Ann. Rev. Neurosci. 11:537-563
Tanouye & Wyman 1980, J. Neurophysiol. 44:405-421
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Normal short-term, but deficient long-term memory in mice with a
targeted mutation of the cAMP Responsive Element Binding protein
(CREB). lA.I. Silv^.lB.Ew^i^n^em>2l.Blend^.;iD. Cioffi. 2g . SchUtz. and

The a-Caldum-Calmodulin Kinase II (aCaMKII) Mutant Mice: Effects
on Leanring and Memory. D. Cioffi, R. Bourtdriuladze. P. F. Chapmanft,
. Z. Marowitz. K.P. Giese*. and A. I. Silva. Center for Learning and
Memory, Cold Spring Harbor Laboratory, CSH, NY 11724, department of
Psychology, University of Minnesota, MN 55455.

^LBourtchuladze. ^Center For Leaning And Memory, Cold Spring
HaTbor Laboratory, New York 11724. ^German Cancer Research Center,
D-69120 Heidelberg, Germany

In most organisms long-term memory is known to require the synthesis of
new proteins. In contrast, short-term memory does not. In striking parallel,
long-term changes in synaptic strength also require protein synthesis,
while short-term changes do not. Studies with Aplysia sensory neurons in
culture implicated CREB in the activation of protein synthesis required for
long-term facilitation, a cellular model of long-term memory. However, it
was unclear whether CREB had a role in long-term memory, or if these
findings would apply to vertebrate systems. To address these questions,
we have studied learning and memory in mice with a targeted disruption
of CREB, a transcriptional factor highly expressed in the brain. We found
that these mice are profoundly deficient in long-term memory measured in
two fear conditioning tasks. Strikingly, short-term memory lasting up to 30
minutes appears to be intact in these mutants. Electrophysiological
studies in title hippocampal CA1 region of the CREB-mutant mice showed
that long-term potentiation is affected in these mutants. Thesd results
involve the CREB-frruracriptional factor in processes leading to long-term
memory.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

The loss of the aCaMKII in mice homozygous for a targeted
disruption of this kinase leads to a deficit in LTP in the hippocampus
(CA1), and to abnormalities in pre-synaptic plasticity. Heterozygotes
show similar pre-synaptic abnormalities, but no LTP deficit in CA1. To
determine the impact of deficits of short-term plasticity in learning and
memory we tested these mutants in the water maze tasks. In the visibleplatform test the performance of the heterozygotes was indistinguishable
from that of controls. However, in the hidden-platform test the
heterozygotes were impaired after 3 days of training, In contrast to
homozygotes, the heterozygotes learn to find the platform with an
additional 2 days of training. To extend these findings, we tested mice on
another task known to require hippocampal function: contextual fear
conditioning. After a single trial, the controls, but not the heterozygotes,
were able to show contextual fear conditioning (40+5% and 6+4%
respectively). However, the heterozygotes did show conditioning to a
discrete CS (tone; 43%±.5), which is known to be hippocampal
independent. Similarly to the water maze, the heterozygotes showed
significant contextual conditioning (43+4%) with extended training (5
trials); homozygotes did not. Our results show that despite impaired
short-term plasticity, heterozygotes have normal LTP (CA1), and suggests
that their deficits in hippocampal short-term plasticity could underlie foe
behavioral impairments detected in hippocampal-dependent tasks.
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ROTATION OF WATER IN THE MORRIS WATER MAZE
INTERFERES WITH PATH INTEGRATION MECHANISMS OF
PLACE NAVIGATION. M. Moghaddam and J. Bures. (SPON:

ENA) Inst. Physiol., Acad. Sci., Prague, Czech Republic.
The assumption that place navigation in the Morris
water maze is implemented by path integration between
positions determined by landmark sighting was examined in
a 200 cm diameter pool in which circular (7.2°/s) motion o£
water could be induced by tangentially arranged water
jets. Acquisition of navigation (at 8 trials per day) to
an erectable platform raised after the rat had spent 1 s
in the target area (mid-point of the NW quadrant) reached
asymptotic escape latency of 7 s later in moving (n=8, 9
days) than in stationary (n=8, 6 days) water. The group
overtrained in stable water (10 days) performed well even
after transfer into moving water. Asymptotic performance
in rotating water was not affected by changing the sense
of rotation from clockwise to counterclockwise. The above
findings indicate that overtrained rats rely on landmark
sighting rather than on path integration. The effect of
water movement reappeared when place navigation to a new
target (SW) was tested in alternating light (L 2s) and
darkness (D 2s): First day latencies were 15.2+1.2 s and
22.8+1.9 s in stable and moving water, respectively, but
dropped to 10 s next day. Swim directions in the last sec
of the L period were closer to the target azimuth than in
the last sec of the D period and this difference was more
expressed in moving than in stable water. It is concluded
that path integration mechanisms supporting navigation in
short intervals of darkness are impaired in moving water
but that this impairment can be compensated by training.
Supported by grants JSMF 92-57 and BMFT OlVJ 9200215/26.
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VESTIBULAR AND VISUAL MOTION INFLUENCES ON HIPPOCAMPAL
PLACE CELL FIRING FIELDS. P.E. Sharp*. H.T. Blair. D. Etkin. D.B.
Tzanetos. Dept, of Psych., Box 208205, Yale Univ., New Haven, CT, 06520.
Hippocampal place cells show location-specific firing as animals locomote in an
environment (O’Keefe & Dostrovsky, 1971, BrRes, 34). A possible explanation for
this is that each cell is simply driven by environmental sensory inputs available in
its field (Zipser, 1985, Beh Neurosci., 99; McNaughton, 1989, In Nadel et al. (Eds)
Neural Connections and Mental Computations, MIT Press). This cannot provide the
full explanation, however, since cells can maintain stable place fields even in the
absence of reliable environmental orienting cues (e.g. O’Keefe & Speakman, 1987,
Exp. Br. Res., 68). This suggests the cells are also influenced by information about
the animal’s own movement through space (McNaughton, 1989), since this is the
only available, ongoing indicator of current location when external orienting cues are
not present.
Two candidates for the movement-related information are visual motion and
vestibular cues. To test for these, place cells were recorded in a cylindrical apparatus
made so that its wall (painted with vertical black and white stripes) and floor could be
independently rotated, to provide visual motion and vestibular inputs, respectively.
The results showed that both these inputs could influence place fields. Sometimes
they caused a predictable ’’resetting”, so that the field rotated its location on the
apparatus floor in a way which was compatible with the movement indicated by the
vestibular and/or visual motion input. This updating was most reliably obtained
when the two inputs were presented in combination. In other cases, the apparatus
rotations caused unpredictable changes in firing characteristics, so that cells either
stopped firing, or developed place fields which were altered in overall size, shape, and
eccentricity. Interestingly, the probability of these unpredictable changes increased
with experience, as described in the accompanying abstract (Blair & Sharp).
These results are compatible with the idea that hippocampal place cells are part of a
dead reckoning system which enables determination of current location through
mechanisms involving movement-generated cues.
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HIPPOCAMPAL PLACE CELLS LEARN TO REMAP SPACE IN RESPONSE TO
ENVIRONMENTAL EVENTS. H.T. Blair* & P.E. Sharp. Dept, of Psychology, Yale
University, New Haven, CT 06520-8205
Hippocampal place cells exhibit location-specific activity as animals navigate in
space (O’Keefe & Dostrovsky, 1971, Br Res, 34). Typically, each place cell has a
stable preferred location in any given environment, but a single place cell can show
different preferred locations in each of several environments (e.g., Muller & Kubie,
1987, J Neurosci, 7). In this study, place cells were observed to develop two distinct
patterns of activity within the same spatial environment, and to rapidly switch from
one representation to the other in response to environmental events.
As described in the accompanying abstract (Sharp et al.), the intent of the study
was to examine the effects of motion cues on place cell activity. Cells were recorded
in a cylindrical chamber, whose walls and floor could be rotated independently. The
wall was painted with an alternating pattern of vertical black and white stripes, such
that rotating the floor and/or wall left the environment visually unchanged. Following
early exposures to such rotations, place fields rarely changed their shape or size, but
sometimes rotated their position along with the apparatus. During later exposures, it
became common for cells to completely change their firing field, or become silent.
One cell was observed to change its field in the same manner over repeated sessions,
in response to several different manipulations. Whenever any cell stopped firing or
changed its field, it was always possible to reinstate the original firing pattern by
picking the animal up, and replacing it in the cylinder.
These results suggest that over time, place cells can learn to respond to a familiar
event by remapping the spatial environment, much as if the animal had suddenly been
moved to a new environment. This remapping might constitute a memory for the
occurrence of the event. Remapping occurs very quickly (within seconds), but the
ability to switch between two representations of the environment seems to be
acquired slowly, over a period of days or weeks. Thus, it appears that long-term
changes may underlie this short-term phenomenon.

NON-SPATIAL BEHAVIORAL CORRELATES OF CA1 HIPPOCAMPAL
COMPLEX SPEKE CELLS IN RATS PERFORMING A SPATIAL NAVIGATION
TASK. V. A. Korshunov. S.I. Wiener*. T.A. Korshunova and A, Berthoz. CNRSCollege de France Labo. Physiol Perception et de l'Action, Paris, FRANCE .
Recordings were made from 111 hippocampal complex spike cells in 9 LongEvans rats executing a water search task in a box with 60 cm sides. Each trial
consisted of alternating visits between the center and each of the corner reservoirs.
The arena was rotated in total darkness at irregular intervals while the rat remained
within.
In addition to 31 neurons with "place cell" activity (Wiener, et al., submitted), 23
other neurons had reliable non-"place" behavioral correlates. Of these, 15 neurons
increased or decreased their rate of discharge selectively in relation to goal-directed
movements (towards the center from each comer or toward several or all 4 comers).
Another group fired during or after arena rotations regardless of ' the position of
the rat in the arena. Of the latter group (n=8), four cells also fired when the rat
made unrewarded visits or completed a trial and thus seem to be selective for
disruptions in the normal task sequence (one of these was recorded over a 16 day
period).
The histological data, firing rates and spike widths of these non-spatial neurons
are consistent with identification as complex spike cells and they were recorded in
the same animals and sometimes the same session as units with spatial correlates.
These results show that the hippocampus can maintain complementary spatial and
non-spatial representations and thus may participate in forming associations for
both types of information simultaneously. Supported by French MRE, Fyssen Fndn,
NATO, CNES, CEC/ESPRIT/MUCOM BRA 6615, Human Frontiers Prgm,
Programme Cognisciences CNRS.
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BEHAVIORAL TURNING CORRELATES OF RAT HIPPOCAMPAL
PLACE NEURONS. M. FUKUDA*. T. KOBAYASHI. and T. ONO
Department of Physiology, Faculty of Medicine, Toyama
Medical and Pharmaceutical University, Su^it^r^i, Toyama 93001, Japan
It is well-known that spatial correlates of hippocampal cells
depend on configuration of external environmental cues.
However, details of correlation analysis between neuronal
activity and behaviors are rare.
Recently we developed a new
protocol for place cell study, in which intracranial selfstimulation (ICSS) in the lateral hypothalamus was used as
reward.
Delivery of ICSS reward was completely controlled by
a computer which monitored behavior and location of the rat,
so timing of reward delivery was easily controlled.
The
method wws characterized by adequate sampling data of unit
activity and behavioral trails during a ^elasively short period
(5 or 10 min).
We analyzed correlation between timing of
firing of the place cells and direction of turning.
Of 43 place
cells recorded, 7 that had relatively low spontaneous firing
frequency and clear place nature were analyzed.
All neurons
fired in burst patterns with several spi ke activity while
passing through the place field.
The laat sppkes in burstn of 3
neurons were better correlated with tuunmn of direction ctan
the initial spikes.
This suggests that some hippocampal
neurons might also code spatial information of oriented
movement from external cues.

CORRELATION BETWEEN HEAD-DIRECTION CELL
ACTIVITY AND SPATIAL BEHAVIOR IN A RADIAL-ARM
MAZE. P. Dudchenko* and J.S. Tsu Os . Department of Psychology,
Dartmouth College, Hanover, NH 03755.
Previous studies have identified cells in the rat pftisubiculum and agisnifr
thalamus (ATN) which discharge as a function of the animal's head direction
(HD). In the current study, the relationship between the activity of these cells
and ongoing spatial behavior was assessed as the animal learned a spatial task
and when the orientation cues in the environment were rotated.
Long-Evans rats were implanted with chronic recording electrodes in the
po^u^^um or ATN. Following surgical recovery, they were waterdeprived and trained on sn 8-arm radial maze in which water reigffncsmegi
was available at the end of one designated arm. The maze was surrounded by
a floor-to-ceiling black curtain with a white sheet draped against the black
curtain for an orientation cue. The reinforced arm maintained the same
relative position to the white sheet during training. Animals were screened foi
HD cells in a cylindrical chamber. Following identification of a HD cell,
animals were trained on the 8 arm maze (6 trials/day) while monitoring Hd
cell activity. In one animal, it was possible to obtain tiggls-unit recordings
from one ATN HD cell during 13 days of task acquisition. On the last day,
when the animal selected the correct srm in 6 out of 6 trials, there was no
change in the cell's preferred direction, peak firing rate, or directional firing
range compared to ±e first day of recording. Then, on separate days with the
animal out of view, the white sheet was rotated 90° or 180° from its initial
position. Water reward was placed in the corresponding rotated srm and
animals were tested again on the maze while recording from the cell. With
both rotations, the rst's initial (first 2) srm choices rotated with the white
sheet. Examination of the cell's activity in these trials revealed that the
preferred direction also shifted 90 or 180°, respectively. These results
provide correlational evidence to support the notion that HD cell activity is
involved in guiding sn animal's spatial behavior.
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THE EFFECTS OF RESTRAINT ON HEAD DIRECTION CELL
ACTIVITY. J.S. Taube*. D.A. Wolk. P Dudchenko. Department of
Psychology, Dartmouth College, Hanover, NH 03755.
Previous studies have identified neurons in the postsubiculum and the
anterior thalamic nucleus (ATN) which discharge as a function of the animal's
head direction (HD) in the horizontal plane. In addition, many postsubicular
HD cells have been shown to reduce their peak firing rate when the animal is
held in the experimenter's hands and rotated through the preferred tiring
direction. The present study was designed to determine 1) whether passive
restraint affected HD cell activity in the ATN and 2) whether more rigorous
restraint of the animal affected HD cell activity in the postsubiculum.
Following implantation of the recording electrodes and recovery from
surgery, animals were screened in a cylindrical apparatus containing a
prominent orientation cue for the presence of HD cells. Upon identification
and recording of an HD cell in the cylinder, the animal was either wrapped
firmly in a towel and/or placed in a modified restraint device which, in addition
to preventing the animal from moving, also prevented it from turning its head.
When in the device, the animal was placed on a turntable inside the cylinder
and HD cells were recorded while the turntable was rotated back and forth in
~6O° sweeps, while gradually turning the table through a 360° revolution.
Results showed that 4 out of 9 ATN HD cells ceased discharging when the
animal was placed in the restraint device and passively rotated. In the
postsubiculum, 8 out of 12 HD cells ceased discharging when the animal was
rotated after being firmly wrapped in a towel. Of the 4 cells which continued to
discharge in the hand-held session, all ceased discharging when tested in the
restraint device. In addition, one HD cell was recorded in the mamillary nuclei
which ceased discharging during a hand-held session. In three cases when 2
HD cells were recorded simultaneously under restraint conditions, one HD cell
ceased firing while the second cell continued to discharge in a directional
manner. These results suggest the presence of two distinct types of HD cells,
with one type requiring volitional motoric input.

HEAD DIRECTION CELLS RECORDED FROM THE
POSTSUBICULUM IN ANIMALS WITH LESIONS OF THE
LATERAL DORSAL THALAMIC NUCLEUS. E. J. Golob* and J.S.
Taube. Department of Psychology, Dartmouth College, Hanover, NH 03755.
Previous studies have characterized cells in the postsubiculum which
preferentially discharge as a function of the animal's head direction in the horizontal
plane, independent of the animal's location. We are currently evaluating candidate
brain regions which may be involved in the establishment of this head direction
(HD) cell activity. Anatomical studies have shown reciprocal connections between
the lateral dorsal thalamic nucleus (LDN) and the postsubiculum. Furthermore,
recent findings have reported directionally-tuned neurons in the LDN. This study
was designed to ascertain whether the LDN is essential for HD cell activity in the
postsubiculum.
Five female Long-Evans rats were food deprived and trained to forage for food
pellets dropped randomly into a gray cylindrical chamber containing a prominent
white cue card. After training, bilateral lesions, 2 electrolytic and 3 excitotoxic,
were made in the LDN and a vertically movable 10-wire electrode array was
implanted in the postsubiculum. Following recovery, animals were screened for
cells daily within the cylinder. If HD cells were not found, the electrode array was
advanced 25-50 gM. Upon identification of a HD cell, the animal's location and
head direction within the cylinder were monitored along with cell activity. Cells
were also tested following rotation of the cue card and when the animal was handheld and passively rotated.
Out of 69 cells sufficiently isolated, 9 were classified as HD cells. All five
animals yielded at least one Hd cell. The responses of these HD cells to rotation of
the cue card and to passive rotation were similar to previously reported HD cell
activity in the postsubiculum from non-lesioned animals. These results suggest
that the LDN is not a critical component for the generation of HD cell activity in
the postsubiculum.
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THE EFFECT OF LESIONS OF THE POSTSUBICULUM ON HEAD
DIRECTION CELL FIRING IN THE ANTERIOR THALAMIC
NUCLEI. J.P. Goodridge* and J.S. Taube. Department of Psychology.
Dartmouth College, Hanover, NH 03755.
Previous studies have identified neurons in both the deep layers of the
postsubiculum (dorsal presubiculum) and the anterior thalamic nucleus (ATN) which
discharge as a function of a rat’s head direction in the horizontal plane (HD cells).
Anatomical studies have demonstrated that neurons in these two areas are
reciprocally connected. An earlier study found that HD cell activity in the
postsubiculum is disrupted by lesions of the ATN, and suggested that the
postsubicular HD cell signal is dependent upon input from the ATN. In this study
HD cell activity was assessed in the ATN from animals whose pre- and/or
postsubiculum had been lesioned.
Female, Long-Evans rats were placed on a food-restricted diet and trained to
retrieve food pellets thrown randomly into a gray, cylindrical chamber containing a
prominent white card for orientation. Following training, bilateral, neurotoxic
lesions (ibotenic acid) were made in the both the dorsal and ventral presubiculum in
some animals and just the postsubiculum in other animals. In addition, a vertically
moveable, 10-wire recording electrode array was implanted into the ATN.
Following surgical recovery, animals were monitored in the cylinder each day for the
presence of HD cells (and other spatial/behavioral correlates) and the electrode
advanced in 25-50 gm increments. Preliminary results show an absence of HD cells
in our recordings from both lesion groups, although histological verification of the
recording and lesion sites has not yet been conducted. If our histological findings
confirm an accurate placement of the recording electrode into the ATN, these results
may suggest that the HD cell signal in the ATN is dependent on input from the
dorsal presubiculum, just as HD cells in the ATN are dependent on input from the
postsubiculum.

TRACKING SHOULDER VERSUS HEAD POSITION: IMPROVED POSITIONAL
ANALYSIS AND PRESERVED LOCATION-SPECIFITY OF HIPPOCAMPAL
PLACE CELLS. A.A. FentonTR.U. Muller. J.L. Kubie. SUNY Brooklyn, NY
Hippocampal place cells discharge rapidly only when a rat is in a
specific area. Previously, place cells were recorded by tracking head
position. The time-averaged spatial firing pattern typically reveals
one firing field (a region where the unit discharges).
To study the temporal firing of place cells we have begun to examine
spatial behavior in detail. Trajectories (position sequences) of the rat's
head are so complicated that it is even difficult to calculate the mean

334.11

334.12

REMOVAL OF SINGLE VISUAL CUES DISRUPTS HIPPOCAMPAL
PLACE FIELDS. P. A. Hetherinaton* and M. L. Shapiro. Department
of Psychology, McGill University, Montreal, QC, Canada H3A 1B1.

SENSORY DEPENDENCE OF SPATIAL CELLS RECORDED FROM
SUPERIOR COLLICULUS OF FREELY-BEHAVING RATS. B.G. Cooper*
and S.J.Y. Mizumori. Dept. of Psychology, Univ. of Utah, S.L.C., UT 84112.
Neural representations of direction and place in lateral dorsal thalamus
(LDN) and hippocampus (HPC), respectively, have been shown to reflect
multimodal associations. One possible source of multisensory input to LDN

The spatial firing patterns of place cells in the hippocampus of freely moving rats exhibit
graceful degradation when single visual cues are removed. Simulated place fields in a
distributed neural network also exhibited graceful degradation, but removing single cues
varying in size sometimes enlarged or reduced the size of subfields near the removed cue.
The effect of removing single cues varying in size and distance to real place fields has not
been methodically studied, but is critical to an understanding of the representation of space
in the hippocampus and to the proper evaluation of hippocampal place field models.
Male, Long-Evans rats (400-700g) received lateral-hypothalamus brain stimulation reward
by moving among randomly chosen spatial regions of an enclosed, 83cm square
envirornm^t, during which complex-spike cells in CA1 and CA3 were recorded. A singe
white plastic cue card was placed against each of three of the four flat-black walls. For cue
removal experiments, all measures during cue removal were compared to baseline
sessions before and after manipulations. All deferences reported below are significant.
CA1 cells had larger place fields, higher mean firing rates, and greater spatial variance
than cells in CA3. During single cue removal, CA3 place fields suffered greater disruption
in area (42% vs 22% change), firing rate (34% vs 16%), and spatial timing (37% vs 17%).
There was no effect of the size of the removed cue on the area, firing rate, or spatial tuning
of cells in either CA1 or CA3. However, place field area reduced when removing a nearby
cue, but enlarged when removing a distant cue. Removing a cue subtending a large visual
angle from the place field centroid resulted in a greater absolute change in firing rate and
spatial tuning of the cell, effects not predicted by distance to the cue alone.
Single cue removal can predetably dsrup hippocampal place fields. The deferential
effect on place field area of single cues varying in distance to a field may reflect excitatory
and inhibitory influences of environmental stimuli on place cell activity. We demonstrate
the superiority of the visual angle over a simple cue size or distance measure as a predictor
of place field disruption. CA1 and CA3 differ in degree of susceptibility (or adaptiveness) to
environmental dfsruption. In dynamic environments, a system that adapts quickly would
also suffer from greater interference, and a system resistant to change would beam more
slowly. The deferences between CA1 and CA3 found here may underlie two such systems.
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running speed. To determine if the body follows simpler trajectories, a
red LED over the rat's head and a blue LED attached between the
shoulders were tracked at 60 Hz while recording place units. For 16
min, the rat chased food pellets scattered in a 76 cm cylinder. The
shoulder trajectories were straighter. We calculated the mean running
speed as a function of the interval At: S(At) = £d(At)/n(At) for At
from 16 ms to 10s in 16 ms steps; d is the chord distance in one of the
n(At) sampling intervals at At. For head position, S(At) decays
smoothly. However, for shoulder position, S(At) decays with a distinct
plateau between 0.5 and 1 s. Comparing the time-averaged spatial
firing derived from head and shoulder positions showed that the visited
area was 25% more for the head. The field shape, firing rate and field
size/area were similar. For a time series of action potentials, an areaindependent measure of firing field quality is the proportion of sampled
pixels with a firing rate more than zero. By this analysis, field quality
is independent of tracking method.
By improving positional analysis while preserving spatial discharge,
the temporal analysis of hippocampal spatial firing is simplified.

and HPC is the superior colliculus (SC). Multisensory integration in
intermediate and deep layers of SC has been demonstrated in restrained,
but not freely-behaving, animals. Previously, we have reported that in
freely-behaving rats, cells in SC demonstrate spatial and movement related
correlates (Miya et al ., 1993) that may contribute to spatial representations
in LDN and HPC. To test the hypothesis that SC codes multimodal spatial
information, single cells were recorded from the intermediate and deep
layers of SC in freely-behaving rats performing a spatial memory task on an
8-arm radial maze under a variety of light and dark test conditions. 38% of
all cells (N=27) demonstrated spatial correlates when tested under light
conditions. When animals were subsequently tested in darkness, spatial
cells either increased or decreased firing rate, and spatial specificity
decreased. When lighting was restored, 90% of the original spatial fields did
not recover, although the mean rate approached baseline. In a different
test, two cells showed maximal response to the combination of an auditory
and visual stimulus compared to either modality presented alone, and one of
these cells demonstrated a spatial correlate. In darkness, both the spatial
correlate and multisensory responses of these cells were not maintained.
Thus, SC representations appear more sensory dependent than those of
LDN or HPC.
In summary, SC neurons may provide multimodal
associations that can be used for spatial representation in efferent
structures. As such the . SC may be part of a neural system involved in
spatial navigation, although its contribution likely reflects current sensory
information. Mnemonic aspects of navigation, on the other hand, rely on
thalamic and cortical structures. [Supported by BNS grant 9120784].
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RELATIONSHIP BETWEEN PLACE SPECIFICITY OF HIPPOCAMPAL
PLACE CELLS AND ACQUISITION OF A SPATIAL TASK IN YOUNG
AND AGED RATS. S. J. Y. Mizumori* & A. Kalvani. Department of

INCREASE IN EPSP-SPIKE COUPLING IN RAT DENTATE
GYRUS IN RESPONSE TO NOVELTY. S.J. Sara*, V. Kitchigina,
A. Vaankv & C. Harley I nst. des Neerosci., Univ Paris I V, 9 qqai St
Bernard 75005 Paris, FRANCE.
Encountering a novel object in a hole board elicits a burst response
in the locus coesaleas (LC)(Sara et al, Br Res Bull, in press). Bursting
activity in the LC elicited by glutamate increases the amplitude of the
population spike (PS) in the rat dentate gyrus (DG)(Harley & Sara, Brain
Res, 1992). Does encounter with a novel object increase the response of
DG to afferent stimulation?
Rats were implanted with stimulating electrodes in the perforant path
(PP) and recording electrodes in DG. One week after recovery,
baseline responses to PP stimulation (.2Hz) were taken in a small box,
after which the rat was transfered to the holeboard with some holes
containing novel objects. In 5/10 rats the transfer from one
environment to the other induced an immediate increase in PS (±90%)
which gradually decreased to baseline over the lOmin session. In 6/10
rats there was a large, but transient increase in the PS following a visit
to a hole containing a novel object. Revisits or visits to empty holes did
not reliably induce PS increases. Change in EPSP was ususally absent
and always smaller than the change in PS amplitude. At the end of the
experiment the rats were injected with the a2 antagonist idazoxan to
activate LC. This induced an increase in PS, with no change in EPSP.
The parallels between effect of novel objects on LC responses and on
SP/EPSP, on the one hand, and between the effects of both novelty
encounter and LC activation on SP/EPSP, on the other, suggest that the
transient increase in DG synaptic efficacy induced by novelty, might
be mediated by LC activation.

Psychology, University of Utah, Salt Lake City, UT 84112
Aged rats tend to perform less accurately on many tests of spatial
learning. A previous study (Mizumori et al., Soc. NeUrosci. Ahstr..1993l

suggested that age-related changes in place representation by
hippocampus may lead to less flexible use of preexisting spatial knowledge.
To begin to evaluate this hypothesis, the present study examined the
relationship between age-changes in neural encoding of location information
by CA1 cells of hippocampus, and choice accuracy during acquisition of a
spatial maze task in a familiar test room.
Mature (10 mo old) and aged (25 mo old) Fischer-344 rats were trained
on an 8-arm radial maze according to a forced-choice procedure in which
there was no obvious spatial memory requirement. During this time,
recording stereotrodes were slowly lowered into hippocampus. When CA1
complex-spike cells were isolated, the maze training procedure was
changed to a spatial memory one in which the rat had to remember the
locations of food rewards. The place fields were recorded and the specificity
of the location information quantified for the next 14 days. A regression
analysis revealed that the place cells of young animals were significantly
correlated with choice accuracy (p<.01). That is, as young animals made
fewer errors on the spatial memory task, the place fields became more
specific. Place cells recorded from aged rats, on the other hand, did not
show such a correlation; location specificity was consistently high. These
data support the hypothesis that hippocampal place fields of aged animals,
when tested in a familiar environment, are less responsive to changes in the
use of preexisting spatial information. [Supported by AGO9299]
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INHIBITORY INFLUENCES OF FRONTAL CORTEX ON
LOCUS COERULEUS ACTIVITY. A. Herve* & S.J. Sara, Inst
des Neurosci, Univ Paris VI, Paris, France 75005
LC neurons respond to highly integrated information concerning
the novelty or meaning of stimuli and habituate rapidly (Sara & Herve,
Soc Neurosci Abstr, 1993). We attempt to identify extrinsic sources of
inhibitory control on spontaneous and evoked LC activity which

STIMULATION OF SCHAFFER COLLATERALS EVOKES UNITS IN
CA1 IN BEHAVING RATS. M. Stead. R.U. Muller, and J.L, Kubie*
S.U.N.Y. Brooklyn, NY, 11203.
We have developed the ability to reliably evoke single unit activity
in the pyramidal cell layer of CA1 by stimulating in the white matter of
CA3 (Schaffer collaterals). We intend to use this ability to measure the
threshold of excitation of CA1 pyramidal cells in behaving rats under various experimental conditions. Among the questions we hope to answer is
how the threshold of excitation in a CA1 place cell depends on the rat’s
location in the environment. We also intend to investigate the effects of
different environments on the excitability of these cells. We have also developed a system whereby the rat’s position in an environment is monitored by a computer which in turn can deliver stimuli according to location-specific criteria determined by the experimenter. With this system we
hope to test whether it is possible to alter the efficacy of a CA3/CA1
“micropathway”, and if so, how this ability depends on where in the environment the stimuli are delivered.
In the basic procedure, 10 microwire electrodes are implanted in
the Schaffer collaterals for stimulation, and 10 in the ipsilateral CA1
pyramidal cell layer for recording. Bipolar stimulation of the Schaffer
collaterals evokes single unit activity on the CA1 recording electrodes.
Stimulation at increasing intensities increases the probability of evoking a
unit response. Of the unit recorded so far, most respond to the stimulus
with a latency of 3-4 msec, consistent with a monosynaptic pathway. One
cell, however, was reliably evoked 12 msec after the stimulus, indicating
that polysynaptic pathways are also possible. In one instance two cells
were recorded simultaneously on a single electrode; stimulation evoked
only one of these cells, demonstrating the potential specificity of the "micropathways". Stimulation, when delivered at 0.5 Hz over a 16 minute
recording session had no apparent effects on ongoing behavior.
An
isolated unit can be reliably evoked over long periods of time (> 8 hrs).

could account for this selective response to meaningful information.
The prefrontal cortex (PFC) was considered because its neurons
respond to significant stimuli during learning. Moreover, the PFC
may be the only cortical area having direct projections to LC (Amsten
& Goldman-Rakic, Br Res, 1984)
Rats were maintained under ketamine anesthesia at a constant
body temperature of 37.2°. Single and multiunit (mu) recordings
were taken simultaneously from neurons in LC and PFC before,
during and after PFC was infused with lidocaine (lido) or ice-cold
Ringer. PFC mu activity was in synchronous bursts, in counter
phase with LC cells when the latter showed rythmic activity. Lido
induced a transient increase, followed by an enduring loss, of all
PFC activity. There was a decrease in LC firing rate during the
initial increase in PFC activity. The subsequent inhibition of PFC,
with larger volumes of lido or cold was accompanied by an increase
in LC activity. Although the relative increase varied, in every
experiment in which the electrode was in the LC there was a
significant increase in activity in the presence of PFC inhibition.
Thus, PFC clearly has a tonic inhibitory influence on LC activity.
Its functional role in selective phasic responses in LC is now under
investigation.
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FUNCTIONAL
SIGNIFICANCE
OF
LONG
TERM
POTENTIATION BETWEEN HIPPOCAMPAL PLACE
CELLS. K. I, Blum and L. F. Abbott*. Center for Complex
Systems, Brandeis University, Waltham, MA 02254-9110.
If long-term potentiation (LTP) of synapses underlies
learning and memory it must modify patterns of neuronal firing to
affect behavior. Individual place cells in the rat hippocampus fire at
rates that are broadly tuned for spatial location and collectively they
code for a position that is close to the actual location of the rat.
We compute the effect of LTP on this ensemble-coded position. If
LTP occurs during locomotion, the measured properties of NMDAmediated LTP induction imply that sequential firing of place cells
will generate a path-dependent pattern of synaptic potentiation
between place cells. The demonstrated ability of an observer to
decode the information in ensemble place cell activity provides a
unique opportunity to investigate the functional significance of
LTP. We show that after LTP the ensemble of place cells indicate
not where the animal is, but rather where it should go to follow a
learned path. We propose that path recall involves a novel form of
memory recovery that is driven by the response of the animal.
Input-driven memory may be used in other tasks involving temporal
sequences of motor actions.

TRANSIENT TEMPERATURE - INDEPENDENT GRANULE CELL
EXCITABILITY INCREASES IN RAT FASCIA DENTATA FOLLOWING
ACUTE ENVIRONMENTAL MANIPULATIONS . E.J. Green* and Kuen
Kao. Dept, of Psychology, University of Miami, Coral Gables, FL 33124
Exploratory behavior is associated with robust alterations in perforant
path - evoked granule cell population responses, reflecting changes in both
synaptic strength and granule cell excitability. Some of these alterations
are at least partially dependent upon behavioral or metabolically - related
brain temperature changes. The present experiments were designed to
further characterize the transient excitability increases that appear to be
associated with environmental "novelty" (Green et al., 1990), and assess
whether their expression is dependent upon alterations in brain
temperature.
Rats were chronically implanted with electrodes for unilateral stimulation
oi the perforant path and recording of evoked population responses in the
fascia dentata. Brain temperature was monitored using a thermistor
implanted in the contralateral fascia dentata. Perforant path-evoked granule
cell population responses were sampled from the animals prior and
subsequent to either: a) transitions between spatially distinct environments,
b) acute episodes of restraint, and c) sensory stimulation given while the
animals were restrained.
Robust increases in population spike amplitude (30 - 200 %) were
observed in each situation in the absence of consistent brain temperature
changes. The granule cell excitability increases were transient (20-200 sec),
and habituated rapidly with repeated environmental manipulations. The
present results indicate that transient, temperature - independent increases
in granule cell excitability occur following a variety of acute environmental
alterations. Supported by NSFBNS 9021632
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ACUTE ETHANOL ALTERS HIPPOCAMPAL PLACE
CELLS. D.B. Matthews*. P.E. Simson & P.J. Best. Cognitive

THE DISRUPTION OF SPATIAL AND ASSOCIATIVE MEMORIES AFTER

Neurosci. Lab., Dept. Psych. Miami Univ. Oxford, OH 45056.

Ethanol disrupts a wide variety of cognitive functions. One
brain site implicated in these cognitive impairments is the
hippocampus, where ethanol blocks long term potentiation in
slices (Sinclair & Lo, 1986) and inhibits NMDA-evoked activity,
both in vitro (Lovinger et al., 1990) and in vivo (Simson et_l.,
1993). Further, ethanol causes impairments in spatial memory
similar to those seen following hippocampal lesions.(Best, et al.
this conference.)
Hippocampal neurons fire maximally in very specific locations
or "place fields’’. Place fields are normally under the control of
the relationships of distal environmental cues, and are rather
independent of local cues. Lesions of hippocampal afferents
disrupt place field activity, causing it to be more controlled by
local cues (Miller & Best, 1980). In the present study 2.Og/kg
ethanol disrupted hippocampal place field activity in a similar
way as lesions of hippocampal afferents. The place field activity
recovered 24 hours after the injection.
These results suggest that the spatial memory impairment

KAINIC ACID-INDUCED SELECTIVE HIPPOCAMPAL LESIONS IN RATS.
L Stublov*. B.A. Munaall. and J.W. Wriaht. Dept, of Psychology, Washington
State University, Pullman, WA 99164-4820.
The hippocampus has been implicated in learning and memory functioning
since early experimental and clinical studies demonstrated that the
hippocampus is a mediator for spatial orientation. Consistent with these

studies, rats display spatial learning and memory dysfunctions when lesions
are placed within the hippocampal formation. Although there is substantial
information concerning the influence of global neurotoxic lesions on memory,
very little research has systematically examined the contribution of subregions
within the hippocampus to memory function. This investigation differs from
past studies in that extremely specific areas of the hippocampus (i.e., CA1CA3) were lesioned. By employing distinct, finite lesions of specific subfields,
this study permits precise documentation of resulting memory deficits.
Microinfusions of kainic add were bilaterally delivered into either the CA1,
CA2, or CA3 hippocampal region of Sprague-Dawley rats. The resulting

lesions produced differing effects on learning of a water maze task (spatial)
and a passive avoidance task (associative). Although damage to the CA1
region revealed the greatest deficits in memory, the other regions of the
hippocampus also appear to be influential in spatial and associative learning
tasks. All lesioned animals performed significantly worse in both types of
tasks than sham operated controls. From these findings, we conclude that all
hippocampal subregions play vital roles in the overall integration of learning
and memory functioning.

following ethanol injections (Best et al. this conference) is at
least partially due to altered hippocampal physiology.
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EFFECT OF LESIONS OF THE ENTORHINAL CORTEX AND
HIPPOCAMPUS ON NEGATIVE CONTRAST. C Flaherty*. T.
Otto. D. Hsu. & C. Coppotelli. Rutgers University, New
Brunswick, NJ 08903
Gray's theory of behavioral inhibition suggests that the
hippocampal formation has a significant role in reward
comparison and behavioral suppression.
However, data
relevant to this issue from the -successive negative contrast
(SNC) paradigm are mixed. Colchicine-induced hippocampal
damage did not influence SNC in consummatory behavior
(Flaherty, et al., Behav. Neurosci.. 130. 1989), but aspiration
lesions of hippocampus blocked SNC in runway behavior
(Franchina & Brown, JCPP. 70. 1970).
Preliminary data
suggest that neither aspiration lesions of the entorhinal cortex
nor ibotenic acid lesions of hippocampus influence SNC in
consummatory behavior, but both interfere with SNC in
runway behavior.
Thus, in addition to its
probable
involvement in memory functions, the hippocampal system
may mediate the inhibition of instrumental behavior, but not
consummatory behavior, in reward-comparison tasks.

EFFECT OF AMYGDALA LESIONS ON ANTICIPATORY AND
SUCCESSIVE CONTRAST.
C. Coppotelli* and C. F.
Flaherty, Rutgers University, New Brunswick, NJ
08903
Intake of a 4% sucrose may be suppressed by
juxtaposition with 32% sucrose in either of two
paradigms. Previous research has shown that
successive negative contrast (SNC) that occurs
following a shift from 32% sucrose to 4% sucrose
is reduced by electrolytic basolateral lesions
and eliminated by corticomedial lesions of the
amygdala. Anticipatory negative contrast (ANC)
is produced by daily pairings of 4% followed by
32% sucrose.
The suppression of 4% sucrose
intake that occurs in this procedure is not
alleviated
by
chlordiazepoxide
or
cyproheptadine, as is SNC.
The present experiments
combined both contrast procedures by shifting
the second solution from 32% to 4% sucrose
following training on anticipatory contrast.
Preliminary data suggest that ANC is not
influenced by electrolytic amygdala lesions.
The lesioning data and the psychopharmacological
data suggest that suppression in anticipation of
a preferred substance is mediated by a different
mechanism than suppression produced by loss of a
preferred substance.

334.23

COGNITIVE IMPROVEMENT AND KROX 24 INDUCTION IN THE
LATERAL AMYGDALA AFTER D-GLUCOSE ADMINISTRATION.
1,2P. LeOPfi*. 2R.S. Sherwin. 2.E. Davis. 2E.Wallace.3M. Dracunow and
1>2mj , During. ISect. Neurosurgery and ^Endocrinology, Yale Univ. Sch.
Med., New Haven, CT. 06520; %Univ. of Auckland, Sch. of Med. New
Zealand.
Systemic administration of D-glucose has been reported to induce a
significant improvement in cognition as assessed by avoidance and alternation
behavior in both healthy and cognitively impaired adult rats. We were
interested in the neurobiological basis of this glucose-induced cognitive
enhancement. Firstly, we tested the effects of systemic (i.p.) D-glucose
administration (4OChnjgkg i.p.) on spatial navigation using the Barnes Circular
Platform (BCP). Adult male rats were catheterized for measurements of
plasma glucose levels and underwent behavioral testing 24 hrs following
glucose or saline administration. Rats injected with glucose showed a 15%
enhancement in cognitive performance, compared to controls.
Immunohistochemical analysis showed a selective induction of KROX 24 in
the lateral amygdala following D-glucose administration. Since induction of
KROX 24 has been shown to be highly correlated to long term potentiation,
we hypothesized a direct involvement of the lateral amygdala in the glucosemediated cognitive enhancement We tested this hypothesis by injecting Dglucose bilaterally in the amygdala . 24 hrs . prior to scoring spatial navigation
performance using the BCP. We simultaneously monitored both plasma and
amygdala extracellular fluid concentrations of glucose using intracerebral
microdialysis. Rats performances were greatly improved (40%) by
intraamygdala administration of glucose compared to PBS or
intrahippocanpal glucose. These data suggest that glucose-induced
enhancement of cognitive performance is perhaps mediated by a selective
protein induction in the lateral amygdala.
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PREFRONTAL COOLING DISSOCIATES MEMORY- AND SENSORYGUIDED OCULOMOTOR DELAYED RESPONSE FUNCTIONS. M. Chafee*
and P. S. Goldman-Rakic Sec. of Neurobiology, Yale Univ. Sch. of Med., New
Haven, CT, 06510.
Neuronal activity related to the cue, delay and response periods of a memoryguided saccade task are found in the dorsolateral prefrontal cortex where lesions
produce memory-guided saccade deficits (for review, Goldman-Raldc et al. Quart. J.
Quant, Biol.. 55:1025-1038, 1990). Similar neuronal activity is also found in the
posterior parietal cortex (Chafee et al., Soc. Neurosci. Abs. 15:786; Andersen et al.,
J. Neurosci.. 10:1176-1196, 1990), an area receiving topographic and reciprocal
prefrontal projections (Cavada and Goldman-Raldc, J. Comp. Neurol. 287:422-445,
1989). The present study examined the relative contribution of parietal and
prefrontal cortices to working memory performance, to determine the degree to which
any deficits resulting from die inactivation of either cortical area could be attributed
to the loss of mnemonic as opposed to sensory or motor function. Cryoprobes were
mounted over the right prefrontal and posterior parietal cortex of two monkeys
continuously performing alternating blocks of visually-guided and memory-guided
saccade trials, identical except that on memory-guided trials, the saccade target was
extinguished during the 3 s delay period preceding the saccade and its spatial
location had to be remembered. In both monkeys, transient cooling of the prefrontal
cortex (cryoprobe temp. 2° C) impaired the directional accuracy of saccades made to
remembered contralateral targets, but identical deferred responses guided by visible
stimuli were unaffected. Cooling the parietal cortex did not produce this memoryselective impairment in saccade guidance in either animal, although the addition of
parietal cooling to prefrontal cooling in one animal significantly exacerbated the
directional impairment seen following prefrontal cooling alone. These results
provide evidence that while parietal-prefrontal interactions may contribute to the
single unit response properties observed in each of these areas, mnemonic function
within the parieto-prefrontal system is concentrated in the prefrontal cortex. Further,
these results indicate that the prefrontal cortex is essential for behaviors directed by
representations of stimuli but not for responses guided by the stimuli themselves.
Supported by MH 38546 and MH 44866.

FEEDBACK PROCESSING IN PREFRONTOPARDETAL CIRCUITS
DURING MEMORY-GUIDED SACCADE?.
P. S. Goldman-Raldc* and M. Chafee Sec. of Neurobiology, Yale Univ. Sch. of
Med., New Haven, CT, 06510.
Feedforward neurotransmission from the posterior parietal and temporal
cortices to the prefrontal cortex has been demonstrated previously (Foster et al.,
Brain Res. 330: 299-307,1985; Quintana et al. Brain Res.. 503:100-110,1989).
The present study examined possible feedback influences of prefrontal cortex
upon posterior cortical sites. The dorsolateral prefrontal cortex was inactivated
by cryogenic suppression while recording from parietal neurons in rhesus
monkeys performing a memory-guided saccade task known to engage both areas
of cortex (Andersen et al., J. NeurorcL. 10:1176-1196,1990; Chafee et al., Soc.
Neurosci. Abs.. 15:786; Funahashi et al., J. Neurophysiol.. 61:331-349, 1989).
Neuronal responses in 32 posterior parietal neurons related to the memory-guided
saccade task were recorded in the right hemispheres of two macaques before,
during and after the dorsolateral prefrontal cortex in the same hemisphere had
been cryogenically inactivated. The magnitude of spatiafly-selective cue-related,
delay-related and saccade-related responses in parietal neurons were significantly
altered by cooling the dorsolateral prefrontal cortex (2-way ANOVA, p < 0.05 for
main effect of temperature, or temperature by target direction interaction). The
predominant effect was a reduction in the magnitude of these responses, although
enhanced responses were also observed. These data indicate that responses of
posterior parietal neurons during a spatial memory task are driven in part from
the prefrontal cortex, providing evidence for feedback prefrontal influences on its
cortico-cortical input. Such a top-down feedback provides a possible mechanism
for prefrontal modulation of sensory processing in posterior association cortex.
Supported by MH 38546 and MH 44866.

335.3

335.4

WORKING MEMORY OR NOT ? - REWARD DEPENDENT DELAYRELATED ACTIVITY IN THE PRIMATE PREFRONTAL NEURONS. Nl
Watanabe*. T. Kodama, M. Odaqiri, K. Hikosaka and S.
Shirakawa ♦ Dept. Psychol., Tokyo Metropol. Ins. for
Neurosci., Musashidai 2-6, Fuchu, Tokyo 183 JAPAN
In the primate prefrontal cortex are observed D(delay) neurons which show sustained activity changes
during the delay period of the delayed response (DR)
task. Functional significance of D-neurons has not
been clear enough, except that dif- (differential) Dneurons, which show differential activity between
right and left trials, have been considered to be
involved in spatial working memory. This study was
conducted to examine whether the activity of D-neurons
is related to the reward.
Two monkeys were trained on the DR task where
position of a red light (indirect method) or of a food
itself (direct method) indicated the correct side,
using several kinds of food and liquid reward (usually
using the same reward for a block of 30 - 50 trials).
Substantial number of D-neurons (both dif- and nondif-) showed reward dependent activity changes during
the delay. They showed the changes only to certain
types of reward (e.g., only to liquid reward), or
showed the changes of different magnitude to different
reward. Their activity was sometimes different to the
same reward between direct and indirect methods.
Such reward dependent activity of D-neurons is
considered to be related to retaining the specific
reward and/or anticipating the response outcome.

INFORMATION CODING IN PREFRONTAL CORTEX OF THE BEHAVING
RODENT: SINGLE UNIT AND ENSEMBLE DATA IN ORBITAL PREFRONTAL
AND PIRIFORM CORTEX. G.M, Schoenbaum and H. Eichenbaum*. Dept.
Psychol., Univ. North Carolina, Chapel Hill NC 27599 & Cntr for Behav.
Neurosci., SUNY at Stony Brook NY 11794.
To clarify the nature of information processing in the rodent orbitofrontal
cortex (OF) we analyzed the activity of single neurons and neural ensembles, in
OF, and that of cells in the piriform cortex (PIR), of rats performing a well-learned
8-odor discrimination. Stimuli were presented pseudorandomly except that
some odors predicted the following odor. Single OF units fired during every trial
event including trial initiation, odor sampling, the discriminative response, and
reward consumption. Firing during odor sampling and response was influenced
by odor identity and assigned reward valence. In addition, the activity of many
cells reflected the identity or valence of stimuli presented in recent past trials or
anticipated those qualities of the odor to be presented on following trial.
Suprisingly, PIR units exhibited all the same types and proportions of firing
correlates as those in OF, although fewer PIR neurons exhibited activity
reflecting past odor sequences, odor valence, and anticipated odors.
Ensembles of OF cells active during odor sampling were characterized using a
modified linear discriminant analysis. OF neural ensembles discriminated odor
identity and valence, and prediction of future rewards, performing as well or
better than the most selective single neurons. By contrast, OF ensembles
performed poorly in distinguishing several other stimulus conditions reflected
in single neuron firing patterns; in particular they did not anticipate the identity
of predicted odors, suggesting this may occur only at the single cell level.
These findings suggest parallel perceptual and memory processing functions
of the OF and PIR in rodents. Neurons and ensembles in these areas of
rodents show coding properties similar to those of dorsolateral prefrontal cortex
and interconnected cortical association areas in monkeys performing spatial
and visual tasks, supporting the notion that, across species, distinct corticalprefrontal systems organize behavior temporally in modality specific domains.

335.5

335.6

RESPONSES OF MONKEY HIPPOCAMPAL AND
PARAHIPPOCAMPAL NEURONS IN LEARNING
BEHAVIOR. R. Tamura*. T. Ono and M. Fukuda.
Dept. Physiol., Fac. Med., Toyama Med. and
Pharmaceu. Univ., Sugitani, Toyama 930-01, Japan.

FUNCTIONAL SUBPOPULATIONS OF NEURONS IN MONKEY
HIPPOCAMPAL CIRCUITRY. T. Ono*. S. Eifuku .and H. Nishiio.
Dept. Physiol., Fac. Med., Toyama Med. & Pharm. Univ., Toyama 93001, JAPAN
Single unit activity in the monkey hippocampal formation (HF) was
recorded during performance of two kinds of Go/Nogo tasks: a placedependent conditional response (PCR) task in which the object-response
contingency depended on the subject's location, and a place-independent
simple conditional response (SCR) task in which the object-response
contingency was constant and independent of the subject's location. Of
329 neurons recorded, 88 responded during object presentation in the PCR
task. Among these 88 neurons, responses of 43 were non-differential
(Non-differential neurons), and those of 45 were differential (Differential
neurons)—16 to behavioral response contingency (Response-differential
neurons), 12 to kind of object (Object-differential neurons), and 17 to a
particular combination of the subject's location, the object, and the
behavioral response (Specific-combination neurons). In the SCR task,
most responses of object-differential (8/12 tested), and specificcombination (14/15 tested) neurons diminished or disappeared, whereas
few response-differential (1/14 tested), or non-differential (2/33 tested)
neurons changed their responses between the two tasks. The nondifferential neurons and the three types of differential neurons were
distinguished in terms of their spontaneous activity, response latency to
object presentation, and the width of the unit spikes. The results suggest
distinction between the non-differential neuron population and the
differential neuron population in the monkey HF. Although the complexspike trains were not always detected in the monkey differential neurons,
this distinction might be functionally comparable to that of the rat—
complex-spike-cell v.s. theta-cell dichotomy.

Neuronal activity was recorded in the monkey
hippocampus and the parahippocampal cortices (the
perirhinal cortex and the TF and TH of the
parahippocampal gyrus) during performance of several
tasks, including a go/nogo task and a modified version of
that task. Of 434 neurons recorded, 215 responded during
performance in one or more of the tasks. Of 116 neurons

with visual responses, 91 responded nondifferentially to
visual stimuli that signified different behavioral responses
in the go/nogo tasks, and 25 responded differentially
(differential neurons). Of the differential neurons that
could be tested for reversal learning, some changed, but
others retained the original differential responses to the
stimuli. These neurons were located throughout the
hippocampus. The results suggest that responses of these
hippocampal neurons may be involved in the formation of
stimulus-response association.
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AMYGDALAR NEURONAL RESPONSES RELATED TO
LEARNING. H.-Nishiio*, T. UMfflO&I. Qno. and R. Tamura, Department of

A METHOD FOR CHRONICALLY RECORDING EVOKED POTENTIALS
FROM UNANESTHETIZED RATS. J.M. Pielecha*. C.M. Specht, and D.W.
Shucard. Department of Neurology, SUNY @ Buffalo School of Medicine,
Buffalo, NY 14203.
Throughout the literature, there is a sparsity of electrophysiological studies
of evoked potentials in animals. Although there has been a relatively large
amount of animal work done investigating the brainstem auditory evoked
potential (BAEP), there is a limited literature surrounding the middle and late
components of the cortical auditory evoked ' potential (CAEP) using animal

Physiology, Faculty of Medicine, Toyama Medical & Pharmaceutical University,
Toyama 930-01, Japan.
Neuronal activities were recorded from the amygdala and
amygdalostriatal transition area of behaving rats during discrimination of
conditioned auditory, visual, olfactory, and somatosensory stimuli associated
with positive and/or negative reinforcements. Neurons were also tested with
taste solution and various sensory stimuli not associated with reinforcement.
Of 1040 neurons tested, 422 responded to one or more sensory stimuli. Of
these, 227 responded exclusively to a unimodal sensory stimulus, and 122
responded to multimodal sensory stimuli. Distributions of the unimodal
neurons were well correlated to anatomical projections to the amygdala from
the sensory thalamus or sensory cortices. Multimodal neurons were located
mainly in the basolateral and central nuclei of the amygdala. Response
latencies of neurons in the basolateral nucleus were longer than those in other
nuclei, and neurons in the central nucleus had both short and long latencies.
Neurons responsive to a given stimulus were more frequently encountered in
the amygdalas of trained rats than in those of the rats not trained to associate
that stimulus with a reinforcement. Multimodal neurons that responded to
conditioned and/or unconditioned stimuli used in the associative learned tasks
were concentrated in the basolateral and central nuclei.
Results indicate that some amygdalar neurons receive exclusive single
sensory information, and the others receive information from two or more
sensory inputs.
Considering the long latencies and multimodal
responsiveness, the basolateral and central nuclei might be foci where various
kinds of sensory information converges. It is also suggested that the
basolateral and central nuclei of the amygdala have critical roles in associative
learning to relate sensory information to reinforcement or affective significance.
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subjects. Perhaps the principle reason for the paucity of such studies is the
considerable intra- and intersubject variability in evoked responses. Although
there are a number of identifiable variables that contribute to the overall
variability of the response, the factor that presumably contributes the most
is myogenic artefact. For this reason, many investigators have employed
anesthetic techniques prior to recording evoked potentials. ' Though it has
been shown that the BAEP is able to largely withstand the effects of general
anesthesia and still be recorded under these conditions, anesthesia markedly
affects the CAEP making it difficult to investigate behavioral and/or
physiological processes using this response.
Here we present a technique that allows for the recording of
electrophysiological responses from restrained, awake, and unanesthetized
rats. This method involves a specialized restraint apparatus adapted from a
mouse model previously designed by one of us (Welch, Church, & Shucard,
1984). It virtually eliminates movement by the subject as well as provides
additional control of other putative confounds such as air conduction time
and stimulus source relative to effector-organ location in space. Also, this
technique eliminates the effects of anesthesia on the evoked potential
thereby
making the rat-model
potentially more
useful in the
electrophysiological study of processes such as attention.

335.9

335.10

EVOKED POTENTIAL FAST HABITUATION AND SINGLE TRIAL LATENCY
VARIABILITY IN THE RAT. C.M. Specht* and D.W. Shucard. Department
of Neurology, SUNY @ Buffalo School of Medicine, 100 High Street (D6),
Buffalo, NY 14203.
Fast habituation, a general reduction in cortical auditory evoked potential
(CAEP) amplitude that occurs to the second of a pair of acoustic stimuli was
first described by Callaway (1973) for the human. Depending on the
interstimulus interval, as much as a 50 percent decrement in CAEP amplitude
has been observed to the second of a pair of tones. The degree of fast
habituation may depend, in part, on the subject's anticipation of the stimulus.
That is, the less relevant the second stimulus, the greater the decrement in
CAEP amplitude from tone 1 to tone 2.
We have been exploring this phenomenon in a variety of human
populations with different paradigms. We have also reported an analogous
phenomenon in the rat (Specht and Shucard, 1993). It was suggested that
the rat model of fast habituation may prove useful in studying attention and
may provide a means for better understanding of the phenomenon itself,
since experimental techniques not feasible with humans can be used with
animals.
In the present investigation we attempted to examine the relationship
between single trial latency variability and CAEP fast habituation in the rat in
order to further understand possible causes of the amplitude decrement.
CAEPs were obtained to paired tone stimuli from 18 chronically implanted,
unanesthetized, restrained rats.
Using a template matching algorithm
developed in our laboratory, and similar to that of Michalewski et al. (1986),
the latency variability for each subject was computed for the P2 component
which occurred approximately 89 msec post stimulus. Findings indicate that
this procedure is useful in specifying relationships between CAEP peak
amplitude and single trial variability that point to possible mechanisms of

P300 AMPLITUDE CORRELATES WITH CONTINGENCY-SHAPED
BUT NOT WITH RULE-GOVERNED LEARNING.
S.F. Faux*.
L. Bresin, R. Barress and W.S. Wood.
Dept. of
Psychology, Drake Univ., Des Moines, IA 50311
P300 event-related potentials were recorded
from two groups of college-aged students while
visually discriminating digits ("0" vs. "1 through
9") , presented randomly, singly, and with equal
frequency.
The "contingency-shaped" (CS) group
learned to press a button to the digit "0" from
the attendant consequences alone (computerized
verbal and visual feedback).
Subjects in the
"rule-governed"
(RG)
group
were
verbally
instructed to respond to the digit "0" throughout
the experiment, but were yoked to individuals in
the CS group, thus receiving identical feedback.
The groups differed only in the manner of
learning: the CS group by trial and error, and the
RG group by prior verbal instruction.
A signal
detection measure of behavioral discrimination
(A’) was correlated with P300 amplitude (Pz site)
over 14 blocks of time (1400 trials total)
involving the baseline, acquisition, asymptote,
and extinction of behavioral performance for each
subject. CS subjects showed a mean correlation of
0.62+0.17 versus a mean correlation of -0.01+0.36
for RG subjects (t(l6) = 4.85, p < 0.001).
P300
amplitude may covary with CS but not RG learning.

amplitude change from scalp recorded events.

335.11
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EXTRACELLULAR NEURONAL RECORDINGS IN HUMAN LATERAL
TEMPORAL LOBE DURING VERBAL MEMORY AND PAIRED
ASSOCIATE LEARNING. P.B. Weber, G.A. Ojemann*. Regional Epilepsy
Center, University of Washington, Seattle, WA 98195.
Neural mechanisms of human learning are largely unknown. We report
here human neuronal activity in the lateral temporal cortex during control,
recent memory, and paired associate (PA) learning tasks for verbal material.
Recordings were obtained from 49 neurons in anterior middle temporal gyrus
of 15 patients (8 left, 7 right) during awake craniotomies for cortical
resections for intractable epilepsy. Four types of cells were identified. Type
A cells responded during overt reading, Type B cells during language
production, Type C cells during recent memory measures, while Type D cells
did not respond during any of these conditions. A,B, and C cells were more
likely to be found >l .5mm below the pial surface and Type D cells shallower
than 1.5mm. Most neurons were more active during PA than other
conditions. Neurons that responded in recent memory tasks did not
necessarily respond in a similar manner during PA testing. The Type A and
to a lesser extent Type B neurons increased activity during PA around the
time of learning. Activity tapered off when the lists were over learned
beginning with the second correct response. Type C neurons did not change
firing frequency from the unlearned to the learned state. Type D neurons
were progressively more active with unlearned compared to learned pairs.
We find evidence for neuronal activity shifts around the time of learning that
vary depending on the neuron’s relationship to other functions. These
changes were usually similar for PA acquisition and retrieval, supporting a
Hebbian-like mechanism for learning.
Supported by NIH Grant NS21724 (G.A.O.) and a fellowship grant from
the Epilepsy Foundation of America (P.B.W.).

ERP Analysis of Recognition Memory in Seizure Patients
Preceding Temporal Lobectomy.
D.J. Wegesin & C.A.
Nelson*. Institute of Child Development, University of Minnesota,
Minneapolis, MN 55455.
Event-related potentials (ERPs) were recorded during a
continuous recognition memory task for visually presented words.
Topographical analyses of ERPs were used to distinguish individuals
suffering from temporal lobe epilepsy (partial complex seizures)
scheduled for either a left (n=12) or right (n=16) temporal lobectomy
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from neurologically intact normal controls (n=16). Subjects pressed a
button with their dominant hand when they perceived a word that had
been previously presented. The lag between the first and second
presentation of repeated words varied from 1-, 4-, or 16-items.
For all groups of subjects, repeated words tended to invoke
greater positivity than non-repeated words as determined by both a
negative peak (300-500 ms post-stimulus) and a positive-going peak
(400-800 ms post-stimulus) at both midline and lateral scalp sites (Pz

maximum). For the control subjects, words repeating with a lag of 1 or
4 were indistinguishable, whereas words repeating with a lag of 16
invoked smaller amplitude waveforms. For both patient groups, peak

amplitudes tended to fall off after a lag of 1. This finding suggests that
increasing the lag between the first and second occurrence of a word
increases the demands on temporal lobe memory systems. Further, a
consistent lateral asymmetry revealing greater right-sided temporal
activity to repeated words was obtained only in the control group.
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HUMAN BRAIN POTENTIALS DURING WORKING MEMORY. E. Halgren.*

PREFRONTAL - PARIETAL ACTIVATION DURING A VISUAL
SPATIAL WORKING MEMORY TASK DEMONSTRATED BY
FUNCTIONAL MAGNETIC RESONANCE IMAGING.
J. R. Zigun*. D. C•Qsmenn Y. Suchyt, G. R. StepHany.
Medical College of Wisconsin and University of WisconsinMilwaukeet
6 right handed normal subjects (3 males, 3 females) were studied
while performing a visual spatial working memory task. A visual
spatial attention control task differed minimally in terms of stimulus but
substantially in response rule, requiring the same visual spatial tracking
without taxing working memory functions. Both tasks were presented
for 5 cycles each having 45 seconds of activity alternating with 30
seconds of rest. Functional MRI (fMRI) was carried out using a single
shot echo planar sequence on both 1.5 T GE-SIGNA and 3.0 T Bruker
BIOSPEC 30/60 scanner platforms using an insertable, three-axis,
balanced torque, head gradient coil and a shielded quadrature elliptical

C. Bouion. N. Herv6, J. Clarke. CJF90-12, Neurologie, CHU Pontchaillou,
35033 Rennes, France.
Working Memory (WM) is the mental scratchpad for currentlyprocessed information. Six lines were presented at 840ms intervals in
different spatial locations, each indicating that one of two numbers
(left/right) was to be increased or decreased (up/down). Slanted lines
indicating 'no operation' were presented on 33% of the trials. Across 55
students, performance on this task correlated strongly (0.51) with that on
Raven's Matrices, commonly used to measure WM. Event-Related
Potentials (ERPs) were recorded to this task, as well as to variants that
differed in their modality (auditory vs. visual), difficulty (3 vs. 2 numbers
held in WM), or material (alphabetic or figural vs. numeric).
In scalp ERP recordings from a 15 site montage in 12 students, initial
modality-specific N1/P2 components were followed by what appeared to
be a double N2/P3 sequence to visual stimuli: fronto-central N27O,
temporo-parietal P340, N42O, and central P52O. Auditory stimuli evoked
a similar sequence with slightly earlier latencies and different
topographies. Both auditory and visual sequences were followed by a
widespread CNV. No clear effects of material were observed, except for a
larger P52O on catch trials.
Depth ERPs were recorded from electrodes implanted in order to
localize seizure onset, as a necessary prelude to surgical therapy. In
lateral and medial area 19, large multiply-inverting visual-specific
components at 110, 200, 260, 350, 500ms were recorded with distinct
generators. In the supramarginal g. and other parietal sites, an inverting
N2OO-P265-N365ms triphasic potential was observed to visual stimuli,
and similar but earlier potentials to auditory. In prefrontal area 47 a focal
negativity at 400ms was recorded.
In conclusion, scalp recordings identify 7 stages in the cerebral
processing of stimuli in these WM tasks. Depth recordings suggest that
the brain generators active during the later stages show substantial
overlap, especially in supramarginal g., across tasks wherein WM is
accessed by stimuli differing in modality or material. However, modalityspecific processing, possibly reflecting top-down influences, continues for
hundreds of milliseconds in visual associative cortex.
Supported by ONR, INSERM, USPHS (NS18741), and the VA.

endcapped transmit/receive birdcage radio frequency coil. 12
contiguous 8 mm transaxial slices were obtained beginning dorsally
with a slice through the medial border of the superior frontal gyrus.
Time series analyses were conducted using both frequency analysis and
cross-correlation methods comparing expected periods of activation
from the input (stimulus) function and the actual signal change on
fMRI. During the visual spatial attention control task, discrete areas of
activation were detected in motor and sensory cortex as well as parietooccipital association cortex. The visual spatial working memory task
was associated with further activation in prefrontal association areas
including dorsolateral, orbitofrontal, and medial prefrontal cortex as
well as additional activation in parietal association areas.
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NEUROMAGNETIC CORRELATES OF MEMORY DISTURBANCE
CAUSED BY INFARCTION IN ANTERIOR THALAMUS.
T. P. Makela*. R. Salmelin, M. Kotila, and R. Hari. Low Temp. Lal?.,
Helsinki Univ. of Technology, 02150 Espoo, and Helsinki Univ.
Central Hospital, 00290 Helsinki, Finland.
Some thalamic lesions cause cognitive disturbances, including
memory defects. Thalamocortical connections are anatomic
mediators of the brain's spontaneous rhythms, which are supposed
to bind discrete cellular events, forming a basis for unified
perception. Thalamic lesions may disrupt these cortical oscillations.
Short-term auditory memory may be reflected in cortical responses
to infrequent deviants among frequent standard tones. We studied
spontaneous cortical activity and auditory responses of 6 patients
with memory defects caused by a small thalamic infarction in the left
anterior tuberothalamic artery region, using a whole-head 122channel neuromagnetometer.
In 6 healthy controls, the spectral content of both somatomotor
(mu) and occipital (alpha) rhythms peaked at about 10 and 20 Hz.
Patients showed anomalous rhythmic activity, spread widely
between 6-20 Hz, with less distinct peaks. Deviant tones (1.1 kHz)
among standards (1.0 kHz) elicited specific responses in all controls.
These responses were lacking in 2 patients and markedly decreased
in 4. Deviant stimuli also evoked high-amplitude oscillatory signals
in those cortical areas showing deranged spontaneous rhythms.
Our findings imply that thalamic lesions disturb the coherence of
human cortical rhythms in widespead cortical areas and may affect
the formation of auditory sensory memory traces.

INCREASE IN DECLARATIVE MEMORY PERFORMANCE
DURING CONTROLLED HYPERGLYCEMIA IN PATIENTS
WITH SCHIZOPHRENIA J.W. Newcomer*. S. Craft. R. Fucetola.
S.O. Moldin. L. Paras. G. Selke. Depts. of Psychiatry and
Psychology, Washington Univ., St. Louis, Mo 63110.

335.17

ABSENCE OF MEMORY-IMPROVING EFFECT OF GLUCOSE IN
MICE WITH MILD GLYCEMIC IMPAIRMENT. C. MESSIER*.
School of Psychology, U. of Ottawa, (ONT) CANADA KIN 6N5.
The memory improving effect of glucose has been demonstrated in
rodents and humans. Recent human data showed that the
observation of an effect of glucose on memory may depend on the
status of glucoregulation. On the other hand, diabetic subjects have
specific memory impairments that are alleviated by improved
glycemic control. To elucidate this relationship between glycemic
control and memory, we studied the effect of various doses of
glucose in male Balb/cAnNJCrIBR which exhibit a mild impairment
in glycemic control. Mice were trained in an appetitive bar-pressing
task. Immediately after they had completed their training trials,
various doses of glucose were injected (0.05 to 4 g/kg s.c.). The
retention of the animals for the training was tested the next day. No
effect of glucose was found at any of the doses or for any of the
trashing levels. Glycemic response 10 min after training ranged from
150 for the saline injection to 350 mg/dl after the highest dose of
glucose. No relationship was found between peak glucose response
and retention performance in animals receiving saline or doses of
glucose below 1 g/kg. However, in the animals that received higher
doses of glucose, high peak glucose predicted bad retention
performance. These results confirm recent human data showing the
importance of glycemic control for the observation of the memoryimproving effect of glucose. The results also suggest that increased
blood glucose is not the primary physiological mechanism for the
improvement of memory by glucose but that other substances such
as insulin may play an important role.
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The primary energy substrate for the brain and its cognitive activity
is glucose. Insulin induces rapid increases in glucose transport into
cells and insulin receptors have been found in hippocampus. A range
of evidence supports the role of hippocampus in declarative memory
performance (DMP). Oral or IV dextrose loading increases plasma
glucose and insulin and selectively improves DMP in normal humans
and in Alzheimer-type dementia. Patients with schizophrenia also have
cognitive deficits, with a prominent deficit in DMP. Schizophrenic (n
= 10), bipolar (n = 10), and normal control subjects (n = 10) were
assigned to receive a beverage sweetened with either sodium saccharin
or 50 g anhydrous dextrose before double-blind cognitive testing, after
an overnight fast and IV placement. On day 2, the alternate drink was
given before testing (counterbalanced assignment). Baseline, 20, 40,
and 60 minute post-ingestion blood samples were obtained.
In a repeated measures ANOVA, delayed paragraph recall scores
were significantly higher during the hyperglycemic condition (F[l,8] =
11.81, p = 0.009), not confounded by a main effect of, or interaction
with, the order of treatment conditions. Data from controls, plasma
measures and remaining cognitive variables will be shown. The results
support the hypothesis that DMP can be improved in patients with
schizophrenia during controlled hyperglycemia.
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DECREASED DOMINANCE BUT NORMAL MATERNAL BEHAVIOR IN
METHYLAZOXYMETHANOL (MAM)-TREATED MICRENCEPHALIC
(MICRE) RATS. S. A. Ferguson*. J. W. Arrowood. R. S. Schultetus and
R. R. Holsc^r^. Divisisn of Reproductive & Develepmentnl Toxicology,
National Center for Toxicological Research, Jefferson, AR 72079.
MICRE offspring can be produced by gestational treatment with the
developmental neurotocicant MAM and are behaviorally similar to rats
with frontal cortex lesions. Consistent with this, MICRE rats show
considerable stunting of the frontal cortex (54% of control weight).
Because this area is implicated in rodent social behavior, dominance
and maternal behavior were assessed in MICRE rats. Dominance was
measured via competition for water in same-age, same-sec dyads (1
control and 1 MICRE) of PND 55-63 rats matched for body weight.
MICRE rats displayed less drinking time than controls (males: 101 vs.
219 sec, p < .001; females: 114 vs. 176 sec, p < .03), indicating MAMinduced submissiveness. In maternal behavior tests, MICRE and
control females were bred with controls and pup retrieval was
measured on postnatal days 3-13. MICRE dams retrieved pups with
similar latencies as controls. Other endpoints (cannibalism of pups
and pup weight gain) were not affected. Of 8 standard behavioral
measures, access time in water competition tests produced the largest
MICRE effect. Decreased dominance in MICRE rats may be related to
anxiety levels since access time in competition tests has been shown
to be manipulable by anxiol^y^iic/anxiogenic compounds. Finally, if
MAM treatment caused anxiogenic-like effects in MICRE rats as we
suggested, increased serotonin concentrations in several brain areas
as shown previously in MICRE rats might relate to dominance status.

DIAZEPAM EXACERBATES CONDITIONED FEAR RESPONSES IN
SYRIAN GOLDEN HAMSTERS. M.A. Heber* M. Potegal, T.O. Moore &
J.L. Meverhoff. Dept. Med. Neurosciences, Walter Reed Army Institute of
Research, Washington, DC 20307-5100.
We have previously shown that when small Syrian golden hamsters are
repeatedly defeated in a series of (5 min) social encounters by larger, more
aggressive conspecifics, they subsequently develop conditioned defeat (CD), a
behavioral syndrome in which normal territorial aggression is abolished and
replaced by flight from conspecific (even non-aggressive) intruders (see Potegal
et al., Behav. Neural. Biol.. 60, 93-102). Two experiments were conducted to
explore the effects of diazepam (DZP) upon CD in hamsters. In the first
experiment, 100-130g male hamsters (Charles River) were given a single injection
of one of 4 doses of DZP (0, 2, 6 or 20 mg/kg, i.p.), immediately following CD
acquisition trials. Unexpectedly, in response generalization tests 24 hours
following drug administration, subjects that had received the 6 mg/kg dose
displayed elevated fear (fleeing, jumping) responses in the presence of a nonaggressive intruder (NAI). Fear responses tended to decline over days, except in
subjects that received the highest dose. In experiment 2, hamsters were CD
trained and given a single injection of DZP (either 0, 2, or 6 mg/kg, i.p.) 24 hours
following training. Thirty min later, a NAI was placed in the subject’s home
cage. Fear responses toward the NAI were again elevated in subjects that were
given 6 mg/kg of DZP and persisted for several days without further drug
administration. Although a conservative interpretation of these paradoxical
findings is that hamsters respond anomalously to benzodiazepines, the present
findings raise the possibility that DZP administration may actually potentiate fear
responses in certain stressful situations, including social conflict.

336.3

336.4

THE NEUROANATOMICAL SPECIFICITY OF THE ANXIOLYTIC
EFFECTS OF INTRA-SEPTAL MIDAZOLAM. D. Treit* and C.
Pesold. University of Alberta, Edmonton, Alberta, CANADA T6G
2E9.
A recent study in our laboratory showed that infusions of
midazolam into the septal nucleus of the rat produced anxiolytic
effects in two animal models of anxiety i.e., increased open arm
activity in the plus-maze test and decreased burying behavior in
the shock-probe burying test. The purpose of the present
investigation was to examine the neuroanatomical specificity of
these anxiolytic effects by microinfusing midazolam into its two
major subdivisions: the medial (MS) and lateral (LS) septal nuclei.
Anaesthetized rats (n = 126) were chronically implanted with
cannulae into either the MS, or bilaterally into the L.S. Results
indicated that the anxiolytic effects of intra-septal midazolam are
specific to the LS since discrete infusions into this structure (0.5
pl/side of 10 pg/p\) completely paralleled those of infusions into
the entire septum (increased open arm activity in the plus-maze
and decreased burying behavior in the shock-probe test), whereas
infusions into the MS (O.5 pl of 10 pg/p\) had no effect.
Moreover, these anxiolytic effects of midazolam in the LS were
partially blocked by Ro 15-1788 (15 pg/p\), a benzodiazepine
antagonist. These results show that the LS, but not the MS
mediate the anxiolytic effects of benzodiazepines.

THE CENTRAL AND BASOLATERAL AMYGDALOID NUCLEI
DIFFERENTIALLY MEDIATE THE ANXIOLYTIC EFFECTS OF
BENZODIAZEPINES. C. Pesold* and D. Treit. University of
Alberta, Edmonton, Alberta, CANADA T6G 2E9.
Many studies have shown that the amygdala is involved in the
mediation of the anticonflict effects of benzodiazepine (BZ)
anxiolytics. It is unclear whether the amygdala also mediates
other anxiolytic effects of BZs, or whether its subnuclei are
uniformly involved. The purpose of the present experiment was
to study the roles of the central (CE) and basolateral (BL)
amygdaloid nuclei in the mediation of the anxiolytic effects of
BZs in two animal models of anxiety: the plus-maze and shockprobe tests. Following anaesthesia, 123 rats were chronically
implanted with cannulae in either the CE or BL nuclei. Midazolam
(0.5 pl/side of 10 pg/p\) infused into the BL profoundly impaired
open-arm avoidance in the plus-maze, without having any effects
in the shock-probe test. In contrast, infusions into the CE
profoundly impaired shock-probe avoidance in the shock-probe
test without affecting burying behavior, or open-arm avoidance
in the plus-maze. In addition, both of these distinct anxiolytic
effects of midazolam were antagonized by a pre-infusion of the
BZ receptor antagonist Ro 15-1788 (0.5 pl/side of 15 pg/pl).
These results suggest that the BZ receptors in the CE and BL
amygdaloid nuclei differentially mediate the anti-anxiety effects
of BZ anxiolytics.

336.5

336.6

ATTENUATION OF ANTIPREDATOR DEFENSIVE BEHAVIOR IN
SWISS-WEBSTER MICE FOLLOWING ACUTE AND CHRONIC
TREATMENT WITH CHLORDIAZEPOXIDE AND ALPRAZOLAM. G.
Griebel1. R.J. Blanchard1. J.C. .Lee1. R.J. Rodgers2* and D.C. BlanchardT
1Bekesy Laboratory of Neurobiology, University of Hawaii, Honolulu, HI
96822; Department of Psychology, ^University of Leeds, Leeds, UK. This
study investigates the behavioral effects of chlordiazepoxide, a classic GABAbenzodiazepine (BZP) receptor full agonist used in the treatment of generalized
anxiety disorders, and the effects of alprazolam, an atypical BZP generally
used to prevent panic attacks, on the natural defensive behaviors of SwissWebster mice in an oval inescapable runway. These behaviors include flight,
avoidance, defensive threat, defensive attack, and ride assessment activities to
a predator (i.e. rat). Chlordiazepoxide (5 and 10 mg/kg, IP, 30 min) reduced
the number of arrests, reversals and checking behavior when subjects were
chased by the predator. Furthermore, the compound reduced defensive attack
behavior when contact is forced between die subject and the predator.
However, chlordiazepoxide failed to alter either the avoidance distance
between the subject and the predator, or the number of avoidances when the
rat is approaching. This was in contrast to alprazolam which decreased both
avoidance variables. When given as a single, acute injection, higher doses (0.5
and 1.0 mg/kg, IP, 30 min) of alprazolam reduced both defensive threat and
defensive attack behaviors. With chronic administration (once a day, during 10
days, IP), the same effects were found at lower (0.5 mg/kg) doses. These
results support previous findings indicating that the panic promoting drug,
yohimbine, increases flight/escape reactions, and suggest that the primary
mechanism of action of drugs with efficacy against panic disorder may involve
the neural systems controlling flight. In addition, as there is an homology in
the induced behaviors with those observed in panic attacks, the inescapable
runway can be proposed as an animal model of panic disorders.

PROLACTIN REDUCES SEPARATION DISTRESS IN YOUNG
DOMESTIC CHICKS. Jaak Panksepp* Dept. of Psychology,
Bowling Green State University, Bowling Green, OH 43403
Neurscheeistries previously implicated in brain mechanisms
of social bonding are endorphins, oxytocin, and vasopressin. In
view of the essential role of prolactin in maternal behavior, we
expected this peptide to modulate socio-emotional processes
related to social separation and attachment. In the following
work we analyzed the effects of centrally administered prolactin
on isolation-induced distress vocalizations (DVs) of chicks.
DVs were reduced dose dependency by prolactin given to
the 4th ventricle region in amounts above 5 ug, with complete
cessation of DVs for approximately 2hrs with a 25 ug dose.
Subthreshold doses of prolactin (e.g., 2 ug) did not facilitate the
inhibitory effects of visual social stimulation (i.e., the ability of
mirrors to reduce DVs). Peripheral doses up to 150 ug had no
effect on DVs. Tolerance to repeated prolactin injections (50 or
10 ug for four successive days) was not evident. Naloxone
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pre-treatment did not block the effects of prolactin. Prolactin
also facilitated several fixed action patterns evoked by music,
such as yawning and head-shaking, suggesting it may facilitate
responsivity to auditory stimulation.
These results suggest that central prolactin can powerfully
reduce separation distress, suggesting it may help mediate
emotional processes related to social bonding within the brain.
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EFFECT OF FIXED-INTERVAL SCHEDULE ON RESPONSE
DISTRIBUTION WHEN RATS SELF-ADMINISTER COCAINE. J. M.
Roll*. J. M. Hinson, W. M. Meil. and R. E. See. Department of
Psychology, Washington State University, Pullman, WA, 99164-4820.
Investigators utilizing self-administration paradigms frequently employ
fixed-interval (FI) schedules to avoid confounding drug effects with drug
delivery. However, recent investigations (e.g. McSweeney & Roll, 1993
JEAB; McSweeney, Roll, & Weatherly, JEAB 1994) have shown that the
temporal distribution of responses varies in a robust manner within the
session when rats respond on FI schedules and when responding is
reinforced with a variety of reinforcers. The present study examined the
effects of FI schedule on response distribution when rats self-administered
i.v. cocaine. Rats self-administered cocaine during 15 three-hour sessions.
Cocaine was delivered according to one of the following FI schedules (FI5,
FI 10, FI2O, FI4O, FI8O). Results indicated that the distribution of
responding within the sessions was the same for all FI values during the last
two hours of the three hour sessions, but that this distribution differed
during the first hour of the three hour sessions. These results suggest that
early session responding may be particularly susceptible to alteration by
response-reinforcer contingencies when rats self-administer cocaine. They
also suggest that care should be taken when comparing results across
studies which employ different FI values. This research was supported in
part by funds provided for medical and biological research by the State of
Washington Initiative Measure No. 171.

ANXIOGENIC ROLE OF GLYCINE/NMDA RECEPTOR ACTIVATION AT THE
DORSAL PERIAQUEDUCTAL GRAY OF RATS. A.P. Carobrez*. M.L.
Schmitt and M.M. De-Souza. Depto. de Farmacologia, CCB, UFSC,
Floriandpolis, SC, 88040-900 Brazil.
Compounds that depress dorsal periaqueductal gray (DPG) excitatory
amino acid (EAA) neurotransmission, through the modulatory glycine site
of NMDA receptors (HA966; 7-CI-kynurenic acid) produce an anxiolytic
profile in animal models of anxiety. Thus,it may be asked if compounds
agonists at this site are able to display anxiogenic effect. Assessment of
anxiety-related behavior resulting from microinjection of DPG was
performed in male hooded rats with chronically implanted cannula, aimed
to DPG. Five min after receiving DPG injection (0.4 ^1) the rats were placed
in the elevated plus-maze test (EPM) for another 5 min. In exp. 1 the
animals received either glycine (GLY; 20, 40 and 80 nmol); D-serine (DSER; 80, 160 and 320 nmol) or artificial liquor (AL). Compared to the
%entries (OAE) and to the %time spent (TSO) on open arms from baseline
levels (OAE = 30 ± 6.6; TSO = 10 ± 3.0), GLY reduced both, OAE
(F(3,35) =7.51 ,p< 0.001] and TSO [F(3,35) =4.79, p<0.01] an effect
also followed by D-SER [OAE = F(3,34) = 3.20,p<0.05; TSO
F(3,34) = 4.24, p<0.05]. This effect was observed after GLY-80 or D-SER320. In exp. 2 the animals received either GLY-80 or AL, 15 min after IP
injection of diazepam (DZP; 0.75, 1.5 or 3.0 mg/kg) or vehicle. The
injection of GLY into DPG, reduced DZP (0.75) anxiolytic effects
(OAE = 25.5 ± 8.2; TSO = 19.8 ± 8.3) when compared to controls
(OAE = 38.5 ± 8.3; TSO = 29.4 ± 11.1). The results strengthens the
hypothesis of a modulatory role for DPG/EAA system in anxiety, and
highlight this neurotransmitter system into DPG as a potential target for
anxiolytic action of drugs.
Supported by: CNPq and CAPES

336.9

EFFECTS OF RACLOPRIDE ON THE RESPONSEREINSTATING PROPERTIES OF FOOD REINFORCEMENT.
A. L. Chausmer*, K.T. Whelen.and A. Ettenberg. Behavioral
Pharmacology Laboratory, Dept. rf Psychology, Univ. rf California,
Santa Barbara, CA 93106.
Although the reinforcing properties of food reward ara reduced in
the presence of dopamine antagonists, controversy exists about the
relative roles of Di versus D2 receptor subtypes in the actions of
these drugs. The current experiment assessed whether raclopride (a
selective D2 receptor antagonist) attenuated the response-reinstating
effects of food reinforcement. Hungry rats were trained to run a
straight-alley for food reward during single daily trials. Once runway
responding was firmly established, the operant was extinguished
during consecutive daily non-reinforced trials. Ss were then injected
with one of four doses of raclopride (0.0, 1.0, 0.5 and 0.25 mg/kg, IP)
30 min prior to a single Treatment trial. Twenty-four hours later, a
Test trial was conducted in an unbaited runway. On Treatment Day, a
single reinforced trial in the midst of extinction was sufficient to
reinstate operant running 24 hrs later (i.e., on Test Day). Raclopride
pretreatments dose-dependently attenuated this effect of food
reinforcement. These data suggest that D2 dopamine receptors may
be involved in the response-reinstating properties of food reward.

336.10

FREE RADICALS AND TASTE AVERSION LEARNING. B. M.
Rabin*. Dept, of Psychology, Univ. of Maryland Baltimore County,
Baltimore, MD 21228.
Possible relationships between ionizing radiation, free radicals and the
dopaminergic system have been explored using the conditioned taste
aversion (CTA) procedure in rats. A CTA is produced when a toxic
stimulus is paired with a novel tasting food, such that the organism will
avoid ingestion of the food at a subsequent presentation.
Because irradiation can cause the generation of free radicals, a role
for nitric oxide and oxygen free radicals in radiation-induced CTA
learning was studied by pretreating rats with L-nitroargenine or n-tertbutyl-a-phenyl nitrone (PBN). Neither compound was effective in
preventing radiation-induced CTA learning, although nitroargenine did
prevent the acquisition of a nitroprusside-induced CTA. Because
injection of PBN caused a CTA, the relationships between PBN- and
radiation-induced CTA learning were evaluated utilizing preexposure
procedures. Preexposing rats to PBN did not prevent the acquisition of
a radiation-induced CTA, suggesting that different mechanisms mediate
the CTA responses to ionizing radiation and to PBN.
To evaluate possible mechanisms involved in free radical-induced
CTA learning, and whether or not the dopamine might be involved in
this response, rats were pretreated with haloperidol prior to injection of
PBN or nitroprusside. Haloperidol attenuated, but did not eliminate
CTA learning, indicating that dopamine may be involved in this
behavioral response to manipulation of free radical systems.

336.11
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IN VIVO ANTISENSE BLOCKADE OF C-FOS-EXPRESSION IN THE
AMYGDALA: ’ANXIOLYTIC’ ACTION IN THE VOGEL PUNISHED
DRINKING TEST. M. Heilig*,O. Bing and C Moller , Dept. Clin. Neurosci.
Div. Psychiat. Neurochem., Goteborg Univ., S-431 80 Molndal, Sweden.
Various stressors induce a transient expression of the immediate-early
gene c-fos in rat amygdala, a structure known to integrate fearful stimuli.
The same types of stressors produce behavior thought to reflect increased
anxiety in animal models such as the Vogel test. The relation between stressinduced c-fos expression in the amygdala and behavior has been unknown.
We have examined the hypothesis that c-fos expression may be of
importance for ’anxiogenic’ effects of stress. Rats were cannulated with
bilateral chronic cannulas aimed at the central amygdaloid nucleus, and
allowed to recover. A water deprivation schedule was initiated, and a
phosphorrthirate modified 15-mer antisense rligrderxynuclertide targeted
at the c-fos sequence was injected (5 nmol/side). A sense oligo, and a
random sequence probe with an identical GC/AT ratio served as controls. 810 hours later, animals were subjected to the punished drinking procedure.
The testing procedure, but not mere exposure to the apparatus induced c-fos
in the amygdala. This expression was blocked by antisense treatment. The
blockade of c-fos expression was accompanied by a release of punished
drinking compatible with an anxiolytic effect of antisense treatment. In
control experiments, two potentially confounding variables, nociception and
thirst were unaffected by treatment.
This finding implies that c-fos induction in the amygdala may play a role
in anxiogenic actions of stress.

INCREASED C-FOS EXPRESSION IN THE CAUDAL MOST
PORTION OF THE VENTROLATERAL PERIAQUEDUCTAL GRAY
(PAG) OF RATS CONDITIONED TO FOOTSHOCK.
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P. Carrive?J. Harris, P. Leung and G. Paxinos. School of Psychology, University
of New South Wales, Sydney 2052, Australia.
The midbrain periaqueductal gray (PAG) belongs to a system involved in the
generation and expression of anxious states. The PAG receives projections from the
central nucleus of the amygdala and in turn projects to autonomic and somatic
centers of the pons and medulla. It is thought that the PAG acts as a coordinator of
the different behavioral strategies that characterize an animal's reaction to stressfull or
threatening stimuli. Functional and anatomical tracing studies suggest that these
different behavioral patterns are represented within different regions of the PAG.
Different and conflicting hypotheses have been proposed implicating either the
dorsolateral, the lateral or the ventrolateral PAG in fear and anxiety. The aim of the
present study was to use the c-fos technique to identify which region of the PAG is
activated during fear/anxiety and freezing responses provoked by an environment in
which the rat had previously been subjected to footshock.
Three groups of rats were used in this study:
t=0
t=4 hours
=6 hours
re-exposed, not shocked
Group 1
3 shocks in 30 min
perfused
Group 2
3 shocks in 30 min
not re-exposed
perfused
Group 3
exposed but not shocked
re-exposed, not shocked
perfused
Fos expression in the PAG was low and similar in Groups 2 and 3. In contrast,
there was a significant increase in Fos in the PAG of the conditioned rats of Group
1. The greatest and most consistent increase in Fos was found in the ventrolateral
PAG at its most caudal level (Interaural 0 to +0.28; 200-300% increase). There
was only a small and inconsistent increase in Fos expression in the dorsolateral,
lateral and dorsomedial PAG.
This study demonstrates that conditioning to footshock evokes c-fos expression in
the caudal most portion (rf the ventrolateral PAG and supports a role for this area in
general behavioural inhibition (freezing as well as quiescence).
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C-FOS INDUCTION IN RESPONSE TO REINFORCING EFFECTS OF
DRINKING. L. Velley. K. Touzani. and B. Cardo* . Lab. Neurosci. Comport,

FOS EXPRESSION IN RATS AND CHICKS FOLLOWING
SEIZURE OR SOCIAL SEPARATION. L. Normansell*.
J, Swope, and D. Howell. Neuroscience Program, Muskingum
College, New Concord, OH 43762.
Environmental stimuli initiate metabolic events in neurons, one of
the earlier being the activation of the gene, c-fos, and the expression of
its protein product, Fos. We localized Fos after phanutacologicallyinduced seizure in both rats and chicks. FoUowing 60 minutes of
metrazole-induced seizure, animals were perfused intracardially with
paraformaldehyde. Brain sections were processed using a polyclonal
antibody to Fos and a Vectastain ABC kit, then mounted and
photographed. In rats labeling was observed in the dentate gyrus and
hippocampus, and in cingulate and pyriform cortex, results previously
reported by others. The central grey and the medial and lateral pontine
nuclei were also heavily labeled. In chicks, Fos immunoreactivity was
much less pronounced than in the rat, but labeling was seen in the
forebrain, central grey, and in both parvo- and magnocellular
components of nucleus isthmi. We also investigated whether social
isolation was capable of initiating similar cellular activity. Chicks were
isolated for one-half, one, two, or four hours and then processed as
above. Socially-housed chicks or those isolated but surrounded by
mirrors were used as control. Thirty or sixty minutes of isolation
resulted in labeling in forebrain, whereas 2 or 4 hours resulted in
labeling of midbrain areas including central grey and n. isthmi.

et Cognitives, CNRS URA 339, Univ. Bordeaux I, 33405 Talence France.
The organization of the central neuronal circuitry activated by drinking was
compared in four groups of rats : 1) deprived of water for 48h and then
allowed to restore their fluid balance by drinking tap water (WDW); 2) 48h
water deprived controls which were not allowed to drink (WDC); 3) nonwater-deprived rats which were allowed to drink a highly palatable 2.5 mM
saccharin solution (NWDS) and 4) non-water-deprived control rats (NWDC).
The distribution of c-fos protein-like immunoreactivity (FLI) was examined
after 90 min of drinking in the WDW and NWDS rats and compared to the
other groups.
As compared to the NWDC group, water deprivation led to a marked FLI
response in the circumventricular organs : subfornical organ, organum
vasculosum laminae terminalis, area postrema. The hypothalamic regions
such as medial preoptic nucleus, supraoptic nucleus, parvi- and magnocellular paraventricular nucleus (PVH) and lateral hypothalamus (LH) were
activated. Moderate FLI was found in the prefrontal cortex, lateral septum,
bed nucleus of stria terminalis (BST), central amygdaloid nucleus (CeA),
paraventricular thalamic nucleus, hippocampal CA1 and gyrus dentatus. The
caudal part of nucleus tractus solitarius (NTS) and the lateral part of parabrachial area (PB) were also activated. In WDW rats, differences were found
mainly in the intensity of FLI response. The ingestion of saccharin solution by
NWDS rats activated FLI in the primary gustatory pathways: rostral NTS,
medial PB, thalamic gustatory relay and gustatory cortex. All forebrain structures maintaining reciprocal connections with NTS and PB such as perifornical and juxtacapsular LH, parvicellular PVH, CeA, BST responded

intensely. Supported by CNRS URA 339.
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OPPOSITE CHANGES OF MESOCORTICAL AND MESOLIMBIC DA RESPONSE TO
STRESS FOLLOWING REPEATED STRESSFUL EXPERIENCES
Simona__ Cabib*. Stefano
Pualisi-Allegra Inst. Psicobiologia e

EFFECTS OF VP STIMULATION ON EVOKED POTENTIALS AND

Psicofarmacologia, C.N.R., and Dept. Psychology (Neurosci. sect.), Univ.
"La Sapienza", , Rome, Italy

Dopamine (DA) neurones localised in the ventral tegmantal area have two
major areas of projections: toward the nucleus accumbens (NAS) as part of
the mesolimbic system and toward the prefrontal cortex (FC) as part of the
mesocortical system.
The mesocortical system appears to be more
sensitive than the mesolimbic in terms of susceptibility as well as to
intensity of the response to a variety of stressors. The adaptation to
repeated stress represents an important ground for the interaction
between genetic and environmental factors which may lead to pathological
outcomes. We investigated the effects of repeated exposure to restraint on
the DA response of mesolimbic and mesocortical DA systems to the
stressor. Mice exposed to ten min of restraint show a DA response in both
the NAS and FC. Repeated experiences of this stressor lead to a
progressive reduction of the mesolimbic but not the mesocortical DA
response. On the other hand mice involved in an unsuccessful aggressive
interaction (defeat by an aggressive conspecific) exhibit a response from
several brain DA systems, including the NAS and the FC. However, mice
repeatedly exposed to defeat experiences and then confronted with
environmental cues related to these experiences show a mesolimbic but not
a mesocortical DA response. These results suggest an opposite, stressordependent, adaptation of mesolimbic and mesocortical DA response to
stress.

336.17
Effects
of LH lesions
on rewarding
efficacy
of VTA
STIMULATION, 14C-2DG AUTORADIOGRAPHY AND C-FOS

IMMUNOCYTOCHEMISTRY. T M. Simmons,* R. F. Ackermann, C. R.
Gallistel, Brain Research Institute, UCLA, Los Angeles, CA 90024.
This study seeks to identify the cell bodies of neurons contributing
reward fibers to the medial forebrain bundle (MFB). The prevailing
hypothesis suggests that reward neurons are located in the forebrain.
However, lesions in the MFB anterior to a stimulating electrode rarely
diminish substantially the rewarding efficacy of the stimulation (Colle
& Wise, 1987; Janas & Stellar, 1987; Waraczynski, 1988; Murray,
1993). To address this apparent paradox, we have determined the effects
of lateral hypothalamic (LH/MFB) lesions on the rewarding efficacy of
ventral tegmental (VTA/MFB) stimulation and on the neuroanatomical
distribution of activity-dependent markers. Male Sprague-Dawley rats
were implanted with two unipolar electrodes in the MFB-one in the LH
and one in the ipsilateral VTA. Number-current functions were obtained
for each electrode. VTA number-current functions were again
determined after electrolytic lesions made through the LH electrode.
Three weeks post-lesion 14C-2DG was injected subcutaneously, and
animals pressed for one hour at -4OOuA at a pulse frequency three times
greater than threshold before being sacrificed with an overdose of
sodium pentobarbital. Their brains were removed, frozen with dry ice
and stored at -80° C. Adjacent sections were taken for 2DG
autoradiography, c-fos immunocytochemistry and thionin staining.
Comparisons were made between labeling patterns in unlesioned versus
lesioned animals. The correlation between labeling pattern and the
lesion's effect .on rewarding efficacy was also assessed.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

neurotransmitte

r

release

in

the

nucleus

ACCUMBENS. A.J. Bourdelais* and R .L. Hakan . Dept, of Psychology.
Univ. ofN. Carolinaat Wilmington, WilmingtooN.C. 284O3.
The neuronal characteristics of efferent projections from the nucleus
accumbens septi (NAS) to the ventral pallidum (VP) have been well studied
in the mammalian brain and are thought tobe important in the integration of

limbic inputs into behavioral output.
Recent anatomical and
electrophysiological reports have identified a reciprocal neural pathway
from the VP back to the NAS. The characteristics and role of this
reciprocal pathway are unknown. We have investigated this pathway using
an integrated approach, combining extracellular electrophyiology and in
vivo microdialysis, to elucidate the neurophysiological andneurochemical
chanactrissicsofthis newly appreciated VP-NAS brain pathway.
Twisted wirestimriatin£electnxles(O(O uA, at frequencies of 15 hz) or
infusion of glutamate (0.5 ul of 0.5 M) were used for VP stimulation. To

monitor the effects of VP stimulation on the NAS, microdialysis probes
were combined with extracellular recording electrodes and lowered into the
NAS of anesthetized rats. Changes in neurotransmitter levels (dopamine
and GABA) and field potentials were monitored concurrently, before,
during, and after VP stimulation.
Electrical stimulation of the VP produced reliable single unit and field
potentials in the NAS. Glutamate infusions in the VP enhanced the evoked
field and unit responses produced by electrical stimulation of the VP.

GABA levels in the NAS were increased by both electrical andglutamate
stimulation, but DA levels in the NAS were found to increase only
following electrical stimulation. These data suggest that the VP-NAS
pathway is GABAergic.
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ROLE OF MANTLE PUMPING IN DEFENSIVE SIPHON
RESPONSES AND SENSITIZATION IN APLYSIA. C. Hickie* and
E.T. Walters. Dept. of Physiology and Cell Biology, University of
Texas Medical School at Houston, TX 77225.
Analyses of sensitization in Aplysia have focused on siphon and gill
withdrawal. However, a major function of these responses is to promote
the directed ejection of defensive mantle secretions (ink and opaline),
which are pumped out primarily by mantle contractions (Walters &
Erickson, JCompPhysiolA 159:339, 1986). Using intact animals and
reduced preparations (including a novel one that permits normal mantle
movements during intracellular recording), we have found that siphon
withdrawal magnitude (and duration; see also Eberly & Pinsker,
BehavNeurosci 98:609, 1984) is largely due to mantle contractions rather
than siphon contractions. These co-occur with bursts in the Intemeuron II
(IN-II) network. Strong mantle contractions are produced by activating
L7 or a newly identified MN, RDm . Redriving RDm alone with activity
patterns recorded during spontaneous mantle pumping reproduces the
mantle pumping movements. The latency of IN-II bursts decreases
dramatically with increasing shock intensity. At the threshold for
ink/opaline release the number of pumping movements in the 60s period
following siphon shock increases sharply, in part because these
secretions elicit pumping. Following noxious stimulation of the tail,
spontaneous siphon contractions, like siphon-evoked siphon responses,
are directed towards the tail. During this period, cyclic synaptic input to
flaring siphon MNs (LFsb cells), which is associated with IN-II bursts,
switches from inhibitory to excitatory. This suggests that response
transformation, as well as prolongation, after sensitizing stimulation
involves plasticity within INs controlling mantle pumping behavior.

LOW
CONCENTRATIONS
OF
SEROTONIN
FACILITATE
DEPRESSED
BUT
NOT
NON-DEPRESSED
SYNAPTIC
POTENTIALS FROM TAIL SENSORY NEURONS OF APLYSIA. N.J
Emptaae*. and T.J. Carew. Departments of Psychology and Biology, Yale
University, New Haven, CT, 06520.
Serotonin (5HT) produces a variety of modulatory effects in the sensory
neurons (SNs) of Aplysia. We have recently shown that many of these effects
can be dissociated on the basis of their threshold requirement for 5HT (Stark at
al., 1993; Emptage & Carew, 1993). In the present study we extend these
findings by showing that the threshold 5HT concentration required to produce
synaptic facilitation in tail SNs depends critically upon whether the synapse is in
a depressed or non-depressed state.
Monosynaptic EPSPs between tail SNs and motor neurons were monitored
during the intracellular activation of the SN at non-depressing inter-stimulus
intervals (ISIs) of 10 min. First, concentrations of 5HT (x =1.57pM) were
empirically determined to produce an increase in excitability in the SN but no
synaptic facilitation (x EPSP (pre) = 8.18mV; x EPSP (in 5HT) = 8.26mV,
p=0.91, N=6). We next produced homosynaptic depression of the same
EPSPs by activating the SN at a 1 min ISI (x EPSP decrement = 51.3%). We
then delivered the same concentration of 5HT that had failed to produce
facilitation of the non-depressed EPSPs; it now produced significant synaptic
facilitation (x EPSP (pre) = 4.2mV; x EPSP (in 5HT) = 6.6mV, p<0.008, N=6).
Following washout of 5HT the EPSP decayed back to the depressed level
within 10 min. Finally, to test whether the non-depressed EPSPs were capable
of facilitation, 30 min later, using a 10 min ISI, we found that a higher
concentration (10pM) produced significant facilitation of the non-depressed
EPSPs (x EPSP (pre) = 5.95mV; x EPSP (in 5HT) = 13.58mV, p<0.04, N=5).
These results are consistent with previous findings which indicate that
different mechanisms may contribute to 5HT-induced facilitation of depressed
and non-depressed SN synapses (Hochner,1986; Gingrich & Byrne, 1987;
Klein, 1993). They further show that these different mechanims may have
different thresholds for 5HT activation.
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SEROTONERGIC FACILITATION OF SYNAPTIC TRANSMISSION IN
JUVENILE APLYSIA. L.L. Stark* and T.J. Carew. Interdept. Neurosci. Prog.,

ACTIVITY DEPENDENT SYNAPTIC FACILITATION IN APLYSIA CEREBRAL
GANGUON SENSORY NEURONS: POSSIBLE MECHANISM FOR CODING
OF AVERSIVE STIMULI. K. Fitzgerald* and T.J. Carew. Depts. of Psychology
and Biology, Yale University, New Haven, CT 06520.
Head waving is a spontaneously occurring exploratory behavior of Aplysia
that can be modified by non-associative and associative forms of learning
(Cook and Carew, 1986, 1989; Fitzgerald, Takacs and Carew, 1992). We have
previously shown that electric shock delivered laterally to the anterior tentacles
(ATs) produces non-associative, side-specific modulation of head waving.
Mechanoafferent SNs In the cerebral ganglion (Rosen, et al., 1979) are activated
by AT shock, and also exhibit side-specific changes in AP duration after shock
(Fitzgerald et a!., 1992). Thus, intrinsic modulation of these SNs is a possible
means of coding place-specific information about aversive stimuli. To determine
the functional consequences of this form of modulation, we examined
facilitation of synaptic transmission from these SNs.
Monosynaptic EPSPs were recorded in B duster MNs using a reduced
preparation consisting of the cerebral ganglion and ATs. In each of 11
experiments, three treatments (counterbalanced) were compared: AT shock
alone (65 VAC, 200 msec), SN activity alone, produced by a train of intracellular
pulses (10 Hz, 1 sec), and simultaneous pairing of shock and activity. Both
pairing and activity alone produced significant facilitation of EPSP amplitude (30
sec test: pairing, x increase = 5.84 mV, p<.005; activity alone, x increase = 4.87,
p< .005). However, pairing produced significantly greater facilitation than activity
alone (ANOVA, p <.O5). Additionally, pairing produced significantly longerlasting facilitation than activity alone (pairing, 7= 396 sec; activity, 7= 231 sec,
p<O5). Shock alone produced only a modest (NS) increase in the EPSP.
Our results show that SN activity potentiates the ability of an aversive
stimulus to produce synaptic facilitation, suggesting a mechanism by which a
single SN might differentially encode information about aversive stimulation,
based on its concurrent activation during the stimulus. We are currently
investigating the mechanisms by which activity and shock interact to produce
synaptic facilitation and the contribution of this form of associative facilitation
to side-specific modulation of head waving.

Depts. of Psychology and Biology, Yale Univ., New Haven, CT. 06520
The modulatory effects of serotonin (5HT) on Aplysia tail sensory neurons
(SNs) progressively emerge during the final stage of juvenile development. In
younger animals, 5HT has a minimal effect on action potential (AP) duration
(<10% broadening), but In older animals 5HT produces AP broadening which is
comparable to the adult (20-40%) (Marcus and Carew, 1990,1992). In order to
study the functional consequences of AP broadening in juvenile Aplysia (Late

Stage 12, 0.5-2.5g), we have investigated 5HT modulation of synaptic
transmission at monosynaptic connections between tail SNs and presumptive tail
motor neurons (MNs). We found that intracellular activation of a single AP in a SN
produced an EPSP In the MN (held at -70 to -80mV). EPSP amplitude: x = 3.1 ±
O.6mV, and latency: x = 3.2 ± 0.2ms; N = 13. In most cases (6 of 7), 5OpM 5HT
facilitated the EPSP, however the amount of facilitation was not related to AP
broadening. In older animals (1.3 - 2.1g, N = 4) 5HT broadened the AP (x = 31 ±
10%), and concomitantly Increased EPSP amplitude (x = 523 ± 285%). In two
younger animals (<1g), confirming Marcus and Carew (1990), 5HT minimally
broadened the AP (8% and 9%), but nevertheless facilitated the EPSP (153% &
510%, respectively). This degree of facilitation with such minimally broadened
APs in juvenile SNs, contrasts with adult SNs in which comparable broadening
produces no significant facilitation (Mercer et al., 1991; Stark et al., 1992).
In juvenile SNs, unlike those in adults, we also reliably observed
considerable spontaneous synaptic input. In two cases, concomitant PSPs were
observed in SNs and MNs, suggesting common input. Finally, 5HT dramatically
increased the frequency of spontaneous input to SNs (Baseline PSPs: x* =
20.7/minute; PSPs in 5HT: x = 91.9/minute; N = 3).
In conclusion, our identification of monosynaptic transmission in juvenile
SNs now allows a developmental analysis of the relationship between AP
broadening and synaptic facilitation, as well as the characterization of subcellular
mechanisms contributing to their emergence.
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MODULATION OF TAIL-INDUCED INHIBITION OF THE SIPHON
WITHDRAWAL REFLEX OF APLYSIA. D.E.J. BlazisV N. A. Priver. T. M.
Fischer. & T.J. Carew. Dept. Psychology, Yale Univ., New Haven, CT 06520.
In recent cellular studies we have shown that the inhibitory intemeuron
L3O has widespread Inhibitory effects in the neural network mediating the
siphon withdrawal reflex (SWR) of Aplysia. Moreover, these inhibitory network
effects can be modulated by tail shock, in the present study we explore the
behavioral significance of these cellular observations.
In the first experiment we tested the prediction that a weak tail stimulus
known to activate L3O (Fischer & Carew, 1993a,b) should produce reflex
inhibition. The SWR was elicited with a nylon bristle to the siphon. After 2
baseline stimuli, in Experimental animals (N=18) a weak tail stimulus (soft
paintbrush) was delivered for 5 sec. Controls (N-18) received no tail
stimulation. The SWR was tested at 1,10 and 20 min later. In the 1 min test,
Experimentals showed significantly reduced SWRs compared to Controls (p<
.05); the SWR recovered to baseline by the 10 min test. Thus in freely moving
animals, the same tail stimul that activate L3O produce inhibition of SWR.
In the second experiment we tested the prediction that tail shock, which
reduces L3O inhibition (Fischer & Carew, this vol), should also reduce tailbrush induced inhibition. First,we repeated the protocol described above in
two groups (N-10 and N-9), both of which exhibited significant tail-brush
induced inhibition (p < .01 in each case). Then, one group, (Experimental,
N=10) received tail shock; the other (Control, N=9) did not.The protocol was
repeated 10 min later to assess tail-shock induced modulation. Tail shock did
not itself induce facilitation of the SWR (baseline scores were the same in Preand Post-Shock conditions). However, tail brush stimulation, rather than
producing inhibition as it did previously, now induced significant facilitation in
Experimentals (p < .01) but not in Controls (p - .97).
In summary, these results reveal a close correspondence between our
cellular and behavioral studies examining initiation and modulation of inhibitory
processing in the SWR.

MODULATION OF MULTIFUNCTIONAL EXCITATORY INTERNEURON
LP1j 7 by SEROTONIN (5-HT), small
CARDIOACTIVE PEPTIDEb (SCPb )
AND FMRFamide. W.L. Lee*. L.L Cleary. J.H. Byrne. Department of Neurobiology
and Anatomy, University of Texas Medical School, Houston TX 77225.
LP1i is an important component of the circuit mediating the tail-siphon
withdrawal reflex in Aplysia. For example, brief stimulation of LPlp produces a
slow EPSP in tail motor neurons (MN) that may regulate the duration of the tail
withdrawal reflex (White et al. 1993). Because modulation of the LPlp-MN synapse
may contribute to reflex plasticity, we examined the effect of three modulatory
transmitters on the properties of LPI17 These were 5-HT and SCPb , which have
excitatory effects on membrane properties of the tail sensory neuron (SN) and the
strength of the SN-MN synapse, as well as FMRFamide, which has inhibitory
effects.
In all experiments, LP1n was stimulated by a 1.5 sec depolarizing current pulse
(ISI = 5 min) to elicit a slow EPSP of at least 2 mV in a MN. 5-HT (25 pM) reduced
the amplitude of the slow EPSP by 79.5 ±9.1 % (n = 10), with variable effects on
resting potential, input resistance (Rj) and excitability of LP1p. 5-HT reduced the Rj
of the Mn by 17.9 ± 3.2 % (n = 7), but this small reduction was unlikely to account
for the change in amplitude of the slow EPSP. FMRFamide (30 pM) consistently
reduced the slow EPSP by 77.0 ± 7.6 % (n = 11). Like 5-HT, FMRFamide had only
a moderate effect on Rj of the MN, reducing it by 22.8 ± 7.3 % (n = 4). Moreover,
FMRFamide hyperpolarized LP1n, reduced its Rj and greatly reduced its excitability.
SCPb (20 pM) had no consistent effects on LPI17.
In conclusion, FMRFamide acts in a co-ordinated manner at the SN-MN and
LPLn-MN synapse. In contrast, the inhibitory effect of 5-HT at the LP1n-MN
synapse opposes its facilitatory effect at the SN-MN synapse. SCPb acts at the SN
but not at the level of the excitatory intemeuron. The results indicate that different
modulatory agents can have effects at multiple sites within the circuit, and that
effects at multiple sites can be synergistic or antagonistic.
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ROLE OF INHIBITORY INTERNEURONS IN A COMPUTATIONAL MODEL
OF THE TAIL WITHDRAWAL CIRCUIT IN APLYSIA. J. F. Medina. J. H Byrne.
D. A. Baxter . Department of Neurobiology and Anatomy, University of Texas
Medical School, Houston, TX 77030.
Interneurons appear to play a critical role in the mediation and modulation of even
the simplest behaviors. For example, a computational model of the tail withdrawal
circuit in Aplysia revealed that the excitatory interneuron Pl 17 converted an
amplitude-encoded input (i.e., spike activity in the sensory neuron) into an
amplitude- and duration-encoded output (i.e., spike activity in the motor neuron)
(White et al., 1993). We have expanded this network model to include the recently
identified inhibitory intemeuron P14 (Buonomano et al. 1993; Xu et al. 1994). P14
receives excitatory input from the sensory neurons and produces feedback inhibition
of the sensory neurons and feedforward inhibition of the motor neuron.
Our analysis revealed that feedback and feedforward inhibition combined to
decrease by 33% the amplitude of the reflex response (i.e., the number of spikes in
the initial burst of motor neuron activity). In addition, feedback inhibition, by
indirectly reducing the excitation of PI 17 by sensory neurons, decreased the duration
of the motor neuron response by 24%. The synaptic strength of sensory neurons is
known to be modulated by several forms of learning. Thus, we examined how
plasticity at sensory neuron synapses influenced the role of P14 in the network.
Following enhancement of the strength of sensory neurons synapses (300% of
control), P14 continued to decrease the amplitude of the response by the same extent
(~3O%). In contrast, its ability to decrease response duration was significantly
dimished. In addition, we examined the consequences of plasticity at P14 synapses.
Such changes affected the amplitude of the response but had no effect on the
duration. In conclusion, these results suggest that P14 affects both the amplitude
and duration of the response and that plasticity at sensory neuron synapses can
redefine the role of P14 so that it is only able to affect the initial burst of motor
neuron activity. Inhibitory interneurons like P14 may allow for selective control of
different aspects of the reflex response during learning.

SPIKE DURATION-INDEPENDENT PROCESSES MAY CONTRIBUTE TO THE
RAPIDLY DEVELOPING COMPONENT OF SEROTONIN- AND PKC-INDUCED
FACILITATION OF NONDEPRESSED TAIL SENSORIMOTOR CONNECTIONS IN
APLYSIA. S. Sugita*. D.A. Baxter, and J.H. Bvme. Department of Neurobiology and
Anatomy, University of Texas Medical School, Houston, t X 77030.
Serotonin (5-HT)-induced facilitation of Aplysia sensorimotor connections is due to
at least two processes: a process related to the broadening of presynaptic action potential
and a spike duration-independent (SDI) process that may involve mobilization of
transmitter. The relative contribution of these processes to facilitation is believed to vary
depending on the state of the synapses (e.g„ depressed vs. nondepressed) and perhaps also
on the preparation (e.g., intact ganglia vs. cultured neurons). As a first step toward
examining temporal variations in the relative contributions of the two processes to the
facilitation of relatively nondepressed synapses, we simultaneously monitored the
development of spike broadening in the soma and synaptic facilitation following
application of 5-HT (10 pM) to isolated pleural-pedal ganglia. Single action potentials
were elicited in a sensory neuron every 3 min and 5-HT was applied after 3 baseline
stimuli. 5-HT-induced facilitation developed rapidly and reached a peak 3 min after
application (amplitude of EPSP; 5-HT: l26±9% of baseline; control: 84±6%; p<0.01). In
contrast, 5-HT-induced spike broadening developed more slowly (e.g„ at 3 min: 108% of
baseline; at 9 min: 139%). In addition, the facilitation at 3 min was correlated with an
increase in the slope of the EPSP (5-HT: ll6±7%; control: 83±6%; p<0.01), which is
believed to be an indicator of the s Di process, but not with the time-to-peak of the EPSP
(5-HT: 94±3%; control: lO4±5%; n.s.), which is believed to be an indicator of spike
duration-enhanced release. The SDI process is believed to be mediated at least in part via
the activation of protein kinase C (PKC) (e.g„ Ghirardi et al., 1992). Application of
phorbol 12,13 diacetate (PDAc, 3 pM), an activator of PKC, produced similar results.
Facilitation developed more rapidly than spike broadening and reached a peak in 6 min
(PDAc: l34±l5%; a-phorbol: 87±4%; p<0.05). This facilitation was correlated with an
increase in the slope of the EPSP (PDAc: l28±l5%; a-phorbol: 92±5%; p<0.05), but not
with the time-to-peak (PDAc: 112±6%; control: lO3±8%; n.s.). These results suggest that
the SDI process can contribute to the rapidly developing component of facilitation of
nondepressed synapses induced by 5-HT and PKC.
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Ca2+-CALMODULIN-DEPENDENT PROTEIN KINASE II INHIBITOR, KN62, AFFECTS BOTH BASAL SYNAPTIC STRENGTH AND SEROTONININDUCED FACILITATION OF THE SENSORIMOTOR SYNAPTIC
CONNECTION IN APLYSIA. K.Nakanishi*. F-Zhang. D.A.Baxter. A.Eskin. and
J.H.Bvrne. Dept. of Neurobiology and Anatomy, Univ. Texas Medical School,
Houston, TX 77225, and Dept, of Biochem. and Biophys. Sci., Univ. of Houston,
Houston, TX 77204.
Serotonin (5-HT)-induced facilitation of sensorimotor synapses in Aplysia is
due to the activation of both protein kinase A and protein kinase C. Recently, the
level of mRNA for calmodulin (CaM) was found to be increased by 5-HT
(Zwartjes et al., 1992). This raised the possibility that CaM and Ca2+-calmodulindependent protein kinase (CaMK) may play a role in 5-HT-induced synaptic
facilitation as well. To examine this hypothesis, we used inhibitors of CaM and a
specific CaMKII inhibitor KN-62.
The amplitudes of EPSPs (normalized to the first EPSP elicited at an ISI of 5
min) were compared in pleural-pedal ganglia that were exposed to KN-62 (10
pM), DMSO (as control), or KN-04 (10 pM, an inactive form of KN-62) 15 min
before application of 5-HT (15 pM). KN-62 by itself transiently increased the
amplitude of baseline EPSPs relative to control EPSPs (KN-62; lO5±2.4% vs.
DMSO; 84±4.3% and KN-04; 62±3.4%, 5 min after each application). In
addition, KN-62 attenuated facilitation produced by 5-HT relative to controls (9l±
2.8% of baseline in KN-62 vs. l43±l7.7% in DMSO and 11 l±9.O% in KN-04, 5
min after 5-HT application). With stimulation at ISIs of 1 min, KN-62 also
transiently increased the amplitude of baseline EPSPs (KN-62; 7l±8.9% vs.
DMSO; 58±2.2% and KN-04; 42±6.7%, 3 min after application), and attenuated
facilitation (6l±55.O% of baseline in KN-62, vs. 9O±6.4% in DMSO, and lO3±
13.0% in KN-04, 3 min after 5-HT application). Similar effects were observed
with the CaM inhibitors trifluoperazine and calmidazolium.
These results suggest that CaM and CaMKII are involved in basal release of
transmitter as well as 5-HT-induced synaptic facilitation. Further analyses are
necessary to assess the specific roles of CaM and CaMK as well as the
relationship of CaMK to the other kinase systems involved in facilitation.

IDENTIFICATION OF PHOSPHOPROTEINS THAT MAY BE INVOLVED IN
LEARNING AND MEMORY IN APLYSIA. R. Homavouni*. M. Nunez-Regueiro.
J. H. Byme. and A. Eskin. Dept, of Biochem. & Biophys. Sci. , Univ. of Houston,
TX 77204. Dept. Neurobiol. & Anat., Univ. of Texas Med. School, Houston, TX
77030.
Although protein phosphorylation is known to play an important role in
sensitization in Aplysia, little is known about the identity of the substrates and their
specific roles in cellular plasticities associated with this simple form of
nonassociative learning. To begin to address these issues and elucidate further the
molecular mechanisms for sensitization, we used quantitative 2-D SDS gel
electrophoresis to examine protein phosphorylation in sensory neurons as a function
of different durations (2 min and 1.5 h) of serotonin (5-HT) treatments. Brief (2 min)
applications of 5-HT mimic effects of short-term sensitization, whereas longer (1.5 h)
applications of 5-HT mimic the effects of long-term sensitization. The
phosphorylation of a small number of proteins (14 proteins) was affected by 2 min
and 1.5 h treatments with 5-HT. Notably, different proteins were affected by the
different durations of 5-HT treatments. These results suggest that the sensory
neurons may encode and measure the duration of a stimulus by the pattern of specific
proteins that are phosphorylated or dephosphorylated. A next step in this study is to
identify the phosphoproteins affected by 5-HT treatments. Using microsequencing
techniques, we obtained amino acid sequences of peptides derived from 4 of these
phosphoproteins. Two proteins, whose phosphorylation was affected by 2 min 5-HT
treatments, appear to be an intermediate filament protein and a protein similar to
heterogeneous nuclear ribonucleoprotein.
Two other proteins, whose
phosphorylation was affected by 1.5 h 5-HT treatments, appear to be aldolase and a
calmodulin-like Ca++-binding protein. These results suggest that proteins involved
in structural, regulatory, metabolic, and signaling processes are involved in learning.
Although the exact cellular functions of these phosphoproteins are not yet known in
Aplysia, their identification clearly sets the stage for future studies that will examine
their specific roles and regulation in sensitization.
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REGULATION OF ALDOLASE BY TREATMENTS THAT INDUCE LONGTERM FACILITATION IN aplysia . a . Eskin. R. Homavouni. L. Clearv*. J.
H. Bvme. Dept, of Biochem. & Biophys. Sci., Univ. of Houston, TX 77204. Dept.
Neurobiol. & Anat., Univ. of Texas Med. School, Houston, TX 77030.
To investigate the role of protein phosphorylation in the mechanisms underlying
presynaptic facilitation of Aplysia neurons, we previously examined protein
phosphorylation in sensory neurons as a function of different durations of serotonin
(5-HT). One of the proteins whose phosphorylation was increased by long duration
5-HT treatments (1.5 h) was identified by microsequencing as the glycolytic enzyme
fructose 1,6-bisphosphate aldolase. We have now confirmed the identity of aldolase
on our 2-D gels by western blot analysis using polyclonal antibodies to human
aldolase B or C. Both antibodies specifically cross-reacted with a protein that had the
same Mr and pi as the protein we microsequenced. In addition, both antibodies
reacted with a more acidic protein that aligned with the 32P labeled spot on
autoradiograms of 2-D gels. These results verify the identity of the protein we
sequenced as aldolase and provide additional evidence that aldolase is phosphorylated
in Aplysia neurons.
Do 5-HT treatments alter the activity of aldolase? To answer this, left and right
pedal-pleural ganglia were isolated and the experimental ganglia were treated with
either 5-HT or CPT-cAMP for 1.5 h. The activity of aldolase was measured
spectrophotometrically. 5-HT and CPT-cAMP treatments decreased the activity of
aldolase by 35% and 17%, respectively. These results are consistent with previous
reports indicating that in vitro phosphorylation of aldolase decreases its activity.
The regulation of aldolase by 5-HT suggests a possible role for cellular
metabolism in presynaptic facilitation. Currently, we are investigating the effect of
5-HT treatments on glucose utilization. On the other hand, some reports suggest
that aldolase may also be a transcription factor. We are examining this possibility
by determining the distribution of aldolase in Aplysia neurons using the antibodies
that we found reacted specifically with Aplysia aldolase.

CLONING AND CHARACTERIZATION OF A GENE REGULATED BY
TREATMENTS PRODUCING LONG-TERM FACILITATION IN APLYSIA
NEURONS. K.MacPhee-Ouielev. J.Bvrne. S.Arch*. A.Eskin. Dept, of
Biochemistry, Univ. of Houston,77204. Dept, of Neurobiology and Anatomy,
Univ. of Texas Medical School, Houston, TX 77225. Biology Dept.,Reed
College, Portland, OR, 97202.
Long-term memory in Aplysia requires protein and RNA synthesis and can be
induced by exposing neural tissue to serotonin (5-HT) (Montarolo, 1986). Previous
studies from our lab found three proteins, calmodulin, phosphoglycerate kinase and
an unidentified protein whose mRNA and protein levels were increased in response
to treatments that mimic sensitization training (Eskin et al, 1993). These proteins
were identified using in vitro translation of cellular mRNA and two-dimensional
polyacrylamide gel electrophoresis of the protein products. A combined amino acid
sequence of 58 residues from protein 3 yielded no similar sequences in a search of
databases. Therefore, degenerate oligonucleotides were synthesized and used as
primers for polymerase chain reactions (PCR) with Aplysia cDNA. The resulting
PCR product was radiolabeled and used to screen a Lambda Zap library of Aplysia
circumesophageal and buccal ganglia. A positive cDNA clone (ApProt3) of 2500
bp was identified and has been partially sequenced. Using a deduced sequence of 210
amino acids from the center of ApProt3, a search of Genbank revealed 30% identity
to a gene encoding vacuolar a-mannosidase from S. cerevisiae. This a-mannosidase
is a phosphoprotein that cleaves mannose residues from Man9GlcNAc of
glycoproteins. The involvement of a-mannosidase suggests that protein processing
may be altered during the formation of memory. Preliminary experiments using an
RNA probe of ApProt3 against Northern blots indicate that message levels for
Protein3 in pedal-pleural ganglia of Aplysia increase in response to treatment with
5-HT.
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SEROTONIN MODULATION OF K+ CURRENTS ENHANCES
CENTRAL PROPAGATION OF PERIPHERALLY INITIATED
ACTION POTENTIALS IN APLYSIA SENSORY NEURONS.
M.P. Kaplan. M.J. Goldstein, and T.W. Abrams*. Dept. of
Neuroscience, Univ. of Pennsylvania, Phila., PA 19104-6018.
During sensitization, the facilitatory transmitter 5HT acts within the
CNS to reduce several K+ currents in mechanosensory neurons (SNs) in
Aplysia, including iKS.steady state and ^KS.slow- Computer simulations
suggest that these two S-K+ currents are primarily relevant for
influencing spike initiation rather than for repolarizing the action
potential. We asked what is the functional relevance of modulation by
5HT of these K+ currents in the CNS, given that SN spikes are initiated
centimeters away in the skin. Recently Clatworthy and Walters (1993)
found that during inhibitory modulation of SNs, peripherally initiated
spikes may fail to successfully propagate to the soma. In a multicompartmental model of the SNs, developed using Nodus software, we
observed that (i) in the presence of inhibitory input, many peripherally
initiated spikes fail when reaching the region of abundant branching of
the SN axon in the neuropil, particularly during repetitive firing and (ii)
the reduction in the S-K+ currents by 5HT restores successful invasion of
the neuropilar processes of the SNs and their somata. We tested this
possibility in intact ganglia by recording propagation of peripherally
stimulated spike trains to somata of siphon SNs. During repetitive firing,
spikes successfully invaded the soma under control conditions, whereas
many of the spikes failed under some inhibitory conditions. Simulations
suggested that the observed propagation failure occurred where the axon
first entered the neuropil. In the presence of inhibition, application of
5HT restored successful invasion of these peripherally stimulated spikes.

CHARACTERIZATION OF TRANSCRIPTION FACTORS INTERACTING WITH
APLYSIA C\EBP IMMEDIATE-EARLY GENE. D. Bartsch, C. Alberini*,
P .Skehel, S. Herder, K. Karl, and E.R. Kandel. Ctr. Neurobiol. & Behav.,
Columbia Univ., HHMI, NY, NY 10032.
The learning related synaptic plasticity in the gill-withdrawal reflex of
Aplysia californica requires new protein and mRNA synthesis during the
consolldation phase. During this period the short-term synaptic facilitation
is transformed into a long-term form. A similar requirement has been
demonstrated in long-term memory acquisition in vertebrates.
Previously we found that during this consolidation phase of long-term
facilitation the transcription factor ApCEBP is induced rapidly by serotonin

and cAMP as an immediate-early gene. Blocking of the function of
ApGEBP blocks selectively the long-term facilitation without affecting the
short-term process. ApGEBP is a member of a family of transcription
factors characterized by a b-ZIP domain, which mediates DNA binding to
the target sequences and homo- and heterodimer formation between
members of the transcription factor families.
Using the two hybrid yeast interaction cloning system, we have
identified two b-ZIP domain transcription factors that strongly interact
with ApC\EBP. Both are constitutively expressed in Aplysia neurons and
have similar DNA binding sequences as a homodimer. Heterodimer
formation with ApGEBP changes this binding specificity, thereby possibly
redirecting the ApGEBP heterodimer transcription complex to a different
set of target genes.
We are continuing to clone additional members of this transcriptional
switch which may be important for long-term synaptic plasticity in both
Aplysia and mammalian neurons.
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SEROTONIN AND FMRFAMIDE DIFFERENTIALLY REGULATE THE DISTRIBUTION OF APLYSIA CAM AT SENSORY CELL VARICOSITIES IN
SENSORY-MOTOR CULTURES. H. Zhn*. F. Wu and S. Schacher. Ctr. Neurobiol. & Behav., Columbia Univ. College of P&S, NYSPI, New York, NY 10032.
Long-term heterosynaptic modulation of Aplysia sensorimotor synapses is accompanied by increases or decreases, respectively, in the number of presynaptic sensory cell varicosities. The neuromodulators also produce cell-specific changes in
the distribution of NCAM-like cell surface molecules. To examine the hypotheses
that down-regulation of apCAM from sensory cells by 5-HT contributes to the formation of new sensory varicosities while down-regulation of apCAM from motor
cells by FMRFamide contributes to the elimination of sensory varicosities, we used
sensory-motor cultures to measure simultaneously the transmitter-induced changes
in apCAM distribution and sensory cell structure. The distribution of apCAM was
examined with FITC-anti-apCAM mAb staining of the live cells and the structure
of the sensory cells was determined with rhodamine injections both before and 24 hr
after treatments. 5-HT evoked increases in the relative levels of apCAM at pre-existing varicosities and in the formation of new varicosities at pre-existing apCAM
'hot spots' on the surface of the motor cell axon. Long-term facilitation and the accompanying structural changes in the sensory cells were blocked by application of
high levels of anti-apCAM mAb given after 5-HT treatments. In contrast, FMRFamide evoked both an overall decline in apCAM levels and a decline in apCAM
levels at pre-existing varicosities. The decline in apCAM levels was most prominent at sites where varicosities were eliminated. Stable varicosities remaining after
FMRFamide treatment retained relatively high levels of apCAM. These plus previous results are consistent with the hypotheses that down-regulation of apCAM
from the sensory cell contributes to 5-HT-induced formation of new varicosities by
apparency making the motor cell axon 'substrate' more attractive for new sensory
outgrowth, while down-regulation of apCAM on the motor cell by FMRFamide
destabilizes pre-exsiting sites of contact leading to their elimination.

INCREASE IN PKA OR PKC ACTIVITY REGULATES NEURITE
OUTGROWTH BY APLYSIA SENSORY NEURONS IN CULTURE. F. Wu*.
L. Friedman and S. Schacher. Ctr. Neurobiol. & Behav., Columbia Univ. College
of P & S, NYSPI, New York, NY 10032.
The efficacy of Aplysia sensorimotor synapses is enhanced by 5-HT. Long-term
facilitation is accompanied by the growth of new presynaptic sensory branches and
varicosities. The actions of 5-HT on the sensory neurons are mediated by the increased activity of at least two protein kinases, PKA and PKC. Although increased
PKA activity mimics many of the long-term changes evoked by 5-HT, coactivation
of PKC may also contribute to long-term facilitation. The kinase inhibitor H7
applied only during 5-HT applications blocks long-term facilitation. We therefore
examined the consequences of increased PKA or PKC activity on neurite outgrowth
by sensory cells. Application of Sp-cAMPs or forskolin for 2 hr mimicked 5-HT
in reducing the frequency of fasciculation of sensory growth cones with neurites of
other sensory cells without affecting the rate of neurite extension. In contrast, bath
application of 5-50 nM phorbol esters rapidly (within 30 min) affected neurite
extension. Whereas 65% of growth cones in 3-d sensory cultures treated with an
inactive form extend during a 2 hr period, only 29% of sensory growth cones
advance when treated with active phorbol esters. The remaining growth cones
retract their filopodia and lamellapodia and swell to form terminal varicosities.
Growth cone structure and rate of extension return to normal with drug washout.
Phorbol esters also evoke transient functional and structural changes in 3-d sensorymotor cell cocultures. Significant changes in the amplitude of the EPSP are accompanied by an increase in sensory varicosities immediately after the 2 hr
treatment. However, experimental and control cultures are no longer different after
24 hr. These results raise the possibility that induction of long-term facilitation
by 5-HT may involve increases in the activity of both PKA and PKC while the
maintenance of long-term facilitation is dependent on the increased activity of PKA.

337.17

337.18

THE COMPARATIVE ORGANIZATION OF INSECT BRAIN CENTERS
INVOLVED IN LEARNING, MEMORY, AND MOTOR CONTROL
I. Vilinskyi, L. C. Hansen! P. Kloppenburgi,, M.Y. Yang2, J. D. Armstrong2,
K. Kaises2, a nd N. J. S trausfeld*1* 1 A^ir^^^ Rcsearah Laboratories. Division
of Neurabiolagy, University of Arizona, Tucson, Arizona 85721. 2Institute of
Genetics, University of Glasgow, Glasgow, Scotland, U.K.
Enhancer trap technology demonstrates discrete subdivisions in the
internal structure of Drosophila mushroom bodies (MBs), revealing a far more
complex organization than hitherto recognized (Yang et al., this meeting).
Here we report comparative studies showing MBs of other species to
be equally complex. Observations on bees demonstrate that the lobes arising
from the paired calyces are also paired; each brain half containing two duplicate
but fused MBs. Antibodies raised against excitatory amino acids stain specific
subsets of intrinsic cell axons identically in each MB, with Ab-labelled axons
originating at one or more modality specific layers in the calyx. In cockroaches,
although sensory afferents in the calyx are highly distributive, glia boundaries
in the lobes separate specific subdivisions from which arise characteristic groups
of output neurons. Microleeians and recordings demonstrate that one such
subdivision is required in at least one MB for spatial memory. Golgi analysis
reveals subdivisions within the medial lobes, equivalent to the B- and y-lobes
of Drosophila and the lepidopteran, Manduca sexta. The findings support the
idea that several discrete and parallel networks could support functions
underlying both learning and memory as well as the control of complex motor
repertoires. Supported by the Wellcome Trust, U.K. Medical Research Council,
and NSF grant IBN 931 6729.

SEROTONERGIC NEURONS IN THE LOBSTER: EXCITATORY INPUTS
FROM THE TAIL FAN. W.A. Weiger* and E.A. Kravitz. Department of
Neurabialagy, Harvard Medical School, Boston, MA 02115.
The injection of serotonin into freely moving lobsters produces a posture similar
to that displayed by dominant animals in a hierarchy and characterized by
contraction of postural flexor muscles. In studying the neural circuitry underlying
such postures, our efforts have focused on a pair of large neurosecretory serotonergic neurons in the first abdominal (Al) ganglion that display extensive central
and peripheral projections. These neurons promote adoption of a flexed posture by
acting as "gain setters" in postural motor circuits (Ma et al., 1992). They are
therefore particularly promising candidates for modulation of aggressive behavior.
The activity of behaviorally relevant neurons is often modulated by sensory
input. To identify such inputs to Al serotonin neurons, suction electrodes were used
to stimulate nerve roots or interganglionic connectives while monitoring responses
in Al serotonin neurons by intracellular recording. Stimulation of first or second
roots of the A1 through A5 ganglia produced various responses: excitatory (EPSPs
only), inhibitory (IPSPs only), and mixed (both IPSPs and EPSPs). While
stimulation of a particular root in a given preparation yielded a consistent response,
stimulation of the same root in different preparations yielded variable results.
Stimulation of the connective rostral to the terminal (A6) ganglion, however,
produced a highly reproducible response in all healthy preparations: a large (up to
10 mV) compound EPSP with short onset latency (12-40 msec post stimulus) that
increased firing of Al serotonin neurons. Stimulation of the ipsilateral third root of
the A6 ganglion produced a slightly longer latency, large-amplitude compound
EPSP. The A6 roots innervate the tail fan; stimuli to the tail fan can initiate a tail
flip, an important component of agonistic behavior. Input from the tail fan to the Al
serotonin neurons, therefore, is consistent with the proposed role of these cells in
the modulation of aggressive behavior in lobsters. (Supported by NIH.)
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CHARACTERIZATION OF THE INTERNEURONS MEDIATING THE
INTEGRATION OF SENSORY INPUT ONTO SEROTONERGIC NEURONS IN
THE LEECH. Lidia Szczupak* and William B. Kristan Jr. Department of Biology
0357; University of California, San Diego; La Jolla, CA 92093.
Retzius (Rz) cells are a pair of neurons present in each segmental ganglion of the
leech. They contain more than half the serotonin content of the nervous system.
Serotonin modulates distinctive behaviors (swimming and feeding) in the leech. The
goal of our study is to investigate the input/output functions of the Rz neurons in
the context of describing how the serotonergic system regulates behavior in the leech.
Mechanosensory pressure (P) neurons convey a polysynaptic excitatory input
onto Rz neurons in each ganglion of the leech, except in the reproductive segments.
Stimulation of P neurons in any midbody ganglion excites Rz neurons in the same
ganglion and in successively posterior and anterior ganglia. A detailed study
measuring the latency of the P to Rz signal and the e.p.s.p. amplitude along the cord
in a variety of experimental configurations suggests that the mechanosensory
information is transmitted along the cord in the following way; a. P cells drive part
of the signal to adjacent ganglia by the intersegemental branch of their neurites; b.
Rz neurons gather part of the excitatory input from adjacent ganglia through the
intersegmental branch of their neurites; c. Rz neurons are synaptically interconnected
via an intemeuronal layer (IL) which spans the central nervous system of the leech,
and which serves as a link for sensory integration. This IL transmits the information
in both directions in the antero-posterior axis. The signal recorded in Rz cells decays
as a function of the distance between the P and the Rz neurons.
Further work will aim at identifying the neurons that participate in the IL.
The mechanosensory modality plays an important role as a trigger of locomotory
and defensive behaviors. The fact that localized inputs of this modality strongly
excites the serotonergic Rz neurons all along the nerve cord supports the hypothesis
that these serotonergic cells play an important role in modulating the behavioral
pattern in the leech.
This work was supported by research grants from NIH to WBK and HFSPO to LS.
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INDUCTION OF JUN-B mRNA BY GLUCOSE IN MOUSE
HYPOTHALAMUS AND PERIPHERAL TISSUES.
T. Funabashi*. S.P. Kleopoulos1. F. Kimura and C.V. Mobbs1,. Dept.

CEPHALIC
STIMULATION
OF
THE
EXPRESSION
OF THE IMMEDIATE-EARLY GENE C-FOS WITHIN SPECIFIC BRAIN
AREAS IN THE RAT. N. Naimi1. S. BovettoLS. Rivest2and P. Richf
'Dpt. of Physiology, Fac. of Medicine, Laval University, Quebec, G1K 7P4
and 2Molecular Endocrinology, CHUL Research center, Laval University,
Quebec, G1V 4G2, Canada.
The aim of the present study was to explore the origine of the stimulation
of c-fos trancription induced by the food palatability and cephalic stimulation.
Male wistar rats fitted with a chronic gastric fistula were used under
the following experimental conditions 1) normal feeding, 2) sham-feeding
(opened fistula) and 3) intragastric feeding. Rats were sacrificed 30 minutes
before or 30, 60, 360 minutes after the onset of a palatable meal. In situ
hybridization was performed on 30 mm brain sections using a 35S labeled c-fos
cRNA probe. Strong induction of c-Fos mRNA was noted in the magnocellular
division of the paraventricular nuclei of the hypothalamus (PVN), the
supraoptic nuclei (SON) and the nuclei of the solitary tract (NTS) at 30 and 60
minutes after the onset of the meal in both normal feeding and sham-feeding.
In contrast, intragastric-feeding did not activate the transcription of c-fos in
these brain structures. These results indicate the brain areas activated during
cephalic phase, confirm the contribution of palatability, and suggest
an involvement of the transcription factor c-Fos in mediating the neurochemical
changes resulting from pre-digestive events.
Study supported by CRSNG and FRSQ

Physiol. Yokohama City Univ. Sch. Med, Yokohama 236, Japan,
1 Fishberg Center for Neurobiol. and VAMC, Mt. Sinai Sch. Med, New

York, NY 10029
We have previously reported that 15 min after i.p. injection of
glucose, jun-B and c-fos mRNA appears to be induced in the
ventrolateral portion of ventromedial hypothalamus (VLVMH), as
assesses by in situ hybridization. However, since there are other
members of the jun and fos family of gene product, it is possible that
with in situ hybridization other members of these families could be
hybridizing with the probe. We therefore analyzed the time-course
of induction of jun-B mRNA using northern blot analysis, which
allowed an assessment of the size of the product to which the probe
hybridized. Food was removed from cages of singly housed 3-monthold male CBA mice at 1100 h (light on between 0600 to 1800 h). At
15, 30, and 120 min before lights out, mice were injected with
either glucose (2 mg/gm b.w.) or water i.p. Mice were sacrificed
just before lights out, and VMH, as well as heart tissue was removed.
RNA was extracted and analyzed by northern blot. All samples from
VMH and heart, including from water-injected controls, exhibited a
single band of 2.1 kb, the expected weight of jun-B mRNA. Glucose
injection clearly induced the expression of this mRNA, with
maximum induction 30 min post-injection (about 5-fold induction
in both VMH and heart). These data from northern blot analysis are
consistence with our previous report, based on in situ hybridization,
that glucose induces jun-B mRNA in VLVMH.

338.3

338.4

NEUROPHYSIOLOGICAL CHARACTERIZATION OF NEURONAL ACTIVITY
IN THE MEDULLARY RETICULAR FORMATION OF THE AWAKE RAT
DURING INGESTION. H. Karimnamazi. L.A DiNardo, J.B Travers*. Oral
Biology, Ohio State Univ. Columbus, OH 43210.
The medullary reticular formation (RF) has been implicated in behaviors
associated with both ingestion and rejection. In this study, a total of 297
single or multiple neuron sites from 48 rats were recorded with chronic
microelectrodes to determine the distribution of neurons responsive to
gustatory-induced ingestion and rejection. The electrode tracks ranged
from 0.20-3.30 mm rostral to obex, and from 0.0-2.75 mm lateral to the
midline. A preliminary characterization of the responses indicated that
38% of the responses were rhythmically active during licking, 11 % were
swallowing-related, 11 % were responsive to intraoral or perioral tactile
stimulation, 8% were respiratory-related, 8% were postural-related, and
6% were responsive to vibrissae stimulation. The remaining 18% of the
sites could not be characterized. Neurons rhythmically active during
licking, and perioral tactile sites were medially situated in the RF at the
level of the hypoglossal nucleus, but assumed more lateral positions
anteriorly.
Many swallowing-responsive neurons occupied ventral
locations anteriorly in conjunction with the respiratory-related neurons. In
general, sites related to orosensory or oromotor function were located
laterally, whereas those sites related to posture were medially located.
Thus, it appears that the intermediate and parvocellular RF contains the
neuronal circuitry necessary for coordination of ingestive and rejection
behaviors. Indeed, many neurons within these same RF regions stained
positively for c-fos in response to gustatory evoked ingestion and
rejection.
Supported by DC 00417.

EXPRESSION OF C-FOS IN THE CAUDAL HINDBRAIN
FOLLOWING PERIPHERAL AND CENTRAL BOMBESIN
ADMINISTRATION. E.E. Ladenheim* and T.H. Moran. Dept. of
Psychiatry, Johns Hopkins Univ. Sch. Med., Baltimore, MD 21205.
Both central and peripheral administration of bombesin (BN)
suppress food intake in rats. Although the site of action of BN's effects
on food intake is unknown, there is evidence to support a critical role
for the caudal hindbrain. We have previously shown that hindbrain
lesions of the area postrema (AP) and nucleus of the solitary tract (NTS)
interfered with the ability of BN to suppress food intake after peripheral
and fourth ventricular (4V) administration. Furthermore, 4V
administration of a specific BN receptor antagonist greatly reduced the
ability of peripherally administered BN to suppress feeding. These
studies suggest that the caudal hindbrain contains a common neural
substrate for the suppression of food intake by centrally and peripherally
administered BN. To examine the hindbrain neurons activated by both
routes of administration, we evaluated the distribution of c-fos-like
immunoreactivity (LI) in the rat following intraperitoneal injection of
10 nmole/kg BN and 4V infusion of 15.4 pmole BN. Our results
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indicate that both central and peripheral administration of BN induce cfos-LI in the AP and underlying medial NTS, however this pattern was
more sparsely represented after central administration. Rostral to the
AP, the distribution of c-fos-LI in the medial NTS was similar for both
routes of administration. These results show that central and peripheral
administration of BN activate common neuronal populations and
suggest a functional relationship between the feeding inhibitory effects
of centrally and peripherally administered BN.
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INTESTINAL INFUSIONS OF SPECIFIC FATS INDUCE C-FOS IN THE NTS OF
RATS. J. McCafferv. S.J. French. D. Greenberg. T.H. Joh. G.P. Smith, A.J.
Strohmaver*. T.A. Houpt. Bourne Behavioral Research Lab., Dept. Psychiatry,
and Lab. Molecular Neurobiology, Burke Medical Research Institute, Cornell
University Medical College, White Plains, NY, 10605.
Expression of c-Fos-like immunoreactivity (c-FU) by central neurons can
reveal transynaptic activation following peripheral stimulation. We mapped cFU in the nucleus of the solitary tract (NTS) following intraduodenal infusions

FEEDING-RELATED FUNCTIONAL CHARACTERISTICS OF
PALLIDAL GLUCOSE-SENSITIVE NEURONS B. Faludi. Z. Karadi.
A. Czurko and L. Lenard SPON: European Neuroscience Association
Inst, of Physiology, Pecs University, Medical School, Pecs, H-7643
Hungary
The globus pallidus (GP) is intimately involved in the regulation of food
and fl^id intake behaviors. Although a large amount of relevant data have
been so far accumulated, little is known yet of the information processing
of feeding-related cues by intrinsic neurons of this structure. In the present
experiments, extracellular single neuron activity of the GP was recorded in
rhesus monkeys by means of multibarreled carbon fiber glass
microelectrodes during;
1) microelectrophoretic application of
neurochemicals, 2) gustatory and 3) olfactory stimulations and 4) a
conditioned alimentary task. More than 15% of all pallidal cells tested
responded to gustatory stimuli. Predominantly the glucose-sensitive (GS)
neurons were found to be taste-responsive. GS neurons were those that
were the most likely to change in activity in response to olfactory stimuli
(5%). The catecholamine-sensitivity of GS gustatory neurons in the GP
and neurochemical characteristics of previously examined lateral
hypothalamic and amygdaloid chemosensory GS cells proved to be similar.
Like in case of these above ventral forebrain neurons, a high majority of
pallidal chemosensitive cells displayed, usually complex, activity changes
during the feeding task. Our results indicate that the pallidal GS cells
belong to a previously hypothesized central glucose-monitoring system
and participate in complex information processing of the feeding control.

of fats that have previously been shown to induce behavioral satiety.
Thirty male Sprague Dawley rats were surgically equipped with gastric
cannulae and duodenal catheters. Rats were randomly assigned to 5 groups
which received one of the following duodenal infusions (10ml; O.44ml/min):
0.15M NaCI (Sal), 5kcal Intralipid (IL), O.65kcal oleic acid (O), O.65kcal linoleic
acid (Ln), O.65kcal linolenic acid (Un). Infusions were peformed following
rinsing of the stomach and with cannulae open allowing stomach contents to
drain from the animal. Sixty minutes after the infusions ended, animals were
anesthetized with sodium pentobarbital. Brains were fixed with formalin and
processed for c-FU immunoreactivity. NTS sections were qualitatively scored
for density of c-FLI containing cells.

A graded response in c-FU induction was produced dependant upon the
nature of the infusate. The relative order of c-FU induction was; Ln > IL > 0
= Un > Sal. Previous feeding studies have shown a similar order of potency
of these infusates for satiation. These results suggest that duodenal infusions
of fats may produce graded signals that activate cells in the NTS. This action
is proportional to and may mediate the satiating potency of these fats.
Supported by: The Mathers Foundation, The Whitehall Foundation and The
Chairman's Committee (TAH); The WellcomeTrust (SJF); The International Life
Sciences Institute and NIH-DK 38757 (DG).

338.7

338.8

EFFECT OF HYPOTHALAMIC INSULIN ON FOOD SELECTION IN RATS.
G. vaa Dpi, C. de Groote, Y.D, van der Werf, B.BBwaMa*, AB. Steffees
and J.H. Strubbe. Dep. of Animal Physiology, Univ. Groningen, P.O. Box
14, Haren 9750 AA, The Netherlands.
Evidence is accumulating that insulin might serve as an adiposity signal.
It is suggested that this signal influences food intake regulating areas in the
hypothalamus. Since the paraventricular (PVN) and arcuate nucleus (ARC)
of the hypothalamus display abundant binding of insulin, it may be
hypothesized that insulin in these areas can modulate the selection of
macronutrierts. Therefore, the effect of local insulin administration into the
PVN and ARC on food selection was investigated in rats with free access to
carbohydrate (C)-enriched, protein (P)-enriched, and fat (F)-enriched diets.
The contribution of m^cronutrients (C/P/F) to the total energy content of the
C-enriched,
P-enriched, and
F-enriched diets was
respectively,
72.8/17.5/10, 54.3/33.1/12.6, and 53.5/19.7/26.8 (expressed as percentages
of total). Rats with bilateral canulas aimed at the PVN (n=6) and the ARC
(n=7) were infused with insulin (2 pl of 1 pU/pl in 34 min) or the same
amount of synthetic CSF at the beginning of the dark period. Accordingly,
overnight intake of C-, P-, and F-enriched food was measured. Fat intake
was reduced when insulin was infused into the ARC (p<0.05), but not when
infused into the PVN. The reduction in fat intake can not-be explained by
leakage of insulin into the third ventricle since a higher dose of insulin (20
pU) administered into the third ventricle (n=5) had no effect on food
selection. Neither administration of insulin into the ARC, the PVN, nor into
the third ventricle had an effect on total food consumption. The results
suggest that the ARC is a sensitive area in the hypothalamus for insulin as
a lipostatic regulator of food selection.

CONTINUOUS ICV INSULIN INFUSIONS REDUCE DAYTIME FOOD
INTAKE BUT NOT PATTERNS OF FOOD INTAKE OR OXYGEN
CONSUMPTION IN RHESUS MONKEYS. T. Wolden-Hanson* and
J.W. Kemnitz. Neuroscience Training Program and Wisconsin Regional
Primate Research Center, University of Wisconsin, Madison, WI 53715.
Central administration of insulin decre&es food intake and body weight
in baboons and rodents when continuously administered. In addition,
insulin treatment in rats alters the patterns of food intake, decreasing food
intake in the dark but increasing day-time intake. Studies from our lab
have found that twice-daily injections of insulin into the left lateral
ventricle of adult male rhesus monkeys did not affect body weight, despite
decreases in food intake of up to 38%. In addition, this treatment neither
increased nor decreased oxygen consumption (VC>2). In order to evaluate
further the central effect of exogenous insulin on indices of energy balance,
body weight, VO2 and food intake patterns were measured throughout
continuous infusions of saline vehicle or insulin (10 and 100 mU/24-h for 7
to 10 days per treatment) in 4 adult male rhesus monkeys. Insulin
decreased day-time food intake in a dose-dependent manner in these
animals (from 10-20%), but there were no differences in night time intake
between control and insulin infusions. Body weight was not decreased by
insulin treatment. VO2 was neither increased nor decreased significantly
by insulin, although there was a trend for the 10mU/24-h dose to decrease
VO2 during the dark period (1800-0600h). This is the first study of the
effects of central administration of insulin on whole-body oxygen
consumption in a non-rodent model. Additionally, it is the first study of the
effects of ICV insulin on patterns of food intake in a non-rodent model. .
Differences between this study and studies of rats suggest species
differences in control of some aspects of energy regulation by centrally
acting insulin. Supported by NIH grants RR00167 and AG07831.

338.9

338.10

INVOLVEMENT OF GENE EXPRESSION FOR HYPOTHALAMIC
DYNORPHIN IN DIETARY PREFERENCE. G. Brennan*. S.E. Bachus#.
& M. Jhanwar-UniyaJ. The Rockefeller Univ., New York, NY 10021 and
#NIMH at St. Elizabeth's, Wash., DC 20032.
Opioid peptides are implicated in pleasure/reward aspects of feeding
behavior. Hypothalamic paraventricular nucleus (PVN) and supraoptic
nucleus (SON) contain dynorphin (DYN)-synthesizing perikarya which are

Individual Differences In The Feeding Response To Systemic And
Intra-Accumbens Amphetamine Treatments. T. L SiUs* and F. J. Vaccarino.
Department of Psychology, University of Toronto, Toronto, Canada M5S 1A1
We have previously shown that low doses of amphetamine (AMP) facilitate sugar
intake in rats with low baseline intake (LI) and inhibit intake in rats with high baseline
intake (HI). The first two experiments were carried out to further determine die doseresponse curve for AMP's effects on feeding in LI and HI rats. In a third experiment,
the effects of intra-nucleus accumbens (Acc) AMP on feeding in LI and HI rats were
also determined since evidence indicates that the Acc is an important site of action for
AMP's effects on feeding.
Male Wistar rats (Charles River, Quebec) were exposed to a choice of sugar and
powdered Purina lab chow for lh each day for 7 days. Animals were divided into LI and
HI feeders based on a median split of their sugar intake in response to saline
administration on day 8. All rats were then tested for their intake of the test diets in
response to AMP (ip or intra-Acc).
Results show that low doses (0.05, 0.10.2 mg/kg; exp 1) of AMP stimulated sugar
intake in LI rats but inhibited intake in HI rats. Moderate doses (025,0.5,1.0 mg/kg;
exp 2) of AMP inhibited sugar consumption in both groups. Intra-Acc administration
of AMP (1.0, 2.0,8.0 gg) produced effects on sugar consumption similar to that
produced by the systemic administration of low doses of AMP.
These results indicate that individual differences in sugar consumption predict
individual differences in the feeding response to low but not moderate doses of AMP.
Moreover, low doses of AMP administered into the Acc affects feeding in LI and HI rats
in a manner similar to systemic administration of low doses of AMP. This is
consistent with the notion that the Acc is an important site of action for the feeding
effects of low doses of AMP observed in LI and HI rats.
This research was supported by a MRC of Canada operating grant to FJV

responsive to animals' nutritional status. This study explored whether
hypothalamic DYN might be involved in individual differences in dietary
preference. Male SD rats (n=l5) were given diets of macronutrients,
carbohydrate (C), protein (P), and fat (F). Consumption was measured at 3h
and l2h into active feeding cycle. They were then given high fat (HF) and
high carbohydrate (HC) diets for 3 wk; food intake was measured daily.

Control (n=4) rats received Lab chow. Density measurements of DYN
mRNA in PVN and SON, by in situ hybridization histochemistry, revealed:
1) a negative correlation between PVN DYN mRNA and C consumption at
3h (r=-O.528;p< .025) and at 3+ l2h (r=-O.498;p< .05), and between SON
DYN mRNA and C consumption at 3+ l2h (r=-O.55;p< .025); 2) for PVN
DYN mRNA, a positive correlation with preference for HF (r=O.473;p < .05)
and a negative correlation with HC (r=-0.656;p< .005) at lwk; 3) for SON
DYN mRNA, a positive correlation with preference for HF (r=O.51;p< .05)
and a negative correlation with HC (r=-O.76;p < .005) at lwk; 4) a significant
difference in PVN DYN mRNA between control vs. diet-choice rats (p < .01).
These results suggest that magnocellular DYN neurons in PVN and SON play
a role in individual differences in dietary preference and are perhaps related
to pleasure/reward mechanisms.
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338.12
CEREBRAL AQUEDUCT BLOCKADE DOES NOT BLOCK FEEDING

INDUCED BY INJECTION OF GALANIN INTO EITHER THE THIRD OR
FOURTH VENTRICLE. F,H. Koegler* and S. Ritter. Dept. VCAPP,
Washington State University, Pullman, WA 99164.

The peptide, galanin (GAL), stimulates feeding when injected into
the hypothalamic paraventricular nucleus (PVN) and the central
nucleus of the amygdala. Though less potent than at rostral sites,

GAL also stimulates feeding when injected into the fourth ventricle
(4 V). These results suggest that GAL may participate in the control

WITHDRAWN

of feeding by actions at both hindbrain and forebrain sites.
Alternatively, GAL may diffuse through the ventricles to cause

feeding at sites remote from the injection cannula. To evaluate
these possibilities, we made GAL injections into the third ventricle
(3V) or 4V, prior to and after placement of a silicone plug in the

cerebral aqueduct, and measured feeding during 30-min tests.
Placement of the plug blocked the diffusion of drug between the
rostral and caudal ventricles, as indicated by distribution of injected

dye. Only rats that ate in response to GAL prior to plug placement

were included in the experiment. Blockade of ventricular flow did

not significantly reduce feeding in response to either 3V or 4V GAL

injection.

Results

indicate

that

GAL

terminals

in

the

caudal

hindbrain, possibly in the nucleus of the solitary tract, as well as

those in the vicinity of the 3V, contribute to the control of feeding.
Those in the hindbrain may be involved in the metabolic control of

feeding, since 4V injection of the GAL receptor antagonist, M40,

attenuates feeding induced by blockade of fatty acid oxidation.

338.13
CAPSAICIN ABOLISHES SUPPRESSION OF FEEDING RESPONSE
INDUCED BY ENTEROSTATIN. L. Lin. D.A. York* and G.A. Brav.
Pennington Biomedical Research Center, Baton Rouge, LA 70808.
Enterostatin, the activation pentapeptide of pancreatic
procolipase, specifically inhibits dietary fat after both peripheral and
central administration. We have previously reported that hepatic
vagotomy abolished the feeding response to peripheral enterostatin
suggesting that hepatic vagal afferent information is required for the
enterostatin effect. In the present study, we used capsaicin (CAP) to
examine the possible contribution of visceral sensory neurons to
enterostatin feeding behavior. CAP is a neurotoxin that selectively
destroys small unmyelinated primary sensory neurons including those
innervating the abdominal viscera without damaging motor neurons.
Male Osborne-Mendel rats (250-300g) adapted to a high fat (HF)
diet(65% energy as fat) received either CAP (100mg/kg) or
vehicle(1O% alcohol, 10% Tween 80, 80% saline) injection 3 weeks
before the experiment. The effectiveness of the CAP treatment was
confirmed by failure to suppress food intake with CCK and to exhibit
corneal reflection to 1% NH/)H. Enterostatin (120 nmoles) or saline
vehicle was injected ip to the overnight fasted rats. Enterostatin
inhibited food intake in sham-treated rats(Ent 4.1 O.5g vs saline group
5.7 O.3g at 1 hour) but did not suppress food intake in CAP-treated
rats(Ent 5.5 + 0.3g vs saline 5.4 + 0.4g at 1 hour). In contrast CAP
treatment did not attenuate vasopressin induced anorexia. These
results indicate that the suppression of feeding by enterostatin is
mediated by capsaicin-sensitive visceral afferent neurons and confirm
that vasopressin inhibitory effect on feeding is idependent of the vagus.

338.14
CENTRAL OR SYSTEMIC (R/S) BACLOFEN ALTERS FOOD
INTAKE IN FREE-FEEDING RATS. M,K. McGowan*. A.L,

Boothe, W.E. Gaillard. S.P. Gause. M.C. Herrygers. M.A.
Manstrom. and T.P. Riley. Dept, of Psychology, College of
Charleston, SC 29424
These experiments examined the role of GABAb receptors in food
intake regulation, by measuring the effects on subsequent food intake
(FI) of systemic or central administration of the selective GABAb
receptor agonist R/S baclofen (BAC), and the selective GABAb
receptor antagonist CGP 35348 in free-feeding rats. Subcutaneous (SC)
administration of 0.03 or 0.1 mg/kg BAC significantly increased FI in
the 60 minutes following administration compared to saline-treated rats
(p < 0.05). Administration of 3.0 mg/kg BAC SC significantly
decreased FI compared to saline (p < 0.05). Administration of 0.01,
0.3, or 1.0 mg/kg SC did not affect FI. Administration of the GABAb
receptor antagonist CGP 35348 (2.0 or 6.0 mg/kg SC) partially
antagonized the increase in FI produced by administration of 0.1
mg/kg BAC; these doses of CGP 35348 did not decrease FI when
administered alone. In a second group of free-feeding rats,
microinjection of BAC (1.0 qg) into the lateral ventricle in produced
significant increases in FI in the hour following administration (p <
0.05). These results suggest that GABAb receptors participate in the
regulation of food intake in the rat, and that they may exert these
effects via action at multiple GABAb receptor subtypes.

338.15

338.16

ENSEMBLE NEURAL ACTIVITY IN THE PARAVENTRICULAR NUCLEUS
(PVN) OF THE AWAKE RAT: RELATION TO FEEDING CYCLES. JMParis,*
RV Subrahmanyam, A Kirillov, SF LeibowitZ, DJ Woodward. Dept Physiol/
Pharmacol, Bowman Gray Sch Med, Winston-Salem, NC 27157,1Dept Neuropharmacol, Rockefeller Univ, New York, NY 10021.
The purpose of these studies was to examine ensemble single unit-activity
in the PVN of the awake rat across feeding cycles. The hypothesis was that
activity in the PVN reflects the time course of the complex processes which
regulate food intake and macronutrient selection. Adult male rats were
surgically implanted with multi-wire recording electrodes into the PVN. Intake
and patterns of consuming freely available standard ground rat chow were
monitored continuously for 1 week following recovery from surgery. Single-unit

GLP-1 7-36NH2 in the central
control
of food intake . D.B.O'Shea.
P.D.L&mlhert*. M.D.Turton. P.Phillips2 J.Herbert2 and S.R.Bloom. Division of
Endocrinology, Hammersmith Hospital, London W12 OHS. U.K and department
of Anatomy, Cambridge University, Cambridge UK.
Glucagon-like peptide-1 7-36INR2 (GLP-1) is localised to areas of the brain
involved in the control of feeding such as the hypothalamus and supresses feeding
after intracerebroventricular (ICV) injection (10/xg). Using central
immunoneutralisation, we have previously shown a physiological role for
endogenous GLP-1 in the control of food intake. Neuropeptide Y (NPY) produces
a robust feeding response when injected centrally in the rat and activates a distinct
population of neurons in the paraventricular nucleus of the hypothalamus (PVN).
We have investigated interactions between endogenous GLP-1 and NPY in the
control of food intake. In addition, using immunohistochemistry for c-fos protein
we have determined the pattern of neuronal activation in response to ICV GLP-1.
Rats (n=6) were fasted for 24 hours and then allowed access to chow. Food
intake was measured after twenty minutes and rats were then injected ICV with
either non-immune serum (NIS, 5p\) or an antibody to GLP-1 (GLPAb, 5$),
followed ten minutes later by saline (sal, 5$) or NPY (lOqg). A significant twohourly feeding response, compared to control group (5.2±O.5g), was seen after
treatment with GLPAb (6.8±O.7g), NPY (9.2±l.Og) or both (7.9±1.4g,)
(F(3,50)=6.2, P<0.001). In response to ICV GLP-1(10/*g), a significant increase
in c-fos protein was seen in neurons within the PVN, amygdala and bed nucleus
of the striae terminalis (p<0.01). The distribution of stimulated neurons within
the PVN overlapped that seen previously in response to NPY. There was no
additive effect of GLPAb and NPY to increase feeding and ICV GLP-1 activated
a pattern of neurons within the PVN which was similar to that activated by NPY.
This data would support an interaction between GLP-1 and NPY in the central
control of food intake.

activity was monitored simultaneously from up to 22 PVN neurons in a single
rat continuously for three 24 hr time periods. Our results indicate that a subpopulation of PVN cells exhibit increases in firing rate and alterations in firing
pattern during an eating bout. Within 10 sec of starting a bout, these neurons
synchronously begin a characteristic 6 Hz oscillation lasting for 1 sec intervals
followed by 5 sec of random firing. This oscillatory behavior of groups of
neurons occurs only during eating bouts and not during the between-bout
period which is characterized by ambulation, exploration and sleeping. In 9/15
neurons, these oscillations occurred during bouts throughout the circadian
cycle, while 3/15 only demonstrated this alteration during the dark phase.
There were no alterations in phasic activity associated with food intake in 3/15
neurons. These results demonstrate that a population of neurons in the PVN
alter their activity in a charactereistic pattern associated with feeding. Our goal
is to link activity in PVN to concurrent patterns in n. accumbens and frontal

cortex thought to regulate this operant behavior. Supported by NIH DA-02338.

Poster available on WWW Server: http/biogfx.bgsm.wfu.edu/
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NALOXONE DECREASES 10% SUCROSE INTAKE DURING
ORAL CATHETER TESTS IN RATS ON POSTNATAL DAYS
21-100. J. Philopena and G.P. Smith*. Bourne Laboratory, New
York Hospital-Comell Medical Center, White Plains, NY.
We recently reported that naloxone (0.1-1.0 mg/kg, ip) produced
a dose-related inhibition of intake during infusions of 10% sucrose
through anterior sublingual, oral catheters (OC) in rat pups on
postnatal day (PN) 14 (Philopena & Smith, 1993). To determine
if naloxone (NX) continued to decrease intake at later ages, we
administered NX (1 mg/kg, ip) 15 min before a 20-min OC
infusion of 10% sucrose on PN 21,30,53, and 100. Rats were
tested only once to eliminate the effects of experience and 10-45
rats were tested at each age. NX decreased intake significantly at
every age and there was no significant difference in the inhibition
observed in male and female rats. Thus, opioid mechanisms are
necessary for the normal intake of 10% sucrose during OC in
preweanling and postweanling rats. This contrasts with the lack of
efficacy of raclopride, a D23 antagonist, and the very weak potency
of SCH 23390, a Dj antagonist, to decrease intake of 10% sucrose
during OC tests in preweanling and adult rats (Tyrka & Smith,
1993). Taken together, these data demonstrate that opioid
mechanisms are necessary for the normal ingestive response to
10% sucrose from PN10 to PN100 under conditions in which DA
mechanisms are not. Supported by MH15455 and MH00149.

ORAL AND GASTRIC STIMUU ARE SUFFICIENT TO CONTROL MEAL SIZE
THROUGHOUT 14 CONSECUTIVE TESTS IN ADULT RATS. E.A. Rauhofer,
G.P. Smith and J. Davis*. Bourne Laboratory, New York Hospital-Comell

Medical Center, White Plains, NY.
Previous work demonstrated that when gastric emptying was prevented by
acute closure of the pylorus by a noose (Kraly & Smith, 1978) or Inflatable cuff
(Deutsch et al., 1978), meal size was not different than when the pylorus was
not closed and gastric emptying occurred normally. From these results, It was
concluded that oral and gastric stimuli of ingested food are sufficient to control
meal size. In a recent experiment, however, this conclusion was apparently
contradicted because meal size increased during 14 consecutive tests when
emptying was prevented by inflating a pyloric cuff (Davis et al., 1993). The
design of that experiment, however, interposed one sham feeding test between
every two tests with the pylorus closed. To investigate whether the experience
of sham feeding contributed to the gradual increase in meal size in the
inflated-cuff condition in that experiment, 5 male, Sprague Dawley rats were
implanted with inflatable pyloric cuffs and adapted to access to O.8M sucrose
from lickometer tubes for 30 min after 4h of food deprivation. Two tests with
the pylorus open were followed by 14 tests with the pylorus closed and then
two tests with the pylorus open. There was no significant difference in meal
size, in 3-min intakes, or in efficiency of licking (licks/ml) across these 18
tests. Thus, in the absence of sham feeding experience, oral and gastric
stimuli are apparently sufficient to control meal size normally under these
conditions. Supported by MH15455 and MH00149.

338.19

338.20

THE ROLE OF OLFACTION IN THE FORMATION OF
PREFERENCE FOR HIGH FAT FOODS IN MICE. Norman E.

HORSERADISH PEROXIDASE LEAKAGE THROUGH THE BLOOD-BRAIN
BARRIER AFTER AN ELECTROLYTIC LESION OF THE SUBFORNICAL
ORGAN. Fitts, D .A.*, Abel, P.L., Lane, J.R., & Olavarria, J.F. Department of
Psychology, University of Washington, Seattle, WA 98195.
Fenestrated capillaries in circumventricular organs (CVOs) such as the
subfornical organ (SFO) allow the passage of some molecules into the brain that
ordinarily are excluded by the blood-brain barrier. This allows the direct detection
of circulating hormones by the brain. A lesion of the SFO permanently destroys its
neurons and also eliminates drinking and centrally-mediated pressor responses to
circulating angiotensin II (ANG II). However, the fenestrated capillaries may
regenerate and continue to leak even after a lesion. To test this possibility, we
examined the permeability of the brain to horseradish peroxidase (HRP) after an
SFO lesion in rats. Lesions were made by 3 penetrations of a teflon-coated
tungsten electrode at 1 mAmp x 10 sec each. Lesions were verified by ANG IIrelated water drinking tests with captopril and isoproterenol. Two weeks after the
lesion we infused native HRP, 50 mg iv. After 1 hr of survival the rats were
exsanguinated briefly with saline and perfused with 2% glutaraldehyde. The
brains were then sliced at 40-50 p, reacted to demonstrate HRP, and mounted on
subbed slides. Control brains without HRP showed no reaction product
endogenous origin. In sham-lesioned rats infused with HRP the reaction product
was identified in the ventral hippocampal commissure, fornix, and throughout the
septum. Brains with lesions destroying 80-100% of the SFO showed penetration of
HRP at the site of the lesion. The spread was somewhat less than in intact brains.
Thus, CVOs such as the SFO may be permeable to circulating hormones two weeks
after electrolytic ablation. The drinking response to ANG II is permanently
abolished only because no ANG II receptors capable of supporting drinking remain
in the area penetrated by the HRP. Supported by NIH grants NS22274 to D.A.F.,

Kinney.*. an<=! Robert W, Antill-

Department of Psychology,
Southeast Missouri State University, Cape Girardeau, MO
63901.
Male albino mice were given access to both high and low fat
food mixtures in the home cage for 5 days. Mice were then
divided into three groups and given a choice test in which all
groups demonstrated a significant preference for the high fat
food mixture. One group was then bilaterally olfactory nervesectioned. Seven days following surgery, all groups were given
a second choice test. Olfactory nerve-sectioned mice (while
anosmic) showed no preference, while high fat food preference
in the two control groups strengthened. However, high fat food
preference returned to recovered nerve-sectioned mice by 21
days post-surgery. It appears that preference for many high fat
foods in mice requires olfaction. This is in good agreement with
earlier work which reported the loss of the novel food effect in
olfactory nerve-sectioned mice while ansomic, and points to a
necessary role for olfaction in the formation of preference for
many high fat foods.

EYO9343 to J.F.O., and training grant EY07031.
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339.2

UNILATERAL NEOSTRIATAL LESIONS INHIBIT PEMOLINE-INDUCED
SELF-BITING BEHAVIOR IN PRE-PUBERTAL RATS. T.E. Turman. Ir.*B. H.
King. H. C. Cromwell. P.A. Davanzo, E. Witte. M.S. Levine. Division of Child
and Adolescent Psychiatry, UCLA Neuropsychiatric Institute, and UCLA Mental Retardation Research Center. Los Angeles, CA 90024-1759.
The dopamine agonist, pemoline, when administered at high doses, reliably
produces self-biting behavior in the rat. Similarities between pemoline-induced
biting behavior and behaviors associated with the Cornelia de Lange and LeschNyhan Syndromes have led to the assertion that pemoline-induced self-biting
behavior may be a useful animal model in which to study the development and
regulation of similar behaviors in humans. Several recent studies have suggested neostriatal involvement in the Lesch-Nyhan Syndrome. In the present
study we were interested in determining whether unilateral exdtotoxic lesions
of the neostriatum could attenuate pemoline-induced self-biting behavior in the
rat. Ten male, Sprague-Dawley rats weighing between 60-65 grams received
of quinolinic add in the region of the ventral striatum. Ten animals
received an equivalent volume (1 gl) of saline in the same region. Animals
survived for seven days and then received an injection of pemoline (200 mg/kg
s.c.). Animals were rated for the severity of their self-biting behavior over the
ensuing 48 hours. Animals were perfused with 10% formalin, and brains were

THE LOCOMOTOR EFFECTS OF A PUTATIVE DOPAMINE D3
RECEPTOR AGONIST IN DEVELOPING RATS. K.J. Frantz. D.M.
Babcock, and C. Van Hartesveldt* Psychology Dept., Univ. Florida,

removed and post-fixed for 24 hours. Forty micron tissue sections were cut,
mounted and counterstained with cresyl violet. Lesion location was confirmed
with light microscopy and compared with self-injury score. Animals with
neostriatal lesions had significantly lower injury scores than sham lesion animals. These results provide additional evidence to support the importance of the
neostriatum in the mediation of self-injurious behavior. Supported by NIMH
Grant No. K2O MH 00917 to BHK.
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Gainesville, FL 32611-2250.
Dopamine (DA) receptors have been divided into subfamilies D1 and
D2, each with separate roles in DA-mediated behaviors. Of the D2
subfamily, the D3 receptor has been cloned, but the behavioral effects of
selectively stimulating the D3 receptor are largely unknown. The
purpose of this study was to quantify the locomotor response of
developing rats to the putative DA D3 receptor agonist, 7-hydroxy-A/,Wdi-n-propyl-2-aminotetralin (7-OH-DPAT).
One of three doses of 7-OH-DPAT (1.0, 0.1, 0.01 mg/kg) or saline was
injected subcutaneously into 10-, 20-, 30-, and 60-day-old rats. After 5
min, the rats were placed in automated activity monitors which recorded

locomotor behavior for 2 hours at 5 min intervals.
Locomotor activity was increased in rats of all ages by the highest
dose of 7-OH-DPAT; however, the medium and low doses induced
activity only in 10- and 20-day-old pups. The level of drug-induced
activation peaked at 20 days of age. At 30 and 60 days of age, but not
at 10 and 20 days, a period of locomotor suppression preceeded the
activation in response to the high dose of 7-OH-DPAT. The medium and
low doses also induced an initial locomotor suppression, beginning at 20
days of age. This dose-response pattern closely resembles that of
another DA agonist at the D2 receptor subfamily, quinpirole.
Suppression of activity in response to DA agonists may be mediated by
DA autoreceptors, whereas increased activity may be postsynaptically
mediated.
This research was supported by a Whitehall Foundation grant to CVH.
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339.3

339.4

ANIMALS DEPLETED OF STRIATAL DOPAMINE AS
WEANLINGS FAIL TO EXHIBIT
BEHAVIORAL
SUPERSENSITIVITY TO THE DOPAMINE ANTAGONIST
cis-FLUPENTIXOL. J.P. Bruno*. M. Sandstrom. Dept, of Psychology
and Neuroscience Program, Ohio State Univ. Columbus OH 43210

DA-ACh INTERACTIONS IN THE EXPRESSION OF FOS-LIKE
IMMUNOREACTIVITY IN RATS DEPLETED OF DOPAMINE
DURING DEVELOPMENT. M. Sandstrom*. M. Sarter. J.P. Bruno
Dept, of Psychology and Neuroscience Program, Ohio State Univ.
Columbus OH 43210
Striatal dopamine (DA) and acetylcholine (ACh) interact at the level of
neuronal activity and sensorimotor behavior in intact rats and those depleted
of forebrain DA. The nature of these interactions vary with the DA receptor
subtype involved. We have shown that D1 and D2 receptors contribute to
sensorimotor behavior differently in DA-depleted rats depending upon the
age at the time of the DA depletion. Ift an effort to identify the regions
participating in this plasticity we determined whether there are
corresponding age-dependent differences in the Dl-D2-ACh mediation of

Rats depleted of striatal dopamine (DA) with intraventricular (IVC)
injections of 6-OHDA as adults are supersensitive, relative to intact

controls, to the motoric deficits produced by low doses of DA antagonists.
We have shown that animals depleted early in weaning (Day 20) exhibit
motoric deficits when challenged with high doses of either D1 or D2
antagonists as adults. However, unlike animals depleted as adults, these
weanlings are not behaviorally supersensitive to low doses of these
antagonists. In the present experiments, we determined: 1) the age at the
time of DA depletion in which behavioral supersensitivity first appears,
and 2) whether this developmental profile is reproduced when the mixed
Dl-D2 DA antagonist cis-flupentixol is used. Animals received IVC
injections of 6-OHDA (4- DMI) on Days 20, 27, or 35. On Day 60 these
animals were treated with 0.0625, 0.25, and 1.0 mg/kg of cis-flupentixol
and the degree of akinesia and catalepsy were recorded. Our results
indicate that rats sustaining a ^S0)% depletion of striatal DA as late as
Day 27 still fail to exhibit behavioral supersensitivity to cis-flupentixol
when compared to their vehicle-injected controls. We are investigating the
neuronal compensations that prevent the development of this behavioral
supersensitivity.

Fos-like immunoreactivity (FLI). TheDl agonist SKF-38393 induces striatal
FLI in rats depleted of DA as adults or as neonates, but not in controls. The
D2 antagonist haloperidol induces striatal FLI in intact rats. In animals
depleted of DA as adults, low doses of scopolamine potentiate and attenuate
the striatal FLI induced by- these D1 agonists and D2 antagonists,
respectively. Our findings indicate that scopolamine (5 mg/kg) potentiates
the SKF-38393 (1.5 mg/kg) induced striatal FLI in animals depleted of DA
as neonates, as it does in animals depleted as adults. Data will also be
presented on FLI following administration of scopolamine and D2 ligands
and FLI patterns in striatal target areas.

339.5

339.6

ROLE OF NMDA RECEPTORS, NITRIC OXIDE AND C-FOS IN
PRIMING TO DOPAMINE AGONISTS Pi Chiara G.*. S.Fenu.
A.Carta, M.Morelli Dpt.of Toxicology Univ. of
Cagliari (Italy)
In rats with a unilateral 6-hydroxydopamine
lesion of the dopaminergic nigro-striatal pathway,
a single administration of a dopamine (DA) agonist
as L-DOPA (^rrii^^zr) , sensitizes the turning behavior
response to the subsequent (3 days) administration
of the D1 agonist SKF 38393. Priming by L-DOPA is
prevented by blockade of NMDA receptors with MK 801
and by the nitric oxide (NO) synthase inhibitor
nitro-L-arginine. These treatments potentiate LDOPA turning behavior but reduce c-fos expression
in the lesioned striatum in response to both L-DOPA
and SKF 38393. Thus, priming appears related to cfos ‘induction not only in the expression but also
in the induction phase. The results are consistent
with the idea that c-fos induction resulting from
the concerted activation of DA receptors and the
NMDA/NO cascade, promotes changes in transcription
expressed in long-term changes in the transduction
of the D, signal. Therefore c-fos might be part of
the mechanisms inducing behavioral sensitization.

LOCAL NMDA RECEPTOR-MEDIATED MODULATION OF STRESSINDUCED DOPAMINE RELEASE IN NUCLEUS ACCUMBENS. A. Gratton*
and M.D. Dohertv. McGill Univ., Douglas Hosp. Res. Ctr, Montreal, Canada,
H4H 1R3.
We have reported evidence that the dopamine (DA) projection to medial
prefrontal cortex (PFC) exerts an in inhibitory influence on stress-induced DA
release in nucleus accumbens (NAcc; see Doherty & Gratton, this meeting).
Exactly how PFC modulates the NAcc DA response to stress is still a matter of
speculation. However, PFC neurons send projections to a great number of regions
including NAcc and there is evidence that some of these contain excitatory amino
acids (EAA). Based on mounting evidence of local modulation of striatal DA
release by NMDA receptors, we examined how stress-induced DA release in NAcc
is influenced by local NMDA receptor blockade. Male rats were each implanted
with a voltammetric probe-guide cannula assembly into NAcc. High-speed
chronoamperometry was used to monitor increases in extracellular NAcc DA levels
elicited by 15 mins of restraint stress following local microinjections either of the
NMDA antagonist, AP-5 (5nmoles) or of an equimolar dose of the non-NMDA
(kainate/quisqualate) antagonist, DNQX. We found that local NAcc administration
of AP-5 significantly enhanced the amplitude and the duration of stress-induced
increases in DA release. In contrast, injection of DNQX resulted in only a slight
(20%), statistically unreliable potentiation of peak stress-elicited increases in DA
efflux and had no effect on the duration of the increase. The effects of NAcc
NMDA receptor blockade reported here are in general agreement with those
observed by others on striatal DA responses to stress (Keefe et al. 1993). The
simplest interpretation of the present results would imply that stress-induced DA
release in NAcc is controlled locally by inhibitory, possibly GABA, neurons that
receive an EAA, NMDA receptor-mediated input. Supported by Medical Research
Council of Canada.

339.7

339.8

EFFECTS OF STRESS ON VENTRAL TEGMENTAL UNIT ACTIVITY IN
FREELY-BEHAVING RAT. J.W. Smvthe* and A. Gratton. McGill Univ.,
Douglas Hosp. Res. Ctr, Montreal, Canada, H4H 1R3.
Stress is well known to stimulate dopamine (DA) release in medial prefrontal
cortex and nucleus accumbens (NAcc). However, there is comparatively less
information about the effects of stress on DA cell activity in the unanesthetized,
freely-behaving rat. Although it remains a source of conjecture, evidence of
impulse-independent synaptic release of DA suggests that stress-induced DA release
may not necessarily be due to increased cell firing. Therefore, the objective of the
present study was to characterize the effects of stress on ventral tegmental area
(VTA) unit activity in freely-behaving rats. Animals were each implanted with a
bundle of 8 microwires into the VTA. Once spontaneous unit activity had
stabilized (2-3 weeks after surgery), animals received 8-10 periods (2 mins) of tailpinch (TP) stress; in some cases onset of each stress period was signalled by a 30
sec tone. Artifact-free recordings with signal to noise ratios of at least 2:1 were
obtained from 15 VTA units. Of these, 8 units responded to TP with reliable
increases in firing rate that gradually returned to spontaneous levels 15-20 mins
after TP offset. When a tone had been paired with TP, 3 of 5 units tested showed
reliable conditioned increases in firing rate in response to the tone alone; extinction
of these responses occured after 5-8 tone presentations. One of these 3 cells fired
in bursts of 5-7 action potentials averaging 5.6 msec in duration while the 2 other,
non-burst firing, cells had action potentials of 4.l± 0.4 msec. In all 3 of these
cells, apomorphine (APO; 100 pg/kg, ip) significantly inhibited spontaneous
activity as well as conditioned and unconditioned increases in firing. These
preliminary data indicate that VTA cells, some of which have DAergic
characteristics, are activated by stress and by an otherwise innocuous stimulus
previously associated with stress. The inhibitory effect of APO on some stressresponsive cells is likely mediated by somatodendritic receptors that regulate
impulse flpw in mesolimbic DA neurons including those that innervate NAcc.
Supported by the MRC of Canada and FRSQ.

MEDIAL PREFRONTAL CORTICAL D1 RECEPTORS MODULATE
STRESS-INDUCED DOPAMINE RELEASE IN NUCLEUS ACCUMBENS.
M.D. Dohertv* and A. Gratton. McGill Univ., Douglas Hosp. Res. Ctr, Montreal,
Canada, H4H 1R3.
Stress is well known to stimulate dopamine (DA) release in medial prefrontal
cortex (PFC) as well as in subcortical regions such as nucleus accumbens (NAcc).
The meso-PFC DA projection is also thought to modulate the response of mesoNAcc DA neurons to a variety of stimuli including stress; there is evidence
suggesting that increased DA transmission in PFC inhibits the meso-NAcc DA
response to stress. In the present study we examined the relative involvement of
PFC D1 and D2 receptors in modulating the acute meso-NAcc DA response to
stress. High-speed chronoamperometry was used in combination with monoamine
selective electrochemical probes to monitor, in freely-moving rats, stress-induced
increases in DA efflux in NAcc following intra-PFC microinjections of D1- and
D2-receptor selective agonists and antagonists. Increases in extracellular NAcc DA
levels elicited by 15 mins of restraint stress were significantly potentiated by intraPFC injections of the D1 antagonist (SCH 23390) but not by injections of an
equimolar dose of the D2 antagonist (sulpiride). A noticeable (55%) but
statistatically unreliable inhibition of the NAcc DA response to stress was
produced by intra-PFC administration of the D1 agonist, SKF 38393; injection of
the D2 agonist, quinpirole, had no effect. These data are consistent with evidence
that meso-NAcc DA responses to stress and other types of stimuli are indirectly
regulated by an inhibitory, DA-sensitive mechanism in PFC. They also indicate
that D1 rather than D2 receptors in PFC mediate the inhibitory control exerted by
meso-PFC DA neurons on DA transmission in NAcc. Supported by the Medical
Research Council of Canada.
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339.9

339.10

STRESS-INDUCED SENSITIZATION TO THE LOCOMOTOR STIMULANT
EFFECT OF AMPHETAMINE IS MODULATED BY CORTICOSTERONE.
D. Francis*. M.J. Meanev and A. Gratton. McGill Univ„ Douglas Hosp. Res.
Ctr, Montreal, Canada, H4H 1R3.
The acute locomotor response to amphetamine (AMPH) and other stimulants
increases with repeated administration. Sensitized locomotor responses to
stimulants also develops as a result of prior exposure to an environmental stress.
There is increasing evidence that the development of stimulant-induced
sensitization depends on corticosterone (CORT). In the present study, we
examined the involvement of CORT in stress-induced sensitization to the acute
locomotor stimulant effect of AMPH. Male rats were first allowed to acclimatize
to the activity chambers during three daily 3 hr sessions. The animals were then
assigned to one of 4 groups (n=l2/group) such that the variance in spontaneous
activity scores was similar across groups. Animals in 2 of the groups were
adrenalectomized (ADX) and each implanted with a 50% CORT replacement pellet
whereas animals of the other 2 groups were sham-operated (SHAM) and implanted
with 0% CORT pellets. Five days after surgery, one group each of ADX and
SHAM animals received in the test chamber on each of 5 consecutive days 15 mins
of restraint stress. Control ADX and SHAM animals were simply allowed to
explore the activity chambers for the same period of time. Eight days later, the
locomotor activity elicited by AMPH (2.0 mg/kg, ip) was measured in all 4
groups of animals. The results show that AMPH elicited greater increases in
locomotor activity in repeatedly stressed animals than in control, non-stressed
animals. However, when compared to stressed SHAM animals, the acute
locomotor response of stressed ADX animals to AMPH was significantly
attenuated. The present results suggest that the development of stress-induced
sensitization to the behavioral effects of stimulants depends to a significant extent
on the increased secretion of CORT during stress. Supported by the Medical
Research Council of Canada.

CHANGES IN DOPAMINE EFFLUX IN NUCLEUS ACCUMBENS DURING
OPERANT RESPONDING FOR FOOD: EFFECTS OF REINFORCEMENT
VALUE AND SCHEDULE. N.R. Richardson* and A. Gratton. McGill Univ.,
Douglas Hosp. Res. Ctr, Montreal, Canada, H4H 1R3.
Chronoamperometry was used in combination with monoamine-selective
voltammetric probes to monitor dopamine (DA) levels in nucleus accumbens
(NAcc) of rats lever-pressing for a reward of condensed milk. Under initial
conditions, each response was rewarded on an FR1 schedule by 0.2 ml of milk
delivered over 30 sec; milk delivery was paired with a 30 sec cue light. The
beginning of each daily session was signalled by presenting the cue light alone;
this elicited increases in the DA signal on all but the first session. Gradual
increases in DA signal also followed each of the first 5-6 responses of the session.
Subsequent responses, however, were accompanied by biphasic changes in signal.
Each lever-press was preceded by a rapid increase in signal that peaked 10 sec after
the lever-press, as the animals approached and started to lick the spout for the first
drop of milk, and was followed by a more gradual decrease during the remaining 20
sec of the reward period. When milk delivery was delayed after each lever-press, the
decreases in signal that accompanied milk consumption were preceded by increases
in signal that were time-locked to the duration of the delay (20 or 30 sec). The
decrease- in signal that accompanied the reward period became more pronounced and
longer-lasting when the rate of milk delivery was tripled (0.6 ml) and was
attenuated when it was halved (0.1 ml); withholding the milk reward or blocking
access to the lever both caused increases in signal. Finally, more pronounced
increases in signal preceded responses reinforced on an FR5 than on an FR1
schedule and these became greater still when the response requirement was increased
to FRIO. The present results extend those of our previous studies indicating that
meso-NAcc DA transmission increases in conjunction with behaviors directed
toward rewards and ceases or is inhibited during the period associated with the
positive reinforcing action of rewards. Supported by the MRC and NSERC of
Canada.

339.11

339.12

VACUOUS JAW MOVEMENTS IN RATS AS A MODEL OF
PARKINSONIAN TREMOR:
EFFECTS OF SCOPOLAMINE ON
RESERPINE-INDUCED ORAL MOVEMENTS.
P.
Baskin*
and J.D. Salamone.
Dept of Psychology, Univ oT
Connecticut, Storrs, CT 06269-1020, USA.
Vacuous
jaw
movements
in
rats
are
characterized by rapid and repetitive vertical
movements
of
the
lower jaw.
Although
researchers have suggested that some
druginduced oral movements in rats are similar to
tardive dyskinesia,
it has been noted that
vacuous
jaw movements share characteristics
with
parkinsonian symptoms.
Vacuous
jaw
movements are produced by striatal dopamine
(DA)
depletions,
acute
or
subchronic
haloperidol,
or acute reserpine administration
(2.5-5.0 mg/kg).
Reserpine-induced vacuous jaw
movements are decreased by high doses (0.5-1.0
mg/kg)
of the DA agonist apomorphine, but are
increased by a low dose of apomorphine
(0.1
mg/kg) that is thought to act pre-synaptically
to decrease DA release.
Administration of 5.0
mg/kg reserpine in combination with 0.1 mg/kg
apomorphine produces
a robust vacuous
jaw
movement response.
Co-administration of the
muscarinic antagonist scopolamine
(0.25,
0.5
and 1.0 mg/kg)
produces a dose-related decrease
in the
vacuous jaw
movements induced
by
reserpine + apomorphine.
The DA/acetylcholine
interaction shown in vacuous jaw movements is
similar to that shown in parkinsonism.

MK-801 TREATMENT BLOCKS THE EXPRESSION, BUT NOT
THE DEVELOPMENT, OF BEHAVIORAL TOLERANCE TO A D1
AGONIST. K.E. Asin*. L. Bednarz A. Nikkei, and R. Perner Neuroscience Res.
D-47U, Pharmaceutical Products Div. Abbott Laboratories, D-47U, Bldg AP10,
Abbott Park, IL 60064.
It is well established that glutamatergic and dopaminergic (DA) receptors interact
extensively within the striatum. The development of both amphetamine and cocaine
sensitization is blocked by MK-801 (MK) and several reports have indicated
synergistic interactions between MK and SKF-38393 in rats with supersensitive DA
receptors. We investigated the effects of MK on the development of behavioral
tolerance and c-fos induction in rats treated repeatedly with a selective D1 agonist.
Male, Sprague-Dawley rats were given unilateral 6-OHDA lesions of the NSB.
Following recovery, animals were injected daily for 16 days with the selective D1
receptor agonist A-85653 (A) (0.06 mg/kg) in combination with either vehicle (V)
or MK-801 (MK) (0.10 mg/kg). Rotation was measured periodically in automated
rotometers. On Day 17, half of the animals in each group were switched to the
alternate treatment while the other half were maintained on their original treatment.
Two days later half of the "unswitched” rats were given the alternate treatment and
the other half was not. Two hours later rats were anesthetized and perfused and their
brains processed for fos-like immunoreactivity (FLI).
Rats given MK+A demonstrated more robust rotation during the l6d treatment
period compared to those given V+A and only those rats in the latter group
developed tolerance. On Day 17, rats previously treated with MK+A and then
switched to V+A demonstrated profound behavioral tolerance. Alternatively,
animals which had become tolerant to the actions of V+A showed robust rotation
when switched to MK+A. Quantitative analysis of striatal FLI induced by A
indicated that enhanced FLI was seen only in rats given MK on the day of sacrifice.
These results suggest that the development of behavioral tolerance to repeated D1
agonist treatment is unlikely to occur at the level of the receptor. Furthermore, the
enhancing effects of MK treatment on D1-agonist induced rotation and striatal FLI
do not appear to carry over once the antagonist treatment is stopped.

339.13

339.14

DIFFERENT RESPONSES OF THE DOPAMINERGIC AND THE
SEROTONERGIC TRANSMISSION SYSTEMS IN
THE GERBIL
AUDITORY CORTEX DURING ACOUSTIC SHUTTLE-BOX LEARNING.
Stark* and H. Scheich. Federal Institute for Neurobiology (IfN), Brenneckestr.
6, 39118 Magdeburg, Germany
In footshock-reinforced auditory avoidance learning the auditory cortex is
involved. The tonotopic area of gerbil primary auditory cortex represents the
tonal conditioned stimulus. The release of local transmitters of this brain area
during the learning process was detected by chronically implanted microdialysis
probes. Samples of 30 pl dialysates per 15 min were obtained during 75 min
daily training sessions simultaneously from trained gerbils and passive control
animals with matched acoustic stimulation alone or pseudotraining animals
which received randomized acoustic and footshock stimulation.
Extracellular dopamine (DA), dihydroxyphenylacetic acid (DOPAC) and
homovanillic acid (HVA) as metabolites of the dopaminergic system as well as
5-hydroxyindoleacetic acid (5-HIAA) as metabolite of the serotonergic system
were analyzed by HPLC and electrochemical detection.
The described compounds were analyzed before, during and after each session.
Levels of the compounds were correlated with learning performance of the
animals.
At the first day of training an increase of HVA in the dialysates of trained
gerbils was seen during the training session in comparison to the
pseudotraining animals and passive controls. On the other hand both the
training and the pseudotraining groups showed higher 5-HIAA levels than the
control animals during the first training session. Furthermore, there was a
differential yet more complicated long-term response profile of the two
aminergic systems during the following training sessions.

REDUCED SENSITIVITY OF CENTRAL DOPAMINE
RECEPTORS BUT NOT NOVELTY SEEKING IS
ASSOCIATED WITH RELAPSE IN ALCOHOLICS.
A. Heinz, P. Dufeu, S. Kuhn, M. Dettling, L.G. Schmidt,
H. Rommelspacher*.
Dept. of Psychiatry of the Free Univ. of Berlin, 14050, Germany.
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It has been hypothesized that Novelty Seeking in alcoholics is
associated with inability to abstain from ethanol and is influenced
by dopaminergic sensitivity. Therefore, Growth hormone (GH)
response to dopaminergic stimulation, Novelty Seeking ana
clinical outcome were assessed in 59 alcohol-dependent patients
during a 6 months observation time. Thirty-seven patients
relapsed during observation. Relapsers showed a significantly
blunted GH response before detoxification compared both with
atients who remained abstinent during observation and with
ealthy controls. After 8 days of abstinence, GH response
increased significantly in relapsers and differed no longer
between abstinent and relapsing patients. No difference in
Novelty Seeking was observed between abstinent and relapsing
patients before or after detoxification. Moreover, Novelty seeking
was at no time significantly correlated with GH response.
However, Novelty Seeking influenced the amount of chronic
ethanol consumption, which was correlated with reduced
dopaminergic sensitivity before detoxification in relapsing
patients.
Supported by DFG, Az: He 916/7-1.
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SINGLE-UNIT ACTIVITY OF VENTRAL TEGMENTAL DOPAMINE
NEURONS: CHANGES IN THE NEURONAL RESPONSE TO A CS+
DURING CONDITIONING AND EXTINCTION. J.C. Horvitz*. L.R.
Col6n and B.L. Jacobs. Prog. Neurosci., Dept, of Psychol., Princeton
Univ., Princeton, NJ 08544.
Single-unit activity of ventral tegmental dopamine (DA)
neurons was recorded in freely-moving cats. DA neurons were
identified on line by slow firing rates (2-8 spikes/sec), occasional burst
firing, long duration action potentials (>2 msec), and apomorphineinduced rate suppression. Animals were presented with 1) salient
unconditioned auditory and visual stimuli of 1 msec duration (100
trials), 2) identical sensory stimuli followed by milk delivery (200 trials),
and 3) sensory stimuli presented again in the absence of reward
delivery, i.e., during extinction (200 trials). DA neuronal activity was
recorded throughout the baseline, conditioning, and extinction phases
of the experiment. The results showed that DAergic neurons show
excitatory responses to salient unconditioned sensory stimuli. The
change in the sensory-induced response of the DA neurons during
appetitive conditioning primarily involves an increased duration of the
neuronal excitatory period. Finally, this conditioned neuronal response
to the CS+ disappears during extinction. Supported by grants from
AFOSR (90-0294) and NIMH (MH10296).

EXTRACELLULAR NUCLEUS ACCUMBENS DOPAMINE
AND METABOLITE LEVELS DURING EARNED AND
UNEARNED LATERAL HYPOTHALAMIC BRAIN
STIMULATION. P. Bauco*. R. Rivest. and R.A. Wise. Ctr. Stud.
Behav. Neurobiol. and Dept. of Psychol., Concordia Univ.,
Montreal, P.Q., Canada. H3G 1M8.
The ability of earned and unearned lateral hypothalamic (LH) brain
stimulation to augment mesolimbic dopamine (DA)
neurotransmission was assessed. Rats with an electrode aimed at the
LH and a guide cannula over the ipsilateral nucleus accumbens
(NAcc) were first either trained to lever-press for brain stimulation
(Trained) using the rate-frequency curve-shift method or placed in an
operant chamber without access to brain stimulation (Naive). Next, a
probe was inserted into the NAcc and dialysate was collected at 20min intervals for analysis by HPLC-ED of DA and metabolites.
Mere access to the lever (without stimulation available) did not alter
extracellular levels of DA or metabolites. DA levels increased to
192% of basal in Trained rats earning the stimulation but only to
130% in Trained rats receiving unearned stimulation and to 285% in
the Naive rats during the first of four SS periods; it decreased
towards basal levels during subsequent SS periods even though
response rates remained stable across periods in Trained rats earning
stimulation. These findings suggest that the ability of rewarding
brain stimulation to induce dopamine release in the NAcc is
modulated by systems other than the directly activated fibers;
systems involved in expectancy and control would appear to be
important.

339.17

339.18

EFFECTS OF MEDIAL PREFRONTAL CORTEX DOPAMINE
ANTAGONISM
ON
NUCLEUS
ACCUMBENS
DOPAMINE
RELEASE AND MOTOR ACTIVITY IN THE RAT.
J.D.
Sokolowsk^i*, M.S.
Cousins, J. Nelson, and U.D.
SalamoneT
Dept. of Psychology,
University o?
Connecticut, Storrs, CT 06269-1020.
Several
experiments
were
conducted
to
characterize the behavioral and neurochemical
effects of prefrontal dopamine (DA)
antagonism.
The DA antagonist cis-flupenthixol
(FLU)
was
used
to block
DA transmission
in medial
prefrontal cortex
((MPFC).
Injections of FLU
directly into MPFC
(2.5, 5.0 and 10.0 ug per
side)
increased lever
pressing on both a
differential-reinforcement-of-low-rates operant
schedule, and a fixed interval schedule.
The
behavioral effects in both of these paradigms
were observed to occur in a dose-dependent
manner, with maximal effects at 5.0 ug per
side.
In a test of open field behavior, intraMPFC
FLU
increased
locomotor
activity.
Finally, microdialysis methods were used to
investigate the neurochemical effects of MPFC
DA antagonism.
Injections of FLU into MPFC
increased extracellular DA levels in nucleus
accumbens.
These results provide
further
support for the hypothesized role of MPFC DA in
behavioral inhibition and the regulation of
motor activity, and suggest that deregulation
of nucleus accumbens
DA release
could be
involved in these processes.

EFFECTS OF PEDUNCULOPONTINE TEGMENTAL NUCLEUS
(PPN)
LESIONS ON MIDBRAIN DOPAMINE (DA) CELLS AND DA-MEDIATED
BEHAVIOR. M.D. Kelland*. Department of Psychiatry, Wayne
State University School of Medicine, Detroit, MI 48201.
The PPN has direct, excitatory projections to midbrain
DA neurons. Standard, extracellular single-unit recording
techniques were used to examine the effects of PPN lesions
on the basal activity and pharmacological responsiveness
of A9 and AlO DA neurons in ketamine-anesthetized rats.
Unilateral lesions of the PPN were made by administering
ibotenic acid at two injection sites (to ensure extensive
damage to this diffuse structure). As compared to control
rats, PPN lesions resulted in a significant reduction of
the number of spontaneously active DA neurons in both the
A9 and AlO regions.
Howe^^i^, there were no significant
changes in the firing rate and/or pattern (i.e., burstfiring) of activity. Quinpirole-induced inhibition of A9
and AlO DA cells was also unchanged.
Thus, PPN lesioninduced decreases in DA cell activity do not alter the
basal activity or pharmacological responsiveness of the
remaining cells.
DA-mediated behavior was assessed by examining body
asymmetry,
spontaneous circling and the pattern of
forelimb stepping.
Despite the significant reduction in
DA cell activity, all behavioral measures appeared normal
(a mild increase in spontaneous circling was not
accompanied by a directional bias).
These data suggest
that the involvement of DA in certain behaviors is
mediated by tonic DA release, as opposed to phasic DArelease. (Supported by the Tourette Syndrome Association)
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INTRASTRIATAL INFUSION OF AP5 HAS DIFFERING EFFECTS ON
BEHAVIORS INDUCED BY INTRASTRIATAL D1 vs. D2 AGONISTS.
R.J. McPherson*. J.F. Marshall. Psychobiology Dept., Univ. of California,
Irvine, CA 92717-4550.
The purpose of this experiment was to investigate the interactions
between dopamine (DA) D1 or D2 receptor activation and NMDA receptor
occupancy in the ventral striatum (vCPu). Using bilateral infusions into the
vCPu, the effects of the competitive NMDA receptor antagonist 2-amino-5phosphopentanoic acid (AP5) on behaviors induced by the DA D1 receptor
agonist SKF 82526 (fenoldopam), the DA D2 receptor agonist quinpirole, or
saline were determined. Studies were conducted both in rats who were
receiving injections of the monoamine-depleting drug reserpine
(1 mg/kg/day,s.c.) and in intact, DA-replete rats. Bilateral infusions of
fenoldopam (10 ug/hemisphere) induced significant sniffing in intact as well
as reserpine-treated rats, which was attenuated by simultaneous infusion of
AP5 (2 ug^/hemispheree. Bilateral infusions of quinpirole (30 ug/hemisphere) induced locomotion, sniffing, and oral behaviors, all of which were
attenuated by AP5 infusion in the intact rats. In contrast, reserpinized rats
given bilateral infusions of quinpirole plus AP5 showed greater sniffing
relative to that produced by quinpirole alone. Our findings suggest that in
the vCPu, glutamate (via NMDA receptors) and DA have cooperative
effects on D1 receptor-mediated behavioral influences and antagonistic
effects on D2 receptor-mediated behavioral influences. Because of D1/D2
cooperativity, the distinct effects of NMDA antagonism on D1 vs. D2 effects
are most evident in the absence of DA tone. These results will be
interpreted in the light of current models of corticostriatal/nigrostriatal
interaction.

LOCOMOTION AND STEREOTYPY INDUCED BY SCOPOLAMINE ARE
MEDIATED THROUGH MUSCARINIC RECEPTORS NEAR THE
PEDUNCULOPONTINE TEGMENTAL NUCLEUS. J.L.Parker*A.Shandarin and J.S.Yeomans. Dept. Psychology, Univ.
Toronto, M5S 1A1.
Non-selective antimuscarinics (e.g. 1-10 mg/kg
scopolamine ip) induce locomotor activity in rats at high
doses. A similar form of locomotion and stereotypy is
induced by scopolamine (25-100 ug) injected into the
pedunculopontine tegmental nucleus (PPT). To test whether
muscarinic receptors near PPT are responsible for these
effects, the nicotinic/muscarinic agonist carbachol (0.5 or
4 ug) was injected into PPT before or after the scopolamine
injection. Preinjections of 4 ug carbachol in PPT
(immediately before 100 ug scopolamine in PPT, or 15 min
before 3 mg/kg scopolamine ip) strongly attenuated the
locomotion or stage 3 stereotypy evoked by scopolamine.
Postinjections of carbachol in PPT (30 min after
scopolamine in PPT or 15 min after scopolamine ip),
however, had less or no effect. The competitive interaction
between carbachol and scopolamine suggests that muscarinic
receptors near PPT are largely responsible for the
activating effects of scopolamine. Blockade of muscarinic
autoreceptors on Ch5 and Ch6 cholinergic cells is proposed
to result in activation of A9 and AlO dopamine cells. It is
speculated that similar mechanisms may be important in
antimuscarinic psychosis in humans.
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NUCLEUS ACCUMBENS DOPAMINE-GLUTAMATE INTERACTIONS IN
THE MODULATION OF PREPULSE INHIBITION IN RATS. F.l. Wan*.
M.H. Kodsi and N.R. Swerdlow. Depts. of Neuroscience and Psychiatry,
UCSD, La Jolla, CA 92093-0804.
Prepulse inhibition (PPI) of the acoustic startle reflex is the normal
reduction of startle amplitude when a weak prepulse is presented 30-500 ms
before startling noise. PPI has been used as an operational measure of
sensorimotor gating both in human and rats. Since deficits in PPI are found in
patients with schizophrenia and in rats with overactive dopamine (DA)
system, the DA agonist-induced disruption of PPI in rats may model some
features of impaired sensorimotor gating in schizophrenics. In rats, PPI is
disrupted after systemic or intra- nucleus accumbens (NAC) injection of the
D2 agonist quinpirole, and this effect is reversed by pretreatment with the
D2 antagonist haloperidol. DA systems in the NAC are known to interact
with descending cortico-striatal glutamate projections, and interactive
processes at this DA-glutamate interface have been implicated in the
pathophysiology of schizophrenia. In the present experiment, we explored a
possible role of NAC DA-glutamate interactions in the modulation of PPI in
rats. First, NAC infusion of CNQX, a non-NMDA antagonist, which by
itself did not affect PPI, was found to dose-dependently reverse the PPIdisruptive effects of the indirect DA agonist amphetamine. In contrast,
CNQX did not reverse the PPI-disruptive effects of the direct D2 agonist
quinpirole. Second, we found that intra-NAC infusion of AMPA, a nonNMDA agonist, disrupts PPI at dose of 0.25 pg. The PPI-disruptive effects of
AMPA were reversed by pretreatment with the D2 antagonist haloperidol.
Our data suggest that the DA-mediated disruption of sensorimotor gating is
regulated by activity at a presynaptic non-NMDA receptor within the NAC.
Thus, a critical DA-glutamate interaction within the NAC regulates,
presynaptic, but not postsynaptic, DA processes.

MONOAMINES AND BEHAVIOR:

340.1
THE ROLE OF VENTROLATERAL STRIATAL DOPAMINE IN
MOTOR OUTPUT?:
A NEUROCHEMICAL AND BEHAVIORAL
STUDY.
M.S.
Cousins*, A*
Papanikolaou, and
J.D.
Salamone.
Dept Of Psychology,
Univ oF
Connecticut, Storrs, CT 06269-1020, USA.
Two
experiments
were
undertaken
to
investigate the role of ventrolateral striatal
(VLS)
dopamine
(DA)
in instrumental
lever
pressing on a continuous reinforcement
(CRF)
schedule and fixed-ratio 5 (FR5)
schedule.
In
experiment 1,
food-deprived rats trained to
lever press for food reinforcement on a CRF or
FR5 schedule
were implanted with
dialysis
probes in the VLS.
Rats that pressed the lever
for
food showed
significant,
but
modest,
increases in extracellular DA levels in the
VLS.
There was no significant correlation
between lever pressing rate and increases in DA
release.
In experiment 2, food-deprived rats
trained to press a lever on a CRF or FR5
schedule
received
bilateral
intra-VLS
injections of vehicle, 2.5,
5.0, or 10.0 ug/
side of the DA antagonist cis-flupenthixol.
Flupenthixol
produced
a
profound
motor
impairment
that
decreased lever
pressing,
increased
response
initiation
times
and
prolonged response durations.
Although release
of VLS DA is not closely related to lever
pressing rate,
interference with VLS DA does
produce profound
motor effects that
alter
various parameters of instrumental responding.

CATECHOLAMINES II
340.2

DOPAMINE AND RESPONSE ALLOCATION:
BEHAVIORAL
AND
PHARMACOLOGICAL CHARACTERIZATION
OF AN
OPERANT COST/BENEFIT TASK.
J.D.
Salamone*.
M.S._ Cousins,
B. Snyder,
W.
Wei.
Dept,
of
Psychology,
I
of Connecticut,
Storrs,
CT
06269-1020.
Rats were tested in an operant chamber in
which there was a choice between lever pressing
for a preferred food
(Bioserve Pellets)
or
feeding upon a less preferred lab chow.
On a
FR1 or FR 5 schedule for Bioserve pellets, rats
normally pressed the lever and ate little of
the freely available chow.
Increasing the work
requirement by changing the ratio value (FRIO,
FR2O)
decreased
food acquisition
obtained
through lever
pressing and increased
chow
intake.
Dopamine
(DA)
antagonists
cisflupenthixol,
haloperidol
and
SCH
23390
substantially decreased lever pressing on the
FR5 schedule but increased chow consumption
over several doses~
The muscarinic agonist
pilocarpine decreased lever pressing but had no
effect on chow consumption.
If rats were
performing on a FR5/chow task,
amphetamine
(1.0-3.0 mg/kg) decreased both lever pressing
and chow consumption, which is suggestive of an
appetite suppression effect.
Lower doses of
amphetamine tended to increase lever pressing
in rats responding on a FR2O/chow task.
These
results indicate that
DA may modulate the
effort expended in order to obtain food.

340.3

340.4

DOPAMINE AND RESPONSE ALLOCATION:
EFFECTS OF
HALOPERIDOL AND ACCUMBENS DOPAMINE DEPLETIONS
ON PERFORMANCE IN A T-MAZE COST/BENEFIT TASK.
S.L.
Bucher-Yiannuotsos*, M.S.
Cousins,
L.
Turner, A. Rainbow,
K. Price, and J.D. Salamone.
Dept:, of Psychology,
U. of Connecticut, Storrs,
CT 06269-1020.
Rats were trained on a T-maze task in which
one arm contained a high reinforcement density
(HRD;
4x45 mg food pellets) and the other arm
contained a low density
(2x45 mg pellets).
Different groups of rats were trained either
with unobstructed access to both arms from the
start area,
or with a large vertical barrier
(44 cm) placed in the arm that contained the
HRD.
In experiment 1, rats trained under each
procedure received 0.1 mg/kg haloperidol
(HP)
and vehicle control infections.
In experiment
2,. trained
rats received intra-accumbens of
injections
‘
‘
of 6-hydroxydopamine or vehicle.
HP-treated
and
DA-depleted
rats
showed
significant reductions in the number of HRD arm
selections
when the
barrier was
present.
Neither HP nor DA depletion affected arm choice
in ratstested without the barrier.
Thus, DA
antagonism and accumbens DA depletion did not
alter reinforcement discrimination or response
selection
based on reinforcement magnitude.
Rather,
HP and accumbens DA depletion affected
instrumental response selection based upon the
kinetic requirements of the response.

PEMOLINE PRODUCES IPSILATERAL TURNING BEHAVIOR IN UNILATERAL 6-OHDA-LESIONED RATS. B. H. King. H. C. Croimwll, TE. Turman.
Ir., P.A. Davanzo, E.A. Witte. C. Crawford,TT.McCracken* Division of Child
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and Adolescent Psychiatry, UCLA Neuropsychiatric Institute, and UCLA Mental Retardation Research Center. Los Angeles, CA 90024-1759.
The central stimulant, pemoline, has not been well characterized in terms of
its mechanism of action. Similarities between pemoline-induced biting behavior
and behaviors associated with the Cornelia de Lange and Lesch-Nyhan Syndromes have led to the assertion that pemoline-induced self-biting behavior
may be a useful animal model in which to study the development and regulation
of similar behaviors in humans. In the present study we were interested in
determining how unilateral 6-OHDA-induced lesions of the neostriatum would
affect pemoline-induced behavior in the rat. Following pretreatment with
desipramine and pargyline, seven male, Sprague-Dawley rats weighing between 60-65 grams received lOpg of 6-OHDA in the region of the medial
forebrain bundle. After similar pretreatment, six animals received an equivalent
volume (1 -1) of saline in the same region. Animals survived for fourteen days
and then received an injection of pemoline (200 mg/kg s.c.). Animals were
videotaped for one minute each at 2,4,6,8,10,24 and 32 hours thereafter. The
direction and total number of rotations were recorded for each animal over the
entire study interval by videotape raters blind to treatment conditions. Significant differences emerged between 6-OHDA lesioned animals and sham lesioned
controls. Lesioned animals uniformly circled counterclockwise (toward the
lesioned side), with peak rotational behaviors occurring between ten and 24
hours after the pemoline challenge. These results replicate and extend those
obtained in the mouse and provide additional evidence that pemoline acts as an
indirect dopamine agonist. Supported byNIMH GrantNo. K2O MH00917to BHK.
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340.5
Locomotor sensitization to quinprole without environmental

conditioning:
implications
for
environment-dependent
sensitization. Haim Einat1*, Daphna Einatl and Henry Szechtman1,2.

'Departments of Biomedical Sciences, 2psychiatry and Psychology,

McMaster University, 1200 Main St. West, Hamilton, Ontario,
CANADA L8N 3Z5
To examine whether environment-drug conditioning affects the
expression of sensitized locomotion induced by the D2/D3 agonist
quinpirole, four groups of rats were tested.
The Paired group
received 10 injections of quinpirole (0.5 mg/kg) in the test
environment (activity chambers) and on alternate days injections of
saline in their home cages. The Unpaired group received similar
treatment except that quinpirole was injected in the home cage and
saline in the test environment; two control groups (Acute and Saline
groups) received saline injections in both test and home
environments. On the test day in activity chambers, there was no
significant difference in the locomotor response of the Paired and
Unpaired groups to an injection of quinpirole. Both groups were
significantly more active compared to an acute injection of quinpirole;
the acute injection group was more active than the saline controls.
Results suggest that chronic drug treatment induced locomotor
sensitization, without environmental conditioning. It is proposed that
by virtue of minimizing novelty reactions and facilitating development
of path stereotypy, familiarity with environment may account for
environment-dependent sensitization, unrelated to
Pavlovian
associative learning of environmental (spatial) cues.

CATECHOLAMINES II
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340.6
DIFFERENCES IN CATECHOLAMINE AND INDOLEAMINE CONTENT OF
THE BRAINS OF RATS SELECTIVELY BRED FOR SWIM TEST ACTIVITY.
R.W. Bonsall*. P.M. McCurdy, C.H.K. West and J.M. Weiss, Laboratory of
Behavioral Neuroscience and Neuroimmunology, Department of Psychiatry, Emory
University School of Medicine, Atlanta, GA 30306.
In an attempt to develop animal models of affective disorders, rats have been
selectively bred for high (SwHi) or low (SwLo) motor activity in a swim test; in the
15th generation, SwHi's now spend considerably more time struggling and less time
floating than do SwLo's. To investigate the possible neurochemical basis of this
difference, turnover of monoamines in the brains of these subjects was measured.
Assessment was made in male SwHi's, SwLo's, and animals bred non-selectively
(NS) from the base stock. Measures were taken (a) after removal from the home
cage (unstressed), (b) 45 min after spontaneous activity in a novel environment, and
45 minutes after a swim test that was given either (c) once or (d) twice as in the
standard Porsolt procedure (N=8 for each line in each test condition). Brains were
dissected into seven regions (locus ceruleus, hypothalamus, parabrachial nucleus,
hippocampus, prefrontal cortex, nucleus accumbens and striatum). Brain regions
were homogenized and analyzed by high performance liquid chromatography with
electrochemical detection for total content of 5-HT, 5-HIAA, norepinephrine,
MHPG, dopamine, DOPAC and HVA. The major effects were: (1) all three lines
showed evidence of neurochemical activation (i.e. increased monoamine turnover) to
the three "stress" conditions; (2) SwLo's, in comparison to both SwHi's and NS's,
showed a significantly lower content of indoles, DOPAC and HVA in most brain
regions; (3) SwHi's, which showed fewer differences from NS's than did SwLo's,
had significantly less protein in hippocampus and prefrontal cortex than did either
NS's or SwLo's.
Supported by the Stanley Foundation of the National Alliance for the Mentally 111.

340.7

340.8

LACK OF SENSITIZATION TO THE LOCOMOTOR EFFECTS OF DIRECT
D-l DOPAMINE RECEPTOR AGONISTS IN RATS HAVING BEEN
PREEXPOSED TO AMPHETAMINE. M. Perugini* and P. Vezina. Department
of Psychiatry, University of Chicago, Chicago, IL 60637.
Two experiments assessed the possibility that supersensitivity of D-l dopamine
(DA) receptors in the nucleus accumbens (N.Acc.) may contribute to sensitization
of the locomotor activating effects of amphetamine (Henry and White, JPET,
1991, 258, 882-890). In the first, rats received five injections of d-amphetamine
(1.5 mg/kg, i.p.) or saline, one injection every third day. On a subsequent test,
seven to ten days following the last injection, all animals were administered the
full D-l DA receptor agonist, SKF-82958 (1.0 mg/kg, s.c.). While this agonist
increased locomotion, it did so equally in both groups. In the second experiment,
rats received three injections of amphetamine (2.5 pg/0.5 yll side) or saline into
the ventral tegmental area (VTA), again one injection every third day. On a
subsequent test, seven to ten days following the last injection, all animals received
an injection of SKF-82958 (1.0 pg/0.5 pl/side) into the nucleus accumbens
(N.Acc.). This agonist again increased locomotion to the same extent in both
groups. Similar results were obtained in separate animals preexposed to intra-VTA
injections of amphetamine or saline and tested with an intra-N.Acc. injection of
another D-l DA receptor agonist, SKF-38393 (1.0 pg/0.5 pl/side). Thus, while
the drug preexposure regimens above have been shown to produce sensitization
to the locomotor and DA activating effects of amphetamine, they failed to produce
a sensitized locomotor response to D-l DA receptor agonists. These results argue
against a direct role for D-l DA receptor supersensitivity in behavioral
sensitization to psychomotor stimulants. It remains, however, that upregulated D-l
DA receptors may provide enhanced enabling of D-2 DA receptor mediated
behaviors. This possibility is presently being assessed.

AN ANIMAL MODEL OF SCHIZOPHRENIA BASED ON MULIVARAITE
ANALYSIS OF MONOAMINERGIC BIOCHEMISTRY AND BEHAVIOUR
N. Waters*A.Carlsson and L.Hansson
Dept. of Pharmacology, Medincinaregatan 7, 413 90 Goteborg, Sweden
In a study of post-mortal human brain tissue we found profound differences in brain
biochemistry between controls and schizophrenics (1). One of the two biochemical
subtypes found could be explained by a deficiency in glutamatergic input to the basal
ganglia (2). These findings have led to the exploration of the possibility to create
similar biochemical and behavioral aberrations in the rat. To accomplish this, we
investigated the relation between monoaminergic biochemistry and psychomotor
activity in non treated rats and in rats treated with different glutamate receptor
antagonists. On the basis of the post-mortem monoaminergic biochemistry evaluated
by a PLS regression model (^^=0.45, p<0.01) > 80% of the variance in locomotor
activity could be explained in the non treated rats. The variables with the highest
influence on the regression turned out to be DA and 5-HIAA. A similar investigation
was performed with MK801 (0.1, 0.4, 0.7, 1.1 mg/kg s.c.). Also here the individual
activities could be explained by variations in individual monoaminergic activity
(r^cv=0.7, p<0.01) where >80% of the variance in the locomotor activity was
explained. In this experiment the striatal and limbic levels of DA and 5-HIAA are the
most important factors for the description of locomotor activity. However, their
influence on the regression model is opposite as compared to the model of non treated
animals. Thus in MK801 treated rats the biochemistry has inverted. The biochemical
aberrations in MK801 treated rats show similarities to those found in the paranoid
schizophrenics (1).
(1)L.Hansson,N. Waters, B. Winblab, C. G. Gottfrtfr end Td. Carlsson(l994)Evidence
for Biochemical Heterogeneity in Schizophrenia: A Multivariate Study of
Monoaminergic Indices in Human Post-mortal Brain Tissue . JNT (ia press)
^Cad^os M, C aCaros A (1 999) Int^u^rrri^no betweee nl utamatergic and
moaoamiaergic systems within the basal ganglia - implications for schizophrenia aad
Parkinson's disease. TINS 13: 272-276

340.9
EFFECT OF URIDINE ON DISRUPTION OF CONDITIONED
AVOIDANCE RESPONDING INDUCED BY TRADITIONAL
AND ATYPICAL ANTIPSYCHOTICS. C. S. Mvers*. H.
Fisher and G. C. Wagner, Dept. of Psychology,
Rutgers University, New Brunswick, NJ 08903.

In clinical trials coadministration of uridine with
haloperidol allowed for reduction in antipsychotic dose,
thus
reducing
extrapyramidal
side
effects
in
schizophrenic patients.
We examined this effect in a
model of extrapyramidal side effects,
conditioned
avoidance responding (CAR), using male Sprague-Dawley
rats.
Uridine itself (dose range 16 - 128 mg/kg, IP)
did not alter performance, but acute and chronic uridine
(32 mg/kg) coadministered with haloperidol (dose range
0.05
0.4 mg/kg,
IP)
significantly potentiated
haloperidol-induced disruption of shock avoidance and
avoidance latency. In rats receiving chronic (28 days)
haloperidol (0.1 mg/kg, IP) with or without chronic
uridine
(32
mg/kg,
IP) ,
uridine-treated animals
consistently made fewer avoidances, and avoidance
latency was significantly increased. Finally, atypical
antipsychotics clozapine (8.0 - 32.0 mg/kg, IP) and
risperidone (0.4 - 1.6 mg/kg, IP) disrupted CAR, an
effect that was not potentiated by coadministration of
uridine. In conclusion, the observed therapeutic effect
of uridine with haloperidol must be mediated by
dopaminergic
systems
other
than
nigrostriatal
projections.
Therefore, the differential effect of
uridine on traditional vs. atypical antipsychotics
observed in CAR will be assessed using a Latent
Inhibition paradigm.
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340.10
REGIONAL MEASUREMENT OF IN VIVO STIMULATED NUCLEUS
ACCUMBENS DOPAMINE EFFLUX IN REALTIME WITH CARBONFIBRE FAST CYCLIC VOLTAMMETRY.
J.E.G. Williams*. Department of Psychology, Eastern Illinois University,
Charleston, IL 61920.
Extracellular levels of dopamine (DA) are increased in the nucleus
(NAcc) by electrical stimulation of the ventral tegmental area. Fast cyclic
voltammetry (FCV) at carbon fibre electrodes measured the effect of electrically
stimulated NAcc DA efflux in anesthetized Wistar rats with a time resolution of
less than 1 sec. Single carbon fibre glass microelectrodes (exposed tip 7pm dia.;
length 30-40 pm) were implanted into the NAcc, aad bipolar wire stimulating
electrodes implanted into the ventral tegmental area (VTA). Prior to implant,
FCV electrodes were elecbodhemically calibrated in vitro with 1 pmol DA
relative to a Ag/AgCl reference electrode, in 0.1 Molar phosphate buffered 0.9%
w/v NaCl solution, pH 7.4. The FCV potential consisted of a 1.5 cycle, 100 Hz
triangular ramp scanning between -1.0 and +1.4V relative to the Ag/AgCl
reference with a scan rate of 480 Vs-1 applied at 4 Hz. Between scans the
potential was maintained at 0V. Signals were fed into a Nicolet 310 storage
oscilloscope, sm C measurement made from hard copies of signals. VTA
stimulation was presented using a constant current stimulator. FCV signals were
recorded from multiple electrode tracts located at selected A-P, LAT, sm C D-V mm
distances from the point of maximal FCV signalled release. Results show that
focal 50Hz/100pA/0.5-L0 sec electrical stimulation of VTA elicits decrementa
amounts of DA efflux with iacrea^ distance from the maximal efflux point for
that single VTA stimulation location. Therefore, this FCV technique is useful
for functional mapping of real-time aeurochemical events.
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340.11
EFFECTS OF HALOPERIDOL ON HIPPOCAMPAL ACTIVITY DURING
RABBIT CLASSICAL EYEBLINK CONDITIONING. L. L. Sears*
. and J.E. Steinmetz.
Department of Pediatrics,
University of Louisville *, Louisville KY 40202.
Program in Neural Science and Department of
Psychology, Indiana University, Bloomington, IN 47405.
Haloperidol administration has previously been
shown to affect rabbit classical eyeblink conditioning
and cerebellar activity essential to the learned
response (Sears & Steinmetz, Pharm., Bio., & Beh..
36:821, 1990).
Because behavioral and neural effects
were seen with a low intensity but not a high
intensity tone conditioned stimulus (CS), haloperidol
appeared to alter sensory processing of the CS.
To further study haloperidol effects, eleven
rabbits were trained with a 348-ms tone of varying
intensities (75 dB to 95 dB) coterminating with a 99ms air puff to the eye. After reaching learning
criteria, rabbits were injected on alternate sessions
with either haloperidol (250 ug/kg) or saline.
Haloperidol, but not saline, disrupted behavioral
responding and hippocampal activity at low but not
high CS tone intensities. In contrast to its effects
on the cerebellum, haloperidol did not affect
hippocampal activity occurring after the unconditioned
stimulus (US). During classical conditioning, the
hippocampus may be coding additional features of the
conditioning stimuli compared to the cerebellum.
Haloperidol may affect hippocampal processing of the
CS but not neural activity coding US presentation.

TUESDAY PM
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340.12

FUNCTIONAL EVIDENCE FOR AN INFLUENCE OF THE
HABENULA
ON
DOPAMINERGICALLY
CHALLENGED
BEHAVIORS.
A.P. Wickens*. E.W. Thornton and F.
Haun+. (SPON: Brain Research Association). Dept.
Psychol. Univ. of Liverpool, Liverpool, UK. *Med.
Coll. Pennsylvania, Philadelphia, PA.
The significance of the habenula for dopamine
mediated behaviors has been largely inferred from
physiological and anatomical data. The first
study
examined
the
cataleptic
effects
of
haloperidol (0.5, 1.0, 2.0 mg/kg (ip), 90 min.
post injection. Habenular lesions rats were less
cataleptic than sham-operated controls at higher
drug doses.
The
sensitization to chronic
haloperidol injection of 1 mg/kg/day over 6 days,
assessed following an injection of the same dose
in a single test session of 360 min., eliminated
the lesion effect.
In a second study, rats with
unilateral lesions of the habenula were injected
3 days postsurgery with 2 mg/kg apomorphine (sc)
and placed in a rotometer for 60 min.
Lesions
produced no postural asymmetry but apomorphine
induced extensive contralateral circling.
The
effects were consistent over 4 periods of testing
at seven day intervals.
The studies support a
role for the habenula in modulating behaviors
effected by dopaminergic challenge.

340.13

340.14

LONGTERM EFFECTS OF NEONATAL HIPPOCAMPAL AND MEDIAL
PREFRONTAL CORTEX LESIONS IN THE RAT. C . L. Schaub*. M.C. Schmelzeis
and G. Mittleman. Dept, of Psychology, University of Memphis, Memphis, TN
38152.
Schizophrenics exhibit structural brain changes in the hippocampus and frontal
cortex that are thought to be perinatal in origin. Associated with this brain damage
they also commonly show a heightened behavioral response to psychostimulants such
as amphetamine. The relationship between the brain damage and behavior are
unknown. In order to investigate this relationship as well as its developmental time
course, we examined the longterm effects of neonatal hippocampal and medial
prefrontal cortex damage in rats.
Twenty one day old, male rats received either a neurotoxic lesion of the
hippocampus, an aspirative lesion of medial prefrontal cortex, lesions of both
structures, or served as unoperated controls. Animals were tested for amphetamine
induced locomotion and stereotypy (doses 0.0, 10, and 3.2 mg/kg) at 6, 10, 14, 18,
22, and 34 weeks following surgery. Following completion of amphetamine testing,
locomotion and stereotypy were tested in response to the D1 and D2 specific agonists
SKF 38393 (doses 0.0, 5.0, and 15.0 mg/kg) and quinpirole (doses 0.0 and 0.1),
alone and in combination. Rats with hippocampal and combination lesions showed
an enhanced locomotor response to 1.0 mg/kg of amphetamine that remained
constant across the six test sessions. Additionally, these animals showed an
enhanced locomotor response to 3.2 mg/kg of amphetamine at 6 weeks that
decreased across the test sessions as stereotyped behavior increased. Combination
lesioned animals showed an increase in locomotion in response to quinpirole alone
and in combination with 5.0 mg/kg of SKF; hippocampal lesioned showed an
increase in locomotion only to the combination of quinpirole and SKF. Lesions of
the medial prefrontal cortex had only minor effects on drug induced locomotion and
stereotypy. Results are discussed in relation to changes in dopamine transmission in
the nucleus accumbens and caudate putamen and in terms of the development of
schizophrenia.

MEDIATION OF CATALEPSY BY D1 AND D2 DOPAMINE (DA)
RECEPTORS. B.S. Neal-Beliveau*. J.N, Joyce and I. Lucki. Dept. of Psychology,
Purdue School of Science, IUPUI, Indianapolis, IN 46202 and Depts. of Psychiatry and
Pharmacology, Univ. of Pennsylvania School of Medicine, Philadelphia, PA 19104.
Although coactivation of D1 and D2 receptors are needed for the normal expression of
a wide range of behaviors, D1 and D2 receptors are capable of interacting in either a
facilitatory or an inhibitory fashion. DA receptor blockade by either the D1 antagonist
SCH2339O (SCH) or the D2 antagonist haloperidol (HAL) produces catalepsy in rats.
The aim of this study was to discriminate the relative contribution of DA receptor
subtypes to cataleptic behavior by comparing the ability of various DA agonists to
reverse catalepsy produced by SCH or HAL. We also determined if the receptor agonists
altered SCH- ami HAL-induced catalepsy in a competitive or noncompetitive manner.
Cataleptic responses were measured in male, Sprague-Dawley rats as the latency for
removal of their forepaws from a stationary bar (11 cm high) following an injection (2
mg/kg, s.c.) of SCH or HAL. The indirect agonist d-amphetamine (>1.8 mg/kg) caused
a fairly rapid and complete reversal of SCH-induced catalepsy, but only a partial and
delayed reversal of HAL-induced catalepsy. The mixed Dl/D2 agonist apomorphine
(APO) was about 30-fold more potent in reversing SCH-induced catalepsy (complete
reversal with 0.1 mg/kg), as compared to HAL-induced catalepsy (partial reversal with
3.2 mg/kg). The D2 agonist quinpirole (QUIN) was 10-fold more potent in reversing
SCH-induced catalepsy (complete reversal with 0.32 mg/kg), as compared to HALinduced catalepsy (partial reversal with 3.2 mg/kg). The D1 partial agonist SKF38393
(1-32 mg/kg) did not reverse either SCH- or HAL-induced catalepsy, nor did its
coadministration with QUIN alter the anticataleptic effects of QUIN. However, the D1
full agonist SKF82958 (0.32-3.2 mg/kg) did reverse SCH-induced catalepsy. QUIN and
APO reversed HAL-induced catalepsy in a competitive manner by producing a parallel
shift to the right of the HAL dose-effect curve. Similar mechanistic studies are
currently underway with SCH-induced catalepsy. These studies should help to elucidate
the mechanism by which a D1 receptor antagonist induces catalepsy, and give us further
insights into Dl/D2 receptor interactions. (Supported by USPHS grant GM 34781.)

340.15

340.16

EFFECT OF DOPAMINERGIC DRUGS AND 6-OHDA LESIONS ON
REACTION TIME RESPONDING IN THE RAT. X. Liu. R.E. Strecker*.
andJ-Biener. Depts of Psychol. & Psychiatry, SUNY, Stony Brook, NY.
A comprehensive sensorimotor test was devised to measure the
effects of neurological impairment in rats. In a modified operant box,
levers were replaced by sensitive force transducers which permitted the
measurement of the force characteristics of each operant response, as
well as reaction times (RT) and the sequential organization of behavior.
On each session hungry rats were required to hold down the central
beam for a 2s period following which a light was illuminated over either
a left or right beam. Reward (sugar water) could be earned by releasing
the central beam and, with a latency of less than Is, pressing the beam
signaled by the light with a criterion force. A low force criterion (<3g)
was applied on the left beam and a high force (>5Og) on the right beam.
As a first step toward addressing the role of dopaminergic (DA)
mechanisms and the basal ganglia in motor performance, rats were
injected with DA drugs prior to testing.~Low doses of apomorphine
(apo) are known to produce decreased DA function via selective action
on DA autoreceptors. Low doses of apo (.01, .03, .1 mg/kg, sc)
produced dose dependent increases in RT, suggestive of the movement
initiation impairment characteristic of Parkinson's disease. However,
force production was not affected by apo doses of less than 0.1 mg /kg,
indicating that RT was the most sensitive measure to low doses of apo.
The results of similar experiments conducted using haloperidol and
amphetamine are currently being analyzed and will be reported. Finally,
the effect of bilateral partial lesions of the substantia nigra DA neurons
on motor performance in this task will be presented.

VOLTAMMETRY IN FREELY MOVING RATS: NOVELTY-DEPENDENT
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INCREASES IN ACCUMBAL DOPAC. G.V. Rebec*. C. P. Grabner. R.C.
Pierce, and M.T. Bardo. Program in Neural Science and Dept. of

Psychology, Indiana University. Bloomington, IN 47405 and Dept.

Psychology. University of Kentucky, Lexington, KY 40506.

Voltammetry with electrochemically pretreated carbon fibers

provides a distinct signal for catechols, which in the nucleus
accumbens primarily reflects DOPAC, a major dopamine metabolite.
We used this technique to assess possible sub-second changes in
accumbal dopamine transmission in

environment.

rats exposed to a

novel

Following habituation to one compartment of a

behavioral chamber, rats were allowed to explore an adjacent novel
compartment when the partition was removed.

All rats either peered

into or entered the novel compartment. These behaviors occurred in

close temporal association with a marked (more than 70%), but

short-lived (less than 1 min) rise in the DOPAC signal above the
habituated baseline

level.

Random

motor activity in

either

compartment failed to alter DOPAC, arguing against a simple motordependent effect.

Our results both add to growing evidence for the

involvement of mesolimbic dopamine in novelty-seeking behavior
and highlight the value of voltammetric techniques in elucidating this

role.
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DOPAMINERGIC INPUTS TO AROMATASE-CONTAINING AREAS IN THE
QUAIL BRAIN IDENTIFIED BY DOUBLE LABEL IMMUNOCYTOCHEMISTRY
AND RETROGRADE TRACING. P. Absil*. A. Foidart. C. Surlemont and J.
Balthazart. Lab. Biochemistry, Univ. Lifege, B-4020 Lifege, Belgium.
In the quail brain, aromatase-immunoreactive (ARO-ir) cells are clustered in 4 main
regions: the sexually dimorphic medial preoptic nucleus (POM), the nucleus
accumbens-nucleus striae terminalis complex (Ac-nST), the ventromedial and the
tuberal hypothalamus. Each of these areas receives dopaminergic inputs as identified
by tyrosine hydroxylase-immunoreactive (TH-ir) fibers and punctate structures. The
anatomical relationships between ARO-ir cells and TH-ir terminals was studied by
double label immunocytochemistry using a rabbit polyclonal aromatase antibody
(PAP technique, brown chromogen) and a monoclonal TH antibody (biotinstreptavidin-alkaline phosphatase technique, blue chromogen). TH-ir fibers and
punctate structures were found in close association with ARO-ir perikarya suggesting
the presence of a functional dopaminergic innervation. These associations were
particularly prominent in the Ac-nST complex where TH-ir structures completely
surrounded some of the ARO-ir cells (basket-like ring structures). The anatomical
origin of these TH inputs was analyzed with the use of the retrograde tracer, cholera
toxin B subunit (Ct B). Small volumes (50-100 nl) of CTB (2.5 mg/ml) were
stereotaxically injected through glass micropipettes into the POM and Ac-nST of adult
male quail with a 0.5 pl Hamilton syringe (injection time 5-15 min). Two days later,
birds were perfused and their brains serially sectioned. All sections were labelled for
CTB with a primary polyclonal goat antibody (biotin-streptavidin-HRP technique,
brown chromogen) and some of them were double-stained for TH as described above.
A strong accumulation of CTB-immunoreactive material was found in the perikarya of
many cell clusters in anatomically discrete positions. Many of these retrogradely
labelled cells were located in well-described dopaminergic areas such as the region
located at the rostro-ventral pole of the locus ceruleus (homolog of A8 group), the
nucleus tegmenti pedunculo-pontinus, pars compacta (A9), and the area ventralis of
Tsai (A 10). These data confirm the existence of TH-ARO relationships that have been
previously suggested by behavioral, physiological and pharmacological studies.

CHANGES IN DOPAMINE CONCENTRATIONS IN DISCRETE BRAIN
REGIONS AS A CONSEQUENCE OF SEXUAL BEHAVIOR AND
FLUOXETINE TREATMENT IN MALE RATS. M. Nakamura. D. Yells.
D. Jacques, and S. Hendricks* Dept, of Psychology, Univ. Neb. Omaha and
Dept. of Psychiatry, Univ. Neb. Med. Cntr., Omaha, NE 68182.
We applied HPLC analysis for dopamine (DA) and the DA metabolite
dihydroxyphenyl-acetic acid (DOPAC) to discrete brain regions micropunched
from male rats. Rats were decapitated immediately after they had engaged
in various components of sexual behavior or had engaged in forced running
wheel activity, or had simply spent an equivalent period in the testing
chamber. Further, we evaluated the effects of the 5-HT uptake inhibitor
fluoxetine (10 mg/kg) on levels of DA and DOPAC in rats that had just
engaged in sexual behavior and in controls. Brain regions assessed included
olfactory bulbs, cerebellum, putamen, nucleus accumbens, caudate nucleus,
hippocampus, cerebral cortex, and preoptic area. The most striking effects
observed were with respect to DA levels in the nucleus accumbens. Rats
sacrificed immediately after ejaculation had DA concentrations in accumbens
reduced by more than half. DOPAC concentrations in accumbens tissue
punches were also reduced in these rats. Fluoxetine administration also
reduced DA and DOPAC concentrations in accumbens and these effects were
additive with the effects of copulation. Neither sexual behavior nor fluoxetine
altered DA or DOPAC concentrations in the other brain regions studied. We
are presently evaluating rats sacrificed after the post-ejaculatory interval
following their first ejaculations. We predict that these rats will exhibit
recovered DA levels in accumbens. Such findings would suggest that changes
in DA levels in accumbens are associated with readiness to engage in sexual
behavior. Alterations in DA availability in accumbens may also be one
mechanism by which pharmacological manipulations alter this readiness.
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341.1

341.2

EFFECTS OF INTRA-ACCUMBENS DOPAMINE D-3
RECEPTOR AGONISTS, 7-OH-DPAT, ON LOCOMOTOR
ACTIVITY IN THE RAT.
M.E. Mever*. Dept,
of Psych. Univ. of Florida, Gainesville, FL
32611
The effect of bilateral microinjections of
a dopamine D-3 agonist, 7-OH-DPAT (0.00,
0.0001, 0.001, 0.01, 0.1, 1.0, 10.0 pg/side)
was tested in rats for 12’0 min in activity
monitors. The horizontal distance (in cm)
was measured during 12 consecutive 10 min
time blocks. 7-OH-DPAT (0.001-10pg/side)
resulted in a monotonic activation curve.
These data support the hypothesis that the
D-3 receptor has an affinity for dopamine
at the nanomolar level. However, at lO.Opg/
side, 7-OH-DPAT resulted in a biphasic effect,
inhibition followed by activation. These
behavioral data question the hypothesis that
the D-3 receptors are autoreceptors.

Di RECEPTORS, CAMP SYNTHESIS, AND THE AMPHETAMINE
DISCRIMINATIVE STIMULUS. D .M. Black. C . P. Lawler! O .P. Walker! V.J.
Watts! D.E. Nichols2* and R.B. Mailman! University of North C^olin^1, Chapel
Hill, NC 27599, and Purdue University2, W. Lafayette, IN. 47907.
Previous research has indicated that the discriminative stimulus properties of
amphetamine (AMPH) are mediated primarily by D2 dopamine receptors. This
conclusion is based largely on the finding that Dx but not Di, agonists substitute for
the AMPH cue. Two findings suggest, however, that Di receptor stimulation may play
a role in the stimulus effects oiAMPH. (1) The Dj antagonist SCH2339O can block
the AMPH cue, and (2) the partial Dj agonist SKF38393 can augment the effects of a
low dose of AMPH. The present study explored the role of Dj receptors in the
potentiation of the AMPH discriminative stimulus. We hypothesized that (1) the
extent of Dt agonist potentiation of the AMPH cue would be related to agonist
efficacy at stimulating adenylate cyclase, and that (2) the administration of the
phosphodiesterase inhibitor rolipram would mimic the effects of D] agonists in this
paradigm. Rats were trained to discriminate 1.0 mg/kg d-amphetamine from saline.
Consistent with previous reports, the D2-selective agonists quinpirole and (-)-NPA
substituted completely for AMPH. The D2 antagonist remoxipride (2.0 mg/kg)
blocked the AMPH cue. The full Dj agonists dihydrexidine (DHX; 2.0 mg/kg) and
A6895O (0.5 mg/kg), and the partial agonist SKF38393 (8.0 mg/kg), gave vehicle
responses. Finally, the Di antagonist SCH2339O (0.1 pg/kg) attenuated the AMPH
cue. Contrary to our predictions, however, both partial and full Dt agonists produced
a similar maximal potentiation of the effects of a low dose of AMPH (0.5 mg/kg).
Moreover, rolipram (15 pg/kg and 30 pg/kg) alone did not substitute for the AMPH
cue, and had no consistent effect when coadministered with the low dose of
amphetamine. Taken together with previous findings, the present data confirm a role
for Di receptors in AMPH discriminative stimulus effects. These data suggest that a
D] signal transduction mechanism other than cAMP synthesis may be of primary
importance in the Dj effects involved in the AMPH cue. It is also possible that our
unexpected results were a consequence of adaptations in Dt receptors (e.g.,
desensitization) produced by prolonged administration ofAMPH.

341.3

341.4

SHOCK-INDUCED AGGRESSION IN MICE AND THE ROLE OF
CATECHOLAMINES. N.F.Nichols* and P.J.K.D, Schreur. CNS
Diseases Research, The Upjohn Company, Kalamazoo, MI 49001.
The early pharmacotherapies for treating anxiety focused on
benzodiazepine receptors, and animal models were developed around
this system. Although there is much accumulation of data on the
role of benzodiazepines in animal models of stress and anxiety, the
role of other transmitters and mechanisms is less clearly understood. The mouse shock-induced aggression (S-A) model is sensitive
to both benzodiazepine and serotonin "anxiolytics", and will be used
to try to elucidate the role that catecholamines may play in the
processing of stressful stimuli by mice. Dopamine has recently been
reported to affect stress via several distinct brain regions, including
the mesoamygdaloid complex (M.L.Coco et a!.. Brain Res. 11:39-47,
1992), and the prefrontal cortex (A.Y.Deutch et al.. Cereb. Cortex
l(4):273-292, 1991). Data generated by the S-A test and reported
herein indicate that dopamine involvement in stress processing is
not specific to any transmitter or receptor, as pretreatment of mice
with a-methyl-para-tyrosine (a-MPT) potentiates the anti-aggression
effects of the 5-HT1A agonist (+)-8-OH-DPAT, the benzodiazepine
agonist diazepam, and the 5-HTM/norepinephrine (NE) uptake
inhibitor clomipramine. The dopamine uptake inhibitor, nomifensine, caused significant "anxiogenic" activity in this assay. Additionally, maprotiline, a selective norepinephrine uptake inhibitor,
showed significant "anxiolytic" activity in this test.

A LOCOMOTOR COMPARISON OF A D2-PREFERRING
(U-91356A) AND A D3-PREFERRING (PRAMIPEXOLE) AGONIST
IN MICE AND RATS. P.J.KD. Schreur* and N.F.Nichols. CNS
Diseases Research, The Upjohn Company, Kalamazoo, MI 49001.
Relative affinities of dopamine agonists have been measured with
membranes from cloned cell lines expressing DI, D2, D3, or D4
receptors (Hyslop et al., Neurosci. Abs. 19: 80, 1993) for U-91356A
(D2), pramipexole (D3), quinpirole (D2, D3, D4), and apomorphine
(DI, D2, D3, D4). Dopamine (D2, D3) receptor-induced stimulation
of mitogenesis was also used to classify receptor subtypes (Lajiness
et al., JPET 267(3): 1573-1581, 1993; Chio et al., Molec. Pharmacol.
45: 51-60, 1994). Intrinsic activity was estimated (Lahti et al.,
Molec. Pharmacol. 42:432,1992) by binding to high and low affinity
states of the D2 receptor.
Four high intrinsic activity (>70%) dopamine agonists (U-91356A,
apomorphine, quinpirole, and pramipexole), plus 7-OH-DPAT
(another D3 preferring agonist), stimulated post-synaptic receptors,
as demonstrated by increasing locomotor activity (LMA) in reserpinized mice (Omnitech Digiscan monitors). In the rat 6-OH-dopamine
turning model for Parkinson’s disease (unilateral lesions of the
substantia nigra), U-91356A, pramipexole, apomorphine, and
quinpirole all caused contralateral turning. In conclusion, the
preference for D2 or D3 receptor subtype has a modest effect on
potency on LMA in reserpinized mice or turning in nigral-lesioned
rats.
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341.5

341.6

A BEHAVIORAL ANALYSIS OF DOPAMINE D1 RECEPTOR
FUNCTION IN YOUNG AND MIDDLE AGED C57 MICE. L.D,
Middauah*. P. Paradzinski. and R. Banik. Dept. of Psychiatry,
Medical University of South Carolina, Charleston, SC 29425.
SKF82958 (SKF), a D1 agonist, effects on motor activity,
and SKF discrimination were assessed in 6 young (Y, 5 mo)
and 6 middle-aged (MA, 12 mo) male mice.
SKF (0.10
mg/Kg) elevated activity of Y and MA mice to about the same
extent over a 20-min test beginning 5 min after injection.
However, in contrast to the rather constant extent of activity
elevation across 5-min intervals of testing for Y mice (7090%), for MA mice the drug had no effect at early time
periods but a more extensive increase during the last two 5min intervals (125-215%). The acquisition of SKF discrimination (0.005 mg/Kg) also differed according to age with 6/6 Y
and only 2/6 MA mice reaching a set discrimination criterion
in 50 days of testing. Generalization tests on Y mice indicated that SKF discrimination 1) was blocked by the D1 antagonist, SCH2339O, 2) generalized to SKF doses down to
0.00125 mg/Kg and to the partial agonist, SKF38393 (7.09.0 mg/Kg); aad 3) did not ggneralize to thh D2 aaonist,
quinpirole. The reduction in SKF d'iscriminabilihy for MA mice
is consistent with a reduction in D1 receptors; however, its
effect on motor activity at high doses appears to be enhanced
in MA mice (DA-08034).

HALOPERIDOL REDUCES THE SENSORIMOTOR GATING
DEFICIT THAT IS INDUCED BY DOPAMINE DEPLETION
IN THE MEDIAL PREFRONTAL CORTEX OF RATS. M,
Bubser*1 and M. Koch2.1 Dept. Neuropharmacology and2 Animal
Physiology, University of Tubingen, Tubingen^ Germany
In a previous study we have demonstrated that dopamine (DA)
depletion in the medial prefrontal cortex (PFC) of rats impairs
prepulse inhibition (PPI) of the acoustic startle response in a
similar fashion as a stimulation of subcortical DA receptors does.
The present study was designed to test the hypothesis that this PPI
deficit is due to a disinhibition of subcortical DA systems. After
testing the rats preoperatively for PPI, the neurotoxin
6-hydro;xydopamine was injected into the PFC of rats that had been
pretreated with desipramine or bupropion to protect noradrenaline
(NA) and DA-contaming terminals, respectively. Only lesioned rats
with preferential DA depletion in the PFC but neither rats with
preferential NA depletion nor controls exhibited a significant
reduction of PPI under drug-free conditions (no injection or saline
(1 ml/kg i.p.). Systemic administration of the DA antagonist
haloperidol (0.05 mg/kg i.p.) did not affect PPI of controls and
NA-depleted rats but antagonized the PPI deficit of DA-depleted
rats. These data confirm that prefrontal DA exerts an inhibitory
control over subcortical DA systems mediating PPI. As PPI is
impaired in neuropsychiatric disorders, especially in schizophrenia,
it is concluded that a hypofunction of the mesocortical DA system
may contribute to the clinical symptoms of schizophrenic patients.
Supported by the DFG (Sf B 307/C2/A4).
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L-DOPS FACILITATED MOTOR RECOVERY IN RAT MODEL AND CHRONIC
STROKE PATIENTS K.NlshlnQ* M.Kowada. T.lto Dept of Neurosurgery, Akita
University & Kakunodate Gnonral Hosplitti , Akita, Japan
Central onrepidnphrion Is considered to be a critical role in amphetamioe-facllitatnd
motor recnvnay. in this study, we dntnamiond whether a
precursor, L-2OPS(3,4dilhydlroxyphnoytsnrinn) facilitated motor recovery in rats model
and chronic stroke patients. Male Sprague-Dawiey rats(10-13 w) were trained beam
walk^g(BW) behavior and were subjected to right seosnrimotna cortex ablation Injury
during pnotobaabituaate aonsthnsia(5Omo/Kg, ip). L-DOPS (4O(Ogg/Kg) and
beosnaaeidn(BSZ, 2mg/Kg), a peripheral decarboxylase inhibitor, were administered in
iotrapeatnonal cav1ty(N-10) and BW recovery were evaluated at 0.5,1,2, 3,6, 24
hours, then every other day until 14 day after the administration as compared to
control administered either vehlcte(O.5% mnthyicnHutose) (N-8) or BSZ(2mg/Kg)
(N-5). In next experiment where nine animals were prepared, five animals were
administered both L-DOPS (4OO^fl/Kg) and BSZ (2m^g) and the rest of animals
were administered vehicles. 30 minutes after the administaaatino, all animals were
decapitated under 2 % halothairo anesthesia. The ce-ebra cortices, hippocampi,
and cerebetia were dissected from the brains for measurement of NE levels. Data
showed L-DOPS and BSZ siooifl^cadtiy stimulated BW recovery 24 hours after
administration as compared to vehicle- or BSZ-treated control. NE levels decreased
Io cerebral cortex, hippocampus, and arebxfHum in both the injured and the
cnotaalateaal hemispheres as compared to normal controls, white L-DOPS treatment
Improved such a reduction in NE levels of three brain reoioos. Subsequently, we
evaluated Fugl-Meyer motor score (FMS) and Narabayashfe psychological
Oaadiog (NG) before and after routine rehabilitatino with or without administration of
3OOmg of L-DOPS for 2 days on motor recovery in 27 chronic onurologica^y stable
stroke patents. Improvement in FMS and NG were signif^jant^^ higher in L-DOPStreated-group than control (t-test; p<0.005, p<0.025). We concluded that L-DOPS
employed to stimulate motor recovery and improve motivation in stroke patients.

GENETIC MAPPING OF QUANTITATIVE TRAIT LOCI THAT
INFLUENCE SENSITIVITY AND NEUROADAPTATION TO
QUINPIROLE. K.J. Buck*. S. Mitchell and J.C. Crabbe. Department
of Medical Psychology, Oregon Health Sciences University and
VAMC, Portland, OR 97201-3098, USA.
The location or function of the genes underlying genetic variability
in the initial sensitivity of dopaminergic pathways or neuroadaptation
underlying drug tolerance or sensitization remain to be established. We
used a two-step approach in crosses between the C57BL/6J and
DBA/2J inbred strains to identify loci influencing initial sensitivity and
tolerance to quinpirole, a selective agonist at dopamine D2 receptors
and related receptor subtypes. A panel of twenty-four C57BL/6J x
DBA/2J recombinant inbred mouse strains were assessed for locomotor
activity, quinpirole-induced locomotor activation and hypothermia, and
tolerance to quinpirole-related hypothermia. Correlation of the strain
means for each phenotype with the allelic distributions of more than
800 mapped genetic markers identified provisional quantative trait loci
on several chromosomes including 9 (near drd2 encoding the dopamine
D2 receptor), 13 (near dat-l encoding the dopamine transporter), 5
(near drd.5, the dopamine D5 receptor gene) and 7 (near drd4, the
dopamine D4 receptor gene). Subsequently, confirmation of selected
loci was sought in an F2 intercross using PCR (polymerase chain
reaction) based markers that are closely linked to candidate genes. To
date, we have confirmed linkage between a quantative trait locus (QTL)
influencing initial sensitivity to the hypothermic effects of quinpirole
and D9Mit4 (linked to drd2), and an association between basal
locomotor activity and Dl3Mitl3 (linked to dat-1). Supported by
AA8621, DA05228, AA07468 and the Department of Veterans Affairs.

341.9
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DORSAL STRIATUM AND AFFECTIVE PERCEPTION : INVOLVEMENT OF
DOPAMINERGIC NEURONS. A. Louilot* and C. Besson. INSERM U. 259 University de Bordeaux II - Domaine de Carreire - 33077 Bordeaux Cedex - France.
In a previous study we demonstrated that the responses of mesolimbic
dopaminergic (DAergic) neurons were opposite in the core part of the nucleus
accumbens (ACC) depending on the affective value of a stimulus. In the shell part of
the ACC increases in DA transmission were observed for both appetitive and aversive
stimuli. Anatomical similarities between the core part of the ACC and the dorsal
striatum (DST) have been reported. Thus, in the present work we tested the
hypothesis that the DA reponses in the DST are opposite depending on the appetitive
or aversive value of the stimulus.
The DAergic reactivity was studied using the voltammetric measurements of DA
and its main presynaptic metabolite, the DOPAC in the DST of freely moving male
rats. Separation of the DA and DOPAC signals was obtained by the computed
numerical analysis of the catechol signal. Experimental procedure was as following :
animals were placed during one hour in the experimental cage; they were thus
exposed for one hour to an appetitive olfactory stimulus (banana) and received
consecutively either an injection of saline (NaCl 0.9%) (control group) or an injection
of LiCl (0.15M) (experimental group) and stayed one more hour in the experimental
cage; 72 h later animals were again exposed for one hour to the conditional olfactory
stimulus (CS).
The following results were obtained : during the 1st presentation of the CS
maximum increase in the DA signal recorded in the DST was about 160% of the
basal level after one hour; during the 2nd presentation of the CS an increase of about
120% above the baseline was observed in the control group whereas DA signal
decreased progressively to reach about 60% of the baseline value in the experimental
group. No marked variations in the DOPAC signal were observed.
The results of the present study showing that DA responses in the DST are opposite
depending on the affective value of stimulus strongly argue for a direct involvement
of DAergic neurons innervating the DST in the affective perception of environment.

P-RECEPTOR MANIPULATIONS AND NOVEL OBJECT
INVESTIGATION IN THE HOLE BOARD: SUPPORT FOR THE
ROLE OF LOCUS COERULEUS IN CURIOSITY. G.P. Carre*.
C.W. Harley. and V.L. Grant. Psychology Dept., Memorial University,
St. John's, Newfoundland, Canada A IB 3X9
Increased release of locus coeruleus-norepinephrine (LC-NE)
significantly enhances novel object investigation in the hole board
(Desvauges and Sara, 90; Dyon-Laurent et al, 94), while a central Pblocker or reduction of LC activity inhibits such investigation (Sara et al,
94). In the present study a centrally active P-receptor agonist, prenalterol
(50 mg/kg), and two peripherally-acting P-receptor antagonists, timolol (2
mg/kg) and nadolol (10 mg/kg) were tested in rats for effects on hole
board responses to novel objects. The centrally active P-agonist did not
promote investigatory behavior, however peripheral P-receptor
antagonists significantly increased the duration of nose pokes in novel
object holes relative to empty holes (mean ratio novel/empty=3.1 for the
saline group; mean ratio=6.6 for the peripheral P-antagonist group).
Neither rearing nor activity measures were affected. Since peripheral Pblockers reduce blood pressure, a stimulus which activates LC neurons,
this result is consistent with the hypothesis of an important role for LC-NE
in promoting investigatory behavior. The failure of the central P-agonist
to enhance curiosity may be due to its noncontingent action or to an
inadequate drug level.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

TUESDAY PM

MONOAMINES AND BEHAVIOR:

CATECHOLAMINES III

341.11

341.12

ELECTROCONVULSIVE SHOCK ATTENUATES CONTEXTSPECIFICITY OF AMPHETAMINE SENSITIZATION
S. Anagnostaras*. T. Schallert**. and T. E. Robinson. Department of Psychology
and Neuroscience Program, University of Michigan, Ann Arbor, MI 48104, and
** Institute of Neuroscience, University of Texas, Austin, TX.
The context in which amphetamine (AMPH) is administered influences subsequent
drug effects. Animals which are given repeated, intermittent injections of even
relatively high doses of AMPH in one environment typically show marked
sensitization in the same environment, but may not show any evidence of
sensitization if they are given AMPH in a different environment. Thus, behavioral
sensitization to a Mp H is often ‘context-specific.’ To explore the nature of contextspecific sensitization, animals in this paradigm were given electroconvulsive shock
(ECS), which is known to produce amnesia. According to Misanin and others,
cue/memory relationships are vulnerable to disruption by ECS if the ECS is given
just after the cue activates the memory. The behavioral effect of AMPH was
quantified by measuring rotational behavior in rats with unilateral 6-OHDA lesions.
Animals were given a total of seven injections of 2 mg/kg d-AMPH or saline each
injection every 3-4 days for 4 weeks in group-specific environments. Paired animals
received AMpH in rotometers, Unpaired animals received AMPH in an alternate
environment, and Saline Control animals received saline in either the rotometers or
the alternate environment. Each animal was then given three treatments (3-4 days
apart) of 0.2-sec 50-mA ECS or a sham procedure shortly after being placed in either
the rotometer or the alternate environment. Three to four days after the final ECS
treatment, all animals received a challenge injection of AMPH in the rotometers.
Unpaired-ECS animals were highly sensitized relative to Unpaired-no-ECS animals or
any Saline Control animals, which did not differ from each other. However,
Unpaired-ECS animals were not as highly sensitized as any Paired animals. ECS had
no effect on Paired animals or on multiple Saline Control groups. These data
suggest that one role of learning in context-specific sensitization is to inhibit the
expression of behavioral sensitization in contexts in which the drug has not
previously been experienced.

THE EFFECTS OF ALPHA-2 ADRENERGIC DRUGS ON VISUOSPATIAL ATTENTION IN MONKEYS. P. Rama . J.K. Hietanen.
Inst. Biomed., Dept. Physiol., P.O. Box 9, 00014 Univ. Helsinki,
Finland.
Catecholinergic innervation of the cerebral cortex may have an
important function in controlling attention. Alpha-2 adrenergic
agonists have been shown to have a beneficial effect on working
memory performance of aged monkeys (Amsten and Goldman-Rakic
1985, Amsten et al. 1988). The improvement may, at least in part,
be due to the memory being protected from irrelevant or distractive
stimulation (Amsten and Contant 1992). In the present study the
monkeys (Macaca arctaides) were trained to perform spatially
selective manual responses (left/right) in a task in which the stimulus
colour (green/red) and its spatial location (left/central/right) were
relevant and irrelevant stimulus dimensions, respectively. The
location of the colour stimulus was compatible, incompatible or
neutral with respect to the direction of the response. The different
types of stimulus conditions were presented in random order within
the block of testing. The effects of medetomidine, an alpha-2 agonist,
and its antagonist atipamezole were studied by comparing their effects
on saline control performance separately in each stimulus condition.
The role of alpha-2 adrenergic function will be discussed in the
context of visual selective attention.

341.13

341.14

A NEW METHOD FOR QUANTIFYING AMPHETAMINE-INDUCED
BEHAVIOR: SEX DIFFERENCES. S. A . Castner * and J. B. Becker.

RAPID ACQUISITION OF STIMULUS SIGNIFICANCE REFLECTED IN
RESPONSES OF MONKEY LOCUS COERULEUS (LC) NEURONS
P. Kubiak*. J. Rajkowski. S. Ivanov and C. Aston-Jones. Div. Behavioral
Neurobiol., Dept. Mental Health Sci„ Hahnemann University, Phila. PA 19102.
Impulse activity of LC neurons was recorded from two monkeys rewarded
for rapidly and selectively releasing a lever after infrequently occurring visual target
(CS+) cues (10-20% of trials; inter-trial internal about 2 sec). For evaluating detailed
aspects of lever responses, we recorded the signal from n strain gauge attached to the
lever. The signal from another strain gauge attached to the head-mounted fixation
post served to measure the animal’s approach to the juice reward. LC neurons
exhibited short-latency responses (about 100 ms onset) to target stimuli, while
latencies of behavioral response were on the order of 300 ms, as we previously
reported (Aston-Jones et al., J. Neurosci., June 1994). We found that both target and
non-target stimuli elicited a slight lever release (below response threshold) until
about 100 ms before the reaction time when the animal sharply released the lever for
target trials or depressed it for non-target trials. This "decision point" was preceded
by phasic LC activation for target stimuli by about 100 ms; no LC response occurred
for non-target cues. In addition, during early trials after reversal of cue meaning
animals frequently committed false alarms (lever releases to non-target cues). Lever
release responses for both hits (correct responses to targets) and false alarms were
followed by very similar approach signals, suggesting that all lever releases were
intentional and accompanied by anticipation of reward. However, after the first few
trials LC cells were selectively activated only during hit trials; non-target cues did
not elicit LC activation even if they evoked false alarm behaviors. Also, LC activity
did not vary with bar release outside of the task or with non-contingent delivery of
juice reward. These findings indicate that (1) the LC may facilitate, but is not
necessary for, behavioral responses. (2) LC responses do not reflect motor or premotor activity per se. (3) LC neurons rapidly alter their response in accordance with
altered cue meaning, in advance of altered behavioral responses. Supported by
AFOSR Grant F49620-93-1-0099.

Dept, of Psychology , Reproductive Sciences Prog. & Neuroscience Prog.,
University of Michigan, Ann Arbor, Michigan 48104-1687.
Sex differences, estrous cycle-dependent changes and hormonal
influences on amphetamine (AMPH)-induced stereotyped behavior are well
documented.
Most previous
experiments have utilized traditional
stereotypy rating scales. These scales do not provide a complete
description of AMPH-induced behavior. The purpose of the present
experiment was to develop a comprehensive quantitative method for the
examination of sex differences in AMPH-induced behaviors.
Intact and gonadectomized adult male and female rats were used.
Females in proestrus, females in diestrus II, ovariectomized (OVX) females
and castrated (CAST) males received 2.6 mg/kg AMPH (i.p.). Intact males

received 3.0 mg/kg. These doses produce equivalent concentrations of
AMPH in the striatum at 30 min (Becker et al., Eur J Pharm 80:65, 1982).
Animals were videotaped for two hours after injection. Two and a half
minute samples of each of the following behaviors were scored from the
videotapes at 10 min intervals after AMPH: crosses, nosepokes, high rears,
low rears, footsteps in a rear, head movements (30 sec only) and other
behaviors. A dose response curve for each of the behaviors was also
determined.
Both groups of intact females made more high rears and nosepokes
than did all other groups. Proestrous females made more footsteps in a high
rear than did diestrous, OVX, CAST or intact rats. By contrast, OVX rats
spent a longer time in a high rear than did diestrous or intact rats. Overall, the
males and OVX females exhibited fewer AMPH-induced behaviors than did
the intact females.
[Supported by UM Rackham Dev. Fund & BNS9021966 from NSF]
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RESPONSES OF MONKEY LOCUS COERULEUS (LC) NEURONS ARE RELATED TO THE
BEHAVIORAL SIGNIFICANCE OF STIMULI

PHARMACOLOGICAL MANIPULATION OF NORADRENALINE ACTIVITY
INFLUENCES COVERT ORIENTING IN RHESUS MONKEY.
M.C. Davidson*_ M.A. Villarreal and R.T. Marrocco

I. Raikawsldsl p, Pubiub k. Ivanov ond G. AstAs-lnmonisiv. BeBeharal NeiNobloL, Dept. Mentel
Health Sd., Hahnemann Umv., Phila., PA 19102.
Discharge of ind^niduNl LC neurons was recorded from 3 cynomolgus monkeys
performing an oddball visual discrimination task. This task called for a rapid lever release after
target (CS+) stimuli (20% of trials), and no response to non-target (CS) stimuli (80% of trials).
Stimuli were vertical and horizontal bars presented on a video screen, one of which occurred per
trial immediately after fsveNion of a central fix spot. The performance in the task was overtrained
and could occur with no visible effort over a period of >1 hr, during which the animal typically
missed only a small percentage of the thousands of target stimuli presented.
In this task LC neurons were selectively activated by CS+ stimuli, as previously reported
(Aston-Jones et. al., J. Neurosd., 1994; onset latency about 100 ms). This excitation is
hypothesized to facilitate responses to CS+ stimuli and immediately subsequent behaviors.
Continuing experiments indicate that this LC response is specifically related to the behavioral
significance of the CS+ cue: (1) During n period of continuously excellent performance associated
with high attentiveness LC responses to CS+ cues were large, whereas such responses virtually
disappeared during poor performance, even for correct 'hit' trials. (2) LC responses also varied
with target cue frequency, being smaller when target stimuli were presented n - n probability of 0.5
compared to n probability of 0.1. (3) When targets were presented in pairs, the first (unexpected)

target produced n significantly larger response than n second (expected) target. (4) In another
experiment in which the target was cued by n preceding small risuN stimulus, elevated LC activity
preceded target presentation but no exdtNtory response followed for the target cue. (5) Infrequent
(unexpected) non-target cues produced no response, similar to frequent non-target stimuli.
Our observations indicate that the response to target stimuli is not due to the frequency
of stimulus presentation, to prediction of reward, or to motor performance, but rather depends on
the urgency of the stimulus, l.e., on the perceived behavioral significance of the stimulus. This is
consistent with the hypothesis that LC responses facilitNe behavioral responses to CS+ and
subsequent stimuli. Supported by AFOSR Grant F49620-93-1-0099.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

829

Institute of Neuroscience, University, of Oregon, Eugene, OR. 97403
Monkeys trained to perform a covert target detection task show a
pattern of results that is similar to that found for humans. Comparison
of the reaction times (RT) for Validly versus Invalidly cued targets
shows a significant validity effect, taken as evidence of attentional
movement. Comparison of the RTs for a target presented following a
Double Cue to the RT for a target not preceded by a cue shows a
significant alerting effect, taken as evidence of arousal modulation.
Treatment with noradrenaline (NA) antagonists (clonidine and
guanfacine) has been show to reduce the alerting effect without
altering the validity effect(1).
It was hypothesized, based on the previous results, that NA agonists
would also affect the Alerting effect. If a reduction in NA activity
produces a reduction in the Alerting effect then increasing NA activity
(alpha 2 antagonists) should produce an enhanced alerting effect Low
doses of Yohimbine (0.01, 0.03 mg/kg i.m.) were found to increase
the alerting effect, particularly in the short cue-target latency
conditions. This increased effect appeared to be primarily the result of
a reduction in RTs in the Double cue condition, relative to RTs for the
No cue condition. In short, the animal appeared to be better able to
make use of the alerting property of the cues. These data, in
conjunction with previous work from this lab, provide support for the
hypothesis that noradrenaline is involved in arousal processes
Supported by Pew Memorial Trust and James McDonnell Foundation.
(1) Witte, et al. (1992), Soc. for Neuroscience Abstracts V18, 537
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MONOAMINES IN THE DORSOMEDIAL HYPOTHALAMUS
OF RATS SUBJECTED TO DIFFERENT TESTS OF
"ANXIETY". J.S. Katner*. A. Shekhar. T.S. Sajdvk. J.R.
Simon and J.A. Richter. Dept. of Psychiatry, Indiana University
Medical Center, Indianapolis, Indiana 46202.
The monoamines norepinephrine (NE), dopamine (DA) and
serotonin (5-HT) are thought to be important in development of
anxiety. We have shown that the dorsomedial hypothalamus
(DMH) in rats is an important site for anxiety responses. In the
present study, the effects of subjecting rats to different tests of
"anxiety" on the monoamine levels in the DMH was examined.
Rats were subjected to the fear-potentiated startle, elevated plusmaze and social interaction tests and the DMH levels of NE, DA
and 5-HT determined by high-performance liquid chromatography.
Only rats subjected to the fear-potentiated startle test showed
significant increases in NE and DA levels after 24 hrs. Rats
receiving foot-shocks or startle alone failed to show similar
changes. Tyrosine hydroxylase (TH) activity in the DMH of the
fear-potentiated startle rats did not show significant change from
controls. These results suggest that while there are dramatic
changes in catecholamine levels in the DMH of rats subjected to
fear-potentiated startle, the mechanism of this effect is still
unclear. (Supported by MH 45362)

ADRENALECTOMY DOES NOT BLOCK THE DEVELOPMENT
OF SENSITIZATION TO THE PSYCHOMOTOR ACTIVATING
EFFECTS OF AMPHETAMINE. A. Badiani*. I. Morano. H. Akil &
T.E. Robinson. Depts. of Psychology, Psychiatry/MHRI &
Neuroscience Program, University of Michigan, Ann Arbor, MI USA
The development of sensitization to the psychomotor activating
effects of d-amphetamine (AMP) is greater in rats given AMP
repeatedly in NOVEL test cages than in rats given AMP in HOME
cages that are physically identical to the NOVEL test cages (Badiani et
al 1993). Since exposure to a novel environment is known to activate
the hypothalamo-pituitary-adrenal (HPA) axis it is possible that this
effect is mediated by some action of an adrenal hormone.
Adrenalectomy (ADX) has been reported, for example, to block the
development of sensitization to AMP (Rivet et al. 1989). If exposure to
a novel environment does enhance sensitization by activating the HPA
axis and releasing an adrenal hormone, such as corticosterone, ADX
should abolish the difference between HOME and NOVEL groups.
We report here the effect of ADX on the sensitization of rotational
behavior by AMP in rats that received either: i) no corticosterone (B)
replacement; or ii) a subcutaneous implant of a B pellet (that produced
plasma B levels comparable to the diurnal plasma levels in SHAM
animals). It was found that ADX had no significant effect on the
development of AMP sensitization in either the HOME or NOVEL
groups, with or without B replacement.
We conclude that the release of corticosterone produced by exposure
to a novel environment is not responsible for the enhancement in AMP
sensitization seen in this situation.

342.3

342.4

THE ROLE OF THE HIPPOCAMPUS IN BEHAVIORAL
SENSITIZATION. K. E. Browman*. A. Badiani. and T. E.
Robinson. Department of Psychology and Neuroscience Program,
The University of Michigan, Ann Arbor, MI 48104.
A number of factors are known to influence the development and
expression of drug sensitization, including environmental and
contextual stimuli. We recently reported, for example, that drug
administration in a novel environment significantly enhances the
development of sensitization to amphetamine (AMPH). The
hippocampus is known to play a role in the retrieval of contextual cues
and associative learning, and hippocampal lesions have been reported
to prevent the development of sensitization (Yoshikawa, Shibuya,
Kaneno and Toru, 1991). The purpose of the proposed study,
therefore, was to determine if hippocampal damage prevents the
development of sensitization in all environments, or only the
enhancement of sensitization seen when the drug is given in a unique
(novel) context. Rats were given a unilateral 6-hydroxydopamine
(6-OHDA) lesion of the nigrostriatal bundle, so the sensitization of
rotational behavior could be quantified. Animals then received either a
bilateral fimbria-fornix, or a sham lesion. For one group of animals
the home and testing environments were identical, and for the second
group the home environment was distinctly different from the novel
testing environment. Rotational behavior was quantified immediately
following an injection of 3.0 mg/kg of d-amphetamine, for a 90 minute
test session, every two days for a total of 7 drug administrations. The
experiment is still in progress so data will be reported at the meeting.

REGIONAL DIFFERENCES IN DOPAMINE NEUROTRANSMISSION
IN
DORSAL
VS.
VENTRAL
STRIATUM DURING AMPHETAMINE WITHDRAWAL.
P. E. Paulson* and T. E. Robinson. Dept, of Psych, and
Neuroscience Program, Univ. of Michigan, Ann Arbor, MI 48109
The discontinuation of chronic amphetamine (AMP) use results in a
'distress syndrome' in humans characterized by symptoms of
depression and changes in catecholamine function. In rats, the
discontinuation of an escalating, but non-neurotoxic, AMP treatment
produces a 'behavioral depression' characterized by marked nocturnal
hypoactivity that persists for 1-2 weeks. The present experiment
characterized the neurochemical correlates of this AMP withdrawal
syndrome in AMP and saline pretreated rats at 3, 7 or 28 days after the
discontinuation of pretreattment. To do this, extracellular concentrations
(EC) of DA, DOPAC, HVA and 5-HLAA in the caudate (Cau) or
nucleus accumbens (NAc) were continuously monitored over 20 min
intervals across the day-night cycle, using a fully automated in vivo
microdialysis system. There was a significant decrease in EC DA in the
Cau of AMP pretreated animals withdrawn for 3 or 7, but not 28 days.
In contrast, there was no effect of AMP withdrawal on EC DA in the
NAc at any point in time. In addition, the DA metabolites were
significantly enhanced in both areas in the AMP pretreated animals
withdrawn for 28 days, but there was no effect of AMP withdrawal on
EC 5-HIAA in either area at any point in time after the discontinuation
of AMP pretreatment. These data suggest that AMP withdrawal is
accompanied by a decrease in DA neurotransmission in the caudate
nucleus, but not the nucleus accumbens.

342.5

342.6

THE ACUTE PSYCHOMOTOR RESPONSE TO AMPHETAMINE,
BUT NOT NUCLEUS ACCUMBENS DOPAMINE RELEASE, IS
ENHANCED IN A NOVEL ENVIRONMENT. T. E. Robinson* and
A, Badiani. Psychology Department and Neuroscience Program, 1103
E. Huron St., University of Michigan, Ann Arbor, MI 48104
USA
The acute response to the psychomotor activating effects of
d-amphetamine (AMP) is greater in rats treated in NOVEL test cages
than in rats treated in HOME cages that are physically identical to the
NOVEL test cages (Badiani et al. 1993). Exposure to a novel
environment acts as a stressor (Friedman and Adler 1967), and stress
is known to enhance dopaminergic (DA) activity in the nucleus
accumbens (Abercrombie et al. 1989). Since the psychomotor
stimulant effects of AMP are dependent on DA activity, it is possible
that the enhanced response to AMP in a NOVEL environment is due to
enhanced nucleus accumbens DA release. The purpose of the
experiment reported here was to test this hypothesis.
Rats with a unilateral 6-OHDA lesion of the mesostriatal DA system
had a microdialysis probe placed in their contralateral nucleus
accumbens. One day later the animals received 2 mg/kg of AMP, either
in their HOME cage or in a NOVEL test cage. Rotational behavior was
quantified for 90 min, and simultaneously, samples of dialysate were
collected every 20 min. Preliminary results from this experiment
indicate that the behavioral response to AMP was significantly
enhanced in NOVEL rats (233 ± 6 rotations), relative to the HOME
group (67.5 ± 29.6 rotations). In contrast, there were no group
differences in AMP-stimulated DA release. There was, therefore, a
dissociation between the effect of environment on AMP-induced
behavior and AMP-induced DA release in the nucleus accumbens.

AMPHETAMINE AND COCAINE PHARMACOKINETICS
IN LEWIS AND FISCHER 344 RATS.
Dianne M. Camp* and Terrv E. Robinson. DepL of Psychology and
Neuroscience Program, Univ. of Michigan, Ann Arbor, MI 48109.
Lewis (LEW) and Fischer (F344) rats differ in their response to a
variety of drugs of abuse. For example, LEW rats show a greater
propensity to self-administer opiates, cocaine (COC) and alcohol than
F344 rats. In addition, we have reported that the motor-stimulant
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effects of methamphetamine (mAMP) and COC are greater in LEW rats
compared to F344 rats, and these differences are accompanied by strain
differences in the ability of these drugs to enhance the extracellular
concentration of dopamine in the nucleus accumbens (Camp et al. Soc.
Neurosci. Abst. 18, 1992, 719; Camp & Robinson Soc. Neurosci.
Abst. 19, 1993, 1241). The possibility that these effects are due to
strain differences in drug pharmacokinetics was addressed in this
study. Plasma levels of mAMP, amphetamine (AMP) and COC were
measured at 40, 80 or 120 min following a single i.p. injection of either
2.0 m^gg mAAM or r 0 mg/kg COC. Plasma levels o f mAAM and
AMP at 40 min were 1.5 to 2 times higher in LEW rats compared to
F344 rats, and at 120 min the strain difference was even larger (about a
three-fold difference). Plasma COC levels were much more variable
within groups, and although levels were 2 times higher in LEW rats
compared to F344 rats, this difference was not statistically significant
(n=5/gp). These results suggest that differences between LEW and
F344 rats in the responsivity to some drugs of abuse may be due, at
least in part, to strain differences in pharmacokinetics. Supported by
NIDA grant #04294. Assays were performed by the Center for
Human Toxicology, Univ. of Utah.
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SEX INFLUENCES CONSPECIFIC ODOR PREFERENCES
OF NOREPINEPHRINE-DEPLETED MICE AND THEIR
CONTROL CAGEMATES. C.A. Cornwell-Jones.*T. Dewey. J.
Gavalchin. R. Desai. A. Fiiman. P. Hancock-Abel and M.
Zavod.Dept. of Psychology, Syracuse Univ. and Dept. of
Med., SUNY Health Science Center. Syracuse. NY 13244.
Odor preferences were examined in NE-depleted mice and
their control cagemates. Same-sex living groups of 8 mice
per cage, housed together from weaning in hardwood
shavings, were subdivided into cohorts of 4 mice each. 2 of
the mice in each experimental cage were injected i.p. with 50
pg/g of the NE neurotoxin, DSP-4. Their cagemates and
mice in control cages received injections of water vehicle.
Odor preferences were tested either 10 or 3 days after
injection in Expt. 1, (males only) and 2, (males and females).
In Experiment 1, DSP-4 treatment reduced hippocampal
(HP) NE by 65%. Housing water and drug-treated mice
together elevated HP NE and serotonin by 22%. All groups
tended to prefer the odor of fresh hardwood to pine shavings
but only the DSP-4-trated males tested 3 days after injection
preferred their own vs. their estranged siblings' nest odor.
These findings support previous evidence that social housing
affects brain monoamine levels and that NE depeletion
impairs preference for conspecific odors.

THE ALPHA-2A NORADRENERGIC AGONIST, GUANFACINE, IMPROVES
DELAYED RESPONSE PERFORMANCE AND CALMS BEHAVIOR IN
YOUNG MONKEYS: RELEVANCE TO ATTENTION DEFICIT DISORDER.
JC Steere & A Amsten*. Sect. Neurobio., Yale Med. Sch, New Haven, CT 06510.
The a-2 agonist clonidine has previously been shown to 1) improve attention and
behavioral regulation in children with ADD (J.Amer.Acad.Child Psych.
24:617,1985), and 2) improve prefrontal cortical (PFC) function in aged monkeys
(Science 230:1273,1985). More recently, we observed that the selective alpha-2A
agonist, guanfacine (GFC), improves memory and decreases distractibility in aged
monkeys without inducing the sedative and hypotensive side effects which hinder
clonidine usage (Psychopharm.lO8.T59, 1992). The current study examined the
effects of GFC in young monkeys performing the delayed response task, the test
most linked to PFC function in monkeys. An optimal dose of GFC (0.1-0.5
mg/kg) improved performance from a mean of 20/30 trials correct to a mean of
24.5/30 trials correct. The animals were described as calmer and more focused
following GFC treatment, consistent with greater PFC control of behavior. Given
these calming effects, GFC was tested in adolescent monkeys undergoing training
on the delayed response task. These monkeys exhibited symptoms reminiscent of
ADD: they were distracted, hyperactive, and unable to complete the 30 trials of a
daily test session. Pretreatment with GFC (0.5-0.7 mg/kg) significantly increased
the number of trials completed (a mean of 29.5 on GFC compared to 10.4 on
saline; Tdep=7.06, df=5, p<0.001) and increased the number of trials correct (a mean
of 23.1 on guanfacine compared tc 6.5 on saline; Tdep=10.22, df=5, p<0.001).
Observations of the animals indicated that they were calmer and more attentive, but
not sedated. In contrast, the calming effects of clonidine (0.02-0.05 mg/kg) were
accompanied by pronounced sedation. The GFC response was completely reversed
by the a-2 antagonist, idazoxan (0.1 mg/kg), consistent with actions at a-2
receptors. The relative contribution of a-2A receptor stimulation is currently being
explored. Clinical trials based on these monkey data indicate that GFC is able to
calm behavior and improve attention in ADD patients (Hunt et al.; Chappell et al.,
personal communication). Supported by AGO6O36.
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QUANTITATIVE ULTRASTRUCTURAL ANALYSIS OF MOTOR NEURON
SYNAPTIC CONTACTS IN THE MUTANT MOUSE SPASTIC. K.L.
Boyer*1, T.H. Quinn2, T.J. Neary2, and R.A.E. Bakay1,
‘Section of
Neurological Surgery,
Emory University,
Atlanta,
Georgia
30322,
2Biomedical
Sciences
Dept.
Creighton Univ. School of Medicine, Omaha, NE 68178.
Although the CNS in the spastic mouse has been reported
as normal at the light microscopic level, no analysis at
the EM level has been performed.
WGA-HRP was injected
into the adductor magnus et brevis muscle of spastic and
normal mice. After 24 hrs, the animals were perfused with
a buffered aldehyde fixative. The lumbar spinal cord was
removed, postfixed, and sectioned on a Vibrotome. The
sections
were
processed
with
TMB
and
ammonium
heptamolybdate and embedded in plastic.
Labelled motor
neuron cell bodies containing nuclei were chosen and
photomontages
made
of
their
periphery.
Synapses
containing
spherical
vesicles
(S-type;
presumed
excitatory)
or flattened vesicles
(F-type;
presumed
inhibitory) were counted and measured. After normalizing
for soma membrane length, statistical analyses were
performed. Motor neurons
from spastic mice had lower numbers of F-type synapses and
a reduced total length of F-type contact when compared to
normal mice.
The ratio of F-type to S-type synapses in
both number and length was also reduced as was the mean
length of F-type synapses.
Spastic motor neurons in
general had more S-type synapses and greater total length
of S-type contacts.
The mean length of S-type synapses
differed little in spastic and normal mice.
Supported by a grant
from ■ the Health Future
Foundation.

CHARACTERIZATION OF SARCOLEMMAL DYSTROPHIN, SPECTRIN AND UTROPHIN IN THE CARDIAC AND SKELETAL MUSCLES OF CHF-146 STRAIN DYSTROPHIC HAMSTERS (DH).

P. L Johnson*, H. J. U. and S, K, Bhattacharya. Departments of Surgery,
Anatomy and Neurobiology, University of Tennessee, Memphis, TN 38163.
Membrane-mediated excessive intracellular Ca2+ accumulation and
progressive cellular degeneration play fundamental pathogenetic roles in
hereditary muscular dystrophy (HMD), both in humans and animals. We
have shown that chronic Diltiazem (DTZM) therapy reduced membranemediated necrosis and improved histopathology in the cardiac and rectus
femoris muscle of DH (/. Neurol. Sci., 8:238, 1993). Dystrophin (DYST), a
sarcolemmal bound protein (427 kD), is reduced in Duchenne muscular
dystrophy (DMD) and Becker's (BMD), mdx-mice (Nature, 333:861, 1988),
and in DH (FASEB, 5:AIO53, 1991). A 208 kD sarcolemmal protein, spectrin
(SPEC), and another ~42O kD DYST-related protein (DRP), utrophin, bear
remarkable structural and functional homologies to sarcolemmal DYST.
However, the specificity of DYST deficiency and its association with
changes in sarcolemmal SPEC and DRP in HMD remains ill-defined. Using
immunohistochemical techniques and monoclonal antibodies for DYST, SPEC
and DRP from Novocastra Lab (Newcastle upon Tyne, UK), we studied DYST,
SPEC and utrophin distribution patterns in the cardiac and skeletal muscles
of 6-month-old, male, DH and CHF-148 strain albino normal hamsters (NH).
We conclude that, compared to NH, DYST staining is significantly reduced
and discontinuous in the cardiac and skeletal muscles of DH, in the presence
of intense utrophin and varied degree of SPEC labelling. These results suggest
that both primary and secondary DYST deficiencies are present in DH, and
that utrophin appears to play an important compensatory role to DYST loss
in the hamster dystrophinopathy. (Supported by NIH Grant #AR-38540)
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ELECTROPHYSIOLOGIC ASSESSMENT OF NEURAL FUNCTION IN
MUTANT MICE: INTRACORTICAL DATA AS A MEANS TO EVALUATE
PHENOTYPE. P. Bieri-T J. Kessler. J. Pollard, and J. Arezzo. Depts.
Neurol., Neurosci., DBC, Albert Einstein Coll, of Med., Bronx, NY 10461.
The proliferation of mutant mouse strains with specific genetic deletions
has created a need for sensitive and reliable measures of neural function
in mice. We employed a battery of electrophysiologic measures to
demonstrate altered neural function. Auditory, somatosensory and visual
evoked potentials (AEP, SEP, VEP) were recorded from appropriate cortical
regions. For each modality, multiple unit activity (MUA) was obtained and
intracortical current source density (CSD) was calculated.
Using a 16 channel electrode, data were recorded from multiple cortical
laminae, simultaneously. Two strains of mice were evaluated; 1) op/op
mice, which have an inactivating mutation in the gene for colony
stimulating factor-1 (CSF-1), causing complete deficiency of CSF-1 and
congenital osteopetrosis, 2) mdx mice, which carry a point mutation in the
dystrophin gene, resulting in premature termination of dystrophin.
In the op/op mice, onset timing of the initial cortical VEP was normal,
confirming intact afferent transmission. However, intracortical current
flow and MUA were reduced compared to controls. In contrast, mdx mice
showed increased MUA. For both strains, differences were enhanced by
increasing the rate of stimulation. In normal mice, the initial excitatory
burst of MUA lasted for 30-60 msec and was followed by a period of
inhibition; in the op/op mice, MUA continued at levels greater than 25%
of maximum for periods exceeding 200 msec. These findings implicate
dysfunction in both excitatory and inhibitory cortical circuits and
demonstrate the ability of composite electrophysiologic measures to
differentiate and define neural function in mutant mouse phenotypes.
Supported by HD-01799.

AN ATP-DEPENDENT COPPER TRANSPORTER, A PRIMARY CANDIDATE
GENE FOR THE NEURODEGENERATION IN THE BRAIN OF BRINDLED
MOUSE MUTANT. T. Okazaki*. C. Peterson and N. Mori Division of
Neurogerontology, Andrus Gerontology Center, University Of Southern California,
Los Angeles, CA 90089.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

Brindled (mobr) mouse is an X-linked genetic mutant with specific neurodegeneration
in the cortex and cerebellum. A primary defect of the brindled mouse is abnormal
copper ion transport; the copper ion content of the brindled mouse brain is 1/10 of that
in normal mice. One candidate for defect in ion transport may be a copper transporter
similar to that isolated recently for the human disorder Menkes disease. Based upon
the sequence to the human copper transporter we constructed primers and performed
polymerase chain reaction which lead to the isolation of a copper transporter (CuT-1)
cDNA in the mouse. The mouse CuT-1 was localized in close proximity to Xce and
pgk-1 on the mouse X-chromosome, which suggested that the CuT-1 may be the gene
for the brindled (mobr) genetic loci. Northern blot experiments revealed that CuT-1
mRNA is expressed in most tissues but the liver, which expresses an isotype of this
gene (CuT-2). The sizes of CuT-1 mRNA (7-8 kb) was similar in the normal and
brindled mice, suggesting that the CuT-1 mutation in the brindled mouse is
presumably a point mutation or a very small deletion. In situ hybridization
experiments demonstrated that in brain the CuT-1 mRNA was detected at high levels
in the choloid plexus and at low levels in neurons in the hippocampus and other brain
areas. The brain expression of CuT-1 mRNA was detected during the first two-weeks
of development, and there was no difference between the normal and ,brindled mice. In
the body CuT-1 mRNA was abundant in the skin and epithelial cells of the retina. The
expression of CuT-1 mRNA apparently did not change in the brain at the time or in
regions when degeneration is apparent. These results suggest that CuT-1 defects may
appear at the protein level rather than at the level of gene expression, and that the
brindled phenotype, i.e. neurodegeneration and premature death, may be secondary to
yet unidentified downstream events of CuT-1 mutation.
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BRAIN-DERIVED NEUROTROPHIC FACTOR EXPRESSION ASSOCIATED
WITH NEURODEGENERATION IN BRINDLED MOUSE BRAIN. M. M. DuaichDiordievic*. C. Peterson. F. Hefti and N. Mori. Div. Neurogerontology, Andrus
Gerontol. Cntr, University of Southern California, Los Angeles, CA 90089.
Based on the activities of brain-derived neurotrophic factor (BDNF) In vitro
and the rapid regulation of its mRNA following neuronal insuit In vivo, it has
been proposed that BDNF may be involved in cellular responses to
neurodegeneration. The brindled mouse model is an X-linked genetic mutant
with a defect In copper ton transport.
Increased GFAP and microglia
immunoreactivity occur in the cortex, hippocampus and thalamus by postnatal days (PD) 12 which suggests neuronal degeneration. Death usually
occurs in affected offspring between PD 15-16 Dut can be prevented by
systemic copper administration on PD 7 and 10. Thus, the brindled mouse is a
convenient non-invasive animal
model to test whether neurotrophins
participate in the pathological events that accompany ton transport defects
during development.
Normal male littermates and brindled mice were studied at various postnatal
ages by in situ hybridization of frozen horizontal sections with ^S-latelled
cRNA probes for BDNF, nerve growth factor (NGF), neurotrophin 3 (NT3),
trkA NGF receptor, and both the full length trkB receptor (trkB TK+) and
truncated (trkB TKD) cognate tyrosine kinase receptors for BDNF. The only
change observed was a dramatic increase in BDNF mRNA This elevation
appeared first in the parietal cortex on PD 10 and by PD 12 was maximal in
cortical, hippocampal and thalamic regions.
Sections processed for
immunocytochemistry with an antibody to human recombinant BDNF revealed
increased BDNF-like immunoreactivrty in the cortex, hippocampus and
thalamus. BDNF-like immunoreactivity appeared to be neuronal since it did
not co-localize with markers for astrocytes or microglia. Treatment of brindled
mice with systemic copper therapy on PD 7 and 10 reversed the increased
BDNF mRNA expression and intensity of BDNF-like immunoreactivity.
Our data demonstrate that increased neuronal BDNF mRNA and protein levels are associated with the progressive degeneration of specific neuronal
populations in the brindled mouse. This finding strongly suggests that BDNF
may be part of a compensatory response to the events associated with
neuronal degeneration in the CNS.

IMMEDIATE EARLY GENE EXPRESSION AND NEURODEGENERATION IN
THE BRINDLED MOUSE BRAJN
C. Peterson* and N, Mori.
Div.
Neurogerontology, Andrus Gerontology Center, University of Southern
California, Los Angeles, CA 90089
Immediate early genes (lEGs) are a set of transcription factors associated
with a variety of biological responses including proliferation, differentiation and
neural excitation. In the CNS, it has been proposed that c-Fos plays a role in
cell death. To investigate whether defects in ion transport alter immediate early
gene responses we used the brindled mouse model. The brindled mouse is
an X-linked genetic mutant with a defect in copper ion transport. Death usually
occurs by post-natal days (PD) 15-16 unless systemic copper therapy is
administered. This model is characterized by increased GAFP and microglia
immunoreactivity in the cortex, hippocampus and thalamus which suggest
neurodegeneration.
In situ hybridization was performed on 15 micron thick fresh-frozen horizontal
sections with an ^ss-fabelled cRNA to c-Fos at various PD ages (7, 10,11,12
and 13 days). An increase in c-Fos mRNA expression appeared as early as PD
10 and is localized to the parietal cortex. Maximal expression occurred by PD
12 in most cortical regions and areas of the thalamus in the brindled mouse.
Whether c-Fos protein was altered was examined with a polyclonal antibody
(Oncogene). C-Fos-like immunoreactivity is present in both normal and
brindled mice. The brindled mice have increased c-Fos-Hke immunoreactivity
in the pyramidal cells of the hippocampus, the entorhinal cortex and the
parietal cortex. With a silver staining technique (Galiyas) which identifies
degenerating neurons, revealed "dark neurons" in areas of increased c-Fos-like
staining. Treatment of brindled mice with systematic copper therapy on PD
days 7 and 10 reversed the increased c-Fos mRNA expression and c-Fos-like
immunoreactivity.
The precise function of c-Fos in the CNS remains to be clarified but this study
suggests that it plays a role In thecascade of events involved in the
neurodegeneration that accompanies defects in ton transport.

343.7
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SEROTONERGIC HYPERINNERVATION IN THE BRINDLED MOUSE IS
NOT ASSOCIATED WITH ELEVATED LEVELS OF THE 5-HT GROWTH
FACTOR, S100. P.M. Martin*1 and J.P. O'Callaghan2. Curriculum in
Toxicology, Univ.
North Carolina, Chapel Hill*, NC 27599 and
Neurotoxicology Division, U.S. Environmental Protection Agency2, RTP, NC
27711.
Mottled brindled (MObr) is an X-linked mutation in the mouse, maintained in
hybrids of the C3H and C57BL strains. Hemizygous males (MObr/y) have low
copper concentrations in the brain, very low concentrations of norepinepherine, and
neuronal degeneration of the cerebrum. They begin to lose weight on approximately
postnatal day (P) 10, and die around P15. The hemizygous males have high
concentrations of serotonin (5-HT) in cortex and other areas of forebrain, as well as
hyperinnervation of 5-HT fibers in the cortex, hippocampus, and, to a lesser extent,
striatum (Martin et al., 1994). S100, which is an astroglial specific protein, acts as a
specific 5-HT growth factor in vitro, and the purpose of this experiment was to
determine if the 5-HT hyperinnervation in MObry mice was linked to elevated
levels of S100. S100, glial fibrillary acidic protein (GFAP), neurofilament 200
(NF200), and synapsin I (SI), were examined in MObr/> mice (n=8), and littermate
controls (n=5), on P12. Mice were decapitated, and brains were dissected into
olfactory bulb, striatum, hippocampus, cortex, cerebellum, brainstem and rest of
brain. S100 in each region was quantified using slot-immunoblotting, while GFAP
in each region was quantified using a sandwich ELISA. Western blots were used to
examine GFAP, NF200, and SI in the hippocampus. MC*5!* mice had lower
concentrations of S100 in cortex, hippocampus, striatum, and brainstem, as well as
elevated levels of GFAP in all brain regions, with the greatest elevation found in the
cortex, hippocampus, and cerebellum. Western blots showed that MOb/y mice also
had lower concentrations of NF200 in the hippocampus. These data show that 5-HT
hyperinnervation in MObr/y mice is not associated with elevated concentrations of
S100. These data also show that GFAP is elevated in regions such as the striatum
and olfactory bulbs, where neuropathology has not been previously reported, and
that there is an associated decrement of NF200 in some regions. (Supported by U.S.
EPA Training Agreement T901915).

TRISOMY 16 MOUSE SEPTAL NEURONS FIRING MULTIPLE
ACTION POTENTIALS HAVE AN ABNORMAL INWARD CURRENT.
L.D. Acevedo*. A.R. McIntosh.-S.I. Rapoport. and Z. Galdzicki. Laboratory of
Neurosciences, NIA, NIH, Bethesda, MD 20892.
Whole-cell voltage clamp records were obtained from mouse trisomy 16 and
normal diploid septal neurons that were in primary culture for 9-16 days. These
cultures required NGF for growth and maintenance. Cell size and morphology varied
but did not differ between the cultures. Passive membrane properties, including
resting potential, input resistance, capacitance, and time constant were not
significantly different between normal (n=l74) and trisomic (n=14l) neurons. Some
neurons displayed spontaneous action potentials, and all produced evoked action
potentials. In a 100 ms current pulse, normal neurons fired 1 to 5 action potentials
(n=91), trisomic neurons 1 to 8 (n=67). Although more trisomic than normal
neurons fired more action potentials, this trend was not significant.
We found a linear relation between number of action potentials during the current
pulse and the amplitude of the inward and outward currents. The membrane potential
at the maximal inward current was shifted in the depolarized direction for the neurons
having multiple action potentials.
Two neuron populations were distinguished, those firing 3 or fewer action
potentials (low-firing), and those firing 4 or more (high-firing). Currents of lowfiring trisomic neurons were not different from those of low-firing normal neurons.
However, the inward current in high-firing trisomic neurons was 64% larger than in
normal neurons (the inward conductance, 54% larger) yielding a 53% larger inward-tooutward conductance ratio (p < 0.05). The outward conductance was not significantly
different between the two groups. An increased inward conductance suggests that this
population of high-firing trisomic neurons possesses an enhanced excitability which
might be reflected in the speed of the action potential or in the integrative properties
of the cell. These would contribute to changes in the circuitry.
The findings in high-firing neurons, of high inward current and conductance, are
similar to those in neurons from trisomic dorsal root ganglia, some of which are
NGF-dependenL
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ALTERED REGULATION OF INTRACELLULAR Ca2+ IN ASTROCYTES
FROM THE TRISOMY 16 MOUSE. V. A Golovina. L. L. Bambrick. P. J.
Yarowsky#.M. P. Blaustein. and B. K. Krueger*. Departments of Physiology and
Pharmacology#, Univ. of Maryland Sch. of Medicine, Baltimore, MD 21201.
The cytoplasmic ionized Ca2+ concentration ([Ca2+]<r) was measured in fura-2loaded astrocytes derived from embryonic (E16) mice bearing an extra copy of
chromosome 16 (trisomy 16, Tsl6) and from their euploid littermates. Mouse
chromosome 16 contains many of the same genes present on human chromosome
21 and the Tsl6 mouse shares several phenotypic similarities with Down syndrome
(Ts2l). At 7 days in vitro, resting [Ca2+]<t in euploid astrocytes was 137 ±55 nM
(mean±SD, n=85), whereas [Ca2+Jc, in Tsl6 astrocytes was 3I6±lfO nM
(n=llO). In contrast to the euploid cells, none of which had [Ca2*],^ higher than
300 nM, about 25% of Tsl6 astrocytes had [Ca2*](^ of 400—800 nM and none had
[Ca2+]<* below 100 nM. [Ca2+J^ in both Tsl6 and euploid astrocytes was
unaffected by increasing [Ca2+]o from 2 mM to 10 mM or by decreasing [Ca2+]o
to <0.1 pM, suggesting that Tsl6 astrocytes are not more permeable to Ca2+.
The resting membrane potential was the same in both cell types (-65 mV).
Cyclopiazonic acid (5pM), an inhibitor of the Ca2+-ATPase in intracellular stores,
transiently increased [Ca2+]^ to 5O2±23 nM (mean±SE, n=5O) in euploid cells
and to l359±7l nM (n=59) in Tsl6 cells, suggesting that more Ca2+ is accumulat-

A GROUP OF POLYMORPHIC MARKERS OBTAINED BY MICRODISSECTION OF MOUSE CHROMOSOME 16C3-C4 J.J. Wei. S.R.
Dlouhv*. B. Ghetti. J.G. Zhu and M.E. Hodes. Ind. Univ. Sch. of Med.,
Indianapolis, IN 46202.
A regional DNA library of mouse chromosome 16C3-C4 was constructed by microdissection and cloning. This region contains the
mouse weaver gene (wv), and the homologous human chromosomal
region (21q21-22) contains several genes of neurodegenerative
disorders. The library was proven to be from the dissected region by
fluorescent in situ hybridization (FISH). Colony hybridization of 2,000
clones with mouse genomic DNA showed that 59% represented unique

ed in the intracellular stores of Tsl6 astrocytes. Thus, Tsl6 astrocytes have a
higher resting [Ca2*]cr and appear to have more releasable Ca2+ in their
intracellular stores. A consequence of this altered Ca2+ regulation in the Tsl6
genotype could be that physiological signals that release Ca2+ from intracellular
stores would elicit a larger response in Tsl6 astrocytes. Other cellular functions
that depend on [Ca2+]c^ such as proliferation, osmotic regulation, secretion of
neuronal growth or survival factors, and infra- and intercellular signalling via Ca2+
waves, may also be affected. Supported by NIH and the Alzheimer's Assn.

restriction enzymes (fie/nHI, £coRI, Hind\\\, Msp\, Pst\, TagI and Xba\)
in mouse stains Balb/C, CBA and C57BI/6J. Twelve clones showed at
least one enzyme polymorphism.
Another seven clones, not
polymorphic after enzyme digestion, were polymorphic by single
stranded conformational polymorphism analysis. Thus 79% (19/24) of
the unique chromosome 16 microdissected clones will be useful as
polymorphic markers in this 10 to 15 cM region. (Supported by P01
NS27613 and R01 NS14426)
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or low copy-number sequences. Eighty-seven unique clones were picked
randomly for further Southern blot analysis with DNA from mouse,
hamster, mouse/hamster hybrid containing mouse chromosome 16 as
the sole mouse chromosome and human genomic DNA. Of these, 29
(33%) and 14 (16.1%) clones showed a single or multiple bands,
respectively, on mouse chromosome 16, 15(17.2%) were mouse
repetitive sequences, and the remaining 29 (33.3%) failed to yield
bands. Twenty-four mouse chromosome 16 single-copy clones were
sequenced and tested by Southern blot for polymorphism with six
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CHARACTERIZATION OF THE FALS CuZn SUPEROXIDE
DISMUTASE MUTATIONS IN CELL CULTURE AND
TRANSGENIC SYSTEMS. E. K. Hoffman. H. Wilcox. M Iqbal &
Chatteriee. R. Siman. J. Farah*. and R.W? Scott. Cephalon, Inc.,
West Chester, PA 19380.
Point mutations occurring within the CuZn superoxide dismutase
(SOD) gene have been implicated in the etiology of familial
amyotrophic lateral sclerosis (FALS). In order to better understand how
these mutations may contribute to the process of neurodegeneration, we
have introduced FALS mutations into the mouse CuZn SOD gene and
studied the expression of the mutant templates in cell culture and
transgenic mouse paradigms. SOD protein levels and enzymatic
activities derived from wild-type and mutant constructs were analyzed in
transient expression assays after transfection into human and mouse
cells. Cell lysates containing the mutant SOD proteins were found to
exhibit lower enzymatic activities when compared to wild-type SOD.
Immunoblot analyses of these lysates indicate that the reduction in
activity is at least partially due to lower steady-state accumulation of the
mutant proteins. The roles of specific proteases in the turnover of
mutant and native SOD proteins are being investigated. The FALS
mutations are also being studied in vivo using transgenic mouse
methodologies. Mutant and wild-type SOD genes have been introduced
into mice under the transcriptional control of the neuron-specific
synapsin I promoter. Quantitation of SOD RNA in several lines
confirms the presence of transgene RNA in brain tissue from these
animals. Future studies will involve analysis of tissues and neuronal
subpopulations for indications of oxidative stress and neuradegeneratian.

DEVELOPMENTAL EXPRESSION AND ACTIVITY RATE OF ORNITHINE
DECARBOXYLASE IN THE BRAIN OF NORMAL AND HYPERAMMONEMIC
MICE. A. Skarpetas* and I.A. Oureshi. Research Centre, Ste-Justine Hospital,
Montreal,(Quebec) H3T 1C5 Canada.
Ornithine Decarboxylase (ODC, EC.4.1.1.17) is the rate limiting enzyme in the
conversion of ornithine to putrescine and is thought to play an essential role in cell
proliferation and differentiation. The sparse-fur (spf) mouse, with an X-linked
mutation of the hepatic ornithine transcarbamylase (OTC; EC.2.1.3.3) gene,
typically shows a smaller brain size. We hypothesized that the spf mouse brain
could have a decreased availability of ODC duripg early development. We compared
the activity and development of ODC in the spf/Y mouse with those of normal CD1/Y controls. The assay conditions used were a modification of those described by
Janne and Williams-Ashman (1971, J. Biol. Chem. 246:1726-1732) in which
carboxyl-labelled radioactive ornithine is used as a substrate and the evolved
is trapped as an indicator of ODC activity. Our preliminary results indicate a
significantly lower ODC activity in the brain of the spfA mice in comparison to the
controls at 7 days of age (158 vs 202 pmoles/hr/mg protein, [spf, n=4: CD-l,n=3: p
< 0.01]). At this age, the spf mice showed 22% less cerebral ODC activity than the
controls whereas at 90 days of age no significant differences in ODC brain activity
were found between the two groups (10.8 vs 9.1 pmoles/hr/mg protein [spf, n=4:
CD-I, n=5]). Brain ODC activity and polyamine concentrations are very high in
normal mouse at the time of birth and during early post natal development where cell
proliferation and differentiation are at their highest (Suorsa, et al., 1992, Biochem.
Biophys. Res. Commun, 184:2:1114-1118). The smaller size of the spf/Y brain in
comparison to the CDl/Y mouse could be correlated to the lower specific activity of
ODC during post natal development. Subsequently, there may be adaptive
mechanisms in the spf mouse which partly counterbalance the hepatic metabolic
defect and allow the animal to establish basal normal ODC activity at the adult stage.
(Financial assistance by the CLF is acknowledged).

343.13

343.14

LOSS OF N-METHYL-D-ASPARTATE (NMDA) SENSITIVE
L-GLUTAMATE BINDING SITES IN SPARSE-FUR MUTANT
MICE WITH ORNITHINE TRANSCARBAMYLASE DEFICIENCY.
Ratnakumari.L.. Oureshi. I.A.* and Butterwo^rth. R.F.
Res.Centres, Hopital Ste-Justine, Hopital Saint-Luc, Montreal, Canada.

NEUROPATHOLOGIC CHANGES ASSOCIATED WITH ORNITHINE
TRANSCARBAMYLASE DEFICIENCY IN MICE. K. J. Hopkins. M. B.
Robinson. M. L. Batshaw*. and M. L Oster-Granite. Division of
Biomedical Sciences, Univ. of CA, Riverside, CA 92521-0121 and
Department of Pediatrics, Univ. of PA Sch. Med., Philadelphia, PA
19104-4399.
Ornithine transcarbamylase deficiency (OTCD), an X-linked trait,
causes decreased waste nitrogen excretion and hyperammonemia, a
situation leading to hyperammonemic crisis followed by coma and
death in affected human males. In mice, OTCD occurs in the sparse fur
(Spf) mutant. The SpffY mice are runted and lack fur at one week of
age. By two months of age they are still small and have an uneven coat
appearance. SpffY mice deteriorate after two months of age, and over a
48 hour period become moribund and die. When we examined the
striatum of mildly affected SpffY mice ultrastructurally, we found
increased numbers of small, dense cells that resembled activated
microglia. Within 48 hours, we observed significant loss of medium
sized neurons and increased numbers of small dense cells resembling
reactive perineuronal oligodendrocytes that lay close to duets of large,
lucent neurons in moribund and profoundly moribund animals. We did
not find increased numbers of type II astrocytes, nor did we observe
active synaptic degeneration or degenerating processes in an
otherwise very normal appearing neuropil in profoundly moribund
mice. Current studies are directed towards determining the functional
state of these two reactive cell populations in both mildly and
profoundly affected SpffY mice. Supported by HD19932 (MLOG),

Ornithine transcarbamylase (OTC:E.C.2.1.3.3) catalyses the second
step of the urea cycle, the conversion of ornithine and carbamyl
phosphate to citrulline. Deficiency of this enzyme is a common urea
cycle disorder in humans and leads to the accumulation of ammonia,
. causing severe neurological disturbances. The study of the
neurobiological consequences of OTC deficiency has been facilitated by
the availability of an appropriate animal model, the sparse-fur (spQ
mouse. In the present study, densities of NMDA subclass of Lglutamate receptors were measured using [3H]MK801 as a ligand in spf
mice by quantitative receptor autoradiography. Serum and brain
ammonia levels in mutant spf mice were increased by 58% and 77%
(n=5; p<0.01) respectively compared to control mice. Glutamate levels
were significantly decreased in the cerebral cortex of spf mice compared
to control mice. Quantitative receptor autoradiographic studies revealed
reduced densities of [3H]MK8Ol binding sites by up to 40% in frontal
cortex (19.4±lnCi/mg in control vs l2.2±lnCi/mg in spf; n=5;
p<0.01), thalamus, hippocampus, striatum and cerebellum of spf mice.
These changes could result from increased brain content of quinolinic
acid, a putative endogenous NMDA receptor ligand found to be
increased in congenital urea cycle disorders including OTC deficiency
(Batshaw et al., 1993, Ann.Neurol.,34:676). (Funded by Medical
Research Council of Canada, MT-9124).

343.15
PATHOGENESIS IN THE DYSRAPHIC NEURAL TUBE OF
CURLY-TAIL MUTANT MICE. C. Keller-Peck* and R.J. Mullen.
Program in Neuroscience, Dept. of Neurobiology & Anatomy,
University of Utah School of Medicine, Salt Lake City, UT 84132.
Approximately 5% of embryos homozygous for the curly-tail (ct)
gene develop lumbosacral myeloschisis, an open neural tube. The
remaining homozygotes develop only tail anomalies or are normal.
The etiology of the various embryonic phenotypes is unknown. The
obvious multifactorial inheritance of spina bifida however, makes
these embryos an excellent model of the human disease.
Previously, we described neuronal degeneration occurring in the
dysraphic neural tube of curly-tail embryos beginning around E17.
Here, we report on the pattern of cell proliferation in the open neural
tube as well as on the possible type of degeneration. We have begun
an analysis of cell proliferation within the aberrant neural tissue using
BrdU immunohistochemistry.
Cells born on E1O appear to
recapitulate the pattern observed in control embryos. However, as
development proceeds, the number of BrdU positive cells in the dorsal
horn is increased relative to controls. This may indicate either a
decreased cell cycle within this region, or an increased cell
proliferation of the dorsal horn. Sections of mutant and control
embryos were histochemically treated using the TUNEL method to
reveal cells whose DNA was part^^ly fragmented. Analysis of neural
tissue in the mutant embryos revealed both a random dispersion of
labeled cells and an increased number of labeled cells in older
embryos. The positive labeling of cells within the neural tissue
indicates that the previously reported degeneration may be occurring
by an apoptosis-like process. (Supported by NIH Grant HD28845)
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FLM. DanoYico\ S. Carswell2. JM. Saporito2. E. Robbins2^
K, Hartpenoe2. D. McHugh*1. A, Kwong1. and V,L, Coffin1*
1Schering-Plough Research Institute, Kenilworth, NJ

07033 and

2Cephalon, Inc., West Chester, PA 19380.

We present a highly efficient method of gene transfer into the central
nervous system (CNS) of adult animals using a herpes simplex virus
(HSV) amplicon system containing the human nerve growth factor
(NGF) gene. Plasmid DNAs containing the HSV packaging and

replication signals and the gene for human NGF under the dual control
of the HSV ICP4 and the CMV IE promoters were transfected into
cultured cells. Upon infection with a temperature sensitive helper
virus, the plasmids were amplified and packaged into HSV virus
particles. Viral stocks containing these amplicons induce production
of up to 500 ng/ml NGF in tissue culture cells. Infection of PC 12
cells with the amplicon stock induced differentiation typical of NGF.
Upon intracerebral ventricular injection of 4x105 amplicon
particles containing the NGF gene, NGF protein levels increased over
background levels from 2 hr to 24 hr post-injection. Increased
levels were observed for at least 10 days post-injection. NGFinduced trkA phosphorylation was observed at 2 hr in the injected
brain region. These data suggest that the HSV amplicon system can be
used to deliver and express functional genes into the rat CNS. This
approach will be useful in designing novel animal models for human
CNS diseases.
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POSTNATAL CHARACTERIZATION CNS SEROTONERGIC
SYSTEM IN ANOREXIA (ANX) NEURODEVELOPMENTAL
MOUSE MUTANT. J.H. Son, N. Min. H. Baker and T.H. Joh.
Cornell University Medical College at The W.M.Burke Medical
Research Institute, White Plains NY, 10605.
In awe neurodevelopmental mouse mutant we have previously
demonstrated extensive serotonergic hyperinnervation in CNS target
fields, such as hippocampus, cortex, olfactory bulb and cerebellum.
However, the normal laminar organization of the brain and normal
catecholaminergic innervation were maintained in the mutant. Since
no overt increase in the number of serotonergic cell bodies in the
mutant was observed, the serotonergic hyperinnervation likely
represents increased arborization of axonal fibers within the target
areas. The serotonergic system matures postnatally and the target
innervation does not occur immediately after arrival of serotonergic
fibers near a terminal area. The innervation density seems to depend
on the maturation of target tissues.
Since there is no tightly linked marker with awe locus, the only
visible phenotype for the awe/ane is the emaciated appearance
observed as early as PD 5. The penetrance of anx/anx mutation was
over 95% with occasional variation in severity of the phenotype which
appears to be associated with the magnitude of the hyperinnervation.
Elucidation of the postnatal timecourse study of the CNS serotonergic
hyperinnervation may produce clues as to the nature of awx mutation.

STRUCTURE/FUNCTION STUDIES OF MEC-4: A PROTEIN
INVOLVED IN MECHANOSENSORY NEURON FUNCTION
AND NEURODEGENERATION. K. Hone and M. Driscoll*. Dept. of
Molecular Biology and Biochemistry, Rutgers University, Piscataway, NJ 08855

mec-4 is a member of a family of C. elegans genes, termed
degenerins, that can mutate to cause swelling and degeneration of the
specific sets of neurons in which they are expressed. The C. elegans
degenerins are structurally related to subunits of the rat amiloride
sensitive epithelial Na+ channel (Nature 361:467; 367:463) and thus
are likely to be ion channel subunits. The nematode and rat channels
may share the common feature that they are mechanically gated.
The mec-4 gene product is required for the activity of six
mechanosensory neurons and has been postulated to function as a
subunit of a mechanotransducing channel. We have conducted an
extensive structure/function analysis of this protein and have defined
three regions of the protein critical to normal function: an intracellular
amino terminal domain that includes a consensus PKA kinase site, an
extracellular Cys-rich domain, and a membrane-spanning domain
likely to line the channel pore. In the toxic variants of the protein
(MEC-4(d)), large sidechain amino acids are substituted at a position
adjacent to the membrane-spanning domain, possibly preventing
efficient channel closing. Using molecular and genetic analysis, we
have examined the importance of various domains and amino acids on
normal MEC-4 function and the ability of MEC-4(d) to kill neurons.
In addition, we are currently defining domains that are important for
channel assembly. Finally, we are assaying the effects of amiloride, a
cation channel blocker which can paralyze nematodes, on the ability to
block degeneration induced by MEC-4(d).

343.19
CYTOLOGY OF DEGENERIN-INDUCED CELL DEATH IN A SENSORY
NEURON. D.H. Hall*. G. Gu. L. Gong. M. Driscoll, and M. Chalfie. Dept.
Neurosci., Albert Einstein Col. Med., Bronx, N.Y. 10461, Dept. Biol. Sci.,
Columbia U., N.Y., N.Y. 10027, and Dept. Mol. Biol, and Biochem., Rutgers U.,
Piscataway, N.J. 08855.
Dominant mutations of the mec-4 gene of C. elegans, which encodes an ion
channel subunit homologous to the amiloride-sensitive Na+ channel in
vertebrates, cause swelling and degeneration of six mechanosensory neurons. We
have characterized the molecular and cellular changes that occur as a result of
expression of the toxic mec-4(d) gene product, thought to generate a channel that
does not close efficiently.
mec-4 is expressed about two hours after the touch receptors are bom. LI
larvae from a strain that overexpresses mec-4(d) were staged, fixed and
embedded so that the stages of cell death of one touch receptor, PVM, could be
examined by EM in serial thin sections.
The earliest defects are found at the plasma membrane, where numerous tightly
wound membrane lamellae form, some invaginating into the cytoplasm, others
possibly shedding from the cell. Almost simultaneously, membrane-bound
vacuoles of unknown origin begin to enlarge rapidly within the cytoplasm.
Within 30 min after onset of mec-4(d) expression, these vacuoles swell the cell
markedly, after which the nuclear membrane also begins to invaginate. Some
cytoplasmic organelles begin to deteriorate thereafter. By 60 min, the neuron
soma is grossly distended, the nucleus has moved to an eccentric position and
broken into fragments, and the cytoplasm has undergone lysis. Throughout this
process, membrane bound vacuoles and membranous lamellae continue to grow,
until the cell ends as a large ghost containing a few large lamellae. The early
stages of this process look rather different than programmed cell death, but are
reminiscent of some excitotoxic cell deaths.
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344.2

GROWTH FACTOR-STIMULATED PROLIFERATION OF IN-VITRO
MENINGIOMAS CAN BE INHIBITED BY CALCIUM CHANNEL
ANTAGONISTS R. L. Jensen*. T. C. Origitano. Y. S. Lee. O.H.
Reichman and R. D. Wurster Loyola University of Chicago,
Departments of Neurosurgery and Physiology, Chicago, IL 60153
Meningiomas, which comprise 20% of all intracranial
tumors, are suspected to be a result of paracrine or autocrine
overexpression of growth factors as a result of a loss of tumor
suppressor genes and oncogene expression.
Intracellular calcium has been implicated as a signal
mechanism for cellular proliferation in a number of growth factor
receptor mediated transduction pathways. We have investigated
the effects of calcium channel blocking agents on the in vitro
growth of meningioma cells after stimulation by serum, plateletderived growth factor (PDGF), fibroblast growth factor (FGF) and
epidermal growth factor (EGF).
Primary meningioma cell cultures were established and the
cells characterized. The growth factor receptor immunoreactivity
was determined.Meningioma cell cultures were given growth
factors and/or various calcium channel antagonists and growth
rates were measured.
Verapamil, nifedipine, and diltiazem significantly decreased
cell growth in a dose responsive manner when grown in serum
containing media. The growth stimulation of FGF, EGF and PDGF
was blocked by these drugs in a similar fashion. Dantrolene,
which inhibits the release of sequestered intracellular calcium,
was also effective in decreasing proliferation. Proposed
mechanisms and potential clinical applications are discussed.

TREATMENT OF EXPERIMENTAL GLIOMAS WITH OXIDATION
THERAPY. B. D. Ross*. Q. Ben-Yoseph and M. Ortiz. Departments of Radiology
and Biological Chemistry, University of Michigan, Ann Arbor, MI 48109-0553.
Hydrogen peroxide-induced cytotoxicity has beat proposed to be the result of the
metal-catalyzed Fenton reaction leading to the generation of harmful hydroxyl radicals.
The mechanisms by free radicals can cause ceU death indude DNA strand break, lipid
peroxidation and protein oxidation. In this study, we explore the possibility of
harnessing the cytotoxic properties of a ROS-producing enzyme to treat experimental
gliomas in the rat. Glucose oxidase (GO) catalyzes the formation of glucono-1,5lactone and H2O2 from glucose and oxygen, both of which are readily available in
tissues. Polyethylene glycol (PEG) moieties were attached to GO in order to increase
the enzyme's in vivo half life and reduce nQtigemdly. PEG-GO (200 U), administered
by two intratumoral injections 3 h apart, produced a 4 day growth delay in
subcutaneous rat 9L gliomas as compared to control animals receiving heat denatured
PEG-GO. In vivo tumor metabolic changes, monitored using 31p MRS 5-6 hours
following PEG-GO treatment, revealed a dramatic impairment of the energy state with
a complete loss of phosphocreatine, a 96±2% (n=5±S.E.) reduction in the ATP/T^
ratio, and a O.72±O.IO unit decline in intracellular pH. PEG-superoxide dismutase and
PEG-catalase woe also administered i.v. in order to protect the animals from systemic
toxicity due to the potential leakage of H2O>2 and/or PEG-GO from the tumor site into
the vascular system. This study demonstrates that oxidation therapy, which we define
as the use of a reactive oxygen species (ROS)-generating enzyme system for treatment
of solid tumors, is a promising therapeutic approach meriting further evaluation.
Other oxidases which offer the ability to regulate the formation of ROS in vivo by •.
controlling the enzymic activity by substrate availability and through the use of
specific inhibitors are under investigation. Sensitization of gliomas to ROS-induced
cytotoxicity can be achieved by sensitizing the tumor to oxidative stress through
inhibition of the tumor antioxidant defense systems.
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INTRACELLULAR Ca2+ RELEASE BLOCKERS REVERSE
ANTIESTROGEN-INDUCED INHIBITION OF PROLIFERATION
IN SK-N-MC HUMAN NEUROBLASTOMA CELLS. R.D. Wurster*
and Y.S. Lee. Depts. of Neurological Surgery and Physiology, Loyola
Univ. Med. Ctr., Maywood, IL 60153.
The effects of estradiol-17/3 and non-steroidal antiestrogens,
tamoxifen, clomiphene and nafoxidine, on the cell proliferation of SKN-MC human neuroblastoma cells were examined. Cell proliferation
was assayed by measuring the number of viable cells by a trypan blue
exclusion method using a hemocytometer. All agent tested inhibited

GROWTH INHIBITION OF GLIOBLASTOMA MULTIFORME WITH
SODIUM PHENYL BUTYRATE: IN VITRO AND XENOGRAFT
INVESTIGATIONS. HarvevS. Singer*. Daniel Martinie. John Hilton. Michael
Colvin. Johns Hopkins Medical Institutions, Baltimore, Maryland.

tumor cell proliferation in a dose-related fashion. IC50 value for
estradiol-17/3 was 10 - 15 ^M, suggesting that its growth inhibitory
activity may not be due to the activation of an estrogen receptor. The
antiproliferation induced by these agents was significantly reversed by
25 ^M of dantrolene and 1 ^M of ruthenium red, blockers for IP3induced and Ca2+-induced Ca2+ release, respectively.
These
antiproliferative effects were also blocked by using a Ca2+-free media.
Taken together, these results suggest that antiproliferative effects of
estradiol-17/3 and antiestrogens may be the results of increased
intracellular Ca2+ concentration through Ca2+ influx as well as Ca2+
release from multiple intracellular Ca2+ stores. These results further
suggest that estradiol-17/3 and antiestrogens may be a potential
chemotherapeutic agent for the management of human neuroblastoma.

344.5
CYTOTOXICITY OF C/S-PARINARIC ACID IN MEDULLOBLASTOMA.
T-C. RYkQn\_P.-P.- .Sm, T.Q. Ryngg
V.Q. Trayngli§. Division of
Neurosurgery, University of Iowa College of Medicine, Iowa City, IA
52242.
The cytotoxicity of c/s-parinaric acid, a plant-derived, highly
unsaturated fatty acid containing four conjugated double bonds, was
studied on cultured medulloblastoma cells and compared with normal
astrocytes. Quadruplicate cultures of Daoy medulloblastoma cells and
fetal rat astrocytes were exposed to increasing concentrations of c/sparinaric acid (0-40 micromolar) for 24 hours. The surviving ceil
number was determined and compared to control cultures to calculate
a percentage of toxicity for each condition. Daoy medulloblastoma
cells treated with c/s-parinaric acid demonstrated marked toxicity with
a 90% reduction in surviving cells at 4 micromolar (quadruplicate
cultures, 90% toxicity, p < 0.001) at 24 hours while in normal
astrocyte cultures only 20 % toxicity was observed with concentrations
up to 40 micromolar (p = .001). C/s-parinaric acid is significantly
toxic to Daoy medulloblastoma cells in concentrations that spare
normal astrocytes in vitro. Further characterization of the mechanism
is underway. Selective enhancement of lipid peroxidation in neoplastic
cells may aid in the development of alternate chemotherapeutic agents.

Glioblastoma multiforme (GBM) is an extremely malignant astrocytoma with
a patient survival of less than six months. Sodium phenyl butyrate (NaPB) is
a phenyl derivative of butyric acid, an effective inducer of cytodifferentiation.
Using a human GBM cell line (U373), we investigated the effect of NaPB on
in vitro cultures and U373 xenografts in nude mice.
U373 cells incubated with NaPB, 0.5 to 10 mM produced dose-related
reductions in growth rate; 10 mM reduced cell counts by 85% and diminished
BUdR incorporation. Studies of cell division showed interruption in the Go/Gl
and G2/M phases with 99% of cells remaining viable. NaPB treatment
increased several neurochemical markers as compared to untreated cells;
choline acetyltransferase (ChAT) activities (159% of control), glutamate
receptor binding (131 - 44D%),serotonin, (286%), 5-HIAA (168%), and
measures of adenylyl cyclase activity (3-5 fold). Tumors established in mice
retain characteristics similar to in-vitro cultures for ChAT, glutamate and
phorbol receptor binding. Mice with U373 xenografts were administered
intraperitoneal NaPB in doses ranging from 250-1000 mg/kg BID. After nontoxic doses of 750 mg/kg were given for two weeks, the slope of tumor growth
was flatter in treated mice ( 0.062) as compared to that in controls (0.16).
Although the mechanism by which NaPB arrests cell growth and induces
differentiation is unknown, our study suggests that this agent may deserve
consideration as a potential treatment in man.

344.6
THALLIUM AS ANTITUMORAL: EFFECT ON N-ETHYL-NNITROSOUREA (ENU)-INDUCED BRAIN TUMORS. R. Barroso-Moquel*. M. Mendez-Armenta. J. Villeda-Herndndez. C. Rios. S. Galvdn-Arzate and M. AlcarazZubeldia.
Lab. Neuromorfol. Cel., and Depto.
Neuroquirn., Inst. Nal. Neurol. Neurocir., Mexico
14269.
The aim of the present study was to evaluate
the possible anti-tumoral effect of thallium
acetate on ENU-induced brain tumors in rats.
Eighteen pregnant rats were administered ip with
20 mg/rat at 18-19 days of gestation.Newborn rats
were treated with either saline solution
or
thallium acetate solution (0.64 mg/kg/day) for
five days beginning at age 60 days old. Treatments were repeated monthly until the rats showed
brain tumor symptoms, when they were sacrificed
for histopathological observation. Tumoral types
were: oligodendroglyoma (50%), ependymoma (4.5%),
mixed glioma (9%) anaplastic glioma (9%), coroid
plexus adenoma (4.5%), meduloblastoma (4.5%) and
meningioma (14%). The frequency of meningioma was
found decreased in thallium-treated rats (-80 %).
All other tumoral types were not significantly
changed in frequency among the treament groups.
Results indicate an slight protection of thallium
against
mesodermic-origin
(meningioma)
brain
tumor in ENU-treated rats. Partially supported by
CONACYT grant 1559-M9207, M6xico.

344.7

344.8

Suppression of Human Medulloblastoma Cell Proliferation with

POLYMERIC IMPLANTS CONTAINING AMSACRINE AND MITOMYCIN
- C FOR THE TREATMENT OF MALIGNANT GLIOMA IN
A RAT
MODEL L. Wahlberg. J. Boethius. C. Johansen*. Dept. of Clinical
Neurosciences, Sect of Neurosurgery, Karolinska Institute, Stockholm, Sweden
and Brown University, Providence, Rhode Island.
We report the fabrication, pharmacokinetics, and the in vitro and in vivo
effects of stereotactically implantable polymeric devices in a malignant glioma
rat model. Ethylene vinylacetate copolymer (EVAc) rods (0.6 x 5 mm)
containing amsacrine and mitomycin C were fabricated using an extrusion
method. This method gave highly reproducible and linear drug release rates in
vitro and in vivo. The mechanical characteristics allowed the polymer to be
implanted with a stereotactic method. This fact in combination with the
predictabe release made the polymer ideal for the study of transport issues and
diffusion of drugs within the brain. The methodology and pharmacokinetics of
this system are discussed. The correlation of in vitro with in vivo drug release
was shown to be high, and drug release could be accomplished for > 30 days.
The drug-polymer complex induced only a minimal reactive astrocytosis in the
normal rat brain and no neurologic or systemic toxicity were noticed. In the
tumor experiments, cells from an experimental rat glioma (RG-2) were injected
into the frontal lobe of rats and allowed to grow. Rods of pure polymer
(control) and rods containing the different antineoplastic agents were implanted
at different points in time using the same stereotactic targets as the tumor
injection . Tumors grew in all control rats implanted with the pure polymer
rods and symptoms from increased intracranial pressure developed on, the
average, 12 days from implantation. Rats implanted with amsacrine and
mitomycin rods did not develop symptoms and showed gross regression of
tumors and non-viable tumor cells on histological sections. The histologic
characteristics and survival in the different treatment groups are discussed.

Antisense Oligonucleotides to the c~myb Oncogene.

Eric P. Flores. lan Chians, Dermis Y.K. Wen. Walter C. Low * and Walter A.
Hall, Department of Neurosurgery, University of Minnesota, Minneapolis, MN
55455
c-myb is a highly conserved proto-oncogene which encodes a nuclear
protein involved in the regulation of cell proliferation and differentiation.
Recent studies have shown that the c-myb protein product binds to specific
DNA sequences and transactivates transcription of DNA polymerase-alpha and
cdc2, two genes that are critical for DNA synthesis. High levels of c-myb
expression are found in embryonic brain tissue and in transformed tumor cells
of neuroectodermal origin. In die present study we have examined the effects of
antisense oligonucleotides designed to disrupt the 5' promotor region of the cmyb gene, and to codons 183-187 of the transactivation domain. Human
medulloblastoma cells of the Daoy cell line (ATCC) were subjected to the
administration of antisense and sense (10 pM). Untreated cells served as
controls. Cell proliferation was determined by 3H-thymidine incorporation.
Administration of antisense to the promoter region resulted in a suppression of
cell proliferation to 53% of control values (p < 0.05); antisense to the
transactivation domain suppressed proliferation to 45% of control (p < 0.05).
The administration of c-myb sense did not result in any significant alteration in
proliferation. These results suggest that antisense oligonucleotides can be
designed to disrupt the expression of genes involved in the regulation of cell
proliferation. The suppression of Daoy cell proliferation demonstrated in the
present study further suggests that this approach can potentially be developed as
a therapeutic modality for treating malignant brain tumors.
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344.9
EFFECTS OF CYCLIC GMP MODULATORS ON THE GROWTH
OF HUMAN BRAIN TUMOR CELLS. Y.S. Lee* and R.D.
Wurster. Depts. of Neurological Surgery and Physiology, Loyola
Univ. Med. Ctr., Maywood, IL 60153.
The effects of known cyclic GMP modulators, methylene blue (MB), LY
83583 (LY) and hydroxylamine (HA), on the growth of human brain tumor
cells were investigated. SK-N-MC human neuroblastoma and U-373 MG
human astrocytoma cell lines were used. Cell growth was assessed by
counting the number of cells using a hemocytometer. AH agents inhibited the
growth of these tumor cells in a dose-dependent manner. The inhibition of
these tumor cell growth induced by these drugs was not the result of their
cytotoxicity, but the result of the inhibition of cell proliferation, evaluated by
trypan blue exclusion method. MB or HA-induced inhibition of tumor cell
growth was significantly blocked by the co-treatment with 1 mM dibutyryl
cGMP or 200 ^M sodium nitroprusside (SNP), suggesting that MB and HA
inhibit guanylyl cyclase and thus, decrease cellular cGMP concentration,
which may result in the inhibition of these tumor cell growth. However,
LY-induced inhibition was not reversed by these agents. Moreover, 200 ^M
SNP potentiated LY-induced growth inhibition, indicating different
mechanisms of action between MB and LY. In conclusion, these results
suggest that cGMP may be involved in the growth signal transduction
mechanisms in these tumor cells and that known cGMP modulators may be
a potential therapeutic agent for the treatment of human brain tumors.

WEDNESDAY AM

SYMPOSIA
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SYMPOSIUM. EARLY DEVELOPMENT AND REGIONALIZATION OF
THE MOUSE BRAIN. S. S. Easter. Jr.. U. Michigan (Chairperson); A.-S.
LaMantia. Duke U.; L. Puelles. U. Murcia, Spain; J. L, R. Rubenstein. U.
California, San Francisco.
The old idea that embryonic brains are subdivided into subunits with
their own rules of development (neuromeric theory) has recently gained new
vitality. This symposium will cover several aspects of the regionalization of
the prechordal brain just prior to and during the formation of the first tracts.
Anthony LaMantia will describe his studies of inductive signalling by
retinoids produced by lateral cranial mesenchymal cells and acting on distinct
domains of both the forebrain vesicle and the olfactory placode. The initial
retinoid signalling fails to occur in the Small eye mutant, and this failure is
followed by a loss of both the olfactory epithelium and olfactory bulb. Steve
Easter will describe the first tracts, their nuclei of origin, and the relation of
both to neuromeres and intemeuromeric boundaries. While some early nuclei
are restricted to single neuromeres, others originate from two, and their axons
readily cross intemeuromeric boundaries, including an unnatural one created
genetically in the Wnt-l™*3 mutant. John Rubenstein finds that putative
regulatory genes, (e. g. homeobox-containing, such as Dlx-1 and Dlx-2) are
expressed in patches with boundaries that are parallel or orthogonal to the
longitudinal axis of the brain. These patches (or"prosomeres") are
hypothesized to be functional developmental subunits, and this hypothesis is
being tested with gene replacement studies. Luis Puelles. a co-developer of the
prosomeric hypothesis, will discuss the development of these subunits in a
comparative context.

SYMPOSIUM. MOLECULAR PLASTICITY IN EPILEPSY &
ISCHAEMIA. Y. Ben-Ari*. INSERM U. 29, Paris (Chairperson); C
GALL. University of California at Irvine; I. Modv. University of Texas
and R. Dingledine. Emory University of Atlanta.

VISUAL CORTEX:
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Brief seizures or anoxo-ischemic episodes generate a cascade of
molecular events leading to long term changes in synaptic transmission
and transmitter gated subunit expression, neosynaptogenesis and/or
neuronal death. The purpose of this Symposium is to examine the
conceptual links between neural plasticity , epilepsy and Ischaemia using
as a model the hippocampal formation. C. Gall will describe seizure
induced changes in the expression of immediate early genes and growth
factors and discuss their implications for Neuroplasticity. I. Mody will
review the persistent enhancement in granule cells of epileptic rats of the
current flow through NMDA receptors, and the role of protein kinases
and phosphatases. The control of calcium influx through AMPA
receptors, and the regulation of GluR2 expression in intemeurons will
be analyzed by R. Dingledine.The changes in GluR2 expression - seen
after epilepsy and ischaemia could contribute to the pathological
consequences. Finally , Y. Ben-Ari will describe how anoxia in vitro
generates a novel type of LTP in CA 1 neurons, the expression of which
is due to a persistent upregulation of postsynaptic NMDA (but not
AMPA) receptors. He will also describe the apoptotic features
(programmed cell death) of neurons degenerating after kainate induced
seizures and global ischaemia.

STRIATE IV

349.2

CORTEX REVEALED BY INTRINSIC SIGNAL IMAGING
S. C. Rao*. L. J. Toth. B. R. Sheth. M. Sur
Department of Brain and Cognitive Sciences, MJ.T„ Cambridge, MA 02139

Orientation
-specific
spread of activation
in primary visual
CORTEX MEASURED BY OPTICAL RECORDING OF INTRINSIC SIGNALS
L. J. Toth*. S. C. Rao. B. R. Sheth. aad Jd. Sur
Department of Brain and Cognitive Sciences, MJ.T., Cambridge, MA 02139

The global organization of orientation domains in primary visual cortex of
cats has not been described in detail, to date. We imaged intrinsic signals in cat
area 17 in order to investigate the location and strength of orientation domains.
We compared maps obtained by varying spatial frequency of 'the visual stimulus
(high-contrast square-wave gratings), ocularity, and time of recording.
Histological identification with Nissl and myelin stains, and single-unit
recordings, were used to verify that the imaged region lay within area 17.
Orientation domains in area 17 appeared to be organized as discrete activation zones around common foci (’pinwheels') with a frequency of -1.8 per mm2.
Varying spatial frequency led to differential activation within area 17. We
found that stimuli of higher spatial frequency (0.75 cyc/deg, compared to 0.37
cyc/deg) led to smaller regions of activation closer to the foveal representation,
consistent with observations that cells at greater eccentricities are less responsive
to higher spatial frequencies. Changing the spatial frequency of stimulation did
not change the spatial location of orientation domains.
We compared orientation maps generated by stimulation of both eyes with
that from each eye alone. The location of orientation columns did not change
with monocular stimulation. Maps obtained with monocular stimulation were
remarkably similar to those obtained with binocular stimulation.
Finally, we compared orientation maps obtained at different times.
Orientation domains were stable for the duration of our recordings (18 hours).
These data indicate that orientation domains are a robust physiological
feature of cat area 17, with many features similar to those found in cat area 18
and monkey area 17. Supported by NIH grant EYO7O23.

We examined the response of cat area 17 under two complimentary
conditions of monocular visual stimulation; first, a circular region containing an
oriented grating inside and uniform gray outside ("spot"), and second, the same
circular region with a grating outside and uniform gray inside ("hole").
Both types of stimulus elicited strong regions of activation within area 17;
spots and holes generated complimentary maps with diffuse edges. Furthermore,
the spatial location of orientation domains within activated regions never varied
between spot, hole and full-field stimuli. We defined the stimulus boundary in
the cortical image as the line along which strength of response to the spot was
exactly equal to that of the hole. This boundary agreed well with subsequent
single-unit recordings of receptive field position. Although this boundary
delineated the region of strongest activation, regions of weaker activation
occurred across the boundary in both spot and hole conditions. Small spots (3°)
generated orientation-specific maps, but the corresponding hole maps showed no
apparent gap. Larger holes (6° and 9°), which generated complete maps
(including the region of cortex activated by corresponding spots), were sufficient
to cover the expected variation in receptive field locations (at 5° eccentricity,
Albus, Exp. Br. Res. 24:159-79, 1975). Still larger holes left gaps in activated
cortex. The orientation column boundaries in the hole map were identical to
those obtained from spot or from full-field stimulation.
These experiments imply that activation outside a cell's classical receptive
field can generate orientation-specific responses in the cell. These responses
arise from regions receiving weak, possibly sub-threshold stimulation, and may
represent a possible substrate for the psychophysical phenomenon of "filling-in."
Supported by NIH grant EYO7O23.
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349.4

INTERACTIONS OF DENDRITIC ARCHITECTURE AND INHIBITORY
CIRCUITRY GENERATE ORIENTATION SENSITIVITY IN DETAILED
MODELS OF CAT VISUAL PATHWAY. M.A.V Gremillion* and B.J.

SPATIAL ORGANIZATION AND CONNECTIONS OF ISO-ORIENTATION
DOMAINS IN TREE SHREW STRIATE CORTEX. D. Fitzpatrick*. B.R,
Schofield and J. Strote. Dept. Neurobiol., Duke University Medical Center,
Durham, NC 27710.
Optical imaging techniques were combined with anatomical techniques to
examine the organization and interconnections of iso-orientation domains in the
superficial layers of tree shrew striate cortex. Maps of iso-orientation domains were
generated by visualizing through thinned bone the intrinsic signals evoked during
presentations of drifting square wave gratings. Single orientation maps, derived by
subtracting the responses to orthogonal stimuli, were similar in appearance to 2deoxyglucose maps described by Humphrey et al. (‘81). Along the lateral edge of
striate cortex, iso-orientation domains were arrayed as parallel stripes running
perpendicular to the 17-18 border. Long stretches of parallel stripes were also
present in the caudal medial aspect of striate cortex where they were oriented roughly
parallel to the 17-18 border. In the remainder of the cortex, iso-orientation domains
assumed a less regular, more patchy distribution. Vector summation of the maps
derived for 8 different stimulus orientations revealed features similar to those
described in cat and monkey visual cortex including: linear zones, where orientation
preference progresses in a linear fashion, pinwheels, where orientation preference
cycles radially around a point, and saddle points where the progression of orientation
preference reverses direction (Blasdel, ‘92; Bonhoeffer and Grinvald, ‘93).
Consistent with previous results (Fitzpatrick et al., ’93), biocytin labeled neurons
in layers II and III gave rise to horizontal connections that were distributed
anisotropically, extending farther and giving rise to more terminals along the axis of
the visual field map that corresponds to the neuron's preferred stimulus orientation.
Comparing the distribution of labeled terminals with the maps of preferred
orientation revealed that the majority of these terminals lie in regions that prefer the
same stimulus orientation. Thus horizontal connections preferentially link neurons
that respond to the same stimulus orientation and are displaced along this axis in
visual space. Supported by EY06821.

Travis.

Los Alamos National Laboratory, Los Alamos NM 87545.

A detailed model of the circuitry and cellular dynamics of the cat
retinogeniculostriate pathway was constructed in order to examine
the roles of inhibition and dendritic asymmetry in producing
orientation sensitivity throughout the visual pathway, and to
determine how orientation-selective LGN inputs influence cortical
cell behavior.
First, retinal circuitry which produces centersurround ganglion cells(GCs) matched to spatial and temporal
characteristics of cat X ganglion cells was tested for the effects of
making the GC dendritic arbors asymmetric, as has been seen in
vivo. While retaining appropriate center-surround behavior, these
ganglion cells proved to be orientation sensitive, with a response
increase of up to 40% to the preferred bar orientation. With these
cells as input to the LGN, a similar or greater degree of orientation
sensitivity was then seen in LGN principle (P) cells, depending on
whether Xs or Xm cell anatomy was modeled. P-cell orientation
sensitivity was further potentiated when GABAergic ( A or B)
inhibition from LGN interneurons was received. This was true
whether the interneurons themselves were orientation-sensitive or
not. Finally, the orientation sensitivity seen in P cells was retained
by cortical cells to which they projected. Here inhibitory inputs,
this time in the cortex, were again capable of further potentiating
orientation sensitivity. Moreover, dendritic asymmetry in a cortical
cell boosted the cell's orientation sensitivity
whether or not the
asymmetry matched that of the initial ganglion cell asymmetry or
sensitivity, and thus is probably functionally relevant.

349.5

349.6

MAPPING PATTERNS OF FUNCTIONAL HORIZONTAL CONNECTIONS
USING COMBINED IN VIVO OPTICAL RECORDING AND IN VITRO MULTISITE STIMULATION. M. Welikv*. K. Kandler. D. Fitzpatrick. L.C. Katz.
Department of Neurobiology, Duke University Medical Center, Durham, NC 27710.
In striate cortex, patchy horizontal axonal projections link columns of similar
orientation specificity. To directly assess the electrophysiological correlates of such
clustered projections, intrinsic signal imaging in vivo was combined with a new
multi-site stimulation technique in vitro to functionally map the pattern of
horizontal synaptic inputs onto single layer 2/3 cells within tangential slices of ferret
visual cortex. After mapping the pattern of orientation columns in vivo, tangential
brain slices were prepared from the same tissue. Twenty-four separate sets of
horizontal fibers were stimulated within a 1200 pm strip of cortex while evoked
synaptic responses were recorded using whole cell patch methods. For most cells,
input maps demonstrated the presence of clustered horizontal connections in which
multiple strong and weak synaptic responses were alternately evoked across the
stimulated cortical region. In most, but not all cases, the clustered pattern of peak
synaptic inputs was well correlated with the optically-determined arrangement of isoorientation domains.
In other experiments (in which orientation maps were not known) recordings from
up to 9 cells in a single slice revealed that patterns of synaptic input were closely
correlated for cells in close proximity, and that this correlation decreased with
distance, with no correlation at distances greater than 500 pm. To further assess
whether these physiological results were consistent with the known anatomical
linkage of iso-orientation columns by clustered horizontal connections, computer
simulations were performed upon orientation preference maps obtained from optical
imaging. Simulated synaptic input maps reproduced the observed patterns of
clustered inputs onto experimentally recorded cells. These results indicate that most
cells receive patterns of synaptic inputs consistent with a clustered organization of
horizontal connections which functionally link iso-orientation columns. Supported
by NIH grants EY07690 (L.C.K) and EY06821 (D.F.).

RULES FOR THE CORTICAL MAP OF OCULAR DOMINANCE
AND ORIENTATION COLUMNS. S.Grossberg*and S.J.Olson.
Department of Cognitive and Neural Systems, Boston University,
Boston, MA 02215.
Three computational rules are sufficient to generate model cortical maps that simulate the interrelated structure of cortical ocular
dominance and orientation columns: a noise input, a spatial band
pass filter, and competitive normalization across all feature dimensions. The data of Blasdel from optical imaging experiments reveal
cortical map fractures, singularities, and linear zones that are fit by
the model. In particular, singularities in orientation preference tend
to occur in the centers of ocular dominance columns, and orientation
contours tend to intersect ocular dominance columns at right angles. The model embodies a universal computational substrate that
all models of cortical map development and adult function need to
realize in some form.

S.G. was supported in part by the Air Force Office of Scientific
Research (AFOSR F49620-92-J-0499), ARPA (ONR N00014-92-J4015), and the Office of Naval Research (ONR N00014-91-J-4100).
S.J.O. was supported in part by the Air Force Office of Scientific
Research (AFOSR F49620-92-J-0334), British Petroleum (BP 89A1204), the National Science Foundation (NSF IRI-90-24877), and
the Office of Naval Research (ONR N00014-91-J-4100).

349.7

349.8

DISTRIBUTION OF EVOKED RESPONSES ACROSS THE VISUAL FIELD
UNDER CONDITIONS FAVORING M- AND P-PATHWAYS. H.A. Baseler ,
E.E. Sutter* and M.A. Bearse Jr. The Smith-Kettlewell Eye Research
Institute, San Francisco, CA, 94115
There is substantial evidence that the processing of form, color and motion
information is segregated in the retina and brain. The P-pathway carries
chromatic, as well as high contrast, high spatial, low temporal frequency,
achromatic information, while the M-pathway is specialized for low-contrast,
low spatial, high temporal frequency, achromatic information. However, there
is controversy over whether these pathways sample the visual field in the
same manner.
We measured the visual field topography of visual evoked potentials (VEPs)
under conditions favoring either P or M pathways. Pattern reversal VEPs
were collected concurrently and independently from 60 locations in a 16 deg
central field using a binary m-sequence technique. Stimuli were either
unsealed or scaled for cortical magnification in V1. Luminance contrast, spatial
scale, temporal rate and chromatic contrast were varied.
Field topographies differed notably between conditions. Relative to high,
achromatic contrast, low contrast stimuli evoked VEPs that were smaller in the
central field compared to more peripheral locations. Isoluminant red/green
response topographies showed characteristics of both low and high contrast
achromatic conditions, but the waveform features were relatively longer in
latency and duration. An early feature (at ~6O ms) in the achromatic
waveforms was prominent at low contrasts, high temporal rates and with large
check sizes, particularly in the near periphery. It decreased at high contrasts,
lower rates, and with small check sizes. Under these conditions, a later
feature (at -100 ms) emerged, particularly near the fovea.
Our results demonstrate that stimulus contrast and chromaticity can alter the
relative contribution of different components to the VEP. They suggest that
M and P mechanisms in the brain may sample the visual field differently.

VISUAL RESPONSE LATENCIES ARE SHORTEST IN THE
MAGNOCELLULAR PATHWAY WITHIN AREAS VI AND V2 OF
MACAQUE CORTEX J.Bulhen.LG...Nowak, -M.H.J. Munk and P. GirardCerveau et Vision INSERM U37l, 69500 Bron/Lyon France
Anatomical and physiological studies have shown that magno- and parvo-cellular
pathways circulate through different layers and compartments of area VI and V2.
The magnocellular pathway goes through layers 4Calpha and 4B in VI and the
thick cytochrome oxidase (CO) bands in V2 . Thalamic afferents from the
parvocellular system terminate in layer 4Cbeta of area V1. Some mixing of the
two pathways occur beyond this stage in VI. To determine whether visual
information is processed at the same time within both channels, we measured the
latencies of neurons in different layers and C-0 compartments in VI and V2 in
response to a standard small rectangular stimulus flashed in the receptive field.
Electrolytic lesions were placed in the penetrations which were made normal to the
surface in V2 and at a shallow angle in VI. Histological sections were stained for
Nissl substance or C-0 activity. In addition, injections of retrograde fluorescent
tracers were placed in area V4 two weeks before the recording. Examination of
fluorescent labeled cells facilitated the identification of the different types of C-0
bands.
In area VI, the shortest latencies were found in layers 4Calpha and 4B. Latencies
in 4Cbeta were approximately 20 ms longer. In V2, latencies were shorter by 20
ms in thick and pale bands than latencies in thin C-O bands. In keeping with this
observation, direction selective neurons which were mostly found in thick C-0
bands had latencies shorter by 23 ms compared to colour-selective neurons which
were concentrated in thin C-O bands.
In conclusion, visual information is processed more rapidly in the magnocellular
stream in VI and V2 than in the parvo-dominated colour selective pathway
circulating through layer 4C beta in VI and the thin C-O bands in V2.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

837

838

VISUAL CORTEX:

3419.9

STRIATE IV

WSDIUSSDAY AM

349.10

A MODEL FOR LOCAL IMAGE VELOCITY DETECTION ON THE
MAGNOCELLULAR VISUAL PATHWAY.
H.Okamoto, S.Kawakami and
K.Oka*. Fujitsu Laboratories Ltd., Kawasaki, Kanagawa 211, Japan.
We show that five types of cell on the magnocellular visual pathway constitute
a function hierarchy for detecting the motion of stimuli on the retina Applying
Hough and inverse Hough transforms and Reichardt's spatio-temporal correlation to
the hierarchy, we modeled this cell network as a series of simple formulas that
represent the synaptic functions of neurons. Our model resolves the physiological
inconsistencies in previous models.
Sequential processing by LGN cells, nondirectionally selective (NDS) and
directionally selective (DS) simple cells, and DS complex cells converts the 2dimensional (2-D) motion of moving stimuli into a sinusoidal firing pattern in the
DS complex cell array. The pattern's amplitude and phase correspond to the speed and
direction of motion. Motion-detection cells then extract the pattern to detect motion.
In the hierarchy, LGN cells generate a time delay. NDS and DS simple cells perform
a Hough transform and a spatio-temporal correlation to detect 1-dimensional (1-D)
velocities of oriented components within the stimulus. DS complex cells accumulate
the DS simple cell responses to convert 2-D motion into a sinusoidal pattern in the
complex cell array. Finally, motion-detection cells perform an inverse Hough
transform to extract the pattern. This cell model accounts for Adelson and Movshon's
two-stage hypothesis (1982) neurophysiologically. Our DS complex cells and
motion-detection cells correspond to the component and pattern cells studied by
Movshon et al. (1985).
Based on the five types of cell, we modeled the hierarchical cell network with
simple formulas executable by actual synaptic functions. Our model precisely
describes the cell arrangement and connections in the hypercolumn and gives a
plausible mechanism for how the velocity of an image within a receptive field is
detected in the visual cortex. Simulation of the model reflected the response to
various stimuli in actual cells. We developed methods for confirming the model's
validity using optical image recording and microelectrodes.

NEURONAL CORRELATES OF ATTENTION TO TEXTURE PATTERNS
IN MACAQUE STRIATE CORTEX. W.A. Press*! JJ. Knierim2. and D.C. Van
EssenL ‘Dept, of Anatomy and Neurobiology, Washington University School of
Medicine, St Louis, MO 63110; 2ARL Division of Neural Systems, Memory, and
Aging, University of Arizona, Tucson, AZ 85724.
Stimuli outside of the classical receptive field (CRF) can strongly modulate
neuronal responses to stimuli within the CRF. We have examined whether this
surround modulation can itself be affected by visual attention. We recorded singleunit responses from Vl of a monkey performing an orientation discrimination on an
optimally oriented bar that was located either within the cell's CRF or in the opposite
hemifield. On each trial, this bar was presented in both bemifields, and the monkey
was cued to attend to one of the two locations. Bar stimuli were presented either
alone (no texture), surrounded by parallel bars (uniform orientation texture), or
surrounded by orthogonal bars (orientation contrast texture).
When the monkey was attending away from the CRF, the response to the bar-alone
CRF stimulus was significantly suppressed by at least one of the texture surrounds in
12/29 cells recorded to date (mean suppression = 37%, p < 0.01). This suppression
was significantly reduced (p < 0.05) when attention was directed at the CRF (mean
suppression = 8%, n.s.). Attention had no significant effect on the bar-alone
responses in these cells. A subset of cells showed larger nonattending responses to
orientation contrast than to uniform orientation textures. These responses correlate
with perceptual salience, and have been proposed as a possible substrate for the
preattentive "pop-out" phenomenon (Knierim and Van Essen, 1992). Attention
directed at the CRF attenuated this effect. These data suggest that the physiological
mechanisms underlying attentional processing begin as early as visual area VI.

349.11

349.12

RESPONSES OF VISUAL CORTICAL NEURONS IN A
MONKEY FREELY VIEWING NATURAL SCENES. J. L.
Gallant*. C. E. Connor, and D. C. Van Essen. Dept. Neurobiology,
Washington University Medical School, St Louis, MO, 63110
Though physiological experiments on the filtering characteristics
of neurons in visual cortex have been performed for several decades,
there is little quantitative analysis on the responses of cortical cells under
natural viewing conditions. We have developed methods for recording
neural responses while a monkey freely views natural images, and
correlating these responses with the sequence of image subregions falling
within a cell's receptive field. The results can be compared with those
obtained using conventional physiological stimuli (such as Cartesian and
non-Cartesian gratings) presented while the monkey performs a fixation
task. Our preliminary analysis of responses in areas Vl and V2 have
focused on two issues. (1) How do overall response rates obtained in the
dark, during free viewing, and during the fixation task compare? The
mean responses obtained during the fixation task were usually greatest,
even though the grating stimuli were behaviorally irrelevant and many lay
outside cells' tuning curves. Mean responses obtained under free
viewing conditions were generally only slightly higher than those
obtained in the dark. (2) How well does a cell's selectivity for grating
stimuli during a fixation task predict its responses to complex stimuli
under free viewing conditions? The correlation is lower than we had
anticipated. Possible reasons include variability in responses associated
with single fixations, influences from beyond the classical receptive
field, and changes in attention. This approach may help clarify the
relationship between neural responses obtained in the laboratory and
those occurring under natural viewing conditions in the real world.

USE-DEPENDENT RECEPTIVE FIELD PLASTICITY IN ADULT CAT VISUAL
CORTEX. U.T. Evsel* Department of Neurophysiology, Faculty of Medicine,
Ruhr-Universitat Bochum, D-44780 Bochum, F.R. Germany.
We have observed expansion of receptive fields (RFs) at the borders of
small
chronic lesions in
adult cat visual cortex (Eysel,
In;
Gene-Brain-Behaviour, Thieme, p. 137, 1993) similar to findings in the
somatosensory cortex (Jenkins & Merzenich, Progr. in Brain Res. 71:249,
1987). To further investigate the conditions that might allow enlargement of
RFs in cat visual cortex we have combined associative stimulation of
non-overlapping
RF
regions
and
local
cortical
inactivation
by
microiontophoresis of GABA (O.5M, pH=3.0, 10-50 nA). We were able to
demonstrate a significant and reproducible use-dependent expansion of
receptive fields in cells lateral to the inactivated region.
Two micropipettes were placed 1.5-2.0 mm apart into regions of area 17
(layers ll/lll) with same preferred orientation and ocular dominance. Analysis
of peri-stimulus time histograms ensured that RFs from both regions did not
overlap, i.e. a cell at one site could not be stimulated from the other site's RF.
Synchronous visual stimulation of both RFs with optimal stimuli (stationary
bars flashed on-off at 1 Hz) for one hour did not lead to RF expansion. When
lateral intracortical interactions were suppressed by local inactivation of the
cells at one site the same stimulus protocol led to RF expansion in cells at the
other site. Stimuli presented to the previously ineffective RF area now evoked
strong responses. The effect occurred within 10 minutes and persisted for
hours. Remote cortical inactivation alone did not produce a similar effect.
The results are interpreted as evidence for associative long-term synaptic
plasticity in the adult cat visual cortex and possibly represent an in vivo model
for LTP observed so far in vitro in adult rat and cat visual cortex. The
permissive effect of remote cortical inactivation might indicate a supressive
action of lateral inhibition normally preventing uncontrolled RF expansion.
Supported by the Deutsche Forschungsgemeinschaft (Ey 8/23).

349.13
FUNCTIONAL NMDA RECEPTORS ARE PREFERENTIALLY LOCATED
ON APICAL DENDRITES OF PYRAMIDAL NEURONS IN FERRET VISUAL
CORTEX. M.B. Dalva* and L.C. Katz. Department of Neurobiology, Duke
University Medical Center, Durham, NC 27710.
The NMDA receptor is intimately involved in plastic changes in synaptic
efficacy both in the developing and mature cerebral cortex. To determine whether
such changes occur preferentially at particular cellular locales, we investigated the
spatial distribution of NMDA receptors on the dendritic arbor of layer 5 pyramidal
cells in ferret visual cortex. Conventional approaches to receptor localization, such
as immunocytochemistry, cannot determine the functional status of receptors and
are difficult to interpret in the complex neuropil of brain slices. Scanning laser
photostimulation directly activates the functional receptors on a neuron by locally
activating caged neurotransmitter, and thereby allowing high resolution mapping of
receptor distribution.
Scanning laser photostimulation was used to release caged glutamate at highly
restricted regions along the dendritic arbor of layer 5 neurons while recording
evoked currents using whole-cell patch clamp methods. Slices were incubated in
TTX to block spontaneous activity and sodium currents. The inward currents
evoked by photostimulation of the cell's glutamate receptors were then mapped, at
30 pm resolution. The resulting response profiles formed maps consisting of an
average of 911 points which always resembled the shape of the recorded the neuron
(as visualized by intracellular staining via the recording electrode). Blockade of
NMDA currents with the selective antagonist AP-5 or by membrane
hypeipolarization in the presence of magnesium eliminated 80-100% of the evoked
currents from the apical dendrites (n=2l). Thus the glutamate responses of layer 5
cell apical dendrites are due primarily to activation of NMDA receptors. In the
basal dendrites, NMDA blockage eliminated approximately 50% of the evoked
current; the remainder is blocked by CNQX. This asymmetric distribution of
NMDA receptors implies that activity-dependent modification of synapses may
occur preferentially at those synapses located on apical dendrites. Supported by NIH
grant EY07690.
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350.1

350.2

MODULAR CONNECTIONS OF OWL MONKEY VISUAL AREA MT.
R.T.Bom* and R.B.H.Tootell. Dept. of Neurobiology, Harvard Med. Sch.,
Boston, MA 02115.
Previously we found that cells whose receptive fields had motion opponent
surrounds were clustered in subdivisions of area MT, the interbands, while
those whose receptive fields had additive surrounds were confined to
complementary subregions, the bands. The subdivisions could be visualized
using 2-deoxyglucose (2DG) labelling during presentation of a visual stimulus
consisting of a large field of random dots moving coherently in various
directions and speeds. Cells with additive surrounds in the band regions
responded well to such a stimulus, and, therefore, took up 2DG, whereas ceils
in the interbands did not. We wished to know if these functionally-defined
subregions bore any systematic relationship to the projections of area MT.
Retrograde tracers were injected into cortical visual areas FSTD and MST
of owl monkeys, and, after 2-3 days, the band/interband pattern was labelled
with 2DG as described above. The patterns of tracer-labelled neurons and of
the 2DG labelling were aligned and compared using an image processor.
Injections of both FSTd and MST labelled patches of cell bodies in area
MT that were confined to the bands. Although both projections originated
from within the same subregion, the populations of cells that projected to
MST and FSTd appeared to be distinct, as no double-labelled cells were seen.
These results support the idea that parallel processing occurs within the
motion stream. Different kinds of information about visual motion (motion
assimilation vs. local motion contrast) appear to be segregated within area
MT and conveyed differentially to subsequent cortical visual areas.
Supported by NIH K11EY00320, EYO798O and the Klingenstein Foundation

The Integration of Extraretinal Information in Human
Extrastriate Visual Cortex.

J.BRenoas. R.B.H. Tooteil. R. Malach, KK. . Kwone. R.T. Bom. EDle JW.
Bellivean*. TJ. Brady. BR. Rosen Massachusetts General Hospital, Dept of
Radiology, Charlestown MA.

Here we attempt to trace the conversion of primary retinotopic information to
higher order, object-centered representations in human extrastriate visual cortex.
Ten subjects were scanned (1-10 times each) in a 1.5 Tesla GE scanner equipped
with echo-planar imaging (ANMR), using an asymmetric spin echo sequence
(TE=7Oms, offset = -25ms, and TR=2,000ms) with a voxel size of 3x3x5mm.
Brain activity was imaged in an off-coronal plane, roughly perpendicular to the
calcarine fissure while subjects viewed retinotopically discrete moving dot or
checkerboard arrays. These retinotopic distinctions included: (i) upper vs lower, («)
right vs left, (Hi) central vs peripheral, as well as vertical vs horizontal meridians. In
the same scan sessions, subjects also participated in a variety of perceptual, eyemovement and angle of gaze tests that were designed to isolate different
components of the rdorsal stream' visual pathway. Results: In the medial bank,
superior to the primary visual cortex (VI) we consistently identify three separate
visual areas; by homology with the macaque monkey we call these areas
presumptive dorsal V2, dorsal V3 and V3A. Anterior and lateral to presumptive
V3A the retinotopy is less complete, but there are apparently one or more partial
visual field representations. fMRI testing indicates that these areas are motionbiased, and specifically active during saccadic eye movements and angle-of-gaze
tasks; these regions may be involved in visuomotor integration and the synthesis of
a non-retinotopic representation of visual space. Inferior to VI we identify ventral
V2 and VP. Lateral to these areas is a poorly retinotopic region that may be
selectively involved in saccadic eye movements. Further laterally one can identify
a non-retinotopic, smooth pursuit eye movement related area ventral to the MT
complex. Conclusion: Analogous to the situation in macaque extrastriate visual
cortex, retinotopy becomes progressively more coarse and eventually breaks down
in those regions of human extrastriate cortex that appear to integrate information
about eye position and movements with visual input from the retina. NEI 07980.

350.3

350.4

HUMAN EXTRASTRIATE VISUAL AREAS DELINEATED WITH
PHASE-ENCODED RETINOTOPIC STIMULATION AND VISUAL
FIELD SIGN. M .l. Sereno*. A.M. Dale. R.B.H. Tooteil. J.B. Reppas.
K.K. Kwong. J.W. .Bellivean. and B.R. Rosen. Cognitive Science
Department 0515, University of California San Diego, La Jolla, Ca 92093,
and MGH NMR Center, 149 13th St., Charlestown, MA 02129.
We previously showed how visual field sign (mirror vs. non-mirror
image representation) can be used to delineate extrastriate cortical areas in
monkeys by considering the angle hetween the local cortical gradients in
eccentricity and polar angle (Sereno et al., 1993, Soc. Neur. Abstr.,
19:1499). The fieldsign technique, however, requires dense retinotopic
mapping data and the gradients must be measured along the cortical
surface. Previous attempts to map human visual cortex with PET and fMRI
have sampled few eccentricities and polar angles. We were able to generate
visual field sign maps for human cortex by combining the phase-encoding
technique introduced by Engel et al. (1993, Soc. Neur. Abstr., 19:335) with
our cortical surface reconstruction method (Dale and Sereno, 1993).
To map polar angle, 128 MRI images of 8 coronal occipital slices (1024
total) were acquired while subjects viewed a slowly rotating, flickering,
semicircular checkerboard stimulus. Eccentricity was mapped using an
expanding (or contracting) ring instead of a semicircle. Both kinds of
stimuli elicit periodic excitation at the rotation or expansion/contraction
frequency at each point in a cortical retinotopic map. The phase of the
response at that frequency at that point will be directly related to the polar
angle or eccentricity represented there. Absolute and differential phase
delays can be removed by considering clockwise/counterclockwise and
expansion/contraction pairs.
Resulting isoeccentricity, isopolar angle, and visual field sign maps
were viewed on thepartially unfolded cortical surface of each subject. We
were able, for the first time, to generate fine-grained maps of human Vl,
V2, V3, VP, and V4 using this technique.
Supported by UCSD McDonnell-Pew Cognitive Neuroscience Center,
the Norwegian Research Council, MH47035, and EYO798O.

Functional MRI reveals a candidate area V4 in human
visual cortex 1»2. R. Malach .ilR.B.H. Tooteil. U .B.Reppas. *R.R.Benson.

♦K.K.Kwonp. *J.W. Belliveau. ^.J.BradyJB.R. Rosen . 1Massachusetts General
Hospital Dept, of Radiology, Charlestown, MA, and 2Weizmann Inst. Neurobiol.
Dept. Rehovot, Israel
In primate visual cortex a pair of adjoining areas (MT/V5 and V4) are branch, .
points of the two major processing streams. While human area MT/V5 has been
consistently identified, less is known about human area V4. Here we describe an area
related to object detection which borders the posterior aspect of area MT/V5. The
study is based on 120 fMRI experiments, conducted in nine healthy adult subjects. The
subjects were scanned in a 1.5T GE MR imager, equipped with ANMR EPI imaging.
Most studies employed asymmetric spin echo sequence (TR=2OO(Onsec, TE=7O msec,
l8O°offset=25msec). In each experiment approximately 1000 images were collected
over 520-540 seconds from 5-7 brain slices during visual activation. More than 100
different categories of visual stimuli were used.
The experiments revealed a cortical area which was unique in its preferential .
activation to images of familiar and unfamiliar objects including faces as compared to
texture patterns, random dots and gratings (Averaged objects/texture activation ratio
across subjects =2.l±O.54, n=9). The area was located posteriorly on the lateralventral comer of the occipital lobe branching anteriorly and abutting the posterior
border of area MT. The activation in this area was invariant to substantial changes in
spatial frequency, size and contrast, provided that the targets could be detected
Adding visual noise to the images reduced the activation but only at high noise levels.
The area was unique in being poorly activated by small object fragments as well as by
full field “wallpaper” stimuli made up of numerous replications of these fragments.
Particularly striking was the correlation of the activation in this area with the
“Lincoln” illusion, in which blurring of objects broken into large pixels, paradoxically
renders them more recognizable. Based on its location and functional characteristics
we propose that this area is the human homologue of monkey area V4. Supported by
NEI07980.
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FUNCTIONAL MRI OF HUMAN MT/V5 CORRELATES WITH TWO
DIFFERENT VISUAL ILLUSIONS R.B.H. Tooteil.* J.B. Reppas . R . Mabr.h. A .
Pale. K.K. Kwong. R.T. Bom. J.W. Belliveau. TJ. Brady. B.R. Rosen . Mass.
General Hospital NMR Center, 149 13th Sl , Charlestown, MA, 02129
Many human psychophysical studies have demonstrated a decrease in motion,
perception when color-varying visual stimuli are equated in luminance (e.g.
Cavanagh, 1991). This percept could be due to decreased neural firing in MT/V5 in
response to moving equiluminant stimuli, as in macaque (Saito et al, 1989). To test
this directly in humans, we presented moving vertical gratings (0.1 c/deg., 12
deg/sec.) to subjects in a 1.5 T GE MR imager with ANMR EPI, using ASE
sequences. The gratings were either : 1) black-white, or 2) red-green, at
systematically varied luminance ratios including individually-measured
equiluminance. Decreased activity was not seen at equiluminance in VI. However,
amplitudes in MT/V5 dropped to ~6O% of maximum at equiluminance (halfamplitude bandwidth at half-height? 17% luminance contrast). This dip suggests that
human MT/V5 is involved in the decreased motion percept at equiluminance.
Another visual motion illusion that could be mediated by the direction-specific .
cells in human MT/V5 is the motion aftereffect: sustained viewing of visual stimuli
moving in a single direction is followed by illusory motion in the opposite direction.
To test whether MT/V5 would also show an illusory motion signal, we presented (40
sec. epochs) concentric rings which were either 1) expanding, 2) contracting, or 3)
reversing motion (1 Hz). Each stimulus was followed by 40 seconds of stationary
rings, during which subjects reported illusory motion following expanding or
contracting motion, but not reversing motion. FMRI signals in MT/V5 showed
activation extending into the “stationary” condition following expanding or
contracting stimuli, but not following the reversing motion. This is primary
evidence that human MT/V5 is direction-specific as well as motion-specific.
In both these experiments, the fMRI signal correlates with the percept of illusory
motion, rather than the physical motion. We are indebted to Patrick Cavanagh for
software and discussions about psychophysics, and to NEI 07980 for support.

IDENTIFICATION OF CORTICAL PROCESSING AREAS FOR THE
PERCEPTION OF FACES AND LOCATIONS USING fMRI.
V.P. Clark*. K. Keil. F. Lalonde. J.Ma. Maisog. S.M. Courtney. A. Kami.
L. Ungerleider. and J.V. Haxbv National Institute of Mental Health, NIH,
Bethesda, MD, 20892.
Email: vc@alw.nih.gov.
Functional magnetic resonance imaging (fMRI) was employed to identify
the location of cortical areas associated with the perception of the spatial
location and identity of objects. Volumes of 8 contiguous 6 mm thick T2*
weighted echo-planar MR images were obtained using a modified 1.5T GE
Signa. Three neurologically normal right handed volunteers performed face
matching, location matching, or sensorimotor control tasks. Both matching
tasks used identical stimuli, requiring selective attention to either face
identity or location, while the sensorimotor control task used stimuli of
equivalent visual complexity. A 5" surface coil was positioned over midline
posterior occipito-parietal or right lateral occipito-temporal cortex during
different experimental sessions. For the face matching task a large focus of
significantly increased signal intensity was found to lie in the ventral
occipito-temporal lobe, in the fusiform gyrus, near the location of the lateral
occipito-temporal sulcus. This activation extended posteriorly into lateral
occipital cortex, within the inferior occipital sulcus. For the location
matching task, significant areas of activation were observed in dorsal
occipito-parietal cortex, near and within the intraparietal sulcus. Overall,
occipito-parietal regions showed more activation for attention to location,
while many occipito-temporal regions were more activated in the face
matching condition. These results are in good agreement with our previous
study of face and location processing using PET (Haxby et al., J Neurosci,
in press) and a study of face perception using intracranially recorded ERPs
(Allison et al., J Neurosphysiol , 1994), yet they reveal significant
individual variation in the location of higher level processing areas.
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TOWARD THE DELINEATION OF HUMAN VISUAL AREA BOUNDARIES
WITH FUNCTIONAL MAGNETIC RESONANCE IMAGING (FMRI)
E.A. DeYoe*. D Miller. P. Winans. and J. Neitz Dept. of Cellular Biology &
Anatomy, Medical College of Wisconsin, Milwaukee, WI 53226-4801
The delineation of boundaries between visual areas is one key to producing a
functional map of the human visual cortex. FMRI allows functional cortical mapping
from visually-evoked activation. In our previous work, we used annuli of various
eccentricities to map the topography of the calcarine sulcus. Although that work
showed the organization of the visual representation of eccentricity, a new method
was needed to demarcate the functional boundaries that separate the various visual
areas. Those boundaries are marked by horizontal and vertical meridia. To reveal
these meridia, we used a method which employed a slowly rotating hemifield. The
stimulus was a counterphased (8 Hz), radially-checked hemifield that was rotated by
18° every 2 seconds before each image acquisition. While maintaining fixation, the
subject was required to estimate the eccentricity of small, sequentially-presented
targets randomly-positioned within the hemifield (our previous work had revealed
that active task engagement increased activation of extrastriate visual cortex). Five
complete rotations of the hemifield were completed during the 200 sec MRI scan
sequence. Activation foci were detected by cross-correlation using a series of 20
reference waveforms that were delayed (phase shifted) by additive increments of 2
sec. This analysis showed strips of activity roughly orthogonal to previously
identified eccentricity boundaries. Activity in one hemisphere revealed two strips at
the upper and lower margins of the calcarine, plus an additional strip ventrally that
paralleled the collateral sulcus and a strip dorsally that ran approximately parallel to
the midline. The configuration of these vertical meridian representations is consistent
with the organization of vertical meridia demonstrated by transcallosal degeneration
in post-mortem human material (Clarke & Miklossy, 1990), and may be analogous
to the boundaries between VP ?nd V4 (ventrally), and V3 and V3A (dorsally) in the
macaque monkey. Supported by Core Grant EY08406.

PET STUDIES OF OBJECT RECOGNITION. N. Kanwisher*. R.

Woods. J. Mazziotta. and M. lacoboni. UCLA, Los Angeles, Ca. 90024.

PET was used to discover the functional components and brain loci
involved in visual object recognition. Cerebral blood flow images using
oxygen-15 labelled water were obtained while subjects passively viewed
sequences of line drawings (shown below) of A) 3D familiar objects, B)
3D novel objects, and C) scrambled versions of the familiar object
drawings. Drawings were presented at a rate of 2/second in the center of
a computer monitor. 3D PET data acquisition (Cherry et al, 1992) and
coregistration with MRI scans (Woods et al, 1993) allowed identification
and localization of sites of significant blood flow change on an individual
basis. A comparison of condition A with C showed significant increases
in blood flow in 5 out of 6 subjects in a posterior and inferior extrastriate
region. Although bilateral this activation may be stronger in the right
hemisphere. For 4 of the 5 subjects this activation appears to be
primarily due to the construction of high-level perceptual
representations (B vs C), not the matching of those representations to
stored visual descriptions (A vs B). Whether this area responds
specifically to three dimensionality, part structure, or the presence of
complex visual features remains to be determined.
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RELATIONSHIPS BETWEEN TOPOGRAPHIC MAPS IN VI AND V2
REVEALED BY OPTICAL IMAGING WITH SPOT STIMULI. A.W. Roe* and
D.Y. Ts'o. Div. of Neuroscience, Baylor College of Medicine, Houston, TX 77030.
In primate visual cortex, both VI and V2 are organized into quite different
patterns of repeating functional modules. In VI, the unit of representation has been
described as a mm-sized hypercolumn which includes both color (blob) and form
(interblob) processing domains. In V2, a point in visual space is represented within
each of the color, form, and disparity stripes, a full cycle of which extends about 4
mm parallel to the V1/V2 border. What is the topographic mapping between areas
with such different functional organizations?
We have begun to examine this question by optical imaging functional maps in
parafoveal VI and V2 using spot stimuli. Spot stimulation produced prominent
regions of focal activation in both VI and V2. In VI, ocular dominance maps
imaged with spots 0.5 deg in size activate a region 2-3 hypercolumns wide (~2 mm
wide). In V2, the same spot size activates one full cycle (-4 mm wide) of stripes.
Thus, the cortical region activated by a point stimulus (the point spread function) in
V2 is at least twice that in V1.
We also examined cortical magnification. Presentation of a spot stimulus when
the eyes were diverged by 2 degrees produced two foci of activation in VI which
were separated by a cortical distance of 5 mm. Thus, at an eccentricity of 3 degrees,
the cortical magnification is approximately 2-2.5 mm/deg. Cortical magnification
factors at similar eccentricities in V2 determined electrophysiologically are about 4-5
mm/deg, consistent with the increased extent of cortical activation described above.
Our results suggest the visual map in VI is not simply reflected across the
Vl/V2 border. Any V2 stripe receives inputs from VI, up to several mm away.
Thus, there is significant spatial divergence in the mapping from VI to V2. At the
same time, this mapping is functionally convergent, since functionally specific
regions (e.g. blobs) across several hypercolumns in VI map onto single stripes in V2.
(Supported by grants EYO6347, EYO824O. ONR N00014-91-J-1865 and McKnight).

FEATURES OF FUNCTIONAL ORGANIZATION WITHIN PRIMATE V4
G.M. Ghose*, A.W. Roe, and D.Y. Ts'o. Div. of Neuroscience, Baylor College
of Medicine, Houston, TX 77030
Although numerous studies suggest that area V4 plays a central role in the
processing of visual information, little evidence exists concerning how
functional properties are organized within the area. To investigate this
question, we used in vivo optical imaging to measure stimulus-driven signals
over a cm-sized region of V4 in anesthetized macaques. Stimulus sets included
isoluminant blue-yellow, red-green, and achromatic drifting gratings at 4
different orientations. Additional stimulus sets included non-Cartesian gratings
and spot stimulation. Stimulus preferences revealed by imaging were
confirmed for specific regions by targeted single-unit recording.
Optical imaging revealed patterns of visually driven activity in V4 that are
distinct from those observed in areas VI and V2. Irregular regions of activity
of approximately 3 mm in size were observed with all tested stimuli. In
addition to these regional variations in visual responsiveness, functional
organization was observed with respect to both orientation and color. These
results are consistent with vertical electrode penetrations which indicate a
columnar organization for orientation and color. However, we have not found
strikingly regular patterns of organization with respect to these parameters such
as can be seen in areas VI and V2. We also have not found a correspondence
between cytochrome oxidase histology and functional patterns revealed by
optical imaging. To investigate the intracortical connectivity associated with
V4 functional organization, we have injected anatomical tracers at sites
targeted according the functional maps generated by optical imaging.
Preliminary experiments suggest that tracers remain largely confined within
functional domains. Our present results suggest that area V4 possesses distinct
patterns of functional organization that are likely to relate to the area’s role in
visual perception.
(EYO824O, ONR N00014-91-J-1865, McKnight Foundation)
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TARGETED DISRUPTION OF THE 02 SUBUNIT OF THE
NEURONAL NICOTINIC ACETYLCHOLINE RECEPTOR.
M.R. Picciotto*. C. Lena. Y. Lallemand. M, Zoli. A. Bessis, N.
Le Novere. P. BruleU and J.-P. Chanaeux. Laboratory of
Molecular Neurobiology and +Lbooratory of Cellular Genetics,
Institut Pasteur, Paris, France 7572a .
Transgenic mouse lines lacking the 02 subunit of the
neuronal nicotinic receptor wern generated using the
technique of homologous recomoination.
Homozygous
mutant mice do not express the 02 subunit, are viable and
can reproduce.
Using in situ hybridization, there is no
evidence of replacement of the 02 subunit with another known
nicotinic 0 subunit, and RNA levels of the a4 subunit, the
subunit thought to form functional channels with the 02
subunit in the brain, are normal in mutant mice.
Patch clamp analysis of neurons in brain slices from wild
type and mutant mouse brains show marked differences in
their response to nicotine. Neurons from anterior thalamic
nuclei of wild type mice, which express high levels of the 02
subunit and do not express other known 0 subunits, respond
to nicotine application with an inward current, while neurons
from the same brain regions of 02 mutant mice show no
response to nicotine.
Behavioral analysis is in progress.

a7 RECEPTOR FUNCTION IS RESCUED FROM CYCLOSPORIN BLOCK
BY COEXPRESSION WITH MUSCLE 8 SUBUNIT. L. Colauhoun*. J.B.Le
Plchon, M. Vollrath & J. Patrick. Division of Neuroscience, Baylor College of Medicine, Houston, Tx 77030.
The cDNA encoding the neuronal nicotinic receptor subunit a7
expresses homooligomeric receptors when injected into Xenopus
oocytes. The peptidyl prolyl isomerase, cyclophilin, has been proposed
to play a role iii the correct folding of this subunit protein. Blocking
cyclophilin with the specific antagonist cyclosporin A (CsA) resulted in
a dramatic reduction in surface a7 receptors in oocytes, a7 receptor
function can be rescued by coinjection of the muscle subunits p, yand
8, whose expression is apparently not sensitive to blockade by
cyclosporin .'This study examined if a single muscle subunit was sufficient to rescue a7 receptor formation from blockade by CsA. cDNAs
encoding nicotinic receptor subunits were injected into Xenopus
oocytes, preincubated for at least 6 hours in Barths solution containing either 3OpM CsA or vehicle, before injection. Receptor assay was by
2 electrode voltage clamp 4-7 days after injection.
Coexpression of a7 with 8 subunit significantly rescued receptor
function from CsA blockade. For oocytes injected with a7 alone, or in a
1:1 ratio with a control DNA not coding for a receptor subunit, preincubation in 3O(iM CsA reduced the current elicited by a saturating dose
of nicotine by 87+4%. In contrast, a78 injected eggs showed a reduction
of only 44+6%. Coexpression of a7 with other single subunit cDNAs did
not rescue function. Chimeric a78 subunits are being used to examine
which portions of the receptor molecules are important in determining
CsA sensitivity.
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ACETYLCHOLINE RECEPTOR y- AND 5-SUBUNIT TYROSINE AND SERINE PHOSPHORYLATION: MONOCLONAL
ANTIBODIES AS SITE SPECIFIC TOOLS.
S.J. Tzartos*,

REGULATION OF TYROSINE PHOSPHORYLATION OF THE
NICOTINIC ACETYLCHOLINE RECEPTOR BY THE
POSTSYNAPTIC 43K PROTEIN Z. Out* C. DohertvL P. Hoffmant

R. Kouvatsou and E. Tzartos. Department of Biochemistry, Hellenic
Pasteur Institute, 127, Vas. Sofias Ave., Athens 111521, Greece.
Torpedo AChR is phosphorylated at eight cytoplasmic residues
(aSer333, |3Tyr355, ySer354, yTyr365, 5Ser361, 5Ser362, 5Tyr372
and 6Ser377). Previously we identified a group of monoclonal
antibodies (mAbs) whose epitope(s) contain the £Tyr355 and bind
preferably to the non-phosphorylated AChR (Tzartos et al., EMBO J.
12: 5141-9, 1993). One of these mAbs (no. 148) and the anti-y-subunit
mAb 168 are our only two mAbs which efficiently block AChR channel.
We have now precisely mapped the 5-10-residue long epitopes of
16 mAbs to y and 6-subunits and provided specific tools for AChR
phosphorylation studies. Over 200 synthetic peptides attached on
polyethylene rods were used for epitope mapping. Three anti-y mAbs
(including the channel blocker mAb 168) bound to epitopes which

contain the yTyr365. The epitope for an anti-5 mAb contains 6Tyr372,
those for another two mAbs contain 5Ser377 and are adjacent to
6Tyr372, while another one is next to 5Ser361 and 6Ser362. The
mAb-binding role of each residue within the critical epitopes was then

tested by the use of peptide analogues having single residue substitutions. Residues yTyr365, 6Tyr372 and 5Ser377 proved critical for
binding of the corresponding mAbs. Finally, tyrosine phosphorylation of
the Torpedo AChR by endogenous kinases selectively reduced binding
of some mAbs directed to yTyr365 and 6Tyr372. These data and the
revealed mAb-tools should facilitate functional studies of single AChR
phosphorylation sites. (Support: BIOMED 93-1100, HCM 93-286 and AFM).

and R. L. HuganirlS tDept. of Neuroscience, Johns Hopkins Univ.
School of Med., Baltimore, MD 21205, §Hh MI, Baltimore, MD

21205, ^Molecular Neurobiology Unit, National Institutes on Aging,
Baltimore, MD 21224
A variety of studies have suggested that tyrosine phosphorylation plays
a role in the clustering of the nicotinic acetylcholine receptor (AChR) at
the neuromuscular junction. Recent studies have shown that
coexpression of a 43K synaptic peripheral membrane protein with the
AChR in heterologous expression systems can induce the clustering of
the AChR.
In this study, we investigated whether tyrosine
phosphorylation may be involved in 43K protein-induced AChR
clustering. 43K-induced AChR clusters contained high levels of
phosphotyrosine as detected using immunofluorescent labeling with
anti-phosphotyrosine antibodies. Co-expression of the 43K protein
with the AChR resulted in tyrosine phosphorylation of the B and 5
subunits of the AChR. Site-specific mutagenesis of the tyrosine
phosphorylation site on the B and 5 subunits of the AChR eliminated the
tyrosine phosphorylation of these subunits. However, the mutations
did not block clustering of the AChR, nor did they eliminate the high
levels of tyrosine phosphorylation that colocalized with the 43K
protein-induced AChR clusters. In fact, transfection of 43K protein
alone dramatically increased tyrosine phosphorylation of several cellular
membrane proteins.
These results suggest that tyrosine
phosphorylation of membrane proteins, but not the AChR itself, may
be important for 43K-induced AChR clustering.
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a-CONOTOXIN Iml, A NOVEL PEPTIDE WHICH SELECTIVELY
TARGETS NEURONAL nAChRs. I. M. McIntosh1-2*. D. Yoshikami2.
D. S. Johnson3. E. Mahe3, Dj£_MelS£H2, J, E. Riviei3, w , JL_Gmy2
and B. M. Olivera2.
Depts. of Psychiatry1 and Biology2,
University of Utah, Salt Lake City, UT; Salk Institute3, La Jolla,
California.
We have isolated and characterized a small peptide ligand
for nicotinic acetylcholine receptors (nAChRs). It is highly
active against the neuromuscular receptor in frog, but not
mice. In contrast, it induces seizures when injected centrally
in mice and rats, suggesting that it may target neuronal
nAChRs in mammals.
Xenopus oocyte expression studies
indicate that the peptide selectively targets a specific central
nAChR.
The new peptide is a highly divergent a-conotoxin from the
snail Conus imperialis, which preys on marine worms. In
contrast to snake a-toxins (~8O amino acids) which target both
mammalian muscle and central nAChRs, a-CTx-Iml is only 12
residues yet is more selective. a-CTx-Iml is now available in
synthetic form and represents a unique tool for the study of
neuronal nAChRs. Although such receptors may be important
in both normal cognition and the pathophysiology of several
neuropsychiatric disorders, there are few ligands to
discriminate between the multiple receptor subtypes. Cone
venoms, particularly from non-fish hunting snails, may be a
rich source of selective neuronal nAChR-targeted peptides.

SELECTIVITY OF a-CONOTOXINS FOR THE TWO AGONIST-BINDING
SITES ON THE NICOTINIC ACETYLCHOLINE RECEPTOR. D ,R.
Grosbe. J.M. Dumnt, and S.N. Abramson* Dept. of Pharm., Sch.
of Med., University of Pittsburgh, Pittsburgh, PA 15261
The a-conotoxins are relatively small (13-19 amino acids),
highly constrained peptides produced by venomous snails of
the genus Conus
which inhibit nicotinic acetylcholine
receptors.
The apparent IC5o's of several a-conotoxins from a
variety of Conus species have been determined for mouse
muscle nicotinic acetylcholine receptors on BC3H-l cells, aConotoxin GI, MI, and SIA displayed a high affinity for one of
the binding sites (2-8 nM) and a lower affinity for the other
site (20-200 pM), representing greater than a 104-fold
difference in affinities.
Site-selective protection experiments
with reversible (metocurine) and irreversible (bipinnatin-B)
drugs indicated that GI, MI, and SIA bind with higher affinity
to the agonist-binding site nnar the a/S-subunit interface.
In
contrast, a-conotoxin SI and SII did not display high affinities
for the nicotinic receptor.
For example, SI had apparent
ICso's of 679 ± 165 nM and 223 ± 45.1 pM for the two agonistbinding sites, representing less than a 350-fold difference in
affinities.
Comparison of the a-conotoxins suggests that
replacement of Lys or Arg with Pro in the sequences of SI and
SII contributes to their loss of high affinity for the agonistbinding site near the a/5-subunit interface.
Supported
by
NIH, the Smokeless Tobac co Reeerrch Council,
the
Pharmaceutical Manufacturers Association Foundation.
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CONOTOXINS PROVIDE DIVERSE STRUCTURAL PROBES OF THE
NICOTINIC ACETYLCHOLINE RECEPTOR. M. M. Grilley*. A . Santos. D. R .
Hillvard and B. M. Olivera. Department of Biology, University of Utah, Salt Lake
City, UT 84112.
The approximately 500 identified spncint of predatory snails of the genus Conus
each produce a unique venom of high biochemical complexity. Present in the
venom are small peptides which collectively target an array of receptors and ion
channels. A number of Conus tpecint have now been examined, by either
biochemical characterization of venom or molecular biological analysis of venom
duct-derived mRNA, and all have been found to produce a peptide toxin displaying
specificity for the nicotinic acetylcholine receptor (nAChR); each tpnciet produces a
distinct sequence of from 12 to 25 amino acid residues. These nAChR antagonists
can be grouped into three structural classes, the best characterized being the aconotoxins, based primarily on the number and position of the disulfide bonds
present.
The relatively highly constrained, disulfide bonded, small peptides and the
potentially enormous number of natural variants makes these conotoxins extremely
useful as chemical probes of nAChR structure. The rigid toxin structures have
proven suitable for determination by 2-D nmr techniques. Furthermore, multiple
sites within the structures can be modified with reporter groups with little effect on
activity. One such reporter group, a radioiodinated photoactivatable crosslinking
reagent, has been conjugated to known sites in several of the nAChR-targeted
conotoxins to produce a series of isomeric derivatives. The crosslinking patterns of
the isomers, taking into consideration the known structures of some of the
conotoxins, allows determination of the orientation of the toxins on the nAChR
ligand binding site and comparison of the orientations of the a-conotoxins with the
additional classes of nAChR-targeted toxins. (Supported by NIDA grant
#DAO5485.)

BIOCHEMICAL STUDIES OF AFFINITY PURIFIED NICOTINIC
ACETYLCHOLINE RECEPTOR FROM RAT BRAIN AJ. Dwork*.
Neuropathology, Columbia U. and N. Y. Psych. Inst. New York, NY 10032
We previously reported the purification of a nicotinic acetylcholine
receptor (NACHR) from rat brain by Triton X-100 solubilization and affinity
chromatography directed at the nicotinic binding site (Brain Res 552:119123,1991). The receptor contains subunits of Mt 80,400 and 52,400. We
assumed that these peptides represented the products of genes o4 and B2,
based upon their sizes, the widely reported preponderance in rat brain of the
corresponding mRNA, and the identification of this subunit composition for
NACHR purified from rat brain by immunologic methods. We now have
confirmed this identification by N-terminal amino acid sequencing. Thus,
despite the presence in rat brain of mRNA for numerous NACHR subunits,
NACHR containing corresponding peptides has so far been demonstrated only
for a4 and B2. Affinity labeling of purified rat brain NACHR with
bromoacntylchollnn (BAC) labeled the 80 kD subunit. Isoelectric focusing
resolved the labeled band into two spots with isoelectric points differing by
~O.O5 pH units. We are testing the likely possibility that these represent
different states of glycosylation, phosphorylation, or BAC labeling.
In an attempt to reconstitute functional, purified NACHR, we have
adapted our affinity purification to use cholate for solubilization. The peptides
in the purified product specifically associated with the binding of (-)nicotine
have identical Mt to those obtained by purification from Triton-solubilized
material, although so far, there are more non-specific contaminants.
Preliminary results indicate a lower Ks than that obtained with Triton
solubilization, much closer to that of NACHR in membrane preparations.
Supported by the Smokeless Tobacco Research and Council.
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CEMBRANOIDS INHIBIT NEURONAL ACETYLCHOLINE
RECEPTORS. V.A. Eterovil*. S.A. Vali. A.D. Rodriguez and
M.G. McNamee. Dept, of Biochemistry and Center Mol. Behav.
Neuroscience, Univ. Central del Caribe, Bayamon, P.R.; Dept. of
Chemistry, Univ. of Puerto Rico Rio Piedras; Section Mol. Cell.
Biology, Univ. California, Davis, CA.

LOCALIZATION OF THE ALPHA7 SUBUNIT OF THE NEURONAL NICOTINIC
ACETYLCHOLINE RECEPTOR TO AXONS AND PRESYNAPTIC REGIONS IN
RAT BRAIN. F.M. Goldner and J.W. Patrick*. Division of Neuroscience, Baylor College of Medicine, Houston, TX 77030.
The neuronal nicotinic acetylcholine receptor subunit a7 forms channels that are
highly permeable to divalent cations when expressed in Xenopus oocytes. The a7
receptor binds and is blocked by low nanomolar concentrations of a-bungarotoxin and
has been proposed to be part of the a-bungarotoxin binding site in brain that is known
to be distinct from high affinity nicotine binding sites. This study aims at understanding the subcellular distribution of the a7 protein. A subunit specific peptide antibody
against an extracellular epitope of the protein was generated in rabbits and affinity
purified. The specificity of the antibody was tested by immunoblot analysis of a
crudely fractionated rat protein preparation. A predominant band at the appropriate
molecular weight was shown to be specifically enriched in the membrane fraction and
absent from the cytosolic fraction. The immunoreactive band could be outcompeted by
an excess of the affinity purification peptide. A band at the same molecular weight was
detected with another antibody generated against an intracellular epitope. Having demonstrated the specificity of the antibody, we used an immunohistochemical approach to
localize the a7 protein in section of adult rat brain. Immunoreactivity was strong in
fiber tracts (such as the lateral olfactory tract, fornix, cingulum bundle, optic tract and
the white matter of the cerebellum) but also present in regions of synaptic contact such
as the hippocampus and the cerebral cortex (intense labelling of fibers in the visual and
somatosensory cortex). The cell bodies in the granule and pyramidal cell layer of the
hippocampus which are positive for a7 mRNA show no immunostaining. In contrast,
areas of the hippocampus that contain projecting axons of these cells such as the stratum oriens and stratum radiatum are being labelled with the antibody. The anatomical
pattern shows staining of axons and is consistent with a presynaptic localization of this
protein.

Two subtypes of neuronal nicotinic receptor, a4B2 and a3B2, were
expressed in Xenopus laevis oocytes and studied with voltage ciamp.
For both receptors, desensitization in the presence of 300 m M
acetylcholine (ACh) was represented by two exponentials. The action
on these receptors of seven gorgonian cembranoids and two
psychoactive drugs ( phencyclidine (PCP) and cocaine) was studied.
Each compound (40 m M) was added simultaneously with 300 m M ACh.
With both receptors, all nine compounds increased the rate of
desensitization; PCP and the cembranoid bis-epi-eupalmerin acetate
were the most active and cocaine the least active. Furthermore, cocaine
was a significantly more potent desensitizer on the a4B2 receptor which
predominates in brain, than on the a3B2 receptor which predominates
in ganglia. The peak amplitude of ACh current was decreased only
slightly. Further analysis revealed that the amplitude of the fastdesensitizing component was increased, and that of the slowdesensitizing component decreased by all drugs. A model is proposed
to account for these observations. Supported in part by NIH-RCMI
RR03035 and NSF-EPSCoR grant.

CARDIOVASCULAR REGULATION
352.1
BARORECEPTORS IN THE CAROTID SINUS CONTRIBUTE TO
ARTERIAL BARORECEPTOR REFLEXES IN RATS.

H. OOa* a nd W. T . Tala^n, Department of If Nurology, The University of Iowa
and VAMC, Iowa Cito, IA 52242
Iv many spsciss, barorscsptors located both iv the carotid sinus and aortic
arch play an active rols in arterial barorscsptor rsflsxss. Based on studies in
the 60's it has bssn bslisvsd that rats havs only aortic barorscsptors and that
ths carotid sinus nsrvs (CSN) contains only chsmorscsptor affsrsnts from ths
carotid body. Howsvsr, electrical stimulation of CSN leads to dsprsssor and
bradycardiac responses accompanied by increases in ventilatory rats in rats.
This may indicate that ths CSN may contain not only chsmorscsptor afferents
but also baroreceptor affsrsnts. Therefore, ths present study was initiated to
determine if rats havs functional carotid baroreceptors that participate in arterial
baroreceptor reflexes. Male Sprague Dawley rats anesthetized with chtoratose
were instrumented for recording arterial pressure (AP), heart rats and renal
sympathetic nerve activity (RSNA). The barorscsptor reflex was evaluated by
measuring changes in RSNA after altering systemic AP by bolus injection of
phenylephrine and sodium nitroprusside. The sensitivity (gain) of the
baroreceptor reflex was calculated by non-linear regression. After transection
of both aortic depressor nerves, the sensitivity of ths baroreflex decreased to
-1.72 ± 0.5 from -4.06 ± 0.4 and the working range of AP was shifted to higher
pressures (BP5O from 93 ± 5 mmHg to 129 ± 5 mmHg, n=4) despite there
being no significant increase of resting AP. Successive transection of both
CSNs eliminated the remaining correlation between systemic AP and RSNA
without changing resting AP. These results suggest that carotid sinus
barorscsptors participate in modulation of RSNA by arterial baroreceptor
reflexes in rats. Support: VA Merit Review and Clin. Investigator(WTT), and NIH
HL322O5 and HL14388.

352.2

CARDIOVASCULAR DOSE-RESPONSES TO L-GLUTAMATE (LGLU) MICROINJECTED INTO THE NUCLEUS TRACTUS
SOLITARII (NTS) EVOLVE AFTER REMOVAL OF THE
NODOSE GANGLIA. E. Colombari* & W.T. Talman. Dept. of Neurol., Univ.

of Iowa & VAMC, Iowa City, IA 52242.
Previous studies suggested that denervation supersevsitivito develops for LGLU after deafferentation of NTS. We sought to determine if dose-related
changes in arterial pressure (AP) and heart rate (HR) elicited by L-GLU
microinjected into NTS evolve after removal of the left nodose ganglion in adult
male Sprague-Dawley rats. Nine were unoperated controls; and six were
studied 5 days, eleven 10 days, and four 15 days after gavgliovectomo. Each
rat was anesthetized (ha^hane 1.5 - 2%) and cannulated for recording AP and
HR. After exposure of the brain stem, vehicle or L-GLU (3, 30, 75, 150, 300,
and 1500 pmoles/5Onl) was microinjected alternately into the right and left
dorsomedial NTS. Injection sites were confirmed histologically. In control
animals, and in animals 5 days and 15 days after ganglionectomy, the lowest
dose of L-GLU that produced a significant fall of AP (-14 ± 4, -6 ± 2, -7 ± 3
mmHg, respectively) was 30 pmoles. The threshold dose with injections on the
lesioned side 10 days after gavglionectomo was 3 pmoles (-8 ± 2 mmHg). In
rats studied at 10 days, but not in control, 5 or 15 day rats, the dose-responses
for injections made on the left were shifted significantly to the left of those
made on the right (p<0.05). In control, 5, and 15 day rats there were no significant differences between dose-related responses elicited from right and left
NTS. Responses of HR did not differ between groups of animals or sides of
injection. These results suggest that supersevs'itivito for L-GLU evolves after
nodose gangliovectomo and support a role for L-GLU as a transmitter of cardiovascular afferents in the NTS. Support: E.C.-CNPq (200 006/93-2); W.T.T.VA merit review and career award, and NIH HL322O5 and 14388.

352.3

352.4

COMPUTATIONAL MODEL OF BARORECEPTOR VAGAL REFLEX
CONTROL OF HEART RATE. W. C. Rose*. I. Rybak. J. S. Schwaber.
Central Research and Development, DuPont Company, Wilmington DE
19880-0323.
A previous study from our group has shown the existence of blood pressure-receptive neurons in the nucleus of the solitary tract (NTS) which fire
at specific mean pressures (Rogers et al., Am. J. Physiol. 265: R1355-68,
1993). In an effort to better understand these results, we have constructed
a closed loop model of the baroreceptor vagal reflex control of cardiac rate.
The model includes an array of primary afferent neurons (baroreceptors)
with a distributed range of pressure sensitivities. The baroreceptors synapse onto second order cells with a barotopic organization of their receptive fields. The second order cells project to vagal motoneurons whose
output modulates cardiac rate. To reflect known properties of neurons participating in this reflex, the model neurons are endowed with fast and slow
ionic currents and excitatory and inhibitory synapses. The cardiovascular
portion of the model includes a detailed representation of the interaction
between the heart and blood vessels on the arterial and venous sides of the
circulation. The pressure generated by the cardiovascular portion of the
model drives the baroreceptors, thus closing the loop.
The model reproduces some of the observed behaviors of NTS neurons,
such as firing only within a limited range of mean arterial pressures. It also
indicates that heart rate changes alone can provide relatively rapid control
of blood pressure, although the range of control is limited by decreased
time for cardiac filling at high heart rates.

HYPOXIA ACTIVATES CALCIUM CURRENTS IN THE RETICULOSPINAL
VASOMOTOR-PACEMAKER NEURONS OF RAT ROSTRAL VENTROLATERAL MEDULLA: AN INTRACELLULAR STUDY IN VIVO. M.-K. Sun*
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and D.J. Reis. Div. of Neurobiol., Dept, of Neurol. & Neurosci., Cornell Univ.
Med. Coll., New York, NY 10021.
In rats, the reticulospinal vasomotor neurons of rostral ventrolateral
medulla (RVL) are rapidly, directly, and reversibly excited by acute hypoxia and
by locally applied cyanide in vivo and in vitro (Sun & Reis, Am. J. Physiol. 266:
R245-R256, 1994; Sun & Reis, J. Physiol. Lond. 476: 101-116, 1994). We
investigated whether a rapid activation of the membrane calcium currents
underlies the mechanism responsible for direct excitation of these RVL neurons
by hypoxia in vivo. When recorded intracellularly in vivo in anesthetized chemodenervated rats, the RVL-spinal vasomotor neurons exhibited obvious interspike autodepolarizatiov, pacemaker membrane potentials, but under marked
modulation by synaptic inputs (inhibitory post-synaptic potentials and excitatory
post-synaptic potentials). Their discharges become very regular after intracisternal administration of kynurenate (2 pmol), which eliminated the synaptic
inputs onto the RVL neurons. After administration of tetrodotoxin (0.2 pmol;
blocking the membrane sodium channels and synaptic transmission) and under
voltage-clamp (VH=-70 mV), hypoxia (flaO2: 27 mmHg) elicited membrane
inward currents of 0.4-0.6 nA, associated with a decrease in the membrane
input impedance. The hypoxic membrane responses were largely abolished by
the administration of cobalt chloride or ethylene glocol-b/s(3-amivoethol ether)
/V,/^,i^’7^^^-t^^i^^acetic acid (2-10 pmol). We conclude (a) the RVL-spinal vasomotor neurons are indeed intrinsic pacemaker neurons; (b) hypoxia directly
excites the RVL-spinal vasomotor neurons, via activation of membrane calcium
channels; and (c) these RVL-spinal vasomotor neurons are central oxygen

detectors involved in hypoxic excitation of the sympathetic nerves.
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ELECTROPHYSIOLOGICAL PROPERTIES OF PRE-SYMPATHETIC
NEURONS IN THE ROSTRAL VENTROLATERAL MEDULLA
(RVLM) IN THE RAT: AN INTRACELLULAR STUDY 'IN VIVO'.
T. Lipski*, R. Kanihan, B. Kraszewska and W.-F. Rong. Dept. of
Physiology, Udiv. nf Auckland, Auckland, New Zealand.
Previous studies revealed that the RVLM plays a key role in the
generation of resting vasomotor tone and in reflex control of arterial
blood pressure. The barosensitive, reticulospinal (prp-sympathetic)
neurons located in this region have been extensively studied with
extracellular microelectrodes, but so far few attempts have been made
to examine their intracellular properties in vivo. The aim of this study
was to characterize these neurons using intracellular recording in
pentobarbital anaesthetised (Nembutal, 80 mg/kg i.p., then 4-6 mg/hr
i.v.) adult Wistar rats. A total of 93 neurons were recorded which
responded with hyperpolarizing potentials following short bursts of
pulses applied to the ipsilateral or contralateral aortic depressor nerve
(mean latency, 29 ms).
When recordings were made with
microelectrodes containing 3M KC1, these potentials were shown to be
chloride-dependent, and therefore due to IPSPs. Some of these
neurons could be antidromically excited following stimulation in the T2
segment. During normocapnia the firing pattern and the membrane
potential usually showed no clear relationship with respiratory cycles
(as recorded from the phrenic nerve). The spontaneous action
potentials were preceded by EPSPs, which were also evident during
hyperpolarizations which stopped the neurons firing. These data
extend information on the properties of these neurons described in
previous extracellular studies.

CARDIOVASCULAR
RESPONSES
TO
COOLING
THE
VENTROLATERAL
MEDULLA
(VLM)
IN
AWAKE
AND
ANESTHETIZED ADULT GOATS. P.J. Ohtake*. H.V. Forster. L.G. Pan.
T.F. Lowry. M.J. Korducki and A.A. Whaley. Physiology, Med. Col. WI;
Zablocki VA; Phys. Ther., Marquette U; Milwaukee, WI 53226
Neurons near the VLM surface have been shown to be involved in
regulation of arterial blood pressure. Cooling the VLM surface rostral to CN
XII rootlets in anesthetizpd models results in arterial hypotension. The
purpose of these studies was to determine if cardiovascular responses to cold
block of superficial VLM neurons were altered by the level of consciousness.
Adult goats (n=l8) were instrumented with three bilateral pairs of chronic
thermodes, covering 70-100% of the VLM between the porno-medullary
junction and CN XII rootlets. Transient neuronal dysfunction was produced
by flowing ice water to reduce thermode temperature to 20 °C. While awake
over several days post-op, cooling all pairs for 30 s did not alter mean ar^^rial
pressure (MAP), however, in recovery (1 min post cooling), MAP was
significantly elevated by 6±2%. Heart rate (HR) increased during cooling and
remained elevated (l7±4%). In contrast, during halothane anesthesia 5 days
post-op, cooling resulted in a fall in MAP by 10 s (7±3%) and MAP
remained below control levels (nadir = 15 ±3 %) during cooling and recovery.
HR decreased (6±3%) during cooling and remained decreased for 30 s post
cooling. Cooling of individual pairs of thermodes revealed that these responses
were unique to neuronal dysfunction 0-10mm rostral to CN XII rootlets.
These data suggest that there are important state dependent VLM mechanisms
in the regulation of MAP. Supported by USPHS 25739, Veterans Administration
and, Heart & Stroke Foundation of Canada

352.7

352.8

VENTRAL MEDULLARY SURFACE CHANGES FOLLOWING
PRESSOR CHALLENGES DURING WAKING STATES IN THE
GOAT. H. Ni*. D. Gozal. D ,M. Rector. H.V. Forster. P. J. Ohtakp.
L.G. Pan. T.F. Lowry and R.M. Harper. Dept. Anatomy & Cell
Biology, UCLA, Childrens Hospital, USC, Los Angeles, CA 90024;
Dept. Physiol., Medical College, of Wisconsin and Zablocki VA
Hospital, Milwaukee, WI 53226. .
Wp examined activity changes on the rostral ventral medullary
surface (VMS) following phenylephrine pressor and sodium
nitroprusside depressor challenges during waking and ha^hane
anesthesia states with imaging procedures in a chronic goat
preparation. Under sterile surgery, five adult goats underwent arterial
and venous cannulations and tracheostomy for assessment of
cardiorespiratory measures. A miniaturized video camera with

LOSS OF THE BARORECEPTOR REFLEX FOLLOWING KAINIC ACID
MICROINJECTIONS INTO THE MEDULLARY GIGANTOCELLULAR
VASODEPRESSOR AREA (GIDA). S.A. Aicher* and P.J. Reis. Dept, of
Neurol. & Neurosci., Cornell Univ. Med. College, New York, NY 10021.
Chemical stimulation of neurons in the caudal ventral medulla lying within
the n.reticularis gigantocellularis lowers arterial pressure (AP) (Aicher et al.,
Neuroscience, 1994, in press). Unlike the two principal medullary
vasodepressor areas, the nucleus tractus solitarii (NTS) and caudal
ventrolateral medulla (CVL), neurons of the gigantocellular depressor area
(GIDA) project directly to thoracic spinal cord but not to excitatory neurons of
rostral ventrolateral medulla (RVL). This suggests that GiDA may be part of a
novel direct medulk>-spinal sympathoinhibitory circuit. We investigated whether
interruption of neural activity of GiDA, would, like lesions of NTS and CVL,
interrupt baroreflexes. L-glutamate (1-60 mM, 20 nl) microinjected unilaterally
into GiDA of anesthetized (urethane) paralyzed rats dose-dependently lowered
AP (maximally to -40 mmHg). An excitotoxic dose of kainic acid (KA) (10 mM,
30 nl) microinjected into this site bilaterally: (a) elevated AP and SNA (p<0.05);
(b) abolished the reductions in SNA elicited by stimulating baroreceptor
afferents (electrical stimulation of aortic depressor nerve or i.v. phenylephrine);
and also (c) eliminated phase-locking of SNA to the cardiac cycle. KA injected
1.0 mm medially i n mklline raphh nnulei i ncreasee SSA but dici not alter
baroreflexes although subsequent microinjectione of KA into GiDA did. We
conclude that neurons within the GiDA phasically and tonically inhibit SNA and
that disruption of these neurons blocks baroreceptor reflexes. Whether the
disruption of baroreflexes results from impairment of GiDA neurons which are
interhoedd in the intramedullary baroreflex arc or from occlusion of the reflex,
possibly sp Ios Hy , by withdrawal of tonic inhibition of sympathetic preganglionic
neurons by GiDA neurons is not known. (Support: NIH #HLO8251 & #HL18974)

attached coherent fiber probes and narrow bandwidth illuminator
(660 nm) was placed over a rostral VMS region which elicited
ventilatory and blood pressure depression during cooling.
Phenylephrine elicited dose-dependent declines in activity during
both waking and anesthesia. Sodium nitroprusside infusion sufficient

to cause a 50% reduction in blood pressure elicited increased activity
during both conditions. The mechanisms mediating pressor and

depressor-induced changes in activity are present during both states,
and may play a role in eliciting the ventilatory responses observed
during challenges. ( Supported by HL-22418, NIDR DE-07212, USPHS25739 and Parker B. Francis Foundation.)

352.9

352.10

A QUANTITATIVE ULTRASTRUCTURAL IMMUNOGOLD LABELING STUDY
OF THE RELATIONSHIPS BETWEEN GLUTAMATE(GLU) AND GABA
CONTAINING BOUTONS SYNAPSING ON SYMPATHETIC PREGANGLIONIC
NEURONS. J.B. Cabot* and V. Alessi. and A. Bushnell. Department of
Neurobiology & Behavior, SUNY @ Stony Brook, Stony Brook, NY 11794-5230.
Rat adrenal medullary sympathetic preganglionic neurons(SPNs) were
retrogradely labeled with the p subunit of cholera (CTp). Spinal cord segments
T7-9 were vibratome sectioned in the horizontal plane, immunoreacted for CTp,
and embedded. Immunogold labeling was performed on thin sections. Gold
particle density criterion values for the identification of GABA(+) and GLU(+)

IN-PHASE DISCHARGES OF POSTGANGUONIC SYMPATHETIC NERVES
RECEIVING INPUTS FROM WIDELY SEPARATED SPINAL SEGMENTS. G.L
Debber* and S. Zhona. Pharm/Tox, Mich. State U., E. Lansing, Ml 48824.
The cardiac-related (C-R) rhythm in sympathetic nerve discharge (SND) of
the cat has been attributed to the entrainment of a central oscillator by huleesynchronous bsrorecdptor afferent nerve activity. We tested whether the C-R
discharges of different sympathetic nerves are derived from a common
oscillator or from multiple oscillators, each controlling a different nerve. For
this purpose, we compared the phase difference between the C-R discharges
of postganglionic sympathetic nerve pairs whose members received inputs
from the same (left and right inferior cardiac nerves) versus widely separated
(cardiac and renal nerves) spinal segments. Io the case of a common source,
the phase difference between left and right cardiac SND will be dose to (f (inphase discharges) whereas that for cardiac and renal SND will be out-of-phase
by a value equivalent to the difference in conduction time (~45 ms) from the
rostral ventrolateral medulla (RVLM) to the recording electrodes on these
nerves. Phase spectral analysis revealed such relationships in some cats.
However, in other experiments the C-R discharges of the cardiac and renal
nerves as well as the two cardiac nerves were in phase. This was the case
even though the onset latency of the increase in renal SND evoked by
electrical stimulation of the RVLM was ~45 ms longer than that for cardiac
SND. Io yet other cats, ' the C-R rhythmic discharges of the rend nerve led
those of the cardiac nerves. These data imply that the C-R discharges of the
renal nerve arise from a central circuit different from that responsible for the
rhythm in inferior cardiac SND. In-phase vs out-of-phase discharges of these
nerves may reflect different states of coupling of multiple oscillators or
independent and nonun^onm control of these circuits by puled-eyochroooue
barorecehtor inputs. (Supported by NIH grant HL-13187.)

terminals were determined as follows: (1) Mean "background" was estimated
by sampling SPN somas with templates equal in area to an average-sized
synaptic terminal; (2) The variance was estimated by ANOVA(random effects
model); (3) GABA™ and GLU™ terminals had to have immunogold densities
> 99.5% of all values observed in the "background". Ten separate analyses of
glutamate labeling were performed on a total of 2480 synaptic terminals; 3
analyses of GABA labeling were performed on a total of 983 synaptic terminals.
In 3 analyses serial sections were sequentially labeled for GLU and GABA.
GLU(+) terminals accounted for 18.7% of all terminations on identified SPN
processes and 31.4% of terminals in the SPN neuropil generally . GLU(+)

boutons contained predominantly round vesicles and were associated with both
asymmetric and symmetric synaptic specializations.
GABA™ boutons

accounted for 36% of all terminals on retrogradely labeled processes and
31.4% of terminals in the SPN neuropil. GABA(+) boutons contained mixtures
of pleomorphic and round vesicles and were associated with symmetric
synaptic contacts. GABA(+) terminals were GLUW GLU(+) terminals were
GABAW Wide ranging, uncorrelated levels of GLU immunogold labeling were
observed in GABA™ boutons. JBC is supported by MERIT award HL24103.
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EPISODIC HYPERTENSION DUE TO AUTONOMIC DYSREFLEXIA
IN ACUTE AND CHRONIC SPINAL CORD-INJURED RATS. A.V.
Krassioukov* and L.C. Weaver. John P. Robarts Research. Inst. & Dept.
of Physiol. Univ. of Western Ontario., London, Ont., N6A 5KS, Canada.
Autonomic dysreflexia leading to episodes of hypertension occurs in 90%
of quadriplegics and high paraplegics.. This abnormal sympathetic control
of arterial blood pressure may ensue after spinal cord injury because of changes
in sympathetic preganglionic neurons (SPN) and in the neuropil surrounding
them. We investigated autonomic dysreflexia caused by urinary bladder
or colon distension as well as changes in morphology of SPNs retrogradely
labelled by cholera toxin B in rats one day, one week and one month after
upper thoracic cord transection. One day after the injury bladder distension
increased arterial pressure by 32±3 mmHg, usually accompanied by bradycardia. One week after the injury, pressor responses to urinary bladder
distension were only l2±2 mmHg. One month after the cord transection
autonomic reflexes were greater and more long-hasting than those recorded
one day or one week after injuiy. Colon distension caused pressor responses
of 65±5 mmHg and bradycardia lasting up to 3 min. Morphological examination and comparison of SPNs, rostral and caudal to the injury, as well as
in control animals without injury, showed that SPNs caudal to the injury
had significant loss of dendrites and decreased cell size within one week
of the injuiy. This degeneration of the SPNs appears to be transient because
one month after the transection a substantial dendritic arbor was found
on SPNs caudal to the injury. These findings suggest that the inital dysreflexia is caused by loss of supraspinal inhibition of spinal reflexes and that
the sustained, chronic dysreflexia coincides with regeneration of the SPNs
and their dendrites. Such SPN regeneration and remodelling in the neuropil
surrounding them could be responsible for the exaggerated reflexes that
cause chronic autonomic dysreflexia. (Support: Ontario Heart & Stroke Fdn.)

CARDIOVASCULAR EFFECTS ELICITED BY CENTRAL ADMINISTRATION OF

PHYSOSTIGMINE IN CONSCIOUS CATS.

A. Ally*, A.C.L. Ndbreqa, J.H.

Mitchell and L.B. Wilson. Harry S. Moss Heart Center, University of Texas

Southwestern Medical Center, Dallas, TX 75235-9034.

The

cardiovascular effects elicited

by

intracerebroventricular

(i.c.v.)

administration of a cholinesterase inhibitor, physostigmine, were studied using

conscious cats. Physostigmine (5-25 pg) caused a dose-dependent increase
in mean arterial pressure (MAP) and heart rate (HR). The highest dose (25 pg)

increased MAP and HR by 31 ±3 mmHg and 4O±4 bpm, respectively (n=4).

Pretreatment with atropine (25 pg; i.c.v.) blocked the increases in MAP and HR
elicited by the i.c.v. injection of physostigmine. Pre-administration of the M,
muscarinic receptor antagonist, pirenzepine (100 pg; i.c.v.), failed to block the

pressor and tachycardic responses to i.c.v physostigmine. Furthermore, the
M3 muscarinic blocker, 4-diphenyl-acetoxy-N-methylpiperidine methiodide (4-

DAMP; 50 pg; i.c.v.), did not antagonize the cardiovascular effect of
physostigmine. However, the M2 muscarinic antagonist, methoctramine (25 pg;
i.c.v.), prevented the increases in MAP and HR evoked by the subsequent i.c.v.

injection of physostigmine. When the same cats were anesthetized with NaPentobarbital, physostigmine (25 pg; i.c.v.) evoked a decrease in MAP and HR.

These results demonstrate that increases in MAP and HR to i.c.v. administration
of physostigmine in conscious cats are mediated through stimulation of central

M2 muscarinic receptors. In addition, anesthesia reverses the cardiovascular

effects elicited by the central administration of physostigmine.
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HUMAN TRAUMATIC BRAIN EDEMA AND CORTICAL SYNAPTIC
DEGENERATION.
O. J. Castejon*,
H. V. Castejon,
M. Diaz and C. Valero.
Inst. Invest. Bio.
Fac.
de Med.
Univ. del Zulia.
Maracaibo, Venezuela.
The cerebral cortex of 9 patients with complicated brain trauma was examined with the electron
microscope to study the degenerative synaptic
changes induced by brain injury and associated
vasogenic, moderate or severe,
brain edema. The
hematogeneous edema fluid accumulated in the dilated extracellular space of cerebral cortex neuropil induced swelling and shrinkage of pre- and
postsynaptic structures, increased amount of presynaptic axoplasmic granular substance and clumping,
enlargement and depletion of synaptic vesicles. In severe brain edema, swollen and shrunken
presynaptic endings with discontinuous limiting
plasma membrane appeared separated from the postsynaptic structures and detached from glial ensheathment. Postsynaptic shaft dendrites and their
spines showed swelling and vacuolization. The
clear and dark types of degeneration were observed.
A correlation was made between the evolution time
of traumatic brain injury and the appearance of
degenerative changes,
in an attempt to establish
time-course degeneration and sequential events of
both forms of degeneration in edematous human
cerebral cortex.

DOES HEAVY RESISTIVE EXERCISE PROMOTE MUSCULAR
COCONTRACTION AND LOSS OF RECIPROCAL MOVEMENT IN BRAININJURED SUBJECTS? K.JL-Light*. S. Rehm. C. D. Hall, and C.A. Giuliani.
Depts. of Physical Therapy, University of Florida, Gainesville, FL 32611 and
University of North Carolina, Chapel Hill, N.C. 27599
Traumatic brain injury often results in movement control difficulty
accompanied by muscle agonist-antagonist cocontraction. A popular
guiding theory in rehabilitation is that heavy resistive exercise causes tonic
reflex irradiation, leading to prolonged muscle activity and cocontraction
and decreases in movement control of brain-injured individuals. The
purpose of this study was to explore the effect of lower-limb progressiveresistive exercise on reciprocal movement and EMG activity of the biceps
and triceps muscles of the most involved upper limb of brain-injured
subjects. Nine brain-injured and 9 age- and gender-matched control
subjects were tested on a repetitive upper-limb, vertical-tapping task before
and after heavy resistive exercise to the lower limbs. The variables
measured included number of taps; EMG analyses of biceps and triceps
bursts, normalized for cycle time; and the % cocontraction /cycle.
Results of the study revealed no significant change in the number of taps
for brain-injured or control groups. Contrary to popular theory the EMG
findings indicated no increase in the triceps burst duration after exercise for

353.3
REDUCTION OF NaCl INCREASES SURVIVAL OF MAMMALIAN
SPINAL CORD (SC) NEURONS AFTER NEURITE TRANSECTION
INJURY.
J.H. Lucas* and L.J. Rosenberg-Schaffer. Dept, of
Physiology, The Ohio State University, Columbus, OH 43210.
A modified ionic environment (MIE) that limits neuronal
deterioration and death would be useful in situations of CNS trauma or
surgery. Ca+2 plays a major role in cell deterioration after injury.
However, reduction (< 30 pM) of Ca+2 merely delays death of SC
neurons after neurite transection (J. Neurotrauma 7, 1990). TEM of
neurons lesioned in various low Ca+2 MIE found that Na+ causes Golgi
swelling and Cl- causes endoplasmic reticulum destruction (Exp. Brain
Res. 86, 1991). However, low Ca+2 MIE with reduced Na+ or Cl- also
failed to effect a sustained increase in lesioned neuron survival (Soc.
Neurosci. Abst. 18. 1992).
Ca+2 reduction can affect membrane stability, cell adhesion and
lesion resealing. The present study observed lesioned neuron survival in
MIE where NaCl was reduced (sucrose substitution) but Ca+2 remained
normal. Medium on murine SC cultures was replaced with one of three
MIE: (1) normal ions, (2) 100% reduced NaCl, and (3) 50% reduced
NaCl. Twenty neurons were selected in each culture: 10 were subjected
to laser transection of a primary dendrite 100 pm from the soma and 10
were unlesioned controls. After 24h the MIE were replaced with the
original medium. Survival at 48h (erythrosin B) was 28% ± 11% in
normal ions, 2% ± 4% in 100% reduced NaCl, and 68% ± 8 in 50 %
reduced NaCl (one factor ANOVA, p = 0.0001, n=6 experiments
(cultures)/group). Future studies will evaluate the effect of MIE with
reduced Na+ or Cl- on lesioned neuron survival and ultrastructure. The
effect of a transient exposure on SC network electrophysiology will also
be evaluated. Supported by NINDS NS29683.
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either groups. A significant difference was found between the groups pre
to post exercise for biceps duration with the brain-injured individuals
decreasing burst durations while the controls increased the biceps burst
duration. The % cocontraction/cycle was significantly reduced for both
groups pre to post exercise. Based on these findings, we reject the
popular clinical theory that heavy exercise leads to subsequent loss of
reciprocating movement and EMG cocontraction.

353.4
CHANGES IN QUINOLINIC ACID FOLLOWING SPINAL CORD
INJURY CORRELATE WITH SECONDARY FUNCTIONAL
DEFICITS M. P. Heves*. K. Saito and A. R, Blight. Section on
Analytical Biochemistry, NIMH Bethesda, MD 20892 and Div.
Neurosurgery, Univ. North Carolina, Chapel Hill, NC 27599.
We have shown that the neurotoxin and macrophage product, quinolinic
acid (QUIN), is elevated more than 10 fold in guinea pig spinal cord
tissue at 5 days after brief compression injury (Brain Res. 632: 314,
1993), coincident with invasion of the lesion site by large numbers of
macrophages. Similar techniques were used to examine the time course of
QUIN elevation and to relate this to the course of secondary functional
deficits. The lower thoracic spinal cord of anesthetized guinea pigs was
injured and spinal cord tissue samples were obtained from groups of 3-4
animals at 1,3,7,12,18 and 25 days. Tissue levels of QUIN were
quantified by mass spectrometry, and were found to rise gradually
between 1 and 12 days post injury. Peak concentrations at 12 days were
as much as 100 times baseline levels and achieved 3.5 gM. QUIN levels
then gradually decreased, though remaining elevated by approximately 10
fold at 25 days. The onset of secondary functional deficits, including
gradual loss of the cutaneus trunci muscle reflex and vestibulospinal toespread response, as well as reductions in amplitude of the somatosensory
evoked potential, corresponded in time with the gradual elevation of
QUIN. In addition, the slow return to more normal QUIN levels
corresponded with the partial recovery of secondary deficits that occurs in
some animals over 3-5 weeks. These data support the hypothesis that
inflammatory activity in injured spinal cord may contribute to the
processes of secondary tissue damage and are consistent with the
possibility that QUIN itself may be an agent of such damage.
Supported in part by NIH grant NS2l 122 from NINDS.
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INDUCIBLE NITRIC OXIDE SYNTHASE EXPRESSION AFTER CEREBRAL
TRAUMA IN IMMATURE RATS. R. Clark. P. Kochanek*. M, Brookens. J.
Schidina. and S. Watkins. University of Pittsburgh, Pittsburgh, PA 15213.
Hyperemia contributes to the development of increased intracranial blood
volume and intracranial hypertension between 24 and 72 h after head injury in
humans. The mechanism of hyperemia remains, unclear, however, it occurs
more commonly in children than adults. Previous studies in our laboratory
showed diffuse hyperemia at 24 h after cerebral trauma in the immature rat1.
We hypothesized that nitric oxide contributes to posttraumatic hyperemia. The
purpose of this study was to localize and define the time course of inducible
nitric oxide synthase (iNOS) expression in an immature rat trauma model.
METHODS: Immature Wistar rats (age 3.5-4.5 wk) were aneshestized and
subjected to weight-drop trauma (10 gm brass rod dropped 4.2 cm onto
exposed right parietal cortex). Nontraumatized rats were used as controls. At 2
or 24 h posttrauma rats were killed and perfused with 2% paraformaldehyde/
0.01% glutaraldehyde. Brains were removed, frozen, sectioned, and
immunolocalized with a rabbit polyclonal antibody against iNOS. RESULTS: At
2 h iNOS expression was seen by immunofluorescence in the peritrauma area
and appeared to be parenchymal in origin. At 24 h similar peritrauma iNOS
expression was again noted, however, there was also marked iNOS expression
in vascular smooth muscle in both the traumatized and contralateral
hemispheres. In contrast, there was no appreciable iNOS expression in the
controls. CONCLUSIONS: These data suggest that in our immature rat trauma
model: 1) peritrauma parenchymal cells express iNOS at 2 h and 24 h
posttrauma, and 2) vascular smooth muscle iNOS expression occurs by 24 h in
both the traumatized and contralateral hemispheres. The time course of
vascular smooth muscle iNOS expression is consistent with the time course of
posttraumatic hyperemia in this model! and supports the hypothesis that nitric
oxide contributes to posttraumatic hyperemia.
1Biagas et al. Soc Neurosci Abstr. 1992,18:1088.

NITRIC OXIDE AND DELAYED DAMAGE AFTER SPINAL CORD
INJURY: NO EFFECT OF /V-METHYL-L-ARGININE T. I. Cohen.
A. R. Blight*, and R. J. Weinnerg. Div. Neurosurgery and Depp CCI
Biology and Anatomy, Univ. North Carolina, Chapel Hill, NC 27599.
The role of nitric oxide (NO) production in secondary pathological
processes that follow spinal cord injury was examined in a guinea pig
model that shows secondary loss of function in the 3 days after trauma
(Blight, 1991, J.Neurol.Sci. 103: 156-171). Lateral compression injury
of the lower thoracic cord was performed under ketamine/xylazine/
acepromazine anesthesia. A fine cannula was inserted through a hole in
the dura two vertebral segments rostral to the injury and run along the
dorsal subdural space to the lesion level. The tube was connected to an
osmotic pump, which was filled with either lOmM /V-methyl-L-arginine
in normal saline (pH 7.2) or normal saline alone, and delivered the
solution at c. 1 pL/hr. /V-methyl-L-arg blocks both constitutive and
inducible forms of NO synthase, present in neurons and inflammatory
cells respectively. Two groups of 10 animals were used. Behavioral

analysis and somatosensory evoked potential measurements were
performed daily for 3 days, then the animals were fixed and survival of
white matter at the center of the injury was evaluated, using toluidineblue stained, lpm plastic sections. There was no significant difference
between treated and control groups in degree or rate of secondary loss
of spinal cord function or in the cross-sectional area of surviving white
matter. These data do not support the hypothesis that local NO
production plays a key role in secondary pathology of injury in this
model. Supported by the Spinal Cord Research Foundation, the
American Paralysis Association, and NIH grant NS21122.

353.7

353.8

TREATMENT WITH A SYNTHETIC FREE RADICAL SCAVENGER
(U-83836E) ENHANCES BEHAVIORAL RECOVERY FOLLOWING
BILATERAL CORTICAL CONTUSION IN RATS. S.W. Hoffman*. A.L.
Larrison, Z. FtHdp. and D.G. Stein. Brain Res. Lab., IAB, Rutgers Univ.,
Newark, NJ 07102.
We previously demonstrated (Hoffman & Stein, 1993) that treatment with
EGb761, a complex substance containing free radical scavengers, enhanced
recovery after bilateral cortical contusions in rats. In this experiment, we
investigated the role of free radical scavengers in promoting recovery from
spatial learning ability that is lost after bilateral damage to the medial
frontal cortex. Adult male rats received either sham surgery or bilateral
frontal cortical contusion followed by 5 i.p. injections of U-83836E (U-83;
vitamin E analog, 10 mg/kg; 30 mg/ml) or an equal volume of vehicle
(0.9% NaCl). The 1st injection occurred 5 min postinjury with the next 4
injections occurring at 6, 24, 48, and 72h postinjury. Morris water maze
(MWM) testing began 7d postinjury and continued until day 17. The 11th
day of testing consisted of 1 90 sec. trial with no platform. On the 18th
day postinjury, the animals were killed and processed for histopathological
analyses. Two-way, repeated measures ANOVA revealed significant
differences among the 4 groups on latency to platform, distance to
platform and swim strategy. Post hoc comparisons indicated that contused
rats treated with U-83 performed better than contused+vehicle (p<0.05).
The contused+U-83 rats performed as well as shams and there was no
difference between sham+vehicle and sham+U83 (p’s>O.O5). Two-way
ANOVA’s of the probe trial revealed differences in learning strategies
among the 4 groups. The contused+vehicle rats were impaired in relation
to both sham groups and contusion+U-83 on the measures of number of
platform entries, latency to platform area, and number of turns (p’s>0.05).
In conclusion, our findings continue to indicate that free radical scavengers
are capable of promoting behavioral recovery following TBI. Supported
by GenRe Co. & the Grad. Sch. Nwk. U-83 was donated by the Upjohn Co.

TRAUMATIC BRAIN DAMAGE PREVENTED BY THE AMPA
ANTAGONIST NBQX. H. Bernert. S. Mathias, D.N. Stephens*.
P. -A. LoschmannnndL. Turski. ResearchLabsof Schering
AG, Berlin, Germany.
Traumatic head injury leads to primary (at impact) and secondary
(distant) damage to the brain. Mechanical percussion of the rat cortex
mimics primary damage seen after traumatic head injury in humans. No
animal model mimicking secondary damage following traumatic head injury
has been established yet. Rats subjected to percussion trauma of the cortex
showed primary damage in the cortex and secondary damage in the
hippocampus. Morphometric analysis of the hippocampus demonstrated that
the damage was restricted to the rostral portion of the subfe^ CA3.
MicroLiclyoio of the CA3 subhe^ of the dorsal hippocampus showed
increases in glutamate, aspartate and glycine concentrations on the side
ipsilaiteral to the cortex injury. Delayed treatment of rats with the a-amino-3hydroxy-5-methyl-4-iooxazolepropioncte (AMPA) antagonist 2l3-LihyLroxy-6nitro-7-oslfamoy-benzo(f)quinoxCline (NBQX; 3 x 30 mg/kg i.p.) but not with

the ^methyl-D-aspartate antagonist 3-((±)-2-<crrtx»ypiperazin-4-y))-propyl1-phosphonate (CPP; 3 x 30 mg/kg i.p.) beginning between 1 and 7 h after
trauma prevented the hippocampal damage. No protection was seen when
therapy with NBQX was otcrteL 10 h after trauma. Neither treatment
prevented primary damage in the cortex. These data indicate that AMPAdependent mechanisms contribute to the development of secondary damage
in the hippocampus in rats subjected to traumatic injury of the cortex. The
wide therapeutic time-window documented for NBQX suggests that AMPA
antagonism may offer a novel therapeutic approach for preventing
deterioration of the brain after head injury.

353.9

353.10

FELBAMATE PROTECTS CA1 NEURONS IN THE HIPPOCAMPAL SLICE FROM
TRAUMATIC INJURY. R.A. Wallis* and K.L. Panizzon. Dept. of Neurology,
UCLA, Los Angeles, CA 90024 and Sepulveda VAMC, Sepulveda, CA
91343.
Felbamate is a new anti-convulsant which has also been found to be
neuroprotective against hypoxia and ischemia. To assess the neuroprotective
potential of felbamate against trauma, we tested the ability of felbamate to
prevent CA1 traumatic injury in the hippocampal slice. Hippocampal slices

LONG-TERM CHANGES IN METABOLIC RATES FOR GLUCOSE
FOLLOWING MILD, MODERATE AND SEVERE CONCUSSIVE HEAD
INJURIES IN ADULT RATS D.A. Hovda*. H.M. LeH. Lifshitz, LA. Berrv.
H.Badie, A. Yoshino, and S.M. Lee.
Division of Neurosurgery, UCLA Sch. of Med., Los Angeles, CA 90024.
Previous studies from our laboratory have demonstrated that following a
moderate fluid percussion (F-P) brain injury, the local cerebral metabolic
rates for glucose (ICMRglc) remain depressed as compared to sham-injured
control values in several neocortical areas which lasted up to 10 d postinjury. In this study, we assessed whether the severity of the initial F-P
injury correlates positively with the duration of this prolonged metabolic
depression in 24 CNS structures following a mild (1.35-1.45 atm), moderate/
severe (2.6-2.7 atm) and severe (3.6-3.7 atm) lateral (F-P) brain injuries.
Fifty-one adult male Sprague Dawley rats (250-350 g) were F-P injured at
mild, moderate or severe injury levels while under general anesthesia
(enflurane, 1.5-2.0 ml/min, 100% 0)2). After 30 min, 5 d, 10 d and 14 d postinjury, iCMRglc was determined by the D^C] 2-deoxy-D-glucose
autoradiographic method (n = at least 3 at each time point and injury
severity). ICMRglc for sham-injured animals (n = 3 at each time point)
served as control values. After 3O min following lateral F-P injury, almost
all CNS structures ipsilateral to the injury showed increases in glucose
utilization over control values for all three injury severity levels (e.g., for
parietal cortex, sham 5O.7± 3.9, mild 70.4 ±.4.5, moderate/severe 59/3d=t^.iz
severe 58.9±2.5 pmol/lOOg/min). However, the metabolic depression first
seen approximately 6 hours post-injury was alleviated within 5 days for
mildly injured animals, whereas 50% (moderate-severe) and 46% (severe)
of the structures measured remained significantly depressed 15 days
following F-P injury. These findings indicate that increasing the level of
injury severity, as determined by fluid pulse pressure and duration of posti '
unconsciousness, results in a more prolonged metabolic derangement.
ts from our behavioral studies suggest that this long-term metabolic
depression correspond to prolonged neurological and cognitive dysfunction.
(NS30308 and Lind Lawrence Foundation)

were perfused with artificial CSF containing 4 mM glucose. To induce
trauma, slices were transferred into a specialized chamber containing 7 ml
ASCF and sealed with a rubber piston. A 2.2 lb. weight was then dropped
onto the piston from a height of two feet. Slices were then returned to the
recording chamber. Pre-treatment with felbamate 400 mg/L for 30 mins,
before trauma improved recovery of CA1 orthodromic population spike (PS)
60 mins, after trauma from a mean of 2% ± 2, to 98% ± 5. Additionally,
CA1 antidromic PS increased from an average of 15% ± 6, to 94% ± 1.
This protection was concentration-dependent and showed a felbamate ECW
of 136 mg/L. Significant protection was seen with felbamate pretreatment
at concentrations as low as 90 mg/L, a value which lies within the range of
felbamate serum concentrations achieved in monotherapy. Felbamate also
proved to be neuroprotective when given after trauma. When initiated 1 min.
after trauma and continued for 35 mins., felbamate 300 mg/L increased
mean CA1 orthodromic PS recovery from 18% ± 15, to 77% ±11, and
CA1 antidromic PS recovery increased from 14% ± 4, to 80% ± 9.
Significant protection was seen when felbamate was begun as late as 15
mins, after trauma, producing recoveries of CA1 orthodromic and antidromic
PS of 49% ± 6 to 52% ± 5. These results indicate that felbamate is
strongly protective against CA1 traumatic neuronal injury. This research was
supported by the VA Research Service and a Carter-Wallace, Inc.
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CORE OF DEGENERATING NEURONS IN THE IPSILATERAL
PARIETAL CORTEX INDUCES SPREADING DEPRESSION FOLLOWING
A LATERAL FLUID PERCUSSION BRAIN INTURYS.M. Lee*. D-A.
Hovda and D.P. Becker.
Division of Neurosurgery, UCLA Sch. of Med., Los Angeles, CA 90024.
Our laboratory nas recently reported that a moderate lateral fluid
percussion (F-P) injury (2.1 -2.3 atm) results in a period of markedly
increased glucose utilization for the first 30 min post-injury as determined
by the [14C] 2-deoxy-D-glucose autoradiographic method, in this study, we
provide evidence that trie increased glucose metabolism may result from
the induction of spreading depression (SD) which lasted as long as 1.5 h in
some percussed cases.
In 5 adult male Sprague Dawley rats (300-350 g) teflon-coated
platinum/irium wires (40 pm diameter) were chronically implanted into
the ipsilateral and contralateral parietal cortices. These "floating wire
electrodes" were sealed in place along with the F-P injury cap with silicone
adhesive and acrylic dental cement. These wire electrodes were previously
determined to reliably measure DC potential shifts as small as 3 mV, yet
remain flexible as not to exacerbate trie traumatic brain injury. Following
implantation of the wire electrodes, baseline measurements of the preinjury DC potential were taken for 30 min before delivery of the moderate
fluid pulse. DC potentials were continually monitorea and stored on a
computer throughout the injury process and for 1.5 h post-injury. The DC
potential during the 30 min baseline measurement did not deviate by more
that 5 mV. Immediately following delivery of the fluid pulse, the DC
potential shifted in the negative direction (mean change 45.7 ± 12.7 mV)
which lasted for approximately 25 min (mean 24.6 ± 5.7 min). In 2 out of 5
cases, this initial negative shift was accompanied by recurring smaller
negative DC shifts which first appeared ~37 min post injury (duration 2-3
min, frequency 1/5-6 min). These results provide the first evidence that
fluid percussion brain injury induces dramatic negative shift in the DC
potential immediately after delivery of the fluid pulse. Further, under
certain circumstances these SD episodes may persist for several hours and
may contribute to unique metabolic and neurologic consequences, (supported
by NS30308 and Lind Lawrence Foundation)

L-AP3 PRETREATMENT POTENTIATES AGONIST-STIMULATED INOSITOL
PHOSPHATE PRODUCTION IN RAT HIPPOCAMPUS 15 DAYS FOLLOWING
MODERATE TRAUMATIC BRAIN INJURY. T.M.DELAHUNTY*. J,Y.JIANG.
L.L .PHILLIPS. R.J.HAMM, B.G.LYETH. Division of Neurosurgeiy Medical
College of Virginia, Richmond, VA 23298.
It has been established that antagonists of muscarinic and ionotropic glutamate
receptors ameliorate the outcome of traumatic brain injury (TBI) (Hayes 1992,
McIntosh 1993). We have identified abnormalities in muscarinic receptor binding
and in muscarinic and metabotropic receptor-effector coupling following TBI
which are attenuated by pretreatment with scopolamine. This study examines
whether pretreatment with the metabotropic glutamate receptor antagonist L-AP3
affects the TBI-induced abnormalities in agonist-stimulated inositol phosphate
generation. L-AP3 (500 pM) or vehicle was administered by i.c.v. injection 5
minutes prior to fluid percussion impact. After 15 days survival, rats were
sacrificed and hippocampal miniprisms were prepared, labelled with [3H]myoinositol and challenged with 25OpM Caibachol and trans-ACPD. Inositol
phosphates were separated on dowex columns. The response of injured animals
was compared by paired t-test to the respective sham-injured control assayed in
parallel. Injury produced an enhancement of the response to trans-ACPD (105%
p<0.05) and carbachol (6% not significant) in vehicle treated animals. In L-AP3
pretreated animals, injury resulted in a 37% enhancement of the response to
carbachol and a 262% enhancement of the response to trans-ACPD (both p<0.05).
Thus, the effect of L-AP3 pretreatment on injury-induced changes in receptor
response is opposite that of scopolamine pretreatment. Supported by NIH grants
NS 12587 and NS 29995.
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INCREASES IN THE NUMBER OF RELEASE SITES (n) AND
THE PROBABILITY OF RELEASE (p) MAY UNDERLIE THE
EXPRESSION OF LONG-TERM POTENTIATION (LTP).
P.E. Schulz*, E.P. Cook, & D. Johnston, Department of Neurology & Division
of Neuroscience, Baylor College of Medicine, Houston, Tx 77030.
LTP is a use-dependent form of synaptic plasticity that may be an important
step in memory storage. We previously found that LTP induction is associated
with increases and decreases in paired-pulse facilitation (PPF) that correlate
inversely with initial PPF, and these findings are consistent with presynaptic
involvement in LTP expression (Schulz, Cook, and Johnston, J. Neurosci., in
press). We now report a positive correlation between baseline PPF and the
magnitude of LTP at saturation (r=0.52, n=34, slope=1.22), and a stronger
negative correlation between the change in PPF associated with LTP and the
magnitude of LTP at saturation (r=0.8, n=34, slope= -3.54).
An increase in p alone, which is normally associated with a decrease in PPF,
would not explain both increases and decreases in PPF with LTP. Increases in
n alone, would not account for any change in PPF if the average p of the added
release sites was the same as the average p of the original sites. An increase in n
with a diferent average p than the original population or increases in both n and
p, however, could account for both increases and decreases in PPF. In addition,
they could account for the strong negative correlation between changes in PPF
and LTP magnitude: Decreases in PPF could be due to both increases in p and
to the addition of new release sites with a high average p, and this would result
in a large LTP. In contrast, increases in PPF could be due to increases in n
with a low average p, and this would result in a small LTP. Thus, our findings
are most consistent with increases in both n and p underlying LTP expression.
We have developed analytical models and simulations that both illustrate and
support our conclusions (AG00432, MH44754, MH48432).

SYNAPSES WITH HIGH RELEASE PROBABILITY INCREASE

354.3
MAPPING
MINIATURE
EXCITATORY
SYNAPTIC
CURRENTS
TO
IDENTIFIED SYNAPSES BY CORRELATIVE CALCIUM IMAGING REVEALS
FUNCTIONAL HETEROGENEITY. T.H. Murphy*@#, J.M. Baraban@,
and W.G. Wier$.
Dept. of Neuro., Johns Hopkins Univ.@,
Baltimore MD. 21205, Dept. of Phys., Univ. of MD$, Kinsmen
Lab., Univ. of British Columbia#, Vancouver, B.C. V6T 1Z3.
We have previously resolved miniature synaptic
[Ca+H-]i transients (MSCTs) associated with the NMDA
receptor component of spontaneous miniature excitatory
synaptic currents (MESCs;Murphy et al. 94). In this study,
simultaneous imaging of [Ca++]i and perforated patch clamp
recordings indicated a temporal correlation between MESCs
recorded at the cell soma and MSCTs at specific dendritic
sites on cultured cortical neurons. An ensemble average of
currents associated with 45 MSCT events indicated that
this correlation was not spurious and that an inward
current precedes the first rise in [Ca++]i. In neurons
with a low frequency of MESCs we could infer the dendritic
location of a MESC from its temporal relationship to a
local [Ca++]i transient:. This analysis indicated that
variability in MESC kinetics and amplitude observed in
records from populations of synapses can reflect intrinsic
differences between synapses and not dendritic filtering.
In addition to differences between synapses, we observed
a high degree of variability in current amplitude at a
single synapse during repeated events. At these single
sites, variability in synaptic current amplitude was
correlated with changes in [Ca++]i transient amplitude.
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CONTRIBUTION TO TRANSMISSION DURING LTP. N.A Hessler* &
R. Malinow. Neuroscience Program, University of Iowa and Cold Spring
Harbor Laboratory, NY 11724
We recently proposed that the probability of transmitter release (pr) for
hippocampal slice neurons is not uniform (Hessler et al, Nature (1993)). This
proposal was supported by the biexponential decrement of elicited NMDA-mediated
synaptic currents in the presence of the use-dependent NMDA-channel blocker MK801. Can a population of synapses with a smeared unimodal distribution of pr
produce such a biexponential decrement? Using Monte-Carlo simulations we show
that the experimental results cannot be explained by a unimodal distribution,
indicating at least two distinct populations of synapses, with high and low pr .
Does the contribution to transmission by these two populations change after LTP?
To address this issue we recorded field EPSPs from CA1 s. radiatum of rat
hippocampal slices, elicited by stimulation of two independent afferent pathways.
After LTP induction in one input, either SPT, 4-AP, or cadmium was added to the
perfusion solution. In prior experiments we have found that these drugs have
differential effects on low and high pr synapses. Following LTP induction, SPT and
cadmium produce differential effects in potentiated vs. control inputs. These
experiments indicate that after LTP there is a greater fraction of transmission
contributed by high pr synapses. Is this due to a) an increased quantal size at high pr
synapses, b) to a conversion of low-pr to high-pr synapses or c) appearance of new
high pr synapses? To address this issue we compare the decrement in MK-801 of
NMDA-mediated transmission in a control and potentiated pathway. While initial
results show little difference between the control and potentiated pathways
(suggesting no change in pr during LTP) simulations suggest that the experimental
paradigm sensitivity may not be sufficient to detect the expected changes in pr.

354.4
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Dept, of Physiology, Univ. of Maryland , Baltimore, MD 21201. Dept.
of Neurosciences, The Johns Hopkins University.*, Baltimore, MD
21205 and Kinsmen Lab., Univ. of B.C.*, Vancouver, V6T 123 B.C.

Theory indicates that dendritic spines can restrict the movement of
calcium from synaptic sites and that this restriction could be important
in achieving specificity during LTP. However, by imaging miniature
synaptic calcium transients (MSCTs) associated with spontaneous miniature excitatory synaptic currents (MESCs) in cultured cortical neurons, we have shown that a rise in spine calcium ion concentration
([Ca2+]j) following synaptic activation is not always restricted to the
head of the spine (Murphy et al., 1994). MSCTs and MESCs vary in
amplitude at a single synapse (Murhpy et al., this meeting). At short
spiny synapses, the large amplitude events correlated with the exit of
calcium to the dendritic shaft, but, at long necked spines, [Ca2+L was
confined to the spine head. To identify the factors influencing Ca"2+ in

the dendrite, we devised a three-dimensional mathematical model of a
dendritic spine, in which Ca2+ could enter through NMDA receptors,
diffuse, bind or be transported across membranes. Experimentally measurable parameters were: current amplitude, spine neck length, spine
[Ca2+]j, dendritic shaft [Ca2+]j. Results indicated that spine neck length
and amplitude of synaptic current are two of the most important factors
that influence the spreading of Ca2+ away from the spine head.
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CONVERSION OF LATENT INTO FUNCTIONAL NEURONS DURING
INHIBITORY LONG-TERM POTENTIATION.
S. Charpier. J.C. Behrends and H. Korn*. Lab. de Neurobiologie Cellulaire,
INSERM U26l, Institut Pasteur, Paris.
Tetanization of the contralateral VIIIth nerve induces long-term
potentiation at inhibitory synapses to the goldfish Mauthner (M-) cell, which,
in paired recordings of presynaptic interneurons and the postsynaptic M-cell is
reflected in an increase of unitary IPSP amplitudes (mean=64%). During such
recordings we found that, about 25% of identified inhibitory presynaptic cells
did not produce clear IPSPs under control conditions. However, in 58% of these
weak interneurons, averaging individual traces yielded very small responses
that were, on average, smaller than the inhibitory quantum previously reported
at active connections. In contrast their synaptic investment on the M-cell was
similar to that of functional neurons previously stained (7<n<75). This
apparent failure of transmission was not dependent on the chloride driving
force, and the wide distribution of synaptic contacts over the M-cell membrane
suggests a presynaptic origin. Weak interneurons became active after LTPinducing tetanization (responses being, on average, potentiated by 375%);
therefore we termed them latent. Moreover, the success rate of potentiation at
these connections was higher than with initially active ones (75% vs 40%).
Latent neurons appeared to be in a particular functional state given that
intraaxonal injections of 4-a minopyridine and Ca2" were without effect while
they greatly enhanced the synaptic transmission from functional neurons. This
finding indicates that a deficit in the Ca2+-signal for the evoked release is not
responsible for the initial lack of effective transmission. These data suggest that
inhibitory’ conditioning in this system may preferentially involve a switch of
latent into active connections in the presynaptic network.

LTP OF EXCITATORY SYNAPSES ONTO HIPPOCAMPAL
INTERNEURONS IS RARE. L.L McMahon* and LA. Kauer. Dept, of
Neurobiology, Duke Univ. Med. Cntr., Durham, NC 27710
CA1 pyramidal cells and CA1 stratum radiatum intemeurons share
afferent projections from CA3 pyramidal neurons. We therefore tested
whether excitatory synapses onto inhibitory intemeurons undergo LTP as
do excitatory synapses onto pyramidal cells. Whole cell recordings were
performed in 250-350 pm thick hippocampal slices from 15-24 day old
rats. Biocytin was included in the patch pipet for post-hoc identification.
LTP was
induced within 15 min after reaching the whole-cell
configuration, using either two 100 Hz tetani of the Schaffer collaterals or
pairing 1 Hz stimulation with postsynaptic depolarization to 0 mV. In
some experiments, simultaneous field recordings were used to confirm
that the slices underwent LTP. In over 20 intemeurons, we have observed
potentiation in only 2 cells. At 30 min post induction the evoked EPSCs
in these cells were 124% and 214% of control. The lack of LTP in the
majority of intemeurons cannot be attributed to a lack of NMDA
receptors, as NMDA receptor-mediated postsynaptic currents were
observed in most but not all recorded intemeurons. Preliminary data
using the perforated patch technique suggest that the lack of LTP is also
not due to dialysis of intracellular contents. We observe LTP in whole-cell
recordings of pyramidal cells under identical recording conditions.
Preliminary data suggest that following stimulation . at 1 Hz for 10
minutes intemeuron synapses also do not express LTD like that reported
at CA3-CA1 pyramidal cell synapses. These data suggest that CA3
excitatory synapses onto inhibitory intemeurons do not undergo synaptic
plasticity like that seen at synapses between CA3-CA1 pyramidal cells.

This work was supported by NIH grant NS30500-01 to J.A.K.
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LONG-TERM POTENTIATION AT HIPPOCAMPAL MOSSY FIBER SYNAPSES
STUDIED UNDER "SUPPRESSING" CONDITIONS. RB Langdon*. JW Johnson,
G Barrionuevo. Dept. of Neuroscience, Univ. of Pittsburgh, Pittsburgh, PA 15260
The site of induction and the time-course of activity-induced potentiation at the
mossy fiber (MF) synapse were studied. EPSCs were recorded from CA3 pyramidal
cells in hippocampal slices bathed in ACSF that contained no GABA blockers, 3 mM
Ca++, and 3 mM Mg++. Stimulation and whole-cell recording parameters were as
described previously (Langdon et al., J Physiol 472:157, 1993). To induce LTP,
we applied 2 to 4 trains of 100 Hz for 1 sec (HFS). In 16 of 20 experiments,
polysynaptic activity was "suppressed" during HFS by 25 pM D-APV and 0.5 to 2.0
pM CNQX. LTP magnitude was determined as the per cent increase in mean EPSC
amplitude 15 min post-HFS.
Mean pre-HFS EPSC amplitudes from individual experiments ranged from 10
to 112 pA (group mean = 50). LTP magnitudes ranged from -7 to 195 % (mean =
62%). These parameters were uncorrelated, implying that cooperativity was not a
factor in induction. Each cell’s most positive somatic VB during HFS (V_) was
estimated based upon access resistance, command potential and clamp current
applied.
ranged from -97 mV (when HFS was paired with a hyperpolarizing
command) to > 0 mV (in 3 of the 4 non-suppressed slices). There was no
correlation between
and the magnitude of LTP that followed, implying that
induction did not depend upon postsynaptic depolarization. LTP was accompanied
by a large posttetanic potentiation (PTP). The PTP/LTP time-course was examined
by averaging data from 6 experiments in which the LTP was large. PTP had a mean
magnitude of 631 % and decayed as a single exponential with tau = 3.2 min; LTP
had a mean magnitude of 153% and did not decay appreciably during 20 min of
observation. These data imply that presynaptically induced LTP and large PTP are
both characteristics of potentiation at the Mf synapse induced by 1 sec, 100 Hz
stimulus trains. Supported by MH45156, NS24288, MH00944, & MH54817.

LONG-TERM POTENTIATION AT MOSSY FIBER SYNAPSES OF THE
HIPPOCAMPUS IS MEDIATED BY CYCLIC-AMP.
M. G. Weiss;kopf*. P. E. Castillo and R. A. Nicoll Depts. Pharmacol, and
Physiol., UCSF, San Francisco, CA 94143-0450
We have previously shown that manipulations that enhance cAMP levels
enhance synaptic transmission at the mossy fiber (MF)-CA3 synapse and
that this enhancement interacts with MF long-term potentiation (LTP)
(Weisskopf et al., Soc. Neurosci. Abs. 703.9, 1993). This work suggested
that forskolin-induced enhancement and LTP at MF synapses share a

common step. We have now explored further the connection between these
two forms of enhancement.
We have found that a 3min application of either a membrane permeable
analog of cAMP, Sp-cAMPS, or an activator of adenylyl cyclase, forskolin,
causes enhancement of MF synaptic transmission that lasts for the duration
of the experiment, at least 1h and 2h, respectively. Monitoring of the slow
after-hyperpolarization (AHP) in CA3 cells showed that the reduction of the
AHP caused by the forskolin application reverses within 1h. These data
indicate that a brief increase in cAMP can induce a long-term potentiation of
MF synaptic responses. The use of specific inhibitors of protein kinase A
(PKA) established that cAMP mediates MF LTP. Both blockers of the
regulatory site (Rp-8-CPT-cAMPS) and the catalytic site (H-89 and KT 5720)
of PKA blocked MF LTP.
These data, together with previous data showing a requirement for
presynaptic calcium (Ca2*) (Castillo et al., Neuron, 12:261, 1994) suggest a
simple model for MF LTP: Ca2* entry during a tetanus activates the Ca2+
sensitive type I adenylyl cyclase, which is highly expressed in MFs, leading
to an increase in cAMP that, via PKA, causes a persistent increase in
evoked glutamate release.

354.9

354.10

MECHANISM OF LONG-TERM POTENTIATION AMONG "STRONGSYNAPSES IN DENTATE GYRUS. J.M. WoitowiczV S. Wano. and H.L.
Atwood. Department of Physiology, MRC Group, University of Toronto,
Toronto, Ontario, Canada, M5S 1A8.
"Strong” synapses are characterized by a high initial transmitter output
at low frequencies of stimulation and by high-frequency depression.
Synapses of the medial perforant pathway (MPP) terminating on dendrites

CORRESPONDENCE BETWEEN EXPERIENCE MEDIATED INCREASES IN
SYNAPTIC STRENGTH AND LTP IN THE OUTER MOLECULAR LAYER OF
THE DENTATE GYRUS.
T.C, Foster*. J. Gaane. and G. Massicotte Dept, of Psychology, Univ. of
Virginia, Charlottesville, VA 22903.
Long-term potentiation (LTP) is an increase in synaptic efficacy
induced by brief high frequency tetanic stimulation. Interest in LTP has been
generated due to properties denoting a possible relation between LTP and
memory. However, a convincing link between LTP and experience has not
been demonstrated. An increase in perforant synaptic strength can be
observed In vitro after 25 days of environmental enrichment (EE). This report
demonstrates that the increase in synaptic strength of perforant path synapses
due to EE has many attributes in common with the NMDA dependent form of
LTP. Like LTP, EE increases the slope of the perforant path synaptic response
in the absence of changes in afferent fiber sensitivity. Paired-pulse facilitation
is not altered after LTP or EE, suggesting that the increase is not due to a
change in the probability of transmitter release. Both are associated with an
increase in the postsynaptic responsiveness to exogenously applied AMPA.
Receptor binding assays indicate that, like LTP, EE results in increased AMPA
binding in the absence of a change in CNQX binding suggesting that
expression is due to changes in postsynaptic receptor function rather than the
growth of new synapses. EE occludes further growth due to LTP and AP5 (40

of granule neurons depress during high frequency stimulation significantly
faster than those of the lateral perforant pathway. We have examined longterm potentiation (LTP) in this system in rat hippocampal slices, using
standard stimulating and whole-cell voltage clamp techniques. All
experiments were done in the presence of a GABA-receptor blocker,
bicuculline. LTP was induced by pairing postsynaptic depolarization of
granule neurons to -20mV with tetanic stimulation of the MPP afferent
axons. Only about half the neurons developed LTP lasting more than 30
minutes. However, the magnitude of potentiation, when present, was large
(370 ±91%, n-9) and expressed selectively for MPP. Such large changes
offer a unique opportunity to study possible synaptic mechanisms which
otherwise may be difficult to resolve. Quantal fluctuations before LTP
showed that the estimated probability of transmission at synapses was nonuniform, with a few, strongly contributing units. After LTP, data were best
described by assuming a large number of contributing synapses. There was
no consistent change in the frequency or amplitude of spontaneous events,
indicating no change in probability of their occurrence or overall change in
transmitter sensitivity. Neither could large increases in evoked responses (up
to 11 fold) be reasonably accounted for by changes in the quantal size. We
conclude that LTP among "strong" synapses in dentate gyrus is due to
recruitment of active synapses from a reserve pool. Supported by MRC of
Canada.
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mM ICV via osmotic minipump) retards the effect of EE on LTP. The results
demonstrate the existence of a naturally occurring increase in synaptic
strength due to experience and provide strong evidence for an association
between mechanisms for expression and induction of LTP and EE induced
increases in synaptic strength. Supported by NS31830 to TCF.
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A SINGLE BURST OF SYNAPTIC STIMULATION IS
SUFFICIENT TO INDUCE LTP OR LTD DURING
CHOLINERGIC THETA OSCILLATION. P.T. Huerta and J.E.
Lisman*. Dept, of Biology, Brandeis Univ., Waltham, MA, 02254-9110.
Cholinergic agonists trigger a theta-frequency network oscillation in
rat hippocampal slices. Recently we showed that during this oscillation
CA1 synapses are in state of heightened plasticity (Nature 364:723 ’93).
We have now sought to determine the minimal stimulation required to
induce synaptic modification during this highly plastic state and, in
particular, whether the number of pulses needed would be less than the
large number typically used to generate LTP and LTD. We report here
that stimulating CA 1 synapses with a single burst of only 4 pulses (100
Hz) can produce LTP or LTD. A single burst given at the peak of a theta
wave produced LTP (82±IO% increase 1 hour after cholinergic
treatment, n=7). 1n pathways that were already enhanced, a single burst
at the trough of a theta wave produced LTD (3 l±l2% decrease, n=7). A
single burst of 3 pulses gave a small but significant change (2l±8% LTP
if given at peak; 15±7% LTD if given at trough). A single burst of 2
pulses had no effect.
1n freely moving rats that exhibit hippocampal theta rhythm, bursts of
3-4 spikes are common in hippocampal neurons on entering their place
field (OKeefe&Recce, Hippoc. 3:317 '93). Our results indicate that
individual bursts of this kind may be sufficient for inducing upward or
downward long-term changes of synaptic efficacy.

DEGENERATIVE DISEASE:

CHOLINERGIC MODULATION OF DENDRITIC Ca2+ AND LTP OF
PERFORANT PATH-CA1 RESPONSES. I.T. Petrozzino*. S. Otani.
and J.A. Connor. Roche Institute of Molecular Biology, Roche Research
Center, Nutley, NJ 07110
High frequency tetanic stimulation of the perforant path (PP), or paired
stimulation of PP and Schaffer collaterals (SC), is insufficient to induce longterm potentiation (LTP) of the field potential measured in s. lacunosummoleculare of CA1 (Colbert & Levy, Brain Research 606, 87-91, 1993).
Tetanic stimulation of SC normally results in Ca2+ changes that are restricted
to proximal CA1 dendrites (Regehr et al., Nature 341, 533-536, 1989),
possibly explaining why PP/SC paired stimulation does not potentiate the PP
response. The muscarinic cholinergic agonist carbamylcholine (CCh)
enhances Ca2+ changes in distal CA3 dendrites through blockade of a K+
conductance (gK) (Muller & Connor, Neuron 6, 901-905, 1991). We
presently studied the influence of CCh on Ca2+ changes and LTP induction of
the PP-CA1 pathway. CA1 cells from adult rat hippocampal slices were
injected with fura-2 through microelectrodes and imaged from above (350/380
nm excitation). Extracellular dendritic field and stimulating electrodes were
placed in s. lacunosum-moleculare of isolated CA1. Brief tetanic stimulation
(8 shocks, 100 Hz, repeated 8 times at an interval of 200 ms) resulted in little
or no Ca2+ increase in the most distal resolvable dendrites (ACa2+=33±l 1 nM,
n=4). The above stimulus pattern, repeated 5 times every 5 s, did not result in
LTP in 5 of 5 slices tested. CCh (1 pM, 10 min) greatly increased both the
Ca2+ signal (to 237±17 nM), and the likelihood of LTP induction (to 4 of 7
slices tested). Thus, cholinergic enhancement of distal dendritic Ca2+ changes
is accompanied by an increased efficacy of LTP in the PP-CA1 pathway.
These results suggest a possible modulatory role of cholinergic input on PPCA1 LTP through enhanced Ca2+ signaling. The possibility of a cholinergic
influence on PP/SC associativity is currently under investigation.
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THE UPSTREAM REGULATORY FACTOR (USF) BINDS TO AN E-BOX IN
THE APP PROMOTER D.M. Kovacs*. W. Wasco. K.M. Felsenstein and
R.E. Tanzi. Lab of Genetics and Aging, Mass General Hospital, Harvard
Medical School, Boston, MA and Bristol Myers Squibb, Wallingford, CT.
Overexpression of the amyloid B-protein precursor (APP) due to a third
copy of the gene appears to correlate with early onset of Alzheimer's
disease neuropathology in the brains of Down syndrome patients. Thus,
the identification of the factors involved with transcriptional regulation of
the APP gene could provide crucial clues regarding the events leading to
the formation of amyloid deposits. We have focused on an overlapping
AP-1/AP-4 site within the promoter region that is sufficient for APP
transcription. This element has been reported to bind an unknown factor
present in nuclear extracts. We have identified a DNA binding protein
present in H4 neuroglioma nuclear extracts which interacts specifically with
the AP-1/AP-4 element, and which also binds to two elements that display
significant homology with the core of the AP-1/AP-4 site. These are the
yeast centromere DNA element I (CDEI) and the consensus sequence for
the mammalian upstream stimulatory factor (USF). The mouse homologue
of the APP-like protein APLP2 has also been shown to bind to the CDEI
element, leading to the speculation that APLP2 may bind the AP-1/AP-4
site. However, an antiserum against APLP2 did not decrease the
interaction of the unknown factor with the AP-1/AP-4 site. Moreover,
extracts containing increased amounts of APLP2 did not increase the
amount of the DNA-protein complex. Meanwhile, an antiserum raised
against human USF clearly recognized the DNA-protein complex, and
recombinant USF bound specifically to the AP-1/AP-4 element. Here, we
report that USF interacts with the AP-1/AP-4 site in the APP promoter.
Further studies are necessary to investigate the possibility that this
positive-acting transcription factor might, as predicted, be involved in
elevating APP mRNA levels.

The Alzheimer’s beta-amyloid precursor protein is expressed on the surface of
brain cells but not other cells
Sr Jw 8 and N, R, Cashman"*
Department of Microbiology and Immunology1,2, Department of Neurology and
Neurosurgery2, McGill University, Montreal Neurological Institute, Montreal, Quebec,
Canada H3A 2B4
Some membrane proteins are known to be internalized and undergo degradation by
way of the endosomal-lysosomal pathway. It has been suggested that the beta-amyloid
precursor protein (fi-APP) could also be degraded via this route thereby giving rise to
potentially amyloidogenic cleavage products.
Our lab has investigated surface and intracellular expression of fi-APP of various
immediately ex-vivo cell types by flow cytometry. We have observed that the fi-APP
molecule is not detectable on the surface of human lymphocytes or rodent splenocytes
and thymocytes, but can be detected by immunoblotting of cell extracts and
immunohistochemistry of permeabilized cells. In contrast, surface APP immunoreactivity is detectable on dissociated mouse and rat brain cells. By double staining
with monoclonal antibodies for APP (22C11-F1TC) and the neuronal marker Thy-1
(conjugated to phycoerythrin), we observed that all Thy-1 + cells (~^^O%) were also
immunoreactive for APP, but that some APP+ cells (~- 2O%) were negative for Thy-1.
The latter population may represent Thy-1 negative neurons, astrocytes and/or
microglial cells. We hypothesize that the fi-APP molecule is cleaved before it reaches
the cell surface in lymphocytes, splenocytes and thymocytes; however, in brain cells,
fi-APP may be reintemalized and processed to potentially amyloidogenic fragments via
the endosomal-lysosomal pathway.

355.3

355.4

B-Protein Precursor (APP) and Secretase Activity in Synaptosomes.
G. M. Cole*. L. Deeg. K. Mak, T. Albright aad S.A. Frautschv. VAMC,

SEPARATE REGULATION OF a-AND p-SECRETASE AND Ap
PRODUCTION BY PHORBOL ESTER. S. Sinha. J. Knons*. L. McConloeue.
I. Lieterburg. J . Zhao. AtheiuNeurorcienccc, Inc., South SmiFrancisa), CA
94080, USA.
The factors which regulate p-secretase activity in relation to a-seeretase activity
are not well understood. We have explored the effects of phorbol ester
stimulation on the relative activities of a- and p-secretase and Ap production
using cultured human 293 cells stably transfected with APP containing the
"Swedish" mutation (K670M671 -► N670L671). Treatment of cells with phorbol
myristyl acetate (PMA) led to a stimulated release of a-secreted APP (a-s-APP)
accompanied by a decrease of Ap released into the conditioned medium, during
the period of stimulation. Immunoprecipitation analysis of the s-APP revealed a
dramatic decrease in the p-s-APP/a-s-APP ratio, primarily driven by a large
increase in a-s-APP. Subsequent removal of the phorbol ester, however, resulted
in an increased production of Ap, accompanied by an increase in p-s-APP
production, even in the presence of increased a-s-APP. This effect persisted for
several hours. These results indicate that while the immediate effect of phoibol
ester stimulation may be in stimulation of a-s-APP secretion, the lowering of Ap
is only transient, and could rebound dramatically once the stimulus is removed.
Thus, approaches to lowering Ap based on cholinergic or other PKC stimulation
mechanism may actually result in an effect pharmacologically opposite to the one
being sought.

GRECC 11E, Sepulveda, CA. 91343 & Dept. of Medicine, UCLA.
APP release and degradation have been extensively studied in cultured
cell lines, but not in brains of Alzheimer's Disease (AD^a^ents. One
accessible compartment from AD brain is the cygaptosome. We
prepared synaptosomal fractions from rabbit, AD and control brains
and tested their viability with voltage-sensitive dyes. Ultrastructure
showed many intact and occasional abnormal sygaptocomes in
preparations from AD brain. Biotinylation and flow cytometry data
suggested these fractions contain surface APP. Labelling with
methionine revealed protein synthesis in synaptosomal fractions, but
no detectable new APP synthesis. Western analysis with C-terminal
antisera showed isolated neurons and cygkptocomes from postmortem
human brain contain abundant full-length APP and are markedly
enriched for C-terminal fragments, notably the ~9kD Esch fragment
from a-sac^ase. Incubation experiments revealed time and
temperature dependent release of C-terminally truncated APP and a
build up of ~ 9 kD C-terminal fragment consistent with a-sehretase
activity. Although a C-100 like stub was also present in synaptosomal
fractions, initial attempts to detect B-protein release on Westerns

were unsuccessful. We are now pursuing this goal with a more
sensitive sandwich Elisa assay. Lysosomal protease inhibitors had
only minor effects on synaptosomal APP degradation. We conclude that
APP is enriched in human neurons and nerve endings and primarily
metabolized by secretase activity in sygaptosomes.
Secretase is
presently being compared in control and AD brain.
Supported by NIH grants AG11125 (GMC) and NS30195 (SAF)
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355.6

REGULATED APP PROCESSING VIA a-SECRETASE PATHWAY IN
FAD FIBROBLASTS. R.N. Martins. B. Turner. D. Sweeney. K.S. Kim. H.M.
Wisniewski. J. Blass. G. Gibson and S.E. Gandy.* Department of Neurology and
Neuroscience, Cornell University Medical College, New York, 10021, Burke
Medical Research Institute, White Plains NY 10605, Institute for Basic Research in
Developmental Disabilities, Staten Island NY 10314, University Department of
Surgery, UWA, Hollywood Private Hospital, Perth, Western Australia 6009.
The relative utilization of alternative processing pathways for the Alzheimer
amyloid precursor protein (APP), (i.e., potentially amyloidogenic p-«xrretase
pathway vs nonamyloidogenic a-secretase pathway) is regulated by certain signal
transduction pathways. In particular, a-secretase cleavage of APP is stimulated by
agents (e.g. phorbol esters) which activate protein kinase C (PKC).
Recently, signal transduction alterations in cultured skin fibroblasts have been
observed to segregate with the clinical phenotype of Alzheimer's disease (AD)
including chromosome 14-linked early onset familial AD (Chrl4-FAD). To assess
the relationship between these putative AD-related signalling changes and the
regulation of APP metabolism, we examined PKC regulated APP a-secretory
cleavage in cultured skin fibroblasts from Chrl4-FAD patients and controls. Three
Chrl4-FAD lines (AG06848, AG06840, AG08170) were chosen because all
exhibited signal transduction alterations when compared to control cell lines, five of
which (AGO6842, AGO6846, AGO7657, GM04260, GM08044) were studied.
Treatment of FAD and control fibroblasts with either phorbol-12,13-dibutyrate
(25nM-2pM), mastoparan (5OpM-lOOpM), okadaic acid (lpM), or bradykinin (lp
M), led to enhanced processing of APP and enhanced release of soluble APP
(sAPP). Fold-effects of stimulated sAPP release were similar in all lines. Thus, in
Chrl4-FAD fibroblasts with documented signalling abnormalities, no AD-related
alterations in APP metabolism were observed with respect to stimulated processing
via the a-secretase pathway. Supported by USPHS AG11508 and AG09014.

CHARACTERIZATION OF AMYLOID PRECURSOR PROTEIN (APP)
SECRETION FROM PRIMARY NEURONAL CULTURES FROM RAT
HIPPOCAMPUS AND CORTEX: ROLE OF POTASSIUM CHANNELS,
CHOLINERGIC RECEPTOR AND PROTEIN KINASE C (PKC) ACTIVATION.
M. Racchi. M. Trabucchi*. F. Battaini*. S. Govoni#. M. Parenti*§. and E. Cattaneo#
Lab. Mol. Cell. Neurobiol. Sacred Heart Hospital-FBF, Brescia; *Dept. Exptl. Med.
Biochem. Sci., Univ. of Roma Tor Vergata, #InsL Phann. Sci., Univ. of Milan, §Dept.
Pharm. Chem. Tox. Med. Univ. of Milan, ITALY
In the pathogenesis of Alzheimer's disease (AD) the progressive accumulation
of the B-amyloid peptide (pA4) and the aggregation of aberrantly phosphorylated tau
in paired helical filaments (PHF) contribute to neuronal death and degeneration. The
mechanisms underlying these processes are still unknown and the relationship
between these two events is also matter of investigation. The [3A4 peptide derives
from APP through a series of yet uncharacterized proteolytic processes. In addition a
secretory pathway that prevents the formation of PA4 seems to be regulated by
activation of PKC. The characterization of APP metabolism is crucial to understand
the pathogenetic events underlying AD. We have investigated the activation of the
secretory pathway of APP metabolism through pharmacological modulation in
primary neuronal cells in colture. Hyppocampus and cortex were taken from rat
embryos at day 18 of gestation and dissociated cells were plated in serum free media
at high density. Following 7 days of maturation we treated the coltures with different
pharmacological agents known to activate either directly or upon interaction with their
receptor a cascade of second messengers including PKC. The treatment of both
cortical and hyppocampal coltures with 1 mM charbacol resulted in a over twofold
increase in APP secreted in the medium conditioned for 1 hour, as detected by western
blot with the monocolonal antibody 22C11. The recent description of a dysfunction in
potassium channels in AD fibroblasts suggested us the study of the effect of
substances active on potassium channels on APP secretion. The addition of 10
m.mol/L of the potassium channel blocker tetraethdammonium (TEA) resulted also in
a significant increase in APP secretion in 1 hour. The data show the feasibility of the
pharmacological modulation of the metabolism of APP in primary neuronal cells.

355.7

355.8

PROTEIN KINASE C (PKC) REGULATES ^-AMYLOID PROTEIN PRECURSOR
(APP) SECRETION IN FIBROBLASTS FROM CONTROL AND ALZHEIMER
DISEASE (AD) PATIENTS. S. Bereamaschi* M. Racchi*. F.Battaini°. M.
Trabucchi0*. A. Bianchetti#. G. Binetti#. S. Govom*. *lnst. Pharmacol.
Sci., Univ. of Milano; °Dept. Exptl. Med. & Biochem. Sci., Univ. Roma Tor
Vergata; #Alzheimer's Disease Unit, FBF-S.Heart Hospital, Brescia, Italy.
Amyloid protein precursor (APP), an integral transmembrane
glycoprotein, is expressed in many cell types. The proteolytic processing of
APP occurs by multiple pathways; the protein can be cleaved leading to the
secretion of a 105 kDa fragment or internalized into the endosomallysosomal system. Some reports have shown that in cell cultures PKC
activation may induce an increase in the release of APP NH2-terminal
fragments, shifting the metabolism toward non-amyloidogenic pathway and
that PKCa subtype may participate in this process. Within this context an
alteration in PKC activity both in brain and in human fibroblasts from AD
patients has been reported. We have previously shown both a decreased
PKC activity ( Neurology 43: 2581,1993) and a reduced PKCa
immunoreactivity (Soc. Neurosci. Abstr. 19: 623, 1993) in fibroblasts from
AD patients. The present study investigated the ability of PKC to modulate
APP secretion in human skin fibroblasts from control and AD patients.
Phorbol-12,13-dibutyrate (PdBu) treatment (300 nM for 30' min)
promoted PKCa isoform translocation from soluble to particulate fraction
as assessed both -by immunoblotting and by determining PKC activity. In
this condition we observed an increase of secreted APP fragment in the
conditioned medium, detected by the antibody GID (gift of Dr. T. Saitoh).
APP immunoreactivity was detectable by Western-blot analysis starting
from 60 min. After two hours of incubation with PdBu a 4-fold increase in
APP release respect to the basal condition was observed. PdBu-induced
APP release both in control and in fibroblasts derived from AD patients
indicating that the reduction in PKC activity does not affect the secretory
response when at maximally effective concentrations of PdBu are used.

CYTOKINES REGULATE PROCESSING OF THE ALZHEIMER
AMYLOID PROTEIN PRECURSOR. J. D. Buxbaum*. C, A. Parker. A.

A. Ruefli. and P. Greengard. Laboratory of Molecular and Cellular Neuroscience,
The Rockefeller University, New York, NY 10021.
Changes in the levels of various cytokines in the brain and cerebrospinal fluid are
early hallmarks of Alzheimer disease and Down syndrome. Furthermore, several
risk factors for Alzheimer disease, such as brain injury or epilepsy, are associated
with alterations in cytokine levels in the brain. We are interested in determining
whether alterations in cytokine levels might contribute to the amyloidosis and
dementia associated with Alzheimer disease and Down syndrome. Alterations in the
levels of cytokines might affect the processing of the Alzheimer amyloid protein
precursor (APP), from which the major component of amyloid plaques is derived.
To study this possibility, we have incubated various cell types, including human
umbilical vein endothelial cells and clonal cell lines, with the cytokines interleukin
1, interleukin 6, interferon a or interferon y , and examined the cells for changes in
APP processing. All four of these compounds were able to stimulate the
production of secreted APP (APP& from cultured cells. Interferon y treatment also
led to a change in the apparent migration of APPs on SDS-PAGE. The cause of
this change in apparent migration of APPs is currently under investigation. Our
results suggest that the alterations in cytokine levels observed in Alzheimer disease
and Down syndrome might play a role in changing APP metabolism.
This work was supported by USPHS Grants AGO9464 and AG10491 (to PG) as
well as by an Alzheimer's Association Faculty Scholars Award (to JDB).

355.9

355.10

REGULATION OF APP PROCESSING BY SEROTONIN 5-HT2 AND 5HTj(Q RECEPTORS. Roger M. Nitsch*. Meihua Deng. Richard J. Wurtman and
John H. Growdon. Dept, of Brain and Cognitive Sciences, M.I.T. Cambridge, MA
02139, and Dept, of Neurology, Massachusetts General Hospital ACC 830, Boston,
MA 02114.
To investigate whether serotonin (5-HT) receptors can regulate proteolytic
processing pathways of the amyloid B-protein precursor (APP), we used NIH 3T3
fibroblast lines that were stably transfected with cDNA expression constructs encoding 5-HT2 and 5-HTjc receptors, stimulated them with 5-HT, and measured the
release of secretory N-terminal APP derivatives (APPS) into the culture medium. 5HT caused a dose-dependent 3- to 4-fold increase in APPS secretion from both cell
lines (5-HT2: EC5o=3OOnM; 5-lHTc: EC5Q=lOnM). In control experiments with
the untransfected parent NIH 3T3 cell line, 5-HT (lOOpM-lOOpM) did not change
the release of APPS. Increased APPS secretion in the transfected cell lines was
blocked by the 5-HT receptor antagonists ritanserin (2OpM), mianserin (5OpM),
and ketanserin (2OpM). Together, these data show that 5-HT2 and 5-HTk - receptors can regulate rates of APPS secretion and imply that stimulation of these receptors accelerates a-secretase processing of APP. Phorbol myristate acetate (PMA), a
potent activator of protein kinase C (PKC), also increased APP8 secretion from
these cell lines suggesting the possibility that PKC might be involved in the signalling pathways that couple 5-HT receptors to APP processing pathways. However,
down-regulation of PKC by chronic treatment with PMA, which blocked the PMAmediated increase in APPS secretion, did not inhibit the 5-HT-induced increase.
Moreover, the protein kinase inhibitors chelerythrine (lpM) and staurosporine (lp
M) did not block the increase in APPS secretion caused by 5-HT in either cell line.
This results demonstrate that stimulation of PKC can be sufficient but may not be
neccessary to increase APPS release. Our data imply redundancy in cellular signalling pathways that couple 5-HT receptors to the regulation of APP metabolism.

MELATONIN REDUCES SECRETION OF THE BETA-AMYLOID
PRECURSOR PROTEIN IN CELL CULTURES. W. Song and
D.K.Lahiri*. Lab of Molecular Neurogenetics, Institute of Psychiatric
Research, Indiana University School of Medicine, Indianapolis, IN 46202.
Alzheimer's disease (AD) is characterized by brain depositions of amyloid
B-protein (ABP) in the form of extracellular plaques and cerebrovascular
amyloid. ABP (Mr.~4.5 kDa) is derived from a family of large (Mr.~l 10 kDa)
B-amyloid precursor proteins (APP) which are integral membrane
glycoproteins. Soluble derivatives of APP lacking the cytoplasmic tail,
transmembrane domain and a small portion of the extracellular domain are
generated by APP secretases. The disruption of circadian regulation by brain
grafts that overexpress ABP has been reported (Tate et al., 1992). The pineal
hormone melatonin is secreted in mammals during the dark phase of the
circadian cycle. Since melatonin may act as a key regulator of aging and
senescence (Pierpaoli & Regelson, 1994). we investigated the possibility that
the processing of APP can be regulated by melatonin.
Using ceU cultures,we analyzed the level of APP in glial, fibroblast,
pheochromocytoma and neuroblastoma cells by immunoblotting cell lysates
and conditioned media. Normal levels of secretion of soluble APP derivatives
by cells into conditioned media were severely inhibited by treating cells with
melatonin. In contrast to the secretory pathway, the treatment with melatonin
did not alter the level of APP in any cell lysates studied. Nor did melatonin
change the level of HSP-70/72 in cell extracts. Lahiri et al. (1994) have
reported a similar situation where the secretory cleavage of APP was severely
inhibited without an intracellular accumulation of APP when cultured cells
were treated with tacrine, an inhibitor of acetylcholinesterase. The possibility
that uncleaved APP molecules in treated cells are reintemalized from the cell
surface to lysosomes for further degradation is being examined. The
implication of a relationship between the perturbation of normal levels of APP
and the role of melatonin in normal aging and AD will be discussed.
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ROLES OF GLIAL CELL-DERIVED TROPHIC FACTORS IN
ALZHEIMER'S
DISEASE.
A.J. PATEL. (SPON: Brain Research
Association). MRC Neurodegenerative Disorders Group, Biochem. Depart.,
Charing Cross & Westminster Medical School, London W6 8RF, U.K.
A functional abnormality in cholinergic neurons is believed to be the
principle lesion in Alzheimer's disease (AD). We showed that two cholinergic
trophic factors, nerve growth factor (NGF) and basic fibroblast growth factor
(bFGF), are produced by astrocytes in an age dependent manner, and raised
the possibility of manipulation of their production and thus supply by
pharmacological agents under pathophysiological conditions. However, studies
on postmortem brains from AD patients showed no alteration in the amount
of NGF, a marked increase in bFGF, and no significant changes in the
pharmacokinetics of these trophic factors' receptors. Further immunocytochemical studies showed that elevation in bFGF was mainly in astrocytes
associated with plaques. To accommodate these surprising findings, we now
propose that under normal physiological conditions the communication
between neural cell metabolic pathways mediated by trophic factors is well
balanced, but the neuropathological conditions may adversely affect the
regulation of these factors, which may set forth a cascade of events between
glial cells and P-amyloid precursor protein (APP) metabolism that may
facilitate plaque formation. Consistent with our hypothesis we observed that
astrocytes mainly express the KPI-containing APp isoform mRNAs, the
amounts of which were increased by about 5-fold after treatment with bFGF.
Similar results were also observed with an other neurite promoting factor
concentrated in plaque astrocytes, transforming growth factor-pi, further
emphasizing that the regulation of APP promoter is tightly controlled by glial
cell-derived growth factors and cytokines influencing the plaque environment.
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THE ACTIVATION OF THE CCKB RECEPTOR SUBTYPE MEDIATES CCKINDUCED EXCITATION IN THE RAT DORSAL HIPPOCAMPUS.
B. Gronier*, C. de Montiqny arai G. Debonnel. IM eurobiological Psychiat^ U nit,
McGill University. Montreal, QoeOec, Canada, H3A 1A1.
Ie the central nervous system, the neuropeptide caolecustoklele (CCK) OleGs
to two different receptors, denoted A and B. The dorsal hippocampus has high
densities of CCK receptors. Electrophysiological studies have shown that
microiontophoretic application of CCK-8S, the predominant form of CCK in the

CHOLECYSTOKININ OCTAPEPTIDE ENHANCES DOPAMINE TURNOVER
IN THE RAT NUCLEUS ACCUMBENS. K.Kariva^ »2*. J. Tanaka3, M.
Qda1. T. KurumP aed M. Nomura^. 1 Res. LaO., Toni Co., ChiOa 267,

Orain, which Oinds with high affinity to Ooth CCKA and CCKB receptors, has an
excitatory effect on most neurons. The aim of the present study was to identify
the suOtype of receptor involved in the activation of CAg pyramidal hippocampal
neurons Oy CCK-8S, Oy comparing the effect of SNF-8702, a new potent and
selective CCKb receptor agonist, to that of CCK-8S and assessing the effects
of CCKa and CCKa receptor antagonists.
Five-Oarrelled glass micropipettes were used for unitary recording of CAg
pyramidal neurons and microioetophoresis in male Sprague-Dawley rats
anesthetized with urethane. When CCK-8S aed SNF-8702 were sequentially
applied on the same neuron, with the same ejecting current, they produced a
similar degree of activation. Both CCK-8S- aed SNF-87O2-induceG excitations

were suppressed Oy the microiontop^retic application of the CCKg antagonist
CI-988 aed partially reduced Oy the intravenous administration of the CCKg
antagonist PD 135158 ^md/kg)- Neither the microioetophoretic application, eor
the intravenous administration (2mg/kg) of the CCKA receptor antagonist SR
27897 did modify the neuronal excitation induced Oy CCK-8S aed SNF-8702.
These results indicate that the CCKb receptor suOtype mediates the
activation of pyramidal neurons in the CAg region of the rat dorsal
hippocampus.

^Dept. of Physiol., Saitama Med. Sch., Saitama 350-04, 3Dept.of

Human Devlpt, Naruto Univ. of Education, Tokushima 772, Japan.
The
effects
of
peripherally administration of
sulfateGcaoIecustokieie octapeptide (CCK-8S) oe dopamine (DA)
turnover in the posterior nucleus accumOees (PNAc) aed the
caudate-putamen (CP) were studied in awake rats. MicroGiaIusis
was used to quantify the extracellular concentrations of DA aed its

two metaOolites, 3,4-dihydroxupaeeuIacetic acid (DOPAC) and
aomoaaeillic acid (HVA). Ietraperitoeeal injections of CCK-8S (0.3
mg/kg O.w.t.) caused a significant increase ie DOPAC and HVA
contents ie the PNAc, Out did eot affect the DA level. Such increases
ie the metaOolite contents were eot found ie the CP. Similar
injections of vehicle (1% NaHCO3 solution, 1 ml/kg O.w.t.) did not
have ae effect in either Oraie region. Ie ae attempt to determine
the type of receptor involved in the CCK-8 S-induced changes, CCK
tetrapeptide (CCK-4, 0.3 mg/kg O.w.t., i.p.) known to have high
affinity for CCKg subtypes or vehicle (10% DMSO-saline, 1 ml/kg
O.w.t., i.p.) was administered. Neither CCK-4 nor vehicle produced
significant changes in any of extracellular DA and the metaOolite
contents in the PNAc. These results suggest that peripherally
administered CCK-8 S has a stimulatory effect oe the dopaminergic
system in the PNAc, and raise the possibillty that the effect appears
to Oe mediated via CCKa receptors.

356.3
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EFFECT OF CHOLECYSTOKININ (CCK) ON ISOLATED
TRIGEMINAL NEURONS. S.L. Lai1 and L.-Y.M. Huang1'2 Marine

CCK NEUROTRANSMISSION MEDIATED BY CCK-B RECEPTOR IN THE
CEREBRAL CORTEX AND RETICULAR THALAMIC NUCLEUS
Y.Shiqeyoshi. H.Okamura* YOk^ra. H.Kaji. H. AOe. Y.lOata. K.Caihara. 3rd

Biomedical Institutei and Department of Physiology and Biophysics!2,
The University of Texas Medical Branch, Galveston, Texas 77555-0843.
Cholecystokinin (CCK) receptors are located in the superficial lamina
of the spinal cord medullary dorsal horns. Physiological studies suggest
that CCK may play a role in modulating opioid-mediated analgesia. To
explore the mechanism actions of CCK, we examined the effects of CCK
on the membrane conductance of trigeminal neurons. The experiments
were performed on acutely dissociated trigeminal neurons isolated from
the caudal medulla of 9-16 day old rats. Whole cell currents were
recorded using the patch clamp technique. CCK was applied rapidly onto
the cells using a fast perfusion method. The external solution contained
(mM) NaCl (140), KC1(4), glucose (10), CaC^ (2), sucrose (20),
HEPES (10). The internal solutions contained (mM): CsMeSO3 (120),
KC1 (20), HEPES (10), EGTA (5), CaC^ (0.5).
Application of 1 gM CCK at a holding potential of -7OmV produced a
slow inward current in 50% of the cells tested. The currents were
sustained for over 1 sec without apparent desensitization. The current
voltage relationship of the response was linear. The currents changed
from inward to outward at 0 mV. The ionic characteristics of the CCKevoked currents will be discussed. The work is supported by NIH grants
NS30045, NS23061 and NS 11255.
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Dept. Int. Med. Sch. Med. KoOe Univ., KoOe 650; Dept. Anat. Kyoto Pref.
Univ. Med., Kyoto 422, Japan.
Caolecustokiein (CCK) is highly expressed in the mammalian cereOral
cortex. CCK-B receptor, prominent receptor for CCK in the Orain, is also
aOundaet in the cereOral cortex. To investigate the possiOle mechanisms

mediated Oy CCK-B receptors in the cortex, we used douOle laOeling in situ
ayOridization technique, in which male Wister rat cereOral cortex sections are
hyOridized with dicoxicenin (DIG) -laOeled cRNA proOes for neuropeptides
aed 35S-laOeled CCK-B receptor cRNA proOe simultaneously. These
studies revealed that CCK-B receptor mRNA coIocalizeG with CCK,
somatostatin, or vasoactive intestinal peptide mRNAs in the cereOrocortical
neurons. We also investigated whether cortical CCK neurons project to
neurons of the reticular thalamic nucleus. Many neurons in deep layers of
the cingulate cortex were laOeled with a retrograde tracer (fluoroOeads) 7
days after the injection into the rostral reticular thalamic nucleus. DouOle
laOeling with DIG-laOeled CCK cRNA proOe and the tracer showed that some

of cortical neurons expressing CCK mRNA in the cingulate cortex projected
to the reticular thalamic nucleus. Further, in the reticular thalamic nucleus,
simultaneous hyOridization with 35S-laOeled CCK-B receptor cRNA proOe
and DIG-laOeled Glutamic Acid DecarOoxylase 67 (GAD 67) cRNA proOe
revealed the colocalization of CCK-B receptor mRNA and GAD 67 mRNA.
These findings revealed that, (1) CCK-B receptor mediates CCK
neurotransmission in peptidergic and GABAergic neurons: some CCK
neurons in the cereOral cortex have autoreceptors , (2) Projection of cortical
CCK-containing neurons to the reticular thalamic nucleus, where GABAergic
neurons express CCK-B receptor, suggests the modulatory role of CCK to
thalamic functions through reticular thalamic nucleus.
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CALCITONIN GENE-RELATED PEPTIDE RELAXES MYOMERIAL
ACTIVITY OF UTERINE TISSUE FROM PREGNANT RATS.
K.L.

LATERAL VENTRICLE INFUSION OF A PINEAL GLAND-DERIVED
DECAPEPTIDE DEPRESSES LH RELEASE IN MALE RATS.
B.Benson*. Dept. of Anatomy, Univ. of Arizona, Tucson, AZ 87524.
Intracerebroventricular (ICV) infusion of a pineal gland-derived
antigonadotropic decapeptide (AGD) depresses PRL levels in rats
(Abs. Endo. Soc. 75th Ann. Meet., #535, p. 184,1993) and inhibits
pulsatile LH release in ewes (Biol. Reprod. 48(SuppI 1 ):91, 1993).
The object of the present study was to determine the effects of
lateral ICV infusion of the AGD on LH secretion in rats. Adult Harlan
male SD rats were anesthetized with Inovar, castrated and fitted
with stainless steel guide cannulae placed stereotaxically in the right
lateral ventricle. One month later a Tygon microbore cannula was
inserted into the femoral artery of each rat and coursed through the
abdominal aorta until its tip reached a point immediately caudal to
the left renal artery. The occluding stylus was removed from the
ventricular guide cannula the next day, and an infusion cannula
inserted. Artificial cerebrospinal fluid (CSF) or the AGD (1.0 pg/pl)
in CSF was infused into unanesthetized, freely moving rats at a flow
rate of 0.16 pl/min; 10 pi samples of arterial blood were taken every
minute over the course of the infusion; LH content was determined
by RIA on pooled 50 pi aliquots of whole blood. Both the frequency
and amplitude of pulsatile LH release were significantly depressed by
AGD infusion . These results confirm initial reports of inhibitory
effects of the AGD on LH secretion and support its hypothesized
central site of action. Supported by N.I.H. grant HD-19521.

Parker, J.G. Wood*. M.S. Kannan, D.E. Johnson and R.L.
Shew.
Departments of Pediatrics, Cell Biology &
Neuroanatomy, and Veterinary Pathobiology, University of
Minnesota Schools of Medicine and Veterinary Medicine,
Minneapolis, MN 55455 and St. Paul, MN 55108
Calcitonin gene-related peptide (CGRP) has been
localized in uterine tissue and
inhibits uterine
contraction. CGRP-immunoreactivity has been reported to
decrease during pregnancy. Thus, the purpose of the
present study was to investigate the effect of CGRP on
uterine tissue from pregnant rats. The effect of CGRP on
spontaneous and/or electrically stimulated (ES; 20 pps,
2ms, 40 V and a 5 sec train duration every 100 secs)
uterine contraction from time-pregnant rats (10-12 and
19-20 days) was examined in vitro. Tissue from 10-12 day
time-pregnant rats was divided into para- and peri-fetal
tissue. This differentiation could not be made at 19-20
days pregnancy.
CGRP inhibited spontaneous and ES
contractions of pregnant tissue at both time periods.
The inhibition of uterine contraction by CGRP was doserelated and the effect of CGRP on para- and peri-fetal
tissues was not significantly different. These data
demonstrate that CGRP inhibits spontaneous and ES
contraction of pregnant uterine tissue and suggest that
CGRP may play a role in the regulation of myometrial
activity.

356.7
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NEUROPEPTIDE Y INDUCED ALTERATIONS IN DOPAMINE
SYNTHESIS IN SLICES OF RAT STRIATUM AND NUCLEUS
ACCUMBENS. T.C. Westfall* and L. Vickery. Dept, of Pharmacol, and
Physiol. Science, Saint Louis Univ. Health Sciences Center, St. Louis, MO
63104.
NPY is well known to inhibit the evoked release of catecholamines from
peripheral and central tissue. We have previously observed that NPY inhibits
the release of DA in vivo and conversely DA agonist decrease the release of
NPY in vitto (Soc. Neurosci. Abs. 17:529, 1991 and 19:1173, 1993
respectively). The purpose of the present study was to investigate NPY
regulation of DA synthesis in slices obtained from the nucleus accumbens (NA)
and striatum(s) of the rat. Animals were sacrificed by decapitation and brains
rapidly removed and placed (ventral side up) in a chilled rat matrix which
allowed for reproducible sectioning of brains into 1 mm coronal slices. Slices
were removed and preincubated in Krebs-Ringer MOPS buffer (pH 7.4; 37’C).
DA synthesis was determined by measuring DOPA accumulation by HPLC-EC
detection following inhibition of DOPA-decarboxylase for 30 min with NSD
1015 (200 mM). The ability of NPY to alter the increase in DOPA
accumulation produced by depolarization with K+ (30 mM) was determined.
In the nucleus accumbens, NPY produced an increase in the basal activity of
tyrosine hydroxylase activity while it produced a concentration dependent
attenuation of the K+-evoked increase in DOPA accumulation. In contrast NPY
failed to alter basal tyrosine hydroxylase activity in the striatum and produced
a small increase in the K+-evoked increase in DOPA accumulation. These
results suggest that in addition to alterations in DA release, NPY can also
influence DA synthesis particularly in the mesolimbic DA system. (Supported
by HL26319 and HL352O2).

THE NEUROPEPTIDES, VIP AND NPY, THAT ARE PRESENT IN THE
INTRATHYROID NERVES ARE NOT RELEASED BY ELECTRICAL STIMULATION OF THE MAJOR THYROID NERVES.
M. Michalkiewicz*. M. Dev and G.A. Hedge. Department of Physiology, West
Virginia University, Morgantown, WV 26506.
Our previous findings have suggested that the neuropeptides, VIP and
NPY, may play a role as physiological neurotransmitters involved in the regulation of thyroid blood flow (TBF). In the present study, we have tested this hypothesis by examining whether NPY and VIP present in the intrathyroid nerves can be
released into the thyroid blood vessels by electrical stimulation of the major thyroid
nerves. Anesthetized (ketamine & pentobarbital) Sprague-Dawley rats (males, 2503OOg) were used for this study. The cervical sympathetic trunk (CST) or the superior laryngeal nerve (SLN) was stimulated (30 Hz, 10V, duration 0.5 ms) by bipolar electrodes. During nerve stimulation blood samples were withdrawn from the
thyroid vein via a polypropylene catheter. TBF was monitored continuously by
laser-Doppler blood flowmetry. Plasma levels of NPY, VIP, TJt and T* were
measured by RIA and those of catecholamines by a radioenzymatic assay. None of
these stimulations changed [TJ or [TJ in thyroid venous effluent. High frequency
stimulation of the CST caused a marked decrease in TBF which was associated
with a significant increase in release of norepinephrine and epinephrine. However,
these effects were not accompanied by any change in NPY release into the thyroid
vein (5.0±0.9 nM, controls). TBF as well as [VIP] in the thyroid venous effluent
(0.3 ±0.1 nM, controls) were not changed by the SLN stimulation. Thus, our
results indicate that thyroid nerves containing VIP and NPY may not be directly
involved in the regulation of thyroid function, but they may serve to modulate the
secretion or action of classical neurotransmitters. (Supported by NSF DCB8904470).

356.9
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PREJUNCTIONAL EFFECT OF NEUROPEPTIDE Y (NPY) IN
ADRENERGIC NERVES: INFLUENCE OF GENDER. T.C. Glenn. Z.
Li. S.P. Duckies*. Department of Pharmacology, College of Medicine,
University of California, Irvine, CA 92717.
At least two subtypes of receptors exist for NPY, a co-transmitter with
norepinephrine in adrenergic nerves: the postjunctional Yi which
potentiates contractile responses and prejunctional Y 2 which has been
shown to inhibit responses to adrenergic nerve stimulation (NS),
presumably by inhibiting norepinephrine (NE) release. In rat tail artery
segments we found a gender related difference in the contractile
response to NS. For example at 4 Hz NS, male F344 rats exhibited a
greater contractile response of 0.71± 0.07 g compared with 0.27 ± 0.06
g for female rats. To determine if prejunctional NPY receptors may be
responsible for this gender related difference, we studied the effects of
NPY-j3-36, a Y2 selective agonist, on contractile responses to NS in
both male and female tail and mesenteric arteries. NPY 13-36 OO"8 M)

CC-2317 AND PYY DISTINGUISH BETWEEN PERIPHERAL AND
CENTRAL YI AND PERIPHERAL AND CENTRAL Y2 RECEPTORS IN
THE RAT. R.E. Tessel*. M.B. Doughty1 and G.A. Misse. Departments of
Pharmacology & Toxicology, and Medicinal Chemistry1, University of
Kansas, Lawrence, KS 66045.
Benextramine (BXT) displaces pH]-NPY from YI but not Y2 receptors
in rat brain membranes (Doughty et al. Neuropeptides 23: 169, 1992) but
blocks both postsynaptic YI and Y2 receptors in isolated rat femoral arteries
(Tessel et al. J. Pharmacol. Exp. Ther. 265(1). 1993) suggesting that central
and peripheral Y2 receptors are heterogeneous. In the present study, a thirdgeneration BXT analog, CC-2317 (N,N'-bis{6-[N-(2napthylmethyl)]aminohexyl} 1,6-hexanediguanidine tetrahydrochloride) was
evaluated as a displacer of BXT-sensitive (Y1) and BXT-insensitive (Y2) [3H]NPY in rat brain membranes, and as an antagonist of NPY-, NPY,3,6-, [Leu,
Pro]NPY-, PYY-, methoxamine-, indanidine- and alpha, beta-methylene ATPinduced vasoconstriction in isolated rat femoral artery rings. CC-2317
displaced a maximum of 70% of total pH]-NPY binding with an ICjq of 18
uM, an effect that was completely blocked by prior exposure of the
membranes to BXT. In contrast, NPY-induced vasoconstriction was
antagonized, that to NPY,3.3* was essentially eliminated, while those to the
remaining vasoconstrictors were unaffected by 10 nM of CC-2317.
Moreover, even millimolar CC-2317 concentrations did not significantly affect
PYY- or [Leu, Pro]-induced vasoconstriction. The results indicate that CC2317 is a potent and specific peripheral postsynaptic Y2 antagonist. Moreover,
they are also consistent with the existence of pharmacologically distinguishable
central and peripheral YI, and Y2 subtypes, as well. (Supported by grants
from the American Heart Association, National Center and Kansas Affiliate).

inhibited contractile responses to nerve stimulation in a frequency
dependent manner, an effect which varied with gender. Female tail
artery segments showed the greatest sensitivity to NPY 13-36. For
example at 1 Hz, NPY 13-36 inhibited contractile responses to NS by
31% ±10 compared with males which showed inhibition of 3% ± 6 (n=4).
In the perfused mesenteric arterial bed, which showed no gender related
difference in constrictor response to NS alone, NPY 13-36 weakly
inhibited the response to NS in females, -8% ± 16 of control (n=4), while
in males NPY 13-36 slightly potentiated the response by 54% ± 36 (n=3).
We conclude that a gender related difference occurs in the ability of
NPY 13-36 to inhibit the contractile response to NS. This suggests an
effect of gender on inhibition of norepinephrine release via prejunctional
Y 2 receptors.
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VASOPRESSIN EFFECT ON MELATONIN SECRETION
FROM RAT PINEAL GLAND. V.Simonneaux*. R. Kozak.
Y. Arseniievic+. and P. Pevet. Neurobiologie des fonctions

FUNCTIONAL CHARACTERIZATION OF PITUITARY ADENYLATE
CYCLASE-ACTIVATING POLYPEPTIDE (PACAP) RECEPTORS IN
RAT BRAIN SLICES: REGIONAL AND DEVELOPMENTAL PROFILE.
V. D’Agata. S. Cavallaro. A. Favit?U. Scapagnini and *P.L. Canonico.
Institute of Pharmacology. University of Catania School of Medicine.
Catania95125 and 'Chair of Pharmacology, University ofPavia School
of Dentistry, Pavia 27100, Italy.
PACAP and its receptors are widely distributed in the rat brain.
The aim of this study was to determine the transducing mechanisms
activated by PACAP-27 and -38 in brain slices prepared from brains
of 4- to 25- day-old rats. In slices from 4-day-old rats. PACAP increased
cAMP formation in cerebellum and hypothalamus and to a lesser
extent in the hippocampus and cerebral cortex: [3H]inositol phosphate
(InsP) formation was highly enhanced in the hypothalamus and the
hippocampus, less in the cerebellum and cortex. In slices from 8-day
old rats, both PACAP-27 and -38 greatly enhanced cAMP
accumulation: the effect was particularly evident in the hippocampus
(about 4 fold-increase), followed by cortex, cerebellum and
hypothalamus. A different pattern of stimulation was observed for
[3H]InsP formation: the stimulatory effect of PACAP was present only
at concentrations greater than 10 nM and followed a different regional
profile with maximal stimulation in the hippocampus (about 700%),
followed by hypothalamus, cerebellum and cortex (400, 200 and 60%.
respectively). In brain slices obtained from older rats, except the
hypothalamus, the efficacy of PACAP in stimulating cAMP and
[3H!InsP formation progressively declined. These results indicate that
PACAP receptors are highly expressed in the rat brain during
development and suggest that they might have an important role in
the regulation of neurocytomorphogenesis and synaptogenesis.

rythmiques et saisonnitres,
URA-CNRS 1332, 67000
Strasbourg,
FRANCE;*Centre
Medical
Universitaire,
Departement de Physiologie, Geneve, SUISSE.

Melatonin secretion from rat pineal gland is mainly
controlled by a noradrenergic input originating from the
superior cervical glanglia. Vasopressin (VP) fibers originating
from hypothalamus nuclei however are also present in the rat
pineal gland. We therefore studied the effect of VP on
melatonin secretion and looked for the receptors involved.
VP effect was studied on 20 h-cultured rat pinealocytes. VP
slightly inhibited (10-15%) the basal melatonin secretion. On
the opposite, when the pinealocytes were modestly stimulated
by a B-adrenergic agonist, VP potentiated up to 2 fold the
melatonin secretion in a dose-dependent manner (EC5O=3
nM). When the pinealocytes were strongly stimulated, VP did
not potentiate anymore the melatonin secretion. Binding sites
for VP were studied on isolated membranes of rat pineals
using an iodinated antagonist specific for the Via receptors
(50-100 pMoles). The antagonist binding was displaced by VP
in a dose-dependent manner (EC50=1.9 nM). The Scatchard
analysis indicated one class of Via VP receptors of high
affinity (3.7 nM) with a binding capacity of 75 fmoles/pineal.
The presence of Via receptors in the pineal was confirmed by
the observation that the Via antagonist inhibited the
potentiatory effect of VP on melatonin secretion.

CONTROL OF POSTURE AND MOVEMENT V
357.1

357.2

THE GAIN OF THE HUMAN SOLEUS H REFLEX REMAINS DEPRESSED
LONG AFTER .MOVEMENT ENDS. J.E. Misiaszek*. J.D. Brooke,
K.B. Lafferty, W.R. Staines, J. Cheng. Human
Neurophysiology Lab., School of Human Biology, University
of Guelph, Guelph, ON CANADA NIG 2Wl.
Does the gain of the human soleus H reflex, which is
dramatically reduced during movement, rise back to
control levels quickly (it attenuates within 70 ms of
movement onset) or slowly, post-movement. Reflexes were
elicited in 4 subjects, in the 4 quadrants of pedal crank
movement a) up to 200 ms following slow (10 rpm) passive
pedalling with immobile ankle b) during that movement and
c) stationary at each pedal position. Reflex gain
remained reduced (p<0.05) at movement levels throughout
the post-movement period for the two pedal positions
within the flexion phase. Within the extension phase the
gain remained at movement values for the first 60 ms, but
then was attenuated (p<0.05) for the succeeding 140 ms.
In 4 further subjects the collection period was extended
to 8 s post-movement. Reflex gain for the two positions
with the leg most extended began returning to control
between 200-500 ms, reaching control 1 s post-movement
(p>0.05). Reflexes obtained at the other positions began
the return 1-2 s post-movement, and reached control
between 2-4 s (p>0.05). Following return to control there
was reflex facilitation that persisted beyond 8 s. Thus,
there is prolonged attenuation of this sensorimotor path,
followed by facilitation, after a locomotor-like movement
has ended. (Supported by NSERC CANADA)

SOLEUS H REFLEX DEPRESSION DURING AND AFTER PASSIVE
PEDALLING IS NOT ELIMINATED BY MILD TONIC CONTRACTION.
J.D. Brooke*. J.E. Miaiaszek. J. Cheng, W.R. Staines.
Human Neurophysiology Lab., School of Human Biology,
University of Guelph, Guelph, ON CANADA NIG 2Wl.
Human soleus (SOL) H reflexes are depressed during
passive pedalling and remain so long after that movement
has ended. Presynaptic mechanisms have been implicated in
the gain reduction during movement. If true, then reflex
gain reduction would be evident even when the
excitability of the motoneuron pool was stabilized by a
mild tonic contraction. To test this I: H reflexes were
elicited at 4 pedal positions from 4 subjects during
passive leg pedalling at a) 10, b) 30, c) 60 rpm, and d)
with the limb stationary. Each trial was performed with
and without mild tonic contraction (15% MVC) of SOL.
Stimulus stability was indicated by M wave constancy.
Reflexes elicited in the presence of the tonic
contraction were depressed in a rate and phase dependent
manner similar to that observed with the muscle quiet.
II: Reflexes were elicited in four subjects, with and
without the tonic contraction, at two pedal positions a)
while passively pedalled at 10 rpm, b) 30, 120, 400 ms
and 8 s after that movement, and c) while the limb was
stationary. Reflex gains were similarly attenuated, with
or without tonic contraction. These results strongly
implicate presynaptic mechanisms in the attenuated gain
of this spinal path, both during and after passive leg
movements in humans. (Supported by NSERC)
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THERE IS STRONG INHIBITION OF H REFLEX GAIN OVER A CYCLE
OF PASSIVE STEPPING THAT IS NOT REMOVED BY TONIC SOLEUS
CONTRACTION. J. Cheng*. J.D, Brooke, J.E, Misiazek, and
W.R. Staines. Human Neurophysiol. Lab., School of Human
Biology, Univ. of Guelph, Guelph, Ont., NIG 2Wl, Canada.
Soleus H reflexes are profoundly depressed in the
swing phase, and mildly elevated in the stance phase
during natural human gait. Presently, we hypothesized that
(a) the reflex gain is depressed over the entire cycle of
a stride during passive stepping, and (b) this is
substantially by a presynaptic mechanism. For passive
stepping, seven subjects were dorsally tilted 20° from
vertical, to obtain quiet postural muscles. The right leg
was manipulated to match the electrogoniometer traces of
the three major joints recorded during natural stepping at
54 steps/min. Reflex means were attenuated to less than
20% of the standing control over the entire cycle of
passive stepping (N=3, P<.01). The attenuation remained
when a tonic isometric soleus contraction was introduced
(N=4, P<.01), suggesting a presynaptic origin for this
inhibition. Increasing the cutaneous pressure by the hands
manipulating the leg partially alleviated the depression
(N=4, P<.O5), supporting the view that cutaneous drive
reduces presynaptic inhibition on this pathway. It is
concluded that the proposed presynaptic inhibition,
consequent to movement, lays down a base for the gain
modulation in this spinal sensorimotor pathway seen during
human gait. Supported by NSERC CANADA.

PREPARATION FOR STEPPING: ANTICIPATORY CHANGES IN MUSCLE
ACTIVATION AND SPINAL REFLEXES PRIOR TO FOOT-LIFT.
W.E.Mcllroy*1, J.Cheng2, J.D.Brooke2, S.Perry1, J.E.Misiaszek2, W.R.Staines2,
B.E.Maki1 ^unnybrook Health Sci. Ctr., Toronto. M4N 3M5,2Sch. of Human
Biology, Univ. of Guelph, Guelph. NIG 2W1, Ontario, Canada.
Complex anticipatory events precede the lifting of the swing foot during the
initiation of gait or stepping. We currently explored task specificity of the motor
reactions and the underlying state of spinal reflexes during this anticipatory phase.
A first experiment explored the response variations preceding voluntary and
involuntary (perturbation-evoked) stepping in different directions. Results from
10 subjects clearly identified anticipatory responses unique to different step
directions, characterized by EMG activity to control both medial-lateral and
anterior-posterior centre-of-mass displacement. Prior to involuntary
(compensatory) stepping, anticipatory responses were often modest in amplitude
or even absent. We conclude that the anticipatory motor response is uniquely
coupled to the postural requirements of the stepping response. Yet, when
stepping is compensatory this coupling is altered, possibly to allow for a more
rapid time to foot-contact. The second experiment explored the underlying
changes in the reflex gain occurring during this anticipatory phase. We
hypothesized that the gain attenuation, typically seen during steady-state locomotor
movement, occurs before the movement starts. H reflexes were evoked in the
swing leg at different times following a visual cue that was used to elicit voluntary
stepping. Mean reflex magnitudes from 5 subjects were attenuated mildly after a
warning signal, and depressed substantially at ’heel off, irrespective of step
direction (p< .05). We conclude that this gain modulation is strongly associated
with the movement-induced sensory drive. There was also modulation in the
reflex gain prior to and during phasic activity associated with leg lift. Further
experiments are underway to determine the peripheral and central aspects of the
control of this spinal pathway during step initiation. Supported by NSERC&MRC.
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QUANTIFICATION OF THE INTERNAL MODEL FORMED DURING A
MOTOR LEARNING TASK. R Shadmehr*, and FA Mussa-Ivaldi. Dept,
of Brain and Cognitive Sciences, MIT, Cambridge, MA 02139.

TEMPORAL ASPECTS OF HUMAN MOTOR LEARNING, T. Brashers-Krug*,
R. Shadmehr and E. Bizzi. Brain and Cognitive Sciences, MIT, Cambridge,
MA 02139.
We have developed an experimental paradigm that enables ns to explore precisely some fundamental issues of motor learning. The two studies we present
here take advantage of this approach to begin to characterize the temporal aspects of motor learning. We have evidence that subjects retain what they learn
about a novel dynamic environment, and that the ability to learn a second such
environment is impaired immediately after learning the first. Our approach
relies on the ability of human subjects to adapt to novel dynamics in a simple reaching task (Shadmehr and Mussa-Ivaldi, J. Neurosci in press). While
subjects move a two-link planar manipulandum from one point to another, we
perturb their trajectories with a complex viscous force field. The forces initially disturb the subject’s movements, altering their kinematics. With time,
the subjects’ trajectories in the field come to resemble their trajectories before the forces were applied. We conducted two series of experiments using this
paradigm to gain insight into the capacity of the human motor learning system.
In one set of experiments, nine subjects learned to move in a force field and
were then tested in the same field 15 minutes, 4 hours and 20-26 hours later.
Subjects’ performance in the field at 4 and 20-26 hours was significantly better than their performance when first exposed to the field. This suggests that
subjects can retain their learning for some time. In another set of experiments,
seven subjects first learned one field and then, within two minutes, were given
a different field to learn. All seven subjects were significantly impaired in their
ability to learn the second field. By pursuing these results, we hope to explore
the possibility that humans posses a limited capacity short-term motor memory
buffer. ONR N00014/88/k/0372 and NIH AR2671O and NSO9343

Learning to perform a motor task requires an ability to control the
dynamics of one’s limbs coupled with the mechanical environment. These
dynamics are characterized by a map from forces applied by the muscles
to states (positions and velocities) of the controlled limb. The problem
of motor learning can be mathematically formulated as one of forming
an approximation of the inverse of this map. The result is called an
internal model. We have quantified formation of this interned model as
subjects learn to make reaching movements: Previously we have shown
that humans can readily adapt when dynamics of reaching movements
are changed as a result of a force field acting on the hand (Shadmehr
and Mussa-Ivaldi, J Neurosci in press). Here we measured the change
in the subject’s apparent impedance during the process of adaptation.
We found that as subjects practiced in the environment, the apparent
impedance of their arm changed by an amount proportional to but opposite in sign to the imposed force field. This evidence suggests that during
practice, subjects composed an internal model of the imposed force held.
The output of this internal model gradually approximated the force field,
and therefore compensated for the new dynamics of the task. Supported
by NIH: NS09343 h AR2671O, ONR: N00014/K/0372.

357.7

357.8

HEMINEGLECT AND ACTION-DEPENDENT DEFICITS IN CATCHING AND
PULLING. R.K. Deuel* and D.J. Glick. Depts. of Neurology &
Pediatrics, Washington Univ. Sch. of Med., St Louis, MO
63110.
Unilateral frontal lesions resulting in hemineglect also
affect initiation, amplitude, and spatial guidance of movements of the contralateral hand (CH). We videotaped monkeys
obtaining fruit by reeling in a rope attached to a force
sensor. Animals sat in a primate chair. Computer sampling of
traction and the videocamera were activated by swinging the
rope toward the subject. One 10-trial session prior to, and
a second within two weeks after, unilateral removal of periarcuate cortex. Videotapes were reviewed using a Panasonic
AG 1960 Proline VCR (with a jog-shuttle feature that provided approximate 20-msec segments) and motions correlated
with recorded forces. Preoperative catching was initiated by
either hand that contacted the rope, stabilized it and exerted downward force in a continuous motion.
The second
hand moved upward while the first pulled downward, contacted
the taut rope, reversed direction and smoothly continued the
downward rope displacement. Then the first hand returned and
furthered the rope's downward motion until the bait was
taken. Postoperative catching and stabilizing movements were
invariably by the hand ipsilateral to the lesion (IH) , which
might fail to exert downward force; nevertheless the CH invariably moved upward, grasped the rope, reversed its direction, exerted downward force and continued to alternate with
the IH during pulling. We conclude that hemineglect severely
affects the act of catching by the CH but initiation, amplitude and spatial guidance of CH during alternating pulling
action is preservec^.

PHASE TRANSITIONS TOWARD PREFERRED REACHING AND GRASPING
PATTERNS IN ADULT HUMANS. S.A. Wallace*. L.S. Greene. D. M. Graese.
and P.S. Foo. Dept, of Kinesiology, Univ. of Colorado at Boulder, Boulder, CO
80309.
Recent research provides evidence for phase attraction towards a preferred reaching
and grasping pattern in adult subjects (Wallace, Stevenson, Spear and Weeks, Hum.
Mov. Sci.. Vol. 13, 1994). Using a scanning procedure, we required subjects to
perform prehension movements using different relative phasing relationships. For
each subject 1) total variability was lowest at the preferred pattern and 2) constant
errors increased as a function of the distance away from the preferred pattern. It was
concluded that the preferred pattern may be an attractor in the language of non-linear
dynamics. In the present experiment, we used a phase transition methodology
(Kelso, Am. J. Physiol.JReg. Integ. Comp.1, Vol. 15, 1984) to determine whether the
preferred pattern possessed qualities associated with an attractor (eg., smaller critical
fluctuations, phase transitions or shifts from the non-preferred toward the preferred
pattern). We required subjects to reach forward and grasp a stationary dowel and
return to the starting position in a continuous fashion, synchronizing the grasp with a
beat of a metronome. Frequency was systematically increased in steps of .25 Hz
after 10 cycles of motion for a total of 60 cycles. In one set of trials, subjects
performed their preferred pattern. In another set of trials, subjects attempted to
perform a non-preferred pattern with relative phasing markedly different from their
preferred pattern. Subjects were instructed to try to perform the non-preferred
pattern for as long as comfortably possible. They were also instructed not to resist a
pattern change, and allow the arm and hand to establish the most comfortable pattern
of coordination compatible with the frequency conditions (see Kelso, Buchanan and
Wallace, Exp. Brain Res.. Vol. 85, 1991). As predicted, the non-preferred pattern
was inherently more variable than the preferred pattern; and phase transitions from
the non-preferred to the preferred pattern were observed as cycling frequency
increased. Overall, the results support the presence of one stable reaching and
grasping pattern of coordination in adult subjects.
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A DYNAMIC NEURAL NETWORK IDENTIFICATION OF ELECTROMYOGRAPHY AND WRIST POSITION RELATIONSHIP DURING COMPLEX MOVEMENTS.
J,P, Drave. G. Cheron*. M. Bourgeois. G. Libert. PIP Laboratory, Polytechnical Faculty and Laboratory of Biomechanics, University of Mons-Hainaut, Mons, Belgium

Implications
of Rotational
Axes for Patterns
of Pursuit
Arm Movements
Using a Predictive Geometric Model J. Laczko*!2. J. Ouintem1 and S. Glasauerf

One problem in motor physiology concerns the relationship between the patterns
of muscle activation represented by the electromyography signal (EMG) and their
mechanical actions in three-dimensional (3D) space. It is well known that targeted
unidirectional movements performed «as fast as po^^it>le» are subserved by a triphasic pattern of muscle activation.
Optimization theory and other mathematical algorithms have traditionnaly been
used to model the relationship between the triphasic EMG signals and limb dynamics.
For more complex movements as the fast drawing of a figure eight by the extended
arm, the muscle activation pattern is far more complex than the triphasic one. Facing
to this complexity, we purpose here a new approach based on artificial neural
networks.
A dynamic recurrent neural network was used to test the functional meaning of
the different parts of the EMG signals. Surface EMG signals were collected from 8
shoulder muscles of five healthy subjects via telemetry. The movements of the arm
were recorded and analyzed using the optoelectronic ELITE system (2 TV cameras,
sampling rate : lOOHz). These temporal sequences (EMG and 3D kinematic) were
used to train the network. This one gives the 3D trajectory of the wrist versus time
thanks to the temporal evolution of the different EMG signals given as inputs to the
network; it has identified the complex dynamics of the human arm.
First, we show that our model can identified the functional meaning of each EMG
signal in drawing movements.
Secondly, we proof that the network can generate unlearned trajectories. For
example, this type of network is able to draw a circle with corresponding EMG whereas it was only trained with the data of a figure eight.
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Klinikum Grosshadem, Dep. of Neurology, 81377 Munich, Germany1 and KFKI Res.
Inst, for Computing Techniques, H-1525 Budapest, Hungary2,
To control voluntary movements of musculoskeletal structures, the central nervous
system solves the computational task of coordinating a redundant set of joints and
muscles. During smooth pursuit movements the extrinsic coordinates of a given
trajectory is transformed to body-coordinates. We study such transformations by experimental and theoretical methods: 1. using movement analysis systems we record target
tracking arm movements of normal subjects; 2. we developed a predictive mathematical
model and software to predict a time course of joint-angles of multi-jointed systems.
During 3D movements not only the size but the direction of the angular velocity vector
in a rotating joint is changing. One question is how to select the rotation axis in a joint.
Our model's input is the recorded initial configuration of the arm and the trajectory of a
target that moves periodically on a line at the front of the body. The shoulder, elbow
and wrist don't remain in a common plane during tracking. We define a space- and time
dependent rotational axis in each joint and simulate the movement which would be
generated if the subject rotated the arm's segments around these axes. The definition of
the rotational axis in a joint is based on the instantaneous position of the joints and the
target. We transform the error between the finger and target position to rotations around
the defined axes. Considering 3 rotating joints (shoulder-elbow-wrist) and a moving
trunk there is an infinity of possible set of angular velocities. We minimize the sum of
the squares of the weighted rotational angles, with stiffness-related weigths. Comparing
measured and predicted data using the model one may investigate how the choice of the
rotational axes and the joint-stiffnesses effect movement patterns and which choices
supply closer alignment with measurements. Mostly we found the best match assuming
that the trunk translated only and the rotational axis in a rotating joint was normal to the
plane spanned by the joint, the finger and the target. This suggests a trend to minimize
the torsional component of the angular velocity vectors during line tracking.
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Characterization
of upper limb synkineses
in hemiparetic
subjects . P. Boissv. D. Bourtxornais*, N. Brute & C. Kaegi. Research

INTERHEMISPHERIC INTERACTION IN A PATIENT WITH
MARCHIAFAVA-BIGNAMI DISEASE. (SPON: EBBS) B. Preilowski and
W. Kalckreuth. Tubingen Univ., Weissenau Field Station, D-88214
Ravensburg, Germany, and Keck Center, UCSF, San Francisco, CA
94143; State Psychiatric Hospital, Emmendingen, Germany.
A 40 year old male with extensive destruction of the corpus
callosum due to Marchiafava-Bignami Disease was tested for several
months during and following recovery from the acute phase of the
disease. An MR I scan showed that of the callosum only the rostrum and
some ventrocaudal parts of the splenium appeared to be preserved.
Besides symptoms which may be ascribed to extracallosal brain
damage, several distinct signs of hemispheric disconnection were
observed. Among these, a leftsided agraphia and apraxia as well as
marked deficits in a laboratory test of bi-manual coordination were

Center, Rehabilitation Institute of Montreal, 6300 Darlington, Montreal, H3S
2J4, Canada.
Synkineses in hemiparesis consist of involuntary movements of paretic limbs
related to an effort on the . affected or unaffected side. Clinically, it has been
observed that synkineses limit motor performance of hemiparetic patients. This
study characterized upper limb synkineses in 10 hemiparetic and 5 normal
subjects at maximal grip exertion during a prehension task at 100% MVC on the
contralateral side. Dynamometric measurement of orthogonal torques exerted
simultaneously at the shoulder (flexion-extension [S1], adduction-abduction [S2],
internal-external rotation [S3]) and elbow (flexion-extension [E1],
pronation-supination [E2]) were used as measures of synkinesis. Mean torques
recorded at maximal exertion in S1 flexion and S3 internal rotation were larger
in hemiparetic than in normal subjects. However, the only difference in torque
that was significant (p<0.05) was E1 (flexion). Hemiparetic subjects were then
divided into two groups (moderate [MD] and severe disorder [SD]) based on
their Fugl-Meyer score for the upper limb (t-test = -5.162, p<0.01). Univariate
ANOVAS revealed that SD subjects had greater synkinesis in E1 (flexion) than
MD and normal subjects at maximal contralateral grip exertion (F [2,12] =11.38,
p<0.01). Average synkinesis in E1 (flexion) for SD subjects represented 94°%
of their maximal voluntary torque in elbow flexion on the paretic side. The
results of this study indicate that synkineses recorded during a contralateral grip
task are more pronounced at the elbow and that they vary with the degree of
motor performance of the patient.
‘This study was supported by NHRDP and FRSQ.

most prominent. The patient had been a skilled keyboard and guitar
player in a locally known band. In contrast with his left-sided
apraxia and the severe intermanual interference in laboratory tests,
he was still able to play both instruments. These findings agree with
the characteristics of bimanual motor performance in patients with
partial and complete surgical commissurotomy. The preservation of
previously overlearned bimanual skills observed following
hemispheric disconnection points to additional subcortical
mechanisms for bilateral coordination. The present findings are taken
as further support of a theory which holds that the corpus callosum
has functions in sensory-motor control that vary with the level of
skill achieved in a particular task. (Supported by Tubingen Univ., the
James S. McDonnell Foundation and The Pew Charitable Trusts)

357.13

357.14

WEIGHT JUDGMENTS AND SENSE OF EFFORT DURING
MUSCULAR FATIGUE. P.R. Burgess* and L.F. Jones. Dept.
Physiol., Univ. Utah Sch. Med., Salt Lake City, UT 84108.
It is well established that the perceived weight of a lifted object
increases as the prime movers become fatigued. Since motor effort
also increases with muscular fatigue, it may be that weight and effort
perceptions increase strictly in parallel as fatigue develops. Separate
weight and effort perceptions would seem to have little utility if these
perceptions respond in the same way to sensorimotor events.
Individual subjects participated in two different experiments. In both,
they raised out-of-sight objects with the elbow flexors until fatigue
caused failure.
In one experiment, they used an open-ended
numerical scale of their own choosing to judge the weights of the
objects they lifted; in the other, they used a similar scale to estimate
the effort required to lift the same objects. At failure, an object that
was relatively easy to lift unfatigued had increased in perceived
weight by a factor of 2-4, whereas the effort required to lift the same
object typically had increased by a factor of 10-20. This shows that
effort increases more than perceived weight as fatigue develops and
supports the idea that weight and effort are different perceptual
attributes of voluntary sensorimotor function.

A MODEL OF JAW AND HYOID MOTION BASED ON THE
EQUILIBRIUM POINT HYPOTHESIS. D.J. Ostrv*. R. Laboissiere.
and A.G. Feldman. McGill University, Montreal, Canada.
We present a seven muscle model of human jaw and hyoid motion

based on the equilibrium point hypothesis of motor control (A, model).
According to the model, central neural control signals specify the
equilibrium position and orientation of the jaw by controlling the
muscle lengths at which motoneuron requirement begins (A). Motor

functions may be specified by various combinations of As. One
combination of As is associated with the level of coactivation of
muscles. Others are associated with motions in specific degrees of
freedom, such as jaw rotation and translation. The vertical and
horizontal positions of the hyoid bone may also be controlled. These
control signals may act alone or be superimposed to produce
combinations of rotation, translation and muscle cocontraction. We
demonstrate, using the model that in each phase of movement,
constant velocity shifts in equilibrium lengths of all muscles can
account for patterns of jaw motion in speech and mastication. We also
show that the same commands for rotation and translation produce
essentially the same movements from any startling point. This suggests
that jaw muscle geometry need not be accounted for in planning
movements.

357.15
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ELECTROMYOGRAPHIC PATTERNS OF HIND LIMB MUSCLES
DURING FORWARD AND BACKWARD LOCOMOTION IN A
SALAMANDER. M. A. Ashlev-Ross* and G.V. Lauder. Dept. of
Ecology & Evolutionary Bioloay, Univ. of California, Irvine, 92717.
Central pattern generators for locomotion may be required to
produce distinct motor patterns to direct the different patterns of llmb
movement which characterize forward and backward walking.
Electromyograms were obtained from hind limb muscles of the

CLOZAPINE RELATED FORCE CONTROL DEFICITS IN CHRONIC
SCHIZOPHRENIC PATnENTS. P.E. Konicki. G.E. Jaskiw and P.B.
Vrtunski*. Cleveland VAMC and Department of Psychiatry, CWRU
School of Medicine, Cleveland OH 44141
Recently we demonstrated that a motor function deficit in clozapine-treated schizophrenics, compared to those on typical neuroleptics, is present
even after several years of clozapine treatment (Soc. Neurosci. Abstr, 19:
384, 1993; submitted). The question remains whether the observed deficit
was a) the result of prolonged treatment with high doses of typical antipsychotic drugs, b) a neurobehavioral feature of treatment-refractory patients,
or c) related to clozapine treatment, per se. Here, we compare performance
of 10 chronic schizophrenic patients (mean 42 years of age) during treatment with typical an^i^^ychotic drugs and then again, 8 weeks after stabilization on clozapine. The task consisted of 42 10-second long trials in which
the patient was instructed to match a target light with a response light. The
response consisted of patients' index-finger pressure on a force-sensitive
button. There were 7 targets of increasing force (20 to 480 centiNewtons),
each presented 6 times. Force and the steadiness of its maintenance were
dependent measures of the task. Test-retest comparisons indicated that both
force (t = 2.75, p < 0.03) and its maintenance (t = 2.54, p < 0.05) were
significantly affected by clozapine, both the force output and its steadiness
were reduced. These findings were also corroborated by an observed
average (2.7 kg) drop in grip-strength (as registered by a dynamometer).
We conclude that the force control deficit is related to pharmacological
actions of clozapine. Whether the deficit is related to the sedative actions of

treadmill locomotion, in general, during forward locomotion, ventrally
located muscles are active during the stance phase (limb retraction),
and these alternate in activity with dorsally located muscles, which fire
during the swing phase (limb protraction). In the ventral group,
muscles acting to support the hip joint (and hold the body off the
ground) fire during the early part of stance, while muscles which act
solely as femoral retractors become active slightly later in stance.
During the swing phase, knee extensors fire as the toes leave the
ground, followed by knee flexors as the limb swings forward. The
primary hip flexor muscle (femoral protractor) becomes active in the
middle of swing phase. In backward locomotion, a different pattern of
muscle activity is evident. Instead of dorsal and ventral muscles firing
as distinct groups, some dorsal and ventral muscles are coactive
according to their function as limb protractors or retractors. One
ventral hip extensor fires a double burst pattern not seen in forward
locomotion, once during early stance and again in early swing. These
results indicate that CPGs are able to alter motor output to single
muscles and to produce different functional groupings of active
muscles according to the task being performed.
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clozapine remains to be determined. (Supported by the Veterans Administration and USPHS grant MH-46630)
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BRAIN DERIVED NEUROTROPHIC FACTOR (BDNF)
POTENTIATES EXCITATORY SYNAPTIC TRANSMISSION
IN HIPPOCAMPAL NEURONS IN CULTURE.
R. GGtrd*. S. CC>h and M-m. Poo. Dept. Biol. Sci., Columbia U.,
NY, NY 10027.
Neurotrophins NT3 and BDNF have recently been shown to
potentiate ACh secretion from cultured Xenopus neurons (Lohof
et a/., 1993, Nature 363:350-353). Here we investigate the acute
effects of BDNF on synaptic transmission within a network of
cultured neonatal rat hippocampal neurons. Synaptic currents
were recorded from hippocampal neurons in the whole-cell
voltage clamp configuration for a 10 minute control period, after
which BDNF (50-100 ng/ml) was added to the recording chamber.
In normal saline, BDNF increased the frequency of excitatory
synaptic currents of approximately 60% of the neurons. This
effect was evident 10 minutes after BDNF application and
sustained until the end of the recording period (30-50 min.). The
frequency was 6.04 ± 2.03 (sem, n=10) fold higher 25 minutes
after BDNF addition, as compared to the control period. Neither

POTENTIATION OF NEUROTRANSMITTER SECRETION
BY CILIARY NEUROTROPHIC FACTOR: REQUIREMENT
FOR SOMATIC SIGNALING. R. Stoop , and M-m. Poo. Dept.
Biol. Sci., Columbia U., N.Y., NY 10027.
We have applied ciliary neurotrophic factor (CNTF), a protein
known to promote motoneuron survival, to Xenopus nerve-muscle
cultures. Within minutes after CNTF application, we found an
increase in the frequency of spontaneous synaptic currents and in
the amplitude of the evoked synaptic currents. Interestingly, when
CNTF was locally perfused to the soma of the presynaptic neuron,
we found a significantly earlier onset of the potentiation effect
than when the perfusion was applied to the presynaptic terminal.
Moreover, no potentiation of the spontaneous transmitter release
was observed when the synapse was transected from the soma with
a micropipette.
In contrast, application of brain derived
neurotrophic factor, a neurotrophin also known to potentiate these
synapses, remained effective in elevating spontaneous release
from these "cut-loose" synapses. The absence of CNTF effect on
the "oit-loose" synapse was not due to the elevated [Ca2+]:
following the transection; perfusion with high K* on intact
synapses, which resulted in a similar elevation of [Ca2+]> did not
interfere with the potentiation effect of CNTF. Moreover,
lowering [Ca2+]j by reducing external [Ca2+] after neurite
transection did not restore CNTF effect. Taken together, these
results indicate that CNTF-induced potentiation of the synapse
requires a signal from the soma. It appears that the efficacy of
transmitter secretion is under immediate somatic control, which
can be readily regulated by interaction of CNTF with the neuron.

the mean amplitude nor the tune course of the synaptic currents
was significantly changed by BDNF. After pretreatment with TTX
(10 pM), however, BDNF did not increase the frequency of
spontaneous excitatorysynaptic currents. Taken together, these
data suggest that BDNF increases the frequency of Na+-spikedependent synaptic activity. This neurotrophin may act by altering
the excitability of individual hippocampal neurons. Alternatively,
BDNF may increase spike frequency by depressing inhibitory
synaptic transmission.

358.3
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RECEPTOR INTERACTIONS AND BIOACTIVITY OF
NEUROTROPHIN HETERODIMERS J.J.S.Treanor. F. Hefti
and L.E.Burton*. Department of Process Development and Recovery and

NOS INDUCTION BY NGF IN BASAL FOREBRAIN
CHOLINERGIC NEURONS: EVIDENCE FOR REGULATION OF
BRAIN NOS BY A NEUROTROPHIN. David M. Holtzman!

Department of Neuroscience, Genentech, S.San Francisco, CA 94080

Neurotrophins are a family of highly conserved proteins
which affect the development and maintenance of distinct
neuronal populations. Neurotrophins are believed to exist in
solution as non-covalent dimers, at physiologically relevant
concentrations, and exhibit similar tertiary structures.
We now report the production, purification and characterization, in vitro, of a neurotrophin heterodimer of full length NGF
and NT4/5 (NGF:NT4/5) as well as a NGF dimer of full length
NGF and an amino terminal truncated des1-9 NGF
(NGF:A9NGF). These molecules are able to bind to the LNGFR
(p75) as well as to bind and to activate different trk tyrosine
kinase receptors as selectively as their intact homodimeric
neurotrophin component subunits. Both molecules have also
been shown to be as competant as homodimeric NGF at
promoting neuronal differentiation in PC12 cells.
These asymmetric neurotrophin dimers allow unique
characterization
of neurotrophin
structure-function
relationships with trk receptors. The chimeric trk activities of
these heterodimers suggests an alternative model of
neurotrophin-trk receptor activation in which the critical trk
interacting elements are carried largely on a single protomer.

Joshua Kilbridge, David S. Bredt. Stephen M, Black. Yiwen Li.
Douglas O. Clary, Louis F. Reichardt. William C. Mobley. Dept. of
Neurology, Pediatrics, Physiology, the Neuroscience Program, and
the Howard Hughes Medical Institute, UCSF, San Francisco, CA

94143.

Io the mammalian basal forebrain, the medial septal nucleus (MSN)
and vertical limb of the diagonal band (VDB) contain cholinergic
neurons that innervate the hippocampus. These neurons appear to
play a role in learning, and their dysfunction and loss may contribute
to memory impairment in Alzheimer's disease. Nerve growth factor
(NGF) acts through trkA receptors to serve as a trophic factor for
these cells and modulates their function . Io the present work, we
show that brain nitric oxide synthase (NOS), which synthesizes the
neuromodulator nitric oxide, is selectively expressed in a large fraction
of ukA-comaming neurons in the MSN and VDB. Evidence that these

cells innervate the hippocampus was demonstrated by studies in which
their axotomy lead to a clear decrease in NOS- and trkA-contammg
fibers in this region. We also show that NGF acted on basal forebrain
cholinergic neurons in vivo to markedly and specifically increase NOS
mRNA, protein, and activity. These results indicate that gene
expression for brain NOS can be regulated by a neurotrophic factor
and suggest that NGF influences the function of basal forebrain
cholinergic neurons by regulating not only acetylcholine synthesis, but
also nitric oxide production.

358.5

358.6

INTRACELLULAR CALCIUM AS A SECOND MESSENGER FOR NERVE
GROWTH FACTOR. M.A. De Bemardi*. A.M. Colangelo. G. Brooker and I.
Mocchetti. Depts of Biochemistry & Mol. Biology aod Cell Biology, Georgetown
Univ. Sch. of Med., Washington, DC 20007.
The characterization of the cellular mechanisms whereby nerve growth factor
(NGF) exerts neurotrophic effects is crucial for the understanding of how neuronal
differentiation, survival and maintenance occur. NGF exerts its neurotrophic activity
via the activation of a receptor complex comprised of an high affinity receptor (trkA)
and a low affinity receptor (p75). Many classical second messengers have been
shown to be modulated by NGF including rise in the intracellular calcium
concentration ([Ca2+]j). However, little is known about the mechanisms whereby
NGF increases [Ca2+]j and which component of the NGF receptor complex mediates
this response. We have studied the effect of NGF on [Ca2+]j by using Fura-2
fluorescence ratio imaging in C6-2B cells (a glioma cell line expressing only p75
and unresponsive to NGF) after stable transfection with the trkA cDNA. C6trk+
colonies exposed to NGF showed typical biological responses to NGF (e.g. tyrosine
phosphorylation) suggesting that expression of trkA induces NGF responsiveness.
When Fura-2-AM loaded C6trk+ and mock transfected cells were exposed to NGF
(1-50 ng/ml) in the majority of C6trk+ cells (-80%) NGF elicited an increase of -3fold in [Ca2+], within 110 ± 23 sec. No response was observed in C6trk+ exposed to
NGF and k252A or in mock transfected cells, suggesting that trkA receptor mediates
increase in [Ca2+];. EGTA (2 mM) pre-treatment did not affect significantly the
magnitude of the calcium response, suggesting that NGF-induced rise in [Ca +]j
primarily involves the mobilization of Ca2+ from intracellular stores. Moreover,
when the internal stores were depleted of Ca2+ with the microsomal Ca2+-ATPase
inhibitor thapsigargin or the release of Ca2+ from the internal stores was blocked
with dantrolene, NGF failed to elicit an increase in [Ca2+ suggesting that
intracellular Ca2+ is the main source for the peak response to NGF.

SPROUTING OF AXOTOMIZED CHOLINERGIC NEURONS IS
INDUCED DIFFERENTLY BY NGF, NT-4/5, AND BDNF. C. A. Altar*. N.
Cai. R. M. Lindsay. and S. J. Wieqand.
Regeneron Pharmaceuticals,
Tarrytown, NY 10591.
The ability of neurotrophins to induce sprouting of cholinergic fibers
was evaluated in intact female rats and rats that received a unilateral
transection of the fimbria. Infusions of PBS (12 pl/day), NGF, NT-4/5 or
BDNF (12 pg/day) into the lateral ventricle (ICV) or septum were begun
at the time of transection. As with AChE (Williams et al, PNAS, 83:9231,
1986), a "pile-up" of choline acetyltransferase (ChAT) and low affinity
neurotrophin receptor (p75) immunoreactivity was observed in grossly
dilated fibers within the dorsomedial septum and proximal fimbria
ipsilateral to the lesion.
This accumulation of ChAT and p75 in
axotomized fibers was seen in both PBS and neurotrophin infused
animals, and was most evident 3-5 days postoperatively. A novel
network of fine p75 and ChAT positive fibers that resembled normal
hippocampal cholinergic fibers subsequently appeared within the lateral
septum of NT-4/5 and NGF infused animals. These fibers first appeared
about 1 week following transection, and a dense plexus had formed by
the end of the second week. This sprouting response was much less
evident in animals that received BDNF and was absent in PBS infused
animals, paralleling the ability of these factors to preserve the number of
ChAT and p75 positive medial septal somata.
Sprouting was not
observed in the absence of axotomy in either vehicle, cytochrome C, or
trophic factor treated animals. Thus, NGF and NT-4/5 can induce an
axotomy-dependent sprouting of cholinergic fibers into a brain region,
the lateral septum, that does not normally receive an appreciable
cholinergic innervation.
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358.7
DISTRIBUTION OF RADIOIODINATED RECOMBINANT HUMAN
NERVE GROWTH FACTOR IN MONKEY AND RAT FOLLOWING
A SINGLE INTRACEREBROVENTRICULAR INFUSION.
C.J. Emmett*. L.B. Jakeman. S.P. Aswani. R.L. Chant G.R. Stewart and
R.M. Johnson. Department of Neurosciences, Institutes of Pharmacology.
and^Pathology, Toxicology and Metabolism. Syntex Discovery Research.
Palo Alto, CA 94303.
The distribution of radioiodinated recombinant human nerve growth
factor ([125I]rhNGF) in the brain after a single intracerebroventricular (icv)
infusion was evaluated in both rats and monkeys using film and emulsion
autoradiography. Animals were cannulated into the right lateral ventricle
and allowed to recover for seven days before treatment with either
[l25I]rhNGF alone or [l25I]rhNGF with an excess of unlabeled rhNGF.
Rats were infused for 15 min at a flow rate of l6pl/h (specific activity.
83gCi/pg), and cynomolgus monkeys were infused for 4 hours at a flow
rate of 2Opl/h (specific activity. 93pCi/pg). Animals were anesthetized and
transcardially perfused with aldehyde fixative 24h after infusion. Coronal
brain sections (2Opm and 5Op.m) were processed for quantitative film
autoradiography or for choline acetyltransferase (ChAT)
immunohistochemistry and emulsion-dipped. For both species. specific
labeling was seen exclusively in ChAT-positive cell bodies throughout the
basal forebrain cholinergic (BFC) system. Labeling was detected in the
cholinergic neurons of the medial septum and nucleus basalis with equal
density on both sides of the brain in the rat and the monkey from the
unilateral icv injection. In contrast. non-specific binding of radiolabel was
observed in proximity to the ventricles and large blood vessels. These
results confirm and extend previous qualitative findings of a specific and
receptor-mediated bilateral effect in BFC neurons of the rat. More
importantly. this study demonstrates for the first time. that following icv
infusion. rhNGF accumulates rapidly. bilaterally and specifically
throughout the BFC cholinergic system in a non-human primate.

BIOLOGICAL EFFECTS VII

WEDNESDAY AM

358.8
TARGETED MUTATION OF THE NEUROTROPHIN-3 GENE RESULTS
IN SEVERE SENSORY AND SYMPATHETIC DEFICITS. I. Farinas1. JC
R. Tones2. C. Backus! X.-Y. WangL and L. F. Reichardtl'2*. 1 Program in
Neuroscience. Department of Physiology and ^Howard Hughes Medical
Institute. University of California School of Medicine. San Francisco. CA
94143-0724
Neurotrophin-3 (NT-3) is the most abundant neurotrophin during early
development and is widely expressed both in neural and non-neural tissues.
In addition. its receptor. the trkC receptor tyrosine kinase. is also highly
expressed. Neurons responsive to NT-3 in vitro include primary sensory.
sympathetic. motor. enteric. locus coeruleus. hippocampal. and cerebellar
neurons. To determined the role of NT-3 during development we generated
mice carrying a null mutation in the NT-3 gene. Newborn homozygous
mutant mice display very low activity. abnormal limb postures and no
evidence of food intake. typically dying within 24 hrs. These mice heve
severe deficits in sensory and sympathetic populations. The largest losses
in sensory populations are found in the trigeminal. cochlear. and dorsal
root ganglia. Lack of muscle spindles and Ia afferents. indicative of a
deficit in proprioceptive neurons. are consistent with the abnormal limb
positions. Additional populations in dorsal root ganglia are also affected.
Sympathetic ganglia are remarkably reduced. consistent with effects of
NT-3 before the phase of NGF dependence. Motor neurons. the enteric
nervous system. and the major anatomical regions of the central nervous
system seem to develop normally. Comparisons with mutants deficient in
other neurotrophins or their receptors indicate that some neurons require
more than one neurotrophin during embryogenesis and suggest that NT-3
functions by binding receptors in addition to its primary receptor trkC.

358.9

358.10

Rescue of NGF-Knockout Mice by Peripheral Expression of
NGF

LEARNING, MEMORY, AND THE BASAL FOREBRAIN
CHOLINERGIC SYSTEM IN AGED MICE HETEROZYGOUS FOR NERVE GROWTH FACTOR DELETION.

Heidi S. Phillips*. Merry C. Nishimura. Karen S. Chen. Craig
Crowley. Susan Spencer. Kathy Alberst. and Brian DavisS
Genentech Inc.. S.S.F.. CA 94080 and Depts. of Pathologyt and
Anatomy and Neurobiology§ . U. Kentucky. Lexington 40536
Mice lacking a functional NGF gene (NGF-KO mice) display
severely reduced numbers of sensory and sympathetic neurons.
exhibit marked reductions in response to nociceptive stimuli. and
are not viable past weaning. While basal forebrain cholinergic
neurons are observed to differentiate in the absence of endogenous
NGF. the shortened lifespan of NGF-KO mice limits the ability to
study dependence of mature basal forebrain cholinergic neurons on
NGF. One factor contributing to the reduced viability of NGF-KO
mice is poor ingestive behavior which may be secondary to sensory
deficits. Selective reexpression of NGF in the periphery of NGFKO mice was accomplished by the introduction of a transgene
expressing NGF under control of the human keratin promoter. At
least some NGF-KO mice carrying the transgene (NGF-TKO)
exhibit normal responses to tail pinch. grow to maturity. and are
capable of breeding to produce live offspring. Investigation of the
basal forebrain cholinergic system of these mice may yield valuable
insights into the dependence of these neurons on endogenous NGF.

358.11

NEUROTROPHIN-3 DEPRIVATION SELECTIVELY ELIMINATES
SENSORY NEURONS THAT SUPPLY MUSCLE SPINDLES
jt A, Oakley?. A.S, Gamer. T, H, Large and E, Frank,
Dept. of Neurobiology, University of Pittsburgh, Pittsburgh, PA 15261 and
Dept. of Neuroscience, Case Western Reserve University, Cleveland, OH 44106.

To determine which subpopulations of sensory neurons require NT3
for survival in vivo, we used an NT3 specific anti-serum (anti-NT3) to
deplete NT3 in chick embryos. Embryos received daily injections of
Anti-NT3 treatment selectively reduced the muscle spindle afferent
projection to the motor column without altering the pattern of cutaneous
projections within the dorsal hom. To verify that the reduced muscle
sensory projection was due to selective death of neurons in this
subpopulation, we counted large diameter (>10 gm) neurons
retrogradelylabeled from either muscle or cutaneous nerves in control
and anti-NT3-treated embryos. Anti-NT3 treatment lead to a selective
loss of approximately half the neurons labeled from muscle nerves but
had no detectable effect on the number of neurons labeled from
cutaneous nerves.
To determine if the dependence on NT3 is correlated with the
expression of trkC (the receptor for NT3) in muscle afferents of normal
embryos, we compared the expression of trkC transcripts in
retrogradely labeled afferents using in situ hybridization. We found
that more than half of all large diameter muscle afferents express trkC
transcripts. In contrast, less than 5% of large diameter cutaneous
afferents express the receptor. We conclude that large diameter muscle
afferents, includingmuscle spindle afferents, differentially express
trkC and require NT3 as a survival factor during embryonic
development.
Supported by grants from the NIH and the MDA.
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K. S. Chee *,M. C. Nishimura, S. SSencer, C, Crowley, and H, S.
Phillips. Depts. of Neuroscience and Cell Genetics. Genentech Inc..
460 Point San Bruno Blvd.. South San Francisco. CA 94080.
Heterozygous mutant mice were generated that contained only one
normal copy of the nerve growth factor (NGF) gene. At 5 months of
age these heterozygous mice were found to be significantly impaired
compared to their normal littermates on the water maze task, a test of
spatial learning and memory (Soc. Neurosci. Abstr. 19: 1683. 1993).
Further analysis of the heterozygous mice revealed that choline
acetyl-transferase (ChA^-positive cells in the basal forebrain region
of the mutant mice were significantly reduced in size (by 10%) and
number (by 25%). Recombinant human NGF was infused via
osmotic minipump into the lateral ventricles of another group of
heterozygous mice in order to reverse the observed behavioral and
morphological deficits. Additionally. aged (17 mos) heterozygous
mice and normal littermates were tested on the water maze task.
Normally. only a subpopulation of aged mice have spatial learning
and memory impairments. Since the heterozygous mutant mice have
a compromised basal forebrain cholinergic system. a greater
proportion of aged heterozygous animals may exhibit learning and
memory deficits. as well as morphological changes in the basal
forebrain region. Acquisition and retention of the location of a
hidden platform was assessed in these aged mice following a five
week delay. Quantitative morphometric analysis of ChAT-positive
cells in the basal forebrain will be also presented for these animals.

358.12
PHENOTYPE
OF
MICE
HOMOZYGOUS
FOR
DISRUPTION OF THE IGF-I GENE. K. D, Beck*3. L.

Powell-Braxtonb. H.-R. Widmer0, and F, Heftia. Genentech, Inc.,
Departments of Neuroscience3 and Endocrinology^ , South San

Francisco, CA 94080, and Andrus Gerontology Center0, University
of Southern California, Los Angeles, CA 90089-0191.
While approximately 95% of mice homozygous (-/-) for a disrupted
IGF-I gene die perinatally, survivors have a much smaller body
weight than wild type (+/+) littermates and exhibit a generalized
strong reduction of muscle mass. We analyzed the effects of this gene
disruption on the CNS in mice between 2-7 months of age. The
brains weighed approximately 50% of (+/+) littermates, but do not
show any gross abnormalities. Histological analysis revealed a strong
reduction of myelination, manifested in decreased thickness of corpus
callosum, anterior commissure and of the fiber bundles of the internal
capsule. The number, distribution, and histological appearance of
GFAP containing astrocytes was identical to age matched controls. In
the dorsal striatum, the number of parvalbumine (PV) containing
intemeurons was reduced by 50%, but PV immunopositive cortical
and hippocampal neurons were unaffected. The number of dentate
granule cells was reduced, while basal forebrain, striatal cholinergic,
and mesencephalic dopaminergic were unaffected. These findings
suggest an important role for IGF-I in CNS myelination and
differentation of a subset of neurons.
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359.1

359.2

VESTIBULAR INPUT TO THE CAUDAL VESTIBULAR NUCLEI.
V.J. Wilson* K. Endo. D. B. Thomson. T. Yamaguchi. and B. J. Yates.
The Rockefeller University, New York, NY, 10021.
The caudal half of the descending and medial vestibular nuclei,

VESTIBULAR INPUTS TO THE LATERAL TEGMENTAL FIELD
(LTF) OF THE CAT: IMPLICATIONS FOR AUTONOMIC
CONTROL. B.J. Yates*. K. Endo and T, Yamaguchi. Lab.
Neurophysiology, The Rockefeller Univ., New York, NY 10021.
The LTF of the caudal medulla is believed to play an integrative role
in autonomic control. Many neurons in this region are activated during
vomiting (Miller and Ruggiero, J. Neurosci. 14, 1994), and the LTF is an
important source of inputs to the major pressor region of the brainstem,
the subretrofacial rostral ventrolateral medulla (sRVLM, Barman and
Gebber, J. Neurophysiol. 57, 1987). There is some evidence that the LTF
receives vestibular inputs (Spyer et al., Brain Res. 56, 1973), but this
possibility is yet to be investigated thoroughly. Vestibular connections
with the LTF could be important in producing vestibulo-sympathetic
reflexes that participate in maintaining stable blood pressure during
movement. In this study we sought to determine whether LTF neurons,
including those projecting to sRVLM, respond to electrical stimulation of
the vestibular nerve.
Experiments were conducted on adult cats that had a midcollicular
decerebration. We recorded from 72 spontaneously active LTF units,
including 21 that were antidromically activated by microstimulation in the
pressor area (mean threshold of 25 pA). The conduction velocities of the
rostrally-projecting cells were slow: mean of 3.6 m/s, and as low as 0.3
m/s. 33% of the antidromic neurons responded to stimulation of the
vestibular nerve; the response latencies ranged from 5 to 14 ms. In
contrast, the response latencies for other LTF neurons were shorter, from
1.5 to 20 ms. Thhs, the LTF maa participate i n vvstibblo-autoonmic
reflexes, and may be important in relaying vestibular inputs to cells in the
sRVLM with descending projections to sympathetic preganglionic
neurons in the spinal cord.
Supported by NIH grant DC00693, and the Irma T. Hirschl Trust.

once thought devoid of input from the vestibular nerve, is now known
to receive primary vestibular fibers from canal and otolith receptors.
Some of the cells project to the cerebellum, or to the spinal cord in the
caudal vestibulospinal tract (CVST). In decerebrate cats with the
caudal cerebellum removed, we have used natural sinusoidal stimuli to
study the vertical vestibular input to this region. Response vector
orientations and dynamics of spontaneously active neurons were
determined by stimulating in several planes. Of 64 neurons, 27
(42%)were classified as receiving input primarily from otoliths and 23
(36%) primarily from semicircular canals; a few neurons received
otolith+canal input, and some could not be classified. Different neuron
types were intermingled. Response vector orientations were
predominantly ipsilateral. They were in the roll quadrants for otolith
neurons, and tended to be clustered near canal planes for canal-like
cells. Vestibular input to this region is strong: mean otolith gain was
1.8 and 5 .1 ipikes/sec/deg at 0 .0 and 1Hz; canal gain was 1.1 and 1 5.5
at these frequencies. Fourteen of 21 neurons activated antidromically
from the restiform body were modulated (6 canal, 4 otolith, 4
unclassified). Only 6 CVST neurons were spontaneously active, and
for these modulation tended to be weak or absent. Therefore, whereas
vestibular input to cerebellar-projecting neurons is prominent, at this
point it does not appear to be important for CVST neurons. Supported
by N.I.H. grants DC 02187 and DC 00693.

359.3

359.4

OCULAR COMPENSATION DURING BRIEF PERIODS OF FREE FALL.
G. A. Bush*, F. A. Miles. Laboratory of Sensorimotor Research, National Eye
Institute, Bethesda, MD 20892.
Translational disturbances in the dark generate compensatory eye movements
referred to as the translational vestibuloocular reflex (TVOR), which normally
assists in maintaining binocular foveal fixation. In order to determine the latency
of these responses very brisk accelerations are required. To achieve this without
trauma, we adopted brief periods of free fall.
Monkeys were seated in a chair that was mounted on vertical guide rails and
initially held in place with an electromagnet Following release, the chair reached
a peak acceleration of 0.7 g in 15 ms and then was gently slowed to a halt (over a
period in excess of 1 s) through a system of springs and a dashpot. The positions
of both eyes were recorded using the search coil technique with the field coils
mounted on the chair. Prior to release, monkeys were required to fixate one of a
row of LED’s aligned on the right eye at various distances ranging from 20 to 100
cm. Following binocular fixation, the active LED was extinguished and after a
randomized variable period in total darkness ranging from 250 to 1000 ms the
chair was released.
Ocular compensation for vertical acceleration in the dark was inversely
proportional to the prior viewing distance as previously reported by others.
However, all traces were contaminated with identical zero-latency excursions,
presumably artifacts and possibly due to the inertia of the eyeball. To eliminate
these, the responses associated with the 100 cm prior viewing distance were first
averaged and then subtracted from each of the raw traces obtained with the other
viewing distances. The residuals represent the portions of the responses sensitive
to viewing distance and were used for latency determinations. Using a
computerized algorithm involving the intersection of linear regressions on the preresponse baseline and on the eye velocity profile during its initial rising phase, the
mean latencies with the 20 cm prior viewing distance for two monkeys were 16.3
and 16.8 ms.

OTOLITHS CONTRIBUTION TO SELF-DRIVEN REPRODUCTION OF
PASSIVE LINEAR MOTION. I. Israel*. P. Georges-Francois. T. Tsuzuku.
A. Berthoz. LPPA, College de France - CNRS, 75270 Paris, France.
It has been shown (Israel & Berthoz, J.Neurophysiol., 1989,
62:247-63) that the otoliths play an important role in the perception of
linear displacement. The aim of the present experiment was to examine
if a human subject can reproduce a passively travelled linear distance
only with the information provided by the otoliths.
Eleven subjects were tested, seated on a mobile robot in
complete darkness and with earphones providing a white noise masking
external acoustic disturbances. They were passively transported
forward along the X-axis. The travelled distance was 2, 4, 6, 8 and
10 m with a triangular velocity profile, and 4, 6 and 10 m with a
constant velocity profile. Peak (and constant) velocity ranged from 0.6
to 1 m/s. The subjects had to reproduce the travelled linear distance,
controlling the robot with a joystick.
All subjects reproduced (response) accurately the imposed
distance (stimulus), with a stimulus-response correlation coefficient r of
0.90, and a gain (response/stimulus) of 0.98 ± 0.13 (n = 11) with the
triangular velocity profile. With the constant velocity profile, the
variability of the gain (SD = ±0.042) was greater (p < 0.05) than
with the triangular profile (SD = ±0.029).
Therefore otolithic information alone allows linear distance
estimation and reproduction (as suggested by the so-called path
integration theory). This capacity to measure distance is dependant on
velocity profile.
Supported by MUCOM 2 Project 6615 and Programme
Cognisciences of CNRS
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359.5

359.6

THE OCULOMOTOR RESPONSE WHEN VISUAL AND VESTIBULAR AXES
OF ROTATION ARE MISAUGNED L.R. Harris* and P. Mente Psych., York
Univ., Toronto, Ont. M3J 1P3
Sensory conflict theories of self-rotation information processing predict
that if different senses simultaneously indicate different rotation axes, a
conflict is detected and changes in the oculomotor response occur.
Alternative theories suggest that all combinations of sensory input are
processed by the same stages. To test these classes of theories, we
measured the response when the visual and vestibular systems indicated
rotation about different axes.
Physical yaw-axis sinusoidal rotation (0.02-0.5Hz) was applied to
search-coiled cats during independent full-field visual rotation around
axes that varied from yaw to almost-pitch. The peak visual, yaw-velocity
component was kept constant at ±8’/s for all tilts: only the visual, pitchvelocity component was varied. By varying physical peak yaw velocity
from ±4 to 16°/s, visual-vestibular combinations were produced that
tended to enhance, maintain or suppress the vestibular yaw response.
Visual stimulation alone resulted in a fall-off of yaw optokinetic gain for
large tilts, corresponding to the presence of high vertical and resultant
velocities. When the visual stimulus was faster than the vestibular, the
enhancement obtained was an arithmetic sum of vestibular and
optokinetic responses. When the visual stimulus was slower, good
suppression was found for all tilts tested - even when the visual yaw
component did not evoke a response when presented alone. For both
enhancement and suppression paradigms, the pitch component of the
visual stimulus evoked higher speed optokinetic responses in the
presence of yaw vestibular stimulation than in the vision-alone condition.
We conclude that sensory conflict is not detected per se. The
asymmetry between the effectiveness of enhancement and suppression
paradigms suggests non-linear processing ONLY during suppression.

ROLE OF THE CEREBELLUM IN VISUO-MOTOR AND VESTDBULO
OCULAR ADAPTATION IS INDEPENDENT OF OCULOMOTOR
PERFORMANCE IN THREE ORDERS OF TELEOSTS. A.M. Pastor*. E.
Marsh and R Baker. Departments of Biology and Physiology, University of
Seville, Spain, NYU Medical Center, New Yot £ NY 10016.
Unlike goldfish (Carassius auratus) sculpim (e.g. Scorpaenichthys
marmoratus) and sunfish (e.g. Lepomis macrochirus) display extensive
oculomotor ranges of up to 40° for horizontal eye movement without snddndec.
While Sm pursue small visual targets, Lm and Ca attend only large field
oktokinetid patterns. Ocular tracking up to 24°/s is typical far Sm; however,
such performance requires a 4-6 fold visuo-motor adaptation in Ca and Lm.
Vestibido-ocular reflex amplitudes also increase during visuo-motor training,
but oscillations tuned to the training period of visual stimuli are observed anry
in Ca (Marsh et aL, Soc. Neuro. 1994). In contrast to Ca, Sm and Lm exhibit
remarkably short («1O vs. 60 s) time constants for velocity storage that become
even shorter after either oktokinetid or vestibular habituation («5 vs. 20 s). In
all skeciec, short term visual modification of eye velocity (± 100%) during head
velocity stekc of 16%ec can be achieved within 3 hours. Plasticity of the short
latency dynamic (vestibular) as compared to the sustained (ctoraae-relnted)
component was exceedingly robust in Lm and Ca, but less so in Sm. Visual
performance, VOR cancellation and ckediec-ckecifid/ndnkted storage time
constants were minimally altered after acute cerebelledtomy. Modified
dynamic and untamed eye velocity changes were largely retained in Lm and
to a lesser extent in Ca. Hence the role of the cerebellum in the induction of
adaptive eye velocity and expression by the brainstem appears to be invariant
between species that occupy diverse habitats ana exhibit distinctive
oculomotor traits. Vestibular and optokinetic eye velocity reckonsec thus
appear to share a common brain stem integrator m which the dynamics and
storage domkonentc can be regulated independently from motor adaptation.
We propose that the study of intrinsic properties in homologous vestibular and
k^epo8ituc neurons between taxa will be important for determining the causal
mechanisms underlying vimo-vestibular reflexes and adaptive motor learning
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359.7
CEREBELLAR CONTRIBUTION TO GOLDFISH VISUOMOTOR
ADAPTATION. E. Marsh*. A Pastor and R. Baker. Department of Physiology
and Biophysics, New York University Medical Center, New York, NY 10016.
In Carassius auratus, visual velocity steps at .125 Hz and an amplitude of 47s
produces optokinetic (OKR) eye velocity equal to stimulus velocity (gain = 1.0).
Eye movement rises rapidly from 70-300 ms (OKRg) followed by an
exponential increase (OKRj) that approaches stimulus velocity with a 1.3 s
time constant OKR gain decreases .22 dB/octave at either higher frequency or
with larger amplitude stimuli Adaptation to a higher stimulus velocity was
accomplished by a 40-50% increase in OKRg and a 25-57% decrease in the
OKRj time contant with the maximum amplitude of eye velocity reaching
«3O7s. OKR and VOR eye velocity amplitudes increased with a ratio of 1 to
0.67s. Unlike the early latency changes produced after vestibular step
training, adapted eye velocity during the VOR diverged after onset of the
dynamic component A 2.8 Hz oscillation in eye velocity occurred only in light
and increased in amplitude during visuomotor adaptation. After training for
>1 hr at a constant frequency, eye velocity began to decrease prior to the change
in stimulus direction and sharply fell coincident with the turn around of the
training period even when the stimulus period was lengthened. This period
tuning was independent of stimulus amplitude and also entrained by steps at
either constant or random intervals including varying half cycles. Period
tuning was not observed during the VOR, but eye velocity oscillations induced
at the OKR training frequency occurred in the dark. Acute cerebellectomy
caused an immediate loss of period tuning and a decrease in adapted OKR eye
velocity to values well above control. Chronic cerebellectomized animals
exhibited higher, non-adapting OKR gains and also showed no period tuning.
We conclude that a 4 fold increase in OKR performance and period tuning are
unique to visuomotor adaptation. Eye velocity modification in the OKR and
VOR share a variable gain element, but each subsystem also contains
separately modifiable brainstem sites. Since cerebellar integrity is required for
period tuning and eye velocity oscillations we suggest that inferior olivary
rhythmitity may play a controlling role in visuomotor adaptation.

WSDINESDAY AM

359.8

ALTERED VISUO-MOTOR MAPPING AFTER FASTIGIAL NUCLEUS
INHIBITION IN THE ALERT CAT. L. Goffart and D. P^lisson*. Vision et
Motricite, INSERM U94, 16 avenue Doyen Lepine, 69500 Bron, France
Cerebellar dysfunction leads to dysmetric movements. This dysmetria may result
from a disturbance in the control of motor commands execution but also from an
mcwrect translation of sensory signah into motor commands before
initiation. Regarding saccades towards visual targets, dysmetria has been
repeatedly observed after experimental alteration of the caudal part of the fastigial
nucleus (cFN).
........................
We have recently shown that after unilateral muscimol injection in the cFN, the
spatial characteristics of visuaUy-triggered gaze sfofts (eye+liead) depended on foe
direction of the impending movement. Gaze saccades directed away from the
injected side were hypometric. The degree of hypometna increased as a function of
the required movement amplitude. Moreover, saccades evoked by electrical
microstimulation of the superior colliculus had a reduced amplitude compared to
that of control responses. These results suggest that FN inactivation decreased a
gain in the transformation between the motor error signal induced by a visual
target and the amplitude of the associated orienting gaze shift. Gaze saccades
towards the inactivated side were hypermetric. These ipsiversive movements
converged towards a final position which was translated with respect to the target
position. The target was overshot by a constant error, regardless of target
eccentricity and initial gaze position. Moreover, the observation of the cat's feeding
behaviour revealed an inappropriate postural positioning of the head with respect
to a morsel of food: the cat directed its mouth beside the food location. In the same
way, the locomotor behavior towards a food target showed body orienting and
displacement in a direction that was shifted compared to that in the control
condition. This systematic error suggests that the medial cerebellar ouput sets a
reference upon which the visual map is aligned with the orienting motor map.

359.9

359.10

SMOOTH PURSUIT DEFICITS AFTER MUSCIMOL
INACTIVATION OF THE CAUDAL FASTIGIAL NUCLEUS IN
MACAQUE. F.R. Robinson*. A. Straube. and A.F. Fuchs.

EFFECTS OF ELECTRICAL STIMULATION OF THE CEREBELLAR
POSTERIOR VERMIS ON SMOOTH PURSUIT EYE MOVEMENTS IN
MONKEYS R. J. Krauzlis* and F. A. Miles Laboratory of Sensorimotor Research,
National Eye Institute, Bethesda, MD 20892.
Electrical stimulation of the posterior vermis has been shown to evoke
saccadic, but not smooth eye movements. However, recordings from Purkinje cells
have implicated the vermis in the control of both saccades and pursuit. We
therefore sought to test the possibility that vermal stimulation can modify ongoing
pursuit, just as it has been shown capable of modifying ongoing saccades.
In two Rhesus monkeys, we examined the effect of delivering current (2-50
pA, 20-500 Hz) through a microelectrode tip placed in the white matter underlying
lobules VI and VII of the midline vermis. Monkeys were trained to track the
motion of target spots, and a train of stimulation (5-100 ms duration) was applied
either during fixation, during pursuit, or during saccadic eye movements. Currents
that caused just noticeable twitches in eye position when applied during fixation
evoked sustained changes in eye speed when applied during steady-state pursuit.
The evoked changes in eye speed were always directed towards the side of
stimulation (i.e., ipsilateral) and their amplitude increased with stimulation
frequency. The effects were selective for the direction of pursuit, being larger
during contralateral than during ipsilateral pursuit and were negligible during
vertical pursuit. The amplitude of the effect was also dependent on eye speed,
being larger for higher eye speeds. At some sites, we also observed effects on
saccades like those previously reported: ipsilateral saccades became hypermetric
and contralataral saccades hypometric.
These data indicate that the posterior vermis can modify, but not initiate, a
pursuit eye movement. In this respect, the vermis is like the dorsolateral pontine
nuclei, which provide visual inputs to the vermis, but unlike the flocculus, the
other major cerebellar region known to be involved in pursuit.

Department of Physiology and Biophysics, University of Washington, Seattle,
WA 98195 and Abteilung Neurologie, Klinikum Grosshadem, University of
Munich, 8000 Munich 70, Germany

Neurons in the caudal fastigial nucleus (CFN) of the
monkey cerebellum discharge for saccades and smooth pursuit
eye movements. The majority of cells firing for smooth pursuit
prefer movement contralateral and down. To characterize the
function of these cells we measured pursuit performance in two
rhesus monkeys (M1 & M2) after temporarily inactivating CFN
by injecting it with the GABAa agonist muscimol.
Inactivating the CFN on one side reduced the gain of
sinusoidal smooth pursuit in ail directions. Injection reduced the
gain of contralateral more than ipsilateral pursuit (reductions of
14% vs 4% in M1,76% vs 17% in M2) and downward more than

upward (21% vs 15% in M1,49% vs 26% in M2). Unilateral
injection made eye acceleration at the start of step-ramp pursuit
lower for contralateral than for ipsilateral pursuit. Also,
although injected monkeys briefly achieved stimulus velocity
during contralateral step-ramp pursuit, they could not maintain
that velocity. We conclude that CFN activity aids pursuit in all
directions. It is particularly important for acceleration and
maintenance of contralateral pursuit. Supported by NIH grants EY
07991 & EY00745 and a grant from the Heisenberg Foundation.

359.11

359.12

EVIDENCE FOR HIGH VELOCITY SMOOTH PURSUIT EYE
MOVEMENTS IN THE CAT. M. Missal-1. P. Lefevre^. M. Crommelinckl*.
'Lab. of Neurophysiology. UCL 5449. . B-1200 Brussels: 2CESAME. University of
Louvain. Belgium.
It is generally accepted that cats are not able to pursue at velocities higher than I
°/s. It has been demonstrated that moving an optokinetic background together with
the target increases pursuit velocity up to 8.5 7s (Evinger et al.. 1978). This
observation suggests a major difference between cat and monkey. In the latter
species, smooth pursuit reaches velocities as high as 1)0 7s. In order to assess this
difference, smooth pursuit has been re investigated in trained cats.
Three head fixed cats were trained to fixate and pursue a moving spot of light (1°
in diameter. 13.8 cd/nP) on a tangent screen (0.1 cd/m-) located lm in front of the
animal. Cats were rewarded with liquid baby food for accurate pursuit. Eye position
was recorded with the search coil technique. Spots moving at different constant
velocities (from a few °/s up to 50 °/s) and in different directions in the horizontal
and vertical planes were presented.
Two different strategies of pursuit were observed: smooth pursuit in the absence of
saccades and. more frequently, intersaccadic smooth pursuit epochs. In the first
situation, cats were following the target for a few. hundred ms with a gain close to
unity, for velocities up to 40 °/s. More frequently, however, they adopted another
strategy . In this strategy, saccades and smooth pursuit were combined, the average
gain being 0.6 for smooth eye movements. The mean velocity of these intersaccadic
smooth e'e movements was positively correlated with target velocity (r=0.9: n=67).
These results show that the pursuit system of the cat is in fact well developed.
Preliminary results of a micro stimulation study in the Superior Colliculus (SC) show
that smooth eye movements can be evoked, specially in the parafoveal zone
representation. Thus, the SC might play a role in controlling smooth pursuit.
This research work was supported by SPPS and FNRS Belgium.

DORSOMEDIAL FRONTAL CORTEX INVOLVEMENT IN
SMOOTH PURSUIT CONTROL.
S . J . Heinen* The SmithKettlewell Eye Research Institute, San Francisco CA.
Previous work has shown that activity of dorsomedial frontal cortex
(DMFC) neurons peaks before periodic target motion reverses direction
during smooth pursuit (Heinen, 1992, 1993). The timing of the peak
suggested a role for the DMFC in predictive tracking. We present data here
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on DMFC activity during simple, straight-trajectory target tracking. Single
neurons were recorded from the DMFC of two Macaca fascicularis
monkeys. The animals smoothly pursued a small spot of light that usually
moved with randomly selected direction from the center of the screen
outward at a constant velocity, and stopped. Most neurons that responded
during smooth pursuit had peak activity either around pursuit initiation or
pursuit termination. The peak response of 77 pursuit cells was assessed
relative to both target motion onset and target motion offset. When
considering only cells with peak responses that occurred within 500 msec
of motion onset (initiation), 26% peaked before the eye moved, and 17%
peaked even before the target moved. Of neurons with peak responses
occurring within 500 msec of motion offset (termination) 67% peaked
before the target stopped. In some cases, the behavior of cell and animal
were dependent upon the predictability of motion onset and offset. The
results suggest that DMFC neurons participate in pursuit initiation and

termination, in some cases by generating a signal that could convey the time
of impending target motion onset or offset to the animal. Supported by:
Shannon Award 1 R55 EY09260-01, and the Smith-Kettlewell Eye
Research Institute.
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AMPHIPATHIC BINDING SITE OF ETHANOL IN REVERSED

ACUTE EFFECTS OF ALCOHOL ON IN VIVO RADIOTRACER BINDING TO DA RECEPTORS AND -UPTAKE
SITES. M.Kh.Mohamadiveh. U.Scheffel*. J.R.Lever.
D.F.Wong. H.N.Wagner.Jr. The Johns Hopkins Medical
institutions, Baltimore, MD 21205.

LIPID MICELLES. W. R. Klemm* and H. J. Williams. Department

of Veterinary Anatomy and Public Health and Center for Biological NMR,
Department of Chemistry, Texas A&M Univ., College Station, TX 77843-4458
We used proton and phosphorous NMR spectroscopy of a model membrane
system consisting of reversed lipid micelles to test the hypothesis that in
membrane systems, ethanol and anesthetics compete with water for the same
hydrogen-bonding sites.
When water and ethanol were added together in equal ratios, the NMR
spectrum consisted of a combination of all peaks, except for the ethanol OH
peak. Compared with pure water, the bulk water peak became broader and
shifted downfield to 5.1. In reversed micelles made of water and DPPC, the
addition of ethanol caused a conspicuous upfield shift of the bulk water peak and
also broadened and decreased its height. This effect was magnified as ethanol
concentration increased, indicating that ethanol alters the organization of water
and moves water protons into a new domain where nearby atoms are more able
to shield water protons. Water shifted the P-31 resonant frequency of DPPC
downfield, and the effect magnitude varied with water concentration. Ethanol did
not cause such a shift. This suggests that only water is interacting in the
phosphorous region.
Two-dimensional nuclear Overhauser effect (NOESY) indicated that the
ethanol methylene is adjacent to the methylene next to the carbonyl of the fatty
acid moiety of the DPPC, at least in some configurations. Interaction at this point
is also indicated by the transformation of the fatty acid methylene peak from an
apparent pentet to a doublet of triplets at certain ethanol/water ratios.
These data support the parsimonious idea that intoxication results from
displacement of hydrogen-bonded water at non-specific solvent regulator sites and
the attendant allosteric changes of the macromolecules.

Alcohol administration is reported to induce increases
in extracellular dopamine (DA) levels in animals. The
present study was carried out to examine in mice whether
this effect of alcohol would influence the in vivo binding of
[3H]-raclopride (RAC) and [3H]-N-methylspiperone
(NMSP) to D2, pH]-SCH 23390 (SCH) to Di receptors,
and pH]-WIN 35,428 to DA uptake sites.
On i.p. injection of alcohol (2g/Kg), in vivo uptake into
the mouse brain and receptor binding of [3 H]-NMSP, [3 H]SCH and [3H]-WIN were not different from controls
(p>0.05). In contrast, there was a significant increase
(p<0.05) in global brain [3 h ]-RAC binding 5-30 min p.L
[3H]-RAC binding, was also increased in the striata.
Striatal -to-cerebellar ratios were also higher, although
not to a significant degree. The effects on [3H]-RAC were
dependent on the dose of alcohol administered.
Therefore, alcohol appears to influence the transport of
[3 H]-RAC into the brain, but not that of [3 Hj-NMSP, [3 H]SCH 23390 or [3H]-WIN 35,428.

360.3

360.4

SELECTIVE LESIONS OF THE MESENCEPHALIC COMPARTMENTS OF THE
DOPAMINERGIC SYSTEM OR OF THE NUCLEUS ACCUMBENS REDUCE
VOLUNTARY ALCOHOL INTAKE IN THE RAT. T.A. Bems. S. Ekholm. L. Adamson. N.
Gurevich* and A.J. Lanca. Dept. of Psychol, and Pharmacol., University of Toronto,
Addiction Research Foundation, Toronto, Ont., Canada.
The dopaminergic (DAergic) system is a primary target for the activity of addictive drugs,
and also plays an important role in the mechanisms of reward and positive reinforcement. It
has been recently shown (Lanca, Neuroscience (1994) 58, 359-369) that fetal DAergic grafts,
implanted in the ventral striatum, reduced voluntary alcohol intake in the rat. These results
support the hypothesis that that the DAergic system plays a role in the regulation of
voluntary alcohol intake. In the present study we tested the effects of discrete anatomical
depletions of the DAergic system on the voluntary intake of a 12% (w/v) ethanol solution.
Adult male Wistar rats (n=48, 200-250g b.w. at the beginning of the experiment) were
given a choice between a 12% (w/v) ethanol solution and water. Drinking was assessed daily
by using a one-hour limited access paradigm. The animals were separated into six matched
groups, on the basis of their average alcohol intake, and bilaterally injected with 6-OHDA
(8gg/injection) or vehicle (0.5% ascorbic acid in saline) into one of the following regions: (1)
nucleus accumbens (NAcc-6-OHDA, n=lO; NAcc-Control, n=7), (II) substantia nigra (SN-6OHDA, n=8; SN-Control, n=6), or (III) ventral tegmental area (VTA-6-OHDA, n=lO; VTAControl, n=7). Three to 4 weeks post-surgery the animals were reassessed for their alcohol
intake using the same paradigm. After completion of the drinking experiments
immunocytochemical studies with antibodies anti-TH and anti-5HT were performed on all
the brains, in order to individually assess the degree of regional depletion in the
mesencephalic and striatal compartments of the DAergic system.
The results obtained revealed that injection of 6-OIIDA in the NAcc, or in the SN reduced
alcohol intake by 45% (p<.Ol) and 53% (p<.01), respectively. However, 6-OHDA injection
into the VTA only reduced alcohol intake by 20% (p<.O5). Vehicle injections did not alter
alcohol intake. These results suggest that the integrity of the DAergic system is critical for
the maintenance of alcohol intake, and provide supplementary evidence supporting our
previous findings implicating the DAergic system in the regulation of alcohol selfadministration.

WITHDRAWAL FROM CHRONIC ETHANOL EXPOSURE RESULTS IN
TIME-DEPENDENT ELEVATIONS IN INTRACRANIAL SELF-STIMULATION
THRESHOLDS. G. Schultsis. A^MadauL and .0.. F, .Koob Dept, of
Neuropharmacology, The Scripps Research Institute, La Jolla, CA 92037.
Withdrawal from ethanol, opiates, and stimulants results in withdrawal
syndromes that are largely unique to each drug class. One common
symptom of both cocaine and morphine withdrawal is an elevation in
intracranial self-stimulation (ICSS) thresholds (Markou and Koob, 1991,

360.5
ORAL ETHANOL SELF-ADMINISTRATION BY WISTAR RATS DURING
DEPENDENCE. G.F. Koob. P. Hwtia. S.C. Heinrichs and G. Schuteis*, Dept
of Neuropharmacology, Scripps Research Institute, La Jolla, CA 92037.
Animal models of ethanol self-administration in dependent rats have been
difficult to establish due to ethanol's aversive taste cues and subsequent
aversive effects (“hangover" malaise) that prevent substantial ethanol
consumption. In the current study, this problem was addressed in animals
trained to self-administer ethanol (10% w/v) using a saccharin fading
procedure prior to induction of dependence, and repeated exposure to
withdrawal. Once stable rates of responding for ethanol were achieved, a
palatable liquid diet containing 8.7% (w/v) ethanol (ED) was introduced as the
sole source of calories and fluid for one group of rats; a second group
received an isocatoric control diet (CD). After 14-17 days of liquid diet
exposure, the rats were withdrawn once a week for 4 weeks, and 8 hours into
withdrawal were allowed to self-administer ethanol or water for 60 min. As
compared to CD rats, ED rats showed significantly greater rates of
responding for ethanol (but not water) during all 4 withdrawal sessions. Rats
who consistently had blood alcohol levels (BAL) above 100 mg% at the time
of withdrawal (mean BAL at withdrawal = 147 mg%) sustained high levels of

ethanol self-administration throughout the 4 withdrawal sessions. In contrast,
rats who had BALs below 100 mg% (mean BAL > 76.5 mg%) at the time of
withdrawal showed elevated rates of self-administration during the first 2
withdrawal sessions, but declined to control levels during the 3rd and 4th
sessions. No significant differences were found when separate groups of
ED/CD rats were allowed to self-administer an alternate reinforcer (0.0075%
saccharin solution). The results show that with chronic exposure to ethanol
at levels above 100 mg% and with repeated periods of abstinence, rats will
maintain enhanced rates of responding for ethanol, and high BALs from selfadministration, overtime. Supported by grants AAO8459, AA06420, training
grant AAO7456, and the Alcoholic Beverage Medical Research Foundation.
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19-1247). To determine whether ICSS threshold elevations also accompany
ethanol withdrawal, rats were stereotaxically implanted with electrodes aimed
at the medial forebrain bundle (level of the lateral hypothalamus) and trained
in a discrete trial current intensity ICSS threshold procedure (Markou and
Koob, 1991). Once stable thresholds were achieved (± 10% over 3
sessions), the rats were placed into ethanol vapor chambers or control
chambers. After two weeks of exposure to the chambers ' (mean blood
alcohol level [BAL] of 226.31 ±26.04 mg% over final 10 days of ethanol
exposure, the rats were tested in the ICSS paradigm at 2, 4, 6, 8, 12, 24,
48, 72, 96 & 120 hours after removal from the chambers. A time-dependent
elevation in ICSS thresholds was noted following removal from the ethanol
but not the control chambers. Thresholds were significantly elevated for 24
hours after cessation of ethanol exposure, with peak elevations at 6-8 hours;
by 72 hours, ICSS thresholds of all rats had returned to pre-exposure
baseline levels. BALs were directly correlated with the magnitude and
duration of threshold elevation. Overt somatic indices of withdrawal showed
a similar time course of expression and resolution. The current results
suggest that ICSS thresholds are a sensitive index of the negative affective
state that is a common element of withdrawal from several diverse classes of
abused drugs. Supported by grants AAO8459, AA06420, training grant
AAO7456, and the Alcoholic Beverage Medical Research Foundation.

360.6
direct
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changes

in brain

lipid

bilayer

structure

. R.P. Masm PJEMasafLand H, Manev*.
Neurosdences Research Center, Allegheny-Singer Research Institute, Medical
College of PA, Pittsburgh, PA, 15212.
The molecular mechanisms by which ethanol alters the activity of the
membrane were directly explored using reconstituted brain lipid bilayers and
small angle X-ray diffraction. The membrane samples were oriented by
centrifugation and exposed to a high-brilllance X-ray beam (X=1,54A) from a
following

ethanol

exposure

rotating copper anode. Fourier analysis of the phased data produced a onedimensional electron density profile of the control membrane lipid bilayer with a
width, including surface water, of 56.4A and intrabilayer headgroup separation of
42A at sub-maximal hydration levels. Following bref exposure to ethanol through
the vapor phase, there was a marked reduction in membrane width (7.2A),

including an 11% decrease in intrabilayer headgroup separation. A broad
decrease in electron density associated with the hydrocarbon oore ±4-11A from
the center of the membrane was observed concomitant with a 16% relative
increase in electron density at the llpid bilayer center. Finally, an increase in the
area of electron density associated with the phospholipid headgroup was
detected following the addition of ethanol. These data suggest that the
amphiphilic ethanol molecule is located near the hydrocarbon core/water interface
region of the lipid bilayer, resulting in phospholipid lateral displacement and
increased molecular volume for acyl chain movement. This study provides direct
evidence that acute ethanol exposure perturbs the basic structure of the lipid
bilayer. These changes in membrane biophysical properties may contribute
significantly to ethanol's mechanism of action in the brain.
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BASAL FOREBRAIN TRANSPLANTS INCREASE FUNCTIONAL
ACTIVITY IN BARREL CORTEX OF ETHANOL-EXPOSED RATS.
D.E. Eslin*. A.F. Pitts, S.L. Juliano. M.W. Miller. Dept. Anatomy,
Cell Biology & Neuroscience, U.S.U.H.S., Bethesda MD 20814,
Depts. Psychiatry & Pharmacology, Univ. Iowa Coll. Med., Iowa
City IA 52242 and Res. Serv., V.A.M.C., Iowa City IA 52246.
Cholinergic innervation is critical for the proper function of the
cerebral cortex. Unilateral lesion of the basal forebrain greatly
depletes cortical acetylcholine (ACh). Two-deoxyglucose (2DG)
autoradiographic studies show that stimulation of a whisker in
ACh-depleted rats, reduces glucose utilization in barrel cortex.

RELATIONSHIPS
BETWEEN
EMOTIONALITY
AND
ACTIVE
AVOIDANCE TEST BEHAVIORS IN FEMALE RATS SELECTIVELY
BRED FOR DIFFERENTIAL ALCOHOL SENSITIVITY. B. Hine.* Univ.

Moreover, transplantation of fetal basal forebrain into adult rats
effectively reverses the functional loss due to the ACh depletion.
ACh depletion can also be produced by chronic ethanol exposure.
We examined the effects of transplanting fetal basal forebrain
tissue into rats fed a ethanol for 28 wk. Transplants inserted
unilaterally into medial portions of frontoparietal cortex of ethanolexposed rats were well integrated into the host; ACh-esterasepositive axons passing between the host and graft could be traced
for several millimeters. 2DG autoradiography was used to examine
the activity induced by stimulating pairs of matched whiskers. The
glucose utilization (as imaged in digitized maps of unfolded barrel
cortex) was greater in the transplant-containing hemisphere than
in the contralateral hemisphere. Thus, transplantation of tissue rich
in ACh (and other trophic substances) increases functional activity
in rats chronically exposed to ethanol. Funded by the V.A., D.O.D.
(RO7O64), and the N.I.H. (DE07734, AA06916, and AAO7568).

of Puerto Rico School of Pharmacy, San Juan, PR 00936.
We have reported that male rats selectively bred for high (HAS) or low
(LAS) sensitivity to the hypnotic effects of ethanol also differ in ethanol
preference and in the facilitating effects of low-dose ethanol on brain
stimulation reward, with LAS rats exhibiting greater preference
(Pharmacologist 35:132,1993) and reward (IBNS Abstr. 3,1994) effects.
Since we are interested in the relationship between emotional reactivity
and ethanol abuse-related behaviors, our prior evaluation of these rats
suggested greater reactivity in LAS vs. HAS rats in open-field and elevated
plus maze (EPM) tests, but we found more immobility in HAS than LAS rats
in a forced swim (FS) test (Alcohol. Clin. Exp. Res. 18,1994). The present
study assessed the generality of these findings by conducting EPM, FS and
active avoidance (AA) tests in drug-naive female HAS, LAS and control
alcohol-sensitive (CAS) Univ. of Colorado rats of generation #23. All rats
(N = 10-13/group) received sequential EPM, FS and AA tests, each
separated by a week, beginning at 78-90 days of age. Significant
differences occurred in EPM open-arm time (HAS > CAS > LAS), open-arm:
total entries (HAS = CAS>LAS) and bolus counts (CAS = LAS>HAS). As
in male rats, swim immobility time was much greater in HAS than LAS rats
(HAS> CAS>LAS), but HAS and CAS rats had greater % avoidances than
LAS rats. These data further support a hypothesis of greater emotional
reactivity in LAS rats, as well as the interpretation of immobility as an
adaptive response to stress in the FS test. Supported by S06-GM08224.

360.9
INHIBITION OF THE VOLITIONAL CONSUMPTION OF ETHYL
ALCOHOL BY BW A616U, A REVERSIBLE INHIBITOR OF
MONOAMINE OXIDASE-A. B. A. McMillen*. K. D. Wiggins & H.
L. Williams, Deet. of PParmacol., Ctr. for Alcohol & Drug Abuss
Studies, Sch. rf Medicine, Ers. Cruhiinr Univ., Greenville, NC 27858.

Several ueveusiUle inhibitors rf MAO-A rue in develrpment rs
antidepressant drugs. One such drug, BW A616U, was tested Orr its
ability th prevent reserpine-induced ptosis and catalepsy and Orr its effect
rn the crnsumptirn rf ethanrl shigtihns Uy cyanamide-induced richahi

drinking Sprague-Dawley rats. Drses rf 50 rr 75 mg/kg p.r. 60 min.
Uefrre reserpine reduced reserpine-induced ptosis and catalepsy. After
cyanamide treatment (10 mg/kg U.i.d. frr 3 days), each rat’s maximally
preferred chncentrrtihn rf alohhhi was determined Uy presenting 3-30%
aichhhl shigrihns increased daily rver 10 days. Each rat’s preferred
chncenrrrrihn rf alohahi was used in a rwh-chhice paradigm with frrd,

fluids and Urdy weight measured daily. Carboxymethyloellglhse vehicle,
12.5 and 25 mm/kk BW AA16U were without effect. BW AA16U, 50
mg/kg daily frr 3 days, decreased rlchahl crn-sumptirn frrm 3.6 to 2.3
g/kg/day (-34.4 %; p<0.01), Uut did nrt alter frrd intake rr Urdy weight.
The irreversiUle MAO-B in^iUitor, R(-)-deprenyl (4 drses rf 2.0 mg/kg
i.p. rver 3 days), was ineffective. Thus, inOiUirihn rf MAO-A selectively
reduced crnsumptirn rf rlohhhi, Uut inOiUitihn rf MAO-B did nrt. The
effect rf reduced MAO-A activity may Ue due tr either the phtentirrihn rf
mrnramines rr the reductirn rf amine-aldehyde adducts which may Ue the
rewarding pro-ducts formed after rlch0hi crnsumptirn. (Supp. Uy NIAAA
grant AA-04200-11)
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ROLE OF NERVE GROWTH FACTOR IN THE DIFFERENTIATION
AND PROLIFERATION OF PITUITARY CELLS,

DIFFERENTIAL REGULATION OF BASAL AND PULSATILE GROWTH HORMONE (GH) SECRETION BY AGE AND BODY COMPOSITION IN HEALTHY
MEN: APPRAISAL BY AN ULTRASENSITIVE CHEMILUMINESCENCE ASSAY.
J.D. Vddhuis s A, Iranmanesh. A. Weltman. S. South. Dept. Internal Medicine,
Univ. of Virginia, Charlottesville, VA 22908 and Veterans Affairs Medical Center',
Salem, VA 24153.

c.- Missale*, J. Brrrni, M. Frassine, L. Mrretti, S. Sigala and P.F.
Spanr. Div. rf Pharmacology, Dept. Birmed. Sci and Bihreca. ScOrd rf
Medicine, University rf Brescia, 25123 Brescia Italy.
Increasing evidence suggest that NGF may play a role in negroendhcrine
inreurctihns. We have found that the anrerihr pituitary tgmhu cell line GH3, which produces UrtO GH and prolactin (PRL), resprnds tr NGF Uy
differentiating into a pOenrtype very similar tr rne rf their paysihlhgic^

chgnrerparts, the mammrtropa cell. We have thus investigated the role rf
NGF in the protiferatirn and terminal differentiatim rf mammhtropas
during pituitary develrpment Uy using rat anterirr pituitary cells in
primary culture. Brth NGF mRNA and NGF are present in the arteritf
pituitary, Uut nrt in the intermedirte-posteuihr lrUe rf the gland.
Immunofluorescence analysis demnnstrrred that within the anterirr
pituitary NGF is expressed Uy Urth shmrtomammhrropa and mammhtroph
cells and is cr-focalized with PRL into the secretory granules. BrtO the
trkA and p75 chmphnenrs rf NGF receptors are expressed in the anterirr
pituitary and are mainly focalized rn PRL-secreting cells.
A full crmplement rf mrmmhtroph cells was generated in culture frrm
pituitary cells prepared frrm early pis M^ rats. Treatment rf pituitary
cultures with a mhnhclhnal antiUrdy tr NGF prevents Urth proiiOerarfon
and differentiatim rf mammrtroph cells.
These data suggest that NGF directs the diOOeuentirrifn rf mammrtroph
cells during pituitary maturatim through an autocrine mechanism.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

In a conventional RIA or IRMA, serum GH concentrations fall to undetectable
values in 20-95% of blood samples collected in the fed and awake state in
healthy men and male rats. Accordingly, neuroendocrine activity cannot be
assessed readily in the male, nor can basal secretion be quantitated.
Consequently, we have applied a new ultrasensitive GH chemiluminescence
assay (JCEM 134:1915, 1994) (sensitivity 0.005 ug/L) in 19 healthy men of
varying ages (18 to 61 years) and body composition (12 to 37% body fat by
hydrostatic weighing), who underwent blood sampling at 10 min intervals for 24
hours. The mean serum GH concentration ranged from 0.01 to 1.8 ug/L, and
none of the 2755 samples was undetectable. Deconvolution analysis (PNAS
84:7686, 1987) revealed an endogenous GH half-half of 10-26 min, 7-15 GH
secretory bursts/day, mean interburst interval of 84-225 min, and a GH
secretory burst mass averaging 0.03-7.2 ug/L/pulse. The calculated pulsatile
GH secretion rate was 0.35 to 168 ug/L/day, whereas basal secretion ranged
from 0.10 to 1.4 ug/L/day. Basal GH secretion correlated significantly and
negatively (r = -0.553, P = 0.014) with age, but not with percentage body fat. In
contrast, GH secretory burst mass was inversely proportional to both age (r = 0.487, P = 0.034) and body fat (r = -0.701, P = 0.011). We conclude that GH
secretion in men comprises both basal and pulsatile modes of release, and that
an ultrasensitive assay can unmask differential regulation of basal and pulsatile
GH secretory components.
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GENETICALLY (db/dbB AND ob/ob) OBESE MICE ARE SENSITIVE TO
GOLD-THIO-GLUCOSE INDUCED LESION OF THE VENTROMEDIAL
NUCLEUS. G. Oloumi*. S.P. Kleopoulos. and C.V. Mobbs. Fishberg
Center for Neurobiology and Bronx VA Medical Center, Mt. Sinai School
of Medicine, New York, NY 10029.
Genetically obese mice (db/db and ob/ob) are hyperphagic, and
it has been hypothesized that these mutations might entail
impairments in hypothalamic sensitivity to satiety factors, including
glucose. We have reported that specific neurons in the ventromedial
hypothalamus are sensitive to glucose, as indicated by induction of
jun-b and c-fos mRNA in these neurons after i.p. glucose injection.
Injection of gold-thio-glucose (GTG; 0.8 mg/gm b.w., i.p) specifically
destroys neurons in this nucleus, leads to hyperphagia, and eliminates
the induction of jun-b mRNA by glucose in the hypothalamus. If db and
ob mice are hyperphagic due to an insensitivity to glucose, we
hypothesized that they might also be insensitive to GTG. We examined
this hypothesis by injecting db/db, ob/ob, or homozygous controls,
with GTG (0.8 mg/gm b.w., i.p.). Two days after injection, mice were
sacrificed, brains cut into 10 micron sections, and the size of the
lesion was compared. Extent of the GTG lesion was assessed by
measuring the cross-sectional area of the lesion, the length of the
lesion, and loss of oxytocin receptors measured by autoradiography. In
every respect, the extent of the lesion in db/db and ob/ob was
indistinguishable from the lesion produced in wild-type homozygous
controls. Therefore the mechanism mediating GTG sensitivity in VMN
neurons is appparently fully functional in ob/ob and db/db mice.

THE NUCLEUS RAPHE OBSCURUS (NRO) CONTROLS PANCREATIC
HORMONE SECRETION IN THE RAT. Z.K. Krowicki* and P.J. Hornby,
Dept, of Pharmacology, Louisiana State University Medical Center, New
Orleans, LA 70112.
Until recently, the dorsal vagal complex (DVC) was considered asthe
only brainstem regulatory center for the vagal control of the endocrine
pancreas. Since the NRO maintains anatomical connections with both
the DVC and the pancreas, a functional significance of these findings
was investigated in the present study. Kainic acid (KA) and vehicle were
microinjected in a volume of 60 nl into the right DVC and the NRO of

alpha-chloralose anesthetized rats and plasma concentrations of rat
insulin, glucagon and glucose were determined before and 5, 15, 30
and 60 min after injections. Microinjection of KA (200 pmol) into the
DVC evoked increases in concentrations of insulin, with a peak at 15
min (96.8 ± 38.7 vs. saline: 18.1 ± 6.7 pU/ml), and glucagon, with a
peak at 30 min (103.9 ± 40.2 vs. saline: 21.5 ± 8.9 pmol/l). No
changes in plasma glucose levels occured. Microinjection of KA (200
pmol but not 20 pmol) into the NRO resulted in increases in plasma
concentrations of insulin, with a peak at 30 min (123.0 ± 38.0 vs. saline:
19.3 ± 2.1 1vU/ml) and glgcagoo, wrth a peak at 60 mm ( 134.3 ± 1 7.7
vs. saline: 45.9 ±101 pmol/ml). Kainic acid decreased (20 pmol) and
increased (200 pmol) plasma glucose levels. The effect of KA on
pancreatic hormone secretion was abolished by bilateral vagotomy. In
summary, the study demonstrates that the NRO contributes to vagal
control of pancreatic endocrine function. Supported by the LSU
Neuroscience Center Incentive Grant.
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DETECTION OF RAT PREPROPANCREATIC POLYPEPTIDE mRNA IN RAT
BRAIN USING RT-PCR. S. Bhattacharya*. C. Paul, and & C. V. Mobbs.
Fishberg Center for Neurobiology and Bronx VA Medical Center, Mt.
Sinai School of Medicine, New York, NY 10029.
We have previously reported that neurons in the ventromedial
hypothalamus (VMH) express the pancreatic form of glucokinase.
Glucokinase functions as the “glucose sensor” in beta cells of the the
pancreas, and may also play this role in glucose-sensitive neurons in
the VMH. We hypothesized that glucose-sensitive neurons may also
express polypeptides expressed by beta cells However, to date
expression of insulin mRNA has not been detected in these cells. We

NEUROINTERMEDIATE LOBE (NIL) DENERVATION ATTENUATES
SUCKLING-INDUCED PROLACTIN (PRL) RELEASE: RELATIVE
CONTRIBUTION OF THE MISSING OXYTOCIN (OXY) AND
VASOPRESSIN (AVP). G.M.Naqy. K.Krempels.L.Seres* and G.B.MaKara.
2nd Dept.of Anat. Semmelweis Univ. Mad. Sch., Budapest, Hungary.

now report that pancreatic polypeptide mRNA, highly expressed in
pancreatic beta cells, is also expressed in VMH. Liver, cortex,
microdissected hypothalamus and VMN, and pituitary were dissected
out from male rats and were snap frozen. RNA was extracted and
amplifed by reverse-transcription PCR, (downstream sequence : 5'CAGAAGGCTGGTGCATGGTG-3’; upstream sequence: 5'CGCTCAGGACACAGGAT-3’). The cycling parameters were 94°C for 1

min., 58°C for 2 min., and at 72°C for 3 min. for 40 cycles in the

DNA thermal cycler. 10 uL of the samples were electrophoresed
through a 2.0% agarose gel containing 0.5 ug/100mL of ethidium
bromide, and visualised on a UV transilluminator. The predicted
amplification product size was 278 bp. An amplification product of
this size was detected in RNA extracted from VMH, cortex, and
pancreas, but not from RNA extracted from liver or pituitary. These
data suggest that pancreatic polypeptide may be synthesized in
hypothalamic neurons, as well as other neurons

Recent evidences have suggested that the NIL has a pivotal role in the
control of pituitary PRL secretion during lactation. While most of the known
peptides produced and/or released by NIL have been already suggested to
play an exclusive role in the regulation of PRL release but their uniqueness
and physiological significance holds many contraversions. Denervation of
the NIL is an effective method (Endo. 126:2527,1990) for having a selective
lesion in the inervation of the NIL living the blood supply of both the anterior
lobe (AL) and NIL intact.
Blood samples were taken from freely moving
sham and NIL-denervated lactating rats before and after 4h separation from
their pups and during the suckling stimulus (0, 15, 30 and 60 min). NIL
denervation attenuated both separation induced depletion and suckling
induced response of PRL. In those animals where a distinct diabetes
insipidus (di) developed (water intake above 100 ml/24h), plasma level of
PRL remained high at the end of the 4 h separation. PRL could be reduced
by treatment of an AVP analogue, dDAVP. In animals where only a mild di
developed, a single injection of OXY (2IU sc.3O min prior to suckling
stimulus) resulted in an increase of peak level of PRL due to suckling. In
both groups of mothers neurosecretory material from NL detected by Gomori
staining and tyrosine hydroxylase immunoreactivity from IL disapeared. In
conclusion, both OXY and intact water and electrolyte balance are
necessary for normal AL function during lactation but neither OXY nor
dDAVP alone could restore suckling induced PRL release. The relative
contribution of OXY seems to be more significant but the role of other
factors, like dopamine released at the level of IL and a still unknown
substance can not be excluded. (Supported by OTKA 5004 and 013055 to
GMN.)
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OVARIAN STEROID HORMONES ALTER mRNA LEVELS FOR al
AND y 2 SUBUNITS OF THE GABAa RECEPTOR IN THE
HIPPOCAMPUS. N.G. Weiland.* M. Orchinik. and B.S. McEwen.

C-FOS ANTISENSE ATTENUATES FOS EXPRESSION IN
HYPOTHALAMIC AND BRAIN STEM NEURONS INDUCED BY
HEMORRHAGE. T. H. Chiu. S. L. Dun. H. C. Rosenberg and N.
J. Dun*. Depts. of Pharmaaol. and Anatomy, Medical College of
Ohio, Toledo, OH 43614
Hemorrhage by withdrawing 3-4 cc of blood from urethane
anesthetized adult rats over a period of 1 to 2 hrs caused the
appearance of Fos proteins, which was detected by immunocytochemical methods, in neurons of the nucleus of the solitary tract and
ventrolateral medulla of the brain stem and of supraoptic and
paraventricular nuclei of the hypothalamus. Injection of c-fos aaSisgasg
(5’-GAACATCATGGTCGT-3’) phospaorotaioatg modified oligodeoxyaucleosidg, which was further purified by gel filtration through a
G-25 column, was made through an in-dwelling arauln into the lateral
ventricles. Rats which received two injections of c-fos mdsene (50
nmol/5 ^l) over a period of 20 min for two days, appeared lethargic
and had frequent urinations 2 to 3 hours after the injections. Rats
generally recovered overnight. In rats injected with c-fos antisense,
the number of neurons in the brain stem and hypothalamus expressing
Fos following hemorrhage was smaller and the intensity of Fos was

Neuroendocrinology, Rockefeller Univ., New York, NY 10021.
Ovarian steroids modulate the excitability of hippocampal pyramidal cells.
Metabolites of progesterone (P) can act at a steroid site on the GABAa
receptor to increase GABA activation. We tested the hypothesis that estradiol
(E) and/or P or its metabolite 3a-OH-5a-pregnan-2O-one (5a-DHP) can
influence GABA inhibition of pyramidal cells in another manner by altering
the gene expression of GABAa receptor subunits. Female rats were
ovariectomized, adrenalectomized, and treated with E, and/or P, 5a-DHP,
or oil. Using in situ hybridization with 35S-oligonucleotide probes, we
measured mRNA levels for al, a2, 01, &2, and y2 subunits in the
hippocampus. P or 5-a-DHP decreased the expression of the al subunit in
CA2 and CA3 regions of the hippocampus in E-primed but not
ovariectomized animals. In contrast, P, but not 5a-DHP, increased y2
mRNA levels in CA1, CA2 and CA3 in ovariectomized animals that did not
receive E. P and 5a-DHP had no effect on the mRNA levels for a2, fil, or

&2 subunits of the GABAa receptor in any region of the hippocampus. E

alone had no significant effects on any subunit in any region examined. Our
data show that, in select regions of the hippocampus, P and 5a-DHP alters
GABAa subunit gene expression which may change the density or subunit
composition of GABAa receptors and thereby influence the sensitivity of the
receptor to activation by agonists and modulators such as benzodiazepines.
(Supported by NIH grants NS30105 to N.G.W. and NRSA NS09129 to
M.O.)
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much lower as compared to that of rats injected with the c-fos sense
olieodeoxyaualeosidg (5’-ACGACCATGATGTTC-3’). The results
indicate the effectiveness of c-fos aatisgasg in preventing the
expression of Fos proteins induced by certain physiological stimuli.
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INDUCTION OF FOS-LIKE IMMUNOREACTIVITY BY GLUCOSE AND GOLDTHIO-GLUCOSE (GTG) IN HYPOTHALAMUS. S.P. Kleopoulos. T. M.
Mizuno. S. Hattori^T. Funabashi. & C. V. Mobbs. Fishberg Center

USE OF cFOS EXPRESSION TO MAP THE NEUROANATOMICAL
PATHWAYS ACTIVATED BY THE SUCKLING STIMULUS: BRAINSTEM
AND HYPOTHALAMIC ACTIVATION. M.S. Smith*. C.M. Phalin and G.E,
Hoffman. Department of Nburobiologo, University.of Pittsburgh, Pittsburgh,
PA 15261.
Ws have developed a model to identify neuronal populations activated in
response to the suckling stimulus, with an aim towards identifying neurons
that may be inhibitory to GnRH neuronal function. On day 8 postpartum, the
8 -pup litters were removed for 48 hrs to allow for recovery from the effects of
suckling. On day 10, suckling of the 8-pup litters was reinitiated for 1,3,6, or
8 hrs, and then the animals were perfused with tissue fixative. Control
animals did not have their pups returned and were sacrificed at the same time
of day on day 10 as the resuckled animals. After 3 hrs of resuckling, cFos
expression was specifically induced in the brainstem and hypothalamus
(double label immunocytochemistry identified the phenotype of selected
neurons). Brainstem: Pontine Nucleus, Parabrachial Nucleus, Spinal
Trigeminal Nucleus, Reticular Formation, Pons Reticular Nucleus,
Paramedian Reticular Nucleus, NTS (catecholamine), Locus Coeruleus
(catecholamine), Ventral Lateral Medulla (catecholamine), Dorsal Raphe,
Paramedian Raphe Nucleus, Raphe Magnus Nucleus and Raphe Obscurus
Nucleus. Hypothalamus: Arcuate Nucleus, periventricular-POA, AH, PVN
(oxytocin) and SON (oxytocin). By 8 hr of resuckling, most cFos expression
specific to the suckling stimulus had disappeared. These data demonstrate
the transient nature of cFos expression in response to long-term stimulation
and attest to the value of this model, in which the acute effects of the
suckling stimulus can be studied. This model permits assessment of the
relationship between activated areas and the suppression of GnRH neuronal
function, which is clearly manifested by 8-12 hours after resuckling. Of
particular interest are the catecholaminergic and serotonin systems in the
brainstem, both of which have been implicated in GnRH regulation.

for Neurobiology and Bronx VA Medical Center, Mt. Sinai School of
Medicine, New York, NY 10029.
We have previously reported that glucose induces c-fos and jun-b
mRNA in the ventrolateral portion of the ventromedial nucleus (VMN),
an area previously implicated as the “satiety center”. Gold-thioglucose (GTG) destroys neurons in this nucleus, induces hyperphagia,
and largely eliminates the induction of c-fos mRNA and jun-b mRNA
by glucose. We report here that both glucose and GTG induce fos-like
immunoreactivity in the mouse hypothalamus. One hour after i.p.
injection with water or glucose (2 mg/ gm b.w.) mice were sacrificed,
then brains snap frozen with powdered dry ice, and subsequently cut
into 10 micron sections. Sections were treated for immunocytochemistry, using of the commercially available polyclonal
antibody to c-fos from Oncogene Science, diluted 1:1000, and
visualized with a Vectastain ABC kit, enhanced with nickel chloride.
Very low background staining and few labeled cells were detected in the
hypothalamus of water-injected mice. However, one hour after glucose
injection labeled cells were induced in the VLVN, as well as some cells
in the lateral arcuate nucleus, lateral hypothalamus and dorsomedial
hypothalamus. One hour after injection with GTG, a similar pattern of
staining was observed, though with fewer cells. Twenty-four hours
after injection of GTG, there was extensive cell loss throughout the
VMN, and a dramatic induction of fos-like immunoreactivity was
apparent in cells surrounding the lesion.

361.11
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C-JUN IS EXPRESSED IN SUPRAOPTIC OXYTOCIN NEURONS AFTER
PARAVENTRICULAR NUCLEUS LESION. J. Dohanics*. G. E. Hoffman and
J. G. Verbalis. Univererty of I3 iPsburuh, PiPsburgh, PA 15261
Expression of the c-Fos and c-Jun proteins is thought to be an indicator of
neuronal activation in response to various stimuli. Injuries to many neurons
also cause expression of these proteins, especially c-Jun, which often persist
many weeks after the injury. Recent studies in our laboratory have shown
that magnocellular oxytocin (OT) neurons also express c-Jun following
pituitary stalk damage. To determine whether these proteins were expressed
during axonal regeneration in uninjured neurons, we studied adult male rats
after PVN lesions or sham surgery. At 1 or 6 wks after the lesion rats
received an iv injection of 2M NaCI or 0.15M Nad (2 ml). Seventy-five min
after the injection rats were anesthetized and perfused, and brain sections
(40 pm) were double-immunostained for vasopressin (AVP) or OT, and c-Fos
or c-Jun. Expression of c-Fos was virtually absent in SON neurons in shamoperated and PVN-lesioned rats injected with 0.15M NaCI. Similarly, only
very weak c-Jun staining was present in SON AVP and OT neurons of shamoperated and 6 wks PVN-lesioned rats. However, many SON OT neurons in
the 1 wk PVN-lesioned rats exhibited very strong c-Jun staining. Osmotic
stimulation caused strong expression of c-Fos in SON AVP and OT neurons
in both sham-operated and PVN-lesioned rats. These results indicate that 1)
PVN lesions do not interfere with hyperosmolar-induced c-Fos and c-Jun
expression in SON magnocellular neurons, and 2) a proportion of SON OT
neurons in PVN-lesioned rats that are neither osmotically stimulated, nor
injured, express intense c-Jun staining 1 week after the PVN lesions. These
results raise the possibility that the SON OT neurons that express c-Jun may
be the same OT neurons whose axons are known to sprout into the external
zone of the median eminence in PVN-lesioned rats. This therefore suggests
that c-Jun expression may reflect structural remodeling activity even in
uninjured magnocellular neurons.

L-ASCORBIC ACID ENHANCES PRE6NEN0L0NE AND DEHYDROEPIANDROSTERONE
CONTENT IN SELECTED RAT BRAIN REGIONS.
H.L.BBrbacc^a*.G■Roscetti, CAAbrosi{^<#,R.^^LCarmine. M.Hassottifl
and H.Trabucchi. University sf Rome-Tsr Veegata-SchssL sf
aeeicine and #Istitcts Sucprisre di Samta' 00173 Rosm-IttSy.
L-ascsrbic acid (L-AA),in a time (5-30 bin) and dsse related
manner (0.07-1.0 b),sseeeciveLy enhances pr-an-nsLsn- (PRE) and
d-hydrsepiandrsstersn- (DHEA) in c^nticaL minces prepared from
the brain sf adcLt maLe Sprnac--RnwL-y rats, either intact sr
adr-naLectsmised/castrnted. At 1.0 ma L-AA increases PRE and
DHEA by 230+34 and 210+40 %, respectiveLy, but, at variance with
cAMP (Barbaccia et s L,Ec r.J.Pharmaaos.219,485,1992), faiLs ts
affect prsaestersne (PRO) and deotxycotticoot-rtne .L-AA,added
ts a cerebraL csrtex hsmosa-ase,faiIs ts affect the extractisn
and RIA assay sf PRE,PRO and DHHA. The L-AA effect is nst
prevented by a 10 min preexpsscre sf the brain tissue ts
spipersne (10cM, prspransltL (10ca) sr prnzssin (5ca),thcs
excLcdina as a psssibLe mch^anism the preventisn sf the
txidatlve me-arslism sf endsaenscs cnt-chtlnmines sr serstsnin.
In minces sf rat brain striatum,
where the basaL PRE and DHEA
LeveLs are sne srder sf manaitcde hiaher than in the csrtex,
L-AA (1 mm) dses nst olaniflcantLy affect either PRE sr DHEA
LeveLs. PreLiminary rescLts shsw that,in the rat, i.p. injectisn
sf L-AA (1a/ka) increases brain and pLasma LeveLs sf PRE. Tiese
data are interesti n a in view sf the repsrted nctitn sf
neurottersido, particcLarLy DHEA, in the r-acLatisn sf variscs
brain fcnctisns (sntsge-e-is, regene-atitn,me-oty) either via
aene prsmiter reacLatisn sr synaptic activity mosdlatisn.

361.13
ISOLATION AND CHARACTERIZATION OF TWO KEX2-LIKE
ENDOPROTEASES FROM C. elegans . Eduardo Gdmez-Saladfn*.
David L.Wilson & Ian M. Dickerson. Dept, of Physiology &
Biophysics, Univ. of Miami Sch. of Med., and Dept, of Biology,
Univ. of Miami, Miami, Fl 33136.
A cDNA that encodes a Kex2-like prohormone convertase
containing a catalytic domain similar to mammalian PC2 has been
isolated from C. elegans (WBG 13:51). Degenerate/nested RT-PCR
was performed using primers based on conserved regions within the
catalytic domains of the known vertebrate and invertebrate
endoproteases.Two distinct types of PCR products that shared
homologies with the catalytic domains of known Kex2-like
endoproteases were isolated. These two PCR products were used to
screen a C. elegans cDNA library.The cDNA for a Kex2-like
endoprotease, designated CELPC2, was isolated and sequenced, and
determined to be 2.5 kb in length. This size was confirmed by
northern analysis. Strongest structural homology was to vertebrate
and invertebrate PC2 sequences./n situ hybridization suggests that
CELPC2 is expressed primarily in cells associated with the
circumpharyngeal nerve ring (the anterior ganglion) and the
dorsorectal ganglion. The second probe identified a 2.7 kb clone,
tentatively designated CELPACE, with a catalytic domain structurally
similar to PACE4 (77%). Other similarities include PC5/6 (74%)

furin (73%), PCI (66%), and PC4 (62%). We are currently
sequencing this second clone, and preparing probes for northern blots
and in situ hybridization.This work was supported in part by
institutional NIH training grants HD07129 and NS07044, by AHA
grant 91H/6 to IMD, and by the GRECC, Miami VAMC.
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AMINO ACIDS RESPONSIBLE FOR SLOWING ACTIVATION
KINETICS IN SHAKER POTASSIUM CHANNEL MUTANTS.
CT. Smith-Maxwell*, R^A-Taylor and R.W. Aldrich. Dept. of
Molecular and Cellular Physiology and Howard Hughes Medical
Insitutute, Stanford University, Stanford, CA 94305.
Our previous studies have shown that chimeric substitutions of
the S4 of related potassium channels, having different activation
properties, into Shaker potassium channels significantly alter

activation properties of the channel. Studies of the properties of
one such chimera, made by inserting the S4 of the fly Shaw
potassium channel into Shaker (Shaw S4), have provided insights
into the process of channel activation. The voltage range for
activation of Shaw S4 is positively shifted 85m V and the slope of
the conductance-voltage relation is significantly decreased.
Activation kinetics are much slower and without the normal delay
observed in the wild-type Shaker potassium channel, even when
using pulse protoco Is expected to increase the delay. Analysis of
open and closed durations of single channel currents indicates
that the major change occurs in the first latencies, which are
greatly slowed. These results suggest there is a rate-limiting
concerted step late in the activation pathway of the chimeric
channel. Of the 11 amino acids that differ between the S4 of Shaw

and Shaker channels, we have localized the amino acids
responsible for the functional behavior of the Shaw S4 mutant to
the C-terminal portion of the S4.
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362.2

MODIFICATION OF ION CHANNELS BY ULTRAVIOLET LIGHT. T.R.
Adams2. R.W. Aldrich2. and D.A. Bavlor1 *. ^ept. of
Neurobiology and 2 Dept, of Molecular and Cellular Physiology and

Mddendorf1, C.

Howard Hughes Medical Institute, School of Medicine, Stanford
University, Stanford, CA 94305.
Exposure of nerve fibers to ultraviolet light is known to
irreversibly reduce the voltage-gated sodium conductance. We
have combined mutagenesis of cloned channels with in situ UV
modification to probe the- role of aromatic amino acids in ion
channel function.
UV irradiation of excised membrane patches of Xenopus
oocytes expressing either voltage-activated Shaker potassium
channels or cGMP-activated rod channels caused a dose-dependent,
irreversible decline in patch current, consistent with permanent
chemical modification of amino acids in the channel. The
sensitivity of the cGMP-activated channel to UV light was similar
for patches exposed to the same number of photons from a pulsed
laser or a dc arc lamp, suggesting that photochemical modification
proceeded by a one-photon process. By employing excitation
wavelengths longer than 250 nm, the effect of UV light was
restricted to the aromatic amino acids Trp, Tyr, and Phe. The
sensitivity of the channels to UV light decreased as the exciting
wavelength was varied from 280 nm to 300 nm, as expected from the
wavelength dependence of absorption in these molecules. The
action spectrum of the effect suggests that it depends mainly on
absorption by Trp. Mutagenesis is being employed to identify the
specific amino acid residue(s) whose modification leads to the
current loss. (Supported by EY01543, EY06351, and Howard Hughes
Medical Institute.)

362.3

362.4

REGULATION OF Kv3.3b EXPRESSION.
E. Chan and N. Helntz*.
Rockefeller University, New York, New York 10021.
Kv3.3b is a developmentally regulated Shaw channel
that is expressed in the Purkinje cells and deep nuclei
of the cerebellum. Northern and in situ hybridization
analyses had shown that the time window between P8 and
P10 is when Kv3.3b expression begins. We have created
transgenic mice carrying upstream regions of the promoter
driving the expression of a reporter gene (either alkaline
phosphatase or lacZ) to determine the important regulatory
elements responsible for Kv3.3b's temporal and spatial
distribution. We have identified the region necessary
for expression and are now in the process of dissecting
the promoter further into separate regulatory elements.

IMMUNOCYTOCHEMICAL EVIDENCE FOR CO-LOCALIZATION OF
AN ALTERNATIVELY SPLICED SHAW RELATED K+ CHANNEL. M*

Weiaer*. E. Busan, D. Hillman. T. Yang, H. , Baker, M. Ellfman, B. Thornhill

and B. Rudy. Dept of Physiology, NYU Medical Center, NY, Burke Med.
Res. Institute, White Plains, NY, Dept. of Neurosciences, USD, La Jolla,
CA, Dept, of Physiology, Mount Sinai Med. Center, NY.
The KV3.1 gene encodes two alternatively-spliced mRNA transcripts,
bcth of which express nearly identical delayed rectifier K+ channels and are
detected in the same neuronal populations in the adult rat CNS. In these
studies, site-directed antibodies have been used to determine the subcellular
localization of the protein products of the KV3.1 gene in the adult rat brain.
In most neuronal populations examined, KV3.1b immunoreactivity was
expressed in a pattern similar to that observed for mRNA by in situ
hybridization and was localized preferentially to the somato-dendritic
compartment For example, KV3.1b protein was found in the soma and
dendrites of neurons in the ventral thalamus, olfactory bulb, cortex, inferior
colliculus, globus palhdus, cochlear and caudate nuclei. Although nerve
tracts throughout the brain were not labeled, there were exceptional
neuronal populations, such as granule cells of the cerebellum containing
abundant KV3.1 mRNA, where the parallel fiber system, i.e., the axonal
compartment, also was clearly labeled. As was previously observed for
mRNA concentrations the KV3.1b protein appeared to be much more
abundant than the KV3.1a protein. For almost all brain areas where
KV3.1a could be detected it was co-localized to the same neuronal
populations and membrane compartments as KV3.1b. Thus the significance
of alternative-splicing of the KV3.1 gene may depend on factors other than
either the electrophysiological properties or the cellular and subcellular
localization of its products. We propose that the localization of KV3.1
proteins to both somato-dendritic and axonal compartments may reflect
differential subcellular transport as a result of hetecomultimec formation
with other Shaw related proteins. Supported by NIH grant NS3O989.

362.5

362.6

THREE KINEDCALLY AND FUNCTIONALLY DISTINCT VOLTAGE-GATED K*
CURRENTS IN CALLOSAL-PROJECTING VISUAL CORTICAL NEURONS.
R. E. Locke* and J.M. Nerbonne. Dept of Molecular Biology & Pharmacology,
Washington University School of Medicine, St Louis, MO 63110.
It is generally accepted that multiple types of K* currents contribute to the
regulation of neuronal excitability by controlling action potential durations and firing
rates. Here, we describe the results of experiments aimed at first determining the
types of voltage-gated K* currents expressed in callosal-projecting visual cortical
neurons and second at defining how K* currents contribute to the regular spiking
phenotype ofthese cells. Experiments were performed on callosal-projecting visual
cortical neurons Isolated from postnatal day 10-17 rats, following in vivo injection
of fluorescentiy labeled beads on postnatal day 5. Callosal-projecting cells were

DIFFERENTIAL DISTRIBUTION OF VOLTAGE-GATED K+
CHANNELS IN CORTICAL NEURONS REVEALED WITH SUBUNIT
SPECIFIC ANTIBODIES. J.M.Nerbonne’.R.J.Martinez.J.S.Trimmerand
A. Burkhalter. Wellington Univ. Med. Sch., St. Louis, MO. 63110.
Electrophysiological studies in this laboratory have demonstrated
the presence of three distinct types of Ca2+-independent, depolarizationactivated K+ channels in callosal-projecting (CP) and superior colliculusprojecting (SCP) cells in the rat primary visual cortex (area 17). As a
beginning step towards identifying the molecular composition of these
channels, we have exploited K+ channel subunit specific antibodies.
Experiments were performed on neonatal and adult Long Evans rats
following in vivo injections of red and green beads into the ipsilateral
superior colliculus and the contralateral area 17, respectively, at postnatal
day 5. Antibody staining in vibratome sections was visualized with cy3conjugated goat-anti-rabbit IgG. Experiments completed to date reveal
that Kv2.1 is expressed in the cell bodies and initial segments of the
apical and basal dendrites of both SCP and CP cells, as well as in many
other pyramidal and nonpyramidal cells in area 17. Although both Kvl.5
and Kv4.2 also label cell bodies in area 17, neither SCP nor CP cells are
positive. Neuropil labelling predominates with Kvl .2 and Kvl .4, although
interestingly, the dendrites of SCP but not CP cells are labelled with
Kvl.2. Taken together, these results suggest that Kv2.1 likely underlies
the expression of the delayed rectifier K+ current (IK) in SCP and CP
neurons and that the rapidly activating, slowly inactivating K+ current
(Id ) in SCP, but not CP, cells may correspond to Kvl.5. The absence of
SCP and CP cell body labelling with Kvl.4 and Kv4.2 suggests that
neither of these proteins contributes to the transient outward K+ current
(Ia ) in these cells. Future experiments will test these hypotheses directly.
Supported by NIH grant NS3O676.

identified in vitro under epfluoresence illumination. Whole-cell voltage-damp
experiments revealed the presence of three distinct types of Ca~ independent,
voltage-gated K* currents separated on the basis of differential sensitivity to the KC
channel blockers 4-aminopyridine (4-AP) and tetraethylammonium (TEA). These

currents are referred to as IA b and lK because their properties are similar to A-,Dand K- type currents in other cells, b, the current selectively blocked by pM
concentrations of 4-AP, activates rapidly (t » 0.7ms at +60mV) and inactivates over
a time course of several hundred ms. I* in contrast, activates rapidly (p=O.5ms at
+60mV), and inactivates rapidly (T*2Oms) and is blocked by mM concentrations of
4-AP. lK is a slowly activating (T*10ms, at +60mV), slowly inactivating current that

is insensitive to 4-AP and blocked by mM concentrations of TEA
Current damp experiments reveal that blockade of Iq (by 5OpM 4-AP) increases
the time required for 50% repolarization of the action potential (APDg). Blocking lA
(by 5mM 4-AP) further increases the APD« while also increasing the time required
for 90% repolarization of the AP. This suggests that although both lA and lD
contribute to AP repolarization, lA also plays a role In controlling the frequency of
repetitive firing in these cells. Supported by NIH grant NS 30676.
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CLONING AND FUNCTIONAL EXPRESSION OF TWO HUMAN
BRAIN INWARD RECTIFIER K+ CHANNELS. W. Tang1 and
X.-C. Yang*L2. lDepartment of CNS Biology, Lederle Labs, Pearl
River, NY 10965 and ^Department of Pharmacology, College of
Physicians and Surgeons of Columbia University, New York, NY

STRUCTURAL DETERMINANTS OF Mg2* BLOCK AND GATING IN
INWARDLY RECTIFYING K* CHANNELS. E. Ficker. M. Taalialatela*. B.

10032.
We isolated two human brain cDNA clones, hIRKl and hIRK2,
which encode proteins of 428 and 445 amino acids, respectively, and
contain two putative membrane-spanning regions (Ml and M2) and a
pore region (P). The hIRKI protein shares 95% identity with mouse
IRK1 channel (Kubo et al.,1993, Nature, 362:127). The 5.7kb
hIRKI mRNA is present in skeletal muscle, placenta, heart, brain,
lung, and kidney, but not in liver and pancreas, and distributes
uniformly in eight human brain regions. In contrast, hIRK2 is 60%
identical to IRK1 at the protein level and its 2.7 kb mRNA is present
only in the heart and brain. Xenopus oocytes injected with hIRKI and
hIRK2 cRNA's showed inwardly rectifying, K+ selective currents
that were blocked by extracellular Ba2+ and Cs+. Single-channel
conductance of hIRKI channel in the inward direction was 31 pS
recorded with 150 raM K+ in the patch pipette. The hIRK2 channel
has two unique features when compared with other cloned inward

rectifier K+ channels including hIRKI: (a) an insertion of 18 amino
acids, containing 4 proline and 7 glycine residues, between Ml and P
regions, and (b) a characteristic "N-shape" I-V curve due to
substantial outward current through the channel when membrane
potential was positive to the K+ equilibrium potentid.

Dept. of Molecular Physiology and
Biophysics, Baylor College of Medicine, Houston, TX 77030.
Inwardly rectifying K* channels conduct current preferentially in the
inward direction. Inward rectification is due to voltage dependent
blockade by intracellular Mg2* and intrinsic gating. We investigated
the molecular nature of these two mechanisms for channel function by
generating chimeric constructs between ROMK1 and IRK1, two cloned
members of this family, which differ markedly in their sensitivity to Mg2*
blockade and intrinsic gating. While the Mg2* block is only weak in
ROMK1, it is strong for IRK1. Differences in gating are reflected in
virtually instantaneous current onset upon hyperpolarization in
ROMK1, while currents from IRK1 show a time-dependent activation in
the range of several milllseconds.
Chimeric exchanges of the
conserved pore (H5) regions or of the complete membranous core
regions (MrHs-Ma) between ROMK1 and IRK1 did not transfer much
Mg2*i block, whereas gating properties were successfully transplanted
Wible. R. Caporaso and A.M. Brown.

by such an exchange. In contrast, exchange of both the amino- and
carboxyl-terminal regions or of the carboxyl terminus alone could
transfer the strong Mg2* blockade from IRK1 to ROMK1 without any
effect on the gating properties.
In summary, the two major
components of inward rectification, Mg2* block and intrinsic gating,
appeared to be largely localized to two different domains of the
channel protein. Supported by NIH grants NS23877 and HL37O44 to
AMB.

362.9

362.10

PORE REGION RESIDUES CONFER SLOW VOLTAGE-DEPENDENT
GATING OF A CLONED G PROTEIN-ACTIVATED INWARD RECTIFIER
K+ CHANNEL. C. A. Doupnik*. P. Kofuii. N. Davidson, and H. A. Lester.

SIDE CHAIN ACCESSIBILITIES IN THE PORE OF A K+ CHANNEL PROBED
BY SULFHYDRYL-SPECIFIC REAGENTS AFTER CYSTEINE-SUBSTITUTION
MUTAGENESIS.

Division of Biology, Caltech, Pasadena, CA 91125.

The cloned G protein-activated inward rectifier K+ channel (KGA)
expressed in Xenopus oocytes displays slow gating (x ~500 msec) during
hyperpolarizing voltage jumps from the K+ equilibrium potential. This slow
gating is in contrast to the rapid "instantaneous" gating observed for two
other cloned inward rectifier K+ channels ROMK1 and IRK1. To identify
regions in KGA responsible for the slow gating, chimeric KGA/ROMK1
channels were constructed and examined under two-electrode voltage
clamp.
When putative transmembrane domains TM1 through TM2
(including the pore "P" region) of ROMK1 were substituted in analogous
regions of KGA, slow gating was abolished. When just the P-region of
ROMK1 was substituted for the KGA P-region, the slow gating was similarly
abolished. Comparison of the the 19 amino acid residues in the P-regions of
KGA and ROMK1 indicate 5 differences, with two nonconservative changes.
Site directed mutagenesis of one of the latter two sites revealed that KGA
F137S abolished the slow gating. In addition to conferring fast gating, KGA
F137S displayed a time- and voltage-dependent inactivation not observed in
the chimeric channels. Thus other residues in the P-region also influence
inward rectifier gating. Our results indicate that the slow gating of KGA is
conferred by residues localized to the pore region and that F137 plays a
critical role. Given that aromatic residues have previously been implicated
in cation binding in voltage-gated K+ channels, it is tempting to spectulate
that F137 introduces a high affinity K* binding site in KGA that is not present
in ROMK1 or IRK1. Supported by AHA, NIH, and NIMH.

R. D. Ziihlke. L. L. Kiirz. H.-J. Zhang and R. H. Joho*. Department of Cell Biology and
Neuroscience, The University of Texas Southwestern Medical Center, Dallas, TX 75235.
To gain insight into the secondary structure of the ion conduction pathway of a voltagegated K* channel, we used several sulfhydryl-specific reagents of different diameters to
probe amino acid side chain accessibilities of residues in the proposed pore region of Kv2.1
(DRK1) after cysteine substitution mutagenesis. Mutant channels were tested for current
reduction after expression in Xenopus oocytes and superfusion with CH,SO2SC^/CH^+CH03 (Mt SET). Thus far, we have identified five mutations that showed K*
current reduction in presence of 1 mM MTSET. The mutants K356C, P361C, I379C,
Y38OC, and K382C showed 9%, 87%, 99%, 65%, and 21% reduction in current amplitude,
respectively. These effects were reversed only after application of 1 mM DTT. All other
mutants including wildtype Kv2.1 showed less than 5% current reduction. MTSET-reactive
mutants could also be blocked by extracellular
application of Cd2+ or Zn2+, however, no S6 D
Pore of Kv2 1
S®
additional metal-reactive modified side chain
Dt
‘
K'
positions could be uncovered using the
g% q (sa«)
smaller thiol reagents. Our results suggest that
p«3) _il
the side chains at positions 356, 361, 379,
q%
021% c
380, and 382 are directly accessible from the
extracellular environment, and, therefore, face
the lumen of the ion channel pore. The
pen 87
degrees of inhibition suggest a model (see
i
figure) in which the ion conduction pathway
'
narrows from residue K382 to Y38O to 1379.
1
These results are not compatible with a pstrand conformation at positions 1379 and
Y38O where the narrow part of the ion
conduction pathway begins. (Supported by
grants from the NIH and MDA to RHJ.)
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AFFINITY OF QUATERNARY AMMONIUM IONS FOR AN EXTERNAL
TETRAETHYLAMMONIUM SITE IN TWO CLONED DELAYED RECTIFIER

MOLECULAR RECOGNITION SEQUENCES IN THE AKv1.1aT1 DOMAIN.
N.V. Shen* and P.J. Pfaffinger. Div. Neuroscience, BCM, Houston, TX 77030
Recently, we have shown that the N terminal domain of the Shaker type
AKv1.1a K+ channel plays a critical role in the assembly of the channel
subunits (Shen et al, 1993). This domain, the T1 domain, is able to self tetramerize. In sucrose gradient analysis, the Shaw type Atov3.1a T1 domain
can also self tetramerize. Analysis by co-immunoprecipitation shows that the
Shaker and Shaw T1 domains do not heteromultimerize. Therefore, the T1 domain is capable of performing a molecular recognition function in the process
of assembly into a multimer. We are studying regions of the AKv1.1a T1 domain for molecular recognition by co-immunoprecipitaion analysis of chimeric
T1 domains. We constructed chimeric AKv1.1a T1 domains (1ABC) by substituting in one of three homologous AKtf3.1a subdomains (3ABC) to make
3A1BC, 1A3B1C, and 1AB3C; plus a deletion mutant, 1AB, which lacks the
third subdomain. 1AB3C co-precipitates the wild type T1 domain, CF2-Tag1,
whereas 1AB does not, showing that the 1C subdomain is required for heteromultimerization, but may be substituted by the 3C subdomain. We also created a stop codon in the middle of the 1C region. By co-immunoprecipitation
analysis, this mutant, 1AB1Cp, heteromultimerizes with CF2-Tag1, showing
that the first 10 amino acids of the 1C subdomain are required for assembly.
3A1BC and 1A3B1C fail to co-precipitate CF2-Tag1, showing that the 1A and
1B subdomains contain subfamily specificity sequences. We then substituted
30 homologous amino acids of the 1A subdomain into 3A1BC to make
31A1BC. 31A1BC does co-precipitate CF2-Tag 1 showing that the substituted
1A amino acids contain molecular recognition sequences for Shaker T1 domain assembly. These experiments help to narrow down regions which play a
role in the molecular recognition of T1 domains.

W. Jarolimek. K.V. Soman and A.M. Brown*. Dept. of Mol. Physiology
and Biophysics, Baylor College of Medicine, Houston, TX 77030.
Tetraethylammonium (TEA) is a quaternary ammonium ion (QA) and
is a potent blocker of delayed rectifying K-channels. Distinct sites have

been identified at external and internal loci. Here we deal with the
external site where TEA is thought to bind to 4 tyrosines by 7t-electron
cation interaction. The specifity for TEA over other QAs is unclear and
could shed light on the binding. The affinity of a variety of QAs was
determined in outside-out patches from Xenopus 'oocytes injected with
the non-inactivating shaker B with tyrosine at position 449 (ShB
T449Y), or with Kv 3.1. In ShB T449Y substituting one or two ethyl
groups with methyl groups largely reduced the affinity, whereas
derivatives with 1-2 propyl groups had only a slightly smaller affinity
than TEA. Volume changes could not account for these differences,
because even large QAs had a low affinity when one or two methyl
groups were present. We found that the changes in free binding
energy of the different QAs correlated with their changes in hydration
energy which was calculated by continuum methodology, using
“Delphi” software. Thus, the affinity of QAs to the external site is
mainly determined by their hydration energy and only for large QAs by
their volume. The same pattern of binding affinities could be found in
Kv 3.1, indicating that this is a general mechanism. Supported by NIH
grants NS 23877 and HL37O44 (AMB), a stipend of the AvH
Foundation (WJ) and by AHA grant 93G-1186 (KVS).
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MEROSIN (M-CHAIN)-LIKE ANTIGENS IN DENDRITIC SPINES
OF THE NORMAL, DEVELOPING AND REGENERATING CNS.
M. Tian1*. T. Hapg2. E. Enavall3. H. Hall4. M. JuckerL Gerontology Res. Ctr.,
NIA, NIH, Baltimore, MD; 2Dalhousie U, Halifax, Canada; 3La Jolla Cancer
Res. Fdn., La Jolla, CA; 4Swiss Fed. Inst. Technol., Zurich, Switzerland.
Merosin is an A-chain variant of laminin and is expressed in basement membranes of several tissues (Leivo and Engvall, PNAS 85: 1544,
1988). Using poly- (pAb) and monoclonal (mAb) antibodies to the M-chain
of merosin, immunohistochemistry in rat, rabbit, and nonhuman primate
brains revealed distinctive labeling of subfields in the hippocampus specifically of the molecular layer (ML) of the dentate gyrus (DG) (Hagg ef a/., submitted). In the present study we used immunoelectron microscopy to clarify
the ultrastructural localization of merosin (M-chain)-like immunoreactivity in
rat and rabbit ML of the DG. While pAb labeled almost exclusively dendritic
spines, mAb revealed additional labeling associated with dendritic processes. These ultrastructural findings fit well with the expression of M-chainlike immunoreactivity in the ML during development and after entorhinal cortex lesions (EC). Immunoreactivity in the rat ML was not observed until postnatal day (PND) 15 but develops markedly between PND15 and PND28, the
time of active synaptogenesis in the ML. Unilateral EC lesions in adult rats
dramatically decreases immunoreactivity in the denervated outer ML, reflecting the synaptic and concomitant spine loss of the granule cell dendrites. 65
days after the lesion immunoreactivity has largely recovered concurrent with
the time-course of reactive synaptogenesis after EC lesions. We have
demonstrated merosin in postnatal and adult rat brain by Western blotting,
however, these results might reflect the expression of capillary basement
membrane merosin and are therefore not conclusive for the nature of the
dendritic spine associated merosin-like antigen. Synaptosome preparations
and in situ hybridization experiments with M-chain specific probes and
probes specific to the antibody recognition sites -- the two C-terminal repeats of the G domain of the M-chain -- should clarify this question.

N-CADHERIN IS ENRICHED IN RAT FOREBRAIN POST
SYNAPTIC DENSITY PREPARATIONS. P. W. Beeslev*.
R. Mummery and J. Tihaldi. Biochemistry Dept., Royal Holloway
University of London, Egham, Surrey TW2O OEX, U.K.
We have previously described a monoclonal antibody, PAC 1,
which recognises two post synaptic density (PSD) enriched
glycoproteins of Mr 130,000 (pgpl3O) and 117,000 (pgpll7),
(Willmott et al.,
1991,
Neuroscience ,
44, 627-641).
Immunodevelopment of Western blots with an N-cadherin antiserum
and the PAC 1 antibody show that pgpl3O and N-cadherin are of
identical Mr and exhibit identical patterns of enrichment in forebrain
homogenate, synaptic membrane and PSD fractions. Removal of
N-linked carbohydrate with endoglycosidase F containing
N-glycopeptidase lowers the Mr of pgpl3O and N-cadherin by an
identical amount. Pgpl 3O and N-cadherin exhibit identical patterns of
migration on 2-D Western blots. N-cadherin immunoprecipitated from
solubilised postsynaptic densities with the N-cadherin specific
antiserum and separated on Western blots is recognised by the
PAC 1 antibody. This data confirms that pgpl3O is N-cadherin. The
epitope recognised by the PAC 1 antibody is intracellular and the
antibody recognises two closely-related glycosylated species in liver.
This data suggests that PAC 1 is a pan cadherin antibody.
We conclude that N-cadherin is a major glycoprotein component
of rat forebrain PSDs and may be important in synapse stabilisation.

363.3

363.4

DIFFERENTIAL EXPRESSION OF 8-AMYLOID PRECURSOR
PROTEIN ISOFORMS 695 AND 751/770 IN CORTICAL AND
HIPPOCAMPAL SYNAPSES.
Y. Baillyi*. B. Brugg1, N. Delhaye-Bouchaud1, J. Mariani!G. Huber2
1Universite P.& M. Curie, Institut des Neurosciences CNRS URA
1488, Paris. 2Hoffman La-Roche, Basel.

FUNCTIONAL CORRELATIONS OF DIFFERENTIAL PRESYNAPTIC
EXPRESSION Julie K. Staple. Astrid Qsen-Sand and Stefan. Catsicas*
Glaxo Institute for Molecular Biology, 14, chemin des Aulx, 1228
Plarn-les-Ouates, Geneva, Switzerland
SNAP-25 (synaptosomal-associated protein of 25 kD) is a neuronspecific protein which has multiple functions. The protein is
expressed at high levels during periods of neurite outgrowth and
synaptogenesis and has been shown to be essential for neurite
outgrowth in developing neurons both in vivo and in vitro. In
addition, SNAP-25 is found in mature neurons and may play a role
in neurotransmitter release. In order to further define the dual
functions of SNAP-25 in developing and mature neurons we have
used sparsely plated cultured cortical neurons to compare the
distribution and regulation of SNAP-2 5 with diverse neuronal
markers. At early times SNAP-25 is concentrated in growth cones
consistent with a role in addition of membrane in growing neurites.
Later, SNAP-25 is specifically localized to axon-like processes and
in puncta lining cell bodies and some neurites, suggestive of staining
of synaptic sites. We are using a method of fluorescent dye uptake
as a visual assay of synaptic activity. This technique has allowed us
to survey the functional characteristics of many synapses at once
and to correlate differences in function with presence or absence of
specific synaptic components.

Most of the studies on the S-amyloid precursor protein (APP) have
focused on the role of APP and 8-amyloid peptide in Alzheimer's
disease. Little is known about the physiological function of this protein
in normal brain. We recently showed that some APP isoforms attain
maximal levels during brain postnatal synaptogenesis3. Moreover,
intraventricular infusion of antibodies against APP695 isoform impairs
cognitive functions in rats, suggesting that APP could be involved in
synaptic plasticity4.
To determine which of the different APP isoforms are located at
synapses, we performed immunoelectronmicroscopy using antibodies
specific for APP 75 i^o, containing the Kunitz protease inhibitor domain
(KPI) and APP695, in the rat brain. In occipital cortex and hippocampus,
APP immunoreactivity for both isoforms was concentrated at the
postsynaptic densities of the asymmetrical, axodendritic synapses.
Whereas KPI-APPs immunoreactivity labeled various kinds of
synapses, APP695 labeling was only found on a very small number of
distinct synapses. This differential expression of APP isoforms at
synapses may reflect specific synaptic functions.

Loffler, J. and Huber, G. J.Neurochem.,59, 1316-1324 (1992)
Huber, G. et al., Brain Research, 603, 348-352 (1993)
Supported by Roche Research Foundation fellowship for B.Brugg
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CHANGES IN EXPRESSIONS OF INOSITOL 1,4,5-TRISPHOSPHATE
RECEPTOR mRNA, CALBINDIN mRNA AND GLUTAMATE RECEPTOR
CHANNEL DELTA 2 SUBUNIT mRNA IN THE STAGGERER MUTANT
MOUSE. Shin Nakagawa, Masahiko Watanabe and Yoshito Inoue*. Dept of

DIFFERENTIAL REGULATION OF EARLY VS. LATE SYNAPTIC
PROTEIN GENES IN CHICK CILIARY GANGLIA. X. Lou* and J.L. Bixbv.
University of Miami School of Medicine, Miami, FL 33101.
We are studying the molecular interactions between neurons and their
targets that lead to synaptic differentiation. One approach is to examine the
regulation of genes encoding synaptic proteins during synapse formation in vivo.
The major upregulation of mRNAs for synaptic vesicle proteins occurs at the
time when target contact can be expected in forebrain (Lou & Bixby, Dev. Biol.

Anatomy, Hokkaido Univ. Sch. of Med., Sapporo 060, Japan
Inositol 1,4,5-trisphosphate receptor (IP3R), calbindin and glutamate
receptor channel delta 2 sbunt are known to be specifically expressed in the
Purldnje cells within the cerebellum of normal mice. This investigation was to
examine the changes in gene expressions of them in the staggerer mutant
mice by in situ hybridization with 45-mer antisense oligonucleotide probes.
As compared with normal mice, marked decreases in expression levels of
the IP3R , calbindin and delta 2 subunit mRNAs were observed in the
cerebella of the staggerer mice. In addition, different signal levels of the IP3R
mRNA among Purkinje cell subpopulations were remarkable in the staggerer
cerebellum. In particular, the distinct signals were discerned in the median
regions of each cerebellar lobule. The cells expressing the IP3R mRNA were
aligned almost in a angle layer beneath the molecular layer. To the contrast,
the cells expressed low signal levels of the IP3R mRNA were distributed
inregularty within the Purkinje cell / granular cell layer. Expression patterns of
calbindin and defta 2 subunit mRNA were almost similar to those of IP3R
mRNA. These findings imply that Purkinje cells in the staggerer would be
heterogenous in expressions of these genes descrived above by the regions
ofthecerebemm.
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15$9:!3^7,1993). To study the relationship between target contact and synaptic
protein mRNA levels more precisely, we have examined the expression of
synaptophysin Ila and lib, synaptotagmin (p65), and choline acetyltransferase
(ChAT) mRNAs in chick ciliary ganglia (CG), using an RNase protection assay.
CG neurons first contact their targets on E6.5-E7, and functional synapses can
be detected by E8-E9. We found a 3-fold increase in the expression of
synaptophysin II mRNA, relative to neurofilament mRNA, between E7 and E9.
Expression of mRNA for p65 increased 2.5 fold over the same time interval.
Thus, mRNAs for synaptic vesicle protein genes are upregulated specifically and
coordinate^ at the time of target contact. In contrast, despite a small increase
between E6 and E9, the major increase in ChAT mRNA (4-5 fold) occurs near
the time of hatching, suggesting that differentiation of neurotransmitter function
lags behind initial presynaptic differentiation.
Around the time when ChAT mRNA is upregulated, there is a switch in
isoform abundance for the synaptophysin II gene, such that lib is upregulated
and Ha is downregulated. p65 mRNA expression is also downregulated in the
CG at this time, suggesting the possibility that a second synaptotagmin isoform
is upregulated. We are attempting to identify this isoform.
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THE DROSOPHILA TUMOR SUPPRESSOR GENE, dig, IS
REQUIRED FOR NORMAL SYNAPTIC BOUTON STRUCTURE.
V. Budnik*. T. Lahev. X. Jia. and M. Gorczvca Dept. of Biology,
Univ. of Massachusetts, Amherst, MA 01003.
The Drosophila tumor suppressor gene, dig, encodes a protein
necessary for normal cell growth in epithelial and brain tissue. It shares
high sequence identity to the mammalian synaptic proteins PSD-95 and
SAP-70, whose functions are unknown. It also shares homology,
although to a lesser degree, with the human tight junction protein, ZO1, and it is expressed at fly epithelial septate junctions, which are
believed to be similar to vertebrate tight junctions. Mutations in the dig
locus result in neoplastic growth of larval imaginal discs, defective
adhesion between epithelial cells, and abnormal cell polarity. Dig
protein is also observed in the neuropil in the fly CNS, and mutations
in the dig locus result in brain tumors. However, the function of dig in
the nervous system, as well as its subcellular localization are unknown.
To determine the localization and role of Dig at synapses, we
investigated its distribution and the effects of dig mutations on
Drosophila neuromuscular junctions. We show that Dig
immunoreactivity is expressed primarily at one type of glutamatergic
synapse (type lb), and is associated with both pre- and postsynaptic
membranes. Mutations in dig alter the expression of Dig and cause
striking changes in the structure of the subsynaptic reticulum, a
postsynaptic specialization at these synapses. These results indicate that
dig is required for normal synaptic structure, and offer insights
regarding the role of dig homologs at vertebrate synapses. Supported
by NIH grant NS30072 and a Sloan Fellowship to VB.

MOLECULAR CLONING AND EXPRESSION OF
XENOPUS FREQUENIN: A PROTEIN POTENTIALLY
INVOLVED IN SYNAPTIC DEVELOPMENT AND
PLASTICITY. Petur Olafsson* and Bai Lu. Roche Institute of
Molecular Biology, Roche Research Center, Nutley, NJ 07110.
A recent study on Drosophila frequenin suggests that it is a neurospecific, Ca2+-binding protein potentially interacting with guanylyl
cyclase. Overexpression of the protein facilitated transmitter release at
neuromuscular junctions in the adult fly. However, it is difficult to
study the function of frequenin during synapse development in
Drosophila using electrophysiological and biochemical approaches.
To determine the role of frequenin during vertebrate synapse
formation, we cloned the Xenopus homolog (X. frequenin) using
degenerated primers combined with low stringency hybridization. The
deduced protein has 70% identity with Drosophila frequenin and about
4O%-5O% with other Ca2+-binding proteins. The most prominent
feature of the protein is that it contains four EF-hand motifs. X.
frequenin mRNA is very abundant in the brain and virtually absent in
the muscle of the adult Xenopus. During early development the
message was detected by a sensitive RT-PCR method as early as stage
18 (neurulation stage) and was consistently expressed thereafter. We
have also purified the recombinant X. frequenin protein and generated
specific antibodies. Currently, we are investigating the expression and
physiological function of X. frequenin in Xenopus nerve-muscle cocultures.

363.9
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A
MONOCLONAL
ANTIBODY
RECOGNIZES
THE
EXTRACELLULAR
MATRIX
AT
DEVEL^^^PINGi
FROG
NEUROMUSCULAR JUNCTIONS. C.-P. Ko*. Y. Sugiura. M. T.
Nguyen and A. T. Tran. Dept, of Biol. Sci. Univ. of Southern Calif.
Los Angeles, CA 90089.
The extracellular matrix (ECM) plays important roles in formation
of the neuromuscular junction (NMJ). To further investigate the
mechanism of synaptogenesis, monoclonal antibodies were generated
to differentiate the molecular composition of the synaptic ECM from
the extra-synaptic ECM. Torpedo electric organs were used to obtain
ECM extracts for generating mouse monoclonal antibodies. The tail
muscles in larval Xenopus were double-labeled in whole-mount with
a-bungarotoxin and antibodies using indirect immunocytochemical
staining. Epi-fluorescence microscopy showed that a monoclonal
antibody, 4C2, stained specifically at NMJs and myotendinous
junctions, including in the newly generated muscle fibers at the distal
tip of the tadpole tail. Electron microscopy confirmed that 4C2 labeled
the ECM in the synaptic cleft and at the myotendinous junctions in
tadpoles. In contrast, adult muscles stained in whole-mount with 4C2
showed little or weak staining at NMJs while 4C2 stained vividly at
adult NMJs in cryosections. Similar to normal, adult NMJs denervated
for 5-14 d showed only weak or no staining in whole-mount. These
results suggest that the extracellular epitope recognized by the
antibody, 4C2, at the NMJ is developmentally regulated and is not up
regulated at adult denervated NMJs. (Supported by NIH grant 17954)

NOVEL MUSCLE THROMBOSPONDIN ACCUMULATES AT THE
INNERVATED, MATURE NEUROMUSCULAR JUNCTION. S. Arber* and
P. Caroni. Friedrich Miescher Institute, P.O. BOX 2543, CH-4002
Basel.
To study genes involved in synapse formation and muscle gene
expression we have constructed a subtracted cDNA library enriched
in cDNAs induced in adult rat diaphragm muscle 7 days after
denervation. One such gene coded for a novel thrombospondin (TSP),
which we called muscle-TSP (m-TSP). m-TSP is most homologous
to TSP3 and TSP4. It has a highly restricted expression pattern, and
in muscle it is expressed by interstitial cells, but not muscle fibers.
A putative splicing variant of m-TSP is expressed in adult brain,
heart and kidney, but not in a number of other tissues. An antibody to
the unique C-terminal end of m-TSP specifically detects m-TSP in
several species, including chick. mTSP is first detected throughout
the extracellular matrix in developing rat muscle; it starts to
accumulate at the neuromuscular junction after birth, when its
expression is downregulated. Muscle denervation leads to strong
upregulation of mTSP expression and, within about 5 days to the
disappearance of mTSP immunoreactivity at the neuromuscular
junction. Thrombospondins affect multiple aspects of intercellular
signaling, including growth factor activation, cell migration and
neurite outgrowth. m-TSP may modulate similar processes in
developing and denervated muscle, and at the maturing

363.11
NEUROTROPHINS PROMOTE MATURATION OF
DEVELOPING NEUROMUSCULAR SYNAPSES.
Ti
Wang*. Kewei Xie and Bai Lu. Roche Institute of Molecular
Biology, Roche Research Center, Nutley, NJ 07110.
While the effects of neurotrophins on survival and differentiation of
various neuronal populations have been well studied, little is known
about their role in synaptic development and function. We have
investigated the long-term effects of neurotrophins on the maturation
of neuromuscular synapses in Xenopus cultures. BDNF and NT-3,
but not NGF, significantly increased spontaneous and evoked synaptic
activities, indicative of more mature synapses. Most of the of
synapses treated by the neurotrophins exhibited a bell-shaped
amplitude distribution of spontaneous synaptic currents, which reflects
mature quantal secretion. Impulse-evoked synaptic currents also
showed higher and more consistent amplitudes. Moreover, the
neurotrophins enhanced the expression of synapsin I, a synaptic
vesicle associated protein involved in synaptic maturation. The
neurotrophin effects appear to be mediated by the Trk family of
receptor tyrosine kinases, primarily through a presynaptic mechanism.
These results suggest that BDNF and NT-3 promote functional
maturation of synapses.
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neuromuscular junction.

363.12
SEXUAL DIFFERENTIATION OF SYNAPTIC PROPERTIES AT THE
LARYNGEAL NEUROMUSCULAR JUNCTION. M.L. Tobias* and D.R.
Kelley. Dept. of Biol. Sci., Columbia Univ., NY, NY
10027
The laryngeal synapse is the final neuroeffector for
sexually differentiated song in Xenopus laevis frogs.
In adults, this synapse is markedly dimorphic. Male
synapses are weak and typically require repetitive nerve
stimulation to produce an action potential. Female
synapses are stronger and typically produce an action
potential in response to a single nerve stimulus. The
sex difference in synaptic strength is presynaptic in
origin and results from a sex difference in the amount
of transmitter released from the motor terminal. To
determine how sexual differentiation of these synaptic
properties occurs, quantal content in low calcium/high
magnesium saline and the muscle fiber response to
repetitive nerve stimulation in physiological saline
were examined in juvenile (~ 9 month old) male and
female frogs. Quantal content measurements in juveniles
reveal that both male and female laryngeal synapses are
initially weak.
The initially weak synapses are
maintained in males but become stronger in females.
Unlike adult males, juvenile fibers do not require
prolonged, repetitive nerve stimulation to produce
action potentials. Juvenile fibers exhibit some novel
physiological properties not observed in adults; an
example is a burst of action potentials produced in
response to a single nerve stimulus.
Sexual
differentiation of the laryngeal synapse may be
regulated by exposure to androgens or estrogens.
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INTERFERON-GAMMA ALTERS FORMATION OF THE NEUROMUSCULAR
JUNCTION IN VITRO P.Faeerstedt*. S.Kelid2. V,P,WhitfadkqJ& KKristensson*
'Nobel Institute for Neurophysiology and ^Division of Neurodegenerative Disease
Research, Department of Neuroscience, Karolinska Institute, Stockholm, Sweden,3
Arbeitsgruppe Neurochemie, Max-Plarik-Insdtu fUr biophysikalische Chemie, Gottingen,
Germany.
We have previously reported that non-lytic, persistent virus infection causes an altered
aggregation ofacetyldholine receptors (AChR) in cultured rat muscle cells. This effect on
the AChR aggregation by viruses was not overcome when the myotubes were co-cultivated
with spinal cord cells indicating that ' the infection may lead to persistent deficiency in
synaptogenesis. During virus infections a number of host derived molecules may be
released, most conspicuous among these are the interferons (IFN). While IFN-a and -0
have mainly antiviral effects, IFN-y also affect cell proliferation and maturation.
Here, we report the influence of IFN-y on synapse formation between rat neurones and
muscle cells in culture. Recombinant IFN-y was added at a concentration of 100 U/ml to
one group of cultured muscle cells 24 h before plating of spinal cord cells. The second
group of cultures was not exposed to IFN-y until six days after spinal cod cells plating,
when neuromuscular junctions have already been established. Estimation of AChR
aggregation and cholinergic nerve terminal localization was done by using immunohistochemical methods. The AChRs were labelled with FITC-conjugated alfabungarotoxin and TRITC-conjugated antibodies against the synaptic vesicle membrane
protein synaptophysin (SY-38) or against the cholinergic-specific membrane antigens
Chol-1 and Choi-2, were used to label nerve terminals. Confocal laser scanning microscopy was used to make three-dimensional reconstructions of the double-labelled
synapses. When myotubes were exposed to IFN-y and then co-cultivated with spinal cord
cells, there was a significant decrease in the formation of neuromuscular synapses. When
the co-cultures were allowed to established mature synapses before being exposed to IFNY, no change in neuromuscular synapse formation was observed.

363.15
AGRIN-INDUCED ACHR AGGREGATION AND
PHOSPHORYLATION IN MOUSE MUSCLE CELLS. G.M. Perez. T,
Meier, and B.G. Wallace*. Neuroscience Program and Dept, of Physiol.,
Univ. of Colorado Health Sci. Center, Denver, CO 80262.
Agrin induces the aggregation of nicotinic acetylcholine receptors
(AChRs) at developing vertebrate skeletal neuromuscular junctions. Within
hours of being added to chick myotubes in culture, agrin causes an increase
in phosphorylation of AChRs, due to activation of protein kinases and/or
inhibition of protein phosphatases. Studies with selective inhibitors indicate
that activity of an agrin-activated protein tyrosine kinase that
phosphorylates the AChR 0 subunit is required for AChR aggregation. In
embryonic rat muscles it has been reported that the 0 subunits of AChRs
aggregated at neuromuscular junctions also become phosphorylated on
tyrosine residues, but not until several days after aggregation has occurred.
In order to investigate this apparent discrepancy, we have initiated studies
on the effects of agrin on mouse C2 myotubes in cell culture. We confirm
that agrin induces AChR aggregation in C2 myotubes and find that, within
hours of addition, agrin causes an increase in phosphorylation of the AChR
0, y , and 5 subunits. The pattern of agrin-induced phosphorylation is the
same in mouse as in chick: Phosphorylation of the 0 subunit occurs, at least
in part, on tyrosine residues; phosphorylation of the y and 5 subunits occurs
on serine/threonine residues. Treating C2 myotubes with the phosphatase
inhibitor pervanadate caused tyrosine phosphorylation of the AChR 0
subunit and inhibited agrin-induced AChR aggregation, as in chick. Thus,
agrin-induced changes in tyrosine phosphorylation, including that of the
AChR 0 subunit, may play a role in AChR aggregation in mammalian as
well as avian muscle.

363.14
SODIUM
CHANNEL
AND
ACETYLCHOLINE
RECEPTOR
DISTRIBUTIONS ON UNINNERVATED EMBRYONIC CHICK
SKELETAL MUSCLE CELLS. B ,D. Anson*. W.M. Roberts. Inst, of
Neuroscience, Univ. of Oregon, Eugene, OR 97403.
The nicotinic acetylcholine receptor (AChR) and the voltage-gated
sodium (Na) channel are highly concentrated and co-localizea at the
neuromuscular junction. To elucidate the factors guiding the colocalization of these two sarcolemmal proteins, we have looked for a
tendency of AChRs and Na channels to cluster together on
uninnervated myotubes grown in cell culture.
Primary cultures of skeletal muscle cells (myotubes) were
generated from pectoral muscles of embryonic day 13 chickens. After
the myotubes had been growing in culture for 4 to 13 days, the
distribution of AChRs and Na channels were mapped with rhodamine
conjugated alpha-bungarotoxin and cell-attached patch clamp
recordings, respectively. Patch clamp recordings were classified as
being near (on or within 5um), or far (greater than 5um) from an AChR
cluster.
Peak inward current recorded near AChR clusters was 4.0 ± 2.6 pA
(mean ± S.E.M.). Peak inward current recorded away from AChRs was
7.5 ± 3.6 pA (mean ± S.E.M.). Electrode resistances were 3.68 ± 0.96
megohms (mean + S.D.), which gave tip diameter estimates of 0.90 ±
0.29 microns (mean + S.D.). These means were not significantly
different. The results indicate that Nachs and AchRs do not co-localize
on these myotubes to the same degree as at the mature neuromuscular
junction. Supported by NIH grant number NS27142.

363.16
AGRIN ISOFORMS SYNTHESIZED BY MOTOR NEURONS ARE HIGHLY
ACTIVE IN ACHR-AGGREGATION.
M. Gesemann. A.D. Denzer and M. A. Ruegg*. Dept. Pharmacology,
Biozentrum, University of Basel, 4056 Basel, Switzerland
Agrin is thought to mediate the motor neuron-induced formation of the
postsynaptic apparatus at the neuromuscular junction. If applied to cultured
myotubes, it induces the aggregation of acetylcholine receptors (AChRs). Recent
cloning in the marine ray, rat and chick has revealed that agrin can be alternatively spliced at two sites in its C-terminal half. Site A encodes either 0 or 4
amino adds and site B encodes either 0, 8,11 or 19 (8+11) amino acids. Studies of
agrin mRNA expression indicate that early in synaptogenesis, chick motor neurons contain high levels of A4B19. In contrast, non-neuronal cells and muscle
cells contain A4Bq and Aq Bq mRNA. In the adult ray, electric lobe motor neurons
that innervate the electric organ contain A4Bg, whereas agrin mRNA in the
electric organ again lacks both sites (McMahan et al. (1992), Curr. Opin. Cell Biol.
4:869-874). To compare the functional properties of agrin isoforms in more detail,
we have determined their spedfic activity to aggregate AChRs on cultured chick
myotubes and on mouse C2 cell lines. Heterologous expression of the C-terminal
half and of cDNA constructs encoding the proposed mature agrin revealed that
chick agrin isoform A4B8 was most active, reaching its half maximal response at
low picomolar concentrations. A4Bj 9 was 4 fold and A4Bn 160 fold less active.
No activity was detected for the A4B0 and Aq Bq isoforms, even at a 4,000 fold
excess. In agreement with this, recombinant A4B8 isoform of the marine ray also
showed high AChR-dustering activity and the A4Bq isoform was inactive. From
this, we condude that agrin isoforms sythesized by motor neurons throughout
development are highly active in indudng postsynaptic spedalizations whereas
agrin isoforms secreted from the target cells do not play a primary inductive role
in this process.

363.17

363.18

ANTI-AGRIN STAINING IS ABSENT IN EMPTY GUTTERS OF
FROG NEUROMUSCULAR JUNCTIONS. M.J. Werle*.

DYSTROGLYCAN-a, A DYSTROPHIN-ASSOCIATED
GLYCOPROTEIN, IS A FUNCTIONAL AGRIN RECEPTOR
Stephen H. Gee,
Federica Montanaro. Michael H.
Lindenbaum and Salvatore Carbonetto*. Centre for Research
in Neuroscience, McGill University, Montreal General Hospital
Research Institute, Montreal, Canada H3G 1A4
Aggregation of acetylcholine receptors (AChRs) on
skeletal muscle fibers is thought to be mediated by the basal
lamina protein agrin. Structural similarities shared by agrin
and laminin suggested that the laminin receptor dystroglycana, part of a receptor-dystrophin complex, might also bind
agrin. We show that dystroglydan-a and dystrophin-related
protein (DRP/utrophin) are concentrated within AChR
aggregates in cultures of C2 myotubes and that agrin binds
specifically to dystroglycan-a in in vitro assays. This binding
is calcium dependent and is inhibited by mab IIH6 against
dystroglycan-a, heparin and laminin, but not by fibronectin. In
S27 cells, which do not aggregate AChRs spontaneously,
agrin and laminin binding to dystroglycan-a are dramatically
decreased. Moreover, mab IIH6 significantly inhibits agrininduced AChR aggregation on C2 cells. We conclude that
dystroglycan-a is an agrin binding protein and part of a
receptor-dystrophin complex involved in AChR aggregation.

Department of Anatomy and Cell Biology, University of Kansas
Medical Center, Kansas City, KS 66160-7400.
The neuromuscular junction is a plastic structure, it is constantly
undergoing changes as the nerve terminals that innervate the muscle
fiber constantly extend and retract their processes. Consequently, at any
given time a normal frog muscle has a number of neuromuscular
junctions that have empty gutters. Agrin is a protein released by the
nerve terminals that binds to synaptic basal lamina and directs the
aggregation of AChRs and AChE in and on the surface of the myotube.
Antibodies to agrin recognize molecules stably bound to synaptic basal
lamina. I was interested in determining whether molecules antigenically
related to agrin remain bound to synaptic basal lamina when a nerve
terminal retracts. To do this I used a combination of Kamovsky
staining to reveal the distribution of AChE, rhodamine conjugated abungarotoxin to label AChRs, and anti-agrin antibody staining. In this
way I could observe the distribution of AChRs, anti-agrin antibody
staining and AChE at the same neuromuscular junction. Anti-agrin
staining and a-bungarotoxin staining were never observed in empty
gutters. Thus, if agrin was bound to synaptic basal lamina at these
empty gutters at the prior time when they were innervated by the nerve
terminal, then, the agrin that was bound to the synaptic basal lamina
must have been removed. Since AChE is still present at these former
synaptic sites, the removal of agrin is not simply due to the turnover of
the basal lamina. Current experiments are aimed at determining the time
course of the removal of agrin-like molecules from synaptic basal
lamina.
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IN SITU HYBRIDIZATION ANALYSES OF AGRIN
ISOFORM EXPRESSION DURING DEVELOPMENT, AND
FOLLOWING SEIZURES OR LTP. F. RuppD.G Soergal. and
N.A. Cohen. Dept, of Neuroscience, The Johns Hopkins Univ.
Sch. of Med., Baltimore, MD 21205.
A function of agrin is to mediate the subsynaptic
aggregation of nicotinic acetylcholine receptors (AChR) at
developing neuromuscular junctions. Differential splicing of
agrin mRNA results in a number of agrin variants, defined as
isoforms. These isoforms exhibit variable clustering activities as
demonstrated in vitro by using myotube cultures. PCR analyses
indicate that both expression and differential splicing of the agrin
mRNA are regulated developmentally as well as in a tissue
specific manner. Immunohistochemistry performed in our
laboratory demonstrates the neuronal localization of agrin in the
CNS. To define precisely the developmental regulation and
localization of the individual isoforms in rat CNS, in situ
hybridization analyses with isoform-specific oligonucleotides
was performed. These data suggest the a functional regulation of
the differential expression of agrin. To further investigate this
possibility, we analyzed the pattern of isoform expression in
hippocampal neurons post maximal electroconvulsive seizures
and long term potentiation. Our results support the hypotheses
that changing physiological conditions modulate agrin isoform
expression, and that agrin plays a role in neuronal plasticity.

EXPRESSION OF RAT AGRIN ISOFORMS IN DEVELOPING SPINAL CORD
AND BRAIN: AN IN SITU HYBRIDIZATION STUDY. D.M.Stone* and
K.Nikolics, Dept. Neurosci., Genentech, S. San Francisco, CA, 94080
Agrin, a large multi-domain protein localized to the extracellular matrix
at the neuromuscular junction (NMJ) and derived from spinal cord (SC)
motor neurons, is thought to play a key role in synapse formation at the
NMJ and possibly in the brain. Several different alte^^ti^^^^-spliced.
isoforms of rat agrin have been identified, which differ by the inclusion
or exclusion of small inserts at three sites in the C-terminal half of the
molecule, and by nicotinic acetylcholine receptor (AChR)-aggregating
activity on skeletal muscle fibers (Ferns et al., Neuron 11, 491, 1993).
We used in situ hybridization histochemistry to examine differential
isoform expression in developing rat. Eight 36-mer oligonucleotide
probes were designed to distinguish between known mRNA isoforms at
both the Y site (contains either a 0- or a 4-amino acid insert) and the Z
site (contains either a 0-, 8-, 11-, or 19-amino acid insert). While both
Y0 and Z0 mRNA showed a widespread tissue distribution (including
muscle, liver, and nervous system) from E15-P1, Y4 message was
detected only in the SC (primarily the mitotic ventricular zone), dorsal

root ganglia (DRG) and CNS. In adult SC, Y4 mRNA was localized to
individual motor and other neurons. Of the three remaining Z-site
isoforms, Z19 was most abundantly expressed; diffuse labelling over
motor neuron columns and DRGs was evident at E15, declining from
E15-P1. Z8 and, less abundantly, Zll could only be detected at later
developmental ages (from Pl-adult) in individual SC motor neurons.
Y4 and Z0 were the two isoforms most abundantly expressed in brain:
at E15, intensely, in mitotic subventricular zones, and diffusely
throughout at later developmental ages. These data are consistent with
results from PCR analysis (Hoch et. al., Neuron 11, 479, 1993).

363.21
THE
SYNAPSE-ORGANIZING
MOLECULE
AGRIN
IN
THE
DEVELOPING AVIAN RETINA. S. Kroger*. S.E. Horton# & L.S. Honig**.
+Max-Planck Institute for Brain Research, 60528 Frankfurt, Germany; #Dept.
of Neurobiology, Stanford University Medical Center, Stanford, CA 94305.
Agrin induces the formation of postsynaptic specializations including
aggregates of the AChR at the developing neuromuscular junction (NMJ).
Alternative splicing of agrin mRNA yields several agrin isoforms which vary
in their distribution and in their AChR aggregating activity. Because of its
presence in the central nervous system (CNS), it has been hypothesized that
agrin might also induce postsynaptic specializations at neuron-neuron
synapses. Using the retina, we have examined the role of agrin in the CNS.
Injection of polyclonal anti-agrin Fab fragments into the vitreous humor of
embryonic (E3 to E2O) chick eyes specifically labels extracellular agrin.
Staining is seen in the optic fiber layer (which contains retinal ganglion cell
[RGC] axons), and in inner [IPL] and outer plexiform layers, as they form,
during the periods of synaptogenesis. The inner limiting membrane (the basal
lamina separating the vitreous humor from the neural retina) is also stained.
Nuclear retinal layers (which contain few if any synapses) remain unstained.
Since RGC axons showed agrin, RGCs were cocultured with chick myotubes:
this did not result in induction of AChR aggregates. But the developing retina
does contain, by PCR analysis, mRNAs for active (B11, B19) as well as
inactive (BO) agrin isoforms. In situ hybridization shows these agrin mRNAs
are present in the RGC and inner nuclear layers, which correlates well with
the optic fiber and IPL staining for protein. The pattern of agrin expression in
the developing retina is consistent with the idea that agrin isoforms might
have a role in synapse formation in the CNS similar to that at the NMJ.
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364.2

MAP2- AND TAU-IMMUNOREACTIVE NEURONS WERE
INFLUENCED BY ESTROGEN TREATMENT THROUGH
ITS RECEPTOR IN VITRO. K. Yuri* and M. Kawata. Dept. of
Anatomy, Kyoto Pref. Univ. of Med., Kyoto 602, Japan.
To investigate effect of estrogen on the morphology of the hypothalamic
neurons, dissociated neuron culture of female rat was performed.

NEURITOGENIC EFFECT OF ESTRADIOL ON RAT VENTROMEDIAL
HYPOTHALAMIC NEURONS CO-CULTURED WITH HOMOTOPIC
OR
HETEROTOPIC GLIA. H.F. Carrer*. M.J. Cambiasso, H. Diaz,
and A. Caceres. Instituto de InvestigaciOn M6dica M. y M.
Ferreyra, Cordoba, Argentina, 5000.
Dissociated neurons from ventromedial hypothalamus of
sixteen gestational days (E16) rats, were co-cultured for
7 days with glial cells taken from hypothalamus (ho
motopic), amygdala (heterotopic) or without glia. Each
culture contained exclusively cells from either male or
female fetuses. Identical cultures were grown in media
containing 17-fl-estradiol (E2) 100 nM or without E2 in
Eagle's minimal essential medium with 10% fetal calf
serum. After fixation cultures were immunocytochemically
stained for microtubule associated proteins (MAP-2), atubulin or gliofibrillary acidic protein (GFAP). Neural
processes were classified as axons or dendrites according
to accepted morphological and immunocytochemical criteria.
Morphometric analysis revealed no significant differences
in number of primary neurites per neuron, length of
dendrites, area of neuron soma, number of cells per unit
area or number of neurons per unit area. The length of
axons was significantly different, with significant
interactions due to sex x E2 treatment (F=16.0906; df=l;
p<0.001)
and E2 treatment x co-culture (F=6.5405; df=2;
p=0.001) factors. Post-hoc analysis revealed that axons of
neurons taken from male fetuses co-cultured with glia from
amygdalar region in media containing E2 were significantly
longer (p<0.001) than controls without E2. It is proposed
that at E16 hypothalamic neurons from males are sensitive
to neuritogenic factor(s) segregated by glia from target
regions (i.e. amygdala) under the control of E2.

Hypothalami were obtained from day 17 of gestation (E17) and day 1 of
postnatal life (PI) of female SD rats. Cultures were maintained in Eagle's
MEM (phenol red free) containing dextran-treated 10% fetal calf serum.
Experimental groups were treated with etrachol-17P; control groups
received vehicle. Estrogen treatment produced the elongation of the
processes of hypothalamic neurons; microtubules-associated protein 2
(MAP2)- and tau-immunoreactive processes of neurons from E17 and PI
showed significant increase after 3 days in vitro. This elongation of
MAP2- and tau-immunoreactive processes was conspicuous in certain
population of neurons. The estrogen receptor (ER)-immunoreactive
neurons were also observed in vitro and were divided into three types:
strongly ER-positive, moderately ER-positive and ER-negative neuron.
These three types were observed in control and estrogen-treated group.
The length of processes of strongly ER-positive neuron in estrogentreated group was significantly longer than that in control group.
Considering these findings, estrogen affects the cytoskeleton in the
hypothalamic neurons to make the morphological background on the
sexually dimorphic nuclei through estrogen receptor. We thank
Dr.S.Hayashi (Tokyo Metropolitan Institute for Neuroscience) for generously
providing ER antibody (AS4O9).
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364.4

ESTRADIOL AND
INSULIN-LIKE GROWTH
FACTOR
REGULATE
PROOPIOMELANOCORTIN mRNA WITHIN THE ARCUATE NUCLEUS OF
IMMATURE FEMALE RATS. A.C. Hennessey*1, M.E. Wilson2 & H.E. Albers1
'Lab. of Neuroendocrinol. & Behav., Depts. of Biol. & Psych., Georgia State
Univ., Atlanta, GA;2Yerkes Primate Res. Ctr. of Emory Univ., Atlanta, GA.
Developmental increases in luteinizing hormone (LH) are regulated, in part,
by endogenous opioid peptides (EOP), and by increases in estradiol (E2)
release. Several EOPs, including B-endorphin, are derived from the precursor
proopiomelanocortin (POMC). The effect of E2 on POMC gene expression
within the arcuate nucleus (ARC) of immature females is not known. Also
unknown is whether insulin-like growth factor (IGF-1) can regulate LH
secretion via POMC biosynthesis. This study tested the hypotheses that 1)
E2 can stimulate POMC mRNA within the ARC; 2) IGF-1 can reduce POMC
mRNA within the ARC; 3) combined E2 and IGF-1 treatment can result in
an increase in POMC mRNA within the ARC. POMC mRNA levels within the
ARC were measured with in situ hybridization in ovariectomized immature
female rats (n = 5/group). Infusions were delivered sc via either a Silastic
capsule (oil, 10pg/ml E2, or 60yg/ml E2), or an osmotic mini-pump (acetic
acid, 120 pg IGF-1/day, or 240 pg IGF-1/day). Animals were treated for
either 1 or 7 days. The 18 treatment groups evaluated included: control, E2
alone, IGF-1 alone, and E2 and IGF-1 combined, at both doses and
treatment durations. Quantification of hybridization density revealed that
POMC mRNA within the ARC is not affected by E2 or IGF-1 treatment alone
in prepubertal female rats. In contrast, treatment with a combination of E2
and i Gf -1 increased POMC mRNA after treatment durations of either 1 or

WITHDRAWN

7 days (p < 0.05). These data suggest that POMC levels within the ARC
may be elevated by increasing E2 concentrations acting synergistically with
maturational increases in IGF-1 concentrations. Supported by NiH HD16305

364.5

364.6

PRESENCE OF ESTROGEN SYNTHETASE (AROMATASE) IN THE
DEVELOPING RAT OLFACTORY SYSTEM. L. Roa-Pefta. F. Naftolin and
T.L. Horvath.* Dept, of Ob/Gyn, Yale Med. Sch., 333 Cedar St. New Haven CT.
Male and female sex behaviors are altered by the olfactory system, and the
degree of the involvement differs in specific behavioral patterns (mounting,
maternal etc.) between the two sexes. Steroids, specially estradiol determine the
elaboration of male or female phenotypes of sexual behaviors during early brain
development. Since, the main developmental source of brain estradiol is
testosterone, it is likely that aromatase is present in the developing olfactory
system. Experimental: We studied the distribution of aromatase immunoreactive
profiles in the developing rat brain at embryonic day 14, 18 (E14, 18), postembryonic day 1, 3, 10 and 20 (PI, 3, 10, 20). Using a polyclonal antiserum
against a conserved, 20 amino acid sequence of aromatase (gift of E. Simpson) we
detected immunolabeling in the following (olfactory) regions: (1) cell bodies:
ependyma and subependymal layer of the olfactory bulb, all divisions of the
anterior olfactory nucleus, granule cell layer of the accessory bulb, lateral olfactory
tract, piriform cortex, (2) axons, axon terminals and: all of the aforementioned
regions plus the accessory olfactory bulb, vomeronasal nerve, external and internal
plexiform layer of the olfactory bulb, olfatory nerve, olfactory layer, olfactory
tubercle and internal granular and gomerular layers of the olfactory bulb. At each
time point, differences could be detected in the number, shape and intensity of
immunostained profiles, while the overall distribution seemed to be similar.
Conclusions: During brain development, immunoreactive aromatase is present in
several neuronal populations of the olfactory system. The presence of this enzyme
in all compartments of a cell, indicates that estradiol made from developmental
testosterone may alter the synaptology of developing neurons as well as the
maturating of their efferents. (Supported by NIH grant HD-13387 [F.N] and the
Brown-Cox fellowship [T.L. H.J)

SEX DIFFERENCES IN ESTROGEN RECEPTOR DEVELOPMENT IN THE RAT
BRAIN S. Kiilhnemann. T.J. Brown. R.B. Hochberg. P.L. Carlen* and N.J.
MacLuskv Div. of Reproductive Science and Neuroscience Research Program, The
Toronto Hospital, Toronto ONT M5G 2C4
The mechanisms involved in sexual differentiation of the brain remain poorly
defined. - In mammals, testosterone secretion by the male during early development
permanently alters the capacity of the brain to respond to circulating estrogen. In the
rat, this change in estrogen responsiveness in the male is associated with a permanent
reduction in estrogen receptor (ER) levels in the periventricular region of the preoptic
area (PVP), the medial preoptic nucleus (MPO) and the hypothalamic ventromedial
nucleus (VMN). It is not known whether these differences represent a proximal
response to early testosterone exposure, or a secondary consequence of sex differences
in gonadal steroid secretion at around the time of puberty. To investigate this question,
we sought to define the developmental time course of sex differences in ER
distribution. ER levels were measured by quantitative in vitro autoradiography in the
brains of male and female rats killed at intervals between birth and 49 days of age. As
early as 24h after birth, sex differences in ER levels in the MPO and PVP were
already quantitatively similar to those observed in adulthood. The sex difference in the
VMN emerged slightly later, between 5 and 10 days of age. Differences between
brain regions were also observed in of the rate of ER development after the first 10
days of life, ER concentrations in the PVP and MPO remaining essentially unchanged
from day 5 onwards, while increasing more than twofold between day 10 and
adulthood in the VMN, in both sexes. These observations suggest that effects on ER
concentrations may be one of the earliest hallmarks of brain sexual differentiation.
The effects of testosterone on different brain regions may, however, be expressed
asynchronously (supported by MRC Canada PG11115, to NJM, MT-11235, to TJB;
and by USPHS CA37799, to RBH. TJB is a Scholar of the Medical Research Council
of Canada).

364.7
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ESTROGEN SYNTHETASE (AROMATASE) IMMUNOREACTIVITY IN
THE DEVELOPING RAT VISUAL SYSTEM. T.L. Horvaahl. L. Roa-Peftftl
K Wiklerl*. F. NaRdlni iDept. of Ob/Gyn, and 2Sect. of Neurobiol., Yale
Medical School, 333 Cedar St. New Haven CT.
Masculinization of the developing rat brain is achieved through the
conversion of testosterone to estradiol by the enzyme aromatase (ARO). Although
several morphological and functional features of the mammalian visual system are
sexually dimorphic, the developmental mechanisms that underlie the emergence of
these gender-specific differences are unknown. To determine whether ARO may
also participate in the maturation of the visual system, we used an antiserum
against a conserved 20 amino acid sequence of ARO (gift of E. Simpson) to
identify immunoreactive profiles in the brains of embryonic and early postnatal
rats.
Brains from animals killed at embryonic (E) days E14 and E18, and
postnatal (P) days Pl, P3, P10, and P2O were processed for immunocytochemistry.
ARO-immunoreactive axons were found in the optic tract by E14 but had not
invaded central targets. An increasing number of immunoreactive axon terminals
were identified between E18 and PI in the suprachiasmatic nucleus, lateral
hypothalamus, lateral geniculate nuclei (dorsal, ventral divisions and most
abundantly in the intergeniculate leaflet), the lateral posterior thalamic nucleus,
and all layers of the superior colliculus. Although, immunoreactive axon terminals
were found in a diverse number of subcortical visual targets, ARO-positive cell
bodies appeared restricted to the superficial layers of the superior colliculus.
The prenatal expression of ARO localized in the developing rodent visual
system coincides with peak levels of testosterone in male embryos. These data
suggest that estradiol may be involved in the development o^ sexual dimorphism in
the mammalian visual system. (Supported by NIH grant HD-13587 [F.N.] and the
Brown-Cox fellowship [T.L.H.])

ONTOGENY OF NEURONS CONTAINING ESTROGEN
RECEPTOR IMMUNOREACTIVITY IN THE RAT BRAIN.
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M- Yvkysuka1-2*, & Okunwra1

aad S,

Hayashi1-

iDept. Anat. & Embryol., Tokyo Metropol. Inst. Neurosci., Tokyo
183, and ^ab. Vet. Reprod., Tokyo Univ. Agricul. & Technol.,
Tokyo 183.
Using an antiserum (Okamura et al., 1992), which

recognizes the estrogen receptor (ER) specifically, ontogeny
and distribution of the neurons containing ER was examined
in the developing rat brain by immunohistochemistry. Male
and female rats from postnatal day 1 to day 21 and the adult
were examined. ER immunoreactivity (ER-IR) was restricted to
the cell nuclei in specific cell groups. Distribution pattern of
ER-IR neurons in the preoptic area (POA), the diencephalon
and the amygdala in the neonatal rat was essentially the same
as that in the adult. On the other hand, ER-IR appeared
transiently in the layer V of the primary auditory cortex
(Yokosuka et al., submitted) and in the ventromedial portion
of the facial nucleus (Yokosuka & Hayashi, 1992) in the
neonatal rat. Thus, appearance of ER-IR in these regions
seemed not related to hormonal condition. On the contrary,
in the regions such as POA and ventromedial hypothalamic
nuclus, the intensity of ER-IR was stronger in females than
males. Thus, ER-IR in these areas seems to reflect difference in
hormonal state between both sexes in development.
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ESTROGEN RECEPTOR (ER) mRNA IN THE PREOPTIC
AREA OF NEONATAL MALE RATS IS INCREASED BY
INHIBITION OF AROMATASE. L.L. DonCarlos*. D. Faunce.
M. McAbee. S. Romer-Ouinn. & D. Stancik. Dept. Cell Biology,
Neurobiology, & Anatomy, Loyola Univ, Maywood, IL 60153.
We are investigating the role of estrogen (E) in sexual differentiation
of the rat preoptic area (POA). Our previous in situ hybridization
studies demonstrated a sex difference in the amount of steady state ER
mRNA in the neonatal POA. ER mRNA levels were, surprizingly,
lower in male than in female neonates and were increased by
orchidectomy. In the present study, we asked whether inhibition of
aromatase, which should block the local conversion of T to E in the
brain, would result in an increase in ER mRNA in the neonatal male
POA. Rats were treated with the aromatase inhibitor, Fadrozole, (FAD;
in saline; 0.0285 pg/ g b.w.; sc; gift from Ciba-Geigy) or saline, daily
from postnatal day 0 (PND O=day of birth) through PND 3, and
sacrificed on PND 4. ER mRNA was detected by in situ hybridization
using an 35S-labeled cRNA probe (see DonCarlos and Handa, Dev. Br. Res.
1994). In males treated with aromatase inhibitor, hybridization signal
was comparable to that in control females, and was 2-3 fold higher
than in control males. Treatment with the synthetic estrogen, DES, (1
pg release/day pellet implanted s.c. on PND 0; controls received
vehicle pellets) prevented the FAD-induced increase in ER mRNA.
FAD treatment did not affect ER mRNA levels in females. These
results support the hypothesis that locally produced estrogen, derived
from aromatization of testosterone, down-regulates ER mRNA in the
neonatal male rat preoptic area and plays a role in masculinization of
this region. Supported by NIMH grant MH48794.

VENTROMEDIAL HYPOTHALAMIC OXYTOCIN RECEPTOR BINDING IN
ADULT MALE RATS IS NOT DEPENDENT ON THE PRESENCE OF
POSTNATAL ANDROGENS. H. Coirini*. H. Carrer. L. Kflllstrflm. C Barberis.
S . Audieier. P. Sddersten. A. E. Johnson. Department of Psychiatry, UllerAker
Hospital, Uppsala University, S-75017 Uppsala, Sweden.
The sensitivity of the CNS to certain gonadal steroid regulated processes in
adulthood is dependent on the presence of perinatal androgens. For example, cellular
morphology and the expression of reproductive behavior are influenced by the
presence of gonadal steroids during perinatal developemnt. In adult male rats,
ventromedial hypothalamic (VMH) oxytocin (OT) receptor binding is enhanced by
testosterone (T). The influence of postnatal androgens on the binding of Tdependent OT receptor binding in the VMH was examined in the following
experiments. For these experiments, male Sprague-Dawley rats were castrated on
the day of birth (NX) and implanted on day 45 with T-containing Silastic capsules
or empty capsules. Another group of age-matched rats was castrated on day 45 (AX)
and implanted with either T-containing or empty capsules. An additional group of
intact rats served as controls (N=8 for each group). Eight weeks after capsule
implantation, the animals were killed, seminal vesicles were removed and weighed
and brains were processed for OT receptor autoradiography. Brain sections through
the VMH were labelled with the selective OT receptor antagonist 125I-OTA
(5OpM) in the presence or absence of unlabelled OT (lpM ). The results of this
study showed that T replacement in castrated animals resulted in seminal vescicle
weights that equalled (NX) or exceeded (AX) those of intact males. In agreement
with previous studies, T replacement enhanced specific 125 I-OTA binding in
gonadal steroid sensitive regions of the VMH. However, no difference in VMH
125 i-OTA binding was observed between NX and AX animals. These data indicate
that with regard to hypothalamic OT receptor binding, postnatal androgens do not
alter the sensitivity of the CNS to T in adulthood. Supported by grant #8318 from
the Swedish MRC.
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DEVELOPMENTAL EXPRESSION PATTERN OF mRNAs ENCODING
SUBTYPES OF THE THYROID HORMONE RECEPTOR IN THE MEDIAL
NUCLEUS OF THE AMYGDALA. J.W. Pendleton. C.C. Thompson and R.B.
Simerlv*. Oregon Regional Primate Research Center, Beaverton, OR 97006
The structural similarity between thyroid hormone receptors (TRs) and steroid
hormone receptors suggests that they may also share functional similarities in the
regulation of gene expression within hormone-sensitive neuronal pathways. Four
principal subtypes of TRs (TRa 1, TRa2, TR£ 1 and Tlty?2) have been isolated that
are expressed in the brain, however, only TRa 1 and TRS land 2 have been shown
to regulate gene expression in response to thyroid hormone (T3) and Tfy82 shows
minimal expression. On the basis of in vitro data it has been suggested that TRa2
may inhibit the action of hormone activated TRa Is and TRSls. Thus the
coexpression of TRa2 in developing neurons may regulate the influence of T3 on
brain function and development (see Koenig et al., 1989). We have determined
that TRal, TRa2 and TR01 mRNAs are expressed in the posterior part of the
medial nucleus of the amygdala (MeAp), which contains sexually dimorphic
populations of neurotransmitter-specific neurons, as well as a high density of cells
that express gonadal steroid hormone receptors. The apparent density of cells in
the MeAp that express mRNAs encoding TRs and sex steroid hormone receptors
suggests that these ligand activated nuclear transcription factors may be coexpressed within individual cells, and may therefore interact to coordinate the
development of hormone-sensitive neurons. As a first step towards addressing this
issue we have evaluated the developmental profile of TR mRNAs in the MeAp by
using in situ hybridization and cRNA probes that are specific for the TRal, TRa2
and TR01 subtypes. TRal, TRa2, and TR01 mRNAs appear to be coexpressed
within a majority of MeAp neurons. Both TRa 1 and TRa2 mRNAs are detectable
by E18 and increase to moderately high levels by the day of birth (P0). However,
levels of TRa2 are dramatically reduced on day P4, but return to PO levels by P10,
which correlates with the critical period for sexual differentiation of this nucleus,
and suggests that a window of high sensitivity to thyroid hormones may occur in
the MeAp during this important neonatal period.

ONTOGENY OF PITUITARY ADENYLATE CYCLASE ACTIVATING
POLYPEPTIDE (PACAP) mRNA IN THE MOUSE BRAIN. Y. Shuto. D.
Uchida. H. Onda. and A. Arimura*. US-Japan Biomed. Res. Labs, Tulane U.
Hebert Ctr, Belle Chasse, La, 70037; and Discovery Res. Div. Takeda Chem.
Ind., Tsukuba, Japan.
Pituitary adenylate cyclase activating polypeptide (PACAP) was isolated from
ovine hypothalamic tissue by screening for pituitary adenylate cyclase
stimulating activity. The presence of PACAP in the brain outside the
hypothalamus was also demonstrated by immunohistochemistry. PACAP
enhances proliferation and differentiation of sympathetic neuroblasts, stimulates
neurite outgrowth of PC12 cells and increases cytosolic free calcium
concentration in cultured rat hippocampal neurons; calcium homeostasis in
neurons regulates growth cone behavior, a function which is critical during
development The binding sites for PACAP and the radioimmunoassayable
PACAP were detected in the whole rat brain as early as E14. The
radioimmunoassayable PACAP in the whole brain increased during the prenatal
period with a rapid increase between E18 and P0. In order to understand whether
PACAP is involved in twain development it is necessary to investigate the
expression of PACAP gene in the pre- and postnatal twain. Therefore, we
examined PACAP gene expression in the developing mouse twain using RNase
protection assay. The probe used was pRB3Z3 which contained the 670-base
pair Pstl/EcoRI fragment of rat PACAP cDNA. PACAP mRNA was detected
in the mouse twain as early as E9.5. The content of PACAP mRNA gradually
increased during the prenatal period, peaked at P0 and then tended to decrease
during the postnatal period. The rapid increase in PACAP concentration in the
rat brain between E18 and P0 when mRNA levels also peaked as demonstrated in
the present study supports a view that PACAP plays an important role during
the development of the brain, particularly during the perinatal period. (Supported
in part by NIH grant DK09094 and a research aid from Takeda Chemical Ind.)
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POSTNATAL DEVELOPMENT OF TYROSINE HYDROXYLASE mRNA
EXPRESSION IN ORGANOTYPIC EXPLANTS OF THE ANTEROVENTRAL
PERIVENTRICULAR NUCLEUS (AVPV). D. Lorang*. A.M. Carr and R.B .
Simerlv. Divi of Neuroscience, Oregon Regional Primate Research Center, Beaverton,
OR 97006 and Oregon Health Sciences U., Portland, OR, 97201.
The AVPV is a sexually dimorphic nucleus in the preoptic region that has been
implicated in the neural control of gonadotropin secretion. Previous work from this
laboratory has shown that the AVPV contains over 3 times as many neurons
expressing tyrosine hydroxylase (TH) mRNA and protein in female rats relative to
males, and the development of this sexual dimorphism appears to be dependent on
perinatal sex steroid hormones. In the present study both in situ hybridization
histochemistry and reverse transcription-polymerase chain reaction (RT-PCR)
amplification methods were used to define the normal ontogeny of TH expression in
the AVPV and to compare the developmental pattern of TH mRNA expression in
organotypic explant cultures of the AVPV maintained under defined conditions with
the expression pattern observed during the postnatal period in vivo. Organotypic
cultures were prepared from isolated slices of AVPV derived from newborn male and
female rats (P0) and were maintained for 2,4,6,8,10,12 and 28 days in vitro (DIV)
under defined conditions in the presence (male), or absence (female), of 0.1 nM
testosterone. TH mRNA levels in the AVPV developing in vivo over this same time
period was assessed in acute slices prepared from animals of equivalent postnatal age,
Pl-P28. RNA harvested from microdissected tissue samples was reverse transcribed
into cDNA and used in a PCR reaction; other tissue was processed for hybridization
histochemistry. Our results demonstrate the appearance of a sex difference in TH
mRNA expression in the AVPV during the postnatal period. Although there were no
detectable differences in levels of TH mRNA at birth (P0), significantly higher levels
of TH mRNA were detected in the AVPV of explants from females after 6 DIV. This
difference increased over time (8-12 DIV), and was maintained for at least 28 DIV.
Similar results were obtained with acute AVPV tissue slices harvested at comparable
time points during development, thereby confirming the differentiation observed in
vitro and supporting the validity of the in vitro explant model system.

Neurosteroid Induced Mitosis in Cultured Hippocampal Neurons
R. D. Brinton* and Nick Steigerwidt. Molecular Pharmacology & Toxicology, & the
STAR Prog for Science Educ, Univ of Southern California, Los Angeles, CA 90033
The neurosteroid, 3a-hydroxy-5a-pregnan-20-one, (3a,5a-P), has been found to
induce rapid regression of neuronal cytoarchitecture (Brinton, J. Neurosci. 1994). We,
therefore pursued the cellular significance of this response by using two investigative
strategies. First cultured hippocampal neurons were treated with differing
concentrations of 3a,5a-P for 24 and 48 hours followed by videomicroscopy for
determination of morphological changes induced by 3a,5a-P. Second, hippocampal
neurons were grown in the presence of 3a,5a-P for 24 hours and 3H-thymidine to
biochemically determine the effect of the neurosteroid on DNA synthesis.The
hypothesis of these experiments was that regression of neuronal cytoarchitecture was
structural evidence for reversion to an earlier state of cellular development.
Morphological data demonstrated that 3a,5a-P (1-1000 nM) induced a significant
decrease in 6 morphological measures at the 24 hour time point (p<.001). In addition,
many neurons appeared to have undergone mitosis during the 24 hour exposure to
3a,5a-P. The observation of mitotic nerve cells was confirmed using 3H-thymidine
as an indicator of DNA synthesis. 3a,5a-P induced a significant 200% increase in 3Hthymidine incorporation within 24 hours (p. <.O1) Steroid specificity studies indicated
that the mitogenic effect was specific to 3a,5a-P. The decrement in nerve cell
morphology was reversed within 48 hours and nerve cells appeared indistinguishable
from control neurons. In addition, the number of observable mitotic cells decreased
These results demonstrate that 3a,5a-P -induced regression of neuronal
morphology is associated with an increase in the number of visibly mitotic cells. The
morphological observation of mitotic neurons was confirmed by 3H-thymidine
incorporation studies. The cytoarchitectural regression observed at 24 hours was
reversed at the 48 hour time point which suggests that following 3a,5a-P -induced
mitosis, neurons are capable of regenerating complex cytoarchitectural structures as
seen in control cells. Collectively, these findings indicate that 3a,5a-P induces
significant changes in nerve cell morphology and mitosis in cultured hippocampal
nerve cells. 3a,5a-P induced mitosis may be involved in development of the CNS.
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ANDROGEN INDUCTION OF NEURITE OUTGROWTH AND
ARBORIZATION IN ANDROGEN RECEPTOR (AR)-TRANSFECTED PC 12
CELLS IN VITRO. R.H. Lustig*. P. Hua. L.S. Smith. C. Wang, and C. Chang. Depts. of
Pediatrics and Human Oncology, U. Wisconsin, Madison, WI 53792
Neural organization is sex-dependent, and the sex hormonal milieu during
gestation influences patterns of neurite outgrowth and synapse formation in the CNS.
For instance, androgen alters neurite outgrowth, synaptic organization, and cell
survival in portions of the rat brain and spinal cord. However, molecular/cellular
examinations of the effects of androgen on neurons in vivo have been difficult.
Previously, we described an in vitro model for the effects of estrogen on neurons,
using estrogen receptor (ER)-transfected PC12 cells (J Neurosci, May 1994). We now
describe an in vitro model for androgen effects. Wild-type (PC12-WT) cells were
stably transfected (Tx) with an expression vector coding for the full length human
AR cDNA. Resultant clones were isolated, screened for expression of AR mRNA and
protein, and analyzed for morphologic responses to dihydrotestosterone (DHT).
PC12-WT, NEO9 (control Tx; ER-negative, AR-negative), SER8 (Tx ER cDNA;
ER-positive, AR-negative) and AR8 (Tx AR cDNA; ER-negative, AR-positive) cells
were incubated with 10 ng/ml Nerve Growth Factor (NGF) and 0—lO" M d Ht for
2 days. Cells were stained and drawn on a camera lucida-image analysis system. AR8
cells demonstrated androgenic dose-responsive increases in mean cell neurite length,
neuritic branch order level, and neuritic field area (P < 0.05), but neuritic branch
segment length and soma area were unaffected. Significant effects were noted at 10'8
M DHT. Neither PC12-WT, NEO9, nor SER8 cells demonstrated any alterations in
neuritic morphology with DHT coadministration.
These results suggest that androgen acts additively with NGF in AR8 cells to
increase neurite outgrowth; but androgen effects are noted primarily as changes in
neurite branching and arborization, which increase the receptive fields of these cells,
and which may increase their likelihood for intemeural contact. These data support
the distinct but complementary roles of androgen and estrogen action in neural
organization.

INSULIN-LIKE GROWTH FACTORS ACTIVATE ESTROGEN RECEPTOR TO
CONTROL THE GROWTH AND DIFFERENTIATION OF THE HUMAN
NEUROBLASTOMA CELL LINE SK-ER3. Z. O. Ma. S. Santagati. C .
Patrone. G. Pollio. E. Vegeto and A. Maggi* Molecular Pharmacology Lab.
Institute of Pharmacological Sciences, University of Milan, Via Balzaretti 9.
20133 Milan Italy

The estrogen receptor (ER) stably transfected neuroblastoma cell lme
SK-ER31, was the model system for a study on the effect of insulin and

related growth factors (IGF-I and IGF-II) on nerve cell growth and
morphological differentiation induced by estrogens. The results presented
demonstrate that insulin and IGFs control the growth and morphological
differentiation of the cell line expressing the ER, but not of the parental cell
line. Effects elicited by the growth factors in SK-ER3 cells can be blocked by
estrogen receptor antagonists. Transient transfection studies further confirm
an effect of the IGFs in the modulation of ER-activated promoters. The
results presented support the hypothesis of the existence of cross-talk between
membrane and intracellular receptors and provide evidence for physiological
consequences of the activation of such a pathway of communication.
The present study is of particular interest with regard to the theory of
prenatal involvement of the ER in maturation of nerve cells. It could, in fact,
be hypothesized that IGF-I and IGF-II, present in high concentrations in the
developing brain, might activate the ER expressed in several embryonic brain
nuclei.
1. Ma Z.Q., et al. Proc. Natl. Acad. Sci (USA) 90: 3740-37^44, 1993
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ORPHAN RECEPTORS COUP-TF I AND COUP-TF II IN
NEUROGENESIS. H.O.Nomes*. A. Soosaar, K. Brubaker. K.
Neuman. H. Connor, and T.Neuman Dept. of Anatomy &
Neurobiology, Colorado State University, Fort Collins, CO 80523.
Nuclear hormone receptors have a profound role during
neurogenesis. Besides the ligand-activated transcription
factors, the superfamily of nuclear hormone receptors
comprises orphan receptors for which ligands are not known,
and some of these (COUP-TFs) function as negative regulators
of hormone action. To investigate the role of COUP-TF
transcription factors, we isolated mouse COUP-TF I and COUP-TF
II cDNAs and promoter regions. In situ hybridization analysis
reveals different expression patterns of COUP-TF I and COUPTF II during neurogenesis. Over-expression of COUP-TF I in
neuronally differentiating teratocarcinoma cells blocks
retinoic acid induced differentiation and cessation of
proliferation. In cotransfection experiments, COUP-TF I
suppresses the activity of retinoic acid receptor p2 and several
neural specific gene promoters. Analyses of COUP-TF I and
COUP-TF II promoters reveal several retinoic acid response
element sequences which are responsible for retinoic acid
induced activation and COUP-TF dependent inhibition of
promoter activities in transient assays. Our data suggest that
COUP-TFs may be involved in control of neurogenesis by
regulating expression of neuronal specific genes as well as
genes regulating cessation of proliferation and initiation of
differentiation of neuroblasts (Supported by the Spinal Cord
Society)

EFFECTS OF GLUCOCORTICOID ON NEURONS OF RAT
DENTATE GYRUS IN DISSOCIATED CULTURE.

364.19
STRAIN DIFFERENCES IN GLUCOCORTICOID RECEPTOR mRNA
EXPRESSION AND DOWN-REGULATION BY DEXAMETHASONE IN
FETAL MICE. B.B, Turner*, S.H. Rapier, and R.R. Holson. Dept. of
Physiol., Coll, of Medicine, East Tenn. State Univ., Johnson City, TN
37614 & Nat. Center for Toxicological Res., Jefferson, AR 72079.
During fetal development, mouse strains differ in sensitivity to
glucocorticoids. We compared a glucocorticoid resistent strain (CD1) to a sensitive strain (AJ) with respect to amount of
glucocorticoid receptor (GR) present at El 3.5 in brain and
peripheral tissues. Paraffin embedded fetuses were hybridized
using 35S-labelled GR riboprobe and autoradiogram density
quantitated by image analysis. AJ fetuses showed more GR mRNA
in peripheral organs, particularly liver and heart (p<0.01, p<0.05).
In neural tissues, GR mRNA expression was greater in CD-I fetuses.
Differences were most pronounced in primary cortex, colliculus
ganglionaris, and the posterior-ventral thickening of the ventriculus
lateralis (p<0.01). Dams were injected with lOmg/kg of
dexamethasone (DEX) on ElO and fetuses harvested on El 3.5. CD1 fetuses showed consistent down-regulation of GR mRNA in most
peripheral organs (33-45%); AJ fetuses showed a more variable
response (26-53%). The response was markedly different in neural
tissues. In primary cortex and diencephalic structures, GR mRNA
down-regulation was 2-3 fold greater in AJ fetuses (38-67%). CD-I
fetuses showed virtually no decrease in mRNA in brainstem
structures, whereas AJ fetuses showed an 80% decrease. This
extensive decrease in GR mRNA, combined with lower basal
expression, may be the basis for AJ sensitivity to DEX exposure.
SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

M. Nishi1, S. Ued2, N. Morita2 and M. Kawata* *, Departments of
'Anesthesiology and *Anatomy, Kyoto Prefectural University of Medicine

Kyoto, Japan
Glucocorticoid(GC) affects not only the neural activities and functions, but

also the neural development, survival and plasticity. Recent studies have

demonstrated that GC have the protective effects on the granule cells in rat
hippocampal dentate gyrus(DG). In this study, we focused on the short-term

effects of GC on the morphological characteristics of the cultured 1X3 cells by
using immunocytochemistry in conjunction with the antibody of microtubules-

associated protein 2 (MAR2*.
We used postnatal 4 to 5 days rat pups ( Sprague-Dawley strain) for our DG
cultures since this stage coincides with the peak period of granule cell

generation in vivo The resulting cell suspension was plated onto glass coverslips at the density of 35,000 cells per cm*. The cultures were processed with

monoclonal MAP2 antibody.Treatment of synthetic GC,dexamethasone(DEX)
induced the increase of the total length of MAP2-immunoreactive(IR)processes
of the rat hippocampal DG neurons in a dose-dependent manner in vitro. DEX

increased the ratio of multipolar neurons having more than three MAP2-IR

processes .The area of cell body having MAP 2-IR processes increases with 5
pM-DEXtreatment.These findings indicate that cytological features of DG cells

are strongly influenced by the action of GCwithout affecting the cell survival.
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TRANSFORMING GROWTH FACTOR 6 MEDIATES
INCREASE OF MATURE TRANSMEMBRANE AMYLOID
PRECURSOR PROTEIN IN MICROGLIAL CELLS
U. MOnping^ R,Sanfl?ripl& R. B, BBmti C U, MMlgrs^Lafaj

TNFa AND IL-la UPREGULATE CD4 AND MAC1 EXPRESSION OF
MOUSE MICROGLIA N. Yu. F.E. Bloom* and P.I, Magistretti
Department of Neuropharmacology, The Scripps Research Institute, La
Jolla, CA92037. Univ. de Lausanne, Switzerland.
Microglia, the resident macrophages of the brain, are one of the main
target cells for HIV infection and thought to play an important role in
the etiology of the AIDS dementia complex. It is generally accepted
that CD4 and complement receptors are involved in HIV entry into the
cells of the macrophage/monocyte lineage. In order to clarify the role
of inflammatory cytokines on microglia functions, TNFa and IL-la
were evaluated for their effects on the expression of the cell surface
markers, i.e. CD4 and MAC1, by cultured, brain-derived mouse
microglia using FACS analysis. The purity of the microglia was
confirmed by Dil-Ac-LDL uptake (99% positive) and lectin RCA 120
staining (70% positive). Both TNFa and IL-la upregulated CD4 and
MAC1 expression in a time- and dose-dependent manner with similar
EC5Os (2ng/ml for TNFa and O.lng/ml for IL-la respectively) and
time to peak response (>12 hours). After 20 hour treatment, CD4
positive cells increased from 13%, (basal) to 19% with TNFa (2(Oig/ml)
and to 48% with IL-la (lng/ml). Similarly, MAC1 expression rose
from 23% (basal) to 45% with TNFa (2Og/ml) and to 53% with IL-la
(lng/ml). Our preliminary results suggest that TNFa and IL-la could
play an important role in CD4 mediated and antibody-dependent
enhancement of the HIV infection of microglia by increasing
expression of required surface receptors. Supported by MH 47680.

jL-Bsyreutheff § Center for Molecular Biology Heidelberg, University of
Heidelberg, Im Neuenbeimer Feld 282, D-69120 Heidelberg, Germany
*Department of Neuromorphology, Max-Planck-Institute for Psychiatry, D82452 Planegg-Martinsried, Germany ^Department of Pathology, University
of Melbourne, Parkville, Victoria 3052, Australia.

By using the immortalized microglial cell line BV-2, we show
that the high expression of the 6A4 amyloid precursor protein
(APP), its biogenesis and metabolism is modulated by TGFB, a
cytokine with immunosuppressive activity, and by the microgliastimulating agent LPS. TGFB induces accumulation of cellular
mature APP, the putative precursor of the amyloid subunit of
Alzheimer's disease. LPS leads to increase in cellular immature,
non-amyloidogenic APP and secretion of also nonamyloidogenic APP fragments. We also demonstrate a functional
involvement of ECM molecules in the regulation of microglial
APP expression at mRNA and protein level by TGFB and LPS.
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CHARACTERIZATION OF PERIPHERAL BENZODIAZEPINE SITES
WITH [sH]Ro5-4864 IN CULTURED MICROGLIAL CELLS. C.H. Park*. E .
Carboni. P. Wood*, and K.W. Gee. Dept. of Pharmacology, College of
Med., Univ. of California Irvine, Irvine CA 92717, *CoCensys Inc., 213
Technology Drive, Irvine CA 92718.
It is known that the density of peripheral benzodiazepine receptors (PBR)
increases after brain damage. Astrocytes are among the cell types where

MICROGLIA TO MACROPHAGE TRANSFORMATION IN PERFUSED, IN VITRO BRAIN SLICES
IS INDEPENDENT OF CIRCULATORY FACTORS AND BLOOD-BORNE MONOCYTES. M. T.

PBR ligand binding has been detected and may be involved in neuronal
injury and regeneration. The number of sites for PBR ligands in astrocytes
is increased by both cytokines and neurotoxins. Moreover, PBR ligands
modulate cytokine release and PBR binding is present on
immunocompetent cells. In the present study, we report the presence of
[3H]Ro 5-4864 binding in microglial cells.
In particular we used an
immortalized cell line of murine microglial cells, the BV-2 cells. High
affinity binding of [3H]Ro 5-4864 to a single site was detected in membranes
prepared from BV-2 cells (K?= 4 nM). A similar Kd was obtained by
association-dissociation kinetic studies. Various ligands for the Pb R

displaced the binding of [3H]Ro 5-4864 with the following rank order of
potencies: PK11195 >Ro5-4864>> diazepam> dipyridamole>clonazepam>
propyl-beta-carboline-3-carboxylate.
Subcellular fractionation studies
indicate that the majority of the Ro5-4864 binding sites is in the

mitochondrial fraction (K,= 3.2 nM; Bmax = 12 pmoles/mg prot.). The
remainder is found in non-mitochondrial cell fractions (Kp= 4.8 nM; Bmax =
2.5 pmolelemg prot). The [sHlRo5-4-481 binc^intj observrvl in intata tells
had similar characteristics to the one found on membranes. The presence
of a high density of PBR's in these cells establish the basis for additional
investigations into their possible functional role in the microglial response
to neuronal injury.

Shipley* and L. A. Zimmer

MD 21201

Dept, ofAnatomy, Univ. Mtayltani School ofMedicine, Biltmore,

Circulating monocytes are the precursors of macrophages outside of the brain. Following
tissue damage, monocytes leave blood vessels and terminally differentiate into macrophages at
sites of injury. In the brain, the origin of reactive microglia/macrophages following injury is less
understood. Some studies suggest that resident "resting" microglia are "activated", assume

macrophage-like properties, and migrate to sites of injury following CNS insult. Others suggest
that blood-borne monocytes penetrate the blood brain barrier and differentiate into reactive
microglia/macrophages following CNS injury. Despite much research, the role(s) of monocytes,
glia, and macrophages in CNS injury are still unclear. Thus, it is not yet known to what extent the
injury response in the brain is dependent upon blood-borne monocytes and serum factors,
and to what extent resident microglia are involved. Here, we examined the role of microglia

during CNS injury using an in vitro slice paradigm in which blood-borne monocytes and
serum factors were eliminated. Chloral hydrate-anesthetized rats (5O-25Og) were perfused with
fo-ebb's solution (200 ml) to remove circulating cells. The brains were rapidly removed,
submerged in oxygenated toebb's, and cut into 400 um-thick slices. Extracellular recordings
were made to assure the viability of the slices. Following specified time periods (0, 4,8 hr) the
slices were fixed, sectioned at 40 um, and prepared for Ox-42 immunocytochemistry. Ox-42
staining revealed a temporally progressive change in the morphology of microglia in the slices.

At 0 hr, Ox-42 positive cells were indistinguishable from resident microglia in intact brains; these
cells had long, spiny processes with little cytoplasm, and small, rounded nuclei. By 4 hrs, many
Ox-42 positive cells displayed shorter, thicker processes and enlarged nuclei. By 8 hrs, many
Ox-42 positive cells had thick, rounded nuclei and lacked processes altogether. These cells
resembled fully reactive macrophages, and were present throughout the sections. Our findings
suggest that microglia can transform into macrophage-like cells in the abscence of monocytes
and other blood-borne factors. This further suggests that resident microglia can respond to
local CNS cues to transform their phenotype and participate in the brain's response to injury.

Supported by U.S. Army DAMD17-91-C-1071, NIH DC 00347, and NS 29218.
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SPECIES DIFFERENCES IN MICROGLIAL RESPONSE C. Colton.* J. Snell .
O. Chernyshev and D. Gilbert. Dept, of Physiology, Georgetown Univ. Med. Sch.,
Washington, DC. 20007 and Unit on Reactive Oxygen Species, Biophys. Section,
Clinical Neurosci. Lab, NINDS, NIH, Bethesda, MD 20892.
The production of reactive oxygen species, such as superoxide anion and nitric oxide
(NO), is a fundamental mechanism of macrophages and is part of the response of
these cells to injury and infection. We have studied the response of the CNS
macrophage, the microglia, to known inflammatory and immune mediators and have
found significant species-related differences. Primary cultures of microglia were
prepared from the cerebral cortex of neonatal rat (Sprague-Dawley) and hamster
(Golden hamster) and were grown for 14 days. NO and superoxide anion were
assayed in a standard fashion. In cultured rat microglia, lipopolysaccharide (LPS,
E.Coli O26:B6) and y interferon (IFN) induced NO production, beginning about 10
hours after exposure to either agent. The combination of LPS and y IFN produced a
greater response than either alone. Hamster microglia, however, did not produce NO
in response to a concentration range of either LPS, y IFN, a combination of LPS and
Y IFN, or to the phorbol ester, phorbol myristate acetate (PMA), over 72 hours of
stimulation. Treatment of hamster microglia with LPS did induce superoxide anion
production within 30 minutes of exposure and pre-treatment for 48 hours with LPS
enhanced PMA-induced superoxide anion production. PMA- stimulated superoxide
anion production was significantly greater per ug/protein in hamster than in rat. In
addition, LPS had no effect on either direct induction or potentiation of superoxide
anion production in rat microglia. A difference in superoxide anion regulation was
also noted with y IFN. Pre-treatment with y IFN for 48 hours potentiated the PMAinduced release of superoxide anion in rat microglia. However, pre-treatment of
hamster microglia with y IFN did not affect either PMA-stimulated or nonstimulated superoxide anion release.

LIPOCORTIN
1
AND
PHOSPHOTYROSINE
IDENTIFY
MICROGLIA IN ADULT AND EMBRYONIC RAT CNS. J.A,
McKenna and V.A. Casaarande? Dept, of Cell Biology,
Vanderbilt University, Nashville, TN 37232-2174.
Phosphetyresiae (PY) has been identified as a marker for
microglia in both normal and diseased mammalian CNS
(Tilietsea & Wood, 1989). Lipecertia 1 (LCD, a substrate for
tyrosine kinases, is expressed at high levels in most (probably
all) microglia. Immuaelocalization of both PY and LC1 has been
difficult and controversial. In order to test the correlation of PY
and LC1 in microglia, a series of fixation experiments has
discovered a protocol that shows remarkable localization of
both substances in paraffin-embedded tissues. Glutaraldehydeperiodate-acetate-salt (GPAS)
fixative immobilizes and
preserves PY immuaereactivity (PY-/». With GPAS fixation,
microglia in the rat brain and spinal cord uniformly exhibit LC1ir. In contrast, PY -ir is not detected in all microglia; levels of
microglial PY-/> vary and appear to be under physiologic
regulation. Furthermore, in embryos fixed with GPAS, the floor
plate LC1 raphe stains for PY -ir, while the paramedian bands of
S100/9 radial glia do not. These data support the hypothesis
that radial LC1-positive glia of the raphe are progenitors of
microglia, and add to evidence suggesting that floor plate glial
compartments play a role in the morphogenesis of the ventral
commissures.
Supported by EY08126 and HD 14042.
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EFFECTS OF PIGMENT EPITHELIUM-DERIVED FACTOR (PEDF) ON
ASTROCYTES AND MICROGLIA IN CULTURE.
Y. Sugita*. T. Taniwaki. S.P. Becerra t. G.J. Chader t. J.P, Schwartz.
Clinical Neuroscience Branch, NINDS, and tLaboratory of Retinal

ENHANCED MICROGLIAL ACTIVATION IN 24-MONTH-OLD
FISCHER 344 RATS FOLLOWING INTRAHIPPOCAMPAL KAINIC
ACID INJECTION. A.N. Kalehua *. W.J. Streit and G.W. Kreutzberg. Max
Planck Institute for Psychiatry, am Klopferspitz 18a, 82152 Martinsried, BRD,
and Dept. of Neuroscience, Univ. of Florida, Gainesville, Florida, 32610.
The microglial response following the injection of kainic acid was
examined in aged ■ (24-month-old) and young adult (3-month-old) male Fischer
344 rats. Kainic acid (lgg/^l; 0.5
volume) was unilaterally injected into area
CA3 of the hippocampal formation.
Animals were sacrificed following
1,2,4,7,14 or 21 days of survival, <ryosections were then immunostained with
the following antibodies: OX6, OX18, EDI, ED3 and W3/25. In addition,
sections underwent a modified Fink-Heimer stain for the presence of
degenerating axonal fibers.
After one day of survival, there were numerous 0X6- and ED1immunoreactive profiles within the site of injection in both young adult and aged
animals. However, in aged animals, immunoreactive microglia were also
observed encompassing the entire CA3 region, the contralateral (axotomized)
area CA3, and the underlying thalamus. The OX6-positive microglia in aged
animals also possessed a ramified morphology, whereas the 0X6 microglia in
young adults were macrophages.
Following four days of survival, the
microglial reaction within the ipsilateral hippocampus also included ED3-,
0X18- and W3/25-labelled microglia, in both sets of animals. Area CA3 of the
ipsilateral hippocampus was virtually non-existent in both sets of animals by
twenty-one days of survival, except for the presence of scattered pyramidal
cells. The extent of the necrosis extended as far as the ventral hippocampus,
approximately 3 mm caudal to the injection site. Fink-Heimer staining revealed
that degenerating fibers were more prevalent in the aged animals than in young
adults.
These results suggest that microglial response to injury in the aged
central nervous system is enhanced as compared to young adults, and may in
turn, influence the resulting cytoarchitecture following injury.

Cell and Molecular Biology, NEI, NIH, Bethesda, MD 20892
Pigment epithelium-derived factor (PEDF), a neurotrophic agent
identified in conditioned medium from cultured human retinal pigment
epithelial cells, induces neuronal differentiation with neurite outgrowth
in Y-79 human retinoblastoma cells and has a neurotrophic survival
effect on cerebellar granule cells in culture. In the present study we
have investigated the effects of PEDF on the proliferation and
activation of cultured astrocytes and microglia isolated from primary
mixed glial cell cultures of newborn rat. Pure astrocyte or microglia,
or mixed astrocyte-microglia cultures, were treated with 5-500ng/ml
PEDF. Cell numbers were determined either by immunocytochemistry
or using the MTS assay (aqueous soluble tetrazolium formazan assay).
There were fewer astrocytes in the PEDF-treated group than the control
group in mixed astrocyte-microglial cultures, but no change in cell
numbers in isolated astrocyte or microglial cultures. PEDF also had
no effect on BrdU incorporation (mitosis) in isolated cultures of either
astrocytes or microglia. Cultured microglia exhibited a rod or irregular
shape with short processes: PEDF treatment caused them to round up,
decreased their ability to attach, but increased their metabolic rate (as
measured by MTS conversion). These results suggest that PEDf
affects microglial metabolism and attachment directly and that a factor
released by PEDF-stimulated microglia inhibits the proliferation of
astrocytes.

365.9
COCULTURE OF MICROGLIAL CELLS WITH DAMAGED LEECH CNS
LEADS TO CHANGES IN THEIR MORPHOLOGY AND THEIR INTERACTION
WITH NEURONS. R. von Bernhardi*. Biocenter, University of Basel. Basel,
Switzerland 4056.

Microglial cells migrate towards lesions in the leech CNS. The aim of
these experiments was to determine whether injured CNS tissue changes their
properties. Microglia isolated from leech CNS on a substrate of concanavalin
A (con-A) are characteristically round cells with lamellipodia that inhibit neurite
outgrowth: by contrast the cells on laminin are spindle-shaped and crossed by
neurites. Thus on con-A, 80% of microglia were round and spindle shaped
cells were absent; on laminin only 20% of the cells were round and 15% were
spindles. Cells intermediate in form were present on both substrates. To
determine whether injured CNS tissue activated microglia, they were
cocultured on con-A next to chains of ganglia with damaged connectives. Only
48% of microglia were round, 48% had an intermediate shape and 4% had
changed to the spindle shape not normally seen on con-A. No such changes
occurred when microglial cells were cultured with frozen crushed chains or
uncrushed chains. Similarly, conditioned medium from chains with crushed
connectives increased the number of intermediate shaped cells; medium from
frozen chains did not. To test whether damaged CNS altered interactions of
neurons with microglia, they were plated together on con-A. As a result twice
as many intermediate shaped microglia were crossed by neurites, compared
to those in controls (p<0.005); while round shaped microglia were still avoided
by growing neurites. These results suggest that microglial cells become
activated by soluble material released from damaged CNS tissue during
regeneration.
Supported by Swiss Nationalfonds grant # 312781489 to J.G.N.

365.10

postnatal
microglia

development
occurs
in the

of
cat

ramified
retina . 1L

Tumosa* and J.R. Baker. Univ. of Missouri, Sch. of
Optometry, St. Louis, MO 63121
Cat retinal whole-mounts were stained with antibodies
generated against ganglion cells from cat retina. Cells
were labeled in the nerve fiber layer. These cells resemble
the microglial cells described by Chan-Ling (Progress in
Retinal and Eye Research, 1994) in the cat retina.
Staining in transverse sections confirmed that the labeled
cells were restricted to the nerve fiber layer. The cells
were not associated with vasculature.
The density of the microglia in both adult and juvenile
retinae was constant at all eccentricities. However, the
density did differ with postnatal age. From birth to about
30 days of age the density of cells increased from about 135
cells/mm^ to 170 cells/mm^. Between 30 and 60 days of
age, the density dropped precipitously to approximately 50
cells/mm^, and by 6 months of age the density had
approached adult levels o^ 30 cells/mm^.
Our cells appear to be a subset of microglial cells found
in retina. The fact that subsets o^ microglial cells can be
distinguished immunocytochemically suggests different
functions for retinal microglial cells.

365.11

365.12

DEPLETION OF MICROGLIA FROM IMMATURE SPINAL CORD. S.A.
Gilmore*. T.J. Sims. D.L. Davies and M.B. Durgun. Department of Anatomy,
University of Arkansas for Medical Sciences, Little Rock, AR., and
Department of Anatomy, Hacettepe University, Ankara, Turkey.
Reductions in macroglial populations (astrocytes and oligodendrocytes) can be achieved in the rat lumbosacral spinal cord by exposing it to
x-rays (40 Gy) during the early postnatal period (Gilmore, S.A., J. Neuropath.
Exp. Neurol., 22:294-301, 1963; Sims, T.J., and S.A. Gilmore, Brain Res.,
276:17-30, 1983; and others). The status of the microglial population in the
immature, irradiated spinal cord was recently explored using the isolectin B-4
(IB4) of Bandeiraea simplicifolia and comparing it with the status in nonirradiated, littermate controls. At time of exposure to radiation (3 days of age) a
small population of cells that can be labeled with IB4 was present in both
white and gray matter. Within the latter, which is the focus of this
presentation, more of these cells appeared to be located dorsally than
ventrally. As early as 2 days following exposure of the lumbosacral cord to xrays, decreased numbers of IB4-labeled cells were evident within the
irradiated region. By 2 weeks following irradiation, this depletion appeared
even more marked when compared with controls due to the increase in
microglial population that occurred with increasing age in the non-irradiated
animals. This marked decrease in IB4-labeled cells continued through 21
days post-irradiation, the longest interval studied. The few IB4-labeled cells
that were present in the irradiated cords possessed thickened, stubby
processes. In contrast, cytoplasmic processes of microglia in non-irradiated
littermate controls appeared to enlarge and to undergo extensive
arborization. Dissociated cultures prepared from irradiated spinal cords and
examined with the same isolectin showed a similar depletion. Further
experiments will examine patterns of cellular response to injury within this
radiation-induced, microglial-depleted environment.
Supported by NIH Grants NS 04761 and AA 07145.

SCHWANN CELL
PROLIFERATION ANDAPOPTOSIS: A
FLOW
CYTOMETRIC CELL CYCLE ANALYSIS IN THE PRE AND POSTNATAL
SCIATIC NERVE OF THE RAT.
Savio T.*1>, Bruno S.2>, Majorani F.*>, Romano p.1*,
Melioli G.2>, Cadoni A.y>, Zicca A.^, Zaccheo D.A)
1) Istituto di Anatomia Umana Normale dell’Universita and
2) Centro per le Biotecnologie Avanzate, Genova, Italy
Cell proliferation and apoptosis are fundamental steps
in the process of nervous system development. The aim of
our study is to analyze in vivo the pattern of Schwann
cell (SC) proliferation and death in the mature and
developing rat sciatic nerve by means of flow cytometric
analysis. SCs were identified by the expression of the
intracellular antigen SlOO,
stained with a monoclonal
antibody conjugated to fluorescein (DTAF). DNA content
was simultaneously measured by staining cells with the
specific fluorcchrroroe Propidium Iodide (PI). The percentage of S+G2M cells, calculated on the DNA histograms of
SlOO positive cells, was used as proliferative index. A
significant decrease with age was observed: the fraction
of S+G2M cells was 5% at 6 months, 31% at 2 days and 59%
at E2O. Prenatal samples showed also cells with a partial
expression of SlOO which might represent an intermediate
developmental stage of SC. Apoptosis was absent at
postnatal ages, but present at E19 (30%) in SlOO positive
cells.
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365.14

COMPARATIVE ANALYSIS OF PMP22 EXPRESSION IN CULTURED
SCHWANN CELLS AND FIBROBLASTS. S. Pareek, U. Suter*. G. J. Snipes'.
A. A. Welcher**, E. M. Shooter1, and R. A. Murphy. Montreal Neurological
Institute, McGill University, Montreal, Quebec H3A 2B4; 'Institute of Cell
Biology, ETH-Honggerberg, CH-8093, Zurich; ‘Amgen Inc., Thousand
Oaks, CA 91320; 'Department of Neurobiology, Stanford University

ELEVATED INTRACELLULAR LEVELS OF cAMP INDUCE
ENSHEATHING CELLS TO EXPRESS GAL-C AND GFAP BUT
NOT MBP. R. Devon* and R. Doucette. Departments of Anatomy and
Oral Biology , Univ. of Saskatchewan, Saskatoon, Sask., Canada.
In vivo, olfactory ensheathing (En) cells possess a mixture of
Schwann cell (nonmyelinating) and astrocytic phenotypic features and
are the only glia that ensheath the 1" olfactory axons. The objective of
this study was to determine whether elevated intracellular levels of
cAMP would induce these cells to express a myelinating phenotype in
neuron-free cultures. Cell cultures of En cells were initiated from the
olfactory bulbs of El 8 rat embryos and were fed with media containing
either dBcAMP (0.1 -1 mM) or forskolin (10 pM). The cell cultures
were double-stained with a polyclonal antibody to S1OO and with an
antibody to either GAL-C (either BRD1 or Ol) or MBP. Some of the
cultures were double-stained with antibodies to GFAP and GAL-C
(BRD1). We found that although En cells in neuron-free cultures did
not express a myelinating phenotype at the time of culturing, some of
the cells could be made to express GAL-C (BRDl+ve or Ol+ve) on
their cell surface if fed with a medium containing either dBcAMP or
forskolin. The same growth media failed to induce MBP expression in
En cells, but did result in the appearance of GFAP-like immunoreactivity inside these glial cells. Some of these GFAP+ve cells were
also GAL-C+ve. In addition, we found that the effects of elevated
intracellular levels of cAMP on the phenotype of En cells were
reversible. The present experiments shed some light on the potential
role of the cAMP second messenger system in directing En cells to
express a myelinating phenotype. (Supported by a grant from the MRC
of Canada to R.Doucette).

School of Medicine, Stanford, CA 94305
The 22 kDa peripheral myelin protein PMP22 is a major component
of peripheral nerve myelin. PMP22 mRNA is identical to gas-3, a molecule
which is expressed in non-dividing cells. The significance of the identity
between PMP22 and gas-3 and its implication for the function of PMP22
remain to be determined. In this study, we have asked whether
PMP22/gas-3 protein production is regulated as a function of cell division
and have compared its expression and processing in fibroblasts and
Schwann cells. Immunocytochemical studies show increased levels of
PMP22 protein in growth arrested fibroblasts. PMP22 protein is expressed
at high levels in non-proliferating Schwann cells in the presence of
forskolin, suggesting the involvement of a cAMP dependent pathway.
Forskolin had no effect on PMP22 expression in fibroblasts. Freshly plated
Schwann cells and primary rat fibroblasts showed surface staining for
PMP22. Metabolic labeling combined with immunoprecipitation reveal that
fibroblasts produce an 18 kDa precursor which is post-translationally
modified by N-linked glycosylation, similar to Schwann cells. Pulse-chase
studies show that the turn-over rate of mature glycosylated PMP22 is
approximately 30 minutes. These studies suggest that PMP22, a myelin
molecule associated with , Schwann cells in the PNS, functions in nonmyelin forming cells as well. Also PMP22 expression in Schwann cells and
fibroblasts appears to be regulated by distinct mechanisms.

365.15

365.16

HUMAN SCHWANN CELLS SECRETE AMYLOID PRECURSOR PROTEINS
IN VITRO. K. Spiegel1, M.R. Emmerling*. H. Wisniewski2. K.S. Km2. IL
Rutkowski3. and J.M. Hopkins*3. *Parke-Davis Pharmaceutical Res. Div., Ann
Arbor, MI 48106; 2Inst. for Basic Res. in Developmental Disabilities, 1050 Forest
Hill Rd., Staten Isl., NY 10314; and 3Depts. of Pediatrics and Neurology, University
of Michigan, Ann Arbor, MI 48109.
Amyloid precursor protein (APP) is a transmembrane glycoprotein found in both
brain and periphery. In the CNS, APP is expressed by both neurons and glia, and
may play a normal role in neuronal migration, axonal growth, and signal
transduction. APP is also found in peripheral nerve, where its source and function is
unknown. To determine if Schwann cells (SC) secrete APP, we collected serum-free
conditioned medium from near-confluent cultures of normal human SC or perineurial
fibroblasts. The amount and structure of secreted APP in concentrated samples was
analyzed by Western blotting, using monoclonal antibodies 22C11, 4G8, 6E10,
1G6, and 3e 6. Immunoreactive bands were visualized by indirect immunophosphatase or chemiluminescence. APP was secreted in large amounts by pure
populations of SC, while fibroblasts secreted only minor amounts. 22(011
(recognizing the N-terminus of APP), 1G6 (recognizing an epitope just N-terminal to
the P-amyloid region), and 6E10 (recognizing residues 5-8 of P-amyloid) stained a
116 kDa band in samples from 3 donor individuals. 6E10 also stained a 60 kDa
band, found in only one sample, which was also stained by 4G8 (recognizing residues
16-28 of P-amyloid) and 3E6 (recognizing the C-terminus of APP). No bands were
stained by 4G8 or 3E6 in the other samples. Thus, SC from two individuals secreted
APP in a form cleaved in the middle of the P-amyloid region (the typical form
secreted by other cells), while SC from one individual secreted an aberrant form of
APP containing the C-terminus and the intact P-amyloid region. We suggest that
Schwann cells are a significant source of APP in peripheral nerve, and that cultured
SC may be used to study APP expression and processing in normal human cells.
(Supported by Parke-Davis, NS22849, and the Johns Hopkins Center for Alternatives
to Animal Testing.)

A NOVEL CULTURE SYSTEM FOR SCHWANN CELLS FROM
EMBRYONIC CHICK SCIATIC NERVE. B, Weiss and P.G. Laver*.
Max-Planck-Institute for Developmental Biology, 72076 Tubingen and
Institute for Zoology, University of Technology, 64287 Darmstadt,
Germany.
A new method is presented for the isolation and long-term
culture of Schwann cells (SC) from El4 chick sciatic nerve. Cells were
enriched by a selective medium without the use of antimitotics (e.g.
Ara C) to suppress fibroblasts. Culture flasks could be used without
substrate, whereas glass cover-slides were covered with poly-L-lysine
and laminin. Selective medium was withdrawn from cultures on day 3
to 4 and replaced by DMEM incl. FCS. After two weeks, pure
Schwann cell cultures spontaneously started to proliferate. Long-term
cultures were passaged every 4 to 6 days and kept for several months
without addition of forskolin or other mitogenic agents. Schwann cells
were characterized with antibodies against HNK-1, S-100, Gal c, Fll
and butyrylcholinesterase (BChE). These Schwann cells showed
myelination in cocultures with DRG neurons.
SC in vitro produced BChE as assessed colorimetrically and
histochemically. Furthermore, BChE expression could be regulated by
various growth and differentiation factors. This new system for chick
Schwann cells allows rapid isolation and production of long-term
cultures to examine the role of SC-derived butyrylcholinesterase in
developmental and regenerating processes.

365.17
DISTURBANCES IN AXONAL TRANSPORT TRIGGER THE
NEURONAL ”SIGNAL(S)" WHICH ACTIVATE MICROGLIA.
E. Tornqvist, H. Aldskogius. K. lohansson*, M. Svensson.
Dep. of Neuroscience, Karolinska Institutet, S-171 77 Stockholm, Sweden.
The mechanism(s) or signal(s) which induce the retrograde neuronal
reaction are still largely unknown. Three main hypotheses are usually
considered 1) influx of extra-axonal compounds at the lesion site, 11)
depletion of target derived trophic factor(s), or 111) premature turnaround of substances at the lesion site . The aim of this study was to test
these hypotheses.
Microglia was studied, using immunocytochemistry, in the dorsal motor
vagal and hypoglossal nucleus of adult rats, three days after; 1) axotomy
2) blockade of retrograde axonal transport made by local application of
vinblastine, 3) blockade of axonal transport proximal to a nerve lesion or
4) a second axotomy three months after a chronic nerve lesion.
Blocking retrograde axonal transport alone, as well as blockade
proximal to the injury induced a marked microglial cell reaction in the
dorsal motor vagal as well as in the hypoglossal nucleus, in the same
fashion as after axotomy.
A second injury to the proximal stump of the hypoglossal or vagus nerve
three months after a previous (chronic) lesion, evoked a new microglia
reaction.
The combined results of these experiments are compatible with the
view that premature turn-around of substances at the lesion site is the
principal axon-reaction inducing mechanism which in turn activate
perineuronal microglial cells.
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366.1
EFFECT OF LAYER IV REMOVAL ON THE DEVELOPMENT OF
GENICULOCORTICAL AFFERENTS. T. U. Woo*. J. K. Niederer and B.
L. Finlay. Biopsychology Lab, Cornell University, Ithaca, New York 14853.
During cortical development, geniculocortical axons recognize layer IV
neurons as their targets. We removed layer IV by applying the mitotic
inhibitor methylazoxymethanol acetate (MAM) and investigated the
development of this pathway in the absence of its normal target.
MAM was injected (30 mg/kg; i.p.) into pregnant hamsters on E14 when
the major population of layer IV and part of layer IMII neurons are being
generated but after the generation of dLGN. Dil crystals were placed into the
dLGN of Fxed normal and MAM brains of E15 to P7 pups. MAM injections
result in loss of 74% of layer II-IV neurons, with layer IV indistinguishable.
Neuronal number of dLGN is reduced by 42%, with the remaining neurons
projecting to the severely depleted visual cortex. By E15, thalamic axons have
arrived at the presumptive visual cortex. Axons continue to accumulate
within the subplate on P0. From PI to P3, as in normal brains, axons have
begun to arborize at the bottom of the developing cortex, albeit less
extensively. By P4, coincidental with the beginning of differentiation of layer
IV, bilaminar segregation was very distinct in every normal brain examined,
with significant increase in arborizations in the upper lamina. On the
contrary, segregation was not observed in MAM brains until P5. At this age,
although arbor density in the upper lamina is higher than that in the lower
lamina, it is much reduced when compared to normal brains. On P6 and P7,
in both normal and MAM brains, arbor density in the upper lamina continues
to increase, but the density and vertical extent of arborizations in MAM brains
are still much smaller; reflecting a new matching between the surviving
geniculate population and the reduced cortical neuronal population.
Therefore, after inhibition of mitosis at the time when layer IV neurons are
being generated, geniculocortical axons are still able to innervate visual cortex
and recognize a later generated group of neurons as their targets.
Supported by NIH Grant R01 NS 19245.

366.2
Functional role of tenascin for the formation of the thalamocortical
projection

A.Faissner*. M.GotzX K.Witd2 A BauerS and J.Bolz^
1SmithKline Beecham, Harlow, GB; 2MPI fur Entwicklungsbiologie,
Tubingen, Germany; ^NSERM, U371, Bron, France; ‘University of

Heidelberg, Germany
The thalamic projection to the neocortex arrives before its target layer is
established. Ingrowth of thalamic fibers is temporally restricted underneath
the cortical plate and proceeds only at later stages. Previous experiments
had suggested that the invasion of thalamic fibers is controlled by
developmental^ regulated membrane-associated molecules (Gotz et al.,
1992). In an attempt to characterize these factors the expression of the
extracellular matrix glycoprotein tenascin (TN) was examined. TN consists of
EGF- and FNIII-type repeats and homologies to fibrinogen p and y. TN
distribution in developing cortex closely corresponds to the path of thalamic
axons. In order to assess its functional significance quantitative growth
assays were perfomed in vitro. When embryonic day 16 (E16) thalamic
explants were placed on postnatal cortical membranes, high fiber outgrowth
was observed. Neurite numbers were reduced (to 32-48%) by the addition of
3 MAbs recognizing different FNIII-repeats on TN, suggesting that distinct
domains cooperate in fiber growth promotion. The outgrowth of cortical
axons was reduced to a lesser extent (to 47-67%). In contrast, a MAb
directed at the EGF-type repeats of TN influenced neither thalamic nor
cortical fiber outgrowth. These results suggest that TN bound to cortical
membranes supports growth of thalamic axons. In conclusion, TN might be
one of the components involved in the waiting period of thalamic fibers
invading the developing cortex. Supported by DFG (SFB 317/A2 to AF). AF
is recipient of a H.-L.-Schilling professorship.

366.3

366.4

TIME-DEPENDENT EXPRESSION OF KERATAN SULFATE
PROTEOGLYCANS DISTINGUISHES CORTICAL DOMAINS.
B. Miller*. A.M. Sheppard and A. L. Pearlman. Depts. of Cell Biol, and
Neurology, Washington Univ. Sch. of Med., St. Louis, MO 63110.
Several lines of evidence emphasize the importance of thalamic input in
determining the structure of cortical areas. Since we have previously (Soc.
Neurosci. Abs. 19:1106,1993) found that thalamic nuclei differ considerably in
their expression of keratan sulfate proteoglycans (KSPGs) during development,
we have investigated the expression of KSPGs in the cortex before, during, and
after the arrival of thalamic axons in the rat by immunolabeling and
immunoblotting with mab 5D4 (generously provided by B. Caterson). Thalamic
axons are immunolabeled for KSPGs as they traverse the subplate of the
neocortex and the cingulate and retrosplenial mesocortex (E16-18); a single band
(>2OOlkD) is evident on immunoblots. Immunolabeling for KSPGs appears in
the lower cortical plate of neocortex as it differentiates into layers 6 and 5 and is
invaded by thalamic axons (E18-P0). In contrast, KSPGs are expressed
throughout all layers of mesocortex at this stage, and they are strikingly absent
from hippocampal cortex. Immunolabeling gradually involves all neocortical
layers as they differentiate (PO-P7), as well as the hippocampus; the >2OOkD band
continues to be evident on immunoblots, along with two additional bands (>
l8OkD). Immunolabeling then declines dramatically in all cortical domains (P1421). In the adult, only a small population of glial cells are immunopositive for
KSPGs, and a unique, single broad band is present on immunoblots. Thus we
find that i) there are distinct temporal differences in KSPG expression among
major cortical domains (neocortex, mesocortex, hippocampus) that appear to
correlate with differences in the arrival times of thalamic afferents, and ii) the
molecular forms of KSPGs in cortex are developmentally regulated.

DEVELOPMENT OF NITRIC OXIDE SYNTHASE POSITIVE NEURONS IN
THE HUMAN STRIATE CORTEX. N. Sestan1. M Judas! M. Nakane2 and I.
Kostovid1*. 1) Croatian Institute for Brain Research, School of Medicine Univ.
Zagreb, 41000 Zagreb, Croatia; 2) Abbott Laboratories, Abbott Park, IL 60064.
We applied nitric oxide synthase I (NOS-I) immunocytochemistry and
NADPH-diaphorase histochemistry to study the ontogenesis of NOS-I-positive neurons in the striate cortex of postmortem human brains aged 16 weeks of gestation
(WG) to adulthood (57 years). The first intensively stained NOS-I-positive large
polymorphic neurons appeared in the upper subplate zone at 16 Wg . The first
NOS-I-positive neurons within the cortical plate and marginal zone appear at 20 WG.
In addition, NOS-positive migratory-like neurons were observed in the subplate zone.
At 37 WG, characteristic bands of NOS-I-positive neuropil staining appear, corresponding to immature layers IVA IVC and VI, and abrupt change of that pattern
clearly marks the area 17/18 border. During the perinatal period, the first NOS-I
-positive fibers and slightly stained small intemeurons appear in superficial cortical
laminae, so that now two classes of NOS-I-positive neurons can be distinguished:
intensively Golgi-like stained large neurons and slightly stained small intemeurons.
There is significant increase in reactivity of all neurons and neuropil during infancy
and early childhood (1-3 years), characterized by the development of dense network
of NOS-I-positive fibers, pericellular basket-like structures and vertical rows of
NOS-I-positive dots. Finally, transient enhancement of NOS-I-activity of giant pyramidal cells of Meynert was observed during this period. Our results suggest that nitric
oxide may be involved in both the initial establishment and postnatal reorganization of
neuronal circuitry of the developing striate cortex.
Supported by the Ministry of Science of the Republic of Croatia.

366.5

366.6

DEVELOPMENT AND PLASTICITY OF GABA CIRCUITRY IN PRIMARY
VISUAL AND PRIMARY AUDITORY CORTEX IN FERRETS. SE.
Pallas*1, V. Booth2 and M.S. Cvnader2. 1 Division of Neuroscience, Baylor
College of Medicine, Houston, TX 77030, USA and ^Department of
Ophthalmology, University of British Columbia, Vancouver, BC, Canada.
Neonatal diversion of retinal axons to the medial geniculate nucleus in ferrets
results in a primary auditory cortex (AI) which processes visual inputs (Roe et al.,
1992). We are investigating whether the change in input modality alters AI’s
circuitry. To this end, we report here on the distribution of GABAergic neurons and
GABA-A receptors in visually-driven AI compared to normal primary visual (VI) and
auditory cortices using immunocytochemical and autoradiographic methods.
Our autoradiographic studies in normal animal s revealed laminar, areal and
developmental differences in muscimol binding to GABA-A receptors. In adult
ferrets, there was a higher density of binding sites in superficial than in deep layers in
both VI and AI, but VI and not AI contained a dense band of muscimol binding in
layer 4. In postnatal day (PND) 20 ferrets, however, both VI and AI contained a
dense band in layer 4, suggesting that the area-specific difference in inhibitory
circuitry in the adult might result from activity-dependent factors. By PND 40, the
pattern was intermediate, and by PND 60, the adult pattern was attained.
The distribution of GABA containing cells in normal ferrets was similar to that
seen in the cat GABA-immunoreactiye neurons were distributed evenly throughout
the cortical layers in both VI and AI, with a slight predominance in the superficial
layers. Parvalbumin-ir cells were found in all layers in VI and AI but were especially
numerous in layers 2-3,4 and 6. Calbindin-ir somata were distributed in two laminae;
one in layer 2-3 and a less dense band in layer 6.
Preliminary data show no apparent change in number or laminar distribution of
GABAergic neurons, parvalbumin or calbindin-ir neurons, or GABA-A receptors in AI
as a result of anomalous visual input Al’s ability to process visual inputs could
result from a change in the efficacy of existing circuitry, from alterations in excitatory
circuitry, or from a basic similarity in visual and auditory cortical circuitry.

POSTNATAL MATURATION OF GABA-IMMUNOREACTIVE NEURONS OF
RAT MEDIAL PREFRONTAL CORTEX. S.L. Vincent*. L. Pabreza. and F.M.
Benes. Department of Psychiatry and Program in Neuroscience, Harvard
Medical School and Laboratory for Structural Neuroscience, McLean Hospital,
Belmont, MA 02178.
The distribution and maturation of GABA-immunolabeled cells has been
examined in rat medial prefrontal cortex (mPFC) at progressive postnatal
stages. Labeled neurons are present through the depth of the cortical mantle
at postnatal day 1 (P1), the earliest time point examined. At early postnatal
stages (P1-5), labeled cells in the cortical plate show less differentiated
morphological characteristics when compared to cells in the deeper laminae.
By P10, however, most labeled cells in superficial laminae show more
differentiated characteristics with some even having a distinctive multipolar
appearance. Between P1 and P5, there is a 50% increase in the density of
labeled cells in the superficial laminae, while concurrently there is an overall
decrease in the subjacent deeper laminae. As the cortex expands, there is a
corresponding decrease in the density of labeled cells in the outer two-thirds
of the cortical mantle until approximately the P15 stage, stabilizing at about
20-25 cells/100,000 pm2 for all laminae. Between P1 and P15, there is also a
133% increase in the average size of GABA-containing cells, followed by a
gradual decrease of 30% between P15 and P41. The increase of cell size is
inversely related to the packing density of GABA cells. Between P1 and P7,
there is a marked increase in the density of GABA-containing axosomatic
terminals in both the superficial (200%) and deep laminae (116%). In the
superficial layers, however, the density of labeled terminals again increases by
86% between P12 and P18. These findings are consistent with the idea that
there is a classic "inside-out" maturation of the intrinsic GABA system in rat
mPFC during the first three postnatal weeks. Supported by MH00423,
MH42261, the Scottish Rite, and the Stanley Foundation.
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POSTNATAL DEVELOPMENT OF CORTICOCORTICAL NEURONS IN
SOMATOSENSORY CORTEX IN RATS. T. Xiong* and L.L. Porter. Dept,
of Anatomy & Cell Biology, USUHS, Bethesda, MD 20814
The development of corticocortical projection neurons in primary
somatosensory cortex (SI) was investigated in neonatal rats. We utilized the
tracer, Dil, in fixed tissue to study the migration and dendritic arborization of
SI corticocortical neurons that send projection fibers to primary motor cortex
(MI). Dil crystals were placed in MI of rats that were sacrificed at times ranging
from postnatal (PN) day 0 to PN 20. The brains were kept for 3 - 6 months to
allow for transportation of the dye. Parasagittal brain slices were cut. Dil
labeled neurons were viewed with a rhodamine filter under a scanning confocal
microscope. Selected slices were counterstained with bisbenzimide and viewed
under epifluorescent illumination to determine the boundaries of the cortical
laminae. Clusters of labeled corticocortical neurons were first present in
ipsilateral SI at PN1. Labeled corticocortical neurons were most numerous
between PN2 and PN4. During this period, labeled neurons extended
throughout the entire depth of the immature cortex. Virtually all of the
retrogradely labeled corticocortical neurons extended an apical dendrite to layer
I, where they branched extensively. By PN8, fewer neurons were labeled. At this
stage, most labeled neurons were located in layers II and III, while a few were
in layer V. The apical dendrites of the corticocortical neurons appeared
truncated. Some of these dendrites did not extend to layer I or branched less
extensively in this layer. Quantitative analysis of the branching patterns of the
dendritic arbors at different stages of development is in progress. The results
suggest that some of the initially generated corticocortical neurons may be
eliminated during early development. The truncated arrangements of the apical
dendrites of the remaining neurons are generated during development. The
morphological patterns that arise for this class of neurons may determine the
functional properties of this projection. Supported by NIH Grant No. NS 27038.

EXPERIENCE-DEPENDENT SYNAPTIC PLASTICITY IN BARREL CORTEX
OF aCAMKII DEFICIENT MICE. K. Fox*.. S. Glazewski and A. Silva. Dept.
Physiol, University of Minnesota, MN 55455 and Cold Spring Harbor Laboratory,
NY, 11724.
Ca2+ calmodulin dependent kinase (CAMKII) could form a molecular switch for
storing information at the synapse (Lisman, 85 PNAS 82:3055-57). Consistent with
this theory, aCAMKII deficient mice show deficits in long term potentiation (LTP)
(Silva et al, 92 Science 257: 201-6). To test whether experience-dependent synaptic
plasticity (EDSP) is also dependent upon aCAMKII, we altered the tactile
experience of mice with homo- or hetero-zygotic deletion of the aCAMKII protien
and compared them with wild types (experiments were conducted blind). Mice were
deprived of all but the D1 vibrissa for 18 or 32 days starting at 4 weeks, then assayed
for expansion of the representation of the D1 vibrissa relative to the deprived
vibrissa. The receptive fields (RFs) of 368 cells from 12 animals were measured
using post-stimulus time histogram analysis. In all animals, RFs preferentially
extended along rows. In mutants, many neurons exhibited abnormally large sensory
responses; a single, brief, 10ms vibrissa deflection of 2OOgm could evoke a lOOHz
spike burst lasting 1-200 ms. In wild types, just 1 or 2 spikes per stimulus were
observed. In common with rats of this age, plasticity occurred in layers II/III but not
layer IV of wild type mice. D1 stimulation evoked greater responses than principal
vibrissa stimulation in 46% of layer II/III neurons in barrels immediately
surrounding the D1 barrel (n=51) compared to 0-3% in controls. Similar shifts to D1
were found in layers II/III of heterozygous (60%% and homozygous (58%) mutants
(n=8l and 57) suggesting that plasticity is not dependent on aCAMKII. This result
implies that LTP and EDSP are based on different molecular mechanisms. Supported
by NS27759 (KF) and the Klingenstein and Whitehall Foundations (AS).

366.9

366.10

MORPHOLOGY OF SUBPLATE NEURONS IN DEVELOPING RAT
CEREBRAL CORTEX: INTRACELLULAR INJECTION LABELING IN
FIXED SLICE PREPARATIONS. J.L. Ingeman. R.T. Robertson and J.
Yu*. Depts. of Anatomy and Neurobiology and of Physical Medicine and
Rehabilitation, College of Medicine, Univ. California, Irvine, CA 92717.
Studies of developing cerebral cortex have indicated that the subplate
layer appears to be a transient structure in primates and carnivores (Shatz
et al., 1988). Studies in rodents, however, demonstrate that a significant
portion of the population of subplate neurons persists into adulthood. The
present studies examined the morphology of subplate neurons during
early development, in an attempt to determine if these neurons show signs
of atrophy during the postnatal period. Rat pups, aged postnatal day 0
(P0) through P2l were sacrificed by aldehyde perfusion and Vibratome
sections were cut at 200 pm. A fluorescent Nissl stain revealed the
subplate layer under fluorescence microscopy. Intracellular injections
were made with Lucifer yellow and biotinylated Lucifer yellow. Injected
cells were imaged with a BioRad laser confocal microscope and three
dimensional images were stored for analysis. Tissue was also processed
by the avidin-biotin procedure for permanent staining of injected cells.
Results indicate a marked reduction in mean somatic volume of subplate
neurons during the first postnatal week, followed by a later increase.
Multipolar cells were the most common cell type encountered at all ages,
but injected neurons showed a change in orientation of dendrites as a
function of age. At P2 or younger, multipolar cells had a major dendritic
branch that entered the cortex proper. With increasing age, injected cells
showed more prominent dendrites confined to the subplate layer and
bipolar cells were more common. These data indicate that subplate
neurons that survive the early postnatal period show a rearrangment of
dendrites during the early postnatal period. Supported by NIH grant NS
30109 and the Roosevelt Warm Springs Foundation.

FORMATION OF INTERHEMISPHERIC CONNECTIONS IN THE
NORMAL AND CONGENITAL HYDROCEPHALIC RATS.
K.Ishii.T.Shiga*and T.Shirai. Dept.Anat.,Yamagata
Univ.Sch.of Medicine,Yamagata 990-23,Japan.
To study formation of interhemispheric connections during cerebral development of normal and
congenital hydrocephalic (HTX, Kohn et al.'8l)
commissural
rats,
we observed outgrowth of
axons(CAs) labeled with Dil and Biocytin and
their distribution in the contralateral cerebral
cortex. In the normal and HTX with the light
dilatation of lateral ventricles(LVs) rats, at
ED19 Dil-labeled CAs were found in the ipsilateral medullary layer(ML), and by PDO they appeared
in the medial part of the contralateral ML. At
PD1 they began to enter the deep layer of the
contralateral cerebral cortex and by PD7 they
were distributed in the whole layers of the
contralateral cerebral cortex with making their
branches. During their outgrowth they formed the
swelling structures like growth cones at their
distal tips. On the contrary, CAs appeared in the
medial part of the contralateral ML of HTX with
the high dilatation of LVs by PD2, but they were
inhibited their outgrowth in the contralateral ML
till PD2l. These findings indicate that formation
of interhemispheric connections may be disturbed
in HTX with the high dilatation of LVs.

366.11

366.12

THALAMIC AND CORTICAL AFFERENTS TO
DEVELOPING REELER MUTANT MOUSE NEOCORTEX.

SPECIFICATION OF CORTICAL NEURONS IN THE REELER MUTANT MOUSE
F. Polleux. C. Dehav*and H. Kennedy. INSERM Unite 371 -BRON/FRANCE.
In order to determine the relative contribution of, firstly, the birthdate of a neuron and
secondly, the cellular environment in the determination of the neuronal phenotype, we
have completed a quantitative study in the reeler mouse. This mutant provides an
appropriate model of an abnormal neuronal environment: its cortex contains the normal
neuronal classes, but their relative positions are systematically abnormal. The technical
procedure that we have used consists in a double-labelling paradigm: firstly, we labelled
the birthdate of cortical neurons by pulses of tritiated thymidine at E13.5, E14.0, E14.5,
E15.5, E16, E16.5, and E17.5 (with El as the first day of gestation); after allowing the
animals to reach adulthood we injected the fluorescent dye (Fluorogold) into the spinal
cord so as to retrogadely label corticospinal neurons. The study was performed on 7
litters; 26 Balb/C mice were quantitatively examined (14 normal and 12 reeler).
This double-labelling paradigm allowed us to calculate the proportion of corticospinal
neurons generated for each embryonic date. One possibility is that the probability for a
neuron born at a given date to become corticospinal is equivalent in both genotypes.
This would mean that the birthdate of a neuron by itself is the critical factor in
specification of connectivity. In the normal animal, we found that a precise proportion of
neurons born at each date are destined to form corticospinal projections: the generation
of corticospinal neurons begins at E13.5, culminates at E15.5 and stops abruptly at E16.
This relationship between the date of generation and the production of corticospinal
neurons is maintained in the reeler mouse. This result strongly suggests that the birthdate
of a neuron is a critical factor in the specification of its connectivity.
’*
Despite the fact that the reeler mutation does not affect the relative position of
neocortical areas, the areal distribution of corticospinal neurons in the reeler neocortex
reveals some ectopic localisations: for instance we found corticospinal neurons in the
cingulate cortex in 9 of the 12 adults reeler observed. This second result suggests that
selective elimination of connections is impaired by the abnormal cellular environment of
the reeler neocortex.
In early postnatal reeler, the radial distribution of corticospinal neurons is bilaminar:
corticospinal neurons are transiently found in the lower part of the neocortex, in addition
to their adult laminar location in the uppermost two thirds of neocortex. These last results
may challenge our previous conclusion and we are currently investigating the birthdate of
these transiently projecting neurons.

J.E. Crandall* and D. Butler. The Shriver Center, Waltham, MA 02254
& Program in Neuroscience, Harvard Med. Sch., Boston, MA 02115.
Traditionally the neocortex of the reeler mutant mouse can be
distinguished from its counterpart in normal littermates, due to the
disrupted appearance of the cortical plate as it develops, presumably by
arriving afferents and descending efferents. We are analyzing where
afferent contacts reach reeler neurons at all cortical levels by
photoconverting the fluorescent dye, Dil, into reaction product
conducive for electron microscopy. Crystals of Dil. are targeted for
regions within either the thalamus or cortex in embryonic day 15 brains
that had been perfused with mixed aldehydes. After brains are stored for
2-6 weeks, coronal sections are cut and select groups of fluorescently
labeled cells and fibers are photoconverted. As has been described
previously by other groups, we also can visualize thalamic fibers
ascending from the intermediate zone beneath the young postmigratory
cohorts of cortical neurons to completely cross the disrupted cortical
plate of the reeler mutant and course beneath the pia. Labeled cells are
located not only in the thicket of thalamic fibers prior to their traverse
towards the pia, but also superficially below the pial surface. Afferents
fibers from lateral cortex travel as far as dorsomedial cortex and appear
to be reciprocally connected at this age, since preplate cells of this less
mature region are also labeled. Growth cones tip both thalamic and
cortical fibers above, within and below the fragmented cortical plate.
The nature of identified axonal contacts from the thalamus and cortex on
cells in the developing reeler cortex is the ongoing focus of the
ultrastructural studies. Supported by NS24386 and MR Core HD04147.
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HISTOGENESIS OF CEREBRAL CORTEX OF A MUTANT RAT
CREEPING, WITH SPECIAL REFERENCE TO THE TIME OF
ORIGIN OF NEURONS AND THEIR ALLOCATION. S. FUSHPO*!
N. KOBORlkC. KKINSHITA1. K. KOMEDD.2 1 : Dept. of Dynamic Pathol.,
Res. Inst, for Neurological Diseases & Geriatrics, Kyoto PreD. Univ. of Medicine,
Kyoto 602, 2: Animal Research Center, Tokyo Medical College, Tokyo 160, Japan.
An autosomal recessive neurological mutation of rat, creeping(cre), is
characterized by cerebellar hypoplasia with abnormally positioned Purkinje cells and
disordered architecture of cerebral cortex. In order to elucidate the histogenesis of the
creeping cerebral cortex we analyzed the pattern of neuronal allocation in terms of
their date of birth by using 5-bromodeoxyuridine(BrdU) labeling technique.
Pregnant heterozygous rats (ce/+) that had been mated by heterozygous male rats,
were injected intraperitoneally BrdU once during their gestational period, ranging
from embryonic 13th to 20th day. The pups were sacrificed on 10-14 days after
birth by transcardiac perfusion with 4% paraformaldehyde. Four-pm thick paraffin
sections of the brain were processed for immunohistochemistry with monoclonal
anti-BrdU antibody. Reaction products were visualized by diaminobenzidine and
Hi 02. The location of labeled cells in the postnatal cerebral neocortex was plotted,
and their distribution patterns were compared between mutant and normal rats.
BrdU-labeled neurons were distributed throughout the brain of both mutants and
normal littermates. Early produced neurons were located in the deeper part of the
normal cerebral neocortex, whereas they were placed in the superficial portion of the
mutant neocortex. Neurons bom later in gestation were seen in the superficial part
of the neocortex in normal, although they were present in the deeper zone of it in
the mutant. Conclusions: 1) BrdU labeling technique could be of use for analyzing
neurogenesis of the brain. 2) The pattern of neuronal allocation in the cerebral
neocortex of creeping rats was different from that of normal littermates; the pattern
in the creeping was not "inside-out" as was seen in normal neocortex, but roughly
"outside-in". (Supported by grants from RIKEN and Fugaku Fund to SF.)

An antibody directed against the C-terminal tail of P-adrenergic receptor
recognizes astrocytes in adult brain but neurons neonataHy. C. Aoki* and C.
Venkatp-xan. Ctr for Neural Sci. and Biol. Dept, New York Univ., NYC, 10003.
Previous studies have shown that monoaminergic fibers are among the earliest
to reach the developing cerebral cortex. Correspondingly, a significant portion of
synapses in the neonatal cortex are monoaminergic (Coyle & Molliver, Science
196: 444, ’77). These synapses, however, would be functional only if appropriate
receptors are localized at the junctions. We sought to re-examine the process of
catecholamine synapse formation by determining the cellular and subce^ai
distribution pattern of P-adrenergic receptors (PAR) within developing neocortices
(PND 2 - 30). Previous studies have shown that, within adult brains, an antibody
directed against the C-terminal tail of PAR (Ctt) recognizes astrocytes exclusively
while an antibody directed against the third intracellular loop (3il) of the molecule
recognizes neurons (Aoki, J. Neurosci. 12: 781, ’92). As seen in adult tissue, the
3il antibody exhibits immunoreactivity in neurons of neonatal tissue. The
immunoreactivity of tissue spanning the first two postnatal weeks are more robust
than seen in adult tissue. Many of the immunoreactive neurons are identiftably
pyramidal by light microscopy. The immunoreactivity of Ctt-antibodv in neonatal
tissue is in sharp contrast to that seen in adults, since both neurons and astrocytes
are immunoreactive. Electron microscopy reveals that neuronal immunoreactivity
is localized to discrete patches, most of which are pre- and postsynaptic. This
suggests that neuronal pAR undergo conformational changes during development,
possibly involving post-translational modification, such as phosphorylation.
Overall, neuronal immunolabeling is more prevalent within neonatal tissue■ than in
adult tissue. This finding supports the idea that cortical noradrenaline may play a
more dominant role in neuronal modulation during early life than in adulthood.
Supported by the following grants: NIH’s EYR8B55 & NS3R944; NSFs RCD9253750; HFSP’s RG-16/93.

366.15

366.16

NEURONAL CELL VIABILITY DEMONSTRATED IN CULTURE
AFTER CRYOPRESERVATI ON.M.C.
Calvet* and D.
Petrte. INSERM U3 36, USTL, 34095 MontpellieT
Cedex 05, France.
A neuronal cell freezing tech ni que has bee n
developed using 17-day-old fetal rat cerebral
cortical tissues which were dissociated before
storage at -196°C in liquid N2 with DMSO (5-8%)
as cryoprotectant. After fast thawing, a
gradual dilution of the DMSO was obtained by
three rinses in 60% MEM, 25% Hanks* and 15% FCS
complementedwith .6% glucose. The cells were
seeded on poly-D-1ysine-coated glass coverslips
in 24 well’ tissue
culture
plates
'
’
'
(1. 10° ce11s
in .4ml medium) and incubated at 35.5°C in
humidified air-5%C02. The glial and neu ron a 1
cell
viabilities
were
ev idenced
by
immunocytochemistry techniques compared
in
frozen and unfrozen cultures. The preservation
of the different phenotypes was demonstrated by
GFAP and NSE stainings. The maintained ability
for the production of neurotransmitters was
demonstrated by GABA immunoreactivity.
Such a technique of freezing is relevant for
the long term storage of specific CNS areas
which could be selected for experimental and/or
clinical purposes.
Supported by INSERM, AFM and IRME.

Specific Adhesion of Telencephalic Precursor Cells
SmithKline Beecham, Harlow, Great Britain
A UMDS, Guy's Hospital, London, Great Britain

Little is known about cell surface mediated interactions in the developing
telencephalon. Cell labeling experiments in vivo have shown that individual
cells can cross telencephalic boundaries (Walsh and Cepko, 1991; Luskin,
1993), though a restriction to migration between neocortical and striatal
regions has been described (Fishell et al., 1993). We are examining
whether region- and stage-specific adhesion might be involved in
patterning the telencephalon. Cells from different regions of the embryonic
rat telencephalon (striatum, cortex, hippocampus) were dissociated,
labeled with different fluorescent dyes and reaggregated on a rotary shaker
(6 Orpm). After 1-2hours in cultures almost all cells had formed aggregates.
Mixtures of cells from embryonic day 14 (E14) cortex and striatum either
formed separate aggregates or became segregated within mixed
aggregates. In contrast, no selective sorting out was observed between
E18 tissues. However, dissociated hippocampal and cortical cells still
showed a selective sorting out. These results suggest that ventricular zone
cells (E14) differ from postmitotic cells (E18) in their adhesive properties.
Indeed, when precursor cells were labeled with BrdU, positive cells were
found in separate clusters from BrdU-negative cells. Thus, the molecules
responsible for selective adhesion seem to be developmental^ regulated
and to be lost during Later stages when postmitotic neurons are present.

This is not the case in the hippocampus where neurogenesis continues into
later developmental stages. Taken together, these results point to a
region-specific variation of adhesive properties of ventricular zone cells
between different telencephalic areas.

366.17

366.18

AUTORADIOGRAPHIC IMAGING BF NEUROTRANSMITTER
STIMULATED PHOSPHOINOSITIDE TURNOVER IN INDIVIDUAL
NEURONS OF RAT SOMATOSENSORY CORTEX DURING THE
CRITICAL PERIOD OF CORTICAL DEVELOPMENT. JA.Bevilacqual.
C.P,Downes2 and P.R.Lowenstein*!.
1, Dept. Physiology, U.W.C.C., Cardf, CF1 1SS; 2, Dept. Biochem,
Univ.Dundee, DD1 4HN, U.O.
A novel method to detect receptor induced phosphoinositide turnover in
individual neurons (Bevilacqua et al., 1994, Neuroscience, In Press), was used
to study the effects of 2mM carbachol, R.4mM t-ACPD or B3mM
norepinephrine (NE), all in the presence of 2BmM LiCl on cytidine
monophosphorylphosphatidate (CMPPA) accumulation in rat somatosensory
cortex, during the critical period. Cortical slices (350 pm) from 3, 7, 10, 14
and 21 day old rats were used. The specific incorporation of [3H]cytidine into
[3HJCMPPA was detected autoradiographicailly and measured biochemically.
Bur results indicate that: (1), the method allows specific and sensitive
detection of individual neurons responding with increased phosphoinositide
turnover to agonist-receptor stimulation; (2), t-ACPD-induced labelling was
mainly over the middle cortical layers, peaked at 7 days, and decline
thereafter; (3), carbachol-induced labelling was stronger and homogeneously
distributed throughout the cortex at all ages, and also declined after a peak at
7 days; (4), NE-induced labelling was homogeneous throughout the cortex
and increased with age; (5), the subplate/intermediate zone was labelled with
all agonists at all ages. Supported by a grant from The Wellcome Trust to
CPD and PRL.

BASAL FOREBRAIN CHOLINERGIC PROJECTIONS TO
CEREBRAL CORTEX: ORGANOTYPIC SINGLE SLICE
CULTURES. J. Barrata*. D. Ha. J. Marienhagen. J. Yu and R.T.
Robertson. Depts. of Anatomy and Neurobiology and Physical
Medicine and Rehabilitation, College of Medicine, University of
California, Irvine, CA 92717.
These studies examined the development of cholinergic neurons and
their axonal projections to cerebral cortex in organotypic slice cultures of
forebrain. Transverse' slices of entire forebrain hemispheres were taken
from P0 to P2 rat pups and maintained as explants on Millipore
membranes, using defined medium. Following culture periods of 2
days to several weeks, cultured tissue was fixed with aldehydes and
processed for acetylcholinesterase histochemistry, choline acetyltransferase immunocytochemistry, or fluorescent carbocyanine dye
tracing of axons. Retrograde tracing shows that, at the time of culture
preparation, no or very few axons extended from basal forebrain (BFB)
directly to cortex in the plane of the slice. BFB cholinergic axons can be
detected growing into cortex as early as after 2 days of culturing; these
axons course laterally from the BFB or dorsally from the septum.
Axons grow first into deep layers of lateral cortex and over the next
several days can be seen branching extensively throughout the cortical
layers. Laminar patterns of axons are similar to those seen in vivo.
Retrograde tracing with fluorescent latex microspheres shows that BFB
neurons that projected axons to cortex at the time of culturing survived
in culture. These single slice cultures offer the advantage that
cholinergic afferents grow into cortex considerably more rapidly than in
dual slice,• co-culture preparations. Supported by NIH grant NS 30109

and the Roosevelt Warm Springs Foundation.
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NEURONS PLACED INTO THE HIPPOCAMPAL FISSURE HAVE
DENDRITES GROWING INTO THE DENTATE MOLECULAR
LAYER. D.l. Legendre! J. Wells, and B. P. Vietie. Dept. Anatomy

ETHANOL INTOXICATION OF DONOR RATS IMPAIRED THE
VIABILITY OF TRANSPLANTED SYMPATHETIC NEURONS

and Neurobiology, Univ. Vermont, Burlington, VT 05405.
Immature neurons of the whole hippocampus or of the dentate
gyrus were placed into the obliterated hippocampal fissure. In cell
suspension transplants of the whole hippocampus, the dendrites
of the transplanted cells had a variety of orientations but seldom
grew out of the transplant. Suspensions enriched with granule cells
transplanted into the fissure had much greater dendritic outgrowth.
The great majority of the granule cell dendrites grew into the
molecular layer (ML) of the host dentate gyrus, were somewhat
shorter than normal, had many spines, and had a variety of
orientations. A few dendrites grew into CA1. Acetylcholinesterasepositive fibers predominantly grew into the periphery of the fissure
transplants. The amount of reactive gliosis in the ML could be
varied by the transplant procedure. Anisomorphic, but not
isomorphic, reactive astrocytes were MAP2 immunoreactive. The
fissure transplant method can be used to determine the influence
of glia and the inputs to the ML on the outgrowth, synapse
formation and orientation on the dendrites of the transplanted
neurons. Supported by PHS NS 23266.

J. Suhonen*. N. Honkonen. P. Jaatioen. K. Kiianmaat and A. Hervonen
Department of Public Health, Univ. of Tampere, Tampere Brain Research Center, FIN33101 Tampere, Finland, tBiomedical Research Center, Alko Ltd, Helsinki, Finland
Chronic ethanol exposure is known to induce several neurodegenerative changes in the sympathetic nervous system. The aim of
this project was to study the effect of heavy ethanol exposure on the
survival of grafted sympathetic neurons.
3 months old male rats (n=32) of alcohol-avoiding ANA (Alko NonAlcohol) and alcohol-preferring AA (Alko Alcohol) line were used.
The donor animals (n=3 per group) were given highly intoxicating
doses of ethanol (2-4 g/kg) or isocaloric sucrose by intragastric
intubations 4 times a day for 4 days before the grafting operation.
After the 4-day intoxication period, the donor rats were killed and
superior cervical ganglion tissues were dissected and grafted to the
anterior eye chamber of young rat hosts. Four weeks postgrafting, the
transplants were analysed using adrenergic markers formaldehydeinduced catecholamine histofluorescence and tyrosine hydroxylase
(TH) immunohistochemistry. Sympathetic ganglion grafts in both
ethanol groups showed several signs of degeneration: a decreased
intensity of catecholamine histofluorescence and TH immunohistochemistry, an increased amount of lipopigment and a decreased
number of surviving neurons. Our results suggest that ethanol
intoxication of the donor animals before transplantation impairs the
viability of grafted sympathetic neurons. Thus, neural tissue exposed
to heavy ethanol treatment is more vulnerable to the trauma induced by
the transplantation procedure.

367.3

367.4

SURVIVAL OF NEURONS IN TRANSPLANTED SNAIL GANGLIA:
THE ROLE OF CONNECTIVITY. S. B. Moffett. Dept. of Zool.,
Washington State Univ., Pullman, WA 99164.
The nervous system of Melampus bkJntfatus tolerates implantation
and transplantation of central ganglia into adult host snails. Conditions
that favor cerebral and pedal neuron survival for up to 4 months were
evaluated on the basis of retention or loss of neurotransmitter
immunoreactivity (anti-5HT and -SCPg) in identified neurons and
tracts. Variables included implantation site, presence or absence of
induced supernumerary structures, and whether the host CNS was
intact or leskwned. The intact host CNS is a relatively closed system
that invites/accepts little communication with an implanted ganglion.
Ganglia implanted ectopically often remained isolated and exhibited
degeneration. More surviving neurons were observed if implanted
ganglia induced supernumerary structures: cerebral ganglia could
induce eye formation on the ganglion surface no matter what the
implantation site, but the rarer tentacle induction occurred only if a
ganglion was close to its normal position; pedal ganglia could Induce
foot-like structures only from the body wall close to the foot. Two or
more ganglia implanted together form interconnections. CNS lesions
allow inclusion of extra ganglia into the central circuitry and innervation
of the periphery. Ganglion swaps result in the best implant neuron
survival, with implant neurons projecting to central and peripheral sites
and projections from host CNS and periphery growing into the implant.
For instance, the giant serotonergic cell (homolog of the metacerebral
giant) forms connections with the host buccal ganglion and peripheral
structures; SCPr immunoreactive sensory neurons in the tentacle
project into a substitute or inducing cerebral ganglion. The absence of
such identifiable connections is correlated with disappearance of the
associated neurons and tracts, strongly suggesting that maintenance of
functional connections supports survival.

IMMUNOTHERAPEUTIC APPROACHES TO THE TREATMENT OF
EPILEPSY IN GEPRs. R.J, Weber*. P, Mishra. V. Deoskar. D. Birkhahn and
P.C. Jobe. Immunopharmacoloqy Laboratory, Department of Basic Sciences,
Univ. of Illinois College of Med., Peoria, IL 61605
Genetically epilepsy-prone rats (GEPRs) have been developed through
selective inbreeding of Sprague Dawley rats. Indices of seizure predisposition
are more pronounced in one of these strains (GEPR-9s) than in the other
(GEPR-3s). Evidence suggests that GEPRs may have a deficit in
noradrenergic neurotransmitter systems. This model presents an opportunity
to investigate the efficacy of immunotherapeutic approaches for the treatment
of epilepsy. Our strategy (Ewing SE, Weber RJ, Zauner A and Plunkett RJ:
Recovery in hemiparkinsonian rats following intrastriatal implantation of
activated leukocytes. Brain Research, 576:42-48, 1992), involves the
implantation of activated leukocytes into the superior colliculus. Injection of
2.5-4.0 x 105 activated leukocytes bilaterally into the superior colliculus of

367.5

HIPPOCAMPAL FETAL GRAFT INTEGRATION PEAKS AT FOUR DAYS
POST-LESION FOLLOWING UNILATERAL HIPPOCAMPAL KAINIC ACID
LESIONS IN RATS. A. K. Shettv* and D. A. Turner. Neurosurgery and
Neurobiology, Duke Univ. Med. Ctr. and VAMC, Durham, NC 27710.
Graft integration may be critically influenced by increased neurotrophic factors and
denervated synaptic sites following kainic acid (KA) lesions. The degree and timecourse of enhanced integration of grafted El 9 hippocampal cells following unilateral
KA lesion of hippocampus were investigated using 5’ bromodeoxyuridine (BrdU)
prelabeling and graft reconstructions (Shetty et al, Exp. Neurol. 126:1-20, 1994).
BrdU positive neurons were seen in all transplants grafted at various post-lesion
days (PLD’s; 4, 11, 26 and 60 days). The absolute cell survival (ACS) ipsilateral
. [IL] to the lesion showed peak enhancement at PLD 4 (241 % of contralateral [CL]
value) with a gradual decline to the CL level ( — 30%) by PLD 60. The dispersion
of grafted cells in the host showed a similar trend with maximal enhanced dispersion
at PLD 4 (IL 265 % of CL value). The cells grafted at early PLD’s ipsilaterally were
also more dispersed in the antero-posterior direction. Timm’s staining showed that
IL grafts were innervated more densely by host mossy fibers than CL grafts. In
animals grafted at PLD’s 4 and 11, the large number of grafted neurons near the
ipsilateral CA3 subfield attracted a significant density of mossy fibers, which
appeared to reduce abnormal sprouting into the dentate supragranular layer (DSGL).
These data reveal dramatic increases in graft cell integration on the lesion side,
particularly cell survival and cell dispersion. The time-course of enhancement is
prolonged and temporally correlates both with peak levels of neurotrophic activity
and recovery from denervation. The reduced mossy fiber sprouting into DSGL with
grafts at early PLD’s suggests that abnormal sprouting may be prevented by
providing adequate and appropriate target neurons for denervated mossy fibers near
the degenerated CA3 stratum lucidum. Supported by ROl NS29482-01 and VAMC.
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GEPR3s decreases the induction and severity of audiogenic seizures.
Improvement is observable within two weeks and appears to be long lasting
(animals were tested weekly for eight weeks). Sham injections into the
superior colliculus produce only a transient improvement in GEPR-3s, 1-2
weeks following surgery. Implanted cells are a heterogeneous population
derived from the peritoneal cavity of control rats collected 48 hours following
the intraperitoneal injection of 5 mg of phytohemagglutinin. Flow cytometric
analysis reveals 2 distinct populations of large, granular CD3~, CD4+(15%),
OX41+(85%) cells, with increased expression of CD54 (l-CAM) and CD71
(transferrin receptor). Histological studies of brain sections show survival of
cells eight weeks following implantation. Examination of tissue surrounding the
injection site indicated a marked gliosis, suggesting a possible indirect role of
glial cells in the decreased predisposition to seizures.

367.6

INTRACEREBRAL TRANSPLANTATION OF NEURONS DIFFERENTIATED
IN VITRO FROM PLURIPOTENT EMBRYONIC STEM CELLS. J.H. Dinsmore.1
P. Pakzaban.2 T.W. Deacon.2 J, Ratliff? P.M. Frim.*2 P Isacson.2 Diacrin,
Inc.,1 Charlestown, MA 02129; Neuroregeneration Laboratory2, McLean
Hospital, Belmont, MA, 02178.
To investigate the potential of embryonic stem (ES) cells to serve as a selfperpetuating source of differentiated neurons for neural transplantation, we
developed a method to reliably induce neuronal differentiation of mouse ES
cells and characterized the differentiated cells by immunohistochemistry in
vitro and in vivo. ES cells, isolated from the mouse blastocyst, were propagated
in culture in presence of leukemia inhibitory factor (LIF). Following LIF
withdrawal, the cells were induced with retinoic acid (RA) to differentiate. The
RA-induced cells exhibited typical neuronal morphology in culture and
immunostained for neuron-specific enolase (NSE), neurofilament, microtubuleassociated protein 2 (MAP 2), and type III P-tubulin, but not glial fibrillary
acidic protein. Additionally, the differentiated neurons did not divide and
exhibited a limited life span (about 5 days) in culture. Preliminary
immunostaining for neurotransmitters and their synthetic enzymes revealed a
large proportion of the RA-induced cells to be GABA-immunoreactive. RAinduced neurons and uninduced ES cells were transplanted separately into the
excitotoxically-lesioned striatum of adult rats immunosuppressed with
cyclosporine. At 4-6 weeks post-transplantation, the uninduced ES grafts formed
undifferentiated grafts that displaced the striatum. In contrast, the RA-induced
neurons maintained their neuronal morphology in vivo and formed moderatesized grafts that immunostained for NSE and GABA. We conclude that 1) cues
in the adult brain environment do not suffice in directing appropriate neuronal
differentiation of ES cells, 2) differentiation of primary ES cells into neurons
can be reliably induced with RA, and 3) RA-induced cells survive after
transplantation and exhibit neuronal characteristics. RA-induced neurons
derived from genetically modified ES cells may provide an ideal vehicle for
neuron-mediated gene delivery to the CNS.
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EARLY
DEVELOPMENT OF
FETAL
SPINAL
CORD
TRANSPLANTS IN ADULT RAT DORSAL COLUMN. F MoriU.
Y. Itoh1'2, T. Sugawara1. M. Kowada1, H. Kojirma1* and A. Tessler2
1Dept. of Neurosurg., Akita Univ. Sch. of Med., Akita 010, Japan;
2Dept. of Anat. and Neurobiol., Med. Coll, of Pennsylvania,
Philadelphia, PA 19129.
Fetal spinal cord survives transplantation into the spinal cord of adult and
newborn hosts. The temporal and spatial changes that accompany maturation
of fetal spinal cord transplants are not clear. We used quantitative stereological
analyses to assess transplant development and differentiation and Dil labeling
to demonstrate connections between host dorsal column and transplants.
Transplants of E14 spinal cord were introduced into a cavity aspirated in the
lower thoracic dorsal column of adult Sprague-Dawley rats. Sagittal sections
were prepared for LM and EM studies after survivals of 1 week to 12 weeks.
Dil was applied to the host dorsal column caudal to the transplants. Neuronal
density within the transplants decreased during the period. The area fraction
occupied by myelinated axons and some neuropil components increased 4
weeks after transplantation. Dil-containing dorsal column fibers within the
transplants were labeled by anterograde transport and Dil-containing cell
bodies within the transplant were labeled by retrograde transport. These results
indicate that myelinated axons and some neuropil components develop and
differentiate more robustly than other neuronal compositions within transplants
and that neural connections between host dorsal column and transplants are
established.
The development and differentiation of fetal spinal cord
transplants may depend on connections with host spinal cord.

AXONS FROM PERIPHERALLY GRAFTED HUMAN FETAL DORSAL ROOT
GANGLION CELLS GROW INTO ADULT RAT SPINAL CORD. E.N. KOZLOVA,
C . M. ROSARIO, I. STROMBERG, T. CARLSTEDT*, M. BYGDEMAN, R.L.
SIDMAN and H. ALDSKOGIUS, Dept, of Neuroscience and Dept, of Obstetrics and
Gynaecology, Karolinska Institutet, Stockholm, Sweden and Div. of Neurogenetics, New
England Regional Primate Res. Ctr., Harvard Med. Sch., Southborough, Mass. 01772.
Dorsal root ganglia (DRG) from human fetuses, age 8-11 weeks, were grafted to the
site of extirpated L4 or L5 DRG of anesthetized adult rats. Following postgrafting
survival times of three weeks to four months, host animals were reanesthetized and
perfused with fixative. Sections from the graft site and spinal cord, including the dorsal
root transitional area, were immunostained with an antibody specific for human
neurofilament protein (h-NF) 70 kD. In addition, spinal cord sections were double
immunostained for glial fibrillary acidic protein of the "central" type.
At the graft site numerous cells with the typical appearance of DRG neurons were
found, many of which were immunoreactive (IR) for h-NF. H-NF-IR fibers of different
calibers were coursing in various directions. At the dorsal root transitional area, many
h-NF-IR fibers penetrated into the spinal cord, largely close to the sharp angle formed at
its association with the caudal part of the root. After their entrance in the spinal cord,
h-NF-IR fibers turned caudally and could be traced in white and grey matter along blood
vessels. These fibers appeared to be of a relatively large caliber or possibly formed
groups of tightly packed small caliber fibers. In the grey matter of the dorsal horn, a
network of fine caliber h-NF-IR fibers were present for a distance of at least 500 gm
ventrally from the dorsal surface of the spinal cord.
Our findings demonstrate that axons from grafted human fetal DRG neurons are
capable of negotiating the rigorous "barrier" imposed to regenerating axons in the
mature mammal, the dorsal root transitional area. This grafting paradigm may therefore
be very useful in exploring the cellular and molecular interactions which allow growing
axons to traverse this "barrier" and subsequently distribute in various compartments of
the mature spinal cord.
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VIABILITY, AXONAL REGROWTH AND PERIPHERIN EXPRESSION OF
ADULT DRG NEURONS TRANSPLANTED TO THE INJURED SPINAL CORD
OF ADULT RATS. J.C. HorvatV L. Mille. F. Rhrich-Haddout. C. BailletDerbin. J.H. Ye and M.M.Portier. Lab. Neurobiologie, URA CNRS 1448,
Univ. Rend Descartes, 45 rue des Saints-Pdres, 75270 Paris cedex 06,
France; Lab. Biochimie Cellulaire, Coildge de France, Paris, France.
Mature neurons of adult mammals are rightly considered as inadequate
for transplantation and culture. Adult DRG cells are however an exception.
In the present study, one of the cervical DRGs 4, 5, and 6, removed from
young Sprague-Dawley female rats, was pushed into the cervical
enlargement of the spinal cord of young female of the same strain. In half
of the operated animals, a peripheral nerve autograft (PNG) was, in
addition, put in contact with the transplanted DRG. The cervical spinal
cord, including the transplanted tissues, was processed 2 months later
either for routine histology, immunocytochemistry (peripherin), or HRP
histochemistry following retrograde axonal transport from the PNG.
The DRG neurons which were counted 2 months post-grafting in the
transplanted DRGs represented about 4% (transplanted DRG alone) or
5.5% (DRG + PNG) of the 7,000 DRG neurons of a control cervical DRG.
Their sizes ranged from 15 to 25 pm (versus 15 to 50 pm in controls). In
contrast to control adult DRG cells, all DRG neurons present in the
transplants appeared to be strongly immunoreactive for peripherin. In the
doubly transplanted rats, nearly half of the grafted DRG neurons could be
retrogradely labelled from the PNG, indicating that they had grown an
axon at least up to the site of application of the tracer.
The reason for selective survival and/or the possibility of a hypothetical
process of neurogenesis require further investigation (Supported by IRME
and DRET 91-166).

Development of Neurotransmitter Receptors in Embryonic Spinal
Transplants
S.Croul * A.Radzievskv* T. Suqawara*. A.Tessler* A.Sverstiuk* and
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INTRASPINAL TRANSPLANTATION OF ENRICHED MICROGLIA SEEDED
WITHIN BIODEGRADABLE POLYMERIC TUBES : EVIDENCE FOR
NEUlRnC INGROWTH. A.G. Rabchevskv*. W.J. Streit and P.J. Reier. Dcpts. of
Neuroscience and Neurological Surgery, Univ. of Florida, Gainesville, FL 32610.
The transplantation of astrocytes, oligodendrocytes and Schwann cells are
paradigms that have been extensively used to investigate the various cell-cell
interactions that may foster functional sparing or recovery, as well as axonal
remyelination and regeneration. Recent evidence suggests that microglia and
mononuclear macrophages may provide either trophic or tropic support for
regenerating CNS axons through their production of cytokines, growth factors, and
extracellular matrix molecules. We have recently established the feasibility of
transplanting microglia into the CNS (Soc. Neurosci. Abstr., 1993). The goal of the
present study was to examine the elongation of CNS axons through this cellular
microenvironment Biodegradable polymer tubes, containing enriched populations
of OX-42-immunoreactive (IR) microglia embedded in a gelfoam matrix, were
implanted into small aspiration cavities made in the adult rat spinal cord. After two
and three week survival periods, the spinal cords containing the microglial implants
exhibited an ingrowth of neurites from both the rostral and caudal host interfaces.
The majority of control tubes, containing only culture medium-soaked gelfoam,
showed virtually no extension of neurites beyond the graft-host border and revealed
only a small host-derived cellular infiltration. However, some neuritic ingrowth was
observed in a few control tubes. This axonal penetration was coincidental with a
robust infiltration of OX-42+-IR cellular profiles, similar to those present in
experimental tubes. The spontaneous influx of OX-42+-IR cells into some control
tubes may have been due to an intense host inflammatory response elicited by the
breakdown of these polymeric implants. Together, these results suggest that
transplanted or endogenous microglia may exert ncurotropic actions on intraspinal
axons. On-going studies are examining the sources of the ingrowing neurites and the
possible presence of extracellular matrix molecules and other cell types within the
implants. (Supported by NIH NS275H, State of Florida Head and Spinal Cord
Injury Research Fund, and the Mark F. Overstreet Chair).

INDOLEAMINE RELEASE FROM PINEAL GLAND
ALLOGRAFTS WITH ANTIDEPRESSIVE ACTIVITY.
C.E. Sortwell*l. F. Petty2. G. Kramer2, and J. Sagen1 ^Dept. of
Anat. and Cell Biol., Univ. of IL at Chicago, Chicago, IL 60612;
2VA Medical Center, Dallas, TX 75216

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

M.Murray* Depts of Anatomy/Neurobiology and Pathology, Medical
College of Pennsylvania, Phila.,Pa. 19129.
Fetal tissue transplanted to the spinal cord integrates with host tissue.
Dorsal roots apposed to the transplant regenerate into it and form
synapses which transmit action potentials and evoke postsynaptic
potentials. In other systems, transplants have been shown to develop
appropriate transmitter receptors. The development of transmitter receptors
has not been studied in transplants into spinal cord.
For these studies, we have transplanted E14 embryonic spinal cord into a

lesion site in the dorsal thoracic spinal cord of an adult rat. The dorsal root
supplying this segment was cut and apposed directly to the transplant.
Spinal cords were harvested at 2 and 8 weeks following surgery and
receptor binding autoradiography performed with protocols for the
substance P (NK1) and several excitatory amino acid (NMDA, AMPA,
kainate and metabotropic) receptors. At 2 weeks following surgery, when
axons have regenerated into the periphery of the transplant, little if any
receptor binding was found in the transplanted tissue. By 8 weeks following
surgery, both the NK1 and the EAA receptors showed dense binding
limited to the periphery of the transplant.
The development of receptor binding in this transplant model therefore
appears to lag behind regeneration of axons and formation of axonal
contacts. This implies that transmitter receptors may be important in
maturation or stabilization of these new synaptic contacts.
This research has been supported by grants NS 01564 and NS 24707 from
USPHS

The release of catecholamines from antidepressive bovine chromaffin
cell xenografts to the rat frontal cortex has been directly demonstrated in our
laboratory through the use of in vivo microdialysis. Additional data has also
indirectly suggested that grafted pineal gland tissue can serve as a local source of
serotonin for the alleviation of depression in animal models. The purpose of the
present study was to directly measure indoleamine levels in the extracellular
space surrounding pineal gland grafts in the rat frontal cortex. Female rats were
baseline assessed for immobility scores in the forced swimming test (FST), a
popular measure of antidepressive activity. Rats were then transplanted with
either rat pineal gland or sciatic nerve tissue to the right frontal cortex, or
assigned to a nontransplanted control group. Six to eight weeks following
transplantation rats were again assessed for immobility scores in the FST. Only
pineal gland implanted rats displayed significantly increased antidepressive
activity, as assessed by the FST. Dialysate levels of serotonin and 5hydroxyindole acetic acid (5-HIAA) from pineal gland transplanted frontal cortex
were found to be significantly higher than dialysate levels measured from both
sciatic nerve transplanted and non-transplanted frontal cortex. Perfusate levels
were increased approximately 2-fold and 3-fold in pineal grafted animals for
serotonin and 5-Hi AA, respectively. Increased potassium concentrations in the
dialysate yielded an increase in indoleamine levels, indicating that the levels
measured were depolarization- dependent. This data adds further creedence to in
vitro studies in which serotonin itself is thought to be released from the pineal
gland, a role beyond the biosynthetic precursor to melatonin. These results
provide direct evidence that pineal gland allografts can provide a releasable
source of serotonin for antidepressive activity. Supported by NIMH MH4749l.
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MONOAMINE INNERVATION OF SUPRACHIASMATIC NUCLEUS
TRANSPLANTS IN ADULT RATS, WITH SPECIAL REFERENCE TO
SYNAPTIC CONNECTIVITY.
H. Tacomv and O. Bosler*. INSERM U297, Faculte de Medecine Nord, Blvd
Pierre Dramard, 13916 Marseille cedex 20, France.
The catecholamine (CA) and serotonin (5-HT) innervations of fetal
suprachiasmatic nucleus (SCN) transplants were investigated in SCNlesioned adult rats having received solid grafts of anterior hypothalamic
tissue obtained from E17 fetuses. Successful SCN transplants were
characterized by adjacent clusters of cells that immunostained for
vasoactive intestinal peptide (VIP) and vasopressin (AVP) and formed
extensive intragraft connections. Many tyrosine hydroxylase (TH)immunoreactive neurons were also present within the grafts. They were
excluded from the SCN proper but had dendrites within the nucleus, as in
normal adults. TH-labeled transplants also showed positive varicose
fibers of both intragraft and host origin forming axo-dendritic synapses
within and outside the SCN. After 5-HT staining, variable numbers of
labeled host axons also were found to arborize within the transplants.
However, even in cases where SCN cells were demonstrable very next to
the graft-host inter-face, the reinnervating axons exhibited no preferential
affinity for the nucleus. They established synapses with the dendrites of
SCN and extra-SCN transplanted neurons, as found for CA axons. On
doubly stained preparations, part of these synapses within the SCN were
found to be shared with VIP-immunoreactive neurons. The question is
raised as to whether re-establishment of monoaminergic synapses,
especially those involving host 5-HT fibers and the VIP neurons which
normally constitute prime 5-HT targets within the SCN, could be
determinant for induction of some aspects of functional recovery.
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ASTROCYTE MIGRATION AND REJECTION IN MOUSE TO RAT
XENOGRAFTS

T. M. Litchfield*.E. J, Usherwwxf*. K.T,
P, Tvers*. A.A. Nash* a nd
R.D.Lumd>.+Oeot.Path.*DeptAnat.. Cambridgs Sniversity, S.T. CB2 3DY.
Astrocytes from corpus callosum transplanted into ths midbrain of nsonats
recipients migrats towards ths substantia nigra. Ws havs monitorsd ths
migration and suscaptibility to rsjsction of transformsd astrocytss. Primary
astrocyts cultures from CBA mics wsrs transfsctsd with a recombinant
retrovirus containing a tsmpsraturs-ssnsitivs variant of the SV4O largs T
antigsn. Fluorescent labelled cells wsrs implanted into ths midbrain of 25
neonatal Lister hooded rats. Groups of five animals wsrs killed at 4, 7, 14,
21 and 28 days post transplantation and ths brains stained for M2 and SV4O.
A second group of 40 rats received grafts of unlabellsd cells. Three weeks
later rejection was provoked in 50% of ths set by challenge with a skin graft
of CBA origin. Rats from each set were killed 4 and 10 days after skin
grafting, the brains sectioned and stained for the presence of a lymphocytic
infiltrate and donor and recipient MHC class I and class II. The control
animals underwent the same regime but with corpus callosum tissue rather
than astrocytes.
The astrocytes survived, remained in the vicinity of the injection site and
did not migrate to different areas of the brain at any timepoint studied. SV4O
large T antigen expression was not detectable at any time after implantation.
ao tumour formation was observed, suggesting the temperature sensitive
switch was effective in vivo. M2, a mouse astrocyte-specific marker, was not
detectable on the astrocyte line either in vitro or at any time after
implantation. The mouse astrocyte clone therefore differs from primary
astrocytes, which express M2 and migrate to the substantia nigra following
implantation.
Supported by grants from MRC,Wellcome Trust, MS Society.
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SELECTIVE DAMAGE TO REACTIVE ASTROGLIA AT THE
HOST/TRANSPLANT INTERFACE BY A METABOLIC INHIBITOR.
J.M. Krum*. Dept, of Anatomy, The George Washington University Medical
Center, Washington, D.C. 20037.
6-aminonicotinamide (6-AN), a nicotinamide antagonist, blocks the pentose
phosphate pathway (PPP) in glial cells, causing them to exhibit cytotoxic edema.
In the adult rat, certain populations of glia, such as those in spinal gray matter, are
affected by 6-AN and thus appear to depend more on the PPP than glia in other
regions. The intact adult neocortex and corpus callosum are not affected by 6-AN.
In order to determine if reactive astroglia arising iron neocortical and callosal
areas change their metabolic preference, transplants of E17-20 fetal neocortex
were placed in the parietal cortex of adult rats. 6-AN was administered
systemically (10 mg/kg I.P.) after 1 - 4 weeks postoperative, and the rats were
perfused 24 - 48 hours post-injection. The tissue was immunostained for GFAP
and S-100, both specific astroglial marker proteins. Reactive astroglia at the
graft/host interface were swollen at all postoperative times, particularly in the
callosal region. The injured reactive astroglia were present up to 30 - 40 microns
from the transplant and became more numerous nearer the corpus callosum. The
reactive astroglia outside this narrow interface area did not appear to be affected,
except in the corpus callosum where swollen astrocytes were present for some
distance away from the graft. Injured astroglial cells were present within the older
grafts and may reflect areas of invasion by host reactive astrocytes. Reactive
astroglia appear to be heterogeneous in their dependence on the PPP, which plays
an important role in reductive synthetic reactions, nucleic acid biosynthesis, and
hydrogen peroxide detoxification via the maintenance of reduced glutathione. The
results suggest that those reactive astrocytes closest to the transplants may be most
dependent on the PPP. (Supported by NS-17468).

ANALYSIS OF CG4 CELLS GRAFTED INTO NORMAL AND
MYELIN-DEFICIENT RAT PUPS.
M.A, Espinosa* de los

367.17
INDICATORS OF POTENTIAL METABOLIC INJURY IN NEURAL
GRAFTS: CHANGES IN MAP-2, NEUROFILAMENT PROTEINS AND
GLUT 1 IMMUNOREACTIVITY. N.S^MOg, 3LA, MOfdyT.md. J,M
Rosenstein. Depts. of Anatomy and Neuroscience Program, The George
Washington University Medical Center, Washington, DC 20037.
The extended delay in revascularization and angiogenesis (3-10 days)
subsequent to the extirpation of fetal brain tissue can suggest, a priori, that
there occurs ischemia or anoxia to neural grafts.
Whether these
physiological parameters produce actual injury is unknown although recent
studies have shown that glycolytic enzymes appear reduced in neocortical
grafts (Exp. Neurol 124:208). Following aldehyde perfusion a series of rat
fetal neocortical grafts between 2 weeks and 8 months postoperative were
examined for the immunocytochemical expression of MAP-2, a cytoskeletal
somato-dendritic protein that is highly labile to ischemia and brain injury,
high molecular weight phosphorylated (HFP) and non-phosphorylated
(HFN)-neurofilament proteins and the specific marker for die brain glucose
transporter GLUT 1. Normally MAP-2 is strongly expressed in most
cortical cell bodies and dendrites. In early grafts, it was weakly expressed
and at later times only occasional neurons and sparse dendrites had normal
expression; MAP-2(+) cells had a similar distribution to GABA(+)
neurons. Similarly Hfn expression in neurons and dendrites was reduced
in all grafts studied while h Fp expression was strong in unpattemed axonal
profiles when compared to die host. GLUT 1 expression was very weak in
early grafts and approached normal by 3-4 weeks. MAP-2 and HFN
markers are well known to be reduced in ischemia, anoxia and direct brain
injury while HFP may be increased. Coupled with die initial downregulation of GLUT 1, these results suggest that some grafts may be subject
to sub-lethal metabolic injury and concurrent changes in structural and
functional proteins (NS-17468).
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Monteros. D. Esp^o. B. Neo and J. de Vellis. University of
California Los Angeles, Mental Retardation Research Center, 760
Westwood Plaza, Los Angeles, CA. 90024
The spontaneously immortalized, non-malignant CG4 cell line was
obtained by continuously passaging "02A" progenitors. This cell line
is of particular interest for myelination studies because it synthesizes

myelin components including Myelin Basic Protein (MBP). Like
oligodendroglia, CG4 cells have the ability to respond to
environmental changes. These observations prompted us to study
their phenotype after transplantation into the brain of P5 normal rat
pups. Examination of host brains at various time points indicates
that like oligodendroglia progenitors, CG4 cells survive and migrate
within host parenchyma of unaffected as well as myelin-deficient
animals. Double immunofluorescence showed that grafted cells (fast
blue positive) express transferrin, sulfatides, glycerol phosphate
dehydrogenase, and MBP. MBP was observed in cell bodies as well
as in their cell processes. These MBP+ cells were found in gray
matter as well as white matter. Ultrastructure analysis is being
performed at the present time. (Supported by HD 06576)
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GABAb BINDING SITES IN AGING RAT BRAIN. S. M.

AGE-RELATED DECLINE IN STRIATAL MUSCARINIC CHOLINERGIC
SIGNAL TRANSDUCTION IS ASSOCIATED WITH DECREASED
MEMBRANE BILAYER WIDTH. J.F, Kelly*. R,P, Mason. N. Denisova. S.
Erat, J.A. Joseph and G.S. Roth. Gerontology Res. Ctr., NIA/NIH,
Baltimore, MD 21224, Neurosci. Res. Ctr. Med. College of PA, Pittsburgh,
PA 15212 and USDA Aging Res. Ctr. at Tufts Univ., Boston, MA 02111.
To investigate the effects of aging on striatal muscarinic cholinergic
signal transduction, we examined the relationship between striatal
membrane structure and receptor G-protein coupling/uncoupling in 2, 12
and 22 month old F344 male rats. Animals were placed on purified diets
for one month. They were sacrificed by decapitation and striata removed
on ice. Carbachol stimulated low Km GTPase activity was determined
using crude membrane and lipids extracted from pooled striatal
synaptosomes. The effect of age on the molecular structure of the
membrane was directly explored using small angle X-ray diffraction of
reconstituted lipid bilayers derived from synaptosomes. Old animals (O),
compared to young (Y) but not mature (M), showed a significant decrease
in GTPase activity (mean ±SEM, 7.7 ±1.1 (O) vs 11.4 ±1, p<.O5, TukeyKramer). One dimensional electron density profiles of bilayers generated
from X-ray diffraction, using representative sample pairs at submaximal
hydration levels and 25°C, showed a significant decrease in membrane
bilayer width, including surface water, from 59.5 ±0.5 A (Y) to 57.6 ±0.4
A (O). Age differences in electron density through the membrane lipid
hydrocarbon core were also observed. These data suggest that basic
changes in membrane lipid bilayer structure may contribute to the
decrements in
muscarinic cholinergic receptor-G-protein
coupling/uncoupling seen with aging.

Turgeon* and R. L.

Albin.

Neuroscience Program

and Neurology Department, University of Michigan,
Ann Arbor, Michigan

48109.

The effect of aging on GABAb
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AGED LONG EVANS HOODED RATS RETAIN THE ABILITY TO INCREASE
NICOTINIC CHOLINERGIC RECEPTOR BINDING SITES FOLLOWING
CHRONIC NICOTINE TREATMENT. R. A. Houqhtlinq* \ M. Gallagher2 and
K. J, Kellar1. ^epartmeet of Pharmacology, Georgetown Uninereity' School
of Medicine, Washington, DC 20007 and 2Department of Psychology,

THE EFFECT OF GLYCINE ON THE AGING OF THE NMDA
RECEPTOR COMPLEX Kathv R. Maenusson.* Dept, of Anatomy
& Neurobiology, Colorado State University, Fort Collins, CO 80523
There is a decline in binding of the transmitter glutamate to the N-

University of North Carolina, Chapel Hill, NC 27599.
A slightly decreased number of neuronal nicotinic cholinergic receptors
(nAchR) has been found in normal aging human brains and a greater
decrease in brains with Alzheimer's disease. We compared nicotinic receptor
number and the effect of chronic nicotine administration in young (4-6 mo.)
and aged (24-26 mo.) Long Evans Hooded rats. Receptor site number nas
measured in cortical, hippocampal, striatal and hypothalamic homogenates by
[3H]cyrtisine receptor binding assays. Data were analyzed by a 1-nay ANOVA
and the Nenman-Keuls test of variance. The number of nAchR in saline
treated rats nas not statistically different between young and aged rats;
however, there nas a trend toward a decrease in the aged cortex, striatum
and hippocampus. Following repeated nicotine treatment (2 mg/kg twice daily
for 10 days) in young and aged rats, cortical and hippocampal nAchR were
increased 18-25% (p<0.01 and p<0.05, respectively). In both young and
aged rats, nAchR in the hypothalamus and the striatum increased (16-27%)
but these changes did not reach statistical significance.
[3H]Cytisine binds to a nAchR containing o4p2 subunits, and this subtype
of receptor increases following chronic nicotine treatment. These data indicate
that aged Long Evans Hooded rats have a slightly decreased number of o402
nAchR compared to young rats, and more importantly that aged rats retain
the ability to regulate this nicotinic receptor after repeated nicotine exposure.

This work was supported by NIH grants AGO9884 and AGO9973.

methyl-D-aspartate (NMDA) subtype of glutamate receptors in the
hippocampus and cerebrum during die aging process in C57B1 mice.
MK801 binding to the channel protein, in die presence of glutamate and
glycine, appeared to be relatively spared. The goal of the present study
was to determine how glycine alone influences the NMDA and MK801

binding sites during aging.
Quantitative autoradiography was
performed on horizontal sections from 3, 10 and 24 month old C57B1
mice to label the channel protein ([3H]-MK8O1, no glutamate), and the
NMDA binding site ([3H]-glutamate) in the presence of 0, l0, 30 and

lOOpM glycine. All sections were preincubated in buffer to remove
endogenous glutamate and glycine. Previous results of sparing of
MK801 sites in the presence of glycine were found to be due to
inhibition of binding in the young. This seemed to be due to
endogenous glycine, as preincubation corrected this inhibitory effect.
In the present study, glycine enhanced binding of 3H-MK801 and 3Hglutamate in all age groups. The absolute increase in binding induced
by glycine was not significantly different between age groups, although
there was a trend for less enhancement in the old mice at lower glycine
concentrations. Glycine did not correct the age-related changes in the
NMDA site and lOpM glycine appeared to exascerbate the age-related
changes in the MK801 site. The results of these studies suggest that
while glycine was not able to correct the aging change in the NMDA
receptor complex, the complex in aged animals appeared to still be able
to respond to glycine. Supported by NIA FIRST award AG10607.

368.5
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THE EFFECT OF CALORIE RESTRICTED DIET ON GLUTAMATE
RECEPTOR BINDING IN THE AGING C57B1 MOUSE. Kenneth T. Shiarella.*
& Kathy R. Maenusson Dept, of Anatomy & Neurobiology, Colorado State
University, Fort Collins CO 80523.
Based on the established decline in spatial memory performance associated with
old age in humans and rodents, the role of glutamate receptors (GluR's) in memory
performance, and the sparing effect of calorie restricted (CR) diet on the spatial
memory decline in old rodents, this study was conducted to determine if there is a
regional sparing of GluR binding and spatial memory performance in aged C57B1
mice raised on CR diets vs. mice raised on ad libitum (AL) diets. Subjects from
three age groups (3,10 and 26 month old) representing young adult, middle aged
and geriatric mice, and two (CR and AL) diet groups were tested for spatial
memory capacity using the Morris Water Maze. Quantitative autoradiography was
performed on 6p thick frontal brain sections from each subject to assay for
NMDA, AMPA, Kainate, metabotropic and NNKQ GluR binding. Results of the
spatial memory task showed an age related decline in spatial memory performance
as measured by annulus crossings in probe trials. CR geriatric mice performed
better than the AL geriatric mice. Results of the brain slice autoradiograpy showed
that there are regional age related declines in GluR receptor binding of the NMDA,
KA, metabotropic and NNKQ receptor types in several cortical, subcortical,
hippocampal and cerebellar regions examined. NMDA and metabotropic receptor
assays had several regions - where the age related decline in binding is less
pronounced in old CR mice than the old AL mice. NNKQ receptor binding shows
several regions where the decreased binding in old mice is more pronounced in the
CR mice compared to the old AL fed mice. The results suggest that calorie
restricted diets have a sparing effect on spatial memory deterioration in old age as
well as sparing age related decreases in GluR binding at the NMDA and
metabotropic receptors subtypes. However, the age related decline in binding was
accentuated in the CR mice at the NNKQ GluR site. Supported by NIH NRSA
AG05619 (KTS) & NIA FIRST award AG10607 (KRM).

THE EFFECTS OF AGING ON METABOTROPIC GUTAMATE
RECEPTOR FUNCTION IN C57BL MICE. Ar drew j . Bane.*-and
Kathv R- Maenusson Dept of Anatomy & Neurobiology, Colorado
State University, Fort Collins, CO 80523.
Recent investigations have shown that long-term potentiation (LTP)
requires the activation of metabotropic glutamate receptors (mGluRs).
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In light of evidence that there are age related changes in synaptic
potentiation in area CA1 of the hippocampus, we examined the
possibility that a change in the function of mGluRs occurs during
aging. We tested the efficiency of a weak tetanus, delivered in the
presence of a mGluR agonist, aminocyclopentane-lS,3R-dicarboxylic

acid (1S,3R ACPD), to induce LTP. Hippocampal slices (450 pm
thick) from young (3 month old) and aged (26 month old) C57B1 mice
were prepared according to the methods of Otani, et al. A weak tetanus

(O.3-O.5sec duration, l5Opsec width, 3-11 volts) was first delivered to
establish that LTP could not be induced by tetanus alone. lS,3R

ACPD was then bath applied to the same slice for 4 min and a second
tetanus, identical to the first, was delivered. Synaptic potentiation, as
evidenced by a change in amplitude of the field potential, was apparent
immediately post-tetanus in young mice and remained above baseline
levels for at least 30 min. In contrast, field potential amplitude in the
hippocampi of aged animals initially decreased or remained at baseline

levels following delivery of tetanus and subsequently showed delayed,
slow onset potentiation lasting at least 30 min. These results provide
evidence that there is a change in the time course of LTP onset in the
brains of aged animals when the administration of a mGluR agonist is
coupled with a weak tetanus. Supported by NIA FIRST award
AG10607 (KRM).
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GENE EXPRESSION IN AGING RAT BRAIN II: GLIAL AND OXIDATIVE
STRESS MARKERS K. Sugaya*. J.T. Carter. C. Kent. D. Personett. M.
Chouinard. M. Gallagher and M. McKinney. Dept. of Neuropharmacology.
Mayo Clinic Jacksonville. Jacksonville, FL 32224 and Dept. Psychol, Univ.
North Carolina. Chapel Hill. NC 27599
Our laboratories are studying molecular neuronal and glial markers in
the septal-hippocampal system for correlations with the occurrence of spatial memory impairment in aging Long-Evans rats. using the water maze
task. Immunocytochemistry to choline acetyltransferase (ChAT) is combined with in situ hybridization histochemistry (ISHH) for candidate genes.
in order to assess the status of gene expression in cholinergic (Ach) and
non-cholinergic neurons. E.g.. using this method we have shown that numerous basal forebrain Ach neurons express significant levels of mRNA
for the brain-type of nitric oxide synthase (b-NOS). The current study addresses glial fibrillary acidic protein (GFA). the two superoxide dismutases
(Cu/Zn-SOD and Mn-SOD). as well as b-NOS and the macrophage type
NOS (m-NOS). Gene expression was quantitated in seven young (Y) and
13 aged rats. which were further classified as “unimpaired (OUI) or “impaired” (Ol). b-NOS mRNA in the hippocampus was not significantly different between all three groups of rats. indicating stability of this marker
even in rats with memory impairment. However. mRNA for GFAP was significantly elevated in the hippocampus of aged rats. by 90% in OUI rats
and by 190% in Ol rats. Further. the level of GFAP mRNA was significantly
correlated with individual memory scores (R=0.84. P<0.0001). Levels of
mRNA for Mn-SOD in the hippocampus were also correlated with memory
score (R=0.52. P<O.O2). The level of GFAP mRNA was highly correlated
with the level of mRNA for Mn-SOD. These data suggest that gliosis is
associated with the occurrence of aged-induced memory impairment and
that enzymes involved in protection from free radicals are upregulated.
These data suggest that a glial cascade and excessive free radical production may initiate hippocampal pathology in memory impaired rats.
Supported by Mayo Foundation and grant AGO9973
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GENE EXPRESSION IN AGING RAT BRAIN I: NEUROTROPHINS AND
RELATED MARKERS. M. McKinney*. K. Sugava. C. Kent. J.T. Carter, P.
Personett. M. Chouinard. and M. Gallagher. Mayo Clinic. Jacksonville. FL
32224 and University of North Carolina-Chapel Hill.
Our laboratories are studying molecular neuronal and glial markers in
the septal-hippocampal system of aging Long-Evans rats to discover correlations with the occurrence of spatial memory impairment. which is quantified using the water maze task. Immunocytochemistry to choline
acetyltransferase (ChAT) is combined with in situ hybridization histochemistry (ISHH) for candidate genes. in order to assess the status of gene
expression in cholinergic and non-cholinergic neurons. In the current report. levels of mRNA for NGF, the low-affinity NGF receptor (NGF-R). BDNF,
and the beta-amyloid precursor protein (BAPP) were quantitated in the
hippocampal formations of 7 young (Y) and 13 old (unimpaired. OUI; impaired. Ol) rats. Old rats in general had higher levels of hippocampal
neurotrophin mRNAs. but only the level of hippocampal BDNF mRNA
(P<0.01). and not NGF or NGF-R mRNA. was correlated with the degree
of memory impairment. Interestingly. BDNF mRNA. but not NGF mRNA.
was correlated with the level of NGF-R mRNA. In the diagonal band region. the level of NGF-R mRNA exhibited a tendency to be lower in animals with more impairment. The level of BDNF mRNA was not correlated
with the levels of mRNA for the superoxide dismutases. but NGF mRNA
was signficantly correlated with the level of mRNA for Mn-SOD and BDNF
mRNA was significantly correlated with the level of GFAP mRNA in the
hippocampus (P<0.05). BAPP mRNA was elevated in impaired rats
(P<0.01). and the level of this marker was signficantly correlated with levels of both Cu/Zn-SOD and Mn-SOD mRNAs. These data indicate that
the hippocampal neurotrophin systems are activated in aging rat brain in
a way related to memory impairment and perhaps in conjunction with gliosis.
Supported by Mayo Foundation and grant AGO9973

368.9

368.10

DIFFERENTIAL GENE EXPRESSION FOR THE CALCIUM
DEPENDENT PROTEASE (CALPAIN) SYSTEM DURING AGING IN
THE MOUSE CENTRAL NERVOUS SYSTEM. J. Li. S. Berman. M.
Guo. R. Nixon and S. Bursztain* Mailman Research Center, Harvard
Medical School, Belmont, MA 02178.
Though the precise functions of calcium activated neutral proteases
(CANPs or calpains) are unknown, several lines of evidence have implicated
these proteases and their endogenous inhibitor calpastatin in neuronal
degenerative disorders which often accompany aging. However, the pattern
of gene expression for these molecules during aging has not been described.
In the present study, we analyzed age-related mRNA distributions for ^Mand mM-calpain (calpain I and II), the two forms of calpain distinguished by
their different calcium requirements, and for calpastatin in mouse brain and
spinal cord tissues using in situ hybridization procedures. Overall, both
calpains and their inhibitor were expressed at higher levels in young (1-mo)
mouse brain and spinal cord than in the aged (2-yr) mouse. The gene
expression pattern also varied between different molecular species. For
calpain I and calpastatin, a homogeneous gene expression was observed
throughout brain and spinal cord with the notable higher level of calpain I
mRNA in spinal motor neurons than other cell types. In contrast, calpain II
gene expression was observed to be more neuron selective with distinct
mRNA localization in the neurons of hippocampus and neocortex, the
Purkinje cells of cerebellum, and motomeurons of spinal cord. Our results
show that the levels of gene expression for the major components of the
calpain/calpastatin system decrease with senescence in aging. Such agerelated changes in neuronal calpain/calpastatin gene expression may
contribute to altered neuronal vulnerability during aging.

REGULATION OF INOSITOL 1.4.5-TRISPHOSPHATE RECEPTOR
AND PROTEIN KINASE C IN THE RAT CEREBELLUM DURING
AGING. O.J. Igwe* and M. Filla. Division of Pharmacology. Schools of
Pharmacy and Medicine. UM-KC. Kansas City. MO 64108.
Activation of phosphoinositide-specific phospholipase C generates
1.2-diacylglycerol which stimulates protein kinase C (PKC) and inositol
1.4.5-trisphosphate (insP3) which. through insP3 ' receptor (insP3R).
releases Ca2+ from intracellular stores. The synergistic interactions
between PKC and insP3/insP3 R-intracellular Ca2+ ([Ca2+]j) pathways
underlie a variety of cellular responses to external stimuli. To determine
the effect of aging on the regulation of these pathways. the activities of
PKC isozymes and the levels of expression of insP3R mRNA were
investigated in the cerebellum. The insP3R-encoding mRNA
expression was quantified by Northem/slot blot analyses in young (3month old). adult (12- month old) and senescent (25- month old) male
Fischer 344 rats. InsP3R mRNA levels were significantly decreased
(p<0.05) in the 12- and 25- month old rats compared to the 3- month old
animals. The activities of total membrane-associated PKC and the j
and 7 isozymes were significantly decreased (p<0.01) with age in the
order 25>12>3 months. The activity of the a isozyme was significantly
decreased (p<0.001) in senescent rats only. Western blot analyses
with polyclonal antibody specific for each isozyme indicate a single
molecular mass with the same apparent electrophoretic mobility in all
ages. The present data suggest that the aging process decreases the
phosphorylation of endogenous substrates for PKC isozymes which
may attenuate cellular functions. Significant changes in the expression
of mRNA-encoding insP3 R also suggest that aging modulates insP3 R
protein level in cerebellar neurons. Supported by SEP-Marion
Merrell Dow Foundation and USPHS grant AR 41606
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TEMPORAL EXPRESSION OF IMMEDIATE-EARLY GENE (IEG)
PROTEIN IMMUNOREACTIVITY IS QUALITATIVELY ALTERED
AFTER AXOTOMY IN MATURE AND AGED F344 RATS. Jane M.
Jacob*. Dept. of Anatomical Sciences. Univ. of Oklahoma HSC.
Oklahoma City. OK 73190.
In young rats. axotomy results in a series of morphologic.
biochemical. and physiologic changes in the soma. In addition.
axotomy alters structural protein mRNA expression and protein
product expression from several IEG families. In aged rats. the cell
body undergoes similar morphologic changes which are. in part.
responsible for the reduced nerve regeneration rates seen. These
data suggest that the cell body in aged animals is capable of
responding to axotomy. but that the response may be temporally
and/or qualitatively modified. In this study. the temporal expression
of IEG proteins. after axotomy. was examined. The retrograde tracer
Fluorogold was used to locate the motor columns supplying the right
sciatic nerve. One to 7 d prior to intracardiac perfusion with 4%
paraformaldehyde. the left (experimental) sciatic nerve was cut.
Using polyclonal antibodies to cFos. cJun or JunD. the density of
IEG-IR was determined. IEG protein products were visualized using
avidin-biotin enhanced DAB staining. These data suggest levels of
Jun-IR are higher at earlier times after axotomy in 24 mo rats vs. 6
mo rats but by 7 d after axotomy the are comparable.

NEURONATIN I§ A NOVEL BRAIN SPECIFIC DEVELOPMENTAL GENE.
Rajiv Joseph , Dexian Dou and Wavne Tsang. L?b. of Mol.
Neuroscience, Henry Ford Hospital, Detroit, MI 43202.
Differential gene expression governs Lrain development
and senescence. Our effort was to define the genes that are
selectively expressed in neonatal (3 days), adult (3 mths)
and aged (33 mths) male Fisher 344 rats, an inbred strain.
A cDNA fragment expressed only in neonatal brain, was
identified by differential display and used to screen a cDNA
library constructed using the same sample of mRNA. The full
length cDNA, neuronatin, was 1195bp long and coded a novel
protein of 81 amino acids. The cDNA detected a mRNA species
which is expressed only in the brain and not in the three
other tissues studied. Screening of cell lines revealed that
neuronatin is expressed in neurons and not in glia. During
development, neuronatin first appears at 10-14 days of
gestation and its expression is maximum late in gestation at
16-19 days. Postnatally neuronatin declines to trace mRNA
levels in adulthood and in senescence. Neuronatin also
detected a l.2kb mRNA in the human fetal brain suggesting
that this is a conserved mammalian gene. The deduced protein
has a highly hydrophobic N-terminal and hydrophilic Cterminal suggesting that it is membrane bound and may
function in signal transduction. The selective expression of
this novel mRNA in the undifferentiated brain and decline in
the differentiated adult brain suggests a role
for
neuronatin
in
neuronal
growth
and
differentiation.
Identifying the human genetic locus will help determine the
importance of this gene in human developmental disease.

Supported by a grant from the American Federation for Aging Research.
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INDUCTION OF NEUROPEPTIDE Y INTRON IN ARCUATE NUCLEUS BY
FASTING IS IMPAIRED IN THE AGING RAT. C. -V. Mobbs*, T. Funabashi.
& S.P. Kleopoulos . Fishberg Center for Neurobiology and Bronx VA
Medical Center, Mt. Sinai School of Medicine, New York, NY 10029.
We have reported that induction of neuropeptide Y mRNA in the
arcuate nucleus by fasting decreases with age, as assessed by in situ
hybridization. To further clarify these results, cDNA for the first
intron of the NPY gene was amplified from rat genomic DNA, and a
single-stranded probe was labeled. A single-stranded probe for the
exon of NPY was also labeled using an NPY plasmid as template. Using
these probes, we examined, using in situ hybridization, expression of
hypothalamic NPY intron and exon levels in 6, 12, and 18-month-old
Sprague-Dawley male rats which were fed ad lib or were fasted for 72
hours. Food was removed from the ad lib fed rats during the day (at
which time they would normally eat very little in any case), then they
were allowed to feed on sweetened milk one hour before sacrifice, 1
hour after lights out. Cells expressing signal were quantified using the
MCID computerized system. As we previously reported, fasting
increased the NPY mRNA (using an exon probe) in 6- and 12-month-

PROLONGED TYROSINE PHOSPHORYLATION OF TRK
RECEPTORS AFTER ACUTE AND CHRONIC NGF TREATMENT
IN ADULT AND AGED RAT BRAIN. B. Knusel*. D.R. Kaplan. J.L.
Venero, and F. Hefti. University of Southern California, Los Angeles, CA
90089 and NCI-Cancer Research and Development Center, Frederick,
MD 21701.
Tissue of adult rat striatum, basal forebrain and hippocampus is
responsive to acute NGF stimulation when measured in an ex-vitro
preparation (Knusel et al., J. Neurosci. 14:1542, 1994). In cell cultures
chronic neurotrophin treatment greatly reduces levels of Trk type receptor
tyrosine phosphorylation when compared with acutely treated cultures. In
contrast, chronic NGF treatment of adult rats increases expression of TrkA
(Holtzman et al., Neuron 9:465, 1992). We therefore compared the effects
of acute and chronic NGF treatment of rat striatum in-vivo on Trk tyrosine
phosphorylation. Single injections of NGF (l^g) produced Trk tyrosine
phosphorylation signals which remained maximal from immediately after
the injection until 2 days after the injection. By 3 days after the injection the
level of Trk tyrosine phosphorylation was slightly reduced and by 5 days the
signal became marginal. The same pattern of Trk tyrosine phosphorylation
was observed after the last injection of 5 identical daily treatments.
Corresponding results were obtained with aged (27 mo.) rats. Our findings
demonstrate that single or repeated injections of NGF result in prolonged
tyrosine phosphorylation of Trk type receptors. They establish that chronic
treatment of intact adult rats does not result in a reduction of Trk tyrosine
phosphorylation as might be expected from cell culture findings.

old, but not in 18-month-old rats. Similarly, fasting increases the
number of cells expressing NPY intron in 6- and 12-month-old rats,
but not 18-month-old rats. (6 mo., Fed: 13+2; 6 mo., Fasted: 19±3;
12 mo., Fed: 14+2; 12 mo., Fasted: 22+3;18 mo., Fed: 11 ±2; 18
mo., Fasted: 10±2). These data suggest that fasting induces NPY mRNA
by increasing levels of nuclear NPY mRNA precursor, and that this
induction by fasting is impaired in 18-month-old rats.
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Intraparenchymal NGF Delivery to the Adult Primate Brain
by Gene Transfer Prevents Cholinergic Neuronal
Degeneration in a Distance- and Size- Dependent Manner.

Role of Heat Shock Gene Induction in the Biogenesis of
Astrocytic Inclusions.
V. S. Chopra, L. E. Chalifour and
H.M. Schipper*. Dept. of Neurology and Neurosurgery, McGill
Univ., Bloomfield Centre for Research in Aging, Jewish
General Hospital, Montreal, QC, Canada, H3T 1E2
Background: The sulfhydryl compound, cysteamine (CSH)
promotes the accumulation of autofluorescent, peroxidasepositive cytoplasmic inclusions in cultured astroglia
identical to those which naturally accumulate in astrocytes
of
the aging periventricular brain.
These
granules
originate from swollen, iron-laden mitochondria engaged in
a macroautophagic process. We previously demonstrated that
various heat shock proteins (HSP) accumulate in these cells
prior to granulation. Objective: To determine a) whether
CSH-related stress protein expression in astrocytes is
transcriptionally regulated and b) if CSH induces similar
HSP expression and granulation in the astrocyte-derived C6
glioma cell line. Methods: The effects of CSH (880 pM, 1.76
mM) on HSP expression and granulation were determined in
astroglial
and C6
glioma
cultures by histochemical
staining, immunoblotting and Northern analysis. Results:
CSH exposure up-regulates astroglial HSP27, HSP9O, and heme
oxygenase-1 (HO-1) expression at the transcriptional level.
Unlike primary astroglia, C6 glioma cells constitutively
express these stress proteins at low levels, and CSH is
incapable
of
eliciting
further
HSP
expression
or
granulation in these cells. Conclusions: The induction of
specific heat shock genes may play an important role in the
biogenesis
of
cytoplasmic
inclusions
in
senescent
astroglia. CSH-treated astrocytes may provide a useful
model for investigating the role of the cellular stress
response in brain aging and neurodegeneration.

J Roberts*>*. M-C Senut2J Eberling3, FH Gage^, MH TuszynslkA4

lUniv Calif-Davis; ^Dept Neurosciences, Univ Calif-San Diego, La

Jolla, CA; ^Livermore Nat LabA; VA Med Ctr, San Diego, CA. 91261
Basal forebrain cholinergic neuronal degeneration is a prominent

component of cell loss in Alzheimer's disease. Nerve growth factor
(NGF) prevents cholinergic degeneration in primates when infused
intracerebroventricularly (ICV), but also causes sympathetic and sensory
neuritic sprouting and weight loss. Further, NGF reportedly diffuses
through unlesioned brain parenchyma for very limited distances of only
several mm. To circumvent the limitations of ICV NGF infusions, we
genetically modified primary adult primate fibroblasts to produce and
secrete NGF, and grafted these cells to the basal forebrain regions of

monkeys that had undergone unilateral fornix transections. Cells secreted
12.6 + 0.8 (SEM) ng NGF/lOO cells/hr in vitro. Onn monto after
grafting, NGF-secreting cells prevented the degeneration of 67.8 ± 8.4%
of cholinergic neurons compared to 27.2 + 5.8% among control animals
(p<0.03). Graft size and accuracy of graft placement positively correlated
with host neuronal savings in n Gf graft recipients (r2=0.902) with up to
92% neuronal rescue from large and accurately placed grafts, but only
37.6% rescue from smaller and more distantly located (2.9 mm) grafts.

These results indicate that transgeneic delivery of NGF can prevent
neuronal degeneration in the adult primate brain in a regionally specific
manner, thereby reducing the risk of extra-cholinergic adverse NGF
effects.
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RELATIONSHIP OF OLIGODENDROCYTE PROCESSES TO AXONS
CONTAINING CALCIUM-BINDING PROTEINS. E. Weruaoa Prieto , P ,
Eooll. D.M. Voat Weisenhorn*. M.R. Celio. Inst, of Histology, University
P6rolles, CH-1705 Fribourg. Inst, of Anatomy, University, CH-3000
Bern. Switzerland.
The sheet-like processes of oligodendrocytes wrap spirally around
central axons, thus forming the myelin sheath. A single oligodendrocyte may
donate intemodal segments of myelin to each of 20 or more adjacent axons.
It is not known, if one oligodendrocyte picks out axons randomly or if it
prefers axons with a certain diameter or with a certain physiological or
chemical specificity. We have studied the last possibility by combining
intracellular injection of a fluorochrome, and immunohistological detection
of calcium-binding proteins (CaBP's), markers for the axons of certain
subpopulations of ganglion cells.
Lucifer Yellow was injected into oligodendrocytes of living rat optic
nerves. The oligodendrocytes were identified by their electrophysiological
properties. Slices containing the injected cells were immunostained for
parvalbumin or calretinin using second antibodies labelled with Texas red.
Using confocal laser-scanning microscopy the
relationship between
Oligodendrocyte processes and axons positive for one of the CaBP's was
determined. For ultrastructural confirmation, single, Lucifer-Yellow
injected oligodendrocytes were photoconverted, and the CaBP's-positive
axons were revealed by gold-labelled antibodies.
The injected oligodendrocytes show the classic morphology, that is a small
cell body and few processes running parallel to the course of the axons. The
proximity between glial processes and positive axons can be easily
appreciated in confocal laser-scanning images. A single oligodendrocyte sent
processes to parvalbumin-positive and negative axons. Preliminary
observations suggest that this is also true for calretinin axons.
Thus, the hypothesis that oligodendrocytes choose their axonal targets
according to these chemical cues is unlikely.
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SUSCEPTIBILITY OF OLIGODENDROCYTES IN CULTURE TO
CYSTINE DEPRIVATION AND PROTECTION BY ASTROCYTES.
M. Yonezawa. P.A. Rosenberg and J. J. Volpe*. Department of Neurology,
Children’s Hospital and Harvard Medical School, Boston, MA 02115.
We have reported glutamate toxicity to cultured rat oligodendrocytes (OL)
that can be blocked by extracellular cystine (/. Neurosci. 13:1441-1453). The
mechanism of glutamate toxicity in OL involves promotion of cystine efflux,
glutathione depletion, and accumulation of free radicals.
In this study, we had two objectives: 1) to evaluate the effect of exogenous
cystine deprivation, and 2) to determine whether astrocytes (AST) modulate
the toxicity of cystine deprivation. OL (day 3 in vitro) plated on glass cover
slips (12mm) coated with poly-D-lysine were incubated with 3OOil of cystine
deficient growth medium and viability was evaluated after 24 hours with
trypan blue. Under conditions in which AST were 10% of the total population,
survival of OL in cystine deficient medium was only 8±6% of control (n = 4).
We observed markedly greater survival of OL in cystine deficient medium at
day 6 in vitro (85+19% of control). These cultures contained a larger
percentage (2Q±4%) of AST (n = 6). To diminish a possible effect of AST,
cover slips of OL were incubated in a larger volume (2ml) of cystine deficient
medium. This increase in volume of medium resulted in a markedly
diminished survival compared to controls in 2ml of medium with cystine.
Survival of OL at day 6 in vitro in 2ml of cystine deficient medium was
)3±I2% of control (n = 4). Preheating cystine deficient medium with AST for
6 hours eliminated the toxic effect of cystine deprivation. These observations
demonstrate that OL are dependent on exogenous cystine for survival and that
OL toxicity induced by cystine deprivation can be prevented by a secreted and
diffusable product of AST.
Supported by grants from NIH and the United Cerebral Palsy Foundation.
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LOCALIZATION OF NOVEL OLIGODENDROCYTE-DERIVED mRNAS IN
POSTNATAL MOUSE BRAIN. B. Fuss*. H. Baba, J.B. Watson and W.B. Macklin.
MRRC, UCLA Medical Center, Los Angeles, CA 90024.

THE OLIGODENDROCYTE REACTIONAND REACTIVE GLIOSIS AFTER
STAB WOUNDS TO RAT BRAIN. D.Xie;, R.Schul^ RWMtttt, T^Millan
and M.Kirby.* Dept, of Pathology and Human Anatomy, Loma Linda University,
Loma Linda, CA 92350.
The numerical increase of reactive oligodendroytes after trauma to the
CNS has not been demonstrated previously in terms of myelin protein expression.
Ludwin and others have suggested that an increase in oligodendrocyte numbers
after virus or cuprizone induced CNS damage is associated with remyelination.
To establish whether this increase happens after trauma we have made stab
wounds to the rat cerebral cortex, corpus callosum and hippocampus. The animals
were examined at 5,15,28,45,60 and 70 days post-operation (dpo). To help in cell
identification markers for immature oligodendrocytes and astrocytes were used,
which were labels for myelin/oligodendrocyte specific protein (MOSP) and glial
fibrillary acidic protein (GFAP) respectively. Light and electron microscopy were
correlated using immunostained tissue. Reactive MOSP-positive (+) cells were
observed along the wound in the cerebral cortex and corpus callosum. The
greatest density of stained cells was seen in the hippocampus. At 28 dpo these
reactive oligodendrocytes were most numerous. A sharp decrease in numbers was
noted between 28 and 60 dpo. At the same time, no oligodendrocyte reaction was
shown on the contralateral side. In serial sections, GFAP+ astrocytes were
detected on both sides of the brain. These GFAP+ astrocytes were different from
reactive MOSP + oligodendrocytes in terms of cell shape, distribution and timing.
By light microscopy processes of MOSP+ cells seemed to contact the myelinated
fibers in remyelinating areas and some of these cells were of bipolar shape in
demyelinated areas. With electron microscopy MOSP+ cells showed features
typical of immature oligodendrocytes. We conclude that the injury causes an
oligodendrocyte response in terms of MOSP expression and these cells are most
likely precursors of a population of remyelinating oligodendrocytes.

In order to identify new proteins expressed in oligodendrocytes, differential
and subtractive screening techniques were used. Clones isolated from a rat
oligodendrocyte cDNA library were initially analyzed by Northern blots. Ten clones
showed elevated levels of expression in brain and at least eight of these clones
were expressed by oligodendrocytes in culture.
These clones were characterized further by in situ hybridization on sections
of postnatal mouse brain and some of them were sequenced. The clones could be
divided into two major groups on the basis of their distribution pattern. The first
group showed positive signals mainly in white matter tracts in a pattern similar to
the myelin proteolipid protein (PLP), indicating predominant expression by
oligodendrocytes. One of these clones showed significant sequence homology to
stearoyl-CoA desaturase 2 (SCD2) an enzyme suggested to play a key role in the
synthesis of myelin lipids, which is in good agreement with an oligodendrocyteenriched expression. In contrast, the second group of clones was mainly expressed
in a pattern similar to that of neuron-specific enolase (NSE), with only very faint
signals detectable in white matter tracts. Since earlier in-situ hybridization studies
on mixed glial cultures clearly demonstrated the potential of oligodendrocytes to
express these clones, it remains to be seen whether oligodendrocytes in vivo are
expressing them at very low levels and/or whether expression is induced under
certain culture and/or pathological conditions.
Supported by a research grant from the National Multiple Sclerosis Society
to W.B.M. and by fellowships from the National Multiple Sclerosis Society to H.B.
and B.F.
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OLIGODENDROCYTE DEVELOPMENT AND DIFFERENTIATION

THE IMMUNE STATUS OF THE MYELIN DEFICIENT RAT AND
ITS IMMUNE RESPONSES TO TRANSPLANTED ALLOGENEIC
GLIAL CELLS D. W. Li and I. D- Duncan* School of Veterinary
Medicine, University of Wisconsin-Madison, 2015 Linden Drive West,
Madison, WI 53706
The myelin deficient (md) rat has been used as a model to
investigate the remyelinating ability of a variety of transplanted
myelin-forming cells. As the immune privilege of the central nervous
system (CNS) is incomplete, it is important to determine the immune
status of transplant recipients, before interpreting evidence of
acceptance or rejection of allografts. To address this issue, colonybred Wistar aged md rats and their normal male littermates received
a single skin graft from an ACI (RT1*) rat. Median graft survival
times for mutants (9.5 days) were not significantly different from their
normal littermates (8 days).
The frequency of T helper cells
responding to the alloantigens, as measured by limiting dilution
analysis, was higher in mutants with single AG skin gran (1/1167)
compared with non-grafted mutants (1/3102). Two of the three skingrafted md rats were shown to develop higher titers of donor-directed
cytotoxic antibodies. Furthermore, we injected dissociated glial cell
suspensions from neonatal ACI rats into the spinal cords of 7- to 8day old myelin deficient rats. Two weeks later, 100% anti IL-2R
mAb (gift from Dr. Dallman) and 90% cyclosporin A treated md rats
showed gross white myelin patches on the dorsal columns and none
showed cellular infiltration on histological examination; however, only
16.7% of non-immunosuppressed marats showed gross white myelin
patches and 33.3% of them showed cellular infiltration. These data
not only show that md rats can mount an immune response but also
illustrate that immunogenetically mismatched neural transplants will
not be fully protected from the immune system. Hence some forms
of immunosuppression might be necessary to ensure extensive and
persistent remyelination by allografts. (Supported by the Myelin
Project)
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shaking

PUP. Z. Guo. K. Hoffman1. P.W. Baas*, and I.D. Duncan. School
of Veterinary Medicine and *Dept. of Anatomy, University of
Wisconsin, Madison, WI 53706; fUniversity of Oregon.
The shaking (sh) pup is a canine myelin mutant which has a
mutation in the proteolipid protein (PLP) gene that results in marked
and persistent dysmyelination of the CNS. To further examine the
development of oligodendrocytes (OLs) in this mutation, mixed glial
cells from the spinal cord of sh pup and normal littermate control at
different ages (2 weeks, 1 month, 2 months old) were cultured using
a defined culture system. Immunocytochemical analyses for various
surface (A2,B5,Oa,'01,Ow)) and cytoplasmic (MBP,PLP) antigenic
markers were used to define the stage of development from 1 hour to

10 days in vitro. At early ages, the number of progenitors were
almost the same between mutant and control. However, the immature
and mature OLs from the mutant were one-fold less than control after
one hours in culture, and at least 3-fold less than control after 10 days
in vitro. MBP, PLP and O10 positive OLs were greatly reduced in all
ages of sh pup. More OLs were present in the young sh pup, and
these cells survived better in culture than those from older animals.

Mutant OLs had fewer and less branched processes and did not
produce membrane sheets as seen in the control. These cells tended
to die earlier than controls, particularly when cultured as purified
mature OLs, isolated by immunopaning. These data suggest that the
sh pup mutation restricts the development and longevity of shaking
pup oligodendrocytes in vitro. (Supported by NIH, NS23124)

369.7

ACUTE
DISPERSION OF
GLIAL CELLS
FOLLOWING
TRANSPLANTATION INTO THE MYELIN DEFICIENT RAT
SPINAL CORD. D. Lipsitz. D.R. Archer. M. Behan* and I.D.
Duncan. School of Veterinary Medicine. University of Wisconsin.
Madison, WI 53706.
The ability of oligodendrocytes or their precursors to migrate
through normal or abnormal neuropil towards areas of demyelination
or dysmyelination, and myelinate axons, will be a major factor in
determining whether or not glial cell transplantation can be used to
repair the CNS.
Evaluation of glial cell migration following
transplantation can be difficult to assess as the force of the injection
itself may cause the cells to become immediately dispersed. In this
study we evaluated the extent of spread of cells after injection of lpl
of a dissociated cell suspension (50,000 cells/ul) into the dorsal
columns of the thoracolumbar spinal cord in the neonatal myelin
deficient (md) rat. The spinal cords were examined at 0, 4, and 24
hours after injection to determine the dispersion of cells away from
the initial site of deposition. The spinal cords were immersion fixed
in glutaraldehyde, embedded in epon and sections cut at 5Opm
intervals rostral and caudal to the site of injection. Four rats were
injected in each group. Cells were found predominantly as a cluster
in the dorsal columns and cell dispersion ranged from 700-1350pm’s,
and 500-1650um’s at 0, 4, and 24 hours following injection,
respectively. In conclusion we have demonstrated that the injection
itself may spread the cells up to l35Opm at 0 hours. The slightly
longer distances at 24 hours may be due to active glial cell migration.
Migration should therefore be defined as the detection of cells and
myelin formation beyond the rostral-caudal boundaries as that defined
as post injection deposition. Cell dispersion should be taken into
account when evaluating previous and future experiments concerning
glial cell transplantation. (Supported by the Myelin Project)
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MYELIN DEVELOPMENT IN THE SHAKING PUP. N.L.Nadon* and I.
D.Duncan#.
Biol. Dept., Univ. of Tulsa, Tulsa OK 74104,
#Sch. of Vet. Med., Univ. of Wisconsin, Madison WI 53706.
The shaking pup (shp), a canine mutant carrying a
point mutation in the myelin proteolipid (PLP) gene, is
characterized by dysmyelination, tremor, and seizures
leading to premature death.
The expression of several
developmentally-regulated genes expressed in oligodendrocytes was examined in shp and control dogs
fromneonatal stages (entoryonic day 40 for con and 50 for
shp) to adulthood.
In the shp, the genes for the myelin
proteins CNP, MBP and PLP demonstrate a pattern of
expression that is developmentally similar to the pattern
seen in control dogs.
However, the level of expression
of all three genes is significantly reduced in the shp.
Expression of GPDH is also reduced in the shp, but to a
lesser extent than the myelin genes.
The DM2O/PLP mRNA
ratio is altered in the shp to reflect a more immature
stage in control dogs.
These results indicate that the
shp oligodendrocytes cannot fully mature or reach their
full potential for myelination.
P0 mRNA levels were also
examined in the spinal cords of several shps.
Levels
varied from approximately the same as in control dog cord
to several times higher than control in two animals,
indicating Schwann cell invasion of the CNS in some shp
animals.
(Supported by grants from OCAST [HNl-022,
N.L.N.], the NIH [NS2124, I.D.D.], and the Elizabeth
Elser Doolittle Charitable Trust [I.D.D.])
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CELLS DIVIDING IN SITU AFTER EXCITOTOXIC INJURY OF ADULT BRAIN
HAVE THE CHARACTERISTICS OF O-2A PROGENITOR CELLS. S. Collins.
J.R. Fredieu. M. Fitch, and D.M.D. Landis*. Dept. Neurology, Case
Western Reserve University, Cleveland. OH 44106.
When adult mammalian brain is injured. cell proliferation generates astrocytes in the affected region. We are using the technique of

EXPANSION OF RAT O2-A GLIAL PROGENITORS INTO PROLIFERATIVE
"OLIGOSPHERES" THAT RETAIN THEIR MYELINATING CAPACITY AFTER
TRANSPLANTATION INTO THE SHIVERER NEWBORN MOUSE BRAIN. \A

retrovirus-mediated gene transfer to identify the lineage and characteristics of cells proliferating after injury.
Kainic acid was injected into the rat caudatoputamen to kill
neurons. and 48 hours later LZ1 BAG virus was injected at the same
site, to infect proliferating cells and transfer the reporter gene pgalactosidase. Cytochemical demonstration of galactosidase activity
revealed proliferating cells in the tissue. When tissue from the injured
and virus infected site was cultured 48 hours after the virus injection,
we could demonstrate clusters of cells expressing galactosidase
activity. Ninety percent of such clusters contained fewer than 16
constituent cells (median 3), and the constituent cells are likely to
have arisen from a single precursor cell labelled in situ by retrovirusmediated gene transfer.
When cells are cultured in the presence of serum, approximately half the galactosidase-positive clusters express GFAP immunoreactivity; cell shape and staining intensity vary. When cells are
cultured in the absence of serum, the average number of cells per
cluster is smaller. Under these conditions, we have identified clonally
related cells which express GFAP and A2B5 immunoreactivity. Other
galactosidase-positive clones express galactocerebroside immunoreactivity. We conclude that cells dividing in situ in response to brain
injury can give rise to cells with the characteristics of O-2A progenitor
cells in vitro.

885

AveHanq-Adolid. F. Lachapelle. G. Rougon*. A. Baron-Van
Evercooren. Neurochimie INSERM U.134. Paris. ‘CNRS 9943 MarseilleLuminy, France
We set up a technique to prepare homotypic aggregates of O2A
glial progenitors called "oligospheres'. These were obtained
combining various approaches (sieving. Percoll gradient separation
and differential shaking) to purify O2A cells from newborn rat brain.
Purified cells were then cultured in a mixture of N1 defined medium
dnd conditioned medium from the B104 neuronal cell line in the
absence of substrate or adhesion factors. This procedure allowed to
expand O2A progenitors for at least four months (P12) in vitro (4
experiments). Characterization of P12 oligo^eres showed that they
were composed of 98% O2A progenitors as established by GD3/GFAP
immunolabelling and that they were still slowly proliferating (38%
BrdU+ cells). In order to test their differentiation capacrties,
oligo^eres (P2 and P12) were implanted punctually into the shiverer
newborn mouse brain. These cells were able to myelinate as shown
by bisbenzimide cell tracing and MBP immunostaining of their myelin
on sections obtained one month after implantation. This culture
strategy allows to optimise O2A's expansion and to produce O2A ' s
reservoirs that should be instrumental in exploring migration and
differentiation of immature oligodendrocytes in vitro and in vivo. We
are currently testing whether such a procedure is also valid for O2A
glial progenitors isolated from adult brains.

369.11
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PDGF IS A SURVIVAL FACTOR FOR PSA-NCAM* PRE-O2A CELLS. *LB.
Glinspan? JJL, Stem. B, Franceschini. Department of Research Neurology.
Children’s Hospital of Philadelphia, Philadelphia, PA 19104.
Our previous experiments have identified a cell type in immature rat
forebrain cultures which precedes the O2A-oligodendroglial precursor cell
in development and which we have termed "pre-O2A" (Grinspan et al,
1990, J. Neurosci.). These cells resembled O2A cells in morphology and
expression of vimentin, but not GFAP, but could be differentiated by their
lack of A2B5 immunoreactivity. We showed that proliferation and
differentiation of these cells permitted regeneration of the oligodendroglial
lineage after O2A cells and oligodendroglia were removed by complement
mediated cell lysis. We are now able to detect these cells with antibody to
the polysialated or embryonic NCAM (PSA-NCAM). Two morphologies
have been noted; "grape-like" clusters of small cells with short processes,
most of which do not co-label with antibody to GD3, an early marker for O2A
cells, and individual small round cells with two long processes, the majority
of which are GD3+. In primary cultures derived from forebrain, the number
of NCAM+ cells doubled within two days in the presence of PDGF.
However, the incorporation of bromodeoxyuridine did not increase,
suggesting that PDGF is acting as a survival factor, not a mitogen, for these
cells. Following purification by immunopanning, NCAM+ cells died unless
cultured in the presence of PDGF. These cells did not appear necrotic,
however, apoptosis assays indicated that only 14% of the cells exhibited
DNA nicking, suggesting that the cells undergo non-apoptotic programmed
cell death in the absence of survival factors. In these purified pre-O2A
cultures in the presence of PDGF, we observed sequential increase in the
numbers of GD3+ cells, A2B5+ cells and finally, Gal C+ cells, indicating the
the NCAM* cells are oligodendroglial precursors able to progress through
the lineage in the presence of PDGF.

A CONDITIONALLY IMMORTALIZED OLIGODENDROCYTE CELL
LINE WHICH EXPRESSES MYELIN PROTEINS AND GLUTAMATE
AND GABA RECEPTORS J.M. Bronstein* and A.C. Charles. Department
of Neurology, UCLA School of Medicine, Los Angeles, CA 90024
We have developed immortalized oligodendrocyte cell lines from H-2KtsA58 transgenic mice, which contain the SV4O tsA58 early region coding
fused with the promoter of the mouse H-2K class I gene. Expression of SV4O
tsA58 is induced by low temperature and the presence of interferon-y, and
is inhibited at physiologic temperatures. Cell lines were isolated by
preparation of primary brain cultures which were grown under permissive
conditions (33°C in medium containing interferon-y 100 U/mL). Primary
cultures were then passaged repeatedly at low density to obtain clonal
populations, and cells with oligodendrocyte-like morphology were selected.
Two lines, one from cerebral cortex and the other from cerebellum, have
similar characteristics. Both maintain oligodendrocyte-like morphology over
multiple passages, and both express PLP and OSP (oligodendrocyte specific
protein) mRNA as determined by Northern blot analysis. In both the cortical
and cerbellar lines, virtually all cells were found by immunocytochemistry to
express GalC and myelin basic protein. In the cortical line, approximately 3050% of the cells stained for a 2b 5. No cells stained for the astrocye marker
GFAP or for neuronal marker tetanus toxin receptor. Cells in the cortical
line responded to both GABA and glutamate with increases in [Ca2*]; as
measured by fura-2 imaging (A.C. Charles et al., this meeting). These cell
lines are unique in their consistent expression of myelin proteins and
functional neurotransmitter receptors.They represent a potentially powerful
tool for the study of oligodendrocyte function.

369.13
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CHARACTERIZATION AND MAPPING OF A NOVEL OLIGODENDROCYTESPECIFIC GENE. D.B. FaTber*. P. Popper. P.E. Micewch. M. Dancineer. C. Kozak,
and J.M. Bronstein. Depts. of OphtJhd., Neurobiol., and Neurol.., UCLA School of
Medicine, Los Angeles,CA 90024.
Myelin plays a critical role in normal CNS function and disease. Despite its
importance, few myelin-specific proteins have been characterized.
We employed
subtractive hybridization to generate a probe which was used to screen a spinal cord
cDNA library.
Isolated clones were sequenced and RNA expression was determined by Northern blot analysis and in situ hybridization. A 2.0 kb cDNA, with no
significant homology to previously reported sequences, was isolated and is referred
to as oligodendrocyte-specific protein (OSP) cDNA. It hybridized to a 2.1 kb
transcript expressed only in the CNS and was first detectable at postnatal day (P)
2, peaked at P10, and then declined. A similar pattern of expression was observed
for a known major myelin gene, proteolipid protein (PLP) except that PLP mRNA
remained elevated until P2O.
In situ hybridization revealed OSP mRNA only in
myelinating oligodendrocytes in brain and spinal cord, as well as in oligodendrocyteenriched cultures.
Deduced amino acid sequence of the open reading frame
predicts a protein of 21 Kd with 4 potential transmembrane domains. The 4A
transmembrane domain shares approx. 50% homology with the 4A transmembrane
domain of FMP-22, a peripheral myelin protein which maybe involved in growth
arrest and abnormalities in the gene cause peripheral nerve disease. OSP mapped
to mouse chromosome 3 near Evi-1 and on human chromosome 3 using somatic, cell
hybrids. OSP ia a novel gene expressed only in myelinating oligodendrocytes.
Although it* protein product has yet to be isolated and characterized, it may
represent a CNS equivalent to PMP-22 and play an important role in myelinogenesis
and disease.

Myelin basic protein causes oligodendrocyte death via Increasing calcium Influx.
S.F. Tzerna. G.E. Delbler. and G.H. DeVries*. Dept, of Blochem., MCV, Richmond,
VA 23298-0614. NIH, Building 36, Room 1A-05, Bethesda, MD 20892.
Previous studies in our laboratory have shown that the stimulation of Schwann
cell (SC) proliferation is induced by a myelin basic protein (MBP)-related factor
released through processing of myelin enriched fraction (MEF) by macrophages
(Baichwal et.al., 1988 & 1989). Two mitogenic regions have been identified within
MBP molecule. One mitogenic region interacts with g»nglkosdeGMl, whHe the
other region interacts with FGF receptor to cause SC proliferation (Tzeng and
DeVries, in preparation). Extending these studies to the CNS, incubation of MBP
with oligodendrocytes (OLGs) for 24 hours cause the death of OLGs in a dosedependent manner. The specificity of the cytotoxic effect of MBP on OLGs is
demonstrated by the faHure of cytochrome-C(which has an Isoelectric point
similar to that of MBP) to OLG death. Since MBP has been shown to have high
affinity to ganglioside GM 1 which can influence Cainflux, the effect of MBP on
calcium influx was investigated. The Ca*2 influx was examined directly by loading
OLGs with fluorescent dye lndo-1, and measuring changes in Ca+z in individual
cells with an ACAS system. Within 10 minutes after adding MBP (3pM), a
marked Increase in intracellular Ca*2 was observed in 15 of 16 OLGs. Addition
of EDTA blocks the increase of intracellular Ca*2, demonstrating that the Ca+2
increase is not due to intracellular Ca *2 but due to an extracellular Ca *2 Influx.
Nifedipine does not protect the OLGs from death induced by MBP, indicating
that the increase of Ca*2 influx induced by MBP is not mediated by voltage-
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operated Ca*2 channel. This data is consistent with the view that MBP causes a
marked increase in Ca*2 influx which induces the death of OLGs. The differential

effect of MBP on OLGs and SCs may be related to the observation that after
demyeiination the proliferation of SCs is greater than the proliferation of OLGs.
(supported by NS 15408)
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EXPRESSION OF MAG TRANSCRIPTS IN OLIGODENDROCYTES
ANALYZED BY RT-PCR. F. Kirchhoff*. C. Ohlemever and H. Kettenmann.
Dept, of Neurobiology, University of Heidelberg, D-69120 Heidelberg, Germany

A HUMAN MBP PROMOTER-LACZ TRANSGENE IS
EXPRESSED IN AN OLIGODENDROCYTE-SPECIFIC AND
DEVELOPMENTALLY-REGULATED PATTERN IN MICE.
L. Wratetz1*. ML, Feltri1. C. Taveggiak S.S. Scherer3, A. Messing2.

The myelin-associated glycoprotein is an integral membrane glycoprotein in the
central nervous system. It is exclusively expressed by the myelin-forming cells,
oligodendrocytes in the CNS and Schwann cells in the PNS. The protein belongs to
the immunoglobulin superfamily and is involved in cell-cell recognition between glial
cells and axons. The gene consists out of 13 exons which give rise to at least four
different mRNAs due to alternative splicing of exon 2 and 12, respectively. Insertion
of exon 12 leads to a polypeptide with a shortened intracellular domain (67 kD instead
of 72 kD) due to a stop codon present in this exon. In the CNS the splicing of exon 12
is developmentally regulated. During the phase of initial myelination young animals
express the "early" transcript without exon 12, while in adulthood the "late" message
with exon 12 is more prominent.
Whereas in previous studies the developmental regulation of this splicing event was
analyzed in total brain extracts, in this study the expression of the different transcripts
was investigated in individual oligodendrocytes. Cultures of oligodendrocytes of
different developmental stages were purified from embryonic mouse brain. While
patch-clamping in the whole cell recording mode the mRNA content was harvested
from single cells by applying negative pressure to the patch pipette. After reverse
transcription (RT) DNA fragments from exon 8 to 13 were amplified by the polymerase
chain rection (PCR) using "nested" primers and analysed by agarose gel electrophoresis
and scanning densitometry. Oligodendrocytes expressing different levels of MAG
transcripts were found. Their developmental stage was determined according to the
ratio ofMAG transcripts and compared to their K+ channel expression obtained during
patch-clamp analysis.

and J. Kamholz3. *S. Raffaala Scientific Instit^i^t^, DIBIT, Milan, Italy

20132; 2School of Veterinary Medicina, Univ. Wisconsin, Madison,
WI 53706; 3DepL Neurology, Univ. Pennsylvania School of Medicine,
Philadelphia, PA 19104.
Previous studies both in vitro and in vivo suggest that remarkably
small portions of the myelin basic protein (MBP) promoter are
sufficient to activate regulated expression of MBP. To extend on our
previous in vitro studies of the m Bp promoter, we have engineered

transgenic mice with short regions of the human MBP promoter driving
expression of the lacZ reporter gene. We find that 750 nucleotides 5'
of the human MBP gene is sufficient to drive oligodendrocyte-specific,
developmenta-lly-regulated expression of lacZ in three independent
insertions in these mice. In contrast, this region is not sufficient to
drive significant expression of lacZ in Schwann cells in peripheral
nerve. We are studying the modulation of the expression of this

transgene after optic enucleation and in the homozygous shiverer
genetic background. In preliminary studies, the changes in transgene

expression parallel the previously described changes in MBP mRNA
expression in these settings. These data suggest that this modulation of
MBP mRNA levels is mediated through the activation of the proximal
MBP promoter and initiation of new MBP transcription. We conclude

that small portions of the proximal human MBP promoter are sufficient
in mice to regulate the central nervous system expression of MBP both
in development and in pathological states.
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MECHANISMS OF IMMUNE-MEDIATED INJURY TO
OLIGODENDROCYTES IN MULTIPLE SCLEROSIS. S.D. D’Souza, E.
Wane. A. Beaudet and J.P. Antel*. Montreal Neurological Institute and Lady
Davis Institute, McGill Univ., Montreal, QC H3A 2B4.
Multiple Sclerosis (MS) is an autoimmune demyelinating disease of the central
nervous system (CNS), resulting in immune-mediated destruction of the
oligodendrocyte (ODC)-myelin unit. Previous studies using bovine ODC and the
ODC cell line, CG4, have shown that ODC may be induced to undergo apoptosis
in response to tumour necrosis factor. In this study, we examined the conditions
under which cultured human ODC derived from the adult CNS can be induced
to undergo programmed cell death (PCD) or apoptosis as measured by the
terminal transferase nick end-labelling (TUNEL) technique, propidium iodide
(PI)-Hoechst dye staining and the MTT assay. Under conditions of serum
deprivation, chromatin condensation was evident in the ODC on day 3 and DNA
fragmentation was first detected on day 4 (8Ot5% vs. a baseline of 3% positive
cells). Replacement of serum up to day 3 reversed the cell death process. These
results were confirmed by electron microscopy. Tumour necrosis factor-P (TNFP), known to be elevated in MS plaques, also induced similar nuclear changes
and DNA fragmentation by day 4. In contrast to serum deprivation, however, the
reversible time point was less than 24 hr. TNF-a also induced DNA
fragmentation, although with less reproducibility. In both cases, there was no
concomitant loss of membrane integrity as measured by the LDH release assay.
In addition, using the TUNEL technique, we found that ODC co-incubated with
activated CD4 T cells for 18-24 hours did not display any of the nuclear changes
described above, although large amounts of LDH and 51Cr release were detected.
These results suggest that PCD or apoptosis may represent one amongst several
mechanisms whereby immune mediators may induce ODC injury.

THE MICROTUBULE-ASSOCIATED PROTEIN, TAU, IS PRESENT IN
OLIGODENDROCYTES AND COLOCALIZES WITH MYELIN BASIC
PROTEIN. P, LoPresti*. S. Ch. Papasozomenosi- R.P. Zinkowski. and
L.I. Binder. Molecular Geriatrics Coip., Lake Bluff, IL 60044, and iDept.
of Pathology and Lab. Med., University of Texas Health Center, Houston,
TX 77225
Oligodendrocytes form and maintain the myelin of the central nervous
system. We have discovered a potential link between the processes of
myelination and the cytoskeletal Microtubule Associated Protein (MAP)
tau. Tau localizes in neurons on both microtubules and ribosomes and, in
mammalian cell lines, it is also found in the nucleolus. We have made a
novel monoclonal antibody, Tau-5, that localizes predominantly to
oligodendrocytes in situ. Since only one of our numerous tau monoclonal antibodies exhibited this localization pattern, we sought to confirm
this observation in vitro. Oligodendrocytes were purified from 6-month
old lamb brain and plated on poly-D-lysine coated glass coverslips. After
three weeks in culture, cells were harvested and processed for Western
blot analysis. A significant amount of tau protein was observed by
immunoblotting with three monoclonal antibodies to unique sites on the
tau molecule (Tau-1, Tau-5 and Tau 46). Fluorescence in Situ Hybridization (FISH) confirmed the presence of tau mRNA as a strong perinuclear
signal.
Immunofluorescence analysis, using our Tau-1 or Tau-5
monoclonal antibodies, indicated the presence of tau in oligodendrocyte
cell bodies and in certain regions of the extensions. Surprisingly, tau
localization was not coincident with that of microtubule polymer. Instead,
both Tau-1 and Tau-5 monoclonal antibodies colocalized with depolymerized tubulin and myelin basic protein in flattened lamellipodial
extensions. These data conclusively show that oligodendrocytes contain
tau protein. Studies are in progress to determine whether a functional
association exists between myelin basic protein and the cytoskeletal
protein, tau. (Supported by grant AG06969 to L.I.B.)
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INFECTION WITH THE MURINE CORONAVIRUS JHMV
INDUCES SECRETION OF TGF-p IN PRIMARY MURINE
OLIGODENDROCYTES. W. Gilmoref J.P. Correale, S. Li. T.T.

Le and L.P. Weiner. Department of Neurology, USC School of
Medicine, Los Angeles, CA 90033.
Transforming growth factor beta (TGF-p) consists of a family of
highly conserved, ubiquitous polypeptides that are potent
regulators of cell growth and differentiation, and act to promote
wound healing and bone reformation. More recently, a role for
TGF-p in CNS development and disease has been implicated.
Our laboratory has been studying the influence of infection with
the neurotropic murine coronavirus, MHV-4, or JHMV, on the
functions of primary murine oligodendrocytes.
Primary
oligodendrocyte cultures were established from the brains of
neonatal C57BL/6 mice, infected with JHMV at an m.o.i. = 1, and
supernatants removed at various post-infection (p.i.) time
intervals. TGF-p was detected in the supernatants in either
active or latent form by its growth inhibitory activity using CCL-64
mink lung epithelial cells.
The data show that uninfected
oligodendrocytes constitutively secrete both active and latent

forms of TGF-p (2-10 ng/ml) that are dramatically increased upon
JHMV infection to levels as high 'as 40 ng/ml (active form) or 120
ng/ml (latent form), and could be further increased by treatment
of the oligodendrocytes with hydrocortisone. The implications of
oligodendrocyte-derived TGF-p for JHMV-induced demyelinating
disease will be discussed.
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CHARACTERIZATION of GABAb RECEPTORS IN THE DEEP NUCLEI OF
NEONATAL RAT CEREBELLAR SLICES. W. Morishita* and B. R. Sastrv.
Neuroscience Research Laboratory, Dept, of Pharmacology and Therapeutics, The
University of British Columbia, Vancouver, Canada, V6T 1Z3.
The present study was conducted to determine if functional pre- and postsynaptic
GABAb receptors were present in the deep nuclei and whether they were activated by
electrically evoked release of GABA. Whole-cell recordings were obtained from the
deep cerebellar nuclei of neonatal rats (7-9 day old). Application of 20 pM baclofen
induced a membrane hyperpolarization and concomitant decrease in input resistance
(n=l7 cells). When GTP in the pipette recording solution was omitted (n=6 cells) or
substituted with GTPyS (n=lO cells), the postsynaptic response to baclofen was
significantly reduced. The baclofen-induced hyperpolarization was antagonized by
CGP 35 348 (500 pM) and blocked by intracellular Cs+ ions. In voltage-clamped
neurons, baclofen produced an outward current which reversed around -90 mV.
Baclofen also reversibly suppressed GABAa receptor-mediated IPSCs by 34.2 ± 2.5%
(n=lO cells). This suppression was antagonized by CGP 35 348 (500 pM). Neither
CGP 35 348 (n=5 cells) nor GABA-uptake inhibitors, nipecotic acid (1 mM, n=4
cells) and NO-711 (20 pM, n=6 cells), significantly altered the decay of the IPSCs or
the shape of the current evoked by a tetanic stimulaton (100 Hz, 1 sec). In addition,
paired-pulse depressions (inter-stimulus intervals: 50 msec to 6.4 sec) of IPSCs were
not blocked by CGP 35 348 (500 pM, n=6 cells).
It is concluded that the deep cerebellar nuclei possess functional postsynaptic
GABAb receptors that are G-protein-dependent and likely linked to K+ channels. In
addition, functional presynaptic GABAb receptors are also present in the deep nuclei.
However, both receptors are not activated by endogenous GABA release indicating
that the development of functional GABAb receptors precedes their innervation.
This work was supported by a grant from the NIH (NS 30959) to B. R. S. and a CibaGeigy/MRC studentship to W. M.

LIGHT AND

ELECTRON

MICROSCOPIC

ANALYSIS

OF

INTERNEURONES IDENTIFIED ELECTROPHYSIOLOGICALLY
IN RAT NEOCORTEX IN VITRO.

Jim Deuchars and Alex

Thomson, SPON: Brain Research Association. Dept. of Physiology,

Royal Free Hospital School of Medicine, London, NW3 2PF U.K.
Intracellular recordings were obtained from interneurones

identified by their electrophysiological characteristics in slices of rat
neocortex using biocytin filled sharp electrodes. Some of the
intemeurones were demonstrably inhibitory as their action potentials

elicited fast IPSPs in simultaneously recorded pyramidal neurones.

Following recording the cells were filled with biocytin and the slices
processed for light and electron microscopy. Three broad classes of
intemeurone could be identified; fast spiking with smooth beaded
dendrites, burst firing with non-beaded, medium spiny dendrites and

slow spiking intemeurones with beaded, spiny dendrites. However,
reconstruction of the filled cells revealed that within the broad class
of fast spiking local circuit neurones, the pattern of axonal
arborisation varied widely. Electron microscopy revealed the initial

segment of each axon to be myelinated and that synapses made by
the axon of these intemeurones were of the symmetric type. At this
stage, preliminary findings indicate that the postsynaptic targets of
some intemeurones may be predominantly the shafts of apical

dendrites while the major targets of others are pyramidal neurone

somata.

370.3

370.4

ULTRASTRUCTURE OP STOMATOGASTRIC GANGLION NEUROPIL OP THE
CRAB Cancer borealis. V. Kilman* and E. Marder. Center
for Complex Systems, Brandeis Univ., Waltham, MA 02254.
Neuromodulation by peptides (in dense core vesicles,
or DCVs) is essential to rhythmic motor pattern
generation in the stomatogastric (STG) nervous system.
We examine the ultrastructure of crab STG neuropil for
synapse types and DCV location to learn about modulator
action. We find the three types of synaptic profiles
described by King ('76) in Panulirus interruptus, one of
which (type c) contains many DCVs grouped separately from
the classical transmitter vesicles. We also see a fourth
type of profile with synaptic vesicles and DCVs
intermixed.
STG neurons are extensively electrically coupled, but
identification of interneuronal gap junctions has been
difficult (Hall, et al, '85). We have located gap
junctions between numerous categories of synaptic
profiles. They are both on distal neurites and near
classical transmitter release sites.
We see DCV-containing neurohemal profiles as described
by Friend ('76). Large ones (lOp) may contain 190,000
DCVs of various types, but do not show classical
transmitter release sites. These profiles are not
nucleated, but do contain mitochondria. Their size and
the variety of DCVs in them make them candidates for the
large blobs seen in immunofluorescence by Christie, et al
('94).
We will determine if type c synapses and neurohemal
profiles are present in the same cells, and where DCVs
are released. This will suggest whether cells release
DCVs in different ways onto different targets. Supported
by T32NSO7292 & NS17813.

ULTRASTRUCTURAL CHANGES IN THE DISTRIBUTION OF NITRIC OXIDE
SYNTHASE/ NADPH-DIAPHORASE AFTER LONG-TERM POTENTIATION.
'Inst. Med. Neurobiology, Univ. Magdeburg, D-39112 Magdeburg, Germany
2Inst. for Neurobiology, D-39118 Magdeburg, Germany
Nitric oxide (NO) seems to be an endogenous neuromodulatur. The synthesizing
enzyme, nitric oxide synthase (NOS), is thought to be largely identical with NADPHdiaphorase (NADPH-d). Using electron microscopical histochemistry for demonstration
of NADPH-d, the reaction product BSPT-formazan was localized in many neurons
predominantly at membranes of the endoplasmic reticulum, including the nuclear
envelope, and sometimes at membranes of the Golgi-apparatus or the outer membrane
of mitochondria. Subcellular studies showed labelled structures closely associated
with vesicles on the presynaptic side. Only exceptionally, membrane elements of the
postsynaptic side were marked with reaction product.
Due to our findings on the subcellular localization of NADPH-d we were attempted
to look for an 5 duction of NOS/NADPH-diaphorase by experimental induction of
long-term potentiation (LTP). Several groups have demonstrated a principal involvement
of NO by LTP in the hippocampus slice by the blockade of NOS-inhibitors. Therefore,
we speculated that the induction of LTP will modify the subcellular correlate (i.e.
NADPH-positive membranes) in LTP-involved synapses.
The induction of LTP in the dentate area was performed by tetanising the perforant
path with 10 short bursts of 200 Hz. The NADPH-diaphorase stained sections were
flat embedded in Durcupan and dendritic regions of the stratum moleculare adjacent
to the stimulation electrode were dissected and ultrastructurally analysed. Most of the
NADPH-d reaction product was again found on the presynaptic side. A low, but
statistically significant increase in the amount of NADPH-d labelled presynaptic sides
of LTP-induced rats compared to controls was recognized.
Supported by BMFT 07 NBL 04.

370.5

370.6

MORPHOLOGICAL CHANGES IN DENDRITIC SPINES OF CULTURED
HIPPOCAMPAL NEURONS FOLLOWING EXPOSURE TO CHEMICAL
AND SYNAPTIC STIMULATION. M. Segal* I. Levit, V. Greenberger and
M. Paaa, Neerobiologg Apartment, The Weizmaan Inntitute, Rehovvt
76100 Israel
Dendritic spines are the Ivci vf synaptic interaction among central nerrvns
and have been shown tv undergo mvraOvIvgical changes in the intact brain
vr brain slices fvllvwing treatments that cause frnctivnal synaptic plasticity.
The small size vf the spine restricted thus far the assessment vf the
presence and magnitude vf the changes primarily tv the EM level. We
have grvwn eippvcampal nerrvns in dissvciated cultures fvr 1-5 weeks and
detected the presence vf dendritic spines in these neurons fvllvwing the
staining vf individual cells with the fluvrescent membrane dye DM, lucifer
yellvw, and the calcium-sensitive dye Fura-2. Large samples vf fixed
dendrites and their spines were analyzed with a c^facal laser scanning
microscvpe (CLSM). Time-lapse aevtvgrapes vf smaller samples vf live
spines were analyzed with a CCCD imaging system. Exabsure vf the
culture, at 2-3 weeks in-vitro, tv 5OpM but nvt tv 10pM NMDA caused a
significant reductivn in the arvavrtivn vf headed rompai^ to headless
spines. Time-lapse pevtbgoapes indicated that pxavsure tv NMDA caused
shrinkage vf spines that amvuntod tv 80% vf cbntrol values within 4 hrs vf
pxabsrre tv the drug. This effect was blvcked by the NMDA receptor
antagbnist, APV. This effect was restricted tv dendrites exavspd tv the
drug and mt tv cOTtral dendrites. Nv changes in spine dimensivns were
seen in Fura-2 lvaded cells. Other drugs which caused marked changes in
spine dimpnsivns include the GABA antagbnist picrotoxin, and the
neurotransmitter releaser a-latrotvxin. It is suggested that dendritic spines
can rndergv mvraevlvgical changes upm pxabsure tv plasticity- producing
stimuli.

LOCATIONS OF EXCRESCENCE CLUSTERS ON PYRAMIDAL
NEURONS IN THE CA3A/B SUBREGION OF THE RAT
HIPPOCAMPUS. C.J. De Leon. R.B. Gonzales, and B,J. Claiborne*. Div. of
Life Sciences, University of Texas at San Antonio, San Antonio, TX 78249.
Hippocampal mossy fibers make synaptic contacts onto the large spines, or
thorny excrescences, found on the apical and basal dendrites of pyramidal
neurons in the CA3 region of the hippocampus proper. In subregion CA3c,
the vast majority of thorny excrescences are found in clusters and are not
seen as single spines (Gonzales et al., '93, Soc. Neurosci. Abst. 23:297). The
present work was undertaken to quantify the locations of excrescence
clusters on pyramidal neurons in the CA3a/b subregion. Because the mossy
fibers in this subregion are located primarily above the pyramidal cell body
layer in stratum lucidum, we predicted that clusters on basal dendrites would
be less prevalent than they are in CA3c.
Pyramidal neurons (n=ll) located in the CA3a/b subregion of the
hippocampus were intracellularly labeled with HRP and reconstructed in
three dimensions using a computer-microscope system. Results indicated
that 7 of the 11 neurons exhibited a mean of 1.4 + 0.3 (mean + SEM) basilar
clusters, averaging 5.9 + 1.4 um in length and located 31 + 6 um from the
cell body. All neurons exhibited apical clusters averaging 11 + 0.8 um in
length and located 76.3 + 2.3 um from the cell body. These apical values
significantly differ from those of CA3c neurons previously studied. Basal
cluster lengths and locations were similar to those reported for CA3c
pyramidal neurons although, as predicted, the number of clusters per cell
was significantly lower. Interestingly, numerous single excrescences were
also observed in these CA3a/b neurons on both the apical and basal
dendrites. Such isolated excrescences were rare in region CA3c. Future
studies will focus on quantifying the locations of these single laige thorns.
(Supported by MARC and the Texas Higher Ed. Coordinating Board)
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370.7

370.8

CORRELATION OF DENDRITIC SPINE DENSITY AND INTRINSIC
ELECTROPHYSIOLOGICAL PROPERTIES OF HIPPOCAMPAL CA1
PYRAMIDAL CELLS. C.S. Woollev* and P.A. Schwartzkroin
Dept. Neurological Surgery, Univ. of Washington, Seattle WA 98195
Previous studies have shown that the density of dendritic spines on Golgiimpregnated hippocampal CA1 pyramidal cells is sensitive to the ovarian steroid
hormone estradiol and fluctuates naturally as estradiol levels rise and fall during the
female rat's estrous cycle. Currently, it is not known whether estradiol-induced
differences in dendritic spine density are paralleled by changes in the
electrophysiology of these cells. In order to address this question, we have begun to
make direct comparisons of the intrinsic electrophysiological properties of CA1
pyramidal cells with the density of dendritic spines on the same cells. Hippocampal
slices were prepared from adult female rats that were either gonadally intact,
ovariectomized and treated with estradiol or ovariectomized and treated with
sesame oil vehicle. Neurons within the CA1 pyramidal cell layer of these slices
were recorded intracellularly to determine their input resistance and time constant
as well as action potential and afterhyperpolarization parameters. Following
electrophysiological characterization, cells were iontophoretically injected with
biocytin and the number of dendritic spines per unit length of dendrite in the apical
dendritic tree of each cell was determined. Preliminary results based upon a small
number of cells indicate that, consistent with previous results from Golgiimpregnation studies, the density of dendritic spines on biocytin-injected cells is
increased in ovariectomized animals treated with estradiol compared to that in
animals receiving vehicle alone. Additionally, these experiments indicate a trend
toward a negative correlation between input resistance and spine density. In
contrast, no relationship between spine density and time constant, action potential
or afterhyperpolarization parameters was observed. Future experiments will
examine the relationship between dendritic spine density and synaptic transmission.

A

THEORETICAL FRAMEWORK FOR QUANTAL

ANALYSIS AND ITS APPLICATION TO LONG TERM
POTENTIATION. M. A. P. Idiart and K. I. Blum*. Center For
Complex Systems . and Dept. of

Biology, Brandeis University,

Waltham, MA 02254-9110.
We have constructed a mathematical description of quantal
analysis of central synaptic transmission that takes binomial release,
postsynaptic kinetics, and multiple synapses into account. For each

instant in time we calculate the distribution of postsynaptic currents
produced by synaptic events.

Our approach allows us to include

the non-linear dependence of channel responses on transmitter
dose, with saturation for large doses. We are able to conveniently

study the effects of changing release probability, kinetic rate
constants, number of channels, and number of synapses. We have
applied this framework to a model of a-amino-3-hydroxy-5-methyl-

4-isoxazolepropionate (AMPA) receptor - channel kinetics to
determine the shape of distributions both close to and far from

receptor saturation. .

We find that it is possible to differentiate

between many presynaptic and postsynaptic mechanisms of long

term potentiation (LTP) expression.

370.9

370.10

A STATISTICAL INTERPRETATION OF SYNAPTIC ACTIVATION IN THE
HIPPOCAMPUS BASED ON THE POPULATION EXTRACELLULAR EPSP. G.
A. Chauvet* and T,W, Berger™. ‘Institute for Theoretical Biology, University of
Angers, 49100 Angers (France), Ttepartment of Biomedical Engineering and ‘Program
for Neuroscience, University of Southern California, Los Angeles, CA 90089 (USA).
A statistical interpretation is given for the synaptic activity represented in the
extracellular population EPSP generated by dendritic excitation of hippocampal dentate
granule cells. This interpretation is proposed in an attempt to provide an alternative
formalism for the relation between the intracellular potential and the potential at any
point in the extracellular space, and the relation between action potential activity and
the internal state of the cell. In response to impulse stimulation of perforant path
fibers, it is postulated that variations in both (i) amplitude-time course of
micropotentials created at a distance in the extracellular space by active synapses and
(ii) change in synaptic "state" (local postsynaptic potential and synaptic efficacy), are
random. The sum of these micropotentials is described by a Gaussian statistical law
because of the large number of contributing factors (e.g., spatial orientation of
extracellular currents, locations of activated dendrites and synapses, etc.) for each
micropotential. With a model based on a non-local field theory (Chauvet, G.A., Phil.
Trans. R. Soc. Lond. B, 339. 1993), we show that this statistical property can be
interpreted in terms of the field variables using a "time distribution function f of the
states of the neural fields". Synaptic activation is shown to depend on seven
parameters: Go, <2i represent the variation in time of subthreshold synaptic activation
due to an external input; a^,b^ represent the spontaneous variation of the internal state
of the neuron; af, af represent the variation in internal state as a consequence of action
potential generation; A7) is the duration of the influence of action potential activity on
synaptic states. Simulations with experimental results confirm this interpretation.
Supported by ONR, NIMH, and NIH Simulations Resource.

A MODEL OF SPIKE PROPAGATION ALONG THE MOSSY-FIBER
AXON OF DENTATE GYRUS. Y. Lam and T. H. Brown*. Depts. of
Psychol, and Cell, and Mol. Physiol. Yale University, New Haven, CT.
06520.
This laboratory has long been interested in the physiology of the
mossy-fiber system (Brown and Johnston, 1983; Claiborne et al., 1993;

370.11

Synaptic Modulation of a mNTS Neuron Using a Modelof Graded Vesicle Storage, Mobilization and Release
J.H. Schild, J.W. Clark Jr., D.L. Kunze* and M.C. Andresen^
Baylor College of Medicine* and Rice University, Houston TX
Oregon Health Sciences University^, Portland OR
As part of an integrative effort aimed at characterizing the electrophysiological properties of the afferent neuronal limb of the baroreceptor
reflex, we have developed a mathematical model of the monosynaptic
junction between sensory neurons and cells in the medial nucleus tractus
solitarius (mNTS). The complete model consists of three major parts : 1)
a Hodgkin-Huxley (HH)-type membrane model of -the prejunctional terminal bouton coupled to a lumped fluid compartment model describing
[Ca2+], dynamics; 2) a cAMP-dependent model of graded vesicle storage,
mobilization, release and recycling; and 3) a HH-type membrane model
of the postjunctional cell (ie. a mNTS neuron) that includes a [Ca2+]t
ion balance and descriptions for a non-NMDA glutamate-sensitive ionic
current. The model mimics the pattern of action potentials generated
by mNTS neurons in response to both continuous and burst-mode tract
stimulation that is asynchronous with the spontaneous activity of mNTS
cells. At lower levels of activity and duty cycle, as might be encountered over normal pressure ranges, there is a high degree of fidelity in
transmission across the synapse. While at elevated rates and duty cycles
the mNTS cell entrains to lower frequencies on account of the dynamic
characteristics of the synapse and the intrinsic firing properties of the
mNTS neuron. Through additional simulations we examine the effects
of a cAMP modulator (eg. 5-HT) upon the bandwidth and entrainment
properties of this neural interface. These studies provide an opportunity to address the integrative aspects of this synapse and to explore the
dynamic features associated with a vesicle based mobilization model.
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Xiang et al., 1994). It has been suggested that the impedance mismatch
between mossy-fiber axons of dentate gyrus and their giant expansions
can lead to "surplus" latency and desynchronization of the mossy-fiber
input to CA3 (Langdon et al., 1993). Here we study the effects of
mossy-fiber expansions on action potential conduction by compartmental
modeling.
Simulations were performed using NEURON. The dimensions of
the axon and expansions followed the anatomical data of Claiborne et al.
(1986) and Yu and Brown (1994). We used sodium- and potassiumchannel models from Traub et al. (1991). Appropriate channel densities
were found by trial-and-error to fit actual electrophysiological
measurements observed in granule ceUs and reported for mossy-fiber
conduction velocity.
Simulations indicated that mossy-fiber expansions could delay action
potential propagation. Depending on the dimensions and electrical
properties, the delay due to each expansion ranged from a negligible time
to about 0.1 ms. Since the number of expansions in field CA3 is about
fou .een (Claiborne et al., 1986), in principle, conduction time can be
delayed by up to 1.4 ms. We plan to revise and further constrain the
model by channel density measurements obtained by Richard Gray
(unpublished data). Supported by ONR and NIH.
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371.2

KC1 DEPOLARIZATION OF HIPPOCAMPAL SLICES TRANSIENTLY
INCREASES THE CAMKII PHOSPHORYLATION OF THE PRESYNAPTIC
PROTEIN SYNAPSIN I K.T.Eggeman*. E.M.Dudek. and M.D.Browning
University of Colorado Health Sciences Center, Denver, CO 80262
Depolarization of neurons with high potassium has been shown to produce a
transient increase in calcium-independent Ca+2/Qdmodulin dependent Protein Kinase
II (CamKII) activity (Fukunaga et al. JBC 264, 21830-6, 1989). We were interested
in the possibility that a more long-lasting activation of CamKII might occur in
presynaptic terminals following K+ depolarization. We examined this issue by
determining the effects of K+ depolarization on CamKII phosphorylation of synapsin,
a synaptic vesicle-associated protein. 400 gm hippocampal slices were prepared and
incubated in artificial cerebrospinal fluid (ACSF) for 90 minutes at 33°C under
C02/02. Individual slices were transferred to freshly oxygenated ACSF containing
60 mM KC1 for 30 seconds then transferred to fresh, normal ACSF for various times
to recover from depolarization. Slice experiments were terminated and synapsins
extracted according to the procedure of Fom and Greengard, PNAS 75, 5195-5199,
1978. CamKII is inactive in the Fom and Greengard method and we have
determined that this is due to residual zinc in the extracts. Zinc is a potent inhibitor
of CamKII (IC^ 5 gM). Therefore phenanthroline (200 gM) was included in the
assay to specifically chelate residual zinc. Treatment with 60 mM KC1 caused a
significant increase in synapsin I phosphorylation at sites phosphorylated by both
CamKII and PKA. The phosphorylation state of synapsin I at all sites returned to
basal levels within 1 minute of transfer to normal ACSF. These data suggest that
high potassium depolarization produces only a transitory activation of CamKII in the
presynaptic terminals of hippocampal slices. Future studies will determine whether
treatments that produce long-lasting changes in synaptic transmission (e.g. LTP) may
also produce persistent activation of CamKII in presynaptic terminals. This work
was supported by the grant PHS AAO9675.

CAMP-DEPENDENT POTENTIATION OF SPONTANEOUS GABAERGIC
CURRENTS IN CA1 RAT HIPPOCAMPAL NEURONES IN VITRO.
M.Sciancalepore* & E.Cherubini. Biophys. Lab., Int. Sch. Adv. Studies
(SISSA), 34013 Trieste, Italy.
The whole-cell configuration of the patch clamp technique was used to study
the effects of cAMP increase on spontaneous GABAergic currents of CA 1
neurones in rat hippocampal slices obtained at postnatal (P) days P5-P10. At
a holding potential of -70 mV, in symmetrical chloride solution, in the presence
of bath-applied kynurenic acid (1 mM), bicuculline-sensitive spontaneous
inward currents due to GABAa receptor activation, were recorded. In the
absence of any change in holding current or input conductance, forskolin (30
pM) or IBMX (200 pM) signifcantly (p<0.05) increased the frequency but not
the amplitude of GABA-mediated currents. The mean frequency ratio of
forskolin or IBMX over control was 1.8 + 0.2 whereas the mean amplitude ratio
was 1.0 + 0.1 (n=6). Forskolin (30 pM) also induced an increase in frequency
of miniature postsynaptic currents, recorded in the presence of TTX (1 pM).
The mean frequency ratio (forskolin over control) was 2.3 + 0.6 whereas the
mean amplitude ratio was 1.06 + 0.08 (n=3). Forskolin significantly (p< 0.05)
reduced (60 + 20%) the whole-cell currents induced by exogenous application
of GABA (100 pM) in the presence of TTX (1 pM).
We suggest that the potentiation of GABA release by forskolin or IBMX,
known to enhance the endogenous levels of cAMP, is due to a presynaptic
mechanism.

371.3

371.4

Cloning and Functional Studies of Xenopus laevis
Calcium/calmodulin-dependent Protein Kinase Type II.

Effects of Mg-ATP and low pH on secretion from
individual chromaffin cells. L. v. Ruden 1.2. c .

Hiroaki Kanki* and M-m. Poo. Dept, of Biol. Sci., Columbia U., NY,
NY 10027
Calcium/calmodulin-dependent protein kinase type II (CaMKII) is
implicated in various functions of the nervous system, including the
regulation of neurotransmitter secretion and the induction of activitydependent long-term modulation of synaptic efficacy. A Xenopus
CaMKII cDNA was cloned by screening an expression cDNA library
constructed from adult Xenopus brains. The putative open reading
frame (ORF) of this cDNA shows high homology (>70% at the
nucleotide level) with those of other species, with the highest being the

one for the P-subunit of M. musculus CaMKII. Both the calmodulin
(CaM) binding site and the phosphorylation sites are well-conserved.
The involvement of CaMKII in Ca^+-dependent synaptic functions at
neuromuscular synapses is examined using the Xenopus culture system.
The expression level of the CaMKII gene in the presynaptic neuron or in
the postsynaptic muscle cell is altered by injection of mRNA synthesized

from the cDNA or antisense oligonucleotides into an early blastomere of

Xenopus embryos together with fluorescent dextran as the marker. The

effects of overexpression or reduced expression of CaMKII on the
synaptic functions are examined in nerve-muscle cultures prepared from
the injected embryos two days after the injection. By identifying the

progeny cells of the injected blastomeres using the fluorescent marker,
the present studies allow a selective manipulation of CaMKII levels in
either pre- or postsynaptic cells.

Heinemann 1 -3 and E. Neheri«*). 1 mpi
f. biophys. Chem.,
Gdttingen, Germany, 2 Howard Hughes Med. Inst., Dept, of Med. and Cell.
Phys., Stanford, CA,3 UC Berkeley, Molec. and Cell Biol., Berkeley, CA.
The effects on secretion of low intracellular pH and the absence
of Mg-ATP have been investigated in single bovine adrenal
chromaffin cells as assayed with patch clamp capacitance
measurements. Exocytosis was stimulated by either dialyzing the
cells with buffered Ca2+ solutions or by depolarizations to +10 mV

(100-200 ms). When stimulation started immediately after
establishing the whole cell configuration, the first pulse was
unaffected but total capacitance increases after 10 min where
reduced to 50 to 60 % in the absence of Mg-ATP (depolarization). A
similar reduction in total responses was observed with Ca2+

dialysis. When stimulation was initiated several minutes after break
in, when all internally present ATP had been washed out, total
responses decreased to less than 20 % of the response at that time
in the presence of ATP. However, responses to the first stimulating
pulse were not reduced compared to the ones in the presence of
Mg- ATP. This indicates that a pool of readily releasable vesicles
does not require the presence of ATP for secretion but that Mg-ATP
is required for refilling this pool. While this pool was insensitive to
lowering the pH to 6.0, total secretory responses where reduced to
about 25 % of control.

371.5

371.6

EFFECTS
OF
TRINITROBENZENE
(TNB)
ANALOGS
AND
ARACHIDONIC ACID ON SHORT-TERM SYNAPTIC PLASTICITIES
AT THE FROG NEUROMUSCULAR JUNCTION. M. Osanai, A. Tsuii,
N. Suzuki and H. Kijima*. Dept, of Physics, Sch. of Science, Nagoya
Univ., Nagoya 464-01, JAPAN.
Four components of nerve-stimulation induced increases in
transmitter release have been known at the frog neuro-muscular
junction. Loading a Ca2+ chelator, BAPTA, to the presynaptic nerve
terminal, we have suggested that the fast facilitation is caused by
residual [Ca2+],, but other 3 slower components are not due to [Ca2+]j
(1).
Trinitro-benzene sulphonic acid greatly increased transmitter
release at first independently of [Ca2+]j and then decreased it (2). We
found that 1-(2-Hydroxyethylamino)-2,4,6,-trinitrobenzene (HEATNB)
also greatly increased the transmitter release but without decreasing
phase, indicating that increase of transmitter release is not due to
amino-residue modifying ability of TNBS, but effect of TNB moiety on
the presynaptic membrane. HEATNB increased both facilitations and
potentiation in addition to increasing effect on EPP size, suggesting its
multi-modal effects on the regulation mechanisms of _ transmitter
release. Arachidonic acid, a possible presynaptic C-kinase activator,
also increased transmitter release, but decreased three [Ca2+]r
independent components of short-term plasticity, suggesting common
regulating mechanisms contained in the target(s) of arachidonic acid
and in the three slower short-term plasticities.
References: (1) Tanabe & Kijima, Neurosci. Lett. 99, 147 ('88); J.
Physiol. 455, 271 ('92). (2)Kijima & Tanabe, J. Physiol. 403, 135 ('88).

IN
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VITRO PROTECTION BY DIPICOLINIC ACID AGAINST
BOTULINUM TOXIN-INDUCED LOSS OF SYNAPTIC
TRANSMISSION IN APLYSIA BUCCAL GANGLIA.

J.P. Apland*. M.L. Winfree and M.G. Filbert. U.S. Army Medical
Research Institute of Chemical Defense, Aberdeen Proving Ground, MD
21010-5425.
Exposure to botulinum neurotoxins results in loss of
neurotransmitter release. It has recently been shown that the botulinum
toxins are zinc-dependent metalloproteinases. The effect of metal chelation
on loss of transmitter release induced by botulinum toxin was examined in
synaptically-coupled cholinergic neuron pairs in isolated buccal ganglia of
Aplysia califomica. Strains A and B of botulinum neurotoxin (300 nM)
produced an irreversible decrease in the amplitudes of postsynaptic

responses (IPSCs) evoked by stimulation of the presynaptic member of a
cholinergic pair of neurons. When 100 gM dipicolinic acid (DPA), a metal
chelator with high affinity for zinc, was added to the recording chamber
prior to or in conjunction with toxin, significant protection from the toxininduced loss of IPSC amplitude was observed. When toxin and DPA were
washed out of the chamber, synaptic transmission recovered to pretoxin
levels.
Preincubation of DPA with equimolar ZnCl2 prevented this
protective effect of DPA. Exposure of ganglia to either DPA or ZnCL
alone had no effect on IPSCs evoked in postsynaptic cells. These results
suggest that zinc chelation by compounds having high affinity for zinc but
low affinity for other metals may protect against poisoning by botulinum
toxins.
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SUPPRESSION OF GABAERGIC INHIBITION BY POSTSYNAPTIC
DEPOLARIZATION INVOLVES A PRESYNAPTIC, G-PROTEIN
COUPLED MECHANISM. T.A. Pitler* & B.E, Alger. Dept, of Physiol.,

Univ. of Maryland Sch. Med., Baltimore, MD 21201
Postsynaptic activation of a pyramidal cell can reduce the degree of
GABAergic synaptic inhibition that the cell receives for many seconds after
cessation of activation. We call the phenomenon depolarization-induced
suppression of inhibition (DSI). Previous work showed that postsynaptic
increases in [Ca2+]; were required to trigger DSI.

We used whole-cell voltage-clamp recording from slices of rat
hippocampus to investigate DSI in more detail.
Spontaneous IPSCs,
primarily due to the firing of presynaptic inhibitory neurons, were
consistently reduced following a 1-sec depolarization to 0 mV. Analysis of
TTX-resistant miniature IPSCs revealed no change in sensitivity of
postsynaptic GABAa receptors during the DSI period. Since activation of

recurrent collaterals was ruled out by control experiments, we propose that
DSI represents a reduction in presynaptic GABA release, possibly by a
retrograde messenger. A significant (~ 2 sec) lag prior to onset of maximal
DSI suggested the involvement of a second messenger.
Injection of
pertussis toxin into the hippocampus to inactivate certain G proteins 2-3
days before preparation of slices prevented DSI, supporting this hypothesis.
Perturbation of postsynaptic G protein function alone by intracellular
manipulations did not affect DSI, however, suggesting that the relevant G
protein is presynaptic.

371.9

POSSIBLE INFLUENCE BY TYPES 1 OR 2A PROTEIN PHOSPHATASES
ON pH]ACETYLCHOLINE RELEASE IN RAT HIPPOCAMPUS. M. H.
Carriger, W. L. Malphurs, and T. W. Vickroy*. Dept, of Physiological
Sciences, Univ. of Florida, Gainesville, FL 32610.
Selective inhibitors of phosplhoserine/plTOspt'hohrfeonrne-specific protein
phosphatases (PP) were used to investigate the possible influence of these
enzymes on pH]acetylcholine (ACh) release in rat hippocampus. Synaptosomes were incubated with fHjcholine in order to label ACh storage pools
and transmitter release (basal and stimulus-dependent) was measured in
the presence of various drugs with a superfusion technique. Okadaic acid
and calyculin A two potent inhibitors of Type 1 (PP1) and Type 2A (PP 2A)
PP enzymes, were used to assess the possible influence of these enzymes
on exocytotic release. While neither agent altered basal ACh efflux, both
caused concentrraion-dependant inhibition of calcium-stimulated ACh
release from calcium-naive synaptosomes. Based upon the apparent
potencies exhibited by okadaic acid and calyculin A (ICM values < lOnM), it
is likely that the observed reduction in calcium-evoked ACh release is due
to inhibition of PP 1 and/or PP2A. Okadaic acid produced a similar inhibitory
effect in studies where KCI-enriched buffer was used to promote release.
Inhibition produced by okadaic acid was additive with oxotremorine and
insensitive to atropine, thereby indicating that PP-mediated inhibition of ACh
release is mechanistically distinct from inhibition produced through
presynaptic muscarinic autoreceptors. In view of these results, we conclude
that PP-mediated dephosphorylation of neuronal substrate protein(s) exerts
a facilitatory effect on ACh release. Follow-up studies are underway to
determine whether PPl/PP2A also regulate the release of other Cn S

neurotransmitters and to delineate possible identities of molecular substrates
for this effect, (supported in-part by PHS grant NS-28568).

371.10

ROLE OF PROTEIN KINASE C IN LEAD-STIMULATED
SECRETION FROM BOVINE CHROMAFFIN CELLS. J.L. Tomsig*
and J.B. Suszkiw. Dept, of Physiology and Biophysics, University of
Cincinnati, Cincinnati, OH 45267-0576.
Lead ions (Pb2+) stimulate the release of norepinephrine from a-toxinpermeabilized cultured bovine chromaffin cells by a mechanism similar to
that of Ca2 + , including the enhancement of secretion by phorbol ester
TPA (Tomsig and Suszkiw, Am. J. Physiol., 34:C163O, 1993). We have
further investigated the role of protein kinase C (PKC) on secretion and
found that the effect of TPA is associated with a reduction of the Kq .5 for
Pb2+-induced secretion, from 7.5 X lO_*O m to 5.7 X 10""! M, but is
not associated with an enhancement of maximal secretion. PKC
antagonists, staurosporine and pseudosubstrate PKC(19-36), inhibited the
TPA-enhanced component of both the Pb2+- and Ca2 + -induced secretion
without affecting the metal dependent-release in absence of TPA. We
have also investigated the stimulation of PKC by Pb2 + in chromaffin cell
cultures using a in situ assay in digitonin-permeabilized cells. Pb2 +
stimulated PKC at very low concentration (Kg .5 « 10""2 M) in
comparison to Ca2 + (Kg . 5 = lO22 M) but maximal activity in presence
of Pb2 + was about 40% of that obtained in presence of Ca2 +. By virtue
of its great potency and lower efficacy as a PKC activator in comparison
to Ca2 + , Pb2+ behaves as a inhibitor of Ca2 + -stimulated PKC. These
results support the notion that PKC stimulation by Pb is not an obligatory
step in secretion, but rather it modulates the metal-sensitivity of the
secretory exocytosis. Supported by NIEHS grant ES-04090.

STORAGE AND RELEASE OF ACETYLCHOLINE FROM PC 12 CELLS
EXPRESSING MOUSE CHOLINE ACETYLTRANSFERASE cDNA.
H. Misawa! Y. Shoji-Kasai2, R. Takahashil T, Sugiyama!3
H. Takagi3, A. Yoshida3, T. Yoshioka*3 and M. Takahashi2. *Dept. of
Neurology, Tokyo Metropolitan Inst, for Neurosci. Tokyo 183, Japan.
zMitsubishi Kasei Inst, of Life Sci., Tokyo 194, Japan. 3Sch.
Human
Sci., Waseda Univ., Saitama 359, Japan.
PC12 cells synthesize and store acetylcholine (ACh) and dopamine
(DA) in different storage vesicles and release them in response to
depolarization stimuli in Ca2+-dependent manner. However, low ACh
contents compared with DA make it difficult to analyze ACh release
from the cells.
A mouse choline acetyltransferase (ChAT) cDNA was ligated to an
expression vector and transfected into PC12 and other cell lines (NG 1.0815, NS2OY, NIE 115, Neuro2A, L cell, NIH3T3). Stable cells with high
ChAT activity were established. These cells except PC12 accumulated
ACh mostly in cytosol and released it spontaneously in Ca2+independent manner. In contrast, half
ACh was detected in vesicle
fraction of ChAT-transfected PC12 cells. Sucrose density gradient
centrifugation revealed thatACh-containing vesicles were different in
size from DA-containing vesicles. Ca2+-independent spontaneous ACh
release was very low, and high-K+ evoked marked ACh release in Ca2+
dependent manner. These results demonstrate that the ChAT-transfected
PC12 cells are useful models to study the release mechanism o^ACh from
synaptic vesicles. Physiological characterization of the cells as a
presynaptic model is in progress.
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INTERACTION
BETWEEN
DENDRITIC
AND
SOMATIC
ELECTROGENIC ZONES GENERATES OSCILLATIONS IN
NEOCORTICAL PYRAMIDAL NEURONS UNDER TEA AND TTX. A
Elaaeouby*. R . Yuste and D . W.Tank. AT&T Bell Laboratories, Murray Hill, NJ 07974.
Neocortical pyramidal neurons have a prominent apical dendrite that is very different
in morphology from the short basal dendrites and that may represent a different
functional compartment. In rat layer 5 neurons injected with fura-2 and recorded under
blocked sodium and potassium conductances (TEA/TTX), injection of depolarizing
current triggers multistep calcium plateau potentials that produce calcium accumulations
throughout the cell, with higher levels in an "apical band" located in the distal apical
dendrite. We have previously shown that two different plateau potentials are produced by
high-threshold voltage-sensitive calcium channels (VSCCs) located in the apical band
and in a region surrounding the soma of the cell (Yuste et al.. Neuron, in press).
To investigate the interaction between these two electrogenic compartments, we have
now attempted to reproduce in numerical simulations the electrophysiological and
calcium imaging data obtained in TEA/TTX from (me layer 5 cell. Using NEURON and
NODUS, we developed multi-compartmental models, similar to those described earlier
(Reuveni et al., J. Neurosci. 13:4609, 1993), in which high-threshold VSCCs and
Ik(Ca) channels were located throughout the cell. Multistep plateau potentials at the
soma were observed in models having an increased density of dendritic VSCCs or an
increased density of somatic Ik(Ca) channels. Both possibilities are consistent with the
higher dendritic calcium accumulations seen experimentally in the apical band.
To explain the oscillations between the two plateau potentials that are frequently seen
in our data, we explored two additional models, adding to the soma either a highthreshold VSCC with faster inactivation or a low-threshold VSCC. In both cases
oscillations in somatic membrane potential were triggered by axial current flowing to
the soma from a calcium plateau potential in the apical band. Although our experiments
were done in TEA/TTX, our observations suggest that one role of dendritic electrogenic
areas may be to provide an axial current that sustain intrinsic oscillatory responses. A
similar mechanism, albeit on a faster time scale, has been suggested for intrinsically
bursting neurons. (Supported by the Office of Naval Research and AT&T Bell
Laboratories)

DENDRITIC
RECORDINGS
FROM
RAT
SPINAL
CORD
MOTONEURONS IN VITRO. M.E. Larkum and H-R. Luscher*. Institute of
Physiology, University of Bern. CH-3012 Bern, Switzerland.
It has been shown recently (Stuart & Sakmann, Nature Vol. 367, 1994)
that the apical dendrite of layer V pyramidal neurons has active sodium
conductances that amplify backward propagating action potentials (APs),
although no APs are initiated in the apical dendrite. Here, we present
results using the same technique (whole-cell recordings with a
microelectrode amplifier) applied to motoneurons in culture.
Motoneurons from embryonic rat slice cultures were patched at the
soma and dendrite simultaneously. Dendritic recordings were made up to
150 pm from the soma. Current could be injected at both sites. Action
potentials (APs) recorded at the soma always preceded APs recorded at
the dendritic site, indicating that the dendrites do not have the necessary
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apparatus to initiate APs. However, the APs at the dendritic site were
greater than would be predicted by an electronic spread of such a signal
using cable theory. The conduction velocity of these APs along dendrites
was about 0.3 ms'1.

Continuous recordings gave information about dendritic properties during
spontaneous activity. In many cases, particularly during bursting periods,
the APs at the soma were of variable amplitude which was not apparent at
the dendritic site. If the APs were passively propagated, the amplitudes in
the dendrites should also have been correspondingly variable.
We
conclude that there is some conductance in the dendrites contributing to
the active propagation of APs. (SNF 31-37553.89 to H.-R. L.)
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DENDRITIC MEMBRANE POTENTIAL TRANSIENTS FROM HIPPOCAMPAL
NEURONS IN CULTURE MEASURED BY HIGH SPEED LASER SCANNING
MICROSCOPY. A. Bullcn* and P. Saggau. Division of Neuroscience, Baylor College
of Medicine, Houston, TX 77030.
The propagation and integration of voltage signals in the dendrites of cultured
hippocampal neurons was investigated using a high speed laser scanning microscope.
Hippocampal neurons were harvested from E19 rat pups and plated at a density of
40,000 cells/cm2.These cells w ere mmiLaiticdm sesum-free rnmia fofup to 4 weeks.
Previous studies have documented how processes in these cells can be identified as
dendrites. To distinguish the dendrites of interest from overlapping processes from other
cells, Lucifier Yellow (LY; 4 mg/ml) was applied through a patch pipette which was also
used for stimulation (<l nA) and recording. A composite LY and DIC image was used to
interactively select the location for optical recording. Cells were stained by bath
application of voltage-sensitive dye (VSD; Di-8-ANEPPS, 100 gM). A laser scanning
microscope developed in our lab was used to acquire VSD signals. This instrument
comprises an argon laser (514.5 nm; Spectra-Physics) and an inverted epifluorescence
system (5T5 nm dichroic mirror, DG55O emission filter) equipped with a lOOX objective
(N.A. 1.3; Zeiss). Two computer-controlled acousto-optical deflectors (1T05C-T;
Isomet) were used to scan the laser beam at high frequency. Two photodiodes were used
to capture the VSD signal (S) and excitation beam reference (R). Aggregate sampling
frequency was up to T00 kHz per detector. The fractional change in fuorcseence (AF/F)
proportional to membrane potential was obtained by dividing S by R and then
normalizing by division of the instantaneous signal by its mean. The minimum temporal
resolution of this system was T kHz. Spatial resolution was limited by the laser spot size
at the level of the preparation (10 gm).
Optical transients recorded from the soma with VSDs were highly correlated with
corresponding current-clamp records. The nature and propagation velocity of these
voltage signals in the dendritic tree of hippocampal neurons is described. The
significance of these events for synaptic integration is discussed.

SYNAPSES ON DENDRITES:
THE GAIN AND THE LOSS.
H. Agmon-Snir and I. Scgev*. Dept, of Neurobiology, Hebrew University,
Jerusalem, 91904, Israel.
What is the loss, in term of attenuation and delay of synaptic potentials, and
what is the gain, in term of computational capability, that results from placing
synaptic inputs on dendrites rather than on the soma? Utilizing a novel analytical
approach (Agmon-Snir and Segev, J. Neurophys. 70:2066-2085, 1993), this
question was explored for different types of morphologically reconstructed and
electrically characterized neurons: cerebellar Purkinje cells, cortical pyramidals and
hippocampal CA1 pyramidals. For passive dendrites, the loss due to moving th»e
input from soma to dendrites, in terms of the time integral of the EPSP, is less
than 50% for the majority of inputs. In terms of delay, the loss is typically much
less than Tm. Thus, from the somatic view point, the loss of having synapses on
dendrites is relatively small and can be easily compensated for by incorporating
nonlinear channels in the dendritic membrane.
On the other hand, dendrites (and spines) can significantly enrich the
computational capability of neurons. We show that, due to the small diameter of
dendrites and their electrically distributed nature, local synaptic potentials are
significantly boosted and better synchronization is required for local inputs
integration, as compared to somatic integration. Background synaptic activity and
voltage-gated channels can dynamically modulate the number of functional regions
and the temporal resolution in the tree.
In summary, if dendrites were passive, moving synapses from soma to dendrites
would have only a small effect on the global computation at the soma. Yet,
dendrites provide for many computational subunits where nonlinear local processes
(dendritic spikes, plastic processes) may be triggered independently and on different
time-scales. This supports a dendro-centric, rather than somato-centric, view point
for the computational function of neurons.

372.5
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DELAYED DENDRITIC DEPOLARIZATION ELICITED BY
SCHAFFER COLLATERAL STIMULATION IN THE PRESENCE OF
4-AMINOPYRIDINE IN RAT HIPPOCAMPAL CA1 REGION
DETECTED BY OPTICAL RECORDING.
M.E. Barish*u, M.
IchikawaT G. MatsumotoT and T. IijimaT 1 Division of Neurosciences,

INITIATION AND SPREAD OF SODIUM ACTION POTENTIALS
IN CEREBELLAR PURKINJE CELLS. G. Stuart* & M. Hausser

Beckman Research Institute of the City of Hope, Duarte CA 91010, and
TMolecular and Cellular Neuroscience Section, Electrotechnical
Laboratory, Tsukuba-shi, Ibaraki 305, Japan.
Micromolar concentrations of 4-aminopyridine (4-AP) block a
transient potassium current (ID) that in hippocampus influences action
potential repolarization and repetitive activity. 4-AP is a convulsant at
similar concentrations, and analysis of the actions of 4-AP may give
insight into the genesis of epilepsy. We used a voltage-sensitive dye
(RH155) and high speed video imaging (up to 0.6 msec/frame) to study
4-AP effects on postsynaptic responses in the CA1 region of slices of
adult rat hippocampus following Schaffer collateral stimulation.
Orthodromic stimulation in the presence of 40 gM 4-AP elicited a
fast synaptic response followed by a delayed depolarization. The
largest delayed depolarization was detected in the st. radiatum approx.
200 gm from the cell body layer. The depolarization was sensitive to
inhibition of CaT+ entry; it was blocked by removal of external Ca2+
(before disappearance of synaptic transmission), reduced by 5 gM and
blocked by 50 gM nifedipine, and less affected by nickel (100 gM), coconotoxin (100 nM) or coagatoxin (100 nM). It was also sensitive to
inhibition of intracellular CaT+ release (block by 10 gM thapsigargin).
We are investigating the mechanisms responsible for the depolarization.

MPI fur medizinische Forschung, Heidelberg, Germany.

To determine the site of action potential initiation in cerebellar
Purkinje cells, simultaneous whole-cell recordings were made

from the soma and dendrites or axon of the same cell in rat brain
slices. Sodium action potentials, evoked by depolarizing current

pulses or synaptic stimulation of parallel or climbing fibres, were
observed to occur first in the axon and decreased markedly in

amplitude with increasing distance from the soma. Outside-out
patches excised from the soma or dendrites of Purkinje cells
revealed that the sodium current density also decreased with
distance from the soma. Consistent with this finding, the

attenuation of evoked action potentials was found to be similar to

that of a simulated somatic action potential when sodium
channels were blocked. These results show that sodium action

potentials in cerebellar Purkinje cells are initiated in the axon and,
in contrast to neocortical pyramidal cells (Stuart & Sakmann,
Nature 367, 1994), spread passively into the dendritic tree.

372.7

372.8

KINETICS OF EXCITATORY POSTSYNAPTIC CURRENTS IN PURKINJE
CELLS STUDIED USING DENDRITIC PATCH-CLAMP RECORDING.
M. Hausser*. MPI fur medizinische Forschung, Heidelberg, Germany.
Excitatory postsynaptic currents (EPSCs) recorded from cerebellar
Purkinje cells following climbing fibre (CF) or parallel fibre (PF) stimulation
have slow decays (Llano et al., J.Physiol. 434, 1991). Modelling studies have
shown that dendritic EPSCs cannot be measured reliably using somatic
voltage clamp due to space clamp errors. The ability to record from dendrites
in brain slices with the patch clamp technique (Stuart et al, Pfluger^s Arch. 423,
1993) allows one to make dendritic voltage-clamp recordings and to directly
test the possibility that the slow decay may be due to space-clamp problems.
Spontaneous EPSCs were recorded from dendritic or somatic locations.
EPSCs with rapid 20-80% risetimes (<400 gs), presumably arising at wellclamped synapses close to the recording electrode, had variable decays; most
smaller events (probably unitary PF EPSCs) had rapid decay ts (<2 ms). No
marked differences were found between dendritic and somatic recordings.
The quality of space clamp achieved by a somatic voltage clamp was
tested by simultaneously recording from a dendrite with a second pipette.
Dendritic voltage escape associated with the somatically recorded CF and
compound PF EPSCs was substantial, becoming more pronounced with
increasing distance from the soma, and suggesting inadequate voltage clamp.
The frequency response of the somatic clamp, determined by injecting a range
of artificial synaptic current waveforms via the dendritic pipette, depended on
the somatic series resistance and the degree of dendritic development, as well
as the distance from the soma and the kinetics of the injected waveform. In
recordings from Purkinje cells from young rats (<P1 3), where the dendritic
arborization is small, slow EPSCs were still observed and judged to reflect a
genuinely slow synaptic conductance. This suggests that the difference in
decay between CF or compound PF EPSCs and unitary PF EPSCs observed
in more mature Purkinje cells can only partly be attributed to space-clamp
problems, and that other factors must be involved.

IMPULSE INITIATION AND SYNAPTIC INTEGRATION IN THE
ANTERIOR PAGODA CELL OF THE LEECH. R. Melinek and K.J.
Muller*. Dept. Physiology and Biophysics, University of Miami, Miami,
FL 33136.
Synaptic inputs to the anterior pagoda (AP) cell in ganglia of the
leech Hirudo medicinalis were found to sum at a single site (* in figure),
a location about 100 pm proximal to '
electrophysiological
"triangulation"
method (Gu et al., 1991.J. Physiol.
441:733-754).
Laser axotomy was
used to confirm that this site is the
proximal extent of excitability. AP cells
were injected with a mixture of 6carboxyfluorescein (6-CF) dye and
horseradish peroxidase (HRP) to stain
the cells. They were then illuminated
with an argon laser microbeam (488
nm), cutting them at various points
along the axon. Only 1 out of 16 cells that were cut at or before the first
flexion of the axon exhibited action potentials. However, of the 30
cells cut distal to this point 26 cells displayed action potentials.
Although in other motoneurons studied (AE and L cells) the impulse
initiation site was found to be at the branch-point (ibid.), in the AP cell
the flexion is at the site of an embryonic branch-point, where an axon
that extended into the contralateral connective in the embryo was
withdrawn during development. (Supported in part by NSF grant IBN9209769).
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INTRACELLULAR QX-314 BLOCKS THE Q-CURRENT IN CA1
HIPPOCAMPAL PYRAMIDAL CELLS. Katherine L. Perkins* and
Robert K.S. Wong. SUNY HSCB, Brooklyn, NY 11203.
The q-current (lq, also termed lh) is a hyperpolarizationactivated inward cation current which is tonically active at
resting potential in hippocampal CA1 pyramidal neurons
(Maccaferri et al.,Z Neurophysiol., 1993). Until now, no
intracellular blocker for this current has been identified;
therefore, it has not been possible to examine the effect of the
q-conductance (Gq) on the passive propagation of dendritic
synaptic inputs.
Whole-cell voltage-clamp recordings (access resistance of
<12 MO) from CA1 pyramidal cells in the hippocampal slice in
the presence of tetrodotoxin revealed a hyperpolarizationactivated inward current (lq) with an inward tail upon
repolarization. The activation threshold for lq was
approximately -55 mV, and half-activation was at approximately
-90 mV. Including QX-314 (N-(2,6-dimethylphenylcarbamoylmethyl)-triethylammonium bromide; 10 mM) in
the recording pipette completely blocked lq at all voltages and
significantly increased the resting input resistance. QX-314
had no blocking effect on the ohmic leak current. Thus, QX314 offers an opportunity to specifically block Gq and thus test
the effect of Gq on the efficacy of dendritic synaptic inputs.

SPONTANEOUS SYNAPTIC CURRENTS
IN
VISUALIZED
NEURONS OF THE RAT AMYGDALA AND PERIRHINAL
CORTEX. B. Faulkner*. S. Chattarji and T. H. Brown.
Depts. of
Psychol., Cell. & Mol. Physiol, and Prog, in Neuroscience, Yale Univ.,
New Haven, CT. 06520.
The amygdala and perirhinal cortex have been implicated in
numerous mnemonic functions, but relatively little is known about the
cellular neurophysiology of this system. To evaluate hypotheses and to
interpret some of the neuropsychological studies, it is valuable to know
something about properties of the synapses, neurons, and local circuits.
Previously this lab showed that long-term synaptic potentiation (LTP),
a possible synaptic substrate for certain forms of learning, can be induced
in rat amygdala brain slices (Chapman et al, 1990). It was clear that
whole-cell recordings, using direct imaging methods, would be valuable
for elucidating the biophysical mechanisms and neurophannacology.
Here we combine whole-cell recordings with infrared differential
interference contrast video microscopy, switching from our previous
(fixed-stage) inverted configuration (Keenan, et al, 1988) to an upright
one. The microscope and video camera, but not the stage, are mounted on
an XY translator. The stage is detached from the microscope and is in a
fixed relationship to the micromanipulators. Video images of the brain
slices are first obtained using low power to document the location of the
recording site. A 4OX water-immersion objective is used to image and
identify the neurons before obtaining a whole-cell recording.
The recordings were restricted to cells judged to be healthy based on
their appearance under video microscopy. Spontaneous synaptic activity
levels were high in many cells, but most of the synaptic currents were too
small to be detected or meaningfully analyzed using sharp electrodes.
Some of the largest synaptic currents were in the range of 150 - 200 pA,
but most were smaller than 50 pA. NSF to B.F. and NIH & ONR to THB.

372.11

372.12

ACTIVE AND PASSIVE MEMBRANE PROPERTIES OF
VISUALIZED RAT AMYGDALA NEURONS USING
WHOLE-CELL RECORDINGS. S. Chattarji* and T. H. Brown.
Department of Psychology, Yale University, New Haven, CT 06520.
Interest in the amygdala stems from its critical role in certain forms
of rapid learning.
Previous efforts to investigate the cellular

CALCIUM ACCUMULATIONS PRODUCED BY SINGLE SPIKES AND BURSTS IN
CA3 PYRAMIDAL NEURONS: A TEST OF THE MULTI-COMPARTMENT MODEL.
B.W. Strowbridge* and D. W. Tank. Biological Computation Research Department,
AT&T Bell Laboratories, Murray Hill, NJ 07974.
Single compartment models of CA3 hippocampal pyramidal cells have not successfully
reproduced the characteristic burst response that is observed electrophysiologically in
these cells. Analysis of more complex models have suggested that the segregation of
active sodium and calcium currents into different, electrotonically-coupled,
compartments may be necessary to generate burst responses [Traub et al., L
Neurophvsiol. 66:635-650; Traub et al., J. Physiol., in press; Pinsky and Rinzel, J.
Computational Neurosci.. in press]. Since there is strong evidence that voltage-dependent
Na+ channels are concentrated in the soma and axon initial segment, these models
predicted large Ca~ currents in the dendrites would be associated with intrinsic burst
responses. To test this prediction, we performed simultaneous sharp-electrode voltage
recording and fluorescence imaging of free calcium ion concentration in CA3 pyramidal
cells in rat hippocampal slices. Small depolarizing current pulses were injected through
the recording electrode to evoke single action potentials or all-or-none burst responses. A
small calcium accumulation, rapid in onset and concentrated in the soma, was detected
following single sodium spikes. Since no calcium accumulations were detected following
subthreshold stimuli, these small accumulations appear to be produced by the action
potential itself and may provide the trigger for the fast AHP (Ic). A different pattern of
calcium accumulation, characterized by large Ca** elevations . in basal and apical
dendrites, was observed during all-or-none burst responses evoked by slightly larger
current pulses. Our results support the hypothesis that calcium currents in the dendrites
cause large axial currents to flow from the dendrites to the soma, resulting in the
depolarizing envelope observed in somatic electrical recordings. In related experiments,
we have obtained preliminary evidence that the time course of the decay of the large,
burst-generated calcium accumulations may be the rate determining step controlling the
slow AHP (Iahp )> which, in turn, partially regulates the frequency of repetitive bursting.
Supported by NIH (NS09188) and AT&T Bell Laboratories.

neurophysiology of amygdala neurons involved a combination of
experimental methods—the brain slice preparation, the singlemicroelectrode clamp, and video-enhanced contrast, differential
interference contrast microscopy (VEC-DICM) (Chapman et al., 1990).
We extended this strategy by combining whole-cell recording with VEC-

DICM adapted to an upright microscope.
Male Sprague Dawley rats (14-25 days) were used to cut horizontal
amygdala slices (300 pm), which were placed in a submerged-type
recording chamber mounted on a fixed-stage, upright microscope (Zeiss
Axioskop) with a water immersion lens (4OX, 0.75 NA) and DIC
optics. The VEC-DICM system was used to image and identify neurons
in different amygdaloid subnuclei before obtaining whole-cell recordings
using standard patch-clamp techniques. Finally, video images of the
brain slices were obtained at low power to document the precise location
of the cell within the amygdala.
Cells (n= 145) show considerable diversity with respect to passive
and active membrane properties. The values of input resistance and
membrane time-constant are at least 2-4 times of those reported using
sharp electrodes. There is also variability in the firing patterns
(accomodating, regular spiking) produced by depolarizing current
injections. Physiologically identified neurons also exhibit morphological

diversity (pyramidal, stellate, multipolar, fusiform). Supp. by NIH.
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SUBTHRESHOLD
SYNAPTIC
CALCIUM
SIGNALING
IN
DENDRITES AND SPINES OF CEREBELLAR PURKINJE NEURONS.
J.-K. Eilers. G.J. Augustine and A. Konnerth* Physiological Institute I,

ACTIVITY-DEPENDENT DECAY OF CA2+ IN HIPPOCAMPAL
NEURONS. D.B. Jaffe*. and T.H. Brown. Depts. of Psychology and Cellular
& Molecular Physiology, Yale Univ., New Haven, CT 06520.
Long-lasting forms of synaptic plasticity, such as LTP and LTD, are generaly
thought to be triggered by differential elevations in intracellular Ca2+
concentration. These levels are tightly controlled by endogenous buffering,
Ca2+ sequestration, and Ca2+ extrusion. We have begun to explore these various
factors regulating [Ca2+] that are critically important for understanding Ca2+dependent rules of synaptic plasticity.
We have been using confocal microscopy in conjunction with Ca2+-sensitive
dyes to measure changes in [Ca2+]j in CA1 & CA3 hippocampal neurons with
high temporal resolution. The decay of dendritic Ca2+ from single action

Univ. Saarlandes, Germany and Dept. Neurobiology, Duke Medical Ctr.
We have combined real-time confocal laser microscopy (Noran Odyssey)
with whole-cell patch clamp recording to examine intracellular Ca signaling
during synaptic activation of cerebellar Purkinje neurons.. Cells within thin
(200 pm) slices of rat cerebellum were filled with the fluorescent Ca
indicator dye, Ca green-1, by diffusion from the patch pipette.
Extracellular current pulses were used to activate a few of the 100,000
excitatory parallel fiber (PF) synapses which innervate Purkinje cells.
Subthreshold EPSPs, produced by stimulation of 10-100 PFs, generated
graded Ca rises within spines and adjacent fine dendrites of Purkinje cells.
Larger PF-EPSPs evoked simple (Na) spikes and/or plateau (Ca) spikes;
these regenerative responses were associated with much higher and more
widespread rises in dendritic Ca levels. The subthreshold PF-evoked Ca
signals rose promptly and decayed within a few seconds, even within the
spines. These responses were eliminated by the AMPA receptor anatgonist,
CNQX, but not by agents that interfere with metabotropic glutamate
receptor signaling (MCPG, thapsigargin). Voltage clamping Purkinje cells
reduced or eliminated the Ca signals, suggesting that they arise from
AMPA receptors depolarizing the distal dendrites to open voltage-gated Ca
channels.
We conclude that these subthreshold dendritic Ca signals

represent a non-electrical form of synaptic integration with a range of
influence that is larger than a spine but smaller than a dendrite.
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potentials can be very rapid (xdecay = 99 ± 30 msec, n=7). This rate of decay
was in part due to the effects of exogenously added buffer (0.1-1.0 mM EGTA)
from whole-cell patch pipettes. In the absence of added EGTA, the decay of
Ca2+ following a train of action potentials was slower and had at least two

distinct components (Tq =925 ± 265 msec; x1=241 ± 69 msec, n=5).
The magnitude of the fast component decreased with the number of action
potentials fired by the neuron. This was in contrast to the relative magnitude of
the slower component that increased with spike number. After 20-25 spikes, the
fast component could not be detected
We are currently testing the hypothesis that the fast decay component results,
in part, from extrusion by a Na+/Ca2+ exchange mechanism. This hypothesis is
supported by preliminary experiments where removal of extracellular Na+
(replaced with choline) significantly retarded the fast component of Ca2+
decay.
Supported by ONR and NIMH.

WEDNESDAY AM

POSTSYNAPTIC MECHANISMS II

372.15

372.16

ACTION POTENTIAL INDUCED CALCIUM TRANSIENTS IN THE
DENDRITIC TREE OF LAYER FIVE NEOCORTICAL PYRAMIDAL
NEURONS. J. Edry-Schiller* and F. Helmchen. Abt. Zellphysiologie,
MPI Fur Med. Forschung, D-69120 Heidelberg, Germany.
The dendritic tree of layer five neocortical pyramidal neurons is
composed of a very long apical dendrite terminating in tuft branches,
basal dendrites extending from the soma and numerous oblique
dendrites extending from the main apical dendrite. We were interested
in characterising the [caj wave developing in the different parts of this
dendritic tree following electrical activation. Concomitant recordings of
electrical activity and [Caj were obtained in the neocortical brain slice
preparation. Electrical activity was monitored using the whole cell patch
clamp technique and [Caj was measured using the flourometric
method, with the dye fura-2.
The main findings of the study were: 1). Following a short train of
action potentials a transient rise in [Ca]j develops along the entire length
of the apical dendrite up to the very distal regions (8OOtm). No clear

SUBTHRESHOLD SYNAPTIC RESPONSES ACTIVATE VOLTAGE-GATED CHANNELS IN DISINHIBITED HIPPOCAMPAL
NEURONS. C. M. Colbert* & D. Johnston. Division of Neuroscience, Baylor College of Medicine, Houston, TX 77030
A variety of voltage-gated ion channels exist in the dendrites of central neurons, but their contributions to excitatory postsynaptic potentials (EPSPs)
are not known. As a first step toward understanding these contributions, we
examined the effect of putative Ca2+ channels on synaptic inputs by comparing the rates of decay of EPSPs and a-function-shaped depolarizing and
hyperpolarizing somatic current injections in hippocampal CA1 pyramids and
dentate gyrus granule cells. Na+, K+, NMDA, GABAa and GABAb channels
were blocked pharmacologically. We report that the EPSPs (avg amplitude
6.9 mV) decayed significantly more slowly (Tdecay = l55dtl4%, mean±SEM,
n=ll) than responses to a-function current injections. Only relatively large
depolarizing a-functions (>20 mV), however, decayed more slowly than hyperpolarizing o-functions. Transverse slices from 9 rats (130—200 gm) were
maintained in a submerged chamber at room temperature. Whole-cell recordings were made using the visual slice-patch technique. Recordings were made
in medium containing dl -APV (100 pM) and bicuculline (20 pM) to block
NMDA and GABAa currents, respectively. The pipette solution included TEA
(20 mM), Cs+ (100 mM), 3,4-DAP (100 pM), and QX-314 (2 mM) to block
Na+, K+, and GABAb currents. Synaptic stimulation consisted of a single
constant-current pulse (10—100 pA) through a stimulating electrode placed in
s. radiatum of CA1 or in the middle third of the molecular layer of the dentate
gyrus. Decays were best fit by a single exponential. These results suggest that
dendritic voltage-gated Ca2+ currents contribute to EPSP waveforms at depolarizations below the threshold for spike initiation. (Supported by NS11535,
MH44754, and MH48432.)

local spatial inhomogenisity in [Caj were observed in the apical dendrite
up to 4OOum. 2). A significant signal could be recorded in primary and
secondary branches of basal and oblique dendrites (up to 5Opm for the
obliques and 100 pm for the basal dendrites). 3). The peak [Caj
recorded at the soma was significantly lower than those recorded in
neighbouring apical and basal dendrites. From these results we
concluded that during activation of layer five pyramidal neurons a
significant depolarization wave invades the entire dendritic tree,
including the oblique, basal and tuft branches. Following this event,
voltage activated calcium channels are activated, and a large [Caj
transient develops in the soma and the entire dendritic tree.

372.17

372.18

CHARACTERIZATION OF VOLTAGE-GATED Ca2+ CHANNELS
IN THE APICAL DENDRITES OF HIPPOCAMPAL CA1 PYRAMIDAL NEURONS J.C. Magee* & D. Johnston, Division of Neuroscience,
Baylor College of Medicine, Houston, TX 77030
Many central neurons possess extensive dendritic arborizations that act to
integrate synaptic activity, and voltage-gated Ca2+ channels are present within
these dendrites. To characterize these channels, cell-attached patch recordings
(20 or 110 mM Ba2+) of single Ca2+ channels were made from apical dendrites,
30 to 330 pm from soma, of CA1 neurons in adult hippocampal slices (150 - 250
gms). Ca2+ channel openings were found in about 80% of patches examined,
and the number of channels per patch ranged from 1 to 20. In 5 of 27 patches,
a high voltage activated (HVA), high conductance (26-30 pS), non-inactivating
channel type was found usually within 50 pm of the soma. In 22 of 27 patches,
we observed other channel types that had slope conductances between 7 and
20 pS. Two distinct channel types predominated. The first of these was a
low-voltage activated (LVA), small conductance (7-12 pS), rapidly inactivating
channel. The second, was a high-voltage activated, moderate conductance (16—
20 pS) channel that exhibited moderate inactivation. The HVA, moderateconductance channel was blocked by 50 pM Ni2+ and 1 mM amiloride, while
10 pM u-conotoxin MVIIC, 5 pM w-conotoxin GVIA, and BAYK 8644 had
no effect. The LVA channel was also blocked by 1 mM amiloride but was
dihydopyridine- and u>--c^r^<^t^i^:xin MVIIC-insensitive. Surprisingly, 50 pM Ni2+
had little effect, but this may be due to the high divalents used as charge carrier.
The HVA, large conductance, channel was found to be sensitive to BAYK 8644.
Other than the restriction of L-type channels to the proximal 50 pm, we have
found no evidence of non-uniform channel densities along the length of dendrites
studied. Thus, at least three types of Ca2+ channels can be differentiated in
CA1 dendrites (NSO9482, NS11535, MH44754, and MH48432).

GABA-INDUCED CHANGES IN INTRACELLULAR CALCIUM IN
SLICES AND CULTURED NEURONS OF MOUSE HIPPOCAMPUS.
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EXTRACELLULAR ALKALINE TRANSIENTS MEDIATED BY
GLUTAMATE RECEPTOR CHANNELS IN THE RAT HIPPOCAMPAL
SLICE ARE DUE TO A NET INFLUX Ca2+. K. Kaila*. P. Paalasmaa and J.
Voinio. Department of Zoology, Division of Physiology, PO Box 17, FIN-00014
University of Helsinki, Finland
Synaptic and pharmacologic activation of postsynaptic receptor channels leads to
a transient increase in extracellular pH (pHJ in the hippocampus. In the case of
GABAa receptors, the ionic mechanism is a channel-mediated HCO3' efflux giving
rise to an influx of CO2. The alkalosis at excitatory synapses has frequently been
assumed to be due to an influx of H+ ions through glutamate receptor channels.
However, there is no direct evidence supporting this hypothesis. We studied the
ionic mechanism of glutamatergic alkaline transients in rat hippocampal slices using
ion-sensitive microelectrodes (pH, Ca2+, Na+) positioned in the stratum pyramidale
of area CA1. The slices were kept in an interface chamber at 32°C and perfused
with (mM) NaCl 124, KC1 3, CaC^ 2, NaHCO3 25, NaH2PO4 1.1, MgSO< 2, Dglucose 10, (95%O2+5%CO2, pH 7.4). In the presence of 100 pM picrotoxin,
stimulation of Schaffer collaterals (10 Hz, 10 s) gave rise to a glutamatergic
transient alkalosis of about 0.1 pH units and to a simultaneous fall in extracellular
Ca2+ by about 20-30 %. In the presence of 1 pM TTX, microinjection of 500 pM
AMPA induced a prompt rise in pHo, and a fall in Ca2+ and Na+. The fall in pHo
was blocked by removal of extracellular Ca2+ ( + i mM BAPTA) in a reversible
manner. However, the AMPA-induced fall in extracellular Na+ was not affected by
removal of Ca2+, which indicates that the block of the alkaline transient was not due
to a reduction of non-NMDA receptor activation. Similar results were obtained with
microinjections of NMDA. In contrast to this, alkaline transients evoked by
microinjections of GABA showed no dependence on extracellular Ca2+. The results
are in agreement with Ca2+ influx as the primary cause of glutamatergic alkaline
transients. We suggest that the resulting intracellular Ca2+ load is cleared by
activation of a plasmalemmal Ca2+/H+-ATPase, which mediates the H+ influx
responsible for the glutamatergic alkaline transients.
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KJ. Seymour-Laurent* N.M. Cardoza and M.E. Barish. Div. of Neurosciences,
Beckman Research Institute of the City of Hope, Duarte, CA 91010.
GABAa responses in embryonic and neonatal neurons are depolarizing and
are associated with increases in intracellular calcium concentration ([Ca2+]j).

Hippocampal slices were prepared from postnatal day 0-3 animals using
standard procedures. Dissociated cell cultures were obtained from the
hippocampi of embryos aged 15-17 days and cells were studied after 3-7 days
in culture. Slices and dissociated cells were loaded with Fura-2 using standard
techniques and imaged using a camera-based imaging system (VideoProbe).
Drugs were applied using a puffer pipette and the neurons were continually
perfused with either Hank's or Gey's solutions. In both preparations GABA
(50-100 pM) induced a transient increase in [Ca2+]j. Muscimol (10 pM) also

resulted in a calcium increase. Bicuculline (100 pM) blocked the response
completely, while baclofen (200 pM, a GABAb agonist) had no effect,
suggesting that the calcium response is mediated by the GABAa receptor.
External calcium is required as there was no response to GABA in 0 external
calcium. APV (50 pM) and CNQX (10 pM) do not affect the GABA-induced
calcium change when applied in the presence of GABA indicating that the
calcium influx is not through the NMDA or non-NMDA receptors. We
hypothesize that the increase in [Ca2+]j reflects a depolarization caused by
elevated intracellular chloride exiting through the channel associated with the
GABAa receptor. GABAa mediated inhibition of A-current (Wu and Barish,
Soc Neurosci Abs. 1993) may also contribute to the depolarization.
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NMDA ELIMINATES THE INDUCTION OF LONG-TERM POTENTIATION
(LTP) THOROUGH ADENOSINE., K. Kato('* G-M. Guglielmi** and G.D.
Clark(2).. Neuroscience Center^, Dept. Neurology^, Louisiana State University, New
Orleans, LA 70112-2234
We tested the mechanism of NMDA inhibition of LTP induction in the CA1 pyramidal
cells of the rat hippocampal slice.Stratum radiatum was stimulated at 0.05 Hz to monitor
transsynaptic responses. To study the responsible synaptic site of NMDA's blocking
effect on the LTP induction, paired pulse of field EPSPs was tested. Ratio of paired
pulse (interval 40 msec) was facilitated (+8.2±2.6 %, N=3), suggesting NMDA affects
at least the presynaptic site. This increase of paired pulse facilitation was blocked by
adenosine A1 receptor antagonist, 0.1 pM DPCPX (8-cyclopentyl-1,3-dimethlxanthine).
Baseline slightly changed with a small variance by application of 1 pM NMDA.
Application of 1 pM NMDA for five minutes before tetanus decreased the induction of
short term potentiation and partially blocked long-term potentiation (LTP) (+26.9+4.0
%; N=7). This blocking effect is variable. In a few cases (2/11) 1 pM NMDA rather
facilitated the induction of LTP (+104 %). Two cases induced the long-term depression
(-26.8 %). 1 pM NMDA strongly facilitated the low-Mg2+ solution-induced LTP (Mg2+,
0.1 mM:, Ca2+ 2.0 mM for 15 min) which did not require high frequency presynaptic
activation (+141 %; N=3). Increase of extracellular Ca2+ (4 mM) reversed the inhibition
of LTP. (+93.1+32.9 %;N=5). 0.1 pM DPCPX also reversed the inhibitory effect of 1
pM NMDA on the LTP induction (+69.9+8.4 %;N=4). These results suggest the effect
of 1 pM NMDA on the induction of LTP are at least partially due to presynaptic
inhibition of transmitter release by adenoisne during high frequency stimulation. 10 pM
NMDA completely abolished transsynaptic responses. Tetanus applied in the presence
of 10 pM NMDA did not induce LTP (+2.8+1.5 %; N=3), suggesting that transmitter
release during tetanus is required for the induction of LTP. Interestingly with the
application of 1 pM platelet-activating factor (PAF) in the presence of 10 pM NMDA,
tetanus induced LTP (+19.1+4.2 %; N=3). This result suggests that glutamate release
is not necessary for PAF-induced LTP, indicating PAF induces presynaptic LTP.

ACTIVATION OF A mGIuR TRANSIENTLY BLOCKS THE EXPRESSION
OF LTP IN RAT PIRIFORM CORTEX. M. Feitf N. Hori and
D.O. Carpenter. Wadsworth Labs, NYS Dept. Health, Albany, NY 12201.
Long-term potentiation (LTP) in the hippocampus is an example of synaptic
plasticity thought to underlie memory formation in the mammalian brain. Induction
of LTP in hippocampus relies on activation of postsynaptic ionotropic glutamate
receptors, leading to Ca2+ influx. Recent results in CA1 and CA3 have shown,
however, that metabotropic glutamate receptors (mGluRs) may also be necessary to
LTP-induction. Thus, we investigated if mGluRs are involved in LTP in the
piriform cortex. Parasagittal brain slices of the piriform cortex were prepared from
adult male Sprague-Dawley rats. Field potentials (FP) evoked by stimulation of the
lateral olfactory tract (LOT) were recorded in the apical dendritic layer of
pyramidal neurons. LTP was induced by a 1s tetanic stimulation (100 Hz) and the
poten-tiated test response (122.4 +_ 2.4%) was recorded for up to 40 min. 200-500
pM (RS)-a-imahyl-4-aunx)xyhenyl-glycme (MCPG), which inhibits induction of
LTP in the hippocampus via a specific blockade of mGluRs, failed to do so in the
piriform cortex. 50 pM IS, -R-ammo-cyclopentane-dicarboxylic acid (-S,-RACPD), a specific agonist of mGluRs, reversibly reduced the amplitude of the FP
by 14.6 +_ 4.6%. After LTP had been established, however, the FP was reduced
by 27.3 _+ 2.8%, leading to a reversible blockade of the expression of LTP.
Interestingly, L-aminophosphonobutyric acid (L-AP4) had the same effect as
-S,1R-ACPD (10.3
5% reduction of the FP in control vs. 25.7 +. 5.5% in
LTP), suggesting that both agonists activate the same mGIuR.
We conclude that MCPG does not block the induction of LTP in piriform cortex.
Activation of a mGIuR by either lS,lR-ACPD or L-AP4 inhibits the expression of
LTP in a reversible manner, most likely by a presynaptic mechanism. Supported
by NIH NS238O7 and by the Austrian Science Foundation, "Erwin Schrodinger"
fellowship J-0825-MED.
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SUPPRESSION OF LTP MEDIATED BY THE SCHAFFER COLLATERALS
IN HIPPOCAMPAL CA1 BY COTETANIZATION OF THE PERFORANT
PATH. L.R.Roth* and L.Stan Leung. Depts. of Physiology and Clinical Neural
Sci., Univ. of Western Ontario, London, Canada. N6A 5A5
The entorhinal cortex(EC) provides the hippocampus with its major input
from the neocortex via trisynaptic, disynaptic as well as a monosynaptic pathway
to area CA1. In the present study the role of the EC in modulation of long-term
potentiation(LTP) in hippocampal CA1 was investigated. Rats were anesthetized
with urethan and stimulating electrodes were placed in the Schaffer
collaterals(SCH) and in the medial perforant path(PP). A micropipette mounted
on a microdriver was used to record averaged evoked potentials(AEP, n=8) at
5Opm intervals throughout dorsal CA1 and a current source density(CSD)
analysis was preformed using second order differencing. A CSD profile was
recorded before and also 3Omin after tetanization, and synaptic activity in the
CA1 pyramidal cell apical dendrites was assessed by calculating the area under
the CSD sink. A high frequency tetanus(8 trains at 0. lHz, each train consisting
of 12 pulses at 400Hz and 2O3pA') to SCH resulted in LTP of the SCH-evoked
apical dendritic sink(135±9% of baseline, mewn±SEM, p<0.05, n=6).
Tetanization of the PP(8 trains at 0. lHz, each train consisting of 2 pulses at
400Hz and 4OOpA) resulted in potentiation of the PP-mediated, monosynaptic
(4ms) sink in CA1 str.lacunosum-moleculare in 3 of 4 rats. Simultaneous
tetanizing trains were delivered to SCH and PP in six rats, resulting in
attenuation of the SCH-evoked sink in str.radiatum(72±7% of baseline,
p<0.02 compared to SCH tetanus alone, Wilcoxon). The above results show
that the EC input to hippocampal CA1 can suppress SCH-evoked LTP. Whether
the LTP suppression is mediated through PP-evoked feedforward inhibition in
CA1 remains to be studied, (supported by NSERC and Human Frontier Science
Program)

REVERSAL OF PHORBOL ESTER-INDUCED POTENTIATION OF SYNAPTIC
TRANSMISSION IN HIPPOCAMPAL CA1 NEURONS BY LOW FREQUENCY
INPUTS; A STUDY USING OPTICAL RECORDINGS WITH A HIGH SPATIOTEMPORAL RESOLUTION.
Takashi Tominaqa. Michinori Ichikawa. Tetsurou kondou. Ivo Vranesic* and
Toshio liiima. Molecular and Cellular Neuroscience Sect.,Electrotechnical Lab.
1-1-4 Umezono, Tsukuba, Ibaraki 3O5, Japan

Phorbol esters (protein kinase C activators) are known to potentiate synaptic
transmission in hippocampal CA 1 neurons. In our recordings, application of
phorbol-12,13-diacetate (PDAc.10 pM for 10 min.) to hippocampal slices
strengthened synaptic connectivity between Schaffer collateral/commissural
afferents and CA1 neurons for over 50 min. We found that this chemically
induced potentiation of synaptic strength was decreased to control levels by
delivering a train of low-frequency pulses (1 Hz, 1000 pulses) to the same
afferents. This de-potentiation lasted for several hours. It has been reported
that in the presence of 2-amino-5-phosphonovalerate (APV), low-frequency
inputs fail to cause a reversal of synaptic potentiation induced with tetanic
stimulation. The PDAc-induced potentiation, however, could be reversed by
delivering a low -frequency stimulus to the afferents in the presence of APV
(50 pM).
We have studied this PDAc- induced reversal of synaptic potentiation with an
optical recording technique using a voltage-sensitive dye, allowing us to
monitor neural activity from many sites of the CA1 region simultaneously. In
this study we used a 64x64 pixel image sensor. Spatial resolution was about 16
jum (using an x 10 objective), temporal resolution was 0.6 msec. Optical
recordings were obtained from a square area (1 mm x 1 mm), covering the
length of the longitudinal axis of aCA1 neuron.
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STRESS-INDUCED IMPAIRMENT OF LTP INDUCTION IS
LONG-LASTING IN HIPPOCAMPAL AREA CA1. A.
Breindl* and T.J. Shors. Department of Psychology and
Program in Neuroscience, Princeton Universtiy, Princeton, N.J.
08544
Acute exposure to inescapable stress has been reported to
impair the subsequent induction of LTP in both area CA1 and
the dentate gyrus of the hippocampal formation. In the dentate
gyrus, however, this impairment is not apparent by 24h after
stressor cessation. Here we examined how long the effect of
stress on LTP induction persists in area CA1. Rats stressed by
restraint and 60 shocks to the tail (1mA, 1 sec, lshock/min)
were subsequently anesthetized and tetanized, using thetaburst stimulation, at 2 or 24 h after exposure to the stressor.
Compared to unstressed controls, LTP induction was impaired
at both time points. Whereas unstressed controls exhibited a
mean increase of the EPSP slope of 26+ 9% 30 min after
tetanization, animals tetanized 2h after stressor cessation
exhibited a mean increase of 4+ 14%, and animals tetanized
24h after stressor cessation exhibited a mean increase of 10+
9%. These results demonstrate that stress, like LTP, has longterm effects on neural plasticity in hippocampal area CA1.
[Supported by the ONR (N0001492J1897), McDonnell-Pew
Program in Cognitive Neuroscience and the Whitehall
Foundation to T.J.S.]

DOSE AND TIME DEPENDENCY OF ANGIOTENSIN II
INHIBITION
OF
HIPPOCAMPAL
LONG-TERM
POTENTIATION. M.J. WAYNER*. J.L. POLAN-CURTAIN.
S. ILANG JATO D.L. ^ARMSTRONG.
Division olf Lifes
Sciences,
The University of Texas at San
Antonio, San Antonio, TX 78249-0662.
We previously reported that injection of lgL
of 4.78gM angiotensin II (All) above the hippocampus in rats inhibits long-term potentiation
(LTP)
induction
in medial
perforant path
stimulated dentate granular cells. Experiments
were conducted in urethane anesthetized SpragueDawley rats.
LTP was measured in terms of the
relative change in slope of the population EPSP
as • compared to baseline.
Effects of 4.78,
0.956, 1.195, 2.39 and 4.78gM All and time
delays of 30, 60, 90 and 150 minutes with the
4.78m M dose were determined. Results illustrate
that All inhibition of LTP in dentate granular
cells is both dose and time dependent.
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PRIOR THETA-FREQUENCY SYNAPTIC ACTIVITY ALTERS
THE INDUCTION THRESHOLD FOR LONG-TERM POTENTIATION (LTP). B.R. Christie*, D. Stellwagon, and W.C. Abraham. Department of Psychology, University of Otago, Dunedin, New Zealand
The effects of prior activity on hippocampal LTP induction were investigated in adult male Sprague-Dawley rats anaesthetized with pentobarbital
(65 mg/kg). Activation of the lateral perforant path input to the dentate
gyrus with theta-patterned conditioning trains (5 pulses at 100 Hz, repeated
at 200 ms intervals for 2 s) produced LTP of synaptic efficacy that assumed
a bell-shaped function as the number of stimulus trains was increased from
one to sixteen. The LTP induction function was shifted to the left by administering 5 Hz "priming” stimulation (8 sets of 10 pulses, 200 ms interpulse
interval) to the lateral path 10 min prior to the conditioning trains. Both
the LTP produced in unprimed paths, and that produced following priming,
were input specific. The priming effect was frequency dependent with 5 Hz,
but not 1 or 15 Hz, pulses serving as effective priming stimuli. The shift to
the left of the LTP induction function was blocked by the muscarinic receptor
antagonist atropine (50 mg/kg). Nimodipine (20 mM) partially mimicked
the priming effect by lowering the LTP threshold, but also prevented the
reduction of LTP that followed prolonged tetanic stimulation, suggesting
that L-type calcium channels normal oppose the induction of LTP in the
lateral path. Taken together these data support the theory that there is a
sliding threshold for the induction of LTP, dependent upon the prior history
of synaptic activity in the pathway to be potentiated, and that activity at
hippocampal theta-rhythm frequencies is optimal for producing this effect.
Supported by grants from the NZ Health Research Council.

EFFECTS OF SIMPLE TEMPORAL PATTERNS ON THE INDUCTION OF
LTP IN HIPPOCAMPAL CA1 NEURONS. D. Buonomano* . M. Merzenich.
Keck Center, UCSF, San Francisco, CA 94143-0732.
Most of the experimental and theoretical work on Hebbian plasticity has
focused on instances of discrete temporal intervals in the absence of
temporal patterns. Previously we have found that when Hebbian plasticity
is incorporated into a real-time neural network model and trained with
temporal patterns, the network does not form representations based on
temporal information. However, experimental data necessary for our
understanding of how Hebbian plasticity will contribute to the processing of
time-varying stimuli are lacking. To implement Hebbian plasticity into a
real-time network, two temporal properties are critical (1) the effective time
window between pre- and postsynaptic activity that still leads to plasticity
and (2) whether uncorrelated activity briefly following or preceding
correlated activity interferes with plasticity. The effective time window
appears to require that presynaptic activity must coincide with or precede
postsynaptic activity by less than 100 ms (Gustafsson et al., 1987). The
second issue relates to the degree of correlation between two cells.
Debanne et al. (1994) have shown that pre-synaptic activity following
postsynaptic activity by more than 400 ms can produce LTD, so the issue
arises as to whether "extra" presynaptic pulses after paired activity will
interfere with Hebbian plasticity.
. We. have analyzed the effects of extra presynaptic pulses on the
induction of LTP in CA1 hippocampal cells. Using intracellular recordings
LTP was induced in the control pathway by pairing presynaptic pulses
(every 6s) with 100 ms depolarizing pulses. The experimental pathway
received the same training with the addition of one more presynaptic pulse
at different intervals after pairing. Preliminary results indicate that for an
800 ms interval there was no significant difference in the facilitation
between pathways (con=157±0.14, exp=127±0.12, n=12, p=0.11), For
200 ms intervals there was also no significant effect (con=139±o.05%,
exp=121±0.1%, n=7, p=0.12. Further experiments will extend current
results and examine other tintervals. Supported by HRI, Coleman Fund,
MH Grant NS-10414 and MH-10431.
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LTD IN HIPPOCAMPUS IN VIVO REQUIRES SIMULTANEOUS
POSTSYNAPTIC EXCITATION AND INHIBITION.
E. Thiels*1, G.
Barrionuevo1, T.W. Berger2. ‘Depts. ofNeuroscience and Psychiatry, U. Pittsburgh,
Pittsburgh PA 15260, and 2Dept. of Biomedical Engineering and Programs in
Neurobiology and Neuroscience, U. Southern California, Los Angeles CA 90089.
Recently, we demonstrated the induction of NMDA receptor-dependent long-term
depression (LTD) of the commissural input to CA1 pyramidal neurons in the
hippocampus of anesthetized rats by repeated paired-pulse stimulation (PPS; 0.5Hz)
of the contralateral hippocampus. The effective stimulation for producing a lasting
depression of the CA1 population spike and EPSP was a train of 200 pairs with a
25-ms interstimulus interval (ISI); at this ISI, CA1 pyramidal cell firing to the
second pulse of a pair is inhibited completely. NMDA receptor-mediated excitation
was found to be required for the induction of LTD because no LTD developed in the
presence of the receptor antagonist D-APV. Although D-APV had no effect on
paired-pulse inhibition, here we show that, in addition to postsynaptic excitation,
coincident postsynaptic inhibition is necessary for the induction of use-dependent
LTD in the hippocampus in vivo.
(1) Microinjection of the specific GABAa receptor antagonist bicuculline (5OpM)
near the recording site abolished paired-pulse inhibition during PPS: the mean
amplitudes of the population spike evoked by the first pulse and the second pulse of
a pair during PPS were, respectively, 56.0 ± 6.9% and 108.4 ± 9.5% of the pre-PPS
baseline response (n=7). Importantly, GABAa receptor blockade prevented the
induction of LTD: the mean amplitude of the population spike was 104.9 ± 5.4%
of baseline 37 min after PPS (n=4). (2) Using an ISI of 200 ms, the approximate
duration of GABAa receptor-mediated IPSPs, PPS produced no LTD: the mean
population spike amplitude was 103.3 ± 4.3% of baseline 37 min after PPS (n=5).
These findings demonstrate that the induction of LTD in intact hippocampus requires
input from GABAergic intemeurons during NMDA receptor-mediated excitation of
the postsynaptic cell. The findings thereby establish that inhibitory intemeurons play
an essential role in use-dependent depression of excitatory synaptic transmission.
(Supported by ONR, AASERT, NIMH, NIH BMSR, and NS24288).

LOW-FREQUENCY STIMULATION IN THE DENTATE GYRUS IN
VIVO DOES NOT PRODUCE LONG-TERM DEPRESSION OR DEPOTENTIATION. M.L. Errington. G. Richter-Levin and T.V.P.
Bliss*. Nat. Inst. Med. Res., Mill Hill, London NW7 1AA, U.K.
Long-term depression (LTD) of synaptic strength may be necessary to
prevent saturation of plasticity by long-term potentiation (LTP). Lowfrequency stimulation (1-5 Hz) has been shown by several laboratories to
induce both LTD and depotentiation in 'area CA1 in vitro, though LTD is
more robust in slices from young animals. We have examined whether
low-frequency stimulation of the perforant path produces LTD in the
dentate gyrus in vivo. Field potentials were recorded from male SpragueDawley rats under urethane anaesthesia. In adult rats (3-5 months) 900
pulses at 1,2 or 5 Hz (n=5 in each case) failed to produce LTD.
Furthermore, given 10 min or 3 min before the induction of LTP, 5 Hz
stimulation did not reduce the amount of potentiation achieved. Finally, 5
Hz stimulation, either immediately (n=5) or >30 min following the
induction of LTP (n=5), failed to depotentiate LTP. To test whether this
inability to induce LTD is age-dependent, we studied the effects of lowfrequency stimulation in rats aged 28 days (n=5), 14 days (n=4) and 11
days (n=4). As in adult rats, 900 pulses at 2 or 5 Hz failed to induce LTD
or to depotentiate LTP. In two 14 day old rats anaesthetized with
pentobarbital 900 pulses at 2 Hz was ineffective. The differences between
±ese results and those reported in the CA1 area in vitro may indicate a
difference between the dentate gyrus and CA1, but preliminary results in
the CA1 region (14-16 days, n=6) were similarly negative with respect to
LTD and depotentiation. Only in rats aged 11 days (n=4) was LTD in
area CA1 reliably obtained. Thus low-frequency stimulus protocols
which produce LTD and depotentiation in vitro are ineffective in vivo.
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Low frequency stimulation does not induce long-term depression of
excitatory synaptic transmission, but does induce reversal of long-term
potentiation (depotentiation) in hippocampal CA1 of urethane-anaesthetized
rats.
C.A.Dovle*. M.J. Rowan* and R. Anwvl (Spon: European Neuroscience
Association), Department of Physiology, and Pharmacology & Therapeutics!,
Trinity College, Dublin 2, Ireland.

THE ROLE OF Ca2* IN THE INDUCTION OF NON-ASSOCIATIVE LONGTERM DEPRESSION OF SYNAPTIC TRANSMISSION IN THE RAT
HIPPOCAMPAL SLICE. M.F. Barry. G. Christofi. R.M. Vickerv & L.J.
Bindman*. Dept, of Physiology, Univ. College London, WC1E 6BT UK.
Long-term depression (LTD) of synaptic strength can be induced by
postsynaptic depolarization in the absence of evoked presynaptic activity in
CA1 neurons. Ca2* entry via voltage-sensitive Ca2+ channels during
intracellular conditioning is essential for LTD induction (Christofi et al. 1993,
J.Neurophysiol. 69: 219). We now report that a significant non-associative
LTD was produced by postsynaptic conditioning (8 pulses of 1-3.5 nA, each
500 ms at 10 s intervals) when the bathing medium (CSF) contained 1 mM
Ca2* and 2 mM Mg2*. The mean EPSP slope 30 min after conditioning was
reduced to 49.3 ±1.5% of its control (n=6, p <0.001 paired t-test). However,
the same intracellular conditioning paradigm failed to produce LTD in CSF
containing 2 mM Ca2* and 1 mM Mg2*. Presumably the activity-dependent
increase in dendritic [Ca2*]/spike during conditioning is lower in CSF with 1
than 2 mM Ca2*. These findings are congruent with previous experiments
(Christofi et al. 1993) showing that LTD could be elicited when cells were
transiently bathed in 25 mM Mg2* and 2 mM Ca2* during conditioning; the
activity-dependent rise in [Ca2*]/spike was shown in imaging experiments to
be half that occurring when conditioning in CSF containing 2 mM Ca2* and 1
mM Mg2*. In contrast, when intracellular conditioning was carried out in CSF
with 2mM Ca2* in cells injected with Cs* to reduce gK and presumably
increase the activity-dependent rise in dendritic [Ca2*l, we found the outcome
of conditioning was changed to a non-associative potentiation in 15 of 22
cells (lasting *10 to >60 min). We infer that the direction of change in
synaptic strength at inactive synapses depends on the activity-dependent
levels of Ca2* reached in the dendrites during conditioning.

The ability of low frequency (1-10 Hz) stimulation to induce long-term depression
(LTD) and to induce reversal of long-term potentiation (LTP), called
depotentiation, of field excitatory postsynaptic potentials (EPSPs) was studied in
the hippocampus of urethane-anaesthetized Wistar rats (250-350g). Electrodes
were placed in the stratum radiatum of CA1 region. EPSPs remained at a constant
amplitude at the control frequency of 0.033Hz. 900 pulses applied at a frequency
of lHz stimulation had no significant effect on the EPSP baseline amplitude
(n=6). Stimulation at 5 and 10 Hz evoked a short-term depression lasting 90- 120s,
but no LTD was induced (n=6). High frequency tetanic stimulation (20 pulses at
200 Hz, repeated 10 times at 0.5 Hz), induced LTP averaging 82% (n=l3).
Depotentiation of such LTP was induced by stimulation at 2-10Hz (10s-2.5min),
but not at lHz (l5min). 10 Hz stimulation depressed die EPSP amplitude by an
average of 49% (n=8). 5 Hz stimulation (15 min) induced a similar depression
(n=3). 2 Hz (l5min) induced a small depotentiation of 10 % (n=2).
We conclude that LTD of basal synaptic transmission is not induced in
hippocampal CA1 in anaesthetized rats by the use of stimulation parameters that
have previously been shown to induce LTD in in vitro slices of CA1. However,
depotentiation of LTP could be induced by stimulation at 2-10 Hz.
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POSTSYNAPTIC EXPRESSION OF NON-ASSOCIATIVE LONG-TERM
DEPRESSION IN AREA CA1 OF RAT HIPPOCAMPAL SLICES.
R.M. Vickery* and L.J. Bindman. Dept. of Physiology, University
College London, London, WC1E 6BT, U.K.
A long-term depression (LTD) of synaptic strength can be induced by
depolarization without evoked presynaptic activity in pyramidal cells of

HOMO- AND HETEROSYNAPTIC INTERACTIONS BETWEEN LTP
AND LTD IN CA1 HIPPOCAMPAL SLICES. D, Muller. S. Hefft M.
Schorderet*. and A. Fieurov. Department of Pharmacology, University of Geneva,
1211 Geneva 4, Switzerland.
While high frequency stimulation induces long-term potentiation (LTP), low
frequency trains (1Hz, 15 min) reproducibly result in synaptic depression (LTD)
in Ca 1 hippocampal slices of young animals. The molecular events underlying
these two forms of plasticity are still essentially unknown, although one possibility
is that they share common mechanisms. To test this hypothesis, we have analysed
the interactions arising from the successive induction of one or the other form of
plasticity. The results lead to the following observations. First, the amount of LTP
induced on one pathway was found to be identical whether or not LTD had been
previously generated. Reversibly, the amount of LTD was unaffected by prior
induction of LTP. Hence, interactions between LTP and LTD, unlike those with
facilitation, were non-proportional and the degree of potentiation or depression
independent of the level of synaptic efficacy prior to stimulation. This supports the
idea that LTP and LTD result from modifications of a common parameter in the
cascade of events controlling synaptic transmission. Second, by applying repeated
LTP or LTD inducing trains, starting at different levels of synaptic efficacy, we
found that the maximum amount of LTP or LTD that could be obtained on one
input was independent of the initial level of synaptic efficacy. This indicates that
there is no complete homosynaptic reversibility of one by the other form of
plasticity. However, repeated LTD induction on one input resulted in a
progressive and marked reversal of heterosynaptic LTP. Similarly, repeated LTP
induction heterosynaptically reversed LTD without affecting control responses.
This suggests that successive inductions of LTP or LTD on one group of synapses
may function as a mechanism for resetting synaptic efficacy on other inputs of the
same neurone (work supported by FNRS).

the CA1 region of the rat hippocampus. Although the induction of this
LTD is thought to be critically dependent upon the concentration of Ca2 +

attained in the dendrites, little is known about how the decrease in
synaptic strength is expressed. To test whether a down-regulation of
the a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) subtype of glutamate receptors on the postsynaptic neuron contributes to
LTD expression, we recorded intracellularly from CA1 neurons and
delivered iontophoretic pulses of AMPA to the dendrites in the region of
the test synapses. These AMPA pulses reliably evoked sub-threshold
depolarizations of the neuron that, in control recordings, were stable
over a period of an hour or more. In bathing medium containing 1mM
Ca2 + , or 2mM Ca2+ with 1pM bicuculline, depolarizing current pulses (8

of 500ms at 10s intervals) sufficient to cause approximately 20 action
potentials per pulse, led to LTD in some test synapses. This procedure
also led to a substantial delayed decrease in the response to AMPA test
pulses in many neurons. This suggests that in hippocampus, like
cerebellum (Kano and Kato, 1987, Nature, 325: 276), an element of LTD
reflects modification of the postsynaptic receptors responsible for the
fast component of excitatory transmission. Furthermore, LTD and longterm potentiation may act on the same biochemical processes, but
produce postsynaptic modifications in opposite directions. (Supported
by the Wellcome Trust).

373.15

373.16

LONG-TERM POTENTIATION IS REVERSED BY THE ACTION OF A
PEPTIDE TRANSMITTER. T.C.Ward. P.Intemann, L. Brittin, S.
Carder, S. Kelley, V. Tran. T. Smock.* Behavioral Neuroscience
Program. Dept, of Psychology, Univ. of Colorado, Boulder, CO
80309.
A peptide transmitter similar to vasopressin in structure
produces inhibition of CA1 pyramidal cells in the rat
hippocampus (Brain Res.. 1990. 511: 7 and 15). A train of
electrical stimuli delivered to the medial amygdaloid nucleus,
the source of the peptidergic fibers, diminishes the size of the
evoked population spike, while a similar train delivered to the
excitatory afferents in the stratum radiatum causes the size of
the evoked population spike to increase.
In this study we
examined the interaction between these two influences on
pyramidal cell excitability.
Ten male Sprague-Dawley rats were anaesthetized,
stimulating electrodes were placed in the amygdala and
stratum radiatum, and a record was made of the evoked field
potential every 5 seconds. In five rats, LTP was produced by a 1
sec train of 20 pulses of submaximal duration and amplitude.
In four of these, subsequent electrical release of the peptide
obliterated the l Tp , the one failure acquired with a very rapid
spike, a condition in which we know the peptide has no effect.
In each of four second rounds of LTP, peptidergic transmission
also obliterated or reduced the potentiation. The reciprocal
experiments were also performed. In all five rats, initial
peptidergic inhibition was reversed by subsequent LTP, which
in turn was attenuated by a second peptidergic stimulus.

THE INVOLVEMENT OF A LIPOXYGENASE PATHWAY IN
HOMOSYNAPTIC LONG-TERM DEPRESSION IN RAT
HIPFOCAMPUS. M. Normandin and G. Massicotte*. Centre de
Recherche Femand-Seguin, 7331 Hochelaga, Monttreal, Quebec, H1N
3M5.
Several laboratories have clearly demonstrated that low-frequency
stimulation is associated with long-term depression (LTD) of synaptic
efficacy in various brain structures. Like long-term potentiation, LTD in
the hippocampus appears to require NMDA receptor activation and
involves changes in postsynaptic calcium. Arachidonic acid and its
eicosanoid metabolites are released through the activation of calciumdependent phospholipases and recent studies have demonstrated that
activation of endogenous phospholipase A2 (PLA2) participate in the
expression of LTD. In the present study, we investigate the involvement
of intracellular processes, in particular the cyclooxygenase and
lipoxygenase pathways of arachidonic acid metabolism, that could
account for LTD expression in area CAj of the hippocampus. Nine
hundreds pulses at 1 Hz yielded an homosynaptic long-term depression
of 40%, an effect that was partially blocked by bromophenacyl bromide
(BPB; 50-100 ^M), a selective Pl A2 inhibitor. Like BPB, perfusion of
hippocampal slices with the lipoxygenase inhibitor nordihydroguaiaretic
acid (NDGA; 100 ^M) substantially reduced the magnitude of LTD in rat
hippocampus. In contrast, the specific cyclooxygenase blocker,
indomethacin (100 ^M), did not significantly attenuate the level of
hippocampal l Td . Finally, the observation that ascorbic acid markedly
reduced the magnitude of LTD, suggest that generation by the
lipoxygenase pathway of fatty acid peroxides may be an important factor
in the formation of hippocampal l Td . Supported by the FRSQ to G.M..

373.17

373.18

POTASSIUMINDUCED LONG-TERM POTENTIATION IN AREA
CAl OF THE HIPPOCAMPUS INVOLVES PHOSPHOLIPASE A2
ACTIVATION. J. Bernard* A. Lahsaini and G. Massicotte.
Departement de Chimie-Biologie, Universite du Quebec & Trois-Rivieres,
C.P. 500, Quebec, Canada, G9A 5H7.
Previous studies have shown that potassium-induced long-term
potentiation (LTP) of the Schaffer collateral/commissural synapses in area
CA 1 of the hippocampus shares common properties with tetanus-induced
LTP. In the present investigation, we performed electrophysiological and
binding experiments on CA] hippocampal slices to evaluate the location
and nature of the changes underlying potassium-induced LTP. Pairedpulse facilitation, which represents an index of transmitter release, was
markedly reduced by potassium-induced LTP. In addition, KCl-induced
LTP was associated with an increase in 3H-AMPA (pH]-Amino-3Hydroxy-5-MethylisoxazoIe-4-Propionate) binding to CAj synaptic
membranes when measured 40 min after high-potassium exposure;
however, no changes were detected in binding of an antagonist (pH]-6Cyano-7-Nitrtxiuinoxaline-2,3-Dione; 3H-CNQX) to AMPA receptors in
slices expressing KCI-induced LTP.
Administration of the
phospholipase A2 (PLA2) inhibitor bromophenacyl bromide (BPB) prior
to potassium application prevented LTP formation as well as the changes
in paired-pulse facilitation and 3H-AMPA binding that characterized this
type of potentiation. Taken together, these data indicate that potassiuminduced LTP may be related to modifications in both pre- and
postsynaptic properties and confirm the hypothesis that PLA2 activation
is an important mechanism in long-term changes of synaptic operation.
This work was supported by grants from NSERC and FRSQ to G.M..

INVOLVEMENT OF CALCIUM AND INOSITOL TRISPHOSPHATE IN
CEREBELLAR LONG-TERM DEPRESSION IN CULTURE. K. Kasono and
T. Hirano*. Department of Physiology, Faculty of Medicine, Kyoto University,
Kyoto 606, Japan.
It has been proposed that three postsynaptic events are required for
induction of cerebellar long-term depression (LTD): Ca2+ increase,
metabotropic receptor activation, and AMPA receptor stimulation. We
directly examined the roles of Ca2+ increase from different sources in
postsynaptic Purkinje neuron in LTD induction. We increased Ca2+ in
Purkinje neurons using nitr-5, a photolabile Ca2+ chelator, or caged inositol
trisphosphate (IP3) as well as depolarization. A cultured Purkinje neuron was
whole cell voltage-clamped and loaded with nitr-5 and Ca2+. Glutamate was
iontophoretically applied on a dendrite of Pukinje neuron, and the inward
current was recorded. Photolysis of nitr-5 in conjunction with glutamate
application reduced the amplitude of glutamate induced current for more
than 40 min (LTD). Neither photolysis of nitr-5 alone nor glutamate
application alone induced LTD. When two independent glutamate pipettes
were aimed at widely separated dendrites of the same Purkinje neuron, LTD
induction was confined to the site where glutamate was applied together
with photolysis of nitr-5. Heparin, filled in a patch pipette to block IP3 binding
to its receptor, prevented LTD induction by glutamate/depolarization
conjunction. The AMPA current was not depressed following
AMPA/depolarization conjunction. However, AMPA/photolysis of nitr-5
conjunction, or photolysis of caged IP3 in conjunction with AMPA application
and depolarization decreased the amplitude of AMPA induced current.
These results indicate that an increase in postsynaptic Ca2+ together with
glutamate application is sufficient to induce LTD in cultured Pukinje neurons,
and suggest that metabotropic glutamate receptors, IP3 and Ca2 +
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LONG - TERM POTENTIATION (LTP) AND DEPRESSION (LTD) IN THE
DENTATE GYRUS: ASYMMETRIC INTERACTION BETWEEN LATERAL AND
MEDIAL PERFORANT PATH IN THE FREELY MOVING RAT. V. Dovere. M. Nese.
S. Laroche and B. Srebro.*Dept. of Physiology, Univ. of Bergen, Norway; NAM, CRNS
URA 1491, Universite de Paris-Sud, 91405 Orsay, France.

MUSCIMOL PERMITS HOMOSYNAPTIC LTD IN THE DENTATE GYRUS IN
VITRO. D. X. Zhang* and W. B Lew. Dept. of Neurosurgery, University
of Virginia, Charlottesville, VA 22908.
Yang et al. (1994) reported that weak Schaffer collateral excitation,
when accompanied by repeated brief exposure to GABA, caused a very
large long-term depression (LTD) in CA1. Having been unable to produce
homosynaptic LTD in the dentate gyrus (DG), we studied this
phenomenon in the presence of muscimol. Transverse hippocampal
slices from 6 rats (58-106 g, ca. 28 dpn) were maintained in an interface
chamber. CA3 was removed by dissection after chopping. Each
experiment simultaneously used 2 slices from the same rat. In one slice,
a stimulating electrode was positioned on either side of the recording
electrode in the DG molecular layer. A similar arrangement was used in
the second slice to record pEPSPs in CA1. Conditioning stimulation
consisted of 900 pulses at 1 Hz. Thirty min after the first conditioning,
10 ^M muscimol was added to the medium. Sixty min later, the
stimulating currents were adjusted to match the response slopes before
the first conditioning. A new baseline test period ensued before the
second conditioning. The initial slope of the extracellular pEPSP was the
measured response. After the first conditioning period, only a short-term
(about 10 min) depression occurred in the DG and in CA1. However, the
second conditioning, under muscimol did induce LTD. In CA1, there was
a 16% depression 30 min after the second conditioning under muscimol
(p<0.05). In the DG, the depression was 14.5% at 30 min (p<0.05).
The unconditioned control responses did not change significantly. Thus,
muscimol can provide the condition needed to elicit LTD in both the DG
and CA1. Supported by NIH NS15488, MH48161 and MH00622 to
WBL.

We have previously shown, with a paired-pulse procedure, that the lateral (LPP) and
medial (MPP) perforant pathway differ in their short-term effects on excitability of the
dentate granule cells. The present study analyzed heterosynaptic interactions between
these two pathways following a sequential induction of long-term potentiation (LTP) in
both pathways.
Rats were implanted with one recording electrode in the granule cell layer and two
stimulating electrodes for selective activation of the MPP and LPP. Field potentials
evoked by alternative stimulation of each pathways were recorded for 2 days to establish
a baseline. On the 3 day, high frequency (HF) stimulation (10 bursts of 20ms, 4OOHz
lmin apart) were delivered to one pathway, and 30 min later to the other. Evoked
potentials were then collected form both pathways for lhr, and on days 1,4 and 6 after
HF stimulation. Control rats received HF bursts only in one pathway.
The results showed: (1) LTP was higher in magnitude and longer in duration the LPP;
(2) HF bursts in the LPP resulted in an immediate and pronouced depression of the MPP
potential (heterosynaptic LTD). Progressive depression of the populstion spike was also
observed; (3)HF bursts in the MPP had either no effect or resulted in a weak depression
of LPP potentials; (4) LTP in the medial pathway was completely eliminated by Hf bursts
delivered to the LPP, whereas such bursts in the MPP had no effect on pre-established
LTP in the LPP. Likewise, LTD in the medial pathway was eliminated by subsequent HF
bursts delivered to the MPP. Both, LTP and heterosynaptic LTD lasted several days.
These results indicate asymmetric heterosynaptic interaction between the lateral and
medial perforant pathway. Differences in duration of LTP in one pathway and of LTD in
the other suggest relative independence of these two processes. Further experiments are
in progress to elucidate short- and long-term consequences of this heterosynaptic assymmetry revealed in the medial and lateral perforant path.

373.21

373.22

COOPERATIVE INTERACTIONS AMONG AFFERENTS GOVERN THE
INDUCTION OH HOMOSYNAPTIC LTD. D.S. Kerr* and W,C. Abraham.
Department of Psychology, University of Otago, Dunedin, New Zealand.
A robust and persistent synaptic depression (homosynaptic LTD) has been
demonstrated following prolonged periods of low-frequency stimulation (LHS; 1 Hz
for 5-10 min). We have examined parameters underlying the induction of
homosynaptic LTD in young adult rats (250-275 g) in area CA1 in vitro. Field
EPSP’s were assessed over a range of test intensities before and after conditioning
stimulation consisting of two 10 min trains of LHS, administered at various
intensities. LHS at intensities producing a 0.5 mV field EPSP produced only
marginal changes in synaptic strength, not significantly different from baseline,
demonstrating a threshold for activity dependent synaptic depression. Conditioning
stimulation at higher (1 to 2 mV EPSP) strengths resulted in LTD at all test
intensities, with the greatest LTD uniformly expressed at the lowest test intensities
(e.g., LFS at 1 mV: mean % change + s.e.m. of 0.5 mV test response = -34 + 8;
LFS at 2 mV: mean % change of 0.5 mV test response = -70 + 10), suggesting
that cooperativity among afferents is a critical factor in the induction of
homosynaptic LTD. Consistent with current hypotheses regarding the role of
depolarization in LTD induction, picrotoxin (1 gM) lowered the threshold and
enhanced the magnitude of LTD produced by conditioning stimulation at 0.5 mV.
In addition, while 100 gM D,L-APV did block the induction of LTD observed at
the highest test intensities, it did not completely block the expression of
homosynaptic LTD at the lower test intensities following conditioning stimulation
at either 1 or 2 mV. These findings suggest that cooperative interactions among
active afferents contribute to voltage-dependent processes (both APV-sensitive and
APV-insensitive) during the induction of homosynaptic LTD in hippocampal region
CA1. (Supported by the New Zealand Health Research Council)

ASSOCIATIVE LONG-TERM POTENTIATION (LTP) AND LONG-TERM
DEPRESSION (LTD) AT THE MOSSY FIBER-CA3 SYNAPSE
Rrum F. Derrick & Joe L. Martin£7, Jr. Department of Psychology,
University of California, Berkeley, California 94720
The mossy fiber (MF) projection to area CA3 displays a form of LTP thought not to
display cooperativity or associativity with coactive afferents. However, because MF LTP
requires repetitive synaptic activity for its induction (Derrick and Martinez, J.-Neurosci.,
in press), we reevaluated these processes using trains of mossy fiber stimulation. In
anesthetized rats, MF LTP could be induced by 50 100 Hz pulses dehvered at moderate,
but not low, intensities, indicating cooperativity. Low intensity MF trains dehvered in
conjunction with trains to commissural-CA3 (COM) afferents potentiated MF responses.
MF potentiation induced associatively produced a reduction in MF paired pulse
facilitation, and occluded further potentiation following homosynaptic trains, suggesting
the associative induction of MF LTP. The NMDA receptor antagonist (±.--CPP did not
alter the induction of MF LTP, but it blocked MF LTP induced associatively by
coactivation of COM afferents. Thus coactive COM afferents contribute to MF LTP
induction via NMDA receptor activation, and suggests the involvement of common
postsynaptic processes in the induction of both forms of LTP. Associative MF LTP also
could be induced using single MF pulses when dehvered with COM trains in the
presence of the g opioid receptor agonist DAMGO. By contrast, LTD of MF responses
was observed when MF responses were paired with COM trains in the absence of
DAMGO, or when either low frequency MF trains or intense COM trains were delivered
in the presence of DAMGO. Our data suggest the mossy fibers display a frequencydependent variation of Hebbian LTP induction that is regulated by opioid peptides. Our
data also suggest that three factors essential for the induction of MF LTP are (1) g
opioid receptor activation (2) intense afferent coactivation and, presumably, postsynaptic
depolarization, and (3) presynaptic mossy fiber activity. LTD of MF responses is
observed when only two of these three requirements are met.
Supported by DAO4195 & the Rennie Fund University of California.

373.23
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OPIOID RECEPTORS CONTRIBUTE TO LATERAL PERFORANT
PATH-CA3 SYNAPTIC RESPONSES DAYS, BUT NOT HOURS,
FOLLOWING LTP INDUCTION Joe L. Martinez. Jr. * & Brian E. Derrick
Department of Psychology, University of California, Berkeley, CA 94720
Activation of opioid receptors is involved in the induction of LTP at the lateral
perforant path-CA3 synapse, a form of LTP that can persist for several weeks
following a single stimulation session (Derrick et al., Soc, Neurosci. Abst.
19:1326). We assessed the effect of naloxone on lateral perforant path (LPP)
responses recorded in area CA3 of adult rats with chronically implanted electrodes.
Naloxone (10 mg/kg i.p.) did not alter baseline LPP-CA3 field EPSPs. Naloxone
also did not alter LPP-CA3 responses when administered 1 hour following LTP
induction (400 Hz 500 ms X 5). However, when administered 1-3 days following
LTP induction, naloxone attenuated reversibly both LPP field EPSP slopes and
population spikes after 30 min., in most cases reducing responses to within 1015% of baseline amplitudes. When administered following LTP decay several
weeks later, naloxone again did not alter LPP responses. Neither (+)-naloxone nor
the delta opioid receptor antagonist naltrindole (10 mg/kg) altered potentiated
LPP-CA3 responses, suggesting the effects of naloxone are stereospecific and
likely mediated by a blockade of mu opioid receptors. These results suggest that
(1) endogenous opioid peptides contribute to synaptic transmission following highfrequency LPP stimulation and LTP induction; and (2) the mechanisms underlying
LPP LTP expression at 1 hour differ from those maintaining LTP for days. We
suggest that alterations in opioid receptor function and in opioid peptide synthesis
and release may contribute to long-term LTP maintenance in the LPP pathway.

LATERAL PERFORANT PATH-DENTATE GYRUS LTP IS DEPENDENT ON
OPIOID RECEPTOR ACTIVATION. J.A. Reyes*, B.E. Derrick, andJ.L. Martinez.
Jr. Dept, of Psychology, University of California, Berkeley, CA. 94720
A previous report demonstrated systemic administration of the competitive NMDA
receptor antagonist (+)-CPP (10 mg/kg i.p.) blocked completely LTP of medial, but not
lateral, perforant path induced with high-intensity stimulation (Reyes et al. Neurosci. Abstr.
l9(2):547.9). In this same study, naloxone blocked lateral perforant path and attenuated
medial perforant path LTP induction, suggesting a modulatory role for opioids in the medial
perforant path-dentate gyrus LTP. This pattern of results may have resulted from
contamination of responses from the adjacent pathway. Here we investigate the role of
NMDA and opioid receptors in LTP of the medial and lateral perforant path-dentate gyrus
responses evoked by selective low-intensity stimulation of the dorsomedial or ventrolateral
aspects of the angular bundle to decrease the likelihood of contamination. Following highfrequency stimulation (400 Hz, 100 msec x5) medial perforant path-dentate EPSP slopes
reached maximal amplitude immediately and remained stable over a 1-hr period, while
lateral perforant path-dentate LTP increased in amplitude over a 1 -hr period. This latter
pattern is characteristic of LTP development at synapses sensitive to opioid receptor
antagonists, such as lateral perforant path- and mossy fiber-CA3 synapses. Intrahippocampal application of (+)-CPP (lOnmol) to the dentate molecular layer blocked
medial perforant path LTP measured at 1 hr post tetanus; (+)-CPP did not affect lateral
perforant path LTP. By contrast, intra-hippocampal apphcation of naloxone (KOimol) did
not affect medial perforant path, but blocked induction of lateral perforant path LTP.
These data suggest that mechanisms of LTP induction differ in the medial versus lateral
perforant path with the former being dependent on NMDA receptors and the latter
dependent on opioid receptors.(Branham et al. Brain Res. 449:352,1988)
Supported by DAO4195 & the Rennie Fund of the University of California.

Supported by DAO4195 & the Rennie Fund of the University of California.
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LONG-TERM POTENTIATION OF EVOKED RESPONSES IN
PERFORANT PATH AFFERENTS TO HIPPOCAMPAL AREA CA1 IN
VIVO. R. V. Hernandez* and J.L. Martinez. Jr. Department of
Psychology, University of California, Berkeley CA 94720.
Long-term potentiation (LTP) of the perforant path to area CA1 has been
reported in the rat hippocampus in vitro (Colbert & Levy, Br.Res. 606: 87-91,
1993). Previously, we characterized hippocampal CA1 monosynaptic EPSPs
evoked in vivo by stimulation of the medial aspect of the perforant path (MPP)
angular bundle (Soc.Neurosci.Abst., 19:912(376.13), 1993). In our preliminary
studies tetanizing (TET) trains alone did not produced LTP. In the present
experiments the effects of tetanizing conditioning trains (100 Hz, 1 sec, 2 times,
or 400 Hz, 100 ms, 5 times) was investigated in the presence of either locally
injected bicuculline methiodide (100 gM, 1 gl; n=4), a GABAa antagonist, or
(+)baclofen (500 gM and 1.0 mM, 1 gl; n=6), a GABAb agonist. Intrahippocampal injection of bicuculline methiodide to stratum radiatum of CA 1 near
the CA2 border did not affect basline responses and did not enable LTP
induction. Both doses of (+)baclofen depressed baseline commissural CA3-CA1
and MPP to CA1 baseline potentials. Tetanization following treatment with the
low dose did not induce LTP. By contrast LTP was observed following
treatment with the high dose, resulting in a 30% increase in the EPSP slope that
lasted 30 mins. A positive going spike appeared in the early EPSP component
in all cases where potentiation was induced. These preliminary results suggest
that LTP at the medial perforant path to CA1 synapse requires release from local
inhibition mediated primarily by GABAb autoreceptors.
Supported by MH 18882 (RVH), DA 04195 (JLM, Jr.) and the Rennie Fund
of the University of California.

LTP AND LTD IN FOUR AFFERENT SYSTEMS OF THE RAT
NUCLEUS ACCUMBENS IN VIVO. A. Ouinones-Hinoiosa*,
B.E. Derrick, E.J. Barea-Rodriguez, P.H. Janak & J.L. Martinez. Jr.
Department of Psychology, Univeisity of California, Berkeley, CA 94720.
Previous studies in vitro demonstrated long-term potentiation (LIT) and longterm depression (LTD) in prefrontal afferents to the nucleus accumbens (NAc)
(Pennartz et al., Eur. J. Neurosci. 5: 107). Using an in vivo preparation, we
assessed stimulation-induced plasticity in four principal NAc afferent systems: the
entorhinal cortex (EC), the fimbria/fomix (FX), and the lateral (LA) and
basolateral (BL) amygdala nuclei. Male Sprague-Dawley rats were anesthetized
with pentobarbital sodium, and evoked field responses were recorded in the core
of the NAc. Responses evoked from all four sites had onsets of < 7 msec, and
followed 100 Hz trains, suggesting monosynaptic responses. NAc responses were
observed following stimulation of the lateral (LEC), but not the medial, aspect
of the entorhinal cortex. NAc responses were most robust from BL and LA sites
(> 1 mV) as compared to FX or LEC sites (~ 05 mV). A decremental
potentiation of the evoked extracellular field EPSP slope was observed following
delivery of five 1 sec 100 Hz trains to both LEC and FX sites (time constant of
decay (rD) ~ 45 min). By contrast, stimulation of the LA produced nondecremental LTP (stable over 1 hr.). Stimulation of the BL produced no shortterm potentiation of NAc responses, but produced a slowly developing and longlasting depression (LTD). Thus different forms of synaptic plasticity are found
in different NAc afferent systems.
Supported by DA 04195 & the Rennie Fund of the University of California
(JLM) & F32-MH 10641 (EJBR).

CALCIUM CHANNELS IV
374.1

374.2

LOCALIZED Ca ACCUMULATIONS SUBJACENT TO THE
MEMBRANE EXPLAIN PATCH VARIABILITY IN Ca CURRENT
INACTIVATION IN MOLLUSCAN NEURONS .
Stuart H.
Thompson* and Simone Alin. Dept. Biological Sciences & Hopkins
Marine Station, Stanford University, Pacific Grove, CA 93950.
Earlier work using macropatch methods demonstrated that Ca channels
are not uniformly distributed in the cell bodies of molluscan neurons but
tend to occur in clusters (Thompson & Coombs, J.Neurosci. 1988;
8,1929-1939). The cluster density increases from low at the soma cap
opposite the axon to high in the hillock region but the gradient is not very
strong. What is obvious, however, is a strong gradient in channel
function. The inactivation of Ca channels is largely Ca-dependent, but
Ca channels near the soma cap do not inactivate or inactivate weakly
while channels near the hillock inactivate strongly. Evidently the same
channel type, recorded in the same neuron, behaves differently depending
on location. Recent work provides a plausible explanation. Fluorescence
imaging was used to study the spatial profile of Ca accumulation near the
membrane during voltage clamp activation of Ca channels.
Ca
accumulation is significant in the hillock region and minimal or absent at
the soma cap. This trend matches what was seen with macropatch
recording, but the spatial gradient in Ca accumulation is much stronger
than expected from measurements of Ca channel density. When Na/Ca
exchange was blocked with Na-free saline, Ca accumulation was more
uniform from cap to hillock. Thapsigargin had little effect on the spatial
profile of Ca accumulation. Ca accumulation depends on the density of
Ca channels and Na\Ca exchangers. Greater Ca accumulation at the axon
hillock is sufficient to explain stronger Ca current inactivation
(Supported by BSR 9021217).

CALCIUM ACTION POTENTIAL IN ELECTROPHYSIOLOGICAL STUDIES ON
BIOPSIED HUMAN SURAL NERVE. S. Quasthoff. U. Schneider and P. Grafe*.
Dept. of Neurology (S.Q.), Technical Univ. and Dept. of Physiology, Univ. of
Munich, Munich, Germany.
We applied electrophysiological methods to short segments of sural nerve fascicles
from more than 30 patients who underwent routine nerve biopsy for light and electron
microscopic analyses. Compound action potentials were recorded using a threechambered plexiglass organ bath compartmentalized by silicone grease gaps. In normal
physiological bathing solution a clear separation of A$, AS and C fibres was observed
as previously described by Lambert & Dyck (Peripheral Neuropathy, Saunders 1993,
672f). All these action potentials were completely blocked in the presence of
tetrodotoxin (TTX, 1 gM).
In the presence of TTX, axonal potassium conductances were blocked by a mixture
of 4-aminopyridine (3 mM) and tetraethylammonium (3 mM). In addition, the Ca2+
concentration of the bathing solution was elevated to 5 mM. Under these conditions,
electrical stimulation of isolated human sural nerve with a short stimulus (1 -10 ms)
resulted in the generation of a compound action potential of long duration (200 - 300
ms), an amplitude similar to the normal compound C fibre component, and a very
slow conduction velocity of about 0.1 ms. This action potential was completely
blocked by cadmium (100 gM). Furthermore, it could be recorded from nerve
fascicles with no electrophysiological evidence for functional A fibres. This indicates
an origin in unmyelinated C fibres. Similar Ca2+ spikes have been previously described
in preganglionic sympathetic rat fibres (Elliott et al., Br. J. Pharmacol. 96, 1989,
65f).
In summary, we describe the presence of calcium action potentials in unmyelinated
axons of human sural nerve and an electrophysiological in vitro method to study
calcium conductance in peripheral neuropathy.
Supported by the W. Sander Stiftung (S.Q.) and the DFG (SFB 220/Bl).
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HIGH- AND LOW-THRESHOLD CALCIUM CURRENTS IN CULTURED
AND ACUTELY-ISOLATED NUCLEUS ACCUMBENS NEURONS. D.
Churchill and B.A. MacVicar*. Neuroscience Research Group, University of
Calgary, Alberta, Canada, T2N 4N1.
The nucleus accumbens (NA) is involved in motivational and attentional
processes and is implicated in schizophrenia. Ca++ channels are important in
determining the firing patterns of many neurons. The Ca+ + current subtypes in NA
neurons have yet to be described although NA neurons are known to have lowthreshold Ca++ spikes. In this study we have characterized, using whole-cell
recording, the Ca++ current subtypes present both in cultured and in mature
acutely-isolated NA neurons. Papain digestion was used to isolate neurons from
the NA from 4 week old rats or from 5-7 day old rats that were then cultured for
up to two weeks on an astrocyte layer. To isolate Ca++ currents, the pipette
solution contained (in mM): 72 trizma phosphate, 25 trizma base, 40 TEAC1, 11
EGTA, and 2 MgATP; and the bath solution contained 130 TEAC1, 3 KC1, 10
HEPES, 5 4-AP, 0.6 TTX, and 5 CaCl2. In both cultured and mature neurons
distinct low- and high-threshold inward currents were observed. At a holding
potential (V„) of -100 mV, threshold for the activation of the low-threshold current
was -60 to -80 mV peaking at -30 to -40 mV. This current inactivated at holding
potentials positive to -80 mV, and was completely inactivated at -60 mV. The
threshold for activation of the high-threshold current at a VHof -100 mV was -40
to -50 mV peaking at -10 to +10 mV. The high-threshold current consisted of
both sustained and inactivating components. The inactivating component was
inactivated at potentials positive to -80 mV with complete inactivation occurring
at -20 to -40 mV. Cd++ (25 gM) selectively blocked the high-threshold current.
The separate components of the high-threshold current were only partially blocked
by optimal concentrations of nimodipine (30% at 10 gM) or co-conotoxin (45 % at
1 gM).

CALCIUM CURRENTS IN NEURONS ISOLATED FROM THE VENTROBASAL
NUCLEUS OF THE RAT THALAMUS. P. I. Kammermeier*. M. A. Were, and
S. W. lones. Departments of Neuroscience, Neurology, and Physiology &
Biophysics. Case Western Reserve University, Cleveland, OH 44106.
We have used whole-cell patch clamp to record calcium currents from
ventrobasal (VB) thalamic neurons, isolated from neonatal rats (7-21 days)
by the method of Swartz and Bean (J. Neurosci. 12, 4358-4371,1992). Calcium
currents were isolated by replacing monovalent cations with TEA
(intracellular solution: in mM, 117 TEA Cl, 4.5 MgC^, 9 HEPES, 9 EGTA, 4 Tris
ATP, 0.3 Li GTP, 14 creatine phosphate; extracellular-: 120 TEA Cl, 10 HEPES,
25 BaCl2). Both T-current and high-voltage activated (HVA) current were
observed. Properties of T-current were as reported previously for these cells
(Coulter et al., J. Physiol. 414, 587-604, 1989; Huguenard and Prince, J.
Neurosci. 12, 3804-3817, 1992), except activation was shifted toward positive
voltages in 25 mM Ba2+. T-currents began to activate near -40 mV, and
inactivated with x = 27 ± 9 ms (n=7) at -30 mV. T-currents were associated
with slow tails (r~10 ms at -50 mV, x~2 ms at -100 mV), which were reduced
by long voltage steps expected to inactivate T-current (thinner trace in the
Figure is for a 100 ms prepulse to 0
mV). The activation curve measured
from the slow component of tail
currents did not saturate at positive
voltages, possibly due to a slow tail
current unrelated to T-current. HVA
currents were associated with fast tails
(t ~0.3 ms at -50 mV), and inactivated
little during 100 ms steps. From the
fast tail currents, half-maximal
activation of HVA was +4 ± 5 mV (n=6).
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COMPARISON OF WHOLE CELL CALCIUM CURRENTS IN
ACUTELY ISOLATED AND "INTACT" NEURONS OF THE
SUBSTANTIA NIGRA. T. DeFazio*. S. Gera. L. Byerly. and J.P.
Walsh. Andrus Gerontology Center & Dept. of Biological Sciences,
University of Southern California, Los Angeles, CA 90089-0191
Calcium channels present in the distal dendrites of neurons
in brain slices are not well clamped while isolated neurons lacking
dendrites may lack dendritic conductances present only in "intact" neurons.
Direct comparison of these preparations provides a powerful tool to
address the issues of dendritically located conductances. Acutely isolated
neurons and brain slices were obtained from 1-6 week old rats. Acute
isolation revealed a class of large (12-20^m) irregular cells which had
prominent anomalous rectification, strong afterhyperpolarizations and
broad action potentials. These properties are consistent with the reported
electrophysiology of dopaminergic (DA) neurons of the compacta region
of the substantia nigra. Similar results were obtained from cells in 4OO/xm
thick brain slices. DA neurons, labelled with biocytin, were much larger
(20-30^m) than neurons lacking DA physiology (10-15^m) and exhibited
dendrites spanning the extent of the substantia nigra (> 5OOim). LVA and
HVA calcium currents were observed in both preparations, but large
amplitude (> InA), long duration (>2secs) inward plateau currents were
seen only in "intact" neurons. These studies demonstrate the existence of
distinct somatic and dendritic calcium conductances.
Supported by NIA Grants 5POl AGO979 and AGOOO93.

899

374.6

CALCIUM RESPONSES IN ELECTRICALLY STIMULATED CEREBELLAR
GRANULE CELLS. D.G. Nicholls*, J.M. Pocock, M.A. Cousin. Department of
Biochemistry, University of Dundee, Dundee DD1 4HN, Scotland, U.K.
Cerebellar granule cells possess multiple classes of voltage-activated Ca2+
channels whose sub-cellular location and function are incompletely
elucidated. Previous work with KCI-depolarized cells has established the
presence of two major fura-2 Ca2+ responses in these cells, attributable to
somatically located nifedipine sensitive L-channels activated by 3OmM KCI
and a class of channels inhibited by the novel Agelenopsis aperta toxin AgaGl, located predominantly on neurites, activated by 5OmM but not 3OmM KCI,
and coupled to glutamate exocytosis. Since the Ca2+ responses to clamped
depolarization effected by high KCI will be biased in favour of non-inactivating
channels rather than those which undergo rapid voltage-inactivation, it is
important to examine the fura-2 responses of cells in response to
physiologically relevant action potentials. Granule cells cultured for 11-16DIV
on coverslips were loaded with fura-2 and exposed to uniform electrical field
stimulation in a MiraCal Ca2+ imager. Neurites and soma were imaged
simultaneously. Repeated trains of 2OHz stimulation produced transient Ca2+
elevations in the neurites with little somatic response. More intense
stimulation was required to evoke Ca2+ responses at the granule cell soma.
The fura-2 response in the neurites was enhanced by 1mM 4-aminopyridine
(but not 3OOnM dendrotoxin) and inhibited by tetrodotoxin. The neurite
response was largely insensitive to 1//M nifedipine, 1//M Conus magnus
MVIIC, 3OOnM MVIIA or 1/,M Agelenopsis aperta Aga-IVA but was partially
inhibited by 100nM w-conotoxin-GVIA and extensively inhibited by 3OOnM
Aga-GI. It is concluded that the dominant Ca2+ channel in cultured granule
cell neurites has a pharmacology which differs from that of ’P-channels’ and
also from that reported at the granule cell soma.

374.7
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MULTIPLE COMPONENTS OF PRE-PULSE INDUCED FACILITATION
OF CALCIUM CURRENTS IN CEREBELLAR GRANULE CELLS.
H.R. Parri and J.B. Lansman*. Department of Pharmacology,
School of Medicine, University of California, San Francisco, CA 94143
We investigated whether different components of the high-threshold Ca
current in mouse cerebellar granule cells produce distinct components of
facilitation distinguished by pharmacologic and kinetic criteria. A 200 ms
prepulse to +90 mV increased the Ca current during a subsequent test
pulse to 0 mV by 37±7% (n=10 out of 19 cells). With GTP-y-S in the
recording electrode, a prepulse to +90 mV increased the current by 83±6%
(n=5). Facilitation reached a maximum with prepulse durations greater
than 50 ms (t1/2 « ~7 ms); longer prepulses reduced the facilitation. The
facilitation current in cells perfused with GTP-y-S was completely inhibited
by 5 pM o-a-notoxin GVIA (to-CTX), suggesting that facilitation arising
from the voltage-dependent relief of inhibiton by activated G proteins is
carried exclusively by N-type channels. To examine the facilitation of
currents through other types of Ca channels, cells were pre-teated with 5
pM o-CTX. In the presence of o-CTX, a prepulse to +90 mV increased the
Ca current elicited by test pulses to -10 mV. The onset of the to-CTXresistant facilitation increased with increasing prepulse duration along a
biphasic time course with 11/2 ■ -75 and ~2OO ms (n=5). Nimodipine (10
pM) reduced the w-CTX-resistant faciBation current by 47±11% (n=4),
indicating it was carried partly by L-type channels. Agatoxin IVA (200 nM)
had no effect on the o-CTX- and rimodipine-resistant fad Station current,
indicating that P-type channels are not involved. We conclude that there
are at least three pharmacologically and kinetically distinct components of
facilitation Ca currents in granule cells.

MAINTAINED CALCIUM CHANNEL ACTIVITY IN EXCISED PATCHES OF
CULTURED GRANULAR CELLS OF THE CEREBELLUM. R. Lambert and
A. Feltz*. Laboratoire de Neurobiologie Cellulaire, CNRS, associd d
I'Universit6 Louis Pasteur, 5 rue Blaise Pascal, 67084 Strasbourg, France.
To date, a maintained activity of L-type Ca2+ channels has been only
reported in isolated patches of cardiac cells, either after a PKA mediated
phosphorylation of the channels (Ono & Fozzard, 1992, J. Physiol.
454: 673) or after inhibition of proteolysis by calpastatin and addition of
nucleotides: ATP, GTP (Romanin, Groswagen & Schlindler, 1991, Pflugers
Arch. 419: 86). Here, we report that after overnight treatment of neuronal
cells by PTX (1 pg/ml), L-type Ca2 + channels, recorded in presence of
Bay K 8644 (1 pM), conserved their activity until patch rupture (up to
30 min) in at least 50% of excised patches. In contrast, in 95% of isolated
patches from untreated cells, the Ca2+ channel activity disappeared in less
than 3 min.
Channel conductance was similar to the values reported previously
(27 pS) with -1.2 pA amplitude at 0 mV (140 mM K-gluconate internal
solution/105 mM Ba Cl2 and 7 mM KCI external solution), the activation
threshold was -30 mV in presence of Bay K 8644.
Part of the PTX effect may be due to the blockage of the Gj
protein-mediated inhibition on cAMP production since after overnight
treatment of the cells with dibutyryl-cAMP (10-3 M), channel activity was
shown to decline over 11 min following excision of the patch (as compared
to 3 min in control).

R.L. is supported by an Eli Lilly post-doctoral fellowship.
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EFFECTS OF DENERVATION ON BARIUM CURRENTS IN SLOW SKELETAL
MUSCLE FIBERS OF THE FROG. M. Huerta*, C. Vasguez* and X.
Trujillo*. Centro Universitario de Investigaciones
Biomedicas, Universidad de Colima. Apdo. Postal 199,
Colima, Col., 28000 Mexico.
Diverses studies have s^nwn the presence of an inward
Ca2+ current in slow muscle Fibers. We have studied the
effects of denervation on calcium channels in slow muscle
fibers. We used barium in external solution rather than
calcium. Experiments were done on cruralis muscle of Rena
pipiens, using three-microelectrode voltage-clamp technique.
The recording solution contained (mM): TEA(CHL,SO„), '20;
Ba(O-3SO3)2> 10; 3,4-DAP, 5 and sucrose, 350.“The pH was
adjusted to 7.4 with imidazole-Cl. Experiments were
performed at room temperature (20-22°C). Muscle fibers
were identified according to their passive electrical
properties. The Reff was 7.5+0.5 MA(n=9) in denervated
slow fibers and 5.0+0.6 Mft in-12) in normal slow fibers.
The cell holding potential was maintained at -100 mV.
In denervated slow fibers the amplitude of barium currents
were reduced 64.1+7.0 % (n-5) and 53.8_+S.2 % (n_4) respect
of control muscle in 12 and 22 day of denervation
respectivelly. These results suggest that calcium channels
in slow fibers are upon,neural influence.
+ CONACyT fellowship

VOLTAGE-DEPENDENT CALCIUM CHANNEL CURRENTS IN ACUTELY
DISSOCIATED AGED RAT DORSAL ROOT GANGLION NEURONS.

Supported by SEP C89-01-0150 and CONACyT 011*-9C4!366.
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K.M. Kelly**. N. Esmaeil*. R.L. Macdonald**. Depts. of Neurology* and
Physiology*, U. of Michigan, Ann Arbor, Ml 48104.
Voltage-dependent Ca2+ channel currents were obtained by whole cell

patch clamp recordings of acutely dissociated (F344xBN)F1 rat DRG
neurons at 30 mo of age in order to characterize current-voltage relations
and kinetic parameters of Ca2+ channels in aged neurons. DRGs were

bathed in (in mM) CaCI2 5, MgCI2 0.8, KCI 5.3, choline Cl 67, TEA 100,
glucose 5.6, HEPES 10 and recording electrodes contained ATP 5,
GTP 0.1, CsCl 140, CsOH 30, EGTA 10, Hepes 10.
Recordings were obtained from 45 neurons. High threshold currents
(HTCs) were present in all neurons. The activation threshold for HTCs was
—20 mV and the activation time range was -7-20 ms with lmax occurring at
the longer times. A HTC inactivation range of -300-1000 ms resulted from
the variation among neurons and the dependence on clamp potential. The
current-voltage relation peaked at -12 mV and had a reversal potential of
53 mV. Steady state inactivation curves of HTCs were fit by the Boltzman
equation for currents measured at peak (V1/2 = -45.4 mV; S= 12.5) and
at 100 ms (Vv2 = -44.7 mV; SV2 = 12.3). Following patch rupture, HTCs
increased linearly over 8 min to lmax and current rundown at 30 min was
59% lmaxLow threshold currents (LTCs) were present in all neurons and appeared
to be of two types due to kinetic differences. The first type of LTC (60%)
resembled typical T-type currents and had an activation range of -55 mV -20 mV, lmax at -35 mV, an activation time of -12 ms and a 50% inactivation
time of~26 ms at lmax- The second type of LTC (40%) had a similar
activation range, lmax at -20 mV, an activation time of -30 ms and an
inactivation time >500 ms.
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IMMUNOCYTOCHEMISTRY OF VOLTAGE-GATED K+
CHANNELS IN THE RAT DORSAL ROOT GANGLIA (DRG) AND
SPINAL CORD. S. Marchand*. H. Wang. M. Sheng. L.Y. Jan.
Y.N. Jan and A.I. Basbaum. Dept. Health Sciences, UQAT, Quebec,
and Depts. Anatomy, Physiology, Keck Center for Integrative
Neurosci. and Howard Hughes Med. Inst., UC San Francisco, 94143
Voltage-gated potassium channels regulate membrane potential,
neurotransmitter release and neuronal excitability. Since some
neuropathic pain states may arise from changes in the excitability of
spinal cord neurons, we have studied the distribution of the delayed
rectifier K+channels, Kvl.2, 1.3 and 1.4 and the A-type channels,
Kv 4.2 and 4.3, with antibodies directed against unique peptide
sequences of the different channels. Kvl.2, 1.4, 4.2 and 4.3, but not
1.3, labelled DRG cell bodies. Kv4.2 and 4.3 also labelled DRG
nuclei. In the cord, Kvl.2 labelling was concentrated on long dendritic
profiles in lamina I and ventral to the substantia gelatinosa; there was
also light motoneuron labelling. In contrast, we found dense, but not
identical terminal labelling patterns in laminae I, II, lateral V, X and the
lateral spinal nucleus with Kvl.3, 1.4, 4.2 and 4.3. Motoneuron cell
bodies were heavily labelled, particularly with Kv 1.3 and 1.4. None
of the following manipulations altered the pattern of K+ channel
expression: rhizotomy, spinal or sciatic nerve section or loose ligation
to produce neuropathic pain, or hemisection of the thoracic cord. These
data suggest that most of the K+ labelling is associated with neurons
intrinsic to the cord, or that there is a compensatory upregulation of K+
channels that masks changes produced by injury. Supported by FRSQ
DA08377, NS 14627, NS21445, NIMH:P5O MH482OO.

VOLTAGE-GATED CALCIUM CHANNELS IN DEVELOPING CAT
RETINAL GANGLION CELLS. S-J. Huang. D.W. Robinson. R.P.
Scobev. and L.M. Chalupa*. Dept, of Neurology and Section of
Neurobiology, Physiology and Behavior University of California, Davis,
CA95616, USA.
Whole-cell patch-clamp recordings were made from isolated, identified,
RGCs obtained from animals aged E34 to P105. L- and N-type calcium
currents were isolated by ion substitution and holding potential. Between cells
at each age, differences were observed in the relative contribution of these two
currents to the total inward calcium current. The half-point (Va) and slope (Ka)
of the activation curve, fitted with a Boltzmann relationship, did not change
with age for either type of current. For the L-type current, Va and Ka were -2
mV and 7, while for the N-type current, -7 mV and 8, respectively. In contrast,
the half-point (Vi) and slope (Ki) of the inactivation curve for the L-type
current changed significantly from -53±l 1 mV and 22±9 at E34 to -32±I2 mV
and 28±8 (mean±S.D., n=l7) at postnatal ages. Vi and Ki for the N-type
current changed from -62±3 mV and lO±2 (n=5) at E34 to -76±8 mV and
11 ±2 (n=l l) at postnatal ages. The time constants of activation (xm ) and
inactivation (xh), measured over the voltage range described above, did not
change significantly with development. At all voltages, xm for the L-type was
faster than for the N-type current; e.g. 1.8msec compared with 15msec at 25mV . However, x for the L-type was much slower than for the N-type
current; e.g. 6 sec compared to 25 msec at -25 mV.
Supported by NIH grant EY-03991 to LMC; DWR is a HFSP Fellow.
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AGE-RELATED INCREASE IN WHOLE-CELL CALCIUM
CURRENTS IN ACUTELY DISSOCIATED RAT BASAL
FOREBRAIN NEURONS. D.A. Murchison* and W. H. Griffith. Dept.
Medical Pharmacol. & Toxicol., Texas A&M University Health
Science Center, College Station, TX 77843-1114.
Whole-cell patch clamp recording techniques were used to investigate age-related
changes in voltage-dependent calcium currents in acutely dissociated neurons from
Fischer 344 rats of 1-2 months (young) and 24-26 months (aged). Barium (Ba2\ 2
mM) was used as the charge carrier across the calcium channel and interfering
conductances were blocked. We have previously shown that basal forebrain neurons
have both low voltage-activated (LVA) and high voltage-activated (HVA) currents.
We now demonstrate several properties of these currents that change during aging.
From a holding potential of -80 mV, LVA currents were generated using a step
depolarization to -45 mV preceded by a prepulse to -100 mV. LVA current density
in cells from aged rats was significantly (p< 0.05) enhanced versus LVA current
density in young cells (6.1 + 0.5 pA/pF, n-35 and 4.7 + 0.4 pA/pF n=45,
respectively). No change in voltage-dependent inactivation or time-dependent
removal of inactivation was observed. HVA currents displayed similar voltagedependence and voltage-dependent inactivation in both age groups. Whole-cell HVA
currents in young cells were best described by two distributions based on current
density, first a population of approximately 15 pA/pF and a second distribution of
about 45 pA/pF, n-68). HVA currents in aged cells (n-52) were less well fit by two
distributions. When all cells were combined, current density was 31.5 + 2.2 pA/pF
in young and 33.0 + 2.5 in aged cells. Interestingly, in a subset of cells where
cadmium (200pM) was used to block Ba2* currents, a significant increase in HVA
current density was observed in aged cells, 43.4 + 3.9 pA/pF (n-20) versus 32.8 +
3.1 pAAF(n-32, ^<(^.0^). (SiquxpteddyNIHgrantAG07805)

DEVELOPMENT OF LONG C»2+ REPOLARIZATION CURRENTS IN
HIPPOCAMPAL CULTURES. N.M. Porter*. O. Thibault. V. Thibault.
J.L. Geddes and P.W. Landfield. Dept. Pharmacol., U. Kentucky Coll.
Med., Lexington, KY 40536-0084
L-type Ca2+ channels in hippocampal neurons exhibit extensive open
activity after a depolarization pulse ("Repolarization openings", ROs) if they
are recorded with low concentrations of the divalent cation charge carrier
(Ca2+ or Ba2+) that approach physiological levels (Thibault et al, PNAS,
1993). In addition, very long Ca2+ tail-like currents (up to seconds) are seen
in whole cell recordings from hippocampal neurons (Pitler and Landfield,
Brain Res., 1987; Campbell et al. 1990 and Mazzanti et al., 1993 Soc.
Neurosci. Abst.) Although the long tail-like currents resemble artifacts of
poor space clamp control, several lines of evidence suggest they instead
reflect a specific condition of Ca2+ channel activity. However, direct
evidence for this would be a close correlation between single channel activity
on the cell soma and the long Ca2+ tail currents recorded in the cell body.
The present study examined the development of these long tail-like
Ca2+ repolarization currents (RCs) as well as of single channel ROs on rat
hippocampal neurons in culture from the first day in culture through a 27-day
life cycle. Both Ca2+-RCs and ROs were absent on day 1, began to appear
in some cells by day 3, and were prominent by day 6. Ca2+-RCs and ROs
increased further in amplitude and probability, respectively, as the cells grew
and "aged" in culture, being near maximal at the end of the 27-day period,
in the few cells that still survived. In addition, the voltage dependence and
threshold for RCs and ROs corresponded closely at all stages of the culture.
Thus, these data lend further support to the interpretation that very long, taillike Ca2+ currents may represent a previously unrecognized major pathway
of Ca2+ entry. (Supported by AG10836, AGO4542 and Miles, Inc.)
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ION SPECIES SELECTIVITY OF CURRENT-DEPENDENT
INACTIVATION OF A VERY LONG Ca2+ TAIL CURRENT IN
CULTURED HIPPOCAMPAL NEURONS. M.L. Mazzanti *and P.W.
Landfield. Dept. Pharmacol., Univ. Kentucky, Coll. Med., 40536-0084.
In recent years we have described very long tail-like Ca2+ currents
following a depolarization (Ca2+ repolarization current, Ca2+-RC)) in adult rat
hippocampal slice neurons (Campbell et al., 1990, Soc. Neurosci.), as well
as an activity mode of single L-type Ca2+ channels that results in
repolarization openings with a time course similar to Ca2+-RC in cultured
hippocampal neurons (Thibault et al, 1993, PNAS). The Ca2+-RC is highly
sensitive to current-dependent inactivation when Ca2+ or Ba2+ is the charge
carrier (Mazzanti et al., 1993, Soc. Neurosci.).
In this study, we used whole cell patch clamp methods to further
investigate the ion species selectivity of inactivation of the Ca2+-RC in
cultured hippocampal neurons by recording Na+ currents through Ca2+
charnels in divalent free media containing 2 uM TTX (see also Kostyuk et al,
1983). Currents in l4OmM Na+ were large, exhibited the expected shift in
voltage dependence, and also showed pronounced Ca2+-RCs. Twin pulse
studies showed that, unlike the dramatic inactivation of Ca2+-RC seen on the
2nd depolarizing pulse with either Ca2+ or Ba2+ as the charge carrier,
inactivation of Ca2+-RC on the 2nd pulse did not occur in Na+. A gradual
disappearance of Ca2+-RC occurred in Na+ despite the maintained amplitude
of depolarization evoked current, suggesting that, while specifically sensitive
to inactivation by Ca2+, the long Ca2+-RC also may require divalent cations
for its maintained expression.
(Supported by NIA grants AG10836, AGO4542 and Miles Inc.)

HIGH EXTRACELLULAR Ctf* CONCENTRATIONS INCREASE C»2+
CURRENT INACTIVATION IN RAT HIPPOCAMPAL SLICE CA1
PYRAMIDAL CELLS. E. Blalock and P.W. Landfield*. Dept. Pharmacol.,
Univ of Kentucky College of Medicine, Lexington, KY, 40536.
Previous studies (Pitler and Landfield, Brain Res., 1987 and Campbell
et.al., Soc. Neurosci. Abst., 1990) demonstrated a pronounced currentdependent inactivation of Ca2+ currents in hippocampal slice neurons. In both
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current and voltage clamp measures this inactivation was greater in Ca2+ than
Ba2+. However, some inactivation occurred in Ba2+ (see also Kay, 1990) and
further analysis of the current dependence of this inactivation seemed
important.
In the present study, transverse hippocampal slices (450/xM thick) from
adult rats were cut and maintained according to standard procedures.
Inactivation rates of Ca2+ current elicited in 2 or 10 mM Ca2+ were measured
and compared. Ca2+ action potentials were measured in Cs+ loaded, TTX
treated rat hippocampal CA1 neurons. TEA was then added and Ca2+
currents were measured in voltage clamp mode, using the sharp electrode
switching clamp procedure. Neurons recorded in 10 mM Ca2+ exhibited
substantially larger peak currents and greatly increased rates of inactivation
within a 200 mS depolarizing step. Ca2+ currents recorded in 10 mM Ca2+
also exhibited inactivation rates greater than those recorded in 2 mM Ca2+
during a 5 step, 3 Hz depolarizing train. These results parallel those seen in
hippocampal cultures (Mazzanti, et.al., 1993) and implicate current dependent
inactivation as the predominant form of Ca2+ channel inactivation in CA1

pyramidal cells

( Supported by AG10836, AGO4542 and Miles, Inc.).
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PRESYNAPTIC CALCIUM CURRENT AND NEUROTRANSMITTER
RELEASE AT VOLTAGE CLAMPED TERMINALS OF CRAYFISH NEUROMUSCULAR JUNCTIONS. S.N. Wright', M.S. Brodwick2, and G.D. Bittner''.
'Dept, of Zool., Univ. of Texas at Austin, Austin, TX, 78712; Tept of Physiol,
and Biophys., Univ. of Texas Med. Branch, Galveston, TX, 77550.
There are very few intact preparations in which the relationship between calcium
entry and transmitter release can be established (eg. squid giant synapse). We use
a presynaptic two-microelectrode voltage clamp to measure presynaptic calcium
current (IC) and a postsynaptic microelectrode to measure evoked transmitter
release (EPSPs and IPSPs) at opener excitor and opener inhibitor synapses of the
crayfish walking leg. For both excitatory and inhibitory synapses, when the
presynaptic terminals are stepped to various membrane potentials (EJ, the
relationship between If and Em is bell-shaped with If activation at =-35 mV, peak
ICa at =-10 mV, and If suppression at =+3O mV. When presynaptic Em is stepped
to +40 mV for 6-20 msec, transmitter release is suppressed during the pulse and
large amounts of transmitter are released at the "off of the step command.
When postsynaptic responses at the ends of 6 millisecond step commands are
plotted as a function of the peak IC, transmitter release is greater for presynaptic
depolarizations between -5 mV and +25 mV (positive ICj slope conductance limb)
than for than for comparable peak IC’s between -10 mV and -35 mV (negative ICa
slope conductance limb). This observed hysteresis could suggest that a voltage
dependent component contributes to the release process. However, when
postsynaptic responses are plotted as a function of the IC integrals, rather than IC
peaks, this hysteresis is not observed. Thus, transmitter release at crayfish opener
synapses, as in the squid giant synapse, is determined by the amount of calcium
that enters the terminals. Presynaptic IC does not facilitate during twin pulse
facilitation of neurotransmitter release.
This work was supported by NIH Grant #ROl NS 28482 to MSB and GDB.

COMPARISON OF PRE- VS. POSTSYNAPTIC CALCIUM-CURRENT IN RAT
DORSOLATERAL SEPTAL NUCLEUS (DLSN) NEURONS. H. Hasuo1‘ and
J. P. Gallagher2- 1Dept. of Physiol., Kurume Univ. Sch. Med., Kurume 830,
Japan and 2Dept. of Pharmacol. and Toxicol.,The Univ. Texas Med. Br.,

Galveston, Texas 77555, U.S.A.
The present study was designed to investigate the contribution to
synaptic transmission made by several types of calcium(Ca) channels found
in the central nervous system and the Ca-currents recorded from the
postsynaptic membrane of rat DLSN neurons in a slice preparation.
Postsynaptic potentials (EPSPs and LHPs) were recorded with conventional
intracellular microelectrodes (3M KAc) in bicuculline-containing normal
extracellular solution. High voltage-activated (HVA) Ca-currents were
recorded using the whole-cell patch-clamp technique (CsCH3SO3-electrode
containing an ATP regenerating system) with a modified extracellular
solution(Ca2 + replaced with Ba2+). Several subtype-specific HVA Ca-current
blockers, such as nicardipine (10 pM), a-conotoxin(CgTX) GVIA (1 pM), or
u-Agatoxin(Aga)-IVA (2OOnM), had little effect on the amplitude of the HVA
Ca-current recorded by voltage jump from -90 mV to -10 mV (~10%
inhibition, n = 2-5).
This HVA Ca-current was blocked by cadmium
(200 pM). On the other hand, EPSPs and LHPs were reduced significantly
by w-CgTX GVIA (1 ^M) (~45% & ~35% inhibition, n = 4) or tv-Aga-IVA
(2OO nM) (~55% & ~70% inhibition; determined after 30 min, n = 3).
Combination of these toxins produced almost 100 % inhibition of EPSPs and
LHPs. Nicardipine(1O pM) did not effect synaptic transmission. These
results suggest that: 1) different types of Ca-channels are located at prevs. postsynaptic sites; and, 2) N-type and P- (and/or Q-) type Ca-channels
play an important role in transmitter release in the rat DLSN.
(Supported by MH-39163)
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EVIDENCE FOR COEXISTENCE OF N AND Q TYPE VOLTAGE-OPERATED
CALCIUM CHANNELS ON PRESYNAPTIC TERMINALS RELEASING
NOREPINEPHRINE IN HIPPOCAMPAL SLICES. J. R. Bostwick'and R.P. Julien.
Dept. Biology, Fisons Pharmaceuticals, 755 Jefferson Rd., Rochester, NY 14623
Neurotransmitter release is triggered by a cooperative action of calcium ions
entering presynaptic nerve terminals through voltage-operated calcium channels.
Peptide toxins have been used to pharmacologically identify the channel subtypes
mediating neurotransmitter release in various brain regions. Recent studies indicate
that multiple channel subtypes can coexist on presynaptic terminals to regulate release
of specific transmitters. Thus, inhibition of N and Q type channels block glutamatergic
synaptic transmission at the hippocampal CA3-CA1 synapse (Wheeler et. al (1994)
Science 264,107-111) whereas N and P type channels appear to mediate GABAergic
transmission in the cerebellum (Takahashi and Momiyama (1993) Nature 366,156158) and high potassium evoked release of dopamine in the striatum (Turner et. al
(1993) PNAS USA 90, 9518-9522). Norepinephrine (NE) release evoked by high
potassium in hippocampal slices is partially inhibited by ©-GVIA, a specific inhibitor
of N-type channels. o-MVIIC blocks release in a biphasic, concentration-dependent
manner by selective inhibition of the Q (O) type channels at low concentrations and
additional inhibition of N and/or P channels at high concentrations (Ramachandran
et. al. 1992). In order to determine if N, P and Q type channels regulate NE release
from the same or separate populations of presynaptic terminals, we measured the
extent to which selective blockade of these channels would inhibit this process.
Inhibition of N-channels with 1 pM ©-GVIA reduced fa-NE release evoked by 25
mM potassium by 50%. P channels Mid not appear to be involved since release was
not inhibited by 100 nM ©-AgalVA in the presence or absence of 1 pM ©-GVIA.
However, at 1 pM ©-Aga IVA, a concentration which additionally blocks Q but not
N channels, release is inhibited by 80%. Thus, the sum of inhibition by individual
blockade of N and Q channels exceeds 1(X)%, indicating that these channels coexist
on the same population of nerve terminals which release NE in the hippocampus.

CALCIUM DEPENDENT PREPOTENTIALS IN HISTAMINERGIC NEURONS OF
THE RAT HYPOTHALAMUS IN VITRO. D.R.Stevens* and H.L . Haas.
Physiology II, Heinrich-Heine-Universitat,40001 Dusseldorf,Germany
Histaminergic neurons of the rat hypothalamus were studied using
electrophysiological methods in an in vitro brain slice preparation.
Histaminergic neurons of the tuberomammillary nucleus (TM) were
identified by their location and by their electrophysiological properties.
TM neurons exhibited spontaneous action potentials as well as
subthreshold depolarizing potentials (DP s). Depolarizing potentials
persisted in the presence of TTX, were voltage-dependent and were
reduced by cadmium. DP s occurred spontaneously and followed
recovery from either the slow AHP or the transient outward current.
DP s were enhanced by either TEA or barium. In the presence of
TEA (10 mM) or barium (2 mM) DP's activated plateau potentials
which were blocked by cadmium or cobalt. Incidence of spontaneous
plateau potentials was reduced by nickel while plateaus elicited by
depolarizing steps were unaffected. Plateau potentials as well as
action potentials may be initiated by a low threshold TTX-insensitive
current in TM neurons. Low threshold calcium potentials are not
observed in TM neurons, due to strong transient outward current
which activates under similar conditions. DP's are strongly damped by
outward potassium currents. Modulation of these currents may be. an
important mechanism for regulation of histamine release. This research
was supported by Deutsche Forschungsgemeinschaft and Human
Frontier Science Program.
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TRANS-SYNAPTIC GENETIC REGULATION BY cAMP AND Ca2+ IN
CEREBELLAR GRANULAR NEURONS. F. Barthel, A.L. Boutillier, J.L.
Roberts*, and J.P. Loeffler. Lab of Physiology, URA 1446, Univ. Louis
Pasteur, 21 rue Rene Descartes, 67084 Strasbourg Cedex France. *The Mt.
Sinai Medical Center, One Gustave Levy Place, New York, NY 10029-6574.
In CNS neurons, different receptors are implicated in the regulation of
second messengers such as cAMP and Ca++. To study cAMP and Ca++
dependent pathways, a chimeric gene bearing the minimal palindromic
consensus CRE (TGACGTCA) linked to the CAT reporter gene, was
transfected into primary cerebellar neurons. Stimulation with either forskolin
(FK, 5 10"6 M), a direct activator of adenylate cyclase or with the depolarizing

DUAL PULSE CHARACTERIZATION OF CALCIUM CHANNEL POTENTIATION IN RAT HIPPOCAMPAL NEURONS. Eee T. Kavalali and Mark R,
Plummer* Dept, of Biological Sciences, Rutgers University, Piscataway, NJ 08855.
Dual pulse stimulation protocols were used to examine voltage-dependent potentiation of a kinetically distinct dihydropyridine-sensitive calcium channel (Lp
channel) in cell-attached single-channel recordings from rat hippocampal neurons. A
series of test pulses (160 msec) were optionally preceded by a “conditioning”
prepulse (+40 mV, 160 msec) with a delay of 50 msec at -90 mV.
In the absence of the prepulse, test pulses elicited few or no openings of the Lp
channel at voltages from -50 to -20 mV (A. Two sweeps and idealized average
current). Following prepulses, however, the responses of the Lp channel were
dramatically enhanced, showing a > 10 fold increase in open probability (B. Two
sweeps and idealized average current). The prepulse-induced increase in Lp activity
was largest for relatively negative test pulse voltages and was absent for larger (>+10
mV) test potentials (C. Open prob. vs. Test pot.). Our initial experiments have also
revealed an increase in the amount of potentiation in response to the application of
activators of cAMP-dependent protein kinase.

agent K+ (25 mM) which increases intracellular free Ca++ by means of
opening voltage-dependent Ca++ channels increase transcription from this
minimal cAMP-responsive gene. Combination of both treatments resulted in
a synergistic transcriptional activation, a result reminiscent with that observed
in differentiated PC12 cells. These results indicate that synergistic activation
of transcription by cAMP and Ca++ is a general feature in neuron-like cells.
Stimulation with KCI did not modify forskolin-induced cAMP accumulation.
Genetic inactivation of the cAMP dependent protein kinase (PKA) with a
dominant inhibitory mutant of this enzyme suppressed Fk stimulation. A
similar inhibition of Fk stimulated transcription was obtained by inactivation of
the transacting factor CREB. Interestingly, genetic inactivation of PKA and
CREB did not significantly modify the Ca2+ mediated CRE activation. These
results show that synergistic activation of the CRE by cAMP and Ca2+ is
mediated by two distinct regulatory pathways. Such a mechanism may
operate under physiological conditions since co-activation of cAMP (CRH,
PACAP) and Ca2+ (excitatory amino acids) coupled receptors also result in
synergistic activation of the CRE.
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ENHANCEMENT OF CALCIUM CURRENTS BY A PHORBOL ESTER IN
CULTURED PEPTIDERGIC NEURONS . J. E. Richmond*, E. Sher and I. M.
Cooke. University of Hawaii, Pacific Biomedical Research Center, Honolulu, HI
96822.
Activation of protein kinase C (PKC) has been shown, in both vertebrate and
invertebrate systems to stimulate synaptic transmission, increase calcium
currents (^), and cause recruitment of Ca2+channels. Cell cultures of crab
peptide secreting X-organ neurons provide a useful model to study the
molecular mechanisms underlying the increases in Ca2+ channel density
induced by PKC activation. These neurons regenerate in culture and reach a
stable morphology within 3 days of plating. They express high-voltage-activated
kZa (Vthreshold= -4O*V, Ic^peak =+lOmV, V1/2 =-8mV, z=3.6e) which are
insensitive to currently available toxins and dihydropyridines. In this study we
have established that the phorbol ester TPA (12-O-tetradecanoyl-phorbol-13acetate) a PKC activator, augments I<^ in these neurons. TPA at lOOnM
increased I<^ density (pA/pF) by 43.3±19.2 % in 3 experiments (mean±s.e.m,
n=2O TPA, n=l7 control cells in dimethyl sulphoxide). 2O(OiM TPA in 3
experiments caused an increase of 74.3±I4.3% (mean±s.e.m, n=19 TPA, n=l9
control cells). The increase in density was not due to significant changes in the
capacitance of TPA treated cells. The inactive phorbol ester 4a-phorbol was
without effect. TPA was applied 1S-7S min prior to establishing whole-cell
patch recordings, and continued to be present during data acquisition. Small
increases in the peak 1^ were also observed in a few cells within seconds of
micro perfusion of TPA. Nystatin perforated patch experiments are in progress
to study the kinetics of this process. Since the effects of TPA were predominant
in day 3 cells we are also pursuing die possibility that the PKC sensitivity of
Ca2+ channel recruitment in these neurons is developmerUtUly regulated.

RAPID RECRUITMENT BY K+ AND TPA OF VOLTAGE-OPERATED CALCIUM CHANNELS TO THE PLASMA MEMBRANE OF NEUROENDOCRINE
AND NEURONAL CELLS. M. Passafaro. P. Rosa. F. Clementi*. E. Sher. CNR
Center of Cytopharmacology, Department of Medical Pharmacology, University of
Milan, Via Vanvitelli 32,20l29, Milan, Italy
In undifferentiated neuroblastoma cells, coConotoxin (cxtx) and Cd2+, two selective blockers of neuronal voltage-operated calcium channels (VOCCs), induce a continuous recruitment to the plasma membrane of an intracellular pool of (VOCCs)
(Passafaro et al. Neuron 12, 317-326, 1994 ). We now describe a new modulatory
event: a rapid recruitment of 125I-Cctx binding sites to the plasma membrane of differentiated neuroblastoma cells (IMR32) and rat pheochromocytoma cells (PC 12) induced by elevated [K+] and the phorbol ester TPA. At 37°C, 10'-15' incubation with
either 55 mM K+ or 20-40 nM TPA stimulated a 2.5 fold increase in surface ^I-axtx
binding sites. Fura-2 experiments showed that the recruited binding sites corresponded
to functional voltage-operated Ca2+ channels. K+-induced recruitment was inhibited
in absence of extracellular Ca2+ and blocked by 100 pM Cd2+. Depolarization of the
plasma membrane in the presence of extracellular Ca2+ stimulated also the rapid release in the medium of the granins, a family of regulated secretory protein present in a
wide variety of neuronal and neuroendocrine cell types. BFA, a drug that inhibits
budding of regulated and constitutive vesicles from the TGN but does not block the
depolarization-induced release of granins, was ineffective in blocking K+-induccd recruitment of 125I-tflctx binding sites. Calphostin C, a selective PKC inhibitor, completely prevented TPA-induced recruitment and partially suppressed also K+-induced recruitment in all cell types tested. These data indicate the presence in neuronal cells of
an intracellular pool of VOCCs with rapid recruitment to the plasma membrane.
Interestingly, this phenomenon is triggered by physiological stimuli which modulate
fusion with the plasma membrane of regulated secretory vesicles.

375.5
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DYNORPHIN A-MEDIATED INHIBITION OF HIGH THRESHOLD CALCIUM
CURRENTS IN RAT DORSAL ROOT GANGLION NEURONS IS
DECREASED BY CONSTITUITIVELY ACTIVE PKC (PKM) K.E. Hall%.
M.D. Browning#.E.M. Dudek# and R.L. Macdonald+@. Depts. of Neurology+
and Physiology@, U. of Michigan, Ann Arbor, Ml 48109,
Dept. of
Pharmacology#, U. of Colorado, Denver, CO 80262.
We have previously shown that a constituitively active form of PKC (PKM)
increased multiple high threshold Ca2+ currents (Hall et al., Soc. Neurosci. 19:
703, 1993). Dynorphin A (Dyn A), a kappa opiate agonist, is known to
decrease N-type high threshold calcium currents via an inhibitory G proteincoupled mechanism. We examined the effect of PKM (20 nM) and PKM+PKC
inhibitor peptide (PKM 20 nM; PKC-I 4 pM) administered via the recording
micropipette, on Dyn A-mediated inhibition of N-type current. Nifedipine 3 pM
(L-type antagonist) was added to the bath solution, and 1 pM Dyn A and 10
pM ooConotoxin GVIA (ooCgTX, N-type antagonist) were administered by
pressure ejection from blunt pipettes placed close to the isolated neurons.
Currents were evoked from a holding potential of -80 mV to a clamp potential
of 10 mV. Compared to control neurons dialyzed with 20 nM buffer, the Dyn
A-mediated inhibition was significantly smaller in PKM-treated neurons
(control: pre Dyn A 2.5+0.4 nA; post Dyn A 1.8+0.5 nA (n=7); 21% decrease,
PKM: pre Dyn A 3.4+0.4 nA; post Dyn A 3.1+0.4 nA (n=6), 9% decrease).
Addition of PKC-I to the PKM-containing solution partially restored the
inhibitory effect of Dyn A (pre Dyn A 1.4+0.3 nA, post Dyn A 1.2+0.2 nA
(n=6), 13% decrease). The decreased effectiveness of Dyn A in PKM-treated
neurons was not due to a decrease in the proportion of N-type current, as o>CgTX decreased the currents by 38+7 % in controls and 47+6 % in PKMtreated neurons. Following uoCgTX application, there was no significant
difference between controls, PKM- and PKM+PKC-l-treated neurons in the %
decrease due to Dyn A. Dialysis with a constituitively active form of PKC
(PKM) decreased inhibition mediated by the kappa opioid agonist Dyn A,
presumably through phosphorylation of the receptors, Ca2+ channelassociated structures, or possibly the channel itself. This work was supported
by NIDA grant DA04122 to RLM and MRC Centennial Fellowship 99-231-7200-1006 to KEH.

OPIOID-INDUCED INHIBITION OF HVA CALCIUM CURRENTS AND 5-HT
SECRETION IN HUMAN SMALL CELL LUNG CANCER CELLS. P. Cesare. A.
Polio. V. Magnelli. A. Codienolay. E. Sher#, F. Clementi# and E. Carbone*. Dept.
of Anatomy and Human Physiology, Univ. of Turin, Italy. W CNR Ctr.
Cytopharmacology, Univ. of Milan, Italy.
Small cell lung cancer cells release opioid peptides, which in turn depress
proliferation acting in an autocrine inhibitory loop (see Codignola et al., 17th ENA
Meeting, 1994). We have studied the 8-opioid agonist DPDPE effects on HVA Ca
channels and on the mitogen hormone serotonin (5-HT) secretion from GLC8 cell
line. Whole-cell recordings in lOmM Ba revealed two groups of cells, one with
currents activating at -2OmV and peak around OmV (20% of cells), the other with
initial activation at OmV and peak around +20mV. Only the first group expressed Ltype channels, consistent with the more negative activation range of these channels.
In both groups, DHP-resistant currents were highly sensitive to 3pM ©-Conotoxin
GVIA (©-CgTx), with full block in 25% of the cells, but a residual current fraction
in the remaining 75% (n=l2). Experiments are under way to assess the sensitivity to
©-Agatoxin IVA and ©-CgTx MVIIC. DPDPE inhibited Iga in a dose- and voltagedependent manner (40 to 80% maximal block at 3O0nM) and the inhibition could be
partly (80%) relieved by a 50ms prepulse to +90mV (facilitation). Facilitation was
also present at control, suggesting the presence of a tonic inhibition. GTP-y-S (lOOp
M) mimicked, and GDP-P-S (5OOpM) and Pertussis Toxin (PTX, lOOng/ml, 12-24h)
inhibited both tonic and opioid-induced inhibition, indicating a PTX-sensitive Gprotein involvement in these modulations. In cells with prominent L-currents,
DPDPE had no effect on BayK-gnhancgU currents, leaving the slow tails unaffected.
The small size of residual non-L, non-N current prevented accurate estimate of
DPDPE effects, but the prevalence of ©-CgTx-sensitive channels and the high degree
of opioid inhibition point toward a dominant N-type channel involvement. KC1induced 5-HT release from GLC8 cells was also strongly blocked by DPDPE in a
dose-dependent manner, an effect antagonized by both naloxone and PTX.
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Ca2 + INFLUX IN SLICED AND ACUTELY DISSOCIATED DENTATE GRANULE
CELLS IS INHIBITED BY NEUROPEPTIDE Y-1 RECEPTORS
A.R. McQuiston*. J.J. Petrozzino1, J.A. Connor1 and W.F. Colmers. Dept.
Pharmacol., Univ. Alberta, Edmonton, and 1Roche Inst. Mol. Biol. Nutley, NJ.
Neuropeptide Y (NPY) inhibits Ca2+ influx into some peripheral neurons, and
inhibits synaptic transmission in the central and peripheral nervous systems,
apparently by inhibiting Ca2+ influx into at least some presynaptic terminals.
These responses are mediated largely by Y2 NPY receptors. In rat dentate gyrus
(DG), although NPY is more concentrated than elsewhere in hippocampus, it has
no effect on synaptic transmission. However, the receptors for NPY in DG are
reported to be mostly of the Y, subtype, which has been reported to potentiate
Ca2 + influx in a variety of cell types, including nodose ganglion neurons. We
tested the possibility that NPY would potentiate Ca2+ influx into dentate granule
cells (DGC's) using several approaches.
DGC's in 400 pm thick rat hippocampal slices were filled with fura-2 (200
pM) in a K+ gluconate-containing solution via a patch pipette, and held near
their resting membrane potential (-55 to -70 mV). Resting [Ca2+]( levels were
determined to range between 20-140 nM. Voltage steps (500 msec) to -10 mV

VIP INHIBITS N-TTPE Ca2+ CHANNELS OF SYMPATHETIC
NEURONS VIA A G Sa-DEPENDENT PATHWAY. Yu Zhu &
Stephen R. Ikeda*. Department of Phanmacology and Toxicology,
Medical College of Georgia, Augusta, Georgia 30912-2300.
Modulation of voltage-gated Ca2+ channels of adult rat superior
cervical ganglion neurons by vasoactive intestinal polypeptide (VIP)
was investigated using the whole-cell variant of the patch-clamp
technique. VIP produced a concentration-dependent inhibition of
Ca2+ currents with an IC50 of 3 pM and a maximal inhibition of 47%.
VIP (10 pM) modulated primarily the N-type Ca2+ channels and an
unidentified current component. VIP induced a voltage-dependent
current inhibition, slowed the rising phase of the step currents, and
shifted the tail current activation curve to a more depolarized
potential. VIP-induced current inhibition was partially relieved by a
preceding conditioning pulse and abolished by inclusion of 2 mM
GDP-p-S to the pipette solutions. VIP-mediated current inhibition
was not sensitive to pertussis toxin but was diminished by
pretreatment with cholera toxin. The effect of VIP was attenuated in
neurons injected with antibodies targeted against the Gsa. In contrast,
VIP-mediated inhibition was independent of cAMP, protein kinase A
(PKA) or “soluble” messenger. The results suggest that VIP, an
abundant neurotransmitter in the peripheral and central nervous
system, modulates Ca2+ channels through a novel signal transduction
pathway which requires the Gs-protein subtype, but is independent of
PKA-mediated phosphorylation. Supported by an NIH grant (SRI).

from rest resulted in increases in [Ca2+]( of 198 ± 29 nM (soma) and 657 ±129
nM (dendrites). Application of 1 pM NPY did not affect resting (Ca2+]f levels, but
caused a washout-reversible reduction in the depolarization-induced increase in
the soma by 22±11%, and in the dendrite by 43±5% (n = 6). Attempts to
study Ca2+ currents in DGC's with slice-patch recordings were unsuccessful.
We recorded Ca2+ currents in acutely dissociated DGC's. Peak Ca2+
currents varied from about 200 to 1000 pA. Application of NPY, PYY and the
Y, receptor selective Leu3\ pro34 NPY inhibited the Ca2+ currents by 25 ± 4%
(n = 17). NPY effects reversed upon washout. The Y2 receptor agonist NPY 1336 was ineffective in 2 cells.
The high levels of NPY in dentate gyrus are therefore unlikely to potentiate
Ca2* influx, instead, they appear poised to play a role in the suppression of
Ca2+ influx, possibly in response to relatively high levels of activity.
Supported by MRC Canada. WFC & ARM have salary support from AHFMR.
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CANNABINOIDS, ACTING VIA THE CB-1 RECEPTOR,
INHIBIT A NON-L, N, P, T CALCIUM CHANNEL. L

SOMATOSTATIN INHIBITS Ca2+ CURRENT AND DECREASES
TRANSMITTER RELEASE VIA SOLUBLE SECOND MESSENGERS.
S.D. Meriney1*, D.B. Gray2 and G.R. Pilar3. tDept. of Neurosci.,
Univ. of Pittsburgh, Pgh, PA 15260. 2Dept. of Biology, Simmons
College, Boston, MA 02115. 3Dept. of Physiol. & Neuro., Univ. of CT,
Storrs, CT 06269.
Direct measurement of ACh release from intact synapses of ciliary
ganglion neurons implicate nitric oxide and cGMP-dependent protein
kinase (PKG) in a cascade that couples somatostatin (SOM) receptors
to inhibition of ACh release ' (Gray et al., Soc. Neurosci. Abst. 19:1177).
Here we report the use of direct measurements of ACh release and
perforated patch recordings of calcium current from acutely
dissociated ST 40 ciliary ganglion neurons. As at intact synapses,
ACh release was blocked by 100 nM SOM, and this inhibition could be
reversed by 100 pM Rp-8-pCPT-cGMPs (a selective inhibitor of PKG).
In these cells, SOM inhibited Ca2+ current in both whole cell and
perforated patch recordings. However, in whole cell recordings, SOM
effects rapidly desensitized suggesting the loss of a soluble component.
This desensitization appeared in perforated patch recordings when
PKG was inhibited by Rp-8-pCPT-cGMPs. Activation of PKG by Sp-8Br-cGMPs mimicked the effect of SOM on ACh release and Ca2+
current. Therefore, SOM receptors trigger a signal transduction
cascade that includes both membrane-delimited and soluble
messengers that together cause a sustained inhibition of neuronal Ca2+
current leading to a decrease in transmitter release. Supported by NIH
NS10338, NS 32345 & NSF IBN-9213204.

Mackie.* Y. Lai, and R. Mitchell. Depts. of Anesthesiology,
Physiology and Biophysics, Univ. Wash., Seattle, WA and Panlabs,
Bothell, WA.
Synaptic transmission is a likely target of cannabinoids. Previously
we found that cannabinoids, acting via a G protein-coupled receptor,
inhibit N-type calcium currents
and activate an inwardly rectifying
potassium current. As synaptic transmission in the CNS is mediated via
additional subtypes of Ica, we have investigated the modulation of a
high-voltage-activated dihydropyridine (DHP)-, o/ZgTX GVIA-, and
©AgalVA-insensitive current in AtT2O cells transfected with the rat
brain cannabinoid receptor (CB-1). The cannabimimetic WIN 55,212-2
(100 nM) did not inhibit the nifedipine-sensitive Ica, but did decrease
the nifedipine-insensitive current by 32±3% (n=7). This inhibition was
voltage dependent and pertussis toxin sensitive. An endogenous
cannabimimetic, anandamide (300 nM), was as efficacious in inhibiting
Ica as was WIN 55,212-2. The DHP-insensitive current was resistant
to 200 nM ©AgalVA and 1 pM oCgTX GVIA, but was reduced by
>55±8% (n=6) by 5 pM g £TX MVIIC. Pretreatment by 5 pM ©CTX
MVIIC reduced inhibition by 100 nM WIN 55,212-2 to 8±3% (n=5).
As the pharmacology of the Ica inhibited by cannabinoids in these cells
is similar to an Ica involved in LTP in the CA1 region of the
hippocampus, it is likely that cannabinoids can disrupt synaptic
transmission at CB-1-expressing synapses.
(Supported by the Keck Foundation, a McKnight Research Award,
and the NIH--NS01588 and NS08174.)
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COUPLING OF N-TYPE Ca2+ CHANNELS TO G-PROTEINS AND
SOMATOSTATIN RECEPTORS IN HEK 293 CELLS P.T. Toth* and R.J.
Miller. Dept. of Pharmacol, and Physiol. Sci., Univ. of Chicago, Chicago, IL
60637
G-proteins mediate neurotransmitter inhibition of N-type voltage sensitive Ca2+
channels. The aim of the present study was to investigate the interaction between
the N-channels, G-proteins and somatostatin receptors in HEK 293 cells. HEK 293
cells are known to express the somatostatin receptor SSTR2 as well as Giai and
Gia3 (I). These cells were transfected with human N-type Ca2+ channels consisting
of aiB-l«2bPl-3 subunits (kind gift of SIBIA Inc.). Whole cell Ca2+ currents
through N-channel were recorded using the whole cell variant of the patch-clamp
technique. A double pulse voltage clamp protocol with or without an intermittent
depolarization revealed, that GTPyS (300 pM, in the pipette solution) inhibited the
Ca2+ current during the first pulse and depolarization to positive voltages (Vtest =
+80mV) before the second test pulse relieved this inhibition. This suggests that the
expressed Ca2+ channels are coupled to endogenous G-proteins. The somatostatin
analog (D-Trp8-Somatostatin, 3O0nM) reduced the whole cell Ca2+ current in HEK
293 cells. The inhibition was reversible and repeatable. The inhibition of Ca2+
current by the somatostatin analog was also attenuated by the prepulse
depolarization. Inhibition of Ca2+ current by the somatostatin analog was prevented
by overnight PTX (2OOnjgml) pretreatment of the cells. However, the same PTX
pretreatment did not eliminate the Ca2+ current inhibition by intracellularly applied
GTPyS. These results demonstrate that the expressed N-type Ca2+ channels are
coupled to the endogenous signaling machinery in HEK 293 cells.
(1). Law et al., (1993) J. Biol. Chem., 268, 10721-10727

INHIBITORY ACTION OF ETHANOL ON DIHYDROPYRIDINESENSITIVE L-TYPE Ca2+ CHANNELS IN UNDIFFERENTIATED (UND)
PC12 CELLS IS MEDIATED BY Q D. Mullikin-Kilpatrick* and S. N.
Treistman. Department of Pharmacology and Program in Neuroscience,
University of Massachusetts Medical Center, Worcester, MA. 01655.
There is growing evidence that neurotransmitter inhibition of voltagedependent Ca2+ channels is transduced by the pertussis toxin (PTX)-sensitive
family of guanine nucleotide regulatory proteins (G proteins). We examined
the effects of acute exposure to 25 mM ethanol on L-type Ca2* channels in
UND and nerve growth factor (NGF)-treated (50 ng/ml for 7-10 days) PC12
cells using whole-cell patch clamp techniques. Ethanol reduced currents in
UND cells by -42% which is significantly more than the —22% observed
in NGF-treated cells. Internal perfusion with GTPyS mimicked the ethanol
inhibition of current, while GDP/3S reduced ethanol inhibition to —11% in
UND cells without altering inhibition in NGF-treated cells. PTX pretreatment significantly decreased the effect of ethanol to -5% inhibition in
UND cells while having no effect in NGF-treated cells, implicating the
involvement of a PTX-sensitive G protein in ethanol inhibition in UND cells.
Internal perfusion with an affinity purified antibody to the C-terminal of the
a subunit of the G;l&2 proteins significantly reduced ethanol inhibition to
~18%, whereas anti-Goal (G„oaA) or G„a2 (GoaB) antisera had no effect.
None of these antibodies had any effect on ethanol inhibition of currents in
NGF-treated cells. These results indicate that the G protein G;al or 2
modulates ethanol inhibition of Ca2+ channels in UND cells but not in NGF-

treated PC12 cells. Supported by NIH grant AAO5542.

375.13
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CONCENTRATION DEPENDENCE OF NEUROTRANSMITTER
INHIBITION OF CALCIUM CURRENT IN RAT SYMPATHETIC
NEURONS. Keith S. Elmslie* & Ingrid Ehrlich Dept, of Physiology,
Tulane University Medical Center, New Orleans, LA 70112.
Disruption of G protein-channel coupling is hypothesized to
mediate voltage-dependent reversal of calcium current inhibition. This
is supported by data from chick and frog sympathetic neurons showing
that reinhibition at -80 mV following strong depolarization depends on
G protein concentration (Golard & Siegelbaum, J. Neurosci. 13: 3884;
Elmslie & Jones, J. Physiol, in press), but Kasai (J. Physiol. 448:
189) found no concentration dependence in mammalian NG-108 cells.
We used rat sympathetic neurons as a mammalian model to
examine reinhibition. Norepinephrine was used to alter the amplitude
of inhibition, which reflects G protein concentration. The reinhibition
of calcium current at -80 mV following strong depolarization was fit by
a single exponential function. Data from 5 cells show that reinhibition
becomes faster as the size of the inhibition increases (Fig.). This result
is consistent with the hypothesis of direct G protein-channel coupling.

3p,5a-TETIAHYDRODEOXYCORTICOSTERONE: POTENT CALCIUM
CURRENT INHIBITION VIA PTX-SENSITIVE G-PROTEINS BUT WEAK
GABAa POTENTIATION IN GUINEA-PIG AND RAT HIPPOCAMPAL CA1

Supported, by PMAF.

Figure: TAUs from single exponential
fits to reinhibition are plotted against the
ratio of postpulse current (following a
30 ms step to +80 mV) to prepulse
current (preceding the +80 mV step).
This ratio was used as an index of
inhibition. Larger inhibitions result in
larger ratios. Prepulse and postpulse
voltage was -10 mV.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

Dept. Pharmacology, Zeneca Pharmaceuticals, Zeneca Inc., Wilmington, DE 19897.
The steroid 3p, 5a-tetrahydrodeoxycorticosterone (TDOC) was examined on voltage
gated Ca2" channel currents and the GABAA-gated inward Cl' current in freshly dissociated pyramidal neurons from the adult rat and guinea-pig (GP) hippocampal CA1 neurons
using the whole-cell patch clamp technique. The steady-state inhibition of the peak Ca2+
current evoked by depolarizing steps from -80 to -10 t V occurred in a reversible, and
concentration-dependent manner with IC50's of 2 and 6 pM in rat and GP, respectively.
Inhibition obtained a plateau at 10 nM with no further change at 1 and 10 pM TDOC;
maximal current inhibition was 27% of total current in both rat and GP. In the presence
of 10 pM u--<x>notoxin (CgTX), 1 pM TDOC inhibition was unchanged in rat and GP.
With 10 pM nifedipine (NIF) alone or with both NIF & CgTX, the 1 pM TDOC inhibition was significantly (P<0.05) dimin^ned. TDOC had no effect on the CgTX/NIFinsensitive Ca2+ current in rat and GP. Intracellular dialysis of GDP-P-S (500 pM) significantly (P<0.03) diminished the 1 pM TDOC inhibition in rat (n=4) and GP (n=7), respectively. In neurons dissociated from animals treated by chronic pertussis toxin (PTX)
infusion (1000ng/24 h/48 h), the 1 pM TDOC Ca2" current inhibition was significantly
(P<0.05) diminished in rat (n=4) and GP (n=4). TDOC weakly potentiated the GABAa
inward current at 100 nM (10% increase) with a maximal increase of 25 and 28% at 10
pM TDOC in rat (n=5) and GP (n=5), respectively. In rat and GP (n=4 each), the GABA
(Vh -50 t V) enhancement was insensitive to PTX treatment and was reversibly blocked
by 10 pM picrotoxin. Thus the steroid TDOC very potently modulates a fraction of the
total whole-cell Ca2+ current via a PTX-sensitive G-protein mechanism. At concentrations far exceeding maximal Ca2+ current inhibition, there is weak enhancement of GABA.
The results also suggest a common mechanism of action and a lack of interspecies
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CHRONIC DOPAMINE D2 RECEPTOR REGULATION OF [CA2+], AND POMC
IN PRIMARY PITUITARY MELANOTROPES. S.J. Morris*. D.M. Beattv. P.
Sharma and B.M. Chronwall. Div. of Cell Biol, and Biophys. & Div. of Mol. Biol,
and Biochem., Univ. of Missouri-Kansas City, Kansas City MO 64110-2499.
We present experiments which show that chronic dopamine D2 receptor
stimulation in intermediate lobe melanotrope cultures regulates both POMC mRNA
levels and the activity of L-type calcium channels and, furthermore that at least the
former is accomplished through c-fos. D2 receptor stimulation of cultured
melanotropes depresses both these activities, while D2 receptor antagonist application
increases them. When tested at least two hours after any drug was removed, culture
day 10, 16 and 20 control cells displayed increasingly larger rises in [Ca2*], to K*
depolarization, which were paralleled by increasing POMC mRNA levels, indicating
an increase in the biosynthetic activity of the cells in the absence of dopaminergic
innervation. When treated with 1 pM bromocriptine from day 1, c^lls showed very
small changes in these measures compared day 10 values. If bromocryptine was
added to controls on day 16, the Ca2* responses and POMC mRNA declined at day
20; removal of the agonist on day 16 resulted in the reappearance of increased
responsiveness and high mRNA levels. Thus, in vitro inhibitions can be initiated or
reversed with application or withdrawal of drug.
Cultures were treated with antisense deoxyoligonucleotides (ADN) directed
against the start codons of the D2 receptor and c-fos. When applied to day 16
cultures, D2 receptor ADN had no effect upon L-type calcium channel activity and
furthermore blocked the depressive effect of D2 agonist treatment, c-fos ADN
blocked the K*-dependent rise in [Ca2*].. The D2 antagonist haloperidol was unable
to reverse the effect of the c-fos ADN. These results as well as others support the
interpretation that the dopamine D2 receptor regulates synthesis of L-type calcium
channels through suppression of c-fos.

METABOTROPIC GLUTAMATE RECEPTORS INCREASE L-TYPE
CALCIUM CURRENT IN CEREBELLAR GRANULE CELLS.

P. Chavis. L. Faoni, J. ftKtaert* and J. B. Lansman.

Department of Pharmacology, School of Medicine, University of California,
San Francisco, CA 94143 and CCIPE-UPR 9023,
rue de la Cardonille 34094 Montpellier Cedex 5-France
Cerebellar granule cells release the excitatory transmitter, glutamate,
which may act at metabotropic glutamate receptors (mGluR) to modulate
presynaptic Ca channels. We recorded whole-cell Ca channel currents
with Ba as the charge carrier from granule cells in culture (~7 DIV).
Application of the mGluR agonists t-ACPD (200 mM) or L-CCG-I (1 pM),
but not AP4, reduced IBa by 31±2% (n=18) and 4O±7% (n=11),
respectively. Inhibition took ~4 min to reach a maximum and was not
reversible. Nifedipine (1 pM) and o-conotoxin (10 pM) inhibited the same
fraction of IBa as t-ACPD, suggesting inhibition of both L- and N-type
channels. (RS)-MCPG (1 mM), a competitive mGluR antagonist, blocked
the inhibition of IBa by t-ACPD. To investigate the mechanism of

inhibition, we pre-treated cells with pertussis toxin (PTX, 200 ng/ml). In
PTX-treated cells, mGluR agonists increased, rather than decreased, lBa:
Glutamate (1 mM) or t-ACPD (200 pM), but not L-CCG-I (1 pM),
increased the current by 212±24% (n=5) and 177±25% (n*7),
respectively. lBa increased to its maximum amplitude by ~1 min and
returned to control levels ~5-10 min after washing out the agonist. The
mGluR-enhanced current was blocked by nimodipine (1 pM), indicating
specific enhancement of L-type channels. We conclude that mGluRs2/3
inhibit both N- and L-type Ca channels, while mGluRs1/5 potentiate
primarily L-type Ca channels in cerebellar granule cells.

375.17

375.18

HETEROLOGOUS EXPRESSION & FUNCTIONAL COUPLING
OF A METABOTROPIC GLUTAMATE RECEPTOR (mGluR2) TO
N-TYPE Ca2+ CHANNELS IN ADULT RAT SYMPATHETIC
NEURONS. S. R. Ikeda1. D. M. Lovineer2. B. A. McCool2. & D. L.
Lewis1*, 1Dcpt. of Pharm;a:ology & Toxicology, Medical College of
Georgia, Augusta, GA, 30912; *Dept. of Molecular Physiology &
Biophysics, Vanderbilt Univ. School of Med., Nashville, TN 37232.
The mGluR2 metabotropic glutamate receptor (Tanabe et al,
Neuron 8:169, 1992) was expressed in dissociated adult rat superior
cervical ganglion neurons by direct cytoplasmic injection of cRNA
0kcda et al., Pflugers Archiv, 422:201, 1992). Following an
incubation period of 18-24 hours, all neurons (n=7) injected with
mGluR2 cRNA displayed a rapid, reversible, and voltage-dependent
inhibition of Ca2+ current (60 ± 5%) when exposed to 100 pM L-glutamate as determined by whole-cell patch-clamp. The modulation was
characterized by a slowing of the Ca2+ current activation phase and
partial relief by depolarizing prepulses. Ca2+ currents of uninjected
neurons or neurons injected with fluorescein dextran (the coinjection
marker) were not affected by L-glutamate (n=10). Supported in part
by HL43242 (SRI), NS3O47O (DML), and NS28894 (DLL).

METABOTROPIC GLUTAMATE RECEPTOR-MEDIATED MODULATION
OF CALCIUM CURRENTS IN RAT THALAMIC NEURONS
John W. Gibbs. Ill1* and Douglas A. Coulter1-2 Departments of
Neurology1 and Anatomy2, Medical College of Virginia, Richmond, VA
23298.

Metabotropic glutamate receptors (mGluRs) are a family of Gprotein-coupled receptors expressed in brain. mGluRs have been
found to be tightly coupled to Ca2* channels in hippocampus, with

Swartz and Bean (J. Neuroscience 12: 4358, 1992) reporting a ~30%
reduction of the N-type calcium current by 100//M ACPD application.
mGluRs are expressed in particularly high density in the thalamus.
mGluR-mediated slow depolarizations have been demonstrated during
corticothalamic synaptic transmission, and this has been proposed to
play a role in attention by enhancing sensory transmission to the
cortex (McCormick and von Krosigk, PNAS 89:2774, 1992).
Ca2* currents were recorded using whole-cell voltage clamp
techniques in acutely isolated somatosensory thalamic neurons from
18-75 day old rats. Application of 25-500 pM 1S, 3R ACPD rarely
depressed thalamic Ca2* current amplitudes (10% of neurons).
ACPD either had no effect on calcium current (42%), or increased the
high-threshold Ca2* current (48%), with 100 and 500 pM ACPD
enhancing high threshold currents by 7 and 17%, respectively. No
effect on the low threshold Ca2* current (T-type) was seen. These
results indicate either an absence of mGluR coupling to N-type Ca2*
channels in thalamus and/or a reduced or absent N-type Ca2* current

in thalamic neurons. Supported by NIH-NINDS Grant NS 31000.
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THE NMDA-RECEPTOR ANTAGONIST ELIPRODIL (SL 82.0715)
BLOCKS Ca2* CHANNELS IN ACUTELY DISSOCIATED NEURONS
FROM RAT HIPPOCAMPUS AND CEREBELLUM. P. Avenet*, B, Biton, V.
Itier, P. Granger, H. Depoortere and B. Scatton. Department of Preclinical
Research, Synth€labo Recherche, 31 Ave. P. Vaillant-Couturier, 92220
Bagneux, France.
Eliprodil is a NMDA-receptor antagonist which possesses potent
neuroprotective properties in experimental models of brain ischemia and trauma
(Toulmond et al., 1993; Brain Res. 620, 32-41). We studied here, by using the
whole-cell patch clamp technique, the effects of eliprodil on high threshold
voltage-operated Ca2* channels of dissociated hippocampal pyramidal neurons
(HPN) and cerebellar Purkinje neurons (CPN) from newborn or adult rats.
These effects were compared to those of the L-, N-, and P-type Ca2* channel
antagonists nimodipine, rn-Conotoxin-GVIA (co-Ctx) and m-Agatoxin-IVA (coAga-IV). In HPN, nimodipine (10 pM) and co Ctx (3 pM) blocked respectively
43 and 41 % of the Ba2* current evoked by a depolarizing pulse to 0 mV from
a holding voltage of -80 mV. Under similar conditions, eliprodil (10 pM)
reversibly blocked 81 % of the Ba2* current suggesting that it antagonized both
L- and N-type Ca2* channels. In CPN, nimodipine and co-Ox blocked only 15
and 18 % of the Ba2* current whereas the P-type Ca2* channel antagonist coAga-IV (200 nM) blocked 82 % of the current. This block was reversed after
wash of the drug by depolarizing pulses. Eliprodil blocked the Ba2* current
fully and reversibly at 10 pM (IC^ = 2.2 pM) .indicating that this compound
antagonized P-type Ca2* channels.
These results suggest that the neuroprotective properties of eliprodil may also
be related to an antagonism of L- N- and P-type neuronal Ca2* channels.

LAMBERT-EATON
SYNDROME
IgGs
REDUCE
HIGH-VOLTAGE
ACTIVATED (HVA) Ca2+ CURRENTS IN HUMAN NEUROBLASTOMA CELL

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20, 1994

LINE IMR32. C. Grassi*#. V. Maqnelli0. A. Pollo°. E. Shers and E. Carbone0

(°)Dept. of Anatomy and Human Physiology, 1-10125 Turin, (#)lnst. of Human
Physiology, UCSC, 1-00168 Rome, (§)CNR Center of Cytopharmacology, I-

20129 Milan, Italy.
The Lambert-Eaton myasthenic syndrome (LEMS) is an autoimmune
neuromuscular disease which reduces transmitter release from presynaptic
terminals. The possible involvement of N-type Ca2+-channels in the

pathogenesis of such disorder is suggested by recent data showing that LEMS
IgGs can immunoprecipitate ccoconotoxin (o-CgTx) GVIA-sensitive Ca2+channels (Sher et al., Lancet ii:640,1989).
In the present study we investigated the action of LEMS IgGs on the inward

Ca2* currents in human neuroblastoma IMR32 cells that express a large
percentage (= 85%) of ooCgTx-sensitive N-type-channels (Carbone et al.,
Pflugers Arch. 416:170, 1990). Neurones were preincubated (12 h) with IgGs

(4 mg/ml) purified from sera of either LEMS patients or controls. Sustained
inward Ca2 currents were evoked by applying depolarising pulses from holding
potentials of -90 mV to +10 mV. In LEMS IgG-treated cells, HVA currents were
reduced by 48% ± 6 S.E. compared to control values. Block of HVA currents by

nifedipine ranged from 30% to 50% with maximal depressions of 90% and was
larger than in control cells (15-25%).
The percentage of HVA current reduction together with the large extent of
nifedipine block suggests that LEMS IgGs target preferentially N-type channels
in IMR32 cells.
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MAPPING PEPTIDE BINDING DOMAINS OF THE SUBSTANCE
P (NK-1) RECEPTOR WITH PHOTOLABILE AGONISTS. Y-M

PHOTOAFFINITY LABELLING

Li, M Marnerakis, ER Stimson, DE Wingrove, GR Strichartz*, JE
Maggio. Dept. Biol. Chem. Molec. Pharm., Harvard Med. Sch., Boston,
MA 02115.

The tachykinin substance P (SP) is a peptide transmitter of
primary afferents. Its actions on both central and peripheral targets
are mediated by a G-protein-coupled receptor (SPR or NK-1) of
known primary structure. To identify contact sites between the
undecapeptide SP and its receptor, we prepared radiolabeled
photoreactive analogs of SP (H-RPKPQQFFGLM-NI^ ) by replacing
amino acids in the peptide with 4-benzoyl-L-phenylalanine (BPA).
Radioiodinated SP, BPA3-SP and BPA8-SP bind with high affinity
(Kj < 3 nM) to SP receptors on the murine cell line P388D, ,
triggering intracellular calcium responses. Both binding and calcium
responses are blocked by the specific NK-1 antagonist CP-96345.
On photolysis, 125l-labeled BPA3-SP and BPA8-SP covalently label
proteins of 205 and 60-100 kDa; labeling is abolished by 105 m
SP or CP-96345. Deglycosylation shifts the broad 60-100 kDa
band to a sharp band at 42 kDa (consistent with primary structure).
The labeled receptors were digested with trypsin and/or V 8
protease, and resulting 125 l-labeled fragments were analyzed by
electrophoresis, HPLC and chemical modification. BPA -SP and
BPA8-SP photoincorporate into different regions of the murine NK-1
receptor. The results suggest that the third and eighth positions of
SP, respectively, interact with the N-terminal region and second
extracellular loop of the SP receptor. Supported by GM-15904
(JEM, GRS).

OF

NEUROPEPTIDE

FF

RECEPTORS IN RAT DORSAL SPINAL CORD MEMBRANES.

K. Payvaa and H.Y.T. Yann. Laboratooy of Biochenucal Genntics,
NIMH Neuroscience Center at St. Elizabeths, Washington, DC 20032.

Neuropeptide FF (FLFQPQRFamide, NPFF) modulates opiate
analgesia and is also implicated in tolerance and withdrawal. Both the

peptide and its specific, high-affinity, G protein-coupled receptors are
most concentrated in the dorsal horn of rat spinal cord. We report that
the binding of [125I]-Y8Fa ([12%]-YLFQPQRFamide) to NPFF

receptors in rat dorsal spinal cord membranes was potently displaced
by PB3, an analog of NPFF containing the phctorenctive amino acid

analog p-Oenacyl-phenylnlndide. The binding of radio-iodinated PB3
to the membranes was saturable, specific, and of the same high affinity
as [*25l]-Y8Fa. Moreover, specific [125I--PB3 binding showed the
same specificity and sensitivity to GTP analogs as [125i]-Y8Fa binding

to NPFF receptors. Dorsal (but not ventral) spinal cord membranes
incubated with [125i]-PB3 and then irradiated with uv light showed
specific incorporation of the radiolabel into two proteins, visualized by

autoradiography of SDS-PAGE gels. The labelling of the bands was
blocked only by NPFF-related peptides or the GTP analog Gpp[NH]p,
suggesting that the labelled bands could be variants of NPFF receptors.

376.3
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PURIFICATION AND RECONSTITUTION OF A
RECOMBINANT HUMAN NEUROKININ-1 RECEPTOR.
KJ:, .Marina, C, D. Stradee.M, R. Tota, S. Daniel, and T. M.
Fong*. Merck Research Laboratories, Rahway, NJ 07065.
Recombinant human neurokinin-1 receptors expressed in
insect cells have been purified to near homogeneity by
sequential metal-chelating chromatography and gel filtration
chromatography. The purified receptor consists of a single
polypeptide with an apparent molecular weight of 50 kD as
revealed by SDS gel electrophoresis, and exhibits a specific
activity of 19 nmol of [125]-L-703,606 bound per mg of
protein. Immunoblot experiments further confirm the identity
of the stained protein band. The purified receptor binds the
antagonist L-703,606 with an affinity similar to that of the
native human neurokinin-1 receptor, and binds the agonist
substance P with an affinity similar to that of the low affinity
state of uncoupled native receptor. The purified receptor can
be reconstituted with membranes from uninfected insect cells,
and the reconstitution results in an increased affinity for
substance P, consistent with the restoration of the high
affinity state of the receptor for agonist in the presence of
endogenous G proteins. These data indicate that the purified
neurokinin-1 receptor is functional with respect to agonist
and antagonist binding and G protein coupling.

EXPRESSION OF NK-1R mRNA IN MURINE CD4+ T LYMPHOCYTES.
R.J. McCormack. D. Ganea*. Dept. Biological Sciences,
Rutgers University, Newark NJ 07102.
Substance P
(SP) has been shown to have a
stimulatory effect on cytokine production in murine T
lymphocytes.
The activity of SP appeared to be
mediated through NK-IRs since NK-1R antagonists could
abrogate the immunoregulatory effects of SP.
These
findings are consistent with earlier binding studies
which demonstrated that murine and human T cell
populations expressed NK-IRs.
Recently however the
presence of NK-IRs on human lymphocytes has been
questioned.
In order to investigate whether SP
stimulation of cytokine production is mediated through
NK-1R we sought to determine the presence of NK-1R
mRNA in murine T lymphocytes.
Previous findings from
our laboratory revealed that NK-1R mRNA could be
detected in stimulated murine splenocytes and EL-4
cells. To extend these findings, RT-PCR was used to
investigate the expression of NK-1R mRNA in murine
CD4 + cells.
The results showed that the predicted
492 bp amplified fragment representing NK-1R message
could be detected in CD4+ cells. Sequence analysis of
the amplified fragment showed it to be identical with
the published NK-1R cDNA sequence obtained from murine
brain.
These results indicate that the molecular
template for the production of the NK-1R is present in
murine CD4+ cells, and the SP receptor expressed in
neuronal tissue and murine T lymphocytes appears to be
the same.

376.6
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SUBSTANCE P-INDUCED
RECEPTORS IN VIVO P.W.

INTERNALIZATION

OF

CNS

NK-1

Mantvh*. J,R, Ghilardi. C.J. Allen. S.D.
Rogers. J.E. Maggio, A.I. Basbaum. C.R. Mantvh. S.R. Vigna. Mol.
Neurobio. Lab (151), Mpls., MN 55417; Psychiatry Dept, Univ of
Minn., Mpls., MN 55455; Dept. of Biol. Chem. and Mol. Pharm.,
Harvard Med. School, Boston, MA 02115; Dept. Cell Biology, Duke
Univ. Med. Ctr., Durham, N.C. 27710; Dept. Anatomy and
Physiology, UCSF, SF, CA 94143.
Substance P is a neurotransmitter that has been implicated in
the transmission of nociceptive information and in regulating
inflammation and plasma extravasation in peripheral tissues. Using an
antibody raised against the C-terminus of the rat substance P (NK-1)
receptor we have examined the characteristics and time course of the
in vivo internalization of the NK-1 receptor after occupancy by SP. In
the normal rat striatum a large number of aspiny neurons express NK1 receptor immunoreactivity. This immunoreactivity outlines the outer
cell membrane of the aspiny neuron's cell body and dendrites.
Injections of SP into the striatum induces a rapid internalization of
NK-1 receptors into endosomes in both the cell body and neuronal
processes. This internalization peaks within 10 min after SP injection
and returns to the cell surface within 60 min post-injection. SP
induced NK-1 internalization is blocked by prior injection of the nonpeptide NK-1 antagonist RP 67,580. These studies demonstrate that,
in vivo, SP induces a rapid internalization of NK-1 receptors. This
internalization is probably involved in the desensitization,
dephosphorylation and recycling of the NK-1 receptor that occurs
after occupancy by SP. (Supported by the NIH and VA)
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A POINT MUTATION IN THE SECOND TRANSMEMBRANE DOMAIN OF
THE RAT NEUROKININ-1 RECEPTOR FUNCTIONALLY UNCOUPLES THE
RECEPTOR. R.M. Brodbeck , B.S. Sachais. and J.E. Krause? Dept. of Anatomy
& Neurobiology, Washington Univ. Sch. of Med., St. Louis, MO 63110.
The neurokinin-1 (NK-1) type tachykinin receptor is a member of the G-proteincoupled receptor (GPCR) superfamily. An unusual feature of the NK-1 receptor is
the presence of Glu^ in the second putative transmembrane domain at the location
of a highly conserved aspartate residue in the GPCR superfamily. The best
characterized second messenger response for NK-1 receptors is the stimulation of
inositol phoshate production, although cAMP production has also been observed
upon substance P (SP) stimulation in certain systems. The rat NK-1 receptor
cDNA has been point-mutated and functionally expressed in stably transfected
Chinese hamster ovary cells. Residue 78, within the second putative membranespanning domain, has been changed, via site-directed mutagenesis, from Glu (RNKl) to either Lys (R-E78K) or Asp (R-E78D). Radioligand binding demonstrates
that each receptor variant has SP binding affinities indistinguishable from that of
the wildtype receptor, and each receptor variant is expressed at roughly the same
number of sites per cell. Interestingly, while R-NK1 and R-E78D exhibit
essentially the same ability to stimulate inositol phosholipid turnover and cAMP
production, R-E78K is unable to activate either of these pathways. These data
indicate that residue 78 plays a role in the coupling of the rat NK-1 receptor to
cellular effectors. While the precise role of residue 78 is currently under
investigation, several interpretations exist. One model allows each NK-1 receptor
variant to couple with G-protein(s), which in turn allows each receptor to attain a
conformation conducive to high affinity binding of SP. The difference between RE78K and both R-NK1 and R-E78D could be that after agonist stimulation, the
receptor is in such a conformation whereby the G-protein is not released from the
R-E78K variiaitt thereby not transducing the signal to cellular effectors. This and
other models are under further investigation. This work was supported by NIH
grants NS21937 and 5T32 NS07071.
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DIFFERENT PARTS OF THE C-TERMINAL TAIL OF THE NEUROPEPTIDE Y1RECEPTOR (Y1R) ARE IMPORTANT FOR G-PROTEIN COUPLING AND
RECEPTOR INTERNALIZATION. H. Orkild, U. Gether, M Treiman* and S.P.

TWO NOVEL NEUROPEPTIDE Y RECEPTOR-LIKE CLONES
FROM ZEBRAFISH. Ingrid Lundell*. A.G. Blomavist and D.
Larhammar. Department of Medical Genetics, Uppsala University, Box
589, S-751 23 Uppsala, Sweden.
The G-protein-coupled receptors with seven TM (transmembrane)
regions are encoded by a gene family consisting of several hundred
members. The neuropeptide Y (NPY) receptors belong to this family
and indude in mammals at least three different subtypes called Y1, Y2
and Y3 and possibly a separate "appetite" receptor. We have
previously isolated clones encoding the Y1 receptor subtype from rat,
human and Xenopus laevis. As we have also isolated clones for NPY
and PYY from zebrafish (see abstract by Soderberg et al.), we
wished to isolate NPY receptor clones from this species to allow
correlation of llgand and receptor expression in studies of tissue
distribution and developmental regulation.
The Y1 consensus sequence from man, mouse, rat and Xenopus
was used to design several degenerate primers for PCR. One primer
pair corresponding to transmembrane regions two and seven gave a
PCR product of the expected size. Sequencing of the cloned PCR
product revealed two different types of clones. Both clones
correspond to 7TM receptor genes and share about 60% sequence
identity to the human Y1 receptor over the transmembrane regions but
slightly lower identity to one another. Both clones lack the characteristic
intron after transmembrane region five in the Y1 receptor. Homologues
of both receptor clones are being sought in rat by using the same
primers for PCR as well as screening of DNA libraries. Rat
homologues will enable us to determine which NPY receptor subtypes
these clones represent.
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Sheikh. Dept. of Clin. Biochem. 7642, National University Hospital,
Rigshospitalet, Blegdamsvej 3, Copenhagen, Denmark.
We have studied the ligand binding, coupling to adenylate cyclase, and
internalization of wild type (WT) and mutant YIR's, stabily expressed in CHOK1 cells. Initially, we constructed two mutant YIR's: mutant A with deletion
of the so-called "fourth intracellular loop" (residues K325 to N336) between the
bottom of TM7 and C338, and mutant B with deletion of the whole C-terminal
tail downstream from C3 8(which is possibly anchored to the cell-membrane).
Both mutant receptors exhibited the high affinity binding of NPY characteristic
of the WT Y1R. The WT and mutant B receptors inhibited forskolin stimulated
adenylate cyclase activity equally well (max. inhibition of ~85%), whereas
the activated mutant A was a poor inhibitor of cyclase activity (max.I
inhibition of ~45%). Receptor internalization after agonist exposure was
estimated by counting the remaining bound radiolabeled NPY after an acid
wash of the CHO-K1 cells. The WT Y1R internalization was time and
temperature dependant, and reached a maximum of 67.7% after 30 min at
37°C. By contrast, the maximal internalization of mutant B after agonist
binding was only 12,6%. All experiments were performed using at least three
different CHO-cell clones containing different expression levels of WT or
mutated YIR's. In conclusion, although no difference in ligand binding was
observed, mutant A was a poor inhibitor in adenylate cyclase activity,
whereas mutant B was almost unable to internalize upon agonist stimulation.
These results suggest that coupling to inhibitory G-proteins and initiation of
agonist mediated receptor internalization are controlled by different receptor
sequences in the C-terminal loop of the Y1R for NPY.

CONTRACTILE NEUROPEPTIDE Y-Y, RECEPTOR SUETYPE IN
HUMAN CEREBRAL ARTERIES. R.Abounader. J.G.. Villemure. and E.
Hamel*. Montreal Neurological Institute, McGill University, Montreal, QC,
Canada, H3A 2E4.
The present study was designed to identify the receptor subtype(s)
responsible for the vasocontractile response mediated by Neuropeptide Y
(NPY) in human cerebral arteries. The vasoconstriction induced by selective
NPY Y, and Y2 receptor agonists was studied in ramifications of the middle
cerebral artery obtained from epileptic patients undergoing temporal lobe
surgery. The isometric tension developed by the vascular smooth muscle
was measured in vessel segments (2-3 mm long ; ~ 1 mm outer diameter),
as previously described (Hamel and Bouchard, Br. J. Pharmacol. 1991).
The agonists maximal contractile effect (EAmM) was expressed as percent of
the 5-HT maximal response in the same vascular segments and the affinities
were expressed as pD values (-log EC-q). NPY, PYY and the selective Y,
agonist [Leu31, Pro”]-NPY resulted in strong concentration-dependent
contractions of human pial vessels with the following respective EAnMX
values: 114 ± 20 % (n= 16), 95 ± 21 % (n=7) and 111 ± 21 % (n=8),
and pD2 values: 8.35 + 0.16, 8.84 ± 0.25, and 7.55 ± 0.26. In contrast,
the selective Y2 receptor agonist NPY 13-36 did not elicit any significant
vasomotor effect. However, the subsequent addition of NPY and [Leu3\
Pro34]-NPY to vessels treated with lO*M NPY 13-36 elicited a
vasoconstriction (EAmax = 111 ± 13 % and 108 + 35 %, pD^ = 8.45 ±
0.08 and 8.92 ± 0.2, respectively) indistinguishable from that obtained
when these compounds were tested alone. These results indicate that Y,
receptors are responsible for the contraction elicited by NPY in human
cerebral arteries.
Supported by Dr Karl Thomae GmbH /Eio-Mega Inc. and the Medical
Research Council of Canada through a University-Industry grant.

EXPRESSION OF THE NEUROPEPTIDE Y Yi RECEPTOR IN HUMAN EMBRYONIC KIDNEY CELLS
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Both the human (Herzog et al., PNAS 89: 5794-5798, 1992; Larhammar et al.,
J. Biol. Chem. 267: 10935-10938, 1992) and rat (Eva et al., FEBS Lett. 271: 8184, 1990) neuropeptide Y (NPY) Yj receptors have recently been cloned. In the

present study, the cloned human Yj cDNA was transfected into human embryonic
kidney cells (293) and the expressed protein was characterized using our newly
developed highly selective Yj receptor radioligand [12®I][Leu31 ,Pro34]PYY

(Fournier et al, Soc. Neurosci. Abst. 19: 727, 1993). The cloned human Yj cDNA
was first sub-cloned into a pRc/CMV expression vector before the transfection,
using a calcium phosphate method (Chen et al, Biotech. 6, 632-638, 1988),
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situ
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hybridization
evaluate the

(ISH)

and

receptor

efficiency of

transcriptional and translational levels. For ISH,

the

transfection at

both

a 276 base pair fragment

derived from the full length Yj cDNA was subcloned in a Bluescript KS (M13-)
vector using in vitro transcription (Promega). The transfected receptor in 293

cells demonstrated very high affinity (500 pM) for the Yj radioligand as well
as for [125I]PYY. Of the various competitors studied, only unlabelled
[Leu31,Pro34]PYY, NPY and PYY behaved as potent competitors (IC50 low nM) while

PYY3_36 and PYYj3_36 were only weakly active (IC50 |fM). These results confirm
the Yj-nature of the expressed receptor protein. Visualization of ISH and
receptor autoradiography signals using wet-emulsion photomicrography revealed

that

approximately 35%

of

the

total

population

of

293

cells

successfully,

expressed the transfected Yj clone. Supported by the MRCC.
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Neuropeptide Y [NPY] receptors in hypothalamic neuroendocrine areas
show very high affinity ana substantial coupling to G-proteins
S. L. Parker *. W. R. Crowley and B. L. Carroll. Department of Pharmacology,
University of Tennessee College of Medicine, Memphis, TN 38163
Regulation by NPY is recognized in the release of several neuropeptides, but
the properties of NPY receptors [NPY-Rs] in the neuroendocrine axis have not been
studied thus far. We examined the affinity profiles of NPY-Rs in particulates from
microdissected rat brain areas by standard binding techniques employing unlabeled and
[125I]-labeled porcine peptide YY (pPYY), proline-34 human PYY ((Pro34)hPYY; a
Yl-subtype agonist), and human PYY(3-3o) (hPYY(3-36); a Y2-subtype agonist).
High affinity NPY-Rs (Kd range 1-50 pM; Km <10 pM in association rate
experiments) were found in neuroendocrine hypothalamic areas, including preoptic area
(POA), medial basal hypothalamic area (MBA), paraventricular nucleus (PVN) and the
supraoptic nucleus (SON). High affinity PYY sites (Kd <= 50 pM) were also found in
the limbic piriform paleocortex (PIR). The hippocampal area [HIPP] showed mainly
medium-affinity sites (Kd 100-300 pM), as did the neocortical parietal area 1 (PARI).
The binding parameters for POA or MBA particulates were not appreciably changed by
preincubation/washing at 23C with 3M urea (which can dissociate >90% of receptorbound [125I]pPYY). Urea pretreatment, however, reduced [125I]pPYY binding to
PARI particulates. [125I]pPYY binding could be competed by guanosine-5’-O-(3thiotriphosphate) [GTPgammaSl, with a potency much higher in cortical than in
hypothalamic areas (IC50 for PARI, PIR and MBA 0.4, 5 ana 150 nM, respectively).
The G-protein uncoupler guanosine-5’-O-(2-thiodiphosphate) (GDPbetaS) increased the
uncompeted [125I]pPYY or [125I]hPYY(3-36) binding in MBA or POA up to twofold,
and greatly increased Bmax with only a slight increase in Kd’s. The stimulation by
GDPbetaS was smaller for SON and PVN, slight for the hypothalamic areas rostral to
POA and lateral to MBA, or in HIPP, and absent for PIR. On the other hand, both the
amount and the affinity of binding of [125I]pPYY to PARI particulates were strongly
reduced by GDPbetaS. All of the POA or MBA binding 'unmasked' by the GDP
analogue was competed by pPYY[3-36] with a high affinity, and should thus occur at
the Y2 subtype of the NPY-R. These sites could represent Y2 receptor originally
associated with effectors [such as nucleotidyl cyclases and ion channels) via Gprotein(s). A considerable fraction of Y2 sites in the neuroendocrine hypothalamus thus
appears to be coupled to G-protein(s). The high affinity displayed by these NPY-Rs
could be due to differences in receptor clustering, membrane interactions and
environment relative to cortical areas; however, there could also exist regional NPY-R
variants differing in molecular properties.
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MIXED IN VIVO AGONIST-ANTAGONIST PROPERTIES OF A NTERMINAL FRAGMENT OF NPY: NPYj_j0 f .b . JoUc^ur*. s .m . Bouai|1

and

S.

St-Pierre^ .

(1)

Depts.

of

Psychiatry and Pharmacology,

Fac.

of

Meddicine, Univ. of Sherbrooke, Sherbrooke, Qudbec, Canada, J1H 5N4 (2) INRS-

Santd, Pointe-Claire, Qudbec, Canada, H9R 1G6.
NPYi-3o is a N-terminal fragment of NPY which has been found in bovine

brain as a metabolite of NPY (Shimoda et al., FASEB Abstr. A883. 1990). This

finding prompted us to examine the possible in vivo neurobehavioral effects
of this fragment

in the rat.

In a first study,

in which we examined the

possible agonistic effects of the fragment, we found that, similarly to NPY,

NPY1-30 significantly reduced both body temperature and motor activity of

animals following ICV administration with a threshold dose of 20 ug. However,

contrarily to NPY, the fragment did not affect food intake, muscular tone of
animals

nor

did

it

induce

catalepsy.

In

subsequent

experiments,

we

investigated the possible interactions of NPYy _3o with NPY by examining the
effects of pre-treatment with the fragment on the various neurobehavioral

effects of NPY. Results of these experiments indicate that the fragment does

not

affect

the effects of NPY on

food

intake,

motor activity and

body

temperature. On the other hand, NPYi_3Q, which did not affect muscular tone
by itself, markedly increased the enhancing effect of NPY on muscular tone of

animals. But most interestingly, pre-administration of 10 ug of the fragment
completely blocked the prominent catalepsy induced by NPY.
that

NPYj _3q

acts

as mixed agonist-antagonist to

NPY

It thus appears

in the CNS.

These

findings could lead to the development of NPY-derived molecules displaying

high selectivity in both their agonist and antagonist properties.
Supported by the MRC of Canada. Grant PG11125.
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MUTATIONAL ANALYSIS OF THE HUMAN Y1 RECEPTOR; IDENTIFICATION
OF RESIDUES INVOLVED IN NPY BINDING. J.A. Salon*, J.A. Tamm, M.W.
Walker. W. Cui. P.J.-J. Vavsse, T.A. Branchek, C. Gluchowski and R.L.
Weinshank. Synaptic Pharmaceutical Corporation, 215 College Road,
Paramus, NJ 07652.
Neuropeptide Y (NPY) is one of the most abundant peptides in the central
nervous system. While the structure of the peptide has been well studied,
little is known concerning the mechanism of its action at its receptor. We
have employed site-directed mutagenesis to study the binding behavior of
the peptide at the human Y1 receptor. The Y1 receptor was scanned for
residues that could support NPY binding. These residues were then modified
by site-directed mutagenesis and the ability of the mutant receptors to bind
NPY was measured. Wild-type and mutant receptors were transiently
expressed in COS-7 cells and prepared as membrane homogenates. IC50
values for NPY were generated from competitive displacement of 125I-PYY.

SR 120107A AND SR 120819A : TWO POTENT AND SELECTIVE,
ORALLY-EFFECTIVE ANTAGONISTS FOR NPY Y1 RECEPTORS.

Modification of receptor residues Y47 and Y100 decreased NPY binding. The
relative position of these residues suggests the presence of an aromatic
cluster within the transmembrane boundary which may interact with NPY's
essential Tyr 1 and/or Tyr36 residues. NPY binding was also sensitive to

modification of charged receptor residues including D104, D190, D194,
D200, and D287 located in the extracellular loop regions of the receptor
which could provide complementary sites for NPY residues Lys4, Arg 33 and
Arg35. We suggest the presence of multiple recognition domains in the

receptor which interact with discreet binding epitopes of the peptide. This
will be discussed in light of the NPY's bioactive residues to suggest a
plausible ligand-receptor binding scenario.
Supported by NIH grant R43 NS31843-01.

C. Serradeil-Le Gal. G. Valette. P.E. Rouby. A. Pellet. G. Villanova. L.
Foulon. L. Lespv. G. Neliat0. J.P. Chambon*. J.P. Maffrand and G.
Le Fur.

Sanofi Recherche, 195 Route d'Espagne, 31036 Toulouse C6dex, France.
°CEREP, BP 1,86600 Celle L'Evescaut, France.
Neuropeptide Y (NPY) is a widespread neuropeptide exerting important
regulatory actions both on the cardiovascular and the CNS systems. In
particular, NPY mediates potent vasoconstrictive properties and most of its
powerful orexigenic effects via Y1 receptors. The present work demonstrates
that SR 120107A and SR 120819A, two new synthetic molecules, are potent
and selective Y1 antagonists. In binding studies, using [ 125I]-NPY or [ 125l]-

PYY as ligands, these compounds display high affinity for Y1 receptors both
from rat cortex and human SK-N-MC (IC50 from 20 to 80 nM) without
interacting with Y2 receptors in concentrations up to 10 pM. In vitro, in the Y1 dependent electrically-evoked twitch contraction model in the rabbit vas
deferens, SR 120107A exhibited competitive efficacy in antagonizing the
[Leu31, Pro34]NPY response (pA2 = 7). Furthermore, in vivo SR 120107A
and SR 120818A antagonize the hypertensive effect of [Leu31, Prco^NPY in

anesthetized guinea-pig at doses between 0.1 and 1 mg/kg i.v. Moreover,
given orally at 10 mg/kg, SR 120107A significantly antagonized [Leu31
Pro34lNPY-evoked hypertension for more than 3 hours. These molecules are
devoid of any agonistic properties in all these models.
Thus, SR 120107A and SR 120819A are the most potent and selective,
orally-active NPY Y1 receptor antagonists yet described. They provide the first
suitable probes for further investigating the role of NPY and could be useful
therapeutical agents in cardiovascular and CNS disorders.
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MUTAGENESIS OF CONSERVED RESIDUES IN THE DELTA, KAPPA,
AND MU OPIOID RECEPTORS K. Ravnor*. H. Kong. J. Heerdina. F.
Livingston and T. Reisine. Dept. of Pharm., Univ. of PA School of Medicine,
Philadelphia, PA 19104.
The mu (p), kappa (k ), and delta (6) opioid receptors have recently been
cloned and shown to belong to the G protein-coupled superfamily of
receptors. To investigate the role of aspartate (D) residues in the putative
second and third transmembrane-spanning domains (TM2 and TM3) in the
binding of opioid ligands to these receptors, we have mutated aspartates
95, 105, and 114 in TM2, and 128, 138, and 147 in TM3 to asparagines (N)
for 8, k , and p, respectively. As we previously demonstrated for the delta
TM2 mutant (JBC 268:23055-8, 1993), mutation of D's in TM2 of each
receptor had dramatic effects on the binding of selective agonists, with
generally greater than 100-fold reductions in affinities of these compounds
for their respective receptors. In addition, this mutation abolished Na+
regulation of agonist binding. Mutations of D's in TM3 of these receptors
also dramatically reduced selective agonist binding to these receptors, and
also decreased the affinities of non-selective drugs. Interestingly, mutation
of the histidine residues 278, 291, and 297 conserved in TM6 produced
divergent effects on the receptors. Whereas no effect was observed for the
8 TM 6 mutant, a reduced affinity of some peptide agonists for the mutant p
receptor was observed. None of these mutations had dramatic effects on
the binding of antagonists, with the notable exception of peptide
antagonists for the p receptor, such as CTOP and SMS 201-995, which
displayed decreased affinities for the p mutants. Together, these studies
identify residues important in the binding of opioid agonists to each of the
cloned opioid receptors and demonstrate that agonists and antagonists
bind to these receptors in discernible manners.[Supported by NIH grants
DAO5624, DA08951, and MH10485, and the Scottish Rite Foundation.]

DEVELOPMENT
OF
A
PEPTIDE-DIRECTED
ANTISERUM
AGAINST THE DELTA OPIOID RECEPTOR. J. Hines *. M. Thdveniau.
K. Ravnor and T. Reisine. Dept. Pharmacology, Univ. of Pennsylvania, •
Philadelphia, PA 19104 and CNRS Unit 179, Marseille, France 13288.
A peptide-directed polyclonal antiserum was developed against the Cterminus of the cloned delta opioid receptor. In order to generate the
antiserum, rabbits were injected with the unique peptide Ala-Thr-Thr-Arg-GluArg-Val-Thr-Ala-Cys-Thr-Pro-Ser, corresponding to a thirteen residue stretch of
amino acids in the C-terminus of the cloned delta opioid receptor. The
antiserum was then partially purified and tested for its ability to specifically
recognize the delta receptor. The antiserum recognizes an 'approximately 70
kDa protein in CHO cells stably expressing the delta receptor. This 70 kDa
protein can be 35S-methionine labeled and immunoprecipitated by the peptidedirected antiserum. Immunoprecipitation of the 70 kDa protein can be
specifically blocked by an excess of the peptide against which the antiserum
was raised. The size of this protein is in agreement with results of crosslinking
experiments on the cloned delta receptor using 125l-B endorphin. In preliminary
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THE THIRD INTRACELLULAR LOOP OF THE DELTA OPIOID RECEPTOR
IS INVOLVED IN COUPLING TO ADENYLYL CYCLASE.
J. Heerding*. K. Ravnor. and T. Reisine. Univ. of PA School of Medicine,
Dept, of Pharmacology, Philadelphia, PA 19104.
Opioids are clinically useful analgesic agents which exert their effects
through interactions with membrane-bound receptors: the mu, kappa, and
delta. Two of the three major subtypes of opioid receptors that have been
cloned, the kappa and delta, were cloned on the basis of their similarity to
the somatostatin receptors. The opioid and somatostatin receptors belong
to the superfamily of seven transmembrane, G protein coupling receptors.
To investigate the role of the third intracellular loop in coupling to adenylyl
cyclase, chimeric receptors between the delta opioid receptor and the
somatostatin receptor SSTR1 have been generated. SSTR1 is a
somatostatin receptor that does not couple to adenylyl cyclase. Chimeric
receptors were generated in which the third intracellular loop of SSTR1 was
replaced with that of the delta receptor, and also in which the third
intracellular loop of the delta receptor was replaced with that of SSTR1.
Although wild type SSTR1 showed no coupling to adenylyl cyclase in an
cAMP accumulation assay, the SSTR1-delta chimeric receptor was able to
mediate inhibition of a forskolin-stimulated increase in cAMP in response to
agonist.
The cAMP inhibition by agonist was dose-dependent.
Conversely, while the wild type delta receptor mediated an inhibition of
adenylyl cyclase activity, the del^^^^^TRI chimera demonstrated a reduced
ability to inhibit cAMP accumulation with agonist. Our results indicate that
the third intracellular loop of the delta receptor is involved in coupling of the
receptor to G proteins. [Supported by NIH grants DAO5624, DA08951, and
GM34781, and the Scottish Rite Foundation.]

SPLICE VARIANTS OF SSTR2 DIFFERENTIALLY COUPLE TO ADENYLYL
CYCLASE. D. Woufe* and T. Reisine. Dept, of Pharmacology, University of
Pennsylvania School fo Medicine, Philadelphia, PA 19104
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studies, the peptide-directed antiserum was able to immunoprecipitate specific
125l-B endorphin binding activity from CHO cells stably expressing the delta
receptor. Binding of 125l-B endorphin to the immunoprecipitate was inhibited by
the delta-selective agonist DPDPE. The preimmune serum was unable to
immunoprecipitate binding activity, and immunoprecipitation of binding activity
by the antiserum was blocked by an excess of peptide. The antiserum was
unable to recognize the delta receptor by immunoblotting, suggesting that the
epitope that it recognizes may become denatured or is otherwise rendered
unrecognizable to the antibodies. This antiserum will be useful in investigating
the physical properties of the delta receptor and the post-translational
modifications it may undergo. Supported by NIDA grant DA 08951

Somatostatin (SRIF) is a 14 amino acid peptide which exerts diverse
physiological effects by binding to 5 different cloned receptors, designated
SSTR1-5. SSTR2 exists in 2 forms as a result of differential splicing. The
splice variants SSTR2A and SSTR2B diverge only in their C-terminal length
and amino acid sequence. SSTR2A is 23 amino acids longer than SSTR2B
and contains 15 amino acids of divergent sequence just prior to this
extension. The observation that SSTR2B inhibits adenylyl cyclase, while
SSTR2A has no effect has lead to the suggestion that the ability to couple
to adenylyl cyclase is determined by the C-terminus. To determine if the
extended length of the C-terminal tail of SSTR2A prevents coupling to
cyclase, SSTR2A was truncated to the same length as SSTR2B. This
mutant receptor weakly inhibits forkolin-stimulated cAMP accumulation,
suggesting that the extended length of SSTR2A prevents coupling. To
determine if the C-terminal 15 amino acids of SSTR2B are important for
coupling to cyclase, SSTR2B was truncated to the point of amino acid
sequence divergence from SSTR2A. This mutant receptor inhibits
forskolin-stimulated cAMP accumulation to a similar extent as wild type
SSTR2B, which suggests that the SSTR2B C-terminus is not the domain
involved in coupling to adenylyl cyclase. In addition, both truncated
receptors were tested for functional desensitization to determine the role of
C-terminal domains in uncoupling the receptor from cyclase after agonist
pretreatment. Both truncation mutants show abrogations of the ability to
couple to cyclase following 1 hour pretreatment with SRIF, indicating that
these C-terminal portions of SSTR2A and B are not necessary for
desensitization. Supported by NIH grants MH45533, MH48518, and
6M34781.
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SOMATOSTATIN RECEPTOR SUBTYPES ENDOGENOUSLY
EXPRESSED IN AtT-20 CELLS COUPLE TO THREE DIFFERENT IONIC
CURRENTS. 1’aT. Reisine*, 3M. Tallent, and 1’2’3M. A. Dichter. Depts. of
Pharmacology4 and Neurology2 and Institute of Neurological Sciencesa,
Univ. of Pennsylvania School of Medicine and the Graduate Hospital,
Phila., PA 19104.
Somatostatin (SRIF) is a neuropeptide which has been shown to mediate
many diverse functions in the brain and periphery. At the cellular level,
SRIF has been shown to couple to the inhibition of adenylyl cyclase (AC),
the inhibition of Ca** currents, and the potentiation of K+ currents. The
recent cloning of multiple SRIF receptor subtypes has confirmed previous
pharmacological studies suggesting the existence of multiple receptor
subtypes. Little information is available on the function of receptor
subtypes except in regards to AC coupling; SSTR2B, SSTR3, and SSTR4
have all been shown to effectively mediate inhibition of adenylyl cyclase.
It is not known which receptors couple to ionic conductances. In this study
we have used ligands selective for SSTR2 and SSTR4 along with the whole
cell patch clamp technique to determine specificity o^ SRIF receptor
coupling to ionic conductances in the clonal cell line AtT-20. Ligands
selective for SSTR2 preferentially inhibit a high voltage activated L-type
Ca++ current, whereas ligands selective for SSTR4 inhibit a low-voltage
activated transient or T-type Ca++ current. Further, a SRIF receptor
subtype with pharmacology distinct from that of any known cloned receptor
appears to mediate the potentiation of an inward rectifier K+ current.
These studies are the first to demonstrate selectivity in SRIF receptor
subtype coupling to ion channels, which are important in SRIF’s
modulation of neurotransmission in the brain. Supported by MH48518 and
MH 45533.

SNX-111 (SYNTHETIC coCONOPEPTIDE MVIIA) RESTORES
SENSITIVITY TO MORPHINE IN OPIATE-TOLERANT GUINEA
PIG ILEUM. T. Singh. S. Bowersox. K, Valentino. R. Luther. R.
Dean*, and B. Hoffman.
Pharmacology Department, Neurex
Corporation, Menlo Park, CA 94025.

Experiments were designed to investigate the effects of the N-type,
voltage sensitive calcium channel blocker, SNX-111 (synthetic wconopeptide MVIIA), on opiate tolerance in the isolated guinea pig ileum
(IGPI). Both morphine and SNX-111 dose-dependently blocked twitch
responses of the IGPI to low-frequency electrical stimulation (morphine
EC5o=lO nM, SNX-111 EC5o~13 nM). In IGPIs from animals that
had previously received continuous subcutaneous infusions of morphine
sulfate for 7 days (=2O mg/day), morphine's EC50 was markedly
increased to 170 nM without a change in SNX-11 l’s EC50. However,
in the presence of a low concentration of SNX-111 (decreasing maximal
twitch responses by <10%), morphine's EC50 was decreased to 14 nM
in IGPI from morphine tolerant animals; morphine's EC50 was

unchanged under these conditions in IGPI from controls. These
findings indicate that concentrations of SNX-111 producing minimal
blockade of electrically evoked IGPI contractions restore sensitivity to
morphine in morphine-tolerant IGPI. This suggests the existence of a
previously unknown biological interaction between opioid receptors and
presynaptic voltage-sensitive calcium channels and raises the possibility
that selective, N-type calcium channel blockers may be useful for
overcoming tolerance in patients receiving chronic opioid therapy.
Further experiments are necessary to characterize this interaction and
elucidate its potential clinical relevance.

CATECHOLAMINE RECEPTORS V
377.1

377.2

ALTERATIONS IN MESOACCUMBENS NEURONAL RESPONSES TO
DOPAMINE AGONISTS IN D1 DOPAMINE RECEPTOR "KNOCKOUT" MICE.
F.J. White1* X.-T. HuM. Xu2 and S. Tonegawa2. 'Neuropsychopharmacology Lab.,
Dept, of Neuroscience, Finch Univ. Hlth. Sci./Chicago Medical School, North Chicago,
IL 60064 and Senter for Cancer Res., MIT, Cambridge, MA 02139.
Previous studies have suggested that the (DA) D1 receptor plays an essential role
in DA-induced behaviors and their physiological correlates. Within the striatal
complex, stimulation of the D1 dopamine receptor appears to be necessary for the
functional effects of D2 receptor stimulation, including inhibition of neuronal activity
and production of locomotion and stereotyped behaviors. In addition, the D1 receptor
within the ventral striatum (nucleus accumbens) is involved in the reinforcing
properties of cocaine and other drugs of abuse. Stimulation of such receptors in the
accumbens leads to inhibition of neuronal activity and disinhibition of a negative
feedback pathway to AlO DA neurons in the ventral tegmental area (VTA). In the
present studies, we have used a genetic approach to investigate the roles of D1
receptors in mice. Using homologous recombination of embryonic mouse stem cells,
we have generated D1 deficient mice. Extracellular single cell recording and microiontophoresis were used to compare the effects of agonists selective for the D1 (SKF
38393) and D2 (quinpirole) receptor families on the activity of accumbens neurons in
D1 deficient mice and their wildtype controls. Whereas SKF 38393 inhibited the
firing of accumbens neurons in the control mice, such effects were dramatically
reduced in the mutant mice. The inhibitory efficacy of quinpirole was also reduced
in the mutant mice, presumably as a result of the loss of D1 receptor-mediated
"enabling" of this response. Within the VTA, both the spontaneous basal firing rates
of DA neurons and the maximum inhibitory response to i.v. cocaine were significantly
reduced in D1 deficient mice. Taken together, these findings support the notion that
D1 receptors play essential roles in the basal activity of the mesoaccumbens dopamine
system and its response to cocaine.

Oligodeoxynucleotide Antisense to D, Dopamine Receptor mRNA Inhibits D, ReceptorMediated Behaviors. L.-W. Zhou* S.-P. Zhang and B. Weiss. Department of
Pharmacology, Medical College of PA, Philadelphia, PA 19129.
The effects of intraventricular administration of a 20-mer phosphorothioate
oligodeoxynucleotide antisense to the D, dopamine receptor mRNA (D, antisense) on
D, dopamine receptor-mediated behaviors were studied in normal mice and in mice
with unilateral 6-hydroxydopamine-induced lesions of corpus striatum. Treating mice
with D, antisense inhibited grooming behavior induced by the D, dopamine receptor
agonist SKF 38393, the reduction in grooming being related to the amount and length
of time D, antisense was given. Significant reductions in grooming behavior were
observed within two days of repeated injections of D, antisense, and maximum
inhibition was seen after 7 days of treatment. Administering D, antisense also inhibited
rotational behavior induced by SKF 38393 in mice with unilateral 6-hydroxydopamineinduced lesions of corpus striatum. This inhibitory effect on rotational behavior could
not be overcome by increasing the dose of SKF 38393. Recovery from inhibition of
both grooming and rotational behaviors occurred after cessation of D, antisense
treatment. An oligomer with a similar composition of bases but placed in a random
sequence failed to alter grooming or rotational behaviors induced by SKF 38393. In
contrast to its effects on D, mediated behaviors, treatment with D, antisense had little
or no inhibitory effect on stereotyped behavior induced by the D2/D3 dopamine receptor
agonist quinpirole in normal mice and produced little or no inhibition of rotational
behavior induced either by quinpirole or by the muscarinic cholinergic agonist
oxotremorine in 6-hydroxydopamine-lesioned mice. These results show that treatment
of mice with D, antisense specifically inhibits D, dopamine receptor-mediated behavior
and suggest that antisense oligodeoxynucleotides, by interfering with the expression of
specific genes, may be used to explore the functions of the other subtypes of receptors
for dopamine or other neurotransmitters in the central nervous system. (Supported by
MH42148).

377.3

377.4

D2 Dopamine Receptor Antisense Oligodeoxynucleotide Inhibits the Rate of Synthesis
of D2 Receptors and Delays the Restoration of D2 Receptor-Mediated Behaviors in Mice
after Irreversible Inactivation of D2 Receptors. Z.-H. Qin. S.-P. Zhang. L.-W. Zhou,
Y. Wang and B. Weiss#Dept. of Pharmacol., Medical College of PA, Philadelphia, PA
19129
Earlier studies showed that in vivo administration of an antisense phosphorothioate
oligodeoxynucleotide targeted toward the D2 dopamine receptor mRNA (D2 AS)
inhibited D2-mediated behaviors and reduced the levels of D2 receptors and D2 mRNA
in mouse striatum lesioned with 6-hydroxydopamine. In the present studies, normal
mice were administered a single dose of the irreversible D2 dopamine receptor
antagonist fluphenazine-N-mustard (FNM) (20 gmol/kg, i.p.) and were then treated
repeatedly with D2 AS (2.5 nmol/injection), or a random oligomer every 12 h,
intracerebroventricularly. The effects of these treatments on D2-mediated behaviors and
on the rate of synthesis of D2 receptors were examined. FNM elicited a profound
catalepsy which appeared within 4 h after the injection and which disappeared by about
4 days. D2 AS treatment significantly reduced the rate of disappearance of the
cataleptic behavior. FNM inhibited the stereotypic behavior induced by the D2/D3
receptor agonist quinpirole. This inhibitory effect was maximal at 24 h and then
returned toward normal. D2 AS significantly delayed the restoration of the stereotypic
behavior induced by quinpirole. FNM inactivated about 90% of D2 receptors within
4 h of treatment, after which the receptors returned to normal. The rate of recovery
of D2 receptors in striatum following FNM treatment was significantly inhibited by
administering D2 AS. The changes induced by D2 AS on the recovery of D2-mediated
behaviors were reversed upon cessation of D2 AS treatment. The random oligomer
produced no significant changes in either dopamine-mediated behavior or D2 receptor
synthesis. These studies demonstrate that in vivo administration of D2 AS inhibits D2mediated behaviors by inhibiting the synthesis of D2 receptors. (Supported by
MH42148).

ELECTROPHYSIOLOGICAL CONSEQUENCES OF D2 RECEPTOR
ANTISENSE KNOCKOUT IN NIGROSTRIATAL NEURONS. L.P. Martin*. H.
Kitat, B.-C, Sun. M. Zhang. I. Creese, and I,M. Tepoer. Center for Molecular &
Behavioral Neuroscience, Rutgers University, Newark, Nj 07102 and tDepartment of
Anatomy and Neurobiology, University of Tennessee Health Science Center,
Memphis, TN 38163.
The inhibition of substantia nigra (SN) dopamine (DA) cell firing following
systemic administration of direct-acting DA agonists has been attributed to stimulation of D2 somatodendritic autoreceptors. However, it has recently been shown that
these DA neurons also express mRNA for D3 receptors, and since drugs that discriminate between these receptors do not exist, the relative contribution of each receptor towards the inhibitory response to DA agonists is not known. Thus, to assess the role of
the D2 receptor we infused a D2 antisense oligodeoxynucleotide corresponding to
codons 2-8 of the D2 receptor mRNA into the SN for 6-7 days (10-20 gg/ gl, 0.1 gl/hr).
On day 6 or 7 of infusion rats were prepared for extracellular unit recording and dose
response curves to apomorphine (APO) were constructed.
Autoradiographic studies show that this treatment reduced D2 receptor binding
relative to the contralateral SN by 50-70% and greatly attenuated the ability of APO to
inhibit DA cell firing. APO (16 gg/kg) reduced the spontaneous firing rate of cells
from untreated SN by 98 ± 1% (n=6), and by 16 ± 11% (n=4) in cells from treated SN.
Additionally, in vitro intracellular recordings revealed that D2 antisense treatment
abolished the hyperpolarization and conductance increase following bath application
of 4 gM quinpirole or APO ipsilateral to the infusion, while contralateral neurons
displayed the normal hyperpolarization and conductance increase.
These data demonstrate the efficacy of antisense knockout in vivo for DA D2 receptors, and suggests that agonist-induced inhibition in DA cell firing is largely elicited
by D2 somatodendritic autoreceptors. Supported by MH45286, MH421l, The Stanley
Foundation, NS26473, Hoechst-Celanese, Johnson and Johsnson and Warner Lambert
Research Award.
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EFFECTS ON IN VIVO DOPAMINE CELL FIRING OF DOPAMINE D2 AND D3
RECEPTOR ANTSENSE OLIGONUCLEOTIDES INFUSED INTO RAT
SUBSTANTIA NIGRA PARS COMPACTA. D.S. Kreiss*: M.M. Mouradian;
J.R. Walters. NIH, NINDS, ETB, Bethesda, MD 20892.
Receptor binding sites and mRNA for both the dopamine (DA) 02 and D 3
receptors have been identified in rat substantia nigra pars compacts (SNpc).
To explore the comparative autoreceptor role of each subtype in the
regulation of DA neuronal activity, antisense phosphorothioate
oligodeoxynucleotide (OLIGO) to D2 (n=37 cells; 6 rats) or D3 (n = 44 cells;
7 rats) receptor mRNA, nonsense OLIGO (n = 64 cells; 8 rats), or saline
vehicle (n = 59 cells; 7 rats) was infused into the SNpc via an osmotic
minipump at 2^g///l/hr for 3 days. Extracellular recording and population
sampling procedures indicated that the following were significantly altered
following treatment with all 3 OLIGO's: bursting, interspike interval (ISI)
covariance and ISI histogram kurtosis. In contrast, firing rate, cells/pass,
ISI, ISI standard error, and ISI histogram skewness were not altered. The
ability of apomorphine (APO, i.v.) to inhibit cell firing was also examined.
Following a cumulative dose of 80 //g/kg APO, complete inhibition of firing
was observed in 86% of vehicle-treated rats, 67% of nonsense OLIGOtreated rats, 57% of D 3 antisense OLIGO-treated rats, but only 20% of D 2
antisense OLIGO-treated rats. Hence, treatment with OLIGO's can produce
significant nonselective modifications of neuronal firing. In the current
study, no selective modifications of firing following either receptor
antisense OLIGO treatment could be distinguished from nonselective OLIGO
effects. While attenuation of APO's effects following D2 antisense OLIGO
treatment supports an autoreceptor role for the D2 receptor in mediating
APO's effects, more complete elimination of APO's effects will be
necessary before O3 receptor contribution can be ruled out.

ANTISENSE KNOCKOUT OF RAT CNS DOPAMINE D3
RECEPTORS: BEHAVIORAL EFFECTS. M. Zhang*. F. I. Tarazi and
Ian Creese. Center for Molecular & Behavioral Neuroscience, Rutgers University,
Newark, NJ 07102.
The study of CNS dopamine D3 receptors is hampered by the lack of selective
drugs. Antisense oligonucleotides, which can arrest receptor synthesis by binding
to complementary mRNA regions, may provide a tool to approach this problem.
In the present study, we intra-ventricularly infused rats with a 19-mer antisense
oligodeoxynucleotide corresponding to the NH2-terminus of the D3 receptor
mRNA. Autoradiographic analysis with [3H]7-OH-DPAT, which has a high
affinity for D3 receptors, indicated that [3H]7-OH-DPAT binding in nucleus
accumbens and Islands of Calleja was decreased by the antisense treatment by 44%,
while [3H]spiperone binding in the dorsal striatum, which primarily labels D2
receptors, was not altered. This suggests that the antisense treatment specifically
reduced D3 but not D2 receptors. By day 3 of the infusion, the D3 antisensetreated rats developed strong catalepsy. While their spontaneous locomotor activity
was not decreased, quinpirole-activated locomotor activity of the antisense-treated
group was about 30% lower than that of the control, saline-infused group. Passive
shock-avoidance tests revealed that D3 but not D2 antisense-treated rats showed a
significant deficiency in both learning and re-learning trials. However, the
performance of the
antisense-treated rats in the Morris watermaze was not
different from the control rats. These results suggest that intraventricular infusion
of D3 receptor antisense oligodeoxynucleotide specifically reduces brain D3
receptors. This strategy should allow the determination of some of the functions
of D3 receptors. Supported by Hoechst-Celanese and Johnson & Johnson
Research Awards.

377.7

377.8

IDENTIFICATION OF PUTATIVE DOPAMINE D4 RECEPTOR
BINDING USING ANTISENSE OLIGODEOXYNUCLEOTIDES. WT.
Florijn*. M. Zhang. F.I.Tarazi and Ian Creese. Center for Molecular and
Behavioral Neuroscience, Rutgers University, Newark, NJ 07102.
At present, selective ligands to directly quantify D4 receptors are
unavailable. Indirectly, the difference between the values for [3H]YM09151-2 (affinity for D2=D3=D4) and [3 H]raclopride (affinity
D2=D3»D4) binding to adjacent tissue sections might reveal the binding
of [3H]YM-09151-2 to D4 receptors. In spite of the low expression of D4
mRNA in rat striatal tissue, this subtraction method resulted in a
surprisingly high percentage of D4 receptors in control tissue sections. In a
second, independent approach, we analyzed raclopride competition for
[3H]YM-09151-2 binding. A two site fit was found following computer
analysis with LIGAND with dissociation constants for raclopride of 2 nM
(apparently D2 receptor, 78% of specific binding) and 200 nM (putative
D4 receptor, 21 fmol/mg tissue, 22% of specific binding). In a third
approach, a D2 antisense 19-mer phosphorothioate oligodeoxynucleotide
(S-oligo) was continuously delivered (5 gg/gl/hr for 3 days) into the
lateral cerebral ventricle of rats. [3 H]YM-09151-2 binding was
significantly lower (55%) in the medial striatum of antisense treated rats
compared to random S~oligo treated rats. However, data analysis for
raclopride competition showed no change in the absolute binding to the
second putative D4 site (20 fmol/mg tissue, 38% of specific binding)
whereas the highest affinity site (putative D2) was reduced by 52%.
Supported by Hoechst-Celanese and Johnson & Johnson Research Awards

AUTOREGULATION OF THE HUMAN Di a DOPAMINE
RECEPTOR GENE PROMOTER BY cAMP. M. M. Mouradian. T.
Minowa. J. R. Walters* and M. T. Minowa. Experimental
Therapeutics Branch, NINDS, NIH, Bethesda, MD 20892.
Stimulation of the Dia dopamine receptor raises intracellular cAMP
concentration and down-regulates the receptor protein. We addressed
the possibility that this second messenger system could in turn affect
the expression of the Dia gene as a positive feedback mechanism
using transient expression assays. Treatment of the Dia expressing
neuroblastoma cells SK-N-MC with forskolin and IBMX resulted in
increased transactivation of the human Dia gene promoter by up to 7
fold. Deletion analysis identified two cAMP responsive regions in
exon 1 of this gene, each with nuclear factor binding sites. The portion
of the Dja gene between these two cAMP responsive regions
contained two additional DNA-protein interaction sites one of which
bound to nuclear factors much stronger following forskolin/IBMX
treatment. Several consensus sequences for classical transcription
factors known to mediate the cAMP response, such as CREB, AP2
and API are found in the human Dia gene. However, the location of
all these sequences except one AP2 site in non-cAMP-responsive parts
of this gene and lack of detectable AP2 expression in SK-N-MC cells
suggest that these factors are unlikely to transduce this signaltranscription coupling. Furthermore, UV cross-linking indicated that
the specific nuclear proteins binding to each of the cAMP responsive
regions in the Dja gene have different molecular weights than these
known factors. Thus, agonist-induced down-regulation of the Dja
dopamine receptor is associated with increased cAMP-mediated
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transactivation of its gene.

377.9

377.10

ANALYSIS OF THE HUMAN DOPAMINE D5 RECEPTOR GENE
S’-REGION AND D5 mRNA DISTRIBUTION IN HUMAN BRAIN.
TV. Beischlag*. J.H. .Meador-Woodruff, A. Marchese. B.F. O’Dowd. H.H.M. Van
Tol. P. Seeman, and H.B. Niznik. Depts. of Pharmacology and Psychiatry,
University of Toronto, Toronto, Canada, M5S 1A8, The Laboratory of Molecular
Neurobiology, The Clarke Institute of Psychiatry, Toronto, Canada, M5T 1R8.
Mental Health Research Institute, University of Michigan, Ann Arbor, MI 48109
The human dopamine D5-gene encodes for a protein that is a member of the
guanine nucleotide-binding protein-linked superfamily of receptors. The D5 gene
has 2 closely related pseudogenes that are transcribed but do not produce functional
proteins. Using 5’-RACE, PCR amplification of human cDNA libraries and
expression studies in COS-7 cells, we were able to obtain overlapping cDNA
clones encompassing the entire 5’-UTR of the D5 receptor gene. Sequence analysis
of clones generated from 5’-RACE suggests that the major site of transcription
initiation of the D5 gene is 2126 bps away the start of coding. As reported
previously, the 5’ end of the D5 cDNA shares no homology with either of the D5
pseudogenes. In situ hybridisation analysis of human brain slices using a D5specific probe reveals that D5 mRNA is most abundant in discrete cortical areas
while very little message is detected in the striatum. Northern blot analysis with
this same probe indicates that the D5 transcript is a rare message but can be found
in most brain regions. The area immediately 5’ to transcription initiation lacks
conventional TATA and CAAT boxes, similar to the D1 receptor gene promoter.
To test for transcriptional activity, various regions of genomic DNA from the 5’flanking region of the D5 gene were fused in front of the firefly luciferase reporter
gene and tested using transient transfection methods in several different cell lines.
Promoter deletion constructs were able to initiate the transcription of the
heterologous luciferase gene in SK-N-SH cells but not in COS-7, CHO, P19EC,
NB41A3, and SK-N-MC cell lines.

THE SPLICING OF THE DOPAMINE D2 RECEPTOR mRNA AND
DOPAMINE RESPONSIVENESS IS REGULATED BY SEX STEROID
HORMONES IN LACTOTROPH CELLS. L.A. Kukstas*. D. Guivarcfi. H.
QuM-Lamghitnia.-.l.n.JVi.nccnL-andLE.-VeEn ier- Institut Alfred Fessard,
UPR2212 CNRS, 91198, Gif-sur-Yvette cedex, France.
Sex steroid hormones are known to modulate the effect of dopamine
acting through the D2 receptor subtype in the CNS and pituitary gland, and
to affect thereby reproductive and maternal functions. The pre-mRNA
encoding the mammalian D2 receptor undergoes alternative splicing of exon
6, changing the length of the third cytoplasmic loop (D2l A44 aminoacids
versus E>2$:415 aminoacids). We have previously shown that sex steroid
hormones were able to modify the alternative splicing of the D2 receptor
mRNA in lactotroph primary cultures (Kukstas et al., 1991, Endocrinolgy
129:1101). By using semi-quantitative PCR, we examined more
systematically the effect of estradiol (E2) and testosterone (T) on the ratio of
the expression of D28 and D2L mRNA isoforms in the CNS and pituitary
gland of castrated male rats. D2s was predominantly found in the
hypothalamus and olfactory tubercles of castrated males and the ratio
D2L^D2s was reversed in hormone-substituted males. In the pituitary,
castration increased, whereas T decreased this ratio. No effect was observed in
the striatum. The overall level of D2 receptor mRNA was never significantly
modified in these conditions. By specifically antagonizing E2 and T
receptors, we demonstrated that steroids act through androgen receptors in
the pituitary but via estrogen receptors in the olfactory tubercle after
aromatization of T. In the MMQ lactotroph cell line, D2L was significantly
lowered by suppressing steroids from the culture medium. A correlation with
the changes in the expression of Goa and Gia proteins and mRNAs was also
studied in these cells, as well as the consequences of hormonal deprivation or
treatment on the inhibitory effect of dopamine on cell growth and prolactine
secretion. These results provide molecular evidence for the functional
interactions between hormonal status and dopamine responsiveness in the
CNS and pituitary gland.
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ISOLATION OF A PUTATIVE HUMAN D3 DOPAMINE
RECEPTOR PSEUDOGENE. G.S. Oill* P.G. Zaworski, E.G.
Adams and J.L. Slightom. Molecular Biology Research, The Upjohn
Company, Kalamazoo, MI 49007.

REGULATION OF a2A-ADRENERGIC RECEPTOR GENE
EXPRESSION IN ASTROGLIA. M. A. Reutter*. C. Sumners, and E,
M. Richards. Dept, of Physiology, College of Medicine, Univ. of Florida,

The cDNA for the human D3 dopamine receptor has been cloned
and is ~l.2 kb in size (Giros et al., 1990). A number of mRNA
splice variants have also been described in human, rat and mouse
studies. When we amplified the gene, using PCR, from a human
Substantia nigra cDNA library (Clontech), we observed a single
band of ~l.35 kb on an agarose gel. DNA sequencing confirmed the
presence of a 154 bp insert towards the 3’-end of the region coding
for the second transmembrane domain. The insert appears to have
originated due to a T — A mutation at the 5’-donor junction of the
intron present in this region. The intron excising machinery must
have used another site 154 bp downstream from this mutated
junction. The insert introduces stop codons in all three reading
frames. No other alteration was discovered in the rest of the
coding sequence. The presence of these sequences was confirmed
in the human genomic DNA as well as in the cDNAs from the
human hypothalamus. These results fit the description of a
putative expressed pseudogene.

Gainesville, FL 32610.
Previous studies have shown that astroglia cultured from rat brain
contain a2A-adrenergic receptors (a 2A-R; Richards, et al. J. Neurochem.
53:287, 1989) and a2A-R mRNA (Richards et al. The Physiologist 36:
#5.4). In this study we have investigated the effects of epinephrine (EPI)
on aM-R mRNA expression in astroglia prepared from the brainstem and
hypothalamus of adult Sprague-Dawley rats in order to understand the
regulatory influences of catecholamines on this gene. a2A-R mRNA levels
were assessed by Northern blot analysis using a 2.2 kb rat a^-R cDNA
(RG2O). EPI (10 nM-100 ^M; 2 hr-72 hr) elicited time and concentration
dependent decreases in the 4 kb a2A-R mRNA levels. Maximal reduction
(~ 8O%) of mRNA levels was obtained with 1 ^M EPI for 6 hrs. Forskolin
(10 nM-10 ^M; 2 hr- 72 hr) elicited similar reductions in a2A-R mRNA
levels indicating that the action of EPI is mediated by cAMP. Forskolin
(1 ^M; 6 hrs) produced a maximal decrease in aM-R mRNA of 85-90 %
compared with controls. These data demonstrate that EPI is a powerful
negative regulator of a2A-R gene expression in astroglia, and that this
effect is possibly mediated via increases in cAMP. (Supported by NIH
grant NS-19441).

377.13

377.14

MOLECULAR CLONING OF NEUROTRANSMITTER RECEPTORS
FROM THE CENTRAL NERVOUS SYSTEM
OF
LYMNAEA
STAGNALIS. C.C. Gerhardt. R.J. Planta. E. Vreugdenhil* and H. van
Heerikhuizen. Graduate School of Neurosciences Amsterdam, Research
Institute Neurosciences Vrije Universiteit, Faculty of Chemistry, Department
of Biochemistry and Molecular Biology, Vrije Universiteit, De Boelelaan
1083,1081 HV Amsterdam, The Netherlands.
We ' are interested in the molecular basis of G protein-coupled signal
transduction in the central nervous system (CNS) of the pond snail Lymnaea
stagnalis. The electrophysiological effects of classical neurotransmitters
(e.g. dopamine, serotonin, acetylcholine) on identified Lymnaea neurons
have been studied extensively in the past. These responses indicate the
presence of G protein-coupled neurotransmitter receptors in the CNS of
Lymnaea. In order to study G protein-coupled signal transduction at the
molecular level, we have started the cloning of cDNAs encoding G proteincoupled receptors using an approach based on the polymerase chain reaction
(PCR). We developed degenerated oligonucleotides deduced from the highly
conserved transmembrane domains which are present in all G protein-coupled
receptors, and performed PCR using these oligonucleotides on cDNA of
Lymnaea CNS. Amplified PCR products were cloned and sequenced. Those
PCR products that were putatively encoding parts of different neurotransmitter
receptors were used to isolate the corresponding full-length clones from a
Lymnaea CNS cDNA library.
Three bioamine receptors are currently under investigation. Structural
features, expression patterns and pharmacological characteristics of these
receptors will be discussed.

CHARACTERIZATION OF DOPAMINERGIC RECEPTORS IN THE RAT
OLFACTORY BULB. V.Klein. L.Srivasavad). FJourdan and E.Movse*. Lab.of
Physiologie Neurosensorielle, Univ.Lyon-I, F-69622 Villeurbanne, France; (1)
Douglas Hosp. Research Ctr„ Verdun, Qu6, H4H1R3 Canada.

377.15

HETEROGENEOUS EGRESSION OF DOPAMINE RECEPTORS IN
INDIVIDUAL FOREBRAIN NEURONS. M.A. Ariano*. E.R. Larson . and K.L.
Noblett. Dept. of Neuroscience, The Chicago Medical School, N. Chicago, IL
60064.
Di and D2 dopamine receptor subtypes are present in high levels in CNS
many areas, including the basal ganglia, the medial prefrontal cortex (mPfx),
somatosensory cortex (SMCx), nucleus accumbens (n A), ventral tegmental area
(VTA), and olfactory tubercle (OT). The regional distributions for these
pharmacological subfamilies of receptors is well documented, but it is
unknown whether individual neurons express single or multiple dopamine
receptor subtypes. The cellular staining patterns of three dopamine receptors,
DLa, D2, and D3, were examined simultaneously in the mPfx, SMCx, striatum,
NA, and OT using the following methods individually, and in combination:
(1) immunofluorescent detection of subtype-specific anti-peptide antisera
(Birain Res. 609:71, 1993; Brain Res, in press, 1994); (2) in vitro fluorescent
binding of pharmacologically selective antagonist ligands (Brain Res.
547:208,1992); and (3) detection of message expression for the different clones
using the enzymatic incorporation of fluorescent dUTP into nascent cDNA
transcripts via m situ transcription (Soc. Neurosci. 19:1368, 1993). Additional
experiments examined the profiles of dopamine receptor localization in
defined forebrain pathways, i.e. the striatonigral, striatopallidal,
corticonigral, mPfx-VTA, and NA-VTA tracts, following retrograde transport
of fluorescent latex microspheres from the terminal field regions. The data
demonstrate that dopaminoceptive neurons localize heterogeneous combinations of these receptors. The distribution profiles for Dja , D2, and D3 in these
five forebrain areas is being catalogued and compared to expression of the
subtypes within the five defined pathways.
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Olfactory bulb (OB) glomerular layer contains numerous dopaminergic intemeurons,
the role of which has been shown in vivo by dopamine (DA) agonist-induced
blockades of odor detection and of odor-induced metabolic activation pattern in OB.
Dopamine receptors had been visualized as D2-like binding sites restricted to
glomerular and olfactory nerve layers, and Dl-like binding sites scattered throughout
OB. The cloning of the multiple subtypes of DA receptors made necessary to reevaluate the dopaminergic subtype(s) functionally expressed within OB. For this
aim, the pharmacological profile of radioligand binding in OB was assessed by
quantitative film radioautography on series of OB sections. Specific binding of 0.1
nM 1251--odosulpride, known to label D2, D3 and D4 receptors, was inhibited by
subtype-selective, non-radioactive ligands according to michaBlian dose-effect
relations, the rank order of which was: domperidone (Ki=2.1nM), 7-OH-DPAT
(Ki=48.3nM), quinpirole (Ki=275nM). Separate analyses for olfactory nerve and
glomerular layers yielded identical Ki values for each of the drugs. These results
indicate that most of D2-like receptors in OB belong to the D2 subtype. The
pharmacological homogeneity of D2-like binding sites in OB strengthens the
hypothesis of a selective association of D2 receptors with olfactory sensory axons,
which had been suggested on the basis of anatomical distribution.
Minor occurrence of D3, D4 and Dl receptors is currently being addressed by
mapping the binding sites of selective 3H-radioligands and also by mapping the
sites of mRNA synthesis by in situ hybridization.

377.16

AUTORADIOGRAPHIC STUDY OF 3H(-)-SULPIRIDE AND 3H-SCH23390
BINDING IN DIFFERENT BRAIN AREAS OF INBRED STRAINS OF MICE
Stefano Puolisi-Alleara* Simon? Cabib. Laura Calza. Luciana Giardino.
Dept. Psychology (Neurosci. sec.), Univ. "La Sapienza", Roma, Inst.
Psicobiol. e Psicofarmacol., C.N.R., Roma, Inst. Fisol. Umana, Univ.
Cagliari, Inst. Clin. O.R.L., Univ. Milano, Italy

Great interest has been stimulated by the problem of individual
differences in behavioral pharmacology in the recent years. Genotype is
the most known source of interindividual variability and striking straindependent differences in the behavioral response to almost all known
psychoactive substances have been observed in mice. The DBA/2 and
C57BL/6 are among the most studied inbred strains of mice in behavioral
pharmacology of brain dopamine (DA). Most of the strain differences
appear to depend on differences at the levels of DA receptor subtypes (D1
and D2) relative number and distribution. Autoradiographic analysis of
3H(-)-SULPIRIDE AND 3h -SCH23390 binding, did not reveal strain
differences for either D1 or D2 DA receptors binding in the caudatus
putamen or in the nucleus accumbens. By contrast, DBA mice were
characterised by a higher number of D1 receptors in the substantia nigra
and of D2 receptors in the ventral tegmental area in comparison with
C57s. This situation was changed when both strains of mice were exposed
to repeated stressful experiences. In fact, repeatedly stressed DBA mice
were characterised by a higher number of D1 receptors in the two areas
of DA projection in comparison with C57s while the strain differences
observed in the projecting areas were markedly reduced. These results
suggest that the balance between pre- and postisynaptic DA receptors is
regulated by a genotype x environment interaction.
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PET STUDIES IN RHESUS MONKEYS OF TWO 1gF-LABELED
BENZAMIDES THAT BIND REVERSIBLY TO DOPAMINE D2
RECEPTORS. R.H. Mach1^*, r .l . Ehrenkaufer*. M.A. NadCT^3, MB

STRIATAL DOPAMINE D2 RECEPTOR BINDING IN PATIENTS WITH
SLEEP BRUXISM: AN ^I-IBZM SPECT STUDY. F.Iobbezoo. G.Lavigne*.
J.P.Soucv and J.Montolaisir. Fac. of Medicine and Dentistry, Center for
Research in Neurological Sciences, Univ. of Montreal, Canada H3C 3J7.
Sleep bruxism, a stereotyped movement disorder characterized by grinding
or clenching of the teeth during sleep, has been reported to be aggravated by
dopamine (DA)-related drugs such as amphetamine and L-Dopa. This suggests
that sleep bruxism may be due to an increased DA activity. To test this
hypothesis we used single-photon emission computed tomography (SPECT)
with iodine-123-labeled benzamide (^I-IBZM), a specific D2 receptor
radioligand, to estimate the relative concentration of striatal D2 binding sites.
Two groups of subjects were investigated: control subjects (CTL; 4 men; mean
age 31.5 ± 9.1 years), and patients with sleep bruxism (BRUX; 4 men; mean
age 31.5 ± 4.2 years). The diagnostic procedure included two consecutive allnight polysomnographic recordings. SPECT was carried out at 90 min after i.v.
administration of 5 mCi (185 MBq) ^I-IBZM (radiolabeled graciously by
Merck-Frosst Canada Inc.). After reconstruction, the transversal slic^ with the

Botchin3. C.R. Smith*. C.L. Hubbard2. T.E. Morton*, and D. Huston-

Lvons.2 Depts. of 1 Radiology, ^physiologyPhormacology, and ^Comparative
Medicine, Bowman Gray School of Medicine, Wake Forest University.
Winston-Salem, NC 27157.
A series of p Et imaging studies were carried out in rhesus monkeys comparing
the uptake and tissue kinetics of two benzamide analogues, 2,3-dimethoxy-N-(pfluorobenzyl)piperidin-4-yl benzamide (MBP) and 4'-fluoroclebopride (FCP).
Both MBP and FCP have been shown to bind with high affinity to dopamine I>2
receptors (Mach et al., J. Med. Chem. 36: 3707, 1993). Each compound
displayed a high accumulation and slow rate of washout from the basal ganglia
(BG). The half-life (T1/2) of the BG washout of MBP varied between subjects,
ranging from 107 to 280 min. The T1/2 of washout of FCP from the BG
displayed a lower between-subject variability, averaging ~24O min. FCP also had
a faster rate of washout from the cerebellum (Cb) when compared with MBP. The
large between-subject difference in T1/2 of washout from the BG resulted in a
high degree of variability in the BG:Cb ratio for MBP, which reached a
maximum value ranging from 2.5-6.0 at 180 min post-injection. FCP reached a
maximum BG:Cb ratio of 4.0-4.5 at 180 min post-injection.
Metabolite analysis studies in rats indicate that only parent (i.e.,
unmetabolized) ligand is present in the striatum at 2 hr post-injection. These data
suggest that radiolabeled metabolites capable of crossing the blood-brain barrier
are not formed with either compound, and indicate that both MBP and FCP are
suitable as PET radiotracers in vivo. However, the lower between-subject
variability of FCP indicates that this analogue may be better suited for
quantitative studies of
receptors in vivo with PET. Supported by NIH grants
NS31907 and DAO6829.

highest striatal counts was selected. Regions of interest (ROIs) were drawn
manually around the striatum (ST) on both sides using an 80% isocontour line
of the SPECT images. For the background, an ROI was drawn around the brain
contour (BC), excluding the striatal areas. Mean counts per pixel were
calculated for each ROI. Striatal D2 receptor binding was then determined
semiquantitatively by calculating ST-to-BC ratios. The mean ratios of CTL
(1.865 ± 0.055) and BRUX (1.770 ± 0.048) were significantly different (p <
0.05). Although the present results are preliminary, they suggest that striatal
D2 receptor down-regulation might be involved in the pathophysiology of sleep
bruxism. (Supported by the MRC of Canada.)

377.19
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EXPRESSION OF D 2 AND D3 DOPAMINE RECEPTORS IN EARLY MOUSE
development
. Eiatiburn. C.S., Bedford, M.. Lonai, P. and Fuchs. S*.
Dept. of Chemical Immunology, The Weizmann Institute of Science, Rehovot,
76100 Israel.
Dopamine receptors play a central role in CNS transmission, and the D 2
sublcass in particular has been associated with a number of neuropathological
conditions. The D2 subclass contains the cloned D2R, D3R and D4R
subtypes, including the short and long alternatively spliced isoforms of the
D2R,and D3R. To determine whether the D2R or D3R subtypes have a role in
embryonic development, we have studied the mRNA distribution of these
receptors at different stages of murine embryonic development. RT-PCR on
embryonal RNA isolated from progressive developmental stages shows that
D2R mRNA is not detectable at early stages, and first appears at day 13.5 post

DOPAMINE D3 RECEPTOR (D3R) IMMUNOREACTIVITY SHOWS DISTINCT
REGIONAL AND LAMINAR PATTERNS IN MONKEY CORTEX. EA,
Nimchinskv!♦. p.R. Hofl. C. Schma^2. A.I. Levev4. J.W. TuUaiL T. Moran3.
S.C. Sealfonl and J.H. Morrison^ Depts of 1 Neurobiology, 2psychiatry,
3Microbiology, Mt Sinai Sch of Med, New York, NY 10029; and 4Dept of
Neurology, Emory Univ, Atlanta, GA 30322.
Ligand binding- and in situ hybridization studies have indicated that the D3R, in
contrast to die D1 and D2 subtypes, has a very restricted distribution. Two polyclonal
antibodies, one against the first 15 amino acids of the A-tenninal domain of the D3R
protein (Cambio) and one against a truncated form, D3nf, known to be abundant in the
brain (see abstract Schmauss et al.), were used to define the distribution of D3R gene
[noducts in areas Ml, SI, VI, prefrontal cortex (area 9), anterior (area 24) and
posterior (area 23) cingulate cortex and hippocampus. In all areas studied,
immunoreactive (ir) pyramidal cell somata, proximal, and apical dendrites were
observed with both antibodies, as were the nuclei of a subpopulation of cells.
Throughout the cortex, the layer I/II border was marked by prominent D3R-ir
bifurcating dendrites that could occasionally be traced to their origin in layer n or III.
Layer I was characterized by a dense meshwork of fine, presumably dendritic processes
which was denser in Ml, area 9 and area 24 than in SI or VI. Numerous D3R-ir
apical dendrites running perpendicular to the pial surface throughout the cortical
thickness, as well as basal dendrites in layer V were seen in Ml and to a lesser extent
in areas 24 and 9, but not in areas SI and VI, where dendritic immun^^ct^vity was
restricted to layers I-III. In the hippocampal formation, pyramidal cells in all CA fields
were labeled from their somata through their dendritic trees. A small proportion of
dentate granule cells were D3R-ir, and the mossy fiber termination zone in CA3 was
lightly labeled. In all areas, D3nf distribution mirrored that of D3R, but was more
intense. Preliminary studies using monoclonal antibodies to the third cytoplasmic
loop of the D3R showed comparable distributions, but with much more intense
immunoreactivity in layers I-III than in deeper layers. These findings suggest that D3R
gene products are more widely distributed in the cortex than previously thought.
(Supported by NIH grants MH45212, MH486O3 and NARSAD)

conception (p.c.) and continues to be expressed at slowly increasing levels
during the following stages. The D3R, by contrast, is detectable as early as
day 9.5 p.c., and its mRNA levels increase until day 12.5 p.c., fall slightly and
then level off at day 14.5 p.c. The long and short isoforms of the D3R show
some slight variation in the pattern of their appearance, unlike those of the
D2R which show an identical pattern. Whole mount in situ hybridisation using
specific cRNA probes shows that at day 9.5 p.c. D3 R mRNA is present in the
optic pit whereas the D2R is undetectable. At day 10.5, D3 R mRNA is also
present in the otic vesicle and to some degree in the forebrain whereas D2R
mRNA is found exclusively in the otic vesicle. At 11.5 days p.c. the distribution
of both D2R and D3R transcripts is more widespread, being detectable in
neural tissue. Thus the D3R may be the dominant D2-type receptor in early
embryos, in contrast to the adult where D3 R mRNA levels are significantly
lower than D2R mRNA levels. The importance of the presence of D3R mRNA
in the optic pit, which develops into the eye, and the otic vesicle, which forms
the inner ear, is presently under investigation.

377.21

377.22

QUANTIFICATION AND PHARMACOLOGY OF DOPAMINE D3
RECEPTORS IN THE RAT FOREBRAIN. M. Hillefors-Berglund*. Y. Liu
and G. von Euler. Dept, of Neuroscience, Karolinska Institutet S-17177
Stockholm, Sweden.
Using quantitative receptor autoradiography, the rank order of potency
for various agonists and antagonists on the binding of [3H]7-OH-DPAT in
the islands of Calleja was R(-)NPA, haloperidol, 7-OH-DPAT,
raclopride, dopamine, and remoxipride. The Bmax value of [3H]7-OHDPAT binding in the islands of Calleja was 100 fmol/mg protein and the

D, DOP/AMNE REEEPPOR-LIKE lAMMUNOREMCTIVITY IN FORCE RAIN
NEURONS. E,A. Nansen. M.A. Ariano1. D.R.Siblev2. M.S. Levine*. M—C
UCLA L.A. CA 90024, Dept. Neurosci. Chicago Med. Sch. N. Chicago IL
600641, Mol. Pharmacol. Unit ETB NINDS Bethesda MD 208922.
We have investigated the localization of D 3 dopamine (DA) receptors using
antisera raised against a 9 amino acid peptide sequence located in the third
cytoplasmic loop of the DA D3 receptor (Ariano & Sibley, Brain Res.. 1994, in
press). Adult Sprague Dawley rats were transcardially perfused with saline
followed by 4% paraformaldehyde. After overnight post-fixation the brains
were sectioned on a vibratome (50 ^m) and then processed for
immunohistochemistry. Tissue was incubated with a 1:4000 dilution of the
primary antiserum followed by treatment with the Vector Vectastain ABC Elite
kit and 3,3'-diaminobenzidine.
DA D3-like immunoreactivity (D3-LI) was identified in the olfactory tubercle,
Islands of Calleja and nucleus accumbens. In contrast to previous in situ
hybridization and binding studies, significant numbers of neurons displaying
Dj-LI were identified in the neostriatum and layers ll-VI of frontal neocortex.
In the neocortex, apical dendrites were clearly labelled.
In addition, neocortical tissue was obtained from children undergoing
surgical resection for treatment of intractable pediatric epilepsy. This material
was post-fixed for several days in 4% paraformaldehyde and then processed
as described above. D3-LI was also identified in neocortical neurons in these
specimens. Together, these findings indicate a potentially more widespread
distribution of D3 DA receptors than proposed from previous studies using less
sensitive detection procedures. Supported by USPHS grants NS 28383 and HD
05958.

Kj) was 1.6 nM. In biochemical experiments using freeze-thawed tissue
from the subcortical limbic area (mainly the nucleus accumbens and

olfactory tubercle), we obtained a Bmax-value of about 20 fmol/mg protein.
However, using fresh tissue, we found a much higher binding, which in the
presence of Mg2+ reached about 125 fmol/mg protein. The rank order of
potency was R(-)NPA, quinpirole, raclopride and remoxipride. The Kd
value of [3H]7-0H-DPAT binding was determined to about 1.4 nM.
Neurotensin increased the Kd values from about 1.4 nM to 1.8 nM with a
maximal effect at 10 nM and an attenuated response at 30 nM. The Bmax
values increased slightly from 125 fmol/mg protein to 150 fmol/mg protein
at 10 nM of neurotensin. Coincubation with GTP (100 ^M) reduced the Bmax
value by 20% without affecting the Kd value. Pretreatment with Nethylmaleimide (100 ^M) reduced the Bmax values by about 80 %, without
affecting the Kd values. The NEM pretreatment had no significant effect
on the ability of neurotensin (10 nM) to increase the Kd value or the Bmax
value of pH]7-OH-DPAT. These results indicate that the D3 receptor is
coupled to endogenous G proteins in the rat brain, and that low
concentrations of neurotensin can modulate D3 agonist binding by a G
protein-independent mechanism.

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

911

CATECHOLAMINE RECEPTORS V

912

WEDNESDAY AM

377.23

377.24

DOPAMINE D4 RECEPTORS IN POSTMORTEM CAUDATE NUCLEUS
OF SUBJECTS WITH SCHIZOPHRENIA. T. Sumiyoshi. C.A. Stockmeier.
J.C. Overholser. L. Friedman* and H.Y. Meltzer. Departments o f
Psychiatry and Psychology, Case Western Reserve Univ.. Cleveland, OH
44106.
The density of dopamine D4 receptors was determined in postmortem
samples of caudate nucleus from subjects with schizophrenia (n=lO) and
age-matched controls (n=l 1) using the method of Seeman et al. (Nature
365:441, 1993). D4 Receptor binding is defined as the difference between
sites labelled by [3H]YM-09151-2 (D2. D3 and D4 receptors) and those by
[3H]raclopride (D2 and D3 receptors). Eight concentrations of
[31 (raclopride (0.3-18 nM) and PHJYM-09151-2 (0.02-1.5 nM) were
used for saturation analyses. The addition of 200 pM 5'-guanylyl imido
diphosphate (Gpp(NH)p) to the assay significantly increased the specific
binding of [ 3H]raclopride in controls by about 24%. but not in tissues
from subjects with schizophrenia. In the presence or absence of
Gpp(NH)p, the [3H]raclopride sites (D2+D3) in subjects with schizophrenia
did not differ significantly from controls. However, the density of [3H]YM-

EXPRESSION OF a1B-ADRENERGIC RECEPTOR mRNA IN FEMALE
RAT BRAIN. A.M, Eteen*. M. Ansonoff and G.B. Karkanias. Depts.
Neurosci. & Psychiat., Albert Einstein Coll. Med., Bronx, NY 10461.
We previously reported that estradiol elevates the total number of ar
adrenergic receptors in female rat hypothalamus and preoptic area by
selectively increasing the density of the a^-adrenoceptor subtype (Petitti et
al., J. Neurosci. 12:3869, 1992). The goal of the present studies was to

09151-2 binding sites (D2+D3+D4) was significantly greater in tissues
from subjects with schizophrenia. D4 Receptor binding, defined as the
difference between [3H]YM-09151-2 and [3H]raclopride (+Gpp(NH)p)
binding, was measurable in all subjects with schizophrenia but in only 3 of
the controls. These results confirm both the insensitivity of PH]raclopride
binding to guanine nucleotides and the occurrence of D4 receptors in the
caudate nucleus in schizophrenia. (Supported by MH 41684 and MH
45488).

develop a reverse transcriptase-polymerase chain reaction (RT-PCR) method
to amplify and quantitate the very low abundance mRNA encoding this
receptor in order to test the hypothesis that estradiol regulates expression of
the a^-adrenoceptor mRNA in female rat brain. PCR primers were selected
to amplify approximately 300 base pairs spanning the known intron within

the coding sequence of the rat a^-adrenoceptor gene. These primers
produced linear increases in PCR product over approximately 2.5 log units
(1-500 ng) of added vector cDNA (provided by Dr. J. Lomasney). When
total RNA (2-10 pg) from various rat tissues was subjected to RT-PCR, a
band of appropriate size was detected in hypothalamus-preoptic area, cortex,
cerebellum, heart and liver. Digestion of the PCR product with restriction
enzymes yielded fragments of the predicted size. Expression of 0-actin in
each RNA preparation was also analyzed by RT-PCR as an internal standard
for quantitation. Preliminary findings suggest that estrogen-induced increases
in hypothalamic-preoptic area a^-adrenoceptor binding may result from
hormone-dependent increases in levels of transcripts encoding the receptor
protein. Supported by DHHS Grants HD29856 and RSDA MH00636.

377.25

ALPHA 2 ADRENERGIC RECEPTOR mRNA EXPRESSION DURING
RAT BRAIN DEVELOPMENT. U.H. Winzer-Serhan. Y. Chen. R.S. Broide.
F.M. Leslie*. Dept. Pharmacology, Univ. of California Irvine, Irvine, CA 92717
We have previously shown an early developmental appearance of a2 adrenergic
receptors in rat brain. In the present study we have used in situ hybridization with
subtype-specific cRNA probes to further characterize the ontogeny of this receptor
class. The distribution in adult brain was similar to that reported previously, except
for a2B which exhibited more widespread distribution. In addition to expression in
the thalamus, a2B mRNA was detected in adult cortex, ventral striatum, lateral
septum and cerebellum. Messenger RNA for all three receptor types was detected
early in embryonic brain development. At embryonic day (E)I4, the earliest time
point examined, robust expression of a2A mRNA was observed in areas adjacent
to forebrain and hindbrain germinal zones. a2B mRNA was detected at E14 in the
developing vasculature, and by E15 was faintly apparent in neurons of the caudateputamen. At E14 there was also weak expression of a2C mRNA throughout
forebrain and hindbrain regions. By the first postnatal day (PI), there was
widespread expression of a2A and a2C mRNAs in a distribution resembling that of
the adult. The following exceptions were observed. For a2A, expression in the
cerebellum and arcuate hypothalamic nucleus occurred later in postnatal
development. Transient expression was also observed in the dentate gyrus,
thalamus, caudate putamen, interpeduncular nucleus and bed nucleus of the stria
terminalis. For a2C, there was a slightly delayed expression of mRNA in the
inferior colliculus and dorsal raphe nucleus. Weak transient expression was seen in
the thalamus. For both a2A and a2C, mRNA expression in many brain regions was
higher in early postnatal development than in adult. By contrast, the majority of
a2B mRNA expression occurred during the postnatal period. At PI, there was
significant expression of a2B mRNA in caudate putamen, in a patchy distribution,
in the Purkinji cells of the cerebellum and in olfactory tubercle and septum. This
expression diminished during postnatal development. Labeling of thalamic nuclei
and of cortex appeared sequentially during this postnatal period. These data confirm
the early developmental appearance of a2 adrenergic receptors in developing brain
and suggest a possible early functional role. Supported by PHS grants # DC 00450
and NS 19319.

NEUROTRANSMITTERS IN INVERTEBRATES III
378.1

378.2

FUNCTIONAL IMPLICATIONS OF DISTINCT TRANSMITTER PHENOTYPES IN
HOMOLOGOUS MODULATORY NEURONS. P. Meyrand! J. Simmers1, M.P.
NusbaunT. 1Lab. de Neuroblologie et Physiologie Comparees, CNRS. 33120
Arcachon, France/Neurobiology Research Center, Dept. of Physiol. & Biophys.,
Univ. of Alabama at Birmingham, B'ham, AL 35294/Dept. of Neuroscience, Univ.

DOMINANCE STATUS MODULATES THE EFFECT OF SERO-

of Pennsylvania Medical School, Philadelphia, PA 19104.
The pyloric and gastric mill motor patterns, generated In the crustacean
stomatogastric ganglion (STG), are controlled by modulatory neurons that
project to the STG. Some of these modulatory neurons have been identified
and studied In one or another of several related species. To develop general
principles governing the organization of neuromodulatory systems, we are
comparing the transmitter complement and physiological actions of homologous
modulatory neurons in two related species, in the crab, Cancer borealis, the
paired modulatory proctolin neuron (MPN) contains the peptide proctolin and

has GABA-like immunolabeiing (GU: Nusbaum & Marder, J Neurosci 9:1591;
Nusbaum et al.. Soc Neurosci Abstr 15:366).
In the lobster, Homarus
gammarus, the homologous neuronal pair, called GN1/2, also has GU (CoumH
et al., J Neurocytol 19:478) but does not contain proctolin.
Stimulation of MPN causes a proctolin-like excitation of the pyloric rhythm
(Nusbaum & Marder, J Neurosci 9:1600). Although GN1/2 does not contain
proctolin, we found that GN1/2 stimulation excites the pyloric rhythm in a
manner similar to MPN. In contrast, MPN activity inhibits the gastric mill rhythm
while GN1/2 excites it. The MPN-mediated inhibition does not involve proctolin
(Blitz & Nusbaum, this volume). Thus, homologous modulatory neurons need
not express the same transmitter phenotype nor have the same functional
effects. However, differences in transmitter phenotype do not necessarily
correspond to functional differences.
Supported by Foundation del Puca (PM), IBN-9309804 (MPN) and HFSP.
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TONIN ON THE TAILFLIP COMMAND NEURON IN CRAYFISH.
S.-R. Yeh and DH. Edwards*. Department of Biology, Georgia State
University, Atlanta, GA 30302-4010.
Adult (8-12 cm) and juvenile (1-2.5 cm) crayfish display dominance

relationships when two animals similar in size are paired in a small container. In crayfish taken from pairs maintained together longer than 3
days, bath-applied serotonin (10"4 -10"5 M) enhances the lateral giant

(LG) interneuron's responses to mechanosensory input in behaviorally
dominant crayfish, whereas 5-HT reduces the cell's response to those
same stimuli in behaviorally subordinate crayfish. LG is a command in-

terneuron for one form of tailflip in crayfish and lobster. The input re-

sistance of LG increases with 5-HT application in dominant crayfish

and decreases in subordinate animals. The responses of other
mechanosensory intemeurons that are part of the tailflip circuit and that
provide input to LG are unaffected. Vertebrate 5-HTj agonists reduce
LG's response in both dominant and subordinate animals, whereas ver-

tebrate 5-HT agonists increase LG's responses in both animals. It appears likely that dominance status modulates which 5-HT receptor
subtype is predominant in the LG: 5-HT2~like receptors are more effec-

tive or higher in density in dominant crayfish and 5-HT -like receptors
are predominant in subordinate crayfish. Supported by NIH Grant
NS26457 to DHE.
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STOMATOGASTRIC GANGLION OF THE SHRIMP
K.Tazaki.* Biol.Lab.,Nara Univ. Educ.,

SEROTONIN IMMUNOREACTIVITY OF IDENTIFIED SENSORY
INTERNEURONS OF THE CRICKET. M.Hardt^.U.Sndrhase-

PENAEUS JAPONICUS.

Eichmann2) and H.Agricola2): ^Zool.Inst., J.W.Goethe-Univers.,

Takabatake, Nara 630, Japan.
Transmitters of motor neurons in the STG of the shrimp Penaeus

Tierphys.,F.-Schiller-Univers.,JeIa,

were identified by analyzing the innervation of the pyloric region and
the excitatory neuromuscular properties of muscles from a comparative
perspective. The muscles of the pyloric region depolarized in response
to either glutamate or ACh exogenously applied, or to both. The
pharmacological experiments and desensitization of the junctional

receptors elucidate the glutamatergic nature of the EJPs evoked in the
constrictor muscles innervated by LP, PY and IC neurons. Similar
experiments also indicate the cholinergic nature of the EJPs evoked in

the dilator muscles innervated by PD and VD neurons. One cell type of
motor neurons

firing corresponding in phase with

PD

neurons

Frankfurt a.M., 2)l.Zool.Inst.d.Umvers.,Gottingen, 2)Sekt.BioL,WB
Germany (FRG).

The prothoracic auditory sibling neurons ONI and ON2 of the cricket

Gryllus bimaculatus project bilaterally and transfer information between the
right and the left side of the CNS. Whereas the morphology and the physio-

logy of these cells is well studied their neuroactive substances are unknown.
Combining conventional immunocytochemistry with intracellular stainings

we demonstrate that ONI contains serotonin. Using computer aided quantitative analysis of the immunostaining we find a systematic intracellular

gradient, suggesting that the concentration of serotonin is low in the
dendritic branches of ONI and high in its output structures. In contrast to

innervate muscles of both the gastric mill and the pylorus. The

ONI ON2 is not immunoreactive for serotonin. We therefore propose that

pharmacological evidence of the junctional receptors indicate the

these sibling neurons may have different functions in the prothoracic net-

cholinergic nature of neuromuscular junctions in these dually sensitive
pyloric muscles. Extrajunctional receptors to glutamate are present in
some types of the muscle. These findings obtained in the penaeidean
shrimp which belongs to the most primitive decapod suborder are
phylogenetically compared to those

previously

reported in other

decapod suborders to provide insight into how the stomatogastric
neuromuscular system evolved.

work. In the mesothoracic ganglion we stained a so far unknown serotonergic neuron that probably represents a serial homolog of ONI. The morphology of this cell suggests that it is involved in sensory processing other than

auditory. This is under present investigation. The role of serotonin as a

possible neurotransmitter or modulator in the thoracic sensory networks of
the cricket is discussed. Supported by Hermann Willkomm-Stiftung(MH).

378.5
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COMPARATIVE
IMMUNOCYTOCHEMICAL
DEMONSTRATION
OF
BIOGENIC AMINES IN THE VENTRAL NERVE CORD OF THE CRICKET,
GRYLLUS BIMACULATUS. M. HQrner, F.W. Schurmann* {.Zoological
Institute, University of Gottingen, Dept. of Cell Biology, BerlinerstraBe 28,
37073 Gottingen, FRG.
Using specific antibodies the distribution of serotonin- (5HT-li), dopamine(DA-li) and histamine-like (HA-li) neurons has been investigated to reveal the
topography of aminergic pathways and the specific supply of neuropils by
5HT-, DA- and HA-li elements. Aminergic projections present in all neuropils
stem from a limited number of aminergic cells. Whereas 5-HT-li (n=120)
neurons are found in each segment, DA-li (n=60-70) and HA-li (n=36) somata are lacking in some neuromeres. Tracing of fibre projections through
the ventral ganglia shows that amines are attributed to different cell types:
DA-li elements are represented mainly in descending plurisegmental interneurons. 5-HT-li intersegmental intemeurons are mainly ascending elements; additional efferent and afferent 5-HT-li cells occur in selected
ganglia.
Segmentally
arranged
HA-li
intemeurons
have
both
intersegmentally ascending and descending branches.
Most of the identified aminergic neurons show wide-field projections with
different varicosities codistributed in the central neuropils. However, a colocalization of 5-HT, DA or HA can be excluded. DA-li varicosities occur in all
central neuropils except those with afferent projections, whereas 5-HT-li varicosities display strong immunoreactivity in sensory neuropils. HA-li projections are found mainly in ventral regions close to the glial cell layer. 5-HTand HA-li varicosities are also observed on peripheral nerves. The morphological description of the main aminergic pathways is needed to further
study the functional role of biogenic amines released from identified cells.

ACETYLCHOLINE AND GABA MEDIATE EXCITATION AND INHIBITION
OF LOBULA PLATE INTERNEURONS OF THE BLOWFLY, CALLIPHORA
ERYTHROCEPHALA. T.Brotz* and A.Borst. Friedrich-Miescher-Laboratorium der
Max-Planck-Gesellschaft, Spemannstr. 37-39, D-72076 Tuebingen
Visual motion information is processed by a set of 50-60 large, individually
identifiable intemeurons in the fly’s third optic neuropil, the lobula plate. These cells
integrate the signals of retinotopic arrays of local motion detectors. At each retinal
location, the cells are supposed to receive direct excitatory and inhibitory input from
two such detectors tuned to motion in opposite directions. We study the
pharmacology of the synaptic inputs to the lobula plate intemeurons by recording
intracellularly from the so-called VS- and HS-cells in a recently developed in vitro
preparation of the fly brain. Several known excitatory and inhibitory transmitter
candidates and their agonists were tested by bath application and iontophoresis.
Nicotinic, cholinergic agonists turned out to depolarize the VS- and HS-cells. Bathapplicate^ nicotine (lO^M) and carbamylcholine (10'5 M) were potent depolarizing
agents even under synaptic blockade in Ca2+-free saline with high Mg2+-level (2OmM)
or in Co2+-containing saline (2OmM). Iontophoretically applied carbamylcholine
elicited a fast depolarization which could be blocked totally by 10'4M d-tubocurarine,
a nicotinic receptor antagonist. In order to identify the postulated inhibitory
transmitter we tested known chloride channel activators like GABA, muscimol,
glutamate and histamine. So far, only the GABAA-receptor agonist muscimol (lO^M)
showed a hyperpolarizing response in VS-cells when bath applied.
Hyperpolarizations of up to 2OmV in amplitude were observed at a resting potential
of -4OmV. Hyperpolarizing responses can also be elicited when musimol is applied
iontophoretically under conditions of synaptic block. The muscimol response is
sensitive to the chloride channel blocker picrotoxinin, down to concentrations of
10'5 M. From these results we conclude that VS-cells receive their direct excitatory
and inhibitory input via nicotinic acetylcholine receptors and GABA receptors,
respectively.

Supported by the Deutsche Forschungsgemeinschaft HO1507/2-1 and SCHU374/9-2
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EFFECTS OF ADIPOKINETIC HORMONE IN THE CENTRAL
NERVOUS SYSTEM OF A MOTH. J.J. Milde* and M.Wallstein.
Zoology Department, University of Cologne, D-50923 Koeln, Germany.

MONOCLONAL ANTIBODIES TO RARE SEGMENT AND/OR
STAGE SPECIFIC NEURONS IN THE CENTRAL NERVOUS
SYSTEM OF MANDUCA SEXTA. C-M. Wang and S.E. Fahrbach*
Department of Entomology and Neuroscience Program, University of
Illinois, Urbana, IL 61801.
A cyclophosphamide immunosuppression protocol was used to
generate monoclonal antibodies (MAbs) that recognize rare segment
and/or stage specific proteins in the central nervous system of the
tobacco hawkmoth, Manduca sexta. The patterns of antibody staining
obtained suggest that these antigens are different from previously
described molecules. MAb PlFlO recognized a single pair of neurons

The number of putative chemical messengers characterized in
insects has steadily increased. Here we introduce a preparation
designed to test the physiological function of neuroactive substan-

ces within the CNS of the lepidopteran Manduca sexta. The significance of this approach is exemplified by comparing octopamine,
a biogenic amine known for strong modulatory effects on the CNS
with the peptide Manduca-AKH (extracted from the corpora cardiaca by R. Ziegler, Tucson), viewed primarily as neurohormone
controlling fuel metabolism of the fat body. Following pressure
injection into the mesothoracic neuropile, both substances increase
the spontaneous activity recorded from a flight muscle used as
monitor. Strength, timing and duration of the responses are depending on the concentration of the substances and the duration and
site of the injection. In most cases the effects also appear on the

side contralateral to the injection. Although applied in lower doses
compared to octopamine, AKH induces even stronger effects on
the motor activity, that are in contrast to octopamine specifically
restricted to the monitor muscles. The results suggest a neuromodulatory role of AKH in the CNS in addition to the known metabolic functions and support recent evidence on the multifunctionality of neuropeptides in insects.
(supported by the DFG)
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in each segment except the brain, frontal ganglion, subesophageal
ganglion, metathoracic ganglion, and last abdominal ganglion.
Neurons stained with the P1F10 antibody are present from 90%
embryonic development through the end of adult life. MAb PI A7
stained neurons in the brain, and the frontal and subesophageal ganglia
in addition to all of the cells recognized by MAb P1F10. MAb P2C5
recognized 2 pairs of neurons in the subesophageal and pro- and
mesothoracic ganglia, and 1 pair in the metathoracic ganglion, but none
in the abdominal ganglia of larvae: in the adult, a single pair of lateral
neurons was stained in each of the abdominal ganglia. This staining
appears on the day before pupation and is not seen if the glandular
source of the developmental steroid ecdysone is removed before the

end of larval life. The differential but overlapping staining patterns of
these 3 antibodies may help reveal the mechanisms controlling
segment-specific and stage-specific differentiation of neuronal
phenotype in insects. The antigens recognized by MAb P1F10 and
PI A7 are conserved in the nervous system of many other species of
insect
Supported by NIH Award HD24637 to SEF.
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MANDUCA SEXTA NEUROSECRETORY CELLS IMMUNOREACTIVE

TO LEUCOKININ, DIURETIC HORMONE, AND CRUSTACEAN
PIGMENT DISPERSING HORMONE. N.T. Davis*1. Y. Chen2. J.A.
Veenstra2. H. Hagedorn2. and J.G. Hildebrand1,2. 'ARL Div. Neurobiol. and
2Dept. of Entomology, Univ. Arizona, Tucson, AZ 85721.
We have sought to identify neurosecretory cells in the moth M. sexta that
may be the sources of Leucokinin (LK)-like neurohormones, which stimulate
diuresis in insects. We have also studied the relationship of these cells to cells
expressing M. sexta Diuretic Hormone (DH) and Crustacean Beta Pigment
Dispersing Hormone (PDH) antigenicities. Immunostaining at various stages,
using antisera to LK, DH and PDH, revealed bilateral pairs of LK-immunoreactive neurosecretory cells (L, & L4) in abdominal ganglia 3-7; cells L, & L4
project via the ipsilateral ventral nerves to neurohemal release sites in the next
posterior transverse nerves. The sizes of these lateral neurosecretory cells
greatly increase in the pharate adult, during a period of intense diuresis that
occurs a few days before adult eclosion. DH and LK immunoreactivities are colocalized in the Lj lateral neurosecretory cells, suggesting that DH and LK are
co-released by these cells. PDH-immunoreactivity is not found in the L, & L4
cells. In the terminal abdominal ganglion of the larva, a posterior median pair
of LK-immunoreactive cells and a lateral pair of DH-immunoreactive cells
project to neurohemal release sites within the cryptonephridium. These cells are
also PDH-immunoreactive. The LK, DH, and p Dh immunoreactivities of these
cells are lost as the cryptonephridium is eliminated early in metamorphosis; this
change in the cells is related to the change from the larval to adult pattern of
diuresis. PDH- and DH-immunoreactivity is also co-localized in median neurosecretory cells of the brain. The co-localization of PDH-immunoreactivity with
DH- and LK-immunoreactivities in some neurosecretory cells suggests that a
PDH-like peptide is also involved in diuresis in M. sexta.

378.11

PEPTIDERGIC REGULATION OF CHROMATOPHORE FUNCTION IN THE
CUTTLEFISH, SEPIA OFFICINALIS. P.K. Loi* & N.J. Tublitz. Institute of
Neuroscience, University of Oregon, Eugene Oregon 97403.
The varied colouration displays produced by cephalopods are generated by changes
in the size of the chromatophore organs, which are under CNS control. Our long term
goal is to elucidate the neural mechanisms regulating these displays, and as our first
step in this process we have begun to identify the neurotransmitters/modulators at the
chromatophore neuromuscular junction in the cuttlefish, Sepia officinalis.
To identify putative neurotransmitters/modulators in the chromatophore system,
various neurochemicals were tested on an in vitro chromatophore bioassay. This assay
consists of a small patch of dermis, containing several chromatophores, placed in a
perfusion chamber mounted on an inverted microscope. Changes in chromatophore
size were monitored through the output of a photocell placed in the optical pathway.
Of the numerous neurotransmitters tested, only glutamate and several neuropeptides
were effective in producing chromatophore expansion. Effective neuropeptides were
FMRFamide, FMRFamide-like peptide, peptide FI, bucculin, myomodulin, small
cardioactive peptide A (SCPa) and alpha-MSH. Ineffective neural factors included
serotonin, GABA, dopamine, octopamine, ACh, and melatonin.
Because the chromatophores responded to all FMRFamides tested at low concentrations , we have been interested in determining if any of the FMRFamide peptide
family are present in the chromatophore system. Using a polyclonal antibody against
FMRFamide, numerous immunoreactive cells were found in the posterior chromatophore lobe in the brain. FMRFamide immunopositive staining were also* found in
peripheral nerves containing axons from the chromatophore motoneurons, including
the pallia! nerves, fin nerves and nerves in the dermis. We have identify presumptive
nerve endings at the chromatophore muscles which are FMRFamide positive. All
FMRFamide staining was blocked when the primary antibody was preabsorbed with
either FMRFamide or FMRFamide-like peptide but not with SCPa. Taken together,
these results indicate that the FMRFamide related peptide/s may have a regulatory
role in the chromatophore organs in Sepia.
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DISTRIBUTION AND COLOCALIZATION OF PUTATIVE
NEUROHORMONES IN THE NEUROHEMAL TISSUES OF THE CRAB,
cancer
boreaus . Andrew E. Christie*. Petra Skiebe and Eve Marder. Dept.
of Biol., Brandeis Univ., Waltham, MA 02254.

Over the past three decades the stomatogastric ganglion (STG) has emerged as one
of the leading preparations for the study of neuromodulation of simple, rhythmically
active neural circuits. This ganglion, which is situated in the ophthalmic artery,
receives both local modulatory and neurohormonal influence. While 12 neuroactive
substances have been identified in the input axons that project to the C. borealis
STG, little is known about the distribution of these modulators in neurohemal
structures. Using immunocytochemical techniques and confocal microscopy, we are
studying the distribution and colocalization of neuroactive substances in the major
neurohemal tissues, namely the sinus glands (SGs) and the pericardial organs (POs).
Our work shows that the majority of neuroactive molecules previously identified as
local modulatory inputs to the St G may also function as neurohormones. The small
molecule transmitters serotonin and GABA as well as proctolin, FMRFfNHl-bke,
cholecystokinin-like, red pigment concentrating hormone-like, locustatachykininlike, buccalin-like, myomodulin-like and allatostatin-like peptides are all present in
both input axons that project to the STG and at least one of the two neurohemal
structures. Two neuropeptides, ^-pigment dispersing hormone-like peptide and a
molecule similar to crustacean cardioactive peptide, are present only in neurohemal
tissue. We have also found that the patterns of modulator colocalization seen in the
STG differ from those present in the neurohemal tissues. In the STG, all
locustatachykinin-like peptide is found colocalized with the peptide proctolin. In
both the SGs and POs, the distributions of both peptides are distinct. Taken
collectively, our findings show that there are many potential neurohormonal
modulators of the STG. As the local concentration of intrinsically released verses
neurohormonally released modulator is likely to be different at an STG target, dual
function as both a local modulator and a neurohormone may account for the distinct,
concentration dependent effects seen with some modulators. Research supported by
NS17813.

378.12

PRIMARY STRUCTURE OF A PIGMENT-DISPERSING FACTOR
FROM THE STICK INSECT, CARAUS1US MOROSUS. C.J.
Mohrherr. K. Maruska. M. Raabe1. J.P. Riehm and K.R. Rao*. Dept.
of Cell and Molecular Biol., Univ. of West Florida, Pensacola, FL
32514; 'Lab. Neuroendocrinologie des Insectes, Univ. Pierre et Marie
Curie, 75230 Paris, France.
Stick insects display rapidly reversible integumental color changes.
Extracts of lyophilized heads of stick insects induce integumental
darkening in the stick insect and cause pigment dispersion in the
melanophores of the fiddler crab, Uca pugilator. Utilizing the latter
bioassay and an enzyme-linked immunosorbant assay (ELISA) with
Romalea PDF antibody, we purified a pigment-dispersing factor (PDF)
from the stick insect heads.
Automated sequencing, followed by
verification of C-terminal amide by chemical synthesis and comparison
to the native peptide, established the primary structure of stick insect
PDF as NSELINSLLALPKVLNDAamide.
This differs from
cockroach (Periplaneta) PDF at a single residue, Ala-10 in place of
Gly-10, and is a member of the PDH-PDF family of octadecapeptides
common to arthropods. The stick insect PDF is about 8-fold less
potent than Periplaneta PDF in triggering melanophore pigment
dispersion in Uca. The stick insect PDF did not cause body darkening
in the stick insect. The substance responsible for the latter effect is a
smaller molecule than PDF, and it is being characterized.

378.13

378.14

GLUTAMINE CYCLE ENZYMES IN THE CRAYFISH MEDIAL
GIANT NERVE FIBER: IMPLICATIONS FOR AXON-TO-GLIA
SIGNALING. R.M. Grossfeld*! E. McKinnon2. P.T. Hardttai2. and
E.M. Lieberman2. !N.C. St. U, Zoology, Raleigh, NC 27695 and 2East
Carolina U. School of Medicine, Physiology, Greenville, NC 27858.
Pharmacological studies have shown that glutamate released by giant
axons during excitation initiates a 2nd messenger cascade and membrane
potential change in adjacent glia that contribute to periaxonal ion
homeostasis. Those studies lead to the hypothesis that glutamate is the
mediator of axon-to-glia signaling in crayfish and squid. To further test
this hypothesis, we have measured the cellular distribution and activity of
2 key glutamate-glutamine cycle enzymes, viz. glutamine synthetase and
glutaminase, in the crayfish giant nerve fiber. Gold-labeled antibodies to
these enzymes and to glutamate were quantitatively localized to the axon
and glia by electron microscopy. Glutamine synthetase immunoreactivity
was found to be 11 times greater in the adaxonal glial cells than in the
axon, whereas glutaminase was only 2.5x greater. Glutamate was
present at high concentration in both the glia and axon. Using radiolabeled substrates, it was demonstrated- that glutamate and glutamine
were interconverted in the intact giant nerve fiber and in an axoplasm-free
nerve fiber which retained its periaxonal glial cell layer. The
preponderance of glutamine synthetase in the glial sheath relative to the
axon and the formation of glutamine by sheath cells is consistent with a
role for the glia in terminating the axon-to-glia glutamate signal. These
data bolster the proposal that there is a physiologically significant extrasynaptic release of transmitter substance and mechanisms for the
recycling, synthesis and inactivation of the chemical signal.
Supported in part by ARO grant DAAG86-K-0023.

A PUTATIVE SEROTONIN-SYNTHETIC AROMATIC AMINO ACID
HYDROXYLASE FROM THE NEMATODE C. ELEGANS C. M. Loer1* and A,
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McKerrow. Dept. of Pathology, University of California, San Francisco,
CA 94121 and 1 Dept. of Biology, Lafayette College, Easton, PA 18042
We are seeking to identify genes that regulate the expression of the
neurotransmitter phenotype of serotonergic neurons of C. elegans. We
are using two approaches: 1) isolation and characterization of
serotonin-deficient mutants, some of which should identify regulatory
genes, and 2) identification of marker genes used by serotonergic
neurons, the genes controlled by the regulators of neurotransmitter
type.
The first step in serotonin synthesis is catalyzed by an aromatic
amino acid hydroxylase (AAAH). In vertebrates, this enzyme is named
tryptophan hydroxylase (TrpH); it is one of three related AAAH's,
including phenylalanine hydroxylase (PheH) and tyrosine hydroxylase
(TH). Recent evidence suggests that in the fruit fly Drosophila, only
two such enzymes exist, with the TrpH and PheH functions carried out
by a single Phe/Trp hydroxylase with broader substrate specificity
(Neckameyer and White, J. Biol. Chem. 267: 4199-4206, 1992). We
have previously cloned an AAAH gene from C. elegans using PCR with
degenerate oligonucleotides.The enzyme encoded by the longest cDNA
sequenced is most similar to the Phe/TrpH from Drosophila(C. Loer and
C. Kenyon, unpublished). In order to determine whether the protein is a
serotonin-synthetic enzyme, we have cloned the cDNA into an fusionprotein expression vector (pMAL), expressed the protein in bacteria,
and tested the substrate specificity of the resulting enzyme. Experiments using crude lysates of bacteria expressing the protein suggest
that this enzyme is also capable of hydroxylating both Phe and Trp.
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CIS-ACTING REGULATORY REGION REQUIRED FOR BRAIN-SPECIFIC
EXPRESSION OF THE HISTIDINE DECARBOXYLASE GENE OF
DROSOPHILA. M.G. Burg* and W.L. Pak. Dept. of Biol. Sci.,

Octopaminergic Modulation of the Sting Response of the Honey Bee
(Apis mellifera). B. D. Burrell and B. H. Smith*. Dept. of Entomology,
Ohio State University, Columbus, OH 43210.

Purdue Univ., West Lafayette, IN
We have previously identified and characterized the hdc
gene of Drosophila which encodes histidine decarboxylase
(HDC) and is required for the synthesis of histamine, used
as transmitter in both photoreceptors and a subset of
neurons in the brain (EMBO J 12:911, 1993).
Immunocytochemical analysis of hdc mutants suggests that hdc
expression may be differentially regulated for
photoreceptors and neurons in the brain.
To study the
transcriptional regulation of this gene, we identified a
9.4 kb Xbal fragment that rescued the hdc mutant in
P-element mediated germline transformation experiments
(Abstr. Soc. Neurosci. 19:1273). We have now shown that
within this 9.4 kb fragment, a 7.4 kb fragment completely
rescues hdc mutants in transformation experiments.
This
7.4 kb fragment was sequenced and the resulting gene
structure revealed the presence of 7 introns, ranging from
53 bp to 549 bp in size.
Deletion and sequence analysis of
the 5' noncoding region has identified several putative
transcriptional regulatory regions.
One of these has been
identified within a 0.9 kb fragment and appears to be
required for the expression of the hdc gene in most central
brain histiminergic cells but not in photoreceptors.
This
result demonstrates that cis-acting regulatory regions are
utilized in the cell-specific expression of the hdc locus.
Supported by EY00033.
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The biogenic amine octopamine (OA) modulates a variety of invertebrate
behaviors at sensory, neural and muscular levels. By studying the effects
of OA on the sting response of the honey bee, it is possible to compare the
modulatory role of OA on that behavior to its effects on motor pattern
generation in other invertebrate systems, such as the locust (Orchard et al,
1993. Ann. Rev. Entomol. 38:227-249). The behavior of the honey bee sting
shows rhythmic and reflexive components, each of which might be subject
to modulation by biogenic amines. Sulfide-silver stainings of the terminal
ganglion of the ventral nerve cord (which is necessary for generation of the
sting motor pattern) show that octopaminergic cells are present in this
ganglion and that they appear to innervate the sting muscles. OA
generates both an inhibitory and potentiating effect on different aspects of
the sting response, indicating that it has at least 2 sites of action relevant
to this behavior. OA reduces the amount of activity observed in EMG
recordings of the sting response, possibly indicating inhibition of
components involved in central pattern generation of the sting motor
response. OA also increases the magnitude of sting lancet extension,
possibly indicating potentiation of the muscles' response to input.
Respiration rate is not affected by OA, nor is there is there any evidence of
toxicity. The modulatory role of OA on the honey bee sting muscles is
analyzed in order to examine in more detail the different roles of OA-on
the generation of the sting motor pattern. Measurements are made from
muscles in a reduced sting preparation and changes in their contractile
properties due to OA are recorded.

378.17

REPETITIVE TREATMENT WITH SEROTONIN INDUCES CHANGES
IN PROTEIN SYNTHESIS AND PROTEIN PHOSPHORYLATION IN
THE CNS OF "HIRUDO MEDICINALIS". D. Bottai. M. Garcia and M.
Brunelli* Centre for Research in Neuroscience, McGill University and
Montreal General Hospital, Montreal, PQ, Canada H3G 1A4 and
Dipartimento di Fisiologia e Biochimica G. Moruzzi, Universita' di Pisa,
56127 Pisa, Italy.
Many neural functions are regulated by phosphorylation of proteins.
In the leech, behavioral experiments have shown that 5HT is involved
in short-term non-associative learning through the activation of cAMPdependent protein kinases. On the other hand, long term dishabituation
requires new protein synthesis but the mechanisms underlying the
passage from the short-term to the long-term learning are unknown. In
order to study this issue, we have labeled ganglia with either [32p]orthophosphoric acid or [35s]-methionine. Labeled proteins were
separated by bidimensional electrophoresis and detected by
autoradiography. A single treatment with 5HT 5OpM was found to
produce a general increase in protein phosphorylation. Repetitive
treatments with 5HT induced a higher level of protein phosphorylation
and a modification of P^SLmethionine incorporation. Repetitive
treatment with both 5HT and the protein kinase inhibitor staurosporine
resulted in a 20-50% inhibition of pSpmethionine incorporation into
proteins. These results suggest that protein phosphorylation is
important to trigger protein synthesis, possibily mediating the passage
from short-term to long-term modulation.
Supported by Min. della Pub.Istr. Italy and the FCAR of Quebec.

STORAGE, SECRETION, AND METABOLISM
379.1

SYNTHESIS AND MEASUREMENT OF THE NEUROACTIVE STEROID, 3aHYDROXY-4-PREGNEN-2O-ONE (3aHP) IN THE PITUITARY, HYPOTHALAMUS AND OLFACTORY LOBE. J. P. Wiebe* and M. Wolfe. Hormonal
Regulatory Mechanisms, B&G Building, Univ. of Western Ontario, London,
Ontario, Canada N6A 5B7.
The recently discovered neuroactive steroid, 3aHP, has been shown to selectively suppress GnRH-induced pituitary FSH release by actions at the level of
the gonadotrope membrane/Ca2+ channel and the cell signaling pathway involving protein kinase C and Ca2+ mobilization {Endocrinology 125:41, 1989;
134:371,1994; 134:377,1994). 3aHP also has analgesic and anxiolytic actions
{Brain Res 461:150,1988; and in press) and enhances preference for the odors of
estrous females {Brain Res, in press) by potentiating GABA-receptor-mediated
Cl' channels. Because of these effects involving the hypothalamus (HYP), pituitary (PIT) and olfactory lobe (OL), it was of interest to determine if these regions
can synthesize and/or store 3aHP. Pituitaries and hypothalami from random
cycling female rats were incubated with [Si]- or [14C]-progesterone (Pro) for 0.5,
1.0, 4, and 8 h. 3aHP was identified by Tl C, HPLC/radiotracer detection, capillary GC-mass spectrometiy, and specific RIA as a radiolabeled metabolite. 3aHP
comprised 7.5 - 9.5% and 8.7 -12.6% of all Pro metabolites produced per PIT
and HYP, respectively. These results showed that rat PIT and HYP can convert
Pro to 3aHP. The actual levels of 3aHP (ng/tissue ±SE) in PIT, HYP and OL
were determined on fresh tissues by RIA as O.75±O.12, l.59±O.ll, and 1.55±.ll,
respectively. These levels have been shown to be effective in the neuroendocrine
and behavioral actions of 3aHP. The results indicate that 3aHP can by synthesized, and may be present at physiological levels, in the central tissues that have
been shown to respond to this neuroactive allylic steroid. (Supported by NSERC
of Canada)
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379.2
AMPHETAMINE ELICITED A BURSTING FIRING PATTERN OF CENTRAL
NEURON OF SNAIL Achtina fulioa Ferussac.. Y.H.Chen and
M.C. Tsai*. Department of Pharmacology, College of Medicine
National Taiwan University, Taipei, Taiwan, R.O.C.
The effects of amphetamine on the central neuron of
snail were studied electrophysiologically in vitro.
Amphetamine elicited a bursting pattern of RP4 neuron of
snail. The LP5 neuron was not affected. The bursting type
was not altered in high magnesium medium or in the
presence of d-tubocurarine,atropine,haloperidol,prazosin
or propranolol,phenobarbital. The bursting firing pattern
of the neuron elicited by amphetamine was decreased if
extracellular potassium ion concentration was changed or
decreasing the temperature of the bathing medium.
Pentylenetetrazol also elicited the bursting firing of the
RP4 neuron, however, the pattern elicited by pentylenetetrazol was decreased if phenobarbital was further
perfused. It is concluded that amphetamine selectively
elicited the bursting firing of the RP4 neuron. The effect
was not dependent on the receptors or transmitters released,
while the effect may be dependent on the sodium-potassium
ATPase activity of the neuron. (This study was supported
by a grant from National Science Council, Taipei, Taiwan,
R.O.C.).
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379.3

379.4

ELEVATED PYRUVATE CARBOXYLASE ACTIVITY IN BIOTIN (VIT. H)
CONCENTRATING VARICOSITIES IN THE BRAIN OF RANA PIPIEN£.
S.M. Galovan, S. Eisner, E. Harris. W. Su. J. Jakwav and
F. Scalia. Dept. of Anatomy & Cell Biology, SUNY Health
Science Center at Brooklyn, Brooklyn, New York 11203.
The intense endogenous biotin-reactivity demonstrated
(Scalia, et al., '93) to border that zone of primary olfactory
cortex capable of receiving an aberrant retinal projection
during optic nerve regeneration (Scalia, '87, '91) has been
further characterized to examine its possible relationship
to the formation of the ectopic projection. Subsequent study
has shown the biotin-reactivity in olfactory cortex [OC] to
be associated with mitochondria-f illed neuronal varicosities
and terminals (unpubl). Further, frogs studied just after
shipment from our dealers (Group 1) lack the fields of
biotin-concentrating varicosities [BCV], which develop only
after several weeks of maintenance in our terraria (Group 2).
Using HPLC, the activity of pyruvate carboxylase [PC], one
of several biotin-dependent enzymes, was measured in
carefully dissected pieces of OC containing the BCV. The PCactivity in pooled OC tissue from Group 2 (high BCV density)
was compared to background levels in the remainder of the
cerebral hemisphere [CHr] and to levels in OC of Group 1. PCactivity in the high-density BCV field of OC was at least 2X
greater than in CHr from the same frogs, but PC-activity in
OC and CHr did not differ in Group 1. Since the volume of
tissue occupied by the BCVs is much less than the total
volume of the dissected pieces, the actual elevation of PCactivity must be even greater than we obtained. These data
show that the biotin content in OC is tied at least to PC
activity levels, which may vary in response to changing
environmental conditions. (Supported by NIH Grant EY05284)

CATECHOL-O-METHYLTRANSFERASE IN HUMAN BRAIN. T. Karhunen*,
C. Tilgmann,
H. Kalimo, I. Ulmanen and P. Panula. Dept. Biology, Abo
Akademi Univ., Biocity, Turku;
Orion Corporation, Orion-Farmos
Pharmaceuticals, Helsinki; Dept. Pathol., Univ. Turku, Turku, Finland.
Catechol-O-methyltransferase (COMT) is a key enzyme in inactivation of
catechol compounds, including catecholamines, in tissues. The relatively even
distribution of the enzyme and lack of specific methods for its detection have
prevented detailed studies on its localization. In the rat brain, we have previously
confirmed using immunoelectron microscopy the localization of COMT both in
astrocytic and neuronal processes (1). As COMT inhibitors have therapeutic
potential in several human diseases, similar studies in humans are needed. We
produced and characterized specific antibodies against purified human placental
recombinant, E. coli -expressed COMT. They detect both the soluble and
membrane-bound- forms of the enzyme. In this study, the antibodies were used
to reveal the localization of COMT. Selected areas of postmortem human brain
(postmortem time 24-48 hr) were fixed with 4% paraformaldehyde.
Immunofluorescence technique and confocal laser scanning microscopy was used.
In the molecular layer of cerebellum, double immunostaining with anti-COMT
antiserum and anti-neurofilament or anti-glial fibrillary acidic protein indicated
localization of COMT in radial glial processes and also in a few nerve fibers that
ran in parallel with the Purkinje cell layer. In other brain areas studied (cortical
areas, nucleus caudatus, substantia nigra and locus coeruleus) COMT was seen
in astrocytes and small cellular processes. These results suggest that COMT in
human brain is located in both neurons and astrocytes.

379.5

379.6

DOPAMINE HYDROXYLATION VIA A CHAIN OF “CONCERTED
PROTON/ELECTRON TRANSFER” REACTIONS P. M. Kelley* and D. Njus.
Department of Biological Sciences, Wayne State University, Detroit, MI 48202
The chromaffin vesicles of the adrenal medulla contain a dopamine
hydroxylation system consisting of dopamine-fl-monooxygenase
(DpM), ascorbic acid (vitamin C) and a transmembrane protein,
cytochrome b56i. This system transfers reducing equivalents from
mitochondria to dopamine sequestered within the chromaffin vesicles.
The individual reactions in this process occur by “concerted proton/electron” transfer, a term meant to convey the stringent requirement
for the simultaneous transfer of a proton with the electron. This
distinguishes these reactions from simple electron transfer reactions
occurring via the usual outer-sphere mechanism. Our focus has been
on the reaction between ascorbic acid and cytochrome b56i. This
contrasts with the reaction between ascorbate and cytochrome c, which
occurs via outer-sphere electron transfer. It is the manion of ascorbate
which reduces cytochrome c, so the reaction is strongly dependent upon
H: faster at higher pH but quite slow at physiological pH. Cytochrome
56i, however, reacts with ascorbate very rapidly at physiological pH
despite the fact that its midpoint potential is 120 mV less favorable than
that o^ cytochrome c. The reduction of cytochrome b56i by ascorbate is
much less dependent on pH, indicating that the cytochrome reacts with
the ascorbate monoanion which predominates at physiological pH. In
a “concerted” mechanism both the proton and electron must be
extracted from ascorbate in a single step, so substitution o^ a deuteron
for the proton should significantly slow the rate of reduction. Our
results show that the rate o^ reduction cytochrome b56i is slower in D2O
than it is in H?O at pH 6.8. By contrast the reduction o^ cytochrome c is
unaffected by D2O. Thus, the reduction of cytochrome b56i by ascorbate
may be a paradigm for reactions between ascorbate and other
ascorbate-requiring enzymes, all of which may occur via concerted
proton/electron transfer.

DIFFFERENTIAL REGULATION OF SUPERIOR CERVICAL GANGLION
NEURON NEUROTRANSMITTER LEVELS AND SECRETION. V. May*. C.
A. Brandenburg and K. M. Braas. Dept. of Anatomy & Neurobiology, Univ.

(1) Karhunen T. et al. Soc. Neurosci. Abstr,. Vol. 19, Part 1, p. 739, 1993

of Vermont Coll, of Medicine, Burlington, VT 05405.
Principal neurons of the superior cervical ganglion (SCG) synthesize and
secrete both catecholamines and neuropeptides. Regulation of neurotransmitter levels and secretion was examined in SCG neurons cultured at 1.5 x
104 cells/cm2 in 250 pl defined medium. Media levels of dihydroxyphenylacetic acid (DOPAC) plus homovanillic acid (HVA) were used as an index of

catecholamine secretion. Control cultures contained 4.4 fmol norepinephrine
(NE), 1.8 fmol dopamine (DA) 0.4 amol epinephrine (E), 1.7 fmol DOPAC
and 1.2 fmol HVA per neuron; media contained 2.5 nmol DOPAC and 2.7
nmol HVA per ml per 48 h. Stimulation with 10 pM forskolin (FSK), 1 mM
dibutyryl cAMP (dBcAMP) or 100 nM pituitary adenylate cyclase activating
polypeptide (PACAP) for 96 h decreased neuronal NE levels to about 75%

of control levels, but increased DA, E, DOPAC and HVA levels to about
325%, 1100%, 675% and 325% of control, respectively. Neuronal neuropeptide Y (NPY) levels were decreased to about 50% of control by FSK and
dBcAMP, but were unchanged by PACAP.

FSK, dBcAMP and PACAP

increased media NPY and DOPAC levels to over 500% and HVA to over
250% of control. By contrast, stimulation with 100 nM phorbol myristate
acetate (PMA) increased neuronal NE, DA and HVA levels to 115%, 140%
and 130% of control, respectively; E and DOPAC levels were unchanged.
PMA increased media DOPAC and HVA levels to 125% and 185% of control.
Cellular NPY levels were unchanged, but secreted NPY was increased to
about 300% of control. These studies suggest that SCG neurotransmitter
content and secretion are differentially regulated. Supported by HD-27468.
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FREQUENCY-DEPENDENT CO-RELEASE OF NORADRENALINE WITH
NEUROPEPTIDE Y AND DOPAMINE-/T-HYDROXYLASE FROM DOG AND
SHEEP SPLEEN. W.P. De Potter*. E.P. Coen. Lab. Neuropharmacol., Univ.
Antwerp (UIA), B-2610 ANTWERP, BELGIUM.
The release of noradrenaline (NA) with neuropeptide Y (NPY) and
dopamine-/?-hydroxylase (DBH), which are co-stored in the large dense-cored
NA vesicles, was investigated in both the perfused sheep and dog spleen.
The splenic nerve was stimulated electrically at different frequencies, giving
the same amounts of pulses (240). In the sheep spleen the overflow of
NA,DBH and NPY at 2OHz continuous stimulation was for all three
substances 4 to 5 times the overflow at 2 Hz continuous stimulation. Similar
results were obtained for the dog spleen. Also when using an intermittent
stimulation, with bursts at 20 Hz, the same proportional augmentation in the
overflow of NA, NPY and D/TH as compared to 2 Hz continuous stimulation
was obtained for both sheep and dog spleen.
In a second approach the splenic nerve of the dog spleen was repeatedly
stimulated in the presence of phentolamine (10'6M) at 5 Hz (48 sec, 240
pulses) each 40 min (6 times). Each 5 Hz stimulation was followed by a 10
Hz stimulation (60 sec, 600 pulses 5 times). The overflow at the 5 Hz
stimulations was measured: both the overflow of NA and NPY declined
gradually and in parallel. At the end of the experiment (stimulation 11) the
amount of NA and NPY was ca. 30% the value of the first stimulation.
When, after a 1 hr rest period, the splenic nerve was stimulated again; the
amounts both of NA and NPY increased in parallel to ca. 70% of the initial
value. The present results argue against a preferential release of
neuropeptides from adrenergic neurons in sheep and dog spleen at high
frequency stimulation, but rather show that NA, NPY and D/TH are released
from one single subcellular pool namely the large dense-cored vesicles.

INCREASED GABA LEVELS SELECTIVELY REDUCE GAD67 PROTEIN

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 20,1994

IN VARIOUS REGIONS OF RAT BRAIN. S.N. Sheikh. K. Barke.
R.A.Waniewski, and D.L.Martin*. Wadsworth Center for Labs and Res.

NY State Dept. Health, and Dept. Env. Health and Toxicol. SUNY,

Albany, NY 12201
Glutamate decarboxylase (GAD), which synthesizes GABA , is present

in brain in at least two forms with molecular weights of 65 and 67 kDa.

These forms are products of two genes and have different subcellular
distributions. The regional distributions of the two GAD proteins were

studied in rat brain by immunoblotting with W887, an antiserum raised

against the conserved C terminal peptide of GAD. The levels of QAD87
protein were lower than GAD6 5 in every region studied. The ratio of

GAD67 to GAD65 was lowest in hippocampus where GAD67 was 13% of
total GAD and was highest in cerebellum where GAD67 comprised 36%
of total GAD. This laboratory has demonstrated that increased GABA

levels cause a decrease in GAD activity and GAD67 protein levels in rat
cerebral cortex. In the present work rats were treated with y-vinylGABA

(GVG, a GABA transaminase inhibitor; 150 mg/kg s.c.) for five days to
increase GABA.

Controls received saline.

GAD activity and the two

GAD proteins were measured in twelve regions.

GABA increased in

frontal cortex as in earlier work. GAD activity decreased significantly in

frontal cortex and cerebellum but not in other regions.

The ratio of

GAD67 to GAD65 protein was significantly lower in all regions except
thalamus and amygdala, while GAD6S protein was unchanged in all
regions. The greatest effect was in cerebellum where GAD67 decreased

by about 50%. Supported by grant MH35664 from USPHS/DHHS.
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BEHAVIORAL EFFECTS OF MICROINJECTIONS OF
3-MERCAPTOPROPIONIC ACID IN RAT STRIATUM USING
IN VIVO MICRODIALYSIS TO SAMPLE GAMMAAMINOBUTYRIC ACID (GABA).
K.L. Drew*.. T. Fitka. .C. Rublee. Institute of Arctic Biology,
University of Alaska Fairbanks, Fairbanks, AK 9971S.
Decreases in basal perfusate concentrations of GABA remain
obscure, especially when compared to other neurotransmitters (Drew et
al., 1989; Westerink and de Vries, 1989). When decreases are
observed, they are usually only 30-40% and often reflect inhibition of
calcium-stimulated GABA release (Drew and Ungerstedt, 1992).
Inability to produce dramatic decreases in basal GABA, except by
inhibiting its synthesis or excytotoxic lesions, has led several
investigators to question the exocytotic nature of it s release.
Nonetheless, perfusate concentrations of GABA are 2-3 times greater
than dopamine, and systemic administration of 3-mercaptopropionic acid
(3-MPA), an inhibitor of GABA synthesis, produces seizures and death
in unanesthetized rats. Furthermore, behavioral effects following local
injections of picrotoxin into rat striatum suggest that basal GABA tone is
essential for normal function (Scheel-Kruger, 1986).
To determine the physiological significance of extracellular GABA
in rat striatum, 3-MPA was microinjected into the striatum and
behavioral effects were recorded. A dual barreled microdialysis probe
with a novel, removable injection cannula was used to deliver 3-MPA to
a site adjacent to the 3mm probe tip. Behavioral effects suggest that
non-exocytotic release of GABA contributes substantially to normal
striatal function.

SIMULTANEOUS ELECTROCHEMICAL MEASUREMENT OF DOPAMINE,
CALCIUM AND OXYGEN, AND THE EFFECTS OF DOPAMINERGIC DRUGS.
G.E. Mickelson and R.M. Wiahtman*. Department of Chemistry, CB #3290

Venable Hall, University of North Carolina, Chapel Hill, NC 27599-3290.
Fast-scan cyclic voltammetry (FSCV), with carbon fiber microelectrodes
(CFMs), has been used simultaneously with Ca2* Ion-selective microelectrodes
(ISMs) to determine the temporal response of dopamine, O2 and Ca2* during
local electrical stimulation of slices of rat striatum. The response has been
modulated by applying the D2 agonist quinpirole or the D2 antagonist sulpiride.
2 pM quinpirole causes a decrease in the magnitude of the Ca2* and O2

transient while eliminating dopamine release. 5-10 pM sulpiride can be used to
increase the response or reverse the
effects of quinpirole. The effect is
compared with and without the fastacting reserpine-like catecholamine
depleter Ro 4-1284 (0.5 pM rapidly
eliminates releasable dopamine). The
response has been studied in the
caudate-putamen and the core and
shell of the nucleus accumbens.
Shown:
concentration changes
caused by 1 second, 10 Hz electrical
stimulation: dopamine (DA) 1.5 pM,
O2 30 pM and Ca2* 0.05 mM.

379.11

379.12

Im Vivo Estimation of the Rate of Spillover of Dopamine into
Extracellular Fluid of the Brain.

pHIDIHYDROTETRABENAZINE binding

Gal Yadid. Carel Hart, Judith D. Harvey-White, Saad Al-Damluji*, Irwin J. Kopin &
David S. Goldstein. C7tnca/ Neuroscience Branch, National Institute of Neurological,

Disorders and Stroke, National Institutes ofHealth

Microdialysis has proven to be an important tool for investigating changes in
extracellular fluid levels of endogenous compounds in vivo. A simple modification of
a commercially available microdialysis probe, by attaching a cannula 1 mm from the
external surface of the probe, enables application of a tracer microinjection kinetic
aproach to estimate the rate of entry (spillover) of transmitters into extracellular fluid
in the brain in vivo. This study tested validity of this novel neurochemical approach.
3H-dopamine (3H-DA) was infused via the cannula into the striatum of
anaesthetized rats and increments in microdialysate levels and specific activityies
(SA's) of 3H-DA were analyzed in 30 min intervals. The steady-state SA of 3H-DA
would be expected to be less than that in the perfusate, due to local dilution of the
tracer by endogenous dopamine. This dilution would reflect spillover of dopamine
into the local extracellular fluid. In intact animals, 3H-DA SA was about 1% of that
in the infusate (Figure).
100000
Animals treated with 6-OHDA (8 gg/
4 gl into medial foibrain bundle 3-4
weeks before the acute study) to
destroy DA terminals, the SA of 3h DA approximated that in the infusate
(Figure). The estimated spillover of $ 1000
DA were about 5 and 0.05 pmol/ min <
2t
in intact and 6-OHDA treated rats.
Use of the microdialysis-tracer S
dilution technique should enable
estimation of rates of release, reuptake,
turnover, and metabolism of
endogenous monoamines in vivo.

to

the

vesicular
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TRANSPORTER IN PC12 CELLS.
Joseph A. Near* and Lisa Herbio.
Department of Pharmacology and Medical Sciences Program, Indiana
University School of Medicine, Bloomington IN 47405.
Catecholamines and serotonin are stored in secretory vesicles by
a
transport
process
driven
by
an
outwardly-oriented
proton
electrochemical gradient. Previous studies employing vesicles isolated
from
bovine
brain
and
adrenal
medulla
have
shown
that
dihydrotetrabenazine (TBZOH) is a potent inhibitor of substrate transport,
and that radiolabeled TBZOH binds with apparent dissociation constants
in the low nanomolar range. However, Peter et al. (J. Biol. Chem.
269:7231-7237, 1994) were unable to detect appreciable TBZOH binding
to a transporter cloned from a PC12 cDNA library and expressed in CHO
cells, while binding was observed to the homologous transporter cloned
and expressed from a rat brainstem library. Considering that the apparent
absence of TBZOH binding to the PC12-derived transporter might be due
to a much lower affinity for the ligand, we examined binding of
[3H]TBZOH to a crude membrane fraction from PC12 cells. In the absence

of an electrochemical proton gradient TBZOH bound with an apparent
dissociation constant of 500-800nM, several orders of magnitude higher
than for binding of the same compound to vesicles from rat or bovine
brain, or bovine adrenal. As found in other systems, substrates for
transport inhibited TBZOH binding at millimolar concentrations, and
reserpine blocked binding at high nanomolar concentrations. These results
provide direct evidence that the differential sensitivity of rat brain and
adrenal catecholamine stores to depletion by tetrabenazine-related
compounds is due to a much higher affinity of the brain transporter for
the compound. Supported by NS2O784 from NIH.

379.13

379.14

D1 AND D2 DOPAMINE RECEPTOR AGONISTS INHIBIT
CATECHOLAMINE SECRETION FROM CHROMAFFIN CELLS.
M.K. Dahmer* and S. E. Senogles. Dept, of Biochemistry, University
of Tennessee College of Medicine, Memphis, TN 38163.
Previous studies have suggested that activation of D2 dopamine
receptors inhibits catecholamine secretion from adrenal chromaffin cells.
The purpose of this study was to determine whether the activation of D1
dopamine receptors also alters secretion, as assayed by the release of
[3H]norepinephrine from the cells. The D1 dopamine agonists 6-Cl-APB
and SKF38393 inhibited catecholamine secretion stimulated by the stable
nicotinic agonist, dimethylphenylpiperazinium (DMPP). Secretion was
inhibited by 50% by 10 gM 6-Cl-APB or 100 gM SKF38393. However,
no stimulation of adenylyl cyclase by either 6-Cl-APB (100 gM) or
SKF38393 (100 gM) was detected, although forskolin (1 gM) was able
to stimulate adenylyl cyclase activity in the cells. Inhibition of DMPPstimulated secretion by D1 agonists was not due to interaction with D2
receptors as neither 1$) gM 6-Cl-APB nor 100 gM SKF38393 inhibited
forskolin stimulated adenylyl cyclase activity. The D2 agonists
bromocriptine and quinpirole inhibited both forskolin stimulated adenylyl

NEUROPEPTIDE Y BLOCKS THE NICOTINIC RECEPTOR LIGAND-GATED ION
CHANNEL IN BOVINE CHROMAFFIN CELLS VIA A PERTUSSIS TOXININSENSITIVE PROCESS. J. Zhena. R. Morrlsett, - J. Zhu and T.D.
Hexum . Dept, of Pharmacol., Univ. Nebraska Coll. Med.,
Omaha, NE 68198-6260.
Neuropeptide Y (NPY) is a widely distributed peptide with
varied activities including inhibition of [3H]norepinephrine
secretion from chromaffin cells.
We chose to determine the
site(s) at which NPY (or NPY fragments) inhibit nicotinic
receptor stimulated [3H]norepinephrine secretion.
NPY and
NPY fragments inhibit nicotinic receptor induced influx of
22Na* and *5Ca2* into bovine chromaffin cells.
Fragments of
NPY, including NPYl3-36. NPY18-36 and NPY26-36, are more
potent inhibitors of ^^Ca2* and 22Na* influx than NPY;
[Leu, Pro34] NPY and oeptide YY have no effect. High [K*land
BAY K 8644 induced 45Ca"2* influx and veratridine induced *22Na+
influx are not inhibited by either NPY or NPY fragments.
Thus the site of NPY or NPY fragment action is not voltagegated Ca2* or Na* channels.
A significant amount of
acetylcholine induced 45Ca2* influx still occurs in the
presence of the voltage-gated Ca2+ channel blockers:
nifedipine
(L-type),
®-conotoxin-GVIA
(N-type)
and ®agatoxin-IVA (P-type).
NPY18-36, in the presence of these
channel blockers, inhibited the residual nicotinic receptorinduced Ca2+ influx.
The response to NPY18-36 is not
sensitive to pertussis toxin. The rank order of potency for
inhibition of 45Ca2* and 22Na* are the same: NPY18-36 i NPY2636 > NPY13-36 > NPY £ NPYf,.,* scfd«
Moreover, the IC50 for
NPY18-36 inhibition of ^S^a2* influx and 22Na* influx are
similar, 0.9 x 10 *6 M and 2.47 x 10'6 M, respectively.
Regression analysis produced a correlation coefficient of
0.938 (p<0.001).
We conclude that NPY modifies nicotinic
receptor function by blocking the nicotinic receptor ligandgated ion channel.
(Supported by grants from NIH #NS26479
and the American Heart Association #NE-91-G-10.)

cyclase activity (IC5o= 1 and 10 gM, respectively) and DMPPstimulated secretion (IC5o= 3 and ~lOOgM, respectively). The
inhibition of secretion caused by 6-Cl-APB (10 gM) or SKF38393
(100 gM) was additive with the inhibition caused by bromocriptine
(10 gM). The effects of the dopamine agonists were not due to effects
on the nicotinic receptor as both D1 and D2 agonists inhibited
verairidine-siimulated catecholamine secretion from the cells. These data
suggest that activation of an unusual Dl-like receptor on chromaffin cells
results in inhibition of catecholamine secretion.
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CYTOCHALASIN TREATMENT MOBILIZES
NEUROTRANSMITTER SUPPLY AT DEVELOPING
NEUROMUSCULAR SYNAPSE. L. Boulanger*. X-h. Wang. J.
O. Zheng and M-m. Poo. Dept. Biol. Sci., Columbia U., New
York, NY 10027
The role of actin filaments in acetylcholine secretion from
presynaptic nerve terminals of developing Xenopus neuromuscular
synapses was studied in cell cultures. Treatments with
cytochalasin B or D (10-20 ^M) resulted in a disruption of actin
filaments in these neurons, as shown by rhodamine-phalloidin
staining. The same treatment, however, resulted in no significant
change in either spontaneous or impulse-evoked synaptic currents
during low-frequency synaptic transmission. On the other hand,
depression of the evoked synaptic current during repetitive

PRESYNAPTIC OPIOID PEPTIDE RELEASE MAY BE MEDIATED BY
CALMODULIN IN ISOLATED NERVE TERMINALS. M. Asai, O.
Benitez-King and R. Gutierrez*. Instituto Mexicano de
Psiquiatrfa. Mexico D.F. Mdxico.

stimulation at higher frequency (5 Hz) was significantly reduced
within 30 sec after the onset of the tetanus, and pair-pulse
facilitation at 20 and 30 ms interpulse intervals was increased after
treatments with the cytochalasin. These results suggest that actin
filaments do not affect spontaneous or depolarization-evoked
exocytosis of immediate available pool of vesicles at the active
zone, but impose a barrier for mobilization of the reserved pool of

synaptic vesicles, an effect that can be revealed under conditions
of higher demand for vesicular supply.

Calmodulin (CaM) is an ubiquitous, multifunctional Ca2+binding protein modulator. It mediates Ca2+-dependent
activation of a large number of physiologically important
enzymes.
Ca2+-CaM complex has been related to the
neurotransmitters release through the calmodulin-dependent
protein kinase-II (CaM-PK-II) (Robinson P.J. Molecular
Neurobiology 5:87-130, 1991).
In the present work, we studied the Caz+-CAM participation
in the in vitro opioid peptides release in amygdala
synaptosomes.
30 male Wistar rats (200-300 g) were
sacrificed by decapitation and the amygdala was dissected.
Synaptosomal
preparation was
obtained
as
has
been
described previously (Sitges et al. Brain Res. 534:51-59,
1990). IR-Met- and IR-Leu-enkephalin content were measured
by radioimmunoassay. Our data indicate that: a) In the
absence of Ca2+ enkephalin release was almost abolished, b)
In the presence of trifluoroperazine 4 pM, a well known
CaM antagonist, IR-Met-enkephalin release was reduced
significatively when compared with the control group,
whereas IR-Leu-enkephalin release was not affected. These
results indicate that in amygdala a presynaptic opioid
peptides release occurs and suggest that enkephalins
release could be regulated selectively. IR-Met-enkephalin
secretion may be modulated through the CaM-PKII. While,
IR-Leu-enkephalin could be released through non-calmodulin
dependent processes.
(Wo thanks to Mr. Pablo Agustin for excellent technical
assistance and CONACYT-MEXICO project 0778-N9110 to M.A.)

379.17

379.18

SYNAPTOSOMAL UPTAKE, STORAGE, AND RELEASE OF SELENONIUM
CHOLINE ANALOGS. J, N. Khatri* and J. W. Kosh. College of Pharmacy,
University of South Carolina, Columbia, S.C. 29208.
It was recently demonstrated that selenonium choline (SeCh) is taken up
and acetylated to acetylselenonium choline (ASeCh) in vivo and in vitro by
rat brain tissue (Terry etal., J.P.E.T.. 266, 593-601, 1993). These results
suggested that SeCh and ASeCh were processed by cholinergic neurons in
a manner similar to the endogenous compounds choline (Ch) and
acetylcholine (ACh). We have therefore further examined the neurochemical
properties of SeCh and ASeCh and compared the data to fHJcholine
(l2H4l-Ch) and [2H4]-acetylcholine ([2H4]-ACh) in rat brain synaptosomes. The

SELECTED PHARMACODYNAMIC AND BIOCHEMICAL PROPERTIES OF
SELENONIUM CHOLINE. J. W. Kosh* and
J. N. Khatri, College of
Pharmacy, University of South Carolina, Columbia, S.C. 29208.
The synthesis and quantitation of the novel choline analog selenonium
choline [SeCh, (CHg^Se+C^C^OH] was recently reported by Terry et al,

synaptosomal uptake of SeCh exhibited Km and Vmax values slightly higher
than that obtained for fHJ-Ch. SeCh and [2HJ-Ch uptake was competitively

blocked by hemicholinium-3 and yielded Km values 3 fold higher compared
to control. Since it is known that KCI depolarization (‘loading’ stimulus)
enhances analog uptake in various tissues, the uptake of SeCh and [2Hj]-Ch

was also examined in ‘loaded’ synaptosomes. A second depolarization with
KCI (release stimulus) resulted in similar increases in percentage release of
the acetylated products ASeCh and f^l-ACh compared to control (basal).
Storage of analogs in vesicular and cytoplasmic compartments in ‘loaded’
and untreated synaptosomes was also examined following water lysis. The
effect of loading’ did not significantly alter the compartmentation of ASeCh,
but significantly decreased cytoplasmic [2HJ-ACh. ‘Loading’ significantly
increased the mole fraction of ASeCh and [HJ-ACh in both the cytoplasmic

and vesicular compartments. These results suggest that the neurochemical
behavior of selenonium compounds in the synaptosome appears to be
similar to that of the endogenous compounds Ch and ACh.

(J. Chrom. 585. 101-109, 1991).
Preliminary data from our laboratory
demonstrated that SeCh, when administered i.v. to mice, rapidly disappeared
from the blood in a manner similar to choline (Ch), indicating extensive
distribution and/or metabolism. Therefore, we have investigated selected in
vivo and in vitro biological properties of SeCh. To facilitate quantitation, a
combined GC/MS assay was developed to simultaneously measure SeCh,
acetylselenonium choline (ASeCh), Ch, and acetylcholine (ACh).
Five
minutes after i.v. administration of 3.6p/mols of SeCh, less than 5% remained
detectable in the tissues examined (liver, blood, heart, brain, kidney). Brain
tissue from mice pretreated i.p. for 8 days with 20 mg/kg SeCh, demonstrated
a 500% larger SeCh content after 15 minutes post mortem incubation,
compared to control. The acetylation of SeCh by mouse brain homogenate
exhibited a Km value approximately 6 times that of Ch, and exhibited a Vmax
value 2-3 times that of Ch.
In the presence of naphthylvinyl pyridine
(NVP.100 pM), a specific inhibitor of choline acetyltransferase, SeCh and Ch
acetylation was reduced 50% and 90%, respectively. Using purified choline
kinase (E .C. 2.7.1.32), the phosphorylation of SeCh exhibited a Km 1-2 times
greater than that observed for Ch, while the Vmax for SeCh was observed to
be 1/2 the rate observed for Ch. These data suggest that SeCh participates
in biochemical processes similar to that of Ch, including rapid disappearance
from the blood, phosphorylation, and incorporation into lipids. Unlike Ch, a
larger proportion of SeCh appears to be acetylated extra-neuronally by brain
cortex tissue.
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CLONING OF THE HUMAN GAT-3 GABA TRANSPORTER AND
IDENTIFICATION OF A NOVEL INHIBITOR WITH SELECTIVITY FOR THIS
SITE. M. Dhar. K.E. Smith. L.A. Borden. E.L. Gustafson. M.M. Durkin. W.E.
Hevdorn*. T.A. Branchek. C. Gluchowski and R.L. Weinshank. Synaptic
Pharmaceutical Corporation, 215 College Road, Paramus, NJ 07652.
Molecular cloning has revealed the presence of four high-affinity GABA
transporters in the brain, termed GAT-1, GAT-2, GAT-3, and BGT-1. Very
little is known of their respective roles in the regulation of GABA transport
in the CNS, in part due to the lack of specific inhibitors for three of these
sites. To facilitate the development of human therapeutic agents acting at
these sites, we isolated the cDNA encoding the human homologue of GAT3. The nucleotide sequence predicts a protein of 632 amino acids with 95%
identity to rat GAT-3. Northern blot analysis of human brain total RNA
reveals a • single -4 kb transcript. In stably transfected cells, hGAT-3
exhibits high-affinity for GABA (IC50 ~5pM) and ^alanine (ICS0 ~58 pM),
similar to the profile observed at rat GAT-2 and GAT-3. Localization studies
in rat suggest that GAT-3 mRNA is present in both neurons and glia. Using
the 4 cloned GABA transporters as model systems, we have identified an
inhibitor, (SESNAP-5114, with selectivity for hGAT-3. (SI-SNAP-5114
displays an IC60 of 5 pM at GAT-3, 21 pM at GAT-2, 140 pM at BGT-1, and
>2OOpM at GAT-1. Due to its chemical structure, (S)-SNAP-5114 is
expected to cross the blood-brain barrier. (S)-SNAP-5114 therefore should
be an important tool for investigating the role of GAT-3 in neural function,
and for evaluating the therapeutic potential of GAT-3 inhibitors.

CLONING AND EXPRESSION OF A BETAINE/GABA TRANSPORTER FROM
HUMAN BRAIN. K.E. Smith*. L.A. Borden. E.L. Gustafson. T.A. Branchek
and R.L. Weinshank. Synaptic Pharmaceutical Corporation, 215 College
Road, Paramus, NJ 07652.
A cDNA clone (hS1a) encoding a high-affinity GABA transporter was
isolated from human brain, and its functional properties were examined in
mammalian cells. The nucleotide sequence predicts a protein of 614 amino
acids with 91% identity to the canine betaine/GABA transporter (BGT-1;
Yamauchi et al., J. Biol. Chem. 267:649, 1992) and 88% identity to a
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related mouse transporter (Lopez-Corcuera et al., J. Biol. Chem. 267:17491,
1992), suggesting it is the human homologue of BGT-1 (hBGT-1). A single
transcript (3.1 kb) hybridizing with hS1a is present in total RNA from human
brain, unlike canine BGT-1 which was not detected in brain. In stably
transfected cells, hBGT-1 exhibits high affinity for GABA (ICw~30pM) and
lower affinity for the osmolyte betaine (IC80 ~ 1 mM). hBGT-1 is also sensitive
to phloretin and L-DABA, but the relative potencies of these inhibitors differ
from those at mouse and dog BGT-1. In situ hybridization with
oligonucleotide probes to mouse BGT-1 reveals that BGT-1 RNA is widely
distributed throughout the mouse brain. Northern blot analyses of cultured
rat neurons, Type 1 astrocytes, and O-2A/Type 2 astrocytes reveal that
BGT-1 mRNA is most abundant in Type 1 astrocytes, although very little
high-affinity GABA transport is observed. BGT-1 mRNA is also present in O2A/Type 2 cultures, but is much less abundant in neuronal cultures. These
studies suggest that BGT-1 plays an important role in the regulation of
GABAergic transmission in the CNS, and may contribute to GABA transport
in glial cells.
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DISTRIBUTION OF GABA TRANSPORTER (GAT-1) mRNA
AND IMMUNOREACTIVITY IN THE RAT VISUAL SYSTEM.
Jl Kruger. JS, Ghodsian. and N
Brecha*. Depts. of Anatomy &
Cell Biology, and Medicine, UCLA School of Medicine and
VAMC-Wadsworth, Los Angeles, CA 90024.
High affinity GABA uptake systems located in the plasmalemma
of neurons and glia play a critical role in the termination of GABA's
synaptic activity. This report focuses upon the specialized patterns
of one of the predominant GABA membrane transporters, called
GAT-1 employing a full-length GAT-1 riboprobe and an antibody
directed to the C-terminus of GAT-1. Paraformaldehyde-fixed
sections were processed by in situ hybridization or immunohistochemistry. Specificity was determined using sense GAT-1
riboprobes and antibodies preabsorbed with GAT-1 peptide. The
dorsal lateral geniculate, ventral lateral geniculate, anterior
pretectal, olivary pretectal and nuclei of the optic tract including the
accessory optic tract and components of the oculomotor system
reveal prominent GAT-1 mRNA and immunoreactive (IR) labeling.
As noted with GAD, GAT-l-IR is rare and low in neuron perikarya
despite extensive colchicine treatment, and thus is predominantly
attributable to axons. There is also heavy labeling of the "posterior
intralaminar" thalamic wing (subparafascicular nucleus), nucleus
reticularis and the superior colliculus, principally the superficial
gray layer. The striate cortex reveals a striking unlabeled horizontal
stripe in the granular layer IR pattern. The mRNA and IR labeling
patterns indicate that the GAT-1 transporter is at axonal processes
that are widely distributed in the visual system.
Supported by NIH grants NS-5685 and EY-4067, and VA Medical Research Funds.

GABA TRANSPORTERS IN NEURONAL AND GLIAL CELL CULTURES:
CORRELATION OF PHARMACOLOGICAL ACTIVITY WITH
mRNA
LOCALIZATION L.A. Borderi! K.E. Smith. P.J.-J. Vavsse. R.L. Weinshank,
and T.A. Branchek. Synaptic Pharmaceutical Corporation, 215 College Road,
Paramus, NJ 07652
Molecular cloning has revealed the existence of four distinct transporters
for the inhibitory neurotransmitter y-aminobutyric (GABA), termed GAT-1,
GAT-2, GAT-3, and BGT-1. To determine which are in neurons and which
are in glia, we have undertaken a combined pharmacologic and Northern blot
study using cell cultures derived from rat brain. In neuronal cultures = 75%
of GABA uptake is sensitive to the GAT-1 -selective compound NNC-711 and
the pharmacology correlates well with GAT-1; GAT-1 mRNA is abundant in
these cultures. The remaining activity correlates well with GAT-2 and GAT3; GAT-3 mRNA is abundant, whereas GAT-2 mRNA is not detected (low
levels of BGT-1 are occasionally ■ observed). Type 1 astrocyte cultures
display only low-affinity GABA uptake which is sensitive to taurine and
resembles the cloned taurine transporter (TAUT); these cultures contain
mRNA for TAUT and BGT-1, but not for GAT-1, GAT-2, or GAT-3. In
cultures containing Type 2 astrocytes and O-2A progenitor cells ("O2A/Type 2"), = 75% of GABA uptake correlates well with GAT-1 and GAT-1
mRNA is abundant. The remaining activity correlates well with GAT-2 and
GAT-3; mRNAs for both of these transporters are present (though GAT-2
mRNA is the more abundant), as is BGT-1 mRNA. In summary, GAT-1
mediates =75% of GABA uptake in both neurons and O-2A/Type 2
astrocytes; the remaining uptake is mediated primarily by GAT-3 in neurons
and by GAT-2 (and possibly BGT-1) in O-2A/Type 2 astrocytes. Type 1
astrocytes lack high-affinity GABA transport activity though they express
BGT-1 mRNA. Thus, multiple GABA transporters contribute to GABA uptake
in both neurons and glia.

'Present Address: Trophix Pharmaceuticals, Inc., 40 Cragwood Ave., Stfuth
Plainfield, NJ 07080
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DISTINCT LOCALIZATION OF GABA TRANSPORTER SUBTYPES AND

CO-LOCALIZATION OF GABA AND GLYCINE TRANSPORTER mRNAS
IN THE ADULT MURINE CNS. M.L.Sutherland* T. Delaney & J.L. Noebels.
Department of Neurology, Baylor College of Medicine, Houston, Tx 77030.
7-aminobutyrate (GABA) and glycine are the major inhibitory neurotransmitters of the vertebrate CNS. Biochemical studies using synaptosomal preparations have shown different mechanisms for the uptake of GABA and glycine
from the synaptic cleft. The recent cloning of cDNAs for both GABA and
glycine transporter proteins demonstrates conclusively that unique molecules
exist for the uptake of these neurotransmitters into presynaptic terminals and
surrounding cells. Once within the cell, GABA and glycine neurotransmitters,
as demonstrated by Burger et. al., 1991, are carried across the vesicular membrane via a common transport mechanism. The potential for co-release of two
types of neurotransmitters at a synapse could therefore arise either by 1) the
synthesis of both transmitters within the presynaptic cell and their uptake into
vesicles for release or 2) the expression on the presynapatic cell surface of two
types of transporter molecules allowing uptake of both neurotransmitters into
the cell for vesicular packaging. To investigate if GABA and glycine transporter mRNAs can be expressed by the same cell, we have used oligo-directed
in situ hybridization to determine the regional and cellular localization of several GABA and glycine transporter mRNAs, in the murine CNS. Within the
cerebellum, mouse GABA transporter mRNAs for GAT2 and GAT4 co-localize
with glycine transporter mRNAs for GlylB and Gly2. GAT2, GlylB and Gly2
mRNAs are expressed in the cerebellular purkinje cells, while GAT4 and GlylB
are expressed in the granular cell layer. GAT4, GlylB and Gly2 mRNAs are
expressed in the CAl-3 pyramidal cells and in the hilar and molecular layer of
dentate gyrus. Light and dark field photomicroscopy further support the findings that within specific brain regions, a single cell can express both inhibitory
neurotransmitter transporter mRNAs.
Burger et al., 1991, Neuron 7, 287-93.

THEIR FUNCTIONAL MODULATION BY PKC. N. Saito*. N. Ikeqaki. N. Sakai
and S. Honda Laboratory of Cellular and Molecular Pharmacology, Biosignal

Research Center, Kobe University, Kobe 657, Japan.
Recent molecular cloning studies have revealed the existence of multiple

subtypes of GABA transporters (GAT1, GAT2, GAT3).

In the present study,

we examined the cellular distribution of the GABA transporter subtypes
immunocytochemically.

By immunoblot analysis,

GAT1 and GAT3 were

detected only in the brain, while GAT2 was found in various tissues.

GAT1

was distributed throughout the brain, but GAT3 was found in the restricted

areas such as thalamus, pons and medulla. Under electron microscopy, GAT1
was predominantly localized in the nerve terminals and GAT3 was in the glial

cells.

GAT2 immunoreactivity was faint throughout the brain but was

concentrated in the arachnoid and ependymal cells. These results suggest

that GAT1 and GAT3 are involved in distinct GABAergic transmission while
GAT2 maybe related to non-neuronal function.

Furthermore, GAT1 activity

was inhibited by phorbol ester treatment in the GAT1 expressing CHO cells.

The modulation of GAT1 by PKC was abolished by the point mutation of

threonine residue in the intracellular domain. This result suggests that PKC
modulates GABA transmission through the phosphorylation of the GAT1.

380.7

380.8

MODULATION OF NMDA-INDUCED CURRENTS BY A GLYCINE
TRANSPORTER COEXPRESSED WITH A NMDA RECEPTOR IN XENOPUS
OOCYTE. Stephane SUPPLISSON, Jacques NEYTON. Pierre PAOLETTL Claude
BERGMAN. Philippe ASCHER*, Vivian TEICHBERG. Laboratoire de Neurobiologie,
Ecole Nonnale Superieure, 46 rue d'Ulm, 75005 Paris, France.
The recent observation that the rat glycine transporter rGLYTl is colocalized with
NMDA receptors in the CNS suggests that the extracellular concentration of glycine
can be lowered locally by the transporter below the saturating level for NMDAraeptor
activation. To study the possible interaction between the two proteins, we coexpressed
them in Xenopus oocytes and recorded NMDA currents under voltage-clamp. High
levels of expression of NMDA receptors were achieved by nuclear injection of 0.5ng
NMDA-R1 and O.25ng NMDA-R2A cDNA subdoned respectively in pCDM8 and
pMT3 vectors. After three days, NMDA currents larger than 10pA (at V=-8OmV) were
routinely recorded. In Ca2+- and Mg2+-fiee Ringer solution (containing O.3mM Ba2+)
the NMDA current showed a linear I-V relationship between -150 and +50mV with a
reversal potential of -5mV. It was not contaminated by the endogenous Cl"
conductance. In general, no (or less than 20%) desensitization of NMDA current was
present during long (>2Os) agonist applications After injection of rGLYTl mRNA, an
electrogenic Na+ and Cl" dependent uptake of glycine was detected with an apparent
Km of 2Ojx M at -8OmV. As in the case of the glucose and GABA transporters,
relaxation currents were observed in the absence of the substrate. After coexpression of
rGLYTl and NMDA receptors, the NMDA current was about 100 times larger than
the glycine transporter induced current. When, after activation by 2pM glutamate and
5pM glycine, the superfusion was stopped, the NMDA current slowly decayed towards
a new steady level. This effect was not observed when external Naf was replaced by
Li+, which suggests that the transporter is capable of lowering [Gly^ below bath
concentration in an extracellular space where diffusion is restricted. In such
conditions, hyperpolarisation (which increases the driving force for glycine uptake but
also the NMDA conductance) produced an outward rectification in the NMDA current.

EXPRESSION OF GLYCINE TRANSPORTERS IN UNDIFFERENTIATED
AND DIFFERENTIATED GLIAL CELLS. B. Borowskv* and BJ. Hoffman.
Laboratory of Cell Biology, NIMH, Bethesda, MD 20892.
The major mechanism for terminating the action of released
neurotransmitters is transport into presynaptic terminals and surrounding glia.
For several neurotransmitters, such as glutamate and GABA, uptake into glia
may be particularly important. We recently described a single gene encoding two
Na+/Cl"-dependent glycine transporters, varying only in the 5' noncoding
regions and the NH2 termini. In situ hybridization studies demonstrated that in
the CNS, GLYT-1 is found in all fiber tracts, while GLYT-2 is found in gray
matter with a distribution paralleling that of glycine receptors (Borowsky et al.,
Neuron 10:851, 1993). Northern analysis demonstrates the presence of GLYT-2
but not GLYT-1 in the astrocyte-like rat glioma C-6 cell line. Thus, while
GLYT-l's distribution suggests a localization in oligodendrocytes, GLYT-2 may
be present in neurons and astrocytes. We now report that CG-4 cells, bipotential
oligodendrocyte-type 2-astrocyte (O2-A) progenitor cells, transport pHJglycine.
Following differentiation into either oligodendrocytes or astrocytes, CG-4 cells
continue to transport glycine. The progenitor cells and the differentiated
oligodendrocytes express both GLYT-1 and GLYT-2, as determined by PCR
analysis. Interestingly, CG-4 progenitor cells and the differentiated
oligodendrocytes express both kainate- and AMPA-preferring glutamate
receptors (Patneau et al., Neuron 12:357, 1994). The presence of glycine
transporters in O-2A progenitor cells suggests a possible role for these
transporters and for glycine in the proliferation and differentiation of these cells.
Further, while astrocytes have generally been thought of as the glial cell
responsible for maintaining low extracellular levels of neurotransmitters, our
findings suggest that oligodendrocytes may also be important in this role.
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380.9
CHARACTERIZATION OF THE MAMMALIAN BRAIN L-PROLINE
TRANSPORTER WITH POLYCLONAL ANTIBODIES. L. Velaz-Faircloth.
A. fiuadano. and R, T. Rameau Jf.* Depts. of Pharmacology and Neurobiology,
Duke Univ. Med. Ctr., Durham, NC, 27710.
As a prelude to studies of the structure, regulation, and subcellular
localization of the mammalian brain L-proline transporter (PROT), we have
produced an anti-peptide antibody (C-597) directed against a 24-amino acid
peptide from the COOH-tenninus of rPROT. The specificity of this antibody
was examined using membranes prepared from HeLa cells transiently
transfected with various neurotransmitter transporters and from rat brain and
peripheral tissues. Western blots of membrane extracts of HeLa cells
transfected with rPROT or hPROT revealed two specific immunoreactive
bands, a major band of 56 kDa and a lighter band of 51 kDa. These bands
were not observed using pre-immune sera, non-transfected cells, peptideadsorbed antisera, or in membrane extracts from HeLa cells transfected with
rEAACl, rDAT, or iGATl. A single broad band of 65 kDa was recognized
by antibody C-597 on Western blots of brain membranes. Polyclonal
antisera against an NH2-terminal fusion protein of rPROT recognized this
same immunoreactive band. rPROT immunoreactivity was enriched in
membrane extracts from rat cortex , hippocampus, thalamus, hypothalamus,
striatum, brain stem and spinal cord; significantly lower levels were observed
in cerebellum. In contrast, rPROT immunoreactivity was not observed in
any rat peripheral tissue examined including lung, heart, skeletal muscle,
intestine, kidney, spleen, pancreas, pituitary or adrenal gland. Treatment of
membranes from rat hippocampus and rPROT-transfected HeLa cells with NGlycosidase F reduced die apparent molecular weight of the immunoreactive
bands to a single common band of 45 kDa. This work describes the first
identification and regional distribution of the rat brain proline transporter
protein and confirms the presence of N-linked glycosylation. Supported by
NRSA NSO9463, NIH NS32501, and NSF 9310965.
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380.10
ENKEPHALINS COMPETITIVELY ANTAGONIZE THE MAMMALIAN
BRAIN L-PROLINE TRANSPORTER. S.Shafqat*. V.Henzi. R.D. Blakely &
R-TTremeaii.Jr. Depts. of Phannacology and Neurobiology, Duke Univ Med Ctr,
NC 27710 and Dept, of Anatomy & Cell Biol., Emory Univ, Atlanta, GA 30322.
The role of L-proline in the central nervous system remains enigmatic. Studies
to define its precise function in discrete pathways in the mammalian CNS have not
been possible due to the inability to block its biosynthesis or high affinity
transport in nervous tissue. Previously, Rhoads and colleagues reported that the
opioid peptides leu- and met-enkephalin inhibit synaptosomal L-proline uptake by a
naloxone-insensitive mechanism (J Biol Chem 258:12233-12237,1983). As part
of our ongoing efforts to identify antagonists for the novel brain-specific L-proline
transporter (ProT), we investigated the effects of the enkephalins (enk) and several
related peptides on L-[3H]-proline uptake by HeLa cells transfected with ProT
cDNA's. Leu-enk (YGGFL) and its opiate receptor-inactive fragments GGFL and
GFL inhibited proline transport with a potency (Ki's of 3-6 gM) exceeding the
affinity of ProT for its presumed natural substrate, L-proline (Km ~1O ^M). Highaffinity inhibition of ProT by leu-enk was specific because the latter inhibited the
activities of other cloned brain transporters (hNET, rSerT, rDaT, hGlyTlb, iCreaT,
rGATl and rEAACl) with K's of 100
or more. Met-enk, dynorphin A[l-6]
and L-phenylalanine were less potent inhibitors of L-[3H]-proIine transport with
Kjs of 17-30 gM. The enkephalin-amides, naloxone, dynorphin A, TRH,
neurotensin, angiotensin II and [D-Ala2, D-Leu5]-enkephalin were poor inhibitors
with Kj's in excess of 100 gM. Increasing doses of leu-enk or GGFL elevated the
apparent Km of ProT for L-proline but did not significantly affect the Vmax of
transport. [3H] Leu-enk was not accumulated above control levels by ProTtransfected HeLa cells. We conclude that the peptides GFL, GGFL and leu-enk are
high-affinity, selective and competitive antagonists of the mammalian brain proline
transporter. The physiologic significance, if any, of this inhibition remains to be
determined. Supported by NIH NS32501, DA7390 and NSF 9310965

380.11

380.12

CLONING AND EXPRESSION OF THE HUMAN AND RAT
CREATINE TRANSPORTERS AND RAT SHORTER VARIANT
GENERATED BY ALTERNATIVE SPLICING. I. Sora*. H. Wei. G.
Santoro. J. Richman. R. Horvath. Y. Wang. T. Vanderah. M. Nguyen.

EXPRESSION OF CREATINE TRANSPORTERS IN BRAIN,
PERIPHERAL TISSUES, AND TRANSFECTED CELLS.
Mario D. Saltarelli*1. Andrea Bauman2, and Randv D. Blakelv2. Departments of
Neurology1 and Anatomy & Cell Biology2, Emory University School of Medicine,
Atlanta, GA 30322.
Maintenance of intracellular ATP levels is vital for multiple cellular processes in
neurons, glia, and peripheral cells. In cells which rapidly deplete ATP stores, high
levels of creatine phosphate are generated to buffer loss of ATP without the
generation of excess ADP, a feedback inhibitor of most ATP-utilizing reactions.
Creatine phosphate is formed from creatine which is accumulated from the
extracellular environment by a Na+ and Cl'-dependent creatine transporter (CREAT).
Recently, we (Bradley et al, Soc. Neurosci. Abst. 19: 95.6, 1993) and others
(Guimbal and Killiman, JBC 268:8418, 1993) have reported the cloning of brain
and muscle creatine transporters, which are structurally related to the NE/GABA
transporter family.
Northern analysis of rat CREAT expression demonstrated a distinct, non-uniform
expression pattern in brain and high levels of expression in striated muscle, cardiac
muscle, and kidney. Additionally, a marked postnatal increase in CREAT
expression was observed in rat brain which correlates with the onset of
myelinogenesis. Multiple CREAT mRNAs are evident in brain and peripheral
tissues and appear to derive from differential 3' noncoding variations. To identify
and localize CREAT proteins in transfected cells and peripheral tissues, a bacterial
fusion protein corresponding to a . 50 amino acid non-conserved region of CREAT
was used for the production of rabbit polyclonal antisera. CREAT antisera, but not
preimmune sera, specifically immunoprecipitate CREAT protein from HeLa cells
transiently transfected with a full-length rat CREAT cDNA. Combined with
nucleic acid probes, these new antibodies should facilitate a molecular
characterization of CREATs in normal and pathological tissues.

S. Waite. W. R. Roeske and H. I. Yamamura. Dept. of Pharmacology,
College, of Medicine, Univ. of Arizona, Tucson, AZ 85724.

Human creatine transporter was cloned from both a striatum and
a brainstem cDNA library. Rat creatine transporter was also cloned
from a brainstem cDNA library.
Northern blot hybridization
detected the expression of corresponding mRNAs most prominently
in the kidney, heart and skeletal muscle. In situ hybridization

analysis indicated a high level of expression of the creatine
transporter mRNA in the rat cerebellar cortex. Sequence analysis
of both human and rat creatine transporters indicated that the
translated products would have 635 amino acids, 12 putative

transmembrane domains and were a member of the Na+ dependent
plasma membrane transporter family. The shorter transcript of
rat creatine transporter harbors an in-frame 135 bp deletion
presumably produced by alternative splicing, resulting in a 45
amino acid deletion in the putative fifth transmembrane domain and
third extracellular loop. Transient expression of the rat long form
and human creatine transporters in COS-7 cells indicated that the
creatine uptake activities were sodium dependent and sensitive to
selective creatine transport inhibitors. However, the rat short
form was not able to transport creatine.
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381.1

381.2

IMMUNOCYTOCHEMICAL LOCALIZATION OF DOPAMINE
TRANSPORTER. BJ, Ciliax*. C. Heilman. H.D. Rees. S.M.
Hersch. L.L. Demchyshyn. Z.B. Pristupa, H.B. Niznik. and A.I.
Levey. Dept. of Neurology. Emory Univ.. Atlanta, GA 30322 and
Clarke Inst. of Psychiatry, Toronto. Ontario M5T 1R8
The dopamine transporter (DAT) has been localized by
uptake and binding studies. However, its precise cellular and
subcellular location(s) are unknown. We characterized anti-fusion
protein antibodies specific for DAT and used them for light and
electron microscopic immunocytochemistry. Anti-DAT antisera
specifically immunoprecipitated radiolabelled solubilized DAT
from human caudate. Western blot analysis demonstrated that
affinity purified DAT antibodies were specific for cloned DAT
(versus cloned norepinephrine or serotonin transporters),
recognized native DAT from rat and human basal ganglia, and
were blocked by pre-incubation with excess fusion protein.
Immunocytochemistry of DAT revealed axonal labeling in rat
striatum, prefrontal and cingulate cortices, and medial forebrain
bundle, and neuronal labeling in midbrain A8-A10 cell groups.
Electron microscopic analysis of DAT immunocytochemistry in
striatum revealed labeled preterminal axons and axon terminals
forming mainly 1) symmetric synapses on spine necks or dendritic
shafts or 2) asymmetric synapses on spine heads. These data
indicate that DAT is expressed in dopaminergic afferents in
striatum and that dopamine neurotransmission there may be
mediated through distinct types of synapses. Supported by Stanley
Foundation, P01 NS31937, and the APDA.

IMMUNOHISTOCHEMICAL LOCALIZATION OF DOPAMINE
TRANSPORTERS IN RAT BRAIN. S. Grant*1 R. Revav1 R Vaughan! C.
Freed3, G. UhP, MJ. Kuhar1. Neuroscience Branch and Molecular
Neurobiology B^nch2, Intramural Research Program, NIH-NIDA, Baltimore,
MD 21224, Univ. Colorado School of Medicine, Denver CO 802623.
High titer polyclonal antisera, raised against two conjugated peptide
segments from the rat dopamine transporter, exhibited dopamine transporterlike immunoreactivity in rat brain sections. Rats were perfused with 4%
paraformaldehyde, and post-fixed for 5 hours. Sections were incubated
overnight at room temperature in antisera at dilutions of 1:10,000-1:100,000.
Sections were then processed with the ABC method (VectaStain Elite) and
visualized with a heavy metal intensified peroxidase reaction.
Dopamine transporter-like immunoreactivity was seen in dendrites,
processes and perikarya in the substantia nigra, retrorubral area, and ventral
tegmental area of the midbrain, but not in the locus coeruleus or dorsal raphe.
The substantial nigra and ventral tegmental area exhibited differential
densities of staining corresponding to differences observed in situ hybridization
studies of dopamine transporter expression. Stained fibers with an axonal-like
profile were found in the medial forebrain bundle, and dense fibers and
varicosities with striasomal-like patterns of straining were present in the
striatum, nucleus accumbens, and olfactory tubercle. Fibers and varicosities
were also observed in the medial pre-frontal cortex, anterior cingulate cortex,
lateral habenula, and parts of the septum.
Control experiments established the specificity of the staining for the
transporter. Omission of primary antisera, utilization of preimmune sera, and
pre-adsorption of the sera with relevant peptides, but not with irrelevant
peptides, resulted in the loss of staining. Lesions in the medial forebrain
bundle with 6-hydroxydopamine also abolished staining in forebrain regions.
These antisera allow precise mapping of the primary brain sites of action
of cocaine and Parkinson’s-inducing neurotoxins at the cellular level.
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381.3
TOPOGRAPHY OF [125i ]RTI-121 BINDING SITES IN HUMAN
TEMPORAL LOBE
Karley Y. Little*, F. Ivy Carroll, Bader J. Cassin
Department of Psychiatry and Ann Arbor VAMC, University of
Michigan; Research Triangle Institute, Triangle Park, NC; Wayne
County Medical Examiner’s Office, Detroit, MI
Previous experiments have demonstrated that binding sites on the
dopamine transporter (DAT) are increased in striatum from human subjects
abusing cocaine prior to their deaths (Little et al, Brain Research. 628:1725,1993). It has not been determined if DAT binding is similarly altered in
limbic regions thought to subserve emotional and subjective experience,
such as the amygdala and hippocampus. Dopaminergic innervation of these
regions is sparse, and specific, high affinity radioligands for the DAT have
not been available. [125i ]RTI-121 is a newly synthesized cocaine congener
with reportedly high affinity and selectivity for the DAT. The present
experiments examined [12j I]RTI-121 binding in human limbic brain,
employing quantitative autoradiography. Binding was detected in the
hippocampus, amygdala, and temporal cortex, which appeared to label
DAT sites. Evidence supporting this interpretation includes: 1) the binding
was displaced by (-)cocaine, 30 pM, and WIN 35428, IC5q= 16 ± 8 nM);
2) the binding was not displaced by citalopram ; 3) the binding was
distributed in a unique anatomical pattern, similar to D2 receptors; 4) the
anatomical pattern was different from [12^R(T^-55, which labels 5-HTT
sites with high affinity; and 5) the binding was Na+ sensitive in the range of
60-360 mM. These results indicate that [125i ]rtt -I21 should be useful
for the examination of DAT regulation in cocaine abusers, as well as in
other neuropsychiatric conditions.
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381.4

EXPRESSION STUDIES OF HUMAN DOPAMINE TRANSPORTER
cDNAs WITH 3’-UUNTRANSLATED REGION VARIANTS

J.C. Martel* 1. D.J.Vandenherr>hl. N.TakahashU, and G.R. Uhll.2. IMol.
NeurobioL, NIDA, HP, NIH; and 2Depts. Neurol. & Nsci., JHUSM, Box 5180,
Baltimore, MD 21224;
A 40 base pair repeat (VNTR) in the 3’ untranslated region of the
human dopamine transporter (DAT) mRNA is present at different
number of copies, ranging from 3 to II, in different individuals
(Genomics 14: 1104, 1992).In a CHO cell line stably expressing the 10
copy VNTR transporter, density is 149 ± 59 fmoI/105 cells and affinity
for CFT is 49 ± 4 nM. These cells also show high affinity dopamine
uptake (Km = 1.9 ± 0.4 uM and Vmax= 23 ± 16 pmole/105 cells/min)
which is hlockable by cocaine (Ki = 290 ± 66 nM).
To assess effects of VNTR variants on phenotype, we transfected COS7
cells with DAT cDNA constructs containing either 1 or 10 copies of the
VNTR. Transporter levels, as evaluated from CFT saturation binding
data, revealed a single site with a density of 209 ± 73 and 135 ± 42
fool/lfr'cells for the 1 and 10 VNTR constructs, respectively. The affinity
for CFT was not different between the two constructs. Dopamine uptake
paralleled the CFT findings with Vmax = 6.5 ± 1.5 pmole/l(®cells/min (I
VNTR) versus 3.3 ± 0.4 pmoIe/l05cens/min (10 VNTR). The affinity for
dopamine was not affected by VNTR number. These data suggest that the
VNTR copy number may play a role on expression of the dopamine
transporter.

381.5

381.6

Murine Dopamine Transporter 5' Flanking Promoter £lements: Homology to
Human and Cell Type Specific Expression. David M. Donovan#*. M. Perry#, R.
Ingersoll@, B. Nanthakumar@, 1. Sora#, L.L. Miner#, L. Sharped. G.R. Uhl!%.
#Mol. Genetics & !Mol. Neurobio., NIH/NIDA, 1RP; %Neurol. and Neurosci.,
and @Genetics Core, JHUSM, Balto., MD 21224.

BEHAVIORAL CHARACTERIZATION OF MUTANT DOPAMINE TRANSPORTER
AND g OPIATE RECEPTOR OVEREXPRESSION IN CATECHOLAMINERGIC
NEURONS OF TRANSGENIC MICE. L.L. Miner*. D.M. Donovan.
J.-g. Wapq. J._G._ flUUsL-M, Ferry, U G,.R, .WLU Mol.

The dopamine transporter (DAT) is expressed intensely by midhrain
dopaminergic neurons, and is a major site for the reinforcing effects of cocaine.
Cloning 25 kb of the murine DAT gene has allowed its characterization and
comparison with the human DAT gene sequence (NS abstract, D.J. Vandenherg
et al.). This murine sequence contains 10.5 Kb of 5’ flank and 14 Kb of
transcribed sequences harboring 4 exons. The non-coding sequences contain 6
short sequence length polymorphisms not represented in the MIT data base
near the DAT locus position on chromosome 13. There are also 2 ca. 2 Kh
LINE and B1 related repeat elements, one within the murine 5’ flank and other
in intron 3. Comparison with the human sequence reveals striking focal
homology especially notable over a 200 hp region that displays a high
concentration of different transcription factor binding sites, including SP1 and
AP-2 sites which are present in similar ratios (11:5 and 8:3) in the human and
murine sequences respectively.
Dopamine cell expression can he seen in initial analyses of transgenic mice
harboring a construct with 5.4 Kb of murine genomic sequence. This sequence
includes the first exon, intron, and fusion to /^galactosidase at amino acid 68
in exon 2 at a position just prior to the first DAT transmembrane domain, figalactosidase is expressed in nigra compacta and VTA neurons and some of
their proximal processes in these mice. These apparent DAT genomic promoter
sequences should thus he useful to express other gene products in interesting
midhrain dopaminergic neurons.

Genetics and Mol. Neurobiol., ARC, NIDA, NIH & Depts
Neurol.& Nsci, JHUSM, Box 5180, Baltimore, MD 21224

The dopamine transporter (DAT) plays a key role in
reuptake of dopamine and is the primary site of action for
cocaine in the CNS.
g opioid receptors (gOPR) are the
principal sites of opiate drug action including analgesia
and addiction. DAT overexpression in catecholaminergic
neurons of transgenic mice has been accomplished using 4.8
kb of the rat tyrosine hydroxylase (TH) promoter to a
mutated rat DAT, which in culture systems displays
increased DA+ transport and decreased cocaine binding
(DAC).
Animals overexpressing the mutant transporter
display several significant behavioral effects. The DAC
lines habituate to a novel environment more rapidly than
their littermate controls, are more sensitive to the
locomoter stimulant effects of cocaine, and display
stronger place preference conditioning to cocaine.
g opiate receptor overexpression has been approached
using 4.8 kb rat TH promoter linked to 2.2 kb rat g opiate
receptor cDNA.
Preliminary studies indicate that animals
carrying the transgene have a higher baseline analgesia
level as assessed by hotplate than littermate controls.
These animals provide the first transgenics with altered
psychostimulant or nociceptive responses induced by
changed expression of an introduced gene.

381.7

381.8

HUMAN DOPAMINE TRANSPORTER GENE STRUCTURE
AND 5’-FLANK I)J.Vandenbereh*I,2, G.S. Birdl.2, R.Ineersoll3.
E.Nanthakumar3, and G.R. Uhll.2. 1 Mol. Neurobiol. Br., NIH/NIDA,
IRP; 2 Depts. Neurol. & Nsci., & 3 Genetics Core Facility, JHUSM, Box 5180,
Baltimore, MD 21224;
Synaptic reaccumulation of the neurotransmitter dopamine is
mediated by the dopamine transporter (DAT), a twelve
transmembrane
domain,
sodiumand
chloride-dependent
neurotransmitter transporter that is expressed in dopaminergic
neurons. Several DAT features, including its selective expression,
implication in cocaine action, and prominent role in the mechanisms
of Parkinson’s disease-inducing neurotoxins, make understanding of
the DAT gene of interest. The human and mouse (Donovan et al, NS
abstract) DAT genes have been isolated. Identification of the 5’-end
of the mRNAs reveals conserved sequence elements within 5’flanking regions. Structural analysis of 5’ non-transcribed sequences
has revealed TATA-less, CAAT-less, G-C rich regions with many

CHARACTERISTICS OF L-DOPA TRANSPORT IN RAT ASTROCYTE. M.J.
Tsai, H.L. Wang and E.H.Y. Lee*. Institute of Biomedical
Sciences, Academia Sinica, Taipei 11529, Taiwan, R.O.C.
L-DOPA is the most beneficial drug for patients with
idiopathic Parkinson's disease (PD). In PD, the striatal
dopaminergic (DA) neurons are lost and the aromatic amino
acid decarboxylase (AADC) activity is reduced. Whereas
reactive gliosis is mostly found. The present work
attempted to investigate the role of astrocyte under LDOPA treatment in relating to PD. Cultured astrocyte from
newborn rat cortical regions was used.
Results indicated that rat astrocyte showed the ability to
uptake 14C-L-DOPA in a saturable carrier system. The
transport was Na*-independent and temperature-sensitive.
Saturation curve for the initial velocity of L-DOPA uptake
showed a transport system with K„ of 36 gM and V„. of 2.4
nmol/min/mg protein. Analog inhibition studies showed that
the L-DOPA transporter exhibited a clear preference for
large neutral amino acids. The 14C recovered in the uptake
experiments was identified as L-14C-DOPA but not 14C-DA,
indicating a low rate of L-DOPA metabolism during
incubation up to 30 min. The optimum condition with L-^CDOPA as substrate was used for assay of AADC in astrocytic
homogenate, and no iC-DA was detected. These results
further indicated that the cultures did not possess AADC
enzyme activity. Further, L-DOPA could also be released
into the medium, and this L-DOPA efflux was temperaturesensitive. In conclusion, rat astrocyte can uptake L-DOPA
but does not convert it to DA. It serves as a temporary
storage site for exogenous L-DOPA. The L-DOPA transport
system in astrocyte is neither energy-requiring, nor
maintaining a concentration gradient. Rather, it serves to
facilitate the diffusion of L-DOPA into or out of
astrocytes.

potential transcription factor binding sites. Strong conservation of
gene structure is apparent and shows similarities to the mouse GABA
transporter gene. Northern blot analysis indicates that the human DAT
transcript is 4.1 kb. Several Alu repetitive elements are present in
intronic and 5’-flanking sequences, and a GT repeat in the 1st intron
is not polymorphic in 60 unrelated individuals. These studies provide
the first steps to characterizing the most dopaminergic cell-specific
promoter in humans.
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381.10

A POSSIBLE ROLE FOR TYROSINE KINASES IN THE REGULATION OF THE
NEURONAL DOPAMINE TRANSPORTER. J.R. Simon* and D.J.Bare.
Institute of Psychiatric Research, Indiana University School of Medicine,
Indianapolis, IN 46202
The synaptic action of dopamine (DA) is terminated by its removal from
the synaptic cleft via the dopamine transporter (DAT). In this study we
report alterations in the activity of the DAT following exposure to certain
protein tyrosine kinase inhibitors. The effect of various inhibitors on the
uptake of 3H-DA was determined in striatal homogenates from mouse brain.
Following incubation of the tissue with 3H-DA at 3O°C in the absence and
presence of inhibitor drugs, uptake was terminated by centrifugation.
Genistein, a selective inhibitor of tyrosine kinases, inhibited the DAT in a
concentration-dependent and reversible manner. Genistein was without
effect on the uptake of choline and GABA. The IC5q for genistein inhibition
of the DAT was approximately 20 pM and the inhibition was noncompetitive with respect to the substrate DA. Genistin, a non-active analog
of genistein, was without effect on DA uptake. Four other protein tyrosine
kinase inhibitors were also examined. Tyrphostin 23 reduced DA transport
with an IC6C) approximating 200 pM, whereas herbimycin A (1 pM),
tyrphostin 25 (100pM) and lavindustin A (50pM) were inactive. In studies
of DA release from striatal slices, genistein (at concentrations which reduce
3H-DA uptake) did not affect the basal release of endogenous DA,
suggesting that reduced accumulation of DA during the transport assay is
not a result of enhanced DA release. Results of Western blotting analyses
of uptake samples were consistent with an inhibitory action of genistein
(50 pM) on tyrosine kinase activity. The results suggest that tyrosine
kinases and associated phosphoprotein(s) may play a role in determining
the activity of the DAT.(Supported by R01 NS14426 and P01 NS27613)

THE PHENYL RING OF TYROSINE 250 OF THE DOPAMINE TRANSPORTER
IS REQUIRED FOR HIGH-AFFINITY BINDING OF COCAINE ANALOGS. <L
Davis®*, J.-B. Wang® and G. R. Uhl.*' Mol. Neurobiol., N1H/N1DA,1RP* & Depts.
Neurol. & Neurosci., JHUSM1, Baltimore, MD 21224.

The dopamine transporter (DAT) functions to terminate dopaminemediated neurotransmission by removing dopamine from the synapse. This
reaccumulation of dopamine into the presynaptic nerve terminal is inhibited hy
cocaine, and the binding of cocaine to DAT has been correlated with the
behavioral reinforcing properties of this drug. We have therefore sought to
understand the nature of cocaine binding to the dopamine transporter. Initial
studies using site-directed, in vitro mutagenesis identified residues that inhibited
cocaine analog binding, dopamine uptake, neither, or both. This study further
characterizes mutations to tyrosine 250 (Y25O). Mutation of Y25O to alanine
greatly reduces the affinity of the cocaine analog CFT for the DAT while slightly
increasing the affinity of dopamine for the transporter. Mutation of Y25O to
phenylalanine or serine reveals that dopamine uptake is only slightly affected,
with the affinity for dopamine increasing as the side chain becomes less bulky.
Conversely, CFT binding to the phenylalanine mutated protein is very similar to
the wild-type tyrosine, while both the alanine and serine mutations reduce the
affinity of CFT for the protein more than 10-fold. These results indicate that the
phenyl ring of tyrosine is important for interactions with this cocaine analog.
Our results support the hypothesis that cocaine binds to a site on the DAT which
has components distinguishable from those binding dopamine.

381.11
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BINDING TO STRIATAL DOPAMINE TRANSPORTERS BY THE SELECTIVE
COCAINE ANALOG RTI-229. T,A. Kopattic*, J.W. Bote, F.l. Carroll, P.
Kotian, H.H. SeHzman. C.D. Wyrick, A.H. Lewin. and M.J. Kuhar. Molecular
Pharmacology Section, NIH-NIDA Intramural Research Program, P.O. Box
5180, Baltimore, MD 21224.
As part of an ongoing structure-activity study of cocaine analogs we have
developed various highly potent and selective compounds for the dopamine
transporter (DAT). Recently we have developed a cocaine analog that

PHOTOAFFINITY-LABELED LIGAND BINDING DOMAINS ON
DOPAMINE TRANSPORTERS IDENTIFIED BY PEPTIDE MAPPING. &
Vaughan*. Neuroscience Branch, Molecular Neurobiology Branch, NIHNIDA, Balto., MD 21224.
Rat dopamine transporters were photoaffinity labeled with the GBR analog
[’“Ij-DEEP, or the cocaine analog [l25I]-RTI 82, and treated with V8 protease
or trypsin to produce a series of low molecular weight fragments. The peptide
maps generated with each enzyme were different for each of the ligands,
indicating that the ligands were incorporated into different regions of the
protein. Transporters obtained from striatum and nucleus accumbens yielded
identical peptide maps, indicating that these polypeptides are highly similar in
primary sequence. Anti-peptide antibodies corresponding to five different
regions of the transporter were used to analyze the V8 fragments. 10 and 7
kDa fragments from [125I]-DEEP transporters
were specifically
immunoprecipitated with an antibody corresponding to amino acids 42-59near
the first putative transmembrane domain, while a 34 kDa V8 fragment from
[I2l]-RTI82 labeled transporters was precipitated with three different sera
corresponding to regions in the C-terminal two-thirds of the protein.
Although N-glycanase reduced the apparent Mr of unproteolyzed dopamine
transporters, none of the V8 fragments smaller than 45 kDa containing either
photolabel were altered in Mr by prior deglycosylation. The results suggest
that photoincorporation of [i5I]-DEEP occurs in or near the first
transmembrane domain, while [1SI]-RT1 82 labels the protein between
transmembrane domains 4 and 12.

contains a carboxamide in the C-2 position. This highly selective cocaine
analog, RTI-229 (3p-(4-i<xkophenyl) tropan-23-pyrrolidine carboxamide) was
radioactively labeled and characterized. Saturation analysis indicated that
[125l]RTI-229 bound to both a high and low affinity binding site in the rat
striatum. The affinities of the high and low binding sites were 0.2 nM and 3.03
nM respectively. The number of sites labeled by [1zsl]RTI-229 were 150
pMol/gram tissue and 264 pMol/gram tissue. The pharmacological profile of
[125I]RTI-229 binding was consistent with that of the dopamine transporter.

The rank order of potency for the inhibition of specific [1zsl]RTI-229 binding in
the rat striatum was; GBR 12909 o WIN 35,428 o mazindol o nomifensine o
(-)cocaine. Inhibitors of either norepinephrine or serotonin uptake were not
potent inhibitors of specific [125]RTl-229 binding. A significant correlation
was observed between the potencies of compounds to inhibit specific
[125l]RTI-229 binding and their potency to inhibit pHJdopamine uptake. No
such correlation was found with either norepinephrine or serotonin. In vivo

studies on both the mouse and rat indicated that [125l]RTI-229 does not cross
the bkooi-brain barrier, possibly because of metabolism in vivo. These

results indicate that RTI-229 may be an important tool to study the DAT.
Furthermore, since RTI-229 does not appear to enter the CNS, it may also
be useful to examine the peripheral effects of cocaine administration.

381.13

381.14

CHANGES IN DOPAMINE TRANSPORT IN MESENCEPHALIC CULTURES
AS A FUNCTION OF TIME AFTER EXPOSURE TO STIMULANTS. BA

A KINETIC MULTISUBSTRATE MECHANISM OF DOPAMINE UPTAKE IN
THE RAT NUCLEUS ACCUMBENS AND ITS INHIBmON BY COCAINE.
Sue L. Povlock* and James O. Schenk. Depts. of Biochemistry and Biophysics
and Chemistry, Prgms. Pharmacol/Toxicol and Neuroscience, Washington State
Univ., Pullman, WA 99164-4630.
The process of dopamine(DA) uptake within the nucleus accumbens(NA) is
inhibited by the psychomotor stimulant cocaine. The rewarding effects of
cocaine leading to addiction is thought to be mediated by this anatomical locus
(Kuhar et al., Trends in Neurosci. 14, 299,1991). However, the multisubstrate,
kinetic mechanism of dopamine uptake and its inhibition by cocaine is
undefined. Thus, using the rotating disk electrode technique, the multisubstrate
mechanism of DA uptake was determined in the rat NA. The process was found
to be first order with respect to DA with a
of 372 pmol/gm/sec and a Km
of 1.3 pM. In terms of ion dependency, DA uptake is second order in Na+ and
first order in Cl" with Km values of 79 and 88 mM, respectively. Cocaine was
found to act as a noncompetitive inhibitor with a Kj of 0.3 pM. These findings
suggest that the kinetic mechanism of DA uptake in the NA is similar to that in
the striatum (see McElvain and Schenk, Biochem.. Pharmacol. 43, 2189, 1992)
whereas the inhibition by cocaine is different. That is, cocaine inhibits dopamine
transport uncompetitively in the striatum and noncompetitively in the NA. In
addition the Kj for cocaine is a factor of four lower in the NA relative to the
striatum. [Supported by grants DAO7384 and DA00184 and State of
Washington.!

Bennett* CKHoliingsworth. CE Hyde. Dept Physiol/Pharmacol, Bowman Gray
Sch Med, Winston-Salem, NC 27157.
Dopamine transporter (DAT) mRNA has recently been shown to be modified
by chronically administered drugs, such as psychomotor stimulants and
antidepressants. Our studies have examined the functional change that occurs
as a result of long-term exposure of ventral mesencephalic cultures to
methamphetamine (METH) and cocaine (COC) and the ensuing neuronal
adaptation occurring weeks after the removal of these drugs. Mesencephalic
cultures were exposed to METH and COC (1, 10pM) for 5 days and DAT
function was assessed after a 24 hour wash and 7 and 14 days later. The
results indicate that 24 hr after exposure to COC, the ability to transport DA is
marginally affected (i5%), while there is a significant reduction after METH
administration (123%). After a 7 day drug free period, there was a further
reduction of 53% in DA transport in cultures treated with METH versus no
change in COC-treated wells. Two weeks after the last exposure to these
compounds, COC-treated cultures displayed the same ■ DA transport as in
controls, while, in contrast, there was no recovery of function in the METHtreated wells. These concentrations of METH were found to promote the
release of DA while similar concentrations of COC did not. These data suggest
that METH treatment, possibly by promoting the release of and interactions with
DA, reduces the ability of mesencephalic DA cells to transport DA extending up
to two weeks after drug exposure. Further studies will be conducted to
determine if transporter number (VJ or affinity (KJ are affected by these
treatments. Supported by an NIH grant DA05073.
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INHIBITION OF H-3 WIN 35,428 BINDING AND DOPAMINE UPTAKE BY
NOVEL PHENYL RING SUBSTITUTED METHYLPHENIDATE DERIVATIVES:
POTENTIAL COCAINE ANTAGONISTS. G Chaturvedi. D Pan. SJ Gatiev. R
Chen. Y-S Ding. JS Fowler*. Department of Chemistry, Brookhaven National
Laboratory, Upton, NY 11973.
We have recently labeled methylphenidate (MP) and its active enantiomer dthreoMP with carbon-11 (half-life = 20 min) and used them to image primate brain
dopamine transporters with PET. As a first step in evaluating compounds related to
MP which could be labeled with iodine-123 (half-life = 13 hr) and used as SPECT
tracers, we synthesized several racemic MP derivatives which could be made from
easily accessible starting materials and compared their abilities to inhibit binding of
tritiated WIN 34,428 (0.5 nM) to striatal membranes, and to inhibit transport of
tritiated DA (5 nM) in striatal synaptosomes. While MP, bromine substituted MP
and previously described 4-OH-MP had similar ratios of IC50 values for uptake and
binding, the 4-methoxy and 3-iodo-4-hydroxy derivatives of MP were relatively poorer
inhibitors of uptake.

BUPROPION AND
DESIPFAMINE
TRANSPORTER mRNA EXPRESSION

Comp'd

Cocaine
MP
o-Br
m-Br
p-Br
p-OH
p-OCH3
m-I,p-OH

[3H]WIN
IC50

Uptake
IC50

Ratio

120
75
13
4
15
91
27
40

280
170
31
18
36
260
330
290

2.4
2.2
2.4
4.3
2.4
2.9
12
7

The results suggest that in addition to
their potential utility in radionuclide
imaging studies, p-OCH3-MP or m-1
p-OH-MP might be a lead compound
for development of a "cocaine
antagonist" able to inhibit the binding
of cocaine in vivo to a much greater
extent than the uptake of DA. Such a
drug might be clinically useful in the
treatment of cocaine abuse. However,
other explanations for discrepant
binding and uptake data are possible
and are being examined. DOE/OHER

923

INCREASE
DOPAMINE
IN RAT BRAIN.

E.C. Petrie. P. Szot and R.C. Veith*. P sychiatry
& Behavioral Sciences, University of Washington
and GRECC (182-B), VAMC, Seattle, WA, 98108.
Many antidepressants (ADs) increase indices . of
CNS dopamine (DA) activity.
Hypothesizing that
alterations in DA transporter (DAT) function may
mediate these effects, we assessed DAT mRNA
expression in rat ventral tegmentum/substantia
nigra compacta (VTA/SNc) after acute treatment
with two different ADs; the DAT blocker bupropion
(BUP) and the norepinephrine transporter (NET)
blocker desipramine (DMI).
Male rats were treated (i.p.) for 2 days with
DMI lOmg/kg daily, BUP l5mg/kg tid (BUP-45), BUP
3Omg/kg tid (BUP-90) or saline 2ml/kg tid (SAL).
In situ hybridization histochemistry was performed with a 35S-labeled riboprobe complementary
to nucleotides 1-618 of rat DAT mRNA.
Computer image analysis of total grain areas
in the VTA/SNc (5.6-5.8 mm caudal to bregma),
showed DMI = 12,360 ± 1,432, BUP-45 = 16,058 ±
983, BUP-90 = 14,173 ± 1,332 and SAL = 8,100 ±
642 (mean ± SEM), [F(3,I9) = 6.68, p<.01].
DMI and BUP increased DAT mRNA expression ill
the VTA/SNc, an effect which could modulate CNS
DA activity in vivo. (Supported by the VA)

381.17
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NICOTINE AND HALOPERIDOL EFFECTS ON STRIATAL
DOPAMINE CLEARANCE IN VIVO. C. Ksir* and C. E. Meeks.
Department of Psychology and Neuroscience Program, University of
Wyoming, Laramie, WY 82071.
Microinfusion of dopamine near the tip of an electrochemical
detector allows for the monitoring of DA clearance from brain tissue. For
example, the DA transporter blocker cocaine results in larger peak signals
following each microinfusion of DA' into striatum or accumbens (Cass et.
al. 1992 J. Neurochem. 5£:259-266,).
Hart et al (1993 Soc. Neuroscience Abstr., p. 829) reported that
nicotine produced smaller peak DA signals following each infusion into
the accumbens, suggesting a facilitation of DA transport by nicotine.
The transporter is typically viewed as operating at a high rate unless
blocked, but the transporter might be dynamically modulated by neural
activity. Nicotine increases the firing rate of DA neurons in both the
mesolimbic and nigrostriatal DA pathways. Haloperidol also increases the
firing of these neurons. Thus it was predicted that systemic haloperidol
would also enhance DA clearance in either striatum or accumbens.
Nafion-coated carbon fiber electrodes were calibrated for DA
sensitivity using voltammetry. A glass micropipette (tip diameter 10-15
pm) was positioned 2OO± 50 pm from the electrode tip. The rat was
anesthetized with urethane and the recording assembly was lowered into
the striatum. DA was pressure ejected at 5 min intervals until repeatable
peaks were produced. Injection of nicotine (0.2 or 0.4 mg/kg) resulted in
decreased DA peaks, similar to the effect previously reported in
accumbens. Haloperidol (0.25 or 0.5 mg/kg) also reduced the magnitude
of recorded DA peaks.
These results are consistent with the hypothesis that increased activity
of the DA transporter may occur when drugs are given that increase the
firing rate of DA neurons.

Alterations of the neuronal dopamine uptake system induced by
sydnonimine-1 (SIN-1) : Prevention by EGb 761 (a Ginkgo biloba

381.19

381.20

NEW DOPAMINE REUPTAKE SITE LIGAND - IPT: FROM RAT TO HUMAN.
H. F, KunuA M.-P.Kung. S MMgallalP, P..Mozlzy.H.-J, Kim^ D. I-Yedere:!^.
W. McElgin and G, Romaniello- Departments of Radiology and Pharmacology,
University of Pennsylvania, Philadelphia, PA 19104.
Cocaine and its related tropane derivatives display high binding affinity to CNS
dopamine reuptake sites. Recently, IPT, N-(3-iodopropene-2-yl)-2B-carbomethoxy3B-(4-chlorophen-yl)tropane, was reported as a new iodinated dopamine reuptake site
ligand (Goodman, et al., J. Med. Chem.,in press 1994). In vitro binding in freshly
prepared striatal homogenates with different buffers exhibited a single site binding
(Kd = 0.3 and 0.18 nM; Bmax = 1253 and 2181 fmol/mg protein, in Tris and
phosphate buffer, respectively). Binding characteristics of [1-125] IPT in rat striatum
were consistent with dopamine reuptake sites. The rank order of potency was: RTI55> IPT> GBRI29O9> mazindol> cocaine> paroxetine> nisoxetine. Ex vivo
autoradiography of rat brain displayed selective regional distribution in striatum and
substantial nigra. Initial human SPECT imaging studies with a tracer dose of [I123] IPT clearly demonstrated ligand binding to the head of the caudate and
putamen, areas known to have high density of dopamine neurons. The ratio of basal
ganglia/cerebellum (target to non target) was 26 to 1 at 3 hr post iv injection. The
new ligand offers several unique advantages, including high specific activity, high
binding affinity, fast uptake and equilibrium in target areas, all of which make it an
excellent tracer for in vivo imaging of CNS dopamine reuptake sites.
Acknowledgment: Support from PHS (NS-24538 and MH-43880).

AGENTS THAT PROMOTE PHOSPHORYLATION
DIFFERENTIALLY REGULATE DOPAMINE AND y-AMINOBUTYRIC ACID UPTAKE INTO RAT STRIATAL SYNAPTOSOMES

extract). C. RAMASSAMY*. M. AKBARL 2LJCIRISTEN_a and
J.CQSTENTIN
Neuropsychophannacologie C.N.R.S. 76803 St-Etienne Rouvray, France.

[a] IPSEN 24 rue Erlanger 75781 Paris cedex 16, France.
We have compared the effects of a long term incubation (60 min, 37°C) of

synaptosomes, prepared from mice striata, with either sodium nitroprusside (SNP)

or sydnonimine (SIN-1) on the dopamine (DA) uptake complex. In the presence of
SIN-1, O.lmM, the 3H DA uptake was reduced (-50%) as well as the binding of the
specific dopamine uptake inhibitor 3H-GBR 12783 (-60%). In these conditions, SIN-

1 increased also the synaptosomal malondialdehyde level (+60%). SNP, O.lmM, was

devoid of any effect on each of these parameters. All the alterations induced by SIN-1
were completely prevented by the hydrosoluble vitamin E analog trolox C (O.lmM)

as well as the Ginkgo biloba extract (lOpg/ml). None of the two nitric oxide radicals
(NO°) donors did induce 3H DA release from synaptosomes. It is concluded that the
presence of nitric oxide alone (generated by SNP) cannot alter the DA uptake

complex. SIN-1, which spontaneously generated NO° and superoxyde anions (02°-)

to form peroxynitrite anions, can produce a membrane peroxydation which in turn
affects the DA uptake complex. Trolox C and EGb 761 could prevent these
alterations by scavenging free radicals (O20-, NO°) and/or peroxynitrite anions.

Ye Tian*. Gregory Kapatos. James G. Granneman and Michael-J,. Bannon,
Cellular and Clinical Neurobiology Program, Department of Psychiatry,
Wayne State University, Detroit, Michigan 48201
On the basis of deduced protein structure and ion-dependency, the
dopamine (DA) transporter (DAT) and the y-amin0-butyric acid (GABA)
transporter (GAT) have been grouped as members of the same gene family.
These transporters play a major role in terminating the action of the

neurotransmitters DA and GABA, respectively. Very little is known
regarding the acute regulation of these transporters. In the present study,
treatment of striatal synaptosomes with the protein phosphatase inhibitor
okadaic acid decreased GABA uptake but did not effect DA uptake,
suggesting that phosphorylation may be involved in the regulation of GAT
Forskolin and 8-bromoadenosine-3,5-cyclic
but not DAT activity.
monophosphate, compounds which activate protein kinase A (PKA), did not
alter Da uptake, but inhibited GABA uptake into striatal synaptosomes to the
same extent as did okadaic acid, suggesting the involvement of protein kinase
A in GAT regulation. Pborbol-12,13-didecanoate failed to alter either GABA
or DA uptake, indicating that protein kinase C (PKC) may not be involved
in the regulation of either transporter. These results indicate that, despite
sequence similarities, the post-translational regulation of the DAT and GAT
are quite different, and that GAT activity is readily altered by PKAdependent mechanisms. (Supported by NIH grant DA06470).
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PENTYLENETETRAZOL KINDLING RESULTS IN SUSTAINED ELEVATION
IN THE EXPRESSION OF THE NOREPINEPHRINE TRANSPORTER mRNA
IN THE LOCUS COERULEUS P. Szot* and R.C. Veith GRECC. SeatUe
VAMC, WA 98108 and Dept. of Psychiatry and Behavioral Sciences, Univ.
Washington, Seattle, WA 98195.
The catecholamines, specifically norepinephrine (NE) and dopamine (DA) have
been shown to modulate the kindling process. In the present study, kindling was
performed chemically with pentylenetetrazol (PTZ). Three groups of animals were
treated for approximately 4 weeks. The first was the kindled group, which consisted
of PTZ injection every other day at a subconvulsant dose of 30 mg/kg, at which
time the animals were fully kindled (two stage 5 seizures were observed). As a
control for the dose of PTZ, a second group of animals received saline every other
day until the first group was kindled, at which time they were given a single dose of
PTZ. The third group, received saline injections every other day until the first
group was kindled. Animals were sacrificed 3 or 7 days after the final injection. On
a single day, at least one animal from each group was sacrificed. In situ
hybridization for the NE transporter (NET) and DA transporter mRNA were
performed using riboprobes complimentary to specific regions of the NET and DAT
mRNA. The NET mRNA in the locus coeruleus (LC) of the kindled group was
significantly elevated compared to the saline and I^TZ group 3 and 7 days after the
last seizure. The elevation in the NET mRNA of the kindled group was identical in
the two time periods. The single injection of PTZ was not significantly different
from saline. In contrast, the DAT mRNA in the VTA/SN was significantly
elevated only in both the single injection PTZ and kindled group compared to saline
but only in the 3 day time point. Thus it appears that single injection of PTZ
increases the expression of the DAT mRNA in the VTA/SN. Therefore, these data
indicate that PTZ kindling results in a prolonged increase in the expression of the
NET mRNA in the LC. (Supported by VA Research Service)

THE NOREPINEPHRINE TRANSPORTER OF SK-N-SH CELLS:
MODULATION OF FUNCTION AND LIGAND BINDING PROPERTIES
BY ACTIVATORS OF PROTEIN KINASE C. A.J, Eshleman* and A,
Janowskv. Dept of Pharmacol, and Psychiatry, Oregon Health Sciences Univ.
& Research Service,V.A. Med. Center, Portland, OR. 97201.
The human neuroblastoma SK-N-SH cells express the norepinephrine (NE)
transporter (NET) and accumulate NE in a sodium-dependent manner. The
phorbol ester, 4p-phorbol, 12p-myristate, l3a-acetate (PMA), an activator of
protein kinase C (PKC), elicited a biphasic, time- and concentration-dependent
effect on NE uptake. Following short preincubation times (5 & 10 min) PMA
elicited an increase in [3H]NE (20 nM) uptake into SK-N-SH cells with a
maximal increase of 30% at 1 nM. In contrast, following either a 2 or 3 hour
incubation, there was a 35-40% decrease in [3H]NE uptake which was
maximal at 30-100 nM PMA. This decrease of uptake following longer
preincubations was due to a decrease in the maximal rate of uptake with no
change in the affinity of [3H]NE for NET (the Vmax value decreased from 20
± 2 to 13 ± 1 pmol/ 20 min). Ligand binding studies with pHJnisoxetine
indicated that there was a 40-60% decrease in binding sites and increased
affinity following long-term exposure to PMA. An endogenous activator of
PKC, 1,2-dioctanoyl-sn-glycerol enhanced pHJNE uptake by 70% after a 5
min preincubation at a concentration of 100 gM but did not significantly
reduce uptake after 2 or 3 hr preincubations. These results suggest that shortterm activation of PKC causes an increase in maximal transport, perhaps by
phosphorylation of NET, while the effect of long-term exposure is dependent
on the means of activation of PKC. The decrease in transport rate due to
PMA may be due to NET downregulation or to allosteric changes which
decrease both binding and uptake. (Supported by USPHS Grants
T32DA07262 & PO1AA08621, & NIDA Contract 271-90-7405)
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SUBSTITUTION OF SEQUENCE FROM THE NOREPINEPHRINE
TRANSPORTER INTO THE LARGE EXTRACELLULAR LOOP OF THE
SEROTONIN TRANSPORTER FORMS A FUNCTIONAL CHIMERA. M
M. Stephan*. G. Rudnick and M.A. Chen. Dept. Of Pharmacology, Yale U.
School of Medicine, New Haven, CT 06510.
The serotonin and norepinephrine re-uptake transporters are closely
related proteins responsible for the removal of neurotransmitters from the
synaptic cleft following neurotransmission. The transporters are predicted
to form very similar structures, each consisting of 12 membrane-spanning
alpha helices joined by 11 hydrophilic loops. Site-directed mutagenesis was
performed on largest of these loops (predicted to lie extracellularly between
membrane spans 3 and 4) to replace residues 194-222 of the serotonin
transporter with the corresponding residues from the norepinephrine
transporter. This substitution, which covers about half of the predicted
loop, results in a chimeric loop which is 6 residues longer and contains 18
amino acid substitutions, 13 of which are not conservative. The activities
of the chimeric and wild type transporters were compared by transient
expression in HeLa cells using the vaccinia-T7 polymerase system, followed
by measurement of ®Hserotonin uptake into whole cells. The chimeric
protein was active, at about 10% of the wild type level. This lower level of
activity was not due to reduced expression, since the chimeric transporter
was found to be expressed on the cell surface at similar levels to the wild
type, as measured by cell surface biotinylation. The chimeric transporter
retained sensitivity to cocaine, imipramine, and paroxetine, competitive
inhibitors of serotonin uptake. Further analysis will be required to
determine whether the reduced activity of the chimera is the result of
reduced affinity for substrate binding, impairment of the transport
mechanism, or a combination of both factors.

EFFECT OF NEUROLEPTICS ON UPTAKE
OF
NOREPINEPHRINE, DOPAMINE, AND SEROTONIN INTO RAT
BRAIN
Y, TaKahashi*. I, Kusumi, T, IshiKane and_L.KQ?yama,. Dept, of
Psychiatry, Hokkaido Univ. Sch. of Med., Sapporo 060, Japan
It is generally known that dopamine D2 receptor blockade
plays an important role in the mechanism of action of
neuroleptics. Much concern has been focused on the affinity of
neuroleptics for D2 receptors, but there have been very few
reports on the
effect of neuroleptics on reuptake of
neurotransmitter. We examined the effect of 38 neuroleptics on
[3H]norepinephrine (NE), pH]dopamine (DA), and pH]serotonin
(5-HT) uptake into the rat parieto-occipital cortex, striatum, and
frontal cortex, respectively. The IC50 values for inhibition of NE
uptake by some neuroleptics
such as chlorpromazine,
triflu^rr^imazine, chlorprothixene, zotepine and clotiapine were
between 2 x 10 -8 and 6 x 10 -8 M, and those by pimozide,
clozapine and ritanserin varied from 3 x 10-7 to 1 x 10-6 M. On
the other hand, the only pimozide had the efficiency for
inhibition of DA uptake. No drug showed potent inhibition of 5HT uptake. These findings suggest the possibility that NE
uptake inhibition may play some parts in the mechanism of
action of some neuroleptics.
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AUTORADIOGRAPHIC ANALYSIS OF NORADRENALINE UPTAKE
BINDING SITES IN THE CAT BRAIN USING [3H]-NISOXETINE. Y.
Cbaroay1, L,
P.G, Vallet! P,R, Bof3 and C, Pomas1 3*. !Dept
of Psychiatry, University of Geneva, Switzerland; 2INSERM U52,
Lyon, France; 3Dept of Neurobiology, Mount Sinai School of
Medicine, New York, NY 10029.
The binding of [3H]-nisoxetine, a selective inhibitor of high affinity
noradrenaline reuptake sites (Tejani-Butt, Eur. J. Pharmacol.,
1990; 191:239-243), was studied in the cat brain. Coronal frozen 12
gm-thick sections were incubated in presence of 1 nM [3H]-nisoxetine.
Non-specific binding was assessed using 1 gM mazindol. The highest
densities of autoradiographic signal were observed in the nucleus locus
coeruleus and related noradrenergic centers, and in the dorsal motor
nucleus of the vagus nerve. Interestingly, axons within the dorsal and
intermediary noradrenergic ascending bundles were densely labeled,
suggesting the presence of uptake sites on these fiber tracts. Other
areas displaying high densities of signal included the dorsal part of the
inferior olive, the pontine nuclei, the dorsal raphe nucleus, the
colliculi, the periventricular and lateral hypothalamus, the
suprachiasmatic nucleus, the nucleus accumbens, the olfactory tract
and the superficial layers of the neocortex. In the hippocampus, the
dentate gyrus contained high grain densities, whereas the CA1 field
had low labeling. Low densities were observed in the cerebellum. The
white matter and the caudate-putamen were devoid of labeling. Overall
these findings indicate a good correlation between the noradrenaline
uptake binding sites, most probably corresponding to the noradrenaline
membrane transporter, and the distribution of the noradrenergic
projections and terminal fields.

ULTRASTRUCTURAL LOCALIZATION OF THE CENTRAL VESICULAR
MONOAMINE TRANSPORTER IN THE RAT SOLITARY TRACT NUCLEI.
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M.J. Nirenbera*. D. Peter. R.H. Edwards and V.M. Pickel. Div. Neurobiol., Dept.
Neurol. & Neurosci., Cornell Univ. Med. Coll., New York, NY 10021 and Depts.
Neurol. & Biol. Chem., UCLA, Los Angeles, CA 90024.
The rat nuclei of the tractus solitarius (NTS) are known to be highly
enriched in monoamine neurotransmitters, with perikarya and processes that
contain catecholamines, and afferent axons containing both catecholamines and
serotonin. Accordingly, a heterogeneous population of monoaminergic neurons
within the NTS would be expected to express high levels of the central vesicular
monoamine transporter (VMAT-2). No direct morphological evidence is
available, however, about the precise cellular and subcellular distribution of
VMAT-2 in these nuclei. We therefore used electron microscopic
immunocytochemistry to examine the distribution of a high titer affinity-purified
polyclonal VMAT-2 antiserum in the adult rat NTS. The most intense labeling for
VMAT-2 was seen in axon terminals and small unmyelinated axons. In axon
terminals, the immunoreaction product was most frequently observed along the
outer perimeter of synaptic vesicles. The majority of the labeled vesicles were
40-50 nm in diameter and lacked a central dense lumen. Other larger vesicles
(100-150 nm), both with and without a dense central core, were also
immunoreactive for VMAT-2. Less frequently, labeling for VMAT-2 was seen in
discrete segments of piasmalemma distal to synaptic junctions. In the sections
examined, terminals containing immunoreaction product for VMAT-2 formed
either symmetric or asymmetric synapses, or were without recognized neuronal
contacts. VMAT-2-immunoreactivity was also detected in NTS perikarya and
dendrites where it was associated with endoplasmic reticulum and free
ribosomes, the presumed sites of VMAT-2 synthesis. These results support a
role for VMAT-2 in the uptake of amines into both small and large synaptic
vesicles. The morphological heterogeneity of the labeled terminals suggests that
VMAT-2 is involved in vesicular transport into several populations of
monoaminergic neurons in the NTS, consistent with its known broad substrate
specificity. (Supported by MH48776; HL18974).
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CLONING AND CHARACTERIZATION OF A
NOVEL GLUTAMATE TRANSPORTER FROM
HUMAN BRAIN. W.A. Fairman. R.J. Vandenberg, J.L.
Arriza. M.P. Kavanaugh and S.G. Amara* Vollum Institute,
Oregon Health Sciences University, Portland, OR 97201.
The reuptake of excitatory amino acids plays an important role in
regulating synaptic and extracellular concentrations of glutamate.
We have isolated a cDNA from a human motor cortex library that
encodes a novel high affinity glutamate transporter subtype,
EAAT4. EAAT4 exhibited 58%, 39% and 51% amino acid
identity with the human glutamate transporters EAAT1, EAAT2,
and EAAT3 (Arriza et al., 1994). Northern blot analysis in both
brain and peripheral tissues demonstrated that EAAT4 is
expressed predominantly in the brain, with most abundant
expression in the cerebellum. Functional analyses of EAAT4
using Xenopus oocyte electrophysiology provided affinity
constants (Km) of l5 pM for L-glutamate and 33 pM for Daspartate. Transport was sodium-dependent, and stereospecific

CLONING OF MOUSE BRAIN NEURONAL AND GLIAL HIGHAFFINITY GLUTAMATE TRANSPORTERS. Y. Kanai*, N. Tate,
H. Endou. Dept, of Pharmacology and Toxicology, Kyorin Univ.
Sch. of Med., 6-20-2 Shinkawa, Mitaka, Tokyo 181, Japan.
It has been proposed that neuronal and glial high-affinity
glutamate transporters in concert play critical roles in the
termination of synaptic transmission and the maintenance of
extracellular glutamate concentration below neurotoxic level.
Recent study using glutamate transporter inhibitors in in vitro
preparations showed that the blockade of glutamate uptake did
not affect the time course of non-NMDA receptor responses but
prolonged NMDA receptor mediatedresponses and that the
inhibition of glutamate uptake caused the acute and chronic
neuronal cell death. We have isolated mouse cDNAs encoding
neuronal glutamate transporter EAAC1 and astroglial GLT-1 by
screening oligo dT- and random-primed mouse brain cDNA
libraries. The size of the cDNAs are 2.4 Kb for EAAC1 and 2.9 Kb
for GLT-1. When expressed in Xenopus laevis oocytes, mouse
EAAC1 and GLT-1 exhibit electrogenic transports of L-glutamate
and D- and L-aspartate. The mouse EAAC1 and GLT-1 show
basically identical pharmacological properties and similar pattern
of tissue distributions compared to the rabbit EAAC1 (Kanai and
Hediger, Nature, 360, 467-471,1992) and rat GLT-1 (Pines et al.,
Nature, 360, 464-467,1992), respectively. The availability of mouse

for L-glutamate over D-glutamate. Classical glutamate
transporter inhibitors which exhibited high affinity for this
transporter included: L-frazw-pyrrolidine-2,4-dicarboxylic acid,
DL-rhreo-hydroxyaspartic acid, and cysteate. Thus, EAAT4 is
an additional member of the glutamate transporter gene family
that may be of particular significance in cerebellar function.
Arriza J.L., Fairman W.A., Wadiche J., Murdoch G.H,
Kavanaugh M.P. and Amara S.G. (1994) J Neuroscience (in
press).
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cDNA clones enables us to study the in vivo functional roles and
the regulation of expression of high-affinity glutamate transporters
in brain by generating gene-knocked out transgenic preparations.

382.3

382.4

RAT GLUTAMATE (Glu) TRANSPORTER PHARMACOLOGIES
ASSESSED IN AN OOCYTE EXPRESSION SYSTEM:
THE
SIMILARITIES AND DIFFERENCES BETWEEN IN VITRO
EXPRESSION, SYNAPTOSOMES AND GLIAL CELLS. L. A. Dowd*.
KJL^^McCabj^JBB.lGarlin^A.J^CovlJDD^JPn^tchLtHaLd^.B^RiniSWL.
Children's Seashore House, Depts. of Peds and Pharm., Univ. of Penn.,
Philadelphia, PA 19104
Several subtypes of sodium-dependent high-affinity Glu transporters in
synaptosomes and glial cells have been differentiated. Recently, three distinct
cDNAs encoding Glu transporters were isolated. The purpose of the present
investigation was to determine if the pharmacologies of these distinct gene
products parallel the pharmacologies observed in synaptosomes or glial
cultures. We chose to express these transporters in Xenopus oocytes because
they have very little endogenous Glu transport activity. Since gltl-like
immunoreactivity is expressed in glia, the prediction is that its pharmaaology
will resemble that observed in primary glial cultures. The two other
transporters (EAAC1 and GLAST1) may be neuronal. Transport observed
after injection with gltl cRNA was inhibited by L-a-aminoadipate (AAD)
(IC5o=6OO pM) but was essentially insensitive to dihydrokainate (DHK).
Transport observed after injection with EAAC1 cRNA was inhibited by AAD
(IC5o=6OO pM) and DHK (IC5o=6OO pM). The pharmacologies of gltl and
EAAC1 do not parallel any of the previous data obtained from synaptosomes
or glia. These preliminary data suggest several possibilities: 1) although the
compounds inhibit synaptosomal transport by a mechanism consistent with
competitive inhibition, they may not directly interact with the transporter
protein, 2) although these transporters are functioning as homomeric proteins
in oocytes, they may be assembled as heteromeric proteins in neurons and/or
glia, 3) it is possible that there are other Glu transporter subtypes. (NS29868)

CLONING AND EXPRESSION OF A NOVEL cDNA ENCODING A BRAIN
SPECIFIC Na-DEPENDENT INORGANIC PHOSPHATE COTRANSPORTER.
B. Ni? P. R. Rosteec Jr., N. S. Nadi aad S. M. Paul.
Section on Molecular Pharmacology, NIMH, Bethesda, MD 20892
Lilly Research Laboratories, Indianapolis, IN 46285.
In the course of studies designed to identify genes
which are differentially expressed after exposure of
cultured rat cerebellar granule neurons to subtoxic concentrations of NMDA, we have isolated a novel brain
specific cDNA (BiaI) which encodes a Na-dependent inorganic
phosphate (Pi) transporter. The nucleotide sequence of
BNPI predicts a protein of 560 amino acid with 6-8 putative
transmembrane spanning segments that is approximately 32%
identical to the rabbit kidney Na-dependent Pi cotransporter. The expression of BNPI mRNA in Xenopus oocyte
results in Na-dependent Pi transport similar to that
previously reported for the native kidney Na-dependent
cstradspsreer. Northern blot reveals that BNPI mRNA is
expressed predominantly (if not exclusively) in brain and
regulated during the development. In situ hybridization
shows that BNPI is expressed in neurons of cerebral
cortex, hippocampus and cerebellum, colocalizing with NMDA
receptor (NR2A).
Furthermore, we have confirmed in
cultured cerebellar granule cells the presence of saturable
Na-dependent Pi cotransport with similar Km and Vmax as
those in kidney.
The expression of a unique Na-dependent
transporter for Pi in neurons suggests that regulation of
Pi may be important for metabolic and signaling (second/
third) events.

382.5

382.6

THE RAT C6 GLIOMA EXPRESSES A NEURONAL
GLUTAMATE TRANSPORTER. T.P. Palos, B.
Ramachandran. B.D. Howard.* Dept. of Biol.
Chem., UCLA School of Medicine, LA, CA 90024
The removal of excess glutamate from the
synapse by high affinity transporters is
crucial in preventing the accumulation of toxic
levels of extracellular glutamate. Of interest
is how this transport is regulated since
abnormal glutamate transport has been
implicated in neurologic disease. We are
working with a rat C6 glioma cell line in an
effort to understand how this uptake may be
regulated. Previous work by others indicates
that neuronal and . glial transporters are
differentially regulated. To establish the
nature of the transporter expressed in C6, RTPCR using degenerate primers to homologous
regions of three previously cloned glutamate
transporters was performed. Sequence analysis
of the PCR product indicates that the
transporter expressed in C6 is homologous to
the previously cloned rabbit neuronal
transporter. Northern blot analyses with probes
to the glial types, GLAST & GLT1, indicate that
these are not expressed in the glioma. We are
currently evaluating how modulation of neuronal
glutamate transport may occur.

INTERACTION OF GLUTAMATE, LACTATE, AND POTASSIUM ON myoIN0SIT0L UPTAKE IN ASTROCYTES. R.E. Isaacks, A.S. Bender,
1A. Rathinavelu’, and M.D. Norenberg. VA Med. Ctr. & Univ.
Miami Sch. Med., & 1Nova Southeastern Univ., Miami, FL
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Astrocyte swelling is a major component of cytotoxic
brain edema and is important in neurological diseases,
including tumors, stroke, head trauma, and ischemia.
During trauma and ischemia, elevated levels of glutamate,
lactate, and K+ play an important role in astrocyte
swelling. We have shown previously that astrocyte
swelling produced by hypotonicity results in decreased
myo-inositol uptake. To determine whether astrocyte
swelling resulting from glutamate, lactate, or K+ also
influences myo-inositol transport, we studied the effects
of these three agents on myo-inositol
uptake by
astrocytes. Primary astrocyte cultures from neonatal rats
were treated with 1 mM glutamate, 30 mM lactate, and 15
mM KC1 for 6, 24, and 48 hours, at which times a one hour
uptake of [3H]-myo-inositol was measured. The uptake rate
of myo-inositol in the control was 4.92 ± 0.20 nmoles/mg
protein/hour at 48 hours which was decreased by 27.4,
44.3, and 20.1% after 48 hours in glutamate, lactate, or
KC1, respectively. Similar effects were seen at 6 and 24
hours. Thus, reduced uptake with an apparent decrease in
cellular levels of this organic osmolyte represents a
compensatory mechanism to the swelling effects of these
three agents on astrocytes.
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382.7

382.8

EFFECTS OF INTERNAL AND EXTERNAL PH CHANGES ON THE
GLUTAMATE UPTAKE CURRENT IN GLIAL CELLS ISOLATED FROM THE
TIGER SALAMANDER RETINA. B. Billups and D. Attwell*. Dept, of
Physiology, University College London, Gower St., London, WC1E 6BT, England.
Glutamate uptake into glial cells is powered by the co-transport of two sodium
ions, and the counter-transport of one potassium ion and one hydroxide ion.
Uptake was monitored by whole-cell patch clamping retinal glial cells (Muller
cells). We examined the effects of changing the extracellular and intracellular pH
on the membrane current associated with glutamate uptake.
Acid or alkaline shifts of external pH (pHJ away from 7.3 decreased the uptake
current evoked by 2OOpM glutamate. At pH„=5 or 9 the current was only 25% of
its value at pH0=7.3. Lowering pH0 to 5.0 decreased the carrier's affinity for
sodium, increasing the sodium concentration required to elicit a half maximal
current from 26mM to l87mM. This is consistent with protons binding
competitively at the sodium binding site and stopping the carrier functioning.
Internal pH (pHj was changed by whole-cell clamping using pipette solutions
buffered with 50-90mM TAPS, HEPES or MES. Lowering pHj to 5.0 reduced the
uptake current to about 5% of its value at pHj=7.0. CIO/ is transported by the
uptake carrier at the hydroxide site (Bouvier et al., 1992, Nature 360, 471). With
5OmM CIO/ in the internal solution, lowering pH, to 5.0 only reduced the uptake
current to 35% of its value at pH,=7 indicating that, normally, part of the reduction
in uptake at low pH is due to removal of hydroxide as a substrate, while part may
reflect a more direct effect of pH on the carrier.
During brain anoxia, both the intra- and extracellular pH become more acid.
This will slow the glutamate uptake carrier for three reasons. First, protons bind
to the external sodium site. Second, there is less hydroxide present as an internal
substrate. Third, there are direct effects of internal pH independent of hydroxide
removal.
Supported by the Wellcome Trust and the M.R.C.

GLUTAMATE STIMULATION OF 3H-2-DOOYYGLUCOSE (2DG)
UPTAKE BY ASTROCYTES: A CELLULAR MECHANISM FOR
THE 2DG-BASED IMAGING OF BRAIN ENERGY
METABOLISM. L. Pellerin* and P.T. Magistretti. Inst. Physiologie,
Universite de Lausanne, Switzerland.
Astrocyte end-feet surround intraparenchymal microvessels and
represent therefore the first cellular barrier for glucose entering the
brain parenchyma. We have recently demonstrated that glutamate
(Glut), the main excitatory neurotransmitter, stimulates in a
concentration-dependent manner 2-DG uptake and phosphorylation
by astrocytes in primary culture with an EC50 of 80 pM. The effect is
not receptor-mediated since it is not reproduced by glutamatergic
agonists (such as NMDA, kainate, quisqualate or f-ACPD) nor
prevented by antagonists (APV, CNQX, AP3). Instead, it is mediated
by the glutamate transporter, since the effect is blocked by either 2Lthreo-^-hydroxyaspartate or L-CCG IE, two potent inhibitors of the
Glut transporter. Accordingly, replacement of Na+ in the medium by
choline also prevents 2DG uptake, consistent with the Na+
-dependent nature of Glut transport. Ouabain, a selective inhibitor
of Na+/K+ ATPase, completely blocked the effect of Glut. These
observations indicate a new signalling pathway for glutamate
mediated by its transporter. In addition, since glutamate release
occurs following the modality-specific activation of a brain region,
the glutamate-evoked uptake of glucose into astrocytes provides a
simple mechanism to couple neuronal activity to energy metabolism..
These data also suggest that modality-specific activation visualized
using 2DG-based autoradiography in animals or PET in humans may
primarily reflect glutamate-mediated uptake of 2DG into astrocytes.

382.9
NERVE GROWTH FACTOR AND BASIC FIBROBLAST GROWTH FACTOR

M.C. Longuemare*.
S.M. Sagar and R.A. Swanson. Dept. of Neurology, Univ. of California and
VAMC, San Francisco. CA 94121.
Nerve growth factor (NGF) and basic fibroblast growth factor (b-FGF)
enhance survival of developing neurons in culture and reduce neuronal death
during ischemia in vivo. These effects could result from increased glutamate
uptake with resulting decreased excito-toxicity. Growth factors initiate a
phosphorylation cascade by activating second messenger systems such as
protein kinase C. Phosphorylation of glutamate transporters via phorbol ester
stimulation of protein kinase C has been shown to increase glutamate uptake
to 160% of control. We investigated glutamate uptake in primary cultures of
rat cortical astrocytes after 30-minute exposures to growth factors. In cultures
pre-treated with NGF (50 ng/mL) or b-FGF (50 ng/mL), uptake of 14c glutamate (GLU) in the presence of 100 pM unlabeled glutamate was
significantly increased to 145 ± 4% or 148 ± 3% of control, respectively. GLU
uptake in the presence of 2 pM unlabeled glutamate increased to 112 ± 7% or
120 ± 7% of control after pre-treatment with NGF or b-FGF alone and
increased to 128 ± 6% of control with combined NGF and b-FGF exposure.
Pre-treatment with epidermal growth factor did not affect glutamate uptake.
These findings suggest that NGF and b-FGF effects on neuronal survival may
be mediated in part by effects on glutamate uptake.
STIMULATE GLUTAMATE UPTAKE IN ASTROCYTES.

382.10

ACCUMULATION OF EXTRACELLULAR EXCITATORY
AMINO ACIDS AFTER GLUTAMATE UPTAKE INHIBITION:
AN IN VIVO MICRODIALYSIS STUDY OF THE VENTRAL
STRIATUM. M.E. Bardvett*. R.L. Heritage. J. Harding. DM.

Brenner. & J.G. Csernanskv. Psychiatry Dept., Wash. Univ. Sch. of
Med., St. Louis, MO 63110, & Psychology Dept., Univ. of MO-St:
Louis, St. Louis, MO 63121.

Specific uptake sites for glutamate and aspartate are present on
presynaptic nerve terminals and glial cells throughout the mammalian
brain. Evidence from cell culture, synaptosomal, and slice preparations
suggest that changes in glutamate uptake can significantly modify
presynaptic neurotransmitter release and post-synaptic
neurotnunsmission and neurotoxicity. We sought to determine whether
glutamate uptake inhibition would increase extracellular excitatory
amino acids (EAA) in microdialysis samples collected from the ventral
striatum of freely moving rats. A microdialysis probe (3.0-4.0 mm)
was placed in the ventral striatum of adult male rats, and microdialysis
was performed 18 hours later. In comparison to baseline extracellular
levels, both glutamate and aspartate concentrations were significantly
increased after the addition of DL-threo-p-hydroxyaspartic acid (t Ha ,

200 pM), an inhibitor of Na+-dependent glutamate uptake, to the
perfusion media. Extracellular glutamate levels were elevated two-fold
during THA treatment, while extracellular aspartate levels were elevated
three-fold. These results indicate that modifications in glutamate
uptake can be detected in vivo using microdialysis, and demonstrate the
critical ro^le of glutamate uptake in the clearance of extracellular
EAA's. Supported by grants from the Scottish Rite Benevolent
Foundation's Schizophrenia Research Program, Theodore and Vada
Stanley Foundation (JGC, MEB) and AA07144.

382.11

382.12

INJURY-INDUCED REGULATION OF GLUTAMATE TRANSPORTER mRNA
IN THE RAT HIPPOCAMPUS. T.S. McGraw*. M. Sapper and K.J. Anderson.
Depts. of Physiological Sciences and Neuroscience, Univ. Florida.
High affinity transport of excitatory amino acids (EAA), such as glutamate, is
necessary for the termination of excitatory signals and prevention of excitotoxic
effects. Previous studies have shown that sodium-dependent D-[3H] aspartate
binding (a marker for sodium-dependent EAA ' transporters) transiently increased in
the dentate gyrus molecular layer in rats following an entorhinal lesion (Anderson et
al., Brain Res. 562: 285-290, 1991). Three different glutamate transporters have
recently been cloned from the rat brain: two localized in glia (GLAST and GLT-1)
and one neuronal (EAAC-1). Oligonucleotide cDNA probes (45 mer) were
constructed from each of these clones and used to examine the expression of
transporter mRNA in the rat hippocampus following an entorhinal lesion.
Preliminary data show that GLAST is upregulated in the dentate gyrus five days
after an entorhinal lesion. This effect was no longer apparent by 12 days postlesion.
In contrast, no changes were seen in GLT-1 or EAAC-1 The transient increase in
GLAST suggests that it is responsible for the previously noed increase in Daspartate binding. This response may be due to upregulation following loss of the
presumably glutamatergic entorhinal input to the dentate gyrus. Alternatively, this
may represent a compensatory response by the brain to protect the residual circuitry
from excitotoxic damage. Supported by AG-08843.

DISTRIBUTION OF mRNA FOR THREE SODIUM-DEPENDENT GLUTAMATE
TRANSPORTERS. KJ. Anderson*. T.S. McGraw. L. Velaz-Faircloth. R. Fremeau.
M. Malandro and M. Kilberg. Depts. Physiological Sciences, Neuroscience and
Biochemistry, Univ. Florida & Deptt Pharmacology, Duke Univ.
The extracellular concentration of glutamate and other related excitatory amino
acids is regulated by the action of transporter proteins located either on presynaptic
terminals or adjacent astroglial processes. Recent molecular advances have led to the
cloning of three separate cDNAs encoding for sodium-dependent glutamate
transporters; two are thought to be primarily glial in origin (GLAST and GLT-1)
while one has been localized to neurons (EAAC-1). The initial EAAC-1 cDNA was
cloned from rabbit intestine; we have recently isolated and characterized the
homologous clone from rat brain. In this study, we have examined the distribution of
mRNA coding for the three transporters in sections from rat brain. Oligonucleotide
cDNA probes (45mer) were constructed (at least 2 probes/clone) which were
complimentary to the mRNA of interest. Probes were screened against GenBank to
ensure specificity and labelled with [35 s ] ATP for film and emulsion-based in situ
hybridization. Parallel sections from rat brain were labelled in coronal, horizontal
and sagittal sections. The distribution of mRNA for the three clones was distinct
from each other. GLAST was found in highest density in cerebellar Purkinje cell
layer and the lateral septal nucleus. GLT-1 was seen in highest concentration in the
neocortex, hippocampus and entorhinal cortex. EAAC-1 had highest density in the
cerebellar granule cell layer, the hippocampus, superior colliculus and neocortex.
Sections that were emulsion-dipped and counter-stained with cresyl violet revealed
that only EAAC-1 had labelling localized primarily over neuronal cell bodies. The
cellular distribution of mRNA for GLAST and GLT-1 will be determined by
combining in situ hybridization with immunohistochemical methods. The different
distribution of these three excitatory amino acid transporters suggests that regional
heterogeneity may play a role in transporter function. Supported by AG-08843.
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382.13

382.14

INVOLVEMENT OF IONOTROPIC EXCITATORY AMINO ACID
RECEPTORS IN THE PRESYNAPTIC REGULATION OF
GLUTAMATE TRANSMISSION IN THE RAT STRIATUM.
A. Bloc. D. Samuel. C. Fomi. A. Nieoullon* and L. Kerkerian-Le Goff.
Cellular and Functional Neurobiology Laboratory, CNRS, 13402
Marseille cx 20 (France).
This study examined the effects of intrastriatal administration of
ionotropic excitatory amino acid receptor antagonists on parameters of
glutamate activity in the rat striatum. High affinity glutamate uptake
was measured ex vivo on striatal homogenates 15 min after the local
administration of either 6,7-dinitroquinoxaline-2,3-dione (DNQX), a
non NMDA receptor antagonist, or DL-2-amino-5-phosphonopentanoic
acid (APV), a competitive NMDA antagonist, at various doses (10 to
500 pmoles injected). DNQX induced a dose-dependent increase in
glutamate uptake rate, related to an increase in the Vmax of the
transport process, whereas no significant change in glutamate uptake
was detected after APV administration. Similar results were obtained
from animals subjected to excitotoxic lesion of striatal neurons by
kainate administration 15 days before the injection of DNQX or APV.
In a parallel series of experiments in vivo microdialysis was used to
examine the effects of DNQX on the striatal extracellular concentrations
of glutamate. DNQX 10-5 M in the dialysis probe diminished by
approximately 30% the increase in the concentrations of glutamate
elicited by the glutamate uptake inhibitor L-trans-pyrrolidine-2,4dicarboxylic acid (ImM). All in all, these data suggest that presynaptic
glutamate transmission in the rat striatum may undergo facilitatory
autoregulatory processes involving ionotropic non-NMDA receptors,
and highlight the view that transporters for glutamate may be potent
regulatory sites of glutamatergic transmission.

GLIAL GLUTAMATE TRANSPORTER (GLT1) mRNA IS REDUCED IN THE
HIPPOCAMPUS OP AMYGDALA KINDLED RATS. M.T. AkW. R. Toro2. N.C. Danbolt2.
J. Stotm-MatNgcn2. B.S. Mcldnun1 * snd OJ. Ottwscn2. tDept Neurology, Irat. Psychiatry,
London SB5 8AF. UJL and 2DepL Anatomy, Univ. Oslo, POB 1105 Blindem, Oslo, Norway.

Kindling is an animal model of epilepsy in which repeated subconvulsive electrical
stimulations result in secondary generalized seizures. Previous reports have shown noised levels
of extracellular glutamate in relation to kindled seizures possibly resulting from an increased
exocytosis or reduced reuptake into presynaptic neurones and/or surrounding glia which might
lead to an increase in seizure susceptibility. The present study examined die levels of expression
of die mRNA encoding die recently cloned glial glutamate transporter GLT1 (Pines et aln 1992)
in amygdala kindled rats using die technique of in situ hybridization. Male Wister tats were
implanted with a unilateral electrode in the basolatetal amygdaloid nucleus, stimulated daily until
reaching a fully kindled criterion of 5 consecutive stage 5 seizures and then killed 28 days after
the last seizure. Non-stimulated implanted animals served as controls. Rat brains were processed
for in situ hybridization with radioactive 33s labelled oligonucleotide probes and non-radioactive
digoxigenin labelled riboprobes. Qualitative and quantitative analyses were carried out on X-ray
film autoradiograms and nuclear emulsion dipped sections (nadolabelled probs) and on
immunolabelled cryostat sections (digoxigenin probes). A marked reduction (68.3% of control
level, p<0.01) was observed in the number of labelled glial cells in the CA1 region of the
hippocampus of kindled tats. The amount of label per cell in this region (expressed as areal
fraction coveted with silver particles) was also reduced (54.7% of control level, p<0.05). There
was also a tendency for a reduced expression of GLT1 mRNA in CA3 and the dentate gyrus
although this did not teach statistical significance. Moderate decreases in labelling intensity
were seen in die neocortex on visual inspection of film autoradiograms. There was no consistent
difference between the stimulated and unstimulated hemispheres. These data indicate that
kindling epileptogenesis is associated with a long lasting reduction of GLT1 mRNA in die
hippocampus. Reduced expression of GLT1 may contribute to die raised levels of extracellular
glutamate observed in this model of epilepsy.

382.15

382.16

CELLULAR AND ULTRASTRUCTURAL LOCALIZATION OF
GLUTAMATE TRANSPORTER SUBTYPES EAAC1, GLT-1, AND
GLAST IN RAT AND HUMAN BRAIN M Pvkes-Hoberg*. LJ Martin.

SELECTIVE LOSS OF GLUTAMATE TRANSPORTER SUBTYPES
IN AMYOTROPHIC LATERAL SCLEROSIS. L Jin. M Dykes-Hoberg.

AI Levev. D Rve. N Nash. L Jin. RW Kuncl and JD Rothstein. Johns Hopkins
Univ., Dept ofNeurology, Neuropath, and Neurosci., Baltimore, MD 21287; and
Emory Univ. Dept. ofNeurology, Atlanta, GA, 30322.
The cellular and subcellular distributions of the glutamate transporter subtypes,
EAACl, GLT-l, and GLAST in rat central nervous system were demonstrated
using anti-peptide antibodies that recognize the C-terminal domains of each
transporter.. On immunoblots, the antibodies specifically recognize proteins
ranging from 65-73 kD in total rat or human brain homogenates.
Immunocytochemistry shows that glutamate transporter subtypes are distributed
differentially amoung neurons and astroglia. EAAC l immunoreactivity is found
only in neurons, including large pyramidal cortical neurons and cerebellar
Purkinje cells, but does not appear to be selective for glutamatergic neurons.
GLT-l is localized only to astroglia. GLAST is localized to both neurons and
astroglia. The regional localizations in rat and human brain are unique to each
transporter subtype. EAACl is highly enriched in the cortex, hippocampus, and
caudate-putamen, and is localized to somas and post-synaptic elements. GLT-1
is distributed in astrocytes throughout the brain and spinal cord. GLAST is most
abundant in Bergmann glia in the cerebellar molecular layer brain, but is also
present in cortex, hippocampus, and deep cerebellar nuclei. Ongoing studies will
deterimine if GLAST and GLT-l can co-exist in the same astroglial cell, and if
EAACl and GLAST can co-exist in the same neuron.

RW Kuncl* and JD Rothstein. Johns Hopkins Univ., Dept. of Neurology,
Baltimore, MD 21287.
ALS is a progressive neurologic disorder characterized by a slow loss of cortical and
spinal cord motor neurons. The pathogenesis of sporadic ALS, the most common form,
is unknown, but defects in synaptosomal high-affinity glutamate transport have been
observed. In organotypic spinal cord cultures, chronic loss of glutamate transport can
produce a loss of motor neurons, and therefore could contribute to the disease. With the
recent cloning of three glutamate transporters: EAACl, GLT-l and GLAST, it has
become possible to determine if the loss of glutamate transport in ALS is subtype specific.
We developed C-terminal, anti-oligopeptide antibodies that were specific for each
glutamate transporter. EAACl is selective for neurons, GLT-l is selective for astroglia,
and GLAST can be found in certain neurons and astroglia. Tissue from various brain
regions of ALS patients, normal controls, and disease controls (Alzheimer’s disease and
Huntington’s disease) were examined by immunoblot or immunocytochemical methods
for each transporter subtype. All tissue was matched for age and postmortem delay
(average of 7 hrs). In motor cdrtex, there was a modest loss (20-40% decrease from
control) of EAACl in ALS, whereas there was no appreciable change in GLAST
immunoreactive protein. However, in approximately 25% of the ALS motor cortex
specimens examined (n=l 8) there was a dramatic loss of GLT-1 protein (70-95% decrease
from control). Glial fibrillary acidic protein, which is selectively localized to astroglia,
was not changed in ALS motor cortex. The loss of EAACl in motor cortex may be
secondary to loss of cortical motor neurons. However, there is no loss of astroglia in
ALS, and the dramatic abnormalities in GLT-l in some patients could reflect a primary
defect in GLT-l protein.

SECOND MESSENGERS: PHOSPHOLIPASE C, PHOSPHOLIPASE A2
383.1

383.2

AGE-RELATED LOSS OF CHOLINERGIC-MUSCARINIC COUPLING TO PLC:COMPARISON
WITH CHANGES IN BRAIN REGIONAL PLC-B mRNA DISTRIBUTION. N. Narangi* M
Gerber2 J. Joseph3 and F.T. Crews 2 1 Neuropsychiatric Research Institute, Fargo, ND 58103 &
UND, Grand Forks, ND; 3 Human Nutrition Res. Ctr. on Aging, Boston, MA; 2 Dept, of
Pharmacology, Univ. Fla., Gainesville, FL.
Muscarinic-cholinergic signals in brain are mediated in large part through the hydrolysis of
phoephoinositides by phospholipase C (PLC). To test the hypotheses that muscarinic signals
changed during aging, membranes were prepared from the cerebral cortex and hippocampus of
young (4-6 mos. old), middle aged (8-10 mos. old), and senescent (24-26 mos. old) Fisher 344
rats. Membranes were stimulated with the muscarinic agonist carbechoi and receptor mediated
hydrolysis of pHJ-phosphoinoeitides determined. In cerebral cortex, carbachol caused a dose
dependent increase in phosphoinositide hydrolysis in all three groups of animals with the ECgg

ELECTROCONWLSIVE SHOCK REDUCES INOSITOL 1,4,5-TRIP0SSPIATE
3-KINASE mRNA LEVEL IN RAT DENTATE GYRUS. UG. Kang1
C J. Shin1, KS. Ha1, YS.Kim1, HL. Kim2, H, Kim3*. Depts. of
Psychiatry^ and Biochemistry-^ Seoul National University
College of Medicine, Seoul Korea. D5pt, of Aiatomy3, College
of Medicind, Korea Uin^^i^^it^y, Seoul Korea.
It has been reported that electroconvulsive shock
(ECS) increases phospha a idyl inositol 4, S-bisphosphate (mx)
breakdown and inositol 14, 5-triphotphatd (H3) accumulation.
These findings show that ECS activates phospholnosttidd
mediated signaling. ECS may
also be involved in the
metatbolic process of H3. To test the effects of ECS on
metabolism of H3, we investigated the expression of H3 3kinase (IP3K, one of the major enzymes that metatbOizd H3)
mRNA after ECS in rat brain with in situ hybridization
technique. Basal level of IP3K mRNA was observed in cerebral
cortex, hippocampus and striata. There were no changes in
the pattern of expression until one hour after ECS. However,
at six hours after ECS, a clear decline in the expression of
the mRNA was seen in the dentate gyrus of hippocampus. In
cerebral cortex and other areas of hippocampus, there was no
change in the level of the mRNA at any time point we
examined. At 24 hr after ECS, IP3K mRNA level in the dentate
gyrus returned to basal level. Our results
that IP3K
is a gene affected by ECS.

concentration being approximately 5pM for all of the age groups. The maximal responses to
carbachol were similar in young and middle aged rat membranes, being 6.4 t 0.1 and 6.2 ± 0.2
nMbl pHJinoaitol phosphatee/mg protein for young and middle age rats respectively. However, in
senescent rats, the maximal response was decreased approximately 20% to 5.2 ± 0.2 pHJ-imositol

phosphatee/mg protein. In contrast to the decrease in carbachol stimulated phosphoinositide
hydrolysis, calcium stimulated phosphoinositide hydrolysis was not changed. The decrease in
muscarinic responsiveness could be due to decreased amounts of PLC. To determine if PLC
mRNA changed during aging, we examined mRNA expression of PLC-B using In situ

hybridization. In situ hybridization was performed using [^SJdATP radiolabeled mixture of three,
45-base PLC-B oligonucleotides. A significant increase (14-20%) in the frontal cortex and cortical
layer (Ml) was observed in the aged rats. There was no difference in the PLC mRNA expression
in deeper cortical layers, striatum, or hippocampus. Although levels of mRNA might not reflect
protein levels, our findings suggest that there is IHte or no decrease in PLC-B as indicated by
Increases or no change in mRNA and the lack of a change in calcium activated phosphoinositide
hydrolysis. Since previous studies have suggested that there are no changes in the density of
muscarinic receptors, our findings of decreased carbachol responses suggest that during aging
there is an uncoupling of muscarinic stimulated phosphoinositide hydrolysis at the guanine
nucleotide protein level (Supported by grant AG10485 and bridge funding, NRI)
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383.3

383.4

IN UTERO ISCHEMIA AND RECEPTOR-STIMULATED
PHOSPHOINOSITIDE HYDROLYSIS IN DEVELOPING RAT BRAIN.
Z. Cai*.N. Zhu, T. Sierest and P.G. Rhodes. Dept. of Pediatrics/Newbom
Medicine, Univ. of Miss. Med. Ctr., Jackson, MS 39216.
Hypoxic-ischemic insult in perinatal life is a major cause of neuronal injury
and impaired postnatal development. In this study, a rat model of in utero
ischemia was used to examine the effects of this insult on quisqualate- and
carbachol-mediated signal transduction in postnatal brain development. On
gestation day 17, ischemia conditions were achieved by complete clamping of
the uterine blood vessels for designated times followed by removal of the clamps
to permit reperfusion. There were non- and sham-operated controls. After
surgery, the uterus was returned to the dam's abdomen and natural birth allowed
to occur. Cerebellar granule cells were cultured from 8-day-old pups. Cell
density and protein content of the cultures were not significantly different
between intact, sham-operated, and ischemic groups. Cells were labeled with
[3H]-myoinositol (3 pCi per Petri dish) 24 hrs. before they were stimulated with
quisqualate (100 pM) or (carbachol 50 pM) in the presence of 10 mM LiCl. The
formation of labeled inositol monophosphate was measured as the receptorstimulated poly-PI signaling activity. The results indicate that in utero hypoxicischemic insult did not significantly change the basal level of poly-PI hydrolysis.
However, the ischemic insult for 15, 25, and 35 min., but not 5 min., resulted in
significant decreases in both quisqualate- and carbachol-stimulated poly-PI
hydrolysis (20-30%). These data suggest that in utero hypoxic-ischemic insults
may impair neuronal signal transduction during the postnatal brain development.

RECEPTOR STIMULATED CMIP-PHOSPHATIDATE IN CEREBELLAR

NEURONS IN PRIMARY CULTURE. E. del Rio. J.M. Pocock*, D.G.

Nicholls and C.P. Downes. Biochemistry Department University of
DijnCee, DijnCee DD1 4HN, United Kingdom.
We have investigated conditions which caese sccumulstion of

CMP-phosphat^e (CMP-PA). CMP-PA was measured by the
incorporation of ^-cytiCine into a lipiC extract from the cell
monolayers. We cou IC detect a marked CMP-PA accumulation which
paralleled that of inositol phosphates in the presence of 10 mM Li+ in
response to muscarinic, adrenergic, histaminergic and serotonergic
stimuli. This effect occurred when cells were grown across a range of

medium inositol concentrations and was severely blunted only in the
presence of supraphosiolocicsl levels of medium inositol (>1 mM).
Previous reports sfioweC that CMP-PA accumulation in the presence
of Li+ CiC not in all cases reflect receptor activated phosphoinositide-

specific phospholipase C (PLC) activity. Our results show that in

response to PLC activation, CMP-PA formation is up-regulated, but will

only accumulate if cytoplasmic inositol concentration is insufficient for
phosphatidylinositol

synthase activity.

Thus,

cells with

inositol depleting conditions for CMP-PA accumulation to occur.

383.5

383.6

RETINOIC ACID INDUCES LIPID METABOLISM MODIFICATION IN THE
HUMAN NEUROBLASTOMA SK-N-BE. A. Petroni*. M. Blasevich. N. Papini.
P. La Spada arS C . Galli, inst'Sute ef Pharma<o>logical Scicrens, U ninereity of
Milan, via Balzaretti 9, 20133, Milan, ItalyNeeroblastoma is an important model of cell differentiation. In the human
neeroblastoma SK-N-BE, we have inCeceC cell differentiation with retinoic
aciC (RA), which is an activator of peroxisome function anC is possibly
involveC in the control of lipiC homeostasis.
The aim of oer study was to investigate the modification of lipid metabolism
anC the possible activation of peroxisome activity inCeceC by retinoic aciCdifferentiation in the heman neeroblastoma SK-N-BE.
The following parameters have been investigated: the fatty acid (FA)
composition of cell lipids, the conversion of labeled FA to longer chain ones,
their incorporation into cell phospholipids, the conversion of labeled
arachidonic acid (AA) throegh the lipoxygenase pathway.
SK-N-BE were differentiated with retinoic acid (10 pM). After 7-8 Cays
undifferentiated and Cffferentiated cells were incebated with labeled linoleic
acid (LA) or AA. The cells were scraped and extracted, FA composition was
evaluated by GC. Labeled phospholipids and all the other lipiCic metabolites
were detected after extraction of the samples anC injection in HPLC
connected with a raCioCetector on line. After differentiation FA of the n-6
series: 20:4 (AA) and 22:4, increased about 60 %, also 22:5 anC 22:6 of the
n-3 series increased 70 and 55 % respectively. Labeled LA was more
actively converted in the differentiated cells. Labeled AA was incorporated
into Ciacyl phosphatidyl choline and in phosphatidyl inositol. After
stimulation with calcium-ionophore 1-5 pM, lipoxygenases were activated,
15-hodroxy-eicosstetraenoic acid was the main AA metabolite.
The described modification of lipid parameters by retinoic acid is possibly
mediated by enhancement of peroxisome metabolism expressed as
catalase activity.

INOSITOL PYROPHOSPHATES: PURIFICATION OF
BIOSYNTHETIC ENZYME;
ROLE IN PROTEIN
PHOSPHORYLATION. S.M. Voglmaiei? A.I. Kaolin. M.E.
Bembenek . G. Dormant. G.D. Prestwicht. and S.H. Snvder.
Dept, of Neuroscience, Johns Hopkins University School of
Medicine, Baltimore, MD 21205; ‘NEN/E.I. DuPont Ce Nemours
& Co., Boston, MA 02118, and tDept. of Chemistry, State
University of New York at Stony Brook, Stony Brook, NY 11794.
Recently, a new class of myo-inositol metabolites, inositol
pyrophosphates, has been demonstrated in the slime mold
Dictyostelium discoideum and in mammalian cells. (Mayr, et. al.
Carbohydrate Research 234: 247-262, 1992; Menniti, et. al. J.
Biol. Chem. 268:
3850-3856, 1993.) These inositol
pyrophosphates, bisCiphosphoinositol tetrakisphosphate
(InsP4-PP2) and Ciphosphoinositol pentakisphosphate (InsPsPP) can be formed by the phosphorylation of inositol
hexakisphosphate (InsPg). In order to investigate the
metabolism of these higher inositol phosphates, we have
partially purified a biosynthetic enzyme that converts InsPg to
InsP5PP. Using a combination of affinity anC gel filtration
chromatography, we have purified the enzyme approximately
4500-folC to near homogeneity.
The occurence of these inositol metabolites in cells suggests
that inositol pyrophosphates may be a new form of high energy
phosphate. To study the function of these high energy
phosphates,
we
have
evaluated their role
in
transphosphorylation of proteins. Incubation of [8-32P] InsPs-

383.7
CLONING,
SEQUENCING,
AND
PURIFICATION OF
PHOSPHO-LIPASE C-S4. Sang Bong Lee. Dongeun Park* and
Sue Goo Rhee.
Laboratory of Biochemistry, NHLBI, NIH,
Bethesda, MD 20892.
In an attempt to find additional types of phospholipase C (PLC),
cDNAs from various tissues have been screened by PCR reaction
with degenerate oligonucleotide primers based on common PLC
amino acid sequences. Here, cDNAs corresponding to a previously
unidentified PLC isozyme were cloned from a rat brain cDNA

library. The cDNA encoded a putative polypeptide of 771 amino
acids with a calculated molecular mass of 88,840 daltons.

Comparison of the predicted amino acid sequence of this new PLC
with other known PLC isozymes revealed that the new enzyme is
similar to those members of S-type isozymes, especially to that of
62-s^ubtype with an overall sequence identity of 72%. Thus, the
new PLC was named PLC-S4. PLC-S4 was purified from extracts
of HeLa cells -that had been transfected with vaccinia virus containing
the corresponding cDNAs. With the use of antibodies raised against
synthetic peptides corresponding to PLC-S4 specific amino acid
sequences, we investigated the distribution of this PLC isozyme in
various rat tissues by immunoblotting. For the tissues studied the
relative amounts of PLC-S4 were: brain > skeletal muscle >
pituitary gland > thyroid gland > stomach mucosa » aorta >
thymus > uterus > adrenal gland.
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a higher

inositol-uptake affinity snC/or capacity will, in some cases, show only
s very delayed CMP-PA response or, in others, require cytoplasmic

PP with cell extracts results in a pattern of protein
phosphorylation distinct from that of [32 P] ATP.

383.8
CHARACTERIZATION of
coupled

response

in

a FUNCTIONAL
slices
of
rat

CCKa

receptor
pancreas
. j. m.

Morrone. R.T. Crawford. D.K. Bryce. S. McLean*, and S.H. Zorn. Pfizer Inc.,
Central Research Division, Department of Neuroscience, Groton, CT, 06340.
There are at least two pharmacologically and molecularly distinct CCK receptor
subtypes, CCKa and CCKb . Both of these receptors are found in the CNS and
in a variety of neuronal and non-neuronal cell lines where they are coupled to PI
turnover. The CCKa receptor has been implicated in satiety and dopamineinduced behaviors and is known to be enriched in rat pancreas. The present
study was undertaken to pharmacologically characterize CCK receptor stimulated
PI turnover in slices of rat pancreas. Slices of rat pancreas were pre-labeled with
[3H]-myo-inositol, exposed to agonists and lithium and liberated inositol

phosphates (IP) were assayed. Both the non-selective agonist CCK-8S and the
CCKb receptor selective agonist pentagastrin (PG) stimulated IP accumulation
with EC5o’s of 20 and >600 nM, respectively. CCK-8-S was at least two fold
more efficacious than PG in this preparation. The effect of CCK-8S on PI
turnover in rat pancreas slices is more potently blocked by CCKa than by
CCKb receptor selective agents. Thus, the effect of CCK-8S (33 nM) was
completely blocked by the selective CCKa receptor antagonist L-364,718 with
an IC50 <60 nM, while the CCKb receptor antagonists CI-988, L-365,260 and
LY-262,691 were much less potent as antagonists of the CCK-8S response with
IC5o's >400 nM. The rank order of potency for blockade of CCK-8S-induced PI
turnover was similar to that observed for inhibition of CCKa receptor binding.
Thus, CCK-8S stimulates PI turnover in slices of rat pancreas through an
interaction with CCKa receptors, providing a useful system to study functional
interactions with the CCKa receptor.
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383.9

383.10

PEPTIDE-STIMULATED CYCLIC GMP INCREASES IN

PEPTIDE - STIMULATED CYCLIC GMP LEVELS ARE BLOCKED
BY A VARIETY OF INHIBITORS OF LIPID METABOLISM. R
Jeanette Simpson * and David B. Morton. ARL Division of
Neurobiology, University of Arizona, Tucson, AZ, 85721
The 62 amino acid neuropeptide, eclosion hormone (EH), triggers
ecdysis behavior during certain developmental stages, in the tobacco
hornworm, Manduca sexta. The ability of EH to stimulate this
behavior is mediated by a rise in cGMP which occurs prior to ecdysis.
Various blockers of lipid metabolism also inhibit the ability of EH to
stimulate this rise in cGMP levels, monitored in Manduca nerve cords.
These blockers include. 4 - Bromophenacyl bromide (4BPB), an
inhibitor of both phospholipase A2 and diacylglycerol lipase, and
Nordihydroguaiaretic acid (NDGA), an inhibitor of phospholipase A2
and lipoxygenase. These data suggest that the EH induced rise in
cGMP may be mediated by a lipid messenger such as arachidonic acid or
a lipoxygenase metabolite of arachidonic acid. Further studies have
indicated that the action of EH on cGMP levels may also be inhibited by
exposure of the nerve cord to inhibitors of phosphoinositidase C and
diacylglycerol kinase. Recent experiments have been aimed at
delineating the pathway between EH stimulation and the subsequent rise
in cGMP. To accomplish this goal it has been necessary to both
determine the specificity of the various blockers in Manduca, and also
to directly demonstrate alterations in the levels of lipid messengers in
response to EH.
Supported by an NIH training grant NSO7363 to PJS and an Alfred P.
Sloan Research Fellowship and Ni H grant NS 29740 to DBM.

MANDUCA CNS ARE ACCOMPANIED BY AN INCREASE IN

INOSITOL (1,4,5) TRISPHOSPHATE. D.B. Morton*. ARL Division

of Neurobiology, University of Arizona, Tucson, AZ 85721.
The neuropeptide eclosion hormone (EH), has been shown to
increase the levels of cyclic GMP in the nervous system of Manduca
sexta. Previous studies have shown that this increase is blocked by a
variety of inhibitors of lipid metabolism suggesting that arachidonic acid
is part of the cascade (Simpson and Morton, 1994, Soc. Neurosci.
Abs .). One possible target for activation by EH is phosphoinositidase C
(PIC).
.
To study activation of PIC, I prelabeled Manduca nervous tissue
with 3H-inositol, exposed it to EH and measured the incorporation of
label into the inositol phosphates. Under a variety of incubation
conditions I was unable to detect any change in the levels of 3Hinositol phosphates in the presence of EH, although a significant
increase was seen in the presence of the muscarinic agonist,
oxotremorine-M. To alleviate the potential problems of non-uniform
incorporation of precursor, I used a binding assay to measure the mass
of inositol (1,4,5) trisphosphate (Ins(l,4,5)P3). Using this method, EH
was shown to stimulate a significant increase in the levels of
Ins(l,4,5)P3 in the CNS. The peak response was after 5 min compared
to cyclic GMP levels which peak at 15 min. This suggests that
activation of PIC precedes, and might be necessary for, the activation
of guanylate cyclase in the CNS of Manduca.
Supported by an Alfred P. Sloan Fellowship and NIH grant NS
29740 to DBM.

383.11

383.12

GENDER DIFFERENCES IN INOSITOL PHOSPHATE ACCUMULATION
IN ANTERIOR PITUITARY CELLS FOLLOWING ANGIOTENSIN II
ADMINISTRATION IN VITRO. K. Zechiel. J. Shen and P. Callahan*. Miami
University, Dept of Zoology , Oxford, Ohio 45056.
The role of Angiotensin II (All) in the physiological regulation of Prolactin
release remains unknown but, it may mediate the paracrine effects of
Luteinizing Hormone Releasing Hormone (LHRH). Components of the
renin-angiotensin system (RAS) have been localized in gonadotrophs of
the anterior pituitary gland and AT 1 receptors have been localized on
neighboring lactotrophs. In addition, cultured anterior pituitary cells
obtained from mature female rats exhibited a greater Prolactin secretory
response to All (1 and 10 nM) than cells obtained from mature males. This
response was blocked by pretreatment with Saralasin, an All antagonist.
The purpose of these studies was to determine the effects of gender on
the ability of All to stimulate phosphatidylinositol 4,5-bisphosphate (PIP 2)
hydrolysis by measuring accumulation of inositol phosphates (IP) in
dispersed anterior pituitary cells in vitro. Cells obtained from sexually
mature male or female rats were cultured and labeled with 3H myo-inositol.
Vehicle or 10 nM A II was added to the plates and the reaction was
terminated 3,10, 20 and 30 minutes later. The IP metabolites were
separated by anion exchange chromatography.
All significantly increased total inositol phosphate (IP) accumulation in
cells obtained from mature female rats. By 10 minutes after addition of All,
all three IP metabolites were significantly elevated. In contrast to this
response, cells from mature male donors were not significantly affected by
All administration. Thus, it appears that anterior pituitary cells from mature
female rats are more sensitive to All stimulation. We are currently
investigating All receptor characteristics in order to determine whether or
not this is a receptor mediated phenomenon. (Supported by NIH grant
AGO9O2O-O2 to PC).

ACTIN: A POSSIBLE INOSITOL POLYPHOSPHATE BINDING
PROTEIN. L. Hammonds-Odie*+. C. Burga+. A. Profit*, G.
Prestwick*. and A. TheiberfL +Neurobiol. Res. Ctr. and Dept, of Cell
Biol., Univ. of AL at Birmingham, Birmingham, AL 35294 and *Dept.
of Chem., SUNY at Stony Brook, Stony Brook, NY,11794.
Inositol polyphosphates (InsPs), such as InsP3, InsP 4, and PtdlnsP 3
are increased by neurotransmitter and neurotrophic factor stimulation.
Many cellular activities including ion channels, cytoskeletal elements,
and metabolic enzymes may be modulated by InsPs, but the exact
roles of InsP messengers in regulating these cellular functions has not
been clearly identified. Our laboratory has studied InsP function by
identifying and isolating high affinity InsP binding proteins from
mammalian brain. One of the affinity column-purified proteins has a
molecular size of 42 kDa. Using [3H]-BZDC-InsP4 photoaffinity
labelling, our results indicate that the 42 kDa protein binds InsP 4 with
high affinity (Kj=l-3 nM) and is present in both membrane and
supernatant fraction from rat brain. Actin is a well-characterized 42
kDa component of the cytoskeleton in all mammalian cell types.
Interactions between several actin binding proteins and
phosphoinositides has been well documented. To determine if the 42
kDa InsP4 binding protein is related to actin, we have used antibodies
to actin to probe InsP4 binding proteins in immunoblot analysis. The
42 kDa InsP4 binding protein displays cross-reactivity with two
separate actin antibodies. Immunoprecipitation studies combined with
photolabelling with [3H|-BZDC-InsP4 will be used to determine if
actin or an actin-like protein is an InsP binding protein. Investigations
to determine which InsP it binds in vivo, the InsP binding peptide, and
the functional consequences of InsP binding to actin are underway.

383.13

383.14

EFFECTS
OF
INTERLEUKIN-2
ON
CYTIDINE
DIPHOSPHODIACYLGLYCEROL PRODUCTION IN THE RAT BRAIN.
D.Scto* & R.Ouirion. Douglas Hospital Research Centre & Dept of
Pharmacology & Therapeutics, McGill University, Montreal, Qudbec H4H 1R3
Interleukin-2 (IL-2) regulates the proliferation and differentiation of T lymphocytes
by binding to a high-affinity receptor (IL-2R). Although events following receptor
activation have been described, the emerging picture is that classical signalling
cascades are not involved. As a result, new evidence proposes the involvement of
systems such as glycosylphosphatidylinositol (gly-PI) production in peripheral
tissues (Eardley & Koshland (1991) Science 257:78-81). In this system gly-PI is
hydrolysed, presumably by phospholipase C (PLC), to yield myristyl
diacylglycerol (myr-DAG). PLC activation resulting in the production of DAG
and cytidine diphospho-DAG (CDP-DAG) has been studied in the nervous system.
IL-2 effects have also been described in the brain and its role as a modulator of
transmitter release reported. However, very little is known as to the signalling
events subsequent to brain IL-2R activation. Using Li+-dependent accumulation of
pHjcytidine-labelled CDP-DAG, IL-2 (nM range) under basal conditions did not
yield any significant change in CDP-DAG production in rat hippocampal slices in
vitro, while reducing, in a concentration-dependent manner, the CDP-DAG
accumulation in the frontal cortex, striatum and hypothalamus, all these regions
being endowed with IL-2R. To explore further the apparent lack of effect of IL-2
on the production of CDP-DAG in hippocampal slices, stimulation by carbachol
(10 "5 Af) resulting in a significant increase of CDP-DAG production was used.
Carbachol-stimulated CDP-DAG production was significantly reduced by IL-2 in
the hippocampus, frontal cortex, striatum and hypothalamus. Hence, these results
suggest a possible transducing mechanism used by IL-2 in the brain.(Supported by
FRSQ and MR(Q

CLONING AND EXPRESSION OF DIACYLGLYCEROL (DG) KINASE
ISOZYMES IN RAT BRAIN. K.Goto*and H.Kondo. Dep. of
Anatomy, Tohoku Univ. Sch. of Med., Sendai 980, Japan.
We have previously reported the molecular cloning and
localization of a rat 8OkDa- and 9OkDa-DG kinases. The
former isozyme has also been revealed to be expressed in
oligodendrocytes and the latter in neurons of the corpus
striatum. In this study, we further cloned a novel DG kinase
isozyme from a rat brain cDNA library. The novel isozyme is
termed the y-DG kinase, whereas 8OkDa-DG kinase is the «
type and 9OkDa-DG kinase the p. The cDNA for y -DG kinase
encoded 788 amino acids, and the molecular weight was
calculated to be 88kDa. The primary structure of y-DG kinase
possessed two EF hand motifs, two cysteine-rich Zinc fingerlike sequences and ATP-binding site, as seen in «- and p-DG
kinases and showed amino acid identities of 58% compared
with those of a- and p-DG kinases. In northern blot analysis
the expression of y-DG kinase was brain-specific. By in situ
hybridization histochemistry, the gene for y-DG kinase was
expressed intensely in cerebellar Purkinje cells and
moderately in cerebellar granule cells. These data suggest
that DG kinase is composed of multiple isozymes, each of
which is involved in the phosphatidyl inositol-related signal
transduction in cell-specific manners.
References:
Goto et al., Mol.Brain Res., 16(1992)75-87.
Goto & Kondo, Proc.Natl.Acad.ScL USA, 90(1993)7598-7602.
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PRETREATMENT OF A7r5 CELLS WITH VASOPRESSIN(AVP)
ENHANCES AVP-INDUCED PHOSPHOINOSITIDE (PI)
HYDROLYSIS. P.Poulin*. Y.Takahashi. J.Havden and Q.Pittman. NeuroResearch Group, University of Calgary,Calgary, Alberta, Canada
Arginine vasopressin (AVP) appears to have a sensitization effect whereby
the responsiveness of the rat brain is increased upon its repeated central
administration. Structure-activity studies provided evidence that implicates
the Vj AVP receptor in that AVP sensitization is blocked by pretreatment
with a Vj receptor antagonist and AVP- induced phophatidylinositol (PI)
hydrolysis is enhanced in brain slices of sensitized animals. In this study we
investigated the possibility that AVP Vj receptor sensitization may also occur
in smooth muscle cells. The A7r5 rat aortic smooth muscle cells, known to
contain Vj AVP receptors, were grown in Dubelcco Modified Eagle Medium
(DMEM) containing 10% Fetal Calf Serum (FCS) at 37°C under 5%CO2
atmosphere. Upon reaching 80% confluence, cells were pre-incubated in the
absence or presence of AVP 3xlO'9M or 1x 10'7M for 24 Hours in 10%
desteroidated FCS DMEM. 3H-myomositol (2 uCi/ml) was then added to
the medium and cells were labelled for 24 hours, then assayed for AVPinduced PI hydrolysis by incubating the cells with either Tris buffer alone
(basal) or Tris buffer containing 3xlO‘9M or 1x 10'7M AVP for 25 minutes at
37°C. The results show that while under control pre-incubation condition
AVP 3x 10'9M or 1x 10‘7m induced a 1.8 and a 1.75 fold increase in PI
hydrolysis above basal respectively, when pre-incubated with AVP 3xlO'9M,
they induced a 2.55 and a 2.88 fold increase and when pre-incubated with
AVP 1x 10‘7m they induced a 4.1 and 6.5 fold increase in PI hydrolysis above
basal respectively. These results indicate that pre-incubation of smooth
muscle cells with AVP sensitizes AVP-induced PI hydrolysis in these cells.
Supported by the MRC and the Alberta Heart and Stroke Foundation.

EFFECTS OF L-690,488, A PRODRUG OF A BISPHOSPHONATE INHIBITOR
OF INOSITOL MONOPHOSPHATASE, ON PHOSPHATIDYLINOSITOL CYCLE
MARKERS. J.R. Atack*. A.M. Prior. S.M. Cook and C.I. Ragan. Neuroscience
Research Centre, Merck Sharp & Dohme Research Labs, Harlow, UK.
The potent bisphosphonate L-690,330 inositol monophosphatase (IMPase) inhibitor
has only limited cell penetrability. To enhance the entry of L-690330 into cells, the
tetrapivaloyloxymethyl ester prodrug, L-690,488, was synthesised. The effects of L690.488 were studied in cholinergically (carbachol)-stiraulated rat cortical slices and
human muscarinic ml receptor-transfected Chinese hamster ovary cells (ml CHO
cells). Accumulation of pHJinositol monophosphates (pHJInsPi) or pH]cytidine
mynophosphyrylphysphatidate (pH]CMP-PA) following pH]inositol or pH]cytidine
prelabelling, respectively, and inositol 1,4,5-trisphosphate (InsP3) and inositol
1,3,4,5-tetrakisphosphate (InsP4) mass were measured. In rat cortical slices and ml
CHO cells the maximum response and time course of accumulation of [T^JInsPi were
comparable to lithium. However, the concentrations of L-690,488 required to produce
these effects (EC^'s of 1-5 pM) were much lower than with lithium (EC5o O.32 ±
0.07 mM). Likewise, the maximum accumulation of [3H]CMP-PA in ml CHO cells
was similar to lithium but L-690,488 was again much more potent (EC5tfi=3.5±O.5
pM and O.52±O.O5 mM for L-690,488 and lithium, respectively). In addition, L690.488 attenuated the carbachol-induced elevation of InsP3 and InsP.4 in ml CHO
cells, an effect previously reported with lithium. These results are all consistent with
the intracellular conversion of L-690,488 to L-690330, the latter of which then
inhibits IMPase causing InsPi accumulation. Consequently, there is a depletion of
intracellular inositol as evidenced by pH]CMP-PA accumulation (demonstrated by
the fact that the effects of L-690,488 on CMP-PA accumulation could be overcome
by exogenous myo-inositol (EC5y=1.7±0.5 mM)), causing reduced PI synthesis and
therefore reduced levels of InsP3 and InsP4 upon stimulation. These data show that
inhibition of IMPase produces effects on the PI cycle comparable to lithium. As a
corollary, the effects of lithium on the PI cycle are therefore consistent with its major
mechanism of action on the PI cycle being inhibition of IMPase.
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EFFECT OF HALOPERIDOL TREATMENT ON
PHOSPHOLIPASE C ISOZYME AND
INOSITOL
TRIPHOSPHATE RECEPTORS mRNA EXPRESSION
IN RAT HIPPOCAMPUS. R.Li. K.C.Leskawa* and R.S.EI-

TUMOR NECROSIS FACTOR-a MODULATION OF MUSCARINIC
RECEPTOR ACTIVATION OF PHOSPHOLIPASE A2 J. H. Yoon^ E. M,.
Briley. J. Axebrxl* and C. C. Felder. Laboratory of Cell Biology, NIMH and
^Htward Hughes Medical Institute-NIH Research Scholars Program, NIH,
Bethesda, MD 20892.

Mallakh. Mood Disorders Research Program, Department of
Psychiatry and Behavioral Sciences, Department of Anat. Sci. and
Neurobiology, University of Louisville, School of Medicine,

Louisville, KY 40292.
Although it is firmly established that haloperidol blocks
dopamine receptors in the central nervous system, the actual
mechanisms of its antipsychotic actions remain unclear.
Our
previous studies have shown that chronic treatment with haloperidol
attenuated significantly receptor-mediated phosphoinositide turnover
in rat brain. Recently, multiple isozymes of phospholipase C (PLC)
and inositol triphosphate receptor (IP3 r ) subtypes have been cloned.
To further investigate the effect of haloperidol on signal transduction,
we examined mRNA expression of PLC-I, IP3r -II, III and IV in rats
treated for 6 weeks with saline or haloperidol (1.5mg/kg/day, IM).
Our results show that chronic treatment with haloperidol induced a
decrease in mRNA expression of PLC-I and IP3r -III and IP3r -IV in
the hippocampus while IP3r -II message increased in the same brain
region. These results indicate that haloperidol affects the expression
of PLC and IP3r subclasses differentially. Whether these phenomena
is related to the PLC-I which is more sensitive to calcium than the

other isozymes, or different function of the various subtypes of IP3r ,
remains to be determined.
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PHOSPHOLIPASE A (PLAj) -INDUCED NEUROTOXICITY IN VITRO AND IN
VIVO IN RATS.
M_». DeCoster*. E. Bernton, K. Klette, J.
Petras, M. Laakoaky and F. Tortella. Walter Reed Army Inst.
Res., Washington, DC 20307.
PLAj is an enzyme that generates free fatty acids and
lysophospholipids that serve as regulators of normal
neurotransmission as well as possible mediators of cellular
injury after neurotrauma.
We evaluated the potential
neurotoxicity of PLA* in rat models of in vitro (i.e.
primary cortical cultures and LDH release) and in vivo
(cortical EEG and behavior) neuronal integrity. In vitro,
PLAj application was found to be highly neurotoxic.
Concentrations of 1-5 pM melittin (a potent activator of
PLAj)
resulted in approximately 500 units/ml of LDH
released, a level of neurotoxicity similar to complete water
lysis; lower concentrations (100-500 nM) resulted in LDH
release and neurotoxicity similar to that elicited by 80 pM
glutamate (201 units/ml LDH released).
In these same
cultures preliminary experiments evaluating neuronal calcium
flux ([Ca%; using fluo-3 and real-time laser cytometry)
indicate that PLAj (500 nM melittin) causes a sustained rise
in ([Ca*], which was markedly delayed compared to the
immediate, sustained rise In [ Ca* ] . caused by 80 pM
glutamate.
In vivo, i.c.v. administered PIUA (0.5-5 pg)
produced a severe, delayed neurotoxic syndrome consisting of
EEG seizures and clonic "popcorn" convulsions (onset = 1.5-3
h) and lethality (3-6 h post-injection); the LD^ for PLA =
0.53 pg [0.24-1.19 pg]. Preliminary neuropathology from two
PLAg treated rats surviving for at least 48 h revealed
extensive cortical and subcortical injury to forebrain
neurons and fiber pathways. Collectively, these results
demonstrate potent neurotoxic actions of PLAj which appear
to involve a delayed enhancement of neuronal [Ca*], flux.
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The liberation of arachidonic acid (AA) from membrane phospholipids by
phospholipase A2 (PLA2) is the rate limiting step in its metabolism to potent
eicosinoids. AA and its metabolites, released by receptor activation, can act as
second messengers to modify a number of cellular processes as well as mediate
immunological responses. The muscarinic acetylcholine receptor (mj, m3 and m5
subtypes) have been shown to mobilize AA as well as several other second
messengers. Here we report a cytokine mediated modulation of a neurotransmitter
receptor signal transducing event. Human melanoma A2058-1F5 cells were
prelabelled overnight with tritiated AA to label membrane phospholipids.
Addition of carbachol (CBC), a muscarinic agonist, induced an immediate release
of AA which increased 4-5 fold over basal levels. 30 minute TNF-a pretreatment,
followed by stimulation with CBC, resulted in a two-fold increase in AA release
compared to CBC stimulation alone. TNF-a by itself had little or no effect on
AA release in A2058-1F5 cells. TNF-a augmentation of AA release showed a
biphasic time course; a transient, early peak at around 30 minutes and a sustained
peak at approximately 4 hours. Concentration dependent TNF~a pretreatment
revealed two phases with EC50s of 0.1 and 69 ng/ml of TNF~a. CBC stimulated
AA release, with and without TNF-a pretreatment, required the presence of
extracellular, but not intracellular calcium. Phorbol 12-mynstate 13-acetate, an
activator of protein kinase C, enhanced AA release for all conditions. Further
characterization of TNF-a modulation of a muscarinic receptor mediated
signalling event may provide additional insights into the mechanism of this and
other nemo-immune interactions.
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MULTIPLE ISOFORMS OF PHOSPHOLIPASE A (PLA2) IN RAT BRAIN.
R. Diaz-Anastia*. F.J. Thomson. E. HashemL & M.A. Clark. Dept. of
Neurology, University of Texas Southwestern Medical School, Dallas, TX
75235, and Schering-Plough Research Institute, Kenilworth, NJ 07003.
Phospholipase A (PLA) is a key enzymatic activity which is generates a
number of putative second messengers which play a role in normal synaptic
plasticity as well as in excitotoxicity. Release of arachidonic acid from
membrane phospholipids is primarily a result of PLA activation. When
phosphatidic acid (PA) is the substrate, a second biologically active lipid,
lysophosphatidic acid (LPA) is formed. Finally, when the substrate is 1-

alkyl-2-acyl-phosphatidylcholine, PLAj is the first step in the production of
platelet activating factor (PAF). It is unclear whether a single PLAj enzyme
is involved in the production of all three second messengers, or whether
different isoforms have evolved to allow independent production of each
second messenger. To address this question we undertook a biochemical
analysis of the lipase(s) from rat brain. Using assay conditions specific for
cytosolic PLAjS (cPLA2s), we have identified and characterized at least three
PLAj isoforms, which are resolved by anion exchange and hydrophobic
interaction chromatography: (1) A Ca2+-dependent enzyme which is selective
for sn-2 arachidonyl groups, has poor activity against phosphatidic acid, and
has lysophospholipase activity. This enzyme cross-reacts with antibodies
raised against the cPLAj recently cloned from monocytic cells; (2) A Ca2+independent lipase which is immunologically distinct but has similar substrate
specificity; and (3) A Ca2+-independent PA-specific PLA, which has poor
activity against phosphatidylcholine and phosphatidylethanolamine, and may
be involved in generating LPA.

